Microbiol. Biotechnol. Lett. (2015), 43(1), 84-90
http://dx.doi.org/10.4014/mbl.1501.01001

pISSN 1598-642X elSSN 2234-7305

éMBL

Microbiology and Biotechnology Letters

MZ 82l Coagulase-Negative Staphylococci2| QM4 I}

Y=, ol5=*

A7\ ot A E 2T

Received: January 5, 2015 / Revised: February 26, 2015 / Accepted: February 26, 2015

Safety Assessment of Coagulase-Negative Staphylococci from Jeotgal, a Korean High-Salt-Fermented Seafood

Do-Won Jeong and Jong-Hoon Lee*

Department of Food Science and Biotechnology, Kyonggi University, Suwon 443-760, Republic of Korea

Seventeen ampicillin-sensitive coagulase-negative staphylococci (CNS) isolates identified in jeotgal were subjected to assess-
ments for antibiotic susceptibility and safety hazards. Fifteen of the 17 CNS strains exhibited phenotypic resistances to at least
one antibiotic, and their prevailing resistance was to penicillin G. The dffA gene for trimethoprim and fetK for tetracycline were
amplified by PCR from the two strains, respectively. c-Hemolytic activity was not detected from the 17 strains, while five strains
presented 3-hemolytic activity. Among the five strains, two strains exhibited 3-hemolytic activity. Biofilm was formed from twelve
strains. All of the tested phenotypic characteristics were expressed in a strain-specific manner.
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Staphylococcus equorum®] $-Fo0)gt= A& A4 I
31[6], ©] Ai}+= pyrosequencing @ denaturing gradient
gel electrophoresis 42 $3lo] &l UtH(7, 17, 20]. -
AZE S. equorumE =2 protease ¥ lipase ZAS 7IX1
AoH, 25% (wiv) FE2 NaClo] EAst= vjx|o| A= 4§
Aot #57F AEEHIL Qlo], AR FHOE AHEE
E2 7HsAE 7HA L oh14]. 2y Syt A= of
2] S. equorum®] YEE FFo2 AMEHE |7} ¢lo] YA
of gt Hr7t & A FokEAtAA Y AHEE| 77 Bash A
golth. & AFIFE BAA E AN E23 185 S.
equorum 5o tigt FASAWA, @F &5, viol ¥
5 34, vrol A Yol g4 59 in vitro bR BIHE
sho], A T EAo] 5 SolF o YeidE <l
TR, A B7HE Bt AdE #FEY 458 vA
EH 9 28 7S Flsklh14].
B=3 Ao 2 Staphylococcus & bacteriadll= F8 A%
E3 Staphylococcus aureus7} EFE 0] Qlo] A]EL 02 9]
AHg-Ol Slo] AATE kA B7HF B A aclE 7HA|
2 QJek. a8y A4 B2 Staphylococcus < bacterias=
S. aureus®= 28 coagulases AYAISIA o, SFHo| A
€ 2AA 2 SRy IR FHOoE AHGEHI §lo AHE
o8 SZHA Y FAYL SR T 4= lT10, 11,
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Table 1. Strains used in this study and their salt tolerance.
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Strain Species

Growth in NaCl (w/v)

