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— Bk R 7= BB Shewanella algae E-1 B9 B R EFF
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ERRD Zn' pEg! 243 RED Rgpt?

1 Tk B R 208 B S S0 = CREERHE R R Tk A S S0 RE T UEY
5B RESIEAR TR D KR R B TRE2ARE KHE 300457

2 MR P UEYF SEARBFE R ESLTE KHEE 300110

3 RGEAEY T RRAEPESSLESE RERAHMET A KA 300071

O OE.(FF)] St Efed b E AR T R ) TR A5 2%
. LB &Y KT 5B RF—kath oAy, ARt s skt lefeize. [Fik]

VABR B o) i 64 i 7K A AT BB B SR IEAT PR & R ) LR a9 A IR e, K R eGP
AR 5 BIFE MR ROMAMER, ¥ 54 E-1. BB TR R R &IRE S
A AT e 2t L AT AT, AR S F AL, Biolog 44747 168 tRNA A A 57
PoAF AR B0 T ik B ATAY B e . [ R ) Bk E-1 £ RINR B AnFa s JRIAAn 6.6% NaCl 4 F = 4
W HEEE 5 A A 51.69 mW/m® F= 26.56 mW/m?, X5 HERIFeFEE A ER. HARE1RERZH
g 3 A7 FUK A (Shewanella algae), I % F e R ARG 7), £ RBETLE A 25-40 °C, pH 5L
B4 5.0-10.0. [4£]) X2 B K3t Shewanella algae F¥ W 1k & 4 = v Mk 58 B J2 kA 9 AL e
HRAHIRE, 5T FRMAENY SN, Btk E-1 88 AR S IRELH T RIS RIF0 7 okt
B, bR IR K R RAL AL S8 57 @ 6 R R BRARAT 49 S B b
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LI Feng® SONG Hao"*

Abstract: [Background] The types and electrochemical activity mechanism of exoelectrogenic
microorganisms have important influence on the electrogenic performance of microbial fuel cells.
[Objective] A salt-tolerant exoelectrogenic strain was isolated from seawater, its exoelectrogenic
characteristic was studied and the species information was identified. [Methods] A pure exoelectrogenic
bacterium (designated as E-1) was isolated from the enriched anodic biofilm of microbial fuel cells (MFCs),
where the seawater from the south sea in China was used as the inoculum and MFCs were operated in the
anolytes without and with salt addition. The exoelectrogenic characteristic of the pure isolate strain E-1 was
investigated by inoculating into MFCs containing different salt concentrations. The species information was
identified using the combined methods of morphological observation, Biolog analysis and 16S rRNA gene
sequence alignment. [Results] The power densities of strain E-1 were respectively 51.69 mW/m® and
26.56 mW/m” without salt addition and with addition of 6.6% NaCl, which was related to its good salt
tolerance. The strain E-1 was identified as Shewanella algae, which showed diversity in substrate utilization,
and its growth temperature and pH range were 25—40 °C and 5.0—10.0, respectively. [Conclusion] The strain
affiliated to S. algae is firstly reported to show electricity activity when applying in MFCs, which enriches
the diversity of electricigens. S. algae E-1 can generate electricity at high salt concentration, which provides
a new experimental material for the application of MFCs in seawater resourceful treatment.

Keywords: Shewanella algae, Microbial fuel cells, Electricity production, Salt tolerance, Electricigens

T3 W ok] B Vil (microbial fuel cells, MFCs)
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TN KR E B (Klebsiella)®” . #b ¥ H &

SR B A P A A A PR S FLAD (RLAS 22K
(975 Ge ) B A7 R 5 A0 A L RE A B ke
T A K A B A F RERBUCEAE T, B AETE
*ﬁﬁﬂ?ﬁi?ﬁ JEK GEIRAL AL I | R AR IR T R S

