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GENERAL ABSTRACT

A total 145 strains of marine actinomycetes were isolated from marine
sources 1n Jeju island. They were characterized by determining morphological
and physio—biochemical properties, the API kit. They were investigated by
molecular methods including partial sequencing of 16S rRNA. The phylogenic
relationship of the domain bacteria was investigated by performing a
comparative sequence analysis of PCR—amplified 16S ribosomal RNAs in
organism of intertidal zone, Jeju island.

Cultivated microorganisms isolated from marine organism sample and
investigated analysis of 16S rRNA sequence. The 16S rRNAs were amplified
by using oligonucleotide primer (27F—1492R) complementary to 16S rRNA
genes. Phylogenetic diversity and taxonomic position of the isolated marine
actinomycetes. Isolated 145 strains of marine actinomtcetes, since they grew
in the various range of NaCl, pH and temperature. A neighbor—joining tree of
partial 16S rRNA sequences divided the 145 isolates into 2 major groups,
gram positive bacteria/ Actinobacteria / Actinomycetales(order)/ Streptomycineae
(suborder)/ Streptomycetaceae(family)/ Streptomyces(93.1%), Streptospotangineac{suborder)/
Nocardiopsaceae(family)/ Nocardiopsis(6.9%).

Additionally, 11 candidates of new species were suggested based on the
similarity of the 16S rRNA sequences to the previously published species.

A taxonomic study was carried out on an isolated, stain JIM10', from
marine invertebrate Siphonaria sirius (Mollusca: Basommatophora) collected
from the Aewol, Jeju island, Republic of Korea. Comparative 16S rRNA gene
sequence studies showed that strain belonged to the Gammaproteobacteria
and was most closely related to Glaciecola nitratireducens KCTC 12276"
and Glaciecola pallidula TMG 214277(96.1 and 95.43% 16S rRNA gene

sequence similarity, respectively). The isolated was Gram—negative, aerobic

- VIl -
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and slightly halophilic and grew in 1~10% NaCl and at 10~37C. Does not
utilize citrate, phenylacetate. produces cytochrome oxidase, but not ornithine
decarboxylase, lysine decarboxylase, urease or H,S. Positive in tests for the
fermentation of inositol, sorbitol, rhamnose, melibiose and amygdalin. Strain
JIM10" shared some physiological and biochemical properties with Glaciecola
nitratireducens KCTC 12276' and Glaciecola pallidula TLMG 21427". The
G+C content of the genomic DNA of strain JIM10" was mol 49.81%. Strain
JIM10" possessed Ciso, summed feature 4 (Cisn w7¢ and/or iso—C15:0
2—0H) and summed feature 7 (C18:1w9¢/wl2¢/w7c) as the major cellular fatty
acids. DNA=DNA relatedness data indicated that strain JIM10' represents a
distinct species that is separate from G. nitratireducens and G. pallidula.

On the basis of morphological, physiological and chemotaxonomic characteristics,
together with data from 16S rRNA gene sequence comparisons described
above, strain JIM10"(=KCTC 22368") represent a novel species, for which the
name Glaciecola siphonariae sp. nov. i1s proposed.

Strain JMM57" was isolated from of a specimen of the marine plant
Laurencia sp., collected from intertidal zone in the Jeju island, Republic of
Korea. Comparative 16S rRNA gene sequence studies showed that strain
belonged to the Gammaproteobacteria and was most closely related to
Oceanisphaera litoralis DSM 15406" and Oceanisphaera donghaensis KCTC
125227(98.02 and 97.70 % 16S rRNA gene sequence similarity, respectively).
Cells are gram-—negative, oxidase—positive, catalase—positive. They occur
singly and are 1.0~1.2 pgm in diameter. Contains a single polar flagellum.
moderately halophilic and grows in 1.0~11% NaCl at 4~37C. The type
strain, JJM57", requires Na® for growth, reduces nitrate, utilizes malate and
citrate and is negative for arginine dihydrolase, gelatin and utilization of
glycerol, succinate, L-—valine and L—tyrosine. No acid is produced from
galactose, glucose, arabinose, mannose, N—acetylglucosamine, maltose, gluconate,

adipate or sucrose. The G+C content of the genomic DNA of strain JIM57"

- Vil -
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was mol 61.94%. Strain JIM10' possessed Cigo, Cisi w7c¢ and summed
feature 3 (Cis0 iso 2—OH/Ci7: iso 3—OH/Ciga w7c.) as the major cellular
fatty acids.

On the basis of morphological, physiological and chemotaxonomic characteristics,
together with data from 16S rRNA gene sequence comparisons described
above, strain JIM57' represent a novel species, for which the name
Oceanisphaera laurenciae sp. nov. is proposed.

We went through primary antimicrobial and antioxidation experiment with
145 kinds of actinomycetes strains isolated from sea sources, and then
isolated 21 (ACT 1~21) of bacterial strains. With methanol extraction from
culture liquid of isolated bacterial strain, antimicrobial experiment was
performed against 10 bacterials causing diseases for fishes and human beings.
And after measuring DPPH radical scavenging activities using ESR
spectrometer and then evaluated activation of antioxidation. As the result,
finally, strains of ACT—1, ACT—11, ACT—18 are able to be selected, and
behaviors of ACT—1, ACT—18 were found be most similar to Streptomyces
species, Finally they were named Streptomyces sp. ACT—1 and Streptomyces
sp. ACT—18. And strain ACT—18 has shown most similar biochemical and
genetic characteristics to Nocardiopsis dassonvillei, therefore, it was named
Nocardiopsis sp. ACT—18. Isolated strains ACT—=1, ACT—18 and ACT-18
was verified for cultivating characteristics, they showed the best growth and
antioxidation under temperature of 25C~30C, pH of 6.8~8.4 and NaCl of
2~5%. And after checking the best cultivating condition for strain of
Streptomyces sp. ACT—1. it showed Maltose(1%) for carbon source and Yeast
extract(0.5%) for nitrogen source, and strain of Nocardiopsis sp. ACT—11
showed Galactose(1%) for carbon source and Yeast extract(0.5%) for nitrogen
source. And Streptomyces sp. ACT—18 showed Mannitol(1%) for carbon source
and Yeast extract for nitrogen source indicating that it has the highest

growth and antioxidation activation with addition of experimental bacillus.
—_ |X —_
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After checking optimized cultivating condition for growing bacterial strain
and producing physiological activation substance, and physiological activation
for extraction of cultivated substance was evaluated. Methanol extraction in
bacterial strain culture liquid was produced for evaluating physiological
activation and antimicrobial and antioxidation activation are verified. As the
result, methanol extraction from culture liquid of Streptomyces sp. ACT—1 was
verified to be very high antimicrobial activation depending on density with
Streptococcus parauberis (>100 wg/ml), Streptococcus iniae (>100 pg/ml). And it
showed very high antimicrobial sensitivity (>100 ug/ml) against Exiguobacterium
oridotokrans(Wild Type). However, sensitivity for bacterials causing vibriosis
showed almost nothing and Edwardsiella tarda causing showed a little bit of
sensitivity for a little higher density of Edwardsiella tarda (>500 wg/ml) but it
showed rarely sensitivity at low density. Methanol extraction of Nocardiopsis
sp. ACT—11 had almost no sensitivity against pathogen bacterials other than
Vibrio salmonicida, Flavobacteriaceae bacterium causing fish diseases.
Methanol extraction of Streptomyces sp. ACT—18 in its cultivated liquid
showed overall high sensitivity against S. iniae, S. parauberis (>200 ug/ml)
and vibriosis causing bacteria (>100 pg/ml) and gliding bacterial disease
(>100 rg/ml) and it showed no sensitivity against edward syndrome causing
bacteria.

As the result for measuring antioxidation activation for each density of methanol
extraction from isolated strains broth, DPPH radical scavenging activation(RSA)
was found to be 46% for SBME—1 (Streptomyces Broth Methanol Extract
ACT-1) 100 pg/ml, 53% for 500 pg/ml, 53% for 1,000 x#g/ml and 67% for 1,000
rg/ml. Although there is no meaningful difference for NBME—11 (Nocardiopsis
Broth Methanol Extract ACT—11), SBME—18 (Streptomyces Broth Methanol
Extract ACT—18) showed the highest radical scavenging activation(RSA) of
74% against SBME—18 (Streptomyces Broth Methanol Extract ACT—18). As

the result of hydroxyl radical scavenging activity, it showed antioxidation
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activities of 46% for addition of NBME—11 (100 xg/ml) and 38% for addition
of NBME—11 (100 pg/ml), whereas it showed higher antioxidation activation of
84% for SMBE—1 and 81% for SBME—18 at more than 500 pg/ml of density.
As the result of Alkyl radical scavenging activity, all experimental bacterials
showed increase of antioxidation activation depending on density and addition of
100 pg/ml showed low radical scavenging activation (30~40%). Extraction of
SBME—18 at experimental of 1,000 wg&ml showed the highest radical scavenging
activation of 74%. In addition, antimicrobial and antioxidation activation are
measured for separated substance of strains for each organic solvent fraction. As
the result, antimicrobial activation of separated from Streptomyces sp. ACT—1
showed no significance against polaric water solvent, but it showed antimicrobial
activation against solvent of chloroform, n—hexan. Experiment of fraction hexane
and chloroform showed antimicrobial activation significantly against bacteria causing
streptococcosis and it showed overall weak antimicrobial activation against vibrio
disease—causing bacteria. As the result of measuring antimicrobial activation for each
Streptomyces sp. ACT—18 fraction, it showed strong antimicrobial activation for
most of disease—causing bacterials in chloroform fraction, but it showed strong
antimicrobial activation against S. imiae, S. parauberis 1n n—hexan fraction but it showed
weak one against vibrio and no sensitivity for wild type Exiuobacterium oridotokrans.
As the result of antioxidation activation, it showed the highest DPPH radical
scavenging activation for Streptomyces sp. ACT—1 chloroform fraction and it
showed very high radical scavenging activation of 89% at density of 1 mg/ml.
DPPH radical scavenging activation of Streptomyces sp. ACT—18 fraction
showed the highest radical scavenging activation at chlroloform fraction. As the
result of Hydroxyl radical scavenging activity it showed the highest scavenging
activity at Streptomyces sp. ACT—1 n—butanol fraction with radical scavenging
activation of 58, 69 and 74% for Streptomyces sp. ACT—18 hexane fraction. As
the result of alkyl radical scavenging activation

, 1t shows the highest radical scavenging activation at Streptomyces sp. ACT—1
—_ Xl —_
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ethyl acetate fraction and showed scavenging activation of 66% at density of 0.5 mg/ml.
Alkyl radical scavenging activation for each density of Streptomyces sp. ACT—18
fraction was highest for hexane fraction and showed 35.4, 60, 76.1% at 0.1, 0.5, 1
mg/ml respectively.

Experiment of bio—contact for cultivating fishes was performed using extracted
substance from Streptomyces sp. ACT—1, Streptomyces sp. ACT—18 which is
marine actinomycetes strain. As the result, growth rate for Paralichyhus
olivaceus was found to be 154.4 g during its cultivating period at control of no
addition of actinomycetes extract. And it was found to be 174.3 g with addition
of feeding material of SBME—180f 1%. In order to check effects for biological
condition of Paralichyhus olivaceus from addition of feed of actinomycetes extract,
variations of glutamic oxalacetic transaminase (GOT), glutamic pyruvic transaminase
(GPT), Total protein, Glucose, Phosphorus, Triglycerides, Hemoglobin was
examined.

As the result of this examination from comparison of GOT in blood, a little low
enzyme was found at experimental control with addition. And it has no meaningful
difference after comparing with comparison control. And GPT enzyme had no
meaningful differences either, thus there was no damage of internal organ from
addition of feeding substance. The content of Glucose tended to be increased at
comparison control, and it showed lowed content of Glucose at experimental control
with addition of feeding substance, and Total protein, TG (Triglyceride), Phosphorus had
no meaningful difference. Hemoglobin was found to be increased at experimental
control with addition of feeding material. After measuring secretion of LDH enzyme,
there was no meaningful difference at all experimental controls(Not shown data).

As the result of measuring oxygen free radical in phagocyte of fishes, phagocyte
activation was found to be higher at all experimental controls with addtion of feeding
material from actinomycetes extract than controls with general feeding materials, and it
was very high at experimental controls with lactic acid bacteria of 2%. Lysozyme was

found to be high lysozyme activation at control with addition Streptomyces sp. ACT—1
- Xl -
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extract 2%. 15 days accumulated mortality rate for Paralichyhus olivaceus was checked
after healthy Paralichyhus olivaceus during 13 weeks with addition of feeding
actinomycetes extract is forced infected with fish pathogen bacteria Streptococcus iniae.
As the result, death occurred in control with general feeding material at day 2 since
forced infection and it continuously increased showing death rate of 80% at day 10.
Mortality rate of 60% was shown at experimental control with addition of ACT—1 of

2%, and it showed reduction of 20%, and overall death rate of 15~20% was shown.

- Xl =
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PART 1

Diversity and Characterization of Marine

Actinomycetes Isolated from in the Jeju Island Coastal
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WaLtolghs fol= 2 FuEFY APl BEd dAME Zie A=l
= 9uz wEo o Tl o] Actinomycetes® 1#]2=0e]  akitis,
aktinus=ray®} mykes=fungusol|A] U2 TZA WAL} FFo]E o gir),
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B
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=
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BT A4 AR aPPY AFOE A% A

%Fo] H+= Nocardioform A+ =A, Actinomyces, Oerskovia, Nocardia,
Rhodococcus, Mycobacteriums©] ©| I E97tt). #AFY] X A7 7]
AR FA T el whebA ZfolTF v, FXA17)7F WELL VHALE E
dekAl e AS dRkAlA G Ao 7ol EV7Hs e Ak Ut

oA 252 FuEsE el BEekal ofY ZbA Ao 2AE A s=
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22 84 a3t (Sporoactinomycetes) 22 A1, Streptomycess A ZFOE2 =

A9 QWA PATL TG = Ak of TF TAE T AYFo] 43

i 9}

2]
AZS EAS 7FA 2 At (Gottlieb, 1974). Al WA 1H-& Dermatophilus
2} Geodermatophilus® W3 %+ multilocular sporangiagtil H A= 150 =2

A, AL BEWE] oS FWE B o FPFoRE RIFE AL 5
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o ki vk ol 22 FHH SAe EUR BAdE Gottlieb7d =3
Al A wAFE FAdske Al |, B REASEE AV
o Ao zA, o' IH(family)X = HAME @4 ok @k Ao vg= A
o] 7k HHEAo|YTE (Gottlieb, 1973). L&Y} Nocardioform A+ < (ex.
Mycobacterium) o= wWj&Ez7]ol &= &S #AFS Kol AP As A 4
= A
Rhodococcus%r(genus) 9] o|® AL #AMEAS o= AE Al7]dl ARt &L,
a5 FuEo] eyt RF(EE ) FHE EE FASA |Y. Nocardia
&2 ol Hu= KAHS dAF FHE FHoHAIRE dFo mEtA s EE2Y 199
71 AFE B AE A WA FEE FSHAIRE GA v ST = V1A
AL EeE o] A7 Rgow widE (ht Rofo] Hrth o]9f o] H S
A EAS 7IRES WA ARk Al AAE 4] B stk

W] el delA FEZE 8 A Hol 2 Fol Hls|A = A g Al

o 3ty EH7F =YEHAAHT. dE =W Cummis® Harris(1985)7}

P
(UM
o)
ox
Ho
o)
%0,
rir
e

= Aol 9o, w3l Actinomyces, Rothias® Actinomycetaceae®}2}

&2

Actinomyces, Streptomyces, Mycromonosporas®l] Wall AEHS FAst= o}
v Ak F 2 gl 2 R AREAY JhsAdS AAEIY 2 % o]y
St Ao Z&E3E Lechevalier (1970) 2 FH RIS Wbt 2 3= AMfol] #3H
S FHEA, Axyy doaA ST e] =4S BEYE 3 &7 AAE 5

:F_
Ak el oled FAl Awatol QX Aol HE WAFoRAY ojd B4

H
g BAREste] Ao 348 wdele] nAER ERIEAARE
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WA i, AR Aol Golay] wEolth
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ol atute] Ak Al2EE FA Sk S Fig. 1-19]
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-, Bifidobacterium 2 Propionibacterium® 37}
o] IFS® YA, WAt Sl oF 0.5014 02 Coryneforum©]ut
Micrococcuss™ 1719 32&ETh (Goodfellow, 1989). o] &EFHel <A
Micrococcusty Coryneforum A\3t(Arthrobacter, Brevibacterium, Aureobacteriums,
S Corynebacterium?s A 9])2 Actinomycestt Oerskovias FE|Z o2 A%
ol & 7o WA} 3HA  TActinobacteria; 2t E# A= ClusterE A3

™, Wt Actinoplanestt Micromonospora 1< T2 XA P4 WAdHTE

a

o] Actinobacteriavt Corynebacterium, Nocardias® L& 7M7tS Z o= 1}
Ebtt}d. B3k Dermatophiluss = A Actinobacteria®l €Yo 2 EFEHo Ho
o, FEj A o2 A Geodermatophilus?t= A3 thE 15 Ao R YEly:
o} ole} o] FHR WS EYIE Goodfellow? Crosst WAdie] Ho& 3
BAQl A %E ¢hds] wiAlekal, DNAS 2 GC?EH(55%°]1%3), 16S rRNA
°

S|
q
a2 =e] 9795 Auel ago e AEAY FEHS Holt

2 olAE o] &5t EAAEE =T 7 UA HAH

- w3reE Int. J. Syst. Bac.®] T=+-(Stackerbrandt et al, 1997)°]A A|<te
16S rDNA/rRNA 714 ES 71%23 M2 WA EF7AIAIE EH Actinobacteria
7¥(Class)< Acidimicrobiales, Rubrobacterales, Coriobacteriales, Sphaerobacterales,
Actinomycetales, Bifidobacterials®] 6712 *(order) o2 Yil, Actinomycetales

=5 WAl Actinomycineae, Micrococcineae, Corynebacterineae, Micromonosporineae,
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Propionibacterineae, Pseudonocardineae, Streptomycineae, Streptosporangineae,
Frankineae, Glycomycineae's- 107]¢] o}=-(suborder) &2 il Ut} Z} suborder
o] &3 family9t genusES A XM, Table 13 79] Thermoactinomyces <2
A L] A 713 QJom, Streptomyces 45 A Ld tlFEe] Fof] JoAAME o &

Fohe Aol7h e FAT = Asich

Arthrobacter —
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Fig. 1. Phylogenetic relations of Gram positive bacteria by oligonucleotide

catalog method. (Stackebrandt, E. and Schleifer, K. H. 1984; Goodfellow, M. 1989)
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Table 1. Proposed hierarchic classification system of the order Actinomycetales based on the phylogenic analysis of the 16S

rDNA/rRNA sequence data.

Order Actinomycetales
Suborder

Janesiaceae/
Janesia

Microbacteriaceae/
Microbacterium
Agrococcus
Agromyces
Aurebacterium
Clavibacter
Curtobacterium
Rathayibacter

Promicromonospor
aceae/
Promicromonospora

Actinomycineae | Micrococcineae | Corynebacteineae | Micromonosporineae ‘ Propionibacterineae ‘ Pseudonocardineae ‘ Streptomycineae | Streptosporangineae | Frankineae Glycomycineae
Family/Genus
Actinomycetaceae/ | Micrococcaceae/ Corynebacteriaceae/ | Micromonosporaceae/ Propionibacteriaceae/ | Pseudoocardiaceae/ Streptomycetaceae/ | Streptospor angia.ceae/ Fr ankia_ceae/ Glycomycetaceae/
Actinomyces 2" throbacte ?”lebacfe”"m Micromonospora Propionibacteriub Pseudonocardia Streptomyces Streptosporangium Frankia Glycomyces
. ocuria uricella ) . . i
Mobiluncus Nesterenkonia Actinoplanes I ococors Actinopolyspora Kitasatospora AH/Ie"jb’dOSPora
Arconobacterium Renil?ac'terium Catenulplanes Mol Actinosynnema l"”o}:eit.mmom
gt"th’“t Dactyosporangium Propioniferax Amycolatopsis planobispora
omarococeus Pilimelia Kibdelosporangium Planomonospora
Brevibacteriaceae/ | Dietziaceae/ Nocardiodaceae/ futznerla N](\)/Zilrgs':{: Isggeae/ Acidothermaceae/
. . e, i entzea i
Brevibacterium Dietzia Nocardioides Streptomonospora Acidothermus
- Aeromicrobium Saccaromonospora
Cellulomonadaceae/ | Gordoniaceae/ Sacch / Th B/ .
Cellulomonas Gordonia accharopolyspora ermomonosporaceae/ | Geodermatophilaceae/
Oerskovia Saccharothrix Thermomonospora Geodermatophilus
Dermabacteraceae/ | Mycrobacteriaceae/ Streptoalloteichus Actinomadura Blastococcus
Dermabacter Mpycobacterium Thermocrispum Spirillospora
Brachybacterium
Dermatophilaceae/ | Nocardiaceae/
Dermatophilus Nocardia
Kytococcus Rhodococcus
Dermacoccus
Intrasporangiaceae/ | Tsukamurellaceae/
Intrasporangium Tsukamurella
Sanguibacter
Terrabacter
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= ofal Stk R el o8 e sHE(120~150)¢] oF
60%= WATFEle] sEelth (Bycroft, 1988). Table 2% WAt thEA
¢l Foll &oh= w57 AAkske stEEREA AR FX7F Adold AEEY
5 37lstal Yo ol&E FEAFY 54l wet Table 33 #o] B-lactam,
peptide, ©}9|%= w@A|, macrolide, polyene, tetracycline, quinone, polyether,
ansamycin, A7), 38R}, 1 Qo Al WA o] AASHE tiE A2l st

% (ex. chloramphenicol, cycloheximide, antimycin %)% /{5 ot}

Table 2. Number of bioactive compounds produced from major actinomycetes.

Production actinomycetes Number of bioactive compounds
Streptomyces griseus 187
Streptomyces hygroscopicus 286
Streptomyces lavendulae 129
Streptomyces antibioticus 95
Streptomyces fradiae 76
Micromonospora spp. 385
Nocardia spp. 270

- g-

Collection @ jeju



Table 3. Structure classification of bioactive compounds from microorganisms.

Number of Compounds

Structure

Actinomycetes Fungi
group :
. . . Aspergillus
S. griseus S. hygroscopicus Nocardia spp. .
Penicillium spp.
Nucleotide 2 5 5 2
B—lactam 2 8 72 2
Quinone 16 3 13 8
Peptide 17 20> 12 55
Sugar peptide 1 2 22 0
Macrolide 11 779 10 4
L=
T, 79 22°) 18 0
glycoside
Ansamycin 1 5 o 0
Polyether 1 459 5 0
Terpenoid 0 0 0 21
Besides 112 80 55 190
Total 170 264 219 282

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

e) Validamycin; f) Rifamycin, Maytansin; g) Nigericin. (Tanaka et al, 1990)
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5 3% U
2.1. A7A(Sampling site) 713
AFE(Fig. 2)& A371Dd ZgtolMdd shiteso] Alts o] % A|47]9
AR dise A9 sabdelt. B4 126° 09'~127° 00, 59 33° 10'~34° 0
5 o Welel fxstM Ao WAL 1,845.36 ki o]H detHe] ZolE 306.3
kmolth, Ao RFE BEFon, 459 WS sHE A Aot AFES
AP et FAHOR FAAEE 3~5 9 wlg- ghvkek Aalo|n, FEA}
HE 5 AER o 53 BAFE o] Fa Ut
AFre] AHe HAHUdZF(sedimentary rock)d FF-<H(Basalt), FHZHHI
(trachyandesite—hawaiite), W (trachyte) 59 32FdFob 71k A &
=3 shakalAd o (phroclastic rocks) 52 TAES Qo AR Xuke] HA}
A EFS ALt o]l S 3Hih3] E(voleanic ash soil)® Hol 3l
tHwww.encykorea.com/encykorea). AlF%e A% 296l 7)o AuxE &
< AEE 7IFE UEilieRt AFA A9e A" 7ol 14.7C, 1¥ Ht]
4.8C, 89 7|2 25.8C<l ©l H|ste] AAEA AFL At 7]¢] 156C, 1
< H17)L 6.0C, 8¥ Ht 7|2 27.6 Colth www.encykorea.com/encykorea).
AFes e Ry HE "ozl =2 A 3ol ute sftits W
ztol 7k At o]y gk zpol= A|Fe o] EAetE =53 SAS VM EFS T
o 71Q1gk Zlojrh(aL, 1998). Al vtk 27 =539 SA4S Ad SF
o] Aole tolgte FHolA felvete 59 g3 B AolE Held. A s}
AN Folds F, Fall Aol e AVEE wGE, 5 dRGOEFEH
YE = G G "H7E A vntE, msed s 2Am GRTE A A
At 2wt W AS o] AM 16T oo w dAds oA s}
Ate FEALENYH A qfar EEA EYE FR AFE @ vl
2 Zeenrt detsigd or 1. olfd theFek dlFEcol Aol 3tol7]el
o Ao 28] ofdd] BESo] AHAE ol Fa A= Aolv(Fig. 1-4).
— 16 -
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Fig. 2. Jeju island current chart
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'..

» Group [ (Site A, B)
» Group II (Site C, D)
» Group I (Site E.F.G)
» Group I¥ (Site H, I)

'.'

'.'

'.'

Jeju Island

Fig. 3. The map for an organisms collection in Jeju Island, Korea. The
dotted circle in the map indicates the sampling site.

Site A, Han—lim; Site B, Ae—wol Site; C, Sin—chon; Site D, Ham—deok; Site E,
Sung—san; Site F, Pyo—sun; Site G, Wi—mi; Site H, Jung—mun; Site I, Ha—mo.
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e EEE SleA dEi A dsed sigs 10 °~107° #2345
0.1 mlE HiA] =% g 5 wjelon, Ay dxfF Z2 dode
homogenizers A&3sto] ZAl Efste] dEat ol 34g & MA 2 ISP 2
aj Aol Etate] 25~30Col A 7~15YUzt wjdate] wixdol A yebs B

of FAlAe] FeEA mig el WATS Paagit

Table 4. Composition of Marine agar.

Marine Agar (per liter) ISP Medium 2 (per liter)
Peptone 50 g
Yeast extract 1.0 g Yaest extract 4.0 g
Ferric citrate 0.1 g Malt extract 10.0 g
Sodium chloride 19.45 g Dextrose 40 ¢
Magnesium chloride 8.8 g Agar 20.0 g
Sodium sulfate 3.24 g
Calcium chloride 18 g Final pH 7.2
Potassium chloride 055 g
Sodium bicarbonate 0.16 g
Potassium bromide 0.08 g
Agar 159 ¢
Strontium chloride 34.0 mg
Boric acid 22.0 mg
Sodium silicate 4.0 mg
Sodium fluoride 2.4 mg
Ammonium nitrate 1.6 mg
Disodium phosphate 8.0 mg
pH 7.0

— 19 —
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2.3. 3748 4

T2 % i, pHe YSI 600QSE ol&ste] Ao SAsIgon, &&4ka
(DO)= @Al DO metergs AR&ste] SAste Wi A a1y sto] A
AAE &2 5 Winkler—Azide S Wallste] 574835ttt (APHA, AWWA.
WPCF. 1993). 3}8t4 4k 8 (COD)2 Carberg (1972)WHel we} E43}
Ak 2 FAL(T-N)= dEYokd dAA(NH;—N), 4 A4 (NOs—N),
ofAARA AA(NO,—N)9 o=z veyla, SAHUWHE Strickland9t Parson
(Strickland & Parsons, 1972) % 3H o dFHAA I Ho wel BA35%0 0. &

g ke I(PO,—P)3 FHEZH(SS) AL ¢ Wl o8] 463t

|

TEIEAT A

23 T el REE v FEIFATSE RARSH] fal 2 2AF A
71 (spread plate method) o2 7HH A

& 4CE frAlste Hd3d= &4 5
85% B A 4 F MA =Rt

25 CollA 293t vt & Azt colonys sttt #iA|dol =& A==

o 1%
S
_
rlj
N
>~
%
&
Ll
=
&
ol
s
=0
rU!‘i
r,

(Colony Forming Unit; CFU)E H3A|5Wel w2} A3}t
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2.5. &8 FBEY FH R A AR Sz

2.5.1. Gram 94, Oxidase ¥ Catalase A&

Gram 922 Buck(1982)¢] o g HAMeES ALE3HKA] a1 3 % KOH A|¢F
= ol&st SAsAY. dExdFEE IHEHQ] Bacillus subtitlis TAM
12188%¢} @S A B coli KCTC 1116< ©]83}4th. Oxidase &AL
Bactident—Oxidase test strips(Merck)< ©o]&3ste] FA4sIATt. HEzdTE=
o} S Pseudomanas aeruginosa KCTC 1750'2 &4 E. coli KCTC 1116%
o] &t T. Catalase 4 3% H.0.E5 ©]-&3dte] SAsIA=H 3% H.0.5
1-2 W& Aot sils W 7|27 sk AS FHoE sl fxadF

2= E coli KCTC 1116< o]&3F ).

25.2. A% £ @ 48 2

e

ATl A% 2xe WMeE dolry] siA (4, 10, 15, 20, 25, 30, 35,
40C) Marine agar(MA, BD)%} Marine broth(MB, BD)S ©]83}e] ZA}SHS S
o, AT A PAe 9 s 2 A A RAEIAE EolET]
Qs AEo] HA7iE o] AA F-S Nutrient broth (NB, BD)(beef extract 3.0 g,
peptone 5.0 g) 2 2%2] NaCle] 715 MBE o] &3le] 23S Ao,
NaCl 0%t 1% 71+ NBE o]83tiom 1o]de] NaCl 5% (2, 3, 4, 5
6,7, 8, 9, 10, 11, 12%)°llA = MBE o] &3to] 5 A4S 2ASI3IH

WA o] vjdA] Yelbe 4o EAS lsty] 9diA MASF MBE ALE
st RE #5FE5 A vt A gAY V1EaAF D 71 A dALe] A A
EAS 213ty Yl MAOA 25T wjdr]ol A 1047 vjgE o, MAE

e Fdsklvh. B3 A B AAas gdlshy] s MB iAol «
— 21 —
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FE &3t 25T Shaking incubatorell A 1047 vl &al&lt.

254, Azt D A =4
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2.5.4.1 Casein 7}F5-8E3) A&

v oage 7

A9 =9 @A rteEidles Ak W Tl stuEA Skim
milkell 3HFE SEQA7F wauwHA AdE Abol] o)siA Casein w3)7F A &l
25 As A9 E

g 5 A Fo FHEo] YEu=A ARG 2 F 10%
HgCl, (Disollved 20% HCDE

# Ao ol

-lN

14L4%F HlQ

O

i
o
v
2,
N
N
ol
o
2
)
ot
o
>~
>
kD
>
)
Y
N9
2
0,
o
M
:(,)L_"

Table 5. Composition of casein hydrolysis test medium

Nutrient agar 23 g
Skim milk 50 g
D-W 1000 ml

# Mixed equuality of 10% skim milk and two times concentration nutrient agar

2.5.4.2 Starch 7}[-E3] A1 g

B2 AldE2 StarchE #alld o o, o3k WS o] &3 A2 34
A8HA o] &y X 3 AT}, Starch molecule Al amylose?} amylopectin® =
TAEA Ao}t AliFo] StarchE hydrolysis Al7]7] ¥l = amylase’} Z &
3lH, o] amylasei maltose, glucose, 18|31l dextring WHEoWlt}.

Starch #jA]ell #F& HAFstaL 49 < v & $, Gram's iodines &% 4
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s shee W AAEE TR §TE wudth Tyl 44vW gyow
e gt

i

Table 6. Composition of Starch hydrolysis test medium

Peptone 5.0 g
Yeast extract 3.0 g
Soluble starch 20 g
Agar 15.0 ¢
Adjust to pH 7.0
D-W 1000 ml

2.5.4.3 Urease 7}£3 Ad

Urea iallso] A Aol AAMOR Urea’t el BHH= dEYolE

A Al eFo 2 AZEs= WOt Ureasers 7]1do] 95ty =¥+ 247 ofy

H E3] o] HHHE Ureals W] E3l6l+= Genus Proteus® SAHAWOE =33}

Al o] & ¥ = WHolt) Christensen iAo S HF8tar, 37 ColA 2447k vl

3k & wjA o] WistE @S} UreaZt T3] dREYol7l AAdHHAE =
7}

Table 7. Composition of uease hydrolysis test medium

Peptone 10 g
Glucose 1.0 ¢
Sodium chloride 50 g
Monopotassium phosphate 20 g
Phenol red 0.012 ¢
Agar 200 g
Yeast extract 0.1 ¢g
Adjust to pH 6.8~6.9
D-W 1000 ml
— 23 —
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2.5.4.4 Nitrate 9854 A3

Matoll osfA dojub= Nitrate®] 29342 Nitrate7} Nitrate®} Ammonias
AA ofu At e HAZe Ax FAEEARE e 3, 7] 246
/] Nitrate® Oxygen WAl Terminal electron receptor® ©°]-&3l= F7]& 59
T Z Ys & Atk 2 A M= Potassium nitrate Ao A4 Potassium
nitrateS $H93Fo] Nitrate %+ Nitrogen gas® AAstE 9 T8 AARSH
t}.

Nitrate brothol] Durham tubeE Y3 AU A+S HAF & 2~39 A=

vy

joks  Aajgith wjokEl Aot ik No]  Detection  solution (0.5% a
—Naphthylamine, 0.8% sulfanilic acid)< 10 drop Hojr=dl 3 1~2 Fo &

TC
£

ol

238 Ao g YES Al %Al o2 7453 Durham tubeol] 7]

¥ A] Nitrogen gas =+ Hydrogen gas® #HeHsh 4= it}

Table 8. Composition of nitrate broth

Peptone 10.0 ¢
Sodium nitrate 10 g
Adjust to pH 7.2
D-W 1000 ml

2.5.,5 £ AFY ©hd o] &5
B o] 84 WA (ISP No.9)E Asted 60Co= W§7A7]a1 Milipore
filter= Abet3lk A (D—glucose, D—Manitol, D—Xylose, D—Galactose,

L—rhamnose)< 1% <%3sto] HujA & A% & A5 HFEsko] 25737 1)

P F, AFE} £ ASS PO B
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2.5.6. Tween 40 @ 80 7}I&3] A&

Tween 40, 80 7}5is] 2

juieil
rlo
A
Hm
:?L_"
Fot
L
=3
ay
w
(@)
=2
Lo
ol
X
i)
Mr
:?L_"
olr

(lipolytic activity)2 #&3}= Zo|t}. Tween 40, 800] &3 a3 vl A (heart
infusion agar)oll @< H=sla 30 ColA 24A1%F w3k 3 colony 99 &

B3l (opaquehalo)©] YElH+=H o] AS Tween 40, 80°] 7FrEs] ¥ Aoz

Eed WA FFES Marine brothel HFsa 25 CTolld 1047F wjFd

h s

Hatste] wlgE3 obAl=(7:2) 1 ml H7bste] A2 & F ofF& HelA

I
ofr
2,
o
=,
i

$ tubeol] 7 UV/VIS Spectrophotometer(survey scan)® 350

ol
~900 nmollA 4 3dlaL peakEs &3} Carotenoid HE+= Bacteiochlorophyll9]
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2.6. 16S rRNA 714 4F &4

wEE mAES 16S rRNA @7|AE®Ae 7247 1.5% NaCloe] #7he
MB(Difco, USA) vi#] 5 mlol] %3} Shaking incubatorE ©]-&3}e] 25 ColA
200 rpmo.Z 24A1ZF wjFet wFAS 1.5 ml microcentrifuge tube@ H7AA
16,000 xgoll A 123t A E g8t s & AAZ 5 Bop v glof #A S
H3led Wizard® Genomic DNA Purification Kit (Promega, USA)& AM&-3}<]
genomic DNAE #&] & §, Unicam UV/VIS Spectrophotometer (Unicam Ltd,
United Kingdom)& AF§-31e] 9% 260 nmell 4] DNAF =5 S48 3.

