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Abstract  

 Marine ecosystems are invaluable sources of biodiversity and unique chemical compounds, especially for the 

discovery of new natural products, including enzymes. Marine sediment bacteria from the Losari Coastal, Makassar City, 

Indonesia, show great potential for biotechnological applications due to their ability to produce enzymes with 

extraordinary properties such as salt tolerance, heat stability, and adaptability to extreme conditions. This study 

investigated the enzymatic capabilities of marine sediment bacteria isolated from the Losari Coastal, Makassar City, 

Indonesia, focusing on 3 enzymes: Amylase, lipase, and protease. Bacterial samples were collected from 4 coastal 

locations, and a comprehensive analysis of their morphological, physiological, and molecular characteristics was 

performed, combining 16S rRNA sequencing and protein modeling using SWISS-MODEL. This study yielded 15 

bacterial isolates characterized by a gram-negative, rod-shaped morphology and distinctive, round, yellow colonies with 

serrated edges. Among these, 10 produced amylase, 9 produced lipases, and 10 showed protease activity; however, 2 

isolates stood out because they could produce all three enzymes: amylase, lipase, and protease. The MB-SL 5 isolate 

showed 97.82% similarity to Shewanella algae strain DW01, and the MB-SL 6 isolate had 90.53% similarity to Vibrio 

alginolyticus NBRC 15630 strain, with predicted protein structure code A0A3M5GRJ4_1 A. These findings highlight the 

significant biotechnological potential of marine sediment bacteria from the Losari Coastal producing hydrolytic enzymes 

for industrial applications, which opens new avenues for the development of new biocatalysts. 
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Introduction 

 Marine ecosystems have been identified as rich 

resources of biodiversity [1,2] and chemical compounds 

[3,4], serving as significant sources for the discovery of 

natural products like enzymes [5-7]. Marine bacteria 

play important roles in biogeochemical cycles, organic 

matter degradation, and nutrient dynamics in coastal 

environments through their evolved hydrolytic  

 

enzymes. In recent years, marine bacteria have become 

essential sources of enzymes with high industrial value 

[8-10], exhibiting various enzymatic activities and 

initiating various biochemical events [5]. Enzyme 

biotechnology from marine bacteria efficiently produces 

novel biocatalysts [7] with superior characteristics such 

as high salinity, extreme pH ranges, elevated hydrostatic 
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pressure, and temperature fluctuations [10], cold 

adaptation, and suitability for large-scale production 

[11,12]. 

 Microbial hydrolytic enzymes, including 

amylases, proteases, and lipases, serve as essential 

biocatalysts in the degradation of complex organic 

substrates and play a central role in biogeochemical 

cycles in marine ecosystems [13,14]. These enzymes 

have attracted significant attention in biotechnological 

applications due to their substrate specificity, catalytic 

efficiency, ability to operate under diverse conditions, 

cost-effectiveness, and eco-friendliness as an alternative 

to traditional chemical processes [15]. Kocabaş et al. 

[16] reported that the global market for industrial 

enzymes is projected to have an annual growth rate of 

10% to 15%. These applications span pharmaceuticals 

[17], food processing [18], starch production [19], 

laundry industries [20], detergent manufacturing [21], 

textiles [22], leather treatment [23], wood pulp 

processing [24], and paper production [25]. 

 Protein modeling is a computational approach to 

understanding the structure and function of novel 

enzymes [26,27]. This computational framework 

supports protein engineering to improve stability, 

catalytic efficiency, and substrate specificity for 

industrial applications [28,29]. The integration of 

experimental characterization with computational 

modeling optimizes novel hydrolytic enzymes for 

various industrial processes [30,31]. 

 The Losari Coastal in Makassar City, South 

Sulawesi, is an ecosystem with ideal environmental 

characteristics for isolating bacteria producing high-

value industrial enzymes, where the relatively 

untouched coastal sediments have great potential as a 

source of enzyme-producing bacteria that can be applied 

in various industrial sectors for future biotechnological 

discoveries. This area has a dynamic salinity gradient 

due to the meeting of freshwater from surrounding rivers 

with seawater. This creates selective pressure that drives 

microorganisms to develop enzymes that are highly 

stable to various salt concentrations. Marine sediments 

are rich in organic nutrients from urban activities and 

natural sources, providing a variety of substrates that 

support the growth of bacterial communities, producing 

hydrolytic enzymes such as amylase, protease, and 

lipase [32]. The combination of sunlight exposure and 

tidal patterns creates substantial daily temperature 

variations, providing an optimal habitat for isolating 

bacteria producing thermally stable enzymes, a valuable 

trait that is important for industrial processes operating 

in a wide range of temperature conditions. pH variations 

from biogeochemical activities and anthropogenic 

influences also drive the adaptation of microorganisms 

to produce enzymes with a wide pH tolerance [33].  

 This study investigates the ability of coastal 

marine sediment bacteria in Losari Coastal to produce 

novel hydrolytic enzymes of industrial value, such as 

amylase, lipase, and protease, through isolation, 

characterization, molecular identification, and protein 

modeling. By leveraging the unique microbial diversity 

of the Losari Coastal and advanced protein modeling 

techniques, this research aims to develop new 

biocatalysts that can strengthen Indonesia’s position in 

the global biotechnology market while promoting 

environmentally friendly and sustainable industrial 

practices. 

 

Materials and methods 

 Study area and sample collection 

 Sediment samples were collected from 4 

designated sites along Losari Beach, Makassar, 

Indonesia: Point 1 (–5.133688 N, 119.344029 E), Point 

2 (–5.134539 N, 119.402609 E), Point 3 (–5.135378 N, 

119.402702 E), and a Control Point (–5.123931 N, 

119.344029 E), as illustrated in Figure 1. All samples 

were obtained at a depth of 5 m, approximately 2 km 

offshore, where water temperatures ranged from 30 to 

31 °C and pH values measured between 5 - 7. The 

collected sediments were immediately transferred to 

sterile containers and preserved in a cooler box before 

analysis at the Bacteriology Laboratory of Polytechnic 

of Muhammadiyah Makassar.
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Figure 1 Marine Sediment Losari Coastal, Makassar City Sampling Points. 

 

 Isolation and purification of marine bacteria   

 In a study by Natsir et al. [34] optimization of 

marine bacterial growth was conducted across 

temperature ranges of 30 - 37 °C and pH values of 5 - 7. 

The results revealed optimal marine bacterial growth at 

37 °C with a pH of 7.  Based on Figure 2, the 

methodology involved mixing sediment samples (2 mL) 

with sterile seawater (18 mL), followed by serial 

dilutions from 10¹ - 10⁶. This diluted suspension was 

then inoculated into Brain Heart Infusion Broth (BHIB) 

prepared with sterile seawater and incubated at 37 °C for 

48 h. Subsequently, the pour plate method isolated 

marine bacteria by transferring the enriched culture to 

nutrient agar media containing sterile seawater. Pure 

bacterial isolates were obtained through subculturing 

onto fresh nutrient agar media with sterile seawater 

using the streak plate method, followed by incubation at 

37 °C for 48 h.

