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ABSTRACT

Mercury was poisonous and hazardous heavy metal, even one genus bacteria of
Azotobacter was able to grow in a mercury contaminated habitat. This research aim
was to select potential mercury resistant Azotobacter which was able to produce an
extracellular mercury reductase for reducing toxic ion Hg2* into a volatile less toxic
ion HgC. The isolates were Ala, A5 and A9 from an urban farming soil in ITS. Their
viability under mercury stress was tested individually in an Azotobacter-selective
agar each containing 0.1; and 5 mg/L HgCl.. The 24-hours bacterial growth was
spectrophotometrically determined at A600 nm each hour. The crude extracellular
mercury reductase produced under 5mg/L dan 10mg/L HgClz stress was then
extracted followed general method. The enzyme activity was spectrophotometrically
measured at 340 nm to detect soluble oxidized NADH in a defined medium for a
mercury reductase assay after 12 hours incubation. The viability test showed that
those 3 isolates had a similar growth curve pattern; all of them were growing under
0.1; and 5 mg/L HgCly, even after 12 hours incubation time they were start dying.
Anyhow isolate Ala was the slowest growing Azotobacter under particular mercury
stress. Enzyme activity tended to decrease over time; isolates A5 and A9 showed a
greater enzyme activity than isolate Ala. Under 5mg/L HgCl; stress, after 30, 60 and
120 minutes, isolate A5 and A9 produced 2.50U, 1.15U and 0.60U enzyme
respectively, while under 10mg/L HgCl. they were 2.70U, 1.44U and 0.7U.
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INTRODUCTION

Mercury is a heavy metal with an unclear biological benefit, but it can
negatively interfere bacterial metabolism in a very low concentration, since it is
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able to form a harmful complex with other compounds inside organism (Drott et
al., 2008) and it is not a degradable metal. Mercury contamination may occur in
soil and water due to many causes, ex. gold mining, chemical industry,
anthropogenic residues (Li et al, 2009). The form of ionic mercury (Hg?*) is the
most toxic state of mercury that can be accumulated in keedney, while if in form of
methylmercury (CHsHg) it could be in brain (Chojnacka, 2010). Therefor Indonesia
government has a restricted rule to protect environment from human commercial
activity; acceptable mercury concentration in environment is 0.001 mg/L
threshold.

In general ion mercury (Hg2*) could inhibit bacterial growth at 5ug/L
(Boening, 2000), but there is also mercury resistant bacteria which can survive
under mercury stress (Brown et al., 2002). Zulaika et al. (2012) isolated Bacillus,
Staphylococcus, and Azotobacter from Kalimas-Surabaya River that could still grow
under a 10mg/L mercury stress. Khotimah dan Zulaika (2013) also reported that
Azotobacter isolated from eco-urban farming ITS-Surabaya area was resistant to
mercury up to 5 mg/L. Those isolates were very interested to be explored due to
their resistance.

It has been reported that mer-operon played an important in mercury
resistance mechanism; this operon produce a mercury reductase reducing toxic
ion Hg?* into a volatile Hg® with NADH or NADPH as an electron donor (Brown et
al., 2002) The volatile Hg® was then secreted out by bacteria to environment
(Kiyono & Pan-Hou, 2006). A species of Hydrogenivirga sp. 379 128 R1-1 was able
to reduce 150 pmol Hg2* per 106cells/hour into Hg® (Freedman et al, 2012).
Zulaika & Sembiring (2013) also reported tha Bacillus S1 was able to reduce 1.48
mg/L Hg2*per 109%ells/minutes with 0.18% efficiency/minutes.

MATERIALS AND METHODS

Isolates

The isolate Azotobacter Ala, A5 and A9 was internal lab bacterial collection
from an eco-urban farming Institut Teknologi Sepuluh Nopember (ITS), Surabaya-
Indonesia. They were resistant to a 5 mg/L HgCl. (Sakinah & Zulaika, 2013).

Viability of Azotobacter in a HgCl> stress

Viability test was determining growth curve of isolate Ala, ASand A9ina0.1
dan 5 mg/L HgCl, containing NB medium. One ose pure isolate Azotobacter was
cultured in a 20 mL NB medium and incubated with shaking 100 rpm for 24 hours
in room temperature. The culture was then transferred into 180 mL fresh NB
medium containing 0.1 mg/L and 5 mg/L HgCl. separately. The growths were
spectrophotometrically measured at A600 nm each hour for 24 hours at room
temperature. The growth control was bacterial growth pattern in a NB medium
without mercury.

Enzyme extraction
About 3 ml of a 12 hours pure Azotobacter culture was retransferred into 30
ml fresh NB medium containing 0.1 mg/L HgClz and incubated for 12 hour at room
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temperature until cells reached 10%cells/mL. Bacteria were then harvested by do a
12,000 rpm centrifugation for 10 minutes at 4°C. Cell pellet was suspended in a 30
mL Phosphate Buffer Saline (PBS, pH+7) and destructed by sonication (600 watt,
amplitude 50%) for 60 seconds at 4°C temperature. Destructed cell was then
centrifuged again at 12,000 rpm for 30 minutes. The supernatant was the crude
extract enzyme collected carefully into dark tube (Ogunseitan, 1998).

