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Abstract

Petroleum hydrocarbons are recalcitrant contaminants that have various im-
pacts on the natural ecosystem. Microorganisms have been widely used in re-
cent years to remove the hydrocarbons that are present in crude oil. The ob-
jective of this research was to isolate and select microorganisms that have the
potential to degrade hydrocarbons present in mangrove sediments. In present
study, we have isolated fungi from clean sediment contaminated with differ-
ent fractions (Ze, saturated hydrocarbons, aromatic, and no hydrocarbon
compounds (NSO)) of two types of oil. There were two types of oxidation
tests were performed: one in multi well plates and the other in stirring and
temperature control. Screening tests were conducted to detect the biodegrada-
tion of petroleum fractions with 72 fungal isolates over a period between 12
and 48 hours. With the two oxidation tests, the 2,6-dichlorophenol-indo
phenol (DCPIP) indicator made it possible to select fungi with the potential to
degrade the three main fractions of oil in the Reconcavo and Campos Basins.
It was observed that the fungal isolates in the cleaned sediment were able to
oxidize the three fractions of both types of oil. It was also concluded that some
isolated strains oxidize oil faster and more efficiently than others. The forma-
tion of a consortium with the isolated consortium was a potential for the in-
crease of the degradation of oil in the environment.
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1. Introduction

Population development and the advance of industrialization, especially of the
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oil production chain, have had increased anthropogenic impacts on the bios-
phere. Because many sources of oil are needed to meet global demand, the
processing, storage and transportation of oil are constantly required. As a result,
oil spills are a major cause of soil and water pollution [1] [2] [3].

In addition to being composed of mixture of hydrocarbons, oil is composed of
other organic compounds, such as organometallic nickel and vanadium com-
plexes constituents, which are difficult to degrade the products [4].

Some microorganisms are armed with arsenals of enzymes that are able to use
oil as a source of carbon and energy. These microorganisms have been the sub-
ject research on the isolation of species involved in oil degradation processes [5].
The main efficient microorganisms in reducing the oil spill from the environ-
ment are the bacteria (Alcanivorax and Rhodobactere) and the fungi (Aspergil-
lusand Fusarium) (6] [7].

The biodegradation of petroleum hydrocarbons is a complex process and is
directly related to the nature and amount of hydrocarbons. Studies have shown
that the oil degradation rates also depend on weather and climate conditions [8].
For example, hydrocarbons in aquatic sediments are degraded slowly in the ab-
sence of light and oxygen.

Researchers [9] have reported that different factors influence the degradation
of hydrocarbons. The limited availability of microorganisms in the environment
is the main factor. Therefore, the mechanisms that bind these compounds to the
substrate and their relative susceptibility to microbial attack are also key factors
for the biodegradation process. This susceptibility may be generally classified as
follows: linear alkanes > branched alkanes > aromatic > cyclic alkanes [10].

Hydrocarbons are substrates that require an electron acceptor for the oxida-
tion of a highly reduced initial stage [10]. A rapid screening technique is to use
the redox indicator dye 2,6 dichlorophenol indophenol (DCPIP). A method us-
ing the redox indicator DCPIP was proposed to evaluate the potential for the
microorganisms present to degrade hydrocarbons by using them as a substrate
[11]. This is a redox reaction and it can be signaled by a color change in the in-
dicator DCPIP from blue (oxidized form) to colorless (reduced form). The abili-
ty of a given microorganism to degrade the hydrocarbon is inversely propor-
tional to the time required for the color of the DCPIP to turn. The test time is
generally 24 to 48 hours.

One of the first fungal bioremediation studies reported that Aspergillus, Ce-
phalosporium, and Penicillium cunninghamella were isolated from an estuarine
environment and were capable of using oil as a sole source of carbon and energy
[12]. They were identified as filamentous fungi and were isolated from soil con-
taminated with petroleum. The organisms’ analysis showed that those with the
ability to degrade hydrocarbons were grouped into four genera (Aspergillus, Pe-
nicillium, Paecilomyces and Fusarium) [13].

