ACADEMIA JOURNAL OF BIOLOGY 2023, 45(1): 45-54
DOI: 10.15625/2615-9023/17902

BACTERIAL DIVERSITY IN THE SEDIMENTS
OF THREE LAGOONS IN CENTRAL VIETNAM

Tran Thi Hong"", Pham Viet Cuong®, Nguyen Van Phuong®

'Mientrung Institute for Scientific Research, Vietnam National Museum of Nature,
VAST, Vietnam
“University of Science and Technology of Hanoi, VAST, Vietnam

Received 26 November 2022; accepted 15 March 2023

ABSTRACT

The prokaryotic community in sediment plays an important role in the nutrient cycles of lagoon
ecosystems. However, the diversity of microbiota in sediments of Vietnamese lagoons has not
been discovered. In this study, sediment samples from three lagoons in Central Vietham were
collected. The microbial community structure in the sediments was determined using Illumina
sequencing of 16S rRNA at V3V4 regions. Mother software was used to analyze the data and
identify the Operational Taxonomic Units (OTUs). Proteobacteria, Firmicutes,
Campilobacterota, and Bacteroidetes were the major phyla in three lagoons, while Fusobacteria,
Verrucomicrobia, Acidobacteria, Actinobacteria, and Chloroflexi were the minor. These groups
of bacteria have been reported to be involved in organic metabolism cycles in sediments. Tam
Giang lagoon showed more diversity in species composition when compared with Nai and Thi
Nai lagoons. Class Clostridia were predominant in Tam Giang sediment (46%), which may
indicate the presence of organic sewage in the environment. Thi Nai and Nai lagoons witnessed
the significant presence of Lactobacilales and Vibrionales. While Vibrionales is an indicator of
urban pollution, Lactobacilales and other groups of phylum Actinobacteria were potential
materials for the screening of natural antibiotics.
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INTRODUCTION

The lagoon ecosystem is an important
environment for the biodiversity of coastal
countries. With different types of habitats
such as estuaries, swamps, grasslands,
mangroves, tidal flats, etc., the lagoon shows
a diverse species composition of animals and
plants. In the lagoon, the sediment acts as a
storage pool for organic matter, inorganic
nutrients, and toxic metals larowem, nayak.
The nutrients in the lagoon ecosystem are
accumulated in the lagoon sediment and then
gradually diffused into the environment
(Forsberg, 1989). Due to the presence of high
amounts of nutrients in the sediments, resident
microbial communities are very dense (Ajao
& Fagade, 1990; Borin et al., 2009; Chaouni
et al., 2022). These microorganisms are
involved in the maintenance and control of the
biochemical cycle of the basic elements of life
(H, C, N, O, S, and P), therefore, play an
important role in the re-mineralization of
nutrients (Chapelle, 1995; Herbert, 1999). The
composition and diversity of microorganisms
in the sediment of the lagoon have a strong
influence on the conservation and sustainable
development of lagoon ecosystems.

Many studies have targeted lagoon
systems to explore biodiversity and develop
biotechnology applications (De Vuyst &
Leroy, 2007; de Wit, 2011; Garrido et al.,
2011). Biodiversity in the lagoons of central
Vietnam has been reported (Beleneva et al.,
2007; Ha et al., 2021; Nguyen & Truong-Si,
2006), but only for the water layer. The
diversity of the prokaryotic community in the
sediment remains unexplored. In this study,
three typical coastal lagoon systems of Central
Vietnam including Tam Giang, Thi Nai, and
Nai lagoon were selected to analyze the
biodiversity of prokaryotic communities in the
sediment of these lagoons using 16S amplicon
sequencing due to their importance to the
coastal ecosystem.

MATERIALS AND METHODS

Study sites and sediment sampling Tam
Giang - Cau Hai system is the largest brackish
water lagoon in Southeast Asia. This area
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stretches for 68 km with a total water surface
area of 216 km? accounting for 48.2% of the
water surface area of lagoons in Vietnam. Thi
Nai lagoon has an area of 50 km? 15.6 km
long and 3.9 km wide, and Nai lagoon has an
area of 8 km? 3.5 km long and 3 km wide.
Tam Giang (16°62°02”N - 107°49°73”E), Thi
Nai (13°49°44”N - 109°14°06”E) and Nai
lagoons (11°37°17°N 109°1°417E) are
distributed along the latitude, located in the
north, in the middle in the south of Central
Vietnam, respectively, corresponding to the
provinces of Thua Thien Hue, Binh Dinh and
Ninh Thuan provinces. They are all located in
the tropical monsoon region, with the typical
tropical coastal ecological system.

