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ABSTRACT

43 strains of marine actinomycetes were isolated from marine soil sources in
Jeju island. They were characterized by morphological and physio—biochemical
properties, and the API 50CHB test. They were further confirm by molecular
methods including partial sequencing of 16S rRNA. The phylogenic relationship
and taxonomic position of the domain bacteria was investigated by performing
a comparative sequence analysis of PCR—amplified 16S ribosomal RNA A
neighbor—joining tree of partial 16S rRNA sequences divided in to 3 isolated
HK—-A13, HK-A43, HK-—A44 of bacterial strains. major are, Gram positive
bacteria/ Actinobacteria | Actinomycetales(order)/ Streptomycineae (suborder)/
Streptomycetaceae(family)/ Strepfonyees100%). Al the 43 strains of Actinomtcetes,
were grew in the various range of NaCl, pH and temperature. As the result,
three strains of HK—-A13, HK—-A43, HK-A44 were for most similar to
Streptomyces were named as Streptomyces sp. HK—A13 and Streptomyces sp.
HK—A43, Streptomyces sp. HK—A44. HK—A13, HK—A43 and HK—A44 strains
were showed that best growth on temperature between 20C~40C, and pH
between 6~7. Streptomyces sp. HK—A1l3. showed 1% sucrose for carbon
source and 1% ammonium nitrate for nitrogen source, and Streptomyces sp.
HK—A43 showed 1% sucrose for carbon source and 1% yeast extract for nitrogen
source, and Streptomyces sp. HK—A44 showed 1% lactose for carbon source and
ammonium chloride or malt extract for nitrogen source indicating that it has
the highest growth. As the Minimum InhInhtion Concysiration (MIC) result,
methanol extraction from culture liquid of Streptomyces sp. HK—A13 was verified
sp. Streptomyces sp. HK methanol extracts very high antimicrobial activation
depending on density with Streptococcus parauberis SP—001, 003, 015, 044,
048, 060, 063, 065, 066, Proteus rettgeri CCARM 0263, Bacillus anthrasis
CCARM 0217, SStreptococcus faecium CCARM 0210, Klebsiella pneumoniae
CCARM 10258, Pseudomonas aeruginosa CCARM 0225 at 50mg/ml, Micrococcus
luteus CCARM 0022, Staphylococcus aureus CCARM 0201, ZEnterobacter

_Vi_
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cloacae CCARM 0253 at 25mg/ml, Burkholderia cepacia CCARM 0226 at 6.3mg/
ml. Methanol extraction of Streptomyces sp. HK—A43 had no sensitivity against
human and fish diseases antibiotic—resistance bacteria other than Streptococcus
parauberis SP—066, Micrococcus luteus CCARM 0022, Burkholderia cepacia
CCARM 0226, Streptococcus faecium CCARM 0210, Enterobactrer cloacae
CCARM 0253 causing human pathogen and fish diseases antibiotic—resistance
bacteria. Methanol extraction of Streptomyces sp. HK—A44 in showed high
sensitivity against Streptococcus parauberis SP—015, 044, 066, Micrococcus
luteus CCARM 0022, Burkholderia cepacia CCARM 0226, Streptococcus
faecium CCARM 0210 at 50 mg/ml and vibriosis causing fish diseases
antibiotic—resistance bacteria Streptococcus parauberis SP—003, 063, 065 at 25
mg/ml. The antioxidation activation of (DPPH radical scavenging activation) for each
density of methanol extraction from isolated strains broth, was 1.4% HK—-A13 at
0.05mg/ml, 14% for 0.25mg/ml, 25% for 0.5mg/ml and 93% for 0.5mg/ml. (HK—A44
showed the RSA was 20%). Although there is no meaningful difference for
Streptomyces broth methanol extract HK—A43. The antioxidation activities of 23%
for addition of Streptomyces Broth methanol Extract HK—A13 way 0.25mg/ml and
12 % 2.5mg/ml, and 83% 80% at 2.5mg/ml of density. The result of Alkyl radical
scavenging activity all tested bacterial showed signiticantly increased antioxidation
activity at 0.25mg/ml. Extraction of HK—A13 atrain at 2.5mg/ml showed the highest

radical scavenging activation of 86%.
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Fig. 1. Antibiotics—Resistance Bacteria by korea.
A, FAA W H dSEet A
AMPR EFM, ampicillin—resistant £. faecium PEN™® SPN, penicillin—nonsusceptible S. pneumoniae MET® SAU,
methicillin—resistan 5. aureus Bla* HIN, B-lactamase—producing /. influenzae PIP® PAE,
piperacillin—resistant 2. aeruginosa FQUR ECO, fluoroquinolone—resistant £. coli VANR EFM,
vancomycin—resistant Z. faecium IMP® PAE imipenem—resistant P. aeruginosa PPNG, penicillinase—producing

N. gonorrhoea CTX® KPN, cefataxime—resistant KA. pneumoniae CAZR PAE, cefazidime—resistant Z.

aeruginosa FOX® ECO, cefoxitin—resistant E. coli
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3k sk wAE (Obligate Marine Microorganism) 24 2@ 7|7 HAE A9

o] Holgd SAMARIE TE FERA ANBY B9S2 BAL

A s Adol g Emow | Us e FTeHoRr eI S vAE
(Facultative Marine Microorganisms)%® T A28t ot o]59 HAES A
A2 F 5olAQl Aol olye}t o HolHs Y I A z7del et o

AAES A d7F gomg AF7x7F A & 4 )k AT S| A E
ZRE Hud HAEL 197804 1985119 7] 7te] BayE Zdo] AA i 2
AE9 1% 3R] &3l low, dAA7LX oF 550009702 A Y HAA=E

WAwe] Aeedd=d

!

A Zhe WA= olEt
= ouE wEolxyon mEI ojo]  Actinomycetes® 1] A~0]9]  akitis,
aktinus=ray®} mykes=funguso|A U= D2 WALl FFolE on|sic), WA
< AWt o g JAe] FEE Fske 54 wEdd 53elet FARE FHEe o
AP EAstER A FFolE EFE AR Ao 1970 ol o= A A
Asteka EA o] dhd el whet, ‘AE W GCEFEel =1
U AamAE"E A ot 1960dT ojddl= TS At oA F
B 540l TN, Streptomyces & d57F F A thdoldn. 12l
ANEAE e BAFE AT #FE AV E s Ead A7 o]

249 %4 o] Badol AAWAIL, Gottlieb®t Shirlingo] FFo] o]

WHgtelets golt ¥l FeaRE YAl wdd

International Streptomyces ProjectE Faste] WA EF LS 7|sHA
Ko, 1980l = Ayt 3t 5l EFo] Wt < I3HE Int. J. Syst.
Bac.9] =%9] 16S rDNA/ARNA @719 7128 A2g WiAd EFAAE »
™ Actinobacteria 4= Acidimicrobiales, Rubrobacterales, Coriobacteriales,
Sphaerobacterales, Actinomycetales, Bifidobacterials® 6719 o2 Ui,
Actinomycetales 5 YA Actinomycineae, Micrococcineae, Corynebacterineae,
Micromonosporineae, Propionibacterineae, Pseudonociodineae, Streptomycineae,

Streptosporangineae, Frankineae, Glycomycineae2 10709 o}&E o2 yFi
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Arete AAR7Is = & 4
TEol gk AAHow HT 2093 Raud AYddEdol A Aol
Wt AL vkl HarE ik of#d W

2]
e S YEeRdal Qloew, o5 T4 E5A uwE(Table. 2)9F o] B
—lactam, peptide, ©°}7)% ®JA|, macrolide, polyene, tetracycline, quinone,
polyether, ansamycin, A 7], &2 1 Qo) A3} WAdto] AAaksh= d%

2 o] 3}eFE-(chloramphenicol, cycloheximide, antimycin)$ 0 2 55 o] Rt}

Table 1. Number of bioactive compounds produced from major actinomycetes.

Production actinu-l:nycetes '~ Number of bioactive compounds
SEreproMm Ve es sriseus 187
Streptomyces AVeroscopicls 286
Strepromyces lzvendulaze 129
Streptonmyoes anibioticus a5
Strepromyces fradize il i
Micromonospors Sp0D. 385
Nocardiz spp. 270

Table 2. Structure classification of bioactive compounds from microorganisms.

