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ABSTRACT

Former kaolin mining has poor physical and chemical properties for plants. The low
nutrient content makes difficult for plants to grow. Nitrogen (N,) is an important
macronutrient for plants, but it can only be absorbed in the form of ammonium ions
(NH*) or nitrate ions (NO*). Therefore, it is necessary to transform nitrogen, which
is able to change the molecular form so that it can be absorbed by plants. The strategy

KE YWQRDS: that can be done is using nitrogen-fixing bacteria. This study aimed to explore and

Ammomum, analyze the diversity of nitrogen-fixing bacteria based on 16S ¥RNA and nifH gene

dlfn?rogenase, from the rhizosphere of the Kaolin Lake area. The method started with bacterial

mining, isolation from rhizosphere soil samples. Selected isolates were tested for ammonium

’112(];’ RNA content to determine the ability of isolates to fix nitrogen. In this study, 13 isolates
-

had the ability to fix nitrogen, two of which had a high ammonium concentration,
namely RBN 5.6, and RBA 2.3. The highest ammonium concentration was produced
by isolate RBNS5.6 amounting to 7.55 pg/ml. Based on 16S rRNA gene identification,
isolate RBNS5.6 was similar to Burkholderia cepacia and isolate RBA2.3 was similar
to Bacillus aquimaris. Based on the detection of the nifH gene, isolate RBNS5.6 was
identified as a protein-encoding dinitrogenase reductase gene group cluster from the

Copyright (c) 2025@ author(s).

Stutzerimonas stutzeri.

1. Introduction

Mining activities are carried out in several regions of
Indonesia, including lead mining in the Bangka Belitung
Province. Mining activities caused the emergence of
an excavation area in the form of a basin, which over
time became a puddle of water so that it was shaped
like a lake. The former mine is known as the Kaolin
Lake. Kaolin Lake is a former tin mining site located in
Nibung Village, Koba District, Central Bangka Regency
(Savira et al. 2023). The soil in former kaolin mining
has poor physical and chemical properties for plants,
with a pH of 3.46, which is classified as very acidic. The
N-total content was approximately 0.22%, with low P
availability of 4.05%, C-organic content of 0.106%, and
low cation exchange capacity (CEC) of 6.53% (Hamid et
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al. 2017). The low it nutrient content makes difficult for
plants to grow, and it causes damage to the soil structure,
a decrease in the number of soil microbes, a reduction in
organic matter, and high levels of heavy metals (Hilmi
2018).

Plants need macronutrients that are used for
growth, development, and productivity. Plants that
lack macronutrients experience decreased growth
(Kumar and Mohapatra 2021). Nitrogen (N,) is an
important macronutrient for plants in large quantities,
but availability is limited to plants. The availability of
nitrogen in the soil is lower than that in the air (Leghari
et al. 2016). Nitrogen in the atmosphere is abundant,
containing approximately 78%, but nitrogen is still in
the form of molecules, most of which are not reactive,
so plants are not able to absorb it directly. Plants can
only absorb nitrogen in the form of ammonium (NH*")
or nitrate (NO*) ions (Martinez-Dalmau et al. 2021).
Therefore, it is necessary to transform nitrogen into
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air, which can change its molecular form so that it
can be absorbed by plants. The strategy that can be
implemented is to utilize microorganisms, such as
non-symbiotic nitrogen-fixing bacteria, that live freely.
Non-symbiotic nitrogen-fixing bacteria have several
potential applications, including the ability to fertilize
soil and provide micronutrients, and are widely used
as biofertilizers (Widiyawati et al. 2014). Widawati
and Suliasih (2019) successfully isolated eight isolates
identified as nitrogen-fixing bacteria originating from the
former tin mine land on the island of Bangka. However,
there were not many reports on nitrogen-fixing bacteria
from former kaolin mining. This study aims to explore
and analyze the diversity of nitrogen-fixing bacteria
based on 16S ¥YRNA and nifH genes from the rhizosphere
of the Kaolin Lake area, Belitung.

2. Materials and Methods

2.1. Rhizosphere Soil Sampling

Samples were obtained from the rhizosphere soil of
the Kaolin Lake area in Bangka Belitung Province, taken
from five sampling locations (Figure 1). The first location
point with coordinates 2°44°17.1” S 107°41°10.8” E, the
second location point 2°44°18.3” S 107°41°11.9” E, the
third location point 2°44°18.5” S 107°41°13.6” E, the
fourth location point 2°44°15.1” S 107°40°59.8” E, and
the fifth location point 2°44°09.1” S 107°40°54.5” E.

