Al-Hayat: Journal of Biology and Applied Biology
Volume 8, No 2 (2025):95-110
DOI. 10.21580/ah.v8i2.28874.

Isolation and Molecular Identification of Cadmium-Resistant
Bacteria from Paddy Soil in the Tallo Watershed, Makassar

Risky Nurhikmayani'*, Aghis Sukma Dewi?

1 Soil Microbiology Laboratory, Department of Soil Science, Faculty of Agriculture, Universitas
Hasanuddin, Makassar, 90245, Indonesia

2 Agrotechnology Study Program, Department of Soil Science, Faculty of Agriculture, Universitas
Hasanuddin, Makassar, 90245, Indonesia

Abstract

Cadmium (Cd) contamination in paddy soils is a global concern because it can accumulate in rice
through nutrient uptake, posing significant food safety risks. More than one-quarter of the Tallo
watershed area in Makassar consists of rice fields that are vulnerable to pollution from industrial
activities and urban runoff. This study aimed to isolate and identify Cd-resistant bacteria from paddy
soils in the Tallo watershed to determine potential candidates for bioremediation. Soil samples were
collected from the rhizosphere of rice fields located at varying distances from the Tallo Main River.
Bacterial isolation was conducted using Nutrient Agar, followed by Cd resistance testing on Nutrient
Agar supplemented with CdCl, at concentrations ranging from 10 mg L™* to 110 mg L™". Molecular
identification of the most Cd-tolerant isolates was performed using the 16S rRNA gene with primers
27F and 1492R. A total of 22 isolates were obtained, 19 of which were resistant to 10 mg L™ CdClL,.
Only five isolates were able to grow at 100 mg L™, and just one isolate, L1(4), showed growth at 110
mg L. This highly tolerant isolate was sequenced using the 16S rRNA gene and identified as
belonging to the genus Aeromonas, specifically A. veronii. A limitation of this study is the exclusive
use of 16S rRNA sequencing, which provides limited resolution for differentiating closely related
species. Despite this limitation, the findings indicate that the identified strain represents a promising
candidate for the bioremediation of Cd-contaminated soils in the Tallo watershed.

Keywords: 16S rRNA, Aeromonas veronii, Bioremediation, Cadmium-Resistant Bacteria, Paddy
Soil, Tallo Watershed

Introduction

Cadmium (Cd) is a toxic heavy metal
(Charkiewicz et al., 2023; Genchi et al., 2020;
Khan et al,, 2022; Rahimzadeh et al,, 2017)
that adversely affects plant health and
productivity by  disrupting  cellular
structures and metabolic processes (Rashid
et al,, 2023). Its potential impact on human

health is a major concern, particularly in
paddy fields where Cd uptake by rice plants
poses risks to food safety (Jiang et al.,, 2021;
F.Wangetal, 2021).If elevated Cd levels are
not mitigated during rice growth, the metal
can be transferred to developing shoots and
ultimately accumulate in rice grains (Feng et
al,, 2019). This accumulation is driven by
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nutrient-uptake transport mechanisms (Jing
et al,, 2023), highlighting the urgent need to
reduce Cd bioavailability in soils and limit its
agricultural impact (Danso et al,, 2023).

Globally, Cd  contamination in
agricultural soils has become an increasing
concern (Jiang et al,, 2021; Lv et al,, 2022;
Wang et al, 2016). Rapid industrialization
has substantially contributed to Cd pollution
in rice-producing regions, often exceeding
national food safety thresholds for Cd in rice
grains (Wang et al, 2019). In the Yangtze
River watershed in China, for example,
average Cd concentrations in rice and wheat
grains exceeded recommended limits by
62% and 81%, respectively, largely due to
industrial emissions and phosphate
fertilizer use (Gao et al., 2022). Similarly, Cd
levels in paddy soils in Central Hunan were
found to be 1.6 to 2.8 times higher than
national soil contamination standards (Jiang
et al, 2021). These data reinforce the
urgency of addressing Cd pollution,
especially in regions where rice serves as a
primary food source.

In the Makassar region, several rivers
and tributaries drain into the Makassar
Strait, including the Tallo River. The diverse
and intensive activities along the coastal
waters of Makassar contribute to
environmental pollution. The Tallo
Watershed spans an area in which 28.97%
consists of rice fields (Wahyuni et al,, 2022),
placing agricultural lands at heightened risk
of Cd contamination. Cd concentrations in
the estuarine waters of the Tallo River have
been reported at 0.729 ppm, exceeding
established environmental quality
standards (Setiawan, 2014). This elevated
level is likely affected by waste discharge
from the Makassar Industrial Estate, which
empties directly into the river (Mahluddin et
al, 2022; Setiawan, 2014). Cd contamination
has also been detected in fish from the Tallo
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Watershed, surpassing permissible Cd limits
for aquatic organisms (Jais et al, 2020),
indicating bioaccumulation within local
biota. Despite these indications of Cd
exposure in the Tallo Watershed, no
available studies have isolated,
characterized, or molecularly identified Cd-
resistant bacteria from paddy soils in this
area. The absence of such data leaves a
critical gap in understanding the microbial
potential for Cd bioremediation within
agricultural ecosystems.

Bioremediation of Cd using microbes is
an efficient alternative for mitigating
environmental Cd contamination (Zulfigar
etal,, 2023). The microorganisms commonly
utilized are soil microbes capable of
tolerating heavy metals (Ma et al, 2023;
Song et al,, 2024). Several strains of heavy
metal-resistant bacteria have been reported
to reduce Cd availability in soil (Ma et al,,
2023; Zulfigar et al,, 2023) and decrease its
accumulation in rice plant tissues
(Ayangbenro & Babalola 2017). This
microbiological approach offers an
economical and environmentally friendly
solution, as it is simple to implement and
requires minimal land; therefore, it holds
strong potential for reducing heavy metal
contamination (Fahruddin et al, 2020).
However, information remains limited
regarding Cd-resistant bacterial isolates
from the Tallo Watershed, which may
serve as promising local candidates for
microbe-assisted remediation.

