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Abstract

Acidophilic heterotrophic bacteria belonging to the Acidiphilium genus adapted frequently to the environmental
concentration of toxic compounds developing protective mechanisms of resistance which are much diversified in
those bacteria. The aim of the present paper was the extracellular enzymes production from the acidophilic
heterotrophic bacteria belonging to Acidiphilium populations which hydrolysis the starch in the presence of CaCl,
or/and NaCl solutions. These bacterial populations were isolated from acid waters and mine sediments containing
high concentrations of heavy metals collected from Baia (Tulcea County) and Rosia Poieni (Alba County). In the
culture medium, the optimum of the substrate concentration represented by starch was 0.2 % in the presence of
mixed CaCly-NaCl solutions. The most important physic-chemical parameter that influence extracellular enzymatic
activities of the Acidiphilium genus are the contact time between bacterial populations and culture medium with
metallic ions solutions. Also, an extended exposure of Acidiphilium populations in the GYE medium with different
starch concentrations and 0.1% CaCl, induce intense starch degradation by extracellular enzymes in acidic

conditions.
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INTRODUCTION

The research activities on the microbial
ecology of acidic extreme environments
provide a basis for the coal processing
technologies have been developed. The
pollution carbon compounds has determined
an increasing of the knowledge body interest
regarding the microbial resistance to carbon
compounds; therefore the coal mining
activities using acidophilic heterotrophic
bacteria in biotechnology is important to
environmental quality improvement [1, 4, 13,
26]. The capacity of the acidophilic
heterotrophic bacteria capacity to convert a
wide range of synthesis organic compounds
into inorganic products plays an important
role in the development of bioremediation
technologies [20, 27, 32].

The oxidative degradation degree of organic
contaminants and the obtained results within a
bioremediation program contribute to a
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complex knowledge on the different processes
which affect spreading organic substances in
polluted environments [2, 15, 28].

The recent studies have shown that these
bacteria can be used both for remediation of
contaminated environments, by reducing the
concentration of carbon compounds, as well
as in biosorbtion of metallic ions from waste
dumps.

The use of acidophilic heterotrophic bacteria
to remove the metallic ions from polluting
environments is an unconventional method,
economic approach and perspective for their
decontamination [19, 24, 31].

The acidophilic heterotrophic bacteria are
important factors in the mineralization process
of the organic substances from soil. They are
involved in the solubilization of organic
mineral resources from land, facilitating their
use by other organisms.

It is essential to know the optimal physical-
chemical conditions in which the acidophilic



bacteria are able to produce extracellular
hydrolytic enzymes, in order to understand
their distribution in the nature and their
implication in the ecosystem [6, 22, 23].

The starch degradation by the extracellular
enzymatic activity is influenced by the
physiological characteristics of the acidophilic
heterotrophic bacteria, the physical-chemical
factors in the medium, the nutritive medium
composition, all of them being important
elements in the control activity of the
microbiological removal process of carbon
compounds from waste waters and coal
sludge [6, 10, 22].

The study on metabolism of the acidophilic
heterotrophic ~ bacteria shows a great
importance due to their biotechnological
potential to the adaptation ways to increased
values of acidity, and a theoretical importance
for the knowledge and explanation of
biodiversity in extreme environment [8, 16,
35].

In this context by their activities, acidophilic
heterotrophic bacteria have a significant role
both in the nature as well as the assessment of
the anthropogenic impact on environment.
These bacteria take part in the aggregation
process of the soil through the ability to
secrete viscous and sticky substances. In this
way, they influence both the physical and the
chemical structure of the soil [7, 16, 29].

It is considered that chemical and
physiological reactions involved in the
extracellular enzymatic activities depend on
the physiological conditions of the bacterial
cells and the chemical valence of the metallic
ions that come in contact with them and act as
cofactors. That is, the starch degrading
enzymes are metalloenzymes, because they
need a metallic ion for their catalytic activity
as well for the settle of active conformation of
the protein [5, 9, 25, 34].

The metallic ions act upon the physiological
processes and they are essential for the
bacterial growth. All of these are strongly
influenced by the physical-chemical factors of
the surrounding environment. Through their
activities, bacteria  belonging to the
Acidiphilium genus lead to changes in the
values of the pH and the oxidation-reduction
potential [10, 18, 31].

