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Part I. Characterization analysis of probiotics strains isolated

from Jeju Island traditional foods

1.1 INTRODUCTION

The Fish aquaculture industry is an important industry responsible for future human
protein supply. Future of the fish aquaculture industry is hopeful enough that a global
futurist Alvin Toffler and the global economist Peter Drucker argue that “in the future of
the 21* century, aquaculture is more promising then the internet”. According to the ‘FISH
TO 2030: Prospects for fisheries and aquaculture’ jointly published by the World Bank,
the Food and Agriculture Organization of the United Nations (FAQO), International Food
Policy Research Institute (IFPRI), the world fish supply rate in 2030 is 186 million tons,
which is forecast to increase by 20.1% from 2011 (154 million tons). Although the middle
class worldwide increased and fish consumption increased, but cannot cover demand for
fish directly from the ocean. In 2030 half of the production will be aquaculture, and the
production of cultured fish was expected to increase by 47.1% from 2011 (Msangi et al.,
2013).

The incidence and spreads of fish diseases in the fish aquaculture industry can
significantly reduce productivity, and to prevent antibiotics was widely used in fish
disease management strategies in fish farms (Smith et al., 1994). However, some fish
farms abuse antibiotics for the purpose of treatment and prevention of fish diseases,
causing secondary problems, the most representative of which is antibiotic-resistant strains
and antibiotic-remaining fish (Karunasagar et al., 1994; Witte et al., 1999). Since all
antibiotics from 2012 on such problems, except for pharmaceutical use, other uses are
prohibited, so the development of alternative substances for antibiotics for the prevention

and treatment of diseases is urgent, for that purpose, research on various methods utilizing

1



probiotics and prebiotics has been attempted (Kim et al., 2017).

For the past decades, the application of probiotics in the prevention and management of
fish disease has received more interest (Ganguly et al., 2010). Most probiotic microbes are
marketed as drug or foodstuffs and safe application has been confirmed through long-term
experience (Lim et al., 2011). Increased use of bacteria as biological controllers is
effective and safer than antibiocis (Bansemir et al., 2006). Antibacterial activity in
probiotic bacteria may occur by the production of bacteriocins (Avonts and Vust., 2010)
which are antimictobial peptides or proteins that kill other related (narrow spectrum) or
non-related (broad spectrum) microbiotas as one of the inherent defense mechanism of
bacteria (Cotter et al., 2013). The mode of bacteriocin action includes destruction of cell
walls, formation of pores in cell membrane, disruption of cell membrane followed by cell
lysis and inhibition of nuclease activity (Lim et al., 2011).

Several studies have reported such antimicrobial protein or bacteriocins, derived mainly
from lactic acid bacteria, as safe and effective natural food preservatives (Cleveland et al.,
2001). They have been isolated primarily from meat and dairy products, are also nontoxic
to humans, and leave no residues (Cotter et al., 2013). Bacteriocins are used as bio-
preservatives of vegetable foods and beverages and their application appears to be a
possible alternative to chemical compounds and antibiotics (Collins et al., 2010).

Korean traditional fermented seafood, Jeotgal is one of the most important foods in
Korea and is fermented by naturally occurring microorganisms (Lee et al., 2014). It is
prepared by adding 20-30% (w/w) salt to various types of seafood such as shrimp, oyster,
shellfish, fish, fish eggs, and intestines, followed by preservation through fermentation
(Guan et al., 2011). Several studies have reported the jeotgal fermentation process (Roh et
al., 2010; Choi et al., 2013) which includes Bacillus subtilis, Leuconostoc mesenteroides,
Pediococcus halophilus and other salt resistant aerobic and anaerobic bacteria (Lee., 1993).

However, the molecular characterization of those bacterial species and their potential



application is scarce (Mohammadou et al., 2014). Thus, the present studies was carried out
to isolated and characterize the bacterial strain Bacillus amyloliquefaciens from Jeju island

traditional fermented food, and assess its probiotics.



1.2 MATERIALS AND METHODS

1.2.1 Isolated and storage of probiotics candidate strains

Fully ripened and ready to consume samples of Doenjang, Saeujeot, fermented Squid,
salted Damselfish, salted guts of Hairtail, salted Gizzard shad, salted spratelloides gracilis
were purchased from the local traditional markets on Jeju Island, South Korea (Fig. 1).
Samples purchased were inoculated into MRSA (Man Rogosa Shape Agar, Difco., USA)
diluted with 0.85% saline solution and incubated at 35°C for 48 hours. The composition of
the medium was shown in Table 1, 2. Single colony was isolated from the cultured strains
and re-inoculated into MRSA and cultured at 35°C for 48 hours. Inoculated into MRSB
(Man Rogosa Shape Broth, Difco., USA) using the cultured strain, cultured at 35°C, 200

rpm for 48 hours, then stored at -80°C in 20% (v/v) glycerol and used in the experiment

(Kimetal., 2017).

Fig. 1. Isolated of probiotics microbes from Jeju Island traditional foods. (Doenjang, Saeujeot,
fermented Squid, salted Damselfish, salted guts of Hairtail, salted Gizzard shad, salted Spratelloides

gracilis)



Table 1. Composition of Man Rogosa Shape Agar (MRSA).

Ingredient Amounts
Proteose Peptone No.3 1009
Beef Extract 10.0g
Yeast Extract 509
Dextrose 2009
Polysorbate 80 10g
Ammonium Citrate 20¢g
Sodium Acetate 5.0¢9
Magnesium Sulfate 0.1g
Manganese Sulfate 0.05¢
Dipotassium Phosphate 209
Agar 15049
Table 2. Composition of Man Rogosa Shape Broth (MRSB).
Ingredient Amounts
Proteose Peptone No.3 1009
Beef Extract 10.0g
Yeast Extract 50¢g
Dextrose 20.0g
Polysorbate 80 10g
Ammonium Citrate 20g
Sodium Acetate 509
Magnesium Sulfate 0.1g
Manganese Sulfate 0.05¢
Dipotassium Phosphate 209




1.2.2 Sequence analysis of probiotic candidate strains

For pure isolated probiotics candidate strains, DNA was extracted using 2.5% chelex
(Chelex ® 100 Molecular Biology Grade Resin, Bio-RAD., USA), (Shen et al., 1999). The
isolate strain was added in 2.5% chelex, reacted at 95°C, for 5 minutes, and stored at 4°C.

27 Forward (5-AGAGTTTGATCCTGGCTCA-3) primer and 1522 Reverse (5-
AAGGAGGTGATCCAGCCGCA-3) primer were used for PCR. PCR was performed by

adding 1 ul of DNA to AccuPower™ PCR Pre-Mix (Bioneer., USA) and final volume of
25 ul. The PCR (Base for Gene Pro Thermal cycler, BIOER., USA) conditions were
carried out Initial denaturation 5 min, denaturation at 94°C for 1 min, annealing at 55°C 1
min, extension ant 72°C for 1 min at 30 cycles, and 72°C final extension for 10 min. The
amplified PCR product was confirmed by electrophoresis (MUpid® -ex, ADVANCE.,

USA) at 1% agarose gel.



1.2.3 Antibiotics susceptibility test of probiotics candidate strains

For antibiotics seven kind of amoxycillin (Table 3) were used, antibiotic resistant strains

and susceptible strains were tested by using the Bauer-kirby test as an antibiotic commonly

used to confirm the presence or absence of resistance of the stain type (Wayne., 1997).

Inoculating the culture medium on MHA (Muller Hinton Agar, Difco., USA) and an

antibiotic disc is placed on the medium a concentration gradient of the antibiotic occurs in

the medium and shown the inhibition zone around the disc exhibits antibacterial activity.

The inhibitory zone size varies according to solubility of the antibiotic and the degree of

susceptibility of the bacterial. Probiotics candidate strains were pre-cultured in MRSB,

then streaked on MHA and incubated for 48 hour, 35°C, secondly each of the antibiotic

discs. The inhibitory zones for the antibiotic discs were measured to establish the existence

and nonexistence of antibiotic resistance.

Table 3. Antibiotics list for selection of antibiotic resistant strains.

Concentrations

Diameter of inhibition zone (mm)

Antibloties (ue) Resistant Weakdy Sensitive
sensitive

Amoxycillin (AML) 10 <13 14 - 17 >18
Gentamicin (GN) 10 <12 13-14 >15
Erythromycin (EM) 15 <13 14 -22 >23
Flofenicol (FFL) 30 <12 13-17 >18
Neomycin (NEO) 10 <12 13-16 >17
Oxytetracycline (OTC) 30 <14 15-18 >19
Penicillin (PE) 10 unit <19 2027 > 28
Tetracycline (TC) 30 <14 15-18 >19




1.2.4 Optimal culture conditions of probiotics candidate strains
1.2.4.1 Optimal culture conditions according to pH

In order to confirm the degree of growth activity of the probiotics candidate strains
according to the pH variation, pH was adjusted to 4 to 9 with 1 M HCl and 1 M NaOH in
MRSB and then sterilized at 121°C for 15 minutes. The prepared broth medium was
inoculated with 1% of the pre-culture solution of the probiotics candidate strains and
cultured at 35°C and 200 rpm for 48 hours, then the turbidity of the culture solution was

measured at 660 nm (Jang., 2012).

1.2.4.2 Optimal culture conditions according to temperature

In order to confirm the degree of growth activity of the probiotics candidate strains
according to the temperature variation, 1% of the pre-culture solution was inoculated in
the MRSB and incubated at 10°C, 20°C, 30°C, 40°C, 200 rpm after cultured for 48 hours,

then the turbidity of the culture solution was measured at 660 nm (Jang., 2012).

1.2.4.3 Optimal culture conditions according to carbon source

In order to confirm the degree of growth activity of the probiotics candidate strains
according to the culture medium composition, at least the growth medium GY (glucose
0.5%, yeast extract 0.1%, MgSO,-7H,O 0.02%) medium was treated with a representative
carbon source dextrine, saccharose, sorbitol were added in an amount of 1% each and
cultured at 35°C, 200 rpm for 48 hours, and the turbidity of the culture solution was
measured at 660 nm, in the control group, a medium not containing glucose was used in

the GY medium (Park et al., 1995; Sung et al., 2002).



1.2.4.4 Optimal culture conditions according to nitrogen source

In order to confirm the degree of growth activity of the probiotics candidate strains
according to the culture medium composition, at least the growth medium GY medium
was treated with a representative nitrogen source malt extract, peptone, yeast extract were
added in an amount of 0.5% each and cultured at 35°C, 200 rpm for 48 hours, and the
turbidity of the culture solution was measured at 660 nm, in the control group, a medium
not containing yeast extract was used in the GY medium (Sung et al., 2002; OK and Choi.,

2005).

1.2.4.5 Optimal culture conditions according to mineral source

In order to confirm the degree of growth activity of the probiotics candidate strains
according to the culture medium composition, at least the growth medium GY medium
was treated with a representative mineral source KH,Po,, MgSQ,4-7H,0, FeSO,4-7H,0
were added in an amount of 0.1% each and cultured at 35°C, 200 rpm for 48 hours, and the
turbidity of the culture solution was measured at 660 nm, in the control group, a medium
not containing MgSQO,-7H,0 was used in the GY medium (Ok and Choi., 2005; Kang et

al., 1994).



1.2.5 Resistance analysis of probiotics candidate strains
1.2.5.1 Resistance to artificial gastric juice

To investigate resistance to artificial gastric juice each strain was diluted with 10°
CFU/ml in a MRSB of pH 2.0 to 7.0 prepared by correcting 0.005 M sodium phosphate
buffer with HCI utilizing the isolated probiotics candidate strains after inoculation it was
allowed to stand at room temperature for 30 minutes, streaked on MRSA to measure
number of bacteria was counted, and it was considered that the survival rate was not lower

by 10 times or more as positive (Walker and Gilliland., 1993).

1.2.5.2 Resistance to artificial bile acids

To investigate the resistance to artificial bile acid each strain was diluted with 10°
CFU/ml in a MRSB of 1 to 3% bile acid using the isolated probiotics candidate strains, it
was inoculated at room temperature after standing for 30 minutes, it streaked on MRSA to
measure the number of bacteria was counted, and it was considered that the survival rate

was not lower by 10 times or more as positive (Kim et al., 2017).

1.2.5.3 Resistance to salt tolerance

To investigate the resistance to resistance to slat tolerance each strain was diluted with
10® CFU/ml in a MRSB of 0~50 ppt (Part Per Thousand) NaCl using a probiotics
candidate strains it was inoculated at room temperature after standing for 30 minutes, it
streaked on MRSA to measure the number of bacteria was counted, and it was considered

that the survival rate was not lower by 10 times or more as positive (Kim et al., 2017).
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1.2.5.4 Resistance to heart resistance

To investigate the resistance to resistance to heart tolerance each strain was diluted with
10 CFU/ml in a MRSB of probiotics candidate strains it was inoculated at room
temperature after standing for water bath 60°C, 30 minutes, it streaked on MRSA to
measure the number of bacteria was counted, and it was considered that the survival rate

was not lower by 10 times or more as positive (Kim et al., 2017).

1.2.6 Probiotics strain selection
Confirmed the characteristics that probiotics strain should have through experiments on
antibiotic susceptibility, artificial gastric juice, resistance to artificial bile acid, salt

tolerance, heat resistance, optimal culture conditions, the greatest activity strain is selected.
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1.2.7 Isolated of probiotics strain
1.2.7.1 Phylogenetic analysis
The nucleotide sequence analyzed confirmed the sequence shown in the nearest species

as compared with the similar nucleotide of BLAST (Basic Local Alignment Search Tool,

http://www.ncbi.nlm.nig.gov/blast) of NCBI (National Center Biotechnology Information).

Multiple alignments of the nucleotide sequence of the isolated probiotics candidate strains
and the base sequence indicated by BLAST, using the Clustal X program contained in
Mega 7.0 software. Creation of tree topology was created by neighbor-joining method. For
reliability evaluation of tree topology, performed bootstrap analysis applying 1,000

replications (Kim et al., 2017).

1.2.7.2 Morphological analysis

In order to investigate the morphological characteristics of the strain were observed
using SEM (Field Emission Scanning Electron Microscope, JSM-6700F, JEOL LTd.). A
membrane filter (Adventech., USA) in a agar medium, and a strain was streaked on the
membrane filter using a loop. Pretreatment was carried out before the colonies of the
strains were formed. In the pretreatment, filter was cut to 0.5 x 0.5 cm and then placed in
25% glutaraldehyde solution and fixed for 1 hour. Next it was washed twice with 1 M
Phosphate buffer. After washed with water, the cut samples were dehydrated for 1 hour
with 40, 50, 60, 70, 80, 90, 100% Ethyl Alcohol respectively. The dehydrated sample was
immersed in a 1:1 mixed solution of isoamyl acetate and 100% ethyl alcohol for 1 hour
and then left in a 100% isoamy! acetate solution for 1 hour. Finally it was dried using CO,

gas, platinum was treated and observed using a sheet discharge SEM (Jang., 2012).

12


http://www.ncbi.nlm.nig.gov/blast

1.2.7.3 Biochemical analysis

In order to investigate biochemical characteristics, experiments were carried out using
API 50 CHB kit (Bio Meriuex Co., France). MRSB was inoculated with the probiotics
strain and cultured 30°C for 48 hours and API 50 CHB kit was used according to the
manufacture’s standard experimental method. Experimental results were obtained by

incubating at 30°C for 48 hours then readed the change in color (Jang., 2012).

1.2.8 Isolated and purification of bacteriocin from probiotics strain

Culture probiotics strain in MRSB was centrifuged at 12,000 rpm at 4°C for 20 min then
filtered with 0.2 um Nylon membrane filter (Advantech., USA) used a supernatant.
Ammonium sulfate (Duksan., Korea) was added to the filtered supernatant at a
concentration 50% (v/v) and allowed to stand at 4°C for 12 hours followed by centrifuged
at 12,000 rpm at 4°C for 20 min, after recovering the precipitate, it was dissolved used 10
mM sodium phosphate buffer. Sephadex G-50 (Sigma., USA) was eluted from column
with 10 mM sodium phosphate buffer at a rate 0.16 ml/min and fractionated 1 ml at a time

(Sutyak et al., 2008).
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1.2.9 Tricine SDS-PAGE

In order to measure the molecular weight of bacteriocin, tricine SDS-PAGE was
performed. The Gel concentration was used at 12%, and the standard protein was pre-
stanine Protein Marker (Elpis biotech., Korea). The purified sample was mixed with
sample buffer at a ratio of 2:1 and heated at 100°C for 3 minutes for electrophoresis.
Electrophoresis running buffer (Tris base 15 g, Glycine 72 g, SDS 5 g, D.W 1 L) was
diluted with 1X running buffer. The electrophoresed gel was stained with a staining
solution (Coomassie brilliant blue R-250 (CBB R-250, Thermo scientific., USA) 2.0 g,
Methanol (Sigma-Aldrich., USA) 400 ml, Acetic-acid (Sigma-Aldrich., USA) 100 ml,
D.W 500 ml) for 30 minutes. Thereafter, it was decolorized with a Destaining solution
(Methanol 400 ml, Acetic-acid 100 ml, Giycerine 50 ml, D.W 1,450 ml) and then washed

with sterile distilled water for 6 hours (Kim et al., 2004).

