Korean Journal of Microbiology (2016) Vol. 52, No. 3, pp. 260-268

DOI http://dx.doi.org/10.7845/kjm.2016.6044

pISSN 0440-2413
elSSN 2383-9902

Copyright (© 2016, The Microbiological Society of Korea

Article

Epigallocatechin Gallate (EGCG)0f| =&%! 284M Bacillus cereus

MH-20] MIZ HIS U Z2E|S 2

S0l - gy - e
Haptfeta Apeivebrfel A A| 2wt}

A oY

Cellular responses and proteomic analysis of hemolytic Bacillus cereus
MH-2 exposed to epigallocatechin gallate (EGCG])
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ABSTRACT: The aim of this work was to investigate the cellular responses and proteomic analysis of Bacillus cereus MH-2 exposed to
EGCG. Strain MH-2 was isolated from commercial Ssamjang and has the hemolytic activity. Survival of the MH-2 strain with time in the
presence of different concentrations of EGCG under sublethal conditions was monitored. The amount of alginate from MH-2 strain
decreased depending on the increasing concentrations of EGCG and increased depending on the exposure time at any particular EGCG
concentration. Analysis of SDS-PAGE and Western blot using anti-DnaK and anti-GroEL revealed that two stress shock proteins, 70 kDa
DnaK and 60 kDa GroEL were found to decrease in proportion to the EGCG concentration in exponentially growing cultures. Scanning
electron microscopic analysis demonstrated the presence of protrusions and fused rod forms on the cells treated with EGCG. 2-DE of
soluble protein fractions from MH-2 cultures showed 20 protein spots changed by EGCG exposure. These proteins involved in
enterotoxins (hemolysin BL lytic component L1 and hemolysin BL-binding protein), chaperons (DnaK and GroELJ, cell defense (peptidase
M4 family proteins), and various biosynthesis and energy metabolism were identified by peptide mass fingerprinting using MALDI-TOF.
These results provide clues for understanding the mechanism of EGCG-induced stress and cytotoxicity on 5. cereus MH-2.
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2008), o] = | 5}17] i5ke] -2 uEtol| A= 2005 F-Ef 4]
ZoJoRZ oA A o] A 1 g 1,000 CFU ©|5}& fA|3k= %] %
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4~2] hemolysin BL (HBL)Z} +E& £4:2] cereulide o] 2J3}
SR E TR B 15 I o(Yokoyama et al., 1999; Guinebretiére
and Broussolle, 2002). $-2]u2}tol| 4] B. cereus©| 23 A5=
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o] o g Ao 2 AR ETKChoi ef al., 2011).
Epigallocatechingallate (EGCG)+= epigallocatechin (ECG),
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Areta T, =SR], A 2SR, utol AR T, S
oula 3} S o] thekst 7 Qe Ao 2 A A tiYuer
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2 B A H ). Bl H peptidesE 522317] $1510] 25 w19
elution buffer [50% acetonitrile, 5% trifluoroacetic acid (TFA)]
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pipette tips (Millipore)E A-2-3}o] B3} S T). Peptides—=
CHCA solution (10 mg/ml CHCA in 0.5% TFA/50% ACN,
1:1)2 A7}l 241§ AlRES 915900, PTFE (polyte-
trafluoroethylene) U502 FEE 96 well plate (Applied
Biosystems Inc.)of| 1 ul#] 5293} th Mass spectra+= 4700
Proteomics Analyzer (Applied Biosystems)& AR-5}31.0.H,
ZF Tl 2.0 MASCOT (http://www.matrixscience.com) 2]
NCBI DB &-g-of| 43} MALDI fingerprint data 2 €] 5
A ] At Cottrell and London, 1999).
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Fig. 1. Survival rate of Bacillus cereus MH-2 following exposure to
EGCG. MH-2 cells were maintained at the concentrations of 0 pg/ml (O),
1,000 ug/ml (@), 2,000 pg/ml (M), 3,000 pg/ml (A), and 4,000 pg/ml (¢)
EGCG. At intervals, the numbers of colonies (CFU/ml) were measured.
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Fig. 2. Exopolymer production as alginate equivalents by Bacillus cereus
MH-2. The cells were grown in LB only (O), or LB in the presence of the
concentrations of 1,000 pg/ml (@), 2,000 pg/ml (M), and 3,000 pg/ml (4)
EGCG. The standard curve for alginate quantification was shown as the
inner box in Fig. 2. These data represent the mean+SD based on triplicate
studies.

