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Abstract: Iron cycling mediated by iron-reducing bacteria is an important factor driving material cycle in the surface system of
earth. H,0O, naturally generated and artificially injected into the subsurface environment may affect the activity and function of iron-
reducing bacteria through oxidative stress, but the response and mechanism of iron-reducing bacteria to H,0O, disturbance is still
unclear. In this study, Shewanella oneidensis MR-1 was chosen as a representative iron-reducing bacterium. In combination with
batch experiments and RNA-seq analysis, the changes of MR-1 activity and function under different concentrations of H,0O, and its
regulatory mechanism were investigated. Results show that MR-1 could resist H,O, stress effectively, and H,O, enhanced the
Fe(ID)-reducing ability of MR-1. RNA-seq results show that MR-1 maintained in an anti-stress state infacing to H,O, disturbance,
which could resist the negative effects of H,O, by actively oxidizing organic matter to provide energy and promoting the synthesis
of catalase.
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B (Fe) 2t B MMTER, FEU
Fe (IT) #1 Fe (III) X & ff 1 T Hi £ ¥ 5
(Melton et al., 2014)  Z B R EH A5 1) Fe (11 ifs J&
ﬂf’%/ﬂﬁ”\ﬂfﬂ*{? WYy 3 i Ak Fn 2R IR OT R

i B SF SRR S b 3R R G T ) T A ) K B
jJ(Borchet al., 2010; Liet al., 2012; 53 8 A1 28 55
1, 2014) . Bk ik 5 (FeRB ) 3 b ek R 42 1 L H
‘uﬁ:\aﬁu 1) FeRB A 200 Z #k , H i 24 71 5 fE 5 3F

e Can Ak I8 SR 55 4 CpHL BT PH B8 7k B A ) %
’C)Jﬂ‘ﬁié (Kumar and Riyazuddin, 2012; Zhou ez al.,
2013). B IR BRIA I 18 H A6 IR SR I R AR T RE
AAE A SRR 8l (U 327K — b K38 B A
RITBRBEES) W T, B 5w T 5 & ety
v 85 38, 5 2 A P R O D T A B A A R A R
i D RE 7 B A Ak X T ) Y DR AR — AR S T L Y Ak
TEI R A B bRk R A R L.

i A AL (H,0,) A2 A R PR 35 17 76 F A B
TTRAE S w03 R A BT . MR KA i R
AR/ S0 2 A R A PR A AL B A D' Ak 2 R AR R
s s oh R RS Rl (Fe (1D 45) 1& AL R KA
AT A= B0 858 AR 22 5 3% Gl AR ) 0 B 05 v HLOL Y K
SRRV (Vermilyea ez al., 2010; 5855, 2021) , [F A 4b
AIF 5 5 T b 2K - 3 L BRI K 5 K 2 v 4K
W3] 7k e B2 K F 59 HLO, (nmol/L~pmol/L)
(Yuan et al., 2017). %340 ,HO, 25562 i ARG
R A R B R R OK R AAE B rh
A M S5 HLO, ¥ 5 35 mmol~mol (¥ & 2%,
2014;Bendouz et al., 2017) , 45 , ¥t 55 18 %5 (2011)
JE 0.5 mol/L H,0, &3 Fenton i 7 % 1k [ fift 1 1
T PAHSs B fe HE M BRIE U )2 AP A T IR K
WA SRR AW AR b, 1] a0 Bk i A5 X 1 R She-
wanella oneidensis MR-1 73 % H & /K ¥ ( Esther
et al., 2015) , Wi ®F 58 & A& W A W0 2 7 HO,
(Wong and Wong,2001) , #1317 () H,O, = Z 5 F 5%
A EN S S RMAEY (FHRE CBE JRIFHEY)
(Zhang et al.,2016) 462 5 4 Wi 12 7= 4 1) HLO, #§
2350 4 30 i TR 3 AR R 8 DK T S e R i T 2
5509 8RG8 M RS G 0T A AR ) M K AR S 96 PR
FE A0 55 A% 19 Cr(VTD I Jit Ay B M R A PR T /)N
iy Cr(11D) (E M5, 2005).