 

 

Figure 2 Schema isolation, cultivation, and purification of marine sediment bacteria. 

 

 Morphological and growth patterns of marine 

bacteria 

 Marine bacterial samples with different shapes and 

colors were inoculated onto nutrient agar (NA) with 

sterile seawater and incubated at 37 °C for 48 h. If 

multiple colonies grew, isolation was repeated (Figure 

2). Once a single colony was obtained, it was purified 

using the streak plate method until a pure isolate was 

achieved. Colony morphology was then observed and 

recorded. 
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 Production of extracellular enzymes 

 Bacteria exhibiting diverse morphologies were 

evaluated for their ability to produce hydrolytic 

enzymes, including amylase, lipase, and protease, 

through simple qualitative plate assays using 

appropriate substrates described below. 

 

 Amylase activity 

 The isolates were tested for amylolytic activity by 

inoculating them onto starch-enriched plates (100 mL) 

containing starch (2 g), yeast extract (5 g), NaCl (5 g), 

peptone (5 g), and agar base (2 g), and incubating at 37 

°C for 72 h. After incubation, the plates were stained 

with 2% iodine solution. A clear zone around the colony 

indicated amylase production [35,36]. 

 

 Lipase activity 

 Lipolytic activity was assessed by inoculating 

isolates onto plates with Tween 80-enriched plates (100 

mL) that included Tween 80 (2 g), yeast extract (5 g), 

NaCl (5 g), peptone (5 g), and agar base (2 g), and 

incubating at 37 °C for 72 h. A clear zone around the 

colonies indicated lipase production [37,38]. 

 

 Protease activity 

 Protease production was tested by inoculating 

isolates onto skim milk-enriched plates consisting of 

skim milk (2 g), yeast extract (5 g), NaCl (5 g), peptone 

(5 g), and agar base (2 g) and incubating at 37 °C for 72 

h. A clear zone around the colony indicated protease 

activity [39,40]. 

 

 Quantitative enzyme activity test 

 The enzyme index (EI) was calculated, and the 

isolates with the highest enzyme index were identified. 

The enzyme index provides a more accurate measure of 

the enzyme’s ability to degrade substrates. The 

following formula was used to determine the enzyme 

index [41]: 

 

Enzyme Index (mm) =
Clear Zone Diameter (mm) 

Colony Diameter (mm)
     (1) 

 

 Molecular identification of marine sediment 

bacteria isolates  

 Bacterial diversity from Losari Coastal sediment 

was analyzed by extracting genomic DNA, amplifying 

the 16S rRNA gene, and constructing a phylogenetic 

tree using the neighbor-joining method [42]. DNA was 

isolated using the Gen-Elute Bacterial Genomic DNA 

Kit (Sigma-Aldrich), and the 16S rRNA gene was 

amplified with primers 63F and 1387R [43]. PCR 

conditions included denaturation at 95 °C for 2 min, 

followed by 30 cycles of 95 °C for 1 min, 58 °C for 30 

s, and 72 °C for 1 min [44]. Sequences were compared 

using the Basic Local Alignment Search Tool (BLAST) 

available at: https://blast.ncbi.nlm.nih.gov/Blast.cgi and 

visualized in a phylogenetic tree using the MEGA 11 

application, constructed using the Maximum Likelihood 

(ML) method. Phylogenetic reconstruction using the 

Bootstrap 1000 method,  and substitution Model with 

Kimura 2-parameter. 

 

 Protein modelling  

 The protein modeling stage using sequencing data 

with NCBI proteins begins with processing the 

sequencing data to identify open reading frames (ORFs) 

and translation of DNA sequences into protein 

sequences in FASTA format, then a homology search is 

carried out using BLAST on the NCBI protein database 

to find proteins with high similarity that have 3D 

structures available in PDB. NCBI provides a complete 

collection of protein sequences, including proteins that 

have been identified in the coding region of GenBank 

and RefSeq, as well as cross-references with SwissProt 

and PDB, making it easier to identify structural 

templates. The modeling process is carried out using a 

server such as SWISS-MODEL by inputting the 

sequenced protein sequences, where the target protein 

can be given as an amino acid sequence in FASTA 

format. The final stage is a comprehensive evaluation of 

the quality and reliability of the protein structure using 

various standard validation parameters such as 

MolProbity Score, Clash Score, Ramachandran 

analysis, and rotamer outliers, which provide a 

comprehensive picture of the level of confidence that 

can be given to each protein structure. 

 

Results and discussion 

 Characteristics of marine bacterial isolates 

 Fifteen bacterial isolates were sourced from 

marine sediments at 4 locations along the Losari 

Coastal, Makassar, Indonesia. Each isolate was cultured 

on nutrient agar (NA) supplemented with sterile 
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seawater. Colonies were analyzed for shape, color, 

texture, elevation, Gram staining, and cell shape. 

Isolates exhibiting distinct features were further 

identified molecularly to assess them. 

 The 15 marine bacterial isolates were cultured on 

nutrient agar with sterile seawater. Most showed rapid 

growth, with microscopic examination revealing pink, 

gram-negative, rod-shaped colonies. Morphologically, 6 

isolates had scalloped edges, 6 had raised edges, and 3 

were purely round. Based on Table 1 regarding color, 6 

isolates were creamy, 4 were creamy white, and 5 were 

creamy yellow. Textures ranged from smooth (8 

isolates) to waxy (7 isolates), and elevations mainly 

were convex (9 isolates), with 6 flats.

 

 

Table 1 Morphological characteristics of marine bacterial isolates. 

