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SUMMARY

The marine environment has been known as a resource containing a lot of compounds with
antibiotic, anti-tuberculosis and antiviral activities. Many of the marine microorganisms have
been found to live in sediment, sand, surface or within the body of other living organisms such
as sponges, soft coral, mollusk, algae... Natural products from marine actinomyces and fungi
are considered an important source for the discovery of novel compounds, of their rich
secondary metabolites. From 38 samples collected at 22 coordinates and different depths in
the sea from Bach Long Vy island - Hai Phong to Ly Son island - Quang Ngai on the marine
research vessel “Oparin Academik”, 40 actinomycetes and 20 fungal strains were isolated. The
crude extracts of 60 isolates were primary screened for their antimicrobial activity against 7
pathogenic microorganisms by the Bioassay method in a 96-well tray. As a result, 53/60
strains were resistant at least 1 tested microorganisms, 22/60 isolates against 3 or more the test
microorganisms, respectively. In particular, there were 4 isolates (three actinomyces G817,
G819, G824 and fungus OMO1) with the strongest resistance to four or more tested strains,
which were then studied further. The results of phenotypic and molecular identification by 16S
rRNA sequences for G817, G819, G824 and 18S rRNA sequence for OMO1 showed that
OMO1 was Penicillium citrinum; G817, G819 strains belonged to Salinispora arenicola, while
G824 was identified as Pseudonocardia carboxydivorans. The promising candidate isolates
were analyzed in a phylogenetic tree based on MegaX software.

Keywords: Antimicrobial activity, Penicillium sp., Pseudonocardia carboxydivorans,
Oparin 7™, Salinispora arenicola.

INTRODUCTION planet, and microorganisms are the most
abundant type of life with many diverse
The ocean is the largest habitat on the forms. These microorganisms (viruses,
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bacteria, archaea...) play an important role in
the biogeochemical cycles of basic elements.
They exist not only in a planktonic state, but
also in the association with other marine
organisms such as animals, plants, algae, etc.
(Pita et al 2018; Chananan et al, 2023). Many
studies are focused on secondary substances
produced by marine microorganisms has
achieved remarkable achievements. Among
them, many secondary compounds with
intricate chemical structures and good
biological activities have been discovered,
that may play the role to the production of
novel drugs or leads. Since the past few
decades, scientists around the world have
been attracted by the diversity of marine
microorganisms and the natural products
they produce with various activities such as

antibiotic activities such as antiviral,
antibacterial, antifungal,
immunosuppressive, anti-inflammatory,

anti-tumor... (Banakar et al., 2019). Marine
actinomycetes are evaluated as an important
source in the production of antibiotics in
which Streptomyces 1is the predominant
actinomycete (Luzhetskyy et al., 2007).
However, only a small amount marine fungi
has been studied. Marine fungi are also
considered a potential source of microbial
origins due to their secondary metabolites
diversity and promising biological activity,
particularly those associated with other
organism (sponge, deep sea sediments,
debris, marine plants, invertebrates and
vertebrates, etc. (Tisthammer, 2016; Frank,
2023).

MATERIALS AND METHODS

Chemicals

Chemicals used for the environment were
supplied from Hidia (India), Sigma - Aldrich
(USA), Fisher Scientific, Duc Giang
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(Vietnam). Total DNA isolation kit of
Madison (USA), Dream Tag PCR Master
mix of Thermo Scientific (Korea), Fisher
Scientific standard DNA indicator, primer
pairs for amplifying 16S rRNA gene (16sF:
5'-GAGTTTGATCCTGGCTCAQG) -3"
16sR:  5-AAGGAGGTGATCCAACC-3")
and 18S rRNA gene NS3F (5'-
GCAAGTCTGGTGCCAGCAGCC-3") va
NS8R (5'-
TCCGCAGGTTCACCTACGGA-3").

Media

The media used in microbiological
research was referenced by Stanley and Holt
(1989) with an improvement of the
Department of Pharmaceutical Chemistry
and Pharmacology, College of Pharmacy,
University of Illinois Chicago, USA: Al
(g/L): soluble starch: 10, yeast extract: 4,
peptone: 2, instant ocean: 30, agar: 15; Al+
(g/L): soluble starch: 10, yeast extract: 4,
peptone: 2, instant ocean: 30, CaCOs: 1.5 mL
of 20 mg/mL FeSOs, 5 mL of 8 mg/mL KBr,
agar agar: 15; M1 (g/L): soluble starch: 1,
yeast extract: 0.4, peptone: 0.2, instant ocean:
30, agar: 15; SWA (g/L): instant ocean: 30,
agar: 15; SCA: instant ocean: 10 g/L, CaCO3:
2mg/L, FeS0O4.7H20: 10 mg/L;
MgS04.7H20: 50 mg/L; casitone 300 mg/L;
KoHPO4: 2 g/L; KNOs: 2 g/L; agar: 15;
NZSG (g/L): soluble starch: 20, yeast extract:
5, glucose: 10, NZ amine A: 5, instant ocean:
30, agar: 15; PMDA (g/L): potatoes extract:
30, dextrose: 20, malt extract: 10; instant
ocean: 30, agar: 15; PDA (g/L): potatoes
extract: 30, dextrose: 20; instant ocean: 30,
agar: 15; ISP1 (g/L): casiton: 5, yeast extract:
3, instant ocean: 30, agar: 15; ISP2 (g/L):
soluble starch: 5, yeast extract: 2, glucose: 10,
malt extract: 10, instant ocean: 30, agar: 15.
All add water to 1000 mL.


