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ABSTRACT

The Actinomycetes are members of the bacterial order Actinomycetales,
bacteria which resemble fungi in their branching filamentous structure.
However, They are true bacteria—prokaryotic cells—unlike eukaryotic fungal
cells. As Actinomycetes grow, they form branching filaments of cells which
become a network of strands called a mycelium, similar in appearance to the
mycelium of some fungi.

Actinomycetes are the source of several useful antibiotics that used not only
in the treatment of various human and animal diseases but also in agriculture
as metabolic poisons. At least 70 of the approximately 100 marketed
antibiotics used for the treatment of infections in human are derived from
substances produces by Streptomyces sp..

A marin Streptomyces sp. JR1 which produced red-brown pigment was
isolated from coastal area in Jeju.

We studied that red—-brown pigmentation condition of Streptomyces sp. JR1
and antibacterial activities of organic extract of cultured cell and broth.

The optimal pH of medium and fermentation temperature were pH 7.0~7.5
and 27T, respectively. The presence of magnesium chloride on Marin Broth
improved the production of the pigment. The maximum absorption wavelength
(Amax)of red-brown pigment was 510 nm.

The organic extract of cultured cell and broth inhibited the growth of
Staphylococcus aureus and Bacilus subtilis, Bacilus cereus, but the inhibitory
action was weak compared to the ampicillin. The organic extract of cultured

cell and broth inhibited the melanin synthesis of B16F10 melanoma cell.
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WA AlEE AU E BEFA $23% A FEZA, tetrapeptide side chain 39
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Table 1. Cell wall types of Actinomycetes

Cell wall Diaminopimelic Glycine in Characteristic Representative

type acid isomer Interpeptide Bridge sugars Genera

Streptomyces,
I L L + promy

Streptoverticilium
Micromonospora,
II Meso +

Actinoplanes
Thermoactionmyces,

11T Meso - Actinomadura.

Frankia

Arabinose,

Meso - Saccharmonospora
glactose

v

Table 2. Whole Cell Sugar Patterns of Actinomycestes

Sugar Pattern Types® Characteristic Sugars Repressentative Genera

) Novcadia,
A Arabinose, glactose

Saccharomonospora
Madurose” Actionomadura,
Streptosporangium,
Dermatophilus
None Thermomonospora,
C Thermoactinomyces,

Geodermatophilus

] Micromonospora,
D arabinose, Xylose

Actionplanes, Frankia

“Characteristic sugar patterns are present only in wall typesII-IV, those actinomycetes
with meso-diaminopimelic acid

PMadurose is 3-O-methyl-D-galactose.
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Table 3. Antibiotics produced by Streptomyces

Chemical Common . .
Produced by Active Against *
Classes Name
Aminoglycosides Streptomycin S. griseus Most Gram negatives
. . . Streptomyces M.tuberculosis, penicillinase -
Spectinomycin .
spp. Producing N.gonorrhoeae
) . Broad spectrum, usually used in
Neomycin S. fradiae . L .
topical applications due to toxicity
Broad spectrum, Gram positives,
Tetracyclines Tetracycline S.aureofaciens gram negatives, rickettsias and
chlamydias, Mycoplasma
Chlortetracycline S.aureofaciens AS for teracycline
) . . Most Gram positives, frequently used
Macrolides Erythromycin S.erytherus . L .
in place of penicilin, Legionella
. ; ; i Effective against obligate anaerobes,
Clindamyecin S.lincolnesis : . .
especially Bacteroides fragilis.
Polyenes Nystatin S.noursei Fungi, especially condida infections
Amphocetin B S.nodosus Fungi

. Broad spectrum ; drug of choice for
Chloramphenicol S.venezyelae .
typhoid fever.

» Most antibiotics are effective against several different bacteria. The entries in this

column refer to the most frequent clinical application of a given antibiotic.
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1. 7171 € A=

Streptomyces sp. JR1¢] #2]€ w]#]= Marin Broth 2216 (Difco co. USA)S Al&
3tk w3 Streptomyces sp. JR19] pigmentol] #odt= RS dolmy] 93k uj
A E o 2= Bacto Agar, Bacto Peptone (BD, USA), Bacto Yeast Extract (Difco
co. USA), Sodium Chloride, Potassium Chloride, Sodium phosphate, Dibasic (Sigma,
USA), Strontium Chloride hexahydrate, Sodium metasilicate, Sodium Flouride
(Sigma-Aldrich, USA), Magnessium Chloride hexahydrate, Boric Acid (Merck,
Gemany) Sodium sulfate, Calcium Chloride, Potassium Bromide (Shinyo, Japan)
Sodium Bicarbonate (Amresco. USA)E A3

aE]a gt AEE WA EZE LB mediume AMEEII o, @it A8 AT R

s

gram 5731 ¢l Escherichia Coli (KCTC 1682)¢F gram <1< Staphylococcus
aureus (KCTC 1621), Bacillus cereus (KCTC 1012), Bacillus subtilis (KCTC
1021), Streptococcus pyogenes (KCTC 3096)5 KCTC (Korean Collection for
Type Cultures)oll A £k Wolr BEFH L FF2 ALEEA L, L7 E2E (F)E49
Incubator(JS/IN/180) ¢} Shaking Incubator (JS-SKI-1000)E A}-& 38} T}

