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Summary
Antimicrobial Compounds Produced by the Marine Actinomycete Streptomyces sp. G668
From the ethyl acetate extract of the Strepfomyces sp. G668 strain, seven compounds were isolated: 9H-pyrido[3,4-bindole
(1), L-tryptophan (2), indole-3-carboxylic acid (3), 3-indolylacetic acid (4), cyclo-(Pro-Ala) (5), uracil (6), thymine (7). Their
structures were elucidated by nuclear magnetic resonance spectroscopy (NMR), mass spectroscopy (MS) and comparison with
the reference data. Compound 1 exhibited moderate antibacterial activity against Escherichia coli ATCC25922 and compound

5 strongly inhibited Candida albicans ATCC10231.
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1. Introduction

Marine actinobacteria have been known as an
important source of bioactive natural products
which possess a wide range of bioactivities such
as anticancer, antifungal, antiviral, etc. [1].
Among them, Streptomyces is the largest
antibiotic-producing genus in the microbial world
discovered so far [2]. In the framework of the
project “Investigation of anti-tuberculosis and
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antimicrobial natural products from marine
microorganisms in the South-Central region
(Khanh Hoa - Binh Thuan Sea, Vietnam)”, herein
we report the isolation and structural elucidation
of seven compounds from the ethyl acetate extract
of the Streptomyces sp. G668 collected in Van
Phong, Khanh Hoa province, Vietnam. Their
structures are described in Fig. 1.
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Fig. 1. Structures of compounds 1-7 isolated from Streptomyces sp. G668

2. Material and methods

2.1. General experimental procedures

The ESI-MS spectra were recorded on an
Agilent 1100 LC-MSD Trap spectrometer. The
NMR spectra were recorded on a Bruker 500.13
and 600.36 MHz spectrometer operating at 125.76
and 150.98 MHz for *C NMR, and at 500.13 and
600.36 MHz for '"H-NMR. The 'H chemical shifts
were referenced to CDCl; and CD;0D at dy 7.27
and 3.31 ppm, respectively, while the “C

chemical shifts were referenced to the central peak
at dc 77.1 (CDCl;) and 49.0 (CD;OD). TLC (thin-
layer chromatography) silica gel Merck 60 Fas4
was used. Column chromatography (CC) was
carried out using silica gel 40-63 pm, YMC RP-
18 (30-50 pm) and Sephadex LH-20.

2.2. Marine materials

The strain G668 was isolated from the seaweed
(Caulerpa serrulata (Forsk.) J. Ag.) collected at
the 6-meter depth on the coast of Van Phong -
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Khanh Hoa in May 2020 and was identified by
Prof. Do Cong Thung, Institute of Marine
Environment and Resources -Vietnam Academy
of Science and Technology (VAST). 2.3.
Isolation, identification, and fermentation of the
actinomycete strain G668

The seaweed sample (0.5 g) was crushed by the
glass rod in a falcon tube; 4.5 mL of sterile sea
water was added. The mixture was then
homogenized by vortexing for 1 minute, and the
suspension was treated using a wet-heat technique
(60°C for 6 minutes). After that, 0.5 mL of the
suspension was transferred to 4.5 mL sterile
distilled water and vortexed for 1 minute to afford
the sample solution. Aliquots of 50 pL of the
sample solution was spread on a petri dish of M1
medium pH 7.0 (g/L) (1 g soluble starch, 0.4 g
yeast extract, 0.2 g peptone, 30 g sea salt, 15 g
agar) supplemented with 50 pg/mL polymycin B
and cycloheximide to inhibit Gram negative
bacterial and fungal contaminations. After 7 days
of aerobic incubation at 28°C, the colony of the
G668 actinomycete strain was transferred onto a
petri dish of the medium Al (g/L) (5 g soluble
starch, 2 g yeast extract, 1 g peptone, 30 g instant
ocean sea salt, 15 g agar) for the purification
purpose (Fig. 2) and G668 was identified
belonging to the genus Streptomyces by using the
16S rRNA gene sequence analysis.