AR HLO, X 20 T 1 5040 38 K% 20 1Y) S84 R

Fenton

O N B gk K B 58 (Chen et al., 2018; Zhang
et al., 2020; JEIEHS, 2021 BB, 2021) 0
HLO, % 3y 57 15 A5 9 2y B 14 52 i i A 4208 . HLO, 7] 3
N2 R PN S R P U B S Fe® & A Fenton U, 1
A A B FEC-OH) , AT 4 B DNA B Bg LA S 3R
BT 3 I, 3 B R A6 T2 (Brandi ez al., 1989).
H B3 it TR AR R — b e TR, AT DA 2 43 i i A Ak
SN A WA — o B AR HLO, 1y E Ak e, B
HTXF T[] e B 7K SF HLO, 38 30 % 8638 J5 5 36 7 1Y
SEMA AT AN R L O3 A BRI 5 TR 8 Gk A g3 A A%
R Mitr P10 38 18 % 35 HL - o B4 i (5 3R B L8
BESF IR AR A JR Fe(11D) , LA 1 T fg i) 5% 91 i — R 4]
YyREFE A (4 CymA \MtrA (PpcA 55 ) {18 #25k 58 i
(Pitts et al., 2003; Schuetz er al., 2009;Ma et al.,
2011) , 1M H Ay HLO 880 T, ik U Al ad 72 ik
JRE 1 1Y A2 AR I N T R

£ %5 LA I [a) R ﬂzﬁu Shewanella oneidensis
MR-1AE 830 B i i AR, 456 & N L 52 00 Fn %
SEALI P i 5T T B BE ST T O IRD VR B HLOL R
MR-1 3 B AR KA Fe (11D 34 J5LRE ) 19 2246, 558 T
MR-1 % H,O, f #5871, I 20 A7 1T H.O, 43 T
MR-1 CH IR H B 2 7RIk, BEND T2
Vi) Y 4k 38 it B I X6 HLOL I8 0 18 i iy K AL

1 MeSI5k

1.1 RWEVERREES

Shewanella oneidensis MR-1 3K Bl H 3& [E 45 Ui
AR AE 0 (ATCC) LB W MR R 97 3 (2 g Jpi 2K 1
Wi, 1 g BEREAR LY, 2 g NaCl, pH=7.0, & {k 1
500 mL) A T Shewanella oneidensis MR-1 191 4L .
Fi IR 5 00T . LB AR R 37 2 (17 500 mL LB iR 5
FHAMA 20 g/L A8 ) F F Shewanella oneiden-
sis MIR—1 (9 B Fh DR A7 P B 14K
1.2 ik F

H,O, Al NaCl1lg T | i [ 24 52 Pl Ak 27 12050 A BR
OS], LR IR R (DPD, 97 %) 1 F B R SR
kb2 Uﬁlﬁ/\j B 25 1 B TR BE R O W T
Y& [#] Oxoid 24 | . i 4 Ak &0 A i 50 & 0 T 1
R REYEARABRA A A S5 v i A 9 W 1 fift
H 18.2 MQecm 2= 1 /K BL il (Heal Force NW ultra-
pure water system ).
1.3 XEWHE

it 52 %6 78 100 mL BRSO 1 #E17  B B
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B RR VR 45 8RR IR Shewanella oneidensis MR-11E H,O, 3 8 F 1 Mg i K HL 1 1651

50 mL LB & & 5 77 & m A DR &M, B S A
MR-1, ffi H e &k B 290 110" CFU/mL, 88 J5 Jin
A ] #e B 8 HL,0, (0 pmol . 50 wmol , 200 pmol
1 000 pmol) , 3 F 26 °C.220 r/min F {8 i & 3 & 57
24 h. A [R] 2 B ) CHORE 43 B 4R & MR-1 Y 1
BB (TR 4 HLO, Y B2 Rl A S0l 18 0 12

