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Abstract

In this study, actinomycetes were isolated from seawater collected from
Daejeong—coast of Jeju Island, to evaluate its antibacterial activity against fish
pathogens. About 24 actinomycetes strains were isolated and identified using
physiological, biochemical and molecular tools. Light microscopic observation of
MK-01 strains hows gray spores bearing darkbrown mycelia colony which
produce purple pigment. MK-0lstrain was found to have extensive antibacterial
activity against S. iniae, S. parauberis, V.anguillarum, E. tarda. The optimum
culture condition such as temperature, pH and NaCl(%) concentration required
pH 677, 30C and 2% respectively.

The results of biochemical and physiochemical studies revealed that the best
carbon source, organic nitrogen source and mineral source for cell growth and
antibacterial activity are dextrose, tryptone, and MgSO4-7H>O respectively. Ethyl
acetate and Methanol treated fractions of MK-01 culture supernatant were used
for the antibacterial assay.

Minimum inhibitory concentration (MIC) of Methanol and Ethyl acetated
fractions were about 31.25 pug/mé 325 pg/mé, 1000 ug/ml in the S. iniae, S.
parauberis and V. anguillarum respectively while the minimum bacterial
concentration (MBC) were found to be 250 pg/mé, 500 pg/me, 1000 pg/mé for S.
iniae, S. parauberis and V. anguillarum

Phylogenetic analysis based on 16S rDNA sequences of the strain MK-01
shows the high similarity to Streptomyces carpaticus (97.63%).

DPPH radical scavenging activity of different methnol fraction of MK-01 culture
showed 31.25pg/ml for 13%, 62.5ug/ml for 15%,, 125ug/mé for 19%, 250ug/ml for
229, 500ug/ml for 23% and 1000ug/ml for 29% and Ethyl acetate fraction showed
31.25ug/ml for 9%, 62.5ug/mb for 119, 125ug/ml for 19%, 250ug/mé for 20%, 500ug
/ml for 21.12% and 1000pg/m¢ for 26% Hydroxyl radical scavenging activity for
methnol fraction showed 31.25pg/mé for 13%, 62.5ug/mé for 16.68%,, 125ug/mé for
23.87%, 250ug/me for 38.2%, 500ug/m for 42.9% and 1000xg/me for 58.8% and for
Ethyl acetate fraction showed 31.25ug/ml for 9.32%, 62.5ug/mé for 14.68%,, 125u8/
me for 20.78%, 250ug/mé for 29.2%, 500ug/ml for 39.8% and 1000xg/me for 49.9%
Dietary effect of MK-01 supernatant on non-specific immune response such as
Lysozyme activity and Phagocytic activity of Olive flounder was assessed with

3% of supernatant mixed flounder feed.
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ol A el Folvk Ly, 2009), s FHEol sEHom A5 $d o
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dA e, Az wep A AR FFE v A7) died vE dd=s

2 S BAES oF, FHFEE, A9, dEw, s, AdEAS, daRE
%3 2o gkt A A EEH At (Peela et al, 2005 Palani selvan et al,
2012; Zheng et al, 2000; Jesen et al, 2005; Lee, 2006; Gandhimathi et al, 2008;
Riyanti et al, 2009). dA7tA &E2ld &g Wdde] gzl £FHo=
actinomadura, Actinosynnema, Amycolatopsis, Arthrobacter, Aeromicrobium,
Blastococcus, Brachybacterium, Corynebacterium, Dietzia, Frankia,
Frigoribacterium, Gordonia, Geodermatophilus, Kitasatospora, Marinophilus,
Micromonospora, Nonomuraea, Rhodococcus, Saccharomonospora,
Saccharopolyspora,  Slinispora, Streptomyces, Solwaraspora, 7Tsukamurella,
Truicella, Williamsia, Verrucosispora s ©°| T (Starch et al, 2004; Jesen et al,

2007).
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Table 1. Compositions of isolated actinomycetes medium

media comporiton(/L) media comporiton(/L)

I;/éz;ine Peptone S5g ISP4 Slouble Starch 10g
Yeast extract lg Dipotassium Phosphate lg

Ferric Citrate 0.1g Magnessium sulfate USP lg

Sodium Chloride 19.45¢g Sodium Chloride lg
Magnesium Choloride 5.9¢ Ammonium sulfate 2g
Magnesium sulfate 3.24g Calcium carbonate 2g

Calcium Chloride 1.8g Agar 20g
Potassium Chloride 0.55¢g Ferrous sulfate 0.001g

Sodium Bicarbonate 0.16g Zinc sulfate 0.001g
Potassium Bromide 0.08¢g Manganous Chloride 0.001g
Stondum Chloride | 3dmg {SIOMEE G Cusenae 2

Boric Acid 22mg Asparagine 0.1g

Sodium Silicate 4mg Sodium Propionate 4g

Sodium Fluoride 2.4mg Dipotassium Phosphate 0.5g
Ammonium Nitrate 1.bmg Magnesium sulfate 0.1g

Disodium Phosphate 8mg Ferrous sulfate 0.001g

Agar 20g Agar 15g

S vestewsa g Suchcsen o Cmn 10g
Malt extract 10g Starch 100g

Dextrose 4g Sea water 370ml

Agar 20g Distilled water 630ml




22. 2 wATY FHsy R A5 34

oy F 247 F9] 1 ) AT 2T I, hemolytic test, casein, starch,

nitrate ¥ 23, oxidase test, catalase, urease, protease, Tween 20, 80, Chitin,
Cellulose , Hemicellulose #3ls & Agstd ZALE AAlear, of 7B Aol
kel 7Hd Hold FdEAds detlo] AdddFo FdHeE A4S 6
Scanning electron microscope(JSM-6700F, JEOL Lted., Japan) Z %3}l cell®] 3
g 2 37]& 15k, API 50 CH Kit, API ZYM Kit (BIOMERIEUX, USA)E
Agstol BABAT T AHse AT,

