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The Use of the Pathogen-specific Bacteriophage BCP8-2 to Develop
a Rice Straw-derived Bacillus cereus-free Starter Culture

Nadeeka Bandara, Seo-Jin Chung', Do-Youn Jeong’, and Kwang-Pyo Kim*
Department of Food Science and Technology, Chonbuk National University
'Department of Nutritional Science & Food Management, Ewha Womans University
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Abstract The purpose of this study was to develop a rice straw-derived Bacillus cereus (B. cereus)-free starter culture
for traditional soybean fermented products using a B. cereus-specific bacteriophage, BCP8-2. To determine the optimal
medium that supports the growth of rice straw-derived microorganisms and BCP8-2 activity, 5 different culture media were
tested. The 5% ground bean (GB) medium was selected for further study. No B. cereus was detected in the BCP8-2-treated
rice straw in GB medium, whereas B. cereus at a level of 107 CFU/mL was recovered in the no-phage control. The total
bacterial count reached approximately 10° CFU/mL regardless of phage addition. When the 16S rRNA sequence-based
microbial community was monitored using denaturing gradient gel electrophoresis (DGGE) and pyrosequencing, a similar
microbial community was observed in the phage-treated and control samples. In conclusion, we demonstrate that phage
can be used to prepare a rice straw-derived B. cereus-free starter culture with minimal effect on natural microflora.
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B. cereus?7t AAAYE= theksk =
7EA AL ATh

o= HLEJ}% % B cereus®] TS JAst=
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871 E (Bacillus spp.

2y ol g °£UV£%§——°‘: Frafarel et Sold &4go] W
ot B. cereus W1} ofzt 71E} fEUdERE S APt @
e AL Qo] dfre] 548 RSk R AERA

5 Msked @A7E ok
g QA= 54 Ak SolFor ApEd £ e vt
olF|Zolth(10). H TFI AFF LR, ALF, FAF 5l
EA sk vhdst el Al d(Shigella spp., Escherichia coli, Campy-
lobacter spp., Yersinia enterocolitica 5 )= YHEIE] LA & |83}

o] Ao}dtr] Yt A7 R AK10-14). B Aol E v
23}A] BCP8-2(15,16)% ol&3le] B {3 nAYE2LE 5 B
cereuss AHAHOZ A|AT ZElE] AHE ATIAL o] EA
S B33z} gt} B Ao A sty dBARF I
o] EAS X ASHFAF] Aol 7| Aoz AlFHT)
Mz W

WA ME D|ME31 sEE[mX] SA=ZA

A AMEL AR & XY ¥ 3 F =olA AFHs)H

Atk B. cereus JCM2152 DT F42& 5714 27104
trypticase soy broth (TSB, Difco, Sparks, MD, USA)S ©]&-3}
37°CoA S2]3FAEH(16). Starter culture®] B. cereusSt 7143 &
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M= 22t Brilliance Bacillus cereus Agar medium (Oxoid,
Hampshire, UK)9} trypticase soy agar (TSA)E ©]-&3}%th
BCP8-2:= Myoviridaedll 331 B. cereus group speciesiHe 5]
Hog Aojshe v g 2R o]tk(15,16). BCP8-29] 4L B.
cereus reference strain?l JCM21525 ©]-£3}%93, BCPS-29] sin-
gle plaque 2], polyethylene glycol (PEG)S ©]-&3F vlg|z] @ 1}
Aol A CsCl-gradient ultracentrifugation, SM buffers ©]-&3t
=4 9 soft agar overlay techniques B 1% WS o] &3t Th
(15,16)

