Ann Clin Microbiol Vol. 19, No. 4, December, 2016
https://doi.org/10.5145/ACM.2016.19.4.110
pISSN 2288-0585 - eISSN 2288-6850

Taxonomic ldentification of Bacillus Species Using
Matrix-Assisted Laser Desorption/lonization-Time
of Flight Mass Spectrometry

Won Seon Yu, Kyeong Min Lee, Kyu Jam Hwang

Pathogen Resource TF, Center for Infectious Diseases, Korea National Institute of Health,
Korea Centers for Disease Control and Prevention, Cheongju, Korea

Background: In this study, we compared various
methods of taxonomic identification of Bacillus strains:
biochemical methods, 16S rRNA gene sequencing,
and matrix-assisted laser desorption/ionization-time of
flight mass spectrometry (MALDI-TOF MS). We also
developed a pathogen- isolate resource database,
thus increasing the identification rate when using
MALDI-TOF MS.

Methods: Thirty Bacillus strains were obtained from
the NCCP (National Culture Collection for Pathogens)
and were identified using the VITEK 2 system (bio-
Meérieux, France), API kit (bioMérieux, France), 16S
rRNA gene sequencing, and MALDI-TOF MS. The
pathogenicity of Bacillus cereus was confirmed thro-
ugh the identification of virulent genes using a multi-
plex PCR, and both protein extraction for protein
profiling in MALDI-TOF MS and repetitive-sequence
fingerprinting were performed.

Results: The identification rates at the species level

INTRODUCTION

Bacillus 52 AFAANA o Foll AdF oA &, B,
371 ol F-frshar zkedAlel] el EAl ghel(1]. o] &2
FAE QA7) wiell 54e zelele I Foll Azl
o] AEE A gfomg -, ALHE AF T22]al 7H oA
zelsle FAAAE ABEFTH2]. Bacillus 52 Fhdlo]=
He vehlie Hiide s ZAE I Ao &
- ZAFAAEAATOR AA oF 31809 FoR ERE A
th. o] Folle FASEA S E3te] 27 B. cereus groupt
B. subtilis group2Z -7 F 9o 7]E} groupZE B.

were 40%, 80%, and 76.3% for the VITEK 2 system
(bioMérieux), 16S rRNA gene sequencing, and MALDI-
TOF MS, respectively. When the major spectrum-
profiing dendrogram was compared with the phylo-
genetic tree, which was constructed based on the
16S rRNA gene sequences and rep-PCR finger-
printing, the classifications were confirmed to be
effective.

Conclusion: Identification of Bacillus strains using
MALDI-TOF MS was more effective than that using
the VITEK 2 system (bioMérieux), but was similar to
that using 16S rRNA gene sequencing. Continual ad-
dition to a proteome-based database can result in in-
creased identification rates for MALDI-TOF MS. (Ann
Clin Microbiol 2016;19:110-120)
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AlFEAAe] AEH S8 £Q5= Akt
Agate] s ol wiel Aol Aol o7 23 5 9L
o AEAQ HellAE v BE 2sdt s87I7E 283
] & FAlelk10]. wBES] 712 Eallse ZAR 3t
= VITEK 2 system (bioMérieux, Marcy ’Eltoile, France)
2 AdH o2 16S rRNA FAAF 474D B4 W} Al
s 2Rl B4R 5 Slehe A A et 7l
£ w el A5 52 750 dlelelolol - ol
B4 7153 v =2 Helel A7) 9ol 300
of Fofl BFfajrt. w3l AR 752 2% oS E¥eh=Hd
A 2Foz FA4o] 7% gt o]23t AEdtE g Al ~Hl e
SARAIE Heksly] 913k HdA SR AIL=Rlo] D eslet 16S
RNA 7|4 GE42 Aol s34 7H el AgEx
YA DR FLoll A= o] o] #F 7+ AR LA =7t
ol M o] Ho2]7] wfitol] 16S rRNA fAARE e 2= H
AA|e] B L 8l 7ol FAIE Shek 168 rRNA 37141
AEA9] 79 Clinical and Laboratory Standards Institute
(CLSI) guideline MM18-AollA] TAA| FEHE 4GRS
AABEAL AeH 11