PCR ®F&-2 bacterial genomic DNA 100 ng, 1 puMol universal primer pairs
(27F forward primer; 5’ —AGAGTTTGATCCTGGCTCAG-3’, 1492R reverse
primer; 5 —GGTTACCTTGTTACGACTT-3"), 10 mM dNTPs, 10X PCR
buffer, 5 Unit Taq polymerase (TAKARA, Japan) && o] Hid FHTFES
H7tslo] HE2HyE 50 ul& 931, PTC—-150 Minicycler (MJ Research)Z
ALgste] FZE YY) =2 1AL 94C predenaturation 24, 94°C denaturation
45%, 55C annealing 45%, 72C extension 1%9] WSS 303 ot 433}
a1, R 72Co| A 58-7F extensiones AA|E o™ 2% PCR products=
1% agarose(Agarose LE, Promega Co.) gel2 0.5 pg/ml ethdium bromide®
AAste]  ElEtitt. FEo] 3l%E PCR producty= (F)EAEAM Dajeon,
Korea)el ¢]# 3} ABI prism'™ Bigdye'™ terminator cycle sequencing Ready
reaction kit V.3.1 (Flurescent dye terminators method)®} ABI 3730XL
capillary DNA SequencerE A}&3}o] PCR product®] f7IAYE XS S35}
At ¥ A7) 4¥9S NCBI  (National Center for Biotechnology
Information) 9] @714 <d FA 2132l BLASTN programs ©]-&3e] H2]5
o WAES M SAKoIY ToE YEue RS #E3n

_26_

Collection @ jeju



2.7. 16S rRNA A% &4

A7 A7) FAEE 3elstr] el BLAST (Basic Local Alignment Search
Tool) search program= ©|-&3}o] NCBI (National Center for Biotechnology
Information)®] Genbank®} EMBL Nucleotide Sequence Databasedl A frA}gE &3
ZIMEe Hlaste] M SdEo|y Fow Yetues MES gkl Bk 1|
= WA ZFEHY e Ribosomal  Databace  Project I (RDP  1II)
(http://rdp.cme.msu.edu/html/) ol #A7d= o] Q)= bacteria 16S rRNA A&} H]
WA Cloned ZA®E 2714 L3} databased] FoIx A7]H <L PHYDIT
program (ver 3.2; http://plaza.snu.ac.kr/~iphydit/phydit)< ©]&3}4 Clustal W
multiple alignment® A H3sl¥ o, A7 E 4 CLUSTAL X software
(Thompson et al., 1997)& ©]83}4] Neighbor—joining(Saitou and Nei, 1987)
ol 9] 3] Bootstrap w4 Al 1,0003] ¥H53}4] tree topology®] B7} 7|02
Abgete] AleTE Ao, d7IMYE 1 #dA Agl= Jukes & Cantor

(Jukes and Cantor, 1969) 2 =& o] &35}o] A2}
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3.2.2. &4 a9} §8HH A TFH

il

L£EMAD0) FEE 2AKY HE A¥rd FHA s Site [914 6.72
mg/mlE YEPH o™ HiE Site EolA 7.9 mg/mlsE WERWTE 384 4kaa
TZ(COD)< BOD®}F tEo] 2 f7|5d9 v58 Yoz YEllE A%
ojt}, AWkH o & KMnOs, KiCry078F 22 ASIAIE o] &3l 5ol 1 JbstE
& o] &3t AAaTE UEUE Ao s o] Fr|EAS FFsta As A
9 BOD 54| 87153 49 CODE 4%t s84 a3 Site A,
F, HollAd 0.48 mg/mlz 7} W& w25 yeldlon Site Bolld 7H8 &2
0.91 mg/mle] F=E& YEITE

3.2.3. 9LEF=A

T3 &F 4ol AFYANR oY EFAES Edste W HAR o F
AR frlEd)es FH=4d(SS)olgt dt=t o5 ofdFeo &= Walst
i, =9 FHEE ASAA BRAEAS WHFoEA FFo FFEAAEY =
A e A7l ddow Zgghth. AP Y SSE H A 0.89 mg/mldl
AHA 3.9 mg/ml $EE HEH It MY 4 HAVE 15w 5 T
AE A, 2 2 A A 54 Vlee® FRE4E2 10 ng/mlE 4
Ho e, ¥ Aol AR 9 AR T SS Htwke] 15w 7
FOo 7 A AT

vehied), F2 gEveby Wash Ay Aist

=y
RS A st A A 2 AAZES 0.629~0.954 mg/ml =2 Ve

sl QA 9l wwEE slgel EASh: AEAY AN ARsE AR

Agstod A FE] ¢ EYAE 5 342 dAGonA vrke Y

o
2
_?L
p‘L
rlr
po
o
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=
N
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el
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mg/ml FE2 YERRT
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7} A tH(Brock, 1997). ©]
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Table 9. Analysis of environmental factor and bacterial count in intertidal zone,

Jeju Island.

. Bacterial
Factor Tem Salinity > DO COD SS TIN T-P count
() (%) (mg/mL) (mg/mL) (mg/mL) (mg/mL) (mg/mL)
(CFU/ ml)

Site A 26.23 32.88 8.34 6.78 0.48 1.03 0.743 0.018 2.0 X 10°

Site B 28.6 32.4 8.35 6.87 0.91 3.2 0.954 0.065 5.0 < 10°

Site C  27.6 31.4 8.25 6.83 0.87 3.9 0.954 0.065 4.0 X 10°

Site D 28.6 32.4 8.15 6.83 0.88 3.5 0.932 0.074 3.6 X 10°

Site E 25.82 32.72  8.23 7.9 0.56 0.89 0.629 0.021 3.0 X 10°

Site F 26.9 32.57 8.21 T4AY 0.48 1.01 0.693 0.01 MK J0°

Site G 27.38 32.65 8.22 7.04 0.62 2.11 0.72 0.012 5.0 X 10°

Site H 26.23 32.88 8.24 6.78 0.48 0.98 0.68 0.01 4.0 X 10°

Site I 27.12 32.32 8.18 6.72 0.53 2.14 0.73 0.009 3.0 < 10°
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Table 10. List of actinomyces strain isolated in site A, B and C.

Isolation Strain Aerial Substrate Soluble Growth at
Site No. mycelium mycelium Color NaCl(%) Temp.(TC)
JJA—-1 White Orange to red Red 0~8 10~35
JJA—-2 White to pink  Dark pink Yellow 0~9 10~35
JJA-3 Gray Dark yellow Beige 0~9 10~40
JJA—4 Creamy Dark orange Beige 0~12 4~40
JJA-5 White to pink Beige Green 0~12 4~40
JJA—-6 White to pink Dark orange Dark orange 0~12 10~40
. JJA-T7 Creamy Yellow green Dark green 0~10 10~40
Site A :
JJA-8 Creamy Orange Light red 0~5 4~40
JJA-9 Gray Orange Brown 0~10 4~40
JJA-10 White Dark green  Dark green 0~10 4~40
JJA—11 Creamy Brown Dark brown 0~5 4~40
JIJIA—12 White Light green Dark green 4~10 4~40
JJA—13 Light pink Dark yellow Yellow 1~10 10~40
JJA—14 White White yellow Yellow 0~11 10~40
JIB—1 White to gre'e'r.f Dark yellow Dark brown 0~7 4~40
JIB—-2 White Beige Beige 0~7 4~40
JJB—3 Light pink  White to beige Dark beige 0~12 10~40
JIB—4 White Brown Light beige 0~12 4~40
Site B JJIB—5 White to pink Beige Dark beige 0~7 4~40
JJIB—6 Pink white Beige Light brown 0~12 10~40
JIB=7 White Dark orange Beige 0~12 10~40
JJIB—8 Yellow Dark yellow Yellow 3~12 4~40
JIB—9 Light yellow Yellow Yellow 0~9 4~40
JIJIB—10 Creamy Ogange Brown 1~8 4~40
JJC—-1 =5 Orange Brown 0~9 25C
JJIC-2 Creamy Red Purple 0~9 10~35
JJC-3 Light pink  Dark orange Dark brown 0~9 10~40
JJa= Green Dark brown  Colorless 0~12 4~40
JJIC=5 Gray Orange Brown 0~10 4~40
JJC—-6 Dark white White pink Creamy 0~12 10~40
JJC—=7 Creamy Orange Brown 1~10 10~40
Site C  JJC—8 Gray Orange Dark brown 0~5 4~40
JJC-9 White Brown to black Brown 1~10 4~40
JJC—10 White White light pink 1~10 4~40
JJC—11 Creamy Dark brown Brown 0~5 10~40
JJC—12 White to pink Orange Dark brown 0~5 10~40
JJC—13 White Yellow Light brown 0~5 10~40
JJIC—14 Creamy Dark yellow Dark green 1~8 4~40
JJC—15 Creamy Dark yellow Brown 3~12 10~30
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Table 11. List of actinomyces strain isolated in site D and E.

Isolation  Strain Aerial Substrate Soluble Growth at
Site No. mycelium mycelium Color NaCl(%) Temp.(C)

JJID—1 Gray Orange Light brown 0~6 4~35
JID=2 White Dark brown Dark brown 2~12 10~35
JID=3 White Light yellow Beige 0~10 10~40
JID—4 White to green Dark brown Dark purple 0~8 4~40
JID=5 White Brown Dark green 0~12 10~35
JJID—6 White Brown to black ~ Dark blue 0~6 10~40

Site D JJD-7 Creamy Yellow Light brown ~ 0~10 10~40
JJID—8 Light yellow White green  Colorless 0~10 4~40
JID—-9 White White Beige 0~5 4~40
JJD—10 Creamy Creamy Colorless 1~10 4~40
JJD—11 Creamy Dark yellow Light brown 1~10 10~40
JJD—12  Light green Yellow Light brown 0~5 10~35
JJID—13 White White Light beige 3~9 10~40
JIE—1 Beige Orange Light green 0~9 10~40
JJE—2 Yellow Dark green Dark green 0~6 10~35
JIE=3 White White Pink to red 0~7 10~40
JJE—4 Creamy Green yellow Dark brown 0~12 4~40
JJE—5 Pink white Light brown Light beige 0~10 4~40
JJE—6 White to pink Orange Dark purple 0~10 10~40
JIE=7 Gray Dark green Dark Green 0~7 10~40
JJE—8 White White Colorless 0~10 10~35
JJE—9 Creamy Yellow Beige 0~10 4~40
JJE—10  Light yellow  Dark white Light brown 0~10 4~40
JJE-11 White White Colorless 2~10 10~35

Site B JJE—12 Creamy Yellow Light brown 0~10 10~40
JJE—13 Creamy Yellow Light brown 0~10 10~35
JIJE—14 Light green Purple Purple 3~12 4~40
JJE—15 White Yellow Colorless 0~8 10~40
JJE—16 Creamy Beige Light Beige 0~12 10~40
JJE—17 Creamy Beige Colorless 0~5 4~40
JJE—18 Light green Dark green  Dark green 0~10 4~40
JJE—-19 White Orange Red to orange 0~10 4~40
JJE=20 White light brown Brown 0~5 10~35
JJE—-21 Creamy White red Light red 3~12 10~40
JIE=22 White Beige Colorless 1~10 10~40
JJE—23  Light yellow Dark orange Brown 0~6 4~40
JJE—24 Creamy Dark white Green 1~10 4~40
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Table 12. List of actinomyces strain isolated in site F and G.

Isolation  Strain Aerial Substrate Soluble Growth at
Site No. mycelium mycelium Color NaCl(%) Temp.(C)

JJF=1 Creamy Dark yellow Dark beige 0~8 10~35
JJF=2 White to yellow Violet Violet 0~6 10~35
JJF=3 Dark white  Dark beige  Dark green 0~8 10~40
JIF—4 White Orange Dark purple 0~10 10~40
JJF—5 Creamy White green Light beige 0~10 4~25
JJF—6 Creamy White green Beige 0~12 10~40
JIE=7 Creamy Gray brown Brown 0~10 10~40
JJF—8 Light yellow Orange Ligh brown 1~12 10~40

Site T JJF=9 White White Colorless 0~7 10~35
JJF—=10  White to pink Yellow Light pink 4~10 4~40
JIF—11 Creamy Dark yellow Beige 2~8 10~30
JIJF—=12 Light green Yellow Dark green 1~10 4~35
JJF—13 White Beige Colorless 0~6 10~40
JJIF—-14 White Beige Colorless 0~10 10~40
JJF—15 Creamy Orange Dark Brown 1~12 10~40
JJF—-16 Gray Yellow Beige 0~5 10~40
JJF—=17 Creamy Purple Red 1~6 10~40
JJF—18 White White yellow Beige 3~7 10~40
JJF—-19 Dark white Beige Beige 3~8 4~35
JJG—1 Yellow Dark orange Dark yellow 0~9 10~40
JJIG—2 Creamy Dark beige Brown 0~8 10~35
JJIG=3 Gray Orange Dark orange 0~8 10~40
JJG—4 White Beige Green 0~9 4~40
JJG=5 White green  Dark beige  Dark beige 0~7 10~40
JJG—6 Pink brown  Dark brown Beige 0~6 10~40
JIG—=7 White White Colorless 0~3 10~40

Site G JJG—8 Creamy Dark yellow Brown 0~3 10~40
JJIG—-9 Light yellow  Dark green Dark green 1~10 10~35
JJIG—-10 White White Colorless 0~5 10~35
JJG—11 Creamy Yellow Colorless 0~10 10~40
JJIG—12 Creamy Yellow Colorless 0~10 10~40
JJG—13  Light green  Dark brown Drk brown 0~5 4~35
JJG—14 Dark white Orange Brown 4~12 10~40
JJG—15  Light yellow Dark yellow Yellow 0~10 10~40
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Table 13. List of actinomyces strain isolated in site H and I.

Isolation  Strain Aerial Substrate Soluble Growth at
Site No. mycelium mycelium Color NaCl(%) Temp.(C)
JJH-1 Beige creamy Light brown Creamy 0~12 10~40
JJH=2 Creamy White green Beige 0~6 10~35
JJH—3  White to yellow Light brown Light beige 0~7 10~40
JIH-4 White Orange Dark brown 0~3 4~40
JJH=5 White Orange to red Purple 1~10 10~35
JJH—6 White to pink Dark beige Yellow 1~9 10~40
JJH-7 Dark white  Light Black Dark green 0~7 4~40
JJH—8 White to pink White Light pink 1~10 4~40
. JJH=9 Gray Dark gray Yellow 3~10 10~40
Site H } ]
JJH-10 White White Colorless 0~5 10~40
JJH-11 Gray Light yellow Light brown 0~5 4~40
JJH—12 White White Yellow 1~10 4~30
JJH-13 White Dark Yellow Yellow 1~10 4~40
JJH—14 Creamy Light green Beige 0~5 4~40
JJH—15 White to pink Yellow Yellow 1~7 4~40
JJH—16 White White Colorless 1~10 10~35
JJH—17  Light green  Light brown Brown 1~10 4~40
JJH—18 White to vellow Dark yellow Light brown 4~12 4~40
JJI-1 ¥ 4 Dark beige Brown 0~8 4~40
JII=2 White pink Beige Light beige 2~9 10~35
JJI-3 Green creamy Brown Brown 0~5 10~40
JJI-4 Light green  Dark Creamy Dark green 1~10 4~40
JJI=5 White Yellow Yellow 1~9 4~40
JJI—6 White Dark Pink Light pink 0~7 10~40
JII=7 Creamy Dark pink Brown 1~10 10~40
JJI-8 Creamy Dark creamy Yellow 3~12 4~40
Site I JJI-9 White Dark green Brown 1~7 4~40
JJI-10 White Dark creamy Dark green 1~9 4~40
JJI-11 White Dark yellow Yellow 1~10 10~40
JJI-12 Gray Yellow Colorless 1~10 4~40
JJI-13 White White Light pink 0~5 4~40
JJ1-14 Yellow White green Dark green 1~10 4~40
JJI-15 Dark white Dark green  Light brown 1~10 4~35
JJI-16 Gray Yellow Light yellow 0~5 10~40
JJI-17 Gray Orange Light red 3~9 4~35
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Table 14. General physiological characteristics of isolated marine actinomycetes.

Strain Hydrolysis Nitrate Utility

No. Casein  Starch  Urea T\Z((e)en Tv;zen reductase G2 M’  Xyl°  Gal®  Rhat
JJA-1 + +—- o+ ND ND + + + + + +
JJA—=2 + — - ND ND + + +  +/= o+ +
JJA-3 + - + + + - +/= =+ = - -
JJA—4 - - + - - - + + + - -
JJA-5 + - - - - + + + 4/ +/-
JJA-6 + + + + — + + + + + +
JJA-7 + + - - + + + + + + -
JIA-8 —/+ - -/+ ND - + + + B + -
JJA-9 + + - - - + + + + + +
JJA-10 W™ - + - % - + +/- R+ Y- -/+
JJA-11 + -/+  —/+ - - + + + % +  —=/+
JJ AggaleZe "+ + + ND . - +/- = - /- -
JJA-13  + + —/+ . 5 - + /- o+ + +
Il + + - ND + - + + /= 4=/
JIB—1 +/- + - ¥ - + 3 + /- HESSs
JIB=2 +/— + ais = = - 4 + + + +
JIB—-3 + - = + + - +  +/- o+ + +
JIB—4 + + - - - + + + + + +
JIB-5 +/- =+ 4= + - - + + + + +
JJB-6 + —/+ - - + + + + +/- o+ +
IBs7h +- + Q@ - 3 - - /- tied
JIB=8 + - W - = . A + + + +
JIBé +/= + “n ND + 3 A + =/ R +
JJB—10 + - 3 - - ;- iy +/- - + -
JJC-1 + + - ND = /- + + +
JJC-2 + - - + + + + - —/+ o+
JJjc-3 + + + + - - + o+~ - - -
JJC—4 + + - ND - + + + + o+ o+
JJIC—5 + Fr + + + + b & + + +
JJIC—-6 + + - + - - + =+ + +
Jjc-7 + -+ = - 3 + ., + - - -
JJC-8 + + +/- - + + + =+ =+ =+ =+
JJC-9 + - - - - - + + + + +
JJC-10 + + - + + + + + - - -
JJC—-11 + - + + + - + + 4+ o+ +
JJC-12 + + - + - + + + + +  4/-
JJC-13 + +/- - - + - + + + +/—  +/-
JJC-14 + - + - - + + - —/+ -+ —/+
JJC—15 + + - ND - + + + + + +
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Table 14. Continue

Strain Hydrolysis Nitrate Utility

No.  Casein Starch Urea T‘Zf)e“ T“;Ze“ reductase  Gly* M’ Xyl Gal’ Rha®
JJID—-1 + + —/+ ND + + + + 4/ o+ =
JJID—-2 + - - - - — + + + + +
JJD-3 - - + - + - +  +/= - -
JJD—4 + + - ND ND - + + + + +
JID-5 - +/— = - + + + o+ 4 - -
JID—-6 + + oy ND ND Y a ¥ at/— T - -
JJD=7 + = | - = - * + - - -
JID-8 y g + ND ND —/+ + 3 - -
JJID-9 = - + 5 + —/+ + + + + +
JJD-10 + + + + + + 4= /= R/
JJD-11 - —/+ - = ND + + + Pl w /T
JID—=12 + + - —/+ —/+ + + 4+ o+ - +
JID—-13 + - - + +/- + + + + + +
JJE-1 + - - _3 = + + +/= o+ - +
JTE= + + + o +/- + + 4+ -+ =
JJE-3 - - - - - - + + + + +
= +/= + = + + - + /- o+ +/- -
JJE=5 +/= - s —/+ —/+ —/+ A + + +
LIE==6 + + 3% / ND - +/- + + + + 4
JIE=7 + —/+ + = = - A + + t
NESS® +/- + 1 - = - + + + b 5
JIEZ§ + +/= + + + + A + - + +
JJE-10 +/- + s + + + 4 + + + -
JJE-11 +/- - + ND i + + + + + +
JJE-12 + + - + + = + + + - +
JJE-13 - 4+ - /= H/- + + e - -
JJE-14 - = + - — + + 4+/= o+ + -
JJE-15 + o - + + = + + - + +
JJE-16 - - - 1 s i + + - +
JJE-17 +/- + - - - - + + + + +
JJE-18 +/— +/- - - - + + + + + +
JJE-19 - + + +/=  +/= - + - —/+ = -
JJE-20  + —/+ - + +/- - + + + /4 4
JJE-21 - -/ 4 - - + -4+ /4
JJE—-22 - + - + - /= o+ 4+ - - +
JJE-23 + —/+ + + + + + + - + -
JJE-24 —/+ + — + + + + =+ - =+ o+
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Table 14. Continue

Strain Hydrolysis Nitrate Utility
No.  Casein Starch Urea T‘Zf)e“ T“;Ze“ reductase  Gly* M’ Xyl Gal’ Rha®
JJF-1  +/- + —/+ + +/— - +/=  +/= o+ + -
JJIF=2 +/- - + ND + + — - +/-
JJF-3 + + - - —/+ - -/+ +/=  +
JJF—4 - - + - + +/- - —/+
JJF-5 - + ~ + - +/= -/+ =+ =
JJF—6 + - B ND ND +/— —/+ —/+ —/+
JJF—=7 - £ F- - ND - R ot +
JJF—8 & = + = —/+ + + 2 -
JJF=9 + + +/- - + - +/- 4+ +
JJF-10 = + + + + - + + — +
JJF=11 + + - + + + + + - - +/-
JIF-12 - + + + + - + + + +
JIJF-13  + + N +/a8 3 - + + + -
JIF-14 - + + A = +/- A + - + +
JJF-15 - + rF &F vt
JJF—16 + + /3 = - + + + + +
JJF=17 - - i ND ND - S -~ + /S S
JJF—18 + - + ND ND T + -/t - -
Wr§ 13 - + 3 = - + + + +
0G-1. - = E R )+
JJG—-2 + - - ND +/- A + +
JIG=3 - M ND y = F+/- 4+ -
JJG—4 + - - = - = + + -
JJG-5 = + + - + +
JIG—-6 + 3 +/=  +/= +/= + 3 -
JIG-7 - F e + 3 3 T - -
JJG-38 - - + o/— B & + s +/—  +  +/-
JJG=9 + + - - - - + + - -
JJG-10 - +/= - - + —/+ - + +
JG-11  + + - - ND ND ND ND ND
JJG-12 —/+ - - ND + + —/+ o+ + 4/
JJG—13 + + + + +/- - + + + - -
JIG=14  +/-  —+ /- - - + + +/- o+ +
JJG—-15 + +/- - + +/- — + + + - +/-
_40_
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Table 14. Continue

Strain Hydrolysis Nitrate Utility
NO.  Casein Starch Urea T‘Zze“ T";Ze“ reductase  Gly*  Mm® XyI° Gal' Rha®
JJH-1 —/+ + + - - + + + + + —/+
JJH-2 + —/+ + + - +/= = - -
JJH=3 + + — — + + + -
JJH—-4 - + —/+ + + - + + - +
JJH-5 + + + - —/+ +/= + - + - +
JJH-6 + + ok - - + + + + + -
JIH=7 + bl 3 + - + + =+ H/— 4/
JJH-38 + + + - + - + + +
JJH-9 3 +/— - + - + + + +/—
JJH-10 + + - - + + + + + - -
JTH—11 "+ + ND ND - + - /-
JJH=12 " - —/+ - - +/- + =/ -
JJH-13 + +/- + + - - + + + + +
JJH=14 + + -+ r —/+ - + /- 4+ = +
JJH-15 + +/- + + +/- + + + + + -
JJH-16 +/- + 5 + = - A + + + +
JJH-17  + +- + + ND + = + + -
JJH-18 - + B e —/+ - - - + = .
-1 YR R s + ND ND ND ND ND
WIF2 - + 3 + + - SEE -+ - T -
JJI=3 + - + - —/+ + 4 + - L TR
JJI-4 + + - + + - ND ND ND ND ND
JJI-5 + - * ND ND +/— e - - 4/
JJI-6 - + + = +/= + + - + -
JJI=7 + TRy - + - = + = + + +
JJI-8 + b = —/+ —/+ + + + - - -
JJII=-9 + o™ + + — + + & = + +
JJI-10 + = ND ND - 5 v + + -
JJI-11 +/- + —/+ + + +/— + + - + +
JII-12 + - + - - - +/— o+ + - -
JJI-13 + + —/+ + - - + 4+/- o+ +
JI-14  —/+ —/+ + + - - + - - -
JJI-15 - - + + + +/- ND ND ND ND ND
*Glucose; "Mannitol; “Xylose; ‘Galactose; “Rhamnose; +, Positive; —, Negative; ND,

+/—, middle growth; —/+, little growth; not determined.
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3.3.1.1. 8 #F9 A4 AHEY

2
Mas FAshe 101355 e ol Akl nAE Mg 5 A9
= A beige, Creamy M35 Al9fsiglon, Eeld 101455 A AHT

WHog 159 AMAE FE3 & Spectrophometer® 330~710 nm, 20 nm

—

a1 FFE Fhol FHiL peakEs &St carotenoid HEE
bacteiochlorophyll®] 75 RISt & AFoA Feld A4 A Y
A W F F 837 T 7t carotenoid®] FFE A WSl 350~540 nmoll A
peaks Wl AJAR FQ peakE©]l 380~400 nmel EASH7] el
Chlorophyll a®} HX|&= Fito] Wkt ol& AAHE MAAEEC] HAWA
B ddolgtal AlRETH(Fig. 4). JFEE o= A AN A 7 3 915t
A EAe= A A QR A WA S5 UERTE & Ao A

= 3

A =
wpoFels] A wHAs) nghe W) FhEEwol= Ao 4

3
, o] #E7]=E Q& cyclic =+ acyclic®] xanthophyllS &4 s}
o] A, carotenoid:® 7|4 EE H| 7|9 B Al
2T, 18a B 77/ ol ESA T Carotenoids HIEFY A9 A=4=
285 s, mgh o] 3l A AAE AASE kst gt TS &
Brh 5008 FHojd Aol WHHAHAl JtRE| o] =9 A7) F
Pxa ., AA7IAE W Fo] W R E| o] = (B—carotene,

N
H
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=
o
it
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%0

lycopene, astaxanthin, canthaxanthin, 3—apo—8—carotenal, [3—apo—8—carotenal—ester)
qho] s}stxio e A e HEE Tl ANFHIL, AdAANAE EA A2 THA
oMol FFE Aoz Y gt

WA Chlorophyll Zool wlaudl&(Mg)o]l A= Alel&E HEZI E(cyclic
tetrapyrrole)7Zo|m " ghal A3 HlFFH o2 AAE it} Cyanobacteria
] chlorophyll chlorophyll a®A 5AE3 22 3] F3Hg &Aool A
HAs = A 2o A8 5o 3P M T Purple ¥ green bacteriae T
=2 Z

2 Halo] kAl AEA o= YEFLY}A & bacteriochlorophylle] 2t AL 7}
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Ao ek, v A E v o] MAS Setom Sl B ekS w chlorophyll a’d/d
o] YHEE T 24F(Carotenoid AlE 83F)o= ST, Anbygo=z

wjopey o] %%

S

WS H= FES chlorophyll A4S A 4 dow,
Phycoerythrin®] =48t eF=thal Kaskal v vk} o] mepdy 79
= Y= FE5S Phycoerythrine] EA1dtE AS ou|gitt. & A=
aj kel Aol wepd Bl H2 M| 7k (TR 3FO0R Sl

Bacteriochlorophyll& }8t4 F-z=¢l we}t a, b, g9 ¢, d, e9] + SF#:~(class)
2 Wi 4 Atk Purple bacteriax F°l W} bacteriochlophyll a(700~800

J
=
o

nm)Y bacteriochlophyll ba $7FA] JEjvkS 7|3l Qlth o] & dH &=
pigment antenna®] <A|3}al, Y™ A= reaction centero] EA|eT}. E & dH

o ) Ma 54l bacteriochlophyll®] 3+ 9= WEbA] &kt

Chlorophyll b
B_G, L

Chlorophyll a Chlorophyll a
Carotenoids Phycocyanin

Phycoerythrin |Chlorophyll b

20

Relative absorption (percent)

Wavelength of light (nanometers)

Fig. 4. Presents the visible spectrum of light. This spectrum displays the
various types of visible light based upon their different wavelengths (

www.citruscollege.edu/apps/comm.asp.).
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3.3.1.2. 16S rRNA G7|A¥E 4 2 AZEA

AFE agels Zed AT 145752 4513 16S rDNA A7 22
A7 E7te] FAIES EQlsly] ¢al BLAST (Basic Local Alignment Search
Tool) search programe ©]-83F] NCBI (National Center for Biotechnology
Information)®] Genbank$®} EMBL Nucleotide Sequence Databasedl A frA}gE 3
71 E& v skl Clone® 24 E A7 D databased] ¥Fojxl A7|A L&
PHYDIT program (ver 3.2; http://plaza.snu.ac.kr/~iphydit/phydit)S ©]-&3}o]
Clustal W multiple alignment® AHH3R o, A7|ME XS CLUSTAL X
software& ©]-83}] Neighbor—joining ¥Rl 93l Bootstrap =4 Al 1000%] ®F
E31o] tree topology®l 7} 7|+ 02 A&8to] AleETE A5kl en, |74 4E
7+ 44 A= Jukes & Cantor 2 S o] &3t A4tsEA

o WMo 16S rRNA 714d 48 St AS 4
division®l &3t=XAE 92l st 2 A3 AF= AFA F5AYG(Group I,
Site A, B) sl Eald WX 2475+ Gram positive bacteria(divission)/
Actinobacteria(class)/ Actinomycetales(order)/ Streptomycineae(suborder)/
Streptomycataceae(family)/ Streptomyces(genus)el 22 <+ (JJA-1, JJA-2,
JJA=4, JJA-5, JJA-6, JJA-7, JJA-8, JJA-9, JJA-10, JJA-11, JJA—12,
JJA=13, JJA-14, JJB-1, JJB—2, JIB-3, JJB—4, JIB-5, JIB—6, JIB—7,
JIB=8, JIB—9), Actinomycetales(order)/ Streptosporangineae(suborder)/
Nocardiopsaceae(family)/ Nocardiopsis(genus)®l] 2 5(JJA-3, JIB—10)7}
225tk (Table 15, Fig. 5). Table 1490] el similaritys blast searcht
uvehd 7hE 2dESI Fol i@ gl JJA-2, JJA-4, JJA-6, JJA-11,
JIB—4& type strain®l Streptomyces champavatii (DQ026642)2} Z}2Fe] 16S
rRNA 9714 <9S Jukes & Cantor €S ©0]83F] similarityES A4S ol
99.39, 99.85, 99.85, 99.23, 99.69%%E YEtlen, JJA-7, JIB—3, JJB-7<
Streptomyces fluvorobeus (AJ781331)%} 99.77, 98.88, 99.20% 2] similarity =
HAY, JJA-1, JIB-9< Streptomyces albogriseolus (AJ494865)8} 98.24,
98.87%, JIA—5, JIA—13< Streptomyces parvus (EF063462)¢F 99.54,
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99.34%9] similarity #S YEFHSRATE olol %= Streptomyces oA+ type
strain S. globisporus (AB249937)9} JJA—-8, JJA—14 57} 99.37, 99.48%,
S. sampsonii (D63871)e} JJA—9 w57} 98.76%, S, flavotfungini (EF571003)
9} JJA-10 o7} 99.12%, S. vinaceus (EU048541)9} JJA—-12, JIB—1 #
7F 98.45, 99.37%, S. pactum (AB184398)3 JJB—2, JJB—8 7} 99.85,
99.78%, S. olivaceus (AB184793)%} JIB—5 w7} 98.55%%] similarity at=
Z+72y e, Nocardiopsis 2 = JJA—3 #+ type strain N. listeri
(X97887)2} 98.78%, JIB—10 5% N. alba (X97884)<} 98.38%9] similarity
s YERiTE o]y d AlEstd #AS VxRS HIFAHOE Site A, B
2

(Group I)elA+= Streptomyces o 10 (species) Nocardiopsis < =

2 ¢ ABHor FAsAh

Table 15. Culturable marine actinomycetes identified on the basis of 16S

rRNA sequence(Group I ).

Isolation Strain ’ Similarity Strain . Similarit
The closest species The closest species
site No. (%) No. y (%)

JJA—-1 Streptomyces albogriseolus — 98.24  JJA—-8  Streptomyces globisporus — 99.37
JJA-2  Streptomyces champavatii 99.39  JJA-9  Streptomyces sampsonii 98.76
JJA-3 Nocardiopsis listeri 98.78  JIA-10 Streptomyces flavofungini ~ 99.12
A JJA—4  Streptomyces champavatii 99.85 JJA-11 Streptomyces champavatii  99.23
JJA-5 Streptomyces parvus 99.54 JJA-12  Streptomyces vinaceus 98.45
JJA—6  Streptomyces champavatii 99.85 JJA-13 Streptomyces parvus 99.34

JJA-7  Streptomyces fulvorobeus 99.77 JJA—-14 Streptomyces globisporus  99.48

JIB—-1 Streptomyces vinaceus 99.37 1JB-6 Streptomyces parvus 99.24
JIB-2 Streptomyces pactum 99.85  JIB-7 Streptomyces fulvorobeus  99.20
B JIB=3  Streptomyces fluvorobeus 98.88  JIB-8 Streptomyces pactum 99.78
JIB—4  Streptomyces champavatii 99.69  JIB-9 Streptomyces albogriseolus 98.87

JIB=5  Streptomyces olivaceus 98.55 JIB-10 Nocardiopsis alba 98.38
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res elobi caucazicys] 7707 "
Strepiomyces globisporus subsp. .:auu_ase.,usNBRC 1007704(AB240937 Gram positive
Straptomyces sampsonii ATCC 25493 T(D63871) Bacteria
63 |Streptomyces flavofungini NBRC 13371 (EF571003) (Division)
Streptamyees vinaceus CGMCC 4.1303T (EU048541) Akt
ol IPB-L (GU1277883) ‘(C“]“; s
0 -
Streptomyces champevatii NRRL B-3682" (DQU26642)
FIITB-4 (GU132406) Actinomycetales
& i JIA-6 (GU132404) (Order)
u LrlIA4 (GU132402
Y sy
JIA-2 (GU132473) .
. i Streptomycineae
i Streptomyces albogriseolus NRRL B-1303T (AT494863) (Suborder)
| & JIA-1 (GU132472)
51 Streptomyces pactum NBRC 13433T(AB184398) Streptomycatacea
1001782 (GU132475) ffsiy)
——Streptomyces fradias NBRC 121747 (AB184039) Straptomyces
Streptomyces mashusnsiz DSM40221T (X79323) (Genus)’
Streptomyces yatensis NBRC 1010007 (AB249962)
# 677 J1B-6 (GU132497)
T i JIB3
JIAS (GU132493)
gérepiam'ses parvus NBRC 143997 (EF063462)
Streptomyees olivaceus NBRC 37247 (AR184793)
64 7 JJA-T (GU132493)
491 [1TB3 Streptosporangineas
st : ; ; TiATT (Suborder)
23 | Streptomyces fulvorobeus LMG 1990 (AT781331) i
SrIMOMOROSPOracens
i (Famil)
ctinomadura hibisca JCM962 7T (AF163113) Iidadiii
Nocardiopsizalba DSM 438437 (X97884) (Genus)
JIB-10
Narardianciz lizizri DM 71¥07
Nocardiopsislisteri DSM 40297 (X07387) Strptosporanginene
5 TIA3 (GU132474 ubenie)
g ( i Nocardiopsacene
Nocardiopsis dassonvillei subsp dassonvillei DSM 431117 (X07836) (Family)
Nocardiopsis dassonvillei subsp albirubida DSM 404657 (X97882) (\Gt::n!d;opm
nus
69— Nocardiopsis dassonvillei DSM 438847 (X07885)
Nocardiopsis lucentensis DIM 440487 (X97888)
Streptomonosporaalhus YIMODO03T (AF462347) (S&?ﬁr;mpm
0.003
Fig. 5. Neighbor—joining tree of 16S rRNA sequence of marine
actinomycetes isolated from group I (site A, B). The sequences were

collected from 14 actinomycetes isolated in this study and representative

species selected from ribosomal database (http://rdp.cme.msu.edu/html/).
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AF=Al AFEAS (Group I, Site C, D) 3olA e WAL 287 T+
Gram positive bacteria(divission)/Actinobacteria(class)/Actinomycetales(order)/
Streptomycineae(suborder)/Streptomycataceae(family)/Streptomyces(genus)
of 27 5 (JJC-1, JIC-2, JIC-3, JJC—4, JIC-5, JIC—-6, JIC-7, JIC-8,
JJC-9, JIC-10, JJC-11, JIC—-12, JJC—-13, JJC—14, JJC—15 JID—1, JID-3,
JJD—4, JJD-5, JJD—6, JJD-7, JJD-8, JJD-9, JJD—10, JJD—11, JID-12, JJID—-13),
Actinomycetales(order)/ Streptosporangineae(suborder)/Nocardiopsaceae(family)/
Nocardiopsis(genus)©l| 1 #5(JJD—2)7} E2]% A tH(Table 16, Fig. 6).

Table 159 YEH similaritys blast searchu] YeEbd 7Hg &3 Fo o3l
Fkolt}y, JJC—2, JJC—10, JID—13 type strain®l Streptomyces olivaceus
(AB249920)¢} Z+zFe] 16S rRNA @714 <E  similarityE AAsdS o
98.76, 98.92, 98.34%= Z}Zt YyElWow, JIC—-1, JID—-32 Streptomyces
griseus (AY094371)2} 99.56, 99.85%9] similarityS H. Kt} Streptomyces
macrosporus (Z68099)¢} JJIC—8, JJC—13, JJID-10<2 97.05, 97.34, 99.01%2]
similarityS  H.3oh.  ®E3dk JJC-5, JIC—-62  Streptomyces  carnosus
(AB184263)% 96.09, 96.24%% &£AZ237F Yehd AF FRFo= 253
o o] Streptomyces <oA= Streptomyces coeruleofuscus (AB184840)
(JJC—=3, 98.45%), Streptomyces caelestis (X80824)(JIC—4, 97.28%), Streptomyces
somaliensis (AJO07403)(JJC—=7, 97.94%), Streptomyces thermodiastaticus (768101)
(JJC=9, 98.83%), Streptomyces longisporus (AJ399475)(JJC—11, 98.34;
JJD—8, 98.09%), Streptomyces scabies (AB026199)(JJC—12, 99.21%;
JID—12, 98.76%), Streptomyces cheonanensis (AY822606)(JJC—14, 99.10%),
Streptomyces ochraceiscleroticus (AB184236)(JJC—15, 98.53%)°. % YE%:
o} 18]35 JID—1, JID—-6< Streptomyces flaveus (AB184082)2} 100%
o similaritys Ho U dFdS AAL F UNew, JID-2¥F=
Nocardiopsis dassonvillel (X97885)%} 99.35%2] FAIEE HA T}

HEHo=w Site C, D (Group M) AM+= Streptomyces <& =+ 17%(species)

Nocardiopsis & @5 1 & HFH o=z 233}
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Table 16. Culturable marine actinomycetes identified on the basis of 16S

rRNA sequence(GroupIl).

