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Abstract: [Background] Microorganisms are frequently subjected to multiple stresses in deserts, including
drought, high temperature and UV radiation. These natural stressors make it easy for desert soil
microorganisms to accumulate numerous superoxide ions and peroxides inside and outside their bodies,
inhibiting their growth or directly causing death. [Objective] Desert soil bacteria exhibit antioxidant
properties in order to adapt to the desert environment. As an important part of the desert ecosystem, the
research on its antioxidant properties provides the scientific and technical bases for the development of
antioxidant resources in desert areas, as well as the antioxidant mechanism of desert microbes. [Methods]
We used desert soil bacteria as the research object to obtain two bacteria with strong antioxidant activity by
hydrogen peroxide: Planomicrobium okeanokoites AX6 and Kocuria marina KD4. The antioxidant
physiological and biochemical characteristics of bacteria in desert soil was explored by its growth curve
under hydrogen peroxide, cell damage, antioxidant enzyme activities and free radical scavenging ability.
[Results] The content of malondialdehyde in the cells of the two strains of bacteria in low concentration of
hydrogen peroxide was significantly lower than that in negative control Escherichia coli. The glutathione
peroxidase activity of strain AX6 was higher at 108.33 U/mL in 1.5 mmol/L hydrogen peroxide,
meanwhile the scavenging ability of DPPH and superoxide anion radical was higher; while the catalase
activity of strain KD4 increased to 1.16 U/mL in 3 mmol/L hydrogen peroxide was significantly higher
than the positive control Deinococcus radiodurans, as well as the ability to scavenge hydroxyl radicals
was higher. [Conclusion] There are large differences in the active antioxidant enzyme and free radical
scavenging ability of bacteria in different desert soils, indicating the diversity of microbial antioxidant
processes in desert soils.

Keywords: Bacteria in desert soils, Antioxidant, Antioxidant enzyme, Free radical scavenging ability
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B AL,

Fie 15e - 3 A A R e AR AR R G AR
R, X — R PR A S PR W] R AT R
AR A 23 AL ) B R BT B AT PR . H AL
EPPLEAE R Z R TR MHAEY . B
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F HERE I JEIFIITE . IRISie B X A= M) 2R |
TR TR ISR R AR A B SRR
1 MRS Tk
1.1 #

L11 EHREERE

MFEBE LSRR oy B IR 3 11 BRI HAH
] LA I A RO, P bk AX6 FlTa B AX19
I A ESGAAR A L, TRAK sptzw03 . sptzw12,
sptzw15 ., sptzw24 . sptzw42 43 E5 H H [E A% By
B, TR KD3 4325 A AL UIET- 4 V15 Badwater
ML, Btk KD4 R bk KD5 535 A Bt Lake
Vida, Witk KD6 7325 F 14 &I AT EE R st .
R Lake Vida FF:dh HSEEVPEATTERT Henry
Sun Z#eefit, HARRMRl A SR % 7 8515 3.

K FF TR Xk SR AR 5 v T S v AT, U
Escherichia coli IM109 SNHMXTRE, Wy H Solarbio
NAE), WS C1310;5 MHARSTEREE Deinococcus
radiodurans NBHMEX I, BRAFET DS EA
HREHUE ST . PR BARTS, g A E
P W) T R DR R B 5 2 3 3 A ) 0 (China
General Microbiological Culture Collection Center,
CGMCC), Wtkgi's 1.3828,

LB }:FM(g/L): EAME 10.00, FERHZEY)
5.00, NaCl 10.00, g 20.00 (FE{AEFREL), R2A
Higi i (g/L): BERREEY) 0.50, JREEAME 0.50,

Fi% 25 1 2 2L R 0.50, A% HE 0.50, AT ERER 0.50,
NEEREE 0.30, BFR A8 030, LKAIRE:
0.05, Bt 15 (EAREFREL), FIRERR & — M Ak iR
AR pH R 7.4,
1.1.2 EERAFFNEE

