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A Rapid Isolation Method for Bacillus coagulans from Rice Straw
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Bacillus coagulans has been considered to be a prominent candidate for probiotics as well as a thermotolerant biomaterial pro-
ducer. However, the species has not attracted the attention of Korean researchers, nor has it been commercialized in Korea.
Therefore, isolates for functional studies are not readily available. To secure B. coagulans resources for future applications, we
developed a rapid isolation method for the species from rice straw. Introduction of the enrichment culture at 50°C, the selection
of acid producers with CaCOj3 supplemented medium, and the elimination of enterococci by selective medium, rendered the

successful and rapid isolation of B. coagulans strains.
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o BolhA A% £ BT FL Holgt Foz 3
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Enterococcus, Streptococcus, Bifidobacterium 42] S-At+t
of AR7ISAEY 2AE F7tEHo Slthhttp/www.
foodnara.go.kr/hfoodi/). A28 ut ofY 2} Helicobacter
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st Sl & 9 BES AT Aek, 12). w2t
A W ©) Bacillus Z2wtol 282z Aol e] §
A% Wt gos, 4AT TAL BE 240
1TH5]. o]t AHE P 22 Bacillus Z24}
A& Q17HE] A o] B 2 A (dietary supplements) HTF
obieh F4b W it b AhRe) AR 2TA U A o
A2 A= 131, Bacillus subtilis, Bacillus clausii,
Bacillus cereus, Bacillus coagulans, Bacillus licheniformis &
o] #5271 ZEHto| ¥ AR A EFBEUTH5]. o|F Bacillus
2 Zo| A B. coagulans= ©|u| 2 #3F2] EZA}7} u|= food
and drug administration(FDA; http:/www.fda.gov/)2]
generally recognized as safe(GRAS) 1222 A& o] 3
of Zzupo|e Az N 4 Q= 7Hs/dol ¥ Bacillus
Z(species)2. 2 H7}E T}

B. coagulans= ZA FAAET ol S-At(actic acid)S
M AFSH= Bacillus®t Lactobacillus 49 EAS 25 714
3 Q9] Bergey's Manual 5%[3]9] A= Lactobacillus
sporogenes® HWHE 7| = I AT ] E2] FAHo £}
AN ESLA v 20| =9 ¥ A Bergey's Manual 73H[4]¢]
A B. coagulans2 W7 =3I, o] bacteria= Gram %41 2]
TR TS 2 30°CollA 55°C R ol A ASstaL, 3
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Z L5 50°C0|tH6]. B. coagulans= AZF715A
HEE oty gt LE-f4h WEA &4, 44 HEolE
coagulin®] At FFEE FES T gloH, ol HE
a7 o] Aol oA 7Hgdt7] o LAEAE L
3 & 4 e F7H AEE 7HAAL o).
A%715AE A ZA BT ofY gt LRTP7EA] HEL A
i SO A B. coagulans®] =& WH7IX 7 A&EH o=
HIE3 QZo & &6, Lvet AtAEoAe &
A9 iAol =4 Zsta tt. B. coagulans®] AHGH &-&
o ¥4 7| sATE T8 4 #57Y Aol astA v
Tl A= At +F71 &5 SEER 2 Aol
Aot & A4AEL FW B. coagulans 75 AL FHE
A #F £ FA A JpEE wE BeHE Bt
EGAER £7 5= B coagulans= SEFET ofY
g} xylosedt Z2 Q8GE BHAYO R o] &35t 5HE 7}
A3 o] lignocelluloseE -3t U= AEAH A2
B L3 -4t ABAbst7] 9iste] wol &2 =gl om[14, 15],
AAY SAFTLE E2E B QlHH10]. 2 dFoA = &
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Fig. 1. Effects of enrichment cultures at 50°C (A) and 55°C (B).
Rice straw samples for B. coagulans isolation were collected from
four different locations. MRS broth was used for enrichment cul-
tures and cell counting was conducted at least three times on sep-
arate platings.
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et A A A 78 5 e, =2 &9 B. coagulans
w27h A EE HES EEdes A9, HES %
71% dHi9 M, o3, AR, ZHY FUA =35
ot} oF 2 ecm 7|2 A2 HA 10 g& 3 H#A cycloheximide
(Sigma, USA)E 100 mg/19 =2 H7st B4 MRS
broth (Difco, USA) 100 mlo] H£3t th2, B. coagulans®)
A 9 A S22 47l 50°C 2 55°Co A 397t
HiFSFHA 24A17F E 2 WHdE A8 ATHFig. DI9I].
A4 ZA o= plate count agar(PCA; Difco)S A3
L, 37°Coll A v Fstich. thgFet oA E& RS B
o|+= Bacillus <5 bacteria®] A3 243} 317] 3t
Auf oy dA N = FAE S W gl 2 AHE-8t= MRS
brothg AHE-8HAL, 7Hs ¥t W2 T/ bacteria®] H&S
9lote] s 24 BANAL QuLAF AE AHEo
PCAE AHE-8FSITE. 50°C v ol A= 24A]7F o He 10°
CFU/ml &9 A7t AEEHUL, 39 Fol= ZE Al
29 AF47F B 10* CFU/Mm] 420 2 H4askg}. 55°C
B ofoll A= 24417F T 10* CFU/ml =29] Ad7 A&
=4, 2d Ao ofzt Stk Tht 3 Fofl= 10° CFU/
ml $E7HA] Zaste A2 Yegth & AFtois 55°C
A S B3] 10* CFUMI =] #4= 8ert 7H53
ASE UEPA T, 7Pt 328 749 F2E 9okl
50°Col| A 3U7E A ufekgt wjfdS A% 3] Aste] PCAY
Zstar, 50°CollA T2A17E v kst PCAOl|A et =
EY 9 S st ZF 8T 30 #FF &Twdst
of HESGY, AN R2RY 3R % dFE 5.3
F42 16S rRNA 42 G714 E £A40 o) AL
gtH o7 FAH BEE #59 16S rRNA 47 5
Z2 colony PCRE 0|83} 4383} 1L primer= eubacterial
universal primer 27F(5'-AGA GTT TGA TCC TGG CTC
AG-3"9} 1492R(5'-GGT TAC CTT GTT AGG ACT T-3y&
AF2-3FATHS). PCRE T professional TRIO thermocycler
(Biometra, Germany)E AFESFH L, 50 ul HES-A o= 4%
9] colony, 100 mM dNTP, 1 U Taq polymerase(Inclone
biotech, Korea), 20 pmol®] primerE &7}t th. PCRS
95°Cof| Al 527t AH|7FE F, 94°Co| A 127 §A, 52°Co]
A 4527t annealing, 72°CollA] 187 8439 714 -&
303 HtE3slgt. FZ%FH PCR AHEL2 PCR product
purification kit(RBC Biosciece, Taiwan)& A3t A A
3t &, 55 YA (Genotech, Korea)o] 2 2|3lo] G718
27593, d71-E 2785 913 primer= 16S rRNA
AR} ZZo]| AFE3 W 27FY 1492RS AHE-5HTH 2 A
H d714 8L NCBI(http://www.ncbi.nlm.nih.gov/)o| 5=
= 7148 ARE A2 2 nucleotide BLASTS E3) A+
T £, 27 H 16S rRNA f-3% |71 A g1
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B. coagulans= 5 w7} B2|EQ3L, Enterococcus faecalis
2 3, Enterococcus faecium 2 w5, B. licheniformis,
Bacillus thuringiensis, B. subtilis7} Z+Z} 1 4534 225
ek,

