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Antimicrobial resistance and resistance transfer of Vibrio
parahaemolyticus and Morganella morganii from
commercial fisheries products

Ye Ji Lee and Eunheui Kim'

Department of Aqualife Medicine, Chonnam National University, Yeosu 59626, Korea

The purpose of this study was to investigate the antimicrobial resistance and resistance transfer
of Vibrio parahaemolyticus and Morganella morganii isolated from fish products purchased from
fish markets in Yeosu April - December 2017. These bacteria were identified by biochemical test
and PCR results, and the transfer of antimicrobial resistance was confirmed by the broth mating method.
To isolate the transconjugants formed during conjugation, TSA medium containing 50 pg/ml of ampi-
cillin (AMP), and 150 pg/ml of streptomycin (SM) or 30 pug/ml of oxytetracycline (OT) was used.
M. morganii isolates showed low susceptibility to AMP, amoxicillin (AML), and colistin (CT), eryth-
romycin, OT, and tetracycline, compared to V. parahaemolyticus resistance to AMP, AML, and CT.
The conjugation of V. parahaemolyticus or M. morganii with Escherichia coli resulted in the separation
of V. parahaemolyticus and M. morganii showing SM resistance as transconjugants. Meanwhile,
Edwardsiella tarda transconjugants showing AMP and AML resistance were obtained from the broth
mating of V. parahaemolyticus and E. tarda. But the transfer of the VPA0477 which is a B-lactamase
gene of V. parahaemolyticus was not confirmed. These results suggest that resistance transfer between
pathogenic bacteria is bidirectional and progresses in a wide variety of patterns.
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FHugtes 48, S33 e AAFSR | 74k Ao 2 YEPSH (KREL 2017). F4bE2] &
A F4bE ARlFo] W =7t F9 sholnt. HlFo] F7letal FFAdo=ZA T4l ARl
s AATAY AEFFE 2AE T 2 el 4 A F] A =3 HH FasiA
H, 37 18 19% T4 3332 2000 84.06 ATk, Vibrio parahaemolyticus= L9 FAHES
goll A 20161 105.9 g & 20001 thH] o 26% = AHAE A8l Aol A AssS 4o A,

Morganella morganii= 3 22E}1& Ao 2H
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+ histidine-> histidine decarboxylase (HDC)®ll 2] 3]l
S| ~ERI 0 R HBE 3§ 2Evlo] thEF i
A= AHFE JHE % -F histamine poisoning
o= Fry7], 7% 59 4ol vehv= 497t
wor, 927t 9 HH, HEF A 54
I 22 A AW =3 doZ 5 QAT (Taylor,
1986; Isobe et al., 1994).
o5t 7o W H AFFIHE I3t ALgr
FE o) E57t ool whet Al WA =
gl Shqto] Wk et o] 2 Qs AlA Z=
2 MABAZ]F (WHO)S WAFHA S g =
2 PsAGe A58 0 = Fxsta At (Lee
and Kim, 2019). -¢-2luhe} =g d7gEoF ¥Rl oy
2} B] Aokl Al Al WA A S A
L2 o= HUEHHSIHA A=3 of =
AT (KCDC, 2016). A2 A <
A EdWolL; o]lF4d AAR] R-plasmid, trans-
poson, integron 5& W/ E &] THE A|FoER
H WA fdaE g5ste 288 5 gtk 1y
B2 ¥ A AdAGgE S A2E 53
AA HAAFOE WS Mo OEN X8
o JJH S 7IXHE = At} (Barcelos et al.,
2018). TEFF 4] o /7 T2 A mA ol thal WA
< Uetl= AleEol A8 33t o F
B M| HE5S Fall A o7t o] Folzl
O o] F ¢ AHeE & A4S M-S 5 9
t}. Liu et al. (2013) V. parahaemolyticuss -5
TOo 2 3t o] Ad-E 3 23 quinoloneA W43
A2} class [ integron®] transconjugant®] plas-
mid Aol A LAFHATT B b QT
wehA B AT s Ald FAREC A g
V. parahaemolyticus2} M. morganii7t U A<l
Escherichia coli$} o1FHAATF Edwardsiella.
tarda?te] A WAl Fs o] 7tede dof
FOEN A AFgH E O [ @S
obr 17}t AT
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Y Aol o =o] FAEAIR A FRAZE ke R
Fe EEl® V. parahaemolyticus 45 (Lee and
Kim, 2019)2} M. morganii 4¥+5°]™ (Table 2), W
Aol AgE A3 E. coli HB101 (ATCC 33694)
oF 2002\ o] {2 WojoA ZEelste] & AT
Ao A B FRl E tarda 107 FF5 AHE3FH T
Thiosulfate citrate bile salts sucrose agar (TCBS, BD)
W 2] & o] &3l FAHE AAE FE EEg AE
A REEe Asetr 54S £4%H (Fig 1)
Vibrio spp. 2+ Morganella sp.Z Zt°] FAsIA
(Shotts, 1991). V. parahaemolyticus= ©)Z1 -9l
A FAE A3} (Lee and Kim, 2019)Z whg} o,