To address this gap, the present study
aimed to isolate bacteria from paddy field
soils within the Tallo Watershed, evaluate
their tolerance to Cd through resistance
assays, and identify the most tolerant
isolate using 16S rRNA gene sequencing.
This study provides the first report of Cd-
resistant bacterial isolates from paddy
soils in this watershed and represents a
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preliminary step toward developing
localized microbial resources for Cd
mitigation in agricultural environments.

Research Methods

Soil samples were collected from the
rhizosphere layer at a depth of 0-20 cm
(Song et al., 2024; Yu et al., 2021) from
three rice fields located in the Tallo
Watershed, Makassar, South Sulawesi,
Indonesia. The sampling sites included
Location 1 (L1), Parang Loe, Tamalanrea
District  (coordinates: 5°06’17.5"S,
119°27’59.5”E); Location 2 (L2), Lakkang,
Tallo District (coordinates: 5°07°26.7"S,
119°28’03.3”E); and Location 3 (L3),
Pampang, Panakkukang District
(coordinates: 5°07'44.5"S,
119°27°27.1”E). L1 and L2 are situated
near the main Tallo River, with L1 being
particularly close to the Makassar
Industrial Estate (KIMA), while L3 lies
farther from the river relative to the other
two sites. These locations were selected
due to their varying proximities to the
Tallo River and adjacent industrial zones,
which are known potential sources of
metal contamination.

Isolation of Bacteria from Paddy Field Soil
in the Tallo Watershed

A 10 g subsample of soil was added to
90 mL of physiological NaCl solution
(Merck), homogenized, and labeled as the
1071 dilution. Subsequently, 1 mL of this
suspension was transferred into a test
tube containing 9 mL of physiological
NaCl to produce a 1072 dilution. Serial
dilutions were prepared up to 107° to
ensure colony counts within an
enumerable range. From dilutions 10™* to
107%, 0.1 mL aliquots were transferred
into sterile petri dishes, followed by the
addition of 15 mL of Nutrient Agar

(HIMEDIA). Plates were gently rotated
clockwise and counterclockwise to evenly
distribute the inoculum and then
incubated at 28 * 1°C, the standard
temperature for culturable soil bacteria.

Emerging colonies were observed
morphologically based on color,
elevation, margin, and size. Distinct
colony morphotypes were recorded as
separate isolates, each assigned a unique
code. Colonies were picked using an
inoculating loop and streaked on fresh
agar to obtain pure cultures. Each isolate
was subjected to Gram staining
(HIMEDIA) following Smith and Hussey
(2005), and the stained preparations were
examined under a microscope at 1000x
magnification to determine Gram
reaction and cell morphology.

Cd-Resistance Test

Cd-resistance was assessed following
Verdian and Zulaika (2015). Each
bacterial isolate was streaked onto
Nutrient Agar supplemented with CdCl,
(Sigma Aldrich). Tests began at a
concentration of 10 mg L™%, which was
increased in increments of 10 mg L™* until
the maximum tolerable concentration for
each isolate was reached. Plates were
incubated for 24 h at 28 + 1°C. Isolates
showing visible growth were considered
Cd-resistant. Cd-resistant isolates were
subsequently stored as stock cultures on
Nutrient Agar at -4°C.

DNA Extraction and Polymerase Chain
Reaction (PCR)

A total of 108 bacterial cells from
isolates showing the highest Cd-
resistance performance were subjected to
DNA extraction using the Quick-DNA
Magbead Plus Kit (Zymo Research,
D4082) (Rante et al., 2024). DNA
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quantity and purity were assessed with a
NanoDrop spectrophotometer (Thermo
Scientific). Samples with concentrations
of 5-100 ng/pL and A260/280 purity
ratios between 1.8 and 2.0 (Abdel-Latif &
Osman, 2017; Srirungruang et al.,, 2022)
were selected for subsequent PCR
analysis. DNA integrity was verified by
electrophoresis on a 1% agarose gel.
Amplification of the 16S rRNA gene was
conducted using MyTaq HS Red Mix (2x)
(Bioline, BIO-25048) in a final reaction
volume of 25 pL. Each reaction contained
12.5 pL of MyTaq HS Red Mix, 0.4 pM

primer 27F (5'-
AGAGTTTGATCMTGGCTCAG-3"), 0.4 uM
primer 1492R (5'-

TACGGYTACCTTGTTACGACTT-3") (Aliyu
etal, 2023; Nurhikmayani etal., 2019), 5-
100 ng of DNA template, and nuclease-
free water. PCR conditions included an
initial denaturation at 95°C for 1 min,
followed by 35 cycles of denaturation at
95°C for 10 s, annealing at 52°C for 15 s,
and extension at 72°C for 15 s. PCR
products were visualized on a 0.8%
agarose gel in TBE buffer and compared
against a 1 kb DNA ladder. Amplification
was considered successful when bands
corresponded to the expected target size
of approximately 1,400 bp (Sune et al,,
2020). The resulting PCR products were
sequenced bidirectionally using the
Sanger sequencing method with capillary
electrophoresis at 1st BASE.

Phylogenetic Analysis

The 16S rRNA sequences obtained
from the isolates were analyzed using the
Basic Local Alignment Search Tool

(BLAST) at  www.ncbi.nlm.nih.gov,
comparing the sequences against the
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National Center for Biotechnology
Information (NCBI) GenBank database
(Agustiani et al.,, 2023). For phylogenetic
reconstruction, 11 reference sequences
representing the closest BLAST hits and
relevant type strains (KC210792.1;
KX768735.1; NR179579.1; NR043638.1;
NR074841.1; NR115351.1; OR214944.1;
NR113635.1; ON872224.1; NR112837.1;
NR116880.1), along with one outgroup
(NR156860.1), were retrieved from
GenBank. Phylogenetic analysis was
conducted in MEGA 11 wusing the
Neighbor-Joining method with 1,000
bootstrap replications. The Kimura 2-
Parameter (K2P) model was applied,
consistent with recommendations for
bacterial 16S rRNA  evolutionary
comparison. Positions containing gaps or
missing data were removed using the
pairwise deletion option. Bootstrap
values greater than 50% were displayed
on the resulting phylogenetic tree.

