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Biosurfactant Activity of Indigenous Bacillus sp. ES4.3 Isolated from
Endemic Breeding Sites of Dengue Hemorrhagic Fever Vector in
Surabaya, East Java, Indonesia
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Abstract. Bacillus spp. have shown the ability to results a variety of commercial bioactive compounds such as proteins, peptides, and
lipopeptides (LPs). Some of the LPs produced by Bacillus spp. are surfactin, iturin, and fengicin. This study aimed to determine the
name of the indigenous Bacillus sp. ES4.3, the biosynthesis surfactin gene, and the potential activity for biosurfactant produced by
[entomopathogenic] [Bacillus sp. ES4.3 isolated from endemic breeding sites of Dengue Hemorrhagic Fever |Mector| in Surabaya, East

Java, Indonesia. Genomic DNA of Bacillus sp. ES4.3 detected by isolating the DNA and visualizing by electrophoresis. Furthermore,
the 16S rRNA gene was amplified by the Polymerase Chain Reaction (PCR) method. The resulting nucleotide sequences were analyzed
to find the relationship between Bacillus sp ES4.3 with another bacteria using|[MEGA| \version 6 software. Detection of biosynthesis

surfactin gene was carried out by PCR method using srfAD primers. Analysis of the homology level of the surfactin gene was
performed using the NCBI BLASTn and BLASTp genetic analysis program. The indigenous Bacillus sp. ES4.3 had 97.66% closeness
to the species |Baci||us velezensis FZB42 and the surfactin gene showed a 99.86 for % ID with the srfA-D gene on the Bacillus

amyloliquefaciens group. The biosurfactant activity indicated by the formation of clear zones, the formation of emulsions, and a
decrease in surface tension in the values of 21.38 mN/m from the NB media control and 33.74 mN/m from the [distilled water | control.
[The ability of Bacillus sp. ES4.3 to hemolyzed and reduced surface tension indicated the presence of biosurfactant that can disrupt
stabiliﬂtﬁ/ and damage the midgut of Aedes aegypti. hhus, Bacillus sp. ES4.3 has the potential to be developed as a biocontrol in disease
vector,

Key words: Bacillus sp., 16S rRNA, surfactin, hemolytic activity, emulsification activity, surface tension.
Running title: Biosurfactant Activity [of Bacillus sp. ES4.3

INTRODUCTION

Biosurfactants are surface active chemical compounds that can be synthesized by several microbial groups.
Biosurfactants are an alternative to synthetic surfactants that are not biodegradable and harmful to the environment (Moro
et al. 2018). Biosurfactants can be applied in various fields, such as in the food, pharmaceutical, cosmetic, petroleum
industries, and they can be used for remediation in locations contaminated with oil and heavy metals (Nwaguma et al.
2016; Gomaa and EI-Meihy, 2019; Pele et al. 2019). Biosurfactants have several advantages over chemical surfactants,
such as lower toxicity, higher biodegradability, not polluting the environment, nonharmful, greater and more specific
selectivity (De Almeida et al. 2016; Chaves and Guimaraes 2018). Furthermore, biosurfactants are stable and efficient
under adverse temperature, pH, and salinity, which is typically encountered in the petroleum industry (Silva et al. 2014).
Biosurfactants can also effectively reduce surface tension (ST) and interface stress (IT), as well as excellent foaming,
emulsifying, and dispersing agents that are widely used in many industrial sectors (Jacques 2011; Pacwa-Plociniczak et al.
2011; Mulligan et al. 2014).

One of the microbial genus that can produce biosurfactants is Genus Bacillus. Bacillus known to be capable of
synthesizing lipopeptide biosurfactants, such as surfactin, iturin, and fengicin (Mongkolthanaruk 2012). Surfactin consists
of 7 amino acids (_-leucine, p-leucine, | -aspartate acid, _-valine, p-leucine, -leucine, and | -glutamic acid) which are bound
to carboxyl and hydroxyl groups of fatty acid carbon atom number 12-16. Surfactin is synthesized by a complex
mechanism, catalyzed by the Nonribosomal Peptide Synthetase (NRPS), which is encoded by the srfA operon. Surfactin is
one of the three most important lipopeptides detected around the rhizosphere (Henry et al. 2011; Nihorimbere et al. 2012).
Surfactin have a strong biosurfactant activity, it can suppress plant diseases (Cawoy et al. 2014) by the inhibition of
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bacterial growth, it breaks down the membranes or disintegrate it through physicochemical interactions (Deleu et al. 2013),
suppressing fungi by encouraging the colonization of beneficial bacteria (Jia et al. 2015), and triggers a systemic resistance
(Cawoy et al. 2014).

Detections the activity of biosurfactants can be used by (i) hemolytic activity tests, (ii) methods to analyze the surface
activity, emulsifying activity, and surface tension/interface tension (Plaza 2014). In addition, identification of bacterial
strains was also carried out, including 16S rRNA gene analysis and detection of biosynthesis surfactin gene, namely srfA-
D. This methodology ensures that phenotypic and genotypic features are considered (Das et al. 2013), provided an
overview of the role and importance of molecular genetics and the gene regulatory mechanisms behind surfactin
biosynthesis of various microbes that have commercial importance.

The method that commonly used for screening and genetic identification of bacterial isolates that have the potential to
rapidly produce biosurfactants is through PCR. PCR was used to identify the 16S rRNA gene and gene that involved in
surfactin biosynthesis, which called srfA-D (Mulligan et al. 2014). This study was to determine the name of the indigenous
Bacillus sp. ES4.3, the surfactin biosynthesis gene, and the potential activity for biosurfactant produced by Bacillus sp.
ES4.3 isolated from the breeding sites of Dengue Hemorrhagic Fever in Surabaya, East Java, Indonesia.

MATERIALS AND METHODS

Isolate and Media Preparation

Bacillus sp. ES4.3 is a bacterial isolate that has been isolated from endemic breeding sites of Dengue Hemorrhagic
Fever in Surabaya, East Java, Indonesia in the previous research (Salamun et al. 2020). We used three medium in this
research. Nutrient Agar (NA) medium used for purification of Bacillus sp. ES4.3, Luria Bertani (LB) medium used for
isolation of DNA Bacillus sp. ES4.3, and Nutrien Broth (NB) medium used for culturing Bacillus sp. ES4.3 on
biosurfactant activity. [The three medium were prepared with distilled water nd sterilized using an autoclave at 121°C 1

atm. Bacillus sp. ES4.3 was cultured on the different three medium and incubated at 35°C for 24 hours.

Identification of 16S rRNA gene

Identification of 16S rRNA gene was initiated by culturing isolates of Bacillus sp. ES4.3 into 20 mL of Luria Bertani
medium, incubated at 35°C| with agitation at 120 rpm for 48 hours. Furthermore, to obtain DNA, extraction was carried out
using the CTAB method (Ausubel et al. 2003) Mith DNA Wizard Genomic DNA Purification Kit (Promega).] DNA purity
and concentration values were measured using Multiskan GO on A 260 nm and A 280 nm. Hereafter, 16S rRNA gene
amplification was carried out using [Eppendorf Mastercycler| equipment, This process begins by adding GoTaq Green

Master Mix and 16S rRNA primers, in the form of primers 27F and 1492R. The Polymerase Chain Reaction (PCR) was
conditioned as follows: initial denaturation of 94°C for 2 minutes, denaturation of 92°C for 30 seconds, annealing 55°C for
30 seconds, elongation of 72°C for 1 minute, final elongation of 72°C for 5 minutes, 35 cycles. [The PCR product] were
visualized through an electrophoresis process using 1% agarose gel followed by Ethidium Bromide staining and observed
in ultraviolet light. The PCR samples were sent to the 1st Base DNA Sequencing Service Malaysia. Amplikon was
sequenced and analyzed for similarity with GenBank data using BLASTn NCBI (Altschul et al. 1997).]The data were also
analyzed for their relation by building a phylogenetic tree using MEGA h/ersion 6 software I(Tamura et al. 2013).

Detection of Biosynthesis Surfactin gene

[in this stage, we used the DNA that has been obtained on the identification of 165 rRNA gene stage. The procedure of
detection biosynthesis surfactin gene same with the procedure of identification 16S rRNA gene, but the only difference is
the primer used. | The srfA-D gene primers are self-designed on the page ThermoFisher Scientific Oligo Perfect Primer
Designer cloning application.

Biosurfactant Screening Activity
Hemolytic test

Hemolytic test was carried out by \culturing] the bacterial isolate Bacillus sp. ES4.3 in sterile Blood Agar medium [that
obtained from the Surabaya Laboratory. Isolate Bacillus sp. ES4.3 was inoculated into the Blood Agar medium by jspot
method. After that, it was incubated at 37°C for 24 to 48 hours. The positive results of this test can be observed in the

hemolysis zone and the color changes that occur around the bacterial colony.
Emulsification activity

Emulsification activity was carried out to determine the ability of Bacillus sp. ES4.3 in emulsifying liquid
hydrocarbons, i.e. kerosene and diesel fuel. The bacteria were cultured in liquid NB media and incubated for 24 hours.
Bacterial cell-free culture supernatant obtained by centrifugation at 5500 rpm for 15 minutes was [supplied by ] with
kerosene and used diesel fuel in different test tubes, and homogenized using vortex at high speed for 2 minutes. Stability
was measured after 1 hour. Emulsification activity is determined by index calculation (E24 or EI). This calculation is done
through the formula by Ozdal et al.| (2017).
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HE
E24=— x 100%
HS
E24 : emulsification activity on 24 hours
HE : high of the emultion layer
HS : high of total solution

Surface tension

The surface tension of the cell-free culture supernatant obtained by centrifugation was measured using the Kruss 100
tensiometer (Kruss GmbH, Hamburg, Germany) by the Du Nouy ring method. Measurements were replicated 3x to
improve accuracy and average retrieval. [This calculation is done through the formula by Chauhan et al. (2013).]

’g =0
qo

Y : the surface tension of the sample

Yo : surface tension standard value of distilled water at t°C

0 : the indicated sample value according to the instrument scale

6o : distilled water value shown according to the instrument scale

RESULTS AND DISCUSSION

Analysis of 16S rRNA gene

Isolate of Bacillus sp. ES4.3 was identified by amplification and sequencing of the 16S rRNA gene using PCR. The
sequences of Bacillus sp. ES4.3 DNA was analyzed using BioEdit Sequence Alignment Editor software version 7.2.5. and
nucleotide Basic Local Alignment Search Tool (BLASTN) that followed by the website of the National Center for
Biotechnology Information (NCBI) “http://www.ncbi.nlm.nih.gov”. [In Figure 1. showed the band of DNA from PCR
result on agarose gel 1%

3000 bp

1500bp 5,
1000 bp

250 bp

Figure 1. Electrophoresis result of DNA [Bacillus velezensis ES4.3 isolate marked with a band measuring 1500 bp. }(S = Sample; M =
Marker)

The PCR result in Figure 1. showed the band of 165 rRNA gene from Bacillus sp. ES4.3 isolate. When it matched with
size order of DNA marker, the size of the band measuring 1500bp.]

The result of nucleotide Basic Local Alignment Search Tools (BLASTn) analysis in Table 1. |indicate that this isolate
as the Bacillus sp. ES4.3 isolate shares 97.66% similarity with Bacillus velezensis strain FZB42 (GenBank access number

NR_075005.2). This is because the results in Table 1. show the highest % ID is Bacillus velezensis strain FZB42 when it
compared with Bacillus atrophaeus strain NBRC 15539 and Bacillus atrophaeus strain JCM 9070.
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Table 1. The Results of Basic Local Alignment Search Tools (BLAST) of Bacillus sp. ES4.3.

Description Scientific Name Query Cover % 1D
Bacillus  velezensis strain FZB42 16S Bacillus velezensis 99% 97.66%
ribosomal RNA gene, complete sequence
Bacillus atrophaeus strain NBRC 15539 16S Bacillus velezensis 99% 97.52%
ribosomal RNA gene, partial sequence
Bacillus atrophaeus strain JCM 9070 16S Bacillus velezensis 99% 97.52%

ribosomal RNA gene, partial sequence

Analysis of Phylogeni Tree

Figure 2. shows the phylogenetic analysis of Bacillus sp. ES4.3 against other strain of Bacillus velezensis. These
bacteria are used to calculate evolutionary distances and construct phylogenetic trees. The bootstrap test (1000
replications) is shown next to the branch. The consensus procedure was used to produce a bootstrap phenogram in the
phylogeny tree, which is analyzed by Neighbor-Join Method.

_|:KYES-:HE¢ 1 Bacilus wiezensis strain NRRL B-41380 165 thescmal RNA yene partial sequence
MKE22153.7 Bacillus welezensis slrain YWheT 165 ribosomal RNA gene partial sequence
MNTO4311.7 Bacillus welezensis slrain EGI303 165 ibosomal RNA gene partial sequence

{ MVBE0044 1 Bacillus velezensis strain BS1 165 bosomal RNA gene partial sequance
| @ Bacilus sp E843

’—NR (75003 2 Bacillus wlezensis slrain FZB42 168 rbosomal RNA complele sequence
L NR 116240 1 Eacillus velezensic sirain CEMB203 165 ibosomal RNA partial sequence

MNT04497 1 Bacillus welezensis strain EGI282 165 dbosomal RNA gene partial sequence

NR 043403 Bacillus thuringiznsis slrain 8N 12077 165 ibosomal RNA partial sequence

Figure 2.[Phylogeni tree of Bacillus velezensis ES4.3 and another bacteria of B. velezensis strain| |

Analysis of Biosynthesis Surfactin Gene

Figure 3. shows that the sequencing results obtained were analyzed using BioEdit software, BLASTn, and BLASTp to
determine the similarity of the SrfA-D gene Bacillus sp. ES4.3 with the genes in other bacteria. /A test was also conducted
to determine the similarity between the nucleotides of the srfA-D gene Bacillus sp. ES4.3 with another nucleotide of the
srfA-D gene Bacillus in GenBank. [Based on the BLASTDp results, the amino acids in the srfA-D gene of Bacillus sp. ES4.3
have the highest similarity with the surfactin thioesterase srfA-D biosynthesis from Bacillus amyloliquifaciens group
bacteria in Genbank by 99.86%. On the research of Rabbee et al. (2019), said that based on phylogenomic analysis B.
velezensis belong to the same clade as a B. amyloliquifaciens. | |

3000 bp

750 bp

250 bp

Figure 3. Electrophoresis results of the srfA-D gene in Bacillus velezensis ES4.3 isolates marked with samples. In the sample, there is a
band measuring 732 bp. (S = Sample; M = Marker)
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Screening of Biosurfactant Activity |

Hemolytic Activity

Hemolytic activity can be identified on Blood Agar media with 24 hours observation by looking at the clear zone
around the microbial colonies (Carillo et al. 1996). Hemolytic activity of Bacillus sp. ES4.3 can be seen in Figure 4.

{ .

Figure 4. The clear zone is formed from the hemolytic activity of the Bacillus sp. ES4.3 isolate on Blood Agar media. Notes: a) halo
zone, b) Colony of Bacillus sp. ES4.3.

Emulsification Activity

Table 2. shows that the emulsification activity of the cell-free supernatant of Bacillus sp. ES4.3 used kerosene and
diesel fuel at 1 hour and 24 hours observation. The emulsification activity of Bacillus sp. ES4.3 in kerosene showed an
increase, while in diesel fuel it showed a decrease.

Table 2. Results of emulsication activity of supernatant of Bacillus sp. ES4.3 on kerosene and diesel fuel.
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Surface Tension

Table 3. shows that the surface tension value of the culture supernatant Bacillus sp. ES4.3, when it compared with the
surface tension values of the [distilled water] control, media control, and Tween control, the value of the culture supernatant
of this isolate decreased to[21.38[mN/m from the NB media control, 33.74 mN/m from the distilled water control, and 3.91

mN/m from the Tween control.

Table 3. The surface tension value of the culture supernatant isolate Bacillus sp. ES4.3 with an incubation time of 2 days.

Treatment Surface Tension|
(mN/m)
Distilled Water Control 72.00 £0.00
NB Control 59.64 £0.12
Supernatant Bacillus sp. ES4.3 38.26 £0.25
Tween Control 34.35+0.07

Discussion|

The results of DNA isolation from Bacillus sp. ES4.3 showed the presence of a DNA band with a [size of 1500 bp when
it matched with the DNA marker| (Figure 1). From these results, it can be said that there is a 165 rRNA gene, which is a
DNA barcode for bacterial species. 16S rRNA gene sequencing serves as an approximation method for rapid and accurate
bacterial identification. A bacterium is said to represent the same genus if it has a similarity index above 95% and
represents the same species if it is above 97% (Srinivasan et al. 2015; Johnson et al. 2019).

The Bacillus sp. ES4.3 isolate shares 97.66% similarity with the Bacillus velezensis strain FZB42 (GenBank access
number NR_075005.2). These results are different from conventional identification results through observations of
macroscopic, microscopic, and physiological characters that have been carried out by Salamun et al. (2020), which stated
that Bacillus sp. ES4.3 is Bacillus sphaericus with a comparable coefficient calculation (Ss) of 76.12%.

Figure 2. shows the phylogenetic analysis of Bacillus sp. ES4.3 against other strains of Bacillus velezensis. This shows
that Bacillus sp. ES4.3 has a close relationship with B. velezensis BS1 and B. velezensis FZB42. It can be seen from the
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location of the branching between Bacillus sp. ES4.3 with B. velezensis BS1 and B. velezensis FZB42. Another thing that
could also be due to the high percent identity or the low nucleotide variation between Bacillus sp. ES4.3 with B. velezensis
BS1 and B. velezensis FZB42. This strain was found from pepper fields in Gangwon Province, Korea. [Based on the
research of Shin et al. (2021), they said that] B. velezensis BS1 was consistently able to produce cellulase, proteases, and
siderophores; and inhibited the growth, appressorium formation, and disease development of [Colletotrichum scovillei, a

pepper anthracnose pathogen. B. velezensis BS1 showed a high inhibitory effect on the mycelium growth of Botrytis
cinerea] isolated from strawberries, [Rhizoctonia solani and Sclerotinia sclerotiorum\ isolated from lettuce. In addition,

according to Shahid et al. (2021), the antifungal activity of Bacillus can also fight other agricultural pathogens, such as
Fusarium oxysporum, Fusarium moniliforme, and Colletotrichum falcatum (Shahid et al. 2021). Other results in the study
of Shin et al. (2021) also showed that B. velezensis BS1 could promote the growth of chili seedlings. In the phylogenetic
tree, Bacillus thuringiensis is an outgroup.

The sequencing results obtained were analyzed using BioEdit software, BLASTn, and BLASTp to determine the
similarity of the srfA-D gene in Bacillus sp. ES4.3 with the genes in other bacteria. A test was also conducted to determine
the similarity between the nucleotides of the srfA-D gene Bacillus sp. ES4.3 and the nucleotide gene srfA-D B. velezensis
in GenBank. Based on the results of BLASTp on the amino acid gene srfA-D from Bacillus sp. ES4.3, surfactin
biosynthesis thioesterase srfA-D from the Bacillus amyloliquifaciens group bacteria in Genbank has the highest similarity
with 99.86%. Figure 3. is the result of electrophoresis of the srfA-D gene from DNA samples of Bacillus sp. ES4.3. This
sample was used to detect surfactin genes by PCR with a primer designed from 732 bp of srfA-D gene fragments from B.
velezensis. The PCR screening results showed that the amplification of the srfA-D gene fragment was found in Bacillus sp.
ES4.3, identified as B. velezensis FZB42. The srfA-D gene is known to produce thioesterase, which is presumed to be
involved in the lactonization process (Satpute et al. 2010).

The hemolytic activity can be identified by looking at the clear zone around the microbial colonies (Carillo et al. 1996).
Hemolytic activity of Bacillus sp. ES4.3 can be seen in Figure 4. Carillo et al. (1996) stated that there is a relationship
between hemolytic activity and biosurfactant production. In the Blood Agar medium, Bacillus sp. ES4.3 was inoculated.
The presence of hemolytic activity, which is indicated by the formation of a halo zone around the colony, means the
biosurfactants were produced.

From these results, it can be seen that the hemolysis type of this bacterial isolate is B-hemolysis or total hemolysis,
which is indicated by the visible clear zone as a result of the lysis of all red blood cells and the release of hemoglobin from
the cells. Bacteria that cause B-hemolysis are the ones with the most potential to produce biosurfactants because
biosurfactants act as hemolysin substances. The hemolysin substance acts as an antibody against erythrocyte membrane
antigen which causes hemolysis (Ibrahim et al. 2013). The hemolytic activity of biosurfactants can occur by two different
mechanisms. The first one is by dissolving the membrane, which normally occurs at high biosurfactant concentrations and
the second one is by increasing the membrane permeability to small solutes that occur when the biosurfactant
concentration is low causing osmotic lysis (Zaragoza et al. 2010).[The clear zone in the Blood Agar media corresponded to
changes in the permeability of the target cell membrane. The ability of these compounds to increase the permeability of
cell membranes is caused by the formation of ion-conducting pores (Maget-Dana and Peypoux 1994). As a result,
biosurfactants can directly interact with membrane lipids that enter the membrane and form pores in the larvae midgut and
destroy the membrane through detergent-like interactions (Butko 2003). |

The results of the emulsification activity can be seen in Table 2. These results indicate that there are differences in the
results of the emulsification activity of the supernatant Bacillus sp. ES4.3 on kerosene and diesel fuel substrates. Better
properties are characterized by a greater emulsion index value, which means that the surfactant has large emulsion
stability. The results also showed a decrease in the value of emulsification activity after 24 hours, which indicates a
relatively stable emulsification activity. This research proves that the biosurfactant product can be categorized as a
bioemulsifier. The occurrence of emulsification activity in Bacillus sp. ES4.3 is indicated by the formation of foam, which
creates a layer in the tube. The foam layer was then measured to calculate the emulsification activity value (Ni’matuzahroh
et al. 2017). The emulsification index value indicates the stability of the emulsion, and the line above 50% showed good
biosurfactant producers (Willumsen and Karlson 1997).

The mechanism by which surfactants work as emulgators is by reducing the tension between the surface of water and
oil, so that a film layer is formed on the surface of the dispersed globules phase. Hence, emulsification activity is related
to the parameters of biosurfactant production because it is a very good emulsifier. The indicators of biosurfactants that are
produced by microorganisms can be seen in the emulsification activity of the media. Emulsification activity can be seen by
the formation of an emulsion that looks like a bubble between the substrate and the media (Arifiyanto et al. 2020).

The surface tension value of the culture supernatant Bacillus sp. ES4.3 can be seen in Table 3. When compared with
the surface tension values of the distilled water control, NB media control, and tween control, the value of the culture
supernatant of this isolate decreased to 21.38 mN/m from the NB media control, 33.74 mN/m from the distilled water
control, and 3.91 mN/m from the tween control. Bacteria have the potential to produce biosurfactants if they can reduce
the surface tension value > 10 mN/m (Francy et al. 1991). The hydrophobic and hydrophilic groups in biosurfactants cause
these compounds to accumulate between the liquid phases, thereby reducing surface tension and interfacial tension
(Kapadia and Yagnik 2013). The decrease in surface tension is caused by the presence of biosurfactants in the supernatant
produced by bacterial isolates during the growth process (Arifiyanto et al. 2020). [The decrease in surface tension can affect
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the entomopathogenic activity of Aedes aegypti larvae which causes low oxygen underwater, so that the larvae spiracles
continue to open and make it death (Geetha 2010). |

This study concluded that Bacillus sp. ES4.3 which was |identified as Bacillus velezensis|[ES4.3, has a biosynthesis
surfactin gene. The biosurfactant activity was indicated by the formation of clear zones, the formation of emulsions, and a
decrease in surface tension in the values of 21.38 mN/m from the NB media control and 33.74 mN/m from the distilled
water control. The presence of these genes and the biosurfactant activity indicates that the Bacillus velezensis ES4.3 has
the potential to act as a biosurfactant producer evidenced by the resulting biosurfactant activity. Thus, [Bacillus velezensis
ES4.3 has the potential to be developed as a biocontrol in disease vectors and other fields of medicine, agriculture,

pharmaceuticals, and waste treatments. [Further research that can be done to produce surfactin include the production and
optimization of biosurfactant production, as well as characterization of the resulting biosurfactant product.|
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Biosurfactant Activity of Indigenous Bacillus sp. ES4.3 Isolated from
Endemic Breeding Sites of Dengue Hemorrhagic Fever Vector in
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Abstract. Bacillus spp. have shown the ability to results a variety of commercial bioactive compounds such as proteins, peptides, and
lipopeptides (LPs). Some of the LPs produced by Bacillus spp. are surfactin, iturin, and fengicin. This study aimed to determine the
name of the indigenous Bacillus sp. ES4.3, the biosynthesis surfactin gene, and the potential activity for biosurfactant produced by
entomopathogenic Bacillus sp. ES4.3 isolated from endemic breeding sites of Dengue Hemorrhagic Fever Vector in Surabaya, East
Java, Indonesia. Genomic DNA of Bacillus sp. ES4.3 detected by isolating the DNA and visualizing by electrophoresis. Furthermore,
the 16S rRNA gene was amplified by the Polymerase Chain Reaction (PCR) method. The resulting nucleotide sequences were analyzed
to find the relationship between Bacillus sp ES4.3 with another bacteria using MEGA version 6 software. Detection of biosynthesis
surfactin gene was carried out by PCR method using srfAD primers. Analysis of the homology level of the surfactin gene was
performed using the NCBI BLASTn and BLASTp genetic analysis program. The indigenous Bacillus sp. ES4.3 had 97.66% closeness
to the species Bacillus velezensis FZB42 and the surfactin gene showed a 99.86 for % ID with the srfA-D gene on the Bacillus
amyloliquefaciens group. The biosurfactant activity indicated by the formation of clear zones, the formation of emulsions, and a
decrease in surface tension in the values of 21.38 mN/m from the NB media control and 33.74 mN/m from the distilled water control.
The ability of Bacillus sp. ES4.3 to hemolyzed and reduced surface tension indicated the presence of biosurfactant that can disrupt
stability and damage the midgut of Aedes aegypti. Thus, Bacillus sp. ES4.3 has the potential to be developed as a biocontrol in disease
vector.

Key words: Bacillus sp., 16S rRNA, surfactin, hemolytic activity, emulsification activity, surface tension.

Running title: Biosurfactant Activity of Bacillus sp. ES4.3

INTRODUCTION

Biosurfactants are surface active chemical compounds that can be synthesized by several microbial groups.
Biosurfactants are an alternative to synthetic surfactants that are not biodegradable and harmful to the environment (Moro
et al. 2018). Biosurfactants can be applied in various fields, such as in the food, pharmaceutical, cosmetic, petroleum
industries, and they can be used for remediation in locations contaminated with oil and heavy metals (Nwaguma et al.
2016; Gomaa and EI-Meihy, 2019; Pele et al. 2019). Biosurfactants have several advantages over chemical surfactants,
such as lower toxicity, higher biodegradability, not polluting the environment, nonharmful, greater and more specific
selectivity (De Almeida et al. 2016; Chaves and Guimaraes 2018). Furthermore, biosurfactants are stable and efficient
under adverse temperature, pH, and salinity, which is typically encountered in the petroleum industry (Silva et al. 2014).
Biosurfactants can also effectively reduce surface tension (ST) and interface stress (IT), as well as excellent foaming,
emulsifying, and dispersing agents that are widely used in many industrial sectors (Jacques 2011; Pacwa-Plociniczak et al.
2011; Mulligan et al. 2014).

One of the microbial genus that can produce biosurfactants is Genus Bacillus. Bacillus known to be capable of
synthesizing lipopeptide biosurfactants, such as surfactin, iturin, and fengicin (Mongkolthanaruk 2012). Surfactin consists
of 7 amino acids (_-leucine, p-leucine, (-aspartate acid, _-valine, p-leucine, .-leucine, and -glutamic acid) which are bound
to carboxyl and hydroxyl groups of fatty acid carbon atom number 12-16. Surfactin is synthesized by a complex
mechanism, catalyzed by the Nonribosomal Peptide Synthetase (NRPS), which is encoded by the srfA operon. Surfactin is
one of the three most important lipopeptides detected around the rhizosphere (Henry et al. 2011; Nihorimbere et al. 2012).
Surfactin have a strong biosurfactant activity, it can suppress plant diseases (Cawoy et al. 2014) by the inhibition of
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bacterial growth, it breaks down the membranes or disintegrate it through physicochemical interactions (Deleu et al. 2013),
suppressing fungi by encouraging the colonization of beneficial bacteria (Jia et al. 2015), and triggers a systemic resistance
(Cawoy et al. 2014).

Detections the activity of biosurfactants can be used by (i) hemolytic activity tests, (ii) methods to analyze the surface
activity, emulsifying activity, and surface tension/interface tension (Plaza 2014). In addition, identification of bacterial
strains was also carried out, including 16S rRNA gene analysis and detection of biosynthesis surfactin gene, namely srfA-
D. This methodology ensures that phenotypic and genotypic features are considered (Das et al. 2013), provided an
overview of the role and importance of molecular genetics and the gene regulatory mechanisms behind surfactin
biosynthesis of various microbes that have commercial importance.

The method that commonly used for screening and genetic identification of bacterial isolates that have the potential to
rapidly produce biosurfactants is through PCR. PCR was used to identify the 16S rRNA gene and gene that involved in
surfactin biosynthesis, which called srfA-D (Mulligan et al. 2014). This study was to determine the name of the indigenous
Bacillus sp. ES4.3, the surfactin biosynthesis gene, and the potential activity for biosurfactant produced by Bacillus sp.
ES4.3 isolated from the breeding sites of Dengue Hemorrhagic Fever in Surabaya, East Java, Indonesia.

MATERIALS AND METHODS

Isolate and Media Preparation

Bacillus sp. ES4.3 is a bacterial isolate that has been isolated from endemic breeding sites of Dengue Hemorrhagic
Fever in Surabaya, East Java, Indonesia in the previous research (Salamun et al. 2020). We used three medium in this
research. Nutrient Agar (NA) medium used for purification of Bacillus sp. ES4.3, Luria Bertani (LB) medium used for
isolation of DNA Bacillus sp. ES4.3, and Nutrien Broth (NB) medium used for culturing Bacillus sp. ES4.3 on
biosurfactant activity. The three medium were prepared with distilled water and sterilized using an autoclave at 121°C 1
atm. Bacillus sp. ES4.3 was cultured on the different three medium and incubated at 35°C for 24 hours.

Identification of 16S rRNA gene

Identification of 16S rRNA gene was initiated by culturing isolates of Bacillus sp. ES4.3 into 20 mL of Luria Bertani
medium, incubated at 35°C with agitation at 120 rpm for 48 hours. Furthermore, to obtain DNA, extraction was carried out
using the CTAB method (Ausubel et al. 2003) with DNA Wizard Genomic DNA Purification Kit (Promega). DNA purity
and concentration values were measured using Multiskan GO on A 260 nm and A 280 nm. Hereafter, 16S rRNA gene
amplification was carried out using Eppendorf Mastercycler equipment. This process begins by adding GoTaq Green
Master Mix and 16S rRNA primers, in the form of primers 27F and 1492R. The Polymerase Chain Reaction (PCR) was
conditioned as follows: initial denaturation of 94°C for 2 minutes, denaturation of 92°C for 30 seconds, annealing 55°C for
30 seconds, elongation of 72°C for 1 minute, final elongation of 72°C for 5 minutes, 35 cycles. The PCR product were
visualized through an electrophoresis process using 1% agarose gel followed by Ethidium Bromide staining and observed
in ultraviolet light. The PCR samples were sent to the 1st Base DNA Sequencing Service Malaysia. Amplikon was
sequenced and analyzed for similarity with GenBank data using BLASTn NCBI (Altschul et al. 1997). The data were also
analyzed for their relation by building a phylogenetic tree using MEGA version 6 software (Tamura et al. 2013).

Detection of Biosynthesis Surfactin gene

In this stage, we used the DNA that has been obtained on the identification of 16S rRNA gene stage. The procedure of
detection biosynthesis surfactin gene same with the procedure of identification 16S rRNA gene, but the only difference is
the primer used. The srfA-D gene primers are self-designed on the page ThermoFisher Scientific Oligo Perfect Primer
Designer cloning application.

Biosurfactant Screening Activity
Hemolytic test

Hemolytic test was carried out by culturing the bacterial isolate Bacillus sp. ES4.3 in sterile Blood Agar medium that
obtained from the Surabaya Laboratory. Isolate Bacillus sp. ES4.3 was inoculated into the Blood Agar medium by spot
method. After that, it was incubated at 37°C for 24 to 48 hours. The positive results of this test can be observed in the
hemolysis zone and the color changes that occur around the bacterial colony.
Emulsification activity

Emulsification activity was carried out to determine the ability of Bacillus sp. ES4.3 in emulsifying liquid
hydrocarbons, i.e. kerosene and diesel fuel. The bacteria were cultured in liquid NB media and incubated for 24 hours.
Bacterial cell-free culture supernatant obtained by centrifugation at 5500 rpm for 15 minutes was supplied by with
kerosene and used diesel fuel in different test tubes, and homogenized using vortex at high speed for 2 minutes. Stability
was measured after 1 hour. Emulsification activity is determined by index calculation (E24 or EI). This calculation is done
through the formula by Ozdal et al. (2017).
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E24= HE x 100%
HS

E24 : emulsification activity on 24 hours
HE : high of the emultion layer
HS : high of total solution

Surface tension

The surface tension of the cell-free culture supernatant obtained by centrifugation was measured using the Kruss 100
tensiometer (Kruss GmbH, Hamburg, Germany) by the Du Nouy ring method. Measurements were replicated 3x to
improve accuracy and average retrieval. This calculation is done through the formula by Chauhan et al. (2013).

g= goi
qo
Y : the surface tension of the sample
Yo : surface tension standard value of distilled water at t°C
0 : the indicated sample value according to the instrument scale
6o . distilled water value shown according to the instrument scale

RESULTS AND DISCUSSION

Analysis of 16S rRNA gene

Isolate of Bacillus sp. ES4.3 was identified by amplification and sequencing of the 16S rRNA gene using PCR. The
sequences of Bacillus sp. ES4.3 DNA was analyzed using BioEdit Sequence Alignment Editor software version 7.2.5. and
nucleotide Basic Local Alignment Search Tool (BLASTN) that followed by the website of the National Center for
Biotechnology Information (NCBI) “http://www.ncbi.nlm.nih.gov”. In Figure 1. showed the band of DNA from PCR
result on agarose gel 1%.