2.2. Isolation of Bacteria from Soil Samples

A sample of 1 g was placed in 9 ml of physiological
NaCl for multilevel dilution of up to 10°. Dilutions of
102 to 10° were taken as much as 0.1 L to be inoculated
using the spread plate method on nutrient agar (NA)
medium for heterotrophic bacteria (Ekowati et al. 2021).
Isolation of bacteria from soil samples was also used
enrichment culture techniques which were then grown
on selective nitrogen-free bromthymol blue (NFB) agar
medium for nitrogen-fixing bacteria. The NFB medium
used was composed of DL-malic acid, KOH, K.HPO,,
MgSO,+7H,0, MnSO,*H,0, NaCl, CaCl2, FeSO,*7H,0,
Na,MoO,*2H,0, and bacto agar for solid NFB medium
while for semi-solid NFB medium 0.23% bacto agar and
0.5% bromthymol blue (BTB) were added. Colonies that
grew on both media were counted to determine bacterial
cell density per gram (Ding et al.2005). The selected
isolates were subjected to macroscopic and microscopic
morphological characterization.

2.3. Screening of Nitrogen Fixing Bacteria
2.3.1. Ammonium Content Test

The ammonium content test was performed
qualitatively by growing the isolates on a semi-solid
NFB medium. Changes in the media color from green
to bluish indicate positive results for nitrogen fixation
(Jannah et al. 2022). Quantitative testing was performed
by growing the isolates on an NFB liquid medium
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Figure 1. Map of sampling locations. Kaolin Lake, Bangka Belitung Province, Indonesia
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for 8 days. The culture was centrifuged to obtain the
supernatant. A total of 2 ml of supernatant was added with
0.08 ml of 10% phenol alcohol, 0.08 ml of nitroprusside
solution, and oxidizing solution in a ratio of 1:4 (0.2 ml
sodium hypochlorite and 20% alkaline citrate solution),
each reaction was stirred. The solution was allowed to
stand for 1 h in the dark until it changed color to bluish.
The color changes formed from the reaction results were
measured using a spectrophotometer at a wavelength of
640 nm (Eaton et al. 2005).

2.3.2. Hypersensitivity Test

A hypersensitivity test was conducted on tobacco
plants. Liquid culture was obtained from a cell density
of £108 cells/ml, then injected as much as 1 ml into the
lower surface of the tobacco leaf using a 1 ml syringe.
Pseudomonas aeruginosa was used as the positive
control, whereas the negative control remove media
without isolates. Symptoms of necrosis were observed
up to 48 h after culture injection (Harca et al. 2014).

2.4. Molecular
Isolates
2.4.1 Bacterial Genome DNA Extraction
Genomic DNA was extracted from bacterial cells
using the Zymo Research Quick-DNATM Fungal/
Bacterial Miniprep Kit. The DNA extraction results
were measured for concentration and purity using a
NanoDrop spectrophotometer (Thermo Scientific,
Wilmington, DE, USA).

Identification of Potential

2.4.2. Identification of Nitrogen Fixing Bacteria
Based on 16S rRNA Gene and nifH Gene

Amplificationofthe 16StRNA gene was performedusing
a polymerase chain reaction (PCR) machine with primer
sets 63F (5’-CAGGCCTAACACATGCAAGTC-3)
and 1387R (5’-GGGCGGWGTGTACAAGGC-3’)
(Harca et al. 2014). Amplification of the nifH
gene was performed using the primer set PolF-GC
(5’-CGCCCGCCGCCGCCCGCGCCCGGGE-3) and
PolR (5-ATSGCCATCATYTCRCCGGA-3') (Gaby dan
Buckley 2012). PCR was performed under the following
conditions: pre-denaturation at 94°C for 4 min; 30 cycles
of denaturation at 94°C for 30 s, annealing at 55°C for
the 16S rRNA gene, 54°C for the nifH gene for 45 s,
and extension at 72°C for 1 min; and a final extension
at 72°C for 7 min (Peng et al. 2018). The PCR products
were visualized on 1% agarose gel. The amplified DNA
was sent to the sequencing service for PT. Genetika
Science.