Melanin contents®} A ¥ 2] viability &4 A}-8% B16F10 melanoma cell2 KCLB
(Korean Cell Line Bank)Z4%¥8 F¢wkekoem, 100 units/ml penicillin-streptomycin,
10% fetal bovine serum(FBS)7} &% DMEM ®A & AM&3te] 37C, 5% CO, &
71l st A= 3ol & W A} wiAlE wsepglom, 4~7dol A 7
o) wjFslgdth. &4 melanin® 3-(4,5-dimethylthiazol-2-gel)-2,5-diphenyltetrazolium
bromide (MTT)E Sigma(USA)ALY] A& T35l AFE3F3A T

DPPH free radical 2=271&7Jol g &4tst a3} ddol] AE-¥ DPPHSO} thzao
2 A3+ ascorbic acid, BHT(Butylated Hydroxytoluene)¥ Sigma(USA)AY] A&
TAske] ARESES



2. Marin Broth oA ¢ Streptomyces sp. JR1 v %

71%2¢] Marin Broth 2216 wWi#|¢}, Difco manual®] A& wat Zgsle] wHE

Marin BrothE 4|3}t 28] 3L Difco manualel] W& ZF AEES 5 sty S A9

i

A7 MR ES Az T A 7|2 42 al A9 Streptomyces sp. JR1 & =3}

o] 28TColA LAzt sttt

3. Streptomyces sp. JR19] ®j %

Streptomyces sp. JR1S Marin Broth 22169 A& Ao A %&3 MgCLE: A

o
=

Wt H7bsk wjFH S FHlste] 7} wjgdo A 27C o R AFUE u)
T ojgas AAET (12,000 rpm, 4°C, 30 min)9} filtering(F el )& E31o]
Aot wjgFN S w2 FE2lskA

o0
e

=S
~
-

O YA} filterings AH w2d MFN2 pH papers ©] &3t pH7F 80 H&=

°l& 3213 & Ethyl acetate(EtOAc), Chloroform(CHCl;), Buthanol(BuOH)9] <A =
Sl 3 ¥ 5% F4702E 1A powders @olWlorn], W& wigel e bl HCI

S 7}8ke] pH 45 ol8t2 3+ F, tAl EtOAC, CHCl;, BuOHS A2 &) &3

&3 FAA%E A F 709 samples A ATHScheme 1-b).

@ A= acetones o83kl FEsIAoH, v AJe A2 acetic acid ¢+ EtOAC
E 5% Y & 23 5 CHCl;, BuOHs2

5 FAAZXE AA, F 4719 sample

o
e
30 HU
=
v
O
=3
€]
3
@
g



el = A gRiew guf 8ol oWl 11709 sample it A testo}
DPPH free radical &7 A testo] AF&F %o, B16F10 melanoma cellol] % -8 3}¢]

melanin contents =43} Al3E 9] viability 4 (MTT assay)oll AH&5H At}

2) +MgCly Wi g4

TAFS ZEle WY e pH paperg ©]&3te] pH7F 80 A=ds & -
EtOAc, CHCls, BuOH®| A= & £38 & 553 52125 AA powdergs ¥
Wwor w2 mdde tAl HCIE 71t pH 45 ol3t2 93+ FH, YAl EtOAc,
CHCl;, BuOH®| +=Ax= &vl £ F 53 s24dx2& 714 6714 F 12719
samples A A tH(Scheme 2, 3).

oz Aol 12709] samples &t A test9} DPPH free radical &7 A

5

3

testoll AF&¥ o™ BI6F10 melanoma celld] %83} melanin contents =7 A}

SH A

a. culture media

centrifuge(12,000 rpm, 30 min), Filteration
v v
Streptomyces sp. JR1 Marin Broth
(mycelium) + Acetic acid (pH<4.5)
+ Acetone + EtOAc
v v
Residue EtOAc ext. (e-3)
Acetone ext. (a-3) ‘ + CHCl3
v v
Residue CHCIl3 ext. (c-3)
+ BuOH
v v
Residue BuOH ext. (b-3)

Scheme 1. Flow chart for the extraction and separation of Marin Broth.



culture media

centrifuge(12,000 rpm, 30 min), Filteration

Streptomyces sp. JR1

.