AR JOK O BRIk . EDTA 44 .
PR =W, Kl Atfb TAHRAE; DPPH,
Aldrich A+l; /LA T, FHEFRBE2ARFA R
NHL SR . PMSF, JbalERAEYE RS
BELZA vl o R UKRE , b B B AR TR A& A PR A vl 5
BEEE PCRAY, ZREEQIH AR ARAF; Bk
fEIREEFRAE L HIRIR G R 4, R —ERE AR
ocwls IEIR AR, VLI ARMSA AR A FRA A
AN AR EE T, SRAAEPHUER R A IR
Al BERCRUR R SE, Alpha Innotech 23] ; JEHEE,
Merck Millipore A FR A ) o
1.2 R#HAE

AN RAE KIS 3 A RAES FETR AN
MR R LR 2 A (2-5 em), A TG RAE
28 1620 °C M4 FAR-AE o
1.3 mEAAFETGE
1.3.1 EHFEK

T RAE R T R 2RI BT BE IR, 76 LB
BRI Rk, BT 30 °C fHEEEFRAE R R
48-72 h, PREUBE . BiEFR/NA—RI R
Rk, HEMPR—HE.
1.3.2 MEMHMETHIZ

IR e o AL E W 0.0.01., 0.02, 0.03,
0.04. 0.05. 0.06 mmol/L; ikt b Ak E
90, 0.02, 0.04, 0.06, 0.08, 0.10, 0.12 mmol/L;
3 Wik A AL EWEE Y 00 0.5, 1.0, 1.5, 2.0,
2.5, 3.0mmol/L. 1 mL FE#ANA 1 mL i E LS
BRI, STRRZIMA | mL £8 1K, MRS
BEALPE 30 min, F PBS Z& s oL 3 ¥k, il
AN T A5 55 R BRI A B, AL AR
3APATERI . KR AT Ak BT B Ak g 1
SETE
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W EACE 0.22 pm JEBE IR 5N K #
) LB Bigst, HskE R 0. 0.5, 1.0, 1.5,
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Leagene A FIR £ .
144 EBHREEFREHNNE

A IR BRAE e 0 RO AR
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R HoOp DA RO R B S TR i, 25 14
DIZERRAARERE S, 0 BEZH DL & /AR S AR
BRIV . 7E 37 °C fHE/K 30 min 5 0.3 mol/L
() EDTA 82 1E 00, M 520 nm 2EMOG(H .

¥ H BRI A
T BRH=(45—Ab)/4:%100% (1)
Kb, 4y WS AW, A XA,
A FE S RSO
145 BRIABFEHEBRENNE

LN A Sl S B N A R Py R L S|
Wang 25" pH 8.2 5 0.05 mol/L i Tris-HCI Z&
W 0.6 mL, A5 0.2 mL FAVE T, XL FHZEIH
KA. T 25 °C KBTI 10 min, fIALRIFE
T 30 mmol/L 487K =M ih RV 40 pL, 1RSIEHE
B 5 4 min, 1 0.1 mL WERFRZE 1E ), M 320 nm
A SRS AL Tris-HCl 22 0P VE Jy 23 140 .

A B H A BRI A AT
T 558 =(4 —A5)/(Ae—Ab) ¥ 100% ()
K, Ay IS IR, A X RIS,
A FE S RSO
1.4.6 DPPH &R &E QN E

DPPH {5 BRAE ST B E kil A Lee 2,
500 uL #4415 500 uL 1Y 0.4 mmol/L DPPH £,
7S A LU RBUCK QB DPPH AW, X
H LR FRZE R ACE VA IR SR FE IR T
HEYCSZ N 30 min, FFFE 6 000 r/min Z5.0> 10 min,
BRI, LA IRRRZE R K R TCK O BER A 1A
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DPPH H H G BRI A XN
T R =[1-(4—A4b)/4]x100% 3)
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AFERCFE SO
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—HTEAL IR HET 16S rRNA JEEY 34 | W)y, 15
@J 1P HITE Contlg BArhPHE I B e 2 R E E K
HEIHASE B O (NCBD IR FR K 2 BLAST i
s, WHERGERKEFEME 1), 7EMTKFE |,
11 PR RIET 4 A% LR e w e,
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TR ] (Actinobacteria), WHE sptzw12 J& FHIFF
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TSI ] (Proteobacteria). MEKVEH, 7@ T
e ¥ J& (Microbacterium) IO &
(Arthrobacter) . 7% i [ 1A J& (Kocuria) . A 1# &
(Flavobacterium) , Sl1EH R & (Planomicrobium) . ¥
B W J8 (Gracilibacillus) . %5 J§ ¥ Jifg Ja
(Sphingomonas)F5 % F i 1 J& (Brevundimonas) o
22 MEKAERTFIR

