[CGRYEZ

Acta Microbiologica Sinica

2020, 60(9): 2072-2083
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20200194

Microbial Electron Transfer Rpley/l:- Rkt ot

MEEYIRESMCRE B ML TR W 4R A SR R
AR, F#H, FRHE

IAREWEYIE T, | AREREGE, fEm N M AE Y E R TSR E, )R R AR S N S SR
74 TN 510070

WE: UEYR B 5 G R A AR AR YR A G B0 b R G E o T4k, B Y
LB IR AT , AR ONK TG | v A W B R [ v 112088 25 22 o B X Sl A E W R A e
TAEIEHLHIA B K B, (A 4 F A 36 0 8 0 A A K 0 9 e 28 SRR 2 o Sk Sl A W A I B e v A%
1S REFRERARST L AR ELBIE] , DATTAL) B S W 113 M 255, e S 3R AN RE R 3 AL i L R R 44 1
TR W I B 2 F A3 I 285 AR 45 4 S E S R IL TR 2 R 2227 B L [R] S ) 45 o A SCRL 1% 33
AR R o 2, XA TR RUBE (TRl A W B g e A i e e e I 2 I S R SR T 20, AR AR R
FR L7132 0 245 (J B 23 TR R MR 2 ) | IWOK TR 22 K RUBE Y L A5 3 I 285 (90K -2 . A I v 1 R
PRV | JEOR ROEE A L -1 W 28 (LA AN TR 55, I 1T S8 BT (9 2 2T RN T — 28 1 A J s
1], DA A k20 P A K B 0 v 1088 0 2 B A T S S 22

KR AR LB, MO ek, KIFE R T2, JORTA, BiMmE

HL 1% i o R M BRI B v A F A= fi i1k (extracellular electron transfer, EET)id #2AH H 22
MBI s N FE K B AR BRI LA B e, AL AREREN, AATRA B T A W M A A
WA YA A T — SRR L AL AR Y
AR, RROEIE AT A M F TR A S IS HL 12 3o I 8 2 o AN PE AN P S MR TR
FHUA S SZ AR A L acde, XRMAEMBFRS BRI M E SRR . IR R A~
HUTG AR 76 T3 DO . KSR SR, IR IR TG P b0 i i TR 3 (B 2 >1 440K ) BRI
MU M AR Wl DL A 2 FR M A B AL Rl E SO KB B LT 4% 3 (long-distance  electron

E&WE: EHEAA/PER4S (91851202, 31970110); | HRABHIHRI(2016A030306021); | Z 44 B4 Bi Q3 3K 3l &k Jié % 3
(2019GDASYL-0104005, 2020GDASYL-20200402001)

“BIEIEE . Tel: +86-20-87684471; E-mail: xumy@gdim.cn

YrkS B HEA: 2020-03-28; fEEIHHR: 2020-05-26; M4 HAREHHEA: 2020-05-29



kWSS | A 2# 3R, 2020, 60(9)

2073

transport, LDET)®, M4k, FliE Z 4R FLE I
ARG R, WUEMAKRTL . FHRAY
I K A A= W i ] R 1A 36 55 22 AR T B ) B A )
s i AL LA W L B, AR ST A
20 L AN R b 22 1] A R B H 15 3 ik AR
(S E TSI N )8 I e /B i Eh Y R
128 A8 FRORE L AR 3 i 2 ORI R JEOK . RSP
P, SR A A A R g A% 3o 3 R A R
TSR 2R A R B H T 1% 356 I 2% (long-distance
electron transport networks, LETNs), JL[E]4Kz)
Yy R ek o X — R SH kK A AP 5T
AR T AT A 306 1 A A F 4 3 AL T Y
RN, T Ly S g b ) e 3 A e
PRIEORAP . BTREIR . BT AL R Rk (AL TR U
TET I P9 8 2 X1 5 R Bk il i A3t 1 2 A
2% .

ARSOH AL AR I BE R O T2k, HSRTE
W PERA Y 35 AN 8] ROBE A R B L 13
FEAZ%, X LETNs BBLE . DhRE K i i 38
FIEA AR TR, TR AR A A T 2T T7 10)
PEA TR EE

1 20K RE W B 4w T 538 W 4%

L1 s IR 7158 M 4%
Xf 2% [ B A T T
52— 20-30 nm.  H AT G R 5 5 L 115
i 1f A A5 i IS 2E B2 Shewanella oneidensis
(K 1-A), a5, —~ S. oneidensis 4 ) J& 5t
ZEE(Z 0.2 fL)F & A 30 Ak AR AR
c WML, HIL S. oneidensis W Ji2s [0 AFAE
E—EENE LM%Y CymA-MtrA-
MtrC/OmcA HW W EE MO R ¢ WEA

