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1. A =&

L

HZ AN EAsE vAE FR e B0 EAMESA o]l Axs A gl
BABES A HhH S o &319, wldd Yoz 3] AL WAE Fo $HE 7}
Tty Bk tFsin ZYe ndE FRFERY gete] spesit 1 FolAE FISH
(Fluorescent In Situ Hybridization)§1-2 w4 & o] 23 DNA &L RNA FFEF o]
F2E A2 278 DNAY RNA(probe)E AEAA BAsHE 7€) of 71%e wa
e A9 A adz Ay 838 $ oy, Ho] 43 st ¥mE wE AR
el W38 FH A7 - F0H Hge ord 5 ik

n AL AZ AR (Microbial fuel celhe A=A o w3ujudd oy ES PAEFS
A BEITLH JUAE 2N Uz HEste FH otk K18l dstE o
SAEE ARE Y Aoz Hg /s v Bl nAE dgdA WA A&}
S8, o2 WAES AU EH AN TR k. 173ty BAEREES

oFd A AE A ikl 7Vs3sy, A28 eA SAu g Ee] T FE A
AE ARAAE AFNHFR), AERARAN Fo2 F8HG

AHAGAN FYHE dFe Q8 43, d2dPE, 25 Tol ¥R IFH
gle.m, BOD 700-3,000 mg 1", COD 182-31,500 mg 1 ' 9] EAL 7tAe ReE RA}
Hi k. g AE dhF 9% 52,000 €9 HyH 4o wiEs e, B - 38 A
3 HeAg38S ALt Ay 2 wiEsa o

B A7dMe vAE Jd5HAE ol &3ld YA S £HAZEE AYEEH EA4v
BEE w33t FISHE S o83l mlAE AR 9 Asd d4d A4 E 3
9 F2E B4

2. A& ¢ ¥

B A7A dEdoz Agd F¥HS X3 e Ae T AET ARE 5
AN AAFEAA AH3AT A718erE GRS T SS g FAE ¢ .?r]d
A A 2®e AAA7)E 40x80x30 mE AZF AME vlAE AgdA dAH A7

3E &3] 93 HEnHE 95 zE Ad78% o pAsgY g 35T o
Ag 2xoA APFFHAG HE 24X F 200 QY 9F AFS Za1, 3= glucose
9} glutamic acid7} 2 150 mg 1'% #7}1¥ synthetic wastewater®, FFolls A7 F
e ZFFE FYsA WA FFL 1 ml min 'Y £E2 &F 249, 13T 15848 F
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JalH T, ANAH AFE 609 13 +3

1 — 39 tHFig. 1). T3hulcke] kg WA
oy L ML TMETER 9 #7105 P 3 AAAL G (SEM;

HITACHI S3510N, Japan, CLSM; LSM
510 ZEISS, Germany)& &S %3] #4d3}

At

i el © UAE 239 B4L 9
Migrobigl fuef cell 3]] u]%% OEEL@X]—O’] —%E‘L% 20 mm X

INPU NPUT
- ‘J l__" - 20 mm =ZAZIE AP 5 mie  1x
) 1 s Phosphate buffered saline(pH=7.0)°l 3

{j alel

Medium UT PUT Distiliad water 7}8te]  vortexing € 3] HAFogHE
= 0O === -3 A
Fig. 1. The schematic diagram of e 2 FESHAT FEE A
microbial fuel cell system. & TR 4% paraformaldehyde solution

o2 AL, I AFYPE T AR
Z} 1 ml¥ polycarbonate membrane(diameter, 47 mm; pore size, 0.20 mm; type GTTP
4700; Millipore, Germany)S 3 AH Zofl #4585 F&AFth AF&E FISH probe &7
& Table 13 2o ¥F2 CLSM(LSM 510; ZEISS, Germany)< %3] &3t 7zt
a5 UAEY = A3 Asstd JeEdd

Table 1. rRNA-targeted oligonucleotide probes conditions

"Probe Label Target group Sequence (5'—3') Target

EUB 338a Fluorescein Bacteria GCTGCCTCCCGTAGGAGT 165 rRNA
ALF 1b Cy3 a-Proteobacteria CGTTCG(CT)TCTGAGCCAG 16S rRNA
BET 42a Cy3 B-Proteobacteria GCCTTCCCACTTCGTTT 23S rRNA
GAM 42a Cy3 Y—Proteobacteria GCCTTCCCACATCGTTT 23S rRNA
CF 319a Cy3 Bacteroidetes TGGTCCGTGTCTCAGTAC 16S rRNA
HGC 69a Cy3 Actinobacteria TATAGTTACCACCGCCGT 23S rRNA