3000 bp

1500bp — >
1000 bp

250 bp

Figure 1. Electrophoresis result of DNA Bacillus velezensis ES4.3 isolate marked with a band measuring 1500 bp. (S = Sample; M =
Marker)

The PCR result in Figure 1. showed the band of 16S rRNA gene from Bacillus sp. ES4.3 isolate. When it matched with
size order of DNA marker, the size of the band measuring 1500bp.

The result of nucleotide Basic Local Alignment Search Tools (BLASTN) analysis in Table 1. indicate that this isolate
as the Bacillus sp. ES4.3 isolate shares 97.66% similarity with Bacillus velezensis strain FZB42 (GenBank access number
NR_075005.2). This is because the results in Table 1. show the highest % ID is Bacillus velezensis strain FZB42 when it
compared with Bacillus atrophaeus strain NBRC 15539 and Bacillus atrophaeus strain JCM 9070.
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Table 1. The Results of Basic Local Alignment Search Tools (BLAST) of Bacillus sp. ES4.3.

Description Scientific Name Query Cover % ID
Bacillus  velezensis strain FZB42 16S Bacillus velezensis 99% 97.66%
ribosomal RNA gene, complete sequence
Bacillus atrophaeus strain NBRC 15539 16S Bacillus velezensis 99% 97.52%
ribosomal RNA gene, partial sequence
Bacillus atrophaeus strain JCM 9070 16S Bacillus velezensis 99% 97.52%

ribosomal RNA gene, partial sequence

Analysis of Phylogeni Tree

Figure 2. shows the phylogenetic analysis of Bacillus sp. ES4.3 against other strain of Bacillus velezensis.These
bacteria are used to calculate evolutionary distances and construct phylogenetic trees. The bootstrap test (1000
replications) is shown next to the branch. The consensus procedure was used to produce a bootstrap phenogram in the
phylogeny tree, which is analyzed by Neighbor-Join Method.

KY634464. 1 Bacllus wlezensis strain NRRL B-41580 165 rbosomal RNA gene partial sequence

MKA22153.1 Bacillus velezensis strain YW1 165 ribosomal RNA gene partial sequence

MNT04311.7 Bacillus welezensis strain EGI303 165 hosomal RNA gene partial sequence

—— WIVBS9044 1 Bacillus wlezensis strein BST 165 ribosomal RNA gene partial sequence

L @Bacilus sp. ES43

— NR 075005.2 Bacillus welezensis slrain FZB42 165 ribosomal RNA complele sequence

—NR 116240, Bacillus welezensis slrain CEMB205 165 ribosomal RNA partial sequence

MN704457.1 Bacillus welezensis sirain EGI282 185 abosomal RNA gene partial sequence

MR (43403.1 Bacillus thuringiensis strain 1M 12077 165 rbosomal RNA partial sequence

Figure 2. Phylogeni tree of Bacillus velezensis ES4.3 and another bacteria of B. velezensis strains

Analysis of Biosynthesis Surfactin Gene

Figure 3. shows that the sequencing results obtained were analyzed using BioEdit software, BLASTn, and BLASTp to
determine the similarity of the SrfA-D gene Bacillus sp. ES4.3 with the genes in other bacteria. A test was also conducted
to determine the similarity between the nucleotides of the srfA-D gene Bacillus sp. ES4.3 with another nucleotide of the
srfA-D gene Bacillus in GenBank. Based on the BLASTp results, the amino acids in the srfA-D gene of Bacillus sp. ES4.3
have the highest similarity with the surfactin thioesterase srfA-D biosynthesis from Bacillus amyloliquifaciens group
bacteria in Genbank by 99.86%. On the research of Rabbee et al. (2019), said that based on phylogenomic analysis B.
velezensis belong to the same clade as a B. amyloliquifaciens.

3000 bp

732bp ———> 750 bp

250 bp

Figure 3. Electrophoresis results of the srfA-D gene in Bacillus velezensis ES4.3 isolates marked with samples. In the sample, there is a
band measuring 732 bp. (S = Sample; M = Marker)
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Screening of Biosurfactant Activity
Hemolytic Activity

Hemolytic activity can be identified on Blood Agar media with 24 hours observation by looking at the clear zone
around the microbial colonies (Carillo et al. 1996). Hemolytic activity of Bacillus sp. ES4.3 can be seen in Figure 4.

d .

Figure 4. The clear zone is formed from the hemolytic activity of the Bacillus sp. ES4.3 isolate on Blood Agar media. Notes: a) halo
zone, b) Colony of Bacillus sp. ES4.3.

Emulsification Activity

Table 2. shows that the emulsification activity of the cell-free supernatant of Bacillus sp. ES4.3 used kerosene and
diesel fuel at 1 hour and 24 hours observation. The emulsification activity of Bacillus sp. ES4.3 in kerosene showed an
increase, while in diesel fuel it showed a decrease.

Table 2. Results of emulsication activity of supernatant of Bacillus sp. ES4.3 on kerosene and diesel fuel.

Emulsification Activity

Treatment (%)
Kerosene Diesel Fuel
1 hour 24 hours 1 hour 24 hourr
Supernatant Bacillus sp. ES4.3 31.08 +0.22 14.52 £1.21 46.32+1.22 45.65 +0.46

Surface Tension

Table 3. shows that the surface tension value of the culture supernatant Bacillus sp. ES4.3, when it compared with the
surface tension values of the distilled water control, media control, and Tween control, the value of the culture supernatant
of this isolate decreased to 21.38 mN/m from the NB media control, 33.74 mN/m from the distilled water control, and 3.91
mN/m from the Tween control.

Table 3. The surface tension value of the culture supernatant isolate Bacillus sp. ES4.3 with an incubation time of 2 days.

Treatment Surface Tension
(mN/m)
Distilled Water Control 72.00 £0.00
NB Control 59.64 £0.12
Supernatant Bacillus sp. ES4.3 38.26 £0.25
Tween Control 34.35 £ 0.07

Discussion

The results of DNA isolation from Bacillus sp. ES4.3 showed the presence of a DNA band with a size of 1500 bp when
it matched with the DNA marker (Figure 1). From these results, it can be said that there is a 16S rRNA gene, which is a
DNA barcode for bacterial species. 16S rRNA gene sequencing serves as an approximation method for rapid and accurate
bacterial identification. A bacterium is said to represent the same genus if it has a similarity index above 95% and
represents the same species if it is above 97% (Srinivasan et al. 2015; Johnson et al. 2019).

The Bacillus sp. ES4.3 isolate shares 97.66% similarity with the Bacillus velezensis strain FZB42 (GenBank access
number NR_075005.2). These results are different from conventional identification results through observations of
macroscopic, microscopic, and physiological characters that have been carried out by Salamun et al. (2020), which stated
that Bacillus sp. ES4.3 is Bacillus sphaericus with a comparable coefficient calculation (Ss) of 76.12%.

Figure 2. shows the phylogenetic analysis of Bacillus sp. ES4.3 against other strains of Bacillus velezensis. This shows
that Bacillus sp. ES4.3 has a close relationship with B. velezensis BS1 and B. velezensis FZB42. It can be seen from the
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location of the branching between Bacillus sp. ES4.3 with B. velezensis BS1 and B. velezensis FZB42. Another thing that
could also be due to the high percent identity or the low nucleotide variation between Bacillus sp. ES4.3 with B. velezensis
BS1 and B. velezensis FZB42. This strain was found from pepper fields in Gangwon Province, Korea. Based on the
research of Shin et al. (2021), they said that B. velezensis BS1 was consistently able to produce cellulase, proteases, and
siderophores; and inhibited the growth, appressorium formation, and disease development of Colletotrichum scovillei, a
pepper anthracnose pathogen. B. velezensis BS1 showed a high inhibitory effect on the mycelium growth of Botrytis
cinerea isolated from strawberries, Rhizoctonia solani and Sclerotinia sclerotiorum isolated from lettuce. In addition,
according to Shahid et al. (2021), the antifungal activity of Bacillus can also fight other agricultural pathogens, such as
Fusarium oxysporum, Fusarium moniliforme, and Colletotrichum falcatum (Shahid et al. 2021). Other results in the study
of Shin et al. (2021) also showed that B. velezensis BS1 could promote the growth of chili seedlings. In the phylogenetic
tree, Bacillus thuringiensis is an outgroup.

The sequencing results obtained were analyzed using BioEdit software, BLASTn, and BLASTp to determine the
similarity of the srfA-D gene in Bacillus sp. ES4.3 with the genes in other bacteria. A test was also conducted to determine
the similarity between the nucleotides of the srfA-D gene Bacillus sp. ES4.3 and the nucleotide gene srfA-D B. velezensis
in GenBank. Based on the results of BLASTp on the amino acid gene srfA-D from Bacillus sp. ES4.3, surfactin
biosynthesis thioesterase srfA-D from the Bacillus amyloliquifaciens group bacteria in Genbank has the highest similarity
with 99.86%. Figure 3. is the result of electrophoresis of the srfA-D gene from DNA samples of Bacillus sp. ES4.3. This
sample was used to detect surfactin genes by PCR with a primer designed from 732 bp of srfA-D gene fragments from B.
velezensis. The PCR screening results showed that the amplification of the srfA-D gene fragment was found in Bacillus sp.
ES4.3, identified as B. velezensis FZB42. The srfA-D gene is known to produce thioesterase, which is presumed to be
involved in the lactonization process (Satpute et al. 2010).

The hemolytic activity can be identified by looking at the clear zone around the microbial colonies (Carillo et al. 1996).
Hemolytic activity of Bacillus sp. ES4.3 can be seen in Figure 4. Carillo et al. (1996) stated that there is a relationship
between hemolytic activity and biosurfactant production. In the Blood Agar medium, Bacillus sp. ES4.3 was inoculated.
The presence of hemolytic activity, which is indicated by the formation of a halo zone around the colony, means the
biosurfactants were produced.

From these results, it can be seen that the hemolysis type of this bacterial isolate is B-hemolysis or total hemolysis,
which is indicated by the visible clear zone as a result of the lysis of all red blood cells and the release of hemoglobin from
the cells. Bacteria that cause B-hemolysis are the ones with the most potential to produce biosurfactants because
biosurfactants act as hemolysin substances. The hemolysin substance acts as an antibody against erythrocyte membrane
antigen which causes hemolysis (Ibrahim et al. 2013). The hemolytic activity of biosurfactants can occur by two different
mechanisms. The first one is by dissolving the membrane, which normally occurs at high biosurfactant concentrations and
the second one is by increasing the membrane permeability to small solutes that occur when the biosurfactant
concentration is low causing osmotic lysis (Zaragoza et al. 2010). The clear zone in the Blood Agar media corresponded to
changes in the permeability of the target cell membrane. The ability of these compounds to increase the permeability of
cell membranes is caused by the formation of ion-conducting pores (Maget-Dana and Peypoux 1994). As a result,
biosurfactants can directly interact with membrane lipids that enter the membrane and form pores in the larvae midgut and
destroy the membrane through detergent-like interactions (Butko 2003).

The results of the emulsification activity can be seen in Table 2. These results indicate that there are differences in the
results of the emulsification activity of the supernatant Bacillus sp. ES4.3 on kerosene and diesel fuel substrates. Better
properties are characterized by a greater emulsion index value, which means that the surfactant has large emulsion
stability. The results also showed a decrease in the value of emulsification activity after 24 hours, which indicates a
relatively stable emulsification activity. This research proves that the biosurfactant product can be categorized as a
bioemulsifier. The occurrence of emulsification activity in Bacillus sp. ES4.3 is indicated by the formation of foam, which
creates a layer in the tube. The foam layer was then measured to calculate the emulsification activity value (Ni’matuzahroh
et al. 2017). The emulsification index value indicates the stability of the emulsion, and the line above 50% showed good
biosurfactant producers (Willumsen and Karlson 1997).

The mechanism by which surfactants work as emulgators is by reducing the tension between the surface of water and
oil, so that a film layer is formed on the surface of the dispersed globules phase. Hence, emulsification activity is related
to the parameters of biosurfactant production because it is a very good emulsifier. The indicators of biosurfactants that are
produced by microorganisms can be seen in the emulsification activity of the media. Emulsification activity can be seen by
the formation of an emulsion that looks like a bubble between the substrate and the media (Arifiyanto et al. 2020).

The surface tension value of the culture supernatant Bacillus sp. ES4.3 can be seen in Table 3. When compared with
the surface tension values of the distilled water control, NB media control, and tween control, the value of the culture
supernatant of this isolate decreased to 21.38 mN/m from the NB media control, 33.74 mN/m from the distilled water
control, and 3.91 mN/m from the tween control. Bacteria have the potential to produce biosurfactants if they can reduce
the surface tension value > 10 mN/m (Francy et al. 1991). The hydrophobic and hydrophilic groups in biosurfactants cause
these compounds to accumulate between the liquid phases, thereby reducing surface tension and interfacial tension
(Kapadia and Yagnik 2013). The decrease in surface tension is caused by the presence of biosurfactants in the supernatant
produced by bacterial isolates during the growth process (Arifiyanto et al. 2020). The decrease in surface tension can affect
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the entomopathogenic activity of Aedes aegypti larvae which causes low oxygen underwater, so that the larvae spiracles
continue to open and make it death (Geetha 2010).

This study concluded that Bacillus sp. ES4.3 which was identified as Bacillus velezensis ES4.3, has a biosynthesis
surfactin gene. The biosurfactant activity was indicated by the formation of clear zones, the formation of emulsions, and a
decrease in surface tension in the values of 21.38 mN/m from the NB media control and 33.74 mN/m from the distilled
water control. The presence of these genes and the biosurfactant activity indicates that the Bacillus velezensis ES4.3 has
the potential to act as a biosurfactant producer evidenced by the resulting biosurfactant activity. Thus, Bacillus velezensis
ES4.3 has the potential to be developed as a biocontrol in disease vectors and other fields of medicine, agriculture,
pharmaceuticals, and waste treatments. Further research that can be done to produce surfactin include the production and
optimization of biosurfactant production, as well as characterization of the resulting biosurfactant product.
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Abstract. Bacillus spp. have shown the ability to results a variety of commercial bioactive compounds such as proteins, peptides, and
lipopeptides (LPs). Some of the LPs produced by Bacillus spp. are surfactin, iturin, and fengicin. This study aimed to determine the
name of the indigenous Bacillus sp. ES4.3, the biosynthesis surfactin gene, and the potential activity for biosurfactant produced by
entomopathogenic Bacillus sp. ES4.3 isolated from endemic breeding sites of Dengue Hemorrhagic Fever Vector in Surabaya, East
Java, Indonesia. Genomic DNA of Bacillus sp. ES4.3 detected by isolating the DNA and visualizing by electrophoresis. Furthermore,
the 16S rRNA gene was amplified by the Polymerase Chain Reaction (PCR) method. The resulting nucleotide sequences were analyzed
to find the relationship between Bacillus sp ES4.3 with another bacteria using MEGA version 6 software. Detection of biosynthesis
surfactin gene was carried out by PCR method using srfAD primers. Analysis of the homology level of the surfactin gene was
performed using the NCBI BLASTn and BLASTp genetic analysis program. The indigenous Bacillus sp. ES4.3 had 97.66% closeness
to the species Bacillus velezensis FZB42 and the surfactin gene showed a 99.86 for % ID with the srfA-D gene on the Bacillus
amyloliquefaciens group. The biosurfactant activity indicated by the formation of clear zones, the formation of emulsions, and a
decrease in surface tension in the values of 21.38 mN/m from the NB media control and 33.74 mN/m from the distilled water control.
The ability of Bacillus sp. ES4.3 to hemolyzed and reduced surface tension indicated the presence of biosurfactant that can disrupt
stability and damage the midgut of Aedes aegypti. Thus, Bacillus sp. ES4.3 has the potential to be developed as a biocontrol in disease
vector.

Key words: Bacillus sp., 16S rRNA, surfactin, hemolytic activity, emulsification activity, surface tension.
Running title: Biosurfactant Activity of Bacillus sp. ES4.3

INTRODUCTION

Biosurfactants are surface active chemical compounds that can be synthesized by several microbial groups.
Biosurfactants are an alternative to synthetic surfactants that are not biodegradable and harmful to the environment (Moro
et al. 2018). Biosurfactants can be applied in various fields, such as in the food, pharmaceutical, cosmetic, petroleum
industries, and they can be used for remediation in locations contaminated with oil and heavy metals (Nwaguma et al.
2016; Gomaa and EI-Meihy, 2019; Pele et al. 2019). Biosurfactants have several advantages over chemical surfactants,
such as lower toxicity, higher biodegradability, not polluting the environment, nonharmful, greater and more specific
selectivity (De Almeida et al. 2016; Chaves and Guimaraes 2018). Furthermore, biosurfactants are stable and efficient
under adverse temperature, pH, and salinity, which is typically encountered in the petroleum industry (Silva et al. 2014).
Biosurfactants can also effectively reduce surface tension (ST) and interface stress (IT), as well as excellent foaming,
emulsifying, and dispersing agents that are widely used in many industrial sectors (Jacques 2011; Pacwa-Plociniczak et al.
2011; Mulligan et al. 2014).

One of the microbial genus that can produce biosurfactants is Genus Bacillus. Bacillus known to be capable of
synthesizing lipopeptide biosurfactants, such as surfactin, iturin, and fengicin (Mongkolthanaruk 2012). Surfactin consists
of 7 amino acids (_-leucine, p-leucine, | -aspartate acid, _-valine, p-leucine, -leucine, and | -glutamic acid) which are bound
to carboxyl and hydroxyl groups of fatty acid carbon atom number 12-16. Surfactin is synthesized by a complex
mechanism, catalyzed by the Nonribosomal Peptide Synthetase (NRPS), which is encoded by the srfA operon. Surfactin is
one of the three most important lipopeptides detected around the rhizosphere (Henry et al. 2011; Nihorimbere et al. 2012).
Surfactin have a strong biosurfactant activity, it can suppress plant diseases (Cawoy et al. 2014) by the inhibition of
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bacterial growth, it breaks down the membranes or disintegrate it through physicochemical interactions (Deleu et al. 2013),
suppressing fungi by encouraging the colonization of beneficial bacteria (Jia et al. 2015), and triggers a systemic resistance
(Cawoy et al. 2014).

Detections the activity of biosurfactants can be used by (i) hemolytic activity tests, (ii) methods to analyze the surface
activity, emulsifying activity, and surface tension/interface tension (Plaza 2014). In addition, identification of bacterial
strains was also carried out, including 16S rRNA gene analysis and detection of biosynthesis surfactin gene, namely srfA-
D. This methodology ensures that phenotypic and genotypic features are considered (Das et al. 2013), provided an
overview of the role and importance of molecular genetics and the gene regulatory mechanisms behind surfactin
biosynthesis of various microbes that have commercial importance.

The method that commonly used for screening and genetic identification of bacterial isolates that have the potential to
rapidly produce biosurfactants is through PCR. PCR was used to identify the 16S rRNA gene and gene that involved in
surfactin biosynthesis, which called srfA-D (Mulligan et al. 2014). This study was to determine the name of the indigenous
Bacillus sp. ES4.3, the surfactin biosynthesis gene, and the potential activity for biosurfactant produced by Bacillus sp.
ES4.3 isolated from the breeding sites of Dengue Hemorrhagic Fever in Surabaya, East Java, Indonesia.

MATERIALS AND METHODS

Isolate and Media Preparation

Bacillus sp. ES4.3 is a bacterial isolate that has been isolated from endemic breeding sites of Dengue Hemorrhagic
Fever in Surabaya, East Java, Indonesia in the previous research (Salamun et al. 2020). We used three medium in this
research. Nutrient Agar (NA) medium used for purification of Bacillus sp. ES4.3, Luria Bertani (LB) medium used for
isolation of DNA Bacillus sp. ES4.3, and Nutrien Broth (NB) medium used for culturing Bacillus sp. ES4.3 [onl
biosurfactant activity. The three [medium] were prepared with distilled water and sterilized using an autoclave at 121°C 1
atm. Bacillus sp. ES4.3 was cultured on the different three medium and incubated at 35°C for 24 hours.

Identification of 16S rRNA gene

Identification of 16S rRNA gene was initiated by culturing isolates of Bacillus sp. ES4.3 into 20 mL of Luria Bertani
medium, incubated at 35°C with agitation at 120 rpm for 48 hours. Furthermore, to obtain DNA, extraction was carried out
using the CTAB method (Ausubel et al. 2003) with DNA Wizard Genomic DNA Purification Kit (Promega). DNA purity
and concentration values were measured using Multiskan GO on A 260 nm and A 280 nm. Hereafter, 16S rRNA gene
amplification was carried out using Eppendorf Mastercycler equipment. This process begins by adding GoTagq Green
Master Mix and 16S rRNA primers, in the form of primers 27F and 1492R. The Polymerase Chain Reaction (PCR) was
conditioned as follows: initial denaturation of 94°C for 2 minutes, denaturation of 92°C for 30 seconds, annealing 55°C for
30 seconds, elongation of 72°C for 1 minute, final elongation of 72°C for 5 minutes, 35 cycles. The PCR product were
visualized through an electrophoresis process using 1% agarose gel followed by Ethidium Bromide staining and observed
in ultraviolet light. The PCR samples were sent to the 1st Base DNA Sequencing Service Malaysia. Amplikon was
sequenced and analyzed for similarity with GenBank data using BLASTn NCBI (Altschul et al. 1997). The data were also
analyzed for their relation by building a phylogenetic tree using MEGA version 6 software (Tamura et al. 2013).

Detection of Biosynthesis Surfactin gene

In this stage, We used the DNA that has been obtained on the identification of 16S rRNA gene stage. The procedure of
detection biosynthesis surfactin gene same with the procedure of identification 16S rRNA gene, but the only difference is
the primer used. [The srfA-D gene primers are self-designed on the page ThermoFisher Scientific Oligo Perfect Primer
Designer cloning application.

Biosurfactant Screening Activity
Hemolytic test

Hemolytic test was carried out by culturing the bacterial isolate Bacillus sp. ES4.3 in sterile Blood Agar medium that
obtained from the Surabaya Laboratory. Isolate Bacillus sp. ES4.3 was inoculated into the Blood Agar medium by spot
method. After that, it was incubated at 37°C for 24 to 48 hours. The positive results of this test can be observed in the
hemolysis zone and the color changes that occur around the bacterial colony.
Emulsification activity

Emulsification activity was carried out to determine the ability of Bacillus sp. ES4.3 in emulsifying liquid
hydrocarbons, i.e. kerosene and diesel fuel. The bacteria were cultured in liquid NB media and incubated for 24 hours.
Bacterial cell-free culture supernatant obtained by centrifugation at 5500 rpm for 15 minutes was supplied by with
kerosene and used diesel fuel in different test tubes, and homogenized using vortex at high speed for 2 minutes. Stability
was measured after 1 hour. Emulsification activity is determined by index calculation (E24 or El). This calculation is done
through the formula by Ozdal et al. (2017).
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Surface tension

The surface tension of the cell-free culture supernatant obtained by centrifugation was measured using the Kruss 100
tensiometer (Kruss GmbH, Hamburg, Germany) by the Du Nouy ring method. Measurements were replicated 3x to
improve accuracy and average retrieval. This calculation is done through the formula by Chauhan et al. (2013).

g= gol
qo
Y : the surface tension of the sample
Yo : surface tension standard value of distilled water at t°C
0 : the indicated sample value according to the instrument scale
6o : distilled water value shown according to the instrument scale

RESULTS AND DISCUSSION

Analysis of 16S rRNA gene

Isolate of Bacillus sp. ES4.3 was identified by amplification and sequencing of the 16S rRNA gene using PCR. The
sequences of Bacillus sp. ES4.3 DNA was analyzed using BioEdit Sequence Alignment Editor software version 7.2.5. and
nucleotide Basic Local Alignment Search Tool (BLASTN) that followed by the website of the National Center for
Biotechnology Information (NCBI) “http://www.ncbi.nlm.nih.gov”. In Figure 1. showed the band of DNA from PCR
result on agarose gel 1%.

3000 bp

1500bp 5,
1000 bp

250 bp

Figure 1. Electrophoresis result of DNA Bacillus velezensis ES4.3 isolate marked with a band measuring 1500 bp. (S = Sample; M =
Marker)

The PCR result in Figure 1. showed the band of 16S rRNA gene from Bacillus sp. ES4.3 isolate. When it matched with
size order of DNA marker, the size of the band measuring 1500bp.

The result of nucleotide Basic Local Alignment Search Tools (BLASTn) analysis in Table 1. indicate that this isolate
as the Bacillus sp. ES4.3 isolate shares 97.66% similarity with Bacillus velezensis strain FZB42 (GenBank access number
NR_075005.2). This is because the results in Table 1. show the highest % ID is Bacillus velezensis strain FZB42 when it
compared with Bacillus atrophaeus strain NBRC 15539 and Bacillus atrophaeus strain JCM 9070.
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Table 1. The Results of Basic Local Alignment Search Tools (BLAST) of Bacillus sp. ES4.3.

Description Scientific Name Query Cover % 1D
Bacillus  velezensis strain FZB42 16S Bacillus velezensis 99% 97.66%
ribosomal RNA gene, complete sequence
Bacillus atrophaeus strain NBRC 15539 16S Bacillus velezensis 99% 97.52%
ribosomal RNA gene, partial sequence
Bacillus atrophaeus strain JCM 9070 16S Bacillus velezensis 99% 97.52%

ribosomal RNA gene, partial sequence

Analysis of Phylogeni Tree

Figure 2. shows the phylogenetic analysis of Bacillus sp. ES4.3 against other strain of Bacillus velezensis. These
bacteria are used to calculate evolutionary distances and construct phylogenetic trees. The bootstrap test (1000
replications) is shown next to the branch. The consensus procedure was used to produce a bootstrap phenogram in the
phylogeny tree, which is analyzed by Neighbor-Join Method.

_|:KYES-:HE¢ 1 Bacilus wiezensis strain NRRL B-41380 165 thescmal RNA yene partial sequence
MKE22153.7 Bacillus welezensis slrain YWheT 165 ribosomal RNA gene partial sequence
MNTO4311.7 Bacillus welezensis slrain EGI303 165 ibosomal RNA gene partial sequence

{ MVBE0044 1 Bacillus velezensis strain BS1 165 bosomal RNA gene partial sequance
@ Bacilus sp £543

’—NR (75003 2 Bacillus wlezensis slrain FZB42 168 rbosomal RNA complele sequence
L NR 116240 1 Eacillus velezensic sirain CEMB203 165 ibosomal RNA partial sequence

MNT04497 1 Bacillus welezensis strain EGI282 165 dbosomal RNA gene partial sequence

NR 043403 Bacillus thuringiznsis slrain 8N 12077 165 ibosomal RNA partial sequence

Figure 2. Phylogeni tree of Bacillus velezensis ES4.3 and another bacteria of B. velezensis strains

Analysis of Biosynthesis Surfactin Gene

Figure 3. shows that the sequencing results obtained were analyzed using BioEdit software, BLASTn, and BLASTp to
determine the similarity of the SrfA-D gene Bacillus sp. ES4.3 with the genes in other bacteria. A test was also conducted
to determine the similarity between the nucleotides of the srfA-D gene Bacillus sp. ES4.3 with another nucleotide of the
srfA-D gene Bacillus in GenBank. Based on the BLASTp results, the amino acids in the srfA-D gene of Bacillus sp. ES4.3
have the highest similarity with the surfactin thioesterase srfA-D biosynthesis from Bacillus amyloliquifaciens group
bacteria in Genbank by 99.86%. On the research of Rabbee et al. (2019), said that based on phylogenomic analysis B.
velezensis belong to the same clade as a B. amyloliquifaciens.

3000 bp

750 bp

250 bp

Figure 3. Electrophoresis results of the srfA-D gene in Bacillus velezensis ES4.3 isolates marked with samples. In the sample, there is a
band measuring 732 bp. (S = Sample; M = Marker)
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Screening of Biosurfactant Activity
Hemolytic Activity

Hemolytic activity can be identified on Blood Agar media with 24 hours observation by looking at the clear zone
around the microbial colonies (Carillo et al. 1996). Hemolytic activity of Bacillus sp. ES4.3 can be seen in Figure 4.

{ .

Figure 4. The clear zone is formed from the hemolytic activity of the Bacillus sp. ES4.3 isolate on Blood Agar media. Notes: a) halo
zone, b) Colony of Bacillus sp. ES4.3.

Emulsification Activity

Table 2. shows that the emulsification activity of the cell-free supernatant of Bacillus sp. ES4.3 used kerosene and
diesel fuel at 1 hour and 24 hours observation. The emulsification activity of Bacillus sp. ES4.3 in kerosene showed an
increase, while in diesel fuel it showed a decrease.

Table 2. Results of emulsication activity of supernatant of Bacillus sp. ES4.3 on kerosene and diesel fuel.

Emulsification Activity

Treatment (%)
Kerosene Diesel Fuel
1 hour 24 hours 1 hour 24 hourr
Supernatant Bacillus sp. ES4.3 31.08 £0.22 1452 +1.21 46.32 £1.22 45.65 +0.46

Surface Tension

Table 3. shows that the surface tension value of the culture supernatant Bacillus sp. ES4.3, when it compared with the
surface tension values of the distilled water control, media control, and Tween control, the value of the culture supernatant
of this isolate decreased to 21.38 mN/m from the NB media control, 33.74 mN/m from the distilled water control, and 3.91
mN/m from the Tween control.

Table 3. The surface tension value of the culture supernatant isolate Bacillus sp. ES4.3 with an incubation time of 2 days.

Treatment Surface Tension
(mN/m)
Distilled Water Control 72.00 £0.00
NB Control 59.64 £0.12
Supernatant Bacillus sp. ES4.3 38.26 £0.25
Tween Control 34.35+0.07

Discussion

The results of DNA isolation from Bacillus sp. ES4.3 showed the presence of a DNA band with a size of 1500 bp when
it matched with the DNA marker (Figure 1). From these results, it can be said that there is a 16S rRNA gene, which is a
DNA barcode for bacterial species. 16S rRNA gene sequencing serves as an approximation method for rapid and accurate
bacterial identification. A bacterium is said to represent the same genus if it has a similarity index above 95% and
represents the same species if it is above 97% (Srinivasan et al. 2015; Johnson et al. 2019).

The Bacillus sp. ES4.3 isolate shares 97.66% similarity with the Bacillus velezensis strain FZB42 (GenBank access
number NR_075005.2). These results are different from conventional identification results through observations of
macroscopic, microscopic, and physiological characters that have been carried out by Salamun et al. (2020), which stated
that Bacillus sp. ES4.3 is Bacillus sphaericus with a comparable coefficient calculation (Ss) of 76.12%.

Figure 2. shows the phylogenetic analysis of Bacillus sp. ES4.3 against other strains of Bacillus velezensis. This shows
that Bacillus sp. ES4.3 has a close relationship with B. velezensis BS1 and B. velezensis FZB42. It can be seen from the
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location of the branching between Bacillus sp. ES4.3 with B. velezensis BS1 and B. velezensis FZB42. Another thing that
could also be due to the high percent identity or the low nucleotide variation between Bacillus sp. ES4.3 with B. velezensis
BS1 and B. velezensis FZB42. This strain was found from pepper fields in Gangwon Province, Korea. Based on the
research of Shin et al. (2021), they said that B. velezensis BS1 was consistently able to produce cellulase, proteases, and
siderophores; and inhibited the growth, appressorium formation, and disease development of Colletotrichum scovillei, a
pepper anthracnose pathogen. B. velezensis BS1 showed a high inhibitory effect on the mycelium growth of Botrytis
cinerea isolated from strawberries, Rhizoctonia solani and Sclerotinia sclerotiorum isolated from lettuce. In addition,
according to Shahid et al. (2021), the antifungal activity of Bacillus can also fight other agricultural pathogens, such as
Fusarium oxysporum, Fusarium moniliforme, and Colletotrichum falcatum (Shahid et al. 2021). Other results in the study
of Shin et al. (2021) also showed that B. velezensis BS1 could promote the growth of chili seedlings. In the phylogenetic
tree, Bacillus thuringiensis is an outgroup.

The sequencing results obtained were analyzed using BioEdit software, BLASTn, and BLASTp to determine the
similarity of the srfA-D gene in Bacillus sp. ES4.3 with the genes in other bacteria. A test was also conducted to determine
the similarity between the nucleotides of the srfA-D gene Bacillus sp. ES4.3 and the nucleotide gene srfA-D B. velezensis
in GenBank. Based on the results of BLASTp on the amino acid gene srfA-D from Bacillus sp. ES4.3, surfactin
biosynthesis thioesterase srfA-D from the Bacillus amyloliquifaciens group bacteria in Genbank has the highest similarity
with 99.86%. Figure 3. is the result of electrophoresis of the srfA-D gene from DNA samples of Bacillus sp. ES4.3. This
sample was used to detect surfactin genes by PCR with a primer designed from 732 bp of srfA-D gene fragments from B.
velezensis. The PCR screening results showed that the amplification of the srfA-D gene fragment was found in Bacillus sp.
ES4.3, identified as B. velezensis FZB42. The srfA-D gene is known to produce thioesterase, which is presumed to be
involved in the lactonization process (Satpute et al. 2010).

The hemolytic activity can be identified by looking at the clear zone around the microbial colonies (Carillo et al. 1996).
Hemolytic activity of Bacillus sp. ES4.3 can be seen in Figure 4. Carillo et al. (1996) stated that there is a relationship
between hemolytic activity and biosurfactant production. In the Blood Agar medium, Bacillus sp. ES4.3 was inoculated.
The presence of hemolytic activity, which is indicated by the formation of a halo zone around the colony, means the
biosurfactants were produced.