To assess the potential of fungi to efficiently degrade oil compounds, 72 fungal
isolates were submitted to qualitative tests based on biological oxidation, which

was evidenced by discoloration of the medium containing DCPIP [11] and was
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associated with the potential to degrade petroleum.

This technique follows the principle, and the indicator is the verification of
the occurrence of biological oxidation of hydrocarbons, in which the DCPIP in
the culture medium acts as the electron acceptor in the oxidation process [14].

Two types of oxidation tests were performed: one type is in multiwell plates
and the other is in small vials (with stirring and controlled temperature). The
change of the indicator occurred at different times for each individual test,
which ranged between 12 and 48 hours. The isolates were tested with fractions
(saturated hydrocarbons, aromatic and NSO compounds) of two types of oil: oil

from the Recdncavo Basin and from the Campos Basin.

2. Materials and Methods

2.1. Sampling Procedure

Samples were obtained from a bioremediation experiment conducted in the
Bioremediation Simulation Laboratory in the city of Candeias in Bahia, Brazil
between September and October 2013. The substrate used to be subsurface se-
diment (10 - 20 cm) of mangroves located near the Landulfo Alves-Ba Refinery.
The experiment was conducted in simulation units consisting of four glass tanks
aquariums, each of which contained six beakers, which were tested for three
treatments and a control. The test tubes were coated with cotton bags to prevent
a high incidence of light, and a 10 cm aliquot of clean sediment (sediment with-
out contamination by hydrocarbons) was added to each tube. The test tubes
were placed in simulation tanks supported by a wooden support. An oxygena-
tion pump was placed in each aquarium.

The pellet contained in the beakers was contaminated with fractions (satu-
rated hydrocarbons, aromatic, and NSO compounds) of the Reconcavo Basin oil,
equivalent to approximately 1% of the substrate by weight. The mixture was in-
cubated for 30 days to permit adaptation of the biota to specialized xenobiotic
degradation. A tide simulation for 2 hours/day was conducted throughout the
experiment. The analyses were performed at the Laboratory of Biotechnology
and Chemistry of Microorganisms and the Petroleum Laboratory at the Federal
University of Bahia. Samples were collected at two periods, at time 0 and at time

30, and were placed in previously decontaminated glass jars.

2.2. Sample Processing

Ten grams of soil were suspended in 95 mL of distilled water and 0.75 g of so-

dium chloride in Erlenmeyer flasks, which were then manually stirred.

2.3. Quantification of the Microbiota

The Sabouraud culture medium was used, a total of 5 serial dilutions were made,
and 0.1 ml was then transferred to the Petri dishes in duplicate. The dishes were
incubated at 25°C. Readings were based on the presence or absence of colony

forming units (CFU) after seven days.
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2.4. Isolation

The method used to isolate filamentous fungi was dilution and coating [15].

2.5. Obtaining Fractions of Oils

Fractions of two types of oil, from the Recdncavo and Campos Basins, were ob-
tained to observe the development of radial growth experiments through the
vacuum chromatography method [16]. The three main fractions obtained from
the oil included saturated hydrocarbons, aromatic hydrocarbons and NSO

compounds.

2.6. Obtaining Fractions of Oils

Fractions of two types of oil, from the Recdncavo and Campos Basins, were ob-
tained to observe the development of radial growth experiments through the
vacuum chromatography method [16]. The three main fractions obtained from
the oil included saturated hydrocarbons, aromatic hydrocarbons and NSO

compounds.

2.7. Selection of Fungi for Degrading Oil Fractions

Isolated fungus control simulation units (ref 01) were tested with the three oil
fractions (saturated hydrocarbons, aromatic and NSO compounds). The use of
the redox indicator DCPIP (2,6-dichlorophenol-indophenol) was proposed to
evaluate the potential for microorganisms to degrade hydrocarbons by using

them as a substrate [11].

