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Abstract :

Lactic acid bacteria (LAB) is a general term for bacteria that ferment sugar to produce lactic
acid, which is more than 50% of consumed glucose. There are many genera of LAB, including
Lactobacillus, Lactococcus, and Streptococcus, and they are characterized as Gram-positive,
anaerobic, and non-motile. LABs are expected to have intestinal regulating and immunoreactive
effects, and their importance is widely recognized as probiotics (live microorganisms that provide
human health benefits).

Furthermore, lactic acid produced by LAB is also used industrially and is a feedstock for
biodegradable plastics. Lactic acid has optical isomers, L-lactic acid and D-lactic acid, and
combining these two types of lactic acid can increase the heat resistance and moldability of
biodegradable plastics, which has attracted attention from the perspective of SDGs.

Currently, LABs such as Lactobacillus spp. are used to produce lactic acid. However, these LABs
have high nutrient requirements, and the optimum temperature for lactic acid fermentation is below
40 °C. Therefore, it is necessary to pay attention to contamination by other fast-growing
microorganisms such as E. coli and yeast. On the other hand, Bacillus coagulans (now Heyndrickxia
coagulansis) is considered suitable for lactic acid production because it has a lower nutrient

requirement than Lactobacillus spp., and its optimum temperature is high (45-55C), which reduces
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the possibility of competition with other microbes. However, research and utilization of B. coagulans
for application have not been widespread due to the lack of established genetic engineering
technology. This study aims to establish genetic engineering technology for B. coagulans, which is a
bottleneck, and to apply this technology to modify B. coagulans for high genetic production of lactic

acid.

1. [EUBIC

FLIETR 13 WE % 73 fif U CHLB A E D ORI CTH D IHE L7227 F o Bih 550 % DL EOFLE % &
K9 %, FLEEF 12X Lactobacillus, Lactococcus, Streptococcus’s £ < DIENH . 25 L. K
fa. BRSE. Fo KOSEBIME e EDFFEE & D, —MMICILERR I e F O K. . CPEs
ElTHAL TR, REREFHEMTFIVERTZ20T, REIZA > 2B IZTFABEL. 7/ 4
P A ZHHENL T B, IR IZEBER R GG IR A S, a4+ 7 4 7 2 (A
DIEEE EOFIEE 5 2 548 %2 724EW) & LTZOEEEREL Bk Tns, flziE, FLERE
IZEDES NS I =0 b RREMEFLIZBIGEH (TR ORE Z b & U2 o8EE) 210 T
<. WBNE HE T dH 3 Lactobacillus|@ ¥ X U Bifidobacterium)@ % ¥ X 2. WHNIGHE TH 5
Clostridium)@=° KWiH & kP ¥ 5 2 & TIHNERESEGE S h, HMEZBFE. HNEBGRE2MES A
FHOERRB AR O AWM A, PRt A S ¢ 2@z 2R L T 5,

FURER 13 TR 2 A pE L, AERBRBEOpHE TR O AN A 2 Z LW TE 2729, diktks s
REEEMOEFEICHH SN, BE, 2 —Z 0 bD R X — & — & L TStreptococcus thermophilus<°
Lactobacillus bulgaricus’s EPFI I N T3, F72, BT TEMCLAH I TE D, Lo
TIAF 9 7 DFERTH S, FUBIZIIAFRMERTH S L-FLE L D-FLEE A FAE L. ZD2DDFE
EHbYE ST ETENRIET 7 2Ty 7 OMEMEREIIN L Z FiF 2 Z LA TE, SDGsDRR
76 EFEHIh TV,

AWFZE T LT B FLIE I Bacillus coagulans (¥, Heyndrickxia coagulans)\Z., K% # Bacillus
subtilis L iR T, FhE KT 26T MHEABRRTH 5 (1), 7207 250, @PEHRSTE. IBH
FEYET, EEERBIIEE35~50C, pH 5.5~6.5Tdh 5., HHaasH$ 5 Z & CfEWE & it
BhTnwd, ZORIIREEEDETHELOARL L. BMPEEIZI W TIREO A RIZFIH X
NBB-HT7 7 by ad—XR, LENHEPIECKGRERTHZT I 7 —XEEETLI LN
5, WAL FH IR T AMAEMTH 5 (2,3), ZTho DOFED & RIS R4 § 2 RIEE D A
2, WMRD7-O OISR BE TR NS, KRIEEOBIZACAEHARMT 22N TE, %)
BN FLR S E OB DL ATRET H 5.

