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ABSTRACT

Berninamycins A, a potent antibacterial agent which was originally iso-
lated from Sreptomyces bernensis. In this report, berninamycin A was
isolated from acetone extract of S. atroolivaceusNBRC 12741 (type strain)
and identified using NMR and MS spectra. The identification of
berninamycin A was accomplished by analysis of NMR experiments in-
cluding COSY, HMQC, HMBC, ROESY spectra. Sincethe absolute stere-
ochemistry of berninamycin A was not determined before, inthisreport the
absolute stereochemistries of Thr and hydroxyl Val in berninamycin A were
determined to be L-form by chemical analysisof modified Marfey’s Method.
Taken together with analysis ROESY spectrum, the whol e absolute chem-
istry of berninamycin A was determined. The production of berninamycin
A by S atroolivaceus was estimated as high as 19 ug/mg (quantity of
berninamycin A /wet weight of whole cells and agar) by HPLC analysis,
whichindicated that S atroolivaceuswasefficient producer of berninamycin
A. © 2011 Trade ScienceInc. - INDIA
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INTRODUCTION

Thethiopeptideantibioticsareaclassof sulfur con-
taining highly modified cyclic peptideswithinteresting
biological properties. Sofar, structuraly widevariet-
iesof thiopeptideantibioticsincluding important sub-
stance such asthiostrepton have beenisolated mainly
from actinomycetes?®. The structure of antibioticsin
thisclassmostly containsheterocydlicringssuch asthia
zole, oxazole and pyridine, and dehydrated amino ac-
idsincluding dehydrod anineand dehydrobutyric acid.
Themode of action of thisantibiotic family is potent
inhibition of protein biosynthesisinbroadrangeof Gram-

positive bacteria by binding to their ribosomal sub-
unitd”8. Ontheother hand, several thiopeptideswere
reported to inducethetipA gene, which producesthe
proteins TipAL and TipsASthat belongtothe MerR
family of transcription regulators®. This class of
thiopeptides hasvery importance not only as antibac-
terial agentsbut a so asbiochemical reagents.
Berninamycins A-D were isolated from S.
bernens s, however there have not been any reports of
isolation of berninamycinsfrom other streptomycetes
expect for theoriginal strain S. bernensig’®*3. Inthe
courseof screening for potent antibacteria agents, we
isolated and identified berninamycin A from Srepto-
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myces atroolivaceus. In addition, the absol ute stere-
ochemistry of berninamycinA wasdetermined by using
NOE experimentsand modified Marfey’s Method as
showninFgurel. Herewedescribeisolation andiden-
tification of berninamycinsfrom S atroolivaceus.
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MATERIALSAND METHODS

General methods

H and **C NMR spectra were obtained with a
JOEL ECA-600in DMSO-d, at 27.0 °C. The reso-
nances of residual DMSO-d, at 6H 2.49 and 3C 39.5
were used asinternal referencesfor *H and *CNMR
spectra, respectively. ESI-M S spectrawere recorded
by aJOEL JM S-T100L P mass spectrometer.

Bacterial strain

S atroolivaceus (type strain, NBRC12741) was
obtained fromtheNBRC culturecollection(NITE Bio-
logica Resource Center, Japan). Cultivation was per-
formed using | SP2 agar medium™ withincubation at
30 °C for 6 days.

| solation of berninamycin A

ISP2 agar medium (500 mL) which S.
atroolivaceusgrew on was extracted with 500 mL of
acetone. The acetone extract were concentrated to an
agueous suspension and was subjected to open col -
umn chromatography (CHP20R, 5 x 10 cm) eluted with
20%MeOH, 60%MeOH, and MeOH. The MeOH
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fraction was subjected to reversed-phase HPL C using
ODS column (Nacaal Tesque, Cosmosil MSII 4.6 x
250 mm). Sequential two step elution wasperformed
for HPLC separation; stepA: isocraticdutionfor 5min
with the solvent system consisted of MeCN/H,O/TFA
(30:70:0.1) with 1 mL/minflow rate; Step B: gradient
elution for 25 minfrom MeCN/H,O/TFA (30:70:0.1)
to MeCN/H,O/TFA (70:30:0.1) with 1 ml/minflow
rate. The UV detector of HPLC was set at the absor-
bance of 220 nmtoyield berninamycinA (1) asacol-
orlessamorphouspowder: HRFABM Snvz1168.3299
[M+Na]* calcdfor C_H_N. O._SNa(A-0.78 mmu).

51° '51° 1515
Marfey analysisof amino acids

Thr and hydroxyl Val was treated with 10 %
Me2CO solution of 1-fluoro-2,4-dinitrophenyl-5-L -
leucinamide (L-FDLA) or 1-fluoro-2,4-dinitrophenyl-
5-D-leucinamide (D-FDLA, modified Marfey’s reagent)
in1 M NaHCO3 at 80-90 °C for 3 min followed by
neutralization with 50 uL of 2N HCI. Thereaction mix-
ture was dissolved in 50% MeCN and subjected to
reversed-phase HPLC: column, Cosmosil MS (4.6 x
250 mm), gradient elutionfrom H,O/TFA (100:0.1) to
MeCN/H,O/TFA (60:40:0.1) in60 min, flow rate 1ml/
min, UV detector (340 nm). Retention times (min) of
derivatized amino acidswerefound asfollows.L-Thr-
L-FDLA (30.0), L-Thr-D-FDLA (35.4), L-allo-Thr-
L-FDLA (33.5), L-alo-Thr-D-FDLA (35.4), L-hval-
L-FDLA (30.7), L-hval-D-FDLA (35.0).

