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This present study aimed at examining the ability of cold-adapted Antarctic bacteria to tolerate and degrade diesel in the presence of different types 
of heavy metal co-pollutants.

 Arthrobacter sp. strains AQ5-05 and AQ5-06, originally isolated from Antarctic soils, were grown on Bushnell-Haas medium containing 1 
ppm of heavy metal ions (As, Ag, Cd, Co, Cu, Cr, Hg, Ni, and 
Pb) supplemented with 3% (v/v) diesel. Diesel degradation 
was determined gravimetrically, while bacterial growth was 
evaluated by measuring the optical density of media (OD ).600 nm

 In the absence of heavy metal ions, strain AQ5-06 
achieved 37.5% diesel mineralisation, while strain AQ5-05 
achieved 34.5%. The diesel degrading abilities of both strains 
were significantly inhibited by exposure to < 1 ppm of Ag or Hg. 
In contrast, no change in degradation ability was observed 
using other tested heavy metals. The IC  of Ag and Hg on 50

diesel degradation by the two strains were (0.2 and 0.4 ppm) 
and (0.3 and 0.2 ppm), respectively. 

 Arthrobacter sp. Strains AQ5-05 and AQ5-06 
may contain genes for alkane degradation and heavy metal 
resistance for remediating diesel-polluted soil in Antarctic and 
other cold regions.          
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Introduction

Antarctica remains the only largely unpolluted part of the 
Earth. Even so, areas within the continent have been 
contaminated by petroleum hydrocarbons, notably diesel oil, 
associated with anthropogenic activities through national 
governmental research stations as well as the rise in tourism in 
recent decades, both primarily supported by ships (Prus et al., 
2015; Mazuki et al., 2019). Petroleum hydrocarbons are the major 
source of energy used to run facilities in Antarctica and the 
primary source of hydrocarbon pollution in this region (Snape et 
al., 2001; Ruberto et al., 2005). Diesel oil, the most often used 
hydrocarbon fuel in the Antarctic region, consists of a complex 
mixture of aliphatic and aromatic hydrocarbons and is made by 
the fractional distillation of petroleum (Gallego et al., 2001). It also 
contains toxic compounds including phenolics that tend to persist 
in contaminated environments along with heavy metals including 
cadmium, chromium and lead, and other persistent organic 
pollutants (POPs) such as hexachlorobenzene and 
hexachlorocyclhexanes (Lee et al., 1992, Bargagli, 2008; 
Corsolini, 2009; Zakaria et al., 2019). 

Heavy metals have been reported to alter the activities of 
Antarctic microbial communities and affect the enzymes involved 
in different metabolic processes, including the impairment of 
microbial diesel degradation (Kandeler et al., 1996; Hong et al., 
2012, Riis et al., 2002). In addition, they negatively affect 
microbial growth, morphology and metabolism in soils by 
denaturing proteins and causing functional disruption, as well as 
destroying the integrity of cell membrane (Murthy et al., 2014; 
Pandey et al., 2011; Sha’arani et al., 2019). Heavy metals are not 
only capable of polluting native soil and water near areas of 
industrial activity but may also be carried away to longer 
distances through atmosphere (Hong et al., 2012; Zhou et al., 
2015; Zhang et al., 2018, Darham et al., 2019). The major source 
of heavy metals and POPs in the Antarctic is from urbanised 
areas or islands on the continents with intensive agriculture. 

Non-hydrocarbon co-pollutants may be introduced into 
the Antarctic environment through oil spills. For example, diesel 
oil utilised in the Antarctic contains heavy metals and anti-icing 
agents such as diethylene glycol monomethyl ether and ethylene 
glycol monomethyl ether (Aislabie et al., 2004). Thus, the 
presence of heavy metals in the soil environment creates a 
challenge for degrading diesel due to their highly toxic effects on 
petroleum-degrading bacteria. Furthermore, oil spills tend to 
persist longer in the Antarctic environment owing to the 
chronically low temperatures, limited nutrient availability and dry 
conditions, which slow down the rates of microbial processes and 
abiotic degradation (Aislabie et al., 2006; Ahmad et al., 2013; 
Roslee et al., 2020). Not with standing this, the use of 
microorganisms for remediating environmental pollutants such 
as petroleum hydrocarbons is receiving increasing attention as it 
causes less damage to the environment, is economically 

desirable and can completely remove harmful pollutants (Ahmad 
et al., 2013; Ibrahim et al., 2015; Nawawi et al., 2016; Al-Hadithi et 
al., 2017). In the present study, the ability of psychrotolerant 
bacterial strains Arthrobacter sp. AQ5-05 and AQ5-06, originally 
obtained from Antarctica to degrade diesel oil in the presence of 
various heavy metal co-pollutants was tested.