RHREFE HO, % MR-1 34 Ji Fe(111) 8 71 B9 &2 1,
1E A T #e B H,0, (0 pmol |, 50 pmol . 200 pmol .
1 000 pmol) 5 MR-1J ¥ 24 h J& , a] PR 480 H A
1 hBR% 285 10 4K & B 3 5 mmol 7K 2 4 Al
10 mmol L-FLAER 4N , I T 30 °C. 220 r/min A9 3 IR
S, AN [6] 52 07 B 1] et BOAE A 335 i 25 Fe (11 S A
Fe W 2 . DL b B S2 560 35 8 5 WK, A7 FF i (19 A1
X 25 /T 20 %
14 =5

& H DPD 43 5606 B2 16 43 B HLO, MR BE . FE A [
SN B ) H 2 mL A, FH AL AR 0.22 pem 38 B8 3 08
J L BT mL BE T 0.4 mL 8 R 2% wh £k (pH =
6)F120 pl. 0.1% DPD W , X & 4 mL J5,F
551 nm &b il 5 0O B

F) RS 0 40 B MR-1 00 3% B 8 . 76 R
[] S5z 7 Bf ), 0.1 mL ¥ , 88 9% 3% 20 R 22 3 Y
W IS, B0.1 mL 75 B8 S I AF 5 U A 76 B4 LB B
FRIEE b AR 2~ 3 AW B R B AT IR A L TR
A J5 BB R ML T 30 CHEIR G R A h i 95 24 h
J& N R VR A B BEAT IR

I &0 3E 2 bk 3 1 16 5 vk I 5 A Fe (TD W
& e AN [A] s o B (8] 5 B2 mL AR 5, B 0.22 pm
PERR L U B L mL USRS A A T mL &
% 43 2% wh AR T 1 mLL 0.5%% 41 3E 2 s T, 1 ) 45 4b
A3 66T AE 510 nm I K Ab 1 R W6 B

SR FH 3 S Ak S R I 3R ) A 0 AT A AR A
(CAT) I P A5 W . 75 A [6] B 7 B ] 3 B 20 pl #
f A 20 pll ab Ak S A I 22 b R 10 pl
250 mmol i S AL E I IR AR A 450 pll it 4R
b S S5 0 2% 1k DA 2R OB . B 20 L B 28R I
TRATHY R O 1A 2, i A 80 el o 4= Ak &0 il 446
W, FMA 2 mL B A TAER, T25CHE
15 min J& {f H 28 51 53 5% 06 BE T 7E 520 nm 3% K AL T
FE W
1.5 HRAMNF

K F i s W07 1 5 K HLO, 31 30 s
MR-1 3 K Rk A8k e St e TAE R ) 7R 38

MR R ECA R A A %8l MR- E A
0 p mol HO,(X} & 4H ) #1 5 pmol H,O, ) LB K% # F
(A PR K% 3% 16 h. R H Trizol ¥ HEATAE & dh 42
F+ H ThermoNanoDrop One I Agilent 4200 Tape
Station #E 17 A & LA ; K U 5 4% )5 , 8 F Epicentre-
Ribo-Zero rRNA Removal Kit 2 [ # B & RNA ; {ifi
FH Tllumina HiSeq2000 # 17 3C P& #4 & . 3K 15 )5 b il
J¥ 17 % (Raw Reads) Z J& , ffi H fastp 144 %5 %5 5 i
A7 3k 8 AN T 5 VAL, 4 Hisat2 ¥4 33 38 J5 A9 reads b
XF 3 2 % 3 N 4], i F Benjamini & Hochberg ¥ 4
4 p (H15 2] # p.adjust, p.adjust<<0.05 F[log2(FC) [>
138 Ry 25 5 Rk L N L RSEM 55 B A4~ B
7% read count X H , 3 T reads count X} % 5 4 7 &
Ji o oK ] edgeR AT 22 5 3K 43 Hr , AT 48 28 FE A ]
Feakm R AR O T 8 R 25 S AR S R
A W) F T RE B A O, 1 clusterProfiler X 2 5 3k
Y T 6e ANl i 2E 1T GO & 4 9 #1 (GO, http: //
www.geneontology.org).p.adjust<C 0.05 i GO & %
GONGRTE FE