| 3% KOH

sticky

| Rod-Shaped |
Yellow pigment

negative

Oxidase

negative positive

[ Lactose | l Glucose utilization |

negative fermentation

! 4

| Phenylalanine deaminase |

‘ Movobiocin sensitivity

positive

positive
| Ha5 production ™ Vibrie |
negative

|

Ornithin decarboxylase

positive

Morganeila

Fig. 1. Flow chart for identification of bacteria isolated
from commercial fisheries



Al AR A BEl3t Vibrio parahaemolyticus@t Morganella morganii®] 3FwA] WA} WA Ho] 99

M. morganii= HDC &8 Zg}to]lH (hdc)= PCR
< A IS (MyGenie96, Bioneer) 709 bp2] band S
glste] F71 SASIATH (Table 1). A3 HlLLE
238 A EREAE A BT M mor-
ganii subsp. morganii (KCCM 11497)& BT TE
AH-&-3t Stk

EE PCR 4HE2 1.5~2% agarose geloll A Z17]
@53k, A2 ZAL7](UVIvee, UVLtee, UK)E
#ASI Y. T 279 16S rRNA gene se-
quencesE &U35}7] ¢ universal primer2 PCR<S
A A BFR 2™ (Table 1), F 1400 bp2] PCR AHES
A 3+e] (AccuPrep, Bioneer) sequencing= 2] 3 3¢
Stk (SolGent Co.). Yz H7]4 ¥ NCBI (Na-
tional center for biotechnology information)2] BLAST
searchE 53l 54 vlaste] A& g3ttt

o5

g A

24
A 54 ARe Tz ik oz 4A

AT (NIFS, 2017). HA Aol A v FH Al T2
AAEst &5 A4S AABAL 0.85% NaCl &
o) © 2 McFarland 0.5 (1.5x10° CFU/m)E %4 3k
& MHA (Muller Hinton agar, BD)ol] =23}% T},
158 ool &4l s =283 9o 1z
A A 35C oA 2443 vl et & FAE A A
e AAES SAAT. FA LS CLSI
(Clinical and laboratory standards institute)©] Enter-
obacteriaceae®} Vibrio cholerae 715 (CLSI docu-
ment, 2013)3} vl 3t AASAT FHA= F
13FoE o5 B4 49 dgol Fa35hA AR
%]+, ceftazidime (CAZ, Oxoid), cefotaxime (CTX,
Oxoid), imipenem (IPM, Oxoid), amoxicillin (AML,
Oxoid), ampicillin (AMP, BD), amikacin (AK, Oxoid),
gentamycin (CN, Oxoid), colistin (CT, Oxoid), cipro-
floxacin (CIP, BD), nalidixic acid (NA, BD)3} o} &
F2l oA FQ3tA 22o]= A, erythromycin (E,
BD), oxytetracycline (OT, Oxoid), tetracycline (TE,

Table 1. Primers and PCR conditions for the detection of histidine decarboxylase(HDC) and the identification

of various bacteria

Product

Primer" Sequence (5'-3") (about bp) Reaction Cycle

94C, 3 min 1

hdc-F TCH ATY ARY AAC TGY GGT GAC TGG RG? 94°C, 1 min
709 58°C, 1 min 35

hde-R CCC ACA KCA TBA RWG GDG TRT GRC C 72°C, 1 min
727C, 10 min 1
95C, 5 min 1

EDIT-F  TTC CGC AAC CAT GAT CAA AGY 95C, 30 sec
278 55, 30 sec 35

EDtT-R  AGG CAT ATA TCC ACT CAC TG 72°C, 30 sec
72°C, 5 min 1
95C, 10 min 1

D1 AGA GTT TGA TCC TGG CTA GY 95C, 30 sec
1400 45C, 30 sec 30

P2 ACG GCT ACC TTG TTA CGA CTT 72°C, 30 sec
727C, 10 min 1

YDetection primers for M. morganii (hdc), E. tarda (EDtT), and universal 16S rRNA gene (fD1 and rP2)