2.8. Two Types of Tests Were Carried out

Oxidation tests in multi well plates were in Figure 1 and Figure 2. To conduct
the experiment, a standardized suspension of 10® CFU/mL was added to each
well of the multiwell plate. The following factors were varied in the experiment:
BH, carbon source (saturated hydrocarbons, aromatic and NSO compounds)
and the redox indicator DCPIP. A negative control was also included. In abiotic
wells (negative control), sterile water was added to replace the microbial suspen-
sion. The plates were incubated at 30°C and were visually observed at 0, 24 and
48 hours. For fungi that showed the ability to utilize hydrocarbons as a substrate,
there was discoloration in the middle of the well.

1 Déééééé B control
2 DO QOOOQ ] TripIi?ate
3 DO OOQOO [l Fungitested

CLEN) £ (F2 ) (F (7 (o)
N AL A A A

Figure 1. Scheme for selection of fungi in multi-well plates.
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Oxidation tests with agitation were in Figure 3. Only the isolates that showed
greater than 50% oxidation in the previous test were tested with stirring. The
experiments were performed in 20 mL vials with a medium Bushnell Haas car-
bon source (saturated hydrocarbons, aromatic and NSO compounds) and a mi-
crobial suspension. After 48 hours of acclimatization, including stirring at 200
rpm at 30°C % 1°C, the redox indicator DCPIP was added to assess the time re-
quired for the biological oxidation of the tested fraction.

3. Results and Discussion

3.1. Selection No. 1: Oxidation Test in Multiwell Plates

In the screening test of the potential of fungi to degrade the oil fractions of the
Recdncavo Basin (saturated hydrocarbons, aromatic and NSO compounds), 72
isolates of filamentous fungi were tested in multi well plates. The reading was
performed at 24 and 48 hours. When the saturated hydrocarbon fraction was
used as a carbon source, two of the filamentous fungi (R13 and S$45) yielded a
decolorized culture medium up to 24 hours after the addition of the DCPIP in-
dicator, and R13 and S45 were bleached by approximately 25% and 50%, respec-
tively. When using the aromatic fraction, only one fungus (R1) was bleached by
approximately 50% 24 hours after the addition of the indicator. Regarding the
NSO fraction, R31 was oxidized by approximately 50% at 24 hours after the ad-
dition of DCPIP, as shown in Figure 4.
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' PF@@OOO0) | K=
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Figure 2. Discoloration classification (%) for test 1.

.Control
OO O | O
AN I K | O

O75%
= — M 4 — Ogo%
—— — LS O1oo%

Figure 3. Discoloration classification (%) for test 2.
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Figure 4. The fungi tested for its ability to oxidize oil from the Recdncavo Basin: (a) the sa-
turated fraction, (b) the aromatic fraction, and (c) the NSO fraction.

We tested 23 strains of filamentous fungi with the potential to degrade petro-
leum products including diesel, gasoline, kerosene and bunker, where 4% (1/23)
4% (1/23) 23% (6/23) and 13% (3/23) of filamentous fungi decolorized the cul-
ture medium up to 24 hours after the addition of the DCPIP when the petroleum
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products mentioned above were used as the carbon source, respectively [17].
Despite the small percentage presented in the results, isolated fungi from envi-
ronments contaminated with oil indicate that they play an important role in the
degradation of the oil spilled into the environment [7].

After 48 hours, when using the aromatic fraction, R2 and A75 oxidized ap-
proximately 50%; R26, R1, R16, A76 and A81 oxidized approximately 75%; and
R11, R33, A83, A79, A79R, A63, A61, A84 and A62 decolorized approximately
100% (Figure 4(b)).

Regarding the NSO fraction, R13, N89 and N106 oxidized approximately 50%;
N96 and N108 oxidized approximately 75%; and R14, R32, R26, R33, R15, R16,
N85, R11, R31, N101, N102 and N82 decolorized approximately 100% after 48
hours (Figure 4(c)).

Isolates R8, R24, R23, R14, R25, R1, R15, R32, R27, R28, R30, S48, S49, 543,
S37, S34, A74, A74R, A73, A77, A82, A64, A78, N97, N91, N105, N99R, N89,
N107, N99, N100, N87, N104, N88 and N103 showed no oxidative activity in
tests with oil fractions of the Reconcavo Basin (Figures 4(a)-(c)).