1.2.10 Statistical analysis

All the tests were performed in triplicate. The data were subjected to statistical analysis
using the SPSS (SPSS INC, version 18.0., USA). The statistical analysis was done by
using one-way analysis of variance (ANOVA) followed by Tukey's test (P<0.05) to
compare the means between individual treatments. Result values were expressed as mean
+ standard deviation (mean = S.D) and percentage values were calculated by arcsine

deformation value and statistically analyzed.
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1.3 RESULT

1.3.1 Probiotics candidate strains

Eight species of probiotics candidate strains were isolated from Jeju Island traditional
fermented foods: Doenjang, Saeujeot, fermented Squid, salted Damselfish, salted guts of Hairtail,
salted Gizzard shad, salted Spratelloides gracilis. 1 species in fermented squid, 1 species in
salted guts of Hairtail, 2 species in Doenjang, 2 species salted Damselfish, 2 species in
salted Gizzard shad (Table 4). The isolated strains showed a stable growth MRSA at a

culture temperature of 30 to 35°C, and were named JFP-01 to JFP-08.

Table 4. Culture conditions of isolated probiotics candidate strains from Jeju Island traditional foods.

Strain No. Isolated source Isolated temperature Medium
JFP-01 Fermented squid 30°C MRSA
JFP-02 Salted guts of Hairtail 35°C MRSA
JFP-03 Doenjang 35°C MRSA
JFP-04 Salted Damselfish 30°C MRSA
JFP-05 Doenjang 35°C MRSA
JFP-06 Salted Damselfish 35°C MRSA
JFP-07 Salted Gizzard shad 30°C MRSA
JFP-08 Salted Gizzard shad 35°C MRSA
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1.3.2 Sequence of probiotics candidate strains

The nucleotide sequence of the strains isolated by BLAST of NCBI was confirmed.
JFP-01 isolated from fermented squid showed more than 99% homology with Pediococcus
acidilactici of accession no. AB598949. JFP-02 isolated from Salted guts of Hairtail
showed more than 99% homology with Bacillus amyloliquefaciens of accession no.
KY773617. JFP-03 isolated from Doenjang showed more than 99% homology with
Lactobacillus parabuchneri of accession no. AB368914. JFP-04 isolated from Salted
Damselfish showed more than 100% homology with Enterococcus durans of accession no.
KF768355. JFP-05 isolated from Doenjang showed more than 99% homology with
Pediococcus pentosaceus of accession no. KF111710. JFP-06 isolated from Salted
Damselfish showed more than 95% homology with Lactobacillus sakei of accession no.
JX402124. JFP-07 isolated from Salted Gizzard shad showed more than 98% homology
with Lactobaccillus plantarum of accession no. KF929420. JFP-08 isolated from Salted
Gizzard shad showed more than 99% homology with Lactobacillus brevis of accession no.

JQ063468 (Table 5).
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Table 5. BLAST results of isolated probiotics candidate strains from Jeju Island traditional foods.

Strain No.

BLAST results

Accession No.

Species

Identities

JFP-01

JFP-02

JFP-03

JFP-04

JFP-05

JFP-06

JFP-07

JFP-08

AB598949

KY773617

AB368914

KF768355

KF111710

JX402124

KF929420

JQ063468

Pediococcus acidilactici

Bacillus amyloliquefaciens

Lactobacillus parabuchneri

Enterococcus durans

Pediococcus pentosaceus

Lactobacillus sakei

Lactobacillus plantarum

Lactobacillus brevis

1516/1520 (99%)

1485/1487 (99%)

1042/1050 (99%)

1007/1007 (100%)

951/952 (99%)

765/806 (95%)

897/911 (98%)

1019/1021 (99%)

17



1.3.3 Antibiotics susceptibility of probiotics candidate strains

Susceptibility tests of eight kinds of antibiotics were conducted using probiotics
candidate strains. As a result, JFP-01, JFP-02 and JFP-04 showed sensitivity to 8 kinds of
antibiotics, and JFP-05 were sensitive to seven kinds of antibiotics except tetracycline.
JFP-07 was resistant to 6 antibiotics except gentamicin, flofenicol, JFP-03, JFP-06, JFP-08
showed resistance to 8 antibiotics (Table 6, Fig. 2). JFP-03, JFP-06, JFP- 07, JFP-08 which
showed multiple drug resistance were isolated from Doenjang, Salted Damselfish, Salted
Gizzard shad and its considered that the mutation of the strains was carried out during the
culture. However for a more accurate cause, analysis of the gene plasmid of the strains
isolated from the same sample as the separated isolate multiple drug resistance strains

were considered to be necessary.
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Table 6. Antibiotics susceptibility test of probiotics candidate strains from Jeju Island traditional foods.

(Inhibition zone (mm))

Probiotics | jrp.01  JFP-02 JFP-03 JFP-04 JFP-05 JFP-06 JFP-07 JFP-08
Antibiotics
AML 48 17 - 17 20 - - -
GN 34 41 - 14 15 - 26 -
EM 45 27 - 8 28 - - -
FFL 37 30 - 23 20 - 25 -
NEO 30 21 - 10 15 - - -
oTC 40 1 - 25 12 - - -
PE 55 17 - 50 32 - - -
TC 38 17 - 23 - - - -
Eﬂ -
50
_ uJFP-01
E
E 40 -  JFP-02
E B JFP-03
N 30
H B IFP-04
.‘E
=20 - B IFP-05
=
= u IFP-06
10
u IFP-07
0 - 1 JFP-08
AML M EM FFL WEQ aTc PE TC
Antibiotics

Fig. 2. Antibiotics susceptibility test of probiotics candidate strains from Jeju Island traditional foods.
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1.3.4 Establish of optimal culture conditions for probiotics candidate strains
1.3.4.1 Establish of optimal culture conditions according to pH

As a result of investigating the growth activity showed at the time of cultured at 35°C
for 48 hours by modified the pH to range of 4 ~ 9 using the probiotics candidate strains, it
was confirmed that in the order of JFP-07, JFP-05, JFP-06 its showed the highest growth
activity (Fig. 3). In contrast, JFP-02, JFP-02 and JFP-04 showed low growth activity in
this order. At pH 4, pH 5 all eight strains showed low growth activity, while JFP-05, JFP-
08 showed the highest growth activity at pH 6. JFP-03, JFP-07 showed the highest growth
activity at pH 7, JFP-01, JFP-02, JFP-04, JFP-06 showed the highest growth activity at pH
9. In these results, we confirmed the simple growth activity according to pH change, so we

will mention in part. 2 of the production of antimicrobial activity substances according to

pH change.
2.000
1.800
1600
=8 IFP-01
=~ 1.400 ——
E wde= IFR-02
=
g 1.200 / == JFP-03
e r ¢ —N—
g 1.000 -~ i = IFP-04
=
i / //( / \ —8- JFP-05
£ 0.800 $
¥ IFP-06
< 0600
/ ” JFP-07
0400 / ——IFP-08
0200 +—;
Om T T T T T 1

pH.4 pH.5 pH.E pH.7 pH.8 pH.9

Fig. 3. Effect of pH on cell growth of probiotics candidate strains from Jeju Island traditional foods.

20



1.3.4.2 Establish of optimal culture conditions according to temperature

The probiotics candidate strains were used to modified the temperature at 10°C, 20°C,
30°C, 40°C and the growth activity showed at the time of cultured for 48 hours was
examined, as a result the growth activity of eight strains at 10°C was incomplete (Fig. 4).
JFP-07 had the highest growth activity at 20°C and JFP-01 had the highest growth activity
at 40°C. JFP-02, JFP-03, JFP-04, JFP-05, JFP-06 showed the highest growth activity at
30°C. In these results, we confirmed simple growth activity according to temperature
change, so we will mention in part. 2 of the production of antimicrobial activity substances

according to temperature change.

1.300
1600
—
1.400 // % == FP-01
E 1200 ' - s |FP-02
____...--'. i |FP-03

:

> / == JFP-04
| == |FP-05

JFR-06

Absorbance (660 nm)
[=]
=]

0.600
/ JFR-07
0.400
// == FP-08
0.200 /
0000 T T T 1

107 207 307 40%C

Fig. 4. Effect of temperature on cell growth of probiotics candidate strains from Jeju Island traditional

foods.
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1.3.4.3 Establish of optimal culture conditions according to carbon source

Growth activity of probiotics candidate strains were examined by adding 1% each of
dextrine, saccharose and sorbitol which are representative carbon source, to GY medium to
which glucose was not added. Seven strains except JFP-02 showed the highest growth
activity (Fig. 5A) when dextrin was added and the growth activity of JFP-02 was highest
when saccharose was added (Fig. 5B). In the case of sorbitol most strains showed highest
growth activity in GY medium without added of sorbitol (Fig. 5C). Growth activity of
eight probiotics candidate strains increased when dextrine, saccharose was added to GY
medium and it was confirmed that when sorbitol was added, the growth activity of

probiotics candidate strain was inhibited.
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Fig. 5. Effect of carbon source in Dextrine (A), Saccharose (B), Sorbitol (C) on ceII growth of

probiotics candidate strains from Jeju Island traditional foods.
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1.3.4.4 Establish of optimal culture conditions according to nitrogen source

Growth activity of probiotics candidate strains were examined by added 0.5% of
representative nitrogen source malt extract, peptone, yeast extract to GY medium to which
yeast extract was not added. JFP-03, JFP-04, JFP-05, JFP-06, JFP-07 showed the highest
growth activity when peptone was added to GY medium (Fig. 6B), JFP-01, JFP-02, JFP-
08 showed the highest growth activity when yeast extract was added (Fig. 6C). Conversely,
in the group to which malt extract was added, it was confirmed that the growth activity
remarkably decrease as compared to the GY medium (Fig. 6A). As a result, it was
confirmed when peptone and yeast extract were added to the culture medium of the
isolated probiotics candidate strains, the growth activity was increased although there was

a difference between the strains.
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Fig. 6. Effect of nitrogen source in Malt extract (A), Peptone (B), Yeast extract (C) on cell growth of

probiotics candidate strains from Jeju Island traditional foods.
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1.3.4.5 Establish of optimal culture conditions according to mineral source

Growth activity of probiotics candidate strains were examined by added 0.1% each of
representative mineral source KH,Po,;, MgSQ,4-7H,0, FeSO,-7H,0 to GY medium to
which MgSQ,-7H,0 was not added. The growth activity of the probiotics candidate strains
which can be seen in the medium supplemented with KH,Po, was not significantly
different from the control which is the control medium (Fig. 7A). JFP-01, JFP-02, JFP-03,
JFP-04, JFP-06, JFP-07 showed the maximum growth activity when MgSO,-7H,O was
added to GY medium (Fig. 7B), JFP-05 and JFP-08 showed the maximum growth activity
when FeSO,-7H,0 was added to GY medium (Fig 7C). As a result, it was confirmed when
MgSO,-7H,0, FeSO,-7H,O were added to the culture medium of the isolated probiotics
candidate strains, there was a difference between the strains, but the growth activity

increased.
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Fig. 7. Effect of mineral source in KH,Po, (A), MgSO,-7H,0 (B), FeSO,-7H,0 (C) on cell growth of

probiotics candidate strains from Jeju Island traditional foods.
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1.3.5 Establish of resistance conditions of probiotics candidate strains

Resistance to artificial gastric juice, artificial bile acid, salt tolerance and heat resistance

were confirmed using probiotics candidate strains (Table 7). In the case of resistance of

artificial gastric juice at other concentrations except 2% positive eight strains showed

whereas at 2% only JFP-02 and JFP-07 showed resistance. In the case of resistance to

artificial bile acid except for 3% JFP-01, it showed both 1% and 2% resistance. In case of

salt tolerance, 1%, 5% and 10% all showed resistance and heat resistance at 60°C only

JFP-02 and JFP-07 showed resistance.

Table 7. Resistance analysis of probiotics candidate strains from Jeju Island traditional foods.

Source Artificial Gastric juice Artificial bile acid Salt tolerance Heat
resistance

probiotic | 2% 3% 4% 5% 6% 7% | 1% 2% 3% | 1% 5% 10% | 60°C
JFP-01 - + + + + + + + - + + + -
JFP-02 + + + + + + + + + + + + +
JFP-03 - + + + + + + + + + + + -
JFP-04 - + + + + + + + + + + + -
JFP-05 - + + + + + + + + + + + -
JFP-06 - + + + + + + + + + + + -
JFP-07 + + + + + + + + + + + + +
JFP-08 - + + + + + + + + + + + -
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1.3.6 Probiotics strain selection

It has resistance to artificial gastric juice, artificial bile acid, salt tolerance, heat
resistance, confirms the characteristics that probiotics should have and confirm the
optimum culture conditions Bacillus amyloliquefaciens JFP-02, it was selected as a strain
and using for future experiment. The optimal culture conditions were the highest growth
activity by added saccharose as a carbon source, yeast extract as a nitrogen source,

MgSO,-7H,0 as a mineral source to MRS medium at pH 9 and 30°C.
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1.3.7 Isolated of Bacillus amyloliquefaciens JFP-02
1.3.7.1 Phylogenetic characteristics

As a result of DNA PCR of B. amyloliquefaciens JFP-02 strain, a nucleotide sequence
of 1,486 bp was obtained (Fig. 8). In addition, this isolated strain was genetically
registered to NCBI and received and accession number of KM062020. Analysis of the
nucleotide sequence of 1,486 bp used BLAST of NCBI showed homology of 99% or more
with B. amyloliguefaciens and showed 99% homology with Bacillus velezensis and
Bacillus vallismortis. Phylogenetic tree was created with the 16S rRNA base sequence of
Bacillus spp. Most closely related strain and B. amyloliquefaciens JFP-02 (Fig. 9), and
Bacillus amyloliquefaciens F10-1 over 99% showed homology (Table 8). However, B.
amyloliquefaciens F10-1 was isolated from putrefied potatoes in China, and its considered
that there is a problem that its guess that same strain, because it has different biochemical

characteristics from B. amyloliquefaciens JFP-02.
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Fig. 8. 16S rRNA sequence of the B. amyloliquefaciens JFP-02.
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AACGECTGGEOE
TTGCTCCCTG
CCTGETAMAGAC
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AGATGGACCC
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CEEEGECCOE
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GAGGAAGGTG
ACACACGTGC
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ATGTTAGCGGE
TGEGEATAACT
CATGGTTCAG
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AGACTCCTAC
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GCOGGTTTCTT
ATTGGAMACT
GTAGCGGTGA
CTCTCTGGTC
GEATTAGATA
AGGGGGTTTC
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TTCAGTTGGEG
GGGATGACGT
TACAATGGEAC
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GTOGGTGAGE
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Bacillus amyloliguefaciens JFP-2
Bacillus amyloliquefaciens F10-1 (KY773617)

——— Bacillus velezensis NJAU-Z9 (CP022556)
—— baillus vallismortis NBIF-001 (CP020893)

Bacillus toyonensis BCT-7112 (CP006863)
Bacillus mycoides ROCK3-17 (CM000744)
Staphylococeus aureus MRSA252 (BX571856)

— Bacillus cereus NCT401 (AP007209)
— Bacillus anthracis 14RA5914 (CP023001)

Fig. 9. Neighbour-joining phylogenetic tree based on 16S rRNA gene sequences showing the position

of strain JFP-02 within the radiation of the genus Bacillus spp. Bootstrep percentage (From 1,000

replications)>50% are shown at branch points. Bar, 0.01 substitutions per nucleotide position.
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Table 8. Sequence similarity between B. amyloliquefaciens JFP-02 and B. amyloliquefaciens F10-1. (*)

- same nucleotide; (-) - sequence not available, different nucleotide.

