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Abstract. Prasidya DA, Wilopo W, Warmada IW, Retnaningrum E. 2019. Optimization of manganese bioleaching activity and molecular 
characterization of indigenous heterotrophic bacteria isolated from the sulfuric area. Biodiversitas 20: 1904-1909.  The present 
research evaluated the manganese bioleaching potency of a heterotrophic bacteria KB3B1. This bacterial strain has been isolated from 
sulfuric area located at Ungaran, Middle of Java, Indonesia using modified 9K medium by adding of several organic nutrients. The 
manganese bioleaching activities of the strain was analyzed by applying of varying glycine concentrations (0, 5, 10, 15 mg mL-1) with 
pyrolusite pulp densities of 0.02 g cm-3 on a rotary shaker at 180 rpm for 18 days incubation. Several parameters, including the growth 

of bacteria, pH values, the concentration of soluble manganese and cyanide, were investigated at the interval of 3 days. Molecular 
characteristics of the strain were further analyzed based on 16S rDNA gene sequences. After 15 days, the maximum yield of manganese 
16.6% was achieved under the addition of 10 mg mL-1 glycine. This maximum extract obtained was followed by the maximum bacterial 
growth, pH, and cyanide product of the strain. Phylogenetic analysis showed that the strain was closely related with Bacillus niacini 
EP89. Besides, the average frequencies of guanine and cytosine (G+C) of the strain was in same range as that of the reference bacteria in 
the GenBank and Bergey's Manual Systematics of Bacteria. 
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INTRODUCTION   

Indonesia has a high amount of manganese (Mn) 

deposit in the form as pyrolusite. As reported by 
Geological organization, a total of 19,636,720.65 tons of 

the deposit was produced in 2013 in Indonesia. This 

deposit is used for metallurgical purposes in steel 

manufacture as a construction material in many countries 

(Dan et al. 2016). Also, this deposit is used for non-

metallurgical purposes, including the production of dry 

batteries, plant fertilizer components, dyes, medicines, 

animal feed, and brick colorant (Das et al. 2012). 

Therefore, more rapid regional development in various 

countries are increasing the demand for manganese 

deposit.
 
As regulated in Indonesian Government Regulation 

No.1 year 2014, the deposit has to be purified for 

producing the electrolytic manganese metal. Indonesia is 

not allowed to export the natural resources of mineral in the 

form of deposit but has to be processed or purified first for 

a higher selling price that can increase the national income. 

The extraction of manganese deposit in Indonesia is still 

limited by processing through a conventional method, such 

as pyro-metallurgy and hydrometallurgy. It traditional 

method of extraction,  waste as a metal residual is produced 

as a result of the chemical extraction process (Liu et al. 

2008; Das et al. 2011).
 

Currently, several attempts have been made for the 

development of the environmentally friendly metal 

extraction process through bioleaching. This process uses 
the ability of microorganisms which are capable of 

extracting metal minerals from their ores (Chen et al. 2011; 

Das et al. 2015). Mohanty et al. (2017) observed the role of 

fungi during the bioleaching process by producing organic 

acids, which can solubilize the manganese. The other group 

of microorganisms, such as sulfur-oxidizing bacteria also 

has capabilities for extracting metals from their deposits. 

This group consists of the genus Acidithiobacillus, 

Acidiphilium, Acidiphilum, Sulfobacillus and Sulfolobus 

(Ghosh et al. 2016; Jang and Valix 2017; Jalali et al. 2019; 

Huynh et al. 2019; Retnaningrum and Wilopo 2019).  
Whereas, heterotrophic bacteria such as Leptospirillum 

ferriphilum, Pseudomonas sp., Bacillus sp., and 

Acinetobacter sp were also reported to be capable of 

solubilizing metals (Ghost and Das 2017; Thavamani et al. 

2017; Wang et al. 2018; Dong et al. 2019; Saleh et al. 

2019). 

In this investigation, a heterotrophic bacteria KB3B1 

strain was isolated from a sulfuric area located at Ungaran, 

Central Java, Indonesia. The isolate can grow at pH of 3.5-

7.0 and is tolerant to manganese. This heterotrophic 

bacteria from its specific niches is now receiving increased 

attention, and it was evident from the recent study that 
microorganisms present in the sulfuric area probably have 
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bioleaching potency (Han et al. 2013). Previous research 

reported that this group of bacteria produces cyanide as a 

secondary metabolite that plays a vital role in our research 

solubilization of the metal. This metabolite is produced 

when bacterium is in the initial phase of stationary growth. 

