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ABSTRACT

The biodegradation of hydrocarbons in crude oil under saline stress needs to be investigated
because degradation was generally lack or slow, whereas crude cil or petroleum hydrocarbons are
major pollutants of marine envirenments. A natural isclate, Fusarium sp. FO22, having the ability
to degrade chrysene was used to degrade the aliphatic fraction in crude o1l contaminating a liquid
culture with artificial sea water (35%o). Three types of crude oil were used to perform these
experiments. FO92 showed the best performance to break down the aliphatic fraction in crude oil
type-3 (98%) and type-2 (72%) and type-1 (49%) after 60 days with an initial concentration of
1000 mg L', Furthermore, almost all the aliphatic compounds (Up to C,)) in the crude oil were
degraded by FC092 which preferred short and long chain hydrocarbons. Incubation with
15000 mg L7 degraded less than 40% of the aliphatic fraction of all erude oils tested. The
outstanding abihity of Fusarium sp. FO92 to adapt to artificial sea water and degrade the aliphatic
fraction of all crude oils at high concentrations offers an alternative for bicremediation of crude oil -
polluted marine environments.
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INTRODUCTION

Crude o1l or petroleum hydrocarbons are major pollutants of marine environments released as
a result of offshore drilling, well accidents, transportation accidents, ruptured pipelines, routine
washing of storage tankers and natural ol seepage (Harayama ei al., 1999; Kvenvolden and
Cooper, 2003; Chaineau et «l., 2005; Minai-Tehrani et al., 2006a; Elshafie et al., 2007,
Hasanuzzaman et al., 2007). Bioremediation inveolves treating the petroleum pollutants with
aliphatic-degrading micreorganisms possessing many kinds of enzymes. It has been shown to be
a viable, relatively low cost, low-technology technique, break down the pollutants in a shorter time
and its use is widespread (Bogan and Lamar, 1996; Kang and Oulman, 1996; Vidali, 2001;
Erdogan and Karaca, 2011).

Crude oil contains a large variety of compounds mainly ceonsisting of carbon and hydregen.
They are generally categorized into four fractions based on their solubility in organic solvents:
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aliphatics, aromatics, asphaltenes and resins (Atlas, 1985; Harayama ef al., 1999; Venosa and Zhu,
2008; Prince and Walters, 2007). The aliphatic fraction is the largest component in fossil fuels and
its biodegradation has been considered useful for enhancing oil recovery (Binazadeh et af., 2009).
Many microcrganisms (bacteria, fungi and yeast) are known to grow and utilize hydrocarbons in
crude o1l and derived products (Cerniglia, 1992; Juhasz and Naidu, 2000; Thavasi et al., 2007;
Yemashova et al., 2007; Sarma and Sarma, 2010; Das and Chandran, 2011). Although, aliphatic
hydrocarbons are easily biodegraded, long chain and branched-chain hydrocarbons are not
(Hasanuzzaman et al., 2007). Furthermore, microorganisms capable of degrading aliphatic
hydrocarbons in erude il under hypersaline conditions have been more difficult to obtain because
the degradation rate decreases with increasing salinity in the range 3.3-28.4% and with increasing
pH (Venocsa and Zhu, 2003).

Recently, many studies have focused on hydrocarben degradation under saline conditions with
bacteria but not fungi. In particular, Fusarium sp. F092 that was isolated based on the ability to
metabolize chrysene under saline condition (Hidayat ef al., 2010). This method has been proposed
as an efficient way of identifying fungi can degrade crude oil because chrysene 1s a Polycyelic
Aromatic Hydrocarbon (PAH), a poorly degradable group contained in crude oil. No Fusarium
species able to degrade crude o1l have been studied until now. Therefore, the aim of this study was
to asses Fusarium sp. FO92 for its ability to degrade the aliphatic fraction in three types of crude
o1l with artificial sea water in liquid cultures.

MATERIALS AND METHODS

Chemicals: Types 1 and 2 crude oil were obtained from Taiyo Petroleum Co. Ltd (Japan). Type
3 was collected from sea water polluted by an o1l spill (Hiroshima, Japan). Agar, glucose, C-200
silica gel, CaCl,, Hexadecane (C,;H,,) and other chemicals were purchased from Wako. Co. Ltd
(Japan). Pentadecane (C,;H,,) was purchased from TCI. Co. Ltd (Japan). The material for synthetic
sea water was obtained from Delphis (Japan).

