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Abstract

The ocean is a vast ecosystem that is home to more than 80% of
living organisms, and is one of the most valuable biological resources.
Marine organisms found in the ocean are indigenous to special
environments compared to those living on land, in terms of salinity,
temperature, and chlorophyll, and thus have the ability to produce
unique substances and can produce various biologically active
substances. Of all the marine life forms, sea sponges are important
resources for studying new materials. The emergence of antibiotic
resistant bacteria strains has led to an increase in the research for new
substances, and the number of bioactive substances that are isolated
from marine sponges is also on the rise. These bioactive substances
have been reported to be produced by commensal bacteria existing in
the sponges. Bacteria in sponges account for more than 40% of their
biomass, and amongst the various microorganisms, some of them have
been identified as Bacillus species.

Bacillus is Gram-positive bacteria that have a bacilli form. Bacillus is
also known to produce a variety of substances. ABacillus produces
lipopeptides, and the most well-known are surfactin, iturin, and fengycin.
These Bacilli are widely used in the aquaculture industry as probiotics.
Probiotics produce digestive enzymes that increase digestibility and aid in
growth. They also improve immunity and have inhibitory effects on
microbes that cause diseases. In order to develop such probiotics, they
should not have hemolytic activities, should produce antimicrobial
substances, and must survive in strongly acidic digestive juices such as
gastric acid and bile acid.

In this study, marine-derived bacteria isolated from marine sponges



were used to investigate antimicrobial activities, the suitability and
stability as a probiotic strain were confirmed, and the probiotic Bacillus
megaterium PPR15", which was chosen for the final selection, was added
to halibut feed to examine the potential as a feed additive by observing
the growth, non-specific immune response, and disease resistance of the
halibuts. In addition, novel candidate strains isolated from marine
sponges were classified and identified to confirm that they are indeed
new types of strains.

As a result of testing for antimicrobial activity of flora isolated from
four species of sea sponges against bacteria that cause diseases in fish
mainly in inland aquatic farms of Jeju Island, a total of 20 bacterial
strains showed a high level of antimicrobial activity. Zones of inhibition
were observed as follows: 17 mm for strain PPR15" Edwardsiella tarda,
25 mm for Streptococcus iniae, 21 mm for Streptococcus parauberis,
and 20 mm for Photobacterium damselae subsp. damselae. In addition,
investigation of strain PPR15" on human health hazard showed that
strain PPR15" did not produce urease, which is a known harmful
metabolic enzyme, nor did there appear to be pathogenic (-hemolysis.
PPR15" could also be cultivated in NaCl of 1-10% concentration, was
resistant to acid and base, with the cultivation pH range between 4.0 and
11.0, and was able to grow in a wide temperature range of 10-50 °C. In
addition, resistance was confirmed in a culture medium of pH 2.0 and
3.0 with pepsin and a culture medium with 0.3% and 1% bile salts. As a
result of testing for degradation ability of macromolecular organic
matter, DNase, cellulase, amylase, digestive enzyme of casein, and lipase
activity were confirmed.

In addition, the results of phylogenetic analysis confirmed 100%
nucleotide sequence similarity with B megaterium. As a new probiotic,

the suitability and safety of strain PPR15" isolated from marine sponges,
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therefore, were corroborated by excellent antibacterial activity against
fish diseases, absence of harmful enzymes or hemolytic activity, high
viability against low pH and bile acids, and high ability to degrade
polymeric organic substances.

Accordingly, the strain was named B megaterium PPR15". It is,
therefore, considered to be of value as a halibut feed additive in the
future, and further experiments on the effects of fish growth, congenital
immunity, disease resistance, and so on, were carried out by conducting
fish feeding experiments for development as a probiotic. After eight
weeks of testing B megaterium PPR15" additive feeding on halibuts, the
growth rate, hematological analysis, non-specific immune response, and
disease resistance were investigated. As a result, the increase rate, daily
growth rate, and feed conversion efficiency of B megaterium
PPR15"-added group turned out to be higher than the control group. In
addition, hematological analysis results showed that ALT, AST, glucose,
and triglyceride levels decreased compared to the control group, while
those of total protein increased. Also, the phagocytotic activity in serum
was maintained at high levels from the second week of the experiment
until the final eighth week. Lysozyme activity showed a sharp increase in
eight weeks of the B megaterium PPR15" supplement group compared to
the control, and MPO and SOD activities showed the highest activity in
six weeks. RNA was extracted from the kidney, intestine, liver, and
spleen of the halibut, and the expression levels of immunity genes were
examined through gRT-PCR. In the kidney and intestine, the genes of
TNF-a, IL-1B, and CD4-1 were expressed higher in the B megaterium
PPR15" group compared to the control group. In addition, only the TNF-
o gene in the liver and CD4-1 gene in the spleen showed high
expression.

From the comprehensive results, therefore, this study confirmed that
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B. megaterium PPR15' isolated from sea sponges is suitable as a
probiotic, and it is believed that B. megaterium PPR15' in feed has
potential as probiotics to increase disease resistance in fish by improving
the growth of fish and their non-specific immune responses. Also,
further experiments are called for to determine the physiological activity
produced by B. megaterium PPR15.

A Gram-staining-negative, aerobic, light brown pigment bacterium,

designated strain CE80" was isolated from marine sponge Callyspongia
elegans in Jeju Island, Republic of Korea. Strain CE80" grew optimally
25°C, in the range of pH 5.0-11.0 (optimum 7.0-8.0), and with 1-5% NacCl
(optimum 1-3% (w/v)). Phylogenetic analysis based on the 16S rRNA gene
sequence showed that strain CES0" belonged to the genus Labrenzia and
was closely related to L. suaedae YC6927" (98.3%), L. alexandrii DFL-11"
(96.6%), L. aggregata IAM 126147 (96.6%) L. marina manol8" (96.5%) and
L. alba CECT 5094" (96.2%). The major fatty acids of strain CES0' were
Cis1 w/c, and summed feature. The Polar lipid were diphosphatidylglycer
ol (DPG), phosphatidylcholine (PC), phosphatidylethanolamine (PE), ph
osphatidylglycerol (PG), phosphatidylmonomethylethanolamin (PMME), one
unidentified aminolipid (AL), one phospholipid (PL) and four unidentified
lipids (L). The DNA G+C content of strain CE80' was 55.9 mol%. The
major respiratory quinone was Q-10. DNA-DNA relatedness values
between strain CE80' and L. suaedae YC6927" was 56.1+2.8%. On the
basis of, physiological and biochemical characterization, phylogenetic and
chemotaxonomic analysis, strain CE80" represents a novel species of the

Labrenzia, for which the name Labrenzia callyspongiae sSp. nov., is

proposed. The type strain is CE80" (=KCTC 42849" =JCM 31309").
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1.2. A2 9wy
1.2.1. A 2%

v 9oMes Al 2F, & SolA Bl Eolsif(Callyspongia  con
foerderata), w=2UWAENH(Spirastrella insignis), <BYsiH(Cliona celata),
=W\ H(Hymeniacidon sinapium)S AFd|tho]d]2 5to] A1 10-20mof|A] &
Aotda, BFE Amuo] Waustd AAMR §71 %, FEEelo] A8t

o},

1.2.2. sHYAN+ E2] 2 vk

0
797 WStk MY FFL Fepste SYoR eivsin, 38 B A
= 20% glycerol &(v/v)oll A=

o stock& AZgH F, -80°Co] Bursto] Aaio] A&,

=
oS,
_o'g
)
E)S
4>
M
iC)
_O'L
38
Kl
E)S
4>
e
iC)
i
EY
=R

0.85% Nacl
9ml
,/' \ \
stetoy
1g/10ml 30048
@f | (100 |, | 102 | [ 10* |, | 10+ | | 105 | [ 10%

Fig 1.1. Serial dilution method.



Table 1.1. Composition of R2A

Ingredient Amounts
Yeast extract 058
Proteose peptone 05 g
Casamino acids 05 g
Dextrose 05 g
Soluble starch 05 g
Sodium pyruvate 05 g
Dipotassium phosphate 03 ¢g
Magnesium sulfate 005 g
Agar 15.0 g
Distilled water 1L
Table 1.2. Composition of Marine agar (MA)
Ingredient Amounts
Peptone 50 g
Yeast extract 1.0 g
Ferric citrate 0.1g
Sodium chloride 1945 g
Magnesium chloride 88 g
Sodium sulfate 3.24 g
Calcium chloride 18 g
Potassium chloride 0.55 g
Sodium bicarbonate 0.16 g
Potassium bromide 0.08 g
Strontium chloride 34.0 mg
Boric acid 220 g
Sodium silicate 40 g
Sodium fluoride 24 g
Ammonium nitrate 16 g
Disodium phosphate 80 g
Agar 150 g
Distilled water 1L




1.2.3. 16S rRNA <7]A]

e

Balg]l #ZFX Genomic DNAZ Z%Es5to] QMA BAS o) Apgstact.
Genomic DNA+= Plateo]] vj¥d 42 3]st 1 X PBS buffergeioz
12,000 rpm, 4°CollA] 187+ A ¥alsto] 23] Attt PBS 4L A|AsHw,
TE buffer2 574 p0 21 A7 & Zojx| =2 dE519ict e S lysozyme
(100 mg/ml)& 10 pd A7Fstal, inverting gt H, A20A 523t BHSAIZICH
wAlS A5 Y5l 10% SDS 89 30 plet proteinase K (10 mg/ml) 6 pQ
A7F & 37°Co|l A TAIRE ittt e & 5M NaCl (w/v) &= 80 p A7t
st & Aol& §, CTAB/NaCl &3 80 nd A7F gF § 65°ColA 1021t 85
Al7]1311, Phenol/chloroform/isoamylalcohol (25:24:1) 8-°8-8 ¥h2o#o] Z=fat
= Aokstn A AlolE F ¥ARel(13,000 rpm, 4°C, SR)FHCH EE SRS
A microtubeo] &7&1l, AF&AHo] ==FubE chloroform/ isoamyl alcohol

(24:1)2 A7MEE 5 587 QAlRelsth QAve $ AEAe mop| A
6

A DNAE Qlshict. 537t A elst § FY uio] wopxl DNAZF EofA]A|
UA 23] FEHS MAAZICE 70% oEte-S A7tsto] A& § 58 YA
2] Stk ASAE w2l JdoRgle oetZo] AAEAL ARAAE H TE

(10 mg/mo) &MS A7} & & Aloj& F 37°ColA overnight

5lo] DNAE =oj&c}. #%% genomic DNA %2 Ist7] 98] 0.8%

#&% genomic DNAE ARESto] 16S rDNA RAAE SE35H7] s 27F
(5'-AGA GTT TGA TCC TGG CTC AG-3') primeret 1522R (5'-AAG GAG
GTG ATC CAG CCG CA-3') primerE A}gs5t9tt PCR €29l xAd2 thgut
Zro] 4s¥stict : &% DNA 1 10, 10 pmol/primer 110, 10 mM dNTPs, 10
X PCR buffer, 5 Unit Taq polymerase (TaKaRa, Japan), D.W& =3} z]&£4H
o] 25 =2 ZHFF9ct PCR ¥He 27L& %x7] HATA (Initial denaturation)
95°Co|A] 587t 30cycle =9 95°CoflA] WA TA(denaturation) 15, 55°Coj|A
ZYYAI( annealing) 17, 72°ColA A% A (extension) 37, 72°Col|Al £F 4l



A (final extension) 1087F AAlsHYITH SZ%] PCR AFHEE 1% agaroseo]
X M7]%9E(Mupid®-ex, ADVANCE)s}o] &
zzZ=] PCR 422 Z=24 3517] 98 pGEM®-T Easy Vector System
(Promega, USA)& o|&st9ct. o2 (2 1.3)aF Zo] ligation reactionS &4
stial mElog A Aloj& F 4°ColA overnightste] BiSsHITE. JAHNLS 5t
7] 9ol 4°Co|lA] vjA3t ligation reactiong €20 231 1.5 md microtubedp 2
A 274 %&ct JM109 competent cell2 50 p0& A7iste] AojE H AL20fA]
087 9FeX|7]a1 42°C water bathojlA] 45&& = heat shock FH A &9
By 287F BreA| AT 2 ¢S SOC medium2 950 w0 A7lste] 37°ColA 150
rpmO 2 1A|I7F 302 vjFstict. vgAlS 1027F AAlZ2fsto] 5 A2 AlAst
1 BOotAl pelleto] SOC mediumS A7tsto] dESH H  LB/ampicillin/X-Gal
plateo] 100 pQA =% S 37°CofA] 24A|7F Bt white colonyS A¥H3EIY
C}.
AME= white colony= LB broth 10 plo] 8jYstE 11 DNAZ AHESHIC.
=

w

colony PCRS 9|8l primer M13F, M13R-& At&sto] PCReIYI AL, A7|F=S

ol AF wdo] TPk &Qlst7] sl ampicillino] ®=3HEl LB brothol] &% 510
16A]7F viFst a2, DNA-spin Plasmid DNA Extraction Kit (iNtRON, Korea)
£ AMESto] plasmid DNAES #2519t 41 LB Hjx]o] 8jdsE +#+& 1.5 md
microtubeo] F&3to] @AE St G5AS w2 Zopgl  pelleto]
resuspension buffer 250 p0&l A7tsto] ettt 1 o8 Lysis buffer 250
) A7rstod AF Adol& H neutralization buffer 350 pd A7pstgct. 587 4°C
oA HiYstd L, @A (13,000 rpm, 4°C, 10&)stRct.  microtubed]

columng FASIAL, MR HEFAL £ F WML stGC). washing

)
>
e o
o>,
M
m
o
4%
1
_|O
o
F

buffer AS 500 W03 75k 2], washing
buffer BE 700 0 7g7tsto] ¥AlEe] st Foldle oeE2 xsh] fls
FoiA] FAIEL] 59t columng A microtubeo] &7]i elution buffer 30
WE columnof F45k0 1217t vHEsttt. ¥Al22]sto] plasmid DNAS 22
5}, 1% agarose gelof|A] X 7|g =510 &HQlsHY Tt

229l plasmid DNAL @H=E)(Korea)ol j2istol @714ge 24 sfoich



BAE d7|MEe EzBioCloud  (https://www.ezbiocloud.net/)?t  NCBI
(National Center for Biotechnology Information) o]&3sto] SAISH H7|AEES
Blaste] 7 Sa&olu o2 UEhts AES skl S48 V1M
THEO] A7|A LS EzBioCloudo|A] @o] Clustal W =2 738 [21] & o]835}0]
multiple alignment®2 AZEstYch A= A7 EE9 gape BioEdit program
(2215 Sl £735k] MEGA 7.0 software 23] ©]-&5t0] maximum-likelihood
[24], maximum-parsimony [25], neighbor-joining [26|HH& =5 A=ELS
A5t AlE4 topology: 10003] Y25t boostrap EAA] H7isheict

[27].

Table 1.3. Composition of ligation reaction.

Reaction component

DNA (PCR product) 3ul
2XRapid Ligation Buffer, T4 DNA Ligase 5ul
pGEM®-T Easy Vector (50ng) lul
T4 DNA Ligase 1ul
Final volume 10ul




1.2.4. SiRolA BeE ABEFRFRO Pyt £

1.2.4.1. 16S rRNA ¥7]A]

ne,
e
1%
e
-
ofm

ol

o
i)
e
1%

16S rRNAGAX} [28]5 EA3517] 26 Genomic DNAE Wison K.®FH [29]9]
e} &5 AL, 27F, 1522R Zefo]-5 ARE35to] PCRoIITH. 525 SXAF 4F

=2 TOPO cloning kit (Invitrogen)S AtEste] Z 245t o0, A wEloj BEA
olg]stitt. 16S rRNA S7HAEQ] Full 714 <E-& SeqMan software (DNAstar)

i

o] 851l GenBank®l EzTaxon-e server2 ol 7MY 77 2959 A7|

Aoict [30]. CE80'QF mZEHZC] 16S rRNA &7|AMFLS CLUSTAL_X

)
e
mjo

program BioEdit program2 AR&st] @F7IMES FFstL [21], gaps 4%
5[22], MEGA 7.0 software packagez AE4S AHsIYETH [23]. AEL=
maximum-likelihood [24], maximum-parsimony [25] and neighbor-joining
[26] HCO =2 bootstrap wAAl [27] 10008] ¥HEsto] HEstitt. Alet A2
(Evolutionary distances)+ culated using Jukes-Cantor model [31]S AF&-5}
of BIIsteCy.