Mercuric reductase-enzyme

The crude extract enzyme was then added into a Mercury Reduktase Assay
(MRA) solution with ratio 1:1, then 5 mg/L and 10 mg/L HgCl> separately added
into it. A MRA solution were 50 mM PBS pH +7; 0.5 mM EDTA; 0.1% (v/v) -
mercaptoethanol, 100 pM NADH, 0.2 mM MgS04 and HgCl2 (Ogunseitan, 1998). The
mixtures were incubated for 30, 60, and 120 minutes in dark room at room
temperature. Spectrophotometer A 340 nm was used to measured enzyme activity
(Takeuchi et al,, 1999). Control was a MRA solution without crude extract enzyme.

One unit mercuric reductase activity was defined as a number of oxidized uM
NADH per cell per minute (Ghosh et al., 1999) and reduced mg/L Hg? per minutes
(Zeroual et al., 2003). The number of oxidized uM NADH was calculated based on a
concentration standard curve; with a linier regressiony = ax + b; R2> 0.8.

The number of reduced Hg?* was calculated with equation (1) and (2)

(X uM NADH/1000000)*271.59*1000 ()]
X = oxidized NADH

1000000 = conversion M become uM

271.59 = relative molecular weight HgCl2

1000 = conversion gram become mg

(Ar Hg/Mr HgCl2)* mg/L reduced HgCl> 2)
Ar = Atom weight of Hg (200.59)
Mr = Molecular weight of HgCl> (271.59)

RESULT AND DISCUSSION
Viability Azotobacter toward HgCl>

Isolates Azotobacter Ala, A5 and A9 from eco urban farming ITS were
resistant to 5 mg/L HgCl2 (Sakinah & Zulaika, 2013). Viability test was supposed to
detect their growth under a mercury stress. Figure 1 showed that all three isolates
had a similar pattern of cell growth curve under mercury stress; even they were
more resistant in a 0.1 mg/L HgCl; stress rather than 5 mg/L HgCl.. The lowest
growth was significantly influenced by 5 mg/L HgCl: stress; this clearly showed by
isolate Ala in which it fast decreased after 12 hours (Figurel). This indicated that
all three isolate still kept doing binary regeneration even mercury slowing down
the degeneration speed.
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Figure 1. Viability of isolate Azotobacter in NB medium.
(a) without-HgClzand (b,c,d) with HgCl2

It could be as preliminary suggestion that Azotobacter isolates has mer
operon, but each with a unique gene expression regulation. Further molecular
investigation should address this preliminary suggestion. Mer-operon consisted of
many genes which were responsible for mercury reduction, for instance merA gene
coded mercuric reductase for reducing toxic Hg?* into volatile Hg® (Takeuchi &
Sugio, 2006), and a gene for mercury lyase which degraded methylmercury
(CH3HQ) to Hg?* (Barkay et al., 2003). Different mer operon may influence different
mercury resistance among isolates, as each species had unique mer operon
composition. The regulation of gene expression of mer operon gene was also
playing an important role as well for resistance in each bacteria. Many factors
should be considered for gene regulation (lyer et al., 2005).

Mercuric reductase activity
Figure 2 showed their mercury reductase activity; it was also decreasing
over incubation time, for instance isolate A5 the highest one, under a 5 mg/L HgCl>
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mercury stress, after 30, 60 and 120 minute of incubation time reduced Hg?* into
Hg? with mercury reductase activity of 2.55*10-3U, 1.17*10-3U and 0.61*10-3U per
10° cells per minute, respectively. This enzymatic activity remained equal even
isolate A5 was threated under a 10 mg/L HgCl> mercury stress. Isolate Ala showed
the lowest mercury reductase activity. Decreasing enzyme activity over incubation
time may due to depleting NADH as electron donor (Figure 3), since 100 pM NADH
was the sole added electron donor in this reaction. NADH might play as electron
donor or coenzyme for mercury reductase to reduce and volatilized Hg?* into Hg®
(Zeroual et al, 2003). Takeuchi and Sugio (2006) mentioned that activity of
mercury reductase was really NADPH/NADP dependent as it played as an electron
donor. Nicotinamide group in reducing form can absorb light at 340 nm
wavelength in volatility ion Hg° (Murray, 1996).

Activity of Mercuric reductase by Azotobacter
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Figure 2. Mercuric reductase activity in isolate Azotobacter
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Figure 3. Oxidized- NADH in isolate Azotobacter
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Reduction of HgCl, by Azotobacterial
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Figure 4. HgCI2 reduction
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Figure 5. HgCI2 reduction efficiency

Complementary data showed in Figure 4. It was clearly seen that NADH
oxidation was followed by Hg?* reduction, as reduced Hg?* was detected over time
incubation; even no increasing reduced Hg2* concentration over time. Based on
Figure 4, isolate A5 and A9 seemly had the same reduction ability under 5 mg/L
and 10 mg/L HgCl.. But Figure 5 indicated reduction was more efficient if under 5
mg/L HgCl.. This opened other investigation to explore molecular study in protein
expression.
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CONCLUSION

Isolate Azotobacter A5 and A9 were excellent mercury-resistant bacteria that
do volatilization by reducing toxic ion Hg2* to a less toxic volatile ion Hg® in 30 to
120 minutes with maximum mercury reductase activity of 2.55*10-3U per 109 cells
per minute. Those isolates were potential bioremediation agent to rehabilitate
mercury contaminated field.
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