Materials and Methods

Sample collection: The isolates Arthrobacter sp. strains AQ5-05 
and AQ5-06 used in this study were originally isolated from 
Antarctic soil obtained on King George Island, South Shetland 
Islands (Lee et al., 2018). The isolates were maintained in 
glycerol stock at a -80°C at Eco-Remediation Technology 
Laboratory, Department of Biochemistry, Faculty of 
Biotechnology and Science Biomolecules, Universiti Putra 
Malaysia until further use.

Diesel medium: Diesel fuel used for the experiment was 
obtained from a Petronas filling station in Selangor, Malaysia, and 
was used as the sole carbon source (3%) in all experiments. 
Bushnell-Haas (BH) broth was utilised for screening diesel-
degrading bacteria growth in the presence of heavy metals 
(Bushnell and Haas, 1941). The pH of the medium was adjusted 
to 7.0 ± 0.2 at 25°C prior to sterilisation. In order to ascertain the 
ability of the strains to use diesel oil as the only carbon source, an 
uninoculated BH broth was used as control. 

Effects of heavy metals on diesel metabolism of strains AQ5-
05 and AQ5-06: The effects of heavy metals Arsenic (As), silver 
(Ag), cadmium (Cd), cobalt (Co), chromium (Cr), copper (Cu), 
mercury (Hg), nickel (Ni) and lead (Pb) on the growth and diesel 
degradation activity of two strains were tested by growing them in 
100 ml BH medium in a 250 ml conical flask containing diesel with 
1 ppm of heavy metal ions. The cultures were incubated at 10ºC 
for 240 hr on a rotatory shaker at 150 rpm. The diesel-degrading 
activity of each bacterial isolate was monitored at 24-hr interval. 
Bacterial growth was determined by measuring the optical 
density at 600 nm using a spectrophotometer (U.V mini 1240 
Shimazdu, Japan), while diesel degradation was measured 
gravimetrically (Marquez-Rocha et al., 2001; Patowary et al., 
2017). Heavy metals inhibiting the growth and degradation ability 
of the isolates were selected for more detailed studies. 

Effects of different concentrations of heavy metals on diesel-
degrading activities: Concentrations of heavy metals that 
impaired the growth and diesel degradation of two strains in the 
range 0.2, 0.4, 0.6, 0.8 and 1.0 ppm were used to further study the 
impacts on diesel degradation. The cultures were incubated at 
10ºC for 240 hr on a rotatory shaker at 150 rpm. The diesel-
degrading activity of each bacterial isolate was monitored at 24 hr 
interval. Bacterial growth was determined by measuring the 
optical density at 600 (OD ), while diesel degradation was 600

measured gravimetrically (Marquez-Rocha et al., 2001; Patowary 
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et al., 2017). Briefly, the residual hydrocarbon in diesel oil from 
each culture was extracted using a solvent extraction method by 
destructive sampling of triplicate flask containing culture. n-
Hexane (1:1 media to n-hexane) was used to separate the cellular 
material. After evaporation, the remaining residual hydrocarbon 
in diesel was quantified gravimetrically.

Inhibitory concentration 50 (Ic ): The metal ion concentration 50

achieving 50% degradation inhibition (IC ) was assessed. 50

Graphpad Prism v.5. software was used for data analysis using 
mean and standard deviation (STDEV) values. 

Statistical analysis: All experiments were performed in 
triplicate. The data obtained are presented as mean ± standard 
deviation. Statistical analysis was carried out using ANOVA and 
diesel degradation was analysed based on degradation 
percentage. 

Results and Discussion

The ability of Arthrobacter sp. strains AQ5-05 and AQ5-06 
to degrade diesel oil were evaluated by incubating both strains in 
BH medium supplemented with 0.5% diesel as the sole carbon 
source at 10°C and 150 rpm. Strain AQ5-06 showed enhanced in 
comparison to growth (OD  = 0.956) after 168 hr incubation 600

period AQ5-05 (OD  = 0.758) (Fig. 1). Gravimetric analysis 600

showed that strain AQ5-06 degraded 37.5% diesel, while strain 
AQ5-05 degraded 34.5%. Arthrobacter strains AQ5-05 and 06 
are cold-tolerant strains isolated from chronically polluted 
Antarctic soil that can utilise diesel as their sole carbon source 
and energy, hence, are capable of degrading diesel efficiently. 
After an initial acclimatisation period of 24 hr, both strains 
achieved maximum diesel degradation within 7 day. Arthrobacter 
and Rhodococcus have been identified among the major 

hydrocarbon-degrading bacteria (Whyte et al., 2002). Studies of 
non-polluted soils have also revealed psychrophilic or cold-
tolerant members of Arthrobacter to be important members of 
bacterial communities in Antarctic soils (Dsouza et al., 2015). 
Margesin et al. (2013) and Lee et al. (2018) also reported that 
Arthrobacter sp. strains are capable of degrading petroleum 
hydrocarbons (n-alkanes and phenol) at low temperature. 

