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Abstract
The potential Actinobacteria from the sediment and root Soneratia alba with co-culture as an
antibacterial agent. 28 strains of Actinobacteria were found, composed of 17 strains from the sediment
and 11 strains from the endophyte root of Sonneratia alba. Out of 580 fermentation, 540 fermenter co-
cultures and 34 single fermenter cultures were assessed. Twenty-one pairs of co-culture were resulted
positively against Staphylococcus aureus, and 16 pairs were positive against Pseudomonas aeruginosa.
The highest clearance zone against S. aureus was obtained from 10 (Actino)-Aspergillus fumigatus (dead
body) extract (21.57 ± 0.90 mm) while against P. aeruginosa was resulted from co-culture strains 3/37
extract (19.18 ± 0.80 mm). Strain 41 was determined to be Streptomyces flavalbus (98.07%) with the
accession number MZ540332 when co-cultured with Pseudomonas aeruginosa to produce pyocyanin.
Other Actinobacteria (6, 10, and 37) strains were identified as Streptomyces albogriseolus (99.79%),
Streptomyces labedae (99%), and Streptomyces rochei (93.52%). It is concluded that co-culture is a
valuable strategy to develop the new Actinobacteria product as a powerful antibacterial agent.

Introduction
Actinobacteria is a Gram-positive, constructed as rigid cell wall, containing murammate acid and teichoic
acid (Becker et al. 1965; Kamisango et al. 1982; Glaser et al. 2004). Actinobacteria possesses several
unique phenotypes indicated by the various coccus morphology up to differentiate mycelia. Dominated
by guanine-plus-cytosine (G + C) DNA material which encloses 50 mol% − 70 mol% (Goodfellow 2012).
Moreover, these bacteria are anaerobic (von Wintzingerode et al. 2001), anaerobic facultative (Roth et al.
2011) or aerobic (Becker et al. 1965). Mostly are chemoorganotrophe, grown well in neutral pH (Ludwig et
al. 2012). Some of them are acidophilic (Johnson et al. 2009) or alkaliphilic (Thumar et al. 2010).
Actinobacteria is also halophilic (Sharma 2015) and thermophilic (Hugenholtz and Stackebrandt 2004;
Johnson et al. 2009). In addition, most Actinobacteria are saprophytic. Nevertheless, some are
pathogenic (Raoult et al. 2003) and symbionts (Solans et al. 2015; Riyanti et al. 2016). These bacteria is
distributed in a wide range whether in the river (Cottrell et al. 2005), estuary (Sharma 2015), terrestrial
(Reimmann et al. 1997) dan seawater (Maldonado et al. 2005). Actinobacteria is predominantly
mesophilic that growth optimally in 25 and 30°C. Some grow well at 50–60°C (Goodfellow 2012).

Up to 50 years, there are more than 10.100 natural compounds of antibiotics produced from filamentous
Actinomycetales. Streptomyces sp. are dominated and cover 7.600 compounds, while 2.500 are
discobered from rare Actinomycetes. Actinobacteria have represented the most significant part of
microbial bioactive metabolite (45%) from the known 22.500 antibiotics from microbes. Amongst those,
only 1% (150 compounds) have been developed into drugs. This antibiotic has been used for human,
animal, and agricultural purposes (Berdy 2005).

The trend of using the silent gene has been developed in order to identify the new natural antibiotic.
Moreover, research on the silent gene has been done to identify the new antibiotic natural product (Pettit
2011; Moody 2014; Abdelmohsen et al. 2015). Alexander Fleming introduced the co-culture strategy in
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1928 by discovering β-lactam antibiotic penicillin (Fleming 1929). This was then followed by several
similar inventions. Some research in terms of Actinobacteria pointed to the strategy of activating the
silent gene of antibacterial by elicitation chemically (Kawai et al. 2007), biologically (Schäberle et al.
2014) and molecularly (Hosaka et al. 2009). Recently, the study in Actinobacteria silent gene as an
antibacterial by Actino-Actino (Dashti et al. 2014), Actino-other bacteria (Luti and Mavituna 2011c) and
Actino-Fungi (König et al. 2013) remarkably promising and worthy. This research aims to discover and
identify the potential Actinobacteria from the mangrove sediment and root with co-culture as an
antibacterial agent.

Material And Methods

The mangrove sampling
The mangrove sediment and root sample were collected from Jepara, Central Java, Indonesia
(S6°30'40,8952"; E110°40'11,9470") (Fig. S1). The sampling methods were referred to Sangkanu et al.
(2017) and Jiang et al. (2018) with some modification. The sediment sample is taken at 0–5 m in depth
and kept into the sterile plastic pack. The root of the mangrove was cut off, the tip of the root was then
burned. Soon as fire sterilization, the tips of the root are wrapped off with parafilm. The other parts of the
root were then cleaned and rinsed with 70% alcohol and sterile aquadest. The root sample was then
collected into sterile polyethylene. Lastly, all the samples were taken into a coolbox and ready to be
further analyzed, no more than 48 hrs.

