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Abstract

Streptococcus parauberis and Streptococcus iniae Edwardsieela tarda have
been 1isolated from 5 locations in and around Jeju Island. In antibiotic
susceptibility test, growth experiments, biofilm formation and inhibitory
activity were assessed, of which the biofilm forming capability appeared to be
in a non-specific pattern. The growth pattern of S. parauberis was higher
when compared to that of S. iniae. In antibiotic susceptibility test, about 32
strains were tested against 14 different antibiotics, in that 4 and 4 were
susceptibile and resistance respectively. The bacterial culture (24 hrs) was
grown along with 3 different concentration of gallium(Ga(No3)3) such as 100
mM, 200 mM, and 500 mM, for about 24 to 72 hours to measure the bioflim
formation. Most of the assayed pathogenic microbes showed zone of inhibition
(ZI) at 200 mM and 500 mM of gallium with the minimum inhibitory
concentration (MIC) ranged from 125 to 50 mM. Hence, the results indicated
that gallium inhibit the growth and induce the bioflim formation in pathogenic

microbes.
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21. A 3dF FR
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Sampling site

5 Fishfarms

Fig 1. Sampling sites of Paralichthys olivaceus



22. NdEF 29 - Wl 2 EH

AP GAE Aufste] 1 AGES o83t 15% NaCle] H7bel Brain
Heart Infusion Agar (BHIA, Difco, USA)d| Z='Zslo] 25 TollA Z+Z; 48A%F
HjFat At wMidE FF FolA v FEYUThS FeElste] 2-33] Ald wl sk
T w8 At &5 w8 " dFv 1.5% NaCle] #7Ffl Brain Heart
Infusion Broth (BHIB, Difco, USA)ol H &3t 25 TollA 48A17F wl s}t
Hj x| o] %742 Table 1-2¢F Zth #£8¥® #F+ 20% (v/v) 28A& dE st
o] -80 Coll B#stitt. (4 5, 2009)

Table 1. Composition of Brain Heart Infusion Agar (BHIA)

Ingredient Amounts
Calf Brains 77 g
Beef Heart 98 ¢
Proteose Peptone 10.0 g
Dextrose 20 g
Sodium Chloride 50 g
Disodium Phosphate 25 g
Agar 150 ¢
Distilled Water 1L




Table 2. Composition of Brain Heart Infusion Broth (BHIB)

Ingredient Amounts
Calf Brains 77 g
Beef Heart 98 ¢
Proteose Peptone 10.0 g
Dextrose 20 g
Sodium Chloride 50 g
Disodium Phosphate 25 g
Distilled Water 1L

23. AdEFY 4 R 54

231 A ¥Y 54

FEES YA 54 Fopns] s IRIAWS ol gl IRPHT

aHEATEs gEst. AskeA A4S AP 20 strep¥t API 20E

(Biomerieux, France)< ©]&3to] &A1 9ol wel Attt (F &, 1998)



232 ¥FH 34 £A4

FHTA SAS dotRr] fs AUEFAAARAWA (Field Emission
Scanning Electron Microscope, JSM-6700F, JEOL Ltd.)< o]&3le] #59 o
g 548 #Zer. A Ao Membrain filter (Adventech)E &8 1
ol WgolE ol&dte] dFE ST dFY Heo] FAHT] o] el A
A8 & AlgsAct. EHE 05 x 05 ecm HEF Ad 3 FH, 25 %
glutaraldehyde &0l o} 1A17F A AL t}S- 22 1 M Phosphate buffer
£ ol&3st 23] FAsAH. FAAZ F dAd | HES A7 40, 50, 60, 70,
80, 90, 100 %<] Ethyl Alcohol®Z 1A EFAIAT EFA171 AES
Isoamyl Acetate®} 100 % Ethyl Alcohols 1112 &% o 1A & 3
100% Isoamyl Acetate &<l 1A13F WA e} viA ez CO, gasE ©]8 3}

A2AZ e WF Aeste] PyEFAAndoR BT



2.3.3 16S rRNA €714 48 &4

16S ribosomal RNA #2412 (BM et al, 1991; 4 %, 2010) genomic DNA
Extraction kit (Bioneer, Korea)E A}F-&3F¢] Chromosomal DNAE #2350
Bacterial 16S rDNA universal primerS ©] &3¢ 16S rDNAES FZA| A}
d€ oligonucleotides™=  Z}7te]  primer7}  forward  primer  (27F)
5'-AGAGTTTGATCCTGGCTCAG-3' reverse primer (1492R)
5'GGTTACCTTGTTACGACTT-3"¢] @714z F4=HAT. 2429 05 uM
primer, 200 uM deoxynucleoside triphosphate, Taq DNA polymerase (Bioneer,
Korea) 3 yME 483t PCR& Fdstaith. PCR W& 30 cycle &<t
94 TolA 45% denaturation, 50 TolA 45% annealing, 72 TolA 45%
extension &t o™, F2¥ PCR product: 1 % agarose (Agarose LE,
Promega CO) gels 05 ug/ml ethidium bromide® A23le] A3t o] &
ABI prism"™ Bigdyem terminator cycle sequencing Ready reaction kit V.3.1
(Fluorescent dye terminators methods)®} (Heiner et al., 1999) ABI 3730XL,
capillary DNA SequencerZ AF-&3Fe] PCR product® (AA et al., 2001; Amir et
al., 1998; Mishra et al., 2002) A71A<E A4S Fdstar A71A 29 homology

= BLAST online program (http://www.nchi.nlm.nih.gov/blast)S ©] &3} St}

ClustalW softwareE AMg3ste] A7 4ES algds & MEGAS program (Ver

51)% ©]&3}4 phylogenetic trees 24331 th.



