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Bacillus & MzE Z&317| 28! Fluorescent In Situ
Hybridization 4t{o| JHut

B8 - USM - SEF' - O|SE? - QLA
deckstn sERstE, ACistn Mmsie. AESsn KEZseins,
el MEciemoia

Bacillus 4| 431 M4 FISH W22 7237 919 A= wiS /esigdd. LGC353b, S-G-Bacill-
0597-a-A-229} S-G-Bacill-0597-a-S-22 - 37}9] probed 22%9) Bacillus 4 79 TvlFdol) 449 A5} -
G-Bacill-0597-a-A-229] probe’} DAPIZ. 235 Ad 3 95%7} FISHEE &45]o] 714 K fo] $L& Aoz
e}t e}. Hybridization 37 Aol Bacillus®] o FA X9} TS A EW-& 93 3)7] $)3td SDS/DTT (dithio-
threitol)} lysozyme2 2 #3150 2 AN 2|81 WP lysozyme S50 20t AN 8= T 71x) ubd L AM31y
. 2 A, BacillusE RE37] A8ME 1B E Aol lysozymed 2 20l A 3= o) A 9%
20|, ZA= FISHZ ZA&FA oict webs B9, 31 A2gse] AelAoM Bacilluss A3 A5l %
M E= lysozymeS 2 AN 3je] FISHZ 7232 FA: w2 EAQGAY 02 71231 F71x] uhyl& wesiodof
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Bacillus %(Genus Bacilhis)®) 438l AdEL EF3xo=
B o gy 7ol &3k, oiyR Z)2 A0 AgsiA|
vk U12A9W s A & 5 e Ao 4uA Ao 1§
o] Bl wole EAKspore)s HAASHY UX Bacilluss
FASAE BYISPI= Ar(l6). ol2F Bacillus 30l &5k
ADES T EXHA7E b9 thegste] o) AeiAClA A
a3 d  Uedl(17), 53], EelM B 471 BaEE(7),
RS g doly AR, A 55 BAE 5 Lo, HA]
Zol= Wo] AMg-Er)h Ed ofH FEL 24BN s]dsh=
e FU3IE 3(18), Bacillus 40l £8h= AFES 4
3he AL d$- Fasich e Bacillus &0 &5 AV
2 WAoo R AEshe AL 4A 4 ¥ ohygl, o]
YE= AoldAgt ujko] =A] gk AlTS(viable but uncul-
turable)o| B2, M| FAIFH R BacillusE 7AESH= Wy AR
&2 vt wEbx HZele BAAETAYQA PCRE o431y
BacillusE AZ3k1 97 3FATH15), ©] A$- B3 Y8 A
o} 3tz AJRto] fo] Helw= o] Ut

Fluorescent in situ hybridization (FISH) “H-& Al-S A4
TEE = g Wk o} 3 s AEEHE 24T
T Atk Fxo] slo @A) A AAFc= s deE] AMSHT
A= HHolct EEg ol gk WS 55l AeAlNN B4 Al
< FHsk= A7 Bol ol FoiX|ar )ltk(14,21). o]n| ol A

o it
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% o] WPHS o83l A% BIE T AT A HelA
AT e MslE AFF =8 Basoe] Quk12). vt
FISH M= AZEo| Holrl Qo] HFd Agolre e
RNA o= QI3 7&o] HA| EA A¥Eo] F74e A9
probe?] FF7} oH M AEo] HA] F& £ e wEo] ¢l
th8).

