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Abstract Two-hundred Bacillus cereus isolated from perilla leaf cultivation areas in Miryang, Korea were investigated for
toxin genes and antibiotic susceptibility. Toxigenic patterns of isolates were identified to be 11 groups through toxin gene
profiles. 21% of strains isolated from the perilla leaves had both enterotoxin and emetic toxin. Toxin genes entF'M (100%),
nheA (100%) and hblA, C, D (65.5%) were frequently found in the perilla leaves, whereas EM (21.0%) was less common.
Most isolates were susceptible to 10 antibiotics, but they were highly resistant to penicillin (100%), ampicillin (100%),
oxacillin (94.9%), amoxicillin-clavulanic acid (95.6%), cefazolin (78.2%), and rifampicin (58.0%). These results indicate
that food-borne outbreak caused by B. cereus might lead to diarrhea and emetic syndromes.
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Table 1. Samples for investigation of characteristics of B. cereus
isolated from cultivation area of perilla leaves

Source Unit of sample ~ No. of sample
Soil 100 g 15
Ground water 1L 15
Irrigation water 1L 12
Collection container 100 cm? 15
Packing table 100 cm? 15
Water in spray 500 ml 15
Packing vinyl 100 cm? 15
Hands 1 hand 15
Clothes 100 cm? 15
Perilla leaves (Green house) 36 leaves 15
Perilla leaves (Packed) 36 leaves 129

Total 276

dAsteilel. ddstg A QAN & F 7 FMEre]

[¢)
= 30°C, 4877 Wit F B8 fo] e e 57
sted NAwIA| o] HE3taL 37°ColA] 24A17F vl Fst § PCRH ]
ol5te] ERR18IATH16).

B. cereus AES 918 DNA F&2 24T E Luria-Bertani
(LB) broth 5mLoll &3 & 37°ColA] 180 rppmeE & wj %
SFdch w1 mLA k] 13,000 pme 2 SEZF 4R
T Azds vE A pellets BFE 33 FFF 300 UL
7FkaL 13,000 pmol A 5% A4 B SHATE o]F 33 S/
300 pLE 7F8kaL 95°C, 102-%F WESAIA 13,000 pml 2 537 9
A Bttt AEdS FHate] ©]& PCRO| ARESHAATE B
cereusE 7Z317] Y3 PCR 27L& Choo 5(6)2] WoE 3
st} B cereuss AZEIAL gyBHAAL anpFAAE YR
multiplex PCRS 3 3}31t}. PCR ¥F-3-2 IntronAH(Seongnam,
Korea)®] i-star Taq PCR kitS AM&-3}%1 2™ DNA 5L primer=
10 pM F=2 2% 718l 3% Bd SHTE AHSt HE
k3-8-olS 20 uLE A3 Th 3 PCR thermal cycler] HF
& 27L& 94°ColX 587 predenaturations AAISH F, 94°Col| A
3027} denaturation, 55°CAlA] 2%-7F 22} primer annealing, 72°C
ol 1587 extension®] ZZHLSE 30 cycleS =33}, final
extensionS 72°CollA] 7327 AAISISATE PCRY| o8t SH A=
2 1.0% agarose gel F17]%950l <3l RISt HE2TLoe2E=
B. cereus ATCC 108769} B. thuringenesis ATCC 297302 Al&
=8

=
o]

T

SARMNA 24

2 E B cereusolX S AANE F40 FEF 4747
£ PCRE 30 Z2742 Ao AL8E DNAE B
cereus 5730 AHEE A} Y3 A& ARSI

Primer= Yang 5(17)¢] AA7ollA] /e Ao2 X FH/e
540 tigh primers] 5¢]4 @7]X €L Table 20 Yeld Hf
o} o Z+7+9] primers= BioneerAHChengwon, Korea)oll A 3
338ttt 12289 primers 484 3H9| multiplex PCRE o]
-5 AJHSm PCR WM~ IntronAR] i-star Taq PCR kitS A}
431992 DNA 5pL, primers 10pM =2 444 IH71siaL
37 Ed SRS AR HE e8eS 20 uLE -




136 =2 F 388 %] A 43 WA 2 & (2011)

Table 2. Primers used to detect the enterotoxin genes and emetic-specific sequence of B. cereus isolated from perilla leaves farms