2.4.3. Bioinformatics Analysis

Nucleotide base sequences that were successfully
sequenced were contiguous using SeqTrace software
version 0.9.0, after which they were aligned with
GenBank data using the BLAST-N and BLAST-X
programs. Phylogenetic tree construction was carried
out using the MEGA 11 program with the Neighbor-
Joining method and the Tamura Nei model with a
bootstrap value of 1000x (Tamura et al. 2021). Target
gene nucleotide sequences were reduced to amino
acids using the ExPasy website. The isolate with the
highest ammonium concentration had a 3D structure
constructed using the I-Tasser (Zhou et al. 2022). The
3D structural model of the protein was visualized and
superposition analyzed using the USCF ChimeraX
program (Pettersen ef al. 2021).

3. Results

3.1. The Abundances and Morphological
Characteristics of Bacterial Isolates

Culturable bacterial populations of the five
rhizosphere soil samples from the Kaolin Lake area
in Belitung showed different abundances between
heterotrophic bacteria and nitrogen fixing bacteria.
The counting results showed that the total population
of nitrogen-fixing bacteria was higher, 10*-10° CFU/g,
than that of heterotrophic bacteria, 10°-10* CFU/g
(Table 1). The difference in the total number of bacteria
was influenced by the isolation technique.

Selected isolates from the NA and NFB media were
characterized macroscopically and microscopically
(Tables 2 and 3). Observation of colony morphology
was carried out on 2 days for isolates with NA media
origin and incubation on day 5 for isolates with NFB
media origin. Observations were made by observing
the characteristics of the bacterial colonies, including
shape, margin, elevation, and colony color.

Table 1. Total number of bacteria in rhizosphere soil of the area
around Kaolin Lake, Belitung, Bangka Belitung Province,
Indonesia

Rhizosphere Total number of Total number of nitrogen
soil sample heterotrophic bacteria  fixing bacteria (CFU/gr)
(CFU/gr)
Rhizosphere 1 1.5 x10* 1.0 x 10°
Rhizosphere 2 2.0 x10° 3.0 x 10
Rhizosphere 3 2.1 x10° 1.4 x 10
Rhizosphere 4 5.3 x10* 1.6 x 10°
Rhizosphere 5 6.6 x 10° 5.1 x10*
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Table 2. Characterization of macroscopic and microscopic, morphology of bacterial isolates on NA media from rhizosphere soil of the area
around Kaolin Lake, Belitung, Bangka Belitung Province, Indonesia

Macroscopic Microscopic
Isolate code
Color Shapes Elevation Margins Cell shape Gram
RBA 1.1 White Irregular Raised Undulate Bacillus +
RBA 1.2 White Circular Convex Entire Bacillus +
RBA 1.3 White Circular Convex Curled Bacillus +
RBA 1.4 White Circular Pulvinate Undulate Bacillus +
RBA 1.5 White Circular Convex Entire Bacillus +
RBA 2.1 Yellow Circular Convex Entire Coccus +
RBA2.2 Yellow Circular Convex Entire Bacillus +
RBA2.3 Orange Circular Convex Entire Bacillus -
RBA2.4 Cream Circular Convex Entire Bacillus -
RBA2.5 White Irregular Raised Undulate Bacillus -
Bacillus
RBA 3.1 Yellow Circular Convex Entire Bacillus +
Bacillus

RBA 4.1 White Circular Convex Entire Bacillus +
RBA 4.2 Yellow Circular Convex Entire Bacillus -
RBA 4.3 Yellow Circular Convex Entire Coccus -
RBA 4.4 Yellow Circular Convex Entire Bacillus +
RBA 4.5 White Circular Umbonate Entire Bacillus +
RBAS5.1 White Circular Convex Entire Bacillus +
RBA 5.2 White Circular Convex Entire Bacillus +
RBA 5.3 Yellow Circular Convex Entire Coccus +
RBA 5.4 Yellow Circular Convex Entire Coccus +

Table 3. Characterization of macroscopic and microscopic morphology of bacterial isolates on NFB media from rhizosphere soil of the area
around Kaolin Lake, Belitung, Bangka Belitung Province, Indonesia

