The Korean Journal of Microbiology, Vol. 40, No. 1, March 2004, p. 1-6

Copyright(©2004, The Microbiological Society of Korea

ZX[0A tetracycline LHA FikZe| £

7o}'§.x|_| =]
xjoin

[

ZEs

E]

J'd.l:ll-

fsics

o) FA) Qe A 231 850 2] x| Foll M 10 8 2] Z %) 23 tetracycline WA Al F-& F2] 3¢ o] FFF2
tetracyclines]] o) & MIC¥ 25-100mg/l ¢]Ake] W92 2231l on o2 A o g A= FF3lgd.
tet(M), tet(0) B-©] A primerZ ¢] §-3F PCRo A HJY 3 #F-o| A 5t tet(M) F- A A7 A EH A 2H, tet(M)2 &
20| = Aol £ 31 A L2 el vh HI9 59 tet(M) F-# 9714 €& 4 8 A7) 7180 2328 Gram %
AT ter(M)2] DNA G714 4 B opm) A} A B3} 27 90-99%, 94-100% 2} -2 AFFA S 2 g} 16S rRNA
Q7)1 Q-8 A48 A} H)9 T35 Lactobacillus sakei 2 FA ol 1 X & E3ld M= A YA F-A A

s} FAke] e A2 AZdo
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Al WAl ek dre F2 J4 BEA Al 238 55
o] o]Fol4 Skt 2 A ]8T} HA} HolA
o], FAh, ol F T #okllA A7A|, A, =E A&
ESRAE, A el B I A2 Hopl e AEFore s
AHEEZI7HA] o] 2R THE, 30). ool wheh AR e FEHE
L - FEoE YA WG] EAle oA dgEoRETt opd
gt 2o QI TR AR Sl . FACl
=20 ¥ w39 7Ed F S Hol|dAE B TE
AZAA Wdetol FE ThsAdol 9o Zelle 42 b4
A SHAM S, 7], AL T FAE Aol A
WigAde] 2R71TE 4 & 5 9E 7k Al sl we @
Aol AFH 1 3l

B3] Lactobacillus & 2HF] A9 5534 Alghe] 431
o Malshz 9 Migtolth?). ol AlTEe A Bt
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Al e, FobAl, A e sbE e 1 BWCAAS, 16, 29,
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T
A 3ol 22l A28 tetracycline WA #5FE EElsiaL,
w59 54, ter HAALY] BAE 54 W1 A9E 2agitt

Mz o U

N LY witel Eal

HAANZREH A WA S Eelshr] st 7HgelA
S AU A H FHAE ARSI A719 A EElst
o FAgH ez g MiF3AE T A oR A v T,
15 1gS AT AYAES 20mel] FE3t BAH o= 3]H
3led 0.2% CaCOZ EE3 MRS (Difco) Al vixjel) =3}
30°Coll Al 48 AJTHERE B st olFollA ¢k 100-300 7]
F2UrF 283 plateE master plate= dFd A7} H7HE
MRS B Ajoll replicadl 30°ColA 48 AlZHz<h vjkglk %
4% F2Y F9o FHIE YAk dFE FA WA
FAte 2 E3tgr) o) uf H718k SAAIE ampicillin (50 mg/
1), kanamycin (30 mg/l), streptomycin (30 mg/), chloramphenicol
(50 mg/l), tetracycline (12 mg/1)yS ARE3)G k. WAETS el
u, 3 ARZREE 549 A HahlA] A o] 22
yrt 2dsttiete 2 A g WAARFEA § SEUT
dejH oz st