VA, AEMZ e 27V v FF — ¥R ED KR v — &V F P IVAEWE &l L CHMBER
B GRIERpH, 2 ML 24 8) 2L THRA M7 a0 € 206112 TF->TnWbZ E2b
Mo TE, ZOMRIZHENTHIIRANY 7P IVEEEE L TEELR YDV P Ay VPV y —Tdh
BZERY X2 LA F FOBIRY 7 7 =L (c-di-AMP) & BHIRY 2 7 =L (c-di-GMP) Ay T
%, c-di-AMPIZ T2 7 AR R OWL D9 D 5 7 ARYERIC I W THA M E M 2 & &z
BEDIEH MR IBIE DM, DNARSBE L SIS LT3 (4,5), £, c-di-GMPIZ£L < D
75 LM KOS ED 7T AGYER I 3o THIFB AN S FIB O A GRS L. /34
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x 7 4 L AT OIEEIZ B D > Ty 5(6,7),

A7 THH LT B e-di-AMPIZ A %R T & 5 diadenylate cyclase (DAC) 12X > T253 1D
ATP» 6 A X I, 53 f#iEE % T b 5 phosphodiesterase (PDE) 12 & > TpApA % 721324 T D AMP

BB, c-di-AMP & B %1213 DisA. CdaA. CdaS. CdaM. CdaZ®D5fA & 1. c-di-

AMP/3 f# 8% %1213 GdpP. Pde2 . PgpH., CdnPD 42 H 5 (8), c-di-AMPAKEER 124 L T
DACFK XA V%% %5, DGAEF — 7 (Asp-Gly-Ala) RHRE F — 7 (Arg-His-Arg) 2P IC BET
H%. c-di-AMP 3 R D GdpP I3 — TN 5. 2D DONKRIGEEE N » 2 Z-PAS F 4
4 V- AR GGDEF F £ 4 Y -DHH/DHHAL F X 4 v 2 WS M 215, Pde2idGdpP & [A U
DHH/DHHAL K A 4 ¥ & & DOMREENY » 2 2, PASF A4 v, GGDEF F x4 » & 727(9),
1Z & A EDOMIE Ec-di-AMPA IR & L CTCdaA, DisADE S 52 & %5, CdaM. CdaZiZFE5
N7ZMEZ T 28D, 77 2BHEOETLVEYTH D, B. coagulans & FHix T & 5 B. subtilisid
DisA. CdaA. CdaSD3DDc-di-AMPAERKEER % & D, DisAIIDNAT M ER S VSV ETHD
DNADOSEAMHIFENIZEEE- LT, &iA A4 ¥ Mn* £ 7213Co” DIFAE F CilitE%E R4, CdaAldid
iz 787 BCdaRICK > THIHZE N THR D . BB fcdadFs & OedaRIZMNEEE D FEWE T d % N
TF RN BV OEK%E D glucosamine phosphomutases I — K 5glmME 6] U AT v I
LT3 729, ClaAiZMaRED AR & EE IS G L Th 2B R H 5, WEEEEA 4 v
Mn* % 7213 Co* fF4E F Tind . CdaSidBacilluslg & ClostridiumlE D AIZAFAE L. T TKIZEES- L
TED. BTORFRIHRET 5, W7 LA )& T TEEA A ¥ Mg ISR IS ET 5 (9) o
MESER L 722 M6 DBRIRY X2 LA F Fid, v a7 7 —YDSTINGZ VS B EMHEAELT
HARGIEZEEZ2FE T2 e MESNTHD, MO 7 F 07V a3y Fe LT EhTn
% (10,11),

AL TIEB. coagulansDc-di-AMP A E 2 B2 A ICK DR E 5 Z & T, Bt
Btk OB R A A, RSP TESBICE W TEET 2 2N TE WO AHEE L, %
#iT> T 5%,