From these results, it can be seen that the hemolysis type of this bacterial isolate is B-hemolysis or total hemolysis,
which is indicated by the visible clear zone as a result of the lysis of all red blood cells and the release of hemoglobin from
the cells. Bacteria that cause B-hemolysis are the ones with the most potential to produce biosurfactants because
biosurfactants act as hemolysin substances. The hemolysin substance acts as an antibody against erythrocyte membrane
antigen which causes hemolysis (Ibrahim et al. 2013). The hemolytic activity of biosurfactants can occur by two different
mechanisms. The first one is by dissolving the membrane, which normally occurs at high biosurfactant concentrations and
the second one is by increasing the membrane permeability to small solutes that occur when the biosurfactant
concentration is low causing osmotic lysis (Zaragoza et al. 2010). The clear zone in the Blood Agar media corresponded to
changes in the permeability of the target cell membrane. The ability of these compounds to increase the permeability of
cell membranes is caused by the formation of ion-conducting pores (Maget-Dana and Peypoux 1994). As a result,
biosurfactants can directly interact with membrane lipids that enter the membrane and form pores in the larvae midgut and
destroy the membrane through detergent-like interactions (Butko 2003).

The results of the emulsification activity can be seen in Table 2. These results indicate that there are differences in the
results of the emulsification activity of the supernatant Bacillus sp. ES4.3 on kerosene and diesel fuel substrates. Better
properties are characterized by a greater emulsion index value, which means that the surfactant has large emulsion
stability. The results also showed a decrease in the value of emulsification activity after 24 hours, which indicates a
relatively stable emulsification activity. This research proves that the biosurfactant product can be categorized as a
bioemulsifier. The occurrence of emulsification activity in Bacillus sp. ES4.3 is indicated by the formation of foam, which
creates a layer in the tube. The foam layer was then measured to calculate the emulsification activity value (Ni’matuzahroh
et al. 2017). The emulsification index value indicates the stability of the emulsion, and the line above 50% showed good
biosurfactant producers (Willumsen and Karlson 1997).

The mechanism by which surfactants work as emulgators is by reducing the tension between the surface of water and
oil, so that a film layer is formed on the surface of the dispersed globules phase. Hence, emulsification activity is related
to the parameters of biosurfactant production because it is a very good emulsifier. The indicators of biosurfactants that are
produced by microorganisms can be seen in the emulsification activity of the media. Emulsification activity can be seen by
the formation of an emulsion that looks like a bubble between the substrate and the media (Arifiyanto et al. 2020).

The surface tension value of the culture supernatant Bacillus sp. ES4.3 can be seen in Table 3. When compared with
the surface tension values of the distilled water control, NB media control, and tween control, the value of the culture
supernatant of this isolate decreased to 21.38 mN/m from the NB media control, 33.74 mN/m from the distilled water
control, and 3.91 mN/m from the tween control. Bacteria have the potential to produce biosurfactants if they can reduce
the surface tension value > 10 mN/m (Francy et al. 1991). The hydrophobic and hydrophilic groups in biosurfactants cause
these compounds to accumulate between the liquid phases, thereby reducing surface tension and interfacial tension
(Kapadia and Yagnik 2013). The decrease in surface tension is caused by the presence of biosurfactants in the supernatant
produced by bacterial isolates during the growth process (Arifiyanto et al. 2020). The decrease in surface tension can affect
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the entomopathogenic activity of Aedes aegypti larvae which causes low oxygen underwater, so that the larvae spiracles
continue to open and make it death (Geetha 2010).

This study concluded that Bacillus sp. ES4.3 which was identified as Bacillus velezensis ES4.3, has a biosynthesis
surfactin gene. The biosurfactant activity was indicated by the formation of clear zones, the formation of emulsions, and a
decrease in surface tension in the values of 21.38 mN/m from the NB media control and 33.74 mN/m from the distilled
water control. The presence of these genes and the biosurfactant activity indicates that the Bacillus velezensis ES4.3 has
the potential to act as a biosurfactant producer evidenced by the resulting biosurfactant activity. Thus, Bacillus velezensis
ES4.3 has the potential to be developed as a biocontrol in disease vectors and other fields of medicine, agriculture,
pharmaceuticals, and waste treatments. Further research that can be done to produce surfactin include the production and
optimization of biosurfactant production, as well as characterization of the resulting biosurfactant product.
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Abstract. Nafidiastri FA, Susetyoi RD, Nurhariyati T, Supriyanto A, GHeraldi A, Niu'matuzahroh, Fatimah, Salamun. ZOZL.
Biosurfactant Activity of Indigenous Bacillus sp. ES4.3 Isolated from Endemic Breeding Sites of Dengue Hemorrhagic Fever Vector if
Surabaya, East Java, Indonesia. Biodiversitas 22: xxxx. Bacillus spp. have shown the ability to results a variety of commercial bioactive
compounds such as proteins, peptides, and lipopeptides (LPs). Some of the LPs produced by Bacillus spp. are surfactin, iturin, and
fengicin. This study aimed to determine the name of the indigenous Bacillus sp. ES4.3, the biosynthesis surfactin gene, and the potential
activity for biosurfactant produced by entomopathogenic Bacillus sp. ES4.3 isolated from endemic breeding sites of Dengue
Hemorrhagic Fever Vector in Surabaya, East Java, Indonesia. Genomic DNA of Bacillus sp. ES4.3 detected by isolating the DNA and
visualizing by electrophoresis. Furthermore, the 16S rRNA gene was amplified by the Polymerase Chain Reaction (PCR) method. The
resulting nucleotide sequences were analyzed to find the relationship between Bacillus sp ES4.3 with another bacteria using MEGA
version 6 software. Detection of biosynthesis surfactin gene was carried out by PCR method using srfAD primers. Analysis of the
homology level of the surfactin gene was performed using the NCBI BLASTn and BLASTp genetic analysis program. The indigenous
Bacillus sp. ES4.3 had 97.66% closeness to the species Bacillus velezensis FZB42 and the surfactin gene showed a 9986100 for % |
with the surfactin biosynthesis thioesterase SsrfA-D gene on the Bacillus amyleliguefaciens-amyloliquefaciens group. The biosurfactarjt
activity indicated by the formation of clear zones, the formation of emulsions, and a decrease in surface tension in the values of 21.38
mN/m from the NB mediummedia control and 33.74 mN/m from the distilled water control. The ability of Bacitius-sp.B. velezensis
ES4.3 to hemolyzed and reduced surface tension indicated the presence of biosurfactant that can disrupt stability and damage the midgut
of Aedes aegypti. Thus, Bacitus-sp-B. velezensis ES4.3 has the potential to be developed as a biocontrol in disease vector.

Key words: Bacillus sp., 16S rRNA, surfactin, hemolytic activity, emulsification activity, surface tension.

INTRODUCTION

Biosurfactants are surface active chemical compounds
that can be synthesized by several microbial groups.
Biosurfactants are an alternative to synthetic surfactants
that are not biodegradable and harmful to the environment
(Moro et al. 2018). Biosurfactants can be applied in various
fields, such as in the food, pharmaceutical, cosmetic,
petroleum industries, and they can be used for remediation
in locations contaminated with oil and heavy metals
(Nwaguma et al. 2016; Gomaa and El-Meihy, 2019; Pele et
al. 2019). Biosurfactants have several advantages over
chemical surfactants, such as lower toxicity, higher
biodegradability, not polluting the environment,
nonharmful, greater and more specific selectivity (De
Almeida et al. 2016; Chaves and Guimaraes 2018).
Furthermore, biosurfactants are stable and efficient under
adverse temperature, pH, and salinity, which is typically
encountered in the petroleum industry (Silva et al. 2014).
Biosurfactants can also effectively reduce surface tension

(ST) and interface stress (IT), as well as excellent foaming,
emulsifying, and dispersing agents that are widely used in
many industrial sectors (Jacques 2011; Pacwa-Plociniczak
etal. 2011; Mulligan et al. 2014).

One of the microbial genus that can produce
biosurfactants is Genus Bacillus. Bacillus known to be
capable of synthesizing lipopeptide biosurfactants, such as
surfactin, iturin, and fengicin (Mongkolthanaruk 2012).
Surfactin consists of 7 amino acids (L-leucine, p-leucine, (-
aspartate acid, -valine, p-leucine, _-leucine, and (-glutamic
acid) which are bound to carboxyl and hydroxyl groups of
fatty acid carbon atom number 12-16. Surfactin is
synthesized by a complex mechanism, catalyzed by the
Nonribosomal Peptide Synthetase (NRPS), which is
encoded by the srfA operon. Surfactin is one of the three
most important lipopeptides detected around the
rhizosphere (Henry et al. 2011; Nihorimbere et al. 2012).
Surfactin have a strong biosurfactant activity, it can
suppress plant diseases (Cawoy et al. 2014) by the
inhibition of bacterial growth, it breaks down the
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membranes or disintegrate it through physicochemical
interactions (Deleu et al. 2013), suppressing fungi by
encouraging the colonization of beneficial bacteria (Jia et
al. 2015), and triggers a systemic resistance (Cawoy et al.
2014).

Detections the activity of biosurfactants can be used by
(i) hemolytic activity tests, (ii) methods to analyze the
surface activity, emulsifying activity, and surface
tension/interface tension (Plaza 2014). In addition,
identification of bacterial strains was also carried out,
including 16S rRNA gene analysis and detection of
biosynthesis  surfactin  gene, namely srfA-D. This
methodology ensures that phenotypic and genotypic
features are considered (Das et al. 2013), provided an
overview of the role and importance of molecular genetics
and the gene regulatory mechanisms behind surfactin
biosynthesis of various microbes that have commercial
importance.

The method that commonly used for screening and
genetic identification of bacterial isolates that have the
potential to rapidly produce biosurfactants is through PCR.
PCR was used to identify the 16S rRNA gene and gene that
involved in surfactin biosynthesis, which called srfA-D
(Mulligan et al. 2014). This study was to determine the
name of the indigenous Bacillus sp. ES4.3, the surfactin
biosynthesis gene, and the potential activity for
biosurfactant produced by Bacillus sp. ES4.3 isolated from
the breeding sites of Dengue Hemorrhagic Fever Vector in
Surabaya, East Java, Indonesia.

MATERIALS AND METHODS

Isolate and Media Preparation

Bacillus sp. ES4.3 is a bacterial isolate that has been
isolated from endemic breeding sites of Dengue
Hemorrhagic Fever Vector in Surabaya, East Java,
Indonesia in the previous research (Salamun et al. 2020).
We used three medium-media in this research. Nutrient
Agar (NA) medium used for purification of Bacillus sp.
ES4.3, Luria Bertani (LB) medium used for isolation of
DNA Bacillus sp. ES4.3, and Nutrien Broth (NB) medium
used for culturing Bacillus sp. ES4.3 en-for biosurfactant
activity. The three medium—media were prepared with
distilled water and sterilized using an autoclave at 121°C 1
atm. Bacillus sp. ES4.3 was cultured on the different three
medium and incubated at 35°C for 24 hours.

Identification of 16S rRNA gene

Identification of 16S rRNA gene was initiated by
culturing isolates of Bacillus sp. ES4.3 into 20 mL of Luria
Bertani medium, incubated at 35°C with agitation at 120
rpm for 48 hours. Furthermore, to obtain DNA, extraction
was carried out using the CTAB method (Ausubel et al.
2003) with DNA Wizard Genomic DNA Purification Kit
(Promega). DNA purity and concentration values were
measured using Multiskan GO on A 260 nm and X 280 nm.
Hereafter, 16S rRNA gene amplification was carried out
using Eppendorf Mastercycler equipment. This process
begins by adding GoTaq Green Master Mix and 16S rRNA

primers, in the form of primers 27F and 1492R. The
Polymerase Chain Reaction (PCR) was conditioned as
follows: initial denaturation of 94°C for 2 minutes,
denaturation of 92°C for 30 seconds, annealing 55°C for 30
seconds, elongation of 72°C for 1 minute, final elongation
of 72°C for 5 minutes, 35 cycles. The PCR product were
visualized through an electrophoresis process using 1%
agarose gel followed by Ethidium Bromide staining and
observed in ultraviolet light. The PCR samples were sent to
the 15 Base DNA Sequencing Service Malaysia. Amplikon
was sequenced and analyzed for similarity with GenBank
data using BLASTn NCBI (Altschul et al. 1997). The data
were also analyzed for their relation by building a
phylogenetic tree using MEGA version 6 software (Tamura
etal. 2013).

Detection of Biosynthesis Surfactin gene

In this stage, we used the DNA that has been obtained
en—the—ident cation—ot—16S—+RNA—gene —stage N
the—only difference —is—the primer—used-——to identify
surfactine gene, the same procedures for 16S rRNA
identification were performed but by using srfA-D gene
primers. The srfA-D gene primers are self-designed on the
page ThermoFisher Scientific Oligo Perfect Primer
Designer cloning application.

Biosurfactant Screening Activity
Hemolytic test

Hemolytic test was carried out by culturing the bacterial
isolate Bacillus sp. ES4.3 in sterile Blood Agar medium
that obtained from the Surabaya Laboratory. Isolate
Bacillus sp. ES4.3 was inoculated into the Blood Agar
medium by spot method. After that, it was incubated at
37°C for 24 to 48 hours. The positive results of this test can
be observed in the hemolysis zone and the color changes
that occur around the bacterial colony.

[Emulsification activity

Emulsification activity was carried out to determine the
ability of Bacillus sp. ES4.3 in emulsifying liquid
hydrocarbons, i.e. kerosene and diesel fuel. The bacteria
were cultured in liquid NB media-medium and incubated
for 24 hours. Bacterial cell-free culture supernatant
obtained by centrifugation at 5500 rpm for 15 minutes was
supplied by with kerosene and used diesel fuel in different
test tubes, and homogenized using vortex at high speed for
2 minutes. Stability was measured after 1 hour.
Emulsification activity is determined by index calculation
(E24-6+-E1}). This calculation is done through the formula
by Ozdal et al. (2017).

F_€24=E x 100%
HS
E24 : emulsification activity on 24 hours
HE - high of the emultion layer
HS - high of total solution
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Surface tension

The surface tension of the cell-free culture supernatant
obtained by centrifugation was measured using the Kruss
100 tensiometer (Kruss GmbH, Hamburg, Germany) by the
Du Nouy ring method. Measurements were replicated 3x to
improve accuracy and average retrieval. This calculation is
done through the formula by Chauhan et al. (2013).

y=yo—
o

v : the surface tension of the sample
vo-: surface tension standard value of distilled water at t°C
0 : the indicated sample value according to the instrument
scale
Do distilled water value shown according to the instrument
scale

RESULTS AND DISCUSSION

Analysis of 16S rRNA gene

Isolate of Bacillus sp. ES4.3 was identified by
amplification and sequencing of the 16S rRNA gene using
PCR. The sequences of Bacillus sp. ES4.3 DNA was
analyzed using BioEdit Sequence Alignment Editor
software version 7.2.5. and nucleotide Basic Local
Alignment Search Tool (BLASTn) that followed by the
website of the National Center for Biotechnology
Information (NCBI) “http://www.ncbi.nlm.nih.gov”. In
Figure 1. showed the band of DNA from PCR result on
agarose gel 1%.

The PCR results in Figure 1. showed the band of 16S
rRNA gene from Bacillus sp. ES4.3 isolate. When it
matched with size order of DNA marker, the size of the
band measuring 1500bp.

The result of nucleotide Basic Local Alignment Search
Tools (BLASTn) analysis in Table 1. indicate that this

isolate as the Bacillus sp. ES4.3 isolate shares 97.66%
similarity with Bacillus velezensis strain FZB42 (GenBank
access number NR_075005.2). This is because the results
in Table 1. show the highest % ID is Bacillus velezensis
strain FZB42 when it compared with Bacillus atrophaeus
strain NBRC 15539 and Bacillus atrophaeus strain JCM
9070.

Analysis of Phylogenetici Tree

Figure 2. showeds the phylogenetic analysis of Bacill
sp. ES4.3 against other strain of Bacillus velezensis.These
bacteria are used to calculate evolutionary distances and
construct phylogenetic trees. The bootstrap test (100
replications) is shown next to the branch. The consens
procedure was used to produce a bootstrap phenogram in
the phylogeneticy tree, which is analyzed by Neighbor-Joi
Method.

3000 bp

1500 bp —

>
7

1000 bp

_ 250 bp

Figure 1. Electrophoresis result of DNA Bacillus velezensn%gi
ES4.3 isolate marked with a band measuring 1500 bp. (S =
Sample; M = Marker).

Table 1. The Results of Basic Local Alignment Search Tools (BLAST) of Bacillus sp. ES4.3.

Description Scientific Name Query Cover % ID
Bacillus  velezensis strain FZB42 16S Bacillus velezensis 99% 97.66%
ribosomal RNA gene, complete sequence
Bacillus atrophaeus strain NBRC 15539 16S Bacillus velezensis 99% 97.52%
ribosomal RNA gene, partial sequence
Bacillus atrophaeus strain JCM 9070 16S Bacillus velezensis 99% 97.52%

ribosomal RNA gene, partial sequence
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3.1 Bacillus wlezensis slrai

4044 | Bacillus wlezensis sirain B3

NR 116240 1 Bacilks wl

MNT0445

KR 042403 1 Bacilkes thuringiensis strain 1AM

KYG54454 1 Bacibus wlezensis strain NRRL B-41380 165 nbesomal BNA gens padial sequence

G5 riboscmal BNA gene patial 2equence
Bacillus whzensis strsin EGI30T 165 siboscmal RNA gene padial sequence

£5 nbosomal RNA gene partial sequence

@ Cacillus sp E543

KR 075005 2 Bacllks welezensis straln FZB42 185 ribesomal RNA complete sequence

ensis sirain CBA 5 ribosomal ENS parial sequence

Sacillus whezensis strain EGIZEZ 165 ribosomal RNA gene parial sequenc

85 ricosomal RNA parial sequence

Figure 2. Phylogenetici tree of Bacillus sp. velezensis-ES4.3 and another bacteria of B. velezensis strains

Analysis of Biosynthesis Surfactin Gene
Figure—3.—shows—that-Tthe sequencing results that
obtained were analyzed using BioEdit software, BLASTn,
and BLASTp to determine the similarity of the sSrfA-D
gene BaciHussp-B. velezensis ES4.3 with the genes in other
bacteria. A test was also conducted to determine the
similarity between the nuclestides—protein of the srfA-D
gene B. velezensisBaeitus—sp. ES4.3 with another
nuclestide-protein of the srfA-D gene Bacillus in GenBank.
Figure 3. showed the band of srfA-D gene on agarose gel
1% with a successfully amplified size of 722 bp. Based on
the BLASTDp results, the amine-acidsprotein in the srfA-D
gene of B. velezensisBaciHus—sp- ES4.3 have the highest
similarity with the surfactin_biosynthesis thioesterase
SsrfA-D  biesynthesis—from Bacillus amyloliguifaciens
amyloliquefaciens group bacteria in  Genbank by
99.86100%_(GenBank access number WP_003156383.1).

On the research of Rabbee et al. (2019), said that based on
phylogenomic analysis B. velezensis belong to the same
clade as a B. amyloliguifaciens:amyloliquefaciens.

Screening of Biosurfactant Activity
Hemolytic Activity

Hemolytic activity can be identified on Blood Agar
mediuma with 24 hours observation by looking at the clear
zone around the microbial colonies (Carillo et al. 1996).
Hemolytic activity of B. velezensis Bacitus-sp—ES4.3 can
be seen in Figure 4.

[Emulsification Activity

Table 2. showeds that the emulsification activity of the
cell-free supernatant of B. velezensisBacilus—sp. ES4.3
used kerosene and diesel fuel at 1 hour and 24 hours
observation. The emulsification activity of B.
velezensisBacius—sp. ES4.3 in kerosene showed an
increase, while in diesel fuel it showed a decrease.

Surface Tension

Table 3. showeds that the surface tension value of the
culture supernatant B. velezensisBaeithus-sp- ES4.3, when it
compared with the surface tension values of the distilled
water control, NB_mediuma control, and Tween control,
the value of the culture supernatant of this isolate decreased
to 21.38 mN/m from the NB mediuma control, 33.74
mN/m from the distilled water control, and 3.91 mN/m
from the Tween control.

3000 bp

722 bp 750 bp

250 bp

3000 bp

732 bp S 750 bp

250 bp

Figure 3. Electrophoresis results of the srfA-D gene in BacitusB:
velezensis ES4.3 isolates marked with samples. In the sample,
there is a band measuring 7232 bp. (S = Sample; M = Marker)

Figure 4. The clear zone is formed from the hemolytic activity of
the B. velezensis Bactllus—sp—ES4.3 isolate on Blood Agar
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sp- ES4.3. |

Table 2. Results of emulsication activity of supernatant of B. velezensis BaeiHus-sp—ES4.3 on kerosene and diesel fuel. |

Emulsification Activity

Treatment (%)
Kerosene Diesel Fuel
1 hour 24 hours 1 hour 24 hourr
Supernatant B. _ velezensis 31.08 £0.22 1452 £1.21 46.32+1.22 45.65 £ 0.46

BaciHus-sp-ES4.3

Table 3. The surface tension value of the culture supernatant
isolate BacitlusspB. velezensis: ES4.3 with an incubation time of
2 days.

Treatment Surface Tension
(mN/m)
Distilled Water Control 72.00 £0.00
NB_medium Control 59.64 +0.12
Supernatant BaciHus-sp-B. 38.26 +0.25
velezensis ES4.3
Tween Control 34.35+0.07

Discussion

The results of DNA isolation from Bacillus sp. ES4.3
showed the presence of a DNA band with a size of 1500 bp
when it matched with the DNA marker (Figure 1). From
these results, it can be said that there is a 16S rRNA gene,
which is a DNA barcode for bacterial species. 16S rRNA
gene sequencing serves as an approximation method for
rapid and accurate bacterial identification. A bacterium is
said to represent the same genus if it has a similarity index
above 95% and represents the same species if it is above
97% (Srinivasan et al. 2015; Johnson et al. 2019).

The Bacillus sp. ES4.3 isolate shares 97.66% similarity
with the Bacillus velezensis strain FZB42 (GenBank access
number NR_075005.2). These results are different from
conventional identification results through observations of
macroscopic, microscopic, and physiological characters
that have been carried out by Salamun et al. (2020), which
stated that Bacillus sp. ES4.3 is Bacillus sphaericus with a
comparable coefficient calculation (Ss) of 76.12%.

Figure 2. showeds the phylogenetic analysis of Bacillus
sp. ES4.3 against other strains of Bacilus—B. velezensis.
This shows that Bacillus sp. ES4.3 has a close relationship
with B. velezensis BS1 and B. velezensis FZB42. It can be
seen from the location of the branching between Bacillus
sp. ES4.3 with B. velezensis BS1 and B. velezensis FZB42.
Another thing that could also be due to the high percent
identity or the low nucleotide variation between Bacillus
sp. ES4.3 with B. velezensis BS1 and B. velezensis FZB42.
This strain was found from pepper fields in Gangwon
Province, Korea. Based on the research of Shin et al.
(2021), they said that B. velezensis BS1 was consistently
able to produce cellulase, proteases, and siderophores; and
inhibited the growth, appressorium formation, and disease
development of Colletotrichum scovillei, a pepper
anthracnose pathogen. B. velezensis BS1 showed a high
inhibitory effect on the mycelium growth of Botrytis
cinerea isolated from strawberries, Rhizoctonia solani and

Sclerotinia sclerotiorum isolated from lettuce. In addition,
according to Shahid et al. (2021), the antifungal activity df
Bacillus can also fight other agricultural pathogens, such as
Fusarium  oxysporum, Fusarium moniliforme, and
Colletotrichum falcatum (Shahid et al. 2021). Other results
in the study of Shin et al. (2021) also showed that B.
velezensis BS1 could promote the growth of chili seedlings.
In the phylogenetic tree, Bacillus thuringiensis is a|
outgroup.

The sequencing results ebtained-were analyzed usin
BioEdit software, BLASTn, and BLASTp to determine the
similarity of the srfA-D gene in B. velezensis
ES4.3 with the genes in other bacteria. A test was also
conducted to determine the similarity between the
nucleotides—protein _of the srfA-D gene B. velezensi
Bacillus-sp—ES4.3 and anotherthe nucleotide-protein of thy
gene srfA-D Bacillus B—velezensis-in GenBank. Based 0
the results of BLASTp, the protein in the srfA-D gene fro
B. velezensis ES4.3 has the highest similarity of 100% wit
surfactin _biosynthesis _thioesterase SrfA-D from _thi
Bacillus _amyloliquefaciens group bacteria in Genbanj.
Based-on-the-results-of BLASTp-on-the-amino-acid-gen|
99.86%-—Figure 3. is the result of electrophoresis of th
srfA-D gene from DNA samples of Baeius—sp-f
velezensis ES4.3. This sample was used to detect surfacti
genes by PCR with a primer designed from 732 bp of srfA.
D gene fragments from B. velezensis. The PCR screenin
results showed that the amplification of the srfA-D gen
fragment was found in B. velezensis Bacilus—sp—ES4.3,
identified as B. velezensis Htg6, with a successfull
amplified size of 722 bp. FZB42—-The srfA-D gene is
known to produce thioesterase, which is presumed to be
involved in the lactonization process (Satpute et al. 2010).

The hemolytic activity can be identified by looking at
the clear zone around the microbial colonies (Carillo et al.
1996). Hemolytic activity of B. velezensis
ES4.3 can be seen in Figure 4. Carillo et al. (1996) stated
that there is a relationship between hemolytic activity and
biosurfactant production. In the Blood Agar medium,
velezensis Bacilus-sp-—ES4.3 was inoculated. The presen
of hemolytic activity, which is indicated by the formation
of a halo zone around the colony, means the biosurfactants
were produced.

From these results, it can be seen that the hemolysis
type of this bacterial isolate is B-hemolysis or total
hemolysis, which is indicated by the visible clear zone as a
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result of the lysis of all red blood cells and the release of
hemoglobin from the cells. Bacteria that cause p-hemolysis
are the ones with the most potential to produce
biosurfactants because biosurfactants act as hemolysin
substances. The hemolysin substance acts as an antibody
against erythrocyte membrane antigen which causes
hemolysis (Ibrahim et al. 2013). The hemolytic activity of
biosurfactants can occur by two different mechanisms. The
first one is by dissolving the membrane, which normally
occurs at high biosurfactant concentrations and the second
one is by increasing the membrane permeability to small
solutes that occur when the biosurfactant concentration is
low causing osmotic lysis (Zaragoza et al. 2010).

The clear zone in the Blood Agar mediumsedia
corresponded to changes in the permeability of the target
cell membrane. The ability of these compounds to increase
the permeability of cell membranes is caused by the
formation of ion-conducting pores (Maget-Dana and
Peypoux 1994). As a result, biosurfactants can directly
interact with membrane lipids that enter the membrane and
form pores in the larvae midgut and destroy the membrane
through detergent-like interactions (Butko 2003).

The results of the emulsification activity can be seen in
Table 2. These results indicate that there are differences in
the results of the emulsification activity of the supernatant
B. velezensis Baeittus-sp-ES4.3 on kerosene and diesel fuel
substrates. Better properties are characterized by a greater
emulsion index value, which means that the surfactant has
large emulsion stability. The results also showed a decrease
in the value of emulsification activity after 24 hours, which
indicates a relatively stable emulsification activity. This
research proves that the biosurfactant product can be
categorized as a bioemulsifier. The occurrence of
emulsification activity in B. velezensis Baeithus-sp-~ES4.3 is
indicated by the formation of foam, which creates a layer in
the tube. The foam layer was then measured to calculate
the emulsification activity value (Ni’matuzahroh et al.
2017). The emulsification index value indicates the
stability of the emulsion, and the line above 50% showed
good biosurfactant producers (Willumsen and Karlson
1997).

The mechanism by which surfactants work as
emulgators is by reducing the tension between the surface
of water and oil, so that a film layer is formed on the
surface of the dispersed globules phase. Hence,
emulsification activity is related to the parameters of
biosurfactant production because it is a very good
emulsifier. The indicators of biosurfactants that are
produced by microorganisms can be seen in the
emulsification activity of the media. Emulsification activity
can be seen by the formation of an emulsion that looks like
a bubble between the substrate and the media (Arifiyanto et
al. 2020).

The surface tension value of the culture supernatant B.
velezensis Baetlussp—~ES4.3 can be seen in Table 3. When
compared with the surface tension values of the distilled
water control, NB_medium—media control, and Ttween
control, the value of the culture supernatant of this isolate
decreased to 21.38 mN/m from the NB media—medium
control, 33.74 mN/m from the distilled water control, and

3.91 mN/m from the Ttween control. Bacteria have the
potential to produce biosurfactants if they can reduce the
surface tension value > 10 mN/m (Francy et al. 1991). The
hydrophobic and hydrophilic groups in biosurfactants cause
these compounds to accumulate between the liquid phases,
thereby reducing surface tension and interfacial tension
(Kapadia and Yagnik 2013). The decrease in surface
tension is caused by the presence of biosurfactants in the
supernatant produced by bacterial isolates during the
growth process (Arifiyanto et al. 2020). The decrease in
surface tension can affect the entomopathogenic activity of
Aedes aegypti larvae which causes low oxygen underwater,
so that the larvae spiracles continue to open and make it
death (Geetha 2010).

This study concluded that Bacillus sp. ES4.3 which was
identified as Bacillus velezensis ES4.3, has a biosynthesis
surfactin gene. The biosurfactant activity was indicated by
the formation of clear zones, the formation of emulsions,
and a decrease in surface tension in the values of 21.38
mN/m from the NB media—medium control and 33.74
mN/m from the distilled water control. The presence of
these genes and the biosurfactant activity indicates that the
Bacillus-B. velezensis ES4.3 has the potential to act as a
biosurfactant producer evidenced by the resulting
biosurfactant activity. Thus, Baeitlus-B. velezensis ES4.3
has the potential to be developed as a biocontrol in disease
vectors and other fields of medicine, agriculture,
pharmaceuticals, and waste treatments. Further research
that can be done to produce surfactin include the
production and optimization of biosurfactant production, as
well as characterization of the resulting biosurfactant
product.
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Abstract. Nafidiastri FA, Susetyo RD, Nurhariyati T, Supriyanto A, Geraldi A, Ni ‘matuzahroh, Fatimah, Salamun. 2021. Biosurfactart
Activity of Indigenous Bacillus sp. ES4.3 Isolated from Endemic Breeding Sites of Dengue Hemorrhagic Fever Vector in Surabaya, East
Java, Indonesia. Biodiversitas 22: xxxx. Bacillus spp. have shown the ability to results a variety of commercial bioactive compounds
such as proteins, peptides, and lipopeptides (LPs). Some of the LPs produced by Bacillus spp. are surfactin, iturin, and fengicin. This
study aimed to determine the name of the indigenous Bacillus sp. ES4.3, the biosynthesis surfactin gene, and the potential activity for
biosurfactant produced by entomopathogenic Bacillus sp. ES4.3 isolated from endemic breeding sites of Dengue Hemorrhagic Fever
Vector in Surabaya, East Java, Indonesia. Genomic DNA of Bacillus sp. ES4.3 detected by isolating the DNA and visualizing by
electrophoresis. Furthermore, the 16S rRNA gene was amplified by the Polymerase Chain Reaction (PCR) method. The resulting
nucleotide sequences were analyzed to find the relationship between Bacillus sp ES4.3 with another bacteria using MEGA version 6
software. Detection of biosynthesis surfactin gene was carried out by PCR method using srfAD primers. Analysis of the homology level
of the surfactin gene was performed using the NCBI BLASTn and BLASTp genetic analysis program. The indigenous Bacillus sp.
ES4.3 had 97.66% closeness to the species Bacillus velezensis FZB42 and the surfactin gene showed a 100 for % ID with the surfactin
biosynthesis thioesterase SrfA-D gene on the Bacillus amyloliquefaciens group. The biosurfactant activity indicated by the formation gf
clear zones, the formation of emulsions, and a decrease in surface tension in the values of 21.38 mN/m from the NB medium control and

e

|

33.74 mN/m from the distilled water control. The ability of B. velezensis ES4.3 to hemolyzed and reduced surface tension indicated th
presence of biosurfactant that can disrupt stability and damage the midgut of Aedes aegypti. Thus, B. velezensis ES4.3 has the potentig
to be developed as a biocontrol in disease vector.

Key words: Bacillus sp., 16S rRNA, surfactin, hemolytic activity, emulsification activity, surface tension.

INTRODUCTION

Biosurfactants are surface active chemical compounds
that can be synthesized by several microbial groups.
Biosurfactants are an alternative to synthetic surfactants
that are not biodegradable and harmful to the environment
(Moro et al. 2018). Biosurfactants can be applied in various
fields, such as in the food, pharmaceutical, cosmetic,
petroleum industries, and they can be used for remediation
in locations contaminated with oil and heavy metals
(Nwaguma et al. 2016; Gomaa and EI-Meihy, 2019; Pele et
al. 2019). Biosurfactants have several advantages over
chemical surfactants, such as lower toxicity, higher
biodegradability, not polluting the environment,
nonharmful, greater and more specific selectivity (De
Almeida et al. 2016; Chaves and Guimaraes 2018).
Furthermore, biosurfactants are stable and efficient under
adverse temperature, pH, and salinity, which is typically
encountered in the petroleum industry (Silva et al. 2014).
Biosurfactants can also effectively reduce surface tension

(ST) and interface stress (IT), as well as excellent foaming,
emulsifying, and dispersing agents that are widely used in
many industrial sectors (Jacques 2011; Pacwa-Plociniczak
etal. 2011; Mulligan et al. 2014).

