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Acid mine drainage occurrence is a serious environmental problem by mining industry; it usually contain high
levels of metal ions, such as iron, copper, zinc, aluminum, and manganese, as well as metalloids of which
arsenic is generally of greatest concem. It causes mine impacted soil pollution with mining and smelting
activities, fossil fuel combustion, and waste disposal. In the present study, three bacterial strains capable of
producing urease were isolated by selective enrichment of heavy metal contaminated soils from a mine-
impacted area. All isolated bacterial strains were identified Sporosarcina pasteurii with more than 98% of
similarity, therefore they were named Sporosarcina sp. KM-01, KM-07, and KM-12. The heavy metals
detected from the collected mine soils containing bacterial isolates as Mn (170.50 mg kg'l), As (114.05 mg
kg"), Zn (92.07 mg kg™), Cu (62.44 mg kg™, and Pb (40.29 mg kg™'). The KM-01, KM-07, and KM-12 strains
were shown to be able to precipitate calcium carbonate using urea as a energy source that was amended with
calcium chloride. SEM-EDS analyses showed that calcium carbonate was successfully produced and
increased with time. To confirm the calcium carbonate precipitation ability, urease activity and precipitate
weight were also measured and compared. These results demonstrate that all isolated bacterial strains could
potentially be used in the bioremediation of acidic soil contaminated by heavy metals by mining activity.
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Totals 100 Totals 100 Totals 100

Results of precipitated CaCO; by Sporosarcina sp. KM-01(a), KM-07(b), and KM-12(c).
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Introduction
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Materials and Methods
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EMYQ Az A
Ao B} U F24 EE Blsh] 9Jd) AT o
BHg Eo FE%o] gt 4

ANEE AA 2] F, ICP-AES
A 9 A S ssileh, L An 5 %%Jﬂ“: l
A% FQlE), B 2o vER BREE 10 mg kg 'S

2Rz F5-2 Mn (170,50 mg kg ), As (114,05 mg kg ),
7Zn (92,07 mg kg ), Cu (62,44 mg kg "), Pb (40, mg kg )
o]t} (Table 1), A7|SF RE &4 o] BE 40 mg
kg-l% AFSEle =@ A5 224 0o B9k 9l 3
Q1 4= 9191, E3] Mn I As 52 7320l 100 mg kg
FEO LAEE Uehe AFAQ des
oF 2= olt} ® KA Azje}l o] Fu|al
2 As9] o] FEAE F97t gou, A
o o) el WSS Fur} HAET A 5
$=& Mn, Zn, Pb, Cu, Cd 59 &F<£02 290} gl
= A7) WAkt (Jung and Jung, 2006; Kim, 2010;
2012), wheba], 2 A-tol|A] E2jgt Urease &

Nam et al,,

Sporosarcinag luteola Y1T/AB473560

Sporosarcinag thermotolerans CCUG 53480T/FN298445
Sporosarcina koreensis F713T/DQ073393

Sporosarcina contaminans CCUG 53915T/FIN298444

Sporosarcing 50li I80T/DQO73394

Filibacter limicola DSM 13886T/AJ292316

Sporosarcing globispora DSM 4T/X68415
Sporosarcina siberiensis 11118-42T/KF258678

u
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L
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|
&
-
.

Sporosarcing pasteurii NCIMB 8841T/X60631

‘ Sporosarcina ureae DSM 2281 T/AF202057

Planococcus donghaensis TH 1T/EF079063

{ Sporosarcina aguimarina SW28T/AF202056

,—Lysimfbacfiius chunghkukjangi 2RL3-2T/TX217747

—
0.005

100 I—_[ysimfbacfffm sinduriensis BLB-1T/FJ169465

Fig. 1. Phylogenetic tree based on the 16S rRNA gene sequences for three bacterial isolates capable of producing urease from
heavy metal contaminated mine soil. 1, strain KM-01; 7, strain KM-07; 12, strain KM-12.