Research Results and Discussion

Isolation of Cd-Resistant Bacteria from
Paddy Field Soil in the Tallo Watershed

Isolation of soil bacteria from three
locations within the Tallo Watershed yielded
atotal of 22 isolates (see Table 1).Sixisolates
originated from the rhizosphere ofrice fields
located near the main Tallo River and the
KIMA industrial area (L1). Seven isolates
were obtained from rice fields adjacent to
the main Tallo River (L2). The remaining
nine isolates were collected from rice fields
situated farther from the river compared
with L1 and L2 (L3). Each isolate exhibited
distinct colony morphology, cell shape, and
Gram reaction. Isolates were coded based on
sampling location, followed by a numerical
identifier.
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Table 1
Colony morphology and Gram staining of bacterial isolates from paddy field soil in the Tallo
Watershed
) Colony Morphology Cell Shape -
Location Code Shape Color Elevation Margin Size Gram Tgpe
L1-Parang L1(1) Circular White Flat Entire Small Coccus-Positive
Loe L1(2) Circular Creamy  Convex Entire Medium  Coccus-Positive
white
L1(3) Circular White Flat Entire Small Coccus-Negative
L1(4) Circular Creamy  Flat Entire Large Bacillus-
white Negative
L1(5) Circular White Flat Entire Small Bacillus-
Negative
L1(6) Circular Orange  Umbonate  Entire Medium  Bacillus-
Negative
L2 - Lakkang L2(1) Punctiform Orange  Flat Entire Small Coccus-Positive
L2(2) Circular White Flat Entire Medium  Coccus-Positive
L2(3) Circular Orange  Flat Entire Small Coccus-Negative
L2(4) Circular Yellow Flat Entire Small Coccus-Positive
L2(5) Circular Creamy  Flat Entire Large Coccus-Positive
white
L2(6) Circular White Flat Entire Small Coccus-Positive
L2(7) Circular Orange Flat Entire Medium  Coccus-Positive
L3- L3(1) Circular Orange Convex Entire Medium  Coccus-Positive
Pampang  L3(2) Circular White Flat Entire Medium  Coccus-Positive
L3(3) Circular Creamy  Flat Entire Medium  Coccus-Positive
white
L3(4) Circular White Flat Undulate  Large Bacillus-Positive
L3(5) Circular White Convex Entire Medium  Bacillus-Positive
L3(6) Circular Creamy  Raised Entire Large Bacillus-Positive
white
L3(7) Circular White Flat Entire Small Coccus-Positive
L3(8) Circular White Convex Entire Small Coccus-Positive
L3(9) Circular Yellow Convex Entire Small Coccus-Positive

Note: Colony size classification: small (<1 mm); medium (1-2 mm); large (>2 mm).

The isolates obtained were subsequently
tested for Cd resistance using nutrient agar
supplemented with CdCl, at concentrations
ranging from 10 mg L™* to 110 mg L™
Several studies have employed CdCl;, as a
source of Cd** ions (Feria-Caceres et al,
2022; Makki et al,, 2019; Wu et al, 2016) to
evaluate the resistance of soil bacteria to Cd
contamination. The addition of CdCl, to the
growth medium functions as a selective

agent, allowing only bacteria with Cd-
resistance mechanisms to survive.

The resistance assay across multiple
CdCl, concentrations showed that 19 of the
22 isolates were able to grow at 10 mg L™*
CdCl;, (see Figure 1a, 1b, 1c). Three isolates
failed to grow at the initial concentration
(see Figure 1c), indicating their sensitivity to
Cd. Heavy metals such as Cd can inhibit
microbial growth and metabolism by
causing functional impairment, DNA
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damage, protein denaturation, and
disruption of cell membranes (Chakravarty
& Banerjee, 2008; Khan et al., 2022; Rashid
et al, 2023; Shuaib et al, 2021). Microbial
sensitivity to Cd varies across taxa, and
gram-negative bacteria are generally more

Figure 1

tolerant to Cd than gram-positive bacteria
(Babich & Stotizky, 1977). Consistent with
this, the three isolates that were unable to
survive at the lowest Cd concentration,
L3(3), L3(6), and L3(8), were gram-positive,
making them more susceptible to Cd toxicity.

Graph of the resistance ability of bacterial isolates to CdCl, concentrations of 0-110 mg L™ based on
sampling location: (a) L1; (b) L2; (c) L3; (d) survival percentage of isolates; (e) isolate growth at 100

mg L% (f) isolate growth at 110 mg L™~
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All isolates that failed to grow on Cd-
supplemented media originated from L3,
where only 67%  survived at
concentrations above 10 mg L. In
contrast, isolates from L1 and L2
tolerated up to 30 mg L%, with survival

cdcql, Concentratlon (mg L)

EL1 @L2 OL3
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>100

rates of 33% and 29% at 2100 mg L%,
respectively (see Figure 1d). Only four of
the nine isolates from L3 exhibited
growth, with maximum resistance
observed at 70 mg L™ This distribution
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suggests a decline in Cd tolerance with
increasing distance from the Tallo River.

Microbes exhibit strong adaptive
capabilities to environmental stressors.
Bacterial resistance to heavy metals is
associated with metabolic
acclimatization, enabling them to
transform or mitigate the toxicity of metal
ions (Yin et al,, 2019). From the NA-CdClI,
plates at 100 mg L%, five isolates, L1(2),
L1(4), L1(5), L2(1), and L2(2), were able
to grow. Among them, L1(4) showed the
most robust growth, forming denser and
thicker colonies than the other isolates
(see Figure 1e). L1(4) remained viable at
110 mg L', whereas the remaining
isolates exhibited no growth at this
concentration (see Figure 1f). The

Figure 2

diversity and lack of phylogenetic
clustering among Cd-tolerant bacteria
(Bravo & Braissant, 2022; Ghorui et al.,
2023), highlight the need for further
taxonomic identification.

