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Isolation and Characterization of a Marine Bacterium,
Pseudomonas sp. YJ-1 with Anti-Methicillin Resistant
Staphylococcus aureus Activity

Ye-Ju Woo and Seong-Yun Jeong™

Department of Biomedical Science, Daegu Catholic University, Gyeongsan 38430, Republic of Korea

Abstract - The aim of this study was to isolate and identify marine bacterium with anti-methicillin-
resistant Staphylococcus aureus (MRSA) activity, and to purify the anti-MRSA compound, as
well as to determine its activity and synergistic effects. Among the marine bacteria isolated in
this study, the YJ-1 isolate had the strongest anti-MRSA activity. The YJ-1 isolate was identified
on the basis of its biochemical characteristics and an analysis of 16S rRNA gene sequences. The
YJ-1 isolate showed over 99.2% homology with Pseudomonas stutzeri, and was designated as
a Pseudomonas sp. YJ-1. The optimal culture conditions were 25°C and initial pH 7.0. For the
purification of the anti-MRSA compounds, the YJ-1 was cultured in Pa PES-II medium, and
the culture filtrates were extracted by ethyl acetate, hexane, and 80% MeOH. The 80% MeOH
fraction was separated by a Cis ODS column, silica gel chromatography and a reverse phase
HPLC, to yield three anti-MRSA agents, the MR1, MR2, and MR3 compounds. When the MR1
compound of 250 pg mL™" concentration was applied to the MRSA cells, over 95% of bacterial
cells was killed within 48 hr. Compared with vancomycin and ampicillin, the MR1 compound
showed significant anti-MRSA activity. In addition, the anti-MRSA activity was increased by
dose and time dependent manners. Furthermore, the combination of an MR1 compound with
vancomycin produced a more rapid decrease in the MRSA cells than did the MR1 compound
alone. Taken together, our results suggest that the Pseudomonas sp. YJ-1 and its anti-MRSA
compounds could be employed as a natural antibacterial agent in MRSA infections.

Keywords : antibacterial, anti-MRSA activity, marine bacterium, methicillin-resistant Staphylo-
coccus aureus, purification, synergistic effect
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24 7149 ko =z Egich. 22u penicillin®] AH-EXA]
o} 2 UA] ¢Fot penicillin®]] WS 7R Staphylococcus
aureus7} 53 TE. o]of B-lactamA| A 2] methicillin
o] ARAZ AHEEA ==dl, o] FEAN=E WS vetd
= S.aureus7} 19619 G| A S TYs}7] AZbete] &
WA= MA ZtA A Bl §lek(Nagai e al. 2003;
Davis et al. 2007).

Methicillin-resistant Staphylococcus aureus (MRSA)+=
gram positiveZ AU 2] ¥l4to]H, penicillin, cephal-
osporin, carbapenem, monobactam 5 tth4=2] Ao %]
27} A g thAWA (multidrug resistance)2 LERHTH
(Akcam et al. 2009; Yee et al. 2011). £2] H| &L & TF
ul= oA 50% o149 ¥& HlEE YEhH (Bell er al.
2002; Grundmann et al. 2006), U= HYT o2
1= S. aureus = MRSAL] £ HlEX= 70~90% A 0.2 uj
A1ZVet s2&olth(Lee et al. 2004; Park et al. 2007). ESt
2| A 9AES] W MRSA Zh ol WA F71skal )l 54
o ulgoAEs wjd 19 9" o] B, fHANE =3 ol
05t Qe AlZFst Abgtolth (Crum er al. 2006; Bassetti
et al. 2009). o]o] f-2utetel A= MRSA| it A77F &
03] o] FojAa gloyt e YA WAdHEE 57 €=
9101, G4 Wste] 778 AEG A7A A&H O o
Foj#jof 3 Ao|t}t(Hong et al. 2016). $-2|utof A B
== MRSA S04 Axt o]h-& AR otz EH Q] #3742
ST5 MRSAE Y204 fet sttt Aol &t AL
2 UERslth o] MRSAE 233 AW+ Aol $lof
A =7F 2k AT flem do] gobAzhe A W
BEAE 2l ol =71 2t F=o] adhs AlAkRiTt

MRSA®] X =2AZ glycopeptide A|A| ¢l vancomycin<
AREBEE O 1996 DolA vancomycindll 4=/do] Z+
A3t S. aureus (hetero-vancomycin intermediate-resistant S.
aureus; hVISA)7} A& H 115913 (Hiramatsu 2001), 7)<+
T} FHo| A= vancomycin resistant S. aureus (VRSA)7} &
o1% v} 9lo] (Howden et al. 2010), BpA|9} H28k3 o A X
9 glycopeptide A|A| 2] &-&/do] HzsHA =271 Al&st
At (Boyle-Vavra et al. 2001). TetA =2 9U 9L, A
AL Y] MRSA g9 57F MRSA A 24| 2 AHEHIL
Q1= vancomycin WA#F &3 9 2712 2L FAA
o] 7ol A3 a4 Y= A4 oItk (Kitai er al. 2005;
Yucel et al. 2005).