B W1 A AT B BRI 1 T Y

7 BT W A R L Tt R LE/‘JB;‘UQE
B, AL AR P T R A R L
HLEAS [l 1 2 80 B B 22 2P HAE & Bed e
HL 2R ) SR TR AE AR TR W ] (Proteobacteria) F1
JEEE | (Firmicutes)'® . ZEFE 1] FEALAE B 2
#J& (Pseudomonas) . 7 FL I & (Shewanella)™

(Geobacter)[lo] . BAEE (Ochrobactrum)™ | 41
B & (Rhodoferax)!'? %@%E(Acidiphilium)m] .
KO R (AeromonaS)[M] . OFF B R KT R
(Citrobacter)"™! | JIIEAT i & (Arcobacter)! *ﬂﬁfﬁ i
I R (Desulfovibrio)' V45, JERETH ] 32 B4 35 %
HUFF B (Bacillus)"  FIKR 1 J& (Clostridium)" %%
H F R 43 77 FL Al A 0 19 SR 5k s K AR BT
PETETS e . TR . TR iR A . Hirp,
TR R 27 i 9% {55 PRI ZH DL R 28 3k 5 7K Ak
PR V5 U v 4 18] B V5 Ve M FE R P FEph If i A1 i A
YRRk, e AR BHAR AR W 15 o 1 3
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— ¥k Tolumonas osonensis P2-A-1 Fl—RRFEHR % 7g [
W (Kocuria rhizophila) P2-A-5, 1% TAEJEXAFR
PR e s PR R G B BT, BeAh, B2 H %%
NAZ A K A BT 36 PR 15 Ye i B 3 S SRR AR )
JEE 14 2 B — Mk 50 B A QB (Klebsiella sp.) 76, 1%
DA DAFT A5 B Ry JEC 0 s 3 B0 10 o 1 v b 270
PEPA, 2016 4F, 22 AP A AR R AR g b
g5 B A5 B — Bk K A 1Y A L BB I§ (Clostridium
sporogenes) SE6, Z Al AEMF, XTI ER M
A ARSR T SZBE T, R A MR )
P AL A0 M 5 R R AR BB, A
HUBEP, 2015 48, XSRS LA YISO IRY), 15
IKAEBRT TG PETS Ve R A = MFCs, 1817
2 Fa o W e N PR A 21 4 A1 | 53 2515 3 i —pk ™
HiL I8l Nitratireductor sp. WI5-4, Z KK AT DUF %L
e A B LR MR, TEAE IR A Ry T R
B ARG B 8 AR AR, WFSE 40 i AA
VR PR AR AR it VR i ek iy g [ 5 2 v AR PO e
S BRI TR A A, BRAR Y 2
SR T A FLIRTA o (HAFFE B AR DX ARTE S 25
TR T 2P . BT, AT
Fl T T B TR 2K A e RBUR 3 T s AT BRI AR b S A
ANTRIER R FE A G2 E MR T, DA AR A9 FHAR ZE )
JBE b AR 3 T — AR MR AR E-1 AT
Pk E-1 7EACE R T R, IRl B
Wiz . Biolog Al 16S rRNA KK 41 Ho x4 8
HAEAE R B SERA R T 4 S i e )
ZREE, AR YRR e K SR 3y
TIPSR BB 0 S B AR

1 Me5hE
1.1 ##
1.1.1 WSS BEEFAANERE

WARKG TR A LB Bige 2, [R5 55 SR A
A 2%BIRI LB K55k K5 373 pH £ 7.0-7.2,
1x10° Pa K 20 min. Bk % E R 77 3% Fl BUA+B
RiFeFH, BUA B3, Biolog AH]. BUA+B 1

Fidk. 51.7 g BUA N 950 mL ZE487K, LR AR
Vb, BRCEDE, BRELIA BRI 5y, R
J5i# pH A 7.240.1, 1x10° Pa K 15 min, % S
. PRSI . EREWNASRIT, B2
40-45 °C, 1 50 mL B AT E I, #8505 R
PR

1.1.2  BAR&(g/L)

NH,CI 0.31, KCI 0.13, Na,HPO, 4.576,
NaH,PO, 2.452, pH 1K 7.5, ZJ5MA 1 g/L ¥
HEWHE BRIR, 0.7%10° Pa K 30 min.