Isolation Strain ) Similarity Strain ) Similarity
The closest species The closest species
site No. (%) No. (%)
Jic-1 Streptomyces griseus 99.56  JIC—9 Streptomyces thermodiastaticus 98.83
JIC-2  Streptomyces olivaceus 98.76 JIC—10  Streptomyces olivaceus 98.92
JIC—3 Streptomyces coeruleofuscus 98.45 JIC—11  Streptomyces longisporus 98.34
JiC-4 Streptomyces caelestis 97.28 JiC-12 Streptomyces scabies 99.21
C ..........
JIC-5  Streptomyces carnosus 96.09 :JIC-13 Streptomyces macrosporus  97.34
JIC-6  Streptomyces carnosus 96.24 :JIC—-14 Streptomyces cheonanensis  99.10
"""""" Streptomyces
JIC=7  Streptomyces somaliensis 97.94 JIC-15 98.53
ochraceiscleroticus

JIC—8  Streptomyces macrosporus ~ 97.05
1JD-1 Streptomyces flaveus 100 JID-8  Streptomyces longisporus 98.09
JID—2  Nocardiopsis dassonvillei 99.35 JID-9  Streptomyces mashuensis 97.87
JJID-3 Streptomyces griseus 99.85 JID—10 Sireptomyces macrosporus  99.01
D JID—4  Streptomyces flavolimosus ~ 96.26  JID—11  Streptomyces cellulosae 98.72
JID-5 Streptomyces flavolimosus ~ 96.39  JID—12 Streptomyces scabies 98.76
JID-6 Streptomyces flaveus 100 JID=13  Streptomyces olivaceus 98.34

JID=7  Streptomyces alboflavus 98.31
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Streptomyeer elfvacens NERC 12807 [AB240920)

0
I7C-2 TIC-10, I7C-13 Gram positive
n Streptamycer rubrogrivens DEM 4147T (AFS0330T) Bacteria
Strepromyees glaucessens NRRL B-1 706 (DQ442300) (Division)
Stretomyces fumanus ISP 51347 (AT39943)
e+ Actinobacteria
Streptomycer caelestis NRRL 2418 (R0824) (Class)
Streptomyeer coeruleafuscus NBRC 127577 (AB1B4340)
Streptomyces albafavus NBRC 31067 [AB184861) £
1C3 GUIMI DT s
100 \5trapsamyces cosiicaiar DIN4023F (Z76678) (Order)
Strepromyess speibongs ATCCBAALIT (AF432714Y
. - JIC1
: Strentowmyces ermocarfagdovoran DEM 44200 174450
Strepromyees thermodiosticus DEM 403737 (Z6210L)
JIC4
Strepromyees cheangnenst VC-A4F (ATI22606)
Streptomyeer thermolmeatu DEN 414317 (Z5R04T)
Streptomyces macrazporus DEM 414407 (Z88009Y 17C-13,170-10)
i Streptomyeinene
frepramyces alduius SPI4R]TARI24HD) (Gublder)
huensiz DEMSO2IIT (K79323)
Streptamyeer viglaceusniger NRRL B-1476 (ABO182D) Swpmm'w
T Streptomyces ochraceiscieratius NERC 34287 (ABL34T74) {Tlmil}'}
H g 7| Streptamyces achraceiscleraticus NERC 12007 (AB184236)
R Streptomyces
d 4‘%:0&1‘@: camasusNERC 13023 (AB1326) (Genus)
TIC4 ,_HJ'D# s 4 2
0 I_JJD\ entamyces flolimosu CGMCC02T (EFG83620)
10 10 |Streptompees imenduine subsp Javenduize NBRC 123447 (AB184081)
Strentamyees Javendulae IFQ 127897 (DB3L1G)
1 IC-1{GUL32476)
_ Streptomyees griseus rubsp griseucISP 32367 (AY0MITL)
! Srreptomyees flavews NERC 12345 (AB18082)
4 |1p-s eua4eg)
42|1ID-1{GU132478)
T0-3 (GU132481)
Streptamyees acidizeakies ATCC40003 (D43065)
Straptamyees fongizporus ISP 1667 (AT3094735)
9 I8
Streptomycer [neingnsis VERLIPAF ((70834)
Streptamyeer scadies ATCC 491737 (ABD26198) e
[ Streptamyees diasramciramogenes ATCC123007 (DE3RET) Iiféﬂ;idnz-@m
Eitasaroporaarboriphiin HET01H7 (AY44226T) ;
6 Nocardiopsis dacsonvilel subsp albingh il DSM 404657 (RO7ERD) f;:ﬁ:;?;;ﬂwﬂ
Nocardiopsis dassonviiel DSN 435547 (XOTEET) : x
TID-2 (GU132479) """“‘,’d“’m“"’
i sonvilel subsp. dassomilei DSM 431117 (X87886) (Family)
DSM440487(X074889) Nocardiopsis
s g DEM 304 (ROTERE) (Genus)
Nocardiapsis ifsteri DEM 4029 (07807 Streptomonospora
Srreptomanazporaaliu YIMR00 (Genus)
0.003

Fig. 6. Neighbor—joining tree of 16S rRNA sequence of marine
actinomycetes isolated from group II(site C, D). The sequences were
collected from 14 actinomycetes isolated in this study and representative

species selected from ribosomal database (http://rdp.cme.msu.edu/html/).
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ATFE AAE §5FAY (Group I, Site E, F, G) siFollA ¥ WX+ F 58+
FEA 7P e AT BuEs yehd Kot Fejd

Gram positive bacteria(divission)/Actinobacteria(class)/Actinomycetales(order)/
Streptomycineae (suborder)/Streptomycataceae(family)/Streptomyces(genus)®l
51 7, Actinomycetales(order)/Streptosporangineae(suborder)/Nocardiopsaceae
(family)/ Nocardiopsis(genus)®l| 7 w57} &2 %At} (Table 17, Fig. 7).

B2 A9 Site—E A= Streptomyces & HFE0|] EEF By Eojxon,
24 9 BE&E 1Y oH, Site—F A Yol M= Nocardiopsaceae & w7} 4
Fo] FEaEtt. Table 169] YEMH similaritys blast searchw] YEeERt 7}
TALY Fof| tig gtoltk Group II(Site E, F, G)olAl &2¥ #7759 type
strain?2] similarityS 213t A3} Streptomyces(genus)ol A= Streptomyces
microflavus (DQ442519)¢} JJE—2, JJE—4, JJF-3 <} Z+ZF 99.92, 99.76,
100%2] similarityS X9, Streptomyces sindenensis (EF422787)%}t
JJE—6, JJE-12, JJF-=7, JJF—=17, JIG-10, JIG=12 5+ 98.40, 99.92,
98.27, 98.72, 99.24, 99.67%, JIF—1, JIF—4, JIG—4, JIG-6 I+
Streptomyces tricolor (EU273534)2} 100, 100, 99.92, 99.60%2] similarity
& B3low, #F JJF-13% JF-4% T4d% To=2 IAHUT JIE-3,
JJF—16, JIF—18 5+ Streptomyces niger (AJ621607)¢}t 92.75, 99.92,
99.02% = JEbtom, ¥ JJE-3< type strain® HlLF| B oS wf similarity
7F 92.75% %2 AFHFEAM Y 7hedE FASAH A type straing FHEgH
T HuAdS A AFHEH ol 55 dFo] 3

o JIF-93 JJF—102 type strain®! Streptomyces Ilydicus (Y15507)<}
similarityS 213 A7}k 99.92% =2 Yeht FA3 To7 Sl on, o]l
o JJE-173 JJE—182 Streptomyces sioyaensis (DQ026654)¢} 98.68% %
ey g Foe= AT AT ERE o5 JJE-229F JJE-23%
Streptomyces kasugaensis(AB024441)¢} 99.92%, Streptomyces flavolimosus
(EF688620)%} v JJE—9, JJF—15, JJG—15, 99.92% = YEl} A3 Fo=2
HE 2ES U

Nocardiopsis(genus)ol & & 7477} 2|55 oM, type strain} similarity
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A Ay JJF-5, JJF—-6< Nocardiopsis alba (X97884)%} 98.28, 99.62% %
JJF—13, JIF—14, JIG—9% Nocardiopsis Iucentensis (X97888)%} 98.34,
99.76, 99.24%, JJIG—2 <+ Nocardiopsis dassonvillei (X97886)2} 99.82%,
JJG—14+F Nocardiopsis listeri (X97887)%} 98.04%2] similarityS YEFWTH
olejol Group M A|FA F|H ANFWHAES Streptomyces praecox
(AB184293)(JJE—1, 99.92%), Streptomyces flavogriseus (DQ442531)
(JJE=5, 99.60%), Streptomyces anulatus (DQ026637)(JJE—=7, 99.24%; JJE—14,
99.28%), Streptomyces macrosporus (JJE—=8, 99.98%), Streptomyces griseocarneus
(X99943)(JJE—10, 98.48; JJF—15, 98.02%), Streptomyces hygroscopicus
(AJ391820)(JJE—11, 98.80; JJF—8, 98.80), Streptomyces cattleya (JJE—20,
99.24; JIJE=24, 99.45%), Streptomyces rhizosphaericus (AB249941)(JJE—21,
99.92%), Streptomyces catenulae (AJ621613)(JJE—19, 97.74%) Streptomyces
javensis (AJ391833)(JJF—2, 99.28%), Streptomyces rimosus (AB045883)
(JJF—12, 98.02; JIG—11, 98.98%), Streptomyces sampsonii (D63871)
(JJIG—1, 99.92%), Streptomyces sclerotialus (AJ621608)(JJG—4, 98.24%),
Streptomyces  fimicarius (AB184269)(JJG—5, 99.44%), Streptomyces
sparsogenes (JJG—=7, 98.42; JIG—13, 97.54%), Streptomyces mediolani
(EU196529)(JJG—=8, 98.74%)= Uepxttt. EIE  Fig. 70M=  #F
Streptomyces cattleya (JJE—20,JJE—24), Streptomyces sparsogenes (JJG—7,
JIG=13)°] 2d&AZF UF- Zel7h dojM AgkE A 55 A8t 2
3= At

FHEH o7 Group MM Streptomyces & 245 (51¢F 5)9 WAHS

Ko, Nocardiopsis 4 4% w283tk

2l st

o
e
ol
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Table 17. Culturable marine actinomycetes identified on the basis of 16S
rRNA sequence(Group II).
Isolation Strain Similarity Strain Similarity
The closest species The closest species
site No. (%) No. (%)
JJE-1 Streptomyces praecox 99.92 JJE-13 Streptomyces cattleya 99.62
JJE-2  Streptomyces microflavus  99.92 JIE—14  Streptomyces anulatus 99.28
JJE—3 Streptomyces nige; """""" 9 2 75 JJE—-15 Streptomyces griseocarneus  98.02
JJE—4  Streptomyces mi cro}l‘z'z'\;;; 99.76 JIE—16 Streptomyces rhizosphaericus 98.84
JJE-5 Streptomyces flavogriseus ~ 99.60 JIE—17  Streptomyces sioyaensis 98.68
JJE-6  Streptomyces sindenensis ~ 98.40 JIE—18  Streptomyces sioyaensis 98.68
E JJE-=7  Streptomyces anulatus 99.24 JIE-19  Streptomyces catenulae 97.74
JIE—8  Streptomyces macrosporus ~ 99.98 JJE—20 Streptomyces cattleya 99.24
JIE—9 Streptomyces flavolimosus  99.92 JIE—21 Streptomyces rhizosphaericus 99.92
JJE—10 Streptomyces griseocarneus 98.48 JIE—22  Streptomyces kasugaensis ~ 99.92
JJE—11 Streptomyces hygroscopicus 98.80 JJE—23 Streptomyces kasugaensis ~ 99.92
JJE-12 Streptomyces sindenensis 99.92 JJE-24 Streptomyces cattleya 99.45
JJF-1 Streptomyces  tricolor 100 JIF-11 Streptomyces macrosporus — 99.78
JJF-2 Streptomyces javensis 99.28 JJF-12 Streptomyces rimosus 98.02
JJF—3  Streptomyces microflavus 100 JIF-13  Nocardiopsis lucentensis 98.34
JJF—4 Streptomyces  tricolor 100 JIF-14  Nocardiopsis lucentensis 99.76
JJF-5 Nocardiopsis alba 98.27 JIF-15 Streptomyces flavolimosus — 99.92
= JJF-6 Nocardiopsis alba 99.62 JF-16 Streptomyces niger 99.92
JJF=7  Streptomyces sindenensis ~ 98.27  JIF—17  Streptomyces sindenensis 98.72
JIF—-8 Streptomyces hygroscopicus  98.80  JIF—18 Streptomyces niger 99.02
JJF-9 Streptomyces lydicus 99.92  JIF-19 Streptomyces macrosporus — 99.45
JIF-10 Streptomyces lydicus 99.92
JIG-1  Streptomyces sampsonii 99.92 JIG-9  Nocardiopsis lucentensis 99.24
JIG-2  Nocardiopsis dassonvillei 99.82 JIG—10 Streptomyces sindenensis 99.23
JIG-3 Streptomyces tricolor 99.92 JIG-11 Streptomyces rimosus 98.98
G JIG—4  Streptomyces sclerotialus 98.24 JIJG—-12  Streptomyces sindenensis 99.67
JIG=5  Streptomyces fimicarius 99.44 JIG—-13 Streptomyces sparsogenes — 97.54
JIG—-6 Streptomyces tricolor 99.60 JIG-14 Nocardiopsis listeri 98.04
JIG=7  Streptomyces sparsogenes  98.42 JIG—15 Streptomyces flavolimosus ~ 99.92
JIG—8  Streptomyces mediolani 98.74
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0.003

Fig. 7. Neighbor—joining tree of 16S rRNA

IE3
(GUI32483)

Kitzsatospora
(Genus)

Streptosporanginens
(Suborder)
Nocardiopsaoene
(Family)
Nocardiopste
{Genns)

Streptomonospora
(Genus)

sequence of marine

actinomycetes isolated from group IM(site E, F, G). The sequences were

collected from 14 actinomycetes isolated in this study and representative

species selected from ribosomal database (http://rdp.cme.msu.edu/html/).
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MAEZ MFAS (Group IV, Site H, DafiellA F2jd B+ 35 #55 EF
Gram positive bacteria(divission)/Actinobacteria(class)/Actinomycetales(order)/
Streptomycineae(suborder)/Streptomycataceae(family)/Streptomyces(genus)
of et o® I AT Table 18, Fig. 8).

Table 17°] YERH similaritys= blast searchw] YeERG 714 A3k Fof o
gk grolt). JJH—2, JJH-3, JJH-17, JJI-1¢5+ type strain®l Streptomyces
flaveus (AB184082)¢} Zt7+e] 16S rRNA 7|4 <L 9 similarityE AXF8IS
w 99.77, 98.47, 99.62, 99.77% = Zt7F YEl o™, JJH-6, JJI-10, JJI-13
o+ Streptomyces lincolnensis (X79854)¢} 99.18, 99.24, 98.86%2] similarity
= HGT JJH-4, JJI-2 F% type strain Streptomyces champavatii
(DQ026642)¢F 7+7F 100, 100%<] similarityS 2o $UFAS U 5 gl
Ao, JJH-5, JJI-7 Streptomyces viridochromogenes(AB184089)¢} 100%
dxste] FATUE FlsiGith. JJH-8, JJI-5, JJI-16 ¥ Streptomyces
sparsogenes (AJ391817)9F 99.82, 99.42, 99.76% L8} 7] W&ol Fig. 8¢l
T A7Fel #5E type straind] fdelHom ZQEAT. JJH-11, JJH-12,
JJ1-17 5%  Streptomyces lavendulae (AB184081)¢t 100% <4 =X]3H
phylogenic tree’dol = &2 2helel Yook JJH=7, JJH-9, JJH-13 #F+=
Streptomyces albulus (AB024440)2} 99.75, 99.24, 98.23% <LA|d}+= AL

Hl

sl= ATk, 75 JJI-69F JII-82 Sweptomyces fimbriatus (AB184659)¢}
98.32% = FU3 similaritys B LS ToB FHFT dWIlth JJH-14,
JJH-16 =+ Streptomyces acidiscabies (D63865)2} 98.97, 98.24%,
JJI-11, JJI-15 w5+ Streptomyces coeruleofuscus (AB184840)2} 98.74,
98.23%, JJ1—-12 ¥+ Streptomyces mashuensis (X79323)¢} 99.12% ¥4
st ARE 4 5 ANTH

HEH o= Site H, I (Group IV)ol|X+= Streptomyces < <+ 18F(species)

% 3o Fastgrk
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Table 18. Culturable marine actinomycetes identified on the basis of 16S
rRNA sequence(Group 1IV).
Isolation Strain . Similarity Strain . Similarity
The closest species The closest species
site No. (%) No. (%)
JJH-1 Streptomyces flavolimosus ~— 91.98 JJH-10  Streptomyces alboflavus 99.98
JJH-2 Streptomyces flaveus 99.77 JJH-11 Streptomyces lavendulae 100
JJH-3 Streptomyces flaveus 98.47 JIH-12  Streptomyces lavendulae 100
JJH—4  Streptomyces champavatii 100 JTH-13 Streptomyces albulus 98.23
Streptomyces
H JJH-5 100  JJH-14 Streptomyces acidiscabies — 98.97
viridochromogenes

JJH-6  Streptomyces lincolnensis ~ 99.18 JJH—-15  Streptomyces alboflavus 99.77
JJH-7 Streptomyces albulus 99.75 JJH-16 Streptomyces acidiscabies — 98.24
JJH-8  Streptomyces sparsogenes  99.82  JJH—17 Streptomyces flaveus 99.62
JJH-9 Streptomyces albulus 99.24 JJH-18 Streptomyces alboflavus 98.98
1J1-1 Streptomyces  flaveus 99.77 1JI-10  Streptomyces lincolnensis ~ 99.24
JJI-2  Streptomyces champavatii 100 JII-11 Streptomyces coeruleofuscus 98.74
J1J1-3 Streptomyces rimosus 99.98 JII-12  Streptomyces mashuensis 99.12
JI1-4 Streptomyces olivaceus 98.84 1II-13 Streptomyces lincolnensis ~ 98.86

I 11-5  Streptomyces sparsogenes  99.42  JJ1-14  Streptomyces violascens 97.64
JJ1-6 Streptomyces fimbriatus 98.32 JII-15 Streptomyces coeruleofuscus 98.23

Streptomyces
1-7 100 JI1-16  Streptomyces sparsogenes — 99.76
viridochromogenes

JJ1-8 Streptomyces fimbriatus 98.32 JII-17  Streptomyces lavendulae 100
JJ1-9 Streptomyces pactum 97.84

@ jeju



_ Straptomyees champavetii NRRL B-3682T (DQ026642)

Streptomyces violwscens XSD-1137 (EU273350)

14

Streptomyces coerulegfiscus NBRC 127577 (AB184840)(JII-11, ITL-13)
Streptomyces alboflavus NBRC 131967 (AB184361) (1TH-10, JTH-15, ITH-18)
Streptomyces pactum NBRC 134337 (AF303301)

Strepiomyces pactum NBRC 134337 (AB184398)

Strepionyees olvaceus NBRC 128037 (AB249920)
4 m4
1 _ESrrepmmms macrosporeus NBRC 127047 (AB184151)
99 L Streptomyces fimbriatus NBRC 134117 (AB184639) (7716, IT1-8)

Streptomyces mashuensis DSMA0221T (X79323)(1T1-12)

bl Streptomyces ochraceiscleroticus NBRC 34287 (AB184774)
Wﬂ.‘:‘wpwm‘m rimosus subsp. rimosus NBRC 129077 (AB184236)
03

Strepiomyces sparsogenss NRRL 20407 (AT391817) (TTH-, 1113, I11-16)
Streptomyces albulus ISP54927 (ABO24440)(ITH-T, JTH-9, TTH-13)
Strepiomyees acidiscabies ATCCA9003" (DE3863)ITH-14, 1TH-16)
Streptomyces Icolensis NRRLIO36T (X79834) (JTH-6,171-10,171-13)

4l

iy JIL-T

JTH-j

Strepiomyces viridochromogenes NBRC 123777 (AB18408%)
of Streptomyces microfiavus NRRLB-1 1007 (DO442519)
JH-2(GU132504)

Kitascaios pore arboriphiln HET 01897 (AT442267)

—
041

Streptomyces lavendulze subsp. Lavendule NBRC 123447 (AB184081)(J7H-11, JTH-12, JIL1T)

JIH-1 (GU132310)

Fig. 8. Neighbor—joining tree of 16S rRNA

actinomycetes isolated from group IV(site H,

D.

Gram positive
Bacteria
(Division)
Actinobacteria
(Class)
Actinomycetales
(Order)

Streptomyeineae

(Suborder)

Streptomycatacens

(Family)

Streptomyces

(Genus)

Kitasatospora

(Genus)

sequence of marine

The sequences were

collected from 14 actinomycetes isolated in this study and representative

species selected from Ribosomal Database (http://rdp.cme.msu.edu/html/).
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AT gl 22 Hoxl s fgadate] 16S rRNA @714 E JBE BLAST
(Basic Local Alignment Search Tool) search programe ©]-&3l] NCBI
(National Center for Biotechnology Information)2] Genbank®} EMBL Nucleotide
Sequence Databaseo A A Q7|4 €S vlusto] 71 Aoy S0 2 e}
U= AL 31t} sk nja v A 7 E 9] Ribosomal Databace Project 11
(RDP 1) (http://rdp.cme.msu.edu/html/)Holl A= o] d+= bacteria 16S rRNA
A3 Husigith Clone® 24 171493 databasec] 01X @714 LD
PHYDIT program$ ©]-8-38ke] 15 & Fig. 9o YERHATE.
AT e 470 A1 9 A A EelH o)X 14570 s Bl -9 7
A EL Gram positive bacteria/ Actinobacteria /| Actinomycetales(order) L&
(100%)°l &3} o the-© 2 Streptomycineae(suborder)/ Streptomycetaceae(family)/
Streptomyces(genus) “155(93.1%), Streptospotangineae(suborder)/ Nocardiopsaceae(family)/
Nocardiopsis(genus) (6.9% ) 2 LEFST]

Nocardiopsaceae(family)/ Nocardiopsis(genus)
6.9%

Fig. 9. Actinomyces groups in Jeju marine
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L

74| 9 L2 genus HE o] BW v} gho] upro] E 5 it o)
AelA Ee Rl sfFAddel M B dF7F 2£9(93.1 %) Hox
Streptomycineae(suborder)/ Streptomycetaceae(family) 1+ Woll A= Streptomyces
%0] 100%E A}A|8}H, Streptomyces 55 F(species) @9 =2 FFaHH Fig.10
I} 2o} Streptomyces 4 % 135 ¥ & 5135 (species)©] ¥ oM Fig.
1000+= 3¢Fold w8l ¥ (Major) TERHS YERITE 78 @ol #238kaL 3l
= =& Streptomyces champavatii, Streptomyces macrosporus, Streptoyces
flaveus, Strepotomyces flavolimosus, Streptomyces sindenensisQ.%2 Q1% ] o
W, & 18Fo] THToE AL .

olelo| = 29t oA EElHAR FEL S albogriseolus, S. globisporus, S.
sampsonii, S. vinaceus, S. griseus, S. carnosus, S. longisporus, S, scabies, S.
mashuensis, S. anulatus, S. griseocarneus, S. hygroscopicus, S. rhizosphaericus,
S. sioyaensis, S. kasugaensis, S. lydicus, S. viridochromogenes, S. fimbriatus, S.
acidiscabies®. 2 19% 0 2 ET

183l S. flavofungini, S. caelestis, S. somaliensis, S. thermodiasticus, S.
chenanensis, S. cellulose, S. praecox, S. catenulae, S. javensis, S. sclerotialus,
S. fimicarius, S. mediolani, S. mashuensis, S. violascenst ZY7Zt 1&% F 14%
(Species)©] &2 = AT}

Streptospotangineae(suborder)/ Nocardiopsaceae(family)/ Nocardiopsis(genus)-=
=z BIAFT 145 F 10¥F(6.9%)= AAstar  dlew,  Nocardiopsis
dassonvillei, Nocardiopsis listeri, Nocardiopsis alba, Nacrdiopsis lucentensis %
450 ¥ Ak (Fig. 11).

HETHoR FdodA EEE WAAT 145 7 T FHA FAE (similarity) 7F
7WHe] EwdE FL Thsdol = dFE AlelskaL Site A~Site I7H4] & 55 F
(Species)©] AU, 558 5

S
Nocardiopsis (genus)®ll 4& o] 3E3E At}

x

.

treptomyces (genus)ol|l 51F0] £330,
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Streptomyces sp.

S. albulus (3 strains)

S. lavendulae (3 strains)
8. lincolnensis (3 strains)

l

S. champavatii (7 Strains)

S. parvus (3 strains)

. fulvorebeus (3 strains)
f. Coeruleofuscus (3 strains)

8. rimosus (3 strains)
S. cattleya (3 strains)

S. sparsogenes l
(5 strains)

. macrosporus (6 strains)

S. flaveus (6 strains)
8. tricolor (4 strains

T— S. flavelimosus (6 strains)
S. alboflaves (4 strains)
S. niger (3 strains)

S. sindenensis (6 strains)

8. microflavus (3 strains)

Fig. 10. Major Streptomyces species groups isolated in Jeju marine sources

Nocardiopsis sp.

N. alba (3 strains)

-

Fig. 11. Nacardiopsis species groups in Jeju marine sources.
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3.4. AF TR vAE

AFE 584 FHOR ety B wolzl slavAE 2 s W

Lo

16S rRNA 997]4¥<S NCBI (National Center for Biotechnology Information)2]
BLAST (Basic Local Alignment Search Tool) search program= ©]-8-3}o] #4135}
o HokE wl 97 uWe R {FAIEE HolE #FES Genbank®t EMBL
Nucleotide Sequence Databaseoll A AFSH 7|4 LGS A M3lo] databased] o
7 A7)1A 2 PHYDIT programe ©]-8-3F4 Clustal W multiple alignment® % &
ston, A7IE 48 CLUSTAL X softwareE ©]-238}9] Neighbor—joining
Wl 98l Bootstrap w41 Al 1,0008] ¥HE3}S] tree topology®] H7F 7|Eo =
AHgste] AlgTE AAdsk on, A7) A3 F+34 72 Jukes & Cantor 24
& o] 83to] AAtste] dkolth(Table 21). Table 210 YEfII% o] #e]# s
A ZuABE 5 F 117577 AER T 750l ml5- A Yergt, o] &9

el o AL TAF 5 type strains wFTO WS 54, FEA

Jm

9, e Ase ) 54, S91A 54, BANRGE S4S v PAY 9e7t 4
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Table 19. Culturable bacteria identified on the basis

of 16S rRNA sequence.

Strain ] 16S rRNA sequence
The closest species
No. similarity (%)

JJC-5 Streptomyces carnosus (AB184263) 96.09
JIC—6 Streptomyces carnosus (AB184263) 96.24

Streptomyces sclerotialus (AJ621608) 92.69
JJE—3

Streptomyces cuspidosporus (AB184090) 92.74

Streptomyces microflavus (DQ445795) 91.33
JJH-1

Streptomyces tricolor (EU273534) 91.47

Glaciecola nitratireducens (AY787042) 96.00
JIM—-10 Glaciecola pullidula (U85854) 95.43

Glaciecola punicea (U85853) 93.63
JIM—-25 Shewanella baltica (AJ000214) 97.02
JIM—33 Shewanella gaetbuii (AY190533) 92.30
JIM—-39 Pseudoalteromonas haloplankis (X67024) 97.05

Oceanisphaera litoralis (AJ500470) 97.70
JIM—57

Oceanisphera donghaensis (DQ190414) 97.02
JIM—84 Donghaeana dokdonensis (DQ017015) 95.00
JIM—-137 Pseudoalteromonas luteoviolacea (AY217773) 93
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peakE YEFHAUTE ¥HA  bacteriochlorophyllel AH-&-3h= 3}
T peakE UERE 2 gi3lth
AFE AFA BHA9(Group I, Site A, B) skl A Eojd WA 2405

o
et
do
=2
x
rlr
ol
o

Gram positive bacteria(divission)/ Actinobacteria(class)/ Actinomycetales(order)/
Streptomycineae(suborder)/ Streptomycataceae(family)/ Streptomyces(genus)
ol 22 ¥ Actinomycetales(order)/ Streptosporangineae(suborder)/ Nocardiopsaceae(family)/
Nocardiopsis(genus)oll 2 w57} 2|5 Ak F2ld5 A7IXLES type strain}
vl Ay AFA] FHEA| DM =  Streptomyces & T+ 10 (species),
Nocardiopsis & @+ 2 T2 &8

AFA AFEAY (Group I, Site C, D) alFollA Feld WAL 287 T+
Gram positive bacteria(divission)/Actinobacteria(class)/Actinomycetales(order)/
Streptomycineae(suborder)/Streptomycataceae(family)/Streptomyces(genus) ol 27
T, Actinomycetales(order)/ Streptosporangineae(suborder)/ Nocardiopsaceae(family)/
Nocardiopsis(genus)dl 1 #7F F2E Ao, HFEXHO=E Streptomyces & 1
F 17%(species), Nocardiopsis & T+ 1 =& &2lst3itt.

ATF= AAE TFAY (Group I, Site E, F, G) sl A E2® W F 58+
FEA P 2 WAE 2EES UEd Adelrh 2dd Y AadEES
Gram positive bacteria(divission)/Actinobacteria(class)/Actinomycetales(order)/
Streptomycineae (suborder)/Streptomycataceae(family)/Streptomyces(genus)®l
51 7, Actinomycetales(order)/Streptosporangineae(suborder)/Nocardiopsaceae
(family)/ Nocardiopsis(genus)ell 7 w57} %Y S, Group oA =
Streptomyces % 245 (514 <), Nocardiopsis < 4%&S &35}

MAEL MFAS (Group IV, Site H, DafiFellA 2] B+ 35 #55 EF
Gram positive bacteria(divission)/Actinobacteria(class)/Actinomycetales(order)/
Streptomycineae(suborder)/Streptomycataceae(family)/Streptomyces(genus)
o] EHstxow xstwgor Site H, I (Group IV)o| A= Streptomyces <
T 18%F(species)= &213}3it}.

AF5 3iE 470 A 97 AR oA 2w o] 145709 s F WAt o v

A5 Gram positive bacteria/ Actinobacteria /| Actinomycetales(order) L3
— 63 —

Collection @ jeju



(100% )0l &3} o the-© 2 Streptomycineae(suborder)/ Streptomycetaceae(family)/
Streptomyces(genus) ~155(93.1%), Streptospotangineae(suborder)/ Nocardiopsaceae(family)/
Nocardiopsis(genus) (6.9%) = VFebsE

HEFAoR oA e AT T 145 w5 F FHAA FAME (similarity) 7}
7WHe] FdE FL Thsdel = dFE AeJska Site A~Site I7H4] & 55 F
(Species)©] ZALE A O, 55%F F Streptomyces (genus)ol| 51F0] &3} 01,
Nocardiopsis (genus)©ll 4% o] E3}t% At}

AN AFE il ] Hojxl WA R mg=9 16S rRNA 71A 4
= wAste] B A3 T 11dF AT F 45, sl BE 7)) 7 A EE TY s
ol w9 EA YEFRTE o] el HisiAE Ho R A5 +AF = type strain
= Bl A= Wi 54, FHA 54, Azttt 54, gty 54,

A EEA EFS v)u BT D u AAs @ FHET)

A
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PART II

AT FR NG HARY By R 54

A F A EEE Glaciecola siphonariae sp. nov., =

Oceanisphaera laurenciae sp. nov.,%

H 2 & =
E584 A4+ 2 EA

Taxonomic research and Characterization of new species
Glaciecola siphonariae sp. nov., and Oceanisphaera

laurenciae sp. nov., isolated from marine sources

@ jeju



1.1, A9 P E AdeY T4

A=

%

_E_l

—_
o

N
H

T z;gl_

= g

o]
AR

F 3L

A
=

\= e}
=

o &= w4

B
==

3 £, v}

Bae
%=

&=

T

-

A Eell A

9

Al
=

& #l

S

B!

4

7
LA

PN

2=
Ao} Apol=

3|

Kl

o]

o
&

3} o1y o]

AEf Al A

1

Ok X

1o we ) A g

p8.

Adozr 4ols

e

o]
ov

TR

o
o

b gleh ey MAaEe

S

HA 7]

al

e
ERET

1¢] 50%0]
2t} (Cowan,

&

o] ¥ 2t (Moon,

|

il

A o7t

¢}

Aol

QA AL WS ol
3

-

=
[e)
0]
AR

]

ofolt}, w3k T who] &

*‘]‘J—L

[}

AH-TE7EA] €

[e)

AES 7oz AYS AU

2009).
"=

zﬂ_ﬂ

g

= AeE F

A

Bz AdACd =

)

»AO

T
Gl

1

99%7} W

_66_

Collection @ jeju



I
=
AAA el BAlE et Fo] EAE Aow FALIL o AATEA HHE

T 7o Fol =3sitt.

HAAN7A AE = FE Fo °F 509 181 BE F 259 A9 9 20%(oF
80%E) AE7t &EA A& Aol HletH WAE thAdolv el gk AT
= vl e FHAQ)E, ol ¥l T Mg & TAHSEA gFE
m A=l 27k Ag7kAl Eal e WHeEE wdo] EVlssithe el 7
gkt wjgatr] olg PAES AAA SR ol&stat st A e AXSE
THoR HT BAXOR FYHA Juh E=F Ao AgAe dFemA

o] ToAdez A& AT AHA AAHA YJAE AAsta JS B ol
FolAl slole < U AAA XS AFstn k. nAEe o)

A= FoAE oy et de Betsly] 98] A BEHAZFEH wds AA
23 A% DNAE 83k, o|25F A4 s 7 Edizt H
16S ribosomal RNA 2 #H(16S rDNA)S Rl Alg W F obdA
gto] MAE AYs FobstE = WHol wol AR&H I Avh(Tiedje and Zhou.
1996). thd Ao A s o5 AFtel ot AA7A LA A
A Ee] EAEH, Y] Ag olEo] wAE FHTA JA divsE
A8t = e & Ak dE EY, T Yellowstoned] EGoA

oAtel 9, o] FEAATE 12719 A =& Bacteria =(division)S 4F

ky
%0
I

o
rO
-

I eC)
o i

9 +=d (Hugenholtz et al. 1998), o]+ 1 A7} wA®E £ 9 50%9 g

© mAeIt EF eyt M E n s ARl FeAde AAS] AF T
Az Ao 7ids el gk w81s 7l=olal loew, ol wEkA 2006
Aol = "ol AF B3 7P e=9dA 195 AA sk e (Fig. 1),

welde A9d WA e d&lM wal, A, 'HE So® WHslal ofd o

T
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Fig. 1. National ranking of new species bacteria announcement in 2006
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1.2. M AE2 A3 2L BF (Evolution and Taxonomy of Microbial)

1.2.1 PAESY Wz}
A gH(evolution) = AE3IA A% Aol ofe) A& AXWA WS FA
shel ek A 54 WAL Hebh AR Fo GAE ob)she 1A

& 70 (Gould, 2002). LY RE T2 ¥R, 5 ¥FEY fdx F
dlM HxHow Rstd lo|th(Futuyma, 2005). Fsh= AldielA Az fx
ol AEH = Bl dojv= wdxte] Wyt wAE Aot 4 W

7} Qojube fcle mAWols FAAN g% FA% A%F Solt A5
ol Fo 4F A AR Aust B39 gEaAe od fa@do]

Mese AddEs 09 okl A ool FHA REolth AddEoR <l
3 4B Aol B0l Agshed R FAFAS e AU duEn ¥
K nge =

A FAFEHAE0] AESFL AN F de 7IBE ALKAHoE AT

(Ayala, 2007). o]2]3 A S AH A=E2 @4 4sdto] Mz 5
E3tsith, A& HY Bzl o3 st AR xIstet el 9

o 543 8734 W3 52 AEY BFoE oA T|E F

AEetas9 ofddl= BEAE WA 7he] Al(kingdom), =, 2= (plants),
E (animals), ¥ (fungi), YA A E(protists) 12|31 EH &} (monera) [LYE
(prokaryotes) |2 13 A0t 22 EAAIESel of vA 7|9 A= vl
T8 WstAD S Y= Blo] ofyees AR o] vt

Aol AE AEAE Zrd(domain)olgt &8 $-= 374 F2 AF5S
g Fgetden, I F E2 27 oA uAEY JdANEZT FAE QT
A AR Azl W& xgEY, B LS A3 g A AE BT
xshata ok 7 98 152 Alit(Bacteria) ¥ AT (Archaea)ol™, X3 =
A& (Eukarya)olg} £}, o]& &olv= AES] 3/ =S A
W =l 7HE Aelel Ae ERdolvth weEkAd AE, TE, dF, d88ES
S

T+ Az =] Al(kingdom)ell &3t

B

a-y
r o
flo

j&
Ot
o

(o3

¢
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BACTERIA £ ARCHAEA

" ] %; ij“’w ;‘;j"

¥ fn""
Bacillus — . 4 f; fp"o‘,
Haliobacterium % - &4 D.ﬂ”'
,M s -} — ﬂp TI'N',‘;'S'E";“ l'I
- " a‘s ) é ‘ &ﬁ%ﬁ
g o
jeroB o L2 : Environmental
e ““'«.dl \;;;\_ A S q >,equmces
pet ‘
,ﬂ’ (5
pJP 78 |

P27
Booistrap % piEE
{Lisosiihood Parsimony )
"KORARCHAEOQTA"

EUCARYA

Fig. 2. Universal phylogenetic tree

M+ (Bacteria) Z=HQlol= &% 40712 & (phylagt sl, ©@<=%= phylum)o]
OJAIZFA] WA= Qo RHO] F Qg Mol AMuAlETel YERUT B
Al w50l 23 FABAEY UMD woem  AHoHo UthFig. 2)
(http://rdp.cme.msu.edu).

