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Abstract

Sulphur oxidizing bacteria (SOB) are natural micro-
flora in aquaculture farms that play a significant role
in sulphur cycle. In this study isolation, character-
ization and sulphate ion production ability was
carried out to assess the role of SOB in utilizing
thiosulphate. Ninety six distinct morphological
isolates of SOB were isolated from the freshwater
fish farm soil employing six different isolation
media. Subsequent dye reduction test revealed that
16 isolates on Thiobacillus aquaesulis medium, 12
isolates on T. denitrificans medium, 9 isolates on T.
thioparus medium and 10 isolates on Thiothrix
medium showed characteristic color change of the
dye (bromo phenol blue). Eight sulphur oxidizing
bacterial isolates (SOBA17, SOBA12, SOBAS3,
SOBA20, SOBD10, SOBD16, SOBD12 and SOBD14)
were selected for further studies based on the pH
reduction test. To screen the potential sulphur
oxidising bacteria, medium was amended with
sodium thiosulphate and the sulphate ion produc-
tion ability of the isolates was measured spectropho-
tometrically. Bacterial isolate of SOBA17 (1.62 mg
ml!) showed maximum sulphate ion production,
followed by SOBA20 (1.50 mg ml!). The 16S rRNA
sequencing revealed that the isolates belonged to
Thiobacillus aquaesulis. The partially purified sulphur
oxidase of SOBA17 in SDS-PAGE exhibited three
consecutive protein bands of molecular weight 10,
17 and 30 kDa. The present study revealed that SOB
has the capacity to utilize sulphur in its oxidized
state to non-toxic sulphate. Further studies are
needed to understand the diversity and role of these
bacteria in sulphur dynamics in aquaculture farms.
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Introduction

Aquaculture is expanding rapidly and making an
important contribution to global food production.
World aquaculture production of fish constituted
47% of total production in 2016 and has grown
tremendously over the past 50 years to nearly 80
million tons worth 232 billion USD (FAO, 2018).
Moreover, FAO estimates that the share of aquac-
ulture in total fish production would surpass
capture fisheries in 2021 and would occupy a share
of 52% by 2025 (FAQ, 2016). In order to improve the
productivity, the present day farmers are going for
intensive farming. As a result, different kinds of
feeds are being used to enhance the growth of
animals. Unutilized feed which is left over in the
pond bottom is responsible for the generation of
toxic gases such as ammonia and hydrogen sulphide
as a result of bacterial degradation (Rojas et al.,
2001). Sulphur oxidizing bacteria (SOB) can oxidize
the inorganic sulphur compounds such as sulphide,
sulphite, thiosulphate, and elemental sulphur in
their metabolism to produce energy (Friedrich et al.,
2001). SOB are divided into two groups based on
photosynthesis viz.,, green sulphur bacteria and
purple sulphur bacteria (Jorgensen & Revsbech,
1983). They are heterotrophic, photoautotrophic and
chemolithotrophic in metabolism. They play an
important role in utilizing the hydrogen sulphide
produced by the sulphur reducing bacteria (SRB)
and also act as major driving force in sulphur
transformations occurring in the pond bottom
(Suzuki, 1999). These bacteria can be isolated almost
in every life-supporting environment where re-
duced sulphur compounds are available (Kelly &
Wood, 1998).

Few studies have been carried out to elucidate the
importance of sulphur oxidizing bacteria in the
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aquaculture systems. The levels of SOB counts in the
soil and culture water were significantly higher in
the L. vannamei culture ponds when treated with
probiotics (Patil et al., 2015). Abraham et al. (2015)
have concluded that H,S was effectively converted
to sulphur compounds that enhanced SOB counts in
the shrimp farms. Patil et al. (2012) have reported
the influence of water probiotics, soil probiotics and
fermented juice on both SOB and SRB. Presumptive
densities of SOB groups in water and sediment have
been estimated by Devaraja et al. (2002). Mean SOB
counts in tropical culture farms have been reported
by Rao & Karunasagar (2000). Behera et al. (2014)
have isolated and characterized heterotrophic SOB
from mangrove soil of Mahanadi river, Odisha and
studied their sulphur oxidizing capability. Behera et
al. (2016) have carried out studies on partial
purification and characterization of the enzyme
sulphur oxidase produced by the heterotrophic SOB
(Micrococcus sp. and Klebsiella sp.). Keeping in view
of these earlier studies, the present investigation was
carried out to isolate, identify the SOB from
freshwater fish farms and characterize their sulphur
oxidation capability.