Type of syndrome Target toxin Gene Primer Oligonucleotide (5'to 3')
- hbIA-F ATT AAT ACA GGG GAT GGA GAA ACT T
hbIA-R TGA TCC TAA TAC TTC TTC TAG ACG CTT
HemolvsinBL i hbIC-F CCT ATC AAT ACT CTC GCA ACA CCA AT
emotysin hblC-R TTT TCT TGA TTC GTC ATA GCC ATT TCT
D hbID-F AGA TGC TAC AAG ACT TCA AAG GGA AAC TAT
hbID-R TGA TTA GCA CGA TCT GCT TTC ATA CTT
» nheA-F ATT ACA GGG TTA TTG GIT ACA GCA GT
nhe nheA-R AAT CTT GCT CCA TAC TCT CTT GGA TGC T
Nonhemolytic - nheB-F GTG CAG CAG CTG TAG GCG GT
. toxin nhe nheB-R ATG TTT TTC CAG CTA TCT TTC GCA AT
1arrnea
o nheC-F GCG GAT ATT GTA AAG AAT CAA AAT GAG GT
nhe nheC-R TTT CCA GCT ATC TTT CGC TGT ATC TAA AT
Enterotoxin FM . emFM-F  CAA AGA CTT CGT AAC AAA AGG TGG T
nierotoxin en emFM-R  TGT TTA CTC CGC CTT TTA CCA ACT T
Erterotoxin T heel beeT-F AGC TTG GAG CGG AGC AGA CTA TGT
nierotoxin ce beeT-R GTA TTT CTT TCC CGC TTG CCT TTT
. cytKl-F ATC GGG CAA AAT GCA AAA ACA CAT
. - N cytklI-R  ACC CAG TTT GCA GIT CCG AAT GT
otoxin
4 o cytk2-F  ATC GGT CAA AAT GCA AAA ACA CAT
R cytk2-R  ACC CAG TTA CCA GIT CCG AAT GT
specific sequence EM-R GTATTT CTT TCC CGC TTG CCT TTT
Emetic Emetic toxin -
spacer its-R TTT AAA ATA GCT TTT TGG TGG AGC CT

Table 3. Antibiotics used for the antibiotic resistance test

Group Antibiotic
Penicillin Penicillin (P), Ampicillin (AMP), Oxacillin (OX)
f-Lactam/p-Lactamase inhibitor combinations ~ Amoxicillin-clavulanic acid (AMC)
B-Lactam Cephems Cefazolin (KZ), Cephalothin (KF)
Carbapenems Imipenem (IPM)
Aminoglycosides Gentamicin (CN)
Glycopeptides Vancomycin (VA)
Tetracyclines Tetracycline (TE)
Fluoroquinolenes Ofloxacin (OFX), Norfloxacin (NOR)
Macrolides Erythromycin (E)
Non p-Lactam Ketolide Telithromycin (TEL)
Folate pathway inhibitor Trimethoprim-sulfamethoxazole (SXT)
Phenicols Chloramphenicol (C)
Ansamycins Rifampin (RD)
Streptogramins Quinupristin-dalfopristin (QD)
o} X3 PCR thermal cycler®] WHE Z712 94°ColA 587 £ AH&-3Ft
predenaturation2 AA13F 5 94°Cel| A 3037t denaturation, 60°C
of 4] 30z7F Z+7}; primer annealing, 72°ColA4] 187} extension®] gdlin 2= AIE
Z7A0 2 30 cycle2 33}, final extensionS 72°CollA 7&-7F A A AJ¥-S National committee for clinical labora-
AAIEAE. PCRY &8t SZAY =2 2.0% agarose gel 7% tory standards(NCCLS) 7}o]|=2}Q1S FZ3I0 T T3k B oo
5ol ofsf gelsiict. AREE SHAA] /= Table 3904 H= uke} 2TH(18).
HAA uES] B9} B cereus?| toxin gene o] 7440 HE 92 Muller-Hinton brotholl A 24A17F vikslh 45 &

ol A YETOE AMEH EFE TFE B cereus ATCC 14579 A4 Q-2 3438le] Mac-Farland scale No 0.5 BaSO, ¥FH]
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Table 4. Detection of B. cereus from different samples collected from 5 perilla leaves farms

