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in vitro Antimicrobial Activity of a New Isolate Streoformyces sp. BCNU 1030
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This work focused on screening and characterizing antibiotic-producing actinomycetes to develop new
antibiotics that can overcome the growing resistance of disease-causing microbes. One-hundred actino-
mycetes strains were isolated from soil samples from Chungcheongbuk-do, Korea using various kinds
of actinomycetes isolation media, including a starch casein agar medium and potato dextrose agar
(PDA). Among them, strain BCNU 1030 was determined to show strong antimicrobial activity against
methicillin-resistant Stapfylococcus aureus (MRSA). Biochemical, physiological, and 165 rRNA sequence
analyses indicated that strain BCNU 1030 belonged to the genus Strepfomyces. Strain BCNU 1030 ex-
hibited antibiotic activity against a wide range of bacteria, especially methicillin-resistant Stapfylococcus
aureus (MRSA). The minimum inhibitory concentration (MIC) of BCNU 1030 dichloromethane extract
was determined to be 0.78 png/ml for MRSA CCARM 3090. Therefore, Streptomyces sp. BCNU 1030 has

potential for anti-MRSA drug development.
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FAE doA BE ARA x{,ﬂrgu:], 5
= A% fAdde HES 3 A% W,
(toxic shock syndrome), H# & F'%A]7]
A Aol tH6,20].

TETAToE Qg ZE2 Ade Alxy
FAaE A G LS et = B-lactamA FAA 2L
penicilling AHE-3le X 5319 21} B-lactamaseE A A3l
penicillin-resistant Staphylococcus aureus?} 573144 [13,15] B
-lactamasedl] 2t 8 WA penicilling! methicilling: X F9
o]&3lal JTH17]. ol F 19613 Aol A methicillin-re-
sistant Staphylocaccus aureus (MRSA)7}F 2] 5 o] 4§ Hi1E]
AL, et M e 1980 d ol 53k7] AlFste] 543
S7HFEAE oA Uizt el F AT o® AgEs 7%
TH11,25]. MRSA= pemcﬂhn, ampicillin, cephalosporin & B
JlactamA| A 2 macrolides Al FAYA T thF-E FA
Aol ti gk AW g (multidrug resistance)S 7FA1 3L 101[19],
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Antibacterial activity, methicillin-resistant Staphylococcus aureus, minimum inhibitory

T2 glycopeptideZl A AR vancomycin} teicoplanin®]
MRSA 59 A8AZ ARHEF o] sheh4]. 28y H ¢
ZgA 02 vancomycindl = WA UEHUE vancomy-
cin-resistant S, aureus (VRSA)7} U] 9] ol A £ o] B F
WA FAA WA g EATE o AL A o]
=2o7,21].

AT A5 AHEIL e v A WAl =
e A s8eE a3
A4 a7Ha gt Bk Odd vl s EAlst
B2 olg wAge] ek ddA 2EE FAE 5 3
F2 A Aot 53], BEF &l v EAske AT

treptomyces &-& streptomycin, chloramphenicol, neo-
mycin, kanamycin, vancomycins FAE2 <] 70% o]3-& A
Absta 9lo} ojghd, AdHoz v #F83 A JO]‘Z}
[812,2326,27]. 23y FZolle WA To] Aatste A2
MEA] wo] 7HAS T 9o FHEHA Lo Elxg‘j;d
g 3ol BaTl o A% 977} e soiel

Streptomyces costaricanuse 19951 Costa Ricadll A 4%
9 g2AFd S Uele EAL /M EYOZHE AL B
Y8 Mgz, o To A48y S4o) wud v
Aot o] o] Aitehs e AAEZ dajMe HaL
B b} QL] ol & AT AT Bpo Ry
B23 S costaricanustt 57} AAksE FAYER S MRSA 2
Aol g 8 L HLANE

ro, rlr (o

& &= (Minimum Inhibitory
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Concentration : MIC) & ZAlste] Bisdt= Hiolt},