Bacillus 4 bacteria®l&= 16S rRNA A A} G714 E AF
7301 99% o]l ATLAATH TAF ol 2= H¢
7F Qlol, 39 A4 FRE Hoto] 2AFT LY 168
rRNA §42 A5A4S EA359 . B. coagulans C4= 2
A= Bacillus smithii PR32} 95%, Bacillus jeotgali BVC612}+
94% +E9 F5HE UL, TR EodA 2 dE
¥ = o2 Bacillus & bacterlaQ}E 93% &9 AEAS
UEY AT B. coagulans #F D ZAE9] 16S rRNA F
AAE ClustalW multiple sequence alignment program
= o]-&3sto] U4E3 23}, B. coagulans C42] 71X E 7]
%02 59-89 bp 77+ 180-214 bp T-7Fo| A B3]
By &= 3o Wo|g Y (variable region)?] A7} &<l
QIohFig. 2). wetA 16S rRNA 7| E £4L B. coagulans
O] ZAFTHY L& FEE B8] e ALE Iy
et
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coagulans C4
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smithii PR3
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thuringiensis Bt407 Alellen T GG
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50°C A uj%¥e A1}, B. coagulanse}t SH7A| Bacillus 9
Enterococcus 4 w57F A&l wat, fA B4 -5l o
£ Bacillus £2) AA} E. faecalis HZ8]A Streptococcus
faecalis(SF) agar(MBcell, Korea)E A}-&3t Enterococcus
4 720 AAS SIS, $4 449 SR 07
CaCO3z(w/v)7} 371 MRS agar(leco)—E— o] &3¢, 37°C

o A 24A]7k HH"kOloq 849 dH=z EA6td HHXl %9
CaCOs7} A H FAbe 93] E i (clear zone)S A A3}
= Z2YE 'ﬂ‘?:}ﬁl oHS). 4+ B8 #5555, SF agarg ©]
431 37°C, 24X|7t %ol A WA S FF Enterococcus 4
o 7EsAT

50°CollA 397te] FAujE Bl 2 AR2RE o5&
2T F 120 #7254 B E FAT 4 e CaCOs 3
ZHep R o A vkt A}, ZF Ao A] &

oA 83%7 FEES Ao
olR & FFE5S SF agard]
Al HH“?* 7:14 12} % HE_}O“}\-] 298 559 20% A
50%7F ALE UG 2 N e2fy HFHoz AdE 42 +F
9] 16S rRNA 447 H7|4E #4& B8 58 2%, &2
% B. coagulans® SRIE| At} wheba] & Ao 3%
50°Co| A1 & A ul e, CaCOs H7H A S ©]--3F Bacillus
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Fig. 2. The regions in the 16S rRNA gene sequences from B. coagulans and other Bacillus species. Conserved nucleotide

sequences are shown by shades.

Table 1. Effects of selection methods for B. coagulans isolation.

No. of selected colonies

Step Selection method Media - -
Anseong Pocheon Yeoju Uijeongbu
1st Incubation at 50°C MRS broth, PCA 30 (100) 30 (100) 30 (100) 30 (100)
2nd Acid production test MRS agar + CaCO3 18 (60) 25 (83) 24 (80) 19 (63)
3rd Enterococci elimination SF agar 6 (20) 15 (50) 9 (30) 12 (40)

Rice straw samples for B. coagulans isolation were collected from four different locations.
The numbers in parentheses represent the proportion of selected colonies (%).
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