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Role of Mcc in Shewanella decolorationis S12 electrode respiration
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Abstract: [Objective] The main objectives of this study were (i) to investigate the role of Mcc, a
periplasmic monohemecytochrome ¢, in the extracellular electron transfer process of Shewanella
decolorationis S12, and (ii) to provide new information for a complete understanding of bacterial
extracellular electron transfer. [Methods] An mcc-mutant was created by using a suicide plasmid.
The planktonic and biofilm growth of the mutant and wild type strains were compared by using cell
optical density and confocal laser scanning microscope. Furthermore, the extracellular electron
transfer capacities including electrode respiration, iron reduction and azo dye reduction of the two
strains were analyzed. [Results] Although no significant difference was detected in iron and azo dye
reduction between the wild type and mutant strains, mutant strain showed 34.1% decrease in
electrode respiration capacity when using electrode as electron acceptor in microbial fuel cells in
comparison with the wild type strain. In microbial fuel cells, the mcc-mutant showed similar
planktonic growth profile but lower electrode biofilm forming capacity compared to the wild type
strain. [Conclusion] The results demonstrated that Mcc played an important and specific role in
the periplasmic electron transfer of S. decolorationis S12 electrode respiration, Mcc-deficiency
caused significantly decrease in the electrode respiration and biofilm growth capacities of S.
decolorationis S12.
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HAEAER o IIEEFS 0T, KR mee Gt
— TSR R RMEER ¢ HA
(GenBank %35 ESE40622.1), %3 IINEEN
R UWARE . AR ¢ RGEA LR EET #2119
FEIRE, NN mec "TRES S T S. decolorationis
S12 i uas [ iy Ha AL 38 o ASBIFSY 32 i BEPR 58
ARFNA B RE M, K4t S. decolorationis S12 J#
Rz [ R 2T R AR ¢ BISER mee FEMIAME T
feb VAT TOF9E, i — b3 T A BLIRTA
EET [y 12 L .

U RRHS

11 St

L1l EMABRL: wAATORERLR 1, Hf s
decolorationis S12 JEANSLH 28 D\FEEN YL R K A FRT
(RGP T e Th 43 B AR A RAS 1 — A T IR BTl
TR PR O PR EE o ] S Y 15 SR D O P O (P9
CCTCC M203093)H1 H A ZR 5 R I AE Mo
(R : TAM 15094T), A5k pHGMO1 Hi#i
VLR i E ARt A TAS S,

1.1.2 FEXFIFEE: EasyTaq DNA A5
TransStart FastPfu DNA & & Ezup £ 3 H
2 DNA #2716, JbaT TransGen 24 Al HEAR

1 BERRFBREL

Table 1 Strains and plasmids

IR Eiiipu e
Strains and plasmids Description Sources
E. coli
DB3.1A pHGMOI fi5 [12]
WM3064 Pir {KHTORIA T £, e [13]
iR p, —aEIEPE R
(DAP)F Y
S. decolorationis
S12 HpHE A SER R
Amce mee SR RRIEAE AHFSE
pHGMO1 Apt, Gm®, Cm®, att-9 [14]
ABIA
pHG102 A Shewanella arcA J53)) [14]

F. EcoR I . BamH 1 fi§
VI s kA

DNA i DNA [l &, i Magen A+,
LIVE/DEAD BacLight Staining Kit, Invitrogen 23
Al R A BCA HEWEN A&, ETAY
TRCEE) R ARAR . NELHL, £
Eppendorf /3 F) 5 HL#E A T1AE , T TR A
Milli-Q #4li/k %% & , & [# Millipore 23 Al ; #  PCR
1, € Bio-Rad A w]; 44T UL-2E AR 7 #r
10, BERFHREAN . AN T R, £ E GE
Healthcare 2] ; IR 461, 3EE Labcon A H];
PREARIR 0L, Sigma AF]; EEKESR, HA
TOMY Seiko 23] o
1.1.3 EFEREFEME: LB HIHE@L): EA
5 10.0, BERHEEW) 5.0, FAksh 5.0. AR 3R
FEAIN 1.5 g/L Bl #s o T4 B ME AL RR K K B K
Gm i FH¥E 50 mg/L, 2 JLP: 2 DAP ffi ]
WeBE 50 mg/L, 755 F77E 30 °C., 200 r/min 5514
T T, 12 000xg B0 2 min WAEFE LB B3R
HF SR AR KRG TR, IR 22 v (pHL 7.4)
PR 2 WG E T W IR 22 vl v o R R TR
(ODgoo=1.0, 4EHSEL N 10° CFU/MmL), RJ5 LA
2% (PR EG) RN B TR A T 5 B2 IR A
TR

