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Abstract. Setyati WA, Pringgenies D, Soenardjo N, Pramesti R. 2023. Enzyme-producing symbiotic bacteria in gastropods and bivalves
molluscs: Candidates for bioindustry materials. Biodiversitas 24: 20-25. Biotechnology plays a vital role in modern civilization because
almost all aspects of human life have benefited from the development of biotechnological applications, especially in the bioindustry.
Therefore, the present study aims to obtain bacterial isolates from molluscs and identify those with the potential to produce protease,
amylase, and cellulase enzymes using bimolecular methods and bacterial biochemical analysis. The samples were collected in April
2022 from the coastal waters of Krakal, Special Region of Yogyakarta, Indonesia. The symbiotic bacteria were isolated, and screened
for different enzymatic activity. The molecular method (16S rRNA gene sequence) was used to identify bacterial isolates with the
highest potential for enzymatic activity. Biochemical analysis of isolates that are potential candidates for industrial materials was carried
out using the thin-Layer Chromatography (TLC) method to detect the compounds produced by bacteria. The results showed that the
bacterial isolates GS 1-4, GS 2-1, and GS 2-12 had similarity with Alcaligenes faecalis (99.83%), Alcaligenes faecalis (99.74%) and
Alcaligenes aquatilis (98.51%) respectively. The three isolates showed the potent enzymatic activity and contained alcohol, amines,
aldehyde, ketone and conjugated aromatics, as well as amino acids for potential candidates of bioindustry materials.
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INTRODUCTION

The bioindustry is an inseparable part of modern
civilization due to the continuous use of bioindustry
techniques in the production of processed products such as
wine, bread, and other foodstuffs. The industrial sector is
important in agriculture for the realization of a sustainable
the bioindustry farming system as the main vision of
agricultural development for 2015-2045. Along with the
development of the bioindustry, enzymes become one of
the important raw materials. Previous research showed that
more than 80% of the global enzyme market consists of
products from the application of catalysts (Adrio and
Demain 2014; Singh et al. 2016). Although more than 50%
of these enzymes are obtained from genetically modified
organisms, their uses are still concentrated in the food
industry (Singh et al. 2018).

Molluscs are one of the most common types of marine
organisms found in intertidal areas (Ariyanto et al. 2020)
and have antimicrobial potency (Pringgenies et al. 2021a).
They have high potential as a source of bioactive agents
commonly used in the bioindustry but, overexploitation has
threatened their existence in the wild. Excessive sourcing
from natural habitats can also cause a significant reduction
in the number of these organisms and an imbalance in the
ecosystem. This leads to the investigation of the potential
for bacterial symbionts of marine organisms. Subsequently,
it was discovered that, symbiotic bacteria have great
potential in producing the same active compounds
(Kristiana et al. 2020). Therefore, symbiotic bacteria could

be used as a substitute for various kinds of organisms as a
source of exploitable raw materials. By applying bacterial
symbionts as a source, the bioindustry could be meet the
need for enzyme raw materials in a sustainable manner,
which aids the survival of their host species (Zhukova et al.
2022).

More than 80% of the global enzymes market is derived
from the applications of catalysts in the bioindustry. It was
found that, the ocean holds enormous potential because
only about 30% of marine resources are currently used in
biotechnology. Meanwhile, the direct exploitation of
organisms to produce enzymes can threaten the survival of
certain endangered species. Garcia and Gerardo (2014)
have emphasized the use of bacterial symbiont organisms
as a substitute for the original microorganism in sourcing
materials. This is because the organisms contain the same
compounds as the host and can be replenished by culture in
a controlled environment within a relatively short period.

