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Abstract  

Alkaliphilic bacteria are a diverse group of microorganisms capable of surviving at high pH. Industrial pollutants are 

mainly present in industrial waste effluents which have a high pH. Therefore employing alkaliphiles for bioremediation of 

toxic compounds present in the industrial waste effluents would be of great help. In this study alkaliphiles were isolated 

from various marine ecosystems of Goa, West Coast of India. The alkaliphiles were isolated on PPYG medium 

(Polypeptone Yeast Extract Glucose) medium of pH 10.5.The buffering capacities of the obligate alkaliphiles obtained 

from the sediment and water samples were studied. These alkaliphiles were also screened for their ability to degrade a 

wide range of aromatic compounds and it was observed that most of the alkaliphiles utilized these aromatic compounds 

especially phenol as sole source of carbon. Further these obligate alkaliphiles also showed an excellent ability to grow on 

industrial effluents when these effluents were supplemented as sole source of carbon in MSM (Mineral Salt Medium). 
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Introduction 

Alkaliphiles or Alkaliphilic: Bacteria are defined as a 
diverse group of organisms that thrive in highly alkaline 
environments with optimum pH for growth being 9 or 
above. Based on the pH preference alkaliphiles can be 
classified into two broad categories.  
Alkali Tolerant Organisms: That show optimal growth 
in the pH range of 7.0-9.0 but grow above pH 9.5. 
Alkaliphilic Organisms: That show optimal growth 
between pH 10.0 and 12.0. These organisms can further 
be subdivided into 

 Facultative alkaliphiles: which show optimal growth 
at pH 10.0 or above but can grow well in neutral pH 
range and  

 Obligate alkaliphiles: which show optimal growth 
above pH 10.0 but do not grow below pH 9.0 [1]. 

 
     Marine ecosystems are among the largest of Earth’s 
aquatic ecosystems. They include oceans, salt, marshes, 
intertidal zones, estuaries, lagoons, mangroves, coral 
reefs, the deep sea and the sea floor. The marine 
ecosystems are subject to pollution by various chemicals 
such as petroleum, hydrocarbons, xenobiotics and heavy 
metals. Microorganisms capable of degrading most of the 
constituents of crude oil, xenobiotics are present in the 
marine environment [2]. Microorgansims with the ability 
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to degrade a wide variety of compounds like benzene, 
phenol, naphthalene, atrazine, nitro aromatics biphenyls, 
polychlorinated biphenyls (PCB’s) and chlorobenzoates 
have been isolated and characterized at neutral pH [3,4]. 
But sometimes due to complex structures of the aromatic 
compounds these substances persist in the environment 
for a longer time and hence are considered recalcitrant. 
Although contamination of soils and waters with 
chemically synthesized phenolic compounds is a serious 
environmental problem, their remediation may be 
possible using methods, such as bioremediation. 
Bioremediation is the metabolic ability of microorganisms 
to transform or mineralize organic contaminants to less 
harmful, non –hazardous substances, which are then 
integrated into natural biogeochemical cycles. The 
intensity of biodegradation is influenced by several 
factors, such as nutrients, oxygen, pH value, composition, 
concentration and bioavailability of the contaminants, 
chemical and physical characteristics and the pollution 
history of the contaminated environment [5]. Study of 
bioremediation of aromatic compounds at alkaline pH is 
important in natural ecosystems where the fate and 
toxicity of these contaminants is unknown. Further the 
existence of such microorganisms would promote smooth 
functioning of the carbon cycle. Use of these 
microorganisms in removal of aromatic compounds from 
alkaline and/or industrial wastewater will support the 
environment concern of industries.  
 

Materials and Methods 

Collection and Analysis of Samples and 
Enumeration of Alkaliphiles 

     Sediment and water samples were collected from 
marine ecosystems of Goa i.e., Kushawati River and 
Durbhat mangrove ecosystems, Goa. pH of the various 
samples was tested using the pH paper on the site of 
collection and using LABINDIA pH analyzer (PHAM) in the 
laboratory. Neutrophiles were isolated on nutrient agar 
(pH 7.0) and for isolation of alkaliphiles Polypeptone 
Yeast extract Glucose PPYG agar pH 10.5 [6]. 
Haloalkalophiles were isolated on PPYG medium with 
high pH (10.5) and high salt concentration (25%). Viable 
count of alkaliphiles, haloalkaliphiles was determined by 
plating out water samples and sediment supernatant 
directly without any dilution on the respective media 
plates. The plates were incubated for 24-48 hrs at room 
temperature for neutrophiles, halophiles and alkalophiles 
and for 7 days for haloalkalophiles, Colonies formed were 
counted and the total viable count was determined.  
 
 
 

Screening of Alkaliphiles for pH Preference  

     Predominant isolates from PPYG agar pH 10.5 were 
replica plated on four sets of PPYG agar plates of pH 7, 8.5, 
10.5 and 12 to obtain obligate alkaliphiles. The plates 
were incubated for 48 h at room temperature and the 
isolates growing only at pH 10.5 and 12 were selected as 
obligate. 
 

Determination of Buffering Capacities  

     Buffering capacity studies were carried out using 
methods proposed by Zychlinsky and Martin, Krulwich, et 
al., Guffanti and Hou [7-9]. 
Buffering capacity was expressed in terms of nanomoles 
of OH- ions consumed per mg of cell protein per unit 
change in pH. 
 
