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Abstract: Microbially induced calcite precipitation (MICP) has
been explored for protection and consolidation of construction
materials such as concrete. In this study, we isolated 54 calcite
forming bacteria from concrete pavement and selected 5 isolates
which showed high specific urease activity. Also response
of the 5 strains against various environmental stresses was
examined. BC 4 and BC 5 showed 35% and 26% viability at
heat stress (50°C), respectively. BC 1 and BC 4 maintained
60.4% and 70.4% viability upon osmotic stress (1 M NaCl),
respectively. Among the 5 isolates BC 4 had the highest
viability upon alkaline stress (pH 10).

Keywords: Bio-concrete, Sporosarcina pasteurii KCTC3558,
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AE2H F2 Awet A B e oz A-E 74
wfiel, v AAIA 02 6091 o) 4HIF AL STk [1].
ZAYE A A PG o] Akskk A ARE X+ o]ik
SheRA DAY 7-8% 5 APX|3ITE, A E vk A B
sk gehad 9 fAskelE 52 S0 R vl gt
AR dEA Qv [2-4]. o & 971 S1%E BAIRL epoxy,
resins, epoxy mortar 5 9= Y& FLRFAII}T QA
JF, BapA] A7 el fefishe, 1 &3t gl 2<%
Ao R HAlE ARsllokshs ©dol it [5]. o 7iAd
sb7] 9l # FAYEY HAEE o] &8 g FAE
M [6,7] 52 A7 A= lom, T Tabdsy
P4 rAES FAYE F2E AHIY, #G9ESF,
PFAETA, A7) 3]5A] sl o] 83 A-5o] T
St [8-11].

TJeiv A E A3t A Wsks 8k (50-60C) SOl
OJgh =] AFE Y 22 ES] A (pH 12) 54
< BRHEEA RS A Ee AEshed ofels
= 27 g (12]. ek =39 e 558 5 Sl A4k
@ vgEo] A9 tide] Hojgton, o] & Ak FA
I B A 58] 973t Sporosarcina pasteurii
7b F= o850l gtk [13-17].

B ATeME E 715l gt 2aEE 28-S 9
3 ZAYE IFERR FE A rdeS 2
3ty 2R Sporosarcina pasteurii KCTC3558%} 3.
P E ol tist AES vlwstast spelom, F7140
2 94 el &y e QS Elsitlt
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2. 4% R 9y

21,917 L A%}
Aglof] ARg-¥l AJoFS 2 Phosphate buffer (PB) (NaH,PO.:
0.10 g/L, Na,HPO4: 26.61 g/L, pH 9.0, 1 mM EDTA) [15],
urea solution (3 M urea), phenol-nitroprusside solution
(C¢HsOH: 43.90 ml/L, Na[Fe(CN)sNO] - 2H,0: 60 mg/L),
hydrochlorite solution (NaOH: 20 g/L, 8% NaOCl: 46.875 g/L),
Bradford reagent (SIGMA, St. Louis, MO, USA), crystalline
bovine serum albumin (TaKaRa, Kyoto, Japan)= A5}
o} e v AES] A= a)x]= BPU HIA| (Beef
extract: 3 g/L, Peptone: 5 g/L, Urea: 20 g/L, pH: 9.0) [2]
S ARSI AL, A MR 2= YA HIA] (Yeast: 20 g/L,
(NH4):804: 9.9 g/L, pH 9.0) [14]7} AF&E91 0 121C,
1532] 2o E et

