946 % A R B2 Earth Science Vol. 46 No. 4

2021 “F4 A http://www.earth-science.net Apr. 2021

https://doi.org/10.3799/dqkx.2020.131

7RIk SR L T B A M Fe ()AL 52 4804 4O W 2

RO 'R &R RS AL x #

P ERFEKFRLFR, AR S BB X E L ERE, KX 430078

#OE . A FOKAI IS bR OK — H R K S B A A EAL IR SR AL X, O, 45 5 Fe(TD & AR RO 7= A s M4, - OH L - O,
H,O, % ik S H P S A A W35 1k, AT R X304 90 0 A7 00 ™ A 52 L T AS (] 749 B 8 2R W% Fe (T Ak S Ak ™ A 1 2 48 7 e 3 W]
FEANTE N T B UE X — Bl 2A R, B I T —Fh Fe (1D AL B Pseudogulbenkiania sp. strain 2002 (strain 2002 ) 1 14 F 2 48 £k 40
Rhodococcus sp.(A1) F1 Arthrobacter oxydans (A2)1E A AP, I 5 838 B Shewanella oneidensis strain MR-1(MR-1) %f
o WF9E T Fe(1D A2 S ik i A% i oA 85cae: 20 B 5 1 1) 78 A 3l ok VAR S B PR 5 1 TR PE SR DUk . 45 2R 3R W) R IR D e i A=
X Fe (1D 162 AL 1 1 B SR AR TR 0.2 mmol/L Fe(ID 4L 60 min Ji7 , MR-1 0 FRE T 1.61 80t 9, ATRLA2 535 N R T
0.74 F1 1.37 A HHGL, 1M strain 2002 BYAFIG JL-F- A 32 Fe(TD S AL B RN . 325 5] i B4 4521 /R, MIR-1 AT A2 1 21 if 18 S
Z B TSR FE AR, 10 strain 2002 58 5 JCA L 1A IS B 45 R WD, T80 R0 DA A S A T P SR R I RE A A T Y R
P] AN [R] Gl 2 0 T 60 e (TT) F WA A A 7 R 338 44 40 8 10 738 10 AN [) , I i X 3% 42 4y i Bz AL A [) 320 IR 5 48 R T
IR S A J5 A A IR AR O T A R b Bk s 1 SRR e SR A W st R AL 2 i R AT T A S

KA : Fe(ID AL s A TAEH s DIRERUA W s 16 P40 BRI B

FESES: P66 XEHS: 1000—2383(2021)04—1481—09 i B :2020—01—06

Responses of Different Iron and Nitrogen Transformation Functional

Microorganisms to Fe(II) Chemical Oxidation

Zhao Shufeng, Liu Hui", Zhao Lei, Chen Rong, Ma Jie, Liu Shan

State Key Laboratory of Biogeology and Environmental Geology, School of Environmental Studies, China University of
Geosciences, Wuhan 430078, China

Abstract: In redox fluctuation areas such as groundwater level fluctuation zone, surface water-groundwater interaction zone, O,
reacts with Fe(Il) to produce reactive oxygen species (ROSs), such as -OH, O, , H.,O,, etc. These ROSs are of biological
toxicity and may have impact on the survival of microorganisms, and different functional microorganisms may respond differently
to ROSs produced by Fe(Il) chemical oxidation. To validate this scientific hypothesis, a Fe (II) oxidizing bacteria
Pseudogulbenkiania sp. strain 2002 (strain 2002), two ammonia oxidation bacteria Rhodococcus sp. (Al) and Arthrobacter
oxydans (A2) were selected as model strains, and contrasted with the iron reducing bacteria Shewanella oneidensis strain MR-1
(MR-1). The numbers of microorganisms, changes of cell structures, and the contribution of ROS were studied. The results show
that different functional microorganisms respond differently to Fe(II) chemical oxidation. After oxidation of 0.2 mmol/L Fe(Il) for
60 min, the MR-1 numbers decreased by 1.61 orders of magnitude, A1l and A2 decreased by 0.74 and 1.37 orders of magnitude,

respectively, while the survival of strain 2002 was virtually unaffected by Fe (II) oxidation. It was observed through transmission
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electron microscope that the outer membranes of MR-1, A1 and A2 bacteria cells were damaged to varying degrees, while strain

