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Advances in electrochemically active biofilm of Shewanella
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Abstract: Facing the increasingly severe energy shortage and environmental pollution,
electrocatalytic processes using electroactive microorganisms provide a new alternative for
achieving environmental-friendly production. Because of its unique respiratory mode and
electron transfer ability, Shewanella oneidensis MR-1 has been widely used in the fields of
microbial fuel cell, bioelectrosynthesis of value-added chemicals, metal waste treatment and
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environmental remediation system. The electrochemically active biofilm of S. oneidensis MR-1
is an excellent carrier for transferring the electrons of the electroactive microorganisms. The
formation of electrochemically active biofilm is a dynamic and complex process, which is
affected by many factors, such as electrode materials, culture conditions, strains and their
metabolism. The electrochemically active biofilm plays a very important role in enhancing
bacterial environmental stress resistance, improving nutrient uptake and electron transfer
efficiency. This paper reviewed the formation process, influencing factors and applications of S.
oneidensis MR-1 biofilm in bio-energy, bioremediation and biosensing, with the aim to

facilitate and expand its further application.

Keywords: electroactive microorganisms; biofilm; Shewanella oneidensis MR-1; electron transfer
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(IIT) Macrocolony

(IV) Disperal

Model for the formation process of electrochemically active biofilm!™.
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S W BEVEAE 3 S, oneidensis MR-1 [ft &5 R EZIK). C. S. oneidensis MR-1 WT 1155 c-di-GMP 5 ¥k #91%
FerE AL B A PO B 3D EIEPY. D BA & R MR L T4 I (exogenous electronic media, EMs)HY 4
Y oAk 2 45 (bioelectrochemical system, BES)H ) Hi, 3 %5 1 7 25 5] 27)

Figure 2 Factors affecting biofilm formation**?”). A: Schematic diagram of electron transfer process
between S. oneidensis MR-1 and electrode. B: Schematic diagram of microbial community promoting the
attachment of S. oneidensis MR-1. C: Representative confocal laser scanning microscopic 3D images of
S. oneidensis MR-1 WT and high c-di-GMP strains. D: Schematic diagram of current density in BES with
various exogenous electron mediators (EMs)m].
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BRI R L RTEA [FPREE S50 T TR 132 3
1109 B A R B T S RAT BOR 22 5, TR Tk
T A= Wi AR R B ) 5B IR AR AR
A BT R TH A M A AT I A O (R R 3R

3 8. oneidensis MR-1 & 3 JE
By B2

S. oneidensis MR-1 | {2 T 3 T
K FAKZE L ST . AR IR S
Z P gl S RIAA SRR B v 192 sa it A g i =

http://journals.im.ac.cn/cjben
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MR-1 #] D)5 20 fg A0y Jo 32 422 5 347 X m) v, 1
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A ke, S ERY IO R A S G LLSE B
XoF T i 328 R i R B v L A S AL DA R B
W2 5 b 5 ) IR g AR BR O X AR

TR Py v B il A v e 2 — SR A R B
b A LA i BN EAL 5™ S. oneidensis
MR-1 1] DUFI B 7= A ) A BB H R R
SOk CO, B Ak Sy R 45 7 i Y 5 B R R A 1E
AN, S. oneidensis MR-1 1) EET HE J{#i H
A DA JEC I 0 R S A 05 i AR Ak, O el
WehE DU T . R AH A A e X
S. oneidensis MR-1 A7 HE P TR 3G, B 5%
2 J0 3R it 5E TR (kiv.D) il £ T It S0 B K] (ad) 1Y)
B AT 23k AT g — 204 1 A TR 5 R R]
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% 1 Shewanella oneidensis MR-1 B F§
Table 1  Application of Shewanella oneidensis MR-1

Application area

Main application

Bioethanol®*

Organic acids (succinic acid, lactic acid, acetic acid,
formic acid)[®!

Main principle

Bioenergy Genetic engineering

MFCs

Biohydrogen® Formate dehydrogenase

Hydrogen peroxide[m Fenton reaction
Bioremediation of toxic metals Remediation of uranium U(VI) pollutants(®®! OmcA

Reduction of mineral metals!®”’ OmcA

Reduction of Cr(VI)[7O] MtrC and OmcA

Reduction of Hg(I1)!""

Nanomaterial manufacturing [72] Biological reduction and medium

Formation of Pd(0) nanomaterials .
adsorption

[73]

Biosynthesis of Te(0) nanorods Anaerobic respiration

Arsenic sulfide nanocompositest’

[75]

Anaerobic respiration

Synthesis of Ag nanoparticles Anaerobic respiration

Reduction of organic matter [67.76]

Degradation of organic pollutants Fenton reaction

Degradation of triphenylmethane dyes

Degradation of metal complex dyes

Degradation of azo dyes!””

