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EFFECT OF ALIPHATIC AND AROMATIC HYDROCARBONS ON THE OXYGENASE 
PRODUCTION FROM HYDROCARBONOCLASTIC BACTERIA

Sri Sumarsih1, Ni’matuzahroh2, Fatimah2, Miranti Puspitasari1, Meilisa Rusdiana1

ABSTRACT

This research aims to study the effect of aliphatic and aromatic hydrocarbon on oxygenase production from four 
hydrocarbonoclastic bacteria, including Actinobacillus sp. P3(7), Bacillus subtilis 3KP,  Micrococcus sp. LII(61), and 
Pseudomonas putida T1(8). The bacterial growth during cultivation in a mineral salt medium, containing 1 % hydrocarbons 
(hexadecane, toluene, and naphthalene) was observed by measuring the optical density of the culture medium at λ 600 nm. 
The activity of the intracellular catabolic enzyme was determined by measuring the change of NADH absorbance at λ = 
340 nm with an UV/Vis spectrophotometer. The results showed that the addition of aliphatic and aromatic hydrocarbons 
in the growth media enhanced the growth and production of oxygenase from the four hydrocarbonoclastic bacteria. The 
addition of 1 % hexadecane and 1 % naphthalene into cell culture of Pseudomonas putidaT1(8) increased the oxygenase 
activity up to 8.789 times, and 20.770 times, respectivelly. The addition of 1 % toluene into cell culture of Micrococcus sp. 
LII(61) increased the oxygenase activity up to 15.72 times.  
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INTRODUCTION
 
Hydrocarbon-degrading microbes were investigated 

by researchers and the oil industry for many purposes, 
such as petroleum exploration, treatment of environmen-
tal pollution, oil sludge degradation or oil tanks cleaning. 
Microbial degradation is an effective and inexpensive 
approach for degradation of hydrocarbons from oil 
sludges. An oil sludge is a complex organic material 
containing aliphatic, aromatic and polycyclic aromatic 
hydrocarbons (PAHs). The metabolism of PAHs in the 
human body produces epoxides, which are mutagenic 
and carcinogenic affecting the skin, blood, immune 
system, liver, spleen, kidney, lung, fetal development, 
and also lost weight [1].

Biodegradation of aliphatic and aromatic hydro-
carbons can occur in aerobic or anaerobic conditions. 
The microbial aerobic alkane biodegradation is usually 
initiated by O2-dependent monooxygenases. The mo-
nooxygenase is the key enzyme of the alkane degrada-
tion pathway, that converts alkanes to corresponding 
alkylalcohols. The alkylalcohol is converted to alky-
laldehyde by alcohol dehydrogenase (ADH), and then 
to fatty acids by the aldehyde dehydrogenase (ALDH). 
The fatty acids are activated by conjugation to CoA, 
and further the conversion proceeds by β-oxidation to 
generate acetyl-CoA. The initial terminal hydroxyla-
tion of n-alkanes in bacteria can be carried out by 
enzymes of different families. Bacteria degrading short 
chain alkanes (C2-C4) have enzymes related to methane 
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monooxygenase. Bacteria degrading medium chain 
alkanes (C5-C11) or long chain alkanes (>C12) frequently 
have an integral membrane monooxygenase, called 
AlkB alkane hydroxylase. Some strains have alkane 
hydroxylases that belong to the family of cytochrome 
P-450 and are active against C5-C11 alkanes. Aromatic 
hydrocarbons, such as benzene, toluene, xylene, and 
naphthalene can also be degraded under aerobic condi-
tions. The degradation of these compounds serves as an 
initial step in the formation of catechol or structurally 
related compounds. Catechol compounds formed can 
be degraded into other compounds that can enter into 
the citric acid cycle [2 - 4].    

The hydrocarbonoclastic bacteria play the key role 
in the removal of hydrocarbons from polluted environ-
ments. Microorganisms-based oil sludge treatment 
technology has already started and is developed in Indo-
nesia. Various studies have been conducted to improve 
the solubility and degradation of the oil sludge, such as 
exploration of potential oil sludge degrading microbes 
and biosurfactant producing bacteria. Ni’matuzahrohet 
al. have isolated some potential oil sludge degrading 
bacteria from oil contaminated soil, the so call hydro-
carbonoclastic bacteria[5, 6]. 

