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ABSTRACT

The amylase is an enzyme that widely used in industry. In this
research, amylase was isolated from endosymbiont bacteria (EKA 4)
of cockroach Pycnoscelus surinamensis from household garbage
dump Surabaya. This research aims to identify bacteria EKA 4,
produce and characterize amylase from it at various temperature, pH
and effect of metal ions. Amylase screening assay was done by
imoculating the isolate into medium contain 2% of starch then
incubated for 24 hours. Detection of amylase was done qualitatively
by measured presence of halozone and quantitatively using DNS
method. 16S rRNA analysis found that bacteria EKA 4 has similarity
to Bacillus subtilis with 100% of percent identity. Result showed that
optimum activity of amylase from B. subtilis were at 40°C, pH 6 and
could use ion CaCl; as a cofactor in a reaction. Thus, utilization of
amylase from endosymbiont P. surinamensis could be as an
alternative source in big industries.

1. Introduction

Enzyme is an industrial product which has considerable economic value in the world market
nowadays. The utilization of enzymes in the industry is due to its advances in fermentation
technology, genetic engineering and applications of enzymes so that the enzyme industry can
proliferate and occupy significant positions in the industrial field [1]. Yet industrial-scale
manufacturers in Indonesia still have not existed and nearly 99% of the need for domestic
enzymes is met by several foreign suppliers from local producers and directly imported from
the user industry [2]. Enzyme as strong biocatalysts are produced by a wide range of microbes
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which differ in their microbial origins, chemical characteristics, and procesess [3]. Due to their
high yields, consistency, ease of product modification and optimization, economic viability, lack
of seasonal fluctuations, quick growth of microbes on low-cost media, faster production time on
a larger scale, more consistent quality, stability, and elevated catalytic activity, microbial
enzymes are preferred [4], [5].

Amylase is one of the hydrolytes produced by microorganisms with widespread distribution
and scale [6]. The amylases are distinguished into four kinds based on the catalytic mechanisms,
endoamylase, exo-amylase, debranching mechanisms and transferase [7], [8]. Each enzyme has
a different catalytic activity and is affected by temperature, pH, substrate and inhibitors, a
medium'’s culture method, medium composition, nutritional needs, incubation times, metal ions
and thermal stability and cell growth [9]. Other characteristics of enzymes are the arrangement
of amino acids and the molecular weight.

Endosymbionts are organisms which establish a symbiotic association with another cell or
creature. Some endosymbionts are intracellular meaning they live inside cells, while others are
extracellular meaning they adhere to the cell surface. Relationship that benefit both parties are
said to be symbiotic [10]. The bacteria that exist in animal cells can be categorized into a number
of groups. The most notable are "primary"” symbionts, which live inside specialized host cells
called bacteriocytes and have relationships with their hosts that are mutually beneficial and
frequently reciprocally obligate. "Secondary™ symbionts and intracellular pathogens are more
sporadically associated with host individuals and vary in the tissues they occupy. Since the
effects on hosts are typically unknown, it is hard to distinguish between symbionts and
pathogens; there are undoubtedly a variety of interactions between non-bacteriocyte associates
and their hosts [11]. The endosymbiotic microbes support the survival of their hosts and are
frequently passed on to the following generation of arthropods by contaminating their eggs [12].

Cockroaches belong to a group of declassified animals that could coexist with a variety of
bacteria, thus the bacteria can easily adapt to the cockroaches to form symbiosis [13].
Cockroaches are omnivorous creatures which eat without sifting through trash or waste. A
migratory migration in midgut provides a production and secretion of protease enzymes, lipase
and amylase. The cockroaches used in this study came from household code garbage in Surabaya.
Research conducted by Ni’matuzahroh in 2020 has identified the type of bug as a Pycnoscelus
surinamensis. As for the isolated bacteria from midgut P.surinamensis and used in this study is
EKA 4 which has the highest enzyme activity of amylase in early activity testing [14]. Therefore,
further research is needed to characterize the amylase of bacteria EKA 4 at various temperature,
pH and metal ions to identify the potential applications in industrial field.