Alxt (Bacteria) =m|<lel] A= dF-AE S iyt Ao 22 xdFHo= o
Hgo] Aode FEZ T ETE ProteobacteriaZt EF2 o9l o] 1F9] At
o] 7ML e AYd BEAS AsZA e s 228 5SS HA
Ak oA AR AEF 543 AT vrEAl Addbgde] e Ao
ofyet= AL HolFrh AEe] 47|
591 Proteobacteria, A4 2% Rhuzibium¥} Rickettsias®} &S Al O 2 H-E
Attt AR o] AEES vEZ=gobAg AEddA] &AL

Z2 Aw F2 T AFEWAA A AT AFA BFTE A A

flo

B3] A+t (Bacteria)® F8 1
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FHPYE A A% 5 A%l AT AT F(phylum)lA
stk Holw AFel 1874 Fa AB()e] AP wjde] AT
A glow, Ad ANAZRY P RNA FA49 35 L AdEae

we sl delHn vk Fig 3& Awe AFNH eg welFu

|

p

(Michael, T. Madigan and John M. Martinko. 2006). ©] AlZEFE AxEZ ¢l
= g x1Eo] Ak (small subunit, SSU)olA o]z 16S rRNA Q7|4 LgE v}

gow szl Aot

Flavobacteria

' ° ff;lamydia

Thermotoga

Nitrospira

Fig. 3. Bacteria phylogenetic tree.
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1.2.2 "] AE &F(Microbial Taxonomy)

v A ES FF(classification) &2 #7F3SH(taxonomy)< " AESe] = Fof
ojtt, FAEL BFE &5 AR tE vAEY FABRAE vlusta, vAY
=9 BHS A AAA AxE ey, RS el # dEeR F
4 (identification)? ™ (nomenclature)® -+ F98 +34=2 ydog. 7%
(taxonomy)& 7§ (phylogeny) ¥ F-&3dl= A2 wlg- FQ38th. &7/ 7
&3 o] F §ojo om7} A S tEY] wjFolth

N AES BERE HE A58 oz A (phenotypic)®] #o] o]FE3HH,
A7lodl= M= B, YA tiAb, &4 8 & oy 7HA] 54 Eo] X
stEit) o]E 1A X EFH(classical taxonomy)o]gl Tl

1A FF(classical taxonomy)oli= o8] 7[A] X3 FZH EAES FAsta
71 HolHE F(species)olA EWQl(domain)7HA] 7 Aoz AEES I1F

Adl AgA ol Yol AgHEE ERIGH S5 FH, 9F, 4T, A

A - (monothetic classification) 2 ¥ A7} HSA o] FolA de. 1
2oL ol i3t YRFE Hom =

W sl(strain variation)E A & & F flvte @S 7FA 1 Itk (Sneath,
C2Ey 299 A4S A=Y 89 ERed oA A Fag
skar k. A
o] /AH AL W2 MAEES 5% 25 (weight)7} Fojd o
& A (unit character)ol thal] A &3t AFEHE o] &8 Fdor EFale
5% (unmerical taxonomy), Al¥4 AE BIES 3lstyor FA35Hd]

H

H T R sl ol&st= s B

—
©
(o))
N}
~—

ok
o
ki
=L
2
Mo
S
o
Sl
2,
fai)
o
=
b
ol
ol
N
i
:::‘4

WE.
N
N
D
o
Mo

fo Hu 2
ol
i
(2

ne
A

rlo
o

(chemotaxonomy), 168

i
M

rRNA?9] 97| <dS vlwstAY rDNA-DNA hybridization 59 WS o] 838}
of ALY FALRE HluEA Y] HAEY FAWAE FA ek EAA=S
A (molecular systematics) o] <ol P]AE9 ol o] &= St

48] &% (unmerical taxonomy)-> 1950 tholl o]Z&] FFE ] WA

nAEe Y 54, A9 Asted 54, S8, A2, gad R 2

O
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S
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al

}= W} (Sneath, 1978) o=

o] A S 7= o] I

B
il

i

il
e

[e)

&) 2 (Characteristics)<

E

ul o

gl

9

A& (Operational Taxonomic Unit, OTU)°| o

o)
o

0TU¢

-
-

AA 2 el

of SR okUet Pae] Wol

AR

-
T

4 thade]l OTU

<)

OTURAM 5055 o, 2o T/F=EAT 100FF o]io] 7|59 ¥t (Sneath,
7F At

]

MAE BEV|HAAA G5

1
T

o]
A

=0

).

N

= AA

o]

X
=)

g

=]

—

o]

o] vt
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)
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file)

]
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l

¢}

}t}(Sneath, 1972).
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=
=

0
z]t
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—_—

X

W=
iz

1970t ©]

o

T

H (chemotaxonomy)

o we} of
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<1

Fef A5t

S

ol o

R
=\n
iz

3 AE

Ay
fn

A Aw (Al
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el
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of Fed ERER vlalste] A& Agetr ZAb fd A Wl Hlste] A

A AE A B (molecular systematics, molecular biological classification)
= AE9 JIE BA FodA At EAKESE (molecular phylogeny ) ©]
FESHA HHEtHA dESHE vAEe] ofd ARE St AARFYH Al
o2 HA=A AANS ZHA HHA @} 24 A5E 5 GC content,
DNA-DNA pairing, 165 2 5S rRNA B4 A42EZ< ogsto] mA=Re B&
2 54 a3 AedA (AsE #AA)E et} sk W o] th(Fox and
Stackerbrandt, 1987). M2l AEA Yo FHARE 7FA3L 9= DNA9
cauld shAo] o3 RANZF &Yl G-C contents (G—C mol%)< Al+9]
genomeS TAlSh= DNAS A A7]&o] th3d+ Guanined} Cytosineo] A H
&24 Tm (Melting Temperature) ¥, H3HAl5(CsCHS AHESH B wra) <

e

Al AAW, Pl-nucleaseZ AFE3F HPLCH So= =4d &+ v gAgoe=
A+e] DNA G—C contentst™ 25~75% WS¢ Wol A3 1 g 7zt 59
A DA S Fig. 4). G—C contents?} 10% ©]A o & #F+= HFx8# o
dFolgtar & 4 ok ey FHTA FlE7t 2 7
contents”} W58kl s F w5 DNA @7|vjde] Avti: B
=3

Organism
Prokaryotes
Bacteria

Archaea
Eukaryotes
Animals

Algae
Fungi

T
[—]
=
Plants = ]
- .~
[ |
/

Protozoa

O 10 20 30 40 50 60 70 80 90 100
GC (mol %)

Fig. 4. G—C (or guanine—cytosine content) contents
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w2k DNA 37]wide] J5Ade dolrr] 913l DNA-DNA hybridization

A @t} (Fig. 5). DNA hybridization 175 #352 /IEdS WA= s S

U Y #Fo= 7H537] 918 DNA A5 X9 3heka e ojfz 3 Ad7ME

FAGA S = floh a8y 19873 A Al B W sl &

o 4 wAE RBFAe] £ (species)o Wl “F& Al AT Ao

7hed et e @elolH, AZA DNA AsAde A 0% 2 1
F5 X3 g Ao st dxAem T AEs FE &

(genus) 2. & F3st7] fsirs= Aol 25% oo AeA #s 7HAoF it

(Fig. 6)(Johnson, 1973). RNA &&= rRNAZ}F AEIHS] Al S

FE&8A ol gH A=l I olf+ rRNAE AEZ FA9 2SS 2}A o]

EE AsE5E g4A4 By d ¢ A Jdnd 4 U ghws BE AR
A

fe ©

¥

of QJojA wlg- T Q3 F27} conservativedto] 1 A 7] wel HA EE 3
W4 9t} ¥uk olu@} conservatived rRNA EA O =2 <lslo] t}hokdl A E-9
H 7} 7hssl A Ao R vlug ¢ S AR fGUHds

=

= AHolr}, E3] rRNA = 55 rRNA ¢} 16S rRNA7Z} A5 & 7ol

A)aL ot

Organisms 1 Organisms 2
DNA DNA
fragmentation, labelling(-(®)) fragmentation
® OH® B o i
HeHHeH LEREEE
l denaturation ........... > _.

NENENEIENEERER ERE

The DNA of one organism is labeled, then mixed with the unlabelled DNA to be compared against
Hybridization

® ® ® ®

[« — °H"eH"*H=H
DNA-DNA hybridization ( O )

-t = ® ® ® me
[Oxii—ef: i 3%F " °F 3%E 3° i &

DNA-DNA hybridization { O ) DNA-DNA hybridization ¢ X )

feduid
dadabda
dadabda

\

Fig. 5. DNA—DNA hybridization
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100
920 —
A B
80 [—
g 70— e e e e ————en
g ©
= 60 f—---u.ee e B — s
=l
=
£ 50 |—
=
= 40 — D
=
g 30 |— A : geno species
=] B : (geno) varieties species
20 — —_—
C : {(geno) subspecies
TOS— D : closely related genospecies
0

Fig. 6. Proposed taxonomic groupings based upon DNA homology data.

Phylogenic tree(Ale5, Al&REgFx)E AHS 7£L2 o] B2 At 3
34 BEXAAE 7153 Ao =2 Neighbor—joining (Saitou & Nei, 1987), least
squares (Maidak et al, 1996) maximum parsimony method (Kluge & Farris,
1969) AAMHE A183le] thEH olE EdIZ wX| 9 HAE 5EA4& oFT
2Jt}. Neighbor—joiningS A% %<l cluster analysisellA st} 2 Al5o] &
de £ 2 sdvE 7HHE FA gon, MY SddAATE ke F5H
FoAUsle w2 AFF(Tree)E Tt

SIATE AE EE HAES O =

AAE shvete o B 585d §8E =

5 ol 5
o TEHoF ATh FAA profile’e o917} oj] HuHo® Angomn ®
=

7ol ;S wola, 7€ Addd So7hA g Al PlAdES 2T 73
= Z7}3te}, opakEF8H(polyphasic taxonomy)9] 7038 Colwell(1970)°l <] &)



Ae 7lE Zled AR dolgHolxe] F5E RS &% Y Ve

3 A A EAstE BRE wAE Fo v|Ehd, EEEo] Qzto] ML
A A B3 2 FHAEGD dHA Jvh(Hawksworth, 1991). &7/ 7]=9

e Az vAEe B JlEs gasted, Mg gARe oy &

Technique

Restriction fragment length polymorphism (RFLP)

Low frequency restriction fragment analysis (LFRF A, PFGE)
Ribotyping

DNA amplification (AFLP, AP-PCR, rep-PCR, DAF, RAPD, ARDRA)
Phage and bacteriocin typing

Serological (monoclonal, polyclonal) techniques

Zymograms (multilocus enzyme polymorphism)

Total cellular protein electrophoretic patterns

DNA-DNA hybridizations

G+Cmol%

tDNA-PCR

Chemotaxonomic markers (polyamines, quinones)
Cellular fatty acid fingerpriniing (FAME)

Cell wall structure

Phenotype (classical, API, Biolog...)

tRNA sequencing

DNA probes

DNA sequencing

Fig. 7. Taxonomic resolution of some of the currently used technique.
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1.3. AMHAE A GRE A% 2R ETH HD

Al A A el EAsHE MAES 0.001%~3% =R wldo] 7hed &
olv] (Table 1), 97~99% ©o|’J¢] MAEE°] &4 WHoers Wgd =
glol 2k AdEe] PAE v 7 2 g o
3l AP (Amann et al, 1995; Gray and Herwig 1996; Snaidr et al,
1997). webA FHZoll= wigstAl &a A AEA el vAE L3 AT

E sl AMEa gow, 53 e o/§8 BA ARSH el uy

=]
of\
i
%
ol
4
)

N
>,
o]
A

o] &% 9t (Liobert—Bross et al, 1998). 1 % F% small subunit (SSU)
rRNAZ AR dieh A57F wo] o]Fofx|aL v rRNA= wuj f/del whojst
H, vlol 25 ALk AEE o] Fofxl BE A=Al SAsty] Wit del o
S5l gk 1 F 16S rRNA @714 #4435 S8t t& vAdEde] daA

S 9ola, ATEREH HAAE ZAASH st AAE FALTE £ A
(Giovannoni and Rappe, 2000). X3l Ribosomal Database Project (RDP)<}

Genebank 9] 525 0o] ¢l 16S rRNA databasex Al 7582 BA ol A
Hl 17} 7hssles A o] glojA ol& o]&3ste] tFel 37 EAsE 1
AE FH4S THsk=d F8sHA o] 853 Q.

Table 1. Culturability determined as a percentage of culturable bacteria in

composition with total cell counts (Amann et al, 1995).

Habitat Culturability (%)?
Sea water 0.001 — 0.1
Fresh water 0.25
Mesophilic lake 0.1 — 1
Unpolluted estuarine waters 0.1 — 3
Activated sludge 1 — 25
Sediments 0.25

Soils 0.3

® Culturable bacteria are measured as CFU
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1.4. Phylum Proteobacteria

Proteobacteriat™ °]|&5% FEHE v WA 4 &= 44 o] 1
29 Al ProteusolA FHskAl FHATE. Bergey's Manual of Systematic
Bacteriology Vol, 2/2e (Prat B) A7} FF ITAATolgtr EE ¢+
Proteobacteria®l] #3gF W&ot} o]= Ao FFAH S sz Alato] oy A
& (subgroup)el] €3] HA EXE37] wEo|t}. =, Proteobacteriax 7F4 A1
7V oheFek At 1% o]th(Madigan and Martinko, 2005) 16S rRNA Ao
oz M= A TATHoE ATWTAAE Uvk= Aol HEAX AR
Proteobacteriai= oJ2] FWollA A=z dAA3A tf=2H(Lansing et al, 2003).
ols ¥ FATY EFE FE tolv Q] Al AFH prosthecasett #
w, AAo] ALAE zZte AZA g vty EE o]F Al FESHA,
Adgetxomn g thefaitt. F5HF ¥ = (Photoautotrophy), 3}8H+-7]9 %
A& (Chemolithotroph), 338t%E4 % A E (Chemoheterotroph) 5©] EF &4
Ul Proteobacteria®] tHAPEA, e, A2 dubdom FEg oFitol
gith. Proteobacteriat®™ Al Al AolA w2k & (phylum)olth. ©] IF
AAQ7HA e Aol 744 2 aFolth 16S rRNA @714 45 mius) B4
Proteobacteriadlli= 5719 AlF Z(class)o = FAEEH ZF Z(class)ol+=

—Proteobacteria, [B—Proteobacteria, y—Proteobacteria, 6—Prptepbacteria, e
—ProteobacteriaZ} 913 71 <Fell 4070¢] H(order), 9470 FH(family), 62771 &

(genus) 18|31 557719 F(species)o] EESHTE,

Class @ a—Proteobacteria

a—Proteobacteriai= WH2o] FEFFHE(FEEl A2 HHdAM AZ
Ue AE)oltk. oW FRe 5Hg diAb S Zet 48 59
Methylobacterium® 7% WE-2 Aslel= Alw¢ld degad oz w9 thdkst
g 9o A 3t A4St 7he EE S olux] @Al B8 HAF AR o
43T}, methane monooxygenase X.-3}al 4 methaneS methanol® A3}

Al 71T}, Nitrobacter®] 73-5-oll+= 3}8H77]99 YAE-(Chemolithotroph)©]al, Rhizobium

Collection @ jeju



2& A5e dAs Ay ske ¥ ZEeth Rickettsiadt Brucella 328 735+
WA vAEolty, AAR Rickettsia= A AEW 7|4 vjAEo|t}, a—Proteobacteria
Z(class)ol= 8709l H(order), 21709 F(family), 1977] Z(genus) Z1E]il
167712 Z(species)©] F3E3}(Bergey's Manual of Systematic Bacteriology.
2001).

Class : B—Proteobacteria
B—Proteobacteria®] THAF= a—Proteobacteria®] thAFS} FAFSE Ho] d=wk A
A Gl AFelA Frl=e] FAHEHAA U =24 AMEste ¥
o] 9lt}. B=Proteobacteria®ll &3dl= Y Fo| AHdS T4, dEYol, vE, W
& AP AR =4S AFERIYE a—Proteobacteriaxl |/ 48] HHEE F
7ol daldS 74 aL 9tk B—Proteobacteriadlli= 318159 YA E-(Photoautotrophs),
H5- 719 %A & (Photolithoautotrophy ), ™ &-24F3} A+ (Methylobacterium), 3}
7] %A E-(Chemolithotroph)©] ATt 18]3l Neisseria <:(genus)¥} Bordetella
Z(genus) 2 Atg HAAE ¥l Al B—Proteobacteria “(class)oll=
7709 H(order), 12709 Z}(family), 1207 <(genus) —18]32 807Re =

(species)©] X3 t}(Bergey's Manual of Systematic Bacteriology. 2001).

Class : y—Proteobacteria

vy—Proteobacteria®™= 7% thFst A4 {3 7FA|31 & Proteobacteria

ol 7V & AaFelth Be F2 F(genus)o] &Feh7] 9 YA E (Chemolithotroph)
Z7 58 7] (Facultative anaerobe)©]th. DNA—DNA hybridization 232

doll ofsh y—-

Hof drt. & aFole FASHA A (purple sulfur bacteria)©] E3FE o] Q)i

F HA a2Fole MAEN ZIBAES Legionella®t Coxiella?} 43+t 714 &

T OFde FRAE oA e Y Fo] &3t 2lE S RNA superfamily

Proteobacteria= ¥ &2 7FA(branch)7} 22 w22 T4

Oll

I & t3Est+= ¥ (family)+= Vibrionaceae, Enterobacteriaceae, Pasteurellaceae
Folt}, ols A FEsl uAke} 58t 14FE Z(Pentose  Phosphate
Pathway)& ©]&3l] ©53&ES o8ttt tiiio] =U0FF7|AY Aot &
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B RNA superfamily Ioll&= thi-o] &7 A A+ (anaerobe bacteria)©] 3t
o] ¥:=dl °]E< Entner—Doudoroff Pathway(EDP)$} 583 QIMFEZE o] &3
e TFHY B2 F7EAE AMSSY. Pseudomonas, Azotobacter, Moraxella,
Xanthomonas®} Acinetobacter’} superfamily®l] <3t} yv—Proteobacteria 7+
(class)oll= 15709 E-(order), 35709 FH(family), 2207 <(genus) L&l
275709 F(species)©] E¥3It} (Bergey's Manual of Systematic Bacteriology.
2001).

Class : §—Prpteobacteria

§—Prptepbacteriat™ 18] Z(genus)©| E3H T & IF2 ofYAIRE Ogo=
E7stal FESHA e st o bggAo] 43E AR ol At
7l dRbAQl o ® Wim s 5Tt 3Fer7] 4 YA E (Chemolithotroph)
o|t}. Bdellovibrio®} Myxobacteria®t < &2 Wol&E X A51= X2 zlo|t}. t}

Ao WHOR F/GRRS Astete B B A FAAS W

flo

rl

(order), 227019 #F(family),
o} (Bergey's Manual of

Eojult}t. §—Prptepbacteria A (class)ol= 8719

747 < (genus) 183 1970¢] Z(species)©]

I

Mz
H
ok

Systematic Bacteriology. 2001).

Class : e(epsilon)—proteobacteria

e—proteobacteriai= 571¢] Proteobacteria “J(class)el A 71 2t} o] 159

Lot EE Ae] Zt=vd a3 S4 o E =2 EYoAY v EY,

UAE 2okl A% Ut} e—proteobacteria®ls= Camphylobacteraceae®t Nautiliales
= 2709 E(order), 4709 T (family), 167} Z(genus) 1] 14709 =

(species)o] X 3t} 1 = 2719 7V 583 %2 Campylobacter2}

Helicobactergh= vlA|S 7|0l 540 A= YA = 7Hto] A
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1.5. Proteobacteria; Gammaproteobacteria;
Alteromonadales; Alteromonadaceae; Glaciecola

Aeromodales; Aeromonadaceae; Oceanisphaera

< 2 d F9F Proteobacteria 39 <] Gammaproteobacteria®l 3=
A2 G A Ed gt w2 2 Barl FUkskal 9o olgA e EHojx
MZE vAEES A% @HAgH o2 Altermonadaceae 2 Aeromonadaceae
family group®} ##Ho] QAT Glaciecola %2 Proteobacteria 571 % =
Gammaproteobacteria 7ol &3 14719 & (order) & Alteromonadales I

9= Alteromonadaceae  ZH(Family)o]l <@th.  Alteromonadaceae ol =

Altermonas <, Alishewanella <, Colwellia %, Ferrimonas <, Glaciecola 3,
Idiomarina <, Marinobacter <3, Marinobacterium <, Microbulbifer 3,

Moritella <5, Pseudoalteromonas <, Psychromonas <5, Shewanella < %<& 137}

9] &0 7 o]Fo|x] Ut} Glaciecola & Bowman (1998)0] 2siA 3o
Raxolg o 20099 dA7A] B8 FE2 Glaciecola punicea, Glaciecola
pallidula, Glaciecola mesophila, Glaciecola polaris, Glaciecola nitratireducens,

=

Glaciecola psychrophila, Glaciecola chathamensis, Glaciecola agarilytica & 9

Fol glut.

Oceanisphaera 42 Proteobacteria 57l 7+ % Gammaproteobacteria 7l

2~

2

|
3= 14709 E(order) % Aeromonadales &9 91+ Aeromonadaceae I}
(Family)ell &3kt}. Aeromonadaceae o= Aeromonas 2, Oceanimonas <

’

Oceanisphaera <, Tolumonas < % 4719 <o] &£A35}™, Aeromonadaceae®l

&el= Aeromonas %5 ALldtile B2 TR FEo| HIHAA Fsith
Oceanisphaera 42 Romanenko (2003)9] Hx= HIiEHo FHow XF71A
Oceanisphaera litoralis®} Oceanisphaera donghaensis & 2% %ol X 1% T},
2 odAFAM e ZEEFe 7P 23 w4 zelg Hole Fads
(Oceanisphaera <)7F 2% Hyell glold FAskd oddA HluE  9fsiA

Oceanimonas < 4<&, Aeromonas <5 27, Tolumonas

4
o
fllo
oy
K
ol
$3%9
O
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oyl ATelN wHE % MAR 2Fe AFE oY s} FAFER

Pk

AlE Gt sl == B #2850+ d NCBI BLAST searchE 3 2 24

=

Glaciecola nitratireducens®} 98.6%, Oceanisphaera litoralis®} 98.02% 7} <]
sto] A2 T 7Fedol YErY 14 EF(classical taxonomy)ell <8t

Magel Fejets 4, 99, A, ARHd SHFY 94

4
4

ML
=il
T

2]
(chemotaxonomy)Ql A|¥® X|ukil B4 5 g 2244

M
u
J|m
o,
2

=
G—C mol%, 16S rRNA sequence #4] 58 sl 2 2y A=z +

o
fu

HEF
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2. Ax R U4

L
Jm
o
M
4

2.1.1. LukEQd 289

2.1.1.1. A% 35 vAE £ A9 (Sampling Site)

Aol A Eag JIMI0T(AM 983541) AFA] ofdS afigteio] $X
st 27 (Fig. 8)o AMAsh= Y F2F8E Siphonaria sirius (Mollusca:

h s

o]m

Basommatophora)ol| Al & =]z o, JIM57 (AM 983543)2 AFA 2HS

A&z o] AAEE A S Laurencia sp.ol A 2] 5 At}

/ ......... Strain JTM57 \
Strain JIM10 ..

\_ Sinchon ,'
hY

-~

-

]
i““:"',’ Jeju-Si
i ? M. Halla

Seogwipo-si

A
~

\ JejuIsland /

map for an organisms collection in Jeju—si, Jeju Island. The

Fig. 8. The
dotted circle in the map indicates the sampling site
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2.1.1.2. 3 mABES £ © B (Isolation and Storage)

APE w5 2 A= ARE homogenizers AH&ste] 4 ¥ A8 1 g&
0.85% HwAeAATE o]&3 34 sto] Marine agar 2216 (MA, Difco,
USA)ell =dato] 25CeA 293 Wiy & HeEatdith. +8¥ o+ JIM85+&
Marine broth 2216 (MB, Difco, USA)dl wj&st & 20% (v/v) glycerol & <49l
dAgste] —80 CTeoll HaAstHA 7o o] &3t

2.1.1.3. FZHF (Reference Strain)

LTS JIM102 Glaciecola %2 Hh&3 o] I3 Holxl =& 3 Q&
SRy, Glaciecola punicea, Glaciecola pallidulaz= Bowman et al, (1998),
Glaciecola mesophila (Romanenko et al., 2003), Glaciecola polaris (Trappen
et al, 2004), Glaciecola nitratireducens (Baik et al, 2006), Glaciecola
psychrophila (Zhang et al., 2006), Glaciecola chathamensis (Matsuyama et
al, 2006), Glaciecola agarilytica (Yong et al, 2007)9 +=%<& Zast3om,
B8 dF JIMS7E Oceanisphaera £ th2-3 Zho] HMbx Hojx =EFS a1
AL} Y}, Oceanisphaera litoralis (Romanenko et al, 2003), Oceanisphaera

donghaensis (Park et al., 2006)°] =& %318} t}.

2.1.1.4. Gram staining, Oxidase and Catalase test

o

Gram staining Buck(1982)9] W o g o AfokS AL 3% a1 3% KOH A
kS o] g3dle] A3t} Oxidase A2 Bactident—Oxidase test strips
(Merck)S o]&3sle] =743}S ) Catalase &4 3% H.0.5 ©]&3sto] FAH3s}

AT

_85_

Collection @ jeju



2.1.15. A% &= 2 pH AF

A& 75 JIMI0T(AM 983541)9F JIM57 (AM 983543)2] A% L= 3hols)
71 918 MAe] 752 HEF F 4, 10, 15, 20, 25, 30, 35, 40T A 2}z )
Friglon, wre] A4S 9% pH WY (4, 5, 6, 7, 8, 9, 10, 11, 12) &

Aet7] As) MBell HERE F wjFE Ao, v & 4F 755 st

jus)

ﬂl

AF T (JIM10T, JIME7Y) e WXE 4% v= 2 Ao g mAE
ANAE olr 7] 93 Aol H7EEo] A 252 Nutrient agar(NA, BD)(beef
extract 3.0 g, peptone 5.0 g, agar 15.0 g)oll NaCls 0, 1, 2, 3, 4, 5, 6, 7,
8,9, 10, 11, 12, 13, 14%E H7lste] €5 A4S EARIAH

2.1.1.7. API kit& o] &% A, AsH 5EA XA}

By 75 (JJM10T, JIM577) 2] biochemical test, assimilation test —1&] 3L
fermentation testZ 3s}7] Y& API 20NE, API 50CH, API ZYM microtest
system(bioMerieux)= ©|-&3to] A}, Asetd 54 AT

2.1.1.8. Agar, DNA 23l Starch &3 23

289 75 (JIM10T, JIM577)e] agar, DNA 183 starch &3] A3

Smibert & Krieg (1994) W& A}-&3}% T},
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2.1.1.9. Casein 7}5&8 A3

28 7579 casein 7FFEdl A2 Norris ef al. (1985) WH-E ARS8

A

.

2.1.1.10. Cellulose 7}£3] 28]i Flexirubin pigment A4+ A3

229 759 Cellulose 7F5i3a] 18]l Flexirubin pigment AAF 23 &
Bowman (2000) W& AFE-3H T

2.1.1.11. Chitin, Tweens 20, 40 281 80 7}E3] A3

B2a®E 59 Chitin, Tweens 20, 40 18]2 80 7}5is] 23S Baumann

& Baumann (1981) WW S A3t}
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2.2. Scanning Electron Microscopy (SEM)

=4 g Aok aFujA oA

o AulX el W WymTh ARe) &
glo] Ae o NERE WA ARES AP T F Yot TR G| B
g AgFoR U g % Azapgel Aol ulAst

Fold A Aelel we dejzk wA £d GAMA] A Aol 7
A BAN AR 87k GolaA ot meA AA EAE EAA AR

= Sstolol o wWe AR A4 BEE QIR celld] =2 E4S AT
(o2}

N
oft
=
A
=
>
lo
r>~1
S
AC)
i

Sk olu| 2|9 AR S A& F §lth 7|EY] P uiR]- AR A o] A A2
|39 A AH2He g8z 1y HjXe] FAH
& v x| 9ol filter papert}, Membrane filter(++7]-&

ar
el Ad = A=)E el LESCA TS A7IAY, ZEd ol HH

F@Ee #HE ADS A A AulE Fasns ARe 09, B5AY
A

SEM #e] AAH #AE theat gk ARAA - 24 - 25 - dAK
% - 29 - AN B ol
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1) A& AFH(Sampling)= w77F ¥WiFE filterE 7Fsd & 2HA ZebA

(1X1x0.5cm) A12=3] ;Ao gz},

2) A (Fixation)ol= A A3 F mHo] Jed A uFL 25%
glutaraldehyde (0.1 M phosphate buffer solution)ol]A 2A]7F &<t

A g T fFHoR 10~20%(shaking 23]) tA2=E 33] A gttt & 1A
o 87 el 1 g 0sOs &S ¥ 7l=d & S/ 50 mlE Wol HojA 2
% stock solutione A|Zsto] W HASTE AME A] 22 4] 2% 0s04 &4
9} k=S Xo]x H= 0.05 M phosphate buffer®] 1% 0s0, §HRo 2 A =x

ato] 1~2A1F2AS Al Z238kA] &5) ¢t 2= 1 F A

3) B 49 A 7] ol W g2y 7heek @ &2 AzE el A

Asfelol @tk o1 olfr "rAlzte]l U AW Aozyy 2d 43

(0]

(extraction)¥} F29] =&FFo] dojd 4= 7] W&ol ethylalcohol =50%,

=5
5~20%, 1~23], —60%, 5~20-, 23], —70%, 5~20+, 1~23], -90%,

1~
5~20%, 1~23], —100%, 5~20%, 33| &< A7t}

4) AAA AZX(CPD, Critical Point Drying)® ©<AIZ1 filterE isoamyl

acetateo] Ht &, IA CO,ZE isoamyl acetateS 2 A=A 71t}

5) &4 " (Au Coating) & Alge] FAlEE A S AR o |Yx7F 234
b F X=A 55 WEsked AR EIL YA iR e] oluX] = Aoyt 34

2 iR 2 gy ojoF 32 Au coating= U}

o
R
)
ot
=

6) FAFAA v A (SEM): Jeol, JSM—=6300 (or Hitachi S—2500C)& A}-&3}
o] olu|=| g} AlZItY,
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2.3. Fatty acid methyl ester analyisis (FAME)

1) Saponification

343k A ¢F 100 mg (wet weight) Teflon—lined screw cap tube (13 x
100mm, pyrex)ol &%l ¥, reagent 1S 1 ml ¥7}ske] 5-10 %3+ vortex
T 100 CollM 53 73 vh5 WA vortex(5-10 %) & & 100 CellA 25

wit TE e

2) Methylation
19 reagent 22 2 ml H7}3F & 80 ColA 1087 =8 3 & dzZbA It}

3) Extraction
20| reagent 3= 1.25 ml A7} & 10837 &3tste] A2 HFx|slo] HE-S-oH

ol 2708 Fom RIHW AFNS AART

4) Base wash

3¢l reagent 45 3 ml F7}ste] 5&ZF &3kt g W % 2000 rpmol A
3EZE AR St ASdo] 2/35 GC sample vial tubeol] %71 & MIDI #
A A7MA 4 CollA] B #Ase)

2|

Fatty acid methyl ester analysis (FAME)+ Sherlock Microbial Identification
System®l HP 5890 II & MIDI(Hewlett—Packard Co., USA)S AF-&3}o] &4
sheict.
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© Reagent 1 : Saponification reagent (NaOH in aqueous methanol)
Sodium hydroxide 45 g
Methanol 150 ml
Deionized distilled water 150 ml
Add NaOH pellets to water and methanol

while stirring. Stir until pellets are dissolved.

© Reagent 2 : Methylation reagent
(Hydrochloric acid in aqueous methanol)
6 N Hydrochloric aicd 325 ml
Methanol 275 ml

Add acid to methanol while stirring.

© Reagent 3 : Extraction solvent (Hexane / MTBE)
Hexane (HPLC grade) 200 ml
Methyl—tert Butyl Ether (MTBE) 200 ml
Add MTBE to hexane and stir.

© Reagent 4 : Base wash (Dilute NaOH)
Sodium hydroxide 10.8 g
Deionized distilled water 900 ml
Add pellets to water while stirring.

Stir until pellets are dissolved.

— —r—t
L

Bacterial Saponification  Extraction G0 Anaysis Peak Naming Identification of
Culture & Methwlation & Profile Comparison to Bacteria by Patiern
Database Recognition

Fig. 9. System for the analysis of cellular fatty acid.
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2.4. G+C contents (mol/%)

Bl g3 JIM10T¢F JIM577¢] DNA G+C 33 =42 Mesbah et al, (1989)
2 Shin et. al, (1996)°] 7<% o] 9= HPLC methodS AF&3&F3ITE DNAE
adenine(A), cytosine(C), guanine(G), thymine(T)9] 4FFo] A7|2 FA ]
AL, 7L Ade] os FHAARTE 7]5H o] vk DNAE= A9 T, G} G 4
Agte] &) o]F UHdS A dormz A9t T, CoF G= 47 22 mole

2 ZA A Al DNA €97 2L HE mol % GHCE %7811, nAE9

HA DNA 7] ZA oA guanine(G)¥} thymine(T)o] X}A|3}= A4 H &S
Uehdith s 7k7F 19 DNA 97 2AS 7 gomwg BF3hz
54 T shUzA A8EH, vAES S(genus)I F(species)S 7l&Eshs F

b

24 o stz o] g5 oAaL k. BE Aol DNA 7] 2A<] 24~
76 mol %°] Aol Ho]l FH. AWHHO=Z DNA 7] £4° G+C o A
o7} 5 % o]/dol¥ HE FTOE, 10 % ool HE £Ho=m I FHoxit
(Mesbah et al., 1989).
A3E 918 el DNA 89S Microtubed F & 14000 rpmoll Al 531t
dAEE g F, AedES HdA A Microtubed] &%l ¥ 100ColA] 5&3t
DNAES WHAAIF T I F Cooling# 4 S A4 Pl nuclease 10 ul(1 unit/ul)
E 23 50CelA 3AIZF BEgA| T

% Alkaline phosphatase(buffer 10 ul, phosphatase 5 pl)E ¥il 37ColA
overnight AlZ1 2= 14000 rpmoll A 5&87F QA E8E AX A HPLC (Young Lin
SP9300. Co. LTD. Korea)w*& A A8t3lt}h. Detector (Young Lin. Co. LTD.
Korea) % Chromatograph data system Autochro—2000(Young Lin. Co. LTD.
Korea)& ©|-&3to] w59 G+C I&FS HFTAH w2 AT Ao A8+
AL Water Symmetry C18, €& N2 12% methanol, F+%52 0.5 ml/min, 7

F9E 254 nme] 2AOR AYS Al

_92_

Collection @ jeju



2.5. 28 FF9 16S rRNA 71449 &4

w2 PAES 16S rRNA 42 7}7F 1.5% NaCle] #7he MB(Difco,
USA) 8§#] 5 mlell 453}o] Shacking incubatorE ©]83}o] 25 ColA 200 rpm
O 2 24A1ZF v eFst v NS 1.5 ml microcentrifuge tube® $ 744 16000 xgoll
A 13 AAEE sl s s Al A $ Rolxl bacteria pellets 3 5k
Wizard® Genomic DNA Purification Kit (Promega, USA)S A}&3to] genomic
DNAE &2 & %, Unicam UV/VIS Spectrophotometer (Unicam Ltd, United
Kingdom)& AF&3te] 3% 260 nmolA DNAELEE A3t PCR W&
bacterial genomic DNA 100 ng, 1 upMol universal primer pairs (27F
forward primer; 5 —AGAGTTTGATCCTGGCTCAG—3’, 1492R reverse
primer; 5'—GGTTACCTTGTTACGACTT-3"), 10 mM dNTPs, 10X PCR
buffer, 5 Unit Taq polymerase (TAKARA, Japan)) Z3%olo] HWHH FH
2 H7Vete] =R E 50 wlE 9331, PTC—150 Minicycler (MJ Research)
S AFgete  SESY. ISR 5% 342 94 C predenaturation 2%, 94
C denaturation 45%, 55 C annealing 45%, 72 C extension 13#9] Hk2-S
293] Ft F3s3aL, mpxEr 72 CTeollA 53t extensions AAsHAH. T

H PCR ¥H§ 222 ()& A EA} (Dajeon, Korea)dll €]%3te] 16S rRNA ¢
71MEs EA8A T (Yoon et al, 1998). A41®l 947|422 NCBI (National
Center for Biotechnology Information)®] 7|4 <€ 4 X = 131Q] BLASTN

programs ©]8-3t9] 2] ¥ Xl MAEE A, G h=8

of
o

2.6. 16S rRNA A% &4
AN ETY] FAIEE Eelstr] 98l BLAST (Basic Local Alignment Search

Tool) search program= ©]-&3}o] NCBI (National Center for Biotechnology
Information) 2] Genbank®} EMBL Nucleotide Sequence Databaseol| 4] FA}gE <2
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7IMds vttt Cloned A4 A7|A L3 databaseo] dojzl A7A L2
PHYDIT program (ver 3.2; http://plaza.snu.ac.kr/~iphydit/phydit)S ©]-& 3}
Clustal W multiple alignment® A "3 o, dA7|d 42 CLUSTAL X
software (Thompson et al, 1997)% ©]83}o] Neighbor—joining(Saitou and
Nei, 1987) ol 9]&l Bootstrap #4] Al 10003] 9] resamplingS %]-&3}o] tree
topology®l B7} 7|F o2 ALg3te] AleaE AAdatalon, Q7141 4 A
2]+ Jukes & Cantor(Jukes and Cantor, 1969) 225 o]&3lo] ALttt 1
2lal F2 9 9714 E-2 EMBL Nucleotide Sequence Databaseol| 55331t}
Y FFJIMI0D) 9 thxw#52 16S rDNA $7]% ©-33 Zo] GenBank
accession numberE 7FA| 3l Q)T

JIM10" (AMO983541), Glaciecola agarilytica NO2' (DQ784575), Glaciecola
chathamensis S18K6' (AB247623), Glaciecola mesophila LMG 21855"
(AJ548479), Glaciecola polaris LMG 21854 (AJ548478), Glaciecola
psychrophila 1707 (DQ007436), Glaciecola nitratireducens KCTC 12276"
(AY787042), Glaciecola pallidula TMG 214277 (U85854), Glaciecola punicea
ACAMS611" (U85853), Aestuariibacter halophilus DSM 15266' (AY207503),
Alteromonas marina SW—47" (AF529060) —18]3 out groupl.® Colwellia
aestuarii SMK—10" (DQ055844)& A3}th.