The cyanide synthesis by bacteria occurs through the 

oxidative decarboxylation reaction of the glycine precursor 

(Faramarzi et al. 2004; Brandl et al. 2008; Adams 2013).  

For acquiring maximum metal extraction, the bioleaching 

experiment should be conducted under optimal bacterial 
growth conditions. Therefore, this research purposed were, 

(i) to observe the manganese bioleaching rates and 

mechanisms of heterotrophic bacteria isolated from the 

sulfuric area, (ii) to analyze molecular characteristics of the 

bacterial isolate based on 16S rDNA gene.    

MATERIALS AND METHODS   

Bacteria strains and bioleaching medium 

The heterotrophic bacteria used for laboratory 

bioleaching experiments, KB3B1 strain was isolated from 

sulfuric river sediment located at Ungaran, Middle of Java, 

Indonesia. This bacteria was further subcultured on Luria 
Bertani (LB) medium for 24 h at 37ºC before inoculating it 

into the bioleaching medium. 
 

The bioleaching medium used was the modified 9 K 

medium which consisted of (g L–1) 4.25 (NH4)2SO4, 0.14 

KCl, 0.07 K2HPO4, 0.7 MgSO4.7H2O, and 0.02 g 

Ca(NO3)2.4H2O. This 9K liquid medium was then modified 

by adding several organic nutrients (g L–1) such as 0.7 yeast 

extract, 2.2 peptone, and 5 glucose. Finally, this modified 

medium was conditioned to have pH 7.0 (Zhu et al. 2014).  

Bioleaching experiments  

Bioleaching observations were carried out in 250 mL 
Erlenmeyer flasks. The pulp density pyrolusite of 0.02 g 

cm-3 was added in each the flask as a manganese deposit.  

Previously pyrolusite was crushed into the size-fractionated 

of < 75 μm, placed into separate flasks, followed by 

autoclaving. Prepared culture bacteria which had already 

grown for 24 was aliquot into 2 mL sterile centrifuge tubes. 

Cells were then rinsed 3 times with sterile deionized water 

to remove the culture media. The 5% bacterial culture (v/v) 

was added to each the bioleaching medium containing 

flasks with a final number of bacterial cells approximately 

107 mL-1. Flasks were incubated at 37 °C and rotary shaker 

of 180 rpm. All bioleaching experiments were carried out 
with three replications.  

 To investigate the influence of variation glycine 

concentration on pyrolusite bioleaching mechanism, the 

culture was added with a variation of glycine concentration 

(0, 5 10, 15 mg mL-1) and incubated for 18 days on a rotary 

shaker at 180 rpm. During those experiments,  the growth 

of bacteria, soluble manganese, and cyanide concentrations 

were investigated at an interval of 3 days.   

The growth of bacteria was measured for an optical 

density (OD) directly using spectrophotometer (λ = 600 

nm) (Dalgaard et al. 1994), whereas for analyzing of 
soluble manganese and cyanide concentrations, previously 

samples were centrifuged at a speed of 10,000 rpm for 10 

min to separate their cells from the medium. Then, the 

supernatant was filtered with a porous membrane filter 0.45 

μm. Therefore, for analyzing manganese concentration, the 

filtered sample was added by two drops of HNO3 and 

heated 10 minutes. The samples then were measured using 

Flame Atomic Absorption Spectrophotometry (AAS) at a 

wavelength (λ = 279.5 nm) (Khayatian et al. 2018). On the 

other hand, sample for analyzing cyanide concentration 

was observed using 4-pyridinecarboxylic acid color 
comparison method. Approximately, 1.5 mL filtered 

sample was diluted to a ratio of 1:10-15, then it was reacted 

with reactant and chromogenic agent. After 8 min, the 

absorbance of the blue-colored mixture was determined 

from OD measurement at 607.5 nm wavelength. Cyanide 

concentration was calculated using the calibration curves. 

These measurements were carried out with replication, then 

the results were averaged (Sharma et al. 2016). 

Characterization of strains based on the sequence of 

16S rDNA gene   

Bacterial genomic DNA was extracted using a phenol-
chloroform extraction method (Janabi et al. 2016). 