One of the microbial genus that can produce
biosurfactants is Genus Bacillus. Bacillus known to be
capable of synthesizing lipopeptide biosurfactants, such as
surfactin, iturin, and fengicin (Mongkolthanaruk 2012).
Surfactin consists of 7 amino acids (L-leucine, p-leucine, (-
aspartate acid, .-valine, p-leucine, _-leucine, and (-glutamic
acid) which are bound to carboxyl and hydroxyl groups of
fatty acid carbon atom number 12-16. Surfactin is
synthesized by a complex mechanism, catalyzed by the
Nonribosomal Peptide Synthetase (NRPS), which is
encoded by the srfA operon. Surfactin is one of the three
most important lipopeptides detected around the
rhizosphere (Henry et al. 2011; Nihorimbere et al. 2012).
Surfactin have a strong biosurfactant activity, it can
suppress plant diseases (Cawoy et al. 2014) by the
inhibition of bacterial growth, it breaks down the
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membranes or disintegrate it through physicochemical
interactions (Deleu et al. 2013), suppressing fungi by
encouraging the colonization of beneficial bacteria (Jia et
al. 2015), and triggers a systemic resistance (Cawoy et al.
2014).

Detections the activity of biosurfactants can be used by
(i) hemolytic activity tests, (ii) methods to analyze the
surface activity, emulsifying activity, and surface
tension/interface tension (Plaza 2014). In addition,
identification of bacterial strains was also carried out,
including 16S rRNA gene analysis and detection of
biosynthesis  surfactin  gene, namely srfA-D. This
methodology ensures that phenotypic and genotypic
features are considered (Das et al. 2013), provided an
overview of the role and importance of molecular genetics
and the gene regulatory mechanisms behind surfactin
biosynthesis of various microbes that have commercial
importance.

The method that commonly used for screening and
genetic identification of bacterial isolates that have the
potential to rapidly produce biosurfactants is through PCR.
PCR was used to identify the 16S rRNA gene and gene that
involved in surfactin biosynthesis, which called srfA-D
(Mulligan et al. 2014). This study was to determine the
name of the indigenous Bacillus sp. ES4.3, the surfactin
biosynthesis gene, and the potential activity for
biosurfactant produced by Bacillus sp. ES4.3 isolated from
the breeding sites of Dengue Hemorrhagic Fever Vector in
Surabaya, East Java, Indonesia.

MATERIALS AND METHODS

Isolate and Media Preparation

Bacillus sp. ES4.3 is a bacterial isolate that has been
isolated from endemic breeding sites of Dengue
Hemorrhagic Fever Vector in Surabaya, East Java,
Indonesia in the previous research (Salamun et al. 2020).
We used three media in this research. Nutrient Agar (NA)
medium used for purification of Bacillus sp. ES4.3, Luria
Bertani (LB) medium used for isolation of DNA Bacillus
sp. ES4.3, and Nutrien Broth (NB) medium used for
culturing Bacillus sp. ES4.3 for biosurfactant activity. The
three media were prepared with distilled water and
sterilized using an autoclave at 121°C 1 atm. Bacillus sp.
ES4.3 was cultured on the different three medium and
incubated at 35°C for 24 hours.

Identification of 16S rRNA gene

Identification of 16S rRNA gene was initiated by
culturing isolates of Bacillus sp. ES4.3 into 20 mL of Luria
Bertani medium, incubated at 35°C with agitation at 120
rpm for 48 hours. Furthermore, to obtain DNA, extraction
was carried out using the CTAB method (Ausubel et al.
2003) with DNA Wizard Genomic DNA Purification Kit
(Promega). DNA purity and concentration values were
measured using Multiskan GO on A 260 nm and X 280 nm.
Hereafter, 16S rRNA gene amplification was carried out
using Eppendorf Mastercycler equipment. This process
begins by adding GoTaq Green Master Mix and 16S rRNA

primers, in the form of primers 27F and 1492R. The
Polymerase Chain Reaction (PCR) was conditioned as
follows: initial denaturation of 94°C for 2 minutes,
denaturation of 92°C for 30 seconds, annealing 55°C for 30
seconds, elongation of 72°C for 1 minute, final elongation
of 72°C for 5 minutes, 35 cycles. The PCR product were
visualized through an electrophoresis process using 1%
agarose gel followed by Ethidium Bromide staining and
observed in ultraviolet light. The PCR samples were sent to
the 1% Base DNA Sequencing Service Malaysia. Amplikon
was sequenced and analyzed for similarity with GenBank
data using BLASTn NCBI (Altschul et al. 1997). The data
were also analyzed for their relation by building a
phylogenetic tree using MEGA version 6 software (Tamura
etal. 2013).

Detection of Biosynthesis Surfactin gene

In this stage, to identify surfactine gene, the same
procedures for 16S rRNA identification were performed
but by using srfA-D gene primers. The srfA-D gene
primers are self-designed on the page ThermoFisher
Scientific Oligo Perfect Primer Designer cloning
application.

Biosurfactant Screening Activity
Hemolytic test

Hemolytic test was carried out by culturing the bacterial
isolate Bacillus sp. ES4.3 in sterile Blood Agar medium
that obtained from the Surabaya Laboratory. Isolate
Bacillus sp. ES4.3 was inoculated into the Blood Agar
medium by spot method. After that, it was incubated at
37°C for 24 to 48 hours. The positive results of this test can
be observed in the hemolysis zone and the color changes
that occur around the bacterial colony.

Emulsification activity

[Emulsification activity was carried out to determine the
ability of Bacillus sp. ES4.3 in emulsifying liquid
hydrocarbons, i.e. kerosene and diesel fuel. The bacteria
were cultured in liquid NB medium and incubated for 24
hours. Bacterial cell-free culture supernatant obtained by
centrifugation at 5500 rpm for 15 minutes was supplied by
with kerosene and used diesel fuel in different test tubes,
and homogenized using vortex at high speed for 2 minutes.
Stability was measured after 1 hour. Emulsification activity
is determined by index calculation (E24). This calculation
is done through the formula by Ozdal et al. (2017).

E24 e x 100%
HS

E24 : emulsification activity on 24 hours
HE - high of the emultion layer
HS - high of total solution

Surface tension

.The surface tension of the cell-free culture supernatant
obtained by centrifugation was measured using the Kruss
100 tensiometer (Kruss GmbH, Hamburg, Germany) by the
Du Nouy ring method. Measurements were replicated 3x to
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improve accuracy and average retrieval. This calculation is
done through the formula by Chauhan et al. (2013).

y=yo—
o

& : the surface tension of the sample
vo: surface tension standard value of distilled water at t°C
0 : the indicated sample value according to the instrument
scale
0o: distilled water value shown according to the instrument
scale

RESULTS AND DISCUSSION

Analysis of 16S rRNA gene

Isolate of Bacillus sp. ES4.3 was identified by
amplification and sequencing of the 16S rRNA gene using
PCR. The sequences of Bacillus sp. ES4.3 DNA was
analyzed using BioEdit Sequence Alignment Editor
software version 7.2.5. and nucleotide Basic Local
Alignment Search Tool (BLASTn) that followed by the
website of the National Center for Biotechnology
Information (NCBI) “http://www.ncbi.nlm.nih.gov”, In
Figure 1. showed the band of DNA from PCR result on
agarose gel 1%.

The PCR results in Figure 1. showed the band of 16S
rRNA gene from Bacillus sp. ES4.3 isolate. When it
matched with size order of DNA marker, the size of the
band measuring 1500bp.

The result of nucleotide Basic Local Alignment Search
Tools (BLASTn) analysis in Table 1. indicate that this
isolate as the Bacillus sp. ES4.3 isolate shares 97.66%
similarity with Bacillus velezensis strain FZB42, (GenBank
access number NR_075005.2). This is because the results
in Table 1. show the highest % ID is Bacillus velezensis

strain FZB42 when it compared with Bacillus atrophae
strain NBRC 15539 and Bacillus atrophaeus strain JC
9070.

Analysis of Phylogenetic Tree

Figure 2. showed the phylogenetic analysis of Bacill
sp. ES4.3 against other strain of Bacillus velezensis.Thes|
bacteria are used to calculate evolutionary distances an
construct phylogenetic trees. The bootstrap test (100
replications) is shown next to the branch. The consens
procedure was used to produce a bootstrap phenogram i
the phylogenetic tree, which is analyzed by Neighbor-Joi
Method.

3000 bp

1500 bp
1000 bp

- 250 bp |

Figure 1. Electrophoresis result of DNA Bacillus sp. ES4B
isolate marked with a band measuring 1500 bp. (S = Sample; M =
Marker).

Table 1. The Results of Basic Local Alignment Search Tools (BLAST) of Bacillus sp. ES4.3.

Description Scientific Name Query Cover % ID
Bacillus  velezensis strain FZB42 16S Bacillus velezensis 99% 97.66%
ribosomal RNA gene, complete sequence
Bacillus atrophaeus strain NBRC 15539 16S Bacillus velezensis 99% 97.52%
ribosomal RNA gene, partial sequence
Bacillus atrophaeus strain JCM 9070 16S Bacillus velezensis 99% 97.52%
ribosomal RNA gene, partial sequence
KYEo4454 1 Bacibus welezensis strain NRRL B G5 nbesomal RNA genes parial sequense

e MK522153 1 Bacillus
MNT04511.1

id | Bacllus wlezensis simin BS1 165 rbosomal RNA gene partial sequence

nsis slrai 65 riby Al RNA gene paital sequence

scillus wlzzensis strsin E 65 riboscmal RNA gene partial sequence

illus sp 543

gene parial seq

85 ricosomal RNA parial sequence
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Figure 2. Phylogenetic tree of Bacillus sp. ES4.3 and another bacteria of B. velezensis strains

Analysis of Biosynthesis Surfactin Gene

The sequencing results that obtained were analyzed
using BioEdit software, BLASTn, and BLASTp to
determine the similarity of the srfA-D gene B. velezensis
ES4.3 with the genes in other bacteria. A test was also
conducted to determine the similarity between the protein
of the srfA-D gene B. velezensis ES4.3 with another protein
of the srfA-D gene Bacillus in GenBank. Figure 3. showed
the band of srfA-D gene on agarose gel 1% with a
successfully amplified size of 722 bp. Based on the
BLASTp results, the protein in the srfA-D gene of B.
velezensis ES4.3 have the highest similarity with the
surfactin_biosynthesis thioesterase SrfA-D from Bacillus
amyloliquefaciens group bacteria in Genbank by 100%
(GenBank access number WP_003156383.1). On the
research of Rabbee et al. (2019), said that based on
phylogenomic analysis B. velezensis belong to the same
clade as a B. amyloliquefaciens.

Screening of Biosurfactant Activity
Hemolytic Activity

Hemolytic activity can be identified on Blood Agar
medium with 24 hours observation by looking at the clear
zone around the microbial colonies (Carillo et al. 1996).
Hemolytic activity of B. velezensis ES4.3 can be seen in
Figure 4.

Emulsification Activity

Table 2. showed that the emulsification activity of the
cell-free supernatant of B. velezensis ES4.3 used kerosene
and diesel fuel at 1 hour and 24 hours observation. The
emulsification activity of B. velezensis ES4.3 in kerosene
showed an increase, while in diesel fuel it showed a
decrease.

Surface Tension
Table 3. showed that the surface tension value of the
culture supernatant B. velezensis ES4.3, when it compared

of the culture supernatant of this isolate decreased to 21.38
mN/m from the NB medium control, 33.74 mN/m from the
distilled water control, and 3.91 mN/m from the Tween
control.

3000 bp

722 bp 750 bp

250 bp

Figure 3. Electrophoresis results of the srfA-D gene in B.
velezensis ES4.3 isolates marked with samples. In the sample,
there is a band measuring 722 bp. (S = Sample; M = Marker)

Figure 4. The clear zone is formed from the hemolytic activity of
the B. velezensis ES4.3 isolate on Blood Agar medium. Notes: a)

with the surface tension values of the, distilled water halo zone, b) Colony of B. velezensis ES4.3. [Formatted: Font color: Auto
control, NB medium control, and Tween control, the value
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gene sequencing serves as an approximation method for
rapid and accurate bacterial identification. A bacterium is
said to represent the same genus if it has a similarity index
above 95% and represents the same species if it is above
97% (Srinivasan et al. 2015; Johnson et al. 2019).

The Bacillus sp. ES4.3 isolate shares 97.66% similarity
with the Bacillus velezensis strain FZB42 (GenBank access
number NR_075005.2). These results are different from
conventional identification results through observations of
macroscopic, microscopic, and physiological characters
that have been carried out by Salamun et al. (2020), which
stated that Bacillus sp. ES4.3 is Bacillus sphaericus with a
comparable coefficient calculation (Ss) of 76.12%.

Figure 2. showed the phylogenetic analysis of Bacillus
sp. ES4.3 against other strains of B. velezensis. This shows
that Bacillus sp. ES4.3 has a close relationship with B.
velezensis BS1 and B. velezensis FZB42. It can be seen
from the location of the branching between Bacillus sp.
ES4.3 with B. velezensis BS1 and B. velezensis FZB42.
Another thing that could also be due to the high percent
identity or the low nucleotide variation between Bacillus
sp. ES4.3 with B. velezensis BS1 and B. velezensis FZB42.
This strain was found from pepper fields in Gangwon
Province, Korea. Based on the research of Shin et al.
(2021), they said that B. velezensis BS1 was consistently
able to produce cellulase, proteases, and siderophores; and
inhibited the growth, appressorium formation, and disease
development of Colletotrichum scovillei, a pepper
anthracnose pathogen. B. velezensis BS1 showed a high
inhibitory effect on the mycelium growth of Botrytis
cinerea isolated from strawberries, Rhizoctonia solani and
Sclerotinia sclerotiorum isolated from lettuce. In addition,
according to Shahid et al. (2021), the antifungal activity of
Bacillus can also fight other agricultural pathogens, such as
Fusarium  oxysporum, Fusarium moniliforme, and
Colletotrichum falcatum (Shahid et al. 2021). Other results
in the study of Shin et al. (2021) also showed that B.
velezensis BS1 could promote the growth of chili seedlings.
In the phylogenetic tree, Bacillus thuringiensis is an
outgroup.

The sequencing results were analyzed using BioEdit
software, BLASTn, and BLASTp to determine the
similarity of the srfA-D gene in B. velezensis ES4.3 with
the genes in other bacteria. A test was also conducted to
determine the similarity between the protein of the srfA-D
gene B. velezensis ES4.3 and another protein of the gene
srfA-D Bacillus in GenBank. Based on the results of
BLASTD, the protein in the srfA-D gene from B. velezensis
ES4.3 has the highest similarity of 100% with surfactin
biosynthesis thioesterase SrfA-D from the Bacillus
amyloliquefaciens group bacteria in Genbank. Figure 3. is
the result of electrophoresis of the srfA-D gene from DNA
samples of B. velezensis ES4.3. This sample was used to
detect surfactin genes by PCR with a primer designed from
732 bp of srfA-D gene fragments from B. velezensis. The
PCR screening results showed that the amplification of the
srfA-D gene fragment was found in B. velezensis ES4.3,
identified as B. velezensis Htq6, with a successfully
amplified size of 722 bp. The srfA-D gene is known to

produce thioesterase, which is presumed to be involved in
the lactonization process (Satpute et al. 2010).

The hemolytic activity can be identified by looking at
the clear zone around the microbial colonies (Carillo et al.
1996). Hemolytic activity of B. velezensis ES4.3 can bb
seen in Figure 4. Carillo et al. (1996) stated that there is a
relationship between hemolytic activity and biosurfactant
production. In the Blood Agar medium, B. velezensis ES4.8
was inoculated. The presence of hemolytic activity, which
is indicated by the formation of a halo zone around the
colony, means the biosurfactants were produced.

From these results, it can be seen that the hemolysis
type of this bacterial isolate is [-hemolysis or total
hemolysis, which is indicated by the visible clear zone as(F
result of the lysis of all red blood cells and the release
hemoglobin from the cells. Bacteria that cause B-hemolysis
are the ones with the most potential to produce
biosurfactants because biosurfactants act as hemolysin
substances. The hemolysin substance acts as an antibody
against erythrocyte membrane antigen which causes
hemolysis (Ibrahim et al. 2013). The hemolytic activity of
biosurfactants can occur by two different mechanisms. The
first one is by dissolving the membrane, which normally
occurs at high biosurfactant concentrations and the second
one is by increasing the membrane permeability to small
solutes that occur when the biosurfactant concentration is
low causing osmotic lysis (Zaragoza et al. 2010).

The clear zone in the Blood Agar medium correspondej
to changes in the permeability of the target cell membrane.
The ability of these compounds to increase the permeability
of cell membranes is caused by the formation of ion-
conducting pores (Maget-Dana and Peypoux 1994). As a
result, biosurfactants can directly interact with membrane
lipids that enter the membrane and form pores in the larvae
midgut and destroy the membrane through detergent-like
interactions (Butko 2003).

The results of the emulsification activity can be seen in
Table 2. These results indicate that there are differences in
the results of the emulsification activity of the supernatant
B. velezensis ES4.3 on kerosene and diesel fuel substrates.
Better properties are characterized by a greater emulsion
index value, which means that the surfactant has large
emulsion stability. The results also showed a decrease ih
the value of emulsification activity after 24 hours, which
indicates a relatively stable emulsification activity. Th
research proves that the biosurfactant product can b
categorized as a bioemulsifier. The occurrence gf
emulsification activity in B. velezensis ES4.3 is indicate
by the formation of foam, which creates a layer in the tubs.
The foam layer was then measured to calculate th
emulsification activity value (Ni’'matuzahroh et al. 2017).
The emulsification index value indicates the stability of the
emulsion, and the line above 50% showed goofl
biosurfactant producers (Willumsen and Karlson 1997).

The mechanism by which surfactants work as
emulgators is by reducing the tension between the surface
of water and oil, so that a film layer is formed on tT

f

surface of the dispersed globules phase. Hencs,
emulsification activity is related to the parameters
biosurfactant production because it is a very good
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emulsifier. The indicators of biosurfactants that are
produced by microorganisms can be seen in the
emulsification activity of the media. Emulsification activity
can be seen by the formation of an emulsion that looks like
a bubble between the substrate and the media (Arifiyanto et
al. 2020).

The surface tension value of the culture supernatant B.
velezensis ES4.3 can be seen in Table 3. When compared
with the surface tension values of the distilled water
control, NB_medium control, and Tween control, the value
of the culture supernatant of this isolate decreased to 21.38
mN/m from the NB medium control, 33.74 mN/m from the
distilled water control, and 3.91 mN/m from the Tween
control. Bacteria have the potential to produce
biosurfactants if they can reduce the surface tension value
> 10 mN/m (Francy et al. 1991). The hydrophobic and
hydrophilic groups in biosurfactants cause these
compounds to accumulate between the liquid phases,
thereby reducing surface tension and interfacial tension
(Kapadia and Yagnik 2013). The decrease in surface
tension is caused by the presence of biosurfactants in the
supernatant produced by bacterial isolates during the
growth process (Arifiyanto et al. 2020). The decrease in
surface tension can affect the entomopathogenic activity of
Aedes aegypti larvae which causes low oxygen underwater,
so that the larvae spiracles continue to open and make it
death (Geetha 2010).

This study concluded that Bacillus sp. ES4.3 which was
identified as Bacillus velezensis ES4.3, has a biosynthesis
surfactin gene. The biosurfactant activity was indicated by
the formation of clear zones, the formation of emulsions,
and a decrease in surface tension in the values of 21.38
mN/m from the NB medium control and 33.74 mN/m from
the distilled water control. The presence of these genes and
the biosurfactant activity indicates that the B. velezensis
ES4.3 has the potential to act as a biosurfactant producer
evidenced by the resulting biosurfactant activity. Thus, B.
velezensis ES4.3 has the potential to be developed as a
biocontrol in disease vectors and other fields of medicine,
agriculture, pharmaceuticals, and waste treatments. Further
research that can be done to produce surfactin include the
production and optimization of biosurfactant production, as
well as characterization of the resulting biosurfactant
product.

ACKNOWLEDGEMENTS

The author is gratefull to the Dean of the Faculty of
Science and Technology and Chancellor of Airlangga
University, Surabaya Indonesia. This research was funded
from the internal funding Featured Faculty Research of
Airlangga University, 2021. We wish to thank all parties
who participated in this research.

REFERENCES

Altschul SF, Madden TL, Schaffer AA, Zhang J, Zhang Z, Miller W,
Lipman DJ. 1997. Gapped BLAST and PSIBLAST: a new generation

of protein database search programs. Nucleic Acids Res. 25: 3389-
3402. DOI: 10.1093/nar/25.17.3389

Arifiyanto A, Surtiningsih T, Ni'matuzahroh, Fatimah, Agustina D, Alami
NH. 2020. Antimicrobial activity of biosurfactants produced by
actinomycetes isolated from rhizosphere of Sidoarjo mud region.
Biocatalysis and Agricultural Biotechnology 24: 101513. DOI:
10.1016/j.bcab.2020.101513

Ausubel FM, Brent R, Kingston RR, Moore, DD, Seidman JG, Smith JA,
Struhl K. 2003. Current Protocols in Molecular Biology. John Wiley
& Sons, Inc. New Jersey.

Butko P. 2003. Cytolytic toxin Cyt1A and its mechanism of membrane
damage: data and hypotheses. Appl Environ Microbiol 69: 2415-
2422. DOI: 10.1128/AEM.69.5.2415-2422.2003

Carillo PG, Mardaraz C, Pitta-Alvarez Sl, Giulietti AM. 1996. Isolation
and selection of biosurfactant-producing bacteria. World J Microbiol
Biotechnol 12(1): 82-84. DOI: 10.1007/BF00327807

Cawoy H, Mariutto M, Henry G, Fisher C, Vasilyeva N, Thonart P. 2014.
Plant defense stimulation by natural isolates of Bacillus depends on
efficient surfactin production. Mol Plant Microb Interat 27: 87-100.
DOI: 10.1094/MPMI-09-13-0262-R

Chauhan S, Chauhan MS, Sharma P, Rana DS, Umar A. 2013. Physico-
chemical studies of oppositely charged protein-surfactant system in
aqueous solutions: sodium dodecyl sulphate (SDS)-lysozyme. Fluid
Phase Equilibr 337: 39-46. DOI: 10.1016/j.fluid.2012.09.003

Chaves MP, Guimaraes MV. 2018. Biosurfactant production from
industrial wastes with potential remove of insoluble paint.
International Biodeterioration and Biodegradation 127: 10-16. DOI:
10.1016/j.ibiod.2017.11.005

Das P, Mukherjee S, Sen R. 2013. Genetic regulations of biosynthesis of
microbial surfactants: an Overview. Biotechnol Genet Eng Rev 25:
165-186. DOI: 10.5661/bger-25-165.

De Almeida DG, Soares SRCF, Luna JM, Rufino RD, Santos VA, Banat
IM, Sarubbo LA. 2016. Biosurfactants: Promising molecules for
petroleum biotechnology advances. Frontiers in Microbiology. 7:
1718. 10.3389/fmich.2016.01718

Deleu M, Lorent J, Lins L, Brasseur R, Braun N, El Kirat K, Nylander T,
Dufréne YF, Mingeot-Leclercq MP. 2013. Efects of surfactin on
membrane models displaying lipid phase separation. Biochem.
Biophys. Acta. Biomembr. 1828: 801-815. DOl:
10.1016/j.bbamem.2012.11.007

Francy DS, Thomas JM, Raymond RI, Word CH. 1991. Emulsification of
hydrocarbon by subsurface bacteria. J. Ind. Microbiol. 8: 237-246.

Geetha I, Manonmani AM. 2010. Surfactin: a novel mosquitocidal
biosurfactant produced by Bacillus subtilis ssp. subtilis (VCRC B471)
and influence of abiotic factors on its pupicidal efficacy. Lett. Appl.
Microbiol. 51: 406-412. DOI: 10.1111/j.1472-765X.2010.02912.x

Gomaa EZ, EI-Meihy RM. 2019. Bacterial biosurfactant from Citrobacter
freundii MG812314.1 as a bioremoval tool of heavy metals from
wastewater. Bull Natl Res Cent 43 (69). 10.1186/s42269-019-0088-8

Henry G, Deleu M, Jourdan E, Thonart P, Ongena M. 2011. The bacterial
lipopeptide surfactin targets the lipid fraction of the plant plasma
membrane to trigger immune-related defence responses. Cell.
Microbiol. 13: 1824-1837. DOI: 10.1111/j.1462-5822.2011.01664.x

Ibrahim ML, ljah UJJ, Manga SB, Bilbis LS, Umar S. 2013. Production
and partial characterization of biosurfactant produced by crude oil
degrading bacteria. International Biodeterioration & Biodegradation.
81: 28-34. DOI: 10.1016/j.ibiod.2012.11.012

Jacques P. 2011. Surfactin and Other Lipopeptides from Bacillus spp. In:
Soberén-Chévez G (eds.). Biosurfactants. Microbiology Monographs,
vol 20. Springer, Berlin, Heidelberg. DOI: 10.1007/978-3-642-14490-
53

Jia K, Gao YH, Huang XQ, Guo RJ, Li SD. 2015. Rhizosphere inhibition
of cucumber fusarium wilt by di erent surfactin excreting strains of
Bacillus  subtilis.  Plant  Pathol J 31: 140-151. DOI:
10.5423/PPJ.0A.10.2014.0113

Johnson JS, Spakowicz DJ, Hong B-Y, Petersen LM, Demkowicz P, Chen
L, Leopold SR, Hanson BM, Agresta HO, Gerstein M, Sodergren E,
Weinstock GM. 2019. Evaluation of 16S rRNA gene sequencing for
species and  strain-level  microbiome  analysis.  Nature
Communications. 10 (1): 5029. DOI: 10.1038/s41467-019-13036-1

Kapadia SG, Yagnik BN, 2013, Current trend and potential of microbial
biosurfactants. Asian J Exp Biol Sci 4 (1): 1-8.

Maget-Dana R, Peypoux F. 1994. lturins, a special class of pore-forming
lipopeptides: biological and physicochemical properties. Toxicology.
87:151-174. DOI: 10.1016/0300-483X(94)90159-7



NAFIDIASTRI et al. — Biosurfactant Activity of Bacillus sp. ES4.3 7

Mongkolthanaruk  W. 2012. Classification of Bacillus beneficial
substances related to plants, humans and animals. J Microbiol.
Biotechnol 22: 1597-1604. DOI: 10.4014/jmb.1204.04013

Moro GV, Almeida RTR, Napp AP, Porto C, Pilau EJ, Ludtke DS, Moro
AV, Vainstein MH. 2018. Identification and ultra-high-performance-
liquid chromatography coupled with high-resolution mass
spectrometry characterization of biosurfactants including a new
surfactin, isolated from oil-contaminated environments. Microb
Biotechnol 11: 759-769. DOI: 10.1111/1751-7915.13276

Mulligan CN, Sharma SK, Mudhoo A. 2014. Biosurfactants. Research
Trends and Applications. CRC Press Taylor & Francis Group. Boca
Raton. London. New York. DOI: 10.1201/b16383

Ni’matuzahroh, Yuliawatin ET, Kumalasari DP, Trikurniadewi N, Pratiwi
IA, Salamun, Fatimah, Sumarsih S, Yuliani H. 2017. Potency of oil
sludge indigenous bacteria from Dumai-Riau in producing
Bbosurfactant on variation of saccharide substrates; Proceeding of
International Conference on Green Technology. 8: 339-340.

Nihorimbere V, Cawoy H, Seyer A, Brunelle A, Thonart P, Ongena M.
2012. Impact of rhizosphere factors on cyclic lipopeptide signature
from the plant bene cial strain Bacillus amyloliquefaciens S499.
FEMS Microbiol Ecol 29: 176-191. DOI: 10.1111/j.1574-
6941.2011.01208.x

Nwaguma LV, Chikere CB, Okpokwasili GC. 2016. Isolation
characterizatition, and application of biosurfactant by Klebsiella
pneumonia strain ivn51 isolated from hydrocarbon-polluted soil in
Ogoniland,  Nigeria.  Bioresour. ~ Bioprocess. 3(40). DOI:
10.1186/540643-016-0118-4

Ozdal M, Gurkok S, Ozdal OG. 2017. Optimization of rhamnolipid
production by Pseudomonas aeruginosa OG1 using waste frying oil
and chicken feather peptone. 3 Biotech 7: 117. DOI: 10.1007/s13205-
017-0774-x

Pacwa-Plociniczak M, Plaza GA, Piotrowska-Seget Z, Cameotra SS.
2011. Environmental applications of biosurfactants: recent advances.
Int J Mol Sci 12: 633-654. DOI: 10.3390/ijms12010633

Pele MA, Ribeaux DR, Vieira ER, Souza AF, Luna MAC, Rodriguez DM,
Andrade RFS, Alviano DS, Alviano CS, Barreto-Bergter E, Santiago
ALCMA, Campos-Takaki GM. 2019. Conversion of renewable
substrates for biosurfactant production by Rhizopus arrhizus UCP
1607 and enhancing the removal of diesel oil from marine soil.
Electron J Biotechnol 38: 40-48. DOI: 10.1016/j.ejbt.2018.12.003

Plaza G. 2014. Biosurfactants: Green surfactants. Polish Academy of
Science. Committee of Environmental Engineering, Monograph no

Rabbe Mf, Ali MdS, Choi J, Hwang BS, Jeong SC, Baek K-h. 2019.
Bacillus velezensis: A Valuable Member of Bioactive Molecules
within ~ Plant  Microbiomes. Molecules. 24: 1046. DOI:
10.3390/molecules24061046

Salamun, Ni’matuzahroh, Fatimah, Maswantari MIF, Rizka MU,
Nurhariyati T, Supriyanto A. 2020. Diversity of Indigenous
entomopathogenic bacilli from domestics breeding sites of dengue
Hemorrhagic fever vector based on the toxicity against Aedes aegypti
Larvae. Eco Env Cons 26. (April Suppl. Issue) : S21-S26. DOI:
http://www.envirobiotechjournals.com/EEC/26aprilsuppl/EEC-4.pdf

Satpute SK, Bhuyan SS, Pardesi KR, Mujumdar SS, Dhakephalkar PK,
Shete AM. 2010. Molecular genetics of biosurfactant synthesis in
microorganisms. Adv Exp Med Biol 672: 14-41. DOI: 10.1007/978-
1-4419-5979-9 2

Shahid 1, Han J, Hanooq S, Malik KA, Borchers CH, Mehnaz S. 2021.
Profiling of metabolites of Bacillus spp. and their application in
sustainable plant growth promotion and biocontrol. Front. Sustain.
Food Syst 5:605195. DOI: 10.3389/fsufs.2021.605195

Shin J-H, Park B-S, Kim H-Y, Lee K-H, Kim KS. 2021. Antagonistic and
plant growth-promoting effects of Bacillus velezensis BS1 isolated
from rhizosphere soil in a pepper field. Plant Pathol. J 37 (3): 307-
314. DOI: 10.5423/PPJ.NT.03.2021.0053

Silva RCFS, Almeida DG, Rufino RD, Luna JM, Santos VA, Sarubbo LA.
2014. Application of biosurfactants in the petroleum industry and the
remediation of oil spills. International Journal of Molecular Science.
15: 12523-12542. DOI: 10.3390/ijms150712523

Srinivasan R, Karaoz U, Volegova M, MacKichan J, Kato-Maeda M,
Miller S, Nadarajan R, Brodie EL, Lynch SV. 2015. Use of 16S
rRNA gene for identification of a broad range of clinically relevant
bacterial  pathogens. PLOS ONE. 10 (2): e0117617.
DOI: 10.1371/journal.pone.0117617

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. 2013. MEGAG6:
molecular evolutionary genetics analysis version 6.0. Mol. Biol. Evol.
30: 2725-2729. DOI: 10.1093/molbev/mst197

Willumsen PA, Karlson U. 1997. Screening of bacteria, isolated from
PAH-contaminated soil, for production of biosurfactant and
bioemulsifiers. biodegradation. 7. 415-423 (5DOL:
10.1007/BF00056425

Zaragoza A, Aranda FJ, Espuny MJ, Teruel JA, Marques A, Manresa A,
Ortiz A. 2010. Hemolytic activity of a bacterial trehalose lipid
biosurfactant produced by Rhodococcus sp.: evidence of colloid-
osmotic mechanism. Langmuir. 26 (11): 8567-8572. DOI:
10.1021/1a904637k



e
ROV~ U &

.
N

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

28

29

Biosurfactant Activity of Indigenous Bacillus sp. ES4.3 Isolated from
Endemic Breeding Sites of Dengue Hemorrhagic Fever Vector in
Surabaya, East Java, Indonesia

FARAH AISYAH NAFIDIASTRIY, RIZKY DANANG SUSETYO?!, TRI NURHARIYATI? AGUS
SUPRIYANTO?, ALMANDO GERALDI, N’MATUZAHROH*, FATIMAH?, SALAMUN***
*Laboratory of Microbiology, Department of Biology, Faculty of Science and Technology, Universitas Airlangga. JI. Mulyorejo, Surabaya, East Java,
Indonesia 60115. Tel. +6282233442815, ¥ email: farah.aisyah.nafidiastri-2020@fst.unair.ac.id
Department of Biology, Faculty of Science and Technology, Universitas Airlangga. JI. Mulyorejo, Surabaya, East Java, Indonesia 60115.
3Research Center for Bio-Molecule Engineering (BioME), Universitas Airlangga. JI. Mulyorejo, Surabaya, East Java, Indonesia 60115.
“Research Group for Applied Microbiology, Faculty of Science and Technology, Universitas Airlangga. JI. Mulyorejo, Surabaya, East Java, Indonesia
60115. Tel /Fax. +6281332198122, **email: salamun@fst.unair.ac.id

Manuscript received: DD MM 2021 (Date of abstract/manuscript submission). Revision accepted: ....................