Marin Broth (pH>7.5)

(mycelium) + EtOAc
+ Acetone v v
Residue EtOAc ext. (e-1)
Acetone ext. (a-1) + CHCl3
v v
Residue CHCl3 ext. (c-1)
+ BuOH
BuOH ext. (b-1) Residue
+ HCl pH<45
+ EtOAc
v v
Residue EtOAc ext. (e-2)
+ CHCI;

v

CHCl;3 ext (c-2)

v

Residue

+ BuOH

v

Residue

v

BuOH ext. (h-2)

Scheme 1. Flow chart for the extraction and separation of Marin Broth.



added MgCls Broth

centrifuge(12,000 rpm, 30 min), Filteration

.

Streptomyces sp. JR1 Broth (pH>7.5)
(mycelium) + EtOAc
v v
Residue EtOAc ext. (PE1)
+ CHCl3
v v
Residue CHCl3 ext. (PC1)
+ BuOH
BuOH ext. (PB1) Residue

+ HCl pH<4.5

+ EtOAc
v v
Residue EtOAc ext. (PE2)
+ CHCI;
CHCl3 ext (PC2) Residue
+ BuOH
Residue BuOH ext. (PB2)

Scheme 2. Flow chart for the extraction and separation of Marin Broth added

MgCls .
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removed MgCls Broth

centrifuge(12,000 rpm, 30 min), Filteration

.

Streptomyces sp. JR1 Broth (pH>7.5)
(mycelium) + EtOAc
v v
Residue EtOAc ext. (NE1)
+ CHCl3
v v
Residue CHCl3 ext. (NC1)
+ BuOH
BuOH ext. (NB1) Residue

+ HCl pH<4.5

+ EtOAc
v v
Residue EtOAc ext. (NE2)
+ CHCI;
CHCl3 ext (NC2) Residue
+ BuOH
Residue BuOH ext. (NB2)

Scheme 3. Flow chart for the extraction and separation of Marin Broth

removed MgCls .
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4. MgCly ¢ 7}z wWE Streptomyces sp. JR19 S5 AE

Marin brothol| A MgCLE A A3k vl (negative broth)¥ H7Fe v U (positive
broth)< Z+z} 50me | %38} A

Streptomyces sp. JR19] single colonyE # 3|4 PBS (pH 7.4)ol 4 2z dEA 7 &
ZF iR E R 200 RS HE3F] 27°C shaking incubatorel]l ¥ i 847k uj ok},

HAE 5 stz A AlAS W 19A4 2 B vk 874l mid 22 AJZtol
7w Fd 6 mAS FAsIA 5 me> filtering & Foll oA 9o Pl TAE
10C dry ovenol Al Al AZxAZ & FAE Fom 1 mle 450 mol A &
SAATHA 71 A 450 nimi= & melaning <& o AREE = 9.

Agel Bun e WAL ANRAE Faje] wash vl Reld ), 2 v

—_

Jl
Jm.
o
&}
ol

Ay

o

i)

(3

Fole BYPEAE o] 3ol pigmentationol wWE Hth F g Fohhsich

5. 7] pHel €% red-brown pigmentation

Streptomyces sp. JR19] red-brown pigmentation®] th3gt sjkd o] %7] pHE &9l
sl7]1 918+ pH 5.001A4 pH 9.07H4] 05 @912 pHE €8 ste] Marin Broths #lz&3}
At} Streptomyces sp. JR1S Awlek 3% Marin Broth ( pigment A4 A ) Zt
pHE 22 m# HE3 =, 27C shaking incubator (200 rpm)oll A LFUzt vjAdsl$
o},

o4 red-brown pigment A4 Al A &
o 24 pHYE vl 9] pigmentation MEE T3}

Hj ko] Eyk &8 Filtrationg E3&to] FAFe} wjokolS Eysta, a3k #AE
110CoA AZX & FAE =AH3go, wdde 510 molA SH=S A5l
719l pH7} pigment B4 - o|9A W35 &str] fste] wjdH e HF pH
£ A5kt

&
i)
2,
(e}
[@)]
=
g
=2
>,
lo
ool
ot
b
i
N
o
ais
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D Ag 2F
ot g

ox
filo

golslr] Y&l gram YA Bacillus cereus, Bacillus subtilis,
Micrococcus luteus, Staphylococcus aureus, Streptococcus pyogenes 9 gram 24
1Ql Escherichia coli & 91|33 th

Zy wF d2 AR =gsle] sHF FoF 37T oA Hide H, @Y colonyE
FHa A AAH 3 moll HF8Fe] thA] &F F<F 37C shaking incubatorell A 1l 3}
Ak wgE #5107 10*2, 10°e2 3Xsto] mAMAo] =& F, thA] 37 T

oAl &FF FoF wgsle], dFHEE HFgo| ¢dsA BESIE vEE Qs
2) A89 AHg

ol B3 & 23709 sampleE 5 +MgCly brothol A £33 BuOHZ sample 4
78 (PB1, PB2, NB1, NB2) & A3 U™ A sampleE-2 Dimethyl sulfoxide(DMSO)

o = 2 mg/ml, 1 mg/ml, 500 pg/ml, 250 pg/mt 9] 47§e] FE=W A= 3|Aste] FH|s}
o F2 4719 sample2 THTO Fo] T TE WHAAR Ao FHEA

v "is] F disc Yol 03 sampled 30 plAS HH3] olmdl T AZAAE
ok olw, = Z+ DMSO 30 gl (BuOHZ 4701¢] sample®] 49= S/ 30 wl)
2 ARSI o ¢ EHS B WEy] 93 H WO ®E Ampiciling sampled} & F

w2 54ste] Agsen.

