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Abstract

An antibiotic for methicillin resistant Staphylococcus aureus(MRSA) produced by Streptomyces lydicus
YSK-681 was extracted by chloroform, and then purified by the Cig reversed-phase HPLC and silica gel
column HPLC. The molecular weight of the purified antibiotic were determined from the FAB analysis
MS as m/z 1022.4 and 1036.4(M-+H)*, indicating that the isolated antibiotic consisted of two similar
compounds with the molecular weight difference of 14 m /z value., With the aid of the various nuclear
magnetic resonance(NMR) spectroscopic techniques such as 'H NMR, !3C NMR, DEPT and HMQC
spectroscopy, the characteristics of functional groups were deduced as the hydroxyl group and leucine,
The MIC values of the purified antibiotic were observed at 1~32 ug /ml against Gram-positive bacteria
compared to >125 ng /ml against Gram-negative bacteria or fungi. The antibiotic was active at 8 g /ml
of MICg against 129 clinical isolates of MRSA, The antibiotic showed no cytotoxicity against P388,
HelLa, and S180 at the concentration of 500 xg /ml.
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XA (Methicillin Resistant Staphylococcus
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B 84 &AL Staphylococcus aureus ATCC
6538P& XY FOF ALsl paper discHo 2 &

AP, = 15mi®] Mueller-Hinton agar (MH
ARl A FF 18Fols dgF 0.5% vHiE o
AR 2 FZ3c o719 2049 A EF st
AzZAZ) 27 4mme] paper discE &#¥E3 4T
WAl 3A17F WA g & 37°C ujgrlolA] 184]
7+ wikste] A EE S AR|d(clear zone)2
73S 44313 FAE FAER BE 229 ¥
L AFadnt, A4S 945 % (minimal inhibi-
tory concentration, ©|3} MIC) ¢} 34 44 &%
(minimal bactericidal concentration, ©} 3t MBC)
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&8k 5 nlg] wjkst a9 50mlie HESS 30T
A 287 A wjF(XE Tem, 703 /) ST
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Culture filtrate
}
Chloroform  extraction (total volume 20%, 2 times)
} « evaporated in vacuo (at 40C)
Silica gel column chromatography
| « eluted with chloroform : ethylacetate(50 : 50 v/v)
Silica gel HPLC
| « eluted with chloroform : methanol(98 : 2 v/v)
ODS HPLC
|« eluted with 30% aq accionitile
GPC HPLC
| —etuted with 30% aq acetonitrile
pale yellow powder

Fig. 1. Purification procedure of the antibio-

tic from the culture broth of Streptomyces lydic-

us YSK-681.
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ARe zAE] st 2M TFA(trifloroacetic
acid)E 718t 100ColA 2417 B3t 7HEal 3t
ninhydrin, DNS, anthrone, diphenylamine, ph-
enol sulfuric acid$} iodine ¥H$-& ZARSIAT &
A}gk =48 3-nitrobenzyl alcohol®] matrixE A}
£35}e] spectrum type normal ion(MF-linear)
mode®] FABt mass spectrometer (VG-VSEQ,
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tho, H9ja EA(infrared spectrum)& ol
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B3t 75 mAE At HEE 4w
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o #x]& 10mme] 3 9% pellete 2 JF 3t
IR A8 3led FT-IR7)7](Shimadzu IFS 40) &
2259t} UV-visible spectrume acetonitrile
gojo)] o 33 190~400nmg & oA UV-visible
spectrophotometer (Shimadzu UV-1204A, Jap-
an)E ARRSle] F4 spectrum$ AT F3
AR e AAE 24 5mgg acetonitrile 10ml -§-<4
o] =] Zo] 10cm cellel] B3 20CAA YEF #
AL ARl MBS ZARBIGTHY. §3 &L
Fisher melting point analyzerZ AL&3te] &3}
t}, Nuclear Magnetic Resonance (NMR) £
& AAHE A8 30mgg deuterium chloroform
(CDCly) &7jlell %o 600MHze] zp7)gelA 'H,
¥C, COSY(Correlated Spectroscopy), DEPT,
HMQC(Heteronuclear decoupling Multi-Quan-
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FEAL 13 (8ml /fraction) g\t &4 &
& ®mo} 74 %23 ¥ chloroform 3ml 7}3l] &
#JA)A silica gel prep-columng ARE-dted HPLC
2 ¥g]s}d] (retention time : 23min) @Y 39
g @M BYEFL AUt Speed vacuum
centrifuge® &3 ¥, prep-ODS columng A&
st} HPLCZ #2)3 B4e 27.3%9] 94 Ja=
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8 v /v) 0.56, butanol : formic acid : water (12
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Fig. 2. HPLC chromatograms of the anti-

biotic.