2.2. #5390 £

Al=E] AFHE LS A7 Ul w1 A Al 7 Al
Adke] AL 2AYE £ 7 A3 e, B8
T, E vl T E2 9 B2 FHA AlRE A,
H1t stainless 8710l Fol W AEHIE 2Rkt 2F ¢t
AFE BOAE R 1H50] 10 g2 A%, 10 mL PBel| &
3ot 225 AT 5 Sl vAES Al FE
A3 AJEE 80ColA 1023+ #2]sked 28°C, 200 rppme]]
A 24417t Et wiekElgic 9 FRUES A7) 98] I
¥ 100 pLE F3 BPU ILAiA]of Ak =usel s
28 CE 724K B3t vieksisict. 4| 9 F=24 9] et
4 S F1sh] sl A wiA] el 28°C, 200 rpm OE
T2AIZE 59 HljeFst &, ©]& 0.2 um syringe filter= {3}
alo] mBES AT ol 1 mLel 100 pLe] 50 mM
CaCl, Et 8N5 H7lsto] JARke-& &8 eibds
P Rt a4 el B4, shibde 91, Tkt
37 2E 2o st AEE vuE S8l 7S] A7
S. pasteurii KCTC3558< U|Z2v" 02 AREalgltt. 71
Ao By n|YEE F 94 Ha FAo] £ 559
H =S AEste] 16S tDNA §171AGwAS ot 24
AT

23. 24 F3 €4 &3

2 Aol K. R. Natarajan e al. [18]°] AME-3F @4 &4
S-S WFste] 94 Hall S 54, ARtsiglth e
e v S S pasteurii KCTC35585 5 mL
YA H|X]el| FF3o] 28°C, 200 rpm 24413t E<F Anjekst
Gtk Aufefe] ShgE & wiklE 5 mL YA HiFOl 1%
4E3to] 28°C,200 rpm 8AIRE EHjeltE 1§ A4
#]7] (VS-550, Vision Scientific Co., LTD, Bucheon, Korea)
= o]&, PBE 33] MR35I, 33 5A] (Utrospec 2000,
Pharmacia Biotech, Uppsala, Sweden) % 0.Dg00=0.1¢] &%=
= E ARE PBE BN 2t v=e] QAEE
24 5745 98l 250 uL "AEA S, 500 uL urea solution,
12]a1 250 uL PBE EFeto] 37ColA 581 HEGAIX

phenol-nitroprussid solution¥} hydrochlorite solution
247 2 mLA 78ISt 50 Collx] EaHE-S 5271 ulek
£ 0.DgpoolIA FFE=E 5733t Standard curve
0.1 mM-1 M2] NH,Cl& ARg381e] 74813l om, 259
F5EE standard curve®l Z2EA1A AEFES FEE A=
ST, Aol ARG mES] Tl oS Sk sl
M. M. Bradford [19]9] protein assay & ©]-&31o] 73Tt

loh rI7 o o ot

24. S YA g2l

Park et al. [20]°1X] A58 vlx]E - HEs1e] CaClL-BPU
TAIA] (BPU media, 1.5% agar, 50 mM CaCly)®l #]A=
< gaz=gete] 28 CollA] 33t ekt $- F3tdn] A
(LEICADMLS, Leica, Weitzlar, German) © % ¥ ¢ 34
oJH-= 2151t} 5 mL BPU Aufjx]of] ghabz4y &4
nAES dEste] 24817 F2F vkt £ 0.2 um syringe
filterE ©]8-3}o] oj#els 3313t} 25 mM CaCl, 100 uL
= 7B 5 94 14 (16179 x g, 5min)dlo] FHES B
SISITE. 100 pL Et Tirs st 5 A9 =3k
3H313L, cover glassoll 30 pLo] £3 S Hojrty] 50Cell
A ebds] AZAIZ the X-Al 814 497 (DMAX-2500,
Rigaku, Tokyo, Japan)2] 10-90°°f|4] 20 7FA 02 whikdg
< IS

2.5. 3% 2E# 2 (pH, Q&, 25)° e A& v
21 (40-557C), pH (9.0-13.0), 3 (0-2.0 M)<] F=7defA
nAEo] AEHA Y-S B8] 8 8 AEHA
(pH, 92, =5l tigt A4ES vlwsielct. pHe} S
2EG A AFE 2447 wljokst n]AES 4045 x gollA] 5
7F 94 22 5103, PBE 0.Dgw=1.0°] H%E= eSS
3 stress Z=710] A B]E SmL YA A vix]of v BES
1% 735310, 28 CollA] 200 rpm O 2 24A7F vjokaliTh,
T12]31 24A1710] At $ 0.Depo oA FFEE 54350
S ALt (At v ] S w/mx et bl
A ).