3) Fo8d 49

7l AR"E 7Y 50 wWE top Agar 2 ml I 4ojA LB plated] EA HA A
ZrolE 5 1 $lell "] sampleg 30 ¥ AElsle] T E discE 2 F L 37TAA
wjokst Tt ZF o] tiE i S ALE 24~48A1 7 WA 7l Fo] sampleS

A2l g disc 799 clear zone2] W ZH F4 gt}

_13_



7. DPPH® o 23t &Aik3t AAEA

=8)9 23709 sampleS Z+ZF 2 mg/ml, 1 mg/ml, 500 pg/ml, 250 pg/ml, 125 ug/
go/ml 2] 6709 FEE FH]|5taL, a0 2 AFE3F ascorbic acid®} BHT &

=
515 mol A9l FF w7t 89~1.1 Atel7t HEE 848 DPPH solution 180 o
sample 20 plE 7Fskal 1027F ¥H-&A1Z1 $-o] ELISA Readerg ©]-83Fo] 515meol A <
F3EE =438k, DPPH AFadzd 2424 AEE A 223, sample
Al F#EE 12ske], Ethanol(EtOH) 180 ol sample 20 x2] sampleS 431,
E o] ELISA ReaderE ©]€3to] 515 molA e &35 43

DPPH &% % - {(DPPH+sample &% %) —(sample® &3%%)}
Inhibition = x 100
( DPPH &%= )

8. Melanin &% =4

BI6F10 melanoma cell& 2x10° cells/dish7} ¥ =2 60mn culture dishol #2538}o]
CO. incubatorol A 37T, 10A17F AZ Auj%de kAt 1047 5 ZF dish €=
sampleS 2 pg/ml T=E= 20 pg/me FE7F HEE A E sk, CO. incubatore] A
37C, 394zF v st
Sample A8 wAd 0.25% Trypsin-EDTAE NS A gste] AETE FH&ta, 2z
AEEZ 200 o IN NaOHE S ¥ AIXE 5ATHOST, 5231, 3 Hehd
(Sigma Chemical Co.) 10mgg 1IN NaOHe©l| %] stock solution(l mg/ml)S A =3+ F
700 pg/ml, 300 pg/mé, 100 pg/ml, 70 pg/ml, 30 wg/ml, 10 pg/ml, 7 pg/ml, 3 pg/ml, 1 pg/
mé, 0.1 pg/ml, 0 pg/ml F%F 3]X3}o] standard solutions A %3+ th. Sampled

standard solutions 96well plated] 21 450 mmoll A EFJEAR FR=S =43
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9. MXZ9 Viability 4 (MTT assay)

B16F10 melanoma cellS 5x10* cells/welle] ¥ %2 96 well-plated] ®F3d+e] CO,

incubatorll A 37C, 10A17F Ax Au&S 3FH T A E7F viehel] F2bo] HWH) well

F samples 2 pg/ml =5 20 pg/mle] F=7F HE5 AHEE 3Fal CO. Incubatorel A

37°C, 393k ks

39 % MTT solution (50mg/m)S welld 50 w® 53 F, 44X &<+ 37T A |t
S A7l & AojZ formazangd DMSOZE 3¢1% ELISA ReaderE o] &3to] 540 nmol|
Ao FHAEE FAsA

gk, AFMEANAY] AE =4S s B7] 95te] Detroit-551 fibroblast cell

o A E 2x10° cells/mle] H%= A7 2o Wi oz MTT assays 8 a}o]

A 9] viabilityE =438t}
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II1. 239243 ¢ 12

1. Streptomyces sp. JR19 AL} XA W3 o] wX&= 33E 9
A&

Difco manualel w2} Marin Brothe] A% 3gEE 5 @AUE A3 UmA] A
wEolM Ztzh shuel Aess A9 wiAE Al#tsto] Streptomyces sp. JR1& =
welo] 27T A QFA PR Ak, B WA HRES 71E9) Marin Brothst
AN E FAsh WA BE A2AL Gua A 9w, A ARE T MgCLE
Al vl Al (negative) oA RE AR} ] Aol WEHA S el F o AT

(Table 4).

