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Isolation and Identification of Bacteria Involved with Biomineralization
at B Mine Sludge in Mexico
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ABSTRACT

Microbial processes that bind heavy metals and form minerals are widespread, and they represent a basic aspect of
biogeochemistry. Some microorganisms can crystallize minerals by secreting a specific enzyme. In particular, calcite
(CaCO0:s) precipitation is an important part of biomineralization, and has been studied extensively because of its wide
application in civil engineering technology. This process provides an effective way to stabilize heavy metals within a
relatively stable crystal phase. In this study, biomineralization of calcite by three urea-hydrolyzing indigenous bacterial
strains was investigated by microbiological analyses. Three bacterial strains were isolated from the sludge of B mine in
Mexico and each bacterial strain was identified by the cellular fatty acid composition and 16S rRNA partial sequencing
analysis. The results of the identification analysis showed that these strains were closest to Sporosarcina pasteurii, Kurthia
gibsonii, and Paenibacillus polymyxa. We found that the optimum conditions for growth of these indigenous bacteria were
30-40°C and pH range of 7-8. Microbiological analyses showed the possibility that the bioaccumulated heavy metals ions
were deposited around the cell as crystalline carbonate minerals under the optimum conditions. The findings of our study
suggest that the indigenous bacterial strains play an important role in heavy metal immobilization.

Key words : Heavy metals, Calcite, Biomineralization, Indigenous bacterial strains, Heavy metal immobilization

1. M 2

2 aIzNe] %, FApIe gz, AP W)

ety 2L Y oA T2 IRk EE 2
HIFEg he st o, 1950dd) =l FEAAk
o] FEFTY o 10%s AAY T & %S TR
(Kim et al, 2011; Lee et al, 2013). 53], 19603t}
o]FHE] 1980t FTFRWIA] Aeg sl =5
O}, 1980 SHERE] F4535 ALY CE FHAS0]
A S/ wet ARETRe] Walel FAE ] Al
o M M, 7 59 HHARE HEdh= A8 &M
Hele] Wl 70 St ol wlE} FHede
3 T HAISR, AR AFo)r) Soldel w

*Corresponding author : leejy@uos.ac.kr

AR EEE) 79 502 v BHgse wzEA 9
%57 AFSFATHKIm et al., 2011; MOE, 2007).
SPNERAAIE ] sl <3t Fake] F - HFLS
AR, FAE7EEER - A3, ANd L A% - Al
AE T Ve B EF B AJEEESS WUAE oF
718tH(Chung et al., 2005). 3], v & #HF4 T
A7} vEe HE R Eo] SEES e Y
W 2 MG

¥ Bl

RS
(e}

713 ATHChung et al., 2005;
=

e AR 2

s f

MOE, 2008). 53], $54%

A9 757w olF WAEe] Jd 2 FstekE

Received : 2017.3.20 Reviewed : 2017.3.30 Accepted : 2017. 4. 4

Discussion until : 2017. 6. 30

41



N
)
oY
N
o0
ol
Ho
ox
e

ToE A = 4 484 §Y EY, AskrE &
713l o, FEAA7IS] Hkke R Ak A FH
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(a) View of B mine tailing storage facility

Fig. 1. Sludge sampling area.
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2.1 HENE

2 ARl B BAke WA vls) A EU o} Ak}
22 ok(Santa Rosalia)ollA] 2F 5km EZo] {X5}aL
ATt 7o} oA AlEE P vlgsie] 524
d SUNEN & BuiFE 3 F HEHoE A7)
TS AT B 3] JEdSE 20169 Ve oF
1909, Azt 71E AdatEe oF 5,100 tono]t}. HE
2 g3 Y F CCD(Counter Current Decantation)ol]
Al BEE SHAle TR 52 AR argE]
24%= e} 490 TlolzERl(7&7] ek 340 Fl
oF 45km A9 Bv]HX]ZH(TSF, Tailings Storage
Facility)ell ©]% - AX3HFig. 1 (a)). B 3k g
(Cu), TEE(Co), °FA(Zn) F BZHMn) o E5H22]
FefolH, & mideke °F 638,000,000 tonO 2 FAHEICE