2.2.1. 2% A (Gram Staining)

T 243t S WA Axde mE Ry aHSAdY ddS s 1
2 A AHS AT AFAHBBL, Difco, USA)S W o) wal ofgfe} o]

TsAT. edtol= Fehzel 085% A Aot AHds uF =39 Crystal

Violet& & AF&3sto] 1#3F dX& 5 AHg 5 vl lodine

o
12
e
it=)
2
(=
)

95% Ethanols @Holrmy 30x37F &A% H

_'c'[);
Safranin§ & 123t Aglste] iAol A& AXNG 1 7 dvjde= #F

2.2.2. Casein hydrolysis test

g Ee] @A stgEEesS 2AEHE el shubolth Skim milkel FHFE
A (Lactose)o] HaEEHA AAFE Aboll oJafiA 7hAIQD Fal7F A3 2 & U+
delE ol &3 WHolth AlxzE wiAel IS =St oF 1443 wiYge

A 9ol Fwsto] e zAlste] wrkd,



Table 2. Composition of casein Hydrolysis test medium.

composition(g/L)
Nutrient agar 23¢g
Skim milk 50g
Distilled water 1000ml

2.2.3. Starch hydrolysis test

A E F Amylase AAHso] e AL HE¢S BT 5 Ao mHe 3o
2 Amylose?} Amylopectin®] F7F# AE oz FAHET nAEEL 548 Il
wallshe @49 AmylaseE W8] oA Maltose, Glucose, Dextring & 3l
g Uk HAEd 9% F2 Jledd dSs dolR7] A Gram's

lIodine¥} = g WA 7} FHl= oo &t} Jodines = vix|gol] 20

MN

Amylase®] #8& 7HFsted o] 8%}t Starch iAo #FE5 =wsle] Ho o
Fd For W% 3 F 29 Jodines Hslsith slFREE A @ RRS
Iodine-Starch Wh8-o] A3l HepAo] Yey FA o= dAdsty 7hgiafd 3

o FHsA et FYom wewc

2.2.4.. Urease hydrolysis test

Ureasex= 84 A2 EH NH,E A ASE IS 3t} Ureaser:= 7| Aol 9]3}o]

2%+ 47 olyt}l Ureaseb] A= yeast extract®t 247F H7lH gHojn of

7o pH AA Mo =2 Phenol redE #7}stAl ®©t}h Urease iAol ¥ HS HE3s}

ol

3 30TCoA HAa 24A17F vkttt sl s Ao A W] A& o] Ureases AJ4FstH
AE NHgol olste] pH7F A58kl ¥tk pH7F 453822 Phenol red= 24 (pH
6.8)ol A A (pH 8.1 o] o= vl¥ Al ).

o2



Table 3. Composition of Urease Hydrolysis test medium.

composition(g/L)

Urease 20g
NaCl 5g
KH2PO4 2g
Peptone Ig
Glucose lg
Phenol red 12mg
Distilled water 1,000ml

2.2.5. Catalase test

A e 5 A AAT T 9 Yol EilE w AAFHE AsAEZ 31939
flavoprotein®] AFAeo} Hb§-3le] A EH = F54 AHEolth o9} 22 W= It
3 FAaE B9 AR EdF F UE catalases B ZEAZ[heam prosthetic
group] &2 7}1A 1 9= &EAEHA cytochromes ZHe &7]4 Tl REo =7

A @7 Aol EASHA At vl ol wike Al A A] colony €1°l 3%

48 4:[3% hyderogen peroxide] ¥ W&S W"ojmg|a 7| WA of B E #zk
st} kst AE ke = utE 7|2V AT Al ek A RES, 56 F9

stk B Ao A= AAZE(potassium nitrate) Bl A oA A Ak

DES BAste] o}y Ex A a2 A4SE T $HS PA@,



Table 4. Composition of nitrate reduction test medium.

composition(g/L)
Nitrate Broth 100g
Peptone og
Meat extract 3g
Potassium nitrate 1g
Sulfanic acid = Reagent A 100g
N,N-Dimethyl-1-naphthylamine = Regant B 10 ml
Zinc lg

2.2.7. Gelatin hydrolysis test

. 9

o,

i

Lo

focs

Zo mAEo] AES 23T £ 9 gelatinases EAE Ztu
gelain 3] oF-5 #&at7] &) AAES A3
1

PYuj Ao glucose 0.2%, gelatin 12%7} = A 7}k & 110Col A 1583 "3

R4

b

susl AT s, 44 gelatin Aol AT T 5 30CTolA 1443wl

okstth 1 5 3087 WARE T A controlo] B} S i H3lE uw gelatin
MN3l5S Ao R T

Table 5. Composition of gelatin Hydrolysis test medium.

composition(g/L)
Glucose 20g
Peptone og
Beef extraact 3g
Gelatin 120g




2.2.8. Cellulose &3% A8

Cellulose ©]82 F 7H#A] @45 AAS= vAES Tdo Z¥dt. C 24

A7 cellulose’} Cx &4 Whgo Wzstes: wt==9 283t G Cx &

B

=
=

o YERE olE o= AATT

Table 6. Composition of Cellulose Hydrolysis test medium.

composition(g/L)
Cellulose Powder 20g
Yeast extract 5g
(NH4)2S04 2g
K2HPO4 lg
NaCl 1g
MgSO04-7H20 12mg
MnSO4-4H20 1,000ml
Agar 10g

2.2.9. Hemicellulose &3]% A3

o,
ol

rr

i
ol
il

i
il

Hemicelluloset= 79 AXuS FAsE o 2 (cellulose) ©] <]
o] B8A UdFeo FHOoRHMN, A Q ~A(hexose) &2 IEQ X~ (pentose)Z o
deom  Falets we Fol web  AdeuebAl(xylanase), A e ERLpobA|
(galactanase), WFir}iufol Al (mannanase), ©F2hH] Yo} Al (arabinose) & -+ ¥ ).