JFP-02 GCTCAGGACGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGGACAGATG
F10-1 GCTCAGGACGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGGACAGATG
EGE R S S b S S b b S S S S I I S I S I S I S I S S I S S I S I
JFP-02  GGAGCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTG
F10-1 GGAGCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTG
AXK A A IAKX A A A AA A A AR A AR A A A AKX A A AKX A A AR A AAA A A A A A A A A XA A A XA AKX X%
JFP-02  CCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTGTCTG
F10-1  CCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTGTCTG
EE I S S e kS o S S o kAR R o S e b o e b o S e S
JFP-02  AACCGCATGGTTCAGACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCC
F10-1  AACCGCATGGTTCAGACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCC
R R I S S b S b b S S S I S R O S R I S i R e S S S
JFP-02  GCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATGCGTAGC
F10-1 GCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATGCGTAGC
R R I S S b S b b S S S R R S O I R i S S i e
JFP-02 CGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTAC
F10-1 CGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTAC
EE e S S e b o S S S S S I e o S S AR S S o S S S A S S e S o
JFP-02 GGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGC
F10-1 GGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGC
EGE R I S S S S S I S S S I S R S e S I S i S S S S S i S S i S S S
JFP-02 CGCGTGAGTGATGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAACAA
F10-1 CGCGTGAGTGATGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAACAA
EE R S S e b o S S I S b S S S S A R S S e i b o S S
JFP-02 GTGCCGTTCAAATAGGGCGGCACCTTGACGGTACCTAACCAGAAAGCCACGGCTA
F10-1  GTGCCGTTCAAATAGGGCGGCACCTTGACGGTACCTAACCAGAAAGCCACGGCTA
EGEE S I S S S S b b S S S S S S S S S i S i S I S S S
JFP-02  ACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTAT
F10-1  ACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATT
EGE R I S S b S b S S S S S S S e I S I S R S S S o O
JFP-02 GGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTC
F10-1 GGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTC

EE R S b Sk o S A R R I O R R O kS R R A G kb S o b S AR O
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Table 8. Sequence similarity between B. amyloliquefaciens JFP-02 and B. amyloliquefaciens F10-1. (*)

same nucleotide, (-) : sequence not available, different nucleotide.

JFP-02
F10-1

JFP-02
F10-1

JFP-02
F10-1

JFP-02
F10-1

JFP-02
F10-1

JFP-02
F10-1

JFP-02
F10-1

JFP-02
F10-1

JFP-02
F10-1

JFP-02
F10-1

JFP-02
F10-1

AACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGA
AACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGA
AAAXKAAAKR A A AAKA A A AKX A AAAAAAA A A A AKX A A AA A AA A A A AKX A A A A XA A A hdhx %
ATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAG
ATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAG
AAAXK A A AKX A A AAKA A A AR A AKX AAAAKXA A A A AKX A A AA A AA A A A AKX A A A A XA A AKX dhx %
GCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAG
GCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAG
ESE R S b S S b S b S I I IR I S S e S S R I e S e S O I R
GATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGG
GATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGG

EE S e S S S o S I e S S R O S e e e o S e S e e e o S
TTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACG
TTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACG

EE S e S S S S S S I i S S e S R R S e e S S i e S o S
GTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCA
GTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCA
EE S e S S S S o S I e S S I S e e e o S e S e e e o S
TGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGA
TGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGA

EGE R S b S S b S S S S I i S S S R I S S i S S S S I e S S e
CAATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGT
CAATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGT
EE S e kS S S S S S S S S R e S S S AR S S e S o S S R
TGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCC
TGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCC
EE S I e S S S S o S S S S S R e S S S I S e S I R S S
TTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTGCCGGTGACAA
TTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTGCCGGTGACAA

EE R S S b S S b S S e S I S I S I S S I R S S S S
ACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTA
ACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTA

EE R Sk b S AR S S i e O i b S O G S b Sk kS S Sk o
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Table 8. Sequence similarity between B. amyloliquefaciens JFP-02 and B. amyloliquefaciens F10-1. (*)

same nucleotide, (-) : sequence not available, different nucleotide.

JFP-02
F10-1

JFP-02
F10-1

JFP-02
F10-1

JFP-02
F10-1

JFP-02
F10-1

JFP-02
F10-1

CACACGTGCTACAATGGACAGAACAAAGGGCAGCGAAACCGCGAGGTTAAGCCAA
CACACGTGCTACAATGGACAGAACAAAGGGCAGCGAAACCGCGAGGTTAAGCCAA
AAAXK A A AR A A A AKA A A AR A AAA A A AKX A A AAA A A AA A AKX A A A AKX A A A A XA A A ddhx %
TCCCACAAATCTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGC
TCCCACAAATCTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGC
AAAXK A A AR A A AAKA A A AKARAAAA A A AKX A A A AKX A A AA A AA A A A A A A A A A XA A A hdhx %
TGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCT
TGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCT

EE S e S S o S S S e S S e S S S e e o S e S S R
TGTACACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGTCGGTGAGGT
TGTACACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGTCGGTGAGGT
ESE R I S b S b S b S I I R I S S e i S S I R I e S e R S
AACCTTTATGGAGCCAGCCGCCGAAAGTGGGACAGATGATTGGGGTGAAGTC-TA
AACCTTTATGGAGCCAGCCGCCGAAGGTGGGACAGATGATTGGGGTGAAGTCGTA

EE R S S S S S S S S S S S S S S b S S S S S S S S S S S S

A
A

35



1.3.7.2 Morphological characteristics

B. amyloliquefaciens JFP-02 was cultured in MRSA medium to confirm the
morphological characteristics (Fig. 10). The shape of colony was uneven, the center of
colony was convex, and loop draws a considerable viscosity when taken. As a result of

observation used SEM, it was in the form of single bacillus, the length was 1.575 um, and

the width was 0.727 um (Fig. 11).

. v
. - afiNRY" . A "4 POl & _,m‘ . 8
Fig. 10. Morphological characterization of B. amyloliquefaciens JFP-02. Cells were grown at 30°C for
24hours.
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1.3.7.3 Biochemical characteristics

Carbohydrate sources an important role in antimicrobial substance production, and
experiments were conducted used API 50 CHB kit in order to acidic production ability
from glucose. As a result of investigating acidic production ability from around all 49
species, 26 kinds of glycerol and others showed a positive reaction, and 21 kinds such as
erythritol and others showed a negative reaction (Fig. 12). Used APl 50 CHB kit showed

98% similarity when compared with standard B. amyloliquefaciens (Table 9).
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Fig. 12. Biochemical characteristics of different carbohydrate source in B. amyloliquefaciens JFP-02
isolated from Jeju Island traditional food by APl 50 CHB.
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Table 9. Biochemical characteristics of different carbohydrate source in B. amyloliquefaciens JFP-02
isolated from Jeju Island traditional food by AP1 50 CHB.

Utilization Utilization
No. Carbohydrate source No. Carbohydrate source
Standard  JFP-02 Standard  JFP-02
0 Control - - 25 Esculin + +
1 Glycerol + + 26 Salicin + +
2 Erythritol - - 27 Celibiose + +
3 D-arabinose - - 28 Maltose + +
4 L- arabinose + + 29 Lactose + +
5 Ribose + + 30 Melibiose + +
6 D-xylose + + 31 Sucrose + +
7 L- xylose - - 32 Trehalose + +
8 Adonitol - - 33 Inulin + -
9  B-Methyl-D-Xylose - - 34 Melezitose - -
10 Galactose + + 35 Raffinose + +
11 Glucose + + 36 Starch + +
12 Fructose + + 37 Glycogen + +
13 Mannose + + 38 Xylitol - -
14 Sorbose - - 39 Gentiobiose + +
15 Rhamnose - - 40 D-turRanose + -
16 Dulcitol - - 41 D-lyxose - -
17 Inositol + + 42 D-tagatose - -
18 Mannitol + + 43 D-fucose - -
19 Sorbitol + + 44 L-fucose - -
20 o-Metiyl-D- : : 45 D-arabitol : .
Mannoside
21 a-Methyl-D- + + 46 L-arabitol - -
Glucoside
22 N-Acetyl- + + 47 Gluconate - -
Glucosamine
23 Amygdalin + + 48 2-Keto-Gluconate - -
24 Arbutin + + 49 5-Keto-Gluconate - -
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1.3.8 Confirmation of bacteriocin by tricine SDS-PAGE

In order to measure the molecular weight of purified bacteriocin, it was confirmed used
12% tricine SDS-PAGE (Fig. 13). As a result of compared the molecular weight with the
standard protein, it was confirmed that a band appeared around 37 kDa. Previous studies,
the results of the research that the bacteriocin of B. amyloliquefaciens was around 37 kDa
have been reported (Wang et al., 2016). It’s conceivable that B. amyloliquefaciens JFP-02

also produces bacteriocin.

M1 2 M
O8kDa<«——
58kDa «—
43kDae——
e 37kDa
30kDae——
19kDa<—

Fig. 13. SDS-PAGE of partially purified bacteriocin B. amyloliquefaciens JFP-02. Line (M) — protein

size marker; Line (1) — Cell free culture supernatant; Line (2) — Purified bacteriocin JFP-02.
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1.4 DISCUSSION

In chapter 1, we tried to confirm the characteristics by isolated probiotics strain from
Jeju Island traditional fermented foods and to confirm the possibility of future using as
probiotics. Eight species of probiotics candidate strains were isolated from Jeju Island
traditional fermented foods: Doenjang, Saeujeot, fermented Squid, salted Damselfish, salted guts
of Hairtail, salted Gizzard shad, salted Spratelloides gracilis. As a result of confirmed the nucleotide
sequence of the isolated strains used BLAST of NCBI, it was identified by pediococcus
acidilactici, Bacillus amyloliquefaciens, Lactobacillus parabuchneri, Enterococcus durans,
Pediococcus pentosaceus, Lactobacillus sakei, Lactobacillus plantarum, Lactobacillus
brevis (Table 5).

Susceptibility tests of eight kinds of antibiotics were conducted using probiotics
candidate strains. If probiotics strain was resistant to antibiotics and used as a probiotic in
the future, there is a possibility of harmful effect on the human body and fish body. All
eight antibiotics used in this experiment were sensitive to both antibiotics of JFP-01, JFP-
02, JFP-04 (Table 6, Fig. 2). The remaining probiotics candidate strains were resistant to at
least one antibiotic at most and all eight. This is considered to have been mutated in the
process of cultured the strains. However for a more accurate cause, analysis of the gene
plasmid of the strains isolated from the same sample as the separated isolate multiple drug
resistance strains were considered to be necessary.

The results of confirmed the optimum growth of pH of the probiotics candidate strains
(Fig. 3), JFP-05, JFP-08 at pH 6, JFP-03, JFP-07 at pH 7, JFP-01, JFP-02, JFP-04, JFP-06
at pH 9 then showed the highest growth activity. In these results, we confirmed the simple
growth activity according to pH change, so we will mention in part. 2 of the production of
antimicrobial activity substances according to pH change. The results of confirmed the

optimum growth of temperature of the probiotics candidate strains (Fig. 4), JFP-07 at 20°C,
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JFP-01 at 40°C, JFP-02, JFP-03, JFP-04, JFP-05, JFP-06 at 30°C then showed the highest
growth activity. In these results, we confirmed simple growth activity according to
temperature change, so we will mention in part. 2 of the production of antimicrobial
activity substances according to temperature change.

As a result of confirmed the showed growth activity when carbon source, nitrogen,
mineral source were added to the growth medium, for carbon source was confirmed that
JFP-02 was saccharose (Fig. 5B), 7 kinds except for JFP-02 were dextrin, the growth
activity was the highest when added (Fig. 5A). In case of nitrogen source, JFP-03, JFP-04,
JFP-05, JFP-06, JFP-07 showed that when peptone was added (Fig. 6B), JFP-01, JFP-02,
JFP-08 when yeast extract was added, its showed the highest growth activity (Fig. 6C). In
case of mineral source, JFP-01, JFP-02, JFP-03, JFP-04, JFP-06, JFP-07 showed the
highest growth activity when MgSQ,-7H,0 was added (Fig. 7B), JFP-05, JFP-08 showed
the highest growth activity when FeSO,-7H,0 was added (Fig. 7C). Bases on these results,
probiotics candidate strains can expect highest growth activity when saccharose, dextrine,
peptone, yeast extract, MgSO,-7H,0, FeSO,-7H,O were added to the medium. Resistance
to artificial gastric juice, artificial bile acid, salt tolerance and heat resistance were
confirmed as a result JFP-02, JFP-07 showed resistance to artificial gastric juice of 2% and
heat resistance of 60°C (Table 7). Accordingly the probiotics strain was selected as
Bacillus amyloliquefaciens JFP-02.

As a result of DNA PCR of B. amyloliquefaciens JFP-02 strain, a nucleotide sequence
of 1,486 bp was obtained (Fig. 8) and NCBI and received and accession number of
KM062020. Phylogenetic tree was created with the 16S rRNA base sequence of Bacillus
spp. Most closely related strain and B. amyloliquefaciens JFP-02 (Fig. 9), and Bacillus
amyloliquefaciens F10-1 over 99% showed homology (Table 8). However, B.
amyloliquefaciens F10-1 was isolated from putrefied potatoes in China, and its considered

that there is a problem that its guess that same strain, because it has different biochemical
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characteristics from B. amyloliquefaciens JFP-02.

B. amyloliquefaciens JFP-02 was the shape of colony was uneven, the center of colony
was convex (Fig. 10) and loop draws a considerable viscosity when taken. As a result of
observation used SEM, it was in the form of single bacillus, the length was 1.575 um, and
the width was 0.727 um (Fig. 11). Biochemical characteristics APl 50 CHB kit of
investigating acidic production ability from around all 49 species, 26 kinds of glycerol and
others showed a positive reaction, and 21 kinds such as erythritol and others showed a
negative reaction (Fig. 12). Used API 50 CHB kit showed 98% similarity when compared
with standard B. amyloliquefaciens (Table 9).

As a result of compared the molecular weight with the standard protein, it was
confirmed that a band appeared around 37 kDa (Fig. 13). Previous studies, the results of
the research that the bacteriocin of B. amyloliquefaciens was around 37 kDa have been
reported (Wang et al., 2016). It’s conceivable that B. amyloliquefaciens JFP-02 also
produces bacteriocin.

Through these series of experiment results, it’s seems that B. amyloliquefaciens JFP-02
isolated from Jeju Island traditional food in possesses characteristics of probiotics and
when compared with previous studies, its seems produce bacteriocin, an antimicrobial

substance. Thus suggest B. amyloliquefaciens JFP-02 can be using as future probiotic.
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Part II. Antimicrobial activity of Bacillus amyloliquefaciens
JFP-02 on fish disease pathogens isolated from Jeju Island fish

farm

2.1 INTRODUCTION

The domestic fish aquaculture industry is growing greatly, but fish diseases that occur
during the aquaculture have serious adverse effect on the development of the aquaculture
industry. Generally high density breeding is carried out in order to maximize the
production amount per unit area, but these high density breeding is accompanied by a
decrease in the gain increase rate, occurrence of various disease to cause a direct economic
loss (Statistical years book., 2016).

In the case of Jeju Island olive flounder farm, mortality situation to be 4,519 ton
(production amount 21,139 ton) in 2010, 2,427 ton (production amount 22,823 ton) in
2011, 5,601 ton (production amount 24,575 ton) in 2012, 5,760 ton (production amount
23,002 ton) in 2013, 6,710 ton (production amount 26,283 ton) in 2014, 6,928 ton
(production amount 27,142 ton) in 2015 then increased years. In addition the amount of
damage by mortality was investigated to be 29.4 billion won in 2010, 37.6 billion won in
2011, 51.3 billion won in 2012, 40.3 billion won in 2013, 48.5 billion won in 2014, 52.9
billion won in 2015 (Kim et al., 2017; Statistics Korea., 2016).

There are bacterial diseases, viral diseases, parasitic diseases caused by diseases that
developin the process of olive flounder farm. Bacterial diseases include Edwardsiell spp.,
Streptococcus spp., Vibrio spp., Aeromonas spp. Viral diseases include Koi Herpesvirus
(KHV), Infections Pancreatic Necrosis (IPN) and Viral Hemorrhagic Septicemia (VHS).

Parasitic diseases include Scuticociliatosis, Ichthyophthirius multifilis, Trichodipdoma spp.,
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Microcotyle sebastis (Lee et al., 2007; Nguyen and Kanai., 1999).

As a result the mortality rate due to fish diseases was estimated, in 1996 the mortality
rate due to bacterial diseases reached about 70.7%, the parasitic diseases 21.9% and the
viral diseases 4.6% were collected. This is considered to be the time when the
development of antibiotics for bacterial diseases is showed and the mortality rate due to
bacterial diseases appeared high. However in 2014 when the development of antibiotics
was done the mortality rate due to bacterial diseases will be reduced to 41.6%, but
parasitic diseases is 19.6%, viral diseases is 10.8%, bacterial disease combined infection
was compiled to 11.7% (National Institute of Fisheries Science). It is noteworthy that
bacterial diseases decreased with the use of antibiotics, while complex infections increased.
Combined infection of bacterial diseases reduced the effect of using a single antibiotic and
increased the number of aquaculture farm abusively using some antibiotics.

