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Recent advances in studies on dissimilatory Fe( Il ) -reducing microorganisms
LI Huijuan"* | PENG Jingjing'
1 Key Lab of Urban Environment and Health , Institute of Urban Environment, Chinese Academy of Sciences, Xiamen 361021, China

2 Graduate University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: Tron is the fourth most abundant element in the Earth’ s crust. Microbially mediated dissimilatory Fe( III)
reduction is the major process for Fe( Il ) reduction in anoxic environment. This review introduces the classification and
the diversity of dissimilatory Fe( Il ) -reducing microorganisms. There are two major groups of Fe( Il )-reducing
microorganisms ; one is microorganisms which could conserve energy to support growth from Fe( Il ) reduction, and the
other is those which could not conserve energy to support growth from Fe( Il ) reduction. Dissimilatory Fe( Ill ) -reducing
microorganisms are interspersed throughout Bacteria, Archaea and Fungi and have physiological diversity. Geobacter and
Shewanella are the two most well studied genera among all the Fe( Il ) -reducing microorganisms. This also summarizes the
strategies that dissimilatory Fe( Il ) -reducing bacteria use to transfer electron to extracellular Fe( Il ) oxide minerals as
well as the energy-generating central metabolism models of dissimilatory Fe( Il ) -reducing bacteria. Direct contact, cellular
appendage production, electron shuttling and chelation are the four potential strategies for the respiration of dissimilatory
Fe( Il ) -reducing bacteria. In Geobacter, acetate and other electron donors are completely oxidized via the tricarboxylic
acid (TCA) cycle, generating ATP primarily from oxidative phosphorylation, while substrate-level phosphorylation is the
primary source of energy conservation during anaerobic respiration of Shewanella. In addition, the environmental
significances of dissimilatory Fe( Il ) -reducing microorganisms are reviewed. Fe( Il ) -reducing microorganisms might be
one of the first, if not the first, of microbes involved in microbial respiration in the archaean biosphere, which contributes to
the decomposition of organic matter in modern sedimentary environments and inhibition of methane production, exerts a
broad range of impacts on the behavior of trace elements and have great potential in the bioremediation and microbial fuel
cells. Finally, perspectives in the molecular ecology of dissimilatory Fe( Il ) -reducing bacteria studies are proposed, e. g.
the community structure of dissimilatory Fe( lll ) -reducing bacteria in paddy soils, the contribution of dissimilatory

Fe( Il ) -reducing bacteria in the C-Fe-N coupling and the mechanism of dissimilatory Fe( Il ) -reducing bacteria in the
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bioremediation with electrode and solar energy.

Key Words: respirative dissimilatory Fe( Il ) -reducing microorganisms; fermentative dissimilatory Fe( Il ) -reducing

microorganisms ; Geobacter ; Shewanella ; functional markers

PR P E RS FEERITR, SO TR i B, S SRS 1%, EARF BRUZ M LS
WAAAE T AR AR T AL IR b A0 0 +2 +3 (+6, S WY S JE +2 F+3, HtL, 56k SRR, B2 —Fb
TOMEERIICER o TEAEGT L ATURR Y b BRI SRR R ) AR M R A e A

B Fe( 1) iBJEA L Fe (1) — HHOA N FERE Al fE, BF 20 22 80 4£4X°K 90 4EAX
), LU IR Fe (1) 3845 68 5 FH F2E K AT W RE 2 240 &1 BUE A S 00 AL BGR S5 A Ay
& HAR AP ERIE IR 2R AR . PRI EIE 5 IR ER I8 I S — AR E I AH HE , S Al BRI It K S A ks Tt
PRI T AR5 0, {EL 3 JR 3 TG, DRI R AR SO 0 4 8 S Ak Fe (1) 3 ST 114 90 28 B 26 308 LK 4
AErpIL AR REAIL I S A S PR BT 5 A Dy TN S AT 2558 IE X0 AR5 Iy B IR R R L, |
TER A I 5l Fe (1) 30 57 J T B BSR4 (LA
1 RUBERER S