https://pubmed.ncbi.nlm.nih.gov/?term=Kempken%20F%5BAuthor%5D
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Sampling

Samples were collected in May 2021,
according to the regulations of the Oparin
Academik vessel. The samples were taken by
hoisting to the bottom of the sea at different
coordinates by SCUBA diving and pickaxe.
The samples were placed in 50 mL falcon
tubes or plastic boxes filled with sterilized
seawater. All sample boxes must be labeled
with the site name, the date and time of the
sample collection and other information.
After being taken, the samples were then
brought to the laboratory on the vessel for
preparation of microbial isolates.

Isolation of microorganisms

Weighed 0.5 g of marine samples into a
falcon tube and dissolved in 4.5 mL of sterile
distilled water. For necessary samples that
must be preserved, gently rolling a saline
moistened cotton swab across their skin or
tissue surface. After mixing, a 1.5 mL aliquot
of suspension was added to two tubes, one
tube of each paired set was subjected to heat
shock (60°C, 8 minutes). The homogeneous
suspension was further diluted 10 times and
30 pL of the inoculum was spread evenly on
the 9 prepared media. Plates were incubated
in an incubator at 28 - 30°C for 7 to 60 days.
The form of colonies and mycelium was
observed on medium surface every day.
Separated actinobacteria-like or fungi-like
colonies were picked and subcultured on Al
medium for actinobacteria and PDA for
fungi (Qinyuan et al., 2016, Dayarathne et
al., 2020).

Generating crude extract from fermented
culture

The isolates were cultured in 1000 mL
conical flasks containing 500 mL of A1+ for

actinomycetes and PDA medium for fungi, at
28 - 30°C, 170 rpm. After 7 days of culture,
the culture was extracted with 300 mL ethyl
acetate (5 times x 15 min). The extract was
then evaporated under reduced pressure (250
mbar, heating bath at 45°C) to remove the
solvent to obtain the crude extract (Carroll et
al., 2020).

Bioassay

The antimicrobial activity of crude
extracts was determined by the multiple
dilution method of Andrews (2001). Those
crude extracts were evaluated against Gram
negative  bacteria  (Escherichia  coli
ATCC25922 (E.C), Pseudomonas
aeruginosa ATCC27853 (P.A), Salmonella
enterica ATCC13076 (S.A)), and three Gram
positive bacteria (Enterococcus faecalis
ATCC29212 (E.F), Staphylococcus aureus
ATCC25923, Bacillus cereus ATCC 14579
(B.C)) and one yeast Candida albicans
ATCC10231 (C.A)). The results of this
method are expressed as minimum inhibitory
concentration (MIC).

MIC defines in vitro levels of
susceptibility or resistance of test microbial
strains to the antibiotic or agents used.
Streptomycin (Sigma) and cycloheximide
(Merck) were used as positive controls for
bacteria and yeast. The crude extract was
initially diluted in DMSO at a decreasing
concentration range: 256, 128, 64, 32, 16, 8,
4 and 2 pg/mL for the number of experiments.
The final test microbial concentration of 2 x
10> CFU/mL per each well. All plates were
incubated at 37°C with shaking at 120 rpm.
After 24 h, read the MIC value as the value
at the well with the lowest concentration of
antimicrobial agent that completely inhibits
the visible growth of a test microbial. Three
independent trials were performed in
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triplicate for each assay (Hadacek, Greger,
2000; Andrew, 2001).

DNA and
isolated

Extraction
identification of
actinomycetes and fungi

of genomic
the

Total DNA was extracted by DNA
isolation kit of Madison (USA). Fungal cells
were mechanically disrupted by liquid
nitrogen grinding before using DNA
extraction kit. The PCR was carried out in a
25 uL mixed volume containing 10 pL sterile
ddH20, 12.5 pL PCR Master mix, 1.0 pL
primer at 10 pmol/uL concentration for each
primer, 0.5 pL (concentration
of approximately 50 ng/uL) of total DNA.
The thermal cycles of PCR were: 94°C / 2
minutes, (94°C / 1 min, 58°C (for
actinomyces) or (62°C for fungi) / 1 min
72°C / 1min 20 s) x 30 cycles, 72°C / 8
minutes and kept the sample at 8°C.
Estimated product size is about 1.5 kb for
actinomyces and 1.3 kb for fungi. PCR
products were purified using Invitrogen's
purification kit. The PCR products were
sequenced by Bioscience's ABI PRISM 3100
automated sequencer (Sambrook, Russell,
2000). Gene sequences were analyzed by
BioEdit version v.7.2 and compared with the
genes in NCBI database by multiple
sequence alignment using CLUSTALW
program. Phylogenetic tree was performed
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using the Maximum Likelihood method in
program MEGAX software (Kumar, 2008).