2 #R50He

2.1 H,0,#Zh TMR-1FEMHHZTL

A ) vk BE HLO, %F MR-1 3% 2 119 5% i 40 &1 1
N MR-14E 3 hitb AXTECAE R, 7E 9 hik 3l i KA
Y1 .50 pmol H,O, XF MR-1 fiy A4 K 5 K A 9 &
o W . HLO, e BE RS i 2] 200 pmol B,
MR-1 7% G TE 3 h NAE TR T 0.29 A 9, Y
H,O, ¥ FE 34 #1000 pmol i MR-1 1 B % T B
T 3.08 MUY B 3 h)g MR-1 ¥R & K . LU
g5 R W MR-1 g A 200 6 HO, 19 24k B ia I
T 50 pmol By H.O, /A~ 5 i MR-1 3% ¥ , & T
200 pmol i H,O, B AR 25 1 BUAH R 1 SE T, 15 7 4 2
PRTE B 5% 70 2 0 45 1 R TR A2 A K B A IR KT

FRFE MR-1 % H,O, B 4 i 5 1, 43 5 T
JC TR 2 B K 35 04 2 v /KA HLO, 1 e BE AR 4k ]
2 BT 7R, JC R 41 4% W K OF 1 HLOL 7 24 h N3 8
FREAL, AW HLO, AN &5 LB B 32 3 h 1 A ML &
A 2 R T MR-1 8% 324K & i HLO, ¥ B Pkt
N H A 50 pmol #1200 pmol H,O, 7 3 h N 58 4=
A3, 1 mmol HO,7E R/ 3 h B3 43 % 76 %0, 7E 9 h
SEa ot UL L HO, B 4 it # 5 MR- 11 B i
FEMI3h PR R EAERK MBS —(E D).
H,O, 53 i 7= A= 1) O, BEAE N ML 7 Z IR i 1F MR-1 A4
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FE L H T S50 A R R R R AT HLO, A il 7 AR
1 O, 5 25 S I O, 40 Hb R BE AR, AN 23 R 54 1Y)
B Z R0 MR-1 4 K L B 45 R LB, MR-1fig
PR S il HLO, DUHRAE H 57 T 52 0 . DOt A o 0 —
KT AN [ HLO, 5 K MR-1 1K & ot 4
bW (CAT) G PE Ry 22 4k . &l 3 Bz, Jt HLO, 1K
ZH MR-1/ CAT 1% PE7E 24 h N B3 4k 5 72 8K
F(~1.5U0/mL) ,H,O, By & & 2 $& F 7 CAT Y
i PE L, Y HL,O, ¥ Oh 50 pmol, 200 pmol Al
1 000 pmol i, CAT ¥ 14 43 3% fn % 5.23 U/mL,
7.08 U/mL H18.24 U/mL. Lk I 45 5 4E B MR-1 i
k4 W CAT PR 4 i HLO, J8 A8 5 6 1w 5% i, A
AR ¥ E HLO, X MR-1 3% 4 JC 8 35 52 W), 5 vk i
H,O, BARFEWI W 25 38 )8 43 MR-1 46T, fH7E H,O,
B CAT 58 &40t g MR- AT Ik A K

12

MR-

[ 50 umol/L H,0,+MR-1
7 200 umol/L H,0,+MR-1
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2.2 H,0,#tZ T MR-1%3FERINAER T
HARTE H O, % MR-1 8348 J5LBE 1 (1 5200, X [
T 2 R TR ¥ ¥ H,0,4b B 24 h 5 MR-1 % Fe (111) f4
i JEAE ) R 4 TR, R 4 HLO, % M i MR-1 7
24 hINIBJR T 75% B Fe(11D) | i 52 H,O, 5 Wi J5 1Y
MR-1 % Fe (1I1) & J§ fig J5 & 1 45 8 7 3 58 |
50 pmol, 200 pmol il 1 mmol H,O, 4k ¥ J5 1 MR-1
4y ) RETE 24 h 98 JR 89% | 86.4% . 85.8% Y
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Table 1 Differential gene expression results