=& HiX[e] MH

13 /9 rAE S A HF Wi E As] ) H
2 10gS 27 100 mLe] S-F5(distilled water, DW), rice straw
extract (RE), 5% 3 Z< E(GB), TA broth(15) % nutrient
broth (NB; Difco)oll H7F & 37°CollA 10417 w4381 Th. Rice
straw extract (RE)= SH0 10% HES ¥ autoclave T 4
TSNS o] 83193, GBY 75 AolA 10417 AA G Fof
& AAsIZ ZE7F Y= stomacher bagoll Ho] o271 % (Bag-
Mixer, Intescience, Saint Nom, France), 5% < autoclaved}]
o]g3tsith. o W TAE ASHTA ¥lAl= MgSO,5 XFstx
Ue) BE RSN Eadd et MgSO,E H7H0.8 mM)zte]
ol &3ttt oFA FHlE HA fE PAE -2 o AW
% degenerating gradient gel electrophoresis (DGGE)S ©]-&3}o]
AT

S ks wi X el BCP8-22] &S A5 8l B
cereus JCM2152& 107 CFU/mL &%=2 HE3kal 10-10° PFU/
mLe] FEE BCP8-2E H7Ieh & 37°Colx] S28haA] 4A12k
59t oD, ¥ CFUZ =33t

HiZ MEo0| BCP8-2 X2l

FH]E GBol H& AZE 10gS ¥ $ BCP82E 10-10°
PFU/mLS] =2 HE3IL 37°CollA 104]7F vl th(Passage
1, P1). ol&A widE cultureE THA 2L GBoll HAE(1% =
£ 10% inoculum)3}al 7+ ZAA 10A17F vl (P2)31SI 2L, ©]
ek IgLS PoVEA] SIS TE 7} passage Pl AlEHS F3
Z M+ 4, B. cereus CFU % BCP8-2 PFU countingS <333}
3L, 16s rDNA F71MES vlEeZ 3 DGGE % pyrosequenc-
ingS FsATHe Fx). ©] w HHF RS ¥R 2
AES controlZ ARE-SFSITH

Genomic DNA &+=2| ¥ 16S rDNA {&Xte| E=

MoBio Soil DNA isolation kit (MoBio Laboratories, Carlsbad,
CA, USA)E °]&3l9 1mLe AZZHE total microbial com-
munity DNAE #2]31%it}. 8] DNA®] FX+= Epoch Micro-
Volume Spectrophotometer (BioTek, Winooski, VT, USA)E ©]&
ato] S48kt

DGGEE #I8t 16S rDNA |%MXle| &=Z1 DGGE

4 E2]E DNAES ©]-83l0] 16S DNA 22k V3 regions
PCR (MyCycler, Bio-Rad, Hercules, CA, USA)S ©o]&3lo] =3}
Atk oWl 338f~CGCCCGCCGCGCGCGGCGGGCGGGGCGGG
GGCACGGGGGGACTCCTACGGGAGGCAGCAG (2R&& 5
end GC clamp)®} 518r-ATTACCGCGGCTGCTGG (17)& primer
2 o]&39 3, PCR cycle hot start (94°C, 5min), 30 PCR
cycles (94°C, 1min; 52°C, 1min; 72°C, 1min) % final exten-

sion (72°C, 10 min) -2 3}tk PCR products= agaroseS ©]
431 ArjgE5Her 8013193, Epoch Micro-Volume Spectro-
photometer (BioTek)S ©|-8-3l &3t} 3= PCR product
= 10-60% gradient gel?} DGGE (Cipher DGGE Electrophoresis
System, C.B.S Scientific, Del Mar, CA, USA)E o]&3l] EzJ3}
e}, ¥2]¥ DNAE ethidium bromideE 183519 |43, UV

g olgsie] BAaglch

Pyrosequencingt bioinformatics

Multiplex Identifier (MIDs, Roche, Mannheim, Germany)E
Genome sequence FLX system (Roche)oll Z&3}7] 93t 16S
DNA +4259] single-stranded DNA libraryS ZH| 3} 7]
AE TH 48 938 pyrosequencings Roche GS-FLX 454
pyrosequence (Roche)yS ©]-&31] $83}tH(ChunLab, Inc, Seoul,
Korea). ©]& E3] 2ojz 16S DNA 342 971489 ARE o}
&gt H4E(minimum alignment length, 50 bp; E-value cutoffs,
0.01)2 ©]8-3}4] Ribosomal Data Project II (RDP II) database
(18)9} Bl #2431 th(ChunLab).