Isolation and purification Actinobacteria.
Actinobacteria isolation used spread plate methods (Jett et al. 1997; Herigstad et al. 2001) with some
modification. ISP 2 media, contained 4.0 g Bacto-Yeast Extract, 10.0 g Bacto-Malt Extract, 4.0 g Bacto-
Dextrose dan 20.0 g Bacto agar were administered (Shirling and Gottlieb 1966). Gauze’s Medium No. 1
was also conducted. This media contained 20.0g Soluble starch, 1.0g KNO3, 0.5g K2HPO4, 0.5g MgSO4,
0.5g NaCl, 0.01g FeSO4 dan Agar 30.0g (Atlas 2010) with cycloheximide (10mg/ml) and nalidixic acid
(10mg/ml) addition (Rajagopal and Kannan 2017). There were five steps of root isolation procedures. It
was started with surface sterilization by rinsing in 5% NaOCl (4–10 minutes), followed by 2.5% Na2S2O3

(10 minutes), and 5 minutes rinsing in 75% ethanol and sterile water and cleansed in 10% NaHCO3 (10

mins) (Qin et al. 2009). All the root samples were then blended into powder and diluted at 10− 3. One
hundred µL of this final solution was then plated in solid media. Leave these for 2–5 weeks to incubate
(Liu et al. 2016; Jiang et al. 2017; Jiang et al. 2018).

The sediment sample was dried in the air for 7 days at room temperature. The 10 g of sediments was
heated up to 55 oC (6 minutes) for bacterial selection, suspended to 100 mL sterile seawater and stirred
well for 30 mins (Huang et al. 2015; Huang et al. 2018). The sediment suspension was then diluted
serially until 10− 3 by sterile seawater. The 100 µL of the diluted solution was plated into media and
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incubated at 28 ± 2oC for 10 to 28 days (Retnowati et al. 2017). The different colony was then poured in
agar media Gauze no.1 (Retnowati et al. 2017; Jiang et al. 2018). The glycerol stock was made by
preparing the liquid culture media. Freeze and stored the mycelia glycerol stock media in − 80oC
(Shepherd et al. 2010).

Morphological and microscopic characterization of
Actinobacteria strains
The colony morphology of the isolates was observed for colour, aerial and substrate mycelium, as well
branching. The isolates grown were then observed for spore chain morphology. The microscope with
adequate magnification (400x) was used to examine the presence of spore chains and observe the
sporophores' nature (Priyanka et al. 2019).

Microbial Strain and Susceptibility
The microbes strain used were bacteria and fungus. Staphylococcus aureus FNCC-0047 and
Pseudomonas aeruginosa ATC-9027 as bacteria and Aspergillus fumigatus FNCC-6127 as fungus. Those
isolates were purchased from Microbiology Laboratory, Center of Food Study, Gadjah Mada University.

The assessment of antibiotic resistance was only done on bacterial isolates. The bacterial susceptibility
to antibiotics was carried out by Kirby-Bauer disc diffusion test using the 6 mm diameter of Whatman no.
3 disc paper (Bauer et al. 1966). The type of antibiotics and inhibition interpretation (resistance,
intermediate and sensitive) was specific in each bacteria, according to CLSI m100. The commercial
antibiotics and assessed concentration against Staphylococcus aureus were Tetracyline (30 µg),
Doxycline (30 µg), Rifamycin (5 µg), Erythromycin (15 µg), Azhytromycin (15 µg), Gentamycin (10 µg),
Penicilin (10 units), Ofloxacin (5 µg), Minocycline (30 µg), Chloramfenicol (30 µg), Ciprofloxacin (5 µg),
Levofloxacin (5 µg), and Clindamycin (2 µg), respectively. Ceftadazime (30 µg), Gatifloxacin (5 µg),
Gentamycin (10 µg), Levofloxacin (5 µg), Ciprofloxacin (5 µg), Tobramycin (10 µg), Doripenem (10 µg)
and Meropenem (10 µg) were tested against Pseudomonas aeruginosa. Nutrient broth (Merck) was
applied as culture media, and Muller-Hinton Agar (Merck) was used as testing media. The bacteria were
cultured at liquid media for 18 hrs to get the 0.5 McFarland standard (Andrews 2001). The inhibition zone
was then be categorized as resistance, intermediate and sensitive based on Clinical and Laboratory
Standards Institute (CLSI) m100 (CLSI 2018).

