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Isolation of marine bacteria producing antibiotics against
MRSA (Methicillin Resistant Staphylococcus aureus)

Dong-uk chang

Department of Microbiology, Graduate School,
Pukyong National University

Abstract

Saphylococcus aureus is one- of the. most important pathogens that cause
suppuration, “abscess formation, a variety of pymgeinfection, and even fatal
septicemia in human being$S aureus is proved to be susceptible to the earliest
antimicrobial substance. However, as antibiotic usscreased, staphylococcal
resistance rapidly developed. MRSA (Methicillin istant Staphylococcus aureus),
having resistance of which was due to penicillinding protein 2a  (PBP2a)
production, was isolated in the early 1960s. MRS# resistant to not only
methicillin and other Flactams but also to many other antibacterial agefince
MRSA exhibits multidrug resistance, .it-has been rging worldwide as one of the
most important hospital and._community pathogenserdfore, in effort to discover
new agents needed to treat the MRSA, we screenetkriza that originated from
the marine environment for anti-MRSA activity.

In order to isolate the marine bacteria produciagtibiotics against MRSA,
seawater was collected from the coastal water ifinUlOne strain of marine
bacteria, showing strong antibiotic activity for MR, was isolated by testing disk
diffusion method (NCCLS, 2002). This microorganismas tested by examining its
morphological, biochemical properties and analysfs 16S rRNA gene sequencing
for identification. Isolated strain was tentativelgentified to be Pseudomonas sp.
and designated aBseudomonas sp. UJ-6.

The optimum culture conditions oPseudomonas sp. UJ-6 for growth and
production of antibiotics against MRSA were initipH 7, 1% NaCl and 200 rpm



agitation at 2% . Also Pseudomonas sp. UJ-6 relatively grew in conditions which
were 20-30C, pH 5-9, NaCl 0-3%. The MIC (Minimum Inhibitory @oentration)
value against MRSA (KCTC 40510) of the crude antibs produced by
Pseudomonas sp. UJ-6 was estimated as 16@/m¢. Spectrum of antimicrobial
activity was evaluated by examining crude antib®tio standard strains which are
gram positive strains - MRSA (KCTC 40510%aphylococcus aureus (KCTC 1927),
Streptococcus pyrogenes (KCTC 3096), Enterococcus faecalis (KCTC 2011), Bacillus
subtilis (KCTC 1028) and Mycobacterium smegmatis (KCTC 1057) and gram
negative strains -Vibrio parahaemolyticus (KCTC 2729), Salmonella typhimurium
(KCTC 1925), Pseudomonas aeruginosa (KCTC 1637) andEscherichia coli (KCTC
1682). MRSA (KCTC 40510) andB.-subtilis(KCTC 1028) did not grow on plate
including 160 x¢/m¢ of erude antibiotics and the others. of gram positstrains did
not grow at 640ut/ml. Gram negative strains did not grow at 640ml exceptV.
parahaemolyticus (KCTC 2729) The crude antibiotics produced Bseudomonas sp.
UJ-6 was stable within the pH range of 3-8 and wmapre range of ¢-121T.
This crude antibiotics appears to have considergblential by it's stability.



AF7F HHAA Ao ESAE A #@ A7l= AF 1947, 1 o] H 9
AR ES A9 ® BE A Aldel Ya Bus 45 e ATHase LU=
FE el A 7 AdAd AW o shvholvh. Wk FEATE NEET] o
Aol T8 AlgEo] B 4, A o Tl o nwA e
Andogw AWt 538 3 XS A A (Staphylococcis aureus)
gy A FHeRE Fu A dy wxEe o sl T E9
TYEE 7F T R 24 HEA o] Eol (F, 199%) w7HA, AR AF,
A=, A4, 29, HEF, HeHd 5o FHAT L8 %?lﬁgi o
2 A ot} (John, 1982 ; Jawetz er a/, 1987 ; Lyon et a/, 1983 ; Varald es

al, 1984).

a2 19283 Flemingol 9 & penicilline] A& AR o]F A 23 A4
PAS A7IZ dAQ AN oAl Z2Al Ao 2 Ao ARSE penicillin
< #Y AEE 7 s 829 4B fﬁi A 7149 °F (miracle
drug)e = o AZ T}t (Pappler and Perlman, 1979 ; &, 1992 ). & =9 33
A7 ALGAoZ NIEE 7hEH AT A ES woll HA Sobxla, 19674
o ARE “AES5Y 5SS AAdst7IE ST 8, A % *‘ZHOFL
AR AT ELS FAA7E TEAA 7] A AeEATEH Aol &8l i%ﬂ

@eto] FdtAel WAS 2IAANA o 53] methicillin®l
YA S el = MRSA . (Methicillin' Resistant .Staphyviococcus —aureus) =
methicillin % ofeg; “H 3o A =2 &HF vancomycine AL
o] Al WA YeElE ThA A (multidrug resistance)?] 54 & 7HA
3 9 o™ (Brown and Reynold, 1980 ; Hartman and Tomsz, 1984 ; Kozarsky
et al, 1986) 748 F AWE LI mol dAAA ARV v oHyE AR
a4 vk (Lorian, 1991). 28] A xdel &S wom wjg H333
A4 WA= 7P7<1‘ji B A ArEs A 7 %
Ho] AstE A AL

2l A4 :}%‘Oﬂ =2 “JE% A8k ar glol W Wl FE o2 Aol Aol
of oz WEEY FATE o] AT o} FAHJTt = Fsich
(Bradley er @/, 1991 ; Haley e a/, 1982 ; Thampsoa ef a/, 1982 ; Peakock
et al, 1980).
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proteins (PBPs)®} T FAo=2 HA3slo Aiyx o= PBPsE B OZ
AATY Al RS Adete Fa @ ELelt. 1Yy 19509 W #F

7F Z9A AFEEWA 2 B-lactamase AT Z, B-lactamAdl FT Aol WA S
M= WA el A HAT Wl ols WM o FAFE A
838 22 0% penicillinase resistant B-lactam 33 & 2 ¢l methicillin®] 7§
il B-lactamaseo] o3 F¥E WM oiFd =7t ZbeeAl =HAo
(Okazaki, 1987). &1} ¥ t}A] methicillin®l WA < YEeElE MRSAZ &9
Al A o5 T F = B-lactamaseo] o3 WA HE = & A7 RS 7
A Yo AT (Boyce and Medeiros, 1987 ; Song es a/, 1987 ;
Ubukata er @/, 1985 ; Kreiswirth ez @/, 1993 ; Matthews and Tomasz, 1990).
o] A= WA7I#E B-lactamAl-&wEdo] e 38S A PBP 2a9l
9 sto] FtE Tt (Beck-er @/, 1986 ; Brown and Reynold, 1980 ; Suzuki e
@/, 1978). PBP 2a% B-lactam#A I =23 zl3tA o] vro} o5 & Ao
osto] BEGA 3 HA @7 wWEol AEHAHA AEY FAel Tked Aow A
Zrxl o) X a1 YTt (Jonge er aly, 1992).

