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1. [FC®HIC

1.1 WEMKEZIALEZaY2)—+
HiER EoZ < DAEYNE, BRI E o THW & iRy
fRL XN X —2EET 52 L TEMEBEZITo T
D, TIVEEMFANCER 25 BRSO
I OLEIEH DL OOMEY LR AT, A E
R L= F— 25T 5 2 & THEMIEE D ATHE
0%V, BFEEESTIEROBE, AHEWITREHIC
FALIRFBE THRIND. O & &RE L #bR
R, TAHIVEBETIZBNTHALY Y AL Il
DMiEBA A EIAET D L, BRI MR &
NREBEE ST S s (B — 14 e (k)
IR DIMEIS) . Z OMEMHERICI D EESID
S W A SO % MICP (Microbially—induced carbonate
precipitation) & 9. MICP [ZHIAERI B EAHTPE /L &

AMEOBRISHShTng > 29 a7 ) —§
MEHZBI LTIk, MAEwHRELZFRIA L-E Sisl= v
7V — RSN TWD. FEKRELZH o
Bacillus BMEE, 725 CTHIEMCISIZE R 72T V7
U (pH 9~ 10 ) FCHEB ARG T VI
DRI TS, BRlcHiiREhTwsd a7 U —k
M HCIHBREME Y TiE, 7 X TRESNEGT v
HVE? REASATND. BOEBEEDREA D
=Z0E, LT3 27y AicdEfisns ¥ ORIRKE
BThoFRMIE (A XS (R LB %
BAELar sV —rafEd 5. QUUEINARET
DI ETKEMENFEANLDPH 10LLTFICRD L, MAE
VINIEE LA 5. OAEWITILEE I VY T b % iR
L, REBEINL T LEFHLOGEHEL TV, L
ML E, pH 12 ~13 W) L H sk T7 b U 4t
TCEHBAEYRFIICHIETE Wiz, AR

229V~ bR OSKARIS A
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B

YFSIEREY

e

COs2 SMMERIG_ ~ o+
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REORBUITH D FREOR(L (P BYLETHD
CEICHEBENRNLETHD.

1.2 B7ILAYMERORAM

a7 U — bMNTHHE L BOIRBEEEZ BRI ST S
Wi, ERIERBEE B b mWINAMEZ FoZ LT,
YT Y BREE T T e AR A ATRE 2R 5R T L 0 V) it
FRARATHDLEEBEZOND. W7 AH VIERH THh
i, B A TICRIST 5 2 8T, O UEIRAEES
MIET L EEZEZ NS, £, M7 AN VERETT
MR NTIEETH D Z L%, 27 U — NP CRHE L
LEBRETDZEHBWT S, 2F0, @7 D VittER
WAy Y — FNER OB E A BRI T S,
V— REOSIC B e # A RET 5. TORE, EXIL
FROG (BB OFAE) & Bl U ERE & 40T %
bEEZLND. (BR—1/k:a3r7 U — NHOGHE
A .
EELITINETIS, BRRAH L5 Z &b LRaetn
FiVNBacillus JBAIE CToH 5, MEmE R LB IR
a7V — FOREEEDTEEY. FRBKERH
2L, HRMHEMEM T BRERERNPHHTE S
ZEMG, MEREITa Y ) — b AEREN LB
2Oz, MEEORERE UTESRET 72T > 7
OBRFTbUED Y T E a7 U — FoRRbE BIEZ T
WIS, AT R T VA U ERT L OOMT V)
FUETFTIEHEVERE Lo 20 ) BB - Tz,
Z T, YA VMR A ST T U RIS
FHEE L 7ot 2 O - R R R AT o 7. B LT
SRV U IHPERE OREE A TRE L, B CIBEERE & Bhsh
HREZ PR o 1o mkkfE = 7 U — FOBIRICEM ThH
LD LTz,