Bacillus %79l &8he AlirE2] 39 FAE A¥EHE 711
Aol probe?] FF7} wll$- o]9] UubA<l FISH WHog A%
371 olg:, 53] TAE AT Fde g2 olfrhy.
o] AFollME EF s 5o vhakdt A oA
Bacillus%9) 453k AlT-S FISH P02 R3] A%sy) 9
3lof A28 S sl

Mz W U

HEM=E

2ol AM8-3t Bacillus 5= Table 13} 2om, o] #FES
25°CollA] 24717F &3 vljoksle] AR E ARSI o 7)4
ARSE e MEeh v E AT LM TUsT)

M=z N

EdtltE Bacillus ATES QAR (10E, 4°C, 12,000X g)
3lo] pelletS E-2 F, phosphate buffered saline (PBS, pH 7.2)
2 AHehs S 2¥ wHESte] #E AL pelletS PBS 100
W= AR A7) 4% paraformaldehyde -84 300 w/ (HE %
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Table 1. Bacillus strains used

Strains No.” Species name (approved by DSMZ”)
12061 Bacillus amyloliquefaciens
12063 Bacillus benzoevorns
11011 Bacillus cereus
12030 Bacillus coagulans
10020 Bacillus fastidiosus
12066 Bacillus glucanolyticus
10009 Bacillus licheniformis
10028 Bacillus marcerans
11015 Bacillus megaterium
12069 Bacillus pabuli
12072 Bacillus psychrosaccharolyticus
12073 Bacillus pulvifaciens
10038 Bacillus pumilus
10302 Bacillus sphaericus
11030 Bacillus subtilis
11021 Bacillus subtilis
11043 Bacillus thuringiensis

“Strain list of Institute of Microbiology, Seoul National University
*Deutsche Smmlung von Microorganismen und Zellkulturen GembH

Table 2. Sequences of used probes

Probe Name Probe Sequence

LGC353b 5'-GCGGAAGATTCCCTACTGC-3
S-G-Bacill-0597-a-A-22 5-GTTCCCCAGTTTCCAATGACCC-3'
S-G-Bacill-0597-a-S-22 5-GGGTCATTGGAAACTGGGGAAC-3'

o] 3o FhE A/ F 4°CollM 3/ ol wAER.
7ol B AalidEle} PBS MAH & 39 wHEsle] 1Y
NG AAT F 4CA HEE gk 847 pBS €45 )
H7skal 20T A Rasisint.

A2 &l Probe

Bacillus & ATe HEN HgAoldtn dHA 3%
(LGC353b(6), S-G-Bacill-0597-a-A-22, S-G-Bacill-0597-a-S-22(5))
9] probeZ AFEEFAIL, Z} probe2] ¥l sequences= Table 2%}
2o}, &3 probe= tetramethylthodamine . 2 %] &9 0.
A2} Sk tH(TaKaRa, Japan).

FISH (Fluorescent In Situ Hybridization)

2|2

Bacillus % @59 FYAE= F7AL peptidoglycan layers
ZFAAL QAL spore™ FAL- coatE 71A T glof, AWEAQ] FISH
Ax] FHe T probeZt AE WEEZ TSR 23} ol
A spore®] FAR coatA gafisitia ded SDS-DTT

Bacillus %8 915 FISH ¥9) /It 205

(dithothreitol}- &4 3} lysozymeS A Edl= W A9} FIHE
(vegetative cel)?] HXEH-E lysozymeTtO. 2 sl W B
o} 22 3H9TH?20).

OX-1:

Well Slide glassoll AE HEE 3 w & ¥ A nYsin
dehydration 13l 50, 80, 99% o gh-&ol Z}z} 3BH whg- A|H
o}, x-S F33)r] Y5}e] SDS (10 mg - mi )9} 50 mM
DTT (dithiothreitol) 89, 221 lysozyme -£Y§(37320U,
lysozyme 1mg/100 mM Tris-HCI(pH 7.5)% 5 mM EDTAE] |
mDO 2 FAH o7 At ¥ AASTE AHsal thA] g
& A E snh. AAE 7 B3 &ebo]l =l hybridization
solution (630 mM NaCl, 0.01% sodium dodecyl sulfate [SDS],
10 mM Tris-HCl [pH 7.2], | mM EDTA, 30% formamide)S
10 pl E7F381aL probe (10 pmolyE H7FsE & 45°Coll A 44]3F
vjeratd o), vieke] Bt vie] o ¥ washing solutionoll B
o] 45°CollA 2027 Mk FRHFE TR AFgE 3 [
Zc}.