Co-Culture Fermentation, Extraction and Screening for
Antibacterial agents
The fermentation process was administered with a total of 574 fermenters and six fermenters (as
control). These included 28 single culture fermenters and 546 co-culture fermenters and were divided into
three co-cultures: the Actino-Actino (378 fermenters), Actino-other bacteria (112 fermenters) and Actino-
Fungus (56 fermenters). The control fermenter used one strain live cell and dead body (killed by bolling
water), ie. two bacteria species (S. aureus and P. aeruginosa) and one fungus species (A. fumigatus).
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Methods used in this study is referred to König et al. (König et al. 2013), Ding et al. (2015), Luti and
Mavituna (2011a), Luti and Mavituna (2011b), and Kawai et al. (Schäberle et al. 2014) with slight
modification. All media used, namely ISP 2 (Actinobacteria), Nutrient Broth (Merck) for other bacteria and
Potato Dextrose Broth (Merck) as Fungi seed media and media 27 as fermentation media. One ose
bacterial culture were inoculated in seed media (1×10 mL/vial) and then followed by 24 hrs (S. aureus
and P. aeruginosa) and 48 hrs (Actinobacteria and A. fumigatus) incubation at 28°C. We measured 500
µL from single strain fermentation culture and 250 µL for co-culture fermentation, then we moved into 20
mL vial. These were then added with media 27 until reached 4.5 mL and continued with incubation at
28°C for 14 days. After incubation, the supernatant on each vial was centrifuged and extracted using
ethyl acetate 2:1 (v:v). The ethyl acetate fraction was separated, taken out at 1 mL and transferred into
the vial. The vial was evaporated in a hotplate (40°C). As it dried, the paper disk was ready to use and
screened for the antibacterial activity.

Antibacterial screening of the extracts was determined by disc diffusion assay (Bauer et al. 1966). The
test bacteria applied were S. aureus and P. aeruginosa (Govindarajan et al. 2014).

The bacteria were cultured in NB media until the density reached at 0.5 McFarland standard. These were
then added with 20 mL of NA media, waited until get hardened, and cultured the bacteria in a small sterile
cotton swab (onemed) on the surface of the agar media. This then continued by leaving for the bacterial
inoculum to dry (3–5 minutes). We put the disc paper into a petri dish that has been inoculated with the
test bacteria. Petri dishes were incubated at 37°C for 24 hours (Jiang et al. 2018).

Antagonist test against S. aureus and P. aeruginosa
The antagonist test was carried out using the reference overlay method by Shetty et al. (2014) with
modifications using Gauze medium no 1. The test bacteria S. aureus and P. aeruginosa were incubated
for 24 hours. We cultured the bacteria in a small sterile cotton swab (onemed) on the surface of the agar
media and leave to dry (Bauer et al. 1966). Pure Actinobacteria strains were scrapped in the middle of the
agar using an ose needle. Petri dishes were incubated at 30°C for 72 hours. The visible zone of inhibition
will be recorded as positive results and indicated by light-strong production.

Co-Culture Fermentation, Extraction and Antibacterial test
All fermented products were extracted with ethyl acetate, referring to Thirumurugan et al. (2018) with
slight modifications except Actinobacteria-P. aerugenosa using pyocyanin extraction and purification
method. The supernatant (except for Actinobacteria-P. aerugenose) was extracted with an equal volume
of ethyl acetate (2:1). Ethyl acetate supernatan was separated from the mycelia using centrifugation at
5000 rpm for 15 minutes and was then filtered using Whatman No.1. The mixture was collected and
concentrated with a rotary evaporator at 50°C.

Actinobacteria-P. aerugenose culture cells and supernatant were separated, and extracted using
chloroform 3:5 (v/v). Chloroform partition was reextracted using 1 ml of 0.2 N HCl. The colour was turned
from pink to deep red solution and then reseparated (Essar et al. 1990). The extract was neutralized using
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0.1 M NaOH and turned into blue colour. The extract was repeated 2–3 times (El-Shouny et al. 2011; El-
Zawawy and Ali 2016). Prior to neutralization using NaOH, we were measured the concentration of
pyocyanin quantity (mg/ml) using 520 nm spectrophotometer. In this study, the intervals of 20 nm were
recorded in a range of 420–600 nm The supernatant was calculated with an absorbance coefficient of
520 (17.072) and calculated based on this following equation (Watson et al. 1986; Essar et al. 1990).

Pyocyanin Concentration (µg/ml) = O.D520 * 17.072

The antibacterial activity of the extract was determined by disc diffusion assay. The compound will show
the activity by producing the inhibition zone on Muller–Hinton (MHA) agar (Merck) (Bauer et al. 1966).
The filter paper disc used was Whatman, no. 3 (Valgas et al. 2007). Mueller-Hinton Agar (Merck) was
used as a test medium with a composition of 300.0 g beef infusion, 17.5 g acid hydrolysate of casein, 1.5
g starch and 17.0 g agar (Mueller and Hinton 1941; Atlas 2010). Bacterial density was adjusted to the
standard 0,5 McFarland (1–2 x 108 CFU). The test bacteria used were S. aureus and P. aeruginosa
(Govindarajan et al. 2014). The crude extract was concentrated to 500 mg/mL and added 20 µL crude
extract/ paper disc, and dried. The final concentration of the extract on the paper disc was 10 mg/disc.