YTakahashi et al., 2003
ISakai et al., 2009
YWeisburg et al., 1991
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Table 2. Origin of bacterial isolates used in this study and their identification by analysis of 16S rRNA gene sequence

Identification Isolate Origin Identity (%)

SS 15-5 Shrimp 99

Vibrio parahaemolyticus SC 19-5 Sea squirt 99
(Lee and Kim, 2019) MC 23-1 Manila clam 98
SC 28-5 Sea squirt 98

FSF 7-3 Fine spotted flounder 98

. SS 15-31 Shrimp 98

Morganella morganii SS 20-3 Shrimp 08
SS 24-4 Shrimp 97

BD)& AR5t Zot 2 ;mE

e ol

1) Conjugation

V. parahaemolyticus, M. morganii %29} E.
coli HB101 (SMY, streptomycin resistance)®} E. tar-
da 107 (OTR, oxytetracycline resistance)™@F= 5 ml
o] TSBoll Zt7} A E3ke] 35 Coll A 24413 Znl <&
g% 1 19 HEE S8t 24413 BRF B A
vk ekt ol % %21]7]' 2 iAol 100 nl
Eato] wjFs & et S transconjugant
2 BEYstAT E coli$te] conjugation S 2 H-F
transconjugantsE 2] 3}7] 913 AMP 50 pg/ml<}
streptomycin (SM) 150 pg/mle] 712 TSAB|A| &
AH831 R AL, E. tarda 2F2] conjugationol] A A A
transconjugants & w2 3}7] 913 AMP 50 pg/ml<}
OT 30 pgmle] H71E TSAHIA S A3 T

2) ol W4 el

<4 2|9 transconjugants= TCBS<} SS (Sal-
monella-Shigella)W] A | A YER = v 543
PCR A#ZE & &2I33 T (Table 1). Transcon-
jugants®] A WA o] AR T tixaa iy
o7 oty om, AMP WA HE+ plate dilu-
tion = 53l &olR Ut AMPE FE 200 pg/ml
B 124 32 TSA WA & A 2bste], dn) <
3k Al (McFarland 0.5 %)= 5 ul® HE3g
5 35Coll Al 24413 F<F wiFete] o] A4S
gl Aot

=273 EY

o 2A] SAABANA TG ARl A
2] ¥ M. morganii (Table 2)%] As}e+d 43
o) meo] = o] g3 PCR AT BT EE T
2} YA StH T (Table 3, Fig. 2). M. morganii=
TCBS ®i Aol A A2 s A4S B oyt A
setAd Aol A V. parahaemolyticus$} B2 3%
e /M Qleng £ S0l 5o Zato]
HE o] &% 5 gelo] WrEA Has) Bt
M. morganii= ¢ AA| 7} QA AA allergy’d 2
FTES Yo7+ A ofYu, pH 29] 4 2o
A Aol 4= 9 o™ (Young ef al., 1996), 42C
SAANA T Aol 7hsstEE AWE FAEU
< o o= 3 2EN A The A= v 1

2 r.),
il
K-

UE\

AN A

Table 3. Biochemical characters of Morganella morga-
nii isolated from commercial fisheries products in Yeosu

Isolate Morganella morganii

3% KOH Sticky
Oxidase -

O-F test O/F
Novobiocin +
Phenylalanine deaminase +
HS -

TSI K/A K/A
Gas +
Lysine decarboxylase -
LIM Indole +
Motility +
Ornithin decarboxylase +
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Fig. 2. PCR assay for the detection of histidine de-
carboxylase (HDC) gene for the identification of
Morganella morganii. Lanes: M, 100 bp size marker;
1, KCCM 11497 M. morganii; 2, FSF 7-3; 3, SS 15-31;
4, SS 20-3; 5, SS 24-4 isolates; 6, V. parahaemolyticus.