BRI 5 B SR LT3 S S35 AE 100 mL I3 R H-
AT IRER FH LR 7R (M, g/L): |
TUREHERA SN 17.1, BERRE B 3.0, SEAkHN 0.5,
FbER 1.0, BEEER 0.5, 1R N TEHARFLER N
2.24, BISEZL(0.5 mmol/L)EF 1R (4 mmol/L){F
KT FERNE A IERRE AR 8 min J5
PR AR w5 3 O, 5% 8% 31 R 4 TAF 4l (Ruskinn
C0105)1 30 °C FrEREF, WHE 3IHHEK ., )5t
PR — R P S A AE A 15 v B EURE 43T

FHL, M PP 18 512 36 76 A 9 495 kL H, Tl (MEicrobial
fuel cells, MFC)HiE47 . B35 W% MFC 149
Z S5 SCIR(1510 )5 . BB 100 mL LM
RERFEW, BTN 100 mL BERRER 2 il (3%
BRE AL B AR 50 mmol/L). BHAR FIBHM XS H K &
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(%) 2 cmx4 cm £ A4, 1Bk 2215497 515K 1 000 Q
F, BEL A 8 A0 F o 4 D T A R T R TR P AU
8 min 5 FICHRIZSEES O, F5) 30 °C fHIRFHE
AR, WE 3 AEE . B RE S (Keithley
2700, Module 7702)4%3R% 10 min 55 H BH P i LR
1.1.4 REHRREAREE: SR RS %3
BR[13], TIEARIT . (1) B#i51GEE 2): B
[R5 14 50/51, TR 514 30/31 (SM5 |
1 50 F1 30 BN att wEREALAS, PG4 ST AN 31
VNI Linker), 0UF5|4 LF/LR 1 SF/SR; (2) Ha4
MiFR#A . RJH PrimeSTAR Max DNA Polymerase
P3G E R, FET RS PCR, B LT IRE)
T % 423 —jl L 7E Gateway BP Clonase Il Enzyme
Mix (Invitrogen)fEH T, HEZHF] pHGMO1 JitkiH;

(3) Ffb: WIS T BRI A E. coli
WM3064 Bz 84004, SR LB+DAP+Gm P4k
YT, I 514 50/30 4 F PCR BIE ; (4) 4%
& WAL I E. coli WM3064 5 S12 7
LB+DAP “FA FILRIEEFRLR; (5) HscHe: K
P T IHIRAGTE LB+Gm (A b, PRECATR
% LB+Gm AU NaCl () LB+10%BERE-# L, 1
FERERSAE LB+Gm il B4, {HAETE NaCl (1)

LB+10% SEME P-4 F AT A K Bk, RAS1Y
LF/SR F1 SF/LR 34T PCR H:iE; (6) WACHR: ¥
LA S12 ZEAEMRTETC NaCl 1Y LB AR S
PSR IE, WMRRURA T NaCl (1) LB+10%JEH
AR5 PRI TRV 5 4 2 LB+Gm Al LB+10%
FEREAR L, B REEAE LB+10% A A K,
{BYE LB+Gm A AK MR, RS9 LF/LR
4T PCR BrlE, ARAG XSS N1 S12 5748 bk

mce FER RIAME IR IEATTR : PCR 971G H
FIFEH mee, P18 #9 PCR PEHiik A 1875 gl Ak [mii,
i BRI UIEE EcoR 1 . BamH 1 43, ] T4 DNA
BB mee [ pHG102 3% 42 (pHG102 5 A7
Shewanella arcA Ja 8)F), RIGWKIEE YL
E. coli WM3064, #IHTERENTT PCR KilE, #k
HE A A9 e b8 1 3 B R A B TR ARk, B
FrIG AT HVE PCR Bk
1.2 9EE