24 ZAA #FA

FAA ] FFE Amoxicillin ¢ 1355 AR AL, Ao WA FFE £4<
7] e dmrH o g Alg ¥ = A A o Bauer-kirby test (Daniel et al., 1975)
E B3 IA AT TFe A dFE 27 sk Al sl S Muller
Hinton Agar (MHA, Difco, USA)8}=] el &3t o] o FAA| o=
ZeFod wiAlo A F= FuizE AVIY, H2a FoE AVeE 9
FrE S Uetith (George et al., 2004). 2AgS A gajwEol Ao
e AEe wet 2717 g 2A vebdn Z2F gAA e g 32 A
uith ey A Z7]e] wel A (Sensitive, S), F U (Weakly
sensitive, I), WA (Resistant, R) .2 W+l th

oot

N

Table 3. Antibiotic used for antibiotic-resistant strains selection

Diameter of inhibition zone (mm)

o Concentrations
Antibiotics (ug) Resistant Weakly Sensitive
sensitive
Amoxicillin (AML) 10 < 13 14717 18 >
Ampicillin (AMP) 10 < 13 14716 17 >
Ciprofloxacin (CIP) 5 < 15 16720 21 >
Gentamycin (GN) 10 < 12 13714 15 >
Doxycycline (DO) 30 < 12 13715 16 >
Erythromycin (E) 15 < 13 14722 23 >
Florfenicol (FFL) 30 < 12 13717 18 >
Neomycin (N) 10 < 12 13716 17 >
Nalidixic acid (NA) 30 < 13 14718 19 >
Oxolinic acid (OA) 2 <9 10711 12 >
Oxytetracycline (OTC) 30 < 14 15718 19 >
penicillin G (P) 10 < 19 20727 28 >
Tetracycline (TE) 30 < 14 15718 19 >
Flumequine (UB) 30 < 15 16720 21 >




25 NREFY 435 2 o2 dE YA

A%
saline (PBS)o] 10° CFU/mlZ 3]4138}le] 96 well plate (Thermo Scientific Nunc,
USA)4l 200 pl® HEste] 660 nmollA FHEE SAHSIAT. T35 Al ddt 59

u‘}L

79 Adss A7 28 Al gt ¥ 55 H 3 Phosphate buffered

Hlo] 0 AE FA TS dolr 7] ¢l 96 well plateo] MHB ¥iA 100 pl& z+7t
B8 5, 10° CFU/mIZ A" o35S B33 wiAdd 100 ul¥® HEste] 25

C Q1 ulolElol A dsh AIZHEE AA M AT W F R

23] A 3 70 C =go] Bl 30w 3 AEAATLE 01 % crystal violet (CV)
of F-ZAgte] 3087 A F CVE AA 8kar, 085 % AEla g

TE ol &3t 33 FAl & dAE CVE 95 %ellehged &3A1A 595 nmell A



2.6 Transition Metal Gallium(Ga(NQOz3)3)e] Hlo]EE A3 =

261 Z2F9 HoleEE J2YAF=MIC) 54
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S BYY #FE A OS2 Microtiter plate assayS E3abo] &<l&tgioh

MICZA-& A wjekst #32 H3F PBSol 10° CFU/mIZ 8418 & MHBol| #
2

Resazurin assay+ Abstsbdd9lel ofsf wllatFdo] H Mo 323 FA44
o2 Wely] wEel M uwe AAazkde] HeETh 96 well plate©l
MHBE 100 ¥ £F& & F, # W% #55 27 PBSol 10° CFU/mIZ
s|Agt & MHBel 50 ul® HEFsdoh HE ¢ ZFS 100 mM, 200 mM,
500 mM¢] F== Z}z} 50 pl® FFske], 256 T dsFHlolE oA 48 h A3t A
v &9t Resazurin sodium salt(SIGMA, USA)= =#33¥ 250ml Z2t~=3
of B33 1 Lot 259 11 mgs wol s &A1zl § 0.11%9] &=
2 ARESEATE 48 h AIRF s ol 2z HAFd e 20 Wl JFske]l 6 h
5

gyl F MO WEE wASAT Mo wste AR Frbel ng

AN - HE - BF 5 BT - BAaoz WEE e



2.6.3 Vitality staining

u‘}L

ZEo AT gt AHEleS dolrR”] 93 Propidium  Iodide(PI,
SIGMA, USA)E o]&3sle dAS ¥t Chamber slide(NUNK, USA)el
MHBE 150 pyl¥ +5E 3t H 1 PBS] 10° CFU/mIZ

f
N
o)
=
o2

SL
£t
N
i

3|4 gk % MHBel 100 pl® HEstath #F & ZF<= 100 mM, 200 mM,
500 mMe] w2 ZbZF 150 pl¥ HFeke], 25 T AFFHlolE A 48 At A
W A h PIE 2 mg/mle] F% =2 #]%¥ Chamber slidedl 10 ul® &3t
of 25 TolA 30&&et whg AT ®vbE 5 FEF AW (Confocal Laser

Scanning Microscope, Olympus Optical Co., Japan)< ©]-&3lo] #&3}5ic).