MRSAE 19611 o <ol A Jevonsel oJal] A g wAw T AA zZtAolA B
17 AP, o] F2 200 T MRSAS Bl &2 3 o8 YA 1-2%
v &2 Frtstdod, SR 29, 2, ojdg ol A= 30-40%7HA o
Bttt (Voss ef al, 1994). dE oA = 1990 %ol 59.1-67.3%7F &2 Atk
o Baudul glon o i MRSAS ®g&ol HA F71EH o 1995Lﬂ0ﬂ
505 do] H 62.1%% YEIgton dAA FdH Y Sxpo) A T76% o] A
g&5 Hola 9l (Patel es a/, 1989 ; °] 5, 1993 ; A &, 1993). A&
MRSA7Z} w7 A eEdAT A A AAZ
<l th. MRSA 22&9 S7Hd
Ak gt A ARgel vk A
HsAom o] FojxHA o] f@

e A AFEE A A& A<
th 2ol x] 9 A3 o] 4 &= MRSA
]

Alwe AAoltt (Murakami ef

=
2

g

-
(

al, 1991 ; Voss et al, 1994).

MRSAc°] st A5 A9 sfdte] #3 A4+ AMEL anti-MRSA =4
o] N (Yasuhiro er @/, 1993 ; Kimito ez a/, 1990 ; Harold ez a/, 1989 ;
Atsushi e a/, 1988 ; Matsuo es a/, 1994)o] #3 Ao} 7]E9] A5 <
Ha Tol o B3 A (Ishii e @/, 1994 ; Yamaguchi e @/, 1994)7} =
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H o2 3AM3ste] PPES-II
| H#EEH (Buck and Cleverdon, 1960)°.
2 HFote] 20T A 15797 e 5 F8E S0 FHY colonyE B
T oAdst Ead st AdEE §) S o2 MRSA (KCTC
4051005 AT 2 sto] IFE AL HEUE TS AEsAT. 5, MRSA
(KCTC 40510)2 =93 Mueller Hinton agar (Difco) Hj#]ol] wWEFM o =z
colonyE HF3dle] 37CoNA wlgkst & ASAH A (clear zone)E HA T+
S 12 Adsdn. 23418 & disc diffusion method (NCCLS; 2002)E 01%5}
Atk =, 10 m Y Mueller Hinton agar®] Al o] MRSAE & &3 05% wri% 3
A2 FFsAnh ozlol 1x AdEE wo wigdS dAEE (12,000
rpm, 4C, 20min)3}] pellet> WEl FoH 20 W& 7Fstod AxAIz A7
FaLoll A 3A1%F R

e T

%
e
o
w
Q
3
—
==

6mme| paper disc® &# ¥, o] & 4T
F71 6] A 2447k wjoFate] Lw AL A4 )
.

tle
D
o}}l
~
o
T
ol
ol
2

AT 53

M
AL
i,
=
Bl
o,
oft
=
il
r 2|
i
_0|L
N
Ho
:fIJL_l‘
S

2 7S PPES-1 agar AbA# A o] 4



mdan-choon !

ai »

Jiman-il

X N/
\\\N§ [H ?5}?//

.
S
——

Fig. 1. Location of sampling stations of coastal area in Uljin.
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Inoculation

PPES- 1l agar plates

Incubation
(25T, 7days)

Colony Isolation

Fig. 2. Isolation scheme for marine bacteria




Table 1. The composition of PPES-TI medium (Taga, 1968)

Polypeptone

Bacto Soytone

Proteose Peptone No.3

Bacto Yeast Extract

Ferric Citrate (0.1%)

Bacto Agar

Seawater

Final pH

2.0g

1.0g

1.0g

1.0g

10.0me

15.0g

1000mé

7.6%0.2




F3lo] 20ColA 48A17F F¢F preculture A% ¥, 5243 AFS PPES-II
broth7} 20 m¢ 23¥d 100 mt A2t Fetx~3dd HF 3 3L, shaking incubator
(20C)el A 200 rpmo] &= 24A12F W Fatgivh. 52719 v S Gram
staining®l A}-&3}9 3L, Microbiological Applications (Benson, 1990)¢] WH o=
Fystdom FaAn A (Zeiss Co. RMS 16)22 A4 At Jel4d 54
S Ax¥@n A (Transmission electron microscope)s o] §3dto] AR5t &
gl o] Asted EA4S dolry] 99 A2 Manual of methods for general
bacteriology (Gerhardt es @/, 1981)9} Biochemical tests for identification of
medical bacteria (MacFaddin, 1980)¢] Wl F3to] =33t}

3.2. 16S rRNA gene sequencing ¥4

Jﬁ

Ae TALS Yslo] AHHE #F9 16S rRNA gene sequencing £4< 4

F At (Moyer ez a/, 1994).