Abstract. Bacillus spp. have shown the ability to results a variety of commercial bioactive compounds such as proteins, peptides, and
lipopeptides (LPs). Some of the LPs produced by Bacillus spp. are surfactin, iturin, and fengicin. This study aimed to determine the
name of the indigenous Bacillus sp. ES4.3, the biosynthesis surfactin gene, and the potential activity for biosurfactant produced by
[entomopathogenic] [Bacillus sp. ES4.3 isolated from endemic breeding sites of Dengue Hemorrhagic Fever |Mector| in Surabaya, East

Java, Indonesia. Genomic DNA of Bacillus sp. ES4.3 detected by isolating the DNA and visualizing by electrophoresis. Furthermore,
the 16S rRNA gene was amplified by the Polymerase Chain Reaction (PCR) method. The resulting nucleotide sequences were analyzed
to find the relationship between Bacillus sp ES4.3 with another bacteria using|[MEGA| \version 6 software. Detection of biosynthesis

surfactin gene was carried out by PCR method using srfAD primers. Analysis of the homology level of the surfactin gene was
performed using the NCBI BLASTn and BLASTp genetic analysis program. The indigenous Bacillus sp. ES4.3 had 97.66% closeness
to the species |Baci||us velezensis FZB42 and the surfactin gene showed a 99.86 for % ID with the srfA-D gene on the Bacillus

amyloliquefaciens group. The biosurfactant activity indicated by the formation of clear zones, the formation of emulsions, and a
decrease in surface tension in the values of 21.38 mN/m from the NB media control and 33.74 mN/m from the [distilled water | control.
[The ability of Bacillus sp. ES4.3 to hemolyzed and reduced surface tension indicated the presence of biosurfactant that can disrupt
stabiliﬂtﬁ/ and damage the midgut of Aedes aegypti. hhus, Bacillus sp. ES4.3 has the potential to be developed as a biocontrol in disease
vector,

Key words: Bacillus sp., 16S rRNA, surfactin, hemolytic activity, emulsification activity, surface tension.
Running title: Biosurfactant Activity [of Bacillus sp. ES4.3

INTRODUCTION

Biosurfactants are surface active chemical compounds that can be synthesized by several microbial groups.
Biosurfactants are an alternative to synthetic surfactants that are not biodegradable and harmful to the environment (Moro
et al. 2018). Biosurfactants can be applied in various fields, such as in the food, pharmaceutical, cosmetic, petroleum
industries, and they can be used for remediation in locations contaminated with oil and heavy metals (Nwaguma et al.
2016; Gomaa and EI-Meihy, 2019; Pele et al. 2019). Biosurfactants have several advantages over chemical surfactants,
such as lower toxicity, higher biodegradability, not polluting the environment, nonharmful, greater and more specific
selectivity (De Almeida et al. 2016; Chaves and Guimaraes 2018). Furthermore, biosurfactants are stable and efficient
under adverse temperature, pH, and salinity, which is typically encountered in the petroleum industry (Silva et al. 2014).
Biosurfactants can also effectively reduce surface tension (ST) and interface stress (IT), as well as excellent foaming,
emulsifying, and dispersing agents that are widely used in many industrial sectors (Jacques 2011; Pacwa-Plociniczak et al.
2011; Mulligan et al. 2014).

One of the microbial genus that can produce biosurfactants is Genus Bacillus. Bacillus known to be capable of
synthesizing lipopeptide biosurfactants, such as surfactin, iturin, and fengicin (Mongkolthanaruk 2012). Surfactin consists
of 7 amino acids (_-leucine, p-leucine, | -aspartate acid, _-valine, p-leucine, -leucine, and | -glutamic acid) which are bound
to carboxyl and hydroxyl groups of fatty acid carbon atom number 12-16. Surfactin is synthesized by a complex
mechanism, catalyzed by the Nonribosomal Peptide Synthetase (NRPS), which is encoded by the srfA operon. Surfactin is
one of the three most important lipopeptides detected around the rhizosphere (Henry et al. 2011; Nihorimbere et al. 2012).
Surfactin have a strong biosurfactant activity, it can suppress plant diseases (Cawoy et al. 2014) by the inhibition of
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bacterial growth, it breaks down the membranes or disintegrate it through physicochemical interactions (Deleu et al. 2013),
suppressing fungi by encouraging the colonization of beneficial bacteria (Jia et al. 2015), and triggers a systemic resistance
(Cawoy et al. 2014).

Detections the activity of biosurfactants can be used by (i) hemolytic activity tests, (ii) methods to analyze the surface
activity, emulsifying activity, and surface tension/interface tension (Plaza 2014). In addition, identification of bacterial
strains was also carried out, including 16S rRNA gene analysis and detection of biosynthesis surfactin gene, namely srfA-
D. This methodology ensures that phenotypic and genotypic features are considered (Das et al. 2013), provided an
overview of the role and importance of molecular genetics and the gene regulatory mechanisms behind surfactin
biosynthesis of various microbes that have commercial importance.

The method that commonly used for screening and genetic identification of bacterial isolates that have the potential to
rapidly produce biosurfactants is through PCR. PCR was used to identify the 16S rRNA gene and gene that involved in
surfactin biosynthesis, which called srfA-D (Mulligan et al. 2014). This study was to determine the name of the indigenous
Bacillus sp. ES4.3, the surfactin biosynthesis gene, and the potential activity for biosurfactant produced by Bacillus sp.
ES4.3 isolated from the breeding sites of Dengue Hemorrhagic Fever in Surabaya, East Java, Indonesia.

MATERIALS AND METHODS

Isolate and Media Preparation

Bacillus sp. ES4.3 is a bacterial isolate that has been isolated from endemic breeding sites of Dengue Hemorrhagic
Fever in Surabaya, East Java, Indonesia in the previous research (Salamun et al. 2020). We used three medium in this
research. Nutrient Agar (NA) medium used for purification of Bacillus sp. ES4.3, Luria Bertani (LB) medium used for
isolation of DNA Bacillus sp. ES4.3, and Nutrien Broth (NB) medium used for culturing Bacillus sp. ES4.3 on
biosurfactant activity. [The three medium were prepared with distilled water nd sterilized using an autoclave at 121°C 1

atm. Bacillus sp. ES4.3 was cultured on the different three medium and incubated at 35°C for 24 hours.

Identification of 16S rRNA gene

Identification of 16S rRNA gene was initiated by culturing isolates of Bacillus sp. ES4.3 into 20 mL of Luria Bertani
medium, incubated at 35°C| with agitation at 120 rpm for 48 hours. Furthermore, to obtain DNA, extraction was carried out
using the CTAB method (Ausubel et al. 2003) Mith DNA Wizard Genomic DNA Purification Kit (Promega).] DNA purity
and concentration values were measured using Multiskan GO on A 260 nm and A 280 nm. Hereafter, 16S rRNA gene
amplification was carried out using [Eppendorf Mastercycler| equipment, This process begins by adding GoTaq Green

Master Mix and 16S rRNA primers, in the form of primers 27F and 1492R. The Polymerase Chain Reaction (PCR) was
conditioned as follows: initial denaturation of 94°C for 2 minutes, denaturation of 92°C for 30 seconds, annealing 55°C for
30 seconds, elongation of 72°C for 1 minute, final elongation of 72°C for 5 minutes, 35 cycles. [The PCR product] were
visualized through an electrophoresis process using 1% agarose gel followed by Ethidium Bromide staining and observed
in ultraviolet light. The PCR samples were sent to the 1st Base DNA Sequencing Service Malaysia. Amplikon was
sequenced and analyzed for similarity with GenBank data using BLASTn NCBI (Altschul et al. 1997).]The data were also
analyzed for their relation by building a phylogenetic tree using MEGA h/ersion 6 software I(Tamura et al. 2013).

Detection of Biosynthesis Surfactin gene

[in this stage, we used the DNA that has been obtained on the identification of 165 rRNA gene stage. The procedure of
detection biosynthesis surfactin gene same with the procedure of identification 16S rRNA gene, but the only difference is
the primer used. | The srfA-D gene primers are self-designed on the page ThermoFisher Scientific Oligo Perfect Primer
Designer cloning application.

Biosurfactant Screening Activity
Hemolytic test

Hemolytic test was carried out by \culturing] the bacterial isolate Bacillus sp. ES4.3 in sterile Blood Agar medium [that
obtained from the Surabaya Laboratory. Isolate Bacillus sp. ES4.3 was inoculated into the Blood Agar medium by jspot
method. After that, it was incubated at 37°C for 24 to 48 hours. The positive results of this test can be observed in the

hemolysis zone and the color changes that occur around the bacterial colony.
Emulsification activity

Emulsification activity was carried out to determine the ability of Bacillus sp. ES4.3 in emulsifying liquid
hydrocarbons, i.e. kerosene and diesel fuel. The bacteria were cultured in liquid NB media and incubated for 24 hours.
Bacterial cell-free culture supernatant obtained by centrifugation at 5500 rpm for 15 minutes was [supplied by ] with
kerosene and used diesel fuel in different test tubes, and homogenized using vortex at high speed for 2 minutes. Stability
was measured after 1 hour. Emulsification activity is determined by index calculation (E24 or EI). This calculation is done
through the formula by Ozdal et al.| (2017).
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HE
E24=— x 100%
HS
E24 : emulsification activity on 24 hours
HE : high of the emultion layer
HS : high of total solution

Surface tension

The surface tension of the cell-free culture supernatant obtained by centrifugation was measured using the Kruss 100
tensiometer (Kruss GmbH, Hamburg, Germany) by the Du Nouy ring method. Measurements were replicated 3x to
improve accuracy and average retrieval. [This calculation is done through the formula by Chauhan et al. (2013).]

’g =0
qo

Y : the surface tension of the sample

Yo : surface tension standard value of distilled water at t°C

0 : the indicated sample value according to the instrument scale

6o : distilled water value shown according to the instrument scale

RESULTS AND DISCUSSION

Analysis of 16S rRNA gene

Isolate of Bacillus sp. ES4.3 was identified by amplification and sequencing of the 16S rRNA gene using PCR. The
sequences of Bacillus sp. ES4.3 DNA was analyzed using BioEdit Sequence Alignment Editor software version 7.2.5. and
nucleotide Basic Local Alignment Search Tool (BLASTN) that followed by the website of the National Center for
Biotechnology Information (NCBI) “http://www.ncbi.nlm.nih.gov”. [In Figure 1. showed the band of DNA from PCR
result on agarose gel 1%

3000 bp

1500bp 5,
1000 bp

250 bp

Figure 1. Electrophoresis result of DNA [Bacillus velezensis ES4.3 isolate marked with a band measuring 1500 bp. }(S = Sample; M =
Marker)

The PCR result in Figure 1. showed the band of 165 rRNA gene from Bacillus sp. ES4.3 isolate. When it matched with
size order of DNA marker, the size of the band measuring 1500bp.]

The result of nucleotide Basic Local Alignment Search Tools (BLASTn) analysis in Table 1. |indicate that this isolate
as the Bacillus sp. ES4.3 isolate shares 97.66% similarity with Bacillus velezensis strain FZB42 (GenBank access number

NR_075005.2). This is because the results in Table 1. show the highest % ID is Bacillus velezensis strain FZB42 when it
compared with Bacillus atrophaeus strain NBRC 15539 and Bacillus atrophaeus strain JCM 9070.
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Table 1. The Results of Basic Local Alignment Search Tools (BLAST) of Bacillus sp. ES4.3.

Description Scientific Name Query Cover % 1D
Bacillus  velezensis strain FZB42 16S Bacillus velezensis 99% 97.66%
ribosomal RNA gene, complete sequence
Bacillus atrophaeus strain NBRC 15539 16S Bacillus velezensis 99% 97.52%
ribosomal RNA gene, partial sequence
Bacillus atrophaeus strain JCM 9070 16S Bacillus velezensis 99% 97.52%

ribosomal RNA gene, partial sequence

Analysis of Phylogeni Tree

Figure 2. shows the phylogenetic analysis of Bacillus sp. ES4.3 against other strain of Bacillus velezensis. These
bacteria are used to calculate evolutionary distances and construct phylogenetic trees. The bootstrap test (1000
replications) is shown next to the branch. The consensus procedure was used to produce a bootstrap phenogram in the
phylogeny tree, which is analyzed by Neighbor-Join Method.

_|:KYES-:HE¢ 1 Bacilus wiezensis strain NRRL B-41380 165 thescmal RNA yene partial sequence
MKE22153.7 Bacillus welezensis slrain YWheT 165 ribosomal RNA gene partial sequence
MNTO4311.7 Bacillus welezensis slrain EGI303 165 ibosomal RNA gene partial sequence

{ MVBE0044 1 Bacillus velezensis strain BS1 165 bosomal RNA gene partial sequance
| @ Bacilus sp E843

’—NR (75003 2 Bacillus wlezensis slrain FZB42 168 rbosomal RNA complele sequence
L NR 116240 1 Eacillus velezensic sirain CEMB203 165 ibosomal RNA partial sequence

MNT04497 1 Bacillus welezensis strain EGI282 165 dbosomal RNA gene partial sequence

NR 043403 Bacillus thuringiznsis slrain 8N 12077 165 ibosomal RNA partial sequence

Figure 2.[Phylogeni tree of Bacillus velezensis ES4.3 and another bacteria of B. velezensis strain| |

Analysis of Biosynthesis Surfactin Gene

Figure 3. shows that the sequencing results obtained were analyzed using BioEdit software, BLASTn, and BLASTp to
determine the similarity of the SrfA-D gene Bacillus sp. ES4.3 with the genes in other bacteria. /A test was also conducted
to determine the similarity between the nucleotides of the srfA-D gene Bacillus sp. ES4.3 with another nucleotide of the
srfA-D gene Bacillus in GenBank. [Based on the BLASTDp results, the amino acids in the srfA-D gene of Bacillus sp. ES4.3
have the highest similarity with the surfactin thioesterase srfA-D biosynthesis from Bacillus amyloliquifaciens group
bacteria in Genbank by 99.86%. On the research of Rabbee et al. (2019), said that based on phylogenomic analysis B.
velezensis belong to the same clade as a B. amyloliquifaciens. | |

3000 bp

750 bp

250 bp

Figure 3. Electrophoresis results of the srfA-D gene in Bacillus velezensis ES4.3 isolates marked with samples. In the sample, there is a
band measuring 732 bp. (S = Sample; M = Marker)
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Screening of Biosurfactant Activity |

Hemolytic Activity

Hemolytic activity can be identified on Blood Agar media with 24 hours observation by looking at the clear zone
around the microbial colonies (Carillo et al. 1996). Hemolytic activity of Bacillus sp. ES4.3 can be seen in Figure 4.

{ .

Figure 4. The clear zone is formed from the hemolytic activity of the Bacillus sp. ES4.3 isolate on Blood Agar media. Notes: a) halo
zone, b) Colony of Bacillus sp. ES4.3.

Emulsification Activity

Table 2. shows that the emulsification activity of the cell-free supernatant of Bacillus sp. ES4.3 used kerosene and
diesel fuel at 1 hour and 24 hours observation. The emulsification activity of Bacillus sp. ES4.3 in kerosene showed an
increase, while in diesel fuel it showed a decrease.

Table 2. Results of emulsication activity of supernatant of Bacillus sp. ES4.3 on kerosene and diesel fuel.
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Surface Tension

Table 3. shows that the surface tension value of the culture supernatant Bacillus sp. ES4.3, when it compared with the
surface tension values of the [distilled water] control, media control, and Tween control, the value of the culture supernatant
of this isolate decreased to[21.38[mN/m from the NB media control, 33.74 mN/m from the distilled water control, and 3.91

mN/m from the Tween control.

Table 3. The surface tension value of the culture supernatant isolate Bacillus sp. ES4.3 with an incubation time of 2 days.

Treatment Surface Tension|
(mN/m)
Distilled Water Control 72.00 £0.00
NB Control 59.64 £0.12
Supernatant Bacillus sp. ES4.3 38.26 £0.25
Tween Control 34.35+0.07

Discussion|

The results of DNA isolation from Bacillus sp. ES4.3 showed the presence of a DNA band with a [size of 1500 bp when
it matched with the DNA marker| (Figure 1). From these results, it can be said that there is a 165 rRNA gene, which is a
DNA barcode for bacterial species. 16S rRNA gene sequencing serves as an approximation method for rapid and accurate
bacterial identification. A bacterium is said to represent the same genus if it has a similarity index above 95% and
represents the same species if it is above 97% (Srinivasan et al. 2015; Johnson et al. 2019).

The Bacillus sp. ES4.3 isolate shares 97.66% similarity with the Bacillus velezensis strain FZB42 (GenBank access
number NR_075005.2). These results are different from conventional identification results through observations of
macroscopic, microscopic, and physiological characters that have been carried out by Salamun et al. (2020), which stated
that Bacillus sp. ES4.3 is Bacillus sphaericus with a comparable coefficient calculation (Ss) of 76.12%.

Figure 2. shows the phylogenetic analysis of Bacillus sp. ES4.3 against other strains of Bacillus velezensis. This shows
that Bacillus sp. ES4.3 has a close relationship with B. velezensis BS1 and B. velezensis FZB42. It can be seen from the
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location of the branching between Bacillus sp. ES4.3 with B. velezensis BS1 and B. velezensis FZB42. Another thing that
could also be due to the high percent identity or the low nucleotide variation between Bacillus sp. ES4.3 with B. velezensis
BS1 and B. velezensis FZB42. This strain was found from pepper fields in Gangwon Province, Korea. [Based on the
research of Shin et al. (2021), they said that] B. velezensis BS1 was consistently able to produce cellulase, proteases, and
siderophores; and inhibited the growth, appressorium formation, and disease development of [Colletotrichum scovillei, a

pepper anthracnose pathogen. B. velezensis BS1 showed a high inhibitory effect on the mycelium growth of Botrytis
cinerea] isolated from strawberries, [Rhizoctonia solani and Sclerotinia sclerotiorum\ isolated from lettuce. In addition,

according to Shahid et al. (2021), the antifungal activity of Bacillus can also fight other agricultural pathogens, such as
Fusarium oxysporum, Fusarium moniliforme, and Colletotrichum falcatum (Shahid et al. 2021). Other results in the study
of Shin et al. (2021) also showed that B. velezensis BS1 could promote the growth of chili seedlings. In the phylogenetic
tree, Bacillus thuringiensis is an outgroup.

The sequencing results obtained were analyzed using BioEdit software, BLASTn, and BLASTp to determine the
similarity of the srfA-D gene in Bacillus sp. ES4.3 with the genes in other bacteria. A test was also conducted to determine
the similarity between the nucleotides of the srfA-D gene Bacillus sp. ES4.3 and the nucleotide gene srfA-D B. velezensis
in GenBank. Based on the results of BLASTp on the amino acid gene srfA-D from Bacillus sp. ES4.3, surfactin
biosynthesis thioesterase srfA-D from the Bacillus amyloliquifaciens group bacteria in Genbank has the highest similarity
with 99.86%. Figure 3. is the result of electrophoresis of the srfA-D gene from DNA samples of Bacillus sp. ES4.3. This
sample was used to detect surfactin genes by PCR with a primer designed from 732 bp of srfA-D gene fragments from B.
velezensis. The PCR screening results showed that the amplification of the srfA-D gene fragment was found in Bacillus sp.
ES4.3, identified as B. velezensis FZB42. The srfA-D gene is known to produce thioesterase, which is presumed to be
involved in the lactonization process (Satpute et al. 2010).

The hemolytic activity can be identified by looking at the clear zone around the microbial colonies (Carillo et al. 1996).
Hemolytic activity of Bacillus sp. ES4.3 can be seen in Figure 4. Carillo et al. (1996) stated that there is a relationship
between hemolytic activity and biosurfactant production. In the Blood Agar medium, Bacillus sp. ES4.3 was inoculated.
The presence of hemolytic activity, which is indicated by the formation of a halo zone around the colony, means the
biosurfactants were produced.

From these results, it can be seen that the hemolysis type of this bacterial isolate is B-hemolysis or total hemolysis,
which is indicated by the visible clear zone as a result of the lysis of all red blood cells and the release of hemoglobin from
the cells. Bacteria that cause B-hemolysis are the ones with the most potential to produce biosurfactants because
biosurfactants act as hemolysin substances. The hemolysin substance acts as an antibody against erythrocyte membrane
antigen which causes hemolysis (Ibrahim et al. 2013). The hemolytic activity of biosurfactants can occur by two different
mechanisms. The first one is by dissolving the membrane, which normally occurs at high biosurfactant concentrations and
the second one is by increasing the membrane permeability to small solutes that occur when the biosurfactant
concentration is low causing osmotic lysis (Zaragoza et al. 2010).[The clear zone in the Blood Agar media corresponded to
changes in the permeability of the target cell membrane. The ability of these compounds to increase the permeability of
cell membranes is caused by the formation of ion-conducting pores (Maget-Dana and Peypoux 1994). As a result,
biosurfactants can directly interact with membrane lipids that enter the membrane and form pores in the larvae midgut and
destroy the membrane through detergent-like interactions (Butko 2003). |

The results of the emulsification activity can be seen in Table 2. These results indicate that there are differences in the
results of the emulsification activity of the supernatant Bacillus sp. ES4.3 on kerosene and diesel fuel substrates. Better
properties are characterized by a greater emulsion index value, which means that the surfactant has large emulsion
stability. The results also showed a decrease in the value of emulsification activity after 24 hours, which indicates a
relatively stable emulsification activity. This research proves that the biosurfactant product can be categorized as a
bioemulsifier. The occurrence of emulsification activity in Bacillus sp. ES4.3 is indicated by the formation of foam, which
creates a layer in the tube. The foam layer was then measured to calculate the emulsification activity value (Ni’matuzahroh
et al. 2017). The emulsification index value indicates the stability of the emulsion, and the line above 50% showed good
biosurfactant producers (Willumsen and Karlson 1997).

The mechanism by which surfactants work as emulgators is by reducing the tension between the surface of water and
oil, so that a film layer is formed on the surface of the dispersed globules phase. Hence, emulsification activity is related
to the parameters of biosurfactant production because it is a very good emulsifier. The indicators of biosurfactants that are
produced by microorganisms can be seen in the emulsification activity of the media. Emulsification activity can be seen by
the formation of an emulsion that looks like a bubble between the substrate and the media (Arifiyanto et al. 2020).

The surface tension value of the culture supernatant Bacillus sp. ES4.3 can be seen in Table 3. When compared with
the surface tension values of the distilled water control, NB media control, and tween control, the value of the culture
supernatant of this isolate decreased to 21.38 mN/m from the NB media control, 33.74 mN/m from the distilled water
control, and 3.91 mN/m from the tween control. Bacteria have the potential to produce biosurfactants if they can reduce
the surface tension value > 10 mN/m (Francy et al. 1991). The hydrophobic and hydrophilic groups in biosurfactants cause
these compounds to accumulate between the liquid phases, thereby reducing surface tension and interfacial tension
(Kapadia and Yagnik 2013). The decrease in surface tension is caused by the presence of biosurfactants in the supernatant
produced by bacterial isolates during the growth process (Arifiyanto et al. 2020). [The decrease in surface tension can affect
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the entomopathogenic activity of Aedes aegypti larvae which causes low oxygen underwater, so that the larvae spiracles
continue to open and make it death (Geetha 2010). |

This study concluded that Bacillus sp. ES4.3 which was |identified as Bacillus velezensis|[ES4.3, has a biosynthesis
surfactin gene. The biosurfactant activity was indicated by the formation of clear zones, the formation of emulsions, and a
decrease in surface tension in the values of 21.38 mN/m from the NB media control and 33.74 mN/m from the distilled
water control. The presence of these genes and the biosurfactant activity indicates that the Bacillus velezensis ES4.3 has
the potential to act as a biosurfactant producer evidenced by the resulting biosurfactant activity. Thus, [Bacillus velezensis
ES4.3 has the potential to be developed as a biocontrol in disease vectors and other fields of medicine, agriculture,

pharmaceuticals, and waste treatments. [Further research that can be done to produce surfactin include the production and
optimization of biosurfactant production, as well as characterization of the resulting biosurfactant product.|
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Abstract. Bacillus spp. have shown the ability to results a variety of commercial bioactive compounds such as proteins, peptides, and
lipopeptides (LPs). Some of the LPs produced by Bacillus spp. are surfactin, iturin, and fengicin. This study aimed to determine the
name of the indigenous Bacillus sp. ES4.3, the biosynthesis surfactin gene, and the potential activity for biosurfactant produced by
entomopathogenic Bacillus sp. ES4.3 isolated from endemic breeding sites of Dengue Hemorrhagic Fever Vector in Surabaya, East
Java, Indonesia. Genomic DNA of Bacillus sp. ES4.3 detected by isolating the DNA and visualizing by electrophoresis. Furthermore,
the 16S rRNA gene was amplified by the Polymerase Chain Reaction (PCR) method. The resulting nucleotide sequences were analyzed
to find the relationship between Bacillus sp ES4.3 with another bacteria using MEGA version 6 software. Detection of biosynthesis
surfactin gene was carried out by PCR method using srfAD primers. Analysis of the homology level of the surfactin gene was
performed using the NCBI BLASTn and BLASTp genetic analysis program. The indigenous Bacillus sp. ES4.3 had 97.66% closeness
to the species Bacillus velezensis FZB42 and the surfactin gene showed a 99.86 for % ID with the srfA-D gene on the Bacillus
amyloliquefaciens group. The biosurfactant activity indicated by the formation of clear zones, the formation of emulsions, and a
decrease in surface tension in the values of 21.38 mN/m from the NB media control and 33.74 mN/m from the distilled water control.
The ability of Bacillus sp. ES4.3 to hemolyzed and reduced surface tension indicated the presence of biosurfactant that can disrupt
stability and damage the midgut of Aedes aegypti. Thus, Bacillus sp. ES4.3 has the potential to be developed as a biocontrol in disease
vector.

Key words: Bacillus sp., 16S rRNA, surfactin, hemolytic activity, emulsification activity, surface tension.

Running title: Biosurfactant Activity of Bacillus sp. ES4.3

INTRODUCTION

Biosurfactants are surface active chemical compounds that can be synthesized by several microbial groups.
Biosurfactants are an alternative to synthetic surfactants that are not biodegradable and harmful to the environment (Moro
et al. 2018). Biosurfactants can be applied in various fields, such as in the food, pharmaceutical, cosmetic, petroleum
industries, and they can be used for remediation in locations contaminated with oil and heavy metals (Nwaguma et al.
2016; Gomaa and EI-Meihy, 2019; Pele et al. 2019). Biosurfactants have several advantages over chemical surfactants,
such as lower toxicity, higher biodegradability, not polluting the environment, nonharmful, greater and more specific
selectivity (De Almeida et al. 2016; Chaves and Guimaraes 2018). Furthermore, biosurfactants are stable and efficient
under adverse temperature, pH, and salinity, which is typically encountered in the petroleum industry (Silva et al. 2014).
Biosurfactants can also effectively reduce surface tension (ST) and interface stress (IT), as well as excellent foaming,
emulsifying, and dispersing agents that are widely used in many industrial sectors (Jacques 2011; Pacwa-Plociniczak et al.
2011; Mulligan et al. 2014).

One of the microbial genus that can produce biosurfactants is Genus Bacillus. Bacillus known to be capable of
synthesizing lipopeptide biosurfactants, such as surfactin, iturin, and fengicin (Mongkolthanaruk 2012). Surfactin consists
of 7 amino acids (_-leucine, p-leucine, (-aspartate acid, _-valine, p-leucine, .-leucine, and -glutamic acid) which are bound
to carboxyl and hydroxyl groups of fatty acid carbon atom number 12-16. Surfactin is synthesized by a complex
mechanism, catalyzed by the Nonribosomal Peptide Synthetase (NRPS), which is encoded by the srfA operon. Surfactin is
one of the three most important lipopeptides detected around the rhizosphere (Henry et al. 2011; Nihorimbere et al. 2012).
Surfactin have a strong biosurfactant activity, it can suppress plant diseases (Cawoy et al. 2014) by the inhibition of
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bacterial growth, it breaks down the membranes or disintegrate it through physicochemical interactions (Deleu et al. 2013),
suppressing fungi by encouraging the colonization of beneficial bacteria (Jia et al. 2015), and triggers a systemic resistance
(Cawoy et al. 2014).

Detections the activity of biosurfactants can be used by (i) hemolytic activity tests, (ii) methods to analyze the surface
activity, emulsifying activity, and surface tension/interface tension (Plaza 2014). In addition, identification of bacterial
strains was also carried out, including 16S rRNA gene analysis and detection of biosynthesis surfactin gene, namely srfA-
D. This methodology ensures that phenotypic and genotypic features are considered (Das et al. 2013), provided an
overview of the role and importance of molecular genetics and the gene regulatory mechanisms behind surfactin
biosynthesis of various microbes that have commercial importance.

The method that commonly used for screening and genetic identification of bacterial isolates that have the potential to
rapidly produce biosurfactants is through PCR. PCR was used to identify the 16S rRNA gene and gene that involved in
surfactin biosynthesis, which called srfA-D (Mulligan et al. 2014). This study was to determine the name of the indigenous
Bacillus sp. ES4.3, the surfactin biosynthesis gene, and the potential activity for biosurfactant produced by Bacillus sp.
ES4.3 isolated from the breeding sites of Dengue Hemorrhagic Fever in Surabaya, East Java, Indonesia.

MATERIALS AND METHODS

Isolate and Media Preparation

Bacillus sp. ES4.3 is a bacterial isolate that has been isolated from endemic breeding sites of Dengue Hemorrhagic
Fever in Surabaya, East Java, Indonesia in the previous research (Salamun et al. 2020). We used three medium in this
research. Nutrient Agar (NA) medium used for purification of Bacillus sp. ES4.3, Luria Bertani (LB) medium used for
isolation of DNA Bacillus sp. ES4.3, and Nutrien Broth (NB) medium used for culturing Bacillus sp. ES4.3 on
biosurfactant activity. The three medium were prepared with distilled water and sterilized using an autoclave at 121°C 1
atm. Bacillus sp. ES4.3 was cultured on the different three medium and incubated at 35°C for 24 hours.

Identification of 16S rRNA gene

Identification of 16S rRNA gene was initiated by culturing isolates of Bacillus sp. ES4.3 into 20 mL of Luria Bertani
medium, incubated at 35°C with agitation at 120 rpm for 48 hours. Furthermore, to obtain DNA, extraction was carried out
using the CTAB method (Ausubel et al. 2003) with DNA Wizard Genomic DNA Purification Kit (Promega). DNA purity
and concentration values were measured using Multiskan GO on A 260 nm and A 280 nm. Hereafter, 16S rRNA gene
amplification was carried out using Eppendorf Mastercycler equipment. This process begins by adding GoTaq Green
Master Mix and 16S rRNA primers, in the form of primers 27F and 1492R. The Polymerase Chain Reaction (PCR) was
conditioned as follows: initial denaturation of 94°C for 2 minutes, denaturation of 92°C for 30 seconds, annealing 55°C for
30 seconds, elongation of 72°C for 1 minute, final elongation of 72°C for 5 minutes, 35 cycles. The PCR product were
visualized through an electrophoresis process using 1% agarose gel followed by Ethidium Bromide staining and observed
in ultraviolet light. The PCR samples were sent to the 1st Base DNA Sequencing Service Malaysia. Amplikon was
sequenced and analyzed for similarity with GenBank data using BLASTn NCBI (Altschul et al. 1997). The data were also
analyzed for their relation by building a phylogenetic tree using MEGA version 6 software (Tamura et al. 2013).

Detection of Biosynthesis Surfactin gene

In this stage, we used the DNA that has been obtained on the identification of 16S rRNA gene stage. The procedure of
detection biosynthesis surfactin gene same with the procedure of identification 16S rRNA gene, but the only difference is
the primer used. The srfA-D gene primers are self-designed on the page ThermoFisher Scientific Oligo Perfect Primer
Designer cloning application.

Biosurfactant Screening Activity
Hemolytic test

Hemolytic test was carried out by culturing the bacterial isolate Bacillus sp. ES4.3 in sterile Blood Agar medium that
obtained from the Surabaya Laboratory. Isolate Bacillus sp. ES4.3 was inoculated into the Blood Agar medium by spot
method. After that, it was incubated at 37°C for 24 to 48 hours. The positive results of this test can be observed in the
hemolysis zone and the color changes that occur around the bacterial colony.
Emulsification activity

Emulsification activity was carried out to determine the ability of Bacillus sp. ES4.3 in emulsifying liquid
hydrocarbons, i.e. kerosene and diesel fuel. The bacteria were cultured in liquid NB media and incubated for 24 hours.
Bacterial cell-free culture supernatant obtained by centrifugation at 5500 rpm for 15 minutes was supplied by with
kerosene and used diesel fuel in different test tubes, and homogenized using vortex at high speed for 2 minutes. Stability
was measured after 1 hour. Emulsification activity is determined by index calculation (E24 or EI). This calculation is done
through the formula by Ozdal et al. (2017).
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E24= HE x 100%
HS

E24 : emulsification activity on 24 hours
HE : high of the emultion layer
HS : high of total solution

Surface tension

The surface tension of the cell-free culture supernatant obtained by centrifugation was measured using the Kruss 100
tensiometer (Kruss GmbH, Hamburg, Germany) by the Du Nouy ring method. Measurements were replicated 3x to
improve accuracy and average retrieval. This calculation is done through the formula by Chauhan et al. (2013).

g= goi
qo
Y : the surface tension of the sample
Yo : surface tension standard value of distilled water at t°C
0 : the indicated sample value according to the instrument scale
6o . distilled water value shown according to the instrument scale

RESULTS AND DISCUSSION

Analysis of 16S rRNA gene

Isolate of Bacillus sp. ES4.3 was identified by amplification and sequencing of the 16S rRNA gene using PCR. The
sequences of Bacillus sp. ES4.3 DNA was analyzed using BioEdit Sequence Alignment Editor software version 7.2.5. and
nucleotide Basic Local Alignment Search Tool (BLASTN) that followed by the website of the National Center for
Biotechnology Information (NCBI) “http://www.ncbi.nlm.nih.gov”. In Figure 1. showed the band of DNA from PCR
result on agarose gel 1%.

3000 bp

1500bp — >
1000 bp

250 bp

Figure 1. Electrophoresis result of DNA Bacillus velezensis ES4.3 isolate marked with a band measuring 1500 bp. (S = Sample; M =
Marker)

The PCR result in Figure 1. showed the band of 16S rRNA gene from Bacillus sp. ES4.3 isolate. When it matched with
size order of DNA marker, the size of the band measuring 1500bp.