Isolates Shape Color Rough Elevation Cell shapes 

MB-SL 1 Round with scalloped margin Creamy white Waxy Flat Negative 

MB-SL 2 Round Creamy Smooth Convex Negative 

MB-SL 3 Round with raised margin Creamy yellow Waxy Convex Negative 

MB-SL 4 Round with raised margin Creamy Waxy Flat Negative 

MB-SL 5 Round with scalloped margin Creamy yellow Waxy Flat Negative 

MB-SL 6 Round with scalloped margin Creamy yellow Waxy Flat Negative 

MB-SL 7 Round Creamy yellow Waxy Flat Negative 

MB-SL 8 Round with raised margin Creamy yellow Smooth Convex Negative 

MB-SL 9 Round with raised margin Creamy white Waxy Convex Negative 

MB-SL 10 Round with scalloped margin Creamy Smooth Flat Negative 

MB-SL 11 Round with scalloped margin Creamy white Smooth Convex Negative 

MB-SL 12 Round with raised margin Creamy white Smooth Convex Negative 

MB-SL 13 Round Creamy Smooth Convex Negative 

MB-SL 14 Round with raised margin Creamy Smooth Convex Negative 

MB-SL 15 Round with scalloped margin Creamy Smooth Convex Negative 

 

 

 Screening and quantitative hydrolytic enzymes 

of marine sediment bacteria  

 The results of Table 2 show that amylolytic 

activity measurements showed significant variations 

among the 15 marine bacterial isolates tested. The MB-

SL 6 showed the highest amylolytic activity with a clear 

zone diameter of 18.4 ± 1.5 mm, followed by MB-SL 5 

(16.3 ± 1.0 mm) and MB-SL 3 (16.0 ± 1.2 mm). Good 

amylolytic activity was also shown by the MB-SL 1 

(15.1 ± 0.8 mm), MB-SL 7 (14.9 ± 0.8 mm), and MB-

SL 11 (14.5 ± 1.1 mm). In contrast, 5 isolates (MB-SL 

8, MB-SL 10, MB-SL 12, MB-SL 14, and MB-SL 15) 

showed no amylolytic activity at all (0 ± 0 mm), 

indicating the absence of amylase enzyme production or 

very low enzyme activity under the test conditions, after 

iodine staining (A) (Figure 3). Marine bacteria form a 

clear zone in the amylase test after the addition of iodine 

because amylase-producing bacteria secrete enzymes 

that hydrolyze starch around the colony into simple 

sugars [45,46]. Iodine only reacts with intact starch (not 

yet hydrolyzed) to form a blue-black complex, while the 

area around the bacterial colony that has hydrolyzed 

starch does not react with iodine and remains clear [47]. 

The size of the clear zone formed indicates the level of 

amylase enzyme activity produced by the bacteria [48].
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Figure 3 Screening of marine sediment bacterial isolates for Amylase (A), Lipase (B), and Protease (C). 

 

 

 The lipolytic activity profile of marine bacterial 

isolates exhibited a distinct pattern compared to their 

amylolytic activity. The MB-SL 5 showed the highest 

lipolytic activity with a clear zone diameter of 15.5 ± 1.3 

mm, followed by MB-SL 6 (14.7 ± 1.2 mm) and MB-

SL 2 (13.75 ± 1.1 mm). The MB-SL 9 and MB-SL 13 

also showed quite good lipolytic activity with clear zone 

diameters of 13.5 ± 1.0 mm and 12.8 ± 0.9 mm, 

respectively. Interestingly, MB-SL 3, which showed 

high amylolytic activity, did not show any lipolytic 

activity at all (0 ± 0 mm), indicating different 

specificities of enzyme production between isolates. 

Similar to amylolytic activity, 5 isolates (MB-SL 8, MB-

SL 10, MB-SL 12, MB-SL 14, and MB-SL 15) did not 

show lipolytic activity (Table 2). Lipase activity was 

characterized by clear zone formation on the media 

surface (B) (Figure 3). Marine bacteria isolated from 

sediments can release lipase into their surroundings, 

forming clear zones [49]. This phenomenon occurs due 

to the hydrolysis of Tween 80, a lipid substrate in the 

growth medium, which causes a clearing around the 

colonies [50]. Lipase activity in this approach can be 

detected by the appearance of a clear zone and the 

formation of a white precipitate of calcium monolaurate 

surrounding the colony [51]. 

 Proteolytic activity was confirmed by the 

formation of clear zones observed on Skim Milk Agar 

(SKM) plates (C) (Figure 3). Proteolytic activity 

showed a more even distribution among the active 

isolates. The MB-SL 5 again showed the best 

performance with a clear zone diameter of 14.1 ± 0.9 

mm, followed by MB-SL 6 (13.2 ± 0.8 mm) and MB-

SL 4 (12.8 ± 0.6 mm). The MB-SL 13 also showed high 

proteolytic activity (12.75 ± 0.7 mm), almost equivalent 

to MB-SL 4. Most isolates showing proteolytic activity 

had clear zone diameters in the range of 11 - 13 mm, 

including MB-SL 1 (12.4 ± 0.7 mm), MB-SL 2 (12.1 ± 

0.5 mm), MB-SL 7 (12.2 ± 0.5 mm), and MB-SL 9 (12.1 

± 0.6 mm). Consistent with the previous pattern, the 

same 5 isolates did not show proteolytic activity.  

 The process of protease enzyme production by 

marine bacteria in skim milk media is a biochemical 

phenomenon that reflects the adaptive strategy of these 

microorganisms. Skim milk media, with its dominant 

casein content, acts as a very effective trigger for 

proteolytic activity because it provides chemical signals 

that stimulate the expression of protease genes [52,53]. 

When marine bacteria are cultured in this medium, they 

recognize casein as a potential substrate and respond by 

activating a regulatory pathway that leads to the 

synthesis and secretion of protease enzymes [53,54]. 

This regulatory system involves molecular sensors that 

detect the presence of protein substrates and activate 

intracellular signaling cascades that ultimately result in 

the production of the required enzymes [55,56]. The 

ability of marine bacteria to produce proteases in skim 

milk media is manifested visually through the formation 

of clear zones around the colonies, indicating the 

degradation of casein by the enzymes produced [57,58].

 

 

 

A B C 
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Table 2 Measurement of clear zone diameters formed by marine bacterial isolates. 

Isolate code 
Diameter (mm) 

Amylolytic index Lipolytic index Proteolytic index 

MB-SL 1 15.1 ± 0.8 11.75 ± 0.6 12.4 ± 0.7 

MB-SL 2 13.1 ± 0.9 13.75 ± 1.1 12.1 ± 0.5 

MB-SL 3 16.0 ± 1.2 0 ± 0 11.1 ± 0.4 

MB-SL 4 11.5 ± 0.7 12.2 ± 0.8 12.8 ± 0.6 

MB-SL 5 16.3 ± 1.0 15.5 ± 1.3 14.1 ± 0.9 

MB-SL 6 18.4 ± 1.5 14.7 ± 1.2 13.2 ± 0.8 

MB-SL 7 14.9 ± 0.8 11.0 ± 0.7 12.2 ± 0.5 

MB-SL 8 0 ± 0 0 ± 0 0 ± 0 

MB-SL 9 13.0 ± 0.9 13.5 ± 1.0 12.1 ± 0.6 

MB-SL10 0 ± 0 0 ± 0 0 ± 0 

MB-SL11 14.5 ± 1.1 10.3 ± 0.8 11.1 ± 0.4 

MB-SL12 0 ± 0 0 ± 0 0 ± 0 

MB-SL13 10.2 ± 0.6 12.8 ± 0.9 12.75 ± 0.7 

MB-SL14 0 ± 0 0 ± 0 0 ± 0 

MB-SL15 0 ± 0 0 ± 0 0 ± 0 

 

 Of the 15 isolates tested, 10 isolates showed 

enzymatic activity in at least 1 type of enzyme, while 5 

isolates (33.3%) did not show activity in all 3 types of 

enzymes tested. This indicates a high metabolic 

diversity among marine bacteria from the same location. 