2. B7ILAHY)MHEEOEBE

2.1 TILAHEREER
IHETICHEA L TO I ME R E IR (kB
FAERTRL ) 2T U MECIERS S8, T Vi
PEREA AR S DG 2 &~ 72, BARAICIE, MEH
DEFRITHH L TWD LB REH# (R—1) % IN NaOH %
FANTT AV HICHREL, MEREEZEREL (5%
AL :37°C, FRERGAE). L 7o B & BL I s
VN pH @ LB BEHCHERE L, pH 11 LLEDFRT L H Y M
JEDS U2 Bk 2 372 (R —2). pH 10.0 £ TIXREFZ
BFE AR Sz, pH 11,0 LARRIZ SIS R EEZ 72 > 72
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pH 6.8 9.0 10.0 11.0 12.0

FE -2 pH iR

S, BRI pl 11,6 O LB ESHIN D 2 DD =— (I
GELT-BRE) 2. TR U RETAET I RE
(Alkaline Habitable) T&H B Z &b, 2 DORMKIT
Al B X OAR2 &£ T2 (BE-1).

2.2 TILAYmtEsED

pH Z-FHE L 7= LB it A A 7-alvig 2 ¢, 7l
itk 2 33 2 72 O ORFR IR (BRI 130°C, #RE S
BE 1100rpm) &AT o7z, REEEBHAARE, EERRITEAANCThH
% (BE—2 LBy, 200 LEAHET 5 &, 1
BRITWY PR TEs (BE-2TR). 7V vk
@3 (fii % 0D & =& — Miniphoto 620, %A 7 v 7 t1:#1)
A U CHERR 24 W ORI 2 E L, pH E
FHEEER M (pH 6.8) TOWEEA 100 & LT, TAAY
PEIZFHEE U7 5 L C o 2 e L7z (B — 3).

AHL #RiZ pH 10.0 ZFEi & L, pH 11.5 £ TRAEF2IH
A e R S A7z, AH2 BRIZ pH 10.0 2 3l & L, pH
12.0 £ CRA MNP SN, ZHDRR KXY,
Befk 7z AHL B X OVAH2 @ 2 SO kR, pH 11 LI E
DIRT VT VG T TR R AR iR T VA U I
ThodZ P bENERoT.

3. XEBRMEMHAE

3.1 Zfafspae DT

W B D Bacillus A, ARG RAME &
LTHbNTWD. FNIEAME L, REDODH DB
T T I ZAT 5 S aOTERE (BR#) & 725703,
RERENELS 222 & HFRMIICERE EREH 5
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1S ShF 1% HE 8 %

BE -3 HOGBMENIC XL

ITERE) AL UIRBRIREE L 72 0, 4B R BRBE T
BOWTOAFEZXS . FRRMRITEE 2 22 b L RIZ
WHHERDH O, WD TEWMAEZ RS, #l 21X,
Bacillus J&HIE O IENIL 100°C TOEIBITHKI 20 KFET T
Z5ZENTEL Y. M7 AN ET TR AMAD
RAERLH D RREN WY, a7 U — MREEIIK
B E o TREERRE CHD VD, LIRS T,
FERERRAE & R oM N, a7 U — b~0iE Az
FHThDLEEZDNS.

T, WOCEEMEE BZX800, F—x i AAHED) (LY
HINRE2BEST 5 2 LT, A2 RO HNURRAE 2 7T L 7=
(BE—3). ZZTlE SYBR green I (Life Technologies ft:
) & PI (FMALFWFEpTHEE) o 2 FEHO LA
& L7z, SYBR green I 1%, ALl LGk
EAT 5. M AMEAS AR E OZEE (DNA) ISRA L
AR EET D, —F, PLIIERZE®RETH D0,
MR (RS D & 2 SEH O BEIR IS & LRt e 2 &
T 5. BIEXGIL, LB (FR—1) THE L7oR &
iR & K548 24 Wy[#T2 O RE & % 16 HHMmEE (4C) (12
RELEZLDE LT,

IR R A E L DD LU TO LIk 5.