R % =R

Ry uv 3l

B2 HDCO &4 AlojE A7
FEEY A B A=
(Jung et al., 2013).

A 2 o

V. parahaemolyticus= T°l W2 AML, AMP,
CTol ¥& ZHFEAES ROy (Lee and Kim,
2019), M. morganii= d=°l wet AML, AMP, CT,
E, OT, TES] W& 7H4-42 B4t} (Table 4). 12

AT mT o=
=0 7}2-x]

U olg #d F2 ofFEdl deliie =2 A4

101
< UEtH 024 ol5 & QA T Al of=ol
o3k A= JFeAe] & AL AZHEYT V. par-
ahaemolyticus®] AMP W42 1Yo = HIW

3t & dHA A

3] WA St QAT Hg YT
A 2t} Tetracyclinell ¢FE-2 2 @Aol|A e
AHEE 2 = Al oIy V. parahaemolyticus
gHTE BT OT9 TEol| &2 74 1l uk
A, M. morganiic= 7o mel 2 AP S
o). o]#H 3 M morganii®] OT ¥ TE A4
FAgoll A FolepFe] ARE of Fof Beo] 1S A
o7 yztEm, Aol F WAdA OT 9 TEA
Aol Avtdol thgk A7 oS ZloE Al
Hoh =3 A3 FAHEAN A V. parahaemolyticus
ot RINSA SdstAA Aol et kA9
W3S Bl M morganii® AA 78 3433 AA|
Frafl A2 A WAd Fdar ool o
HEZL a3ttt

¥4

e do| Ed

V. parahaemolyticus$} M. morganii 23} E.
coli®}2] conjugation®g-& 53 FAJ = transconju-
gants®] §A4& Yol A} o] EF TCBSO
A RS AR oH HE itk Fo] Ztol

Table 4. Antimicrobial sensitivities of bacteria isolated from commercial fisheries products

Isolate Vibrio parahaemolyticus® Morganella morganii
Drug (ng) SS15-5  SC19-5 MC23-1 SC28-5 SS15-31 SS20-3  SS24-4  FSF7-3
Ceftazidime (30) P -+ -+ - -+ 4 4 4
Cefotaxime (30) +++ +++ b+ b b+ - - 4
Imipenem (10) - -+ -+ -+ ++ +++ -+ +++
Amoxicillin (10) + + + + - - - -
Ampicillin (10) + + + + + - - -
Amikacin (30) ++ ++ ++ ++ -+ +++ +++ +++
Gentamycin (10) ++ ++ ++ ++ ++ +++ +++ -+
Colistin (10) + + + - - - - -
Ciprofloxacin (5) ++H+ +++ -+ +++ b+ - -+ 4+
Nalidixic acid (30) -+ -+ -+ -+ -+ +++ -+ -+
Erythromycin (15) ++ ++ ++ ++ - - - -
Oxytetracycline (30) +++ -+ -+ 4+ - - A+ o+
Tetracycline (30) +++ +++ -+ -+ - - -+ -+
UClear zone : -, <8mm ; +, 9~=15 ; ++, 16~=20; +++ 21~ =25 ; ++++, >25

E

PReorganization of the contents in Lee and Kim (2019).
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£ o] 83 PCR 2 16S rRNA gene sequenceit-2]
olAl Z+2t SM A& 853 V. parahaemolyticus
(EcVp)2t M. morganii (EcMn)Z &1 = T} (Table
5). o19} Z0| V. parahaemolyticus7} SMUA3-S &
S5 | WAYUSF dsiAde 57 24P 2
BEo|tt, A V. parahaemolyticusSt M. morga-
nii ¥8| TS E. tarda$} conjugationdt A3}, V. par-
ahaemolyticus$}2] conjugation®l] A= transconjugant

@

gl (VpEd) 8 E AU, M. morganiiol A=
oW Fete FAHA FUTh (Table 6). E. tarda®t
9] conjugation®l Al doJZ =2 SSHjA] oA A
2o 7 At 5] primer?] EDtT (Table
1)E ©] &3 PCROIA 278bpe] 4HES AT
™ 16S rRNA gene sequencet] 23 AMPS} AML
WS 53 E ardaZ A AT} (Table 6). 1
Z 1} ©] & transconjugant E. tarda®| A= V. para-