Table 7. Composition of Hemicellulose Hydrolysis test medium.

composition(g/L)
Xylan 10g
NaNO3 2g
K2HPO4 1g
MgSO4-7H20 0.bg
KCI 0.bg
FeSO4-7Hz20 0.5g
Agar 15g

2.2.10. Tween 20, 80 7}&3 A1

Tween 20 % Tween 809 7hrits] HES A AL &9 lipaseo] &g # &
BalsS &= Aotk Brain Heart Infusion Agar(Difco, USA)el 1%
Tween 20, 80= H7}g ¥ 9SS FFsto] 28TColA dFLT vt & =g
W colony F9ol E& ko] eyt olAS Thedsel dvke Aow dwd
=3

2.2.11. Chitin 7} &3] 4%

71 € (chitin)2 & w72 A¥XHE FA3H chitinase®} chitobiase? &3 &
of &) ®Ealdvt 2 A3 Chitin wix|d JHTE E=Est] F2Y FH -
mm<] Ayt & Yeldd Fd o=z dAgY Chiting H7Fs%7F 04% (w/v)

EE ool A g Bud e JehiAT 02%, 08%E A7be del b w

o,



Table 8. Composition of Chitin Hydrolysis test medium.

composition(g/L)
Chitin 4g
K2HPO4 0.7¢
KH2PO4 0.3g
MgS0O4-7H20 0.bg
FeSO4-7TH20 0.01g
ZnSO4 0.001g
MnCl2 0.001g

2.2.12. €384 (hemolysis) A€

H
il

Blood agar medium(& Hg-dul#])eo] HFsto] I A B-hemolysis®] 3l 5=
Ak Th 28T ol Al 48412 v ¥ ) WA @S 1S wl colony FH

A Aol Frgefd g Aol Jvkar AT



23. ¥TFES Z= BATY £

231 o7 AHTEF g FHEH T4

Disc diffusion methodZ ©] &3}

A

TS Yxe ox Ay Aoz a8k A 2%E(Gram-positive:  Streptococcus
intate  KCTC 3757, Streptococcus parauberis KCTC 3651), I1HS4 2%
(Gram-negative: Vibrio anguillarum KCTC 2711, Edwardsiella tarda KCTC
12267) 0.2 =AU ME KCTC (Korean Collection for type Culure) & =58 #<F

Eokth, £F w2 g

rlo

27t e WAl HESHe] 4P LmA uNT

ad

v Fat At vl gFAS 0.85% A A drE 514t 04 McFaland 5% 2HE H
d W5 S 2 Mueller Hinton Agar (MHA, Difco, USA)el = 3¢t) #2149
247FFE Marine Broth (MB, Difco, USA)o| si%f3l & 482 7] (Micro 17TR,

-

Hanil, Korea)Z A}&3}e] 12000rpm, 10&E-7F 92l &tof HE gk A=94S 8 mm
paper discol 50 wE Astste] T3] Ax Al 2 FH WYdo] =dE MHA
of dAACE ST AP LoA 2447 vl & FAdH

o] A &F(mm)e F4stutth

12
N
g
®
@)
&
N
o
j=)
e

Table 9. List of fish pathogens and growth conditions used for

antibacterial activity experiments.

strain medium temp
Gram Streptococcus iniae (kctc 3757) 1.5% NaCl + BHIA 25C
ositive Streptococcus parauberis (kctc °
R sesl) Mo RaClrBHIA ST
Gram Edwardsiella tarda (kctc12267) 1.5% NaCl + BHIA 25T
negative  Viprio anguillarum (kctc 2711) Marine agar 28T




24. A¢dF9 FHH - A7 23 2384
2.4.1. SEM (Scanning electron microscope)

Scanning electron microscope (JSM-6700F, JEOL Lted., Japan) 7]17]& o] &3}
o Cell®] defe}l sizes 1t I AAe)= a3} 2t} Plated Wi
H AT colony FHOREZ 05 * 05cm7F H =2 wix 9t 34 A3t 5 25%
glutaraldehyde & o] @7lEa A2 2417 ¥x]gt}, 1 5 1X PBS buffer®
54 2@ WEE M H s 5 40, 50, 60, 70, 80, 90, 100% EtOH= Ztz}t 1A|7HA €4

==

A7tk 71 & isoamyl acetate : 100% EtOH = 05 : 15 H &2 4o e g9
IAIZE, 101 Hl&2 410 vbE oo 1AIZE mixTo g 15 1 05 Bl&= 4o vt
E g A7 gt} 1 5 vlo]dH o] Aol 100% isoamyl acetate &Y
of 1A% o] B3 £ CO; gas® T8 AXAA AL E oo &9 53