Matrix-assisted laser desorption/ionization-time of flight mass
spectrometry (MALDI-TOF MS)= ZA|E- o]-&3}sto] Z-F3h
oA AE7le] Bk AZFE TAZ FA B A4S =
As= wiolt). T MukEl MALDI Biotyper 3.0 (Bruker
Daltonics, Bremen, Germany)+= MALDI-TOF MS 7| o]-&
slo] & Aol whilA HHE olu| L3 7 FEo] FH
o} v)a BAsle] #ES EAT}. MALDI-TOF MSE 434
ol A o] gkl wkdlel] thek Wik ZEaldS uhE 7] Wi
of] no] eupA 7k Arol] vhi o A8 3 $lrk. MALDI-
TOF MS+= AJAJel| 4] 2] ghf whdel] gt tii Z2otdg vt
5 1 Wil wpolembA Akedtel] de] AHEE L 9
t}. SARAMIS (bioMérieux, Marcy 1’Eltoile, France)L} Biotyper
(Bruker Daltonics, Bremen, Germany) 2 24 &AZ Ejo]=
% 4520 AFERONA S glolit 7152 Hol A, B
me 5 A2 BN AT Sk A BAE SE
Flsfol 2ol WA B £ oS i Wl o
2] FobollA] A=l Qleh12-14].

G AL AN 24 3 A1
Zol|A k=7t didbE = 21553 Bacillus srains T
© 2 MALDI-TOF MSE- o] &3t & é ZA3}E VITEK 2 system
(bioMérieux), 16S rRNA 37149 £4733}¢} v] :28}3L MALDI-
TOF MS &&= ¥Fol7] S13F ghllA] 7]k Sl el
vlolefmle] =5 AlFstarat sigich
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MATERIALS AND METHODS

AF 24 3 MALDI-TOF MS 248 9J38f] o] oIl A
T+ 6% 305 Bacillus 72 TAE] I &

© Aye| BH 2 B AATY Yol g I/ AAAY
o(NCCP) 41 AHEE FHIZEEIF 73, ATCC
(American Type Culture Collection) 2 DSMZ (German Collec-
tion of Microorganisms and Cell cultures) S} 2352 9]
FolAdt. 7k FEre] 54, 94, 749 s SA
Table 13} 2t}

rlo mm ofo
ogé ro m)

2. Mi? HHY & REX FE

Bacillus #F5°] FEX TAA= ‘ljl:fé— 5_.‘:_
A2 7 AR 2ZB(NCCP) -4
Aol whel Susigic. BE AAe B % 2
HiE 255100 «LE 93 7AE de & 1 e
5% ek Ho| E3FH trypticase soy agar (FLIH| =, A,
k1), CHROMagar B. cereus (AR, A&, gl
Fyol] Exkslo] 30°Col] 24417k uioketo] T Aehe 2] 53s1g)
t}. UltraClean Microbial DNA isolation kit (Mo Bio Laborato-
ries, Carlsbad, CA, USA)E A-&3}o] chromosomal DNAS 3

Zelgict.
3. HENSE SN U MEEE S4 ol

Bacillus #5552 5% ™oFdo] E3hEl Trypticase soy
agarol] |EslaL 30°Cell 4] 24417k 23] Al ”H° gk & a3k
A F TS RIS B cereusd] 7S WS
CHROMagar B. cereusol] Alth ujjokslo] & ﬂ 3 "lFeElE
7HAIAL Q0= B. cereus 572 F24 A Hste] et
2 EAS golsgit. $A4LS VITEK 2 system (bioMérieux)ZH
API 50CH/B (bioMérieux, Marcy I’Eltoile, France)E ©]-&3}¢]
AP EA S Selsisich. A B8 £ o 548
A (cut off)x= Jamal 51019 S Zrarsle] 90%E A9
s}iet.

4. 168 IRNA SEX 7MUY LY HS2N

16S rRNA 472} 37|49 4L CLSI®] MMISA A&
[11]1& Zzsto] 4=8§lit}. UltraClean Microbial DNA iso-
lation kitE AH-83}0] chromosomal DNAE F+238F 3 1 AWk
(primer) 27F (5-AGA GTTTGATCMTGGCTCAG-3')%} 1492R
(5-TACGGYTACCT TGTTACGACTT-3"& Ah&sto] EFdhd
&= HH-(PCR)S 383} EHDE/Master cycler proS, Eppen-
dorf, Hamburg, Germany). %% 2403121k HF-3-271-2 95°C

© & DNAE HAAZ|aL, 95°C 45%, 55°C 45%, 72°C 1&
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Table 1. Bacillus strains used in this study. Pathotypes and serotypes were determined by performing agglutination tests and PCR