Within 48 hours after the addition of DCPIP, 19 isolates decolorized the cul-
ture medium when using the saturated fraction. Of those, R2, R32, R26, R28,
R30, R31, and S45 decolorized approximately 50%; and R16, R27, R11, R33, R13,
S41, S53, S52, S38, S36, S39 and S40 decolorized 100% of the culture medium
(Figure 5).

Only 16 strains completely bleached the culture medium after 24 h of incuba-
tion at 30°C. The other strains decolorized the culture medium after periods of
48 hours (8%) and 72 h (84%).

It is noteworthy that were 34 isolates obtained with an oxidative capacity of
100% after 48 hours. For this screening test, a 25 uL suspension of fungal spores
was used, and concentrations in the suspensions were determined. The number
of spores is expressed in 10° CFU, as reported in Table 1.

With these data, it was found that the capability to oxidize organic compounds
is not linked to the amount of spores produced by the isolates. A comparison of
the data in Table 1 with Figure 5 indicates that some isolates produce fewer
spores and are able to oxidize approximately 100% of the culture medium. For

example, the fungus A79 produces 1.0 x 10° spores and oxidizes approximately

(@) (b)

Figure 5. Illustration of the change in indicator color after 48 hours for two fungi
tested for oxidation of the oil from the Recéncavo Basin: (a) time 0, and (b) after 48
hours. Source: the author.
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100% spores of the aromatic fraction. In contrast, the fungus A63, which pro-
duces 310.5 x 10° spores, also oxidizes 100% of the same fraction.

It was observed that among the tested fungal isolates, four were able to deco-
lorize the culture medium when tested with the three fractions after the addition
of DCPIP. In Figure 6, it can be seen that the fungal isolates R16, R11 and R33
oxidized 100% when tested with the three fractions. The isolate R26 was also

noted as yielding a higher degree of oxidation of the NSO fraction.

Table 1. Values of quantitative spore solution used in the oxidation test oil to the bowl
Reconcavo.

SAT Spores (UFC x 10°) ARO  Spores (UFC x 10°) NSO  Spores (UFC x 10°)

R2 83.75 R2 83.75 R14 44.00
R32 1.25 R26 29.00 R32 1.25
R26 29.00 R1 2.50 R26 29.00
R16 269.5 R16 269.50 R33 0.00
R27 50.00 R11 169.00 R15 8.25
R11 169.00 R33 0.00 R16 269.50
R33 0.00 A83 250.00 R11 169.00
R13 25.75 A79 1.00 R13 25.75
R28 0.00 A 79R 1.00 R31 5.25
R30 153.5 A63 310.5 N94 1.50
R31 0.00 A80 121.5 N101 57.75
S45 47.00 A76 14.75 N102 104.25
S41 44.25 A6l 324.00 N82 0.00
S53 193.00 A84 89.50 N96 0.75
S52 86.50 A62 6.00 N89 56.00
S38 175.50 A81 45.25 N85 0.00
$36 134.25 A75 94.50 N106 286.25
S39 31.00 - - - -
S40 6.00 - - - -

Degrading of Saturated, Aromatic and NSO

[f————— |

I

R33 H

2 ]

& R11 =

2 mNOS

S -

ug_ R16 { AROMATIC
SATURATED
|

R26

o
[
o

40 60
Oxidation %

[o]
o
-
o
o

Figure 6. Graph with selected fungi capable of degrading the three fractions
in the oil of the Reconcavo basin.
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The same test was conducted with the fungal isolates for oil from the Campos
Basin. When the saturated fraction was used as a carbon source, filamentous
fungi (R33) after the addition of DCPIP up to completely bleached the tested
culture medium (Figure 7(a)). In the presence of the aromatic fraction, fungal
isolates R32, R16, R27, A83, A64, A61, A84, A62, A81 and A75 decolorized ap-
proximately 50% to 75% at 24 hours after the addition of the indicator (Figure
7(b)). Regarding the NSO fraction, isolates R33, R30 and N108 oxidized ap-
proximately 50% to 75% at 24 hours after the addition of DCPIP, as shown in
Figure 7(c).