27 Z2EAE T4 A4 FAAY Hlu

ZE AgTet Aladgs sy s A FE AEHIL dE FAA
Oxytetracycline(OTC, SIGMA, USA)<S A&t duj st AlddF& Hat
PBSYl 10° CFU/mIZ 314385 MHBoO| 50 ul® HEate] 48 h &t A wj%
T 25 FAAS sedE 7z Jesle] 24 h, 48 h, 72 h AlZre® Hjeks)
o] 660

660 nmell A FF s FAst] AFF] Adlse 7HEskth
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3.1.1. 59 wds R FHsy 54
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AF=U 57H a0l A A R-7E FAe] F
Aok g ©@ #FE5S BHIA WAl A s 545 St &
327 F Fol| A Streptococcus parauberis (S. parauberis)t} A &= o
T =Pt R o, Streptococcus iniae (S. iniae)et oA EH = HFE 3% St
Row Edwardsiella tarda (E. tarda)et A& 55 4% w8stdth &9
H w5 F S. parauberis®}t S. inige= 25T I@gAH oz FlHdU. E tarda

aFggATeR AT BUTY 54 F el A s &g
A3} S. parauberis®}t E. tarda B5F y-834 02 YHENOH, S iniges B-&
4% worh HEgy 542 25 TolA BHIA sjAed mY¥ $ SEME &3
A&Z3AT. S parauberis$t S. inige= B AT FEH R FelE )
E. tardaw= 93+t o] JEiE Q1 ATH

g



Table 4. Genetic isolation and characterization of Streptococcus parauberis

Isolate . . Gram Hemoly
No. Species Temperature Medium test Sis
- . . BHIA y—hemo
JK-01 Streptococcus parauberis 25 C 15% NaCl + Iytic
_ . o BHIA y—hemo
JK-02 Streptococcus parauberis 25 C 15% NaCl + Iytic
B . o BHIA y—hemo
JK-03 Streptococcus parauberis 25 C 15% NaCl + Iytic
B . o BHIA ¥—hemo
JK-04 Streptococcus parauberis 25 C 15% NaCl + Iytic
- . . BHIA y—hemo
JK-05 Streptococcus parauberis 25 C 15% NaCl + Iytic
- . . BHIA y—hemo
JK-06 Streptococcus parauberis 25 C 15% NaCl + Iytic
- . . BHIA y—hemo
JK-07 Streptococcus parauberis 25 C 15% NaCl + Iytic
B . 5 BHIA ¥—hemo
JK-08 Streptococcus parauberis 25 C 15% NaCl + Iytic
- . . BHIA y—hemo
JK-09 Streptococcus parauberis 25 C 15% NaCl + Iytic
B . o BHIA ¥—hemo
JK-10 Streptococcus parauberis 25 C 15% NaCl + Iytic
- . . BHIA y—hemo
JK-11 Streptococcus parauberis 25 C 15% NaCl + Iytic
- . . BHIA y—hemo
JK-13 Streptococcus parauberis 25 C 15% NaCl + Iytic
- . . BHIA y—hemo
JK-14 Streptococcus parauberis 25 C 15% NaCl + Iytic
B . o BHIA y—hemo
JK-15 Streptococcus parauberis 25 C 15% NaCl + Iytic
- . o BHIA y—hemo
JK-16 Streptococcus parauberis 25 C 15% NaCl + Iytic
- . . BHIA y—hemo
JK-19 Streptococcus parauberis 25 C 15% NaCl + Iytic
- . . BHIA y—hemo
JK-20 Streptococcus parauberis 25 C 15% NaCl + Iytic
- . . BHIA y—hemo
JK-21 Streptococcus parauberis 25 C 15% NaCl + Iytic
B . 5 BHIA ¥—hemo
JK-22 Streptococcus parauberis 25 C 15% NaCl + Iytic
- . . BHIA y—hemo
JK-23 Streptococcus parauberis 25 C 15% NaCl + Iytic
- . . BHIA y—hemo
JK-24 Streptococcus parauberis 25 C 15% NaCl + Iytic
B . 5 BHIA ¥—hemo
JK-29 Streptococcus parauberis 25 C 15% NaCl + Iytic
- . . BHIA y—hemo
JK-30 Streptococcus parauberis 25 C 15% NaCl + Iytic
- . . BHIA y—hemo
JK-31 Streptococcus parauberis 25 C 15% NaCl + Iytic
B . 5 BHIA ¥—hemo
JK-32 Streptococcus parauberis 25 C 15% NaCl + Iytic




Table 5. Genetic isolation and characterization of Streptococcus iniae

ISI(\)Ilgte Species Tempeeratur Medium ch;{cn Heniasolys
B .. . BHIA B-hemol
JK-25 Streptococcus iniae 25 C 15% NaCl + ytic
- .. o BHIA B-hemol
JK-26 Streptococcus iniae 25 C 15% NaCl + ytic
B .. . BHIA B-hemol
JK-27 Streptococcus iniae 25 C 15% NaCl + ytic
Table 6. Genetic isolation and characterization of Edwardsiella tarda
ISI(\)]lgte Species Temperature Medium (igtn Heéqiqsoly
B . . BHIA y—hemo
JK-12 FEdwardsiella tarda 25 C 15% NaCl Iytic
_ . o BHIA B y—hemo
JK-17 FEdwardsiella tarda 25 C 15% NaCl Iytic
_ . o BHIA B y—hemo
JK-18 FEdwardsiella tarda 25 C 15% NaCl Iytic
B . o BHIA y—hemo
JK-28 FEdwardsiella tarda 25 C 15% NaCl Iytic




Fig 2. Field Emission Scanning Electron Microscopic image of Streptococcus

parauberis. Cells were grown at 25 C for 24 hours
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Fig 3. Field Emission Scanning Electron Microscopic image of Streptococcus iniae.

