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1. Introduction

Pollution by oil discharges is a serious problem of the 
marine environment around the world that has adversely 
affect the biotic and abiotic processes (Lee et al., 2015; 
Walker et al., 2019). Oil spills disrupt marine life and 
have an impact on the ecosystem years after a spill occurs 
(Daly et al., 2016). Sewage discharges, mechanized fishing 

boats, cleaning of bilged, tank washing by the huge number 
of merchant vessels and oil tankers that pass through 
the Exclusive Economic Zone (EEZ) are main sources of 
oil pollution in Pakistan (Pastorinho & Pais, 2019). About 
2500 oil tankers transport 33 million tons of crude oil 
through Pakistani seaports per annuum (Pastorinho & 
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Resumo
Neste estudo, bactérias degradadoras de óleo descobertas em peixes que vivem perto dos portos de petróleo 
em Karachi, no Paquistão, foram caracterizadas. As bactérias isoladas da pele, guelras e intestinos dos peixes 
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O sequenciamento do gene 16S rRNA revelou que os isolados estão relacionados a Bacillus velezensis, Bacillus 
flexus, Pseudomonas brenneri e Pseudomonas azotoforman. O potencial de degradação do óleo dessas bactérias 
foi caracterizado pela análise de GC-MS da degradação dos componentes do óleo no óleo cru, bem como no óleo 
do motor. Descobrimos que um (2, 6, 10, 14-tetrametilpentadecano) de 42 componentes do óleo cru foi totalmente 
eliminado e os outros componentes do óleo foram reduzidos. Além disso, 26 dos 42 componentes do óleo do motor 
foram totalmente eliminados e o restante corrigido. Juntos, esses estudos identificam que B. velezensis, B. flexus, 
P. brenneri e P. azotoforman têm alto potencial de degradação de óleo, o que pode ser útil para a degradação de 
poluentes de óleo e outras aplicações comerciais.
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(capturing, handling and sacrifice of fish) involved in this 
study were permitted by the Research Ethical Committee 
of Kohat University of Science and Technology, Kohat.

2.2. Bacterial isolation and counting

Bacteria from the skin, gills and the guts were isolated 
using sterile surgical blades to scrap off maximum bacterial 
cells. The bacterial isolation was carried out by standard 
serial dilution plating technique. Mineral Salt Agar (MSA) 
having a composition (g/l) of CaCl2. 2H2O, 0.02; K2HPO4, 
1.73; KH2PO4, 0.68; NH4NO3, 1; MgSO4. 7H2O, 0.1; NaCl, 4; 
C6H12O6, 5; FeSO4. 7H2O, 0.03; agar, 20, pH 7.0, (Borah and 
Yadav, 2014) with crude oil as a sole source of carbon and 
energy was used. Bacterial colonies were counted by the 
standard dilution-plate technique.

2.3. Selection of potential oil degrading bacteria

Thirty-six (36) morphologically different colonies 
were picked from the developed colonies over MSA plates 
containing crude oil, Potential isolates were selected using 
gradual increase (0.2%, 0.5% 0.7%, 1%, 2% and 5%) of crude 
oil concentrations. The selected isolates were subjected to 
Gram staining and molecular characterization.

2.4. Evaluation of bacterial growth

Bacterial cells were cultured overnight in Lysogeny Broth 
(LB) media. One (01) ml of the culture was transferred to 
flasks containing 50 ml of Mineral Salt Medium (MSM) 
followed by autoclaving for 15 minutes at 121 ºC. Then 
0.5 ml of crude oil was added and were incubated over 

Pais, 2019). The oil tanker M.T. Tasman Spirit grounded 
in the channel of Karachi harbor about 1.5 nm from the 
sea shore on July 27, 2003, while cruising in the curved 
entry of channel. The vessel was loaded with 67,535 
tons of Iranian light crude oil for the Pakistan Refinery 
Limited in Karachi (Siddiqi and Munshi, 2015). In this 
connection, more than 33,000 tons of oil leaked into the 
Arabian Sea and 16 km of the coast was contaminated 
near Karachi in 2003 by the Tasman Spirit (Fingas, 2014). 
Human induced activities and non-tank vessels such as, 
washing ballast tanks account for 36,000 metric tons of 
oil entering the oceans globally every year (Fingas, 2013) 
. These slow and gradual seeps oil release during an oil 
spill or extraction accident into the marine environment 
effect both biotic and abiotic ecosystem to a considerable 
strength (Blackburn et al., 2014).