SAERIA JE TR ( dissimilatory Fe( 1) -reducing microorganisms ) S48 7EACIH I FEH UL Fe (1) AAMEH F32
PR 4t Fe () R FUAL Fe( 11) MR . ARAES 5 00804 SR B2 45 T DLl i i SR R A Rl it TR 1 5
ACHAE IR 1T 43Sk RIS I g 80 S A6 42K 348 i TRT (respirative dissimilatory Fe( Il ) -reducing microorganisms ) Fll
S W) AL A8 JEU R ( fermentative dissimilatory Fe( 11 ) -reducing microorganisms ) ¢’ PP %1 S A 4 10 i T 2
FRAENFGE FE T LA Fe (D) /E MR ML F 321K, 48 Fe () iR A% Fe( I1) , I A7FRE & H TAK MY,
H T, A7 G S A B I B i IF 5 2 B vh T A S A RO BT . (ER , IS 2 T A 19 S AL R D T S e 3l
iR Fe (D) A5 RE 5 T AR, HUAn & I L S A B I oAy, 2 o 28 S A 0 It T 2 48 A AT DL 1 O e ot
FEh LA Fe (1) 2 H1FJ (electron sink) , i NAD(P) H Ak, UEH AR ER AR & TR S A B )i
s NAD(P)H 5 Fe( ) BY4EALIE AR, IRPIK-FBERR AL 22 ATP FEX AN B, Fe () i J557 AR 19
W AT E AR FIR R TSI A A A A Il 5 1) 5 H, 7 AR S AR 1 24 R 4 138 )5 Y 4 ( reducing
equivalent) % 2| | AFE=YIA AR, RADE (29 5% ) #1545 Fe (1) T R, 5 R A R
FAEE, KW S AR TR N TR R A A W kAL A AR ER P A TR DN, HE S R 20 14D 50—70 4EAX,
GE % IRAE R TEAE K 1 & B R kA JRCRT , 1 Bacillus spp. A1 Clostridium spp. *°' . HHT, NHREE
B 2060 B A5 BBk A B R SR 1O I S I B B T AR A T K I R A I, AT DA AT IR R AR Ak
W JE N Bacillus spp. ",

2 RUBTEERENSEGE
2.1 BRI R AR 2

BB SR VAT T& TR A D AR A0 BRI (R 1) . KRR BIE I g R, D
BOAA I T DAFEAR ORI T AEAE A 4 SC B 121 °C, MR Iy i K 22 7] DAFE R iR IR BT N AR A7 AR

REBPAR S AETETE PR T | H B F7E IR M St PR 5 AR A 43 85 BB I TE . Alkaliphilus
metalliredigens JE DB P08 Pp 0 5 M A 5 — bk AL ke DR o Bacillus sp. Strain SFB GNP pH BN
11O BAPE T AR A7, % AR 00 it bk 5 = 0 BB R B Acidithiobacillus ferrooxidans , Acidiphilium
cryptum , Serratia sp. Fl Anaeromyxobacter sp. 2 MWIRMEFREE 73 2wl B 48 2 (W 200 R TR, BB A% 7E ALK Y pH {H
SRR

Geobacteraceae 52 IR BN 0 Ai fie ) 2 IR R, TEA= B S b B A ALY 38 BE I Geobacter
spp. IR E 4L, Geobacteraceae TEFREH Y Ktk 73417 A RE 5 2R AWUAE W) R AR W] LA Y 2 R AR g v -t
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Table 1 Fe( Il ) -reducing microorganisms!'®)

FIH CTRAE A o FAEA 4 Shewanella , Aeromonas F1 Ferrimonas' ™™ |
AL SR A B E R A A i T 2 P LA SRR A o IR . Pantoea agglomerans SP1 J& 453 54

H
F

I % T K S T

Respirative dissimilatory Fe( Il ) -reducing microorganisms

Fermentative dissimllatory Fe( Il ) -reducing microorganisms

TR PR A3 D5

J& Genera 1) Phylum ( Class) J& Genera () Phylum ( Class)

4 Bacteria Ferribacterium Proteobacteria () Actinomucor Proteobacteria ()
Rhodoferax Proteobacteria () Aerobacter Proteobacteria (y)
Aquaspirillum Proteobacteria (B) Pseudomonas Proteobacteria ()
Shewanella Proteobacteria () Escherichia Proteobacteria ()
Ferrimonas Proteobacteria (y) Serratia Proteobacteria (y)
Aeromonas Proteobacteria (y) Vibrio Proteobacteria (y)
Pantoea Proteobacteria (y) Paracolobactrum Proteobacteria (y)
Pelobacter Proteobacteria (8) Rhodobacter Proteobacteria ()
Anaeromyxobacter Proteobacteria (8) Thiobacillus Proteobacteria ()
Geothermobacter Proteobacteria (8) Wolinella Proteobacteria (&)
Desulfuromusa Proteobacteria () Bacteroides Bacteroidetes
Geobacter Proteobacteria () Clostridium Firmicutes
Desulfuromonas Proteobacteria () Bacillus Firmicutes
Sulfurospirillum Proteobacteria (&) Sulfolobus Aquificae
Geospirillum barnesii Proteobacteria (&) Desulfobacter * Proteobacteria ()
Geovibrio Deferribacteres Desulfobacterium * Proteobacteria (8)
Deferribacter Deferribacteres Desulfobulbus * Proteobacteria ()
Desulfitobacterium Firmicutes Desulfovibrio * Proteobacteria ()
Bacillus Firmicutes Desulfomicrobium * Proteobacteria ()
Geothrix Acidobacterium Desulfotomaculum * Firmicutes
Thermoterrabacterium Gram positive
Deinococcus Gram positive
Alkaliphilus Gram positive
Thermotoga Thermotogales
Thermus Green nonsulfur