HIE M=

A AxE T2 7R FA F 24°ColM 10417F B9 A
A AL, o1F 308 5 BIE AAsK] FH|ENT. ol FA
FH)E F 100 g2 A Zekade)] ¥ 305 F< autoclave §
50°C71A] Wzttt el HAEE B subrlis KACC10113,
10° CFU/mL) 1 mLE Yl 50°ColA 48x17F wikalich & +
¢} B cereus CFUE Z+Z} TSA (Difco)2} Brilliance Bacillus
cereus agar base (Oxoid)S ©]-8-3l9] A3l Th

At 3l

Starter culture M=E 2I8t =& x| & ZA HiE[2|2IX]
sEo| MY

RE & B cereus free 2B AAE wE7] 98 & A+
°lM= BCP8-2E ©l8-3kd=tl, BCP8-2= & gFolr wele
Myovirus® B. cereus group spp.fl5F 50|80 2 ZF83l= Z o
2 BIFYCK15). HZAFH AES g2 294 BCPs-29]
42 3 A4 wx e AHL 371A] 71F)] o8 AA sk
A 1A AEP) F AETH 242 16S 1DNA 971M<E
o] 71Nkt DGGEE ©| 43I, & Ald 5 SXsder, o
ket wjx|olA] host strainol] tHEt BCP8-22] &8 E4313th
DGGE #4dllMe £33 A2 g2 sle FA7dan 4
A" HE AZ fAES 5579 XS o83t widEi,
HAE 7 DNA £2] & o|E o83 TZ3t 16S (DNAE ©|
3k Z7ke) AEol ME T2 DGGE FEe] A=A E
t|(data not shown), A2 22 TA9} TSBolA Athdozw @
M=E P39 DWSF RES] MEF7E Aiid oz 3o,
GBE HMi=FoX $7 =& UehlthFig 1A). & Ald & &
3l Wbz o2 TSB, TA, GB, RE, DW2| A& =UThFig
1B). ol&gt 2452 BE 9 HAF MEENA vIssiGi=t
(data not shown) ©]i= Z} BIXE9] JFPE =4 2 5= 59
7108 A o= AlsH

theFet wix]oll A vlelg] e 3kx] BCPS-29] &4 E4-2 BCPS-
29] host strain®] B. cereus JCM21525 ©]-&3l =], DWE A
93t 425 R ENA EF B cereussS SHFHCE Ao &
PSS FelsldtkFig. 10). o] W MgSO,7F A7IEA] k& RE,
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Fig. 1. Medium determination for preparation of rice straw-
derived starter culture. (A) Microbial community analysis of rice
straw-derived starter culture using DGGE. Five rice straw samples
were used and one of representative results is shown. (B) Total
microbial counts in rice straw-derived starter culture. (C) Activity of
B. cereus-specific bacteriophage BCP8-2 against B. cereus
JCM2512 using GB supplied with MgSO,. Different media with (the
third column, white) or without (the second column, gray) MgSO,
were inoculated with B. cereus JCM2512 (10’7 CFU/mL) and BCPS-
2 was added or not added (the first column, black) at 10° PFU/mL. B.
cereus was counted after 2 hr incubation by plating method. In the
case of TA, no extra MgSO, was added, since TA itself contains
MgSO,. (D) Control of B. cereus JCM2152 in GB supplied with
MgSO, in presence of different concentrations of BCP§-2. Different
concentrations of BCP8-2 (107, 10® or 10° PFU/mL) was co-
incubated with B. cereus JCM2152 (10" CFU/mL) in GB. B. cereus
was counted after 6 h incubation by plating method.