Table 4. Chemicals dependence of medium color of streptomyces sp. JR1

Removed chemicals Color change Removed chemicals Color change

Ferric Citrate + Potassium Bromide +
Sodium Chloride + Strontium Chloride +
Magnessium Chloride - Boric Acid +
Sodium Sulfate + Sodium silicate +
Calcium Chloride + Sodium fluoride +
Potassium chloride + Ammonium Nitrate +
Sodium Bicarbonate + Disodium phosphate +

* comlplete Marin Broth change to red-brown color

*% + . color change - : no color change

>
a
N

| A3te] 3ol Streptomyces sp. JR1-S Marin Broth (positive broth)$} MgCls
AES A AE Marin Broth (negative broth)ollA 27TColA AFLS wjsd A

’

MgClLA#o] ol iRl =& Streptomyces sp. JR1S HAFS} x| 4 o]

_16_



EE A4S g i, MgCl, AES A2 A7 negative brotholl A= A} vl A

A2 e AL Fad 4 AJ T (Fig. 1, 2).

Fig. 1. Streptomyces sp. JR1 on the agar plate added MgCly (left) or removed

MgCly (right)

Fig. 2. Streptomyces sp. JR1 on the Marin broth added MgCly (left) and

removed MgCly (right).

_17_



2. Streptomyces sp. JR1¢9 growth rate®} pigmentation®] 7 A3

3}

ol
9] pigmentation®] YWE}E positive2], 4-%-, 510 nm, pigmentation®] YEIL}A] &=

negative®] -5 420 mollA Ho F AS UEHES Sl & 5 AT (Fig 5).

Fig. 3. Streptomyces sp. JR1 growth rate on £+MgClz broth

80 r —&o— Positive
70 r —— negative
O 60 -
Eg |
40
© 30 r
=00t

10 -

0

ight

1 2 3 4 5 6 7
days

* Growth rate of Streptomyces sp. JR1 was determined at positive or negative
broth everyday. Amount of bacteria was measured after drying precipitated 5m{
cells at 110TC.
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Fig. 4. Time course of Pigmentation produced by Streptomyces sp. JR1

1.2 r

08 r

0.6 —e&— positive
04 - —l— negative

abs<450nm>

1 2 3 4 5 6 7 8
days

* Pigmentation of Streptomyces sp. JR1 was measured at positive or negative
broth everyday. Pigment was determined with UV/VIS spectrophotometer at 450nm.

Fig. 5. Visible Difference Spectrum of pigmentation at £MgCls broth

0.5 '| — blank
a5 negative
| positive
0.4
@ 0.3
= -
&
3 0.2
p= i
= 0.1
= i
0o e NMRW____PPJ_W,,mxmﬁm
0.1 '
-0.2 4
-0.3
T T T T T T T T T 1
200 400 600 200 1000 1200

wavelenght <nm=
xVisible difference spectrum of pigments produced by Streptomyces sp. JR1

against marine broth after 7 days culture. Amax of pigment at negative broth was
420 nm, while that at positive broth was 510 nm.
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3. W&ol x=7] pHOl 93 pigmentation?] 3}

Red-brown pigmentation®] WEl}= Marin BrothE pH 5.0914 pH 9.07}#] 05 3+
Ao 7 Axd] z+ wlAHZ Streptomyces sp. JR1S T HEs ] 27CoA o
FAS v F3H A pigmentations WIE TEE] X A wx] A A L of
7142 A9l red-brown pigmentation©] © # JEMGETHFig 6).

2 23 =54 A
=7

ol A, WAHom Azte] Aol wel, S5AANA = FHET

ol

vz o] 7] pHE = A A<l pigmentation®] ¥3H&S &<l

Go) pH7F 80 A% olm® AMe A4 2L 9% YA A4 pH 24 JFo

2 Ho A, pH 8.0 XA pigmentation®] & AAHEE Aoz Ho] Hr}

Fig. 6. Effect of initial pH on the pigment production

0.28 4
0.36 4
034 ]
022
0.20
0.25

0.26

Absorbance <510nm>

0.24
022 o

0.20 o

018

v T v
=] 5] 7 3 =]
medium pH

* Streptomyces sp. JR1 was cultured at different initial pH for 6 days at 27C.
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Fig. 7. Time dependence of pigmentation at different Inhitial pH of
culture medium

0.5 r —m-pH5.0
L pH5.5
0.45 —¢— pHB.0
0.4 —¥—pH6.5
0.35 —@—pH7.5
£ —o—pHB.0
s 037 pH8.5
g 0.25 pHI.0
S 02
c
8 015
(o]
a 01 r
<
0.05
0
1 2 3 4 5 6 7
days

«Streptomyces sp. JR1 was cultured at different initial pH for 7 days at 27C. Five
milliliter of broth was taken and amount of pigment produced at each pH was

measured at 510 nm.