2. Materials and methods
2.1. Macroscopic and microscopic identification

Bacteria EKA 4 was inoculated in nutrient agar then incubated for long 24 hours at 37°C.
After that, the single colony were observed for their morphological characteristics and stained
using Gram staining to identify its microscopic characteristics.
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2.2. Molecular identification

The genomic DNA of bacteria EKA 4 was extracted using Wizard Genomic DNA
Purification Kit (PROMEGA). Then amplified for the 16S rRNA gene by PCR method using
forward primer 27F (5" -AGAGTTTGATCCTGGTCCAG-3") and reverse primer 1492R (5'-
GGTTACCTTGTTACGACTT-3"). The PCR result of the 16S rRNA gene of bacteria EKA 4
isolate was sent to 1% Base for sequence reading. The sequences were aligned using BLAST
(Basic Local Alignment Search Tool) which is connected to the NCBI (National Center for
Biotechnology Information) server.

2.3. Production of Amylase

Inoculum was made using Nutrient Broth (NB) as a growth medium. Whereas, enzyme
production was carried out using media with the following composition: 5 g/L yeast extract, 2.5
g/L (NH4)2S04, 0.2 g/L MgS0.4.7H20, 3 g/L KH2PO4, dan 0.25 g/L CaCl.2H,0 into 1000 ml
of distilled water. Then added 2% (w/v) of starch as a substrate to the enzyme production
medium [15].

Enzyme production was performed by adding 2% (w/v) of culture into 245 ml of
production medium and incubating at 30 °C, speed of 150 rpm, for 48 hours. The culture was
then centrifuged at 3500 rpm, temperature 4 °C, for 30 minutes to obtain cell free supernatant
or can be called as crude enzyme. The activity of the amylase was detected using the DNS
method by measuring the absorbance of the crude enzyme at A = 540 nm [16]. The resulting
protein estimation was measured using the Lowry method by measuring the absorbance at A =
750 nm.

2.4. Amylase Activity Assay

As much 0.25 ml of crude enzyme was added to 0.25 ml of substrate (2% w/v dissolved
starch in 0.2 M phosphate buffer pH 6) and incubated at 40°C for 20 minutes. The solution
reaction was stopped by adding 0.5 ml of DNS reagent and then homogenized with a vortex.
The test tube containing the solution was covered with cling wrap and heated in boiling water
for 20 minutes. The solution was cooled and the absorbance was measured at A=540 nm.
Centrifuged starch was used as blank. Enzyme activity was performed using DNS method by
determining the amount of reducing sugar formed. The specific activity of the amylase is known
through the conversion of the absorbance value of the concentration of the standard glucose
curve which is calculated using following formula:

C H
AE = xX—
EMxt E
Note:
AE  =enzyme activity (U/mL)
C = glucose concentration (linear regression results of glucose standard curve)
BM = glucose molecular weight = 180 g/mol
T = incubation time (minute)
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H = total enzyme - substrate volume (mL)
E = volume of added enzyme (mL)

2.5. Protein Level Measurement

Protein level was measured using the Lowry assay by adding 0.1 ml of sample to 0.5 mL
of Lowry C solution, then homogenized using vortex and incubated for long 10 minutes at room
temperature. The solution then added 0.05 ml of Lowry D, homogenized and incubated at room
temperature for long 30 minutes. The solution was measured for its absorbance at A=750 nm.
Lowry C was used as blank.

2.6. Enzyme Characterization

2.6.1. Effects of Temperature

As much 0.25 ml of 2% (w/v) starch was added to 0.25 ml of crude amylase and
then incubated for 20 minutes at various temperatures of 30°C, 40°C, 50°C, 60°C, 70°C,
80°C. After that, approximately 0.5 ml of DNS was added to the mixture and homogenized
using vortex. The mixture was reheated in boiling water for 20 minutes and then cooled.
The absorbance of the mixture was measured using UV—Vis spectrophotometer at A=540
nm.

2.6.2. Effects of pH

Around 0.25 ml of 2% (w/v) starch was added to 0.25 ml of crude amylase and then
incubated at various pH 4, 5, 6, 7, and 8. Conditioning for pH 4 and 5 was used citrate
buffer while pH 6, 7, and 8 was used phosphate buffer. Crude amylase activity was
measured by adding 0.5 ml of DNS and homogenized with a vortex. Hereafter, the
absorbance of the solution was measured at A = 540 nm.