The bacteria were cultured in NB media until the density reached to the standard of 0.5 McFarland. These
were then continued by added 20 mL of MHA media, waited until hardened, and the bacterial culture was
swabbed on the MHA surface in a petri dish. Bacterial inoculum was then allowed to dry for 3–5 minutes
(Bauer et al. 1966). We put three paper discs as repetitions into a petri dish (Radjasa et al. 2007),
incubated at 37°C for 24 hours (Jiang et al. 2018) and 48 hours (Sabdono et al. 2019). These results were
observed by measuring the inhibition zone surrounding the paper disc area using a digital calliper.

Co-cultivation in solid media
Co-cultivation in solid media carried out using the reference by Traxler et al. (2013) with some
modification. All experiments were done on 1:10 (v/v) ISP2 (Shirling and Gottlieb 1966), media 27 (Ding
et al. 2015) and 20 g agar. For all experiments, 10 ml of agar was added to standard 100-mm petri plates
with 2 mm of thickness. This is suitable to the preparation for IMS. One ose strains were inoculated onto
agar and was spotted to the single as well as to the co-cultures. Petri plates were incubated at 28 ± 2 oC
for about 1–2 weeks.

Identification Actinobacteria
Identification was carried out molecularly to determine the type of Actinobacteria and phylogenetically
defined (Jiang et al. 2018).

Result

Sample collection
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Mangroves were taken from Ujung Piring, Central Java, (Fig. 1). We have collected mangrove roots, and
sediment. This root characteristically by brownish-greenish black colour, with an inverted peg with a
pointed tip at the top in shape (Fig. 1b). The sediment was physical characterized by granular sand with a
small amount of fine sand on 1–3 cm at the top and a bit of silt subsequently (Fig. 1c). The flower has 6
to 8 petals with the green colour in outer skin and reddish inside with a bell shape (Fig. 1d). The leaves
are light green, shaped like an inverted ovoid and rounded ends (Fig. 1e). Based on the characteristics
described, this mangrove has identified as Sonneratia alba (Kusmana and Onrizal 2003; Giesen et al.
2007). S. alba is a pioneer species in mangrove habitat, intolerant to freshwater exposure. The preferred
substrate is consolidating silt and sand, occasionally rock, coral and gravel. It is often found in coastal
locations protected from intense wave action and in estuary areas and around offshore islands. The
distribution of Sonneratia alba grows from East Africa, the Seychelles and Madagascar, throughout
Southeast Asia, to tropical Australia, New Caledonia, the west Pacific islands and Southwest Oceania.
Southeast Asia includes various countries such as Brunei, Cambodia, Indonesia, Malaysia, Myanmar,
PNG, Philippines, Singapore, Thailand and Viet Nam (Giesen et al. 2007).

Isolation and Purification Actinobacteria
Isolation and Purification Actinobacteria (Fig. S2) resulted in some various types of Actinobacteria.

The purification results are presented in Table 1. We have purified 28 isolates from the total of 106
isolates. The 28 pure isolates consist of 18 from sediment and 10 from mangrove roots. Sediment isolate
codes were 3, 6, 10, 14, 17, 31, 32, 34, 35, 37, 39, 41, 45, 46, 51, 52, 71 and 87. While root isolates were
encoded as 13, 16, 22, 26, 42, 62, 63, 64, 72 and 90, respectively.

 

Actinobacteria Characterization
The pure Actinobacteria isolates were characterized macroscopic and microscopically. The visible results
are presented macroscopically in Table S1 and microscopically (Table S2). Actinobacteria from
sediments have aerial hypha with cream white, white, dark grey, bluish-grey, brown-grey, yellowish ash
and white ash in colour. In other hand, roots isolates have dark grey, dark brown, white-grey, middle white
brown and middle white grey colours. Actinobacteria mycelium substrates from sediment were black,
white, dark grey, brown, dark brown, blackish brown, cream blackish, brownish-yellow, yellow, cream, dark
orange and grey. Main while, Actinobacteria from roots were black grey, grey-brown, dark brown, reddish-
brown, cream, white, cream brown and red-black. Based on Table S2, all the Actinobacteria microscopy
isolates predominantly by the spiral shape. Other observed forms were Verticillatispore and
Rectiflexibilesspore chains. Based on this, all the Actinobacterias are characterized to the genus of
Streptomyces sp. (Nomi 1960; Williams and Davies 1967; Tashiro et al. 1990; Nomi 1992).