Precipitated DNA was harvested by centrifugation at 

1,3000 rpm for 10 min, washed with 500 μL ethanol (70%), 

and resuspended in Tris-EDTA (TE) buffer. The purity of 

bacterial genomic DNA was further analyzed using 

nanodrop UV-Vis Spectrophotometer (Thermo Scientific) 

at wavelengths A260/A280 (Sambrook and Russell 1989). 

The amplification of 16S rDNA gene then was 

performed using primers 27F (5'-AGA GTT TGA TCC 

TGG CTC AG-3 ') and 1492R (5'-TAC CTT GTT ACG 

ACT T-3') (Miao et al. 2014; Ahn et al. 2017). The PCR 
mixture consisted of each one μl of primer 27F and 1492R 

(5 pmol uL-1), one μl DNA template (100 ng μL-1), and 

ddH2O as much as 9.5 μl. The PCR protocol was set as 

follows: initial denaturation at 95 °C for 5 min, 

denaturation at 94 ºC for 1.5 min, annealing at 45 °C for 1 

min, elongation at 72 °C for 3 min (35 cycles), and a final 

extension at 72 ºC for 10 min. The PCR products were 

confirmed using electrophoresis on 2% agarose gel 

(approximately 1426 bp amplicons were generated). PCR 

products were then sequenced and analyzed using the basic 

local alignment search tool (BLAST) 

(http://www.ncbi.nlm.nih.gov/blast).  The phylogenetic tree 
was made with the neighbor-joining and bootstrap methods 

in MEGA 7.0, using the Kimura 2-parameter method and is 

in the units of the number of transitional substitutions per 

site (Kumar et al. 2016). Among-site variation rate was 

modeled with a gamma distribution (shape parameter = 1). 

All ambiguous positions were removed for each sequence pair. 

Data analysis 

All experimental results were expressed as mean ± S.D 

of three parallel measurements. These data were analyzed 

by using SPSS 19.0. Analysis of variance was performed, 

followed by Duncan Multiple Range Test at a significance 
level of α=0.05.  
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RESULTS AND DISCUSSION 

The heterotrophic bacteria (KB3B1) was isolated from 

the sulfuric area located in Gedong Songo area, Ungaran. 

This area is located in the southern part of Mount Ungaran 

and has the characteristics of thermal sources such as hot 

tubs, a zone of hydrothermal, and pools of acidic and 

sulfuric sludge. The average temperature of the sediment 

pond of the sulfuric water source was 40ºC. Based on 

previous research, Ungaran sulfur bath area had a water 

temperature range of 18ºC to 56ºC depending on the length 
and depth of the flow path. The deeper and the longer the 

flow, the higher the water temperature was reported. The 

average pH value of this sulfuric area was in the range of 

3.5-7.0. The sulfate concentration was in the range of 0.1-

247 mg L-1 (Phuong et al. 2012). 

Effect of glycine addition on bioleaching activities of the 

KB3B1 strain  

As reported previously, glycine is a direct precursor of 

cyanide that is formed by oxidative decarboxylation (Ruan 

et al. 2014; Shin et al. 2015). Glycine takes part in the 

reaction generating loss of 4 H to form HCN which is 
catalyzed by the HCN synthase (Campbell et al. 2001). The 

cyanide produced by heterotrophic bacteria induces metals 

extraction, including manganese from their deposits. The 

chemical reaction of that manganese extraction can be 

written as follow: 
 

4Mn + 8CN− + O2 + 2H2O → 4Mn (CN) 2− + 4OH− 

 

For investigating the effects of glycine addition in this 

leaching experiments, several parameter measurements 

including bacterial cell growth, cyanide concentration, pH 

value, and yield of manganese were observed in the 

leaching experiments. The leaching experiments of the 

strain during 18 days under a varying glycine concentration 
were shown in Figure 1. The KB3B1 showed a similar 

growth pattern in the modified 9 K medium in the presence 

of 0.02 g cm-3 pulp density of pyrolusite with and without 

the addition of glycine. This bacterial growth increased 

gradually and reached a maximal point at 15 days 

incubation. However, there were significant differences in 

their growth due to the glycine concentration addition. The 

highest bacterial cell growth was measured at the glycine 

addition of 10 mg mL-1 with the maximal OD of 0.9 at 15 

days incubation. The increased pH values investigated was 

in the range of 7.0 and 9.2 throughout the incubation period 

from 3 to 18 days at glycine concentration of 5 to 15 mg 
mL-1. 