Biodegradation assay: The liquid culture experiments were conducted in 100 mL erlenmeyer
flasks containing 20 mL of Potato Glucose Medium (PGM) with artificial sea water (35 g L™") used
to make saline conditions. A fixed concentration of crude oil type-1, type-2, or type-3 dissolved with
n-hexane was added to the culture. The culture was stood overnight on a clean bench for
evaporation of the solvent. Then, 3 agar plugs (5-mm in diameter) punched out from an actively
growing Fusarium sp. FO92 were inoculated. The culture was incubated at 25°C. The degradation
of crude cil was determined at 15, 20 and 60 days. The effect of the type (1, £ or 3) and
concentration (1000 and 15000 mg L) of the crude oil on aliphatic depradation was studied. A
negative control was also prepared to confirm the loss of crude oils during incubation and
quantification and was carried cut in erlenmeyer flasks with 20 mL of PGM containing substrates
without inoculated fungi.

Analyses of the aliphatic fraction of erude oil: Hydrocarbon concentrations were determined
by extraction and purification using several solvents basically as described by Chaineau et al.
(2005). Briefly, the culture was extracted three times using n-hexane, dichloromethane (CH,Cl,)
and chloroform (CHCL)) (100 mL each). N-hexane was used to separate the fractions. The
n-hexane-inscluble fraction consisted of asphaltenes and seme organic compounds. The n-hexane-
soluble fraction was separated further inte aliphatic, aromatic and Nitrogen-Sulfur-Oxygen (NSO)
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fractions by chromatography on a column filled with Bg of C-200 silica gel eluted with 100 mL of
n-hexane, 100 mL of toluene and finally 200 mL ofa combination CHCL, and methanol
{ratio 1 : 1) (w/v). T he aliphatic fraction was analyzed by gas chromatography (GC Shimazdzu
G-23000 for crude oil type-1 and GC Shimazu 2014 for crude oil type-2 and type-3), with a TC-5
capillary column {length : 30 m, 1.d : 0.24 mm). The carrier gas was Helium delivered at a constant,
flow rate of 1.5 mL min™' with a column pressure of 100 Kpa and interface temperature of 280°C.
The temperature program was started at 80°C, increased at 10°C min ™ to 280°C and maintained
at 280°C for 10-20 min to allow late eluting peaks to exit the column. The injection volume was
2 pli and the injector temperature was maintained at 280°C. Aliphatie compounds of crude oil were
analyzed using the kovats retention index system (Jennings and Shibamoto, 1980),

Enzymes assay: Extra-cellular and intra-cellular enzyme production was investigated in potato
glucose medium. The enzymatic activity was observed every 10 until 40 days incubation. The
culture was homogenized at 10000 rpm for 10 min. The enzymatic activities in the crude
supernatant were investigated spectrophotometrically using a Shimadzu UV-1600. Manganese
peroxidase activity was assayed with methods described by Wariishi ef al. (1992). Laccase activity
was assayed as described by Leonowcez and Grzywnowicz (1981). 1,2-Dioxygenase activity was
assayed as described by Nakazawa and Atsushi (1970). 2,3-Dioxygenase activity was assayed with
the method described by Nozaki (1970). All experiments were carried cut at 25°C. Activities were
expressed as international units per liter of enzyme, where one unit of activity is defined as the
amount of enzyme necessary to convert 1 pmal of substrate in 1 min.

Data analyses: All results are presented as means of triplicateszstandard deviations. Data was
analyzed for significant differences between treatments using a cne-way analysis of variance
{ANOVA). To establish whether differences (p<0.05) between individual treatments were
significant, the Duncan multiple range test was applied. All analyses were conducted using SPSS
version 15 for windows.

RESULTS

Degradation of aliphatic fraction of crude oil: In this study, three types of crude oil were
used. The composition of aliphatic, aromatic, NSO and hexane inscluble fractions including
asphaltene and organic compounds was determined (Table 1). The aliphatic fraction was large in
crude oil type-3 (75.4+£5.5) than crude ail type-1 or type-2 and the other fractions comprised less
than 31% of the total. N-hexane, dichloromethane and chloroform were used to extract crude oil
and determine Total Petroleum Hydrocarbons (TPH) as shown in the material and methods. The
level of TPH in liquid medium was 1000 and 15000 mg L' at the beginning of the incubation and
changed little during incubation in the control system or abiotic system. The degradation
of the aliphatic fraction of the three types of crude oil is shown in Fig. 1. At 1000 mg L7,
Fusarium sp. F092 degraded 98, 72 and 49% of the ahphatic fraction of crude o1l type-3, type-2 and
type-1, respectively. The difference was significant (p<0.05). At 15000 mg L™, F092 degraded less
than 40% of the aliphatic fraction (Fig. 1). The increase in initial oil concentration decreased
significantly (p<0.05) the degradation amount of aliphatic fraction in all types of crude oil.

