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Abstract: Fossil fuels on combustion release hazardous gases into the environment and sulfur dioxideis one among them. Sufur dioxide 
is released as result of oxidation of organosulfur compounds occurring in fossil fuels. Presently hydrodesulfurization process is 
employed to remove sulfur content from fuels which is not an effective method. An alternative process that employs microbes is 
biodesulfurization, an efficient method for the desulfurization of sulfur even from recalcitrant organosulfur compounds like 
dibenzothiophene which considered as model compound for biodesulfurization studies. In the present study, optimum growth 
parameters required for two dibenzothiophene desulfurizing Streptomyces species namely Streptomyces  sp. VUR PPR 101 and 
Streptomyces sp. VUR PPR 102 isolated from oil contaminated sites were determined. Glucose was found to be the optimum carbon 
source for both the species.. The optimum nitrogen sources for Streptomyces sp. VUR PPR 101 and Streptomyces sp. VUR PPR 102 
were yeast extract and potassium nitrate, respectively. Both the species had shown highest growth with methionine. The optimum
temperature and pH for both the species were 30oC and 7.0, respectively. Finally, with optimum nutrient sources and optimum physical 
parameters, both the Streptomyces species showed enhanced growth at 1% salt concentration.
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1. Introduction 

In fossil fuels, which include crude oil and coal, sulfur is the 
third most abundant element. Numerous types of organic 
and inorganic sulfur containing compounds are present in 
fossil fuels. When fossil fuels are oxidized, sulfur dioxide 
which is deleterious to environment and human health is 
released (Mohammad et al., 2010; Naba et al., 2016). Sulfur 
dioxide is a major potent air pollutant and it is one of the 
major sources of acid rains (Fu et al., 2003). Frequent 
exposure to sulfur dioxide causes respiratory infections and 
pulmonary impairment in humans (Badenhorst, 2007; 
Prashant, 2010).  Sulfur dioxide reduces the photosynthetic 
rate in plants. It enhances the increase of stomata which 
leads to loss of water in plants (Varshney et al., 1979). To 
remove sulfur from fuels, oil refineries usually employ a 
conventional hydrodesulfurization process (HDS) which 
operates under high temperatures and pressure (Sung-Keun 
et al., 1998). The HDS is not effective removal of sulfur 
from all organosulfur compounds especially from 
recalcitrant compounds like dibenzothiophene (DBT) 
(Peyman et al., 2015; Rashidi et al., 2007). There are some 
microorganisms in nature which selectively degrade the 
organosulfur compounds without breaking their ring 
structure and remove sulfur via 4S pathway. Such 
microorganisms are called biodesulfurizing microbes and the 
process by which they remove sulfur from organosulfur 
compounds is known as biodesulfurizaiton (BDS). Unlike 
HDS, BDS work out under normal conditions and does not 
involve high temperature and pressure. Microbes which have 
the ability of desulfurizing ability are commercially 
important (Peyman et al., 2015). The DBT is considered as a 
model compound for BDS studies as it is highly recalcitrant 
and not affected by HDS process (Mervat et al., 2014). The 
present study was aimed to isolate the bacteria capable of 
desulfurizing DBT via 4S pathway and to study the 
optimization of growth parameters. 

2. Materials and Methods 

Inoculum preparation
In the present study, two bacteria viz., Streptomyces sp. 
VUR PPR 101 and Streptomyces sp. VUR PPR 102, capable 
of desulfurizing DBT via 4S pathway,   isolated from oil 
contaminated sites of mechanical workshops of Autonagar 
region in Karimnagar, Andhra Pradesh, India and identified 
by 16S rRNA sequencing were used. To prepare the 
inoculum, cultures were grown on starch casein agar plates 
for six days at 30oC. Spores were then harvested and a 
homogeneous spore suspension (0.2 OD) in 0.05% Tween 
20 was prepared. Five ml of this suspension was used as 
inoculum for the optimization experiments. 