o,
242 ALFF BSHE YA L L8 A

A 5 MK-019] &ests diibsy 54 @43 dol B7] 9a] API 50CH,

API ZYM kit(Biomerieux, France)s AR&3sto] Az HJAC] Aol we} 43353
=



243, A¢dF9 16S rRNA Q7|4 4E &4

Auk 73 MK-019] DNAX Genomic DNA Extraction Kit (Bioneer,
USA)E AFEste] Azxzgda Ao wel Ha&dste] genomic DNA #32] 2
FE3I9tE 759 16S rDNAFAAR A7IA4E FFHS 98] primere 27
Forward primer(5-AGAGTTTGATCCTGGCTCAG-3)2} 1492 Reverse
primer(5-GGTTACCTTGTTACGACTT-3)E AF&3dt}t. F5% genomic
DNA 109t 10 pmol/primerE 22t 102, 1Mm dNTPs, 10X PCR buffer,
5 unit Taqg polymerase(TAKARA, Japan), Bioneer DWE &3tslo] ZFH
HE 20wz gFo] St PCR 212 95ColA x7] WA GA 5%,
94Tl WA 12, 55TColA AeA 1, 72Tl A 12 o=
Z 30 cycles W& 8 sigon HF FAHAGAZ 72T 53 PCR
(US/MYGein32, M]J RESEARCH, USA)& 2Al&sith 5% ¥ PCR A=
15% agarose geloll 4] 0.5ug/m¢ ethdium bromide® A M3+ 5 A7) %5 sl
gelstdet. 1§ DNA L @71 Ee A4 £4s <l
(Daejeon, Korea)oll ¢]#ste] 97|14 ES &4 skt 249 d7IAES
Ez Taxon-e (http://eztaxon—e.ezbiocloud.net/)¢] databaseZ A}&3lo] FA}

A stlom JH 2dE e FOoE Usue Ad
S et 2A- ¥ A4 <97 databasedl A FR1g d HAE A7]A

95 ClustalW software® multiple alignmentZ F83to] F7]49S wd

g A7IME S Bl &

3 5 Mega 5.0 software ZZ13-S o]83}o] phylogenetic treeE 43}
At



2.5. Streptomyces carpaticus MK-01¢] % wj4$zxA% J784 =A

251 2= JANEF=zd g4 2 2 4

sto] 660nmell Al 525 S8t wgdS 12,000rpm, 4CelA 5i7F 4=
o Aeds AT ¥ FHAdILe 2= G (dise diffusion method)E A A}
Ko xS oA E HFsHA] &> MB wiAE ARESFATH

FEdel WE MK-01FFe HA wiA g HEES Loty 93 GYHA
(Glucose 0.5%, yeast extract 0.1%, MgSQO, 7TH200.02%) & AF&3t9om eaxdd, &

R4 QB Arkskel mmseh

25.2.. pHE AFu ¢z 24 2 3324 53
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25.3. NaCl H71d 4wz 84 2 84 53

AgomiE B MK-O01S NaCl #7} Sede] me 4499 2 A4 4%
2]

4 S 12,000rpm, 4TelA 5&3F S &8 FodS AT & FHATL ==
i (disc diffusion method)E& AR ow xS oA HFsHA &

MB WA 2 A}&3 T

254. 429 WiAZA BE A5 HE R 48 A

Hjxlo] eEraxdow  GYHiA ol fructose, sucrose, sorbitol, lactose, glucose,

N

dextrose, starch ¥ ramnosuss Z7t 1%% H7iste] Az 39 @3+ S HE
i 28C oA 130rpm o2 FH A 48A1%F djst & wjkde] & 600nmoll Al
SASA dx=7 = GYHAA glucose’t H7HH A G2 wIAE ARSI @

Jo yxza FiH(disc  diffusion  method)E AAIEIRon  wjgdS

ol



255 49 WXz wE A5 AE R IFEH A

Hjx) o] ArPo R GYHIA o] yeast extract, peptone, malt extract, Typtone,
NHNO3;(=Ammonium nitrate), NH,CI(=Ammonium chloride),
(NH4)2SO4(=Ammonium sulfate) KNOs(=Potassium nitrate)E 2}ZF 0.5%2 % 7}3}
o Az A FAATE HEFsk 28T oA 130rpm &2 FH A 48A|3F w3t &
iR o] & 600nmolA A3t 27+ GYWI A A yeast extract’} F
7hE A e wiA & AFEE T A HS Y23 G4 (Dise diffusion method)

& AASR oM WFAS 12000mpm, 4CAA 58 AN e A5 AP
-1 ’ pm,

25.6. #7149 WXz wE A5 AE R IFEH A

Hjx) o] Frjdoz GYHiAlel MgSO4 7TH2O (=Magnesium sulfate), FeSO,-7H0
(=Iron(II) sulfate hepta hydrate), KoHPO,; (=Potassium phosphate dibasic
anhydrous), CuSO4-5H.O (=Copper(Il) sulfate), ZnCly, (=Zinc chloride), KH>POy4
(=Potassium  dihydrogen  phosphate), CoCl2:6H20  (=Cobalt(II)  chloride
hexahydrate), NaCl (=Sodium chloride)& Zt7F 0.1%% H7bsto] Az stdh 34
TS A 7 28T oA 130rpm o= FHA 48X wj st & vl gr &
600nmell Al SAeFA T 2= GYuA A MgSOs, 7TH:07F H7HE A e A
& Ab&stdith deAPS "= G4 (Dise diffusion method)= A A8} 2 H

WloFelS 12,000rpm, 4CIA 53 A4 el 4EAL AR F AEIHAT o



2.6. Streptomyces carpaticus MK-01¢] 2859 JF 34 =3

2.6.1. F71&9 £

Streptomyces carpaticus MK-01S MB broth 1,000ml °] HE3tax 30Tl A
120rpm o & 1447F X &uieF stdth 1 oh3 12000rpmell Al 207F H4 st 4
SA9S Az o3t & 3 d7gE=7] (HS-2001N, HAHN SHIN, Korea)E A}-&

$Eete] BAAE A 2uPHe ¥5EL AFE 3} RT3 4
%

o
Lo,
o
—t+
=
=
o
o
o
—t+
=
o
=
o
=
o
j)
<5
i
ol
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N}
r]I.
s
Ot
o
s
Sh
ot
s
o
e
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o
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£ o

=) = O = =] = = =. 5
2o BAA% oo ¥UIA WE W +834 Gk FREAL FF 9

262 442945 =MIC) 573

T =S o3t HadAFEMIO)E the 2ol FAsAn. ¢4 28 =
=W (125, 250, 500, 1000, 1500 xg/ml)= A= % 96well plateo] I3t w&
oduke Hi =] 1009t &3k th McFaland No. 0.5 F%9] ofFAW T2 dE

= 20u? FHFsto] 24413 wigETh 1 F 660nmol A FEE=E SA G ofFH

ok

el el UEUA 9t Ax FEE Aaqo.



