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Mechanism and application of direct interspecies electron
transfer

JIANG Jie*, FENG Qi”, HE Pengchen, PENG Zhaofeng’

School of Environmental Sciences, China University of Geosciences, Wuhan 430074, Hubei, China

Abstract: Extracellular electron transfer (EET) refers to the process of transferring electrons
generated in microorganisms to other electron acceptors to obtain energy, and the electron
transfer that occurs between two different microorganisms is called microbial interspecies
electron transfer (IET). IET can occur in two ways: mediated interspecies electron transfer
(MIET) and direct interspecies electron transfer (DIET). Without of the need for other material
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mediation, DIET has higher efficiency and energy utilization efficiency than MIET. This paper
systematically expounds the mechanisms and applications of EET in microorganisms, with
focus on the mechanisms and potential application fields of DIET. This review aims to provide
a reference for finding more electrically connected microbial communities and applied
microorganisms.

Keywords: microorganism; extracellular electron transport; direct interspecies electron transfer;

c-type cytochrome; nanoconductor
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WY A AR B PRSI 54 (F 1A),
A= Pyt m] Ak BA SR A T 1 1 FL
ZER RS IAN A 153 e AT AT R B
1 BA A AR s PR B LN (RN T
T2 BRAR) BN AT AE 1Y L 1 A4 o (RP AR
PEH F 2RI TR %3 . NIRPEE 50 R
T2 A A B A B AR AR T s PR
Wy, — B E R BAR =4, Qs 2R
HEBPEE 1B). XHFARLEF M AN F 52
PR THEA TP 5 SR CRE Bt ) A A T 7, T
T RN A B — @ U SN 2R A
R AN TA MECR AR E R A E i I

Wifg. B, gk s g R0 A
HPTRAEAL BRI (B 10). AR T2 A,
T A A I B RE AN [R], SR b ] i F e B8
PEHL T Z R0 AT RETE  AMIEE SRR IR AR TE
T HARG:, A HEEN T HURSNR E A T Y
Mash ALt B, B F, AN EERR S AT LA
TEAEL T U, B AN HL - ZE R AT DATEGUZE D)
e AU P FRE B R T, X e
SERRAR Y S AN A T Ry A 900 7 v DA S e )
MR A T T iz W R AT, TR A Ry
A TR AR W BOR L 7R v N T ERE T B i T
etk o

1.2 Fha| E#EE F15iE(DIET)

H A5 35 308 DA AR P Tl A Qs &
R, (H7E G. metallireducens #1 G.
sulfurreducens L85 72 R LT DIET, G.
metallireducens A~ gk it & S ERER(H AT LIFIFH &
FEAf e A, G. sulfurreducens AT LA &
R ERAE A B T2 R HN R A AL B, S EAT 1]
A AN AE LA 21k P — H AR 355 S S rh i T
R E AR RS SRR R IR SR v
BRI T AR AR FLA TR, g S
HL B B AL pil A FIZmtE s ¢ RI4H i (8 2% It
omcS #iriBR )5, G. sulfurreducens 5 G.
metallireducens [H]xfi LU 7 e85 5% o (H b & i
FE hybL 1yl 2R IR0 DL & B A e — L 52
RS SR A K XUk B E P 1] A T
B2 1) B f R RS AN S A RN/l H R R A
T

TR 4y AT 3 e 3 R ) L ) A 7S
BLI G L4 B S A o TR S A R ) 2 o T 42
MR L ME B R T, NS TR 22 HoA A A id
SRR AT, IF B TR A SRR H iR
FAR BRI T R P T 0 A5 i R
A, [HI DIET E Ry —Fiog 8L v 715 s i A2 A%

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



LG PR A B AR LB S P F 7 a3k

4697

(7] F2 o ] HEL 5% 128 MIET

H RN A HF{% 3 DIET

= . BT
. Electron
' "%accepter
b [ ]
Organices \ | j"
74
7
Product
B
PR T SRR A
O Grgix. mER) wTFRk
/7 genous clectronﬁ shutfle Electron
flavins, .mclanjlds) r)‘ accepter
Hi [ .-"“-.'.f“ . Ve
Organics ‘ s * f} oA ,l'
\
= f’ﬁm
Product
SR o R A
C O N TS
Exggenous electron shuttle
(sutfurgompounds, humﬁ?&g\) oL a2 ik
\1 Electron
A | accepter
Ak | f’
Organics | f{/’
7]
Product

