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Abstract 

Context: α-Amylase is an essential industrial enzyme widely applied in the conversion of starch into simple sugars. Marine environments are a promising source 

of novel enzyme-producing microorganisms, owing to their diverse and adaptive microbial communities. 

Aims: To isolate and characterize amylolytic microorganisms from marine sources and to evaluate the α-amylase activity of selected isolates. 

Methods: Samples were collected from the marine zone of Pramuka Island, Indonesia. Isolation of bacteria and fungi was performed using modified Zobell 

media, followed by screening for α-amylase activity using starch agar and iodine staining. The most potent isolate, BPP16, underwent morphological, 

biochemical, and molecular characterization via 16S rRNA gene analysis. Crude α-amylase was extracted through liquid-state fermentation and its activity 

quantified using the dinitrosalicylic acid (DNS) assay. 

Results: A total of 27 pure microbial cultures (19 bacterial, 8 fungal) were obtained, with 18 bacterial isolates demonstrating α-amylase activity. Isolate BPP16 
exhibited the highest amylolytic index (5.23 ± 0.07). Characterization revealed Gram-positive, rod-shaped morphology consistent with Bacillus subtilis. 

Biochemical assays indicated positive results for indole, methyl red, Voges-Proskauer, catalase, and motility tests, with glucose fermentation observed. 

Molecular analysis confirmed 100% sequence identity with Bacillus subtilis. The crude enzyme showed an activity of 10.29 IU/mg and a specific activity of 3.62 

U/mg.  

Conclusions: The marine-derived Bacillus subtilis BPP16 exhibited substantial α-amylase activity, suggesting its potential for industrial applications in starch 

processing.  
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Resumen 

Contexto: La α-amilasa es una enzima industrial esencial, ampliamente utilizada para convertir el almidón en azúcares simples. Los ambientes marinos 

constituyen una fuente prometedora de microorganismos capaces de producir nuevas enzimas, debido a la diversidad y la adaptabilidad de sus comunidades 

microbianas.  

Objetivos: Aislar y caracterizar microorganismos amilolíticos de origen marino y evaluar la actividad de la α-amilasa en aislados seleccionados. 

Métodos: Se recolectaron muestras en la zona marina de la isla de Pramuka, Indonesia. El aislamiento de bacterias y hongos se realizó mediante un medio de 
Zobell modificado, seguido de la detección de la actividad de la α-amilasa mediante agar almidón y tinción con yodo. El aislado más potente, BPP16, se sometió 

a caracterización morfológica, bioquímica y molecular mediante el análisis del gen ARNr 16S. La α-amilasa cruda se extrajo mediante fermentación en estado 

líquido y su actividad se cuantificó mediante el ensayo de DNS. 

Resultados: Se obtuvieron 27 cultivos microbianos puros (19 bacterianos y 8 fúngicos), de los cuales 18 aislados bacterianos mostraron actividad α-amilasa. El 

aislado BPP16 presentó el índice amilolítico más alto (5,23 ± 0,07). La caracterización reveló una morfología grampositiva, en forma de bastón, consistente con 

Bacillus subtilis. Los ensayos bioquímicos indicaron resultados positivos para las pruebas de indol, rojo de metilo, Voges-Proskauer, catalasa y motilidad, 
observándose fermentación de glucosa. El análisis molecular confirmó una identidad de secuencia del 100 % con Bacillus subtilis. La enzima cruda mostró una 

actividad de 10,29 UI/mg y una actividad específica de 3,62 U/mg. 

Conclusiones: El Bacillus subtilis BPP16, de origen marino, exhibió una actividad α-amilasa sustancial, lo que sugiere su potencial para aplicaciones industriales 

en el procesamiento del almidón. 