For each lagoon, 5 sites were selected for
sampling, including the lagoon mouth, the
middle of the lagoon, the shallow area 100 m
from the shore, the estuaries, and the
mangrove site. Sampling sites were described
in Figure 1. At each sampling site, 4 sediment
samples were taken to 30 cm depth by
collecting pipes. These samples were then
stored in sterile tubes, and transported into the
lab with ice packs for DNA extraction.
Microbial DNA in the sediment samples was
extracted by PowerMax® Soil DNA Isolation
Kit, following the manufacturer's instructions
(MO BIO Laboratories, Carlsbad, CA, USA).
The extracted DNA from each site was pooled
in equal amounts to make a bulk DNA sample
representing for each lagoon.

DNA  extraction
amplification

The V3V4 region of 16S rRNA was then
amplified by PCR reaction with primers
341F (5’-CTACGGGNGGCWGCAG-3’)
and 806R (5’-GGACTACNNGGGTATCT
AAT-3") (NovogeneAlIT, Singapore). Each
10 pL reaction included 0.5 pL of forward
primer (10 pM), 0.5 pL of reverse primer
(10 pM), 0.2 pL of DMSO, 4.5 pL of
Phusion Master Mix (2x), and 4.3 pL of
template DNA. The PCR program for 16s
rRNA gene was as follows: pre-denaturation
at 98 °C for 2 min, then 30 cycles of 30 s at
95 °C, 30 s at 55 °C, 30 s at 72 °C and finally
5 min at 72 °C. The PCR products were then

and 16S V3V4
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checked by electrophoresis on 2% agarose
gel. The target band was extracted from gels

using the Qiagen Gel Extraction Kit (Qiagen,
Germany).

¥ 2. Thi Nai lagoon ', & 3.Nai lagoon

Figure 1. Sampling sites in overview (a) with three lagoons of Tam Giang (1), Thi Nai (2)
and Nai (3) and positions of collected samples in each lagoon, respectively (b, c, d)
[Source: Google Earth, 2022]

Sequencing and data analysis

The sequencing library was constructed
using the NEBNext Ultra DNA Library Pre®
Kit for Illumina (New England Biolabs, UK)
following the manufacturer’s instructions and
index codes were added. The quality of the
library was assessed by Qubit @ 2.0
Fluorometer spectrometer (Thermo Scientific,
USA) and Agilent Bioanalyzer 2100 system.
Finally, the library was sequenced on an
Illumina Novaseq 6000 platform with 250 bp
paired-end reads.

Paired-end reads are assembled using the
make.contig command in Schloss et al.
(2009). Assembled sequence reads containing
ambiguous bases and contigs longer than 500
bps were removed. Cleaned reads were then

aligned with the Silva databases version 138.
The aligned reads were classified using the
classify.segs, cluster.split and classify.otus
commands. The 16S Silva 138 99% OTU full-
length sequences database and the RPD
version 18 training dataset (July, 2020) were
used for assigning sequences to Operational
Taxonomic Units (OTUs) with 97% similarity.
Chimera and  non-bacterial ~ sequences
(Chloroplast, Mitochondria, Eukaryota,
unknown) were filtered out of the data.

RESULTS AND DISCUSSION

16S rRNA amplification and sequencing
characteristics

The V3V4 sequence region of the 16S
rRNA gene was amplified using primers 341F
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and 806R. PCR product was examined by 2%
agarose gel electrophoresis, showing a single
and clear band, about 450 bp in size. After
sequencing, about 16,000 sequence reads
were obtained for each sample. These
sequences were classified by Mothur and
OTUs were identified at 3% cutoff. After
filtering out low-quality sequences, chimaeras
and non-bacterial sequences as described
earlier, about 110,000 clean sequence reads
per sample, representing 70% of the original
data, were assigned to OTUs. The rarefaction
curves of three samples with the number of
sequences reads and OTUs were displayed in
Figure 2. Tam Giang lagoon showed the
highest richness at the species level with
15,978 OTUs from 113,445 16S rRNA
sequence reads. Meanwhile, Thi Nai and Nai
lagoons only produced 8,414 and 7,115 OTUs
with 122,026 and 128,944 sequence reads,
respectively.
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Figure 2. The number of OTUs and the
corresponding number of reads in the samples
of three lagoons Tam Giang, Thi Nai, and Nai