Although chemical-physical features play an important 
role in the process of oil detoxification, the ultimate 
and complete degradation is mainly accomplished by 
marine microflora particularly bacteria (Jain et al., 2011; 
Santisi et al., 2015). Bioremediation has been widely used 
because of its advantages of good effect, easy operation, 
low cost, rapid degradation rate, and lack of secondary 
pollution (Zhang et al., 2020).

Various microorganisms such as bacteria and Archaea 
can degrade Petroleum hydrocarbons (Miettinen et al., 
2019) from soil and groundwater (Lima et al., 2020). 
Among them bacteria like, Pseudomonas fluorescens, 
P. aeruginosa, Bacillus subtilis, Bacillus sp., Alcaligenes sp., 
Acinetobacter lwoffi, Flavobacterium sp., Micrococcus roseus, 
and Corynebacterium sp. were isolated from the polluted 
stream which could degrade crude oil (Das & Chandran, 
2011). Indigenous oil degrading bacteria in the Arabian Gulf 
and other aquatic environments occur more frequently 
in naturally immobilized forms than as free planktonic 
microorganisms (Radwan, 2008). Such immobilized oil 
utilizing bacteria are reported to be associated with wild 
and farm fish of the Arabian Gulf (Mahmoud et al., 2009; 
Radwan et al., 2007). Keeping the context in view, we have 
characterized the oil degrading bacteria from fish of Indian 
Ocean at Karachi point. We have further determined the oil 
degrading potential of the bacteria, which altogether will 
help in setting ways for further studies on commercial basis.

2. Methods

2.1. Sample collection

A total of 11 fish samples were collected from Indian 
Ocean near oil port at Karachi Pakistan (Table 1). Fish were 
aseptically captured using fish hooks and transferred to 
sterilized polythin bags. The sampling sites were traced 
using Android App (AndLocation). The traced locations 
were at 24.798 ̊ Latitude and 66.975 ̊ Longitude with 9m 
accuracy; 24.784 ̊ Latitude and 66.982 ̊ Longitude with 
the accuracy of 6m; 24.795 ̊ Latitude and 67.00 ̊ Longitude 
with 6m accuracy. The fish samples were transported in ice 
layers to the laboratory in the Department of Biotechnology 
and Genetic Engineering KUST, Kohat and immediately 
subject to bacterial isolation. All experimental procedures 

Table 1. List of fish species with respect of weight and length 
collected during study.

S. 
No.

English 
Name

Scientific Name
Weight 

(g)
Length 

(cm)

1 Sea bream Sparus aurata 276.3 15.5

2 Red 
Snapper

Lutjanus 
campechanus

205 14.3

3 Grouper Cephalopholi 238.9 14.9

4 Yellow fin 
seabream

Acanthopagrus 
latus

289 15.8

5 Indian oil 
sardine

Sardinella 
longiceps

836 35.56

6 Saddle 
grunt 1

Pomadasys 
maculatus

185.5 11.2

7 Saddle 
grunt 2

Pomadasys 
maculatus

173 11

8 Saddle 
grunt 3

Pomadasys 
maculatus

182 11.17

9 Saddle 
grunt 4

Pomadasys 
maculatus

189 11.23

10 Saddle 
grunt 5

Pomadasys 
maculatus

193 12

11 Spotted 
scat

Scatophagus 
argus

223.4 9.7
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orbital shaker at 150 rpm and at 30 ºC. Three flasks for 
each bacterial isolate were taken, two of them were 
inoculated and the 3rd one was kept as a control with no 
bacterial inoculum having crude oil. Change in turbidity 
was observed as the measure of growth by taking the 
optical density (OD) at 600 nm before and after 10 days 
of inoculation in mineral salt medium.