Palabras Clave: actividad enzimática; α-amilasa; Bacillus subtilis BPP16; biotecnología industrial; microorganismos marinos. 
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INTRODUCTION 

Enzymes derived from extremophilic microorgan-
isms are increasingly utilized in industrial processes 
due to their enhanced stability, catalytic efficiency, and 
resistance to harsh environmental conditions (Kochhar 
et al., 2022). These enzymes, often termed extrem-
ozymes, are applied across a wide range of sectors, in-
cluding food manufacturing, pharmaceuticals, paper 
production, and textiles. Among these, α-amylase 
holds a prominent position, accounting for approxi-
mately 25% of the global enzyme market (Hossain et 
al., 2024). Its primary function lies in the hydrolysis of 
starch into smaller carbohydrates such as glucose and 
maltose, making it a critical component in the produc-
tion of sweeteners, ethanol, and biodegradable prod-
ucts. 

The marine environment offers a vast and largely 
untapped reservoir of microbial biodiversity. Marine 
bacteria, in particular, have evolved to withstand ex-
treme variations in salinity, pressure, and temperature. 
As a result, these organisms are capable of producing 
enzymes with unique physicochemical properties, in-
cluding enhanced thermal and ionic stability. Such 
characteristics are highly desirable for industrial appli-
cations that require robust and resilient catalytic sys-
tems (Philippot et al., 2021). 

Microbial communities inhabiting marine sedi-
ments, mangrove ecosystems, and symbiotic organ-
isms such as sponges and seagrasses are known to pro-
duce extracellular enzymes with diverse bioactivities. 
The structural complexity of these environments pro-
vides a selective pressure that fosters the evolution of 
metabolic pathways geared toward environmental 
adaptability, including the biosynthesis of hydrolytic 
enzymes like α-amylase (Kochhar et al., 2022). 

Pramuka Island, part of the Seribu Islands archipel-
ago located north of Jakarta Bay, was selected as the 
sampling site for this study. The island is characterized 
by ecological richness, including coral reefs, man-
groves, and diverse marine flora and fauna. These fea-
tures create a suitable habitat for marine microorgan-
isms with potential biotechnological applications.  The 
geographic coordinates of the sampling area range 
from 06°00'40" to 05°54'40" South Latitude and from 
106°40'45" to 109°01'19" East Longitude. 

Although several Bacillus species, including B. sub-
tilis (Klinfoong et al., 2022), B. licheniformis (Msarah et 
al., 2020), B. cereus (Sahu et al., 2024), and B. amylolique-
faciens (Abd-Elhalim et al., 2023), have been previously 
reported as prolific producers of α-amylase, the contin-
ued search for strains with superior enzyme activity 
and novel functional traits remains a priority. Enzyme 

yield and activity are influenced by multiple factors, 
including the microbial strain, cultivation conditions, 
and nutrient availability. 

This study was conducted to explore the potential 
of microorganisms from Pramuka Island as sources of 
α-amylase. The objectives included the isolation and 
preliminary screening of microbial strains for amyloly-
tic activity, morphological and chemical characteriza-
tion of the most potent isolate, molecular identification 
using 16S rRNA sequencing, and the evaluation of en-
zyme activity and specific protein content in the crude 
extract. The findings aim to contribute foundational 
knowledge for the development of novel microbial en-
zymes suited for industrial use.  

MATERIAL AND METHODS 

Chemicals and reagents 

The media component, including yeast extract, pep-
tone, dextrose, bacteriological agar, Modified Zobell 
media, starch agar, Tween 80, Triple Sugar Iron Agar, 
MRVP broth, and Simmon citrate agar, was procured 
from Himedia (Mumbai, India). NaCl, KCl, 
CaCl₂·2H₂O, MgSO₄·7H₂O, MgCl₂·6H₂O, NaHCO₃, 
HCl, NaOH, I₂, KI, H₂O₂, Kovac's reagent, alpha-naph-
thol, and TBE buffer were procured from Merck 
(Darmstadt, Germany). Molecular biology kits and en-
zymes, including The Quick-DNA Magbead Plus Kit 
(Zymo Research, USA) and MyTaq HS Red Mix 2X (Bi-
oline, UK), were used for DNA extraction and amplifi-
cation. All reagents were analytical grade. 

