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Screening and Characterization of Probiotic Strains for Prevention of Bacterial Fish Diseases. Yang,
Byung-Gyoo, You-Jin Jun and Moon-Soo Heo*. Faculty of Applied Marine Science, Cheju National Univer-
sity, Jeju-do 690-810, Korea — The purpose of the present study was to screen the effective of lactic acid bacteria
(LAB) as probiotics, which are able to protect aquacultural fish pathogenic bacteria, and investigate their character-
ization. Twenty strains of lactic acid bacteria were isolated from fish intestine, fermented fish foods and kimchis.
These bacteria were screened for antagonistic activity against fish pathogenic bacteria. Seven tested LAB strains
were able to inhibit the fish pathogenic bacteria, including ¥ibrio anguillarum, Edwardsiella tarda, and Streptococ-
cus sp.. Of the probiotic candidates, BK19 strain isolated from fermented pollack viscera indicated the largest inhi-
bition activity. Moreover, this strain showed a resistance over low pH and antibiotic agents. Therefore this probiotic
candidate BK19 was finally selected and identified as a probiotic strain. This particular probiotic bacteria was iden-
tified as Lactobacillus sakei BK19 by biochemical characteristics and 16S rRNA PCR amplification.

Key words: Fish diseases, probiotic, lactic acid bacteria, Vibrio anguillarum

PG Qo] o7 WY L ABE AT AR
Qi e A Fol $I shebael sl WAl
S3fe] ed[5] A -t ool o2 WA
o] 31617 ANAR(19] & AHEA, AeH o= 4zt
TAE PEEEAL gle] 2 ARRo] FAIE I Qe AA el
(1. wF2bA] 7182 o) W X 8.o] FA| - gt whgh
Aoz A AA< probiotic 2%l 3 I} dF7} F
= ol 9lv12].

Probiotics3t <+5-552] A7 %(intestinal microbes)&
AUA S 2H SFAA FI I T BAE B
A|E 2HateH[6]. Probiotics®] 32 o3 FF-5 Fois}
At Al A3 AlzE o WA Aol 75}‘41"1] 22}
I FAERs S AR oAl Tl sk Balst
o] AEA T BAE os) 5589 43E 9
A7 S=ct. ProbioticsZA] Bl o] &5 o] & w|WE- A
Tr(lactic acid bacteria, LAB)°|2}H11]. A2 189FAL,
v-=FA, v EAA] W catalase 24 ¢) Ao 2A] 2Fd A
o o) ESD 21 Wek ohlel T Aol LA
T ZoME g4 AR 11]. o]‘: FAHTE o] S-d2A
ol 2l3) AEEE A7 F83 njEelele 7
= o[n] o] ejA glow ]Eﬁ} frabte] srEA <l

7| Ak} FAkslS=2s 9l bacteriocin[10] Sl 2]gHe}.

*Corresponding author
Tel. 82-64-754-3473, Fax: 82-64-756-3493
E-mail: msheo@cheju.cheju.ac.kr

e

gt AR AW AdElA e Fste] ARge s |
e A3 A AR "o fAkEe B A
ol W3t Aol 3 AT Listeria monocytogenes
[4], Escherichia coli[2], Salmonella typhimurium[8], Vibrio
anguillarum[9] 58] v Eel W&t SFEAde] gloia B
2ol det. eyt probioticsEA AT o] o
WA D HUA Ale] gAYl ubsle] 1 sE
A2 ATHLE FARE 2R Aol dsixat et
AS vehiich= g4 A o] gl 15]. Wl probiotics Ein

F2A A oe $8e) Sd 228 TR a9
AT 2 oW 294 AT AAAE AT 4
A)“— eﬂ <] 5]-3— )\513_]12340 71-—7 glo]o]: %}1;]. \I‘o‘}-
probiotics®] X] 4ol Sakga} 93 98 2] 94
A pH7E W32 A9t 25 123 e s aslas §
2] 37 M E ATl o 31, YA BE 913t 3
A FoF Al7|ell = AE3led ok ghet. =, probiotics T
7} Zhpolol & w vhE Fe 242 A o s
A3 |3l YA gt 4Ag YAS 2 glefof gt
= Ael=t16].