. Macroscopic Microscopic
Isolate code Color Shapes Elevation Margins Cell shape Gram
RBN 1.1 White Circular Raised Curled Bacillus +
RBN 1.2 White Circular Convex Entire Bacillus +
RBN 2.1 White Filamentous Umbonate Filamentous Filament +
RBN 2.2 White Circular Convex Entire Bacillus +
RBN 2.3 White Circular Convex Entire Bacillus +
RBN 24 White Circular Convex Entire Bacillus -
RBN 2.5 White Circular Convex Entire Bacillus +
RBN 2.6 White Circular Convex Entire Bacillus +
RBN 3.1 Brown Circular Raised Filamentous Filament +
RBN 3.2 White Circular Irregular Entire Coccus -
RBN 3.3 White Circular Convex Entire Bacillus +
RBN 3.4 White Circular Convex Entire Bacillus +
RBN 3.5 White Circular Convex Entire Bacillus +
RBN 3.6 White Circular Convex Entire Bacillus +
RBN 3.7 White Circular Convex Entire Bacillus +
RBN 3.8 White Circular Convex Entire Bacillus +
RBN 3.9 White Circular Convex Entire Bacillus +
RBN 4.1 White Circular Convex Entire Bacillus +
RBN 4.2 White Circular Convex Entire Bacillus +
RBN 4.3 White Circular Convex Entire Bacillus +
RBN 4.4 White Circular Convex Entire Coccus +
RBN 4.5 White Circular Convex Entire Bacillus +
RBN 4.6 White Circular Convex Entire Bacillus -
RBN 4.7 White Circular Convex Entire Bacillus +
RBN 4.8 White Circular Convex Entire Bacillus +
RBN 4.9 White Circular Convex Entire Bacillus +
RBN 4.10 White Circular Convex Entire Bacillus +
RBN 4.11 White Circular Convex Entire Coccus -
RBN 5.1 White Circular Convex Entire Bacillus -
RBN 5.2 White Circular Convex Entire Bacillus +
RBN 5.3 White Circular Convex Entire Bacillus +
RBN 54 White Circular Convex Entire Bacillus -
RBN 5.5 White Circular Convex Entire Bacillus +
RBN 5.6 White Circular Convex Entire Bacillus -

RBN 5.7 White Circular Convex Entire Bacillus




HAYATI J Biosci

Vol. 32 No. 3, May 2025

3.2. Nitrogen Fixing Activity of the Selected
Isolates

Based on the result of the qualitative test of
nitrogen fixation, thirteen isolates capable of nitrogen
fixation indicated by a color change in the semi-solid
NFB medium from green to bluish (Figure 2) (Table
4).

A quantitative ammonium content test was
conducted on 13 isolates. The ammonium
concentration was determined based on the absorbance
value measured using a spectrophotometer. Based

on the measurement results, several isolates were
obtained at various concentrations (Figure 3), and the
rate of ammonium formation produced by cells per
day was determined (Table 5).

3.3. Hypersensitivity Reaction to Tobacco
Leaves

Hypersensitivity tests were conducted on tobacco
leaves as hosts to determine the pathogenicity. None
of the isolates showed any symptoms of necrosis in the
tobacco leaves (Figure 4).

p«"w'- T 27

__...-!‘

Figure 2. The result of qualitative analysis of nitrogen fixation bacteria on a semi-solid NFB medium. Description: (C) negative control,
(1) RBA 1.5, (2) RBA 2.3, (3) RBA 5.13 (4) RBN 3.6, (5) RBN 3.7, (6) RBN 3.9, (7) RBN 4.1, (8) RBN 4.6, (9) RBN 4.5, (10)

RBN 4.7, (11) RBN 4.11, (12) RBN 5.3, (13) RBN 5.6
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Table 4. Qualitative analysis of nitrogenase activity in semi-solid =~ Table 5. Nitrogen fixation activity based on ammonium

NFB medium accumulation of five selected rhizospheric isolates
Isolate Nitrogenase activity Growth on NFB from the rhizosphere soil of the area around Kaolin
- Lake, Belitung, Bangka Belitung Province, Indonesia
RBA 1.5 ++ Aerobic
RBA 23 Tt Aerobic Isolate code Ammonium Standard Ammonium accumulation
RBA 5.3 + Aerobic accumulation deviation rate pg NH4/cell/day)
RBN 3.6 + Microaerophilic (ug/ml)
RBN 3.7 + Aerobic RBA 1.5 0.16 0.00 9.25E-05
RBN 3.9 + Aerobic RBA23 7.28 0.06 0.46
RBN 4.1 + Aerobic RBN 4.1 1.16 0.03 0.04
RBN 4.6 + Aerobic RBN 4.6 2.79 0.04 0.02
RBN 4.5 + Aerobic RBN 5.6 7.55 0.04 0.38
RBN 4.7 + Aerobic
RBN 4.11 + Microaerophilic
RBN 5.3 + Aerobic
RBN 5.6 +++ Aerobic

