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A Az} &R 2 o83t Fe(IDE Fe(DE SUAF)=
Shewanella putrefaciens®] EA7} B AHA nFE| 2%
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242 gleHog Bie EFEA EYely HAEY &
71&9] FeE EAste] nAHES] H7[& TFolA HxjrgA
2 o]8E 4 Uti(13). A< Lovley®} Blunt-HarrisE humic
substancelt L FA}AQ]  anthraquinone-2, 6-dis-sulphonate
(AQDSY} #-F L¥EZ ] BaE Z31H, Fe(h)2} electron
shuttleS o|Fo] B2l & F3S vtk Bugiok14).
AB7HA Fedl) oz Bo] ATHNZ  Geobacterst
Shewanellas HF AAFEAZHA Fe(IDE s BA2&
o[ &% & UTK15). o] A Eo] FAA HAE o)FAZ
F U= 582 metal cycling®] 2314 iron?} manganese]
gl s £ 7 V= jhth14).

olo] B Avte Il ERolM EelE Shewanella putrefaciens
DK-19] AAl=gAle] wE thefdt HAF A 2] o] & RE @
o}, HEFF olF APE HEgo TN HI BAoA Y A=
B9l 7154S Yol 1) dl9ih
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4245 HAEANA B3 Shewanella putrefaciens DK-1(1)2
TSB (tryptic soy broth)oll4] 25°C, 100 rpmO.8 24A|7F vjoF 3,
A4 EEste dAE 8 F, HanAd 3= 0.15(0D, )
7t HEE serum botled] HESHATE F7|F WAL serum
bottleol] IF-V7H o AFulE vPE 4& ¥, head spaceE &
A7FRER 80%, olRBbEA 15%, $4 SHmE X3t )
X 270" R0 & &, 27°Col A wi st
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Hxt=gHof e 7|22 0|8

HAAEA | T Tidgt 7189 ol f ARE 2AWRH] $5}
o] H4 AA 8lA] 20mlE serum bottled] FHISFHC). vjA] =
e 1L % NaCl 20g, NaHCO, 25g KHPO, 025g,
(NH,),SO, 0.03g, MgSO,-7TH,0 005 g, CaCl,H,0 0.02g, trace
metal sloution 1 mlg& A7} trace metal solution 100 ml
% Fe-EDTA 02g, ZnSO,7H,0 02g FeSO,7H,0 0.15g,
CuSO,-5H,0 0.03 g, CoCL-6H,0 0.02¢, Na,B,0,-10H,0 001 g,
Na,Mo,0,-2H,0 0.01 g, MnCL-4H,0 001 g& H7}3l] E1l3h
Aok AReEA=Z 47 10mMeo] Fe(d) citrate, nitrate,
manganese, AQDS, ALAE AMR-E19 o, 1o WE FHALT A
X sodium lactate, succinate, acetate, formate, methanol, ethanol,
butanol, lysine, fructose, toluenes 2tzt 10mM % H7Fstot.
EE 42 g offolzn.

Btety 24

99 Fe(Do] A A8 100ue] @
buffer with ferrozin) 5 ml& ¥H3-Al7111, 158
FE=E SAH3AT@).

Nitrate A2 copper coated cadmium column®l] BHAIA
AA)Z S, sulfanilamide9} N-(1-naphthyl)-ethylenediamine
dihydrochloride 40 p1E ¥H3-A171 TR 10804 24)7F Atole]
543 nmoll Al azo dyed] FB =S Z% 3N nitrate S A4t

Mn(IV) AlE9} 2mM benzidine hydrochloride solution(10%
acetic acidyS ¥HS-A]A 440 nmolA] benzidine blued] FFTE
235t ARE Mn(IV)SE Z2AFAT) Nitrate®t manganese®]
RS 9%k FF:A|ke 2+ sodium nitrite, manganese oxideZ
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& 562 nm °f A
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AA} FAHZ 10mM sodium lactate”} H7}EI oW Axp
| ZE Fe(lll) citrate, KNO,, KNO,7} AH&-E ). 10mM
Fe(Ill) citrate®} sodium lactate”} E1R1E serum bottled]] KNO,

Cell number (10° CFU/mI)