 
 
 
Bo - Whole cell buffering capacity 
Bt - Permeabilised cell buffering capacity 
Bi - Cytoplasmic cell buffering capacity 
 
     As a comparative standard, the buffering capacity of 
neutrophilic gram negative culture Pseudomonas and 
gram positive Bacillus grown in PPYG broth pH 7 was 
determined.  
 

Growth of Alkaliphiles on Various Aromatic 
Compounds 

     The six selected alkaliphilic isolates were screened for 
their ability to degrade aromatic compounds. The isolates 
were grown on Mineral Salt Medium (MSM) 
supplemented with 0.1% of aromatic compounds such as 
benzoate, phenol, tyrosine, aniline, cresol, phenylalanine, 
resorcinol, and quinol as sole source of carbon. The plates 
were incubated and the results were checked after 48hrs 
of incubation. 
 

Screening for Bioremediation of Industrial 
Waste Effluent  

     The obligate alkaliphilic cultures (06) were screened to 
check their ability of bioremediation of industrial waste 
effluents arising from an industry using phenol as major 
raw material. The cultures were streaked on MSM agar 
containing the effluent ranging from (0.1% – 1.0%) 
concentration. The plates were incubated at 370Cand the 
growth was monitored after 24hrs for three to four days.  
 
 
 
 

Bi=Bo-Bt 
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Results and Discussions 

Distribution and Total Viable Count of 
Alkaliphiles 

     Polypeptone yeast extract glucose agar pH 10.5 
provided a more luxuriant growth of alkaliphilic bacteria. 
It is well documented that Na+ present in PPYG is crucial 
for the growth of most alkaliphiles [10]. The high Na+ ion 
content of PPYG was perhaps contributing to the growth 
of obligate alkaliphiles, PPYG medium pH 10.5 was hence 
selected as the specific medium for further studies. The 
samples were found to yield the presence of alkaliphilic 
bacteria and gave high counts on PPYG agar .It was noted 
that the sediment samples had a higher count on N.A. as 
compared to water samples. The distribution of 
alkaliphilic bacteria even in non-alkaline environments 
has been reported [11,12]. 

Growth of the Isolates on Media with Different 
pH 

     Twenty predominant isolates were obtained which 
were further screened for selection of obligate 
alkaliphiles. These twenty isolates were plated on PPYG 
agar of pH 6, 8.5, 10.5 and 12. The isolates growing only at 
pH 10.5 and 12 were selected to be obligate alkaliphiles.  
 

Buffering Capacities of Obligate Alkaliphiles 

     In this study, the cytoplasmic buffering capacities of the 
six obligately alkaliphilic isolates and two neutrophilic 
isolates were determined. It was interesting to note that 
the amount of 0.05M KOH required by the alkaliphilic 
isolates ranged from 150l to 1000 l for change of 1pH 
unit Figure 1a & b. 

 
 

 

Figure 1a: Buffering capacities with cultures (1) Bacillus (2) FA7 
(3) WA3 (4) KWS. 

 
 

 

Figurer 1b: Buffering capacity of cultures (1) E.coli (2) KSS (3) 
MWS (4) MSS. 
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Growth of Alkaliphiles on Aromatic Compounds 

     All these isolates grew luxuriantly when supplemented 
with benzoate, phenol and tyrosine Table 1 whereas the 
isolates were not capable of utilizing aniline, cresol and 
other phenolic compounds such as resorcinol and quinol 
Table 1. However none of the isolates grew when 
supplemented with resorcinol, quinol, aniline and  

parachloroaniline as sole source of carbon Table 1. The 
substrate concentration at which the cultures exhibited 
good growth was selected as the optimum concentration 
of the substrate for the culture I.e, 0.3% benzoate, 0.2%. 
Phenol and 0.2% tyrosine. Ability of the cultures to 
tolerate up to 0.2% phenol is an unique property 
exhibited which can be used in bioremediation of 
industrial effluents. 

 

Isolates 
Aromatic Compounds 

Benzoate Phenol Tyrosine Aniline Phenyl-alanine Resinol Cresol Quinol 

FA7 + + + _ _ _ _ _ 

WA3 + + + _ _ _ _ _ 
KWS + + + _ _ _ _ _ 
KSS + + + _ _ _ _ _ 

MWS + + + _ _ _ _ _ 
MSS + + + _ _ _ _ _ 

Key: + Degree of growth, - No growth 

Table 1: Growth of isolates on different aromatic compounds. 
 

Screening for Bioremediation of Industrial 
Waste Effluents  

     The alkaliphilic bacteria which were screened for 
ability of bioremediation of industrial waste effluents 
showed that these isolates exhibited excellent growth up  

to a concentration of 0.2% of the industrial effluent Figure 
2 indicating that these isolates can be exploited as 
excellent candidates for bioremediation of industrial 
effluents. Similar studies using alkaliphilic bacteria for 
bioremediation of phenol using industrial effluents have 
been reported [13-18]. 

 
 

 
 0.1%                                    0.2%                                             0.3% 

 
0.5%                    0.7%        1.0% 

Figure 2: Growth of isolates on different concentrations of industrial effluent. 
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Conclusions 

     From the present study the alkaliphiles from marine 
ecosystems of Goa were studied with respect to 
biodiversity, buffering capacities and their ability to 
biodegrade aromatic compounds under alkaline 
conditions. Although contamination of waters with 
chemically synthesized phenolic compounds is a serious 
environmental problem, their remediation may be 
possible using bioremediation. Since some of the phenol-
bearing industrial waste waters are alkaline in nature, it 
was thought worthwhile to explore the use of alkaliphilic 
bacteria for the removal of phenol.  
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