B Archaea Archaeoglobus Euryarchaeota Sulfolobus Crenarchaeota
Methanococcus Euryarchaeota Acidianus Crenarchaeota
Methanopyrus Euryarchaeota
Pyrococcus Euryarchaeota
Pyrodictium abysst Crenarchaeota
Geoglobus Euryarchaeota
Ferroglobus Euryarchaeota
Pyrobaculum Crenarchaeota

FLFA Fungi Fusarium Eukaryota

Alternaria Eukaryota

D

R

~

(-

H AT E 2 NI R BRI Z 1) Fe (1) 38

A H Fe( D) R

il e

FLIH ARG,

8 L A GeoChip 5 ) H A Geobacter 1 Shewanella 55 B HI BRI JE R |, I, B 0L 4G I 2] 2R 5%
JI A AR . W Fe( D) i R R AAELE—A
HRLAAE AR ¢ S F 2 AL A, (B OGP 0y WU PR JT AN o, Rt B — 38 A P B 2R R R

AHE,
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2.2 SABBRIE R AR B 2
2.2.1 WA

AHLER S 30 T UL A AR (ER S TR] A A TR R A HLIR 1Y BE AN TR, T B TR,
Geobacter 18 BEF| FH L TRAE A F A 1T Shewanella JUFASRER FH £ BRAE A o T4 {0 K Z 685 FHFL R
YERHFUUEK . Geobacter ANRIFH A FH o F LA AL AR, L, 6. sulfurreducens RBEF|FH A ML
FRAE R T T G, metallireducens B CTRAMAFT R FHAR P | 28R | R EE | TRE TR p-H il . &
B p-FR BRI | p- R R PR p- BB TS S TR SR R (IR T IR | PP 2R B IR 55 45
ERRER FH & SAE I FAA; 6. chapellei 7T DIAE FLTR ¢ 4 A AL — S LKk, G.  hydrogenophilus Fl G.
grbiciae 7] LLFI| FHH FRAE R o FHMA T G sulfurreducens F1 G. metallireducens #FA~REF] FH B R AN FLERAE 4 Ha,
TR (R 2) P,

%2 A Geobacter FF 5 i/ {84 F F b 55126

Table 2 Phenotypic differences among Geobacter!?®!

g.s_r;zgt;tllzreducen,s I(—;I.— ;y'drogenophllus '(I‘,A é;lil;ae G. sulfurreducens G. chapellei 172"

HL TR Electron donors oxidized with Fe( 1)

S, # i 2 2 #
H R Formate w = = S 2
LR Acetate = = = s 2
NTR Propionate JE I = & &
2B Etha 75 1 P pE: P A i
FLAR Lactate " o 7 x5 B
AW R Benzoate = b = 5 w5

Butyrate, valerate,

oA isovalerate, toluene,
Other electron phenol , p-cresol Butyrate, pyruvate, Toluene, pyruvate, o o

r elec nol, p-cresol, e )
donors used benzaldehyde, suceinate utyrate

pyruvate

= Mn(IV), nitrate, 0 ¢
ML P2k U?gll) )A(;]l)? ¢ Fumarate, AQDS S°, fumarate,malate, ~ Mn(IV), U(VI),
Electron acceptors ! = U(Vvl) : Co(I1I) fumarate

humic substances

5 Geobacteraceae AN[A] | etk IR E B S Rhodoferax ferrireducens 1] UL ELZATFF IR FIMESS , 4N, I 25 0 |
B R H R AR AR A A o AL B AL R, R IR R Fe (TN 7, ST BLAK S K B )
At A