The results of various heavy metal ions on growth and 
diesel degradation by Arthrobacter sp. strains AQ5-05 and AQ5-
06 were evaluated. The data obtained confirmed that mercury 
and silver significantly impeded the growth (F (8, 18) = 206.123, 
p<0.001 and F (8, 18) = 156.608, p<0.001, respectively) and 
diesel degradation activity of both strains (F (9, 10) = 105.21, 
p<0.001, and F (9, 20) = 246.021, p<0.001, respectively) (Fig. 2). 
However, no significant difference was observed between the 
effects of mercury and silver for both strains (p > 0.001). 
Furthermore, Tukey’s HSD showed that there was no significant 
difference in the mean values obtained after exposure to mercury 
(M = 0.300, SD =0.001) and silver (0.430, SD = 0.007). In the 
absence of heavy metal ions, strains AQ5-05 and AQ5-06 
degraded 37.3% and 46.6 % of the initial diesel concentration. 
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Fig. 1 : Growth of strains AQ5-05 (empty circle), and AQ5-06 (empty 
square) in BH media containing 0.5% (v/v) diesel as the sole carbon 
source at 10°C, and diesel degradation by strains AQ5-05 (filled circle), 
and AQ5-06 (filled square) based on gravimetric analysis (n = 3). Error 
bars represent mean ± S.D.

Fig. 2 : Effects of various heavy metal ions on growth and degradation 
activity of strains AQ5-06 (a) and AQ5-05 (b). Error bars represent mean 
± S.D.
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Degradation was reduced to about 4% of initial diesel 
concentration in the presence of either mercury or silver. This 
result is consistent with the studies of Ahmad et al. (2018) and 
Zakaria et al. (2018), who reported that mercury, silver and 
cadmium significantly inhibited the growth and phenol 
degradation activities of Arthrobacter bambusae strain A5-003 
and Rhodococcus baikomurensis strain AQ5-001, respectively. 

The activities of Antarctic microbial communities as well 
as the enzymes involved in different metabolic processes are 
affected by heavy metals (Hong et al., 2012), including 
impairment of microbial diesel degradation (Kandeler et al., 1996; 
Riis et al., 2002). Immediately after oil spill, heavy metals are 
readily available and bioaccumulate in soil and marine biota. 
Lead, nickel, vanadium, zinc and cadmium are the most often 
post oil spills heavy metals (Mustafa et al., 2015). Thus, Ni, Cd 
and Zn were included in the heavy metals of importance for this 
study. Furthermore, burning of fossil fuel significantly increases 
the level of heavy metals in the environment (Adriano, 2001). In 
addition, the results showed that strains AQ5-05 and AQ5-06 
effectively degraded diesel in the presence of 1 ppm of (As, Cd, 
Co, Cu, Ni and Pb as compared to the control (diesel) (F (9, 10) = 
10203.824, p < 0.001 and F (9, 10) = 98312. 0781, p < 0.001, 

respectively). Also, Tukey’s HSD showed that there was no 
significant difference in mean values between the degradation in 
the control (M = 0. 699, SD = 0.001and M = 0.836, SD =0.004) 
respectively and in the presence of the tested heavy metals. The 
present data confirmed that both strains could degrade diesel 
even in the presence of toxic heavy metal ions. These data are 
consistent with the reports of Abou-Shanab et al. (2007) and 
Tomova et al. (2015) for Arthrobacter sp. strain AY509239 and 
Bacillus sp. strain Vi 1, respectively. The results of this study is 
also in agreement with Gran-Scheuch et al. (2017) who, reported 
that isolated bacterial strain Sphingobium xenophagum D43FB 
was capable of degrading phenanthrene in the presence of heavy 
metals present in diesel.