BTt #F= 30%2] glycerolo] H7FE MRSHA] wljx]ofl &
< o] -70°Cel M RESFATH

A 2k AL
Tetracyclineol] et 74 AARS 2 vl dA|H o2 Fst
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FAE TUSHE MRS A E= 1A Fak el A5t
BHEAA AL FEMICRE §U402 FAo] BAEA RE 2
A FEE SIHTE 71e FAA I g 24 AARE ampicillin,
STX  (sulfamethoxazole/trimethoprim), kanamycin, tetracycline,
chloramphenicol, amoxicillin, cephalothin, streptomycin, gentamycin,
amikacin, nalidixic acid, ampicillin/sulbactam, cefoxitin, cipro-
floxacin, ceftriaxone, ticacillin, bacitracin 5 & 17 & A3}
o H2aa ghbio s AAsth Al tj2s BBL 34
(Becton Dickinson Microbiology Systems Cokeysville, MD.,
UsA)el AlFE AHEsiRen WAgde] WS National
Committee for Clinical Laboratory Standardsol] W3TH25).

2elvFEe 53

9 He), Gram 34, API 20E reagent kit (BioMeriux,
Francey2 o|-&% A4 49| ke 37 165 IRNA F714
g B4E St el $4S #5rh 15 kb 16S
IRNA F-AA}= primer GF1, GRI (Table 1)S AF&&}] G214
DNA9] PCR $Z-& E3)o B39t

DNA 22

A DNA Eele shw wide TAS STES buffer (8%
sucrose, 5% triton X-100, 50 mM Tris pH8.0, SO mM EDTA)=
AL F, 2e 5ol Hekslod lysozyme (20 mg/l), 2% SDS
9] {2, phenol® PCI (phenol:chloroform:isoamylalcohol) 3
H4E AA ethanol IAHOE DNAE i, Uz & A 57
ol GalistArh2D).

Ze}~vE DNA 22]% Danielsen?] 98-S wsicthe, 12).
0.1%% glycines 713+ MRSHA H| x|l & &3} 30°C
olA 24 AJZF BiYT H 10mIE FHdlod ¢4 st STE
buffer (6.7% sucrose, 50 mM Tris pH8.0, 0.1 mM EDTA)= A
A, JHEd 3 200X 1 AIZF 523 ©lF STE buffer
370l HESkn S0mgd lysozyme £ 50w, 100 U
mutanolysin (Sigma, MO., USAYS- A7l5led 37°ColA 1417t 5
QF Attt o 7]e] soue] 025 M EDTA, 50 mM Tris -
HCI buffer (pHS.0)Z UG8l €3 flollA] 5 3+ whAstn = A
2ollA 5 B2 318 & 20% SDSE 30w A7EsiA 37°CelA

Table 1. Primers for PCR detection of tef and 16S rRNA genes
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AF13 TA] 3 N NaOHE 30 ul H71sled Ao A
SAIAT. 2231 50 2M Tris- HCl buffer
T 3%7F wEksk 70 ple] 5M NaCre 2oiFdct.
Z+& £-3Fe] PCI (phenol:chloroform:iso-
AR A7)15 A

10 §1¢ 5t
10 &3+
(PH7.0E
olo1A o] §7
amylalcoho)® 3W¥H

Z % Iyt SRF 85

rE

01-5
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<
2235 & ethanolE DNAS
Hahct.

PCR, 22'd, DNA 27| Md &4, Southern blot

54 F37e A o GUIME EA4E A% fRA

F292 PCRE ©]83l DNAE FFA1A F3)51T PCRE
QA = FEAT]E DNAS 558 DNA, 10 pmol®] primer,
10mM dNTP, 10 mM Tris-HCI, 1.5mM MgCl, 1 U Taqg DNA
polymeraseS F-3t WH3HE Thermal cycler (PROGENE,
TECHNE, UK)E A}-83te] 94°Coll A} 5 23+ 1A 3 F,
94°CoIA 1 &3t WA, AR primerl] W} x5 G|
Z &5ollA 1 B7F A 72°CelM 2 £330 3] wkE
Bkl vpA| e AERE-S 70°CellA 10 £3F DTS 4 A E
o] AHE-& primerst A AY-LEE Table 10 UERNATE