Sampling site and sample collection 

Samples were collected from the marine environ-
ment of Pramuka Island, Jakarta, Indonesia 
(05°44′0.25″ S, 106°37′22.3″ E). Collection zones in-
cluded littoral and mangrove areas (Fig. 1). A total of 
14 samples were obtained, including marine sediment, 
seawater, brackish water, sea sponge, seagrass, and 
mangrove litter. Sampling was conducted at various 
depths (15–25 meters), and all specimens were trans-
ported to the laboratory in sterile containers on ice for 
immediate microbial isolation. 

Isolation of bacteria and fungi 

Marine sediment samples (1 g) were suspended in 
9 mL of sterile water and serially diluted (10⁻¹ to 10⁻⁷). 
A 1 mL aliquot from each dilution was spread on a 
modified Zobell agar plate, composed of 15 g agar, 2.5 
g peptone, 0.5 g yeast extract, and sterile seawater to a 
final volume of 1 L. The plates were incubated at 37°C 
for 24-48 hours for bacteria and at 25°C for 4-6 days for 
fungi.  
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Figure 1. The sampling site was in the marine zone of Pramuka Island, Jakarta, Indonesia.  

The map, adapted from Google Satellite, includes a scale for distance measurement. 

 

 
[1] 

 
Antibiotics were added to suppress unwanted 

growth. Samples from seawater, brackish water, sea 
sponge, seagrass, and mangrove litter were processed 
similarly, with plant and sponge materials surface-
washed, sectioned aseptically, and directly plated 
(Julianti et al., 2018). 

Screening for α-amylase activity 

Amylase-producing isolates were screened on 
starch agar composed of 30 g starch in ISP medium no. 
4 with sterile seawater. Bacterial suspensions were ad-
justed to an optical density of 0.08–0.10 at 600 nm (~10⁸ 
CFU/mL) and inoculated by drop test onto agar sur-
faces. Plates were incubated under previously de-
scribed conditions. After incubation, iodine solution 
(Lugol’s reagent) was applied to visualize clear zones 
indicating starch hydrolysis (Yassin et al., 2021).  The 
amylolytic index (AI) was calculated as the ratio of the 
clear zone diameter to colony diameter. Tests were 
conducted in triplicate. The amylolytic index was cal-
culated by using this formula [1]. 

Morphological and biochemical characterization 

The most active isolate (BPP16) was subjected to 
Gram staining and microscopy. Colony morphology 

(shape, elevation, color, texture) was recorded. Bio-
chemical tests included indole production, methyl red 
(MR), Voges-Proskauer (VP), citrate utilization, triple 
sugar iron agar (TSIA), motility, and catalase activity. 
Standard protocols using commercially available me-
dia and reagents were followed. 

Molecular identification 

Genomic DNA was extracted using the Quick-DNA 
Magbead Plus Kit. The 16S rRNA gene was amplified 
using universal primers and MyTaq HS Red Mix 2X. 
PCR products were visualized on a 1% agarose gel, pu-
rified, and bidirectionally Sanger-sequenced (Genetika 
Science, Jakarta). Sequences were analyzed using 
BLAST (NCBI) to determine homology and aligned 
with reference strains. A phylogenetic tree was con-
structed in MEGA 11 using the Neighbor-Joining 
method with the Kimura 2-parameter model and 1,000 
bootstrap replications. 

Production of crude α-amylase  

Crude enzyme production was performed via sub-
merged fermentation in YPD medium. The BPP16 iso-
late was inoculated into YPD liquid medium and incu-
bated at 37–45°C, pH 7, and 150 rpm for 48 hours. 

 

 
[2] 

Amylase Index =
 Clear zone diameter − bacterial colony diameter 

bacterial colony diameter
 1 

Enzyme Activity (IU/mL)  =
 Concentration of reducing sugar 

(Weight Molecule Of Glucose)
 × 1000 × 

1

(time of incubation) 
 1 
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Cultures were centrifuged at 10,000 rpm for 5 

minutes at 4°C. The supernatant containing crude en-
zyme was collected (Sanjaya et al., 2024). 