Origin

15% 20% 25%
KM2016 Staphylococcus arlettae Myeolchi-jeotgal G G G
KM3058 Staphylococcus arlettae Myeolchi-jeotgal G G G
C6022 Staphylococcus capitis Saeu-jeotgal G N N
C5030 Staphylococcus caprae Saeu-jeotgal G G G
KM3086 Staphylococcus epidermidis Myeolchi-jeotgal G N N
KM2110 Staphylococcus epidermidis Myeolchi-jeotgal G N N
KM3080 Staphylococcus hominis Myeolchi-jeotgal G N N
KM2036 Staphylococcus nepalensis Myeolchi-jeotgal G G G
KM3055 Staphylococcus pasteuri Myeolchi-jeotgal N N N
KS3076 Staphylococcus pasteuri Saeu-jeotgal G N N
KM2056 Staphylococcus pasteuri Myeolchi-jeotgal G N N
KS2073 Staphylococcus saprophyticus Saeu-jeotgal G G G
C2029 Staphylococcus saprophyticus Saeu-jeotgal G G w
KM2104 Staphylococcus saprophyticus Myeolchi-jeotgal G G N
KM3109 Staphylococcus saprophyticus Myeolchi-jeotgal G G G
KM1064 Staphylococcus saprophyticus Myeolchi-jeotgal G G w
KM2032 Staphylococcus saprophyticus Myeolchi-jeotgal G G G
KM1030 Staphylococcus saprophyticus Myeolchi-jeotgal G G N
KS2082 Staphylococcus saprophyticus Saeu-jeotgal G G N
KS2088 Staphylococcus saprophyticus Saeu-jeotgal G G N
C8013 Staphylococcus saprophyticus Saeu-jeotgal G G N
KS2080 Staphylococcus saprophyticus Saeu-jeotgal G G N
KM1053 Staphylococcus saprophyticus Myeolchi-jeotgal G G G
KM2045 Staphylococcus vitulinus Myeolchi-jeotgal G G N
KM2046 Staphylococcus warneri Myeolchi-jeotgal N N N
KM3084 Staphylococcus warneri Myeolchi-jeotgal N N N
C3044 Staphylococcus warneri Saeu-jeotgal N N N
KS3079 Staphylococcus warneri Saeu-jeotgal G N N
KM2047 Staphylococcus warneri Myeolchi-jeotgal N N N
KM3081 Staphylococcus warneri Myeolchi-jeotgal N N N

Abbreviations: G, growth; W, weak growth; N, non-growth.

23]. F o= AT b2t FFo| A= coagulaseE Ay
A81A] &= Staphylococcus7t =& HIE 2 HEE I 9]
(15, 25], tAAQ H7tol AR vl 7kA] B7t7F B agt 1|
AEE 7|ddct. & dAtolx= AZollA E2E S. equorum
2 A 93t coagulase-negative staphylococci (CNS)2] oFA
3 %7} Ase wag,

AYAF[6]E ot BAALG ez Ry 224
% 10%(species)®] 30 CNS #FE tryptic soy agar (TSA)
o] NaCle 25% (wiv) Z=7HA 7bsto] wjeket A,

Staphylococcus warneris A 238t 929 #+FEL 15% ©]
Ae] NaCl 520l 4 Aol 715eha, Yelgol 25 5o
Ho 2 UEdg stk Table 1). 22} 2 35 0|32
E2 " Staphylococcus arlettae®} Staphylococcus caprae,
Staphylococcus nepalensis= 2% 25% NaClo] & 7}& Hj
A M= AB7Fo] 7Ha st AT, Ag o] WA grot & 5ol
49l Ao Bolohe $elzt ok

20129 4% 1007} A EJEFEFAR ] LelLket 55 %-
FAR FO A HEE = A WAE EZ A 2
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E‘.EZ]-EOH T2 JAF2 AL, ampicillin WA o] 713+
o9 g ey, th2 9 2 tetracycline UAdo] =4 A
Z5) 9 http//www.mfds.go kr/). W2tA] European Committee
on Antimicrobial Susceptibility Testing (http://www.
eucast.org)®] A|A|gt Staphylococcus saprophyticus®)
ampicillin®] 9]t & AR S-#] 3% = (Minimum Inhibitory
Concentration)®] <A 3}4] 32 pug/ml ampicilling 3 7}t
TSA, 30°CollA WAd=te] EAE AES 22, 13 #57F Y
AL 7IA & AL Z eyth(data not shown).
Ampicillin WAS eI 13 #5F= &5 FAEZAUA
$AHA BG 75Al0] ol 2HCEZN L TlAo] &
2 Ao Baalel, 244 17 ONS 259 FALAY
X H7\E disc diffusion #& 0183101 etk WA B
7HE 95t 5 vl %2 Mueller-Hinton agar (BD Diagnostic
Systems, USA), 30°Col|A] 24A|7F 4331412
Laboratory Standards Institute (http://www.clsi.org)2}
European Committee on Antimicrobial Susceptibility
Testing®] H7h 7122 Agshelch GASAUA B7to] A
B3 14% 9] 3(}’%4%75:_‘ amikacin (30 pg), cefoxitin (30 pg),
chloramphenicol (30 pg), ciprofloxacin (5 pg), erythromycin