A. Column;YMC-pack SIL(1.0x25cm, 5gm, 120
A) Elution solvent:chloroform:methanol(98:2
v /v), Flow rate;3ml /min, Detection:254nm.

B. Column; YMC-pack ODS AQ(2x25cm, 54m, 120
A) Elution solvent ;acetonitrile : water(50:50
v /v), Flow rate;5ml /min, Detection;223nm.

C. Column;YMC-pack Diol-60(0.8 X50cm, 5.m, 60
A) Elution solvent;acetonitrile:water(30:70
v /v), Flow rate;1ml /min, Detection;223nm.

Bag £ o8 g HAE AAE 23 nin-

hydrin#} iodine ¥Fg-o]X & %A-& DNS, anthron-

e, diphenylamine, phenol sulfuric acid BHg-olA]
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# (M+H)*7F m /z 1022.4(P1), 1036.4(P2) dal-
tonel ¥ 7j¢] 4= BN (Fig. 3). ¥ €4
9] Aol BAF U4, & g4 722 Vie CH
) (BAF 14) 2ol BPTH2, NMREAL 600
MHz9] A}71&eA 1H, 3C, DEPT, HMQC(Het-
eronuclear decoupling Multi-Quantum Coher-
ence) NMR spectrumg ZARIGTH 'H NMR
spectrum EA X & 4.34~4.689] R,CH-O2] H,

' 5.40~6.169] olefinic proton TZ7} EAHUT

(Fig. 4). *C-NMR spectrumd|A &= 9.5, 12.6,
20.9, 22.7, 24.3 ppm ¥-Z¢] CH; &4, 36.6, 45.3
¢] CH,, 51.7, 69.7, 74.5, 75.6 ppmellA] oxygen-
ate €49 124,.1~138.15 ppme] olefinic &2
aromaticolA] &8l CH, 2 o] +4E 353
2 & &47) 51.1~59.9 ppm 97 136.3, 139.
3, 159.7, 169.8, 196.5, 210.8 ppmol|A] 2= ATh
(Fig. 5). HMQC NMR spectrume] proton ¥§%
A E 1.2~1.439A4 CH,9} CHzo| ZA3E pro-

32 2.4 K4

Fig. 3. FAB* mass spectrum of antibiotic
in NBA matrix.

|
_L_LT*JJLgfuurugﬁJ

T
- ' ]

=
£
T

=
T
?

Fig. 4. 'H-NMR spectrum of the antibiotic.
(CDCls, 600 MHz)
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Fig. 5. 3C and DEPT NMR spectrum of the
antibiotic.(CDCls, 600MHz)

ton, 1.5~1.88 ppmeilA] CHj, 2.0%1A4 CHs, 2.
25~2.509] CHpoll 2%¥ halogen, 4.05~4.45¢]
R,CH-O, 4.65 -2 2 ¥9] 53~6.2 ppm -2
9] alkeneo 2 FA = A7} ZAMEHJD. =T
carbond g (Y=)dA+= 9, 12, 22, 25 ppmolA
CHs, 23, 30, 37, 46 ppme] CH.,, 47, 51, 70, 74,
76 ppme] CH, 25~140 ppm A}e]e)A&= cycloal-
kenee 2 %4wiz C, CH7} EA=EUH(Fig. 6).
DEPT spectrum& DEPT 45414 CH, CH,, CH-
3, DEPT 90& CH, DEPT 1359)4&= CH, CH;0]
positive(+), CHy= negative(—)2] Wjloz B
A&ttt DEPT 90°l14 12.67, 46.36, 51.16, 51.
73, 59.27, 69.79, 74.51, 75.61, 124.14, 128.54,
129.10, 129.24, 131.21, 134.52, 138.15 ppmei|A]
15718 CH+%, DEPT 1359] positive(+)elA] 9.
56, 12.67, 12.86, 16.01, 20.91, 24.50 ppme] CHj;,
22.9, 28.2, 36.4, 46.1 ppmol|A] CH.2] J9 9 g
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Fig. 6. HMQC NMR spectrum of the antibio-
tic.(CDCl3, 600 MHz)

he W37 ZAHEATHFig. 5). YA B4 oM e
7 2887, 2849, 1461, 1337 cm~ 1 g oA 733k A
T FTE Jepigich 2887, 2849cm oA e}
* Fdie CH; CHsAIEY A% A% F4d,
1727.259] carbonyl?] A& 2%, 1678.719) C=
C, 1461.77, 1377.64904 CH,;, CH; group¢] C-H
9] HZFF, 1264.06, 1160.69, 1014.2091A4] phe-
nol’d C-O & peptide 2§43 C-H79] HzAF &
S 2 A =E spectrume] 2= cH Fig. 7).
o=t ZHE BA7|2 B FAEA 7 HR
& A A T SFY dEd oAkl leu-
cine#} phenylanalineo] 245 cH(Fig. 8). o] 4
e 4719 EF w8 A A1) ninhydrin ¥-8-¢) 2
7o} dR)EA T BAFS 7|22 3 Kitasato dat-
abase programo® ZAE As} 1022.4(P;) 9}
1036.4(P;) daltong z+3 Q= EFL AR oF
At B3 A2 FHE 5 A= Py, Pro) A%