GB, TSB2] % B. cereus’t HZ 7Fs &% ooz HEFA
= (Fig. 1C), o]= BCP8-22] &4jo] divalent cationo] 9]&3tt}
= olde AT Aol dXFK(15). olelgt AAEF HEA F
HE 31 {2 vlAEe] T2 cultured} ©o]F o83 H=7
Az F olol tig oFA #AFH A= GBI/ 7P 2 2L
Z ¥2l5]o(data not shown) ©] F BE AFol|A] MgSO,7t &
71 GBE ARSIt

R e ZEE ZA- AT HA dHEewR] sEE 4
Ast7] 98, okt F=(107-10° PFU/ML)2] BCP8-29 2|3l B
cereus A|°1s AEE MgSO,7F 37HEl GBolA AASHAEH], 7t
B2 HE(107 PFUMLRIME & AlolsS e1d = AU
ThFig. 1D). °|#gt A= GBE o83 Hd AFdx= gl
HATHFig. 2). T8 PEGE o]&-3h wlE|g| o] AHd F CsCl

&I
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Fig. 2. Development of B. cereus free starter culture derived
from rice straw. Ten percent of rice straw and BCP8-2 (107 PFU/
mL) were added to GB supplied with MgSO, and incubated for 10 h
at 37°C to make P1, followed by plating and enumeration of total
bacterial and B. cereus counts. In order to prepare P2, GB was
inoculated with P1 (1% inoculum) and incubated as above. Same
protocol was used to prepare P3 to P6.

gradient ultracentrifugation?} 4] *]2]& #zl BCP8-2= PEG 3
A F o]8% BCP8-29 B. cereus A|ojol|A o5 Ho|X] 43
TH(data not shown).

HiE|2|2OIXIE 0|28t HA [l B. cereus free AEIE &
x| JHgt
Y] ME g2 AP FHE grlle] B AE
o g ATFE Y3t tket F=(107-10° PFU/mML)°] BCP8-
2 Aok dAglol GBolA wiYkE 8o Bn AEELS B
[e]

10° CFUML o9l & Alit 45 HSlA, ol 5 e

oAM= 5% oF 107 CFU/ML 452 B. cereus?t &% 3 (Fig.
2), HEF LI E Ad YA T AEAME 2 FF9
B. cereus’t A& %2 tHdata not shown). 72| AAAHS &1 s}
7] $18] 2L =l AT HE AMES 2 o] o= AA
=t 17he] HE AEZMT WHEHOZ B cereus’t AAE
2ete] AAE AZE F AT} olHg AFEL HAEo] v
2 VER B ceeusl] LFE JSE RIS Ao,
w3k v LR E o]&3te] T SolH 0 Alo|sh=
o] 75 HoFEr)

Solgk A2 BCP8-2 Azjok d#glel =E Pl AE<lA B
cereus’t 71Z(10° CFUmL )=y gHE] 23R E A 2]¢
1579 AZME P3FE B cereus’t AETA ZUdteE Ao]
thFig. 2). ©]== BCP8-2 WA B. cereus?} passages Al'gel m}
S E AT Hoksuigwel gk |4 et 1047 v
T B cereus’t =2 FFo7 FAFofof 3, Bl EAsi=
B. cereus’} EAVFHE SRS A48 UAEZ ABEHS
3 o]E5o] BCP8-2¢l 93] AlEE oz Algdt RE A

o
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Fig. 3. Characterization of starter cultures. (A) PFU counts against B. cereus JCM2152 in different starter cultures. (B) Total and B. cereus
counts of cheonggukjang made with P6 cultures either BCP8-2 treated or no phage treated.