N u_m_ber of Conlmur_l_:_i_s

Actinomvcetes F_ungl
Structure group —— = — T
5. exrseus 5. hvgyoescopicus MNocardia spp. e is .D-.E.IT-Q?L"L'S
FPemicifiium spp.
Nucleotide Z =1 3 2
B—lactam 2 8 Al 2
Quinone 16 3 13 a8
Peptide 17 28! iz 55
Sugar peptide 1 2 22 4]
Macrolide 11 Fre 10 4
Amino glveoside 74 22= 18 o
Ansamycin 1 5 72b [}
Polvether 1 45" 5 o]
Terpenoid ] 4} o 21
Besides iig ao 55 150
Total 170 264 219 232

a) Nocardicin; b) Bialaphos; ¢) Platenomycin, Milbemycin, Azalomycin; d) Streptomycin;

e) Validamycin; f) Rifamycin, Maytansin; g) Nigericin. (Tanaka et a/, 1990)
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I Az % 94

1. s LA 29 € 1v3

7o AEFPS SeA AT Y AdS AFske] WAw Z28 ANEE
AbEERsiTh ey WA w28 X2 Marine agar (MA, Difco)$} ISP Medium
2, ISP Medium 4 (Difco. Co. USA), Actinomycete Isolation Agar (AIA, Difco)
S AR&eitE Wade EelE Rl AES 85C Ax7loAM 1A3F x5 ¥
# AAdged digE 107°~107" W2 FgAste] 0.1 mlE Xl =% slo] 25
oA 10~3043t miekate] wiA] AollA yetu= Wadwe] dAAe] dEjsh4 2
S BEste] WAAdS wEelsltk(Table. 3~4).

Table 3. Composition of Medium.

Marine Agar (per liter) Actinomycete Isolation Agar (Per liter)
Peptone 5g Sodium caseinate 2g
Yeast extract lg Asparagine 0.1g
Ferric citrate 0.1g Sodium propionate 4g
Sodium chloride 19.45¢ Dipotassium phosphate 05 ¢g
Magnesium chloride 8.8¢g Magnesium sulfate 01g
Sodium sulfate 3.24¢g Ferrous sulfate 1mg
Calcium chloride 1.8¢ Agar 15g
Potassium chloride 0.55g Glycerol 5g
Sodium bicarbonate 0.16¢g pH 8.1
Potassium bromide 0.08¢g Sea water 1000 ml
Agar 15.9¢
Strontium chloride 34.0mg
Boric acid 22.0mg
Sodium silicate 4mg
Sodium fluoride 2.4mg
Ammonium nitrate 1.6mg
Disodium phosphate 8mg
pH 7.0
Sea water 1000ml

— 8 —
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Table 4. Composition of Medium.

ISP Medium 2 (per liter) ISP Medium 4 (per liter)
Yeast extract 4g Soluble starch 10g
Malt extract 10g Dipotassium phosphate 1g
Dextrose 4.0g Magnesium sulfate USP 1g
Agar 20.0g Sodium chloride lg
pH 7.2 Ammonium sulfate 2g
Sea water 1000ml Calcium carbonate 2g

Agar 20g
Ferrous sulfate 1.0mg
Manganous chloride 1.0mg
Zinc sulfate 1.0mg
pH .
Sea water 1000ml

2. 9 79 AAFH A=A

Buck(1982)¢] W oz IMeks ARESHA &l 3% KOH Alofs Abgste] 54
STy, WEwFE TR Bacilus subtitlis IAM 12188"¢} 1849 E
coli KCTC 1116= o]&silon, Atstas @42 Bactident—Oxidase test
strips(Merck)&  ©o]&ste] SAstt. txdF2e FABAE  Pseudomanas
aeruginosa KCTC 175072 S HFL E. coli KCTC 1116< ©] €39t} Catalase

G2 3% H.0:5 ol&3std SAs=d 3% H:0.5 1~2 W& A3t sisls o

il
[o
2,

Z1E7F HASE AS YAdoR #asgl. 2T TE2E E colif KCTC 1116€

o1 g3t
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A g A X WS dolmy] siA (15, 20, 25, 30, 35, 40T)
Marine agar(MA, BD)& o]&3lo] zAlslgdom, AydwF Ao nxes o
T o9 oA S WABEJAE dotry] i Aol HIMEOl YA &
Nutrient broth (NB, BD)(beef extract 3.0g, peptone 5.0g) % 2%¢2] NaCle] #
7Hd MBE o]&sto] A3E A8kl en, NaCl 0%2 1% 7t NBE ©]&3}
dom ol NaCl 5% (2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12%)°l- &= MBE

=
o

A

ReEFe] Aosd 542 Fe5] A A, AR, SeokA sl THeias

i
ol
44

So WM JReReEe 2ASE WFel suhEA Skim milkel
R

ek

21 237k A A

g ol Alxd vl Al WMEol® =wstar of 1443 wi

i,
1
oo K N
to
[
)
mE
fols
i,
2
2
o
oX,
i,
i <
2
o
ol
o
=N
X
-0,

o
&
S A Felol FrEsko] u th 1 ¥ 10% HgCl, (Disolved
20% HCDHE H¥#ol 7hsto] Frgko] AlgA|A JHA|Qlo] Fafjld Zlo] ofytt
(Table. 5).

o,
s
o

R
o
i
re
N
BN
>
ol

Table 5. Composition of casein hydrolysis test medium.

Nutrient agar 23g
Skim milk 50g
Sea water 1000ml

# Mixed equuality of 10% skim milk and two times concentration nutrient agar
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we AREe AR BAT 5 gov, odd WHe o8 AW U
ol g o] gt} AFEEA= A opdR Aol opdgAEl o7 AR oA T},
Aol AdS 7heasll Al717] f8iA e obdetAl7E B asty, ofdeiAl= AT
2ed, agal 9AE-S wrEolditt, diE wjAo] o5 JFeL 49 <k vl
st E ad 90 S A Aol FGlS W AHEHE FHEE 452 fds)
Frglo] AAEH FAdoz Fwsti(Table. 6)

Table 6. Composition of Starch hydrolysis test medium.

Peptone 5g

Yeast extract 3g

Soluble starch 2g

Agar 15¢g

Adjust to pH 7.0

Sea water 1000ml
3=3. FeEoHA i AlE
FHotAl Ealsel e M Ao oAzl EalE o AdEHE dEY
12 ANFoT AEFHE Wolth. SelolA Aol o] FEHE Hav}
ofum, 53] o] WL f-Hols W E3l5h= Genus Proteus®] sHHOE T
83FA ol &%+ HWo|t). Christensen BiA]o #3 FE3far, 37 ColA 24417
Mg F owiA N WEE wAsh Ureart Ralslo] gmvolsl AAHW g

Collection @ jeju

Hgkoh(Table. 7).
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Table 7. Composition of uease hydrolysis test medium.

Peptone lg
Glucose lg
Sodium chloride 5g
Monopotassium phosphate 2g
Phenol red 0.012¢g
Agar 20g
Yeast extract 0.1g
Adjust to pH 6.8~6.9
Sea water 1000ml

Nitrate brothol]l Durham tubeZ Y11 23

=

A ATE AT &, 2~3Y AE 4]
oks  AAeitk. widE Al wgdlo]  Detection  solution  (0.5% a

—Naphthylamine, 0.8% sulfanilic acid)S 10%W% Hojrdl 3 1~2 B &

A e 1% AAow yeistS Al Fd o= A58k Durham tubeol 714 3
Al AxTLA B FAh7EAR #3est 4= It (Table. 8).

Table 8. Composition of nitrate broth.

Peptone 10g

Sodium nitrate 1g

Adjust to pH 7.2

Sea water 1000ml
- 12 —
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3—5. Tween 40 @ Tween 80 7}-E3] A4
Tween 40 % Tween 802 7}=#3] A2 A AE3| a2 lipased] 23k =&
BalsS d&st= Aolth. Tween 40, 800] &% 38 4] (heart infusion agar)

o & HAEstar 30CAA 24417 v & colony 919 <E3H(opaquehalo)

o] YEfh=d o] A Tween 40, Tween 80°] 7h+@s] © Ao = dAwksi},

Ao A3 WA FAAEA S 3 wiA 2= GSS mediumE 7]

Table 9. Composition of Medium.