2.6.3. Effects of Metal ions

As much 0.25 ml crude enzyme was added to 0.25 ml starch substrate 2% (w/v)
then added with 0.1 ml metal ion and incubated at 40°C for long 20 minutes. The types of
metal ions used in this study consisted of 1 mM MgSOs, FeClsz, CuSOs, CaClz, and MnSOa.
Furthermore, enzyme activity was measured using the DNS method by adding 0.5 ml of
DNS reagent and homogenizing. The mixture was then heated in boiling water for 10
minutes and cooled. The absorbance of the mixture was measured using a UV-Vis
spectrophotometer at A=540 nm.

3. Result and Discussion
Amylase is known as catalyst for the hydrolysis of starch into oligosaccharides [17].
Commonly, amylase could be found in plants, animals, fungi and bacteria. Nevertheless,
amylase produced by bacteria are more widely used due to its stabilization [18]. Amylase have
some essential roles in manufacture of detergent, textile, alcohol and pulp. Recently, amylase is
being the most utilized enzyme in industry following by its used around 25% from the total used
of enzyme in the world [19].
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This research used bacteria EKA 4 isolated from endosymbiont of cocroach Pycnoscelus
surinamensis. The characteristic of this bacteria could be seen on flgure 1. down below:
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Figure 1. (a) Macroscopic characterization of bacteria EKA 4 shows that its colony has
irregular shape in pinpoint size in white, edge of type is entire and raised elevation with smooth
and glistening surface, the opacity is opaque and has vicid consistency; (b) Microscopic

characterization of bacteria EKA 4 which has rod-shaped cell and belong to the group of Gram
positive bacteria that indicated by cell that shown a purple color after Gram staining assay.

Molecular identification was done by isolating the DNA genome of Bacteria EKA 4. The
result of DNA isolation was then evaluated for purity and concentration with data such as on
table 1. down below:

Table 1. Purity and concentration of Bacteria EKA 4

Isolate code Absorbance Concentration Purity
(ng/mL) (A260/1280)
230 nm 260 nm 280 nm
EKA 4 0,361 0,546 0,304 27,30 1,80

Based on the table 1. above shows that bacteria EKA 4 has a concentration of 27.30 pg/mL
with DNA purity of 1.80 (A260/A280). DNA purity is measured by comparing absorbance on a
wavelength of 260/280 nm. In principle, measuring the number of DNA using a
spectrophotometer based on UV-irradiation absorbed by nucleotides and proteins in the solution.
DNA absorbs the strongest or maximum exposure to UV radiation at wavelength of 260 nm
while protein absorption is achieved at quality length of 280 nm [20]. Good quality of DNA
purity is in the range of 1.8 - 2.0. If comparative value of A260/A280 shows a purity value less
than 1.8 it means each DNA contain of phenol and the remaining solvent of DNA. Whereas, if
the purity value shows more than 2.0 it indicates that DNA isolate is still contain contaminants
such as proteins and other cellular components or possible cellular lymphatic processes [21].
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Figure 2. PCR Visualization of Bacteria EKA 4 using 16S rRNA analysis

Electrophoresis gel agarose 1% of bacteria EKA 4 based on figure 2. shows a single piece
of DNA seen in the sample column of size over 1500 bp. The results of sequencing DNA in the
sequential genome of bacteria EKA 4 were good indicated by a thick, clear and lack of a smear
on the DNA tape. The BLATS-N analysis of the bacteria EKA 4 could be seen in table 2. Based
on the table suggests that bacteria EKA 4 has similar in nature to Bacillus subtilis with a number
of percent identity is 100% with query cover value of 98%.

Table 2. BLATS-N result of Bacteria EKA 4

Isolate code  Name of species Per. identity = Query cover  Acc. Number
EKA 4 Bacillus subtilis 100% 98% NR_118383.1

Genus Bacillus belongs to the Firmicutes [22], [23]. Since its role as the second most
commonly grown bacterial phylum from cockroaches; The mid gut has the highest concentration
of firmicutes (~43%), followed by the fore gut(30%) and thehind gut(34%) [24].
Numerous alkaliphilic, aerobic bacteria belonging to the genera Bacillus, Paenibacillus,
and Enterococcus thrive in the mid gut due to its more alkaline nature (pH 6.1-8.9) [25], [26].
Another study related to Bacillota isolated from the insects gut environment also shown its abilities
in some enzymes hydrolitic for instance Amylase, Cellulase, Protease, Lignocellulase, Xylanase,
Lipase, Pectinase, Esterase, Chitinase, and Linamerase [27].

