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1 Introduction

The study of acidophilic microorganisms has gained increasing importance due to their adaptations to cope
with extreme environments (Baker & Banfield 2003, Johnson & Hallberg 2005) but also due to their
biotechnological applications in bioremediation of polluted areas or metallic ions recovery from low-grade
ores and wastewater mine drainage (Johnson 2003, Johnson & Hallberg 2003). The ability of these
microorganisms to adapt to various environmental conditions is extremely useful also for their use in the
biosorption of metals from acidic mining effluents (Carlson 1998, Johnson 1998).

The tolerance of acidophilic bacteria to low pH (1-4) is the result of their adaptation, these species being able
to maintain their cytoplasm pH near the neutral value (Matzke et al., 1997). Their enzymatic activity is
influenced by the acidity and temperature levels (Norris & Johnson 1998, Gupta et al. 2003); on their turn,
through their metabolic activity, the acidophilic bacteria modify the oxide-reduction potential of the
environment (Cismasiu 2001, 2004, Cismasiu et al. 2004)

Acidiphilium is a genus, belonging to Eubacteria, phylogenetic division o-Proteobacteria, order
Acetobacteraceae; its physiology is close to Acidocella, the two genera being frequently isolated from the
same acidic habitats (Cismasiu 2004). Due to its heterotrophic nutrition, Acidiphilium has the possibility to
develop in organic media (with different concentrations of proteins or sugars). As carbon source it uses many
different carbohydrates such as: fructose, glucose, sucrose, maltose, cellobiose, xylose, starch and glycogen
(Cismasiu et al. 2000, 2002, Dopson et al. 2003).

The aim of the study was to identify new organisms able to cope with the extreme environmental conditions
from the mining areas and to isolate them in order to study their bioremediation potential. After isolating more
strains from the acid effluents of the llba mining area (Maramures, Romania), identified according to the
morphological and physiological characteristics as being part of Acidiphilium genus (Cismasiu 2008), the
study focused on their metabolic activity.

Since Acidiphilium is both a mesophilic and acidophilic microorganism, the influence of temperature and pH
on its enzymatic activity was investigated. This paper presents the influence of these two parameters on the
amylolitic activity of Acidiphilium; starch was selected as a substrate, representing both the carbon and the
energetic source.

2 Material and Methods

Ilba mining area is located in the Northern part of Romania, near the border with Hungary and Ukraine, in
Maramures county (Fig.1); although the mine was closed in 2001, acidic wastewaters still represent an
environmental threat, especially due to their low pH and high heavy metals content, leading to the
degradation of local terrestrial and aquatic habitats.
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Figure 1. Location of llba mining area (white rectangle) (modified from www.google.earth.com)

The samples were collected in spring 2005 from several effluents and the Acidiphilium strains presenting the
highest metabolic activity were isolated for future studies (Cismasiu, 2008). The strains (Fig.2), were
cultivated in GYE (glucose yeast extract) medium with 0.1% starch, pH 3.0, and incubation at 28°C for 21
days.

Figure 2. Acidiphilium sp. (white and red colonies) isolated from mining effluents of llba area

In order to establish the best conditions for the amylolitic activity of the Acidiphilium strains, several growth
temperatures (15°C, 28°C, 37°C and 42°C) and pH - values (1.5, 2.0, 2.5, 3.0 and 3.5) were tested at
different concentrations of starch substrate (1, 2, 3 g¢/l). These experiments were realized in 100 ml
Erlenmeyer flasks, with 30 ml GYE medium and 10% inoculum. The microbial cultures were incubated for 7,
14 and 21 days under continuous agitation.

Starch hydrolysis was assessed by Wohlgemuth method (Gupta et al., 2003): the amylase hydrolyzes starch
to simpler sugars which do not give the same color reaction with iodine. 3.5 ml starch solution was added to
0.25 ml triplicate samples and incubated 30 minutes at 37 °C; the reaction was stopped with HCI 1N. After
adding a solution of iodine — potassium iodide 0.1 N, the hydrolysis intensity was assessed through
spectrophotometer determination at 580 nm of the blue compounds formed between starch and iodine.

