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Fig. 1 Microbe-mediated iron redox cycling in neutral pH environment
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Fig. 2 Strategies of electron transfer between FeRB and iron minerals
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HBE] O, XMF KA Fe( 1) & LM F ,Fe( 1)
S M TE 20 L PN 3 2 A N T T R A E i,
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KB Fe( II) %A AL ¥y Fe (OH) FFAE T = B
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He v A2 Hu AT 51 R ( Geobacter ) 5 7y FU I B J& ( She-
wanella) ,E N1 BT RATBIREE ™ . R G
RE S, BRI 5T o3 I8 Tl T R Al R, b Bk
W JR B BB A6 R SR i A2 B 1] ( Crenarchaeota )
I A4 B 1] ( Euryarchaeota ) 1/ 5 A4~ 40 dy A BR A 4H
(Archaeoglobi) . H e 35k # 4X ( Methanococci) | H Y58 %
150 U8 B 4N ( Methanopyri) (IAER B 4W ( Thermococci ) | #
I 1R 49 ( Thermoprotei) 1 7 A H o 8k 34 5t 40 1
ST E A8 2, WA T WA TE 1T ( Thermoto-
gae) LR AT & 1] ( Thermodesulfobacteria ) | 57 & BR
W~ 1 FATE ] ( Deinococcus-Thermus ) | Bt 2k AT 14 I
( Deferribacteres ) .75 J& ¥F i '] ( Proteobacteria ) | J5& BE
B 1] ( Firmicutes) \JWZ T 7] ( Actinobacteria ) B T
[T (Acidobacteria) 45 8 ~177 13 A~49 22 4~ H R
FeRB 1 v 45 14 5 5 55 % U AH 5C , 913 | 1 IS 0 AR
i FeRB DL AT 1 K A B0 EG B O £, R K Y
FeRB L) b #F & Al 1% B 77 B ( Pantoea agglomerans)
HET, 4 FeRB BEYE 09 HF 5T tL OIS T — & HE
J& : Treude 55 % LK AR PR (1 FeRB 32 2y 3 AT B
FER & A 4l B ( Anaeromyxobacter) e it K 1 3
TR TR, K FeRB FhRE S5 1 5 55 35 410 2% )
FHOG, LR/ A3 W T A KR BB R
HL T2 K & B FeRB 3 540 5 M AT B L 28 0
i ( Bacillus) L FF B ( Bacteroides ) F1 42 T ( Clos-
tridiales) 5 UL SRy HL T AR, 5 &£ 2 1Y FeRB I £
FELL I B ( Rhodocyclaceae ) 5 AT 1 TR 4k My T %
A, & £ BN FeRB AL 45 LR 1 ( Bradyrhizobium ) #1
FFE 5 B L %K T 0 B (Ralstonia) ™" H i 45
TR 55 vp 0 e 3] 1 O & 19 FeRB, SR X A AR BB v
FeRB (1% ) Ff 28 Jit S == BE AT 58475 X LA 396 ot 3% % 7 12
(YRR, S £ X E ) FeRB H1 Geobacter™ | She-
wanella ™ © T & H A BL B9 16S tRNA JE K PCR 5]
VIR N HPR B8 B2, AR TN 2R 855 v 3 A7 7R R i AN g
iR FeRB, WAy #0550 Jt i A% 10 OC 1 1)y B Ak
PR, () I o B aa T 5 1 9 4 2 I 9 AR 3R B
FeRB i 7 41 11 OG5

2.2 dT e S 45 (FeOB, Fe-oxidizing bacteria )

B4 7 %

X F FeRB # BIF 5T, w1k K 4800 Bk 4816 &
(FeOB) fEf it + LA A B g )iz e, Fe( 1)
TERR PRI EE T R , (HAE M 3R B8 T ) & ol AR
AL, AT 5 2 Bk R R s e A A
JREASARA (< 50 pmol L7") 5L F, MR 4R
FeOB A REHL M 5, #EAT A R0y 4 W) 3 2k 4 AL F

it B . FeOB AR 4 H AR 28 B n] DL 3 il 4
R R R ER AR R 5 IR DG A IR = Fh
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AR B . KPR TR T 8- IB W
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F Bl R PREE 9 A A FeOB 32 %2 4 6 11 & ( Side-
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( Crenothrix polyspora) ' . G. ferruginea J& T W fi§
EH B H (Nitrosomonadales ) , 52 A= 47 T IR 4 R 5E
T B TCHIAL BE 5 325 FeOB, |5 TR JRZS Fe( 11) LA
It B 65 1 B/ B/ T R IR A
Fe( 1) =¥ h R e AL B o Leptothrix disco-
phora J& T 1A 52 & B H ( Burkholderiales ) , 1 bt 3 5
oAb RA R FeOB, Jik BoA AL O AE D . F
HAi N1k, G. ferruginea A1 L. discophora 3K 41
W A 58 B, FEL 0] DA A1 A% 3 3 R PN R At R R
ik i 0 FEINREE QWA 24

