
BIODIVERSITAS  ISSN: 1412-033X 
Volume 21, Number 10, October 2020 E-ISSN: 2085-4722  
Pages: 4778-4786 DOI: 10.13057/biodiv/d211043 

Profiling indigenous lead-reducing bacteria from Tempe Lake, 

South Sulawesi, Indonesia as bioremediation agents 

AHMAD YANI1,2, MOHAMAD AMIN1,3, FATCHUR ROHMAN1,♥, ENDANG SUARSINI1, WIRA EKA PUTRA1,3  
1Department of Biology, Faculty of Mathematics and Natural Sciences, Universitas Negeri Malang. Jl. Semarang No. 5, Malang 65145, East Java, 

Indonesia. Tel./fax.: +62-341-552180,email: fatchur.rohman.fmipa@um.ac.id 
2Department of Biology Education, Faculty of Teacher Training and Education, Universitas Puangrimaggalatung. Jl. Sultan Hasannudin, Wajo 90915, 

South Sulawesi, Indonesia. 
3Department of Biotechnology, Faculty of Mathematics and Natural Sciences, Universitas Negeri Malang. Jl. Semarang No. 5, Malang 65145, East Java, 

Indonesia 

Manuscript received: 10 July 2020. Revision accepted: 24 September 2020.  

Abstract. Yani A, Amin M, Rohman F, Suarsini E, Putra WE. 2020. Profiling indigenous lead-reducing bacteria from Tempe Lake, 
South Sulawesi, Indonesia as bioremediation agents. Biodiversitas 21: 4778-4786. The pollution of heavy metals by anthropogenic 
activities in freshwater, especially in lakes, reduces the quality and endangers the existence of aquatic flora and fauna. This happens in 
Lake Tempe, which is located, in South Sulawesi, Indonesia. The study aimed to evaluate the content of heavy metals, isolation, and 
identify a lead reduction of indigenous bacteria as candidates for bioremediation agents. It began by examining the level of cadmium 
(Cd), copper (Cu), and lead (Pb) in seven sampling sites of Tempe Lake. Furthermore, propagation and isolation, morphological 
observation, laboratory-scale reduction tests, and species identification of potential bacteria reduction Pb were performed by using 16s 
rDNA. The reduction test to Pb was measured using Atomic Absorption Spectrometry (AAS), and the research data were analyzed using 

One-Way ANOVA with the Duncan advanced method. The results showed that the Cd, Cu, and Pb content of the seven sampling points 
exceeded the water quality standard Following the Indonesian Government Regulation (IGR) and WHO standards. Pb has the highest 
concentration among the other heavy metals in the water sample reaching 0.40 mg/L. Four bacterial isolates could grow on Pb-enriched 
media (isolates A, B, C, and D). The Bacillus form was found in two different species bacteria (isolate A and D), while the cocci shape 
was found in two other species (isolate B and C). Those all Gram-negative bacteria were observed to be a reduction to Pb exposure 
within a bacterial medium. Interestingly, these indigenous bacteria could decrease Pb concentration ranging from 7.45 to 3.48 ppm for 
seven days. Furthermore, the sequencing data showed that the indigenous bacteria (isolate D) had a 99.90% similarity to the 
Comamonas testosteroni strain S-2 constructed using Neighbor-joining phylogenetic analysis. Therefore, the indigenous bacteria C. 

testosteroni strain S-2 from Tempe lake may be proposed as a bioremediation agent to reduce Pb the water contaminants.  
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INTRODUCTION 

Contamination in the natural environment through 
anthropogenic activities releases many toxic elements and 

compounds in quantities that exceed the carrying capacity 

(Jan et al. 2015; Anyanwu et al. 2018; Sowmya and 

Mohamed 2017). The toxic chemicals released tend to be 

accumulated in the living organism, the abiotic factor, and 

the ecosystem chain (Ali et al. 2019). Furthermore, the 

contamination of metalloid compounds in the water affects 

the reduction of the quality (Gafur et al. 2018), changes the 

balance of ecosystems, damages the aquatic organism (Igiri 

et al. 2018), and destroys ecological landscapes as well as 

decreases biodiversity (Bello et al. 2018). Heavy metal 

pollution from anthropogenic activities in freshwater, 
especially in lakes, has increased in several countries such 

as Taihu, China (Li et al. 2018), Poyang in China (Jiang et 

al. 2019), and Habbaniyah Al-Anbar in Iraq (Khazaal et al. 