@4y B

HhY A9} 2o, SDS/DTT X&) & &4 gkt

DAPI Y4

DAPI counting®l) &3} A5 &3 FISH P& #83 &
DAPI (4'-6-diamidino-2-phenylindole-2HCI, SIGMA)Z 23} &2
slod FAste] Agstgrhil). Al G 2070 olatke] 3kl
Al Btek& T8k Akt

0|y 2E

Al AFE 3% dnl7%(Olympus BX60, DAPI; exciting
filter:U, tetramethylrhodamine; exciting filter:G, Lamp: Mercury
lamp HBO 100W/2, OSRAM)S- o83l DAPIE FAE A+
3} probe?} At Hl?r~ A4 At 72 Al 4= 2070 o]
o) spgel ) FERE THIAE

ITXpo Ay

FISH Zx2] 27g0] Bacillus®] GFHFS XA ZFoA 3
o] 71EE ERiEl Hstd, Ao s EA8H(sporuta-
tionys Fohal, Z7h U TS, EAFE AFslHnt A=
3 W8t BacillusE 50°Co A 24417 whA|sle] At ¥x}
AL AR 25 wE FEfolmol FHE ARA F dud
St mURYE A E B malachite green (5%)EY O T
5] Y °l Bdo] vz x| YL Al HrpelFEA s
srdste] Gt gTt. o] it ¥ safranin O (2.5%)F 3032
7+ olg- °.§*-%‘(coumer stainingyS $F Uhe ThA} 552 Al Hs}aL
HulFog TAE AL skl

i # O

o) ATtollA} ARESH 371R12) probed Bacillus 40l £3H= A
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Table 3. The efficiencies of pretreatment for FISH

Probe 1o ment DAP! s gl
name number (<107 cells/ml) (X107 cells/mi) %)
1 53 ND ND

2 4.7 ND ND

A? 3 6.1 ND ND

4 4.2 ND ND

LGC 5 5.0 ND ND
353b 1 23 ND ND
2 1.7 ND ND

R 3 1.9 ND ND

4 2.1 ND ND

5 1.6 ND ND

1 26 2.0 815

2 2.4 2.0 75.8

A 3 2.1 1.7 80.1

<G 4 1.8 13 69.7
Bacill- 5 1.6 1.1 70.8
0597- ] 4.0 3.8 96.0
a-A-22 2 36 34 94.6
B 3 56 54 97.2

4 43 4.1 95.0

5 42 4.0 94.3

1 1.8 ND ND

2 1.9 ND ND

A 3 2.1 15 735

.G 4 2.9 ND ND
Bacill- 5 2.4 1.9 795
0597- 1 54 35 90.4
aS-22 2 3.9 ND ND
B 3 43 39 91.0

4 6.1 54 88.0

5 52 ND ND

“Pretreatment with SDS/DTT and lysozyme
’Pretreatment with lysozyme only

T5-S 723}7) 98k hybridization 3 Aok Table 30 L1E}
Uitk LGC353b probe?] A$-= DAPIZE HZo| Heu
FISHEE 521 2% ZAEHA &%t S-G-Bacill-0597-a-A-22
probe= DAPIS} FISH 55 HEHial, FISH/DAPI Hl-&°] 3
T 954%2 ¢ e G848 YeEPNATKFig 1). S-G-Bacill-
0597-a-8-229] probe®] A-$-= W AR BIYE AT L, 2, 58]
ol uh B A9 239} 53] FAIA FISHEE HEHA|
oo} $-G-Bacill-0597-a-A-22 probe$} g W) 2%} pH 5
SRz A w9 R whgdhs Ao E ERsth EEE

