g5eal B e]ahs|A] 12(3) : 302-306(1996)
Korean J. Plant Pathol. 12(3) : 302-306(1996)

Actinomycetes KGT-37 #F7} MAksH= SHMEZ] Echinomycing|
PN U ST

o2y - AYs - A - g2y
aelard 274, 'KIST Aged 74

Structural Elucidation and Antimicrobial Activity of an Antibiotic,
Echinomycin, Produced by Actinomycetes KGT-37
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Korea Ginseng & Tobacco Research Institute, Taejon 305-345, Korea
'Korea Research Institute of Bioscience and Biotechnology, KIST, Taejon 305-600, Korea

ABSTRACT : An actinomycetes isolate KGT-37 obtained from a ginseng field soil was
found to produce an antibiotic. The antimicrobial compound was isolated from the broth
culture and purified by silica gel column chromatography, preparative thin layer chro-
matography (TLC), and high performance liquid chromatography (HPLC). On the basis of
nuclear magnetic resonance (NMR) analyses including 'H.'"H COSY, HMQC, and HMBC,
the antibiotic compound was identified as echinomycin, a depsipeptide antibiotic. The 'H
and PC-NMR signals of echinomycin which had not been assigned yet were completely as-

signed in this study. The antibiotic showed growth-inhibitory activity against Gram-positive
microbes including plant pathogens such as Corynebacterium liliurm and Streptomyces scabies
and fungal pathogens, Pyricularia grisea and Alternaria mali.
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Mol 22| U uiek 19949 ® S=E 23
TH7 EofS 80°CR 2447 &
He]ate] AZ2A F 1S FH3lo] 10mle] 2F F
F2 348l WA #2] 4 vl A (soluble starch 10
g, casein 1 g, KH,PO, - 7H,O 1.02 g, agar 15 g/L, pH
7.0~7.5)4]| pour plate method 2. # 2|8} 27°Cel|*] 7~
1447F vl 3 WpAFS 3ot 223ld AT
2 Bk BHEL APHE)A(N-Z amine 1 g, yeast ex-
tract 1 g, malt extract 1 g, glucose 5 g, soluble starch 5
g, agar 15 g/L, pH 7.3)el] At & 27°Cel| 4] 5~7U7}F
dlepstz 4CoIA WAnEsRA LA Adsod
At HTEA AL A% Bal AR W)
o2 C4 dAufA|(glucose 20 g, soluble starch 10 g,
meat extract 1 g, soybean flour 25 g, K,HPO, 0.05 g/L,
pH 7.3y A1g3te] 27°C, 250 ipm 2702 9647}
AAlstg et 13} gtgA] Tals W] vlekod of
& paper disc(@ 8 mm)ol] EFA1H ZE% & Bacillus
subtilis®} Alternaria malig A3 2o 2 AA 3} o] £
T8 P S ol #FE AHsigich 1 A
KGT-37 ¢57} 714 553 Fa8AE vehlo] £
TF7} AAbshs T EAS £ - AAs e £49
TZ254E AAsch
2230l 2| % HH. C4 HA AN 27°C,
250 rpm F71 27 96A]7t woFsk KGT-37 w5 vk
AL Al Relste] FAe AN Fajsta FA
= 70% ¥ acetone &% FF F FEH3te] ApA A
33t & ethyl acetate= 33 WFE ZZF . X239}
o] 35S 479 chloroformol| =<1 3 chloroform-
methanol(9 : 1~5 : 5, stepwise)S A7/N-Ev]E 3} sil-
ica gel column chromatographyZ A A|8}¢ith. &A1&
32 5= % chloroform-methanol(20 : 1} §-=j 2 3}
] preparative thin layer chromatography(TLC)S 43}
3t9d2m, chloroform-methanol(25 : 1)& 23}  pre-
parative TLCE AAI3lic). A EFL A% di-
methyl sulfoxide(DMSO)e)] =<l 3 55% 34~ ace-
tonitrile-Z 4w 2 3}o] high performance liquid
chromatography(HPLC) (Capeell pak, 910 mm x 250

mm, C18, 240 nm)=. A% AL F SARZ} %
S31 AAE B GT37¢ Lsch(Fig. 1). T
77te) AR BelEE BAL paper discH.oR
FEB4E 2R