Among the microbes that produce amylase, genus Bacillus is known as a microbe that
commonly used as an amylase producer [19], [28]. Various organic substrates such as glucose,
maltose, maltoriose and lactose had been studied for their effectiveness in amylase production.
The use of starch as a substrate shows a higher amylase product than other organic substrates [29].
Rathore and Singh (2021) said that starch is the main substrate in amylase fermentation by bacteria.
Therefore, starch has been selected as a substrate in this research [30].
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Amylase production was done in 24 hours incubation. According to Ni’matuzahroh, et al
(2020), 24 hours incubation is the optimum condition to produce amylase from Bacillus subtilis
(EKA 4) [14]. Amylase detection secreted by Bacillus subtilis EKA 4 could be known from
qualitative measurement by observing the presence of halo zone on isolate grown on medium
containing 2% of starch and quantitative measurement using DNS method. As shown at (figure 3.)
halo zone was formed indicate that Bacillus subtilis (EKA 4) could produce amylase in size as
large 1,675 cm.

Disc

Halo zone

Figure 3. Halo zone presence of bacteria EKA 4

Table 3. Quantitative measurement of Bacteria EKA 4 using DNS Method

Amylase activity Protein level Specific enzyme
(U/mL) (mg/mL) activity (U/mg)
Average 0,643 + 0,057 3868,77 £ 0,012 0,166 +0,019

Whereas, according to the table 3. above, the average value of amylase activity of bacteria
EKA 4 is 0.643 + 0.057 U/ml. Besides, the average value of protein level is 3868,77 + 0,012
mg/ml. Moreover, 0,166 +0,019 U/mg is the average value of specific enzyme activity by
Bacillus subtilis (EKA 4).

Furthermore, each crude enzyme from Bacillus subtilis (EKA 4) was characterized by
several factors such as the effect of heating temperature variation, pH and the addition of metal
ions. Based on the result, known that amylase produced by Bacillus subtilis (EKA 4) has an
optimum activity at 40°C with the amount of amylase activity is 0.627 U/mL (Figure 4).
Amylase produced by Bacilus is optimum at 40°C [31]. It also has ability to growth properly at
pH 6 with a value of 0.587 U/mL (Figure 5.) [32], [33]. Previous research shown the optimum
pH of amylase production by starch is around 6,0 - 7,5 [34], [35], [36], [37]. Moreover, the
addition of metal ions as much as 1 mm each ions shows that CaCl, could be a cofactor to
increase enzyme activity seen by its highest value in an assay while other metal ions were act
as an inhibitor (Figure 6).
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Figure 4. Amylase activity of Bacillus subtilis (EKA 4) at various heating temperature (U/mL).
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Figure 5. Amylase activity of Bacillus subtilis (EKA 4) using variation of pH (U/mL)
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Figure 6. Amylase activity of Bacillus subtilis (EKA 4) using addition of metal ions (U/mL)
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Several studies have shown that amylase activity in cockroach digestion was influenced by
some factors such as type of food and stage of growth (metamorphosis). As explained by
Vinokurov et al [25] that cockroaches were fed with different food are tend to produce varying
amylase activity. The metamorphosis experienced by cockroaches in larva and adult stage are
also cause a specific regulation of amylase due to its different food intake that affect the
expression of AMY gene as an amylase encoding [38].

Throughout this research could be known that endosymbiont bacteria in cockroach digest
is able to produce various hydrolytic enzymes, one of which is amylase. Related to cockroach
role in nature, enzyme produce by endosymbiont microbes in its digest would parsing plant
biomass, carbon and nitrogen circle also rate of nitrogen fixation [39].

Conclusions

The endosymbiotic bacterium Pycnoscelus surinamensis was recognized as Bacillus
subtilis with percent identity as much 100% and query cover as much 98% . It has irregular
shape in pinpoint size with white color, type of edge is entire, raised elevation with smooth and
glistening surface preference, opaque in opacity and vicid in consistency. Whereas, its
microscopic is rod-shaped cell and belong to Gram positive bacteria. This isolate is able to
produce amylase, which has highest activity at 40°C and pH 6, and utilizes CaCl, as a cofactor
in its enzymatic reaction.