2002 was intact. The results of quenching test show that ROS produced in solution and in the cell caused death of functional

microorganisms, but different microorganisms had different response mechanisms to ROS due to their adsorption ability to Fe(II)

and their resistance to ROS. The results of this study are of great significance for interpreting the microbial community evolution in

the redox fluctuation region and the biogeochemical processes in the Great Oxygen Explosion in the history of the earth.
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Fig. 1 Variations of dissolved Fe(II) concentration during
0.2 mmol/L Fe(II) oxidation
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o A A W) B4 (Cornelis ez al., 2011). IEW BT,
A= W) A T R T BR S AR AL TR IR S S
e PR 2R 5 3500 P Rk R e A PR R 2 B A
AW R Gy WS UESE Bk /> Ahp o SR AR P T Y R
1 AT B M P 23 RS 0.2 pmol/L 9 H,O,, >4 Hiidd 4 1k
ST PR R B P9 AR 1 pmol /L 1 HLO,(ITm-
lay, 2003 ). [A 1 #E I A [m] 25 29 Ty 68 1 A= M) %) Fe (11)
S AR 1 e 7 AN [, A, T il 5 KT B P 9 M A T B
A8 14 6 i S L BRI ER B AL A0 A
14 TR0 R 9 Al T s L AR O 1 S — R AL 17
S L o) 14 T S — A0 I 5 IR S

Bk MR bR e Moot b A A 4T
BRI UL B AE PR AN AN R b 2 A I Y T IR
Bz — A R R G W G A R )
(BB Z=F5 41, 2014 ; Emerson and De Vet, 2015).
AR T AR 2E AL 5 5k RN AR W Ak 22 )
() — F v 7E G 2R, O SRR AR A X B | EUTE 2R
P AL T — BT R, IR R A2 A A T e 4
S A AL AT Bk U RE AR ER 4R
BET LR .

AR SCHESE K& B, Fe (1) 4k 2 48 Ak X6 AS [ T 8 1%
Az ) 1 2K T AR SRS ) AF AR N TR) Y 52 e BIL )
2 A5 R AR Fe (1D A4 S A0 RT BEXHZE 0 RE VR 1194
Tofr 238 ) = A 5 ) B A B R T 9 2 SRR S8 T
22 L I SR TR A RS L i Uk B
WD BEVE W R 5 &R T B AR (Ma er al.,
2019) . X B 55 HAEA F) T4 B AR IR BE 19 S Ak ik
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46 %

Ji AR A DX 3 BAE i T B L T e Y 4 A 5 AL T
LT RLHE I A i ER 28 7 ) SR & F A (Lyons
etal., 2014)H, 1Bk P\ — T i 340 Ji A 55 6 Ak Ry A 4R
BTt B, A 0 k2 S A 0 TR AR W ) B R R
R AR A RE P AR T R R, DT AE AR ) M BK Ak
AR T EENEN.

4 258

TE I8 J5 3R 35 ) SR A 2R PF R R i AR R O [ Bk
R AR D REBUAE W X e (TD) Ak 2 280 A 1) 1 132 AN T3]
Forp BGE 5 MR-1 B9 SN RO , WA DDt A
B A R B BT T, JEAR R 5 A2 i Fe (TTD JE i 3t 23R
A5 Bk SR AE TR T 3 AT R4k A A Y 3
PR Sh 5, Xt Fe (1D Al 2 S0 A0 HAT S b = e 1k
W2 Fe(ID AL AL 2 W, 78 23 B K Fe (TD L2
S8 A IR T P ST HG A L A IR IR T AR T, EH
P AT AR R A ], HL 32 52 0 1 L o A AR ]
LA Fe (1) Ak 27 S8 A0 X AN [F] 2 BE BU2E 9 7 AR B AN [R] ok
TR 30 1 B A 3 D A DX 3 Bl A ) e B A
45 k4 F0 T e HAT E B S0, HoaT RE XS Bk 22 ) B 4R
SR S S P AR W R A SO T T Y AR
Rl AR SR A
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