£ ID log2(Z£ Ak A% 50 P i ik
SO _RS10090 —5.67 4.4410 % AL TV T e R AR
SO_RS10085 —6.46 7.06x10 % J3 398 il A G ompa #4511 PdsO
SO_RS10095 —3.96 1.36X10 GN 43 il
SO _RS03930 —3.77 8.98X 10 ™ OXA-48 G K ik 1t
SO_RS06920 3.39 1.25X10 ® TG R Dk R
SO_RS07720 3.10 7.72X10 7 SR H OmpW
SO_RS15335 3.00 1.64Xx10°% N 6 3R d iz B AR AL A 1
SO_RS17985 3.92 6.21x10 % R ABCHZEAIRYE G EA
SO_RS15340 2.82 6.21x10 % 0 € 3R 0 I S AL A B T
SO _RS10080 —3.28 4.57X10% I T 4338 T 2R 9 SN R Y 2
SO_RS18135 2.50 8.75X 10 * fLEH
SO_RS13090 2.25 1.56x107* OV E A A
SO_RS06640 2.20 1.34x107" B G W S 1) S T Rl
SO _RS09405 1.97 2.17x10° " R — R R — AR T AR 3 MsrP
SO_RS01505 3.27 6.67>x10" "7 5 5 R WL AR T
SO_RS14360 2.08 25610 " Sigma70 Z % RNA B4 Hi A 7
SO _RS21580 2.04 2.98x10 " H R E A
SO _RS19750 —2.79 4.06x10° " ISSod4 5% J e 13 Tt
SO _RS03335 1.89 4.38x10°" 53 T HE1R GroEL
SO_RS10010 2.51 5.15%10 " AR C LTl
SO _RS10075 —2.83 1.57x10 " AR T AT R & 43 0 1t 2% 9 4 2 PR Y I
SO _RS20140 —2.92 2.08x10 " 20 i . JE 5  2 F CreD
SO _RS04535 —1.76 2.08x10 " 1SSod2 F 1 % 1 il
SO _RS09350 —1.76 2.08x10 " 1SSod2 5 1 4% VA it
SO _RS09940 —1.76 2.08x10 " 1SSod2 15 4% VA it
SO_RS19795 —1.76 2.08x 10" ISSod2 5% ¥z 1 Tty
SO _RS21600 1.75 1.49%x107" & 47 DUF 3300 45 #1819 4 11
SO _RS08155 1.63 3.25X 10" OmcA/MtrC KK I 4T 2 ¢ B4 (4 3%
SO_RS14365 1.80 6.92X 10" &4 DUF3379 £5 ¥ 19 2 A
SO_RS07745 1.70 1.60>x10" " ST a T b F SR T R o I S

Fe (IID). KA 45 R E W], B4R HO, % MR-1 §i ] 9
A KGR BE AR AL (H 2 MR-1K 8 A= K E M T AR
e, HOAR R Fe (TID (4 58 77 B i A5 2] 1 38 588 . 1 XF
H,O, ¥t 8 i), MR-1 ARl & 72 7] 8 & A ol A2, & 3L
MR-1 (A 7™ W K A= A8 Ak, D3 B 1R 46 A0l 7= 4y T
1R Fe(111) i J5t o 78 H 4R AR5 4 1) 40 43
BB 25 ] AR S 8 MR -1 Bk b SR AE 1 i A8 4k
2.3 MR-13xf H,0,#f 3h Wi Bz 59 5 F HL #l

B MR-1 (990 Ak B i RE 1, IRV B HLO, A
25 MR-1 4K i 8 3 25k, A 0] fE 5] 2 MR-1
A AR 3 R RO i ) e B AR LA T ] MR-1 X
H,O, 4t 2l i 1 (14 53 F HL] VR 24 7 053 3 4R B0
¥ OASSENE BE TSR 5 pmol /E A H,O. /% FE

VR E HEAT 5% S 4L Y, 23 B HLO, 3 3 s MR-1 1 fig
AP ERMERE S8R R, BABEELRZE
S AT 2114, o 144 AN SRR B 3% HR
67 AL A W 2 N A, v 22 S Rk A B Y 30
HAan 1 Frs .
(EAFE A, HO 80 JA , MR-1 HY R LI &
FH A (carbon starvation protein A) ¥ ¥ % K 8 3 I
A e LR B 2 40 T AL T B IR A X SR
Yy o v BE BURR B S B B R U X R A TR
17 i HLO, 3 3 i MR-1 40 401 BEHOR 2, HLRES
b B A ik DL AR B T MIR-1 48 O 37 19 g
73, R T AL 45 o E AL S LE Y 22 Fh b S A N
it 1) 45 B . LA B85 SR, HLO, 1 k38 8 MR-1 4k
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Table 2 GO enrichment analysis results

