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Abstract

Some endophytic bacteria are known to have hydrolytic activity by producing hydrolase
enzymes. Endophytic bacteria can be found in plant tissue. Exploration of endophytic
cellulolytic bacteria in water apple (Syzygium aqueum) fruit has not been widely carried out,
so this research is the first to be conducted. This study aimed to isolate, screen, and identify
endophytic bacteria from water apple fruit that could produce cellulase enzymes. The research
began with bacterial isolation. Then, cellulolytic screening was carried out by inoculating the
isolates into a differential medium containing cellulose, Bushnell-Haas agar (BHA). The
screening results were characterized and identified through 16S rDNA gene sequence analysis.
The isolation results indicated that seven bacterial isolates were screened for cellulolytic
activity by cultivating them on BHA medium. The screening revealed that one isolate encode
CSZA2 had cellulolytic activity with a cellulolytic index of 0.87. Biochemical characterization
and molecular identification of the CSZA2 isolate showed a 99.93% similarity to the
Pseudomonas putida RTI2, a bacterium known for producing cellulase enzymes. The discovery
of bacterial cellulolytic activity can be developed for biomass degradation, bioethanol
production, and agricultural biotechnology.

Keywords: Bacteria; Cellulolytic; Endophytic; Fruit; Syzygium aqueum.

Introduction

Bacteria that live in plant tissue are called endophytic bacteria. These bacteria live in
plant tissue without causing negative impacts on their host plants [1]. The endophytic bacterial
community is specific regarding its nutritional needs and can vary in type between bacteria that
live on one plant and another. This is because endophytic bacteria have adapted to the chemical
conditions of the metabolites of the plant. Exploration of endophytic bacteria for the production

of bioactive compounds in the form of extracellular and intracellular metabolites is known to
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be quite efficient, so it is often done using many different types of plants and exploring different
abilities [2, 3].

Some endophytic bacteria are known to be able to produce hydrolytic enzymes.
Hydrolytic bacterial enzymes or hydrolases that are commonly produced by endophytic
bacteria are generally cellulases, pectinase, protease, amylase, lipase, and xylanase. The
production of hydrolase enzymes is influenced by substrate conditions where the bacteria
originate [4, 5]. In general, it can be explained that hydrolase enzymes have important functions
in agriculture or industry.

Cellulolytic enzymes are divided into several groups based on their structure, shape,
and activity. Types of cellulolytic enzymes include Cellulose Binding Module (CBM), endo-
B-1,4-gluconase, exo-B-1,4-gluconase, and [-1,4-glucosidase [6]. In industry, cellulase
enzymes are used to process agricultural by-products containing a lot of cellulose to produce
glucose which is often used in bioethanol production. Bioethanol is a potential energy source
that can produce fossil fuels [4, 7].

Syzygium aqueum known as water apple is a plant from the Southeast Asian region.
Water apple fruit has benefits for increasing immunity and body energy because of its
nutritional content [8, 9]. This fruit contains approximately 4.5 g carbohydrates, 0.7 g protein,
0.2 g fat, 1.9 g fibers per 100 g. Several secondary metabolites, antioxidants and vitamins also
constitute these fruit nutrient, such as phenolic contents ranging from 28.8 - 30.7 mg,
flavonoids ranging from 62.03 - 62.07 pg, p-carotene, ascorbic acid, thiamin, and
riboflavin[10], [11]. The nutrients in this fruit are suitable for the living environment of various
microbes, one of which is bacteria.

Previous research on endophytic bacteria has only been reported on the stems of S.
agueum plants, but never on the fruit. Main focus of the previous study is to isolate endophytic
bacteria that have antagonistic ability against pathogenic fungi, which is different from this
research purpose [12]. Another study about their endophytic microbes also isolated endophytic
fungi from the bark, root bark, and leaves of S. aqueum [13] .

The insufficient research on endophytic bacteria derived from water apple fruit,
particularly regarding cellulase production, is the main reason for this study. The cellulolytic
activity of these bacteria, which can also be applied in industry and the decomposition of
agricultural by-products, may lead to valuable discoveries. Therefore, this research aimed to

isolate and identify endophytic cellulolytic bacteria from water apple fruit (S. aqueum).
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Materials and methods

This type of research is observational research. The results of this study were analyzed
descriptively by explaining the tabulated data. This research was conducted from August to
November 2024. The isolation and screening stages of cellulolytic potential were carried out
in the microbiology laboratory, while the DNA isolation, PCR, and electrophoresis stages were
carried out in the molecular biology laboratory of the Faculty of Health Sciences, Maarif

Hasyim Latif University.

