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ABSTRACT

Petroleum is a complex mixture of hydrocarbons. No single species of microorganisms is able to degrade all 
components of the petroleum. Mutually beneficial interaction of microorganisms in the form of a consortium is 
required during the process of oil degradation. One form of mutually beneficial interaction between fungi and 
bacteria is biofilm formed by bacteria on fungal surface. The formation of bacterial biofilm on fungal surface was 
reported to increase the synergistic action of the two microorganisms in destroying certain complex compounds. 
This work was aimed to assess the capacity of hydrocarbon degrading-bacterial biofilm on the surface of hydrocarbon 
degrading-fungal surface to degrade hydrocarbons derived from drill cuttings. The hydrocarbon degrading-soil 
bacteria and fungi were isolated from different area in Yogyakarta, Indonesia after enrichment. The ability of bacteria 
to form biofilm on the surface of fungal hyphae was examined under light microscope with 1000x magnification 
after the addition of lactophenol. The effect of microbial amendment in the form of biofilm, in comparison with 
the planktonic culture, on degradation of hydrocarbons derived from drill cuttings were assessed by measuring 
the extractable petroleum hydrocarbon. The results showed that co-culture between fungi and bacteria which one 
among them or both of them have low ability to degrade hydrocarbon may significantly improve their ability and the 
ability of the co-culture to degrade hydrocarbon has no relationship with the ability of the bacteria to form biofilm 
on the surface of the fungal hyphae. 
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INTRODUCTION

Petroleum is a complex mixture of molecules, predominantly 
hydrocarbons. There are several hundred individual hydrocarbon 
chemicals that make up petroleum hydrocarbon. In high 
concentrations, these hydrocarbon molecules have a high toxicity 
against multiple organisms, including humans. Microorganisms play 
an important role in degrading petroleum compounds in polluted 
environments. The process of degradation of pollutant compounds 
by microorganisms is called biodegradation. Complexity petroleum 
hydrocarbon constituent causes the inability of a single species 
of microorganisms to degrade the overall components of the 
petroleum as each species of microorganisms can metabolize only 
a limited number of hydrocarbon substrates. Mutually beneficial 
interaction in the form of a consortium is required during the 
process of oil degradation [1-4]. 

Over the last few years the use of biofilms for biodegradation 
purposes has become a major focus of researchers. Biofilms are 
communities of microorganisms which grow and attach to a 
surface. The cells in the communities often bound one another 
by a matrix of extracellular polymeric substances (EPS). Biofilm 
formation is a way of microorganisms to protect themselves 
from physical and chemical environmental stress and to survive 
in nutrient-poor environments. Biofilms not only can be formed 
from the same types of microbes but they also can be formed from 
different microorganisms. One form of biofilm formed by different 
microbes are bacterial biofilms on fungal surface. In this type of 
biofilm, fungi act as a provider of solid surfaces for bacteria to stick 
to bacteria do not just use the surface of the fungal mycelium as 
a place of life but they also formed a special interaction with the 
fungus. The interaction basically provides an ideal environment 
for the formation of syntropic relationship between bacteria and 
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Bergey’s manual of determinative bacteriology and by 16s r-DNA 
sequencing [13-15]. Bacterial growth was measured by using 
spectrophotometer.