nAEe] BAbshe W2 ARBAEEES AoE At

> o bu Ho

_C'g‘]
Hol 22A 27 wm gong olEe FMI 5L

9% @77 A4HL2 ool AT Uek Gung and Chang
2009). 53] Aok 9 SJofRofoll A YAz AHEH= 7
Al dEE vBEERE 228 JAEZLoAU, ol
E4S AEEAE AHEsto] FAE v &4 ot (Faver
et al. 2003). | AYE0] 22} AMIER BAsts FAEEAE
2 F2 Bacillus\; Streptomyces®} 7 WHAF O ZHE A
tt. £3] Streptomyces+= streptomycin, chloramphenicol,
neomycin, kanamycin, vancomycin 5 FE2 2] 70% ©]AF
3 AT Qo] S, AR 0= B9 483t AHolct
(Watve et al. 2001). 213 =4 A7HS] AFE2 28 9
o] IZE = FAE o FAGo] AL Jle FAlolt
(Berdy 2005; Koehn and Carter 2005). o]o] AAZEL 3
FoAE o) Aagd oo UFH 478 ST
t}(Proksch et al. 2003).

E Ao|A B3t Pseudomonas sp. YI-1 5 22
42l Pseudomonas%-2 F 80001 9] A7 SHELES A
ARRtthal HuEglom, o] FoA oF 500 Fo FAER
o] B E It (Berdy 2005). Pseudomonas<o)| A A &
A 7hed A F83E FAEEL P fluorescens7t At
3} pseudomonic acid &Jofl& A9 e AA O 2 (Fritza et
al.2009), o] MRSAS] tfsf 7]&9] A Et} £ §
#E4E Yetl= EAS BAtete Y Pseudomonas:o]
B 5%tk (Salomon et al. 2004). %L X9 70%E Z}
AskaL glom, Ao EA k= A& 80% ool sl
A4]8F3l @1tk (Hamann and Scheuer 1993). o]of tteFst &
213 S 2A4S 7ML glon B¢ Hlg) vlnz E4%
Stolgtal & & Sl YHAES 22 MRSA &
#ZE 7HA = S screening M, 7] &9 FHER
= OE 12U & AYES 7= 2L ddEE
Ntsl 7hsA o] =& A o]tk (Gulder and Moore 2009).
olof & AtolA = gl &7t IMRSA &S U
e Y- #55 29, 35t A, Agetd £

32

o

o

ox

flo t

2], ZAIste] At FRARA Y 7S AASHLA it

R

0=
IE

LG BEe] &8 € B& 459 WY

MRSAG] 7t FREAL Yl 272 2es]
A, &2 oo 23 sj-E B E MB A7 = Rt
Ao g Aol on, J4H AlZEE= ice-boxo]| HIsIe] 3
AIZE ool AR A AdATAT. & Aol A
FMRSA 4L 7HA & vBES £287] S8, sig Al
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25 AAs|MHoz 543lo] PPES-II (yeast extract 1 g,
proteose peptone 1 g, polypeptone 2 g, soytone 1 g, 0.1%
ferric citrate 10 mL, seawater 1 L, initial pH 7.6) B} Z] (Taga
1968)0] FH=TH O 2 =sto] 20°Co| A 7L HiF =,
FAE EAZA FH colonyE 27 AT} Hagt
& nutrient agar (NA; difco, USA) 8 X o] 32} streaking
I 3 single colonyE elsto] o= 2|8kt

2 @559 IMRSA 84 RAE A% MRSA E&
T+ Korea Culture Center of Microorganisms (KCCM;
Seoul, Korea)o| Al g #F 33 MRSA KCCM
405113} Fotrfeta HoA A4 227 671 (DA 3,9
11,12, 16, 18)°] MRSA 55 (strains)& AHESHETH E
3t Korean Collection for Type Cultures (KCTC; Daejeon,
Korea)ol Al 5%9 M AldEs BFLo F4BHE
Aol AR Aol AHEE w552 nutrient broth
(NB; difco, USA)8] X £} PPES-II B} X & AR&-3}o] 25~30°C
oA HiFstATh. & AFoNM AR HEA AdES o
23} Zrt}; Aeromonas hydrophila KCTC 2358, Bacillus
subtilis KCTC 1028, Klebsiella pneumoniae KCTC 2001,
Legionella birminghamensis KCTC 2007, Shigella flexneri
KCTC 2008.

% s

¢

2. 838 #5529 JMRSA A AA

FMRSA B4 S HHE B 2
Slate] 2 28 2359 WeFsEL o]§3)
diffusion assay (National committee for Clinical Laboratory
Standards; NCCLS, 200922 24319t &, 2 A3 9]
MRSA ¥& #2 MRSA KCCM 40511 @57} =83 NA
wjz]of Z} Re] #5529 wjdsE NS 2-fold serial dilution
3}o] paper disk®] loadingdt & 25°Cof| A 48A17F vl &
A5 AA ) (inhibition zone)2] A7 (mm)S S35t ©]
o positive control2 5] vancomycin (Merck, Germany)
= A7kste] 8A4L Bla SAsHT dRAY 2, 7P
43 YMRSA B4 Bl #75 AEste] YI-10]2 ¥
ek o] % Ayl ARgFAT

o
Y
N
i
lo

fo
oX

3.YJ-1 759 97149 24 9 =4

MRSA| Hgt 7H =2 48 2 YI-1 455 £F,
ZA317] €84, API 20NE2} API 50 CH kit (Biomerieux,
France)E ¢]83}$1. 2, T3 Biochemical tests for identifi-
cation of medical bacteria (MacFaddin 1980)2] WHo &3}
of FelA, 4P L Aste S45E 2Aect. 1 A%
£ apiweb ™ databaseo] QJEsto] 1}HoR BESH &