NCCP no. Identified Species Chracteristics Soruce
10084 Bacillus cereus ATCC 11778 ATCC
10190 Bacillus cereus ATCC 13061 ATCC
10623 Bacillus cereus ATCC 14893 ATCC
10624 Bacillus cereus ATCC 19637 ATCC
10634 Bacillus cereus ATCC 9818 ATCC
10715 Bacillus cereus ATCC 21928 ATCC
10821 Bacillus cereus ATCC 11950 ATCC
10841 Bacillus cereus ATCC 14579 (Type) DSMZzZ
10856 Bacillus cereus ATCC 9139 ATCC
10888 Bacillus cereus ATCC 27348 ATCC
14043 Bacillus cereus entFM nheA cytK Clinical isolate
14796 Bacillus cereus entFM CER Clinical isolate
15909 Bacillus cereus entFM nhed cytK Clinical isolate
15910 Bacillus cereus entFM nheA Clinical isolate
15938 Bacillus infantis N37281 Clinical isolate
11231 Bacillus licheniformis ATCC 14580 (Type) ATCC
12389 Bacillus licheniformis ATCC 9945A ATCC
10144 Bacillus pumilus ATCC 14884 ATCC
10192 Bacillus pumilus ATCC 27142 ATCC
10668 Bacillus subtilis subsp. subtilis ATCC 6051 (Type) ATCC
10736 Bacillus subtilis ATCC 7058 ATCC
10857 Bacillus subtilis ATCC 19659 ATCC
10866 Bacillus subtilis ATCC 11774 ATCC
10908 Bacillus subtilis ATCC 7058 ATCC
11101 Bacillus subtilis subsp. spizizenii ATCC 6633 ATCC
11234 Bacillus thuringiensis ATCC 10792 (Type) ATCC
12836 Bacillus thuringiensis ATCC 39756 ATCC
12837 Bacillus thuringiensis ATCC 13366 ATCC
14741 Bacillus spp. 77073 Clinical isolate
15922 Bacillus spp. KBNO06P03352 Clinical isolate

13] 2 slod 303] Hkg3F ¥, 72°CollA] 1027 HbgAIZc @4
FAA+= Qiaquick PCR Purification Kit (QIAGEN, GmbH
Hilden, Germany)& AH-&3to] AAIgH 3 17|49 ZA (A
el i, dizRlsell Elsle] d7|AdE siSsisich
CLSI A %ef] whz} PHRED score 20 o]/d-2] 7135 Azt A
13l & EZBIOCLOUD (https://www.ezbiocloud.net) S A&}
o] EAAIEZ FlslglrH15]. 16S rRNA 42t 97141 ©l
o|E]9] AleE4-2 Molecular Evolutionary Genetics Analysis
(MEGA) Version 6.0 (https://www.megasoftware.net)s |8
o] g8t 16,17]. FHAE2] 72l Jukes-Cantor model
S 2831903 Neighbor-Joining WO & AEFE 2HA)sl9]
o 445 AEre] AREE Yolsir] SIsto] 1,0002] boot-
strapg WHEsto] 383}lr}18,19].

5. HRIM(Virulence) FEXIQ| &0l

B cereusd AAEY FEE ZSAGFAAE PowerChek
Bacillus cereus Toxin 6-plex Detection Kit (CER, hbIC, bceT,

entFM, nhed, cytK) (ZAMFo] 28] A-g, gkl E A-83}
o] gelalgitt. PCR HFSZ71S 95°C 12802 DNAES HA
7)1, 95°C 302, 60°C 302, 72°C 30%E 13]2 3lo] 353]
HES3E 3, 72°CollA] 1027 Bh-A1 7k

6. MALDI-TOF MS £4A

MALDI-TOF MS #H| & o]-&3F 75 542 AAe] #4L
o]X9] Haigh 52018 HiE Farste] Fefalict. A3 =
W 9] 74§ MALDI target plateol] vlloFEl AlTe] Z=hS kAl
skl 1 4L9) 70% formic acidS YolF & A2o4 Az
stk A== Aol 50% acetonitrile-2.5% trifluoroacetic
acid (Sigma-Aldrich, St. Louis, MO, USA)ell $H4-&-2l &t a-cy-
ano-4-hydroxycinnamic acid (HCCA) matrixg 1 #L YolF ¥
Aol 7z} r}. Ethanol-formic acid % W 9] 7-$- Al
T+ AZHE 300 Lo HFEHrol 900 1L9] absolute ethanol
o] Hekst & AxAATE A=z pelletol] 20 L] formic acid
(Sigma-Aldrich, St. Louis, MO, USA)S X7}sto] 18 o]4