The use of symbiotic bacteria in replacing the role of
native organisms in synthesizing enzymes have distinct
advantages. These include the prevention of
overexploitation of the host organism, and meeting the
demands of enzymes, especially protease and amylase in
the market. This is because microorganisms have a high
level of activity, coupled with a fast growth rate, and can
produce the enzyme amylase in higher quantities (Gopinath
et al. 2013). Microorganisms are also used as a source of
enzymes (Raveendran et al. 2018), because of a shorter
production cycle, ease of cultivation and modification,
relatively fast growth rate, low production costs, and their
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availability does not depend on changing seasons (Narihiro
and Kamagata 2013; Lobo et al. 2019, Bonnet et al. 2020).
Other results showed that fast-growing engineered
microbes (Pei and Schmidt 2018), microorganisms and
climate change (Cavicchioli et al. 2019), symbiotic
microbiome (Yang et al. 2022), large-scale production of
enzymes (Fasim et al. 2021), characteristics of lactic acid
bacteria (LAB) and the expanding applications in the food
industry (Wang et al. 2021) and molluscan compounds
provide drug leads (Bonnet et al. 2020). Therefore, the
present study aims to determine the potential of gastropods
and bivalve molluscs symbiotic bacteria that produce
protease, amylase, and cellulase enzymes in the coastal
waters of Krakal, Yogyakarta, Indonesia, using molecular
identification.

MATERIALS AND METHODS

Study area

Samples were collected in April 2022, including two
gastropod species, namely Conus ebraeus L.1758 and
Morula aspera, as well as one bivalve species, Hiatula
chinensis collected from Krakal beach, Yogyakarta.
Indonesia.

Isolation and characterization, of symbiotic bacteria
The media used to isolate bacteria was Zobell marine
broth 2216E with the addition of 3% agar. The media was
homogenized using a magnetic stirrer at a temperature of +
80°C and a magnet, followed by sterilization using an
autoclave for 15 minutes at 121°C. Subsequently, 10 g of
the sample was taken and put into 90 mL of sterile
seawater, which was diluted to a factor of 101, 102, and 10-
3, Hundred microliters from each dilution was taken and
introduced onto Zobell marine 2216 E agar media. The
mixture was flattened using a spreader and incubated for 48
h at room temperature ranging from 20-25°C. Purification
of bacterial isolates was carried out using the streak method
by Setyati and Subagiyo (2012). Bacterial colonies were
categorized and selected based on morphology and purified
by streak plates method to obtain pure cultures.
Subsequently, bacterial characteristics were determined by
direct observation (macroscopic), namely colony shape,
surface type, edge, and color, which were further classified.

Screening of bacteria for enzyme activity

The enzymatic activity of pure cultures was determined
by testing the production activity of the enzymes protease,
amylase, and cellulase using the procedures by Setyati et
al. (2016) with slight modifications. Screening for
proteolytic activity was carried out by culturing the test
bacteria on Zobell marine agar media enriched with 1%
skim milk, and the plates were incubated for 48 h. The
bacteria were spotted onto Petri plates using the doting
technique and proteolytic activity was examined by
transparent zone formation. The activity of the amylase
enzyme was carried out by culturing the test bacteria using
the doting technique on Zobell marine agar media, which
was enriched with 1% soluble starch. Bacterial growth was

observed after the incubation process for 48 h and the
media was dripped with iodine to determine the amylolytic
activity based on the clear zone formed. Cellulase activity
was tested by culturing the bacteria on Zobell marine agar
media enriched with 1% carboxymethylcellulose (CMC).
Subsequently, bacteria were cultured using the doting
technique and the media were incubated within 48 h. After
incubation time, iodine was dripped onto the media to
determine cellulosic activity.

Characterization of compounds produced by bacteria

Thin-layer chromatography (TLC) method was
employed to detect the compounds produced by bacteria.
The TLC plate was inserted into a glass chamber
containing n-hexane in liquid and saturated vapor form.
The N-hexane will move along the plate, which was
removed from the chamber when the n-hexane reaches the
upper limit of the plate end. Observation of the sample
elution was carried out using UV light at wavelengths of
254 nm and 330 nm. The appearing spots were marked
with a pencil and the elution results were further observed
by dipping the TLC plate. KMnO4 stain solution were
dried to emphasize the spots. The experiment was repeated
for n-hexane that was added with ethyl acetate,
dichloromethane (DCM), chloroform, or acetone in various
volume ratios.