Most of the active isolates showed specific enzyme 

production patterns, with some isolates excelling in one 

particular type of activity (such as MB-SL 3, which is 

only active in amylolytic and proteolytic) and some 

other isolates showing multi-enzymatic activity. 

 The MB-SL5 and MB-SL6 isolates were further 

characterized at the species level using molecular 

techniques. This process included extracting genomic 

DNA, amplifying the 16S rRNA gene via polymerase 

chain reaction (PCR), sequencing the 16S rRNA, and 

constructing a phylogenetic tree using the MEGA 11 

application, using the Maximum Likelihood (ML) 

method. 

 

 Molecular identification of bacterial isolates 

 DNA was extracted from bacterial isolates with 

high enzyme production, and gene amplification was 

performed using PCR. DNA quality was assessed by the 

A260/A280 ratio (1.8 - 2.0) and concentration, 

confirming suitability for PCR [59,60]. Agarose gel 

electrophoresis confirmed the DNA [61]. PCR products 

were analysed on a 1% agarose gel, with gene bands of 

1300 bp, and 16S rDNA sequences were compared to 

GenBank entries. The 16S rDNA sequences were 

determined and compared with those in GenBank. The 

MB-SL5 was identified with 97.82% similarity to 

Shewanella algae strain DW01 (NR_044134.1). The 

MB-SL6 identified 90.53% similarity to V. alginolyticus 

strain NBRC 15630 (NR_122050.1). A phylogenetic 

tree was constructed using MEGA 11, using the 

Maximum Likelihood (ML) method [62]. 

 Based on Figure 4, the bootstrap value clustering 

analysis on the Maximum Likelihood phylogenetic tree, 

the MB-SL 5 in the genus Shewanella shows a statistical 

support distribution pattern that can be categorized into 

several groups based on the level of bootstrap strength, 

with this isolate itself being in the group with the highest 

support.

 

https://www.ncbi.nlm.nih.gov/nucleotide/NR_044134.1?report=genbank&log$=nucltop&blast_rank=1&RID=3CDAXZST013
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Figure 4 Phylogenetic tree of bacteria based on 16S rRNA sequences. 

 

 The MB-SL 5 is in the group with the highest 

bootstrap support, which is 99%, indicating an 

extraordinarily strong level of statistical confidence. In 

the genus Shewanella, this very high bootstrap group is 

also represented by several other branches, such as the 

S. algae strain DW01 group, which has a bootstrap value 

of 99%, and several subclusters in the S. algae complex, 

which show bootstrap support of 91%. This very high 

bootstrap group indicates that the species in this 

category have undergone clear and firm evolutionary 

differentiation, with the accumulation of sufficient 

nucleotide substitutions to provide a very strong and 

consistent phylogenetic signal. The position of the MB-

SL 5 in this group indicates that this isolate has a very 

stable and well-defined taxonomic status in the genus 

Shewanella. 

 Within the genus Shewanella, several branches 

showed high bootstrap support, such as 82% for a 

particular subcluster within the S. algae group. 

Although MB-SL 5 is not directly in this group, the 

presence of high bootstrap groups within the same genus 

indicates that the genus Shewanella generally has good 

phylogenetic resolution for most of its lineages. These 

high bootstrap groups showed strong statistical support 

but were not as optimal as the very high bootstrap 

groups, indicating that species in this category have 

clear phylogenetic relationships but may still require 

additional confirmation for certain taxonomic aspects. 

 Several branches within the genus Shewanella 

showed moderate bootstrap support, such as branches 

with values of 78%, 77%, and 73% that support various 

subclusters within the S. algae complex. The S. 

chilikensis group showed 49% bootstrap support, which 

is at the lower limit of this category. Although the MB-

SL 5 is not in the moderate bootstrap group, the presence 

of this group within the genus Shewanella suggests that 
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not all lineages within this genus have optimal 

phylogenetic resolution. This moderate bootstrap group 

indicates that although there is statistical support for the 

grouping, the confidence level still requires additional 

validation for some taxonomic aspects. 

 Several internal branches within the genus 

Shewanella show low bootstrap support, such as 

branches with values of 46%, 34%, 28%, 20%, 16%, and 

15%. These low bootstrap groups are generally found on 

internal branches connecting larger species groups, 

rather than on terminal branches, such as where the MB-

SL 5 is located. The presence of this low bootstrap group 

suggests that although the genus Shewanella generally 

has good phylogenetic resolution, there are still some 

aspects of evolutionary relationships that are not fully 

resolved, especially at deeper levels in the phylogenetic 

tree. 

 The position of MB-SL 5 in the very high 

bootstrap group (99%) has very significant implications 

for the interpretation of its taxonomic and phylogenetic 

status. Compared with the diverse bootstrap distribution 

patterns in the genus Shewanella, the MB-SL 5 occupies 

the most optimal position in terms of statistical support. 

This shows that the MB-SL 5 has a very clear and 

consistent phylogenetic signal, indicating that its 

taxonomic position in the genus Shewanella is not 

ambiguous and is fully reliable. This pattern is in 

contrast to several other isolates in the same genus that 

show lower bootstrap support, indicating that the MB-

SL 5 has distinct and well-defined molecular 

characteristics. 

 Bootstrap clustering that places MB-SL 5 in the 

highest support category indicates that the identification 

of this isolate as a member of the genus Shewanella has 

a maximum level of confidence and does not require 

additional validation from a molecular phylogenetic 

perspective. The wide variation in bootstrap values  

(from 0% to 99%) indicates that the genus Shewanella 

has experienced a complex evolutionary history with a 

non-uniform diversification pattern. High bootstrap 

values, such as 99% for MB-SL 5 and several S. algae 

strains, indicate that these species have undergone a 

clear and distinct divergence, with sufficient mutation 

accumulation to distinguish them genetically. In 

contrast, low bootstrap values  (below 50%) on several 

branches indicate rapid evolutionary radiation or recent 

speciation events, where the species have not had 

enough time to accumulate significant genetic 

differences. From a practical perspective, this bootstrap 

pattern has direct implications for the identification and 

characterization of new isolates such as MB-SL 5. The 

position of this isolate with a bootstrap of 99% provides 

high confidence that the identification as a member of 

the genus Shewanella is accurate. 