AR A BRI LB A= K £ 4
A K AL (Bioscreen C)icsk, PRAATEIFANAL FH L
Hh-RT AR EEEE M 600 nm A G35 B 1
(ODgoo)F2 7~ TR HE B o 2R Sl o fi FH 4B 4E %7 ik
T R B IR (LR SR LA D e

%2 PCR3¥
Table 2 Primers for PCR

Gk e s 751
Primers Sequences (5'—3")

50 GGGGACAAGTTTGTACAAAAAAGCAGGCTACTTTATCTGTTCTGCTTCAG
51 GGTCCGGGTTCGCTATCTATGATATCCCCAATCTCAGTG
31 ATAGATAGCGAACCCGGACCTCATTGAGATCCCTTAGC
30 GGGGACCACTTTGTACAAGAAAGCTGGGTGCTATTACGAAATCTGGG
LF CGTATGCAGGGTTGAGGT
SR CCAAGGCTTATGGGATTT
SF TACCAGAACGCCAATAAGA
LR ACTGAACTCGCTCAAGGA
EcoR 1 CCGGAATTCAAGGGATCTCAATGAAAATG
BamH 1 CGCGGATCCTTGTCAGCAAGCAAACGG
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SHN-AT DL OGRS T4 510 nm AL AR IUE %
AR MFC FA 26 1 A 49 RS P AT IR o 5 5
FEMEEGY, JHEFJCH PBS SRt
2 38 D 2 o P R 2 T BTG B ) V7 DA P
TIVIBCE VG R i b L TORERB AL
1 em®, $RJ543 % F LIVE/DEAD BacLight Staining
Kit #a A S & U ). B s r
M A TR SO SR A B s g, AR —
Yeo5 ki Zeiss 2010 FA41) Z-Stack B2 245
FALEE , TR 1 (2 ) FIAE TR MR (L )R R B
T A YA M AR P . ARG M=t (0 15 R
/R (21 ) (5 B TR A A B e A
7£ 20 mL NaOH (0.2 mol/L){A & FP & ¥k 10 min, i
A= 1) S 200 S (i B A A A R S A 1 ) o BB
LA, o T R R BCA 2 1 i ) 5 1) 6 o
A= 0 RS A4 L 2R Ao v ) B o DA SR A AR W B A )
o RIEAERPHEABERVEYREA B E)
KB AR AR S R A, TR AR A A
2 g

A B

bp bp

2 000
2 000
1 000 1000

750
750

500
500

250
250

100
100

2 ZER545H0
2.1 Mece REHRMEE R EIFSEKHEE

H&HE BARIEE mee (P4, S RIRI IR 5 | 4™
B H EFER E R B 1A), ZJEk ER B
Al A I A KIAFT R o 2 VR [R5 5 2 I o R A
ZHTE Gm HitERETE ST PCR KiiF, HARETE
PCR 774 HLBF A BRI 24 330 bp, 2005 % E A
BN mee 82K (K 1B).

ARG, HAERHIEF A A LB
BRI N A A KA T 00T . 25 R IR,
GEAR I 5] BFAE MR TR AN ARSI TE 27 h 247 ODioo Fit
FETE 1.320.3, #EACE-G 1, AR TG ik 25 25 S (]
1C), RUITEAEFEHEFRILEZMT, Mcee BEIE
NS S12 PRIRAN M B IE A K o
2.2 Mce RZXT S12 EEARFFEIR AR

DL MFC FAR AR A Wy b R 58 bt
FE I A A BRI TR AR . TEADE
M MFC IRZRH, BPA PR RN I A bR 0 I e 4 e ok

Wild strain
Mutant

0 5 10 15 20
£ (h)