vortexslx, ©HA] 20 ©L9] acetonitrile (Sigma-Aldrich, St,
Louis, USA)y& 7Iet & d4lZelsilch. 45 1 vLE
MALDI target plateol] #5731 k&3] AZA]7] 3 matrix £Y
1 nLE A7belar $h3%] 71224171 3 MALDI-TOF MS 74|
2 242 A 7 Rl thstel 23] whste] A1)
k. 542 Microflex LT mass spectrometer (Bruker Daltonics,
Bremen, Germany)& A-&3to] Fefalgict. A AZE ol
MALDI Biotyper version 3.1 (Bruker Daltonics)@A4] 5,627
strains Al|7F doJEiulo] A7} Eghxw|o] il Bacterial test
standard (BTS, Bruker Daltonics, Bremen, Germany)< AH|ZAb
o] A Mol whebA] calibration 738808 A&3ich. 72+ FF
Wz 23] wsle] Ao mE Al BlAS Ao Bal
ek 545 918 Score F2 Schulthess 52119 ¥uE a1
s}gAct. Score 7k 2.0 o3 73 2 Foll a3l Score Fhol
1.7 o] 2.0 w2t A9 & FF 80 sligsle o= 8
A8}93L, Score kol 1.7 W[ A W& < gle AR 7

Felsict.

7. Repetitive-sequence-based PCR (REP PCR)2 0|28t DNA

fingerprinting =4

REP PCR< ©]&3F DNA fingerprinting %-412] A |37}4-2-
Healy 5{22] B 2E #3130 DiversiLab system (bioMérieux,
Marcy D’Eltoile, France)s A8sto] Fe}9it). REP PCR-E-
3 DNAQ] =X & UltraClean Microbial DNA isolation kitS
AL ZF DNA 55% 35 ng/ nLE EF381900 3%
%] DNA+ DiversiLab DNA Fingerprinting kit Bacillus (bio-
Mérieux)S AH8-5F0] rep-PCRS F=38s}ict. A 35 1L 7]
© 2 70 ng®] genomic DNA, 18 1L¢] rep-PCR MM, 2.5 ©L
2] GeneAmp 10X PCR buffer, 2 1L primer mix, 0.5 1L2]
AmpliTaq DNA polymerase (Invitrogen, Carlsbad, CA, USA)<
PCR zAHo 2 AL3}glct. PCR HHG2712 94°C 2202
DNAE WHAJA]Z]aL, 94°C 30%, 55°C 30%, 72°C 1% 30%E
1312 sfo] 3581 WFSA ¥, 72°ColA] 327 WA 9
A} ZZA-E-2 DiversiLab Chipsoll $7! 3 B 2100 bioanalyer
(bioMérieux)AH| & A-23}it). Datax Diversilab software
version 3.6.14 (bioMérieux)E ©]-8s}o] F-43}9) th(https:/nccp.
diversilab.com). DendrogramA|2}-S 918t due|&S #A7] &
2] ~E]®(Unweighted pair group method, UPGMA )& A&
skt