RESULTSAND DISCUSSION

The cultureof S atroolivaceus™™ using | SP2 agar
medium was extracted by acetone and the acetone ex-
tract wasfiltered and concentrated to aqueousresidue
by therotary evaporator. The acetone extract was sub-
jected to open column chromatography using hydro-
phobic resin eluted with 20% MeOH, 60% MeOH,
and MeOH. Berninamycin A wasisolated by repeat-
edly subjecting MeOH fraction to preparative HPLC
(Figure2).

Theidentification of berninamycin A was accom-
plished by thecombination of MSand NM R spectrum
data. The High Resolution ESI-M S spectrum datade-
termined themolecular fomulaasC_H. N, O, .S. The

51" 51 15715
H and *C NMR spectral data was summarized in
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Figure2: Sdected 2D NMR correlationsof ber ninamycin A

TABLE 1. As shown in figure 2, 6 mole of
dehydroadanine (Dha) wereassigned by theanaysisof
HMBC corrdations(hdf end arrow) fromolefinic meth-
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ylene protons at B-position to o-carbon and from
amide protonsto 3-carbons. The presence of 2,3,6-
trisubstituted pyridineresiduewasindicated by HMBC
correlations (H4/C2, H4/C6, H5/C3) and the large
vicinal-coupling constant (8.3 Hz) between two aro-
matic doublet protonsat 8.20 and 8.49 ppm. The unit
of dehydrobutyric acid (Dhb) wasassigned by HMBC
correlations from y-methyl protonsto a.- and -car-
bons, and ROESY correlations between amide pro-
ton and y-methyl protons. The heterocyclic ringsin-
cluding 2 mole of methyl oxazole and 1 mol each of
oxazoleand thiazoleringswere assigned by HMBC
correlations and comparison with literature data of
related compounds*617, The sequence of amino ac-
idswas determined usng HMBC and ROESY corre-
lationsasshown infigure 2. Although 2 carbonyl car-
bons were not determined by NMR spectral data
(TABLE1), theidentification of berninamycinA was
accomplished by comparisonwith previoudy reported
chemical shift values®.

TABLE 1: NMR spectral datafor berninamycinAin DM SO-d,

Position 8H (ppm) &C (ppm) Position 6H (ppm) 4C (ppm)
Dhal NH, 7.45 S Dhab NH 9.64 S
7.91 S CO 156.0
CO 166.1 129.4
NH 9.44 s B 5.62 s 106.3
136.1 6.07 s
i 5.67 106.9 hval NH 822 d, 11.0Hz
5.99 CO 170.5
Dha2 CO 163.0 OH 5.28 br
NH 10.5 S 4.61 d, 8.2Hz 62.8
a 135.8 719
B 5.81 S 107.2 Y 1.18 S 27.0
6.39 S 1.19 S 28.6
Pyr 2 148.0 Dhab NH 9.34 s
3 131.2 CO 164.9
4 849 d8.3Hz 141.9 134.4
5 820 d8.3Hz 122.3 B 5.84 103.9
6 150.3 6.43
CO ND MeOxz2 2 156.0
Oxa 159.2 4 130.2
4 140.1 5 154.6
5 8.66 S 141.4 Me 2.56 S 12,5
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Position 6H (ppm) &6C (ppm) Position 6H (ppm) &6C (ppm)
Dha3 NH 987 s Dhb NH 9.58 s
CcO 159.2 CcO 157.3
o 130.3 o 124.0
B 5.68 112.1 B 6.45 d,6.9 Hz 129.8
5.69 1.69 d,6.9 Hz 12.9
Dhad NH 9.38 Thr NH 7.98 d, 8.9 Hz
CcoO 163.5 CcO 169.9
a 134.8 a 457  d,89,28Hz 58.9
B 5.78 107.0 B 4.25 m 68.2
6.32 y 1.10 d, 6.2 Hz 27.1
MeOxz1 2 157.3 Thz CcO ND
4 130.3 2 164.1
5 155.4 4 150.1
Me 258 s 12,5 5 8.47 s 127.9
ND: Not determined
To ducidate the absol ute stereochemistries of Thr
and hydroxy Va (hVva) inthemolecule, thehydrolysate ACKNOWLEDGEMENTS

of berninamycin A was derivatized with No-(5-fluoro-
2,4-dinitrophenyl)-L-leucinamide (L-FDLA), and the
derivative was subjected to HPLC analysisto com-
parewith the standard amino acid derivativeswith L -
FDLA or D-FDLA8 Asaresult, 1 mol each of L-
Thr and L-hVal was detected, which determined that
the confirmationsof Thr and hval in berninamycinA
wasdl L-form. Regarding the stereochemistry of Dhb,
methyl residue was determined to connect to double
bond as Z-form, since ROESY correlation was ob-
served between methyl protons and amide proton.
Aboveal, absol ute stereochemistries of berninamycin
A weredetermined asshowninFigure 1.

Thegtructureof berninamycin A wasorigindly de-
termined by Liesch and Rinehart with the combination
of NMR spectra dataand chemical degradation, and
the structure wasrevised by ABE et al?. However
the absol ute stereochemistry of berninamycin A was
not determined yet. In the present study, the
streochemistriesof Thr and hVal in bernamymycin A
weredetermined asall L-form. SinceberninamycinA
isutilized asbiochemical toal, thestructura informa-
tion including stereochemistry wasimportant. The pro-
duction of berninamycin A in S. atroolivaceus was
estimated as high as 19 ug/mg (quantity of
berninamycin A /wet weight of wholecellsand agar)
by HPLC analysis.
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