ol

G
3.2.1. NEERY total genomic DNA ¢

AccuPrep™  Genomic DNA extraction kit (Bioneer)E& Al£3}o] total
genomic DNAE FE3I3th. &, B¢ % 15 ml tubed ®FY 1 me] AEE
Wil 14,000 rpmol A 24-3F A4l Eleke] A AT thE, pellets FH kel 200
w o] lysis bufferS HZFsF Ak, o 710 20 w2l proteinase K= H7}sto] #
EFE F, 56TCTAA AL WEEA AT Cello] gbds] lysis¥ar vd & A
spin—-downd & 200 ¢ Binding buffer® A 8] 21 60ColA 1087 vt
SA AT wrgo] Ew tubeol 100 xl9 isopropanolS YW i 5% AX ZFH A
vortexsto]l do]sF trg 10% A %X spin downstHth AEE 2 ml collection
tubeol A% A% binding column®l &% %, 8000 rpmol A 123 ¥4 23}
Atk 500 ut°] Washing buffer 1& 23l 8000 rpmel A 1&7F 4% st
o719 500 w9 Washing buffer 25 tubeo] ¥ 3 8000 rpmolA 1% &< ¢
Al & 234 ¢}, Binding columns 1.5 ml collection tubedl %71 & 70C water
bathell A ©vlg] H ¥ elution buffer 200 WE Y 587 Ao AT F
8,000 rpmol A 18 F<¢F A E&3lo elutiondt vl o] = 1% agarose gelol
771953t genomic DNAE #3413, PCR W39 F3o2 AL

_10_



3.2.2. Primers &4

16S rRNA # A9 FE& st AFE % primer¥< Moyer 5 (1994)°l
oa) metE AL A8 AT o5 primer® S eubacteria® 16S rRNA 4 =}
oM & BEH REY ANERAMN  Lscherichia coli 16S rRNA2 49-68,
1510-1492 9 Ao &) F %+ degenerate primers = W&o 33}. Z7}2 forward
primer®] 5  ol& ATFEL LAcoRIY AAHAE #7189 2L, reverse primer?
5" ol BanHlel A2FHE H7tstdth 2 AFolA AF43 oligonucleotide
= ofefj ek 2o

Forward primer :
5" AGAATTCTNANACATGCAAGTCGAICG. 3’ (27-mer)

Reverse primer :
5" GTGGATCCGGYTACCTTGTTACGACTT 3" (27-mer)

N : degenerate including 4 nucleotides

Y : degenerate including pyrimidines

PCR W82 AccuPower PCR Premix (Bioneer)& AF4-3lo] A3t}
PCR ¥F$-E9 %A L& 10-pmol forward primer 3 g, 10 pmol reverse primer
3, template DNA 3 i, 32 B SHF 41 s H7rske] 50 ol wkg &
FES wEo F EFsY ¥ JPAFHT PCR & 32 Minicycler (M]
Research, US.A)ol A AAsA . A 94Tl A 587 AAAAZ & 94T A
30%, 62Tl A 30x, 72T A 124 353 HHE3lo] DNAE
o 2 72TCol| A 7#3t extention times Fo] PCR WHg &
1% agarose geloll A 7195 35lo] DNAS 3t

Z A7) 3, wA
EANAY. ol

%% =

ON olN

3.24. DNA A% A A (Elution)

PCR W3 E5 1% agarose gel, 0.5xTBE buffer (0.045 M Tris-borate, 0.001
M EDTA)AA 79 %F3te] bandE FJdd F, &<2AdH bands ZFWo 15

_11_



m¢ microcentrifuge tubeo] ¥ AT} o371 6 M Nal (6 M sodium Iodine) 600
e ¥ 50CAA 5#3F gels ATk gelo] €43 w2 S AT F,
glass milk 8 =S ¥ 1l rotatorol A 20E37F WES AT o] = thA] 14,000 rpm
o 5 5%%t centrifugedt L pellet& 3} %tk Washing solution (I M NaCl 40
ml, 1 M Tris=Cl 4 m¢, 0.5 M EDTA 2 m¢, 3%} 74 54 ml) 500 W&
pipetting © & A 1L, 5% 7%t centrifugedto] pelletZ H3How Moo= A
23] stlvh. Holsl+ alcohols & ™ el 7] 93 vacuumoll A 5-10 %+ WA] 8]
ATk ol & THA 45Tl A 333 WAL YA 32 SRFE 20 E ¥ A
o]F & 14000 rpmel A 1&7F centrifugedto] A5 S Ha g A5 1
S FHslo] 1% agarose gelol Al A 71955t bandE #9359

rulo

ofr
-

v

yrs

3.2.5. Ligation

A E 16S rDNAS PCR ®-3-E-& pGEM-T vector (Promega)el <723}
t}h. DNA 3 g, T vector 1 ul, ligase 1 ul, buffer (2X) 5 WS A} &35+
volumes 10 w2 23EF Zof Ao A 24k WE3-A] Z T},

3.2.6. Competent bacterial cell® M|

LB agar #lA ] 7|9 £ cok XL-1 BlueE 3 m( o LB AAujA o] HZE35to
37CAA &k AgujoFslal, o] & thAl 10 ml coning tubeol 4 mle] LB
Al Aol A Fskod 37Ce sk v ket th. iR o] 1 mE FHAshaL
5000 rpmol A 5& 7t centrifugestel AT S Wz, JAE ANEES 4C=
WztE 800 w2l CaCl: (50 mM)E ¥l icedl Al 20& 3t resuspension 3}
o]Z tAl 5000 rpmolA 3%37F centrifugedte]l Ao S wga, 200 ul9
CaCl, (50 mM)Z %1l resuspensiond} o] A} 39T},

3.2.7. Transformation

10 w0 9] ligation ¥F-5&S vlg FH]3 200 we] XL1-blue competent cell¥}
E38to] iceol 3087 WAE F 42T A 9027 heat shockE Fa Ajug
iceol Al 5i7F WA TE o] & LB Wi 800 wE H7kste] 37CelA 458 &
oF Reujek stEk o] Al 5000 rpmeoll A 3E 7t centrifugeste] AL oS
ez LB ®¥iA 200 wE ¥o] resuspension s TH o]E Amprt H7bH

_12_



Mackonkey agar #l#o] =wstel 37C Wl 18A% WFF b, 4T
Fo] Mzo]l A AM white colonyiHe A el LB (Amp+) brothol %
5}o] plasmidE mini—prep o} % t.