G-S-S medium

Souble starch 10g
Glucose 20g
Soybean meal 2bg
Beef extract lg
Yeast extract 4g
NaCl 2g
K2HPO4 0.25¢g
CaCO3 2g
D-W 1,000ml
pH 7.2

_13_
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4—1. AAEE 72 YA A WL A

ir

WA AREE Al S obrletes A WAde Y a5 (Table.
10)e} #o)| Staphylococcus aureus CCARM 0201, Proteus rettgeri CCARM
0263, Bacillus anthrasis CCARM 0217, Pseudomonas aeruginosa CCARM 0225,
Enterobacter cloacae CCARM 0253, Klebsiella pneumoniae CCARM 10258,
Burkholderia cepacia (P. cepacia) CCARM 0226, Streptococcus faecium CCARM
0210, Micrococcus Iuteus CCARM 0022, Streptococcus agalactiae CCARM 4502
FAA WddT SPomTY EF ol ARgsiAT. Azhe] w2 1217T,
1587 dae # Aol wRo] 19M59e] HF3sle] 37C Shaking incubatorol| Al vl <&
% 0.5 McFarland % E% (1.5X10° cfu/mD= A3l A&stQich Eele WA
79 g+ B AAS dolrr] $18] Mueller Hinton broth(Difco)E AR&3le]
M AES] Zb w2 A 24A17F wjF S Mueller Hinton broth(Difco) 9o 2
o Weos st & A% 6mme cork borergs ©o]§38te] wiA|of well& WHE
T e ds 40ul Hepste] b w2 oA 2441 wiFd F FHSS

Zqste] g BAL 34 sl g B AL #FE Adskar

fljo

Rl

o

Table 10. List of strains and growth conditions used for antibacterial experiments.

Strain Growth conditions
Staphylococcus aureus (CCARM 0201) BHIA & NA (37C)
Proteus rettgeri (CCARM 0263) BHIA & NA (377C)
Bacillus anthrasis (CCARM 0217) BHIA & NA (37C)
Pseudomonas aeruginosa (CCARM 0225) BHIA & NA (377C)
Enterobacter cloacae (CCARM 0253) BHIA & NA (37C)
Klebsiella pneumoniae (CCARM 10258) LB & Mac & NA (377C)
Burkholderia cepacia (CCARM 0226) BHIA & NA (37C)
Streptococcus faecium (CCARM 0210) BHIA & NA (37C)
Micrococcus Iuteus (CCARM 0022) BHIA & NA (307C)

Todd—hewitt broth &
Trpticase soy agar whith
5% sheep blood
(37C, 5%C0>)

Streptococcus agalactiae (CCARM 4502)

_14_
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5. A EF AL #52 API 50 CHB A8

wEld WAdEFE S48 fste] 50015 7 ol &S Lotrr] f8 API 50

CHB kit (Bio Merieux, France)E A}&3te] @ o] 85 FA} SF T

6. A EZ A TF9 16S rRNA F7|XE &4

16S ribosomal RNA 4 Gnomic DNA Extraction kit (Bioneer, Korea)E A}
43to] Chromosomal DNAE 2|3 %, Bacterial 16S rDNA universal primers
o] g3sle] 16S rDNAE SEA AT A% oligonucleotides®] Z2Fe] primeri=
forward primer(27F) : 5'-AGAGTTTGATCCTGGCTCAG—3' reverse
primer(1492R) : 5'-GGTTACCTTGTTACGACTT-3'9] 97|A4= FAHAL
™ Z}ZFe] 0.5uM primer, 200 puM deoxynucleoside triphosphate, Tagq DNA
polymerase(Bioneer, Korea) 3 ul& AF&3to PCRES F8sk3ltth.

PCR ®F&%7AL 94Co|A 5% predenaturation, 30cycle =<9F 94Col|A 45%
denaturation, 50Coll A 45% annealing, 72Col A 45%7%F extentiond}H o™, t}A|

72Co A 587 extentiondtith. 5% % PCR product™ ethdium bromideZ} %7}

—_

H e A7) 53] 1% agarose (Agarose LE, promega CO.) gelol|4 &9l

39T}, o]3 Accuprep ™ PCR purification kit (Bioneer, Korea)< ©]-&3Fo] PCR

=

productel]l ol primers, nucleotides, polymerase, saltsZS A7 3sFe] A A sf
30nlel elution buffer (10 mM Tris—Cl, pH 8.5)% DNAZE elutiond}3it}. o=
ABI prismTM BigdyeTM terminator cycle sequencing Ready reaction kit V.3.1
(Fluorescent dye terminators method)2} ABI 3730XL capillary DNA sequencer

E AF8-3te] PCR product®] 94714 4S #4183t

_15_
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7. 16S rRNA A% &4

A7Idzte] fAIEE F¢1st7] 98] BLAST (Basic Local Alignment Search
Tool) search program= ©]-83}o] NCBI (National Center for Biotechnology
Information) 2] Genbank®} EMBL Nucleotide Sequence Databaseol| A A8k < 7] A
A5 Hluste] 7 Koy Fom YEue S et e vls v]A]
7H="dl 9] Ribosomal Databace Project I Ujoll A 7=] o] 9l+= bacteria 16S rRNA A
A3} v w3k T Clone2] 44 ¥ 9714 <E 3 databased] @z @714 €2 PHYDIT
program (ver 3.2; http://plaza.snu.ac.kr/~iphydit/phydit)< ©]&3}e] Clustal W
multiple alignment= A H3s}¢lom, 97| E +42 CLUSTAL X software & ©]&
3}o] Neighbor—joining(Saitou and Nei, 1987) #H ol ¢]3l Bootstrap =41 A] 1000
3] 9] resampling= %83} tree topology®l #7} 7IE o2 AMESto] AesE A4
st om A7 g 7+ /44 Agls Jukes & Cantor(Jukes and Cantor, 1969) &

D& ol g3ke] AN,
8. £ HHuF=A

e HZA  uixAdEY HEE  glucose 0.5%, yeast extract 0.1%,
MgSO47Hz0 0.02% ®AE 3 GYHIAE AFgsision, =2 Qiks =
ARt FHEHe] =HE agar spotted methodS A AEHY T

o
Streptococcus faecium CCARM 0210 w50l th3t st XS =4 ).

co
L
Mo
L)
a1
I
Lo
rlo
I
=)

s
2,
=
et
o
fo
ye
ot
4
ks
oL
e
ol

5l =7 15, 20, 25, 30, 35, 40ColA 50 ml MB7} £0]9+&= 250 ml AH2+Z

gtxo] gdFE AHEstol 10 ¢ widetlen, 2259l pHel i A5
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-
s

dE Aow FATH
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s

Aol

7}¥l Brain Heart Infusion Agar(BD, USA)

=]
L=

}ol 254+1°C, 24~48A17F uj

S

o =
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s B ey, qAA NS dotr ] 98] Baucer ef al(1996)2] disc At
WS o]&3le] NCCLS(National Committe for Clinical Laboratory Standards)]
ZlEol wet A A AlES skl

1.5% NaCle] #7}e Mueller Hinton Aagar(BD, USA)o] =% 3 3 Oxoid A}9
SHAA disc %, amoxycillin  (10xg), ampicillin  (10xg), ciprofloxacin  (5ug),
gentamicin (10xg), doxycyeline(30ug), erythromycin (154g), flofenicol (30ug),
neomycin (10¢g), nalidixic acid (30xg), oxolinic acid (2#g), oxytetracycline (30
1g), penicillin G (10unit), tetracycline (30xg), Flumequine (30xg)S |3 % 14
Nl d2=aE AbEste], ¥ AT FAA A AP ARE skdlon,
FAA "6 tig 2 Bd7IES (Table. 1)l A A8k

Table 11. Criteria for determination of antibiotics sensitivity by inhibition zone based
on paper disc method.

Diameter of inhibition zone

Antibiotics Conce(ntratlons VR(]ren;l]l:l)
#8) Resistant ) .y Sensitive
sensitive
Amoxycillin (AML) 10 < 13 14~17 [
Ampicillin (AMP) 10 < 13 14~16 N =
Ciprofloxacin (CIP) 3 < 18 16~20 2
Gentamicin (GN) 10 < i 13~14 15 =
Doxycycline (DO) 30 = 13~15 16 >
Erythromycin (E) 15 = iR 14~22 23 =
Flofenicol (FFL) 30 < 12 13~17 18 >
Neomycin (N) 10 < 12 13~16 17 =
Nalidixic acid (NA) 30 < 3 14~18 19 =
Oxolinic acid (OA) 2 <9 10~11 12 >
Oxytetracycline (OTC) 30 < 14 15~18 19 >
penicillin G (P) 10unit < 19 20~27 28 >
Tetracycline (TE) 30 < 14 15~18 19 >
Flumequine (UB) 30 < 15 16~20 21 =

_18_
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11-1. DPPH radical £A&A

7} A& DPPH free radical &~A2/d-& Nanjo &9 %ol oste] A3t
60ul A1=-& Nl DPPH (60uM) &5 F7keto] 10% &t wuhkdgl oh 3-8
S quartz capillary tubee] %71 ¥ 2% %o ESR Spectrometer® =43}3it}.
ESR =7l thdh =72 (Table. 12)°] YEFRAT AHEHS scan time : 30s.
field : 336 £ 5 mT, time constant : 0.3s, power : 5 mW, amplitude : 1x5002]