According to the results, 90% of the isolates showed the potential to degrade
gasoline [19]. Adaptation is the main contributor to the increased hydrocarbon
biodegradation capacity. This occurs with some populations of microorganisms
in environments polluted by petroleum products [20].

Within 48 hours after the addition of DCPIP, 22 isolates decolorized the me-
dium when using the saturated fraction, where R2, R8, R23, R32, R26, R11, S39,
S40, S37 decolorized approximately 75%; R16, R13, R30, R27, R33, S38, $43, S36,
S$34, S41, S53 and S52 decolorized 100% of the medium (Figure 7(a)).

When using the aromatic fraction, R25, A84, A75, and A62 oxidized approx-
imately 50%; R8, R14, R16, A83, A81, A61 and A64 oxidized approximately 75%;
and R2, R32, R27, R11, A77, A79 and A79R decolorized approximately 100%
(Figure 7(b)).

Regarding the NOS fraction, R13, R30, R31 and N89 oxidized approximately
50%; R15, N101, and N88 N99R oxidized approximately 75%; and R2, R25, R14,
R32, R8, R26, R33, R11, R16, N108, N82, N96, N87, N100, N104, N89, N103,
N85 and N99 decolorized approximately 100% (Figure 7(c)).

The isolates R24, R23, R14, R25, R1, R15, S48, 549, A74, A74R, A73, A77, A82,
A61, A76, A78 N91, N97, N106, N107, N102 and N105 did not test positive for
oxidation of the oil fractions from the Reconcavo Basin (Figures 7(a)-(c)).

From the spore counts of the suspensions (Table 2), it was also observed that
the capability to oxidize organic compounds is not controlled by the amount of
spores produced by the fungal isolates. When comparing the data of Table 2
with Figure 7, it was observed that certain fungi produce many spores and oxid-
ize approximately 50% to 100% of the culture medium. For example, the fungus
R16 produces 269.5 x 10° spores and oxidizes approximately 100% of saturated
compounds; in contrast, fungus S43, which produces 4.25 x 10° spores, also oxi-
dizes 100% of the same compound.

In tests with the oil from the Campos Basin, the fungal isolates were also able
to decolorize the culture medium after the addition of DCPIP for all three
tested fractions. The isolates R2, R8, R16, R27, R11 and R33 exhibited an oxida-
tive capacity when tested with the three fractions. Of these isolates, R27 and
R33 have the most potential and decolorized approximately 100% (Figure 8).
With the tests performed with the fungal isolates of the control samples (ref
01), it was possible to select isolates for potential fungal degradation of organic

compounds.
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Figure 7. Graph showing the fungi tested for oxidation to the oil in the Campos Basin. (a) Test with
saturated fraction; (b) testing with aromatic fraction and (c) with the test fraction NSO.

3.2. Selection No. 2: Oxidation Test with Acclimatization

In the oxidation test with the oil fractions of the Recdncavo Basin, performed for
each isolate in duplicate, it was observed that 17 of the 19 isolates tested showed
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Table 2. Spores of quantitative values used in the oxidation test for the Campos Basin oil

fractions.

SAT Spores (UFC x 10°) ARO  Spores (UFC x 10°) NSO  Spores (UFC x 10°)
R2 83.75 R2 83.75 R2 83.75
R8 56.75 R8 56.75 R25 26.50
R23 39.25 R14 44.00 R14 44.00
R32 1.25 R25 26.50 R32 1.25
R26 29.00 R32 1.25 R8 56.75
R1 2.50 R33 0.00 R26 29.00
R16 269.5 R16 269.50 R33 0.00
R27 50.00 R27 50.00 R15 8.25
R11 169.00 R11 169.00 R16 269.5
R33 0.00 A83 250.00 R11 169.00
R13 25.75 A77 0.00 R13 25.75

R30 153.5 A79 1.00 R30 153.50
S38 175.50 A 79R 1.00 R31 5.25
S43 4.25 A63 310.50 N94 1.50
S36 134.25 A64 61.25 N101 57.75
S39 31.00 A61 324.00 N99R 124.75
540 6.00 A84 89.50 N82 0.00
S37 282.75 A62 6.00 N99 0.00
S34 5.00 A81 45.25 N96 0.75
S45 47.00 A75 94.50 N87 51.25
S41 44.25 - - N100 1.00
S53 193.00 - - N104 11.75
S52 86.50 - - N8s8 8.50