 The BLAST results showing high similarity to S. 

algae strain DW01 were consistently confirmed by the 

phylogenetic position of the MB-SL 5 in the Maximum 

Likelihood tree. In the phylogenetic tree, the MB-SL 5 

is located in the same cluster as the S. algae group, 

including strain DW01, which has a bootstrap value of 

99%. The consistency between the BLAST results and 

the phylogenetic placement indicates that both 

molecular analysis methods provide consistent 

conclusions, namely that the MB-SL 5 is a member of 

the S. algae species complex. 

 The 99% bootstrap value for the MB-SL 5 

provides very strong statistical support for the BLAST 

results, indicating that the sequence similarity detected 

through BLAST is not a coincidence or an artifact of the 

analysis. This very high bootstrap support indicates that 

out of 1000 bootstrap replications, 99% support the 

grouping of the MB-SL 5 with S. algae, including strain 

DW01. This provides a very high level of confidence 

(99%) that the identification through BLAST is accurate 

and reliable for taxonomic purposes. The BLAST result 

relatedness with strain DW01 and the phylogenetic 

position supported by high bootstrap indicates that the 

MB-SL 5 has a very close relationship with S. algae 

strain DW01. In the phylogenetic tree, strain DW01 

itself has 99% bootstrap support, indicating that this 

strain has a stable and well-defined taxonomic position. 

The phylogenetic closeness between the MB-SL 5 and 

strain DW01 indicates that the 2 may be different strains 

of the same species or very closely related species within 

the S. algae complex. 

 Based on the bootstrap value clustering analysis 

on the Maximum Likelihood phylogenetic tree in 

Figure 4, the MB-SL 6, which is in the genus Vibrio, 

shows a statistical support distribution pattern that can 

be categorized into several distinct groups based on the 

level of bootstrap strength. In the genus Vibrio, the 

group with high bootstrap support is represented by the 

V. azureus subcluster strain LC2-005, which has a 

bootstrap value of 82%. This group shows a clear 
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separation and is strongly supported statistically, 

indicating that V. azureus has a stable and well-defined 

taxonomic position within the genus Vibrio. Although 

MB-SL 6 is not directly in this subcluster, the existence 

of a group with high bootstrap within the same genus 

indicates that several Vibrio lineages have reached a 

sufficient level of divergence to provide a strong 

phylogenetic signal. 

 The MB-SL 6 is in the context of a group that 

includes several branches with moderate bootstrap 

support. The V. alginolyticus group, consisting of 

multiple strains (NBRC 15630, ATCC 25916), formed 

a cluster with 52% bootstrap support, indicating 

moderate but acceptable statistical support for 

identification purposes. Other subclusters within the 

genus Vibrio also showed bootstrap values in this range, 

such as a branch with a value of 55% supporting the 

formation of a particular group. This moderate bootstrap 

group indicates that although there is statistical support 

for the grouping, the level of confidence is not as 

optimal as the group with a high bootstrap. Most of the 

internal branches within the genus Vibrio relevant to the 

position of the MB-SL 6 showed low bootstrap support, 

with values such as 47, 38, and even very low values 

such as 28%, 20%, 15%, 12%, 11%, and 8%. This low 

bootstrap group includes many branches connecting 

different Vibrio species, including the area where the 

MB-SL 6 is located. These low bootstrap values indicate 

high uncertainty in phylogenetic relationships at this 

level, suggesting that the available sequence data do not 

provide a strong enough signal to resolve evolutionary 

relationships with high confidence. 

 The significance of the diverse clustering patterns 

of bootstrap values for the MB-SL 6 within the genus 

Vibrio reflects the evolutionary complexity and 

taxonomic challenges faced in classifying these marine 

bacteria. The dominance of low-to-moderate bootstrap 

groups within the genus Vibrio, in contrast to several 

Shewanella groups that show high bootstraps, indicates 

that the genus Vibrio has undergone a fundamentally 

different evolutionary history. This pattern suggests that 

Vibrio species may have undergone rapid adaptive 

radiation over a relatively short period of time, during 

which diverse environmental selection pressures in 

marine ecosystems have driven rapid diversification but 

have not allowed sufficient time for the accumulation of 

sufficient mutations to produce a strong and consistent 

phylogenetic signal. 

 The methodological significance of these 

bootstrap patterns is that traditional single-gene (e.g., 

16S rRNA)-based phylogenetic approaches may not be 

optimal for taxonomic resolution within the genus 

Vibrio. The dominance of low bootstrap values indicates 

that a single genetic marker does not provide enough 

information to resolve the complex phylogenetic 

relationships in this genus. This suggests the need to 

adopt more comprehensive genomic approaches, such 

as multilocus sequence analysis (MLSA), core genome 

phylogeny, or even whole genome sequencing, to 

achieve adequate phylogenetic resolution. For isolating 

MB-SL 6 in particular, this means that accurate and 

reliable identification may require investment in more 

advanced sequencing technologies and more 

sophisticated bioinformatics analyses. Ecologically and 

evolutionarily, the significance of this bootstrap pattern 

suggests that the genus Vibrio is likely a highly plastic 

and adaptive group of bacteria to variations in marine 

environments. The rapid speciation indicated by the low 

bootstrap may be an evolutionary response to the high 

heterogeneity of marine habitats, ranging from coastal 

to deep sea, from tropical to polar zones, and from 

aerobic to anaerobic conditions. The MB-SL, as a part 

of this actively diversifying genus, likely has high 

adaptive potential and may have unique characteristics 

that have not been fully characterized. This condition 

suggests that the genus Vibrio, including the MB-SL 6, 

may harbor an as-yet-unexplored metabolic and 

functional diversity, which may have important 

biotechnological applications or ecological roles in 

marine ecosystems that still need to be further 

investigated through multidisciplinary and integrative 

research approaches. 

 

 Protein modelling 

 Protein modeling from sequencing results 

involves a series of systematic steps that convert amino 

acid sequence information into a predictable 3-

dimensional structure. The 1st step is sequence analysis 

and quality control, where the sequenced results need to 

be cleaned of contaminants, verified for quality, and 

translated from DNA into a protein sequence using the 

appropriate genetic code. This step also involves 

identifying the correct open reading frame (ORF) and 
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confirming that the sequence does not contain internal 

stop codons or frameshifts that could interfere with the 

accuracy of the structure prediction.

 

 

 

>lcl|ORF1 

MWFNSMQREEPYLLLTSTESGRDTSVPSGTVRQVLHGCRQLVL 

>lcl|ORF4 

MWFNSMQREEPYLLLTSRELSRDGLVPSGTLRQVLHGCRQLVL 

Figure 5 (A) The amino acid sequence of Shewanella algae strain DW01 and (B) The amino acid sequence of V. 

alginolyticus strain NBRC 1563. 