26.3. 32T 5=MBC) 54

H 225 =(MBC)E= Palani selvan®] WS Zraste] =818} %d th(Palan, 2012).
ol MIC 24 well plate.Z3F-E #jeFed 100ulS 27z &ube wjx|o] Z=23dle]
g 48A1%F EoF wigstdth 1 FH shHHuA Y HYA nAEe] S WA e

e R

27. FE29 A3 Y A4

2.7.1 Hydroxyl radical 2A &4

3129 Hydroxyl radical 2AEA AdL o3 o] F3sAt. A3 o

10mM FeSO4 / EDTA €<% 02ml, 10mM 2-deoxyribose 0.2ml, A& 0.2ml,

M

0.1M phosphate buffer Iml¥ 10mM hydrogen peroxide 0.2ml& o] 37C &2
Zo A 4AIZE FF wbE AlZIth 1§ 2.8% TCA (Trichloroacetic acid) 1mlg %
o] B8-S T4 A17]1a 1.0% TBA (Thiobarbituric acid) 1Iml& ¥ % 100TCelA
1023 7 & AAFH. 1ty icedl v&59¥Z § 532nmellAd F3=E 5453

o FE=4do] e hydroxyl radical®l &A@ okle] A& ol&sto] A4tst

Hydroxyl radical scavenging activity (%) = [1-(ESR signal intensity for medium
containing the additivs of concern/ ESR signal intensity for the control medium)]

X 100



2.7.2. DPPH radical 2A&A4

#3859 DPPH free radical 2AZA A3 t3 o] F3d3th 0.2mM
DPPH €93 A 85 111 (v/v) 538 92 oS 3087 2282 & 517nmel A
FHEE ZAHAY. HEF= (=EF)E AFE3FY 3L blanks DPPH 100 3}

methanol 100 & &§3ste] B3 A Y. F=FE9 )3k DPPH radical 2784 &

DPPH free radical scavenging acitivity (%) = [1-(ESR signal intensity for
medium containing the additives of concern/ ESR signal intensity for the control

medium)] X 100
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2.8. Streptomyces carpaticus MK-01¢] =¥ Al FH7}o o}
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282. £3 A8 A} 4 7o

AgE FFPoaiy 55 Alol=9 7|E wjdgA R (ZdME 52.0%, FA| 4
8.0%, A 3.0%, &3] 14.0%, Z+# 1.5%, <1 2.7%, 1%, Suhyup Co.,

Korea)& 73t AAabgel] 100g9 1%% E3tsle] Alzskgdh AWAl 1

7= %

= S FHA 1E2 5% el

= 98kl Aw st T of AR HUMEA @2 A
A AbRs g2 FA 2% dldets wE Aesden, 19 23(ed

2.83. 8% U Lysozyme 4 &3

Micrococcus lysodeikticus(sigma, USA)E 0.02M sodium citrate bufferol
& =

0.2mg/mle] F%E =2 solutione AZ3t}t 96 well plated] serum 15ul-S 53
= Al M. lysodeikticus solution(0.2mg/ml) 1500 & H 3L 24TCeolA 30%, 43
] microplate reader (Synergy HTX multi-mode reader, BioTek, USA)E A}-&

Aotdth A¥= 9 0.001 unite] 3= HaAE

E] =18

R

o ©
S T

o] 450nmel A EF =S
glol 2zt ol FAJ1E FEAISHA T

=z
=

284. A7 AAXE & 53

< 1.5ml microtube®l] 0.2% NBT(nitroblue

A20e& A7l dimethyl

A
ol
i)
2

gAe) vpgsozRe A

ot
9
(98]

S

A

=
O

tetrazolum)¥ 1:1 H] & &2 H Y3 &

HES-S- A %] Al 7] a1 2000rpmoll A 537t }
3

=

N
N
0,
>
Sh
ik
Ol
ol
2
o
o[Nt
[¢]

= 7o

formide 1ml& 4%
S 743t microplate readerE AF-£3}e] 540nmell

=

Control dimethyl formide, NBT A]¢FS AF-&3F3 T}
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Table 10. The culture characteristics of isolated marine actinomycetes.

Strain No. Aerial mycelium Substrate mycelium soluble color Medium
MK-01 Gray Dark Brown Violet MA, ISP2
MK-02 White Gray Beige MA, ISP2
MK-03 Yellow Beige Orange MA, ISP2
MK-04 Right red Orange Light orange MA,ACT
MK-05 White to beige Yellow Orange MA,ACT
MK-06 Gray Beige Light beige ISP2
MK-07 Orange Orange Yellow ISP2
MK-08 White Gray Light gray ISP2
MK-09 Beige White Yellow ISP4
MK-10 Orange Dark red Beige MA,ISP2
MK-11 Black Dark khaki khaki ISP2
MK-12 White Beige White to beige MA,ACT
MK-13 Gray Dark Pink Black ISP2
MK-14 Black Black Dark Brown ISP2
MK-15 Khaki Dark Brwon Black ISP2
MK-16 Light pink Light red White to beige ISP2
MK-17 Yellow Beige White MA,ISP2
MK-18 Dark begie Dark gold Light brown MA,SCA
MK-19 Gray Magenta Light Pink SCA
MK-20 Black Dark brown Khaki SCA
MK-21 Dark orange Beige white ISP2
MK-22 Gray Dark red Dark brwon ISP2
MK-23 Black Dark brown Dark purple ISP2
MK-24 White White Light gray MA,ACT




