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Abstract 

The anaerobic denitrification, antibacterial and enzyme-producing potentials of filamentous fungi 

isolated from sediment collected from the coastal region of the Niger Delta in Bonny Island, Nigeria 

were investigated. The fungi were aerobically isolated using spread plate method on sterile acidified 

potato dextrose agar. The capability of isolates to survive under anoxic environment was assessed by 

incubating cultured plates in anaerobic jars. Four isolates were studied for growth and denitrifying 

capacity in mineral salts supplemented with nitrate, glucose and peptone for 14 days under anaerobic 

conditions. Agar diffusion assay was employed for antibacterial activity of isolates against fish and 

shellfish pathogens (Aeromonas hydrophila and Vibrio parahaemolyticus). The isolates were screened 

for production of amylase, cellulase, protease and lipase using starch agar, cellulose agar, skim milk 

agar and tributyrin agar correspondingly. Twelve fungal isolates of the genera Fusarium, Aspergillus, 

Cladosporium, Penicillium, Acremonium and Trichoderma were isolated at different frequencies with 

Aspergillus predominating. A decrease in nitrate concentration and accumulation of nitrite and 

ammonia were observed at the end of the denitrification study. Nine fungal isolates (75%) were found 

active against the pathogens. The percentage composition of amylase, cellulase, protease and lipase 

producing strains were 83.3, 83.3, 75.0 and 66.7% respectively. The denitrification pattern and 

organic substrate degradation ability observed showed that fungi can play a role in nitrogen and carbon 

cycles occurring in marine sediment. The results also revealed that the indigenous multiple enzyme-

producing fungi with antibacterial potential isolated in this study can be efficiently used for 

biotechnological applications. 
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Introduction 

An alternative respiration in prokaryotes that 

helps them to survive in the absence of oxygen is 

anaerobic denitrification. Nevertheless, current 

studies have shown that fungi can also undergo 

anaerobic respiration. It has been reported that 

denitrifying fungi do not complete the 

denitrification process to nitrogen rather they 

form nitrous oxide (N2O) which contributes to an 

elevated greenhouse gases (Ronaldand and 

Laughlin, 2002; Shoun et al., 1992). However, 

some authors have reported that during 

denitrifying process many fungal denitrifiers are 

able to produce molecules of hybrid N2O or N2by 

combining N- atoms from nitrite (NO2
-) with other 

nitrogen compounds such as ammonium (NH4
+) 

orazide (Hayatsu et al., 2008; Shoun et al., 

1992). 

 

Furthermore, ammonia fermentations 

(ammonifications) occur, in anaerobic conditions, 

when NO3
-is reduced toNH4

+ (Mouton et al., 

2012). Therefore, fungi is able to perform 

multiple respiration depending on the oxygen 

levels in their environment (Catherine and 

Raghukumar, 2009; Greben et al., 2007; Takaya, 

2002). Most fungi occurring in marine sediment 

are facultative with terrestrial origins but their 

function in breaking down aquatic organic 

compound and in cycling of nutrients in the sea is 

scantily known in comparison with their terrestrial 

counterparts (Clipson, 2006; Fell and Newell, 

1998). 

 

Marine microbes at times accumulate structurally 

distinctive bioactive secondary metabolites that 

are not found in terrestrial microbes to enable 

them to acclimatize and live in the marine 

ecosystem which is characterized by unique 

conditions that differ from those found in other 

environment (Bhakuni and Rawat, 2005). Marine 

microbes are now being used as a source for 

novel enzymes since enzymes from 

microorganisms are comparatively more active 

and stable than similar enzymes gotten from 

animals and plants (Ghosh et al., 2005). 

Enzymes such as amylase, cellulase, protease 

and lipase have dominated the world market 

owing to their commercial applications (Falch, 

1991). In the emergent field of marine 

biotechnology, marine fungi have useful 

properties such as the production of new 

products and improvement of industrial 

processes. 

 

Application and screening of fungi for new 

metabolites and enzymes are the main goals of 

modern research to achieve environment friendly 

technological expansion (Maria et al., 2005). 

Therefore, in the present study, filamentous fungi 

from coastal marine sediment were investigated 

for their anaerobic denitrification, antibacterial 

and extracellular enzyme-producing potentials. 

This is to understand the role they play in this 

ecological niche as well as the possibility of using 

them for biotechnological applications. 

 

Materials and methods 

Sample Collection 

Marine sediment was collected with a corer from 

the coastal region of the Niger Delta in Bonny 

Island. It was extruded into sterile plastic 

container and taken to the laboratory, 

immediately, for analyses. 

