Cellular & Molecular Biology

Cell. Mol. Biol. 2014; 60 (5): 46-50

Published online December 24, 2014 (http://www.cellmolbiol.com)
Received on May 13, 2014, Accepted on July 28, 2014.

doi : 10.14715/cmb/2014.60.5.9

Effect of Environmental Factors on Bacterial Quorum Sensing

E. Ayaz= and R. Gothalwal
Department of Biotechnology and Bioinformatics Center, Barkatullah University, Bhopal (M.P.) 462026, India

Corresponding author: E. Ayaz. Department of Biotechnology and Bioinformatics Center, Barkatullah University, Bhopal (M.P.) 462026. Email:
eramayaz87@gmail.com

Abstract

Biodegradation of complex hydrocarbons usually requires the cooperation of more than a single species of microorganisms including bacteria. This is particularly
true in pollutants that are made up of many different compounds such as crude oil or petroleum, and where complete mineralization to CO, and H,O is desired. An
effort has been made to form the consortium of bacterial isolates (Qs1, Qs2 and Qs5) which are isolated from oil contaminated soil, and the effects of different envi-
ronmental factors on these consortium has been studied . The growth of the consortium was studied at 6.5 pH and 35°C like the individual bacterial isolates on the
different hydrocarbons (xylene, toluene, hexane, diesel, benzene and petrol). These consortium of bacterial isolates, shared more efficient utilization of hydrocarbon
as carbon source. This consortium shows confluent growth- at pH 6.0, 5.5, and 5.0 but survival rate decreases at pH above 6.5. Extremes in pH were shown to have
a negative influence on the ability of microbial populations to degrade hydrocarbons. They also show the higher growth rate at the higher temperature range (up to
40°C) but their growth rate decreases at lower temperature range (below 25°C). It is suggested that the use of above bacterial consortium (at 35°C temperature and

6.5pH) will be an effective and eco-friendly technology for the remediation of hydrocarbons.
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Introduction

Bacteria are unable to insulate themselves from the
environment and they react to any fluctuation by chan-
ging their own physiological functions. The membrane
is the site of the primary contact of the cell with envi-
ronment (1). Many external factors such as tempera-
ture, pH, nutrients, enzyme action and hydrocarbons
affect the physio-chemical proteins of membrane and
consequently their functioning. These changes include
balance between bilayer and non-bilayer lipids, stabi-
lity and fluidity of membrane as well as lipid protein
interaction. Individual microorganisms can metabo-
lize only a limited range of hydrocarbon substrates, so
assemblages of mixed populations with overall broad
enzymatic capacities are required to bring the rate and
extent of petroleum biodegradation further (2). Micro-
bial consortium containing a number of microorganisms
which synthesize the degradative enzymes for different
parts of the decomposition pathway is considered to be
well suited to the degradation of aromatic hydrocarbons
microbial consortium containing a number of microor-
ganisms which synthesize the degradative enzymes for
different parts of the decomposition pathway is consid-
ered to be well suited to the degradation of aromatic hy-
drocarbons (3).This research was carried out to explore
the possibility of the use of selected bacterial cultures
and a mixed bacterial consortium to degrade a crude oil
at various pH, temperatures, and concentrations of hy-
drocarbons.

Materials and methods

Bacterial Isolation
Soil samples were collected in pre-sterilized glass
bottle from an oil refinery in Guwahati, India. En-
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richment and isolation of oil-degrading bacterial cul-
tures were done using mineral salts medium contains
KH,PO, (1.3gl"), (K,HPO, (1.8 gI'"); NH,CI (4 gl');
MgSO,.7TH,0 (0.2 gl'); carbon source (1% benzene,
diesel, hexane, petrol, toluene, and xylene); and distilled
water (1L) with pH 6.5 and then was incubated at 37 °C
for 5-10 days. After the incubation period, serial dilu-
tion-agar plating technique on mineral salt medium was
carried out (4). Hydrocarbons and other fine chemicals
employed in the study were of the highest purity grade,
produced by Merck (Germany). The isolated bacterial
cultures were characterized by their morphological and
biochemical characteristics (5).

Screening of Isolates

Bacterial cultures (24 hours old) were inoculated
in mineral salts medium with the range (0 .006%-0.05
%) of different hydrocarbons (benzene, diesel, petrol,
hexane, xylene, and toluene individually) as a carbon
source. They were kept in a shaker at 200 rpm at 35°C
for a period of 96 hours (6). The growth was monitored
through culture densities, measuring the absorption at
595 nm, spectrophotometrically (7).The isolate showed
the maximum utilization (in terms of O.D. by spectro-
photometer) at the concentration of 0.01% of selected
hydrocarbons. The isolates with highest rate of hydro-
carbon utilization were selected for the further study.

Growth Study of Consortium

A loop of overnight grown culture was used to ino-
culate 100 ml sterile mineral salt medium. The flasks
were kept in a shaker at 200 rpm for 24 hours at 35°C.
Equal volumes of culture broth from the selected iso-
lates (Gh6, Gh7, Gh8, Gh9, and Gh10) were used to
prepare the bacterial consortium. This bacterial consor-
tium (1 ml) was inoculated in 50 ml mineral salt me-
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Figurel. Growth of individual isolates (control) on different hydrocarbons.
Table 1. Morphological characterization of selected bacterial isolates.