3.2.8. Plasmid DNA mini-prep

Plasmid DNA+ alkaline lysis mini-prep™% (Sambrook, 1989)°o = & g3}

I AFEAZ Ze A4YE DNA Z2HE A5 A, 8<% plasmid= RNase
5 A3t phenol : chloroform HA %4 -& AX ODwoll Al FEg& S4F
S A7 E B4 o) AFEEF T

4 wUT) A% R FTEL AR AYED

o} g EAo At "igk HAHdxHdE Lolry] 95
T2 gAEE 249 100 e PPES-II brothel < #j
2 9 THEE 48591, guEdY T4

[e)

to o o2 ro

A7hske] 9 Al MRSA (KCTC 4051009 A=A &l &

AeEro =4 B33 %74 (Shimadzu, UV-160)E ©]&3le] 640nmolA =
Astd. FHEde A Aes A9 I3 d MRSA (KCTC 40510)9]
ekl S 10 md Mueller Hinton borthol] 2% =+

3 Fota, welde] s 94
w2l (12,000 rpm, 4T, 20 min)& F Al AT Fd=d (fFded)= 2
A7kste] 37CeA 6413 mjgete]l IHF] HFEE 640nmelH FAHFo=
A e e dd AKANES obefoh o] Pk

X

Co-C
Inhibitory Rate = f X 100

(Co, Control O.D. ; C, & &4 A7 F w343 0D

_13_



Wl =E 4Tl A 50C7HA dAdZ 2435t 3
o] A& E 2 MRSA (KCTC 40510)¢] thd AEAHEL =4

27 A% AA4LES dopu i)

ol
ol
Bl
2
=
==
o2
S
(@)]
9]
—
X
Z,
)

e
<
o
&Y
o
ox,
Ho

ki
e
—
o
=)
X
N,
R
off
F
1,
fetd
=,
o2
(%)
()]
g
ko]

sl
=
_0|L

ZAHE AS 2 FaEE A HFH wYdzAS
brothel AwjSAE 2%7F H =S HFF F, 0-724
et o] ASTe gy

T =
HaaA Aase grede B4

&3l 379 PPES-TI
AR wFaEa v 24

)i
: A wE #o A& F

BodFE7 St E S EAe] SEAS dolr 7] 9359 crude antibioticsE
TH G, o EE AAS fS Aujg 2 2w wiA 2 PPES-T broths
ARt Arfoke 100 mle A7 flaske]l 50 mée] PPES-I broths %1l

_14_



TS JAES F, 25T A 24X 7 5F 200 rpmo = I &u]F ok, vk

5 ¢ ¢ PPES-II brothel ¢ HujekadS 12,000 rpm (4C)ol A 20 &
AAEGE T #FS dFH 085%9 AAdsz T ow AH}Yw
(640nm)7t 100] HES BUF QAP Aersto] Buppele 207
%—@%ﬂ%q.%ﬂwk o FRE FAEA AT A 4719 24
stol A 48N 5 o, o] 5000 rpm (4C)dA 2087+ 94
Fa. 2gEdn 45 02 mel AWAE BHAA o7} n

.

AAG F 1002 FEA 7] 02 A

2

£ o

O

_O|L N ol
o yo A go o
)
ol
2

M2
=2
lo,
ot
o2
ooy
o

£ autoclaving¥d 2o 2 A

crude antibioticsZ 4] s} 9t}

6. ALYAFTE

TYE #F7F AMstE ddEdo gk MRSAS tolerances ¥ 7Fsh7] ¢
o] NCCLS (National Committee for Clinical Laboratory Standards. 2002)°l
A #AA3=  macrodilution methodoll wWeEl HAJAFE= (MIC : Minimal
Inhibitory Concentration)E ol= kth, WA FHE crude antibioticsE 640
w/meoll A 10 pwl/me7h A A& o2 2 fold dilutionste]l Mueller Hinton brotholl
A7rerA o F71e I3 7% MRSA (KCTC 40510)5 McFarland 0.57F 5%

S o] gre) RHH 02 mE HFSHY F volumeo] 2 m7t HEE A
A gz e 2 MRSA (KCTC 4051008 3w Edo] S0]90% &2 F7F
Mueller Hinton ®] Aol HFekdct. e 5 27e] A& 37ColA 244
wjFeto], wtel Aol %*xﬂ Ha FEE MRSA (KCTC 405100 dj g
a7 Adets g Ede] HhodAlsEE A

muﬁﬁm

7. Crude antibiotics® & &3¢

A @ MRSA (KCTC 40510)& Bl %38 ot& #HdAd Aol qid a2
S ZAFsE7] ¥Ehe] crude antibioticsES 640 pl/méol A 80 wl/me7bA T 3
A (NCCLS, 2002)& o]&3lo] %713 Mueller Hinton agardl#]o] 3 %A
7o AL ANFHFFA MRSA (KCTC 4051002 v &3 Sraphyviococcus aureus
(KCTC 1927), streptococcus pyrogenes (KCTC 3096), Znterococcus jaecalis
(KCTC 2011), PBacillus subtilis (KCTC 1028), Mycobacterium smegmalis

_15_



(KCTC 10579 F 655 A@stdew, axt FALY A Vibrio
paratmemolvticus (KCTC 2729), Sabmonella tyvphimurium (KCTC 1925),
Pseudomonas aeruginosa (KCTC 1637), Zscherichia colf (KCTC 1682)2] =
455 Agste] E2lo] AAE crude antibiotics?] ¥ E dolrH gt} 1A

S vloFste] WFolE streak T F, #e) Aol W@

8. Crude antibiotics® tAA F A}
8.1. pH StAA

w2 o] ALk crude antibioticse pHel ek A A S FAMsH7] $38to]
crude antibioticsE pH 3914 pH 1074 IN HCIZ NaOHZE o] &3lo] 273}
o] 24Xt FRoF Ao A WA § FuEAe] e S 2AEAC.
249 #E AL disc diffusion method (NCCLS, 2002)E o] &3lo] dolr
Skth. =, paper discol 4 ©AEE A3 20 e crude antibioticsE F 5o
A7 e &, A A AxAAH MRSA (KCTC 40510)= & &3 Mueller Hinton
agarg T oA WA o SFFdth. LE] A 37C ol Al 2441 Wikt FAH
RBEAAY (clear zone)?] diameters FA St crude antibiotics®] FELA &
oo} W gt}