2019).  

Similar phenomena were observed in Indonesia, 

especially in Tempe Lake, allegedly contaminated by 

heavy metals (Pance et al. 2014). Communities living on 

the coast usually depend on Lake Tempe for their 

livelihoods, such as fishing, farming, and various daily 

activities. (Yani et al. 2019). Sanitation and household and 
municipal waste with the results of day-to-day operations, 

tend to be drained into rivers and eventually flow into the 

lake (Haerunnisa et al. 2015). The water quality test results 

of the Tempe Lake reported by the Wajo District Regional 

Environment Agency indicated that some physicochemical 

parameters had exceeded the maximum threshold. In 

contrast, heavy metals exceeded standards for cadmium, 

copper, and zinc (Pance et al. 2014). Besides, the booming 

Eichhornia crassipes population in Lake Tempe is a 

biological indicator that heavy metals are contaminants of 

the aquatic environment. Primarily, lead is one of the 

metalloid compounds that often pollute the environment, 
especially waters. 

Lead is a type of heavy metal primarily obtained from 

aquatic environments (Carolin et al. 2017; Cheyne et al. 

2017), becoming one of the most common naturally 

occurring substances on earth (Jan et al. 2015). It is a 

mutagenic and teratogenic metal group that exerts 

toxicological effects on the kidney, bone marrow, 

digestive, cardiovascular, reproductive, nervous, and 

immune systems of the human body (Chen et al. 2015; Pan 
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et al. 2017). The toxicological effects of heavy metals 

originate from the food chain cycle, one of which is present 

in water. Pb has contaminated the water environment due 

to industrial operations, agriculture, and various 

community activities that directly eliminate wastes (Kang 

et al. 2015). It is also produced through anthropogenic and 

natural processes such as soil erosion, volcanic emissions, 

and mineral lead mobilization (Sharma and Shukla 2021). 

An attempt to manage contaminated water 

environments may use biological agents or bioremediation 
by microorganisms such as bacteria (Gohil et al. 2019). 

Bioremediation provides a safer way to get rid of 

environmental contaminants, such as lead pollution. 

According to Igiri et al. (2018), bioremediation technology 

is more productive and affordable than physical and 

chemical. Microorganisms have used several methods to 

eliminate the lead found in the environment. Bacteria use 

the material in their habitat as a source of nutrients through 

metabolic processes and survive in contaminated areas 

(Sowmya and Mohamed 2017).  

Some studies reported that bacteria such 
as Aneurinibacillus aneurinilyticus isolated from ground 

water in Burdwan, India, reduce contamination levels in 

water bodies (Dey et al. 2016). Comamonas testosteroni 

S44 bacteria reducing selenite is isolated from soil 

contaminated with metals (Zheng et al. 2014). Proteus 

mirabilis, Bacillus safensis, Alcaligenes faecalis, and 

Pseudomonas aeruginosa bacteria are tolerant to heavy 

metals Cr, Cd, and Ni, are isolated from Mine Tailings 

Rustenburg, South Africa (Junior et al. 2017). Klebsiella 

pneumoniae and Mangrovibacter yixingensis bacteria were 

able to reduce the heavy metal chromium (Cr) isolated 
from Indian tannery waste Tamil Nadu (Sanjay et al. 2018). 

However, some studies have successfully detected bacteria 

resistant to heavy metals. Little effort has been provided to 

control lead by isolating the bacteria from the area of 

contamination. The bacteria used as bioremediation agents 

were mostly cultured (commercial), even when Tempe 

Lake is confirmed to have been polluted with heavy metals 

lead (Haerunnisa et al. 2015; Pance et al. 2014). According 

to Risna et al. (2020), the concentration levels have 

exceeded the threshold, and this is evident in the 

histological test of Bungo Fish (Glossogobius sp.) 

containing Pb metal. This allows the isolation of 
indigenized bacteria from the contaminated area. Besides, 

no study has yet discovered that Tempe Lake contains 

isolated lead-reducing bacteria, suggesting heavy metal 

pollution. The presence of microbes in water plays a 

potential role as biodegradable agents in the metabolism of 

these organic and inorganic compounds (Igiri et al. 2018). 