RESULTS

1. VITEK 2 system, 16S iRNA §ZXl, MALDI-TOF MSE 0|
3t MiZel 3

Bacillus &5 6% 3059 =4S $%lo] MALDI-TOF MS
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4, S0 A R 165 RNA 44 714192
PAS B BAEE Table 29 o] w]szslo] Liehi
9Jt}. VITEK 2 system (bioMérieux)¥} MALDI-TOF MS®| &
BRI} EYXE FFE 168 RRNA §472 47144 7]t
AreEAe Teste] $8stal @54 AH-E Table 201 ve}
Wk, VITEK 2 system (bioMérieux)& ©]-83F 54723} dlo]E]
Hjo] 2ol FAEIL ol A A E 75+ B. subilis 2F,
2o 549 B infantis 1793 AL =AY 90%
ujukel 739= B. cereus 95 vl F& vl 1FS
2 545 7S B. cereus/thuringiensis 45, B. subtilis/amylo-
liquefaciens 4F2 % 8Frh. wahA] A 3057 F F44l
Atebd FAHH 9l VITEK 2 system (bioMérieux)] &
BRI 125(12/30, 40%), & T FHERAL 27542730,
90%)Act. B MALDI-TOF MSE o]4-3t 58747} nl 54
A= olem & £F 54 A (cut off) Score 3k 2.0 ¥
vt 1.7 o]l FF+= B. cereus 25, B. licheniformis 15,
Bacillus spp. 272 & 5F3ck vh& S22 349 9= B.
thuringiensis 2579}, vhgbAl A A 305+% MALDI-TOF MS2]
Z FF AL 23F(23/30, 76.7%), & T+ AL
3097(30/30, 100%)S3t}. 16S rRNA 42} 971Ad EXo 2
Z2 o] FelEl FFE= 24524/30, 80.0%) ek FEHE A+
HEH B cereus®] 73% 14F F VITEK 2 system
(bioMérieux) 2. 2+= 11577} F-878F 3HAIRIA 90% w|uk e
s 5 3l 1Fo 2 54593 MALDI-TOF MS 2
e 257 F 7 E78 3 Score k1.7 o4 2.0 w]Rke]$
th. 16S rRNA AlS-E417 7 NCCP 140432 22 Algoll &
SH= B. cereusYs QISR NCCP 10715 B. pseudomy-
cides$} 717 A8k ZF(closed related species) 22 213} o}
B. subtilis®] 73-%- 65 % VITEK 2 system (bioMérieux).2 2+
277} W|54 HIgi 45 o $8 EeR 1502 54
=|9lrl. MALDI-TOF MS$} 16S rRNA 414} 17|14 Q-5-4-&
65 5B B. subtilis= 16t} B. licheniformis 252 73
- VITEK 2 system (bioMérieux)@} 16S rRNA F-%12} 3714
QEH o 2= B B. licheniformisSl-& 2H1st9 o1} MALDI-
TOF MSE NCCP 12389 1577} 54 8HA| Score 7% 1.7 o4
2.0 wuko|Qitl. B infantis 155 VITEK 2 system (bio-
Meérieux)ol| A= 2 £9 B lentus2 FR= 921} MALDI-
TOF MS$} 16S rRNA 42 A7 QAE4 2] 7% B. infantis
2 ERI=A}. B. pumilus 2575 37HA B BT 5Ug
FAAIE JebYTl. Bacillus spp. NCCP 147413} Bacillus
spp. NCCP 159229] VITEK 2 system (bioMérieux)2] 54727}
< B. licheniformis2 ¥Q1=]9) 21} MALDI-TOF MS9] 547
= B sonorensisE EQlE|o] BUX] 9t b MALDI-
TOF MS¥9] Score 7}o| 1.7 o]4 2.0 w]7to]|d ). 16S rRNA
A2} 7 A2 A3 ZE = B sornorensis$}y B. licheniformis
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o} APl Aelzt 74 ANE ok Aledtell ek 7
9] ABIAIE HiAI DNA FFollA A% vl astr] 9
MALDI-TOF MSE ©H#A] 7|4t dlo|efulo| =5 AlZslazt
FHEL QAAMES(PCRMHE & o] 83tod Al5E HdAd 4
A gelstoiet. B. cereus group] AARI FEH 473
ALe] 42 PowerChek Bacillus cereus Toxin 6-plex Detection
Kit (ZAblo| 285 ALgslo] BA41-S gelslgict

r
et 4N

2. MALDEITOF MS £4M

MALDI-TOF MS, 168 rRNA $47} o17] 4, A3}std &
A, Wy 54 9 WdAgdERle] Byt Bacillus T2 43k
WAE SPAFEANA LA Shsto] kel e Zz
Fds FEEUE 4 FFES 34 2070 ©]4-2] mass spec-
tras EH3 T Stanford 5{23]2] & #1slo] processing
IS A L9 FAAE-] (major spectrum profile, MSP)
£ AFslodct. FEEE A2 MSPY| SAlE= Fig. 19} 2ol

A
x10 7] 4336.03 Bacillus cereus NCCP10841 DSMZ32 ATCC14579 0: B9 MS, smoothed, baselinesubtracted
] 6428.78
3 -
3213.89
— 1 : 7772.38
3 2720.45 S
& 1
s 27 | 9647.02
c 1 : —_— T
5'5) 1 8686.80
11 ! !
10501.73
1001708
0 _- Iu \‘ T T T T T T T 1
2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000
m/z
B
x10 ': 4334.57 Bacillus cereus NCCP14796 entFM, CER 0: B6 MS, smoothed, baselinesubtracted
3] 517200
- 7364.35
> ]
©
% 2] 6263.88
c —_ T
Q 1
£
14 9212.59
B D E—
11229.67
| WU, ,
0 h T T T T T T T T 1
2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000
m/z
Cc

x10 : 204208

I
I
| 4334.66
I
- 1
5 ]
& 37 1 5171.95
= ] ! |
17, ] I
C I
[3) ] !
€ 27 |
- |
|
3

Bacillus cereus NCCP15909 entFM, nheA, cytK 0: C9 MS, smoothed, baselinesubtracted