B 2 S 11 RN R TEAS TRk 2o A e AL B

88

100

85

100

100

100

MG R, il A &R E S 0. 0.01,
0.02, 0.03. 0.04, 0.05. 0.06 mmol/L ¥ EHfE,
¥k KD4 (Kocuria) . AX6 (Planomicrobium) .
sptzw4?2 (Arthrobacter) —FREEFE 0.06 mmol/L 7 %
L E A RS AE TR R UARORFFTE 80% LA |, 4351k
94.75% . 95.34%F1 80.99% ., H: 4% HMRAT 16 RAE
0.06 mmol/L KT 50%, 0k H e Ak A 3t
JE BAT BTG R A 3 FRANTE AX6 | sptzw42 . KD4.,

B8 AR e Ak B E — 20 X T R AXG6
sptzw42, KD4 AT, IEIMAKIGATEAE R
PEXTHR, AAE RN 3 Bs . el b a kg
FEZ A, Wik AX6., sptzwd2, KD4 7EA&HE
BIRFFR R AT R

FE R B R AL SRR AT 8 S BR AR
RPN R, AEE AR A A 4 s . bR AX6 .
KD4 {71 28T B3 T i S BR U A7 16 th 220
BTG, AEHE S 2 mmol/L AMFEE 240 R 45

100, Kocuria palustris KD6 (MN314584.1)
Kocuria palustris strain LLP-18 (KU894789.1)
100|Kocuria marina KD4 (MN314579.1)
Kocuria marina strain PZS A07 (KY660596.1)
1007 Arthrobacter sp. KD5 (MN314580.1)
\Arthrobacter sp. TJ18b (HE962516.1)
M’ Arthrobacter sp. sptzw42 (GU377126.1)
 Arthrobacter sp. B015-43 (KJ190969.1)
100 rMicrobacterium sp. sptzw03 (GU377094.1)

Microbacterium foliorum (KT935064.1)

100 |Gracilibacillus orientalis (AM040718.1)
Gracilibacillus orientalis strain AX19 (KJ873910.1)

100 - Planomicrobium koreense sptzw15 (MN314585.1)
100| 'Planomicrobium koreense strain BGB23 (KC778388.1)
Planomicrobium sp. CY-b27 (JX997870.1)
68! Planomicrobium okeanokoites AX6 (KJ873897)

100 Brevundimonas KD3 (MN314583.1)

| Brevundimonas sp. sptzw16 (GU377106.1)
100~ Sphingomonas sp. sptzw24 (GU377113.1)
LSphingomonas sp. strain G39 (K'Y032004.1)

r—Flavobacterium sp. sptzw12 (GU377103.1)

0.05

1 BE#HET 16S rRNA ERFFINAZ L EK

L Flavobacterium-like sp. oral clone AZ123 (AF385549.1)

Figure 1 Phylogenetic tree based on 16S rRNA gene sequences of the strains

TE: 55 AECT: BRRAY GenBank 54155 733447 : Bootstrap

SRR PR 5% RSB

Note: Numbers in brackets: GenBank accession numbers of the strain; Numbers in branch points: Percentages supported by bootstrap; Bar:

5% nucleotide divergence.
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Figure 2 Survival curve of bacteria in desert soils treated
with hydrogen peroxide stress
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Figure 3 Survival curve of strains KD4, AX6, sptzw42

treated with hydrogen peroxide
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Figure 4 Survival curves of strains KD4, AX6, sptzw42
treated with higher concentration hydrogen peroxide
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7E 60.00%7F/1 80.81%., sptzw42 £ #7E 0.5 mmol/L
ARPA 5 R, 7E 3 mmol/L AMEIE AL ZE 8.96%. Bl
AL AR B RFEETT R , TRE AX6. KD4 147
R T AR
23 MALCEHRESEIEPRIE KL