PCR amplification of isolate L1(4)
produced a clear 1500 bp band
corresponding to the 16S rRNA gene (see
Figure 2). The 16S rRNA sequence is a
widely used marker for bacterial
classification, with 98.65% similarity
serving as the threshold for species
delineation (Kim & Chun, 2014). BLAST
analysis of the L1(4) sequence showed its
highest identity at 99.36% with 100%
query coverage to A. veronii strain SA (see
Table 2).

Electrophoresis results of 165 rRNA gene amplification of isolate L1(4) (M = Marker, 1 kb DNA ladder;

NTC = Non-Template Control).

L1@4) NTC
10,000bp —
3,000bp—
1,500bp —
1,000bp —
500bp —
250bp —
Table 2
Top 10 BLAST hits of 16S rRNA sequences of isolate L1(4) against NCBI (excluding uncultured sample
sequences)
Top BLAST Hit Query Cover Per. Ident Accession
Aeromonas veronii strain SA 100% 99.36% KC210792.1
Aeromonas allosaccharophila strain Aerall01 100% 99.22% 0K513039.1
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Aeromonas veronii strain zy01

Aeromonas veronii TS18-B

Aeromonas sobria strain:14H 11

Aeromonas veronii strain LRC7

Aeromonas veronii strain BL1604

Aeromonas veronii strain PCG1

Aeromonas veronii strain CH-GX-NN-SL1-2-2021

Aeromonas veronii strain AV2006

99% 99.22% KX768735.1
99% 99.22% LC487867.1
100% 99.15% AB473004.1
100% 99.15% MT226399.1
100% 99.15% KY767536.1
100% 99.15% MN581681.1
100% 99.15% ON203101.1
100% 99.15% 0P476498.1

Based on the BLAST analysis of the 16S
rRNA sequences, isolate L1(4) was
identified as A. veronii. This result is
supported by the phylogenetic tree
constructed using the Neighbor-Joining
method (see Figure 3), which shows that
isolate L1(4) clusters closely with A.
veronii compared to other species within
the same genus. According to Martinez-
Murcia et al. (2016), 16S rRNA gene
sequencing, DNA-DNA hybridization, and
phylogenetic analysis are effective
approaches for  determining the
taxonomic placement of bacterial isolates
within Aeromonas. Gram-staining results
indicated that isolate L1(4) is a gram-
negative bacillus (see Table 1), consistent
with characteristics of the Aeromonas
genus. Members of Aeromonas are
predominantly aquatic organisms, but
they also occur in soil, vegetables, and
various food products (Goncalves Pessoa
etal, 2019; Pessoa et al,, 2022). Guerra et
al. (2022) reported that Aeromonas
populations are often more abundant in
soil than in water or vegetation,
suggesting  strong  adaptation to
terrestrial environments. Previous
studies also documented the tolerance of
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Aeromonas spp. isolated from mining soil
to Cd concentrations of up to 24 ppm
(Ibrahim et al., 2020). Aeromonas sobria
has similarly been isolated from heavy-
metal-contaminated soils in the Tanjaro
region of Iraq, showing tolerance to Zn,
Cu, and Ni (Qurbani et al., 2022).

The resistance assay conducted on
isolate L1(4), identified as A. veronii,
demonstrated its ability to survive at a
CdCl, concentration of 110 mg L™
(equivalent to 110 mg kg™'). This
represents a notably high Cd
concentration. For comparison, the
maximum permissible Cd concentration
in soil is 1 mg kg™* (Ji et al., 2012), while
the national Cd contamination threshold
for paddy soil in China is 0.3 mg kg™ (Lv
etal.,, 2022). The ability of isolate L1(4) to
tolerate the highest tested CdCl,
concentration highlights its potential
application as a bioremediation agent.
Sen et al. (2014) reported that A. veronii
exhibits substantial resistance to heavy
metals, and when combined with
Stenotrophomonas  maltophilia  and
Bacillus barbaricus, the consortium
achieves greater metal-reduction
efficiency than individual isolates.
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Similarly, Matyar et al. (2014) showed
that Aeromonas hydrophila demonstrated
the highest resistance to heavy metals,

Figure 3

likely due to prolonged exposure to
agrochemical contamination in its native
environment.

Phylogenetic tree illustrating the relationship of isolate L1(4) based on 16S rRNA sequences,
constructed in MEGA 11 using the Neighbor-Joining method, with Pseudaeromonas pectinilytica

strain AR1 as the outgroup.

L1(4)

—

00050

The persistence of Aeromonas strains
in heavy-metal-contaminated
environments is closely associated with
their possession of plasmids carrying
metal-resistance genes, enabling them to
tolerate high toxicity levels (Hossain &
Heo, 2022; Tataje-Lavanda et al,
2024)(Hossain & Heo, 2022; Tataje-
Lavanda et al,, 2024). One major strategy
employed by Aeromonas is biosorption, in
which non-specific metal ions bind to
extracellular polysaccharides, surface-
associated polymers, and various
proteins, serving as a non-enzymatic
detoxification mechanism (Qurbani et al,,
2022; Valls & de Lorenzo, 2002)(Qurbani
et al,, 2022; Valls & de Lorenzo, 2002).
These structural molecules act as

Aeromonas veronii strain SA KC210792.1:9-1417

Aeromonas veronii strain zy01 KX768735.1:2-1409

Aeromonas aquatilis strain AE207 NR 179579.1:2-1416

Aeromonas hydrophila strain CCM 7232 NR 043638.1:49-1458 NR 043638.1:49-1458
Aeromonas hydrophila strain ATCC 7966 NR 074841.1:49-1458

Aeromonas molluscorum strain LMG 22214 NR 115351.1:33-1442

Aeromonas salmonicida strain ATCC 33658 OR214944,1:16-1424

Aeromonas salmonicida subsp. masoucida strain NBRC 13784 NR 113635.1:29-1438
Aeromonas encheleia strain NCTC12917 ON872224.1:35-1444

—— Aeromonas sobria strain JCM 2139 NR 112837.1:6-1414

{ Aeromonas rivuli strain DSM 22539 NR 116880.1:48-1457

Pseudaeromonas pectinilytica strain AR1 NR 156860.1:1-1411

protective barriers that limit metal entry
and support cellular survival under
stress. Supporting this mechanism,
Aeromonas sp. Y23 has been reported to
form interconnected long-chain cells
when exposed to Cd, a morphological
adaptation that restricts Cd penetration
and enhances resistance (Zhang et al,
2026)(Zhang et al., 2026).