CE80'9] whole genome sequece EAX2 up3zAlo| olgste] EAM35}GC}
sequencing library= 7|& 0529 T2} TruSeq DNA PCR Fee kitES AHEstH
FOom, genome sequence data+= illumine Hiseq 400 platformS AF&ct3 AL,
SPAdes version 3.13.09] de novo [32]2 AZHsttt. ESH average
nucleotide identity (ANI)= ANI calculator (www. Ezbiocloud.net/tool/ani)S

Abg-stol Wotstoict [33]



Gram's @M manufacturer’s instructionso] @2} Gram-staining Kit
(BBL, Difco, USA)S Atgoto] AAstgct (22 1.2). +=4(Gliding motility)2

Schaal [34] WIS o] &35to] Alddstdct.

M-S o]gsto] 2A17Hs0t 2.5% glutaraldehyde &ofo] &7} 1AsStL, 1 X
sodium phophate bufferof]A] 584! 33] AAIstATH A& & 40%, 50%, 60%,
70%, 80%, 90%, 100% O&tgd] «AAC=zZ =HL2WAS X1, isoamyl
acteate-ethanol (0.5:1, v/v) 890 I1A|ZF X 2], isoamyl acetate-ethanol
(1:1, v/v) £90f 1A]7F X2, isoamyl acetate-ethanol (1:0.5, v/v) £980] 14]
7t A2l5kity. 1 S isoamyl acetateo] 1At 2] & CO,2 HAXRA|H ANE]
FH 7|AZS o] &sto] Zutog FY (20mA, 90X)3tYct 12 u AEgisty &
A& A80] Field Emission Scanning Electron Microscope (FE-SEM,

TESCAN, Czech)2 o]&35fto] UAsHI Tt

o] gn= 0l5ty| 95 PBS 1 mQo] w#AS ZojF ArAr mElg] sfi&ct,
mepgF o] AEAS 10 n YojE2]1l copper grid EHZ Al&o] 27 =2
o 1885 Sefsa J2jts mAoe=R Aot Zofle XS HotFi,

uranyl acetated] 1837t 22953 D.Wo 29¥ AAsL AXRAIZ] & 120 kV

i)

SN

Transmission electron microscope (TEM, Tecnai 12, FEI) &2 W=bstIC}



@@ Or€

STEP 1. fixation STEP 2. crystal violet STEP 3. iodine treatment STEP 4. decolorization STEP 5. safranin

Fig 1.2. Gram's staining protocol.
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1.2.4.3. )t 2 Ageters

M

uREE MAGA esigon, AR shsdt eEg sl 9 b,

T w

A&

1 O

o

10, 15, 20, 25, 30, 35, 37, 40, 45°C ¥HY =2 AAsto] SRlstyct. A 7153t
pH ¥+ 5.0-11.0&2 marine agar HjX|of| AR5t} & AEsto] Qs
NaCl 5=8 AFHE &lstr] sl Zobell HA]
2 Artsto] A2 & ujgstA.

=
O
x
l:‘\,‘
)
—
X
o=
=

N~
=

Oxidase activity= %371 vijY=  plateo] 1% (w/v) tetrametyl
p-phenylenediamin (Merck, USA)E dojxe] HefMoz WMo = sholshyd
O W, Catalase activity= 3% (v/v) hydrogen peroxideE Qojxg] HE AiA

2 WSt

7t 2oll(hydrolysis) A&d2 MAHjX|o]] Casein, starch, Tween 20, 40, 60,
80, Urease, carboxymethylcelluloseE 22+ 1%% A7}sto] HjA]E A x5 T}
Zp2ye] wiAlol 2 RS AEsto] wiget H 25°CollA 48A1t vt H Edlis
= HASHAT [35].

Anaerobic test= marine agaro] #& A&5t1, jaro] AnaeroPack (Oxoid,

UK) o} @748l 2rso] 4% 59 wjeksto] warstgict.

5

APL ZYMS UgEel 197bA mamYe AAS sl Aaslnh
suspension medium (2 mQ)o] #4355 5~6 McFaland2 &% 5 9ty 21, 65 m
A 242E JEo ASAIRIY. 25°CollA 48A17F Bl & ZYM At ZYM B AlefZ
Zizte] AZ0] & WM "olm F 58 Fob w3 AL Ane WEsoich
APl 20NE= 0.85% NaCl medium (5 mQ)of sea salt®] =%=7} 2-3%7} EA L
A7tste] #5325 0.5 McFaland2 Eteg M50tk API AUX Mediumol] %
A 200 5 Fgrtsto £ & UHA] &Y REO AHHERJS V1A 3

0l EHof|= mineral oil2 Y F7|AQl 7102 Tr5of vFSITh T2y LEA

I‘E
A



24-48A17F £t BROFSICH AP 20NEQ] Astebsl whe-g #arsts] 9jsf JAMES,
NIT1, NIT2, Zinc S°] B RA|ekS A7lsto] Aate m=str}.

_’Iz_



Polar lipid Z&sl7] sl SZA47xs #A 50 mgo] 0.3% NaCl £
(w/v)/methanol (10:100) ¥ hexaneS ZtzF 2 mQ A7}star AlLoA 158 =9oF
Aolaqltt. Z12]al 13000 rpmof|Al 1027F dalZelsty g5ds AARL. st
S0 hexane 1 mdE 7g7iet & 167 &t AojFil ArE2]st] EOA| 45
MBS AAsHIT. st5HL 100°CAN b7 & HAE F At=o b3t Al S
1, chloroform-methanol-0.3% NaCl &% (w/v) (50:100:40, v/v)S 750 pl
A7t & 302 S 2 Aot dAEY = -3
0.3% NaCl &3 7t7F 1.3 m0 @1 & Aoj& § dAZedstitt. & 52e= u
HAD &0 st5HS Lot 37°CoM ARAIA F40 Argstitt. &% polar
lipid= two-dimensional TLC (Thin Layer Chromatography) ¥ o2 ZEAMs}
At [36]. === polar lipid= chloroform/methanol (2:1) &<Hof] 50 W& <
1 =91 3 TLC (Merck, USA)O] 5 & AAste] #ARAZ § 1x} A7jH
chloroform-methanol-water (65:25:4, v/v), 2X X7} chloroform-met-
hanol-acetic acid-water (40:7.5:6:2, v/v)o]| Z+z} x4 308 o|At X7|51S .
TLC Ao ¥2%l polar lipid= WAAero 2 Abgsto] SatqiTy. AR WAl
Al2F2 molybdophosphoric acid A]2F (10% molybdophosphoric acid w/v;
total lipids), 0.2% ninhydrin (w/v, Merck, USA: amino group lipids),
zinzadze 89 Glycolipid &9+ o-naphthol (15% w/v) 898 x}8&35}3TH

[37].

AGAt(fatty acid)®] FE2YH2> =219 1.3, & 1.4)aF 2o

- Harvesting : 1AHjA]of 8= A 40-60 mgS test tube v} QFA 1
SEE

- Saponification : Reagent 1 882 1 mQ A7}sto] 30% =9t E3HA|ASECY.
100°Coj|A] 58 5ot Hojx 1 5-10&7F ThA] Aloj&ch T2]1 ®ohA] 100°Coj|A
253 ZoE Fl, 37°CoA A3 50] v]=sK(saponification)A]Z1TH,

- Methylation : Reagent 2 8988 2 mQ A7}sto] 5-10&%7F Aoj&th. 80°Cof|A]

_13_



10870 BolE ¥ AsiFol AR Huy 3715 A AA uPst Wee
GENAZECL,

- Extraction : 1 T2, Reagent 3 89S 1.25 mQ A7tste] 1027F rotate A]
A, #emElS o] &sto stEdS AASH APAte FELI
- Wash @ Ag4HS AIAsH] 915l Reagent 4 & 3 m03 A7Istal ofA] 5E1
rotate Al7l & m&} NaCl 89S &7lato] 7Lgt AHALS 8l23ich 258 X
HFAFS shelock Micobial Identification System (MIDI; version 6.1)2F TSB6
gtol¥g], 7tAF20tE 7 o](GC 7890A, Agilent, USA)S o] &5t #5329 &
Q@ AYAE S FAsHAT (2 1.4) [38].

Table 1.4. Composition of buffers used fatty acid extraction.

Reagent 1- Saponification

sodium hydroxide 45 g + methanol 150 mQ + distilled water 150 mQ

Reagent 2 - Methylation

60N hydrochloric acid 325 m + methyl alcohol 275 md

Reagent 3 - Extraction

hexane 200 mQ + methyl tert-butyl ether 200 mQ

Reagent 4 - Sample cleanup

sodium hydroxide 10.8 g + distilled water 900 mQ

_14_



HARVESTING @C /~—+ /
Harvest From

Third Quadrant 4 mm Loop  Coat Bottom

¢

SAPONIFICATION [ —/

Vorlex 100°C
5-10sec 25 min cool

Add1.0ml  Vortex
Reagent# 1 5-10 sec

METHYLATION

Add20ml  Vortex  80+1°,10+1 min
Reagent#2 5-10sec  Cool Rapidly

¢ I
EXTRACTION _’@_’ = !J

Add 1.25ml 10 min Remove
Reagent # 3 Boltom Phase Top Phase

P
S ARE

Add 30ml 5 min Remove 2/3 Transfer Cap
Reagent # 4 Top Phase to GC Vial

Fig 1.3. Fatty acid extracion methods.

o -
k-]
Bacterial Saponification  Exaction BC Anavsis: Peak Naming Identification of
Cullure & Methylation E Prafile Comparison to Bactana by Pattem
Database Recognition

Fig 1.4. Fatty acid analysis.
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1.2.4.5. Genomic +A

CE80"©] DNA G+C content= Korean Culture Center of Microorganism
(KCCM)oflA] HPLC analysis W2 At235t0] A&E519T) [39]. £ DNA-DNA
&4sk= CE80'9 BEEWIF L. suaedae YC6927TO] Genomic DNAOJA Ezaki
et al. [40]9] photobiotin-labelled DNA probes?t microplate hybridization
Yoz ML AMPSYT APS S9Eo2  HFPOE  DNA-DNA

relatedness 3f2 H7lsH .

¥t pufLM geneZ bacteriochlorophyll a (BChl a)°] /455t HHE &
AR w3-S 7AZEs17] Yol Kim et al] ¥ o2 EX primers Al8sto] &
A7

_’Ié_



1.3, 2y} 9 1Ak

1.3.1. sl W Z2jAl=te] 16S rRNA /7|42 R AE

g

L

1.3.1.1. Betof|®o]siH

Hetof ol ¥ (Callyspongia confoerderata)ollA ¥ig7tseh Alut2 & 47 «
27 2eEele. el 47 59 A" 16S rRNA ¥7[AES NCBIY
Genbank?} EzCloudE ©]&sto] {AReE F7|MES vluet 21 28 /T2
2 Actinobacteria, Bacteroidetes, Firmicutes, Proteobacteria (Alpha-,
Beta-, Gamma-)2] 4709] &(Phylum)o] =RlIEon (I 1.5), 6709 #
(calss), 127§9] S(order), 157§9] 1Hfamily), 177§2] <&(genus), 12j1 30 %
(species)o] =Holw]Qict (3.1.5). Proteobacteria’t 62% (Alpha-proteobacteria

26%, Beta-proteibacteria 2%, Gamma-proteobacteria 36%)=2 7348 o|F

o 32

O, Firmicutes 23%, Actinobacteria 22%, Bacteroidetes 2%7} &£35t= 7l
2 UeRdth Bald 59 16S rRNAG7IAE2 EzCloudoA] B&u59] A7|A<E
I 8laste] AEde #.1.60 HEHHCH, Alses oS (21 1.6)0 Aot

Bal= 47 #+43 % 31 3+ proteobacteria =09 & Alpa-proteobacteria,
Beta-prote obacteria, Gamma-proteobacteria 37§19 7to& UEpJct 1 %
18¢7%= Gamma-proteobacteria 7392 Cellvibrionales, Oceanospirillales,
Pseudomonadales, Vibrionales® 4719] Z3} Microbulbiferaceae, Halomona-
daceae, Moraxellaceae, Pseudomonadaceae, Vibrionales 57§9] z}, Z2]i11
Microbulbifer,  Cobetia, Psychrobacter, Pseudomonas, VibrioQ 2 57}9]
£o] FREHU.

Gamma-proteobacteria 7}/ Cellvibrionales =/ Microbulbiferaceae 1o)==
Microbulbifer £0| 5 32 Microbulbifer sp. 2+ 99% 16S rRNA E7|AM <&
o2 Ygtt E3], PPM17 43> M. marinus Y215'9} 97.6%, PPM11, 12,
202 M. rhizosphaerae Csl6b'®}F 97%9] 7| o2 Bt
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Oceanospirillales =/ Halomonadaceae 1}/ Cobetia £0°] 1 432 Cobetia
amphilecti KMM 156179} 99.4% 91714 Ar=AS wact Pseudomonadales
2/ Moraxellaceae 1/ Psychrobacter &0 &3t= 6 w43= Psychrobacter
sp.9 98.1-99.6% FI7|AE EHAIEE HTh  Pseudomonadaceae 1}t/
Pseudomonas &0|| &8t= 2 42%= P zhaodongensis NEAU-ST5-22"¢} 99%
o] F7IME SAtEES H Tt Vibrionales &/ Vibrionaceae 3t/ Vibrio 40j
#%% V. coralliirubri Corallol'@} 99%9] H7]H Y GAIES Holx
gow|, 1 % PPM3S V. gigantis CAIM 25"9} 92%9] F2 16S rRNA & 7]A]
& FALEES o5l

Alpa-proteobacteria 742 & Corynebacteriales, Micrococcales, Micromono

1P >
I‘\l‘

-sporales®] 3719] =, Nocardiaceae, Microbacteriaceae, Micromonospora
-ceae? 3789 3, Rhodococcus, Microbacterium, Micromonospora 3712]
&0 g B9t Corynebacteriales =/ Nocardiaceae ¥t/ Rhodococcus 4
o] £3t= 1 #F== Rhodococcus sovatensis HO04'@} 99% 16S rRNA & 7]A]
g OAIEE YUEHCH Micrococcales 2/ Microbacteriaceae ¥/ Microbacte-
rium &0 &3st= 3 d5&% Microbacterium sp. 2t Micromonosporales =/
Micromonosporaceae 1}/ Micromonospora 49| &dt= 1 43= M. aur-
antiaca ATCC 27029'¢} 717} 99-100%2] @714 QE SAIES W)

Betaproteobacteria 73of= Burkholderiales &/ Comamonadaceae i}/
Comamonas &0 &3t= 1 FZ2X C aquatilis SB30-Chr27-3'¢} 99% <17]A]
g FALEE EAit

Firmicutes &/ Bacilli 7t/ Bacillales Zof= Bacillaceae, Paenibacillac

eae® 27019 Wt Bacillus, Paenibacillus®l 2719] 4o0] &QI%] it} Bacillaceae
1t/ Bacillus &9 &35t= 10 w3+ Bacillus sp. 2} Paenibacillaceae 1}t/
Paenibacillus &0 &3t= 1 F2= P cucumis AP-115"9} 77+ 99-100%9]
B7IME FALEE B

Actinobacteria +/ Actinobacteria 7}oll+= Corynebacteriales, Micrococc-
ales, Micromonosporales®] 37§°] =, Nocardiaceae, Microbacteriaceae,

Micromonosporaceae?] 2709 1}, Rhodococcus, Microbacterium, Microm-
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onospora® 37§Q] &o] =I%]9it}t. Corynebacteriales =/ Nocardiaceae 1}/
Rhodococcus &0 £38t= 1 #2= Rhodococcus sovatensis HO04'9} 99%,
Micrococcales =/ Microbacteri- aceae 1/ Microbacterium 49| 4£35t= 3
5= Microbacterium sp.3}t 99-100%, Micromonosporales =/ Micromo-
nosporaceae 1}/ Micromono- spora &9 &5t= 1| 3= M. aurantiaca
ATCC 2702979} 99%°] SAFEH @7 o] Lepiet.