- - - - N89 56.00
- - - - N103 133.75
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Figure 8. Graphic with selected fungi capable of degrading the three fractions in the oil in

the Campos Basin.
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the ability to degrade the saturated fraction after 12 hours, four isolates (R2, R16,
R28 and S38) oxidized approximately 50%, three (R27, R31 and R33) decolo-
rized approximately 25%, four (R11, R30, S45, and S53) oxidized approximately
75%, and six (R32, R26, S36, S39, S40 and S41) oxidized 100% in the first 12
hours (Figure 9(a)).

With the ability to degrade the aromatic fraction after 12 hours, 15 of the 16
isolates showed the ability to oxidize. Of these, two (A76 and A62) oxidized
approximately 50%, seven (R2, R26, R1, A79, A79R, A63 and A80) decolorized

Saturated Fraction

(@
=12h
; 24h

Isolated Fungi

c
8
=

@©
k=]

X
@]

Aromatics Fraction

(b)
S
[ =
k]
3 ®12h
X
(@) 24h
Isolated fungi
NSO Fraction (c)
|
—_ ) |
S
= 50
s : -
B
o ®12h
x
o) 0 I ‘ 24h

Isolated fungi

Figure 9. Graph showing the fungi tested for oxidation to oil Reconcavo Basin. (a) Test with
saturated fraction; (b) testing with aromatic fraction and (c) with the test fraction NSO.
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approximately 25%, three (R11, A83, and A61) oxidized approximately 75%, and
three (A84, A81 and A75) oxidized 100% in the first 12 hours (Figure 9(b)).

With respect to the isolates tested with the NSO fraction, 14 of the 16 strains
showed the ability to oxidize, four (R26, N85, N82 and A96) oxidized approx-
imately 50%, one (N108) bleached approximately 25%, nine (R14, R15, R16,
R11, R13, R31, N101, N102, and N89) oxidized approximately 75%, and no fun-
gus showed the ability to oxidize 100% in the first 12 hours (Figure 9(c)).

When the isolates R27, R11, R30 and R53 were tested with the saturated frac-
tion, complete discoloration occurred after 24 hours (Figure 10). For the aro-
matic and NSO fractions, four isolates decolorized 100% after 24 hours.

Only the fungal isolates oxidizing 50% to 100% were selected as the most
promising for degrading oil and organic compounds. However, one should take
into account that all of the isolates have a potential to degrade hydrocarbons be-
cause they were isolated from a medium containing oil as the sole carbon source,
although their activity may have been less accelerated at the onset of biological
oxidation compared with the selected isolates [11] [14] [21] [22].

In the oxidation test with the oil fractions of the Campos Basin, performed for
each isolate in duplicate, it was observed that 19 of the 23 isolates tested showed
the ability to degrade the saturated fraction after 12 hours. Of these, three (R16,
S$38, S37 and S34) oxidized approximately 50%, three (R2, R11 R27e) decolorized
approximately 25%, seven (R1, R33, R30, S43, S39, S52 and S53) oxidized ap-
proximately 75%, and three (R8, S36 and S45) oxidized 100% in the first 12
hours, thus demonstrating their capacity to adapt to the carbon source (Figure
11(a)).

With respect to the isolates tested with the NOS fraction, 23 of the 25 isolates
had the ability to oxidize. Of these, five (R14, R8, N103, N82 and N96) oxidized
approximately 50%, six (R2, R26, R16, R31, N85 and N100) decolorized ap-
proximately 25%, the six (R15, R11, R13, N101, N99 and N88) oxidized ap-
proximately 75%, and three (N99R, N87 and N104) had the ability to oxidize
100% in the first 12 hours (Figure 11(c)).

When the isolates R26, R30, S38 S39, S40, S37, S34 and S53 were tested with the
saturated fraction, complete discoloration occurred after 24 hours (Figure 11(a)).