Susceptibility of S. aureus and P. aerugenosa
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The S. aureus and P. aerugenosa bacteria were tested against several antibiotics. The mixed results
obtained are presented in Table S3. P. aerugenous bacteria were sensitive to all types of antibiotics tested,
including Ceftadazime, Gatifloxacin, Gentamycin, Levofloxacin, Ciprofloxacin, Tobramycin, Doripenem
and Meropenem. Different results were shown in S. aureus bacteria which have Resistance, Intermediate
and Sensitive categorized results. The resistance of S. aureus was found in Penicillin and Rifamycin
antibiotics. Erythromycin, Azithromycin and Clindamycin antibiotics had no inhibition zones detected.
The intermediate categorized were found in the antibiotics Minocycline and Chloramphenicol. Sensitive
interpretation of S. aureus was found in several types of antibiotics including Tetracycline, Doxycycline,
Gentamycin, Ofloxacin Ciprofloxacin, and Levofloxacin.

Fermentation and Screening Antibacterial agents
The fermentation process with a total of 574 fermenters and six fermenters as controls are presented in
Figure S2. Before Fermentation (Fig. 2a), After 14 days of Fermentation (Fig. 2b), Extraction with Ethyl
Acetate: culture (2:1) (Fig. 2c) and Antibacterial Screening against S. aureus (Fig. 2d) and P. aeruginous
(Fig. 2e). All antibacterial screening resulted positively against the bacteria test (1 bacteria or both) were
found in the co-culture method (Table S4). Positive results on screening were 21 pairs co-culture
fermenters, including 8 actino-actino, 3 Actino-S. aureus (2 life cultures and 1 dead body), 1 Actino-P.
aerugenosa (Life culture) and 9 Actino- A. fumigatus (5 life cultures and 4 dead cultures). Eight fementers
actino-actino were co-culture strains 64/90, 10/46, 6/37, 14/13, 14/31, 45/62, 41/46 and 3/41. Three
fermenters Actino-S. aureus with life cultures covering strains 6 and 10 and with dead cells, namely 63.
Actino-P, aerugenosa (life culture) fermenter is strains 41. The isolate code for Actino-Aspergillus
fumigatus 9 fermenters in life culture includes strains 52, 35, 37, 63 and 62, and dead culture include
strains 62, 64, 63 and 10, respectively.

Antagonist test against S. aureus and P. aeruginosa
Actinobacteria antagonist test against S. aureus and P. aeruginosa has positive and negative results. The
results are presented in Fig. S3. Antagonist tests have 3 categories in Fig. S4. Antagonist tests against S.
aureus with strong positives were resulted from 6, 35, and 90 isolates, and 46 isolate against P.
aeruginosa, respectively. Light positive against both bacteria were found in strains 45, 62, 63, and 64,
while 10 and 46 isolates against S. aureus. Negative results for both bacteria were from 3, 13, 14, 31, 37,
41, and 52 isolates, respectively. Other negative results for P. aeruginosa were developed from 6, 10, 35
and 90 isolates, respectively.

Co-culture Fermentation, Extraction dan Antibacterial test
The 100 mL co-culture fermentation, extraction and testing were carried out for the screening, except for
Actino-P. aeruginosa (500 mL). The extraction flow chart and purification pyocyanin are presented in
Fig. 3. Test results of crude extract from co-culture fermentation are presented in Fig. 4. The weight of the
co-culture extract has an average of 0.16 grams. The highest extract weight was obtained from co-culture
strains 45/62, 63 (dead body S. aureus), and 63 (dead body A. fumigatus) in different co-cultures with
Actinobacteria, other bacteria, and fungi. The antibacterial activity of the extract against S. aureus and P.
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aerugenosa resulted in 21 positive tests and 16 positive tests, respectively. Clear zones from co-culture
extracts had an average of 13.02 ± 0.64 (S. aureus) and 12.12 ± 0.54 (P. aeruginosa). The highest zone of
inhibition against S. aureus was found in extract 10 (Actino)-Aspergillus fumigatus (dead body) and for P.
aerugenosa was found in extract strain 6/37 (Actino-actino). Strain 10 had the lowest extract weight in
the three co-cultures (Actino, S. aureus and A. fumigatus). Strain 10 had the highest zone of inhibition
against both test bacteria (except against P. aeruginosa, the 2nd highest) with three types of co-culture.
Extract weight of 6/37 was the second-lowest after 10/46, but the extract was increased as the strains 6
and 37 were co-cultured separately with S. aureus (life culture) and A. fumigatus (life culture). This co-
culture also resulted in decreased effectiveness against P. aeruginosa. Co-culture strain 45/62 had high
extract weight but low activity and contrast in strain 63 (dead body S.aureus). Even though strain 63 was
decreased when co-cultured with A. fumigatus (live and dead). On the other hand, strain 41 activated
pyocyanin on P. aeruginosa even though the extract was small because it was susceptible and degraded
fastly. Pyocyanin with a concentration of 0.1806 µg/disc has a clear zone of 10.69 ± 0.13 mm. In
addition, strain 41 can be co-cultured with other Actinobacteria, such as strains 3 and 46.