Due to the environmental problems of Lake Tempe, 

mostly the Pb contaminated water, a concrete solution is 

needed to overcome these problems. Furthermore, to 

maintain the water quality in its natural state, it is necessary 

to control pollution wisely. An alternative solution to 
overcome these problems is to use bacteria as 

bioremediation agents. However, it is required to start 

measuring the metal content and isolating bacteria from the 

polluted area. Therefore, this study begins by measuring 

the concentration of heavy metal (Pb, Cd, and Cu) in Lake 

Tempe's waters, isolating bacteria that reduce the lead 

metal content and screened potential bacteria to lead 

reduction. The isolate with the highest reduction in the lead 

is characterized for further studies and the indigenous 

species is determined based on the sequence of the 16S 

rDNA gene. 

MATERIALS AND METHODS 

Study area 

Lake Tempe is one of Indonesia's critical lakes and 

based on the analysis of the water quality index, it is 
currently polluted. It is characterized by several physico-

chemical parameters that have exceeded the threshold 

value (turbidity, TSS, BOD, nitrate, and phosphate) (Yani 

et al. 2019) and experiencing eutrophication (Aisyah and 

Nomosatryo 2016). The geographical location is located 

between 3º39 '- 4º16, latitude and 119º 53' - 120º 27 'East 

Longitude. The lake area at Wajo District, South Sulawesi, 

Indonesia varies between 9,425 hectares and a tropical 

monsoon climate with a depth of 3 to 5 meters in the rainy 

season and 0.5 to 2 meters in the dry season (Haerunnisa et 

al. 2015). It is a flood plain type lake with a large river 
basin as the inlet and another one as the outlet.  

The Tempe water sampling location was determined 

using the sample collection method at seven points based 

on land use characteristics and community activities. The 

sampling point: (1) 120°1’17,547”E, 4°8’42,427”S; (2) 

120°1’45,377”E, 4°8’42,427”S; (3) 119°58’52,926”E, 

4°7”31,511”S; (4) 119°58’39,541”E, 4°7”31,511”S; (5) 

119°58’21,959”E, 4°10’26,580”S; (6)119°59’4,270”E, 

4°3’59,246”S; (7) 120°1’5,686”E, 4°5”59,110”S (Figure 

1). These characteristics include land use for agriculture, 

fishing, urban sewerage, and densely populated areas 
(community activities). However, considering ease of 

access, cost, and time, sample points are identified to 

represent the quality of the seawater heavy metal 

measurements conducted during the transition from the 

rainy to the dry season. Meanwhile, the sampling point was 

chosen to isolate native bacteria that degrade heavy metal 

lead (Pb) based on the highest content. 

Procedures 

Heavy metals characterization of water samples  

The design was used to test the heavy metals (Cd, Cu, 

and Pb) levels of Lake Tempe by taking water samples at a 

predetermined segment or point. The collection and testing 
were conducted twice with an interval of one day on the 

ground that its presence represents the lake's metal content. 

Furthermore, the seawater sampling at each point was 

conducted using a random sampling method (taking a 

moment). Water samples were taken at 09.00-10.00 a.m 

using a simple tool in the form of a long-handled plastic 

shovel following Indonesia National Standard 6989.59-

2008 about the method of wastewater sampling. Water 

samples were taken at a depth of 2-5 meters from the water 

surface and poured in a 1-liter plastic polyethylene bottles 

at each sampling point. Additionally, the water sample was 
directly taken to the environmental laboratory of the 
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province of South Sulawesi for analysis. The concentration 

of heavy metal (Cd, Cu, and Pb) contents as measured 

using Atomic Absorption Spectrometry (AAS) (Perkin-

Elmer 5100 PC). Determination of the standard heavy 

metal (Cd, Cu, and Pb) values water sample is based on the 

usual water quality Indonesian Government Regulation 

(IGR) and the World Health Organization (WHO). 

Propagation and isolation of lead reduction bacteria 

Standard Bacteriological Sampling Protocols were duly 

followed when collecting water samples, and the process of 
isolating indigenous bacteria was performed in the 

microbiological laboratory, Universitas Negeri Malang, 

Indonesian. The procedures involved are as follows: a) 50 

ml of water sample was mixed in 450 ml of Luria Bertani 

(L.B.) medium, which was incubated for 24 hours; b) the 

mixture was then agitating speed of 120 rpm for 3-4 days. 