el
Fig. 2. Morphological appearace of G668 strain’s colonies
The strain G668 was activated and inoculated
into 1 L of A1 medium. After 7 days of incubation
at 28°C with agitation of 150 rpm, the culture
broth was used to spread on the medium surface of
50 flasks containing 1L of rich-nutrient solid
medium Al+ (g/L) (soluble starch: 10 g, yeast
extract: 4 g, peptone: 2 g, instant ocean sea salt 30
g, 5 mL KBr (20 mg/mL), 5 mL FeSO,4 (8 mg/mL),
1 g CaCO;, 15 g agar). The fermentation was
incubated in an incubator at 28°C and harvested on
the ten days.
2.4. Isolation of the secondary metabolites
from the ethyl acetate extract of G668

The Streptomyces sp. G668 was cultured on the
agar-based media for ten days and the agar was cut
into small pieces and extracted with ethyl acetate
(3 times x 5 liters x 30 minute each) at 40°C. The
combined ethyl acetate extracts were concentrated
under reduced pressure to obtain 30 g of the crude
extract. The ethyl acetate extract (30 g) was
separated by silica gel column chromatography on
a Medium-Performance Liquid Chromatography
(MPLC) equipment with a gradient of
CH:Cl,/MeOH (0-100% MeOH) to give 12
fractions F1-F12. Fraction F2 (2.5 g) was further
purified by silica gel column chromatography
with CH2Cly/acetone gradient (0-100% acetone) to
give 8 fractions F2.1-F2.8. Fraction F2.3 (42 mg)
was separated by preparative TLC with n-
hexane/acetone (1/1) to give compound 2 (2.0
mg). Fraction F2.5 (500 mg) was further purified
by gel filtration over Sephadex LH-20 with MeOH
to give 10 fractions F2.5.1- F2.5.10. Fraction
F2.5.1 (0.94 g) was washed with n-hexane/acetone
to furnish compound 1 (5 mg). Fraction F2.3 (42
mg) was separated by preparative TLC with n-
hexane/acetone (1/1) to give compound 2 (2.0
mg). Fraction F2.5 (500 mg) was further purified
by gel filtration over Sephadex LH-20 with MeOH
to give 10 fractions F2.5.1- F2.5.10. Fraction
F2.5.3 (100 mg) was separated on silica gel CC,
eluting with CH>Cl,/MeOH (0-30% MeOH), to
give compound 3 (3 mg) and compound 5 (7.1
mg). Fraction F4 (1.2 g) was further purified by
gel  filtration  over  Sephadex  LH-20
(MeOH/CHxCly: 9/1) to give 7 fractions F4.1-
F4.7. Fraction F4.3 (110 mg) was separated by
silica gel column chromatography with
CH:Cl/MeOH (0-50% MeOH) to give compound
4 (2.4 mg). Fraction F3 (3.1 g) was subjected to
CC on silica gel with CH2Cl2/MeOH (0-50%
MeOH), to give 8 fractions F3.1-F3.8. Fraction
F3.5 (125 mg) was separated by Sephadex LH-20
CC using MeOH to give compound 6 (3 mg) and
7 (5 mg).

9H-Pyrido[3,4-b]indole (1): White solid, mp.
198-200°C, ESI-MS: m/z 169 [M+H]". '"H NMR
(500 MHz, CD;0D): du (ppm) 7.28 (1H, dt, J= 1.0,
8.0 Hz, H-6), 7.57 (1H, dd, J = 1.0, 8.5 Hz, H-7),
7.58 (1H,d,J= 8.5 Hz, H-8),8.12 (1H,d,J= 5.5
Hz, H-4), 8.22 (1H, d, J= 8.0 Hz, H-5), 8.31 (1H,
d, J = 5.5 Hz, H-3), 8.81 (1H, s, H-1). "C-NMR
(125 MHz, CD;0D) dc (ppm): 112.8 (C-8), 116.1
(C-4), 1209 (C-6), 122.2 (C-4b), 122.7 (C-5),
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129.8 (C-7), 130.5 (C-4a), 134.1 (C-1), 137.8 (C-
9a), 138.4 (C-3), 142.8 (C-8a).