Acknowledgements

This research received funding from the Direktorat Riset dan Pengabdian Masyarakat,

Deputi Bidang Penguatan Riset dan Pengembangan Kementerian Riset dan Teknologi/ Badan
Riset dan Inovasi Nasional through the Penelitian Dasar Unggulan Perguruan Tinggi (PDUPT)
scheme, year 2021, under contract number 472/UN3.15/PT/2021. The authors extend their
gratitude to the students of the Biology Department at Universitas Airlangga for their cooperation
and support.

Reference

[1] Pandey, A.P., Singhania, R.R., Production and Application of Industrial Enzymes, Chem
Digest.m, 2008, 21:82-91

[2] Simamora, M., Syahrizal, M., Aris, Y., Kajian Pendahuluan Analisis Kebutuhan Pasar
Produk Enzim Dalam Negeri Untuk Mendukung Pengembangan Sektor Hulu Industri
Biorefinery, Program Studi Magister Energi Sekolah Pascasarjana Universitas Diponegoro,
Indonesia. 2016. pp. 591-601.

[3] X. Liuand C. Kokare, “Microbial enzymes of use in industry,” in Elsevier eBooks, 2016,
pp. 267-298. doi: 10.1016/b978-0-12-803725-6.00011-x.

[4]  Sherly, P., Isolasi dan Pemilahan Mikroba Termofilik Penghasil Enzim Hidrolase, Bachelor
Thesis, Institut Pertanian Bogor, Bogor, Indonesia, 2003.

[5] N. Gurung, S. Ray, S. Bose, and V. Rai, “A broader view: microbial enzymes and their

relevance in industries, medicine, and beyond,” BioMed Research International, vol. 2013,
pp. 1-18, Jan. 2013, doi: 10.1155/2013/329121.

22



Journal of Bio-Molecule Research and Engineering Nimatuzahroh et al.
Vol. 2 | No. 2 |14 — 25 | 2023

[6]
[7]

[8]
[9]

[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

P. Aiyer, “Amylases and their applications,”
2005. https://www.ajol.info/index.php/ajb/article/view/71631

Setyahadi, S., Nurrahman, M.l., Goazn, M. Pengaruh Kecepatan Agitasi pada Media
Sintesis untuk Produksi a-amilase dari Bacillus amyloliquefaciens T1. 2014. 31(1), 16-21.,
Warta IHP.

H. Taniguchi and Y. Honnda, “Amylases,” in Elsevier eBooks, 2009, pp. 159-173. doi:
10.1016/b978-012373944-5.00130-9.

P. D. Susanti and W. Halwany, “Dekomposisi Serasah dan Keanekaragaman Makrofauna
Tanah pada Hutan Tanaman Industri Nyawai (Ficus variegate. Blume),” Jurnal limu
Kehutanan, vol. 11, no. 2, p. 212, Jul. 2017, doi: 10.22146/jik.28285.

M. L. Casem, “Cell systems,” in Elsevier eBooks, 2016, pp. 345-371. doi: 10.1016/b978-
0-12-801394-6.00015-4.

N. A. Moran and P. Baumann, “Bacterial endosymbionts in animals,” Current Opinion in
Microbiology, vol. 3, no. 3, pp. 270-275, Jun. 2000, doi: 10.1016/s1369-5274(00)00088-6.
“Endosymbiosis of Animals with Plant Microorganisms: Paul Buchner: 9780470115176:
Amazon.com: Books.” https://www.amazon.com/Endosymbiosis-Animals-Plant-
Microorganisms-Buchner/dp/0470115173

M. Bright and S. Bulgheresi, “A complex journey: transmission of microbial
symbionts,” Nature Reviews Microbiology, vol. 8, no. 3, pp. 218-230, Feb. 2010,
doi: 10.1038/nrmicro2262.