33. 28 wAAF FHsH L A3y 34

g Rulstel /1AL AR s A8 s Gk ol v RS e

BeE 2 UdFY g TS o r Qs =49 they o] e
WA H(Table. 10). Catalase 7FridlsS &Qld] 2 A3 F 4+ 5 FAHNS

o] 207, SA4HFS o] 4 FE Y RE #F7F #5522 Hydrogen peroxide®

BalsS z2t= Ao =2 yelykth Casein, Gelatin® 7% @9ld B doln =
Ae o2 Caseind A% UAWrSo] 147 F, Gelatin® 2 ¢ 107571 FA S-S

=2 +
Lebo] iyl dwkel fFT) opm A =Y SdES A
2 A4 F vk A9 st A5, 11dF7F FAARSS e Sl=T
o] AmylaseE A4tsle] Maltese, Glucose 2 Dextring 92 A TS z+1 9
o Ureased 4§ & 757 849 AA TS zrar A2tk Tween 40, 809 7
Fedlse e AoE eyt 1375 49 Nitrate®

[e)
o
A S Ao Nitrate =+ Nitrogen gas A2 7R &= Aoz e

F7F CelluloseE w3l 49 Adss HeEAT v+ 8 & T 4¢F
7} Hemicellulose w3l &45 A5 YEHAS. o5 F 5

ol &9l chitinaseE At FEEo|”RY =

ATH



Table 11. Generial physiological characteristics of isolated marine

actinomycetes

Hydrolysis

Strain No.
Gram catalase casein starch Urease Tween40 Tween80

MK-01 + - + - - - -
MK-02 + + + + - + +
MK-03 + + + + + + +
MK-04 + + - - + + +
MK-05 + + - - - - -
MK-06 + + - + + + i
MK-07 + + - + - + +
MK-08 + + - - - - -
MK-09 + + - + + . }
MK-10 + - + + + n n
MK-11 + a - + + + +
MK-12 + + b " i + +
MK-13 + + + - + - -
MK-14 + + - + - - -
MK-15 + + + - - + +
MK-16 + + + + - - -
MK-17 + + + - - + +
MK-18 + + + + - - -
MK-19 + + + + - - -
MK-20 + - + - - + +
MK-21 + - - - - - -
MK-22 + + + - - - -
MK-23 + + + + - - -
MK-24 + + + - - - -




Hydrolysis

Strain .

No. Haemolytic ~ Gelatin ~ Oxidase  Cellulose  Hemicelluose rg&":}gn Chitin
MK-01 - + - + - + +
MK-02 - + - - - - -
MK-03 - ; ; ] ] N N
MK-04 _ _ _ _ _ _ _
MK-05 - ; ; ] ] N N
MK-06 - - - - + - -
MK-07 - - - + - + +
MK-08 ; ] ] ] . N )
MK-09 - + - - + + -
MK-10 _ + _ + _ _ _
MK-11 ; + ; ; ; + _
MK-12 ; ! g + y N _
MK-13 ; + ; ; + ; +
MK-14 ; ; ; ; ; + _
MK-15 - + - - - - -
MK-16 - - - - - - -
MK-17 ; + _ _ _ _ _
MK-18 ; : _ + ] N _
MK-19 ; + _ _ ] + _
MK-20 ; ; ; ; ; + _
MK-21 - + - + - - -
MK-22 - - - - - + -
MK-23 - - - - - - -
MK-24 - ; _ _ + _
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341 ¥ EF AL HATF AA

Streptococcus iniae KCTC 3757, Streptococcus

parauberis KCTC KCTC 3651, Vibrio anguillarum KCTC 2711, Edwardsiella

tarda KCTC 12267 o tl3s}

U ER QL TH(Table. 11).

w3 2ol
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Table 12. The antibacterial activity comparison with the isolated strain

about fish pathogens.

fish disease bacteria (inhibition zone (mm))

Strain No. Gram positive (+) Gram negative (-)
S. iniae S. parauberis | E. tarda V. anguillarum
MK-01 30 26 19 21
MK-02 - - - -
MK-03 20 - 9 -
MK-04 23 - - -
MK-05 - - 17 -
MK-06 - - - -
MK-07 14 - - -
MK-08 - - - -
MK-09 9 - - -
MK-10 - - - -
MK-11 - 12 - -
MK-12 15 - 18.7 14
MK-13 17 - - -
MK-14 12 - - -
MK-15 - - - -
MK-16 - - - -
MK-17 15 10 - -
MK-18 8 11 - -
MK-19 - - 14 -
MK-20 - - - -
MK-21 13 - - -
MK-22 - - - -
MK-23 - - 28 21
MK-24 11 12 - -




35. EFFH HAHF MK-019 23 2384
35.1. ¥F9 e 3 HAH (Scanning electron microscope)

AFARTEA e HY Hold FRBHS 2
Astel GEerA 24} A3k aggd o dehdov AP YT T4 F

E YEr AT TARe] F 3 Aol tiEf 500 T 600 nm, 10 T 12 m=E U

streptomyces sp.¢} H] =3 oH(Fig 1.).

Fig 1. Scanning electron microscope of isolated actinomycete MK-01

SED
Highivac:




35.2.. g3 tAle R 2L 4 A

w2 ¥ MK-01 59 &53tE tAs& API 50CH Kits AF&-3ste] A3
H}E o5 o] YERtH(Table. 13). 23 MK-012 Eryhritol& 233k 1571 9]
Baled = ¢l2l e}, Glucose, Fructose @ Mannoses ¥3ato] & 34709 &
T VHEERE S AAD = QA APL ZYM kitE AEste] B4 24
k9l A}, Alkalin phophatase, Lipase, Leucine arymidase, Acid phospatase,
Naptol-AS-BI-Phophohydrolase, B3—galactosidase, a-glucosidase, B—glucosidase,

a-mannosidase, a-fucosidase?] &4 o] & %S 7FH tH(Table. 14).