DNA extraction and PCR amplification 

Fungi were cultivated in Potato Dextrose Broth (PDB) for 6-8 days 
at room temperature with agitation at 170 rpm. DNA extraction 
was performed using the method developed by Lee et al. with 
some modifications [16]. Fungal mycelium were collected using 
filter paper, and 1 g of the collected mycelium were ground using 
mortar after an addition of 1 ml lysis buffer (50 mM Tris-HCl, 50 
mM EDTA, 3% SDS, 1% 2-mercaptoethanol). The lysate was then 
transfered into 1.5 ml microtubes and incubated in a water bath 
for 1 hour at 65°C. After centrifugation at 3400 rpm for 5 min 
at room temperature, the supernatant was transfered into a new 
microtubes and an equal volume of SEVAG (chloroform:isoamyl 
alcohol, 24:1, vol/vol) was then added. The mixture was then 
vortexed for a few secs, followed by centrifugation at 12000 rpm 
for 10 min at room temperature. Supernatant (580 µl) was taken 
and put into a new microtube, and sodium acetate 3 M (20 µl) 
was then added, followed by addition of 600 µl cold isopropanol. 
The mixture was then gently mixed by inverting the tube, and 
centrifuged at 12000 rpm for 2 min at room temperature. The 
supernatant was discarded and the tube containing pellet was 
stood in an inverted position for 1 min on a paper towel to allow 
all of the fluid to drain away. The pellet was then suspended in 300 
µl elution buffer. RNase (100 mg/ml) was then added at 1 µl and 
the suspension was then incubated at 65°C for 15 min. After the 
incubation, 250 µl ammonium acetate (7.5 M) was added, mixed 
gently by inverting the tube, and then centrifuged at 12000 rpm for 
5 min at room temperature. The supernatant was then transfered 
to a new microtube, and 750 ml isopropanol was then added. The 
mixture was then centrifuged at 12000 rpm for 2 min, and the 
supernatant was then discarded. Cold 100% ethanol (1 ml) was 
added to the pellet, vortexed for a few sec, and then centrifuged at 
12000 rpm for 2 min at room temperature. The supernatant was 
then discarded, and the pellet was then rinsed with 1 ml 70% cold 
ethanol. The mixture was again centrifuged at 12000 rpm for 2 
min at room temperature, and the supernatant was then discarded. 
The tube was inverted for 1 min to drain. The tube was further 
dried in an oven at 50°C for 15 min at most; the DNA pellet was 
then resuspended in 30-50 µl of TE, and then stored at -20°C. 

The internal transcribed spacer region 1 (ITS1) was amplified 
by using GoTaq Green master mix (Promega). Specific 
ITS1 (5'-TCTGTAGGTGAACCTGCCG-3'), and ITS2 
(5'TCCTCCGCTTATTGATATGC-3') primers pair were used 
for amplification [11]. Amplification was performed in a thermal 
cycler (GeneAmp PCR System 9700) using the following program: 
initial denaturation at 95°C for 2 min, followed by 30 cycles of 
denaturation at 95°C for 1 min, annealing at 52°C for 30s and 
extension at 72°C for 1 min. For the last cycle, the extension step 
was extended for another 5 min.

Bacterial isolates were cultivated in Nutrient Broth (NB) for 
18-24 h at room temperature with agitation at 170 rpm. DNA 
extraction was performed using the method of Wilson with some 
modification [17]. Cells were harvested by centrifugation at 12000 
rpm for 2 min at room temperature and the supernatant was 
discarded. The pellet was resuspended in 410 µl TE (Tris-EDTA) 
buffer by repeat pipetting, 50 µl lyzozim was then added and the 
mixture is incubated at 37°C for 30 min. The tube was inverted 

fungi [5-9]. The formation of bacterial biofilm on fungal surface 
can provide protection for the bacteria from inhibitory effects 
of antimicrobial compounds, biocides, and a variety of other 
pressures, either chemical or physical. The polymer matrix in 
biofilms may also protect bacteria and fungi from the possibility 
of cells dehydration. Moreover, the formation of bacterial biofilm 
on fungal surface can also increase the synergistic action of the 
two microorganisms in destroying certain complex compounds. 
Isolated Pseudomonas species which formed biofilm was able to 
degrade crude oil much faster than its counterparts which could 
not form biofilm. Biofilm forming bacteria enable them to rapidly 
colonize the air-liquid interface by the production of EPS [10-12]. 

In this work, we aim to assess the capacity of hydrocarbon degrading-
bacterial biofilm on the surface of hydrocarbon degrading-fungal 
surface to degrade hydrocarbons derived from drill cuttings. The 
hydrocarbon degrading microorganisms, bacteria as well as fungi, 
were isolated from soils taken from different area in Yogyakarta, 
Indonesia after serial enrichment cultures. Isolates having ability 
to utilize crude oil as their carbon source were selected. The 
organisms were characterized and identified by morphological 
and biochemical test, as well as by sequencing of 16s rDNA, for 
bacteria, or Internal Transcribed Spacer (ITS) region1 dan 2, for 
fungi. The effects of microbial amendment in the form of biofilm, 
in comparison with the planktonic culture on degradation of 
hydrocarbons derived from drill cuttings were assessed.