Electron donor (mM)

Fig. 1. Aerobic growth of Shewanella putrefaciens DK-1 with various
compounds as electron donors and oxygen as an electron acceptor. All
values are averages of triplicate, which were determined of six days
after inoculation.
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A 24t 2 BASigTh

AAEANN ad, A, 12 X717} FedlD $H5 WA
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20mly B3, BAYOE 10mM sodium lactate, YO F
1mM NH(CIL & 1mM KH,PO,E 713 & head space®
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%S AT F 27°CollA 1297 BBl en 49, 8, 129
o] Lovley and Phillips(1998)2] HCl 52 ®'HOE Fe(Ill) ¥
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Fig. 2. (A) Anaerobic growth of Shewanella putrefaciens DK-1 with
various organic compounds as electron donors and nitrate as an
electron acceptor. (B) Nitrate reduction according to the different
organic compounds as electron donors.
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Shewanella putrefacienss ZE7|1AATLE Fe(DE X33
ot 48 AF AAFEAZA o8 = vt YA
ATH1B). & ARFNX = EFolX E2l€ Shewanella putrefaciens
DK-19]} Z}7) o2 5709} AAZA)9) 70 w2 10709 AR}
FAAE A8 Z47te] o] 85-S dolE Tt

Shewanella putrefaciens DK-1°0] At4E HAX LA 2 0]E3)
= oA oekst dARF o] e AL Figure 13 2T
AAEAA 2L Jactates ¥ATFHE A 1.3x10° CFUmMISE 7178
o A BYPOoH, formate, ethanoll A% Z+ZF 1.1x10°8
CFU/ml, 1.2x10° CFU/mIZ ¥& 4738 YEPITh ¥H, acetate,
methanol, fructose, tolueneS 7} St9L o A9 27 &
Z= A UTHFg. 1).

AAPEAZM nitrates H71S AE, 2713 245 op)
AR lactateE 7S A@zoA Hol(2.6x107 CFUMNA S
e AL, ethanolol 4] 1.7x10" CFU/m), formate®| A 1.6x10
CFUMIE ¥w3 2 A4S BoFQthFg. 2-A). old ©=
nitrate 22 FHE lactate B7} A 9.4 mM, ethanol¥} formate 7+
Al 24z} 83 mM, 7.7 mME 2] Aol nitrate ALEFol vl
st Yehve 218 & 4 ATk v, acetated)} HHEEE 313
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Fig. 3. (A) Anaerobic growth of Shewanella putrefaciens DK-1 with
various organic compounds as electron donors and Fe(Il)citrate as an
electron acceptor. (B) Fe(Ill) reduction according to the different
organic compounds as electron donors.

Fe() 3 579 177

E2Q toluenedl M 9] ARo] =¥ & ol e} nitrae] £F
T AL A2 YeldthFig. 2-B).

Fe(E AAGFEAZ ol&ste A= "RIHRIE g5
lactateoll 4] 1.2x10" CFU/ml, formate®l|A]  9.8x10° CFU/ml,
ethanololl 4] 7.7x10% CFU/mI®) ™ (Fig. 3-A), 22 399 Fe(DY
A2 ERe 598 UM, 415uM, 398 UM 2 T E Fe)d]
nggle F47F F718ITHEFg. 3-B). Acetatet}  toluene,
butanol, lysine, fructose®] 73-$5 W& o 47 100uM ©l&t
9] Fe(ll) S Ho|BE o|F 71HL HAZAAZE 0|85
A Z3Hd.

Manganese] 749 Th2 Zzl=8)o) wlg]r F9] 7o)
2 2E& B Usd oA 8714 #7014 manganese] =
Y gele g Ao g ALEATH4). Manganeseo| = GA]
lactate®llA] 1.3x10°2. 2 ThE 7|He] nla) @9 o] For
(Fig. 4-A), ©] ™ 50% ©)’F2] Mn(IV) AL HSArhFig. 4-B).