From an ecological perspective, the
presence of highly Cd-tolerant Aeromonas
populations in agricultural soils suggests
their potential role in natural attenuation
processes, whereby microbial activity
reduces Cd mobility and bioavailability in
the  rhizosphere. = Such  microbial
interactions may lower Cd uptake by rice
plants, ultimately mitigating food safety
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risks in paddy systems exposed to heavy
metal contamination. In this context, the
ability of isolate L1(4) to withstand 110
mg L™* CdCl; highlights its promise as a
candidate organism for bioremediation in
Cd-contaminated soils.

Conclusion

Isolation of bacteria from rice field soil in
the Tallo watershed, Makassar, resulted in
22 isolates, 19 of which exhibited resistance
to CdCl, at 10 mg L™ . Among these, five
isolates were capable of growing at
concentrations up to 100 mg L. Of the five,
isolate L1(4) demonstrated the strongest
growth performance and remained viable at
concentrations up to 110 mg L™*. Molecular
characterization using the 16S rRNA gene
identified isolate L1(4) as A. veronii. These
findings suggestthat A. veroniiis a promising
candidate for  Cd-tolerant bacterial
applications. However, resistance observed
on nutrient agar does not directly confirm its
bioremediation potential in soil systems.
Thus, further functional assays are required
to assess its effectiveness in Cd-
contaminated soil environments.

Acknowledgment

The authors sincerely acknowledge the
support of LPPM-UNHAS through the
Penelitian Dosen Pemula Unhas (PDPU)
scheme under contract number
00310/UN4.22/PT.01.03/2024.

References

Abdel-Latif, A, & Osman, G. (2017).
Comparison of three genomic DNA
extraction methods to obtain high
DNA quality from maize. Plant

Methods, 13(1).
https://doi.org/10.1186/s13007-
016-0152-4

Agustiani, R. D., Oedjijono, Rahmani, N., &
Ekowati, N. (2023). Isolation and

104 | Volume 8, No 2 (2025)

Characterization of Rhizospheric
Bacteria Associated with Canna
Plant for Production of
Maltooligosaccharide Amylase.
Journal of Tropical Biodiversity and
Biotechnology, 8(2).
https://doi.org/10.22146/jtbb.783
46

Aliyu, A. D., Mustafa, M., Aziz, N. A. A,
Kong, Y. C, & Hadi, N. S. (2023).
Assessing Indigenous Soil Ureolytic
Bacteria as Potential Agents for Soil
Stabilization. Journal of Tropical
Biodiversity and Biotechnology, 8(1).
https://doi.org/10.22146/jtbb.751
28

Ayangbenro, A. S, & Babalola, 0. O.
(2017). A new strategy for heavy
metal polluted environments: A
review of microbial biosorbents. In
International Journal of
Environmental Research and Public
Health (Vol. 14, Issue 1). MDPL
https://doi.org/10.3390/ijerph140
10094

Babich, H., & Stotizky, G. (1977).
Sensitivity of Various Bacteria,
Including Actinomycetes, and Fungi
to Cadmium and the Influence of pH
on Sensitivity.  Applied  and
Environmental Microbiology, 33(3),
681-695.

Bravo, D. & Braissant, 0. (2022).
Cadmium-tolerant bacteria: current
trends and  applications in
agriculture. In Letters in Applied
Microbiology (Vol. 74, Issue 3, pp.
311-333). John Wiley and Sons Inc.
https://doi.org/10.1111/lam.1359
4

Chakravarty, R., & Banerjee, P. C. (2008).
Morphological changes in an
acidophilic bacterium induced by
heavy metals. Extremophiles, 12(2),
279-284.
https://doi.org/10.1007 /s00792-
007-0128-4



Isolation and Molecular Identification of Cadmium-Resistant ....

Charkiewicz, A. E., Omeljaniuk, W. ],
Nowak, K., Garley, M., & Niklinski, .
(2023). Cadmium Toxicity and
Health Effects—A Brief Summary. In
Molecules (Vol. 28, Issue 18).
Multidisciplinary Digital Publishing

Institute (MDPI).
https://doi.org/10.3390/molecules
28186620

Danso, O. P., Acheampong, A., Zhang, Z.,
Song, J., Wang, Z., Dai, ]., Zhi, T., Yin,
X, & Zhu, R. (2023). The
management of Cd in rice with
biochar and selenium: effects,
efficiency, and practices. Carbon

Research, 2(1).
https://doi.org/10.1007 /s44246-
023-00073-1

Fahruddin, F., Kasim, S., & Rahayu, E. U.
(2020). Cadmium (Cd) Resistance of
Isolate Bacteria from Poboya Gold
Mining in Palu, Central Sulawesi.
Jurnal Biologi Tropis, 20(2), 298-
304.
https://doi.org/10.29303/jbt.v20i2
2013

Feng, W,, Guo, Z., Xiao, X, Peng, C., Shi, L.,
Ran, H, & Xu W. (2019).
Atmospheric deposition as a source
of cadmium and lead to soil-rice
system and  associated risk
assessment.  Ecotoxicology  and
Environmental Safety, 180, 160-167.
https://doi.org/10.1016/j.ecoenv.2
019.04.090