EEF (JIM57) 9 dizdFFe] 16S rDNA #71% th&3 2] GenBank
accession numberE 743l 9lth:

JIM57" (AM983543), Oceanimonas baumannii ATCC 700832" (AF168367),
Oceanimonas smirnovii 31—13" (AY538714), Oceanimonas doudoroffii DSM
7028"  (AB019390), Oceanimonas denitrificans F13—1" (DQ097665),
Oceanisphaera litoralis DSM 15406" (AJ550470), Oceanisphaera donghaensis
BL1" (DQ190441), Aeromonas schuberti ATCC 437007 (X74682),
Aeromonas salmonicida ATCC 33658" (X74681), Tolumonas auensis DSM
9187" (X92889) 1¥al out groupZ Vibrio alginolyticus ATCC 17749"
(X56576).
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3. 2% 4 3%

3.1. B8 #F JIM10T¢} JIM57Te] 238 Y A

I
o

1=
24

o =
= Hu

Bel#E  JIMI0Te] w3 H

J|m
o,

=F

T2l Glaciecola punicea,
Glaciecola pallidula (Bowman et al., 1998), Glaciecola mesophila (Romanenko
et al, 2003), Glaciecola polaris (Trappen et al, 2004), Glaciecola
nitratireducens (Baik et al., 2006), Glaciecola psychrophila (Zhang et al.,
2006), Glaciecola chathamensis (Matsuyama et al, 2006) ZL2]al Glaciecola
agarilytica (NYong et al, 2007)¢} Wlxl A% A3 o3 o] Ye%
(Table 2).

B 75 JIM10"S 3| F A2l Siphonaria sirius®] 3] ZZ o)A Hgl¥] o] %] o
W, 12 Al aerobic, psychrophilic, A4 2 Ao QlojA ¢S Q.
2 3= SA4e Za e Aoz yEist =3 MARjA|lM A2k= colony
P circulard & YWERH =S Uehdt, A4 255 4~37°C H ol
A zZbgkow, 40T = AdS shA Ftvt. =3 pH Mol 5.0~

Fs skglom, pH 7.0~7.544 HAo= JAGtt. dEse HPANE
1~10%7HA FH93 FEoA sy 4 HeE 2-5%°]9, NaCl 5=
12% o13elX e AAstA ekekon, ojgjst Antz Hoks w el F JIMI0"
= Al 94 ARl AR F1EH.

Catalase®} oxidase H|~E ZA3} A o2 el o ™ nitrate reductiono] A+
FudFote e FEd 8 Ayt EAQlEoixeh. 2e]al Glucose
fermentation®| A 4, Sucroseo|d+= UAS YEUHRI 2™, N—Acetylglucosamine,
Citrate, Maltose ©]-& %o+ 54, D—Mannitol, D—Mannose, Arabinose©l 4]
= e e,

Gelatin ¥ Aesculing 73l 31912, Urearw o445 YERAITE 3 Cychrome
oxidaseE AJAFsFSl o™, Ornithine decarboxylase, Lysine decarboxylase,

Urease % H,SE AR &= Aoz ERIHUY. & daidFdAas
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Inositol, Sorbitol, Rhamnose, Melibiose % Amygdalino] A ¢ oz YERRT]
Alkaline phosphatase, Esterase (C4), Esterase lipase (C8), Leucine
arylamidase, Valine arylamidase, Cystine arylamidase, a—chymotrypsin, Acid
phosphatase, Naphthol—AS—Bl—phosphohydrolase, Trypsin, a—glucosidase$}
N—acetyl—B—glucosaminidaseol A= FAdHH-&o] YEFEAITE, Lipase (C14), B
—glucuronidase, B—glucosidase, a—mannosidase % a—fucosidaseol| A= &4
o2 AT

hydrogen sulfide production, arginine dihydrolase, indole production ZZ2]il
VogesProskauer WHgolAl= 84S WEFWTE Nutrient agar$} trypticase soy
agaroll A= AHFS kA &Uth Aesculing 7F5ES] 89 a1 Agar, DNA,
Starch, Tween 80, tyrosine¥} urea #3 A doA+= A4 WFS-S HATH API
ZYM stripsC 2 #2438 g4 o]&Ado A= alkaline phosphatase, leucine
arylamidase, trypsin® WaiA+= A3k S YHERYJU O™ esterase (C4),
esterase lipase (C8), lipase (C14), valine arylamidase, cystine arylamidase,
acid phosphatase, a—chymotrypsin, naphthol—AS—BI—phosphohydrolase,
B—galactosidase 18] 3 N—acetyl—B—glucosaminidase HF-2-olx]&= okst &A]S
et AT, 18y a—galactosidase, B—glucuronidase, a—glucosidase,

—glucosidase, a—mannosidase 123 a—fucosidase =4 WS R it
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Table 2. Characteristics differentiating strain JIM10® from nine recognized

species of the genus Glaciecola.

Taxa: 1, Strain JIM10'; 2, Glaciecola punicea; 3, Glaciecola pallidula; 4, Glaciecola
mesophila, 5, Glaciecola polaris, 6, Glaciecola nitratireducens, 7, Glaciecola psychrophila;
8, Glaciecola chathamensis; 9, Glaciecola agarilytica.

Data taken from Bowman et al (1998), Romanenko et al. (2003), Trappen et al.
(2004), Baik et al. (2006), Zhang et al. (2006), Matsuyama et al. (2006), Yong et
al. (2007) and this study. +, Positive —, negative W, weakly; ND, not determined,
Y, yellow; P—r, Pink—red; P—p, pale pink; V, variable reaction depending on strain.
All strains were Gram-—negative. All strains were positive for the following tests:
motility, sodium ion requirement for growth, oxidase, catalase, growth at 4~15C. All

strains were negative for growth at 40°C, indole reaction, chitin hydrolase.

Characteristic 1 2 3 4 5 6 7 8 9
M°t|||ty + + + + + + + + +
Colony colour Y P-r P-p - - - - - L
Temperature range 4-37 0-25 0-20 7-35 5-30 1530 4-15 4-30 7-30
for growth (C)

Nitrate reduction + = g = - + - - -
Hydrolysis of:

Urea - - - - - = - F ND
Gelatin 4 - - - - + - - ND
Aesculin + + w + i - + +
B-Galactosidase L + + + + B + + -
Acid from

D-Glucose - W W i = - - + -
Sucrose + - - W - = 3 + .
Utilization of:

N-Acetylglucosamine - - - - - + - - ND
Citrate - - - + o - R
Maltose - - - + + + + + -
D-Mannitol + - - + + - - + +
D-Mannose + - - w + + _ +
Arabinose + - - + - + - - -
DNA G+C content 4981 4446 40 448 44 44 429 448 45
(mol%)

+; positive reaction, —; negative reaction, W; weak reaction, ND; not detection, V; variation

reaction
—_ 97 —_
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BEl#E JIMS7TY BdYH EANS FudF Oceanisphaera litoralis
(Romanenko et al., 2003)8} Oceanisphaera donghaensis (Park et al, 2006)
Hl ol 243 Ayp v o] yEbstth (Table 3).

THEF JIME7TTe AFA oS SitERe QR Eid I Ec<
Laurencia sp.ZHE ® ¥ o™, Gram negative, aerobic, moderately
halophilic, =&7°] A+ SAS 2l A= A= Yei

T3 MAR|A] oA &2}z colony FE|E= circulard S YeERHT -2 F Q1 7}

219 B 3 Utk A% 25 4~37 °CY HM9E Z3 glon, #59 A
%S 9% Na' = 9 v Al sgAAMT R FAHASH, 1.0~11%7}
A Aol 7Msd AR Uebgtl Catalase®t oxidase BHI2E Az} kA,

Malate % CitrateE o]&3A A& A= Aoz A% o™, Arginine,
dihydrolase, Gelatin RFgAlAME S0 2 YERST

gk Galactose, Glucose, Arabonose, Mannose, N—acetylglucosamine,
Maltose, Gluconate, Adipate @ Sucrose®Z%-E AF AA wrLoxe= &Aooz
1= At

wel el AP ZYM strips kit& o]83to] @424 A A3} Alkaline
phosphatase, Esterase (C4), Esterase lipase (C8), Leucine arylamidase,

Cystine arylamidase, a—chymotrypsin, Acid phosphatase, Naphthol—AS—BI—

T

phosphohydrolase, Trypsin % N-—acetyl—B—glucosaminidaseol A <FAIHFS-S
He o Lipase (C14), Valine arylamidase, a—chymotrypsin, B—glucuronidase,
a—glucosidase, B—glucosidase, a—mannosidase 2 a—fucosidaseo]| A= =44t
=< Hth

B3 JIMG7'er #HaiF9  Oceanisphaera litoralis 2  Oceanisphaera
donghaensis T8 P4 S B EYS W FFHOZ 4~35TC HLJoA =
T AFE, A4S g8 & FE Na' s ZoE st Aoz gelEglon,
Nitrate reduction, Malate % Citrate ©]-&%olA &S HAT]

T3l Arginine  dihydrolase, Gelatin, Caprate, Glucose, mannose,

N—acetylglucosamine, Maltose, Gluconate, Adipate, L—leucine ®¥F-&o|X+= &

o ek
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Table 3. Characteristics differentiating strain JIM57% from tree recognized

species of the genus Oceanisphaera.

Taxa: 1, Strain JIM57'%; 2, Oceanisphaera litoralis; 3, Oeanisphaera donghaensis.
Data taken from Romanenko et al. (2003), Park et al. (2006) and this study.
Simbols: +, Positive —, negative W, weak or delayed, All strains grow at 4—35TC
and are coccoid bacteria. All strains are positive for oxidase, catalse, Na+ growth
requirement, nitrate reduction, and malate and citrate utilization. All strains are
negative for arginine dihydrolase, gelatin and utilization of caprate, glucose,

mannose, N—acetylglucosamine, maltose, gluconate, adipate, L—leucine.

Characteristic 1 2 3
Cell morphology Coccoid Coccoid Coccoid
Cell size (um) 6.0 1.0-1.2 0.5-1.5
Motility + + +
Colony colour Yellowish Yellow Yellow
Temperature range for growth (C) 4-37 4-42 4-42
NaCl range for growth (%) 1.0-11 0.5-10 0.5-8.0
Hydrolysis of:

Urease’ 4 + =
Aesculin + - -
Tween 80 + W w
Production of acid from

Citrate’ + + +
Malate’ + + W
Utilization of:

Phenylacetate* - + -
L-Glutamate + w +
L-Proline + - +
L-Alanine + - +
Ethanol + - +
Phenol™ w w -
DNA G+C content (mol%) 61.94 56.4 56.6

" Detemined by API 20NE tests (this study and Romanenko et al., 2003; Park et al.,

2006). " Phenol concentration 4 mM.
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3.2. Scanning Electron Microscopy (SEM)

8
m= YEFS T (Fig. 12). olgst A= 7|$9 HI%E Glaciecola punicea,
Glaciecola mesophila, 2 Glaciecola pallidula ¢ Cell size ¢ % 0.5~0.6 Zo]

1.0~1.59 & Aol glE= Ao = ey}

Fig. 10. Scaning electron micrograph of cell of strain JJM10?; bar, 100 nm
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FF JIMS7TS A FRG] A it FEHE How, SoldAE AX
Atol=7F wl - F HElE BEAY. 71Ee KA Oceanisphera litoralis
(Romanenko et al, 2003) % Oceanisphaera donghaensis (Park et al., 2006)
o ¥ FHE BW 49 1~1.5 um AR Ato]=E zZtu Qe Wk S
JIM10'e Z3 Zol7k A e 3t FElE 6 um FE9 Cell sized 2zta
A AT (Fig. 13).

50kY  X11,000 Tum WD 6. 1mm

Fig. 11. Scaning electron micrograph of cell of strain JIM57T; bar, 1 um.
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3.3. Fatty acid methyl ester analyisis

Be¢5 JIMI0'ES W23 g5 AE AW 24 (Fig. 14) Z3=
Table. 40 YEFHATE #5F JIM10"3} #3135 Glaciecola Z(Species)E 9]
T8 XAk EAS A9 HEY palmitic acid (Cieo), cis—vaccenic acid (Cig1 o
7¢), Summed feature 3 (Cis0 iso 2—0OH, Ci7 iso 3—OH and/or Cis:1 @w7¢)©]
AA XA = 80%9 7H7b-E %S HUth T3 Glaciecola 5 palmitic
acid (Cigo) ol 9.4~33%7h4 2] Wil A B8 EAsh= A= e}
WO w, cis—vaccenic acid (Cign 07¢)® F 5.2~16.3%, Summed feature

3 (C15:o 1S0 Z—OH, C17:o iso 3—0H and/or C16:1 co?c)@%k% 7]’%]' “E‘% H]

o
t

33.58~60.7% = et 28l EEdF JIMI0'E SoldAE tE Faud
FENA= 1= Summed feature 2 (Cig aldehyde, Cigq iso I, Ciuo 3—OH
and/or unknown 10.928)% 5.59%= 7IA1 YAt HFHo=w HY 5

JIM10T9F 7} §AFsk M EAAE EAS Hol:=  HFEE Glaciecola

nitratireducens= &<lo] It}

10358

24 ‘

22 |
|

20 ‘

Fig. 12. Fatty Acid Methyl Ether (FAME) profile of JJM10*
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Table 4. Fatty acid compositions of strain JIM10' and type strains of

recoginized strain Glaciecola species.

Taxa: 1, Strain JIM10" 2, Glaciecola punicea; 3, Glaciecola pallidula; 4. Glaciecola

mesophila, 5, Glaciecola polaris; 6, Glaciecola nitratireducens, 7, Glaciecola psychrophila;

8, Glaciecola chathamensis

Fatty acid 1 2 3 4 5 6 7 8

Saturated fatty acids:

C10:0 1.67

C12:0 1.86 ND ND 2.6 3.1 1.6 4.6
C14:0 4.03 1.2 3.6 1.2 4.1 7.0 54 2.0
C15:.0 1.1 1.0 1.6 tr 2.0 1.0 2.8
C16:0 29.44 100 94 33.0 233 205 135 272
C17:0 1.51 tr 1.3 21 ND 1.5 4.1
C18:0 1.42 tr tr 1.9 ND 1.9 1.2
Branched fatty acids:

Iso-C16:0 0.75 1.8 25 23 ND 1.0

Anteiso-C17:0 0.62 ND ND 2.0 ND tr

Unsaturated fatty acids:

C14:1wic tr 3.7 tr ND ND

C15:1w87 tr 3.4 tr ND tr

C16:1whc 9.5
C16:1w7c ND ND ND ND ND 38.3 227
C17:1wbc 1.6
C17:1w8c 1.27 4.6 5.0 3.2 2.6 26 27 8.3
C18:1wbc 1.6
C18:1w7c 6.24 163 126 5.2 4.8 7.6 6.2 14.6
C18:1w9c tr tr tr ND tr

Hydroxy fatty acids:

C10:0 3-OH 1.15

C11:0 3-OH 0.53

C12:0 3-OH 3.42 ND ND tr 5.5 2.8

C12:1 3-OH 1.39 6.4

C16:0 2-OH ND ND ND 1.7 ND

C16:1 2-OH ND ND ND 2.0 ND

Methyl fatty acids:

C18:0 10-methy ND ND ND 1.4 ND

C18:1w7c 11-methyl ND ND ND ND 1.4

Summed feature 2* 5.59

Summed feature 3* 33.58 60.7 542 430 417 382

Unknown fatty acid 11.799(ECL) ND ND ND ND 4.2 ND

‘Summed features consist of one or more that could not be separated by the Microbial

Identification System. Summed feature 2: Ci, aldehyde, Cie1 iso I, Ciao 3-OH and/or unknown

10.928. Summed feature 3: Cys0 iso 2-OH, Cq79 iso 3-OH and/or Cie4 w7cC.

@ jeju
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d

JIMS7TE v &8t AT FE AxE AW 24 (Fig. 15) 23+ Table. 59|
YER ST

o JIM57 3 #3179 Oceanisphaera & (Species)59] F8 Ak E4 S

it

A B lauric acid(Cio:), palmitic acid (Cis:), cis—vaccenic acid (C18:1 o
7¢), Summed feature 2 (Cig1 iso I and/or Cisp 3—OH ), Summed feature 3
(C15:0 iso 2—O0H, C17:0 iso 3—OH and/or C16:1 w7c)e] A Ait F
90% olde] FFS HIPY. EE #FA FFHS=E Summed feature 3
(C15:0 iso 2—0OH, C17:0 iso 3—OH and/or C16:1 w7c) &Fo] 45% o|Fo=
P w2 HlES Bole Aoz Q.

Oceanisphaera =52 ¥%% 2% lauric acid o] 6~10%, palmitic acid
ZFol 15.92~22.47%, cis—vaccenic acid &Fo] 14.01~18.66%, Summed
feature 2 ¥=Fo] 5.13~8.23%, Summed feature 3 3=Fo] 41.03~46.209] 54
< BSltH

pA_| ﬁ g
40
35
3
30+
=
o
25
] g
20+ §
=
= =4 = -1
= o w2 F oo IFS
*JE i 3 Q&L 29 g2 2
2'.5 é - ’ ’ 7f5 T 1‘0 12‘.5 ’ 1‘5 ’ 1?".5— 2‘0m‘|r|

Fig. 13. Fatty Acid Methyl Ether (FAME) profile of JJM57"
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Table 5. Fatty acid compositions of strain JIM57° and type strains of
recoginized strain Oceanisphaera species.

Texa: 1, Strain JIM57'; 2, Oceanisphaera litoralis; 3, Oceanisphaera donghaensis.
Data taken from Romanenko et al (2003), Park et al. (2006) and this study

Fatty acids representing less than 0.3 % in all strains were omitted. ND, Not

detected; ECL, equivalent chain—length.

Fatty acid 1 2 3

Saturated fatty acids:

C12:0 6.75 10.31 6.09
C14:0 0.35 1.00 0.30
C15:0 0.46 1.01
C16:0 22.47 16.45 15.92
C17:0 0.67 0.30 0.53
C18:0 0.71 ND 0.31

Branched fatty acids:
Iso-C16:0 0.34 0.65 1.85
Iso-C17:0 ND 0.36

Unsaturated fatty acids:

C17:1w8c 0.39 0.68
C18:1w7c 17.79 14.01 18.68
Summed feature 2* 6.40 8.23 5.13
Summed feature 3* 41.03 45.08 46.20
Summed feature 7* 0.52 ND 0.68
Unknown fatty acid 13.957(ECL) 0.63 ND ND
Unknown fatty acid 14.502(ECL) 0.70 0.64 0.62

'Summed features consist of one or more that could not be separated by the Microbial
Identification System. Summed feature 2: Ci, aldehyde, Cie1 iso I, Ciso 3-OH and/or unknown
10.928. Summed feature 3: Cis0 iso 2-OH, C470 iso 3-OH and/or Ci1 @7c. Summed feature 7:
Ci9:4 w6C and/or unknown 18.846.
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3.4. G+C contents (mol%)

JIM10'# #3359 G+C FF& ZAE A¥ JIMI0'S 49.81 (48~51)
mol% (Fig. 16)2 Yer%t. o= Hlx #52 Glaciecola punicea (44~46
mol%), Glaciecola pallidula (40 mol%), Glaciecola mesophila (44.8 mol%),
Glaciecola polaris (44 mol%), Glaciecola nitratireducens (44 mol%),
Glaciecola psychrophila (42.9 mol%), Glacicola chathamensis (44.8 mol%),
Glaciecola agarilytica (45 mol%)BUTtE =& 7ko 2 eyt o|gst 4=
HpEr o 2wl Foll G+C o] A & #9% Glaciecola agarilytica
(45 mol%) HT= <F 5 mol% HE7F AFol7F At Ao R Hol 7]Ee] Hay
% (Species) 59+ tE & (Species)d &Eo] =olH oM, Glaciecola TE<
40~50 AHE9 929l DNA base composition ¥ Hol= ZHow {FFe
A

JIMS7'# #FE9 G+C FF& ZAME Ax JIM57'S 61.94 (61~62)
mol% (Fig. 16)= uYERSTE ol Hlal 5% Oceanisphaera litoralis (56

ul

mol%), Oceanisphaera donghaensis (56.6 mol%) HUO%E #& G+C IS H
At ol¥d A HluFFET o 5 mol% FEZF Aol7t e ROoE B
of 71¥€9 Hiw F(Species) EZE U2 & (Species)d &Eo] Folxlon
Oceanisphaera €5< Y& $9 dT8HUYE 2 G+C IHFHS 7Mooy
56~60 X2 el DNA base composition ¥ Hols= AS &9l & 4 9l

Atk
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Analysis: HPLC
Injection Volume: 10

453.9088 |

8.8033
16.1717

- B.5000

369.8318

- 10,8217

285.7547

Voltage (mV)

201.677T L

> B.OUT

117.6007 —— = .
0.00 5.00 10.00 15.00 20.00

Time (Min)

Detector 1—254 nm

Number  RT(Min) Area(mV+s) Form Width(s) Area(%)

1 6.3983 4320.22 BB 64.8000 14,7391
2 7.8583 539.38 BB 50.0000 1.8402
3 8.7717 9041.46 VB 79.9000 30.8464
4 10.7133 5655.46 BB 88.7000 19.2945
5 15.9033 9754.71 BB 158.9000 33.2798
Total 29311.23 100

Fig. 14. HPLC chromatogram of 4 type of nucleosides from genome of

strain JIM107.
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Analysis: HPLC

Injection Volume: 10

705.3489 ST — I
5
-
552.4255 -
% ~
B el '|, e g
= 399.50211» | ; 2
E | | (|
0 i || f\
| 1
} g l| ~ | | II \
245.5787 By || j
| [ '
i | . \
L — — /jL/vl l\_,/ ~4 U \_ pa e —
93.6553 - ey : | J
0.00 5.00 10.00 15.00 20.00
Time (Min)
Detector 1—254 nm
Retention Time Area .
Number i Form Width(s) Area(%)
(Min) (mV#s)
1 5.2383 628.09 BB 40.8000 2.1747
2 6.4217 5923.22 VB 63.5000 20.5089
3 8.9967 10565.90 BB 77.7000 36.5839
4 10.8317 4351.76 BB 80.5000 15.0678
5 16.0200 7412.28 BB 148.5000 25.6647
Total 28881.25 100

Fig. 15. HPLC chromatogram of 4 type of nucleosides from genome of

strain JJM577.
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3.5. 16S rDNA G7|AE 2 AT B4

Type strain JIM10T2] 16S rRNA €7]A <A (1413 bp)S Table 59| YENS
o} d7] €L EMBL Nucleotide Sequence Database®] &=3}¢] accession

numberE Y-o] ¥kl #5= JIM10'9] accession number:= AM9835419]t},

Table 6. 16S rRNA gene sequence of Glaciecola siphonariae JIM10®. The
EMBL Nucleotide Sequence Database accession number for the 16S rRNA
gene sequence of strain JJIM10" is AM983541.

CACATGCAAGTCGAACGGAAACATGTCTAGCTTGCTAGATGATGTCGAGTGGCGG
ACGGGTGAGTAATGCCTGGGAATTTGCCTTTGCGAGGGGGATAACCATTGGAAAC
GATGGCTAATACCGCATAATACCTACGGGTCAAAGGGGGGACTAGTTCCTCCCGCG
TGAAGAGAAGCCCAGGTGAGATTAGCTAGTTGGTGGGGTAAAGGCTCACCAAGGC
GACGATCTCTAGCTGTTCTGAGAGGAAGATCAGCCACACTGGAACTGAGACACGG
TCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGGGGAACCCTG
ATGCAGCCATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACTTTCAGT
TGTGAGGAAAGGTGCGTAGTTAATACCTGCGCACTGTGACGTTAGCAACAGAAGA
AGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAA
TCGGAATTACTGGGCGTAAAGCGCACGCAGGCGGTTTGTTAAGCTAGATGTGAAA
GCCCCGCGCTCAACGTGGGATGGTCATTTAGAACTGGCAGACTAGAGTTTTGGAG
AGGGGAGTGGAATTCCAGGTGTAGCGGTGAAATGCGTAGATATCTGGAGGAACAT
CAGTGGCGAAGGCGACTCTCTGGCCAAAGACTGACGCTCATGTGCGAAAGTGTGGG
TAGCGAACAGGATTAGATACCCTGGTAGTCCACACCGTAAACGCTGTCTACTAGC
TGTTTGTGGATATAATCCGTGAGTAGCGAAGCTAACGCGCTAAGTAGACCGCCTG
GGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCG
GTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTACTCTTGACA
TACTGAGAACTTAGCAGAGATGCTTTGGTGCCTTCGGGAGCTCAGATACAGGTGC
TGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGC
GCAACCCTTGTCCTTAGTTACCAGCATTAAGTTGGGTACTTTAAGGAGACTGCCG
GTGACAAACCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGGCCCTTACGAGT
AGGGCTACACACGTGCTACAATGGTAAGTACAGAGGGAAGCGAACTTGTGAGAGT
AAGCGGACCCCTTAAAGCTTATCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCA
TGAAGTCGGAATCGCTAGTAATCGCAGGTCAGCATACTGCGGTGAATACGTTCCC
GGGCCTTGTACACACCGCCCGTCACACCATGGGAGTGGGATGCAAAAGAAGTAGCT
AGTCTAACCTTTAGGAGGACGGTTACCACT
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Type strain JIM577¢] 16S rRNA 9714 < (1323 bp)S Table 6 LERHS]
o}, d71<de EMBL Nucleotide Sequence Database®]| & 33}¢] accession

numberE Yo wokt} 73 JIM57'9 accession number:s AM9835430] 1},

Table 7. 16S rRNA gene sequence of Oceanisphaera laurenciae JIM57F. The
EMBL Nucleotide Sequence Database accession number for the 16S rRNA
gene sequence of strain JIM57" is AM983543.

TAACACATGCAAGTCGAGCGGTAACACAAGGGAGCTTGCTCCTGAGGTGACGAGCG
GCGGACGGGTGAGTAAGGCTTGGGTATCTGCCCAGTCGAGGGGGATAACCATTGG
AAACGATGGCTAATACCGCATACGCCCTACGGGGGAAAGCAGGGGACCTTCGGGCC
TTGCGCGATTGGATGAGCCCAAGTGAGATTAGCTAGTTGGTGAGGTAATGGCTCA
CCAAGGCGACGATCTCTAGCTGGTCTGAGAGGATGACCAGCCACACTGGGACTGAG
ACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGGGAA
ACCCTGATGCAGCCATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACTT
TCAGTGGTGAGGAAAGGTGAACGGCGAATACCCGTTTACTGTGACGTTAACCACA
GAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGC
GTTAATCGGAATGACTGGGCGTAAAGCGCACGCAGGCGGTTTGTTAAGCCAGATG
TGAAAGCCCCGAGCTCAACTCGGGAACTGCATTTGGAACTGGCAAACTAGAGTCT
TGTAGAGGGGGGTAGAATTTCCAGTGTAGCGGTGAAATGCGTAGAGATTGGAAGG
AATACCAGTGGCGAAGGCGGCCCCCTGGACAAAGACTGACGCTCAGGTGCGAAAGC
GTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCTGTAAACGATGTCAA
CTTGGAGTCTGTGCCTTAGAGCGTGGGTTCCGGAGCTAACGCATTAAGTTGACCGC
CTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAA
GCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTACCCTTG
ACATACAGCGAACTTGGCAGAGATGCCTTGGTGCCTTCGGGAACGCTGATACAGG
TGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACG
AGCGCAACCCTTATCCTTTGTTGCCAGCGATTCGGTCGGGAACTCAAAGGAGACTG
CCGGTGATAAACCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGGCCCTTACGG
GTAGGGCTACACACGTGCTACAATGGCGCGTACAGAGGGCAGCCAACTCGCGAGAG
TGAGCGAATCCCAAAAAGCGCGTCGTAGTCCGGATCGGAGTCTGCAACTCGACTCC
GTGAAGTCGGAATCGCTAGTAATCGTGGATCAGAATGCCAC
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JIM10" 16S rDNA 97|14 94& NCBI Blast® 53l 4% A¥} Fig. 18144
2 JIM10'® 71 7Vke &3 FS Glaciecola nitratireducens®. & blast ol
A 96 %9 FAIEE ERN O] JIM10T0] Glaciecola Eol MEL 29 7M54S
et LA Glaciecola ol BalE o)zl 59 9714 49S NCBI Gene
Bank database°ll A 2o} JIM10" @71 dx} Blu A st th&S Glaciecola
4 59| accession unmber©]t}:

Glaciecola nitratireducens KCTC 12276" (AY787042), Glaciecola pallidula
LMG 21427" (U85854), Glaciecola punicea ACAM 611" (U85853),
Glaciecola agarilytica NO2' (DQ784575), Glaciecola chathamensis S18K6'
(AB247623), Glaciecola mesophila LMG 21855" (AJ548479), Glaciecola
polaris LMG 21854 (AJ548478), Glaciecola psychrophila 170" (DQ007436).
Clonee A2A4% 7] <¥3} databased] ¥oizxl A7| LS PHYDIT program<
o] 83}y Clustal W multiple alignment® A &3}e], CLUSTAL X software
(Thompson et al., 1997)% o]&3dlo] L& EA 3513}
Neighbor—joining(Saitou and Nei, 1987) ¥l 2]&l Bootstrap 21 A 10003]
9] resamplingS 4 -€3}4 tree topology?] H7} 7|= Lo & Al&3le] ASSFE 24
stelo, G714 14 A= Jukes & Cantor RS- o] 83} A4S Si
Glaciecola < W 7t RZedEd AEATERY FAIEE ARG 23
Glaciecola nitratireducens KCTC 12276" (95.78), Glaciecola pallidula LMG
214277 (95.13), Glaciecola punicea ACAM 611" (93.25), Glaciecola
agarilytica NO2' (94.25), Glaciecola chathamensis S18K6' (94.47),
Glaciecola mesophila LMG 21855" (93.66), Glaciecola polaris LTMG 21854"
(93.89), 183l Glaciecola psychrophila 170" (92.73)% uElwth (Table
8)(Fig. 18). % Glaciecola nitratireducens KCTC 122767 ¢} 714 =2 &

A

1
Abe] @AY AEAS B FATL.
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Table 8. Similarity matrix based on 16S rRNA gene sequence comparisons.

Strain 1 2 3 4 5 6 7 8 9

1 100

2 95.78 100

3 95.13 97.47 100

4 93.25 93.41 93.05 100

5 94.53 94.78 93.98 93.47 100

6 94.47 94.71 94.06 93.56 99.86 100

7 93.66 94.92 95 94.21 98.99 99.13 100

8 93.89 95,14 93.92 93.13 98.26 98.41 98.27 100

9 92.73 93.34 93.56 93.21 95.8 95.95 96.82 96.53 100

1, JIM10%; 2, Glaciecola nitratireducens KCTC 12276° (AY787042); 3, Glaciecola
pallidula LMG 21427" (U85854); 4, Glaciecola punicea ACAM 611" (U85853); 5,
Glaciecola agarilytica NO2T (DQ784575); 6, Glaciecola chathamensis S18K6T
(AB247623); 7, Glaciecola mesophila LMG 218557 (AJ548479); 8, Glaciecola
polaris LMG 21854"; 9, Glaciecola psychrophila 170" (DQ007436).
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Glaciecola agarilytica NO2T (DQ784575)
1000

30 Glaciecola chathamensis SISK6T (AB247623)

977 Glaciecola mesophila LMG 218557 (AJ548479)

999 | Glaciecola polaris LMG 218547 (AJ548478)

Glaciecolapsychrophila 170T (DQ007436)

997 —— Glaciecola nitratireducens KCTC 122767 (AY787042)
1000

034 L Glaciecola pallidula LMG 214277 (U85854)

Strain JTM10T (AM983541)

Glaciecola punicea ACAM 6117 (U85853)

Aestuariibacter halophilus DSM 152667 (AY207503)

86

Alteromonas marina SW-47T (AF520060)

Colwellia aestuarii SME-10T (DQ055844)
0.01

Fig. 16. Neighbour—joining phylogenetic tree based on 16S rRNA gene
sequences showing the position of strain JIM10" within the radiation of the
genus Glaciecola. The tree was constructed from evolutionary distance
matrix by using neighbour—joining method (Saitou & Neil, 1987). The
sequence of Colwellia aestuarii SMK—=10"(DQ055844)was used an outgroup.
Asterisks represent the branches also found in both maximum-—likelihood
(Fitch, 1971) and maximum—parsimony (Felsenstein, 1981) trees. Bootstrap
percentages (from 1000 replications) >50% are shown at branch points.

Bar, 0.01 substitutions per nucleotide position.
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JIM57" 16S rDNA 9714 9& NCBI Blast® 53l 4% A¥} Fig. 199144
2 JIM10' 3 7V Ve &3 S Oceanisphaera litoralis .2 blast 2l A
97.70%2] FAF=E VERN O] JIM57'0] Oceanisphaera <o M=2& Y 75
A5 Jerlitt, 1ef A Oceanisphaera & 2 Oceanimonas 429 H. 1% o] +F
°] 91714 <€S NCBI GenBank databaseolx] Zto} JIM57" 7|4 Q3 Hlw
A3ttt 28 d Oceanisphaera ol &3 $50| 2&F/F 9ol HasA] go}

7} fFARSE %91 Oceanimonas 49 TES FIdT2 AHESISITH

!
il

X

22 Oceanisphaera < Oceanimonas < 2] accession unmber©]t}:
Oceanisphaera litoralis DSM 15406" (AJ550470), Oceanisphaera donghaensis
BL 1" (DQ190441), Oceanimonas doudoroffii DSM 7028" (AB019390),
Oceanisphaera baumannii ATCC 700832" (AF168367), Oceanimonas smirnovii
31-13" (AY538714), Oceanimonas denitrificans F13—1" (DQ097665),
Aeromonas salmonicida ATCC 336587 (X92889), Tolumonas auensis DSM
9187" (X92889), Aeromonas achubertii ATCC 43700" (X74682), Vibrio
alginolyticus ATCC 17749" (X56576).

Cloneo] A2A4% 714 <93} databased] ¥oizxl A7| LS PHYDIT program<
o]-83} Clustal W multiple alignment® A &3s}e], CLUSTAL X software = ©]

g3le] LS B934tk Neighbor—joining ¥ el 93l Bootstrap ¥4 A 1000
8] 9] resamplings &3} tree topology®] 87} 7|2 Abg-sto] AlesE 2
Agatglon, A71AE I Fd4 ARl Jukes & CantorE S o] 831 Al4kelal
t}. Oceanisphaera & W 7z %1% ¥ Oceanimonas % W 2t ¥s+d53 A
HAF(JIMG7H) 7S] SALE S ZAYeE AT Oceanisphaera  litoralis DSM
15406" (97.44), Oceanisphaera donghaensis BL 1 (97.13), Oceanimonas
doudoroffii DSM 7028" (96.20), Oceanisphaera baumannii ATCC 700832"
(95.97), Oceanimonas smirnovii 31—13" (95.63), 28]3  Oceanimonas
denitrificans F13—1" (95.50)2 Yebsdtt (Table 9)(Fig. 19). =1 %
Oceanisphaera litoralis DSM 154067} 7}4 =2 §Alx 9] 971 Y A4S

—Hio% “I"N\E]’
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Table 9. Similarity matrix based on 16S rRNA gene sequence comparisons.

Strai
1 2 3 4 5 6 7 8 9 10 11
n
1 100

2 97.44 100

3 97.13 97.83 100

4 96.20 96.75 96.52 100

5 95.97 95.67 95.43 98.45 100

6 95.63 95.56 95.94 98.13 98.52 100

7 95.50 95.67 95.12 96.45 95.44 96.26 100

8 91.38 91.32 91.63 91.87 92.03 92.36 91.95 100

9 91.27 90.59 91.13 91.84 92.08 92.49 90.99 93.47 100

10 | 90.92 90.55 91.09 91.72 92.03 92.44 91.8 97.84 93.16 100

11 | 90.58 90.44 91.06 90.76 90.85 91.24 89.29 89.37 89.4 89.76 100

1, JIM57"; 2, Oceanisphaera litoralis DSM 15406" (AJ550470); 3, Oceanisphaera
donghaensis BL 1" (DQ190441); 4, Oceanimonas doudoroffii DSM 7028"
(AB019390); 5, Oceanisphaera ~baumannii ATCC 700832" (AF168367); 6,
Oceanimonas smirnovii 31—13" (AY538714); 7, Oceanimonas denitrificans F13—1"
(DQ097665); 8, Aeromonas salmonicida ATCC 33658" (X92889); 9, Tolumonas
auensis DSM 9187" (X92889); 10, Aeromonas achubertii ATCC 43700" (X74682);
11, Vibrio alginolyticus ATCC 17749" (X56576).
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——— Oceanimonas baumannii ATCC T00832T (AF168367)

915| ———— Oceanimonas smirnovii 31-13T(AY538714)

Oceanimonas doudoraffii DSM 70287 (AB019390)

Oceanimonas denitrificans F13-1 (DQO97665)

Oceanisphaera litoralis DSM 154067 (AT550470)

gogy| — Oceanisphaera donghaensis BL 1T (DQ190441)

Strain JIMSTT(AM 983543)

Aeromonas schubertii ATCC 437007 (X74652)
1000

100 L —4eromonas salmonicida ATCC 336587 (X74681)

Tolumonas auensis DSM 01877 (X02559)

Vibrio alginelyticus ATCC 177497
(X56576)

0.01

Fig. 17. Neighbour—joining phylogenetic tree based on 16S rRNA gene
sequences showing the position of strain JJM57' within the radiation of the
genus Oceanisphaera. The tree was constructed from evolutionary distance
matrix by using neighbour—joining method (Saitou & Neil, 1987). The
sequence of Vibrio alginolyticus ATCC 17749'(X56575) was used an
outgroup. Asterisks represent the branches also found in both
maximum—likelihood (Fitch, 1971) and maximum—parsimony (Felsenstein,
1981) trees. Bootstrap percentages (from 1000 replications) >50% are

shown at branch points. Bar, 0.01 substitutions per nucleotide position.
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B F3JIM10T 2 JIMs7H el Felerd, Ae Asstd EAd A3 9 16S

=
(RNA 97119 248 B3 A% 24, AR, AZAY T3 G+C F

N

FuA das TR 2 A% M0 M7 #FE AFEe 39T F
At olo JIM10'S  Glaciecola siphonariae® JIM57'E  Oceanisphaera
laurenciae v}l 747 WHsto] =] =AY AIEIQl KCTC (Korean Collection
for Type Culture)dll #F%& 7|83ty 247 5 55 HIEE 2IYTt (KCTC

22368, KCTC 22371M).