B b Eitk AX6. KD4 7EA R B i E AL A

AFRR A K gl 5. &6 TR . BT AL
AU TR, WMk AX6. KD4 &N AR, 78
HEAA R 1.5 mmol/L BHARKIMKE RS, ODesy
I351K 2.66 F110.71, TEBRAERCHIZM E R,
Pk AX6 1 KD4 7Eit AL EVEE =T 1.5 mmol/L
B, BRAR IS I A, X EIO A KR AL, Ao A
B PR RO BEARAIG . DRI 2 1.5 mmol/L ¥ ad Ak
AT R AX6 Fll KD4 BT 52 B AL e
24 MENEKRR_BIERNSETEY
TRl BE 1 SE AL SAL LR, AL R Y
SRUNE TA R 1.5 mmol/L ¥R J¥ i A4k &4k
S, TR AX6 BN & i 2 FFH(P<0.05),
E 2 = B i 2 A T B IR K B T 1 (P<0.05),
KD4 WG FFash, M- man, mik
AX6, KD4 7EE IS b3z S SE AL IR EE BN

3.0rH,0, (mmol/L)
0.0

2.5¢
2.0
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5 TREREZENMESFHTEK AX6 £KM%
Figure 5 Growth curve of strain AX6 in different
concentrations hydrogen peroxide
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Figure 6 Growth curve of strain KD4 in different
concentrations hydrogen peroxide
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H 3 mmol/L ¥ FE i AL E AL P2 I, Bk KD4 (1)
R i B IR T R 1 (P<0.05), BB TR IR
KD4 7E i il B b AL S A T A M 2 B R BRI

ATl B i AL S AL B PR L Bk SOD
PEUE 7B iR o B o EAL SR B N R AR AX6
£j KD4 () SOD it it 2 F F%(P<0.05), SOD {if Pk
S I A SO B B A R, e ARl R B
R ads, H S0 C R EE 5. £
RAE b SR A A oy R A S R v p e AT
¥k AX6. KD4 1) SOD Hit 8 ALVE IR 8.

A

5t SE. coli a

D, radiodurans
BAX6 \

| =KD4

MDA content (umol/L)

1.5

. 3.0
Hydrogen peroxide (mmol/L)

& 7

ANl i i AL F AL B R S AL I R CAT 1%
PRGN 8A Fras., 1.5 mmol/L i A b &b FH )5
Htk AX6. KD4 [ CAT itk i & P& (P<0.05);
3 mmol/L 1 E AL EAL B , TRIfk KD4 BEFG P 2%
TH 5 (P<0.05) 2B 7E 22 B vk B il AL AU
AR R KD4 i CAT HiEALlE R IRPT A AL
3B, MEkk AX6 i) CAT Hie AL /E A &

ST e B 5t AR A AL B R H A AR B VR GSH-Px
WEHEANE 8B s, 1.5 mmol/L i & AL E AT,
R AX6 B4 DT kit S AL Myt s 1k 2 T ik

E. coli =2 AX6
aD. radiodurans =KD4

SOD activity (U/mL)

NN
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Figure 7 Level of malondialdehyde (A) and activity of superoxide dismutase (B) of strains treated with different

concentrations hydrogen peroxide

TE: AR/ NG FREAORE I Z MG 225 8.3 (P<0.05). T IH.

Note: The different lowercases represent statistically significant difference (P<0.05). The same below.

A
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2
= 1.0}
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Figure 8 Activity of catalase (A) and glutathione peroxidase (B) of strains treated with different concentrations hydrogen

peroxide
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108.33 U/mL (P<0.05), 3 mmol/L 3 A fb S A H 5
PPk AX6 RS i 2 5 T S 3K 0 (P<0.05) 5
MR KD4 A REEPER A 57201k . W 1 ik
AX6 1E3Z )1 A A AP B S AR RS b R
ALY LG, 1 KD4 3% X FEY
FEAIE .