were exhibited by rarefaction curves

Table 1. Characteristics of 16S rRNA sequencing

Sample ID Number of raw reads Number of cleaned reads Number of OTUs
Tam Giang 160,947 113,445 15,978
Thi Nai 166,837 122,026 8,414
Nai 165,205 128,944 7,115

Composition of bacterial communities

The relative abundance of major phyla
was shown in Figure 3. Proteobacteria were
predominant in Thi Nai and Nai lagoons,
followed by Firmicutes. Meanwhile, in Tam
Giang lagoon, Firmicutes accounted for the
most significant percentage. Proteobacteria
accounted for 55.60%, 43.54%, and 25.35%
in Nai, Thi Nai, and Tam Giang lagoons,
respectively, while Firmicutes were 30.75%,
32.68%, and 48.13%. Campilobacterota was
the third largest phylum in the Nai and Thi
Nai lagoon samples with more than 10% per
each but was found in a tiny proportion in the
Tam Giang lagoon (0.09%). The phylogenetic
composition at the phylum level in the Thi
Nai and Nai lagoon samples was highly
similar, however, there was an exception for
the phylum Bacteroidetes. Bacteroidetes
accounted for 7.78% in the Thi Nai lagoon,
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while were less presented in the Nai lagoon
(1.26%).

In Nai and Thi Nai lagoons, more than
95% of sequence reads belonging to the four
main phyla: Proteobacteria, Firmicutes,
Campilobacterota, and Bacteroidetes, the
other phyla only accounted for a small
proportion (total less than 5%). Meanwhile,
the Tam Giang lagoon showed high diversity
at the phylum level, with a significant
proportion of Verrucomicrobia (2.81%),
Acidobacteria (2.93%), Chloroflexi (1.86%)
and Actinobacteria (0.82%).

The composition of bacterial communities
at lower taxonomic levels (phylum, class, and
order) was visualized using the krona pie
charts (Figs. 4, 5, 6). In phylum
Proteobacteria, the Tam Giang lagoon
showed the most diversity at class and order
levels, with the relevant presence of all 3
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classes Beta, Delta, and
Gammaproteobacteria and a small proportion
of Alphaproteobacteria. Meanwhile, Thi Nai
and Nai samples were dominated by
Gammaproteobacteria. Delta subgroup was
observed with 4% in Thi Nai lagoon, but only
1% in Nai. Proteobacteria is a diverse phylum
that has been reported to predominate in many
lagoons (Borin et al., 2009; Chaouni et al.,
2022). These include bacterial species
involved in the biodegradation and synthesis
of amino acids (Dang & Lovell, 2000; Gupta,
2000). Alphaproteobacteria is known for
nitrate elimination (Vincent et al., 1994;
Zhang et al., 2022), while Deltaprotebacteia,
which includes the order Desulfobacterales

and Desulfuromonadales, is responsible for
sulfate and sulfur reduction (Guyoneaud et al.,
1997; Guyoneaud et al., 2002). Chromatiales,
an order belonging to Gammaproteobacteria,
is also involved in completing the nitrogen
cycle in sediments (Guyoneaud et al., 1997).
These bacterial groups were found in certain
proportions in the Tam Giang lagoon but in a
lower proportion in the Thi Nai lagoon and a
very small component in the Nai lagoon. Nai
lagoon was dominated by order Vibrionales
(41%), the group of bacteria commonly found
in polluted marine areas (Garay et al., 1985).
This indicated that the Nai lagoon might be
affected by urban pollution more than the
other two lagoons.