YA FH O 2 starch casein agar (SCA, 10% soluble
starch, 2% potassium phosphate dibasic, 2% potassium ni-
trate, 0.3% casein, 0.05% magnesium sulfate, 0.02% calcium
carbonate, 0.01% ferrous sulfate), potato dextrose agar (PDA,
7% potato, 20% glucose), nutrient agar (NA, 0.1% beef ex-
tract, 0.2% yeast extract, 0.5% peptone, 0.5% NaCl)ol| =23}
of 28Tl 314 wiFataith. HawfA o Y= = ==Y
o) e, A9 FAelw, Tk 4 5 Feld BAol e}
PETE SR, LA YT T T3l Ao
FE UL 31 MRSA 2 9

AEe wreE BAT) FIBY AL Aol
MRSA CCARM 3089, CCARM 3090, CCARM 3091, CCARM
30959} 1%k S M T Bacillus subtilis KCTC 10111 (ATCC
465), Micrococcus  Iuteus KACC 10488 (ATCC 4698),
Staphylococcus aureus IMSNU 11088 (ATCC 6538), L8 =73
A1t Escherichia coli IMSNU 10080 (ATCC 10798), Profeus mir-
abilis IMSNU 20367 (ATCC 29906) ¥ Proteus Vu]gaz?S IMSNU
13025 (ATCC 133158 #7t = AN T F
(Culture collection of antimicrobial resistant mlcrobes
CCARM)# @A 3 A7A A &AM E (Korean col-
e A2 AL A
(Korean agricultural culture collection, KACC) ¥ X2t}
W WA E AT (Institute of microbiology Seoul National
University, IMSNU)ell 4] £ o} AL&-3 STt

lection for type culture, KCTC),

gzl 59

At 55 $43817] Y30 Shirling? Gottliebo] HH
[24]#} Bergey’s Manual of Determinative Bacteriology ] "
H[14]& 3313t International Streptomyces Project (ISP)l]
HAE iAo 14 Feh v keba ARAE, 71EAR
A wwe) A Weld A 84 B2 B339 T basal me-
dium (2% pancreatic digest of casein, 5% NaCl, 0.3% dipotas-
sium phosphate)& ARg-8te] B4l 28 A4S Al
e, AFFHER O 2 5% ~7% NaCl FENM 9 Aol
2 HA A pHE AL streptomycin, ampicillin 52
FAA o g A3Hd 2 3}8HA A A QD 0.01% cryctal vio-

let, 0.1% phenol TolA ] A& 5o s ZALEFAH. 18]
3 AE, A3tet3 54S Bergey’s Manual of Determinative
Bacteriology 9] ol F3t ZALSHA

165 2[2E RNA 27 |MLEA

BCNU 1030 72 165 2]2E RNA 9711 L84S 93t
& universal primerQ] 27F (forward primer, 5-AGAGTTT
GATCCTGGCTCAG-3')%} 1492R (reverse primer, 5-GGTT
ACCTTGTTACGACTT-3) 270 9] primerZ A}&3to] 3 a
2 A kg (polymerase chain reaction, PCR)S 43 3} % T}
GenBank®] databasedl] =¥ 165 2JEZE DNA 971125
oz A v, w4313 .21 Bioedit (USA), Clustal
X2.0 (CLC bio, Denmark), Mega 4 program< A}-8-3}¢
neighbor joining methodE 7|§F0.2 AF4+E A5t

for
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lo
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0z
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% & McFarland number 0.57} ¥ =5 o] okO]-OC] AT
HAwA el 01 mlE =2egh AdE F5F9 WFd 10
ulE paper disk diffusion method [22]9l] @} A @57 =
ZE wj A A H AFTEF HHLEAA 1243 o
Foto A3 BEAT Ad FFe 71xA FEER
AAzAE AES7] 98t nutrient broth (NB), tryptic soy
broth (TSB), PDB, ISP H{A] 5& 7[££ & &}¢] pH, &% 3
HjFAIZYel whE H A Adxzde ARG