, Clinical and

(15 pg), gentamicin (10 pg), lincomycin (15 ug), linezolid
(10 pg), ofloxacin (5 ug), oxacillin (1 ug), penicillin G
(10 units), rifampicin (5 pg), tetracycline (30 pg), trimethoprim
(5 ug) disc= Oxoid (Basingstoke, Hants, UK)ZX-E] 1<)

ssiet.
Amikacin, ciprofloxacin, ofloxacin, oxacillin, rifampicin
of thgt WA Aol AN BE #FERE YA ¢
%L, penicillin G WA #F7F 7HE E2 W=z HAEEHA
tH(Table 2). FYEZD NS H7I5t R E S. saprophyticus
ZF7} penicillin Goj] i3t WA S YJeEIH Ao E Hol S
saprophyticuse % £0]2]2] penicillin G YA 7HA2 QL
oo, YA §AA7}F chromosomal DNAY| £ Ao = =
A=t 84, Staphylococcus pasteuri®| penicillin G WA
2 29F 5, 1 FFAAT AEE o] FF BolFQ dAFL
= Uehga, KS8076 F BE G| okl 44A
o W, K256 5 07 PUEE A ) g
& efufsich detd 10205 235 8702 Y5t
PYEAUY A48 Besha gt Aoz 24T 2
o PUEANHE B e FEES 95T BABAY 4
o129] B 7t5A o] A0, S. caprae?} Staphylococcus
epidermidis= Ad A 459 47} @A ol EF Tt
o2 BEF YA QA4 WS BUSIIE B
Bacteria®] FHEAWA QUAE WA E (intrinsic) @ 3=
P (acquired) 2 & FEET, JYEH =& AN WA +
AAE B35 o2 bacteriaZFE 4% 0| 5 (horizontal
transfer)o] 9|sto] Mol = 53 WA A&7} A °l
Y= Aoz FUtE T oh24]. 57 FHELUNAL 7%
AE Bfstal Qles uAEe] AEEas Sdolu pPObiOtiCS

Table 2. Antibiotic resistance profiles of the ampicillin-sensitive 17 CNS isolates from jeotgal.

Strain Species A Ce C OCp E Gm L Lz O Ox P R Te T
C5030 S. caprae S R S S R S S S S S S S S S
KM2110 S. epidermidis S R R S R R R S S S S S S R
KM2036 S. nepalensis S S S S S S S S S S R S S S
KS3076 S. pasteuri S S S S S S S S S S S S S S
KM2056 S. pasteuri S S S S S S S R S S R S S R
C2029 S. saprophyticus S S S S S S S S S S R S S S
KM2104 S. saprophyticus S S S S S S S S S S R S S S
KM3109 S. saprophyticus S S S S S S S S S S R S S S
KM1064 S. saprophyticus S S S S S S S S S S R S S S
KM2032 S. saprophyticus S S S S S S S S S S R S S S
KM1030 S. saprophyticus S S S S R S S S S S R S S S
KS2082 S. saprophyticus S S S S S S S S S S R S S S
KS2088 S. saprophyticus S S S S S S S S S S R S S S
C8013 S. saprophyticus S S S S S S S S S S R S S S
KS2080 S. saprophyticus S S S S S S S S S S R S S S
KM1053 S. saprophyticus S S S S S S S S S S R S R S
KM2045 S. vitulinus S S S S S S S S S S S S S S

Abbreviations: A, amikacin; Ce, cefoxitin; C, chloramphenicol; Cp, ciprofloxacin; E, erythromycin; Gm, gentamicin; L, lincomycin;
Lz, linezolid; O, ofloxacin; Ox, oxacillin; P, penicillin G; R, rifampicin; T, trimethoprim; Te, tetracycline.
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Table 3. The oligonucleotides for the identification of antibiotic resistance genes.