Fig. 1. Representative spectra from
Bacillus strains supplemented in the
database by MALDI-TOF MS. The
intensity is shown as a percentage of
the total intensity on the y-axis, and
the mass to charge ration (m/z) is
shown on the x-axis. (A) Bacillus
cereus NCCP10841 DSMZ32. (B) B.
cereus NCCP14796 entFM, CER. (C)
B. cereus NCCP15909 entFM, nheA,

| 7451.67
110
17 1} 430597 ‘ 9212.48
1 h' K | J 11229.30
OJJJ' Jwil b W luw‘ J"J| ,LL) " L O —
2,000 4, 000 6, 000 8000 10, 000 12,000 14,000 16,000 18,000
miz

—  oytK. (D) B. thuringiensis NCCP11234.
(E) B. subtillis NCCP10908. (F) B.
licheniformis NCCP11231.
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D
x10" 3 4334.35 Bacillus thuringiensis NCCP11234 0: C4 MS, smoothed, baselinesubtracted
] 4334.35
47 517175
';: 3_: 6440.26
o 3396.09 7769.34
FR M o
g 2_: 2787.59|I
- : 9227.80
: D E—
14 ‘ 11228.98
LU )
o AR L, ALAL LA L B
2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000
m/z
X10; 3 4944.24 Bacillus subtilis NCCP10908 ATCC6051 (T) 0: E7 MS, smoothed, baseline subtracted
— I e—
278:2.85
1
4 ! 9885.94
11 3879.71 -—7Tr
'; ] : I —
s 31
) 1
@ 4 I
= 24 !
= 1|-2896.98 6508.84
d 1 - r
1 n 7715.06
1 - ! —_—T
] ! 5717.19
. o | i 10863.33 15047.57
T T T T T T T T 1
2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000
m/z
F
X'IO4 4915.48 Bacillus licheniformis NCCP11231 0: F5 MS, smoothed, baseline subtracted
3.0
25
— 9828.58
=
= 2.0
&5 15 386548 7730.85
(0]
[
= 3023.66
1041 —/——
i
0.5 |
I
0 T T T T T T T T T 1
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Fig. 2. Major spectrum profile (MSP) dendrogram of Bacillus strains supplemented in the database.

7P I oz ol foltlgo A
& 53}o] Bacillus spp. NCCP 159223} Bacillus spp. NCCP
14741 2322] 7% B. licheniformis$} B. pumilus$t A ZA7}
TV M2 AlSEL 7hsAle] FE

A1k, i o]}

DISCUSSION

B dFollA = 7P AAAL B INCCP)ol A K 54l
Tzl AlTdlA 7 ARG EESTPL dldEE AF
E34 Bacillus 755 W22 MALDI-TOF MSE o]-£3}
EA7 7S VITEK 2 system (bioMérieux), 16S rRNA %37]4]

A A8} vl wskarzt slgiek. 3k MALDI-TOF MS -&
o =ol7] gk chilA| 7 sl -EEl S dlolewle l
2Z2 AAslazt sk

MALDI-TOF MS #4¢] 714 & AL 162047 495
+ VITEK 2 system (bioMérieux)< Sk sl FAw
of] ulsto] 104 o} Z&A|7ko & A& FAo] o] FolFlr}
+ Ao|t}. Dupont 5[24], Jamal 51019 X5 Frrsphd
MALDI-TOF MS¢] $AZ1}7} VITEK2 (bioMérieux) 2.t} £
% 579 SAHEE £ Ho® HrhEl
th o] F 37K WS ARgstod 912 A 7ATHE Table 201 1

%oZiruS.

