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Bioactive metabolites
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New 3�(4�hydroxybenzyl)piperazine�2,5�dione, together with the known N�[2�(4�hydroxy�
phenyl)ethyl]acetamide (N�acetyltyramine), was isolated for the first time from the marine
actinobacterium Streptomyces sp. The chemical structures of these compounds were deter�
mined by NMR spectroscopy and mass spectrometry. The cytotoxic activities of the com�
pounds were estimated from their effects on sperm and eggs of the sea urchin Strongylocentrotus
intermedius.
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Actinobacteria isolated from marine materials are of
interest as producers of biologically active compounds.1—5

By screening biologically active compounds in etha�
nol—chloroform extracts of marine actinobacteria, we
found that Streptomyces KMM 7210 produces substances
with an antimicrobial effect on Gram�positive bacteria
and a cytotoxic effect on the gametes of the sea urchin
S. intermedius.

The combined extracts of the cultural broth and the
biomass were extracted successively with hexane, ethyl
acetate, and butanol. The ethyl acetate extract that exhib�
ited the cytotoxic activity was separated into two frac�
tions 1 and 2 on Sephadex LH�20 in methanol.

3�(4�Hydroxybenzyl)piperazine�2,5�dione (1)
(1.3 mg) was isolated from fraction 1 by HPLC. The
molecular mass of compound 1 (220 Da) was determined
from the value of the quasimolecular ion [M – H]–

(m/z 219) by chemical ionization mass spectrometry
(CIMS). The 1H NMR spectrum of compound 1 con�
tains two doublets for four protons; their chemical shifts
and multiplicity indicate the presence of the para�substi�
tuted aromatic ring (Table 1). The 13C NMR spectrum of
compound 1 shows, apart from the signals for the C atoms
of the hydroxyphenyl fragment, signals for a methine and
a methylene C atoms (δC 57.6 and 40.4); a signal at
δC 171.1 can be assigned to the amide C atom. Our spec�
troscopic data are close to the literature data for the
tyrosine residue in some peptides.6,7 The signals for two
protons at δH 2.6 and 3.5 in the 1H NMR spectrum of
compound 1 (see Table 1) were assigned to the α�methyl�
ene group of the glycine fragment.8 The glycine residue

was also identified from the presence of signals for an�
other amide C atom and another methylene C atom
(δC 169.9 and 44.7). Complete acid hydrolysis of com�
pound 1 gave two amino acids identified as glycine and

Table 1. 1H and 13C NMR spectra of compound 1a (500 MHz,
CD3OD)

Atom δC δH, J/Hz

Tyr

C(2) 171.2 [172.8] —
α�CH 57.6 [54.0] 4.28 m [4.53 m]
β�CH2 (Ha) 40.2 [37.0] 2.93 (dd, J = 4.6,

 J = 14.0) [2.97 m]
(Hb) 3.16 (dd, J = 3.5,

 J = 14.0) [3.42 m]
C(1´) 127.4 [127.1] —
C(2´), C(6´) 133.2 [131.5] 7.04 (d, 2 H,

 J = 8.5) [6.76 d]
C(3´), C(5´) 117.0 [115.7] 6.79 (d, 2 H,

 J = 8.5) [6.59]
C(4´) 157.3 [157.3] —

Gly

C(5) 169.9 [168.4]b —
α�CH2 (Ha) 44.8 [42.6]b 2.6 (dd, J = 1.2,

 J = 18.1) [3.37 m]b

α�CH2 (Hb) 3.5 (dd, J = 0.9,
 J = 18.1) [3.99 m]b

a The literature data in brackets refer to the tyrosine and glycine
fragments.6—8

b The spectra were recorded in DMSO�d6.
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L�tyrosine (HPLC data for their derivatives).9 The mass
and NMR spectra suggested that compound 1 is cyclic
dipeptide (cyclo�(Gly�L�Tyr)). Although piperazine�2,5�
diones (products of cyclocondensation of two amino acids)
are widely known as biologically active metabolites of
fungi10 and bacteria,11—15 cyclo�(Gly�L�Tyr) is a novel
compound isolated for the first time from Streptomyces sp.
Compound 1 is weakly cytotoxic against the sea urchin
sperm and eggs. The percentage of the damaged cells was
determined from the level of esterase activity with di�
acetylfluorescein as a substrate.16 At a concentration of
50 µg mL–1, the egg membranes remained intact and only
25% of the sperm membranes was damaged. However,
the fertilized sea urchin eggs were more sensitive to com�
pound 1. So, at a concentration of 25 µg mL–1, com�
pound 1 stopped the development of embryos in the step
of 2—4 blastomeres.

