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Pseudomonas aeruginosa KRP1, fE/rMZ B & 1Y
Shewanella oneidensis MR-1, [ 14 &2 7 Ha, I 1%
FIRFFE R, A4 EAMSs 5 H R A () By 1%
&SI NS

PUAT 1) EAM s $2 155 55 AR 8] () FL A 2 R00% 1
PR ERAEPLE 2 N (1) FIVEHEPEGRLT
FLRERUR | AE WA R AR ; (2) #2555 EAMSs
Ko HIY B T M A 40 B (lectroactive biofilms,
EABS) (7= LI AE 7 o EL AT 114 45 W] ekt A
R SR 2D, g T et EAMs
S EABs 7 HLFFIRE ST HIZSA STk b, R, A
SCHEENBEIAR2ZIRT] L it B kot AR
35 LI (e EAMSs & EABS F=HLIT
WRE I TBe, BEBRERN S TE DR, ARy
DL SE, RJa A S RTREAIITFE T 1)

1 3t EAMs b % 3
DAL ATl EAMS A1 I 51

UM A SRR, LAk ) A L e P RE T Y
H (3 1) R IEEERIFE EAMs b i kT iz .
Liu ZE67E BES fh¥s N2 — U 2.k (ED TA) FI
AN (PEL), K B Rh Ak 2 2 TS 24 79 ) g
IR Pseudomonas aeruginosa 4 i 4N K s Z 42 ,
TR Z2LiE , AT 32E L 2 s A A 3R D A A 5y
BEARE ST, AbFRIS Y BES H %5 A B0 BE 4
(1 1.6 i, Wen S5ETR 414 BES Hin At i 80
b 2 1T G ) DA A7 0 B ) R AR 2 A, iR
EFRYRIE . b TR 80 AUV M O 184 fin %]
80 mg/L, BES )% i Ko vy %5 BE o1 il s 1
7.7 5 % 9.6 fi5 .

SR, A2 RENE VRN EAMs A — & 1Y 8
P, FEEL—ERE LT EABs AT K %
AERZM AT PR 0k of P 2 2 T 5 4 7 e 7
EPRA T MBIk BE Fn BNt [ S5 240, AWk
T R f A A G R e BRI P
EUAb A T 159 B HAT A A (8] 1-A) o 38

x 1 #HBmEFKFRSHEY(R) ™= R IFIRIEEE

Table 1. Improvement on electricigenic respiration of EAMSEABS with addition of reagents

Reagent type Reagent addition Microorganism Mechanism Reference
Surfactants  chitosan Pseudomonas aeruginosa  Increase membrane permeability [6]

EDTA

PEI

Tween 80 Mixed-culture bacteria [7]

Sophorolipid Pseudomonas aeruginosa [9]

Rhamnolipid Mixed-culture bacteria [10]
Metal ions  ([Pt(NH5),Cl,]%) Shewanella oneidensis Inhibit cell division to enable elongated growth [112]

cu®, cd? Shewanella oneidensis Enhance the flavin secretion [12]
Signal 30C6-HSL Mixed-culture bacteria Increase proportions of EABS [14]
molecules C4-HSL Mixed-culture bacteria Increase the electrode-associated biomass, the [15]

C6-HSL proportion of Geobacter sp., concentration and

30C12-HSL redox activity of extracellular polymeric substances
Electronic Neutral red Escherichia coli Improve the electron transfer between microbesand [17-18]
shuttles Shewanella putrefaciens  electrodes

AQC Shewanella putrefaciens [19]

AQS

Flavin mononucleotide Shewanella oneidensis [20]

Riboflavin

actamicro@im.ac.cn
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Figure 1. Mechanisms of improvement on electricigenic respiration of EAMSEABSs with addition of chemical
reagents. A: Surfactants; B: [Pt(NHg)ZCIz]O; C:Signal molecules; D: Electron shuttles.
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HL AR AR

L (Quorum Sensing, QS)JE {2 ) il
WAL B E RIS 5T, BNk,
PP RAE AR BRINRE , DA I N PR BE 25 A 1) —Fh
SR PHLHI, e A W it B P i B
R B 2 LR T il i A2 A5 5 o —— Tk
J 25 42 53 2 P 1 (acylhomoserine lactones, AHLS)
K QS Y, WHFERBIEIM /MR AHLs 7] LU
L EE QS MM A EABs BU4FM: , i5 2425 BES
PR B Y. Ca Ui T M HE Y AHLs
(30C6-HSL)Fe i 5 = &</ BES H A=Y
VELERL , il EABS SN RE S A8, fefl BES
[l E R 5.57%-81.82%. Chen ZE1S7E /71
MR & BES " U T M A & BE (CA-HSL AN
C6-HSL)Fl—Fh K 5%(30C12-HSL) 1) AHLs, &1
AHLs 381 3 i B 5 7 HU B B 0% A= IS A 3 TR L
i . Geobacter Jg& it i H (51 F1 L AR5 W ik 5 %
SEAL IR I TR B i 1R 5 T ) FLAE I (] 1-C).