B Aol ARSSE EHAAFEE WA B 34t 3
H ddelA AHSATHFig. 1 (b)) BESHH FE3}
(Biomineralizationy’} 7Fs3F EZMYE-S H2]5}7] sl
B 9 Al A 2HEES 9F 1~10em F= Ao
H £ 100~150 cm® coreE o83t 47t SRR 1
AR 2FHSke] TNT, TSF, ¥ Coquina® ™3™83}53t}.
TNTA|S= S8Z(TNT, Tailing Neutralization Tank)ol
A Bl A siEEe EUAE AFHEIeH, TSF
(Tailing Storage Facility) &= Fu|Zx|ZA 213815
t}. Coquina AlBE T3 E8A] F3HA|ZA AFS-
Hi Je 1A EFEe] sl M3joke] dFew, 2
AFelME B ZAAA SelE s AHSATH

AT A He & AR S BT 58S
AP, PAERN S 218 AIEE AlLE UrAe F
st A8 AEE ARBSITE 4o SRR EE
g T F B 2mm EFAE TS AR
B BEMgog ARSI, 0.15 mm(100 mesh) A
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22. EXO|MES| 22 - 3

EZAES B2l 93l (Table 1) 2£©] Urea-
CaCl, AAEAIE THEo] SBRNE 1 g2 22 FY8t
o] 30°C, 120 rpm 202 48X)7F wjeksldet. wjekd
A A2 AAuIA] 1 ml A HFshe o=
53] AdEs AAEIAT 3709 wldrss 4
Urea-CaCl, XABIRZ A wlkskal, A== colony
Z wdsol 7MY 4 #FE5 1A (TNT, TSF,
Coquina) #&]3}51t}.

g 350 EXAES dFES d7I9fE A
-2 (Cellular fatty acid composition) % PCR(Polymerase
chain reaction)y2 AT}

Ak B4 A A% profile  Sherlock MIS
Software ver. 625 A23}It}. Standard calibration -&
Azto] H|wof| 23l peake] F74, retention time, peake]
WA, WA vlE&S T3t

AL FAHOE F7g0] ofek B¢, PCRS AR&S}
BAS ANt (Thompson et al., 1994), & Aol A
2] chromosomal DNAZS  Wizard genomic
DNA purification kit(Promega, USAYS ©|-&3}] &g
%, 16S rRNA sequencing®] AF8-3= universal primer
Q1 27F(5-AGAGTTTGA TCATGGCTCAG-3)2} 1492R
(5-GGATACCTTGTTACGACTT-3") primerS Al&3}o]
MyCycler Thermal Cycler system(Bio-Rad)S ©]-&3]
PCR 535 A8l 3% PCR 4= Wizard
SV Gel and PCR clean-up system(Promega, USA)=
ol-g3lod gAIBIATt. AAE PCR 4H=-2 ABI PRISM
BigDye™ Terminator Cycle Sequencing kits(Applied
Biosystems Co.)& A}&3}] ABI PRISM 3730XL
Analyzer(96 capillary type) & 53l A7IMES F493}
itk H24 Avh= BLASTN ZZ138 53] GeneBank
9] ribosomal DNA sequence®} UZ3}91.21, sequence

fu)

Table 1. Composition of Urea-CaCl, agar plate (Stocks-Fischer
etal., 1999)

Components Amount (g/L)
Nutrient broth 3.0
NH,Cl1 10.0
NaHCO; 2.12
Urea (CO(NH,),) 20.0
CaCl, 3.7
Agar 15.0

Lo

54L Clustal X9} Mega 2 programs ©]-83}
HlIL - A8

23 £2{RN RSl 22 - BEE 54 Ay

AAT FH) EHANR] B, pH, G, D714
S5 5 Bejs SN0 TSNS B9 594
AR AE I8

HIE KS F 230600 2Ask] Alfks AAsiem

(Phae and Oh 2002; Lee et al., 2007), 3 5%E4S
53 315h4] S4AIAE = EPAS] TCLP/SPLP §2%

Hol| 9 ASte] AASFATHUSEPA Method 1311, 1988;
USEPA Method 1312, 1994).