Recently due to the worldwide problem of antibiotic abuse, FDA and WHO recommend
reduction of food corps, livestock, fish antibiotic usage. However in some aquaculture
farms, consumer disbelief is still spreading socially due to problems such as antibiotic
residual toxicity in antibiotic abuse and emergence of resistant bacteria against antibiotics.
Therefore, in order to solve these problems, by administering substances that have
demonstrated medium antibacterial activity and immune effect, such as natural substance,
to cultured fish rather than chemical substances, the disease resistance and fecundity
efficiency and promotion of growth, immunity effect on research.

In this study, we confirmed the antimicrobial activity against fish disease pathogens
isolated from Jeju Island olive flounder farm, used Bacillus amyloliquefaciens JFP-02, to

confirm the possibility of preventive and therapeutic methods for fish disease pathogens.
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2.2 MATERIALS AND METHODS

2.2.1 Isolated of fish disease pathogens in 2015

In order to retain fish disease pathogens, 10 sites out of the olive flounder farm of Jeju
Island can be randomly selected and breeding water, drainage water, influent water, were
collected in a sterilized sample bottle and the olive flounder was collected used sterilized
zipper bag. The liver and kidney separated from olive flounder and breeding water,
drainage water, influent water were diluted with 0.8% saline solution in 1 ml and then
smeared on each medium and incubated at 25°C for 48 hours (Jung et al., 2009; Woo et al.,
2010). The medium used were Marine Agra (MA, Difco., USA), TCBS (Difco., USA),
Mannitol Salt Agar (MAN, BD., USA), Brain Heart Infusion Agar (BHIA, Difco., USA),
MacConkey Sorbitol Agar (MACs, Difco., USA), Oxford Medium Base (Oxford, Difco.,
USA), Coliform Agar (Coli, Merck., USA), Nutrient Agar (NA, Difco., USA), Salmonella
Shigella Agar (SS, Difco., USA), Mannitol Egg Yolk Polymyxin Agar (MYP, OXOID.,

USA), MRSA. The compositions are the same as Table 10.
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Table 10. Composition of mediums

Media Ingredient Amounts
Peptone 5.09
Yeast Extract 10g
Ferric Citrate 01lg
Sodium Chloride 19.45¢
Magnesium Chloride 8.8¢
Sodium Sulfate 3249
Calcium Chloride 18¢g
Potassium Chloride 0.55¢
Marine Agar Sodium Bicarbonate 0.16 g
Potassium Bromide 0.08¢
Strontium Chloride 34.0mg
Boric Acid 22.0mg
Sodium Silicate 4.0 mg
Sodium Fluoride 2.4 mg
Ammonium Nitrate 1.6 mg
Disodium Phosphate 8.0mg
Agar 15049
Yeast Extract 509
Proteose Peptone No.3 10.0g
Sodium Citrate 10.0¢
Sodium Thiosulfate 10.0¢
Oxgall 80¢
TCBS Agar Saccharose 2009
Sodium Chloride 10.0¢
Ferric Ammonium Citrate 109
Bromthymol Blue 0.04¢
Thymol Blue 0.04¢
Agar 1509
Meat Extract 109
Mannitol Egg Peptone 1009
Yolk Polymyxin Mannitol 1009
Agar Sodium Chloride 1009
Phenol Red 0.025¢g
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Agar

12049

Calf Brains, Infusion from 200 g 779
Beef Heart, Infusion from 250 g 9.8¢g
Proteose Peptone 1009
Brain Heart
. Dextrose 20¢g
Infusion Agar
Sodium Chloride 509
Disodium Phosphate 25¢
Agar 1509
Beef Extract 109
Pancreatic Digest of Casein 509
) Peptic Digest of Animal Tissue 509
Mannitol Salt
Sodium Chloride 75.09
Agar .
D-Mannitol 10.0g
Phenol Red 0.025¢g
Agar 15049
Pancreatic Digest of Gelatin 1709
Peptones (meat and casein) 30g
Lactose 10.0¢g
Bile Salts No. 3 15¢
MacConkey Agar
Sodium Chloride 509
Agar 135¢
Neutral Red 0.03¢g
Crystal vioret 1.0 mg
Pancreatic Digest of Casein 89¢
Proteose Peptone No. 3 449
Yeast Extract 449
Tryptic Digest of Beef Heart 279
Oxford Medium Starch 09¢
Base Sodium Chloride 449
Esculin 109
Ferric Ammonium Citrate 05¢
Lithium Chloride 15.09
Agar 15349
Chromogenic mix 20.3 ¢
Yeast Extract 3.0¢
Coliform Agar
Peptone 509
Lactose 25¢9
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Sodium Chloride 509
Di-Sodium hydrogen phosphate 35¢
Potassium di-hydrogen phosphate 15¢
Neutral red 0.03¢g
Agar 1509
Beef Extract 3.0¢9
Nutrient Agar Peptone 5049
Agar 1509
Beef Extract 509
Pancreatic Digest of Casein 259
Peptic Digest of Animal Tissue 25¢
Lactose 10049
Salmonella B-ile Sa?ts 559
Shigella Agar Sodium Citrate 85¢
Sodium Thiosulfate 85¢
Ferric Citrate 109
Neutral Red 0.025¢
Agar 135¢
Brilliant Green 0.330 mg
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2.2.2 Isolated of fish disease pathogens in 2016

In order to retain fish disease pathogens, 10 sites out of the olive flounder farm of Jeju
Island can be randomly selected and breeding water, drainage water, influent water, were
collected in a sterilized sample bottle and the olive flounder was collected used sterilized
zipper bag. The liver and kidney separated from olive flounder and breeding water,
drainage water, influent water were diluted with 0.8% saline solution in 1 ml and then
smeared on each medium and incubated at 25°C for 48 hours (Jung et al., 2009; Woo et al.,

2010). The used mediums were the same as in 2015.

2.2.3 Sequence analysis of fish disease pathogens

For pure isolated probiotics candidate strains, DNA was extracted using 2.5% (Shen et
al., 1999). The isolate strain was added in 2.5% chelex, reacted at 95°C, for 5 minutes, and
stored at 4°C. 27 Forward (5-AGAGTTTGATCCTGGCTCA-3) primer and 1522 Reverse
(5-AAGGAGGTGATCCAGCCGCA-3") primer were used for PCR. PCR was performed
by adding 1 ul of DNA to AccuPower™ PCR Pre-Mix and final volume of 25 ul. The PCR
conditions were carried out Initial denaturation 5 min, denaturation at 94°C for 1 min,
annealing at 55°C 1 min, extension ant 72°C for 1 min at 30 cycles, and 72°C final
extension for 10 min. The amplified PCR product was confirmed by electrophoresis at 1%

agarose gel.
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2.2.4 Antibiotics susceptibility test of fish disease pathogens

For antibiotics seven kind of amoxycillin (Table 3) were used, antibiotic resistant strains
and susceptible strains were tested by using the Bauer-kirby test as an antibiotic commonly
used to confirm the presence or absence of resistance of the stain type (Wayne., 1997). The
experimental principle is the same as 1.2.3. Fish disease pathogens were pre-cultured in
BHIB (Brain Heart Infusion Broth, Difco., USA), then streaked on MHA and incubated
for 48 hour, 35°C, secondly each of the antibiotic discs. The inhibitory zones for the
antibiotic discs were measured to establish the existence and nonexistence of antibiotic

resistance.

2.2.5 Antimicrobial activity of probiotics candidate strains against fish disease
pathogens

The antimicrobial activity performance of fish disease pathogens of the isolated
probiotics candidate strains were measured using the paper disc method (Lee and Park.,
2010). 100 ul of probiotics candidate strains pre-culture in 8 mm paper disc were
dispensed and dried at 35°C for 24 hours. The fish disease pathogens were pre-culture in
BHIB and streaked on MHA, and then the paper disc of disc at regular intervals was raised
and cultured 25°C for 48 hours. After cultured the presence or absence of inhibition zone
formation was confirmed around the paper disc, and antibacterial activity performance was

confirmed.
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2.2.6 Antimicrobial activity of Bacillus amyloliquefaciens JFP-02 against fish disease
pathogens according to optimal culture conditions
2.2.6.1 Antimicrobial activity according to pH variation

In order to confirm the antimicrobial activity against fish disease pathogens according to
pH variation using the B. amyloliquefaciens JFP-02, pH was adjusted to 4 to 9 with 1 M
HCl and 1 M NaOH in MRSB and then sterilized at 121°C for 15 minutes. The prepared
broth medium was inoculated with 1% of the pre-culture solution of the B.
amyloliquefaciens JFP-02 and cultured at 30°C and 200 rpm for 48 hours. 100 ul of B.
amyloliquefaciens JFP-02 pre-culture in 8 mm paper disc were dispensed and dried at 30°C
for 24 hours. The fish disease pathogens were pre-culture and streaked on MHA, and then
the paper disc of disc at regular intervals was raised and cultured 30°C for 48 hours. After
cultured the presence or absence of inhibition zone formation was confirmed around the
paper disc, and antibacterial activity performance was confirmed (Yoon et al., 2010; Lee et

al., 2011).

2.2.6.2 Antimicrobial activity according to temperature variation

In order to confirm the antimicrobial activity against fish disease pathogens according to
temperature variation using the B. amyloliquefaciens JFP-02, 1% of the pre-culture
solution was inoculated in the MRSB and incubated at 10°C, 20°C, 30°C, 40°C, 200 rpm
after cultured for 48 hours. 100 ul of B. amyloliquefaciens JFP-02 pre-culture in 8 mm
paper disc were dispensed and dried at 30°C for 24 hours. The fish disease pathogens were
pre-culture and streaked on MHA, and then the paper disc of disc at regular intervals was
raised and cultured 30°C for 48 hours. After cultured the presence or absence of inhibition
zone formation was confirmed around the paper disc, and antibacterial activity

performance was confirmed (Yoon et al., 2010; Lee et al., 2006).
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2.2.6.3 Antimicrobial activity according to carbon source variation

In order to confirm the antimicrobial activity against fish disease pathogens according to
carbon source variation using the B. amyloliquefaciens JFP-02, GY (yeast extract 0.1%,
MgSO,-7H,O 0.02%) medium was treated with a representative carbon source dextrine,
saccharose, sorbitol were added in an amount of 1% each and cultured at 30°C, 200 rpm
for 48 hours. 100 ul of B. amyloliquefaciens JFP-02 pre-culture in 8 mm paper disc were
dispensed and dried at 30°C for 24 hours. The fish disease pathogens were pre-culture and
streaked on MHA, and then the paper disc of disc at regular intervals was raised and
cultured 30°C for 48 hours. After cultured the presence or absence of inhibition zone
formation was confirmed around the paper disc, and antibacterial activity performance was

confirmed (Kang et al., 2011; Park et al., 2013).

2.2.6.4 Antimicrobial activity according to nitrogen source variation

In order to confirm the antimicrobial activity against fish disease pathogens according to
nitrogen source variation using the B. amyloliquefaciens JFP-02, GY (glucose 0.5%,
MgSO,-7H,O 0.02%) medium was treated with a representative nitrogen source malt
extract, peptone, yeast extract were added in an amount of 0.5% each and cultured at 30°C,
200 rpm for 48 hours. 100 ul of B. amyloliquefaciens JFP-02 pre-culture in 8 mm paper
disc were dispensed and dried at 30°C for 24 hours. The fish disease pathogens were pre-
culture and streaked on MHA, and then the paper disc of disc at regular intervals was
raised and cultured 30°C for 48 hours. After cultured the presence or absence of inhibition
zone formation was confirmed around the paper disc, and antibacterial activity

performance was confirmed (Kang et al., 2011; Park et al., 2013).
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2.2.6.5 Antimicrobial activity according to mineral source variation

In order to confirm the antimicrobial activity against fish disease pathogens according to
mineral source variation using the B. amyloliquefaciens JFP-02, GY (glucose 0.5%, yeast
extract 0.1%) medium was treated with a representative mineral source KH,Po,,
MgSO,-7H,0, FeSO,-7H,0 were added in an amount of 0.1% each and cultured at 30°C,
200 rpm for 48 hours. 100 ul of B. amyloliquefaciens JFP-02 pre-culture in 8 mm paper
disc were dispensed and dried at 30°C for 24 hours. The fish disease pathogens were pre-
culture and streaked on MHA, and then the paper disc of disc at regular intervals was
raised and cultured 30°C for 48 hours. After cultured the presence or absence of inhibition
zone formation was confirmed around the paper disc, and antibacterial activity

performance was confirmed (Kang et al., 2011; Park et al., 2013).

2.2.7 Statistical analysis

All the tests were performed in triplicate. The data were subjected to statistical analysis
using the SPSS (SPSS INC, version 18.0., USA). The statistical analysis was done by
using one-way analysis of variance (ANOVA) followed by Tukey's test (P<0.05) to
compare the means between individual treatments. Result values were expressed as mean
+ standard deviation (mean = S.D) and percentage values were calculated by arcsine

deformation value and statistically analyzed.
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2.3 RESULTS

2.3.1 Isolated of fish disease pathogens from olive flounder farm in 2015

The number of viable cell counted by streaked each medium used of breeding water,
drainage water, influent water, olive flounder collected at 10 olive flounder farms in Jeju
Island (Fig. 14). As a result, in the MAN medium in which Staphylococcus aureus, can
growth, the viable cell count was measured at two places, Coli medium can growth E. coli
and Listeria monocytogenes can growth in Oxford medium, the number of viable bacterial
was measured. The number of viable bacteria was measured in nine places in the BHIA
medium where Streptococcus spp. and Edwardsiella spp. can growth, among which the

largest number was observed in the breeding water and kidney.
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Fig. 14. Viable cell count of isolated fish disease pathogens from olive flounder aquaculture farms in

2015. (CFU/mI)
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Fig. 14. Viable cell count of isolated fish disease pathogens from olive flounder aquaculture farms in
2015. (CFU/mI)
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2.3.2 Isolated of fish disease pathogens from olive flounder farm in 2015

Used BLAST of NCBI, four species of fish disease pathogens in bacterial isolated from
olive flounder farm was obtained. Isolated of Photobacterium damselae sub spp. showing
symptoms such as nodules were showed in the kidney, necrosis is accompanied, appetite
deterioration, body color blackening, fin, mouth, gill cover in erythema appears, and fin
and abdomen redness and bleeding, abdominal distention, intestinal ulcer, hernia a
symptomatic of Edwardsiella tarda. Also, isolated of Streptococcus parauberis showing
symptoms such as eyes bulging, overhang, body color blackening, gill redness, abdominal
distension, kidney bedbug, and Streptococcus iniae showing symptoms such as petechial,
congestion, brain injurt, body color blackening, mouth redness, exophthalmos, abdominal
distension, hernia were sympathetic (Table 11). Fish disease pathogens of the isolated

were named JFM-001 to JFMO0O04.