RERNE:
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(Unit: log CFU/g, mL, 100 cm?, hand)

Irrigation . Collection Packing Packing Perilla leaves Perilla leaves

Farm water Soil container table vinyl Hand Clothes (house) (packed)
A 0.20+0.17 0.00+0.00 5.50+0.10 2.9442.56 0.00+0.00 0.57+0.99 3.93+0.90 0.74+1.05 1.52+1.38
B 0.26+0.45 1.73£1.61 2.84+0.61 1.72+1.49 0.00+0.00 0.33+0.58 0.90+1.56 0.00+0.00 0.49+0.85
C 0.00+0.00 1.64+2.85 2.57+0.39 1.70+1.49 0.00+0.00 0.00+0.00 0.83+1.43 0.77+0.68 0.77+0.68
D 0.63+0.55 2.38+0.33 1.74+0.18 2.924+0.28 2.18+0.66 0.00+0.00 0.87+0.81 0.00+0.00 1.28+1.44
E 0.33+0.58 3.80+0.23 1.98+1.72 0.53+0.92 0.00+0.00 0.00+0.00 2.3442.02 0.00+0.00 1.49+0.50
A #(1.175% BaCl, 0.5mL+036N H,SO, 99.5mL: 10° CFU/ T A= Agoltt. webxd EAY AA B cereus?] 2
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Fig. 1. Agarose gel electrophoresis patterns from different toxigenic B. cereus strains. 'C: control - B. cereus ATCC 14579
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Table 5. Toxigenic patterns of B. cereus strains isolated from S perilla leaves farms

Enterotoxin

Emetic toxin

Toxigenic
patterntype  jp/4 hbiC hbID nhed nheB nheC enFM becT cytK EM
1 D} - _ 42 - - + - - -
2 - - - + + - + - - -
3 - - - + + + + - - -
4 - - - + + + + - + -
5 + + + + - + + - + -
6 + + + + + - + - - -
7 + + + + + - + + - -
8 + + + + + + + - - -
9 + + + + + + + - + -
10 + + + + + + + + + -
11 + + + + + + + + + +
D _: negative
? +: positive
Table 6. Toxigenic patterns of B. cereus strains isolated from perilla leaves farms Unit: % (No.)
Environment
Toxigenic Cultivation Post harvest Perilla leaves Total
pattern type environment environment (Wnirf 6e)r S('ll;:b lt ggl (n=95) (n=200)
(n=25) (n=64)
1 0.0(0) 4.7(3) 0.0(0) 2.903) 2.1(2) 2.5(5)
2 20.0(5) 17.2(11) 25.04) 19.0(20) 11.6(11) 15.5(31)
3 4.0(1) 6.3(4) 0.0(0) 4.8(5) 14.7(14) 9.5(19)
4 28.0(7) 4.7(3) 0.0(0) 9.5(10) 2.112) 6.0(12)
5 0.0(0) 4.7(3) 0.0(0) 2.903) 0.0(0) 1.53)
6 0.0(0) 12.5(8) 0.0(0) 7.6(8) 2.1(2) 5.0(10)
7 8.02) 18.8(12) 0.0(0) 13.3(14) 8.4(8) 11.0(22)
8 0.0(0) 7.8(5) 0.0(0) 4.8(5) 5.3(5) 5.0(10)
9 20.0(5) 6.3(4) 18.8(3) 11.4(12) 23.2(22) 17.0(34)
10 0.0(0) 9.4(6) 6.3(1) 6.7(7) 5.3(5) 6.0(12)
11 20.0(5) 7.8(5) 50.0(8) 17.1(18) 25.3(24) 21.0(42)
Atk &, ANAAA Ee" #F= type 2, type 7, type 9, ZE ME FABIST B cereus?t heamolysin BLO] 21555 f
type 11°] 22+ 19.0, 13.3, 114, 17.1%2] H&2 EE3L A W3517] QM hibd, hbC, hibD7} 25 EAjsle] gAS A
3, EAYNA BEE FFE type 2, type 3, type 9, type 11°] e o 7hesithal Barxofglnt. SFA|RE nonheamolytic entero-
Z¥zk 116, 147, 232, 253%2] H1&S R toxindl] 9|3k A F-=o] WAE7| M= nhedt nheB77AAl
Yang 5(17)°] EfeItellA B. cereus 2155 UG #+5 ofs AAE EERt ol Thsdhr] wiel EeE w52
o AFES Al e FUAAR AFAA FEg #F7E Y 96%= nonheamolytic enterotoxing A& = ATK(11-13).
S8 £ 7ot A2 SafdE HA SagdxEds 2 Wijnands 5-20)°] UEHEe] f55 = e 4Fs e
AR A Z 1019 EASAR HEe dgon, AFES & 2 B cereuss RIS SAFHAR]D hbl, nhe, cpiKE 7S
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9, type 100 dlGsl= w571 Z2F 279, 21.3, 234, 17%= YE}

