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Bacillus coagulans ®16S-23S rDNA T'TSHHIs D % Kbt
mH B A* B #A*

Polymorphism in 16S-23S rDNA Internal Transcribed Spacer (ITS)
Region of Bacillus coagulans

Atsuhito Enda* and Norihito Taguchi*

Bacillus coagulans is a typical organism of heat resistant spore formers cause spoilages in packaged foods and bot-

tled soft drinks. Aiming for rapid identification and detection for B. coagulans, sequences of 16S-23S rDNA internal

transcribed spacer (ITS) region of 13 strains of B. coagulans were determined.

Five major amplicons were observed at I'TS-PCR and only 403 bp amplicon was common for 13 strains.

Sequence alignment suggested the largest amplicon contained seven segments and other variants were derived by

deletion of several segments. Based on the structure of ITSs, oligonucleotide primers 101-22F and 264-21R were con-

structed and showed specific single-band amplification with B. coagulans.
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Table 1

Strains used in this study.

Species

Strain

Bacillus coagulans

ATCC 8038, ATCC 11014, ATCC 11369, ATTC 12245, ATCC 15949,
ATCC 23498, ATCC 31284, ATCC BAA-738, NBRC 3557, NBRC 3886,

NBRC 3887, NBRC 12583, NBRC 12714

Escherichia coli
Staphylococcus aureus
Bacillus cereus

Bacillus licheniformis
Bacillus megaterium
Bacillus sporothermodurans
Bacillus subtilis

Bacillus thuringiensis
Paenibacillus polymyxa
Brevibacillus brevis

Sporolactobacillus inulinus

DSM 15997

NBRC 102203"
NBRC 100910"
NBRC15305"
NBRC 122007

NBRC 153087

NBRC 137197
NBRC 1012357
NBRC 15309"
NBRC 153047

NBRC 135037

Table2 Oligonucleotide primers used in this study.

Primer Sequence(5' to 3") Usage
S-D-Bact-1494-a-S-20? GTC GTA ACA AGG TAG CCG TA ITS-PCR
L-D-Bact-0035-a-A-15 CAA GGC ATC CAC CGT
M13 reverse primer (RV) CAG GA AACAG CTATG AC Sequencing

M13 forward primer (-20)

GTA AAA CGA CGG CCA GT

101-22F

264-21R

CGA CTG AGATAA AGG AAACACG

AAA CTG AAC AAA ACG GAA ACG

B. coagulans specific PCR

72C 2 rl ok & L.

WIRKISHOKIE 1ulz TAE/N Yy 7 7 — (40mM
Tris, 20mM Acetic acid ImM EDTA, pH8.3) H1T3.0%®
NuSieve 3 :1 Agarose (Lonza) 7V C120 VOEBRTET
T4055 11, EEAIKE) L 7.

BRIKBHEO S VIF05 ug/mOTF Iy a7a<4 F
IR LT 15 M gett, 1540 MK BE%, 360 nmD%R
AL % U U C RS R REY) & fih L 7.

(5) ITS-PCRIZIGBEMDIZEECTIRFT

A XD 57 2 IR EY 2K EIRAE 3 A ITS-PCRYG IR 2
WZONWT, BOBOZGHKERL, Y- I VIR
I & AT - CHLIEELH % AT L 7.
1) 4L NI—0T V0T

TAH— A VEKKE %, RIS T TDNADN
v Regd 7 Hu— A7)0 % X-tracta 11 (LabGadget LLC)
HHWITF - TFNFyT (7Fay) WY REL
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THWH WL, Ilusta FX PCR DNA and Gel Band
Purification Kit (GE Healthcare Bioscience) # T,
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LA % AT L 72,
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1337C 1 el & L7z,

HHMOBHEOHARY ZEOMID T I A I P2 R &
L, MIBUN—ZATI7A4~—BIXUOMI37+T—F7TF14
~—%HVWT, ¥4V =T ARy -7y
YRS, B, R To .

(6) ITSHEEZIFME UTcB. coagulans $5E#IPCR

V=0 LYYy T X DA S N AITS-PCRIGIEEY

Fig.1
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jhtml) 2FH LT, LEEY|LCHEKL, MFEKZRED
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ITS-PCRIGHREEY) O IEEF 2 2512, € O—F %2 HiE
572007 5 4 <—DNA% Primer3 (http://primer3.source-
forgenet/) %MW CEEIL 7.
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Tholz. INSOEIFIFAD S \WITREIT LD HRERM
THETHHE L., coks, fEIsEkoeTicEL
TROLNT2DIE, 403 bplEW DA TH - 72.