L-Tryptophan (2): brown solid, mp. 59-60°C,
ESI-MS: m/z 205 [M+H]*, "TH-NMR (500 MHz,
DMSO-d6): ou (ppm) 2.96 (1H, dd, J = 9.0, 15.0
Hz, H-8a), 3.31 (1H, dd, J = 9.0, 15.0 Hz, H-8b),
3.56 (1H, m, H-9), 6.97 (1H, dt, J= 1.0, 7.5 Hz, H-
5), 7.06 (1H, dt, J = 1.5, 8.0 Hz, H-6), 7.17 (1H,
br.s, H-2), 7.34 (1H, d, J = 8.0 Hz, H-7), 7.60 (1H,
J =1.5 Hz, H-4), 10.74 (1H, br.s, OH). *C-NMR
(125 MHz, DMSO-d6): dc (ppm) 27.5 (C-8), 55.4
(C-9),109.4 (C-3), 112.1 (C-7), 119.2 (C-4), 119.4
(C-5), 1219 (C-6), 124.9 (C-2), 127.7 (C-3a),
137.0 (C-7a), 171.9 (C=0).

Indole-3-carboxylic acid (3): Brown powder;
mp. 231-232°C, ESI-MS: m/z 162 [M+H]", 'H-
NMR (600 MHz, CD;0D): du (ppm) 8.08 (1H, dd,
J=12,1.2Hz, H-4), 7.96 (1H, s, H-2), 7.45 (1H,
dd,/=1.2,7.2Hz, H-7),721 (1H,dt,J=1.2,7.2
Hz, H-6), 7.18 (1H, dt, J = 1.2, 7.2 Hz, H-5). 13C-
NMR (150 MHz, CDs0D): dc (ppm) 168.8 (C=0),
138.2 (C-7a), 133.4 (C-2), 127.6 (C-3a), 123.6 (C-
6), 122.4 (C-5), 122.0 (C4), 112.9 (C-7), 108.9
(C-3).

3-Indolylacetic acid (4): brown solid, [a]p® -
72° (¢ 0.42, CHCl3), ESI-MS: m/z 176 [M+H]",
198 [M+Na]*, 'TH-NMR (500 MHz, CD;0D): du
(ppm) 3.71 (2H, s, H-8), 6.99 (1H, t, J = 8.0 Hz,
H-5),7.09 (1H, t,J= 8.0 Hz, H-6), 7.15 (1H, s, H-
2),7.32 (1H, d, J=8.0 Hz, H-7), 7.52 (1H, d, J =
8.0 Hz, H-4). *C-NMR (125 MHz, CD;OD): ¢
(ppm) 33.9 (C-8), 91.1 (C-3), 111.6 (C-7), 112.0
(C-4), 119.5 (C-5), 119.6 (C-6), 122.2 (C-2),
124.3 (C-7a), 128.9 (C-3a), 138.0 (C=0).

Cyclo-(Pro-Ala) (5): White solid, mp. 140-
141°C, [a]p* -78.2° (¢ 0.32, MeOH), ESI-MS: m/z
207 [M+K]*, 'H-NMR (600 MHz, CDCls): dy
(ppm) 1.48 (3H, d, /= 7.2 Hz, CH3-10), 1.89 (1H,
m, H-4a), 2.02 (1H, m, H-4f), 2.13 (1H, m, H-5a),
2.36 (1H, m, H-5B), 3.55 (1H, m, H-3a), 3.61 (1H,
m, H-3B), 4.13 (2H, m, H-6, H-9). *C-NMR (150
MHz, CDCls): dc (ppm) 16.0 (CH3-10), 22.7 (C-
4), 28.1 (C-5), 45.4 (C-3), 51.2 (C-9), 59.3 (C-6),
166.3 (C-1), 170.3 (C-7).