AR AEEMB UM, S5 AR RR R T T3 HE Fe () 30 A AE K Ay LT b A
FI 2388 W R AR 22 B S AT mT AR S0P g 7
2.2.2 HFRIE

BT Fe( ) 5h, Bl al UM E @R 0 Ma (V) UCVD) RS MO S5 BRAL & R RER 4t
BRI & E LA YRR T 2R (£ 2)
2.3 FEMSRILIETE

TEMRZ W AR IR B, BRI EAS i R G FIRA B S ALK IA IR TR /& Geobacter FlI Shewanella, & [E 5
B ZE M ST R A2 Y Lovley 2432 e F 98 S AL POl I | R 7 K2 — AT B WF 5/ NHXS Geobacter 4T
T ELHYREFE (http ://www. geobacter. org/ ) ; T H1 38 [ 21> K24 N AR 5 LA RS B 37 ) Shewanella Federation
WXt Shewanella JEFF TR A RIS (hitp : //www. shewanella. org/) .
2.3.1 Geobacter

Geobacter J& T 8-BILATF A, B 2 i it & IR T LL5E A A AL T AR5 RE 1t F 1A K S AL Bk D

7
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5 4 REWE 25, ML Fe( ) R34 MIWT 5T HE R 1637

Z— JTEAET A RIREIEL T . Geobacter /™M DR , PRI 43 B 8500 RIME , ANk anA-759K & 4843 25 45 3|
FIUAFP, A ANANFRE LR EFE W AN F, 752 455 B W) Geobacter ', G.  metallireducens F1 G.
sulfurreducens JEM T IEABIPIFIE , G. metallireducens , T W14 24 0 GS-15, 43 85 H 3 [ H BL 2% ) #6 5 nf ]
(Potomac River) JIETR , f& A0 85 H SR A P I A S AL R SR 2 | 6. sulfurreducens PCA 4385 H S5 R 72
PAT S P — e 5 Y TR R | 05 ) B 25 — R E REAR & S8k £ R X RE AL SRR TR

2.3.2  Shewanella

Shewanella J&T y-ZEEFFE N, |12 040 T & Fh A S35 ,@?ﬁ}%mﬁﬁ/ﬂﬁ\%[m o 55 1 ¥k Shewanella 5
1931 402 MR o 54 w3l 2 2 A9 BN B TR Wl i 44 4 Achromobacter putrefaciens, W5 L& 544, %) 1985 4F
A AW E AN S. putrifaciens™ , {HIETLH] 1988 4F Myers £l Nealson 438 T S. oneidensis MR- 1 ( #¢4]
144 N Alteromonas putrifaciens ) W DA AIA JFAR GG S8 ALY , Shewanella A 8% 12 K1, HET, Shewanella B 451
B 48 AFR, Hop 23 AMFREE AL T ST RS Shewanella T DATEAR TR B PR IR (A
SR ZHGE SN CREIE D08 ) Th o B B D s E S R 551 T, I8 2 Shewanella 382 75 BEVR INEE A4 AE
BB RAERKIEZ, S, oneidensis MR-1 43 B AL IRIKIH Oneida i, {HJEMF5E & B, LR 7] 68 2 R #%16
IKAAR I, 1% R A B IR KT 20 B 15 2 B BRARAR T RE 2 B IR TR L 5 Geobacter N[, Shewanella
NBEFI I ZRAE Sy i F-AA E S 20 i % A LR VE by LR . Shewanella Sk IR B, 1A A
SAFERIZAET AT DGR A K S T B fiE g™ e S KIGHFFIA Escherichia & IFIT, I, T LA
WEFE R IG AT B 1 D5 5T Shewanella ™
3 RUKREFEREERKELDEIYLE

AEPEBREAL YR S BT 5 AT ik 038 LA [R] o AT VA Mk mT LA AR T 40 L P 3 D T A
TR A AR W VA SR AR N, HRBTE LA A 5L, PR R 2 A i SCH B 19 28 1 vl DR D T 440 i
PGS AN B B T 2K Fe( ) . BF5E R G. metallireducens R A K AEARNY Fe( D) 554 F A 7= A #f
£ Ding 25l it 6 B A 2E I IS KL, 6. sulferreducens HE K AEARIE MR SEALSNE T HeAE KA AT
PEPERFTBEIR R 25 T A 269 MR HRIAT 5 | MxX i H R 2 HRgUHHA ¢, i TR R B (4IML
% c,PilA),