Figure 10. Window color change illustration after 24 hours to two fungi tested for oxidation to oil
the Reconcavo Basin. (a) Tests strain with R33 and (b) testing with the S52 strain.

K2
22 +%%, Scientific Research Publishing



D.F.Limaetal.

Saturated Fraction (@)
100
90 = EaEEHEEEE
80 EE EHEER =E
;\;70/— ”——:——————_:—““
= 60+ = = = HE
%50* HEH SIEIEIE HEEIAE
S 0= HHEEEHEH HEHE HEEIEE =12n
5 30— HAEEHES HEH S HE=EHHEHE 24h
20 - = = IS HEH HEIE B HE=EEIEE
10-E— = IS HE=H HAA S HEAAE
9 [§] d)_t‘-') o (0—\——(0 ~ \——o’)—t:)—O CO—O')—(.D_@—O N~ V—LO—\-——O‘)—‘N—-
redoAJdr == O O0O0FTO0O0F00SST 00
¥ @ o rreroexedododnponohdonondod
Isolated fungi
Aromatic Fraction ()
100 -
90 - = =
80 ¢ = =
s 07 [ = HE
< 60 = = SIEIE IS
c
S 50 = — HEAHAE
§ 0 — —H-H- =44 =
S 30 = —HHEAE — = 1= 1= 1=
20 + — =HE 2 E *f‘}
“HHEE E|SE|s|meE|s|s|s|s|s|s|s
©x [h's - N ™ — N — M © N~ N~ o>} (o) [{e] © O © «© N~
r ¥ ¢ ¥ ¥ ¥ @ <« <« < R < < < € < < <
Isolated fungi <
NSO Fraction
(c)
100
90 + = = =H= = =
80 + — — == EEEERE=
= "V TV EEEHE = == = = I =
X ——=5=3== = = HEAEAEEIEHEEE
E60< — = — = = = = =
-%50— = = = = = ] HEEAIHAE =
.'S!_<40‘ —— — 44— 11— — 1 H — — — 1 — =12h
O 304+— 14— EHHEHEHEEE-EE = HEHAHE E 24h
20 - — = = = = = = I M . = 1= I =
10 - = SEEEIEIE ESEEEEEEEEIEIEE
S Y NP RPOo RO BN E D ED IR S
raoN - My NN - - T 0O M0 O g ®®oO 0O O o 0o O
¥ x o rFrecvrrryrx ¥ r©rz=soz22ZZ= < 2ZZ<
z Z z z z
Isolated Fungi

Figure 11. Graph showing the fungi tested for oxidation to oil in the Campos Basin. (a) Test
with saturated fraction; (b) testing with aromatic fraction and (c) with the test fraction NSO.

For three aromatic fractions (A63, A84, and A64) and the NSO fraction, seven
isolates (R33, R15, R11, R30, N82, N99 and N89) decolorized 100% after 24
hours (Figure 11(b) and Figure 11(c)).

Only the fungi with oxidative capacities of 50% to 100% were selected as the
most promising for degrading organic compounds of oil in the Campos Basin, as
highlighted in Figures 11(a)-(c).

Three mechanisms can contribute to the adaptation of fungi to the carbon
source: induction of specific enzymes, genetic changes that result in the acquisi-
tion of new metabolic activities, and selective enrichment of organisms capable
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Figure 12. Illustration indicator color change after 24 hours to two fungi tested for oxidation to oil
Reconcavo Basin. (a) Test strain with R11 and (b) with the test strain A77.

of transforming the compounds. It is this adjustment that results in an increased
rate of degradation of hydrocarbons [19] [23].

Regarding the ability to degrade the aromatic fraction after 12 hours, thirteen
of the twenty isolates showed the ability to oxidize, and two (R11 and A83) oxi-
dized approximately 50%, seven (R2, R8, R27, R11 (Figure 12(a)), A77 (Figure
12(b)), A61 and A84) decolorized approximately 25%, two (A62 and A81) oxi-
dized approximately 75%, and two (A64 and A75) oxidized 100% in the first 12
hours (Figure 12(b)).
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