RESULTS AND DISCUSSION

Collection of samples and isolation of
microorganisms

The research team commits that using
samples in this study complied with
international guidelines and considered the
conservation of marine resources.

Total 38 samples were collected at 22
different coordinates along from Bach Long
Vy island - Hai Phong province to Ly Son
island - Quang Ngai province on the marine
research vessel "Oparin Academik". The
samples included 7 mollusks, 11 seaweeds, 6
sponges, 6 soft corals, 2 marine animals, 1
echinoderm and 5 sediments. Eighty strains
have been isolated with different colony
morphology and color, including 40
actinomycetes and 20 fungi strains.
Mycelium colour and diffusible pigment of
actinomycetes and fungi isolates were
determined on the basis of morphological
characterization. The detail results are
illustrated in Table 1.

After fermentation at volume of 500
mL, the cultures were extracted with ethyl
acetate solvent (5 times) to obtain crude
residues.

Table 1. Collection of samples and isolation of microorganisms summary report.

Heat
. . shock/ Strain
No. Color and morphology of colonies Sample Media Non name
heat
1 Light gray, rough colonies brown base, size . Heat
25 mm Sediment ISP2 shock G811
2 Orange, solidly grown to 1.5 mm Sponge A1 er:e:ctk G812
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Heat
No. Color and morphology of colonies Sample Media ;r:)?‘(:k/ ‘:;r;':
heat
3 Orange, firm growth to black, size 1 mm Sediment M1 Hggt G813
4 White, dry, round colonies size about 1 mm s Non G814
ponge M1 Heat
5 Orange, firm growth to black, size 1 mm Seaweed M1 Hggt G815
6 Opaque yellow, spores are pale yellow, size Non G816
0.5 mm Seaweed M1 Heat
7 Orange, solidly grown size 1 mm Soft coral M1 Hgg? G817
8 Pale pink colonies, size about 1.5 mm Sponge ISP1 l:r?:ctk G818
9 Orange colonies, size 1.5 mm Mollusk(snail) A1 l:r?:ctk G819
10  Pale orange, size about 1.5 mm Seaweed A1 l:r?:ctk G820
11 Lemon yellow, diffuse, size 1 mm Mollusk(snail) A1 Heat G821
shock
12 Pale milky yellow, slightly yellow, 1 mm Mollusk(snail) A1 Heat G822
shock
13 Opaque white, tiny, about 0.5 mm Sponge Iso1 Heat G823
P shock
14 Milky white, about 1-2 mm in size Sponge Isp2 Heat G824
P shock
15  Gray, rough colonies brown base, size 0.5 Sediment A1 Heat G825
mm shock
16  Light gray, rough colonies brown base, size Sediment SCA Heat G826
2.5 mm shock
17  Gray white, size 1-2 mm Mollusk PMDA er:e:ctk G827
18  Milky white,tiny, size 1-2 mm Sponge SCA Heat G828
shock
19  Opaque white, diffuse, size 0.5 mm Sponge SCA Heat G829
shock
20  Yellow orange to black, tough, size 0.5 mm Sponge A1 Heat G830
shock
21 Opaque white, tough, 0.5mm sea animals M1 Hggt G831
22 Yellow-orange, size 1 mm Heat G832
Sponge Isp2 shock
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Heat
No. Color and morphology of colonies Sample Media ;hOCK/ Strain
on name
heat
23  Opaque white, size 2.5 mm Soft coral M1 Non G833
Heat
24  Pale pink, diffuse, 2 mm Seaweed M1 Non G834
Heat
25  Pale opalescent, diffusely growing, size 1Tmm Sediment ISP1 Heat G835
shock
26  Yellow, filamentous, 1.5 mm Sponge M1 Heat G836
pong shock
27  Yellow colonies, size 2 mm Seaweed A1 Heat G837
shock
28  Milky white colonies, size 1.5 mm . Heat G838
echinoderms  Isp2
shock
29  Pale opaque white, size 1 mm Seaweed Heat G839
Isp2
shock
30  White opaque, mucilaginous, size 1.5 mm Seaweed Non G840
SWA
Heat
31 Pale opaque white, size 1Tmm Seaweed A1 Heat G841
shock
32  Pale orange bacteria, mucus, size 1.5 mm Non G842
Sponge M1 H
eat
33  Pale orange bacteria, mucus, size 1.5 mm Sediment SWA ngt G843
34  Colonies are yellow, filamentous, size 1.5 Mollusk PDA Heat G844
mm shock
35  Gray-white, diffuse, size 2 mm Sediment A1 Heat G845
shock
36  Milky white colonies, size 1.5 mm Heat G846
Soft coral Isp2
shock
37  Rough gray-white, diffuse, size 2.5 mm Seaweed PDA Heat G847
shock
38  Pale pink, mucilaginous, 0.5 mm Sponge Iso1 Heat G848
pong P shock
39 Orange, hardy, size 1.5 mm Soft coral SWA Non G849
Heat
40 Light gray-white, diffuse, size 1.5 mm Seaweed SWA Non G850
Heat
41  Dark moss green powdery, wrinkled surface, Heat
white thin edges Mollusk ISP1 shock OMO1
42  Light moss green powdery, wrinkled surface, . Heat
white thin edges Sediment Al shock OMO2
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Heat
No. Color and morphology of colonies Sample Media ;hOCK/ Strain
on name
heat
43 White cotton, thin edges of colonies. Seaweed PMDA er:e:ctk OMO03
44  Pale moss green, wrinkled surface, white thin Seaweed ISP2 Heat OMO04
edges shock
45 Pgle yellowish brown, smooth surface, white  Seaweed SWA Heat OMO5
thin edges shock
46  Yellowish green, smooth surface, white thin : Heat OM
sea animals PDA
edges shock 06
47 . . . Heat oM
Pale green, smooth surface, white thin edges Sediment PMDA shock 07
48  Yellowish green, smooth surface, white thin Heat oM
edges Soft coral SWA shock 08
49  Dark moss color, surface wrinkled, deeply Mollusk SWA Heat oM
ingrained in the medium, white thin edges (snail) shock 09
50 Moss gray, wrinkled surface, deeply Heat oM
ingrained in the medium, white thin edges Mollusk PMDA shock 10
51 Da!‘k mossy, deeply ingrained in the medium, Seaweed PMDA Heat oM
white thin edges shock 11
52  Dark moss color, surface wrinkled, deeply Sponge ISP2 Non oM
ingrained in the medium, white thin edges Heat 12
53  Dark brown, wrinkled surface, deeply Sponge SCA Heat oM
ingrained in the medium, white thin edges shock 13
54  Dark brown, deeply rooted in the medium, Non OM
with thin edges coral SCA Heat 14
55  White, wrinkled surface, deeply infiltrated into Non oM
the medium, thin colony edges Soft coral PDA Heat 15
56  White-yellow, wrinkled surface, deeply rooted Mollusk PMDA Heat oM
in the medium, thin edge (snail) shock 16
57 Gray, wrlnk_led surface, convex on the Seaweed SWA Non oM
medium, thin edges Heat 17
58 Mossy, surface with a white cotton layer, Heat oM
white thin edges Soft coral ISP1 shock 18
59 Mossy, wrinkled surface, white cottony edges Seaweed PMDA Heat OM
shock 19
60 Yellow, wrinkled surface, deeply ingrained in Heat oM
the medium, white thin edges Seaweed PMDA shock 20
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Screen the in vitro antimicrobial activity of
extracts