Feria-Caceres, P. F., Penagos-Velez, L., &
Moreno-Herrera, C. X. (2022).
Tolerance and Cadmium (Cd)
Immobilization by Native Bacteria
Isolated in Cocoa Soils with
Increased Metal Content.
Microbiology Research, 13(3), 556-
573.
https://doi.org/10.3390 /microbiol
res13030039

Gao, Y., Duan, Z., Zhang, L., Sun, D, & Li, X.
(2022). The Status and Research
Progress of Cadmium Pollution in

Rice- (Oryza sativa L.) and Wheat-
(Triticum aestivum L.) Cropping
Systems in China: A Critical Review.
In Toxics (Vol. 10, Issue 12). MDPI.
https://doi.org/10.3390/toxics101
20794

Genchi, G., Sinicropi, M. S, Lauria, G,
Carocci, A, & Catalano, A. (2020).
The effects of cadmium toxicity. In
International Journal of
Environmental Research and Public
Health (Vol. 17, Issue 11). MDPI AG.
https://doi.org/10.3390/ijerph171
13782

Ghorui, A., Pal, S., Pal, S., Ghosh, K., Dutta,
U., Dey Sutradhar, B., Das, D., Pal, P,
& Laha, A. (2023). Cadmium (Cd)
Resistant Bacteria. Journal of Survey
in Fisheries Sciences, 10(1S), 6463-
6469.

Gongalves Pessoa, R. B, de Oliveira, W. F.,,
Marques, D. S. C., dos Santos Correia,
M. T., de Carvalho, E. V. M. M,, &
Coelho, L. C. B. B. (2019). The genus
Aeromonas: A general approach.
Microbial Pathogenesis, 130, 81-94.
https://doi.org/10.1016 /j.micpath.
2019.02.036

Guerra, R. M., Maleno, F. D,, Figueras, M. |,
Pujol-Bajador, 1, & Fernandez-
Bravo, A. (2022). Potential
Pathogenicity of Aeromonas spp.
Recovered in River Water, Soil, and
Vegetation from a  Natural

Recreational  Area. Pathogens,
11(11).

https://doi.org/10.3390 /pathogens
11111382

Han, ], Wu, D., Yang, ], Shi, Y., Abid, G,
Wang, L., & Li, Z. (2024). A biochar-
based amendment improved
cadmium (Cd) immobilization,
reduced its bioaccumulation, and
increased rice yield. Frontiers in

Environmental Science, 12.
https://doi.org/10.3389 /fenvs.202
4.1487190

Volume 8, No 2 (2025) | 105



Risky Nurhikmayani, Aghis Sukma Dewi

Hossain, S., & Heo, G.-]. (2022). Detection

of Antimicrobial and Heavy-Metal
Resistance Genes in Aeromonas spp.
I[solated from Hard-Shelled Mussel
(Mytilus Coruscus). Microbial Drug
Resistance, 28(1), 127-135.
https://doi.org/10.1089/mdr.2020.
0590

Ibrahim, U. B.,, Yahaya, S. Yusuf, I, &

Jais,

Kawo, A. H. (2020). Cadmium (Cd)
and Lead (Pb) Uptake Potential and
Surface Properties of Aeromonas
spp. Isolated from Soil of Local
Mining Site. Microbiology Research
Journal International, 36-47.
https://doi.org/10.9734 /mrji/2020
/v30i330203

K. N., Ikhtiar, M., Gafur, A., Abbas, H.
H. Lingkungan, P. K., Masyarakat, K,

Muslim Indonesia, U, &
Epidemiologi, P. (2020).
Bioakumulasi Logam Berat

Kadmium (Cd) dan Kromium (Cr)
yang terdapat dalam Air dan Ikan di
Sungai Tallo Makassar. Window of
Public Health Journal, 01(03), 261-
274.

Ji, W., Chen, Z, Li, D, & Ni, W. (2012).

Identifying the Criteria of Cadmium
Pollution in Paddy Soils Based on a
Field Survey. Energy Procedia, 16,
27-31.
https://doi.org/10.1016/j.egypro.2
012.01.006

Jiang, K., Deng, X., Zhou, H., Long, ]., Dong,

X, Huang, ]., Hou, H. bo, Peng, P. qin,
& Liao, B. han. (2021). Health risk
assessment of Cd pollution in
irrigated paddy field system: A field
investigation in Hunan Province,
China. Human and Ecological Risk
Assessment, 27(2), 352-367.
https://doi.org/10.1080/10807039
.2020.1715203

Jing, H., Yang, W,, Chen, Y., Yang, L., Zhou,

106

H. Yang, Y., Zhao, Z., Wu, P., & Zia-ur-
Rehman, M. (2023). Exploring the
mechanism of Cd uptake and

| Volume 8, No 2 (2025)

translocation in rice: Future
perspectives of rice safety. Science of
The Total Environment, 897, 165369.
https://doi.org/https://doi.org/10.
1016/j.scitotenv.2023.165369

Khan, Z., Elahi, A, Bukhari, D. A, &

Rehman, A. (2022). Cadmium
sources, toxicity, resistance and
removal by  microorganisms-A
potential strategy for cadmium
eradication. In Journal of Saudi
Chemical Society (Vol. 26, Issue 6).
Elsevier B.V.
https://doi.org/10.1016/j.jscs.2022
101569

Kim, M., & Chun, J. (2014). Chapter 4 - 16S

rRNA Gene-Based Identification of
Bacteria and Archaea using the
EzTaxon Server. In M. Goodfellow, I.
Sutcliffe, & J. Chun (Eds.), Methods in
Microbiology (Vol. 41, pp. 61-74).

Academic Press.
https://doi.org/https://doi.org/10.
1016/bs.mim.2014.08.001

Lv, L, Jiao, Z., Ge, S., Zhan, W,, Ruan, X.,, &

Wang, Y. (2022). Assessment of Cd
Pollution in Paddy Soil-Rice System
in Silver Mining-Affected Areas:
Pollution Status, Transformation
and Health Risk Assessment.