Material and Methods

The soil samples were collected aseptically from the
freshwater fish aquaculture farms located in
Malayatoor of Kerala, India in which the fish were
fed daily with chicken slaughter waste @ 3% of body
weight and brought to the laboratory at Central
Institute of Fisheries Technology, Cochin. Top soil
(about 1 cm) was collected from all the four corners
of the farm and pooled to represent soil sample from
the whole farm. The soil temperature varied from
30-31 °C and the pH of the soil ranged from 6.4 to
6.7. Isolation of SOB was carried out by employing
six different media i.e., Thiobacillus aquaesulis me-
dium, Thiobacillus thioparus medium, Paracoccus
versutus medium, Thiobacillus neopolitanus medium,
Thiobacillus denitrificans medium and Thiothrix Me-
dium (Kelly & Wood, 1998). The soil samples (10
g) were mixed with the above mentioned media in
the ratio of 1:9 under aseptic conditions and the
flasks were incubated at 30°C in the BOD incubator
(Labline instruments, India) for 4 to 5 days. The
same media were used for the preparation of the
plates with the addition of 1.8 % agar (BD, Difco,
India). One ml of enriched medium is taken and
serially diluted using phosphate buffer saline* (1X)
upto 10°. Hundred microliters of serially diluted
samples were plated and the plates were kept for
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incubation under same conditions as mentioned
above. The pH of the medium was monitored with
pH meter (Eutech instruments, India) to assess the
growth of bacteria.

The plates were observed after 4-5 days of incuba-
tion and well isolated colonies were picked on the
same medium for purification by repeatedly trans-
ferring the isolates to the fresh media. The purified
isolates were preserved at -80°C in 60% glycerol for
characterization and further tests. Morphological
and biochemical characterization were carried out as
per the standard methods mentioned in Bergey’s
Manual of Systemic Bacteriology (Brenner et al.,
2005).

The isolates were inoculated on respective media
containing bromophenol blue dye (Behera et al,,
2014).The isolates were screened on the basis of their
ability to reduce the color of the dye from purple
to yellow. The cultures which changed the colour of
the broth from purple (red in case of T. aquaesulis
medium) to yellow colour by reducing the pH after
incubation for 4-5 days at 30°C were selected for
further characterization.

The amount of sulphate ion (SO,*) produced during
growth of SOB on thiosulphate broth was deter-
mined spectrophotometrically (Cary 100, UV-VIS
Spectrophotometer, Thermofisher Scientific, USA)
(Behera et al., 2014). Amount of sulphate formed
during growth of bacteria was measured by adding
1:1 barium chloride solution (10%) with bacterial
culture supernatant and followed by mixing the
suspensions vigorously (Cha et al, 1999). The
resulting white turbidity due to barium sulphate
formation was measured at 450 nm. Potassium
sulphate (K,SO,) was used as standard to construct
a sulphate calibration curve (Kolmert et al. 2000).

Freshly grown culture (10 ml) from the Thiobacillus
medium was taken in Eppendorf tube and centri-
fuged at 4000 g for 10 min. The supernatant was
discarded and 1 ml phosphate buffer saline (1X) was
added, mixed well and centrifuged again at 4000 g
for 10 min. Further the supernatant was discarded
and 0.5 ml 1X tris EDTA (TE) buffer (pH 8.0) was
added. The tube was kept in dry bath at 95°C for
10 min and transferred immediately to -20°C for
crude DNA isolation.