702 71539tk datstA g6 tidt DPPH radical®] AAZEA2 ol A&

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

ESR signal intensity for the control medium)] < 100
11—2. Hydroxyl radical &4 &4

Sample®] Hydroxyl radical 224 &4 Rosen (1984)%2 ®WHol oste] SASHS
t} 20ul AlE-8-9] 0.3M DMPO 20ul, 10mM FeSO, 20ul, 10mM H0; 20ul< =
3l T}S- quartz capillary tubeol] %71 $ 2.5% 3o ESR Spectrometer® =43}%
o}, ~FEHL gcan time : 30s. field : 336 £ 5 mT, time constant : 0.3s, power :
1 mW, amplitude : 1x1009 FHdo=w 7|Est9tt axsA&Eo] W3k Hydroxyl
radical®] 271242 ofgo] A2 o]&sto] Artelqitt.
Hydroxyl radical scavenging activity (%) =
[1-(ESR signal intensity for medium containing the additives of concern/

ESR signal intensity for the control medium)] < 100
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11-3. Alkyl radical &2A€A4

7} FZE9] Alkyl radical 2A &4 L Hiramoto (1993)¢] W] olsle] =43}
Sk 20 ple] Am&de] DW 20ul, 40mM AAPH 20ul, 40mM POBN 20ul%&
Zotst t}e 37ColA 30% ®WHx] $ quartz capillary tubeo] %71 & ESR=Z =H
stttk 29I ES 2 scan time : 30s. field © 336 £ 5 mT, time constant : 0.3s,
power : 7 mW, amplitude : 1x10098] ZHo & 7|E3tH). 3tsA 5o sk
Alkyl radical®] 2~7&dL ool 2E o]&sto] ARl

Alkyll radical scavenging activity (%) =

[1-(ESR signal intensity for medium containing the additives of concern/

ESR signal intensity for the control medium)] X 100

Table 12. Electron spin resonance condition for antioxidant activity

mesurement of Actinomycetes extracts.

ESR Measurement Condition

DPPH radical Hydroxyl radical Alkyl radical
Central field 3475 Central field 3475 Central field 3475
Modulation Modulation Modulation

100 kHz 100 kHz 100 kHz
frequency frequency frequency
Modulation Modulation Modulation
. 2 G . 2 G ) 2 G
amplitude amplitude amplitude
Microwave Microwave Microwave
5 mW 1 mW 10 mW
power power power
Gain 6.3 x 10° Gain 6.3 x 10° ‘Gain 6.3 x 10°
Temperature 298 K  iTemperature 298 K iTemperature 298 K
- 21 —
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Fig. 2. Substrate mycelia cultural -characteristics isolate  strain
HK—A01~HK—-A44. Cell were grown on MA at 25C for 10days.

“@

HK-A38 HK-A39 HK-A40 HK-A

Fig. 3. Aerial  mycelia cultural characteristics of isolate strain
HK—A01~HK—A44. Cell were grown on MA at 25C for 10days.
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Table 13. The culture characteristics of Actinomycetes.

Strain Aerial Substrate Soluble Growth at
No. mycelium mycelium Color NaCl(%) Temp.(C)
] Orange to
HK—-A01 White Red 0~8 10~35
red
White to .
HK—-A02 ) Dark pink Yellow 0~9 10~35
pink
HK—-A03 Gray Dark yellow Beige 0~9 10~40
White to Dark
HK—-A04 Dark yellow 0% 4~40
green brown
HK—-A05 White Beige Beige 0% G 4~40
HK—-A06 Gray Orange Brown 0~9 25C
HK—-AQ7 Creamy Red Purple 0~9 10~35
) ) Dark
HK—-A08 Light pink Dark orange 0~9 10~40
brown
Light
HK—-A09 Gray Orange 0~6 4~35
brown
. Dark
HK—-A10 White Dark brown 2~12 10~35
brown
HK—-A11 White Light yellow Beige 0~10 10~40
) Light
HK—-A12 Beige Orange 0~9 10~40
green
HK—-A13 Yellow Dark green Dark green 0~6 10~35
. . Pink to
HK—-A14 White White 0~7 10~40
red
HK—-A15 Creamy Dark yellow Dark beige 0~8 10~35
White to : .
HK—-A16 Violet Violet 0~6 10~35
yellow
Dark
HK—-A17 Yellow Dark orange 0~9 10~40
yellow
HK—-A18 Creamy Dark beige Brown 0~8 10~35
Dark
HK—-A19 Gray Orange 0~8 10~40
orange
HK—-A20 Creamy Dark orange Beige 0~12 4~40
White to Dark
HK—-A21 ) Dark orange 0~12 10~40
pink orange
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Table 14. The culture characteristics of Actinomycete.

Strain Aerial Substrate Soluble Growth at
No. mycelium mycelium Color NaCl(%) Temp.(C)
Yellow
HK—-A22 Creamy Dark green 0~10 10~40
green

HK—-A23 White Brown Light beige 0~12 4~40
White to . )

HK—-A24 ) Beige Dark beige 0~7 4~40

pink

. ’ ) Light

HK—-A25 Pink white Beige 0~12 10~40
brown

HK—-A26 White Dark orange Beige 0~12 10~40

HK—-A27 Green Dark brown Colorless 0~12 4~40

HK—-A29 Dark white White pink Creamy 0~12 10~40
White to Dark

HK—-A30 Dark brown 0~8 4~40
green purple

HK—-A31 White Brown Dark green 0~12 10~35

HK—-A32 White Brown to black  Dark blue 0~6 10~40

HK—=A33 Pink white Light brown Light beige 0~10 4~40
White to Dark

HK—-A34 ) Orange 0~10 10~40
pink purple
) Dark

HK—-A35 White Orange 0~10 10~40
purple

HK—-A36 Creamy White green Light beige 0~10 4~25

HK—-A37 Creamy White green Beige 0~12 10~40

HK—-A38 White Beige Green 0~9 4~40

HK—A39  White green Dark beige Dark beige 0™~ 10~40

HK—-A40 Pink brown  Dark brown Beige 0~6 10~40

HK—A41 Beige creamy Light brown Creamy 0~12 10~40

HK—A42 Creamy White green Beige 0~6 10~35
White to . . .

HK—-A43 Light brown Light beige 0~7 10~40

yellow
HK—-A44 Creamy Dark beige Brown 0~8 4~40
- 25 —

Collection @ jeju



g

E
=

R

o
=

9 79 A

=]
R

3.

U5 o]l YeEl 2t (Table. 15~16).

3]y 2

A= X

A 4S9
t}, 13

P
T

%7 (Identification) &t

©
=

1:{1_

(Genus)

b1 9

S

o
=

oM T2

E
=

¥t

el A, ol

(¢}

2] -2y 3}
}7] 0l

)

1A 4

3|

2 73

=
£H 0

o™, F(Species)7HA F

7F 24

= 7HA

<
<

B @

T
1

g

RER

S
=

d

B
=

2]
5

R

DR EL

ol

ot

S

R
o

oy

(+, +/=, —/H)& YEeld #F7} 34 F

<.
[

. SHolAl 7}

YERAtE. Tween 403 Tween 80 7}

]
A

PN
T

¢

S
=

MR

_26_

Collection @ jeju



Table 15. General physiological characteristics of isolated marine actinomycetes.

Strain No. fydrolysis e Nitrate
Casein  Starch Urea 40 20 reductase
HK—-AO01 + +/— +/— ND ND +
HK—-A02 + — — ND ND n
HK—-AO03 + - + n ot _
HK—-A04 -/ + — — 4 +
HK—-A05 4 /[ + + — C 5
HK—-A06 + + — ND — +
HK—-A07 + - = + + n
HK—-AO08 + + + + = _
HK—-A09 + ‘i3 —/+ ND i +
HK-A10 + - - - R —
HK=AT1 — — + — + _
HK—-A12 + - L | N n
HK—-A13 + i H + iy — -
HK—-A14 - — = = — _
HK—-A15 +/— + —/+ + +/— _
HK—-A16 + /3 - + ND + +
HK-A17 — - + + — +/—
HK—-A18 + + - — ND +/—
HK—-A19 - + + ND — —
HK—-A20 — - + - _ _
HK-A21 + + + + — +

_27_

Collection @ jeju



Table 16. General physiological characteristics of isolated marine actinomycetes.

