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INDOLIC METABOLITES FROM THE NEW MARINE BACTERIUM
Roseivirga echinicomitan&MM 6058 T
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N-Acetyl- ) and N,N-diacetyl-3) tryptamines were isolated from the butanol extract of culture medium of
the new marine bacteriuRoseivirga echinicomitartMM 6058 . The structures of the compounds were
proved using mass spectrometry, UV, PMR, 5@INMR spectroscopy and by comparing these data with
mass and NMR spectra of synthetic samplésofi2. Compoun@ was isolated from a natural source and
synthesized for the first time. The cytotoxic activity of the compounds was studied using Erlich carcinoma
tumor cells, murine erythrocytes, and sperm and egg cells of the sea $tahigylocentrotus intermedius.
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Marine bacteria are good sources for producing physiologically active compounds [1, 2]. During a search of such
compounds, we investigated the new marine bacteRaseivirga echinicomitarkiMM 6058", which is associated with the
sea urchirStrongylocentrotus intermediusl he bacterium cultivated in liquid medium produced compounds that exhibited
cytotoxic activity toward murine erythrocytes.

Fractional extraction followed by column chromatography over silica gel isolated from bacterium culture (2 L) two
compounds (0.2 mg eact)with R; 0.2 and2 with R 0.8 using hexane:ethylacetate (1:1). The UV spectra of the compounds
had three absorption maxima at 274.4, 281.4, and 290.2 nm, which are characteristic of indole [3]. The PMR sfiectrum of
contained two broad singlets for amide protor @.05 and 5.5 ppm that were assigned to protons on nitrogens of the indole
ring and a side chain, respectively [4]. Furthermore, signals of four protons appeared at 7-7.65 ppm as two doublets with SSCC
7.8 and 9.0 Hz and two multiplets. The position of the signals at weak field and their multiplicities were consistent with a
disubstituted benzene ringIn A signal at weak field (7.05 ppm, doublet, J = 2.0) was assigned to the C-2 proton in the indole
ring [4]. The spectrum also contained two signals for two protons at 3.0 ppm (triplet) and two protons at 3.6 ppm (multiplet),
which is characteristic of angB—CH,—CH,—NH- system [4]. A 3H singlet at 1.92 ppm was assigned to an acetyl methyl.
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1: R, = H, R, = COCH,
2: R]_ = R2 = COCH;
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TABLE 1. PMR and"®*C NMR Spectra of and2 (3, ppm, J/Hz, CDG)

13C
Atom 'H-'H-cosY HMBC

1 2 1 2

NH 8.05 br.s 8.05 br.s - -
2 7.05(d, 2.0)  7.01(d, 2.8) 3 129.9 122.3
3 - - 113.1 112.4
4 7.61(d, 7.8)  7.67(d, 7.4) 5 118.7 118.7
5 7.14m 7.15m 4,6 119.6 119.7
6 7.22m 7.22m 5,7 122.6 122.3
7 7.39(d,9.0)  7.38(d, 7.9) 111.2 111.3
8 - - 136.4 136.2
9 - - 127.4 127.2
10 3.0 (t, 6.6) 3.05 (t, 7.0) 3,11 25.3 24.8
11 3.8m 3.95 (t, 8.3) 10, 13 39.8 46.0

12-NH 5.5br. s - 1la 11 - -
13-CO - - 170.0 173.4
14-CH; 1.92s 2.355s 13 23.3 26.4
15-CO - - - 173.4
16-CH; - 2.35s 15 - 26.4

The PMR spectrum ¢f was practically identical to that &f However, it contained a signal for an amide proton at
5.5 ppm. Signals for four protons at 3.05 and 3.95 ppm appeared as triplets, which is characteristic of an acyclic
R;C—CH-CH,—NR, system [4]. A strong singlet corresponding to six protons of two acetyl methyls was shifted to weak field
(2.35 ppm compared to 1.92 fir. PMR spectra of the indole part of the compounds agreed completely with spectra of indolic
metabolites isolated from the bacteridXimnorhabdus bovienA2 [5] and the marine cyanobacteriluyngbya majuscul§g].
Electron-impact mass spectra (EIMSL@nd2 gave molecular weights of 202 and 244 Da, respectively, which differ
by 42 mass units (COGHyroup). Both spectra contained the same set of fragment ionswziili6, 130, and 143 (Fig. 1).
The PMR and mass spectra suggesteditlaatd2 were mono- and diacetyltryptamine, respectively.
In order to confirm the proposed structurésand 2 were synthesized by acetylation of tryptamine with acetic
anhydride. TLC, UV, mass, and PMR spectra confirmed that the natural and synthetic compounds were {denlb4R
spectra were obtained and HMBC, HSQOSY, and DEPT experiments (Table 1) were performed for the synthetic compounds
and enabled signals for C and H atom& and2 to be completely assigned.
Thel3C NMR spectrum ofL confirmed the presence of a carbamiije70 ppm). Eight signals in the range 110-

140 ppm, three of which were quaternary and five of which were tertiary, were characteristic of indole. The spectrum contained
two signals for CH of a side chain at 39.8 and 25.3 ppm and a signal for an acetyl methyl at 23.4 ppm. The C atoms and H
atoms corresponding to them were unambiguously assigned using HSQC, COSY, and HMBtbcospectra. The bonding
sequence of C atoms inwas also determined (Table 1).