82. € AAA

FE o] AAE= crude antibioticsd =% thgk AAE F
o] 4T, 25, 50T, 75T, 100C 2 &% WA 60% =<+ A ¥
ofyel 121°Coll A 15687 9 A8 &to] crude antibioticsd & A S XALS

o dESA S pH A A sdT o dopE T
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= £ ZddA e TS pH 7602 =4d¥ PPES-T ¥
Fduj Ao HAFHoZ s|AMsle] HALTEHOZ HFsle] 20T A 15U
ol HelE YetE 1,00009F 9 colonyE A
SuAEE FolA MRSAS =23 Mueller Hinton
agar (Difco) Hj Aol ‘ﬂ%/ﬂ&i colonyE HEste] AFAAY (clear zone)=
FAstes 159 dFE & il (Fig. 3, A), Bv} A% 5 A4S 9st
FE ¥ #FE paper disk FAH S o] &t AHAANRY A FFE &
Qlsto](Fig. 3, B), MRSAd 74 E& vetll= 72 A5 A
Ay FF= ad A U (Fig. 401 A 3E testS 33 Az
Table 29 2t} Xylose, galactose, mannose, glucose, arabinose, arginine,
lysine, ornithine, = citrate, casein, gelatin % 3}5, oxidase, catalase,
denitrification ¥k-&-ol A FA & YEH o Ym A g8 = S-S UERS
=
Age AL & 16S rRNA gene sequencing ZA<L 3 Ex A =354
A A3 AT, Moyer 5 (1994)0] o]&f] i et¥l degenerate primerS Al
slo] PCR W& S A &35t} o2 PCRE %, 1% agarose geloll A 2z x}s)
¥ 16S rRNAS ZL71%01-%F 1.4kbe] bandE &Ud 4 ALt o5 47 A4
< wA% A%+ Fig b9 2%ew AFEE xAS 43 += Fig. 6% 2%t}
o] W&e wA Az RIE FF = Pseudomonassol EEE A oW
Pseudomonas svnvantia (KCCM 12210)¢ 7F A8t G o A 318k
A xylose9} arabinose?d ©o]& %ol AwrEE Ad(not dated)S HPow A
AA oz L synvantha (KCCM 122100 MRSA (KCTC 40510)0] ozt 33+
AEds At e Aow wreAdv. webs Reld dFE Pseudomonas
sp. UJ-68t1 #FH o=z w3y,
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Fig. 3. Inhibitory -action of .Pseudomonas sp. UJ6 ‘againss MRSA (KCTC
40510). (A), First detected clear zone ; (B), Final detected clear
zone on paper disc.
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b
U

Fig. 4. Transmission eectron microphotograph of Pseudomonas sp. UJ-6.
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Table 2. Biological and physiological characteristics

of Pseudomonas sp.

UJ-6.
Test items Results Test items Results
Gram stain - Ornithine +
Xylose + MR -
Fructose 5 VP -
Rhamnose - Indole -
Galactose + Citrate +
Inositol - KIA K/K
Mannose + Casein +
Mannitol - Starch -
Sucrose i~ ] - atir.1 +
liquefaction
Lactose - O/F +/~
Glucose + Oxidase +
Arabinose + Catalase +
Arginine + H.S -
Lysine + Denitrification +
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Section1
m1 10 20 30 40 50 60 70 88
(1) TAACACATGCAAGTCGAGCGGTAGAGAGAAGCTTGCTTCTCTTGAGAGCGGCGGACGGGTGAGTAATGCCTAGGAATCTGCCTGGTAG
(1) TAACACATGCAAGTCGAGCGGTAGAGAGAAGCTTGCTTCTCTTGAGAGCGGCGGACGGGTGAGTAATGCCTAGGAATCTGCCTGGTAG
Secfon2
(89) 83 100 110 120 130 140 150 160 176
(89) TGGGGGATAACGTTCGGARACGGACGCTAATACCGCATACGTCCTACGGGAGARAGCAGGGGACCTTCGGGCCTTGCGCTATCAGATG
(89) TGGGGGATAACGTTCGGABACGGACGCTAATACCGCATACGTCCTACGGGAGAAAGCAGGGGACCTTCGGGCC TTGCGCTATC&GA‘I:;G
on
arn 177 180 200 210 220 230 240 250 264
(177) AGCCTAGGTCGGATTAGCTAGTTGGTGGGGTAATGGCTCACCAAGGCGACGATCCGTAACTGGTCTGAGAGGATGATCAGTCACACTG
(177) AGCCTAGGTCGGATTAGCTAGTTGGTGGGGTAATGGCTCACCAAGGCGACGATCCGTAACTGGTCTGAGAGGATGATCAGTCACACTG
Sectiond
(265)285 270 280 290 300 310 320 330 340 352

(265) GAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGCCTGATC CAGCCATGCCGCGTG
(265) GAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGCCTGATC CAGCCATGCCGCGTG
Sectons

(353) 353 360 370 380 390 400 410 420 430 440
(353) TGTGAAGAAGGTCTTCGGATTGTAAAGCACTTTAAGTTGGGAGGAAGGGTTGTAGATTAATACTCTGCAATTTTGACGTTACCGACAG
(353) TGTGAAGAAGGTCTTCGGATTGTAAAGCACTTTAAGTTGGGAGGAAGGGTTGTAGATTAATACTCTGCAATTTTGACGTTACCGACAG
Section6

(441) 441 450 460 470 480 490 500 510 528

=

m =

 I=

@ =

o =

A (441) AATAAGCACCGGCTAACTCTGTGCCAGCAGCCGCGGTAATACAGAGGGTGCAAGCGTTAATCGGAATTACTGG GCGTAAAGCGCGLGT
B (441) nTusuccsucrnc’rcTswcuuuscthﬁcuscs'rru'rcsuunxc'rusucu'rmscscucm
Section?