i
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Table 7. Detection of enterotoxin genes and emetic-specific sequence of B. cereus strains isolated from perilla leaves farms

Unit: % (No.)

Environment

Toxin gene Cultivation Post harvest Worker Sub total Perilli ;esaves FEOthl)
envnrgnment env1rgnment (n=16) (1=105) (n=95) (n=200)
(n=25) (n=64)
hblA 48.0(12) 67.2(43) 75.0(12) 63.8(67) 69.5(66) 66.5(133
hblC 48.0(12) 67.2(43) 75.0(12) 63.8(67) 69.5(66) 66.5(133
hblD 48.0(12) 67.2(43) 75.0(12) 63.8(67) 69.5(66) 66.5(133
nheA 100.0(25) 100.0(64) 100.0(16) 100(105) 100.0(95) 100.0(200)
nheB 100(25) 90.6(58) 100.0(16) 94.3(99) 97.9(93) 96.0(192)
nheC 72.0(18) 46.9(30) 75.0(12) 57.1(60) 75.8(72) 66.0(132)
enfF’M 100.0(25) 100.0(64) 100.0 (16) 100(105) 100.0(95) 100.0(200)
becT 28.0(7) 35.9(23) 56.3(9) 37.1(39) 38.9(37) 38.0(76)
ot K 68.0(17) 32.8(21) 75.0(12) 47.6(50) 55.8(53) 51.5(103)
EM 20.0(5) 7.8(5) 50.0(8) 17.1(18) 25.3(24) 21.0(42)
Table 8. Antibiotic resistance patterns of B. cereus isolated from perilla leaves farms
Antibiotic B-lactam group Non B-lactam group
resistance
pattern type P AMP OX AMC KzZ KF IPM CN VA TE OFX NOR E TEL SXT C RD QD
1 R R R R R P s? S S S S S S S S S I S
2 R R R R R I S S S S S S S S S S R S
3 R R R R R I S S S S S S S S S S S S
4 R R R R R R S S S S S S S S S S I S
5 R R R R R R S S S S S S S S S S R I
6 R R R R R R S S S S S S S S S S R S
7 R R R R R R S S S S S S S S S S S S
8 R R R R S I S S S S S S S S S S I S
9 R R R R S I S S S S S S S S S S R S
10 R R R R S I S S S S S S S S S S S S
11 R R R R S S S S S S S S S S S S I S
12 R R R R S S S S S S S S S S S S R S
13 R R R R S S S S S S S S S S S S S S
14 R R R S S S S S S S S S S S S S I S
15 R R S R S S S S S S S S S S S S R S

P: penicillin, AMP: ampicillin, OX: oxacillin, AMC: amoxicillin-clavulanic acid, KZ: cefazolin, KF: cephalothin, IPM: imipenem, CN: gentamicin,
VA: vancomycin, TE: tetracycline, OFX: ofloxacin, NOR: norfloxacin, E: erythromycin, TEL: telithromycin, SXT: trimethoprim-sulfamethoxazole,

C: chloramphenicol, RD: rifampin, QD: uinupristin-dalfopristin
YR ; Resistant, I ; Intermediate, *'S; Susceptible

EANCE I B cereust|T =0l TS A AAE ERE
1

ohel FEY AE5e] AL 7Fsd 2E ushs Azelr.