2.2.2 BRI 2k 4 4L 5 ( ND-FeOB, nitrate-
dependent FeOB) ND-FeOB 7 W 4k % Ak i3 2
AP R AR AR Sy #1522 R O 8 45 Lk T, T
FeOB 245 5 Z 8 338 i eh " Straub %5 1 K 1E
TCHLE T B SRS TR R b R B LL Fe ((11) 1F Sy nfk
— L F LAY ND-FeOB ™', | 5 JiF 52 ND-FeOB J*
oA T RO LR ALY b, 18 T a-,
B-uy-B 8B W4 Fe (1) 4 Hy o — s T
PR AE LU 4E R ND-FeOB 1) 22 A1 2215 7, 12 35 SR 4L
R @ 250 T AR Mk B2 A BBk U8 4 Sy 3k 8] H 5 it
AT ORI TF RK NI VTR Acidovorax 4
BoFeN1 [ #k fF 4 ND-FeOB #5% X 5 Bk # ¥& A F
587" BoFeNT Btk L Fe (1) 5 W AR 4 i 7 3
T, NO, gL 7 32 AR R A7 Ak 2 S 3R AR, 7E AL Fe
(II) Ay [H B8 J NO, , 38 )L NO, S N, 0, Hipr
AR SRS A Fe( 1) R EAVILIEYNZS S,
1 mmol L™" R 45 AT LAAH I 4 mmol L™" Fe (I ) %1k
g Fe (), o 72 o JE 1 S8 A 2k 7 W) 32 2858 BT Bk
B, HAh EE A ND-FeOB if 4 4% : FeS 4 {LH
BTG ER Eh 38 R Y Thiobacillus derLilrificans[69J , FeSO,
EALFR A R £ 8 5 Pseudomonas stutzeri . Paracoc-
cus denitrificans' ™' L) Je i B2 £h 30 JFUHE & A HLBR 5 Fe
(1) L5 ALY Pseudogulbenkiania 200277 75
¥ IK S L, Weber 25318 T — I H Geobacter Fi
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Dechloromonas spp. 41 W ) ND-FeOB #f ¥% , fig & b
Fe( 1) KBRS IR &R 0 S5 8% o TR b 43 5
H 3 i) Dechloromonas UWNR4 E.75 W 4k H AL FE 5 il
M £8 38 )5 BE ), T Dechloromonas J& t 4= ¥) K 2 H.
A ARV RE T, X WUR B 2k A AL B A AT
A 5T RIEIMIE

2.2.3 LG RN BRAEAL A Jt4 B FeOB
B R EARR AN T LB, LU Rhodopseud-
omonas palustris TIE-1""" J& Rhodobacter sp. SW2'*"
HREAERZHIRT o BIEHH WK Fe (1) A
fhid # HAl & CO, [ &, HHEiC Mmmota Al Fe
(D) AL TGS B pH X AR (6.5 ~7) , AT LA
RS Fe (1) I B 8% A2 1< 78 022 2k 80 1k
WARF M Fe (1) 579 b, ABEAE KRS
B (FeS, ) BB A (Fe, 0,) S MEA S Fe( 1)
T BN LT B BE( Rhodobacteraceae ) i /1 ) 1
ot FeOB B AR, [H] ) BA7 2 g 7 AU
T2 A SR Sl DR AR 0 S R AR, T R TP O R
IR R G ROE AR AEBR @A (R, pal-
ustris TIE-1) fx 49) MR 78 #i (iron mat) W43 55 H
K, HAEY R AR AR T Fe (D) LI 2, 45
Ak 1 mmol Fe( Il ) ATt 5. 36 mg /LY, A% T
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29 72% WAEMERIET Fe( 1l ) HALM G CO, [55E
TR KA, A R Bk E AL K £ 4B K
A SRR 2 3 B0 RS AT A2 O IR ER B O Ot A
T FeOB $EAE TARGFAY AR R IREE . DG B2k A AL
HBEAUHEE Fe( 1) %A CO,MES R, XHtE
B FeOB S [ 2] 73 #7 % B - 2Bk S8 AL B & CO, 18] &2
R R TR AT XS
T Fe( 11 AL i A B9 BF 58 A SR LU 1 1% It 4k
Az i B AR AL 1, TR AR 7T LR B AR 4B B
Bk - WA ER I AR A AR

3 BRIEI RIS AR

AP RS Fe (M) iR 55 Fe( 1) % AL AE H
BRI AL P s B R T A M SBR[ I X AR
PREEAT SRS 3 T B T o AR P A A R R BR
JER, Fe () J& R4 b e b e 2 5 B9 L 732 1, ]
A TEIEFEDTAR ) v 3 R DG 3 A 2 i vk BE Y R TR
BT, B AR R A S R 1Rk A B 4 5 R AR
], KA P 1o A o 2R W 2 i RO R G IR, B R
FRIC R RS 3, e ) 2 A DL A TE BIL TS G W B9 I it |
A SEE(E3) .

