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Abstract: The secondary metabolites, phenazine products, produced by Pseudomonas aeruginosa can mediate the
electrons transfer in microbial fuel cells (MFCs). How increase the total electricity production in MFCs by improving the
characteristics of Pseudomonas aeruginosa is one of research hot spots and problems. In this study, P. aeruginosa strain
SJITD-1 and its knockout mutant strain SJTD-1 (AmvaT) were used to construct MFCs, and the discharge processes of the
two MFCs were analyzed to determine the key factors to electricity yields. Results indicated that not only phenazine but
also the viable cells in the fermentation broth were essential for the discharge of MFCs. The mutant strain SJTD-1 (AmvaT)
could produce more phenazine products and continue discharging over 160 hours in MFCs, more than that of the wild-type
SJTD-1 strain (90 hours discharging time). The total electricity generated by SJITD-1 (AmvaT) strain could achieve 2.32 J in
the fermentation process, much higher than the total 1.30 J electricity of the wild-type SJTD-1 strain. Further cell growth
analysis showed that the mutant strain SITD-1 (AmvaT) could keep a longer stationary period, survive much longer in MFCs
and therefore, discharge more electron than those of the wild-type SJTD-1 strain. Therefore, the cell survival elongation of
P. aeruginosa in MFCs could enhance its discharging time and improve the overall energy yield. This work could give a clue to
improve the characteristics of MFCs using genetic engineering strain, and could promote related application studies on MFCs.
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MBR .
1 mRE7E
-1- 1.1 Efk. EFRE5KH
1
[21] . .
Luria-Bertani (LB) ( 10.0 g/L
5.0 g/ NaCl 10.0 g/L)
13.75 g/l (NH4),SO4 2.0 g/ MgS0O47H,0
0.16 g/L 0.5% FeSO47H,O0 1.0 mL/L 1.1%
CaCl,-2H,0 1.0 mL/L  0.2% MnCl,4H,0 1.0 mL/L
MvaT 2.0% ) LB
8.0 g/ (K5Fe(CN)g
2 [22] 16.45 g/L Na,HPO, 12H,0 17.91 g/lL KH,PO,
6.80 g/L)
SITD-1 SITD-1 ( ) T4 DNA
(AmvaT) Thermo Fisher Scientific (MA US)
PCR
-1- ( )
1.2 REILRELHE SITD-1 (AmvaT) BiFRZE
TEK
77.9% SITD-1 mvaT [24]
F1 AXFTRHEMS R
Table 1 Bacterial strains and plasmids used in this work
Strains/plasmids Characteristics Sources/references
DHS5a E. coli cloning host Qiagen
SM10 thi-1 thr leu tonA lacY supE recA::RP4-2-Tc::Mu Qiagen
SITD-1 P. aeruginosa strain, CGMCC No. 6584 [23]
SITD-1 (AmvaT) mvaT-knockout mutant of P. aeruginosa SJITD-1 This study
pEX18Gm Gm®; oriT" sacB*, gene replacement vector with MCS from pUC18 [24]
pEX18Gm-mvaT-HR pEX18Gm inserted with the 700 bp upstream and 500 bp downstream This study

fragments of mvaT.
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mvaT-F1/R1 mvaT-F2/R2 mvaTl
700 bp 500 bp

(F1 5-GGGGGGGAGCTCATCGAAGG
CCGGCTGCTTG-3" R1 5'-GGGGGGGGATCC
CGTGGCGCGATATTCGTTGAT-3" F2 5'-GGGG
GGGGATCCACCCTGCTCGGCTAAACCAG-3’
R2 5'-GGGGGGCTGCAGTTCTCCGCCAGCGA
CGACC-3") PCR

Sac 1/BamH |  BamH 1/Pst |

T4 DNA
Sac 1/Pst 1 pEX18Gm
DH5a
pEX18Gm-mvaT-HR
SM10 SM10
(pEX18Gm-mvaT-HR)
SJTD-1
LB 10%
PCR mvaT
SITD-1 (AmvaT)
13 EMB i
2
400 mL
360 mL
HCl
SITD-1
SITD-1 (AmvaT) 3 mL LB
37 C 200 r/min 1 mL
100 mL LB 37 'C 200 r/min

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

ODg¢p=1.2-1.6 4 'C 4 000 r/min

15 min 4 °C
4 000 r/min 8 min 2
360 mL
ODgop 0.01 360 mL
1980 Q
37 C 180 h 1 min
(1 980 Q)
USB

1.4 BEHRERKHZENESHEDSENE

2 h SJTD-1 SITD-1
(AmvaT)
2 mL 1 mL ODyo 3
1 mL
I mL
( 10 000 r/min 5 min) 900 pL

(
10 000 r/min 5 min)
0.2 mol/L (
10 000 r/min
OD,s, 2526 3

5 min)

2 HER5

21 MEB-1-REEFTENSTHRBRERR
SITD-1 BIfRAE ¥R 43 BB st Al B 3T 72

-1- (PCA)
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MFCs MFCs
1] PCA
SJTD-1 MFCs
PCA
SJTD-1
PCA
PCA
(D SITD-1 (AmvaT)
MFCs
SITD-1 (AmvaT) MFCs
PCA
PCA
( 2
SITD-1 SITD-1 (AmvaT)
-1- (PCA)

SITD-1 (AmvaT) PCA

20 pg/mL SJTD-1
13 pg/mL PCA SITD-1
440 mV
SJITD-1 (AmvaT) 130 mV
2 MFCs
SJITD-1
(AmvaT) 130 mV 40 h
SJTD-1
( 1 2)
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B MFCs R 32 XER R

-1-

500 -~ Voltage 500
450 ~PCA 450
400 400 5
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Fig. 1 Time course of electrode voltage and PCA
concentration in SJTD-1 MFCs. The black triangles
represent the contents of PCA, and the gray dots
represent the electrode potential.

220 220
200 200
180 180 _

5160 160 g

E 140 140 5

& 120 120 =

£100 100 S

S 80 80 &

60 60 S
40 40
20 20

of

20 40 60 80(h;00 120 140 160 18%
t

2 SJTD-1 (Amval) £¥)AB BB BEIREES
PCAR EMMETLHL (BEZAKNKKRPCAS
g2, ReESRERERBE)

Fig. 2 Time course of electrode voltage and PCA
concentration in SJTD-1 (AmvaT) MFCs. The black
triangles represent the contents of PCA, and the gray
dots represent the electrode potential.
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-1-
SITD-1 SITD-1 (AmvaT)
MEFCs
MEFCs
SITD-1 SJITD-1
(AmvaT) MEFCs
SJITD-1
MFCs
MFCs ( 3
SITD-1 (AmvaT)
MFCs
(4

2.3 $EFREBEBE SITD-1 (AmvaT) BYTEE
RHEERKAIESEYRRN BN TEE
3 4 MFCs
SJTD-1
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400 - Voltage 400
~ 350 = ODyy 350
Z 300 300 2
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Fig. 3 Time course of the electrode voltage and the
viable cells number in the SJTD-1 MFCs. The black
triangles represent number of the viable cells, and the
gray dots represent the electrode potential.
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Fig. 4 Time course of the electrode voltage and the
viable cells number in the SJITD-1 (AmvaT) MFCs. The
black triangles represent number of the viable cells,
and the gray dots represent the electrode potential.
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160 h
2321 SJTD-1 90 h
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