Oligonucleotide sequence (5' - 3')

Size

Class  Antibiotics Gene Reference
Forward Reverse (bp)
I Gentamicin aphA  GCGCGGATCTTTAAATGGAGTGT AAGCTGGTGGGAGAAAATGAAAAC 411 This study
(NC_017331.1)
Chloramphenicol cat CCAGCAAACTACGTATAGCATTAC GATGAAGCTGCAAGGCAACTGG 499 This study
(X60827)
Linezolid cfr  GCTACAGGCGACATTGGATT CTGCCCTTCGTTTGCTTCT 570 This study
(JN97096.1)
Erythromycin ermA  GTTCAAGAACAATCAATACAGAG GGATCAGGAAAAGGACATTTTAC 421 [21]
ermB  CCGTTTACGAAATTGGAACAGGTAAAGGGC  GAATCGAGACTTGAGTGTGC 359 [21]
ermC GCTAATATTGTTTAAATCGTCAATTCC GGATCAGGAAAAGGACATTTTAC 572 [21]
msrA  GGCACAATAAGAGTGTTTAAAGG AAGTTATATCATGAATAGATTGTCCTGTT 323 [21]
mphC GAGCTACCAGAGGAGCCTGACG CATACGCCGATTCTCCTGAT 940 [22]
Lincomycin InuA  GGTGGCTGGGGGGTAGATGTATTAAACTGG  GTTCTTTTGAAATACATGGTATTTTTCGATC 310 [21]
Tetracycline tetKk TTAGGTGAAGGGTTAGGTCC GCAAACTCATTCCAGAAGCA 718 [1]
tetM  ACAGAAAGCTTATTATATAAC TGGCGTGTCTATGATGTTCAC 171 [2]
Il Penicillin blaz AAGAGATTTGCCTATGCTTC GCTTGACCACTTTTATCAGC 518 [21]
pbp  GTTGCTATATCTGGCGGACGTG TGAAGCAGAACCACCAAGTA 386 This study
(DQ413595.1)
Il Trimethoprim dffA CGAAGCAATGATTGACCAGG TTCCCTTTTCTACGCACTAAATG 185 This study

(NC_014369.1)

Classification categories based on reaction mechanisms: |, protein synthesis inhibitor; Il, cell envelope antibiotics; Ill, folate pathway inhibitor.
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2 A48 A%, 4Bl 4BE 2 AsfulgEelA
WEAYY ARE A3 5 A P50l Folay) U
o, 4EE V4B AATAOIN WEA AEEolof T 2
oI, 51

2 Q70| A= ONS 2750] WAL hebul cefoxitin,
chloramphenicol, erythromycin, gentamicin, lincomycin,
linezolid, penicillin G, tetracycline, trimethoprim WA &
H FAAE 5, plasmidy transposond; Z2 Ho] 7153t
FH Q] DNAY| EAjst= AL R 487 345 PCRE
ZEZ3] Bt 4 #FE9 genomic DNAE= DNeasy
Tissue Kit (Qiagen, Hilden, Germany)& ©]-&3}o] F&3}
%3, PCR Y32 T3000 Thermocycler (Biometra, Germany)
£ AH&sHTh 24 A FE5S 91% PCR primere 7]
ZE9 AFA Staphylococcus 4 FAZANAY A F
Zof AL ASS NS AL, aphA, cat, cfr, pbp, dfrA
SARY] 222 3t primer= Staphylococcus < bacteria
N & fg KA G714 E& Hlasto] &5k
tH(Table 8). PCR ¥t-g-A ol template DNA, 100 mM
dNTP, 0.5 uM9] primer, 1 U Taq polymerase (Roche,
Germany)E A7}5}9 1, PCR ¥ 95°Col|A] 587k ofjH]
7149 &, 95°Coll A 187 ¥, 57°Col A] 302 annealing,
72°Co| A 1 SERS A4S 303] WHEsHG A, whA| et
of 72°Col A 587t A2t & vhgE FEAFT FEE
PCR AHE2 PCR product purification kit (SolGent,
Korea)& AH&-3to] A ¥, 5 A (GenoTech, Korea)
o gFste] ZF FHA FZFof| ARE-SE primerE 085t} ¢
7IEE 2AsA. 24" 8714492 NCBI (http:/
www.ncbinlm.nih.gov/)o] 555 F7|AE€ ARE AL
Z nucleotide blast searchS £33} A4 242 4£35t3ct.