HAR SOD &A= YMA T 434 iz bt AL
e E AL ERE T, PR AU Ak Al B 8 AL
SOD #Hf bt b, — 71, SOD /¥ A kit
e A, LA T R R I T
SOD 4k it A AL AR5 e, T3 SOD i HE TR,
F—Jil, 221 SOD &5 CAT 454, T84l
TR EAL A BB RS, DR 4 i T s
SOD W{E M T+ . PIREEE AT BE 4 JilliE 3 18 CAT
Y5 GSH-Px & BUMHCHFG BR L ALl TR B
AL
25 MENEKRERSELREE

S B A e R IR B 2 A A
T H 1 S R ) SR AR IR R R 1 D
FrrA A B B R, SR RO AR LR
O | R A B B T R A R
Sk, ATGLER A PR, B,
TESZI 2 il ) DPPH [ Hh LI R 350 5 W
PrEALRE Sy BHLIE T A M BAHEFA
FHHEF DPPH (135 bR 3R RAEPU AL R AR BT A

A
sE. coli = AX6
25t aD. radiodurans ®KD4 a
g aab %3
E AZO- i
g
2=
o 8 157
o .=
== 10f
S <
55
O
=00 LS T30

Hydrogen peroxide (mmol/L)

fbAE FRA AR R

AN T e i 3t AR Ak A B 4R Ak TR PR R R
FHES T H T B R A& 9A B . 1.5 mmol/L ¥
JE R AR F AR S A TR PR AX6 Fil KD4 X 4 B 24
T A WA BRI 8 E BT (P<0.05) 43 B ik #
18.33%FM 13.54%. FMML AL A TR LR E
Bk AX6 FIEEPE KD4 F#BE B BT A HILERRRE

AN T e i 3t AR Ak A B B A AL IR PR B R
HBELTEBR R A& 9B FIr/R o 76 1.5 mmol/L ¥ B 1 41
L EAL B, TRk KD4 193 A L5 % RE ) 8%
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Figure 9 Clearance rate of superoxide anion radical (A) and hydroxyl radical (B) of strains treated with different

concentrations hydrogen peroxide

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



RPN Fiel L P TR AL AR R AT S A PR A AL RRAE

387

sE. coli =aAX6
I 2D. radiodurans =KD4

[\ (O8]
(=] S
T

—_
(=]
T

Clearance rate of DPPH (%)

(=]

0.0 TR 3.0
Hydrogen peroxide (mmol/L)

E 10 FRKREIEUSLEE R DPPH BIRE
Figure 10 Clearance rate of DPPH of strains treated with
different concentrations hydrogen peroxide

KD4 FURTESRR At 3SR A BN R BE
TR BE i A AL B X FIRE I HRUR
3 WkE4®

T e p AR R PR AR T K 5 334 W/m?,
1o Al R A O FH 8 S AN A X AR ) 3 O A
B3, WS — A E AR IR . N TR
O F B E R RE LA S BEH 52 B, S b 3 A
Pk ob2e 7 e — R AT R A BEAH OGS o AN TR
AR TsE A W b R A BT A R AN AR [
AN TR 9 A FA: A AP A 355 A B 407 T S A Tl T
PRI R R BRBE T, TR I AL BE T i 22
Stk
3.1 HEAHAE T

SIS A S AR BT, AR OIS 60T DLSRIE T
I AR I 38 07 3R B YT BASE VR - 39 o B
R A0 A AT 32 A8 ) 25 S ., TR R I Ak
SR B v U 2 Y AT R AR R S P BT AX6
(Planomicrobium okeanokoites AX6)FIEIEZ v (K
KD4 (Kocuria marina KD4)EAG 5% it 8 AL IV 3
B, i WX A AR BB SR AL RE D 3 o ¥ PR Bl
OB W TR T K L v R AR T A R TR
Py I 1S oKL e A St o 2 el ) 338
e, W RVE HA T | iR,
WECREAEAR MRS T )32 o A3 P20 IREs, A BF5T
RV vu IR FAT 080, Mo At B 1ERe