Bacteroidetes +/ Flavobacteriia 7}/ Flavobacteriales =/ Flavobacteri-

aceae 1t/ Joostella &0 &3st= 1 @22 Joostella marina DSM 1959279}
94%9] We @A7|NA SALEES UEhct

Bactercidetes

B-protecbacteria
2%

Fig. 1.5. Diversity and structure of bacterial community of C. confoerderata.

_19_



Table 1.5. Bacterial diversity associated with C. confoerderata.

Phylum Class Order Family Genus No.
Actinobacteria Actinobacteria Corynebacteriales Nocardiaceae Rhodococcus 1
Micrococcales Microbacteriaceae Microbacterium 2
Micromonosporales Micromonosporaceae Micromonospora 1
Bacteroidetes Flavobacteriia Flavobacteriales Flavobacteriaceae Joostella 1
Firmicutes Bacilli Bacillales Bacillaceae Bacillus 10
Paenibacillaceae Paenibacillus 1
Proteobacteria o-proteobacteria Rhizobiales Aurantimonadaceae Aurantimonas 1
Methylobacteriaceae Methylobacterium 1
Rhodobacterales Rhodobacteraceae Paracoccus 1
Pseudovibrio 8
Ruegeria 1
-proteobacteria Burkholderiales Comamonadaceae Comamonas |
y-proteobacteria Cellvibrionales Microbulbiferaceae Microbulbifer 5
Oceanospirillales Halomonadaceae Cobetia 1
Pseudomonadales Moraxellaceae Psychrobacter 6
Pseudomonadaceae Pseudomonas 2
Vibrionales Vibrionaceae Vibrio 3
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Table 1.6. Closest relative species to bacterial strains isolated from C.
confoerderata.

Strain Category Closest relative species Similarity

(Phylum) (%)

PPR7 Actinobacteria Rhodococcus sovatensis H004' 99.1
PPT8 Microbacterium flavum YM18-098" 100.0
PPR14 Microbacterium maritypicum DSM 12512" 99.0
PPR6 Microbacterium oxydans DSM 20578" 99.7
PPR11 Micromonospora aurantiaca ATCC 27029" 99.5
PPT11  Bacteroidetes Joostella marina DSM  19592" 93.9
PPRI5T Firmicutes Bacillus megaterium NBRC 15308" 100.0
PPT4 Bacillus megaterium NBRC 15308" 99.5
PPT7 Bacillus megaterium NBRC 15308" 99.2
PPR22 Bacillus praedii FJAT-25547" 99.9
PPT3 Bacillus pseudomycoides DSM 124472 98.3
PPT16 Bacillus pumilus ATCC 7061' 99.0
PPR13 Bacillus toyonensis BCT-7112" 99.7
PPR5 Bacillus toyonensis BCT-7112" 99.5
PPT5 Bacillus toyonensis BCT-7112" 99.7
PPR8 PBacillus velezensis CR-502" 99.4
PPR16 Paenibacillus cucumis AP-115" 99.6
PPR25  a-proteobacteria Aurantimonas coralicida DSM 14790" 99.9
PPT6 Methylobacterium oryzae CBMB20" 994
PPR18 Paracoccus oceanense JLT1679" 99.2
PPM1 Pseudovibrio ascidiaceicola DSM 16392" 99.2
PPM10 Pseudovibrio ascidiaceicola DSM 16392" 99.2
PPM15 Pseudovibrio ascidiaceicola DSM 16392" 98.6
PPM2 Pseudovibrio ascidiaceicola DSM 16392" 99.6
PPM4 Pseudovibrio ascidiaceicola DSM 16392" 99.6
PPMS8 Pseudovibrio ascidiaceicola DSM 16392" 99.6
PPM9 Pseudovibrio ascidiaceicola DSM 16392" 99.6
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Strain Category Closest relative species Similarity
(Phylum) (%)
PPM13  a-proteobacteria Pseudovibrio hongkongensis KCTC 42383" 96.7
PPM16 Ruegeria atlantica CECT 4292" 99.7
PPT9 B-proteobacteria Comamonas aquatilis SB30-Chr27-3" 99.3
PPM14  y-proteobacteria Microbulbifer echini AM134" 99.2
PPM17 Microbulbifer marinus Y215 97.6
PPM11 Microbulbifer rhizosphaerae Cs16b' 97.7
PPM12 Microbulbifer rhizosphaerae Cs16b" 97.7
PPM20 Microbulbifer rhizosphaerae Cs16b’ 97.7
PPM7 Cobetia amphilecti KMM 15617 99.4
PPT12 Psychrobacter celer sw-238" 98.0
PPT13 Psychrobacter celer Sw-238" 98.1
PPT14 Psychrobacter celer SW-238" 97.9
PPT15 Psychrobacter celer Sw-238" 98.1
PPR24 Psychrobacter nivimaris 88/ 2-7" 99.6
PPR17 Psychrobacter proteolyticus 116" 98.9
PPR2 Pseudomonas zhaodongensis DSM 27559 99.8
PPT?2 Pseudomonas zhaodongensis DSM 27559" 99.8
PPM5 Vibrio coralliirubri Corallol' 99.3
PPM6 Vibrio coralliirubri Corallol" 98.8
PPM3 Vibrio gigantis CAIM25" 92.3
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Strain PPM117
Strain PPM207

Strain PPM127
Microbulbifer rhizosphaerae Cs16b! (LN624392)
Microbulbifer maritimus TF-17T (AY377986)
Microbulbifer thermotolerans JAMB A94T (AB124836)
Strain PPM177
Microbulbifer marinus Y2157 (GQ262812)
Microbulbifer epialgicus F-104T (AB266054)
Strain PPM147
Microbulbifer echini AM134T (KJ789957)
.| Strain PPT27
o Strain PPR2"
- NEAU-ST5-217 (JQ762275)
L Peudomonas kunmingensis HLz2-2 (saz4s4s)
Cobetia amphilecti KMM 15617 (AB646236)
Strain PPM77
Cobetia marina JCM 210227 (CP017114)
4| Strain PPMST

Vibrio

y-Proteobacteria

Corallo1™ (HG942391)
Vibrio artabrorum Vb 11.87 (EF599164)
Strain PPT157
&2/ Strain PPT147
10| Strain PPT127
Strain PPT137
Psychrobacter celer SW-238T (AY842259
Psychrobacter proteolyticus 1167 (AJ272303)
10| sl Psychrobacter nivimaris 88/2-77 (AJ313425)
<l Strain PPR247

Strain PPR177
Psychrobacter namhaensis SW-242T (AY722805)
Comamonas jiangduensis YW1T (JQ941713)

Strain PPTOT —~ B-Proteobacteria
Comamonas aquatilis SB30-Chr27-3 (KU355878)
Methylobacterium oryzae CBMB20T (CP003811)

o0

Strain PPT6
Methylobacterium radiotolerans JCM 28317 (CP0O01001)
100] Strain PPR25T
Aurantimonas coralicida DSM 14790" (AJ786361)
Aurantimonas aggregata R14M6T (KY984095)
Strain PPR18™
Paracocous oceanense JLT1679T (HQ638977)
Paracoccus stylophorae KTW-16T (GQ281379)
Ruegeria denitrificans CECT 50917 (MH023307)
Strain PPM167
10| Ruegeria atlantica CECT 42927 (D88526)
Strain PPM107 a-Proteobacteria
Strain PPM4T
| strain PPM2
Strain PPM1T
Pseudovibrio ascidiaceicola DSM 163927 (AB175663)
Strain PPMoT
[l strain PPMBT
Pseudovibrio japonicus WSF2' (AB246748)
DSM 174657 )

Pseudovibrio stylochi UST20140214-052T (KP207600)
Pseudovibrio hongkongensis UST20140214-0158T (KP207599)
Strain PPT4"

Bacillus aryabhattai B8W22T (EF114313)
Bacillus depressus BZ1T (KP259553)
Bacillus praedii FJAT-25547" (KY582959)
Strain PPR227
Bacillus pumilus ATCC 70617 (AY876289)
Strain PPT167
Bacillus velezensis CR-502 (AY803658)
Strain PPRET - Firmicutes
Lo Strain PPRS™
Strain PPR137
9 Bacillus toyonensis BCT-7112T (CPO0G863)
%4 Strain PPTS™
Bacillus paramycoides NH24A2T (KJ812444)
Bacillus pseudomycoides DSM 124427 (AF013121)
Strain PPT3"
Paenibacillus cucumis AP-115T (KU201962)
Fsmm PPR16T
— I Paenibacillus silvae DB13031T KC835077
42| Microbacterium maritypicum DSM 125127 (AJ853910)
oof strain PPRE"
100 Microbacterium oxydans DSM 20578" (Y17227)
Strain PPR147

o0 10| Micromonospora aurantiaca ATCC 270297 (CP002162)
Strain PPR11T
= Rhodococcus cercidiphylli YIM 650037 (EU325542) - Actinobacteria
3|~ Rhodococous sovatensis H004T (KU189221)
7L strain PPR7T

[ Joostella atrarenae M1-2" (GQ872420)

mn\_li Strain PPT117
L Joostella marina DSM 195927 (JHE51379)

Fig 1.6. Phylogenetic tree based on comparison of the 16S rDNA gene sequences
of bacteria isolated from C. confoerderata. and some other related taxa.
GenBank accession numbers are given in parentheses. Boostrap values (>50%)
based on 1,000 replications are shown. Bar 0.02 nucleotide substitutions per
nucleotide position.
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1.3.1.2. #F2UAHEoH

AU BN A (Spirastrella insignis)ol|A BlY7Hseh Mlat2 & 33 @371 &
et 249 33 #39 2A% 16S rRNA E7]AES NCBI®] Genbank2}
EzCloudE ©]&35to]  RARE @7IMES  dHlue Adt £Q FRITCE
Actinobacteria, Firmicutes, Proteobacteria (Alpha-, Gamma-)2] 37§°] =&
(Phylum)o] &l= ot (Y 1.7), 47H9] “H(class), 6709] =(order), 97H°] i}
(family), 117§9] <&(genus), 22]al 17 Z(species)o] =olg]Qict (& 1.7).
Proteobacteria’t 58% (Alpha-proteobacteria 43%, Gamma-proteobacteria
15%)2 A& o]291 01, Firmicutes 30%, Actinobacteria 12%7} &5t= 71
oz UEEth 9959 16S rRNAY7Z|M D2 EzCloudo|Al #&Ew59] &7
AE} vlusty] A5dS ® 1.80 YW eH, Alees oS (28 1.8)u Aot

B2a)= 33 45 & 19 53+ Proteobacteria =92 & Alpa-proteobacteria
(class)/ Rhodobacterales (order)/ Rhodobacteraceae (family)/ Phaeobacter,
Pseudovibrio®l 2719] &o] &OIst¥ct.  Phaeobacter &9 1 H4FE=
Phaeobacter inhibens DSM 16374'9] <o17]Ad 1t 99%°] OAtz2 HolT
Pseudovibrio 2(genus) 12 #2%= P. ascidiaceicola DSM 16392'¢} 99-98%
o] d7IME RAFEE BT 53], SIM25 w&e 97.5%9 @2 FALEES WO
zolct

Proteobacteria +/ Gamma-proteobacteria 73&  Alteromonadales,
Cellvibrionales®] 271°] &, Shewanellaceae, Microbulbiferaceae®] 27§°] I},
2]l Shewanella, Microbulbifer® 2719] 40| =RIE| QT Shewanella 4:0]

2319]1= 1 42X Shewanella marinintestina 1K-1"9t Microbulbifer 2.0 %
M= 4 F= M echini AM13479} 98.7-99.7% A71H A SAIEE Wo|=9)
c}.

Firmicutes =&/ Bacilli 7}/ Bacillales =/ Bacillaceae, Paenibacillaceae?]
2789 e} Bacillus, Paenibacillus®] 2719 4y0] &0lw]Qlt}. Bacillaceae i}/
Bacillus &0 £3t= 9 3= Bacillus sp. 9} Paenibacillaceae 1t/
Paenibacillus 9] &8t= 1 #2%= P taichungensis BCRC 177579} ztzt
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99-100%2] A7|MLE LAI=S HIT. Es|, SIM6, 15= B halosaccha-
rovorans E33"9} ZH7F 97%9} 94%29] e oA g QA= vt
Actinobacteria &/ Actinobacteria 7}of= Corynebacteriales, Micrococca-
les, Mycobacteriales®] 37§2] =, Gordoniaceae, Nocardiaceae, Micrococca-
ceae, Mycobacteriaceae® 47§Q] 1}, Gordonia, Rhodococcus, Micrococcus,
Mycobacterium® 4712] &o] =2Hl%|9Jtt Corynebacteriales =9ofl&= Gordo-
niaceae 1t/ Rhodococcus 40| &5t= 1 &= Gordonia hong- kongensis
HKU50'@} 99%, Nocardiaceae it/ Rhodococcus 20 Z3t= 1 F3=
Rhodococcus — cerastii C5'@F  99%°] d7]Ad  Coxtz=2 HoRch
Micrococcales =/ Micrococcaceae 1/ Micrococcus &0 &st= 1 4% =
Micrococcus yunnanensis DSM 219481+ 99.3%, Mycobacteriales =/
Mycobacteriaceae 1/ Mycobacterium &0 &dt= 1 #53= M. frederiks-

bergense DSM 44346'9} 98.6%°] S-Alst @7]A o] LpepITE,

Fig 1.7. Diversity and structure of bacterial community of S. insignis.
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Table 1.7. Bacterial diversity associated with S. insignis.

Phylum Class Order Family Genus No.
Actinobacteria Actinobacteria Corynebacteriales Gordoniaceae Gordonia 1
Mycobacteriaceae Mycolicibacterium 1
Nocardiaceae Rhodococcus 1
Firmicutes Bacilli Bacillales Bacillaceae Bacillus 12
Paenibacillaceae Paenibacillus 1
Proteobacteria o-proteobacteria Rhodobacterales Rhodobacteraceae Phaeobacter 1
Pseudovibrio 12
Ruegeria 1
y-proteobacteria Alteromonadales Shewanellaceae Shewanella 1
Cellvibrionales Microbulbiferaceae Microbulbifer 4
Xanthomonadales Xanthomonadaceae Stenotrophomonas 1
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Table 1.8. Closest relative species to bacterial strains isolated from S. insignis.

