The Korean Journal of Microbiology, Vol. 38, No. 2, June 2002, p. 133-138

Copyright(©2002, The Microbiological Society of Korea

MSA MEE0AM 2elet HeMe 54
YRS - Ol - M2 - otefg
CIRchEm DjEstn

B4 o] & B Mol 23 A Y- AEX T3} £ & 3(biogeochemical cycle)ol] 73 8.3}, o
E ZAF VDY FE(VDH 2 B4 35 EAY 33 77| E3 9 Alsle] 2l o] F7| o Folt. F 37
TF9] Fe (1) $Y A FE& 2439 A3 29 AR 7 Flslg o) F AA- F 27] Fe D] §-i-3Fol
1R ER AL 2450 AAEG O} Fe () T 5 2 74 2 Fe (D 73S B FUA S
A7} A Jebygeh 28 228 75 F AIA M F= 8 FF €29} CI7F /M L Fe (1) 5L B
F9lon o] FFE o8-8l ofat HAl FAA Y o] 4 o X-F AP Glucose, yeast extract, acetate,
ethanol, toluene 5% ©]4-8}ed A& A3} F FF 2F glucosed} yeast extractTH-E AR} F A = o] L3¢}
=3 AR $LAZ B FHYA A3 humic acid®} nitrateZ o]-§-3}3.2n] $8&o] F2 nitrate
reduction®]] 2] 3] 35 %%l humic acid7} T}A] 2 Ak 3}
C39] 16S rRNA AR A A3}e) 23 Aeromonas hydrophilast 95%2] FAHA& BgF%h
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AR Sloh. o] A o] #1A AeiAleME & 7
wlgk Aol #all w@ol Art =Hojx it o] 2] F4 o]
20| A} FEA| R o]§Ho] SH= Ak Aol Had
& ol2g Fd3ke daleke tE2d #8714 SFelA AA
T2 Y 12-2] 91& dissimilatory reduction®]
2} 319, Fe (IINE A4 F8AR o]&h= v|d=o] F2j=7]
ol & AFske 34 o]0l F71H AejAlNA rlAdES 280
2 e kgt geleds Foll 2aiA sehr e g
5= AoE AHZEJTKR). Ferric iron [Fe (IMN]S ferrous
iron [Fe (D)2 ZYA|F]= dissimilatory iron reduction-
1980 3tHoll £ Shewanella putrafaciens’} H-2]HHAA] L *]7]
Al&ssaTh(16). ol9)ol dEAQ H B AT OS2 Geobacter
metallireducens, Geobacter sulfurreducens (7),
palmitatis (14), Pelobacter carbinolicus (19) 5°] AFEH x| 12
Ut} Fe (IHE AA F-8AZ o83z 718 ZFL <A
Fgo] 243} vV =11 8 g Aol vid A4 Al
Hth $Y% A4 FAAZRE g2 A UAE 45 7
om(2), Mg o EAshs Askddl HI8) Fe (U= AFAA ol
BALEHA A7) wWiEel 8714 AN 29"
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AslAl7)E Helo) 571w 3k 14), E1A AEAC A X3}
Fo] 2 dEE . F71ES 65% ol BElE & e A3
olth3). &3] 1% Hale W FES AAe JE¢s
3712 gt} EF Fe (1) ol O A8 A3 oF2
A7elr] e e 2o B4 FEEY A A7 F
2%t mulo] Ft}. Desulfovibrio desulfuricans®] 735 &3|%
7} & U(VDE E84Y uav)E FDA715(17), 8439
Cr (VD7} B849 crliDZ 95+ A ol9fdl Co (V),
Mo (VD), Cu (II), Ag () 59 A= v/ E n[QE
o)z o] FJZTH(15).