Thel3C NMR spectrum d? was almost identical to that bf The signals for the indole C atoms coincided completely.
However, the signal for the GHonded to N was shifted to weak field at 46.2 ppm and the singlet for the methyl was twice as
strong and also shifted to weak field at 26.4 ppm. The spectrum contained a signal for carbamide C atoms at weak field at
173.6 ppm that was twice as strong, confirming the presence of two equivalent acetyls on the N in the side chain. The C atoms
and H atoms corresponding to them were completely assigned using HSQC, COSY, and HMBC correlation spectra. The
bonding sequence of the C atomiwas also confirmed (Table 1).

Thus, it was established that the isolated natural compdusrtid2 were mono-X) and diacetyltryptaminey.

The ability of bacteria to acetylate tryptamine to the diacetyl derivative was observed for the first time.efihmbact

R. echinicomitan&MM 6058 is the only natural source of diacetyltryptamine. Tryptamine itself can be generated in bacteria
from endogeneous tryptophan [7]. Monoacetylated tryptamine was isolated previously from the actinob@ttepiomyces
staurosporeAM-2282 [8] and the marine bacteriu@ytophagasp. AM 13.1 [9].

The alcohol extract of sea urchin does not contain similar compounds, which confirms that the bacterium produced
1 and2.
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TABLE 2. Biological Activity of1 and2

1*
Compound 2* 3* 4*
sperm egg cells
1 >50 >50 0 >50 >100
2 7.5 15 100 >6.25<12.5 100

1*, concentrationj{(g/mL) producing 50% destruction of membrane integrity of sperm and egg cells of sea urchin; 2*, percent
inhibition of division of fertilized egg cells of sea urchin at a compound concentratiopgfaQ; 3*, compound concentration
(ug/mL) causing 100% hemolysis of murine erythrocytes; 4*, compound concentiadionL] causing 50% death of Erlich
carcinoma tumor cells.

Table 2 shows thdt and2 are weakly cytotoxic toward Erlich carcinoma tumor celf3.(4'he hemolytic activities
of 1 and2 (3") showed tha® is more highly cytotoxic thad. Both compounds were checked for the ability to destroy
membranes of sperm and egg cellS ointermedius The percent destruction of membranes was determined from the change
of esterase activity using diacetylfluorescein (DAF) as substrate [10]. Compoaunsed 50% membrane destruction of sperm
and egg cells at concentrations of 7.5 an@d/snL, respectively. Compouridat 50pg/mL had no effect on the membrane
integrity of these cells. The difference in the cytotoxic activities of these compounds was also noted using fertilizeohsea-ur
egg cells as the biological model)2 At 50 pg/mL, 1 did not inhibit development of embryos wher@asaused 100%
inhibition of division. Both compounds showed no antimicrobial activity toward gram-positive and gram-negative bacteria and
yeast-like fungi.

EXPERIMENTAL

A culture ofR. echinicomitanKkMM 6058" was isolated from gonads®fintermediufl 1], specimens of which were
obtained at the Marine Experimental Station of PIBOC FED RAS in Troits Bay (October 2005).

Centrifugation was performed on a MLW K-23 apparatus (Germany) (V = 100 mL) at v = #rprifdr 30 min with
cooling; HPLC, on a Beckman—Altex (USA) chromatograph, 4.6 mm x 25 cm column, Silosorb 60, TI2C, on silica-gel
plates (CTX-1A, 5-1um, 100x50) using hexane:ethylacetate (1:1) with development by anisaldehyde [125&)d H

UV spectra in methanol were obtained on a Specord M 40 UV—Vis spectrophotometer (Germany).

PMR and!3C NMR spectra in CDGlwere recorded on Bruker DRX-500 (500 and 125 MHz) and Bruker DPX-300
(300 and 75 MHz) instruments with TMS internal standard. Structures of the studied compounds were established and signals
in PMR and'3C NMR spectra were assigned based on DEPT, COSY, HSQC, and HMBC experiments.

Electron-impact mass spectra (EIMS) were obtained in an LKB-9000S instrument (Sweden) using direct sample
introduction and ionizing potentials 15 and 70 eV.