22| 58Ha 'S4 ZAL KGT370] ANeE 2
FEAL Srvelsid BAT F o T 2en
S B4 2Apsh TR 94 Ak H G
nuclear magnetic resonance(NMR) spectrum -2 &
A EA-E CDCLE %4l 3, tetramethyl silane(TMS)-&-
WREFEZZ 3le] Bruker NMR spectrometer(400
MHz)Z Al A] *3]-’9‘,,31:]—. UV spectrum-2 chloroform$- &
wj2 &}o] Shimadzu UV-260 spectrophotometer2 =
Aalgom, Exlgke JEOL HX 100 mass spec-
trometerE A}-§-3}0] FAB R T (positive)Z =43}
o}. 742 Fisher Johns &3 7]& AMSIiTh. A E
Alo] FEAA | AFHE-EF HPLC= Waters 510 7] &L
ARg-Ehe] o, TLC #4123 MerckA} A Z¢] silica gel 60
P AHE319EH

EOEARAL F Y AL AR A TE
= g% A AF O R Escherichia coli 5 4%, 1%
G ATeEe A wue|W Tl Swreptomyces
scabies 5 5%, F%o)E Candida albicans$} Sac-
2%9] AR Pyricularia
grisea, Alternaria mali, Colletotrichum tabacum, Fusar-
ium solani 5 A5 ATE AHE8Gc). AATL ui
R ZA] A#FS Bouillon ¥)X](meat extract 3 g, pep-
tone 10 g, NaCl 5 g/L, pH 7.0) &=+ GB wjX|(glycerol
30 ml, meat extract 5 g, peptone 10 g, NaCl 3 g/L,, pH

charomyces cerevisiae

Broth filtrate+Mycelial extract
EtOAc extract
Silica gel column chromatography

CHCl,-MeOH
(9:1~5:5, strepwise)

Preparative TLC

| CHCL-MeOH=20 : 1
Preparative TLC

| cHCL-MeOH=25 : 1
HPLC

| C18, 55% CH.CN, 240 nm
Compound GT-37

Fig. 1. Isolation procedure for antibiotic GT-37.
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6.8), 2+ Sab vl X (glucose 30 g, malt extract 10 g,
peptone 1g, agar 15 g/L, pH 7.8~8.0), Streptomyces
scabies?} F%o]x= PDAMAIE 22 AHg-3tsit. &
FEAFAN A FHAA A F % (minimum  inhibitory
concentration, MIC)y= AAE FAEZLL 43¢
DMSOell 3¢l F 7tk wiz)o} =T 34, £
T F 2 $loll AATE AL agar dilution

@)l 2lsted ARSI
Zn Y nE

22| - g5ty EM Y siEtex. FAEA GT-
37¢ 32 AAAbo]gl 2w  dimethyl sulfoxide,
chloroform, ethyl acetate S-ol]+= 7H&Aj oL} Eoll= &
£430]9T}. UV-visible T2 242, 323 nmellA] 3
&4 peakE B9 7, ninhydrin, Dragendorff 59| 24
Alekel] ofAdube-& vehligich(Table 1). FAB-MS 5
AAT}, M+H)7} m/z 110194 Elso] B A5
o] Eajgke] 110008 FA=Hew $42 110~
114°Col gt} A EAe] F2&= 'H @ "C-NMR, 'H-
'H COSY, HMQC, HMBCE £33} tjofst 'D 4 D-
NMR spectra?] 4ol 2]sle] $3f={gict. 'H-NMR
spectra®] 314 A3}, 2.8~3.3 ppm Alolol] Ao} AF
3} 470¢] methyl proton signal, 4.4~5.0 ppm -]
peptide 2] (x%]ﬂ proton ¥ 7.4~8.6 ppm §-ol| ti=2]
amide proton®. & ALEH = signale] &= gict. =gt
BC-NMR spectra ol|4] 161~175 ppm H-Zof o9
carbonyl Bt47} #S&s] o] B A EA o] peptide 33}
29l <& 4= 9Jgih. HMQCS} 'H-'H COSY spectra®]
A A} 27§8] N-methylvaline 2 27}¢} N-methy-
lalanine®] £ & £33~ 107]9] FETZE N

Table 1. Physico-chemical properties of antibiotic GT-37

Analysis Properties
Appearance White crystal
UV A™,, nm 242, 323
MP(°C) 110~114
FAB-MS (m/z) 1101.3[M+H]"
Rf in CHCl,-MeOH (25 : 1) 0.42
Colour reaction

Ninhydrin Positive

Dragendorff Positive
Solubility

soluble DMSO, CHCl,, EtOAc
slightly soluble MeOH
insoluble H,0

Table 2. °C and "H-NMR data for compound GT-37 in
DMSO-d,

Position 8¢ Sy

Serine (1)

NH 8.34 (d, 7.9

oCH 50.8 4.97 (dd, 7.9, 3.7)

BCH, 63.3 4.55 (dd, 104, 3.7)
4.50 (d, 10.4)