Hoo o} 5ES PCR A2 agarose gel A7 |HE o2 &
A =% ¥2|33 Accuprep Gel purification kit (Bioneer,
Dacjeon, Korea)2. 2 ZAIE} pT7 blue vecter (Novagen Co.,
Madison, W1, USA)ol| E2d3}4(14) Automatic DNA sequencer
(ABI prism 3700, Applied Biosystems, Foster City, USA)S A}
$3)0] @71NDL AT F7ING) W, FAHE GenBanke)
A2 E o]-&35ta] NCBI BLAST2} DNASIS ver2.6 (Hitachi
software), CLUSTAL X verl.81:& ©]-&&}%lch.

Southern blot®] | 7}7-2 A2 Sambrook 5(32)¢] 4l
upsitt, F8~n=9] Southern blot EEjAv|=E IR,
= AFE A Sacl, EcoRUSall el 4=3838192 M probes=
tet(M)1, tet(M)2 primerZ ZFE3F PCR 42 670 bpS A|2AH]
A Aol w2} Gene images AlkPhos labelling kit
(Amershampharmacia Biotech, USA)2.2 HX|5}o] AFE-SIT).

Direct

Tetracycline L4 {EX} % 22[8F Z2f 16S rRRNA ¥7IM
o E8HS

Tetracycline®ll theF W4 AR res(M)S] 1535 bpe] G714

Primer Target gene Sequence® Annealing Temp.  Reference
GF1(+) 16S rRNA 5-TAACACATGCAAGTCGAACG-3' 56°C 4
GRI1(-) 5-GGTGTGACGGGCGGTGTGTACAAG-3'
tet(M)1(+) tet (M) 5-GTTAAATAGTGTTCTTGGAG-3' 58°C 9
tet(M)2(-) 5-CTAAGATATGGCTCTAACAA-3'
RPP1(+) tet (M) 5-GAYACNCCNGGNCAYRTNGAYTT-3' 55°C 9
tet(M)R-2(-) 5'-CACCGAGCAGGGATTTCTCCAC-3'
tet(0)1{+) tet (0) 5S-GATGGCATACAGGCACAGAC-3' 55°C 9
tet(0)2(-) 5-CAATATCACCAGAGCAGGCT-3'

*Y=CandT,N=A,C,Gand T,R=Aand G
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&2 GenBank database®l accession No. AY442935ZF, I fer
Mol HEE T 165 RNA P7]AE2 accession No.
AY442936° 2 TEH T
T
x| 25E tetracycline L§A FAt7o] £2
Mz g2 Al7Ieh AhddA FHHoR % 50 o uiF
AXZRE FAGA WA Fire E9E A=g 2w,
ampicillin, chloramphenicol®ll thet WAdTTE SR &%e
W tetra-cycline WATF 10 H9 A52REH 22T 4 AU
om o]Z HII~102% HHESIE 3R streptomycin®} kanamycin
of iAol B8 2V WS VeSS ol fikd
&3] lactobacill?} streptomycin, kanamycin® 22 aminoglycoside]|
FAA ] B3-S vebdthe B39k & RISkl Avk13, 22).
10 4o] A B B3 teracycline A2 10 T52] tetra-
cyclinedl] tigk MICE A A7 HIS, 6, 7, 10 Wl #5% 25
mg/l, HI1, 2 ¥ T3 50 mg/l, HI3 3 #5100 mg/l, U
A HI8, 9 7 TF= 100 mg/l o2 MICE YehlRlT) o
ZE572 g2 FAA A olF w5 e AN 43
T O A FEE EemEE vAA), ol £33
uj7go] & vkt F79 tetracycline WAwF7F EEl® AL
HolFa ik oAy vhE FAYA BIs) tetracyclinedl] tH3Y
BnlA 2o HEZ AAZREH Aol REse AL
HEY, A, AN 59 o= B2