20 J s TR Y

POZZ A o] i Ah i  H 09 2R, W2
MuohsRAG 1 2R R0 Hop, Bk ARIHE
Hh B ] ) 2@ E A T CymA AT MtrA 3]
{7 TN ERISMED S, BE S d 10 nm, [
PR 5 2Z 8] B W 1% 356 75 24 Bl H A 28 1 3 R 4
S, HETE B S. oneidensis i iz [ f 2 5
125 52 HL 2 125 A 2 11 32 SRR STC \FeeA il MCC
S BRI, TR TN RN R R BR ) 45 SR R
Ja g zs Al s al ge A i 10 M bR R E 2 S
TR AR (B, XS A HEART)
RE M HAE CymA 5 MtrA 2 [H] B F-4% 3 i £
D B . 7 EET o firb, RS [a A iy
SAALIE IR TR R 5 RE . Hih—2E04
BN NrfA | NapB. DmsC)f 77 H: 2 & 2|1
HilVE P, FATEAE AR, S. decolorationis
S12 /1 sord 5 mee (T [F—#RI T HihS 2 M1E
EET & ¥EM R IREm iz |8 A, YR
sord FER G TR S12 18 LR (1) EET R0R4E & T
25%U MWL W TUAR R (R SR R Al R EET
R A BEERE

Geobacter sulfurreducens J&:M5% EET HJ % —
M, ©HARLL Shewanella W#5RRHF1%
HARG(E 1-B), FHAT AT B 1538 . Shi
FESHAZRGEM TN A BT
BN, G. sulfurreducens W] DAEA T X a] 1 85 JEE HL
i, HXPIRD EET s AT A (3R ¢ A
[l Fedn, @Bk OmeZ F1 OmeS 4G H F1%
HIREAN AL (0 2R ¢ HEA N G. sulfurreducens B il
A A TS 5 TR AR R T A TR 2R
PccH HAZHHFEHSRY, XS G
sulfurreducens TEAN[FFLALT BT RBHIAHMI AR ¢
PRI —FEA . (B R G. sulfurreducens
Y H o APLER 245 AT 2E

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



2074

Yonggang Yang et al. | Acta Microbiologica Sinica, 2020, 60(9)

(A) Shewanella

20 nm

Inner membrane

! (B) Geobacter

\

)
(@]

Type 4 pili

RF
cS

G{I{et_Z’S)Gﬁ a ‘
W/

OntbB

(@)
o
=]

4 o 0

& 1. ETF Shewanella (A)F0 Geobacter (B)HY B Rz [8) K £H B 3% T A FE F1& 1B I 4%

Figure 1.

Bacterial periplasmic and outer surface electron transfer networks based on researches on Shewanella (A)

and Geobacter (B). RF: riboflavin; FMN: flavin mononucleotide.
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Figure 2.

LETNs in biofilms (A) and sediments (B).
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Research progress in microbial extracellular long-distance
electron transport networks

Yonggang Yang, Daobo Li, Meiying Xu~

Guangdong Provincial Key Laboratory of Microbial Culture Collection and Application, State Key Laboratory of Applied
Microbiology Southern China, Guangdong Institute of Microbiology, Guangdong Academy of Sciences, Guangzhou 510070,
Guangdong Province, China

Abstract: Microbial electron transfer processes play a key role in both life evolution and biogeochemical cycles of
various elements. In recent years, toward a deeper understanding of the microbial electron transfer, many novel
microbial extracellular electron transfer strategies have been discovered, such as microbial nanowires, electrically
conductive biofilms, interspecies electron transfer. Meanwhile, the electron transport distance increases from
nanometer scale to centimeter scale. Generally, these long-distance microbial electron transport processes interacted
and connected to each other, and form microbial electron transfer networks which play key roles in substance and
energy transformations. The mechanisms and functions of microbial long-distance electron transport have been paid
increasing attentions from different disciplines. Along the scale of electron transfer distance, this review introduces
recent progresses in microbial long distance electron transport pathways and networks, including nanometer
electron transport networks (cell periplasm space and outer surface), micro-to-millimeter electron transport
networks (nanowire, inter-cellular electron transfer and conductive biofilms), and centimeter electron transport
networks (cable bacteria). The challenges, problems and future research directions in this field are also discussed
for providing more information to the researchers related.

Keywords: microbial electron transport networks, extracellular electron transfer, long-distance electron transport,

microbial nanowires, cable bacteria
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