Degradation of individual aliphatie fractions: Figure 5 and 6 show GC chromatograms of the
aliphatic fraction in crude oil (1000 mg L) before and after degradation. The peaks of all aliphatic
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Table 1: The composition of crude oil

Crude oil Aliphatic (%) Aromatic (%) NSO (%) Asphaltene (%)
Type-1 61.6+1.1 6.3£1.5 7.1+0.4 25.1+£2.5
Type-2 44 2453 31.0+6.8 7.5+4.3 17.3+4.9
Type-3 78.4+5.5 8.9+2.1 3.2+0.5 12.545.7

Values are Means+Standard Deviation for three replicates
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Fig. 1. Degradation of the aliphatic fraction of three types of crude oil by Fusarium sp. F092 at
different concentrations in liquid culture
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Fig. 2: Degradation of the aliphatic fraction of erude oil type-1 by Fusarium sp. F092

compounds are clearly distinguishable in the GC chromatogram and the compounds were
determined using the Kovats Index (KI). Crude oil type-1, 2 and 3 contained C,; to (), Cj;to Cy

and C;to Gy, respectively. All crude o1l types were composed of linear aliphatic hydrocarbons and
branched and cyclic aliphatic

hydrocarbons.
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Fig. 3: Degradation of the aliphatic fraction of crude oil type-2 by Fusarium sp. FO92
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Fig. 4: Degradation of the aliphatic fraction of crude oil type-3 by Fusarium sp. FO92

usually lost during the incubation due to evaporation. To make sure of the amount due to
evaporation, it was investigated which the result shown that percentage of all aliphatic compounds
consisted in three types of crude o1l during incubation were not changes. Furthermore, the
degradation of the aliphatic fraction of crude oil type-3 by Fusarium sp. FO92 was greater than that
of crude oil type-1 and type-2. Almost all the aliphatic compounds (Up to C,;) were degraded. The
degradation of aliphatic fraction was done significantly in short and long carbon number, as
shown in Fig. 5 and 6. The degradation of each compound of aliphatic fraction was shown clearly
in Fig. 2, 3 and 4 which gave the percentage degradation after 15, 30 and 60 days. Thus, Fusarium
sp. F092 prefers short and long ecarbon number’s compounds during degradation of crude ail
(Fig. 5, 6) and metabolite degradation product, but remained in middle carbon number’s
compounds.
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Fig. 5(a-b): Gas chromatographic analyses of crude oil type-1 in artificial sea water over time
showing the degradation of aliphatic compounds, (a) initial concentration at O
day; (b) after 60 days by Fusarium sp. F092
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sea water over time showing the degradation of aliphatic compounds
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Fig. 7: Change in enzymatic activity during incubation of Fusarium sp. F092 in liquid medium

Enzymatic activity: Ligninolytic and non ligninolytic enzymatic activities were investigated in
liquid cultures. The variation of activity and function with the incubation of Fusarium sp. FO92 1s
shown in Fig. 7. The activity level of manganese peroxidase and laccase reached 69.2 and
48.8 UL™ on 20 days, while 1,2-and 2,3-dioxygenase showed the highest level after 20 days
(289.5 and 49.7 U L), respectively. Specifically for the degradation, 1.2-and 2.3-dioxygenase
enzymes would attack an aromatic compound at the 1.2- and 2.3-position.