PCR was carried out to amplify the 165 rRNA gene
from bacterial isolates (Joseph et al., 2015) in three
steps i.e., initial denaturation at 94°C for 2 min

#Composition of phosphate buffer saline (g lit-1): NaCl- 8; KCI-0.2; Na2HPO4-1.44; KH2P04-0.24
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followed by 35 cycles of denaturation at 94°C for 30
sec, annealing at 50°C for 60 sec and extension at
68°C for 90 sec. The reaction was performed as 25
uL reaction mixture composed of 10X PCR Buffer
(2.5 ul), dNTP (0.5 pl), MgCl, (1.5 ul), forward
primer (1 pl), reverse primer (1 pl), 5U Taq
Polymerase (0.2 ul), distilled water (16.8 pl) and
template DNA (2.5 ul). The primers used for
amplification of gene are universal primers which
are specific to 16S rRNAa) 27F (5'-
AGAGTTTGATCCTGGCTCAG-3") and b) 1544R (5'-
AGAAAGGAGGTGATCCAGCC-3"). After adding
all the components, the tubes were vortexed for
proper mixing. Then the tubes were placed in the
thermo cycler (Veriti 96-Well Thermal Cycler, India)
for completing 35 cycles of the above mentioned
steps with final extension time of 10 min. for
completing the PCR cycle.

Agarose gel electrophoresis was carried out for the
effective separation of the isolated DNA. The gel
(1.5%) was prepared in 1X tris acetate EDTA (TAE)
buffer. Ethidium bromide (0.5 ug ml') was added
and poured after placing the comb and was allowed
to set after which the comb was removed and the
gel was placed in electrophoresis tank. The PCR
products were analyzed by loading into the well
after mixing with 6X loading dye (Thermo Fisher
Scientificc, USA) and ran at 25 V until the dye
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reached three-fourth of the gel. Later the gel was
observed under UV transilluminator (Biorad, Ger-
many) and the image was captured.

Partial purification of sulphur oxidase enzyme from
the culture broth was carried out by gradient
ammonium sulphate precipitation (70%) followed
by dialysis (Behera et al., 2016). The supernatant was
collected by centrifugation at 8000 rpm for 10 min
and was precipitated using ammonium sulphate for
2 h at 4°C. Later, the precipitate was collected and
dissolved in 0.2 M phosphate buffer (pH 8). The
enzyme extract was dialyzed over night against the
same buffer at 4°C. To estimate the molecular weight
of the partially purified enzyme, SDS-PAGE was
carried using 5% stacking gel and 10% resolving gel
at 15 mA fixed current.

Results and Discussion

A total of 96 sulphur oxidising bacteria were
isolated from freshwater fish aquaculture farms
using different sulphur oxidizing media. Distinct
growth of bacteria was observed on the plates of T.
aquaesulis medium, T. denitrificans medium, T.
thioparus medium and Thiothrix medium. However,
no bacterial growth is observed on Paracoccus
versutus medium and Thiobacillus neopolitanus me-
dium.