International Journal of
Environmental Research and Public
Health, 19(19).

https://doi.org/10.3390/ijerph191
912362

Ma, B, Song, W., Zhang, X,, Chen, M,, Li, ],

Yang, X, & Zhang, L. (2023).
Potential application of novel
cadmium-tolerant  bacteria in
bioremediation of Cd-contaminated
soil. Ecotoxicology and
Environmental Safety, 255.
https://doi.org/10.1016/j.ecoenv.2
023.114766

Mahluddin, N., Gafur, A., & Yulianti.

(2022). Bioakumulasi Logam Berat
Timbal (Pb) dan Kadmium (Cd) Pada
Kerang Hijau, Air, dan Sedimen.



Isolation and Molecular Identification of Cadmium-Resistant ....

Window of Public Health Journal,
3(1), 119129.
http://jurnal.fkm.umi.ac.id/index.p
Hp/wopH/article/view/woph3112

Makki, R. M., El-Hamshary, O. I. M., &

Almarhabi, Z. M. (2019). Isolation
and molecular identification of
bacterial strains to study biofilm
formation and heavy metals
resistance in Saudi Arabia. Journal of
Pure and Applied Microbiology,
13(1), 419-432.
https://doi.org/10.22207 /JPAM.13.
1.46

Martinez-Murcia, A. Beaz-Hidalgo, R,

Navarro, A, Carvalho, M. |, Aravena-
Roman, M,, Correia, A, Figueras, M.].,
& Saavedra, M. ]. (2016). Aeromonas
lusitana sp. nov. Isolated from
Untreated Water and Vegetables. In
Current Microbiology (Vol. 72, Issue
6, pp. 795-803). Springer New York
LLC.

https://doi.org/10.1007 /s00284-
016-0997-9

Matyar, F. Gillnaz, O. Guzeldag, G,

Mercimek, H. A,, Akturk, S., Arkut, A,
& Sumengen, M. (2014). Antibiotic
and heavy metal resistance in Gram-
negative bacteria isolated from the
Seyhan Dam Lake and Seyhan River
in Turkey. Annals of Microbiology,
64(3), 1033-1040.
https://doi.org/10.1007 /s13213-
013-0740-8

Meriem, S. (2021). Mitigasi Cekaman

Kadmium (Cd) pada Tanaman Padi
(Oryza sativa L.): Pendekatan
Fisiologi dan Molekuler. Berita
Biologi : Jurnal Imu Hayati ,22(1),
1-12.

https://doi.org/10.14203 /beritabio
logi.v20i1.3991

Nurhikmayani, R., Daryono, B. S, &

Retnaningrum, E. (2019). Isolation
and molecular identification of
antimicrobial-producing lactic acid
bacteria from chao, South Sulawesi

(Indonesia) fermented fish product.
Biodiversitas, 20(4), 1063-1068.
https://doi.org/10.13057/biodiv/d
200418

Pessoa, R. B. G., Oliveira, W. F. de, Correia,

M. T.dos S., Fontes, A., & Coelho, L. C.
B. B. (2022). Aeromonas and Human

Health Disorders: Clinical
Approaches. Frontiers in
Microbiology, 13.

https://doi.org/10.3389/fmicb.202
2.868890

Qurbani, K., Khdir, K., Sidiq, A.,, Hamzah,

H., Hussein, S., Hamad, Z., Abdulla, R,,
Abdulla, B, & Azizi, Z. (2022).
Aeromonas sobria as a potential
candidate for bioremediation of
heavy metal from contaminated
environments. Scientific Reports,
12(1).
https://doi.org/10.1038/s41598-
022-25781-3

Rahimzadeh, M. R, Rahimzadeh, M. R,

Kazemi, S., & Moghadamnia, A. A.
(2017). Cadmium toxicity and
treatment: An update. Caspian
Journal of Internal Medicine, 8(3),
135-145.
https://doi.org/10.22088/cjim.8.3.
135

Rante, H., Manggau, M. A, Alam, G., Pakki,

E., Erviani, A. E., Hafidah, N., Abidin,
H. L., & Alj, A. (2024). Isolation and
identification of Actinomycetes with
antifungal activity from karts
ecosystem in  Maros-Pangkep,
Indonesia. Biodiversitas, 25(2), 458-
464.

https://doi.org/10.13057 /biodiv/d
250203

Rashid, A., Schutte, B. ], Ulery, A,

Deyholos, M. K., Sanogo, S., Lehnhoff,
E. A, & Beck, L. (2023). Heavy Metal
Contamination in Agricultural Soil:
Environmental Pollutants Affecting
Crop Health. In Agronomy (Vol. 13,
Issue 6). MDPI.

Volume 8, No 2 (2025) | 107



Risky Nurhikmayani, Aghis Sukma Dewi

https://doi.org/10.3390/agronomy
13061521

Sen, S. K, Raut, S, Dora, T. K, &
Mohapatra, P. K. Das. (2014).
Contribution of hot spring bacterial
consortium in cadmium and lead
bioremediation through quadratic
programming model. Journal of
Hazardous Materials, 265, 47-60.
https://doi.org/10.1016/j.jhazmat.
2013.11.036

Setiawan, H. (2014). Pencemaran Logam
Berat di Perairan Pesisir Kota
Makassar dan Upaya
Penanggulangannya. Info Teknis
EBONI, 11(1), 1-13.