The bacteria isolation was performed according to the 

following method: a) 10 ml of the amplified and the 

propagated samples were dissolved in 90 ml of a peptone 

solution and mixed thoroughly on a magnetic stirrer at 150 

rpm 2-3 minutes. b) 1 ml of a 90 ml solution of peptone 
solution + 10 ml of sample was suspended in a test tube 

containing 9 ml of 0.1% peptone water with a serial 

dilution standard (10-1 to 10-8), c) at a 10-5 to 10-8 

dilution to 0.1 ml of the solution was suspended in enriched 

0.5% Pb Nutrient Agar (N.A.) plate and then incubated at 

37°C for 24 hours. Also, the selected colonies were chosen 

for morphological analysis, and we're further inoculated on 

oblique N.A. medium and incubated on slant medium for 

24 hours at 37°C for isolation. 

Determination of lead-reduction bacteria 

The bacteria were grown on the N.A. medium and 

incubated at 37°C for 24 hours. The reduction in the lead 

was then determined as follows: inoculation of 2 to 3 

bacteria into the Nutrient Broth (NB.) medium 50 ml for 24 

hours at 37°C, measuring the volume and descent cells 
growing with Mc Farland, adding 0.5% Pb (NO3)2 to the 

N.B. medium containing bacteria and 0.5% Pb (NO3)2, 

shaking at a temperature of 100 rpm. 37°C for seven days 

(Batta et al. 2013). The Pb content was measured daily 

using ASS analyzed. Also, the determination of potential 

Pb (NO3)2 bacteria was performed by analyzing the 

decreased level for seven days. The percentage (%) 

removal of Pb was determined using the equation: % 

Removal of Pb = Pb (initial) - Pb (final)/Pb (final) × 100 

(Talukdar et al. 2020). Furthermore, it was used to 

determine the bacterial isolate with the most potential to 
reduce the Pb metal content. The data were analyzed by 

One-Way ANOVA (p<0.05) and the Duncan advanced test 

(Pambudiono et al. 2016; Sa' diyah et al. 2017). 

Meanwhile, a species identification procedure will be 

conducted for the bacteria that have been selected. 
 
 
 

 
 

Figure 1. Sampling site of Tempe Lake, Wajo District, South Sulawesi, Indonesia 
 

TEMPE LAKE, WAJO DISTRICT, 
SOUTH SULAWESI, INDONESIA 
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Morphological and molecular identification of isolate potential 

Bacterial isolates that have grown to the inclined 

medium after the insulation phase can be classified 

morphologically. Gram staining morphological 

Identification was made to determine the type, cell shape, 

and cell size based on Bergey's Manual of Systematic 

Bacteriology (Krieg and Holt 1984). Additionally, the 

Identification of bacterial species was only conducted on 

bacteria with the highest ability to reduce metals after a 

lab-scale reduction test. However, indigenous bacteria, 
which have the highest potential to reduce Pb (NO3)2, were 

molecularly identified by 16s rDNA sequences.  

Genomic DNA was extracted with PrestoTM Mini 

gDNA Bacteria KIT (Geneaid) following the 

manufacturer's instructions. The results of DNA extraction 

were performed using the universal primers 16s rDNA, 27F 

(5'-AGAGTTGATCMTGGCTCAG-3'), and 1429R 

(5'TACGGYTACCTTGTTACGACTT-3') (Irawati et al. 

2019; Sanjay et al. 2018). The PCR process using a total 

volume mixture of 50 μL PCR reaction which consisted of 

25 µL PCR Mix (Green Gotaq Promega), 2 µL primer 
forward (P1) and 2 µL reverse (P2), 19 µL ddH2O, and 2 

µL DNA templates. The temperature profile used for PCR 

amplification was as follows: the initial denaturation at 

95°C for 3 min followed by 35 cycles at 95 °C for 30 s; 

annealing at 55 °C for 1 min and extension at 72 °C for 1 

min; final extension at 72 °C for 10 min (Batta et al. 2013; 

Garcha et al. 2016). Amplicon 16s rDNA and marker 10.000 

kb ladder DNA (Promega, City, USA) were spotted on a 1% 

agarose gel with a dye of 1 µL ethidium bromide and then 

visualized using a UV-Transilluminator (Sanjay et al. 2018).  