Microscopic characterization of bacteria

The three bacteria with the highest enzymatic activity
were selected to pass through the Gram staining process
that was carried out using stain reagents consisting of A
(Violet crystal), B (Lugol), and C (Safranin). The bacterial
sample were first placed on an object of glass and dried
over a fire. Subsequently, reagent A was dripped on the
slide for 30 seconds and the slide was rinsed with running
water and drain. The reagent B was introduced to the
preparation and left for 30 seconds, which was rinsed and
dried. The preparation was rinsed with 70% alcohol until
the color was not dissolved, cleansed again with running
water, and allowed to dry. Reagent C was dripped onto the
surface of the preparation and allowed to stand for 1 min,
rinsed, and dried. The staining results were observed under
a microscope with a magnification of 100X 1.25 and
assisted with immersion oil.

Molecular identification

Molecular identification was completed through the
initial extraction of the DNA from bacteria. The extracted
DNA template was put into the polymerase chain reaction
(PCR) process using the standard method. This was
followed by electrophoresis observation of the agarose gel
and the results were viewed using a UV transilluminator.
The results of the PCR product were sent to PT, Genetika
Science Indonesia, in Jakarta for sequencing. The finished
sequence data were edited using MegaX software and
compared with the existing sequence data in GenBank
using BLAST (Basic Local Alignment Search Tool) in the
NCBI database  (http://www.ncbi.nlm.nih.gov). The
similarity of the 16S rRNA gene sequences results with the
NCBI database sample is determined from the similitude of
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the total score, query cover, e-value, and percentage of the
bacteria.

RESULTS AND DISCUSSION

Isolation and characterization of symbiotic bacteria

The symbiotic bacteria isolated from the samples had
different morphologies. Based on observations, there were
55 bacterial colonies from the collected samples with 17
GS 1, 13 GS 2, 10 BV 1, and 15 BV 2 symbionts. The
enzymatic activity such as protease, amylase, and cellulase
of the isolated symbiotic bacteria observed showed varying
results among the four samples observed. It was also
discovered that 12 bacteria were able to synthesize protease
enzymes, while 10 bacteria synthesized amylase enzymes.
However, there were no bacteria capable of synthesizing
cellulase enzymes (Tables 1).

The results of the enzymatic test showed that there are 3
selected isolates to be namely isolates GS 1-4; GS 2-land
GS 2-12 were evaluated for further study. Gram staining
was performed on three selected bacterial isolates that had
the highest enzymatic activity. All three selected isolate
were Gram negative bacteria.

Molecular identification of symbiotic bacteria

The search results for the homology of the 16S rRNA
gene sequence of symbiotic bacteria isolates with BLASTn
showed that the GS 1-4 match (99.83%) with Alcaligenes
faecalis, isolates GS 2-1 and GS 2-12 had a match of
99.74% and 98.51% with A. faecalis, respectively (Table
2).

Characterization of compounds produced by bacteria

Based on the results of the TLC (Table 3), bacterial
isolate GS 1-4 contains alcohols, amines, aldehydes,
ketones and amino acids as well as aromatics conjugated
compounds. Bacterial isolate GS 2-1 contains alcohols,
amines, aldehydes, ketones, and aromatics conjugated
compounds. Meanwhile, bacterial isolate GS 2-12 contains
only aromatics conjugated compounds.

The abundance of molluscs in the inter-tidal area is
influenced by various factors, which affected other species
specific to each coast. Characteristics and changes in their
environment cause molluscs to adapt for their survival.
This condition allows marine biota such as molluscs to
produce secondary metabolites that are quite diverse as a
means of survival.

Meanwhile, the restriction on the movement of animals
has the potential for more promising bioactive compounds
when compared to those that move freely (Santosa et al.
2020; Pringgenies et al. 2021b). Since enzymes are widely
used components in the bioindustry today, there is a real
concern that using natural sources can lead to the
overexploitation of organisms. Symbiotic bacteria are
associated with both the outside (epiphytic) and inside
(endophytic) of an organism, with the ability to produce
compounds that are similar or even the same as their hosts.