This research aims to investigate the effect of ali-
phatic and aromatic hydrocarbons on the oxygenases 
production from hydrocarbonoclasticbacteria: Actino-
bacillus sp. P3(7), Bacillus substilis 3KP, Pseudomonas 
putida TI(8), and Micrococcus sp. LII (61).

EXPERIMENTAL

Materials
The materials used in this research were Nutrient Agar 

(NA), Nutrient broth (NB), yeast extract, sea salt, hexade-
cane, naphthalene, toluene, Tris-base, HCl, and NADH.

Bacteria strains
Bacteria strains used in this research, identified 

as Actinobacillus sp. P3(7), Bacillus substilis 3KP, 
Pseudomonas putida TI(8), and Micrococcus sp. LII 
(61), were collection of Laboratory of Microbiology,           
Biology Department Faculty of Science and Technology, 
Airlangga University.

Bacteria Cultivation
Each bacterium were inoculated on Nutrient Agar 

(NA) slant and incubated for 24 hours at room tempera-
ture, for the next research steps. 

Bacterial Growth Curve
The growth of the four bacteria strains was measured 

in 20 mL sterile Mineral Salt Medium (MSM) contain-
ing 1 % hexadecane in 100 mL Erlenmeyer flasks. The 
other flasks contained MSM supplemented with 0.5 % 
yeast extract and 1% naphthalene and toluene, instead of 
hexadecane. All cultures were incubated by shaking 100 
rpm at 300C for 14 days. Control flasks of each bacteria 
strain in the MSM medium, without hydrocarbon were 
incubated in the same conditions as reference for the 
bacterial growth. The bacterial growth was indirectly 
assessed by turbidity measurement of optical density at 
600 nm (OD600 nm) using an UV/Vis spectrophotometer 
at 2 days intervals [7, 8].

Preparation of the Intracellular Enzymes
Intracellular oxygenase enzymes were prepared by 

cultivation of each bacterium in 20 mL sterile MSM sup-
plemented with 0.5 % yeast extract and 1% hexadecane 
in 100 mL Erlenmeyer flasks. The other flasks contained 
MSM supplemented with 0.5 % yeast extract and 1% 
naphthalene and toluene, instead of hexadecane. All cul-
tures were incubated by shaking 100 rpm at 300C for 14 
days. Control flasks of each bacteria strain in MSM with-
out hydrocarbon, were incubated in the same conditions 
as the reference for the bacterial enzymes production. 
Samplings were done in 2 days interval period. Cells 
were harvested by centrifugation at 5000 rpm, then re-
suspended in 5 mL of buffer Tris-HCl 20 mM pH 7.4, and 
disrupted using an ultrasonic disintegrator for 4 minutes. 
The cells lysate was centrifuged at 8000 rpm at 4ºC for 
10 minutes. The cell-free supernatant obtained was the 
crude intracellular enzyme. The oxygenase activities 
of the crude enzymes were determined against the cor-
responding hydrocarbon as substrates [8, 9].

Assay of enzyme activity
The reaction mixture contained 20 mM Tris-HCl 

buffer (pH 7.4), crude enzymes, 0.1 mM NADH, 1 % 
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hydrocarbons solution (in 80 % DMSO), and 50 µL crude 
extract in 1 mL volume. The mixture was then incubated 
at 300C for 6 minutes. The reaction mixture containing 
inactivated enzyme were used as negative controls. 
Enzymes activities were assessed by measuring the 
absorbance decrease caused by consumption of NADH 
and resulting from oxidization of hydrocarbons, at 340 
nm with an UV-Vis spectrophotometer. One unit enzyme 
activity is defined as the amount of enzyme required for 
consumption of 1 micromole of NADH per minute [7, 8]. 