© 2 98] &) A Pseudomonas 2(genus) o] A alginate A At

W E At ol HuEdth 4, 5434, £k,
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o] 78] %] 71 B 18] K= 2 0 & ¥ 15}AKCho ef al., 2011).
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A, AE A SA T Q] DnaK €} GroEL 9] - i}
(Fig. 4), 3,000 pg/ml ] EGCGOJlA] 1 A7} 7HA 0 2 120 ©]
3] 3= 2Fd ¥ += DnaK &} GroEL-2 Z A5} ti(Fig. 5). Fig. 4
of| A Hoj = e} Zro], EGCG Fi=of e Alatoll A W&
Z]= DnaK 2} GroEL 9] 988 EGCG 2] s 7| Z715tof wha}
sl Mak fdasiglon, =F Algto] Friete] whet
DnaK ¢} GroEL 9] W& gFo] 324 3] 7F4-3% th(Fig. 5). Yt
Hog AEHA FATMAQ DnaKe} GroELS &)
NaCIZ} 2 AEd A 2o150] M= Wlo] Matshe
Ao Z dHA Ut} Periago 5(2002)2 AEFH A QRlo 2
Al D3} NaClol| :=& % B. cereus ATCC 14579 o520 4 o1&
7HA] Tl o) W ohE #EkskGl o w, 55| DnaK 9} GroEL 2
A SR 3 A7) S-S fi ke gol St

5.0kV x7,000 WD 5.6mm  1um | NCIRF
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Fig. 3. Scanning electron micrographs of Bacillus cereus MH-2. (A) untreated cells, (B) cells treated with 2,000 pg/ml EGCG for 2 h, and (C) cells treated

with 2,000 pg/ml EGCG for 8 h.
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Fig. 4. Induction of stress shock protein (SSPs) in Bacillus cereus MH-2 treated with different EGCG concentrations for 1 h; 0 ug/ml (lane 1), 1,000 pg/ml
(lane 2), 2,000 pg/ml (lane 3), 3,000 ug/ml (lane 4), 4,000 pg/ml (lane 5), The SSPs were analyzed by SDS-PAGE (A), and western blot with anti-DnaK (B),

and anti-GroEL (C) monoclonal antibodies, respectively.
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A1}, pH 4-72] ol A oF 20711 2] ehaiZ o] EGCG =9
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(Fig. 6).

2-DE°|| A F:3Fo] ¥ spot5-> MALDI-TOFo] &Jgt
peptide mass fingerprinting-2 ©|-8-3}¢] 54 A A3} ).
MALDI-TOF £4] Z3}l= Table 10] 2F%| ]t} o] & th
2 7h2-4], EGCGOl| l=& % MH-2 A3Zo| 4] thefgt 752
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Fig. 5. Induction of stress shock proteins (SSPs) in Bacillus cereus MH-2 treated with 3,000 ug/ml EGCG for different exposure times (h). The SSPs were
analyzed by SDS-PAGE (A), and western blot with anti-DnaK (B), and anti-GroEL (C) monoclonal antibodies, respectively.
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Fig. 6. Two-dimensional gel electrophoresis pattem of total Bacillus cereus MH-2 proteins in Luria-Bertani broth without EGCG (A) or in the presence of
2,000 pg/ml EGCG for 2 h (B). The number associated with MALDI-TOF/MS identified spots is listed in Table 1.
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eohe TS, E5] AEd|A S AT (DK, GroEL),
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DnaK ¢} GroEL Q] &Hd o] S gl A o 2 \ 715}t
ESF A=A (enterotoxins ) 2F E- 2 T Ao]| o oh= o 2] 7}
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Table 1. Proteins identified by MALDI-TOF/MS fingerprinting
Spot No. Identified protein Accession Sequence coverage (%) Fold change
Chaperone