2.5. Oil degrading potential

Crude and used engine oil (0.5% w/v each) were added 
to flasks containing 50ml of MS medium. The flasks 
were inoculated with 1ml overnight culture of Bacillus 
velezensis (G4A). The flasks were then incubated in shaker 
at 30 ºC and 150 rpm for 10 days. Control flasks devoid 
of inoculum, were incubated under the same conditions. 
After incubation, the residual hydrocarbons were extracted 
in triplicates using n-hexane as a solvent. The extracted 
hydrocarbons were analyzed quantitatively using GC-MS 
using Shimadzu GC-MS QP 2010 PLUS (Japan) with DB5MS 
column (30 m × 0.25 mm, 0.25μm film thickness), with 
helium as the carrier gas with a split ratio of 5:50. The oven 
temperature was programmed at 35 °C for 5 minutes and 
then increased to 300 °C at 5°C per minute, and held at 
this temperature for 100 minutes. The compounds were 
identified by comparison of their mass spectra with the 
mass spectral libraries.

2.6. DNA extraction and PCR amplification of 16S rRNA 
gene

The genomic DNA of bacterial isolates was 
extracted using Gene JET Genomic DNA Purification 
Kit following manufacturer instructions. Universal 
primers (forward; 5′-ACGGGCGTGTGTAC-3′ and reverse; 
5′-CAGCCGCGGTAATA-3′) were used for the amplification 
of 16S rRNA gene. Total 25 μl volume of PCR reagent 
mixture with readymade Master mix 8 μl, PCR water 
12 μl, 1 μl of each forward and reverse primer and 3 μl 
of sample DNA, was prepared. PCR conditions were set 
as initial denaturation temperature 94 ºC for 5 minutes, 
denaturation step 94 ºC for 1 minute, annealing 56 ºC for 
50 seconds, extension 72 ºC 35 cycles of 50 seconds, and 
final extension of 1 cycle for 3 minutes. After completion 
of PCR reaction, the amplified products were confirmed 
by 2% agarose gel electrophoresis and were sequenced 
through ABI (Applied Biosystems, Foster City, CA, USA).

2.7. Phylogenetic analysis

The obtained sequences from bacterial isolates were 
aligned for similarity with the 16S rRNA sequence available 
in the database (NCBI), using BLAST algorithm using 
Clustal W. The phylogenetic tree was constructed using 
Neighbor-Joining method through MEGA 6 software.

3. Results and discussion

Biodegradation is the reliable and environmentally 
friendly technology for cleaning up oil pollutants from 
marine environments. Microorganisms specially bacteria 
play an important role in the degradation of oil pollutants. 

Indigenous oil degrading bacteria have high potential of 
biodegradation than freely movable bacteria. Reports has 
discovered various groups of oil degrading bacteria with 
their potential from several marine surfaces including 
water, sediment (Venkateswaran et al., 1991), and gut of 
several fish species (Voverienė et al., 2002). The Indian 
ocean at Karachi sea port has strong evidences of spilled 
oil (Pastorinho & Pais, 2019), therefore the current study 
collected 11 fish species from Indian ocean near oil port 
at Karachi. The detail of the collected fish samples was 
presented in Table 1.

Mineral Salt Agar (MSA) containing 0.2% v/v crude oil 
was used as a source of carbon and energy. The results 
showed that fish of Indian ocean accommodated rich 
bacterial consortium on their skin, gills and guts surfaces. 
On skin surface, the highest number of bacteria was 
found of Sea bream, on gill surface, the highest number of 
bacteria was found of Saddle grunt 1, while on gut surface 
the highest number of bacteria was found of Indian oil 
sardine (Table 2). Similar records of oil degrading bacteria 
associated with wild and farm fish in the neighbor Arabian 
Gulf were reported in the previous decade (Mahmoud et al., 
2009; Radwan et al., 2007). The digestive tract of mysids, 
gammarids, fish larvae and adult fish in the Curonian 
lagoon also contained hydrocarbon degrading bacteria in 
a similar trend (Šyvokienė et al., 2005). The difference in 
the strains of bacteria among these studies may be due 
to varied fish species and/or hydrocarbon type, which in 
either case need further studies.