RESULTS AND DISCUSSION

Bacterial Growth on a Hydrocarbon Containing 
Medium 

The effect of aliphatic and aromatic hydrocarbons 
on the bacterial growth was studied by cultivation of four 
bacteria: Actinobacillus sp. P3(7), Bacillus substilis 3KP, 
Pseudomonas putida TI(8), and Micrococcus sp. LII (61) 

in the MSM, containing different hydrocarbons (hexade-
cane, toluene and naphthalene). The results showed that 
the addition of 1 % hydrocarbons (hexadecane, toluene 
and naphthalene) into the bacterial culture - hexadecane, 
naphthalene or toluene, could enhance the hydrocarbono-
clastic bacteria growth, as confirmed by an increasing 
OD600nm, as presented on the bacterial growth curve (Fig. 
1). The bacterial growth curves demonstrate that the four 
bacteria show the same growth pattern in the first 2 days of 
cultivation. They could grow rapidly in the MSM enriched 
with yeast extract, both without and with the addition of 
hydrocarbons. The adaptation phase was not observed 
from all bacteria. The bacterial cells started multiplying 
immediately after cultivation and gained exponential phase 
until second day of cultivation. The four hydrocarbono-
clastic bacteria were capable to adapt and used hydrocar-
bons (hexadecane, naphthalene and toluene) as carbon 
sources, after 2 days of cultivation. As seen, the growth 
curve showed an increasing of bacterial growth (OD600nm) 

Fig. 1. Bacterial growth curves of hydrocarbonoclastic bacteria in hydrocarbon containing medium: 1a - Actinobacil-
lus sp. P3(7); 1b - Bacillus subtilis 3KP; 1c - Micrococcus sp. LII(61); 1d - Pseudomonas putidaT1(8).

a)

b)

c)

d)
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when compared to the reference growth curve without the 
addition of hydrocarbons. In the bacteria cultivation on a 
medium without hydrocarbons, all bacteria realized the 
stationary or dead phase after 4 days cultivation. However, 
the bacteria grown in a medium containing hydrocarbons 
gain the increasing OD600 nm. It was been concluded that 
Actinobacillussp. P3(7), Pseudomonas putida T1(8), Bacil-
lus subtilis 3KP, and Micrococcus sp. LII(61) were able to 
degrade and use hydrocarbons (hexadecane, naphthalene 
and toluene) as a carbon source for the bacterial  growth. 

Degradation of hexadecane in MSM by Pseu-
domonas aeruginosa PSA5, Rhodococcus sp. NJ2 and 
Ochrobactrumintermedium P2, isolated from petroleum 
sludge, was also investigated [8]. Naphthalene bio-
degradation has also been reported in bacteria genus 
Pseudomonas, Mycobacterium, Corynebacterium, Ae-
romonads, Rhodococcus, and Bacillus [10].

Hydrocarbons, which are molecules with high energy 
and carbon content, can be good carbon and energy source 

for microorganisms. On the other hand, the complexity of 
the structure, molecular mass, hydrophobicity and solu-
bility of the hydrocarbons are become a limiting factor 
for bacteria to access the hydrocarbons. Bacteria have a 
specific mechanism to access and degrade hydrocarbons, 
to produce an extracellular biosurfactant or bacterial adhe-
sion mechanisms. The adhesion of the hydrocarbon to the 
cell wall can induce the bacteria to release enzymes that 
catalyze the oxidation of hydrocarbons. Most bacteria, able 
to degrade n-alkane, produce and secrete surfactants that 
allow emulsification of the hydrocarbon [4]. 

The mechanisms involved in the degradation of hy-
drocarbon are a specific enzyme-mediated, attachment of 
microbial cells to the substrate, and biosurfactants produc-
tion. The process of hydrocarbon degradation by bacteria is 
influenced by several factors, namely bacterial properties, 
properties of hydrocarbons and environmental factors. The 
ability of bacteria to degrade the hydrocarbon depends on 
the ability for bacterial adaptation to the environment, the 

a)

b)

c)

d)

Fig. 2. Effect of hydrocarbons on the oxygenase production by hydrocarbonoclatic bacteria: 2a - Actinobacillus sp. 
P3(7); 2b - Bacillus subtilis 3KP; 2c - Micrococcus sp. LII(61); 2d – Pseudomonas putidaT1(8).
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toxicity of the substrate and the presence of hydrocarbon 
degrading enzymes in the bacteria [10]. 

