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ABSTRACT

The search for new antibacterial compounds using sources derived from marine biota is interesting
to develop, considering that Indonesia has diversity of a very large microorganisms and has the
potential to produce antibacterial substances. One of the microbial resources that has not been
widely exploited is the microorganisms present in deep sea sediments. The deep sea has
variations in the availability of nutrients, light, oxygen, concentration, pressure, salinity, and
temperature. This condition also triggers marine microorganisms to develop unique physiological
abilities. The physiological ability of deep sea microorganisms not only to survive, but also has an
impact on their ability to produce unique metabolites that are not owned by terrestrial
microorganisms. Here we will review some reported study on the search of antibacterial
compounds from microorganisms isolated from the deep sea sediment. The fundamental basic of
antibacterial will be discussed followed by several reported antibacterial compounds from the
sediment bacteria. This opens door for the search of new microorganisms that produced new
chemical compounds with beneficial application in human health as well as in other field.
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1. INTRODUCTION

In the last 50 years, the marine environment has
become the source of more than 20,000 natural
products although this is still rarely done [1].
However, with the development of the times and
the emergence of new techniques such as scuba
diving, marine organisms began to be collected
and studied for their secondary metabolites.
From these efforts, more than 22,000 secondary
metabolites were isolated from marine
microorganisms and a significant percentage
was found that these metabolites have biological
activity [1].

One of the microbial resources that has not been
widely exploited is the microorganisms present in
deep sea sediments. Deep sea habitats are
aquatic environments with a depth of 3000 m or
more and part of the environment is in the form
of biogenic sediments [2]. The deep sea has
variations in the availability of nutrients, light,
oxygen, concentration, pressure, salinity, and
temperature [3]. This condition also triggers
marine microorganisms to develop unique
physiological abilities. The physiological ability of
deep-sea microorganisms not only to survive, but
also has an impact on their ability to produce
uniqgue metabolites that are not owned by
terrestrial microorganisms [3,4].

Through molecular studies of the ecology of
marine microorganisms, especially those from
deep sea sediments, various active compounds
have been isolated and identified including
antibacterial [5,6]. The types of microbes
originating from deep sea sediments are grouped
as microorganisms that thrive in an environment
with low temperature (psychrophiles) and high
pressure (bartolerance) [7]. The high pressure
experienced by deep-sea microorganisms
causes cell membranes and fluids to become
waxy, and relatively impermeable to nutrients. In
this condition. microorganisms are triggered to
produce secondary metabolites that can protect
them from external conditions [8].

Based on several studies that have been carried
out, samples of sedimentary microorganisms
from Mariana Trench have been investigated to
produce 7 dermacozines AG produced by
Dermacoccus abyssi sp. at a depth of 1089m [9].
Developed countries such as South China have
also conducted research on deep-sea
sedimentary microorganisms which have been
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shown to produce AC pseudonocardians,
grincamycins BF and abyssomicins JL which
have the potential as bioactive components,
namely antitumor, antibacterial, and anti-fibrotic
activity [10,11]. In addition, several other
antibacterial substances have been found, such
as lynamicins isolated from Marinispora sp. and
has the potential to fight gram-positive and
negative bacteria [12], caboxamicin which acts
as an inhibitor of the growth of gram-positive
bacteria and tumor cell-lines [13], and
tirandamicin  C which is produced by
Streptomyces sp. and plays a role in inhibiting
Enterococcus faecalis activity [14].

The advantage of obtaining secondary
metabolites from microorganisms, especially
bacteria, is that these compounds can be

produced easily, quickly, and can be developed
on a large scale with the help of biotechnology.
However, there are still many compounds
produced by deep sea microorganisms that have
not been identified [1].

2. ANTIBACTERIAL

Antibiotics are chemical compounds produced by
microorganisms, and in very low levels have the
ability to inhibit or kill the growth of other
microorganisms [15]. If The inhibition in question
is the inhibition of bacterial growth the term used
is antibacterial [16]. Antibacterial varies
depending on the nature, structure and level of
affinity for the target certain substances in
different bacterial cells and are substances that
can interfere with the growth or even kill bacteria
by interfere with the metabolism of harmful
microbes. The antibacterial activity is divided
bacteriostatic activity which inhibits cell growth
target or multiplication of target cells and slowly
eliminate target cells sel and bactericidal activity
that induces target cell death with or without
competent immune system of the host so that it
kills the target bacterial cells [17].

Some of the inhibition mechanisms possessed
by antibacterials include: cell wall inhibitors,
membrane function inhibitors, protein synthesis
inhibitors, inhibitors nucleic acid synthesis, and
inhibitors  of metabolic processes [18].
Some of these mechanisms can be explained as
follows:

A. Inhibition of nucleic acid synthesis (DNA
and RNA)
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Some antibacterials work by binding
involved in the process of DNA or RNA

synthesis, which causes disruption of
normal cell processes that  will
eventually harm  bacterial  survival.

Examples of this type of antibacterial are
quinolones, metronidazole, and rifampicin
[18].

trap the DNA gyrase
enzyme (topoisomerase Il) at the DNA
cleavage and prevent DNA strands from
rejoining. Although topoisomerase Il and IV
have functional similarities, Several studies
have shown that Topoisomerase |V is the
main target of Quinolones in Gram-positive
bacteria  (Streptococcus  pneumoniae),
while Topoisomerase |l is the main target
and topo IV secondary targets of this
drug in Gram-negative bacteria (eg,
Escherichia coli and Neisseria gonorrhoea)
[19,20].

inhibit RNA synthesis
before it occurs addition of two
ribonucleotides, which was associated with
drug molecule to block the newly formed
RNA strand. Rifamycin will strongly bind
the subunit of the DNA binding and actively
transcribing RNA polymerase [21].

Inhibition of cell wall synthesis

.Cell wall structure is very important for life

and survival live bacterial species. If the
target of a compound is the cell wall, then
these compounds can selectively kill or
inhibit bacteria. Examples of this type

of antibacterial are penicillins,
cephalosporins, bacitracin, and
vancomycin [18].

2.B-lactams (including penicillins,

carbapenems and cephalosporins) will
block the PG unit by inhibiting the -bond
formation reaction peptides catalyzed by
penicillin-binding protein (PBP) [22,23].
The active site of bound PBP
penicilloylation is analogue of the dipeptide
PG and acts as a substrate for the enzyme
during the acylation phase of cross-link
formation, which inactivates enzymes due
to the inability to hydrolyze the bonds
[24,25].

3.Several studies have shown that non-lytic

pathways are regulated by 2 components
of the bacterial system that help in
expressing LytA autolysin and regulate
tolerance to vancomycin and penicillin
[26].
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C. Inhibition of protein synthesis

1.Several types of antibacterial agents target
bacterial protein synthesis by binding to

the intracellular ribosomal subunit.
This activity This then results in disruption
of normal bacterial cell metabolism

and consequently lead to death or growth
inhibition and bacterial multiplication.
Examples of this type of antibacterial

are: aminoglycosides, macrolides,
lincosamides, chloramphenicol,
tetracyclines [18].

2.The 50S inhibitor lincosamide

(clindamycin) works by block the initiation
or translation of the protein, which would
Inhibits the reaction of peptidyltransferase
which elongates the chain peptides. This
will then trigger the dissociation of the
peptidyl-tRNA [27].

3.30S inhibitors, namely tetracycline, work
by blocking access aminoacyl-tRNA to the
ribosome [28], whereas Aminocyclitol
works by binding to the 16S rRNA
component of the subunit 30S ribosomal,
which will cause mistranslation by tRNA
[29].

3. MARINE SEDIMENT BACTERIA

The sea has many mineral sources consisting of
various variations include polymetallic nodules,
abundant sulfate, and cobalt (Co) [30]. Although
the mechanism of metallic mineral formation is
not fully understood, marine microorganisms are
thought to play an important role in the
biomineralization process [31]. marine
microorganisms, especially bacteria have an
important role in various processes that takes
place in the sea. One of these processes is the
microbial loop or microbial circle which includes
the process of mineralization of dissolved organic
compounds, respiration, nutrient cycles, growth
and grazing of bacteria [32]. The marine
environment has been studied which consists of
many microorganisms that produce new
components and 20% of them are reported to be
components active compound. The study
reported by Schinke, et al. [33] shows interesting
thing where it turns out that marine sediment is
one point that has a the largest percentage of
bacteria producing new secondary metabolites
that are active compared to other sources such
as sponges, algae, coral, and others. In addition,
in the sediment also found various types of
microorganism families such as actinobacteria
and bacilli.
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Deep sea bacteria are more heat sensitive than
pressure sensitive. Many of them cannot survive
at a temperature of 30°C and less than 20% of
deep sea bacteria can survive at 40°C [34]. The
unique life necessities of deep sea bacteria, seen
of pressure, temperature, and nutrients make
these bacteria uncharacterized with standard
culture procedures. Morphologically, deep sea
bacteria resemble soil and water, but
physiologically these bacteria show significant
differences makes deep-sea bacterial species
unique and not easy to describe [35]. Although
deep-sea bacteria are dominated by aerobic
bacteria, some There are deep sea bacteria that
grow anaerobically. Besides that, also found
types of marine bacteria that are active in
converting organic components and reducing
sulfate [36]. Deep sea bacteria estimated has
0.2-2 mg/liter of organic carbon and these
bacteria can optimize energy needs and carbon
is needed by taking it from the components
organic matter carried by the movement of water
masses [34]. Around 95% of organic components
are produced by marine microorganisms on the
surface water around a depth of 100-300 m,
while 1% of these components produced in the
deepest part of the ocean by photosynthesis.
This is wrong one piece of evidence that the
community of these deep-sea microorganisms
varies and has resistance to high pressure
[37,38].

Several studies have shown that the deep sea
has considerable microbial diversity, influenced
by minerals rich in the interior of the sea. Several
bacterial families have been identified using
phylogenetic analysis of 16S rRNA was
Gammaproteobacteria and Alphaproteobacteria
[39]. In addition, other research from from the
Fracture Zone in the Pacific Deep Sea also
shows the presence of Deltaproteobacteria and
14 other microbial groups found in the
environment metal-rich sea [40]. Apart from
microorganisms proteobacteria, in the deep sea
are also found actinobacteria which are one of
the one of the largest types of bacteria that
produce antibiotic substances [41].

Actinobacteria, also known as Actinomycetes,
are gram-positive bacteria positive originating
from the order Actinomycetales and includes
several  unicellular  microorganisms  [42].
Actinobacteria is a type of bacteria that can live
in places such as soil, compost, and marine
habitats. Actinobacteria that live in the soil is a
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component that plays an important role in plant
decomposition and other materials especially in
the degradation of complex polymers [43].
Actinobacteria themselves have been observed
to be denser in the ocean shallower than the
deep sea. In addition to being in marine
sediments, actinobacteria also associated with
other organisms such as sponges, corals,
molluscs, seaweed, seagrass and mangroves.

Several genera of actinobacteria
include: Streptomyces, Actinomyces,
Arthrobacter, Corynebacterium, Frankia,

Micrococcus, Micromonospora, etc. [44]. Among
the whole the actinobacteria, Streptomyces and
Micromonospora genera are produce large
amounts of bioactive molecules and biosynthetic
pathways that do not can be rivaled by other
microbial groups and produce antibiotics that
have been used in large quantities such as
erythromycin, streptomycin, rifamycin, and
gentamicin [45].

4. ANTIBACTERIAL COMPOUNDS FROM
MARINE SEDIMENT BACTERIA

Basically, many antibacterial compounds have
been isolated from microorganisms land that has
been considered potential and does produce
compounds that role in the pharmaceutical
sector. However, not a few studies have reported
that marine microorganisms, especially those
from the deep sea. Research that conducted in
previously reported several components of new
antibacterial compounds originating from the sea
and inhibiting a number of pathogenic bacteria,
such as those contained in Table 1.

The main role of Actinobacteria in biotechnology
applications is the production of secondary
metabolites that can be used as
antimicrobial substances, inhibitors enzymes,
immunomodifiers, and growth-promoting
substances for plants, as well as as an antibiotic
[46]. Actinobacteria are well known because it is
rich in antibiotics and is one of the largest
producers of antibiotics because the antibiotics
derived from these bacteria help in the field of
science, pharmaceuticals, industry and
agriculture [47]. From several studies that carried
out in recent years, it is shown that it has
produced more than 10,000 antibiotics, 70% of
which are produced by actinobacteria, while 30%
of them are produced by fungi and other bacteria
[48].
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Table 1. Antibacterial produced from microorganisms isolated from deep sea sediment [33]

Source of Bacteria Antibacterial Compounds Activity

Isolates

Red Sea, Jeddah  Streptomyces Citreamicin, citreaglycon Inhibits growth of

Beach, Saudi caelestis Staphylococcus

Arabia haemolyticus, B.
subtilis, and S.
aureus

Marine sediments  Streptomyces Fradimycins A and B Inhibits growth of S.

fradiae aureus

Marine sediments  Streptomyces Desotamida BD, Destoamide A Inhibits the growth of

from the China scopuliridis S. aureus, S.

Sea Southern pneumoniae, and S.
epidermidis (MRSE)

Marine Sediments  Pseudonocardia Diazaanthraquinone Inhibits the growth of

from the South sp. (Pseudonocardians A, B) S. aureus, E.

China Sea faecalis, and B.
thuringiensis.

Marine sediments
Gageocho, Korea

Bacillus sp.

South China Sea  Bacillus
amyloliquefaciens
Red Sea Agaba, Vibrio sp.

Jordan

Lipotetrapeptidasubtilis,namely
gageotetrins A, B, and C.

Macrolactin V and S

Agabamycin E and F.

Inhibit the growth of
Salmonella typhi and
P.aeruginosa
Inhibits Growth of S.
aureus and E. coli
Inhibit the

growth of E. coli,

B. subtilis, and
Micrococcus luteus.

The production of actinobacterial secondary
metabolites is influenced by several fermentation
parameters such as available nutrients,
temperature, oxygen pressure, agitation, metal
ions, inducers, and inhibitors. Molecular basis in

producing These actinobacterial secondary
metabolites have successfully discovered
thousands of antibiotics derived from

actinobacteria. Many actinobacteria come from
the sea in possessing non-ribosomal polyketide
synthetase (NRPS) and polyketide. pathways
synthetase (PKS) which is a hallmark of the
production of metabolites secondary [49,45].
Most of the bioactive substances of
actinobacteria are divided into four types: The
main  structures are amino  glycosides
(streptomicin  and kanamicin), ansamycins
(rifamin), anthracyclines (doxorubicin), and
macrolides (erythromicin) [48]. In addition to the
previously mentioned antibiotics, many
substances other antibiotics produced by
actinobacteria, some of which are also produced
anthracyclines, aminoglycosides, b-lactams,
chloramphenicol, tetracyclines, nucleosides,
quinolones, rifampicin, kanamycin, myomycin
[50]. Besides actinobacteria, not a few bacteria
from other groups are isolated from the deep sea
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produces many new secondary metabolites with
various activities [51-55].

5. CONCLUSION

The deep sea exploration allowed us to
investigate the diverse form of life in its sediment,
particularly microorganisms. It has been
discussed several discoveries of many new
chemical compound with multiple application
from the deep sea sediment including as
antimicrobial substances, inhibitors
enzymes, immunomodifiers, and  growth-
promoting substances for plants, as well as as an
antibiotic. The search of new microorganisms
that produced new chemical compounds with
beneficial application in human health is
generally desirable and still an exploratory
research. An advance sampling methods and
characterization technique is critically essentials
to better understand the nature of the natural
products which biosynthetically produced by the
deep sea microorganisms.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing



Permana and Andhikawati; AJBGMB, 9(1): 11-18, 2021, Article no.AJBGMB.71851

REFERENCES

1.

10.

11.

12.

Blunt J, Munro M, Upjohn M. The role of
databases in marine natural products
research. In E. Fattaruso, W. Gerwick, &
O. Tagliatela - Scafati, Handbook of
Marine Natural Products 1st ed. Dordrecht:
Springer; 2012.

Smith C, Leo F, Bernardino A, Sweetman
A, Arbizu P. Abyssal food limitation,
ecosystem structure and climate change.
Trends Ecol. Evol. 2008;23:518-528.
Skropeta D, Wei L. Recent advances in
deep-sea natural products. Nat Prod Rep.
2014;31:999-1025.

Fenical W. Chemical studies of marine
bacteria: developing a new resource.
Chem Rev. 1993;93:1673-1683.

Chen P, Zhang L, Guo X, Dai X, Liu L, Xi
L. Diversity, biogeography, and
biodegradation potential of actinobacteria
in the deepsea sediments along the deep
sea sediments along the Southwest Indian
Ridge. Front: Microbiol. 2016;7:1340.
Stach, J, Bull A. Estimating and comparing
the diversity of marine actinobacteria.
Antonie Van Leewenhoek. 2005;87:3-9.
Munn C. Marine microbiology, ecology,
and application. London: BIOS Scientific
Publishers; 2004.

Sharma A, Scott J, Cody G, Fogel M,
Hazen R, Hemley R, Huntress W.
Microbial Activity at Gigapascal Pressures.
Science. 2002;5559(95):1514-1516.
Abdel-Mageed MW, Wagner B,
Schumacher M, Sandor M, Pathomarce P.
Dermacozines, A new Phenazine Family
from Deep Sea Dermacocci isolated from a
Mariana Trench Sediment. Org Biomol
Chem. 2010;8:2352-2362.

Pan H, Yu S, Song Y, Wang N, Hua H, Hu
J. ldentification and characterization of the
antifungal  substances of a novel
Streptomyces cavourensis NA4. J Ind
Microbiol Biotechnol. 2015;25:353-357.
Song Y, Liu G, Li J, Huang H, Zhang X,
Zhang H. Cytotoxic and antibacterial
Angucycline and Prodigiosin analogues
from the deep-sea derived Streptomyces

sp. SCSIO 11594, Mar  Drugs.
2015;13:1304-1316.
McArthur K, Mitchell S, Tsueng G,

Rheingold A, White D, Grodberg J.
Lynamicins A-E, chlorinated bisindole
pyrrole  antibiotics from a  novel
marineactinomycete. Journal of Nat Prod.
2008;10, 1732-1737.

16

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Hochmann C, Schneider K, Brunter C,
Irran E, Nicholson G, Bull A. Caboxamycin,
a new antibiotic of the benzoxazole family
produced by the deep-sea strain
Streptomyces sp. J Antibiot. 2009;62:99-
104.

Carlson J. Isolation and characterization of
tirandamycins from a marinederived
Streptomyces sp. J Nat Prod.
2009;11(72):2076-2079.

Sutrisno RB. Pharmacognition 4™ edition.
Jakarta: Pharmascience Pacific; 1974.
Pelczar M, Chan. Fundamental of
microbiology 2. Jakarta: Universitas
Indonesia Press; 1988.

Brooks GF, Butel JS, Morse S. Medical
microbiology. New York: McGraw Hill;
2005.

Michigan State University. Pharmacology
module: Mode of action.

Retrieved 2017 July, from Antimicrobial
Resistance:
https://amrls.cvm.msu.edu/pharmacology/a
ntimicrobials/tools/modulepdf-
files/pharmacology; 2011

Gellert M, Mizuuchi K, O'Dea M, Itoh T,
Tomizawa J. Nalidixic acid resistance: A
second genetic character involved in DNA
gyrase activity. Proc. 1977;74:4772-4776.
Munoz R, Camps DA. ParC subunit of
DNA topoisomerase IV of Streptococcus
pneumoniae is a primary target of
fluoroquinolones and cooperates with DNA
gyrase A subunit in forming resistance
phenotype. Antimicrob Agents Chemother.
1996;40:2252-2257.

Artsmovich |, Chu, Lynch A, Landick R. A
new class of bacterial RNA polymerase
inhibitor  affects nucleotide  addition.
Science. 2003;302:650-654.

Holtje J. Growth of the stress-bearing and
shape-maintaining murein sacculus of
Escherichia coli. Microbiol Mol Biol. Rev.
1998;62:181-203.

Wise E, Park J. Penicillin: Its basic site of
action as an inhibitor of a peptide cross-
linking reaction in cell wall mucopeptide
synthesis. Proc Nat. 1965;54:75-81.
Waxman D, Yocum R, Strominger J.
Penicillins and cephalosporins are active
site-directed acylating agents: evidence in
support of the substrate analogue
hypothesis. Philos Trans Soc. Lond Biol
Sci. 1980;289:257-271.

Josephine H, Kumar |, Pratt R. The perfect
penicillin Inhibition of a bacterial DD-
peptidase by peptidoglycan-mimetic beta-



26.

27.

28.

20.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Permana and Andhikawati; AJBGMB, 9(1): 11-18, 2021, Article no.AJBGMB.71851

lactams. J Am. Chem. Soc.

2004;126:8122-8132.

Hoch J. Two-component and phosphorelay  41.

signal transduction. Curr Opin. Microbiol.
2000;3, 165-170.

Vannuffel P, Cocito C. Mechanism of
action of streptogramins and macrolides.
Drugs. 1996;1(5):20-30.

Chopra |, MR. Tetracycline antibiotics:
Mode of action, applications, molecular
biology, and epidemiology of bacterial
resistance. Micriobiol Mol Biol Rev.
2001;65:232-260.

Davies J, Gorini L, Davis B.. Misreading of
RNA codewords induced by
aminoglycoside antibiotics. Mol Pharmacol.
1965;1:93-106.

Liang D, Zhu B. Distribution and
classification of cobalt-rich crust. J Chi
Univ Geosci. 2000;(11):146-149.

Wang X, Schlobmacher U, Wiens M,
Schonder H, Muller W. Biogenic origin of
polymetallic nodules from the Clarion-
Clipperton Zone in the Eastern Pacific
Ocean: electron microscopic and EDX
evidence. Mar Biotechnol. 2009;(11):99-
108.

Ducklow H. Production and Fate of
Bacteria in The Oceans. Bioscience.
1983;33:404-501.

Schinke C, Martins T, Quieroz SC, Melo
IS, Reyes FG. Antibacterial Compounds
from Marine Bacteria, 2010-2015. J Nat
Prod. 2017;80:1215-1228.

Zobell C, Morita R. Deep Sea Bacteria.
Available:http://www.globaloceandesign.co
m/uploads/3/0/7/4/30747513/zobell_deeps
ea_bacteria_1959.pdf; 1959

Zobell CE. Marine Microbiology. USA:
Waltham Mass; 1946.

Zobell C, Conn J. Studies on The Thermal

Sensivity of Marine Bacteria. J Bact.
1940;40:223-238.
Jannasch H, Taylor C. Deep-sea
Microbiology. Annual Rev Microbiol.
1984;(38):487-514.
Li L, Kato C, Horikoshi K. Bacterial

Diversity in Deep Sea Sediments from
Different Depths. Biodivers Conserv.
1999;8:659-677.

Xu M, Wang F, Xiao X. Microbial diversity
at a deep-sea station of the Pacific Nodule
Province. Biodivers Conserv. 2005;14,
3363-3380.

Wang C, Liao L, Xu H, Xu X, Wu M, Zhu L.
Bacterial diversity in the sediment from
polymetallic nodule fields of the Clarion-

17

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Clipperton Fracture Zone. J Microbiol.
2010;48:573-585.

Bull AT, Stach JE. Marine actinobacteria:
New opportunities for natural product
search and discovery. TRENDS Microbiol.
2007;5(11):491-499.

Rathna KR, Chandrika V. Effect of different

media for isolation, growth and
maintenance of actinomycetes from
mangrove sediments. Ind J Mar Sci.

1993;22(22):297-299.

Ratnakomala S, Otoguro M, Tamura T,
Irzaldi R, Ridwan R, Kartina G, Katshuhiko
A. Actinophytocola timorensis sp. nov. and
Actinophytocola coralina sp. nov., isolated
from soil. | J Syst Evol Microbiol.
2011;2(61):834-838.

Manivasagana P, Sivakumarc K. Marine
actinobacterial metabolites: Current status
and future perspectives. Microbiol Res.
2013;168:311-332.

Hasanna SS, Anjuma K, Abbash SQ,
Aktheera N, Shaguftac Bl, Shaha SA,
Tasneemd u. Emerging
biopharmaceuticals from marine
actinobacteria. Environ Toxicol Pharmacol.
2017;(49):34-47.

Chaudhary HBS, Shristava A,
Shrisvastava S. Diversity and versatility of
actinomycetes and its role in antibiotic
production. J Appl Pharma  Sci.
2013;3(8):S83-S94.

Kumar N, Singh R, Mishra S. Isolation and
screening of soil actinomycetes as sources
of antibiotics active against bacteria. Int J
Microbiol Res. 2010;2:12-16.

Basavaraj N, Chandrashekara, Shamarez
S, Goudanavar P, Manvi F. Isolation and
Morphological Characterization of
Antibiotic Producing Actinomycetes. Trop J
Pharma Res. 2010;9(3):231-236.
Karuppiah V, Sun W, Li Z. Natural
products of actinobacteria derived from
marine organisms. Stud Nat Prod Chem.
2016;48:417-448.

Khanna R. Usefulness of ultrasonography
for the evaluation of cervical
lymphadenopathy. World J Surg Oncol.
2011;29(9).

Chi LP, Li XM, Li X, Wang BG. New
antibacterial thiodiketopiperazines from the
deep sea sediment-derived fungus
Epicoccum nigrum SD-388. Chem Biodiv.
2020;17(8):e2000320.

Tortorella E, Tedesco P, Palma EF,
January GG, Fani R, Jaspars M, De
Pascale D. Antibiotics from deep-sea



53.

54.

Permana and Andhikawati; AJBGMB, 9(1): 11-18, 2021, Article no.AJBGMB.71851

microorganisms: current discoveries and
perspectives. Mar drugs. 2018;16(10):355.
Fredimoses M, Zhou X, Ai W, Tian X, Yang
B, Lin X, Liu Y. Emerixanthone E, a new
xanthone derivative from deep sea fungus
Emericella sp SCSIO 05240. Nat prod
res. 2019;33(14):2088-2094.

Meena B, Anburajan L, Vinithkumar NV,
Kirubagaran R, Dharani G. Biodiversity

55.

and antibacterial potential of cultivable
halophilic actinobacteria from the deep sea
sediments of active volcanic Barren
Island. Microb pathog. 2019;132:129-136.
Li YH, Li XM, Li X, Yang SQ, Shi XS, Li
HL, Wang BG. Antibacterial alkaloids and
polyketide derivatives from the deep sea-
derived fungus penicillium cyclopium SD-
413. Mar drugs. 2020;18(11):553.

© 2021 Permana and Andhikawati; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle4.com/review-history/71851

18