MATERIALS AND METHODS

Source of microorganisms, culture enrichment, and isolate 
characterization 

Bacteria and fungi were isolated from various soils found in 
Yogyakarta, Indonesia. Soil samples (1 g) were dissolved into 9 ml 
of distilled water. The enrichment of drill cuttings hydrocarbon-
degrading microorganism was carried out by inoculating 10 ml 
Bushnell Haas minimal broth (per L of broth contains K

2
HPO

4
, 

1 g; KH
2
PO

4
, 1 g; CaCl

2
, 0.2 g; MgSO

4
.7H

2
O, 0.02 g; and FeCl

3
, 

0.005 g) containing 2% drill cuttings as its sole carbon source with 
1 ml of the soil suspension. Drill cuttings were obtained from oil 
refinery unit of PT Pertamina (state-owned oil company) at Cilacap, 
Central Java, Indonesia. The enrichment process was carried out 
at room temperature with 120 rpm shaking. After seven days of 
incubation, the samples were diluted up to 10-3 and then were 
surface plated on PDA (Potato Dextrose Agar) for the isolation of 
fungi and NA (Nutrient Agar) for bacterial isolation. Colonies that 
appeared were then purified and its ability to degrade petroleum 
hydrocarbon was further examined quantitatively. The tests were 
conducted using Bushnell Haas minimal broth containing 2% 
petroleum hydrocarbon as the sole carbon source. The broth 
were inoculated with 1 loop of bacteria and incubated at room 
temperature with 120 rpm shaking for 7 days. After the incubation, 
residual hydrocarbon was extracted using benzene. The extractable 
residual petroleum hydrocarbons were quantified gravimetrically. 
Fungal and bacterial isolates having capability to degrade petroleum 
hydrocarbon were selected for further studies. Fungal isolates were 
characterized by their colonial and cellular morphology as well as by 
molecular identification. Colonial and cellular morphologies were 
observed by conventional dissecting microscope and compared the 
observation with standard keys, while molecular identification was 
conducted using primary part of the internal transcribed spacer 
(ITS). Identification of the selected bacteria was carried out based 
on colony morphology, biochemical characteristics following 
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was calculated from the difference between the weight of residual 
petroleum hydrocarbons extracted from the inoculated broth and 
uninoculated broth.

Examination for the capability of bacterial and fungal 
constituents of the biofilm on fungal surface to degrade 
petroleum hydrocarbon

To compare the ability of each bacterial and fungal constituent of 
the bacterial biofilm on fungal surface as well as the co-culture of 
bacteria-fungus that does not form biofilms on the degradation of 
petroleum hydrocarbons, the number of bacterial cell and fungal 
biomass in the biofilm should be determined. For that purpose, 
the number of bacteria on the biofilms which have been formed 
was counted by the pour plate method on Bushnell Haas 
minimal agar containing 2% glucose added with 200 ppm 
ketoconazole as an antifungal to inhibit the growth of fungi 
[20]. Our preliminary study showed that addition of 200 ppm 
ketoconazole to Bushnell Haas minimal agar containing 2% 
glucose did not significantly interfere the number colonies 
appeared on the plates from the same inocula. The fungal dry 
biomass was determined gravimetrically after 36 h drying at 80°C. 
The relationship between the number of bacteria cultured in a 
growth medium with their optical density was then determined. 
Inoculum of bacterial constituent of the biofilm containing an 
equal number of bacteria with that of the biofilm was inoculated 
into Bushnell Haas minimal broth containing 2% drill-cuttings 
and incubated at room temperature for 10 days with shaking at 
120 rpm. On the other hand, inoculum of fungal constituent 
of the biofilm containing an equal amount of fungal biomass 
with that of the biofilm was inoculated into the same medium 
and incubated in the same way. After the incubation period, the 
ability of oil degradation was determined. 