The results (Table 2) showed that 53/60
isolates had inhibitory activity from 1 to 4
strains of test microorganisms, of which 20
isolates showed antibacterial activities
against at least 3 strains of test
microorganisms. In which, 9/60 strains
exhibited antagonistic activity against 4

Table 2. MIC values of EtOAc extract of 60 strains.

Vu Thi Quyen et al.

tested microorganisms with MIC values
equal to or even lower than the positive
control. Our research results were similar in
some studied to find compounds from
marine microorganisms that have the great
ability to fight pathogenic bacteria or yeast.
Thus, marine actinomycetes and marine
fungi are among the good -candidates
(Vaibhav et al., 2014).

No. Isolates Gram + Gram - Yeast
E. ) S. B. E coli P ) S. ) C. )
faecalis aureus cereus aeruginosa enterica albicans

MIC (ug/mL)

1 G811 128 - 128 - - - 128

2 G812 256 256 128 - - - 128

3 G813 128 - - - - - -

4 G814 256 - - - - - 128

5 G815 - - - - - - 128

6 G816 - - - - - - -

7 G817 16 16 32 - - - 8

8 G818 128 128 - - - - 64

9 G819 16 64 128 - - - 16

10 G820 256 - 256 - - - -

11 G821 128 64 32 - - - 128

12 G822 - - - - - - 128

13 G823 128 64 - - - - -

14 G824 8 16 32 - - - 16

15 G825 - - 128 - - - 64

16 G826 256 - 256 - - - 128

17 G827 32 - 128 - - - 256

18 G828 - - - - - - 128

19 G829 32 - 128 - - - 128

20 G830 32 - 256 - - - 128

21 G831 - - 256 - - - 128

22 G832 - - - - - - 256

23 G833 128 256 64 - - - 128

24 G834 - - - - - - 128

25 G835 64 - 256 - - - 128

582



Vietnam Journal of Biotechnology 21(3): 575-588, 2023

26 G836 128 - - - - - -
27 G837 - - 256 - - - 64
28 G838 - - - - - - 256
29 G839 128 - 256 - - - 128
30 G840 - - - - - - 128
31 G841 - - - - - - 256
32 G842 128 256 256 - - - 64
33 G843 - - - - - - -
34 G844 - - 256 - - - 128
35 G845 - - - - - - 256
36 G846 256 - - - - - 64
37 G847 - - 256 - - - 128
38 G848 - - - - - - -
39 G849 128 256 64 - - - 64
40 G850 - - - - - - -
41 OMO01 16 32 32 - - - 16
42 OMO02 128 - - - - - 64
43 OMO03 256 - - - - - -
44 OM04 256 - - - - - -
45 OMO05 128 - - - - - -
46 OMO06 256 - - - - - -
47 OM 07 256 128 64 - - - -
48 OM 08 128 - - - - - -
49 OM 09 128 - - - - - 128
50 OoOM10 - - - - - - -
51 OM 11 - - - - - - -
52 OM12 256 - - - - - -
53 oM13 - - - - - - 64
54 OM 14 128 - - - - - -
55 OoOM15 - - - - - - 256
56 oM16 - - - - - - 64
57 oM17 - - - - - - -
58 OM18 256 - 256 - - - -
59 OM 19 128 256 256 - - - -
60 OM 20 128 256 256 - - - -
Streptomycin 256 256 128 32 256 128 -
Cyclohexamide 32

(-): not active. Streptomycin is used as reference antibiotics for bacteria and cyclohexamide for yeast.
MIC values are the means of average of three trials which did not show any variation.
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According to the MIC values in Table 2,
the 4 strains with the highest antimicrobial
activity were: G817, G819, G824 and OMO1.
All four strains were active against
Enterococcus faecalis with MICgs17 = 16
ug/mL, MICqsio = 16 ug/mL, MICqgs24 = 8
pug/mL, MIComor = 16 pg/mL; inhibited
Stapphylococus at MICgg17 = 16 pug /mL,
MICgsi9 = 64 pg/mL MICgs24 = 16 ng/mL,
MIComo1 = 32 pg/mL; were against Bacillus
cereus at MICgs17 = 32 pg/mL, MICgs19 =
128 ug/mL, MICags24 = 32 p,g/mL, MIComo1
=32 pg/mL. In addition, 4 strains were also
exhibited strong anti-yeast activity inhibit