Fe*
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Cr¥BEERBOERBILIN). Hn] 55 F L T4 LA T 6 5277 42(@) o WEREALH DAFe( 1)
HL A= AR AT (@A), ISR A B B & AR IE IR (©) & CO, (D), 7= H: ik
B AW X} 22 M EE 4 JE B A W FiHE F(®) Note: Dissimilatory Fe-reducing bacteria transfer electrons to organic

carbon (Umineralization), organic chloride (@dechlorination), uranium and chromium (@metals reduction), using

iron-oxides as medium and also compete with methanogenic bacteria for electron donors, thus inhibiting methane

production (@). FeOB utilize Fe(1l) as electron donor generating iron-oxide precipitates (&biomineralization),

while in the process ® nitrate reduction and (7) CO, fixation occur through metabolism of the microbes which,

generating iron oxides that are able to adsorb a variety of heavy metals and lower their mobility (®)
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Fig. 3 Iron cycling driving material circulation in environment
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3011 Bk JREK A PLIR 1L H1 T X B A 2R
TIRENIA R A PR X IR A DL AL A9 STk —
ELBO™ FEARAL . Sutton-Grier 55 3 55 X 1 18 ¥ 2E
KA T AP AL STk AT 18 AL, R LBk
P 7 B e P W TR R I 18 X6 A ML i 40 A 1) B
kAP 65% 22% AR T 10% . CA KA
FEUESE , 7 80 1 T 50 #5400 6 i 7 B
MR 1T SR B EE R R T IR AT LR B 1k Y 3 B
TUHRF o B/ Fe (D) /5 v 7 A2 (RIS, 23 B 5 8%
IR R A LT A BE, T R W AT AL B 1 Al i
R WK R R AR A IR R R R A L
e AR A HLICAA , 55 Fe () 455 5 T 4 s He S b
WE L AR AR B LR TG B B
1k LA XS 52 2 A DLW Y oK A, KB T R A P
WA I # f] B A IL Y 58 2 kol €O, (CH, (H,0 1)
AR S A R T B TE A B A AL Y B A AR
H A T B AR . R C R R
fii B IR A 3 55 T FeRB 5 £ R AU 72 2 2 AH
XM TR RE Ak FeRB X5 A i A ML A fig A 3
WALAE R , Geobacter metallireducens 1] ¥4 7% 58 4> 4. 1k
Jg COL M H,0 o R HFR 5 oh 1 43 85 31 7 AR
HLA BB JEOR A 26 R I W A B T A e
3.1.2 BRI JERE 5 BE B i FeRB fEf% LA
MR AL & W vl T s R AR AT AR, o8 TR TR O A
B, UMM FeRB (R i it 0R ™ o BRI, )8 78 I
SRR ILEE M R T ALY T =T ke
J IS AT W G HL TR AR IR B R AR A
18 B8 B 5, A0 45 W BORR 15 RS LR 2 FeRB i Ah i 1
AR F R, R £ FeRB Xy a] L i< i &1 J&
Jo W A7 B Ao AR B P R A B0 R A
AT B Bk JRURE 7, W H il A W) A N AN R Y
AE 15 Fe () id B RE ) B 48 AHOC | B 58 0T340 I i 4%
HLF ALk 4 Fe () ™ #E 12K + 48 %5 IR 40 36 B
w38 A AR L T 15 8 BT A AR A SRS A Fe
(I ) 3 5t it B AN AR i 7 1 2R BRAG 3F , [A) e ol T
JEEBE BT )z AR T PR E T TC AL B A LTS S i
TS < 0 JEPE Y R AR 0T (AN R A R ) B AR A A 1Y T A
2 A ST T 4 T LA A O B A AT IR 3 I
Y I FE 5T RE % 38 I S B K i B DY Ak
W SR B AL T LA BR R R B
J fil Pl e R Bk R 1 FeRB T A A o
W AP A BUA T AE R i 5 SR A, 7E FeRB 5 AN
PEFe (D) &9 74288 B2 b 2 T 2 A9 A

FEP00 L A A AR A AR 00 A b B
VoI I i 7 A S Fe (D) 30 S5 0, 2 D
Bt Fe( ) i Jit 2 [0) F7 72 B 3 K &2 o LA A AF 5%
S IR T B BT AT AR g WL S AR AR OR A2 E Fe
CIL ) 3 J5 10 R 4 88 v 1 40 K 22 B0 9 5 1)
2 LA T] I 25 0 MUK AAAE o il B 7 A e 3L Ik I
15 (electron spin resonance measurements) & i
FeRB AJ LU 1 7~ 1 328 45 [81 25 )i 585, (] i [0 25 0
B JSORE FL T A A0 T A 3 B B AR TR R T T L 3
B Fe (M) & g