Nitrogenase activity: + low, ++ medium, +++ high

8.00 -
T 7.55

7.00
. 600
8
|
£ 5001
é/-\
3£ 4001
g &
s
g 3.00] 2.79
£
E

2,001

1.16
1.00]
0.16

0.00 | —
RBN RBN RBN RBN RBN RBN RBN RBN RBN RBN RBN RBN RBN

1.5 2.3 53 3.6 3.7 39 4.1 4.5 4.6 4.7 4.11 53 5.6
Isolate code
Figure 3. Ammonium content produced by bacterial isolates from rhizosphere soil

Figure 4. Hypersensitivity test result on tobacco leaf. (a) RBN 5.6, (b) RBN 4.6, (¢c) RBA 5.1, (d) RBN 4.1, and (e) RBA 2.3, negative
control (-) blank medium without isolates, positive control (+) Pseudomonas aeruginosa



HAYATI J Biosci

Vol. 32 No. 3, May 2025

3.4. Identification of Potential Isolates with
16S rRNA Gene Analysis

Identification of the 16S rRNA gene was carried out
on potential isolates RBN 5.6 and RBA 2.3 based on the
ability of the isolates to produce high concentrations
of ammonium. Visualization of 16S rRNA gene
amplification formed a DNA band of about ~1300 bp.
The 16S rRNA gene sequence was analyzed using
GenBank data in the BLAST-N program (Table 6).

A phylogenetic analysis based on 16S *RNA gene
sequence was conducted to determine the relationships
between the species. The analysis showed that isolate
RBN 5.6 was similar to Burkholderia cepacia, while
isolate RBA 2.3 was similar to Bacillus aquimaris
(Figure 5).

3.5. Identification of Potential Isolates by nifH
Gene

The nifH gene was detected in the potential isolate
RBN 5.6. BLAST-X results showed that the partial

Table 6. Similarity analysis of the 16S rRNA gene sequences of
nitrogen-fixing bacterial isolates using the BLAST-N
program

Isolate Description Identity ~Accession

(o)

RBN 5.6 Burkholderia cepacia 1231/1299 99.92 MNS508424.1
RBA 2.3  Bacillus aquimaris  1259/1283 96.62 MKS841571.1

Query
length

Bacillus haikouensis strain Q2aS
Rossellomorea aquimaris strain BLB1
ol Bacillus enclensis strain BPB 1
Bacillus aguimaris strain PPEQ2
o RBA 2 3
Y Bacillus licheniformis YCIS Shruti4
i Burkholderia cenocepacia strain PS27
REN 3 6
| Burkholderia territorii strain SCAT001

Burkholderia cepacia strain ESR87

( Stutzerimonas stuizeri strain MCCB411

1wl Psendomonas stuizeri strain ATCC 17682

— Salmonella enrerica strain PKB 4 PP825378.1

0.02

Figure 5. Construction of a phylogenetic tree of 16S rRNA gene
sequences. The phylogenetic tree was constructed using
the Neighbor-Joining method, the Tamura-Nei model
with a bootstrap value of 1000x

sequence of the nifH gene from isolates RBN 5.6 was
identified as a protein-encoding dinitrogenase reductase
(Table 7). Based on phenetic tree analysis, amino acid
dinitrogenase reductase isolate RBN 5.6 is related to
dinitrogenase reductase protein from Stutzerimonas
stutzeri strain AWA45398.1 (Figure 6).

The partial amino acid sequence of nifH from isolate
RBN 5.6 aligned with the reference sequence (Figure
7), resulted in 17 conserved amino acid residues. These
amino acid residues function as catalytic sites, which
are dominated by Alanine (A), Glutamate (E), Glycine
(G), Asparagine (D), Leucine (L), and Valine (V).

3.6. 3D Structure Analysis of Amino Acid
Dinitrogenase Reductase

The 3D structure model of the partial amino acid
sequence of dinitrogenase reductase sequence isolate
RBN 5.6 (Figure 8) is similar to the reference protein
model of Fe-protein nitrogenase from Azotobacter
vinelandii. The protein model was created using [-Tasser
with protein quality values including C-score 0.99
(range of values -5 to 2), TM-score 0.85+0.08 (range
of values between 0-1), and RMSD 2.0£1.6 A (<2, A).
Based on the results of the superposition analysis, there
was a structural overlap between the partial sequence
model of dinitrogenase reductase isolate RBN 5.6, and
the Fe-protein nitrogenase reference protein model
from A. vinelandii. In addition, several amino acid
residues are known to play a role in ligand-binding and
active sites.