2 1% (Fig. 2) == 10% inoculum (data not shown)ollA+= =}
o1& YERHA] &%

21 FolA 1}‘3]11]24}}]% o] &3t B. cereus®] Aol A= T
2 falEd vl A oZ vulsich(10-14). 2 Lee 5(19)
& o7 FAPNAM B cereuss HHH|E| QLIRS o] &3le] A|oj3}
= Zlo] 7Feds ERA, O doprt dEE A o3 B

cereus 52 Aol
(10° PFU/g)ell <]&3Hs
U] 5T

o] Wi LEQSC oVt Ml esh B
Gelsigon ol & Aol AREd

HE | AEHE EXe| BCP8-2 25t
& EM 24

2ElE] ZHAe] BCP8-2
it} P3F-E %‘733] 2aslr] A&
A= B. cereus &

2). &, P E

skE2t 0|F O =

=

5= P27EA= 107 PFUMLE F4
Fel 2 THFig. 3A). °l& ZElE
Lol AABATE e Aoz ALEETHFig

BCP8 2 BN E B cereus’t AEEH A=),

o]213F host’} 1% Hv 10% inoculumS 2 3|43 Fo= ulg)
g euRe] T=E A= =g TS AoE AlsHTH
BCP8-29] FE+ P3 o]&F A& qui A3, B3] 1%

inoculum®] ©]-8-%¥ passage®] 73 P6ollA] BCP8-29] EAJe] ¢
ol FIFA| 2 S}E}(Flg 3A). ﬁ, BCP8-2 Aol A B. cereus
7} P3FE AAEJIL, old mE}l BCP8-29] F%-7} passage’t &
ofgol wet lAEo] gk Aow AztETh
AFA F3lt AE A B 2R 0182 W5 FDA
7V Listeria monocytogenes At'E-S 9]¢k ulE| 2] 2 32| (P100)E
GRASE A% F @2 yetellr s]-8=Uth20). 2 Autt
o} 35 FoAE HHE R e B84 JAAA, HAF Al
Folle vz evx] o] o] HEEA] otk k= processing
aid2 ARSI 22BR 2 AFolx HE AF e
TR e] o] HolglA] gtk AL olE o] &g AFAFY M
gl &8 s S HoFe ZAolBE w9 Fasith
g3 fE 2EE g;q_e_ 014‘1 A=7de] A|zolA BCP8-2
2] 3HA] 9] 73 10° CFU/mL 2] B. cereus7}

Eop E

AZEFER oY, BCPS-2 21314@6)«] ZE}E oM+ B. cereus’t 7

=

=

skl
% 10° CFU/mL

= QBN &

AgAANE

ktHFig. 3B). olol dlel| = o4 FE
T RS ]'/\A]:]’(Flg 3B). &xj

BCP8-25 Azt ZElE AAE o] &3 et AFE /s
ol AF 7I54S XS EAARAMS At =, B
FE o83 dn] AFSol et B A5 FARE B
H 54 EAT 5 AUrk(data not shown).
“A’é.' w2l AEHE ZEie| DjdE =F =4

A el 2 Z2A] wAE 2-8S 48] 28 168
DNA 971X ES vE 223 DGGES} pyrosequencings A A3}
2t} 16S IDNA 442 7|Wke 2 3 DGGEE 4% 9 2%
A A mAEES BAsk=d f85A ol8Ex Aot
(21). DGGEE ©]&%t P1 Al&e] &4 A3 uie|g|onx] g
3 vH g ARolol A8 banding patterns Q18 4= %)
_I_(Fig 4A), =3t 9 M=E0)A band intensity?] xfo]lE el
2AAT}. 1213} banding patternS Pl P67FA FrAFSHAl
WTZ]QQitEﬂ ol Alth Mgl e HAEL] o] A
FAES GAlg.

a‘l—

Pyrosequencings ©]8-3t HAE 3 4] AFoA = BCPS-
2 A vAEE Abele] fARE RS E1E = AT

2 2] (P3)2] 749 A relative abundance®] 91%E Entero-
bacter spp. (79%)%} Escherichia spp. (12%)7} ZFA 3 AL,
BCP8-2 *&|+e] 9ol Enterobacter spp. (10%)2} Escherichia
spp. (22%)7F 92% AAISFATE o]9e PAEFOZE Klebsiella
spp., Pantoea spp., Erwinia spp.5°] 3522 BIF A=),
Hg 2] A2 U]ﬂ 2]+ Atolol| relative abundance (%)Oﬂ
M= eF7ke] polE HUTKFig. 4B). B. cereusS] 73-%- BCPS-2
u] 2] 2 Z(P3)oA 0.32%2] relative abundanceS YERA AL},
BCP8-2 A2|ie] ¢ AEHA %