The use of symbiotic bacteria to replace organisms as a
source of various compounds has been put forward as a
solution to prevent and mitigate the impact of
overexploitation of natural resources. Krakal Beach,
Gunung Kidul, Yogyakarta, Indonesia has a high diversity
of mollusc species, with an elevated adaptation cycle and a
fairly extreme environment on the southern coast of Java.
The molluscs in this area are estimated to have high
adaptability and produce compounds, and good enzymes,
which makes them important for research.

Table 1. Enzymatic activity of symbiotic bacteria

Enzymatic activity

Bacteria Protease Amylase

GS 1-2
GS 14
GS1-5
GS 1-9
GS 1-10
GS 1-11
GS 2-1
GS 24
GS 2-9
GS 2-10
GS 2-12
GS 2-13
BV 1-2
BV 1-4
BV 2-3
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Table 2. BLAST homology of symbiont bacteria of gastropods
and bivalves molluscs

Isolate Relative match Ho_m?)logy Access
(in %) number
GS 14 Alcaligenes faecalis 99.83% MT579857.1
GS 2-1 Alcaligenes faecalis 99.74% MT579857.1
GS 2-12  Alcaligenes aquatilis 98.51% MT572474.1

Table 3. Results of thin-layer chromatography (TLC) on the
selected bacteria

Bacterial

. Staining Detection
isolate
GS 14 Vainillin Alcohol, amines, aldehyde, ketone
Ninhidrin Amino acid
uv Aromatics conjugated
GS 2-1 Vainillin Alcohol, amines, aldehyde, ketone
Ninhidrin -
uv Aromatics conjugated
GS 2-12 Vainillin -
Ninhidrin -
uv Aromatics conjugated
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The results obtained after the process of characterizing
the symbiotic bacteria in the entire sample showed
diversity. Isolation data and characterization of GS 1
symbiotic bacteria revealed that the characteristics of the
isolate colonies were irregular and circular forms, with
entire edges and raised surfaces. The dominant color from
the overall isolation is yellow, with a spectrum from bright
yellow to neon. In the GS 2 sample, the symbionts were
dominated by bacterial colonies with a circular form, entire
edges, and raised surfaces. The dominant isolate colonies
showed yellow and white coloration.

Sample BV 1 produced symbiotic bacteria with a
circular shape, entire edge, and a raised surface, where
yellow is the dominant color which varies in shades.
Meanwhile, sample BV 2 had colonies with punctiform
morphology, entire edges, and raised surfaces, which are
dominated by yellow and white. Differences in the
characteristics and colors of bacterial colonies are caused
by several internal and external factors. The difference in
growth in the test media occurred due to the nutrients
contained. According to Gu et al. (2021), the differences in
the growth of bacterial colonies were caused by variations
in the density of bacterial cells and the availability of
nutrients in the culture media. Bacterial characterization
was carried out after isolation and before purification to
enable better observation of the shape of the colonies'
growth. Subsequently, bacterial growth tends to follow the
streak of the inoculation line and spread evenly based on
the availability of nutrient content (Singh et al. 2016).

Enzymatic activity was shown by several bacterial
colonies, although there were colonies that did not show
any activity. The activity of the protease enzyme was
shown by 9 gastropods and 3 bivalve symbionts, where the
highest protease activity was found by the A. faecalis GS 2-
1. This conclusion was obtained from the observation of
the A. faecalis GS 2-1 inhibitory zone, which was the
clearest and largest among other symbiotic bacteria
isolates. Other isolates showed inhibitory zones that
indicated the rest of the abilities. However, the size of the
inhibitory zone can not be calculated quantitatively because
of the difference in growth rates between one bacterium
and another. The appearance of an inhibitory zone around
the bacteria indicated the ability to hydrolyze the skim milk
content in the growth media. Moreover, the ability of
isolates to break down protein content in skim milk is
directly proportional to the transparency of the inhibitory
zone around bacterial growth. These results showed that
not all gastropod and bivalve symbiotic bacteria have
protease enzyme activity. It was also observed that bacteria
isolated from gastropods have a higher potential to
synthesize protease enzymes as indicated by the greater
number of isolates that showed positive results in the
activity screening.