Cells were grown at 25 C for 24 hours
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Fig 4. Field Emission Scanning Electron Microscopic image of Edwardsiella tarda.

Cells were grown at 25 C for 24 hours



3.1.2. 16S rRNA €71 29 AT 54

ZlH<E RNAGRNA)E A AEd RExog }
kel ™, HAES] sAlE e Aol 7P F&3 EAAR o] &5 k. &

3 Mol

o T

=z
= A

=
ol

s

= [e] = )=
HEAJo] =& iR

rlo

2= small subunit rTRNA(SSU rRNA)Z A EFol o] &5
© 16S ¥ 16SAHI8S) rRNAZF old &3t} dA) v Ee EF{FAA= SSU

rRNAS ARE 2AR ATHH0] gom, o WHe vAE Wistd B4
A Aow AAHId o|2HT S8 nAe] BFF ABTA AAE L7

3 Hxe AAdAA SSU rRNAF
wEE T 24503 16S rRNA

3171 918l BLAST (Basic Local Alignment Search Tool) search program= ©]

g X
rlo
(el
S
2
o,
v

ZIMES A7 ETHY FAIRE &9
23Fe] NCBI (National Center for Biotechnology Information)®] Genebank$}
EMBL Nucleotide Sequence Databasedl|A A 74 <EdS Hl w3kt
Clone?] ZAAE d714 <93} databaseo] ¥ojx d7]dL PHYDIT program
(ver 3.2; http://plaza.snu.ac.kr/~iphydit/phydit) S ©]-&3Fo] Clustal W multiple

=
Neighbor—joining®¥# ol 28] Bootstrap #2] Al 10003]¢] =4S # &3}

alignment®Z A H3sRor G774 E B4S CLUSTAL X softwareE ©]-&

ol

tree topology ¢l H7}7lE o2 AbEEte] AeFE 2l en, 9714493 14
2 Agl= Jukes & Cantor 22 S o] &3fo] Akl

w8E dFEY Aeds g3 A3 S parauberis® 7§ Streptococcus
parauberis (FJ009631)}, Streptococcus parauberis (AY942570)32] 454 o]
99 %ol YElNATE S, inige2] 79 Streptococcus iniae (AY581891)%} <]
Fedel 99 %eoldEs YEdY. E. tarda®l % Edwardsiella tarda
(CP002154)¢} Edwardsiella tarda (EF091710)2+¢] &4 A3k z+zF 100 %<k 99
%01 %= WER A



Table 7. Physiological features of pathogenic microbes

Isolate
No.

Blast results

Accesion
No.

Species

Identities

JK-01
JK-02
JK-03
JK-04
JK-05
JK-06
JK-07
JK-08
JK-09
JK-10
JK-11
JK-13
JK-14
JK-15
JK-16
JK-19
JK-20
JK-21
JK-22
JK-23
JK-24
JK-29
JK-30
JK-31
JK-32
JK-25
JK-26
JK-27
JK-12
JK-17
JK-18
JK-28

FJ009631.1
FJ009631.1
FJ009631.1
FJ009631.1
FJ009631.1
FJ009631.1
FJ009631.1
FJ009631.1
AY942570.1
FJ009631.1
FJ009631.1
AY942570.1
AY942570.1
AY942570.1
AY942570.1
AY942570.1
AY942570.1
AY942570.1
AY942570.1
FJ009631.1
FJ009631.1
FJ009631.1
FJ009631.1
FJ009631.1
FJ009631.1
AY581891.1

AY581891.1
AY581891.1
CP002154.1
EF091710.1
CP002154.1
CP002154.1

Streptococcus parauberis
Streptococcus parauberis
Streptococcus parauberis
Streptococcus parauberis
Streptococcus parauberis
Streptococcus parauberis
Streptococcus parauberis

Streptococcus parauberis

strain JJI51
strain JJI51
strain JJI51
strain JJI51
strain JJI51
strain JJI51
strain JJI51
strain JJI51

Streptococcus parauberis strain 349

Streptococcus parauberis

Streptococcus parauberis

strain JJI51
strain JJI51

Streptococcus parauberis strain 349

Streptococcus parauberis
Streptococcus parauberis
Streptococcus parauberis
Streptococcus parauberis
Streptococcus parauberis
Streptococcus parauberis

Streptococcus parauberis

Streptococcus parauberis
Streptococcus parauberis
Streptococcus parauberis
Streptococcus parauberis
Streptococcus parauberis
Streptococcus parauberis

Streptococcus iniae strain

Streptococcus iniae strain

Streptococcus iniae strain

strain 349
strain 349
strain 349
strain 349
strain 349
strain 349
strain 349
strain JJI51
strain JJI51
strain JJI51
strain JJI51
strain JJI51
strain JJI51