24. EXO|ME9| S22 - SIEY S AH

A T AT, AETH FES A 5
=25k 54 A3 CaCl, ¥HSAIR, urease A1, 437
A& (pH, 9%, &%) 59 3leH] SAAES AAekdt

374 (growth curvey> w23+ 75 1 mlE Urea-
CaCl, AMIA] 100 mlol]l HFste] TAsA 42 %,
30°C, 120 rppm 7102 48A1ZF v FPHA] LAgArjgtntct
HiFl 1m A FHal HESA ¥ Urea-CaCl, HIAIZ
FHRA $ UV-spectrophotometer® ODygy arS 73}
S}, AESHA PFE3E Al Urea-CaCly, AR o
T2 Hjgst] oF 48717 & colony FHO] AHEAS
BRI F o R FEe] A7) B BekS RIS CaCl
HEEAIEL 1M CaCl, €9 100 miell Bl 1 miE 3
T3l ALY CaCO; WAFFE SRIstHom,
urease?] A4S dolR 7] 98] CLO test kit(Kimberly-
Clark)E AFESIT H2lE d59 wYds fs 34
pH, ¥= 2 255 dopry] 3l pHe| 75 HAul=]
o] 7] pHE 717} 4, 5, 6, 7, 8, & 92 AF3|Hom,
AEE ZVIEEES 0, 1, 3 B 5%=E HFUoH, 25
20, 30 ¥ 40°CZ 35t AlkE AR 22t 7=
I ml 2 HE F 4822 wljdaslar] ggrzietct wlj by
Im & 3] UV-spectrophotometerS AF&-31 0Dy
s S5k AT WslE s

o
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ANF e /0] EF|AE TNT, TSF 2 Coquina®]
FHE Yohry] ffsf Ak B PCR 42 Foio]
Felgick, 7 %, TN eld weel A A
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TNT (Sporosarcina pasteuriy)

TSF (Kurthia gibsonii)

510»

Coquina (Paenibacillus polymyxa)

(a) Optical microscope (x1,000)

TNT (Sporosarcina pasteuri)

TSF (Kurthia gibsoni)

Coquina (Paenibacillus polymyxa)

(b) Scanning electron microscope (SEM)

Fig. 2. Morphological analysis of cultured indigenous bacteria.

4 Ul Library2 tlZ27}F o39] PCR #41& 18313
o} 4 A3} TNT, TSF 2 Coquina= Z}Zt Sporo-
sarcina pasteurii, Kurthia gibsonii, Paenibacillus polymyxa
o AT} 2 Zo=E BAEUG. 7 75| B
m7d B SEM Zgelle] Fel 9 2715 (Fig. 20l UER
201, TNT, TSF 2 Coquina H|¥E<] 23 (Fig 3)
o] YR

TNTONA E2E Sporosarcina pasteurii® 73-%- A&}
2 FE3} A7l FAWAE 7 Bol FREe iR
1970AtE] AA7EA] HE8] A= ti3EAS] MICP
[Microbiologically Induced Calcite(CaCO;) Precipitation]
nAEZ ded AtHBoquet et al., 1973; Ciurli et al,
1996; Achal et al., 2009; Sarda et al., 2009; Park and
Kim, 2012; Park, 2014). H< WA= Sporosarcina
pasteurii ©] BETZ FES| v|R= JIF A L &
e gol ] $3t AFE F3P5F 2 (Seok and Kim,
2013), PAE £ REEE 289 ARE Basa
JTHKim et al., 2012). T]oNM= Sporosarcina pasteurii
7F AE 719 B8] kg B A= viXl=
FES R EIH O (Zeynep et al, 2015), Mortensen
et al.(2011)> MICP &&& LolR A} Sporosarcina
pasteurii © I EATF, 3w s 2 9= 5
o8 71x] #44 2AS AR Sporosarcina
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pasteuriv= 4= Fzd) vdE T ARl g &
Eaa Qlov], AeatolRlol 0% - E5 B Aol
245 .

TSFAX B2 E Kurthia gibsonii o}Z7}x] MICP
YRR W e BuE Alle gloa dkdd.
Paenibacillus polymyxa = 2000302 FHoJ5HA| Aldl
£ 3 mavEs] 23 A% WHIE AREE vaE
2 Ho7HA] 25 5 B &7 AREHAL Sl v
E2 HiFo] ti(Kawatra and Natarajan, 2001; Li
et al., 2012; Park et al., 2014).
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3.2. &HX|A| 22 B2IEH SM AIE