Statistical analysis 

The data are the means of three replicates. Two factor analysis of 
variance (ANOVA) were performed using Microsoft Excel software 
to determine the level of significance at p<0.05. The differences 
between groups were analysed by Duncan’s Multiple Range (DMR) 
Test [21].

RESULTS AND DISCUSSION

Isolation and selection of drill cutting hydrocarbon degrading 
bacteria and fungus 

Bacteria and fungi were isolated from various sources such 
as compost, peat, and soils found in Yogyakarta, Indonesia. 
Each source has different lignin content. Microorganisms 
were isolated after enrichment in minimal medium containing 
petroleum as the sole carbon source. Seven bacterial and three 
fungal isolates that were able to degrade petroleum hydrocarbon 
were obtained. 

Bacterial isolates were then characterized morphologically, 
physiologically as well as genetically. The seven bacterial isolates 
were identified as Ochrobactrum anthropi, Pseudomonas aeruginosa, 
P. geniculata, Alcaligenes faecalis, Bacillus subtilis, B. cereus, and 
Acinetobacter baumannii. The fungal isolates were characterized 
by their colonial and cellular morphology as well as by molecular 
identification. The three fungal isolates were identified as Aspergillus 
niger, Eupenicillium javanicum and Penicillium sp. Capability of the 
bacterial and fungal isolates to degrade hydrocarbons contained in 
drill cuttings were shown in Table 1. 

for gently mixing every 10 min. Addition of 30 µl of 10% sodium 
dodecyl sulfate and 3 µl of 20 mg/ml proteinase K followed by 
incubation at 37°C for 30 min with gently mixing every 10 min to 
ensure cells lysis. Sodium chloride 5 M (100 µL) and CTAB 10% 
(100 µl) were then added to the mixture, and the incubation was 
continued at 65°C for 15 min. An equal volume of SEVAG was 
then added, mixed thoroughly, and then centrifuged at 12000 rpm 
for 5 min at room temperature. Viscous supernatant was transfered 
to a new microtube. Cold isopropanol (0.6 volume) was then 
added, mixed thoroughly and then incubated overnight at 20°C. 
The mixture was then centrifuged 12000 rpm for 15 min at 
room temperature. The pellet was then rinse with 70% ethanol, 
incubated at 4°C for 1 h, and then centrifuged at 12000 rpm 
for 5 min at room temperature to repellet it. The supernatant 
was carefully removed, and the tube was inverted for 1 min to 
drain. The tube was further dried in an oven at 50°C for 15 min 
at most; the DNA pellet was then resuspended in 50 µl of TE 
buffer, and stored at 20°C. 

For the amplification of 16s rDNA, F8 
(5‘AGAGTTTGATCCTGGCTCAG-3’), and R1493 (5‘- 
ACGGCAACCTTGTTACGACC-3’) pair of primers were used 
with GoTaq Green master mix (Promega) kit. Amplification was 
performed in a thermal cycler (GeneAmp PCR System 9700) using 
the following program: initial denaturation at 95°C for 2 min, 
followed by 30 cycles of denaturation at 95°C for 1 min, annealing 
at 55°C for 30 s and extension at 72°C for 1 min. For the last cycle, 
the extension step was extended for another 5 min.

The PCR-amplified DNAs were sent to 1st BASE, Singapore for 
sequencing. The sequences obtained were analyzed by BLAST online 
comparison (http:// www.ncbi.nlm.nih.gov) for identification 
based on homology comparison with NCBI databases [18,19]. 