3.1.3 Bk U5 A PSR B n A AL
AARZGAE g & [ A PR BT T 0 AT A kI e
By IR EEAT O 5 TS Y I © 2 ol
TER PR o TR b, FeRB AU i 72 vh ™ A
KEMW Fe( 1) YA, Fe (11 ) E 8 2 A8 J5 5], X
T HERN K A T A B S R B0 e Al A A
FAU e kR JE RS U Geobacter . Shewanella W14
KT BB BATIGEMNE R, W Geobacter lovleyi W]
DU U 2 38 )5l — A 245 Shewanella alga
AP LK O b i e o = A H Joz 1100 ; Shewanella
decolorationis TEA Ji. a-FeOOH 254 F o] DA fin#E DDT
(RO WA TE =5 O b ) Fe Ak oy DDD (B S 8 2k —
A LH) DDE (WO S — R Lhe) s %7
WA Anaeromxyobacter dehalogenans ., Klebsiella pneu-

monia .Aeromonas hydrophila . Comamonas koreensis 5§

WA LR A Fe (1) R J5 5 B G 5
P Fe () i Jt 5 A7 AL 580G & B, K A L o
H Fe (D) i J A2 3 DTT (WX S8R L =5 Sk ) 1Y
i SRR A, DAL IR B A % W AR O e U nT LS i i
B Fe( I1) 77 4 DL S DDT % 4l i A<, H 32 2 2k
W) N Desulfuromonas . Sedimentibacter F1 Clostridium-
bacteria" """ . HT B Wy ) I B DRI L - 5 A 1A
1E Fe (1) 30 J5ERE 75 Jid 600 2 mh 47 300 3 28 £ (0, 5L
fiz S AQDS (AT -2 ,6- B84 ) /Y ¥ i mT LA fin 2 T
SR K Fe (M) kR J R, FERA KM,
BRAEAL W25 T 1 FeRB & 5t A i H AT B 8 0 14 179 Bk
Yool LE A [ Bk 41k 0 T b 0 A T S 1 T S e 1k
WEFE , K AN [F) 45 44 19 A3 LR RE % 5 Bk S AL W IE AL
AR 285 LA 2R P A, 02 2F 0 G019 A 300 D il S e
£ TRIRE S A R R A= W) Shewanella decolor-
ationis S12 W HEWE L 3 DTT E’Jﬁ}ﬁﬂ}ﬁ%w , Klebsiel-
la pneumoniae L17 TERKIA I 4 11 T W] LA & A= P4 44 H
Joi (I8 S 8 LA 2 B FeRB 5 48 J5U I 4%
AR AR o AR P W AETE IR & E R

IEES
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3.1.4 BRCJR S E SRS FeRB H. A
i m I I aE, b O R Z W E &R 4
UCVD) (G (VD) \Cu( I1) %, 54k FeRB wl fF y 4F
PRER B v il 7 G i) H T B, X R AR DL U VD) AR
T2 UCVD) 5 AT UCIV ), A
WAL RS Bl Ve A A A e Shewanella J&
F ) Shewanella putrefaciens . Shewanella alga . She-
wanella oneidensis , Geobacter Jg& [I¥] Geobacter sulfurredu-
cens . Geobacter metallireducens T B A L5 U(VI) iy
ey, FeRB 5 U (VD) i R LA % 2R AE
A2 ()RR TE 2R - o WA ok e R AE .
i BTy 2S00 K B FeRB b JEU 2k S AL 77 L Y Fe
(1) AT DL B 420 )53 i A5 1 U (VD) ik A 2ok 72 52
KZ pH J o B2 Fe (1) % 1k Wy Wk i 5
Y SRR, #5 (Cr) R IR B Y
PeE /IR, Cr(VI) &5 Cr( ) Ay i s 2 H
BEE . Shewanella alga FIHIBREALYHF Cr( V) 542
EIE Sy Cr ()™, 78 FeRB 4 G Fe (Il )-Cr
(VD) i 5t ok 72 v, KRBT 38 5 7= AR I K & 38 Fe
(M) RERE B K Cr (VD) 38 JE ™l Bk 0 98k R
HLBAE A OF SR &R, R BB Cr (VD) 34 5 5 B A%
FeRB A G 77 4 () 10 fift 25 H, O, 8 DDAH G ™, it
FeRB 7] g i /b IR 48 -3 U Cr 34k , B IR RS 2
Lot WA AV B T Ok

3.1.5  BRaE U B B e AR T 7K R S
A HL R ) D A LT o i AR R R
P o A R, A A 28 ) R e £ T K R T AR
HE— BB TR Z — o REFZMT Fe
I ) 38 D 48 5 A B BT 480 Ak 10 a2 T L) 30 ) HY o )
PR AL 2 FeRB K PR 58 rp i W 7 (A 2 455 7
ARG AR KT fil HCAS B 7 Y o o BT AR AL R
B IS Fe (1) AL IS, W Be il 7 A= i
A LA 50% DL b By Fe (I A 23 40 i A Bl
JBT 73 A 19 38, 3R B A A H g A% 3 ) 7 Y e i
PR Fe (1) 3 J5E RG5> fig
B FeRB JIr A1) FH 00 T 1R kB &0 ke B2 48 7™ W J6¢ T i
AHEARAS 2217 BR ik =2 A0 7 Y e 1 s ) o op 1
kg Fe(I) ™ R WIBR TR Y58 4+ LA A A 3L
flu R Yo g & Fe (1) 3 J 0 i BT 458 19 7 4 o Beal
25T BIE R S B OB R T A RE S R R K
8 e SR T X TS 3 T ) mT DDA O T e SR Ak
it A ke /D B 5 B B Y S A, Fe () ks JEEAS {045
1 s 7 2 T FL R4 2 R e S 4k kA Fe
CI) % F e 7= A S e 21 FR e 48 Ak 3k 7 10 52 ), o 3