Column chromatography of fraction 2 on silica gel in
hexane—ethyl acetate (100 : 0 → 0 : 100) gave N�acetyl�
tyramine (2) (13 mg). Its molecular mass (179 Da) was
determined from the value of the quasimolecular ion
[M + H]+ (m/z 180) by CIMS. The 1H and 13C NMR
spectra contain signals characteristic of the para�substi�
tuted aromatic ring (Table 2). In addition, the 13C NMR
spectrum shows signals for an amide and two methylene
C atoms (δC 173.8, 36.2, and 42.9). The presence of the
CH2CH2 fragment between the aryl and N�acetylamide
groups was confirmed by 1H—1H COSY data. Thus, com�
pound 2 was identified as N�acetyltyramine.17 It should
be noted that compound 2 has been earlier isolated
from the marine fungus Fusarium sp. and the actino�
mycete Streptomyces griseus.17,18 At a concentration of
25 µg mL–1, compound 2 stopped the development of sea

urchin embryos in the step of 2—4 blastomeres. At a con�
centration of 50 µg mL–1, compound 2 did not damage
the egg membranes and only 15% of the sperm mem�
branes of the sea urchin were lysated.

Experimental

1H and 13C NMR spectra were recorded on Bruker DRX�500
and Bruker DPX�300 spectrometers in CD3OD with Me4Si as
the internal standard. Mass spectra were recorded on Varian
MAT 371 (70 eV) and Varian 311 A spectrometers (70 eV).
UV spectra were recorded on UV�1601PC spectrophotometers
(Shimadzu, Japan). TLC was carried out on Sorbfil plates (Silica
gel STKh�1A, ZAO Sorbpolimer) in chloroform—methanol
(90 : 10) and chloroform—methanol (80 : 20). Spots were visu�
alized with 4�methoxybenzaldehyde prepared according to a
known procedure.19 Marfey´s reagent N�α�(5�fluoro�2,4�di�
nitrophenyl)�L�alanylamide and D� and D,L�tyrosines were pur�
chased from Sigma. The antibacterial activity and effects of the
compounds on fertilized eggs of the sea urchin were studied as
described earlier.20

Cultivation of the bacterium Streptomyces sp. and isolation of
compounds 1 and 2. The bacterium was isolated from bottom
sediments in the Sea of Japan (Troitsa Bay, Posiette Bay,
August, 2001) and cultivated in the medium of the following
composition: edible potato starch (10 g L–1), peptone (2 g L–1),
a yeast extract (2 g L–1), CaCO3 (1 g L–1), pH 7.7, distilled
water—sea water (1 : 1). Fermentation was carried out under
continuous aeration at ~20 °C for 6 days. The total volume of
the cultural broth was 10 L. The cells were separated from the
cultural broth by filtration. The bacterial cell walls were broken
by ultrasound. The cultural broth was extracted with butanol
and the cells were extracted with ethanol and acetone. The
extracts were evaporated to dryness and combined. The total
weight of the dry residue was 300 mg.

The dry residue was dissolved in water—ethanol (4 : 1)
(800 mL) and the products were extracted successively with
hexane (3×200 mL), ethyl acetate (3×250 mL), and butanol
(3×250 mL). The ethyl acetate extract was concentrated and the
residue was dissolved in methanol and chromatographed on
Sephadex LH�20 in methanol. Two fractions were obtained.
Fraction 1 was separated by HPLC (column 250×4 mm,
Diaspher�110�C18 (Biokhimmak)), a Waters�510 chromatograph
with an LKB Bromma 2151 detector, λdet = 235 nm, flow rate of
water—acetonitrile (89 : 11) 0.4 mL min–1). The retention time
of compound 1 was 13 min. The yield of compound 1 with
respect to the weight of the combined extract was 0.43%. Frac�
tion 2 was chromatographed on silica gel in hexane—ethyl ac�
etate with an increase in the polarity of the system. Compound 2
(13 mg) was eluted from the silica gel with ethyl acetate. The
yield with respect to the dry residue was 4.3%.