2T}, B. cereus group spp.S
A 2]8t Bacillus spp+= BCP8-2 WAl A B. pseudomycoides

7F 0.02% FELE HEEAoU BCP8-2 AZolxs 2y
A gkgth olH et HEE P6 MENAME FAFSIS BH(data not
shown).

=

DGGES$} pyrosequencing -2 55 16S tDNA sequences
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Fig. 4. Microbial community analysis of phage-untreated and -treated starter cultures. (A) DGGE analysis of PCR-amplified 16S rDNA
fragments using rice straw derived starter cultures in different passages. (B) Relative abundance (%) of the bacterial species in rice straw derived

starter cultures in passage 3.

[e]

PCRE T3l SF3lL o9 HHs E43rhes FellA frakst
U DGGE®] @ Wi=r} ol eSS ov|siA| TH2D)
= Mol B2 Fe)7t daditt. ayleE £33 Hong &
)y BEH ol o] g3t Ak A= vAE L3 o| vl
T Al 23E DGGEE o8-8t Hisigith. & Al
A= DGGE®] 7 =7} of' mAEQIAE ERlekA] e rn
Z pyrosequencing®] A} AF vlwIE AL EUFssith 1
gy Aojr v e 3R] A BI- T AtelelA]l DGGE
banding pattern®|L} pyrosequencing®l|4] A= profile®] H|5=3HH
o]21dt A3}Eo] passage S/ FAIETE He B AFFA
oNA wig- Fagt Aty & Aojrt.

PyrosequencingS ©]&-3F PlAE 1 40 mEW RS o
et TF Bacillus spp g EFste AoZ dHA U213 H
S o] &3t vFe} T AZ I F relative abundance’t &
7Fhe AL2 BIFATKI). E AFoAE BCP8-2 *&](P3
9} P6)NA Bacillus spp7t AZEEA] eskt). o]ol] W] BCPS-2

A2l 2B ZA(POE o83 =] o] S48 vd

- Ok
— wi

< o]&3 AF H=EFI FARE BeEH EAS Hols Fo=
A LA} old] tigh FEet due HHA o vAE +F
HA Zo] EXNEAS Ea 31T 4 98 Zo]T o)t d] B
Ao W3 Folu}

o (o]

Ll =

2 A3 2o g ugenx e 01%5P°4 Higozy

H B cereus’t AAR —’iE}Ei HAAE Mdsle= Aolth ot

iR 7FeH 5% Z E(GB)e] HA nAEe] 223} uhy|

2314 BCPg-2¢] @l Hget WA= AYHUch GBE ol
f3lo] ksl ¥R AZ3 BCPs-2E A A3 A3 RE A
Z 59 F4FE 100 CFUML 522 Y393, B, cereus
o] 7% BCP8-2E AH3HA] ¢ AMEZlA 10’ CFU/mL7IA 3

AEC IS = =
0}r0 O ?lo}gi

2131932, v vl AT e HEHA S 3

\__

ot AZe] EAsk= AE S 16S (DNA 71488 vl
©=2 3 DGGE®} pyrosequencings 53l 45t A3} BCP8-2
gt A Abolo)] wlg- FARE mdE RS RISk,
o Yozt At wjde] wE mAdE FHo] HBHeR fAH

& S5 ool AHEe A9 Fol g weld s
olg3tel 54 FelEe AAT AAY o] F5HE noAF
= Aolw, Qe AR Ao 74T Aol
ZAle| 2
B ATE FYSANEY TRPIAEN A @A

112108-2)«] ko g2 G AF T
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