Materials

The tools used in this research include Petri dishes, Erlenmeyer flasks, Test tubes,
inoculating loop needles, micropipettes, cotton swabs, mortar, pestle, scalpel knife, Biosafety
Cabinet 1300 Series A2 (Thermo Scientific), Incubator (Memmert IN110), PCR (Bio-Rad),
Waterbath (Benchmark Scientific, USA), centrifuge (Thermo Scientific), Genesys 10S UV-
Vis Spectrophotometer (Thermo Scientific), bluegel electrophoresis. The sample used in this
research are fruits of Syzygium aqueum plant. Material needed include deionized water, 2%
sodium hypochlorite, 70% ethanol, nutrient agar (Merck), bacto agar powder (Himedia),
K2HPO4, KH2PO4, FeCls.6H20, NHsNOs, MgSO4.7H20, CaClz, carboxymethyl cellulose
(CMC) (Himedia), Congo red, tripton water (Merck), peptone water (Merck), MR-VP medium
(Merck), Simmon’s citrate medium (Merck), triptic sugar iron agar (Merck), lysine iron agar
(Merck), glucose, sucrose, lactose, maltose, ddH20, Wizard Genomic DNA Purification Kit
Promega, Green Gotag PCR master mix Promega, 16S rDNA primers 27F (aga gtt tga tcc tgg
ctc ag), 1492R (ggt tac ctt gtt acg act t) (IDT Oligo), and agarose gel (Mini-Sub® Cell GT Cell
Tank and Lid).

Methods
1. Isolation of Endophytic Bacteria of S. aqueum Fruit

Isolation of endophytic bacteria from S. aqueum fruit began by sterilizing the fruit
surface. The fruit used was first washed with sterile deionized water. The fruit was then soaked
in 2% sodium hypochlorite solution for 5 minutes and then rinsed with 70% ethanol for 30
seconds. The fruit was then rinsed with sterile deionized water and allowed to dry before being
processed. The fruit dried in a Beaker glass contains Whatman filter paper no. 1, until the rinsed
water drained into the paper, approximately 15 minutes. Dried fruit was then processed by

cutting it into small pieces first and weighing 1 g. The fruit was then suspended with 9 ml of



102
103

104
105

106
107
108
109
110
111
112
113
114
115
116
117
118
119

120
121

122
123

124
125

126
127
128
129

130
131

132
133
134

phosphate buffer and then 0.1 mL was taken and spread on nutrient agar (NA) media and
repeated 5 times [12, 13].

2. Screening of Cellulolytic Bacteria Isolate

The cellulolytic screening was carried out using Bushnell-Haas agar (BHA) medium
prepared with ingredients in the form of (g/L) agar, K2HPO4 1; KH2PO4 1; FeCls.6H20 0.05;
NH4NOs3 1; MgS04.7H20 0.2; and CaCl; 0.02 then added 1% carboxymethyl cellulose (CMC)
[16]. Bacteria were inoculated on BHA medium containing 1% CMC using a streak technique
to form a line. Furthermore, the isolate results were incubated for 24 hours at 32°C.
Observations were made on the media by looking at the visible clear zone. Congo red reagent
was added to the media to clarify the clear zone produced by bacteria so that it was easy to
observe.

Observation was continued with a quantitative screening test to determine the
cellulolytic activity capability of bacteria. The test was conducted using the spot in lawn
method, by inoculating cellulolytic bacterial isolates on BHA + cellulose media by spotting at
one point only. The medium were then incubated at 32°C for 24 hours. Congo red reagent was
added to media to clarify the clear zone around the colony of bacteria. Cellulolytic index
obtained by calculating with the formula.