A I EHANEE B3l 541, pH, 9=,
WREE TY Bt 54AES st 24
o] AT A= © 33] S4st] PiS =St

Sl=H], pH, 9% 2 A7|AEES] A= (Table 2)9F
2t B Al ARE e SeAAEe] Feerle] M
A= 236~18.61%% YEIROH, pHE 6.09~8.75%
TNTAIE= oM, TNTS} CoquinaAlFEe oF &71]Adel
7R #E Btk dxe] A 1.39-3.82%2] WLl
AR, H7HAEES] Fatgke] M= 0.99~14.74 uS/
emz EAEQITE B3], INT A8 A9, a2} 3
HiZEE JEE AFsk] e AsRT thh 52

d=



A B Bt SeiAlell EAlchs A=t B3} vldEe] S0 ud AT 45

45 Sporo thermotolerans FN298445
73 Sporosarcina saromensis AB243859
75 Sporosarcina luteola AB473560
57 Sporosarcina koreensis DQ073393
99 |_ Spc ina soli DQ073394

‘_‘—— Sporosarcina contaminans FN298444
55

Filibacter limicola AJ292316
Sporosarcina siberiensis KF258678

TNT

87 [sp ina pasteurii X60631

0.005

(a) TNT (Sporosarcina pasteuri)

Volume: DATA File: E156156.09A ID Number: 5329
Type: Samp Bottle: 2
Created: 6/15/2015 2:53:15 PM

Sample ID{TSF

Samp Ctr: 3
Method: RTSBA6

RT | Response | ArHt | RFact | ECL | Peak Name Percent | Commentl Comment2 ]
0.7838 | 903719 | 0.005 e [ <minn____ & [P
07931 | 5.724E+8 | 0.010 SOLVENT PEAK — [ <m |
1.1469 1267 | 0.014 -— | <minnt
1.9338 | 946 | 0.008 13:0iso 0.20 | ECL deviates 0.001 Reference  0.016
| 19629 430 | 0.008 13:0 anteiso 0.09 | ECL deviates 0.000 Reference  0.014
2.1976 353 .008 —
22236 | 38 4.0is0 .85 | ECL deviates -0.001 cference 0.009
| 2332 | 0979 | 13.9974 | 14: .53 | ECL deviates 0,003 eference 0.005
5278 965 | 14.6333 | 15:0is0 33.03 | ECL deviates _0.001 eference 0.007 ]
5567 964 | 14,1272 | 15:0 anteiso 40.60 | ECL deviates 0.002 cference 0.008
2,640 [ 0. — | 14.9993 | 15:0 | ECL deviates -0.001
|_2.65% 782 | 0.008 —_ .0580 =
681¢ 788 | 0.011 | - [ 150297 | —
710 5220009 | - | 15222 — -
772 5825 | 0.009 .952 4164 | 16:1 w7c alcohol .14 | ECL deviates 0.002
840¢ 27179 | 0.009 | 0949 | 15.6331 | 16:0is0 32 | ECL deviates 0.000 | Reference  0.002
2.8880 4760 | 0.009 .947 .7832 | 16:1 wlle .93 | ECL deviates 0.001
29558 13879 009 .945 .9978 | 16:0 .70_| ECL deviates -0.002 Reference -0.
3.0724 1060 ) — o
3.0881 382 | C 7:1 iso wllc .27 | ECL deviates 0.003
3.1185 326 In Feature 4 .64 | ECL deviates  0.001 17:1 anteiso B/iso |
31575 11316 | iso .19 | ECL deviates_0.000 Reference -0.001
31881 39336 | anteiso .60 | ECL deviates_0.001 Reference 0,000
32724 71 A .14 | ECL deviates 0.001 Reference -0.001
34617 | 1241 | 3 wbe (69,12) 24 | ECL deviates 0.003
3525 1021 | ¢ 8:1 wc 20 | ECL deviates 0,002
3.5865 127 8:0 .22 | ECL deviaies -0.001 Reference -0.005
37072 | 578 ¢ | 18:0 10-methyl, TBSA 11| ECL deviates -0.002 ]
41013 4 — 1
— 33 - e ----_| Summed Feature 4 0.64 | 17:1 iso Vanieiso B 17:1 anteiso B/iso [ |

ECL Deviation: 0.002
Total Response: 508846
Percent Named: 99.23%

Matches:

Library Sim Index Entry Name
RTSBAG 6.21 0.629

Reference ECL Shift: 0.008
Total Named: 504906
Total Amount: 485084

0.501 Bacillus-megaterium-GC subgroup A

[ FID1 A, (E15615.609\A0035329.0)
| PA7]

(b) TSF (Kurthia gibsoniy)

Fig. 3. Identification of indigenous bacteria.