Proteobacteria

Firmicutes

y 1 10.18%
Campilobacterota

Bacteroidetes
Fusobacteria
Acidobacteria
Verrucomicrobia
Chloroflexi
Actinobacteria
Bacteria_unclassified
11.96%
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Figure 3. Relative abundance of main bacterial phyla isolated in bottom mud samples
from three lagoons of Tam Giang, Thi Nai, and Nai
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Figure 4. Taxonomic profile of the bacterial
community in Tam Giang lagoon visualized
using KRONA

A
e

Figure 5. Taxonomic profile of the bacterial
community in Thi Nai lagoon visualized
using KRONA

The composition of bacterial communities
at lower taxonomic levels (phylum, class and
order) was visualized using the krona pie
charts (Figs. 4, 5, 6). In phylum
Proteobacteria, the Tam Giang lagoon
showed the most diversity at class and order
levels, with the relevant presence of all 3
classes Beta, Delta and Gammaproteobacteria
and a small proportion of
Alphaproteobacteria. Meanwhile, Thi Nai and
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Nai  samples were  dominated by
Gammaproteobacteria. Delta subgroup was
observed with 4% in Thi Nai lagoon, but only
1% in Nai. Proteobacteria is a diverse phylum
that has been reported to predominate in many
lagoons (Borin et al., 2009; Chaouni et al.,
2022). These include bacterial species
involved in the biodegradation and synthesis
of amino acids (Dang & Lovell, 2000; Gupta,
2000). Alphaproteobacteria is known for
nitrate elimination (Vincent et al., 1994;
Zhang et al., 2022), while Deltaprotebacteia,
which includes the order Desulfobacterales
and Desulfuromonadales, is responsible for
sulfate and sulfur reduction (Guyoneaud et al.,
1997; Guyoneaud et al., 2002). Chromatiales,
an order belonging to Gammaproteobacteria,
is also involved in completing the nitrogen
cycle in sediments (Guyoneaud et al., 1997).
These bacterial groups were found in certain
proportions in the Tam Giang lagoon, but in a
lower proportion in the Thi Nai lagoon and a
very small component in the Nai lagoon. Nai
lagoon was dominated by order Vibrionales
(41%), the group of bacteria commonly found
in polluted marine areas (Garay et al., 1985).
This indicated that the Nai lagoon might be
affected by urban pollution more than the
other two lagoons.
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Figure 6. Taxonomic profile of the bacterial
community in Nai lagoon visualized
using KRONA
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Phylum Firmicutes showed less diversity
when compared with Proteobacteria. The
composition in this phylum was significantly
different between the Tam Giang lagoon and
the other two lagoons in Tam Giang lagoon,
phylum Firmicutes was presented by class
Clostridia and order Clostridiales (46%),
while in the Thi Nai and Nai samples,
Firmicutes was dominated by class Bacilli and
order Lactobacilales (27% and 20%).
Clostridiales are involved in the anaerobic
decomposition of organic matter (Mckew et
al., 2013; Skanavis & Yanko, 2001), and the
presence of this bacterial group in the
sediments of Tam Giang lagoon was a
potential indicator for the sewage solids from
the surrounding animal and agquaculture farms
(Skanavis & Yanko, 2001). In contrast, Thi
Nai and Nai lagoons showed a high
percentage of Lactobacilales (27% and 20%,
respectively). This order belonged to Lactic
acid bacteria (LAB), the group is known for
their ability to synthesize antimicrobial
substances (Alakomi et al., 2000; De Vuyst &
Leroy, 2007). The isolation of Lactobacillus
strains from sediments has received increasing
attention in recent years, due to their potential
applications as natural preservatives in the
food industry (Issazadeh et al., 2012; Wu et
al., 2021).

Most OTUs of Campilobacterota phylum
were classified as order Campylobacterales
and most members of Bacteroidetes belonged
to the order Bacteroidales. Campylobacterale
were responsible for sulfide-oxidizing in Nai
and Thi Nai lagoons, while Bacteroidales
might relate to the high level of organic matter
(Mann et al., 2013) (fecal pellets, algae and
invertebrates) in Tam Giang and Thi Nai
lagoons. Other phyla like Fusobacteria,
Verrucomicrobia, Acidobacteria and
Chloroflexi have been reported to be involved
in the degradation of biopolymers (Cardman
et al., 2014; Pelikan et al., 2021; Zhao et al.,
2004), methane (Greening et al., 2015) and
halogenated solvents (Thiel et al., 2019).
Some strains of Actinobacteria have been
isolated from sediments for the discovery of

new natural antibiotics (Hussein et al., 2018;
Ribeiro et al., 2020; Savitha et al., 2022).