CZCD Cl : Cellulolytic index (mm)
cD CzZ  :Clear zone (mm)
CD :Colony diameters (mm)

Cl =

The category of cellulolytic index determines their capabilities to degrade cellulose. ClI
< 1 was low cellulolytic activity, 1 < CI <2 was medium cellulolytic activity, CI > 2 was high

cellulolytic activity [17]

3. Morphological and Biochemical Characterization

All cellulolytic bacteria that were successfully isolated were characterized by their
colony and cell morphology. Endophytic bacteria that were known to have cellulolytic activity
were characterized biochemically by growing them on test media, including IMVIC, TSIA,

Lysine and sugar fermentation. The results were observed 24 hours after inoculation

4. ldentification of Cellulolytic Bacteria Isolate

All potential bacteria were identified molecularly using 16S rDNA primers 27F (aga
gtt tga tcc tgg ctc ag) and 1492R (ggt tac ctt gtt acg act t). Detection of cellulolytic bacterial
isolate DNA began with the extraction of total DNA from bacterial isolates that had been
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prepared on nutrient agar slants, which were then taken in 2 full loops suspended in 200 pL of
ddH20, then vortexed. The suspension was then heated at 95 °C for 20 minutes using a water
bath (Benchmark Scientific, USA). After that, the culture suspension was centrifuged at 10,000
rpm for 5 minutes at 4 °C. 180 pL of supernatant was separated from the pellet to be used as a
DNA template in the PCR reaction [18].

DNA concentration and purity were measured by observing the absorbance value with
the help of Genesys 10S UV-Vis Spectrophotometer. DNA template amounting to 10uL was
added with sterile distilled water until the volume reached 1000 pL. The DNA was slowly
mixed with the help of a micropipette. The diluted DNA was then inserted into a cuvette, and
its absorbance was measured at a spectrophotometer wavelength of 260 nm. The absorbance
was measured again using a wavelength of 280 nm [19]. DNA concentration was calculated

using the following equation:
DNA Concentration = A260x50xdilution factor ................ccoovvivininin... 1)
DNA purity is further measured using the following equation:
DNA Purity = A260/A280 ..o (2)

Good DNA purity is indicated when the absorbance ratio shows a figure of 1.8 — 2 and
the concentration is above 100 pg/mL. The PCR reaction was made with a composition of 50
ML containing 25 puL Gotaq green, 5 pL primers 27F and 1492R, 5 uL DNA template and 10
ML ddH20O. Then inserted into the PCR machine and the stages were arranged, namely pre-
denaturation at 94°C for 5 minutes, denaturation at 94°C for 30 seconds, annealing at 60°C for
30 seconds, extension at 72°C for 1.5 minutes, and final extension at 72°C for 10 minutes. The
results of the amplification were visualized using 0.8% (w/v) agarose gel electrophoresis [18].

The amplicons were then sequenced at 1st BASE DNA Sequencing Malaysia. The
sequencing results were assembled into contigs using Bioedit software version 7.2. The 16S
rDNA sequences obtained were compared with the database available at NCBI using the
BLAST search tool, which can be accessed via the link https://blast.ncbi.nlm.nih.gov, and
phylogenetic tree analysis using MEGA software version 11. Pylogenetic tree generated

through Neighbor-Joining method and 1000 replicate of boot-straps.

Results and Discussion
Result
The results of the bacterial isolation process that has been carried out obtained 7

bacterial colonies with various characteristics. The characteristics of the 7 bacterial colonies
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cellulase activity screening test, it was found that there was only one type of bacterial isolate,
namely CSZA2 (Figure 1), which showed cellulolytic activity. Bacterial cellulolytic activity is
known from the appearance of a clear zone around the colony, after the administration of congo
red reagent in a medium containing cellulose (CMC) (Figure 2). The cellulolytic index (CI) of
the CSZAZ2 isolate was 0.87. These results are below 1, so the cellulolytic activity of CSZA2

bacteria is included in the low activity category.

Figure 1. [A] CSZA2 colony morphology from bacterial isolation. [B] CSZA2 colony
morphology from the purification process.

S

A B

Figure 2. [A] Qualitative screening result of CSZA2 cellulolytic activity. [B] Quantitative
screening result of CSZAZ2 cellulolytic activity using spot inoculation methods

Biochemical reaction tests conducted on the CSZA2 bacterial isolate produced the
characteristics presented in Table 2. Catalase, Indole, MR, VP, and sugar fermentation tests
(glucose, lactose, sucrose, maltose) yielded negative results. Positive results were obtained in
the motility test, lysine test, and citrate test. The TSIA test results were alkaline slant and butt,

and negative for both gas production and H.S. The TSIA test describes that no sugar were



222 fermented. The CSZA2 isolate was then prepared on NA slant media for molecular
223 identification.