—SUHME TR SRS T R BT S
WERA AT B s B FRORE MY, Park 1943
H7E Escherichia coli 11 Shewanella putrefaciens #4)
() BES H s i sh PELLAE e F 2R Rk, PR
o BRAL G 10 A5 (] 1-D). Wu 50 2 A
TABIHEF RIS AL, 78 S putrefaciens
200 ##E M AL = RGP U T AQC (9,10-
anthraquinone-2-carboxylic acid) il AQS (9,10-
anthraquinone-2-sulfonic acid)ff A H, F ZF R R BT,
PRI o R 2.9 5 2.8 £, Velasquezorta
21207 S oneidensis MR-1F4 2 BESH 45 A
B R MR PR Ao 7RIk, R
SR A Lt B v 10 4%
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Figure2. Mechanisms of improvement on electricigenic respiration of EAMSEABSs with physical process. A: The

low-frequency ultrasound; B: The magnetic field.
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Table 2. Improvement on electricigenic respiration of EAMSEABS with genetic modification
Microorganism Gene Expresson Mechanism Improvement on Reference
electricigenic respiration
Shewanella oneidensis ydeH + Promote the biofilm formation, and increase The power density was [27]
MR-1 the outer membrane cytochrome C ~2.8 times of the control

Pseudomonas aeruginosa rhil, rhiR +
CGMCC 1.860
Pseudomonas aeruginosa rhlA

+

Increase yields of pyocyanin

The current output was [36]
~2.7 times of the control

Increase yields of rhamnolipid to enhance The power density was[8]

PAO1 membrane permesbility ~4.5 times of the control

Pseudomonas aeruginosa  phzMm + Increase yields of pyocyanin The power density was ~4 [37]
times of the control

Pseudomonas aeruginosa nadE + Increase intracellular rel easable electrons The power density was ~4 [39]

PAO1 times of the control

Escherichia cali oprF + Increase membrane permesbility The current density was [40]

Escherichia coli BL21 IdhA -

~1.75 times of the control

Abolish the lactate synthesis pathway to shift The current density was ~6 [45]
the energy to microbial electron output

times of the control

+: overexpression; — knockout

E. coli BL21 cells

Glucose

Pyruvate Lactate

!

Others
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Figure 3. Schematic of redirecting releasable intracellular electrons by eliminating the lactate synthesis pathway

(adapted from reference [45]).

PR3 Fe ki TR R Y BES f5 K 58 i L e
HfEAL MR-1 1925 2.8 £%5[(167.6£3.6) mW/m’ vs.
(61.0+1.9) mW/m?. Koch Fi Harnisch® i 3¢ & A
4 Escherichia coli #LJ& T EAMs, B LAIFESNE
TSN o ZE AR ST B R E AT LRI . Jensen
213004 B coli 12635 T S oneidensis MR-1 i Jifd 4
B B R4E D MtrC, MtrA F MtrB 251, LR 0k
A I E. coli X 4@ & AL & A Ak P ik
JRHCEF AR E. coli 43R 8 f5 1 4 £ .
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HL - ZEGRCAE -5 M A/ A H 0 ) P G2 5 4328

2005 4 , Reguer 254 % 31 Geobacter sulfurreducens
DL-1 RMfE7E—Fp HERRAERY IV B E, 1
HL it R i 3 E AR R E T . 2006 4,

R A IE , DL-1 BF A BT R - AR R R
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SE R FIESIE AR, UEM T X R
BB PR P R P A A STt
WEFE A W BOE I  B A AR BRI By Rk, ok
&5 EAMs 1Y HIRFIR BE )

