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Abstract 

The metabolism of α-naphthol by Aspergillus niger, a coelomycete isolated in Ardebil, 
Iran, from industrial wastewater, was studied. Aspergillus niger metabolized approximately 
80% of α-naphthol within 5 days. The identification and quantification of degradation 
products using gas chromatography–mass spectrometry (GC-MS) demonstrated that 
approximately 41% of the parent compound was converted into 1-ethyl-2-methyl benzene, 
7.43% was converted into acetonaphthone, 5.55% was transformed into 4-hydroxy-1-
naphthyl sulfate, 3% into 1,4-naphthoquinone, and about 6.68% into 2-phenyl-1,2,3-
tetrahydro-1-naphthol. These results support a role for A. niger in affecting the 
environmental fat of pollutants in ecosystems. 
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1- Introduction 
The polycyclic aromatic hydrocarbon naphthalene is used in the production of 

phthalate plasticizers and resins, azo dyes, dispersants, and tanning agents in the rubber and 
leather industries [1-21]. Naphthol is a common bicyclic aromatic often released into the 
environment [2]. Naphthol is often liberated into the environment as a result of the oxidation 
of naphthalene by certain fungi and bacteria [3-4-5] and is particularly important both as a 
synthetic precursor of the insecticide Sevin (1-naphthyl-N-methylcarbamate) and as a 
degradation product of this compound via chemical and biological processes [6]. It has toxic 
effects in aquatic ecosystems, especially on marine invertebrates [7]. 

Due to its toxicity to marine life [6] and human beings [8-9], industrial wastewater 
containing α-naphthol must be treated before it is discharged into or reused in the 
environment [10 ]. 

Fungi play an important role in the metabolism of many chemicals, including 
aromatic hydrocarbons, in both aquatic and terrestrial environments [22-12-13-14-9]. 
There are studies attesting to the ability of strains of different bacteria, e.g., 
Brevibacterium spp. HL 4, Pseudomonas spp. DLC-P11, Arthrobacter sulphureus RKJ4, 
Acidovorax delafieldii P4-1 [15], Halosphaeria mediosetigera, Culcitalna achraspora, 
Humicola alopallonella, Brevibacterium spp., Flavobacterium spp., Serratia marina, 
Spirillum spp., Candida parapsilosis, Rhodotorula glutinis, Trichosporon fermentans, 
Aspergillus fumigatus [16], Micrococcus spp. [8], Heliscus lugdunensis [11], and 
Rhodococcus spp. [2], to disintegrate α-naphthol and reports about isolation and 
examination of these fungal strains with respect to their α-naphthol tolerance. However, 
we are not aware of studies describing biotransformation of α-naphthol by Aspergillus 
niger PTCC 5011. This paper describes the ability of A. niger PTCC 5011 to transform 
this compound and the identification of pathways involved in the biotransformation of the 
resultant metabolites. 

 
2- Materials and methods 
2-1- Chemicals 

All chemicals were of analytical grade (gradient grade in the case of chromatography 
solvents). α-naphthol was purchased from Panreac Química S.A.U. (PS) of Barcelona, 
Spain (>99% purity ). Tween 80 was provided by the Department of Chemistry, North 

Tehran Branch, Islamic Azad University, Tehran, Iran. Czapek-Dox broth (Czapek’s 

medium) was purchased from Difco of Detroit Michigan, USA. All other chemicals were 
purchased from Merck (Darmstadt, Germany). 

 
2-2- Microorganisms 

A strain of Aspergillus niger was isolated from the wastewater of an industrial plant 
in Ardebil, and was identified according to its physiological and morphological 
characteristics. Aspergillus niger (PTCC 5011) was identified according to the Persian 
Type Culture Collection, Iranian Research Organization for Science and Technology, 
Tehran, Iran.  

 
2-3- Culture conditions 

Spores and mycelia (2☓108 conidia/mL medium) were aseptically inoculated into 

250 mL Erlenmeyer flasks containing 100 mL of Czapek-Dox broth. The Czapek’s 
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medium (mg/L distilled water) consisted of bacto saccharose, 30.0; sodium nitrate 
(NaNO3), 3.0; dipotassium phosphate (K2HPO4), 1.0; magnesium sulfate (MgSO4), 0.5; 

potassium chloride (KCl), 0.5; and ferrous sulfate (FeSO4 7H2O), 0.01. The flasks were 

incubated for 48 h at 30 
0
C on a rotary shaker at 150 rpm in the dark. 

 
3- Analytical methods and degradation experiments 
 
3-1- Isolation, detection, and identification of metabolite  
 

To identify α-naphthol and metabolites, the fungus was cultivated in 250 mL 

Erlenmeyer flasks containing 100 mL of Czapek-Dox medium and inoculated with 2☓108 
conidia/mL medium. α-naphthol (75 mg/L), with Tween 80 (400 mg//L) added to one 
flask after 24 h of incubation in darkness. Five days after α-naphthol addition, the 
suspension was extracted three consecutive times with ethyl acetate. The organic extracts 
were combined after the separation of organic and water phases. Afterward, the organic 
extracts were concentrated at 50 

0
C by means of a rotary evaporator to about 5 mL [10]. 

Residues (5 mL) were examined for α-naphthol and acetate-extractable transformation 
products by GC-MS. Abiotic controls (without microorganism) were always included. 
 