224

225  Table 2. Biochemical characterization of bacterial isolate CSZA2

Carbohydrates Fermentation
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226 Notes: (+): positive results; (-): negative results; Ak: Alkaline.
227
228 The concentration of CSZA2 isolate DNA was 50 pg/mL, while the purity of DNA was

229  0.5. These results indicate that the DNA template is suspected to be contaminated with protein,
230  but we decided to continue the identification process using the DNA template sample. The
231 results of the amplification were visualized using 0.8% agarose gel electrophoresis. The
232 presence of DNA bands with a molecular weight of + 1500 bp can be seen in Figure 3.
233 indicating that 16S rDNA was amplified. A phylogeny tree was created to describe the
234  relationship of isolates suspected of having the potential to produce cellulase enzymes. The
235 identification results based on 16S rDNA showed that the CSZA2 isolate was Pseudomonas
236  putida RT12 with a similarity of 99.93% (Figure 4).

237

238 Figure 3. PCR Analysis Results of CSZA2 Isolate. 1kb: Marker; 9: CSZA2 Isolate
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%l LC805653.1 Pseudomonasaeruginosa HDKA7

MK634690.1 Pseudomonas putida YM9

00940314.1 Pseudomonas putida RT12
0

isolate CSZA2

J LN868453.1 Pseudomonas viridiflava isolate S8

,; U KM241852.1 Pseudomonas brassicacearum S21

59 L 0P649443.1 Pseudomonas amygdali CEM TC 4483
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0,10

Figure 4. Phylogeny Tree of Bacterial Species Potentially Producing Cellulase Enzymes
Based on 16S rDNA Sequence Data Neighbor Joining Bootstrap Algorithm 1000.

Discussion

Based on the results obtained, it is known that from 5 repetitions of isolation carried
out, only 7 different bacterial colonies were obtained (Table 1). This number is not too much.
Previous studies showed that endophytic bacteria in the upper body tissue of plants are not
numerous. This result was also obtained in a study to isolate endophytic bacteria in rambutan
fruit (Nephelium lappaceum), which obtained 9 isolates. Other studies isolating bacteria from
avocado and black grapes only obtained 3 isolates each [12, 16, 17].

Several things, including the level of fruit ripeness, fruit health, weather, and season,
can influence the number of bacteria in the fruit [22]. Bacteria in the fruit can come from the

carposphere or the air around the fruit and enter through the pores in the fruit. This number is
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not too much compared to bacteria from the soil or rhizosphere due to differences in nutrition.
Some of the bacteria found in the fruit also come from root bacteria that have cellulolytic
enzymatic reactions that are used to enter other tissues of the plant including the fruit [16, 19].

The morphological diversity of isolated bacterial isolates (Table 1) can be influenced
by the environmental conditions of the bacteria's origin. In addition, morphogenetics is
determined by gene expression from bacterial species. Its shape can affect important
physiological functions such as nutrient acquisition, motility, interaction and resistance to
pressure [24]. Endophytic bacteria can be Gram negative or Gram positive [25].

The CSZAZ2 bacterial isolate that has been identified as P. putida generally has a milky
white, round, sticky, moist, opaque colony morphology (Figure 1). Meanwhile, the cell
morphology is rod-shaped and Gram-negative [26]. Biochemical test of CSZAZ2 isolate shows
that most carbohydrates fermentation tests have negative results (Table 2). These results are
similar to P. putida strain ST3 characteristics, which obtaining negative results for rhamnose,
N-acetyl-glucosamine, D-sucrose, mannitol, maltose, L-fucose, sorbitol, and many other
sugars [27].

Based on the screening results (Figure 2), one bacteria was found to have hydrolytic
activity. The hydrolytic activity found was cellulolytic. This is because the bacteria produce
cellulase enzymes, however, the results found that the CSZA2 isolate has low cellulolytic
activity. Bacteria usually can produce cellulase enzymes if cellulose is available in the
substrate. Plants are the main source of cellulose. Generally, fruit contains 0.4 to 4.2% of plant
cellulose, which is relatively low compared to leaves that have 15-20% cellulose and tree
branches that contain 40-50% cellulose. This might affect the cellulase production of CSZA2
[6].

The low cellulolytic activity of the CSZA2 isolate is expected because endophytic
bacteria tend to produce plant cell wall-degrading enzymes in small amounts to move from one
tissue to another in a plant. These cell wall-degrading enzymes include cellulase and pectinase.
If the degrading enzyme is secreted in large quantities, the plant will provide an immune
response, because the plant may consider this bacteria as a pathogen. This will endanger the
survival of endophytic bacteria [28].