Strain No. fydrolysis Tween  Tween Nitrate
Casein  Starch  Urea 40 %0 reductase

HK—-A22 + + — — + +
HK—-A23 + + - . = +
HK—-A24 +/w &N +/— + — —
HK—-A25 N —/+ — — % +
HK—-A26 +/- + /- - - =
HK—-A27 + + - ND — iy
HK—-AZ29 + + - + - -
HK—=A30 + + - ND ND _
HK—-A31 - o — - — + +
HK—-A32 + + == ND ND —/+
HK—=A33 +/- b & —/+ —/+ —/+
HK—-A34 + + T ND _ +/—
HK—-A35 - — -+ 1 i +
HK—A36 - + - + - +
HK—-A37 - — + ND ND +
HK—-A38 i — — = i +/—
HK—A39 - + + b _
HK—A40 + - - +/— +/- +/-
HK—A41 —/+ + + — _ n
HK—-A42 + —/+ + + + _
HK—A43 + + + + — _
HK—-A44 + +/— + — - +

+, Positive; —, Negative; ND, +/—, middle growth; —/+, little growth; not determined.
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4. =4 AN #59 £4

gE WA 437 T ¥ 24 FUEE A8 A HTE 2 AEE oprlst

sHAAS] WS w= o5 Staphyiococcus aureus CCARM 0201, Proteus

e

[

rettgeri CCARM 0263, Bacillus anthrasis CCARM 0217, Pseudomonas
aeruginosa CCARM 0225, ZEnterobacter cloacae CCARM 0253, Klebsiella
pneumoniae CCARM 10258, Burkholderia cepacia (P. cepacia) CCARM 0226,
Streptococcus  faecium CCARM 0210, Micrococcus Iuteus CCARM 0022,
Streptococcus agalactiae CCARM 4502 & 10%9] Wste] 4234 HAEE 2
Aletsitt, 1 A¥E (Table. 17)d YA 7354 A3} Staphylococcus
aureust= HK—AO01, HK—A01, HK—A22, HK—A41, HK—A43, HK—A44| A 4t
g4S Belon, HK-AOLAA 7M1 =2 34t &S BTl Bacillus anthrasis
HK—-A04, HK—A12, HK-A13, HK-A22, HK—A279]14 =4S yehydct
Pseudomonas aeruginosa= HK—A13, HK—A22, HK—A43, HK—A440| 4 3H4&

[

AL Bdd 4 AUk B3 Streptococcus faecium®| W3 S EANA =
HK—-A22, HK—-A41, HK—A43, HK-A44°]A4 E& #3494 & yehglon,
Micrococeus luteuso|X= HK—-A21, HK—A22, HK-A25, HK—-A39, HK—-A41,
HK—-A42, HK—A43, HK—A440)| A sH&A o] vyebWLal, Streptococcus agalactiae
A& HK-A01l, HK-A13, HK-A22, HK-A37°l|4 I+ 4& veils As

olg)st ANEg nFoR A% AAAY LA digk oA FAA ] Aoz A
S8o] 7t Aoz AlRFHL. 43F9] wigAe g7 FAS FAs ZAs
B Az ga@dAdos HK-A0l, HK—A04, HK—A12, HK-A13, HK-A21,
HK—-A22, HK-A25, HK-A27, HK-A37, HK—-A39, HK—-A41, HK-A42,
HK—-A43, HK—-A44eA W Aatoll digh drdigdo] yeigton, HFAo=
o A DA A HYUF 5 HK-A13, HK—A43, HK—-A44S AAste] o}

APES AP,

o
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Table 17. Antibacterial activities of the liquid culture broth methnol extract of marine

actinomycetes.

0201 0263 0217 0225 0253 10258 0226 0210 0022 4502

HK-AO01 28 - - - - - - - _ 30
HK-A02 - - - - - - - - - -
HK-A03 - - - - - - - - - -
HK-A04 - - 8 - - - - - - -
HK-A05 - - - - h = - - - _
HK-A06 - - = - - i : - , -
HK-A07 - - - - - - - - - -
HK-A08 - - - - - - - - - -
HK-A09 - - - - - - - - - -
HK-A10 - - - - - - - - - -
HK-A11 - - - - L - - - . i
HK-A12 - - 12 - - - - - 3 ;
HK-A13 13 - 12 17 - - - - £ 15
HK-A14 - - - E - - - - [ :
HK-A15 - - . - L - - - - i
HK-A16 - - - - - - - - - -
HK-A17 - - - - - - - - - -
HK-A18 - - - - - - - - - -
HK-A19 - - - - - - - - - -
HK-A20 - - - - - - - - - -
HK-A21 - - - - - - - - 9 -
HK-A22 12 - 12 12 - - - 10 8

HK-A23 - - - - - - - - - -
HK-A24 - - L - L 1 - - L |
HK-A25 - - L - = ) = - 10 -
HK-A26 - - - - - - - - - -
HK-A27 - - 7 ke 3 4 : - - ;
HK-A29 - . - C B " - - - ;
HK-A30 - - - - - - - ] - i
HK-A31 - - - - - - - - - -
HK-A32 - - - - - - - - - -
HK-A33 - - - - - - - - - -
HK-A34 - - - - L . L - - i
HK-A35 - - - - - - - - - -
HK-A36 - - - - - - - - - -
HK-A37 - - - - - - - - - 7
HK-A38 - - - - - - - - - i
HK-A39 - - - - - - - - 14 -
HK-A40 -
HK-A41 8 - - - - - - 12 9 -
HK-A42 - - - - - - - 13 -
HK-A43 9 - - 8 - - - 12 9 -
HK-A44 13 - - 10 - - - 14 15 -
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Cell were grown on MHA plate for 24h at 30, 37C after broth was absorbed into well
(6 mm in diameter) and then the diameter (mm) of the growth inhibition zone was
measured.

0201: Staphylococcus aureus CCARM 0201, 0263: Proteus rettgeri CCARM 0263,
0217: Bacillus anthrasis CCARM 0217, 0225: Pseudomonas aeruginosa CCARM 0225,
0253: Enterobacter cloacae CCARM 0253, 10258: Klebsiella pneumoniae CCARM
10258, 0226: Burkholderia cepacia (P. cepacia) CCARM 0226, 0210: Streptococcus
faecium CCARM 0210, 0022: Micrococcus luteus CCARM 0022, 4502: Streptococcus
agalactiae CCARM 4502

5. 16S rRNA A= &4

AE AAelA RelE BT F 43T T HFTHoR AddE HK-A1S,
HK—-A43, HK-A44 759 EA50)3 16S rDNA @719 A7 A7) FAF
L5 g9lst7] 918 BLAST (Basic Local Alignment Search Tool) search program-<
o]-83}o] NCBI (National Center for Biotechnology Information)® Genebank®}
Nucleotide Sequence Databaseol| A -A}3F 7] ES v L5kt Clone 9
AQE A714483 databaseo] HolX A7IAEE PHYDIT program (ver 3.2;
http://plaza.snu.ac.kr/~iphydit/phydit) & ©]-&3}o] Clustal W multiple alignment=
AEst o A7 d BEAS CLUSTAL X software= ©]-83}] Neighbor—joining
WRlel o8l Bootstrap 41 A] 10003] 2] ZAZF = 4-&38t] tree topology®] 7}
7o m ARgste] AlgTE AR ow, A7IMEr F34 7Ee Jukes &
Cantor 295 o] &3fo] Al4kelgith(Table. 18).
wElE Ao 16S rRNA 9A7IME #4& S8te As 73 oE o
divisiono] &sl=45 &<l sfo B A i AdolA weld WAw 3dF=
Gram positive bacteria(divission)/ Actinobacteria(class)/ Actinomycetales(order)/
Streptomycineae(suborder)/ Streptomycataceae(family)/ Streptomyces(genus)
o &al o, HK—A132 type strain®! Streptomyces microflavus (DQ442519)
2} 99.92%9] similarityS X9 o™, HK—A43 59 HK—A447F+ type strain
Streptomyces flaveus (AB184082)¢} 7t7+e] 16S rRNA 971449 similarity S
Aitetel s W 98.47, 99.77% % YEFETHFig. 4~5).
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Table 18. Culturable marine actinomycetes identified on the basis of 16S rRNA

sequence.
Similarity
Strain No. The closest species
(%)
HK—-A13 Streptomyces microflavus (DQ442519) 99.92
HK—A43 Streptomyces flaveus (AB184082) 98.47
HK—-A44 Streptomyces flaveus (AB184082) 99.77

Streptomyees acidoresistns NBRC 134427 (AB184406)
K-Al3(GUI32434)
Streptomyces microflaves NERL B-21007(DQ442519)
34 L

64

Strepiomyces sindenensic MTCC 81227 (EF42278T)

rﬁ&epmmms cattieya JCM 49257 (ABO45870)

Strepiomyces macrosporus DSM 414497 (Z68099)
03 — Sirepiomyces glaucinizer FXT14T (AY314782)
70

Streptomyces exfolian: NBRC 134757 (AB184868)

Eitazatpspora arboriphila HKI 01897 (AY442267)

0.005

Fig. 4. Neighbor—joining tree of 16S rRNA sequence of HK—A13. The sequences

were collected from 14 actinomycetes isolated in this study and representative

species selected from Ribosomal Database.
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Streptomyces acidiscabies ATCC49003T (D63863)

Streptomyces Imcolnensic NRRLI936" (X79834)

= —Streptomyces lavendulge subsp. Lavendulze NBRC 123447 (AB184081)

% Streptonmyces flaveus NBRC 123437 (AB184082)

0l ——HRAL(GU132505)

0
HE-A44 (GU132506)

Kitasatospora arboriphila HKI 01897 (AY442267)

0.003
Fig. 5. Neighbor—joining tree of 16S rRNA sequence of HK—A43, HK—A44. The

sequences were collected from 14 actinomycetes isolated in this study and

representative species selected from Ribosomal Database.