O

4. QOF

1. Description of Glaciecola siphonariae sp. nov.

Glaciecola siphonariae (si.pho.na'ri.ae. N.L. gen. n. siphonariae pertaining to

genus Siphonaria, as the type strain was isolated from Siphonaria sirius).

Glaciecola siphonariae sp. nov.

5 JIMI0Te AFE oY s584e S LHFE5E Siphonaria sirius
(Mollusca: Basommatophora) 258 2| Fojx o, 16S rRNA A2 A7]4
A5 vwsfE A3} Gammaproteobacteria®l Glaciecola nitratireducens KCTC
12276" 3} Glaciecola pallidula LMG 214277(96.1 and 95.43 % 16S rRNA
gene sequence similarity)$} 718 FAVSIITE. B8l O SA, 3714 2
o A MHoZA 4 FE 1~10% 2 wF2E 10~37ColA g3t
Citrate ¥ phenylacetates ©]-83}#] 22™, produces cytochrome oxidaseE
Aiksls 548 7FA 9tk Z# Y Ornithine  decarboxylase, lysine
decarboxylase, urease % H,S AJ4Fsb=] @FkTh. Inositol, sorbitol, rhamnose,
melibiose ¥ amygdalin a2l A FAS e

Alkaline phosphatase, Esterase (C4), Esterase lipase (C8), Leucine
arylamidase, Valine acrylamidase, Cystine arcylamidase, a—chymotrypsin,

Acid phosphatase, Naphthol—AS—Bl—phosphohydrolase, Trypsin, a—glucosidase
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¢} N—acetyl—B—glucosaminidase®| X+ AdHE-g-o] YEFSA| R, Lipase (C14),
B—glucuronidase, B—glucosidase, a—mannosidase % a—fucosidaseo| A= 4
o8 FIHATH

HFHow #F JIMI0'S  Glaciecola nitratireducens KCTC 12276' 2
Glaciecola pallidula LMG 21427"9} 7b4 frAleh Ae] 9 Asets 545 B
o FeldtF JIM10Te] G+C e 49.81 mol% 2 UElgtor, Fo AEA
22 Cigo, Summed feature 4 (Cis1 w7c¢ and/or iso—C15:0 2-0H) %

x2

s

Summed feature 7 (C18:1w9c¢/wl2t/w7c)%E A%t DNA-DNA <A #A
HolE & ntg oz JIM10'S G nitratireducens® G. pallidula &0\ A 2] % o]

- ) > 5 2~
Avks A FAF & g9k

The type strain is JIM10' (=KCTC 22368"), was isolated from Siphonaria

sirius of Jeju Island, Republic of Korea.

2. Description of Oceanisphaera laurenciae sp. nov.

Oceanisphaera laurenciae (lau.ren'ci.ae. N.L. gen. n. Laurenciae pertaining to

genus Laurencia, marine plant which the type strain was isolated).

Oceanisphaera laurenciae sp. nov.

5 JIMG7'e AF%E A& aet7te] a2 & Laurencia sp., ZHE 28
Holx o™, 16S rRNA 12 71 E& vlwsl|2 A3 Gammaproteobacteria
o] Oceanisphaera litoralis DSM 15406" = Oceanisphaera donghaensis KCTC
125227(98.02 and 97.70 % 16S rRNA gene sequence similarity)<} 7} A}
kAT #5% Gram o4, Oxidase 3 Catalase FA2] $h8sk 138 HEZ 6
me] Z AER F58e 7HAIL Utk S5AE AderA 9 & 1.0~11%,
e 4~37C, A doJA Na'E Z2 =2 3th. Malate$} CitrateE ©]
431%lo ™ arginine dihydrolase®} gelatin® W& glycerol, succinate,

L—valine ¥ L—tyrosine< $AWHE-S H T} galactose, glucose, arabinose,
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mannose, N—acetylglucosamine, maltose, gluconate, adipate % sucroseE ©]
g3to] 2be AASA F%em, API ZYM strips kite o]&3te] aAadA 29
A3} Alkaline phosphatase, Esterase (C4), Esterase lipase (C8), Leucine
arylamidase, Cystine arylamidase, a—chymotrypsin, Acid phosphatase,
Naphthol—AS—BI—phosphohydrolase, Trypsin 2 N—acetyl—B—glucosaminidase
ol A FAHEES H o Lipase (Cl4), Valine arylamidase, a—chymotrypsin,
B—glucuronidase, a—glucosidase, PB—glucosidase, a—mannosidase % «a
—fucosidasedl & SA4¥SS WYt w3 JIM57'¢ G+C FEFS 61.94
mol%= UERewn, #59 F8 AWl #2423 Cieg, Cisn w7c¢ and
Summed feature 3 (Cis:0 iso 2—O0H/Ci70 iso 3—0H/Ci:1 07c.)Z YEFSTE
o] gejsr, Az, A3std 2 16S rRNA §32 27| 9e B4 dx
HAEFHoR #F JIMS7'E AFY 7M5A0] Hob Oceanisphaera laurenciae sp.

nov.=kal 83t

The type strain is JJM57' (=KCTC 22371"), isolated from marine plant of
the Jeju Island, Republic of Korea.
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PART I

Cultural Characterization and Bioactive Research of

Pigment Producing Marine Actinomycetes
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Z 9 (Alexander Fleming)oll ]3] 1928 oA A A= QlFolA A=
qes e v A AR ZFSAdAE A
2 ARgEo] gkth 1940 d] $4F Chlortetracycline®]
Aol distel AASxlel tig a3t WHE olF, =, FAAA oAM=
8% AEom Ay Fob gtow, A AAHCE FHAA A o
10,000, w=r °F 25,000 52 FA4AZF AHEHH, olF °F 50% =7 7F
Stk ofAIRE, QAo AlgstE FAAE TSl AFE-siA
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2.1.3 2% AEL A% NP g
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-
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i
S
o0t
el
)
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l"-.>-':
o
2]
o
Ay
o

Kirins

2.1.3.1 YN WEE FE2E

e

o,
i\
o2

G Aol AHEE dF= Table. 13 #Zo] ofFdWFLARE 5% (Vibrio
anguillarum KCTC 2711, Vibrio mimicus KCTC 2737, Vibrio salmonicida KCCM
41663, Streptococcus iniae KCTC 3657, Streptococcus parauberis KCTC 3651) <1A|
3l 5% (Propionibacterium acnes, KCCM 41747; Staphyvlococcus aureus, KCTC
1916; Streptococcus mutans, KCCM 40105; Candida albicans, KCTC 7270; Pityrosporum
ovale, KCCM 11894) & 1052 A gl AH&stdon, d3d AMEH H52
AEALAY (KCTC) &2 = dE BEAE (KCCM)oA kol AFg-a}
A HYd g5 AS5e A A4 4722 Table. 10 A" #jA=
24X 7kl A 120413 v F&to] AF-3FAT

13k 25 Sl A AT wgele] B0l AFE Fu ATRE] thatel
250 ml AZHEes WES Botel WS 58S Axsgor, FuFR
AHENS

3}l McFaland No.
plate (Difco, Co. USA)o| ZxF T 3t} Sample diskd A FE= HEL F

o] A 7|1EH o2 Disk paperd|] FE=E9 I F%7F 1000 wg/ml7} = A

(
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Table 1. List of strains and growth conditions used for antibacterial experiments.

Strain Growth conditions
Vibrio anguillarum KCTC 2711 Marine Agar (Difco 0979), 25C
Gram
negative Vibrio mimicus KCTC 2737 Nutrient Agar (Difco 0001) 37C
bacteria

Trypticase Soy Agar with

Vibrio salmonicida KCCM 41663 i
1% NaCl, 26C

Brain Heart Infusion Agar
(Difco 0418), 37TC

Trypticase soy broth (BBL 11768),

Propionibacterium acnes KCCM 41747

Gram  Staphylococcus aureus KCTC 1916

37C
positive Brain Heart Infusion Agar
Streptococcus mutans KCCM 40105 ) ;
- BHI (Medium 3) + 0.5 % Glucose
Streptococcus iniae KCTC 3657 . . ’
Medium, 37C

] Trypticase Soy Yeast Extract
Streptococcus parauberis KCTC 3651

Medium, 37C
Candida albicans KCTC 7270 YM Agar, 24C
Fungi
Pityrosporum ovale KCCM 11894 Pityrosporum Medium, 30°C

2.1.3.2 Wi Hae FEEY AATAT SH

DPPH 2ttjd 272/d<L Nanjo (1996)2] Wl olste] A8ttt 60 ul A=
&9l DPPH (60 uM) &N H7bstol 10x2 &b wwkgk b5 89S
quartz capillary tubeol 71 % 2+ %] ESR (Electron Spin Resonance)
Spectrometer® ZA43}¢ltt. ESR S digt 271 Table 1o YERATE
2~HEHL gcan time : 30s. field : 336 £ 5 mT, time constant : 0.3s,

power : 5 mW, amplitude : 1x5009] Z7A o2 7|Z3}%tt &4 A 5ol sk
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DPPH 21t 2784 & ofale] 42 o] gate] Axkaleir.
DPPH free radical scavenging activity (%) =
[1—(ESR signal intensity for medium containing the additives of concern/

ESR signal intensity for the control medium)] X 100
2.1.4 A 54

ey Ay 79 13 FA4E FHEH, wigsty, 2 Aste4 545 Manual
of method for general bacteriology®} Biochemical tests for identification of
medial bacteria®l 3] HESFA, Bergey's Manual of Systematic
Bacteriology©ll ©]3te] A|Qtel wgel o3 A&ttt

2.1.4.1 eIty B4

SEM(Scanning Electron Microphotography, JSM—6700F JEOL Ltd)& &3l &
gty 548 #EsAT. 0.2 m filterE W F, v &8 1 $ld #&
AEstal o] AASHE filterE A7k 2.4% glutaraldehydeo] &9 124 A

0.1 M phosphate buffer® 23] o]X A F 3} ). ©]= ethylalcohol 40,
50, 60, 70, 80, 90, 100%= ZtZ 1 hr &<t @5 Azt @5A7 filters
isoamyl acetateol] Bt &, MA| CO;= isoamyl acetateE Edlil, 713 AF

AR Aoz Bz o|n A3 AlAT
2.1.4.2 A3ty 54 24
'E‘E]’E'"ZF‘Q] *ﬁi}—ﬁ%;ﬂ, /\];j% E%Aﬁﬂ.?}j— 7‘:[4/\]_%]0“ an]_ /\]QE‘]‘%E ’E‘*Zr‘gl

AslstA AAFS Foldlr] 9)Ete] Bergey's Manual of Systematic Bacteriology
of 7]A1% 9 vluste] YRSl

o
oy
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2.1.4.3 Cellular Fatty acid ¥4

Methyl esters} AJZth QoFstd 1 mle] &Zke] 7Astls #H7sk $, 100ColA
3087 WH&A)A saponifiedA] It} o] S WZHA] 7] 1L
A7rsted 80TCoA 1023t RN &, 55 2ARHA AASL AdS
o F&8& &vl 1.25 mls H7bete] 1023 23] Ao A= 5HY =2
O AL T BTl A oF 3 mle ¥l 5wkt wikste] o]

A A7 gwjFe] 2/38 doju|o] gas chromatograph (GC)& A& & g},

ethylation reagent 2 ml

=

o

A 2l¥ Fatty acid methyl esters (FAME) mixturesE gas chromatograph
(Hewlett Packed model 5898A GC)® Microbial Identification software
(MIDD) &) Ao whz} B2}

2.1.4.4 ISP (International Streptomyces Project)8jX]el|A 2] vjFEA &<l
o 718402 Shirling?} Gottlieb (1966)9 ]38k International Steptomyces
Project(ISP)2] W3} Bergey's Manual of Systematic Bacteriology®l]l <+=% H

W g3 Williamss 9] Wiol wheh wjkshs E4S shelslgint. wjA Az 2

TS BT @o] Table 20] LHEFIATH
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Table 2. List of International Streptomyces project (ISP) media

International Streptomyces Project

Media Composition Media Composition
Glycerine 10.0 g
Tryptone 50 ¢ L —asparagine 1.0 g
Yeast extract 3.0 K2yHPO, 1.0
ISP No. 1 . flispNO. 5 8
Distilled water 1000 ml Distilled water 1000 ml
pH 7.0~7.2 Mineral solution 1 ml
____ Agar 15~20 ¢
15.0
40 g Peptone g
Yeast extract 10.0 g Proteose—peptone 50 g
Malt extract 4'0 Ferric Ammonium Citrate 05 g
U g
Glucose K>HPO, 1.0 g
ISP No. 2 100 ml | ISP NO. 6
Distilled water 15 NaxS203 0.08 g
Agar ] Agar 15.0 g
pH 7§ Yeast extract 1.0 g
.... ] Distilled water 1000 ml
Glycerine 15.0 g
L—Tyrosine 05 g
Oatmeal 20.0 g ]
. L—asparagine 1.0 g
Distilled water 1000 ml
. . KsHPO4 05 g
Mineral solution 1.0 ml
resO. 8 st MgSO4-7H20 05 g
eS04-7H: ;
ISP No. 3 ‘B ® ISP NO. 7 NaCl 0% ¢
MnClz-4H20 0.1¢g
FeSO4:7H:0 10.0 mg
7ZnS04-7H20 0.1¢g ..
o Distilled water 1000 ml
Distilled water 100 ml . .
Mineral solution 1 ml
pH 0 2
Agar 15~20 g
.... pH 7.2~7.4
N (NH,):S0 2.64
Soluble starch 10.0 g Y o g
o KH,PO,4 2.38 ¢
Distilled water 500 ml
: K2HPO,4 5.65 g
Solution I
MgSO4-7H-0 1.0 g
K>HPO, 1.0 g o
MeSO,-7ILO N Distilled water 1000 ml
ISP NO. 4 =00 “81ISP NO. 9 Mineral solution 1 ml
NaCl 1.0 g
CuS04-5H20 0.64 g
(NH.)250: 208 FeSO,7H,0 0.11
CaCOs 20 g e e
- MHC124H20 079 g
Distilled water 500 ml
. ZnS04-7H,0 0.15 ¢
Mineral solution 1 ml L
Distilled water 100 ml
Agar 15~20 ¢
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2.1.4.5 16S rRNA ¥7|Ad 24

of MB 50 mlE 5% ¥, 2eldFE I35k 25ClA 200 rpme= 547t )
m

oF&litt Bl MNES 1.5 ml microcentrifuge tubeo] 7 10,000 rpmolA 1&7F
dAEstar FHAS AAT F, Holxl bacteria pellets FHSFATH

Accuprep Genomic DNA Extraction Kit(Bioneer, Korea)E AF83}e] genomic
DNAE 2|83l BioneerAlell A A|Z3t eubacteria®l Universal Primer 27F

forward primer®} 1522R reverse primerE ©]&3sto] PCRS S35t} 25

2
it

PCR WFS 222 Accuprep PCR Purification KitE o] &3fo] AAst & o7

& Ao AR,

2.1.4.6 =5 ATH &4

ABI 3730XL capillary DNA SequencerE ©]-&3teo] 7|4 dS B4 0,
A7 %A, A3l (pairwise comparisons)E 93 A7]X 8k %FAF codon usage
2zt A AT F-AA Aol MEGA 3.0 ZRIasoz AitEglon n

AE 77 BA o] 8% AESE distance HHOE MEGA 3.0(9) Z 2139

2
O,
i)
o
i,
juies
)
>
e
o
Z,
O
=
o9
=
=
w0
—
il
o,
ofo

Pair—distanceS ©]-&3}o] 24l s}

3Fo] GenBankell ®a1¥l w59}

1o
ox
offt
o,
ftjo
BN
>
o
¥
,
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o131+ 250
o B2 pHel

I pH 6, 6.8, 7.6, 8,

3

=

=

h 4

g As= 2 FAs A4

Fef 10%

<]

9] &%, pH, NaCld of
A%

=
T

Elkiy

==x71 4, 16, 20, 25, 30, 35, 40CelA 50 ml MB7}

EhEE IR PE

LU

H

LU

2.2 Ao HHu
=]

ml A7 Eeade) BFE

2.2.1
2.2.1.1

che

ofr7] 9

o}
=

%

T

°
R

1]

<]

o] NaClel] o
D—Fructose,
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=
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=
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=
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=
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=
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2.2.1.3 244 FF7 2 oI I3 A4

wedre 449 w0l WE ASED FA A2F3L o8dd 2499

ow wjekonel itz g =4S DPPHW| 93t AAwodsoz =459
T WS 7] 8] #] Q] Marine broth wjX|oll A eA¥<Ql Galactosed 1% &%

2= H7F3k %, Peptone, Yeast extract, Tryptone, NaNOs;, (NH;)2SOy,,
(NH4),HPO4, Malt extract, NHiNOs, KNOs& Z+7} 0.5% (w/v)e] s=2 27t
Arbetolom, W wldE EYATFE 44 2% (VR HFSE

S
AsA 7.8 A T 25ColA 1097 viks & #Ao AxFHS =45}

_[
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2.3 WA Wjgd F2E9 AL H7)
2.3.1 £ WAL FE vEE FE2E =22 AU FUt
2.3.1.1 =4 74884 54 (Disk Method)

gatgdo] =4 YyeEhd Ad = FEHE (100, 200, 500 wg/ml) AFS $l5)
S o AAFH AW Disk diffusion method
Az diskES #Fdo] =2 ¥ vix] 9o SHEn 7+

7}
=il ghaol A 24417k wiekste] disk 9o A A & F

2.3.1.2 MIC (Minimum Inhibition Concentration) =3

#2945 % (Minimum Inhibition Concentration, MIC)¥ <& A4S HIH
15 WS Microtitre plate assays §3t% 1l MIC S92
microtitre plateo] Z}z+e] I o] w2 vix|Z= 200 plB A F AdH wfF

AT o] EFW FFe RIATL 29 IAWow 4 EF

o
jus)
==
o

McFaland No. 0.5 5%9 @7 dE8ANS 2 ulA ALl 24, 484]
sttt olo 660 nme SH = #AS T3 H2dAFTEMIC) ¥ JAAHAEE 7he
stiom, ZF s|AES plated] HFToY HAHT ASHFE T3 HAx9AE

E(MIO)E g3kt

2.3.1.3 AlgdF9 g IAA A HZE

23F9] WA vAE 17 A A AEE T HAdd FREAEY
Bt S v wElgl o AF8-FH SFAA = Ampicilline, Chloramphenicol, Oxytetracyclin,
Erythromycin, Neomycin, Norfloxacin & 6% thslo] A A|dlt}.
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2.3.14 &9 33l 534

WA g Mg FEE FakstdAdo] A vebd ATl " =

7} sample®] DPPH @A £AE4E Nanjos o WHel oste] SAsA0

60 ul A58 DPPH (60 uM) €4S H7tste] 10x &<F wwkst v &

8NS5 quartz capillary tubeo] %7 & 2% Fo ESR (Electron Spin

ot

Resonance) Spectrometer® 743}t ESR 4o tist 2712 Table 19
YHel ATt ~FEHL scan time : 30s, field : 336 £ 5 mT, time constant :
0.3s, power : 5 mW, amplitude : 1xX5009] Z7H o2 7]|=3} ). dAE3EA] B0
e DPPH Zheizde] 2ARHE ofdel Ag ol S5e] At

2.3.1.4.2 ESR spectrometerS ©]-&3} Hydroxyl #ttZ& AAEA (HSA)

Sample?] Hydroxyl o] A2AEA S Rosen (1984)52] WhHol 2ste] A3}
Stk 20 nl A]&E-89] 0.3 M DMPO 20 pl, 10 mM FeSO, 20 ul, 10 mM H:0,
20 ulS =33l v} quartz capillary tubeol] %71 3 253 %] ESR (Electron
Spin Resonance) Spectrometer® =743}t ESR SAol ot Z=7A-& Table 19
et A~FEHL scan time : 30s. field : 336 £ 5 mT, time constant :
0.3s, power : 1 mW, amplitude : 1x100¢] ZHo = 7|=E3} ). AAksta 5o o
gk Hydroxyl 2tz o] A28 ofefje] A& o]&ate] ALtalaitt
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2.3.1.4.3 ESR Spectrometerg ©]&3 Alkyl &3 &2AZA (ARS)

7t FEE Alkyl 30972 2A 42 Hiramoto (1993)¢] Wol 2]ste] 4
3Tk 20 ple] AlE-g&o] D.W 20 pl, 40 mM 2,2'—Azobis (2—amidinopropane)
dihydrochloride (AAPH) 20 ul, 40 mM alpha—(4—pyridyl 1—oxide)—N-—
tert—butylnitrone (POBN) 20 ul& &33t v 37CeolA 30 WHAg
quartz capillary tubeo] %% & ESRZ FA3IATE ESR A sk 2712
Table 19 YeEPATE. 2 EH L scan time : 30s. field : 336 £ 5

constant : 0.3s, power : 7 mW, amplitude : 1x1009] Ao 2 7]=35}9}.
gaksir sl ek Alkyl S A AAGAE ol o A& o] &3t ALtsal
t}.

Radical scavenging activity (%) =
[1-(ESR signal intensity for medium containing the additives of concern/

ESR signal intensity for the control medium)] X 100

Table 3. 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 I mW 10 mW
power power power
Gain 6.3 x 10° Gain 6.3 x 10° Gain 6.3 x 10°
Temperature 298 K  Temperature 298 K  Temperature 298 K
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Liquid cultured broth

Centrifugation
Bacterial cell (8,000 rpm 15 min 4°C)

Extract with methanol

Methanol extract Culture broth
|

Add distill t
. il Extract with diethyl ether
Fr. Diethyl ether Aqueous phase
| | Extract with chloroform
Fr. Chloroform Aqueoulls phase
| | Extract with ethyl acetate
Fr. Ethyl acetate Aqueous phase
| | IExtract with n-butanol
Fr. Butanol Fr. DW

Fig. 1. Fractionation of bacterial cell and cultured broth of actinomycetes

2.3.2.3 35 a3 A

Fraction sample®] DPPH free radical, Hydroxyl radical, Alkyl radical &A%

e 9ol %ol JE WEe Mgtk
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=
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Table 4. Formulation and chemical composition (g/100 g) of diets for

olive flounder

Insredients Concentration (%o
g

Fizh meal
Sovbeanmeal
Wheat flour
Defatedrice bran
n-potato starch
p-cellulosel
Squidliver oil?
Eloodmeal
Dextrin

Casein!
EPA+-DHA?®
Witamin premix®
Minerals premix®
Additions to standarad diet

e
o

=)

=

(=]

LA

e = o =L v

Actinomycetes extract 1-2
Approximate composition

%% wet weight)

Crude protein 516
Crude fat 1225
Crude starch 124
Crude ash 1.3

"United States Biochemical (Cleveland, OH)44122.

*E—Wha oil, Pusan, Korea.

‘Contains (as g/100 g premix): DL—calcium pantothenate, 0.5; choline bitartrate, 10;
mnositol, 0.5; menadione, 0.02; niacin, 0.5; pyridoxine-HCIl, 0.05; riboflavin, 0.1;
thiamine mononitrate, 0.05; DL—a—tocopheryl acetate, 0.2; retinyl acetate, 0.02;
biotin, 0.005; folic acid, 0.018; B12,0.0002; Cholecalciferol,0.008; a—cellulose,85.0.
Contains (as mg/100 g premix): Al, 0.12; Ca, 500; Cl, 10; Cu, 0.5; Co, 0.9; Na,
0.125; Mg, 50; P, 5000; K, 425; Zn, 0.3; Fe, 4; 1, 0.45, Se, 0.02; Mn, 0.9.
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2.4.3 A}z o|3leta EzA}

Aol &%, pH, 9%, 544 Z(D0)Y WetsEs 54357 f8
o]  YSI 556 MPS (Multi—probe system)2] probe module® AFS42 ol Z
A Haa o SALS AN AT o]sketd B ZRANE AR A

4= At

el v|Eo ' 2F Ao

e

Ao AERAE 27 HFoR AAEIGoH, S 2443 Aol HAA
2-phenoxyethanol (Sigma. USA)Z v} A|A FASIY. A= ZAMHS 7}
=

ko3
%,
Ao A TR 20ntElE Adste] Aol FAE FAste] FES WA
t}

i

b Aol A2JA71 & 2—phenoxyethanol (Sigma. USA)=Z vl AA SA3A T
7y Y 3nkg] ] TR Addbsie] mjEe A dAS A s & &3 AT}
AP E %] 2 A4 FEldd ¥ A 303 WA Foll 3,000 rpmell A 10

ul
o
Aeteltt. dAEELS As €9 4 A (Ch100 plus,

Sh
o~
o,
jubad
Sh
)
ol
e
£
Sh
J
ol

23}4] Glutamic oxaloacetic transaminase(GOT),

mlm
ﬁd

Deawang meditecq., KOREA
Glutamic pyruvic transaminase(GPT), Total protein, Glucose, LDH, Phosphorus,

Triglycerides, Hemoglobin & =73} t}.
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2.4.5.2 OJFAAE G =H

olF AAE FES dolH 7] 93}l respiratory burst activityE Anderson}
Siwicki (1994)e] Aol whe} EA8idvh. Afolo] nFoA A A4
< 1.5 ml vlo]A2F o] €3 0.2% Nitroblue tetrazolium (NBT, Sigma) & #
3} 1:1(v/v)E HElsle] 3087 Ao 4 wk-gA|Z1 ¥ 1 ml dimethyl foramide
=
NS =718k0] 540 nmol A micro—reader (Packard Spectrocount' )= &%

=43t} Blank & dimethyl foramode = 3}al, &7 NBT Al2kS AL&3

Sy

M
o Nl

5 93 BheS AAAIY. 181 o5 2000 rpmel| A 5iE1F A4

rh
o o
=Y
o

-

e,

2.45.3 39 Lysozyme &4 =3

ek
o,
fo
g
<
%)
o
N
<
=
®)
&‘l
O_u
e
o

2 Kumari®] ®H(1984)] mp&bA BA418F3It). Lysozyme
s SAsISE 247k AT mgelA AEg defe] F3% 50ulet 0.05 M
sodium phosphate buffer (pH 6.2)9ll Micrococcus Ilysodeikticus (0.2 mg/mL)S 5+
A1Z1 solution 1 mLES 96 well plateo] <3HA17ItE 20C 2o A micro—readerS ©|
23} 530 nmollA] 0.583} 4580 SHEE =H3}TE Lysozyme? 4 &9+
3 0.0019] F3%= A4S Uehlle 540 do= Aosigit).

ol
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JiATH
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i)
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o

A= S dolry] flste] A o2
ol W W=7 M = 2 Al Streptococcus iniae (KCTC

At} 7dANe 10° CFU/mIY =%7F H52
/\EI
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I;'l O - [e]
FS I F 21ERY FHATE AATY S Aden, AYEd ELS AL
st e 27 ACT-1~ACT-21¢F wHwelgliet &gk 2 HAHAdT F
2158 UdesE Eeaa wids FallA ALtE dAe v S dAEEE

Table 5. Methanol extract yields of isolate strain ACT—1~ACT21.

Strain Number Methan(.)l Extract Strain Number Methan(?l Extract
Yield Yield

ACT-1 149 mg/ml ACT-11 265 mg/ml
ACT-2 180 mg/ml ACT-12 169 mg/ml
ACT-3 104 mg/ml ACT-13 159 mg/ml
ACT-4 161 mg/ml ACT-14 358 mg/ml
ACT-5 151 mg/ml ACT-15 97 mg/ml
ACT-6 153 mg/ml ACT-16 268 mg/ml
ACT-7 140 mg/ml ACT-17 126 mg/ml
ACT-8 169 mg/ml ACT-18 141 mg/ml
ACT9 174 mg/ml ACT-19 146 mg/ml
ACT-10 158 mg/ml ACT-20 242 mg/ml

ACT-21 126 mg/ml
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3.1.2.2 A WddF WeEs FEEY o 2 Y Hot

AR 218 PAFT (ACT-1~ACT-21) wige] We&FEEd vt &+
44 FJ7te fEA s R AdTvse 907+l Streptococcus
parauberis, S. iniae, W B.2] .55 L O 7= Vibrio mimicus, V. anguillarum 2
55 do7|+= 9 V. salmonicida, QANZAY A+ Sthaphylococcus
aureus, Candida albicans, Streptococcus mutans, Propionibacterium acnes,
Pityrosporum avale % 10F°] W3t &4 S "HEE 9. 2 2yE
Table 6° YEFHAT. ik ol7el HAl, &% o9 ddlrddss dovl=
M+l Streptococcus parauberis, Streptococcus iniae®| W3|A+= BMEA-1,
BMEA—-10, BMEA—14, BMEA—15, BMEA—-18 AlEA 7P =2 #5-A4S
HAomw WBEYLFS FUA|7= Vibrio anguillarum, Vibrio mimicuso)~+=
Ao BE AFA 4ol §lE Bo& 3lE itk BMEA—1, BMEA—29]
A= Aol v Ao E yERTh g A A FRA =] Staphylococcus
aureus, Streptococcus mutans, Propionibacterium acnes, Pityrosporum avale®l
et gt A S, aureusd| A= BMEA-14, BMEA15% BMEA—18°]A]
e Gt S B oW, Candida albicansol A= BMEA—-93 BMEA—199] A
1 g4S YeERAth S mutansol = BMEA-2, BMEA-10, BMEA-11,
BMEA—-13, BMEA-14, BMEA—-15, BMEA-17, BMEA-18, BMEA—200°{ 4]
< dugdS AT 7 AT w19 FFAW A7 Q) Propionibacterium
acnes, Pityrosporum avale®| ©3F &Aoo 4= BMEA—-1, BMEA—-14%}
BMEA-18°l4 F2& @45 Vel

Hers FE55] F734S TFNEH BMEA-1, 10, 11, 13, 14, 15, 18°]4]

tﬁ

A4 w7l padel Yk Ao FANAT. oled AHEL

o

g
oz F8o] 7ted Aom AtRFT. & AN e A==
= 3}
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Table 6. Antibacterial activities of the liquid culture broth methnol extract

of marine actinomycetes.

S. S. S Candida S. P. P. V. V. V.
parauberis  iniae  aureus albicans  mutans  acnes avale mimicus salmonicida anguillarium

BMEA-1 24 21 15.1 16.2 19.82 15
BMEA-2 10 19.72 11.36 18.2
BMEA-.3
BMEA-4 1390 10.64 15.90 10 39.14
BMEA-5 12.2 14.2
BMEA-6 10.12 13.52
BMEA-7 9.23 13.20 9.30 13
BMEA-8 12.55 9.6
BMEA-9 10 15.92 19.20 19.07
BMEA-10 21.31 16.64 12.37 25.67 15.04 12.87
BN[EA-II 13.1 13.3 2879 13.42 9.30 10.68
BMEA-12 14.06 13.08
BMEA-13 18.06 1442 11.15 21.31 9.30 13.02 13.08
BMEA—14 3136 3021 252 2 798 2496 2593 29.27
BIV[EA-IS 1964 1654 1574 2 677 16.17 14.50 10.40
- | 1 — i
BMEA-17 10.62 1141 18.67 9.30 15.49
BMEA-18 25.74 26.18 23.13 27 23.95  26.36 29.88
BMEA-19 9.8 2034 """""""""" 9.30 9.2
BMEA-20 9.2 2598 12.70 9.30 10.8
BMEA-21 11.2 11.90 10.12

Cell were grown on MHA plate for 24h at 26, 37C after 1000 pg/ml of broth methanol
extract was absorbed into paper disc (8 mm in diameter) and then the diameter (mm) of
the growth inhibition zone was measured. Each value represents the average of
three independent experiments. BMEA, Broth Methanol Extract ACT.

- 147 -

Collection @ jeju



F 21579 A g HEe FEES A|5=2 5l9] ESR spectrometerE 9]
43te] DPPH #tjd AAZAHE FAstdon, A¥E Fig. 20 ek
ACT-1, ACT—11, ACT-18, ACT-21 A &9 HEEL F=E 500 pg/mY =

o

Lol 50%0]7de] dteld AAGES B ow, iR AlgelA 1,000 pg/ml
d o s & ow A FUFE AT F AAY. whebA 2 AT

s
3} Ago| A= ACT—1, ACT—11, ACT—18, ACT-21 #F& AA3A ).

100
B 500 nig/ml = 1000 r/ml

|

BO

)
(=]

un
[}

20 F

Eelectron Donating A bility (%0)
=
=]

10

1 2 3 4 5 -] 7 B 9 0 11 12 17 18 18 20 21

Strain Number

Fig. 2. DPPH radical scavenging activity of isolated strains methanol

extract by ESR spectrometer.
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3.1.2.3 A#F AH

2159 wike vers FEEC] 9t B kst S s SAH 2 A
g &Adol = ACT-1, ACT-4, ACT-10, ACT-11, ACT-13, ACT-14, ACT-15,
ACT-17, ACT-18, ACT-2001A4 AAHoz HAA Aol e o] =
ek o, ol AW Aol digk e dd A= ACT-1, ACT-10, ACT-11,
ACT-14, ACT-15, ACT-189|4 =& &S e AL

Azl g o A= ACT-1, ACT-11, ACT-18, ACT-219A4 A AA o] 714
Al et

HEH o2 FF ACT-1, ACT-11, ACT-18<S XA tfs AHES Ay AT

ki

L
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3.1.3 £ WA T4
3.1.3.1 SEM< ©] &% JEisty £4

w8 F(ACT-1, ACT-11, ACT-18)°] #Hsty #&S 9lste] SEM
(Scanning Electron Microphotography, JSM—6700F JEOL Ltd)E %3l 3 ejsh
A BEAS #EFoen, ARE Fig. 39 dHepAth. BEldF ACT-1,
ACT-182 AP A WA Streptomyces EEI A FJE|eHd A do]

glEdint. VR ew dite] FHE dele of 0.

_/I:

a5 ACT-112 Streptomyces =53+ TS FEgtd EAS 3dd = 39
oth. dolx= ¢F 6~10 m=z AT FEE Hun, & (.3

AaFets 24 AR ZE "ol yrts o] ofyg A oA UEIHA

7F EHE 237 o] FojA= SAS #Ed AU

o

3.1.3.2 WA AN Fepstd B4

MAHR Aol A o dAAlS] wjFets SA4S Qs 23 ACTI~ACT21dF
of| 5] A9l Light gray, White, Dark Gray, White pink -s<] White, Gray A<
Aerial mycelia®] 548 &J& 71 JA S (Fig. 5), MAHIA] “dolA colony
g w3k w9 AR HEE AT oleg SAE BT WdwFEo] zta 9l
HjFehal S w9 FARE AR AR E ol

)il MAWRA] el A el Substrate mycelia®] FEishs #zs s A3}
Mycelia®] 2MZE0] Aerial mycelia® MZ3+= ACT-157FE AYstas=
Mycelia®] t& & & 5 AT o] RedAld, YellowA 4, Dark
White, Purple, Orange ¢ 383 MAd50] Bton, 7|Ee] A A 23t= 7
o] thE AMAE AAkelE Aoz ERIFEHIY a8al 78 #5529 Myceliax

iy

rr
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Strain ACT-1

Strain ACT-11 |

Fig. 3. Scanning electron micrograph of Strain ACT—-1, ACT-11, and
ACT—-18. Cell were grown on MA at 25C for 10days.

Fig. 4. Scanning electron micrograph of reference strain (A, Streptomyces sp;

B, S. coelicolor C, Nocardiopsis dassonviller)
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Fig. 5. Aerial mycelia cultural characteristics of isolate strain ACT—1~ACT-21.

Cell were grown on MA at 25C for 10days.
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Fig. 6. Substrate mycelia cultural -characteristics of isolate strain

ACT—-1~ACT—-21. Cell were grown on MA at 25C for 10days.
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Sy N. alborubida®t+= Y& EAS Holx= Ao=w IRIFATE Xylose,
Cellobiose, Rhamnose, Sucrose& ©]-&3l= 54 UEMYATE o]gfst 5L

98l B Wl N dassonvillei®} 7V AFSE AstshA EAS 1 4 Q)2

Table 7. Comparison of physiological and biochemical characteristics of the

isolated ACT—1 and ACT-18.