1.1.3  FERLFIANEE

Easy Pure™ Genomic DNA Kit, It 50224 2EY)
BARNH] AR TR, BRI R
B Z AR, KKKIRA TAESA R THEA
Al ESEYEE B AES, Olympus AF]; HHlH T
AR, Leo 2] ASMAEYISEE RSE, Biolog 24 F.
1.2 FHEEEYMHNEESHE

A T v 1 i K 22 3ek AT B ) T D Ah 3L A 4 Al
T MFCs W BAM 2, 73 SITE FIBRGR & A 0% 6.6%
NaCl WFIRhSF T Lkia1T, i B R b
H, R 20 TR S i S FE R B T 3R AE F AR M
EE E-1 FARRY 2> B R4 50 B A #eRhifg K B AR
e T IR BIRRE 1 = 2 KB MFCs
(PR A R . HARE BRI« FECW#RAES B
HERDEH SR A= P AT T, E%T 4 mL 0.9%01)
Az AR KT S 50 R TR AR, K FL AR A T A
JEAT TR LB BARR FREE B, 37 °C fHiR &
TFRIEFR 2d, MIEEEIEE . B, K/, £l
FINGARAE , PRIBURAE 22 52 B B I T T5 , 2 Bl HERh
F LB ARG SR P R s S R, Wb R = AR
5-6 K, 1EIAEEE TR ERE
1.3 WMEYBBEANE. BIfIET

K22 S AR B as B MFCs SOV , AR
RS R [20]

14 LB [ ARSE SR 5L F I TR E-1 H2Fh— 3R 5%
A 50 mL (Y LB AAEE IR 509 250 mL =i,
37 °C. 200 r/min #E% 1555 24 h, BUAW 6 000xg
250 10 min 5 SRR I F 0.9% 19 A= BEER /K PR
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3 o BRI S  E AT 5 A R ] NaCl kB (0% 1
6.6%) I FHM I (LA 1 g/l #i Ve RS, i
WG ODgoo H 1.0, SRIGHEFIE] MFCs [ #5H1 . JZ
;#5543 1145 4/ H BEL (TG R 100 BH s 471 R BE 357 [ 7 7E
1 000 Q)FEHE RIS B HEAT 78 371 °C fHEAC
PFFiETT, BTl B AR, I
SEMA R B R RIDACH S sl sy o 224 Wl fyn o
HLUEART 50 mV B, FFARSEHeBHR . MRS
AT E A A RS, $2 RESCHR[20] A9 A TR
B BE (D RN 28585 B (P) S A DG LA 2= S5 I E
14 BEHRERENDTHEKSFED R

WG TR TR o A 8 5 A 0%, 2%,
4%, 6.6% NaCl i 50 mL LB WiAS; g3k, 30
HATUR ODgoo (I N—5K . 37 °C.. 200 r/min $z5 55
Fi, AR BN E ODgoo I AR HhZE
1.5 HEHEENE

Gy B Ak 5 15 B0 4 B AR AE LB [ R85 575 1
37 °C [H{RIGFE 24-48 h, XJIAETEMIEA . B,
B . KN O il | GRS T
WA AL SR, o B E T 2 [, RS
T BB AR AL, B B b ) LAk By 32 an
T WHRT LB ARG H T 37 °C. 200 r/min #&
iR 12 h, BRI 6 000xg B0 3 min, {83 F
W, BULEY A PBS ZilEIF, 6 000xg Bl
5 min, BE LT S K. KBRE—LHTEE
TR, ARIRTE S AT 2.5%)% ) PBS 28 M
W, BB TRYRSE PBS ik 5K, BREEsk A
{18 I3 T i o Ak 3 S P TR R e 1 A R L £97)
IR 5x5 mm 585 A EXCT, R mE
4, HTIEAER,
1.6 Biolog 74