Table 1. Characteristics of sulphur oxidizing bacterial isolates

Sl. No. SOBA17 SOBA20 SOBA3 SOBA20 SOBD10 SOBD16 SOBD12 SOBD14
Shape Thin rod  Thin rod Thin rod Thin rod Thin rod Thin rod Thin rod Thin rod
Shape Thin rod  Thin rod Thin rod Thin rod Thin rod Thin rod Thin rod Thin rod
Spore -ve -ve -ve -ve -ve -ve -ve -ve
Motile +ve +ve +ve +ve +ve +ve +ve +ve
Aerobic growth +ve +ve +ve +ve +ve +ve +ve +ve
Gram stain -ve -ve -ve -ve -ve -ve -ve -ve
Catalase -ve -ve -ve -ve -ve -ve -ve -ve
Oxidase -ve -ve -ve -ve -ve -ve -ve -ve
MR test -ve -ve -ve -ve -ve -ve -ve -ve
Indole production +ve +ve +ve +ve +ve +ve +ve +ve
D-glucose fermentation +ve +ve +ve +ve +ve +ve +ve +ve
Nitrate reduction +ve +ve +ve +ve +ve +ve +ve +ve
Nitrite reduction -ve -ve -ve -ve -ve -ve -ve -ve
Growth at pH 5 +ve +ve +ve +ve +ve +ve +ve +ve
Growth at 35°C +ve +ve +ve +ve +ve +ve +ve +ve
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The plates having bacterial growth showed change
of color due to the reduction in pH. From these
plates, colonies showing distinct morphological
differences were selected and streaked onto the
respective fresh media. Twenty four isolates each
from T. aquaesulis, T. thioparus, T. denitrificans and
Thiothrix media were picked and purified. Based on
the reduction in colour from purple to yellow (red
to yellow in case of T. aquaesulis medium), 16 isolates
from T aquaesulis medium, 12 isolates from T.
denitrificans medium, 9 isolates from T. thioparus
medium and 10 isolates from Thiothrix medium
were selected for subsequent dye reduction test.

The bacterial isolates inoculated on thiosulphate
broth medium containing bromophenol blue (BPB)
as an indicator. Four isolates from T. aquaesulis
medium and four isolates from T. denitrificans
medium were able to change the colour of the BPB
in thiosulphate broth medium by reducing the pH
of the medium from initial pH 7.0 to 5 in 4-6 days
incubation at 30°C. Based on the dye reduction
capability, eight isolates were selected for further
studies.

Morphologically the bacterial isolates appeared as
small, white colour colonies having smooth surface
on the growth media. Biochemically they were
identified as Gram negative non-spore forming thin
short rod shaped bacteria with scattered arrange-
ment. All the isolates were negative for catalase,
oxidase and Methyl red. They produced indole and
acid from D-glucose, reduced nitrate but not nitrite.
Growth was found to be heterotrophic at pH 5 and
temperature 35°C (Table 1). The isolates were
obligate aerobic bacteria and metabolically
chemolithoautotrophic.

Selected bacterial isolates that were screened by dye
reduction test were further tested using barium
chloride test. The amount of sulphate produced by
different bacterial isolates ranged from 1.42 to1.62
mg ml! concentration (Table 2). Bacterial isolate of
SOBA17 showed maximum sulphate production of
1.62 mg ml! followed by SOBA20. Amplicons of
1500 bp size (Fig. 1) were purified and sequenced.
Blast analysis revealed that both the sequences
showed similarity to T. aquaesulis. Partial purifica-
tion of sulphur oxidase (Fig. 2) enzyme was
performed by 70% of ammonium sulphate precipi-
tation followed by dialysis and SDS-PAGE showed
specific bands of approximately 10 kDa, 17 kDa and
30 kDa.
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Fig. 1. Amplification of 165 rRNA gene of sulphur
oxidizing bacteria by PCR. Lane 1- Molecular
marker (1 kb), Lane 2 and 3- sulphur oxidizing
bacterial isolates

Table 2. Sulphate ion production by sulphur oxidizing
bacterial isolates

Bacterial isolate Sulphate ion produced (mg ml)

SOBA17 1.62
SOBA12 1.50
SOBA3 1.46
SOBA20 1.58
SOBD10 1.42
SOBD16 1.51
SOBD12 1.53
SOBD14 1.47
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Fig. 2. SDS PAGE of partially purified sulphur oxidase
enzyme. M- Marker A17- SOB isolate