T 11,

tetracycline®] &t 2%
7150 AAEZPAG A EAEA, B ZHEO o] Bk
AAIZ o2 FHASA AHEE I e ARE vdee AY &
T A& Aotk AAl 78 SR FAIFCIV F4kF<]
WHE 2)Fo|| A tetracycline W43 f4HTe] EEl7)F o RaE
ATHS, 12, 17, 19, 36)

gAA WgAlete] microflora® U A EAE -7t
Aoz AFste HA7F FAA WA 2RvTE &
13 7eAS Bosal qlon, 53] HIde AV} AR
oA dige g AxEe] AFH R FHEHI = AFYE
o AR WA ke 2 At @ o skskE
TS A= YAt

Tetracycline LH4 FHX}

Tetracycline®l] Wg WA 71282 ol 2] of&/de] Al vpge
2 ofA9] =50} tetracycline 3ACZHE BlHEe B &
&) opAle} 2@493k33), 2215l oF 1 U-gol L&A Sl
2 &= V1A T 2 Ul TR ve 4 o, 7] 7%
7 AR o] FAA7E g AvkS, 30). Gram FdTE]
A9 71 18 RIEE S tetracycline WA FrAAE
HE BT oS AAgshe 2R £ reMeE 4eiA 3l
(11, 26, 30, 31).

Aol A F-2l3 tetracycline WAdTF2] tetracycline WA &
A RS 93] 98t 4 Gram FETol =2 HIER

AR A tetracycline A F2kHe] B2 3

Z5E fefM) SAAS teM)T 67%S] FEAAE 7HE ter
O d2re] £AE PCRE HE 3134l Stk 2zt #FE5E &
2]3 A DNAS FTHOZ reM)S HE3817] 18+ primer
tetMD13  tet(M)2, RPP1Z tet(M) R-2E, ret(0)]
tet(0)13} tet(OR2E AH8-3t] PCRE 433 23} HI9 TF3
tetM) F327F A2 H AL A 9 5= HEHA] B3kon,
er0) FAAE BE #FoA HEHA FUTEE vAX).
HI9TEF9l UmA] & #5522 A= & 713 93
tetracycline®l] tHa] WA vehll= Aoz Addc)

HI9 7FF 2R SZkAU= DNAE F32 % PCRE 9
T % DNAE F¥o=z g 799 mixbriAe] ANE 4 &
AAE, M), etM)2 primer2E o4t =Z7] °F 670 bpo
A28 RPPIF} tet(M) R-29] 7%= o =7] ¢F 1.5 kb 27]
o] ARES AT & AN 1e(0) FHARE ©] ZAfol=
1% = AATHFig. 1)

retM) F+HAE Gram YgHToIAM B AH-E Tnole,
Tal545 5 AT At A G EAEhs Aoz o
#HA 1oLk, 8, 10, 24), *LE AAIANA B2|3 Lactobacillus
o] AL 24 TF FohA 20 TF(16)91A, X silageol A E2]E
L. plantarum®| A% tetM) F-3A7}F Zekv|=o)) &80}
= 27} Ew12), HI9Y A-¢% ZekAn= DNAS F3o
& 3 PCROIA rerM)0] AEHO R FAn|EAY 7IeAd=
AztEo] Zgk~v| =8 thAr O Southern blotd AT
Fig. 20014 H= A feM) F-82= HI9 #5229 Y] 2] &
ghav)e Wi h2d] T WA Z 20| E6 kb) HIE Ao
EAste Ao Jehdon & FEAring o] AFdas
2 A& 39S Sacl®l 9.3 kbS}, EcoRI-Sall 7.8 kb T o
AE Aoz el weld HI9 359 M)y EElaH|=

O 1
B9t

2 kbp
41.5 kb
1 kbp»

4670 bp

Fig. 1. PCR detection of re#(M) gene on the plasmid of HI9 isolate.
Lanes: 1, 100 bp ladder marker; 2, primer tet(M)1/tet(M)2; 3, primer
RPP1/tet(M)R-2; 4, tet(O)1/tet(O)2.
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75 kb—
23 kb—

