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Mercury (Hg) is a heavy metal that can be released into the environment through natural
activity such as volcanic eruptions and release from vegetation during bushfires, and
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anthropogenic activities such as the gold mining process and fossil fuel burning. Most
atmospheric mercury is elemental Hg (Hg®), which is less toxic than the Hg?' ion.
However, elemental Hg can be oxidised to a more toxic form through interaction with
ozone in the presence of water. Certain microbes are capable of enzymic reduction of
Hg?" to Hg® using mercuric reductase, coded for by the merd gene. In this study, we
screened the gene from bacterial strains isolated from soil collected at Signy Island,
South Orkney Islands, maritime Antarctic, a gold mine in Sumbawa Island in Indonesia
and a tin mine at Guar Perahu, Malaysia. A total of seven bacterial strains were isolated.
One strain was isolated from the tin mine, and three each from the gold mine and Signy
Island. The gene was absent from all the strains isolated from Sumbawa and Guar
Perahu, but the gene was detected from an isolate from Signy Island. Based on analysis
of the strain’s 16S rRNA gene, it was assigned to the genus Micrococcus (similarity
97.22%) compared with the global recorded database at the National Centre for
Biotechnology Information (NCBI) using the BLAST program. We thereby confirmed
the presence of the gene in this bacterial strain, providing the first identification of this
mercury-reducing gene in Signy Island microbiota.

INTRODUCTION

mercury [1], decreasing soil fertility amongst other harmful
effects.

The toxic heavy metal mercury (Hg) occurs both naturally
and as an anthropogenic pollutant. Sources such as gold
mining industry wastewater produced from filtering or
washing activities can result in surrounding water
catchments and land being contaminated by high levels of

Mercury can enter and be biomagnified in the food chain.
Its contamination is damaging to natural ecosystems and
human health [2]. Methyl mercury acts as a strong
neurotoxin, causing pain in the lips, tongue, affecting
movement, hallucinations, irritability, sleep disorders,
ataxia, memory loss, difficulty in speaking, deterioration of
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thinking capacity, emotional instability and even death [3].
For example, mercury derived from a paint solvent
manufacturing plant in Minamata Bay, Japan, contaminated
the local fish supply and resulted in an estimated 1,784
human casualties [3].

In the environment, the process of detoxifying mercury
contamination, especially that of methyl mercury, begins
with demethylation. Demethylation releases the mercury ion
(Hg?"), which can be reduced to elemental Hg® which is
volatile and less toxic [4]. This conversion process involves
an enzyme complex including organomercury lyase and
mercury reductase [5]. One approach to remediation of
mercury contamination is bioremediation, which utilises
microorganisms with specific capabilities to remove the
targeted pollutant from the environment [6]. Mercury is toxic
to many microbes (and other organisms), but some bacteria
can tolerate mercury exposure. Such bacteria have a
mechanism of resistance to mercury contamination that is
poorly understood [4].

Mercury-resistant bacterial cells can absorb the Hg?! ion
and reduce it to Hg® [7], which is released into the
atmosphere. The ability of bacteria to remove mercury from
the environment could potentially have application in
lowering mercury concentrations in industrial waste. This
ability is facilitated by the merd, a gene responsible for
absorbing and reducing Hg?" to Hg®[8].

Elemental mercury is used as an amalgam to extract gold
from ore, and small-scale gold mining is the world's largest
source of mercury pollution [9]. The discovery of gold (Au)
in Sumbawa, Indonesia, since the beginning of 2000, has led
to considerable illegal mining activities [10]. Illegal mining
is difficult to stop for local people because mining is their
current livelihood. If the mining activities continue, a higher
level of Hg will be released into the environment and cause
pollution. Elevated mercury concentrations in its air (>13
mg/kg) of illegal miners in the West Region of Sumbawa
have been reported [11]. Although not used in the tin mining
process, high mercury levels (0.171 ppm) were also detected
from an abandoned tin mine in Tambon Bang-Rin, Thailand.
Heavy metal-resistant bacteria were isolated from the same
location [11]. Therefore, it is likely that mercury resistance
bacteria can be isolated from either gold or tin mines.

In contrast, Antarctica is generally considered a region
that has suffered limited anthropogenic influences. However,
heavy metal contamination has been reported in Antarctic
soil from various locations there [5]. The presence of heavy
metals, especially mercury, in soils of Antarctica is mainly a
result of a natural bio-geochemical weathering of terrigenous
sources [12]. Antarctic soil contains many metal-rich
minerals, which are subject to natural bio-geochemical
weathering [13]. Additionally, elemental mercury can
remain suspended in the atmosphere for at least a year [14],
transported long distances from other landmasses to
Antarctica. The presence of microorganisms possessing the
gene in the Station Nord in Northeastern Greenland (Arctic)
and King George Island (Antarctica) has been reported [15,