4. ¥4 &4

1) Gram S A Tl 3 g7 &4 AN

Ao AFE-% Streptomyces sp. JR19| acetone F% =3 Marin Broth? ZF 3 &

iyl
o

Gram A<l Staphylococus aures, Bacillus cereus, Bacillus subtilis,
Streptococcus pyogenes E°| Ulg IdddAdE HAS A3}E Table 5 o YEMIS
k. MgClol 7hgolito] mE mjdeie] #£8&

kA9 Bacillus cereus, Bacillus subtilis 759 thalA EtOAc=3 CHClzZ ol

A wEE FEES el AL B s,

5o e A datas HAE
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2) Gram SAA Tl 3 qFF A AN

1

o

Ao AFE-% Streptomyces sp. JR19| acetone F% =3 Marin Brothe| 7 # 3
55 Gram =411 Escherichia coli o tal] Fw&4& A 23 de gy
YER A S gkt
Table 5. Results of tests of antibacterial activity (units : mm)

sample gram postive gram negative

(2mg/mb) S.aures B.cereus B.subtilis  St.pyogenes E.coli

Amp" 16~20 7~8 2~4 16~20

a-1 - - - - -
b-1 - - 05~1 - -
b-2 - C = B -
c-1 - 2 (0.1 - -
c-2 - (2) - - -
e-1 - 0.5(3) 0.1) - -
e-2 - 0.5(2) 0.1 - -
a-3 - - - - -
b-3 - - - - -
c-3 - (2) - - -
e-3 0.1) - (2) -

a: acetone ext., b: BuOH ext., c: CHCl; ext., e EtOAc ext.
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5. DPPH A radical &4 &4

Ry

oo}
& AT

e &

53
samples A ¢|stae &Aool 1tHA|

T3 MgClhel 7hzh of ol whebA w3t wl

ol

13517] ¢18te] DPPH free radical ~74 &4 A%

ascorbic acid¥} ®]:A] &AFE F3E A e

7F o B = pigment?] Aol F-ol= A#glo]
2 29l ascorbic acid ¢ BHT9} v A] A A A o2 3413}
ktH(Fig 9).

Table 6. DPPH free radical scavenging effects of extracts of Marin Broth

Lo
o

ool ol A o]
Mg 248 v

E9E 79 s

£3g

At} (Table 6, Fig )

85, MgCl9

(units :

%)

Inhibition -of sample concentration

sample  — /nt | 100i/nt | S0pg/nt  Zope/ml 125u/nl 625 nt
ascorbic acid  95.89 95.31 94.63 9330 9067 6155
BHT 45.89 30.73 24.21 18.29 15.11 12.43
a1 3.8 2028 17.09 13.68 12.72 13.10
b-1 18.76 16.23 13.44 12.86 11.37 1150
b-2 16.73 13.79 11.54 11.39 11.99 1255
-1 16.78 15.22 1329 11.25 9.62 10.49
-2 19.40 14.11 1155 11.42 10.16 1053
-1 16.00 11.64 10.97 10.45 9.99 9.21
-2 16.77 11.98 11.75 10.79 9.66 10.52
a3 17.15 1628 14.77 13.00 1153 1221
b-3 12.27 1323 11.77 10.46 11.27 10.72
-3 14.04 12.29 11.04 10.30 10.80 10.25
-3 43.09 4737 3026 20.16 15.06 13.77

a

_23_
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Fig. 8. DPPH free radical scavenging effects of Marin Broth extracts.

120 T DPPH free radical scavenging effect
100 F
—~ 80
R
S 60 f
2 4!
e
=
20 r H ’—‘
O .| || m m [ mom
vitC BHT a1 b-1 b2 oc¢c1 c=2 e2 a3 b3 c3 el
sample (100ug/m|)

Fig. 9. Comparison of DPPH free radical scavenging effects between added

and removed MgCl: Broth extracts.

120

1 e "

0 O Positive
80 E Negative
X
< 60 r
o
S 40 F
N
= 20 f

. [ cw.ocl oowm.omm Om Ol

vit.C BHT B1 B2 C1 Cc2 E1 E2
sample (100ug/ml)
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6. MlF A5 23 A7 melanin 3

sampleE 9 melanin A &3 F3H)E FAstr] 95t
B16F10 melanoma cellS ©]-83}o] melanin contrents& ZAFgH A ¥} controldll o §
Foidel gre g Fig 10, 119 YeEfIth Alxed 42 (2 pg/m)e] samples A €
3FFE We a-3% ¢-19 melanin A4 A3 a37F €A YEhvde AES g9l e
o, 23y Z38S HAd Arbutin® ¥lwE shAbE, 53 288 HIWH b-13
b-2& AQg WA sample 25 melanin A4 A SVt F5S S
(Fig. 10-a.).