TS | EPRE R R 2 B s ok
FLA 38 N i AR AL PR B 1 BB ) SR X e T
P C,
3.2 MENHEEREEEEUR B BEEREE

PUAAL TR AR S GERE B B 78 S AL R B P IE AR
TG Bl , — 7 B 1k F S A5 R 2 205, S
— 7 TG AN TR A N B T P A A T R T A
FEUESEAE A ST, 2 AR A b 20 T 32 31 1 44t i
AR T 8 AR, I E A R R PR
AT L B 3 1 43 B BE 1 e P S f e

T Pk KD4 Fil AX6 11 3 2 hT b B 4 B
CAT il GSH-Px 43 ffil B A (EfERE N, 4
R R AR BE A = A GSH-Px H1%
Pl R S rf BT A IO K, B0 i R
2 Pl FRBAVER BT X A 1Y), Ttk AXe %
PR & i M A GSH-Px, AT LA E— 48 B GSH-Px
T 22 [ PH P TR P A /R P, 0 58 98 3 4 T B4R
LR G RN FIPLER

HIR, bk AX6 TEIERRER I 2+ 3 o 5L
DPPH I RILH RAFIIARE ST, MFEE KD4 7E3EBR
B A AR R 5 M A RE T . Ik AX6 5 KD4
e AL SRR A T 2B 9 28 H P A AL T
PELL K [ BRI BREE 0 B Al GRS BR TR AM
TV, PRI BRS040 o F R T 0 R 1 ok 7Y
A PRRREA A, BB TP b BRI 2R .
33 RE

SLLC AR AR HAT BL T A8 ) PR ST e At
RO AR T i R B B AR RE T, (e T H A X
PUPE R HE A WAL — B IFE RN, R AR
AIE N ML A FE HAT EE A A2 B X AR SN
T+ 9 Hh T A AN TR A A A AR R TR R 9T, &
BUAS[R] ) 240 TR BT AR IEAS S A [R] , HL X S 4
PR TR AR AT AE LA T o B DA 20 22 T 25 A [ 38 455
H b AL A9 22 1 DL RO R B AL =2 18] 1
15 R AR AN Y, 3% T THT T A5 5 I 23 J2 T
FEH5T

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



388 A

Microbiol. China

BeAh, PUAALHIRITEDR 2G| (R . £ A Tl
B Z NI ELI S B AR I, oh 5 B4l
7R B REPE D, TF A R ARG AL O AT
TR A T B LA I R AR DR AR
SORIETHY), B iRan = , ek
EER BT AT A EIEZ U (AT TRUEY
ISR A IFFEAR D AR ST h I HT SR AL AR
HAT R PP AAAG RIS T , DRI MR 3 1 52 PR A
A7 IR Y SRR B T AR T P ) o i b 4R
PR — FoB 13 H A A7 A o A2 TAE I EOR
BUHTHBA T BB 20T, 38 i A W2 4 i e
Prpt A AL FE IR G, S PR BT A AL U E W B IO
JAAFEVE LI o

REFERENCES

[1] Gutteridge JMC, Halliwell B. Free radicals and antioxidants
in the year 2000: a historical look to the future[J]. Annals of
the New York Academy of Sciences, 2000, 899(1): 136-147

[2] Cabiscol E, Tamarit J, Ros J. Oxidative stress in bacteria
and protein damage by reactive oxygen species[J].
International Microbiology: the Official Journal of the
Spanish Society for Microbiology, 2000, 3(1): 3-8

[3] Thapa G, Sadhukhan A, Panda SK, et al. Molecular
mechanistic model of plant heavy metal tolerance[J].
Biometals, 2012, 25(3): 489-505

[4] Riley PA. Free radicals in biology: oxidative stress and the
effects of ionizing radiation[J]. International Journal of
Radiation Biology, 1994, 65(1): 27-33

[5] Zhang TG, Li QL, Diao ZH, et al. Effects of salt and
drought stresses on antioxidant system and RbohC and
RbohF genes expression in Brassica campestris[J]. Chinese
Journal of Applied Ecology, 2019, 30(3): 969-978 (in
Chinese)
SeMEE, RITm, AR, . R REMLEXNhSTE
ARG RbohC . RbohF KN ARG N AR 41,
2019, 30(3): 969-978