3. A3 9 3%

Ay YT AN nAE deAA e A3 AP vAE FHY Y
< 93 HA F3uds AR 3G AF F F 5ol AYEA dA®L AR/
HES P, oluhe] coulombic yielde 051 C + 1.16% % tHdata not shown). LA 3
AF7F A Ul EAEE vAEY 9IS FA3) A8t AAANE BEFE AP}
AtHFig. 2). SEME G 249, HF A9 A3 ¢& g2ty so] B9 FL gdartgs
o] 7148 7] FAHUE FHE FFo] At Wl LTI AT BHo] BF
HAJth 3G 45 Fele AF shge gre o] dAHY Y AL FA F 5 4
A=d eSS 500002 o #Fs B A9 vAEES] Ao £ biofilmE FA3}
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(A)
Biofiim formed on

the surface of

carbon fiber.

Fig. 2. (A) Scanning electron micrographs of the electrode: a; the control electrode, b,
¢, d; enriched electrode. (B) Confocal laser scanning micrograph of the biofilm
developed on the electrode.

IAE ABAAY A3 A4E vAE ZHY BAS Y8te sslde] gz A
FO2RE vAES FE3o FISHE Jystgn 1 dabe of 9 Fig. 37 2ot A
MAE TR A 4 vAE F9 Bl&S Tolry) 9Jate] FFF DAPI staining )
23, s dd vAE 23 W F mAESE 168 + 080 x 10" cells/ml o]t} 2}
I8E FE 50132 probeo] od YElY B 23 nAE FAEITS AWEE A
A vlAYE F Eubacteria?t A8 W& 699%S HET, 718 BANAM §7]1E0)
FHHEA oE AL AM&3e Aoz g#EX ¥ B Proteobacteria group
(Nitrosomonas, Thiobacillus %)°] 20.14%, Proteobacteria®lx 7} & Ago g thoksh
B F3¥E& Hol: y-Proteobacteria group(Pseudomonas, Azotobacter, Vibrio,
Shewanella, Klebsiella, Escherichia 5)°] 17.34% 2 331 &< B4t ®£3 v
& A}, B Ro9Yg AauY 53 2L EF AR L 88 o Proteobacteria
group(Rhodospillum, Richetteia, Caulobacter, Phizobium, Brucella, Methylobacterium

=

)2 1081%, EAFANA F2 MAFe WHFosE =& G+C ¥ 2 7t =
Actinobacteria group(Actinomyces, Arthrobacter )& 6.10%, EF3 sk S At

© Bacteroidetes group(Sphingobacterium, Flavobacteriaceaes )< 12.19%9) B X E H
Aot

ol¢} e ANERY HYHSF YT £YAE vAE AR AR HEd A
= s3uidd vBE 2H S FE B Proteobacteria group® y-Proteobacteria group
o8 FA"EYE AMES o £ Y
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Fig. 3. The structure microbial community enriched on electrode sample by fluo-
resecent in situ hybridization. DAPL: DAPI staining, EUB: Eubacteria, ALF: a
-Proteobacteria, BET: [(-Proteobateria, GAM: y-Proteobacteria, CFB:
Bateroidetes, HGC: Actinobacteria (Gram-positive bacteria with a high DNA
G+C content). The bars show the standard deviation.
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T AY¥E eAde @713 Z240AM /4718 HE L RYMNES o)&3E O
-Proteobacteria group®l 33t AES 4 F AT

¥ o Mg O fu g
mlo_%;?.r&lo}ur}m b
S

r-Ll

FxEE

Allen R.M., Benetto HP. (1993) Microbial fuel-cells. Appl Biochem. Biotechnol.
39:27-40.

Amann R., Binder B.J,, Olson R.J., Chisholm S.W., Devereux R., Stahl D.A. (1990)
Combination of 16S rRNA-targeted oligonucleotide probes with flow cytometry for
analyzing mixed microbial populations. Appl. Environ. Microbiol, 56:1919-1925.

Bagchi D., Stohs S.J., Downs B.W., Bagchi M., Preuss H.G. (2002) Cytotoxicity and
oxidative mechanisms of different forms of chromium. Toxicology 180:5-22.

Kim B.H, Park H.S, Kim H.J, Kim G.T. Chang LS. Lee J., Phung N.T. (2004)
Enrichment of microbial community generating electricity using a fuel-cell-type
electrochemical cell. Appl. Microbiol Biotechnol. 63:672-681.

- 158 -