DISCUSSION

In the present study, Fusarium sp. FO92 was able to degrade aliphatic fraction of three type
crude oil under saline condition. This result was important because bicdegradation by
microorganisms under saline conditions was generally lacking or slow. There was a major impact
on cell growth through 1) disruption to the cell membrane, 2) the denaturing of some proteins and
3) change in osmotic pressure and any of which could be lethal (Woclard and Irvine, 1994;
Kargi and Dincer, 2000). The degradation of the aliphatic fraction decreased significantly (p<0.05)
as the concentration of crude cil in the culture increased. These results are consistent with previous
report, the increase in the initial oil concentration decreased the degradation (Adenipekun and
Isikhuemhen, 2008; Binazadeh et al., 2009). This result indicated that increasing in oil
concentration might increase the level of compounds, toxicity and nutrient or oxygen limitation.
Finally, their ability changed due to inhibit effect on the enzymatic degradation.

Furthermore, type-3 crude o1l was more easily degraded than type-1 or type-2. The aliphatic
fraction in type-3 crude oil consisting of C,,to C,, was considered the most rapidly degradable
components (98%) than in crude oil type-1 (C-Cy) and type-3 (C;-C,)). The increase carbon
number of the aliphatic fraction in crude oil is considered hardly degradable substrates, n-alkanes
in G to C; range are attacked first and next the isoprenocid-to-alkane ratio increases as the >Cy,,
n-alkanes are attacked (Wenger ef al., 2002). The degradation of aliphatic compounds has
generally been ranked in the following order of decreasing susceptibility: n-alkanes > branched
alkanes > cyclic alkanes (Leahy and Colwell, 1990; Wenger et al., 2002; Chaineau et al., 2005;
Prince and Walters, 2007). Fusarium sp. FO92 was considered to degrade easily aliphatic fraction
in crude oil >50% and consist a carbon number of less than 20 (crude cil type-3). The degradation
was moderate 1f the aliphatic fraction in crude o1l <50% containing a carbon number of less than
27 (crude oil type-2). It was difficult if the aliphatic fraction in crude cil > 50% and containing a
carbon number of more than 27 (crude oil type-1). The degradation of hydrocarbon pollutants also
depends on the composition of oil (Jain ef al., 2011; Yemashova et al., 2007; Yang et al., 2009),
ability of microorganisms (Prince and Walters, 2007; Yang ef al., 2009), viscosity {(Amund and
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Adebiyi, 1991) and environmental factors (Ateef ef al., 1999; Minai-Tehram ef alf., 2006b;
Yemashova et al., 2007; Prince and Walters, 2007; Yang ef al., 2009).

Fungi metabalize crude oils, converting them to carbon dioxide or into secondary metabolites.
This may generate products of metabolism with worse physical and chemical properties than the
ail itself. The enzymatic systems produced by fungi are keys to converting crude oil. Fusarium sp.
F092 produced extra and intra-cellular enzymes, especially in liquid medium. The extra-cellular
lignaolytic system consists of three main enzyme groups with lignin peroxidase (LiFP), Manganese
Peroxidase (MnP), phencl oxidases {(Lacases, tyrosinases) and H,O sproducing enzymes
{(Haritash and Kaushik, 2009). MnP oxidizes Mn (II) to form Mn (III) and then Mn (III) oxidizes
a phenolic substrate to produce phenoxy radicals with hydrogen peroxide (H,O,). Laccases are multi
copper enzymes catalyzing the oxadation of a variety of phenol compounds which involves the
reduetion of O, to H,O. These polyphenol oxidases are widely distributed among fungal species. The
intra-cellular system metabalizes pollutants through cytochrome P450 monooxygenase and epoxide
hydrolase-catalyzed reactions to form trans-dihydrodiol via arene oxide. Aliphatic compounds, a
major group 1n crude oil, are rapidly degraded by Fusartum sp. FO92 and closely related to enzyme
activities produced. In most cases, aerobic biodegradation of aliphatic hydrocarbon begins with
addition of one or both atoms of diatomic oxygen by enzymes known as monooxygenases or
dioxygenases (Prince and Walters, 2007) and then oxidation of extraterminal methyl groups to
primary alcohol and aldehydes (Atlas, 1981; Yemashova et al., 2007). The aliphatic hydrocarbon
could be oxidized to fatty acid and take out them via fatty acid metabolisms in cellular lipids
{Hadibarata et al., 2007). The aliphatic fraction is the largest component of fossil fuels and its
biodegradation has been considered a useful tool for enhancing cil recovery (Binazadeh et al.,
2009).

CONCLUSION

The results obtained in this study clearly demonstrated that Fusarium sp. F092 could degrade
the aliphatic fraction in erude cil under saline conditions. This ability offers an alternative for the
biocremediation of crude oil-polluted marine environments.
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