D Zp# BRIIR
Ethanol Succinate
L Rl
Acetate Fumarate
Pili
E
AL CH,
Organics
CoO, co,
F
B4 il G
Organics » A
[
.. @
@
K e
€0 I CO,

E1 MEYMEEFEIEERXE  A:Hy/HCOOH /5 MIET. B: N UEYEHL T 28R4 5% MIET. C:

AN P ZE R AR 09 MIET. D: B B/ 5% DIET. E: SMEANAE A E A 5% DIET. F:

Ay DIET
Figure 1

FHM RS

Diagram of the electron transfer mode between microbial species. A: Hy/HCOOH mediated MIET. B:

Endogenous electron shuttle-mediated MIET. C: Exogenous electron shuttle-mediated MIET. D: Pili mediated
DIET. E: Extracellular cytochrome mediated DIET. F: A conductive material mediated DIET.
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#=1 E% DIET WEem e

Table 1 Microorganisms having DIET function
Microorganism References
Desulfobacula [14]
Desulfobacterium [14]
Deferribacter [33]
Geobacter spp. [12]
Geoalkalibacter [12]
Methanothrix spp. [36]

19 G. metallireducens 5 G. sulfurreducens J&fic -
R IPLBEHFAT DIET MY TRAK . 7EALIRMU L /K i
b K 5 I B (upflow anaerobic sludge
blanket, UASB) i #iH, B IR A TG H e
24 14 (Methanosaeta concilii)5 Geobacter 22 [A] i
DIET iF4E™%,
2.2 DIET £%£7 R

DIET F 241 44K T4k (nanowires) . 4 Jifd
MR ¢ BUARAR R . S HOPR} URLTE 12 ¢
(granular activated carbon, GAC). A=Wk . f155
T S M A AT R 0 KA L A 7040
221 HKRSLNFH DIET

YK T LA AR W 1 WA R e ]
A4 ) JIE B G A AP R RS POl 3 DGR E I
HHT, G. sulfurreducens #iA b REF= A= P FHSS Y
AR LR, B2 S L B (e-pili) 1Y
ARSI 20 (0 2% 2R O A

Hrpr, e-pili SRR EIRARE A BTAK T
&, EERVPOAAZER IV B EE DR
PilA-N 25, 76 = Pl E Sl i Bk
YEFIR . e-pili AT AR v T S48 4k e 72
D). {HAERHIIFEH, Wang 259251 15 /0 HER
RURHEIES IV BEEIE 450, Ak IV B
P BESEPr ERERA G R IR R
FEAVE L T LR S L) BCE S4TSR DNA

2019 . 2020 FiI 2022 “FEHWRELE G.
sulfurreducens H /3B R L T 3 Fh4ii @ E 90k
FL, I E B AT A2 B omeS, omeZ Fil omcE

SR Gt i) ¢ RN (0 3% PR R B TE
WK G. sulfurreducens & HiL 3 384 Py i vh
OmcS fil OmeZ ¥ A WIFE S LK, 5 e-pili e[
OmeZ %f T G. sulfurreducens £k 1y 5 i I B R FE,
W bR A AR B B OCE B AIVER , bR
omcZ ¥ M R A G. sulfurreducens ¥, 1%
B EAR M, RIMAFFEE R, OmeS X G.
sulfurreducens 4 £E M) 7™ A L I R AN A A 22
(), PR 243 R omeS B mi Bk i ™ HL BB ) IR R
BEAEST, g prs Eigd, HF omeS 5 omez
TR EAN R, 1E omeS m R IR A A Pk
it (microbial fuel cells, MFCs)ii 4 ' OmcS
fOFE AT BE Bk 2w T r A iRGE G
sulfurreducens A LA FHLZZ ¢ TUZ 2R
OmcE W EAH A, R T BB WAL R B
7N, R OmeE Fil OmeS W20 BA P 21 85 25+
AEARLE: , (R SR 3 #0082 RS Il 21 3R M
FRHES i 4 22, Herpfin 2128 i AR AR 3 i A 2 4
FRECHZ, 5 OmeS 4122 A[], OmcE 4H42 52 =%
FESEAL R4