[6] Pandit AS, Joshi MN, Bhargava P, et al. A snapshot of
microbial communities from the Kutch: one of the largest
salt deserts in the World[J]. Extremophiles, 2015, 19(5):
973-987

[7] Paulino-Lima IG, Azua-Bustos A, Vicuiia R, et al. Isolation
of UVC-tolerant bacteria from the hyperarid Atacama
Desert, Chile[J]. Microbial Ecology, 2013, 65(2): 325-335

[8] Lim S, Jung JH, Blanchard L, et al. Conservation and
diversity of radiation and oxidative stress resistance
mechanisms in Deinococcus species[J]. FEMS Microbiology
Reviews, 2019, 43(1): 19-52

[9] Tsikas D. Assessment of lipid peroxidation by measuring
malondialdehyde (MDA) and relatives in biological samples:
analytical and biological challenges[J]. Analytical
Biochemistry, 2017, 524: 13-30

[10] Bao L, Hong LY, Lou DL. Dynamic observation of
superoxide dismutase and malondialdehyde in toxic
bacterial dysentery[J]. Clinical Medicine, 1996, 16(2):
36-37 (in Chinese)
¥y, B, BETER. PRV MR A B
il K T R Sh A REET]. IR PEEE2E, 1996, 16(2): 36-37

[11] Chen LL, Zhang W, Wang ZX, et al. Determination of
superoxide dismutase activity in methanobactin-copper
complexes by pyrogallol autoxidation[J]. Journal of Food
Safety and Quality, 2017, 8(9): 3438-3444 (in Chinese)
PRMObR, SkAR, EHR2S, 5. 4BOK =Wy B Sk F
S TR R A TE A 0 1 A B A R R D). e A
JREAIN AR, 2017, 8(9): 3438-3444

[12] Nakayama M, Nakajima-Kambe T, Katayama H, et al. High
catalase production by Rhizobium radiobacter strain 2-1[J].
Journal of Bioscience and Bioengineering, 2008, 106(6):
554-558

[13] Das D, Goyal A. Antioxidant activity and y-aminobutyric
acid (GABA) producing ability of probiotic Lactobacillus
plantarum DMS5 isolated from Marcha of Sikkim[J]. LWT -
Food Science and Technology, 2015, 61(1): 263-268

[14] Wang YC, Yu RC, Chou CC. Antioxidative activities of
soymilk fermented with lactic acid bacteria and
bifidobacteria[J]. Food Microbiology, 2006, 23(2): 128-135

[15] Lee BJ, Kim JS, Kang YM, et al. Antioxidant activity and
yv-aminobutyric acid (GABA) content in sea tangle
fermented by Lactobacillus brevis BJ20 isolated from
traditional fermented foods[J]. Food Chemistry, 2010,
122(1): 271-276

[16] Makhalanyane TP, Valverde A, Gunnigle E, et al. Microbial
ecology of hot desert edaphic systems[J]. FEMS
Microbiology Reviews, 2015, 39(2): 203-221

[17] Macmillan-Crow LA, Crow JP. Does more MnSOD mean
more hydrogen peroxide?[J]. Anti-Cancer Agents in
Medicinal Chemistry, 2011, 11(2): 178-180

[18] Mao GD, Thomas PD, Lopaschuk GD, et al. Superoxide
dismutase (SOD)-catalase conjugates. Role of hydrogen
peroxide and the Fenton reaction in SOD toxicity[J]. The
Journal of Biological Chemistry, 1993, 268(1): 416-420

[19] Georgiou CD, Sun HJ, McKay CP, et al. Evidence for
photochemical production of reactive oxygen species in
desert soils[J]. Nature Communications, 2015, 6: 7100

[20] Nimse SB, Pal D. Free radicals, natural antioxidants, and their
reaction mechanisms[J]. RSC Advances, 2015, 5(35):
27986-28006

[21] Boujida N, Palau M, Charfi S, et al. Isolation and
characterization  of bacteria

halophilic producing

exopolymers with emulsifying and antioxidant activities[J].