EAXNss=Minimum  Inhiitory  Concentration,  MIC)
£
AarEl F390] 712 A4 AAZAL 23 29E B2
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A0 kel 25TAA 31402t W2 A3 vk
Ao A ek 1007] ¢ BHAFS 5B sg £

l‘

BCNU 1030739 SAE st wjekstd 4A7 Al
574% ZAFeHAtHTable 1). ISPHiA| o A Hl oF 7

S A8 A3, ISP 1, ISP 2, ISP 3, ISP 4 Hj Ao M=
so] @& HZaoln, MW e @L ekl g ek
o] FRO, ISP 5 ANAE DA AL B
35 Oha 270 =30} ISP 2, ISP 3, ISP 5 Hjj A] o] A]

A o] Aato] #FE 0T, ISP 6, ISP

WA AR oS olgk & 99
AHgste] AuE 79 BroHE A%
gtol 3 A3}, D-fructose, D-mannitol, raffinose, rham-

Norr &0ox@ pN foowd
B
lo

:“.i;
?
rr
=)
o rL

Basal medlum

of

m[o

Journal of Life Science 2011, Vol. 21. No. 4 591

nose, sucrose L2 3 D-xylosew ©4 Y02 & o] &3] A
A3E 4§ AN A D-glucosew HAYOZ F o] &3}
%8}51.21, L-arabinose B0 A3 o] §38}A Kot
B AS & S Uitk £, BONU 10309] 424 54< 2
3t A}, proteaseS F-HI o}i Ao E Yehston, pH 35~99]
oo At 202 #aE Atk NaCle] w5 tig
W3S 2AGE A3 5%~7%9] FRolMe AHFA XokA
A AR 0.01% crystal violet, 0.1% phenolol 4=
Fotaon, A ek 24 AP AH strep-
tomycin®] tjsix= WAol I3t

A

16S 2|2& RNA &7|Mg 24

T2l o5 BCNU 10309] 4 &gk 5743 lato] 165 2 BF
RNA 97N 8-S B35 A3} S costaricanus, S, murinus 53}
99% &0l Adwol FAHUNCH, AFTTHOZE S o
staricanus®] subclusterd] 43t o2 1= Uth(Fig. 1)

Table 1. Differential characteristics of strain BCNU 1030 in comparison with related Streptomyces costaricanus

Charateristics

Streptomyces sp. BCNU 1030

Streptomyces costaricanus

Spore mass color/substrate mycelium color on :
ISP medium 2°

ISP medium 3

ISP medium 4

ISP medium 5

Production of melanoid pigment on :
ISP medium 6

ISP medium 7

Soluble pigment in :

ISP medium 2

ISP medium 3

ISP medium 4

ISP medium 5

Use of carbon soures :
L-Arabinose

D-Fructose

D-Glucose

D-Mannitol

Raffinose

Rhamnose

Sucrose

D-Xylose

Growth in the presence of
NaCl (5%)

NaCl (6%)

NaCl (7%)

Phenol (0.1%)

Crystal violet (1 pg /ml)
Streptomycin (20 ng /ml)
Minimum pH for growth

gray-brown / yellow

gray-brown / brown

gray-brown / yellow
ivory / yellow

gray-brown / yellow

gray-brown / brown

gray-brown / yellow
gray-brown / yellow to yellow- brown

yellow yellow
yellow -
yellow yellow
+ +
+ +
+ +
+ -
+ -
+ -
+ +
- +
35 35

*ISP: International Streptomyces Project medium.
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S coelicolor DSM 402337(776678)

S. kayangensis VK-ABOT(AY079156)

S. flavofungini NBRC 133717(AB184359)
a7 28 S. variegatus LMG 203157(AJ781371)

S. tendae ATCC 198127(D63873)

73

68

43 BCNU1030

. S. violaceoruberICSSB 1016 (AF503497)
gi | 5. violaceolatusT(AF503497)

75 _|—_S owasiensis NBRC 138327(AB184515)
75 5. L

$. [phaealuteichromatogenes NRRL B-57997(AJ391814)

5. graminearus NBRC 154207(AB184667)