A HESHE o, B3 B} At 534S fIske] 16S
rRNA gene& o] 83t A7IAE E£4& 1343} th (Dunbar
et al. 2000). & A¥E YI-1 #55 PPES-II vix|o]lA] 18
A ZF HjeFEt 3 AccuPrep " Genomic DNA extraction kit
(Bioneer)E AME-3}4] total genomic DNAE F&3}¢]
template® AH8-3FSITH. 16S RNA f-417H9] F-Z o o] &4
primer %<2 49F (5'-AGAATTCTNANACATGCAAGTCG
AICG-3)9} 1492R (5'-GTGGATCCGGYTACCTTGTTACG
ACTT-3")& AH&3t3th. o]nf forward primer®] 5’0l A|gt
B4 EcoRI9 Q14 HE, reverse primerd] 5'¢l= BamHI
o Q14 =elE Arbstar,

PCR HF$-2& AccuPower PCR Premix (Bioneer)E& AM&-3}
o] Minicycler (MJ Research, USA)2 A A5t WA 94
°ColA 1&, 61°ColA 18, 72°Co| A 124 303 HHE3}o
DNAE FEZA|7|1, upx|gto & 72°Cof| A 5E7L extension
A7 PCR ¥he& 27T FA|1E 16S rDNAS| PCR 1t
S22 pGEM-T vector (Promega)9] ligationA|# WH-&2
u| 2] Z8]3t 200 uL2| Escherichia coli XL1-blue competent
cello] transformationA]%] & alkaline lysis mini-prep %%
(Sambrook et al. 1989)2.2 plasmidE mini-prep 3} Tt
E3t Termination Sequencing Ready Reaction kit (Perkin
Elmer, USA)2} ABI 377 genetic analyzer (Perkin Elmer,
USA)E ©]&3to] E7|4EE& EA% &, National Center
for Biotechnology Informatin (NCBI)2] GeneBank database
A A AEH] B FRET 97 AL WY
t}. F7] 4 9L Clustal W program© 2 A3t & MEGA 5
package (Tamura et al. 2011)E ©]€3}9] AS=E 234
o AE E7%H Fa8ACl digt AH B 45T
7] 93t 1,0008] 2] resampling®]l 78t bootstrap &4
et

fle

—-

4. 23599 93} pHel UF H3H 27

YIJ-1 #57F AAkst= 49 E 434 2 pH H3A
< Yoti7] 9 AP v Lok uyE £ = 4
Z BEo] 9JE YI-195E5 nutrient agar©] streaking 3t
% single colony= 2213} ©]E nutrient broth 75 mL 442}
flaske] FFsko] HufF sttt HujgAS PPES-IT HA|
viz] 37 Lol ARFske] 24 v 272 25°C, pH 7.0
Al 100 rpm e 2 77 wjeFetith vl = Al Mg
8,000x g2 1027+ AHET &, F5HS F 5t pore
size 0.2 um polycarbonate membrane filter2 ] T}3} T}, 0]
HjoF o]} ethyl acetate (DUKSAN, Korea)?} 1: 12 &

3}l ethyl acetate@ 33| WHE- £Z3}9] rotary evaporator
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(Eyela, Japan)2 7HQ} 55310] 2FZ9 (ethyl acetate
Mg At o] 2FEHE 4,20,40, 60, 80, 100°C°ﬂ/\1 24

AZF 928t 3 MRSA KCCM 40511 ==kl (5.0 x 10°
cells mL™)o] 10%7} EE2 HZE5t] anti- MRSAS] Al
A& Ha SA5HAT. o] 4 controlol= 2FE Al
Sepo] AT PPES- G442 Hrlstdon], 717 8
o] =9kd 4°CE 7|Z0F A BAL z::_ AstaArt.

E3 Y11 257} Akl B pH HIAS dohv]
%’4511*1 22 zAA wjFe YI-1 ¢F i ojatee] =
ZS9S pH20~9.002 2Hs}to] 24A17F %J‘ Al2of
13} 3, Al pHE 7022 1@_0}@] A7)9t 5
2 anti-MRSA A A& 8w 235tk
mM sodium acetate buffer (pH 2.0~5.0)¢} 5
phosphate buffer (pH 6.0~10.0) AME-3}
3t controlofl= Z2Fo] pHol| whaha] %3