Table 1. Metal concentrations and chemical properties in the heavy metal contaminated mine soil containing bacterial isolates used

in this study.
Metal concentration pH EC
mg kg"1 uS cm’
Mn As Zn Cu Pb
170.50 114.05 92.07 62.44 40.29 2.66 1,175

'EC: Electric Conductivity
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shTh 1 A HE: - AR iR ot i A
9] 2po)7F ehA] okgkont, 124171 vijef Sofi= KM-01
AF7F KM—07, KM—12 5 tju] B} W 4% &xs
UEt L o] ol gt S FAISHc) Wi,

S

o=

KM-07 w#79] 7-9-0lli= KM-01 o7 22 KM-12
th= A7) oha 2| X|RE JEE3) Cell turbidity 742
F7HE UEHSITh (Fig. 2). E3F 2 ASE 221 AdofA
L= o] sl A uieke 53l AE= dtol Lag phase”}
A wEA e AE & 4 A%, ol

Ao §-& At Ao olef &2 EAS A8 S5
QHgeF =2 ARk Qg ste] whE antE 7|thE 4= = A
o7 wekE o5 S Fig, 20 UEhd B} o)
HE T AR 23] A EE A3S Holw, o]

|y
=
o] APgTAle] st Agke] UHE HE 5 F8 A

0.7
0.6
0.5 1
8 044
O
(]
O 03
0.2 1
01 1 ] —e— Strain KM-01
—a— Strain KM-07
0.0 -~ Strain KM-12
0 20 40 60 80
Time (h)

Fig. 2. Growth of urease producing bacteria Sporosarcina
sp. KM-01, KM-07, and KM-12 isolated from heavy metal
contaminated mine soil with time. All bacterial isolates were
well grown in the urea based media accompanying with the
increase of cell turbidity. Values are the average of three
independent measurements. ODg) represent optical density
value at 600 nm.

Sporosarcina sp. KM—01, KM—07, KM—12 w553} ¥]|1L
O 2 3EF o5 Sporosarcina pasteurii KCTC3558 =+
Hok whol ZFZ} Crude enzyme extractES 522310 Urease
1S Weatherburn®] indophenol 2 ARE-5}o] oFxi]o}
FRe 274 @ vlwstech. 1 A3, Fig, 30 ekl ook
o] Relet @iEel TS ekl el )
KM—01 (0,70 mM), KM—07 (0,64 mM), KM—12 (0.53 mM)
ToR o] HAlL, YA HELeE HlwEt R o
Sporosarcina pasteurii KCTC35582] 73-9-oll+= 0,72 mMZ
2Rt HE AR 4ol s vl 5381, KM—01
W] 7ol H| 1L W5+ Sporosarcina pasteurii KCTC3558
o A2] FE £20 B Uehhol 4713 AGZA
AF Aujel S Ao Belat 25 F 1 5O
S Uetilel ol Rt #E0l FE Fet H
o= 7] HeFd H Urease B/ 59 A}

i ok e
o}

TS/ ST
b
o o

Ca003 A%E fI810] UreatiiA|o]] HEZE (Calcium Chloride,
CaCl)E H7ksl] +& widstdict. =258 A==
Urease]| 2J3}] A% CaCOsS HAAFEM7 (SEM) L EDS

Yo B4 & ol UL (Fig. 4), SEM-EDS £4]

0.8 - “Average value
= —I— )
g 0.6 - }

c
2
<
£ 0.4

§ oo : 072"
c 0.64

o] 0.53"

© 0.2

h g
I
=z

0.0 T

KM-01 KM-07 KM-12  S. pasteurii

Fig. 3. Urase activity assay results in reaction suspension
after 72 hours incubation. A unit of enzyme activity was
defined as the amount of enzyme required to liberate 1 pmol
of ammonia in 1 min under the test conditions. Data represent
mean values from three independent experiments. S. pasteurii
represent Sporosarcina pasteurii.
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Element Weight(%) Atomic(%)