Strain Category Closest relative species Similarity
(Phylum) (%)
SIR2 Actinobacteria Rhodococcus cerastii C5' 99.3
SIT10 Micrococcus yunnanensis DSM21948" 99.3
SIR6 Mycobacterium frederiksbergense DSM44346" 98.6
SIR3 Gordonia hongkongensis HKUSO(T 99.3
SIM2 Firmicutes PBacillus altitudinis 41KF2b' 99.8
SIT3 PBacillus altitudinis 41KF2b' 99.1
SIM6 Bacillus halosaccharovorans E33" 96.8
SIM15 Bacillus halosaccharovorans E33" 93.6
SIR8 Bacillus halosaccharovorans E33" 99.4
SIR1 Bacillus pumilus ATCC 7061 98.6
SIT2 Bacillus pumilus ATCC 7061" 99.1
SIT6 Bacillus subtilis subsp. Stercoris D7XPN1" 99.6
SIT7 Bacillus subtilis subsp. Stercoris D7XPN 1" 99.5
SIT4 Paenibacillus taichungensis BCRC 17757" 99.5
SIM19 o-proteobacteria Phaeobacter inhibens DSM 16374" 99.7
SIM1 Pseudovibrio ascidiaceicola DSM16392" 98.7
SIM4 Pseudovibrio ascidiaceicola DSM16392" 99.1
SIM7 Pseudovibrio ascidiaceicola DSM16392" 99.8
SIM8 Pseudovibrio ascidiaceicola DSM16392" 99.2
SIM14 Pseudovibrio ascidiaceicola DSM16392" 99.1
SIM22 Pseudovibrio ascidiaceicola DSM16392" 99.9
SIM25 Pseudovibrio ascidiaceicola DSM16392" 97.5
SIM27 Pseudovibrio ascidiaceicola DSM16392" 98.6
SIM29 Pseudovibrio ascidiaceicola DSM16392" 99.8
SIM30 Pseudovibrio ascidiaceicola DSM16392" 99.1
SIM28 Pseudovibrio axinellae Ad2' 97.8
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Strain Category Closest relative species Similarity
(Phylum) (%)
SIM5 o-proteobacteria Pseudovibrio hongkongensis KCTC 42383 96.8
SIM16 Ruegeria atlantica CECT 4292" 100.0
SIM9 y-proteobacteria Shewanella marinintestina K-1" 99.2
SIM13 Microbulbifer echini AM134 98.7
SIM18 Microbulbifer echini AM134 99.7
SIM20 Microbulbifer echini AM134 98.7
SIM21 Microbulbifer echini AM134 99.7
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5 Strain SIM14T
Strain SIM307
Strain SIM7T
Strain SIM8T
Strain SIM4T

St Strain SIM227
Strain SIM29™
Strain SIM1T

DN34T (AY486423)
Pseudovibrio ascidiaceicola F423T (AB175663)
Pseudovibrio japonicus WSF2T (AB246748)
Pseudovibrio axinellae Ad2" (JN167515)

Strain SIM27T

Strain SIM25T

Strain SIM28T

Strain SIM5T

Pseudovibrio hongkongensis UST20140214-015BT (KP207599)
Strain SIM16™

Ruegeria atlantica CECT 42927 (D88526)

Ruegeria denitrificans CECT 50917 (MH023307)
Ruegeria lacuscaerulensis ITI-11577 (U77644)
Strain SIM197

Phaeobacter piscinae 27-47 (AJ536669)
Phaeobacter inhibens DSM 16374T (AY177712)
Phaeobacter porticola P977 (CP016364)
Microbulbifer echini AM134T (KJ789957)

Strain SIM137

84 Strain SIM217

100} 64| Strain SIM18T

Strain SIM20T

Microbulbifer epialgicus F-104T (AB266054)

Microbulbifer variabilis Ni-2088T (AB167354)

a-Proteobacteria

100)

y-Proteobacteria

7¢{ - Strain SIMQT

ﬁfhewaneﬁa marinintestina 1K-1T (AB081757)

o HRKA1T (AB081760)
L Shewanella pealeana ATCC 7003457 (CP000851)

54 Gordonia terrae NBRC 1000167 (X79286)
wnr: Strain SIR3T
Gordonia lacunae BS2T (EF151959)
Strain SIR6™

Mycolicibacterium frederiksbergense DSM 44346 (AJ276274)
199 — Mycolicibacterium fluoranthenivorans FA-4T (AJB17741)

Actinobacteria

s Mycolicibacterium canariasense JCM 152987 (AY255478)
Rhodococcus sovatensis H004T (KU189221)

Strain SIR2T

Rhodococcus cerastii C5" (FR714842)

Rhodococcus fascians LMG 36237 (X79186)

Strain SIM2T

Strain SIT3T

Bacillus altitudinis 41KF2bT (AJ831842)

Strain SIR1T

Strain SIT2"

Bacillus safensis subsp. safensis FO-36b™ (AF234854)

Bacillus pumilus ATCC 70617 (AY876289)

Strain SITET

Strain SIT7T

Bacillus subtilis subsp. stercoris D7TXPN1T (JHCA01000027)

Bacillus velezensis CR-502T (AY603658)

Bacillus halosaccharovorans E33T (HQ433447)

Strain SIM6™

Firmicutes

Strain SIM157
Bacillus endolithicus JC267T (LM994040)

100]
Bacillus niabensis 4T197 (AY998119)
o[ Paenibacillus taichungensis BCRC 177577 (EU179327)
s8] — Paenibacillus pabuli NBRC 136387 (AB045094)
Strain SIT4"
100]
Paenibacillus dongdonensis KUDC0114T (KF425513)
—
0.020

Fig 1.8. Phylogenetic tree based on comparison of the 16S rDNA gene sequences
of bacteria isolated from S. insignis and some other related taxa. GenBank
accession numbers are given in parentheses. Boostrap values (>50%) based on
1,000 replications are shown. Bar 0.02 nucleotide substitutions per nucleotide

position.

_29_



s (Cliona celata)oll A BiY7hset Alet2 & 48 371 2=l =2
= 48 #39] A= 16S rRNA F7]A4E-E NCBI9] Genbank?t EzCloudE o|&
stol  JARRE @7IMES Blat Ad £Q F/w22  Actinobacteria,
Firmicutes, Proteobacteria (Alpha-, Beta-, Gamma-)2] 47§2] =(Phylum)o]
sholgjgjor (2 1.9), 5709 “H(calss), 97§2] =(order), 117§9] IHfamily),
13789] &(genus), 12]1 21 Z(species)o] QIE Tt (F 1.9). Proteobacteria
7l 85% (Alpha-proteobacteria 58%, Beta-proteobacteria 4%, Gamma-
proteobacteria 23%)2 2748 o|F9 00, Firmicutes 11%, Actinobacteria
4%7t &ot= Zloz Uepdth 22329 16S rRNAG7|AE-2 EzCloudojlA ®
30 A7IMEa vlwsto] AeAdE & 1.100] UEpdon, Aless ts (2
3 1.10)2 2t

Bal= 48 w43 % 41 3 += Proteobacteria =9 & Alpa-proteobacteria,
Beta-proteobacteria, Gamma-proteobacteria 37§¢] 7Fo=2 Uepdtt 71 =
28 = Alpa-proteobacteria 732 2 Rhizobiales, Rhodobacterales, Sphin-
gomonadales®] 47§9] &, Methylobacteriaceae, Rhodobacteraceae, Erythro-
bacteraceae, Sphingomonadaceae® 4709 3, Methylobacterium, Paraco-
ccus, Pseudo- vibrio, Ruegeria, Erythrobacter, Sphingomonas®] 6719 &
o= selstyrt.

Alpa-proteobacteria 7}/ Rhizobiales &/ Methylobacteriaceae 3t/ Methyl-
obacterium 40°f &3 9= 3 & (JCR11, JCR26, JCR29)7} Methylobacte
-rium sp.o] 93-96%°] F2 AZIME SAIEE YUEATH Rhodobacterales =/
Rhodobacteraceae 10)|= Paracoccus 0| &ot= #5371 1 dF =2 Paracoc
cus oceanense JLT1679'9} Pseudovibrio £0| £3t= 12 F2X= Pseudovibrio
sp.2t Ruegeria £9] 4 d4%3= Ruegeria sp.2} 99-100%2] E7|AME9] A=A
= YEHD

Gamma-proteobacteria 73/ Cellvibrionales =/ Microbulbiferaceae o=

Microbulbifer 40| 6 32 Microbulbifer sp.2F 98-99% 16S rRNA H7|A &2
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LAt S HTh Pseudomonadales 5/ Moraxellaceae 1}/ Acinetobacter 4
S 5 #5=2 Acinetobacter sp. 2 16S rRNA @7|M ¥ SAt=ES H Yt
Actinobacteria &/ Actinobacteria 7}of= Corynebacteriales, Micrococca-
les©] 2719] =, Nocardiaceae, Microbacteriaceae® 2719] 3, Rhodococcus,
Agrococcus®] 2719] £o0] &QIE]9it}t. Corynebacteriales &/ Nocardiaceae
1}/ Rhodococcus 20| Z38t= 1@42% Rhodococcus sovatensis H004 <}
99%, Micrococcales &/ Microbacteri- aceae 1t/ Agrococcus &0 &5t= 1

F7== A baldri IAM 15147"9F 99%°] SAHSH @74 Qo] Ltehgct.

p-protecbacteria _
4% | = — Actinobacteria
4%

Fig 1.9. Diversity and structure of bacterial community of Cliona celata.

_31_



Table 1.9. Bacterial diversity associated with Cliona celata.

Phylum Class Order Family Genus No.
Actinobacteria Actinobacteria Corynebacteriales Nocardiaceae Rhodococcus 1
Micrococcales Microbacteriaceae Agrococcus 1
Firmicutes Bacilli Bacillales Bacillaceae Bacillus 4
Paenibacillaceae Paenibacillus 1
Proteobacteria o-proteobacteria Rhizobiales Methylobacteriaceae Methylobacterium 3
Rhodobacterales Rhodobacteraceae Paracoccus 1

Rhodobacteraceae Pseudovibrio 12

Rhodobacteraceae Ruegeria 4
Sphingomonadales Erythrobacteraceae Erythrobacter 1

Sphingomonadaceae Sphingomonas 7
B-proteobacteria Burkholderiales Comamonadaceae Variovorax 2
y-proteobacteria Cellvibrionales Microbulbiferaceae Microbulbifer 6
Pseudomonadales Moraxellaceae Acinetobacter 5
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Table 1.10. Closest relative species to bacterial strains isolated from Cliona celata.

Strain Category Closest relative species Similarity
(Phylum) (%)
JCR34  Actinobacteria Rhodococcus sovatensis HO04' 98.9
JCM25 Agrococcus baldri IAM 15147" 98.8
JCM4 Firmicutes Bacillus hwajinpoensis sw-72" 99.4
JCM37 Bacillus algicola KMM 3737" 99.4
JCR2 Bacillus altitudinis 41KF2b' 99.7
JCR7 Bacillus megaterium NBRC 15308" 99.6
JCR12 Paenibacillus tritici RTAE36" 98.7
JCR11  a-proteobacteria Methylobacterium currus PR1016A" 93.1
JCR26 Methylobacterium platani PMBOZ(T 95.9
JCR29 Methylobacterium mesophilicum JCM 2829"  94.9
JCRS8 Paracoccus oceanense ]LT1679T 99.6
JCM10 Pseudovibrio denitrificans DSM 17465" 98.9
JCM9 Pseudovibrio ascidiaceicola DSM 16392T 99.8
JCM14 Pseudovibrio ascidiaceicola DSM 16392" 99.7
JCM20 Pseudovibrio ascidiaceicola DSM 16392" 99.4
JCM21 Pseudovibrio ascidiaceicola DSM 16392" 99.5
JCM23 Pseudovibrio ascidiaceicola DSM 16392" 99.2
JCM24 Pseudovibrio ascidiaceicola DSM 16392 99.2
JCM29 Pseudovibrio ascidiaceicola DSM 16392" 99.6
JCM30 Pseudovibrio ascidiaceicola DSM 16392" 99.7
JCM31 Pseudovibrio ascidiaceicola DSM 16392" 99.6
JCM33 Pseudovibrio ascidiaceicola DSM 16392" 99.9
JCM35 Pseudovibrio ascidiaceicola DSM 16392" 99.8
JCM13 Ruegeria atlantica CECT 4292T 99.4
JCM16 Ruegeria atlantica CECT 4292 99.8
JCM17 Ruegeria atlantica CECT 4292" 99.8
JCM27 Ruegeria denitrificans CECT 5091" 99.3
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Strain g:;g::; Closest relative species Sim(j;;rity
JCR21  a-proteobacteria Erythrobacter citreus RE35F/ 1" 98.8
JCR9 Sphingomonas aquatilis JSS7T 99.8
JCR16 Sphingomonas aquatilis JSS7T 99.8
JCR5 Sphingomonas sanguinis NBRC13937" 99.9
JCR18 Sphingomonas sanguinis NBRC13937" 99.7
JCR20 Sphingomonas sanguinis NBRC13937" 99.9
JCR23 Sphingomonas sanguinis NBRC13937" 99.9
JCR25 Sphingomonas sanguinis NBRC13937" 99.7
JCR13  B-proteobacteria Vario vorax NBRC 15149" 98.7
JCR15 Vario vorax NBRC 15149' 98.9
JCM3 y-proteobacteria Microbulbifer echini AM134" 99.6
JCM5 Microbulbifer echini AM134" 99.7
JCM6 Microbulbifer echini AM134" 99.1
JCM7 Microbulbifer echini AM134" 99.7
JCM22 Microbulbifer echini AM134T 97.8
JCM28 Microbulbifer echini AM134' 97.9
JCR3 Acinetobacter pittii CIP 70.29" 99.6
JCR4 Acinetobacter pittii CIP 70.29" 99.5
JCR6 Acinetobacter pittii CIP 70.29" 99.5
JCR36 Acinetobacter pittii CIP 70.29" 99.4
JCR37 Acinetobacter pittii CIP 70.29' 99.5
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Pseudovibrio ascidiaceicola DSM 163921 (AB175663)
Strain JCM297
Strain JCM337
Strain JCM9™

DSM 174657
Pseudovibrio japonicus WSF2T (AB246748)
Pseudovibrio axinellae Ad2" (JN167515)
Pseudovibrio hongkongensis KCTC 423837 (KP207599)
100 Paracoccus oceanense JLT16797 (HQ638977)
— 100 Strain JCR8T
Paracoccus stylophorae KTW-16T (GQ281379)

56 Strain JCMA7T

7 Strain JCM137
Ruegeria atlantica CECT 42027 (D88526)
Strain JCM167

Ruegeria denitrificans CECT 50917 (MH023307)

7|

7|

M Strain JCM277 )
- a-Proteobacteria

Erythrobacter citreus RE35F/1T (AF118020)

100 [ Strain JCR21T
Erythrobacter pelagi UST081027-248T (HQ203045)

Strain JCR16T

Sphingomonas aquatilis JSS7T (AF131295)
Sphingomonas kyungheensis THG-B283" (JN196137)
Sphingomonas pruni NBRC 15498T (Y09637)

Strain JCRST
Strain JCR257
Strain JCR237
Strain JCR20™

Sphingomonas sanguinis NBRC 13937 (D84529)

Sphingomonas pseudosanguinis G1-2' (AM412238)

Sphingomonas parapaucimobilis NBRC 151007 (D13724)
GTC 8687 (ABK )

Strain JCR26"
platani PMBO2T

Methylobacterium currus PR1016AT (MH158285)

Methylobacterium aquaticurm DSM 163717 (AJ635303)

Methylobacterium brachiatum B0021T (AB175649)
Methylobacterium mesophilicum JCM 28297 (D32225)
Strain JCR297

Methylobacterium pseudosasicola BL36T (EU912439)
Methylobacterium phyliosphaerae CBMB27T (CP015367)

Strain JCM5T

Strain JCM3T
Microbulbifer echini AM134T (KJ789957)
Strain JCMET

Microbulbier variabilis Ni-20887 (AB167354)

Strain JCM28™
Strain JCRET o y-Proteobacteria

¢l Strain JCR367
= Strain JCR3T
7| strain JCR4T
7| Strain JCR37T
“Hacinetobacter lactucae NRRL B-419027 (KU921101)
| Acinetobacter pittii CIP 70.297 (HQ180184)
B = DSM 300067 (AJB88983)

Acinetobacter seifertii NIPH 973 (KB851199)
s~ Variovorax robiniae UCM-G35T (KU973604)
[[ Variovorax ginsengisoli Gsoil 31657 (AB245358)

19| — Variovorax boronicumulans BAM-48" (AB300597) I B-Proteobacteria

3] | Strain JCR15T
1%l strain JCR13"
100 Bacillus megaterium NBRC 153087 (D16273)
100 | strain JCR7T
Bacillus flexus NBRC 15715 (AB021185)
Strain JCR2"
| Bacillus altitudinis 41KF2bT (AJ831842)
Loof Strain JCM37T | Eemicutes
Bacillus algicola KMM 3737 (AY228462)
100 Strain JCMar
| Bacillus hwajinpoensis SW-727 (AF541966)
Paenibacillus borealis DSM 131887 (CP009285)

4‘»« tPaenfbacrllus tritici RTAE36T (KX530777)
“L- strain JCR127

Rhodococcus sovatensis HO04T (KU189221)

Strain JCR347
Rhodococcus cerastii C57 (FR714842)
Agrococeus baldri IAM 15147 (AB279548)
Agrococcus carbonis DSM 229657 (LT629734)
Strain JCM257

Actinobacteria

Fig 1.10. Phylogenetic tree based on comparison of the 16S rDNA gene
sequences of bacteria isolated from Cliona celata and some other related taxa.
GenBank accession numbers are given in parentheses. Boostrap values (>50%)
based on 1,000 replications are shown. Bar 0.02 nucleotide substitutions per

nucleotide position.
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Ba)= 43 #+3 %5 39 #+F+= proteobacteria =9 & Alpa-proteobacteria,
Beta-proteobacteria, Gamma-proteobacteria 3719] 7to=z UEJch 71 %
35 #% = Alpa-proteobacteria 749 &2 Rhizobiales, Sphingomonadales®] 27}
9] 2 Rhodobacteraceae, Erythrobacteraceae, Sphingomonadaceae?] 37}9]
1}, Phaeobacter, Pseudovibrio, Ruegeria, Erythrobacter, Sphingomonas®]
57he] 4= Zolstgirt.