1] Anaerobic respiration

78] Anaerobic respiration

CymA

MG, AR S T R R0 RN
MFCs BT8R, MECs Wit S. oneidensis
MR-1 55 FFH (8] A4 H 545 328 57 A v, ) 97 14
FATAEYR A AR, H5EEn R R, 1%
AR . ORI, HIRY ] e
JLFEE Rz Bl S. oneidensis MR-1 [1)
A= AR 2 B A BB F A b 2R A A oK
WURLRE RS ifF — 2P 5 MECs j= &™),
bR 1A HAZREVR AN, Shewanella W45 H
J ) A R Y 20 M AR R R R 9K AR
XSG RE AT DLz T R HL AR
RS9I A Sy R R b B i e A RO L]
S. oneidensis MR-1 {28 b8 i F2 5 B 1 40 K
MR AT LIAE Bt . JCRE I HL 7 R4 SR
TE R AR A 11 ] 55 B8 Mt e 265 ) R T 4
KL ST LA B A S ] FE A Y 5 L AR Wb
B, HFAEEY R 1P, S, oneidensis
MR-1 ALEEIEJE Te(IV)IF-H L Te(0) 24K L

&: 010-64807509

o7 FHAE Ay R 85— P it FF) 6 2 A B A7 it 4 )
W EA K As(V)IEJF As(IT) & S,05” 38 J ok 8>
JE AR ALK G AR T, bkt
Je— PR BT R L AR R,
3.2 £MEENA

S. oneidensis MR-1 T i i 3 A ) [ fif ood A2
B0 T DAVS e ) o v AR B SZ AR 1 2R P 1
grh, LHAIULEY . fakeR. )R
WIREEAL, —F A Tk B s 5P

LGk AR L, MFCs 1] & 5%
AR R BT A e, T RS B AN A
FHEERIP . I, MFCs 5 /K ib 2RO HE & 7F
2% P HAIEE Kignist . RS BEnzxdoAR7E
SRR H A SR AR, (B MFCs A 2
T — I R IEH T RABE KA T2,

bt & fi 5 05 & % L & ¥ (nitro-aromatic
compounds, NACs)FIFE/= L1 & @, Him ks
TR HEBC R AR AR, B R A
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KBTIz 53, X AR ELAR 15708 R0 B0 S5 {d R
& S oneidensis MR-1 2L W38 J5EAE FH 9% A
N R NACs 15 G 19— FhA &% HL i A9 J7
B0 W SCUD I T IR K & A A dUR G, (e
YHERN LA, Sy itk ALK B 7K R
T HE, GE YRR s AR AR EAE TR AR
ZF AT 38 5 22 R A A AN I
VPRI T A, S. oneidensis MR-1 Xt
WU I A RN S1%3R T2 75%7, Xt
2,6- —fiif A F 2% A R S Dl nl e AR )
JERY) EET 3o 7% Fl N B AH 25 040 TR g 2 i 40 5
PO HE S. oneidensis MR-1 X} il 3 28 gE A7 4F
Wi S R I R A A R 1) S JB s () e ) 4
il €438 CymA 75 H 1% i i rh ol 25 OCsEVE T,
ffi S. oneidensis MR-1 7] DAFE 24 h PR AlE FL 2R
(1.6 mmol/L)5¢ 43 JF A 2R i o5 — T 55
A T S. oneidensis MR-1 P HL T8 #5454
S e P R RO I B A A R, R
BT MR-1 BYRYS R R R0 S oneidensis
MR-1 X HAB TS 7 Ak Pt BA B A BE ) o 3L
M AR ZHTREWA, BASUENE. &
PEREME MG &M, TRIbrY S. oneidensis
MR-1 A9 EEA LRI AT T = AU A
R f s RN A S. oneidensis MR-1 ] MECs
Xf 48 R LR AR W MFCs #2751
35%-76%, S RIIFEEERIN T 77% %,
G, Tl v i HE AR 25 A 5 Gk iy T
MV JEE 7K 2% Ji B B i 1A R B B B 7 e A
AR XS . S. oneidensis MR-1 A= 4 4b ¥ 7
2% O A5 WA A 0GRk 0 0 € 7R P 5 Ay T
SRR, LS AT RAES A EBARTT . 7F 46 h
W T S. oneidensis MR-1 194 % BH A % H &
YURHRRPERE 7 W30 JFRCRA I R4 T, BRA:
YIRS T 23%1 %, i s XML A 9T K
B, S. oneidensis MR-1 7] 38 15 21 i PN A0 41 i 21

http://journals.im.ac.cn/cjben

B A b B A SR X-GRL #EATIR A (1, HL
W& PREE pH (ERYFhim, 40N ) bR
6, T 40 P B € 4 EL B3 iU, Shewanella
X =R B e Gk Y DR AR 8 i R LR T
WF5E, S. oneidensis MR-1 0] LLi# 33 40 U2 Mtr
T AR X AR W (— B A =R Y B k) HE AT
H R AT AN, S, oneidensis MR-1
I RE L& R 2% G W YR 25 By 4 B (— M & w4
B YR VE S DR AR I L A2 4R X6 H i A7 R
fi, XF 1 000 mg/L ZEMrsk B my (30 155
95.2%" 1, 3 3o Fe PR 41 2F AR 1 R AL 2R B AR
BORBY LR, WM GRHR E8CE A Rt
P, AP KRR Y22k, DI
b T S PR IE K Ab B