EHE| LHY BN

EAUF S A ANA BEIS B cereusE TIFOE 18
Al YA WA HEES A A2 Table 804 R vkel 2
o] 2005°¢] #F+= 191 WA deem FREC EAUS A
2F73o A EE]E B cereus®] FAAANWIHHAE xS ERI
A= Table 99} 7t} HHFH 0 2& penicillin, ampicillin, oxacil-
lin, amoxicillin-clavulanic acid, cefazolin, cephalothin®l] = &d <]
WA rifampin®ll FE=A IS 2SI type 4, penicillin, ampicillin,
oxacillin, amoxicillin-clavulanic ~ acid, cefazolin, cephalothin,
rifampinoll A&/ 22 type 6, penicillin, ampicillin, oxacillin,
amoxicillin-clavulanic acid, cefazolin, cephalothin®l] g8 =<l
type 701 Z2F 155, 435, 120%2 =& ¥]&S XN 2

Qo] WA 12709 type 5%c]3te] HIES HAATE Ed EA
Q3 LA EEE F59 A U HEe M=
Abeb ZF WATE typed H1E&-2 EAUS type 4, type 6,
701 Zk7} 128, 383, 202%313L AN HelE 45
49} type 6°] 217k 18.1, 48.6%3ATE A type 79 H|E&S E4
Qol|A Eeld FFHT 1 v go] AATA W 4.8%NATH
FAAEZ = B2ld FF 25 penicillin? ampicillindl] =3+
XS BAOom oxacillin®] 96.0%, amoxicillin-clavulanic acid®l]
97.0%, cefazolin®] 80.5%, cephalothin®l 76.0%, imipenem®]]
1.5%, rifampin®ll 58.0%<] WS RSt} E3 gentamycin, van-
comycin, tetracycline, ofloxacin, norfloxacin, erythromycin, ter-
ithromycin, trimethoprim-sulfamethoxazole, chloramphenicol,
quinupristin-dalfopristin®ll= WA Holx] %StTtH(Table 10). & T
9] 45 gentamycing A £ gk B-lactam] Aol A3
S zte Zo=w Yyeldth Park 5212 IFHA EyE 45
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Table 9. Antibiotic resistance patterns of B. cereus strains isolated from perilla leaves farms

AN EASEA A 43 A A 2 5 011

Unit: % (No.)

Environment

.Ant1b10t1c Cultivation Post harvest Perilla leaves Total
resistance pattern . . Employee Sub total (n=95) (n=200)
type enVlrSnment env1r3nment (n=16) (n=105)
(n=25) (n=64)
1 0.0(0) 6.3(4) 0.0(0) 3.8(4) 0.0(0) 2.0(4)
2 0.0(0) 1.6(1) 0.0(0) 1.0(1) 1.1(1) 1.0(2)
3 0.0(0) 1.6(1) 0.0(0) 1.0(1) 5.3(5) 3.0(6)
4 4.0(1) 20.3(13) 31.3(5) 18.1(19) 12.8(12) 15.5(31)
5 4.0(1) 0.0(0) 0.0(0) 1.0(1) 6.4(6) 3.5(7)
6 72.0(18) 40.6(26) 43.8(7) 48.6(51) 38.3(36) 43.5(87)
7 0.0(0) 6.3(4) 6.3(1) 4.8(5) 20.2(19) 12.0(24)
8 0.0(0) 9.4(6) 0.0(0) 5.7(6) 1.1(1) 3.5(7)
9 8.0(2) 4.7(3) 0.0(0) 4.85(5) 1.1(1) 3.0(6)
10 0.0(0) 0.0(0) 0.0(0) 0.0(0) 1.1(1) 0.5(1)
11 4.0(1) 0.0(0) 0.0(0) 1.0(1) 0.0(0) 0.5(1)
12 8.0(2) 1.6(1) 18.8(3) 5.7(6) 0.0(0) 3.0(6)
13 0.0(0) 0.0(0) 0.0(0) 0.0(0) 4.3(4) 2.0(4)
14 0.0(0) 7.8(5) 0.0(0) 4.8(5) 1.1(1) 3.0(6)
15 0.0(0) 0.0(0) 0.0(0) 0.0(0) 8.5(8) 4.0(8)

Table 10. Antibiotic resistance of B. cereus strains isolated from perilla leaves farms

Unit: % (No.)