Humic substance’= 3120 2 B35k EZo|w A3 E¥ 3
WA A8k UTh22). AFFAIAL] Fe (1) 242 humic
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(1) 13} A v AAE oste] $91E humic acid’} A 4kslE
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A% 74 80 moll AxFh= AHEZRE AFEAH, F3A
A58 75 4=9] 7huto] A% AeA] FHo| EYFO2RE
A AHAE A g B FaHoE ARstd §714 4

£ FA810 AlRS HEad kY &R0 gk oS
53 & E37F2(hydrogen 5%, carbone dioxide 10%, nitro-
gen 85%)E AF9] F7IE NP1, A5 EF VAR U8
Bl 4bAo] FUS & A & 4cellA] RAsHET

AlE2| Fe (II) 52} Fe (IIN) & &

Fe (N9 37 Fe (II) FA5S Lol st A A
A MAE 50 ml serum bottleol FHISHATE Ha A wRE
nitrate &4 BIAE HE3 A nitrate A Fe (III) citrateS
ol gatgth. MiAel ZAL 17 % NaCl 2.0g, NaHCO, 25,
K,HPO, 025 g, (NH,),S0, 0.03 g, MgSO, + 7H,0 0.05 g, CaCl, -
H,0 0.02 g, Trace Metal sloution 1 m+e 7183 trace metal
solution2 100m! & Fe-EDTA 02g, ZnSO, 7H,0 02g,
FeSO, * 7H,0 0.15 g, CuSO, - SH,0 0.03 g, CoCl, - 6H,0 0.02g,
Na,B,0, + 10H,0 0.01 g, Na,Mo,0, + 2H,0 0.01 g, MnCl, * 4H,0
0.01 g& FArlete &8ttt AR 4AE 10 mM Fe (IIl)
citrate, A2} FHHZ 10 mM sodium lactateE vl X]ol] FL3}A
B & 7t A7 1 g8 HE3}3 rubber?} aluminium capS
& %, head spaceS EFTI=E 2|83t F713 HFEHE wHSof
FA}. A Z2HE FAZE o]83t 100w A test tubeo]] &
Z35 & kA A)eKHEPES buffer with ferrozin) 5 mie BHS-A]
o, 15 B F 562 nmollA] Fe (IDE 243t %71 Fe (1)
9] S AFAY12). N-[2-Hydroxyethyl] Piperazine-N'-[2-
Ethane-sulfonic acid] (HEPES) buffer with 3-(2-Pyridyl)-5,6-
bis(4-Phen-ylsulfonic acid)-1,2,4-Triazine (ferrozin)®] =42 1L
3 ferrozin 1g, HEPES 50mMeo|™ AFE 3 standard
solution ferrous ammonium sulfate= AFESFATH 271 Fe (I0)
o] FE& 34 T 6U 27°CAlA HgBIR e ] TUF W
HOZ Fe (9] 4= 5743l Fe () FU5E A5G0

Fe (IID) &2 Mz2 2|

Fe (1) 34 AlTg £2)3l7] Hste Han|x|ol 2} 583
2 Fe (III) citrate, A} FAAZ sodium lactateF 47}13HH.2.™
Bacto agar (Difco, Detroit, USAYE HZEFE 1.5%7F HEF
7¥ste] FHlskgn}. w3 tryptic soy agardll Fe (II) citrateE 3
71 A% FAl o]859t) AR EH ARE dAFHeE 34
ste] 100w B HFEFSR LW, HFE WA= Anaerobic jar
(Merck, Germany)ol| 4] ¥jslg o &7 218 THE7] 23]
Anaerocult A (Merck, Germany)E A|2EA1e] x]2le w2} A5}
At vk 27°colA 747 AldEtE T A4 E colonyw
Tryptic soy agar (Difco, Detroit, USA)OIA At 2 &4 vk
& FHFHoZ Fe (IINTYSS s

22| 239 Fe (NI) &l
E2E d59 Fe (1) L5 S4S 93 22 iAo AR}
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FEAZ Fe (Il) citrate, IR} FHAZ sodium lactateS 713
brothS 50 m! serum bottled] 30ml ¥ BFslod Fnsigct &
A Z2AE Yl 22 - d93 g5 Tryptic soy broth (Difco,
Detroit, USA)IA ZT 271 ¥, Fe (I) 895 3L 9%
HauAle F3%E 0.15 (0D,)7F H=F HZE3Ah Head
space® EFTIEE Xl Fr1H FER e £ F, 27°C
oA 1097 vieksldTt. Fe () %58 o)Ax}t FAF wy
© 2 Fe (] W3l 43 ARt