. murinus NBRC 148027(AB184622)
S. echinatus ISP 50137(A1399465)

5. costaricanus NRRL B-16897 (AY993910)

. echinatus ISP 50137(AJ399465)

5. lanatus 1SP 5090 T(AJ399469)

S. scabies ATCC 491737(D63862)

wer——————

73
62

l— . diastatochromogenes (D63867)

$. galbus DSM400897(X79852)

73 ————— S.phaeolureigriseus ISP 51827(AJ391815)

a7

0.00%

S. laceyi cT654 T(AY094367)
S. griseus subsp. griseus ISP 5236 (AY094371)

85
100 5. atrovirens NRRL B-16357(DQ026671)

Fig. 1. A phylogenetic tree, showing the position of Streptomyces sp. BCNU 1030 among the Strpefomyces species.

ANTE Aoz
BCNU 10309] & E4& =AM 43, MRSA CCARM
3089, CCARM 3090, CCARM 3091, CCARM 3095l A z}+7}14
mm, 16 mm, 16 mm, 18 mm< 53t A5 A A 3S e
ATt 2FF AT B subtilisSt M. Iuteus®) 3 A= 10
mmé] A59A S Yo S awreusd) A= 12 mme]
AsAASE detddch 28-S AFS P mirabilis?t P
vilgaris 1A= 8 mme] Tha oFgk A& A S YERf AL
E cdi A= &G A Eo] YA ESkth(Table 2). g
A 24 A7}, BCNU 10302 MRSAY] t)st e84 o] o
191719], MRSAS thato & B2 2 it

[¢]

oT.

%S gl

%278 zA}817] 18] PDB, ISP, SCB, TSB 52 #j Aol A 20
A B3 Wi FetEA 2441wt v F AFE A S st g
A& ZAATE 1 A3} 87w ol 4B MRSA
ek A &S FAT  AReH, 1693t vt o
ISP 4 B} )] v A5 Aol A MRSAS w3k A& &Ado] 714
Hold Ao 2 Ueiyth o] 5 ulg o2 ISP 48 Ao pH %
258 gEsto] xRS AES A7, pH 84, 28Tl A
1027 w3t 3-S w MRSA ol thsf 7Hd woldt A

< HeERASIT

F| AT ZAl

BCNU 10309] i A5 Helx FEIDCM FEE2 H|
2E #539] MRSA #39 th3ho] 078 pg/mu AE oA
AEE Asfstdon, 1894 ﬂ ol B subtilis M. luteusd
QA= 039 ng/mle] s=oA &S BTk 185

Table 2. Antimicrobial activity of Strepfomyces sp. BCNU 1030
against test MRSA and bacteria

Zone of inhibition

Microorganisms
(mm)
S. aureus 3089 14.0£0.91
S. aureus 3090 16.0+0.36
MRSA S. aureus 3091 16.0£0.42
S. aureus 3085 18.0£0.36
Gram positive B. subtilis 10.0£0.36
bacteria M. luteus 10.0£0.38
S. aureus 12.0+0.42
Gram negative E COI,I’ . 0.0£0.00
bacteria P. mirabilis 8.0£0.31
P. vulgaris 8.0+0.22
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Table 3. Minimum Inhibitory Concentration of Strepfomyces sp. BCNU 1030 solvent extracts against MRSA

) ) chloramphenicol Gentamicin Minimum Inhibitory Concentration (MIC) (ug/disk)
Microorganisms (ug/ml) (ng/ml) DCM fraction peptide fraction
S. aureus 3089 3.12 >80 0.78 5
S. aureus 3090 0.09 0.132 0.78 5
S. aureus 3091 6.25 >100 0.78 5
S. aureus 3095 3.12 >40 0.78 5

Abbreviation: DCM, dichloromethane

Table 4. Minimum Inhibitory Concentration of Strepfomyces sp. BCNU 1030 solvent extracts against bacteria

Microorganisms Chloramphenicol Gentamicin Minimum Inhibitory Concentration (MIC) (ug/ml)
(ng/ml) (ng/ml) DCM fraction peptide fraction