4. Discussion

The total population of bacteria in the rhizosphere soil
of the former kaolin mine was quite low. Previous research
has reported that the former tin mine land obtained a
number of bacterial populations ranging from 10°-107
CFU/g (Novalia et al. 2022). The total population of
rhizosphere soil bacteria generally ranges from 103-10°
CFU/g (Glick 2012). Ex-mining land has poor physical
and chemical properties and low nutrient content. The
high and low numbers of bacterial populations in the soil
can be caused by the availability of nutrients in the soil

Table 7. Similarity analysis of the gene encoding dinitrogenase
reductase (nifH) isolates RBN 5.6 with BLAST-X analysis

Isolate Description Query Identity Accession
length (%)
RBN 5.6 Dinitrogenase reductase 292/354 100 AYKO03524.1

(Stutzerimonas stutzeri)
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Stutzerimonas stutzeri AWA43398.1 dinitrogenase reductase
Pseudanabaena cf. persicina LEGE 07163 dinitrogenase reductase AGG68335.1

+ RBN5G6
Psendomonas putida AEX25777.1 NifH

Burkholderia cepacia nitrogenase reductase ADIW09321.1

"t Azospirillum lipaferum dinitrogenase reductase AAF60983.1
Microbacterium sp. Bil28 Tryptophan 2-monooxygenase CAH0326559.1
0.'(72

Figure 6. Phenetic tree amino acid sequence of nifH partial dinitrogenase reductase isolate RBN 5.6. The phenetic tree was constructed
using the Neighbor-Joining method, with a bootstrap value of 1000x

Burkholderia =  -----------a- IGKSTTSQNTLAALVELDQKILIVGCDPKADSTRLILHAKAQDTILS a7
Azotobacter -AMRQCAIYGKGGIGKSTTTQNLVAALAEMGKKVMIVGCDPKADSTRLILHSKAQNTIME 59
Pseudomonas MAMRQCAIYGKGGIGKSTTTQNLVAALAELGKKVMIVGCDPKVDSTRLILHSKVONTIME 60
RBN_5_6 = =  —-mmmmm oo LHSKAQNTIME 11
Pseudanabaena @  ----------------mmmmoeioe CDPKADSTRLILHSKAQNTIME 22

*klk,kik%k.,

Burkholderia LAAEAGSVEDLELEDVMKIGYKDIRCVESGGPEPGVGCAGRGVITSINFLEENGAYD-GV 106
Azotobacter MAAEAGTVEDLELEDVLKAGYGGVKCVESGGPEPGVGCAGRGVITAINFLEEEGAYEDDL 119
Pseudomonas MAAEAGTVEDLELEDVLKTSYGDIKCVESGGPEPGVGCAGRGVITAINFLEEEGAYEDDL 120
RBN_5_6 MAAEAGTVEDLELEDVLKTGYGDIKCVESGGPEPGVGCAGRGVITAINFLEEEGAYEDDL 71
Pseudanabaena MAAEAGTVEDLELEDVLKTGYGDIKCVESGGPEPGVGCAGRGVITAINFLEEEGAYEDDL 82
DhAKAK DRAKKRKARA LK LK LD IRRKAAARKAARARAAA AR AR L AAAKAK D AAA
Burkholderia BY U SEBEEIMMEEE - — - - - -~ - - -~~~ - - - - - -- - m e 121
Azotobacter DFVFYDVLGDVVCGGFAMPIRENKAQEIYIVCSGEMMAMYAANNISKGIVKYANSGSVRL 179
Pseudomonas DFVFYDVLGDVVCGGFAMPIRENKAQEIYVVCSGEMME---------------------- 158
RBN_5_6 DFVFYDVLGDVVCGGFAMPIRENKA-----------mmmmmmmm e e e e o 96
Pseudanabaena DFVFYDVLGDVVCGGFAMPIRENKAQEIYVVCSGEMMAL-------------~-------- 121

K1k KRKKRKARAKA
Figure 7. Deduced amino acids of nifH partial dinitrogenase reductase isolate RBN 5.6 aligned with reference amino acids. Yellow
highlights: conserved amino acids

* 1 v
\“\,\ :-" J":.
B Ll
-
A5 ‘ .
%
A TN B

Figure 8. 3D protein structure analysis of dinitrogenase reductase isolate RBN 5.6 using I-Tasser. (A) protein structure of 4. vinelandi PDB
model (6N4]), (B) protein structure of amino acid dinitrogenase reductase isolate RBN 5.6, (C) Superposition analysis of the 3D
model of dinitrogenase reductase partial protein RBN 5.6 against the Fe-protein nitrogenase reference protein from A. vinelandii,
(D) ligand-binding site, (E) active site
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(Abna et al. 2020). Based on macroscopic morphological
observation of the 55 isolates, it can be seen that the
isolates have varied colony shapes, dominated by circular
shapes (round) and convex elevations with entire (smooth)
edges. It has a variety colony colors, namely white, yellow,
beige, orange, and brown. Microscopically, the cell shape
was dominated by rod-shaped Gram-positive bacteria.