Number Reference Peaks: 12
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Volume: DATA File: E15
Type: Samp Bottle: 7
Created: 6/15/2015 3:34:34 PM
Sample ]I):

Response | Ar/Ht | RFact |
307240 | 0.005
5.175E+8 |
875 |
354

323
720 |

396
7969
5276
28625

0010 ]
0012 |
0.009 |
0.008
0.009 |
0.009
0.009 ]

0.009 |

188873 | 0.009| 0.
6344 | 0.009
18189 0.009| 0949

794 0011] 0947
448 0010| 0947

59873 0.009| 0945
10244 | 0.009| 0938
59694 | 0.009| 0938
1840 0.009| 0935
1275 0.010| 0930

3427 0.008] 0930

23871 0011
4

| 6.5892 | SOLVENT PEAK

| 12,6252 | 13:0iso

1716.6364 |

6156.09A Samp Ctr: 8

=] [e)
3 - 84E - ukgg - 0

ID Number: 5334

Method: RTSBA6

_ECL | Peak Name
6.5309

9‘)997 IOU
11.9985 1 12:0

6 13:0anteiso |

14 7272 |
14.9987 |
15.6325
15.7820 | 16:1 wl]c
15.8382 | Sum In Feature 3
15.9978 | 16:0

0 is

16,7343 |
17.0014 [ 17:0
17.7977 | 18:1 wde

17.8454 | Sum In Feature 8
17.9997 | 18:0

ercent  Comment]
<minrt

<minrt

ECL deviates 0.000
ECL deviates -0.002
ECL deviates 0.002
ECL deviates 0.002

[ Comment2

Reference 0.017
Reference 0.013
| Reference 0.015
Reference 0.015

0.27
0.10
0.09
0.20

'ECL deviates 0.000
'ECL deviates -0.002

Reference 0.011
Reference 0.008

5 | ECL deviates -0.001 "Reference 0.008
4 ECL deviates 0.002 Reference 0.011
- | ECL deviates -0.001

465
020 |

ECL deviates -0.001
ECL deviates 0.000

Reference 0.006

0.11 | ECL deviates -0.002 16:1 w7¢/16:1 wée

15.24 ‘ ECL deviates -0.002 Reference 0.003

2.59 | ECL deviates -0.001 Reference 0.003

15.08 | ECL deviates 0,001 Reference 0.005

0.46 | ECL deviates 0.001 Reference 0.004

0.32 | ECL deviates 0.004

0.09 | ECL deviates -0.002 18:1 w7e

0.60 | ECL deviates 0.000 Reference -0.001
Summed Feature 3 011 16:1 wie/16:1 wée 1 16:1 whe/16:1 wle

0.09 [ 18:1wic 181wee

Number Reference Peaks: 14

ECL Deviation: 0.002

Total Response: 388497
Percent Named: 99.90%

Reference ECL Shift: 0.010
Total Named: 388101
Total Amount: 371168

Matches:

Library
RTSBAG6 6.21

Fig. 3. continued

Sim Index
0.377
0.353
0.351
0.327
0.299
0.256
0.251
0.237

FIOTA (15615 B00AD08E334 )

Entry Name
IPaenibacillus~poleyxa (Baci]lus)l

Cellulosimicrobium-cellulans-GC subgroup B (Cellulomonas-cartae
Cellulomonas-fimi-GC subgroup A

Nesterenkonia-halobia (Micrococcus halobius)
Paenibacillus-thiaminolyticus (Bacillus)

Cellulomonas-gelida (some 48h)

Paenibacillus-lautus

Virgibacillus-pantothenticus (Bacillus)

2528

2842

Table 2. Physical test results of sludge samples

(c) Coquina (Paenibacillus polymyxa)

Sample Moisture content (%) pH Salinity (%) EC (uS/cm)
TNT 18.61 7.53 3.82 14.74
TSF 2.36 6.09 2.74 9.90
Coquina 2.78 8.75 1.39 0.99
o AHEEE Ve, T AP Nad 35S S5l B 4SS,
A=Y A= (Fig. 49 2t
3.3 EROIMES] 225N S AIH 2 Al AR 359 EZ}UV&EE“ H GF7 oA