Candida  albicans ATCC10231  with

Vu Thi Quyen et al.

MICqgi7 = 8 ug/mL, MICgsi9 = 16 pg/mL,
MICggo4= 16 pg/mL, MIComo1 = 16 pg/mL.
These 4 strains selected for further research
in the next steps.

Identification of the four isolates

Three actinomycetes strains G817, G819,
G824 were cultured for 14 days at 30°C on
starch casein agar (SCA) and OMOI1 was
raised on PDA medium for 10 days at 30°C.
The morphology of the four isolates is shown
in Figure 1. These features are consistent
with the taxonomy of the genera, Salinispora,
Pseudonocardia and the genus Penicillium.

Figure 1. Colonies of four promising strains G817(A), G819(B), G824(C) and OMO01(D).

Four isolates G817, G819, G824, OMO1
were identified based on amplification and
sequencing of the rRNA gene (16S region
for actinomycetes, 18S region for fungi).
Gene sequences were analyzed and
processed using Bioedit software. The nearly
complete 16S rRNA gene sequence of
strains G817 (1395 bp), G819 (1405 bp),
G824 (1413 bp) and nearly complete 18S
rRNA gene sequence of strains OMO1 (1160
bp) were determined and compared with
corresponding sequences in Genbank
database by Blast program.

The result of molecular identification
revealed isolates G817, G819 belongs to the
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Salinispora arenicola. Strain G817 has the
closest relationship (99.78%) with strain
Salinispora arenicola CNB-440, accession
NR 074502.1. G819 showing the highest
levels of similarity with respect to
Salinispora arenicola strain ATCC BAA-
917, accession NR042725 .1 (99.56%).
Strain G824 gene sequence exhibited 99.89%
identical to  strain  Pseudonocardia
carboxydivorans DSM 44104, accession
NR119240.1. The comparative sequence
analysis revealed that the 18S rRNA
sequence of OMOI was highly homologous
to Penicillium malachiteum CBS 647.95,
accession NG _062770.1 (99.3%). The 16S
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rRNA and 18S rRNA gene sequences of
isolates identified in this study were
submitted to GenBank with the following
accession numbers: OR884087.1
(Salinispora  arenicola  strain  G817),
OR880299.1 (Salinispora arenicola strain

G819
63

49 G817

71
34

35

G819), ORS883918.1 (Pseudonocardia
carboxydivorans  strain  G824)  and
OR758795.1 (Penicillium sp. OMO1). The
phylogenetic tree was created based on the
16s rRNA gene sequences by MEGAX
(Figure 2).

NR 042725.1 Salinispora arenicola ATCC BAA-917

NR 074502.1 Salinispora tropica CNB-440

NR 134170.1 Salinispora pacifica strain CNR-114

68

NR 180219.1 Salinispora goodfellowii strain CNY-666

NR 178474.1 Salinispora oceanensis strain CNT-138

100

65

45

33 G824

78

OoOMO1

NR 042004.1 Pseudonocardia halophobica strain IMSNU

NR 109460.1 Pseudonocardia antitumoralis strain SCSI10 01299

NR 145563.1 Pseudonocardia nematodicida strain HA11164

NR 044092.1 Pseudonocardia carboxydivorans strain Y8

NG 062770.1 Penicillium malachiteum CBS 647.95

NG 064801 .1 Penicillium paradoxum IFO 8172

o3

56 NG 062634.1 Penicillium commune CBS 343.51

31

0.50 0.40 0.30 0.20 0.10 o.00

. NG 062614.1 Penicillium hennebertii CBS 334.68

Figure 2. Phylogenetic tree based on 16S rRNA and 18S rRNA gene sequences showing
relationships between four studied strains with representative members of genera Pseudonocardia,

Salinispora and genus Penicillium.

