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Short Communication 

Isolation and characterization of phenol degrading yeast 
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A phenol degrading yeast isolate was identified and characterized from the soil sample 

collected from a landfill site, in Ahmedabad, India, by plating the soil dilutions on Sabouraud’s 

Dextrose Agar. The microscopic studies and biochemical tests indicated the isolate to be 

Saccharomyces cerevisiae. The phenol degrading potential of the isolate was measured by 

inoculation of pure culture in the mineral medium containing various phenol concentrations 

ranging from 100 to 800 mg l
–1 

and monitoring phenol disappearance rate at regular intervals 

of time. Growth of the isolate in mineral medium with various phenol concentrations was 

monitored by measuring the turbidity (OD600 nm). The results showed that the isolated yeast 

was tolerant to phenol up to 800 mg
–1

. The phenol degradation ranged from 8.57 to 100% for 

the concentration of phenol from 800 mg l
–1 

to 200 mg l
–1

, respectively. 
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Introduction* 

Increased developmental activities in various industrial 

and medical sectors have led to the release of pollutants 

in the form of waste-products and man-made xenobiot-

ics [1]. Phenol is one such hazardous chemical dis-

charged from the pharmaceutical, textile, paper and 

pulp, paint solvent, pesticide, dye, plastic, explosive, 

herbicide and steel industry [2–4]. Penetration of phe-

nol from the top soil into subsoil results in contamina-

tion of groundwater [5]. So, complete removal of phenol 

from the industrial effluents is essential as the incom-

plete breakdown may result in products which are 

more harmful [1]. Bioremediation utilize microorgan-

isms to convert the toxic compounds into harmless by 

products of the cellular metabolism like CO2 and H2O 

[6–10]. Adoption of micro flora to a soil specific condi-

tion is dependent upon the capacity of microorganism 

to survive in the new environment, utilize organic car-

bon present in the medium as carbon source and mul-
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tiply and proliferate in the new surrounding. The nor-

mal population may perish in the toxic environment. 

But, newly developed species will grow as it acquires 

new genetic properties by mutation, substitution, and 

expression of new gene and develop where in they are 

enriched slowly and steadily in the process of “acclima-

tion” [11]. 

 The complex cell wall of yeast which is absent in 

bacteria, aids prevention of lysis and protection against 

harmful environmental conditions [12]. Therefore, this 

study aimed at isolating and identifying phenol degrad-

ing yeast from the soil sample collected from the land-

fill site and scrutinizing the potential of the isolated 

yeast to degrade phenol by measuring the phenol dis-

appearance rate using colorimetric method. 

Materials and methods 

Soil samples from land-fill site, Vatva, G.I.D.C. (Gujarat 

Industrial Development Corporation) were the bio-

logical matrix for the yeast isolation. The soil samples 

were serially, diluted up to 10
–7 

fold and plated on the 

Sabauraud’s dextrose agar. Investigations on morpho-

logical and physiological characteristics of the isolate 

were carried out. A series of conventional biochemical 
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tests were done for the identification of the isolated 

yeast. The tests were based on the principle of pH 

change and substrate utilization. The substrates tested 

were glucose, melibiose, lactose, maltose, sucrose, ga-

lactose, cellobiose, inositol, xylose, glucitol, raffinose 

and trehalose [13]. 

 The yeast isolate was tested for its tolerance and 

growth on Mineral medium (K2HPO4 0.4 g l
–1

, KH2PO4 

0.2 g l
–1

, NaCl 0.1 g l
–1

, MgSO4 0.1 g l
–1

, FeSO4 ⋅ 7 H2O 

0.01 g l
–1

, MnSO4 ⋅ H2O 0.01 g l
–1

,
 

Na2MoO4 ⋅ 2 H2O  

0.01 g l
–1

, (NH4)2SO4 0.4 g l
–1

)
 

containing varying con- 

centrations of phenol ranging from 100
 
to 800 mg l

–1
. 

Incubation was allowed for 5 days at room temperature 

on a rotary shake. Samples were periodically with-

drawn from culture flasks for the measurements of 

growth and phenol concentrations. For estimating the 

phenol losses by stripping, flask containing mineral 

medium with 100 mg l
–1

 phenol without inoculation 

was monitored [14, 15]. 

 The growth of the yeast isolate was monitored at 

time intervals of 10 hours by measuring the turbidity 

(optical density) at 600 nm (OD600). Phenol disappear-

ance rate was estimated using 4-amino-antipyrine 

method [16, 17]. 150 µl of sample was transferred to 

Eppendorf tubes and centrifuged at 10,000 rpm for  

5 min at 4 °C. 100 µl of the supernatant was transferred 

to the glass tubes and diluted 1000 folds for the colori-

metric assay at 500 nm. The phenol concentrations 

were extrapolated using a standard curve taken as a 

reference [18]. Care was taken that samples did not 

stand more than 2 min before the readings were taken 

as the colour develops immediately. 

Results and discussion 

There are many reports indicating yeasts to be more 

efficient phenol degraders when compared to bacteria. 