Shuaib, M. Azam, N. Bahadur, S,
Romman, M. Yu, Q. & Xuexiu, C.
(2021). Variation and succession of
microbial communities under the
conditions of persistent heavy metal
and their survival mechanism.
Microbial Pathogenesis, 150.
https://doi.org/10.1016/j.micpath.
2020.104713

Smith, A. C., & Hussey, M. A. (2005). Gram
Stain Protocols. In American Society
for Microbiology.
www.asmscience.org

Song, L., Zhou, ], Xu, X, Na, M,, Xu, S,
Huang, Y., Zhang, |, Li, X,, & Zheng, X.
(2024). Inoculation of cadmium-
tolerant bacteria to regulate
microbial activity and key bacterial
population in cadmium-
contaminated soils during
bioremediation. Ecotoxicology and
Environmental Safety, 271.
https://doi.org/10.1016/j.ecoenv.2
024.115957

Srirungruang, S. Mahajindawong, B,
Nimitpanya, P. Bunkasem, U,
Ayuyoe, P. Nuchprayoon, S., &
Sanprasert, V. (2022). Comparative
Study of DNA Extraction Methods for
the PCR Detection of Intestinal
Parasites in Human Stool Samples.
Diagnostics, 12(11).

108 | Volume 8, No 2 (2025)

https://doi.org/10.3390/diagnostic
s12112588

Sune, D., Rydberg, H., Augustinsson, A. N.,
Serrander, L., & Jungestrom, M. B.
(2020). Optimization of 16S rRNA
gene analysis for use in the
diagnostic clinical microbiology
service. Journal of Microbiological

Methods, 170.
https://doi.org/10.1016/j.mimet.2
020.105854

Tataje-Lavanda, L., Ormeno-Vasquez, P.,
Choque-Guevara, R. Altamirano-
Diaz, R. Fernandez-Diaz, M. &
Tantaledn, J. C. (2024).
Comprehensive analysis of
antibiotic and heavy metal
resistance, and virulence factors in
Aeromonas veronii CTe-01:
Implications for global antimicrobial
resistance. Journal of King Saud
University - Science, 36(9), 103402.
https://doi.org/10.1016/j.jksus.20
24.103402

Valls, M, & de Lorenzo, V. (2002).
Exploiting  the  genetic and
biochemical capacities of bacteria
for the remediation of heavy metal
pollution. FEMS  Microbiology
Reviews, 26(4), 327-338.
https://doi.org/10.1111/j.1574-
6976.2002.tb00618.x

Verdian, T., & Zulaika, E. (2015).
Resistensi dan Viabilitas Bacillus S1,
SS19 dan DA11 pada Medium yang
Terpapar Logam Kadmium (Cd).
Jurnal Sains Dan Seni ITS, 4(2), E88-
E90.

Wahyuni, Amaliah, R.,, Fadhel, M. Y., &
Rezki, M. (2022). Kesesuaian
Penggunaan Lahan dengan Pola
Ruang di Daerah Aliran Sungai Tallo.
Jurnal Hutan Dan Masyarakat, 14(2),
61-72.

Wang, F., Peng, L., Zhou, X., Zeng, Q., & Luo,
S. (2021). Typical sources of Cd to
paddy fields in different
contaminated areas and their



Isolation and Molecular Identification of Cadmium-Resistant ....

impacts on Cd accumulation in
topsoil and rice in Changzhutan,
China. Environmental Research, 193.
https://doi.org/10.1016/j.envres.2
020.110523

Wang, M., Chen, W., & Peng, C. (2016).
Risk assessment of Cd polluted
paddy soils in the industrial and
township areas in Hunan, Southern
China. Chemosphere, 144, 346-351.
https://doi.org/10.1016/j.chemosp
here.2015.09.001

Wang, P., Chen, H., Kopittke, P. M., & Zhao,
F.].(2019). Cadmium contamination
in agricultural soils of China and the
impact on food safety. In
Environmental Pollution (Vol. 249,
pp. 1038-1048). Elsevier Ltd.
https://doi.org/10.1016/j.envpol.2
019.03.063

Wu, H, Wy, Q., Wy, G, Gu, Q.,, & Wei, L.
(2016). Cd-resistant strains of B.
cereus S5 with endurance capacity
and their capacities for cadmium
removal from cadmium-polluted
water. PLoS ONE, 11(4).
https://doi.org/10.1371/journal.po

ne.0151479
Yin, K., Wang, Q., Lv, M., & Chen, L. (2019).
Microorganism remediation

strategies towards heavy metals. In
Chemical Engineering Journal (Vol.
360, pp. 1553-1563). Elsevier B.V.
https://doi.org/10.1016/j.cej.2018.
10.226

Yu, X,, Zhao, J. T., Liu, X,, Sun, L. X,, Tian, J,,
& Wu, N. (2021). Cadmium Pollution
Impact on the Bacterial Community
Structure of Arable Soil and the
Isolation of the Cadmium Resistant
Bacteria. Frontiers in Microbiology,
12.
https://doi.org/10.3389 /fmicb.202
1.698834

Zhang, W,, Liu, Q., Manna, B,, Singhal, N.,
Wang, ], Lyu, B., Zhou, X,, & Qian, Y.
(2026). Metabolic rewiring and
morphological adaptations drive

bacterial strain-specific cadmium
defense in the Yangtze River estuary.
Microbiological ~ Research, 302,
128326.
https://doi.org/10.1016/j.micres.2
025.128326

Zou, M., Zhou, S., Zhou, Y,, Jia, Z., Guo, T., &

Wang, J. (2021). Cadmium pollution
of soil-rice ecosystems in rice
cultivation dominated regions in
China: A review. In Environmental
Pollution (Vol. 280). Elsevier Ltd.
https://doi.org/10.1016/j.envpol.2
021.116965

Zulfigar, U., Haider, F. U., Magsood, M. F.,,

Mohy-Ud-Din, W., Shabaan, M,
Ahmad, M., Kaleem, M., Ishfaq, M,,
Aslam, Z. & Shahzad, B. (2023).
Recent Advances in Microbial-
Assisted Remediation of Cadmium-
Contaminated Soil. In Plants (Vol. 12,
Issue 17). Multidisciplinary Digital
Publishing Institute (MDPI).
https://doi.org/10.3390/plants121
73147

Volume 8, No 2 (2025) | 109



Risky Nurhikmayani, Aghis Sukma Dewi

110 | Volume 8, No 2 (2025)