%2 buffer &4 H71st o

M sodium
Asioict. ®
EGs}A

_9.
l‘No
8

i)Y
12
flo

5.YJ-19] 2 22, FA9 FMRSA &4 9 784

RSA E4& £49, ZA5H7]
gt A2 ohga Zoh A ]-4 ethyl acetate 3% NS
hexane (Duksan, Korea)X} 80% MeOH=Z o|Z EHuj3s}
I 7} HEEke] A7)9) 2A o2 HjYFE MRSA KCCM
40511 thste] P4 Eﬂ—/QE(NCCLS, 2009)E A5k
ot A4S UEWH 80% MeOHZS Cis ODS open column
(DAISO, Japan)2. 2 EI34ct £j2+= D.W., 20%
MeOHEE 100% MeOH7}A], dichloromethaneS A}-&-3}
Aot 8&F fractionsS 7Y H=519] JMRSA FAS
H9l 80% MeOH%< silica gel chromatography (Silica 60,
o1 gstel thAl REselct. S
hexane} ethyl acetateS 8:2,6:4,4:8,8:22 233t A,
ethyl acetate, MeOH, dichloromethane< AR&3s}TH &
MRSA9] &40o] =4 Yeld 100% MeOH fractiong
reverse phase HPLC (YMC ODS-A column, 10 X250 mm;
60~100% MeOH flow rate, 1.5 mLmin )2 22|, JA| 3}
3% FMRSA £ MR1, MR2, MR3E &9it}.
ofe F&, AA WHoer ¥ FF &5EZF MRI,
MR2, MR3¢] 84 SA4YL v &k WA FMRSA &
A =4S 43 MRSA & #52 MRSA KCCM 40511 +
FE X35t MRSA 94 &8 #+5F5(DA3,9 11,12, 16,
18)S & A2 ujoF3t & nutrient agar B X o] 100
uLS =Zujoksla MRI1, MR2, MR3 B2& 7H7} 5 ugh
B 2-fold dilutiond}] diskol FF3dte] Asigte] A7 &

Merck, Germany)E

atlch ®3l 1 9] KCTCOA] Bofire 5%0] 1
I 249 BYA Aol U FHEEE A7)
IH o2 FUSHA ¥l &A3IF . o] MR1, MR2, MR3
Aol FEE 031 pgdisk 25Ut FFBAL vws}
=3

%
jui]
=
H

[e}
=1
=
bl

X2 g A 2ol M7} A)7hE SFMRSA A v @
3

.Il)lv >

MR1 E29] A7} A|7HEH, == SMRSA A4S A=
2l B-lactam] FAYA L} vl AH 3} Th HA 24 well plate
o & ZA(25°C)L.Z vt MRSA KCCM 40511 o5
jFol-& Y, AASH PPES-IT AR E H7teto 45
9l % %57} 50x10%cells mL ™7} HE2 s}t o]%
MR1 E2< 1 mgmL™'7} 5&& H7}ste] 2-fold dilution
OS2 48A7F uj gt Aobgls MRSA KCCM 40511 +F
79 BE4E 24510 YVRSA BHL ZA59 o))
positive control2 &2 B-lactam? FAYA| ] ampicillin
(Merck, Germany)™} glycopeptide ] & JA|Ql vancomycin
(Merck, Germany)<, negative control2 5% 2 MeOH
(Duksan, Korea)& 78ttt T3 Z2+9] JAYEZDLS b
& 3AITE, 18A17E, 27Xkl Zb2E 3 7)sto] wjkstH Al 2}
FAEL Y H7t AIE AL AT HF o2 53] HhE

RS Foto] AnE AEH9.

7. MR13} vancomycin®] ¥-§ X H7} A|7HH synergy
U

MR1 &3 3} vancomycin®] synergy £35S gotE7]
sfol, 4719 22 W ew ARSAT BE FE} 250
ug mL 7l 922 =g MR1 E- 3} vancomycing &
A H7Fskod wjFshE Al MRSA KCCM 40511 @32] Hjok

N BF4E BHSAT 271 FABEY HE A
AL A7F M7= 719 AR Hwsty] fske] 3A17E, 18
A7, 27TAZFS. 2 31 o, o|d] negative control 2 F 2]
McOHE H7319 531 4h Agle Boio] AnE A3
stlet.

zd |.I:|I

40} QU 1=t

LA

1.IMRSA A #F YJ-19 £ 4 54

=7 A%t G =R EH A= TE colonyX it FEf
2 712 929 FFuAE FRE Easigon, 1 Zzt
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Table 1. Morphological, physiological, and biochemical characteristics of a YJ-1 isolate selected from API 20NE, API 50CH, and other tests

Tests Results Tests Results
Cell shape rod Assimilation of: +
Color creamy-yellow on PPES-II agar N-Acetyl-glucosamine +
Gram staining Negative Citrate +
Motility motile Caprate +
Spore non-spore forming Malate +
Oxidase test (cytochrome oxidase) + Adipate -
Catalase test + D-Xylose +
pH optimum 7.0 D-Trehalose +
Temperature optimum (°C) 25 Phenylacetate -
Growth at 4°C-37°C Gluconate +
Growth at 40°C Glucose +
Indole production Maltose -
Reduction of nitrates to nitrites Mannitol +
Acidification during glucose fermentation Mannose +
Arginine dihydrolase L-Arabinose +
Urease
DNase

Presence of -glucosidase (esculin hydrolysis)
Presence of [3-galactosidase

Tween 80 hydrolysis

Gelatin hydrolysis (protease)

+, Positive result or growth; —, Negative result or no growth. Values in parentheses were read after 48 hr.