6. £ WAFF API 50 CHB A&

BT AYstd EAS AES 23 nAE 548 kit API 50 CHB kit

(Biomerieux, France)& o|&3sto] As & 10 HAIis A5 gglon,  (Table.
19~21)°] et Ad3s A3 HK—A13 #Fol A+ Erythritol, D—arabinose,
Methyl—3 D-—xylopyranoside, L-—sorbose, DULcitol, INOsitol, D-—Sorbitol,
Methyl—a D-—glucopyranoside, Amygdalin, Salicin, D—lactose(bovine origin),
D—Melibiose, D-—saccharose(sucrose), Inulin, D-—melezitose, D-—raffinose,
Xylitol, D—Turanose, D—lyxose, D—tagatose, L—arabitol, 2—Keto gluconate 23
A BFe o] ghA Relth. HK-A43 #3859 A¥  Erythritol,
D—arabinose, Methyl—B8 D-—xylopyranoside, L—sorbose, DULcitol, INOsitol,
D—Sorbitol, Methyl—a  D—glucopyranoside, Amygdalin, D-—lactose(bovine

origin), D—Melibiose, D—saccharose(sucrose), Inulin, D—melezitose,
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D-—raffinose, Xylitol, D—Turanose, D—lyxose, D—tagatose, L—arabitol, 2—Keto
gluconate 21 7}A|9] WA LSAo] yelyow HK—-A44 dF9AE 2—Keto
gluconate 17FA]9] Qo A7 54S YeRNQIT. o] e AFdAx=z 8 +F

F2b AT BT BAe 2% ATE 59T Aol

Table 19. The biochemical characteristics of strain HK—A13 by API 50 CHB test.

Carbohydrate source HK-A13 Carbohydrate source HK-A13

Glycerol +/- Salicin -

Erythritol - D—celiobiose +

D—arabinose = D—maltose +/-
D—-lactose(bovine

L—arabinose + n
origin)

D-ribose B D—Melibiose a

D—xylose R — D—saccharose(sucrose) 3

L—xylose +/—  D—TREhalose .

D—adonitol +/— Inulin =

Methyl—3 D—xylopyranoside = D—melezitose

D—galactose = D—raffinose

D—glucose + Amidon(starch)

D—fructose F Glycogen

D—mannose + Xylitol

L—sorbose 1 Gentiobiose

L—rhamnose +/43 D—Turanose

DULcitol = D—lyxose

INOsitol = D—tagatose

D—mannitol +/— D—Fucose

D—Sorbitol = L—Fucose

Methyl—a D—mannopyranoside +/— D—arabitol

Methyl—a D—glucopyranoside - L—arabitol

N—AcetylGlucosamine + Potassium Gluconate

Amygdalin - 2—Keto gluconate
Arbutin +/- 5—keto gluconate
Esiculin ferric citrate +
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Table 20. The biochemical characteristics of strain HK—A43 by API 50 CHB test.

Carbohydrate source HK—-A43 Carbohydrate source HK—-A43
Glycerol + Salicin +/—
Erythritol - D—celiobiose +
D—arabinose +/—  D—maltose +/—
D—-lactose(bovine
L—arabinose + -
origin)
D—ribose + D—Melibiose -
D—xylose +/% D—saccharose(sucrose) -
L—xylose - D—TREhalose +
D—adonitol - Inulin -
Methyl—B8 D—xylopyranoside — D—melezitose +/-
D—galactose S — D—raffinose -
D—glucose + Amidon(starch) +
D—fructose R Glycogen +
D—mannose 3 Xylitol u
L—sorbose - Gentiobiose +
L—rhamnose +/—  D—Turanose -
DULcitol = D—lyxose +
INOsitol = D—tagatose Hy
D—mannitol HF D—Fucose 4
D—Sorbitol o L—Fucose +
Methyl—a D—mannopyranoside 3 D—arabitol +
Methyl—a D—glucopyranoside x L—=arabitol +
N—AcetylGlucosamine + Potassium Gluconate -
Amygdalin = 2—Keto gluconate +/—
Arbutin +/- 5—keto gluconate +
Esiculin ferric citrate +
+: positive, —: negative, +/—: middle
- 35 —

Collection @ jeju



Table 21. The biochemical characteristics of strain HK—A44 By API 50 CHB test.

Carbohydrate source HK—-A44 Carbohydrate source HK—-A44
Glycerol +/— Salicin +
Erythritol +/—  D—celiobiose +/-
D—arabinose +/—  D-—maltose +
D—lactose(bovine
L—arabinose + +/-
origin)
D—ribose + D—Melibiose +/-
D—xylose + D—saccharose(sucrose) +/-
L—xylose +/— D—TREhalose +/-
D—adonitol +/—  Inulin +/-
Methyl—B8 D—xylopyranoside -/ — D—melezitose +/-
D—galactose S — D—raffinose & /—
D—glucose + Amidon(starch) + 4
D—fructose 4 Glycogen +
D—mannose 2 Xylitol S
L—sorbose + Gentiobiose +/-
L—rhamnose + D—Turanose -
DULcitol +/—= D—lyxose +/—
INOsitol  — D—tagatose S -
D—mannitol +/—  D—Fuco$e o/
D—Sorbitol RS L—Fucose +/-
Methyl—a D—mannopyranoside 'l - D—arabitol L T
Methyl—a D—glucopyranoside & /s L—arabitol +/—
N—AcetylGlucosamine + Potassium Gluconate +/—
Amygdalin + 2—Keto gluconate -
Arbutin + 5—keto gluconate +/-
Esiculin ferric citrate +
+: positive, —: negative, +/—: middle
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Fig. 6. Effect of various temperature on the growth and antibacterial activity

of HK—A13 supernatant.
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Fig. 7. Effect of various temperature on the growth and antibacterial activity

of HK—A43 supernatant.
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Fig. 8. Effect of various temperature on the growth and antibacterial activity

of HK—A44 supernatant.
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Fig. 9. Effect of various pH on the growth and antibacterial activity of

HK—A13 supernatant.
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Fig. 10. Effect of wvarious pH on the growth and antibacterial activity of

HK—A43 supernatant.
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Fig. 11. Effect of various pH on the growth and antibacterial activity of

HK—A44 supernatant.
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Fig. 12. Effect of various carbon sources on the growth and antibacterial

activity of HK—A13 supernatant.
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Fig. 13. Effect of various carbon sources on the growth and antibacterial

activity of HK—A43 supernatant.

o4 bl - 25
W - Ay vt m—— A N TI-CCARMOZL0 activity (rmm)

Cell dry weight (g)
[e]
o M o
] 1] W
o ] =
o
ANTI-CCARMO210 activity (mm)

Fig. 14. Effect of various carbon sources on the growth and antibacterial

activity of HK—A43 supernatant.
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Fig. 15. Effect of various nitrogen sources on the growth and antibacterial

activity of HK—A13 supernatant.
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Fig. 16. Effect of various nitrogen sources on the growth and antibacterial

activity of HK—A43 supernatant.
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Fig. 17. Effect of various nitrogen sources on the growth and antibacterial

activity of HK—A44 supernatant.
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8. o7 AW - WA WA Streptococcus parauberis ¥ 2

FAA WY Bt

HAbE G GAREH 3 A wge]lE o]&ste], 1.5% NaCle] F7hd
Brain Heart Infusion Agar (BD, USA) H3 ujxJo] 25C, 48417t &<t vj¥F 5
o TYd F 9dd F2YY FH, A7), e #79 JHE glstal 16S
rRNA 1714 ¥9S BLAST (Basic Local Alignment Search Tool) search program=-
o]-8-3le] NCBI (National Center for Biotechnology Information)®] Genbank<}t
EMBL Nucleotide Sequence Databaseol|A] AgE 7| ES Hlul BX3 Ay
Streptococcus parauberis®t 99% ©|e] AEAo] YEg o & 43FS HEAHo

2 §7gsto] & Ayl ARg-s3t(Table. 22).
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Table 22. 16S sequence analysis results of strain Streptococcus parauberis.