Table 13. The biochemical characteristics of actinomycete MK-01 by API

50CHB kit test.

Carbohydrate source

strain

MK-01

Glycerol

Erythritol

D-arabinose

L-arabinose

D-ribose

D-xylose

L-xylose

D-adonitol
Methyl1-BD-xylopyranoside
D-galactose

D-glucose

D-fructose

D-mannose

L-sorbose

L-rhamnose

DULcitol

INOsitol

D-mannitol

D-Sorbitol
Methyl-aD-mannopyranoside
Methyl-aD-glucopyranoside
N-AcetylGlucosamine
Amygdalin

Arbutin

Esiculin ferric citrate

+ o+ 4+ o+ o+ o+

+ o+ + o+ o+ o+

+ 4+ o+ o+ o+

Salicin

D-celiobiose
D-maltose
D-lactose(bovine origin)
D-melibiose
D-saccharose(sucrose)
D-TREhalose

Inulin

D-melezitose
D-raffinose
Amidon(starch)
Glycogen

Xylitol

Gentiobiose
D-Turanose
D-lyxose

D-tagatose
D-Fucose

L-Fucose

D-arabitol
L-arabitol

potassium Gluconate
2-Keto gluconate

5-Keto gluconate




Table 14. The biochemical characteristics of actinomycete MK-01 by API
ZYM kit test.

Strain

MK-01
Alkaline phosphatase +
Esterase (C4) -
Esterase Lipase(C8) -
Lipase (C14)

Leucine arymidase

Enzyme

Valine arylamidase -
Crystine arylamidase -
Trypsin -
a-chymotrypsin -
Acid phospatase

Naptol-AS-BI-phosphohydrolase

a-glactosidase -
B-galactosidase +
B-glucuronidase -
a-glucosidase

B-glucosidase

N-acetyl-B-glucosaminidase -
o-mannosidase

o-fucosidase




3.5.3. 16S rRNA €714 & &4
A ARt Tl IS A AR YAF MK-01 #59 PCR S35 &
3 o

datebaseg ©]&3te] FAMGOl =& A7IAEE EA s8R T MK-019] #7442
FARA o] =& 319 FF IV EE Bio edit programs AF&3Fe] Clustal W

multiple alignment® 47|44 A #j<€ ¥ MEGA 6.0 program= Al-&3lo] A%

'y

= FASA T Fig. 2). 23, MK-017F 5% Streptomyces carpaticus (AB184641) <}

97.63%°] 7F¢ =2 A S 7HA

Fig. 2. Phylogenetic analysis of 16S rRNA sequence of

Streptomyces carpaticus MK-01.

74 | Streptomyces carpaticus(AB184641)
29 Streptomyces harbinensis(JQ750974)

% ——— Streptomyces carpaticus MK-01

&0 Streptomyces xiamenensis (EF012099)

Streptomyces hyderabadensis (FM998652)

Streptomyces wuyuanensis (GU356598)

— Streptomyces morookaense (AJ781349)

= Streptomyceslacticiproducens (GQ184344)

— Streptomycesfenghuangensis (GU356598)
100 L—— Streptomycesradiopugnans (DQ912930)

26

0.005
Neighbour—joining phylogentic tree based on 16S rRNA gene sequences

showing the position of strain Streptomyces carpaticus MK-01. Bootstrep

percentage (from 1000 replications)>50% are shown at branch points.
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Streptomyces carpaticus MK-012] A %ol qlo] 251 F
=4 A3 g3 2ol 2z eyt (Fig. 3). = 2¥ S HE
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Fig. 3. Effect of temperature on cell

Streptomyces carpaticus MK-01.
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3.6.2. pHE 3 wWjFzd &4 2 JF4&AH

pHel w& AS Z77 FdA A e o5 go] 2 =Z2 Yepisich
(Fig. 4). pH 4 ~ pH 107}4] A= ™

ol FAWIF I FHdH An mE F5o Fwdde WelE pHS5 T pH 8
2 velgor pH 67 pH 8olA 71 2 &t dAd S Jeldeh A8, A
of 9o pH 8%E el 543t Dojx=d|, ol& BE wAES pH 8 oo

wold A% AEuel £42 9 Hn QFaH 2 gaRgon dF A%A

>PU

Fig. 4. Effect of pH on cell growth and antibacterial activity of

Streptomyces carpaticus MK-01.

pH = Antibacterial activity
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3.6.3. NaClH71E HA vjd=z &4 R T A

NaCl #7Fel W& A3 Fudd 54 23 vt 2ol == e

WAt (Fig. 5). 1%F8 o 8%7kA 5ol 7Fs itk o= Zeldol gl v

ol s Fol =l MY el MAES] A5 ol FalE NaCle wvwhs

o $7oN b we A% Holm we UAMIES A HEE, NaClo)

0]
H vl glom B Aol Streptomyces carpaticus MK-01¢] ZA 3k} 41814 o
B}k o},

Fig. 5. Effect of NaCl(%) on cell growth and antibacterial activity of

Streptomyces carpaticus MK-01.
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gadold nAEe AFS AT AuAdI A AT FEE A 9=
Edolth & 8T R ©ad wix A nE ASAES} FAdA
SA A¥de o5y 2ol adZE YA th(Fig. 6). 23 DextroseE 3 7FsHS
o =1 9 Sucrose, Fructose, Glucose®} Z-&
th F 4% oAFEE ATl vt oY HE
A, A7l =U3E BAAES oo JUbE iAo viYf AT AoRRH 2
A4S JehgE A4S Belon RE BAUES HAE iAo B g

TedS 2t AoR Kol vAhUe Streptomyces carpaticus MK-017} 1] 3}

Fig. 06. Effect of various carbon source on the growth and antibacterial

activity of Streptomyces carpaticus MK-01.