Table 11. BLAST results of isolated fish disease pathogens strains from olive flounder aquaculture

farms.
BLAST results
Strain No.
Accession No. Species Identities

JFM-001 KF956381 Photobacterium damselae sub sp. 1022/1039 (98%)
JFM-002 KF646671 Edwardsiella tarde 1042/1054 (99%)
JFM-003 AY 942570 Streptococcus pararuberis 1004/1009 (99%)
JFM-004 KC748467 Streptococcus iniae 967/1001 (97%)
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2.3.3 Antibiotics susceptibility test of fish disease pathogens in 2015

Antibiotics susceptibility test of fish disease pathogens were performed on eight
antibiotics commonly used in fish farm (Table 12, Fig. 15). The JFM-001 strain was only
resistance to amoxycillin, penicillin, and the other antibiotics showed sensitivity. The JFP-
002 strain was sensitive only to gentamicin, flofenicol, neomycin and the other antibiotics
showed resistance. The JFM-003 strain was susceptible to all antibiotics except
oxytetracycline, and the JFM-004 strain was susceptible to all antibiotics except
oxtetracycline, penicillin. Comprehensively 4 strains were sensitive only to gentamicin,

flofenicol, and neomycin.
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Table 12. Antibiotics susceptibility test of fish disease pathogens from olive flounder aquaculture

farms. (Inhibition zone (mm))
pathogens JFM-001 JFM-002 JFM-003 JFM-004

Antibiotics
Amoxycillin - - 22 14
Gentamicin 45 28 24 32
Erythromycin 48 9 27 36
Flofenicol 43 35 32 37
Neomycin 32 27 16 18
Oxytetracycline 15 - 8 10
Penicillin - - 24 9
Tetracycline 25 - 17 24

60 -

E
E
£ JFM-001
5
s B JFM-002
=
£ IFM-003
£
E B IFM-004

AML G EM FFL NEO oTc PE TC
Antibiotics

Fig. 15. Antibiotics susceptibility test of fish disease pathogens from olive flounder aquaculture farms.
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2.3.4 Antimicrobial activity of probiotics candidate strains against fish disease

pathogens

As a result of confirmed the antimicrobial activity against fish disease pathogens using
probiotics candidate strains isolated from Jeju Island traditional fermented foods JFP-01,
JFP-02 showed antimicrobial activity against four types of fish disease pathogens, JFP-02
showed the highest antimicrobial activity (Table 13). JFP-03, JFP-04, JFP-05 showed
antibacterial activity only with JFM-002, JFM-003, JFM-004, and JFP-06, JFP-08 showed
antimicrobial activity only with JFM-004, JFP-07 showed no antimicrobial activity against

four kinds fish disease pathogens (Fig. 16).
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Table 13. Antimicrobial activity of probiotics candidate strains for fish disease pathogens from olive

flounder aquaculture farms. (Inhibition zone (mm))

Probiotics candidate strains

Fish
disease  5ep 01 JFP02  JFP-03  JFP-04  JFP-05  JFP-06  JFP-07  JFP-08
JFM-001 12 30 ; ; ) ; ] ]
JFM-002 12 25 12 11 16 ; ; )
JFM-003 16 27 17 19 21 ; ; )
JFM-004 14 27 13 16 16 14 ; 11
40 -
35 4
| |
=3 1501
£ W JFR-02
: 25
: W JFP-03
W0
E W JFP-04
£ 15 -
2 W IFP-05
tn-
= u IFP-06
51 B IFR-07
0- B JFP08
JFM-001 JFM-002 JFM-003 JFM-004
Fish pahtogens

Fig. 16. Antimicrobial activity of probiotics candidate strains for fish disease pathogens from olive

flounder aquaculture farms.
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2.3.5 Isolated of fish disease pathogens from olive flounder farm in 2016

The number of viable cell counted by streaked each medium used of breeding water,
drainage water, influent water, olive flounder collected at 10 olive flounder farms in Jeju
Island (Fig. 17). As a result, in the Coli medium can growth E. coli and SS medium ca
growth Edwaedsiella tarda the viable cell count was measured at one place. Oxford
medium can growth L. monocytogenes and the viable cell count was measured at two
place for breeding water, two place for drainage water, three place for influent water. The
number of viable bacteria was measured in fifteen places in the BHIA medium where
Streptococcus spp. and Edwardsiella spp. can growth, among which the largest number

was observed in the liver and kidney of olive flounder.
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Fig. 17. Viable cell count of isolated fish disease pathogens from olive flounder aquaculture farms in

2016. (CFU/ml)
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Fig. 17. Viable cell count of isolated fish disease pathogens from olive flounder aquaculture farms in

2016. (CFU/mI)
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2.3.6 Isolated of fish disease pathogens from olive flounder farm in 2016

Used BLAST of NCBI, nine species of fish disease pathogens in bacterial isolated from
olive flounder farm was obtained. Isolated of Tenacibaculum maritimum, Staphylococcus
caprae, Edwardsiella tarda, Streptococcu parauberis, Photobacterium damselae showing
symptoms such as body color blackening, fin and mouth redness, gill erosion were
sympathetic. Isolated of Vibrio harveyi, Vibrio campbellii showing gram negative bacteria
symptoms such as abdominal distension, hernia is external symptoms and hemorrhagic
revenge, liver hemorrhage, spleen atrophy is internal symptoms were sympathetic. Isolated
of Vibrio alginolyticus showing symptoms such as intestine and gallbladder putrefaction
hemorrhage and ulcer, body color blackening, body bleeding were sympathetic. Isolated of
Vibrio anguillarum showing symptoms such as body color blackening, body bleeding,
exophthalmos and redness, visceral spot bleeding were sympathetic (Table 14). Fish

disease pathogens of the isolated were named JM-01 to JM-009.
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Table 14. BLAST results of isolated fish disease pathogen strains from olive flounder

aquaculture farms.

BLAST results
Strain No.
Accession No. Species Identities
JM-01 NBRC1009111 Tenacibaculum maritimum 1132/1168 (97%)
JM-02 ATCC15947 Edwardsiella tarda 1082/1117 (97%)
JM-03 DSM6631 Streptococcus parauberis 1164/1222 (95%)
JM-04 NBRC15634 Vibrio harveyi 1146/1181 (97%)
JM-05 ATCC33539 Photobacterium damselae 1170/1196 (98%)
JM-06 ATCC25920 Vbrio campbellii 1123/1176 (95%)
JM-07 NBRC15630 Vibrio alginolyticus 1175/1219 (96%)
JM-08 NBRC13266 Vibrio anguillarum 1145/1177 (97%)
JM-09 DSM20608 Staphylococcus caprae 1133/1177 (96%)
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2.3.7 Antibiotics susceptibility test of fish disease pathogens in 2016

Antibiotics susceptibility test of fish disease pathogens were conducted on eight kind
antibiotics same as in 2015 (Table 15, Fig. 18). Only antibiotics flofenicol showed
sensitivity of all nine species of fish disease pathogens. Amoxycillin showed sensitivity
only to JM-01, JM-02, JIM-03, JM-09, and gentamicin showed sensitivity to JM-01, JM-02,
JM-03, JM-05, JM-07, JM-08, JM-09. Erythromycin showed sensitivity to JM-01, JM-03,
JM-05, JM-08 and JM-06, JM-07 showed resistance to neomycin. Oxtetracycline showed
resistance to JM-01, JM-02, JM-05, and penicillin showed sensitivity only to JM-01, JM-
03, and tetracycline showed resistance to JM-02, JM-05, JM-06. It was confirmed that fish
disease pathogens from aquaculture farm comprehensively showed sensitivity with

gentamicin, flofenicol, and neomycin.
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Table 15. Antibiotics susceptibility test of fish disease pathogens from olive flounder aquaculture

farms. (Inhibition zone (mm))
athogens | jn1.01  JM-02  JM-03 JIM-04 JM-05 JIM-06 JM-07 JM-08 JM-09
Antibiotics
AML 30 19 34 - - 11 - 10 19
GN 35 21 14 12 14 11 13 23 23
EM 41 0 27 12 16 11 13 23 -
FFL 39 28 27 26 24 20 40 34 28
NEO 26 25 13 19 14 1 12 17 23
oTC 10 9 29 25 10 18 21 22 32
PE 31 9 40 - - 19 - - 17
TC 17 11 25 25 9 - 27 32 34
m -
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Fig. 18. Antibiotics susceptibility test of fish disease pathogens from olive flounder aquaculture farms.
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2.3.8 Antimicrobial activity of Bacillus amyloliquefaciens JFP-02 according to

optimal culture conditions
2.3.8.1 Effect of antimicrobial activity according to pH variation

Used B. amyloliquefaciens JFP-02, pH was adjusted to 4~9, cultured at 30°C for 48
hours, and was placed in an 8 mm paper disc to confirm antimicrobial activity against fish
disease pathogens, the antimicrobial activity performance of all fish disease pathogens
except JM-05 was showed (Table 16, Fig. 19, 20). JM-01, JM-02, JM-07 showed
inhibition zones all pH conditions. Confirmed according to pH variation, pH 6 showed
antimicrobial activity against 8 kind of fish disease pathogens, shoed the most
antimicrobial activity, then showed antimicrobial activity against 5 kind fish disease
pathogens at pH 4 and pH 5, four species in pH 7, seven species in pH 8, six species in pH
9 showed antimicrobial activity against fish disease pathogens. The growth activity by
according to pH described in the chapter 1 showed the highest growth activity at pH 9, but
it was confirmed that the antimicrobial activity effect was highest at pH 6 apart from the

growth activity.

Table 16. Antimicrobial activity for fish disease pathogens according to pH variation of B.

pH

amyloliquefaciens JFP-02. (Inhibition zone (mm))
athogens | jMm-01  JM-02  IM-03  JM-04 JM-05 JIM-06 JM-07 JM-08  JM-09
pH 4 35 19 0 13 0 20 15 0
pH 5 30 25 0 12 0 21 13 0
pH 6 45 40 19 12 0 20 11 16
pH 7 35 21 0 0 0 0 12 0
pH. 8 47 26 19 11 0 20 12 0
pH. 9 43 21 19 13 0 0 12 0

34

27

37

38
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Fig. 19. Antimicrobial activity for fish disease pathogens according to pH variation of B.

amyloliquefaciens JFP-02.

Fig. 20. Antimicrobial activity for fish disease pathogens according to pH variation of B.

amyloliquefaciens JFP-02.
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2.3.8.2 Effect of antimicrobial activity according to temperature variation

Used B. amyloliquefaciens JFP-02, temperature was adjusted to 10°C ~ 50°C, cultured
for 48 hours, and was placed in an 8 mm paper disc to confirm antimicrobial activity
against fish disease pathogens, only 20°C showed antimicrobial activity performance of all
fish disease pathogens (Table 17, Fig. 21, 22). Confirmed according to temperature
variation, it shoed antimicrobial activity against eight kind of fish disease pathogens at 10°C
and 30°C, then showed antimicrobial activity against seven kind of fish disease pathogens
at 50°C, and five kind of fish disease pathogens at 40. The highest growth activity was
observed at 30°C in the growth according to the temperature described in chapter 1, but

the highest antimicrobial activity was observed at 20°C.

Table 17. Antimicrobial activity for fish disease pathogens according to temperature variation of B.

amyloliquefaciens JFP-02. (Inhibition zone (mm))
athogens | jn-01 JM-02  JM-03  JM-04 JIM-05 JIM-06 JIM-07 JIM-08  JIM-09
temperature

10°C 50 49 20 15 0 19 16 17 34
20°C 49 45 20 11 18 20 17 16 35
30°C 47 50 20 11 0 19 18 14 35
40°C 42 45 21 13 0 21 0 0 0
50°C 49 45 23 14 17 0 20 0 30
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Fig. 21. Antimicrobial activity for fish disease pathogens according to temperature variation of B.

amyloliquefaciens JFP-02.

Fig. 22. Antimicrobial activity for fish disease pathogens according to temperature variation of B.

amyloliquefaciens JFP-02.
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2.3.8.3 Effect of antimicrobial activity according to carbon source variation

As a result of confirmed the antimicrobial activity of B. amyloliquefaciens JFP-02
against fish disease pathogens by added 1% each of dextrine, saccharose, sorbitol which
were representative carbon sources to GY medium without glucose to except for JIM-04,
JM-07, JM-08 antimicrobial activity were showed in other fish disease pathogens (Fig. 23,
24). When dextrin was added, it showed the highest antimicrobial activity performance,
and then showed antimicrobial activity performance in order of sorbitol and saccharose.
As with the establishment of optimal growth activity according to the carbon source
described in chapter 1, highest antimicrobial activity performance was confirmed when
dexrine was added. It’s conceivable that when dextrin among carbon source was added to

the medium component of B. amyloliquefaciens JFP-02, it’s showed highest activity.
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Fig. 23. Antimicrobial activity for fish disease pathogens according to carbon source variation of B.

amyloliquefaciens JFP-02.

Fig. 24. Antimicrobial activity for fish disease pathogens according to carbon source variation of B.

amyloliquefaciens JFP-02.
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2.3.8.4 Effect of antimicrobial activity according to nitrogen source variation

As a result of confirmed the antimicrobial activity of B. amyloliquefaciens JFP-02
against fish disease pathogens by added 0.5% each of malt extract, peptone, yeast extract
which were representative nitrogen sources to GY medium without yeast extract to except
for IM-03, JM-05 antimicrobial activity were showed in other fish disease pathogens (Fig.
25, 26). When yeast extract was added, it showed the highest antimicrobial activity
performance, and then showed antimicrobial activity performance in order of peptone and
malt extract. As well as establishing optimal growth according to the nitrogen source
described in chapter 1, highest antimicrobial activity performance was confirmed when
yeast extract was added. Conversely, it was confirmed that not only the growth activity
and antimicrobial activity at the time of added of malt extract were lowered. . It's
conceivable that when yeast extract among nitrogen source was added to the medium

component of B. amyloliquefaciens JFP-02, it’s showed highest activity.
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Fig. 25. Antimicrobial activity for fish disease pathogens according to nitrogen source variation of B.

amyloliquefaciens JFP-02.

Fig. 26. Antimicrobial activity for fish disease pathogens according to nitrogen source variation of B.

amyloliquefaciens JFP-02.
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2.3.8.5 Effect of antimicrobial activity according to mineral source variation

As a result of confirmed the antimicrobial activity of B. amyloliquefaciens JFP-02
against fish disease pathogens by added 0.1% each of KH,Po, MgSQO,-7H,0,
FeSO,4-7H,O which were representative mineral sources to GY medium without
MgSO,-7H;to only KH,Po, were showed antimicrobial activity in fish disease pathogens
(Fig. 27, 28). When KH,Po, was added, it showed the highest antimicrobial activity
performance in fish disease pathogens except JM-02 and JM-04, and then showed
antimicrobial activity performance in order of MgSO,-7H,0 and FeSO,-7H,0. In contrast
to the establishment of optimum growth activity according to the mineral source described
in chapter 1, highest antimicrobial activity performance was confirmed when KH,Po,, and
MgSO,-7H,0, FeSO,4-7H,O which showed highest growth activity was added it was
confirmed that the antimicrobial activity was. It's conceivable that when KH2Po4 among
mineral source was added to the medium component of B. amyloliquefaciens JFP-02, it's

showed highest activity.
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Fig. 27. Antimicrobial activity for fish disease pathogens according to mineral source variation of B.

amyloliquefaciens JFP-02.

Fig. 28. Antimicrobial activity for fish disease pathogens according to mineral source variation of B.

amyloliquefaciens JFP-02.
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2.4 DISCCUSION

In chapter 2, we tried to confirmed the antimicrobial activity against fish disease
pathogens isolated from Jeju Island olive flounder aquaculture farm, used Bacillus
amyloliquefaciens JFP-02. In 2015 and 2016 a total 13 species fish disease pathogens were
isolated at 18 olive flounder aquaculture farms site. Confirmed the sequence of the isolated
strains, Photobacterium damselae sub sp. 2 species, Edwardsiella tarda 2 species,
Streptococcus parauberis 2 species, Streptococcus iniae, Tenacibaculum maritimum,
Vibrio harveyi, Vibrio alginolyticus, Vibrio anguillarum, Staphylococcus caprae (Table 11,
14).

Antibiotics susceptibility test were conducted to confirm the presence or absence of
antibiotic resistance of fish diseases pathogens. Both 13 species fish disease pathogens
showed sensitivity only to gentamicin, flofenicol, and neomycin. In addition, although
there were deviations for each fish disease pathogens, it showed much resistance in
amoxycillin, erythromycin, oxytetracycline, penicillin (Table 12, 15).

As a result of measuring antimicrobial activity used probiotics candidate strains for fish
disease pathogens isolated from Jeju Island olive flounder aquaculture farm in 2015, it was
selected as the probiotics B. amyloliquefaciens JFP-02 for four species of dish disease
pathogens, it was confirmed that the antimicrobial activity was much highest than the
other probiotics candidate strains (Table 13).

Antimicrobial activity was according to the culture conditions of B. amyloliquefaciens
JFP-02 was measured for fish disease pathogens isolated from olive flounder aquaculture
farm in 2016. Measurement results of antimicrobial activity according to pH variable, JM-
01 and JM-02 showed highest antimicrobial activity from pH 4 to pH 9, whereas JM-05
had not antimicrobial activity (Table 16). In addition, although the growth activity

according to pH described in chapter 1 showed the highest growth activity at pH 9, it was
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confirmed that the antimicrobial activity effect was highest at pH 6, apart from the growth
activity. Antimicrobial activity according to temperature variable, JM-01 and JM-02
showed highest antimicrobial activity to 10°C to 50°C, JM-05 showed antimicrobial
activity only at 20°C and 50°C (Table 17). As with pH, the growth activity showed the
highest growth activity at 30°C, but apart from this, it was confirmed that the antimicrobial
activity effect was highest at 20°C.