Co-cultivation in solid media
Based on Table 2, there were five combinations developed the extracellular compounds. The co-cultured
strains 13/14 had a red compound. The color was obtained from both lines when one colony was
predominant. Strain 14 was also co-cultured with strains 31, producing a dark brown color shared by
strains 31. Strain 41 could induce P. aeruginous to produce pyocyanin (green-blue pigment). Strains 35
and 62 can induce yellow compounds in A. fumigatus. Co-culture of Strain 41 with strains 3 and 46 did
not produce colored compounds but showed antibacterial activity after being covered with the bacteria
test. This results were also occured in other strains.

Molecular Identification of Actinobacteria
Identification of Actinobacteria was carried out for only a few strongest strains. The identification results
are presented in Table S5 and the phylogenetic tree is depicted in Fig. S5. Based on Table S5,
identification was carried out on the isolate codes 6, 10, 37, and 41. All of the strains are Streptomyces
spp. Strain isolate 6 was identified as Streptomyces albogriseolus with accession number MZ701854,
sequence length 1408 Bp, and have 99.79% of similarity. Strain coded isolate 10 was identified as
Streptomyces labedae with accession number MZ701855, sequence length 1396 Bp, noted 99% of
similarity. Strain coded isolate 37 was identified as Streptomyces rochei with accession number
MZ558503, sequence length 1427 Bp, and observed at 93.52% of similarity. The isolate coded strain 41
was identified as Streptomyces flavalbus with accession number MZ540332, sequence length 1399 Bp
with 98.07% similarity.

Discussion
Streptomyces flavalbus was first isolated in 2018 by Cao et al. (2018) from the rhizosphere of corn (Zea
mays L.). In fact, Streptomyces flavalbus strains 41 from mangrove sediments co-culture with P.
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aeruginosa was able to produce pyocyanin. Pyocyanin is a blue redox-active secondary metabolite
produced by Pseudomonas aeruginosa. In Pseudomonas aeruginosa, endogenous pyocyanin antibiotics
activate SoxR, a transcription factor stored in Proteo- and Actinobacteria. P. aeruginosa and Streptomyces
coelicolor revealed that most SoxR regulation in bacteria lacks the genes required for the stress response,
despite many of these organisms still producing redox-active small molecules, which suggests that
redox-active pigments play an independent role of oxidative stress (Dietrich et al. 2008). Through
mutation analysis, Dietrich et al. (2006) demonstrated that pyocyanin is a physiological signal for the
upregulation of this quorum-sensing-controlled gene during the stationary phase and that the response is
mediated by the transcription factor SoxR. This compound has antibacterial activity against
Staphylococcus aureus (Baron and Rowe 1981; Rahman et al. 2009; Abdul-Hussein and Atia 2016),
Escherichia coli (Baron and Rowe 1981; Abdul-Hussein and Atia 2016), Micrococcus luteus, Bacillus
subtilis (Baron and Rowe 1981; Rahman et al. 2009), Proteus vulgaris, Bacillus licheniformnis,
Acinetobacter, Paracoccus denitrificans (Baron and Rowe 1981) P. aeruginosa (Rahman et al. 2009;
Abdul-Hussein and Atia 2016) Pseudomonas teessidea, and P. clemancea (Rahman et al. 2009).