AR AT H Ak T4 - HE
(e-pil)ZE 1 OmeS A RYI K FLENS
DIET!">4 {H py Al 40 g £, % (OmeZ . OmcE)
A FL RG2S DIET i HARHL. HEi
ARSI E B T X — ),
222 YREERNTFH DIET

FER 340 J5 b AT TR FH 4 i 30 I R A 7 e 355 57
b, R BOFIESE AN (R X T DIET J2 14>
HEN, &)@ HAFTR T Gmet 2896 A
F /£ DIET TR Z CEZEMIEMN, S H I EX
{Eif DIET JE A%, Bl i BIE W Rkt
ABETRAMNME 22K OmceS BY, Gmet 2896 4HJiiu
RN, R I 20 i €2 38 A B mT LA i
DIET, ZHffltaZ AU nT LATER IRl 2 a1
T DIET, 1fif H AT LAFEZS [ 43 5 ( A Z a5
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TA&id . M HAEVF 242 AN B R4
IR S R P L ¢ AN P
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e T K HZ AN 2 3R A VR IR, i
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SEHUZ T AFER B A EET JIRERAEY)
TEAALHL T B HLTS Be W (o5 & ) 5 i B
HYNEH], A n] DLd a6 15 G i I s B A1
WL E A B 5 Y 2P, Bl A g
2B, M Fe(IIDif J5 4 G. sulfurreducens Hr4fifk,
—Fh B AE A a0 R R BB T (nicotinamide
adenine dinucleotide phosphate, NADPH ){{ jifii 1"}
Fe(IID)id J B, RRR A #E M Cr(VIIL 5
Cr(II)* 72 B AL A 45 Ff b UL S 1F T
Al it Geobacter spp.if1T 14 Fe(II)AYIL R,
FEH4 o it DIET 14386 25 HoAt 75 G W 5 A D) e
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PIUNEEHR . COo/Hy . WIREFI R RER o PR, i
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A o SRR 4 210 J ) R A2 3B AL FE R T 27
AR 1 HLAL 3R 5 ML DA = B, R
AR A BLE Y 2 &
3.3 WEYBEAFEER SR
KBRS e A& B T RREL BB R, KRk
AL L RB IR BAR R T T IZ S I
TR A Wy 0 T8 & 1) S0 e B 1t/ L
i, FROATCEY) K FH 8 HE i (microbial solar cell,
MSC)l, VL itsr i, W LA K SRAFAEN)
WE YRR F A1 MSC. i T 54T
TR P RE TS T ange] & A=/ FL S, Nishio
ST T — AN SE B ACEE RN G. sulfurreducens
PRV I MSC AR 25 SRR, S/

CH,

EERIk]

Organic matters

SHUBR
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B2 FhiEEZE T REEENMAREE

H, 7 480 2 30 o D % A ) R A L A R 2 ) Y LS
VEFZ A/, 2017 4E, Ha ZHUGER T G.
sulfurreducens  Fl1 5% 5% 4fl T (Prosthecochloris
aestuarii)Z [AfFE—FE 1 DIET, 7EiXFp
R, G osulfurreducens %A Ak O IRER I B 2
] P. aestuarii $#2tH, T, P. aestuarii ZEEIE R
RIS A TOC AR . TR IaE
Huang &=l 2019 AEM G, sulfurreducens I
P. aestuarii 41 ALMIGA A PR R T (photo-
MFC), i% photo-MFC 1) BH F BH K F# % i o+
THBERRTT, I+ 53F G. sulfurreducens 1 P.
aestuarii, FHARFN AR @ LA SR F RHLAY 43 )8
2L, TEJRIRARME T, Pl aestuarii 325K H
G. sulfurreducens & 49y FHAR 4 20 e b HL 4k 1
& COy, A7 AERYERRHIEN 0.6 mA/m®, [F]HY
UEW] 7oA DIET AT LA SR AR 5 Z0E
4 DIET TEA: W Ha Ak 2 i e — A8 Ak e ™ RE J T
A E— 20 N AR AL TR =%

%‘* I
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-gﬂ Organic matters

= Elfh
Photosynthetic bacteria

Figure 2 Potential application model diagram of direct interspecies electron transfer.
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