El1 REKPEERREEBEFH TEKEM

Figure 1 PCR identification of mcc-mutant and its growth in aerobic LB
TE: A mec WIS 0 11 1Rl B M: DNA marker; 1. 2. 3. 4: 5[4 50/51 F1 30/31 (947144, B: Rl T L5 %8
ABHEAY PCR 331E; M: DNA marker; 1. 2: Z78HK. BFAERRAOY ™). C: BPAEMR MR AEMA AR K thk.
Note: A: PCR products of the mcc flank segments; M: DNA marker; 1, 2, 3, 4: PCR products by primers 50/51 and 30/31. B: PCR

confirmation of mcc knock-out; M: DNA marker; 1: Mutant strain; 2: Wild strain. C: Aerobic growth of the planktonic mutant and
wild strains.
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FEHRN I AR A TC B 25 2250 (F 2A), 7E6h Y
WA TR, ZIEHFE BT, 76 18 h J§ ODggo 5%
0.120.005 mee FEIN [T FMA 48Rt s HLF i 2
5 B ARG B 22 5
S. decolorationis S12 TEHLM 2R T B A I NRAE
MFC 7R RS 2 ER . XA R A PR 1
I T EN, SEARRRAY AL PR L P B A R
T 23.1% (0.052 vs. 0.064 pg/em?), BISASRRIIAEY)
T BGRE T s 55 TR AR . mee FERIEIARMER L)
Ay SR AR T B 25 5. LSM MRS R 54
T B, AR A MR R R TR B
STAREAR, (HEFAE PR AR A PR R %%
$E, ETRWE . AN, JET AR
BRE e 2E RN, BRI AE R L DA i

| ==O==Wild strain
= = Mutant

507 pm

= 2

PR aE R ANMBE SE B AN R ek (e, BB AN
Zr(n), AHXFETESRT 90% (K 2B, C).

MFC e s s (] 2D), BPAARTE 18 h
W= ELEET ETE, 5% 0.097 mA, TS IR FRE,
mee FE K RIAMR I A= P RS AE it S B AR RG22
5o RAMEMWIIA R BARA R, 18h J5tl
HA G TRE, KN 0.054 mA, FLEFAARAR
T 44.3%, W] Mcc 25T S. decolorationis S12 11
HUARRPIG FE o F AR RN A R T i 2 P v P
TEEEY, H S. decolorationis S12 F 284
HEET R, T LA BN AR BB A )k P R K™ L T
PEATHE—2 R 0T, G5 s B A AR 1A P LT 1A
93.2 pA/pg AEMINRER, SEAERRAY - HLTE VER BT AR
MERFE T 34.1% (61.4 pAlug AEWIEE ).

50 pr

v

Current (mA)

—O— Wild strain

=<0=-Mutant

0 10 20
t(h)

SRATIRANEF 4 ARHY B ARPF AR L4

Figure 2 Comparison of the electrode respiration and growth by mcc-mutant and wild strain

T A BURARENL; B: REMIAEYEES; C: BFAEMKAEYIIELS; D BFAEKRMBLRE RGN, KEEHXR

IFRERZE , 6 h AR BRI Bl 2 B A

Note: A: Planktonic growth; B: mcc-mutant biofilm; C: Wild S12 biofilm; D: Electricity generation by the mutant and wild strain, the gray
areas along each electricity curve indicate standard deviations and the current fluctuation at 6 h was caused by sampling.
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2.3 Mce TR S12 RESKITRFNEBEBRILREK
=AU
;4

R —HETE Mee 2B E Y S. decolorationis
S12 W HVE EET i, He# T B AE RN S HR 0 Ar
BERR AN DL SELT (Al M L oD 30 S A R ()38 i
R, SRR, BA MR S AR R AR R B N
BRI I R A 225 5 (] 3), BZFE A
Z 5P R AME AR ) EET 2 # . LAl
U, Mee FetE 2 5HARIFIG R, MifEgkic i
FR MR S B I R

3 i
AY) EET WdARESIRICE AN EY)

HERL AR R G EEAE R . A LR A
A 350 -

Fe(1l) (mg/L)

—QO— Wild strain

i g —O— Mutant

0 1 1 1 1

0 4 8§ 11 23
2(h)

&3

¥y BET W52 i A E 2 —  FE4Fh B AR
RS Tl A AR A . IR, A FLER B Y
EET ML — B P2 i s oS 2 — .
CymA-MtrABC-OmcA R4t /&% LKA EET (4
B0 & 4), A HL Tl AR N A CymA 14
N AMER MtrA H BTEFIER 0