it A B 4 1) P e HIE i ) ML B o B o B
3.2 THAERABEHHTLE
3.2.1 AW W ( biomineralization ) M i 7 & 4 )@
I#i] & HPE FeOB AN A ip 5 i 22 f A A 2% 2R
SR R T EEAER Y EBR R B
TS5 TAME ST RIE R, hIERREE FeOB
AL Fe (1) B 7 9 o 25 i 2 22 K g, b 3L
TR IK R (2-line ferrihydrite)ﬁ}?&ﬂ{]jﬁmz]o Tl 2
KA FeOB Acidovorax sp. BoFeN1 %84k Fe( 1 )
7= ) BN TG A R B IR AR AR R A
FeOB 41 Rhodobacter sp. SW2 F B 7= A -
FeOOH!! | % 1% % % FeOB Gallionella ferruginea
I Mariprofundus ferrooxydans B WF 9% /& Bl TG HL & F#
FeOB 38 i i Ab i A7 HL 22 FF #2426 I, O sk A
Lo XA A A 7 FeOB 15 AR FJE 2
1) Fe ¥t fepdL % 4% 7 H 2 AR H, Acidovorax sp.
BoFeN1 [ LUEL (L U 8™ (Fe, (PO,), + 8H,0) NG
ERABMBER ", Gallionella Jf3 5 19 1 L 4T 4k
(ZEFF) RT LA B 7 AR B9 FeOOH Jf 42 i 1 o 45
Lok Z R B L A S T sk Fe (1) AARR AL &
AE 1 IR A AN [l A 0 7 A 1 EL AT AN [) 485 4 1Y) 22
R FEIE VA 22 52 Wi K SR AL W 5 4, itk FeOB 3l Xof
PR Bk AR I 4E S R R R A L K
BT LIS FeOB (14 i A 2 4 A LT 3E , 3R B 2R
Bi A LT AT AR 0 ) 5 4 | 3 T A 2 R 1k B S g
WEPE L TR A AN A A S S R
Yy Z 18] B AH EL G 2 KA AT B ] FeOB 4 5 19 1
AW i A R L R AR HLEE

BRAE L R A (8 b B o G EE R
VEF B8 B e 4 ) 5 - 38 v i i L6 S 8 A
BIRICRWIEAT A, F IR i 4 1 S b s
Wrasa | CBE B VB MR sh P fem i e, Bk
AL — 2 E AL b I BN BB 8] 2 T B R M
Fea)m MR A LB & A e LD B T 5
S RM SRR IEEDRER " Wk IL &
Yy i DI RE I VE 5 TE , R LA Sy [ T 4 Jm JC R B9 B
K5 (ameliorating agents ) 5 M Bk 1k 2% bt B ( geo-
Tt KATE Fe( 1) %Ak
b AR R R B A W 1 % R A T
T DA L Bra i M SE SR, A Fe
(D) %A B Fe (M) 4 0 € AH O 1 B A W ik 2%
AR RS R S oy A R B A X (A = E I TR
6055 A 1) I B B A ok B 2 0 4F R [ PR G T 7Y 4R
Moo FREIRE 2 GRS HE 1T TR MR R IR

chemical barriers) '7°'
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SRR SR B R A LR R A
N, FeRB 9K 4 L 8k 38 J5Uis i o2 S Bl T % i £
B 1 FeOB A4k Fe ( 11) 7 A2 37 10 A AL R0 4)
A5 1E HL T, RE A5 S ZUIR B AsO; ™ (AsO)™ (CrO; ™ %
i emEE T,