HX S0{A|
AR FAREA GFE 7149 o] 8 AFE ZAR] #st

=0
o=

F 4 iAol glucose, yeast extract, acetate, ethanol, toluene
Zy7) g TR Hrlste] #lEka, A EAE 10 mM Fe
() citrateS ARE-3FHEE ZF 53 €A ¢ inoculums A&},
AT €714 duE vl & F, 27°ColA 6 L3t widst
Aot 6 A AT ¥ Fe (DY 47 440 nmollM 9] FHB= S
2 Fe () ¥L53 TA9] AFES ZASAU

Humic acid®| &2} xjj{t5}

Humic acid®] 93} A28 reoxidation)E ZAIEF7] 931
2 viR]ol] A} $=8AZ humic acid F-AHQ) anthraquinone-
2,6-disulfonic acid (AQDS)E Arlsla Hx} FHAEE 10 mM
sodium lactateZ ARE-319 ). 2} #5357 IATE inoculumE A&}
3ted HE3hH, 27°C E71d AElolA 4 LT widsiaTt. 450
mmol A F¥UE FEQ  anthrahydroquinone-2,6-disulphonate
(AHQDS)Y] F3= WstE 24332 7(19), AHQDS EA)3}
o theFslk FE(5, 10, 20, SO mM)9] nitrateZ H7IE F F,
4 47+ wjeFslgth AHQDSS A4AEE dolrz] s
450 nm oA AHQDSS] F2EE Z73ste] AHQDSS wWslaf
< ZA3IA

16S rRNA XXt 24

Fe (II) 3450l =3 2, C3TFE 543 93k 168
RNA -4 £48 HAI8lH) A T8 tryptic soy
agarol] HFSIa 27°ColA 1 L3t vk = 0.05 N NaOH 30w/
of 2lehd T colonyS one loop®S #H3led ¥ § 90°Cell
A 15 B3¢ 92 A1A template (DNAYS Zv1%Th 16S rRNA
FA2Le] FZo] o]8&% primers eubacteria®l 168 rDNA
domain®l] Eo]F o8 FaAsle ZFE3F}= 27F (B coli num-
bering 8~27: 5-AGAGTTTGATCMTGGCTCAG-3)9} 1492R (E.
coli numbering 1492~1510 : 5-GGTTACCTTGTTACGACTT-3&
AHEBIETH(11). PCR ¥RE-ES] 2438 10 H) 9h8 2-4(100 mM
Tris - HCl, 400mM KCl, 500 ug/m/ BSA, pH 83), 1.5mM
MgCl,, 250 uM dNTPs, 100 pmol primer®]™, FHIE template
(DNA) 1 u?} 5U9] Taq polymerase= 718t F 50w &
22 YRS mineral oil 30 WS FE3] ¥Hg-& JAFTH
PCR WM 272 94°Col|A] 5 £3F 7] EAEE & F, 94°C
oA 1 &, 55°CollA 1 &, 72°CellA 1 & 30 24 3038 WHE3}

X

&
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3 R gels 72°ColA 10 B2F A3 F uk-S FOIAT
ZZ% PCR ¥H3-E-2 agarose gelo| A A7|9531 8915140t
DNA sequencing system (ABI PRISM 377 DNA Sequencer)e
o]85}e] direct sequencingS AAIEIFELH, 2R ¥ HES
GenBank (http://www.ncbi.nlm.nih.gov/Genbank)©] databaseS} Hl
&P e, CLUSTAL X%} GeneDoc program (version 2.4)S
o8-8t E-75H Y& IRk