 

Isolationof filamentous fungi 

Twenty five gramme of coastal marine sediment 

was suspended in 225 ml of sterile normal saline. 

Ten-fold serial dilutions up to 10-6 were prepared. 

Sub samples of 0.1 ml of the dilutions were 

cultured on sterile plates of acidified potato 

dextrose agar (Oxiod) supplemented with 1.0% 

sodium chloride using spread plate method. The 

plates were incubated for 3-5 days at 28oC after 

inoculation. Colonies of fungi were purified by sub 

culturing aseptically into sterile acidified potato 

dextrose agar. Pure cultures were maintained as 

stock culture on acidified potato dextrose agar. 

Fungi identification was carried out by 

macroscopic and microscopic examination of the 

isolates as well as back view of the plate culture 

(De Hoog et al., 2000; Larone, 2011; Samson 

and De Boer, 1995). 
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Assessment offungi for growth and nitrate 

utilization ability under anoxic condition 

Four isolates of fungi were screened for growth 

and denitrification ability under anaerobic 

condition. The fungi were cultivated in modified 

mineral salts medium of Mouton et al. (2012) 

containing 5.2 g KH2PO4, 1.0 g MgSO4.7H2O, 1.0 

g KCl, 6.4 g K2HPO4, 0.02 g FeSO4, 0.02 g 

ZnSO4.7H2O, 0.008 g CuSO4.5H2O and 0.85 g 

NaNO3 in 1 litre of distilled water: The medium 

was supplemented with 10% glucose and 10% 

peptone and dispensed in 100 ml amounts 

into250 ml conical flasks. The flasks were 

sterilized at 121oC for 15 mins. On cooling each 

flask was aseptically inoculated in duplicate with 

5 mm diameter mycelial plug of a seven day old 

culture of each fungal isolates. The flasks were 

incubated in anaerobic jars at 28oC for 14 days. 

The mycelia were harvested by filtration using 

cheesecloth and were allowed to dry to a 

constant weight at 80oC in an oven. Growth was 

determined as dry weight in 100 ml of culture 

medium at the end of the experiment. Nitrite and 

ammonia formed as well as nitrate concentrations 

were determined by spectrophoto-metric method 

(APHA, 1998). At zero hour and at the end of the 

experiment, the dissolved oxygen was 

determined by spectrophotometric method (Pai et 

al., 1993). The chemicals used were all of 

analytical grade. 

 

Antimicrobial assay 

The antibacterial activity of the fungal isolates 

against fish and shellfish pathogenic 

Aeromonashydrophila and Vibrio 

parahaemolyticus was assessed using agar 

diffusion assay. 

 

The fungi strains were grown on acidified potato 

dextrose agar for 7 days at 28oC. The 

mycelialdiscs (5 mm diameter) were then excised 

and placed on plates of nutrient agar freshly 

seeded with 0.1 ml of 24 hr old broth culture of 

each tested bacterial strains. Incubation of the 

plates was for 24 hr at 37oC. Clearancezones 

were measured and recorded indicating 

antibacterial activity. 

 

Qualitative enzyme activity 

Extracellular enzyme production by fungi was 

demonstrated by substrate digestion in agar 

plates inoculated with 5 mm discs of mycelia and 

subsequent incubation at 28oC for a period of 3-5 

days. The assessment of amylase activity was 

done by cultivating the fungi on starch agar 

plates. One percent iodine solution was used in 

flooding the plates after incubation. A clear zone 

around the colony showed positive result and the 

presence of blue coloursur rounding the colony 

indicated absence of amylase. Assay for protease 

was carried out by cultivating the filamentous 

fungi on skim milk agar plates. Protease activity 

was established by clearance of opaque milk 

proteins around the colony after incubation. 

Lipase activity was screened by cultivating the 

fungi on tributyrin agar (Oxoid) plates. Zone of 

clearance around the colony after incubation 

indicated positive result. Cellulase activity was 

performed by cultivating the fungi on cellulose 

agar plates. After incubation, one percent congo 

red was used in flooding the plates. The cellulose 

presence was shown by zone of clearance 

surrounding the colony. 

 

Statistical Analysis   

Standard deviations for each of the experimental 

results were calculated using Excel Spreadsheets, 

with Microsoft excel software. Differences 

between treatments were examined for 

significance by one-way Analysis of Variance. 

 

Results and discussion 

The frequency of occurrence of different 

filamentous fungal genera from coastal marine 

sediment is presented in Table 1. The genera 

Fusarium, Aspergillus, Cladosporium, Penicillium, 

Acremonium and Trichoderma were isolated at 

different frequencies with Aspergillus 

predominating. 
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Table 1. Frequency of isolation of fungal genera 

in coastal marine sediment. 