Table 5. Antimicrobial resistance of the bacteria used in broth mating and their transconjugants

Escherichia coli
HB101

Vibrio parahaemolyticus
SC28-5

Transconjugant”
EcVp EcMn

Morganella morganii
SS20-3

Ceftazidime
Cefotaxime
Imipenem
Amoxicillin
Ampicillin
Amikacin
Gentamycin
Colistin
Ciprofloxacin
Nalidic acid
Erythromycin
Oxytetracycline
Tetracycline
Streptomycin (150 pg) R

AR RRAR
AR RIAR

I
AR RA

YEcvp, V. parahaemolyticus; EcMn, M. morganii

Table 6. Antimicrobial resistance of the bacteria used in broth mating and their transconjugants

Edwardsiella

tarda 107 SC19-5

Vibrio parahaemolyticus

Morganella morganii Transconjugant”

FSF7-3 VpEd  MnEd/EdMn

Ceftazidime
Cefotaxime
Imipenem
Amoxicillin S R
Ampicillin S R
Amikacin
Gentamycin
Colistin
Ciprofloxacin
Nalidic acid
Erythromycin
Oxytetracycline
Tetracycline

=

T

none

=
oA W

YVpEd and MnEd, E. tarda ; EdMn, M. morganii
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Table 7. Resistance tendencies to various concentrations of ampicillin and PCR results of the bacteria used in

broth mating and their transconjugants

Vibrio parahaemolyticus Edwardsiella tarda Transconjugant

SC 19-5 107 (VpEd=E. tarda)
25 + + +
AMP 50 + - +
(ug/ml) 100 + - +
200 + - +
VPA0477 + - -
PCR with EDtT primer - + +

haemolyticus 2]+ EQ1H class A B-lacta-
mase A2 VPA0477 (Park, 2014)& & H A
okt webs AMPOl sl = WA-S YER
= E. tarda®]l AMP W/ ©] (Table 7) V. parahaemo-
Wticus= B Aold AJA, nzt WA e Hol
of o3 WA =l Ae F71 &<lo] asit)
$HH A FHAMER E tardaZFE AA F3l
Q1 V. parahaemolyticus2t M. morganii=2] W4 A
ol FAHA

A4 ATE el WA D PEFHY LS AN

g} TP e

o P FUAYE i
AYAY F YoBE FFA A L YH#
Aol A%< mUEPol R

o
£o ol
fru
i
of
:?L_'.
oot
el
)
=
oXx
Bl

e o
o
‘0,

B AT A= 20179 49 5E 12€ Aoef] o4
TAA A Y3 AR ERE 22 E Vibrio
parahaemolyticusS} Morganella morganii®] W35
AL gotBy AUNAITF] Escherichia coli$t 5
HATFRA Edwardsiella tarda$}2] VA3 A 0] 7154
& dolH T} Broth mating H 2 A Ak conju-
gation®l| 4] A H transconjugantsE 22]3}7] 9138}
oJ ampicillin(tAMP) 50 pg/ml%} streptomycin (SM)
150 pg/ml == oxytetracycline(OT) 30 pg/mlo]
71E TSAHIA S AFE3FH T AMP, amoxicillin
(AML), colistin(CT)ol %<& ZFAdS BAY ¥
parahaemolyticus$t 28] M. morganii= AMP, AML,
CT, erythromycin, OT, tetracyclins ol <A o] v

SXYTh. V. parahaemolyticus$} M. morganiis E. coli
9} conjugations A A gF A transconjugants?! E.
coliv EEHE A &2 A SMUAE S 53 7
parahaemolyticus2} M. morganii7t 2= At}
A V. parahaemolyticusS} E. tarda®] broth mating®l|
A= AMP9} AML WS 853 E arda trans-
conjugant’} & & ATk T2\ V. parahaemolyti-
cus®] P-lactamase -+ ZQ1 VPA 04772] Zol= &
REA] ek om E tarda®] W30l AEH V. par-
ahaemolyticus\} M. morganii= AE%5 A &4t
oj¢} & A= A= 9l AlE e WA
o] 7} Aol - thFdt oz XY
A ASES AT

2 AFE FARAZZAE S sl 213 5]
A (Ao A 2018-001%).
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