Alpa-proteobacteria 73/ Rhizobiales =/ Rhodobacteraceae 1t/ Phaeob-
acter &0 &3] 9= PR Phaeobacter italicus CECT 7645'9} 99% =,
Pseudovibrio &0 &390 20 3= Pseudovibrio sp.2t 99%, 121
Ruegeria &°f &5l 14 +53= Ruegeria sp.2} 99%9] F7|ME SAIESE W
ofFtt. Sphingomonadales =/ Erythrobacteraceae 1t/ Erythrobacter 49
&8 Q= 1 #3E E aquimaris SW-110"9} Sphingorhabdus 40 1 @d5%&
S. litoris FR1093"9} 98%9°] @71A <Y QAL=S UFERHCH

Gamma-proteobacteria 7}o]|= Alteromonadales, Oceanospirillales®] 27[9]
=2, Pseudoalteromonadaceae, Halomonadaceae®] 27§9] ¥, 121l Pseudo-
alteromonas, Halomonas® 2719] <£o] &IEQT}t.  Pseudoalteromonas,

Halomonas &0|= ztzt 1 #271 Balgj9lon, P shioyasakiensis SE3'Q} H.
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litopenaei SYSU 7]2214'9} 98-99%°] @71A<d QAL S HojZF9ict
Actinobacteria &0f&= Actinobacteria 7}/ Corynebacteriales &/ Myco-
bacteriaceae It/ Mycolicibacterium 40| =IE|QI O, Mycolicibacterium
sp.oF 99-100% 9AIEH @7]A o] Brelg]girt.
Firmicutes +0of= Bacilli 7}/ Bacillales =/ Bacillaceae 3t/ Bacillus 49
2 4% Belgj9on], B siamensis KCTC 13613'9F 99%9] &7|AME QAR S
Hoo

y-proteobacteria - Actinobacteria S
5% a3 = Firmicutes

Fig 1.11. Diversity and structure of bacterial community of H. sinapium.
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Table 1.11. Bacterial diversity associated with AH. sinapium.

Phylum Class Order Family Genus No.
Actinobacteria Actinobacteria Corynebacteriales Mycobacteriaceae Mycolicibacterium 2
Firmicutes Bacilli Bacillales Bacillaceae Bacillus 2
Proteobacteria a-proteobacteria Rhodobacterales Rhodobacteraceae Phaeobacter 1
Pseudovibrio 20
Ruegeria 14
Sphingomonadales Erythrobacteraceae Erythrobacter 1
Sphingomonadaceae Sphingorhabdus 1
y-proteobacteria Alteromonadales Pseudoalteromonadaceae Pseudoalteromonas 1
Oceanospirillales Halomonadaceae Halomonas 1
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Table 1.12. Closest relative species to bacterial strains isolated from AH. sinapium.

Strain Category Closest relative species Similarity
(Phylum) (%)
JHR17 Actinobacteria Mpycolicibacterium hippocampi BFLP-6' 99.0
JHR20 Mpycolicibacterium poriferae ATCC 35087 100.0
JHR18 Firmicutes Bacillus siamensis KCTC 13613T 99.8
JHR19 Bacillus siamensis KCTC 13613 99.9
JHM7 o-proteobacteria Phaeobacter italicus CECT 7645 99.6
JHM10 Pseudovibrio ascidiaceicola DSM 16392 99.3
JHM 14 Pseudovibrio ascidiaceicola DSM 16392 99.5
JHM16 Pseudovibrio ascidiaceicola DSM 16392T 99.0
JHM18 Pseudovibrio ascidiaceicola DSM 16392 98.9
JHM19 Pseudovibrio ascidiaceicola DSM 16392 99.6
JHM20 Pseudovibrio ascidiaceicola DSM 16392 99.3
JHM?22 Pseudovibrio ascidiaceicola DSM 16392 99.6
JHM23 Pseudovibrio ascidiaceicola DSM 16392 99.1
JHM24 Pseudovibrio ascidiaceicola DSM 16392 99.6
JHMZ27 Pseudovibrio ascidiaceicola DSM 16392 99.6
JHM28 Pseudovibrio ascidiaceicola DSM 16392 99.9
JHM32 Pseudovibrio ascidiaceicola DSM 16392 99.6
JHM33 Pseudovibrio ascidiaceicola DSM 16392 99.9
JHMA42 Pseudovibrio ascidiaceicola DSM 16392 99.5
JHM43 Pseudovibrio ascidiaceicola DSM 16392 99.7
JHM46 Pseudovibrio ascidiaceicola DSM 16392 99.6
JHM3 Pseudovibrio denitrificans DSM 17465" 99.3
JHM12 Pseudovibrio denitrificans DSM 17465 99.6
JHM15 Pseudovibrio denitrificans DSM 17465" 99.6
JHM34 Pseudovibrio japonicus WSF 2" 99.9
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. Category . . Similarity

Strain Closest relative species

(Phylum) (%)
JHMS8 o-proteobacteria Ruegeria atlantica CECT 4292" 99.9
JHM17 Ruegeria atlantica CECT 4292 99.9
JHM29 Ruegeria atlantica CECT 4292" 99.8
JHM30 Ruegeria atlantica CECT 4292 99.9
JHM35 Ruegeria atlantica CECT 4292 99.9
JHM37 Ruegeria atlantica CECT 4292" 99.8
JHM38 Ruegeria atlantica CECT 4292 99.7
JHM44 Ruegeria atlantica CECT 4292" 99.5
JHM40 Ruegeria atlantica CECT 4292" 99.8
JHM47 Ruegeria atlantica CECT 4292 99.8
JHM21 Ruegeria arenilitoris CECT 8715T 99.5
JHM39 Ruegeria arenilitoris CECT 8715T 99.8
JHM45 Ruegeria arenilitoris CECT 8715T 99.7
JHMA41 Ruegeria denitrificans CECT 5091" 99.8
JHM?26 Erythrobacter aquimaris Sw-110" 98.1
JHM48 Sphingorhabdus litoris FR1093" 98.5
JHM31 y-proteobacteria Pseudoalteromonas shioyasakiensis SE3' 98.8
JHM5 Halomonas litopenaei SYSU ZJ2214T 99.8
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ZLstlrain JHM327
Strain JHM277
Pseudovibrio ascidiaceicola DSM 16392 AB175663"
Strain JHM22"
64| Strain JHM19T
96! Strain JHM42"
Strain JHM167
|jlrain JHM10T
Strain JHM147
Strain JHM347
Pseudovibrio japonicus WSF2 AB246748T

80)

<{ Strain JHM3T
Strain JHM127
Qq[Strain JHM15T

DSM 17465 AY4864237
L Pseudovibrio axinellae Ad2 JN167515T
Pseudovibrio hongkongensis UST20140214-015B KP207599™
Strain JHM17T
Strain JHM38T

Strain JHM357T
Strain JHM477

—— 100 os| Strain JHM377

Strain JHM417

Ruegeria denitrificans CECT 5091 MH0233077
Ruegeria arenilitoris CECT 8715 JQ807219"
Strain JHM21T

Ruegeria lacuscaerulensis ITI-1157 U77644T
Ruegeria conchae TW15 HQ1714397

Ruegeria profundi ZGT108 KP7263557
Ruegeria meonggei CECT 8411 KF7405347
100 Phaeobacter italicus CECT 7645 FR8328797
Strain JHM7T

Leisingera aquaemixtae CECT 8399 KF554505™

a-Proteobacteria

Phaeobacter piscinae 27-4 AJ5366697
100 phaeobacter inhibens DSM 16374 AY1777127
oo Sphingorhabdus litoris FR1093 DQ781321T
98| | Strain JHM48T
99| Sphingorhabdus marina DSM 22363 DQ7813207

100 flavimaris SW-151 AY5540107

L Sphingorhabdus pacifica KMM 9574 AB9360747
Erythrobacter citreus RE35F/1 AF1180207
Erythrobacter vulgaris 022 2-10 AY7069357

100)

Strain JHM26™
Erythrobacter aquimaris SW-110 AY4614417
Erythrobacter longus DSM 6997 AF4658357
o0 Pseudoalteromonas shioyasakiensis SE3 AB7207247
a7 - Strain JHM317
“ Pseudoalteromonas arabiensis JOM 17292 AB5766367
100 lipolytica jgi. CGMCC 1.8499 FJ4047217

Pseudoalteromonas profundi TP162 KT900238"
100] Halomonas litopenaei SYSU 2J2214 KP301091T

- y-Proteobacteria

100 o L Strain JHMST
Halomonas aestuarii Hb3 CP0181397
100" —Halomonas denitrificans M29 AM229317"

Halomonas shengliensis SL014B-85 EF121853T
5 Strain JHR18T
Strain JHR197
gl Bacillus velezensis CR-502 AY603658T

Bacillus nematocida B-16 AY820954T - Firmicutes

8|
Bacillus amyloliquefaciens DSM 7 FN597644T

Bacillus subtilis subsp. NRRL B-23049 CP002905™
Bacillus licheniformis ATCC 14580 AE017333T
Mycolicibacterium anyangense QIA-38 KJ855063T

8
100)

60|~ Mycolicibacterium flavescens ATCC 14474 X529327
54| Mycolicibacterium duvalii IP141180004 U947457

Mycolicibacterium hippocampi BFLP-6 FN4307367

78 Strain JHR17T

S i ium iranicum DSM 45541 HQ0094827 -~ Actinobacteria
Mycolicibacterium mageritense DSM 44476 AJ699399T

Strain JHR207
% Mycolicibacterium poriferae ATCC 35087 AF4805897
Mycolicibacterium chubuense DSM 44219 AF4805977
%L mycolicibacterium chiorophenolicum DSM 43826 X792927

69|

0.020

Fig 1.12. Phylogenetic tree based on comparison of the 16S rDNA gene
sequences of bacteria isolated from H. sinapium and some other related taxa.
GenBank accession numbers are given in parentheses. Boostrap values (>50%)
based on 1,000 replications are shown. Bar 0.02 nucleotide substitutions per

nucleotide position.
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Fig 1.13. Structure analysis of bacterial community isolated from each marine
sponge.
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1.3.3.1. AEA =4

CE80'9] full-length 16S rRNA SAAF A7|A B 1384 bpe  7AE8HA BA
At Labrenzia £9] [. suaedae YC6927' (98.3%), L. alexandrii DFL-11"
(96.6%), L. aggregata 1AM 12614" (96.6%), L. marina manol8" (96.5%) 1
21 L. alba CECT 5094" (96.2%) | it 7Pg 7Pt d714E GAL=S L
Bt Alsaee od 18 1.149 Zo] YUERH

T3t CE80'9] Draft assembled genome size= 4,737,804 bpz 7719
contig2 7}x]1 919l1, N50 length= 2,393,935 bp= UEhdct CES0'9F &
ZAZ% L. suaedae YC6927" Atolo] ANI Zr-e 83.7%= & ZAA| 7]|F0] &=
95-96% wHT AA UERHeY [44], A1E5dS =Helstitt
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Labrenzia alba CECT 50947 (AJBTBATS)

Labrenzia saling Cs25" (LNT34848)
Labrenzia marina mano187 (AYG28423)
Labrenzia aggregafa |AM 126147 (D88520)
Labrenzia jejuensis CEB0T (KT596062)
Labrenzia susedae YCEI2TT (GU322907)
Labrenzia alexandrii DFL-117 (AJ582083)
Raseitium aquae DSG-54-27 (KCT62314)
Roseibium denhamense OCh 2547 (DB5832)
Roseibium hamelinense OCh 3587 (D85836)

101 — Pssudovibrio hongkongensis KCTC 423837 (KP207599)
50 H: Pseudovibrio stylochi 42384 (KP207600)
MNesiotobacter exalbescens LAJIET (AF513441)
100 ]| Pseudovibrio denitrificans DN34T (AY486423)
Pseudovibrio axinellae DSM 249247 (JN1ET515)

84
P Pseudgvibric ascidiaceicola F4237 (AB175663)

1L Pseudovibrio japonicus WSF27 (AB246748)

i

Stappia taiwanensis CC-SPI0-10" (FRE28537)

100 Stappia stellu/ata DSM 58867 (D8B525)
45 L— Stappia indica B106T (EUT26271)
g3 [—— Ensifer adhagrens ATCC 332127 (AF191739)

Aguamicrobium lusatiense DSM 110997 (AJ132378)

Mesorhizobium lohl LMG 61257 (X87220)
Phytlobacterium leguminum ORS 14197 (AYT85323)
Phyllabacterium brassicacearum STM 1967 (AYT85319)
Phyitobacterium ifrigiyense STM 3707 (AYT785325)

&9 b— Phyllobacterium myrsinacearum IAM 135847 (D12788)

Agrobacterium agite IAM126157 (D88521)

—
0.02

Fig 1.14. Neighbour-joining phylogenetic tree, based on 16S rRNA gene
sequences, for strain CE80" and genus Labrenzia. Agrobacterium agile 1AM
12615T(D88521) was used as an outgroup. Numbers at branch nodes are
bootstrap percentages based on 1000 resamplings; only values greater than 50%
are shown. Filled circles indicate branches found in phylogenetic consensus
trees generated with the Maximum-Likelihood and Maximum-Parsimony method.
Bar, 0.02 substitutions per nucleotide position.
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CE80': 1d34doz, srldoln 92 ZA9] Mag JiFct Moz =
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d9e 5.0-11.0010 A& pHE 7.5010, 4% NaClo] ¥ele 1-5% (w/v)2 2]
A NaCle 1-3%= WPt CE80'9} mFEwZo] thet Fefats % Agajetd 2
WS B 1.130] vlusto] UERT

0|

Fig 1.15. Transmission electron micrograph of cells of strain CE80"
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Table 1.13. Comparisons of phenotype characteristics of strain CE80'and closely
related type strains of the genus Labrenzia. Strains: 1, Strain CE80'(this study);
2, L. suaedae KACC 13772; 3, L. marina KCTC 12288"; 4, L. alba DSM 18320"; 5,
L. aggregate KACC 15203"; 6, L. alexandrii DSM 17067'. All strains are positive
for motility, oxidase, catalase, reduction of nitrates to nitrites, hydrolysis of
gelatin, assimilation of S-galactosidase, activities of alkaline phosphatase,
esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase,
cysteine arylamidase, trypsin, acid phosphatase, naphtol-AS-BI-phosphohydrolase
and a-galactosidase. All strains are negative for: hydrolysis of starch, casein,
Tween 20, 60, cellulose, indole production, glucose fermentation; arginine
dihydrolase, assimilation of D-maltose, caprate, adipate, phenylacetate; lipase
(C14) and Naphthol-AS-BI-8 D-glucuronide activities.