ot B g W2 s A ERS 7ET gl omA
pH WA 2 A WA 5-& zt32 9l: probiotics TS
o] 7] Aol =] HE UEAEQ A9 AF ol
Aihsled o2 /‘ﬂﬂ‘/‘ Ay oy Z2 X8 o F
Alakele] B8A4-g SHAIFI IR 8l




130 Yang et al.

ME X

Probiotic #52| 22| ¥ M¥

Fohre] 22 ¥ MY, A o A AR A
A4 oA FAAA AN FAelfe AE A
Al A3 F A SMAIZ F wofete] 20959
AREE EElEiinh. AT bRl RE 1%9] CaCOE A
7}&F mann, rogosa and sharpe broth & agar (MRS, Difco)
£ AMEEIITh Bl I WeF ARl =bsle] &
A5 grleled v8dA kS A9kt

LA 82|, oM<l Vibrio anguillarum KCTC
27118 3H=§-3 228 (The Korean Collection for Type
Culturespl| A 29F Wol A3, Edwardsiella. tarda 3
Streptococcus sp= ol A {2 FAl 9 v]A A 2
A stk BT MF ¥ anguillarum?] 73-5-
trypticase soy broth(TSB, Difco), E. tarda & Streptococcus
sp.¢]l 73-%- brain heart infusion broth(BHIB, Difco)E o]
Blod 320Col| A wiokslsl o, AV RIS sl BE AT
30% glycerobs #7Fsted ~70°Cel] Hatsliar 23] Al i
Fated ARE-3ldt.

AT 2E Rihmel 22| ¥ M3, ke 1A A
S 98 1Akl 23 S-S MRS agaridoll A agar
spotted methodE- ©| 83ty V. anguillarum, Edwardsiella
tarda 2 Streptococcus sp.oll & A5-E Folsle] FH
FFEA Asisv) 122 e A % bacteriocin
AR o3t sHrEAS Zal olE TF-E AlE] A
Sled nutrient agar (NA, Difco) #]=]4d<llA] spotted method=-
71 2819 tH4,13]. Agar spotted methoddl 73-§- A ujeksl
probiotic FRTF 5~ 10 ufe NA 3P| Fdol| A3}A|
71 F 37°Coll A 242|7F wjekste A ete] AR el |
X10° CFU/m/S] ¥]77e] A7Fe o4 5wl =] (0.7% agar)
10 M2 F531e] 4°Coll A 417 WExIsE F 32°Cel A 244
7k vjekaled AR Elghe s s EA-S SASIH

LA FARRe| Ha| 3 ME. WA probiotic 75
Arslz) ¢lslked 10 mi®] MRS brothol] 4 M8} HCIE- 37}
sled pH 4ol pH 9741 3283 5 122 AWS probiotic
FRFFo| Hsle] pH ZAlol] 2 S ERIsld). pH
2 2438 7zbe] wiokde 1X10° CFUMI 5=9 ¢
100 w3 =23l 4, 6, 8, 12, 24 A7+ wRe} F probioticTt
o] RS FH=(0Dgonm) s SA3H 13130

SN LHY fekeel 22 W M. A A AY
2 agar disc diffusion assayZ 53lo] #alstadrt. 1.5x10°
CFU/Mm! =9 ¥ 100 w/= mueller hinton agar (MHA,
Difco) mlx] ¢l =2 & F JAYA| discE AIEH ol
F-2A)A Aol A 10587 WA §F 32°C, 244]7F wioFst
o] A X8-S galsldct Al A A= amoxi-
cillin(AMC), tetracycline(TE), oxytetracycline(T), chloram-

phenicol(C), cephalothin(CF), nalidixic acid(NA), ciproflox-
acin(CIP), novobiocin(NB), doxycycline(D), sulfadiazine(SD),
neomyein(N), erythromycine(E) 5 125-2] RS & A|