Uracil (6): White powder, mp. 320-321°C;
ESI-MS: m/z 113 [M+H]", '"H NMR (500 MHz,
DMSO-d6): ou (ppm) 5.44 (1H, d, J = 7.5 Hz, H-
5), 7.37 (1H, d, J = 7.5 Hz, H-6). *C NMR (125
MHz, DMSO-d6): éc (ppm) 100.2 (C-5), 142.2
(C-6), 151.6 (C-2), 164.6 (C-4).

Thymine (7): White powder, mp. 155-156°C,

ESI-MS: m/z 127 [M+H]*; '"H-NMR (500 MHz,
CD;0D & CDCls): éu (ppm) 1.87 (3H, s, CHs),
7.15 (1H, s, H-6).

2.5. Antimicrobial assay

Antimicrobial assays were carried out using
Enterococcus faecalis (ATCC299212),
Staphylococcus aureus (ATCC25923), Bacillus
cereus (ATCC14579),  Escherichia  coli
(ATCC25922), Pseudomonas aeruginosa
(ATCC27853), and Candida albicans
(ATCC10231). Stock solutions of samples were
prepared in DMSO, and the antimicrobial assays
were carried out in 96-well microtiter plates
against the microbial strains (5 x 105 CFU/mL)
using a modification of the published method [3].
After incubation for 24 hours at 37°C, the
absorbance at 650 nm was measured using a

microplate reader. Streptomycin and
cycloheximide were used as the positive reference
compounds.

3. Results and discussion

Compound 1 was isolated as white solid, mp.
198-200°C. The ESI-MS spectrum of 1 showed
the protonated adduct [M+H]" at m/z 169. The 'H-
NMR spectrum showed the signals of an 1,2-
disubstituted benzene ring at dy 7.28 (1H, dt, J =
1.0, 8.0 Hz, H-6), 7.57 (1H, dd, J= 1.0, 8.5 Hz, H-
7),7.58 (1H, d, J= 8.5 Hz, H-8), 8.22 (1H, d, J=
8.0 Hz, H-5), and 3 aromatic protons at dy 8.12
(1H,d,J= 5.5 Hz, H4),8.31(1H,d,J=5.5Hz,
H-3), 8.81 (1H, s, H-1). Analyses of the *C-NMR
and DEPT spectra with the aid of the HSQC of 1
indicated the presence of 11 carbons, including 7
sp’ methine carbons at dc 134.1 (C-1), 138.4 (C-
3), 116.1 (C-4), 122.7 (C-5), 120.9 (C-6), 129.8
(C-7), 112.8 (C-8) and 4 aromatic carbons at ¢
122.2 (C-4b), 130.5 (C-4a), 137.8 (C-9a) and
142.8 (C-8a). Analysis of the COSY spectrum
revealed the presence of two spin—spin coupling
systems: H-5/H-6/H-7/H-8 and H-3/H-4. In the
HMBC spectrum, the interactions between H-1
with C-9a, C-4a, C-3; H-3 with C-1, C-4a; H-4
with C-4b, C-9a determined the positions of C-1,
C-4a and C-9a (Fig. 3). The positions of C-4b and
C-8b were confirmed through the interactions
between H-6 with C-4b, H-5 with C-4b, C-8a, H-
7 with C-8a, and H-8 with C-4b, C-8a. Thus,
detailed analysis of the 1D, 2D-NMR spectra and
MS data allowed determining the structure of 1 as
9H-pyrido[3,4-blindole. Its NMR data were
consistent with those reported in the literature [4].
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Compound 2 was isolated as brown solid. The
ESI-MS spectrum of 2 showed a pseudo-
molecular ion peak at m/z 205 [M+H]*. The 'H-
NMR spectrum of 2 indicated the presence of a
1,2-disubstituted benzene ring at oy 6.97 (1H, dt, J
= 1.0, 7.5 Hz, H-5), 7.06 (1H, dt, /= 0.5, 8.0 Hz,
H-6), 7.34 (1H, d, J = 8.0 Hz, H-7), 7.60 (1H, d, J
= 7.5 Hz, H-4), an aromatic proton at 7.17 (1H,
br.s, H-2), a methylene at dy 2.96 (1H, dd, J=9.0,
15.0 Hz, H-8a), 3.31 (1H, dd, /= 9.0, 15.0 Hz, H-
8b), and a methine linked to a nitrogen atom at du
3.56 (1H, m, H-9). Analysis of the *C NMR and
DEPT spectra of 2 revealed the presence of 11
carbons, including 5 methine groups at dc 112.1
(C-7), 119.2 (C4), 1194 (C-5), 121.9 (C-6),
124.9 (C-2), a methylene group at dc 27.5 (C-8), a
methine group at dc 55.4 (C-9), 3 aromatic carbons
at dc 109.4 (C-3), 127.7 (C-3a), 137.0 (C-7a), and
a carbonyl group at dc 171.9 (C=0). Two spin-spin
systems were observed in the COSY spectrum,
including: H-4/H-5/H-6/H-7 and H-8/H-9 (Fig. 3).
These information suggested that compound 2 was
an indole derivative. In the HMBC spectrum of 2,
the correlation between H-4, H-5 with C-3a, H-6,
H-7 with C-7a confirmed the positions of C-3a and
C-7a, the interaction between H-8 and H-2 with C-
3 located the position of C-3. Moreover, the
correlation between H-9 with the carbonyl group
(6c 171.9) and the chemical shift of C-9
determined the direct connection of C-9 and the
carbonyl group. Complete analysis of MS, 1D,
2D-NMR data of 2 and comparison with reference
data indicated compound 2 as L-tryptophan
[51.[6].