Z3F
= =il

AR da &

asto] Vbl 7 A S T4 E2 40% (VITEK 2
system), 76.7% (MALDI-TOF MS), 80% (16S rRNA %%} &
71A G EA) 2] A} WA Bacillus strain®] 73-$%- MALDI-
TOF MSA F473)7}F VITEK 2 system (bioMérieux) 5747
shch ol$ £8 FAEE bl A % F s
HbH 16S RNA 44+ 947] 41 412} 1]5LA] MALDI-TOF
MS 54723} AL Score 7%8] 1.7 o] 2.0 ©[HHe] B. cer-
eus NCCP 140433} B. licheniformis NCCP 123892] Score Zk<-
Z+2 1.999¢) 1.9800]1%c}. Schulthess 5211 34 2hoj
T(Gram positive rods)E2] E4HA3E MALDI-TOF MS<|
Score LS 0.17+4 0.2 v|wslo] SA3A Score 7S 2.0 0]
Ao 2 A3l = Bacillus straine E3FE| o] QA Y}, v}
A FARHA Score gk A3 Fhel FAATI} 50 o]
FolAA] ekghekar gheksts 21 AP dekar AZkE ek
Z%Ao| E9rkar 7148 MALDI-TOF MS2| 574 5(83.3%)
°] 16S rRNA 7|AAEA9] T54 E(80%) et =tt. oA
£ 16S rRNA A7 AlEE473} B cereus®}t B. thur-
ingiensis7} - AT Sratol Az Y & gi7] wlEol
9iek. 012} o] 165 rRNA §07 71 44 YA E ok
=2 B. cereus®} B. thuringiensis 52| B. cereus group, B. li-

cheniformis group 52| 75 whlA FFol|A] gelsl|Huz}



118 Ann Clin Microbiol 2016;19(4):110-120

NCCP10668 Bacillus subtilis ATCC12432
NCCP10866 Bacillus subtilis ATCC11774
NCCP10857 Bacillus subtilis ATCC19659
NCCP11101 Bacillus subtilis subsp.spizizenii ATCC6633
NCCP10908 Bacillus subtilis subsp.spizizenii ATCC6051 Type
NCCP10736 Bacillus subtilis ATCC7058
NCCP12389 Bacillus licheniformis ATCC9945A
NCCP11231 Bacillus licheniformis ATCC14580 Type
NCCP15922 Bacillus sp.
NCCP14741 Bacillus sp.
—:NCCP101 92 Bacillus pumilus ATCC27142
NCCP10144 Bacillus pumilus ATCC14884
NCCP15938 Bacillus infantis N37281
NCCP 15909 Bacillus cereus entFM nheA eytK
NCCP15910 Bacillus cereus entFM nheA
NCCP14796 Bacillus cereus entFM CER
NCCP10856 Bacillus cereus ATCC9139
NCCP10888 Bacillus cereus ATCC27348
NCCP14043 Bacillus cereus entFM nheA eytK
NCCP11234 Bacillus thuringiensis ATCC10792 Type
NCCP12836 Bacillus thuringiensis ATCC39756
1 NCCP12837 Bacillus thuringiensis ATCC13366

MSP dendrogram

Bacillus subtilis NCCP11101 ATCC6633
Bacillus subtilis NCCP10857 ATCC19659
Bacillus subtilis NCCP10866 ATCC11774
Bacillus subtilis NCCP10736 ATCC7058
Bacillus subtilis NCCP10908 ATCC6051(T)
Bacillus subtilis NCCP10668 ATCC12432

Bacillus sp. NCCP15922
4|:|: Bacillus sp. NCCP14741

Bacillus pumilus NCCP10144 ATCC14884
Bacillus pumilus NCCP10192 ATCC27142
Bacillus licheniformis NCCP12389 ATCC9945A

11

Bacillus infantis NCCP15938

Bacillus cereus NCCP14043 entFM, nheA, cytk
Bacillus thuringiensis NCCP12837 ATCC13366
Bacillus cereus NCCP10888 ATCC27348

Bacillus cereus NCCP 15909 entFM, nheA, cytK
Bacillus cereus NCCP10856 ATCC9139
Bacillus thuringiensis NCCP12836 ATCC39756
Bacillus cereus NCCP15910 entFM, nheA
Bacillus cereus NCCP14796 entFM, CER

I |

T T T T T T
1,000 800 600 400 200 0
Distance level

3}9ic}. Benagli ©25]7} Lista ${26]& 75 7+e] 44 7
Al Z71sto] FHE AReka A Aol G 47 AL
2~ gto| B2 & uhE T dvke A £