a5 ¥ o

A|E9] Fe (I) =T 2} Fe (IIN) &Hels

AYg5et A5 A AHES] Fe (I) 5T £%359] AEE
7} 163.9uM g-dwt™!, A5 A]2] HAE} 490uM g-dwt''E =
A ATHABAZ). 23 Fe ()Y LS 24359 AEAE
7} 59.0uM g-dwt'o]lon Mz A9 AAEIL 2224 uM g-
dwt"' o2 AUYF 9 AFE B} E%ch(Table 1). 2459 A2
EdA Fe (IDY F=7} 7FE &2 o= &%59 4% U+t
29 RIFEFTE FAXY AL RU1E Fride] Fom 919
HAE 34 7] WiEog AT 74 somiXe HEH
A= 7°C AEE FAsla AATP T HIls 4] o A
HeHo2® P A& RAFEZE(1), 2 7|7t 5 Fe
Iy EF =i Ao Woln Fe (DY £4) }ol) diz]
o] L Fe () To] 3 A WY YR} S
A e g BHtK17). FEAE T A& A% 5HE&F
o] Ago| BAo|1 AE3lre FYLE A% {7E] F=

Table 1. Fe (IIl) reducing activities in sediments of the lake Soyang
and Chunho reservoir

Fe (1) reducing activity (WM/g-dwt)

YN 54 135

7} Eom AR, AP 99 7} Z7) wEol Fe (D9
2kske} Fe (9] $4o] F7)7F &< Aoz FHHoA
Fe (IDQ] §3o] 71E R olfs B oo EYAE0]
7] WEo) AstE AoE Holn, wi% ¥ E& Fe () 4
S Hole e AY B4 MNE B¥ Bon e £
He] WMslZ Fe (1) FAS0] &2 F3o] AT e A
o2 FAHEn}

Fe (IIN) &8l M2l £2]2f Fe (I s

Zt o] MAEZRE Fe (INEHASS 2t A5E AEst
o F 37 #FE B3I 23 #5559 Fe () LSS
11.7 pMoll A 466.8 pME VIERG o o (23 Al gk M B A A Ee
H o3 2% 32 47 ulek 9Yol 466.8% 4354 uMe] Fe
(IDEY5-S JeEbYTHTable 2). HE 22 Fe () 3Y AlT<)
She-wanella putrefaciens®] 73% 30 mM2| ©-A93 50 mM9]
Fe () citrate &3] 3lollA 3U okl 40mM FEE SYA
Ao Bt gloem(18), ¥ A Y3 23t 2
o] &3} Shewanella putrefaciens DK-12] 7% 575.1 uyME&
FANATHEEA ). old C2FF 9 C3TFFE o|-§3l] A9
ol ]33 ¥}

TR S0{A|

ARg 5 €2, €39 Fe AR BRI o8 ARE 2
A3 A3 okl F5(1, 10, 20 mM)2] glucosedl X -5
Fe (II) #gso] vgsle F7keke RS & 5 UK Table
3). 59 A FF 29 F$ 1mM glucoseel A 0.1
(OD,,), 10mM glucoselA] 0.188 (0D, )2 YEISSH 20
mM glucoseol Al I 0207 (OD,,)% F7H Hod FUt}. Fe

Time (days) . e . .
Soyang Chunho Table 2. The Fe (IIT) reducing activities of isolated strains
0 0.0 0.0 i Fe (IIT) reducing acivity (UM)
Time (days) - -
1 1.5 94.7 Strain C2 Strain C3
2 5.8 180.1 0 0.0 0.0
3 17.1 194.2 1 33.7 453
4 48.8 208.9 3 68.8 984
5 51.6 215.1 6 205.9 2879
6 59.0 2224 9 466.8 4354
Table 3. Effect of electron donors on growth rate and Fe (II1) reducing activity
Glucose (mM)  Yeast extract (mg/L)  Acetate (mM) Ethanol (mM) Toluene (mM)
1 10 20 1 10 20 1 10 20 1 10 20 1 10 20
Growth 0.100 0.188 0.207 0.013 0.089 0.112 0.010 0.008 ND 0.008 0.011 ND  0.004 0.007 0.000
SwainC2. Fe (Tc)t‘fv‘if;wing 2299 274.5 2887 196.1 2284 24998 ND 203 ND ND 41 10 ND ND ND
Growth 0.128 0.200 0.241 0.023 0.113 0.151 0.010 0.018 ND 0.006 0.002 ND ND ND ND