Preliminary studies showed eight among 47 bacte-
rial isolates changed the color of the dye (evidence
of pH reduction from 7 to 5) in one week of
incubation and therefore were selected for further
studies. The genus Thiobacillus spp. can oxidize
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sulphur at pH ranged from 1 to 9, but show
optimum growth only under acidic conditions of
pH 1 to 5 (Suzuki et al., 1999). In the earlier studies,
Lee et al. (2000) have isolated SOB from the
activated sludge. Similarly, Vidyalakshmi & Sridar
(2006) have isolated SOB from pulses rhizosphere,
biogas slurry, paddy rhizosphere, mine soil, sewage
and tannery effluent. They have reported 14 out of
28 isolates reduced the pH from 8.0 to less than 5.0
and maximum dye (bromo cresol purple) reduction
by changing the colour of the media from purple
to yellow. Another study conducted by Behera et al.
(2014) from mangrove soil of Mahanadi river have
also reported screening of SOB isolates on the basis
of pH reduction due to sulphuric acid production
and bromo phenol dye reduction test. The pH
reduction of the medium was due to the production
of sulphuric acid (Friedrich et al., 2001). Sulphate,
sulphur, polythionatesare produced transiently by
major species of SOB before the end product
sulphate. Decrease in pH from neutral to 3 during
growth of SOB varies within species. In majority,
optimum growth was noticed at pH 6.5 to 8.0 and
temperatures from 30 to 42°C (Kelly & Wood, 2003).
However, in the present study, heterotrophic growth
for all the eight isolates was observed at 35°C.

Barium chloride test was employed to measure the
amount of sulphate ion produced during the
oxidation of sulphur into sulphate by SOB. Out of
ninety six bacterial isolates, eight isolates were
selected for the barium chloride test. Maximum
sulphate ion (1.62 mg ml') was produced by
bacterial isolate SOBA17 followed by SOBA20. In
previous studies, Teske et al. (2000) have reported
sulphate production of 2 to 4.6 mM from thiosulphate
by SOB isolates (isolated from hydrothermal vents).
Vidhyasri & Sridar (2011) have also showed the
sulphate production of 79.20 and 68.80 mg per 100
ml™! broth by the isolates BGS2 and TRY2 respec-
tively. In another study, sulphate production of 13.4
to 571.6 mg 1I'! after 8 days of incubation by ten
bacterial strains isolated from industrial wastewater,
sewerage water and sulphur mud has been reported
by Ullah et al. (2014).

Conventional microbiological identification which
includes morphological, physiological and charac-
terization study confirmed the characteristic of the
Thiobacillus. Further the analysis of 165TRNA gene
revealed that these isolates were closely related to
T. aquaesulis. 165 rDNA sequencing analysis revealed
that the SOB bacteria isolated in the present study
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belongs to the genus Thiobacillusof d-Proteobacteria
which are frequently isolated from the soil, fresh-
water, and marine environments (Kelly & Wood,
2003).

The partially purified sulphur oxidase of SOBA17
in SDS-PAGE exhibited three consecutive bands of
10, 17 and 30 kDa. According to Mohapatra et al.
(2006), the purified sulphur oxidase was found to
be monomer with a molecular weight of 43 kDa.
Similarly, the purified sulphur oxidase from Bacillus
sp. BN53-1 showed a band of 37 kDa (Nakada &
Ohta, 1999). Also, Behera et al. (2016) reported that
SDS-PAGE of partially purified sulphur oxidase
enzyme of SOB-7 shows specific bands of approxi-
mately 72 kDa, 55 kDa, 50 kDa and 43 kDa.

In conclusion, SOB are of great biological impor-
tance in the environment. Among SOB, the genus
Thiobacillus are very important in biological sulphur
oxidation in aquaculture soils. These bacteria
enhance sulphur oxidation rate and can utilize the
products derived from the sulphur metabolism such
as sulphide, sulphate, polythionate. Their presence
in aquaculture systems signifies an important role
in maintaining the levels of toxic gases such as
hydrogen sulphide. Sulphur oxidase enzyme can be
used in various environmental monitoring applica-
tions such as mitigation of sulphides in effluent
waters, deodorizing animal feces, for treating waste
waters, and in oil-field brine. Further studies on
developing the SOB consortium and their applica-
tion in bioremediation of the culture environment
in aquaculture systems need to be carried out.
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