Examination of the capability to form biofilm 

The capability of bacterial isolates to form biofilm on the surface 
of fungal isolates was examined by co-culturing the bacterial and 
fungal isolates in Bushnell Haas minimal broth with glucose as 
its carbon source. Prior to the co-culturing process, the density of 
fungal spores and bacteria cells were calculated. Fungal spores (105) 
were inoculated into 50 ml Bushnell Haas minimal broth with 
pH 7.0 ± 0.2 and incubated at room temperature with 120 rpm 
shaking for 2 d until the fungi start to form small clumps. Bacterial 
cells (105) were then inoculated into the broth, and incubation at 
room temperature were continued with 80 rpm shaking. Biofilm 
formations were observed every day after the bacterial inoculation 
using light microscope with 1000x magnification after the addition 
of lactophenol. Biofilm formation was characterized by the 
attachment of bacterial cells on fungal hyphae.

Examination for the capability of bacterial biofilm on 
fungal surface to degrade petroleum hydrocarbon 

Biofilm (0.2 g) was taken and sprayed with sterile distilled water 
to remove the free living bacterial cell, then inoculated into 
Bushnell Haas minimal broth containing 2% drill-cuttings and 
incubated at room temperature for 10 days with shaking at 120 
rpm. Residual petroleum hydrocarbons in the broth were extracted 
using benzene and separated from the broth using separatory 
funnel. The extracted residual petroleum hydrocarbons were 
transferred into a petri dish and allowed to dry for 24 h. The 
extracted residual petroleum hydrocarbons deposited in the petri 
dish was then weighed. Petroleum hydrocarbon degradation ability 
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Capability of the bacterial isolates to form biofilm on the 
surface of fungal isolates

The obtained bacterial isolates were then examined for their 
capability to form biofilm on the surface of the obtained fungal 
isolates. After 7 days from inoculation and incubation bacterial 
isolate begins stick on surface fungus mycelium. No bacterial isolates 
were observed to be able to be co-cultured with Aspergillus niger. 
Co-culture on the surface of the isolated Penicillium sp. 12 d after 
the bacterial inoculations were shown in Figure 1, while the ones 
on Eupenicillium javanicum were shown in Figure 2.

As shown in Figure 1, although all of the bacterial isolates can 
be co-cultured with the isolated Penicillium sp., only Pseudomonas 
aeruginosa and P. geniculata were able to form biofilms on the on 
the surface of the isolated Penicillium sp. The rest of the bacterial 
isolates can be co-cultured with Penicillium sp. without forming 
biofilm of the surface of the fungal mycellia. On the other hand, 
all of the seven bacterial isolates were able to form biofilms on the 
surface of the isolated Eupenicillium javanicum (Figure 2).

Examination for the capability of fungal-bacterial 
association to degrade petroleum hydrocarbon 

The ability of the co-cultured between Penicillium sp. as well as 
Eupenicillium javanicum with seven bacterial isolates to degrade 
petroleum hydrocarbon was then examined. The results of the 
examination were shown in Table 2. Table 2 shows that inoculation 
of the petroleum containing Bushnell Haas minimal broth with 
only Penicillium sp. inoculum produced significant reduction on 
the amount of extractable petroleum hydrocarbon compared to the 
uninoculated one (control). It indicates the ability of Penicillium 
sp. to degrade petroleum hydrocarbon. However, inoculation with 
only Eupenicillium javanicum inoculum has no significant effect. 
The result is in accordance with the result of the selection process 
shown in Table 1, i.e. Eupenicillium javanicum has much lower 
ability to degrade petroleum hydrocarbon compared to that of 
Penicillium sp. In the absence of fungal inoculum, only petroleum 
containing broth inoculated with Pseudomonas aeruginosa, 
Alcaligenes faecalis, and Acinetobacter baumanii produced 
significant reductions on the amount of extractable petroleum 
hydrocarbon, which mean that those three bacteria have the ability 
to degrade petroleum hydrocarbon. However, in the presence 
of fungal inocula, both Penicillium sp. as well as Eupenicillium 
javanicum, inoculation of petroleum containing broth with 
Ochrobactrum anthropi, Pseudomonas geniculata, and Bacillus 
subtilis also resulted in a significant decrease on the amount of 

extractable petroleum hydrocarbon. It indicates that O. anthropi, 
P. geniculata, and B. subtilis are able to work synergeticaly with the 
fungi to degrade petroleum hydrocarbon. Only inoculation with 
Bacillus cereus, neither in the presence nor in the absence of fungal 
inuculum, has no effect on the amount of extractable petroleum 
hydrocarbon. 