12]. Signy Island is an Antarctic oceanic island in the
southern Orkney Islands. The annual soil temperature is
around -2°C, and the annual precipitation is estimated at 400
mm per year [16]. Hg-resistant (mer4) bacteria from snow
and sea ice brine in the High Arctic have been identified and
characterized, showing that 0-31% of the culturable bacteria
are resistant to Hg (10uM HgCl,), and up to 6% of the total
reduction in Hg?" in snow may be explained by mercury-
resistant bacteria [15]. There is mercury resistance in
Bacteria and Archaea [25]. Mercury resistance in Bacteria is
conferred by the mer operon. Several mer operon-encoded
proteins are involved in transport of inorganic oxidized
mercury into the cytosol, where the mer4-encoded mercuric
reductase protein, in a NAD(P)H-dependent manner, reduces
Hg?" to volatile, less reactive elemental mercury (Hg®)
(mercury in the environment and bacterial resistance has
been thoroughly reviewed [25]). Mercury resistance has
been reported in a wide range of bacteria, including
Firmicutes, Actinobacteria, and Proteobacteria, both from
clinical and environmental sources, and is considered an
ancient mechanism [25]. The current study identified
whether the mercuric reductase (merd) gene was present in
bacteria isolated from a gold mine in Sumbawa, Indonesia, a
tin mine in Malaysia and Signy Island (the South Orkney
Islands, maritime Antarctic).

MATERIALS AND METHODS

Soil sample collection

Soil samples were collected from three locations: a gold
mine in Sumbawa, Indonesia, a tin mine in Guar Perahu,
Malaysia, in 2019 and Signy Island, South Orkney Islands
(maritime Antarctic) in 2016. The coordinates of the
sampling points are 8°32°30.4’S 117°00°45.0’E, 5°25’57°N
100°28°30’E and 42.629°S 36.568°W, respectively. Soil
samples consisting of 10 g of topsoil were collected in a 50
ml screw-capped Falcon tube.

Isolation of Bacterial Strains

The standard spread plate method was used for screening
bacterial isolates from the soil samples on Nutrient Agar
(NA) plates. The plates were incubated at 37 °C for 24 h.
The colonies were subcultured and purified into a single
colony using the streak plate method. Visible single colonies
growing on the plates were used for mer4 detection.

Detection of Mercuric Reductase (merA) Gene

Genomic DNA from colonies formed on plates was extracted
using the GF-1 Bacterial DNA Extraction Kit based on the
manufacturer's instructions. Polymerase Chain Reaction
(PCR) was conducted using the Vivantis Master Mix with
12.5 ul Taq polymerase, 1 ul primer Forward, 1 ul primer
Reverse, 8.5 pl autoclaved H,O and 2 pl of each DNA base
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as a template. The total reaction mix was 25 pl. For mercury
reductase gene identification, the combination of primers
Forward F1 merd — 5' TCGTGATGTTCGACCGCT 3' and
Reverse F2 merd —5' TACTCCCGCCGTTTCCAAT 3' was
used to amplify a 443 bp merA fragment with an optimised
PCR protocol [8]. Amplification conditions included an
initial denaturation at 94°C for 1 min, followed by 30 cycles
of denaturation at 94°C for 1 min, annealing at 55°C for 1
min, and an extension step at 72°C for 1 min, with a final
extension at 72°C for 7 min. The PCR products were
analysed using gel electrophoresis using 1.5% agarose gel
run at 70 V, 400 A for 40 min. Then, the gel was dyed with
SYBR® Safe DNA Gel Stain in TAE buffer and visualised
with a UV gel doc.

Identification of Bacteria using 16S rRNA

Strains positive with merd from the section above were
streaked onto a new plate and used for species identification.
Bacterial identification was carried out by sequencing the
16S rRNA gene, using the universal primers 27F (5'
AGAGTTTGATCMTGGCTCAG 3') and 1492R (5'
TACGGYTACCTTGTTACGACTT 3') to generate a 1465
bp fragment of the 16S rDNA [17]. The thermocycling
conditions included an initial denaturation step at 94°C for 5
min, 35 cycles of denaturation for 1 min at 94°C, annealing
for 1 min at 55°C and extension for 1 min at 72°C [8], with
final extension for 5 min at 72°C [8]. The PCR products were
analysed using gel electrophoresis (1.5% agarose gel, 70 V,
400 A for 40 min), followed by staining with SYBR® Safe
DNA Gel Stain in TAE buffer and visualisation using a UV
gel doc. The PCR products from both 16S and merd were
purified and sent to NHK Bioscience Solution SDN. BHD
(Malaysia) for sequencing. The sequence was aligned using
Molecular Evolutionary Genetics Analysis (MEGA) Version
6.0 software and BLAST search against the National Centre
for Biotechnology Information (NCBI) Nucleotide
collection (nt) database for bacterial identification. The tree
was produced using BLAST pairwise alignments using
neighbour-joining tree methods.

Morphology of merA Positive Strains

Isolates positive for merd were analysed for morphology,
shape, and colours of the colonies on the media. Isolates
negative with mer4 were not analysed further.