9.4 kb—
6.5 kb—
4.3 kb—
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Fig. 2. Southern blot analysis of the plasmid of HJ9 using the fer(M) probe. Uncut plasmid and restriction enzyme digested plasmid were
fractionated on agarose gel (A). The DNA transferred on the membrane was hybridized with labeled 650 bp fet(M) PCR product as a probe (B).
The hybridized 46 kb uncut plasmid and restriction fragments were indicated by the arrowhead. Molecular sizes are indicated on the left in kb.
Lanes: 1, plasmid DNA of molecular weight size marker; 2, lambda HindlIll size marker; 3, uncut plasmid; 4, Sacl-digested plasmid; 5, EcoRI and

Sall digested plasmid.

Aol EAlste Aoz AdHEct ZekAn=A tetracycline W/d
Lactobacillus T<F2] 735 AR WA #5210} tetracycline®]
gk MIC7T Folx u] vl o) ke v} JA=H|(30), HI9
TFE MICZE 100 mg/l ol o2 #ejd o5 FdM 7P =
2 & RG] teM) A FA7} Sefm|= Aol &5t
A3} o] 91e Aoz AZH A U FAAE A
Zgan=e] Exe WA FARe] 984 Al F83%
& ©@EE 5 A, W9 d5e] Zpar|sr) JAey &
w=217], olH fer(M) WA F-1A7} transposon®E =
AE o2 o & FA|Z At

HI9 TF9 terM) F32H] EAS F o #H3H7] 98k
teM)2] YH-E AMEQ PCR AHE 1.5 kb FHS FE23}]
DNA 9714 ES B8 th (GenBank accession no. AY442935).
Methionined| A A|2FeHE rer(M)2] ORFE 639 o2l A7)z
ojFoix U, ZAHH 1.5 kb2 F7IMDL 74-584 W o=
2 7)) sBetATh HI9 T59] terM) F-4& G714 E2 Bt
B Lactobacillus B714E3 F4& 97%00 A 99%2 =& 454
< vehdlor, olnidt MERE HiEgk F9ole oS FobA
98%° 4 100%9] F54S BATE FAdg TFse o E
Gram FAATHE HA 90% (C. septicur)N X 99%2] =2
A7IME FEAE B, opeit MERE 94%4 99%
9] ¥& S HAFUTKTable 2). terM) F-AAF] 7]
tetracycline AT Streptomyces T2 F3 = =6, o] 427}
Z&}2=7| =) tamsposon 2 7HE3 Al A A B9}
A HA ke Ao A7 R IS, 24).

Wog e o

l

>

Tetracycline L{4 {4k HJ92| 53
Tetracycline WA -84} reMyS Zefn] = Akl 7kR11 §)

Table 2. Comparison of the partial nucleotide and deduced amino
acid sequence of tet(M) of HJ9 isolate to other reported sequences of
Gram-positive bacteria

Identity(%)
Strain® ;
DNA Am.mo
acid
Lactobacillus sakei HI9 100 100
Lactobacillus sakei DG525 99 100
Lactic Acid Lactobacillus sakei carnosus 99 100
. Lactobacillus curvatus DG524 99 100
Bacteria

Lactobacillus plantarum MD5057 97 98
Lactobacillus plantarum DG520 97 98
Lactobacillus alimentarius DG500 98 100

Streptococcus pneumoniae 93 96
Enterococcus faecalis 97 98

Baci
Other Gram- acillus R89 98 99
Positive BacteriaStaphylococcus aureus 99 99
Clostridium septicum 90 94