3-2- Analysis of the sample with GC-MS 

The samples were assayed with GC-MS as follows. The samples were analyzed 

using a Hewlett-Packard 6890 with a DB-5 capillary column (30m ☓ 0.25 mm; film 

thickness 0.25 µm) was programmed as follows: 60 
0
C for 5 min and 220 

0
C at a rate of 4 

0
C/min. The flow rate to helium as a carrier gas with (2 mL/min) MS was taken at 70 eV. 

 
4-Results  
4-1-Biotransformation of α-naphthol by A. niger  

In this experiment, the biotransformation of α-naphthol by A. niger grown on 

Czapek’s medium for only 5 days was performed. After incubation, Czapek’s culture was 

extracted (see analytical methods and degradation experiments section). The suspension 
was extracted with ethyl acetate three consecutive times and directly analyzed by GC-MS 
(Figure 1).  
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Figure 1 . GC-Mass spectrum of biotransformation of α-naphthol by A. niger  

 
In these analyses, various chemicals were obtained (Table 1).The main products 

obtained in the bioconversion of A. niger of α-naphthol were 1-ethyl-2-methyl benzene 
(41%) and acetonaphthone (7.43%), respectively. 

 
Table 1. Mass spectral data, retention times, and proposed identities of metabolites derived from α-naphthol after 5 days of incubation 

Proposed 
compound 

 

Retention time 
(min) 

Mass spectal ions, m/z(% relative intensity) 

1-Eethyl-2-
methyl benzene 

10.45 105(100), 120(53.58), 119(13.51), 77(10.63), 
91(9.27) 

Acetonaphthone 13.73 57.1(100), 43.1(72.28), 71.1(59.42), 
85.1(35.96 ), 41.1(34.23) 

1,4-
Naphthoquinone 

17.33 158(100), 102(45.43), 104(43.56), 130(33.49), 
76(33.46) 

4-Hydroxy-1-
naphthyl sulfate 

18.52 144(100), 115(80.27), 116(37.31), 145(10.85), 
89(8.79) 

2-Phenyl-1,2,3-
tetrahydro-1-
naphthol 

19.40 105(100), 134(86.38), 77(31.34), 133(27.28), 
120(23.89) 

 
 

In a previous study of biotransformation of menthol by sporulated surface cultures of 
A. niger and Penicillium spp. the main bioconversion product obtained from menthol of A. 
niger was cis-p-menthan-7-ol, and the main products obtained by sporulated surface 
cultures of Penicillium spp. were limonene, p-cymene, and γ-terpinene [10]. Leuenberger 
[15] reported that product yields could be effectively increased by 
solubilizing/emulsifying immiscible substrates. However, careful selection of the nature 
and concentration of the solvent is necessary, because many miscible solvents are 
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cytotoxic at lower concentrations [15]. Comparing the above investigation with the present 
study showed oxygenated monoterpenes to be the main compounds, with more 
monoterpenes yielded in the biotransformation. Figure 2 shows that transformation of α-
naphthol by A. niger PTCC 5011 produces more oxidation products.  
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Figure 2. Transformation of 1-naphthol by A. niger. 4-hydroxy-1-naphthylsulfate, 2-phenyl-1,2,3-tetrahydro-1-naphthol, 1,4-
naphthoquinone, and acetonaphthone were deduced from mass spectral data of 1-naphthol transformation products found in A. niger  

 
5-Discussion 

We compare this data( degradation extent of 1-naphthol was 80% ) with result of 
Biotransformation of 1-naphthol by a Strictly Aquatic Fungus ( degradation extent of 1-
naphthol was 74% ) [17], and this compare shown: degradation of 1-naphthol in this 
condition about 6% was enhanced. 

The study of microbial transformation of one monoterpene by sporulated surface 
cultures of A. niger and Penicillium spp. produced cis-p-menthan-7-ol from A. niger; the 
main products obtained were limonene, p-cymene, and γ-terpinene [20]. The two main 
products of microbial transformation of citral were similar to those obtained in former 
work. The main bioconversion products of (-)-menthol by Mucor ramannianus using the 
sporulated surface cultures method were trans-p-menthan-8-ol, trans-menth-2-en-1-ol, 
sabinane, p-menthane-3,8-diol, isomenthol, and 1,8-cineole [18].  
The experimental work (the two latest articles) suggested that microbial transformation of 
monoterpenes with different genus Penicillium and Aspergillus caused an oxidation 
reaction and resulted in a more stable product. But bioconversion by using Aspergillus 
niger PTCC 5011 showed that it was possible to obtain two or three main products with 
high percentage and selectivity. In conclusion, reported literature and this research show 
bioconversion of Pseudomonas, Aspergillus, and Penicillium have been similarly effective 
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for biotransformation. Oxidation and sulphation are two common characteristics in this 
investigation of bioconversion products [19]. 