- 5 5 IR, 8 WEMHITR

lumX3~6pumnDRENIBEINT. BRI

THRITEEMETH DL EB L OND.

- 5% 24 WRE

lpumX2~3punOEMRENBEIN. ERE

(RN SRR CTh I L EX NS,

- WBARAT 15 B4

ApmX1~2umDEERED DV IRERE N 22

Sz, EREE B SRS R Shiz &35

ZLD.

REICRAINERE b B S . AR 2R
(BRI L SEHE DT TERUAREFELRDIZE 25,
AW RIL69. 0% Th 7=, ZTHIE, 69.0% OHIEA N
e ARESRE T2 AEF LI 2 L2 BRT 5.
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A : SRR

D RERIZE (AH2)

MR REBIZ O, A2 BRI EERERGEE A3 5 2 &
DL E R 572, AH2 BRITEE 2 ZRBREE A b L RICHI L
BWIHAMEZ R D, £FREERE FICBWTHAEFET
DMENRDH L. a7 ) — FREICKH L, AH2 BROFH
PERENZ ENRBIND.

= —2 BEHERS

—_— M (g/L
BEITA NaCl
LB(-T 5.0 10.0
YE 5.0 -
0.9xYE 4.5 -
0.8xYE 4.0 -
0.7xYE 3.5 -
0.6xYE 3.0 -
0.5xYE 2.5 -
0.2xYE 1.0 -

3.2 B sO&mEL

AR PRI T ST % LB B HL D Al 5y
i, BRWPBLORERELTRI T Ry (T RY),
X IR EOAFREWE L L THEX X (1 —
APMTHRRRNT 7 ), MRRFELEHHEE O 0T
FU A (NaCl) THERSHTWD (B-1) ", W5
WaEMBHALZay 7 ) — 28T A8, BEICHD
HIBMIAZZOEEMAL TN, AT U 7TBIW
[REMERKLa 7 )= D7 by vatbRICEE
Nbor ¥ ZORRIZ, B AR oRIE Y
BELGENDTDHEZZ DN, Tz, PisikiE =
v U — MU ERBE LS A, SBERORK LA
DHALT DU T AEBRS L. 2 2 CTREHC RSB R
RAKBRORF/R AT 2 2 & Ll EwAT2 2 &
HBIC, KRy OB RE Ls. Bt Lok
Dy a2R— 21277, BRI XFZATIEXY I U0 X
TINE% GLIOERREME L LTE2 T
DN, TIVBOBBREELZLEENDTOREN

1)

He




RRERE LTHRET2EEZOND. £ TR
FADOHERERE T DB A L7, LB T
DOEFE 24 FEHZR OWE % 100 & LT, KHALD DR
HREMTOMTHE A i L7z (R —4).
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o oF oF AF GF F AF
e Q7 QO O QO Q7 O
mAH1 OAH2
B — 4 FEHipksr OIS KD HA~ DR

FT, KEFOKVIAZLE LTI T NI LTE
e (LB (-T)) TilBr L7z, FEAREHRL L ORHE
FHTHOEFRLZWZD, FU 7 N ORI~
DEBENBDO LN LODRELIPADTHZ Lidhho
7o R ANREHRREIE L THol#ieT 2
ZEDHEND BT,

WIZ, HifbF b U U L& UBERE T % 2 D B O35
(YE) THBRL7-. kT MY U L OBRIMIETIC A<
WL Dol 2EKE bR X DL THorI1H
FET 5 Z ERENO BN, SOICERTS 20E 4 &
DIZY IAIZAT o 72, 0. 8 {f & F THIFHE 80% % HEFF T
XHZ EnbiroT.