The total 36 bacterial isolates after growing on MSA 
and nutrient agar media with different concentrations of 
crude oil were selected based on their growth on different 
concentration of crude oil. Finally, maximum 7 bacterial 
isolates were survived on media contained 5% crude oil. 
The survival of the bacterial strains against the percentage 
of crude oil was shown in Figure 1. Previous studies 
also reported various bacterial adaptation to different 
concentrations of crude oil (Li et al., 2015; Sharma and 
Schiewer, 2016). (Zhao et al., 2011) studied selection 
of functional consortium for the remediation of oil 
contaminated soil. Taking all the results together, bacterial 
growth was about similar against various concentration 
of crude oil.

Of all the 7 survived isolates, 4 isolates namely G3A, 
G4A, G2A and L2C that were confirmed with high growth 
where their growth on MSA and LB media with and/or 
without 0.5% crude oil was observed after 24 hours (Table 3), 
(Figure 2 and Figure 3).

Gram staining confirmed that two isolates (G3A and 
G4A) were Gram positive Rods and two isolates (G2A and 
L2C) were Gram negative Rods.

The 16S rRNA (1450 bp amplicon size) sequencing 
characterization confirmed that isolates G3A and G4A 
showed 99% identity with genus Bacillus where as G3A 
was identical with Bacillus flexus and G4A was identical 
with Bacillus velezensis. Both bacteria were previously 
reported as oil degraders (Ren et al., 2012; Yateem et al., 
2011). Species of the genus Bacillus are usually scattered 
in oil contaminated environments due to its low nutritive 
value (Cybulski et al., 2003). Bacillus species have the 
characteristics of bioremediation (Tian et al., 2018), 
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where marine oil contaminants have been attenuated by 
Bacillus species (Chikere and Okpokwasili, 2009). All these 
reports suggest that genus Bacillus have high adaptability 
to several extreme environments. The isolates G2A and 
L2C were identical with genus Pseudomonas, where the 
similarity of G2A was 100% with a reference or type 
strain of Pseudomonas brenneri and similarity of L2C was 
99% with reference strain of Pseudomonas azotoformans. 
Pseudomonas are hydrocarbon degraders (Kostka et al., 2011; 
Palleroni et al., 2010), that even present in the gut of fish 
(Voverienė et al., 2002). Various species of Pseudomonas 
have been widely studied to have oil bio-degradation 
potential or have close association with oil from various oil 
contaminated zones (Adebusoye et al., 2007; Bučková et al., 
2013; Kaczorek and Olszanowski, 2011; Meliani et al., 2014; 
Wald et al., 2015). In order to further characterize and 
assess the position of the sequence of the isolated strains 
with the sequence of their sister strains published on NCBI, 
phylogenetic tree was created by Neighbor-joining method 
for the purpose as describe by Tamur et al. (Tamura et al., 
2011) and Kumar et al. (Kumar et al., 2018) (Figure 4).

Since the strain B. velezensis (G4A) showed high growth 
with high OD value than other strains after 10 days 
incubation (Table 4). Therefore, we have selected this strain 
for further biodegradation of crude oil and used engine oil. 

The strain B. velezensis was inoculated in media containing 
crude oil and used engine oil respectively and the total 
petroleum hydrocarbons (TPHs) were extracted from the 
oil-amended treatments after 10 days. Oil degradation 
potential was determined against the results of bacterial 
treatments to those of the uninoculated control. In case 
of crude oil there were total 42 components present in 
control set while 41 in treated set. Only one component is 
eliminated and the concentration of remaining is reduced 
(Figure 5).

Figure 1. Bacterial growth against crude oil on MSA media. The Y 
axis shows the percentage of crude oil concentration while the X 
axis shows the number of bacterial isolates survived.

Table 3. Comparison of 24 h bacterial culture using LB broth with/without crude oil and MS broth with/ without crude oil.

Isolate
LB broth without 

Crude oil
LB broth with Crude 

oil
MS broth without 

Crude oil
MS broth with Crude 

oil

G4A (OD at 600 nm) 0.226 0.899 0.506 0.701

G3A (OD at 600 nm) 0.226 0.736 0.710 0.890

G2A (OD at 600 nm) 0.223 0.815 0.850 0.924

L2C (OD at 600 nm) 0.380 0.742 0.710 0.875

Table 2. Number of bacteria associated with fish skin, gills and guts of fish.

