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Uranium Removal by D. baculatum and Effects of Trace Metals
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ABSTRACT : Removal of dissolved uranium by D. baculatum, a sulfate-reducing bacterium, and effects
of trace metals such as manganese, copper, nickel, and cobalt were investigated. Total concentrations
of dissolved uranium and trace metals were used by 50 uM and 200 pM, respectively. Most dissolved
uranium decreased up to a non-detectable level (< 10 ppb) MS during the experiments. Most of the
heavy metals did nearly not affect the bioremoval rates and amounts of uranium, but copper restrained
microbial activity. However, it is found that dissolved uranium rapidly decreased after 2 weeks,
showing that the bacteria can overcome the copper toxicity and remove the uranium. It is observed
that nickel and cobalt were readily coprecipitated with biogenic mackinawite.

Key words : Sulfate-reducing bacterium, D. baculatum, uranium, heavy metals, mackinawite

M =2 s ot o) Fdte] Ad AEARY F4ko] of
HA3 o, Be HGAEH FHEAEL
Ade] {3 AEE g#stz Ath(Lloyd and Renshaw,

%é&iw A 2005), AR FFAT AHler o] Axew

*

Aa T AHay 5 U‘%E A dFE

WAA A seungylee@kaeri.re kr FEY EY 9 A3k L9 8 AeAd A



o - 25y - WuE

Z+gk
g2 3
9 o
g 9

3k
Q7
o] 3 9lth(Fredrickson ef al., 2000; °]%
, 2009, 2010).

Ed 9 A3t AR gk 79 WAEE
o] A48} glom(o]F3} HEH, 2000), I F
A FELAE Bste FEBYNAEES] F
8 #A9) tiido] H3 th(Roh er al., 2000; 7+
o] 9], 2011). Shukstd, 2&9 o}l Fo 3t
Ul Shewanella= Y313 FE2 ¢l o}y
g, e d 22 A dEEs ddAE #
17l Bt Lee ef al, 2010). o123 w|AHEH
e istE AFEY {4 S(solubility)S #E
S EZN, AstrE T WA AFTEY B34 o
& FAAZ F Uk HAToe vAEY A
33t SUHEE o] 8 YA LEEY B
Aahre] Asle] g AAo] FopAa glow, A
W AY 9 HYE FRe vgst A Fo] A4
531 Q) TH(Lovley, 1991; Suzuki ef al., 2002; Ander-
son ef al., 2003; Lloyd and Renshaw, 2005).

TEHUNAE Folle AEduteTo} oo 3
A+ 321 Hhe] 2] o (SRB; sulfate-reducing bacteria)2}
T 3de AN F e weHe o EY 2
AsHpo] T¥dt F(species) 2B AEd ot
| delEotEe dadute elolEXY $ebEst
Fe AFES FUANE 9o, AslEdd v
43 945 #44 A% 4A #ostn o
{(Abdelouas ef al., 2000; Sani ef al., 2004). &4+
gdute ol Fadutg ot wld YFEx
o dEnkgo] g AT AE7} A$ ey,
B A7 AEO] AAE] B A YA 4o} =3,
ol21g B E ot YFEQ Y HHoA B
&o] 28 O 2501250 %A IFE 7|
AR FAHeR A1H YA @t}

Tk, B A7 E Fatgsidu g Eo) A}
SebE e W &E9eE 24 49 o
Eo| FE FT5YALEY Y¢S FAld 4y
Hotth o] AFE A SZLAYATYe] A
AR A 3l4ol AESHE SRBE A 2 AFA
olxel wge Fal e &4 2 AA 717
HHE AFE FYPHT. B AP B &4 =
ob oldte S ITuUl A AEdE=
SRB "|Q&& o|&3t] 7] 8ol A= 5}st
A WS BAG Ayol, &% WAl dFow
LHdE EY 9 Adt Ao vAEH WS 3

Aolth, =W, 8450 A2

ox [y off
& o
@ N

N O

o
i

it

9N B4H ZwolA g B4

299l oA AFH 71z A7 2 % 9L A
oz Az,

b
o
0
I'E

Old =22 s3tue

A AT QA EATAAKURT)S A
SHAIE(SF 80 m ZoE A F3HL BEHAAE ol &
3t AseE Aestact. @714 nAES WY
st7) Y8, @AM a9 HEE HAIAT)
HA n)E] Fus7t YA g FAVE ol &
gt 2848 YT T APA o AdFHE
A 30C 2 Wt

Fagdure glole] wuge Al AAF
AA 2 Aiklactic acid)S FFIIHL, AATEA
2 SO (sulfate)E FY3H T A(Fe)e 5% Fe(Il)
ammonium sulfate FENE LA 2 mL FYsH
Ak st Elote] Fapuokd wjokde] M7 w3l
B AAFE Ao o3 AT F YU

AU Mol AR 7Y F8 HARES
MY JF22 Ura HFHoE Egste] AHE3L
Hed, FAAYL 48 2 Az PHe 23W 9
(2010)9] =&l A4 dE=Eo] ot YFEnAY
Eo o3 2dg ] Hs] AEH(serum bottle)
2 JISICOAY] HEE+7](98 kPa, 121TC, 158)%
HAshda, 24F A 2 AEY FYA 02 pm
ZEE A&

Atz EE FsGAZ FAES AP vt
2 AR ¢, oF 199 5% 109 A F
shjgg HHEAR o AHAF & AT oY
gk olfr, &7] Astrole PIAEEY AAT 2
ZH71 S 21 47) g ¥ E4ES A1
A7) Wi HEE uAEL AAH FHRE HUT
Zo]34} sH4itt.

HFHo g wohgd MAEY FHA 9714

g E43to] nAE $& gofstuz o,
16S IRNAEAE AAIAT 83 49 1
tamplate DNAS} 1 pl 10 pmol eubacteral universal
primer 27F (5-AGA GIT TGA TCM TGG CTC
AG-3), 1492R (5-“TAC GGY TAC CTT GIT ACG
ACT T-39, 0.1 ul Taq polymerase (5 unit/pl,
TAKARA), 2 pl 10X PCR buffer, 1.6 pl dNTP 5
o] 20 pl HHE EFEE THEo] Al 16S rRNA
o] g¥E PCRE FEJr}. PCRS 94°CoA 5%



=] Askarel] A2 e vt E S (haculatum)l) AT FESEF AA L WY FEE HAEYS AT

!

Desuilfomicrobium baculatum (AJ277894)
Desulfomicrobium escambiense {AJ277886)

‘ Desutfomicrobium salsuginis (AM419441)

Fig. 1. Phylogenetic tree and DGGE bands based on 16S rRNA gene analysis of the isolated bacteria from the

KURT groundwater.
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Fig. 2. (a) Sulfate reduction and mackinawite (FeS) generation by D. baculamum. (b) A SEM image of a D.

baculatum cell coprecipitated with mackinawite particles.
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Fig. 3. A color change to deep dark by the generation of biogenic mackinawite. No color change was observed

n a serum bottle with Cu.
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Fig. 4. (a) Uranium removal by baculatum and effect of trace metals. (b) An areal (5 x 4 um) analysis of

precipitated mackinawite by SEM and EDS.
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Fig. 5. UV/Vis spectrophotometric analysis for diss-
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