 

 

 Comparative amino acid sequence analysis 

between ORF1 of S. algae strain DW01 (Figure 5(A)) 

and ORF4 of V. alginolyticus strain NBRC 15630 

(Figure 5(B)) revealed an extraordinarily high level of 

conservation, with sequence identity reaching 

approximately 92.7%. Both proteins are identical in 

length, i.e., 41 amino acid residues, indicating that they 

are likely to be orthologous proteins with the same or 

very similar biological functions in these 2 different 

bacterial species of the genus. This very high level of 

similarity indicates that these proteins have very 

important functional roles and are evolutionarily 

conserved among Gram-negative bacteria. 

 Three specific amino acid substitutions distinguish 

the 2 sequences, all concentrated in the central region of 

the protein (positions 19 - 29). The 1st substitution at 

position 19 represents a change from Threonine (T) in 

S. algae to Arginine (R) in V. alginolyticus, which is a 

transition from a neutral polar amino acid to a positively 

charged amino acid with a larger side chain. The 2nd 

substitution at position 22 shows a change from 

Glutamic acid (E) to Leucine (L), which is a dramatic 

substitution from a negatively charged amino acid to a 

neutral hydrophobic amino acid. The 3rd substitution at 

position 29 shows a conservative change from Valine 

(V) to Leucine (L), both of which are hydrophobic 

amino acids with similar branched chain structures. 

 This pattern of substitution distribution is 

significant because it shows that the N-terminal 

(residues 1 - 18) and C-terminal (residues 30 - 41) 

regions are highly conserved across species, indicating 

that these regions may contain active sites, binding 

domains, or structural motifs that are critical to protein 

function. In contrast, the variability in the central region 

likely reflects species-specific adaptations that do not 

interfere with the primary function of the protein but 

may be related to optimization for different 

environmental conditions. The presence of nearly 

identical N-terminal MWFNSMQREEPYLLL and C-

terminal PSGT[VL]RQVLHGCRQLVL motifs 

strengthens the hypothesis that these 2 proteins are 

functional homologs that have undergone minimal 

evolutionary divergence, possibly playing roles in basic 

metabolism or essential cellular functions that require 
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high structural conservation to maintain their biological 

activity. 

 Figure 6(A) shows the results of 3-dimensional 

protein structure modeling for ORF1 from S. algae 

strain DW01 bacteria using the SWISS-MODEL 

platform accessed via a web browser. This protein 

model was successfully showed quite good modeling 

quality with a GMQE (Global Model Quality 

Estimation) score of 0.64 on a scale of 0 - 1, indicating 

that the model’s confidence level is in the moderate to 

good category. 

 The template used for homology modeling is the 

A0A3M5GRJ4_1. A protein which is the Putative 

ORF58e from the AlphaFold database, with the source 

organism Pseudomonas savastanoi (Pseudomonas 

syringae pv savastanoi). Although the template comes 

from a different bacterial genus from the target 

(Pseudomonas vs Shewanella), the high level of 

sequence identity reaching 76.19% with good coverage 

provides a solid basis for structural modeling. This 

protein is predicted to function as a monomer, meaning 

it does not form a multi-subunit complex under 

physiological conditions. 

 The resulting 3-dimensional structure shows a 

compact protein architecture with a combination of 

secondary structure elements in the form of α-helices 

and β-sheets. Visualization using a rainbow coloring 

scheme from the N-terminus (red) to the C-terminus 

(blue/purple) shows a well-organized protein fold with 

several well-defined structural domains. The presence 

of loops and turn regions connecting the secondary 

structure elements indicates structural flexibility that 

may be important for protein function. 

 

 

 

Figure 6 (A) Structural protein prediction of Shewanella algae strain DW01; (B) Ramachandran plots (a) General, (b) 

Glycine, (c) Proline, and (d) Pro-proline. 

 

 Analysis of Ramachandran plots specific to S. 

algae strain DW01 (Figure 6(B)) proteins provides 

insight into the structural characteristics of proteins of 

this pathogenic marine bacterium with remarkable 

environmental adaptability. The general plot (a) shows 

a typical backbone conformational distribution for 

facultative anaerobic gram-negative bacterial proteins, 

with the green areas reflecting conformational regions 

optimized for function under varying marine 

environmental conditions. The concentration of dots in 

the alpha-helix and beta-sheet regions indicates that S. 

algae strain DW01 proteins maintain stable secondary 

structures as a foundation for enzymatic activity and 

complex protein-protein interactions, particularly in the 

anaerobic respiration and alternative energy metabolism 

systems characteristic of the Shewanella genus. 

 The glycine plot (b) for S. algae strain DW01 

displays a very broad distribution, reflecting the critical 

need for conformational flexibility in proteins that 

interact with the outer membrane and the electron 

transport system. High flexibility of glycine residues is 

essential for proteins such as cytochrome c and 

components of the external electron transport system 

that enable S. algae strain DW01 to respire over a 

variety of electron acceptors, including metal oxides and 

complex organic compounds. This widespread 

distribution also indicates structural adaptation of the 

protein to the varying salinity and osmotic pressures 

A 

a b 

c d 
B 
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experienced by this bacterium in its marine and 

estuarine habitats, where protein conformational 

changes must accommodate fluctuating 

physicochemical conditions. 

 The proline plot (c) shows very tight 

conformational restrictions, reflecting the critical role of 

proline residues in maintaining rigid structures in key S. 

algae strain DW01 proteins involved in pathogenesis 

and virulence. This restricted conformation is 

particularly important for proteins interacting with 

siderophores and the iron ion binding system, where 

structural precision is required for optimal binding 

affinity and specificity. The cyclic structure of proline 

provides the thermal and chemical stability required for 

S. algae strain DW01 proteins to maintain function 

under conditions of oxidative stress and pH variations 

frequently encountered in host tissues during infection. 

 The pro-proline plot (d) reveals extreme 

conformational restrictions, indicating that S. algae uses 

the pro-proline structural motif to create highly specific 

turns and loops in proteins involved in adhesion, 

invasion, and evasion of the host immune system. This 

highly restricted region indicates that the pro-proline 

sequence in S. algae proteins serves as a rigid structural 

link between functional domains, ensuring precise 

spatial orientation for complex molecular interactions. 

This characteristic is particularly relevant for cell 

surface proteins and virulence factors that require highly 

precise conformations to interact with host cell receptors 

and evade detection by the adaptive immune system, 

reflecting the molecular evolution of S. algae strain 

DW01 that has successfully adapted to both the marine 

environment and vertebrate hosts. 

 The significance of Ramachandran’s modeling 

results for S. algae strain DW01 reveals a highly 

sophisticated evolutionary strategy by this marine 

bacterium to optimize its protein architecture for a dual 

life as an environmental organism. The conformational 

distributions shown in the 4 plots collectively reflect 

how S. algae strain DW01 has evolved a molecular 

toolkit that allows it to survive in the harsh marine 

habitat while also being able to infect vertebrate hosts 

when the opportunity arises. The overall plots show that 

S. algae strain DW01 proteins maintain the basic 

structural stability required for essential metabolic 

functions, but with additional flexibility that allows 

rapid adaptation to drastically changing environmental 

conditions. 

 The clinical and ecological significance of this 

modeling lies in the understanding that the high 

conformational flexibility at glycine residues allows S. 

algae to modulate its surface proteins and secretion 

systems during the transition from the marine 

environment to host tissues. The ability of proteins to 

adopt these diverse conformations explains why S. algae 

strain DW01 can rapidly adapt from anaerobic 

respiratory metabolism in marine sediments to aerobic 

metabolism in host tissues, as well as changing its 

antigenic profile to evade immune responses. 

Meanwhile, the tight conformational restrictions on 

proline residues and pro-proline motifs indicate that this 

bacterium has evolved to maintain key protein structures 

critical for virulence and pathogenesis in a highly stable 

form that is resistant to selective pressures from the host 

immune system. 

 From a biotechnological and therapeutic 

perspective, this model provides a blueprint for the 

development of antimicrobial strategies that target 

specific conformational regions of the S. algae strain 

DW01 proteins. Inhibitory molecules can be designed to 

disrupt the conformational flexibility required for 

environmental adaptation or to disrupt the rigid 

conformation required for virulence function. 

Understanding the Ramachandran distribution also 

opens up opportunities for the development of S. algae 

strain DW01 protein-based biosensors that can exploit 

natural conformational flexibility for environmental 

change detection, as well as vaccines that target epitopes 

in regions with the most stable and conservative 

conformations. 

 The most profound evolutionary implication of 

this model is that S. algae strain DW01 represents a 

successful example of convergent evolution between 

extreme environmental adaptation and opportunistic 

pathogenesis. This unique Ramachandran pattern 

suggests that selective pressures from the marine 

environment and host-pathogen interactions have 

shaped a protein conformational landscape that allows 

these bacteria to function as molecular generalists able 

to optimize protein structures for a wide range of 

functions depending on the environmental context, 

while maintaining a coherent genomic and proteomic 

identity as a single species. 
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 Figure 7(A) shows the results of 3-dimensional 

protein structure modeling for ORF4 from V. 

alginolyticus strain NBRC 15630 bacteria using the 

SWISS-MODEL platform accessed via a web browser. 

This page displays the modeling results for model 01 

with the status Oligo-State Monomer and a GMQE 

(Global Model Quality Estimation) value of 0.64, 

indicating a fairly good model quality. 

 The template used is A0A3M5GRJ4_1 A Putative 

oRF58e, which is an AlphaFold DB model of the 

A0A3M5GRJ4_PSESS protein with the Pseudomonas 

savastanoi organism. The data shows a sequence 

identity of 88.10% with high coverage, indicating a 

good template suitability for homology modeling. 

Model-Template Alignment information is also 

available for further analysis. 

 Visualization of the 3D structure of the protein 

showing a ribbon representation with a gradient color 

from red to purple. This structure shows the 

characteristics of a protein with several folded domains, 

including complex loops and turns. There is also a 

control panel at the bottom for manipulating the 

structure display, including options for carbon 

arrangements and other visualization features. This 

interface allows researchers to perform interactive 

protein structure analysis and download results for 

further analysis. 

 Figure 7(B) shows the Ramachandran plot 

analysis for the protein of V. alginolyticus strain NBRC 

15630, consisting of 4 different panels that each analyze 

the distribution of phi (φ) and psi (ψ) dihedral angles for 

a different category of amino acid residues. Panel (a) 

shows a general Ramachandran plot that includes all 

amino acid residues in the protein structure. The 

distribution of green dots indicates stereochemical 

allowed conformations, with a high concentration in the 

alpha helix (lower left quadrant) and beta sheet (upper 

left quadrant). The distribution of residues in allowed 

regions indicates good quality of the protein structure. 

 Panel (b) specifically analyzes the glycine residue, 

which has the highest conformational flexibility because 

its side chain consists of only hydrogen atoms. The 

wider distribution seen in this plot indicates that glycine 

can adopt a variety of conformations that are 

inaccessible to other amino acids, including regions that 

are usually forbidden to other residues. 

 Panels (c) and (d) analyze proline and pre-proline 

residues (the residue immediately before proline in the 

sequence). Proline has a cyclic structure that limits its 

flexibility, so its distribution is more restricted to certain 

regions in the Ramachandran plot. This restricted 

distribution pattern reflects the unique geometric 

constraints of proline due to the covalent bond between 

the side chain and the protein backbone, which results in 

a relatively fixed phi angle of about 60°.

 

 

Figure 7 (A) Structural protein prediction of V. alginolyticus strain NBRC 15630 by SWISS-MODEL; (B) Ramachandran 

plots (a) General, (b) Glycine, (c) Proline, and (d) Pro-proline. 

A 

a b 
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 The Ramachandran plot results for the V. 

alginolyticus strain NBRC 15630 protein have very 

important significance in validating the quality of the 

protein structure and its implications for biological 

function. The distribution of residues concentrated in 

stereochemically permitted regions in all 4 panels 

indicates that the analyzed protein structure has very 

good quality and is biophysically realistic, which is a 

crucial indicator that there are no significant problems 

in the structure determination or modeling process 

carried out. 

 The distribution patterns that are in accordance 

with theoretical expectations for each category of amino 

acid residues confirm the normal structural 

characteristics of this protein. The high flexibility shown 

by glycine residues, the typical conformational 

constraints of proline, and the general distribution of 

residues in the classical alpha helix and beta sheet 

regions all indicate that this protein has a stable and 

functional molecular architecture. This agreement is 

very important because it indicates that the protein is 

likely to be able to perform its biological function 

optimally, considering that a proper structure is a 

prerequisite for catalytic activity, binding specificity, 

and protein stability in a complex cellular environment. 

 From the perspective of applied research, this 

good Ramachandran validation provides a high level of 

confidence that the protein structure can be used for 

further analysis, such as drug design, protein 

engineering, or molecular interaction studies. A 

structure with solid validation becomes a reliable 

foundation for the development of biotechnological 

applications, especially in the context of molecular 

characterization of strain NBRC 15630. These results 

not only provide insight into the quality of the protein 

produced by this organism but are also relevant for a 

deeper understanding of the pathogenicity mechanism 

of V. alginolyticus and its potential applications in 

marine and medical biotechnology. 

 The structure validation comparison Table 3 using 

Mol-Probity Results data aims to conduct a 

comprehensive evaluation of the quality and reliability 

of protein structures from 2 different bacterial species, 

namely S. algae and V. alginolyticus. This table serves 

as a systematic quality control benchmark to ensure that 

the protein structure that has been determined or 

modeled has acceptable geometric and stereochemical 

accuracy before being used for further biological 

analysis. By using various standard validation 

parameters such as MolProbity Score, Clash Score, 

Ramachandran analysis, and rotamer outliers, this table 

provides a comprehensive overview of the level of 

confidence that can be given to each protein structure. 