If compared with the ability of Penicillium sp., P. aeruginosa, A. 
faecalis, and A. baumanii when inoculated alone, co-inoculations 
of the petroleum containing Bushnell Haas minimal broth with 
Penicillium sp. and P. aeruginosa, A. faecalis, or A. baumanii did not 
show any significant improvement on the ability of both fungal 
and bacterial inoculant to degrade petroleum hydrocarbon. 
However, co-inoculation of the petroleum containing Bushnell 
Haas minimal broth with Penicillium sp. and Ochrobactrum anthropi, 
Pseudomonas geniculata, or Bacillus subtilis resulted in significant 
improvement of the ability to degrade petroleum hydrocarbon 
compared to the ones inoculated only with bacterial inocula. The 
above results indicate that co-inoculation with Penicillium sp. could 
not further improve the ability of bacteria which have ability to 
degrade hydrocarbon. On the contrary, for bacteria which have low 
ability to degrade hydrocarbon, the co-inoculation with Penicillium 
sp. may significantly improve their ability. Penicillium sp. has been 
reported able to degrade the hydrocarbon because it uses crude 
oil as a source of carbon and energy and metabolized to CO

2
 and 

biomass [22]. Fungal hyphae are not solely as film to help the 
attachment but perform numerous actions, such as providing 
nutrients for bacteria [23] and facilitate bacteria to move with 
hyphae to access the nutrients [24]. 

Table 2 also shows that co-inoculation of the petroleum containing 
Bushnell Haas minimal broth with Eupenicillium javanicum, that 
has low ability to degrade hydrocarbon, and all bacterial inocula, 
except Bacillus cereus, significantly reduce the amount of extractable 
petroleum hydrocarbon compared to the ones inoculated only with 
bacterial inocula. It indicates that Eupenicillium javanicum could work 
synergistically with bacterial inocula in degrading the hydrocarbon. 
It was reported, that filamentous fungi are usually able to attach to 
the hydrophobic surface through the construction of hydrophobic 
proteins [25]. Formation of the Eupenicillium javanicum with 7 
bacteria and its architecture helped in the effective transport of 
the bacterium following degradation of its surface by enzymatic 
reactions. Other research stated that various chemical catalyst 
produced by fungi attract the bacteria by chemotactic response 
such as expression of distinct genes consequent to association with 
the fungal cells [26], while Bacillus subtilis has been observed to shift 

Isolates Benzene Extractable- Residual Hydrocarbon (mg)

No isolate (control) 155.25 ± 0.35

Ochrobactrum anthropi 92.63 ± 7.53

Pseudomonas aeruginosa 57.97 ± 9.83

Pseudomonas geniculata 81.5 ± 12.19

Alcaligenes faecalis 95.67 ± 13.36

Bacillus subtilis 70.87 ± 8.42

Bacillus cereus 97.93 ± 5.63

Acinetobacter baumanii 59.97 ± 5.4

Aspergillus niger 58.4 ± 0.41

Eupenicillium javanicum 118.1 ± 1.4

Penicillium sp. 31.2 ± 0.52

Table 1: Benzene extractable-residual hydrocarbon in Bushnell Haas minimal broth containing 2% petroleum hydrocarbon inoculated with isolates.
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(a)                                                (b)                                         (c)

(d)                                             (e)                                           (f)

(g)

Figure 1: Co-culture between isolated bacteria and the isolated Penicillium sp. 12 d after the bacterial inoculation of (a) Ochrobactrum anthropi, (b) Pseudomonas 
aeruginosa, (c) P. geniculata, (d) Alcaligenes faecalis, (e) Bacillus subtilis, (f) B. cereus, and (g) Acinetobacter baumannii.