3 Results and Discussion

The coal and metal ore mines, and the neighboring areas, are known as extreme habitats (Kozlov &
Zvereva, 2007); in the mine galleries, with the increase in depth, the temperature of the surrounding rocks
keep rising: for instance, by 2000, in the Chinese coal mines the average depth was about 650 m and the
temperature ranged between 35.9 — 36.8 °C (He, 2009). A similar situation is in Europe, where many mine
galleries are now considered as geothermal heat exchangers, with the potential of being used as a
renewable source of energy (Rodriguez & Diaz, 2009). Besides the high temperatures, the mining areas
present usually high concentrations of heavy metals and very low pH (Johnson & Hallberg 2005).
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Due to their adaptations, extremophile bacteria are able to cope with such environmental conditions. In our
study, the investigations focused on the heterotrophic Acidiphilium sp. due to its ability to develop in such
polluted areas and the potential bioremediation application. Strains isolated in previous studies (Cismasiu,
2008) were used to investigate its metabolic activity, this being the first attempt of its kind in Romania.

The comparative study of the amylolitic activity of Acidiphilium sp. at different growth temperatures and pH
conditions revealed the highest activity at 28 and 37 °C, confirming the mesophilic characteristics of this
genus. Even at these temperatures, their activity was high only in the first two weeks, decreasing in the third
week, possibly due to the released metabolites; however, this hypothesis should be further corroborated.
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Figure 3. Starch hydrolysing activity of Acidiphilium at different temperatures (15, 28, 37, 42 °C) and pH (1,5; 2; 2,5; 3),
for several incubation periods (7, 14, 21 days). The highest activity was noticed between 28 and 37 °C. Substrate
concentration: 1 g/l starch.

As 28 and 37 °C were proven to be the best temperatures for the amylolitic activity of Acidiphilium, they were
selected for further experiments, aiming to find the optimum substrate concentration; starch concentration
was raised to 2 and 3 g/lI, while pH was kept at 3 and 3.5 (Fig.4).

Although the substrate concentration increased, and an increased amount of hydrolyzed products was
expected, the results indicated 1g/l as the optimum starch concentration (Fig. 3, 4), confirming previous
studies (Popea 2002).

Previous studies of the Acidiphilium sp. isolated from different samples have shown that the bacteria isolated
from the mine wastewater are more active than the lab cultures probably as a consequence of their
adaptations to the high acidic conditions from the mine (Cismasiu, 2004).
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Figure 4. Starch hydrolyzing activity of Acidiphilium sp. at 28 and 37°C, pH 3 and 3,5 with different substrate amount (a
= 2 g starch, b = 3 g starch) and different incubation periods (7, 14, 21 days)

4 Conclusions

The Acidiphilium strains isolated from the acid mine drainage of llba mining area exhibited the highest
amylolitic activity at 28°C and 37°C, at pH 2,5 and 3. At 15°C and 42°C the microbial hydrolysis was not
significant, proving the mesophilic character of this genus; these values are similar with those recorded at the
sampling site (water temperature: 28 °C, pH = 2.5). The optimum substrate concentration was 0.1 % starch,
while values higher than 0.2 % inhibited the metabolic activity.

Unlike other extremophiles, whose maximum metabolic activity occurs at higher temperatures and bigger
depths, Acidiphilium sp. are able to cope with low pH even at 28 — 30 °C, the surface temperature of the acid
mine drainage in llba area; their potential for bioremediation (e.g. retention of heavy metals) seems high and
could be further investigated in a local pilot study. For instance, the mine wastewater could be passed
through a column with absorbent material synthesized from yeasts and Acidiphilium cultures; the biomass
could be further separated by filtration or centrifugation and used to recover the retained heavy metals.

Future studies will focus on identifying a narrower range of the optimum temperature where Acidiphilium
presents its highest enzymatic activity, as well on the implementation of these results in the ecological
reconstruction of llba mining area.
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