Ampicillin Z54A 9] 17 FFE AL 2 147 FHER
WA #3429 24E PCR $EF2=2 gelg] 2 Zi,
trimethoprim WAl & Yeld S. pasteuri KM2056 #-F25
B dfrA §AX7} $ZE3L, tetracycline YA 253 S.
saprophyticus KM1053 32 HE+= tetK FH4R7 SZ5
QAT o2 YEAWA FAAES FEEA Fdth(data
not shown). =Z5 dfrA, tetK FAA+= S. aureus?) plasmid
pSK13 pPM10f| Z+2 2Af8t= Ao 2 B EA1[9, 12],
A7 G2 RE A L= ofu| A E-& Staphylococcus
&of| A WAEE= trimethoprim, tetracycline WA Q1&}9] of
a3t 97% o 49 HEAS eIt Y B
59 penicillin G W/ 59 EA7} &A= AR, blaZ
9 pbp SAAE ZEE Yottt 019 2ol PPEAY A
2 el FRERRE Yy S04 2254 gL )
& PCR primer®} PCR 2719 #4gH40] 2|3t 232 &
= JAAR, FAEA WAl thgFet 712k o3t Atz

http://dx.doi.org/10.4014/mbl.1501.01001

UEt7] gii2e ohE FAARE WAdol #ojd AeR =
JHt}.

Bacteria7} 23t 5% FHEZUHA
AAQ AF Aol RILEHA, bacteria®] HAA H7tol| 9]
o FABAWA WrhE B RO Akt 22
CNSE SAIE W&o 2702 S SHIAE oby
FRAEAUAAS A YT CNSY g H7} 35S F419]
AT QAL gk TR AE 4 AZHE fhrpe
CNS& AHEY A7 Hdskes Aol gle Aes B
A AgE, CNSQ| 3t Z(species)?] S. epidermidis= HE 0|
go| A At A FES 4oy IR EFLE YA
ATH26]. & AFLAAME S. epidermidis] A F7to
$ET 9 SUTA L biofilm FHE AL S99l ONS
o] QHAA Bt Agsf HSkr.

Bacteria®] 88 =4 (hemolysin)o] &J3jA dojut= 88
A2 o, B, 0 Fog2 FEHT o F2 £8-2 horse blood
(KisanBio, Korea)& 5% (v/v) 78t TSAE o]-&3}o] 37°C
of| A 24X 7k vkt &, FAE FHIOE SAS Wt
A, Bet S o 88 HAS sheep blood (BBL Microbiology
systems, USA)E 5% (v/v) Z7}8t TSAE o]&3t4ct. § &
o] EF =L 3T°CIA FAE UEtA] ¢7] b 37°C,
24 A7 B F F, 4°Coll A 1247 F71A wjokS s &
o AL BESAT 5 W FUSLE pFY USL
EA stoll ARt 42 Yetl 7] dizel, f 3 &85
2 WASH= S. aureus RN4220 #F7F A8l =2 3
sto] AAR YA e FH8E Foto 84
oI} tH27]. S. aureus &5 Newman [4]2} USA300-P23
13]& 234 A& AT 22 o2 AL, BE
&2 e A Fote FASe
Ao 1L At dyA7= 0P FEEHS 2
CNS w57} 7FA AL QA BEAIEE, AE9] sphingomyelin
o BANYE p A SBE E 229 S, pasteurihe] B4
= YEHSE, B B BB Y 528l 71ost= 6 B
9 &£EgAL T #FY S pasteuridt A #+F9 S
saprophyticus25-€] JEFITHTable 4). p & £3SA4S 7}
AL Y= F dF9 S. pasteuri= § o FEEHE FA
o ettt & S. pasteuri w377} 5Le £38A4 A
& el 5%, 37} oy @59 71 9 oot & Sol
22l @A o= H7ke 2AE w|oFsith. 3HH S, saprophyticus
o] Ao #F 5olHQ 8 S Ve, A
BIF S, equorum®] §EFFE 5 SolHd FFoz
e A0 2 Mol ONS #559 SFURE 27 ol
o B4 71540 Frh[14].