Neomycin was isolated from Streptomyces albogriseolus in 1954 by Benedict et al. (1954). These
compounds can be developed as an antibacterial against Streptomycin-Resistant Bacteria (Waksman
and Lechevalier 1949). Furthermore, Streptomyces albogriseolus isolates K36C5 from soil samples
(depth 10–15 cm) in the northwest Iran has antibacterial against E. coli, S. aureus, Y. enterocolitica, and
B. cereus (Maleki et al. 2013). While Streptomyces albogriseolus from marine environment has an activity
against Bacillus cereus ATCC 14579 and Escherichia coli ATCC 13706 (Gong et al. 2018). It was
explained that Methyl-4,8-dimethylundecanate from the marine actinobacterium Streptomyces
albogriseolus ECR64 was active against Pseudomonas fluorescens, Vibrio cholerae, V. parahaemolyticus,
V. alginolyticus, and Aeromonas hydrophila (Thirumurugan et al. 2018). In another study, Streptomyces
albogriseolus A2002 led to the isolation of echinosporin and 7-deoxyechinosporin. Flow cytometric
analysis suggested that these two compounds exerted their anti-proliferative effects on those cells
through inhibiting the cell cycle at the G2/M phase and inducing apoptosis (Cui et al. 2007). Additionally,
Streptomyces albogriseolus was produced Fungichromin B (6′-methyl-fungichromin). These
Actinobacteria was effective against Saccharomyces cerevisiae, Fusarium oxysporum, and Aspergillus
niger (Zeng et al. 2013). Benzo[f][1,7]Naphthyridine that isolated from Streptomyces albogriseolus
originating from mangrove sediments from Avicennia alba (Li et al. 2010). One of the improvements in
developing the bacterium Streptomyces albogriseolus was also successful using Biosynthesized with
AgNPs which inhibit the growth of food pathogens such as Bacillus cereus, Escherichia coli, and
Staphylococcus aureus (Samundeeswari et al. 2012). Some research in relation to the co-culture was also
conducted on Streptomyces albogriseolus with Brevibacillus borstelensis from the field soils in the
northwestern region of India. The Actinobacteria was managed to reduce the concentration of
sulfosulfuron from 10 g/ml in an initial hour from 8.34 g/ml in 12 h to 6.66 g/ml in 20 h (Arya et al.
2016). However, there has been no research on co-culture with Streptomyces albogriseolus as an
antibacterial.
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Streptomyces labedae isolated from the sediments of the east coast (Bay of Bengal) region of
Tamilnadu, India have antibacterial against pathogenic fish bacteria such as Vibrio cholerae, V.
parahaemolyticus, V. alginolyticus, Pseudomonas fluorescens, and Aeromonas hydrophila (Thirumurugan
and Vijayakumar 2015). Moreover, Streptomyces labedae from specimens of the marine sponge Mycale
sp. exhibited the most potent antimicrobial activity against Staphylococcus aureus MTCC 1430, Bacillus
subtilis MTCC 44, and Vibrio species (Vibrio diabolicus and Vibrio parahaemolyticus) (Su et al. 2014). S.
labedae (soil samples salted area) was able to inhibit S. aureus, B. subtilis, and S. viridochromogenes
(Sajid et al. 2008) and biofilm-forming ability of Acinetobacter and Moraxella (Saleem et al. 2015). In
addition, Streptomyces labedae ASU-03 has the degrading ability of Ficus elastica rubber latex, isolated
from Egyptian soil (Hesham et al. 2015). However, there has been no research on co-culture with
Streptomyces labedae as an antibacterial agent.

In this study, Streptomyces rochei co-cultured with Streptomyces labedae (Lacey 1987) and A. fumigatus
can factually increase the antibacterial production by activating silent genes, postulately. Streptomyces
sp. 7434-AN4 with linear plasmid-like DNA (pSLA2) produce lankacidin (Hayakawa et al. 1979).
Streptomyces rochei 7434-AN4 has three large linear plasmids, pSLA2-L, M and S. The involvement of
pSLA2-L had an important role in producing lankacidin and lankamycin in S. rochei 7434-AN4 (Kinashi et
al. 1994). Futhermore, Streptomyces rochei strain 7434AN4 was found to span 31 kb of the giant linear
plasmid pSLA2-L and contains a polyketide synthase (PKS)/nonribosomal peptide synthetase (NRPS)
hybrid gene (lkcA), type I PKS genes, and pyrroloquinoline quinone (PQQ) biosynthetic genes (lkcK-lkcO)
(Arakawa et al. 2005). Additionally, Bundlin A (lankacidin) and bundlin B (Uramoto et al. 1969) have
antibacterial properties (Sakamoto et al. 1962; Tsuchiya et al. 1971). Research by Arakawa et al. (2012)
reported that the presence of two active components SRB1 (2-(1'-hydroxy-6'-oxo-8'-methylnonyl)-3-methyl-
4-hydroxybut-2-en- 1,4-olide) and SRB2 (2-(1'-hydroxy-6'-oxo-8'-methyldecyl)-3-methyl-4-hydroxybut-2-en-
1,4-olide) can increase Lankacidin and Lankamycin Production in Streptomyces rochei. Moreover,
research co-culture of Streptomyces rochei MB037 with a gorgonian-derived fungus Rhinocladiella similis
35 was carried out to stimulate the production of new, including two new fattymacids with rare nitrile
group, borrelidins J and K (1 and 2), one chromone derivativemas a new natural product, 7-methoxy-2,3-
dimethylchromone-4-one (3), together with two known 18-membered macrolides, borrelidin (4) and
borrelidin F (5). The five compounds have the ability as antibacterial (Yu et al. 2019). Lately, in his study,
Hashimoto et al. (2020) discovered a novel cryptic biosynthetic gene cluster in Streptomyces rochei
IFO12908, a new polyene macrolactam compound from the JBIR-156 biosynthetic gene cluster. The
biosynthetic gene uses the SUKA strain host derived from Streptomyces avermitilis.