COOH

6 , NH,
- b 4a
8 N
W o T 0 H __ cosy
1 2 — HMBC

Fig. 3. Key COSY and HMBC interactions
of compound 1 and 2
Compound 3 was obtained as brown powder.
The ESI-MS of 3 indicated a pseudo-molecular
ion peak at m/z 162 [M+H]". The *C-NMR and
DEPT spectra of 3 exhibited the signals of nine
carbons including a carboxylic group (dc 168.8, C-
1), five methine groups at dc 112.9 (C-7), 122.0
(C-4), 122.4 (C-5), 123.6 (C-6), 133.4 (C-2), and

three sp’ aromatic carbons at dc 108.9 (C-3), 127.6
(C-3a), 138.2 (C-7a). Analysis of the 'H-NMR
spectrum of 3 showed the characteristic signals of
an indole skeleton including a singlet proton at du
7.96 (s, H-2) and a 1,2-disubstituted benzene ring
at oy 7.18 (dt, J= 1.2, 7.2 Hz, H-5), 7.21 (dt, J =
1.2, 7.2 Hz, H-6), 7.45 (dd, J = 7.2, 1.2 Hz, H-7),
8.08 (dd, J = 7.2, 1.2 Hz, H-4). Thus, analysis of
the MS and 1D-NMR spectra of 3 and comparison
with reported data identified compound 3 as
indole-3-carboxylic acid [7].

Compound 4 was isolated as brown solid,
[a]p® -72° (¢ 0.42, CDCls). The ESI-MS spectrum
of 4 showed a pseudo-molecular ion peak at m/z
176 [M+H]*, 198 [M+Na]". The 'H NMR spectra
of 4 displayed the signals close to those of 3 in
which five aromatic protons at oy 6.99 (1H, t, J =
8.0 Hz, H-5), 7.09 (1H, t, J = 8.0 Hz, H-6), 7.15
(1H, s, H-2), 7.32 (1H, d, J = 8.0 Hz, H-7), 7.52
(1H, d, J = 8.0 Hz, H-4), except the presence of a
singlet methylene at dy 3.71 in the aliphatic
region. These data suggested that compound 4 was
an indole compound. Analysis of the *C-NMR
and DEPT spectra of 4 displayed the signals of 10
carbons including five methine groups at dc 91.1,
112.0, 119.5, 119.6, 122.2, three sp’ quaternary
carbons at dc 111.6, 124.3, 128.9, a carboxylic
group at dc 138.0 and a methylene at dc 33.9.
Thus, detailed analysis of 1D-NMR, MS data of 4
and comparison with the reported values identified
the structure of 4 as 3-indolylacetic acid [8].