OFE#Y : 4.6%x108 cells/mL-sample

PR 240512

OFEY : 5.6x108 cells/mL-sample
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Rty oz L0, a7 ) — MRGERFZEA
T D REREF/DRIZT D 2 & TRERIFINMORNE
flRCTEDLEZOND. WEH= 7 ) —FDT Ly
VatbRANOEEL N CE D LRI IS

3.3 £9@BUTIRFvIELMRAR

WEEEZFIA LB iR = 7 U — FORFE T,
a7V — P TOMEEORERE LT, ANt
T AF > 7 T D PHBV (poly (3-hydroxybutyrate—co—
3-hydroxyvalerate)) %M 2tz tED T,
PHBV (X7 /L1 U B 52T CHNAK G i S 4L TR 0 A7 #
RFBIFRL 72D EHERI STV D D, BRAEMMNIR LK HE
JRELTHALTWDNEIARHTHS. 22T, PHBV &
Me— DRk Sy & LB A VT AH2 £k o> PHBY &bt (5%
FEBL O A —FHE LTRHATL L) reE
it L7z,

U R AR & A K (PBS buffer; NaCl: 8.00 g/L
KC1: 0.20 g/L, Na2HPO4: 1.44 g/L, KH2PO4: 0.24 g/L,
pH 7.2) ZERELE L, 0.1% (w/v) PHBV (/A 7 AfhiY)
DHZERSy L LT A ER L7z, IN NaOH % FV T pll
11. 0 (ZFR%E L7=. LB BSHUCRIESFE L/ (S Ha%E L 7= AH2
R 2 PBS buffer TUEI L, Bk kAW =
Bz L7259 2 TO0. 1% PHBV BEHUICHEEE L, ReaesBh (B
FUIE 130°C, R & 9 WL 1100rpm) &Z{T-o72. ZOFE
BRCIE, AH2 BRZ G LIcRBRO & T LC, MY
b LT iR @ (pH 11, 0), 3RO (pH 7. 2)
DEFERLERLTVWD (BE—4). PBBVIIREMETH
L7120, WL ABLTEY AZH TEMMI T
LIS TE R, E 2T, B 144 BRI 0 %5508
1% [\ L, PHBV 20 i Cdh % 3- & R & U E&EE (3-HB)
E/)v—BLPI0BEEETCORERANK () I~v—) %
MG L LIERmRNHT 21772 (R —5). ofralkhass
HWEHRZ AR 0.2 um v Y P T 4 Z—TAHBLIZA

1517205/

OFE# : 1.6x10° cells/mL-sample

FE — 4 PHBV pfiR 3R
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B (DAH2/0.1%PHBV (pH11.0)

@0.1%PHBV (pH11.0)
030.1%PHBV (pH7.2)

X — 5 PHBV /) fi#) & oo b

WweE L, RiK v~ v7T7 ¢ —@mfReeEaEmtr (LC-
OrbitrapMS) 7% (LC: NexeraX2, & @t &l {F pr 4,
OrbitrapMS: Q Exactive HF, Thermofisher Scientific )
2Rt Lz,

RBAEREZZ DD ELUTOL IR D.

- ABARO (AH2/pH 11.0)

BRI RSO3 a0 (SYBR green I, Life
Technologies #-8) Z Fu 7=+ e BAMEE (BZ-X800,
¥z R BlEIC XY, AH2 BRo etk & F
MU 72. EEaEBRMARY 1T 4.6 X 10°%cells/mL-sample
T ooy, Hid& 12 REH% TlL 1.6 X 10°cells/
mL—sample & AH2 BROMEHENZRD ST~

E ) ~—7 120ng/mL, 2 ~5BAEKOF Y T~—N
7.3 ~ 20ng/mL M S, Tvh VIS K BNk Sy
RN 2 AH2 BR ORI L 0, fed PHBV 43 fiR H3 itk
fTLCnWkEEzon%.

- RO (4% /pl 11.0)

€/ ~—7/" 91lng/mL, 2 wAEDS 1lng/mL, 4 EKN
4.5ng/mL M a7z, AREBREMF T (H 11, 30C,
144h) i, T A VI L DMK fRITHE VR Z -
TWeWnWeEEZEzbhb.