2. BB KUEREE
2.1 B. coagulans NBRC12583# ¥ L U'E. coli BL21#kDiEE

B.coagulans NBRC 12583 #k 1280215 #1 (10 g/L N4 KV X7+ v, 2 g/LEERF T F 2, 1 g/L
MgSO, - 7H.0. 2 g/L K,HPO., pH 7.0) T37C. 180 rpm CHe#RTHE L. MR- MEiFF L 7=,

E.coli BL21RRIZLBYEHE (5 g/LNA K Y XT b, 2.5 o/LFERFTF 2, 5 g/L NaCl, pH 7.0) T
37°C. 180 rpm THe#hisE L. MK - HMERE L 7=,

22 77 AINDIBE

c-di-AMPA I Z O W ERIE D 72912, pET_Blue27°J Z 3 FiZB.coagulans NBRC12583#kD
i L7 BPCRIC &K D BEIE U 7z cda 38151 ABA L7z (pET_Blue2::cdad), %7z, B.coagulans®D].-
FLEF v N a i — BEF(L-Idh 1) % Lactobacillus delbrueckiifisR OD-FLET & F 1 7 F — ¥ #(zs
F(D-ldh) e AIRZ 5720 DT T 2 I F, B X Ve-di-AMP 53 i 8 585 1 (gdpP) & BIn T/ v o
T 5720DT T A FEpBlue7 7 23 Fa & EITHEL /-,
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2.3 c-di-AMP& B E#3R CdaA D& EITE

pET_Blue2 & pET_Blue2::cdad %3 A L 7-E. coli BL21#k% 50 ng/mL D7 V¥ ) VA &GAE
LB AR th T — MR %552 (37°C. 160 rpm) L7z, #H LWLBREGHI10 mLIZH53 & M2 T, ODew
= 0.5 1285 ETHREL, BETIZ 1 mMIZA 5 XS5 IZIPTGEZRML T37°C. 160 rpm. 3 B
B L7z, WiR%E4C, 5,000 X g, 557, @O HEL HEAIE T, i Yy 77— & LT KMP
Ny 77— (1.74 g/L KH,PO.. 0.24 g/L. MgSO, - 7H,0 ) IZfE L. 4°C. 5,000 X gT5%RE L
Sy, EWEARE TR, P2l IR L 72, c-di-AMPOIE TIER L v MIRREDH ¥ 7L %500
pLOKEHH Ny 7 7 — I L 7o, IR A 4°C 1540 MERE L 22 #. 95°CT10 SrfElngL .
FITHHIL 72, 4°CL 20,000 X g, 5 2rfEEO L. 150 pLooksdit Yy 7 7 — &M A ¢, HY
4°C. 20,000 X g, 5 FRELO L7z, EiEABUNL, 300 pLokidht sy 7 7 — 2O A, [H
FEcEOL, BEABIRL 7z, L3 %2 Mgt T 150 pLOWEAKIZERE L. Cyclic di-
AMP ELISA Kit# F\yTe-di-AMPOHIE % 1T - 72,

2.4 B. coagulans NBRC12583#% A\ DB FEA

B.coagulans NBRC12583#k % 10 mL. 802551 T —MifR 153 (37°C. 160 rpm) L. ZDH W%

1% 270 ¥ Y % &3 802 AR 1100 mLIZHRMIL TODsw = 0.5~1.012% % £ CIREN L 72, %
D, WA%E4°C, 6,000 rpm. 105 MhE L EEL HiE2 TR, Py 7 7 — & L TCSG buffer
(10% 7V ta—J, 0.5 MAZa—2Z, 1 mM MgClL) IZf&#& L. 4°C. 6,000 rpm T 104550
SEEL. FIEAIE Tz, PR3N DR U 2, PR, WKL » b 2100 nLOSG buffer!Zi
WL, 1pgdD 77 AI FERIMLUZ, Z20%., KfiL7201emD L 27 PaRL—Y 3 VF a2y