(529) 528 - 616
A (529) Acs'rocms'rrnsngg?af ﬁc m%u ACTGACTAGAGTATGGT.\GAGGGTG
B (529) AGGTGGTTTGTTAAGTT mﬁ. GCTCAACCTGGGAALC lﬂz TGACTAGAGTATGGTAGAGGGTG
Section8

®17) 617 6540 660 704

A ®17) uwuumccw A G_).ﬂ'rccsncnnm GGAACACCAGTGGC h&w sxcrunc-rsnc;cw
B (617) GTGGAATTTCCIGT TCGAAATGCGTAGAT. ACACCAGTGGCGAA ACTAATACTGACACTG
- Secion9

@05 705 M0 - \ 792

A (705) AGGTGLG. @Gdscmc [ \ TA 'rrsr;ncccrrsm
B (705) AGG’I‘GCG GGAGCAAAG Y Gsnsccn'sm
(793) 793 310 8 C 8 BBO

A (793) CTTTTAGTGGCGCAGC CCG AAACTCA, gsxtccesscccuc
B (793) crr‘rrm} d Ann:'rcmm GACGGGGGCCCGE
Sedtion 11

(581 881 | 8 900 940 958

A (881) ACAAGCGGTGEAG cmnctnﬁf CCAGAGATGGATT

B (881) ACAAGCGGTEG: STTGACATECAAT CCAGAGATGGATT
X Section12

(359) 969 1 ,4040 1056

(969) GGTGCLTTCG “ CA AGA TTAAGTCCCGTAACGAGCGCA

AAGTCCCGTAACGAGCGCA
Sedtion13

(1057) 1057 , 1130 1144
A(1057) ACCCTTGTCCTTAGTTACCABCA 5 KAXT CGGAGGAAGGTGGGGATGACGTCAA
B (1057) ACCCTTGTCCTTAGTTACCAGE ) : GE ACCGGAGGAAGGTGGGGATGACGTCAA

: Section14

(14511451150 1160 17080 g0 1200 1210 1220 1232

A(1145) GTCATCATGGCCCTTACGGCCTGGGCTACACACGTGCTACAATGGTCGGTACAGAGGGTTGCCAAGCCGCGAGGTGGAGCTAATCCCA
B(1145) GTCATCATGGCCCTTACGGCCTGGGCTACACACGTGCTACAATGGTCGGTACAGAGGGTTGCCAAGCCGCGAGGTGGAGCTAATCCCA
Sedion15

(1233) 1233 1240 1250 1260 1270 1280 1290 130 1310 1320
A(1233) TARAACCGATCGTAGTC CGGATCGCAGTCTGCAACTCGACTGCGT GAAGTCGGAATCGCTAGTAATCGCGAAT CAGAATGTCGCGGTG
B (1233) TAAAACCGATCGTAGTC CGGATCGCAGTCTGCAACTCGACTGCGT GAAGTCGGAATCGCTAGTAATCGCGAAT CAGAATGTCGCGGTG
Sedtion 16
@321y 1321 1330 1340 1350 1360 1370 1380 130 /7\ 1408

A(1321) AATACGTTCCCGGGC CTTGTACACACCGCCCGTCACACCATGGGAGTGGGTTGCACCAGMGTAGCTAGTCTA@GGGAGGAC
£-

B(1321) AATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTGGGTTGCACCAGAAGTAGCTAGTCTA. GGGAGGAC
Sedion17

(1409) 1409 1420 1430 1440 1458

A(1409) GGTTACCACGGTGTGATTCATGACTGGGGTGAAGTCGTAACAAGGTAGCC
B (1408) GGTTACCACGGTGTGATTCATGACTGGGGTGAAGTCGTAACAAGGTAGCC

Fig. 5. Alignment 16S rRNA gene sequences of A, Pseudomonas synxantha
(KCCM 12210) and B, Pseudomonas sp. UJ-6.



0 Pseudomonas sp. UJ6
18 [ Pseutiomonas synxantha (AJ244725)
52 Pseudomonas putida (AJ5T6245)
— Pseutiomonas reactans (AF255337)

86

[£] Pseutiomonas azotoformans (D84009 )
- Pseudomonas cedrina (AF064461)
96 L Pseudomonas fulgida (AJ492830)

g7 —— Pseudomonas brenneri (AM182563)

Pseutfomonas panacis (AY787208)

Pseutiomonas mucidolens (D84017)

Psetitiomonas libanensis (AF057645)

Pseutlomonas fluorescens (DA084460)
Pseutiomonas gessardii (AF074384)

0.002

Fig. 6. Phylogenetic tree of Pseudomonas sp. UJ-6.
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Pseudomonas sp. UJ-69 AS 2 GdE5d Aite] tist AHx1S AAs)
71 $15te] &%, pH, NaCl ¥ %o o Sk A
o Ag 2 FadAes =4 Ay

21 €59 43I

GAE R ZHESUAN Pseudomonas sp. UJ-62] A
S5 9 FHFgAHE =AT A= Fig. 79 2. Pseudomonas sp. UJ-6+=

2 FAE Rgen HAYLEE 25C AU
Pseudomonas sp. UJ-67} = AL JH74TA
MRSA (KCTC 40510)°] A A &= dol A, FAF 259 25T A
84.9% = 7t &= Ao= eyttt olgst A= Pseudomonas fluorescens
S4, Pseudomonas fluorescens 565 (4 5, 1996)9 o &2 A i+ =7 0]
25C AY FASF oW, Pseudomonas aeruginosea KLP-2 (F 5 2001),

, 2001), Pseudomonas reptilivor

ol

Pseudomonas aeruginosa EL-KM (9]
(Luis et a/, 1972)7F 242k 35T, 30C, 28ColA HA < A5 Idasd ik
S YEdE e 9 Ha 3e 253 3oz yewr s
Pseudomonas -sp. UJ-67F | FellAl EH =7 B Ao 2 AbsH)

2.2. pH® <3

PPES-II  brothe] pHE 4-117bA wAE=z x4
Pseudomonas sp. UJ-62] &= 9 gJadAS =
W TFE pH 5-99 WA g F4S Bion
Aake] loj el HA pHeE 72 MRSA (KCTC 40510)2] A&A& &2 87.5%
ot oleld A= APATo A% (H T, 1996; =7 T, 2001; °] &, 2001;
Luis et a/, 1972)7} pH 794 714 =2 A5 o4 EZD AMS vegd A7
Tdd Ao
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Z #j Aol NaCle] F=E 0-10%7FA < st
T, o] As=e e SAHAT A9 Fig. 99 2ok 24 NaClY
TEE 1%%927 NaCl 0-3%7hA1 &= dlud gae 43 By, JagEFe
g4 Ed 1%olA 845% = b =A dERET oA 2 d 59l
Pseudomonas sp. UJ-6= thst Az HE& & 5 9= af Aol A
U, SRR H FYEo] g A H&d Adow