On the contrary, the pH values of the culture without 

glycine addition (control experiments) did not change 

significantly throughout the incubation. The increase of pH 

values at cultures added with glycine could be a result of 

the metabolic process of cyanide production from the 

precursor of glycine, which consumed acid and produced a 

base of cyanide. The highest pH value was also observed in 

the culture with a glycine concentration of 10 mg mL-1. 

This highest pH value was followed by the highest cyanide 

production. As reported by previous researchers, in the 
leaching system, those cyanide products enhanced metals 

solubilization from their deposits (Adams 2013; Ruan et al. 

2014; Shin et al. 2015). Therefore, the cyanide production 

would be followed by its consumption. This reaction 

continued so that the production and consumption of 

cyanide were balanced, as shown by pH values almost 

constant at the end of the incubation (18 days 

incubation).
 

The tested strain was most productive (p < 0.05) 

producing manganese (16.6%) in the leaching experiment 

with applying glycine concentration of 10 mg mL-1. 
Therefore, there were correlations between the increased 

bacterial growths and the increased cyanide productions 

(R2: 0.88), pH values (R2: 0.71) and yields manganese (R2: 

0.92).  

As a comparison, Shin et al. (2015) investigated that the 

gold bioleaching by Chromobacterium violaceum was 

induced by applying glycine at a concentration of 5 mg 
mL-1. Natarajan and Ting (2015) also reported that cell-

free metabolite of C. violaceum could extract gold higher 

than that whole cells as much of 18% yield of bioleaching.  

Molecular characterization of KB3B1 strain based on 

the 16S rDNA gene 

The molecular characterization of KB3B1 strain having 

highest leaching activities was performed based on 16S 

rDNA gene analysis via polymerase chain reaction (PCR) 

using the universal 27F Primer 

(AGAGTTTGATCMTGGCTCAG) and 1492R Primer 

(TACGGYTACCTTGTTACGACTT). This 16S rDNA 
gene is a universal molecular marker in bacteria, by which 

the relationships among all bacteria can be measured 

(Woese 1987; Coenye and Vandamme 2004). Therefore, 

this16S rDNA gene sequence analysis more accurately 

identify bad descriptions, infrequently isolated, or deviant 

phenotypic strains. Some other genes are very conserved 

like the 16S rDNA gene. Even though the absolute rate of 

change in the 16S rDNA gene sequence is not known, it 

marks the evolutionary distance and the relatedness of 

organisms (Stackebrandt and Goebel 1994; Lin et al. 2008). 

All genetic sequence databases were already deposited and 
published in the International Nucleotide Sequence 

Database Collaboration known as GenBank, the largest 

databank of nucleotide sequences. It also has over 20 

million deposited sequences, of which over 90,000 are of 

16S rDNA gene (Konstantinidis and Tiedje 2007; Chun 

and Rainey 2014). Hence, the sequence results can be 

compared with the various lengths of sequences obtained in 

that database.  As a consequence, the analysis result can be 

used to identify bacterial isolates from any source. Then, 

the PCR product was checked using gel electrophoresis. 
PCR products obtained using primer from the DNA 

sequence of KB3B1 strain produced a single ~1500 bp 
band, indicating that it was a 16S rDNA band (Figure 2). 

The result of the PCR was then sequenced and edited using 

the Bioedit software package, and the consensus sequences 

obtained were then blasted in the GenBank of NCBI, which 

resulted in a significant similarity of 99-100% in the 

GenBank. Accordingly, the strain KB3B1 showed 100% 

similarity with Bacillus niacini strain EP89 (accession 

number AB294553). (Table 1). 
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Figure 1. The effect of glycine concentration addition in KB3B1 culture on the bacterial growths (A); pH values (B); cyanide (C); and 
manganese concentrations (D) during 18 days leaching experiments under a pulp density of pyrolusite of 0.02 g cm-3. G: glycine 

treatment, G1: 5, G2: 10, G3: 15, C: 0 mg mL-1 
 
 
 
 
Table 1. Results of the analysis of 16S rRNA gene sequences of 
KB3B1 strain using the BLAST-N program  
 

Strain Species of LAB homolog Identities 
Accession  

number 

KB3B1 Bacillus niacini strain EP89 100% MG778778.1 

 Bacillus niacini strain GF7 100% KY312789.1 

 Bacillus drentensis strain BF-R7 99.98% KY292423.1 

 Bacillus sp. strain BF-R4 99.97% KY292420.1 

 Bacillus sp. strain FJAT-29897 99.97% MF948353.1 

 

 

The evolutionary history and molecular diversity of 

strain were further inferred using the UPGMA method by 

MEGA 7.0 application program. Figure 3 shows the 

percentage of replicate trees, in which the associated taxa 

clustered together in the bootstrap test (1000 replicates). 