The basal medium (50 ml) was distributed into each of 250 
ml Erlenmeyer flask and sterilized. Glucose, Fructose, 
Sucrose, Maltose, Starch, Cellulose, Mannitol and Glycerol 
were added separately as carbon sources into the basal 
medium at 1% concentration. Various nitrogen sources such 
as Peptone, Yeast extract, Casein, Urea, Ammonium 
chloride, Ammonium nitrate, Sodium nitrate and potassium 
nitrate were provided separately into basal medium at 1% 
concentration. Five ml of spore suspension of each
Streptomyces species was inoculated into carbon and 
nitrogen supplemented basal medium separately and 
incubated at 30oC for 7 days. A variety of amino acids such 
as Methionine, Pheylalanine, Tyrosine, Alanine, Arginine, 
Lysine, Proline, Glutamine and Cysteine were amended at a 
concentration of 0.1 mg/ml in the improved medium 
containing optimized carbon and nitrogen sources. Five ml 
of the spore suspension of each of the cultures was 
inoculated into the medium and incubated at 300C for 7 days 
(Kumar and Kannabiran, 2010). 

The effect of incubation temperatures (20oC, 25oC, 30oC, 
35oC, 40oC and 45oC) and pH (3.0, 4.0, 5.0, 6.0, 7.0, 8.0,
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9.0, 10, 11 and 12) were studied separately by inoculating 5 
ml of the spore suspension of each culture into the above 
improved medium (Kumar and. Kannabiran, 2010; Rakesh 
et al., 2014). The effect of salt concentration (NaCl) on 
growth of the cultures was carried out by growing the 
cultures in various NaCl concentrations of 0.5%, 1.0%, 1.5% 
and 2.0% in the basal medium while keeping other 
parameters at optimum level  (Ripa et al., 2009). 

Measurement of growth (biomass)  

The biomass from the culture filtrate separated by means of 
centrifugation was transferred to pre-weighed dry filter 
paper using a clean spatula and then placed in an oven at 
55oC overnight to reach a fixed weight. Growth in terms of 
biomass accumulation was expressed as mg/ml of the culture 
medium (Kumar and Kannabiran, 2010). 

3. Results  

Table 1: Effect of different carbon sources on the growth of  
Streptomyces species 

S.
No

Carbon 
Source

Dry wt. in mg/ml (Growth)
Streptomyces sp. 
VUR PPR 101

Streptomyces sp. 
VUR PPR 102

1 Glucose 3.77 ± 0.17 3.36 ± 0.05
2 Fructose 2.13 ± 0.05 1.80 ± 0.08
3 Sucrose 1.43 ± 0.09 1.13 ± 0.05
4 Maltose 3.16 ± 0.13 2.56 ± 0.13
5 Starch 3.06 ± 0.09 2.30 ± 0.16
6 Cellulose 1.26 ± 0.05 0.90 ± 0.08
7 Mannitol 2.26 ± 0.13 2.00 ± 0.08

8 Glycerol 2.73 ± 0.09 2.06 ± 0.09
 

Table 1 depicts the response of DBT desulfurizing bacteria 
towards different carbon sources. Both the species had 
shown maximum growth in the presence of glucose and least 
with cellulose. The dry wt. of both the species was found to 
be in that decreasing order of Glucose > Maltose > Starch >  
Glycerol > Mannitol >  Fructose >  Sucrose > Cellulose. 
Streptomyces sp. VUR PPR101 exhibted relatively more 
growth than Streptomyces sp. VUR PPR102 in presence of 
all the carbon sources. 