- RBCRQ (LW /pH 7. 2)

v —EBiE ol 2 BIKH 2. Ing/
mL, 4 K285, Ong/mL R Sav7z. FPESRMET T
[T PHBV XU & A EfiR S e oz,

PHBV &AL PERAER & PHBV 53 W) AT DFER N D, TRT
VH Y R TFICE T A2 BRiT PHBY D43 fifRE R L OV
fLREZ AT HZ Lmmanic. A7 I A5 v 7
Td % PHBV 3, a7V — FHIZET D AHBRO S
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& LU THERET D Z L3R EnLD.

4. 77 LI K 2 EBHRHERE

4.1 AH¥DT / LT

AHL Bk & AH2 BRIZ, WEE " 27 L0 VICIEIR S § 5
TVT VBB FERIC L o> TR ORI TV Y PERE T
HAH. T FEIXSTES EBacillus subtilis (FhHE )
CBLTWD Y. MEEITE < b Sh TV o e
WMO—HETH Y, KIGEFREEET V7 2R =M A YR
Tdhs W, 1997 TS ) A (BBIEER) MItns S
nTEL, AV A RXiT 4. 19p FEHER) THY,
WETHIT A4, 101 HHEESATWE Y. =7 AMAED
&L THAEMIESEE &l m T OBMR A FECHIE S T
W5 MEEOS ) MEFT L RSN TRY, &4 A
B (7 5% A 2) 13 4. 18Mbp (%), MG TFH0T 4,
375 LHEESNTND V. 9 82% DS TII R EE &
FUBREZ b O L FRESNTWD 7. KB o H5l AT hE
72 pH#FHIZ 5.6 ~8.5 L &N Tk v Y, BEMICIER
BT ELRBRELEZ LTS, £22T, W7D
U THPERE S EARIAFEIZ L o> TSR SN b DD E
AT, AMBRD S ) LRk 2 Fhit L 7.

AHL Bk 5 £ VAH2 % @ 5% 3% ¥ 7> 5, Quick-DNA
MiniPrep Kit (ZYMO RESEARCH #:#4) % fWTZhZFh
DF 7 I DNA ZFhHI L=, QIAseq FX DNA Library Kit
(QIAGEN #18) Z W THIH S ADNA DT A 7 F Ul
"WuiTole. ZOTFA 77V l#%IC, =ik DNA BAfR
FedEE (NextSeq2000, Illumina #-8Y) ZHW\WT g —
MU= R =0 U AT AT 72, & BT, fHFL DNA
BOAIfiRF4E R (MinION, Oxford Nanopore Technology #t:
) ZHWTrY I U — Ry—r v A &4T 72,
WC, 7=V T N =T THDHT ) LT T TV —
Jb (MaSuRCA), %~/ L7 & v 7 ILHIEY — /b (POLCA),
MR Y — L (GTDBTK) 250D/ ) Wby — /L%
BRALT, 7/ L7 —2DT vy TRl EFHERED
T )T —varik{rol.

A1 BRIZ A B X3 3. T6Mbp, AT s -5
%3, 872, AH2 BRIZS 7 AW A X3 3. TTMbp, tRA T 5
R TEUL 3, 873 Tholz (R—13). 7/ LFIRIEF
—THEHLILODENENMSL LK TH D Z &Ny
Mol ML BIOCARKDY ) KX, 7 LA X0
BAR TR FE M T & RE SRR Tuvz, AHL
BLXOA2 DT ) LB D EY R 35 LTk 3R,
Bacillus altitudinis 41KF2b £ '™ L ESEBTH D &