Species
Character Strain Strain S. S 8. elivaceiscl S
ACT-1 ACT-18 champavaiii globosus eroficus albosporeus
Growth under
anaerobic condition
Gram reaction + + + + + +
Motile spores - - - - - -
Color of White to Gr Yellow
Yellow oray gray Red
aerial mycelinum ayish Gray
Grayish Yellow
Color of substrate Orange to
Dark Green Dark Green ~ND yvellow to Red
mycelium Red
olive brown Violet
Optimum pH for
78 7.6 ND 8 ND ND
growth
Optimuam NaCl for
2.5% 2.5% ND ND ND ND
growth
Growth on
L-Arabinose ~ND ND - + + +
D-Fructose + + + + + +
D-Galactose + + £ + ND +
D-Glucose + + + + + +
Sucrose + ND - + 13 ND
D-Xylose + + + + + +
+, positive; —, negative; ND, no data; V, variable results of test. Data complied from

references 10, 15, 17, and 26. Carbohydrate utilization was determined by growth on
carbon utilization medium (ISP medium No. 9) supplemented with 1% carbon
sources at 25C. NaCl and pH range for growth was determined on inorganic salts

starch agar medium (MA).
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Table 8. Comparison of physiological and biochemical characteristics of the

isolated ACT—11(S-1).

Species
Character Strain N. N. N. N.
5-1 dassonvillei alborubida antarcticus listeri
Growth under
anaerobic conditions = i i - -
Gram reaction 1 + + + +
Motile spores — —_ — —_ —_
Color of aerial White to ‘White to L ‘Whiteon
i Gray Gray
mycelium grayish grayish : HT agar
Color of substrate Dark Yellowish Yellow Dark Yellow
mycelium brown to brownish toorange brown
Opimum pH
forgrowth 78 7 10 8 8
Optimum NaCl -
for growth(w/v) 2.5% ND ND ND ND
Growth on:
Xylose + + + + +
Melezitose ND = Fa — =
Cellobiose + + - ND b
Rhamnose + + + = =r
Sucrose 3= + i + sk,
Adonitole ND - + _ i
Inositole ND = + — -
+, positive; —, negative; ND, no data; V, variable results of test. “Data complied from

references 10, 15, 17, and 26. Carbohydrate utilization was determined by growth on
carbon utilization medium (ISP medium No. 9) supplemented with 1% carbon
sources at 25C. NaCl and pH range for growth was determined on inorganic salts

starch agar medium (MA).
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3.1.3.4 ISP viX|o| A 9] wjgFstd EA

Table 9= #3845 ACT—-13 ACT-18¢ ISP(International Streptomyces
Project) W] A] Zdell A ] wjdsts E5AS YeRd xolt), WA Bl ACT-1

L ISP NO.1, 2, 4, 7 9 Marine agarolA] %353 A&AS Bgow 7+ w4+

M:l

off & FAFAIS] Ao thE& g218 4= Atk Tryptone yeast agroll A= A
Z dAH (Vegetative mycelia)®] AZo] Hjo|x A S wlom 7]FdAA 2
MO WhiteMS YEFATE Yeast maltvf Aol A= AAdA A o= A3t w7t

A, 7S dA RIS skEAl Tke 3] AlE mglom, 7] SRRl

A= QA 8] Aol gkl 77kt HEFE Pridoham— Gottlieb Wi A] /gl

Me T2 A4S HolAE Fen, wARAe Al 3 FIlsHA YERA] ekt

th & 85 ACT—189] ISP(International Streptomyces Project)®i=] 7ol

X wjersts EAS Aw K™ [SP NO.1, 2, 4, 7 9 Marine agarolA] %33

e Bon, 4 wAAdedA e AR S Mol HEs S0 & U
(3]

Tryptone yeast agrolA© AAGTAMA S AzZo] slalo] =548 Holom 7]

S ARA o] A2 o] XS LEFYITE Yeast maltBj Aol A = ARl A =
AL 254, 71SdA A= Ho| X[ Mol 77k AE Bow, Fre] ghH)A]

o Ao,
Table 102 Ea 5+ ACT—-119] ISP (International Streptomyces Project)®}

A gl M o] mjgetd 54S dEbd Folth e wiAAgelN Fad S B
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Ht}. Glycerol tyrosine BjA| Aol Al Vegetative mycelia®] A& =@M 717}
Ko™, Aerial mycelia®]l A2 3}QkAo] 7}7F Tt} Peptone yeast extract HJA|
Aol A Vegetative myceliax o] F&219] yellow, Aerial myceliax B2 =2
S A AT AU F-E viX]del| A Vegetative myceliatx™ B2 =2

g Below Aerial myceliatx o749 sQFA = 3AE H S

i3

Table 9. Cultural characteristics of the isolated ACT-1 and ACT-18

cultured in International Streptomyces Project medium

Characteristics
Medium Strain ACT-1 Strain ACT—18
Vegetative Aerial Vegetative Aerial
Growth . . Growth . :
Mycelia Mycelia Mycelia Mycelia
Tryptone yeast agar White t G t White t
pAY Yy g G 1.e 0 White G ray to 1.e 0
(ISP NO. 1) Beige Green beige
Yeast malt agar Pink to = White to Dark .
G G Beige
(ISP NO. 2) Red Gray Green
Inorganic salt—Starch White to White to  White to
G Yellow G . ,
agar (ISP NO. 4) Gray beige Beige
Tyrosine agar 3 Orange to  White to - Dark Dark
(ISP NO. 7) Red yellow Gray Beige
Pridoham—Gottlieb . .
Gray Gray M White Beige
agar (ISP NO. 9)
Nutrient Agar P White White P White White
. . Dark Whitet
Marine Agar G Red White G ar l,e °
Green Beige

G, growth; M, Moderate; P, Poor
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Table 10. Cultural characteristics of the

International Streptomyces Project medium.

isolated ACT-—11 cultured in

Characteristics
Midium Vegetative Aerial Soluble
Growth : ) pore .
mycelia mycelia pigment
. Abundant,
Glycerol tysosine agar G G, Yellow ] Poor Brown
white
M, Dark white M, white Dark
Peptone yeast extract agar M Poor
yellow yellow brown
Oat I M M, Abundant, M Yellow
atmeal agar
£ Yellow White white brown
. M, M, light Yellow
Glycerol asparagine agar M ) Poor
Yellow white gray brown
. M, dark Yellow
Starch agar M M, Dark white ) M
white brown
G, Dark white
Tryptone yeast glucose agar G M, gray M Dark
brown
. . . Dark
Nutrient agar P P, Dark white M, white M
brown
- . Abundant, Yellow
Marine agar G G, Dark white ] M
white brown
G, growth; M, Moderate; P, Poor
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3.1.3.5 Cellular Fatty Acid %4

LS|
ax

A

Fig. 7& Eg¢#3F ACT-19 Gas Chromatography(GC)E o] &3t xulAl
Afolt), BT T8 Major Peaks= Iso—Cis:0(13—methyltetradecanoic
acid) 11.40%, Anteiso—Cis:0(12—methyltetradecanoic acid) 31.84%, Iso—Cieo
(hexadecanoic acid) 11.34%, Ci: (Palmitic acid) 9.50%= YElom, & HAil=
Streptomyces halstedii®t S. scabiestt=9} 7V 7W7be Al EAWAE sheFS o
BRI WA Streptomyces & HES 7|4 9.2 13—methyltetradecanoic
acid, 12—methyltetradecanoic acid % Palmitic acid$t=Fo] daA| 4oz =4

Bt 5L FAT 5 itk

o o
| % g n
| b * Composition
50+ Fatty acid )
{ | (%)
| |
o5 Cize 034
Anteiso Cyzq e 5
| | Amsrivg Ty 048
B Cyye n
A | L 144
| B Cae 1048
1
Ansring Coa s L E
o B Cyy 028
| Coae 186
B B, 115
| I Cage 134
k' i 9 Coas 751
4 I Cisa Coee 250
Iso Cys ag (<] :
'l Mty Cien T
=
5 Anming CC,rs 0=
25 A
FCha Bo Cire L7
| -] & S
2 1 S5
Tso C“i . _g_ J%.umma Cyra | :u:‘{::"l s
b Tl
30 = | = el Cane oTs
| ol €.l 0se
2 i UNENOWHN 17555 M o
& : 1T YA
18 &% |7 & M [
& v . =l - Total 9999
. . | AL AR, =

2% - ] -] 0 155 13 s 2mn

Fig. 7. Cellular fatty acid profile of the strain ACT—1. Fatty acid methyl esters
(FAME) mixtures were analysed by capillary GC using a Hewlett Packard
model 5898A GC run by Microbial Identification software (Microbial ID).
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Fig. 82 Eg 5 ACT-119 +F8 Major Peaks= Iso—Cis0 (hexadecanoic
acid) 26.82%, Anteiso—Ci7:0 (heptadecanoic acid) 23.42%, Cis9—Cisa (Oleic
acid) 21.01%= YElgtom, X A XA B4 A= Nocardiopsis
dassonvillel ¥ wi-§- A= AAE 4 F YT 2L EHTF
AAE FA Ade derHQl WAA T Streptomyces SEIE UhE AWAE g
@S H9 o heptadecanoic acid®}t Oleic acid &&o] "¢ H& Aoxw H

Nocardiopsis SENAXA Eoldoz Wo| EAste AWl Aoz g3

.

Composition
T E 5 Fatty acid (%)
il i Iso Cyyy 0.48
Antersa Cyoy Isa EI.:':CI 0.57
Y| § :
Teo Cyy = Anteivo Cyzy 356
| 8 Tew Cyyy 16.82
s Cis® Cyqy 1.81
1 B
E 9c!a:|. l:um 1.14
2| . oo Cyog 2.07
! | Aneizg Cyrg 23.42
% Cixd Cyoy 5.26
I I I:I..':\! :'nﬂ
| 10 Medyl €,y 119
8
' g s Cysy 2.35
| g e
' E | Cir9 Cyas 2101
1 E i ' ¥
_ = 4. 2 Cits 6.69
| LR E HIE ' TBSA 10 medyl C 153
] L. g
L s ] SlL e S
s = T ___,_\__IH___.-.. Rl el A -f-\_-l'n"-o-’l"“-'—'—-—ﬂ—'-’-'_// Total 99,99
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Fig. 8. Cellular fatty acid profile of the strain ACT—11. Fatty acid methyl esters
(FAME) mixtures were analysed by capillary GC using a Hewlett Packard
model 5898A GC run by Microbial Identification software (Microbial ID).
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Fig. 9= ZeldF ACT-189 AEAA EAZ23toltt. o9 Major
Peaks= Anteiso—Cis:0(12—methyyltetradecanoic acid) 39.33%, Cis 9—Cis1
(Palmitoleic acid) 11.96%, Cigo (Palmitic acid) 13.08%, Anteiso—Cizo
(Heptadecanoic acid)10.99% = UElo ™ X Aili= Streptomyces TEI} +
AbgE AlEARAE SRS YErSIYE 2Eal E T Anteiso— Cisiol
13—methyyltetradecanoic acid) &&o] 40% A= vj¢ ¥ IFS Ho v}

£ #Foe e 542 ngn.

]
4 16:0 - 5
& ﬁ F g Composition
T i Fatty acid :
g o)
=
&
n2E e
| =} I8 . i
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Fig. 9. Cellular fatty acid profile of the strain ACT—18. Fatty acid methyl esters
(FAME) mixtures were analysed by capillary GC using a Hewlett Packard
model 5898A GC run by Microbial Identification software (Microbial ID).

- 163 -

Collection @ jeju



3.1.3.6 16S rRNA €7IME 2 F=F A54 4

dubx o7 gBE RNAGRNA)E A A& BHAHow EAss HEAC =

19, AES S Aol 7 &3 EAvAR o] &5

ATt 53] HEA o] =2 FA}+= small subunit TRNA(AAU rRNA)ZEA E7F
€5+ 16S 2 16S FAH18S) rRNAZ} o]d] &gttt A v A&l /A

£ SSU rRNAS ARE ZAR AFFHEo] 9o, o W J

1A= 7]of ol2E ) B3] WA ¢ Rt AFA A E

U719k Hzo] AgAA SSU rRNA 4] L34 0]

= 7F Z2 212S ez 16S rRNA  ¢7)A

rlo
&
N
M
Y
o

549 Aow A4

N

Streptomyces Eo] 17£0 2 71% ®Wol] B2 %o, Pseudonocariaceae 1%,
Microbacterium sp. 1%, Nocardiopsis dassonvillei 1%, Actinomycetales
bacterium 1&°2 HFTHORE sAXJSH (Table. 11), NCBIY 55H &2
T2 7S A A7 E S 7 FHadaete] AlF % (Phylogenic tree)E
Agdsision, &t % Fakst &) 7 =4 vEt 5 ACT-1, ACT-11
FACT-185 Wdo= Ao A Ass= 78 (Distance)dl A% B
o5 AAYHJASH, Fig. 10, Fig. 11, Fig. 120 HEpA. #2jt5F ACT-1
2 NCBIY 529 FHad5093)9e AEsty EAZA3}  Streptomyces
albogriseolus(AJ494865), Streptomyces sampsonii (D63871), S. vinaceus
(EU048541)¢t 71 ZddA Sd= Zeog sdHlen, d5539
similarityE Z=AFSE A3} 98.25, 97.52, 97.59% = 717t Ho] HFHo= |t
F ACT—-1<5 Streptomyces sp. ACT—10]g}ar WHE AT E&E 5 ACT-119
A7IE BA Ad Z3wF  Nocardiopsis dassonvillei (X97886, X97885,
X97882) 71 ZA®AC = AS=E FRlHow, 57l 99%0]7de] &
TS BAY. w3k g2 N. Jucentensis (X97888), N. alba (X97884),
N. Iisteri (X97887)¢} similarityS 2913 23 98.63, 98.05, 97.76%°] &
S gelst = A wEb B8 Nocardiopsis sp. 53 Al <«
st WS Ho HEFEAH O ®E Nocardiopsis sp. ACT—112 HHEAT g

FF ACT-189 ABeHY BAANE 5 9o FuFTote] A714D 24 )
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Table 11. 16S rRNA sequence analysis results of strain ACT—1~ACT=21.

Strain Analysis Result Strain Analysis Result
ACT-1 Streptomyces albogriseolus ACT-11 Nocardiopsis dassonvillei
ACT-2 Streptomyces sampsonii ACT-12 Streptomyces anulatus
Prauseria sp
ACT-3 . ACT-13 Streptomyces flaveus
(Pseudonocardiaceae)
ACT-4 Streptomyces sp ACT-14 Streptomyces microflavus

Microbacterium sp
ACT-5 . ACT-15 Streptomyces sp.
(M. lacticum)

ACT-6 Streptomyces pactum ACT-16 Streptomyces lavendulae
ACT-7 Streptomyces parvus ACT-17 Streptomyces sp.
ACT-8 Streptomyces sp. ACT-18 Streptomyces microflavus
ACT-9 Streptomyces flavofungini ACT-19 Streptomyces violascens
. Actinomycetales bacterium
ACT-10 Streptomyces tricolor ACT-20 L.
(Nocardiopsis sp)
Streptomyces parvus
ACT-21 PIOMYCes p
(Prauserella sp.)
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- ACT-1 (JJA-1; GU132472)

46 |L———— Swepromyces albogriseolus NRRL B-13057 (AJ494865)

r Streptomyces sampsonii ATCC25495T(D63871)
65

100{ Streptomyces vinaceus CGMCC 4.1305T (EU048541)
76

Streptomyces roseoflavus ATCC19920T (AF290616)

69 Streptomyces fradize NRRL B-1195T (DQ026630)

Streptomyces macrosporus DSM 414497 (Z63099)

Streptomyces thermolinearus DSM 414517 (Z65097)

73 <‘
37 Streptomyces catdeya JCM 49257 (AB0455870)

|—f ptomyces viridochromog NBRC 123777 (AB184089)

100 LSMpmmyces griseinus NBRC 128697 (AB184205)

Sireptacidiphilus carbonis NBRC 1009197 (AB249972)

0.005

ACT-1 AB184089 AB184205 Z68097 Z63099 ABO045870 AJ494365 DG63E71 EU048341 DQO26630 AF290616 AB249972

Acct-1

AB134089% | 95.85

AB134205 |95.92 99.85

Zea097 96.35 95.56 95.78

Z63099 95.54 94.76 94.83 96.65

ABO045870 | 95.34 96.07 96.29 97.38 96.94

AJ454865 | 98.25 95.71 95.78 96.43 96.14 96.43

D63871 | 97.52 95.34 95.41 9578 95.56 96 97.74

EU048341 | 97.39 9341 9348 95.85 93.63 95.92 97.82 99.93

DQO26630 |97.16 96.21 96.14 9399 96.36 96.29 97.45 97.02 97.09

AF290616 | 97.3 97.02 97.23 95.85 94.97 93.85 97.45 97.16 97.23 97.08

AB249972 | 94.35 95.39 95.6 95.39 94.21 94.95 94.51 94.44 94.51 94,44 94.21

Fig. 10. Neighbour—joining tree based on nearly complete 16S rDNA
sequences, showing relationships between strain ACT—1 and member of the
Streptomyces sp.. Number at the nodes are levels of bootstrap support (%),
based on neighbour—joining analyses of 1000 resampled database.
Streptacidiphilus carbonis was used as an outgroup. Bar, 0.005 nucleotide

substitution per position.
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Nocardiopsis dassonvillei subsp. albirubida DSM 404657 (X97382)

(il
4|7

Nocardiopsis dassonvillei DSM 438847 (X97885)

ACT-11(GU132479)

99 | Nocardiopsis dassonvillei subsp. dassonvillei DSM 431117 (X97586)

Nocardiopsis lucentensis DSM 440487 ( X97888)

Nocardiapsis alba DSM 438457 (X97884)

67
99 Nocardiopsis listeri DSM 402977 (X97887)
Streptomonospora albus YIM90003T (AF462347)
0.005
X07882 X07885  Actll X97886 XO07884 XO7887 XO7S88 AF462347
X07882 -
X07885 | 00.71 e
ACT-11 | 9928 99.35 -
X07886 | 09.43 99.5 90.78 i
X07884 | 0828 9§.28 98.05 98.21 =
X97887 | 97.85 97.99 97.76 97.92 98.78 -
X97888 | 08.83 9§.71 98.63 98.78 98.56 95.13 s
AF462347| 9433 94.12 93.87 04.05 931.69 93.33 04.19 -
Fig. 11. Neighbour—joining tree based on nearly complete 16S rDNA

sequences, showing relationships between strain ACT—11 and member of

the Streptomyces sp.. Number at the nodes are levels of bootstrap support

(%), based on neighbour—joining analyses of 1000 resampled database.

Streptomonospora albus (AF462347) was used as an outgroup. Bar, 0.005

nucleotide substitution per position.
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36

4

29

68

43

Streptomyces cyanegfuscarus NBRC 13190 (AB184360)

37| Streptomyces fimicarius NBRC 130377 (AB184269)

Streptomyces erumpens NBRC 154037 (AB184654)
ACT-18 (JJF-3; GU132488)

8 | Streptomyces microflavus NRRL B-2100T (DQ442519)
Streptomyces albovinacens JCM 43437 (AY999759)

Streptomyees floridae NBRC 154057 (AB184636)

Streptomyces finlayi NRRL B-121147 (AY999755)

0.005

L Streptomyces pulveraceus NBRC 38357 (AB134806)

Kitasatospora arboriphila FIKT 01897 (AY442267)

ACT-18 DQ442519 AY999739 AB184306 AB18427]1 AB184860 AB184634 AB184269 AB184636 AY999788 AY442267

ACT-8

DQ442519

AY999759

AB124806

AB184271

AB184860

AB184654

AB184269

AB184656

AY999788

AY442267

100

100

99.84

99.38

99.61

99.84

99.84

99.92

99.84

99.53

96.47

99.84

99.38

99.61

99.84

99.84

99.92

99.34

99.53

96.48

99.53

99.61

99.84

99.84

99.92

99.84

99.38

96.63

99.3

99.38

99.53

99.46

9a9.32

98.91

96.79

99.61

99.61

99.69

99.46

99.14

96.24

99.84

99.92

99.69

99.38

96.48

99.92

99.38

96.48

99,77

99.46 99.53

96.55 96.63 96.63

Fig. 12. Neighbour—joining tree based on nearly complete 16S rDNA

sequences, showing relationships between strain ACT—18 and member of the

Streptomyces sp.. Number at the nodes are levels of bootstrap support (%),

based on neighbour—joining analyses of 1000 resampled database.

Kitasatospora arboriphila (AY442267) was used as an outgroup. Bar, 0.005

nucleotide substitution per position.
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3.2 BY#FY FHugza 4 i3t 84 53
3.2.1 ¥ HAF Streptomyces sp. ACT—19] HAujd=A

3.2.1.1 &4 U 5= ¢ kst &4 Hrt

ol 7 =4 vgkom, Dextrose H7F AdfolA 7 e AEEE
skolst 4= lQlem, oA AAZALS  Glycerine, Mannitol, Maltose,
Galactose FH7F ARAFNA 50%°]7de A2ASHS Hetdt 2 A3dA
MaltoseE #7Het AATeA 71 & 4554 i 784S 998 =

ARt (Fig. 13).

3.2.1.2 A4 N3 A= L Fitkst 4 Hr)

i

wEldF Streptomyces sp. ACT—19] @4Fstad BAES 913 Ao d3FS

4
n!

A MaltoseZE 1% H71sl¥ o, 9579 dAdS 247t 0
HE3s %, 25C Shaking Incubatorel 257F wjFstict wjF 5, LA
& Rolzxl A HAxFFE SAst o+ AH5EE SAHGoH,

F s ZMA 1 Hod aAEA
Yeast extract H7} A& oA 5722 g0 & M & AXFHS I & F
A em, KNO; H7F A@dFelA 4.112 go 2 7P o2 AxFFS e
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2ol E @ 7o ASEE e 4 JdArk. T3 AxEEAS Yeast
extract H7F A¥FolA 78%= 7 A ko, KNO; H7F A3 oA
61%= 714 @A YeErS (Fig. 14). ol ©4A9ws H7dS 41 ¢

TS FARBYS B Qow ALY A T AL AAT 5

N Vs HolFe Avw Alndrh
6 4 - 80
P Activity - 70
=#=Drv weight
- mh - 6“

&=
S B
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Fig. 13. Effect of various carbon sources on the growth and radical

scavenging activity (RSA) of Streptomyces sp. ACT—1 supernatant.
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Fig. 14. Effect of wvarious nitrogen sources growth and radical

scavenging activity (RSA) of Strj:tl)in{]ﬂp.

supernatant.
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Fig. 15. Effect of various temperature on the growth and radical scavenging

activity (RSA) of Nocardiopsis sp. ACT—11 supernatant.
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Fig. 16. Effect of various pH on the growth and radical scavenging activity

(RSA) of Nocardiopsis sp. ACT—11 supernatant.
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TEE 0~10% (w/v)7FA Z#3 NB (Nutrient Broth, Difco. USA)2} MB
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R AT 1 A¥ NaCl 2~5% 7oA £ ASEE 91T +
Ao, NaCl 0% ZH7FolAe= o+ A%
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Fig. 17. Effect of various NaCl on the growth and radical scavenging activity

(RSA) of Nocardiopsis sp. ACT—11 supernatant.
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2 37 29E #9F o A (Fig. 18).

o]#3t AHNE=S EUE #5+= E3] Sucrose, Xylose, Fructose, Dextroses 2|
B S diste] o] A AlRHET o= Uukg o2 glucosest
Zol A ol& 7hed 71A2 I AAZE ol AR S] ARA HHE LSS
Aefgt Wk ol MgolME g 7]Ho] EAFE w] pyruvic acid %
a—ketoglutaric acid 59 =% (Aoyagi, 1990; Tanaka, 1992)° % o]Eo] o]3t
A Aade 284 = Ade A Bdo] drkar BT

i AEY garsAd 2849 g HA= dREew gl
B AFo = Nocardiopsis sp. ACT=119] 3tslE=2d A4rkal A w0
v X = HA AAae] geks 3lstr] ¥sf MB(Marine Broth, Difco, USA)E
1@ A = ste] 1%°] GalactoseE F7FeF 5, ZH7Fe]l #7124 Peptone,
Yeast extract, Tryptone, Malt extract®} NaNOs, (NH4)2SO4, (NH4)HPO,,
NH:NO;, KNO;o| F71da9l 0.5%% H7bshsity. o Ay Be AdolA

T #59 ASEE B & 4 AT (Fig. 19).
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gholsl 4= Qo AEEE= T AolE Ho|X = %AW Yeast extract
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Fig. 18. Effect of various carbon sources on the growth and radical

scavenging activity of Nocardiopsis sp. ACT—11 supernatant.

- 177 -

Collection @ jeju



“RSA (%) —+—Cell dry weight (g)
100 - =

RSA (%)
Cell dry weight (2)

Fig. 19. Effect of various nitrogen sources growth and radical

scavenging activity of Nocardiopsis sp. ACT—11 tant.
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Aol 7 B2 o AFES JEIT AAHeR 11 HU
M w18 AS5E7F A w2 vh B Ao A= w2 1o AFEE &<
st 4= Q. w3 e EA S Yeast extract F7F ATl A ¢k 90% AE
= 7 E=A vsten, Aa9d TR vlas] Boks w oF 8% #HA
aAg o] Skske S Bt 2ela 7] A4l KNOs H7F A3
oA 7hE W g d AAEAHE BT (Fig. 21). ol ©4advks HA7HES

Aont Be Agwst RS Bl Aoz FAag A7) #el A
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O Activity =#=Dry weight
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Fig. 20. Effect of wvarious carbon sources on the growth and radical

scavenging activity of Streptomyces sp. ACT—18 supernatant.
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Fig. 21. Effect of various nitrogen sources growth and radical

scavenging activity of Streptomyces sp. ACT—18 atant.
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3.3 XA Hgd F2E9 AU HU}
3.3.1 BYPAAF v FEE = S HUt
3.3.1.1 =4 374

HZ MAY By F Streptomyces sp. ACT—1, Nocardiopsis sp. ACT—11,
Streptomyces sp. ACT—189] Hete FE5E F5H A4S Qs
AAM = F 17579 HAR dF5 ARESion, SAdsxs A 71
ol WAstaL Sl= WEAS AdA A A ES ddeE AddS AN
o} o= =S YA Edwardsiella tarda 1%, A5 FEAT 2%, oF
HBZ S Al 9%, i HBE S Al 2F, A M5 H &
A 3F F 17F= AHESH B A

Z}2F 100, 200, 500 pg/mle] sE= BtE F Disks A&t o, skola Aud
AR s9e EES AREEith s @Al ot A3E Table 12

[L

A5 QDeltel S, parauberis, S. iniaed] Wate] Wl =& dFAS FHlE}
Row, AN FHE SFATET T AP AT Exiguobacterium
oridotokrans(Wild Type)ell ®-¢- =2 3t A4S BUTh 2ev HEg S
= AT w5l Wit AeAdS AY BEEA eskon, JdEdud f
' Edwardsiella tarda®)] A =& FESu oF1ke] 4o #EE
TogE FsRAME AY Aol ]
ACT-119] HehE F=E8 A4 ofF A WA Al Vibrio salmonicida,
Flavobacteriaceae bacteriume A &stis thE HUA Mo ot 4ol

Aol g1t} Streptomyces sp. ACT—189 HEFE FZHE-S AFIodZ= 24|

AT}, Nocardiopsis sp.

o, MRS AT, AR FEAel tete] dAF R we A
o Bolom, dEEd FEAdel el ol fle Ao® AU

g &
gk FAA N e HAFgATE e AFA A2 Table 130 UERAR]
o},
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Table 12. Antibacterial activities of strain ACT—1, ACT—11, and ACT—18 broth methanol
extract against the growth of various pathogenic bacteria.

ACT 1 Extract ACT 11 Extract | ACT 18 Extract

Strain (1g/ml) (1g/ml) (1g/ml)

100 200 500 100 200 500 100 200 500

Edwardsiella tarda - 1 A - * % - - *
Streptococcus iniae Fk dewk wkdkw | * * * %k dw%
Streptococcus parauberis Ek o kdkk kdkkk | - ok * *h kE%

Vibrio mimicus - N - - - d - - -

Vibrio salmonicida . . - * * ek % ek k%
Vibrio ichtyoenteri - - * - - * o i *

Vibrio rotiferianus - - - - - - - & -
Vibrio fluvialis - - - - = - - £ -

Vibrio parahaemolyticus - - - - = - - - -

Vibrio vulnificus - * sk - = - * R 1 55
Vibrio anguillarium - - * - * * * % ok
Vibrio harveyi - = *% - - - * * %%
Vibrio tapetis - 2 2 - - - ek A T
Vibrio tasmaniensis - - i B = - = _ -
Flavobacteriaceae bacterium - B i * %k w% - - -
Exiguobacterium oridotokrans  ** ¥ P S * wk Wk dw% ko

Flavobacterium firigidarium - - - - - = - - -

—, Not activity; *, 9~12; #x 13~20; #x, 21~30; ##xx 31~50.

Cell were grown on MHA plate for 24h at 26, 37°C after broth methanol extract (100,
200, 500 ug/ml) was absorbed into paper disc (8 mm in diameter) and then the diameter
(mm) of the growth inhibition zone was measured. Each value represents the
average of three independent experiments.
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Streptococcusiniage (ACT-1) Streptococcusinine (ACT-18)  Exiguobacterium oridotokrans(ACT-18)  Vibrio tapetis (ACT-18)

Streptococcusparauberis (ACT-1) Streptococcusparauberis (ACT-18) Vibrio salmonicida (ACT-18) Vibrio vulnificus (ACT-18)

Fig. 22. Antibacterial activity against various fish pathogenic bacteria.

Table 13. Antibacterial activity of antibiotics against various pathogenic bacteria.

Antibioties ! 2 & 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
A #abg st weas o e — FULL se bess 4 s 2 aw - = FULL ¢+ ¢ - - s om o
C o wer owe owe owe = FULL = e s we o wens wes eam = FULL s s oeer wee owen e -
T ss s o om - - - = mom — o owe o - FULL w oee e ne s o -
E 4w weee swe @ = = FULL s ses w6 4 = we s = FULL see s an w0 am -
N T L L I L L e 11/ A U N LT B B
NOR  ##+ s s s 0 = = s el mr = wn o sk a FULL s om sn s osaoan

-, Not activity; *, 9~12; **, 13~20; ***, 21~30; ****, 31~50.

A, Ampicilline; C, Chloramphenicol; T, Oxytetracyclin; E, Erythromycin; N, Neomycin; NOR, Norfloxacin.

1, S. parauberis; 2, E. tarda; 3, S. aureus; 4, Salmonella typhimurium; 5, Listeria monocytogenes;
6, C. albicans; 7, S. mutans; 8, Propionibacterium acnes; 9, Pityrosporum ovale; 10, V. mimicus;
11, V. salmonicida; 12, V. furnisi; 13, V. rotiferianus; 14, V. alginolyticus; 15, V. logei; 16, V.
ichthyoenteri; 17, V. fluvialis; 18, V. anguillarum; 19, V. campbellii; 20, V. parahaemolyticus; 21,

V. wvulnificus; 22, V. cholerae; 23, Proteus mirabilis.
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HOoR o] &3 A7t Eenh EElitF ACT-1, ACT—11 % ACT-18<] #|&
& FE5 s st GAES SA46719s DPPH #H 4, Hydroxyl #HH 4,
Alkyl &2 2AZAS ESR (Electron Spin Resonance) spectroscopy =44
ME olgate] BUleSiTh 2t A= sk ZHZb 100, 500, 1000 pg/miSitt.
WA ACT-1, ACT-11 B ACT-18¢] ESRS ©]-&% DPPH ettd &7 g4l
gk A3%E Fig. 230 YeRHATE. I A3 BE Aol v% oEAR &
AEAS HPon SBME-1 (Streptomyces Broth Meyhanol Extract
ACT-1) 100 pg/mlss AdTAM= 46%, 500 pg/mll+ 53% 1000 wg/ml
M= 67%< DPPH =tHd 27 @4 (RSA)S @& = AT NBME-11
(Nocardiopsis Broth Methanol Extract ACT—11) A& o= 242 =}o]
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Aol e 7HE B2 74% EAS BT

Hydroxyl A (OH) AtAF & Hb-gAdo] ulg- Zely A& AstE 7|Al s
3 DNA &4 2 EdWolE fdsle 242 484 Ao ®=3gF Hydroxyl 2t
AL QA AN AAEE Ade] BatsEoluy Hy0.7F Fe’ 't Cu®”
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Fig. 23. DPPH radical scavenging activity (RSA) of actinomycetes methanol

extract by ESR (Electron Spin Resonance) spectroscopy.
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Fig. 24. Hydroxyl radical scavenging (HRS) activity of actinomycetes

methanol extract by ESR (Electron Spin Resonance) spectroscopy.

Alkyl 2}t]Ze hydrocarbon reactionolA %7] ¥k AAER o] AAHT}
ol BESAWAo] AL =FHW AdItstzh doju o= A (free)
gr) Aol oa] B3} AEe] methylene(—CH2)7] 2 HE FA2AxHH.) 7 23
gofl wet Al (initiation) © T}, o]& &3] deo7|+= #HZd=+= .0OH, RO,
ROO-, HO» 5ol U3 0, 3 H.0.= 1 AAEE= 21 Sl gloh. F4E4
of o) A alkyl Bt A (RS ZAATAHS 3l dieneFEIZ vhy L o] 3l0]
Al Aka=ok Adste] peroxy tHZE-& @A F T peroxyl BHHAS thA] BE

BEFAPNOZHE ST GHFOZA AT Aol Agd & v
e

rlr

Antsee 1 AAws A9s HAEY dolase] &4 selAn Rl

S, Ao FalitE vefetr B2 72l carbonyl 3gHES
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Fig. 25. Alkyl radical scavenging (ARS) activity of actinomycetes methanol

extract by ESR (Electron Spin Resonance) spectroscopy.
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3.3.2 &8 WA fr1ed EE S HUt
3.3.2.1 I EY IH4EAH =H

Streptomyces sp. ACT—1°] Arksh= o|xftrbias i FEdte] ddAs
E1913}e] Table 149 YeERNRITE Discoll loading® FEE2] 2 AFxFo] 100 pe
/mlo] HE5 siglom 7 Ay FHL IS 2Rl o 5 itk S48 ES &
mj2ek A5 A dargdo] vulgk A3E Bl Chloroform, n—Hexan®l
LM drEdS Holal AT Fraction Hexane®} Chloroform 2|7+l A&
AATHTS T Aol ik o] FEEHA Yelto, RlE g S/ Ayt
SolAl AAA o ® ofg &S Sl olEdt A HAIH 2 Methanol

o] Antdel vlwe] Hoks wf dntaAo] WAl vehe Aaks B o]2f%

=
A 8 o @EEAS BFEEC] Methanol F0] i AL 1% 4 itk

Table 14. Inhibitory effect of Streptomyces sp. ACT—1 broth fraction

against the growth of various pathogenic bacteria.

Strain SBFr (100 zg/ml)

Hexane Chloroform E.acetate Butanol Water

Edwardsiella tarda & = = = i

Streptococcusiniae 25.5 18.11 10.34 &

Streptococcus paraberis 25.6 21.48 - 2.1 -
Vibrio mimicus 5 2 g = 2
Vibrio salmonicida = - - 9.18 =
Vibrio ichtyoenteri - 8.89 9.81 E: 2.12
Vibrio rotiferianus - = = = =
Vibrio fluvialis = = = = =
Vibrio parahaemolyticus - = b = =
Vibrio vulnificus 11 10.32 10.32 = -
Vibrio anguillarium - = = = 2
Vibrio harveyi 7 = = = ,
Vibrio tapetis - & & 10.97 -
Vibrio tasmaniensis 8.32 11.1 10.67 - 9.15
Flavebacteriaceae bacterium - - = = =
Exiguobacterium oridotokrans 22 18 - - -
Flavobacterium frigidarinum - = = = 2

Rosebacter gallaeciensis - = = = 2
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Streptomyces sp. ACT—189] AAt3l= o|APAMAE S B3 FE5351al A
= gQlste] Table 150 Wetdth =42 &5 &wi=3 AdTE5Y 45
Sotgkdo] wngk A3E W o} Chloroform&molAs tiF-io] WA +
Fo tiste] 73k g S Hola 9%e™, n—Hexan fractiondl A= A+
s FEAAR] S, iniae, S. parauberisol] Wale] sk &S HQl whH W] H
Zoofl= oFst @S Hlorw, Wild type EFAAel gt 444 s

2 ¢kth. Ethyl acetate &3 Eo|u Butanol 3 Eol = kgt grdido] 3z

= AT,

filo
.

Table 15. Inhibitory effect of Streptomyces sp. ACT—18 broth Fraction

against the growth of various pathogenic bacteria.