Previous research found that the genus Pseudomonas has the highest CI index of 1.3.
Each type of isolate may have different cellulolytic activity when screened on CMC agar
media. Cellulolytic bacteria may have a higher CI index value if they grow in their original

habitat compared to when inoculated on CMC agar media [17].
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The journey of endophytic bacteria throughout plant tissues is due to high motility and
enzymatic ability, namely the production of cellulase to help degrade cellulose in plant tissues
[29]. Secretion of bacterial cellulase usually requires the concerted action of c-di-GMP-
responsive inner membrane synthase (BcsA), membrane-anchored accessory protein (BcsB),
and several additional Bcs components. Cellulase breaks down glucosidic bonds using acid-
based catalysis. Two catalytic residues of the enzyme carry out hydrolysis: a general acid
(proton donor) and a nucleophile/base [21, 22]. Bacteria that are unable to produce hydrolytic
enzymes are due to several factors. The main factor is that bacteria do not have genes encoding
hydrolytic enzymes [32].

Cellulase is an enzyme complex consisting of endoglucanase, exoglucanase, and -
glucosidase. This enzyme complex hydrolyzes B-1,4-glycosidic linkages in cellulose in
synergy [33]. There are a few numbers of bacteria that possess all of the cellulase enzyme
complex genes. Only a few bacteria can hydrolyze the natural form of cellulose, which is the
crystalline form. Endoglucanase is the enzyme that has high capabilities to hydrolyze CMC in
artificial media. Bacteria that show low cellulolytic activity on the CMC media might be due
to the lack of the endoglucanase enzyme produced. Truly cellulolytic bacteria that can produce
three cellulase complexes usually utilize cellulose for metabolism, otherwise cellulase only
produced for pathogenesis or cellulose production [34], [35].

The identification process shows that the DNA sample may have protein contamination
because the purity ratio is below 1.8-2.0 and the concentration below 100 pg/mL, however, the
DNA still can be used as a template for PCR amplification [19]. Protein contamination may
slow PCR amplification process [36]. The results of the PCR analysis showed that the CSZA2
bacterial isolate was a species of Pseudomonas putida RT12 bacteria with a similarity of
99.93% (Figure 4). P. putida has the characteristics of not fermenting sugars. Biochemical test
reactions that generally have positive results are citrate tests [24, 25]. P. putida is a species of
bacteria that can be isolated from soil or endophytes in several plant tissues. P. putida has been
reported to be found in pepper and plant roots [26, 27, 28]. Pseudomonas is one of the most
common taxa found as endophytes, followed by Bacillus, Erwinia, Enterobacter, and
Flavobacterium. The endophytic bacteria have over 40 genera of diversity [21]. The genus
Pseudomonas is classified as a bacteria that can produce cellulase [42]. P. putida has been
reported to be able to produce cellulase enzymes and can be used to break down cellulose from

palm oil mill wastewater [43].
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Conclusions

Based on the results, only one isolate which had cellulolytic ability among seven others.
That isolate encode CSZA2 which has been proven to produce cellulase activity with
cellulolytic index 0.87. The results of morphological and biochemical characteristics, as well
as molecular identification indicate that isolate CSZA2 is a Pseudomonas putida RTI2 bacteria,
which is known as a cellulolytic bacteria. The bacterial isolates that have been found can be
developed to produce cellulase. The discovery of bacterial cellulolytic activity can be
developed for biomass degradation, bioethanol production, and agricultural biotechnology.

Acknowledgement
This research is supported by the Faculty of Health Sciences, Universitas Maarif

Hasyim Latif by providing a research location used during the research process.

Conflict of Interest

The authors whose names are listed immediately below certify that they have NO
affiliations with or involvement in any organization or entity with any financial interest (such
as honoraria; educational grants; participation in speakers’ bureaus; membership, employment,
consultancies, stock ownership, or other equity interest; and expert testimony or patent-
licensing arrangements), or non-financial interest (such as personal or professional
relationships, affiliations, knowledge or beliefs) in the subject matter or materials discussed in

this manuscript.