An  essential  characteristic  of  these
metalloenzymes responsible with the starch
degradation, produced by the Acidiphilium
genus, is their high thermodynamic stability
when a deposit compound is formed between
metallic ions and side protein [11, 17, 30].
Metallic ions can affect the catalytic function
of the enzyme by acting through: (1) substrate
binding and/or enzyme cofactors; (2)
activation of enzyme-substrate complex; (3)
induce certain changes in the conformation of
the enzyme; (4) contribution to some
oxidation-reduction reactions, as enzyme
cofactors [3, 21, 33].

This study shows how the metallic ions, such
as Ca’" (CaCly) and Na® (NaCl), acting as
cofactors, affects the extracellular enzymatic
activity of acidophilic heterotrophic bacteria
belonging to the Acidiphilium genus in the
starch degradation process.

MATERIALS AND METHODS

1. The growth of bacterial cultures

In order to obtain Acidiphilium populations
have recolted waters and sediments mining
from Baia (Tulcea county) and Rosia Poieni

(Alba  county), both containing high
concentrations of metallic ions.
The bacterial strains belonging to the

Acidiphilium genus have been isolated on
selective GYE medium with pH 3.0, that have
the glucose as source of carbon and energy.
The populations of heterotrophic bacteria
tabulated in the Acidiphilium genus was
observed after the incubation for 21 days at
28°C on the liquid GYE medium by the
modifying of medium composition correlated
to the decreasing of the initial pH value of the
organic medium [14].

Acidophilic heterotrophic bacteria have been
represented by populations of Acidiphilium
sp. isolated from the Rosia Poieni area noted
P4 (photo 1) and Acidiphilium sp. isolated
from the Baia area noted P; (photo 2).
Regarding the obtaining populations of
acidophilic heterotrophic bacteria were used
for this study isolated colonies on agarized
selective culture media, following the
dynamics of the physiological activity in
organic media specific to the Acidiphilium
genus (photo 1-2).
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Photo 1. White colonies of Acidiphilium sp. isolated
from mining effluents of the Rosia Poieni area

Photo 2. Red colonies of Acidiphilium sp. isolated from
mining effluents of the Baia area

2. Shake flask experiments

The bacterial cultures have been grown in 100
ml Erlenmeyer glasses containing 50 ml
growth medium and 5 ml inoculums (bacterial
culture of 7 days old). These cultures were
incubated up to 7, 14 and finally 21 days at
28°C, under continuous agitation (150rpm).
The bacterial density in the culture media was
measured spectrophotometrically, by
monitoring the optical density at 660nm for
up to 21 days.

3. Extracellular starch degrading assays of
bacterial cultures

The test of Acidiphilium populations for their
capacity to produce extracellular starch
degrading enzymes was made by using nine
types of GYE medium: (1) medium with 0.1%
NaCl; (2) medium with 0.1% CaCly; (3)
medium with 0.1% NaCl and 0.1% CaCly; (4)
medium with 0.1% starch and 0.1% NaCl; (5)
medium with 0.1% starch and 0.1% CaCly; (6)
medium with 0.1% starch, 0.1% NaCl and
0.1% CaCly; (7) medium with 0.2% starch and
0.1% NacCl; (8) medium with 0.2% starch and
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0.1% CaCly; (9) medium with 0.2% starch,
0.1% NaCl and 0.1% CaCl,.

Starch was selected as substrate, carbon and
energy source.

The starch hydrolytic activity was assessed
through spectrophotometer determination at
580 nm of the compounds formed between
starch and iodine.

Extracellular starch degrading enzyme activity
was evaluated by Wohlgemuth method [12].

RESULTS AND DISCUSSIONS

The results referring to the influence of mixed
CaCl,-NaCl solutions on the growth of the
Acidiphilium populations, cultivated in GYE
medium with starch as source of carbon and
energy at 28°C in continuous agitation
conditions, are represented in figures 1-3.
Comparative  studies made on the
Acidiphilium populations show that those
isolated from mining effluents of the Rosia
Poieni area has a growth and a extracellular
starch degrading enzyme activity which is
more intense than the bacterial population
isolated from mining effluents of the Baia
area in same cultivation conditions (fig. 1-3).