The Effect of Hydrocarbons on the Oxygenase 
Production

The effect of hydrocarbons on the oxygenase produc-
tion was observed to study the induction of hydrocarbon 
degrading enzymes during hydrocarbons degradation. The 
oxygenase activity, caused by consumption of NADH and 
resulting from oxidization of hydrocarbons, was assessed 
by measuring the absorbance change at 340nm with an UV-
Vis spectrophotometer. One unit enzyme activity is defined 
as the amount of enzyme required for consumption of 1 
micromole of NADH per minute [7]. Fig. 2 demonstrates 
the effect of hexadecane, toluene and naphthalene onto the 
oxygenases activity of four hydrocarbonoclastic bacteria: 
Actinobacillussp. P3(7), Bacillus subtilis 3KP,Micrococcus 
sp. LII(61), and Pseudomonas putida T1(8). The results 
showed that the production of catabolic enzymes (oxyge-
nases) during cultivation of hydrocarbonoclastic bacteria 
can be enhanced by addition of hydrocarbons in the growth 
medium. The four bacterial cell cultures, without the addi-
tion of a hydrocarbon in the growth medium, showed very 
low activity towards the corresponding hydrocarbon as a 
substrate. It was observed that the addition of a hydrocar-
bon in the media cultures induced oxygenase production 
in Actinobacillus sp. P3(7), Pseudomonas putida T1(8), 
Bacillus subtilis 3KP, and Micrococcus sp. LII(61). 

The Effect of Hexadecane on the Oxygenase 
Production 

The effect of hexadecane on the production of alkane 
hydroxylases was observed by measuring the activity 

of the intracellular crude enzymes from Actinobacillus 
sp. P3(7), Pseudomonas putida T1(8), Bacillus subtilis 
3KP, and Micrococcus sp. LII(61). The results showed 
that the production of alkane hydroxylase during cul-
tivation of the four bacteria, can be enhanced by the 
addition of hexadecane in the growth medium. Bacterial 
cell culture without the addition of hexadecane in the 
medium had a very low activity towards hexadecane 
as a substrate. It was observed that alkane hydroxylase 
was induced during the hexadecane degradation in all 
the four bacterial strains, but with different value and 
incubation time. Table 1 shows that among the four bac-
teria, Pseudomonas putida T1 (8) exhibited the highest 
activity of alkane hydroxylase (3.955 U/ mL), which  
was reached at 8 days cultivation.  Whereas the other 
bacteria gained lower activity of alkane hydroxylase, 
3.859 U/mL (Bacillus subtilis 3KP), 1.823 U/mL (Mic-
rococcus sp. LII(61)), and 0.772 U/mL (Actinobacillus 
sp. P3(7)), respectively. The addition of 1% hexadecane 
into the medium culture of Pseudomonas putidaT1(8), 
induced an alkane hydroxylase activity up to 8.789 times 
higher than the value for the negative control without 
hexadecane as an inducer.

The ability of bacteria to degrade hydrocarbons is 
influenced by the presence of catabolic enzymes, capable 
of degrading hydrocarbons into metabolites and to enter 
into the citric acid cycle. The first stages of a catabolism 
of the alkane compounds by bacteria are initiated by the 
alkane hydroxylase enzyme [2, 3]. Several enzymes, 
involved in the biodegradation of petroleum hydro-
carbons, have been found in bacteria. The activity of 
alkane monooxygenases in hexadecane degradation have 

Bacteria 
Enzyme activity (U/mL) Induction 

(times) no hexadecane with hexadecane 

Actinobacillus sp. P3(7) 0.150 0.793 5.286 

Bacillus subtilis 3KP 0.579 3.859 6.665 

Micrococcus sp. LII(61) 0,343 1.952 5.691 

Pseudomonas putida T1(8) 0.450 3.955 8.789 

 

Table 1. The effect of hexadecane on the activity of alkane hydroxylase.
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been identified for Pseudomonas aeroginosa  sp. PSA5, 
Rhodococcus sp. NJ2, and Ochrobactrum intermedium 
P2 [8]. Alkane hydroxylases which can degrade C5-C16 

alkanes, fatty acids, cycloalkane and alkyl benzene were 
found in Pseudomonas, Burkhlderin, Rhodococcus and 
Mycobacterium. A bacterial P450 oxygenase system 
which can degrade C5-C16 and cycloalkane were found 
in Acinetobacter and Mycobacterium [11]. 

The Effect of Toluene on Oxygenase Production
The effect of toluene on the production of oxyge-

nases was observed by measuring the activity of the in-
tracellular crude enzyme from Actinobacillus sp. P3(7), 
Pseudomonas putida T1(8), Bacillus subtilis 3KP, and 
Micrococcus sp. LII(61) towards toluene as a substrate. 
The results showed that the production of dioxygenase 
during cultivation of the four bacteria can be enhanced 
by the addition of toluene in the growth medium. The 
bacterial cell culture, without the addition of toluene in 
the medium, showed very low activity towards toluene 
as a substrate. It was observed that oxygenase was in-
duced during the toluene degradation in the four bacterial 
strains, but with different value and incubation time. 