Compound 5 was obtained as white solid, and 5
was optically active, [a]p* -78.2° (¢ 0.32, MeOH) )
(ref 10. [o]p -146.38 (¢ 9.66; EtOH), mp. 140-
141°C. The ESI-MS spectrum of 5 showed a
pseudo-molecular ion peak at m/z 207 [M+K]". The
'H-NMR spectrum of 5 displayed signals of a
methyl group at du 1.48 (3H, d, J = 7.2 Hz, CHs-
10), two methine groups which were linked to a
nitrogen atom at Jy 4.13 (2H, m, H-6, H-9), a
methylene group linked to a nitrogen atom at du
3.55 (1H, m, H-3a), 3.61 (1H, m, H-3B), and two
methylene groups at du 1.89 (1H, m, H-4a), 2.02
(1H, m, H-4p), 2.13 (1H, m, H-5a), 2.36 (1H, m, H-
5B). Analysis of the '*C NMR and DEPT spectra of
5 revealed the presence of 8 carbons, including two
sp® methine groups at dc 51.2 (C-9), 59.3 (C-6),
three methylene groups at dc 45.4 (C-3), 22.7 (C-
4), 28.1 (C-5), a methyl group at dc 16.0 (C-10), and
two carbonyls at dc 166.3 (C-1), 170.3 (C-7). The
chemical shifts of CH,-3, CH-6 and CH-9
suggested their linkage to nitrogen atoms, which
are consistent with the 'H-NMR data of 5. These
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data suggested the presence of two amino acid
units, L-proline, and L-alanine in the structure of 5.
Detailed analysis of the 1D-NMR spectra, MS data
and comparison with reported values in the
literature, the structure of 5 was determined to be
Cyclo-(Pro-Ala) [9-10].

Compound 6 was obtained as white solid, mp.
320-321°C. Its ESI-MS showed a protonated
molecular ion at m/z 113 [M+H]*. The '"H-NMR
spectrum of 6 showed signals of two olefinic
protons at oy 5.44 (1H, d, J = 7.5 Hz, H-5) and
7.37 (1H, d, J = 7.5 Hz, H-6). The >*C-NMR and
DEPT spectra of 6 exhibited signals of 4 carbons,
including two carbonyl groups at ¢ 151.6 (C-2),
164.6 (C-4), two methine groups at dc 100.2 (C-
5), 142.2 (C-6). Complete analysis of the 1D NMR
spectra and MS data of 6 and comparison of the
NMR data of 6 with the reference data indicated
that compound 6 was uracil [11].

Compound 7 was isolated as white solid. Its
ESI-MS data showed a protonated adduct ion
[M+H]" at m/z 127. The '"H-NMR spectrum of 7
exhibited the signals of an olefinic methine at i
7.15 (1H, s, H-6) and a methyl group at du 1.87
(3H, s, CHs). The combination of '"H-NMR, MS
data and comparison with the reference data
allowed toconclude that compound 7 was thymine
[12].

Among the isolated compounds, compounds 1
and 5 were tested against a panel of gram-positive
bacteria (Enterococcus faecalis ATCC299212,
Staphylococcus aureus ATCC25923, Bacillus
cereus ATCC14579), and gram-negative bacteria

(Escherichia coli ATCC25922, Pseudomonas
aeruginosa ATCC27853) and fungi (Candida
albicans ATCC10231). Compound 1 exhibited the
selectively moderate antibacterial activity against
Escherichia coli ATCC25922 with a MIC value of
128 pg/mL. Compound 5 strongly inhibited the
fungus Candida albicans ATCC10231 with a MIC
value of 2 pg/mL, but weakly inhibited
Enterococcus faecalis ATCC299212 with a MIC
value of 256 pg/mL. Unfortunately, both
compounds did not show the inhibition against
Staphylococcus aureus ATCC25923, Bacillus
cereus ATCC14579, Pseudomonas aeruginosa
ATCC27853.