Enzyme activity assay 

The amylase activity of the crude enzyme was 
measured using the 3.5-dinitrosalicylic acid (DNS) 
method. A reaction mixture containing 0.5 mL crude 
enzyme and 0.5 mL 1% starch in 0.2 M phosphate 
buffer (pH 7) was incubated in a microtube at 40°C for 
10 minutes. The reaction was terminated with 1–2 mL 
of DNS reagent, boiled for 5 minutes, and cooled in ice 
water for 10 minutes. The reducing sugars, produced 
as a result of amylase activity, were measured at a 
wavelength of 540 nm, using the DNS reagent as the 
blank (Nisa et al., 2021). The amylolytic enzyme activ-
ity values were determined using a linear equation to 
calculate the glucose concentration in the YPD me-
dium, followed by further calculations based on the 
specified formula [2] (Sanjaya et al., 2024). 

Protein concentration and specific activity 

The protein content was determined by the Biuret 
method (Zheng et al., 2017) using bovine serum albu-
min (BSA) as the standard. Specific activity (U/mg) 
was calculated by dividing the enzyme activity 
(IU/mL) by the protein concentration (mg/mL). 

Data analysis 

All results were obtained from three independent 
replicates. Data were presented as mean ± standard de-
viation. Descriptive statistics were applied; however, 
inferential statistical analysis (ANOVA). A p-value 
<0.0001 was considered statistically significant. 

RESULTS AND DISCUSSION  

Isolation of amylase-producing microbes 

The marine environment of Pramuka Island was 
shown to be a rich source of α-amylase-producing mi-
croorganisms. A total of 27 isolates were recovered, 
with 19 bacterial strains with code BPP1-BPP19 and 
eight fungal isolates with code JPP1-JPP8 demonstrat-
ing hydrolytic activity against starch. Marine sedi-
ments, sea sponges, and seagrasses have previously 
been reported as reservoirs of enzymatically active mi-
croorganisms, particularly due to their high organic 
content and ecological complexity. These components 
are fundamental to the formation of cellular organic 
matter, which cannot be derived from other carbon 
sources. Consequently, marine sediment sustains a di-
verse and abundant population of microorganisms 
(Yao et al., 2023). Sea sponges and seagrasses also host 

various organisms, including bacteria. Sponges protect 
these microbes from predators by producing chemical 
compounds. These compounds can trigger the mi-
crobes residing within the sponges to produce special-
ized secondary metabolites, such as the enzyme amyl-
ase (Retnowati & Katili, 2023). These findings align 
with previous studies indicating the prevalence of am-
ylase-producing Bacillus spp. in such niches. 

Screening of amylase-producing microbes 

Positive results from the screening test of marine 
microbial isolates were confirmed by the formation of 
a clear zone around the colonies following iodine ex-
posure. This clear zone indicated the presence of amyl-
ase activity, as shown in Fig. 2. Of the tested colonies, 
only 18 exhibited clear zones. These colonies' amyloly-
tic index (AI) ranged from 0.47 to 5.23, with colony-
coded BPP16 demonstrating the highest AI (5.23 ± 
0.07), highlighting its superior enzymatic potential. 
The clear zone around the BPP16 colony resulted from 
soluble starch degradation; the clear zone surrounding 
the bacterial colony resulted from amylase breakdown 
of starch, which inhibits the formation of complexes 
between starch and iodine. The observation of starch 
degradation was carried out using Lugol's solution, a 
reagent containing iodine commonly used for starch 
detection in routine laboratory and medical tests 
(Gómez‐Villegas et al., 2021). Lugol's solution is used 
to detect the presence of starch in organic compounds. 
When it reacts with starch, a dark blue-black color ap-
pears, resulting from the interaction between iodine 
and the coiled structure of the polysaccharide polymer 
(Pesek et al., 2022). The BPP16 colony's ability to de-
grade starch reduced the dark blue-black color, as the 
polysaccharide's structure was disrupted. This was ev-
ident from the disappearance of the dark blue-black 
color around the BPP16 colony, confirming the break-
down of the starch polymer. 