Table 2 shows that the addition of 1% toluene into 
the culture medium effected Micrococcus sp. LII(61) has 
exhibited the highest activity of dioxygenase (7.074 U/ 
mL), which has been reached after 8 days cultivation. 
Whereas the other bacteria gained lower dioxygenase 
activities: 6.174 U/mL (Bacillus subtilis 3KP), 4.437 U/
mL (Pseudomonas putidaT1(8)), and 1.072 U/mL (Act-
inobacillus sp. P3(7)). The addition of 1 % toluene into 
the medium culture of Micrococcus sp. LII(61) induced 
the dioxygenase activity up to 15.720 times, as compared 

to the negative control without toluene as an inducer.
Several bacteria that could degrade and use toluene 

as carbon source had been reported. They use several 
pathways in toluene degradation, for example a monoox-
ygenase pathway for Pseudomonas aeruginosa UKMP-
14T, Bacillus cereus UKMP-6G, and Pseudomonas 
merdocina KR1, Pseudomonas stutzuri ox1, Burkhoderia 
sp. Strain JS150) [13, 14]. A dioxygenase pathway has 
been reported for (Pseudomonas putidu F1) [13, 14].

Effect of Naphthalene on the Enzymes Production
The effect of naphthalene on the production of 

oxygenases was observed by measuring the activity of 
the intracellular crude enzyme from Actinobacillus sp. 
P3(7), Pseudomonas putida T1(8), Bacillus subtilis 3KP, 
and Micrococcus sp. LII(61)s towards naphthalene as 
a substrate. The results showed that the production of 
dioxygenase during cultivation of the four bacteria could 
be enhanced by the addition of naphthalene in the growth 
medium. The bacterial cell culture, without the addition 
of naphthalene in the medium, showed very low activity 
towards naphthalene as a substrate. It was observed that 
oxygenase was induced during the naphthalene degrada-
tion in the four bacterial strain, but with different values 
and incubation times. 

Table 3 shows that the addition of 1% naphthalene 
into the culture medium has effected Pseudomonas 
putida T1(8), which has  exhibited the highest activity 
of dioxygenase (6.688 U/mL), reached after 10 days 
cultivation. Whereas the other bacteria gained lower 
dioxygenase activities: 6.100 U/mL (Micrococcus sp. 
LII(61)), 5.402 U/mL (Bacillus subtilis 3KP), and 1.061 
U/mL (Actinobacillus sp. P3(7)). The addition of 1% 

Table 2. Effect of toluene on the oxygenase activity. 

Bacteria 
Enzyme activity (U/mL) Induction 

(times) No toluene with toluene 

Actinobacillus sp. P3(7) 0,16 1.072 10.018 

Bacillus subtilis 3KP 0,643 6.174 9.602 

Micrococcus sp. LII(61) 0.450 7.074 15.720 

Pseudomonas putida T1(8) 0,386 4.309 11.163 
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naphthalene into the medium culture of Pseudomonas 
putidaT1(8) induced the dioxygenase activity up to 
20.776 times, as compared to the negative control with-
out naphthalene as an inducer.

The metabolism of naphthalene by Mycobacterium 
sp. involves both monooxygenation and dioxygenation 
to form cis- and trans-1,2 dihydrodiols, and is catalyzed 
by the cytochrome P450 monooxygenase, and forms a 
1,2-oxide, which is further converted to a trans-diol by 
epoxide hydrolase [10].

CONCLUSIONS

The addition of aliphatic and aromatic hydrocarbons 
into the cell cultures induced the bacterial growth and 
oxygenase production in hydrocarbonoclastic bacteria. 
The addition of 1% hexadecane and 1 % naphthalene into 
the culture of Pseudomonas putidaT1(8) increased the 
oxygenase activity up to 8.789 times, and 20.770 times, 
respectivelly. Whereas the addition of 1 % toluene into 
the cell culture of Micrococcus sp. LII(61) increased the 
oxygenase activity up to 15.72 times.  
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