9] colonyE PPES-II H#ujA| oA <=4 B3t MRSA
KCCM 405119] i3t FMRSA SA4S =
o] #3371 YMRSA S Helon, 2% 7P o“?lf& 2y
AS el #FE YI-10)8 993ttt YI-1 455 API
20NE2} API 50CH kit ¥ MacFaddin®] Hy o wal Adst
23, 2 350 FeA, A 2 Askety S4L Tet g
th YJ-1 FFE OI% 24 HFoR 540 1 2AE
HASA] k). ESE oxidase, catalase 00”51 o]} 3, indole
=L 2402 VeI, urease?} Dnase AL ¢lglo
U gelatin 352 AUTH(Table 1). BH&0] YI-1 #5¢] &
M 4 202 2A] ste] L%, pH, NaCle =4
2 AP 249, A A 2=e 25°CH e, 40°C o4
oAM= AAsHA EoHAL, 2 A pHE 7022 UEHHTH £
o HA ATt 1% NaCl s=oA 7HE &4 e A e,
0% NaCl F=o| 4%t & 2ol g1t (Table 1). o]/42] 2
ES apiweb ™ databased]] YEate] 13}H 0T & Azt
A SASH A3} Pseudomonas& L 2 HHE QT o] Hh
At TS 95to] 16S rRNA gened o]-&3to] G714 <L
| E27eHe FARAE 2ARE 23 YI-1
9] 16S rRNA genet— Pseudomonas stutzeri ATCC 17588T
9] 16S rDNAS} 99.2%2] A54& Wreb 3t} (Fig. 1).
ol
k-

Hu:
1
ofr
ol
o
o

9] A3t B FFE Pseudomonas sp. YJ-12.2 HH3laL
o] A A

2. 25399 9% pHe] A HHA

Pseudomonas sp. YJ-10] AAitet= 549 € IS
248 ATE Fig. 2A9] YER AT} YI-1 F329 ethyl
acetate £FFHL 4°ColA 7P HA s 21 60°C7HA]
g4 0] zpol7t A At E3F 80°C2} 100°Col| A = AFeh
o] 80% 2 UEtt Bl e A0S et itk o
A B 371 AAeE dMRSA 222 dof -3 Y
a4 E4E gdEn. B3 B #5371 g4t JMRSA
E49 pH S 2AEE 2= Fig. 2Bol|l UYEW it
pH 7,004 71 &4do] =4 YE o™, pH 6.07} 8.00) 4
93% o9 At /4L YeEH L, pH 9.0014 % 79%<]
At 24 Hof gz vlw Hgst EFE wAgE
t}. E3 pH 5.0 oJstoll A= A A &/4do] DolA A gt
pH 2094 = 55%2] At A4S B, Pseudomonas sp.
YI-10] AFet= FMRSA B4 ZHto=E A= Wik
E4S& xFet 9le Ao wddn o]y A= YI-1

59| ethyl acetate TFE o= 1714] o]Ate] &4 £
o] EAjstH, 1% oj" B2 7} o v
AT AR FAEr

e rl°

o‘r’

3.YJ-1 #39 FJMRSA E39] 2a], A

YI-1 #3E5 ZF 219 47} E=k2F00A 25°C, 100 rppm
oz wykstw 7U7 wigste] F 37LE HlstTh. o
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—"ﬁ'— YJ-
P, stutzeri ATCC 17588 (AF094748)

—1

P. knackmussii DSM 69787 (AF039489)
| P. cremoricolorata IAM 15417 (AB060137)

100 p otitidis MCC 103307 (AY953147)

3 P. putida 1AM 12367 (D84020)
4 _| E P. oryzihabitans IAM 15687 (D84004)
2 P. parafulva IAM 15417 (AB046599)

P, japonica 1AM 150717 (AB126621)
P, mosselii CIP 1052597 (AF072688)
P. plecoglossicida ATCC 7003837 (AB009457)
P. monteilii CIP 1048837 (AF064458)
P, fulva IFO 166367 (AB046996)

| P moraviensis CCM 7280" (Av970952)

l

P. chlororaphis NCIB 10068 (DQ682655)

P. flavescens NCPPB 3063 (U01916)
ﬂ P straminea IAM 15987 (D84023)
9 P. argentinensis LMG 225637 (AY691188)
P. pachastrellae KMM 3307 (AB125366)

4$|_&|

—_
0,005

P xi js JCM 135307 (DQU88664)
P. sabulinigri JCM 149637 (EU143352)

Fig. 1. A phylogenetic tree based on the 16S rDNA sequences of Pseudomonas sp. YJ-1 and closely related members of the genus Pseudomo-
nas. The numbers at the nodes are the levels of bootstrap support based on a neighbour-joining analyses of 1,000 replications.
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Fig. 2. The thermal (A) and pH stability (B) of the ethyl acetate extract of Pseudomonas sp. YJ-1. For the thermal stability test, the ethyl
acetate extract was incubated at an indicated temperature for 24 hr. For the pH stability, the ethyl acetate extract was suspended in 50
mM sodium acetate buffer for the range of pH 2.0 to 5.0 and 50 mM sodium phosphate buffer for pH 6.0 to 10.0, and then kept in each
buffer for 24 hr. After treatment, the anti-MRSA (Methicillin Resistant Staphylococcus aureus) activity was estimated. All assays were

done in five times.