The ability of bacteria to secrete protease enzymes is
influenced by several factors. Bacterial isolates without an
inhibitory zone were an indication that these species cannot
secrete protease enzymes due to several factors that cannot
be clarified through testing only. Enzymes are primary
metabolites formed in the logarithmic growth phase
(Tamano 2014). In this phase, cells will grow rapidly for

enzyme production to increase significantly. Therefore,
further research on the factors influencing the activity of
protease enzyme production in symbiotic bacteria can be a
valuable contribution to science and technology. In testing
the production of protease enzymes, it is necessary to
analyze the protein content and determine the specific
activity of the related enzyme per milligram of protein
(Fachrial et al. 2021).

In observing the amylase enzymatic activity, it was
discovered that the symbiotic bacteria capable of secreting
this enzyme were 10 bacterial colonies from gastropod
samples. The highest amylase enzyme activity was
indicated by A. faecalis GS 1-4 as shown macroscopically
from the diameter of the inhibitory zone and the level of
transparency on the media. The transparent zone is formed
due to the degradation of starch in the media, under the
influence of the activity of the amylase enzyme. The clear
zone formed will be visible on the agar around the bacterial
colonies when an iodine solution is introduced to the
surface.

Testing of amylase activity was carried out by growing
test isolates on media that had been added with starch.
Since pure microorganism isolate can be cultured using
media containing starch, iodine was introduced to the
surface of the culture media impregnated with bacterial
isolates. When there is a transparent zone, it indicates that
the bacteria produce amylase enzyme because in the clear
area the starch has been hydrolyzed, while the blue-black
area shows the opposite. In cellulosic activity testing, no
bacterial isolates produce cellulase enzymes. The cellulase
activity was tested by culturing the test bacteria on Zobell
marine agar media enriched with 1% CMC. Observations
were made by dripping iodine onto the surface of the
culture medium and the presence of cellulosic activity is
indicated by the formation of a transparent zone. Based on
observations, none of the bacteria were able to secrete
cellulase enzymes.

Several types of enzymes commonly used in the
bioindustry are protease enzymes, catalase, AMP
deaminase, galactosidase, glucanase, invertase, maltase,
zymase, dextranase, glucoamylase, pectinase, lactase,
amylase, and cellulase (Raveendran et al. 2018).
Meanwhile, protease, amylase, and cellulase enzymes are
enzymes that are quite often used in processed products
and are also often found in the public (Nigam 2013). The
three isolates of symbiotic bacteria with the highest
enzymatic activity were selected for molecular
identification followed by BLAST homology matching to
determine the identified species. The most viable isolates
were A. faecalis GS 2-1, A. faecalis GS 1-4, and A.
aquatilis GS 2-12 for the best proteolytic, amylolytic
isolate, as well as proteolytic and amylolytic, respectively.
Factors considered in selecting isolates were based on the
size and level of the transparency zone formed, as well as
the stability of the determining enzymatic activity.

Amylase enzymes are widely used in the manufacture
of bread in various types of industries and in the
fermentation process of several types of foodstuffs.
Amylase is estimated to represent 30% of enzyme
production worldwide. Meanwhile, cellulase enzymes are
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used in the bioindustry, especially in food processing such
as coffee and pharmaceuticals (Ejaz et al. 2021). It was
discovered that enzymes in the digestive tract, including
cellulase enzymes, can produce coffee with a distinctive
aroma and taste. Enzymes are compounds produced by
microorganisms, plants and animals. Natural materials
consisting of living things, such as flora and fauna can also
produce enzymes to support their growth, whereas some
species of organisms produce specific enzymes due to
several factors. Animals have great potential in producing
enzymes, with various species contributing to the need for
enzymes in the bioindustry field. Although the fauna is
known to be sourced from land or sea, water and marine
areas have high diversity and potential. It is also reported
that the sea is the habitat of a wide variety of flora and
fauna, however, only about 30% of the sea has been
explored for this purpose.

