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Abstract: When fuels are burnt, various hazardous gases are released into the atmosphere. In particular, sulfur
oxides released as a result of oxidation of organosulfur compounds present in fuels cause ill effects to humans,
air pollution and are sources of acid rain. Hydrodesulfurization (HDS), a traditional process, is routinely
employed to remove sulfur content from fossil fuels during oil refining. But, HDS is not effective in removal of
sulfur content from all organosulfur compounds especially from heterocyclic organosulfur compounds like
Dibenzothiophene. Biodesulfurization (BDS), which employs microbes is an effective and alternative method to
HDS to remove sulfur from fossil fuels. The present paper deals with the influence of various metal ions on the
growth and biodeulfurization efficiency of two Streptomyces species, Streptomyces sp. VUR PPR 101 and
Streptomyces sp. VUR PPR 102 isolated from oil contaminated sites, which can specifically remove sulfur from
Dibenzothiophene (DBT), a model compound for biodesulfurization studies, via 4S pathway without breaking
the DBT ring. In the present investigation, Fe?* and Mn®" were found to be inhibitory towards
biodesulfurization activity of both the Streptomyces species. However, Zn®" ions played an augmented role in
enhancing the DBT biodesulfurization activity.
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I.  Introduction

Sulfur constitutes the third most abundant element in fossil fuels (crude petroleum oils and coal). A
wide range of sulfur containing organic and inorganic compounds exists in fossil fuels. On combustion, fossil
fuels release hazardous sulfur dioxides into the atmosphere [1, 2]. These sulfur oxides cause air pollution and
are responsible for acid rains [3]. The particulate sulfate material in oils reduces the life of motor vehicle
engines by causing corrosion [2]. The traditional hydrodesulfurization (HDS) employed in oil refining process is
carried out at very high temperature and pressures. Moreover, HDS is not effective in removing the sulfur
content from all sulfur containing organic compounds especially from recalcitrant compounds like
Dibenzothiophene (DBT) [4,5]. An alternative to HDS, for efficiently removing sulfur content from
organosulfur compounds present in crude oil, biodesulfurization (BDS) had been developed and introduced.
Biodesulfurization involves removal of sulfur content from fossil fuels by employing microbial cells. Unlike
HDS, BDS is economical and does not involve high temperatures and pressures [5]. The DBT, a heterocyclic
polyaromactic organosulfur compound, is regarded as a model organosulfur compound for biodesulfurization
studies because of its recalcitrant, toxic and oncogenic to human beings and hazardous to environment.
Microbes metabolize DBT via three major pathways, Kodama, Van afferden and 4S pathways [6]. Among these
pathways, the 4S pathway is prominent one as microbes in this pathway do not attack the carbon skeleton of
DBT and degrade the ring structure. Thus, calorific value of the fuel is not affected. Therefore, microbes which
exhibit DBT biodesulfurization via 4S pathway are commercially important. Various potential DBT
biodesulfurizing bacteria isolated include Rhodococcus erythropolis XP, Rhodococcus erythropolis IGTSS,
Gordonia alkanivorans RIPI90A etc. [6, 2]. The 4S pathway involves four steps in which DBT is consecutively
converted into Dibenzothiophene sulfoxide (DBTO), Dibenzothiophene sulfone (DBTO,), Hydroxyphenyl
benzene sulfonate (HPBS) and 2-Hydrxy biphenyl (2-HBP) [7]. The first two steps are catalyzed by DBT
monooxygenase, third reaction is catalyzed by DBTO, monooxygenase and final reaction by HPBS desulfinase
[8]. The dsz operon genes, dszA, and C encode flavin dependent DBTO, monooxygenase and DBT
monooxygenase, respectively and dszB gene synthesize HPBS desulfinase [9].
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Metal ions are important for the growth and metabolism of microbial cells as well as in the
maintenance of stability of cell wall and formation of protein synthesizing apparatus [10]. Metal ions play a key
role in functioning of many cellular enzymes by acting as electron donors/acceptors, lewis acids and involve in
regulation of various structures [11]. The present paper deals with effect of various metal ions on the growth and
DBT biodesulfurization activity of Streptomyces sp. VUR PPR 101and Streptomyces sp. VUR PPR 102 isolated
from oil contaminated sites of mechanical workshops of Karimnagar town, Telangana, India.