15 43 oK AR RS b, i Tk A W 0 o A AR
SAR P18 W B D 20 ok 558 T LA BEL Lk e £ R Tk A AR 3 i
B & %€ . Zouboulis 11 Katsoyiannis i i f# % %! FeOB
BN Gallionella 1 Leptothrix 28 1 1] LA 2 5 # R /K A
90% ffy As (M), fiff M & 4 #i (19 FeOB Aci-
dovorax sp. BoFeN1 T #{iFSZAE W As ( I ) A% i
i, AT LA 3] Bk 0 0 02D 156 I TE R A AR
B 52 A7 75 B TR #h-Bk-a X 4 — DB Y Nz Bl
O o i v PR Bk AR T 1 Acidianusbrier-
leyi BJWFSE R I E Y 77 A 1Y Fe (1) LA i A1 3
&% (EPS, extracellular polymeric substances) 7] DL 4}
S AsCID) AL . BB FeOB AT L b
ALY E As AT BE B AL HE As () %Ak,
TS0 As B9 7% 3P b R EEAT R .
3.2.2 WAL G IR AR L - BRI PR
HIRA AL i TR £ 30 )5 il 24 | PR AR R AL S5 i
T D) AH G, BR-A U8R BN EL AR 2 B G
W R R O FeOB 3K ) Fe (1) Ak
A T 1 e S A0 38 DS AR L R SR R 45
RILA ] 1 AL I A A A % I 25 Fe (M) /Fe
(I1) E AL JF L #5 (NO, /NO, Jy +0.43 V,NO,/
NO 25 +0.35 V,NO/N,0 & +1.18 V,N,0/N, N +
1.35 V), By DL R MR 70 37 2k S0 Ak i 72 b ] RE 1 b
JEEA AL A . ND-FeOB fELL NO; \NO, \NO }%
N, O fE R 22 0 H A R g Y Fe (1)
A0 A8 I6 il 1% £k 146 J5L 3 7% (NO, —NO, —N,0— N, &}
NO; —NH, ) ¥l % N,O fy kg ', Straub %5 f
iE,FeOB BERS A Ak Fe ( 1) {8 3K Al 1R £ 38 I A N,
FeOB 25 1 84> Uil i 72 5 X MK R Ferroglo-
bus placidus ¥ NO, it J& i NO, , Centrisviolacens
Paracoccus ferrooxidans ¥ NO, if JF i N, , 1 BH X
G RS2 i FeOB BE V& N B A I8l 3 A= 4 4 EL B[]
SER Fe( 1) 3 Ji s 15 + 8 I A R R Ak 5 1k
N,0.NO; J& NO; fiy 3 8RR C 0 Jgeilm vy
FER I, R A A AR ) 3 B fd A, TR I RE % 52
Wi 2 DA A A AT it Fe (1) -Fe (1) 41 A% A4
BRAE PR 5 ZU A 3 AT R B E B AR O 45
HLERRWEK.

3.2.3 Fe(Il)HEALMA CO, [l & He TC LBk [

TE e A g A LB = AR i 1 Bl I SRt D't 5 B Bk A
i B 0 18 7 AE i R U S0 e B B4R 2R AR R X
B 3R B [ 5 B TR RO BRI EA
T, 08 R Bk & Ak T A W) U0 Thiobacillus ferrooxidans |
Leptospirillum ferriphilum | Acidithiobacillus ferrooxidans
ARSI CO, [ RE S0, G R AR A
TEF R OGS AL FeOB F| FI DG BRAE S g 1 ok A,
Fe( 1) & T ik & £ CO,. Rhodobacter capsula-
tus SB1003 REWE LA Fe( 11 ) M BEIR 4R KW, K E A
FREA AR IR E co, ™ LR E 1Y CO, fg i
HEAEYER 62.8% , Fe( I ) #M#| R. capsulatus
MGG SR AR, A A W iR H AR Fe () 2l
Fe( 1) 9 fif 28 AL OF [ € CO, DLk 3 4 K/
B R R TN 4 AR D7 1 6 1 P R s R
i) FeOB Zetaproteobacteria $E4T 73 M1 K I EH co,
B R L B I R T Zetaproteobacte-
ria ] Mariprofundus ferrooxydans PV-1 i — - {IF 52 H
HAT CO, [ AE " o RIUGEA R FeOB, filf i 41
WA FeOB 1 HAT CO, [ %€ BE 1 - W] o 3 7 B 4%
AREWE ¢ Y h & H 108 T actinobacterial
() F1 35 80 FeOB 4f '

% 1 ik, FeOB 4R Fe (1) % fLid 72 ALAE &
HIERILA S CO &, 255 TR FE &
IRER W EER, JF H 5 & & Jm W e R C, A
T, R A0 i R 2 8 ORI T L AR S RGN
Hikk FeOB INAEA , L HEA R 2R FeOB YR M 1E
AT S YR ZREE DI RE T R F R S R A
P T A1 3G AR I i 2 AIF ST, 0 G B A YR R A PR Y
TR (A A