Strain C3  Fe (IIN)
activity

reducing )¢ 3 9588 2897 1652 2101 2407 1.5 79 ND 36 15

ND ND 4.4 ND
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() Y5 = 1mM glucoseolA] 229.9 uM, 10mM glucose
oA 274.5uM, 20 mM glucoseo ] 288.7 uME Z7}e] SRS
Hlom 3 FFME HFre ole AUAAT glucosed] 5
o S7tell W AAET Fe () FYFY Z71E Holng A
B F A5 BF glucoseS AR FAFZH o)Ll ke
A& & 5 SUATE Yeast extracte] A% glucoseX T} ozt
& AFER Fe () 395L R FAAT 7]89] B2
HiEst] GFET Fe () BA5 B3 S718ke 2e 2 5
UATE AT acetate$} ethanol, toluened] 7% AAE Fe
() 5ol A YehdA] Ut Acetate®] H-$- A4Fo]
0.01 (0D, °I3t9] F7te} 20uM ©]&}9] Fe () 5L 2

21 ethanol& 0.011 (OD,,,) °l8k] 4ZER 4.1 uM o5
Fe () 452 RAFYIL, toluene 71 wre AAE 0007
(0D 44uM ©]3}e] 7P W& Fe () 8458 HolBg o]
718E AA FAARZ olgsta A ¥ Qrhs ARle &
AATHTable 3). ]9+ 2] acetate™ R} FAFEZ 088}
F8he TFEE Shewanella putrefaciens?} 1. 2P(18), Geobacter
metal-lireducens®] 75 acetate® AR FAAZ o]-L3n WepE
BpehEs) o] Ui B2S o183tk delx Auk14). A2
e R EAGY EY AN alkaneo]t} PAHsS] H3)7}
2713 oA ohdel €714 2olM Fe () B9 A7
e & g Al 98 doldrin gaiA Arka).

¥

Humic acid 2] 823} X &3}

Humic acide 588 Fgaiyd TS0y 2o 244 ue
202 Fe)9) f7)1E Aotk s B 77)29) 93 84
HA7IEE, BA=HRE AR dejxe ¢Rsk 284 gl
# gow 35k - YB3 v)z mgk gelA AR duhe2).
Humic acidol A &) 2Jgk 382 23 electron accepting
group> quinone’f-910ITh21). EAFS & & glon] AT A
< 24L& wa glo] F3n wHEEe] E2Ho| Bl
quinoid model compound$] AQDSE ©]-&3t humic acide] &
B AYSATHe). TF 29 €3 FF= AY ulsd B4
Hoj:=elomw AQDSE A} 48412 o] 83} AHQDSS)] ko

25

o - _
0 2 4 6 8
Time (day)
~-C2 -m-C3

Fig. 1. Reduction of AQDS by isolated strains.
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Fig. 2. Reoxidation of AHQDS by C2 strain in various concentrations
of nitrate.

2.5

1 2 3 4
Time (day)
+0mM -&-5mM -4 10 mM - 20 mM —e—50 mM
Fig. 3. Reoxidation of AHQDS by C3 strain in various concentrations
of nitrate.