S. 
No.

Fish English name

No.× 105

Skin cm-1 Gills g-1 Gut g-1

a b C Total a b c Total a b c Total

1 Sea bream 48 62 58 168 29 33 27 89 21 15 8 44

2 Red Snapper 28 16 24 68 16 18 23 57 5 26 10 41

3 Grouper 3 9 6 18 3 1 4 8 11 2 0 13

4 Yellowfin seabream 41 29 48 118 31 12 46 89 20 17 30 67

5 Indian oil sardine 45 40 44 129 42 18 16 76 37 51 14 102

6 Saddle grunt 1 35 24 30 89 30 36 32 98 19 10 13 42

7 Saddle grunt 2 14 43 31 88 22 26 28 76 9 16 23 48

8 Saddle grunt 3 27 9 32 68 2 9 47 58 22 6 29 57

9 Saddle grunt 4 26 29 37 92 23 41 1 65 14 25 22 61

10 Saddle grunt 5 25 37 16 78 25 17 31 73 28 11 10 49

11 Spotted scat 39 46 38 123 33 15 48 96 20 35 30 85

a, b and c are three replicates in each of Skin, Gut and Gill
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In case of used engine oil there were total 42 components 
in control set while 16 components in treated set. In 
this case the bacteria degraded 26 components of used 
engine oil were eliminated and the concentration of some 
components were amended (Figure 6). Taken together, 
the result suggests that the selected strain has potential 
to degrade used engine oil better than aged crude oil. It is 
evident that Bacillus species has high degradation potential 
for used engine oil lower (28%) than crude oil (84%) 
(Raju et al., 2017). Borah and Yadav (2014) confirmed that 
Bacillus species degrade used engine oil, crude oil, diesels 
oil and kerosene as 42%, 57%, 67% and 72% respectively. Our 
results deviate the previous studies as they reported low 
degradation of used engine oil than crude oil by Bacillus. 
It may be due to the conditions of hydrocarbon, culturing 
conditions and species of bacteria. In our experiment we 
used aged crude oil that can degrades slower than other 
hydrocarbons by bacteria (Kang et al., 2009). However, 
further studies are needed for quantification of individual 
oil/ hydrocarbon degrading potential of this bacteria and 
characterization of its potential enzymes for this process.

Table 4. Optical density of the isolates in Mineral Salt broth 
containing crude oil after 10-day incubation in shaker

Isolate Optical density at 600 nm

G4A 1.172

G3A 0.610

G2A 0.606

L2C 0.657

Figure 2. Comparison of 24 h bacterial culture using LB broth 
containing crude oil and MS broth without crude oil.

Figure 3. Comparison of 24 h LB broth culture (without crude oil) 
and 10-day MSM culture containing 0.5% crude oil.

Figure 4. Phylogenetic tree showing position of 4 isolated strains. The optimal tree with the sum of branch length = 0.20627849 is 
shown. The nucleotide sequence used for finding evolutionary relationship was ~ 950 bp. The evolutionary distances were computed 
using the Maximum Composite Likelihood method and are in the units of the number of base substitutions per site. This analysis 
involved 16 nucleotide sequences. All ambiguous positions were removed for each sequence pair (pairwise deletion option). There 
were a total of 844 positions in the final dataset.
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4. Conclusion

This study isolated and characterized fish associated 
oil degrading bacteria related to B. velezensis, B. flexus, 
P. brenneri and P. azotofarmens from Indian ocean near 
Karachi sea port. We further confirmed that Bacillus 
velezensis have high growth potential on oil containing 

media. The GC-MS technology showed that B. velezensis 
have degraded major components of used engine oil and 
a component of crude oil. This report confirmed that oil 
degrading bacteria residing fish of Indian ocean has the 
potential to degrade oil that may need further studies for 
the purpose of bioremediation in future.

Figure 6. (A) GC-MS spectra Control used Engine oil (No inoculation). B. GC-MS spectra Used Engine oil sample (inoculated).

Figure 5. (A) GC-MS spectra Control Crude oil (No inoculation); (B) GC-MS spectra Sample crude oil (Inoculated).
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