Geobacter sulfurreducens S EZH PilA
JRBAR LR B B A2 2 3 nm., K JESh 10-20 pm Y
SHIUBRE . 5 7 IR 2 R AR TN R N R A PR TE H
FITE BESENSEEREEAEA, (H2 PIA BK
AR A R, R TR RN IR 2
MR A A A R 5 3 . Y o s R R RN
AR R R — PR N BRI, JOR DO 2% 1 H, S 38 3
i, VAR TS W LR n-n HERUE AN, Tan %5
¥ G sulfurreducens PCA 1) PilA £ 2 3R i )
RN RN 2R T B W s Js A T i
%7 W5IW57, 78 pH 2 355 R4 W5IW57 T4
B A B - H R e [0 AR D A L S B (R L
PCA B FH %52 2000 f%. HHAB S H A Y
MGE I EAEAR L, W5IWS7 18 B HL R8I T
BRANKAE, T DNA YKL KR 245 — A e
(PEDOT)4K2k . G metallireducens GS15 [ & 1 &
2R 75 $1)(277.0+18.9) S/em, & i G sulfurreducens
PCA i £y 5000 fi5 . Tan % G sulfurreducens
PCA i1k G metallireducens GS15 1 PIlA
IR, TR EHem 48 G sulfurreducens
MP, Z TR ERENEE, JHEM MP
AR BESHY, fROKHLIE LS GS15 #124.

DL S5 AR T AR Y B R el 1 B i e
PR P TR, SRR B — T R AR
HAEL, B EAMs AR, AR 2R
A, fERAR A S AR, A
FEER N, PRGNS R B B Sk AR
A R A AR N FH B 18 £ R e o

313 ETHFHFRENFMEEBE: My
EAMs A] | ] — 28 (5 B 53 WA sl S0 5 78 I Ay LA 46
IR G PRI 0T 7 DA A 5 L A A R A U] 7
MR AR T L. B PR
BT RIREMR . R BE . AR
25190 RFSR L X EAMS [ QS RS TAE
DR 03 SH T A 5 L 2 R AR 1) 6 R 20006 o
QS &4 ] LI Pseudomonas aeruginosa
WYR A4 RT3 . Yong Z187E P aeruginosa
CGMCC 1.860 Hidt # ik rhil FE K (5 1 22 & . N ik
A BEEAHOC) AT rhi R BE R (55 %% S IR F410¢), I
P TR R4 4 P. aeruginosa IR, IR FE#KAY
P-4 5L (rhl A% 3 3% 13, rhl RG]
HASR , HERP IR KRG BES v, WHREY) R (1%
L 3R R IR - 1- R TR 6 ) ) Ve J32 00 1y T BB A Y R
B, HL A EC S A R R B T2 L7 A B
Wilg & —Fh P aeruginosa PAOL [ &34y
FIAEPER], A 32 3] rhl R SE I . Zheng
5813 130 $%7% P. aeruginosa PAOL fY rhiA JE
IR QS RS R FRAHHAE A B A i AL
N, AR RRAEAIE % 5d Ji5 . BRANERR I )™ & S Y
AETITERINZ) 1.4 15(2.0 g/L vs. 1.4 g/L). AR
B 7 A3 B R O T IO W Y A R o
P, MR TR A, R akieE R
Xof BB AR 2.5 £7(0.10 mg/L vs. 0.04 mg/L), $Efh%e
SRR BES IR T4 0 B AE AU T PR 156 2% B 1Y)
3.5 £#%[(9.4+0.6) mW/m? vs. (2.74+0.00) mW/m?],
B T GE A OCH) QS RSN, A BT
TH TR A REEER , okl 7R
B NG R R Rl AL R . W S
F4 1 PhzM J2& Pseudomonas aer uginosa H Hi, 1~ 25 12
R R A WA R AR SR . Yongl® 14 #y
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T P.aeruginosa PAOL H phzM i ik Btk , %
P TR RAR S BES J5, S KIN8R8y xof BE2H 1Y
4 1% (166.68 pW/cm? vs. 42.53 pW/cm?), 3 H BES
PIBHFRAR T2y 82.31%, JEEJE phzM it B
PRI LE B 2RI R 2002 B A B TR R 1Y) 2.6 4% o AR BN
JIRIZERS — 1R (NAD™) S HAak S X NADH £ 2
55 4 R A I S0 RN B AR A S R AL
B, TEANEAME R AR b RO
Hif7P9 ) Yong 2195 33 % P. aeruginosa PAOL [
nadE AP (NAD & 8 L PR ) i 3 Rk g fm 1
NADH/NAD R L, 34T T ek A=, —
B TR FEBACE ., IS AR R K
RSB A BRI 4 £%5(40.13 pW/em?® vs.
10.86 pW/cm?).