3�(4�Hydroxybenzyl)piperazine�2,5�dione (1), C11H12N2O3,
is an amorphous powder well soluble in MeOH. The powder
turns blue upon a reaction with 4�methoxybenzaldehyde. CIMS,
m/z: 219 ([M – H]–). UV (MeOH), λmax/nm: 227.8 (ε 1.748),
276.4 (ε 0.358). The 1H and 13C NMR spectra are given in
Table 1.

N�[2�(4�Hydroxyphenyl)ethyl]acetamide (2), C10H13NO2, is
an amorphous powder. CIMS, m/z: 180 ([M + H]+).

Table 2. 1H and 13C NMR spectra of compound 2 (500 MHz,
CD3OD)

Atom δC δH* (J/Hz)

С(1´) 131.9 —
C(2´), C(6´) 131.3 7.02 (d, 2 H, J = 8) [7.02]
C(3´), C(5´) 116.8 6.70 (d, 2 H, J = 8) [6.73]
С(4´) 157.5 —
С(2)H2 36.3 2.67 (t, 2 H, J = 7.3) [2.67]
С(1)H2 43.0 3.32 (t, 2 H, J = 7.3) [3.37]
CO 173.8 —
Me 23.1 1.89 (s, 3 H) [1.88]

* The 1H NMR data for N�acetyltyramine18 are given in brackets.
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UV (MeOH), λmax/nm: 200.4 (ε 1.507), 224.4 (ε 0.492),
277.4 (ε 0.113). The 1H and 13C NMR spectra are given in
Table 2.

Acid hydrolysis of compound 1 and the synthesis of Marfey´s
derivatives. Complete acid hydrolysis of compound 1 was car�
ried out according to a known procedure.21 The resulting mix�
ture of amino acids (1 mg) was dissolved in distilled water
(0.5 mL). Then 1 M NaHCO3 (2 mL) and a 1% solution of
Marfey´s reagent in acetone (1 mL) were added. The reaction
mixture was kept at 37 °C for 75 min and then 2 M HCl (0.2 mL)
was added. The resulting solution was analyzed by HPLC.

Marfey´s derivatives were separated by HPLC on a Diaspher�
110�C18 column (250×4 mm, Biokhimmak; Agilent 1100 chro�
matograph). Detection was performed at λ = 340 nm (flow rate
0.7 mL min–1, water—acetonitrile, concentration gradient of
acetonitrile from 1 to 30%, 30 min, 25 °C). The retention times
of Marfey´s derivatives for the amino acids in compound 1 were
compared with those for derivatives of standard amino acids
(Table 3).

Degree of damage of the sea urchin sperm or egg membranes
was determined from the level of the esterase activity with
diacetylfluorescein (DAF) as a substrate.16 Test compounds in
concentrations of 25, 50, 75, and 100 µg mL–1 were added to a
suspension of sperm cells (2.5•107 cells mL–1) or eggs (3.5•103

cells mL–1) in sea water (300 µL). Microplates were kept at
22 °C for 30 min and then 3 µL of DAF (1 mg mL–1 in acetone)
was added. After 30 min, fluorescence was measured on
a Microplate Fluorescence Reader FLX 800 (Finland) at a
Ex/Em ratio of 425/528 nm. The blank sample contained
the same amounts of the test compound and DAF in sea
water without sperm or eggs. Before addition of DAF, we mea�
sured the background fluorescence intensity at the above wave�
lengths.
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Table 3. Retention times τ of N�α�(5�fluoro�
2,4�dinitrophenyl)�L�alanylamide derivatives of
amino acids during HPLC on Diasfer�110�C18

Amino acid derivatives τ/min

L�Tyrosine 19.2
D�Tyrosine 23.4
Glycine 16.5
Hydrolyzate of 1 19.4, 16.2

Received December 2, 2006;
in revised form March 6, 2007



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
  ]
  /NeverEmbed [ true
    /Helvetica
    /Times-Roman
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