NO. Accesion NO. Species Identities
FPS—-001 FJ009631.1 Streptococcusparauberis strainJJI51 100%
FPS—-002 FJ009631.1 Streptococcusparauberis strainJJI51 100%
FPS—-003 FJ009631.1 Streptococcusparauberis strainJJI51 100%
FPS—-004 FJ009631.1 Streptococcusparauberis strainJJI51 100%
FPS—-005 FJ009631.1 Streptococcusparauberis strainJJI51 99%
FPS—-006 FJ009631.1 Streptococcusparauberis strainJJI51 99%
FPS—-007 FJ009631.1 Streptococcusparauberis strainJJI51 99%
FPS—-008 FJ009631.1 Streptococcusparauberis strainJJI51 100%
FPS—-009 FJ009631.1 Streptococcusparauberis strainJJI51 99%
FPS—-010 FJ009631.1 Streptococcusparauberrs strainJJI51 100%
FPS—-012 FJ009631.1 Streptococcusparauberis strainJJI51 100%
FPS—-013 AY942570.1 Streptococcusparauberis strain349 100%
FPS—-014 FJ009631.1 Streptococcusparauberrs strainJJI51 100%
FPS—-015 FJ009631.1 Streptococcusparauberrs strainJJI51 99%
FPS-016 FJ009631.1 Streptococcusparauberis strainJJI51 100%
FPS—=017 FJ009631.1 Streptococcusparauberis strainJJI51 99%
FPS—018 AY942570.1 Streptococcusparaubers sstrain349 100%
FPS—040 AY942570.1 Streptococcusparauberi sstrain349 99%
FPS—-041 AY942570.1 Streptococcusparauberi sstrain349 99%
FPS—-042 AY942570.1 Streptococcusparauberis strain349 99%
FPS—043 AY942570.1 Streptococcusparauberis strain349 99%
FPS—044 AY942570.1 Streptococcusparauberis strain349 99%
FPS—-045 AY942570.1 Streptococcusparauberis strain349 99%
FPS—046 AY942570.1 Streptococcusparauberis strain349 99%
FPS—047 AY942570.1 Streptococcusparauberis strain349 99%
FPS—048 AY942570.1 Streptococcusparauberis strain349 99%
FPS—-050 AY942570.1 Streptococcusparauberis strain349 100%
FPS—055 AY942570.1 Streptococcusparauberis strain349 100%
FPS—-056 AY942570.1 Streptococcusparauberis strain349 99%
FPS—057 AY942570.1 Streptococcusparauberrs strain349 99%
FPS—058 AY942570.1 Streptococcusparauberis strain349 99%
FPS—-060 AY942570.1 Streptococcusparauberrs strain349 99%
FPS—-061 AY942570.1 Streptococcusparauberrs strain349 99%
FPS—-063 AY942570.1 Streptococcusparauberis strain349 99%
FPS—-064 AY942570.1 Streptococcusparauberis strain349 99%
FPS—065 FJ009631.1 Streptococcusparauberrs strainJJI51 100%
FPS—-066 FJ009631.1 Streptococcusparauberis strainJJI51 100%
FPS—-067 FJ009631.1 Streptococcusparauberis strainJJI51 100%
FPS—068 FJ009631.1 Streptococcusparauberis strainJJI51 99%
FPS—-069 FJ009631.1 Streptococcusparauberrs strainJJI51 99%
FPS—-070 FJ009631.1 Streptococcusparauberrs strainJJI51 100%
FPS—-071 FJ009631.1 Streptococcusparauberis strainJJI51 100%
FPS—072 AY942570.1 Streptococcusparauberrs strain349 99%
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SFAA A Aol AVRE = Streptococcus parauberis® EEE dTFE
43F < AN 235 (Table. 23)o] YetlAa Alds 235 WE&= 7Abst
of vlus]E A3 Neomycin, Nalidixic acid, Oxolinic acid, Flumequine®] tl3l]
100%2] WAHS YEeERNAS™, Gentamicino| A+  55.8%  Oxytetracycline™}
Tetracycline®l A  27.9% Erythromycin®lA 18.6% Doxycyclinedld  4.7%
Ciprofloxacin, penicillin GolA Z+ZF 2.3%¢ WAS YERYT.  Amoxycillin,
Flofenicool A 100% #+A4<S YERNRIS™, Ampicillin, Ciprofloxacin, penicillin
GolA 97.7% 9o 4SS YEW AL, Doxyceyclineoll A 76.7%, Erythromycin©l A
74.7%, Oxytetracycline®} Tetracyclineol*] 72.1%, Gentamicin®lA 39.5%2] &
A g deds Uetdle S 215kt (Fig. 18~19).

Table 23. Antibiotics senstivity of Streptococcus parauberis based on paper disc

method
Streptococcus parauberis (43)
Antibiotics Weakly
Resistant | Sensitive
sensitive

Amoxycillin (AML) 0 43
Ampicillin (AMP) 1 42
Ciprofloxacin (CIP) 0 49
Gentamicin (GN) 24 1 17
Doxycycline (DO) i 33
Erythromycin (E) 3 32
Flofenicol (FFL) 0 43
Neomycin (N) 43 0
Nalidixic acid (NA) 43 0
Oxolinic acid (OA) 43 0
Oxytetracycline (OTC) 12 0 31
penicillin G (P) 1 0 42
Tetracycline (TE) 12 0 31
Flumequine (UB) 43 0 0
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Fig. 18. Antibiotic resistant and sensitive pattern of Streptococcus parauberis
isolated from Olive flounder, Paralichthys olivaceus. by paper disc method.

AML: Amoxycillin, AMP: Ampicillin, CIP: Ciprofloxacin, GN: Gentamicin, DO:
Doxycycline, E: Erythromycin, FFL: Flofenicol, N: Neomycin, NA: Nalidixic acid, OA:

Oxolinic acid OT: Oxytetracycline, P: penicillin G, TE: Tetracycline, UB: Flumequine
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Fig. 19. Antibiotic sensitivity of Streptococcus parauberis based on paper disc
method.

1: Amoxycillin, 2: Ampicillin, 3: Ciprofloxacin, 4: Gentamicin, 5: Doxycycline, 6:
Erythromycin, 7: Flofenicol, 8: Neomycin, 9: Nalidixic acid, 10: Oxolinic acid 11:

Oxytetracycline, 12: penicillin G, 14: Tetracycline, 15 Flumequine
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o

e FEHE I3 SH4S Agar well diffusionyol] wel S AHAEHS A ~

A3 skglom, & Ao AREE MU AFdTe AA A3 FAANG A

9=} &2 ofFol A gk dAA WA Streptococcus parauberis & 43%F 7}%-

4] Erythromycin, Oxytetracycline, Tetracyclineo] WAdo] Qo tiA] HAdo]

v F 10F5S At A owjdste] 243t A1 B A YA ATE ol
_2[5__

3] McFaland No. 0.5 X% + NS A 3 1.5% NaCle] #H7}%

Muller Hinton broth (Difco, Co. USA)ol vjF 3 A3 o] ALE 3}t Sampled

Azxe vEgs FEE9 25 A $%7F 50 ng/nl7h = A Azl

9—-1. HA2AAF=(MIC) 54

A3don reld 35o] % WA dHe FEE WAY Awel HLA
=5 543 495 (Table. 24)°] YEFA. HK-A13 #+ s

# SP-017 TFE AT EE AP FFold FegdE dEen,
Burkholderia cepacia®l w14 6.3mg/ml o] B2 FEANNE Fadds 2 &
T Ao, F5 ¢ fral WA Fet BE Akl Wigk 5o A 249
Aoz AztErt. HK-A43 w59 HeE FEE9 A} Streptococcus
parauberis SP—066, Micrococcus Iluteus CCARM 0022, Burkholderia cepacia

¢

CCARM 0226, Streptococcus tfaecium CCARM 021004 50mg/ml o] B XA
2 A F=7F YE Wtew,  Enterobacter cloacae CCARM 02532] w54 25
mg/ml o] FrEeA st o] uEhwith. HK-A44 w59 FEES A 23
Streptococcus — parauberis  SP—015,  Streptococcus  parauberis  SP—044,
Streptococcus  parauberis SP—066, Micrococcus Iluteus CCARM 0022,
Burkholderia cepacia CCARM 0226, Enterobacter cloacae CCARM 02539 ¥

o 50mg/mle FTEolA B S YetWow,  Streptococcus parauberis
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Table 24. The minimum inhibitory concentration of actinomycetes methanol extract.