Pz BEHE 22 [CETETE Biolog Y5 S ¥k A4S
(3535 4127 22 30k (28134 T Biolog 43#r, H
Wik R R TE M R BUAB K53 FA I,
37 °C 557 24 h, FITJCI A 2 BRI 58 vy 7% il
PR, SARER B T X IR, RV
T2, F/NIEBHIEIIT Biolog GN 11 ffLikd%

Fh, BRFLEERIBAEI 150 uL, N6 30 °C 537 24 h
J&, AT LR R, R A LR A Shistd: 9 %
RGN A SO, REZIRYS Biolog 41
P PEHEA T LU 5307

Biolog B E 4 A 3 NHLENSETTEH L.
Al fEYE Probability (PROB), A1 Similarity (SIM)
FIi I Distance (DIST)., DIST £l SIM J& ¢ B 1
2 AMH, DIST {EF7R A, S5 Hdla A N B A%
AIRRE, SIM R F7R i 4s S 5 5dha PEAH b £ 2%
(AR EE . ¥4 DIST<S.0, SIM>0.75 A ERAFAYIL
B s SIM {EBEHET T 1, e 2 SR i T S bl g >
1.7 16S rRNA EEFF| SR F R E R
MIE

%] Easy Pure™ Genomic DNA Kit #47 5L
ZH 55 DNA 82 E, B4 BRI aR) & it i I 43
FAE ISR B DNA D BEaR , % Flid F 5 14 27F
(5'-AGAGTTTGATCCTGGCTCAG-3") 1 1492R
(5'-GGTTACCTTGTTACGACTT-3") %} 16S rRNA
SR FPAIHEAT PCR 97348 . PCR SN % 11521 ¢
RSHUWR[21]. PCR ¥ Wil aaitt, M
1% B R B I v VRS I 5 4 I Z2 40 4 ME R DN P 2
AT . DRl S 438 NCBI (National Center
of Biotechnology Information) GenBank ] BLAST i/t
AR A 2R A RIS He X o F1 P MEGA 7.0 #5044,
K A 3 F Kimura 2-parameter A5 Y ff) 45 £ 7%
(neighbor-joining method)fH RG L TR, MK
o SR eV Bootstrap 4041, EE 1000 K

2 HR54H
2.1 FHHEYNEENSS

Wl K FERD T FL 2 25 S PI MFCs /Y R 2
SFATEBA R (VL 1 /L BETEN Y S A 0%F
6.6% NaCl [PIFP &1 N a1 R AT
FE, BEET, PEARE b BT IR AT DL A MR,
B 1 AaTsn, FETCAMEEINER R AT, RETE
iz17 125 h jFiREIEE, RER RS 425 mV, 18
HMIFER N 6.6% NaCl BT, RETEBTT 60 h
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JRIRFIEE , TRERLEZ) 350 mV, X SELERRY,
MR P S AT —E RO B R, U RAF TR
— ST AR . L, J5 2 ERR g K HAE
TR L N asty Hak 2IFE5E 19 BHAR A= P i _E o3 s A
i R R £ FELRAE )

MR REIZE B R/ R SRHIE,
PREURFIEZ R 9 DERGR D nl g
M, B0 e B — PR R RE AL B9 22 B R E-1.
e 2 fros, ERASNRES I s R &R, E-1

R MFCs J5i217 415 h 5l 8IRE, REH R
N 554 mV, YPREFEEHRFEE N 192.14 mA/m’
R, 5BF] 51.69 mW/m’,
2.2 K E-1 EEE N TR B REFRA <1t R
M 3 AT, FEAMIE TR INER R T 6.6% 1) 451
T, E-14%Fh MFCs i217 98 h JGik Bl e, e
HLE 2R 384 mV, H )48 % FEAE U % B
79.54 mA/m’ WK, iKF] 26.56 mW/m®, AL
2 A 3 SR AT, S5 ITCH I 45 ME H , NaCl