References

[1] E. lbrahim et al., “Biocontrol Efficacy of Endophyte Pseudomonas poae to Alleviate
Fusarium Seedling Blight by Refining the Morpho-Physiological Attributes of Wheat,”
Plants, vol. 12, no. 12, 2023, doi: 10.3390/plants12122277.

[2] W. Darwis, A. P. Supriyanto, R. H. Wibowo, S. Sipriyadi, and R. Supriati, “Endophytic
Bacteria Identification of Red Ginger (Zingiber officinale var. Rubrum) From Enggano
Island,” Elkawnie, vol. 8, no. 1, p. 119, 2022, doi: 10.22373/ekw.v8i1.11498.

[3] L. A. Utami, W. T. Wahyuni, N. R. Mubarik, and R. I. Astuti, “Endophytic bacteria of
clove (Syzygium aromaticum L.) leaves produce metabolites with antioxidant and anti-
aging properties,” J Appl Pharm Sci, vol. 13, no. 7, pp. 241-250, 2023, doi:
10.7324/JAPS.2023.93258.



352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

G. Dogan and B. Taskin, “Hydrolytic enzymes producing bacterial endophytes of some
poaceae plants,” Pol J Microbiol, vol. 70, no. 3, pp. 297-304, 2021, doi:
10.33073/PJM-2021-026.

S. P. Sagar and B. C. Mallesha, “Screening and characterization of bacterial endophytes
of the Asteraceae for the production of hydrolytic enzymes,” vol. 12, no. 9, pp. 1990—
1996, 2023.

K. Grata, “Determining Cellulolytic Activity of Microorganisms,” Chemistry,
Didactics, Ecology, Metrology, vol. 25, no. 1, pp. 133-143, 2020, doi: 10.2478/cdem-
2020-0010.

A. Shehzadi et al., “Determination of hydrolyzing and ethanolic potential of cellulolytic
bacteria isolated from fruit waste,” Italian Journal of Food Science, vol. 36, no. 1, pp.
127-141, 2024, doi: 10.15586/ijfs.v36i1.2470.

J. Z. Aprillia, W. Wisanti, and E. K. Putri, “Kajian Taksonomi Numerik Tiga Jenis
Syzygium Berdasarkan Karakter Morfologi,” LenteraBio : Berkala Ilmiah Biologi, vol.
10, no. 1, pp. 40-50, 2021, doi: 10.26740/lenterabio.v10n1.p40-50.

D. Mudiana, “Syzygium diversity in Gunung Baung, East Java, Indonesia,”
Biodiversitas, vol. 17, no. 2, pp. 733-740, 2016, doi: 10.13057/biodiv/d170248.
Sneha and V. K. Khare, “Study on dropping behaviour of water apple (Syzygium
aqueum) fruit | Request PDF,” vol. 10, no. 1, pp. 1700-1702, 2021, [Online]. Available:
https://www.researchgate.net/publication/349212920 Study_on_dropping_behaviour
_of _water_apple_Syzygium_aqueum_fruit

M. S. Sonawane, “Dietary Benefits of Watery Rose Apple (Syzygium aqueum
(Burm.f.) Alston),” International Archive of Applied Sciences and Technology, vol. 9,
no. 4, pp. 126-129, 2018, [Online]. Available: www.soeagra.com/iaast.html

Y. Suciatmih, D. Supriyati, and M. Rahmansyah, “Biodiversity of Endophytic Bacteria
and Their Antagonistic Activity To Rhizoctonia Solani and Fusarium Oxysporium,”
vol. 2, no. 4, pp. 111-118, 2013.

U. H. Habisukan, Elfita, H. Widjajanti, A. Setiawan, and A. R. Kurniawati,
“Antioxidant and Antimicrobial Activity of Endophytyc Fungi Isolated from Syzygium
aqueum Leaves,” J Phys Conf Ser, vol. 1751, no. 1, 2021, doi: 10.1088/1742-
6596/1751/1/012059.

Sogandi and P. Nilasari, “Isolation and molecular identification of Endophytic bacteria
from Noni fruits (Morinda citrifolia 1.) and their antibacterial activity,” 1OP Conf Ser
Earth Environ Sci, vol. 299, no. 1, 2019, doi: 10.1088/1755-1315/299/1/012020.



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

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

S. Suhandono, M. K. Kusumawardhani, and P. Aditiawati, “Isolation and Molecular
Identification of Endophytic Bacteria From Rambutan Fruits (Nephelium lappaceum
L.) Cultivar Binjai,” Hayati, vol. 23, no. 1, pp. 39-44, 2016, doi:
10.1016/}.hjb.2016.01.005.