Kor. J. Microbiol

Fig. 1. Photograph of DAPI(up) and FISH(down) of mixed cultured
Bacillus spp. Lysozyme treatment was done for FISH.

probe] E&4S UEhlE FISH/DAPI HIS-2 W BE HAje]
39S 7% Bt 89.8%E LEFKTH

Fluorescent in situ Hybridization® THe EAMIESHH WHE
of misl wi$- whan e AEe AEE ¢ Aok12). 18
1} 21874l Al hybridizations} washing & w 2] 259} o]uj<]
&2} A3k gom, AEo] A ghon, 53|, o ol
AVeiFE BNE) pHe S TR AL o A7l
AE 37kA 9] probeE AMREEL, ZH7he] probecll thahA
hybridization &A% hybridization =59} Azt 5-& ChEA] Sfo
288991, S-G-Bacill-0597-a-A-22 probe?} 7H4 £& A5
2 JeQT). $-G-Bacill-0597-a-S-22 probei= 22 27Y o
S-G-Bacill-0597-a-A-22 probedll Bt} @427 wi-¢- W43
ek W ool HAEEASAHE v Fe Aew vEh
Bacillus &2 $31ME S-G-Bacill-0597-a-A-22 probeE ©]-&
3l 7o) 718 2L A2 IARNHU

Bacillus £ £31= MTES T4 AEES 7pAa glo]
probe] HE7} o]fh. wlebA hybridization 8 Mol MEH-E
Arshe AAz] Yol A7), o] AFelAE lysozyme
23} dithiothreitol -89, 12]31 °] F 7}A] §Ag Fis}e]
AHeslg e, lysozymeg-to] 7Hg EAHR Ao vehsith




Vol. 37, No. 3

Table 4. Bacterial numbers by spore staining and FISH with different
pretreatment

Vegetative Spore’ F7ISH ‘
Experiment cell >I<3 10° ( X 107 cells/ml)
Number (X107 ( (FISH/vegetative cell (%))
cells/m{)

cells/ml) A¢ B?

1 1.7 4.7 1.0 (75.0%) 1.4 (83.3%)
2 1.6 6.6 0.7 (50.0%) 1.4 (88.2%)
3 2.1 28 0.6 (27.8%) 2.1 (100.0%)
4 24 4.7 1.1(50.0%) 2.2 (88.5%)
5 24 6.6 0.6 (25.0%) 2.3 (96.0%)
Average 2.0 5.1 0.8 (41.4%) 1.9(91.7%)

“Pretreatment with SDS/DTT and lysozyme
*Pretreatment with lysozyme only
“Observed by spore staining with malachite green and safranin O

53 7bA) 898 EFek) AU AL AEHo) A
A g Elo] MEE EE 4 ¢le @498 EE Al
B3 hybridization 255 42°C7F 7P HAsl o, uiekA|zr
< A3t 7H BEAo] e A0 E el

¥AE FISHE ZE317] 918te] ERhldgt Bacilluss A8}
(sporulation) A7) 3 FISHR} F2}¢ 4l (spore stainingyS 3+ 23
FAA A M= HF 51X 10° cells/m! A% 2] 20} FISH
B2v ¥AE HEY 4 993 YoUM= SDS/DTT+ lysozyme
o7 X{z—]alﬁl Hhﬁ A2] _?—oﬂ = E/(]_Oi A“v_i 23l o > kA
T ZF I 41.4%70] FISHE #E9 ¥ha, lysozymetHe #2)
s W BY A9 FIHEL] 91.7%7} FISHE 45Ut
(Table 4).