The result of nucleotide Basic Local Alignment Search Tools (BLASTN) analysis in Table 1. indicate that this isolate
as the Bacillus sp. ES4.3 isolate shares 97.66% similarity with Bacillus velezensis strain FZB42 (GenBank access number
NR_075005.2). This is because the results in Table 1. show the highest % ID is Bacillus velezensis strain FZB42 when it
compared with Bacillus atrophaeus strain NBRC 15539 and Bacillus atrophaeus strain JCM 9070.
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Table 1. The Results of Basic Local Alignment Search Tools (BLAST) of Bacillus sp. ES4.3.

Description Scientific Name Query Cover % ID
Bacillus  velezensis strain FZB42 16S Bacillus velezensis 99% 97.66%
ribosomal RNA gene, complete sequence
Bacillus atrophaeus strain NBRC 15539 16S Bacillus velezensis 99% 97.52%
ribosomal RNA gene, partial sequence
Bacillus atrophaeus strain JCM 9070 16S Bacillus velezensis 99% 97.52%

ribosomal RNA gene, partial sequence

Analysis of Phylogeni Tree

Figure 2. shows the phylogenetic analysis of Bacillus sp. ES4.3 against other strain of Bacillus velezensis.These
bacteria are used to calculate evolutionary distances and construct phylogenetic trees. The bootstrap test (1000
replications) is shown next to the branch. The consensus procedure was used to produce a bootstrap phenogram in the
phylogeny tree, which is analyzed by Neighbor-Join Method.

KY634464. 1 Bacllus wlezensis strain NRRL B-41580 165 rbosomal RNA gene partial sequence

MKA22153.1 Bacillus velezensis strain YW1 165 ribosomal RNA gene partial sequence

MNT04311.7 Bacillus welezensis strain EGI303 165 hosomal RNA gene partial sequence

—— WIVBS9044 1 Bacillus wlezensis strein BST 165 ribosomal RNA gene partial sequence

L @Bacilus sp. ES43

— NR 075005.2 Bacillus welezensis slrain FZB42 165 ribosomal RNA complele sequence

—NR 116240, Bacillus welezensis slrain CEMB205 165 ribosomal RNA partial sequence

MN704457.1 Bacillus welezensis sirain EGI282 185 abosomal RNA gene partial sequence

MR (43403.1 Bacillus thuringiensis strain 1M 12077 165 rbosomal RNA partial sequence

Figure 2. Phylogeni tree of Bacillus velezensis ES4.3 and another bacteria of B. velezensis strains

Analysis of Biosynthesis Surfactin Gene

Figure 3. shows that the sequencing results obtained were analyzed using BioEdit software, BLASTn, and BLASTp to
determine the similarity of the SrfA-D gene Bacillus sp. ES4.3 with the genes in other bacteria. A test was also conducted
to determine the similarity between the nucleotides of the srfA-D gene Bacillus sp. ES4.3 with another nucleotide of the
srfA-D gene Bacillus in GenBank. Based on the BLASTp results, the amino acids in the srfA-D gene of Bacillus sp. ES4.3
have the highest similarity with the surfactin thioesterase srfA-D biosynthesis from Bacillus amyloliquifaciens group
bacteria in Genbank by 99.86%. On the research of Rabbee et al. (2019), said that based on phylogenomic analysis B.
velezensis belong to the same clade as a B. amyloliquifaciens.

3000 bp

732bp ———> 750 bp

250 bp

Figure 3. Electrophoresis results of the srfA-D gene in Bacillus velezensis ES4.3 isolates marked with samples. In the sample, there is a
band measuring 732 bp. (S = Sample; M = Marker)



210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228

229
230
231
232
233
234
235

236
237
238
239
240
241
242
243

244

245
246
247
248
249
250
251
252
253
254
255
256

Screening of Biosurfactant Activity
Hemolytic Activity

Hemolytic activity can be identified on Blood Agar media with 24 hours observation by looking at the clear zone
around the microbial colonies (Carillo et al. 1996). Hemolytic activity of Bacillus sp. ES4.3 can be seen in Figure 4.

d .

Figure 4. The clear zone is formed from the hemolytic activity of the Bacillus sp. ES4.3 isolate on Blood Agar media. Notes: a) halo
zone, b) Colony of Bacillus sp. ES4.3.

Emulsification Activity

Table 2. shows that the emulsification activity of the cell-free supernatant of Bacillus sp. ES4.3 used kerosene and
diesel fuel at 1 hour and 24 hours observation. The emulsification activity of Bacillus sp. ES4.3 in kerosene showed an
increase, while in diesel fuel it showed a decrease.

Table 2. Results of emulsication activity of supernatant of Bacillus sp. ES4.3 on kerosene and diesel fuel.

Emulsification Activity

Treatment (%)
Kerosene Diesel Fuel
1 hour 24 hours 1 hour 24 hourr
Supernatant Bacillus sp. ES4.3 31.08 +0.22 14.52 £1.21 46.32+1.22 45.65 +0.46

Surface Tension

Table 3. shows that the surface tension value of the culture supernatant Bacillus sp. ES4.3, when it compared with the
surface tension values of the distilled water control, media control, and Tween control, the value of the culture supernatant
of this isolate decreased to 21.38 mN/m from the NB media control, 33.74 mN/m from the distilled water control, and 3.91
mN/m from the Tween control.

Table 3. The surface tension value of the culture supernatant isolate Bacillus sp. ES4.3 with an incubation time of 2 days.

Treatment Surface Tension
(mN/m)
Distilled Water Control 72.00 £0.00
NB Control 59.64 £0.12
Supernatant Bacillus sp. ES4.3 38.26 £0.25
Tween Control 34.35 £ 0.07

Discussion

The results of DNA isolation from Bacillus sp. ES4.3 showed the presence of a DNA band with a size of 1500 bp when
it matched with the DNA marker (Figure 1). From these results, it can be said that there is a 16S rRNA gene, which is a
DNA barcode for bacterial species. 16S rRNA gene sequencing serves as an approximation method for rapid and accurate
bacterial identification. A bacterium is said to represent the same genus if it has a similarity index above 95% and
represents the same species if it is above 97% (Srinivasan et al. 2015; Johnson et al. 2019).

The Bacillus sp. ES4.3 isolate shares 97.66% similarity with the Bacillus velezensis strain FZB42 (GenBank access
number NR_075005.2). These results are different from conventional identification results through observations of
macroscopic, microscopic, and physiological characters that have been carried out by Salamun et al. (2020), which stated
that Bacillus sp. ES4.3 is Bacillus sphaericus with a comparable coefficient calculation (Ss) of 76.12%.

Figure 2. shows the phylogenetic analysis of Bacillus sp. ES4.3 against other strains of Bacillus velezensis. This shows
that Bacillus sp. ES4.3 has a close relationship with B. velezensis BS1 and B. velezensis FZB42. It can be seen from the
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location of the branching between Bacillus sp. ES4.3 with B. velezensis BS1 and B. velezensis FZB42. Another thing that
could also be due to the high percent identity or the low nucleotide variation between Bacillus sp. ES4.3 with B. velezensis
BS1 and B. velezensis FZB42. This strain was found from pepper fields in Gangwon Province, Korea. Based on the
research of Shin et al. (2021), they said that B. velezensis BS1 was consistently able to produce cellulase, proteases, and
siderophores; and inhibited the growth, appressorium formation, and disease development of Colletotrichum scovillei, a
pepper anthracnose pathogen. B. velezensis BS1 showed a high inhibitory effect on the mycelium growth of Botrytis
cinerea isolated from strawberries, Rhizoctonia solani and Sclerotinia sclerotiorum isolated from lettuce. In addition,
according to Shahid et al. (2021), the antifungal activity of Bacillus can also fight other agricultural pathogens, such as
Fusarium oxysporum, Fusarium moniliforme, and Colletotrichum falcatum (Shahid et al. 2021). Other results in the study
of Shin et al. (2021) also showed that B. velezensis BS1 could promote the growth of chili seedlings. In the phylogenetic
tree, Bacillus thuringiensis is an outgroup.

The sequencing results obtained were analyzed using BioEdit software, BLASTn, and BLASTp to determine the
similarity of the srfA-D gene in Bacillus sp. ES4.3 with the genes in other bacteria. A test was also conducted to determine
the similarity between the nucleotides of the srfA-D gene Bacillus sp. ES4.3 and the nucleotide gene srfA-D B. velezensis
in GenBank. Based on the results of BLASTp on the amino acid gene srfA-D from Bacillus sp. ES4.3, surfactin
biosynthesis thioesterase srfA-D from the Bacillus amyloliquifaciens group bacteria in Genbank has the highest similarity
with 99.86%. Figure 3. is the result of electrophoresis of the srfA-D gene from DNA samples of Bacillus sp. ES4.3. This
sample was used to detect surfactin genes by PCR with a primer designed from 732 bp of srfA-D gene fragments from B.
velezensis. The PCR screening results showed that the amplification of the srfA-D gene fragment was found in Bacillus sp.
ES4.3, identified as B. velezensis FZB42. The srfA-D gene is known to produce thioesterase, which is presumed to be
involved in the lactonization process (Satpute et al. 2010).

The hemolytic activity can be identified by looking at the clear zone around the microbial colonies (Carillo et al. 1996).
Hemolytic activity of Bacillus sp. ES4.3 can be seen in Figure 4. Carillo et al. (1996) stated that there is a relationship
between hemolytic activity and biosurfactant production. In the Blood Agar medium, Bacillus sp. ES4.3 was inoculated.
The presence of hemolytic activity, which is indicated by the formation of a halo zone around the colony, means the
biosurfactants were produced.

From these results, it can be seen that the hemolysis type of this bacterial isolate is B-hemolysis or total hemolysis,
which is indicated by the visible clear zone as a result of the lysis of all red blood cells and the release of hemoglobin from
the cells. Bacteria that cause B-hemolysis are the ones with the most potential to produce biosurfactants because
biosurfactants act as hemolysin substances. The hemolysin substance acts as an antibody against erythrocyte membrane
antigen which causes hemolysis (Ibrahim et al. 2013). The hemolytic activity of biosurfactants can occur by two different
mechanisms. The first one is by dissolving the membrane, which normally occurs at high biosurfactant concentrations and
the second one is by increasing the membrane permeability to small solutes that occur when the biosurfactant
concentration is low causing osmotic lysis (Zaragoza et al. 2010). The clear zone in the Blood Agar media corresponded to
changes in the permeability of the target cell membrane. The ability of these compounds to increase the permeability of
cell membranes is caused by the formation of ion-conducting pores (Maget-Dana and Peypoux 1994). As a result,
biosurfactants can directly interact with membrane lipids that enter the membrane and form pores in the larvae midgut and
destroy the membrane through detergent-like interactions (Butko 2003).

The results of the emulsification activity can be seen in Table 2. These results indicate that there are differences in the
results of the emulsification activity of the supernatant Bacillus sp. ES4.3 on kerosene and diesel fuel substrates. Better
properties are characterized by a greater emulsion index value, which means that the surfactant has large emulsion
stability. The results also showed a decrease in the value of emulsification activity after 24 hours, which indicates a
relatively stable emulsification activity. This research proves that the biosurfactant product can be categorized as a
bioemulsifier. The occurrence of emulsification activity in Bacillus sp. ES4.3 is indicated by the formation of foam, which
creates a layer in the tube. The foam layer was then measured to calculate the emulsification activity value (Ni’matuzahroh
et al. 2017). The emulsification index value indicates the stability of the emulsion, and the line above 50% showed good
biosurfactant producers (Willumsen and Karlson 1997).

The mechanism by which surfactants work as emulgators is by reducing the tension between the surface of water and
oil, so that a film layer is formed on the surface of the dispersed globules phase. Hence, emulsification activity is related
to the parameters of biosurfactant production because it is a very good emulsifier. The indicators of biosurfactants that are
produced by microorganisms can be seen in the emulsification activity of the media. Emulsification activity can be seen by
the formation of an emulsion that looks like a bubble between the substrate and the media (Arifiyanto et al. 2020).

The surface tension value of the culture supernatant Bacillus sp. ES4.3 can be seen in Table 3. When compared with
the surface tension values of the distilled water control, NB media control, and tween control, the value of the culture
supernatant of this isolate decreased to 21.38 mN/m from the NB media control, 33.74 mN/m from the distilled water
control, and 3.91 mN/m from the tween control. Bacteria have the potential to produce biosurfactants if they can reduce
the surface tension value > 10 mN/m (Francy et al. 1991). The hydrophobic and hydrophilic groups in biosurfactants cause
these compounds to accumulate between the liquid phases, thereby reducing surface tension and interfacial tension
(Kapadia and Yagnik 2013). The decrease in surface tension is caused by the presence of biosurfactants in the supernatant
produced by bacterial isolates during the growth process (Arifiyanto et al. 2020). The decrease in surface tension can affect
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the entomopathogenic activity of Aedes aegypti larvae which causes low oxygen underwater, so that the larvae spiracles
continue to open and make it death (Geetha 2010).

This study concluded that Bacillus sp. ES4.3 which was identified as Bacillus velezensis ES4.3, has a biosynthesis
surfactin gene. The biosurfactant activity was indicated by the formation of clear zones, the formation of emulsions, and a
decrease in surface tension in the values of 21.38 mN/m from the NB media control and 33.74 mN/m from the distilled
water control. The presence of these genes and the biosurfactant activity indicates that the Bacillus velezensis ES4.3 has
the potential to act as a biosurfactant producer evidenced by the resulting biosurfactant activity. Thus, Bacillus velezensis
ES4.3 has the potential to be developed as a biocontrol in disease vectors and other fields of medicine, agriculture,
pharmaceuticals, and waste treatments. Further research that can be done to produce surfactin include the production and
optimization of biosurfactant production, as well as characterization of the resulting biosurfactant product.

ACKNOWLEDGEMENTS

The author is gratefull to the Dean of the Faculty of Science and Technology and Chancellor of Airlangga University,
Surabaya Indonesia. This research was funded from the internal funding Featured Faculty Research of Airlangga
University, 2021. We wish to thank all parties who participated in this research.

REFERENCES

Altschul SF, Madden TL, Schaffer AA, Zhang J, Zhang Z, Miller W, Lipman DJ. 1997. Gapped BLAST and PSIBLAST: a new generation of protein
database search programs. Nucleic Acids Res. 25: 3389-3402. DOI: 10.1093/nar/25.17.3389

Arifiyanto A, Surtiningsih T, Ni'matuzahroh, Fatimah, Agustina D, Alami NH. 2020. Antimicrobial activity of biosurfactants produced by actinomycetes
isolated from rhizosphere of Sidoarjo mud region. Biocatalysis and Agricultural Biotechnology. 24: 101513. DOLl:
https://doi.org/10.1016/j.bcab.2020.101513

Ausubel FM, Brent R, Kingston RR, Moore, DD, Seidman JG, Smith JA, Struhl K. 2003. Current Protocols in Molecular Biology. John Wiley & Sons,
Inc. New Jersey.

Butko P. 2003. Cytolytic toxin Cyt1A and its mechanism of membrane damage: data and hypotheses. Appl. Environ. Microbiol. 69: 2415-2422. DOI:
10.1128/AEM.69.5.2415-2422.2003

Carillo PG, Mardaraz C, Pitta-Alvarez Sl, Giulietti AM. 1996. Isolation and selection of biosurfactant-producing bacteria. World. J. Microbiol.
Biotechnol. 12(1): 82-84. DOI: https://doi.org/10.1007/BF00327807

Cawoy H, Mariutto M, Henry G, Fisher C, Vasilyeva N, Thonart P. 2014. Plant defense stimulation by natural isolates of Bacillus depends on efficient
surfactin production. Mol. Plant. Microb. Interat. 27: 87-100. DOI: 10.1094/MPMI-09-13-0262-R

Chauhan S, Chauhan MS, Sharma P, Rana DS, Umar A. 2013. Physico-chemical studies of oppositely charged protein—surfactant system in aqueous
solutions: sodium dodecyl sulphate (SDS)-lysozyme. Fluid Phase Equilibr. 337: 39-46. DOI: 10.1016/j.fluid.2012.09.003

Chaves MP, Guimaraes MV. 2018. Biosurfactant production from industrial wastes with potential remove of insoluble paint. International
Biodeterioration and Biodegradation. 127: 10-16. DOI: https://doi.org/10.1016/j.ibiod.2017.11.005

Das P, Mukherjee S, Sen R. 2013. Genetic regulations of biosynthesis of microbial surfactants: an Overview. Biotechnol. Genet. Eng. Rev. 25: 165-186.
DOI: 10.5661/bger-25-165.

De Almeida DG, Soares SRCF, Luna JM, Rufino RD, Santos VA, Banat IM, Sarubbo LA. 2016. Biosurfactants: Promising molecules for petroleum
biotechnology advances. Frontiers in Microbiology. 7: 1718. https://doi.org/10.3389/fmicb.2016.01718

Deleu M, Lorent J, Lins L, Brasseur R, Braun N, El Kirat K, Nylander T, Dufréne YF, Mingeot-Leclercq MP. 2013. Efects of surfactin on membrane
models displaying lipid phase separation. Biochem. Biophys. Acta. Biomembr. 1828: 801-815. DOI: 10.1016/j.bbamem.2012.11.007

Francy DS, Thomas JM, Raymond RI, Word CH. 1991. Emulsification of hydrocarbon by subsurface bacteria. J. Ind. Microbiol. 8: 237-246.

Geetha I, Manonmani AM. 2010. Surfactin: a novel mosquitocidal biosurfactant produced by Bacillus subtilis ssp. subtilis (VCRC B471) and influence
of abiotic factors on its pupicidal efficacy. Lett. Appl. Microbiol. 51: 406-412. DOI: 10.1111/j.1472-765X.2010.02912.x

Gomaa EZ, EI-Meihy RM. 2019. Bacterial biosurfactant from Citrobacter freundii MG812314.1 as a bioremoval tool of heavy metals from wastewater.
Bull. Natl. Res. Cent. 43(69). https://doi.org/10.1186/s42269-019-0088-8

Henry G, Deleu M, Jourdan E, Thonart P, Ongena M. 2011. The bacterial lipopeptide surfactin targets the lipid fraction of the plant plasma membrane to
trigger immune-related defence responses. Cell. Microbiol. 13: 1824-1837. DOI: 10.1111/j.1462-5822.2011.01664.x

Ibrahim ML, ljah UJJ, Manga SB, Bilbis LS, Umar S. 2013. Production and partial characterization of biosurfactant produced by crude oil degrading
bacteria. International Biodeterioration & Biodegradation. 81: 28-34. DOI: 10.1016/j.ibiod.2012.11.012

Jacques P. 2011. Surfactin and other lipopeptides from Bacillus spp. In Biosurfactants: From Genes to Applications ed. Soberon-Chavez, G. pp. 57-93.
Berlin Heidelberg: Springer, Microbiology Monographs vol. 20.

Jia K, Gao YH, Huang XQ, Guo RJ, Li SD. 2015. Rhizosphere inhibition of cucumber fusarium wilt by di erent surfactin excreting strains of Bacillus
subtilis. Plant. Pathol. J. 31: 140-151. DOI: 10.5423/PPJ.0A.10.2014.0113

Johnson JS, Spakowicz DJ, Hong B-Y, Petersen LM, Demkowicz P, Chen L, Leopold SR, Hanson BM, Agresta HO, Gerstein M, Sodergren E,
Weinstock GM. 2019. Evaluation of 16S rRNA gene sequencing for species and strain-level microbiome analysis. Nature Communications. 10(1):
5029. DOI: 10.1038/s41467-019-13036-1

Kapadia SG, Yagnik BN, 2013, Current trend and potential of microbial biosurfactants. Asian. J. Exp. Biol. Sci. 4(1): 1-8.

Maget-Dana R, Peypoux F. 1994. Iturins, a special class of pore-forming lipopeptides: biological and physicochemical properties. Toxicology. 87: 151—
174. DOI: https://doi.org/10.1016/0300-483X(94)90159-7

Mongkolthanaruk W. 2012. Classification of Bacillus beneficial substances related to plants, humans and animals. J. Microbiol. Biotechnol. 22: 1597—
1604. DOI: 10.4014/jmb.1204.04013

Moro GV, Almeida RTR, Napp AP, Porto C, Pilau EJ, Ludtke DS, Moro AV, Vainstein MH. 2018. Identification and ultra-high-performance-liquid
chromatography coupled with high-resolution mass spectrometry characterization of biosurfactants including a new surfactin, isolated from oil-
contaminated environments. Microb. Biotechnol. 11: 759-769. DOI: 10.1111/1751-7915.13276

Mulligan CN, Sharma SK, Mudhoo A. 2014. Biosurfactants. Research Trends and Applications. CRC Press Taylor & Francis Group. Boca Raton.
London. New York. DOI: https://doi.org/10.1201/b16383



https://dx.doi.org/10.1093%2Fnar%2F25.17.3389
https://doi.org/10.1016/j.bcab.2020.101513
https://dx.doi.org/10.1128%2FAEM.69.5.2415-2422.2003
https://doi.org/10.1007/BF00327807
https://doi.org/10.1094/mpmi-09-13-0262-r
http://dx.doi.org/10.1016/j.fluid.2012.09.003
https://doi.org/10.1016/j.ibiod.2017.11.005
https://doi.org/10.3389/fmicb.2016.01718
https://doi.org/10.1016/j.bbamem.2012.11.007
https://doi.org/10.1186/s42269-019-0088-8
https://doi.org/10.1111/j.1462-5822.2011.01664.x
http://dx.doi.org/10.1016%2Fj.ibiod.2012.11.012
https://dx.doi.org/10.5423%2FPPJ.OA.10.2014.0113
https://doi.org/10.1038/s41467-019-13036-1
https://doi.org/10.1016/0300-483X(94)90159-7
https://doi.org/10.4014/jmb.1204.04013
https://doi.org/10.1111/1751-7915.13276
https://doi.org/10.1201/b16383

381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418

419

Ni’matuzahroh, Yuliawatin ET, Kumalasari DP, Trikurniadewi N, Pratiwi IA, Salamun, Fatimah, Sumarsih S, Yuliani H. 2017. Potency of oil sludge
indigenous bacteria from Dumai-Riau in producing Bbosurfactant on variation of saccharide substrates; Proceeding of International Conference on
Green Technology. 8: 339-340.

Nihorimbere V, Cawoy H, Seyer A, Brunelle A, Thonart P, Ongena M. 2012. Impact of rhizosphere factors on cyclic lipopeptide signature from the plant
bene cial strain Bacillus amyloliquefaciens S499. FEMS Microbiol Ecol. 29: 176-191. DOI: 10.1111/].1574-6941.2011.01208.x

Nwaguma LV, Chikere CB, Okpokwasili GC. 2016. Isolation characterizatition, and application of biosurfactant by Klebsiella pneumonia strain ivn51
isolated from hydrocarbon-polluted soil in Ogoniland, Nigeria. Bioresour. Bioprocess. 3(40). DOI: https://doi.org/10.1186/s40643-016-0118-4

Ozdal M, Gurkok S, Ozdal OG. 2017. Optimization of rhamnolipid production by Pseudomonas aeruginosa OG1 using waste frying oil and chicken
feather peptone. 3 Biotech 7: 117. DOI: 10.1007/s13205-017-0774-x

Pacwa-Plociniczak M, Plaza GA, Piotrowska-Seget Z, Cameotra SS. 2011. Environmental applications of biosurfactants: recent advances. Int. J. Mol.
Sci. 12: 633-654. DOI: 10.3390/ijms12010633

Pele MA, Ribeaux DR, Vieira ER, Souza AF, Luna MAC, Rodriguez DM, Andrade RFS, Alviano DS, Alviano CS, Barreto-Bergter E, Santiago
ALCMA, Campos-Takaki GM. 2019. Conversion of renewable substrates for biosurfactant production by Rhizopus arrhizus UCP 1607 and
enhancing the removal of diesel oil from marine soil. Electron. J. Biotechnol. 38: 40-48. DOI: https://doi.org/10.1016/j.ejbt.2018.12.003

Plaza G. 2014. Biosurfactants: Green surfactants. Polish Academy of Science. Committee of Environmental Engineering, Monograph no 117 Warsaw sk}

Rabbe Mf, Ali MdS, Choi J, Hwang BS, Jeong SC, Baek K-h. 2019. Bacillus velezensis: A Valuable Member of Bioactive Molecules within Plant
Microbiomes. Molecules. 24: 1046. DOI: 10.3390/molecules24061046

Salamun, Ni’matuzahroh, Fatimah, Maswantari MIF, Rizka MU, Nurhariyati T, Supriyanto A. 2020. Diversity of Indigenous entomopathogenic bacilli
from domestics breeding sites of dengue Hemorrhagic fever vector based on the toxicity against Aedes aegypti Larvae. Eco. Env. & Cons. 26. (April
Suppl. Issue) : S21-S26. DOI: http://www.envirobiotechjournals.com/EEC/26aprilsuppl/EEC-4.pdf

Satpute SK, Bhuyan SS, Pardesi KR, Mujumdar SS, Dhakephalkar PK, Shete AM. 2010. Molecular genetics of biosurfactant synthesis in
microorganisms. Adv. Exp. Med. Biol. 672: 14-41. DOI: 10.1007/978-1-4419-5979-9 2

Shahid I, Han J, Hanooq S, Malik KA, Borchers CH, Mehnaz S. 2021. Profiling of metabolites of Bacillus spp. and their application in sustainable plant
growth promotion and biocontrol. Front. Sustain. Food Syst. 5:605195. DOI: https://doi.org/10.3389/fsufs.2021.605195

Shin J-H, Park B-S, Kim H-Y, Lee K-H, Kim KS. 2021. Antagonistic and plant growth-promoting effects of Bacillus velezensis BS1 isolated from
rhizosphere soil in a pepper field. Plant Pathol. J. 37(3): 307-314. DOI: 10.5423/PPJ.NT.03.2021.0053

Silva RCFS, Almeida DG, Rufino RD, Luna JM, Santos VA, Sarubbo LA. 2014. Application of biosurfactants in the petroleum industry and the
remediation of oil spills. International Journal of Molecular Science. 15: 12523-12542. DOI: 10.3390/ijms150712523

Srinivasan R, Karaoz U, Volegova M, MacKichan J, Kato-Maeda M, Miller S, Nadarajan R, Brodie EL, Lynch SV. 2015. Use of 16S rRNA gene for
identification of a broad range of clinically relevant bacterial pathogens. PLOS ONE. 10(2): e0117617. DOI: 10.1371/journal.pone.0117617

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. 2013. MEGAG6: molecular evolutionary genetics analysis version 6.0. Mol. Biol. Evol. 30: 2725~
2729. DOI: 10.1093/molbev/mst197

Willumsen PA, Karlson U. 1997. Screening of bacteria, isolated from PAH-contaminated soil, for production of biosurfactant and bioemulsifiers.
biodegradation. 7: 415-423 iDOI: hitps://doi.org/10.1007/BF00056425

Zaragoza A, Aranda FJ, Espuny MJ, Teruel JA, Marques A, Manresa A, Ortiz A. 2010. Hemolytic activity of a bacterial trehalose lipid biosurfactant
produced by Rhodococcus sp.: evidence of colloid-osmotic mechanism. Langmuir. 26(11): 8567-8572. DOI: 10.1021/1a904637k



https://doi.org/10.1111/j.1574-6941.2011.01208.x
https://doi.org/10.1186/s40643-016-0118-4
https://doi.org/10.1007/s13205-017-0774-x
https://dx.doi.org/10.3390%2Fijms12010633
https://doi.org/10.1016/j.ejbt.2018.12.003
https://doi.org/10.1007/978-1-4419-5979-9_2
https://doi.org/10.3389/fsufs.2021.605195
https://doi.org/10.5423/ppj.nt.03.2021.0053
https://dx.doi.org/10.3390%2Fijms150712523
https://doi.org/10.1371/journal.pone.0117617
https://doi.org/10.1093/molbev/mst197
https://doi.org/10.1007/BF00056425
https://doi.org/10.1021/la904637k

e
ROV~ U &

.
N

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

28

29

Biosurfactant Activity of Indigenous Bacillus sp. ES4.3 Isolated from
Endemic Breeding Sites of Dengue Hemorrhagic Fever Vector in
Surabaya, East Java, Indonesia

FARAH AISYAH NAFIDIASTRIY, RIZKY DANANG SUSETYO?!, TRI NURHARIYATI? AGUS
SUPRIYANTO?, ALMANDO GERALDI, N’MATUZAHROH*, FATIMAH?, SALAMUN***
*Laboratory of Microbiology, Department of Biology, Faculty of Science and Technology, Universitas Airlangga. JI. Mulyorejo, Surabaya, East Java,
Indonesia 60115. Tel. +6282233442815, ¥ email: farah.aisyah.nafidiastri-2020@fst.unair.ac.id
Department of Biology, Faculty of Science and Technology, Universitas Airlangga. JI. Mulyorejo, Surabaya, East Java, Indonesia 60115.
3Research Center for Bio-Molecule Engineering (BioME), Universitas Airlangga. JI. Mulyorejo, Surabaya, East Java, Indonesia 60115.
“Research Group for Applied Microbiology, Faculty of Science and Technology, Universitas Airlangga. JI. Mulyorejo, Surabaya, East Java, Indonesia
60115. Tel /Fax. +6281332198122, **email: salamun@fst.unair.ac.id

Manuscript received: DD MM 2021 (Date of abstract/manuscript submission). Revision accepted: ....................

Abstract. Bacillus spp. have shown the ability to results a variety of commercial bioactive compounds such as proteins, peptides, and
lipopeptides (LPs). Some of the LPs produced by Bacillus spp. are surfactin, iturin, and fengicin. This study aimed to determine the
name of the indigenous Bacillus sp. ES4.3, the biosynthesis surfactin gene, and the potential activity for biosurfactant produced by
entomopathogenic Bacillus sp. ES4.3 isolated from endemic breeding sites of Dengue Hemorrhagic Fever Vector in Surabaya, East
Java, Indonesia. Genomic DNA of Bacillus sp. ES4.3 detected by isolating the DNA and visualizing by electrophoresis. Furthermore,
the 16S rRNA gene was amplified by the Polymerase Chain Reaction (PCR) method. The resulting nucleotide sequences were analyzed
to find the relationship between Bacillus sp ES4.3 with another bacteria using MEGA version 6 software. Detection of biosynthesis
surfactin gene was carried out by PCR method using srfAD primers. Analysis of the homology level of the surfactin gene was
performed using the NCBI BLASTn and BLASTp genetic analysis program. The indigenous Bacillus sp. ES4.3 had 97.66% closeness
to the species Bacillus velezensis FZB42 and the surfactin gene showed a 99.86 for % ID with the srfA-D gene on the Bacillus
amyloliquefaciens group. The biosurfactant activity indicated by the formation of clear zones, the formation of emulsions, and a
decrease in surface tension in the values of 21.38 mN/m from the NB media control and 33.74 mN/m from the distilled water control.
The ability of Bacillus sp. ES4.3 to hemolyzed and reduced surface tension indicated the presence of biosurfactant that can disrupt
stability and damage the midgut of Aedes aegypti. Thus, Bacillus sp. ES4.3 has the potential to be developed as a biocontrol in disease
vector.

Key words: Bacillus sp., 16S rRNA, surfactin, hemolytic activity, emulsification activity, surface tension.
Running title: Biosurfactant Activity of Bacillus sp. ES4.3

INTRODUCTION

Biosurfactants are surface active chemical compounds that can be synthesized by several microbial groups.
Biosurfactants are an alternative to synthetic surfactants that are not biodegradable and harmful to the environment (Moro
et al. 2018). Biosurfactants can be applied in various fields, such as in the food, pharmaceutical, cosmetic, petroleum
industries, and they can be used for remediation in locations contaminated with oil and heavy metals (Nwaguma et al.
2016; Gomaa and EI-Meihy, 2019; Pele et al. 2019). Biosurfactants have several advantages over chemical surfactants,
such as lower toxicity, higher biodegradability, not polluting the environment, nonharmful, greater and more specific
selectivity (De Almeida et al. 2016; Chaves and Guimaraes 2018). Furthermore, biosurfactants are stable and efficient
under adverse temperature, pH, and salinity, which is typically encountered in the petroleum industry (Silva et al. 2014).
Biosurfactants can also effectively reduce surface tension (ST) and interface stress (IT), as well as excellent foaming,
emulsifying, and dispersing agents that are widely used in many industrial sectors (Jacques 2011; Pacwa-Plociniczak et al.
2011; Mulligan et al. 2014).

One of the microbial genus that can produce biosurfactants is Genus Bacillus. Bacillus known to be capable of
synthesizing lipopeptide biosurfactants, such as surfactin, iturin, and fengicin (Mongkolthanaruk 2012). Surfactin consists
of 7 amino acids (_-leucine, p-leucine, | -aspartate acid, _-valine, p-leucine, -leucine, and | -glutamic acid) which are bound
to carboxyl and hydroxyl groups of fatty acid carbon atom number 12-16. Surfactin is synthesized by a complex
mechanism, catalyzed by the Nonribosomal Peptide Synthetase (NRPS), which is encoded by the srfA operon. Surfactin is
one of the three most important lipopeptides detected around the rhizosphere (Henry et al. 2011; Nihorimbere et al. 2012).
Surfactin have a strong biosurfactant activity, it can suppress plant diseases (Cawoy et al. 2014) by the inhibition of
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bacterial growth, it breaks down the membranes or disintegrate it through physicochemical interactions (Deleu et al. 2013),
suppressing fungi by encouraging the colonization of beneficial bacteria (Jia et al. 2015), and triggers a systemic resistance
(Cawoy et al. 2014).

Detections the activity of biosurfactants can be used by (i) hemolytic activity tests, (ii) methods to analyze the surface
activity, emulsifying activity, and surface tension/interface tension (Plaza 2014). In addition, identification of bacterial
strains was also carried out, including 16S rRNA gene analysis and detection of biosynthesis surfactin gene, namely srfA-
D. This methodology ensures that phenotypic and genotypic features are considered (Das et al. 2013), provided an
overview of the role and importance of molecular genetics and the gene regulatory mechanisms behind surfactin
biosynthesis of various microbes that have commercial importance.