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



RPN Fiel L P TR AL AR R AT S A PR A AL RRAE

389

Biocatalysis and Agricultural Biotechnology, 2018, 16:
631-637

[22] McKay CP, Friedmann EI, Gomez-Silva B, et al
Temperature and moisture conditions for life in the extreme
arid region of the Atacama Desert: four years of
observations including the El Nifio of 1997-1998[J].
Astrobiology, 2003, 3(2): 393-406

[23] Zhang N, Jiang JC, Yang J, et al. Study on the relationship
between survival rate and total antioxidant capacity (T-AOC)
of microbe implanted by N ion[J]. Journal of Radiation
Research and Radiation Processing, 2012, 30(5): 316-320
(in Chinese)
KT, HEIR, HEr, . B TEABEYAERS B
fLAE J1 (T-AOC) 1 5 R [1]. AW ATHFIE SR UL T 22241,
2012, 30(5): 316-320

[24] Akbari E, Beheshti-Maal K, Nayeri H. Production and
optimization of alkaline lipase by a novel psychrotolerant
and halotolerant strain Planomicrobium okeanokoites
ABN-IAUF-2 isolated from Persian gulf[J]. International
Journal of Medical Research & Health Sciences, 2016, 5(4):
139-148

[25] Luo XN, Zhang JL, Li D, et al. Planomicrobium soli sp.
nov., isolated from soil[J]. International Journal of
Systematic and Evolutionary Microbiology, 2014, 64(8):
2700-2705

[26] Zhang DC, Liu HC, Xin YH, et al. Planomicrobium glaciei
sp. nov., a psychrotolerant bacterium isolated from a
glacier[J]. International Journal of Systematic and
Evolutionary Microbiology, 2009, 59(6): 1387-1390

[27] Dai X, Wang YN, Wang BJ, et al. Planomicrobium chinense
sp. nov., isolated from coastal sediment, and transfer of
Planococcus psychrophilus and Planococcus alkanoclasticus to

Planomicrobium as Planomicrobium psychrophilum comb. nov.

and  Planomicrobium  alkanoclasticum  comb.  nov.[J].

International Journal of Systematic and Evolutionary
Microbiology, 2005, 55(2): 699-702

[28] Ramezani M, Nikou MM, Pourmohyadini M, et al
Planomicrobium iranicum sp. nov., a novel slightly
halophilic bacterium isolated from a hypersaline wetland[J].
International Journal of Systematic and Evolutionary
Microbiology, 2019, 69(5): 1433-1437

[29] Kim SB, Nedashkovskaya OI, Mikhailov VV, et al. Kocuria
marina sp. nov., a novel actinobacterium isolated from
marine sediment[J]. International Journal of Systematic and
Evolutionary Microbiology, 2004, 54(5): 1617-1620

[30] Sarafin Y, Donio MBS, Velmurugan S, et al. Kocuria

—

marina BS-15 a biosurfactant producing halophilic bacteria
isolated from solar salt works in India[J]. Saudi Journal of
Biological Sciences, 2014, 21(6): 511-519

[31] Horiuchi A, Kubota N, Hidaka E, et al. Notable alkaline
tolerance of Kocuria marina isolate from blood of a
pediatric patient with continuous intravenous epoprostenol
therapy[J]. Journal of Infection and Chemotherapy, 2015,
21(9): 680-686

[32] Wu TT, Huang Q, Wang XL, et al. Mechanistic
investigation on ROS resistance of phosphorothioated
DNAJJ]. Scientific Reports, 2017, 7: 42823

[33 Fu RY, Chen J, Li Y. The function of
glutathione/glutathione peroxidase system in the oxidative
stress resistance systems of microbial cells[J]. Chinese
Journal of Biotechnology, 2007, 23(5): 770-775 (in Chinese)
fFFmse, BRUE, 208, 2B H /AR e H ki S g &
G AP ARSI R PERT]. AR LR
2, 2007, 23(5): 770-775

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