Amplicon 16s rDNA was purified and sequenced at 
Genetika Science, Indonesia. Furthermore, each 16S rDNA 

sequence was aligned with the reference from GenBank of 

the NCBI to construct a phylogenetic tree based on the 

Neighbor-Joining algorithm with bootstrap 1000 

replication using MEGA software version 6.0 (Tamura et 

al. 2013). The identified potential lead-reducing bacteria 

species were stored in the laboratory as culture stock.  

RESULTS AND DISCUSSION 

Water heavy metals pollution characterization 

Three types of heavy metals (Cd, Cu, and Pb) were 

measured in the waters of Tempe Lake. The measured 

values outperformed the water quality standards according 
to IGR, while based on the WHO water quality standards, 

only heavy metals Cu met the criteria. 

Based on Table 1, the highest heavy metal 

concentration was lead. The levels at seven sampling sites 

exceeded water quality standards from IGR and WHO 

Standard. Heavy metals pollute water through natural and 

anthropogenic sources. Besides, one of the biological 

indicators showing that heavy metals contamination in 

Tempe Lake is the increasing population of E. crassipes 

(Figure 2). 

Propagation and isolation of cadmium reduction 

bacteria  

The propagation results of the Tempe lake water sample 

added with the L.B. medium showed that there was 

bacterial activity. Based on visual inhibition, it is 
characterized by a change in color of the medium, which is 

more concentrated after 24 hours at 37 ° C. Furthermore, 

the isolation results reported bacterial colonies that can 

grow on L.B. medium enriched with Pb (0.5%) after 24 

hours of incubation. This is evidenced by the growth of 

bacterial colonies on the N.A. media after the retail 

process. According to Marzan et al. (2017), heavy metal 

resistant bacteria Pb may survive on L.B. medium enriched 

with 300 µg/mL heavy metal Pb. Four bacteria were 

isolated after examination and visual observation and were 

coded A, B, C, and D to identify their bacterial morphology 
as well as their ability to reduce Pb at the laboratory scale. 

Morphological Identification of isolate  

Four isolated growing bacteria on the Pb-enriched 

medium obtained the indigenous bacteria. The results of 

Gram staining showed that the four isolated bacteria were 

Gram-negative, and the cell forms were A and D basil, as 

well as B and C coccus, growing at 10-45°C, and optimal 

at 37°C.  

Lead reduction test 

The results of isolated bacteria were reduced to Pb and 

became candidates for bioremediation agents. The lead-
reduction test was characterized by decreasing the 

concentration with the initial at 7.475 ppm based on the 

lead medium enrichment. The results from the Tempe Lake 

are shown in Figure 3. This figure showed that the four 

isolated native bacteria may reduce lead levels to 3.488 

ppm after been were tested for seven days. From the 

statistical analysis, the whole isolate showed a significant 

difference in the reduction of Pb content in the water 

samples. There was a statistically significant difference 

between groups as determined by One Way ANOVA (F = 

10.362, P = 0.023). During the seven days, the Pb content 

decreased from 6,908 to 3,854 mg/L (treatment with isolate 
A), 7,333 to 4,727 mg/L (treatment with isolate B), 6,690 

to 3,809 mg/L (treatment with isolate C), 6,380 to 3,488 

mg/L (isolate D treatment). Of the four bacteria tested, 

there were differences in the lead-reducing ability of each 

isolate based on Duncan's continuous testing (Table 2). 

 

 
Table 1. Heavy metals concentration in the waters of Lake Tempe, South Sulawesi, Indonesia 
 

Heavy metals Unit 
Sampling point 

IGR standards WHO standards 
1 2 3 4 5 6 7 

Cadmium  mg/L 0.12 0.12 0.13 0.14 0.02 0.02 0.01 0.01 0.003 
Copper mg/L 0.03 0.04 0.04 0.05 0.04 0.04 0.03 0.02 2.000 
Lead  mg/L 0.25 0.29 0.30 0.34 0.35 0.40 0.40 0.03 0.010 
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Table 2. The results of the Duncan Advanced Test analysis 
 

Isolate code 
Concentration 

1 2 3 4 5 6 7 (days) 