As a result of confirmed the antimicrobial activity effect according to carbon source,
nitrogen source, mineral source which were the main components of the medium, it
showed the highest antimicrobial activity in JIM-01 and JM-09, regardless of the kinds of
carbon source, JM-04, JM-07, JM-08 did not measure antimicrobial activity (Fig. 23). As
with the establishment of optimal growth activity according to the carbon source described
in chapter 1, highest antimicrobial activity performance was confirmed when dexrine was
added. The effect of antimicrobial activity according to nitrogen source showed the
highest antimicrobial activity in JM-01 and JM-02, regardless of the kinds nitrogen source,
conversely when added malt extract and peptone JM-03 and JM-05 did not measure
antimicrobial activity (Fig. 25). As with the establishment of optimal growth activity
according to the carbon source described in chapter 1, highest antimicrobial activity
performance was confirmed when yeast extract was added. The antimicrobial activity
effect according to mineral source showed the highest antimicrobial activity in JIM-01 and
JM-06, regardless of the kind nitrogen source and JM-02, JM-03 did not measure
antimicrobial activity (Fig. 27). Growth activity according to mineral source showed low
growth activity at the time od added KH,Po,, but antimicrobial activity showed the highest
effect.

This study confirmed the antimicrobial activity of B. amyloliquefaciens JFP-02 against
various fish disease pathogens according to culture conditions, the results of can be good

basis for inhibition of fish disease pathogens in the future.
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Part III. Dietary effect of B. amyloliquefaciens JFP-02 on innate

Immune response and disease resistance in aquaculture fish

3.1 INTRODUCTION

According to the season, Jeju Island shore region can be coasted on the Chinese
continental coastal waters, southern sea water, yellow sea bottom cold water, with
different properties such as tsushima current and yellow sea current, because it's
influenced of warm current fish of the good fishing ground where abundant fishery
resources are distributed is formed. Jeju Island aquaculture fishery, when started
production of olive flounder seedlings in 1980, on the basis of 2016 yearly 557 points in
457 ha, the aquaculture fishery in the olive flounder is the main (Marine Fishery Status.,
2017).

Production amount and production value of foam olive flounder steadily increase
compared to the initial stage. Looking at the production situation, it will be 21,139 ton
(production amount 262,900 million won) in 2010, 22,823 ton (production amount 251,205
million won) in 2011, 24,575 ton (production amount 267,914 million won) in 2011, 23,002
ton (production amount 266,267 million won) in 2013, 26,283 ton (production amount
239,528 million won) in 2014, 27,142 ton (production amount 291,684 million won) in
2015, 26,098 ton (production amount 331,334 million won) in 2016 (Marine Fishery Status.,
2017). Looking at the exportation and amount of export of olive flounder, it will be 3,872
ton (amount of export 44,560 thousand dollars) in 2010, 3,071 ton (amount of export
41,169 thousand dollars) in 2011, 2,923 ton (amount of export 38,729 thousand dollars) in
2012, 2,473 ton (amount of export 36,590 thousand dollars) in 2013, 2,182 ton (amount of
export 26,168) in 2014, 1,856 ton (amount of export 24,833 thousand dollars) in 2015,

1,733 ton (amount of export 25,743 thousand dollars) in 2016 (Marine Fishery Status.,
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2017).

Based on these statistics, the production of olive flounder at Jeju Island accounts for
more than 50% of the nation’s production, and it’s positioned as an important industry in
Jeju Island. However, various diseases occurring in the olive flounder aquaculture farm are
recognized as a major problem in the aquaculture industry. To control fish disease, at the
same time various studies such as probiotics were tried in order to increase immune
activity (Kim et al., 2017). Development of excellent probiotics not only prevents
indiscriminate antibiotic marketing in fish farms, but also contributes to consumer’s
perception of the safety of aquaculture fish.

The supplementation of fish diets with probiotics modulate specific functions of the gut
and immune system and enhance disease protection (Gullian et al., 2004; Nayak., 2010).
The most commonly used probiotics in aquaculture are Bacillus sp., Pediococcus sp.,
Lactobacillus sp., Bifidobacterium sp., Lactococcus sp (Abdel-Tawwab et al., 2008; Aly et
al., 2008; Pal et al., 2007). Bacillus species are nonpathogenic aerobic gram-positive
bacteria that are administrated orally to enhance gastro-intestinal microbial populations
(Zhou et al., 2010; Ridha and Azad., 2012; Ling-Hong et al., 2016). Most probiotics
microbes are marketed as drug or foodstuffs and their safe application has been confirmed
(Mayra-Makien and Bigert., 1993).

In this study, confirmed to applicability of B. amyloliquefaciens JFP-02 when fed to
aquaculture fish compared with normal diet confirmed growth and innate immune response

and disease resistance.
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3.2 MATERIALS AND METHODS

3.2.1.1 Fish (olive flounder (Paralichthys olivaceus))

Olive flounder (105+0.26 g) was purchased at an aquaculture farm in Jeju Island
Jocheon-eup and used it for experiments. The purchased olive flounder was moved to the
laboratory of Jeju National University and fed the basic feed (Table 18) for 2 weeks and
domestication to the environment. We used a rearing aquarium of 500 mm x 160 mm, and
in three groups, 30 olive flounder were cultures in each tank and ventilation twice a day.
The measured water quality parameters were: temperature 19.0£0.5°C, pH 8.54+0.21,
salinity 32.61+0.09%., dissolved oxygen 7.47+1.27 mg/L, and photoperiod 10 h light: 10h
dark cycle. Fish were fed with a basal diet ad libitum twice a day at 10:00, and 18:00 h at a
rate of 4% of their body weight. Experimental culture was carried out for 8 weeks. We
performed random sampling at the time of blood collection and dissection (Kim et al.,

2017).

3.2.1.2 Experimental diet

B. amyloliquefaciens JFP-02, a probiotics strain was added to the basic feed for
produced the experimental feed and the concentrations were adjusted to 1.4 x 10°
CFU/100 g, 1.4 x 10° CFU/100 g. The basic feed not added anything was used in the

control group (Kim et al., 2017).
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Table 18. Formulation and proximate composition of the basal diets for olive flounder.

Ingredients (g/100 g diet) Composition (%)

Fish meal 50.0
Soybean meal 8.0
Defatted rice bran 10.0
Wheat flour 13.0

Fish oil # 3.0

Soy lecithin 1.0
a-Potato 4.0
a-cellulose ° 1.0

LjLP 0.0

Blood meal 2.0
Dextrin 2.0

Casein ” 2.0

EPA + DHA?® 0.5
Vitamin and minerals premix 2.0

Proximate analysis (% dry matter basis)

Moisture 10.0
Crude protein 49.9
Crude lipid 10.7
Crude ash 11.2
Crude carbohydrate 18.2

% E-Wha oil, Pusan, Korea

® United States Biochemical (Cleveland, OH) 4412

¢ Premix (g/100 g) contains DL-calcium pantothenate, 0.5; choline bitartrate, 10; inositol, 0.5;
menadione, 0.02; niacin, 0.5; pyridoxine-HCI, 0.1; riboflavin, 0.1; thiamine mononitrate, 0.1; DL-a-
tocopheryl acetate, 0.2; retinyl acetate, 0.02; biotin, 0.01; folic acid, 0.02; B12, 0.0002;
Cholecalciferol, 0.008:a-cellulose, 85.0

¢ Premix (g/100 g) contains Al, 0.12; Ca, 500; Cl, 10; Cu, 0.5; Co, 0.9; Na, 0.13; Mg, 50; P, 5000; K,

425; 7Zn, 0.3; Fe, 4; 1, 0.5; Se, 0.02; Mn, 0.90
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3.2.2.1 Fish (rock bream (Oplegnathus fasciatus))

Rock bream (25.4+0.13 g) was purchased at an aquaculture farm in Jeju Island Chuja-
myeon and used it for experiments. The purchased rock bream was moved to the
laboratory of Jeju National University and fed the basic feed (Table 19) for 2 weeks and
domestication to the environment. We used a rearing aquarium of 1,000 L and in two
groups, 35 rock bream were cultures in each tank and ventilation twice a day. The
measured water quality parameters were: temperature 20.1+0.5°C, pH 7.5£0.6, salinity
33.0+0.7%o, dissolved oxygen 8.4+0.6 mg/L, and photoperiod 10 h light: 10h dark cycle.
Fish were fed with a basal diet ad libitum twice a day at 10:00, and 18:00 h at a rate of 5%
of their body weight. Experimental culture was carried out for 10 weeks. We performed

random sampling at the time of blood collection and dissection (Kim et al., 2017).

3.2.2.2 Experimental diet

B. amyloliquefaciens JFP-02, a probiotics strain was added to the basic feed for
produced the experimental feed and the concentrations were adjusted to 1.4 x 10°
CFU/100 g. The basic feed not added anything was used in the control group (Kim et al.,

2017).
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Table 19. Dietary formulation and proximate composition of basal diet for rock bream.

Ingredients (g/100g diet) Composition (%)
Fish meal 57.0
Wheat flour 20.0
Soy bean oil 5.7
Fish oil # 5.3
Mineral premix ° 25
Vitamin premix ° 3.0
Cellulose 2.5
Binder 2.0
Antifungal 0.3
Antioxidant 0.35

Proximate analysis (% dry matter basis)

Crude protein 39.48
Crude Lipid 19.7
Ash 9.7
Fiber 2.7
Moisture 8.2
NFE © 17.9
Gross energy (MJ/kg) 22.06

% E-Wha oil, Pusan, Korea

® United States Biochemical (Cleveland, OH) 44122

° Premix (g/100 g) contains DL-calcium pantothenate, 0.5; choline bitartrate, 10; inositol, 0.5;
menadione, 0.02; niacin, 0.5; pyridoxine-HCI, 0.1; riboflavin, 0.1; thiamine mononitrate, 0.1; DL-a-
tocopheryl acetate, 0.2; retinyl acetate, 0.02; biotin, 0.01; folic acid, 0.02; B12, 0.0002;
Cholecalciferol, 0.008; a-cellulose, 85.0

¢ Premix (g/100 g) contains Al, 0.12; Ca, 500; Cl, 10; Cu, 0.5; Co, 0.9; Na, 0.13; Mg, 50; P, 5000; K,
425; Zn, 0.3; Fe, 4; 1, 0.5; Se, 0.02; Mn, 0.90

¢ Nitrogen-free extract (NFE) — dry matter — (crude protein + crude lipid + ash + fibre)

" Gross energy (MJ/kg) calculated according to 23.6 KJ/g for protein, 39.5 KJ/g for lipid and 17.0 kl/g

for NFE
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3.2.3.1 Fish (starry flounder (Platichthys stellatus))

Starry flounder (17.8+2.97 g) was purchased at an aquaculture farm in Jeju Island
Namwon-eup and used it for experiments. The purchased starry flounder was moved to the
laboratory of Jeju National University and fed the basic feed (Table 20) for 2 weeks and
domestication to the environment. We used a rearing aquarium of 500 mm x 160 mm and
in two groups, 39 starry flounder were cultures in each tank and ventilation twice a day.
The measured water quality parameters were: temperature 21.2+0.3°C, pH 7.9+0.3,
salinity 32.1+0.3%., dissolved oxygen 7.54+0.3 mg/L, and photoperiod 10 h light: 10h
dark cycle. Fish were fed with a basal diet ad libitum twice a day at 10:00, and 18:00 h at a
rate of 2% of their body weight. Experimental culture was carried out for 4 weeks. We
performed random sampling at the time of blood collection and dissection (Park et al.,

2016).

3.2.3.2 Experimental diet

B. amyloliquefaciens JFP-02, a probiotics strain was added to the basic feed for
produced the experimental feed and the concentrations were adjusted to 1.4 x 10°
CFU/100 g. The basic feed not added anything was used in the control group (Kim et al.,

2017).
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Table 20. Ingredient and proximate composition of the basal diet for starry flounder.

Ingredients Composition (%)
Casein, vitamin-free 22.0
fish meal ” 48.0
Dextrin 21.0
Vitamin premix © 25
Mineral premix ° 3.0
Carboxymethyl cellulose 3.0
Choline salt 0.5

Proximate analysis (% dry matter basis)

Crude protein 48.8
Crude lipid 9.3
Crude fiber 1.4

Ash 14.0

N-free extract ® 26.5

# Serva, Feinbiochemica, Heidelberg, Germany

® E-Wha oil, Pusan, Korea;

¢ Vitamin premix contained the following amount which were diluted in cellulose (g/kg premix): L-
ascorbic acid, 121.2; DL-a-tocopheryl acetate, 18.8; thiamin hydrochloride, 2.7; riboflavin, 9.1;
pyridoxine hydrochloride, 1.8; niacin, 36.4; Ca-D-pantothenate, 12.7; myo-inositol, 181.8; D-biotin,
0.27; folic acid, 0.68; P-aminobenzoic acid, 18.2; menadione, 1.8; rethinyl acetate, 0.73;
cholecalciferol, 0.003; cyanocobalamin, 0.003.

¢ Mineral premix contained the following ingredients (g/kg premix): MgSO,-7H,0, 80.0;
NaH,P0O,-2H,0, 370.0; KCI, 130.0; Ferric citrate, 40.0; ZnSO,-7H,0, 20.0; Ca-lactate, 356.5;
CucCl, 0.2; AICI3-6H,0, 0.15; Kl, 0.15; Na,Se,03, 0.01; MnSO,-H,0, 2.0; CoCl,-6H,0, 1.0

¢ Calculated by difference (100 — crude protein — crude lipid — crude fiber — ash)
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3.2.4 Growth survey

At the finish of the experiment, final weight was measured and the weight gain, feed
conversion ratio, specific growth rate into their respective calculation formulas. The
calculation formulas are as follows (Kim et al., 2017).

WG (%) = [(final weight — initial weight) / initial weight] x 100

FCR (%) = feed consumed / weight gain

SGR (%) = [(final body weight — initial body weight) / time (days)] x 100

3.2.5 Hematological analysis

In the hematological analysis was once every two weeks (once a week for starry
flounder), random sampling of experimental fish that blood collection and dissection.
Blood collection was used 1 ml syringe from the tail of the experimental fish, and the
whole blood was used for hematocrit analysis which is a measure of anemia. In the
analysis method of hematocrit, after filling the blood with micro-hematocrit capillary tubes
(Fisherbrand., USA), the entrance to clay plate (Cha-seal, KIMBLE., USA) was prevented,
then the value was measured micro-hematocrit centrifuge (HHC-24, Hanshin-medical.,.
Korea) at 12,000 rpm for 5 minutes (Kim., 2016). Blood sampled was allowed to store at
room temperature for 1 hour, then the serum was separated using a centrifuge at 12,000
rpm for 10min and stored at -80°C. Used the separated serum, TP (total protein) showing
the amount of protein in the serum, an important energy source in the body glucose, TC
(total cholesterol) which is a measure of hyperlipidemia, triglyceride which is regarded as
a cause of arteriosclerosis, hepatotoxicity it was used for ALT (alanine aminotransferase),
AST (aspartate aminotransferase) analysis (Jang., 2012). Serum was injected into VetScan
vs2 (Calxis, Uiwang., Korea) used a comprehensive kit (Calxis, Uiwang., Korea) and

analyzed.
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3.2.6 Innate immune response of aquaculture fish
3.2.6.1 Lysozyme activity

Lysozyme is a glycoside hydrolase that catalyzes the hydrolysis of 1,4-beta-linkages
between N-acetylmuramic acid and N-acetyl-D-glucosamine residues in peptidoglycan,
which is the major component of gram-positive bacterial cell wall. Lysozyme, also known
as muramidase or N-acetylmuramide glycanhydolase is an antimicrobial enzyme produced
by animals that forms part of the innate immune system. In this turbidimetric assay, 0.03%
lyophilized Micrococcus lysodeikticus (0.05 M sodium phosphate buffer, pH 6.2) was used
as a substrate. 10 ul of fish serum were added to 250 ul of a bacterial suspension in a 96-
well plate. The reduction was measured with a microplate reader (Biorad, Ramsey, MN.,
USA) at 22°C and 490 nm after 0.5 and 4.5 min of incubation. One unit of lysozyme

activity was defined as a reduction in absorbance of 0.001/min (Kim et al., 2017).