M 9 10 11 12 13

ITS-PCR patterns of 13 strains of B. coagulans.

(a) M; 100bp ladder (TaKaRa), Lane 1; Bacillus coagulans ATCC 8038, 2; ATCC 11014, 3;
ATCC 11369, 4; ATTC 12245, 5, ATCC 15949, 6; ATCC 23498, 7; ATCC 31284, 8; ATCC BAA-
738, (b) Lane 9; NBRC 3557, 10; NBRC 3886, 11; NBRC 3887, 12; NBRC 125837, 13; NBRC 12714.
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Table3 Porymorphism in sizes of amplicons with ITS-PCR.

Size of amplicon (bp)

Strains
250

361 403 436 589

ATCC 8038 +
ATCC 11014 +
ATCC 11369 -
ATTC 12245 -
ATCC 15949 -
ATCC 23498
ATCC 31284
ATCC BAA-738
NBRC 3557
NBRC 3886
NBRC 3887
NBRC 12583" -
NBRC 12714 +

+

+

1
+ o+ o+ o+

+ +

+ o+ + o+ o+ o+ o+ o+ o+ A+ o+ o+
1
1

2. ITSEYDERATIMENRT

BB OITC-PCREW 2 ER % b DETIIOWTH)
BEL, MEARECHIZMAT L C, WK, PEWRHOME oM
B L7z, B o ZRRICHK T B LY A A0
i) £ TR AL OB 13 <, [l —H A XD BEIEEY
MPEGITSHBIIHIFR TH - 72.

S LY A XDF7 2 WIREW R 1T, UL 228500
5 % bk USSR E W [ O M L BIAR DS e Wi 72, 7 I A4

250 bp
361 BRE
403

436 R

(+; Existence, -; Absense)

VAV Mo TUREINIHEAHMZFig. 2 10F L7225,
5 M OB X5 7 FE OISR DM A DEIT X
ST ENTVBEZ ERHSIE Lo T,

WIREM O 9 B, b E\W589bp WL 7 o5 EL
ETCERELTBY, Shaikis LCRZLE, 250-
436bp @ 4 TR O KR #E W 13 589bp FEW O —FR AR I L
ToffiE & o Tz, TS ORIV TIER L
72B. coagulans ITSHIR O ILEALY % Fig. 3 1I/R L7z,

589 ey B

165<J

(A) (B) (©)(D) (E)

(F) (G)

Fig.2 Schematic diagram of allelic 16S-23S rDNA ITS in Bacillus coagulans.

Boxes represent regions of homologous nucleotide sequences in ITS-PCR amplicons.
Numbers in left show sizes of ampilicons in base pairs.
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10 20 30 40 50 60

S P O e O O o e I
GTCGTAACHAGGTAGCCGTATCGGAAGGTGCGGCTGGATCACCTCCTTTCTAAGGGGAAA
S-D-Bact-1494-a-S-20 16S rDNA «—A|B—

70 80 90 100 110 120

S [ O e O O o e I
AGCGTAGGGCGCTCGTTCATCGGYGTACGGATTTCGWAGYCTTCGACTGAGATAAAGGAA

101-22F «~B|C—

130 140 150 160 170 180

S S P O e O O o e I
ACACGATGAGCCTTAAAGGCGAATCGATGYYCGACTTATCGWAGGGAGAAGACGTAGAAA
190 200 210 220 230 240

S [ O O O o o e I
TACGCTAGCCGATAGCGCCCGGAGCTAGACAKAAAAGGAAAACCTTCGGTTTTGCSGAMA

«D|E—

250 260 270 280 290 300

S P e e O O o e I
WTYAAGTTTGRYGTTTYCGTTTTGTYCAGTTTTGAAGGTYCAATCCTTCARYATATTTCC

264-21R <E|F-

310 320 330 340 350 360

S S P e o I I

TTTCATTAAGGGCCTGTAGCTCAGCTGGTTAGAGCGCACGCCTGATAAGCGTGAGGTCGA
tDNA™

370 380 390 400 410 420

430 440 450 460 470 480
| | | | | . | | | | | |
GAGCGCCTGCTTTGCACGCAGGAGGTCAGCGGTTCGATCCCGCTAGGCTCCACCTTTWINW
tDNA™
490 500 510 520 530 540