RESULTS AND DISCUSSION

A total of seven bacterial strains were isolated. One strain
was isolated from Guar Perahu, Malaysia, and three strains

were isolated from each of Sumbawa Island, Indonesia, and
Signy Island, Antarctica. 16S rRNA genes were detected
from all the isolated strains, confirming successful extraction
of genomic DNA and absence of PCR inhibition at extracted
DNA from all isolates. This conformation is important to
verify that the absence of merA in the subsequent PCR was
not due to PCR inhibition. The inhibitors may originate from
samples or reagents used to process and purify DNA such as
KCI, NaCl, other salts, ionic detergents such as sodium
deoxycholate, sarkosyl and SDS, ethanol and isopropanol,
phenol, bile salts, complex polysaccharides, collagen, humic
acid, melanin, eumelanin, myoglobin, proteinases, calcium
ions and urea [18]. Figure shows the presence of the 443 bp
merA, detected from a strain isolated from Signy Island. The
other six strains were negative for mer4 detection.

Comparison between the sequences from the sample with
the available database (NCBI) showed that these strains were
closest to uncultured bacterium clone SS3-14 mercuric
reductase (merd) gene (Figure 2). The highest sequence
similarity with mercuric reductase bacteria was 90.15%,
partial sequence ID: JQ228797.1.

The basic local alignment search tool result showed that
the strain positive for mer4A was Micrococcus sp. 3309, with
a 16 ribosomal RNA gene similarity of 97.22% with query
cover 63%, and partial sequence ID: KP345923.1. The
phylogenetic tree analysis of the isolate from this study
compared to other bacteria is shown in Figure 3, and the
morphology of merA positive strains is shown in Figure 4
below. The other merA negative strains were not identified.

Figure 1. Positive detection of
the 443 bp merd from a strain
isolated from Signy Island,
Antarctica.
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Figure 3. Phylogenetic trees analysis for 16S rRNA gene of Ac isolate produced using the BLAST pairwise alignments.
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Figure 4. The red circle shows the mer4 positive strains.

This study included samples taken from a gold mine in
Sumbawa, Indonesia and a tin mine in Guar Perahu,
Malaysia. Mercury-resistant bacteria have been isolated
from gold mines in Indonesia, such as from Pongkor Village,
Bogor [19], Kabupaten Sijunjung, West Sumatera [20] and
Lombok [21]. In addition, mercuric-resistant bacteria have
also previously been isolated from Malaysia [22]. Therefore,
we initially hypothesized that bacterial strains isolated from
these sites might possess the mercuric reductase gene.
However, none of the previous studies in Malaysia and
Indonesia reported the presence of merd. Similarly, in this
study, the gene was not present in samples collected from
both the tropical sites of Malaysia and Indonesia. Instead, the
results showed that strains with positive mer4 were isolated
from Signy Island, Antarctica.

The isolate had a similarity of 97.22% with Micrococcus
sp. 3309 using the 16S rRNA gene. The presence of
Micrococcus sp. in Signy Island was reported in 1973 [23].
Rego et al. [24] also reported the presence of Micrococcus
sp. from sampling points in McMurdo Dry Valleys in
Antarctica. The displayed gene of merA has a size of 443 bp
[7]. The merA sequences detected in this study had a
similarity of 90.15% with uncultured bacterium clone SS3-
14 mercuric reductase (merA). Previous research conducted
by Romaniuk et al. [12] found merA from isolated strains
such as Arthrobacter, Pseudomonas, and Psychrobacter

genera from King George Island in Maritime Antarctica.
Moller et al. [15] also reported seven merA determinants
were identified among bacterial isolates from High Arctic
snow, freshwater, and sea-ice brine. Although Micrococcus
sp. has been reported in Signy Island previously [23], this
study is the first record of detecting merd from any species
isolated from the island.

Mercury-resistant microorganisms are often enriched to
even higher abundances in Hg contaminated environments,
where their activities enhance the conversion of CH3Hg" and
Hg?" to Hg’. The presence of bacterial strains possessing
merdA in Antarctica may be due to the environmental
conditions of the continent, such as extreme temperature,
acidic pH, deficient levels of light, oxygen, and soil with
high heavy metal content. Mercury naturally occurs in the
Earth's crust and typically enters the atmosphere through
volcanic eruptions. Thus, the element cycles between the
atmosphere and ocean quickly. However, mercury deposited
on land from the atmosphere binds with organic matter in
plants. After the plants die, soil microbes consume the dead
organic matter, releasing mercury into the atmosphere or
water. Therefore, mercury removal is a challenge for
environmental management. The present study showed that
an isolate from Signy Island poses a mercuric reductase
(merA) gene with a similarity of 97.22% to Micrococcus sp.
Thus, the bacterial strain may be useful as an agent for
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bioremediation technology to remove Hg?*" from the
environment. The data presented here confirm that the
Micrococcus sp. has the gene but does not confirm the
enzyme is produced or active. Additional enzymatic studies
are needed to confirm the presence and activity of the
enzyme.
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