B. subtilis <0.003 0.019 0.39 125

M. luteus <0.003 0.009 0.39 1.25

5. aureus <0.003 0.039 0.78 2.5

E. coli 0.19 0.078 - -

P. mirabilis 0.048 0.039 0.39 1.25

P, vulgaris 0.006 0.039 039 1.25

A At P mirabilis, P. vulgaris o B3] 4= 0.39 pg/mi2]
TZAX AEE A3 AT Peptide FEE2 HIZE 9]
MRSA 45| 3t thste] 5 pg/mle] FEollA B5S Aslst
dow, 2t AdE B subtilis M. luteusSt 1337 At
QP mirabilis, P. valgarisd| W34 1.25 ng/mle] FxoA
A4S BAth. DCM FZE7 peptide FEE EF
MRSA, 2% FAAT 2 23 /44l sl dad8E
HAoU DCM FEE°] 4HF o o $43 %‘

W th(Table 3,4). BCNU 10309] 78 =
A8 AAY E adi ol Hi3iA =

A & }0 b]- BCNU 1030 &
gl F FEEY HaAd e M
Ol S aureus, B subtilis M. luteus, P. mirabilis 2 P, vulgaris
Aol tete] AsjdAdol H F& Ao YERH.

F2E
2 4ad

Mzt

o

.
e

slom, Azl AR A o
HA AN ZE FAA Y el 2 7H

ok AA-E W93 anti-MRSAE F ol i st
Hi St 48 54,
Kakadumycin A, munumbicin B % depsipeptides] 44 &2
Ql vinylamycin7} anti-MRSAEZ=ZA Hi® ul gtk
[2310,28]. 28]a FEYole] B A £ S Streptomyces
sp. 9 ethyl acetate (EA) 25 2 D Alote] AEoA £
& Streptomyces sp. ] EA 555 MRSA 3 1H#Y3 Al
of gk Aol leol Basal JIth9,18]. ol & it
EAS Abske dxAQ nAEQ] AT T Streptamyeesss

of

92 MRSA T3¢ Zux

rL

=7t il 55
WAEA7E A zelA]
= AAolt o
A7t &) WY

Streptomyces2F-H  laidlomycin,

I=]
Al
A=

N

Al

gt
O L
@ al e A
o
R

< MRSAY| tigt A& FAE=HE 2 A7 LAZA
u$ &3] o AFAEC A YFH AT
BCNU 10302 3= ©%9 EFIA #=HANoH,
Streptomyces 79 &3 S ZCosta Rica®] F45 2 3
o 4& AYs ESo2RY 228 S costaricanusst
9%9] 58S Uedo] & dFoA A=At Ul A+
e «10}04/‘1+ S. costaricanus®] w77t w2 € vk Aok =
WEZ 2139 S costaricanuse 2EH LT sk 3
TZ40] Agol ZALE o] AEFAAZA Y 5871 555
o] AN, 9} nfAANA R 5. costaricanus’} AAF8HE an-

Kol
=

ti-MRSA 3F 84 7 anti-MRSA =20 el e Bd vt
7} gLeH[29]. o]l Hlate] BCUN 10302 MRSA #52 g3
R A F ITeA AT tEle] He g AHEH

S 7HA RS At & Aol A AR E 4F9] MRSAY
thated BCNU 1030 ¢] DCM F22-& MRSAd thalo] 0.39
ng/mlo] AFZelA A oH% 3& UebdS &9 & 5 A
o] BCNU 10302] DCM FZ& &9l ts}e] anti-MRSAE 2 9]
w2, A 9 729 5184 548 qPHeE] A A&H
A7k Bostth = BCNU 1030 755 AH8-3te] %
2 PATE &Y e FF ATFE FEA o] Fo] Aok 3

R =29 £k T o] 8ol g

2ol 2

2 ATE FINEHAI|EY, FRATAD L FIY
NEAFAY AGHUNEY FHAYOR $HE A7 A
o]
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