WAk, A TS A A W b S IR R A AL
AL AR, ik T 2R IR Y 5 PR S i
OprF & Pseudomonas J& F 2 4MEFLE H, 1lil
7 2000-3000 Da K/Na £, T Escherichia coli
PIFNEFLE T H B RS /NVT 600 Da 24
Yong Z£7¢ E. coli BL21 57631k P. aeruginosa
PAOL 1 oprF JEH, YAMERINZH RAE N T
FERRIRIT, E. coli 8 pRES I IE i i iR IR B
Wz | WS, il E. coli Z&ARRRAY R A HE I
IRFEF A RIF—1.75 £37(3.47 pAlem? vs. 1.98 pAlom?).,
32 ETReRABREMNERBGE

53T R R AR 0 TN s DR
EAMs 7 LI BB 77 T 55 A L, 5 T RE A&
R MOE R iEE Y, FEA LT =R

P98 EAMS 1 JICH)H 0 T AT 412 g 7 Ha 0
Wz GE 77, BF2E R Shewanella oneidensis HBEFFHFL
MR AT . 470 VA I R AR — 2 G R R A O e T
Frre e Choi 251 S oneidensis MR-1 {4
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N 5 2353k [ Zymomonas mobilis it 4 25 B 1
L gIf AR ALY glk, ZRAFBEVR T ETT
SR RAESRIET , DA IR 77 FL I
Flynn Z:"7E S oneidensis 14 P 55 2 15 5% H
Escherichia coli {4 Tl i 54 glpF . glpK .
glpD F1 tpiA, ffi S. oneidensis BE&F T HI1E K
B UE A T 7 HL PRI o

Itk EAMs () ATP & IR P A T8, Al
A XA B R . BRI R GO
TS AT EAMs 1) ATP 4 A, B itt Johnson
27 S oneidensis NSRS ABEEIER TR T
RRG, TR ZLRRIE AR R m, Il
HET LA

P 1k EAMs 4t Py B2 it s g,
Z NN HF I AN RN, R EAMSs 7
HLPERER)—FP 7=, Yong ZE. coli FLIE A i
LB IdhA, RN R R AL R FLIR I A SRR
Ao 20 PRI )R R Al 7™ 49 v %) H, 40 R R
k., R THERIEERGAEY)HNN T T EEEH
e, GEAERRRY I R LIS 2 B A= B T AR Y 6 1%
(3.0 pAlecm?® vs. 0.51 pA/em?) (Kl 3).

4 RE

EAMs JEIE4ER 3. A9, el IR
WFE SR A, REG B4 m EAMSs 197
W 12 B 7 2 FLRE 75 DA 52 30 5 5 1) 52 B 1 P A %
Oy, T 7 LRI AR D) OGN EAMs 5
PRI A A H AR T () M F AR 3 e O o &5 BTiR, H
HiHE R EAMS 77 LRI BE 7 ) T B i e fb 2730
OB . R FR At fin AR 2B L R A s 3 A4
Jr T, AT SRR g B G it FH i 2 T B D i
FIRAERCR , AR T FTHEW ey m. &
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Advancesin approaches for promoting electricigenic respiration
of electroactive microorganisms

Yanlun Fang, Shanshan Chen’

Fujian Provincial Key Laboratory of Soil Environmental Health and Regulation, College of Resources and Environment, Fujian
Agriculture and Forestry University, Fuzhou 350002, Fujian Province, China

Abstract: Microbial electricigenic respiration is a microbial metabolism mode in which electroactive
microorganisms (EAMS) degrade organics and then transfer the produced electrons to extracellular solid electrodes
through the respiratory chain, while EAMs gain energy to support their own growth. Microbial electricigenic
respiration has broad application prospects in renewable energy utilization and environmental remediation. How to
improve the microbial electricigenic respiration performances of EAMs is at the heart of promotion of relevant
techniques from lab-scale research to full-scale application, and the electron transfer between EAMs and
extracellular solid electrodes plays a pivota role in microbial electricigenic respiration. To date, there have been
many reviews focusing on how to improve electrode materials, however, very few literatures summarize how to
strengthen the electricigenic respiration capability of EAMSs. In this review, we summarized the existing approaches
for promoting the respiratory performances of EAMs from the following three aspects: the addition of chemical
reagents for example surfactants and signal molecules, physical force application such as ultrasonic waves and
magnetic field forces, and genetic modification for instance phenazine secretion-related gene overexpression and
pilA gene heterogenous expression. Advantages and disadvantages of each method were introduced, mechanisms
and effects were expatiated upon, and future research directions from the perspectives of the practical application
and the mechanism research were proposed.

Keywords: €electroactive microorganism, electricigenic respiration, bioelectrochemical system, electron transport
pathway, genetic modification
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