CK 8.53 14.95 CK 1091
0K 46.80 61.59 0K 50.04
CakK 44.67 23.46 CaK 39.04
Totals 100 Totals 100

Element Weight(%) Atomic(%)

Element Weight(%) Atomic(%)

18.14 CK 12.54 19.88

62.42 0K 53.91 64.18

19.44 CaK 33.55 15.94
Totals 100

Fig. 4. Scanning Electron Microscope (SEM) and Energy Dispersive Spectrometer (EDS) analytical results of precipitated CaCOs by
Sporosarcina sp. KM-01 (a) , KM-07 (b), and KM-12 (c). All data were obtained after incubation of samples for 48 h (bar, 1 m).

0.8 -
—e— Strain KM-01 PR
—o—  Strain KM-07 2%
...... A Strain KM-12
0.6
C)
= 0.4
2
]
=
0.2
0.0 -
. s & 60 80 100
Time (h)

Fig. 5. Time course of weight of precipitated CaCO; by
Sporosarcina sp. KM-01, KM-07, and KM-12. The values
represent the mean of three independent experiments.

3 AR BARS hPoR o AR ZHstel 3 25
wIRoA] Azbo] Aol ute Z7Fske HakE el
(Fig. 5. CaC0; A 2212 9I} A3 SEM-EDS 2}
ol & 4= giso] 2 5w ol €, O, Cauk o] o]
A AAES AT 5 U9T FHEHEOR cacO, WS
B 4 Ugleh. KM-0L #FE 2440300] AukaA F2
2 AAo] FelA LI, KM-07 25 36417k 5]
o2 o) AR ol F7ok T ekl et wrd
o, KM—12 #59] Z-f-oll= KM-01 W KM-07 o9} &
o] Fa=o] FH F715He Al glol Tzt A
2 oo olee SISiIL) oS 7 Fe] AT (g
2) B Urease M4 27 23} (Fig. 3)7} v]mshal, KM-01
F20| o] aig 2ol 71 TS ekt 2

gl = ok E3E, 964K o] Fof FA=| Fol A

A

T A 227t HE|E ol ] =

w502 29E F/HA A 5o B Bl Asiet
2Q1 Hke= A8 F Aol 785t EEE7IE 71
qith

Conclusions

TSR oH Hght X9 BERO2RE Urease S
= 7H= HEelof 355 welste] 54 21} Sporosarcina
pasteurii 72} 98,87% (KM—-01), 99.67% (KM—07), 99.21%
(KM—12)2] 16S rRNA gene AFgAlS UEl o] 22} Sporosarcina
sp. KM—02, KM-07, KM-12& "grg3t3ict, w3k vhe| 2]
oF=9] Urease 7h=-all W3-t Z H3kds H7IE #
Lsto] CaCOse A A1A AHE A4S SEM-EDS 24
o7 IS rAES B3 EYE SerEH
ICP-AES #41& 33l a3l gRlIgt 23}, Mn (170,50
mg kg ), As (114,05 mg kg ), Zn (92.07 mg kg ), Cu
(62.44 mg kg ), Pb (40,29 mg kg ) 52| Thyet F<0]
B2 se®2 2RS4 = Uitk g 3 #+59
Urease ¥/J2 KM-01F57F 78 E4J0] ko &
5221 Sporosarcina pasteurii KCTC3558 152} vl A%
AT FARE S4EE YeEPGITE ®3L iAol 2w
= H7rsto] viFslalS o KM—01 5= 24411k, KM—07

A5 36A17F Fofl F2A3] CaC0s WHES AT 24l

4 mt
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31931, KM-12 75 F23 $71810] CaC0s 3 HEo] T
3=

0] AAES lskglnh & At AT Sad LHEY
of 4] Ee|gt vtg|g]o} FFE2] Urease TS Elsto]

jul 02,11

=]
T HBAA S S SEEY B 2851 CaCos
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