GO ID ik PfE e 2 LU
G0:1901606 a-Z IR 4y A A e AR 6.13X10° BP 8
G0:0009063 0 0 58 HE TR 4 i AR A 1.18x10°* BP 8
G0:0016054 A B S fik A A 1.11x10 " BP 8
GO:0046395 R IY i A QA i 1.11x10"° BP 8
GO:0055114 AL 5 AR 3.00%10* BP 25
G0:0006091 A AR ™ W AN 1 )™ 2 3.36x10 ° BP 14
GO:0044282 RO A R 3.51x10°° BP 8
GO:1901565 A HLE AL P 50 i A A 3.56X10° BP 8
G0:0016491 AL IE J5 it 8.02x107° MF 24
G0:0006536 A BR AR 1.15x10°° BP 4
G0:0009056 S AR R 1.27x10°° BP 11
GO:0044248 240 10 e X 1.94X10°* BP 9
G0:0022900 HL % 128 i 1.94x10°° BP 10
GO:0006574 SR 5 A R 2.60x10* BP 2
G0:1901575 A WL 3 i A i 2.60X107° BP 10
G0:0015980 i A LA P 4 A 7 A 1 2.74X107° BP 6
GO:0045333 441 6 P 1% 3.34x10 BP 5
G0:0009259 A A R A i 3.34x10°* BP 7
G0:0009156 BRER AR AL AT L5 i B 3.34X10* BP 5
GO:1901564 A HLAEA A P A 3.34X10* BP 33

(a) AU AR (o) AL EEN R (o) R fe
i i P i i o T
L o ° L o Lt
a0 i i i i i i
i i i i i i
_ i i i1 ° i |
i i i i i i i
- i i P i |
g2or i i o 5 |
| i | o o i |
i 5 e i o
AT S - BN N
32 10 1 2 34 2 0 2 43 2 10 1 2 3
log, (Z FA5%0)
Bl5 Gz B AL Rk kLA
Fig.5 Volcano plot of key differential gene expression
FRMBIHORE , RS HO, 0 BRI BROLE B A 44 GOl Bk B E W 4, 4 A T i

HE ARG RS REFE 6 MR-1 AU CRE 1, JF
3 W 3k AR SR X A0 ML P S B 22 AR HLOL AT I
D NTIPIROE=R C AR 2 5 E 7 FAER S

MR-1 % HO, 3 3l 849 1 57 60 45 22 Fi 1 3 3
MR AL . R T 5E HLO, % MR-1 A 15 38 f#% 1) 5% Ml
I GO BOHE 2 #2255 3 X 43 Oy Jr 1 A= W) 2 g
(Molecular function) . 4= ) 13 #2£ ( Biological process)
F 4N i 2 43 (Cellular Components) = 28 . H g A= )

A 34 GO % & W 5, W AR D EN 201 GO
a2 2 iR GO i B SRR H.0, 38 8)
J5 ,MR-1 A HLER AR i 72 (A AR AR H &
e AR 2 AR AF) VH 4 L B & o (& Sa)
B MR-1 5 BU b A LB 55 5% 52 vh A AL B
Yy, i o S A DL R i K R B A (18 5b) X
B DLk 2 11 9 4 L R B R B R R B g — B, Ik Ab
MR-1 A% 1 R AR 5 1o 72 th 2 B0 A5 3 AU (18] 50) , %
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H,O, 8 CAT 43 56 4= J T 4% 40 DA 6 6 57 70 /2 1Y) 2%
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J1 AR AERE R T MR-1 0% Ak R 35 e R AR K

References

Bendouz, M., Tran, L. H., Coudert, L., etal., 2017. Deg-
radation of Polycyclic Aromatic Hydrocarbons in Differ-
ent Synthetic Solutions by Fenton’s Oxidation. Environ-
mental Technology, 38(1): 116—127. https://doi. org/
10.1080/09593330.2016.1188161