Photocatalysis/chemical oxidation combined with biodegradation would be a more 
potential method for 1-naphthol degradation in theory based on its chemical structure. 
 
 
Acknowledgments 
 

We thank Dr. Larijani, Department of Chemistry, Science & Research Campus, 
Islamic Azad University, Tehran, Iran., for performing the GC-MS measurements and Dr. 
Sheykhinejad and Mr. Parach, Department of Iranian Research Organization for Science 
and Technology, Tehran, Iran, for their support of this study. 

 
References 
1- S.N. Akta, H. C  i cek, A.T. U  nal, U. Kibarer, N. Kolankaya, C.A. Tanyola  Reaction  kinetics for laccase-catalyzed  

polymerization  of 1-naphthol. Bioresource Technology. 80 (2001) 29-36. 
2- C.C.R. Allen, D.R. Boyd, M.J. Larkin, K.A.  Reid, N.D. Sharma, K. Wilson  Metabolism of  naphthalene,  1-

naphthol, indene,  and indole by Rhodococcus sp. strain NCIMB 12038. Appl Environ Microbiol. 63 (1997) 151–
155. 

3- C.E. Cerniglia, J.A. Althaus, F.E. Evans, J.P. Freeman, R.K. Mitchum, and S.K. Yang, Stereochemistry and evidence 
for an arene oxide-NIH pathway in the fungal metabolism of naphthalene. Chem. Biol. Inter. 44  (1983) 119–132. 

4- S.h. Zang, B. Lian, Synergistic Degradation of 2-naphthol by Fusarium Proliferatum and Bacillus subtilis in 
wastewater.Journal of Hazardous Materials.166 (2008) 33-38. 

5- C.E. Cerniglia, J.P. Freeman, and F.E. Evans, Evidence for an arene oxide-NIH shift pathway in the transformation of 
naphthalene to1-naphthol by Bacillus cereus. Arch. Microbiol. 138 (1984) 283–286. 

6- D.G. Crosby, E. Leitis, and W.L. Winterlin, Photo decomposition of carbamate insecticides. J. Agric. Food Chem. 
(1965) 13-204. 

7- C. Hidalgo, J.V. Sancho, A. Roig-Navarro, F. Hernandez, Rapid Determination of Carbaryl and 1-naphthol at ppt 
Levels in Environmental Water Samples by Automated On-Line SPE-LC-DAD-FD. Chromatographia. 47 (1998) 596-
600. 

8- G. Mastrangela, E. Fadda, V. Marzia, Polycyclic aromatic hydrocarbons and cancer in man. Environ Health 
Perspect. 104 (1997) 1166-1170. 

9- S.K. Samanta, A.K. Chakraborti, R.K. Jain, Degradation of phenanthrene by different bacteria: evidence for novel 
transfor- mation sequences involving the   formation of 1-naphthol. Appl Microbiol Biotechnol. 53 (1999) 98–107.  

10- A.A. Joshi,   B.R.P.  Locke,   W.C.  Finney,  Formation  of hydoxyl radicals , hydrogen peroxide and 
aqueous electrons by pulsed streamer corona discharge in aque- ous solution, J. Hazard. 
Mater. 41 (1995) 3–30. 

11- C.E. Cerniglia, J.B. Sutherland, Bioremediation of polycyclic aromatic hydrocarbons by ligninolytic and non-
ligninolytic fungi. In: Gadd, G.M. (Ed.), British Mycological Society Symposium Series, Fungi in Bioremedation. 
Cambridge University Press, Cambridge, (2001) 136-187. 

12- Y. Hasegawa, T. Okamoto, H. Obata, T. Tokuyama, Utilization of   aromatic compounds by Trichosporon 
cutaneum. KUY. 69 (1990) 122-126. 

13- H.P. Doddamani, H.Z. Ninnekar, Biodegradation of Carbaryl by a  Micrococcus Species. Current Microbiology. 43 
(2001) 69-73.   

14- D. Muncnerova, j. Augustin, Fungal metabolism and detoxification of polycyclic aromatic hydrocarbons: a review. 
Bioresour Technol. 48(1994) 97–106.  

15- H.G.W. Leuenberger, Methodology. In: Kieslich, K. (Ed.) Biotransformations, vol. 6A. VerlagChemie Gmb H, D-
6940, Weinheim, (1984) 5–30. 

16- H.C. Sikka, S. Miyazaki, R.S. Lynch, Degradation of Carbaryl and 1-naphthol by Marine Microorganisms. Bulletion 
of Environmental Contamination & Toxicology.  3 (1975) 300-305. 

17- T. Augustin, D. Schlosser, R. Baumbach, J. Schmidt, K. Grancharov, G. