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Abstract: Marine actinomycetes are prolific microorganisms; however, knowledge of their diver-
sity, distribution, and secondarvy metabolites is limited. Marine actinomycetes represent an un-
tapped source of novel bicactive compounds. In this study, we investigated shrimp shell as sub-
strates for model production bioactive metabolites from actinomycetes under solid state fermenta-
tion (55F) conditions. A total of fifteen actinomycetes were isolated from six sponges and one tu-
nicate. The isolated actinomycetes were grown on solid shrimp shells. Cultures of actinomycetes
were extracted with ethyl acetate (EtOAc) and extracts were bicassaved for activity against Sfaph-
ylococcus aurens. One isolate 18A1301 from the sponge, Rhabdastrella globostellata, exhibited anti-
bacterial activity on primary screening compared to the other samples and was chosen for further
study. Visualization using SEM showed aerial and substrate myeelia. Through phyvlogenetic anal-
vsis, it was confirmed that isolate 18A1301 is a Fsendonocardia carboxydivorans. Purification of an
EtOAc extract vielded A13B2, which showed a minimum inhibition concentration against 5. aureus
at 15.6 pg/mL. It can be concluded thaQLis basic information is very important for further studies
related to the development of the production of biocactive secondary metabolites through the solid

state fermentation process.

Keywords: actinomycetes; antibacteria; Staphylococcus aureus; solid state cultivation

1. Introduction

The increase in shrimp shell waste from the seafood processing industry has oc-
curred dramatically in recent years [1]@1 fact, its economic value is very low, so it often
becomes a problem in the collection, disposal, and pollution of waste. Efforts to utilize
chitin from shrimp shell waste through chemical processes can have an impact on envi-
ronmental damage [2]. Taking this into account, there is a need to treat and utilize waste
in the most efficient way. The application of solid fermentation technology is the most
common biological conversion process for low-cost raw materials, such as shrimp shell
waste from the seafood industry [3]. Through this process, microorganisms have the
ability to recycle shrimp shell waste to produce high-value compounds to meet industrial
needs, while increasing economic value that is sustainable and environmentally friendly.
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Qhe utilization of shrimp shell waste with an alternative technology to replace chemical
methods is a promising effort in the future to obtain chitin and its derivatives, enzymes,
and secondary metabolites.

Recently, solid state fermentation (SSF) technology has received a lot of attention to
add value for sustainable products. Although the SS5F method is not new, the technology
is simple and precise, due to locally available resources such as shrimp shell waste. Chi-
tinolytic microorganisms, one of which is actinomycetes, can decompose shrimp shells.
In actinomycetes, chitinase is important in feeding and parasitism. 55F has been applied
tor the production of secondary metabolites, such as antibiotics [4].

o the best of our knowledge, there is limited information on the use of shrimp shell
as substrate fermentation actinomycetes. The members of actinomycetes have been
characterized as the most important group of microorganisms in the field of biotechnol-
ogy, as producers of bioactive secondary metabolites [5].*Vlarine rare actinomycetes
represent a rather untapped source of chemically diverse secondary metabolites and
novel bioactive compounds. The results of a study reported from mid-2013 to 2017
showed that there werg}"' new species belonging to 27 different rare actinomycete gen-
era, 9 of which were new genera. In addition, the families Pseudonocardiaceae, Demequin-
aceae, Micromonosporaceae, and Nocardioidaceae were the most common, often isolated from
the marine environment [6].

Therefore, the purpose of the present study was to confirm the suitability of shrimp
shell as a substrate for marine actinomyrcetes in creating added value to novel products
using 55F. The products obtained after SSF were assessed for antibacterial activity.
Moreover, the microscopy morphology actinomycetes were evaluated.

2. Materials and Methods
2.1. Sample Collection and Isolation of Actinomycetes
2.1.1. 5ponge Collection

Marine organism samples for isolation of actinomycetes were collected from Singa-
raja, Buleleng, Bali, Indonesia in August 2018. Samples were collected along the sea coast
by SCUBA diving. Collected sponges were identified by their morphological appearance
and spicule structures. For spicule identification, small pieces of specimens were placed
in Eppendorf tubes and 500 uL of fuming nitric acid (HINOs) were added. Then, samples
were mixed with ultrasonic agitation until all organic material had dissolved. Spicules

were collected by centrifugation and washed several times with dHz0 [7]

2.1.2. Isolation of Actinomycetes from Marine Sponges

A small piece of sponge was rinsed and homogenized in sterile seawater. The ho-
mogenate was submitted to serial dilution and spread on plates of colloidal chitin agar [8]
prepared with 50% (v/v) artificial seawater (ASW) and supplemented with 25 ug/mL cy-
cloheximide and 25 ug/mL nalidixic acid, and cultured at 28 °C for 14 days. Actinomy-
cetes were isolated and purified on shrimp shell media nourished with 1% colloidal chi-
tin ir0% (v/v) agar/seawater. The purified isolate was streaked on slants of 1% colloidal
chitin agar at 4 °C and in glycerol 20% (v/v) suspensions at —20 °C.

2.2, Screeming Antibacterial Activity
g.l. Clinical Pathogenic Bacteria

The clinical pathogenic Staphylococcus aureus used in this study was collected from
Abdul Muluk Hospital, Bandar Lampung, Indonesia. Disk diffusion method [9] was used
to determine antibiotic resistance patterns in bacteria with some modifications. Accord-
ing to the CL5I guidelines [10], 8 commercial antibiotics were used; clindamycin (2 ug),
doxycycline hyclate (30 ug), ciprofloxacin (5ug), cefadroxil (30 ug), li.ncomycir;& Lg),
amoxicillin (25 pg), amoxicillin-clavulanate (30 pg), and erythromycin (15 ug). SSureus
was cultured on 2% (w/v) nutrient agar (NA). Inoculum was adjusted to 0.5 McFarland
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standard turbidity (OD 0.08-0.1). After 18 h of incubation, the zone of inhibition for each
antibiotic was observed. The results showed 5. aureus was resistant to amoxicl-
lir®lavulanate (AMX-CL) in the intermediate category. S. aureus was resistant to
clindamycin (CDM), ciprofloxacin (CEX), erythromycin (ERH), lincomycin (LC), and
amoxicillin (AMX).

2.2.2. Resazurin Assay

The assay was done in a sterile 96-well microplate, using resazurin as color indica-
tor [11], and using the broth microdilution method defined by the CLS[NBriefly, serial
two-fold dilutions of the extract were prepared by dissolving 2 mg of actinomycetes ex-
tract in 1 mL of 12.5% methanol (range, 500 ug/mL to 3.9 ug™hl) and 100 uL of extract
solution and 100 uL of bacterial suspension added to each well. The bacterial suspension
was prepared from 12 h pure 5. aureus. Suspensions were adjusted to 0.5 McFarland
standard turbidity (106 CFU/mL) and subsequently incubated for 18-24 h at 37 °C. Wells
with 12.5% methanol (MeO! ere used as a solvent control and wells without bacteria
were used as a contamination control. An extract control also was included. The lowest
concentration of extract that inhibited bacterial growth was taken as the MIC (minimum
inhibition concentration) value, as measured with a Hospitex Diagnostic reader. Each
test was done in triplicate.

2.3. Characterization of Selected Actinomycetes
2.3.1. Analysis Morphology

The arrangement of spore and sporulating structures was examined microscopically
using the coverslip culture method [12]. A sterile coversligras inserted at an angle of 45°
in the center of 2% chitin agar plate. A loop full of the culture taken from a seven-day-old
culture plate was inoculated at the insertion place. After 7 days of incubation at 30 °C, the
coverslip was removed and placed upwards on a clean glass slide. The coverslip was fi-
nally observed under the light microscope (100x), using an Observer Al Zeiss micro-
scope.

2.3.2. Scanning Electron Microscope

Scanning electron microscopy (SEM) was performed to study the mycelium and
spore arrangement of isolated actinomycetes. Stock cultures of actinomycetes were inoc-
ulated into 20 mL of a liquid containing 1% w/v colloidal chitin diluted with artificial
seawater (ASW) in a 100 mL Erlenmeyer flask at 32 °C and static. After 7 days, the
shrimp shells were put into a petri dish, as much as 1 g, and 1 mL of bacterial inoculum
was added and shaken to moisten the shrimp shells. The culture was incubated for 2-6
days at 32 °C and static conditions. After incubation, a small portion of the shrimp shell
was cut using an SLEE Disposable Blades microtome to obtain pieces measuring 0.5 cm
x 0.5 cm with a thickness of 0.1 cm. The prepared samples were placed on aluminum
stubs, which were fixed with carbon adhesive tabs. The top surface of each stub was
then coated under vacuum with a gold layer. The gold plating process was complete in
20 min. Gold plated metal stub was observed on SEM with 10 kV electron high voltage,
Carl Zeiss EVO MA 10, Oberkochen, Germany.

2.3.3. Phylogenic Analysis of Isolate 18A1301

Genomic DNA was extracted, following genomic Wizard® Genomic DNA KIT pro-
tocol (cat. no. A1120, Promega, Madison, WL, USA). PCR of 165 tDNA sequences was
completed using a Sensoquest Sensodirect thermocycler from Germany. PCR was per-
tormed using a forward primer: 5-AGA GTIT TGA TCM TGG CTC AG-3'[13] and a re-
verse primer: 5-CCG TAC TCC CCA GGC GGG G-3' [14], which amplitied 848 bp. PCR
reaction was completed using 2G Fast ReadyMix Kit (cat. no. KK5102, Merck, Taufkir-

chen, Germany). The®’CR reactions were carried out at a total volume of 25 uL contain-
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ing 5 &j_ DNA template (50 ng/L), 12.5 uL 2G Fast ReadyMix, and 6.5 uL RNAse-free
water®.5 uL forward primer, and 0.5 pL of reverse primer. Amplification was carried
out with 35 cycles as fo]lm—vs,Qenaturation tor 60 s at 92 °C, primer annealing for 60 s at
54 °C, and polymerization for 90 s at 72 *C. The PCR results were electrophoresed fol-
lowing the protocol of the QIAXCEL ADVANCED apparatus, Qiagen, Hilden Germany.
Sequencing of PCR results that produce amplicon was carried out using the Sanger
method. The results of the sequencing were analyzed phylogenetically using Mega ver-
sion X software.

2.4. Solid State Fermentation

For fermentation, fresh shrimp shell waste (55W) was obtained from the Lempasing
tree market, Bandar Lamp . Shrimp shells were washed with tap water at a ratio of
1:10 (zw/v) twice, using a filt remove unwanted materials such as soil and sand parti-
cles, and dried at 55 + 2 °C overnight in a drying oven. The dried 55W were milled with
an electric wearing blender to get shrimp shell chips, and were used as solid 55W sub-
stratd®or SSF without any further demineralization or deproteinization treatment. The
stock bacterial culture was inoculated into 200 mL of liquid contained with 2% w/v col-
loidal chitin diluted with artificial sea water (ASW) in 1000 mL Erlenmeyer conical flask,
and was incubated 7 days under 32 °C and static conditions. After this, the concentration
of actinomycetes was adjusted to 5.3 x 106 CEFU/mL. Two hundred grams of the substrate
was taken in 2000 mL Erlenmeyer conical flask and 200 mL of bacterial inoculum was
added and shook to moisten the medium, the culture was incubated for 14 days under 32
°C and static conditions [15].

2.5. Extraction, Purification, and Characterization

Actinomycetes biomass was harvested using ethyl acetate (EtOAc) extraction. Fil-
trate of the EtOAc extract was concentrated by evaporatiortinder reduced pressure. The
EtOAc extract was partitioned into a water-EtOAc mixture (1:1). The active fraction was
tractionated using 510z gel open column chromatography and then purified using a Bu-
chi Sepacore X50 system with a glass Cis column (in dia.15 mm = L. 230 mm). Purification
was based on biocassay guided separation. Final active fraction was characterized by
Thermo Scientific™ Dionex™! Ultimate 3000 RSLCnano UHPLC coupled with Thermo
Scientific™ (Q Exactive™ High Resolution Mass.

3. Results and Discussions
3.1. Sample Collection and Isolation of Actinomycetes

Actinomycetes were isolated from marine organisms collected at Buleleng, Bali,
Indonesia. During a one-week collection trip, 65 marine organisms were collected along
the coast (8°07°20.9" S 114°34'03.8" E) at a depth of 5-20 m. Based on morphology and
appearance, this indicated that most of the samples collected were sponges of the genus
Desmospongiae, which were characterized by siliceous spicules [16]. In the course of our
study, a total of fifteen actinomycetes isolates were isolated from six sponges (18A13,
18B18, 18D33, 18D35, 18E41, 18F47) and one tunicate (18D36), as showed in Figure 1.
Isolation of actinomycetes from wvaried marine organisms has also been reported by re-
searchers for identifying producers of bioactive metabolites [17,18].
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18D36 18E41 18F47

Figure 1. Collection of some marine organisms from Buleleng, Bali.

3.2. Screeming Antibacterial Activity.

All isolated actinomycetes were cultivated in shrimp shell media and screened
against 5. aureus, whicl'd resistant to clindamycin (CDM), ciprofloxacin (CEX), eryth-
romycin (ERH), lincomycin (LC), and amoxicillin (AMX). As showed in Table 1, the
EtOAc extract of isolate 18A1301 exhibited the strongest inhibition of 5. aureus growth at
a concentration of 250 ug/mL

Table 1. Screening actinomycetes EtOAc extracts.

No. Sample Phylum llsolate Color Inhibition Concentration
Code Actinomycetes (pg/mL)

1 18A13 Porifera 18A13A1 White 500
18A1301 White 250

2 18B18 Porifera 15B18A1 White 500
18B18A2 White 500
18B18A3 White -
18B18A4 White 500

3 18D33 Porifera 18D33A1 White -
18D33A2 White 500

4 18D35 Porifera 18D35A1 Grey 500
18D35A2 White -

5 18D36 Tunicate 18D36A1 Grey 500
18D36A2 Grey -

6 18E41 Porifera 18E41A1 White 500

7 18F47 Porifera 18F47A1 White -
18F47A2 White 500

(-): inactive.

Actinomycetes 18A1301 was isolated together with 18A13A1 from sponge 18A13.
Sponge 18A13 (Figure 2) was shaped like a ball with reddish-purple exterior color, and
yellowish internal color. This sponge has long tubular spicules with two peinted ends,
characteristic of Demospongiae [19]. It was identified as Rhabdastrella globostellata, which is
common along the Indonesian coast. The results of previous studies which show that R.
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globostellata produce isomarabaric compounds and have antiproliferative activity against
vascular endothelial cells [20]. It was recently reported that this type of sponge produces
bioactive compounds with anti-leukemic activity [21]. However, studies of bioactive
compounds from microorganisms, especially actinomycetes associated with R. globostel-
lata, are still scarce.

(b)
Figure 2. (a) S5ponge 18A13 bar 3 am, (b) spicule of the same specimen.

3.3. Characterization of Selected Actinomycetes

A visual observation of actinomycetes cultivated in media showed mycelia pene-
trating the substrate, while aerial mycelia grew vertically at the media-air interface. Under
microscopic observation, all isolated actinomycetes had a mycelium that was about 2
microns wide and the diameter of the spores was around 6.1 microns [22]. This is smaller
than many fungi which have mycelia of 2-30 microns [23]. Actinomycetes are anaerobic
microorganisms. They show filamentous and branching growth patterns on solid sub-
strates resembling fungi mycelia. Their colonies are extensive like mycelium. Aerial hy-
phae are found in many genera of actinomycetes. As shown in Figure 3¢, which suggests
isolate 18A1301 as actinomycetes.

(c)

Figure 3. (a). Isolate 18A1301 in colloidal chitin media, (b) visualization 18A1301, bar 40 micron
with light microscope scale 200%, (¢) SEM image aerial hyphae isolate 18A1301, bar 4 micron.

3.4, Phylogenetic Analysis of [solate 18A1301

Actinomyecete isolates collected from the marine sponge, R. globostellata, were inves-
tigated. Isolate 18A0301 was selected based on the bioactivity of the extract. The 165
rDNA gene was sequenced, and the resulting sequences were blasted against the Gen-
Bank database. Isolate 18A0301 was stated to belong to the genus Pseudonocardia. The
new strain Pseudonocardia carboxydivorans 18A0301 was identified based on sequence
similarity of 99.65% and was registered in the gene bank with access number LC647653.
Through phylogenetic analysis, it was found that the actinomycetes isolate 18A1301 was
P. carboxydivorans (Figure 4).
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FJ547123.1 Pseudonocardia carboxydivorans strain HBUM175173 168
KP338817.1 Pseudonocardia nitrificans strain PI7 165

KP209430.1 Pseudonocardia carboxydivorans strain EB117 165
GU318371.1 Pseudonocardia nitrificans strain USDA B1664 16S
KP338816.1 Pseudonocardia nitrificans strain P117 165

KP338818.1 Pseudonocardia nitrificans strain P133 16S

KP338811.1 Pseudonocardia nitrificans strain P134 165

KP338815.1 Pseudonocardia nitrificans strain PI136 165

MG195138.1 Pseudonocardia carboxydivorans 165
NR 042000.1 Pseudonocardia alni strain IMSNU 20049 165

[7 NR 044092.1 Pseudonocardia carboxydivorans strain Y8 16S

CP011862.1 Pseudonocardia sp. AL04100510

JQ653115.1 Pseudonocardia sp. YIM M109311

LC647653.1 Pseudonocardia carboxydivorans 18A1301
MHE35333.1 Pseudonocardia carboxydivorans strain ADR7 16S
NR 117429.1 Pseudonocardia alni strain DSM 44104 165

NR 029019.1 Pseudonocardia antarctica strain DVS 5a1 165
KU258228.1 Pseudonocardia antarctica strain AL31 165

NR 145563.1 Pseudonocardia nematodicida strain HA11164 165

— NR 164940.1 Pseudonocardia tritici strain NEAUYY211 16S

L MG753995.1 Pseudonocardia tritici 165
—AP018920.1 Pseudonocardia autotrophica NBRC 12743

o0

L_NR 025384.1 Pseudonocardia kongjuensis strain LM 157 16S

0009

AB535095.1 Actinophytocola burenkhanensis gene for 165

Figure 4. Phylogenstic tree using maximum likelihood method and Tamuga 3-parameter model of 22 Pseudonocardia

representatives and Actinophyfocola burenkhanensis (Acc. No. AB535095)Ss an outgroup. Bootstrap walues (1000
resamples) are given in percent at the nodes of the tree. The isolate P. carboxydivorans 18A0301 is presented in bold.

Based on the literature review, P. carboxydivorans was included in the rare marine
actinomycetes [24]. Furthermore, it was reported that through the fermentation process,
P. carboxydivorans was able to produce Branimycin B and C macrolides, which have an-
tibacterial activity [25]. However, the bioactivity of the metabolites of P. carboxydivorans
18A030I isolated from solid fermentation using shrimp shell media has never been re-
ported.

3.5. Solid State Fermentation

In order to isolate bioactive metabolites, actinomycetes were cultivated in solid,
shrimp shell media. (Figure 5a). Actinomycetes appeared at the surface of the shrimp
shell, exhibiting a white color after 7 days.

After two weeks, the inoculum was spread across the surface of the shrimp shell
media and cultivated for 21 days (Figure 5b). In total, 800 g of shrimp shells was used to
cultivate isolate 18A1301. Solid state fermentation (55F) was accomplished ina 1 L Er-
lenmeyer flask which contained 200 g of shrimp shells. Actinomycetes growth on the
surface of shrimp shell media were characterized by the formation of aerial and substrate
mycelia (Figure 5c) [26]. Figure 5 shows actinomycetes can grow well on shrimp shells.
However, information on bioactive compounds from actinomycetes grown on shrimp
shells is still very limited [27]. Isolate 18A1301 showed characteristic spores with
ball-like shapes. After three weeks, actinomycetes biomass was extracted with EtOAc
and evaporated under reduced pressure to obtain a crude extract EtOAc (1.4 g).
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(d)

Figure 5. SEM image (a) solid state fermentation 18A1301 in shrimp shell media, (b) surface
shrimp shell, (¢) actinomyeetes 18A1301 on solid shrimp shell media after 7 davs bar 20 puypov,
and (d) after 21 days 20 mdcron.

3.0. Extraction, Isolation, and Characterization

An EtOAc extract of 18A1301 (1.1 g) that exhibited antibacterial activity against 5.
aureus at 250 ug/m[Wvas partitioned into a water-AcOEt mixture to obtain an AcOEt
soluble portion (772 mg). The AcOEt soluble portion showed growth inhibition at 62.5
ug/mL against 5. aureus. This fraction was subjected to 510z gel open column chroma-
tography eluted with n-hexane and isopropanol, affording two fractions: 147 mg A13Al
(eluted with n-hexane 100%) and 358 mg A13A2 (eluted with n-hexane:isopropanol 3:1).
The®ctive fraction, A13A2, was further purified using a Buchi Sepacore X50 system with
a glass column Cis Nacalai (linear gradient H:20:MeOH; MeOH 30% to 90%) into five
tractions A13B1 (18 mg), A13B2 (90 mg), A13B3 (41 mg), A13B4 (37 mg), A13B5 (22 mg).
Each fraction was subjected to bioactivity analysis and A13B2 inhibited growth of 5. au-

eus most effectively at a concentration of 15.6 ug/mL. Analysis using HRLCMS showed
énolecular ion peak [M+H]" at m/z 441.37164 in Figure 6. This spectrum indicated that the
active compound A13B2 was analog to Branimycin B which has one less double bond. In
general, specialized metabolites are often restricted to a constricted set of species within a

phylogenetic group [28].
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Figure 6. HRLMS spectrum of fraction AI13B12, CzHz:Q0s, [M+H]* = m/z 441.37164.

4. Conclusions

To our knowledge, this is the first report of solid state fermentation of marine
sponge-assodiated P. carboxydivorans 18A1301 on shrimp shell media. This study leads to
an understanding of the potential of microorganisms producing bioactive compounds
through solid state fermentation processes. Based on this research, actinomycetes derived
trom sponges can grow well on selective me&sf shrimp shell waste in the fermentation
process to produce antibacterial compounds™This basic information is very important for
turther research related to the development of bioactive compounds through the solid
termentation process.

Author Contributions: [ H., A5 and M.A. cgnceived and designed the experiments; A5, W.W.,
AL O5W, AL, WAS, KN, and N.L.G.R.@lerformed the experiments; all authors analyzed the
data; .H., A.5. and M. AN rote and revised the manuscript. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by The Deputy of Research Strengthening and Development,
The Ministry of Research and Technologv/National Agency for Research and Innovation of the
Republic of Indonesia, Basic Research with grand no. 139/5P2H/ADNM/LT/DRPM/2020, dates, July,
2020 to JH. This research was also partially supported by the Platform Project for Supporting Drug
Discovery and Life Science Research (Basis for Supporting Innovative Drug Discovery and Life
Science Research (BINDS)) from the Japan Agency for Medical Research and Development
[AMED) (grant no. JP21am0101084), the Kobayashi International Scholarship Foundation, and a
Grant-in-Aid for Scientific Research B (grant nos. 18H02096, 17H04645 and 21H02069) from the
Japan Society for the Promotion of Science (JSP5) to MA.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Awvailability Statement: Not applicable.

Acknowledgments The authors acknowledge the Directorate of Resources, Directorate General of
Higher Education, Ministry of Education, Culture, Research, and the Technology, Republic of In-
donesia, for their continuous support in WCFP program and to all laboratory staff members at UPT
Laboratorium Terpadu Sentra Inovasi dan Teknologi, Universitas Lampung, for supporting the
laboratory facilities.

Conflicts of Interest: The authors declare no contlict of interest.

https://unila.turnitin.com/viewer/submissions/oid:7867:12758040/print?locale=en 11/13



1/21/22, 10:35 PM

Jurnal 2021-3 J Fermentation.pdf - Andi Setiawan

Fermentation 2021, 7, 247 100f11
References
1. Santos, V.P.; Marques, N.5.5.; Maia, P.C.5V.; Lima, M.AB.D.; Franco, LD.O.; Campos-Takaki, G.M.D. Seafood waste as at-

10.

11.

12,

13.

14,

15.

16,

17.

18.

19.

20.

21.

22,

23.
24,

26.

27,

ractive source of chitin and chitosan production and their applications. Int. . Mol. 5ci. 2020, 21, 4290,

Mao, X.; Guo, N.; Sun, ].; Xue, C. Comprehensive utilization of shrimp waste based on biotechnological methods: A review. J.
Clean. Prod. 2017, 143, 814-823.

Abu Yazid, N.; Barrena, R.; Komilis, D.; Sanchez, A, Solid-5tate Fermentation as a novel paradigm for organic waste valoriza-
tion: A Review. Sustainability 2017, 9, 224,

Trejo-Hernandez, M.R.; Raimbault, M.; Roussos, 5.; Lonsane, B.K. Potencial of solid state fermentation for production of ergot
alkaloids. Lett. Appl. Microbiol. 1992, 15, 156-159.

Barka, E.A.; Vatsa, P.; Sanchez, L.; Gaveau-Vaillant, N.; Jacquard, C.; Klenk HPClément, C.; Ouhdouch, Y.; van Wezel, G.I.
Taxonomy, physiology, and natural products of actinobacteria. Microbiol. Mol. Biol. Rev. 2016, 80, 1-43.

Subramani, R.; Sipkema, D. Marine rare actinomycetes: A promising source of structurally diverse and unique novel natural
products. Mar. Drugs 2019, 17, 249,

Best, M.; Kenchington, E.; Maclsaac, K.; Wareham, V.; Fuller, 5.D.; Thompson, A.B. Sponge identification guide NATFO area.
NAFQO Sci, Counc. Stud. 2010, 43, 1-49,

Hsu, 5.C.; Lockwood, J.L. Powdered chitin agar as a selective medium for enumeration of actinomycetes in water and soil.
Appl. Microbiol. 1975, 29, 422426,

Bauer, AW.; Kirby, W.M.M.; Sherris, ].C.; Truck, M. Antibiotic Susceptibility Testing by a Standardized Single Disk Method.
Am. [. Clin. Pathol. 1966, 45, 493496,

CLSL. Performance Standards for Antimicrobial Susceptibility Testing, 27th ed.; CLSI Supplement MI100; Clinical and Laboratory
Standards Institute: Wayne, PA, USA, 2017,

Coban, A.Y.; Bozdogan, B.; Cihan, C.C,; Cetinkava, E.; Bilgin, K.; Darka, O.; Akgunes, A.; Durupinar, B.; Appelbaum, P.C. Two
new colorimeteric methods for early detection of vancomycin and oxacillin resistance in Staphvlococcus aureus. [ Clin, Micro-
Liol. 2006, 44, 580-532.

Goodfellow, M.; Kampfer, P.; Busse, H.-].; Tryjillo, M.E.; Suzuki, K.; Ludwig, W.; Whitman, W.B. (Eds.) Bergey’s Manual of
Systematic Bacteriology, 2nd ed.; Springer: New York, NY, USA, 2012,

Heuer, H.; Krsek, M.; Baker, F.; Smalla, K.; Wellington, E.M. Analysis of actinomycete communities by specific amplification of
genes encoding 165 rRNA and gel-electrophoretic separation in denaturing gradients. Appl. Environ, Microbiol, 1997, 63,
3233-3241.