4. Conclusion

From the ethyl acetate extract of Streptomyces
sp. G668 strain, seven compounds were isolated.
Their structures were identified by using the MS
and NMR spectroscopy and comparing with the
reference data, including: 9H-pyrido[3,4-b]indole
(1), L-tryptophan (2), indole-3-carboxylic acid (3),
3-indolylacetic acid (4), cyclo-(Pro-Ala) (5), uracil
(6), thymine (7). Compound 1 exhibited moderate
antibacterial activity against Escherichia coli
ATCC25922 and compound 5 strongly inhibited
Candida albicans ATCC10231.

Acknowledgement: The authors thank Prof. Do
Cong Thung (Institute of Marine Environment and
Resources, VAST) for marine sample collection and
identification. This research was financially supported
by the Vietnam Academy of Science and Technology
(VAST) (Grant No. TDDLB0.03/20-22).

References

1. Manivasagan P., Kang K. H., Sivakumar K., Eunice C. Y. L. C., Oh H. M., Kim S. K. (2014), Marine actinobacteria: An
important source of bioactive natural products, Environmental Toxicology and Pharmacology, 38, 172-188. 2. Watve M. G.,
Tickoo R., Jog M. M., Bhole B. D. (2001), How many antibiotics are produced by the genus Streptomyces?, Archives of
Microbiology, 176, 386-390. 3. Andrews J. M. (2001), Determination of minimum inhibitory concentrations, Journal of
Antimicrobial Chemotherapy, 48(1), 5-16. 4. Balkau F., Heffernen M. (1973), NMR spectra of the carbolines. I. Spectral
parameters. Australian Journal of Chemistry, 26(7), 1501-1522. 5 Xu X. B., Yue Y. D., Tang F., Guo X. F., Wang J., Yao X,
Sun J., Xun H. (2015), Isolation, identification, and determination of six nucleosides and two amino acids from bamboo shoots
of Gramineae Phyllostachys prominens (WY Xiong), Tropical Journal of Pharmaceutical Research, 12(14), 2239-2246. 6.
Fathi F., Brun A., Rott K. H., Cobra P. F., Tonelli M., Eghbalnia H. R., Caviedes-Vidal E., Karasov W. H., Markeley J. L.
(2017), NMR-Based Identification of Metabolites in Polar and Non-Polar Extracts of Avian Liver, Metabolites., 7(4), 61. 7.
Tran Van Hieu, Truong Bich Ngan, Doan Thi Mai Huong, Vu Thi Quyen, Brian T. Murphy, and Pham Van Cuong, (2019),
Secondary metabolites from marine actinomycete Streptomyces sp. G330, Vietnam Journal of Chemistry, 57(4), 480-484. 8.
He R., Wang B., Wakimoto T., Wang M., Zhu L., Abe I. (2013), Cyclodipeptides from metagenomic library of a Japanese
marine sponge, Journal of the Brazilian Chemical Society, 12(24),.1926-1932. 9. Lin Z. J., Lu X. M., Zhu T. J., Fang Y. C.,
Gu Q. Q. (2008), GPRI2 Selections of the metabolites from an endophytic Streptomyces sp. asociated with Cistanches
deserticola, Archives of Pharmacal Research, 31(9), 1108. 10. Campbell ., Lin Q., Geske G. D., Blackwell H. E. (2009), New
and unexpected insights into the modulation of LuxR-type quorum sensing by cyclic dipeptides, ACS Chemical Biology, 4(12),
1051-1059. 11. Wang C. Y., Han L., Kang K., Shao C. L., Wei Y. X., Zheng C. J., Guan H. S. (2010), Secondary metabolites
from green algae Ulva pertusa, Chemistry of Natural Compounds, 46(5), 828-830. 12. Kumar S., Koh J., Kim H., Gupta M.
K., Dutta P. K. (2010), A new chitosan-thymine conjugate: synthesis characterization and biological activity, International
Journal of Biological Macromolecules, 50, 493-498.

76 Journal of Medicinal Materials, 2022, Vol. 27, No. 2



