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Research Progress of Heavy Metal Biomineralization Induced by Iron and
Manganese-Oxidizing Bacteria in Soils

WU Chuan, LUO Yuxuan, XUE Shengguo’, QIAN Ziyan, QI Yanting
(School of Metallurgy and Environment, Central South University, Changsha 410000, China)

Abstract: The effects of iron-manganese oxidizing bacteria-induced mineralization on the environmental behavior of heavy
metals were reviewed, including iron/manganese-oxidizing bacteria and biomineralization, iron/manganese-oxidizing
bacteria-induced iron-manganese oxide precipitation coupled with heavy metal stabilization, and the effect of iron-manganese
oxide on heavy metals in soils. The application of iron/manganese-oxidizing bacteria in the bioremediation of different heavy
metals was further summarized from the aspects of the biological mineralization pattern of iron/manganese-oxidizing bacteria
(direct or indirect catalytic mineralization of iron oxide protein/enzyme, dual electron transfer reaction of manganese oxidase
dominated by polycopper oxidase and the mineralization induced by external factors), heavy metal stabilization mechanisms of
iron/manganese-oxidizing bacteria biological mineralization in soils (precipitation/coprecipitation, adsorption/complexation and
redox). The effects of extracellular polymers, temperature and pH, coexisting ions and other factors on the mineralization process

were also analyzed, in order to provide theoretical references for microbial-induced mineralization to remediate heavy metal
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pollution. Future work should focus on the long-term stability of heavy metals generated by minerals, the regulation of different

microbial species combinations on mineralization, and the application of iron/manganese-oxidizing bacteria in the remediation of

soil multi-heavy metal contaminated sites.

Key words: Biomineralization; Iron-oxidizing bacteria; Manganese-oxidizing bacteria; Heavy metals; Stabilization

4 R A BR e At S O A R R BB I R, i
B, ARRAKERSEOK . LR
BEBITERFLEWN., ELBERRFETE SR
ek () ARy yrh, 2l nE
LN 5l A LS RS - L i s 9 == 0B e S B
ST G NRTE S VIAEE, RO, . AMinT
FA Nl A5 S 1 1% 2 10T R BN R SR R Y 4 e R
. TIEEGETGIE A E RSN,
&5+ 198 S b T 7K 8 43 J@ 15 e A/ AE AT .

WAEVIREIE B W) . J i A S ARy, i
YVIREE BB R A AR K, A 55 Y
Z [ ph R AR Bk, SCE W R Py i 28 BLAE
S e b 4 R R EE TR B AN A S R
&8 A — R IR | s AR A .
TETG YA T, H4 RS Al A T sh AR i e Pk
BA B FU05E il ik B RUK R R e BORY), A A
S X A R A A 70%~99%Y, 4
WIS AR E IR R IR A, B BAF )
BEAME . SRR THRE MK IR e, X R
(As). # (Cd). 8 (Zn), ¥ (Cr). #1 (Cu), 45
(Pb) HHEBEBHHABEE .

1 HEJESEY

L1 REMSENRT

EV REAYNZS ST, THTREREME
M ITRRAE BB R A ML R T R AR R
SR R 1 s 2 XA TR AR A ) R
IR, AR Y RIEA | RIE R A 2
FE YA R A B R R A R ARk
AR RN 43 S A W5 2 B ( Biologically
Induced Mineralization, BIM ) Fil4: ¥4 il B4
( Biologically Controlled Mineralization, BCM ), 4=
WS B A AE BTSSR, Jf e a eAR
Jil FEI A A ) B 2 S5 1R 15 5 2B 7 BIML i 2
e, AR Sy (AR AW . 2 EE R —

Lot ) HEAJR RN, YIRS R A
X LEA I B A T LA T, TR D IR B S
EE BT R AEA AR, AT SO A R A AR
Koo AWl e & A Wy AR RS S s kR g, O
W A2 S MRS N R R e % . 78 BCM i
Ferf, AW B0 ) 64 B A A e A
i R R A A AR P K E A PR s TR
AL P A KAy, HRA
WIARYI 2] . S5 R~ PR . HEZRLI S A

WhEE I E SR T R B Rl . FRAE L A
SRR A, HCE PR IE R, R
WBER . WMHICHE . ALl IR SRR AT
AL VA RRAR LA RS v B AL R P . AR SE 9
S S 3R o N S I 1 8 N e 2 SRS 7 9
TR RIS YA o A i = 0 AR T — R AR
ARG E RIS RIEM B EROR . YY)
LA AR, AR R 7™ ) B 26 8 = 2 mT 43 Sy
BRIRERD ) . SRR AL . B Rk R b,
T3E T4 3 A A A B G 7 . BERLAT, JFRETE
SRR SR RS, Horh 53R A e rE
et A X 7 4 ol A 0 A T R SR A TR A
Wk AR, BRI R R 2 A R M AR, £F
BRAT . OKERET . ARBRAT MR R Bk A RE A8 52 i Ak
BT, HAES SN T AR, R A
S 0 R A Je e RS R A ) R < T A
AEEE Y,
1.2 REMFSHKREREUDITE