49 350 EANAES ol A4, A2

FEs A1 ol 2Rtk SNES

AAFN. A3
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A5 B 3t SRl EAsks BESH FEs) v]llwe] A0 B3 A 47

=, 7A1ZE o] FHE 30A17HA] t4=7](exponential
phase)ZX] §243] ODg &l S7Fle 274E HeERSL
ot 53], oF 36A%T o|FREle e EAmAEC] MY
7| (stationary phase)°ll HE0] 0Dy #oll & Wshr}

S= AL FRIE,

EA Sl AR st 2 SKsh) i
Urea-CaCl, AR #F2 ujoksle] oF 4877 &
colonyS ¥t 1 AYAE 1% B3FFv) A 1000082

BEe] 27] R ZFS ERIF AT (Fig 5)9F Lol o
& FHO BES e A= e Sporo-
sarcina pasteurii | 73%-, EFAE9] FES S, o
2 TFEY 2 20mm oo FES A
Kurthia gibsonite X550 FE|9] FES JAJstHon,
A71E 02~0.5mmE YERRIT}. Paenibacillus polymyxa
o AXe 7% 9 A FEE BHowH, oF 15
mm®] A& B, EYRETF 5 RAdAEER ddd
T At

Urea-CaCl, 9AMIA] WolA TNT, TSF % Coquina
uAEe] o3l AdE AHe] XRD ¥4 ZHE (Fig
60l LFERARITE. EH|EC] g Aol tigk XRD

06
05
04
680 03
(o]
0.2
——TNT
01 —a—TSF
—a— Coquina
00 . . . . .
0 10 20 30 40 50 60
Time (hour)

Fig. 4. Growth curve of the indigenous bacteria.

TNT (Sporosarcina pasteuri)

TSF (Kurthia gibsonii)

4 23}, TNT, TSF, Coquina EAT|AE 25 Calcite
(CaC05)9] AL FA3AT Calcite ©]9]l| Urea-
CaCl, A widl ] HHEA=Z 8l AE & e

Sal ammoniac(NH,C1), Halite(NaCl) 5<] &332} 4
ZF SRI= At

34. E201ME| SiEY S4 Al
TAY 359 EANAES B3] CaCl WA,
urease A1¥, WA R(pH, 9=, &%) T o3 54

ARSI

3.4.1. CaCl, ¥r3-AJE

CaCl, HFSA|FS dubH oz 025mM CaCl, 8942
AREBILE, BE AIZE el S-S SRls] S8l 1M
CaCl, € 100 mlol] ¥joFl | mIE F£J3le] 33149
CaCO; HHFFE IRl 43
IM CaCl, €& 59 F oF 203 23S of 3243
s F3eHATkFig. 7). oleldt A= mAE uljgdol
A HJAEC] ureas ESISIHA A3 ghtol ) CaClz
FHollx] AGE L dolo] AdFst CaCO; & &
At Aoz gitEc)

Intensity(Counts)

Coqulna _JL*.,,_J
TSF ) F‘t’“‘“ ‘L__‘LA‘ ,Lw:“wuu;

QJ_&T.,_._,,J - LA Ak

Two-Theta (deg)

Fig. 6. Precipitation material analysis by XRD (C: Calcite, S: Sal
ammoniac, H: Halite).

Coquina (Paenibacillus polymyxa)

Fig. 5. Morphological analysis of cultured biomineralized crystal formed by indigenous bacteria (x1,000).
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Fig. 7. CaCO; precipitation test by indigenous bacterial strains.

Fig. 8. Urease test by indigenous bacterial strains.

3.4.2. Urease A|g

CLO test kits ARS8l Held 3% EX|EE]
urea B AT F Ue B4 BHRTE Yol A,
EE #J5lA CLO test kit W] gelo] =ghaofA] £33
°Z nHE RS ERIT F AATKFig. 8). CLO test
kit = ZeR~Eoz ARE &Egfol=d] U5 urea &
HaAE AT 5 A= gel ©] BAJY. Geldl=
urea, phenol red(pH IEAIA]), €54 2 AHA &
Christensen’s urea agar media ol F7}== A|efo] 5]
o] fARFHALE VAT Q' TFe XS 2F}
of 2zl 23t urea B3NS I 4 Sk

3.4.3. WA
3.43.1. pH

TEE 15 HE pHE ¥okR7] 93l Urea-CaCl,
AR} 7] pHE ZHZ} 4, 5, 6, 7, 8, B 9= A=
slod, 7)1 1ml A FE F 4887 B ket
FE719] ODg #ts ST SA8% = M =2
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Fig. 9. Growth inhibition rate of indigenous bacterial strains by
pH.