The cell model for determining membrane integrity were sperm and egg cells of the se& umtt@nmedius The
percent destruction of membranes was determined using esterase activity and diacetylfluorescein (DAF) as substrate [10].
Fluorescence was estimated on a Microplate Fluorescence Regd@@@(Finland) using E#E,, 425/528 nm.

Analysis of Alcohol Extract of S. intermedius Sea urchins (20 specimens) were extracted by ethanol (1 L) at room
temperature for 30 d. The resulting extract was concentrated at reduced pressure and analyzed by TLC on silica-gel plates witf
development by anisaldehyde.

Bacterium Cultivation. Bacterium culture was fermented on rockers in 250-mL Ehrlenmeyer flasks for 7 d at 22°C
in standard medium containing peptone (5 g), yeast extract (2.5 g), glucose 4#BI,K0.2 g), MgSQ (0.05 g), tapwater
(500 mL), and seawater (500 mL).

Preparation of Total Extracts. Culture (2 L) was centrifuged. The microbial mass was separated. Culture liquid
(CL) was successively extracted with hexane, ethylacetate, and butanol. The extracts were concentrated at reduced pressur
The initial extracts were dissolved in a minimum amount of water and reextracted with hexane, ethylacetate, and butanol to
produce total hexane, ethylacetate, and butanol extracts of CL.
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Isolation of Indolic Compounds from Total Second Butanol CL Extract. The butanol extract was separated by
repeated column chromatography over silica gel using hexane:ethylacetate (100:0—0:100) and HPLC using a normal column
and hexane:ethylacetate (1:1) to isothnd?2 (0.2 mg each).

Synthesis of Acyltryptamines. Tryptamine (40 mg) was boiled in acetic anhydride (1.5 mL) for 1.5 h at 140°C. The
excess of acetic anhydride was distilled in vacuo. The resulting solid was chromatographed over silica gel using
hexane:ethylacetad 000—0:100) followed by HPLC over a normal column using hexane:ethylacetate (1:1) to isolate two
compounds that were identical chromatographically to natu20 mg) and@ (10 mg).

N-Acyltryptamine (1), C;,H14N,0, colorless compound. UV spectrum (Me@K|,,. nm): 274.4,281.4,290.2. Mass
spectrum (Elnvz): 202 [M]*, 144 [M - NHCOCH]*, 130 [M - CHNHCOCH;]*, 116 [GHgN]. Table 1 gives the PMR and
13C NMR spectra.

N,N-Diacyltryptamine (2), C; sH,6N5O,, colorless compound. UV spectrum (MeQ@H,, nm): 274.4,281.4,290.2.

Mass spectrum (Eiyz): 244 [M]*, 144 [M - N(COCH),]*, 130 [M - CHN(COCH;),]*, 116 [GHgN]. Table 1 gives the PMR
and13C NMR spectra.

Determination of Hemolytic Activity. Hemolytic activity was determined using a suspension of blood erythrocytes
from white mongrel mice of optical density 1.0 at 700 nm in 66 mM phosphate buffer at pH 7.4 containing NaCl (120 mM) and
KCI (4 mM). The erythrocyte suspension (200 pL) was treated with the studied compound at concentrations of 50, 25, 12.5,
and 6.25 pg/mL and incubated at 37°C for 60-180 min. Lysis (100%) was observed visually [13].

Determination of Cytotoxic Activity. Cytotoxic activity was determined using an alcohol solution (0.001 mL) of the
studied compound at various concentrations to treat a suspension (0.1 mL) of Erlich carcinoma tumor cells in medium
199 (1x16 cells/mL). The vitality of the tumor cells was determined after incubation at 37°C for 2 h using coloration by an
isotonic solution of trypan blue (0.17%) and a microscope. The concentration that inhibited tumor-cell vitality bygpp% (IC
was determined [14].

Determination of Membrane Destruction of S. intermedius Sperm Cells. A suspension (300L) of sperm
(2.5x10 cells/mL) or egg (3.5xFcells/mL) cells in seawater (2.5x46ells/mL) was treated with the tested compounds at
various concentrations. Microplates were held &C2r 30 min, treated with DAF (8L, 1 mg/mL acetone), and held again
for 30 min. The fluorescence was estimated. The control was seawater for which the background fluorescence was determinec
before adding DAF.

Activities of compounds toward ferilized sea-urchin egg cellsvere determined using the literature method [15].
Antimicrobial activity was determined by a diffusion method in agar in Petri dishes. The test cultures were the bacteria
Staphylococcus aureuBacillus subtilis Escherichia coli Pseudomonas aerugingsand the yeast-like fungu@andida
albicansfrom the American Type Culture Collection (ATCC) and the Collection of Marine Microorganisms (KMM) of the
PIBOC FED RAS.
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