Several studies have shown that Actino-actino can produce and increase the production of antibiotics.
Co-culture between Streptomyces tanashiensis IAM0016 and Streptomyces griseus st-21-2 produced
compounds that could inhibit the growth of Bacillus subtilis bacteria (Yamanaka et al. 2005).
Rhodostreptomycin A and B were produced from Co-cultures of Rhodococcus fascians and Streptomyces
padanus. These compounds have antibacterial abilities, including Streptomyces padanus, Escherichia
coli, Staphylococcus aureus, Bacillus subtilis, and Helicobacter pylori (Kurosawa et al. 2008). Another
study revelead that Streptomyces lividans TK23, was induced by co-culture with Tsukamurella pulmonis
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TP-B0596 produced a new antibiotic, lchivemycin A (Onaka et al. 2011). Moreover, Actinokineospore sp.
EG49 and Nocardiopsis sp. RV163 succeeded in inducing biosynthesis by producing 3 natural products
that were not produced by a single culture, namely N-(2-hydroxyphenyl)-acetamide, 1,6-
dihydroxyphenazine and 5a,6,11a,12-tetrahydro-5a,11a-dimethyl[1, 4] benzoxazino[3,2-b][1,4]benzoxazine.
Only compound 1,6-dihydroxyphenazine has antibacterial activity against Bacillus sp. P25 (Dashti et al.
2014). Streptomyces coelicolor interacting with Amycolatopsis sp. AA4 produces antibiotic compounds,
namely acyl-desferrioxamine (acyl-DFO), -Actinorhodin and prodiginine (Traxler et al. 2013).

Co-culture research that produced and pointed to increase antibacterial production is also carried out on
Actino-other bacteria with live cells and dead bodies. Streptomyces griseorubiginosus 43708 was
stimulated by a mixed culture with Pseudomonas maltophilia 1928 produced the antibiotic biphenomycin
A (Ezaki et al. 1992; Ezaki et al. 1993). Another study reported that Streptomyces tenjimariensis produces
the antibiotics istamycin. Twelve of the 53 bacterial species tested induce Istamycin production and
inhibit competing colonies' growth (Slattery et al. 2001). Moreover, Myxococcus xanthus cells prey on S.
coelicolor. The interaction increases the antibiotic compound actinorhodin production by S. coelicolor up
to 20-fold and triggers aerial mycelium production (Pérez et al. 2011). Elicitation with dead body bacteria
B. subtilis increased the maximum undecylprodigiosin concentration by threefold and S. aureus by
fivefold compared with the pure culture of S. coelicolor (Luti and Mavituna 2011c). In addition, interacted
with live or heat-killed cells of Bacillus subtilis, Streptomyces coelicolor A3 (2), increased
undecylprodigiosin production up to 175–211% in the bioreactor, 256% in comparison to the pure cultures
of S. coelicolor (Luti and Mavituna 2011b). Streptomyces coelicolor was also produced bioactive
compounds, namely undecylprodigiosin (Red) with the corallopyronin A producer, Corallococcus
coralloides, which could be enhanced by a myxobacterial competitor and increased production of Red a
60-fold of the intracellular concentration (Schäberle et al. 2014). Proteobacteria (Burkholderia
vietnamiensis ATCC BAA-248, Brucella neotomae ATCC 23459, Yersinia pestis A1122, and Xanthomonas
axonopodis ATCC 8718) induced the production of resistomycin in Streptomyces sp. B033 at significantly
higher rates (65%) (Carlson et al. 2015).

Co-culture study of Actinomycetes–Fungi resulted in new product which able to increase the production
of antibacterial agents. Marine-derived fungus Emericella sp., induced the production of emericellamides
A and B was observed during co-culture with the marine actinomycete Salinispora arenicola (Oh et al.
2007). Streptomyces rapamycinicus was able activate a silent biosynthetic gene cluster in the human
pathogenic fungus A. fumigatus produces fumicyclines A and B (König et al. 2013). Lastly, Fusarium
tricinctum was co-cultivated with Streptomyces lividans can increase enniatin A1 and B1 against S.
aureus, S. pneumoniae, and E. faecalis (Ola et al. 2013).

Conclusion
Conclusion in this work, we co-cultured several combination of Actino-Actino, Actino-other bacteria and
Actino-fungi. There were 28 strains Actinobacteria from Sonneratia alba sediment and root foundly active
to pathogenic Staphyoococcus aureus and Pseudomonas aeruginosa. All 28 strains were identified as
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Streptomyces spp. Besides the potential Streptomyces albogriseolus, Streptomyces labedae and
Streptomyces rochei, Streptomyces flavabus is a promising firstly reported Actinobacteria from
Indonesian tropical waters.
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Figure 1

Mangroves in Ujung Piring, Central Java. a). Mangroves; b). Root; c). Root Sediment; d). Flower; e). Leave.
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Figure 2

Antibacterial screening with the single colony and Co-culture Fermentation method. a). Before
Fermentation; b). After 14 days of Fermentation, c). Extraction with Ethyl Acetate:culture (2:1);
Antibacterial Screening against S. aureus (d) and P. aeruginous (e)
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Figure 3

Flow chart extraction and purification of pyocyanin from Actinobacteria isolate code 41 with P.
aerugenosa co-culture and antibacterial assay.
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Figure 4

Weight (a) and Clear zone of extract Co-culture Actinobacteria with Actinobacteria, S. aureus, P.
aerugenosa, and A. fumigatus against S. aureus (b) and P. aerugenosa
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