B e e e e e s
AAAWGTGTTCTTTGAAAACYGGATAGGAGAAAYAAACCAAGTAAACCGAGAATCGCTTAT
550 560 570 580 590
P I e I
TTTTGGATTTAAWCCTTTTTATGGTTAAKTTARAARGGGCSCACGGTGRATGCCTWG

23S rDNA L-D-Bact-0035-a-A-15

Fig.3 Consensus sequence of 16S-23S rDNA ITS-PCR amplicons of 13 strains of Bacillus coagulans
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4035 AET LV R BIE S L LTHE R L E, ZOCH
WA R\W72361HEE T LV & e RO R AEAE S 5 72
W, CHIBEHRATTIAY—%2RETLEHEKIZL-T
F42iE I WHIERE A ELCLES. 22T, 794
R—DOEL LN ECHBO—FIZ»H2 5 L) ICRET S 2
ET, b bLVW2ENY FZMIFLIEE L.
Primer37 027 7 A% FH LT, BFHEWIZT I ~—I2
WL ERE LT, 791 v —101-22F 8 & 1°264-21R
Zaat L7z,

(2) 1SRMOREEER

kit L7279 4 % —I122WT. B. coagulans 13WHkB

X OMBREPERE & U CEscherichia coli NBRC 1022037,

€)

6

Staphylococcus aureus NBRC 100910", Bacillus cereus
NBRC 153057, Bacillus licheniformis NBRC 122007,
Bacillus megaterium NBRC 15308", Bacillus sporother-
modurans DSM 1599%, Bacillus subtilis NBRC 137197,
Bacillus thuringiensis NBRC 101235%, Paenibacillus
polymyxa NBRC 153097, Brevibacillus brevis NBRC
15304™ 8 X USSporolactobacillus inulinus NBRC 135037
TR R PROFMHDNAZ R E LT, MEEARE AT > 72,
AW BSOS % O TR 5Tk EN % % Fig. 4 1I2/R L7z, B. coagulans
TIE P EN72160 bpDHIEEW A H— 23D Sz —T)
T, OB CIIHIEEDIZEO S o 7z,

7 8 910 11 12

M 13 14 15 16 17 18 19 20 21 22 23 24

(b)

Fig.4 Construction of B. coagulans specific PCR based on sequence alignment of 16S-23S rDNA ITS region.
(a) M; 100bp ladder (TaKaRa), Lane 1; Bacillus coagulans ATCC 8038, 2; ATCC 11014, 3; ATCC 11369, 4; ATTC
12245, 5; ATCC 15949, 6; ATCC 23498, 7; ATCC 31284, 8; ATCC BAA-738, 9; NBRC 3557, 10; NBRC 3886, 11;

NBRC 3887, 12; NBRC 125837,

(b) 13; Bacillus coagulans NBRC 12714, 14; Escherichia coli NBRC 102203", 15; Staphylococcus aureus NBRC
1009107, 16; Bacillus cereus NBRC 153057, 17; Bacillus licheniformis NBRC 122007, 18; Bacillus megaterium NBRC
153087, 19; Bacillus sporothermodurans DSM 1599%, 20; Bacillus subtilis NBRC 137197, 21; Bacillus thuringiensis
NBRC 1012357, 22; Paenibacillus polymyxa NBRC 153097, 23; Brevibacillus brevis NBRC 153047, 24;

Sporolactobacillus inulinus NBRC 13503,
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MDY RV —<IVRNA (rRNA) #IzT (rDNA) #
B OMEBETIETLVF A —BIETFTHY, BHO
BacillusBWTIE7 ) AH7- ) DI —FKH7-14a =&
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I L CHER LRI ENTESY. — KT, ITS
I T LV TOZEMDH B 720, WHRES 58 %
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E I
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D 13403bp DIFIEPE DA T - 7.
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EEY T H 5403 bpiEW OEIERFNCHED X, B. coag-
ulans % FEEMIZHRI D 5 VIZFREWHELPCRT I 4 ~—
whESE L 72,
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