25 AEYA AFE 98l 24A17F vjofet v AE-S 4045
x goflx] 527F 94 H2] § PBE AIA3H] 0.Dgo=1.0°]
He= Atk 1§ YA 3Hd afiAo] ek,
7} &0 Ao 24417k EoF Hjeksle] CFU (Colony
Forming Unit)5 =74, ATES AL (M2l CFU/
28°C Wik CFU).

3. 89 9 g

3. 24 B3 84 &3

e vES Q4 (urea) o] ZEEl Al ISR
EFAFYI0]. 2 (CO5™) 3} ZHpol& (Ca™h)o] Aealo], ehakd
Fo s 712 2k Qi [2]. ofd], Q4 w3l /o]
EoTE 94 Hallol] 23k vllo]L (COsY) e FAdo] &
7Fsto] RS (CaCOs) Y do] e, dofd o=z o4
el airt @Ak, dhnFole WEso] 3 Eo] pH
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7} woR Al HEE, A n]8EsH] ehldso] Sk
Aok [15]. 2EE SREEEA nES F 5450I%lom,
UNE S, pasteurii KCTC3558} 7] 94 3l &3S &4
SISt (Fig. 1). 72 5 2] v8E & 94 a8l Ao =
552 A9 319, Tl S, pasteurii KCTC3558 3} B wa}
It} 71 A3, 8. pasteurii KCTC3558%] 24 #3f 40|
16.1 US® 3tom, L] 223t 552 v 0.5-5 U
Alole] g4 #all o= ST F =S 16S
DNA 97119 22443}, 452] Sporosarcina pasteurii &}
152] Sporosarcina luteola = FAFs7d =.0H, o] BC
1-5% oFdsiglnt.

Specific urease activity (U)

5Wﬁmﬁﬁ

BC1 BC2 BC3 BC4 BCS5
Strain

Corlntrol
Fig. 1. Specific urease activity of strains (BC 1: Sporosarcina luteola,

BC 2-BC 5: Sporosarcina pasteurii, Control: Sporosarcina pasteurii
KCTC3558). Error bars were obtained by triplicate experiments.

3.2. ehibde 4 &

e w50 e = s Sl CaCl-BPU

(b) 3000

2500

)
=3
=3
=3

1500 4

Intensity (cps)

1000 ¢

1 c
500 c i ! |
. l v v v H ) oy
0 - .

10 1'5 2’0 2’5 3’0 3’5 4’0 4’5 5'() 5’5 6’0 6’5 7’0 7'5 80
2Theta (deg.)
Fig. 2. Crystal morphology image of the accumulated CaCOs using
microscopy (a) and X-ray diffraction of the calcite of each strain (b)
(BC 1: Sporosarcina luteola, BC 2-BC 5: Sporosarcina pasteurii,
Control: Sporosarcina pasteurii KCTC3558, C: Calcite, V: Vaterite).

A HjAE o] g8kt o] wiX|oli= Ca’ 7} urea”} £
71 whitell, urea”} §AFEZE wAE] o5l el 2 73T,
CO;" 7} W=Ho] Ca™ 9} WkS-, ghabzgro] AAET) [20].
348§ n 7 (LEICA DMLS, Leica, Weitzlar, German)<
ol gsto] FEY Tl FAR FEAYS vt A
37 Feje] eikA7o] Wl (Fig. 2(a)). BC 2,
BC 4, 1831 tizrelA] 21| e] AR Refo] dEw| 9]
31, BC 13} BC 594 s+ SH|S] A3 refo] A2 3)
o, BC 39] -, the FEol vl tha 22 Feje] 3
Eo] BAEIT (Fig. 2(a)). ©1= tekst FEA% ) Bk
¥ A7) F2Y ge W Bh)EE R ¥AA &
o]idell 711817 wiitolth [21]. HdF X-A S Ay,
T2 Bbgo] RS ERIslar, ehkde] o)
A vlEte| EX wgF HAE ST (Fig. 2(b)). ©]9F 2=
A= Eal 0.3 M o]49] Ca’ oA eabdgul Ay
A5k 71 oJ5ke] oAl nlElElo| B EAds AR
= & T AT 2.