Il.  Materials and Methods

The basal salt medium (KH,PO, - 4.0 gm, Na,HPQ, - 4.0 gm, NH,CI - 2.0 gm, MgCl, -0.2 gm, and
distilled water-1000 ml) with DBT (5 mM per liter) as sole sulfur source and glucose (5 gm/l) as sole carbon
source was prepared. Metal ions viz., Fe**, Co*, Cu*, Ca®*, Mn**, MoO,* and Zn?* were selected for the study.
The basal salt medium with DBT and glucose and all ions was designated as Negative control and the basal salt
medium with DBT and glucose but without any ions as Positive control. To study the effect of absence of each
ion, the medium without that ion but with all other ions selected for the study was setup as treatments [12]. The
cultures of Streptomyces sp. VUR PPR 101 and Streptomyces sp. VUR PPR 102 were grown separately on
Starch Casein agar plate for six days at 30°C. Spores were then harvested and a homogeneous spore suspension
(0.2 OD) in 0.05% Tween 20 was prepared. To all the flasks (Negative control, Positive control and treatments)
containing 50 ml of the basal medium, spore suspensions (5ml) of Streptomyces sp. VUR PPR 101 and
Streptomyces sp. VUR PPR 102 were inoculated separately and incubated at pH 7.0 and 30°C temperature. After
every 6, 8, 10, 12 and 14 days of incubation, 100 pl of Gibb’s reagent was added to the culture broths of the test
tubes and the intensity of the blue colour developed was measured at 610 nm in terms of OD values using
Spectrophotometer. The desulfurization activity in terms of concentration of 2-HBP produced, directly
proportional to colour intensity, was measured using standard graph. The growth (dry weight) of the bacteria
was also determined at the same incubation periods.

A standard graph of 2-HBP was prepared to measure the concentration of 2-HBP produced by
Streptomyces species by desulfurizing DBT. Five ml solutions of 2-HBP ranging from 1mg/l to 12mg/l were
prepared in BSM medium supplemented with glucose and DBT and adjusted the pH to 8.0 by using sodium
bicarbonate. To each test tube, 100 ul of Gibb’s reagent was added and incubated at 30°C for 30 minutes for the
development of blue colour. After 30 minutes, OD values of the colour complexes in all the tubes were
measured at 610 nm by spectrophotometer and a standard graph of OD values versus known 2-HBP
concentrations was plotted [1].

Il. Results and Discussion

The present study results (Tables 1 & 2) on the effect of absence/and or presence of certain metal ions
on desulfurization activity and growth of Streptomyces sp. VUR PPR 101 and Streptomyces sp. VUR PPR 102,
revealed that 2-HBP production and growth increased in the absence of Fe®** and Mn?* ions when compared to
that in Negative control (DBT containing medium with all ions) and Positive control (DBT containing medium
without any ions). Infact, the 2-HBP production as well as growth of both the Streptomyces species showed a
gradual increase with increase in the incubation period from 6 days to 14 days. Nearly one third of total
enzymes activity is known to be influenced by metal ions. In such enzymes, metal ions alter electron flow in
substrate or enzyme, and regulate the enzyme catalysis [13]. On the other hand, some metal ions may inhibit
growth and various activities in living cells. One of the important roles of metal ions is their involvement in the
formation of protein synthetic machinery [10]. Proteins, as the building blocks of living cells, perform various
functions like transport, pigmentation, catalysis of metabolic reactions (enzymes) etc., which are part of cell
growth and metabolism. Thus, metal ions directly or indirectly influence the metabolic reactions (enzyme
activity) and growth of living cells.