Variations in the AI among bacteria are common. 
The AI is influenced by the bacterial growth rate and 
the quantity of amylase produced and secreted (Fazal 
et al., 2022). α-Amylase production levels can vary sig-
nificantly even among isolates of the same genus, spe-
cies, and strain. Moreover, the amount of amylase pro-
duced is influenced by the source of the isolates, with 
those originating from starch or amylose-rich environ-
ments typically generating higher amounts. Beyond 
production levels, the specific activity of amylase also 
differs among bacterial isolates (Nisa et al., 2021). 

However, the AI observed on agar plates does not 
always directly reflect the specific activity of the en-
zyme (Fazal et al., 2022). Instead, the AI is widely re-
garded as a reliable indicator of enzyme activity. 
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Figure 2. Screening of amylase-producing.  

(A) Bacteria. (B) Fungi. (C) Amylolytic Index.  

The results are presented as the mean ± standard deviation (n = 3).  
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Figure 3. Comparison of treatment and control. 

(A) Amylolytic Index of Positive and Negative Controls. (B) Visualization of the 

Inhibition Zones in Positive and Negative Controls. (C) Statistical Results of 

Amylolytic Index in Selected Isolates Compared with Amylase Control. 

Each bar is presented as the mean ± standard deviation of three independent 

experiments. Statistical analysis was performed using one-way ANOVA followed 

by Tukey’s post hoc test, and highly significant differences were detected 

between the amylase control and all isolates ****p < 0.0001). 

 
Three isolates (BPP14, BPP15, and BPP16) were se-

lected based on the highest amylolytic index values ob-
tained during preliminary screening, although their in-
dices were still lower than that of the standard amylase 
control (Fig. 3). Highly significant differences 
(****p<0.0001) were revealed by ANOVA, confirming 
a clear distinction between the isolates and the control. 
The lower indices observed in the isolates are consid-
ered reasonable, as the control represents a purified 
standard enzyme. Nevertheless, their relatively high 
indices compared to other isolates indicate promising 
starch-degrading potential, which may be further en-
hanced through the optimization of culture conditions 
and enzyme purification. 

Characterization of amylase-producing microbes 

The BPP16 colony exhibited the highest AI among 
the other colonies, indicating that it expressed amylase 
at the highest level or with the best activity. Conse-
quently, this colony was further isolated and re-puri-
fied. The BPP16 isolate was then subjected to detailed 
morphological and biochemical analyses, as shown in 
Fig. 4 and Table 1. Gram staining confirmed that BPP16 
is a Gram-positive bacterium characterized by its pur-
ple color and rod-shaped morphology. Similarly, other 
α-amylase-producing bacteria isolated from marine 

environments have also been reported to be rod-
shaped and Gram-positive (Senan, 2020).  The BPP16 
irregular shape, flat elevation, dry texture, and milky-
white color of the colony are typical features of bacteria 
in the genus Bacillus. Colonies of Bacillus species gen-
erally exhibit a whitish-cream color, round to irregular 
shapes, and flat, uneven edges. Additionally, Bacillus 
colonies often have a rough, non-slimy surface, tend to 
appear dry, and are typically large and non-shiny 
(Łubkowska et al., 2023). 

Bacterial identification through biochemical meth-
ods involved observing bacterial behavior in response 
to specific biochemical reactions. For isolate BPP16, the 
presence of indole was detected using the Ehrlich/Ko-
vac reagent, which contains para-dimethylamine ben-
zaldehyde. A positive result was indicated by the for-
mation of a red ring on the surface of the bacterial cul-
ture. This reaction involves the enzyme tryptase, 
which hydrolyzes tryptophan amino acids containing 
an indole side group, allowing the indole to react with 
the reagent and produce red coloration (Sukmawati et 
al., 2023). The methyl red (MR) test on the BPP16 sam-
ple yielded positive results, as evidenced by a red color 
change indicating the production and accumulation of 
acidic end products from glucose fermentation. 
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Table 1. Macroscopic, microscopic, and biochemical characterization.  