The evolutionary history was inferred
using the Neighbor-Joining method. The
optimal tree is shown. The percentage of
replicate trees in which the associated taxa
clustered together in the bootstrap test (1000
replicates) are shown next to the branches.
The tree is drawn to scale, with branch
lengths in the same units as those of the
evolutionary distances used to infer the

phylogenetic  tree. The evolutionary
distances were computed using the Nei-
Gojobori method and are in the units of the
number of synonymous substitutions per
synonymous site. This analysis involved 18
nucleotide sequences. All ambiguous
positions were removed for each sequence
pair (pairwise deletion option). There were a
total of 549 positions in the final dataset.
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Evolutionary analyses were conducted in
MEGA X (Kumar, 2018).

The exploitation of bioactive compounds
from macro-organisms was stunted by
conservation issue. Therefore, discovering
biologically active secondary compounds in
micro-organisms related to
macroorganisms-associated is a
promising candidate solution. Marine
micro-organism resources have the potential
as source of natural products with diverse
biological functions (Chananan et a/, 2023).

The genus Pseudonocardia has been
found to produce some of secondary
metabolites with anti-bacterial, anti-fungal
and  anti-tumor  properties.  Several
antibiotics were produced by some genera in
the family Pseudonocardiaceae (e.g.
rifamycin, erythromycin (Sayed et al., 2020)
and vancomycin (Yushchuk et al., 2020)). A
marine derived actinomyces from Avilés
submarine Canyon, Pseudonocardia
carboxydivorans M-227, produced
branimycins B and C. These antibiotics
showed very good antibacterial activities
against a variety of microorganisms that
cause dangerous diseases (such as
Corynebacterium urealyticum, Clostridium
perfringens, Micrococcus luteus, Neisseria
meningitidis, Bacteroides fragilis,
Haemophilus influenzae, Escherichia coli)
and inhibit  drug-resistant  bacteria,
methicillin-resistant Staphylococcus aureus
(Alfredo et al., 2017).

Recently, there was a very valuable study
by Mexican scientists. A member of the
marine Salinispora arenicola had the ability
to inhibit bacterial pathogens growth of
Staphylococcus epidermidis, Enterococcus
faecium, Staphylococcus aureus, Klebsiella
pneumoniae,  Acinetobacer  baumannii,
Pseudomonas aeruginosa, and Enterobacter
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spp. was evaluated by cross-streaking plate
and supernatant inhibition tests. Ten
supernatants inhibited the growth of eight
strains of Staphylococcus epidermidis from
patients. Also, it inhibited the growth of six
multi-drug-resistant bacteria (Luis et al.,
2020).

Research on secondary compounds from
marine microbial sources in Vietnam has
only been started and received much
attention since more than ten years ago, with
more and more published studies. In study of
Minh et al., the extract of the fungus
Penicillium sp. M30 from Coto island, Viet
Nam possessed 10 compounds. In which, 3-
acetyl-4-hydroxycinnoline compound was
isolated for the first time from the genus
Penicillium, this compound inhibited 4/7
strains of test microbial with MIC values
from 64 - 256 pg/mL; the other compounds
also have a broad spectrum of activity
against test strains with low MIC values
(Minh et al., 2019).

CONCLUSION

From 38 samples of sediments and marine
organisms collected in the sea from Bach
Long Vy island - Hai Phong to Ly Son island
- Quang Ngai, 40 actinomycetes and 20
fungal strains were isolated. In which, 3
actinomycetes belonged to Salinispora
arenicola, Pseudonocardia carboxydivorans
and 1 fungal strain Penicillium sp. exhibited
the highest antibacterial activity against four
pathgenic microorganisms. This study
indicates the rich marine actinomycetes and
fungi diversity of Vietnam's sea and their
good biological activity for
biopharmaceutical industries.

Acknowledgement: We thank to the Project
“Research on marine microorganisms in the



Vietnam Journal of Biotechnology 21(3): 575-588, 2023

mission of the marine research vessel
"Oparin Academik" to survey in Vietnam for
the 7™ time, in order to detect biologically

active compound”  Project code:
QTRU02.10/ 21-22.

REFERENCES

Alfredo FB, Aida SV, Ignacio PV, Luis

O, Jonathan F, Juan JP, Jesis M, Mercedes
DLC, Caridad D, Francisca V, Fernando R, Luis
AG, Gloria B (2017) Branimycins B and C,
antibiotics  produced by the abyssal
actinobacterium Pseudonocardia
carboxydivorans M-227. J Nat Prod 80, 2, 569—
573. Doi: 10.1021/acs.jnatprod.6b01107.

Andrews JM (2001) Determination of minimum
inhibitory  concentrations. J  Antimicrob
Chemother 48 (1): 5-16.
Doi.org/10.1093/jac/48.suppl 1.5.