£ 3 U LRHTRE RS X O S T

AH1 AHZ2 41KF2b
7 JLH1X (Mbp) 3.76 3.77 3.68
REBETH 3,872 3,873 3,811
TRMRELT AH1 AH2 41KF2b
spo, yitr @ @ @)
cot, ssp, sps @] O O
ger o @] @]
FINSEERF AH1 AH2 OF4
tua o o -
ythAB QO O @)
cydAB O O
ctaCDEF O O @)
sipA - - -
capABC @] C -
epsDEFHI o o -
eps]O - - -
epsKILMN O O -
mmp O O C
ktrAB - - C
ktrCD O O C
walkR O o C
bceSR @] O @)
liaRS O O C
yvrG o o -
cssSR o O o
fabH @] o C
PHADRRIE (LT AH1 AH2
phaz23 - -
pha¥Y
hbd O o
IKSRRERBIET AH1 AHZ2
gloB @] o
gloC O o
mhgD O O
hsaD O o
todF O o
BB REnT AH1 AH2
rl5 @] o

C:RE - TEH

HEE S, 41KF2b BR1E, A ¥ REEOIZIE R deifr
BT DA T T 3= KD 28 41km £ TOZER M 5 ERH
SINTBKPICRWESINTEMEMTHD. BE 7
Va— ], R T E LRI 0 B E LT
A L, 45°C & Fhug i) R Ik T b B S AT RE 7 3 e
EHAE Ch 5. £z, WamECEEOTAEMEIC
K UHEEEZ R, A RBEEX P L AZMEDOH 5
WAEBRETH D . WMEEEREES T A U HEICE
WS LT v UIMERE &2 G LD Tl <, T
BILEBRO T 0 ADOH TRIERLE DI F I F—
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varyNRIY, BT VH VMR R SRR,
AHL R & AH2 RS SN b D B2 HND

4.2 TFILAHYBEERF

pH 11 ¥ CHEBWREZR Bacillus halodurans C-125 kk ™
°pH 11.4 £ THAH WHEZR Bacillus pseudofirmus OF4
2 DY ) MMENTT =206, BT ARV EEOT L
) TSR DM E STV D ™ HIBaBE OREEY) (tua,
slp, cap, eps), MMLEH O E 5% (veh, cyd,
cta), NFF U RMEER (arp, ktr), MIAFEE A N
L A (wal, bce, lia, yvr, css, fab) 72 & D&
F-DIFE(E & Z OREREN 7V U BISICBE LT b L
i STV A. AHL RS AH2 BRIE, 2D OBEBT21F
ET_THRA LT, pH 114 £ CTEF ATE/R OF4 £k
LT DL, Tk ) EISICEEN R S LTV D E
BFELVBELTONDZ ERShoe (R—3). AHl
BEE AH2 #7238 pH 115 L ECAFARECTH H Z &3, &
RRIEFED S bR STz,

4.3 HERBUTIRF VI REELGT
PHBV 1%, poly (3-hydroxyalkanoates) (PHA) & BEIE
NOWMAEDNERET DRI AT ARIEO—FETH 5.
PHA IZTUAEMPEE T D Z E DL AENREEZ T L TV 5
TERFBNTW D, PHA KRR S+ (pha) <0
PHAKERRE / ~—Tdh 5 3- & N ¥ UEEE (3-1B) @
ik FEEZ A (hbd) 75 PHA DAFRIZBES LT ™.
AHL Bk & AH2 BR1E pha 1R L TV hr 2 7228 hbd %R
HLTWe. Zofth PHA 73 f# I B35 2 615 BRF
R LT AER, 5 MO MKy iRRESRE s T (gloB,
gloC, mhqgD, hsaD, todF) & RIL/KFBRACEERERT (r]5)
NHRWEshE (R—3). IhOEBEBRKRTO K
REZFMLUTPHA ZAMRLTWH EBEZLND. Lz
235 7C, AHL K & AH2 BRIZRIMRYIC PHA % 205 % HE
Wb 0D, T VI XK DMKSIRIINZ, MK Sy
fit SR PR LR A FH L CPHA 20 L o0+ 25 2
LTEITHEZZOND.