The increased production of 2-HBP by both the Streptomyces species in absence of Fe** and Mn**
observed in this study was in good accordance with earlier reports on inhibition of malic dehydrogenase activity
of Aspergillus niger at 0.1 mM Fe* ion concentration [14] and inhibition of nuclease, RNAase and alkaline
phosphatase production in Lysobacter enzymogenes at Mn?" ions concentration of more than 0.01 mM  [15].
Absence of Ca?*, Co?*, Cu?* and MoO,* decreased the 2-HBP production i.e., rate of biodesulfurization which
was also well supported by some earlier works on activities of different enzymes. The Ca®" ions had increased
the activity of cellobiose dehydrogenase significantly in Myriococcum thermophilum and Humicola insolens
[16]. Spencer et al. [17] reported that in Bacillus licheniformis, Co®" ions enhanced the synthesis and activation
of alkaline phosphatase. In Cucumber calli, the activity of ascorbate oxidase enzyme was increased by Cu®* ions
[18]. Al-lssawi et al. [19] reported that application of MoO,” ions had increased the synthesis and activity of
antioxidant enzymes in two wheat cultivars.
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Absence of Zn** had adversely affected both the 2-HBP production and growth of both the
Streptomyces species indicating its important role in biodesulfurization process. Similar results were reported by
Alves [12], who observed the increase of biodesulfurization activity and growth in the absence of Fe** and a
tremendous decrease in biodesulfurization activity and growth in DBT desulfurizing Gordonia alkanivorans
strain 1B in the absence of Zn?*. Ohshiro et al. [20] reported that the DBT desulfurizing enzyme DBT sulfone
monoxygenase activity had increased when AI**, Cd** and Zn*" ions were incorporated into the medium.
Overall, Zn* ion can be regarded as one of the key ions essential for DBT biodesulfurization process in
Streptomyces species.

IV.  Conclusion

Both the DBT desulfurizing Streptomyces species of the present work had exhibited decreased
desulfurization activity and growth in the absence of majority of ions selected for the study. In the absence of
only two metal ions viz., Fe*" and Mn?* the organisms had shown increased desulfurization activity and growth.
This infers that Fe** and Mn®* ions might have some inhibitory effect on 4S desulfurization pathway enzymes.
Among other metal ions, especially Zn?* was found be playing a key role in the enhancement of
biodesulfurization activity as in its absence the Streptomyces species showed tremendous decrease in 2-HBP
production i.e., reduced biodesulfurization activity.
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Table-1: Effect of Metal ions on Desulfurization activity (2-HBP production) and Growth (Dry weight) of
Streptomyces sp. VUR PPR 101