Borch, T., Kretzschmar, R., Kappler, A., etal., 2010. Bio~
geochemical Redox Processes and Their Impact on Con-
taminant Dynamics. Environmental Science & Technolo-
gy, 44(1): 15—23. https://doi. org/10.1021/es9026248

Brandi, G., Cattabeni, F., Albano, A., etal., 1989. Role of
Hydroxyl Radicals in escherichia—coli Killing Induced by
Hydrogen-Peroxide.Free Radical Research Communica-
tions, 6(1): 47—55.  https://doi.  org/10.3109/
10715768909073427

Chen, R., Liu, H., Tong, M., et al., 2018. Impact of Fe(II)
Oxidation in the Presence of Iron-Reducing Bacteria on
Subsequent Fe(III) Bioreduction. Science of the Total
Environment, 639: 1007—1014. https://doi. org/
10.1016/j.scitotenv.2018.05.241

Du, Y.C., Dou, J.F., Ding, A.Z., et al., 2011. Study on
Characteristics and Influencing Factors of PAHs Degra-
dation in Soil by Fenton-Like Reagent. Chinese Journal
of Environmental Engineering, 5(8): 1882—1886 (in
Chinese with English abstract).

Esther, J., Sukla, L. B., Pradhan, N., et al., 2015. Fe (I11)
Reduction Strategies of Dissimilatory Iron Reducing Bac-
teria. Korean Jouwrnal of Chemical Engineering, 32(1):
1—14.https://doi. org/10.1007/s11814-014-0286-x

Hu, M., Li, F.B., 2014. Soil Microbe Mediated Iron Cy-

cling and Its Environmental Implication. Acta Pedologi-
ca Sinica, 51(4): 683—698 (in Chinese with English ab-
stract).

Kumar, A. R., Riyazuddin, P., 2012. Seasonal Variation of
Redox Species and Redox Potentials in Shallow
Groundwater: A Comparison of Measured and Calculat-
ed Redox Potentials. Journal of Hydrology, 444: 187—
198. https://doi. org/10.1016/].jhdrol.2012.04.018

Li, Y.C., Yu, S., Strong, J., et al., 2012. Are the Biogeo-
chemical Cycles of Carbon, Nitrogen, Sulfur, and Phos-
phorus Driven by the “Fe-III-Fe-II Redox Wheel” in
Dynamic Redox Environments? Journal of Soils and
Sediments, 12(5): 683—693. https://doi. org/10.1007/
$11368-012-0507-z

Ma, C., Zhou, S., Zhuang, L., Wu, C., 2011. Electron
Transfer Mechanism of Extracellular Respiration: A Re-
view. Acta Ecologica Sinica, 31: 2008 —2018.

Mao, H., Qu, D., Zhou, L.N., 2005. Effect of Variant
Chromate and Ferrihydrite on Dissimilatory Fe (Il ) Re-
duction in Paddy Soil. Chinese Agricultural Science Bul-
letin, 21(6): 235—237 (in Chinese with English ab-
stract).

Melton, E. D., Swanner, E. D., Behrens, S., et al., 2014.
The Interplay of Microbially Mediated and Abiotic Reac-
tions in the Biogeochemical Fe Cycle. Nature Reviews
Microbiology, 12(12): 797—808. https://doi. org/
10.1038/nrmicro3347

Pan, Y.L., 2014. The Oxidative Degradation of Polycyclic
Aromatic Hydrocarbons in Water and Soil by Fenton’ s
Reagent (Dissertation). Nanjing Agricultural University,
Nanjing (in Chinese with English abstract).

Pitts, K. E., Dobbin, P. S., Reyes—Ramirez, F., et al.,
2003. Characterization of the Shewanella Oneidensis
MR-1 Decaheme Cytochrome MtrA. Journal of Biologi-
cal Chemistry, 278(30): 27758—27765. https://doi.
org/10.1074/jbc.M 302582200

Qu, J.Y., Tong, M., Yuan, S.H., 2021. Effect and Mecha-
nism of Fe( I ) Oxygenation on Activities of Iron and
Manganese Cycling Functional Microbes. FEarth Sci-
ence, 46(2): 632— 641 (in Chinese with English abstract).