4 Rk 5k A AL AR T E K

R

T IR AR R T 8 R S T Bk R Ak O R R 8
[7] B 2 7 3 36 R SR sh AR R SR Fh gm0,
DS RN SR e . —IA R, R R & R
E 1 F R K DUR 1 IR 8 IX 8, 1 0 4k Ak & A A
b 2 UK ) 4 S X I8, PR 3 b AR S 0 < P s 7
FIE T o SR, of IR 480 k48 fb i R 1 &
B, F B AE DR AR e DR A B AR AL O D B B
T ¥4 0T R [ B 2 A A D 5 0k R AL 7L R AR £
A R T By 5 T S 1 Tk 2 W IR B i R
Fe( 1) AP AL L) Fe (1) 54 H FeRB
Pt Fe (Il ) /N e 732 44 s Fe (I ) s A= W ik Ji X
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NMAR AT FEBE T Fe (11 ) /1 o 7 HEK, AT HE
JSAE A R ARG IR T L AR A 2 Ak
FHLHIR AT, Fe () ik Y Fe (1) 28 AL 52 W] i
PEAT Y kT R 4 R 280 A IS M0
AR A= R T oA P AN ) o B T ) S A B 5 0 5, o
ok i R Ak B Al ) 5 A L AR 2 B O PR B R R
Pl (G AQDS) 4T iy W A IR] By % S 2 ] DL
BEVE B 48 B8 o F21°°) . Straub f1 Schink 7 FeRB
( Geobacter bremensis) ) 35 K Zrh BB, Fe (1)
BB AL K B, KR 1E 4 FeRB 19 HL 5
S, NI 2 BT R SRR B, — 3 b ) 1k 4 1
2 I 30 5 SRR £, I FeOB B¢ FeRB Ll A8 H 453X
—IRE0 L AR IR SR B A ML B AR S R B
cEpu LY/ UG NS S S (U A (e R (S
i 3k B 0 Bk FeRB ( Geobacter metallireducens Fil
Geobacter sulfurreducens) L 15 35 % B, X W5 Bl 1A 18 4f-
B AR A — S 1 M3 M % B T 2L Coby
SRR 5 S MR i TUAR Y b Fe (1) i
J75 Fe( 1) bl fE &, &1 A AL 5 il R 4538
BB Fe ( I1) AL M AN 35 6.3 x 10°ml ™K, 1] £
MR A AL MBI Fe (1) 38 JFAY N34 1.5 x 10" ml ~' K
- 5 ] IR 2 B LA Ml A 1R A G B9 FeRBRE 6 HE 45 il
I 0 BT SR O e g R A R
WA Fe () i S5 5 Fe (1) A AL
T LT IF 52 PR I5 4 IR IR AT DL B A AL fie E Fe
CID) 3 5t it e, A U0 1R £h 3 IR 2 iE Fe ( 1) 44K
XA L Paracoccus versutus LYM B 5% %& B H n]
PIFEIL i Fe( 11 ) EDTA-NO fy [l it 484k Fe( 1 ) ED-
TA XA~k 72 v 4 4 B A Ik B 2 s Fe (1) 84K
RS B R — Bl B AR AE Fe (1) i J5
5 Fe( 1) A A R 45, vl A A 0 00 S ik AR A7
A e A ALY 7y 7T 56, SR 3 2 R B A A -,
N A pH B RS 725 2 Rl 2 i Fe (1) -Fe
CID) % Al i) 5C it PR ZRATD 9K ik A0 3 4 ) F 5

5 4iikHRY

A= W9 5 00 BTG 20 o 75 5 B M R I 3 3 B
B VRS A IR B R A R TS = AL/ TS G T
E AL S AR . BT, th P FeOB By AT 5 2 AE
TR SR DR FEVCRU T
AR R IR A 1 R B A R TR R
[fi,FeOB 5 FeRB St 41 Fe( I ) /Fe () iR %2
1 3 Wy O P15 B B A O T IR S ) o AL RE A

K R E/ AT b, Fe () 18 )5 7™ 4= Fe
(D), Fe( 1) AALER AL T B A B P ot B il o SR
M, B ETE NS 43 R A/ R AR R vk Fe (D)
AL B 2 B TR S 0 R BT AR S L
W Z WY, HEAE R Bl b 3% )2 o 8 2 A KA 2
R RG, AR &4 B 3 2 2 Ak
FRok . B — N RIS R RORE , RKERE
T T 1% TG RGO 5 B FeOB 1R 7] RE7E 1
WMERZEREEEEM; S YRR WA =AW
AR BRI 25 TR FeOB 1Y 2R A7 #2417 1| 4%
s fh = iR R L EEENARRE S, WEIREA
Fe( 11 ) %Ak 1Y ML 32 1, BB 0% 12 JF A IR £6 K 8t
FeOB FAEK 551G E. A JZ R - 587 IR/ G
TZEGHRAWAT RN L IEA S E 27T
s Fe( 1) A bt B EEF R, R, HEAES
E VL AR N = T 7 = VRS R T A A
FeOB LI REMRAE Y, AH G T W) BE I 5 AN 05 48 | g
R0 SRR A W B U 5 Bk AL BE S L CO, [ BEVE
HWAARER & Z A R WA TEY

Wi A v 38 I P B R B )z R, N AL
LR Fe (1) AL 5 Fe (1) i 5 b #2200 75
FeRB/FeOB Y Ffi/K V- I JF e JL 4l \J% sk 4 (iR A
HEsE, KPR AR ¢ DIANE 25 5%
SR 56 (1 T BE 3 DR, B A AR I 45 K SF- 48 7R Bk
T P 55 H A 5T 2406 2R R TC AL/ A BLTS G AR =2 (e
PIHEA OC &R o TE H AR 355 v 808 2R A S5 109 ) RE
AW TTAS TR BRAE AE Y, T BEAE 5 G A A A A
Y5 HoAh 2y BE T A= W 22 (8D A AR B Rh B A 3 57
Z B YOG F, AT LA R AL 3R 7 5 45 6 0 A LA
T S MBI 5 5 vk TE B 3 KT T g gk 5 A T
R MR G X R SEAE A UE Y 5 H A T g ik
A Z E] (4N FeRB 5 7 B BE B ) 19 oL 1% 3 i 428 o
HAGX Fe (M) il B2 T Mg 48 Fe (1) A ALK
B2, 15 7K 398 i 2 B4R Ak - 300 D B 055 22 () 1Y) 28 8 4
FATUESE Fe( 1) -Fe (1) Z ] (485 4 98 26 OC R $2 41t
TARGF BN R G, XA B AR E U A - T A A
HIRRAE R o B X T JRAT T M H 1T R R R R
AN Z AR R