ATCC 29178

ATCC 29178
ATCC 29178

FEdwardsiella tarda strain FL6-60
FEdwardsiella tarda strain SMW7
FEdwardsiella tarda strain FL6-60
FEdwardsiella tarda strain FL6-60

661/661 (100%)
802/802 (100%)
803/803 (100%)
819/825(99%)
656/656 (100%6)
826/828 (99%)
804/804 (100%)
869/869 (100%)
922/922 (100%)
823/830 (99%)
905/907 (99%)
990/993 (99%)
1001/1003 (99%)
1007/1008 (99%)
1000/1003 (99%)
997/999 (99%)
1028/1033 (99%)
1050/1052 (99%)
987/989 (99%)
918/918 (100%)
893/894 (99%)
778/779 (99%)
782/783 (99%)
763/764 (99%)
763/764 (99%)
987/989 (99%)
952/955 (99%)
803/804 (99%)
1004/1004 (100%)
1044/1045 (99%)
1002/1002 (100%)
999/999 (100%)




3.13. #F¢ A%y 53

S. parauberis® 7% API 20 strep= ©]&3lo] A EAHES A 2y

=

Acetoin production, Hippurate hydrolysis, D-trehalose acidification®] 4% 25%
25 dAdow oy, a-GALactosidase, B-GLUcoRonidase, D-raffinose
acidification, Glycogen acidification®] 74 9A] EF SAHoZ FQlxo ol&
EAo AL S parauberis® FL  AFE EHoz Asdr. g
D-mannitol acidification, D-sorbitol acidification, D-lactose acidfication®] 7-$-
E AlQstar 257 FF 90%0l 3ol YA S SR 74 AFd 2 A
= Uetdo] #5319 Aol UAAR FHA R F

Streptococcus parauberisttil ‘&7 <t}

S. inige®l 7% APl 20 streps o|&3ste] Aste 54 Ay 3dF BT
PYRrolidonyl arylamidase, lkaline phosphatase, Leucine amino peptidase,
Arginine di hydrolase, D-ribose acidification, D-mannitol acidfication,
D-trehalose acidification, Starch acidification, BHemolysis®] 4% dAd o=z
Eluk 2™ a-GALactosidase, B-GLUcoRonidase, B-GALactosidase, L-alabinose
acidification, Inulin acidification, D-raffinose acidification®] 4% =+ S o=
Uette= Ad3E Bt 3vF9 A9 Aststd 5ol fAL

Qe Ao o] FHA TR EF3rsle] B uw| Streptococcus iniaeE

o
J|m
o,

< 7HA A

E. tarda®] 2% API 20EE o]&3lo] Astst 54 Ay 4375 =5 lysine
decarboxylase, ornithine decarboxylase, citrate utilization, HS production,
glucose  fermentation/oxidation ¢ 4% EF FHoE  YEEoH,
beta—-galactosidase, arginine dihydrolase, urease, tryptophane deaminase, indole
production, acetoin production, gelatinase, inositol fermentation/oxidation, sorbitol
fermentation/oxidation, rhamnose fermentation/oxidation, melibiose
fermentation/oxidation, amygdalin fermentation/oxidation, arabinose
fermentation/oxidation, cytochrome oxidase® 4% 2% 24 o= e 43FF

5

% A fAE ASHA 542 wel fAA



Edwardsiella tarda® %733} T}

Table 8. Biochemical characterization through API 20 strep in isolated 25 strains of

S. parauberis

Test S. parauberis KCTC3651 S. parauberis isolates
Acetoinproduction + 25/25%
Hippurate hydrolysis + 25/25
Esculin B-glucosidase + 21/25
PYRrolidonylArylamidase + 19/25
a-GALactosidase - 0/25
B-GLUcoRonidase - 0/25
B-GALactosidase - 1/25
AlkalinePhosphatase - 2/25
LeucineAminoPeptidase + 22/25
ArginineDiHydrolase + 22/25
D-riboseacidification - 2/25
L-alabinoseacidification - 1/25
D-mannitolacidification - 15/25
D-sorbitolacidification - 11/25
D-lactoseacidification - 11/25
D-trehaloseacidification + 25/25
Inulinacidification - 1/25
D-raffinoseacidification - 0/25
Starchacidification - 1/25
Glycogenacidification - 0/25
B-Hemolysis - 1/25

=

* a/b T a YA strain g7, b S.parauberis ¥ 2 T



Table 9. Biochemical characterization through API 20 strep in isolated 25 strains of

S. iniae
Test S, iniae S, iniae S, iniae S. iniae
JK-25 JK-26 JK-27 KCTC 3657
Acetoinproduction - - + _
Hippurate hydrolysis - - _ _
Esculin B-glucosidase + + + ¥
PYRrolidonylArylamidase + + + ¥
a-GALactosidase - - - _
B-GLUcoRonidase - - - -
B-GALactosidase - - - -
AlkalinePhosphatase + + + i
LeucineAminoPeptidase + + + i
ArginineDiHydrolase + + + i
D-riboseacidification + + + +
L-alabinoseacidification - - - _
D-mannitolacidification + + + +
D-sorbitolacidification + - - -
D-lactoseacidification - - - _
D-trehaloseacidification + + + n
Inulinacidification - - - _
D-raffinoseacidification - - - _
Starchacidification + + + n
Glycogenacidification + + + 4
BHemolysis + + + +




Table 10. Biochemical characterization through API 20E in isolated 25 strains of
E. taeda