(a)                                                (b)                                         (c)

(d)                                             (e)                                           (f)

(g)

Figure 2: Co-culture between isolated bacteria and the isolated Eupenicillium javanicum 12 d after the bacterial inoculation of (a) Ochrobactrum anthropi, (b) 
Pseudomonas aeruginosa, (c) P. geniculata, (d) Alcaligenes faecalis, (e) Bacillus subtilis, (f) B. cereus, and (g) Acinetobacter baumannii.
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Treatments
Extractable petroleum hydrocarbon (g) from Minimal Medium inoculated with

O. anthropi P. aeruginosa P. geniculata A. faecalis B. subtilis B. cereus A. baumannii No bacteria

With Penicillium sp. 
inoculant

0,694efg 0,739defg 0,758cdef 0,762cde 0,779cde 0,887ab 0,776cde 0,811bcd

With Eupenicillium 
javanicum inoculant

0,706efg 0,662fg 0,650g 0,658g 0,682efg 0,834abcd 0,650g 0,826abcd

No fungal inoculant 0,892ab 0,769cde 0,846abc 0,797bcde 0,860abc 0,856abc 0,768cde 0,932a

Note: Different letters imply that there is a significant difference at p=0.05 
*Shaded back groud indicates the ability of bacterial isolates to form biofilm on the surface of fungal mycelia

Table 2: Extractable petroleum hydrocarbon from Bushnell Haas minimal broth inoculated with Penicillium sp. or Eupenicillium javanicum-bacterial 
association and their bacterial as well as fungal constituents to degrade petroleum hydrocarbon.

Treatments O. anthropi P. aeruginosa P. geniculata A. faecalis B. subtilis B. cereus A. baumannii
No 

bacteria

With Penicillium 
sp. inoculant

0,226 0,270 0,282 0,274 0,249 0,098 0,282 0,106

With 
Eupenicillium 

javanicum 
inoculant

0,237 0,192 0,174 0,170 0,153 0,045 0,155 0,121

No fungal 
inoculant

0,112 0,213 0,145 0,144 0,044 0,076 0,216 -

Table 3: Differences between hydrocarbons extracted from Bushnell Haas minimal broth inoculated with Penicillium sp. or Eupenicillium javanicum-
bacterial association and their bacterial as well as fungal constituents with control (without bacterial or fungal inoculation).

Treatments O. anthropi P. aeruginosa P. geniculata A. faecalis B. subtilis B. cereus A. baumannii
With Penicillium sp. inoculant 0,218 0,319 0,251 0,250 0,150 0,182 0,322

With Eupenicillium javanicum inoculant 0,233 0,334 0,266 0,265 0,165 0,197 0,337

Table 4: Addition of the ability to reduce hydrocarbons by single inoculation of bacteria and fungi.

through soil toward fungal spores as a chemotactic response [27] 
and Pseudomonas fluorescens has been found to induce its trehalose 
usage genes when bared to fungal culture supernatant [28].

Comparing Tables 3 and 4, it showed that co-cultivation between 
Eupenicillium javanicum and Ochrobactrum anthropi, Pseudomonas 
geniculata, Bacillus subtilis, and Alcaligenes faecalis increased 
their abilities exceeding the sum of their each ability to reduce 
hydrocarbon content in the Bushnell Haas medium. The same case 
can also be seen in the co-cultivation between Penicillium sp. and 
Ochrobactrum anthropi.

The case of co-inoculation with Ochrobactrum anthropi and 
Penicillium sp., in which the bacterial isolate is unable to form 
biofilm on the surface of fungal mycelium, and co-inoculation with 
Bacillus cereus and Eupenicillium javanicum in which the bacterial 
isolate is able to form biofilm on the surface of fungal mycelium, 
prevent us to conclude that the ability of bacterial isolates to form 
biofilm on the surface of fungal biomass may has an effect on their 
ability to degrade hydrocarbon.

CONCLUSION 

Co-culture between fungi and bacteria which one among them 
or both of them have low ability to degrade hydrocarbon may 
significantly improve their ability and the ability of the co-culture 
to degrade hydrocarbon has no relationship with the ability of the 
bacteria to form biofilm on the surface of the fungal hyphae.
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