Table 2: Effect of different nitrogen sources on the growth 
of Streptomyces species 

S.
No

Nitrogen source Dry wt. in mg/ml (Growth)
Streptomyces sp. 
VUR PPR 101

Streptomyces sp. 
VUR PPR 102

1 Peptone 3.00 ± 0.08 2.26 ± 0.13
2 Yeast extract 4.43 ± 0.13 2.80 ± 0.08
3 Casein 2.00 ± 0.08 2.36 ± 0.17
4 Urea 1.76 ± 0.09 1.53 ± 0.05
5 Ammonium chloride 3.43 ± 0.17 2.77 ± 0.21
6 Ammonium nitrate 3.76 ± 0.13 3.36 ± 0.13
7 Sodium nitrate 3.93 ± 0.09 2.93 ± 0.05
8 Potassium nitrate 4.03 ± 0.20 3.53 ± 0.09

The optimal nitrogen sources for Streptomyces sp. VUR 
PPR 101 and Streptomyces sp. VUR PPR 102 were found as 
yeast extract and potassium nitrate, respectively. Least 
growth was shown by both bacteria with urea (Table 2). 
Except the casein, all the tested nitrogen sources favoured 

more growth of Streptomyces sp. VUR PPR 101 than that of 
Streptomyces sp. VUR PPR 102. 

Table 3: Effect of different amino acid sources on the 
growth of Streptomyces species 

S.No Amino acid Dry wt. in mg/ml (Growth)
Streptomyces sp. 
VUR PPR 101

Streptomyces sp. 
VUR PPR 102

1. Methionine 5.90 ± 0.08 5.23 ± 0.13
2. Phenylalanine 4.43 ± 0.13 3.93 ± 0.05
3. Tyrosine 4.56 ± 0.13 4.13 ± 0.13
4. Alanine 4.60 ± 0.14 4.20 ± 0.16
5. Arginine 4.53 ± 0.05 4.10 ± 0.14
6. Lysine 4.30 ± 0.16 3.83 ± 0.13
7. Proline 4.76 ± 0.17 4.33 ± 0.09
8. Glutamine 4.90 ± 0.08 4.36 ± 0.13
9. Cysteine 5.33 ± 0.09 4.80 ± 0.08

Both the Streptomyces species exhibited highest growth in 
methionine containing medium and lowest growth in lysine 
supplemented medium (Table 3). The increasing order of 
growth exhibited by both the species in presence of different 
aminoacids was found to be as Phenylalanine < Arginine < 
Tyrosine < Alanine < Proline < Glutamine < Cysteine < 
Methionine. The growth of Streptomyces sp. VUR PPR 101 
was relatiely high than Streptomyces sp. VUR PPR102 with 
all the aminoacids used. 

Table 4: Effect of temperature on the growth of 
Streptomyces species 

S.
No.

Temperature in  0C Dry wt. in mg/ml (Growth)
Streptomyces sp. 
VUR PPR 101

Streptomyces sp. 
VUR PPR 102

1 20oC 5.43±0.13 4.60±0.16
2 25oC 6.23±0.17 5.27±0.13
3 30oC 6.67±0.09 5.80±0.08
4 35oC 6.50±0.14 5.53±0.13
5 40oC 5.67±0.13 4.77±0.09
6 45oC 4.73±0.05 3.90±0.08

At 30oC temperature, both the Streptomyces species had 
shown maximum growth and thereafter the growth 
decreased gradually and attained least growth at 450C within 
the tested range of temperatures (Table 4). 

Table 5: Effect of pH on the growth of Streptomyces species 
S.No pH Dry wt. in mg/ml (Growth)

Streptomyces sp. 
VUR PPR 101

Streptomyces sp. 
VUR PPR 102

1 3 4.60±0.14 3.97±0.17
2 4 5.20±0.08 4.47±0.13
3 5 5.47±0.13 5.00±0.08
4 6 5.93±0.17 5.47±0.17
5 7 6.60±0.08 5.80±0.08
6 8 5.10±0.08 4.43±0.13
7 9 4.77±0.13 4.10±0.14
8 10 4.30±0.14 3.87±0.13
9 11 3.83±0.13 3.53±0.17

10 12 3.53±0.17 3.20±0.08

Both the Streptomyces species exhibited an increased growth 
from pH 3.0 to pH 7.0 and thereafter shown a gradual 
decrease with least growth at pH 12 (Table 5). 
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Table 6: Effect of salt concentration on Streptomyces 
species 