Humic acid®] ©]§ o5& %olrr] Hate FARAA 26-
anthraquinone disulfonate (AQDS)E FAAFEAZ A8 H$-
ol e AATEAE AT W) FAVSE S B &,
lactate, formate, ethanollA 22} 1.2x107 CFU/ml, 9.7x10°
CFU/ml, 9.8X10° CFUMIE E& A4ES YeEhH(Fg. 5-A),
acetate, lysine, methanol, toluene®A] AQDS2] 8hlo] A& A
oJLA] UTHFig. 5-B).
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Fig. 4. (A) Anaerobic growth of Shewanella putrefaciens DK-1 with
various organic compounds as electron donors and manganese dioxide
as an electron acceptor. (B) Manganese reduction according to the
different organic compounds as electron donors.
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gAY o] gARE A3 Aw 7Y W) nitrated| A 7}
A = AAL HYPon, RE ARFLA A lactae S}t
ethanol, 12]11 formateE ©]-8-dhc A2 JEyth 9987
olgo] MZH =2 4kg} - T AYE JHAE HAAFEATE A
A gdEs HoE oA Jok 2 AF nivae’} AY &
2ks) - 29 AHE JHARE Jbg A $EE Aoy, 1 oy
o] ferric iron, sulfate, CO, S=A1o]th 31ATE A AN e
s Exsie, Al Aed Sz ot SdEARE A
7} 239 & Utk 79 4FE SHAM B nitae7} 7S

FL AAFEA AT fEEA AE A W ALA =
??} nitrate®] 7= 23} LGS FEAZ 4 371 W&ol humic
acite "9 F-83 AAGEA AES & 5 UL Ho=E A7
gt

Fe(In2| &-& 0] O|X|= nitrite2} nitrate2| 232

Fe(ID®} nititeZ AATEA 2 AFEE1E 74 nitrite?] FEo]
A o] S0A AT Fe(l)o] o] LABHA edgtown
(Fig. 6), Nitrate?] 7-9-= KNO, 10mM, 5mM, 1 mMelA]
20/274A] Z42F 124.52 mM, 148.12 mM, 162.12 mME Fe(I)%
o] o7t F78le WE Bolol, 1 olFole §43] A=
o] 120A170l= B Fe()2] 4ol 50mM °J3P7} He RS
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Fig. 5. (A) Anaerobic growth of Shewanella putrefaciens DK-1 with
various organic compounds as electron donors and AQDS as an
electron acceptor. (B) AQDS reduction according to the different
organic compounds as electron donors.

Kor. J. Microbiol

£ 4 3t ¥, KNO, 0.1 mMolME Fe()¥o] T
A Ak Yeldesd, o] A9E Bol e F59 nitrate
T Fe(ll) $480 & 43S XA gevhe AMSE ¢ &
2USATHFg. 7). DiChristina nitrogen oxide®] 20| Fe(Il)ol
osire FEge A BANH Fe(l) Y-S NO, Y NO, ol
oM REA oz et BuFck3). NO, 7} Fe(l)2l
29e FEHoZ ANTAHZ Nitrate?} Fed) 4+
chemical oxidant®] A} Fe(Iell AAAZ-S wHlsk= AAA A
A= ollghe Relth. F, nitrate?} Fe(IDS] ol e
VX= AL respiratory electron®] A=A shutdings] 23 A
o]th3).
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Fig. 6. Effects of nitrite on iron reduction by Shewanella putrefaciens
DK-1. (@: control, O: KNO, 0.1 mM, ¥: KNO, 0.5 mM, V:KNO,
1 mM, l: KNO, 5 mM, [J: KNO, 10 mM, @: Fe(III) only).
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Fig. 7. Effects of nitrate on iron reduction by shewanella putrefaciens
DK-1. (@: control, O: KNO, 0.1 mM, ¥: KNO, 0.5 mM, V: KNO,
1 mM, l: KNO, 5 mM, [J: KNO, 10 mM, 4: Fe(IIl) only).
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A @ FE BEY F= ABAA Fe(ll) AAHEC] 463 uME
453 4 Jeidth 3w e Alge) 23 8
ZalE A BJdAE ZzF 129uM, 201 pME AL} H]E3HA
Fe(IDW°] 3713h= 29E 2 & A3 1 o|Fde FA=HE
A4S Rk Table 1). A4YE H/WE) & AS, 2409 3
7HE ) B} 2o Fe(lll) 3H9 &8 R ow, HBHshx| il
& A7 Al8oA 346 uME Fe(l) 2ol 7 =4
ERdTHTable 1). B8 1S H7FSH A9ols @adol did
< 7S v vjd) B P8-S EYch(Table 1). EAF
A¢] 27 Fe(l) FHFL HAFART} ki, A5As} mpr}