GYE medium + 2g starch + NaCl + CaCI2
GYE medium + 1g starch +NaCl + CaCl
GYE medium+NaCl + CaCI2

GYE medium + 2 starch
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Fig.1. The bacterial density of the P4 population in
GYE medium with 0.1% NacCl, 0.1% CaCl, and
different concentrations of starch
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Fig.2. The bacterial density of the P4 population in
GYE medium with different concentrations of starch
and 0.1% CaCl,, respectively 0.1% NaCl



On the other hand, the Acidiphilium
population P4 is more sensitive at substrate
variations because at the starch concentration
between 0.1% - 0.2% the bacterial density is
lower than in the case of the bacterial
population isolated from Baia (fig. 2-3).

GYE
+2g

NaCl

intensity up to 7 and 21 days of incubation
periods at the same substrate concentration.
The starch concentration of 2.0 g/l is optimum
for the growth and the extracellular starch
degradation enzymatic activity of the two
bacterial populations from the Acidiphilium
genus (fig. 4-6).
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Fig.3. The bacterial density of the P; population in
GYE medium with different concentrations of starch
and 0.1% CaCl,, respectively 0.1% NaCl

The analyses about the influence of mixed
CaCl,-NaCl solutions on the extracellular
starch degradation enzymatic activity of
bacterial populations, cultivated in GYE
medium with different substrate
concentrations at a temperature of 28°C, are
illustrated in figures 4 - 9. The compared data
within this study pointed out that the two
bacterial populations present the same
optimum growth conditions, but the
Acidiphilium P4 population is more efficiently
at decreasing the starch concentration of the
culture medium than the Acidiphilium P,
population.
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Fig.4. The starch degradation by the extracellular
enzymatic activity of the P; population in GYE

medium with 0.1% NacCl, 0.1% CaCl, and 2g/1 starch
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Fig.5. The starch degradation of the extracellular
enzymatic activity of the P, population in GYE
medium with 0.1% NacCl, 0.1% CacCl, and 2g/1 starch
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Fig.7. The starch degradation of the extracellular
enzymatic activity of the P, population in GYE
medium with 0.1% NaCl and 0.1% CaCl,

The continuous agitation conditions determine
a higher extracellular starch degrading
enzyme activity of Acidiphilium populations
correlated to the increasing of bacterial
density in the culture medium with different
substrate concentrations of starch. Also,
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lowering the starch concentration to 1.0 g/l
determined a reduction of the bacterial density
and the hydrolytic activity at 70-80% of the
values obtained at an optimum substrate
concentration (fig. 1-9).
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Fig.8. The starch degradation by the extracellular
enzymatic activity of the P, population in GYE
medium with 0.1% NacCl, 0.1% CaCl, and 1g/1 starch
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Fig.9. The starch degradation by the extracellular
enzymatic activity of the P; population in GYE
medium with 0.1% NacCl, 0.1% CaCl, and 1g/1 starch

The results obtained lead to the increase of the
knowledge body of the previous studies about
the growth and the extracellular enzymatic
activity of the heterotrophic bacterial
populations from the Acidiphilium genus in
which the extreme limits of temperature were
established between 20°C and 37°C.

Regarding the optimum values of physical-

chemical parameters is necessary in
laboratory  experiments that test the
extracellular enzymatic activity of the
bacterial  cultures  tabulated in  the

Acidiphilium genus to take place in the
presence of raised concentrations of metallic
ions in the polluted environment conditions
[3, 14, 23, 34].

CONCLUSIONS

The experimental results in which were
compared the effects of the CaCl, and NaCl
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solutions on the acidophilic heterotrophic
bacteria, isolated from the mining effluents at
Rosia Poieni and Baia areas, revealed a
significant increase of the bacterial density
and extracellular hydrolytic activity in GYE
medium with 0.1% CaCl, and 0.1% NaCl at a
concentration value of the substrate is
established at 2g/1 starch.

The comparative results regarding the
influence of mixed NaCl-CaCl, solutions on
the growth and the extracellular starch
degradation enzyme activity in the same
experimental conditions revealed the fact that
they present a maximum intensity of the two
populations cultivated at optimum physic-
chemical parameters, such as pH=3.0 and
temperature of 28°C.

Future studies will be focused on identifying a
range of the metallic ions concentrations
where Acidiphilium populations present their
highest extracellular enzymatic activities, as
well as on the implementation of these results
in the reduction of pollution with carbon
compounds produced from industrial activity.
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