Banakar SP, Karthik L, Li Z (2019) Mass
production of natural products from microbes
derived from sponges and corals. Symbiotic

Microbiomes of Coral Reefs Sponges and Corals
505-526. Doi:10.1007/978-94-024-1612-1 _17.

Carroll RA, Copp RB, Davis AR, Keyzers AR,
Prinsep RM (2023) Marine natural products.
Natural ~ Product  Reports 2. DOI:
10.1039/c9np00069k.

Chananan N, Nutsuda C, Watanalai P, Jirayut
E, Bungonsiri I (2023) Bioactive metabolites
from terrestrial and marine actinomycetes.

Molecules 28(15): 5915.
Doi.org/10.3390/molecules28155915.
Dayarathne MC, Jones EBG,

Maharachchikumbura SSN, Devadatha B, Sarma
VV, Khongphinitbunjong K, Chomnunti P and
Hyde KD (2020) Morpho-molecular
characterization of microfungi associated with
marine based habitats. Mycosphere 11(1): 1-188.
Doi 10.5943/mycosphere/11/1/1.

Frank K, Mary AJR, Editor (2023) Marine fungi:
A treasure trove of novel natural products and for
biological. Discovery. PLoS Pathog 19(9):

€1011624. Doi: 10.1371/journal.ppat.1011624.

Hadacek F, Greger H (2000) Test of antifungal
natural products methodolagies, comparability of
result and assay choise. Phytochem Anal 90:
137-147.

Kumar S, Stecher G, Li M, Knyaz C and Tamura
K (2018) MEGA X: molecular evolutionary
genetics analysis across computing platforms.
Mol Biol Evol ~ 35(6):  1547-1549.  Doi:
10.1093/molbev/msy096.

Luis CC, Sergio MG, Juan CCD, Luis
AM, Claudia  JHG, Sergio FMD, BArbara
GA, Erika TQ (2020) Marine sediment
recovered Salinispora sp. inhibits the growth of
emerging bacterial pathogens and other multi-
drug-resistant bacteria. Pol J
Microbiol 69(3):321-330. Doi: 10.33073/pjm-
2020-035.

Luzhetskyy A, Pelzer S, Bechthold A (2007) The
future of natural products as a source of new
antibiotics. Curr Opin Investig 8(8): 608-
613. PMID: 17668363.

Minh LTH, Quynh DT, Huong DTM, Quyen VT,
Anh NM, Huyen VTT, Dang NH, Duong NTT,
Hung TM, Minh CV and Cuong PV (2019)
Chemical composition and biological activities
of metabolites from the marine
fungi Penicillium sp. isolated from sediments of
Co To island, Vietnam. Molecules 24(21), 3830.
Doi.org/10.3390/molecules24213830.

Pita L, Rix L, Slaby BM, Franke A, Hentschel U
(2018) The sponge holobiont in a changing

ocean: from microbes to  ecosystems.
Microbiome 6(1). D0i:10.1186/s40168-018-
0428-1.

Qinyuan L, Xiu C, Yi J and Chenglin J (2016)
Morphological Identification of
Actinobacteria. Actinobacteria - Basics and
Biotechnological ~Applications, China. Doi:
10.5772/61461.

Sayed AM, Abdel WNM, Hassan
HM and Abdelmohsen UR (2020)