Table 1. Effects of nutrients on Fe(IIT) reduction in the sediment of
Chunho reservoir :

Fe(Il)(uM) Sterilized  Fe(Il)(uM)Nonsterilized
day inocrlllcl)ate d inoculated mocrlll(l)ate d inoculated
0 0.0 0.0 0.0 0.0
4 1.6 86.7 161.0 295.1
¢ 159 155.0 161.2 456.3
12 0.0 2012 129.8 463.8
0.0 0.0 0.0 0.0
11.8 0.0 27.1 223.6
N 8 133 65.9 58.6 346.7
12 0.0 116.8 1579 311.8
0 0.0 0.0 0.0 0.0
4 134 1.1 9.8 1844
P 8 0.0 106.2 119.5 3079
2 0.0 116.3 101.5 281.6

Table 2. Effects of nutrients on Fe(Ill) reduction in the sediment of
Daceho reservoir

Fe(Il)(uM) Sterilized  Fe(I)(uM) Nonsterilized
day inocrlll(l)ate 4 inoculated inocrlll(l)ate d inoculated

0 0.0 0.0 0.0 0.0
c 30.6 142.0 280.9 302.0
90.1 229.7 283.2 416.1
12 60.7 270.3 291.0 498.0
0.0 0.0 0.0 0.0
N 537 129.2 218.0 257.1
95.6 150.4 248.8 365.8
12 95.6 146.9 213.8 454.0
0 0.0 0.0 0.0 0.0
P 58.3 119.7 182.6 259.1
84.9 170.2 183.1 309.5
12 85.8 168.7 175.3 378.0
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AT Bl HElE Feqll) Y AT Shewanella
putrefaciens DK-15 213 thekgt Edol A-3A1A &4, A,
ol W& Fe AAFE ESHs| B2 H, Shewanella
putrefaciens DK-10] AAES}H 22 (A8 A BAAE Fe(lll)
$915-& et 2e gelsign
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ABSTRACT : Utilization of Various Electron Acceptors in Shewanella putrefaciens DK-1
Ah-Young Cho, II-Gyu Lee, Eun-Hyoung Jeon and Tae-Young Ahn*
(Dept. of Microbiology, Dankook University, Chunan 330-714, Korea)

Microbial Fe(Ill) reduction is an important factor for biogeochemical cycle in anaerobic environments, espe-
cially sediment of freshwater such as lakes, ponds and rivers. In addition, the Fe(Ill) reduction serves as a model
for potential mechanisms for the oxidation of organic compounds and the reduction of toxic heavy metals, such
as chrome or uranium. Shewanella putrefaciens DK-1 was a gram-negative, facultative anaerobic Fe(III)
reducer and used ferric ion as a terminal electron acceptor for the oxidation of organic compounds to CO, or
other oxidized metabolites. The ability of reducing activity and utilization of various electron acceptors and
donors for S. putrefaciens DK-1 were investigated. S. putrefaciens DK-1 was capable of using a wide variety of
electron acceptor, including NO,~, Fe(Ill), AQDS, and Mn(IV). However, its ability to utilize electron donors
was limited. Lactate and formate were used as electron donors but acetate and toluene were not used. Fe(IIT)
reduction of S. putrefaciens DK-1 was inhibited by the presence of either NO,™ or NO,™. Further S. putrefaciens
DK-1 used humic acid as an electron acceptor and humic acid was re-oxidized by nitrate. Environmental sam-
ples showing the Fe(Ill)-reducing activity were used to investigate effects of the limiting factors such as carbon,
nitrogen and phosphorus on the Fe(IIT) reducing bacteria. The highest Fe(IIl) reducing activity was measured,
when lactate as a carbon source and S. putrefaciens DK-1 as an Fe(Ill) reducer added in untreated sediment sam-

ples of Cheon-ho and Dae-ho reservoirs.