A B 400,
600} A 3501 .
- 500} 1‘ } . 300} 5 "1\ / *\
Z 400 j‘l N Z 250t ﬂ S t §
> / 3 > 3 7 A ﬁx
2300 4 ‘{\ P g, 2007 | % A
8 R i { i 8 L { ht 1
S 200l /3 ! it H G 1501/ H ! J
> { \ H 1 } '\\ > 100} / | \
00 i N 4 soi L \\Mj \
NV R S S Y U \
0 50 100 150 200 0 20 40 60 80 100
t (h) t (h)
1 LUgKAEMGRBEET L iZ%E
Figure 1 The voltage output of seawater inoculation solution

T A DUTGAMRES N NaCl B9 N HER R B B B2 s B LISMIRESAN 6.6% NaCl R4 e /K 3Rl i it T2 fh i 22 &1
Note: A: The voltage change output of inoculation solution was taken as seawater without NaCl added externally; B: The voltage change
output of inoculation solution was obtained by using seawater with 6.6% NaCl.

x1 DERBIESHERR
Table 1 The morphological characterizations of the isolated strains
IR 5 [EESIZA T4 BRI/ BV T UL 773
Strain No. Bacteria morphology The color of the colony Size of the colony Surface of the colony Edge shape
E-1 SEHFFIR Short rod HWAE T (@ Light yellow HA%Z 2 mm 67 Smooth HWGEENE, EBIR
2 mm in diameter The edges are transparent and
smooth with an oily appearance
E-2 FIFFIR Shortrod 4@ {4, Orange B4 2 mm Y61E Smooth AR
2 mm in diameter Edge regularity
E-3 58AFAR Shortrod  FLH A Milky white  EL4% 2 mm Yt Smooth NG
2 mm in diameter Edge regularity
E-4 FIFFIR Shortrod 4@ {4 Orange B4 2 mm Y61E Smooth AR
2 mm in diameter Edge regularity
E-5 FERIR Globular  FLFI{4 Milky white  EL4% 2 mm Y618 Smooth Uk S Wil
2 mm in diameter Edge regularity
E-6 IR Arc M Light yellow B 4% 3 mm St Smooth AR
3 mm in diameter Edge regularity
E-7 KA Longrod {4 Yellow B4 2 mm Y61 Smooth PGSR
2 mm in diameter Edge regularity
E-8 FAFFIR Shortrod  FLFIfA Milky white  E4% 3 mm Jt# Smooth PGSR
3 mm in diameter Edge regularity
E-9 FAFFIR Shortrod  ¥kA# A Shallow orange F 4% 2 mm Y61 Smooth PGSR
2 mm in diameter Edge regularity
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Figure 2 The electrogenic performance of strain E-1 without salt pressure
Note: A: The voltage output; B: The polarization and power density curves.

A
400} !
1l
< 300f 1 i; /F
E I
% 200 { l 1
G | root I
> mpr K i A
o T
Fi Y\ N\
WL < 7
t(h)

——Voltage 60
500 ——Power density
450 E
400} =
S 4140 =
E N
5 300 oz
£ 5
2 200 120 2
z
1007 {10 £
%50 100 150 200 250 300 350 400 °
Current density (mA/m?)
400t +Voltage . 130
- Power density
350 125 &
E
~ 300¢ 120 %
g 250 <
o | 15 =2
?30 200 é
;O 1501 10 ';
100} z
15 D?
50F
0 0

50 100 150 200
Current density (mA/m?)

B3 Bk E-1 FENRRMEE D 6.6%BIFH TR~ B IEEE
Figure 3 The electrogenic performance of strain E-1 under exogenous salt pressure of 6.6%
Note: A: The voltage output; B: The polarization and power density curves.