Carbon source Antibacterial activity
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Carbon source: A: Fructose, B: Sucrose, C: sobitol, D: Lactose, E:

Rhamnose F: Dextrose, G: starch, H: Control
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H(Fig. 7). 23 Trytonee 71t S o 7Hg =& ASEE YEHU AT Yeast
extract?} Peptones HIE3¢H f7]d Aol =2 ASFEE YEUAT F 459 o

FAYTF Ue FHBY AE A3 AAAE A=

Hie
X2
)
-
<
—t+
o
=)
@)
ea
0

N

bR Wi e) W bSOl e ek v

d

A gk AL E7F =9k E Peptoneol Al &t &4 o]
% Peptone®] o] ZoA| o] Fo = wWol A

Agol Jermz o] uA ikl Aiko]l Aa H Aot

rr

Fig.7. Effect of various nitrogen source on the growth and antibacterial

activity of Streptomyces carpaticus MK-01.

Nitrogen source Antibacterial activity
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Nitrogen source: A: Yeast extract, B: Peptone C: Malt extract, D:
Typtone E: NaNOs(=sodium nitrate), F:(NH,)SO4(=Ammonium sulfate), G:

Control.
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HEG 24 L KA 4F oAb

u
Ho 2ELE AT o}F Fa® ARt F 8EF TG Az ©
!

€ ASHES ¢844 54 A= v5y 2ol 2dzE Etk(Fig. 8). A5
AE 23 FeSOsTH0<S H7Fekdle W 7Hd 2 AS=E 7MY @84 A

=
E A3 MgSOs7THO07F 71 v Aol A 4vtF B5F &S vepd vbd
ZnCly, F: KZHPOAL CuSO,-5H07F A7Fe w x| A 1A 150l tisk st &4
TEdn A3dE EdE MK-01vF9 a2 tagAd Ad 835 57

d FELS MgSO,TH:0 Q1 As & 5 AUSdH

Fig. 8 Effect of various mineral source on the growth and antibacterial

activity of Streptomyces carpaticus MK-01.

Mineral source Antibacterial activity
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Mineral source: A: FeSO4 7H:O(=Iron(II) sulfate heptahydrate), B:
NaCl(=Sodium chloride), C: MgSO4 7H.O(=Magnesium sulfate). D:
KH;PO4(=Potassium dihydrogen phosphate) E: ZnCly(=Zinc chloride), F:
KoHPO4(=Dipotassium phosphate), G: CuSO4-5H:O(=CopperII)sulfate), H:

Control
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-

7V - g S el Streptomyces carpaticus MK-01 8k 1,000
ml-S 4C,12,000rpmoll A 2033 A ste] s A E8ld £, Ethyl acetate$}
Methanol # 3 &2 A Zstct £ &0 A F4 £ ofFdAHAF
Streptococcus iniae, Streptococcus parauberis, Edwardsiella tarda, Vibrio
anguillarume] date] Z4stgler &l £8=5 F=E= (1000, 500, 250,
125, 62.5, 31.25 pg/m)A|Z3to] HAA A5 E(MIC) 18] HA45=(MBC) 4
Fol AHgsract

37.1. A2JAFs=MIC) 23

Gl mE R HAAE=MIC) 23E v 2ol YERtH(Table.

15). 23} Methanol®] #+ & &0 & 23 AH

B

Fol ti3ste] Ethyl acetate =2
ERO AF=2 YEWt S inige 7% Methanol &2 31.25 pug/mlZ 713 v

rlo

TE5 YeWor ols sxFEHE ¥ streptomyces atrovirens
PK288-212] AA¥ E2Z< Compound B2 (60 pg/ml) (Cho, 2012) ¥.t} 28j4} ¢
S FEE YEwWT odd Z3dE EgiE MK-019 #9&& IAaF4S 9=

49e by

ile

Table. 15. The minimum inhibitory concentrations(MIC) of fish disease
bacteria according to the fractions of Streptomyces carpaticus MK-11

strain.

Minimum Inhibitory Concentration (MIC) (ug/ml)

Fish disease bacteria

Ethyl acetate Methanol
S. iniae 125 31.25
S. parauberis 1000 62.5
E. tarda ND ND
V. anguillarum 1000 1000
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Table. 16. The minimum bactericidal concentrations(MBC) of fish disease
bacteria accrording to the fractions of Streptomyces carpaticus MK-11

strain.

Minimum bactericidal concentration (MBC) (ug/ml)

Fish disease bacteria

Ethyl acetate Methanol
S. iniae 500 250
S. parauberis 1000 500
E. tarda ND ND
V. anguillarum ND 1000
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3.8.1. Hydroxyl radical 2A&A
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Fig. 9. Hydroxyl radical scavenging activity of fractions of Methanol and

Ethyl acetate.

Hydroxyl radical scavenging activity
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3.8.2. DPPH radical 2A&A4

Streptomyces carpaticus MK-012] v A5 d o 2Ry £ & st DPPH
radical 2A G354 A= v 2ol YeRth(Fig. 10). &9 &

+ 31.25, 625, 125, 250, 500 Ht 1000 pg/ml= ZA & 33 A3}, Ethyl
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FlIg. 10. DPPH radical scavenging activity of fractions of Methanol and

Ethyl acetate.
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Fig. 11. Lysozyme activity in serum of Olive flounder that was fed with

supernatant 3%, 5% of MK-1 strains and control diet for 4 weeks.
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3.9.2. Phagocytosis activity

AAE= S F25EH AJ3 FeiH e 55 AXHE golso] AlxuolA &3l
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Fig. 12. Phagocytosis activity in serum of Olive flounder that was fed

with supernatant 3%, 5% of MK-1 strains and control diet for 4 weeks.
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