HjoFol-& ethyl acetate®} 1:1 3t 5, 335 HHE =&3]
o] ethyl acetate®< 3|3l tt. 343 &2 evaporator
(Eyela, Japan)2 7t 52314 26659 2FE2E5S 4%
o} (Fig. 3). 2FEE S hexanedt 80% MeOHZE ©]|3F EHl
sto] AAFE AASHATH FMRSA 84S YEHE 80%
MeOHZ(1.547 g)& 7}A] 2L Ci5 ODS open column< 3§35}
Z 709 £3& At 24 £32 7F $53H3 FMRSA
A4S H2E 3 A4S U 80% MeOHZ (0.082 g)<

4y

silica gel column chromatographyS 33} F 7719 &3
< Adoh 7 4ol =4 U2 100% MeOHZ (59 mg)
S reverse phase HPLCZ 28], AA|5lo] 3719 &4 &4,
MRI (4 mg), MR2 (33 mg), MR3 (4 mg)S HEHo= Ag
o} (Fig. 3).

4. 3F A €722 IMRSAEAY 2

Vi1 2% dele 4%

Kiais e

+7]81, Cis ODS column,
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PPES-II, 25°C, 7days (37 L)

[ Extracted with EtoAc J Triplication, (2.665 g)

80% MeOH (1.547 g)

Cy3 ODS open column-reverse phase

EEY ES Y

80% 100%
MeOH MeOH

)

(0.602 g) (0.803 g)

(0.082 g)

(0183 g)  (0.142 g)

Silica gel column-normal phase

(o)) () ()

100% 100%
EA MeOH

<)

(2mg) (4mg) (2.6 mg) (1.9 mg)

e

(4 mg)

(3 mg)

(59 mg) (8 mg)

Reverse phase HPLC (YMC ODS-A
column, 10x250 mm; 60-100% MeOH;
flow rate, 1.5 mL min'1)

l |

MR2 ][ MRB]

(33 mg) (4 mg)

Fig. 3. Purification steps and yields of Pseudomonas sp. YJ-1.

silica gel chromatography, reverse-phase HPLCS ©]|-83}¢]
&, ATt 4L HF <52 MRI, MR2, MR39] &
MRSA 43 J424S S4% 23+ o531 2o (Fig.
49} 5, Table 29} 3). MRSA & #3291 MRSA KCCM
40511 ¥5E nutrient agar HjZ]of| 100 pLE& Z=2rujFslar
MRI, MR2, MR3 £3-& 7}Z} 5 ugt-E 2-fold dilutiond}to|
diskol] &% A7, 5ugdisk” =4 MR1 E4L 16
mm&] A MR2 232 24 mme AAES A3
1, MR3 %2 MIC (Minimum inhibitory concentration)
Az &AL 47 Ye . o]df positive control 2 &
ZF9 vancomycing H7bste] &S vlw ST,
MR2 £4-& vancomycin®t A9 H]=3 A& HAFh
(Fig. 48} 5, Table 2).

TS MRSA 94 £ 3o ik IMRSA &4 1
I 4, I 249 BYA Aol die A
Z73t A= Table 33+ 2. o|nf MR1, MR2, MR3 &
o Exl 031 pgdisk '2 FUste] FHFEAL wjws}
ot 1 Aa A F3of wet @4 254 Zpol7h gA
Tk, MR1 E£39] 79 MRSA d4 £8 +F DA9, DA 12
9} DA 18 #F U Legionella birminghamensis KCTC 2007
ol A vl w2 FHFEYS YA MR2 =
Ao % DA 113 DA 18 #5¢| tiafjA] FMRSA &4

o to

Table 2. The anti-MRSA activity of each pure compounds against
the MRSA KCCM 40511. The MR1, MR2, and MR3
compounds were purified by a reverse-phase HPLC

Concentration (pg disk™"
0.31 0.63 1.25 2.5 5

Inhibition zone diameter (mm)]

MRI 9 10 12 13 16
MR2 8 13 15 18 24
MR3 =2 - - - MIC?

'Disk diameter (6.0 mm) was included.
’—:No inhibitory zone was formed.
Minimum inhibitory concentration.

ety 2, E3] 1% 421 Bacillus subtilis KCTC 1028
w0 tisiA 14mme) 7HE w2 AsfeS FASHAT 2
2y I 9o #3o] tieiAe FH8AEE HolA $AL
MIC (minimum inhibitory concentration) =2 %2 4]
< HolFQt} 0|9t g MR3 EFL 031 pugdisk 'Y
FroAE AP BE 5o Al A &4 UEd
A R 8Tk (Table 3). E3F o]4e] A¥E Table 29 A3
Ao} vlws £ wj, MR1Z} MR2 B2 Fxof v st
o] Z7FstG o, MR3 B2 5pgdisk ' FEHE
o] YA MIC H&=9f oFgt &4d& Ustloh =3t
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Fig. 4. Anti-MRSA activity of MR1 compound against MRSA KCCM 40511. MR1 compound was purified by a reverse-phase HPLC. (A)
1,MR1 5 pgdisk™'; 2, MR1 2.5 pgdisk™"; 3, MR1 1.25 pgdisk™'; 4, MR1 0.63 pg disk™'; 5, MR1 0.31 pg disk~". (B) Negative control:

100% MeOH.