CONCLUSION

This study, for the first time, investigated
the diversity of microbial communities in the
sediments of three important lagoons in
Central  Vietnam.  Proteobacteria  and
Firmicutes were the two phyla that accounted
for the largest proportion in all three lagoons,
however, there were significant differences in
the composition of each phylum. The
microbial composition in the sediment of
these lagoons was closely related to the
carbon, nitrogen and sulfur cycles in the
ecosystem, and reflected the presence of
organic matter and urban pollutants in the
environment. The microbial resources in the
sediment of Tam Giang, Thi Nai and Nai
lagoons also showed potential application for
the identification and development of new
bioactive natural products.

Acknowledgements: ~ This  study  was
financially supported by the Vietnam
Academy of Science and Technology under
grant number NVCC36.02/22-22.

REFERENCES

Ajao E. A., Fagade S. O., 1990. A study of the
sediments and communities in Lagos
Lagoon, Nigeria. Oil Chem. Pollut., 7:
85-117.  https://doi.org/10.1016/S0269-
8579(05)80017-6

Alakomi H. L., Skytta E., Saarela M., Mattila-
Sandholm T., Latva-Kala K., Helander I.
M., 2000. Lactic acid permeabilizes gram-
negative bacteria by disrupting the outer
membrane. Appl. Environ. Microbiol., 66:
2001-2005. https://doi.org/10.1128/
AEM.66.5.2001-2005.2000

Beleneva I. A., Zhukova N. V., Le Lan H.,
Tran D. H. N., 2007. Taxonomic
composition of bacteria associated with
cultivated mollusks Crassostrea lugubris
and Perna viridis and with the water
of the Gulf of Nha Trang lagoon,
Vietnam. Microbiology, 76: 220-228.
https://doi.org/10.1134/S00262617070201
42

51


https://doi.org/10.1134/S0026261707020142
https://doi.org/10.1134/S0026261707020142

Tran Thi Hong et al.

Borin S., Brusetti L., Daffonchio D., Delaney
E., Baldi F., 2009. Biodiversity of
prokaryotic communities in sediments of
different sub-basins of the Venice lagoon.
Res. Microbiol., 160: 307-314.
https://doi.org/10.1016/j.resmic.2009.04.0
05

Cardman Z., Arnosti C., Durbin A., Ziervogel
K., Cox C., Steen A. D., Teske A., 2014,
Verrucomicrobia are candidates for
polysaccharide-degrading
bacterioplankton in an Arctic fjord of
Svalbard. Appl. Environ. Microbiol., 80:

3749-3756. https://doi.org/10.1128/
AEM.00899-14
Chaouni B., Azami A. 1., Essayeh S,

Arrafiqui E. H., Bailal A., Raoui S.,
Amzazi S., Twaddle A., El Hamouti C.,
Boukhatem N., Timinouni M., El Otmani
F., Chahboune R., Barrijal S., EI Homani
A., Nejjari C., Zaid E. H., Hamamouch
N., Bakkali F., Amaral-Zettler L., Ghazal
H., 2022. Moroccan Lagoon
Microbiomes. Water (Switzerland): 14.
https://doi.org/10.3390/w14111715

Chapelle A., 1995. A preliminary model of
nutrient cycling in sediments of a
Mediterranean lagoon. Ecol. Modell., 80:

131-147.  https://doi.org/10.1016/0304-
3800(94)00073-Q
Dang H., Lovell C. R., 2000. Bacterial

primary colonization and early succession
on surfaces in marine waters as
determined by amplified rRNA gene
restriction analysis and sequence analysis
of 16S rRNA genes. Appl. Environ.
Microbiol., 66: 467-475. https://doi.org/
10.1128/AEM.66.2.467-475.2000

De Vuyst L., Leroy F., 2007. Bacteriocins
from lactic acid bacteria: Production,
purification, and food applications. J. Mol.
Microbiol. Biotechnol.,, 13: 194-199.
https://doi.org/10.1159/000104752

de Wit R., 2011. Biodiversity of Coastal

Lagoon Ecosystems and Their
Vulnerability to Global Change, in: Grillo,
O. (Ed.), Ecosystems Biodiversity.