Characteristic 1 2 3 4 5 6

Growth at/with

0% NaCl - + - - + _
10% NaCl - - - - + -
Hydrolysis of :

DNA + - + n - _
Aesculin - + + + : +
API ZYM

Cystine arylamidase + + + - - +
o-chymotrypsin - + - - - +
B-glucuronidase - + - n - _
o-glucosidase - + + + - +
B-glucosidase - + - - - _
N-acetyl-b-glucosamidase - + + + - -
o-mannosidase - + - + - -
a-fucosidase - + - - - -
API 20NE

D-Glucose - + - - - +
D-Arabinose - + - - - +
D-mannose - + _ _ - "
D-Mannitol - + _ _ _ +
N-acetyl-D-glucosamine - + - - - +
Gluconate - + - - - +
malate - ¥ - - - "
Citrate - " - - - +
Presence of pufLM genes - + + ND -
presence of SQDG - - + % +% %
DNA G+C content 55.9 58.5% 60* ND 59x 56x*

*Date taken from Bibi et al. (2014)
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1.3.3.3. pufLM genes

puflM $RAte] EAlE A We MES WS S92 WA & ook
CE80'o thsll pusLM {AAS 915ty sl 74 primers
T|R] ookt o] A= L. alexandrii, L.marina, L.suaedae, 12]il
AA WelA AT WA WSAETE B FARoAE Tlsetn £

B3tk [12,13,14,20].
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CE80" #=0] X¥PAL B4 A} Cigy w/c (66.7%), summed feature 2 (Ciao
3-0OH/ is0-Cis1 1) (10.2%), Cigo (4.7%) 11-methyl Cig1 w7c (4.4%), Coo1 w/c
(2.6%), 2] Cigo 3-OH (2.2%)olct. CE80'Qt B&EAF L. suaedae YC6927"
o] 2Q RMIALS  (Cig w/c®t summed features 22 UERFOD, CES0 ofA]
L Cigaa9ctt Cypn wlco] AEEX|UF L. suaedae YC6927 A= UERLIR] QFQF
ot (& 1.14). H=2L ubiquinone 10 (Q-10)o|ct.

CE80"¢] =@ polar lipid= diphosphatidylglycerol (DPG), phosphatidyl
choline (PC), phosphatidylethanolamine (PE), phosphatidylglycerol (PG),
phosphatidylmonomethylethanolamin (PMME), 17§9] unknown aminolipid,
17§e] unknown phospholipid, Z2]1 47]9] unknown lipids7t A&t} (1
2l 1.16). Labrenzia £9°] 1204 JEE dH|&st mj8lo] polar lipid7} WUERG
t}. Sulphoquinovosyldiacylglyceride (SQDG)Q] A& Labrenzia 49 £%l0]
2 B 2 oy 2 Ao 2709 BEFFE FAl0 polar lipid A¥E A58
51912 o] CE80'9} L. suaedae YC6927 oA+ SQDG7} ZAEEA] Ugtod, L.
marina KCTC 12288"o| A= SQDG7} AZEE gt (23 1.17).

CE80'9] DNA G+C content™= 55.9 mol%o|t, 7|&0] 98Xl Labrenzia 49
ISR A YeRGTH78, 79, 80, 85, 86]. CE80'Q} E&EFZ9] DNA-DNA &

==

Yot 56.1+2.8302 UeRdon], o] ke 70% ujstd T AFOE HFsh:
Z20] FESIGT (451 AFAR, BAYD, WskerH, sty 24 A,

CE80'= Labrenzia %9] N2<& %92 #915t91, Labrenzia callyspongiae

sp. nov., &t WS} T
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Table 1.14. Cellular fatty acid compositions (%) of strain CE80' and closely
related type strains of the genus Labrenzia. Strains: 1, strain CE80' (this study);
2. L. suaedae KACC 13772": 3, L. marina KCTC 12288": 4, L. alba DSM 18320";
5, L. aggregate KACC 15203"; 6, L. alexandrii DSM 17067'. All data were
obtained from this study. Values are percentages of total fatty acids (less than

2% are not show); tr, Traces (<2.0%); -, not detected.
Fatty acid 1 2 3 4 5 6
Saturated
Cioo tr 2.1 tr tr tr tr
Cie0 tr 2.1 tr tr tr tr
Ciso 4.7 tr 6.2 6.4 3.5 3.2
Unsaturated
Cig1 w7c 66.8 66.4 55.9 70.5 69.9 67.7
Coo1 w7/c 2.6 - 4.7 7.5 7.4 14.3
11-methyl Cig1 w7c 4.5 3.2 9.9 6.8 8.0 5.7
Cyclo Cig:p w8c - - 6.2 - - -
Hydroxy
Cigo 3-OH 2.3 6.7 2.0 tr tr tr
Summed features
2 10.3 8.8 3.1 3.7 4.1 3.7
3 tr tr 8.5 - tr tr

*Summed features represent groups of two or three fatty acids that cannot be separated
by gas chromatography with the MIDI system. Summed features 2 comprised
C14:03-OHand/oriso-C16:11;3,C16:1w7¢c and/or iso- C15:02-OH.
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Fig 1.16. Polar lipid profiles of strain CE80" were detected with a), ninhydrin
reagent; b), =zinzadze reagent; c¢), molybdophosphoric acid reagent; d), a
-naphthol reagent. Two-demensional TLC plate patterns of the total polar lipids
of 1, strain CE80"; 2, L. suaedae KACC 13772"; 3, L. marina KCTC 12288". DPG,
Diphosphatidylglycerol; PC, phosphatidyl- choline; PE, phosphatidylethanolamine;
PG, phosphatidylglycerol: PMME, phosphatidylmono-methylethanolamin; AL,
unknown amino lipids: PL, unknown phospholipid: L, unknown lipids.
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Fig 1.17. Two-demensional TLC plate patterns of the total polar lipids of strain
CE80" and related species. (a), CE80"; (b), L. suaedae KACC 13772%; (c), L.
marina KCTC 12288". DPG, Diphosphatidylglycerol; PC, phosphatidylcholine; PE,
phosphatidyl-ethanolamine; PG, phosphatidylglycerol; PMME, phosphatidylmono-

methylethanolamin: SQDG, sulphoquinovosyldiacylglyceride; AL, unknown amino
lipids; PL, unknown phospholipid; L, unknown lipids.
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1.3.3.5. #3715

CE80"= st=2A2ALUAIE](Korean Collection for Type Culture, KCTC)e}

Japan Collection of Microorganisms (JCM)o]] 7]&ts}o]
42849", JCM 31309'2 ztzh Hojurorrt.

|

719k s KCTC

1.3.3.6. GenBank Accession Number

The GenBank/EMBL/DDB] accession numbers for the 16S rRNA gene

sequence and whole genome sequence of Labrenzia callyspongiae CE80"
are KT596062 and WAJT00000000.
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1.3.4. Description of Labrenzia callyspoigae. nov.

Labrenzia callyspongiae (cal.ly.spon'gi.ae. N.L. gen. n. callyspongiae of
the sponge Callyspongia).

Strain CE80' are Gram-negative, aerobic and exhibited gliding motility.
The colony were light-brown, rod-shaped, approximately 0.56-0.74 um
wide and 1.51-2.69 um long and translucent after 3 days of incubation at
25°C on MA. Growth occurs at 10-37°C (the optimum tem- perature is
25°C), pH 5.0-11.0 (the optimum pH is 7.5) and in the 1-5% of NaCl (w/v)
(optimum at 1-3%, w/v), respectively. The catalase and oxidase test are
positive. Nitrate Reduced to nitrite. Positive for hydrolysis of gelatin,
Tween 80, urea and DNA but starch, casein, cellulose, aesculin, Tween
20, 40 and 60 was negative. In the 20NE tests, positive for assimilated of
[-galactosidase, but indole production, glucose fermentation, arginine
dihydrolase, assimilated of D-glucose, D- arabinose, D-mannose,
D-mannitol, N-acetyl-D-glucosamine, D-malt ose, gluconate, caprate,
adipate malate, citrate and phenylacetate are negative. In the APl ZYM
tests, alkaline phosphatase, esterase (C4), este- rase lipase (C8),
leucinearylamidase, valinearylamidse, cysteine arylami- dase, trypsin,
acid phosphatase, naphtol-AS-BlI-phosphohydrolase, a-galactosidase are
present, but lipase (Cl4), a-chymotrypsin, S- glucuronidase, «
-glucosidase, B-glucosidase, N-acetyl-fS-glucosamidase, a-mannosidase
and o-fucosidase are absent. The main fatty acids of strain CE80" are
Cig1 /¢, and Summed feature 2. The polar lipids were profile consists
of were diphosphatidylglycerol (DPG), phosphatidylcholine (PC),
phosphatidylethanolamine (PE), phosphatidylglycerol (PG), phosphati
-dylmonomethyethanolamin (PMME), one unidentified aminolipid (AL), one
phospholipid (PL) and four unidentified lipids (L). The major respiratory
lipoquinone was ubiquinone 10 (Q-10) and the DNA G+C content is 55.9
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mol %.
The type strain, CE80" (=KCTC 42849"=JCM 31309'), was isolated from

marine sponge Callyspongia elegans in the Jeju Island, Republic of Korea.
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2.2. g ¥ ¥

2.2.1. o

AgAFol Ut FF

Culture; KCTC)OA 2 Ut (& 2.1). 39 o371 o728 Aol tigt
T4 &st7] Yl McFarland No. 0.52 3|AH ofRAYPAN|HS BH
HE28 0]85to| Muller Hitone Agar (MHA, Difco, USA)d| =Usti, B9
paper disc (8 mm)of 2] w39 HGHS 50 WA FHste] XA 2 JF
sttt A& H plate= 30°COlA] 24-48A17F vigstol EHEHe 545190t

Table 2.1. Fish pathogene and Experimental conditions used in antibacterial

activity test.

Pathogenic strain Strain No. Growth conditions
Edwardsiella tarda KCTC 12267 NA, 37°C
Streptococcus iniae KCTC 3657 1.5% NaCIl+BHIA, 37°C
Streptococcus parauberis KCTC 3651 1.5% NaCl+BHIA, 37°C
Vibrio alginolyticus KCTC 2472 MA, 25°C

Listonella anguillarum KCTC 2711 MA, 25°C

Vibrio harveyi KCTC 12724 MA, 25°C

Vibrio parahaemolyticus KCTC 2729 MA, 25°C
Photobacterium damselae KCTC 2734 MA. 25

subsp. damselae
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Table 2.2. Composition of E. tarda media (NA)

Ingredient Amounts
Beef Extract 3.0 g
Peptone 50 g
Agar 150 g
Distilled water 1L

Table 2.3. Composition of S. iniae media (BHIA)

Ingredient Amounts

Calf Brains, Infusion from 200g 7.7 g
Beef Heart, Infusion from 250g 98 g
Proteose Peptone 10.0 g
Dextrose 2.0 g
Sodium Chloride 50 g
Disodium Phosphate 20 g
Agar 150 g
Distilled water 1L
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2.2.2. £87%4 % Fol
234 ofB2 5 2lstr] 25 sheep blood agar

FHE/do] UEte 25 £384
wA9] oo FPTS ASHA.
= X519 T urea’t A7}

o] streakingdlo] 30°CollA] 48A]17t vjjF5}o]
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2.2.3. pH, NaCl, 2%

2|50l A% pHel ©ofoll s LotEr] s TSB ufxlof 1 N HClat 0.1
M NaOH=Z pH 4.0-12.002 x7&st¥ 1, agar (15 g/L)S A7Fsto] AW =
A zstgct. nAuIR|o] Seldrs HAEste] e WA

e

E'.
TSAOA viYstPon, 2=+ 25°Co|A 2-3U7E viYstRT.
st

=
Bgew WYs &lshr] Ysll 5-50°C (714 5°CH)oll A wigsto] =
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2.2.4. DEX} 97]2A Y

3o F71ER Eollss sty sl TSAufA| Casein, starch,
Tween 20, 40, 60, 80, Urea, carboxymethylcellulose, DNaseS Zt7} 1%A A
Jtstol wixlE Mlzsteict. Zi7tel wixlo] Rel@As HESIO Wjor H 25°C]
A 48A17E SR 1 BehsS Slstict.

DNA #dlls d¥2 DNase agartfix|o] 22«55 &5t &lstitt. 4

#%7} 59 plated] 1 N HCIZ 255}0] 35 59

W

e

rﬂ

o
m
of
i
15
ogk
o,
Jo
o
u
o2

‘doz FHsHC 1% Skim milk?7t F7H casein BiAJO|A viFH E2fd5
Zelo] £t PAE=AS sttt 1% starch7t A7Hd vix]of|A] v
2] o5 FHO| iodines EolZd FYPUVF R S oz TSI
Tween 20, 40, 60, 80 A7MR|oA = HEE F= =uvo| SEMs}A Wst 7o
Aoz AT cellulase A JEE S01517] A BeldF7) ujg=l
HjxJof 0.1% congo red &Aooz HJMst F 1M NaClz ANAsto] #+5F FHO

S0 Fe 2AtY
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2.2.6. APl 50CHB A&

5o a4/t carbohydrates®] 4tel, Wa 5 HastkE OAME AL
5171 95 API 50CHB Strip2 AM85}%Th APl 50CHB: 497}1X|Q] Er3}20]
YaoBE AFsh=0 AMEET. stripof] pH indicator’} 0] ¢lo] AHQ] wHgt=
ANE H=5D 4 Q. Sterile saline 1 mQo] & H=7F 0% ZIstA dEsta,
API 0.85% NaCl medium (5 mQ)¥t API 50CHB/E medium 10 mQoj] $IEFHS
7tsto] 2 McFarland2 S &th. dEtoio] A7Fe API 50CHB/E medium-&
50CH strip §Ho] Bx35}0] 30°CollA] 24-48A17H=Qt s 7|80 2 vjFA]l7]| 1L

g W55k

e
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2.2.7. SAA| 22 Al

s Rel A A Albshrl sl g3 =4k (Disc  diffusion
method)Z AMEsHITE. R3S AAEiR|o]  wigst, HYH H=
MacFarland 0.4 == 3& F, TSAHjA|o] e HeZ o]&sto] =Yshel
o w7t =Y uix|of] &AMl paper discE Z2wil 25°ColA 24417t

5
Hiefetel A Aarde AHRH. AR AAE s & 249 Zoh

Table 2.4. Antibiotic resistant and sensitivity of selected strains.

Antibiotic substance Concentrations
Ampicillin (10 ug) 10 ug
Lincomycin (2 ug 2 ug
Sterptomycin (10 ug) 10 ug
Tetracycline 30 ug) 30 ug
Polymyxin B (300 IU) 300 IU
Gentamicin (10 ug) 10 ug
Kanamycin (30 ug) 30 ug
Neomycin (30 ug) 30 ug
Chloramphenicol (30 ug) 30 ug
Novobiocin (30 ug) 30 ug
Erythromycin(15 ug) 15 ug
Oxytetracycline (30 ug) 30 ug
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2.3. 2t 9 1A

23.1. ol RAY ARl gt PRBY TN

ol

E

Se 4solx] ¥l HelgAold olRARAlRol tiet BRRHS 54
olSAYMNA+S S parauberis, S. iniae, E. tarda, V. alginolyticus, V.
anguillarum, V. harveiy, V. parahaemolyticus, Pho. damselac® % 8 H#35 A&

STt ol ROl IRt We FF AMEAL VAL BHOl &L F 20 RF

RelFEE AASIUCh YRYY o E 2.59 2k
oA geld M@l olFAY Alwol cield FREY 4P A 20 #F
=

nobacteria (5 %), Alpha-proteobacteria (2 %), Gamma-proteobacteria
(2 w3)deth ol AR tigh Fwdd 2AF Adt, & IEP0] M B2 Al
w158 Firmicutes® Bacillus sp. @} Paenibacillus sp. O & Oo]Fo]&itt.
E3], PPR15' 42 £ tardad] S8hA 17 mm, S iniaed] tidiAl 25 mm,
S. parauberiso]| oAl 21 mm, Photobacterium damselae subsp. damselae

of isiA 20 mmef Aol LrERT.
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Table 2.5. Antimicrobial Activity of Sponges Isolated against fish disease pathogens.
1, S parauberis, 2, S. iniae, 3, E. tarda, 4, V. alginolyticus, 5, V. anguillarum. 6, V. harveiy. 7, V. parahaemolyticus, 8, Pho. damselae.