CcO 167.8

Alanine(1) ,

NH 7.88 (d, 6.7)

oCH 46.8 470 (m)

BCH, 16.0 1.32 (d, 6.7)

CO 172.4

Bridge(1)

NCH;, 31.2 2.86 (s)

oCH 59.0 6.45 (d, 8.5)

BCH 51.1 478 (d, 8.5)

SCH; 14.4 2.01 (s)

(6¢) 169.1

N-methylvaline(1)

NCH, 30.8 3.20 (s)

oCH 62.7 4.79 (d, 9.8)

BCH 275 2.17 (m)

YCH, 19.8 0.97 (d, 6.7)

YCH, 19.3 0.85 (d, 6.1)

80] 169.9

Serine(2)

NH 8.50 (d, 8.5)

oaCH 50.9 4.93 (dd, 8.5, 4.3)

BCH, 64.2 4.58 (d, 11.0)
445 (dd, 11.0, 4.3)

CO 167.2

Alanine(2)

NH 797 (d, 7.3)

oCH 46.1 4.82 (m)

BCH, 16.0 1.32 (d, 6.7)

CO 172.2

Bridge(2)

NCH, 29.0 2.88 (s)

oCH 53.0 6.00 (d, 10.4)

BCH, 26.0 3.26 (d, 15.3)

CcO 170.2 2.75 (dd, 15.3, 10.4)

N-methylvaline(2)

NCH, 31.6 3.23 (s)

oaCH 61.5 4.87 (d, 9.2)

BCH 27.7 2.10 (m)

YCH, 18.8 0.75 (d, 6.1)

YCH, 19.9 091 d, 6.7)

(60) 170.1

Quinoxaline

1 143.9, 143.8

2 143.3, 143.2

3a 143.0, 143.0

4 129.0, 129.0 8.06 (br d, 7.9)
8.02 (br d, 7.3)

5 128.2, 1282 7.43 (br), 7.43 (br)

6 131.2, 131.1 7.57 (br), 7.57 (br)

7 131.9, 131.9 7.71 (br), 7.69 (br)

7a 138.7, 138.5

*Proton resonance multiplicity and coupling constant
(Hz) in parentheses (s: singlet, d: doublet, m: multiplet,
br: broad). -
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Fig. 2. Structure of compound GT-37 elucidated by ‘H-
'H COSY and HMBC experiments.
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stags,. FAAEAR GT-372 2R oislo|w
(Streptomyces scabies)3} Corynebacterium lilium 5 *]
TS X@sks 1% oA Aol BolHo=
7¥gh 3 F BAS Bo 0.09~0.78 pg/mle] AR %
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Table 3. Minimum inhibitory concentration (MIC)
values of the antibiotic GT-37 from actinomycetes isolate
KGT-37

Test microorganism MIC (ug/mi)*

Gram negative bacteria
Escherichia coli 1.56

Pseudomonas aeruginosa >100
Pseudomonas fluorescens > 100
Salmonella typhimurium >100
Gram positive bacteria

Streptomyces scabies 0.39
Staphylococcus aureus R-209 0.78
Corynebacterium lilium 0.78
Bacillus subtilis 0.09
Sarcina lutea 0.09
Streptococcus sp. 0.09
Yeast

Candida albicans >100
Saccharomyces cerevisiae >100
Fungi

Pyricularia grisea 12.5
Alternaria mali 25
Fusarium solani >100
Colletotrichum tabacum >100

* Agar dilution method was employed.

Ho)uFel Streptomyces scabies®} Corynebacterium
liliwumel] THE BB B dAFollA] Ag Bag A
22 o] T HAE YA AR} EY IS
o] okA} 7] wiofkd el A |5l kA &£7-5
AP g7} olvka A7bEc 23 o] B whl =
Apol = mlelel~(TMV)S] 1S JARAEHRIE
wAlA) Skez o] B9 dhlolels Ao dis)A
= A7t o] Fojx{of & Aol

2 o

FFEAS s PUF KOT-372 AP =
FllA Bested vl ey FFEAE HeIst
3 silica gel column chromatography, preparative TLC,
HPLCZ A A|3}gdc}. 'H-'H COSY, HMQC, HMBC
% NMR #4435} KGT-370] AAlsh= spFEd-e
cyclic depsipeptide#] 2] AEA2] echinomycin® 2
EAE G o] cdFellA] X F7EA] assignFA] 93
©l 'H3} “C2] NMR signale] £kx13] assign® ¢ich. o]
FaEAHEAL FARpei oy Fel Strepromyces sca-
biesst Corynebacterium liliumS Z 3= 13 oFA]
Aol 531 7et s @44 Byon, =duw o
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