3.2.6.2 Macrophage activity

Macrophage is distributed in all tissues in the object and is responsible for immunity,
and is an innate immune system that catches bacteria and the like entering from the outside
and phagocytosis. When a macrophage ingests a pathogen, the pathogen becomes trapped
in a phagosome, which then fuses with a lysosome. Within the phagolysosome, enzymes
and toxic peroxides digest the pathogen. The intracellular macrophage activity was fish
serum with 25 ul of NBT (nitro blue tetrazolium, Sigma-aldrich., USA) in 175 ul culture
medium for 2 hours at 28°C. The supernatants were removed and the cells were fixed with
100% (v/v) methanol for 5 min. Each well was washed twice with 125 ul of 70% (v/v)
methanol. The fixed cells were allowed to air dry. The reduced NBT was dissolved used
125 ul of 2N potassium hydroxide and 150 ul of DMSO. Optical density was measured by

spectrophotometry at 650 nm (Secombes and Fletcher., 1992).
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3.2.7 Total RNA

The organs (liver, kidney, and spleen, intestine) of the experimental fish were
extirpation and place in a 1.5 ml tube and stored at -80°C until RNA was separated.
Separation of total RNA was performed according to the protocol of Hybrid-R™ kit (Gene
All., Korea). Organs were homogenized to 1 x 10 cells used Ribo Ex™ (Gene All.,
Korea), stored at room temperature for 5 minutes, and then centrifuged at 12,000 rpm, 4°C
for 10 minutes. After taken only the supernatant, added 200 ul of chloroform, and stored at
room temperature for 2 minutes, centrifuge at 12,000 rpm for 15 minutes and taken only
the supernatant. RB1 buffer in the supernatant to a total volume of 1 ml, and then 700 ul
added to mini spin column and centrifuge at 10,000 rpm for 30 seconds. After added 500
ul of SW1, centrifuge at 10,000 rpm for 30 seconds, and 500 ul of RNW were added,
centrifuge at 10,000 rpm for 30 seconds. Centrifuge again at 10,000 rpm for 1 minute, and
added to 100 ul of Nuclease-free water, which transfer to a new mini spin column was

added, stored for 1 minute, then centrifuge at 10,000 rpm for 1 minute to obtain total RNA.

3.2.8 cDNA

In order to synthesize cDNA used total RNA, it was carried out according to the
protocol of cDNA Synthesis kit (PhileKorea., Korea). To synthesize cDNA, 5x cDNA
synthesis mix and RTase (with RNase inhibitor) were respectively quantitated with RNA
of experimental fish and reacted at 42°C for 30minutes and at 70°C for 10 minutes

according to concentration to synthesize cDNA.
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3.2.9 Real-time PCR

For the immune gene expression analysis when fed with B. amyloliquefaciens JFP-02 in
feed used Real-time PCR. Table 21, Table 22, Table 23 showed the immune gene primer of
olive flounder, rock bream, and starry flounder. To prepare the PCR reaction solution, 2.5
ul of each primer (10 uM), 1 ul of the template solution (1 ug cDNA), and DEPC-treated
water were added to 12.5ul of Brilliant III Ultra-Fast SYBR Green QPCR Master Mix
(Agilent technologies, CA., USA) a final volume was made 25 ul. In the real-time PCR
conditions, after reaction at 95°C for 10 minutes, and reactions at 95°C for 30 seconds, 60°C
for 60 seconds, 72°C for 60 seconds were performed in one cycle for a total 40 cycles.
After amplification, fluorescence data acquired from 0.1°C/seconds at 65°C to 95°C and
the melting curve was analyzed (Kim et al., 2016). The result was analyzed using
LightCycler ® Nano SW 1.0 (Roche., USA) and the relative expression ration (R) of
mRNA was calculated according to the formula 2 44 = 2 (ACtliest=ActBactind) (jang  2014).
Real-time PCR efficiencies were acquired by the amplification of dilution series of cDNA
according to the equation 10" and were consistent between target genes and B-actin.

The results are presented as means with standard deviations.
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Table 21. Quantitative Real-time PCR primer sequence of olive flounder immune genes.

. o Product ~ Accession Referenc
Gene Primer sequences 5 -3 ] Tm
size (bp) Number e

TNFR-1-F AGATCCATGACCTGCTGA Jang.,
145 AB080946 50

TNFR-1-R  GGACCTCTCATAGGCACA 2014

IL-1b-F TGCACCCTTCACCCACCA Jang.,
117 AB070835 60

IL-1b-R CGACACGCTCCAGATGCA 2014

B-actin-F  AGGCGCAGAGCCTTGATG Jang.,
) 191 HQ386788 57

B-actin-R ~ GTCAAGCGCCAAAAATAACTG 2014

Table 22. Quantitative Real-time PCR primer sequence of Oplegnathus fasciatus immune genes.

. o Accession
Gene Primer sequences 5" -3 Reference
Number
B-actin — F CAGGGAGAAGATGACCCAGA Zenke et
FJ945145
B-actin — R CATAGATGGGCACTGTGTGG al., 2010
FAS - F GTTTCGTGCGTCGTTTATCA Jeong et al.,
AB619804
FAS -R CAAACCTGCAGCACACAGACA 2011
Caspase 3—F TGAGGGTGTGTTCTTTGGTACGGA J0315116 Elvitigala et
Caspase 3— R TTCCCACTAGTGACTTGCAGCGAT al., 2012

Table 23. Quantitative Real-time PCR primer sequence of starry flounder immune genes.

Product size

Gene Primer sequences 5° -3° (bp) Reference
TNF-F TGAGGGATGACCGAACCAC 148 Tong et al.,
TNF-R GGACTGGCAGCAGAAAGAAGA 2015
IL-6 —F ACAGACACAGCAGATTGCCATAGA 197 Tong et al.,
IL-6 - R GCTCCCATCCATCCCTCTTAC 2015

p-actin —F GATGCTGTTGTAGGTGGT 106 Tongetal,
B-actin —R AAAGCCAACAGGGAGAAG 2015
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3.2.10 Challenge test

The fish disease pathogens used for the challenge test were pre-cultured for 48 hours at
25°C in 1.5% BHIB using Streptococcus iniae (JFM-004) and Streptococcus parauberis
(JM-03). After feeding (8 weeks of the olive flounder; 10 weeks of the rock bream; 4
weeks starry flounder) the group of control group and B. amyloliquefaciens JFP-02, 200 ul
of S. iniae and S. parauberis at a concentration of 1.2 x 10° CFU/ml were injected
intraperitoneally into the fish body and then the cumulative mortality (%) was calculated

(Kimetal., 2017).

3.2.11 Statistical analysis

All the tests were performed in triplicate. The data were subjected to statistical analysis
using the SPSS (SPSS INC, version 18.0., USA). The statistical analysis was done by
using one-way analysis of variance (ANOVA) followed by Tukey's test (P<0.05) to
compare the means between individual treatments. Result values were expressed as mean
+ standard deviation (mean = S.D) and percentage values were calculated by arcsine

deformation value and statistically analyzed.
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3.3 RESULTS

3.3.1.1 Growth of olive flounder

Dietary influence of B. amyloliquefaciens JFP-02 in olive flounder for 8 weeks (Table
24). The highest weight gain, FCR and SGR occurred with the B. amyloliquefaciens JFP-
02 fed fish group compared with the control. There were no significant differences among
the B. amyloliquefaciens JFP-02 diet group. These results suggest that there is a difference
in the growth of olive flounder according to the concentration of B. amyloliquefaciens

JFP-02.

Table 24. Growth performance of olive flounder fed with diets enriched B. amyloliquefaciens JFP-02.

Experimental diets

Parameters
Control P1 P2
Initial weight (g) 105+0.26° 104+0.11° 106+0.02°
Final weight (g) 112+0.26° 116+0.23* 121+0.08°
WG (%) 6.67+0.19% 11.54+0.13* 14.15+0.21°
FCR (%) 1.14£0.14% 1.2740.07% 1.29+0.18°
SGR (%) 0.32+0.12° 0.87+.031° 0.94+0.16"

Probiotic enriched feed P1=1.4 x 10* CFU/100g feed; P2= 1.4 x 10° CFU/100g feed. *Values (Mean *
SD) in the same row different superscripts are significantly different from each other (P<0.05); WG
(%) = [(final weight — initial weigh) / initial weight] x 100; FCR (%) = feed consumed / weight gain;

SGR (%) = [(final body weight — initial body weight) / time (days)] x 100.
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3.3.1.2 Hematological analysis of olive flounder

Results of hematocrit as compared with the control group of 8 weeks, B.
amyloliquefaciens JFP-02 group increased significantly, and at the finish of the experiment,
compared was B. amyloliquefaciens JFP-02 (42.6 +0.79) with the control group
(34.27+2.33), which was higher than that in the control group (Fig. 29). Results of TP as
compared with the control group of 4 weeks and 8 weeks, B. amyloliquefaciens JFP-02
group increased significantly, and at the finish of the experiment, compared was B.
amyloliquefaciens JFP-02 (1.19+0.07) with the control group (0.78+0.04), which was
higher than that in the control group (Fig. 29). Results of glucose as compared with the
control group of 8 weeks, B. amyloliquefaciens JFP-02 group increased significantly, and
at the finish of the experiment, compared was B. amyloliquefaciens JFP-02 (102.33+1.76)
with the control group (57.33+1.45), which was higher than that in the control group (Fig.
29). Results of triglyceride as compared with the control group of 6 weeks, B.
amyloliquefaciens JFP-02 group decreased significantly, and at the finish of the
experiment, compared was B. amyloliquefaciens JFP-02 (2.07+£0.03) with the control
group (2.47+0.03), which was lower than that in the control group (Fig. 30). Results of TC
as compared with the control group of 8 weeks, B. amyloliquefaciens JFP-02 group
decreased significantly, and at the finish of the experiment, compared was B.
amyloliquefaciens JFP-02 (100.0+1.45) with the control group (115.0+2.89), which was
lower than that in the control group (Fig. 30). Results of AST and ALT steadily decreased
from the start of the experiment as compared with the control group, and at the finish of
the experiment, compared was B. amyloliquefaciens JFP-02 (AST-8.0+3.51; ALT-
1.33+0.33) with the control group (AST-28.33£2.03; ALT-2.67+0.33), which was lower

than that in the control group (Fig. 30).
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Fig. 29. Serum biochemical analysis (Hematocrit, Total protein, Glucose) of olive flounder fed with

control and B. amyloliquefaciens JFP-02 enriched probiotic diet. Values are mean = SE (n=5).
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3.3.1.3 Innate immune response of olive flounder

Results of lysozyme activity as compared with the control group of 6 weeks and 8
weeks, B. amyloliquefaciens JFP-02 group increased significantly, and at the finish of the
experiment, the lysozyme activity was higher in the group fed with B. amyloliquefaciens
JFP-02 (38.37+0.59) than in the control group (34.38£1.06) (Fig. 31). Results of
macrophage activity as compared with the control group of 8 weeks, B. amyloliquefaciens
JFP-02 group increased significantly, and at the finish of the experiment, the lysozyme
activity was higher in the group fed with B. amyloliquefaciens JFP-02 (0.42+0.009) than in

the control group (0.35+0.00) (Fig. 31).
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Fig. 31. Serum lysozyme and macrophage activity of olive flounder fed with control and B.

amyloliquefaciens JFP-02 enriched probiotic diet. Values are mean £ SE (n=5).
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3.3.1.4 Real-time PCR expression of immune gene in olive flounder

In the last week of the experiment, fish were collected from the control group and B.
amyloliquefaciens JFP-02 group, and spleen, kidney, liver, intestine total RNA was
separated, and real-time PCR was performed after cDNA synthesis using the primer
TNFR-1 and IL-1b, the gene expression level was confirmed. In the case of TNFR-1, the
expression level was smaller than that in the intestine, kidney, and liver excluding the
kidney, the expression level was lower in the case of IL-1b than in the control group, and
in the spleen, kidney, the expression level was higher spleen and kidney than in the control

group (Fig. 32). This is thought to inhibited formation of inflammatory cytokines.
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3.3.1.5 Disease resistance of olive flounder

As a result of the challenge experiment with S. iniae inoculated (1.2 x 10° CFU/ml) with
B. amyloliquefaciens JFP-02 for 8 weeks, the control group showed mortality rate from 4"
day and B. amyloliquefaciens JFP-02 group the mortality rate was showed from the 6™ day
(Fig. 33). On the 20" day at the finish of the experiment, the control group showed a
mortality rate of 85%, the B. amyloliquefaciens JFP-02 group showed mortality rate of 45%

showed, high survival rate and high S. iniae disease resistance showed.
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Fig. 33. Cumulative mortality of olive flounder fed with control and B. amyloliquefacien JFP-02

enriched probiotic diet. Values are mean + SE (n=5).
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3.3.2.1 Growth of rock bream

Growth performance of both treatment groups of fish (control and B. amyloliquefaciens
JFP-02 feed) are shown in Table 25. In the B. amyloliquefaciens JFP-02 fed fish group
FCR decreased 1.86+0.20, WG and SGR increased 32.76+1.32 and 2.56+0.14 compared
to the control fish group. These results were thought to be effective when B.
amyloliquefaciens JFP-02 was added at the concentration of 1.4 x 10° CFU/100 g for the

growth performance of the rock bream.

Table 25. Growth performance of rock bream fed with diets enriched B. amyloliquefaciens JFP-02.

Experimental diets

Parameters
Control Probiotic
Initial weight (g) 25.4+0.13° 24.9+0.21°
Final weight (g) 31.28+2.25° 33.06+1.87"
WG (%) 23.16+1.14° 32.76+1.32°
FCR (%) 2.22+0.09% 2.56+0.14°
SGR (%) 2.18+0.22° 1.86+0.20%

*Data are presented as mean + SD (n = 10). Values in each row with different superscripts show
significant difference (P < 0.05); WG (%) = [(final weight — initial weigh) / initial weight] x 100; FCR
(%) = feed consumed / weight gain; SGR (%) = [(final body weight — initial body weight) / time

(days)] x 100.
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3.3.2.2 Hematological analysis of rock bream

Results of hematocrit as compared with the control group of 8 weeks and 10 weeks, B.
amyloliquefaciens JFP-02 group increased significantly, and at the finish of the experiment,
compared was B. amyloliquefaciens JFP-02 (59.17+£0.95)with the control group
(37.7£0.33), which was higher than that in the control group (Fig. 34). ). Results of TP as
compared with the control group of 8 weeks and 10 weeks, B. amyloliquefaciens JFP-02
group increased significantly, and at the finish of the experiment, compared was B.
amyloliquefaciens JFP-02 (1.4+0.1) with the control group (0.7+0.12), which was higher
than that in the control group (Fig. 34). Results of glucose as compared with the control
group of 8 weeks and 10 weeks, B. amyloliquefaciens JFP-02 group increased significantly,
and at the finish of the experiment, compared was B. amyloliquefaciens JFP-02 (83.6+2.40)
with the control group (34.6+0.88), which was higher than that in the control group (Fig.
34). Results of triglyceride as compared with the control group of 8 weeks, B.
amyloliquefaciens JFP-02 group decreased significantly, and at the finish of the
experiment, compared was B. amyloliquefaciens JFP-02 (2.3+0.33) with the control group
(3.3+£0.3), which was lower than that in the control group (Fig. 35). Results of TC as
compared with the control group of 8 weeks and 10 weeks, B. amyloliquefaciens JFP-02
group decreased significantly, and at the finish of the experiment, compared was B.
amyloliquefaciens JFP-02 (55.0+0.57) with the control group (179.3+2.3), which was
lower than that in the control group (Fig. 35). Results of AST and ALT steadily decreased
from the start of the experiment as compared with the control group, and at the finish of
the experiment, compared was B. amyloliquefaciens JFP-02 (AST-10.3+0.88; ALT-
1.67+0.66) with the control group (AST-48.0£1.52; ALT-3.0£1.15), which was lower than

that in the control group (Fig. 35).
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3.3.2.3 Innate immune response of olive flounder

Results of lysozyme activity as compared with the control group of 10 weeks, B.
amyloliquefaciens JFP-02 group increased significantly, and at the finish of the experiment,
the lysozyme activity was higher in the group fed with B. amyloliquefaciens JFP-02
(32.65+0.27) than in the control group (12.92+0.31) (Fig. 36). Results of macrophage
activity as compared with the control group of 8 weeks, B. amyloliquefaciens JFP-02
group increased significantly, and at the finish of the experiment, the lysozyme activity
was higher in the group fed with B. amyloliquefaciens JFP-02 (1.36+0.01) than in the

control group (1.16+0.03) (Fig. 36).
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Fig. 36. Serum lysozyme and macrophage activity of rock bream fed with control and B.

amyloliquefaciens JFP-02 enriched probiotic diet. Values are mean £ SE (n=5).
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3.3.2.4 Real-time PCR expression of immune gene in rock bream

In the last week of the experiment, fish were collected from the control group and B.
amyloliquefaciens JFP-02 group, and spleen, kidney, liver, intestine total RNA was
separated, and real-time PCR was performed after cDNA synthesis using the primer FAS
and Caspase 3 the gene expression level was confirmed. In the case of FAS, the expression
level was highest than that in the liver, whereas the lowest expression level was showed in
the kidney. In the case of Caspase 3, it showed high expression than the control in all
organs (Fig. 37). It is thought that this promotes the expression of immune genes in the

fish body.
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3.3.2.5 Disease resistance of rock bream

As a result of the challenge experiment with S. iniae inoculated (1.2 x 10° CFU/mI) with
B. amyloliquefaciens JFP-02 for 10 weeks, the control group showed mortality rate from
5" day and B. amyloliquefaciens JFP-02 group the mortality rate was showed from the 6"
day (Fig. 38). On the 20" day at the finish of the experiment, the control group showed a
mortality rate of 90%, the B. amyloliquefaciens JFP-02 group showed mortality rate of 35%

showed, high survival rate and high S. iniae disease resistance showed.
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Fig. 38. Cumulative mortality of rock bream fed with control and B. amyloliquefacien JFP-02

enriched probiotic diet. Values are mean + SE (n=5).
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3.3.3.1 Growth of starry flounder

Growth performance of both treatment groups of fish (control and B. amyloliquefaciens
JFP-02 feed) are shown in Table 26. In the B. amyloliquefaciens JFP-02 fed fish group
FCR decreased 1.75+0.09, WG and SGR increased 53.1+2.76 and 16.79+0.14 compared to
the control fish group. These results were thought to be effective when B.
amyloliquefaciens JFP-02 was added at the concentration of 1.4 x 10° CFU/100 g for the

growth performance of the starry flounder.