MIZFEL 72, Gene Pulser XcellM2 V7Y — & 257 A% L. 1.5 kV, 25 nF. 200 QCxL
7 haRL =Y 3 VEIT-2, ZTO%, 2L 2 ENA 728K A RMEEH (20 g/L7va— 2, 10 g/
LRI+ 2, 2.0 g/L K:HPO,) 100 pLiZf A, 45°C T3 BEMM{ER# 417 - 72, MI{ERG G, K
A2 pg/mL L) 2074 ¥V EEE802FEREIMIZ100 nL7' L —F 4 Y2 L, 40C TH#
72,

F72. TIAIROBALEMRT B72012, AHL2T0=— %802 AR 2, IRERS 3
U, SEH O R ICENE U 2R A2 BN L 72, Z D%, NucleoSpin" Microbial DNA % Fy,
FRED 7 a b I)ZHEn, 7 ARO T T 23 FOMM AT -7z, it L22DNABR Z 7 & L
T, PCRZEITV, BXRVKENC KDY FaffEad L 7z,

3. EEER
3.1 B. coagulans c-di-AMP& BB CdaAD EMAIE & EiFNc-di-AMPIEE
B.coagulans D c-di-AMPH IR (CdaA). 77 f#EER (GdpP, Pde2) DA PEEBEMMT D720, £ §
BRETEOMHER TR 572, & &8 Le-di-AMP % 2 L T W & WE. coli BL21 R IZpET_
Blue2::cdad%EA L, c-di-AMPDOApEE % HE L7z, pET_Blue2:cdad % ¥ A U 72E. coli BL.21¥k
FRRANZ, 8.1X107 pg/mLDc-di-AMPAgI & /=28, 22 b= 75 Z 3 F (pET_Blue2)
FEALZZHIE, c-di-AMPRIZEA RIS har572(X1), /2. BETEAZT>TWA
WB.coagulans NBRC12583#k A L7z & Z A, 3.1X10™ ng/mLPDc-di-AMP2 i & h7z, Th
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5 DFER M 5. B.coagulans D CdaAlZ X1 ME A

9
bHZENEREN, ZOEMICED 5 ° —
Beoagulans DWKIIZIE, c-di-AMP# 5 552 3 |
B FE RTINS Z LA o 7, b
"
3.2 B. coagulans~DEEFEA ’@g 3
B.coagulans D F AR N IZ c-di-AMP D {7 1£ H N e é ?
AT EZ72% . WITBIR LR Z 12 & D e ° 0 3i1 1.1E-7
De-di-AMPHIE A ZE L X5 7280, c-di-AMP s S e
Oy IR EERBIE T gdpPD ) o 2T T T A3
F. ¥ & OD-FURRAPE D 72 8 O D-ldhi8 {7 115
AT T AIPEMEL, 3. gdpP/ v 7
TYLMNTIAIFEMALIL Y PURL — %2 , 3A="No. ‘
SNCDO @ ® ® ® ® @

v o3 VM TB.coagulansiZEA LT Z A, I
KT5.0X10 CFU/ngD BB iniazh=kcam
——=EKEh, ThboDau=—p3EAT
FZIFZEALTOA 0% MERT 572010, |’
gL -2 = -2 5DNAZ K L TPCR
&5 7723 Vi %217 > 72, PCR&AT
57280020 =D B5I2n57 7 ZAI N e, BIETFEA2MERTELIIENTER
(XM2).

X2 EATIAIFDOMEZPCR

4. £&H

AW T, B. coagulans® & De-di-AMPEIKEFE (CdaA). 73l (GdpP, Pde2) DA FRI%RE
fEhr D728 . B. coagulans® CdaA % KNG RN CHMFIFEI L. c-di-AMPRANIRE 2 lE L7, Z
DOFER. B. coagulans®D CdaAlZiGEME % Hi b . B. coagulansDFHAPIZ X e-di-AMP A ERE XN T 5
ZENbhroTz, WIZ, B. coagulansDe-di-AMP R IEFRER T/ v 2 79 b &ITH 72012, 75
ZIVNEREL, L7 baRL— 3 VIZX DB coagulans™NDBILTEA 1T 572, B4 %
BT ORER, WEEESRIIENE DD I 0 =K I N, FRAo6D I =—h 5 138A S
72 P E iz, 5%, BAT T 2 I FICK 285 F#l A 2k L Tiro, FLsRE R sEfk
DI % HAE
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