Schuetz, B., Schicklberger, M., Kuermann, J., et al., 2009.
Periplasmic Electron Transfer via the c-Type Cyto-
chromes MtrA and FccA of Shewanellaoneidensis MR~
1. Applied and Environmental Microbiology, 75(24):
7789—7796. https://doi. org/10.1128/aem.01834-09

Vermilyea, A. W., Hansard, S. P., Voelker, B. M., 2010.
Dark Production of Hydrogen Peroxide in the Gulf of
Alaska. Limnology and Oceanography, 55(2): 580—



1656 HERBL2E  http://www.earth-science.net

o548 %

588. https://doi. org/10.4319/10.2009.55.2.0580

Wong, A. Y. L., Wong, G. T. F., 2001. The Effect of Spec-
tral Composition on the Photochemical Production of
Hydrogen Peroxide in Lake Water. Terrestrial Atmo-
spheric and Oceanic Sciences, 12(4): 695—704. https://
doi. org/10.3319/ta0.2001.12.4.695(0)

Yuan, X., Nico, P. S., Huang, X., etal., 2017. Production
of Hydrogen Peroxide in Groundwater at Rifle, Colora-
do. Environmental Science & Technology, 51(14):
7881—7891. https://doi. org/10.1021/acs.est.6b04803

Zhang, N., 2021. Distribution and Production Mechanisms of
Hydrogen Peroxide in Riparian Unconfined Aquifers
(Dissertation). China University of Geosciences, Wuhan
(in Chinese with English abstract).

Zhang, T., Hansel, C. M., Voelker, B. M., et al., 2016.
Extensive Dark Biological Production of Reactive Oxy-
gen Species in Brackish and Freshwater Ponds. Envi-
ronmental Science & Technology, 50(6): 2983—2993.
https://doi. org/10.1021/acs.est.5b03906

Zhang, Y., Tong, M., Yuan, S., et al., 2020. Interplay be-
tween Iron Species Transformation and Hydroxyl Radi-
cals Production in Soils and Sediments during Anoxic—
Oxic Cycles. Geoderma, 370. https://doi. org/10.1016/
j.geoderma.2020.114351

Zhao, S. F., Liu, H., Zhao, L., et al., 2021. Responses of
Different Iron and Nitrogen Transformation Functional

Microorganisms to Fe( [[ ) Chemical Oxidation. Earth

Science, (4): 1481—1489 (in Chinese with English ab-
stract).

Zhou, G., Yin, J., Chen, H., et al., 2013. Combined Effect
of Loss of the caa3 Oxidase and Crp Regulation Drives
Shewanella to Thrive in Redox-Stratified Environ-
ments. ISME Jownal, 7(9): 1752—1763. https://doi.
org/10.1038/ismej.2013.62

B o 325 % STk

B, SR, T2, %, 2011. 2 Fenton il 1] A 1L B
fife L3 PAHs X IL5gm [ R BFSY . PR B TR 2240,
5(8): 1882—1886.

BARL, 2205 M, 2014, RBUEWRIE AR R LR R X . +
HE2E 4, 51(4): 683—698.

B, AR, FHE, 2005, A7 H b b R I AS 8] R B % X
S Ak Bk I SR I Y 5 L [ R Al R, 21(06):
235—237.

W £ 22, 2014. Fenton & 71 0 1k B f# 2K A+ 58 b 2 3655 4%
(T =2 598 30). B % P s AR R 2

JEEAE, EE, WANE, 2021, T4 8k E AL X 8k G 16 3K o AE
TR W 3 T 1 5 e B AL . R AR 46(2): 632—641.

KA, 2021, T0] A v K B oK 2 S Ak SR A3 AR R R R A
MU (P = 22 73 30). BRI Hp [ Mok

BOBURG, R E A, 4, 2021 AR AL RE AW
XF Fe(IN) Ak 2% 5 AL Ay Wi 157 . b Bk Bl 2%, 46(4): 1481—
1489.