A 6.908de 6.678ab 6.311ab 5.817bc 5.117ef 4.578cd 3.854f 
B 7.333a 7.218ab 6.828cd 6.472c 5.829f 5.404de 4.727f 
C 6.690f 6.495a 6.035b 5.519bc 4.910ef 4.371cd 3.809de 
D 6.380f 6.024a 5.657ab 5.163bc 4.612cd 4.119bc 3.488de 

Note: The different notations showed significant differences among the group (p<0.05) 
 
 

 

 
 
Figure 2.A. Eichhornia crassipes bloom in Tempe lake; B. Community activities in coastal lakes 
 

 

 

 
 

Figure 3. Levels of heavy metal Pb in the test of isolates ability to 
reduce Pb for seven days 

 

 

Table 2 showed that the isolate has different abilities to 
reduce the heavy metal Pb content, which is known from 

the presence of sample groups covering different subgroups 
(notations). By isolating A, there was a decrease in the 

strongest Pb metal on day 7, which was not significantly 

different from day 5. However, it was significantly 

different from the other days. Isolate B showed that the 

most significant reduction of heavy metal Pb occurred on 

day seven but was not significantly different from day 5.  

Furthermore, days 7 and 5 were significantly different 

from the others. In isolate C, the most significant reduction 

in Pb heavy metal levels occurred on day one but was not 

significantly different from day 5. However, the decrease in 

metal content on day 1 was significantly different from the 
other days. Isolate D showed the most significant decrease 

in Pb levels on the first day and was essentially 

independent on the other days. Further test results showed 

that isolate D had the best ability to reduce Pb and was not 

significantly different from other treatments except for B. 

Following the results of the effectiveness of each isolate in 

reducing Pb levels of heavy metals, Isolate D was 

A.1 A.2 

B.1 B.2 
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determined to have a percentage with the highest levels of 

reducing metal levels (Figure 4). 

Isolate D had the highest percent degradation efficiency 

of lead (53.35%) compared to others. It is believed that the 

differences influence the ability of each strain to reduce Pb 

in the mechanism and knowledge of each bacterium to 

detoxify heavy metals. 

Identification of species lead-reduction bacteria based 

on the 16s rRNA gene sequence 

The quantitative extraction of lead-reduction DNA has 
an absorption ratio of 1.93. The quality test of their DNA 

extraction was visualized in the U.V. transilluminator gel-

dock (Figure 5). This case showed that DNA samples from 

D isolates had good quality in the sequencing phase. 

Sequencing 

The BLAST results of the Pb-reduction indigenous 

bacteria sequence (isolates D) from the 16s rRNA 1407 bp 

gene sequence had a similarity of 99.90% with 

Comamonas testosteroni (Table 3, Figure 6). 

The neighbor-joining tree shows the phylogenetic 

position of lead tolerant isolated indigenous bacteria, C. 

testosteroni strain S-2, identified based on the 16s rDNA 

sequences. The numbers at the nodes indicated the level of 

bootstrap support following the Neighbor-Joining analysis 

of 1000 replicates. The phylogenetic tree represents only 

the topology, and accession numbers were given in 

parenthesis. 

 
Table 3. The similarity of isolate D with reference isolates based 
on 16S rDNA sequence 
 

Species 
% 

similarity 

Comamonas testosteroni strain H18 99.70 
Comamonas testosteroni strain LMG 99.80 

Comamonas testosteroni strain QT12 99.70 
Comamonas testosteroni strain JC3 98.50 
Comamonas testosteroni strain S-2 99.90 
Comamonas testosteroni strain SW7 99.80 
Pseudomonas straminea JCM 2783 82.70 
Pseudomonas straminea strain CICR-DCPPC16 82.80 
Enterococcus faecium strain DJ1 74.00 

 
 

 

 
 

Figure 4. The degradation rate of four isolate bacteria 

 
 
Figure 5. PCR Products of extracted DNA molecules 16s rDNA 

  

 

  

 

 

 Comamonas testosteroni strain H18 (EU887829.1)

 Comamonas testosteroni strain SW7 (FJ544385.1)

 Comamonas testosteroni strain LMG (NR 116138.1)

 Comamonas testosteroni strain QT12 (KY684811.1)

 Isolat D

 Comamonas testosteroni strain S-2 (KJ503823.1)