Genus  Number of isolates  

Aspergillus 4 (33.33) 

Fusarium 2 (16.67) 

Penicillium 2 (16.67) 

Cladosporium 2 (16.67) 

Trichoderma 1(8.33) 

Acremonium 1 (8.33) 

Total  12 (100) 

Numbers in parentheses represent percentage 

frequencies. 

 

The greatest species diversity of fungi is found in 

the marine sediments (Pivkin et al., 2006). 

Diverse substrates on land and in the ocean have 

been effectively colonized by representatives of 

the genus Aspergillus which are physiologically 

very versatile (Damare et al., 2006b). The 

dominance of Aspergillus taxa in marine 

sediments has also been reported by Das et al. 

(2009) and Catherine and Raghukumar 

(2009).The fungi isolated in this study are known 

terrestrial fungi and have been isolated by other 

workers from the marine environments (Burgaud 

et al., 2013; Damare et al., 2006b; Mathan et al., 

2013; Pindi, 2012; Raghukumar et al., 2004; 

Singh et al., 2011; Vrijmoed, 2000). Simonato et 

al. (2006) reported that the colonization of deep-

sea habitats by terrestrial fungi may be owing to 

their capability to change the composition of their 

membrane to with stand elevated hydrostatic 

pressure. 

 

Table 2. Nitrate utilization by fungal isolates 

under anaerobic culture condition. 

Culture 

Nitrate concentration                   

(mg/L) ± S.D. 

Zero hour Day 14 

Aspergillus sp. A2 0.83± 01 0.11± 01 

Fusarium sp. F2 0.82± 03 0.1± 04 

Penicillium sp. P1 0.81 ± 02 0.09± 05 

Acremonium sp. 0.8 ± 01 0.08± 03 

 

All the isolates were able to grow an aerobically. 

Four isolates screened for denitrification activity 

under anaerobic condition showed a 

denitrification pattern where NO3
-(Table 2) was 

utilized and NO2
- (Table 3) and ammonia (Table 

4) were produced. 

 

Table 3. Nitrite formation by fungal isolates 

under anaerobic culture condition. 

Culture 

Nitrite concentration 

(mg/L) ± S.D. 

Zero hour Day 14 

Aspergillus sp. A2 0.02 ± 02 63.0 ± 04 

Fusarium sp. F2 0.01 ± 01  62.0 ± 

02 

Penicillium sp. P1 0.02 ± 01  61.5 ± 

03 

Acremonium sp. 0.02 ± 02  62.5 ± 

02 

 

Table 4. Ammonia formation by fungal isolates 

under anaerobic culture condition. 

Culture 

Ammonia concentration 

(mg/L) ± S.D. 

Zero hour Day 14 

Aspergillus sp. 

A2 

0.11 ± 03 1.15 ± 

01 

Fusarium sp. F2 0.12 ± 02 1.16 ± 

03 

Penicillium sp. 

P1 

0.11 ± 04 1.15 ± 

01 

Acremonium sp. 0.13 ± 01 1.17 ± 

03 

 

This denitrification pattern is known to take place 

in fungi (Hayatsu et al., 2008; Shoun et al., 

1992; Zhou et al., 2002) and have been observed 

in fungi isolated from marine sediments 

(Catherine and Raghukumar, 2009; Mouton et 

al., 2012). Increase in fungal biomass (Table 5) 

was also observed showing that dissimilatory 

nitrate reduction is an energy yielding reaction 

(Catherine and Raghukumar, 2009). These data 

suggest that fungi may have the potential to play 

a role in the nitrogen cycle of this ecological niche 

with the prevailing hypoxic and anoxic conditions.  
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Sewage or animal residues of high nitrogen 

content can be treated with denitrification 

process to lower leaching of nitrate to 

groundwater. 

 

Table 5. Fungal biomass under anaerobic culture 

condition. 

Culture 
Dry weight of mycelia 

(g/100 ml) 

Aspergillussp. A2 1.27 ± 03 

Fusarium sp. F2 1.22± 02 

Penicillium sp. P1 1.2 ± 04 

Acremonium sp.  1.15 ± 05 

 

The antibacterial activities of fungal isolates 

against fish and shellfish pathogens are shown in 

Table 6. The result showed that fungal strains 

inhibited the pathogens. The antagonistic fungi 

belong to the genera Aspergillus (4 strains), 

Fusarium (2 strains), Penicillium (2 strains) and 

Acremonium (1 strain) (Table 6). 