E wrde F tarda  E tarda  E tarda D 9T
Test . lar . larda . larda . lar KCTC
JK-12  JK-17  JK-18  JK-28

12267
B-galactosidase - - - - -
arginine dihydrolase - - - - -
lysine decarboxylase + + + + +
ornithine decarboxylase + + + + +
citrate utilization + + + + +
H>S production + + + + +
urease - - - - -
tryptophane deaminase - - - - -
indole production - - - - -
acetoin production - - - - -
gelatinase - - - - -
glucose . ) . . .

fermentation/oxidation
mannitol
fermentation/oxidation
inositol
fermentation/oxidation
sorbitol
fermentation/oxidation
rhamnose
fermentation/oxidation
sucrose
fermentation/oxidation
melibiose
fermentation/oxidation
amygdalin
fermentation/oxidation
arabinose
fermentation/oxidation

cytochrome oxidase - - - - -




3.2. ¥4A #F+A HZE

T 2w Tl uste] FAA e HAEE AYS 235 Y,
Ags AxsE WEEE ALt Bl R T Amoxycilling  Ampicillin,

Ciprofloxacin, Flofenicolel ™3] 100 %9 #+A<S UEMAA 2™, Gentamycin©l
X 43 % Doxycycline®l Al 90 % Erythromycin®l A 84 % Oxytetracycline®l A
75 % Tetracyclineol A 84%<¢] A Ao et 74AS YEFWTE Neomyecin,
Nalidixic acid, Oxolinic acid, Flumequine®] t&l 100 % WAS Jelyl o,
Gentamycin 50 %°l 4] Erythromycin 12 %94l Oxytetracycline 25 %9l A
Tetracycline 15 %2 A Ao that WS e

Table 11. Antibiotic resistance of pathogenic microbes

Pathogenic microbes(32)

Antibiotics . .. .
Resistant Weakly sensitive Sensitive
Amoxycillin (AML) 0 32
Ampicillin  (AMP) 0 32
Ciprofloxacin (CIP) 0 32
Gentamycin (GN) 16 2 14
Doxycycline (DO) 3 29
Erythromycin (E) 1 27
Flofenicol (FFL) 0 32
Neomycin (N) 32 0
Nalidixic acid (NA) 32 0
Oxolinic acid (OA) 32 0
Oxytetracycline (OTC) 8 0 24
penicillin G (P) 0 32
Tetracycline (TE) 0 27
Flumequine (UB) 32 0 0




Fig
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5. Antibiotic susceptibility pattern of pathogenic microbes



il

g

(¢}

e

=
1=}

3.3. Hto| e

WOt ok o R R o @ oF o
M - Mo owe T O g LzAr
' AF | 9z-Mr
- o]y of- ‘,umrﬂ BK Ry op MM m " szoHr
ﬂﬂ” R oE N B o N A - 8z-ir
O mr o il 1) oy T £ X 8T-Ar
T = op I L 1_] = |
o N 0 o vy M £T-Hr
i m_ o,ﬂ = = — ZT-Nr
e o o O EmAC
TR = ) S ;
i S o= R X0 o B TENM
WS Po B & w o - o-ar
of D _WO B X A = = ezoar
=0 m = 3 H T o PZ-Ar
o e ﬁ _ X ‘_We o Mﬂ el (N £T-Nr
B R WE % =0 LMM_. 3 Wﬁ < o zz-ar
g ® T e ¥ o v VRS RO
H oo 8 o) o T = 5 - oz-ar
Jo 7o e .o X0 F s o 6T-Nr
7o o . SARY 5 o — . CaT-dr
0 To B o " ~ = ! Sy -
! <~ o o ! B- J_,ML N R ST-Nr
| 8o = % ~— . X o = FI-NM
iy = 2 = 9 oF o I g ETNr
o T S T % g0 g o =
of qr . of o Mwﬂ _ "_K o TI-Nr
= o © %) i = oroar
= o o oo 3 TR o “soour
o o 5 80-Nr
T W W o Mo g 0 £
o fuy o 3 B WW R % - £o-dr
= M_M o MM ol " | Huﬂ o) e 90-4r
i = ol o .2 S0P
T § b T o = § K
N wﬂ R TR vo-ar
= ~ § m mo B A”A—H o W % £0-3r
% W~ m U o T W "_K ,UF zo-ur
w I R = ) o
e ZT 1_._A.o %)) H ,_mv_m_n %o (SO - W_M = = = = = = = =
Onﬂ L0 =] =] =) =] =] = =) =)
‘ﬂlﬁl o) . . . o ) = ) = ) = I =
Jﬂ ~X ,UI —_— _E ﬂ_w ,UI ,UI n_é L.E e e ~ ~ - | — = =
HT 0 © o USG5 ) SoUBHOS Y
T TR T O OTOW W ST

BGrowth Abs. B Biofilm Abs.
— 926 —

Fig 6. Biofilm formation and growth of pathogenic microbes



34. 259 oA

dE AAe FHYTE dotry] A A "Hxas olgste dEE
ZkzF 100 mM, 200 mM, 500 mM¢| F== 100 ul A At A2 23
9Tl A 2 F=Ql 100 mMolA = Asigk dAdo] Blaz AA Fd = A
ole Hla] i-sx=<l 200 mM, 500 mMoll A= HlaA =2 Aol 4% AT