DA Z o] AABHE biofilm AAE HaES 71
AT, biofilme §/Jste AFFoltolut 4

KRR o2 %

/\‘1,
<
T

2 b d

I 2 g f

ot "=
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Table 4. Hemolytic activities and biofilm formations of the 17 ampicillin-sensitive CNS isolates from jeotgal.

Strain Species o-Hemolytic activity (-Hemolytic activity d-Hemolytic activity — Biofilm formation
C5030 S. caprae - - - -
KM2110 S. epidermidis - - - -
KM2036 S. nepalensis - - - -
KS3076 S. pasteuri - + + +
KM2056 S. pasteuri - + + +
KM2104 S. saprophyticus - - - +
KM3109 S. saprophyticus - - - w
KS2080 S. saprophyticus - - - +
KM1064 S. saprophyticus - - - +
KM1053 S. saprophyticus - - w
KM1030 S. saprophyticus - - -
C8013 S. saprophyticus - - - +
KM2032 S. saprophyticus - - + w
KS2084 S. saprophyticus - - - +
KS2082 S. saprophyticus - - - -
C2029 S. saprophyticus - - - +

KM2045 S. vitulinus -

Abbreviations: +, positive; -, negative; w, weak activity.

FAH B AE RELVIRY B2 B8 AES0] oF
A7) e Zol 14 9 AEbH 9 SHo A= HFo] gt
3}E o] t}. Biofilm A BH7IE $3}9] tryptic soy brotho]
A A3 A7l #FE 0.5% glucoseS A 713t tryptic soy
brotho] 0.5% H£3t th2, 96-well microtiter plate®] Z+
wello] 200 ul £330 37°CollA 2447k v st Sict. wieF
o] EUH plate2 R H A E AAT F, X359 0.1%
safranin £H© 2 FA3}o] biofilme] FA-S FI5ITHS].
Biofilm F4& B713t 17 45 &, 12 @57} biofilme 3
ASIH AL, S. saprophyticus®] biofilm F4 FAOZEHE
biofilm P4 EF #5 Fo|F o2 YojdS Tttt
(Table 4).

2 do)A H7}EE CNS 30 73 5, 2E F7} FES
Aol EA 7 = FFe B2 EHA FUAT, 24 5o o
Bt A7t 45 Bold o2 YehdE glstsith mhehA
B 5o #37t GHEH BE HUF FES WSS o
F7t 22E ¢ S AR At FF, CNS 4375 4
FAA Ol &83517] A= A Brket A L3 7]
A AE= AT AL A7t Bast

S of

2 o

AZZEE 2% ampicillin Zr5A, coagulase 24
Staphylococcus 4 17 472 FBZAWAY 2 S 3

7vet Gt 16 3 3 T oY FAEZ | tiet WA
< YEtW 2L, penicillin G WA #5371 7MY 2 HIER
AE= . PCR FE0f o3t FHEAWA Fa4 24 &
ol A3}, trimethoprim WA &3 dfrA $ A2} tetracycline
WA B K $AAE 22w T 2 Bl sl
o F FEGHLE HEHA LA, A 237716 B9 &
2g e, 1% T 23E 3 $UTHS ek
o, 12 257} biofilm BAAT. = AWIA e
BE QR4 %7 ABE 25 BolHoz et
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