2 & X W
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SOIL MICROBE MEDIATED IRON CYCLING
AND ITS ENVIRONMENTAL IMPLICATION

Hu Min Li Fangbai’

( Guangdong Institute of Eco-Environment and Soil Science, Guangzhou 510650, China)

Abstract Microbe drives biogeochemical cycling of elements on Earth. Being the fourth most abundant element on
earth and the most frequently utilized transition metal in the biosphere, iron ( Fe) naturally undergoes active reactions be-
tween ferrous and ferric states in circumneutral-pH or acid environment. Due to instability of dissolved Fe( I ) and ad-
sorptive capability of insoluble Fe( Il ) compounds, active Fe cycling exerts a strong influence on soil geochemistry. Ad-
vances in geo-microbiology have transformed our understanding of the edaphic iron cycling from mere physico-chemical re-
action to biogeochemical process over the past three decades. Fe ion, undergoing active oxidation-reduction reactions in all
life forms, is required as an integral component in cellular processes. And it has been demonstrated that phylogenetically
diverse groups of microbes can grow either aerobically or anaerobically using Fe as electron donor or electron acceptor to
generate energy from Fe reduction and Fe oxidation in vitro or in vivo. In recent years, significant progresses have been
made toward understanding the biochemical mechanisms of microorganisms catalyzing anaerobic reduction of Fe( Il ) in the
circumneutral pH environment. Shewanella and Geobacter are the two model organisms commonly used in studying mecha-
nisms of Fe-reduction, and the use of insoluble ferric oxyhydroxide minerals as terminal electron acceptors in anaerobic
respiration through extracellular electron transfer ( dissimilatory Fe ( Il ) reduction). Comparatively little information is
available on mechanisms of Fe( Il ) oxidation at neutral pH conditions. Microaerobic Fe( Il ) -oxidizers, such as Gallio-
nella and Leptothrix, active at circumneutral pH, could compete with O, in abiotic oxidation of Fe( Il ), forming Fe( IIl )
oxide encrustation specific to the oxic-anoxic interface of soil. Fe-oxidizing microbes are not limited to aerobic habitats,
but can also oxidize iron under anaerobic conditions using NO, [ nitrate-dependent Fe( II ) oxidation], or CO, [ phototro-
phic Fe( II ) oxidation ] as the terminal electron acceptor. The microbial Fe( Il )-Fe( I ) wheel promotes various environ-
mental or ecosystem processes, such as nutrient cycling and contaminant transformation, at the water-soil interphase. It is
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worthwhile to note that in anaerobic environments, microbial Fe( Il ) reduction is an important pathway of anaerobic deg-
radation of organic matter. Besides, dissimilatory Fe( Il ) reduction is a key process governing reduction of humic sub-
stances, reductive dechlorination and metals reduction. Furthermore, Fe ( Il ) -reducing bacteria successfully outcompete
methanogenenic bacteria for H, as an energy source, which results in dropping of methane production in soil of high organ-
ic matter content. Fe( I )-oxidizing microbes have been demonstrated to oxidize both soluble and insoluble Fe( Il ), pro-
ducing a variety of insoluble Fe( Il ) mineral products. Owing to their high affinity on surface, bacteriogenic iron oxides
are ameliorating agents and geochemical barriers for fixing heavy elements, thus generating a major influence on release,
transport, immobilization and bioavailability of heavy metals in soil. As a whole, it is apparent that iron biogeochemical
cycling istightly linked to organic matter degradation, denitrification, methane production and metal immobilization, which
is one of the most important issues in environmental science. The processes driving iron cycling are not instantaneous, and
Fe( I ) reduction and Fe( Il ) oxidation occur simultaneously in adjacent ( micro-scale) locations. Dissimilatory iron-re-
ducing bacteria are found capable of excreting Fe( IIl ), resulting in anaerobic reduction of iron oxides in soil. Fe( I )
species in soils is usually soluble and highly mobile, and able to act as an electron donor for iron oxidizing bacteria. Thus,
it is re-oxidized to Fe( Il ) , forming secondary iron minerals. So far, it is less understood that the key factors which con-
trol Fe-cycling at circumneutral pH include local gradients of oxygen, light, nitrate and ferrous iron. And recent resear-
ches have demonstrated that environmental organic matter, such as lactate, plays an important role in the transition of Fe
(II') reduction and Fe( Il ) oxidation. To sum up, in the paper, the authors highlight the process, mechanism and envi-
ronmental significance of microbe-mediated iron biogeochemical cycling, particularly in circumneutral pH environment that
prevails in soil, and also demonstrate the coupling relationship between iron and other related elements in biogeochemical
cycling. Furthermore, the authors discussed key factors controlling shift between Fe( II ) oxidation and Fe ( Il ) reduc-
tion. In the end, the authors present their outlook about priority direction of the research on biogeochemical cycling of Fe
in soil environment. This review is believed to be conducive to understanding of iron biogeochemical processes in the envi-
ronment and formation of new strategies for sustainable rational utilization of the soil resources in China.
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