The method that commonly used for screening and genetic identification of bacterial isolates that have the potential to
rapidly produce biosurfactants is through PCR. PCR was used to identify the 16S rRNA gene and gene that involved in
surfactin biosynthesis, which called srfA-D (Mulligan et al. 2014). This study was to determine the name of the indigenous
Bacillus sp. ES4.3, the surfactin biosynthesis gene, and the potential activity for biosurfactant produced by Bacillus sp.
ES4.3 isolated from the breeding sites of Dengue Hemorrhagic Fever in Surabaya, East Java, Indonesia.

MATERIALS AND METHODS

Isolate and Media Preparation

Bacillus sp. ES4.3 is a bacterial isolate that has been isolated from endemic breeding sites of Dengue Hemorrhagic
Fever in Surabaya, East Java, Indonesia in the previous research (Salamun et al. 2020). We used three medium in this
research. Nutrient Agar (NA) medium used for purification of Bacillus sp. ES4.3, Luria Bertani (LB) medium used for
isolation of DNA Bacillus sp. ES4.3, and Nutrien Broth (NB) medium used for culturing Bacillus sp. ES4.3 [onl
biosurfactant activity. The three [medium] were prepared with distilled water and sterilized using an autoclave at 121°C 1
atm. Bacillus sp. ES4.3 was cultured on the different three medium and incubated at 35°C for 24 hours.

Identification of 16S rRNA gene

Identification of 16S rRNA gene was initiated by culturing isolates of Bacillus sp. ES4.3 into 20 mL of Luria Bertani
medium, incubated at 35°C with agitation at 120 rpm for 48 hours. Furthermore, to obtain DNA, extraction was carried out
using the CTAB method (Ausubel et al. 2003) with DNA Wizard Genomic DNA Purification Kit (Promega). DNA purity
and concentration values were measured using Multiskan GO on A 260 nm and A 280 nm. Hereafter, 16S rRNA gene
amplification was carried out using Eppendorf Mastercycler equipment. This process begins by adding GoTagq Green
Master Mix and 16S rRNA primers, in the form of primers 27F and 1492R. The Polymerase Chain Reaction (PCR) was
conditioned as follows: initial denaturation of 94°C for 2 minutes, denaturation of 92°C for 30 seconds, annealing 55°C for
30 seconds, elongation of 72°C for 1 minute, final elongation of 72°C for 5 minutes, 35 cycles. The PCR product were
visualized through an electrophoresis process using 1% agarose gel followed by Ethidium Bromide staining and observed
in ultraviolet light. The PCR samples were sent to the 1st Base DNA Sequencing Service Malaysia. Amplikon was
sequenced and analyzed for similarity with GenBank data using BLASTn NCBI (Altschul et al. 1997). The data were also
analyzed for their relation by building a phylogenetic tree using MEGA version 6 software (Tamura et al. 2013).

Detection of Biosynthesis Surfactin gene

In this stage, We used the DNA that has been obtained on the identification of 16S rRNA gene stage. The procedure of
detection biosynthesis surfactin gene same with the procedure of identification 16S rRNA gene, but the only difference is
the primer used. [The srfA-D gene primers are self-designed on the page ThermoFisher Scientific Oligo Perfect Primer
Designer cloning application.

Biosurfactant Screening Activity
Hemolytic test

Hemolytic test was carried out by culturing the bacterial isolate Bacillus sp. ES4.3 in sterile Blood Agar medium that
obtained from the Surabaya Laboratory. Isolate Bacillus sp. ES4.3 was inoculated into the Blood Agar medium by spot
method. After that, it was incubated at 37°C for 24 to 48 hours. The positive results of this test can be observed in the
hemolysis zone and the color changes that occur around the bacterial colony.
Emulsification activity

Emulsification activity was carried out to determine the ability of Bacillus sp. ES4.3 in emulsifying liquid
hydrocarbons, i.e. kerosene and diesel fuel. The bacteria were cultured in liquid NB media and incubated for 24 hours.
Bacterial cell-free culture supernatant obtained by centrifugation at 5500 rpm for 15 minutes was supplied by with
kerosene and used diesel fuel in different test tubes, and homogenized using vortex at high speed for 2 minutes. Stability
was measured after 1 hour. Emulsification activity is determined by index calculation (E24 or El). This calculation is done
through the formula by Ozdal et al. (2017).

[Commented [U1]: for

{Commented [U2]: media

Commented [U3]: To identify surfactin gene, the same
procedures for 16SrRNA identification were performed but
by using srfA-D gene primers
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E24 : emulsification activity on 24 hours
HE : high of the emultion layer
HS : high of total solution

Surface tension

The surface tension of the cell-free culture supernatant obtained by centrifugation was measured using the Kruss 100
tensiometer (Kruss GmbH, Hamburg, Germany) by the Du Nouy ring method. Measurements were replicated 3x to
improve accuracy and average retrieval. This calculation is done through the formula by Chauhan et al. (2013).

g= gol
qo
Y : the surface tension of the sample
Yo : surface tension standard value of distilled water at t°C
0 : the indicated sample value according to the instrument scale
6o : distilled water value shown according to the instrument scale

RESULTS AND DISCUSSION

Analysis of 16S rRNA gene

Isolate of Bacillus sp. ES4.3 was identified by amplification and sequencing of the 16S rRNA gene using PCR. The
sequences of Bacillus sp. ES4.3 DNA was analyzed using BioEdit Sequence Alignment Editor software version 7.2.5. and
nucleotide Basic Local Alignment Search Tool (BLASTN) that followed by the website of the National Center for
Biotechnology Information (NCBI) “http://www.ncbi.nlm.nih.gov”. In Figure 1. showed the band of DNA from PCR
result on agarose gel 1%.

3000 bp

1500bp 5,
1000 bp

250 bp

Figure 1. Electrophoresis result of DNA Bacillus velezensis ES4.3 isolate marked with a band measuring 1500 bp. (S = Sample; M =
Marker)

The PCR result in Figure 1. showed the band of 16S rRNA gene from Bacillus sp. ES4.3 isolate. When it matched with
size order of DNA marker, the size of the band measuring 1500bp.

The result of nucleotide Basic Local Alignment Search Tools (BLASTn) analysis in Table 1. indicate that this isolate
as the Bacillus sp. ES4.3 isolate shares 97.66% similarity with Bacillus velezensis strain FZB42 (GenBank access number
NR_075005.2). This is because the results in Table 1. show the highest % ID is Bacillus velezensis strain FZB42 when it
compared with Bacillus atrophaeus strain NBRC 15539 and Bacillus atrophaeus strain JCM 9070.
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Table 1. The Results of Basic Local Alignment Search Tools (BLAST) of Bacillus sp. ES4.3.

Description Scientific Name Query Cover % 1D
Bacillus  velezensis strain FZB42 16S Bacillus velezensis 99% 97.66%
ribosomal RNA gene, complete sequence
Bacillus atrophaeus strain NBRC 15539 16S Bacillus velezensis 99% 97.52%
ribosomal RNA gene, partial sequence
Bacillus atrophaeus strain JCM 9070 16S Bacillus velezensis 99% 97.52%

ribosomal RNA gene, partial sequence

Analysis of Phylogeni Tree

Figure 2. shows the phylogenetic analysis of Bacillus sp. ES4.3 against other strain of Bacillus velezensis. These
bacteria are used to calculate evolutionary distances and construct phylogenetic trees. The bootstrap test (1000
replications) is shown next to the branch. The consensus procedure was used to produce a bootstrap phenogram in the
phylogeny tree, which is analyzed by Neighbor-Join Method.

_|:KYES-:HE¢ 1 Bacilus wiezensis strain NRRL B-41380 165 thescmal RNA yene partial sequence
MKE22153.7 Bacillus welezensis slrain YWheT 165 ribosomal RNA gene partial sequence
MNTO4311.7 Bacillus welezensis slrain EGI303 165 ibosomal RNA gene partial sequence

{ MVBE0044 1 Bacillus velezensis strain BS1 165 bosomal RNA gene partial sequance
@ Bacilus sp £543

’—NR (75003 2 Bacillus wlezensis slrain FZB42 168 rbosomal RNA complele sequence
L NR 116240 1 Eacillus velezensic sirain CEMB203 165 ibosomal RNA partial sequence

MNT04497 1 Bacillus welezensis strain EGI282 165 dbosomal RNA gene partial sequence

NR 043403 Bacillus thuringiznsis slrain 8N 12077 165 ibosomal RNA partial sequence

Figure 2. Phylogeni tree of Bacillus velezensis ES4.3 and another bacteria of B. velezensis strains

Analysis of Biosynthesis Surfactin Gene

Figure 3. shows that the sequencing results obtained were analyzed using BioEdit software, BLASTn, and BLASTp to
determine the similarity of the SrfA-D gene Bacillus sp. ES4.3 with the genes in other bacteria. A test was also conducted
to determine the similarity between the nucleotides of the srfA-D gene Bacillus sp. ES4.3 with another nucleotide of the
srfA-D gene Bacillus in GenBank. Based on the BLASTp results, the amino acids in the srfA-D gene of Bacillus sp. ES4.3
have the highest similarity with the surfactin thioesterase srfA-D biosynthesis from Bacillus amyloliquifaciens group
bacteria in Genbank by 99.86%. On the research of Rabbee et al. (2019), said that based on phylogenomic analysis B.
velezensis belong to the same clade as a B. amyloliquifaciens.

3000 bp

750 bp

250 bp

Figure 3. Electrophoresis results of the srfA-D gene in Bacillus velezensis ES4.3 isolates marked with samples. In the sample, there is a
band measuring 732 bp. (S = Sample; M = Marker)
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Screening of Biosurfactant Activity
Hemolytic Activity

Hemolytic activity can be identified on Blood Agar media with 24 hours observation by looking at the clear zone
around the microbial colonies (Carillo et al. 1996). Hemolytic activity of Bacillus sp. ES4.3 can be seen in Figure 4.

{ .

Figure 4. The clear zone is formed from the hemolytic activity of the Bacillus sp. ES4.3 isolate on Blood Agar media. Notes: a) halo
zone, b) Colony of Bacillus sp. ES4.3.

Emulsification Activity

Table 2. shows that the emulsification activity of the cell-free supernatant of Bacillus sp. ES4.3 used kerosene and
diesel fuel at 1 hour and 24 hours observation. The emulsification activity of Bacillus sp. ES4.3 in kerosene showed an
increase, while in diesel fuel it showed a decrease.

Table 2. Results of emulsication activity of supernatant of Bacillus sp. ES4.3 on kerosene and diesel fuel.

Emulsification Activity

Treatment (%)
Kerosene Diesel Fuel
1 hour 24 hours 1 hour 24 hourr
Supernatant Bacillus sp. ES4.3 31.08 £0.22 1452 +1.21 46.32 £1.22 45.65 +0.46

Surface Tension

Table 3. shows that the surface tension value of the culture supernatant Bacillus sp. ES4.3, when it compared with the
surface tension values of the distilled water control, media control, and Tween control, the value of the culture supernatant
of this isolate decreased to 21.38 mN/m from the NB media control, 33.74 mN/m from the distilled water control, and 3.91
mN/m from the Tween control.

Table 3. The surface tension value of the culture supernatant isolate Bacillus sp. ES4.3 with an incubation time of 2 days.

Treatment Surface Tension
(mN/m)
Distilled Water Control 72.00 £0.00
NB Control 59.64 £0.12
Supernatant Bacillus sp. ES4.3 38.26 £0.25
Tween Control 34.35+0.07

Discussion

The results of DNA isolation from Bacillus sp. ES4.3 showed the presence of a DNA band with a size of 1500 bp when
it matched with the DNA marker (Figure 1). From these results, it can be said that there is a 16S rRNA gene, which is a
DNA barcode for bacterial species. 16S rRNA gene sequencing serves as an approximation method for rapid and accurate
bacterial identification. A bacterium is said to represent the same genus if it has a similarity index above 95% and
represents the same species if it is above 97% (Srinivasan et al. 2015; Johnson et al. 2019).

The Bacillus sp. ES4.3 isolate shares 97.66% similarity with the Bacillus velezensis strain FZB42 (GenBank access
number NR_075005.2). These results are different from conventional identification results through observations of
macroscopic, microscopic, and physiological characters that have been carried out by Salamun et al. (2020), which stated
that Bacillus sp. ES4.3 is Bacillus sphaericus with a comparable coefficient calculation (Ss) of 76.12%.

Figure 2. shows the phylogenetic analysis of Bacillus sp. ES4.3 against other strains of Bacillus velezensis. This shows
that Bacillus sp. ES4.3 has a close relationship with B. velezensis BS1 and B. velezensis FZB42. It can be seen from the
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location of the branching between Bacillus sp. ES4.3 with B. velezensis BS1 and B. velezensis FZB42. Another thing that
could also be due to the high percent identity or the low nucleotide variation between Bacillus sp. ES4.3 with B. velezensis
BS1 and B. velezensis FZB42. This strain was found from pepper fields in Gangwon Province, Korea. Based on the
research of Shin et al. (2021), they said that B. velezensis BS1 was consistently able to produce cellulase, proteases, and
siderophores; and inhibited the growth, appressorium formation, and disease development of Colletotrichum scovillei, a
pepper anthracnose pathogen. B. velezensis BS1 showed a high inhibitory effect on the mycelium growth of Botrytis
cinerea isolated from strawberries, Rhizoctonia solani and Sclerotinia sclerotiorum isolated from lettuce. In addition,
according to Shahid et al. (2021), the antifungal activity of Bacillus can also fight other agricultural pathogens, such as
Fusarium oxysporum, Fusarium moniliforme, and Colletotrichum falcatum (Shahid et al. 2021). Other results in the study
of Shin et al. (2021) also showed that B. velezensis BS1 could promote the growth of chili seedlings. In the phylogenetic
tree, Bacillus thuringiensis is an outgroup.

The sequencing results obtained were analyzed using BioEdit software, BLASTn, and BLASTp to determine the
similarity of the srfA-D gene in Bacillus sp. ES4.3 with the genes in other bacteria. A test was also conducted to determine
the similarity between the nucleotides of the srfA-D gene Bacillus sp. ES4.3 and the nucleotide gene srfA-D B. velezensis
in GenBank. Based on the results of BLASTp on the amino acid gene srfA-D from Bacillus sp. ES4.3, surfactin
biosynthesis thioesterase srfA-D from the Bacillus amyloliquifaciens group bacteria in Genbank has the highest similarity
with 99.86%. Figure 3. is the result of electrophoresis of the srfA-D gene from DNA samples of Bacillus sp. ES4.3. This
sample was used to detect surfactin genes by PCR with a primer designed from 732 bp of srfA-D gene fragments from B.
velezensis. The PCR screening results showed that the amplification of the srfA-D gene fragment was found in Bacillus sp.
ES4.3, identified as B. velezensis FZB42. The srfA-D gene is known to produce thioesterase, which is presumed to be
involved in the lactonization process (Satpute et al. 2010).

The hemolytic activity can be identified by looking at the clear zone around the microbial colonies (Carillo et al. 1996).
Hemolytic activity of Bacillus sp. ES4.3 can be seen in Figure 4. Carillo et al. (1996) stated that there is a relationship
between hemolytic activity and biosurfactant production. In the Blood Agar medium, Bacillus sp. ES4.3 was inoculated.
The presence of hemolytic activity, which is indicated by the formation of a halo zone around the colony, means the
biosurfactants were produced.

From these results, it can be seen that the hemolysis type of this bacterial isolate is B-hemolysis or total hemolysis,
which is indicated by the visible clear zone as a result of the lysis of all red blood cells and the release of hemoglobin from
the cells. Bacteria that cause B-hemolysis are the ones with the most potential to produce biosurfactants because
biosurfactants act as hemolysin substances. The hemolysin substance acts as an antibody against erythrocyte membrane
antigen which causes hemolysis (Ibrahim et al. 2013). The hemolytic activity of biosurfactants can occur by two different
mechanisms. The first one is by dissolving the membrane, which normally occurs at high biosurfactant concentrations and
the second one is by increasing the membrane permeability to small solutes that occur when the biosurfactant
concentration is low causing osmotic lysis (Zaragoza et al. 2010). The clear zone in the Blood Agar media corresponded to
changes in the permeability of the target cell membrane. The ability of these compounds to increase the permeability of
cell membranes is caused by the formation of ion-conducting pores (Maget-Dana and Peypoux 1994). As a result,
biosurfactants can directly interact with membrane lipids that enter the membrane and form pores in the larvae midgut and
destroy the membrane through detergent-like interactions (Butko 2003).

The results of the emulsification activity can be seen in Table 2. These results indicate that there are differences in the
results of the emulsification activity of the supernatant Bacillus sp. ES4.3 on kerosene and diesel fuel substrates. Better
properties are characterized by a greater emulsion index value, which means that the surfactant has large emulsion
stability. The results also showed a decrease in the value of emulsification activity after 24 hours, which indicates a
relatively stable emulsification activity. This research proves that the biosurfactant product can be categorized as a
bioemulsifier. The occurrence of emulsification activity in Bacillus sp. ES4.3 is indicated by the formation of foam, which
creates a layer in the tube. The foam layer was then measured to calculate the emulsification activity value (Ni’matuzahroh
et al. 2017). The emulsification index value indicates the stability of the emulsion, and the line above 50% showed good
biosurfactant producers (Willumsen and Karlson 1997).

The mechanism by which surfactants work as emulgators is by reducing the tension between the surface of water and
oil, so that a film layer is formed on the surface of the dispersed globules phase. Hence, emulsification activity is related
to the parameters of biosurfactant production because it is a very good emulsifier. The indicators of biosurfactants that are
produced by microorganisms can be seen in the emulsification activity of the media. Emulsification activity can be seen by
the formation of an emulsion that looks like a bubble between the substrate and the media (Arifiyanto et al. 2020).

The surface tension value of the culture supernatant Bacillus sp. ES4.3 can be seen in Table 3. When compared with
the surface tension values of the distilled water control, NB media control, and tween control, the value of the culture
supernatant of this isolate decreased to 21.38 mN/m from the NB media control, 33.74 mN/m from the distilled water
control, and 3.91 mN/m from the tween control. Bacteria have the potential to produce biosurfactants if they can reduce
the surface tension value > 10 mN/m (Francy et al. 1991). The hydrophobic and hydrophilic groups in biosurfactants cause
these compounds to accumulate between the liquid phases, thereby reducing surface tension and interfacial tension
(Kapadia and Yagnik 2013). The decrease in surface tension is caused by the presence of biosurfactants in the supernatant
produced by bacterial isolates during the growth process (Arifiyanto et al. 2020). The decrease in surface tension can affect
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the entomopathogenic activity of Aedes aegypti larvae which causes low oxygen underwater, so that the larvae spiracles
continue to open and make it death (Geetha 2010).

This study concluded that Bacillus sp. ES4.3 which was identified as Bacillus velezensis ES4.3, has a biosynthesis
surfactin gene. The biosurfactant activity was indicated by the formation of clear zones, the formation of emulsions, and a
decrease in surface tension in the values of 21.38 mN/m from the NB media control and 33.74 mN/m from the distilled
water control. The presence of these genes and the biosurfactant activity indicates that the Bacillus velezensis ES4.3 has
the potential to act as a biosurfactant producer evidenced by the resulting biosurfactant activity. Thus, Bacillus velezensis
ES4.3 has the potential to be developed as a biocontrol in disease vectors and other fields of medicine, agriculture,
pharmaceuticals, and waste treatments. Further research that can be done to produce surfactin include the production and
optimization of biosurfactant production, as well as characterization of the resulting biosurfactant product.
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Abstract. Nafidiastri FA, Susetyoi RD, Nurhariyati T, Supriyanto A, GHeraldi A, Niu'matuzahroh, Fatimah, Salamun. ZOZL.
Biosurfactant Activity of Indigenous Bacillus sp. ES4.3 Isolated from Endemic Breeding Sites of Dengue Hemorrhagic Fever Vector if
Surabaya, East Java, Indonesia. Biodiversitas 22: xxxx. Bacillus spp. have shown the ability to results a variety of commercial bioactive
compounds such as proteins, peptides, and lipopeptides (LPs). Some of the LPs produced by Bacillus spp. are surfactin, iturin, and
fengicin. This study aimed to determine the name of the indigenous Bacillus sp. ES4.3, the biosynthesis surfactin gene, and the potential
activity for biosurfactant produced by entomopathogenic Bacillus sp. ES4.3 isolated from endemic breeding sites of Dengue
Hemorrhagic Fever Vector in Surabaya, East Java, Indonesia. Genomic DNA of Bacillus sp. ES4.3 detected by isolating the DNA and
visualizing by electrophoresis. Furthermore, the 16S rRNA gene was amplified by the Polymerase Chain Reaction (PCR) method. The
resulting nucleotide sequences were analyzed to find the relationship between Bacillus sp ES4.3 with another bacteria using MEGA
version 6 software. Detection of biosynthesis surfactin gene was carried out by PCR method using srfAD primers. Analysis of the
homology level of the surfactin gene was performed using the NCBI BLASTn and BLASTp genetic analysis program. The indigenous
Bacillus sp. ES4.3 had 97.66% closeness to the species Bacillus velezensis FZB42 and the surfactin gene showed a 9986100 for % |
with the surfactin biosynthesis thioesterase SsrfA-D gene on the Bacillus amyleliguefaciens-amyloliquefaciens group. The biosurfactarjt
activity indicated by the formation of clear zones, the formation of emulsions, and a decrease in surface tension in the values of 21.38
mN/m from the NB mediummedia control and 33.74 mN/m from the distilled water control. The ability of Bacitius-sp.B. velezensis
ES4.3 to hemolyzed and reduced surface tension indicated the presence of biosurfactant that can disrupt stability and damage the midgut
of Aedes aegypti. Thus, Bacitus-sp-B. velezensis ES4.3 has the potential to be developed as a biocontrol in disease vector.

Key words: Bacillus sp., 16S rRNA, surfactin, hemolytic activity, emulsification activity, surface tension.

INTRODUCTION

Biosurfactants are surface active chemical compounds
that can be synthesized by several microbial groups.
Biosurfactants are an alternative to synthetic surfactants
that are not biodegradable and harmful to the environment
(Moro et al. 2018). Biosurfactants can be applied in various
fields, such as in the food, pharmaceutical, cosmetic,
petroleum industries, and they can be used for remediation
in locations contaminated with oil and heavy metals
(Nwaguma et al. 2016; Gomaa and El-Meihy, 2019; Pele et
al. 2019). Biosurfactants have several advantages over
chemical surfactants, such as lower toxicity, higher
biodegradability, not polluting the environment,
nonharmful, greater and more specific selectivity (De
Almeida et al. 2016; Chaves and Guimaraes 2018).
Furthermore, biosurfactants are stable and efficient under
adverse temperature, pH, and salinity, which is typically
encountered in the petroleum industry (Silva et al. 2014).
Biosurfactants can also effectively reduce surface tension

(ST) and interface stress (IT), as well as excellent foaming,
emulsifying, and dispersing agents that are widely used in
many industrial sectors (Jacques 2011; Pacwa-Plociniczak
etal. 2011; Mulligan et al. 2014).

One of the microbial genus that can produce
biosurfactants is Genus Bacillus. Bacillus known to be
capable of synthesizing lipopeptide biosurfactants, such as
surfactin, iturin, and fengicin (Mongkolthanaruk 2012).
Surfactin consists of 7 amino acids (L-leucine, p-leucine, (-
aspartate acid, -valine, p-leucine, _-leucine, and (-glutamic
acid) which are bound to carboxyl and hydroxyl groups of
fatty acid carbon atom number 12-16. Surfactin is
synthesized by a complex mechanism, catalyzed by the
Nonribosomal Peptide Synthetase (NRPS), which is
encoded by the srfA operon. Surfactin is one of the three
most important lipopeptides detected around the
rhizosphere (Henry et al. 2011; Nihorimbere et al. 2012).
Surfactin have a strong biosurfactant activity, it can
suppress plant diseases (Cawoy et al. 2014) by the
inhibition of bacterial growth, it breaks down the
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membranes or disintegrate it through physicochemical
interactions (Deleu et al. 2013), suppressing fungi by
encouraging the colonization of beneficial bacteria (Jia et
al. 2015), and triggers a systemic resistance (Cawoy et al.
2014).

Detections the activity of biosurfactants can be used by
(i) hemolytic activity tests, (ii) methods to analyze the
surface activity, emulsifying activity, and surface
tension/interface tension (Plaza 2014). In addition,
identification of bacterial strains was also carried out,
including 16S rRNA gene analysis and detection of
biosynthesis  surfactin  gene, namely srfA-D. This
methodology ensures that phenotypic and genotypic
features are considered (Das et al. 2013), provided an
overview of the role and importance of molecular genetics
and the gene regulatory mechanisms behind surfactin
biosynthesis of various microbes that have commercial
importance.

The method that commonly used for screening and
genetic identification of bacterial isolates that have the
potential to rapidly produce biosurfactants is through PCR.
PCR was used to identify the 16S rRNA gene and gene that
involved in surfactin biosynthesis, which called srfA-D
(Mulligan et al. 2014). This study was to determine the
name of the indigenous Bacillus sp. ES4.3, the surfactin
biosynthesis gene, and the potential activity for
biosurfactant produced by Bacillus sp. ES4.3 isolated from
the breeding sites of Dengue Hemorrhagic Fever Vector in
Surabaya, East Java, Indonesia.

MATERIALS AND METHODS

Isolate and Media Preparation

Bacillus sp. ES4.3 is a bacterial isolate that has been
isolated from endemic breeding sites of Dengue
Hemorrhagic Fever Vector in Surabaya, East Java,
Indonesia in the previous research (Salamun et al. 2020).
We used three medium-media in this research. Nutrient
Agar (NA) medium used for purification of Bacillus sp.
ES4.3, Luria Bertani (LB) medium used for isolation of
DNA Bacillus sp. ES4.3, and Nutrien Broth (NB) medium
used for culturing Bacillus sp. ES4.3 en-for biosurfactant
activity. The three medium—media were prepared with
distilled water and sterilized using an autoclave at 121°C 1
atm. Bacillus sp. ES4.3 was cultured on the different three
medium and incubated at 35°C for 24 hours.

Identification of 16S rRNA gene

Identification of 16S rRNA gene was initiated by
culturing isolates of Bacillus sp. ES4.3 into 20 mL of Luria
Bertani medium, incubated at 35°C with agitation at 120
rpm for 48 hours. Furthermore, to obtain DNA, extraction
was carried out using the CTAB method (Ausubel et al.
2003) with DNA Wizard Genomic DNA Purification Kit
(Promega). DNA purity and concentration values were
measured using Multiskan GO on A 260 nm and X 280 nm.
Hereafter, 16S rRNA gene amplification was carried out
using Eppendorf Mastercycler equipment. This process
begins by adding GoTaq Green Master Mix and 16S rRNA

primers, in the form of primers 27F and 1492R. The
Polymerase Chain Reaction (PCR) was conditioned as
follows: initial denaturation of 94°C for 2 minutes,
denaturation of 92°C for 30 seconds, annealing 55°C for 30
seconds, elongation of 72°C for 1 minute, final elongation
of 72°C for 5 minutes, 35 cycles. The PCR product were
visualized through an electrophoresis process using 1%
agarose gel followed by Ethidium Bromide staining and
observed in ultraviolet light. The PCR samples were sent to
the 15 Base DNA Sequencing Service Malaysia. Amplikon
was sequenced and analyzed for similarity with GenBank
data using BLASTn NCBI (Altschul et al. 1997). The data
were also analyzed for their relation by building a
phylogenetic tree using MEGA version 6 software (Tamura
etal. 2013).

Detection of Biosynthesis Surfactin gene

In this stage, we used the DNA that has been obtained
en—the—ident cation—ot—16S—+RNA—gene —stage N
the—only difference —is—the primer—used-——to identify
surfactine gene, the same procedures for 16S rRNA
identification were performed but by using srfA-D gene
primers. The srfA-D gene primers are self-designed on the
page ThermoFisher Scientific Oligo Perfect Primer
Designer cloning application.

Biosurfactant Screening Activity
Hemolytic test

Hemolytic test was carried out by culturing the bacterial
isolate Bacillus sp. ES4.3 in sterile Blood Agar medium
that obtained from the Surabaya Laboratory. Isolate
Bacillus sp. ES4.3 was inoculated into the Blood Agar
medium by spot method. After that, it was incubated at
37°C for 24 to 48 hours. The positive results of this test can
be observed in the hemolysis zone and the color changes
that occur around the bacterial colony.

[Emulsification activity

Emulsification activity was carried out to determine the
ability of Bacillus sp. ES4.3 in emulsifying liquid
hydrocarbons, i.e. kerosene and diesel fuel. The bacteria
were cultured in liquid NB media-medium and incubated
for 24 hours. Bacterial cell-free culture supernatant
obtained by centrifugation at 5500 rpm for 15 minutes was
supplied by with kerosene and used diesel fuel in different
test tubes, and homogenized using vortex at high speed for
2 minutes. Stability was measured after 1 hour.
Emulsification activity is determined by index calculation
(E24-6+-E1}). This calculation is done through the formula
by Ozdal et al. (2017).

F_€24=E x 100%
HS
E24 : emulsification activity on 24 hours
HE - high of the emultion layer
HS - high of total solution
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Surface tension

The surface tension of the cell-free culture supernatant
obtained by centrifugation was measured using the Kruss
100 tensiometer (Kruss GmbH, Hamburg, Germany) by the
Du Nouy ring method. Measurements were replicated 3x to
improve accuracy and average retrieval. This calculation is
done through the formula by Chauhan et al. (2013).

y=yo—
o

v : the surface tension of the sample
vo-: surface tension standard value of distilled water at t°C
0 : the indicated sample value according to the instrument
scale
Do distilled water value shown according to the instrument
scale

RESULTS AND DISCUSSION

Analysis of 16S rRNA gene

Isolate of Bacillus sp. ES4.3 was identified by
amplification and sequencing of the 16S rRNA gene using
PCR. The sequences of Bacillus sp. ES4.3 DNA was
analyzed using BioEdit Sequence Alignment Editor
software version 7.2.5. and nucleotide Basic Local
Alignment Search Tool (BLASTn) that followed by the
website of the National Center for Biotechnology
Information (NCBI) “http://www.ncbi.nlm.nih.gov”. In
Figure 1. showed the band of DNA from PCR result on
agarose gel 1%.

The PCR results in Figure 1. showed the band of 16S
rRNA gene from Bacillus sp. ES4.3 isolate. When it
matched with size order of DNA marker, the size of the
band measuring 1500bp.

The result of nucleotide Basic Local Alignment Search
Tools (BLASTn) analysis in Table 1. indicate that this

isolate as the Bacillus sp. ES4.3 isolate shares 97.66%
similarity with Bacillus velezensis strain FZB42 (GenBank
access number NR_075005.2). This is because the results
in Table 1. show the highest % ID is Bacillus velezensis
strain FZB42 when it compared with Bacillus atrophaeus
strain NBRC 15539 and Bacillus atrophaeus strain JCM
9070.

Analysis of Phylogenetici Tree

Figure 2. showeds the phylogenetic analysis of Bacill
sp. ES4.3 against other strain of Bacillus velezensis.These
bacteria are used to calculate evolutionary distances and
construct phylogenetic trees. The bootstrap test (100
replications) is shown next to the branch. The consens
procedure was used to produce a bootstrap phenogram in
the phylogeneticy tree, which is analyzed by Neighbor-Joi
Method.

3000 bp

1500 bp —

>
7

1000 bp

_ 250 bp

Figure 1. Electrophoresis result of DNA Bacillus velezensn%gi
ES4.3 isolate marked with a band measuring 1500 bp. (S =
Sample; M = Marker).

Table 1. The Results of Basic Local Alignment Search Tools (BLAST) of Bacillus sp. ES4.3.

Description Scientific Name Query Cover % ID
Bacillus  velezensis strain FZB42 16S Bacillus velezensis 99% 97.66%
ribosomal RNA gene, complete sequence
Bacillus atrophaeus strain NBRC 15539 16S Bacillus velezensis 99% 97.52%
ribosomal RNA gene, partial sequence
Bacillus atrophaeus strain JCM 9070 16S Bacillus velezensis 99% 97.52%

ribosomal RNA gene, partial sequence
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3.1 Bacillus wlezensis slrai
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MNT0445

KR 042403 1 Bacilkes thuringiensis strain 1AM
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ensis sirain CBA 5 ribosomal ENS parial sequence

Sacillus whezensis strain EGIZEZ 165 ribosomal RNA gene parial sequenc

85 ricosomal RNA parial sequence

Figure 2. Phylogenetici tree of Bacillus sp. velezensis-ES4.3 and another bacteria of B. velezensis strains

Analysis of Biosynthesis Surfactin Gene
Figure—3.—shows—that-Tthe sequencing results that
obtained were analyzed using BioEdit software, BLASTn,
and BLASTp to determine the similarity of the sSrfA-D
gene BaciHussp-B. velezensis ES4.3 with the genes in other
bacteria. A test was also conducted to determine the
similarity between the nuclestides—protein of the srfA-D
gene B. velezensisBaeitus—sp. ES4.3 with another
nuclestide-protein of the srfA-D gene Bacillus in GenBank.
Figure 3. showed the band of srfA-D gene on agarose gel
1% with a successfully amplified size of 722 bp. Based on
the BLASTDp results, the amine-acidsprotein in the srfA-D
gene of B. velezensisBaciHus—sp- ES4.3 have the highest
similarity with the surfactin_biosynthesis thioesterase
SsrfA-D  biesynthesis—from Bacillus amyloliguifaciens
amyloliquefaciens group bacteria in  Genbank by
99.86100%_(GenBank access number WP_003156383.1).

On the research of Rabbee et al. (2019), said that based on
phylogenomic analysis B. velezensis belong to the same
clade as a B. amyloliguifaciens:amyloliquefaciens.

Screening of Biosurfactant Activity
Hemolytic Activity

Hemolytic activity can be identified on Blood Agar
mediuma with 24 hours observation by looking at the clear
zone around the microbial colonies (Carillo et al. 1996).
Hemolytic activity of B. velezensis Bacitus-sp—ES4.3 can
be seen in Figure 4.

[Emulsification Activity

Table 2. showeds that the emulsification activity of the
cell-free supernatant of B. velezensisBacilus—sp. ES4.3
used kerosene and diesel fuel at 1 hour and 24 hours
observation. The emulsification activity of B.
velezensisBacius—sp. ES4.3 in kerosene showed an
increase, while in diesel fuel it showed a decrease.