1 Chaperone protein, DnaK AIY75640 64 i)

2 Chaperone protein, GroEL KC895964.1 58 i)
Enterotoxins

3 Hemolysin BL lytic component L1 WP_000714434 36 J

4 Hemolysin BL-binding protein WP_000976168 52 J
Energy metabolism, pathway factors

5 Aconitate hydratase WP_000238553 56 !

6 Phosphoglyceromutase WP 001231145 43 !

7 Phenylalanine racemase, partial WP_046132418 26 !
Proteases

8 Alkaline serine protease WP_000790931 42 !
Transporter

9 Peptide ABC transporter permease WP_000413413 38 )
Biosynthesis, biosynthesis of cofactor, protein synthesis

10 Alginate biosynthesis protein, AlgB CUB10867 48 1

11 Peptidyl-tRNA hydrolase WP_032870877 61 i

12 Thioredoxin WP_000044822 68 i

13 Phosphotransferase WP_007407453 46 1

14 MecA protein WP_033707457 62 J
Cell envelope

15 Penicillin binding protein WP_001256637 51 J

16 Cell division protein, FtsN WP_000053726 50 J

17 Wall-associated protein WP_049107569 27 1
Cell defence factor

18 Peptidase M4 family proteins WP_000758747 35 1
Cell lysis factor

19 ArpU family phage transcriptional regulator WP_016122511 80 1
Flagellum components

20 Phage tail length tape measure protein WP_000896627 39 1
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o Quro] B 1 v Ful e hgold,
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£EGCGE] §854: o] U P53} Al 2] 7R A3} Lo}
AN SHAS A AT L 4IRS AR 2

5 715 2ARA L o[ 8T AS AN 4 ek
oI} 153 Soll 0|9 §BH B. cereus 2. G
e BAE SR A £A7HE 4 ek o] 8 32517 §)
3% b theto] A7 531 glom), 1 7ke) A A&
B2 F70] uhet iRt 713542 71 31 glojA] 217 o]
2 ZU AT 5 Ak Tt oS Bt ol
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AR ST & o5 AAE 7122 sto] §EA B.
cereus7} 7HA|= 570 TR o] A el 7] 22 Sk WS
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2 AT0) HA2 AlFol e AL Q= Aol A 884
L 7}A%= Bacillus cereus MH-2E £-2]3}o], EGCG =20

& MH-2 o 529] A 22 §H-3-7} S 2 H|-8 415 el =2 =
At ThFet 5 =2 EGCGol| =& ¥ MH-2 o= =& A[{h
o] Z7gto] wpet YEEL HA PAFS Btk MH-2 5
9] alginate /3% EGCG 9| 5= 7} 57ghol| whet Z4xst
glom], 54 EGCG s=ollA] iAol Kl of whet 1Ay
ek =7}k 71 © 2 YEelytth SDS-PAGE Y anti-DnaK
o} anti-GroEL 2] THAFA|E o]-&-2F Western blot 55t 4]
o7 F 7] AEHY A S ATHARI 70 kDa2] DnaK £} 60
kDa®] GroEL 9] &2 tfj=A3747] o vj ol 4 EGCG 9| &

Lo vlgsto] sk AS ghelskgith EGCGol| =&%
Alatol A2 Q- e Sk AR n] S o]-§-5ko] T
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(hemolysin BL lytic component L1, hemolysin BL-binding
protein), chaperon (DnaK, GroEL), A|3ZH}o]Q Ax(peptidase
M4 family proteins), oY x| & EA AL 5o 5= = o=
hal 2.0 MALDI-TOF & A18-3F peptide mass fingerprinting
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