Baskaran, K.; Mohan, P.M.; Sivakumar, K.; Kumar, A, Antimicrobial Activity and Phyvlogenetic Analysis of Streptomyces
Parvulus Dosmb-D105 Isolated from the Mangrove Sediments of Andaman Islands. Acta Microbiol, Immunel. Hung. 2016, 63,
2746,

El-Nakeeb, M.A.; Lechevalier, H.A. Selective Isolation of Aerobic Actinomycetes. Appl. Microbiol. 1963, 11, 75-77.

Hooper, JN.A.; Van Soest, RW.M. Systema Porifera: A Guide to the Classification of Sponges; 2 Volumes; Kluwer Academ-
ic/Plenum Publishers: New York, WY, USA, 1718,

Sun, W.; Zhang, F.; He, L.; Karthik, L.; Li, Z. Actinomycetes from the South China Sea sponges: Isolation, diversity, and po-
tential for aromatic polvketides discoverv., Front, Microbiol, 2015, 6, 1048,

Abdelmohsen, U.E.; Yang, C.; Horn, H.; Hajjar, D.; Ravasi, T.; Hentschel, U. Actinomycetes from Red Sea Sponges: Sources for
Chemical and Phvlogenetic Diversity. Mar. Drugs 2014, 12, 2771-2789.

Fukowiak, M. Utilizing sponge spicules in taxonomic, ecological and environmental reconstructions: A review. Peer] 2020, 8,
el0&01.

Aoki, 5; Sanagawa, M.; Watanabe, Y.; Setiawan, A.; Arai, M.; Kobayashi, M. Novel isomarabarican triterpenes, exhibiting
selective antiproliferative activity again vascular endothelial cells, from marine sponge Rhabdastrella globostellata. Bivorg. Med.
Chem. 2007, 15, 4818482,

Lai, K.-H.; Huang, Z.-H.; El-Shazly, M.; Peng, B.-R.; Wei, W.-C.; 5u, |.-H. Isomalabaricane Triterpenes from the Marine Sponge
Rhabdastrella sp. Mar. Drugs 2021, 19, 206.

Acharyvabhatta, A.; Kandula, 5.K.; Terli, K. Taxcenomy and polyphasic characterization of alkaline amylase producing marine
actinomycete Streptomyces rochei BTS5 1001, Int. J. Microbiol. 2013, 2013, 276921,

Deacon, ] W. Fungal Biology, 4th ed.; Wiley-Blackwell: Hoboken, NJ, USA, 2006; p. 48.

Tanvir, R.; 53jid, L; Hasnain, 5.; Kulik, A.; Grond, 5. Rare actinomycetes Nocardia caishijiensis and Pseudonocardia carboxy-
divorans as endophytes, their bioactivity and metabolites evaluation. Microbiol. Res. 2016, 185, 22-35.

Brafia, A.F.; Sarmiento-Vizcaino, A.; Pérez-Victoria, I.; Otero, L.; Fernandez, |.; Palacios, ].].; Martin, ].; de la Cruz, M.; Diaz, C.;
Vicente, F.; et al. Branimycins B and C, antibiotics produced by the abyssal actinobacterium Pseudonocardia carboxvdivorans
M-227. J. Nat. Prod. 2017, 80, 569-573.

Williams, 5.T.; Davies, F.L. Use of a scanning electron microscope for the examination of actinomycetes. Microbiology 1967, 48,
171-177.

Brzezinska, M.5.; Walczak, M.; Lalke-Porczyvk, E.; Donderski, W. Utilization of shrimp-shell waste as a substrate for the activity
of chitinases produced by microorganisms. Pel. J. Environ. 5tud. 2010, 19, 177-182.

https://unila.turnitin.com/viewer/submissions/oid:7867:12758040/print?locale=en

12/13



1/21/22, 10:35 PM Jurnal 2021-3 J Fermentation.pdf - Andi Setiawan

Fermentation 2021, 7, 247 11 of 11

28. Marinelli, F.; Genilloud, O.; Fedorenko, V.; Ron, E.Z. Specialized bioactive microbial metabolites: From gene to product.
BioMed Res. Int. 2015, 2015, 276964,

https://unila.turnitin.com/viewer/submissions/oid:7867:12758040/print?locale=en 13/13