ODgyy %= 37d0] & Ao 53t vA| 3
Hlnl $ pHoll tigk A& (Fig. 9ol UERAIITH

TNT(Sporosarcina pasteurii)® 733 ¥ 48A17F &
o710l A pH 72} 89] ODgy a0 0.52~0.5302 -2
Hol As T 7P A JERde™, 27] pHrt vl
5 ERAEY AR Sl tha STkl 53,
pH 63} pH 92] ODgy 233t A5, pH 73 Bt
< o oF 6.26-6.32%Y AFANES BAo, pHYt
e E U2 viE A7 Ao 40%00 <+
Hale 3 IR F Aok o]9} e A= TSF
(Kurthia gibsonii)®} Coquina(Paenibacillus polymyxa)l *]
T tha HISTEHA YERET

drkzo=m AWESHH PES) v|AES] A ek
9 3AS pHoll Y&l Faks vtk 53], AESH
BESE 98l vd=Eo] FHISHE urease®] FHZ 24
pHE 8.001M, 1 o] =W wAES] A% ¥ 549
=7} AAshe 23S YERATK(Stocks-Fischer et al.,
1999; Gorospe et al., 2013). ©]¢} WHHZ pH7} oA
= 7%, urea A EAS] ST & s T
o] AAo] WA= Hrhe 80l Ball== B3] =
7FsHAl E1th(Loewenthal and Marais, 1978).

3.43.2. U= (Salinity)

THE oY 4% WS dolRr] #I8] Urea-
CaCl, HAMNR|] 271 EEE 0, 1, 3 B 5% AlF3},
W2y 15 1ml A HE S 48817 2t ljekste] oF
719 ODgy #h= B3Rt 8% 5 7P =&
ODyg abe 43d0] 2 A= 7153t ymA] it
Hlul & Qo] thgh AgAehE-S Fig. 1001 YA

TNT(Sporosarcina pasteurii) 2] 739 BIF 4827+ &
FE71IM = 0%S] ODgyp FrO] oF 0.5302 A%
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Fig. 10. Growth inhibition rate of indigenous bacterial strains by
salinity.
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3.4.3.2. 25 (Temperature)
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S5 20, 30 2 40°CE sl 47 7 1

T 5 4ARE wieFsled FH719] ODgy 7k S5
A7k = 7 =& OD¢go %k_‘ Ao =& 7)\9&
Fste] WA] g Blal § 2ol tigh A
(Fig. 11l YERAT

dutdo R wgEe] g ano Fuf A8 —%E
o FHdo HHEE ureased =HZ %E =
20~37°CEZ €A Ao YMitchell and Ferris, 2005;
Okwadha and Li, 2010) §44Fs-9] HXHAE= HZ
243 drgsxol| wel E2}A|A @tk Dhami et al.
(2014)2 35°CollA urease’} 9GS AL 3o, &
57F 55°CR T B A 240 oF 47% Tt
SEESL Y

TNT(Sporosarcina pasteurii)®] 733 W 48717 &
0}757101W 30°C2] ODggp %0l oF 0.522 #AHo] A=

7V =7 el ™, 20°C 40°CollX e A7 sl

g°1 217} 12.38%, 3.05%%= WAEACE wEbd, TNT
o] HAYREE 30°CE FFHT, 20°C ©J3le] &%
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Fig. 11. Growth inhibition rate of indigenous bacterial strains by
temperature.

myxa)?] 785, 40°C] ODgy &l 7V A YElstont,
30°CellX 9] “FgAtatEo] 2% mRto|lRE Hapjdee
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CoquinadllA] HFso] 58t G5 27 154
glete] AWAF E2X(Cellular fatty acid composition)s}
PCR(Polymerase Chain Reactiony2 AAJSITH A8 2
7}, TNT, TSF 2 Coquina®] EZu|YELS 7zt
Sporosarcina pasteurii, Kurthia gibsonii, Paenibacillus
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