No Characteristics Result (BPP16) 

1 Colony forming Irregular 

2 Elevation Flat 

3 Color Milky white 

4 Texture Dry 

5 Cell forming Rod 

6 Gram Positive 

7 Enzyme production (amylase) + 

8 Indole + 

9 Methyl red + 

10 Voges Proskauer + 

11 Citrate - 

12 TSIA Glucose fermentation 

13 Mortality + 

14 Catalase + 

BPP16: bacterial isolate; (+) color change; (-) color does not change. 

 
The bacteria can metabolize sugars, producing car-

bonic acid. Similarly, the Voges-Proskauer (VP) test for 
BPP16 also showed positive results, marked by a red 
or pink color change. This occurs due to acetoin, a com-
pound formed during carbohydrate fermentation. The 
test is conducted in VP broth medium with the addi-
tion of 40% KOH and alpha-naphthol reagent, fol-
lowed by a reaction time of 1-3 hours, resulting in a 
characteristic copper-red color for a positive VP result. 
The citrate test results for the BPP16 sample were neg-
ative, as indicated by the media's failure to turn blue. 
This negative outcome suggests that BPP16 bacteria 
cannot utilize citrate as a carbon source (Muhiddin et 
al., 2024). The TSIA test for the BPP16 sample showed 
a red result, indicating that the bacteria metabolize or 
ferment glucose but do not produce H₂S. A motility 
test was conducted on BPP16 isolates yielded positive 
results, demonstrating that the bacteria are motile and 
possess flagella. Motility was evidenced by diffuse and 
hazy growth spreading throughout the semi-solid me-
dium (Lu et al., 2018). The catalase test for BPP16 was 
also positive, as indicated by the appearance of gas 
bubbles on the slide. This demonstrates the catalase en-
zyme's activity, which breaks down hydrogen perox-
ide (H₂O₂) into water (H₂O) and oxygen (O₂). The 
presence of bubbles confirms catalase activity, proving 
that the bacteria can degrade toxic hydrogen peroxide 
into harmless products. The catalase test detects this 
enzyme's presence, with a positive result confirmed by 
bubble formation (Khatoon et al., 2022). 

Molecular identification  

Molecular characterization of the BPP16 isolate was 
conducted through 16S rRNA gene sequencing, a 
widely used method for classifying and identifying 
bacteria and archaea (Nawan & Handayani, 2021). The 
16S rRNA gene sequences can differentiate strains (or 
subspecies) by identifying polymorphisms within the 
gene. The full-length 16S rRNA gene of the BPP16 iso-
late was successfully amplified using universal pri-
mers, producing a clear single amplicon of the ex-
pected size (1401 bp), as shown in Fig. 5 (Johnson et al., 
2019). Further analysis using the Basic Local Align-
ment Search Tool (BLAST) revealed that the BPP16 iso-
late shared 100% identity with the 16S rRNA gene of 
Bacillus subtilis. Consequently, it was identified and 
designated as Bacillus subtilis BPP16.  

Additional bacteria with the closest genetic similar-
ity to the BPP16 isolate are shown in Table 2. 

Several species of the Bacillus genus have also been 
isolated from marine environments. Bacillus subtilis has 
been notably reported to survive in extreme condi-
tions. Furthermore, Bacillus species isolated from ma-
rine habitats are known to produce various hydrolytic 
enzymes, including amylases, particularly α-amylase 
(Zhou et al., 2018). 