MIC 443 125 ~ 100 mMe] H2A4d5ES 74AE A% sl

Table 12. Antibiotic activity of gallium against S. parauberis, S. Iniae and
E. tarda

Ga(Nos)3
Isolate No. Species (mm)
100 mM 200 mM 500 mM MIC (mM)

B Streptococcus o
JK-01 parauberis 17 26 50
B Streptococcus
JK-15 parauberis 11 15 20 25
B Streptococcus o
JK-16 parauberis 15 21 50
JK-25 Streplococcus 9 13 17 %
JK-26 Strell?;‘l?ggcws 11 13 18 125
JK-27 Streplococcus — 8 12 %
JK-12 Edwardsiella — 12 18 %
JK-17 Edwardsiella — 17 18 50
JK-28 Edwtzaégella _ _ 15 100
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3.6. Resazurin assay
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Fig 10. Effect of gallium on viable cell count of S. parauberis
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Fig 12. Effect of gallium on viable cell count of E. tarda




3.7. Vitality staining
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Fig 13. Confocal Microscopic image of 2 day old streptococcus parauberis.

A. growth medium alone, B. with growth medium containing 100mM gallium C. with
growth medium containing 200mM gallium, D. with growth medium containing
500mM gallium



Fig 14. Confocal Microscopic image of 2 day old streptococcus iniae.

A. growth medium alone, B. with growth medium containing 100mM gallium C. with
growth medium containing 200mM gallium, D. with growth medium containing
500mM gallium



Fig 15. Confocal Microscopic image of 2 day old Edwardsiella tarda.

A. growth medium alone, B. with growth medium containing 100mM gallium C. with
growth medium containing 200mM gallium, D. with growth medium containing
500mM gallium



38. ZFF AT FHITAA L Al

FAFGANA T2 ALEEHL e FAYAJA Oxytetracycline®t ZFS HE5H7]

s Bacteria growth
0.70 -
0.60 - /

=

th

=
1

=

e

=
]

Absorbans e(600nm)
=
te
=

0.0

14H 48H TIH 96H

Fig 16. Growth pattern of pathogenic microbes
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V. 89

ol
aig
HJ

)

T /Rg xﬂ

[e]

ko)

& Bt

st A
S AA Streptococcus parauberis 253t

A8 A of] A

[e]

A3
o,

9l

=

[}

A8 A of] A

[e]

Edwardsiella tarda 4755 &Elst9 o, 14%
kel

zolaA AT

=
0,
9

[}

=

3kt Amoxycillin®] 3

o

KeX
o=

28

A

Streptococcus iniae 33T
B o, Neomycin® 3

5}

ko)

=
)
9l

KeX
=

ol

o
o

el

B

2]2] s

S. parauberis, S.
tol Z4E A9
100 mMell A o

[e]
A

L

A WS ARl Beluh WAFAAR 5ol ¢

ZFS 100 mM, 200 mM, 500 mMe] FE=E=

5}

jes]
~
°
=

™
~

%

Gl

200 mM, 500 mMe]

iniae, E. tarda

o
]
il

T /Rg xﬂ

[e]

FAA WA=
ko)

[e]

td=o2 A}

71&9]

ko)
=

=

A

5}

ko)

Eg=

=

=

23}

}

0]
pul

o] ¥ %
H| 1l

of

At

=

atl7] o

A ¢l oxytetracycline

o

5}

WA 712kt EA glel

dEI I

ol

KeX
=

]_

A A 9]

[e]

ko)

-

1

at7] Ht

H 5d 1 2371 9

°

[e)

bol Ahg-2

°

7}

3|

%
=

ol Z2E= %

(e}

’

al



4

py Aol A

<

AT WFOR

A}, =%



V. 33 &3

A. A. Hassan, I. U. Khan, A. Abdulmawjood, and C. Lammle: Evaluation of
PCR Methods for Rapid Identification and Differentiation of Streptococcus
uberis and Streptococcus parauberis. ] Clin Microbiol., 39(4): 1618 - 1621.
2001

A L Barry, M B Coyle, C Thornsberry, E H Gerlach and R W Hawkinson:
Methods of measuring zones of inhibition with the Bauer-Kirby disk

susceptibility test. J Clin Microbiol., 10(6): 835-889.1979

Amir Zlotkin, Hannah Hershko, and Avi Elda: Possible Transmission of
Streptococcus iniae from Wild Fish to Cultured Marine Fish. Appl Environ
Microbiol., 64(10): 4065 - 4067., 1998

B M Jayarao, J J Doré Jr, G A Baumbach, K R Matthews and S P Oliver:
Differentiation of Streptococcus uberis from Streptococcus parauberis by
polymerase chain reaction and restriction fragment length polymorphism

analysis of 16S ribosomal DNA. J Clin Microbiol., 29(12): 2774-2778. 1991

Daniel F. Liberman And Richard G. Robertson: Evaluation of a Rapid
Bauer-Kirby Antibiotic Susceptibility Determination. ANTIMICROBIAL
AGENTS AND CHEMOTHERAPY., 7(3):250—255, 1975

Ehud Banin, Alina Lozinski, Keith M. Brady, Eduard Berenshtein, Phillip W.
Butterfield, Maya Moshe, Mordechai Chevion, Everett Peter Greenberg, and
Eyal Banin: The potential of desferrioxamine-gallium as an anti-FPseudomonas

therapeutic agent. PNAS., 105(43):16761-16766.,2008.