Minimum Inhibitory Concentration

Microorganism (mng/ml)
HK—A13 HK—-A43 HK-A44
Streptococcus parauberrs SP—001 50 - -
Streptococcus parauberis SP—003 50 - 25
Streptococcus parauberis SP—015 50 - 50
Streptococcus parauberis SP—017 = - -
Streptococcus parauberis SP—044 50 - 50
Streptococcus parauberis SP—048 50 = —
Streptococcus parauberis SP—060 50 - =
Streptococcus parauberis SP—063 50 - 25
Streptococcus parauberis SP—065 50 - 23
Streptococcus parauberis SP—066 50 50 50
Micrococcus Iluteus CCARM 0022 25 50 50
Burkholderia cepacia CCARM 0226 6.3 50 50
Proteus rettgeri CCARM 0263 50 - =
Staphylococcus aureus CCARM 0201 25 - -
Bacillus anthrasis CCARM 0217 50 - =
Enterobacter cloacae CCARM 0253 25 25 50
Streptococcus faecium CCARM 0210 50 50 —
Klebsiella pneumoniae CCARM 10258 50 - —
Pseudomonas aeruginosa CCARM 0225 50 - -
—: NO activity

10. = Fiks g4 54

gaksl 248 SAskE Wole oy 7A7F 9leyt 5ol DPPH radical 47
de] A E Pelth ol AR FAats mAel

I
AAH o m =Qhg ek AJEQl DPPHSE AAE &ofsto] kA Zus wa 5 3l
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S 2B}, Bl HK—A13, HK—A43, HK—A449] HES F5E =
= ksl g4 S 543798 DPPH radical, Hydroxyl radical, Alkyl radical
2S84 E ESR spectroscopySdWHES o] &8t HrEsglth. 7 A|Re vx&
DPPH radical (0.05 2 0.25, 0.5mg/ml) 22]3l Hydroxyl radical, Alkyl radical<
247} 0.25, 1.25, 2.5mg/ml vt AAHK—-A13, HK—A43, HK—A449] ESRS o] &
3 DPPH &AgAo] digk 432 (Fig. 20)0] YR 2 A3 RE 23 79
A TR oEZC FAHEAS HJQOW, HK—A43 0.05mg/mls% AT +=
7%, 0.25mg/ml oA 18%, 0.5mg/mlo A= 93%<] DPPH o 24 A4S &2
g 4 %t HK-A13, HK-A44 AgFolAdE= w2 A4S yedddoh
Hydroxyl radical> AtAE & HbgAo] ulg- s A& AbslE 7fA]skal DNA
&4 R EAWOlE st 222 dEA k. 39 Hydroxyl radical A A 9
thAtH g ol A A E = KA ] #akskE oy Hy0.7F Re' 't Cu®' o229 E4j 3ol

A AR 7 SAlo] A8 free radicalol| 22 o] S AASE AEES

JIN'

FZ&5o] 3 Hydroxyl radical 2AZA=A A3 (Fig. 21)
B2E AFF9A s5 &40 god 2AEHEA

How HK-A13, HK—-A43, HK—A44 0.25mg/ml Fo APGNA= 22 23%

filo

r l

2 12%, 33%9) W FAEFAS 1l ubd 1.25mg/ml FE o]l AE oA
= 47 4%, 62%, 55% R % |EXHORE FUF e, 2.5mg/mlol A= 83%,
80%, 78%°] #& AFstEdS T F AU
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Alkyl radical= hydrocarbon reactionol 4] %7] ¥k-& AAE R o] JAFT} o]+=
shA RAbe] AbAe] wEEWA A ARSI dojud o] free radicalel] <3|
ARl methylene”] 58 FAUA7F @5 goll whet 7R A] (initiation) ¥ T
gl o8] A7 alkyl radical(R-)2 XA TS S3l dieneFEH|Z vl
o] Aol thA] AbA9} ATHEle] peroxy radicals A3} peroxyl radicalS THA]
e EXsAAe 2 e FAE SR TR AT AMnksel IqE 5 I
th. Peroxyl radical %3 EARATAS &3l o2 FEY stz dskE.

A QYA EL g AARE AEE] AR Aol FE e EA4) sholA = a7}

i
W

4 e
by

etk XA aksE o] BaabES gdsty B2 F7/9 carbonyl SEES XS
sttt AA Yol = o] EXESIAHALS ¥3slar Q) webA A @ gakst 2 <16
ANAEALe] Fx2 W3zl we W9 A dojubd A fluidityd A,

membrane potential®] 74, o]2F Aol FTUF AEAVIT HEES FEF 59l

A Ae AZ7)5e Aste Axe Foo zd 4 gt A AR

W 2R RaibE Fole AAC Fald diEEo]l dom diAAETEe oA,
Sl oA, @40 A thrombin HoBAE Y 22 f{al FE&50] By

Atk (Fig. 22) WAHEFEE29 Alkyl radical 2AZAel g A4S el
Aoz HK-A139] 29 ZA3} 2.5mg/m e oA 74 =& 86%2 Aol U
Eliem, 1.25mg/mloll e 79%, 0.25mg/mlolAE 70%2] S UERRITH
HK-A439] A3 A7 w5 o&H o= isidgo] S7tste F4S Heola gl
Ko, 0.25mg/m Fo AF AFox S frd 2ALES Btk HK-A44
o] WEre FEE A% A 25mg/mloA 7FF =S 73%9 FUd 2ATAHS H
Fom, A fro]AQl Afol7k e AR FR1E T
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Fig. 20. DPPH radical scavenging activity of actinomycetes methanol extract

by ESR spectroscopy.
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Fig. 21. Hydroxyl radical scavenging activity of actinomycetes methanol

extract by ESR spectroscopy.
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Fig. 22. Alkyl radical scavenging activity of actinomycetes methanol extract

by ESR spectroscopy.
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FA A HALGE G215 F-ste] AT S A1t Streptococcus parauberis<
2] 3o, B9l Streptococcus parauberis= 1552 A T]AAE ALE-3Fe]
FAA WS YERE 43F9 A5 EE3%¥oen, 1 % Erythromycin,
Oxytetracycline, Tetracyclineo] WAde] o oA Aol A= FF & 105
Adete] A WA QA T3l Al 105 A Ha dAlsEE S sIgle
™, 7 A3} K-A13 59 vghks FEE 243 SP-017 55 AT BE AY
TFANA FHFFAS Vet o Burkholderia cepacia® TFolA 6.3 mg/ml o] W
& TRAME FHBEE FQ & 4 e, HK-A43 #59] mets F582

A3} Streptococcus parauberis SP—066, Micrococcus luteus CCARM 0022,

filo

Burkholderia cepacia CCARM 0226, Streptococcus taecium CCARM 0210914
50 mg/mlo] sEolM HA oAl FE=7F dEbstal, HK-A44 #59 FE=2
Streptococcus  parauberrs SP—015,  Streptococcus  parauberis SP—044,
Streptococcus  parauberis SP—066, Micrococcus Iuteus CCARM 0022,
Burkholderia cepacia CCARM 0226, Enterobacter cloacae CCARM 02539 w+
of 50mg/mle] FXkolA ot A Yetuith AkstEA A3 Strepromyces sp.
HK-A43 W& FE8o4 714 =2 DPPH radical 2AEdS 2o, 0.5
mg/m e =S o 93%¢ W& F=L HHZ aASHS AT F AU
Hydroxyl radical &~AZA 23 =

545 ®elow, 2.6mg/m A= 83%, 80%, 78%° w2 dAkstEd S 1
A AT}t Alkyl radical 2484 A3} Streptomyces sp. HK—A13 HEHS F&55
M e g 2ASEE BHeon, 26mg/ml FETolAE 86%2 AASAES
W AT Streptomyces sp. HK—A43 WErs FE5E9 Ay A3} 5% o&EHo
Frtstgdo] Frkshs S Holal e, 0.25mg/ml Fof AE Azpol A
S god 2AZAES HATE Streptomyces sp. HK—A44 vghe FEE9 29
Axt 2.5mg/mlol A 7Y =S 73%9 Btud aARdS Blew, A #olAR]
2ol7b gle Ao FARIHAT HA=S o83 M VA= Al g A+

O Axmeld WAY WA Adshe

rie
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