S.No.  Bacterial isolate Colony shape Colony colour Opacity Elevation Texture
1 Gho6 Round Cream Translucent Convex Smooth
2 Gh7 Round Cream Translucent Convex Smooth
3 Gh8 Round Cream Translucent Raised Smooth
4 Gh9 Round Cream Translucent Convex Smooth
5 Gh10 Round Cream Translucent Pulvinate Smooth

dium with 0.01% of different hydrocarbon. The growth

Table 2. Gram staining and cellular characterization in terms mode

was monitored through culture densities, measuring the of arrangements.

absorption at 595 nm, spectrophotometrically at regular

interval of 24 hours (8). Quantitative estimation of pro- S. No Bacterial Gram Shape Mode of

tein was also performed (9). e Isolates  Reaction P arrangement

PH and Temperature Studies . 1 Ghé +ve Bacilli Dispersed
The influence of pH on the growth and degradation ) ,

of 0.01% of hydrocarbon (as described above) was stu- 2 Gh7 tve COC.;{ Discrete

died at every 24 hour time interval up to 96 hours. To 3 Ghs +ve Bacilll by obaceilli

maintain the pH of media citrate—phosphate buffer (pH Bacilli

5.5-6.5), phosphate buffer (pH 7 and pH 8), and Borax 4 Gh9 tve Dispersed

buffer (pH 8.5 and pH 9) were used (3). The flasks were ik

. : . . ) 5 Gh10 + Bacilli Di d

inoculated with bacterial consortium incubated at 35°C. ve 1sperse

The growth of consortium at different hydrocarbon at
different time intervals was monitored. The effect of
temperature (25-45°C) on the growth and utilization of
hydrocarbons was studied using mineral salts medium
with 0.01% hydrocarbon at pH 6.5 with incubation time
of 96 hours. The growth of consortium was determined.

Results and Discussion

Morphological identification (Table 1) and number
of biochemical tests (Table 2) of selected isolates were
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carried out. Studies on the growth pattern (Figure:1) of
bacterial isolates (Gh6, Gh7, Gh8, Gh9 and Gh10) and
their consortium at pH 6.5 and 35+10C have shown
confluent growth. Therefore, further study of environ-
mental factors was carried with the consortium.

Effect of pH on Growth
It is evident from Figure:2 (a, e ,and f) that the
consortium showed the optimal growth at pH 6 when it
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Figure2. Growth of consortium Qs1 at different pH.
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Figure3. Growth of consortium Qs1 at different temperature.

used petrol, xylene, and diesel as a carbon source . When brane losing its integrity (10) .It was also noted that the
the concentration of OH™increased in the medium, ac- consortium showed the maximum growth at pH 6.5 ( re-
cumulation of different lipophillic compounds occur at corded in terms of O.D. by spectrophotometer) because
varying depths in the bilayer which results in the mem- at this pH cell membrane decreases the cell fluidity by
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increasing the quantity of branched and saturated fatty
acids to tolerate benzene and toluene (11).

Effect of Temperature on Growth

The bacterial consortium and individual bacterial
cultures showed maximum growth in different hydro-
carbon at 35°C (Figure: 3). When there was decrease
in temperature (25-20°C) the growth of consortium also
decreased(in terms of O.D. by spectrophotometer) and
with increase in temperature the rate of hydrocarbon,
utilization typically in the range of 35-40°C increased
(in terms of O.D. by spectrophotometer) for up to 24
hours because at the lower temperature water solubility
of hydrocarbons decreases.

The optimum growth of the consortium at 35°C was
because as temperature rises, the lipid membranes are
melted and trans-gauche rotations are able to propagate
freely up and down the acyl chain which help the mo-
vement of benzene, toluene, and xylene (Figure: 3: a,
b, and d) inside the bacterial cell (1) hence consortium
can utilize diesel and petrol as a carbon source which is
exhibited by the optimum growth at 25°C. At this tem-
perature, there was a change in branched and unsatura-
ted fatty acid, which in turn helps in the lowering in the
surface tension of the ell envelope (Figure: 3 :e, and f)
(12). 30°C is the optimum temperature for hexane utili-
zation as a carbon source because at this temperature in
active transport , proton motive force decreases and the
amount of saturated fatty acid increases which help in
the utilization of hexane (Figure: 3c¢).

The present findings are in agreement with AL-Saleh
etal . (13), Bordenave, et al .(14) Vasudevan and Raja-
ram (15) and Rahman et al. (16) that have illustrated the
ability of bacterial consortia to utilize crude oil. Hamme
et al.,(17) reported that mixed populations with over-
all broad enzymatic capacities are required to degrade
complex mixtures of hydrocarbons such as crude oil or
diesel fuel. Such mixed cultures display metabolic ver-
satility and superiority to pure cultures. The individual
isolates and bacterial consortium showed optimal val-
ues of pH 6.5 and temperature (25- 35°C) for maximum
utilization of hydrocarbon. The researcher reported pH
range from 6.0-7.0 as the optimal range for hydrocar-
bon degradation by bacterial consortium (16). Extremes
in pH were shown to have a negative influence on the
ability of microbial populations to degrade hydrocar-
bons (18). It seems that positive effects are related to
variation in isoelectric state with respect to pH, which
maintains the membrane integrity and fluidity. At low
temperatures, the viscosity of the oil is increased, vola-
tilization of alkanes is reduced, and the water solubility
is decreased, delaying and decreasing the onset of bio-
degradation. Similarly, Rahman, et al. (16) reported 30
- 40°C as optimum temperature for the degradation of
crude oil by individual and mixed consortium of bacte-
rial cultures. The present study revealed that the mixed
bacterial consortium achieved maximum crude oil deg-
radation at pH range 6.0-7.0 and 25-40°C. Hence, it can
be suggested that the use of above bacterial consortium
under optimized conditions would be a better choice
for further studies. This is because in their native state
bacteria are highly under the control of environmental
conditions, whereas, they are more stable and resilient
when grouped together in consortia.
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Other articles in this theme issue include references (19-
34).
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