T3 A¥e] @ < (20 pg/m)e] samples 23RS wWlE Arbutind ¥ 2 E}o]
c-19] melanin A4 A3l &7} =4 eSS &sd o™, b-1, b-22 melanin A
4 A8l E3= Arbutindt W23 =S Sl AtH(Fig. 10-b.).

el MgClol 7ha of ol wheba] wjekgh mj ool Aol =<9 49, MgCh7t
A7bE v gFdel e EEEE0] MgClh7F AlA® wjgdelA el £ =55t melanin
A dgol A vetdS Fdsten, 53], CHCl3 9 EtOAc #4
Aell EA7F =A vebd S Felsk vk (Fig. 110).

%o A melanin

{0

O

1l
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[&)] [e]
(@] (@]
T 1

N
o
T

slol_ ERDn

0 =
Hin a3 b3 c3 e3 a1 b1 b c1 c2 e1 e2

melanin contents
inhibition (%)
N
(@)

sample(2ug/ml)

100 r

40 |

g 0l g =m

Arbutin |;| b-1 2 c—1 c—2 e—1 e—2

melanin content
inhibition (%)

-20

sample (20ug/ml)

Fig. 10. Melanin contents Inhibition of Marin Broth extracts on B16F10
melanoma cell (a: 2 wg/ml, b : 20 pg/m ).
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| R DHD =

0
Ar PB1 PB2 PC1 HZ PE1 PE2 NB1 NB2 NC1 2 NE1 NE2

Melanin contents
Inhibition(%)

10 - sample(2ug/ml)

100

60

i 1 1.

Ar P=BI1 »Qz PC1 QZ PE1 PE2 @1 l@ NC1 PLQIZ NE1 NE2

sample(20ug/ml)

Melanin contents
Inhibition(%)

20

Fig. 11. Melanin contents Inhibition of add and removed MgCl; Broth
extracts on B16F10 melanoma cell (a : 2 pg/ml, b : 20pg/mé ).
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7. Cell viability (MTT assay)

B16F10 melanoma celld]l t3F Z+ &3 sample® melanin B4 A3 &3 w&
AE=EAS B7] 993 MTT assay+s, melanin contents=4 A3t vlz7px =
controle 7]&o =2 & Al zto = Fig. 12¢] e

ME AL 2 pg/ml)e samples *H3}AE W= a-3, e-3, c-29 AXEZFA 9]
= e eH, a1, b-l, e-1%= o AR AESAS Holi b-3, ¢-3, b2, c1

o] A AIEZAo] gla, 23]y AXE FTHAIIE AL FUdsdcHFig. 12-a). vk
WAz B (20 pg/m)e] samples AHE SRS W= a-1, b-1, c-2914 2F7He
MESAEE B oy, Arbutine] vlalA = HAT e-29 AT MiEmAdo] §la, &

3le] cells T2 E AL QA

7F dAeHFig. 12-b).
Zg]a 9FA|ESl B16F10 melanoma cell £]o] A4 A E<Q Detroit-551 fibroblast

4

cell linedll W3t Z} B3 sample® AXE 5A4S MTT assays E3t0] &ls)] & A
£ control& 7o 2 3 A O = Fig. 13 o YEAT.
c-1, e-1, e-39 A5, A3 A7 SRS, 50% wRkollon ) HutA oz A

AAE NG MEEAL 2A YL

!
i
oX
o

°
N
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cell viability
Inhibition(%)

sample (2ug/ml)

100 r

80 r

20
O s Y s B —

Arbutin a-1 b1 b-2 c—1 c—2 e-1

cell viability
Inhibition(%)
3

sample (20ug/ml)

Fig. 12. Cell wviability Inhibition of Marin Broth extracts on B16F10

melanoma cell ( a : 2 pg/m¢, b : 20 pg/mé ).
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50 r

40

W
o

20

cell viability
Inhibition (%)

arbutin = a-1 b-1 b-2 c-1 c—2 e—1 e—2 a-3 e-3
—10 & sample (2ug/ml)
b.
60
50

cell viability
Inhibition (%)

40 t

30 |

20

10 l

0 == /=
b-2 c-1 c—2 e—1 e-2

sample (20ug/ml)

Fig. 13. Cell viability Inhibition of Marin Broth extracts on Detroit-551
fibroblast cell (a : 2 pg/ml, b : 20 pg/mb ).
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pigmentation ¥}
Streptomyces sp. JR1
g S =]
Bk A3, MgCld#el
@)oo
MgClze Zﬂ %“?_
FEEHE

o) O
&

IV. 28
odae AFARMY &g B sgE=ESE ATRE Zsien o
Streptomyces %°l 3% Streptomyces sp. JR1E 8 FAs AL, o HF9
Frdds TAeR AEs A
S #e. sA3 =Y ©]&3% Marin Brotholl Al o] wWdqte] A
pigments ity M2 T Wa9E AT YA SFEsE A
| A3t e] pigmentationdl] ¥ & dobd
A ke v Aol Z+7} Streptomyces sp
A A4 9} pigmentation®] WIS
stof 450 mmell Ao FF %
FERdE anA
= geld =
Ll