Presence/Absence of After 6 days After 8 days After 10 days After 12 days After 14 days
different metal ions
HBP Dry wt HBP Dry wt HBP Dry wt HBP Dry wt HBP Dry wt
mg/I mg/ml mg/I mg/ml mg/I mg/ml mg/I mg/ml mg/I mg/ml
Negative control 3.00 333+ 337+ 347+ | 353+ 3.70 £ 3.67 % 387+ 383+ 4.07 +
(contains all ions) 0.08 0.12 0.17 0.09 | 0.17 0.08 0.05 0.05 0.05 0.05
Positive control 1.67+ 193+ 183+ 217+ | 203+ 233+ 223+ 257+ 247 % 2.67 %
(contains no ions) 0.05 0.05 0.05 0.05 0.05 0.05 0.17 0.05 0.09 0.05
3.70 £ 260+ 377+ 270+ | 397+ 287+ 4,07 £ 3.07+ 423 320
Fe** absence 0.08 0.08 0.05 0.08 0.17 0.12 0.05 0.12 0.05 0.14
287+ 293+ 3.07+ 303+ | 3.27+ 327+ 347+ 3.60t 367t 377+
Co?* absence 0.05 0.05 0.12 0.05 0.05 0.05 0.09 0.08 0.12 0.12
237+ 327+ 263+ 337+ | 283+ 3.60 £ 3.03% 380+ 313+ 393+
Cu? absence 0.17 0.05 0.05 0.05 0.12 0.08 0.05 0.16 0.05 0.05
353+ 280+ 367+ 293+ | 3.77+ 313+ 393+ 337+ 413+ 347+
Mn?" absence 0.09 0.08 0.19 0.05 0.05 0.05 0.12 0.05 0.17 0.12
277+ 357+ 293+ 367+ | 310+ 387+ 327+ 4,03 £ 347+ 4.27 £
Mo0O,* absence 0.05 0.05 0.05 0.09 0.08 0.17 0.19 0.17 0.09 0.05
223+ 203+ 253+ 227+ | 270 253+ 287+ 2.67 % 3.07+ 283+
Zn*" absence 0.05 0.12 0.09 0.05 0.08 0.05 0.05 0.05 0.05 0.12
2.60 £ 3.03+ 277+ 323+ | 297+ 353+ 317+ 3.67 % 327+ 3.80 %
Ca?" absence 0.14 0.05 0.05 0.05 0.05 0.12 0.12 0.12 0.19 0.08

Table-2: Effect of Metal ions on Desulfurization activity (2-HBP production) and Growth (Dry weight) of
Streptomyces sp. VUR PPR 102

Presence/Absence of After 6 days After 8 days After 10 days After 12 days After 14 days
different metal ions
HBP Dry wt HBP Drywt | HBP Drywt | HBP Dry wt HBP Dry wt
mg/| mg/ml mg/I mg/ml mg/I mg/ml mg/I mg/ml mg/I mg/ml

Negative control 287+ 317+ 3.00+ 330+ | 310+ 347+ | 323 357+ 337+ 3.67+
(contains all ions) 0.12 0.12 0.08 0.08 0.08 0.05 0.05 0.09 0.12 0.12
Positive control 140+ 183+ 153+ 197+ | 160+ 207+ | 1.70 217+ 183+ 227+
(contains no ions) 0.08 0.09 0.05 0.05 0.08 0.09 0.08 0.12 0.05 0.05
343+ 243+ 3.60 £ 253+ | 377+ 260+ | 387+ 270+ 397+ 280
Fe* absence 0.12 0.09 0.16 0.05 0.12 0.08 0.09 0.08 0.05 0.08
277+ 270+ 290 283+ | 297+ 293+ | 317+ 3.03+ 330+ 317+
Co*" absence 0.12 0.08 0.08 0.09 0.12 0.05 0.12 0.09 0.08 0.09
227+ 297+ 237+ 310+ | 247+ 323+ | 257+ 337+ 2.67 = 347+
Cu* absence 0.09 0.05 0.12 0.08 0.05 0.12 0.05 0.05 0.09 0.09
3.07+ 253+ 323+ 263+ | 337+ 277+ | 350+ 293+ 3.63+ 3.03+
Mn?* absence 0.17 0.12 0.09 0.09 0.09 0.09 0.08 0.05 0.09 0.12
263+ 330+ 273+ 347+ | 283+ 360+ | 297+ 373+ 310+ 387+
MoO,* absence 0.12 0.08 0.12 0.09 0.17 0.08 0.05 0.12 0.08 0.05
207+ 193+ 220+ 207+ | 230+ 223+ | 247+ 237+ 2.60 + 247+
Zn** absence 0.05 0.12 0.14 0.05 0.14 0.12 0.09 0.12 0.08 0.05
237+ 283 247 300+ | 257+ 310+ | 270 320+ 283+ 333+
Ca* absence 0.12 0.12 0.05 0.08 0.12 0.08 0.08 0.08 0.12 0.12
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