The amylase produced by the BPP16 isolate exhib-
ited high activity, as indicated by its significant amylo-
lytic index. This activity was notably higher than that 
reported for other Bacillus species (Klinfoong et al., 
2022; Mushtaq et al., 2024). A phylogenetic tree was 
constructed by using known bacterial 16S rRNA gene 
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sequences retrieved from GenBank, as shown in Fig. 6. 
The tree revealed that most Bacillus subtilis strains clus-
tered within the same clade as the BPP16 isolate, except 
Bacillus tequilensis and Bacillus stercoris, which were po-
sitioned as outgroups. B. subtilis is particularly known 
as a well-established producer of amylase that cur-
rently dominates the commercial market (Rahayu et 
al., 2024). BPP16 exhibited the closest genetic similarity 
to Bacillus subtilis IM1-9 within the Bacillus species. 
Given that the amylase produced by the BPP16 isolate 
showed the highest amylolytic activity, this enzyme is 
highly promising for industrial applications. There-
fore, optimizing its production is essential to meet the 

requirements of various industrial sectors. 

Amylase enzyme production and amylase enzyme 
activity assay 

The effect of temperature and pH on alpha-amylase 
enzyme production during fermentation indicates that 
the BPP16 isolate remains relatively stable at tempera-
tures between 42.5 and 45°C. This is evidenced by in-
creased turbidity in the culture medium, suggesting 
that the enzyme is stable at relatively high tempera-
tures, with optical density progressively increasing 
every 12 hours. 

 

A B 

  

Figure 4. The Morphology of the BPP16 strain.  

(A) The colony. (B) Gram stain photo 100×. 
 
 

Table 2. Top BLAST result of the closest species to the BPP16 (marine origin). 

Species Identity (%) E-value Accession number 

Bacillus subtilis strain IM1-9 100 0 PQ600420.1 

Bacillus subtilis strain IN-255 100 0 MT789094.1 

Bacillus tequilensis strain Sb9-255 100 0 OP060720.1 

Bacillus subtilis strain C221 100 0 PQ600404.1 

Bacillus subtilis strain SD10 100 0 OP060724.1 

Bacillus subtilis strain C331 100 0 PQ600406.1 

Bacillus subtilis strain Sh7 100 0 OP060729.1 

Bacillus subtilis strain wC10 99 0 OP060734.1 

Bacillus stercoris strain XCY02 99 0 ON528690.1 

Bacillus Sp. (Firmicutes) strain MN11 100 0 OR131190.1 

 

 

Figure 5. 16S rRNA gene of the isolated BPP16 on a 1% agarose gel.  

Lane 1: BPP16. Lane 2: 1Kb DNA ladder.  

 

https://jppres.com/


Fathurohman et al. Marine-derived α-amylase from B. subtilis BPP16 

 

https://jppres.com  J Pharm Pharmacogn Res (2026) 14(1): 9 

 

 

 

Figure 6. The phylogenetic tree of the BPP16 isolate 
was constructed using the neighbor-joining method, 

with bootstrap values (expressed as percentages from 

1,000 replications) displayed at each branch point. 

 
In this study, the BPP16 isolate and a commercial 

standard amylase enzyme (Xi’an Best Bio-Tech Co., 
Ltd) were used to evaluate their ability to hydrolyze 
starch (amylum). Reducing sugar concentration 
(µg/mL) refers to a class of carbohydrates that serve as 
electron acceptors. Amylase enzyme activity 
(Units/mL) is defined as the amount of μmol glucose 
produced from starch hydrolysis by 1 mL of crude am-
ylase extract (BPP16) and the standard enzyme during 
the incubation period. The indicator of amylase en-
zyme activity in amylolytic bacteria is the level of re-
ducing sugar production. Glucose, as a standard re-
ducing sugar, was used to create a standard curve, fol-
lowing a linear equation: y=0.0053x−0.0023 with 
R2=0.9993 (Fig. 7). The measurement of amylase en-
zyme activity can be performed using this linear equa-
tion to determine glucose concentration (Msarah et al., 
2020). 