NG RGE BRI RZ65 T 76.4%, R
SN BHIE KT 48.6%, 774 I L Rl 3 2 %5 4y
BIRBE T 30.7%F1 48.6% (3 2). #EM E-1 76 £k
JEN AR etk e 5 L R B A o6, Skl
SE T BEARIEAFERIRIE N AK I, miE 4 7T
A1, AE NaCLIREE A 0% 4AF T, BEARIGRE AT I 0
0-2.5h, XN 2.5-16 h, 555521 h J§ ODgoo 18
IEEIE, M 1.66. Bfidg NaCl iR I8N, w@#ikk
() 2E i W S S, TR RIS S5 1 ODgoo EBEZ
TF. 24 NaCl KR 6.6%INF, B kR A E T 1 4
0-6 h, XK 6-23 h, 555 25 h 5 ODg 1HiE
K, Hh1.53,
23 BEHRE-1R9%ETE
231 FESWE

E-1 76 LB [EARG 7R3 LR F%5 (I A TE TR

R, hikfFwEe, HR 2 mm, WHESE, &
A& WG, SRR, 20 Wb I A 4l £ 4y ot Al 5%
Fidk LI AR (8] SA FI 5B); HiE 2% LA
gL HME (K 50); Wk R EAR, KEY
2.5 um, B2 0.5 um (K 5D).
2.3.2 Biolog 731

i 3 w40, SIM {H=0.94>0.75; DIS {fi=
0.89<5.0; PROB } 100%. RGN 3ANEES
G HA, 5EREVCE R &, SIM {H B
1.00, Ui % e & R T ST S . FER R B
N AR FEVCEC A FR . Shewanella algae, AW,
9 FhfERMEE AN HAE NS /P4 E H FH
SN 33 A, BN S0 Bl G S RN 12 . BH
PE R N R ox H bR MRS B HE BB T SRR
FE>80%, Bk S N & 7 A b 1T 5 B0 A DL e 2
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&2 EE-1 FESNRARINFRIN NaCl 4T B BRI RE LR

Table 2 Comparison of electric properties of strain E-1 without and with NaCl addition

HL B AT 51 Fo 7 B[] CENES E TR

Battery condition Stabilization time (h) Voltage (mV) The system internal resistance (Q2) Power density (mW/m?)
TEHMEES N NaCl 415 554 1 468.9 51.69

No salt addition

SNV 6.6% NaCl 98 384 2859.1 26.56

With addition of 6.6% NaCl

18}

1.6

14} Yo

1 T
12}
L T

s 1.0t

Q 0.8f . —— ()%
—e_ 70,
0.6/ a1
o4l ] — 6.6%
1
02t ;
0.9 3 10 ' 20 25 30

15
1 (h)
Bl 4 =ik E-1 ZERERRETHEKL

Figure 4 Growth curves of strain E-1 at different salt
concentrations

5 EHk E-1 (IS E
Figure 5 The morphological observation of strain E-1

JE<20%, AN Z T 15 DN %S RAGF, 58
Kol 120 MR SRR AR W S E SRR,
AR EAT AR GF RO VC I , W20 %8 5 IR E-1 e
Fiv FLIC R (Shewanella algae)-

2.3.3 16S rRNA EREFFHAMAFZELZBH Y
Wi
PCR ¥ ¥4 3R13 M B Kk E-1 19 16S rRNA L[ H

BR/ANA 1450 bp (&1 6), K7 4355 % NCBI,

BLAST 45 /R, Atk E-1 19 16S rRNA JEHT
Y| 5 E IR Shewanella algae Hiro-1 HA5 100%
BRI, DA4B3% (neighbor-joining) ¥4 i R 5t &

Note: A, B: The single colony morphology; C: The gram staining result; D: The scanning electron microscope image.