B A () B R AR AR A it e
FIAEY SR, B ALY AT AL Al B S AR A=
YIE . WAL B B 4E & . nfeErP e pH Fb
AACSMT Fe (1) mldsd AR AW AL Z 5210
BIERUING Fe (1) 87, WEPEEEE Fe (1) -
BB R ST, st AL S AT Y Fe (V) 451,
[[IRERE7/PoN L LT T =R ANV VAT B BU R X 7
AT E A HLBR BT LI & PR i i, 1
bR ZE CREEEY R, dEEE . KR

http://pedologica.issas.ac.cn



4 3] ES

JAE B/ A AL A e G A s I o 955

FT R TR ), HAERE T VAL Bl # i &
TAERAT, A, RAIESR SR AR AL JEAE
WZEAEHZHR, HMEYSS5HEA . mk.
S A4 S 25 5% M AR TR AT S Ml 40
T B

B EAREE N RE LB SRR, b
4k Fe (I1). Mn ( 1) B AAY), HZ
O3 A T HIESREE P BARSEALE NS Fe (1),
Mn ( 11) FAIE SRR A A it Rt v, 38 Ao W By 3
TUVE MR ALK ) 8 43 J 7E A5 v RS i b . R/
M AAAL TR BERSNS Fe (11 ), Mn ( 11 ) 1E i Pk,
B A4S Fe (IT), Mn (III) A1 Mn ( IV ), iXZ&
AALAEN Fe (1), Mn (IV) %5 & H K i A= %
AR R AR S AR DTTE , AT 3 S 41 TR 7F
B #E ARIEA PR EZEEA (B 1), M (1)
Al Mn (TT1) 22 s SRR DTTE , 385 AL AR
AL ( Manganese-Oxidizing Bacteria, MOB ) AJ1Y;
whEHEAELL, Mm% L ( Iron- Oxidizing Bacteria,

EPS HISMNRGY)

MY RN SR T
M" E R T

5 MnOB f#% b
FeOB AL

FeOB) fiewgfiitk Fe ( II ) E4kN Fe (1), #E4E
WAL, bR AL B R Y b 2w A
FNFE T I LAy, R AY A S R0 ) S L

G B AR W AT IERE LMY, R R R
WIBES K As. Pb, Cd. Zn 55T 4@ 454 [ & 5
BT 25 A O A AT e, DA R S B

BEhELSR
( Bacillus sp. ). %

o SR () SRR TR A A VAV 2 SR TR
BB M ( Pseudomonas putida )
FIANFJGFTFEE ( Brevibacillus panacihumi ), AR
T YRR AL TE R LR A )
ZAETE, WIWERR AT BRRAT A . ROAMTE . THEE
AR RN OF: Rl 1 AR o R e ¥ = B2 o R ]
B A AL G R AR S SR ) . AR
58k A AL A RS S A ¢, Wl s Mo (1)
eSS A AL R HA TR A Y S . KRE28E
AL TR AT AR S R AR AR O 1Y 22 4 A 1L T
( multicopper oxidase, MCO ), ¥ A% Mn ( 1)

FAC A ARV A e A e R A —
Anfsh Jal 5 ANfE T
Extrace]] ular Periplasm Cytoplasm
Fez+ %‘HWE \

Organic carbon
e_ (

W oa, BAb; b, WHN/ALDIRE; o, BAEE; d, Hifk; T, #%i2&EA; F, 2&MLE; C, FKEE; NiRs, ARSI ;

P, [BRIEHETE; 7 E,

? B§; MCOs, ZHi1%1LH§. Note: a, Oxidization; b, Adsorption/co-precipitation; ¢, Redox reaction; d,

Disproportionation; T, Transfer protein; F, Ferroxidase; C, Carbon fixation enzymes; NiRs, Nitrite reductase; P, Carbon cycle pathways;

? E, ?enzymes; MCOs, Multicopper oxidase.

B 1 A4S AL RS A Y i 15 19)

Fig. 1 The biomineralization induced by iron/manganese-oxidizing bacteria
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Table 3 Application of heavy metal remediation by iron/manganese-oxidizing bacteria through redox
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Fig. 2 The role of extracellular polymeric substances ( EPS ) in the biomineralization!®* #2-3
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Fig. 3 The role of coexisting ions and other factors in the biomineralization process
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