In addition, this table aims to identify specific structural 

differences between homologous proteins from both 

bacterial species, which can provide insight into the 

molecular evolution and phylogenetic relationship 

between S. algae and V. alginolyticus. Direct 

comparison allows researchers to understand how amino 

acid sequence variations at certain positions can affect 

local structural stability, protein flexibility, and potential 

functional implications. This information is invaluable 

for comparative genomics studies and can help in 

understanding possible structural adaptations related to 

the different ecological niches of the 2 bacterial species. 

 From a practical application perspective, this table 

also serves as a guide to determine which structure is 

more suitable for a particular downstream application, 

such as drug design, protein engineering, or molecular 

interaction studies. By identifying specific outlier 

residues and problematic regions, researchers can make 

informed decisions about whether the structure is 

accurate enough for their research purposes or requires 

further refinement before being used in computational 

experiments or molecular design.

 

Table 3 Mol-probity results. 

Categorical Value 

 Shewanella algae Vibrio alginolyticus 

Mol-Probity Score 1.92 1.92 

Clash Score 0.00 0.00 

Ramachandran Favoured 65% 65.00% 
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Categorical Value 

 Shewanella algae Vibrio alginolyticus 

Ramachandran Outliers 

12.50% 

A40 GLN, A29 GLY, A12 TYR, 

A21 GLY, A18 THR 

12.50% 

A40 GLN, A29 GLY, A21 SER, 

A18 ARG, A12 TYR 

Rotamer Outliers 
5.13% 

A16 THR, A35 LEU 

5.13% 

A16 THR, A35 LEU 

C-Beta Deviation 

Bad Bonds 

0 

0/342 

0 

0/350 

Bad Angels 2/463 3/3742 

Twisted Non-Proline 

(A17 SER-A18 THR), A41 LEU 

2/39 

(A39 ARG-A40 GLN), 

(A40 GLN-A41 LEU) 

(A11 PRO-A12 TYR), (A26 VAL-

A27 PRO), (A17 SER-A18 ARG) 

2/39 

(A39 ARG-A40 GLN), 

(A40 GLN-A41 LEU) 

 

 Comparative analysis of protein structure 

validation between S. algae and V. alginolyticus shows 

very similar structural quality characteristics but with 

some significant specific differences. Both proteins 

have an identical Mol-Probity Score of 1.92, indicating 

acceptable structural quality, with a Clash Score of 0.00 

indicating no steric conflict between atoms in both 

structures. The percentage of residues located in 

Ramachandran favored regions is also identical at 65%, 

indicating that most of the protein backbone 

conformations are in the energetically favored range. 

 A striking difference is seen in the identification 

of Ramachandran outliers, where both proteins have the 

same percentage (12.50%) but with different specific 

residues. S. algae showed outliers at residues A40 GLN, 

A29 GLY, A12 TYR, A21 GLY, and A18 THR, while 

V. alginolyticus had outliers at A40 GLN, A29 GLY, 

A21 SER, A18 ARG, and A12 TYR. These differences 

indicate variations in local structural flexibility between 

the 2 proteins, where amino acid substitutions at certain 

positions (GLY → SER at position 21 and THR → ARG 

at position 18) can significantly affect the backbone 

conformation. 

 Rotamer outliers analysis showed identical 

patterns in both proteins (5.13%) with the same residues 

A16 THR and A35 LEU, indicating that side chain 

conformation problems occur at conservative positions. 

Other validation parameters, such as C-Beta deviation 

and bad bonds, showed very good results for both 

proteins (value 0), but there were differences in bad 

angles, where S. algae had 2/463 while V. alginolyticus 

had 3/474. Twisted non-proline analysis revealed 

conformational problems in different segments, with S. 

algae showing twisted backbone at (A17 SER-A18 

THR) and A41 LEU, while V. alginolyticus had 

problems in several segments including (A11 PRO-A12 

TYR), (A26 VAL-A27 PRO), and (A17 SER-A18 

ARG), indicating that sequence differences may affect 

flexibility and local strain in the protein structure. 

 Shewanella is an ecologically crucial bacterial 

genus whose members are widely distributed in 

freshwater, seawater, sediment, and deep oceans [55-

57]. Shewanella comprises Gram-negative, facultatively 

anaerobic, oxidase-positive, and motile bacteria [64]. 

Due to its unique physiological and respiratory 

versatility, Shewanella spp. can survive in a wide range 

of ecological niches (for example, suboptimal 

environmental conditions with extreme salinity and high 

barometric pressure, spoiled foods, and clinical 

specimens) and has been applied in environmental 

protection and industrial development. Particular 

species of Shewanella spp produce chitinase, lipase, 

protease, elastin, and alkyl sulfate enzymes [63]. 

Shewanella indica KJW27, isolated from the coastal 

sediments of the Arabian Sea, was used as the host 

bacterium to isolate its phages from the Yellow Sea, 

China [65]. 

V. alginolyticus is a Gram-negative bacterium 

found in marine and estuarine environments [66,67] and 

discovered a novel multifunctional enzyme, Amy63, 
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produced by the marine bacterium V. alginolyticus 63. 

Remarkably, Amy63 possesses amylase activities. V. 

alginolyticus Jme3-20 produced a multitude of 

extracellular enzymes in isolated mangrove sediments 

of Pantai Gading, Secanggang District, Langkat 

Regency, North Sumatra, Indonesia [67]. V. 

alginolyticus produces some of the most promising 

bacterial proteases (including collagenases), which have 

attracted interest for a long time and are routinely used 

for biomedical and pharmaceutical applications [68]. 

Biosynthesis of gold nanoparticles using the marine 

microbe V. alginolyticus can be cost-effective and 

environmentally friendly, with anti-inflammatory and 

anti-cancer effects against colon cancer [69].  

 

Conclusions 

 This study yielded 15 bacterial isolates 

characterized by a gram-negative, rod-shaped 

morphology and distinctive, round, yellow colonies with 

serrated edges. Among these, 10 produced amylase, 9 

produced lipases, and 10 showed protease activity; 

however, 2 isolates stood out because they could 

produce all three enzymes: amylase, lipase, and 

protease. The MB-SL 5 isolate showed 97.82% 

similarity to S. algae strain DW01, and the MB-SL 6 

isolate had 90.53% similarity to V. alginolyticus NBRC 

15630 strain, with predicted protein structure code 

A0A3M5GRJ4_1 A. These findings highlight the 

significant biotechnological potential of marine 

sediment bacteria from the Losari Coastal producing 

hydrolytic enzymes for industrial applications, which 

opens new avenues for the development of new 

biocatalysts. 
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