2
O =S MgChes A7 w1
Fonj ek
%7

A
A ARE
A =),
JR1E& HFst A543 5
AzxFFHE ol & dAF T4
S SA4ste] s E A3, mdFd L] MgClhe
2 g3kS m XA FowWA] pigmentationd W3tE wWEA 2
F7F A Th dFA7E v Fek $of pigmentation©] ¥ o] L}A]
Folat A pigmentation®] <13 LERY MgClZl A7k widde] Ao &3
=2 o E Az HZ4AM pigment’t AAE AolE H2A AGo]
510 mmoll A, LA &2 Afole e wiged Al = Aldo] FFE= 420
mell A Ho FF 345 HERlATh
e B Aol pigmentE A StE Marin BrothE pH5.0914 pH9.07FA] 0.57F
Aow Azxsto] ZHzpol disiA wjgele] %7] pH7F Streptomyces sp. JR19|
pigmentation®l T FFES GA] Gt 510 moll A FFEE At A3 279
okl FAo] FA ok r|Adel Ao pigmentationo] Z dojFS el on,
A2 5YA7MA = FRE7F FEe FUbeke As S9T ATk E=g A7 o]
T F TF2 g Ee] pHE A SAH g A3 HEF pH7EF 7.8~82 AEE A9 ¢
AotA FA7IAS He S FQ & 7 A=, ol 2 WAool feg sy
0 Aedds #AMAS w, HAY M4 =d& s Hdd A7 d71
Eolx pHE ZHEIFS Aoz HAAW, A pigmentation H A
kA A FHANA F dojys e Z HoF



Z, Streptomyces sp. JR19] AZA29] pigment A2 Marin Brothe] MgCl, A& 9]
RS Wi, wiFde] x7] pHF T4 2 SFAVIAHY W pigment’t F AAAFHE AL

sal

i

ek

A
2

I~
T

o]

ot

A Az o] pigments WEFIS w9 Streptomyces sp. JR19 o] A UIALEAE
of FAA Ee IrEA, aga wwA|Re] AMETs oRE FRIE7] 93]
pigment7} A WS weo] wjFAS dAe} vl S EElste], TAF A= acetone F
&S, g Ao CHCl;, EtOAc, BuOHS| #3358 Aol

o€ A AojF acetone FEEI CHCl;, EtOAc, BuOH® #3 %S 7FA 1 gram &
A1 Escherichia coli ¢ gram ST Staphylococus aures, Bacillus cereus,
Bacillus subtilis, Streptococcus pyogenes 50| 3t &4 testS & 23,
gram ST E A9 dFHE Holx Lom gram YA TFFENAE EtOAC
o CHClz &8 Zoll A oFzhe] 28-S gelstd

Sample 100 pg/mls 71522 DPPH free radical &7 A4S wms] 2 Ay}
ascorbic acidol H]d|A = datslseo] A9 glor}, A dAkalAlel BHTSF B] 3]
RS v e-3 (EtOAc B34 2 A4S HEUT e-3 sampled] tls]A]

= AT in vivo HEE Fsl FUAAZI AgISH BF AFEC] U B

a8 ar Aol pigmentet B3] B16F10 melanoma cellol] t3te] oA E )3k

sample5 < % €3}lo] melanin A A8 &3 MTTE £33 AX= 2= ol

1 A, 4 melanin B A EHE BHOS W, AL FQ2 pg/ml)]

samples A #et¥ S We a-3% c-19 melanin A4 A3 &37F FA dehteE A

= 8 B F dow, 23y F3AES EAY Arbutin®t H|RE AW, 53

b-22 AL YA sample EF melanin A A3 &3 =

£& geld 4 YgUrt. o] sampleo] WElA MTT assay s £33 A B4 RS
o]

, b=3, ¢c=3, c-1¢] A= AE FAdo] gla, 23] cells FAATIE=

%

T We o (20 pg/ml)e samples A EdHS wWlE Arbutind H|udle] c-19
melanin A4 A3 £37F =A YepES g8 & 5 A=, o] sample®] 4=
MTT assay 23 A¥E ZAo] =2 AL gdAE 4 A



ol 5 sampleE©°] AAAE v X= G B7] $3F9] Detroit-551 cellol] o s A

L MTT assaye T3ttt 1 23 ol YA & & Hole -1, e19 45

%= 50% mvre] o giAFoR AEE

ox
rlo
Hi
B
o

'
50
kv

ool AER S u, A& YOFE melanin A A T/t =i, AEZEA

T AL b-3, ¢3, c-1 sampled] thalj A= mjwA 2] s 7}

vivo 2¥5E T v adte] I HIol ¥ FaFd Aow

el Wkl A5 in

ol 4ol AWNERA, Streptomyces sp. JR19 oA tIALE A BN A, aFaksiA],
‘?_

AR feYR AT L AL F5HS w

3 AsE T
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