52

InTech: 29-40. https://doi.org/10.5772/
24995

Forsberg C., 1989. Importance of sediments in
understanding nutrient cyclings in lakes.
Hydrobiologia, 176: 263-277.
https://doi.org/10.1007/BF00026561

Garay E., Armmau A., Amaro C., 1985.
Incidence of Vibrio cholerae and related
vibrios in a coastal lagoon and seawater
influenced by lake discharges along an
annual cycle. Appl. Environ. Microbiol.,
50: 426-430. https://doi.org/10.1128/
aem.50.2.426-430.1985

Garrido J., Perez-Bilbao A., Joao C., 2011.
Biodiversity and Conservation of Coastal
Lagoons, in: Grillo, O. (Ed.), Ecosystems
Biodiversity. InTech: 1-29.
https://doi.org/10.5772/24934

Greening C., Carere C. R., Rushton-Green R.,
Harold L. K., Hards K., Taylor M. C.,
Morales S. E., Stott M. B., Cook G. M.,
2015. Persistence of the dominant soil
phylum Acidobacteria by trace gas
scavenging. Proceedings of the National
Academy of Sciences, 112: 10497-10502.
https://doi.org/10.1073/pnas.1508385112

Gupta R. S., 2000. The phylogeny of
proteobacteria: Relationships to other
eubacterial phyla and eukaryotes. FEMS
Microbiol. Rev., 24: 367-402.
https://doi.org/10.1016/S0168-
6445(00)00031-0

Guyoneaud Rémy Matheron R., Liesack W.,
Imhoff J. F., Caumette P., 1997.
Thiorhodococcus minus, gen. nov., sp.
nov., a new purple sulfur bacterium
isolated from coastal lagoon sediments.
Arch. Microbiol., 168: 16-23.
https://doi.org/10.1007/s002030050464

Guyoneaud R, Matheron R., Liesack W.,
Imhoff J. F., Caumette P., 1997.
Thiorhodococcus minus, gen. nov., sp.
nov., A new purple sulfur bacterium
isolated from coastal lagoon sediments.
Arch. Microbiol., 168: 16-23.
https://doi.org/10.1007/s002030050464



Bacterial diversity in the sediments

Guyoneaud R., Mouné S., Eatock C., Bothorel
V., Hirschler-Réa A., Willison J., Duran
R., Liesack W., Herbert R., Matheron R.,
Caumette P., 2002. Characterization of
three spiral-shaped purple nonsulfur
bacteria isolated from coastal lagoon
sediments, saline sulfur springs, and
microbial mats: Emended description of
the genus Roseospira and description of
Roseospira marina sp. nov., Roseospira
nava. Arch. Microbiol., 178: 315-324.
https://doi.org/10.1007/s00203-002-0454-y

Ha N. T., Pham T. D, Tran T. T. H., 2021.
Zoning Seagrass Protection in Lap An
Lagoon, Vietnam Using a Novel
Integrated Framework for Sustainable
Coastal Management. Wetlands, 41: 1-15.
https://doi.org/10.1007/s13157-021-
01504-8

Herbert R. A., 1999. Nitrogen cycling in
coastal marine ecosystems. FEMS
Microbiol. Rev., 23: 563-590.
https://doi.org/10.1016/S0168-6445(99)0
0022-4

Hussein E. I., Jacob J. H., Shakhatreh M. A.
K., Abd Al-Razag, M. A., Juhmani, A. S.
F., Cornelison C. T., 2018. Detection of
antibiotic-producing Actinobacteria in the
sediment and water of Ma’in thermal
springs (Jordan). Germs, 8: 191-198.
https://doi.org/10.18683/germs.2018.1146

Issazadeh K., Pahlaviani M. R. M. K,
Massiha A., n.d. Isolation of Lactobacillus
Species from Sediments of Caspian Sea
for Bacteriocin Production.

Mann A. J., Hahnke R. L., Huang S., Werner
J., Xing P., Barbeyron T., Huettel B.,
Stiber K., Reinhardt R., Harder J.,
Glockner F. O., Amann R. I., Teeling H.,
2013. The genome of the alga-associated
marine flavobacterium Formosa
agariphila KMM 3901T reveals a broad

potential for degradation of algal
polysaccharides. Appl. Environ.
Microbiol., 79: 6813-6822.

https://doi.org/10.1128/AEM.01937-13

Mckew B. A., Dumbrell A. J., Taylor J. D.,
Mcgenity T. J., Underwood G. J. C., 2013.

between  aerobic  and
anaerobic degradation of
microphytobenthic biofilm-derived
organic matter within intertidal sediments.
FEMS Microbiol. Ecol., 84: 495-509.
https://doi.org/10.1111/1574-6941.12077

Nguyen C., Truong-Si H. T., 2006.
Zooplankton abundance and species
diversity in Qui Nhon coastal waters,
South Central Vietnam in June 2004.
Coast. Mar. Sci., 30: 328—-333.