Qualitative testing was performed on all isolates to
determine the color changes in the media, indicating
their ability to accumulate ammonium. Color changes
were caused by the nature of the bromthymol blue color
indicator in the media. Bromthymol blue changes the
color of the media when there is an increase in pH,
which is known to accumulate ammonium from nitrogen-
fixing bacteria in the media (Baldani et al. 2014). The
results of bacterial metabolism, in the form of ammonia
compounds (NH,), are released into the environment
and then reacted with water (H,0) to form ammonium
(NH*") and hydroxide ions (OH"). These hydroxide ions
cause the pH of the environment to become more alkaline
(Haruta et al. 2004).

Qualitative analysis of nitrogen-fixing bacteria on
semi-solid NFB media indicated different abilities based
on the color changes formed on the media. The isolates
RBA5.3,RBN 3.6, RBN 3.7, RBN 3.9, RBN 4.1, RBN
4.6, RBN 4.5, RBN 4.7, RBN 4.11, and RBN 5.3 had
nitrogenase activity classified as low, whereas isolates
RBA 1.5 and RBA 2.3 had nitrogenase activity classified
as medium. Meanwhile, isolate RBN 5.6 showed high
nitrogenase activity. Oxygen demand affects the growth
pattern of bacteria, which can be observed when bacteria
are grown in liquid or semi-solid media. Aerobic bacterial
colonies are scattered on the surface of the media because
they require more oxygen for growth (Keenleyside
2019). Conversely, anaerobic bacterial colonies grow
at the bottom of the medium because they do not require
oxygen. This study shows that isolates that have the ability
to fix nitrogen are isolates RBA 1.5, RBA 2.3, and RBN
5.6, which are aerobic with colonies tending to grow on
the surface of the tube. In general, bacteria that grow
close to the surface of the medium have better access to
oxygen than bacterial colonies that grow at the bottom of
the medium. However, in the process of oxygen greatly
affects the activity of nitrogenase. Oxygen as a barrier
that can affect the performance of nitrogenase enzymes
(Ohayama et al. 2014).

A high oxygen concentration causes the nitrogenase
enzyme to become inactive, thus reducing the ability to
fix nitrogen. Therefore, non-symbiotic nitrogen-fixing
bacterial protect themselves through several different
mechanisms. Previous research by Wang et al. (2017)

explained that bacteria can form biofilms as a strategy
used by bacteria to survive under aerobic conditions, so
they can carry out nitrogen fixing naturally. Pseudomonas
stutzeri A1501 has been reported to be able to fix nitrogen
under aerobic conditions by forming biofilms (Wang et
al. 2017). Azotobacter protect nitrogenase against oxygen
by forming a mucus capsule (Danapriatna 2010; Castillo
et al. 2020). Meanwhile, the Cyanobacteria group forms
a heterosis to protect the nitrogenase enzyme. Heterosis
is a part of the cells with thick wall that protects the
nitrogenase complex enzyme. Bacterial that do not
have heterosis usually protect themselves by temporally
separating oxygen from the nitrogen fixation process and
O, production, where the nitrogen fixation process is
carried out under dark conditions to avoid the production
of O, (Sapalina et al. 2022).

Nitrogen-fixing bacteria have the ability to fix free
nitrogen and convert it into ammonia (NH,) compounds
using the nitrogenase enzymes (Zulfarina et al. 2017).
Ammonia fixation converts ammonia into ammonium
ions (NH*") when it reacts with water (Grzyb et al
2021). This is supported by previous studies, Hartono
and Jumadi (2014) mentioned that nitrogen-fixing bacteria
tether N, and convert it into ammonia, after which it
is excreted outside the cell form of ammonium ions.
These ammonium ions can then be utilized by plants for
growth (Hartono 2014). The ammonium concentration
produced in this study was fairly high compared with
the results of previous studies. Dewi dan Trimulyono
(2024) successfully isolated nitrogen-fixing bacteria from
rhizosphere soil with ammonium concentrations ranging
from 0.57-0.91 pg/ml. Ummabh et al. (2019) successfully
isolated nitrogen-fixing bacteria that obtained ammonium
concentrations of 1.84 ug/ml to 2.24 ng/ml. Each type
of microbe has a different ability to produce ammonium,
which can be caused by variations in the type of bacteria,
the amount of oxygen contained in the growth medium,
and variations in carbon sources, which can affect the
ability of bacterial cells to produce ammonium (Hartono
and Jumaidi 2014).