FISH WH2- A|XE 9Fo Z probeZ} 253kl AIXE ) rRNASH
Agtstalof ot oj7|o A ARE-Sh= probes
FHAEA (7o) M= tetramethylrhodime)?] AT 22 i)
BAE 6,500 HEo)t}. paraformaldehyde® TAHE M ES) 7
o] Axel FAke F83I) UE shesith3). ey 9
1% FAAMTR Streptomycesy Frankia (9,10), L2831 Bacillus
megaterium®] (e A2 E &) Foloptt probe7t ME U
2 %7} rhssih

ologh Hxlg] oz 7MF B3] AM-EE o] lysozyme
A Ad4), opH AHANME lysozymeo Z &3k Aol
probe7b Al W= 1} HFato] Faie ¥ds dEE 5 U9
CHFig. 133). Bacillus®] A= 252X (hydrophobic)2] Fhalzl
2 A= 2om(13), o] B AS AASY] 215 disulfide
ARE ¥ SDSDTTE AHEEIE 3t} B megaterium®] 3
kel 739, SDS/DTTE AHE-3F A3} probe?] AFH L. Eolx]z]

oligonucleotide 2}

L counter FAE-AF ARESH= DAPIS] 3EH0 gty
Ao H BAEATHT). 12t o] Ade o]Hdh dds
A3 4= glglem, SDSDTT 58 ol i} vhe-Al17ke el

A A7t HeE Golu st

SDSDTT & XA} coat?] UF-H-E A A3ld DAPI (MW

Bacillus 732 8 FISH WHie] /i 207

350.2) B 22 Exlo] £oA-E PATIE Aer dEA )
tH18). eyt o] Aol EREE /53 F lysozymed}
SDS/DTTE WAste] X 45 ETAE &2 5 A,
A M E (vegetative cell)’} R LHEHAM A7} Wl o)
LFER} FISH/vegetative cell®] Bl8-0] of-9- A L}E}"LE} olz
o] % 7hA] AejHE WA A9 ATzl AEys Ax
Al Ealigte] AESH Tl ot Al AFEZT W= Ao
2 AlEEY. &, A7 HEEEA XU Bde] oo W3l
slo], dge) Anr) Aeta] Haa TAFENASE probe?l A
FapA] gsted AEet dxejgdo] ool FRIFch ey
o] A&l A B3l HH2A W B S-G-Bacill-0597-a-A-22
probe= Bacillus T UYNS A3 Hfoll= DAPI 2 G
% Algre] thiio] FISHE #H&o] BAtkFig. 1).

ol g Aol A Bk, slH el ol AN BacillusE:
HAEE Aol lysozymeo &2 U= 2]3F FISH W3 ¥4
& o= F7HA WS Wastelof st

#HAle| 2

o] AP FBIER
shuiel AR EEAo 2 SaE 5

oA AldYE= = FAFIEATY 9
AR

=28

oo
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ABSTRACT : Development of FISH Methods for Detection of Genus Bacillus
Sun-Hee Hong, Ok-Sun Kim, Hong-Kyu Song', Dong-Hun Lee,” and Tae-Seok Ahn®
(Dept. of Environmental Science, Kangwon National University, Chunchon 200-701, Korea,
'Division of Biological Sciences, Kangwon National University, Chunchon 200-701, *Research
Institute for Genetic Engineering, Chungbuk National University, Cheongju 361-763, ‘Institute
of Biodiversity Research, Kangwon National University, Chunchon 200-701, Korea)

A technique for detection of Bacillus in soil and waste water treatment system was developed. Mixed cul-

tured solutions of 22 Bacillus strains were applied for selection of probe and pretreatment method for FISH.

Among the three probes known as useful tool for FISH method, S-G-Bacill-0597-a-A-22 was best for detec-

tion of Bacillus. Ninety five percent of DAPI count was observed with FISH method with S-G-Bacill-0597-a-

A-22 probe. For increasing the permeability to Bacillus cell walls, pretreatment with lysozyme was better
than that with lysozyme and SDS/DTT (dithiothreitol). Bacillus spore was not detected with FISH. So, Bacil-
lus detection in ecosystem requires FISH with pretreatment of lysozyme and spore staining.