Pelikan C., Wasmund K., Glombitza C.,
Hausmann B., Herbold C. W., Flieder M.,

Differences

Loy A, 2021. Anaerobic bacterial
degradation of protein and lipid
macromolecules in  subarctic marine
sediment. ISME J., 15 833-847.

https://doi.org/10.1038/541396-020-00817-6

Ribeiro 1., Girdo M., Alexandrino D. A. M.,
Ribeiro T., Santos C., Pereira F., Mucha
A. P., Urbatzka R., Ledo P. N., Carvalho
M. F., 2020. Diversity and bioactive
potential of actinobacteria isolated from a
coastal marine sediment in Northern
Portugal. Microorganisms, 8: 1-16.
https://doi.org/10.3390/microorganisms81
11691

Savitha T., Khalifa A., Sankaranarayanan A.,
2022. Isolation of Actinobacteria from
Soil and Marine Sediment Samples BT -
Methods in  Actinobacteriology, in:
Dharumadurai, D. (Ed.). Springer US,
New York, NY, pp. 1-5. https://doi.org/
10.1007/978-1-0716-1728-1 1

Schloss P. D., Westcott S. L., Ryabin T., Hall
J. R.,, Hartmann M., Hollister E. B.,
Lesniewski R. A., Oakley B. B., Parks D.
H., Robinson C. J., Sahl J. W., Stres B.,
Thallinger G. G., Van Horn D. J., Weber
C. F., 2009. Introducing mothur: Open-

source, platform-independent,
community-supported software for
describing and comparing microbial

communities. Appl. Environ. Microbiol.,
75: 7537-7541. https://doi.org/10.1128/
AEM.01541-09

Skanavis C., Yanko W. A., 2001. Clostridium
perfringens as a potential indicator for the

53



Tran Thi Hong et al.

presence of sewage solids in marine
sediments. Mar. Pollut. Bull., 42: 31-35.
https://doi.org/10.1016/50025-326x(00)00
087-4

Thiel V., Fukushima S. I., Kanno N., Hanada
S., 2019. Chloroflexi. Encycl. Microbiol.,
4e: 651-662. https://doi.org/10.1016/
B978-0-12-809633-8.20771-1

Vincent P., Pignet P., Talmont F., Bozzi L.,
Fournet B., Guezennec J., Jeanthon C.,
Prieur D., 1994. Production and
characterization of an exopolysaccharide
excreted by a deep-sea hydrothermal vent
bacterium isolated from the polychaete
annelid Alvinella pompejana.  Appl.
Environ. Microbiol., 60: 4134-4141.
https://doi.org/10.1128/aem.60.11.4134-
4141.1994

Wu C., Zhang G., Xu W., Jian S., Peng L., Jia
D., Sun J., 2021. New estimation of
antibiotic resistance genes in sediment

54

along the Haihe River and Bohai Bay in
China: A comparison between single and
successive DNA extraction methods.
Front. Microbiol., 12: 1-14.
https://doi.org/10.3389/fmich.2021.705724

Zhang N., Zhang Y., Bohu T., Wu S., Bai Z.,
Zhuang X., 2022. Nitrogen removal
characteristics and constraints of an
alphaproteobacteria with potential for high
nitrogen content heterotrophic
nitrification-aerobic denitrification.
Microorganisms:  10.  https://doi.org/
10.3390/microorganisms10020235

Zhao J. S., Spain J., Thiboutot S., Ampleman
G., Greer C., Hawari J., 2004. Phylogeny of
cyclic nitramine-degrading psychrophilic
bacteria in marine sediment and their
potential role in the natural attenuation of
explosives. FEMS Microbiol. Ecol., 49:
349-357. https://doi.org/10.1016/
J-femsec.2004.04.008


https://doi.org/10.3390/microorganisms10020235
https://doi.org/10.3390/microorganisms10020235