The bootstrap values have a range of 67-86%. The greater 

the value of bootstrap, the higher the level of confidence in 
the reconstruction of the tree topology. An isolate is 

believed to have proximity if it has a bootstrap value of 

more than 70% (Hall 2001). The results of the phylogenetic 

analysis showed one major group with five Bacillus strains 

(Bacillus niacini strain EP89, Bacillus niacini strain GF7, 

Bacillus drentensis strain BF-R7, Bacillus sp. strain BF-R4 

and Bacillus sp. strain FJAT-29897). 

 
 
Figure 2. Amplified 16S rDNA gene of KB3B1 strain observed 
separated using agarose gel electrophoresis. M: 100 bp DNA 
ladder marker (Geneaid), 1: KB3B1 strain. 
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Table 2. The nucleic acids composition of thymine (T), cytosine (C), adenine (A), guanine (G), and also the average frequencies of 
guanine and cytosine (G+C) of KB3B1 strain analyzed using MEGA 7.0

 

 

Strain T (%) C (%) A (%) G (%) Total (%) (G+C) (%) 

KB3B1 19.5 23.1 24.8 32.6 986.0 55.7 
Bacillus niacini strain EP89 19.3 23.2 24.9 32.5 982.0 55.7 
Bacillus drentensis strain BF-R7 19.5 23.2 24.9 32.4 984.0 55.6 
Bacillus sp. strain BF-R4 19.5 23.2 24.8 32.5 984.0 55.7 
Bacillus sp. strain FJAT-29897 19.5 23.2 24.9 32.4 984.0 55.6 

Bacillus niacini strain GF7 19.5 23.2 24.9 32.4 984.0 55.6 
Thiobacillus sajanensis strain 4HG 19.6 22.7 25.6 32.0 1264.0 54.7 

 

 

 

 

 
Figure 3. Phylogenetic tree constructed using 16S rDNA gene 
sequences, available in the GenBank database, employing the 
Neighbour-joining method. Numbers on nodes represent bootstrap 

values (%) from 1000 replicates. A phylogenetic tree was 
constructed using MEGA 7.0. 

 

 
 

The MEGA application program can also be used to 

analyze the composition of the nucleic acids of thymine 

(T), cytosine (C), adenine (A),  guanine (G), and also the 

average frequencies of guanine and cytosine (G+C). The 

nucleic acid composition of KB3B1 strain was listed in 

Table 2. From this table, it was shown that the average 

frequencies of G + C of the strain was 55.7%. This value 

shown was still in the same range as the value of the 

reference bacteria of GenBank as genus Bacillus  (54-

56%). In addition, these average frequencies of guanine 

and cytosine (G+C) of strain was also in line with Bergey's 
Manual of Systematics of Archaea and Bacteria as species 

Bacillus niacini (Logan, 2009), hence the strain KB3B1 

was identified clearly as that species. As reported by 

Meier-Kolthoff et al. (2014), the average frequencies of 

guanine and cytosine (G+C) were found to be varied with 

different bacteria; species, which showed variation in 

selection, mutation bias, and related to the recombination 

of DNA. These average cytosine (G+C) frequencies also 

revealed the evolution of kinship among isolates 

In conclusion, KB3B1 strain was most optimal in 

extracting manganese from pyrolusite at initial pH 6, pulp 
density of 0.02 g cm-3, and glycine concentration of 10 mg 

mL-1 which led to 16.6% manganese extraction. This 

extraction was obtained at 15 days of leaching incubation. 

Additionally, this maximum extract obtained was followed 
by the maximum bacterial growth, pH, and cyanide product 

of that strain. Molecular characterization revealed that the 

strain was found to be closely related to Bacillus niacini 

EP89. The average frequencies of guanine and cytosine 

(G+C) result of the strain were in the same range as the 

value of the reference bacteria of GenBank and Bergey's 

Manual Systematics of Bacteria.
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