Holl M-I

SAEFe MY o SH

A7) Aol A AH-E 3 20%2] probiotic FEAT S
A e, A A WA B2l AlRelA A §
T3 dFF5 FFH o= Aisle] Feld ¥5-5 a9,
EAFTF, 54 H AR B F Yy SA4E
grolslgiet. A 3Ed AARE Api SOCHL(Biomerieux,
France)S ©]-881ed APfel w2} A|33193216S rRRNA PCR
& %3 542 A wokd #AS QlAamp DNA Mini Kit
(QIAGEN Inc.)$ ol&3}e] Aol atel A9 total
DNAE ¥j35}e] TE bufferl] 34 2171 - PCR 1H-E 3}
9o} PCR ¥H3-2 & -3 50p/o) genomic DNA 3 u/,
Korea) 2.5, 10X
reaction buffer 5/, deoxy nucleoside triphosphates 2 W/,
TE buffer 32.5 ul, 2+2+2] primer(forward primer 5'-GCC
GCG TGA GTG AAT AAG G-3'¢} reverse primers 5'-
ACA TGC TCC ACC GCT TGT G-3) 2.5 W= 37}shed
ukg-aiodet. 25 Z2 27 ¥l DNA mini cycler (PTC-
150, MJ Research, USAYIA $838l5iv}. PCR HES- =71
2 A 94°Co A 587 denaturationdt X, 3057 F<
94°Col| A 452 7tdenaturation, S0°Co|A] 45% annealing,
72°C0| A 4537} extension 3] RER|O R 72°Cel|lA] 10%-
7t extensions F*33td vl $F 3 PCR producty 1%
agarose(Agarose LE, Promega CO.) gel2 0.5 pug/m/
ethidium bromide® 34 3le] Ela}o]ct}.

Taqg DNA polymerase(Bioneer,

1]

g2 o/
Probiotic @F<e| 22| % Md
FARe B2 W MAE. 20%0) FAHE A, o7l

2 a3 A SolM sy 4 Alae ARAg

2 A Hste] DAY LR 1% CaCOsE A7FE MRS

agar Eloll E4gE F 244)7F F2b 35°CellA] w oFstA

Figho] AR FAMES sl
oz Z2g fitgel 22| ¥ ME. WA Add v

anguillarum, E. tarda R Streptococcus sp. -l 93t

o] gl probiotic FRATF FolX V. anguillarumel| o

5t gFEA-e BKIEA), BR4HA A, BK6(FA F-25

), BK15(22%), BK18(2A %) 2 BKI9CEFFR A &

=T (Fig. 1a), BK42} BK19IME= Streptococcus spoll

gt gt el ERIFEUTHFig. 1b). T2 E. tardao)) o

g e BKI19MRE A2 THFig. o).

LHARY FARRe| 22| W ME.  Probiotic®] 271 F WAk



Inhibiton zone (mm)

A& AtE Atk A TS o pHrb w2 A7
el M. A& oF B FAT 5= Q7] Wl vl F
8.5 & 3helo}. Probiotic FHRAF2] Z7] pH ¢
42 223t A} Table 137} 3ro] AFeA e

3
BK14, BK15, BK18 Z28]3 BK19 #F)A pH 4~4.5

o) fi fo
i et

Table 1. The growth of LABs at different initial culture pH
values.

Initial pH of the culture medium

Stratins
40 45 50 60 7.0 80 90
BKl1 - - +++ A A
BK2 - - H+ A A
BK4 - - + H+
BK14 + A e R o
BK15 + o S
BK18 + e s o S e
BK19 + I e e e e I o R
- Nb growth ++ : <10° CFU/ml
+:<10* CFU/ml +++:>10° CFU/ml
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Fig. 1. Antibacterial activity of the isolated LAB against ¥ anguillarum (a), Streptococcus sp (b), E. tarda (c) and inhibition zone of
diameters (d). Soft agar containing the indicate microorganisms was overlaid on nutrient agar and cultured at 32°C.
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Table 2. Antibiotic susceptibility test of probiotic strains and pathogenic V. anguillarum.