¢ ¢l PPES-1T brothol Pseudomonas sp. UJ-
WE w7 AHFE B FAsHA WA Fq7E
sfo] ol A= Fig. 108 2U. Psevudomonas sp. UJ-65

719 12-29A1 3744 o] Wl 7] S YERH o 204 %F o] B
ATk, Pseudomonas sp. UJ-67F S2stHA AAS 3 & 4 9
Aol s ol wet A S7tkst= S RAth

1r

°

Pseudomonas sp. UJ-67F AALetE= crude antibioticsol]l ™3 MRSA (KCTC
40510)9] tolerance= ¥ 7}3sl7] 9135te] macrodilution method (NCCLS, 2002)el
el 640 p/meel A 10 w/m7hA Y FEE 2' FAde] HAdAEE (MIC :
Minimal Inhibitory Concentration)& =43 Ay += Fig. 119 #t}. MRSAY
%22 crude antibioticsE 80 w/mte] FE=Z #7}g Mueller Hinton brothel
Al dAAEA A= Aog YEyow 160 w/mle] FEAAAE FA A &
= Ao =2 yetw. mEgA MRSAC Wt Psevudomonas sp. UJ-67F AAtsl=
crude antibiotics® MIC valueZ 160 w/m{ = 2 7% 3} <t}
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14 q 90

1.2 1 80

1 70
1.0

1 60
0.8 d 50
0.6 1 40

4 30
0.4

1 20
-l
o.o [l [l [l [l 1 [l 0

4 15 20 25 30 37 50

Temperature (C)

Growth (0.D at 640nm)
Inhibitory Rate (%)

Fig. 7. Effects of temperature on the growth of Pseudomonas sp. UJ6 in
PPES-IT medium (pH 7, 2% NaCl, 200 rpm) and inhibitory rate of
MRSA (KCTC 40510). Black, Cell growth ; white, Inhibition rate.
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1.6 q 90

E 14 | 18 =
N
S 12 | 17 <
© {60 8
- 1.0 F L)
g 0.8 1% €
" b B - E
© o6 | :: S
5 - 1]
; 0.4 ™ ul 20 .g
© 02 } 410 =
()
0.0 0

4 5 6 7 8 9 10 11

Fig. 8. Effects of initial pH on the growth of Pseudomonas sp. UJ6 in
PPES-IT medium (25C, 2% NaCl, 200 rpm) and inhibitory rate of
MRSA (KCTC 40510). Black, Cell growth ; white, Inhibition rate.
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1.6 9 90
14 | 4 8o
£ i _
é 1.2 } 70 S
4 60
© 40 } 3
- [y
© 4 50 ¢
o 038 |
S {4 §
< 0.6 | =
§ 4 30 =2
=
e 04 F 20 E
© 0.2 | 4 10
0.0 0

NaCl Concentration (%)

Fig. 9. Effects of NaCl concentration—on the growth of Pseudomonas sp.
UJ6 in PPES T medium (25C, pH 7, 200 rpm) and inhibitory
raae of MRSA (KCTC 40510). Black, Cell growth ; white,
Inhibition rate.
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100
z 90
: w 3
* A4
© 0 o
- 1]
® 60
a
o 50 E
= =
< w0 3
3 o
o o =
o 20

10

0

0 2 4 8 101214 16 18 20 22 23 24 25 26 27 28 29 30 32 34 36 40 44 48 52 56 64 68 72

Time (hour)

Fig. 10. Time course on the growth-of Pseudomonas sp. UJ6 at optimum
culture conditions (25C, pH 7, 1% NaCl, 200 rpm) in PPES-II
medium and inhibitory rate of MRSA (KCTC 40510). -m-, Cell

growth ; -4- Inhibition rate.
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Fig. 11. Mlnlmét mhﬁ/ concentration of crude IOtIES against MRSA
(KCTC

macrodilution meth lit,
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4. Crude antibiotics® # €% 9

Pseudomonas sp. UJ-67} AALEE= crude antibiotics® A HYE =%
Abet7] kel i owr s FdTEe A, T 65 - MRSA (KCTC
40510), Staphvliococcus aureus (KCTC 1927), streptococcus pyrogenes
(KCTC 3096), Znterococcus jaecalis (KCTC 2011), Bacillus sublilis (KCTC
1028), Mycobacterium smegmatis (KCTC 1057)5 A dstden o3¢ A
o AY, F 4T Vibrio parafmemolvticus (KCTC 2729), Salmonella
ptumurium  (KCTC  1925),  Pseudomonas aeruginosa (KCTC  1637),
Escherichia coli (KCTC 1682)5 A sttt 43 4H (NCCLS, 2002)°] w
2} crude antibioticsE 640 w/mlol A 80 wl/mt7kA] & A 5Fe] H7Fe Mueller
Hinton agarvj#] o] Ab7]o] &t A FI SA TS w23 colonyd streak o

o FAL FA A= Fig. 12, 139 2ok 2 AT 4% 80 w/
meell A MRSA(KCTC 40510)¢]. <4 o] controlell Hl&| &AstA Zol=
gzt o, 160 w/miol A= MRSA (KCTC 40510)9F B swbiilis (KCTC
1028)7]— AR ¥ A= YElgT. I3 640 wl/mlo) A W R 45 o]
5T ZFAeA 4 Aog YElY, A3 KO =R Pseydomonas sp. UJ-67F A
}+ crude antibiotics® Lt FA T B¢ A7 AP 65 EFol Fud
3 Yetdle Aoz AT I SATY 45 320 w/melAd S
tplumurium (KCTC 1925), 2. aeruginosa (KCTC 1637), £ coli (KCTC
1682)¢] 4ol dAGA A= AL Fa A oM, 640 pl/moll = ol E 3
ZFo] BF FAd A ¥ AR VAR Pseudomonas sp. UJ-67F A ALst
crude antibiotics¥ V. parahaemolyticus (KCTC-2729)2] F2 o] &S n
A e Aow veyn, g s Ao A MRSA (KCTC 40510)
S aureus (KCTC 1927)X.t} crude antibioticsol © W zFetAl w&3te A&

ol
nllo rlr —i

Jﬁ'_ﬁﬁrlro

olgt = 9gA=dH, o¥TIF AFHE reengineering® vancomycino] 7]E
vancomycin®l H]3| 1008 o] %<& A4S YEtde W BuyAd T o
gA4go] "Wolx+= A (Crowley and Boger, 2006)2} B3k o)Xt AlE
wpeba] ol gk A WA AWM T Pseudomonas sp. UJ-67F Ak
crude antibiotics®] #8 % AHA W olyg FEREANTY HAEUE A+t
gxlojof & oz FET)