Strain SBFr (100 pg/ml)
: Hexane Chloroform E.acetate Butanol Water
Edwardsiella tarda E 4 i i Z
Streptococcusiniae 20.3 22.04 12.52 14.25 9.32
Streptococcus parauberis 23.6 21.03 - 9.34 -
Vibrio mimicus i i i i 4
Vibrio salmonicida 9.56 11 B 10.21 -
Vibrio ichtyoenteri 5 : & i Z
Vibrio rotiferianus i - i i Z
Vibrio fluvialis & _ E i 3
Vibrio parahaemolyticus z: - i i =
Vibrio vulnificus 9.35 11.03 - - -
Vibrio anguillarium 5 12.08 E 11.07 -
Vibrio harveyi - 13.85 9.43 12.08 -
Vibrio tapetis 13.75 14.9 11.08 - -
Vibrio tasmaniensis 8.32 = i i z

Flavobacteriaceae bacterium E i i i =
Exiguobacterium oridotokrans - 14.86 12.95 - 9.54

Flavobacterium frigidarium - - i i z

Rosebacter gallaeciensis f % 5 i 5

- 190 -

@ jeju



3.3.2.2 E3IE4E P3¢ 5H
3.3.2.2.1 DPPH #d3a AAEA (RSA)

A e WEee FEES gvH (Hexane, chloroform, ethyl acetate, n—butanol,
distilled water) &8s &3l dits SA4S Y= B4 54 9 =S4 ALY
1 Ay B3 Streptomyces sp. ACT—-1 %
Streptomyces sp. ACT—18 &1 F2&E9°] DPPH #uzd A2AEH TS v
o] Fig. 269 e At
Streptomyces sp. ACT—1 Wer2 F%%& Chloroform #+8 =04 74 =2
DPPH #tHd £724d (RSA)S EAoH, 1 mg/mld =S W 89%¢ wj
2 o3 AASE S A F A}y

AR AR

Ho] v E-do] 2SS S 5 AT 2El3l Streptomyces sp.
ACT—1 Ethyl acetate (Fr. A) 8 Eo|A 1 mg/mle HZolA% 80%°] A2
g d 2AGHS BYlon, EFEEAE 52 &R A9 &do] HE
UA 49kow n—Butanol F=E AP TAME ofgk S Hols AoRE &

AEe] FH=dE SARTE vSAd Mds 23E 45 7 e, o

w3l a5 Streptomyces sp. ACT—=18 &vj E3 & o] DPPH #ujZd A7
242 Chlroloform &8 &4 7H¢ %<& DPPH #@tvd A7A&45S5 S
™, 0.1 mg/ml % FATANE 43.4%9 #Id 2744, 0.5 mg/ml &
T 71%, 1 mg/ml F=AAE 89.1%°] =& dvd A4S 49T = UM
t} Egk Hexane 8%, Ethyl acetate =8 &A= 1 mg/ml 500 o
70% ©1’3e] gud A2ALAEES g0 & AT 1E AT n—Butanol &=
oy} BEFEE Aol Streptomyces sp. ACT—19] A& Ao A}
, B ES =g 24Y AoE FHIE,

n—Butanol FE=¥ =FE=2 45 @ Aol A9 HERA] oA

H
X
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w =do] H5A4o] =44 Vbl v #ds oA HAeH, olE T
B o) o v AEeAe Bl = Fol S she Bl &4
& Aolgt AlgEn
O Streptomyces sp. ACT-1 O Streptomyces sp. ACT-18

100 -
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80
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® 60
N
o 50 -
w
o 40 -

3{] -

20+

10 ' rﬁJ_‘

0 - -

0.1)105]| 1 0.1 |0.5] 1 0105/ 1 01|05 0.1)0458( 1
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Concentration (mg/mi)

Fig. 26. DPPH radical scavenging activity (RSA) of organic solvent fractions

from actinomycetes

3.3.2.2.2 Hydroxyl &4 &2A&A (HRS)

Fig. 27 F8 v Streptomyces sp. ACT—1 % Streptomyces sp. ACT—18
559 Hydroxyl 2t 2 AAZA A dgt A7E YeERA Aol

t}. B Ao A= n—Butanol FEEoA 71 & g d 2AEAS 3

o

T

ARNem, 0.1, 0.5, 1 mg/ml E= F=NX 75%017d¢] @tHd A&

o
ot
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gelstgit). o)Ll Streptomyces sp. ACT—1 Hexane 3 EIAME 73.1, 77,
3.9%9 oA A2AGAHS B oH, Streptomyces sp. ACT—18 Hexane &
Bol A& 58, 69, 74%9] #@d AAGAHS Hth Chloroform 3 & ol A
0.5 mg/ml ©]%4¢] sEAAE 70%°13] drid £2AE4S B3t Ethyl
acetate T ZollA = FEYE4Q S HolA= FHAT 0.1 mg/mle]
SEAME 70% ol Hud AAZEE Bt o3 FYEES BT H|

S99 24NN EHE Rol7] WEe] HFHRAR FEH.

oo

tet

H

O Streptomyces sp. ACT-1 OStreptomyces sp. ACT-18

100 4
a0 -

iy

50

HSA (%)

40 ¥
SD_ Li ¥
20 {|H (£

ol L T )

1 ‘ 0.1 ‘ 0.1

FraH Fr.C Fr A FrB Fr.D

Conceniration (mg/mi)

Fig. 27. Hydroxyl radical scavenging (HRS) activity of organic solvent

fractions from actinomycetes
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60% o4 #d4

bl Ao =A, 1

Holl e} o] Streptomyces sp. ACT—1 ethyl acetate 8 E&EA 71 &

s

o
HaES Ao FAlR A

o)
=

o

1

3l DPPH z}t]Zol

DPPH A AgA

HAoH, Alkyl grjde] a3442 =4 %=

ki3

0.5 mg/ml &% o]%

=L
H

A

gom 0.5 mg/ml FETANAE 66%2 A2ASHE B

[e)

=

< Streptomyces sp. ACT—1 % Streptomyces sp. ACT—18 &nj
o

=

=9 =¥ Alkyl #tHd 22 o
A

o

T

=

3.3.2.2.3 Alkyl #H3E &AEA (ARS)
3]

t}. n—Butanol #3& &) A

A et ek, g6l A

=

G4 27
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YA

o= o
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| 2829 =9 Alkyl @dE
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DPPH #tH4d 47

mg/mlol| A Z+z+ 35.4, 60, 76.1% = YEFSTF 3 R
fraction®] A= 0.1, 0,5, 1 mg/mlol A Z+ZF 27.3, 50, 74.5% % EFSEOH, o]

Streptomyces sp. ACT—18

T

0
pal

oj
il
=
w

o

oj

~X

i
o
ol

O
i

- 194 -

o2l %

e

A% ol A%m

O
i

H

e, A5 A Foll Ak

o=

J

S
S

Collection @ jeju



O Streptomyces sp. ACT-1 O Streptomyces sp. ACT-18

100 -
80 - i
® 60 -
o
%
< 40 A
20 - - k
; B
]
0.1 1056 1 01|06 1 01|08 1 011056 1 0.110.56
Fr.H ErC Fr.A Fr.B& Fr.Cx
Concentration {mg/mi)

Fig. 28. Akyl radical scavenging (ARS) activity of organic solvent fractions

from actinomycetes.

A

wwwwmwwwmwwm

Fig. 29. ESR spectrum observed during incubation of AAPH with 4—POBN at
various concentrations of distilled water extracts from Streptomyces sp. ACT—18.
(a) control; (b) 0.1 mg/ml; (¢) 0.5 mg/ml; (d) 1.0 mg/ml.
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Table 16. Result of weight gain, feed efficiency and survival of Olive

flounder, Paralichthys olivaceus.

Group IW (9) FW (9) WG (g) FE (%) Survival (%)
Control 140.9+7.2 295.3+10.8 1544 823 52
SBME-1 1%  148.6+13.3 317+11.0 1684  84.3 64
Olive SBME-1 2%  147.5+122 304113 1565 832 70
flounder spME.18 1% 134.7+14.1 300+129 1743  85.1 68
SBME-18 2% 133.3+17.1 301+18.1  167.7  83.3 72
L. Sakei 2%  137.8+14.1 288+17.1 1502  81.9 62

IW, initial weight; FW, final weight; WG, weight gain, FE, feed efficiency.
The observed values were expressed as mean®*SD (n=6). Statistical differences

(P<0.005) from the control group of same species are indicated by asterisks.

WA g FE5= HJ7F AR T 919 A AEjdd vX e 9FS FAF
371 €&  Glutamic oxalacetic transaminase (GOT), Glutamic pyruvic
transaminase (GPT), Total protein, Glucose, Phosphorus, Triglycerides,

Hemoglobin®] W3lE A% & dto] ZAEIPH o, 1 A3E Table 17, 189 e}
BiFsi=3

GOT (Glutamic oxalacetic transaminase)@ A2 oj&] 74 #7] AE 71L-H
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GOTE Hlus| & A3 H7les FoIdh dd+oA ok @2 a4s EA4E

e = Ao, ok v & A3 A FolH Aol HolA @k

Table 17. Blood analysis of olive flounder, Paralichthys olivaceus fed on

Bacteria broth extract supplemented feeds.

GOT (U/L) GPT (UL) Glucose (mg/d)  T-protein (g/dL)
Group

Initial Final Initial Final Initial Final Initial Final

Con 15.0+2 27.0+2 5.0+2 4.5+1.5 315205 36.5+0.5 6.7+0.1 5.7+0.1

13.5¢0.5  20.0%1 4.5+1.5 1.0¢1 18.5¢0.5 16.5¢1.5 5.6+0.1 4.3+0.1

Olive 13.5¢1.5 11.0+2 13.5¢2.5 3.5#1.5 25.0+1.0 21.5+05 4.6+0.2 5.2+0.2

22.0+1 14.5¢0.5 4.5+2.5 6.0+1 17.0¢1.0 14.0+1.0 5.7 4.5+0.5

A
B
flounder ¢ 145:05 115:65 65105 55:25 13.0:0 155:45 4.75:0.1 4.9:0.3
D
E

13.0¢1 8.5+1.5 7.520.5 11.0 21.0+1.0 24.5#35 5.7+0.1 4.340.2

A, SBME-1 1% ; B, SBME—-1 2% ; C, SBME—18 1% ; D, SBME—18 2%.
The observed values were expressed as mean*SD (n=6). Statistical differences

(P<0.005) from the control group of same species are indicated by asterisks.
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Table 18. Blood analysis of olive flounder fed on Bacteria broth extract

supplemented feeds.

Phosphorus (mg/dl)  Triglycerides (mg/dl) Hemoglobin (g/dl)

Group

Initial Final Initial Final Initial Final
Con 8.75:0.15 10.541.4 2.0£0 2505  0.125+0.025  1.320.07
A 3.4+0.2 8.350.05 1.020 15¢0.5  0.135%0.005 0.9+0.03
Olive B 4.7+1.0 6.85+0.05 2.040 2.5+0.5 0.18+0.05 1.020.01
flounder ¢ 4.95+0.65 10.3+1.3 2.0%0 2.5+0.5 0.28+0.01 0.93+0.01
D 2.7+0.3 6.7+0.7 2.0£0 2.040 0.25+0.01 0.94+0.03
E 9.0£0.2 4.2+¢1.4 3.0£0 3.0£0 0.26+0.01 0.730.03

A, SBME-1 1% ; B, SBME—-1 2% ; C, SBME—18 1% ; D, SBME—18 2%.
The observed values were expressed as mean*SD (n=6). Statistical differences

(P<0.005) from the control group of same species are indicated by asterisks.

gl o] Glucose®} Cortisolre] &&= AA|e
al e, glucosed] A 24 sd=dy 22 FH4=H
AES et o] AL ol=gd@ el Eulo oaf 7Y
T dem AW glycogens et G glucoseZt F7HeHtt (Gupta, 1974).

o] AFoMe YA RE HIFE iRl A Glucose HE7F F7HeE S

L
[\
2‘4_1‘
[>
[t
)
[
N
i
fru
>
ofo
i)
9
X

ngom, sk wepel A5 AzhA) el YTl A Glucose S} Sto}
At AsE dehles, fAF A7 AR FoTANE feMoz o 2]
e ks el & 4= 9l

Total protein®] =4 A¥ gz AR A 14 Fo | A oAl 2b

TGE Triglyceridezt= FE2HE, AAE, FE X WAy o] 5 #do] +

AE olFaL glon el AFE TG oduxdemAr ol&s=d & A+l
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S HOYE Ba% 9t (Kim et al, 2003; Kwon et al, 1999). o|g]st A=
2 nFo B u, 235 B AYIAHELL] EAS 2ol 3k Zlow AlRH T,

ARHARAS ol g7b5 A0l S Atk AL AMS Fi dstebn Azgch

O0livefiounderC  DO0Oliveflounder T

100 - ;
BD N % 3 N
o "3“}, ®
® 60 - 1";:.-*,'-.
s, | i T Criing
z 974 T TR el
Pk o el —
20 - b | e R
Y A LA o
0 ; e , i ; g . : ?;% |
A B C D E
Dietary sample

Fig. 30. Superoxide anion production observed on NBT assay of the olive
flounder control group (C) and after administration with actinomyceyes
extracts containing diet group (T, treated). The observed values were
expressed as meantSD (n=6). Statistical differences (P<0.005) from the
control group of same species are indicated by asterisks.

A, SBME-1 1%; B, SBME-1 2%; C, SBME—-18 1%; D, SBME—-18 2%; E,
Lactobacillus sakei (Wild type) broth 2%.

3.4.4 A9 Lysozyme 84 54

Lysozyme< H| 5o]4 wWol7]2ts Fof ti3E2]Q] A= Al WA X
gauA, Al peptidoglycan®s2] N—acetylmuramic acid®} N—acetylglucosamine
Abole] B—1,4 AZS Fdllste] Alds APEAIZIE @4a0lH, ook FAw,
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Streptomyces sp. ACT—1 ¥lSN FEE 29% A7 ol w9 F& gho] x4

2L 9 ¥ = ATk OB APTNAE v FEE BrE 192

7hlS u BTl 292 H7MAS o o]l Ax}e] Ao Zrlste S Kol

919th (Fig. 31). o]= ujereifjo] Au|@PA RS0 =7}te] wlebr] o]F W
AAZY S7kshes Aspga AtgE oA, 25 e

[e=]
-1
& a7t dukal AR E oI

)
S
.
il
I
&

OgQliveflounderC O Olive lounderT

300 - }
E
5 250 -
=
=)
= 200 -
E 150 T
g By
= 100 - L g
(=] 3
- T
=l 50 - ‘El‘f,f-
0 | ) .
A B C D E

Dietary sample
Fig. 31. Lysozyme activity of the olive flounder control group (C) and after
administration with actinomyceyes extracts containing diet group (T,
treated). The observed values were expressed as meantSD (n=6).
Statistical differences (P<0.005) from the control group of same species

are indicated by asterisks.

A, SBME-1 1%; B, SBME—-1 2%; C, SBME—18 1%; D, SBME—-18 2%; E,
Lactobacillus sakei (Wild type) broth 2%.
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3.4.5 Streptococcus iniaes ©]&3 A7+

WA i FE2EE H7HAE 37 Tt Fofsk Aol gl 1AFst g
o] F WYX A2l Streptococcus iniaes A A A7 F, 159 E<h F+
B Azt dNAtRE Tl

HAHES AR 235 Fig. 3291 YERA AT
AETelME A9H7E 2dAFE HAPE dofwt
1024 80%¢] #HAMES BT EF AARHZFAIE Foldt A TolM= HA
Aoz v o HAMES Blen, ACT-1 2%37F 4d 714 60%<]
HAHE S Bl 2008 =9 HAaFS AT ¢ dder, dAF R 5~20%]
HALE s A = AT ojHF Ayp= whElgol wikeel 3t AT

=
o Wl Held WA F AXAH WAL wuss AL BAY A

o] ¥4
4 WIAS IRt ZlelaAd) B0 dEFE & AR AtREH ofHE A}

S
iy
1o
k)
S
fu
rO
ot

S 7MY E 2o (Kim et al, 2003)7F 9ich
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Fig. 32. Cumulative mortality (%) of olive flounder after 15 day feeding

incremental levels after challenge with Streptococcus iniae.
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4. Q°F

gl A EElE WAAT F 1455 7HAI 1A e E kst AR
AR AeldAdo] 43 #F 21F(ACT 1~21)& B3, Beld +5F
F el mes: FEES ol&ste] offF B JAAAEFE M 1055 &

o™ ESR spectrometerE ©]-&3te] DPPH 2t 4
tT 2 A3 HFAHoR AF
ACT-1, ACT-11, ACT-18 #F& AT F Yo, #F 4 Z¥

ACT—1, ACT-18< Streptomyces % (Species)E¥ 7V FASE 54 & ®HS

filo

e 3T ¥, IR BYS P

ol

o HEAHOoR Streptomyces sp. ACT—1 % Streptomyces sp. ACT—189]
2t 2z Wty 18]al o ACT-182 Nocardiopsis dassonvillei &%}
7S fAReE Askstd 2 fdshd 5SS B Nocardiopsis sp. ACT—180¢]2}F

ek EeldF ACT-1, ACT-18 ¥ ACT-189] wi¥sts 5A4S
olsk Ay w2 25C~30C, pH W+ 6.8~8.4, NaCl 2~5% H7}lA
7 =2 ASE 2 SbstEAd S Bt a8]al 5 Streptomyces  sp.
ACT-19 HAYdxAS &gt A3 gAY o s Maltose(1%), HA9> Yeast
extract(0.5%)2 UYENS ™, 5 Nocardiopsis sp. ACT—112S &Aooz
Galactose(1%), AAY O 2= Yeast extract(0.5%), Streptomyces sp. ACT—18<
B4 0 2= Mannitol(1%), 2AYU S 2+E Yeast extract 7} A3 oA 71
E2 ASFE 2 s S 2o 779 As 2 AYadEd Aks A%
HAAWGEAs g 5, v FEE AdEds Hrksidid. Aegd
7V A3 o5 g HEgs FEES Ao, 3 R ks 4 &

glstirh. 71 A3 Streptomyces sp. ACT—1 #jte] vehs F5E&8 A+

32

= UN4Ql Streptococcus parauberis (>100 pg/ml), Streptococcus iniae(>100

rg/mbell tiste] % oEHo R w9 =2 FHEAFE Sl o, SFAAS
9 A Al Exiguobacterium oridotokrans(Wild Type)ol] -9 & ot
A (>100 pg/mh< Bk 28u B EYRSS FEA7|= w5l g A

=
Ao Ao #EEA] ko, o=Q=w {ubA|rel Edwardsiella tarda®l W&
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2 FE(>500 pg/mD) S o 2Fzhe] hpAdo] AAEJAIRE S FIE A
Aol gle Aow S AY. Nocardiopsis sp. ACT—11 vjFel gk

X

1
s

71

== 0O

FEES
bacteriumes ALlstile thE WAL Aol digk Aol A9 it
Streptomyces sp. ACT—18 ®|¥l Hes FEFEL AJFo5 FZAL(S
iniae; S. parauberis, >200 pg/ml), H|B& Q= GFIAF(>100 pg/ml), SFA)
S AT (>100 pg/mb)el thete] AAHom F& S BloH, quEq=
S TEAT(>500 wg/mbhol WM = ride] gle Ae= SR1HAY. Eelds

gl mMegs FEEd sE¥ s #4s 543% 23 SBME-1

M

oZ:

aly

Lo

o
e

o) AW WAA Al Vibrio salmonicida, Flavobacteriaceae

(Streptomyces Broth Methanol Extract ACT—1) 100 wug/mle®= A3 oA +=
46%, 500 pg/mlo| A= 53% 1,000 pg/mlol A= 67%<] DPPH oA 4&A &4
(RSA)E ##E 4 9ldtt. NBME—11 (Nocardiopsis Broth Methanol Extract
ACT=11) AFFAAE F922 zto]= YA W SBME—18 (Streptomyces
Broth Meyhanol Extract ACT—18) A3dFolX= 7 52 74%9 @d4d &
AZA(>1,000 pg/ml)S R Hydroxyl radical 2424 A3 SBME—-1(100
rg/ml) ¥+ NBME—11(100 pg/ml) 7o A@Tolx= A2 46%, 38%°] w2 &
AtslebAd S Wl Wb 500 pg/ml FE olAe AdFo|ME SBME-19A4 &=
84%, SBME—18 AzFeA = 81%9 F& distads &9 4+ AUl
Alkyl radical 2A&43 54 27 BE Ad oA §& JEH o2 kst
o] F7lete Y-S Holx e, 100 pg/ml Fol AP FoAME e gy
A 2AEA(30~40%)S HAT) 1,000 pg/ml A2 FollA = SBME—-18 FEE
AN M =L 4% BYE 2ASHS Bt kg RedTy 7180 2 E

Hol et W HislEAd S SAeIlern, 1 A3 AF  Streptomyces  sp.

o,
=)
=
rot
i
i)
il
T
32
o
W
®)
=
(@]

=

(@]

o
=

B

=

s
(@)

>

ay

=

lo,
oo
2
2
>
ul
o%
By
e
o,
o
T

olal ¢l%lt}t. Hexane & E3} Chloroform g FolAE AHAFTHZ=E 2 A
ol gk g o] FRSA el o n, BT/ AdEodA HAA
oFgt A4S FdskAtt. Streptomyces sp. ACT—18 +9 I dA =

=
4 A3 Chloroform&mjoll M= thi-Zo MU w5l tste] 43 Fadd=
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Holow, n—Hexan w8 oA = S. iniae, S. parauberis®l| tste] 7Fst A&
Hl vk vjHgeo= ot &8 Helow, Wild type EFAM ol gk 3
TS #AFAER skt kstEd 54 Ay Streptomyces sp. ACT—1
Chloroform #3384 7} =& DPPH #ud A2AZA (RSA)S HGow 1
mg/mle] F=RE W 89%4] v #L A aAZAES AT 5 A
B2 Streptomyces sp. ACT—18 3% F%W¥ DPPH radical &2A&A &
Chlroloform Fraction®|4] 7} =& 4 £2ASA S H T Hydroxyl
A 2ASA A} Streptomyces sp. ACT—1 n—Butanol #£8oA 74 &
Oz AAgHS AT = Qo Streptomyces sp. ACT—18 Hexane 329
A= 58, 69, 74%e T AAEAS BY Alkyl #HE AAEA A
Streptomyces sp. ACT—1 Ethyl acetate #&olA 7F4 =2 =o4d L2AEA
S BIow 0.5 mg/ml FETANAE 66% A2AEAS WA} Streptomyces
sp. ACT-18 ¥ s Alkyl &t d £71842 Hexane w8l Alkyl 2}
gA A2AZAo 71 =9ko . 0.1, 0.5, 1 mg/mlellA] Z2+2F 35.4, 60, 76.1%
2 Vet
S| Yu A = Streptomyces sp. ACT—1, Streptomyces sp. ACT—18 F&%&
= o83 FAF A=HSF A ANt 1 2 gX 9 A e A
FEE°] #H7FEA g2 T (ControD ol A= AFF7IZE &<t S5 0] 1544 ¢
o2 yeiston, AIRZHA7E FolEd Aol A= SBME-18 1% A 7FolA
$ =2 1743 go = FRIHAY. WA W F=E AU AR Fo7F €A

o] Ag] Aol nx= g8ke A7l 8l Glutamic oxalacetic transaminase

M

N
N
X
H

(GOT), Glutamic pyruvic transaminase (GPT), Total protein, Glucose,
Phosphorus, Triglycerides, Hemoglobin®] W3}& X% = 3}o] FASGTH & A
TA% AU GOTE vlus)] 2 23 HI/MES Fosh A oA o v

B2 EAE FAT 5 Aow, gz vas) B A DA FoH ol
= wolx gkon], GPT & E@ Fold Aol gl A0R Felo] Ko A}

=Tl A Glucose =7 S7hetes S BAoH, ARHTA Fo AT

o X+= Glucose 5%=7F Solr|= 23S YeRH e, Total protein, TG(Triglyceride),
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sheleh. oleld PR mel Ui APAYATE AT FYANA AFOE f
ARY A8

AFshaA g AERA e Fde BoFes T3 54 ARV du. £

ins
o,
il
2
>,
X
olo
o
ol
o,
=)
>,
ox
riN
o
pe
o\
il
s
W
Ay}
ot
o\
il
o,
to
2

o] 7l Wb ot wjokel MALS yellow, red, orange, brown, green, pink, violet %
o7 &4 AT WGFAES s s W wg ok MAE QLSS
. A A S 2 aerial mycelium® creamy, white, gray, yellow, green A& <]
S HErRT EEE 10195 AAE FE% F carotenoid HE+
bacteiochlorophyll®] %5 &<lsk A3} 83757} carotenoid®] &34
#1191 350~540 nmoll A peakE WEFNSITE HEA  bacteriochlorophyllell Z3-8-3F
= BAHAANAM = FH = peakE YEME +2 SISIHh

AFE AFA =53X9(Group I, Site A, B) sfickol|A] Eed A 240+

k1
||\
o
oL

Gram positive bacteria(divission)/ Actinobacteria(class)/ Actinomycetales(order)/
Streptomycineae(suborder)/ Streptomycataceae(family)/ Streptomyces(genus)
ol 22 ¥ Actinomycetales(order)/ Streptosporangineae(suborder)/ Nocardiopsaceae(family)/
Nocardiopsis(genus)ll 2 w57} &gl don, FEHdF 714 EE type strain
I v Ay AFA] FHA G A= Streptomyces & o+ 10 (species),
Nocardiopsis & #5 2 =< 2139}

AF=Al AFEAS (Group I, Site C, D) 3lolA e WAL 287 T+
Gram positive bacteria(divission)/Actinobacteria(class)/Actinomycetales(order)/
Streptomycineae(suborder)/Streptomycataceae(family)/Streptomyces(genus)l 27
=, Actinomycetales(order)/ Streptosporangineae(suborder)/ Nocardiopsaceae(family)/
Nocardiopsis(genus)dl 1 #7F S2E Ao, HEXH OS2 Streptomyces & 1t
T 17%(species), Nocardiopsis & o5 1 &5 &2t}

AFE AAE FHEAY] (Group I, Site E, F, G) djdellA] #ejd Bt 5 584

2l

F2A 7P w2 WA 2dEs dEhd Agoith. &Y
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Gram positive bacteria(divission)/Actinobacteria(class)/Actinomycetales(order)/
Streptomycineae (suborder)/Streptomycataceae(family)/Streptomyces(genus)®l
51 7, Actinomycetales(order)/Streptosporangineae(suborder)/Nocardiopsaceae
(family)/ Nocardiopsis(genus)®l 7 w7} =2 =02, Group [lol|X= Streptomyces
& 24%(519F &), Nocardiopsis & 455 Ho]sl9dt}.

MAE AT (Group IV, Site H, Daflelx E2jd WA 35 dF5 E5F
Gram positive bacteria(divission)/Actinobacteria(class)/Actinomycetales(order)/
Streptomycineae(suborder)/Streptomycataceae(family)/Streptomyces(genus)
o st o= E3tEIom Site H, I (Group V)X = Streptomyces &
T 18% (species)S  EHel&tsith.

AT 3k 470 A1 97 A A Ee] & 145709 s F WAt -+ 7]
A ES Gram positive bacteria/ Actinobacteria /| Actinomycetales(order) L&
(100%)°l 23130 the-© 2 Streptomycineae(suborder)/ Streptomycetaceae(family)/
Streptomyces(genus) ~155(93.1%), Streptospotangineae(suborder)/ Nocardiopsaceae(family)/
Nocardiopsis(genus)(6.9% )% YElGTE HEH o2 oA Eax WAALF

145 5 5 44 FAH=(similarity) 7} 717k L 9 7HsAd0]l =& dF
E A9lslal Site A~Site I7FA] % 55 % (Species)®] FAlEom 55F F

Streptomyces (genus)ll 5159 <3131 2™, Nocardiopsis (genus)ol| 4&0] ¥3H%| AT}
AN AT sfiellA ] Holxl A R H8=2] 16S rRNA 1714
S #Aste] 2 A7 F 117 FFAAT 45, AGuAE 757 AR Y 7S
gol w9~ A ERRTE o] el tisiAlE FO R 5] 2AF = type strain

=7
< T,‘:_'—O]:Hlo]_ U] xg%gﬂ BH ok ET/\ , 65115]]7{4 E/ﬂ /Kg;q /Kgﬂ_ﬂ-ﬂ E/\é, ﬂ.sl—x% l_ET/H

(e}

1

J

Mo

AF FR FF JIMI0TE AFE oY dlEde) sUN-H 555 Siphonaria
sirius (Mollusca: Basommatophora) 258 #gl&ojz o™ 16S rRNA -2 &
71 LE-S vl Ay} Gammaproteobacteria®l Glaciecola nitratireducens KCTC
12276 3} Glaciecola pallidula LMG 214277(96.1 and 95.43 % 16S rRNA gene
sequence similarity)e} 7Fg At wEld e I 24, 3714 2 9

S AMTeEA 9 FE 1~10% % Hi%eEx 10~37TCoA AH3Ic}
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Citrate 2 phenylacetates ©|83}%] & ©om produces cytochrome oxidases
AAFS= EAS 7K aL JtE 184 Ornithine decarboxylase, lysine decarboxylase,
urease 2 H,S AJAFSEA] 294t} Inositol, sorbitol, rhamnose, melibiose %
amygdalin TE AN FA= eI
HAFHow NFEFW FF JIMIO'S Glaciecola nitratireducens KCTC 122767 &
Glaciecola pallidula LMG 21427"9} 714 G218k AJg] 2 AJslsld EAQS Ryl 2
2l JIML0'e] G+C e 49.81 mol%= YENEeH, F8 AEAWAE Cigo,
Summed feature 4 (Cig1 w7c¢ and/or iso—C15:0 2—0OH) ¥ Summed feature 7
(C18:1w9d/wl2¢/ w7 )2 ¥-2= ATk DNA-DNA ¥ Hloje & wiEke = JM10°
< G. nitratireducens® G. pallidula &NA 2= th= AS €11 5 ATk
NESH FF JIM7TTE AFE A& sotrte] A B9l Laurencia sp., =5-E
walEojx o, 16S rRNA 4R |71 E& vws]iE A3} Gammaproteobacteria®)
Oceanisphaera litoralis DSM 15406" 2 Oceanisphaera donghaensis KCTC
125227(98.02 and 97.70 % 16S rRNA gene sequence similarity)<} 7} §-A}
ST w5+ Gram =73, Oxidase % Catalase ¥de] s 73 JH= 6
me] & AER F58e 7HAIL At S5AE AdeEA o & 1.0~11%,
e E 4~37C, 4] oA Na'& F2= 3Gtk Malate} Citrates o]

=

243}9 21 arginine dihydrolase®} gelatine SA4¥H-S- glycerol, succinate, L—valine

9 L—tyrosines WS- WQTE  galactose, glucose, arabinose, mannose,

N—acetylglucosamine, maltose, gluconate, adipate ¥ sucroseE& ©|&3d}o] 4H&
AAEEA] egtom, G+C THES 61.94 mol%® UElon, #F9 Fa AW
2 4 A3} Cigo, Cign w7c¢ and Summed feature 3 (Ciso iso 2—O0H/Ci7: iso
3—0H/Cis1 07c.)= YEFRTE w59 dests, A2, 43}k 31 16S rRNA
Az AN S BASR A HTHOR w7 IIMS7 & AT 7FeAo] ol
Oceanisphaera laurenciae sp. nov.2}al ™3} t}.

fFoll A Eejd WHTF F 1455 7HA L 1xA<] et 9 kst Ads
AAA Aol 8 #FF 21E(ACT 1~2D) #gsielch. a8 #F

TS o]&ste] offF 3 AAEHFL A 10FS ol&

o™ ESR spectrometerE ©]-83o] DPPH 2| Z 4AHA
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= = o
<, ksl A4S 3

ACT—-11, ACT-18 #FZ AAT 4= qi%le

e

rUO

g} Al &

4 =]

o

|\

rob

Aa HEHoR w5 ACT-1,
, 77 &4 A7 ACT-1, ACT-18<

JL
L
_OL
o %
ﬂ.ﬂ
X

Streptomyces &(Species) &3} 7 FASE A4S BHoW, HFHO R Streptomyces
sp. ACT—1 % Streptomyces sp. ACT—18¢|&}ar z+z} w3y, 18]al
T ACT-18% Nocardiopsis dassonvillei =3 7V #4138k Aslsld 2 {8t
A EXS W] Nocardiopsis sp. ACT—18¢]#}ar W3t He
ACT-18 B ACT-18¢] widers SA4& Sl 23 wjgf2xe 25C~307C,
pH W= 6.8~8.4, NaCl 2~5% 7ol 7P £ AS5e 2 st d s
By 183l o5 Streptomyces sp. ACT—19 HAwSzAS 23 Ax
B rgo= Maltose (1%), AAYUL Yeast extract (0.5%)Z YEReH, 5
Nocardiopsis sp. ACT—11& BrAYg o2 Galactose (1%), AALO EE= Yeast
extract (0.5%), Streptomyces sp. ACT—182 ¥AY S &= Mannitol(1%), &
AP0 EE Yeast extract (0.5%) F7F A@dFolA 7 & AF5E 2 3iks

=
24de Bt o5 A 2 A At 9% HAAgwmdeds @

o]
& F G FEEe YRS WA AABY WE A8 @5 g
o Mie FEES Axdgon, T U Fus BYS FAAsth T A%

AMTitE Yol Streptococcus parauberis (>100 pg/ml), Streptococcus
iniae(>100 pg/mDell tste] &= oEAo= vl F2 FdDAHS B3l
H, dFAFE 9 A A9l Exiguobacterium oridotokrans (Wild Type)ell
uj-5- bt A4 (>100 pg/mDe BT 8y RlEg eSS FEATE
e WE AL Aol #EEA gskow, Jdefed FEAd
Edwardsiella tarda®l| WalAE =2 §%(>500 pg/mD)AS w ke FHpAdo]
HRHJAIRE 2 Froa= 719 Aol fle Aoz EIHAN. el )
F MEs FEee] v2d @k A4S 543 23 SBME-1 100 wg/ml

T Ad oAM= 46%, 500 pg/mlolAE= 53% 1,000 pg/mloll A+ 67%<] DPPH
oA 7 24 (RSA)= ##d = 3UUTh NBME-11 A3 el M= 242l At
IA 5 SBME-18 AgFolde 714 ¥& 74%9 S04 2A8A4
(>1,000 pg/mD< Bt Hydroxyl #tdZd 27Ag4d 23} SBME-1(100 g

/ml)¥ NBME—11(100 gg/ml) Fo] AdFoNM= 2+2; 46%, 38%2] 2 &4t

o

T

i
ot

o
rr
e
32
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388 Bl vbH 500 pg/ml % o]t AdFoix= SBME—19A4+= 84%,
SBME—-18 Azl = 81%2] %2 itstad s gelst 4= ot Alkyl 2

A 2A84 54 23 BEe ATl sk EHer drbstaide] St

(o]

2ol gt BHe F49 S Sed AWTEe] A% FF@Aol v A

FEEHA YEtR e, v B THE MldEolA AAHoZ ok A48 E<l
3t} Streptomyces sp. ACT—18 #3EH 3#34 54 A3} Chloroform-g
ol M= o] YA gl Wikl AR e e Bloew, n-Hexan
F8o M= S. iniae, S. parauberis®l| ©thsle] 713k EAS HQl HbH W] H g Q9
= ok A4S Helow, Wild type Aol g Fr-dS BEHA Fsk
sharststAl A3t Streptomyces sp. ACT—1 Chloroform &8 oA 71 =&
DPPH #tHd £7424d (RSA)E EAoH, 1 mg/mlé =S W 89%¢ wj
T Ee B aAgAS gdd F UMY FEA T Streptomyces  sp.
ACT-18 ®#8E ¥%4¥ DPPH @t 274842 Chlroloform 84 7HE &
S god 2AZAS 1Yt Hydroxyl 2t 2784 A3} Streptomyces

sp. ACT—1 n—Butanol &g A 7} =2 2t 2ASAE S 208 + A

o
;

o™ Streptomyces sp. ACT—18 Hexane F&o|X &= 58, 69, 74%2 &4 4
A4S BT Alkyl gHHA a~AE] 23 Streptomyces sp. ACT—1 Ethyl
acetate oA 7H & d AAEAES BAoW, 0.5 mg/ml Fx=T0l
AE 669 A2AEAHE HATE Streptomyces sp. ACT—18 EIE Fh
Alkyl 2}tt]Z AAEAS Hexane w&olA Alkyl 2t AAEA o] 71 =

o™ 0.1, 0.5, 1 mg/mll A Z+z} 35.4, 60, 76.1% = YEFSET)

i)

32

YA A= Streptomyces sp. ACT—1, Streptomyces sp. ACT—18 F&&
S o] &3 o[/ AEAF APS AASSY. O A3 gAY e WAL
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FEEo] HIFEA & =7 (ControD ol A= ARF7IZE &<t 550 1544 ¢
o2 Yyelgton Az HIMAIZE Fod A3 oAM= SBME-—18(Streptomyces
Broth Methanol Extract ACT—18) 1% H7}7olA 71 ¥& 174.3 go. =& &
AHJT. WA WY F== 7 AR Fo7E dAe] Ay A vAs 4=
2AFsE7] 9138l Glutamic oxalacetic transaminase (GOT), Glutamic pyruvic transaminase
(GPT), Total protein, Glucose, Phosphorus, Triglycerides, Hemoglobin®] ¥ 3}
& AREE slo] ZARISITE 2 A7AR U] GOTE Was] & A3 H7teEs

Folgh APTAAN 2 e G2E AT HAT £ o, a7l vus
= EG FolH Aol gl

A3 A7 oA Apol= Holx| gkgkoer, GPT &4
2 gQlo] Hof ALRHTIAY] HA7]EY ofF= A gle AoE glo] HATH
Z2=T-elA Glucose =7} S7lehs FS How, ARHT7H Fof AfToMe
Glucose =7} Solr= Ax= vERI S, Total protein, TG(Triglyceride), Phosphorus+=
24 Zo]7h gIAth. Hemoglobin A= AMER7HA] ol gellA S7lshs s &
AN 4= ATk HEF LDH &4 #H|E SASIARE Be AddTlA 724 Ael&
Shl & = 1A (Not shown data). ol F2lAIEe] S4E SAHAH W w<f
gt BE AgFoA duk AlRE Tt g2t RT; 22 2

o, ST 2% FoIdh ARG 9 w2 AAE

rr

N}
=
R
it
N
Lk
—
=
>
=2
o
,ﬂ_r

=< gro|AAgli g el & 5 ST
WA G FEE AR E 135 ¢ %

o] F WA AletQl Streptococcus iniaesS N9 713 A7l 3, 159 F<ko] 4
AL FAMSIH. 1 A3 AVRAEE Fod AP TdAAe AT 3EA
HFE EAPE dojwton, A&£x oz Frbetiz 1094 80%9 FAMES

. ACT-1 2%37F AdTelA 60%°] AAMES Hol 20%8=9] Hazs o
e 4= gl on, AAH R 5~20%2 HALE i

B ATE B AFEY APPAT ChEe REO] e, A YR oo
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