 Comamonas testosteroni strain JC3 (KP120557.1)

 Pseudomonas straminea JCM 2783 (LC420056.1)

 Pseudomonas straminea strain CICR-DCPPC16 (MG757834.1)

 Enterococcus faecium strain DJ1 (GU358405.1)

100

100

67

100

55

49

0.02  
 

Figure 6. Neighbor-joining phylogenetic tree constructed from 16s rDNA 
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Discussion 
The concentration of heavy metals Cd and Pb in Tempe 

Lake has exceeded water quality standards based on 

Indonesian and WHO water quality standards. Cu metal is 

still within tolerance limits based on WHO standards but 

exceeds IGR standards. These metals pollute water through 

natural and anthropogenic sources (Anyanwu et al. 2018; 

Jan et al. 2015). The results of previous studies showed that 

contaminated lake is caused by household and industrial 
waste (Li et al. 2018). Similarly, the same has happened in 

Tempe Lake, where it becomes a secondary terminal for 

several rivers (Aisyah and Nomosatryo 2016), such as Bila 

and the Sidenreng watersheds in the north and Batu-Batu in 

the west (Haerunnisa et al. 2015). Besides, they are 

affected by various community activities, such as bathing, 

washing, water transport, agriculture, plantations, fish 

auctions, and municipal waste (Pance et al. 2014). 

Uncontrolled water catchment conditions and the use of the 

lake will have an impact on the ecosystems. These include 

the water quality decline, the ingress of pollutants into the 
waters (Rijal et al. 2015; Deepa et al. 2016), sedimentation, 

and eutrophication (Aisyah and Nomosatryo 2016). 

Agricultural, domestic and industrial wastes are the 

primary sources of heavy metal contaminants. According to 

Jiang et al. (2019), agricultural waste is a source of heavy 

metal pollutants. Similarly, Dixit et al. (2015) reported that 

heavy metals polluted the environment through 

anthropogenic sources such as air emissions from lead-

burning fuels, battery wastes, insecticides and herbicides, 

and natural sources. As stated by Aisyah and Nomosatryo 

(2016), about 46.60% of the coastal area of Lake Tempe 
was used by the community as rice fields. Anthropogenic 

activities are probably one of the sources of heavy metal 

pollution in Lake Tempe. Therefore, the conditions of the 

watershed uncontrolled use of lakes have an impact on the 

ecosystems, thereby decreasing the water quality.  

One of the biological indicators showing that heavy 

metals pollute Tempe Lake is the increasing E. crassipes. 

As stated by Parmar et al. (2016), aquatic plants are used as 

bioindicators for water pollution. E. crassipes can 

accumulate (reduce) the toxicity of Ag, Pb, Cd, and Cu by 

using phytoremediation techniques (Kumar et al. 2008; 

Wang et al. 2011). According to Lu et al. (2004), E. 
crassipes was used as environmental technology to prevent 

contamination of Cd and Zn in bodies of water. These 

indicators show that heavy metals contaminate Lake 

Tempe. 

The results of the isolation showed four bacteria 

resistant to Pb (NO3)2., Which grow on media with Pb 

7,475 ppm. Furthermore, laboratory-scale tests showed that 

the four isolates of native bacteria decreased the heavy 

metal values to 3,488 ppm, and were tested for seven days. 

Based on the test results from day 1 to day 7, there was a 

difference in the ability to affect the lead reduction of each 
isolate. Compared to other strains, isolate D had the highest 

percentage of Pb degradation efficiency (53.35%). The 

differences influence the ability of each isolate to reduce 

Pb in the mechanism and knowledge of each bacterium to 

detoxify heavy metals. As suggested by Theiman and 

Palladino (2013), bacteria have a different influence on the 

ecological compatibility of pollutants, depending on the 

type, the element, and the polluted environmental 

conditions. According to Dey et al. (2016), when a 

microbial community remains under selective stress, such 

as a high concentration of heavy metals, for a very long 

time, some mechanism must be formed to detoxify it and 

resolve the growth constraint. As a result, four bacteria 

isolated from Lake Tempe have been able to thrive on Pb 
metal-enriched media and have been able to reduce Cd 

metal levels. Researchers announced other results that 

differences in bacterial cell walls (grams) affect the ability 

to detoxify contaminants (Mary et al. 2018) 