Based on the hypersensitivity test, it shows that all
tested isolates, namely RBN 4.1, RBN 4.6, RBN 5.6,
RBA 1.5, and RBA 2.3, showed a negative response,
indicating that none of the isolates were pathogenic to
plants. The hypersensitivity reaction is a plant response
characterized by rapid cell death at the point of pathogen
injection (Balint-Kurti 2019). Hypersensitivity reactions
can inhibit pathogens by damaging cells and localizing
and can cause symptoms such as discoloration of leaves,
drying, and necrosis (Mardhiana et al. 2017).
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The results of 16S rRNA gene sequencing of two
potential isolates compared with data from GenBank show
that isolate RBN 5.6 is closely related to Burkholderia
cepacia, and isolate RBA 2.3 is closely related to Bacillus
aquimaris. Isolate RBN 5.6 was detected to have the nifH
gene with an amplified gene length in the same range as the
nifH gene sequence from previous studies. The nucleotide
sequence of the partial nifH gene of isolate RBN 5.6
was successfully sequenced, and nucleotides measuring
approximately ~400 bp were obtained. Isolate RBN 5.6
has homology with B. cepacia. The Burkholderia group
is currently the center of research because it has various
abilities, one of which can fix nitrogen (Perez-Pantoja et
al. 2012). The Burkholderia genus can fix free nitrogen
and is associate with legume plant roots. The ability to
fix nitrogen has also been reported in several species,
namely B. Vietnamiensis, B. kururienis, B. tropicalis, and
B. brasiliensis. In addition, B. cepacia species has been
reported to have the potential to be used as biofertilizers
that can stimulate growth and increase the yield of corn
plants (Tang et al. 2020).

Nitrogen is one of the components of various
biomolecules that is important for supporting the growth
and development of organisms, especially plants. Nitrogen
fixation includes biological processes that can naturally
convert free N, in the air into ammonia (NH,), involving
the nitrogenase complex enzyme (Kroneck et al. 2014;
Ma’ruf et al. 2023). Nitrogen fixation is carried out by
nitrogenase enzymes with several subunits encoded by
several nif genes, namely nifD, nifK, and nifH genes.
One of these three nif genes is nifH, which encodes the
most sequential nitrogenase reductase subunit and is often
used by researchers to study the phylogenetics, diversity,
and abundance of nitrogen-fixing microorganisms. The
nitrogenase enzyme belongs to a group of complex
enzymes consisting of two subunits; dinitrogenase and
dinitrogenase reductase. Dinitrogenase is component
I, which is a Mo-Fe protein component that contains
molybdenum, iron, and inorganic sulfur. Component II,
ditinrogenase reductase, is a smaller protein component
called the Fe protein (Rana et al. 2023).

Based on the prediction of the ligand-binding site using
the protein structure from the Protein Data Bank (PDB)
as a template, it is known that several residues located
in the ligand-binding site play a role in electron transfer.
Some residues that are in the ligand binding site are C49
(Cystein), A50 (Alanine), G51 (Glycine), C84 (Cystein),
G85 (Glycine), and G86 (Glycine). While the residues
that play a role in the active site on this protein are G42

(Glycine), A50 (Alanine), 155 (Isoleucine), L79 (Leucine),
D81 (Aspartic acid), V83 (Valine), G85 (Glycine), F87
(Phenylalanine), M89 (Methionine), 191 (Isoleucine),
and E93 (Glutamic acid) (Zhang et al. 2023).

In conclusion, in this study, 13 isolates had the ability
to fix nitrogen, two of which had a high ammonium
concentration, namely RBN 5.6, and RBA 2.3. The two
potential isolates based on the 16S rRNA gene are known
to have similarities to Burkholderia cepacia and Bacillus
aquimaris, respectively. Isolate RBN 5.6 was detected to
have a nifH gene with an amino acid sequence that belongs
to the dinitrogenase component of the Stutzerimonas
stutzeri group cluster. Further research needs to be carried
out based on the 16S rRNA gene for three other potential
isolates and detection of the nifH gene. Implementation
tests can be conducted on selected isolates to plants and
can be applied on a field scale.
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