Surface Tension

Table 3. showeds that the surface tension value of the
culture supernatant B. velezensisBaeithus-sp- ES4.3, when it
compared with the surface tension values of the distilled
water control, NB_mediuma control, and Tween control,
the value of the culture supernatant of this isolate decreased
to 21.38 mN/m from the NB mediuma control, 33.74
mN/m from the distilled water control, and 3.91 mN/m
from the Tween control.

3000 bp

722 bp 750 bp

250 bp

3000 bp

732 bp S 750 bp

250 bp

Figure 3. Electrophoresis results of the srfA-D gene in BacitusB:
velezensis ES4.3 isolates marked with samples. In the sample,
there is a band measuring 7232 bp. (S = Sample; M = Marker)

Figure 4. The clear zone is formed from the hemolytic activity of
the B. velezensis Bactllus—sp—ES4.3 isolate on Blood Agar
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sp- ES4.3. |

Table 2. Results of emulsication activity of supernatant of B. velezensis BaeiHus-sp—ES4.3 on kerosene and diesel fuel. |

Emulsification Activity

Treatment (%)
Kerosene Diesel Fuel
1 hour 24 hours 1 hour 24 hourr
Supernatant B. _ velezensis 31.08 £0.22 1452 £1.21 46.32+1.22 45.65 £ 0.46

BaciHus-sp-ES4.3

Table 3. The surface tension value of the culture supernatant
isolate BacitlusspB. velezensis: ES4.3 with an incubation time of
2 days.

Treatment Surface Tension
(mN/m)
Distilled Water Control 72.00 £0.00
NB_medium Control 59.64 +0.12
Supernatant BaciHus-sp-B. 38.26 +0.25
velezensis ES4.3
Tween Control 34.35+0.07

Discussion

The results of DNA isolation from Bacillus sp. ES4.3
showed the presence of a DNA band with a size of 1500 bp
when it matched with the DNA marker (Figure 1). From
these results, it can be said that there is a 16S rRNA gene,
which is a DNA barcode for bacterial species. 16S rRNA
gene sequencing serves as an approximation method for
rapid and accurate bacterial identification. A bacterium is
said to represent the same genus if it has a similarity index
above 95% and represents the same species if it is above
97% (Srinivasan et al. 2015; Johnson et al. 2019).

The Bacillus sp. ES4.3 isolate shares 97.66% similarity
with the Bacillus velezensis strain FZB42 (GenBank access
number NR_075005.2). These results are different from
conventional identification results through observations of
macroscopic, microscopic, and physiological characters
that have been carried out by Salamun et al. (2020), which
stated that Bacillus sp. ES4.3 is Bacillus sphaericus with a
comparable coefficient calculation (Ss) of 76.12%.

Figure 2. showeds the phylogenetic analysis of Bacillus
sp. ES4.3 against other strains of Bacilus—B. velezensis.
This shows that Bacillus sp. ES4.3 has a close relationship
with B. velezensis BS1 and B. velezensis FZB42. It can be
seen from the location of the branching between Bacillus
sp. ES4.3 with B. velezensis BS1 and B. velezensis FZB42.
Another thing that could also be due to the high percent
identity or the low nucleotide variation between Bacillus
sp. ES4.3 with B. velezensis BS1 and B. velezensis FZB42.
This strain was found from pepper fields in Gangwon
Province, Korea. Based on the research of Shin et al.
(2021), they said that B. velezensis BS1 was consistently
able to produce cellulase, proteases, and siderophores; and
inhibited the growth, appressorium formation, and disease
development of Colletotrichum scovillei, a pepper
anthracnose pathogen. B. velezensis BS1 showed a high
inhibitory effect on the mycelium growth of Botrytis
cinerea isolated from strawberries, Rhizoctonia solani and

Sclerotinia sclerotiorum isolated from lettuce. In addition,
according to Shahid et al. (2021), the antifungal activity df
Bacillus can also fight other agricultural pathogens, such as
Fusarium  oxysporum, Fusarium moniliforme, and
Colletotrichum falcatum (Shahid et al. 2021). Other results
in the study of Shin et al. (2021) also showed that B.
velezensis BS1 could promote the growth of chili seedlings.
In the phylogenetic tree, Bacillus thuringiensis is a|
outgroup.

The sequencing results ebtained-were analyzed usin
BioEdit software, BLASTn, and BLASTp to determine the
similarity of the srfA-D gene in B. velezensis
ES4.3 with the genes in other bacteria. A test was also
conducted to determine the similarity between the
nucleotides—protein _of the srfA-D gene B. velezensi
Bacillus-sp—ES4.3 and anotherthe nucleotide-protein of thy
gene srfA-D Bacillus B—velezensis-in GenBank. Based 0
the results of BLASTp, the protein in the srfA-D gene fro
B. velezensis ES4.3 has the highest similarity of 100% wit
surfactin _biosynthesis _thioesterase SrfA-D from _thi
Bacillus _amyloliquefaciens group bacteria in Genbanj.
Based-on-the-results-of BLASTp-on-the-amino-acid-gen|
99.86%-—Figure 3. is the result of electrophoresis of th
srfA-D gene from DNA samples of Baeius—sp-f
velezensis ES4.3. This sample was used to detect surfacti
genes by PCR with a primer designed from 732 bp of srfA.
D gene fragments from B. velezensis. The PCR screenin
results showed that the amplification of the srfA-D gen
fragment was found in B. velezensis Bacilus—sp—ES4.3,
identified as B. velezensis Htg6, with a successfull
amplified size of 722 bp. FZB42—-The srfA-D gene is
known to produce thioesterase, which is presumed to be
involved in the lactonization process (Satpute et al. 2010).

The hemolytic activity can be identified by looking at
the clear zone around the microbial colonies (Carillo et al.
1996). Hemolytic activity of B. velezensis
ES4.3 can be seen in Figure 4. Carillo et al. (1996) stated
that there is a relationship between hemolytic activity and
biosurfactant production. In the Blood Agar medium,
velezensis Bacilus-sp-—ES4.3 was inoculated. The presen
of hemolytic activity, which is indicated by the formation
of a halo zone around the colony, means the biosurfactants
were produced.

From these results, it can be seen that the hemolysis
type of this bacterial isolate is B-hemolysis or total
hemolysis, which is indicated by the visible clear zone as a
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result of the lysis of all red blood cells and the release of
hemoglobin from the cells. Bacteria that cause p-hemolysis
are the ones with the most potential to produce
biosurfactants because biosurfactants act as hemolysin
substances. The hemolysin substance acts as an antibody
against erythrocyte membrane antigen which causes
hemolysis (Ibrahim et al. 2013). The hemolytic activity of
biosurfactants can occur by two different mechanisms. The
first one is by dissolving the membrane, which normally
occurs at high biosurfactant concentrations and the second
one is by increasing the membrane permeability to small
solutes that occur when the biosurfactant concentration is
low causing osmotic lysis (Zaragoza et al. 2010).

The clear zone in the Blood Agar mediumsedia
corresponded to changes in the permeability of the target
cell membrane. The ability of these compounds to increase
the permeability of cell membranes is caused by the
formation of ion-conducting pores (Maget-Dana and
Peypoux 1994). As a result, biosurfactants can directly
interact with membrane lipids that enter the membrane and
form pores in the larvae midgut and destroy the membrane
through detergent-like interactions (Butko 2003).

The results of the emulsification activity can be seen in
Table 2. These results indicate that there are differences in
the results of the emulsification activity of the supernatant
B. velezensis Baeittus-sp-ES4.3 on kerosene and diesel fuel
substrates. Better properties are characterized by a greater
emulsion index value, which means that the surfactant has
large emulsion stability. The results also showed a decrease
in the value of emulsification activity after 24 hours, which
indicates a relatively stable emulsification activity. This
research proves that the biosurfactant product can be
categorized as a bioemulsifier. The occurrence of
emulsification activity in B. velezensis Baeithus-sp-~ES4.3 is
indicated by the formation of foam, which creates a layer in
the tube. The foam layer was then measured to calculate
the emulsification activity value (Ni’matuzahroh et al.
2017). The emulsification index value indicates the
stability of the emulsion, and the line above 50% showed
good biosurfactant producers (Willumsen and Karlson
1997).

The mechanism by which surfactants work as
emulgators is by reducing the tension between the surface
of water and oil, so that a film layer is formed on the
surface of the dispersed globules phase. Hence,
emulsification activity is related to the parameters of
biosurfactant production because it is a very good
emulsifier. The indicators of biosurfactants that are
produced by microorganisms can be seen in the
emulsification activity of the media. Emulsification activity
can be seen by the formation of an emulsion that looks like
a bubble between the substrate and the media (Arifiyanto et
al. 2020).

The surface tension value of the culture supernatant B.
velezensis Baetlussp—~ES4.3 can be seen in Table 3. When
compared with the surface tension values of the distilled
water control, NB_medium—media control, and Ttween
control, the value of the culture supernatant of this isolate
decreased to 21.38 mN/m from the NB media—medium
control, 33.74 mN/m from the distilled water control, and

3.91 mN/m from the Ttween control. Bacteria have the
potential to produce biosurfactants if they can reduce the
surface tension value > 10 mN/m (Francy et al. 1991). The
hydrophobic and hydrophilic groups in biosurfactants cause
these compounds to accumulate between the liquid phases,
thereby reducing surface tension and interfacial tension
(Kapadia and Yagnik 2013). The decrease in surface
tension is caused by the presence of biosurfactants in the
supernatant produced by bacterial isolates during the
growth process (Arifiyanto et al. 2020). The decrease in
surface tension can affect the entomopathogenic activity of
Aedes aegypti larvae which causes low oxygen underwater,
so that the larvae spiracles continue to open and make it
death (Geetha 2010).

This study concluded that Bacillus sp. ES4.3 which was
identified as Bacillus velezensis ES4.3, has a biosynthesis
surfactin gene. The biosurfactant activity was indicated by
the formation of clear zones, the formation of emulsions,
and a decrease in surface tension in the values of 21.38
mN/m from the NB media—medium control and 33.74
mN/m from the distilled water control. The presence of
these genes and the biosurfactant activity indicates that the
Bacillus-B. velezensis ES4.3 has the potential to act as a
biosurfactant producer evidenced by the resulting
biosurfactant activity. Thus, Baeitlus-B. velezensis ES4.3
has the potential to be developed as a biocontrol in disease
vectors and other fields of medicine, agriculture,
pharmaceuticals, and waste treatments. Further research
that can be done to produce surfactin include the
production and optimization of biosurfactant production, as
well as characterization of the resulting biosurfactant
product.
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Abstract. Nafidiastri FA, Susetyo RD, Nurhariyati T, Supriyanto A, Geraldi A, Ni ‘matuzahroh, Fatimah, Salamun. 2021. Biosurfactart
Activity of Indigenous Bacillus sp. ES4.3 Isolated from Endemic Breeding Sites of Dengue Hemorrhagic Fever Vector in Surabaya, East
Java, Indonesia. Biodiversitas 22: xxxx. Bacillus spp. have shown the ability to results a variety of commercial bioactive compounds
such as proteins, peptides, and lipopeptides (LPs). Some of the LPs produced by Bacillus spp. are surfactin, iturin, and fengicin. This
study aimed to determine the name of the indigenous Bacillus sp. ES4.3, the biosynthesis surfactin gene, and the potential activity for
biosurfactant produced by entomopathogenic Bacillus sp. ES4.3 isolated from endemic breeding sites of Dengue Hemorrhagic Fever
Vector in Surabaya, East Java, Indonesia. Genomic DNA of Bacillus sp. ES4.3 detected by isolating the DNA and visualizing by
electrophoresis. Furthermore, the 16S rRNA gene was amplified by the Polymerase Chain Reaction (PCR) method. The resulting
nucleotide sequences were analyzed to find the relationship between Bacillus sp ES4.3 with another bacteria using MEGA version 6
software. Detection of biosynthesis surfactin gene was carried out by PCR method using srfAD primers. Analysis of the homology level
of the surfactin gene was performed using the NCBI BLASTn and BLASTp genetic analysis program. The indigenous Bacillus sp.
ES4.3 had 97.66% closeness to the species Bacillus velezensis FZB42 and the surfactin gene showed a 100 for % ID with the surfactin
biosynthesis thioesterase SrfA-D gene on the Bacillus amyloliquefaciens group. The biosurfactant activity indicated by the formation gf
clear zones, the formation of emulsions, and a decrease in surface tension in the values of 21.38 mN/m from the NB medium control and

e
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33.74 mN/m from the distilled water control. The ability of B. velezensis ES4.3 to hemolyzed and reduced surface tension indicated th
presence of biosurfactant that can disrupt stability and damage the midgut of Aedes aegypti. Thus, B. velezensis ES4.3 has the potentig
to be developed as a biocontrol in disease vector.

Key words: Bacillus sp., 16S rRNA, surfactin, hemolytic activity, emulsification activity, surface tension.

INTRODUCTION

Biosurfactants are surface active chemical compounds
that can be synthesized by several microbial groups.
Biosurfactants are an alternative to synthetic surfactants
that are not biodegradable and harmful to the environment
(Moro et al. 2018). Biosurfactants can be applied in various
fields, such as in the food, pharmaceutical, cosmetic,
petroleum industries, and they can be used for remediation
in locations contaminated with oil and heavy metals
(Nwaguma et al. 2016; Gomaa and EI-Meihy, 2019; Pele et
al. 2019). Biosurfactants have several advantages over
chemical surfactants, such as lower toxicity, higher
biodegradability, not polluting the environment,
nonharmful, greater and more specific selectivity (De
Almeida et al. 2016; Chaves and Guimaraes 2018).
Furthermore, biosurfactants are stable and efficient under
adverse temperature, pH, and salinity, which is typically
encountered in the petroleum industry (Silva et al. 2014).
Biosurfactants can also effectively reduce surface tension

(ST) and interface stress (IT), as well as excellent foaming,
emulsifying, and dispersing agents that are widely used in
many industrial sectors (Jacques 2011; Pacwa-Plociniczak
etal. 2011; Mulligan et al. 2014).

One of the microbial genus that can produce
biosurfactants is Genus Bacillus. Bacillus known to be
capable of synthesizing lipopeptide biosurfactants, such as
surfactin, iturin, and fengicin (Mongkolthanaruk 2012).
Surfactin consists of 7 amino acids (L-leucine, p-leucine, (-
aspartate acid, .-valine, p-leucine, _-leucine, and (-glutamic
acid) which are bound to carboxyl and hydroxyl groups of
fatty acid carbon atom number 12-16. Surfactin is
synthesized by a complex mechanism, catalyzed by the
Nonribosomal Peptide Synthetase (NRPS), which is
encoded by the srfA operon. Surfactin is one of the three
most important lipopeptides detected around the
rhizosphere (Henry et al. 2011; Nihorimbere et al. 2012).
Surfactin have a strong biosurfactant activity, it can
suppress plant diseases (Cawoy et al. 2014) by the
inhibition of bacterial growth, it breaks down the
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membranes or disintegrate it through physicochemical
interactions (Deleu et al. 2013), suppressing fungi by
encouraging the colonization of beneficial bacteria (Jia et
al. 2015), and triggers a systemic resistance (Cawoy et al.
2014).

Detections the activity of biosurfactants can be used by
(i) hemolytic activity tests, (ii) methods to analyze the
surface activity, emulsifying activity, and surface
tension/interface tension (Plaza 2014). In addition,
identification of bacterial strains was also carried out,
including 16S rRNA gene analysis and detection of
biosynthesis  surfactin  gene, namely srfA-D. This
methodology ensures that phenotypic and genotypic
features are considered (Das et al. 2013), provided an
overview of the role and importance of molecular genetics
and the gene regulatory mechanisms behind surfactin
biosynthesis of various microbes that have commercial
importance.

The method that commonly used for screening and
genetic identification of bacterial isolates that have the
potential to rapidly produce biosurfactants is through PCR.
PCR was used to identify the 16S rRNA gene and gene that
involved in surfactin biosynthesis, which called srfA-D
(Mulligan et al. 2014). This study was to determine the
name of the indigenous Bacillus sp. ES4.3, the surfactin
biosynthesis gene, and the potential activity for
biosurfactant produced by Bacillus sp. ES4.3 isolated from
the breeding sites of Dengue Hemorrhagic Fever Vector in
Surabaya, East Java, Indonesia.

MATERIALS AND METHODS

Isolate and Media Preparation

Bacillus sp. ES4.3 is a bacterial isolate that has been
isolated from endemic breeding sites of Dengue
Hemorrhagic Fever Vector in Surabaya, East Java,
Indonesia in the previous research (Salamun et al. 2020).
We used three media in this research. Nutrient Agar (NA)
medium used for purification of Bacillus sp. ES4.3, Luria
Bertani (LB) medium used for isolation of DNA Bacillus
sp. ES4.3, and Nutrien Broth (NB) medium used for
culturing Bacillus sp. ES4.3 for biosurfactant activity. The
three media were prepared with distilled water and
sterilized using an autoclave at 121°C 1 atm. Bacillus sp.
ES4.3 was cultured on the different three medium and
incubated at 35°C for 24 hours.

Identification of 16S rRNA gene

Identification of 16S rRNA gene was initiated by
culturing isolates of Bacillus sp. ES4.3 into 20 mL of Luria
Bertani medium, incubated at 35°C with agitation at 120
rpm for 48 hours. Furthermore, to obtain DNA, extraction
was carried out using the CTAB method (Ausubel et al.
2003) with DNA Wizard Genomic DNA Purification Kit
(Promega). DNA purity and concentration values were
measured using Multiskan GO on A 260 nm and X 280 nm.
Hereafter, 16S rRNA gene amplification was carried out
using Eppendorf Mastercycler equipment. This process
begins by adding GoTaq Green Master Mix and 16S rRNA

primers, in the form of primers 27F and 1492R. The
Polymerase Chain Reaction (PCR) was conditioned as
follows: initial denaturation of 94°C for 2 minutes,
denaturation of 92°C for 30 seconds, annealing 55°C for 30
seconds, elongation of 72°C for 1 minute, final elongation
of 72°C for 5 minutes, 35 cycles. The PCR product were
visualized through an electrophoresis process using 1%
agarose gel followed by Ethidium Bromide staining and
observed in ultraviolet light. The PCR samples were sent to
the 1% Base DNA Sequencing Service Malaysia. Amplikon
was sequenced and analyzed for similarity with GenBank
data using BLASTn NCBI (Altschul et al. 1997). The data
were also analyzed for their relation by building a
phylogenetic tree using MEGA version 6 software (Tamura
etal. 2013).

Detection of Biosynthesis Surfactin gene

In this stage, to identify surfactine gene, the same
procedures for 16S rRNA identification were performed
but by using srfA-D gene primers. The srfA-D gene
primers are self-designed on the page ThermoFisher
Scientific Oligo Perfect Primer Designer cloning
application.

Biosurfactant Screening Activity
Hemolytic test

Hemolytic test was carried out by culturing the bacterial
isolate Bacillus sp. ES4.3 in sterile Blood Agar medium
that obtained from the Surabaya Laboratory. Isolate
Bacillus sp. ES4.3 was inoculated into the Blood Agar
medium by spot method. After that, it was incubated at
37°C for 24 to 48 hours. The positive results of this test can
be observed in the hemolysis zone and the color changes
that occur around the bacterial colony.

Emulsification activity

[Emulsification activity was carried out to determine the
ability of Bacillus sp. ES4.3 in emulsifying liquid
hydrocarbons, i.e. kerosene and diesel fuel. The bacteria
were cultured in liquid NB medium and incubated for 24
hours. Bacterial cell-free culture supernatant obtained by
centrifugation at 5500 rpm for 15 minutes was supplied by
with kerosene and used diesel fuel in different test tubes,
and homogenized using vortex at high speed for 2 minutes.
Stability was measured after 1 hour. Emulsification activity
is determined by index calculation (E24). This calculation
is done through the formula by Ozdal et al. (2017).

E24 e x 100%
HS

E24 : emulsification activity on 24 hours
HE - high of the emultion layer
HS - high of total solution

Surface tension

.The surface tension of the cell-free culture supernatant
obtained by centrifugation was measured using the Kruss
100 tensiometer (Kruss GmbH, Hamburg, Germany) by the
Du Nouy ring method. Measurements were replicated 3x to
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improve accuracy and average retrieval. This calculation is
done through the formula by Chauhan et al. (2013).

y=yo—
o

& : the surface tension of the sample
vo: surface tension standard value of distilled water at t°C
0 : the indicated sample value according to the instrument
scale
0o: distilled water value shown according to the instrument
scale

RESULTS AND DISCUSSION

Analysis of 16S rRNA gene

Isolate of Bacillus sp. ES4.3 was identified by
amplification and sequencing of the 16S rRNA gene using
PCR. The sequences of Bacillus sp. ES4.3 DNA was
analyzed using BioEdit Sequence Alignment Editor
software version 7.2.5. and nucleotide Basic Local
Alignment Search Tool (BLASTn) that followed by the
website of the National Center for Biotechnology
Information (NCBI) “http://www.ncbi.nlm.nih.gov”, In
Figure 1. showed the band of DNA from PCR result on
agarose gel 1%.

The PCR results in Figure 1. showed the band of 16S
rRNA gene from Bacillus sp. ES4.3 isolate. When it
matched with size order of DNA marker, the size of the
band measuring 1500bp.

The result of nucleotide Basic Local Alignment Search
Tools (BLASTn) analysis in Table 1. indicate that this
isolate as the Bacillus sp. ES4.3 isolate shares 97.66%
similarity with Bacillus velezensis strain FZB42, (GenBank
access number NR_075005.2). This is because the results
in Table 1. show the highest % ID is Bacillus velezensis

strain FZB42 when it compared with Bacillus atrophae
strain NBRC 15539 and Bacillus atrophaeus strain JC
9070.

Analysis of Phylogenetic Tree

Figure 2. showed the phylogenetic analysis of Bacill
sp. ES4.3 against other strain of Bacillus velezensis.Thes|
bacteria are used to calculate evolutionary distances an
construct phylogenetic trees. The bootstrap test (100
replications) is shown next to the branch. The consens
procedure was used to produce a bootstrap phenogram i
the phylogenetic tree, which is analyzed by Neighbor-Joi
Method.

3000 bp

1500 bp
1000 bp

- 250 bp |

Figure 1. Electrophoresis result of DNA Bacillus sp. ES4B
isolate marked with a band measuring 1500 bp. (S = Sample; M =
Marker).

Table 1. The Results of Basic Local Alignment Search Tools (BLAST) of Bacillus sp. ES4.3.

Description Scientific Name Query Cover % ID
Bacillus  velezensis strain FZB42 16S Bacillus velezensis 99% 97.66%
ribosomal RNA gene, complete sequence
Bacillus atrophaeus strain NBRC 15539 16S Bacillus velezensis 99% 97.52%
ribosomal RNA gene, partial sequence
Bacillus atrophaeus strain JCM 9070 16S Bacillus velezensis 99% 97.52%
ribosomal RNA gene, partial sequence
KYEo4454 1 Bacibus welezensis strain NRRL B G5 nbesomal RNA genes parial sequense

e MK522153 1 Bacillus
MNT04511.1

id | Bacllus wlezensis simin BS1 165 rbosomal RNA gene partial sequence

nsis slrai 65 riby Al RNA gene paital sequence

scillus wlzzensis strsin E 65 riboscmal RNA gene partial sequence

illus sp 543

gene parial seq

85 ricosomal RNA parial sequence
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Figure 2. Phylogenetic tree of Bacillus sp. ES4.3 and another bacteria of B. velezensis strains

Analysis of Biosynthesis Surfactin Gene

The sequencing results that obtained were analyzed
using BioEdit software, BLASTn, and BLASTp to
determine the similarity of the srfA-D gene B. velezensis
ES4.3 with the genes in other bacteria. A test was also
conducted to determine the similarity between the protein
of the srfA-D gene B. velezensis ES4.3 with another protein
of the srfA-D gene Bacillus in GenBank. Figure 3. showed
the band of srfA-D gene on agarose gel 1% with a
successfully amplified size of 722 bp. Based on the
BLASTp results, the protein in the srfA-D gene of B.
velezensis ES4.3 have the highest similarity with the
surfactin_biosynthesis thioesterase SrfA-D from Bacillus
amyloliquefaciens group bacteria in Genbank by 100%
(GenBank access number WP_003156383.1). On the
research of Rabbee et al. (2019), said that based on
phylogenomic analysis B. velezensis belong to the same
clade as a B. amyloliquefaciens.

Screening of Biosurfactant Activity
Hemolytic Activity

Hemolytic activity can be identified on Blood Agar
medium with 24 hours observation by looking at the clear
zone around the microbial colonies (Carillo et al. 1996).
Hemolytic activity of B. velezensis ES4.3 can be seen in
Figure 4.

Emulsification Activity

Table 2. showed that the emulsification activity of the
cell-free supernatant of B. velezensis ES4.3 used kerosene
and diesel fuel at 1 hour and 24 hours observation. The
emulsification activity of B. velezensis ES4.3 in kerosene
showed an increase, while in diesel fuel it showed a
decrease.

Surface Tension
Table 3. showed that the surface tension value of the
culture supernatant B. velezensis ES4.3, when it compared

of the culture supernatant of this isolate decreased to 21.38
mN/m from the NB medium control, 33.74 mN/m from the
distilled water control, and 3.91 mN/m from the Tween
control.

3000 bp

722 bp 750 bp

250 bp

Figure 3. Electrophoresis results of the srfA-D gene in B.
velezensis ES4.3 isolates marked with samples. In the sample,
there is a band measuring 722 bp. (S = Sample; M = Marker)

Figure 4. The clear zone is formed from the hemolytic activity of
the B. velezensis ES4.3 isolate on Blood Agar medium. Notes: a)

with the surface tension values of the, distilled water halo zone, b) Colony of B. velezensis ES4.3. [Formatted: Font color: Auto
control, NB medium control, and Tween control, the value
Table 2. Results of emulsication activity of supernatant of B. velezensis ES4.3 on kerosene and diesel fuel. [
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gene sequencing serves as an approximation method for
rapid and accurate bacterial identification. A bacterium is
said to represent the same genus if it has a similarity index
above 95% and represents the same species if it is above
97% (Srinivasan et al. 2015; Johnson et al. 2019).

The Bacillus sp. ES4.3 isolate shares 97.66% similarity
with the Bacillus velezensis strain FZB42 (GenBank access
number NR_075005.2). These results are different from
conventional identification results through observations of
macroscopic, microscopic, and physiological characters
that have been carried out by Salamun et al. (2020), which
stated that Bacillus sp. ES4.3 is Bacillus sphaericus with a
comparable coefficient calculation (Ss) of 76.12%.

Figure 2. showed the phylogenetic analysis of Bacillus
sp. ES4.3 against other strains of B. velezensis. This shows
that Bacillus sp. ES4.3 has a close relationship with B.
velezensis BS1 and B. velezensis FZB42. It can be seen
from the location of the branching between Bacillus sp.
ES4.3 with B. velezensis BS1 and B. velezensis FZB42.
Another thing that could also be due to the high percent
identity or the low nucleotide variation between Bacillus
sp. ES4.3 with B. velezensis BS1 and B. velezensis FZB42.
This strain was found from pepper fields in Gangwon
Province, Korea. Based on the research of Shin et al.
(2021), they said that B. velezensis BS1 was consistently
able to produce cellulase, proteases, and siderophores; and
inhibited the growth, appressorium formation, and disease
development of Colletotrichum scovillei, a pepper
anthracnose pathogen. B. velezensis BS1 showed a high
inhibitory effect on the mycelium growth of Botrytis
cinerea isolated from strawberries, Rhizoctonia solani and
Sclerotinia sclerotiorum isolated from lettuce. In addition,
according to Shahid et al. (2021), the antifungal activity of
Bacillus can also fight other agricultural pathogens, such as
Fusarium  oxysporum, Fusarium moniliforme, and
Colletotrichum falcatum (Shahid et al. 2021). Other results
in the study of Shin et al. (2021) also showed that B.
velezensis BS1 could promote the growth of chili seedlings.
In the phylogenetic tree, Bacillus thuringiensis is an
outgroup.

The sequencing results were analyzed using BioEdit
software, BLASTn, and BLASTp to determine the
similarity of the srfA-D gene in B. velezensis ES4.3 with
the genes in other bacteria. A test was also conducted to
determine the similarity between the protein of the srfA-D
gene B. velezensis ES4.3 and another protein of the gene
srfA-D Bacillus in GenBank. Based on the results of
BLASTD, the protein in the srfA-D gene from B. velezensis
ES4.3 has the highest similarity of 100% with surfactin
biosynthesis thioesterase SrfA-D from the Bacillus
amyloliquefaciens group bacteria in Genbank. Figure 3. is
the result of electrophoresis of the srfA-D gene from DNA
samples of B. velezensis ES4.3. This sample was used to
detect surfactin genes by PCR with a primer designed from
732 bp of srfA-D gene fragments from B. velezensis. The
PCR screening results showed that the amplification of the
srfA-D gene fragment was found in B. velezensis ES4.3,
identified as B. velezensis Htq6, with a successfully
amplified size of 722 bp. The srfA-D gene is known to

produce thioesterase, which is presumed to be involved in
the lactonization process (Satpute et al. 2010).

The hemolytic activity can be identified by looking at
the clear zone around the microbial colonies (Carillo et al.
1996). Hemolytic activity of B. velezensis ES4.3 can bb
seen in Figure 4. Carillo et al. (1996) stated that there is a
relationship between hemolytic activity and biosurfactant
production. In the Blood Agar medium, B. velezensis ES4.8
was inoculated. The presence of hemolytic activity, which
is indicated by the formation of a halo zone around the
colony, means the biosurfactants were produced.

From these results, it can be seen that the hemolysis
type of this bacterial isolate is [-hemolysis or total
hemolysis, which is indicated by the visible clear zone as(F
result of the lysis of all red blood cells and the release
hemoglobin from the cells. Bacteria that cause B-hemolysis
are the ones with the most potential to produce
biosurfactants because biosurfactants act as hemolysin
substances. The hemolysin substance acts as an antibody
against erythrocyte membrane antigen which causes
hemolysis (Ibrahim et al. 2013). The hemolytic activity of
biosurfactants can occur by two different mechanisms. The
first one is by dissolving the membrane, which normally
occurs at high biosurfactant concentrations and the second
one is by increasing the membrane permeability to small
solutes that occur when the biosurfactant concentration is
low causing osmotic lysis (Zaragoza et al. 2010).

The clear zone in the Blood Agar medium correspondej
to changes in the permeability of the target cell membrane.
The ability of these compounds to increase the permeability
of cell membranes is caused by the formation of ion-
conducting pores (Maget-Dana and Peypoux 1994). As a
result, biosurfactants can directly interact with membrane
lipids that enter the membrane and form pores in the larvae
midgut and destroy the membrane through detergent-like
interactions (Butko 2003).

The results of the emulsification activity can be seen in
Table 2. These results indicate that there are differences in
the results of the emulsification activity of the supernatant
B. velezensis ES4.3 on kerosene and diesel fuel substrates.
Better properties are characterized by a greater emulsion
index value, which means that the surfactant has large
emulsion stability. The results also showed a decrease ih
the value of emulsification activity after 24 hours, which
indicates a relatively stable emulsification activity. Th
research proves that the biosurfactant product can b
categorized as a bioemulsifier. The occurrence gf
emulsification activity in B. velezensis ES4.3 is indicate
by the formation of foam, which creates a layer in the tubs.
The foam layer was then measured to calculate th
emulsification activity value (Ni’'matuzahroh et al. 2017).
The emulsification index value indicates the stability of the
emulsion, and the line above 50% showed goofl
biosurfactant producers (Willumsen and Karlson 1997).

The mechanism by which surfactants work as
emulgators is by reducing the tension between the surface
of water and oil, so that a film layer is formed on tT

f

surface of the dispersed globules phase. Hencs,
emulsification activity is related to the parameters
biosurfactant production because it is a very good
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emulsifier. The indicators of biosurfactants that are
produced by microorganisms can be seen in the
emulsification activity of the media. Emulsification activity
can be seen by the formation of an emulsion that looks like
a bubble between the substrate and the media (Arifiyanto et
al. 2020).

The surface tension value of the culture supernatant B.
velezensis ES4.3 can be seen in Table 3. When compared
with the surface tension values of the distilled water
control, NB_medium control, and Tween control, the value
of the culture supernatant of this isolate decreased to 21.38
mN/m from the NB medium control, 33.74 mN/m from the
distilled water control, and 3.91 mN/m from the Tween
control. Bacteria have the potential to produce
biosurfactants if they can reduce the surface tension value
> 10 mN/m (Francy et al. 1991). The hydrophobic and
hydrophilic groups in biosurfactants cause these
compounds to accumulate between the liquid phases,
thereby reducing surface tension and interfacial tension
(Kapadia and Yagnik 2013). The decrease in surface
tension is caused by the presence of biosurfactants in the
supernatant produced by bacterial isolates during the
growth process (Arifiyanto et al. 2020). The decrease in
surface tension can affect the entomopathogenic activity of
Aedes aegypti larvae which causes low oxygen underwater,
so that the larvae spiracles continue to open and make it
death (Geetha 2010).

This study concluded that Bacillus sp. ES4.3 which was
identified as Bacillus velezensis ES4.3, has a biosynthesis
surfactin gene. The biosurfactant activity was indicated by
the formation of clear zones, the formation of emulsions,
and a decrease in surface tension in the values of 21.38
mN/m from the NB medium control and 33.74 mN/m from
the distilled water control. The presence of these genes and
the biosurfactant activity indicates that the B. velezensis
ES4.3 has the potential to act as a biosurfactant producer
evidenced by the resulting biosurfactant activity. Thus, B.
velezensis ES4.3 has the potential to be developed as a
biocontrol in disease vectors and other fields of medicine,
agriculture, pharmaceuticals, and waste treatments. Further
research that can be done to produce surfactin include the
production and optimization of biosurfactant production, as
well as characterization of the resulting biosurfactant
product.
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