Table 26. Growth performance of starry flounder fed with diets enriched B. amyloliquefaciens JFP-02.

Experimental diets

Parameters
Control Probiotic
Initial weight (g) 17.8+2.97° 17.7+1.87°
Final weight (g) 25.9+3.82° 27.1+2.85%
WG (%) 45.5+2.14° 53.1+2.76°
FCR (%) 2.17+0.12° 1.75+0.09"
SGR (%) 14.45+0.28° 16.79+0.14°

*Data are presented as mean + SD (n = 10). Values in each row with different superscripts show
significant difference (P < 0.05); WG (%) = [(final weight — initial weigh) / initial weight] x 100; FCR
(%) = feed consumed / weight gain; SGR (%) = [(final body weight — initial body weight) / time

(days)] x 100.
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3.3.3.2 Hematological of starry flounder

Results of hematocrit as compared with the control group of 4 weeks, B.
amyloliquefaciens JFP-02 group increased significantly, and at the finish of the experiment,
compared was B. amyloliquefaciens JFP-02 (86.06+1.06) with the control group
(75.16+4.57), which was higher than that in the control group (Fig. 39). Results of TP as
compared with the control group of 4 weeks and 8 weeks, B. amyloliquefaciens JFP-02
group increased significantly, and at the finish of the experiment, compared was B.
amyloliquefaciens JFP-02 (3.3+0.05) with the control group (3.1+£0.06), which was higher
than that in the control group (Fig. 39). Results of glucose as compared with the control
group of 8 weeks, B. amyloliquefaciens JFP-02 group increased significantly, and at the
finish of the experiment, compared was B. amyloliquefaciens JFP-02 (39+1.15) with the
control group (29+0.58), which was higher than that in the control group (Fig. 39). Results
of AST and ALT steadily decreased from the start of the experiment as compared with the
control group, and at the finish of the experiment, compared was B. amyloliquefaciens
JFP-02 (AST-16+0.58;ALT-22+0.57) with the control group (AST-44+2.31; ALT-48+2.30),
which was lower than that in the control group (Fig. 40). Results of calcium as compared
with the control group of 4 weeks, B. amyloliquefaciens JFP-02 group increased
significantly, and at the finish of the experiment, compared was B. amyloliquefaciens JFP-
02 (11.6+0.35) with the control group (9.6£0.29), which was higher than that in the control

group (Fig. 40).
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3.3.3.3 Innate immune response of starry flounder

Results of lysozyme activity as compared with the control group of 4 weeks, B.
amyloliquefaciens JFP-02 group increased, and at the finish of the experiment, the
lysozyme activity was higher in the group fed with B. amyloliquefaciens JFP-02
(20.20+0.79) than in the control group (18.71+0.13) (Fig. 41). Results of macrophage
activity as compared with the control group of 2 weeks, B. amyloliquefaciens JFP-02
group increased, and at the finish of the experiment, the lysozyme activity was higher in
the group fed with B. amyloliquefaciens JFP-02 (0.20+0.01) than in the control group

(0.19+0.01) (Fig. 41).
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3.3.3.4 Real-time PCR expression of immune gene in starry flounder

In the last week of the experiment, fish were collected from the control group and B.
amyloliquefaciens JFP-02 group, and spleen, kidney, liver, intestine total RNA was
separated, and real-time PCR was performed after cDNA synthesis using the primer TNF
and IL-6, the gene expression level was confirmed. In the case of TNF and IL-6, the
expression amount was showed highest in the intestine, and the expression amount in the
kidney was comparatively lower (Fig. 42). These results are considered to promote

expression of immune genes in fish body especially intestine.
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3.3.3.5 Disease resistance of starry flounder

As a result of the challenge experiment with S. parauberis inoculated (1.2 x 10° CFU/ml)
with B. amyloliquefaciens JFP-02 for 4 weeks, the control group showed mortality rate
from 6™ day and B. amyloliquefaciens JFP-02 group the mortality rate was showed from
the 7" day (Fig. 43). On the 20" day at the finish of the experiment, the control group
showed mortality rate of 75%, the B. amyloliquefaciens JFP-02 group showed mortality

rate of 45% showed, high survival rate and high S. parauberis disease resistance showed.
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Fig. 43. Cumulative mortality of starry flounder fed with control and B. amyloliquefacien JFP-02

enriched probiotic diet. Values are mean + SE (n=5).
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3.4 DISCUSSION

Dietary effect of our lab isolated probiotic bacterial strain Bacillus amyloliquefacens-
JFP2 from Jeju Island’s traditional fermented seafood, jeotgal was assessed for growth and
innate immune parameters of olive flounder, rock bream, starry flounder.

Fish fed probiotic enriched feed showed significant increase in growth, FCR and
survival rate compared to control diet fed fish. Similarly, significant effects of probiotic
enriched diet on growth performance have also been reported in red sea bream (Dawood et
al., 2016), rohu (Ghosh et al., 2003), Nile tilapia (Aly et al., 2008), Siberian sturgeon
(Pourgholam et al., 2016) and Pla Pho (Pangasius bocourti) (Meng-Umphan, 2009).

B. amyloliquefaciens enriched probiotic diet fed fish show a significant decrease in
cholesterol and triglyceride, levels compared to the control diet fed fish (Fig. 30, 35).
Similar declining pattern of triglycerides and total serum cholesterol levels were reported
in tilapia fed with feed containing Bacillus cereus (Wang et al., 2015). However, levels of
total protein and glucose rose significantly (P<0.05) in probiotic fed fish compared to the
control diet fed fish (Fig. 29, 34). Likewise increased glucose levels were reported in Rogu,
Labeo rohita and Nile tilapia, Oreochromis niloticus when fed diets enriched with
probiotic bacteria (Mohapatra et al., 2014; Reda and Selim, 2015). In general, an increase
in serum protein level is an indicator of innate immunity, which is considered important in
invertebrates and a fundamental defense mechanism of fish (Ellis, 1990). Such
mechanisms form a series of essential functions that keep host cells alive, healthy, and
protected from pathogens. The use of Bacillus species has been shown to elicit inhibitory
responses to numerous fish diseases, such as red mouth disease, edwardsiellosis,
furunculosis, lactococcusis, streptococcusis, vibriosis and aeromoniasis (Harikrishnan et
al., 2010; Brunt et al., 2007; Ridha et al., 2012; Kumar et al., 2006; Taoka et al., 2006;

Kamgar et al., 2012 ). ALT and AST, two liver enzymes, decreased in the probiotic diet
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fish group compared to the control (Fig. 40). Results indicate that probiotic diet could
decrease the level of liver enzymes. This is in accordance with the results of Lin and Luo,
(2011).

Among the innate immune parameters, respiratory burst and lysozyme activity were
found to rise significantly (P<0.05) in the fish fed with probiotic feed compared to the
control (Fig. 31, 36, 41). Similar results were observed after feeding diets formulated with
probiotic bacteria in rogu and mrigala (Mohapatra et al., 2014; Bandyopadhyay, et al.,
2015). Respiratory burst activity due to an increase in the oxidation level in phagocytes
stimulated by foreign agents is considered to be an important indicator of innate defense
mechanism in fish (Miyazaki, 1998), where O2— is the first product to be released (Lee et
al., 2000). In fish the O2—production is generally affected after activation of phagocytes
since it triggers production of superoxide anion (O2-) and its reactive derivatives (i.e.
hydrogen peroxide and hydroxyl radicals) associated with intense oxygen consumption,
called the respiratory burst (Secombes and Fletcher, 1992). The reactive species are
capable of destroying the invading pathogens (Hassett and Cohen, 1989). In the present
study, administration of probiotic enhanced diet improved the production of ROS and
RNS by peripheral blood leucocytes and oxygen radicals during the process of oxidative
burst from week 1-6. Production of ROS and RNS or NO is a crucial mechanism limiting
the growth of fish pathogens (Olivier et al., 1985).

In the case of TNFR-1, the expression level was smaller than that in the intestine,
kidney, and liver excluding the kidney, the expression level was lower in the case of IL-1b
than in the control group, and in the spleen, kidney, the expression level was higher spleen
and Kidney than in the control group (Fig. 32).In the case of FAS, the expression level was
highest than that in the liver, whereas the lowest expression level was showed in the
kidney. In the case of Caspase 3, it showed high expression than the control in all organs

(Fig. 37). In the case of TNF and IL-6, the expression amount was showed highest in the
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intestine, and the expression amount in the kidney was comparatively lower (Fig. 42).

The enhancement of the innate immune response with a B. amyloliquefaciens enriched
probiotic diet, decreased mortality rate (Fig. 33, 38, 43) thereby protecting the fish against
S. iniae S. parauberis. In addition, feed utilization increases thereby decreasing the amount
of feed necessary for fish growth, and thus reducing production costs. Based on these
series of experimental results, we have confirmed that Bacillus amyloliquefaciens JFP-02
has an innate immune reaction applied to aquaculture fish and disease resistance against

fish disease pathogens, and it seems to be useful for the fish aquaculture industry.
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CONCLUSION

The domestic fish aquaculture industry is growing greatly, but fish diseases that occur
during the aquaculture have serious adverse effect on the development of the aquaculture
industry. Generally high density breeding is carried out in order to maximize the
production amount per unit area, but these high density breeding is accompanied by a
decrease in the gain increase rate, occurrence of various disease to cause a direct economic
loss The incidence and spreads of fish diseases in the fish aquaculture industry can
significantly reduce productivity, and to prevent antibiotics was widely used in fish
disease management strategies in fish farms (Smith et al., 1994). However, some fish
farms abuse antibiotics for the purpose of treatment and prevention of fish diseases,
causing secondary problems, the most representative of which is antibiotic-resistant strains
and antibiotic-remaining fish (Karunasagar et al., 1994; Witte et al., 1999).

For the past decades, the application of probiotics in the prevention and management of
fish disease has received more interest (Ganguly et al., 2010). Most probiotic microbes are
marketed as drug or foodstuffs and safe application has been confirmed through long-term
experience (Lim et al., 2011). Increased use of bacteria as biological controllers is
effective and safer than antibiocis (Bansemir et al., 2006). The supplementation of fish
diets with probiotics modulate specific functions of the gut and immune system and
enhance disease protection (Gullian et al., 2004; Nayak., 2010). The most commonly used
probiotics in aquaculture are Bacillus sp., Pediococcus sp., Lactobacillus sp.,
Bifidobacterium sp., Lactococcus sp (Abdel-Tawwab et al., 2008; Aly et al., 2008; Pal et
al., 2007).

In this study, the compared to control feed when fed aquaculture fish with Bacillus
amyloliquefaciens JFP-02 isolated traditional fermented foods, also growth performance,

innate immune response, disease resistance confirmed the possibility of application as a
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new feed additive.

Eight species of probiotics candidate strains were isolated from Jeju Island traditional
fermented foods: Doenjang, Saeujeot, fermented Squid, salted Damselfish, salted guts of Hairtail,
salted Gizzard shad, salted Spratelloides gracilis. As a result of confirmed the nucleotide sequence

of the isolated strains used BLAST of NCBI, it was identified by pediococcus acidilactici,
Bacillus amyloliquefaciens, Lactobacillus parabuchneri, Enterococcus durans,
Pediococcus pentosaceus, Lactobacillus sakei, Lactobacillus plantarum, Lactobacillus
brevis (Table 5).

It’s resistance to artificial gastric juice, artificial bile acid, salt tolerance, heat resistance,
confirms the characteristics that probiotics should have and confirm the optimum culture
conditions Bacillus amyloliquefaciens JFP-02. B. amyloliquefaciens JFP-02 was the shape
of colony was uneven, the center of colony was convex (Fig. 10) and loop draws a
considerable viscosity when taken. As a result of observation used SEM, it was in the form
of single bacillus, the length was 1.575 um, and the width was 0.727 um. The optimal
culture conditions were the highest growth activity by added saccharose as a carbon source,
yeast extract as a nitrogen source, MgSQO,-7H,0 as a mineral source to MRS medium at
pH 9 and 30°C.

In 2015 and 2016 a total 13 species fish disease pathogens were isolated at 18 olive
flounder aquaculture farms site. Confirmed the sequence of the isolated strains,
Photobacterium damselae sub sp. 2 species, Edwardsiella tarda 2 species, Streptococcus
parauberis 2 species, Streptococcus iniae, Tenacibaculum maritimum, Vibrio harveyi,
Vibrio alginolyticus, Vibrio anguillarum, Staphylococcus caprae (Table 11, 14).

As a result of measured the antimicrobial activity according to the culture conditions of
B. amyloliquefaciens JFP-02 for fish disease pathogens isolated from the olive flounder

farm, T. maritimum, E. tarda at pH 4 to pH 9and 10°C to 50°C the antimicrobial activity
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was the highest. In addition, it showed highest antimicrobial activity against T. maritimum,
E. tarda, V. campbellii S. caprae of carbon source, nitrogen source and mineral source.

Confirmed of the hematological characteristics, innate immune response, disease
resistance, and immune genes expression level showed when B. amyloliquefaciens JFP-02
was fed for olive flounder, rock bream, and starry flounder of aquaculture fish.

In the case of olive flounder, confirmed that hematocrit, total protein, glucose increased
significantly compared to the control group by hematological analysis after fed B.
amyloliquefaciens JFP-02 for 8 weeks, it was confirmed that triglyceride, total cholesterol,
AST, ALT decreased compared to the control group. Lysozyme activity and macrophage
activity which is an innate immune response, increase significantly compared with the
control group from the latter part of the experiment and showed mortality rate of 85% in
the control group of the disease resistance experiment using S. iniae, than B.
amyloliquefaciens JFP-02 group showed mortality rate of 45%.

In the case of rock bream, confirmed that hematocrit, total protein, glucose increased
significantly compared to the control group by hematological analysis after fed B.
amyloliquefaciens JFP-02 for 10 weeks, it was confirmed that triglyceride, total
cholesterol in deceased significantly compared to the control group and AST, ALT
decreased. Lysozyme activity and macrophage activity which is an innate immune
response, increase significantly compared with the control group and showed mortality
rate of 90% in the control group of the disease resistance experiment using S. iniae, than B.
amyloliquefaciens JFP-02 group showed mortality rate of 35%.

In the case of starry flounder, confirmed that hematocrit, total protein, glucose, calcium
increased significantly compared to the control group by hematological analysis after fed
B. amyloliquefaciens JFP-02 for 4 weeks, it was confirmed that AST, ALT in deceased
compared to the control group. Lysozyme activity and macrophage activity which is an

innate immune response, increase significantly compared with the control group and
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showed mortality rate of 75% in the control group of the disease resistance experiment
using S. parauberis, than B. amyloliquefaciens JFP-02 group showed mortality rate of
45%.

In the case of olive flounder, TNFR-1 the expression level was smaller than that in the
intestine, kidney, and liver excluding the kidney, the expression level was lower in the
case of IL-1b than in the control group, and in the spleen, kidney, the expression level was
higher spleen and kidney than in the control group (Fig. 32). In the case of rock bream,
FAS the expression level was highest than that in the liver, whereas the lowest expression
level was showed in the kidney. In the case of Caspase 3, it showed high expression than
the control in all organs (Fig. 37). In the case of starry flounder TNF and IL-6, the
expression amount was showed highest in the intestine, and the expression amount in the
kidney was comparatively lower (Fig. 42).

In this study, B.amyloliquefaciens JFP-02 isolated from Jeju Island traditional foods had
characteristic of probiotic, and it’s possible to confirm the antimicrobial activity against
various fish disease pathogens according to culture conditions. Series of experimental
results, it was confirmed that B. amyloliquefaciens JFP-02 has an innate immune response
and disease resistance against fish disease pathogens to aquaculture fish. It seems to be

useful for the fish aquaculture industry in the future.
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