 

Table 6. Antibacterial activity of fungal isolates 

against fish and shellfish pathogens. 

Fungal isolates 

Inhibition zone (mm) ± S.D. 

Aeromonas 

hydrophila 

Vibrio parahae-

molyticus 

Aspergillus sp. A1 14± 03 13 ± 01 

Aspergillus sp. A2 18 ± 02 15 ± 03 

Aspergillus sp. A3 14 ± 04 13 ± 01 

Aspergillus sp. A4 15 ± 01 13 ± 03 

Fusarium sp. F1 14± 02 13± 04 

Fusarium sp. F2 13± 05 16± 02 

Penicillium sp. P1 13± 06 14± 05 

Penicillium sp. P2 14± 03 13± 07 

Cladosporium sp. C1 - - 

Cladosporium sp. C2 - - 

Trichoderma sp. - - 

Acremonium sp. 13± 01 13± 02 

- = no inhibitions. 

 

Marine fungi antagonistic to pathogenic bacteria 

have also been reported by other workers (Ariole 

et al., 2014a; Mathan et al., 2011; Samuel et al., 

2011; Svahn et al., 2012; Swathi et al., 2013). 

The main contributors to bioactive metabolites of 

fungal origin are Aspergillus species (Bugni et al., 

2000; Parvatkar et al., 2009). 

Dreyfuss and Chapella (1994) reported that about 

4,000biologically active secondary metabolites 

from fungi have been described. Fungisuch as 

Fusarium, Aspergillus, Penicillium and Acremonium 

are known for production of a number of bioactive 

metabolites (Dreyfuss and Chapella, 1994). In this 

study, 75% of fungal isolates exhibited 

antibacterial activity, showing the potential of 

marine fungi as producers of novel metabolites. 

The produced bioactive compounds probably act as 

a chemical defense that enables fungi compete for 

nutrients (Fenical and Jensen, 1993; Gallo et al., 

2004). 

 

The result of substrate degrading ability of fungi 

from coastal marine sediment is presented in 

Table 7. The enzyme-producing fungi percentage 

composition are 83.3, 83.3, 75.0 and 66.7% for 

amylase producing strains, cellulase producing 

strains, protease producing strains and lipase 

producing strains respectively.  

 

Table 7. Composition and substrate degrading 

ability of fungi isolated from coastal marine 

sediment. 

Fungal 

isolates 

Enzymes 

Amylase 

(83.3%) 

Cellulase 

(83.3%) 

Protease 

(75.0%) 

Lipase 

(66.7%) 

Aspergillus 

sp. A1 
+ - + + 

Aspergillus 

sp. A2 
+ + + + 

Aspergillus 

sp. A3 
+ + + - 

Aspergillus 

sp. A4 
+ + + - 

Fusarium sp. 

F1 
+ + - + 

Fusarium sp. 

F2 
+ + + - 

Penicillium 

sp. P1 
- + + + 

Penicillium 

sp. P2 
+ + - + 

Cladosporium 

sp. C1 
+ + - + 

Cladosporium 

sp. C2 
- + + + 

Trichoderma 

sp. 
+ + + - 

Acremonium 

sp. 
+ - + + 

(+) indicates positive activity; (-) indicates 

negative activity. 
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Isolation of these multienzyme producing 

filamentous fungi implies that fungi might play a 

key function in decomposition of detritus and can 

be an invaluable source of enzymes for industrial 

applications. The ability of microbial isolates to 

degrade starch, cellulose, proteins and lipids has 

been demonstrated by other researchers (Ariole 

et al., 2014b; Damare et al., 2006a; Maria et al., 

2005; Smitha et al., 2014). 

 

Conclusion 

In the present study, filamentous fungi were 

isolated from coastal marine sediment collected 

from the Niger Delta region in Bonny Island, 

Nigeria. Four of the isolates grown under 

anaerobic condition clearly expressed denitrifying 

ability. At the end of denitrification experiment, 

nitrate utilization with biomass increase as well 

as nitrite and ammonia formation was observed. 

Seventy five percent of the isolates were 

antagonistic to fish and shellfish pathogenic 

Aeromonas hydrophila and Vibrio 

parahaemolyticus. All the fungi isolates were 

found to possess at least three hydrolytic 

enzymes (amylase, cellulase, protease and 

lipase) employed. The indigenous multiple 

enzyme producing filamentous fungi with 

denitrification potential could participate in 

organic matter degradation and in nitrogen cycle 

occurring in marine sediment. The results also 

showed that marine fungi are invaluable source 

of enzymes and metabolites for industrial and 

aquacultural applications. 
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