Nimatuzahroh, Trikurniadewi, N., Ibrahim S.N.M.M., Abidin, A.Z., Khiftiyah, Am. Sari,
S.K. Nuswantara , E.N., Nswantara, E.N., Nurmansyah, F., Rahman, .A.R.W., MRFI.,
Magfirah, H.L., Jannah, M., Masrurin, A.S., Saidah, L., Makrifah, R.L., Fatimah., Affandi,
M. Isolation and Characterization of Cockroach Endosymbion Bacteria with Potential to
produce Hydrolytic Enzyme of Organik Material, . Eco.Env&cons., 2020, 26, 118-125

Y. R. Abdel-Fattah, N. A. Soliman, N. M. El-Toukhy, H. EI-Gendi, and R. S. Ahmed,
“Production, purification, and characterization of ThermostableA-Amylase produced
byBacillus licheniformislIsolate A120,” Journal of Chemistry, vol. 2013, no. 1, Sep. 2012,
doi: 10.1155/2013/673173.

Rafsen, H., Optimasi produksi dan Karakterisasi Enzim a -Amilase dari Isolat Bakteri
Termofil Bacillus sp. RSSII4B Sumber Air Panas Lejja Soppeng Sulawesi Selatan,
Bachelor Thesis, Universitas Hasanuddin, Indonesia, 2018,

Kriso.Ee, “Encyclopedia of Analytical Science 2nd edition - Alan Townshend, Colin F.
Poole, Paul J. Worsfold - 9780127641003 - Book | Kriso.ee.”
https://www.kriso.ee/encyclopedia-analytical-science-2nd-edition-db-
9780127641003.html

M. J. Msarah, 1. Ibrahim, A. A. Hamid, and W. S. Agma, “Optimisation and production of
alpha amylase from thermophilic Bacillus spp. and its application in food waste
biodegradation,” Heliyon, wvol. 6, no. 6, p. e04183, Jun. 2020, doi:
10.1016/j.heliyon.2020.e04183.

23


https://www.ajol.info/index.php/ajb/article/view/71631
https://www.amazon.com/Endosymbiosis-Animals-Plant-Microorganisms-Buchner/dp/0470115173
https://www.amazon.com/Endosymbiosis-Animals-Plant-Microorganisms-Buchner/dp/0470115173
https://www.kriso.ee/encyclopedia-analytical-science-2nd-edition-db-9780127641003.html
https://www.kriso.ee/encyclopedia-analytical-science-2nd-edition-db-9780127641003.html

Journal of Bio-Molecule Research and Engineering Nimatuzahroh et al.
Vol. 2 | No. 2 |14 — 25 | 2023

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

T. C. Farias, H. Y. Kawaguti, and M. G. B. Koblitz, “Microbial amylolytic enzymes in
foods: Technological importance of the Bacillus genus,” Biocatalysis and Agricultural
Biotechnology, vol. 35, p. 102054, Jun. 2021, doi: 10.1016/j.bcab.2021.102054.

P. A. Dewanata and M. Mushlih, “Differences in DNA purity test using UV-VIS
spectrophotometer and nanodrop spectrophotometer in type 2 diabetes mellitus patients,”
Indonesian Journal of Innovation Studies, vol. 15, Jul. 2021, doi: 10.21070/ijins.v15i.553.
“View of PENENTUAN KUALITAS ISOLASI DNA SALMONELLA TYPHIMURIUM
DENGAN METODE SPEKTROFOTOMETRI DAN  ELEKTROFORESIS.”
https://repository2.stikesayani.ac.id/index.php/pinlitamasl/article/view/431/388

L. Davey, S. A. Halperin, and S. F. Lee, “Thiol-Disulfide exchange in Gram-Positive
firmicutes,” Trends in Microbiology, vol. 24, no. 11, pp. 902-915, Jul. 2016,
doi: 10.1016/j.tim.2016.06.010.

M. Y. Galperin, “Genome Diversity of Spore-Forming Firmicutes,” Microbiology
Spectrum, vol. 1, no. 2, Dec. 2013, doi: 10.1128/microbiolspectrum.tbs-0015-2012.

J. Guzman and A. Vilcinskas, “Bacteria associated with cockroaches: health risk or
biotechnological opportunity?,” Applied Microbiology and Biotechnology, vol. 104, no. 24,
pp. 10369-10387, Oct. 2020, doi: 10.1007/s00253-020-10973-6.