Several studies have elucidated various mechanisms by 
microbes that reduce the effects of heavy metal exposure in their 
natural habitats (Bruins et al., 2000; Nies, 2003; Haferburg and 
Kothe, 2007). Since heavy metals generally have similar toxicity 
mechanisms, multiple resistance is a typical phenomenon among 
heavy metal resistant microbes (Nath et al., 2012). The three 
most common resistance mechanisms employed are efflux of 
toxic metal ions from bacterial cells; enzymatic transformation of 
metals and metal-binding proteins integrating heavy metals to be 

Fig. 3 : Effect of silver on diesel degradation and bacterial growth of (a) 
Arthrobacter sp. strain AQ5-05 and (b) AQ5-06. Values represent mean ± 
SEM.
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Fig. 4 : Effect of mercury on diesel degradation and bacterial growth of 
(a) Arthrobacter sp. strain AQ5-05 and (b) AQ5-06. Values represent 
mean ± SEM.
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harmless to the cell (Dziewit and Drewniak, 2016). Heavy metal 
resistant microbes can therefore play a significant role in the 
bioremediation of heavy metal polluted soils (Ray and Ray, 2009). 

Exposure to silver and mercury inhibit diesel degradation 
in both strains. Therefore, these two heavy metals were selected 
for further studies to determine the concentration at which 
degradation inhibition occurred (Fig. 3). The concentrations of 
silver and mercury were varied from 0.2 to 1.0 ppm. The results of 
the effects of various concentrations of silver on diesel 
degradation and growth of strains AQ5-05 and AQ5-06 revealed 
that concentrations of silver and mercury from 0.4 to 1.0 ppm 
inhibited diesel degradation (F (9, 10) = 105.21, p < 0.001 and F 
(9, 20) = 246.021, p < 0.001, respectively). The data indicated that 
silver had began to inhibit strains AQ5-05 and AQ5-06 from 
degradation diesel, and reduced bacterial growth at 0.6 and 0.4 
ppm (inhibiting diesel degrading efficiency to 8.0% and 6.8%), 
respectively (F (4, 5) = 4589.269, p < 0.001 and F (4, 5) = 3461. 
021, p < 0.001, respectively) (Fig. 3). Inhibition of mercury strains 
AQ5-05 and AQ5-06 began at 0.8 and 0.6 ppm, (F (4, 5) = 
5539.795, p < 0.001 and F (4, 5) = 3854.501. 021, p < 0.001 (Fig. 4). 

Toxicity of metals like silver occurs due to dislodging of 
essential metal ions from their normal binding sites (Nies, 1999; 
Bruins et al., 2000). Silver ions can also disrupt the link between 
cytoplasmic membrane and cell wall in Gram-positive bacteria 
(Feng et al., 2009). Silver and mercury are toxic due to high 
mobility of their ions and, if they enter the food chain, can cause 
deleterious effect on human health (Goris et al., 2001). At toxic 
concentrations, silver and mercury highly affect both structural 
and permeability properties of internal membranes and 
organelles, thereby inhibiting enzymatic activities and causing 
nutrient imbalances (Green et al., 2003). Silver can also alter the 
membrane structure by adhering to bacterial cells making the 
membrane permeable, resulting in accumulation of silver in the 
cell, and damage DNA finally leading to (Morones et al., 2005). 
Mercury is soluble in lipids and can easily bind to proteins 
containing sulfhydryl groups in the cell membrane resulting in 
cytotoxicity (Robinson and Tuovinen, 1984). Both silver and 
mercury have been shown to have an inhibitory effect on the 
action of alkane monooxygenase compounds that are primarily 
involved in diesel degradation. 

Fig. 5 : IC  of silver on diesel degradation of (a) AQ5-05 and (b) AQ5-06.50
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The inhibitory concentration (IC ) is the measure of 50

microbial tolerance to a substance (Sebaugh, 2011). The IC  50

inhibiting the growth and degradation of strains AQ5-05 and AQ5-
06 was evaluated using Graphpad prism software. Diesel 
degradation by strains AQ5-05 and AQ5-06 was inhibited by silver 
at 0.2 ppm and 0.4 ppm respectively (Fig. 5). 

In this study, it was observed that 0.2 ppm or 0.4 ppm of 
silver had reduced diesel degradation by 13.8% and 5.2% (AQ5-
05 and AQ5-06). Ahmad et al. (2018) reported an IC  of Ag of 0.53 50

ppm for degradation by Arthrobacter bambusae strain AQ5-003, 
similar to that found in the present study. The IC  values of 50

mercury in this study, was 0.3 ppm and 0.2 ppm for strains AQ5-05 
and AQ5-06, which was similar to that reported by Zakaria et al. 
(2018). 

In conclusion, it is commendable to note that the two cold-
adapted bacteria are competent of tolerating heavy metals 
present in the Antarctic ecosystem. This finding supports that 
these strains have potential for bioremediation of diesel oil 
polluted soils and waste waters in Antarctica and other cold 
environments, even in the presence of some heavy metals. 
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