A. R. S. Nazar et al., “Assessing the Biological Inhibitors Effect on Crude Oil Wax
Appearance Temperature Reduction,” Journal of Petroleum Science and Technology,
vol. 8, no. 2, pp. 70-85, 2018, doi: 10.22078/jpst.2017.2442.1418.

I. Dewiyanti et al., “Cellulase enzyme activity of the bacteria isolated from mangrove
ecosystem in Aceh Besar and Banda Aceh,” IOP Conf Ser Earth Environ Sci, vol. 951,
no. 1, 2022, doi: 10.1088/1755-1315/951/1/012113.

E. M. Suryani, Y. D. Jatmiko, and I. Mustafa, “Detection of Plantaricin-Encoding Gene
and Its Partial Purification in Lactobacillus plantarum BP102,” Jurnal Biodjati, vol. 8,
no. 2, pp. 233-247, 2023, doi: 10.15575/biodjati.v8i2.27851.

S. M. M. Nzilibili, M. K. H. Ekodiyanto, P. Hardjanto, and A. Yudianto,
“Concentration and Purity DNA Spectrophotometer: Sodium Monofluorophosphate
forensic impended effect,” Egypt J Forensic Sci, vol. 8, no. 1, 2018, doi:
10.1186/s41935-018-0065-7.

S. Compant, B. Mitter, J. G. Colli-Mull, H. Gangl, and A. Sessitsch, “Endophytes of
Grapevine Flowers, Berries, and Seeds: Identification of Cultivable Bacteria,
Comparison with Other Plant Parts, and Visualization of Niches of Colonization,”
Microb Ecol, vol. 62, no. 1, pp. 188-197, 2011, doi: 10.1007/s00248-011-9883-y.

M. P. Prasad and S. Dagar, “Identification and characterization of Endophytic bacteria
from fruits like Avacado and Black grapes,” Int J Curr Microbiol Appl Sci, vol. 3, no.
8, pp. 937-947, 2014.

A. Kumar et al., “Endophytic Microbiome in the Carposphere and Its Importance in
Fruit Physiology and Pathology,” pp. 73—88, 2021, doi: 10.1007/978-3-030-56530-5_5.
V. M. V. Rincén and D. K. Neelam, “An overview on endophytic bacterial diversity
habitat in vegetables and fruits,” Folia Microbiol (Praha), vol. 66, no. 5, pp. 715-725,
2021, doi: 10.1007/s12223-021-00896-8.

M. C. F. van Teeseling, M. A. de Pedro, and F. Cava, “Determinants of bacterial
morphology: From fundamentals to possibilities for antimicrobial targeting,” Front
Microbiol, vol. 8, no. JUL, pp. 1-18, 2017, doi: 10.3389/fmicb.2017.01264.



418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

S. Mushtaq, F. Khan, M. Shafiq, M. Hussain, and M. S. Haider, “Endophytic Bacteria:
A beneficial organism,” International Journal of Biosciences (1JB), vol. 10, no. 06, pp.
1-12, 2017, doi: 10.12692/ijb/10.6.1-12.

S. Huang et al., “Isolation, Identification and Characterization of Growth Parameters
of Pseudomonas putida HSM-C2 with Coumarin-Degrading Bacteria,” Molecules, vol.
27, no. 18, 2022, doi: 10.3390/molecules27186007.

S. Tasi¢, M. Koji¢, D. Obradovi¢, and 1. tasi¢, “Molecular and biochemical
characterization of pseudomonas putida isolated from bottled uncarbonated mineral
drinking water,” Arch Biol Sci, vol. 66, no. 1, pp. 23-28, 2014, doi:
10.2298/ABS1401023T.

B. Reinhold-Hurek, T. Maes, S. Gemmer, M. Van Montagu, and T. Hurek, “An
endoglucanase is involved in infection of rice roots by the not-cellulose-metabolizing
endophyte Azoarcus Sp. strain BH72,” Molecular Plant-Microbe Interactions, vol. 19,
no. 2, pp. 181-188, 2006, doi: 10.1094/MPMI-19-0181.

P. R. Hardoim et al., “The Hidden World within Plants: Ecological and Evolutionary
Considerations for Defining Functioning of Microbial Endophytes,” Microbiology and
Molecular Biology Reviews, vol. 79, no. 3, pp. 293-320, 2015, doi:
10.1128/mmbr.00050-14.