K. Vinokurov, Y. Taranushenko, N. Krishnan, and F. Sehnal, “Proteinase, amylase, and
proteinase-inhibitor activities in the gut of six cockroach species,” Journal of Insect
Physiology, vol. 53, no. 8, pp. 794-802, Mar. 2007, doi: 10.1016/j.jinsphys.2007.02.019.
I. Yumoto, K. Hirota, and K. Yoshimune, “Environmental distribution and taxonomic
diversity of alkaliphiles,” in Springer eBooks, 2010, pp. 55-79. doi: 10.1007/978-4-431-
53898-1 4.

S. Banerjee, T. K. Maiti, and R. N. Roy, “Enzyme producing insect gut microbes: an
unexplored biotechnological aspect,” Critical Reviews in Biotechnology, vol. 42, no. 3, pp.
384402, Oct. 2021, doi: 10.1080/07388551.2021.1942777.

Y. Su, C. Liu, H. Fang, and D. Zhang, “Bacillus subtilis: a universal cell factory for industry,
agriculture, biomaterials and medicine,” Microbial Cell Factories, vol. 19, no. 1, Sep. 2020,
doi: 10.1186/512934-020-01436-8.

Z. Konsoula and M. Liakopouloukyriakides, “Co-production of a-amylase and p-
galactosidase by Bacillus subtilis in complex organic substrates,” Bioresource Technology,
vol. 98, no. 1, pp. 150-157, Dec. 2005, doi: 10.1016/j.biortech.2005.11.001.

D. S. Rathore and S. P. Singh, “Kinetics of growth and co-production of amylase and
protease in novel marine actinomycete, Streptomyces lopnurensis KaM5,” Folia
Microbiologica, vol. 66, no. 3, pp. 303-316, Jan. 2021, doi: 10.1007/5s12223-020-00843-z.
“View of isolasi dan identifikasi bakteri termofil penghasil amilase dari sumber air panas
Lejja Sulawesi Selatan.” https://journal.uin-alauddin.ac.id/index.php/al-
kimia/article/view/1644/1607

Rachmania, N., Iswati, R., Imas, T., Karakterisasi a-Amylase Bacillus firmus K.H.9.4
Alkalotoleran dari Limbah Cair Tapioka, Institut Pertanian Bogor, Biota, 9(3):129-135,
2004, ISSN 0853-8670

24



Journal of Bio-Molecule Research and Engineering Nimatuzahroh et al.
Vol. 2 | No. 2 |14 — 25 | 2023

[33]

[34]

[35]

[36]

[37]

[38]

[39]

L. S. Wahyuni, T. D. Rosahdi, and A. Supriadin, “ISOLASI DAN KARAKTERISASI
AMILASE DARI BIJI DURIAN (DURIO SP.),” al-Kimiya, vol. 2, no. 1, pp. 18-23, Jun.
2015, doi: 10.15575/ak.v2i1.348.

E. A. Elmansy, M. S. Asker, E. M. El-Kady, S. M. Hassanein, and F. M. El-Beih,
“Production and optimization of a-amylase from thermo-halophilic bacteria isolated from
different local marine environments,” Bulletin of the National Research Centre/Bulletin of
the National Research Center, vol. 42, no. 1, Dec. 2018, doi: 10.1186/s42269-018-0033-2.
S. E. Ibrahim, H. B. E. Amin, E. N. Hassan, and A. M. E. Sulieman, “Amylase production
on solid state fermentation by bacillus SPP,” Food and Public Health, vol. 2, no. 1, pp. 30—
35, Aug. 2012, doi: 10.5923/j.fph.20120201.06.

S. Mishra and N. Behera, “Amylase activity of a starch degrading bacteria isolated from
soil receiving kitchen wastes,” 2008.
https://www.ajol.info/index.php/ajb/article/view/59286

P. Nimisha, S. Moksha, and A. K. Gangawane, “Amylase Activity of Starch Degrading
Bacteria Isolated from Soil,” International Journal of Current Microbiology and Applied
Sciences, vol. 8, no. 04, pp. 659-671, Apr. 2019, doi: 10.20546/ijcmas.2019.804.071.
J.-L. Da Lage, “The amylases of insects,” International Journal of Insect Science, vol. 10,
Jan. 2018, doi: 10.1177/1179543318804783.

P. Engel and N. A. Moran, “The gut microbiota of insects — diversity in structure and
function,” FEMS Microbiology Reviews, vol. 37, no. 5, pp. 699-735, May 2013, doi:
10.1111/1574-6976.12025.

25