L5to] B cereus$t B. licheniformis2) "L% Score Zke] Zz}
© EEoI T HUA dlolelwle] 28] =7t H 7] el A
2 < 9rkar 7HAsN Rkt AAZ Bacillus strain®] 735 71E&
BurkerA9] ello|Elwl|o]| A= B. cereus 35, B. thuringiensis 157,
B. licheniformis 35, B. pumilus 6 B. infantis 15+, B. subtilis
977} 55 =lo] AUk Bacillus TF2) FWHS A
FeollA B4817] $lste] MALDI-TOF MSE ©]-8-3F mass
spectrum 55 9 Thillx)] 7|0k vloje{wo] 2 AlES G738sl3]
o} AlZE dlolefulo] A= Fig. 33 Z+o] MSP dendrogram$
AZrsto] 16S rRNA AL 7|4k A<, 57444 714k rep-PCR
fingerprinting 741%43} HL”L?P%{% ] ZH o] 7 aabd
S8 o] T 9le}. B. pseudomycidesSt 7}
7 -104*]’}—._& 54°]5] B. cereus NCCP 107159] 73-%- 16S
RNA §47 d7]AdRA g2 B0 HA ggtedl
MALDI-TOF MS dendrogram®] 7% 78 o2 714 v}
7% 1ol $1XskaL Qlrk. Lasch ~[27]f 7]533] B. cereusSt
A5 AR} A= B. cereus T 3 9l7)

Bacillus licheniformis NCCP11231 ATCC14580(T)

Bacillus thuringiensis NCCP11234 ATCC10792(T)

Diversilab v3.6
PC
#196
Key Sample ID Species Strain

NCCP15910  Bacillus cereus entFM, nheA n
NCCP15909  Bacillus cereus entFM, nheA, cytK 1
NCCP12837  Bacillus thuringiensi... ATCC13366 1
NCCP11234  Bacillus thuringiensi... ATCC10792(T) I
|
I

|
NCCP12836  Bacillus thuringiensi... ATCC39756 e
NCCP10888  Bacillus cereus ATCC27348 e
NCCP10856 Bacillus cereus ATCC9139 e
NCCP10857  Bacillus subtilis ATCC19659 1
NCCP14796  Bacillus cereus entFM, CER 1
10 NCCP10192  Bacillus pumilus ATCC27142 L
11 NCCP10144  Bacillus pumilus ATCC14884 I
12 NCCP14043 Bacillus cereus entFM, nheA, cytK [
13 NCCP15922  Bacillus sp. KBN06P03352 | 1
14 NCCP14741 Bacillus sp. 77073 (I }
16 NCCP10736 Bacillus subtilis ATCC7058 [ |
16 NCCP11231  Bacillus licheniformi... ATCC14850(T) | i
17 NCCP11101  Bacillus subtilis ATCC6633 (I |
18 NCCP10668 Bacillus subtilis ATCC12432 111 I
19 NCCP10908 Bacillus subtilis ATCC6051(T) AN 1
20 NCCP10866 Bacillus subtilis ATCC11774 |
|

21 NCCP12389  Bacillus licheniformi... ATCC9945A

©ENDN D WN =

]
60 70 80 90 100
% Similarity

Fig. 3. Comparison of 16S rRNA gene, repetitive-sequence based
PCR fingerprinting and MALDI-TOF MS analysis in Bacillus
strains. Phylogenetic tree based by 16S rRNA gene with UPGMA
method (A), rep-PCR fingerprinting (B) and MALDI-TOF MS (C).
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2 system (bioMérieux, France), 16S rRNA 9971419 £-4733}9} v|ssl3 MALDI-TOF MS 53 E-8 Zo]7] 9gk gl
ZIRE i)l dlolelule|2~E AlZtstazl #eich

g Al FA2 VITEK 2 system (bioMérieux), API kit (bioMérieux, France), 16S rRNA 324} 93714, MALDI-TOF
MS 4 o] &33ieh HAAERIE $13te] multiplex PCR ¥ & o] &3] T4 FAAE et Ao chullx|
ZZulde] F& gl dlo|e{ue] A= AZ- MALDI BioTyper 3.0 (Bruker Daltonics, Germany)s ©]-8-slo] F~3f3s}9i 31
16S TRNA 412 714F AlS<7, repetitive-sequence fingerprinting Al5-24 739} v B4-S F3gsl9id).

1L Bacillus 75 305701 thdk AB31e] S, 16S IRNA 421 517149424 2 MALDI-TOF MS el €J3t &
TE ZAEL 40%, 80%, 76.3%Ach. AZE ghulx] 7]4k MSP dendrogramS- 16S rRNA A 217|4F A%< 9l rep-PCR
fingerprinting Al'E<T2} B3RS wf] T FHo] HIH 0 F o|FoIF S-S T 5 Uk

AZ: Bacillus TFE2] 4 oll4] MALDI-TOF MS¥ VITEK 2 system (bioMéricux) 2.t} 23142l EA44bHo]9lth. MALDI-
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