—ﬁrshlzm

rﬂ

}

rr

ol

=
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Control 20

Fig. 12. Antimicrobial activity of crude antibiotics produced by Pseudomonas
sp. UX6 against gram positive strains. A, MRSA KCTC 40510 ; B,

S aureus KCTC 1927 ; C, S pyrogenes KCTC 309 ; D, E.
faecalis KCTC 2011 ; E, B. subtilis KCTC 1028 ; F, M. smegmati

KCTC 1057 ; Unit, u0/me.
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Control 80

Fig. 13. Antimicrobial activity of crude antibiotics produced by Pseudomonas
sp. UJ6 against gram negative strains. A, V. parahaemolyticus
KCTC 2729 ; B, S typhimurium KCTC1925 ; C, P. aeruginosa
KCTC 1637 ; D, E. coli KCTC 1682 ; Unit, pf/ml.
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5. Crude antibiotics® A A Z A}

5.1. pH ¢tARAA

Pseudomonas sp. UJ-67F AALslE crude antibioticsd] pHoOl that A A L&

ZAFsE7] 9189l crude antibiotics® pH 3914 pH 107+A  HCl (IN)¥ NaOH
(IN)E o] &3to] AAsIAT. ol & 24417 &t Ao WA F FadEZ

o] FE FA S EAS ﬁ%* Fig. 149} #Zt}. Crude antibiotics® pH 3-87} 4
of el wlf AF Ao pH 99 pH 10914+ FdEHe &g

o] A& "Wolxe= Aog Yelwt. o3 AI = Pseudomonas aeruginosa
EL-KM (°] %, 2001)7} AA4tet= & & o] pH - 3-107-A kA 2 Ql Aol H]
& Pseudomonas sp.-UJ-67F AAFst= crude antibiotics® pH 99 pH 1091 A
Aol gt Axtz velvktlh. a8\ Skreplomyces sp. YSK-681 (3 5, 1998)¢]
Aistes a4 B & 477 Bidste Fd =43 1 dAdol FAESA
Y. &, Pseudomonas sp. UJ-67} A4t E crude antibiotics®t #FAFsHAl 4HA
MM A AN oY dZed A= S i HolA = FAS HATh

52. 8 ¢ARA

Pseudomonas sp. UJ=67} A AFsl+= crude antibioticse] =%&=o] w3k orA A
S xAYeh7] $1ske] 4T, 25°C, 50T, 75C, 100, 121 ColA EA g ste] crude
antibiotics®] & AL FAet A¥E= Fig. 169 2. Psevdomonas sp.
UJ-67F A4Sl crude antibiotics® 4-121C7FA 9] H oA A2l w37}
ARoem o v A ARoem el ol:  Skeplomyces  sp.

YSK-681 (3 %, 1998)0] AAtslE= g F&Edo] 60T ool A Aol Fajx =
Zlo] n] 3| *c}%*ﬁl A A Ao\ Pseudomonas aeruginosa EL-KM (o] %,

2001)0] At FHEAd LI FFe Ay &Y FHAEe]l Dol
w - WS ARY Pseudomonas sp. UJ-67F Aatstes daEde] Ao 4
of ¢AAd A4S Bt wepA Bo 2 A AP Ee] JFETH 7=
F A7t 7HA = et 2AHES RET F JS deow A7
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14. Effects of pH on the stability of crude antibiotics.
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Fig. 15. Effects of temperature on the stability of crude antibiotics .
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IV. Q¢

MRSA°l  F7 @S Yeule ddATS 2Este s o
ol HaetE FHFEAES E80] MRSAo g9 29 X g A&5x
= A2 A M ofv gl vancomycind ¥ &3] Fof
o 24 vancomycin® AHEFE U F e AT VE2ARE AT

AT AR B 2

vancomycin®| t A

i

r0{

1. &2 ZdfollA 10000959 AUATS &5 EHsAoeH, o5 ATE9
d

MRSA] & =2 AA TS disk diffusion method (NCCLS, 2002)°f
m2 2 AFE Filo HFHoRZ 1FS AEEA

2. Yo EA AT F AL JH4, Ay EAHY EAAAESA vyl
16S rRNA gene sequencingg p%E3te] o]Fojxa " FAHI} A
Pseudomonas 4olPemn  MRSAY dAHEASL AisteE dFFES

Pseudomonas sp. UJ-62 ™3} t},

3. Pseudomonas sp. UJ-62] A5 2 sddEA KA o3 HHxzHde 25T,
pH 7, 1% NaCle] 2l t}.

4. Pseudomonas- sp.~ UJ-67F A23sli= crude antibiotics2)” MRSA (KCTC
40510)°] ™ g MIC. (Minimal Inhibitory Conecentration)= 160 xl/ml 1T},

o

5. 659 % YATI 4F9 2F A WA o2 Pseudomonas sp. UJ-6
3

et 4y

7} A2FeE crude antibiotics®] AL XA A3 a3 ST A
T BT g Ads veuden, o ST Af 45 F 3T

6. Pseudomonas sp. UJ-67F A 2r3t= crude antibiotics= 4-121TC7HA 9] &%=
Hefol 4w FAAJA G S 7 ]E] pH 3-87t7] 9] Rl el A 3
A Aol UARE pH 97 10dA = Fad&Ao] ik BoAE Ao e
=3
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