Morphologically, the most potent isolates (isolate D) 

are Gram-negative, 2 µm abundant Bacillus bacteria based 

on the Bergey Manual (Krieg and Holt 1984). According to 

Sowmya and Hatha (2017), Gram-negative bacteria bind 

heavy metals because the cell walls contain 

lipopolysaccharide, oleic acid, and polychromic acid as 

binders for heavy metals. Some studies also reported that 
Gram-negative bacteria are tolerant of heavy metals 

because their cell walls are a barrier, while the surface 

structure interacts and detoxifies metal ions (Bennisse et al. 

2004; Junior et al. 2017). 

Microorganisms have developed mechanisms of 

resistance and detoxification of metals in contaminated 

environments (Igiri et al. 2018). This mechanism includes 

several biochemical and molecular activities (Yang et al. 

2015). As reported by Sowmya and Hatha (2017), bacteria 

prevent the entry of toxic metals into cells after their 

chemical composition had been changed. A similar finding 
was reported by Naik and Dubey (2013) that the Pb 

resistance mechanism used by bacteria led to an efflux 

mechanism, extracellular sequestration, biosorption, 

precipitation, alteration of cell morphology, increasing 

siderophore production, and intracellular bioaccumulation. 

Furthermore, they tolerate concentrations of heavy metal 

toxicity, such as lead, by incorporating intracellular or 

extracellular absorption surface absorption, ATPase-

mediated efflux, and conversion to non-toxic forms (Naik 

et al. 2013). Generally, microbes have different resistance 

mechanisms against the toxicity of heavy metals by 

forming intracellular compounds with ions in eukaryotes or 
reducing the accumulation following the removal of active 

cations in prokaryotes (Igiri et al. 2018). 

The phenotypic characterization of the most Pb-

resistant bacteria showed compatibility with the genus 

Comamonas based on Bergey's Manual of Systematic 

Bacteria (Krieg and Holt 1984). This is consistent with the 

results obtained from molecular Identification. Based on 

16s rDNA sequences, C. testosteroni species isolated had 

99% similarity. This specie is a Gram-negative bacteria 

with aerobic properties, which is generally located in 

various habitats such as activated sludge, swamps, lakes, 
and seas, plant as well as animal tissues (Black et al. 2014; 

Orsini et al. 2014). The results of the study by Ghane et al. 

(2013) stated that Comamonas sp. HM_AF12 obtained 

from industrial waste reduces the heavy metal chromium 

(Cr) by 80%. This was conducted over the original value 
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for one hour, assuming that the high resistance and the 

great potential act as a bioremediation agent. Similarly, 

Siunova et al. (2009) stated that Comamonas sp. BS501, 

Comamonas sp. HM_AF12 and C. testosteroni TDKW are 

resistant to cobalt and manganese, heavy metals such as Cu 

and C, and Cr, Hg, Zn, and Cu respectively. 

In this study, the profile of bacteria from Pb-reduction 

Tempe Lake in South Sulawesi as a candidate for a 

bioremediation agent was identified. The use of 

microorganisms, such as bacteria, can be isolated from Pb-
contaminated waters, and the process is called 

bioremediation. By the reduction test, the contained Pb 

concentrations and its reducing ability are showed by using 

the bacterial bioremediation agent isolated. Also, 

indigenous bacteria incorporate biochemical and molecular 

processes on the ground that pollutants are not harmful to 

the environment. However, this study did not cover how 

the metabolism of the bacterial body reduces metals and 

survives in polluted areas following the molecular basis. 

In conclusion, four isolates were obtained from the 

Tempe Lake water. However, among the four strains, only 
one isolate had the highest potency for reducing Pb (Isolate 

D) with the degradation of 53.35%. The most potent 

bacterial species based on the 16s rDNA gene analysis had 

a 99% similarity to C. testosteroni strain S-2 of the 

Neighbor-Joining phylogenetic tree with 1000 bootstraps. 

Therefore, it is reasonable to conclude that C. testosteroni 

strain S-2 in Tempe Lake reduces heavy metals lead as a 

bioremediation agent. However, further investigations on a 

molecular basis should be conducted to empirically 

demonstrate the C. testosteroni strain S-2 reduction of the 

lead.  
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