Shewanella & 7] VA 34— R 5 4
J& . S. oneidensis MR-1 REfSAKEE MtrC F OmcA
A SRy A v 10 i Tl 3 3o A ) SRR TR Y Ce (VD)
WIFECH TR Cr)™, BRILZ AN, FEr 1%
AR, RTINS FE R LA 7S Y A PR He(1D)
Z B FAZ A BT, R S. oneidensis MR-1
K He(ID)if J5 R Hg(0) Y371 7812 FH L 25
AL PR K I, Fe(IID) Y 2218 14 )5S R R 1775
P LBRACE, IS RBCS RIS RN 4
K H Shewanella "= W) 5 Fe,05 Ui )2 ML HE
B 9K Bl L SR R N, AT LR RO PRk ) i i
B, HERR BN 10%, KRB 2 BR
RAAEIT 100%, 4R B P AR | fif
TR % R T Dl Y A AR R) AR AR T A
I SR 100,
3.3 EYIfERR

BES H4 B A= W) 1% S22 v] A HL TG PR A )
BEIEEANE Ry 15 -5 AR RN SR TT A SR A6 I 15 43 B )
HIWEE , A BT 15 G ) SO A YR i )
IR, FEEREE WA L PR K Ak BN R K A 2
Tl & e Em B AR,

o dmd =R
=
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Xf S. oneidensis MR-1 AmtrB &7 fE 47
S T AR GE , fHAE A S S 33K 5
Wt merb FEP R Bemy Bk, R E 5 TR
PRAZFN 2] BES W51 R 40 23 BN i ik i A8 b
MBS LN, B2 A B ARSI RS
2 40 pmol/L SEAREL , &M FFl &35 100 pmol/L
ST A i R OS8R R N A A I R
S. oneidensis MR-1 N T-HLtK, BEfEiEmGPEAE
PR A AR A R A2 A ELFE I A i i, FEJREIN
() P ol 5 AT T IR e R AR A A SR 1)
RIS PEAE YL, AR T I ELE E L E S, D
WK R A B R, LS. oneidensis
MR-1 Ay A= 1y r A 704 A ) 28 A W vl Ak
AL SR A RE T 2 e TR R SR AR AS F AR il
A, PR SR IOk, MG R L b
RN T4 405 %5, HazEW LR Gext
NN N N SRR Y O 7 o = < W R R N O i 71
71, AL T —FEh RIS R SRR R
Rl T E, I A AR B i A A AR S 0K
FERE T — sl gb4bh, S. oneidensis
MR-1 i g 5 H A ] Y 28 A Ji &R 48 F-AE
BER, ks R e R AR
R . BRI B AR e, ] L
Xt 6 i R 24 i SR S T A A

4 REEREZ

ZE LTIR A B IR A 1k B 200 TR 4 i
(1) L T b A T sc e i G A 6, A
B FG TR FEL V6 2 24 0 0 B 1) A S BIE 586 F IR 5 18
52 KRR A 7 7 1) 1 S B 4y B A RS
B X, FIH S. oneidensis MR-1 14 &2 LB fk
MFCs 7E3ie BRI P F2nlfrny, {B7E T
L AR ATY SR AR — B R B o FL s A
AT L A R A L S 4%, sz 3 2 Hh
RZ Ry AiE s, H H AT a9 os F B L R

&: 010-64807509

FAEAUNIRAETEE R BR 1, 7243 F7KF EXF T
FL 3 PR A D TR A AL ) B 2 R v 5
B EET AL SR B = 2 MR 1 . 75 S5PR
I ] H an Ay S AR i R 7 5, TR AR AR
Yy J53 BEL 7 5 v AR S ATD AR — A PR AR
PRI, e 0] P AR 2 T i A P 1 2 K R AR i
T Z 5T, DIE ST . kb
B HB 5 kB R ) R AR MR . Rk mT
DLELTR U AR 2 0% (1) 28R
F R T 24 b e B RE 4 i 40 T B PR R
WAL S AR T AR, TE AR RUAS 1Y [ 1) 42
T RERRCR  (2) WGEIAE R IR A,
1k S. oneidensis MR-1 4B 40 A T6 PR, 124
W BEIE s (3) A 57 7 M R 1Y) BE 5L A7
EHARGE, KU AR Y SR RETR
Bl LA e e R 0 Dy BE A 0 2R 2 A

P 2H 2 2% 3k PR 2 A ) i Ak A 21 4 BAR
AR AN W R, PRI B GE BE
P9 AR S5 T Be B9 AN W BB, XS HL TR
PE A= W9k 1 BIF 5 A 23 B0 4 T AT IR AL i
b AR AR 1B A DR 2 2 R M sk A B R
454, S. oneidensis MR-1 A5 BB SCIAEUAE )
AL A EOR | ISP EMB A . YRR A A
ST SR Tz W .
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