Fig. 5. Anti-MRSA activity of the MR2 compound against MRSA KCCM 40511. MR2 compound was purified by a reverse-phase HPLC. (A)
1,MR2 5 g disk™'; 2, MR2 2.5 ug disk”™'; 3, MR2 1.25 g disk”'; 4, MR2 0.63 pug disk'; 5, MR2 0.31 pug disk”'. (B) Positive control:

vancomycin of equal concentration.

MR1%} MR2 232 7|&9Y A& AT v7iA 2
gram negative @52} gram positive @50 i3] o w2
FHEde HeEt itk (Table 3). =, MR13 MR2 &322
B-lactam#A| FEA| 2} wpE71A] 2 peptidoglycand< T} 5}
o] gram positive 750 &4o] & A& HHE T} o]
49 23 MR1Zt MR2 E39] &40 2 2= utd
of weh, 2ot W2 F+t AHEHS H MRI 282 AE
sto] 34 AdS APt

5. X2 gy A ekl 47} A7HE FMRSA 24 vlw
EZ #3539 MRSA KCCM 40511 732 4]0 w2

MR1 33} vancomycin ¥ ampicillin®] ¥7} A7 &
MRSA /4& Hla 543 di= Fig. 63 2 WA Z+
FAEAE 250 pgmL™' 9 BEZ HUletEe Yo Azt
£ AW EH, MRS i 347k H7bekls ) oAz vt
o cell=9] AT AsHE UEH Y™, MRSA A2 A A
2 AH8-E= vancomycink ot 943 S HAFIT
MR1E Hi%F 18A1ZH} 2747k H7FetA& e 1247
Zof FA% cell 9] HaF oo, 484171 o] o] A
©] ELE MRSA KCCM 40511 #55 AFEA AT o] 3¢
MR1-Z vancomycin®} A&] H]&3t =29 A4S e
Q. =3 MRSA KCCM 40511 95+ negative control Q]
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Table 3. Anti-MRSA activity against various MRSA strains and antibacterial activity against various pathogenic bacteria. The MR1, MR2,
and MR3 compounds were purified by a reverse-phase HPLC

4 MRI1 MR2 MR3
Test bacteria Concentration (pg disk ) N
Inhibition zone diameter (mm)
Gram positive
DA’3 031 7 MIC’ MIC
DA9 031 10 -4 -
DA 11 0.31 MIC 9 -
DA 12 0.31 10 - -
DA 16 0.31 MIC - -
DA 18 0.31 9 8 -
Bacillus subtilis KCTC’ 1028 0.31 7 14 -
Gram negative
Klebsiella pneumoniae KCTC 2001 0.31 - MIC -
Legionella birminghamensis KCTC 2007 0.31 10 MIC -
Aeromonas hydrophila KCTC 2358 0.31 - - -
Shigella flexneri KCTC 2008 0.31 - - -
'Disk diameter (6.0 mm) was included.
“DA : MRSA strains were isolated in Medical Hospital of Dong-A University.
*Minimum inhibitory concentration.
*—:No inhibitory zone was formed.
*Korean Collection for Type Cultures.
35 35 35
inoculation inoculation
30 30 30 ¢
24noculation 25 - l 25 -
5
x 20 - 20 20 -
"
R 15 - 15
©
O
10 10 - 10
5 5 5
0 0 0 -
0 6 12 18 24 30 36 42 48 0 6 12 18 24 30 36 42 48 0 6 12 18 24 30 36 42 48

Incubation time (hr)

Fig. 6. Comparison of the Anti-MRSA activity of the MR1 compound, vancomycin, and ampicillin against MRSA KCCM 40511 by the in-

oculation time. -M-, MR1 250 pug mL~
100% MeOH.

MeOHo|| &3t d&A2 HolA| 93k e™, ampicilline]| T
A= oFst FHEAS BT o] AL ampicillin® F=
7} wobA yehte dAroz sk (Fig. 6). MR13: 24
FHAEAES 500 pgmL ' 1,000 ugmL ™'Y TET2 H
7hetE S o] A A, 3717 FAED =BT 3A2F o]
o MRSA KCCM 40511 #F2] 4% A|eh= A2 1
Ebton, Bgo] MR19] H7IeFat 9hg-AIZto] HlEste] g
MRSA &4o] 713t ch(RR m|A|A)). o]4F2] Z3t MR1

', -A-, vancomycin 250 pg mL”

l; -X-, ampicillin 250 pg mL_l; -¢-, MRSA KCCM 40511; -@-,

222 ampicillin? o} Y53 ¢4

vancomycin¥} B|L3}A Y Bl &
Ao g wotdt.