# 3 Biolog WEMETERFLTELER

Table 3 Results of Biolog microbial identification system

)Fh Species ] gt PROB (%) AE{BLE SIM i f#E DIST &7 Type
Shewanella algae 100 0.94 0.89 GN-NENT
Shewanella putrefaciens 0 0.00 5.02 GN-NENT
Mpyroides odoratimimus 0 0.00 8.49 GN-NENT
Psychrobacter phenylpyruvicus 0 0.00 10.72 GN-NENT
Pseudomonas alcaligenes 0 0.00 11.82 GN-NENT
Bordetella bronchiseptica 0 0.00 11.86 GN-NENT
Myroides odoratus 0 0.00 12.04 GN-NENT
Weeksella virosa 0 0.00 12.12 GN-NENT
Aquaspirillum diapar 0 0.00 12.85 GN-NENT
Bordetella hinzii 0 0.00 12.89 GN-NENT
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R, MRS EME TRTH, Fk E-1
Y 16S rRNA KK 5 Shewanella algae Hiro-1 Ab7E
ZRBWIIF—03 3, R KRNI, 456 F
WIEA WS . Biolog 73 #TFl1 16S rRNA K[ /¥4
gE R B ERE B-1 %% RN Shewanella algae
(GenBank %558 MK787267).
2.4 EFk E-1 BEORR AIERFIE K E 4T
AR AP ARG BECRE I B ., 45322 T K 231
TR AT BN E A A R BRIER A B A TCHLER AR IR 2 |
WU T RS 75 2B 20 A HOR B I ) ) PR e ot
WL AT R AR RERE A HIFLIR . LR . BEIAMEIGIR |
L-NZMR . PREFSFmIR, EARER T L-Brfifat 6 EHK E-1 49 16S rRNA Z[E PCR =45 BE SRR
HEZERE . HENEAI IR . BAh, WIMRFE AR RIS
E*ﬂ pH %&ﬁ:T E"Jﬁifﬁ‘%ﬁ%@% , SRR K R Figure 6 Agarose gel electrophoresis analysis of 16S

rRNA gene PCR product of strain E-1
B 25-40 °C, pH JELESH 5.0-10.0, Note: M: DNA Marker; 1: 16S rRNA PCR product of strain E-1.

100 ,—Shewanella frigidimarina strain LMG19867 (AJ300833)
54 ‘—Shewanella frigidimarina strain Pi 5 (AB365067)
Shewanella oneidensis strain VA6 (KC594645)
Shewanella oneidensis strain MR-1 (NR_074798)
Shewanella putrefaciens LMG 2369 (AJ000213)
Shewanella baltica NCTC10735 (AJ000214)

41

32
100

Shewanella putrefaciens strain NBRC 101726 (AB681550)
———Shewanella baltica strain X1410 (AB205580)

81

Shewanella amazonensis strain SB2B (NR_074842)

r E-1 (MK787267)
100 L Spewanella algae Hiro-1 (LC339942)

100 rShewanella woodyi strain ATCC 51908 (NR_074846)
lShewanella woodyi strain MS32 (NR 114412)

95 100 | Shewanella halifaxensis strain HAW-EB4 (NR_074822)
Shewanella halifaxensis strain LPB0184 (MG283319)
93 | Shewanella violacea strain avin13 (KF245477)
100 IShewanella violacea strain DSS12 (NR_074924)
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Figure 7 16S rRNA gene phylogenetic tree of strain E-1

TE: 55 SRR B A GenBank 25655 &40 308 R AR T 1000 225015 B A B A5 (E.