T DRENTIC L D BARHIREE AR A L7oER, R
Bacillus JBMIE TIZH 5 b DD, AHL KL AH2 BRIZHE &
WOOMER) 1T 2B8ER% CTd D Bacillus
altitudinis THDHZ EDVHAIB L7-. & 512, AHLEEE
A2 BRDSER T VUV IME T 2 2 & B L OVESRIETZ
2Ty 7 EALRE R RO Z & NEBRIREN D b R S
7o




5. ¥&H

a7 )— DX DRI T VA )BT U RE e
HE 2 HEET 5720127 v U & F TR FER A £
B U725, pH 11 BA L CAEB RIEERT V4 U it
AHL ¥R d L OV AH2 BROJERFIZEh L7z, 2 Bk O RPE%
FERIE L O FEIICHRGE L7255 58, DU ORIk 2 FF

DT L FEND BTz,
« Bacillus altitudinis \ZITf&7BT-72587 )V h )
MEETH 5.

S EBRT Y S (pHIL ~12) FIZ TR AIRE T
»H5.

- FlaAREE A L, BREEA b LRIkt LitA M %+
LATFREI DS E.

O RE T T AT 7 T D PHBY Oy REER LY

ELREE AT 5.

W7 AAVERE T ChDar s U — b MNTAEFL, &
TS UGBS S 21T 9 2 LN TE B3 7 LA Y i i
(AH1, AH2) 1%, DATOBREZFFSEEZ LD,

C WS IR A ARETT & B IRERE AT (MICP) (i

(2 k2l 72 B B EERE.

TV U BREE T OMRIC X D EEFEREICERK L

BRI IE £ SOS DI RE.

ko zZ e, w7 v VMR AHL #R3 L O AH2
BRIZ, B CIREPEAE & Bhshiae 2 OF B hr o 7o dine =
7 U — ORI TEWEHELRZ DL EEZ BN
2.

E jf=2

TV ) R R O FEEC H 7o TE, B
SALFHAE O S B BER IS KR D1 T2
7z. FE7=, PHBV 3R D piridtk NSt BET 7 /)
P—F, AHERD Y 7 AfEHTIE bitBiome #RE &AL H 7)
WCEVEiSHE., IR LEEERTS.
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Isolation of strong alkali-resistant bacteria for contribution of the high performance concrete

Takamichi NAKAMURA, Toshinari HAYASHI and Atsushi SAITO

Self-healing concrete that utilizes a bacterial metabolism has been developed. However, there is
technical problem that microorganisms do not function adequately in a strong alkaline environment
such as concrete. To overcome this technical challenge, bacteria that has metabolic activities in strong
alkaline environments were isolated and their properties investigated. Selection experiments were
conducted using a medium adjusted to high pH, and two strong alkali-resistant bacteria were
obtained. Experimental validation indicated that the two strains possess advantageous properties for
the development of high-performance concrete that combines self-healing and anti-corrosion
resistance. In addition, genome analysis revealed that the two strains are most closely related to
Bacillus altitudinis and possess genes involved in sporulation and alkaline tolerance.
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The development of Bio-Smart Concrete® (BiSCo)
- Development of large-scale cultivation technology for the AH strain and trial construction of BiSCo -

Takamichi NAKAMURA, Atsushi SAITO and Toshinari HAYASHI

Bio-Smart Concrete® (BiSCo) is a high-performance concrete developed using a strong alkali-
resistant bacterium (AH strain) discovered by our research team. Ongoing research and development
aim to achieve its practical application. Adding the AH strain, which can survive under strong alkali
conditions, and nutrients to concrete enables it to precipitate calcium carbonate, thereby providing
self-healing properties that rapidly seal cracks. It also actively consumes dissolved oxygen, thereby
providing a rust-proofing effect for reinforcing bars. To demonstrate the practical application of
BiSCo, the development of large-scale cultivation technology for the AH strain was undertaken,
successfully producing AH strain sufficient for over 200m? of fresh concrete in a single cultivation. A
trial construction was carried out at a port facility, with 10m?® of cast-in-place BiSCo using the AH
strain being placed in the flood barrier.
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