Clear zone (mm)

Strain

1 2 3 4 5 6 7 8
JCR 2 18 18 - - - 23 17 -
JCR 3 - 17 16 - - - 13 -
JCR 12 - 16 15 - - - - -
JCR 16 - 19 16 - - - - -
JHR 17 14 15 14 - - - - -
JHR 18 18 22 20 13 11 19 24 20
JHR 19 21 27 23 13 17 13 24 16
JHR 20 18 19 22 - - - - -
SIM 2 20 16 - - - - 21 16
SIM 5 28 21 11 15 13 22 18
SIR 1 26 23 13 13 13 15 24 22
SIR 2 26 23 12 15 12 21 25
SIR 8 20 24 18 - - 12 18 13
SIT 6 26 22 14 - 11 12 15 22
SIT 7 24 17 13 - - 11 15 24
PPR 2 25 22 - 13 - 14 24 25
PPR 7 20 24 12 - - 11 11 20
PPR 8 15 17 - 10 - 12 15 14
PPR 15 21 25 17 - 10 15 15 20
PPT 8 - 18 21 - - - - -
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2.3.3. 12X 871=

M}
M
ol
e
olr
Pal

ol

MR gt 124 f71ed 2ol 2y o3y Zo] & 2.60] UEY
T}t TSA HjA|of Starch, casein, DNA, cellulose, Tween 20, 40, 60, 80& A

ot e FRE BB nEAl

rulru

#7122 #dlisol ¥He DNase,
cellulase, amylase, protease, lipase 84 &/Jo] Q=X] RA}stF T}

Casein?] 7[&Eolls2 AEe 20 3 &5 16 dF0A FI¥EeS Eoh
cellulose EslsL 14 #F0A =Ado] UERGTH Starch, DNase: SIRS8,
PPR15, PPT79] 3 ##50l|4], SIR8, PPR15, PPT89] 3 w#FoAqt &/do] LEFY:
C}. 5t Tween 20, 40, 60, 80 2% BEl|st= #3= SIT6, SIT72 2 #3014
LERJTH Protease, amylase, cellulase, Dnase, lipase AA5t= #43+= SIRS8,

PPR152 Bacillus sp. 02 =IL|Qit}t Bacillus= ProbioticsZA] A3}t HA

2 Xt = A3 237t 1o, Probiotics2 A U&= Bacillus subtilise
g wolias, oot & et aas AR 4 jled o]z Qls| 579 A}
ARl 281850 £ £ o2 oA 9lct [69-70].
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Table 2.6. Evaluation of enzymes activity for organic matters and haemolytic activity in selected bacteria isolated
from each marine sponge.

Isolate Hemolysis Urea Starch Casein DNase Cellulose Tween20 Tween40 Tween60 Tween80

JCR2
JCR3
JCR12
JCR16
JHR17
JHR18
JHR19
JHR20
SIR1
SIR?
SIR8
PPR2
PPR7
PPR8
PPRI5T
SIM2
SIM5
SIT6
SIT7
PPT8

+ - + - + = = = =

™

|
|

+ + o+ o+ o+
|

+ o+ o+ o+ o+
|

|
as
|
|
|
|
|
|

+ 4+ + o+
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2.3.4. pH, Na(Cl, 2%

4378 NFolA a-, B- 8255 BPste #+5FE A
2o gigk Y 54 A o & 2.7-2.99] UER

2o AHAFF=0% NaCloA 2 AFsEA|eh, 1%-10% 5=9] NaCloX = At
2}&] QF9ktt PPR15 #3049t 1-10% NaclZb H7be uix|o]A] 2% 6=l
of. ®3t PPR71} SIR8& 1-7% NaCl oA A4S &l 4 Qi)

Probiotics®] £7102 4Mdx219] pHol|l A&Eo] 7hsalofsttt. A ZAuf A
w5 & 719 6.0 olstox= Aol IEAEA] okoktt. PPRIS #3oA gk pH
4.0-pH 110004 A7&o] W= o, olx Uidat YE7]o] tigh y/do] &4
gt Zog Holzio

b3l tifFo] 4°Cofl AbA] eioron], tjifi2 25-30°ColA 2|A 2%

ol

7 #+%9] NaCl, pH,

A & 2 9oict. 3t AA ML LS Qs Aul PPRI5S #FE 5-50C2
W2 2EoA S =RIstit JCR16, JHR17, PPR7 w4 10-35°C He|O
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Table 2.7. NaCl range for growth of selected strains.

NaCl (%)
Isolate 0 1 3 5 7 10
JCR 16 + - - - - -
JHR 17 + - - - - -
JHR 20 + - - - - -
SIR 8 + + + + + -
PPR 7 + + + + - -
PPR 15 + + + + + +
PPT 8 + + - - - -
Table 2.8. pH range for growth of selected strains.
pH
Isolate 4 6 7 8 9 10 11
JCR 16 - + + + + + -
JHR 17 - - + + + - -
JHR 20 - - + + + - -
SIR 8 - - + + + + +
PPR 7 - + + + + + -
PPR 15 + + + + + + +
PPT 8 - + + + + + -
Table 2.9. Temperature range for growth of selected strains.
Temperature(°C)

Isolate 5 10 15 20 25 30 35 40 45 50
JCR16 W + + + + + + - - -
JHR17 - + + + + + + - - -
JHR20 - - + + + + + - - -

SIR8 - - + + + + + + + -
PPR7 + + + + + + + W - -
PPR15T W + + + + + + + + +
PPT8 W + + + + + + + - -
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2.35 AeHAat G5 W

ox,

Probiotics® Alstsich most PPR15, SIRS, PPR7 #Zof tisl olao]oha}
g5 gzt AEHS S50, I AykE 7 2.100] YERITH

Table 2.10. Resistance of selected strains to artificial bile acid and gastric juice.

Bile salt (%) pepsin (3mg/mi)
Isolate 0.5 1 2 pH 2.0 pH 3.0
SIR 8 - + - - -
PPR 7 W W + W W
PPR 15 + + + W +

2.3.6. Probiotics XA

2AYo| st a4, 28% TEA 97]2A B3l 2% NaCl, pH, 9
A, olFFE Uist WES ZE EU|& Bacillus megaterium PPR15S
Probiotics #&2 XAt MAE B megaterium PPR15 20| Tt &
ot®7] 95 API 50CHB testZ X1385}9ict.
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2.3.7. API 50CHB A&

B. megaterium PPR15 #39] §4%/d1t & o] 853 w43 2+

2.110 YUepdch. B megaterium PPR15 %= starch, glucose,

e m

xylose,

sucrose, manitol2 ZE3HF 37%9] T8 0|85t 712 3015191, Logan®t

Berkeley [71], Aruwa®} Olatope [72] Y11t B. megaterium 3t SAFSH ZAi}o]

.

Table 2.11. Carbohydrates utilization of B. megaterium PPR15". +. positive, -,

negative.

Carbohydrate Result Carbohydrate Result
Glycerol + Salicin +
Erythritol - Cellobiose +
D-arabinose week Maltose +
L-arabinose + Lactose +
Ribose + Melibiose +
D-xylose + Sucrose +
L-xylose - Trehalose +
Adonitol + Inulin -
Methyl-B-D-Xylopyranside - Melezitose +
Galactose + Raffinose +
Glucose + Starch +
Fructose + Glycogen +
Mannose + Xylitol -
Sorbose + Gentiobiose +
Rhamnose + D-turanose +
Dulcitol + D-lyxose -
Inositol + D-tagatose +
Mannitol + D-fucose -
Sorbitol + L-fucose +
Ethyl-o-,D-mannopyranside - D-arabitol +
Methyl-o-,D-glucoside + L-arabitol +
N-acethyl-glcusamine + Gluconate -
Amygdalin - 2-keto-gluconate -
Arbutin + 5-keto-gluconate -
Esculin +
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2 5MEAS B megaterium PPR15 %0l TiohA A 1250f oist 4
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2 JlRlE e FAgon, Yua 1150 oiste] Aol Asige stynt
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Table 2.12. Antibiotics susceptibility of B. megaterium PPR15".

Antibiotic substance Susceptibility (mm)

Ampicillin (10 ug) 22

Lincomycin (2 ug -

Sterptomycin (10 ug) 20
Tetracycline 30 ug) 21
Polymyxin B (300 IU) 16
Gentamicin (10 ug) 27
Kanamycin (30 ug) 30
Neomycin (30 ug) 25
Chloramphenicol (30 ug) 30
Novobiocin (30 ug) 25
Erythromycin(15 ug) 30
Oxytetracycline (30 ug) 25
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2.3.9. ujoFoy BAILA
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Fig 2.1. LC/MS analysis of (A) surfactin (B) componets produced by the strain
B. megaterium PPR15".
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2.3.10. 3% HEE 57 U AES A4

AEzMog MAE B megaterium PPR15 w3+= Hzto|®o|sfHoA Hal=
w32, 16S rRNA F7IME A9t 23 1420 bpo F7IAES deH,
EZCloud®} NCBI BLAST searchES £38l Bacillus megaterium NBRC 153089}
100%, Bacillus aryabhattai B8W?22 T3} 99.86%, Bacillus flexus NBRC 15715"
QF 98.91%9] =dE &elslict. EzCloudo|A PPR15 w59t 7V 77k 495
o] F7IMES vl FAst AleaE AP (21 2.2).

sHgollA Bacillus sp.= o3 sigAdEol EAish= oz d2fA Qlot [73-74).
ot2tA B, megaterium PPR15 %35 Al Probiotics #32A] AgsHS s19]
st o, B. megaterium PPR15'2 ©wstqict o]o] wat |x| ALaA 7R 24
O] ZFRI7F ATkl AtgEH, BaA=A JiES Yl olFeol dde #°s5tq o
7 %0l UlAlE & AAY WY W AW AYY Sol e AbuEe A9

Rl o] Al x|
stoict.
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86| Bacillus aryabhattai B8W22T (EF114313)
66| Bacillus zanthoxyli 14337 (KX865140)

Bacillus megaterium NBRC 15308 (JJMHO01000057)
Strain PPR157

Bacillus gingshengii G197 (JX293295)

Bacillus flexus NBRC 157157 (BCVD01000224)
Bacillus iocasae S367 (KY462210)

73

82 Bacillus circulans ATCC 4513T (AY724690)

52 Bacillus pocheonensis Gsoil 4207 (AB245377)

Bacillus cohniiNBRC 155657 (BCUW01000190)
Bacillus idriensis SMC 4352-2T (AY904033)
Ij Bacillus galliciensis BFLP-1T (FM162181)
Bacillus herbersteinensis D-1-5aT (AJ781029)

99

Bacillus crassostreae JSM 1001187 (HQ419276)
Bacillus litoralis SW-211T (AY608605)

Bacillus fastidiosus DSM 91T (X60615)
Bacillus malikii NCCP-662T (AB968093)

Bacillus endolithicus JC267T (LM994040)

84— Bacillus halosaccharovorans E33T (HQ433447)

Bacillus licheniformis ATCC 145807 (AE017333)
100 % Bacillus amyloliquefaciens DSM 77 (FN597644)

99 Bacillus subtilis subsp. subtilis NCIB 36107 (ABQL01000001)

Escherichia coli ATCC 117757 (X80725)

0.020

Fig 2.2. Phylogenetic tree based on comparison of the 16S RNA gene sequences
of strain PPR15" and other related taxa. GenBank accession numbers are given
in parentheses. Bootstrap value(>50%) based on 1,000 replications are shown.
Escherichia coli ATCC11775" was used as an out-group. Bar, 0.02 nucleotide
substitutions per nucleotide position.
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o
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ESr Bacillus Al &30l Wdol AL, B0l AW FA ForollA of2igt

2 o B|SolA ®HIAAAE=  lysozyme,

i)
ol
>
>
rH
>
2
ofo
tjo
ol
o

=
peroxidase, SOD, MPO & w®<al wj7jA|7} o]Ai=2o] o 7
o= HAS SZ7HAZIY [92].

B o= Ab2 W B megaterium PPR15" 7p7t |X]9] AAlut v]Eo]A

WGS9 FFAFA]A Probiotics2A]9] 7548 oty 1A} St
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3.2. Az 2wy
3.2.1. AZALR A&

A Aol AREH Atre AF FASHAA st AHALRS] G
AR 54%, £X® 10%, &24G 3%, 23]& 15% 24 1.5%, Q 2.7%°2 =
=/ THAR (o2, 2ZF) 81%0ld, Aad IHE (NRAE 2%F) 12% °]
5t ol 4%, HIERRL, oy B 9 3% ooz =AHUT

Probiotics 7} At&22 A x3H7] Ysll B megaterium PPR15'S U] vlYs
9, 2 x 10° CFU/100 g9 &&= Atmo] A7steict tixfoe 7|2ZALRS
wolstA .

-

3.2.2. o]& &H] @ ASx

bR go] g2 AFE dEo] x|t Alshst

BTA =
P 2stACh Aol YA FAGAE PYSl] AT42 uHIPO 3

2 axo doireES ZREH & Atart RAHAE stRen ARVIR

oF 18.2-22°C2 AtA5-20] o]&gion, PR L 31+0.1%, pHE 8.15 + 0

7Y £7] Fad7/= 43.0 g A2 Bt 185 cmth Atrsd2 XS
2 &t2o] 2¥ (am 09:00, pm 17:00)2 FIFstdon, AL 85 &
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Aoy e 2ARE AE 25 (HAC= AlSstgion, GAAY SrEE=
FaQt st Addols AEsh] A 2442 BAIAZT 100 ppms £
2-phenoxyethanol (Sigma, USA)2 UHFA|AH F45IAT e+ 28 Ao
A Adolg FA9 R bupy] Adrstol f7et Holg FAste PRl 575t
ATt FAE Aol F4o] B olF= A Hi 2AS Hsto] njR FUoA 1
m AHA]Z o]&sto] FAZ AFstth AFH AL 12,000 rpmoflA 1023
HAAEsted S wsto] AbgstRon, e AL FAAESEAT]

Total protien (TP), Glucose (GLU), Triglyceride (TRIG)S ZA}sHIC}.
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3.2.4. MMz

a3 AN E EM2 cojdto] &4 25 et NBT (Nitroblue tetrazolium,
sigma-aldrich,usa) 175 pQ Alo] 28°Coj|A] 2A|7F ¥beA|ZIch 7= o2 12,000
rpme 2 537F AF2sto] AEAS AL 100% HEHES ol&3t 51t
1 AZIE 70% (v/v) oghg 125 p0 A7iste] 2¥ A|Aste] AxAIZIG 125
102 2 N KNO2F 150 me] DMSOE A7tstad &38A17] o2 650 nmojA] &%
LS S4stAt (98]
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3.2.5. Lysozyme A

Lysozyme activity [99] turbidimetric assasyS o|&3lictt. @A 0.05 M
sodium phosphate buffer (pH 6.5)0 M. lysodeikticuss 0.2 mg/m) =L 2
e A A xstch @X 50 W9 M. Iysodeikticus FEFOR 950 Wz FE
volumeo] 2 meo] EAIE EYsto] 25°CoA e85, 0.5% 5.53F <o 53
T 530 nmojlA] &A5HFTE Lysozyme A2 0.001/min®] 34 =71 ZHA =

eI = o2 1 unito2 LERACH
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3.2.6. Myeloperoxidase &4

AX U myeloperoxidase &4 Sahoo et al. [100] BI¥HS AFE5to] EA5}
Aot X 10 et Ca’/Mg2'7F M7= Hank's balanced salt solution (HBSS)
90 W= =srsittt. J2]u A 35 w9 20 mM  3,3'5,5'-tetramethyl-
benzidine hydrochloride (TMB)2} 5 mM H,0,5 A7}ttt AHUES.S K X|A]
7171 98 35 109 4 M sulphuric acid (H,SO4) A7}sti 287F WbSA|71ch, vt

So] B $ 450 nm9] FY oA EA5HYct.
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3.2.7. Superoxide dismutase (SOD) acitivity

SOD assay kit (Dojindo, Japane)S At&sto] EAsHITH ( 3.1). &A1 A

= O

o

< 20 WA 7t sample well?} blank 2 wello] &5t 20 ple ddH,0=
blank 13} blank 3 wello]] A7}stct. WST Working Solutiong 7+ wellof] 200
WA Aztsta ojmlo g A Moj&rct TI2]1 Dilution buffer+= blank 22} blank
3 wellof] 20 w0 A7si33. Enzyme Working Solution 20 pl: sample}
blank 1 wello] 20 pQR A7tstal 37°CoflA 2087F ¥ESA|ZIth. Microplate
readerof|A] 450 nm S¥¢E=2 A5, SOD A (inhibition rate, %) T