*Lactobacillus sakei DG525 (GenBank Accession No. AY 149596)
Lactobacillus sakei carnosus (GenBank Accession No. AY 149592)
Lactobacillus curvatus DG524 (GenBank Accession No. AY 1493595)
Lactobacillus plantarum MDS5057 (GenBank Accession No. AF440277)
Lactobacillus plantarum DG520 (GenBank Accession No. AY 149593)
Lactobacillus alimentarius DG500 (GenBank Accession No. AY 149587)
Streptococcus pneumoniae (GenBank Accession No. X90939)
Enterococcus faecalis (GenBank Accession No. X92947)

Bacillus R89 (GenBank Accession No. AF491293)
Staphylococcus aureus (GenBank Accession No. M21136)
Clostridium septicum (GenBank Accession No. AB054984)

= HI9 759 A4 YA 548 AHESIY Gram 44
ZHTOZ catalase”’} Sl HI9 T2 A3 542 Table 39



Vol. 40, No. 1

Table 3. Morphological and physiological characteristics of Lactobacillus
sakei HI9*

Characteristics

Gram staining +
Cell type Rod
Mobility -
Catalase -
[B-galactosidase -
Arginine dihydrolase -
Lysine decarboxylase -
Ornithine decarboxylase -
Citrate utilization -
H,S production -
Urease -
Triptophan deaminase +
Indole production
Gelatinase

Glucose
Mannitol
Inositol
Sorbitol
Rhamnose
Sucrose
Melibiose
Amygdalin
Arabinose
NO, production
“Results were obtained after culture for 24 h at 30°C

+ 4+ F A+ 4+ o+ o+ o+ o+

HERARITE PCRE o83l S 298 HI9 T2 16S RNA -
H2ke} 9714 F-&(GenBank Accession No. AY442936) 413
A} 54y ZHTE Lactobacillus sakei -0 AFe] G714 93 999.9]
A5ALS 7H Ao R el HI9 TFE Lactobacillus sakei
HJ9= &3t

AR A tetracycline WAATFZE E8]¥ HI9 T57}F Zf2n]
= A terM) FAHAE 2831 QI LacrobacillusE 384 o
&} Lactobacillus7} S} EA fer S-32e] 22571 € 4 Q)
L5 BodFE ot Lactobacilluse 73X)2) 2 3F microflora®
F83} 2] Ashie] AT VAR Fa, YA 9
A W8 Lactobacillus®] &R0 2 A-8-8ka1 A A
Lactobacillus= 73 Aldaoll W §345 A9d 5 e A
A2 715 71e9S A7 e Aot |7t YA
o2 dFetn Y& A} F2 fART EEAES BAT
A WY FA7 ST AR S Y P A7 ),
53] gl aigiitEE A Ak F43E dellq u)
Aol 23S AAIShE Alxdle] g4 5, ofol tig tivg S
).
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ABSTRACT : Isolation of Tetracycline-resistant Lactic Acid Bacteria from Kimchi
Hyo-Jin Kang, Byung-Chun Kim and Wan Park*
(Department of Microbiology, College of Natural Sciences, Kyungpook National University,

Taegu 702-701, Korea)

Tetracycline resistant bacterial strains were isolated from 10 batches of Kimchi among 50 batches collected in
Taegu restrict. The MIC of tetracycline ranged between 25 and > 100 mg/l. Total genomic DNA preparation from
all 10 tetracycline resistant lactic acid bacterial isolates were subjected to PCR amplification with class-specific
primers for tef{M) and fe#(O). In only one isolate, HJ9, ter(M) was detected. By Southern blotting and hybrid-
ization with a ref(M)-specific probe, the fe#(M) gene of HJ9 isolate could be localized on a plasmid. The partial
nucleotide sequence and deduced amino acid sequence of tef(M) of HJ9 showed 90-99% and 94-100% homol-
ogy to those of Gram positive bacteria, respectively. With sequencing of 16S rRNA, HJ9 isolate from Kimchi
was identified as Lactobacillus sakei. From these results, Kimchi can be considered potential vehicle for the
spread of antibiotic-resistant lactic acid bacteria along the food chain to the consumer.