Note: The serial number in brackets denotes the GenBank accession number of the strain; Bootstrap values (expressed as percentages of
1 000 replications) are shown at branch points.
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ASCVAME K R R a sh 817 RO h %
A5 AN [R) R e BE A S A= B i S, DA S 1 PR AR A=
Y b A5 B — R A B SR U E B R B-1. 1%
AR T AU NaCl B9 54 02k o b v = A
) e K Bt H R N 28 %5 B 4300 h 554 mv Fil
51.69 mW/m’. 2013 4F, 2 A PN 7 B {A IR
76 R B B 25 K M MFC Ha] 7= A 1) i Kb
O AR R B R % R 4 S 310 mv M
14.35 mW/m’. 2016 4£, 2 fRiit 2506 438 i — bk
T2 Clostridium sporogenes SE6 EF1%]
MFCs H, Hy=A: ffa e i s i R IR 5% 5
B4 118 mV il 44 mW/m®, AH b T ixX 26 2 4 Y
FRHLI AW, AR E-1 N HORS5R A0 H AL 2R TR
HAEAF RN, W BE-1 1EAMNEES ok
6.6% PG A= PR L St P ™ A B RS L S Rl K
T 255 B4 W56 % 384 mV Al 26.56 mW/m®, H R
KT £ 7 H A 0 P e /D L TR PR B 7 HL K
AT BRAE B K OF- . 2010 4, Huang ZCO AT
DU o B A5 8 T — kR PT LR SR Wk 3
1%—8% K =t 1) Shewanella marisflavi EP1
W, ZHE A 6% NaCl F ik 2 5 Kk i &
219 mV M KR HERE 9.6 mW/m’, [Fl4E, F )%
2 DU ] A7 88 W A0 0 o IR T 3 10 77 H 7
Shewanella sp. DS1 7E NaCl ¥kl 1%—-7%514F
7 APEREFAT T 408, WIMER SR 3%,
FEIZAE T R R K LR 202 mV, e K
R 17.21 mW/m?, 2016 4, 2[4l
ATV A8 R 1 g 388 ) ) s v O 2 o — R ™ HL TR
Shewanella sp. m2, XJ TR PR 35 77 S5 i T R G
IS IZERTE NaCl ¥R EE R 1.035% F A i ek
R 115 mV. SXEegE R, Wk
E-1 XFh7EER 30 T 230 H 0 B4 Ak 2416 1k,
{5 A5 AR T AR TR A BT T R B B N
AR 1K

BEAN W5 38 R B0 P B FR ) 7 PR R AR 3222

PRI 2R 3 D) 2 A i Py L) = B B Al PR = B,
1 23 Bl NaCl ik B2 i35 R Ae T s e BR AR i n]
REAE RN TEA 18 1) 6 20 FL N, 1 o i i 42
o T LA PR A BEL, AR T s e RE
ER R FE R R s, 2067 H TAT A QTG 7 A Jih A
F, SR AR F A2 16 4 . 2R S o & B
HPETE S A 5% NaCl WREERIZF T, SEd B
JR) 24 h 35K 2 35 h A2 4, RRUE ISR R
ODgoo THH1 1.6 TREF] 0.35 Z£4PY, A CH,
kR E-1 Bd bk B 6.6%, AT A H ok Y
2.5 h K E 6 h /ity RUEHIARIRIER ODgoo
fir 1.66 TRER] 1.53 Zef . 5 EIRTARMLL, W
PR B-1 X580 HA B i 527, e85 R AR
BRI, XAl R R S AM TR RIF™
MERER RN

WL R AFEMEL . Biolog T AT 168
rRNA FERFFFNER, 7 Bk B-1 B e
LG W (Shewanella algae). T34y B H i BT
1985 4F 1 Kotaki S MZLHER 08 A, HFg
firf4 o OK-1; A ILIRE OK-1 J& 4 2 [R P
W, MR, AR, Al SO B AN,
MRS X LERAE Kotaki 06 LI A S 2 M B B,
1990 4, Simidu 4347 7 OK-1 H(G+C)mol% % &
F1 16S rRNA KL R IL 3 41 55 a5 5 & B OK-1 5 %7
FLIRH B A BOR RS R, (HIE OK-1 5K Ay
FLEC T (Shewanella putrefaciens) B 5E 75 [BIAT5 A7
TEREES, FrLlE OK-1 & SCA—F B BLI
W, BNV 3E 7 FU IR (Shewanella alga)®™®, 7E 1997
FIEXH 4K Shewanella algae, BHT, KT iH
A PU IR TAE 1 R 2 4R WP e R W A 7 s R LA
T AR 4 @ BB b A 5 1O A SO
HIRX} Shewanella algae Ff N AE Y 7= H PR RE f2
HAE A YRR it v i T B4 18, BUR 8 T
R S AE Y RN I e SR FH A PR
th A2 AR AT K G UR Ak A BRAR A T R 5 L i
HUB ) S R
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