ARWEFEFFR Mec @A T Sy —A00 T J8 i
ZS[AIINREARM B R ML RO R ¢, TCEEIRIX,
Mecc MBI XHZ R A A KRR B m, X5
IR HEHEL B AMAE o 52 kk—3", Fonseca
S T NMR A3 7l i o 25 (814 FecA Fil STC 43
5 CymA Fil MtrA 254, {H FecA F1 STC Z[E]A
fegha, MmN — & Z B — e 2 A ik
B o8-
07+ /™, —O— Wild strain
0.6 I —O— Mutant
0.5 \
0.4
03
02
0.1
O 1 1 If" 1 — J
2 4

t (h)

T

Amaranth (mmol/L)
T T T T

T

SRS MR = 1) SR (A FIBSMB R (R4 B)E R AL SIbL 5

Figure 3 Comparison of the iron and azo dye amaranth reduction by mcc-mutant and wild strains

Outer membrane

A MtrB

i STC
23.5 nm e .

v =
Inner membrane

i 1

FccA

*Fe(lll)\N:N
€

MtrB

STC

@
-
~ ¢

El4 BREHRKEERFREFESRFEHENIEER
Figure 4 A predicted model of S. decolorationis EET process
TE: B R, CymA KRN N R SE AL TR AL B4 FecA . Mee Fl STC ZJRfLIE MR MrABC R&E. £ (3542 h Ak
T Mcc YRR RS, BEIAGT Mee MHRIFIRGERTE, R E R AR TR FEE R T T2 R A2
Note: For electrode respiration, CymA delivers electrons generated from substrate oxidization to FccA, Mcc, STC and then to the MtrABC

system. The red line represents a Mcc-participated pathway; The black line represents a non-Mcc-participated pathway. The dashed gray line
represent the electron pathway to extracellular acceptors other than electrode.
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R A ST AR 4 AR Mcc S L)
Wi 3d R v ) o 2 () P B AR R T 2 —
Mcc FIREEH 5 CymA 5 MtrA A #FAL38,
Al fig 5 FecA Fll STC I i A 1K/ F CymA 5 MtrA
ZIA 1Rk . (AT EAE, Mce 2848k
AR 5 P LU A AR RRAR T 34.1%, RUITE X 2
1 Mcec RE 5 THMHB 15, HE2MHE T4 H
Jii J5 s Ta) ) A 2H 53 5 (8] 4) o B %5 F R v
ey IR, FRATRAES &AL MR . Ersifh &
KA EAE A SRR — 2P 58 A FU QTR
J 5 1] ) H AR R AL -

FAEN, AFEEERIEIN S, decolorationis S12 1Y
Mce J2— PRI SR AR o, 78D
SR AR PR AR R R P I e R EER . XS
ZHTRE R G. sulfurreducens B A5 40 i {6 &
OmcZ —#¢, OmeZ Wi B2 Y5 G. sulfurreducens i
A FE R A S S e R EY ) sepr b, 2
AR ZMGERVIEA EET fe1094n & 25
AT DR 2 AR R E (T L AR A |
7 A ) MR BN [ 9 F AR b s AR AL 43 141
4n . Shewanella ) OmcA  Geobacter ) OmcS ,OmcE
1 OmpB HZ 5 [ AR MYIAR ), X AT i kA Ik
A7 B FEVERY ;. WmEIGY T Ferroglobus placidus
TE 340 Ji7 T 5 1 TR ] 285k AR Ak ) s 2 28 AR A
AR MY AT T R R,
HL T2 R R R Rl &%) EET TR0 b 1 5% 4l
LAWY p7 ey la SR =i (0} =21 N B0 S 7 X7/ b o
Qrfe] J8% 07 i A1 HE - A2 44 () ) B AR 2 R I R
RIFE AL ACHRRE R, HET AR

ZE PR, AR WIHAESE T S. decolorationis
S12 1) ¢ BUJA B2 [ A el 5. 28 Mee FEHLAR P EET
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