Antibioi Environment
rers];[;talﬁzg Cultivation Post harvest Employee Sub total Perélla (;esa;V% ( Toztglo)
i i n= n=
pattern type e“(ggg‘;;em env(gggg‘)em (n=16) (n=105)

P 100.0(25) 100.0(64) 100.0(16) 100.0(105) 100.0(95) 100.0(200)
AMP 100.0(25) 100.0(64) 100.0(16) 100.0(105) 100.0(95) 100.0(200)
0X 100.0(25) 100.0(64) 100.0(16) 100.0(105) 91.6(87) 96.0(192)
AMC 100.0(25) 92.2(59) 100.0(16) 100(95.2) 98.9(94) 97.0(194)
KZ 80.0(20) 76.6(49) 81.3(13) 68.6(72) 83.2(79) 80.5(161)
KF 80.0(20) 67.2(43) 81.3(13) 62.9(66) 80.0(76) 76.0(152)

IPM 0.0(0) 0.0(0) 0.0(0) 0.0(0) 3.3(3) 1.5(3)

CN 0.0(0) 0.0(0) 0.0(0) 0.0(0) 0.0(0) 0.0(0)

VA 0.0(0) 0.0(0) 0.0(0) 0.0(0) 0.0(0) 0.0(0)

TE 0.0(0) 0.0(0) 0.0(0) 0.0(0) 0.0(0) 0.0(0)

OFX 0.0(0) 0.0(0) 0.0(0) 0.0(0) 0.0(0) 0.0(0)

NOR 0.0(0) 0.0(0) 0.0(0) 0.0(0) 0.0(0) 0.0(0)

E 0.0(0) 0.0(0) 0.0(0) 0.0(0) 0.0(0) 0.0(0)

TEL 0.0(0) 0.0(0) 0.0(0) 0.0(0) 0.0(0) 0.0(0)

SXT 0.0(0) 0.0(0) 0.0(0) 0.0(0) 0.0(0) 0.0(0)

C 0.0(0) 0.0(0) 0.0(0) 0.0(0) 0.0(0) 0.0(0)
RD 92.0(23) 48.4(31) 62.5(10) 61.0(64) 54.7(52) 58.0(116)

QD 0.0(0) 0.0(0) 0.0(0) 0.0(0) 0.0(0) 0.0(0)

P: penicillin, AMP: ampicillin, OX: oxacillin, AMC: amoxicillin-clavulanic acid, KZ: cefazolin, KF: cephalothin, IPM: imipenem, CN: gentamicin,
VA: vancomycin, TE: tetracycline, OFX: ofloxacin, NOR: norfloxacin, E: erythromycin, TEL: telithromycin, SXT: trimethoprim-sulfamethoxazole,

C: chloramphenicol, RD: rifampin, QD: uinupristin-dalfopristin

oF AAEAA R #FE WFoR A WAEALES o
A3} B-lactamAl  FAAI  penicillin(100%), ampicillin(100%),
cefepime(97.7%), oxacillin(93.2%)2] W& Heltz HI33e
] Kim 5(2)% 3FollA] 288 B, cereustt-E°] gentamicin,
ciprofloxacin, imipenem, chlorampenicol, tetracycline, trimethop-
rime/sulfamethoxazole, erythromycin, vacomycin®] A= 7+
Aoy rifampin®l] A= 65.9%7F A& dolgtal BAsS
o} ESH Weber 5-(23)°] 338t Aol A% penicillin, oxacillin,

cephalosporins®l] 342 713 )21} imipenem, vacomycin,
chloramphenicol, gentamicin, ciprofloxacin] WEIM= A4S B
ATiar Hirste] B AEe} §AFSIATE B, cereus’t B-lactam
A GAA e AL Hole olf= HEES B cereuss B-
lactamaseE A  J7] HELQIH ol A &l o3t
PAA WHol BT E # AA|7E 7HE SR BTt
(24). 3FAIRF Kim 5(22)°] At £ AFA7 A rifampinel] o
g Aadol oF 60% WelE vEhd AS olF7EA] fATEH e
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2 B cereus7} rifampinell gt WAAAE B{351AL At B
A= g7] Wil B4 8l ofF AT WAHeE 4
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5 & 7 don WAwFrE HAEY FHY 452 WA
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gk ogalo] Fastrt. 3k WA B cereusell Wik FAA A
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kO
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2 ATE Y 49 ANEAES gdez 276719 Al
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