Candida tropicalis was found to have better phenol de- 

grading potential than Cryptococcus terreus and Rhodoto- 

rula creatinivora [19]. The isolate obtained in the present 

study grew at pH 6 (acidic) at 28 °C which is favourable 

for the growth of fungi. On Sabouraud’s dextrose agar, 

the colony of isolated organism after 24 h of incubation 

was white to cream coloured, smooth, glaborous and 

yeast-like. The microscopic morphology of the isolate 

was large, globose to ellipsoidal, budding and 3.0–

10.0 × 4.5–21.0 µm in size. In addition, the germ tube 

was not observed under the microscope and hence the 

germ tube test was negative, which further supported 

that the yeast might be S. cerevisiae as germ tube is a 

characteristic of Candida sp. [20]. Also, the organism 

grew on gentamicin suphate, an anti-bacterial but the 

growth was inhibited on cycloheximide, an anti-fungal. 

Cycloheximide has an inhibitory effect on the growth 

of almost all the species of yeast except Candida. Fur-

thermore, the positive assimilation tests for raffinose, 

trehalose, maltose, melibiose, sucrose suggested that 

the isolated yeast was Saccharomyces cerevisiae. The yeast 

isolate did not assimilate lactose, galactose, cellobiose, 

inositol, and xylose, while melibiose was assimilated 

after prolonged incubation (Table 1). 

 The growth curve of isolate at 100 mg l
–1

 phenol 

recorded a prolonged lag phase followed by the expo-

nential phase. At 200 and 300 mg l
–1

 the growth of 

isolate was significantly lower compared to the growth 

at 100 mg l
–1

 (Fig. 1a). No lag phase was observed dur-

ing the growth of organism at phenol concentration 

above 100 mg l
–1

. The prolonged lag phase probably 

 

Table 1. Biochemical and growth characteristics of yeast 
isolate. 

Test Characteristic  
of Sacccharomyces  
cerevisiae 

Characteristic  
of isolate 

Growth on  
Sabuoraud’s  
Dextrose agar 

White to cream  
colored, smooth,  
glaborous 

White to cream 
colored, smooth, 
glaborous 

Microscopic  
studies 

 

Large, globose to  
ellipsoidal budding  
yeast-like cells or  
blastoconidia 

Large, globose  
to ellipsoidal  
budding yeast-like 
cells or blasto- 
conidia 

Capsule  
staining 

Capsule absent Capsule absent 

Physiological  
test 

Germ Tube test:  
negative 
Hydrolysis of urea:  
negative  
Growth on cyclo- 
heximide  
medium: negative 

Germ Tube test: 
negative 
Hydrolysis of urea: 
negative 
Growth on cyclo- 
heximide  
medium: negative 

 

Assimilation test   

Glucose + + 
Maltose + + 
Sucrose + + 
Raffinose + + 
Lactose – – 
Cellobiose – – 
Galactose V – 
Trehalose V + 
Xylose – – 
Inositol – – 
Glucitol – – 
Melibiose V + 
Potassium nitrite – – 

+: positive; – : negative; V: variable. 
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Figure 1. Growth (a) and phenol degradation (b) by yeast isolate. 

 

represented adaptation of the organism to the phenol 

environment. It has been observed that during the lag 

period certain compounds are synthesized which re-

duces the toxic effect of the substrate and allows the 

cell to grow and reproduce in its presence [21]. Increase 

in phenol degradation rate after an initial decrease by 

the isolate was observed in mineral medium containing 

100 mg l
–1

. The isolate could degrade phenol comple- 

tely up to 200 mg l
–1 

within 77 h (Table 2). At 200 and 

300 mg l
–1 

of phenol, the isolate showed decrease in the 

phenol degradation rate after 40 hours that corres-

ponded to onset of stationary phase (Fig. 1b). A signifi-

cant decrease in the phenol degradation rate of isolate 

was observed at the concentration above 200 mg l
–1

. 

This may be due to the inhibitory and the lytic effect of 

phenol [9]. It implied that the tolerance of organism  

to phenol toxicity decreased with increasing concen- 

trations. The isolate was tolerant to phenol up to  

800 mg l
–1

. However, phenol degradation was only 

8.75% in 77 h of incubation. The phenol degradation 

ranged from 17–53.3% for the concentrations 300– 

700 mg l
–1

 in 77 h (Table 2). Besides, none of the yeast  

Table 2. Phenol degrading potential of the isolate. 

Initial phenol  
concentration  
(mg l–1) 

Phenol  
degraded  
(mg l–1) 

Time  
taken 
(h) 

Phenol  
degraded  
(%) 

100 100 30 100 
200 200 77 100 
300 160 77  53.3 
400 160 77  40 
500 160 77  32 
600 100 77  16 
700 120 77  17 
800  70 77   8.75 

 

cultures became contaminated in the flask, which was 

also due to the antiseptic nature of phenol [6]. 

 The yeast species, isolated from soil sample of a land-

fill site, on morphological and biochemical tests was 

identified as S. cerevisiae. The isolate completely de-

graded 200 mg l
–1 

of phenol in 77 h. The rate of phenol 

degradation and growth decreased with increase in 

phenol concentration. The phenol degrading potential 

of the isolate was 8.57% at 800 mg l
–1

 of phenol. 

 The phenol degrading potential of isolated S. cerevisiae 

when compared to degrading potential of other yeasts 

like Candida tropicalis was low. But the metabolic effi-

ciency of the strain can be enhanced by genetically 

engineering the organism at two different levels: ma-

nipulating specific catabolic pathway or manipulating 

the host cells. In order to improve the rate of phenol 

removal, key enzyme of the involved catabolic pathway 

and regulatory mechanism controlling the expression 

of the catabolic genes can be manipulated. 
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