Fig. 7. IR spectrum of the antibiotic in KBr.
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Fig. 8. Chromatogram of amino acid.

o] +Na(Py, P, ; +23), K(Py, P2 5 +39)¢ —
H(Py, P; : —1)& R8sl A Aasigont o
AEE B4 oItk WA 22 72 B HE
A7t Al s ojofF Feal AR,

3. AH'='6|-7H EA-!

B g g HAE 2AE] 8] o
S 2% SAFl g MICs MBCE &AL
3t tH(Table 1). ¥ FAEHAL 2 4 5

oo gy om, 1 FolA A ol o
sty 7HE e &g S JERITE 28y AL
B RE I ST disixe gt a3 AU
W, R AL AT =3 MBCe MIC7t &
A3 FEE Yehof, & B3 a4 EFYS ¢
& AT EEATAS U E Y A E
3 MICe} MBCe| zbej7t fIlem, & 12959] Al
&3 2 3.08%(4F)7F 1 g /miolA, 11.4%(11

Table 1. Antimicrobial spectrum of the anti-
biotic against various microorganisms

Microorganisms MIC - MBC
(pg /ml) (pg /ml)

Bacillus subtilis ATCC 6633 32 32
Bacillus cereus ATCC 27348 32 32
Staphylococcus aureus ATCC 25923 8 8
Staphylococcus epidermidis 4 4
Streptococcus mutans 1 1
Escherichia coli ATCC 25922 >125 >125
Pseudomonas auroginosa >125 >125
Salmonella typhi >125 >125
Proteus vulgaris >125 >125
Saccharomyces cerevisiae >125 >125
Cryptococcus neoformans >125  >125

Minimum inhibitory concentration and minimum bac-
tericidal concentration were determined by agar dilution
method. Microorganisms were cultivated on the Mueller-
Hinton agar at 37%C for 18hrs.

F2AEFA

Table 2. Minimum inhibitory concentration of
antibiotic against isolated MRSA

MIC (pg /ml)
1 2 4 8 16
Number of strains 4 11 68 42 4
Cumulative 3.08 11.54 63.85 96.15 100
percentage(%)

Minimum inhibitory concentration were determined by
2-fold agar dilution method. Strain of Staphylococcus aur-
eus were cultivated on the Mueller-Hinton agar at 37C
for 18 hours, and minimum bactericidal concentration val-
ues were the same as minimum inhibitory concentration,

Table 3. Cytotoxicity of the antibiotic against
tumor cell lines in vitro

Inhibitory concentration of the

Cell line antibiotic (g /ml)
Sarcoma 180 500
MEKN-45 2500
P383 2500
Hela >500

Z)7t 2 pg /ml, 63.8%(685 )7} 4 pg /mlolA
9] AAL AAA A (Table 2). & MICE MICg
7t 4 pg /ml, MICip 16 pg /mlolRith F% AE
Ao e G ZA] 91381 (in vitro) 96
well culture plateo] 7+ A EFZ 100 cells /well
o] FnE BFalych ¥ JAEAL Y AT 3
At 37°C 5% CO, w7104 72412+ w3t
o ol & MTTHOE AE 548 ST 23
et ¥¢l Sarcoma 180, MKN-45 P388 Hela
cello|A] BE ¢ E7} 500 pg /ml o]/d2] F ol A
E 248 vehiA gtk (Table 3).

2 ¢

EofolA] B3 Streptomyces lydicus YSK-681
o] Aitshe WX AAWA M Xeifdol fag
FAEA L FA st B3 548 ZARKAT
EA4AAE chloroform® & F&% F silica gel
column chromatography, Si, ODS, GPC HPLC
o2 APstgt. FAB MS¢ &ty &34
m/z 1022.49} 1036.4 (M+H)+e] = 749 3 =7}
EA5gloen, NMR EAdA = —OH$} leucine
o2 FAHE A7V AEJT FAE S
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Fo] MICE 28 Aol tisir] 1~32 g /ml,
2FeAFH ERdAE 125 pg/ml o)idoldTh
QA ol A Hald 12970¢) MRSAC] i3k MICE 8
ug /mlolom, otMl ¥ P383, Hela, S180¢]
3 AEEAGLS AU
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