S.No Salt 
concentration

Dry wt. in mg/ml (Growth)
Streptomyces 

sp.VURPPR 101
Streptomyces sp. 
VUR PPR 102

1 0.5% 4.97 ± 0.09 4.33 ± 0.09
2 1.0% 6.63 ± 0.13 5.73 ± 0.13
3 1.5% 4.50 ± 0.14 3.87 ± 0.05
4 2.0% 4.00 ± 0.16 3.47 ± 0.17

The salt concentration of 1% was found more favourable for 
the growth of both the Streptomyces species. The increase in 
salt concentration over 1% resulted in decreased growth of 
both species (Table 6). 

4. Discussion 

Different carbon sources were supplemented into the basal 
medium to study their effect on the growth of the two 
desulfurizing Streptomyces species isolated from oil 
contaminated soils. Both the organisms formed highest 
biomass when glucose was added in the medium. Other 
carbon sources are also favoured the growth but to relatively 
less extent when compared with glucose. This observation 
draws support from the earlier study of Gokhan et al., (2015) 
who reported the glucose as a better carbon source for the 
growth of Sulfobolus solfataricus P2, a DBT desulfurizing 
bacterium, in comparison with the other carbon sources. 
When growth of the two Streptomyces species was 
determined with various nitrogen sources, Streptomyces sp. 
VUR PPR 101 and Streptomyces sp. VUR PPR 102 
produced maximum biomass when yeast extract and 
potassium nitrate were used as nitrogen sources, 
respectively. This gains support from the findings of 
maximum growth by Brevibacillus invocatus C19 and 
Rhodococcus erythropolis IGST8, two DBT desulfurizing 
bacteria, in DBT containing medium with yeast extract as 
nitrogen source (Mervat et al., 2014) and Streptomyces 
anandii var. taifiensis in potassium nitrate containing 
medium (Zeinat and Salha, 1986).  

To check the optimal amino acid suitable for the 
Streptomyces species, they were grown in medium 
containing their optimal carbon and nitrogen sources with 
various amino acids. The methionine was found to be the 
best amino acid source for both the Streptomyces species. To 
determine the effect of salt concentration the Streptomyces
species were grown in various salt concentrations ranging 
between 0.5% and 2%. To determine the effect of physical 
parameters (temperature and pH), Streptomyces species were 
grown at different temperatures and in different pH 
conditions. For both the Streptomyces species, temperature 
of 30oC and pH 7.0 were found to be optimum for better 
growth. Kumar and Kannabiran (2010) also reported that 
temperature of 30oC and pH 7.0 as optimal conditions for 
the maximum growth of Streptomyces VITSVK9, isolated 
from Bay of Bengal, India, when grown in basal medium 
supplemented the glucose as the carbon source. This report 
is in great concurrence with our observation. The optimum 
salt concentration for the better growth of Streptomyces 
species was observed as 1.0%.  

5. Conclusion 

In the present study, optimum parameters required for the 
growth of two DBT desulfurizing bacteria viz., 
Stretptomyces sp. VUR PPR 101 and Stretptomyces sp. VUR 
PPR 102 were determined. Both the species exhibited better 
growth when glucose is used as carbon source. Yeast extract 
and potassium nitrate were the optimum nitrogen sources for 
Stretptomyces sp. VUR PPR 101 and Stretptomyces sp. VUR 
PPR 102, respectively. Temperature of 30oC, pH 7.0 and 
1.0% salt concentration were the optimum physical 
parameters for both the DBT desulfurizing Streptomyces 
species. Streptomyces sp. VUR PPR 101 showed highest 
growth in all nutrient sources under different physical 
parameters when compared to Streptomyces sp. VUR PPR 
102. The future work concentrates on the enhancement of 
DBT desulfurizing activity of these two Streptomyces 
species for the useful application in biodesulfurization of 
various fuels. 
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