S. Jayasekara and R. Ratnayake, “Microbial Cellulases: An Overview and
Applications,” Cellulose, 2019, doi: 10.5772/intechopen.84531.

P. V. Krasteva et al., “Insights into the structure and assembly of a bacterial cellulose
secretion system,” Nat Commun, vol. 8, no. 1, pp. 25-28, 2017, doi: 10.1038/s41467-
017-01523-2.

M. Urvoy, R. Lami, C. Dreanno, D. Delmas, S. L’Helguen, and C. Labry, “Quorum
Sensing Regulates the Hydrolytic Enzyme Production and Community Composition of
Heterotrophic Bacteria in Coastal Waters,” Front Microbiol, vol. 12, no. December,
2021, doi: 10.3389/fmich.2021.780759.

Z. L. Liu et al.,, “Construction of a trifunctional cellulase and expression in
Saccharomyces cerevisiae using a fusion protein,” BMC Biotechnol, vol. 18, no. 1, pp.
1-7, 2018, doi: 10.1186/s12896-018-0454-x.

D. E. Koeck, A. Pechtl, V. V. Zverlov, and W. H. Schwarz, “Genomics of cellulolytic
bacteria,” Curr Opin Biotechnol, vol. 29, no. 1, pp. 171-183, 2014, doi:
10.1016/j.copbio.2014.07.002.



451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

L. W. Yoon, T. N. Ang, G. C. Ngoh, and A. S. M. Chua, “Fungal solid-state
fermentation and various methods of enhancement in cellulase production,” Biomass
Bioenergy, vol. 67, pp. 319-338, 2014, doi: 10.1016/j.biombioe.2014.05.013.

N. D. Olson and J. B. Morrow, “DNA extract characterization process for microbial
detection methods development and validation,” BMC Res Notes, vol. 5, 2012, doi:
10.1186/1756-0500-5-668.

C. A. Rahmadian, Ismail, M. Abrar, Erina, Rastina, and Y. Fahrimal, “Isolasi dan
identifikasi bakteri Pseudomonas sp pada ikan asin di tempat pelelangan ikan Labuan
Haji Aceh Selatan,” Jurnal Jimvet, vol. 2, no. 4, pp. 493-502, 2018.

S. Tasi¢, M. Koji¢, D. Obradovi¢, and 1. tasi¢, “Molecular and biochemical
characterization of pseudomonas putida isolated from bottled uncarbonated mineral
drinking water,” Arch Biol Sci, vol. 66, no. 1, pp. 23-28, 2014, doi:
10.2298/ABS1401023T.

H. Mouayed, G. Ali Wardy, and A. S. S. Sedeeq, “Isolation and identification of
Pseudomonas putida from soils of plant roots and determine the ability to produce
hydrolases enzymes,” Iragi Journal of Science, vol. 60, no. 2, pp. 228-233, 2019, doi:
10.24996/ijs.2019.60.2.4.

S. Huang et al., “Isolation, Identification and Characterization of Growth Parameters
of Pseudomonas putida HSM-C2 with Coumarin-Degrading Bacteria,” Molecules, vol.
27, no. 18, 2022, doi: 10.3390/molecules27186007.

A. H. Mohamed, H. A. E. Altaii, and T. Z. Ibrahim, “First record of the bacterium
Pseudomonas putida on pepper in Iraq,” Caspian Journal of Environmental Sciences,
vol. 21, no. 2, pp. 471-478, 2023, doi: 10.22124/CJES.2023.6546.

I. Dewiyanti, D. Darmawi, Z. A. Muchlisin, and T. Z. Helmi, “Analyzing cellulolytic
bacteria diversity in mangrove ecosystem soil using 16 svedberg ribosomal ribonucleic
acid gene,” Global Journal of Environmental Science and Management, vol. 10, no. 1,
pp. 51-68, 2024, doi: 10.22034/gjesm.2024.01.05.

A. Riwanda, U. Mayasari, and Rasyadah, “Perbandingan Bakteri Pseudomonas Putida
Dan Bacillus Cereus Dalam Menurunkan Kadar COD BOD Pada Limbah Cair Pabrik
Kelapa Sawit,” Biogenerasi: Jurnal Pendidikan Biologi, vol. 9, no. 1, 2024.