St AN R Bt

SOD activity (Inhibition rate %) =

{[Abianki—Ablank3s)~(Asample~Ablank2)]/ Ablank1~Ablank3)}* 100

Table 3.1. Solution and buffer volumes in each well

Sample Blank1 Blank?2 Blank3
Sample (Serume) 20 ul - 20 ul -
ddH;0 20 ul 20 ul
WST Working Solution
Dilution Buffer 200 ul 200 ul 200 ul 200 ul
Enzyme Working Solution 20 ul 20 ul - -
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3.2.8. RNA =&

A1 7 A, v, & 2R Total RNAES #st7] ¢lsi  Hybrid-R™

i
>~
>
ofo
ol
o
Q
J
L
w

Kit (GeneAll®, Korea) . 9A, 1 md BioEx™of >100 mg
o] A sampleZ go] wAst sty sk £A sample AF=oflA b1t
HHSA71L, 4°CoflA] 12,000 rpm2 1037t YAlE22iste] 45AS A microtube
o AFAT. &AX 5o 200 W] Chloroform& A7Fskal 15&7F A 4]
ofFal, A2oA 287t YRAIRG. 2 YA 4°ColA 15637F dalEe
(12,000 rpm)ste] 452 M microtubed] HAEH. A5He A RBI

FOHS mini columnof &7 YAE2] (10,000

ol

buffers H7}sto] Edelzn, &

i3

rpm, 30%)sto RNAE bindingE A]Z1 & SWI1 buffer 500 p0-& columnof 7
7bsto] @AlEelstgitt. RNW buffer 500 p0-& tA] BFste] YiRe] $
collection tubeo] &3l &H-Z A|7{5t column membraned washing Sh=

< 135t ct. colunm® Holli= ethanolg AAsH] Yol thAl gHH 1%
b LAR2] 591, columng Al microtubeo] AMAFSt]  50-100 o]
Nuclease -free waterS 21l 187F 8F2A]7 RNA elutionS Aldistgict. o]=

7l dojZxl Total RNAE cDNAE 3dsH7] sl Ar-gsteict
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e s €50 0 <TOE B KBE vroererl

=

T T TR TR P T T P R v i

Fig 3.1. Procedure of RNA extraction.
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3.2.9. cDNA &7

Total RNAS o]&sto cDNA

gde

9l5] ReverTra Ace-a- First

strand ¢DNA Synthesis Kit (TOYOBO, Japane)& Al&st%cth 3 3.2°F o]
reaction solutiong #H|5}¥ct T3 of3 30°ColA 108, 42°CoA 208 ¥h2

AZITE 99°CoflA 527t BA2siE F 4°Cof Basrt.

Table 3.2. Volume of buffer for cDNA synthesis.

Component Volume
5 x RT buffer 4 ul
dNTP Mixture (10 mM each) 2 ul
Template RNA (< 1 ug) X U8
RNase inhibitor (10 U/ul) 1l
Random Primer (25 pmol/pul) 1 ul
RNase Free dH,0O x ul
ReverTra Ace-a 1 ul
Total 20 nl
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3.2.10. qRT-PCR

GA ZAA HARAA (& 3.3) Y A& #s 5 x HOT FIREPol
EvaGreen gPCR Supermix?t SAASZ7|S AFEsHF T PCR tubed] HOT
FIREPol EvaGreen gPCR Supermix 4 pul, Forword primer?} Reverse primer
= 2ZF 0.5 w0, DEPC-distilled water 14 p0, cDNA 1 n0s A7fstod 485t
T}, real time PCR R71-& Initial denaturation @A|o|A]+= 95°C, 128 ¥F-ESA]7]
a1, 45 cycle =9QF 95°CollA] Denaturation @7 10&, 60°Co|A Annealing @7
15&, 72°CollA] Elongation ©@7 30&7t 438519t PCR AFH2-2 1.5% agarose

gel A71F&3sto LS HUsIAH

Table 3.3. Gene specific primers of olive flounder B-acin and immnune related
genes used in this study.

v oo Base Pair .
Gene Sequence(5'-3") Acession No.
(bp)
B-actin F CATCAGGGAGTGATGGTGGGTA
107 HQ386788.1
R ATACCGTGCTCGATGGGGTACT
TNF-a F CAGCAGCGTCACTGCAGAGTTA
120 AB040448.1
R GTTACCACCTCACCCCACCATT
IL-13 F CATCACCACTGTCTGCTGGAAA
122 KF025662.1
R GCTACTCAACAACGCCACCTTG
CDh4-1 F AGGTGCCAGTGAGGTGGTTTAT
112 AB716323.1
R GCCGTCCTGTTTACCAAAACTC
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At8 W B. megaterium PPR15" 7717} o]&o] AY xgHAo] U]x|= FES
gofr 7] flste] 1 GAFO @ AMUARR E tardas ©1&st AYLY
AT}t 4R 1.42 x 10° CFU/mI0] %7} Ele2 A4 AgajAlds
FAP1E Eoll 0.1 mA gA] B FYstAo. AT A
_‘|

13o] B2 3 AASIECU, 2 25 LA9lR 200t Agstol

Relative percentage of survival (RPS)

= 100-100 X (test mortality/control mortality).

M
4

3.2.12. 89

A%

A
S

SPSS (SPSS Inc., version 18.0) =2 78S o]&5lo] E7

ic)
rlr

L=
Aottt dHHiR] B4H2A (One-way ANOVA-test)2 7 2412 A18351%1
o} Tukey HIAE t-test (p<0.05)5 AR&sto] tjxayef AP H3 Hlu
HEEHA (mean + SE)= UEFICH

=]
vy 2

iy

H+

o, golH< Faut
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3.3. 2yt ¥ uA

3.3.1. AT RAL

827t B. megaterium PPR15'S A7I5t Al22 A3 dx]o] P& t}Sat

Zro] m 3.40] UERIth B. megaterium PPR15'S ZH7I5HA] 4 IR oA =

8=z ol Zx3Fo] 114.6g02 UERFOW, B megaterium PPR15' A7} 7o A=
5550l 146.7gC0.2 taet 571s 4 4 Qth 219t v|wsis I B

QT 4 ARAT foHe Aol Yot

Table 3.4. Growth of olive flounder fed the diet containing B. megaterium
PPR15" for 8 weeks.

w! FW? wG? SGR* FCR®

Control 43.3+1.3 216.6£2.0 399.6+3.2 1.10£0.1 1.24+0.2

Bacillus diet 45.6+3.3 228.8+£0.5  403.2+2.2 1.11+0.6 1.31£0.1

'IW, initial weight (g/fish)

’FW, final weight (g/fish)

SWG, weight gain (%) = (final weight-initial weight)/initial weight X 100

‘SGR, Specific growth rate(%day) = [(log fianal weight-log initial weight)/days] X 100
°FCR, Feed consumed / weight gain.
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3.3.2. SoHELA

ASTOF ALT= 420y 2B AR o g8 I &4
#olt], olFol tichA] mf¢ FQst giolct Fx|Q FAEA BA Aites OhF
a2 3.2-3.3 YUERYIth. ALT BAZA3b 23X 279t B  megaterium
PPR15" A7bolA £7b SRR, A%At, 654t 85AtIN AR Zastyct, of
219t B megaterium PPR15" 7115 ¥]wstel S of S-0)&91 o]z} gleict.
ol BRA Qa2 Qs 40| Watz oz AJalgEl o Fol UxK o=
ST AA daEdttal HojRltt, AST A= Hi2-LoATE 25410 &5
Ztotal A|Zto] R|do =2 AST LR Z4As5HYTH A2t B megaterium
PPR15" 7172 2312 T 9.0)Ql Afol= LFERIR] 9girt.

th= 129} B. megaterium PPR15" A 7}519] Glucose =22 B At Anp 8=k}
off thE1Q} B megaterium PPR15' A7}712 u|wsiS U B megaterium
PPRIS' A7h7E 2AaToen $o4 Aolg wolth £3 23RS 4TS 2
7o}l A9 Glucosew B Ato]7t QIAR|RF, ARAEE = ti2+o= Al{to] A
o] et glucose dteFo] Qojxlo 2 =7}st9i w1, UMM, B megaterium PPR15"

RN B foF0R PTG & & YL

Total protein £AZA1} tJRx 19t B megaterium PPR15" A7 pollA 27x19}
87ALE Bludle o RoHez SV Hofrelon, 458H 8FAPIA| = total

protein gfgo] SA|E e HEiS Boixgict thxet B megaterium PPR15
371 AlololAE Solxlel &bol7h LEhA] shgkch.

Triglyceride B4 ZAu}, 87xfol| &= 19 B megaterium PPR15" A7} At
olo]l Goldel xfol g BT,

ol2|gt AutZ 2 wj B megaterium PPR15' A7t doo] AJststA]

7ol Y2 mlxIA

_

oron, 3t &4, AEA Er E47} girkn AbeEc
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ALT (USL)
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2 weeks L ywesks B weeks S wesks
B Control M Bacillus diet

120

100

40
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0

2 weeks 4 weeks bweeks g weeks
B Control ™ Bacillus diet

AST (UFL)
&=

Fig 3.2. Serum biochemical parameters (ALT, AST) of olive flounder fed with
control and B. megaterium PPR15" diets for 8 weeks. Values are mean + SE
(n=3).
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& 3 B
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=]

=
*

2 weeks 4 weeks B weeks B weeks

=]

® Control ¥ Bacillus diet

. e
£
a
| I I
4] I

2 weeks 4 weeks B weeks B weeks

Total protein (g/dL)
Fd

=]

® Control ¥ Bacillus diet

[ [
& &

2

Triglyceride (g/dL)
& & B

=]

B Control ™ Bacillus diet

Fig 3.3. Serum biochemical parameters (Glucose, total protein, triglyceride) of
olive flounder fed with control and B. megaterium PPR15" diets for 8 weeks.
Values are mean * SE (n=3).
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3.3.3. AlA= =g

ANZE 944 E BGAI7 dEi2ots Ao ANRE #4& FA-Y 2
AR B megaterium PPR15" A7HLo| A =& AlNm &/do] Uehdtt (1
2 3.4). Es5] A 4xx1o] AL (0.83+0.05) oF v|wsHES T B megaterium
PPR15" (0.99+0.05) A7}LojA So|x xlo]2 Wolz=olth B megaterium
PPRI5" A7boll A AE7|7H5er AN zd/do] &7 gAEE 2 & 4 Qo
ANE Zd9 F7Hs o7 H]5o|d WY ¥ PSS 9ujsitt.

1.2
1

g 08

2

g o6

2

=

T o2

&

=

0.2

Fig 3.4. NBT activity of olive flounder fed with control and

2 weeks

4 weeks

" Control ®Bacillus diet

B weeks

PPR15" diets for 8 weeks. Values are mean + SE (n=3).
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3.3.4. Lysozyme % Myeloperoxidase &7

Lysozyme o] 7o 22| Fxy A v]5o]A vfo] Huido|n] »g J3f
Aot 2492 BAIQ s FAsttty LA ot [101]. E$H Lysozyme
N Azdo] HEjxZ2|7t 58 71485l5ttt. ®£5F Myeloperoxidase:= 7+ 1t
Az=o] utosts §A2A 2271 7ML T =42 YHY HYFS ApEs)

Ayt W29} B megaterium
PPRI5" A7}70lA QOl& Afol7} LtERIA] Ql9bAlel, M@ 854} AT (5.89
+ 1.15 unit/m))¥ T B. megaterium PPR15' A7}polA =2 24 (22.67 +
0.82 unit/m)o] UEl} S9)A Rxpo]S BWojZuct (I 3.5). Probiotics2 AlA|
&, lysozymed} A9l &AH& S7HAIZItt [102-103]. L. rhamnosus?t 73714
AtRE 308 U wolgt FAPN SololA @A lysozyme Z/do] FoJ5HAl 57t
sjon, o] AToJA Probioticsd A7}t 120X 6F Fo] = 3
lysozyme /S Ho FOli, Aol 2 WA {fAEHJATL EuEQIY
[103]. ol2igh ZAuks & 7o) Auet AxFe & & Ut
Myeloperoxidase &97A1} thx19t B megaterium PPR15' A7I1ES vl wsl

2 o goA Aol gioict (1 3.5

~
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Fig 3.5. Lysozyme and Meloperoxidase activity of olive flounder fed with control
diet and B. megaterium PPR15" diets for 8 weeks. Values are mean = SE (n=3).
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3.3.5. Superoxide dismutase (SOD) &7

—_

SOD AL HEAQ PAe mazA Aot IArsR HHEE WSE
E0fsto], Aol AUt SLAE ArIACR MAsH: d¥ge It qE
B. megaterium PPR15" A7179} uv|wsiS w] 6XxXIo|Al B megaterium
PPR15" A7H7t 7P =& &S Wt (2% 3.6). SOD Zxntet MOPRtat ]

2T AU A2 & 4 Ao

—

70

50

*
I I *
o I II I II

2 wesks 4 weeks b weeks B wesks

3

SOD (% inhibition)
& 8

=]
=

1

[=]

® Control  ® Bacillus diet

Fig 3.6. Superoxide dismutase (SOD) activity of olive flounder fed with
control and B. megaterium PPR15" diets for 8 weeks. Values are mean + SE
(n=3).
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3.3.6. QRT-PCR E3t W& QxAL wad

Aol Bt 8FAbol| thE Rt B megaterium PPR15T A7 zh AR}
(kidney), ZAf(intestine), Zt(liver), H|%AK(spleen) ZxAlofA] RNAS F&Eotil
aqRT-PCRZ &ofl HIHH [AIAY] & PRt

3 Ax, AR E thapet v sl o B megaterium PPR15' 7oA
TNF-a, IL-1B8, CD4-1 S&x}7} thx o wlsl z+zh 2.68[, 1.94), 1.18] S-9A
o7 SIS ST 4 AJT. ESE AOA L] RoJeE SV AolAE YEHG

o

7(

o
_||>|A
Ol'

el

)

o, txLof| vlsl B. megaterium PPR15" A7}3Lo]A] TNF-o, IL-1B, CD4-1
FAAPE 2 L7l 2.28), 158 S7tstT (2" 3.7).

7t = tjzo) Y| B megaterium PPR15"  A7FLofA] TNF-o, IL-1PB
FRAPE 22y 2,641, 1.88, 1.18} S7FSERAIRE, CD4-1 fAAR: dads &
sttt ulAo A= CD4-1 QAR7F thx 1| v|sll B. megaterium PPR15" A7}
oA 6.3812 71 =7 UERG T, TNF-a, IL-18 GAIA= 242F 28], 1.98) &
Zbekltt (2 3.8).
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€ 05
0
TNF-o IL-1p Co4a-1
Immune genes
(B) Intestine
L
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m 3‘1}
8 25
3
-1} 20 * B Control
.E 15
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E 10
5 B
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TNF-a IL-1p Ch4a-1

Immune genes

Fig 3.7. Immune related gene expression in each tissue as kidney, intestine
after 8 weeks fed with control and B. megaterium PPR15" diets. Values are
mean * SE (n=3).
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&

B Control
40
m Bacillusdiet
20
L
TNF-o IL-1p CD4-1
Immune genes
(D) Spleen
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+*

c 25
=]
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1=
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& 15
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= 10
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£ s

0 d #

THF-o IL-1p

Immune genes

Fig 3.8. Immune related gene expression in each tissue as liver, spleen after 8
weeks fed with control and B. megaterium PPR15" diets. Values are mean + SE

(n=3).
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2 Bt A YE A™ Zi controlfA= 85% HAteS HACH, B

100

30 -
70

50 -
C
40 + Bacillus diet

30 -

Cumulative mortality (%)

20

Days

Fig 3.9. Cumulative mortality rate of olive after challenge with £. tarda (1.42 X
10° CFU/mJ).
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mm, Streptococcus parauberisol 21 mm, Photobacterium damselae subsp.
damselaed]] TshA] 20 mmo] A|gto] LFERGITE.
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