6. MR13} vancomycin®] ¥4 A] H7} A|7HH synergy
a3}
MRSA KCCM 40511 #F9] 4] o2 MR1 E2 T
vancomycin®] B4 Hg A (HE H% 250 ugmL™), &
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inoculation
30 - 30 - - 30
inoculation

25 - 25 - ¢ 25 |
&~ 20 - 20 - 20
o
X inoculation
15 - 15 15 -
E
0
©
© 10 - 10 - 10

5 - 5 - 5 -

0 6 12 18 24 30 36 42 48 0 6 12 18 24 30 36 42 48 0 6 12 18 24 30 36 42 48

Incubation time (hr)

Fig. 7. Synergistic effect of a MR1 compound and vancomycin against MRSA KCCM 40511 by the inoculation time. -B-, MR1 and vanco-

mycin 250 pg mL™'; -¢-, MRSA KCCM 40511; -

MRSA synergy £3+5 £743%t A3t Fig. 73 2ot A A
HieF A1z W& H7F Al 3ATMRE cell=] FAT &
27F Yeh7] AJ&Fste] 7} 24A17F o] 7t zerod
IR dEAE A Bo 9% 84S HoFgoh ®
o BiF 18A17ke)l WH§ 7t Al vtz anpr WAsHA = ¢
QAT H7F 9AIZE Fof] A7t yeh] Al&Fste] 47F 27
A7E Fof 20x10° cells mL™' 2 7ZHAstgct. vieF 2747
of ¥E& H7t Alolle HEZ cell9] Fart Uehtr] Al&bst
o, A7} 21X 3o AFE7t zerooll 7HH AT vk 18
AZE Zof B8 AYstie W FMRSA &40 25 =g
n A dehde A2, A3 Al AAR PPES-ITHIAE ¥
0]Z0] Al MRSA KCCM 40511 #32] A&o] =3 F7}
g AE g o] e AE Fig. 69 Axket Hlas
B, MR1# vancomycing 2tz &5 A2 S W2 ¥
£ A A, Z@7F Az dEglo] B5F JYMRSA 24 St
Aol eSS & 7 Atk & & dAolA o &
et FA=2 2 MRIS vancomycinTt &7 23S o,

MRSA &4 o] F7}5l+= synergy IS Ho] F3Iot.
&5 2o FYEAT 71E FAEATY] =g 93t
synergy 83t= FAEZ WL Fag AFdidel Holt

t}(Shiota et al. 2004). Kim et al. (2009)2 20-hydroxyecdy-
sone< ampicillin?} gentamicin®| 27 F7}519S w, &
MRSA 40| Z+2}F 400 ugmL '€} 0.031 pgmL ™' 742 &7}
sttt RSkt E3E XL Cha ef al. (2014)2 THatof
Al 23} cryptotanshinone ™} YA HE A& A]2] MRSA
of thgt synergy IS ZAFSE A3}, ampicillin, oxicillin,

-, 100% MeOH.

vancomycin®] Z}7+0] = He} WE A A FLEA
9] synergy &7} w9~ Fobd& Bl ¢t

FF £ AFONM & el FYEE MRI,MR2 &
MR39] 23}o] 2J3t FMRSA synergy &7+ 4 7|e} 2 o
A 71E FAEATY] 2ol 5t synergy ATHE 2AMRITH
H A2 FHED ALY 7|22 A ST £
Zo2 woETh 3 MRIZ MR2 £3d0] 78 g4 9
U Al mlxe el Az Hds] A1 74
7} &cha webEch

¥ 2

H oILo] %7“% 3 methicillin-resistant Staphylococcus

aureus (MRSA) B4& 7H= sdrd=s &2, F43)
I YMRSA E2E 22| AAstel 2 849 &4 Ay
A BIE gelE Aolth 2 AqelA Hald suyE

FoIA, YI-1 22 571 7P 733 IMRSA 45 e
WAtk YI-1 5= A3eHd EAJT 16S rRNA 387 o
ZIq el 71zste BF AT YI-1 259 F71A
QL Pseudomonas stutzeri®t 99.2%2] A4S UERY o],
Pseudomonas sp. YJ-10]2F B3}t o] #39] & A
A2 25°CeH 7] pH 5% 700|190tk ¥MRSA BAE
& 22 ABAS7] YJ5te] YI-1 F5E PPES-II H) x| of ujjofs}
fom, wjoF ASHE ethyl acetate, hexane} 80% MeOH

&R o7 229t AL Bl 80% MeOH £3&

fru
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Cis ODS Zr 3 ZutEI 9], silica gel A 20tE 18] 7] <}
A4 HPLCHO 2 ¢80 2 AA|sto] FMRSA 43S
7HAE 3719 <424 MR1, MR2 ¥ MR3E ¥9it}. 250
ugmL” 5E9 MR E22< MRSA AlZo JEHL o,
MRSA A|ZZ9] 95%7} 48A17F o]yjol AbEstgich B4
vancomycin @ ampicillin} 8] 3] Ho}= MRl 282 X
o} =8t FMRSA 445 YEH It E3F 3MRSA 4
2 Folga} A7t vlF st 718kt Lol MR1 23
I vancomycing X35t AU R B3-S EH9HS wf, MR1
AL G508 FoFS it A5 MRSA A2 7}
S T 5 ST oY AnE T EH, MRSA
Goll Ao1A Pseudomonas sp. YI-13T} o] Z o] AYAtst=
RSA 242 AA FHARA 71T 4= ozt wdt

At At
o] =Ee 20129% g7 s e LfATH A Y
of 9Jgt A< (20121382).
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