S7Fk= AQDS 8958 Ho) FthFig. 1, Fig. 2). AQDSE
A7) 2w ket B2 nitraeS B/)Shm 3 Q AT
¥, % @F BE AHQDS} P2BHOnE A8} Lol
Hohs AHS & = AATHFig 3). B3 A 2 559
nitrate E3) oA FAT AHQDSY A B 4 gien
20 mM#} 50 mM®] nitrate £ lollA] 29kl 7o) AHQDS7}
HaE AE B 4 dglon 3dxjele 2rigkom Aikslss
AE BEY 5 AAKFig. 2, 3). 0] AT = v|ApE
ol &% Fe (UI) YL extracellular quinoneS 3hgle 4 Q=
A 2y ok Badm gUth20). 92 59 Geobac-
teraceaedl &3l= XE Fe () 34U AH-E humic acidE 39
A4 4= e vk 1 Jlks &0 Desulfomonile tiedjei= Fe
(I} humic acid 5.5 U712 23TH(12). o] st AR
#29 humic acid® A3PA7)E AL dissimilatory Fe (IT) 3F
o AFZ AT 9SS FAY = Ak B A¥o] Axlol A
5 Aol AHEE Fe (1) 39 AFos Reld ¥ 73t &
 humic acidg FYA7)13L 3 nitrate Lol 23] humic
acidE T A7) AL B 4 Aok @714 A A
humic acid®] P& 23+ HARE nitrate &4 A] humic acid
7F AASFEEA nitrateS BAAT)E A} o] AR 9] e b

ol

I‘
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T4 ‘e il Proteobacteria
: gamma subdivision

100 | Proteobacteria
delta subdivision

Fig. 4. Phylogenetic tree showing placement of the Fe (III) reducing
isolates. Bootstrap values are shown for modes that had >90% support
in a bootstrap analysis of 100 replicates.

3} &9 HAE e BEFMA, AEE)Ee] E4 T o Rl
ABLEAA o)5E S40] fIE =R FATIE 9T 7
e = Sirks el Aedzoz d7)14d Al Ao
F2% Akt & < A

16S rRNA FHX} 24

PCR ZA# FZFH 16S DNA geneS FIOZ  direct
sequencings AAISH A3} oF 700 bpe) V7] Ago] AR
Z2A4E 9711€E 7HA3L GenBank®] database®} Mg Ay},
Aeromonas hydrophila®}t 95%, Aeromonas media®} 94%2] A
S eItk AFZ A ). BHS F5 29 €39} deromonas
hydrophila®] 971 MEE AuEsled phylogenetic trees 28 2
5 W WH(Fig. 4), Shewanella putrefacien®} 7 proteobacteria
gamma subdivisionol] 382 HAo2 UEPIT}. deromonas hydro-
phila®] 735 T2 SHETL S8 BEE Y4 AT
Z B Ik ajgRio] A7E AT gl dFolth9). Fe (IM)
el BAE FEEE 82 F2) deromonas veroniZ} A|FHE
7178 ol A dissimilatory iron -0l th3t A7} AR TH10).

HAte| 2

o] AT= 20019% WUty gt TH]e] Ahoz A
HAE

D28
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ABSTRACT : Characterization of Fe (II)-Reducing Bacteria Isolated from the Sediment of Chunho
Reservoir
Jae-Heung Park, Il-Gyu Lee, Eun-Hyoung Jeon and Tae-Young Ahn* (Dept. of Micro-
biology, Dankook University, Chunan 330-714, Korea)

Microbial Fe (III) reduction is important for the biogeochemical cycle in the sediment of freshwater system.
Also, the Fe (IIT) reducing mechanism make a model of oxidizing organic compounds and reducing toxic heavy
metals, such as chrome or uranium. Thirty-seven strains which have Fe (III) reducing activity were isolated
from sediments in lake Soyang and Chunho reservoir. The initial concentration of Fe (II) was the highest in sed-
iments of lake Soyang. However, the highest Fe (III) reducing activity was shown in Chunho reservoir. All iso-
lates were tested for Fe (III) reducing activity. Strains C2 and C3, which were isolated from sediments of
Chunho reservoir, showed the highest activity. These strains were tested to see if they utilize various electron
donors such as glucose, yeast extract, acetate, ethanol and toluene. Significantly, glucose and yeast extract were
used as electron donors. Also these strains were confirmed to use humic acid and nitrate as electron acceptors.

The 16S rRNA sequences of strains C2 and C3 were closely related to Aeromonas hydrophila with 95% sim-
ilarity.