The results of the Gram staining of the three bacteria
showed a red color in the cell samples, therefore, they are
Gram-negative. Gram-stained bacteria can be observed
using oil immersion and a microscope with a magnification
of 40 x 100. Oil immersion is used to clarify the object
under the microscope. The oil will increase the light that
enters the objective lens after passing through the object.
The difference in the results of Gram staining is caused by
variations in the composition of the bacterial cell wall. The
results showed that the walls of Gram-positive bacteria are
mostly (90%) composed of peptidoglycan, while the rest is
teichoic acid. The Gram-positive bacteria produce purple
stains due to the presence of complex bonds with crystal
violet, while the cell walls of Gram-negative bacteria only
contain 5-20% peptidoglycan and the rest contain
polysaccharides. At the time of Gram staining, the
administration of an alcohol solution can dissolve the lipids
in the cell's outer membrane for the purple color of the
crystal violet to fade and the cell will become colorless.
When stained in red from safranin, the cells will absorb the
color, thereby Gram-negative bacteria turn red.

Molecular identification was carried out to determine
the identified species of symbiotic bacteria isolates. Based
on the results, isolates GS 2-1 and GS 1-4 were similar,
namely, A. faecalis, while GS 2-12 was A. aquatilis. These
two species have a very high similarity because they are
both members of the same genus. Alcaligenes aquatilis is
Gram-negative, aerobic, and motile bacteria but the former
is known as a pathogenic bacterium. They can cause
infection on the skin surface and soft tissues, this is
confirmed by Tena et al. (2015), who found that A. faecalis
has a high potential as a bacterium that causes infection in
patients with vascular disease or after surgery, especially in
the skin and soft tissues. According to Hasan et al. (2019),
A. faecalis is non-pigmented or sometimes yellow and
commonly found in the environment, both in soil and
water. This species is not usually considered a pathogen,
but in some cases of opportunistic infections, and is
pathogenic to fish. A. aquatilis is commonly found in areas
near waters or oceans. These bacteria grow in an
environment with a temperature range of 4 to 35°C with an
optimal value of 18 to 24°C. A. aquatilis can reduce nitrate
and nitrite under anaerobic conditions, which affect the

growth rate of bacterial isolates, while A. faecalis enhanced
denitrification rate with electrodes as the electron donor
(Wang et al. 2015).

Several factors that caused the presence of these
bacteria in the molluscs tested at Krakal Beach, Yogyakarta
was due to intensive human activities in the coastal area.
The two bacteria have been carried from the inland and
reached the coastal area, which formed a symbiosis with
the molluscs in the area. Based on the results of the TLC
test on the 3 isolate samples, it was discovered that A.
faecalis GS 2-1 contains alcohols, amines, aldehydes,
ketones, and Aromatics Conjugated compounds. A.
aquatilis GS 2-12 contains only Aromatics Conjugated
compounds, while A. faecalis GS 1-4 contains alcohols,
amines, aldehydes, ketones, and amino acids as well as
aromatics conjugated compounds. Generally, each isolate
contains aromatics conjugated, two isolates contain
alcohols, amines, aldehydes, ketones, and only one isolate
has amino acids.

Alcohols, amines, aldehydes, ketones, and amino acids
as well as aromatic compounds are compounds contained
in enzymes that help the formation of enzymes. Among the
constituents of this acid are vanillylamine, thyroxine, and
tryptophan, which also make up enzymes, while medium
alcohol compounds contain serine and threonine. Amines
are groups that are present in enzymes, which are their
constituent compounds. This can be found in the enzymatic
reactions developed for the synthesis of alcohols from
simple aldehydes and amines, by combining the reactions
of hydroxymethylation and reduction amination. This
methodology was applied to rapidly access a key building
block of various pharmaceutically important tetrahydro-
quinoline alkaloids (Zhan et al. 2022).

In conclusion, the bacterial isolate GS 2-12 had 98.51%
similarities with the type of A. aquatilis. Meanwhile,
isolates GS 2-1 and GS 1-4 had 99.83% and 97.74% match
with A. faecalis, respectively. The three isolates showed the
required enzymatic activity and contained alcohol, amines,
aldehyde, ketone and conjugated aromatics, as well as
amino acids for potential candidates of bioindustry
materials.
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