3.3. 2EH A A A ARZE vl
ZABE Aol n|AES 2841717 S8, L2 E A3}
ul SR EA ol A WA E = A3} pH S7tel| st s A
S ISt 3, M o2 Skl 48417171 S8l
Aol ozt AE AYS sl dixT ) e vAE
7 AEd 2 gk ARES 5719 e vAE BT
Izl 52 7102 YERITH (Fig. 3(a). 40CollA] Tz
o] B ARESe| = Eska Fe] vAE B 60-80%
o] =2 WHES YERL O, BC 49 BC 59| 49 50C
oA 40%2] AFES Bt o F T3l w2 nAdE A
7} kA HA L0l 50TCoA S4lo] 7Fseke o 5= 2l
S}, Aof| it yido] st mlEdsS A} 34 Al Y
2 A AYS Hpske] [22] A A A 3k Ha
25221 60°C o el st = Qlvh= 7 dS Haltt.
pHell tist &2 w2 vAE BC1-37 BC59] 4%
pH 10014 30%2] WAES B om, BC 48} thzatolA
= 27} 68.1%9} 65.9%2] ABES BT (Fig. 3(b)). 18
U pH 102 278 o= 8-S gR1st 5= Isitt. o]
A}, Ao AREE nAES Z92E 37 (pH 12)°11A]
AFEEAY 2= A e 2l o7 dkEin) [23]. o]of oigt
20 2= w3 EL] ¥4+ PAJS Bl LAY E 43 A
JoF AEZ AghE]o] ek A S s,
AES FAIAIFCZA 11 A7 (pH 12)0dlA m8E]
UPdS ol W, e 22k A EAsh WS B A
AGAA nABEL] WS FAA7 = W] ATt [15,24].
S Fe T 2 S AFERERAA G Hlo| AR E
8-S ) AHEY AEHA 7 (0-2M NaClyel 748
5o w=E2AZTE 1 A3 1 M2 NaClellA], BC 13 BC 4
+ UETETE Z2H2) 60.4%9)F 70.4%2] 2 AAFES B
t} (Fig. 3(c)). B¢ a7 AERT}F 52 9% (Ft ¢ &4
I 3.4-3.5%, IM NaCl: 5.8%)°M % ¢ mEE5e] s
S AAES sk, Al =2 AHES 74
g = Qe Ao7 FekEh
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Fig. 3. Growth rate of strains exposed to temperature, pH and NaCl
(BC 1: Sporosarcina luteola, BC 2-BC 5: Sporosarcina pasteurii,
Control: Sporosarcina pasteurii KCTC3558). The control used
were 28 C(a), pH 9 (b), and 0 M (c). Every data show the error bars
for triplicate viability curves for strains.

4. €

 ATexe 2AYE W e 34 viol ey
E s 8l nAES Eelete] 2Tl S. pasteurii
KCTC3558JJr Q2 B B4 =4, GRS Fols)
, 37 stressoll et AEES H]I’L A 3k3lt.

g ST BT B 34 8-S BaARE

8 FES] Jue 37}Zli E‘rEﬂ] R 94 # H
SAA, Fe PAEES tE H]OH 3—31%4
& Q4 Wl S BYTE Tey iz S pasteurii
KCTC355801 40CollA] om gt FELE Holx| =t

0_>E, 0_|_, HE

NLMX&"OBL

Hhell, BC49} BC 5& F7819] HA 2521 50Collx
> ALES eI 1” IR YA Al Ha ek
o 3PE= 60 CANE & AEES HAT US4
o7 Azl ARkASl Bl A 3.4%-3.5% KUk U =
2 A5l 5.8%NM= Tl S. pasteurii KCTC 3558
o] ¥]all BC 17} BC47} =2 AFES Ko, slldol
st vlo] @ ZIE A-gof| st 7S Blrk pHY
ﬁo%, e ndEEo] pH 107H4] sk, sk w4y

=<2l BC 42} Uz}l S. pasteurii KCTC3558¢] 7z}
68.1%, 65.9%= AFEC] Hl5Bielet. 912 AvE F4,
BC47} 2%, pH, 9%l i3] 7P w2 A4ES 2
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