AR it R P L BB 0 7 2E | DRG0 R B 22 I T 9 O T S ALl SR Ll . I, X SR Bk
WAL B R A . (1) EREeE i, Bl 0SB EE 1 SN TA PR A e, L RRAR I L T (2) 3
Bt e 40, B0y A 2 L Je 4, 2 kB s 5 AN TR P R SR A e i, R TITAZ BB v 15 (3) B AR, BRIV T 285
Y S AR ALV E D AT P S A AR TSNS PR A W 54 18 S BRIE T 5 (4) HL 28R A4, BIVER
W I8 J A AL B L SR A (RN BSOS ) 7 A R SR A L SRR A I SRR L SRR AR P L AR R A AN
VTR EAY , FOROE UL - SRR (T 1) o SR, ZE SEBR IR 3 4 R ) BT kA I A 2 1R
WD T AR R T FERIK KA Y, Geobacter 38 F BN T B R 5E k B AR S w7 A B
TR JFEAENERR B . W% Shewanella F1 Geothrix SRV, BT RE TN RIS AR MR E AL 1Y
FERE, KA ENTRE 73 WL ¥ ZE R AR S EE S ), L AR A HLEC A7 B R R R e R 45 WRE ™ AR gk
LTI AN 3 ¢ 7E Shewanella JIAMHL -1 33 P EE 2 e P VR IS0 BT 9 2 B A AE it (2 3%
o RAFRICTE IR A , AE A R v b b e 7= A AL i Y
4 RUEKEFEERZERBEE

SHEREMEYAR, A R BA SR 0) = RRIEIPM SIS . T &K I, Geobacteraceae i 13
SRIRECI LW BT A ML T bR 28 dy Sk s MR A= /E B (11 2) ') Geobacteraceae [FF IR £
iy ( —RFRAAER P 00 S HE B ) -5 SO AR W) AR AR IR 4 B ELAT ey B2 A [R] e , T 5 SO A 1 v ) — SR AT R 5
WEEANTR] BV AR P W B T T AT O A A 2 T ek 22 SR - S A 1 S WA B 1Y S onerdensis
B AR LA S8 = RIS R HJE =R IRIG A I A2 Shewanella fRIHHY 2542 KK

http ; //www. ecologica. cn



1638 A E = 32 &
WAL A 2 HARI A F B AR (1 3) a CO,, H,0

5 RUKTEEENESHERN
5.1 WS Saah B

MR 2, S AR AR T RE S bk I e Y
IPI 5 5K, B AT RE e A E IR =X, e R R 38 5, i
PR R S5, B SR B AR S A W i g Ak
W IR EEIAE RS RGN )12 A7 A A W) 42 3R W] S Ak
TR JEE H ER L UIAR T 2 B A 0 SR AL
PR FAY2A AR L 42 R (42 A 2
A G BIFIE 0T I REHE R A A IR TR S R
S RN OPi (U I
5.2 SfEANLY

AT 6 ML B SR R P 2 4
AARFERE, A P MR R B F - 32 K5 NOS . Mn Fo(I1)
(V1) \Fe(I) SO #1 CO,, Hr Fe( M) & H Z A H
T2, X— RN TREAMD A GELESRG T
W T E s o — o, A s el Ll Fe (1) 2
BT, RS ARG, - NMRIE TR
SVE T AR R 100—300 YA i &35 58 78 17T
B Y WFgE 2 B, 78 BRK 519A S AR AR SR A
ML 10 TR ] 5k 449 ) T AE TG E T 2 A ALY

1 ST FEATEEY HI0)
=X 2 IR L =) 'S b=
H EEEE = E/‘J {ﬂi@[giﬂjz ’ ﬁ*ﬂ,ﬁb{ﬁr /p(‘ ':Pﬁ’p(,%{ﬂﬁ E/JJ'_\' Fig. 1  Microbial strategies mediating electron transfer to

BRAT 35 75% 4, insoluable Fe(INl) oxides!®!
5.3 IR kEre R a ELEE A, BA R R AN R B S AN Fe(TT) 2 fil; b &

WIRTHRR , TEB AL Fe( ) B R E Aty BHURY, AU ¥ (5 i 27 B ) AE AN AE Fe (D) A5 B8
Fehtr =/, BRTERIL AR AR RN 1530 o/kg L %@aéﬁ%ﬁﬁ(i&m;wEjzﬂw%ﬂi);Dd %%ﬁfﬁﬁ:,@%ﬁﬁ
AETERREA, TR A TR 43% —84% " 0 st T R RS P O TSR
5.4 il )E T SR SR FL T2 R PR L T 533 45 RS W b Fe (), 0 R

Byl R N e SR TR MR ey Tk
(R R T I B A ALY ) FA AR 5t i W B4, 38 e
W R R B 1Y 4 JR TR o BRI I R T A (i B B 2k BN RE ), 5 G [ Is) I A ) Fe (1) T
Al 2 5 R I ol it 4 T 3 50 4 IR v L e IR A BT, 8 SR Ak 00 114030 SR A1 a2 A iR B ) i 4
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