Saccharopolyspora: an underexplored source for

587


https://pubmed.ncbi.nlm.nih.gov/?term=Bra%C3%B1a+AF&cauthor_id=28169531
https://pubmed.ncbi.nlm.nih.gov/?term=Sarmiento-Vizca%C3%ADno+A&cauthor_id=28169531
https://pubmed.ncbi.nlm.nih.gov/?term=P%C3%A9rez-Victoria+I&cauthor_id=28169531
https://pubmed.ncbi.nlm.nih.gov/?term=Otero+L&cauthor_id=28169531
https://pubmed.ncbi.nlm.nih.gov/?term=Otero+L&cauthor_id=28169531
https://pubmed.ncbi.nlm.nih.gov/?term=Fern%C3%A1ndez+J&cauthor_id=28169531
https://pubmed.ncbi.nlm.nih.gov/?term=Palacios+JJ&cauthor_id=28169531
https://pubmed.ncbi.nlm.nih.gov/?term=Mart%C3%ADn+J&cauthor_id=28169531
https://pubmed.ncbi.nlm.nih.gov/?term=de+la+Cruz+M&cauthor_id=28169531
https://pubmed.ncbi.nlm.nih.gov/?term=de+la+Cruz+M&cauthor_id=28169531
https://pubmed.ncbi.nlm.nih.gov/?term=D%C3%ADaz+C&cauthor_id=28169531
https://pubmed.ncbi.nlm.nih.gov/?term=Vicente+F&cauthor_id=28169531
https://pubmed.ncbi.nlm.nih.gov/?term=Reyes+F&cauthor_id=28169531
https://pubmed.ncbi.nlm.nih.gov/?term=Garc%C3%ADa+LA&cauthor_id=28169531
https://pubmed.ncbi.nlm.nih.gov/?term=Garc%C3%ADa+LA&cauthor_id=28169531
https://pubmed.ncbi.nlm.nih.gov/?term=Blanco+G&cauthor_id=28169531
https://doi.org/10.1093/jac/48.suppl_1.5
https://pubmed.ncbi.nlm.nih.gov/?term=Ngamcharungchit+C&cauthor_id=37570885
https://pubmed.ncbi.nlm.nih.gov/?term=Chaimusik+N&cauthor_id=37570885
https://pubmed.ncbi.nlm.nih.gov/?term=Panbangred+W&cauthor_id=37570885
https://pubmed.ncbi.nlm.nih.gov/?term=Euanorasetr+J&cauthor_id=37570885
https://pubmed.ncbi.nlm.nih.gov/?term=Euanorasetr+J&cauthor_id=37570885
https://pubmed.ncbi.nlm.nih.gov/?term=Intra+B&cauthor_id=37570885
https://doi.org/10.3390/molecules28155915
https://pubmed.ncbi.nlm.nih.gov/?term=Kempken%20F%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10513230/
https://doi.org/10.1371%2Fjournal.ppat.1011624
https://pubmed.ncbi.nlm.nih.gov/?term=Contreras-Castro+L&cauthor_id=33574861
https://pubmed.ncbi.nlm.nih.gov/?term=Mart%C3%8Dnez-Garc%C3%8Da+S&cauthor_id=33574861
https://pubmed.ncbi.nlm.nih.gov/?term=Cancino-Diaz+JC&cauthor_id=33574861
https://pubmed.ncbi.nlm.nih.gov/?term=Maldonado+LA&cauthor_id=33574861
https://pubmed.ncbi.nlm.nih.gov/?term=Maldonado+LA&cauthor_id=33574861
https://pubmed.ncbi.nlm.nih.gov/?term=Hern%C3%81ndez-Guerrero+CJ&cauthor_id=33574861
https://pubmed.ncbi.nlm.nih.gov/?term=Mart%C3%8Dnez-D%C3%8Daz+SF&cauthor_id=33574861
https://pubmed.ncbi.nlm.nih.gov/?term=Gonz%C3%81lez-Acosta+B&cauthor_id=33574861
https://pubmed.ncbi.nlm.nih.gov/?term=Gonz%C3%81lez-Acosta+B&cauthor_id=33574861
https://pubmed.ncbi.nlm.nih.gov/?term=Quintana+ET&cauthor_id=33574861
https://www.mdpi.com/search?authors=Quynh%20Thi%20Do&orcid=
https://www.mdpi.com/search?authors=Mai%20Huong%20Thi%20Doan&orcid=
https://www.mdpi.com/search?authors=Quyen%20Thi%20Vu&orcid=
https://www.mdpi.com/search?authors=Mai%20Anh%20Nguyen&orcid=
https://www.mdpi.com/search?authors=Thu%20Huyen%20Thi%20Vu&orcid=
https://www.mdpi.com/search?authors=Hai%20Dang%20Nguyen&orcid=
https://www.mdpi.com/search?authors=Nguyen%20Thi%20Thuy%20Duong&orcid=
https://www.mdpi.com/search?authors=Manh%20Hung%20Tran&orcid=0000-0003-3061-7952
https://www.mdpi.com/search?authors=Van%20Minh%20Chau&orcid=
https://www.mdpi.com/search?authors=Van%20Cuong%20Pham&orcid=
https://doi.org/10.3390/molecules24213830
https://www.intechopen.com/books/5056
https://www.intechopen.com/books/5056

bioactive natural products. J Appl Microbiol
128, 314-329. Doi.org/10.1111/jam.14360.

Spellberg B, Powers JH, Brass EP, Miller LG,
Edwards JE (2004) Trends in antimicrobial drug
development: implications for the future.
Clin Infect Dis 38(9): 1279-1286.
Doi.org/10.1086/420937.

Tisthammer KH, Cobian GM, Amend AS (2016)
Global biogeography of marine fungi is shaped
by the environment. Fungal Ecol 19: 39-46.
Doi.org/10.1016/j.funeco.2015.09.003.

588

Vu Thi Quyen et al.

Vaibhav A, Pradipta T, Rajashri P, Sreekumar
ES, Girish M, Prabhu DM, Lisette DS, Prafull R

(2014)  Caerulomycin  A-An  antifungal
compound isolated from marine actinomycetes. J
Adv Microbiol 4: 567-578.

DOI: 10.4236/aim.2014.49063.

Yushchuk O, Binda E, Marinelli
F (2020) Glycopeptide antibiotic  resistance
genes: distribution and function in the producer
actinomycetes. Front Microbiol

11. Doi.org/10.3389/fmicb.2020.01173.


https://doi.org/10.1111/jam.14360
https://doi.org/10.1086/420937
https://doi.org/10.1016/j.funeco.2015.09.003
http://www.scirp.org/journal/Aim/
http://www.scirp.org/journal/Aim/
http://dx.doi.org/10.4236/aim.2014.49063
https://doi.org/10.3389/fmicb.2020.01173