In this study, the enzyme activity was measured us-
ing the DNS method. In an alkaline environment, a re-
dox reaction occurs between reducing sugars and 
DNS, which forms the basis of the DNS method's prin-
ciple. The aldehyde group of the sugar is oxidized to a 
carboxyl group, while DNS is reduced to form 3-
amino-5-nitrosalicylic acid. During the heating process 

with reducing sugars, the 3-nitro (NO₂) group of 3,5-
dinitrosalicylic acid is reduced to an amino (NH₂) 
group. The amylase enzyme activity is directly influ-
enced by the amount of reducing sugars in the sample. 
A higher concentration of reducing sugars leads to the 
formation of more 3-amino-5-nitrosalicylic acid mole-
cules, thereby increasing the absorption of electromag-
netic waves (Deshavath et al., 2020). 

DNS reagent functions with supporting compo-
nents, including potassium sodium tartrate (Rochelle 
salt), phenol, sodium bisulfite (Na₂SO₃), and sodium 
hydroxide (NaOH). DNS acts as a reducing agent for 
glucose in an alkaline environment, facilitated by 
NaOH. Potassium sodium tartrate (Rochelle salt) helps 
eliminate the interference of confounding compounds, 
ensuring color stability. Phenol stabilizes the devel-
oped color, while sodium bisulfite (Na₂SO₃) prevents 
oxidation of glucose products by removing dissolved 
oxygen (Deshavath et al., 2020).  The study results in-
dicated that the enzyme extracted from BPP16 exhib-
ited moderate activity (10.29 IU/mL) and protein con-
tent (2.84 mg/mL). While these values are lower than 
those of commercial enzymes (>100 IU/mL, >500 
U/mg), it is important to note that BPP16’s extract re-
mained unpurified.  
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Figure 7. Equations of the linear curve for glucose standards. 

 

Crude extracts typically exhibit reduced activity 
due to the presence of interfering proteins and com-
pounds. An activity range of 10–30 IU/mL is typically 
observed in crude amylase extracts from natural 
sources, such as microorganisms, plants, or animals, 
without further purification (Msarah et al., 2020). 

The specific activity of an enzyme is often used as 
an indicator of its purity. Higher specific activity re-
sulted from a higher enzyme activity combined with 
lower protein content. Bovine serum albumin (BSA), as 
a standard, was used to create a standard curve, fol-
lowing the linear equation: y=0.0001x−0.064 with 
R2=0.9989. The BPP16 isolate exhibited a protein con-
tent (2.84 mg/mL) that is classified as the moderate ac-
tivity category, with a specific activity of 3.62 U/mg.  
Since it remains in crude extract form, further partial 
purification has not been performed. Therefore, the 
specific activity of the crude amylase extract cannot be 
used as a definitive measure of purity. A concentration 
range of 1.0–5.0 mg/mL is generally regarded as a 
moderate level in crude protein or enzyme extracts, in-
cluding amylase. In terms of specific activity, a range 
of 0.1–5 U/mg is commonly associated with crude en-
zyme preparations, particularly those derived from 
microbial sources (Msarah et al., 2020). On the other 
hand, the test comparison standard demonstrated the 
highest specific activity (>500 U/mg) and protein con-
tent (>10.0 mg/mL), placing it in the high-activity cat-
egory. 

CONCLUSION 

This study successfully isolated and characterized 
marine-derived microorganisms with amylolytic po-
tential from Pramuka Island. Among the 27 isolates ob-
tained, Bacillus subtilis BPP16 was identified as the 
most active α-amylase producer. The isolate exhibited 
distinctive morphological and biochemical traits and 
was confirmed by 16S rRNA sequencing. The crude en-
zyme extract demonstrated low to moderate amylase 
activity and protein concentration, consistent with 
early-stage characterization.  

Although the enzyme showed promising activity, it 
remains unpurified. Further optimization, including 
purification, stability profiling under varying condi-
tions (pH, salinity, temperature), and activity assays 
against industrial benchmarks, is required to validate 
its commercial potential. These findings underscore 
the value of marine microbial exploration for identify-
ing biocatalysts for industrial applications, particularly 
for processes that require starch bioconversion. 
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