Inhibition zone (mm)

Antibiotics
V. anguillarum  BK1 BK2 BK3 BK4 BKI14 BKI15 BKI6 BK17 BK18 BKI9 BK20
AM30 10.15 13.9 10.4 16.5 15.1 16.2 9 0 9 0 8.1 8
TE30 34.1 32 17.2 30.5 323 259 20.9 14 0 18.7 17 16.3
T30 313 25.1 22.8 30 16.5 31 22.2 17.6 0 21 17.6 22
C30 22.6 385 242 252 24.3 26.4 233 16.2 27 26.2 26.5 26.4
CF30 0 14 20.1 10 0 13.2 13.1 14.5 21.6 18.5 16.3 14.2
NA30 0 0 0 0 0 0 0 0 0 0 0
CIP5 19.4 16 0 15.7 16.5 13.5 8 8 0 8 0 0
NB5 24.6 16 0 12.3 13.2 134 8 8 00 9 0 0
D30 329 273 28.3 29 27 36 25 21.3 0 221 24.9 21.7
SD25 0 0 0 0 0 0 0 0 0 0 0 0
N30 0 0 0 0 0 0 0 8 20 0 0 0
El5 10.1 9 0 9 9 15.8 25 17 21 221 0 23.5

AMC : Amoxicillin, TE : Tetracycline, T : Oxytertacycline, C : Chloramphenicol, CF : Cephalothin, NA : Nalidixic acid, CIP : Ciprofloxa-
cin, NB : Novobiocin, D : Doxycycline, SD : Sulfadiazine, N : Neomycin, E : Erythromycine.

Table 3. Carbohydrate utilization patterns of isolated LAB,

BK19.
Lo Strain No. o Strain No.
Characterization —————— Characterization ————
BK19 BK19
Control Esculine
Glycerol Salicine +
Erythritol Cellobiose +
D-Arabinose Maltose +
L-Arabinose + Lactose
Ribose + Melibiose +
D-Xylose + Saccharose +
L-Xylose Trehalose +
Adonitol Inuline
B Methyl-xyloside Melezitose
Galactose + D-Raftinose +
D-Glucose + Amidon
D-Fructose + Glycogene
D-Mannose + Xylitol
L-Sorbose B Gentiobiose +
Rhamnose D-Turanose +
Dulcitol D-Lyxose
Inositol D-Tagatose +
Mannitol D-Fucose
Sorbitol + L-Fucose
o Methyl-D D-Arabitol
-mannoside
o Methyl-D + L-Arabitol
-glucoside
N Acetyl . + Gluconate +
glucosamine
Amygdaline + 2 ceto-gluconate
Arbutine + 5 ceto-gluconate

Fig. 2. Scanning electron micrograph (SEM) of the isolate
LAB, BK19 from fermented pollack viscera.
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———————————————— GNGTCGCCGCGTGAGTGAAGAAGGTTTTCGGATCGTAAAACTCTGTTGT TGGAGAAGAATGTATCTGATAGTAACTGATCAGG TAGTGACGGTATCCAACCAGA
ACGGAAGTCTGATGGAGCAACGCCGCGTGAGTGAAGAAGGT TTTCGGATCGTAAAACTCTGTTGT TGGAGAAGAATGTATCTGATAGTAACTGATCAGG TAGTGACGG TATCCAACCAGA
ACGAAAGTCTGATGGAGCAACGCCGCGTGAGTGAAGAAGGTTTTCGGATCGTAAAACTCTGTTGT TGGAGAAGAACGTATTTGATAGTAACTGATCAGG TAGTGACGGTATCCAACCAGA
ACGAAAGTCTGATGGAGCAACGCCGCGTGAGTGAAGAAGGGTTTCGGCTCGTAAAACTCT GTTGTTAAAGAAGAACATATCTGAGAGTAACTGT TCAGGTATTGACGGTATTTAACCAGA
ACGAAAGTCTGATGGAGCAATGCCGCGTGAGTGAAGAAGGGTTTCGGCTCGTAAAACTCT GTTGTTAAAGAAGAACACCTT TGAGAGTAACTGTTCAAGGGTTGACGGTATTTAACCAGA
GCGCAAGCCTGATGGAGCAACACCGCGTGAGTGAAGAAGGG TTTCGGCTCGTAAAACTCT GTTGTTGAAGAAGAACGTGCGTGAGAGTAACTGTTCATGCAGTGACGGTATTCAACCAGA
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AAGCCACGGCTAACTACGTGCCAGCAGCCGCGG TAATACGTAGGTGGCAAGCGT TGTCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCTTCGG
AAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGT TGTCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCTTCGG
AAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGT AGGTGGCAAGCGTTGTCCGGAT TTATTGGGCGTAAAGCGAGCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCTTCGG
AAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGT AGGTGGCAAGCGT TG CCGGATTTATTGGGCGTAAAGCGAGCGCAGGOGGTTTTTTAAGTCTGATGTGAAAGCCTTCGG
AAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGT TG™CCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCTTCGG
AAGTCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTGCTTAGGTCTGATGTGAAAGCCTTCGG
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CTCAACCGAAGAAGTGCATCGGAAACTGGGAAACT TGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGG TGAAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGLTG
CTCAACCGAAGAAGTGCATCGGAAACTGGEAAACTTGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGG TGAAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTG
CTCAACCGAAGAAGTGCATOGGAAACTGGGAAACT TGAGTGCAGAAGAGGACAGTGGAACTCCATG TG TAGCGG TGARATGCG TAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTG
CTCAACCGAAGAAGTGCATCGGAAACTGGGAAACTTGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTGAAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGBCGGLTG
CTTAACCGGAGAAGTGCATCGGAAACTGGEGAGACTTGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTGGAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTG
CTTAACCGAAGAAGTGCATCGGAAACCGGGCGACT TGAGTGCAGAAGAGGACAGTGGAACTCCATG TG TAGCGG TGGAATGCG TAGATATATGGAAGAACACCAGTGGCGAAGGCGRLTG

KRk KRAAREAE KKK K RERKA KKK KEKRRER

T TERTCTa T AR TAACRC TOAGEE TCBARAGCA TOOATAGCARACAGEAT T AGATACCL A TAGT oA TCEC G AR T A T AL TAGRTC TTOCABRBTTTELALELTTEAGTRE
TCTGGTCTETAACTGACGCTEAGGCTCRAAAGCATGRGTAGCARACAGGAT TAGATACCCTARTAGTCCATGCCGTAAACGATGAGTGCTAGGTGTTGGAGGRTTTCCGCOCTTCAGTEE
TCTGGTCTGTAACTGACGC TGAGGCTCRAAAGCATGGGTAGCARACAGGATTAGATACCCTGGTAGTCCATGCCATARACGATBAGTGC TAGGTGTTGRAGEGTTTCCGCCCTTCAGTEE
TCTGGTCTETAACTGACGCTGAGGCTCRARAGT ATGAGTAGCARACAGGATTAGATACCCTGGTAGTCCATACCG T ARACGATBAATACTARGTGT TGGAGGRTTTCCAOOCTTCAGTAE
TCTAGTCTGTAACTGACGCTRAGGCTOGAAAGCATGGGTAGCGAACAGGATTAGATACCCTGGTAGTCCATACCGTARACGA TBAGTGCTAAGTG TTGGAGBGTTTCCGCCCTTCAGTEE
TCTGRTCTGCAACTGACGCTGAGGCTCBAAAGCATGGETAGCGAACAGGAT TAGATACCCTGGTAGTCCATGCCATAAACGATAGTGC TAGGTAT TGGAGBETTTCCECCCTTCAGTGE
aon rnre S
CGCAGCTAACGCATTAAGCACTCCGCCTGAGGA
CGCAGCTAACGCATTAAGCACTCCGCCTGRGGAGTACGACCACAAGGTTGAAACTCAAAG
CGCAGCTAACGCATTARGCACTCOGCCTGRGGAGTACGACCGCAAGGTTGARACTCAAG
TGCAGCTAACGCATTAAGCATTCOGCCTGO00AGTACGRCCGCAAGCCTOAAACTCARAG
TGCAGCTAACGCATTAAGCACTCCGCCTGOGAGTACGACCGCAAGETTGARACTCAAAG
CGAAGCTAACGCATTAAGCACTCCGCCTGOGBACTACGACCACAAGGTTGAAACTCARAG

* *xkk
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Fig. 3. Alignment of 16S rRNA of the isolated LAB, BK19 from fermented pollack viscera. Star mark indicates identical base.

sakei BK192 ™ slsic}.
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