George Sakoulas, Pamela A. Moise-Broder, Jerome Schentag, Alan Forrest,
Robert C. Moellering Jr., and George M. Eliopoulos: Relationship of MIC
and Bactericidal Activity to Efficacy of Vancomycin for Treatment of
Methicillin-Resistant Staphylococcus aureus Bacteremia. Journal of Clinical

Microbiology., 42(6):2398-2402. 2004

H. T. Nguyen, K. Kanai: Selective agars for the isolation of Streptococcus
iniae from Japanese flounder, Paralichthys olivaceus, and its cultural

environment. Journal of Applied Microbiology., 86(5): 769-776. 1999

Heiner, C.R., KL. Hunkapiller, S.M. Chen, JI Glass, and E.Y. Chen:
Sequencing multimegabase-template DNA  with BigDye terminator

chemistry. Genome Res., 8:557-561. 1998

Kim, Jong-Hyun, Cheorl-Ho Kim, Jorg Hacker, Wilma Ziebuhr, Bok Kwon
Lee, and Seung-hak Cho: Molecular Characterization of Regulatory Genes
Associated with Biofilm Variation in a Staphylococcus aureus Strain. J.

Microbiol. Biotechnol., 18(1):28-34. 2008

Kwi-Ok Oh and Kack-Kyun Kim: Prevention of Biofilm Infections. Journal

of Bacteriology and Virology.,39(4):237-246. 2009

Mishra, R.N., S.L. Singla-Pareek, S. Nair, S.K. Sopory, and M.K. Reddy:
Directional genome walking using PCR. BioTechniques., 33:831-834. 2002

Yukihiro Kaneko, Matthew Thoendel, Oyebode Olakanmi, Bradley E. Britigan



and Pradeep K. Singh: The transition metal gallium disrupts Pseudomonas

aeruginosa iron metabolism and has antimicrobial and antibiofilm activity.

JCL, 117(4):877 - 888. 2007

Ara], 2dd, d435:16S rRNA FAA BAANHS o] &3 53 54 A
d HAE Wl aAd 7 72 9 g FHEE 54 A Ocean and

Polar Research, 32(3):309-319. 2010

zxn g, A5, AR, vard ofF ¥dAd A 34
% whE, Allium sativum 25 el HX 7V @A, Paralichthys olivaceus®]
kil

Autg-o v A= Gk skaroin sl =] 23(2):199-209, 2010
o] FF, AIA, uAFY, vH FBx AFAYG %2 X (Paralichthys
olivaceus) 2 F-¥] 8] ¥ += Streptococcus iniae 9} Streptococcus parauberis
o] AEsHEA. ool e x|, 20(1):33-40, 2007
A3, HEd, 1A% zvgh, 2K, AAS Oxolinic acid®] 72 T-Fo], FA}

9 oo wE JX| paralichthtys olivaceus AW FEse|sH EA4. 3o

FAE, AAE, A, 84S, xS APL 20E Kits o83 199%6de] 54k o

Sk gafiot A9 Vibrio vulnificus®] 4. J. Korean Soc, 33(2):187-194. 1998



faaw A
=

VIZEALS]

Tor

Ytk WA o

A = s

H o

=z
=

el

Foll A &

Ho

of 2efal o

Np

o

xr
NR
_Eo

4o

|

H7 Uy AtEgyg a8

¢}

. i}
, raw

1=
=

(¢}

pu—

=
o
ol

ol

0

olo

o
_Eo
ottt

0

4

il

w
o
_Eo

o
o
o
0

o
i)
i
S
A

o
X

™

—
fite)

Jo= gabel g =

A

Dr. Dharaneedharan®] A ¢o] & X

s

pu—

{o

—_

~H

ol

0

o

o

bir

o

™
ol

0

w
To
~o
!

0

U

sxuto g A g A7t A77A BAGEew A

b
=

)

i

(<3

5

el

o



	Ⅰ.서론
	Ⅱ.재료 및 방법
	2.1.시험균주 확보
	2.2.시험균주 분리  배양 및 보관
	2.3.시험균주의 동정 및 특징
	2.3.1.생리학적 특징
	2.3.2.형태학적 특징
	2.3.3.16S rRNA 염기서열 분석

	2.4.항생제 감수성
	2.5.시험균주의 성장능 및 바이오필름 형성능
	2.6.Transition Metal Gallium(Ga(NO3)3)의 바이오필름 저해능
	2.6.1.갈륨의 바이오필름 최소억제농도 측정
	2.6.2.Resazurin assay
	2.6.3.Vitality staining 

	2.7.갈륨처리구와 합성 항생제의 비교

	Ⅲ.결과 및 고찰
	3.1.균주의 동정 및 특징
	3.1.1.균주의 배양학 및 형태학적 특성
	3.1.2.16S rRNA 염기서열의 계통학적 특징
	3.1.3.균주의 생화학적 특징

	3.2.항생제 감수성 테스트
	3.3.바이오필름 형성능 확인
	3.4.갈륨의 항균활성
	3.5.균주에 대한 갈륨의 바이오필름 저해능
	3.6.Resazurin assay
	3.7.Vitality staining
	3.8.갈륨투여구와 합성항생제의 비교

	Ⅳ.요약
	Ⅴ.참고 문헌
	Ⅵ.감사의 글


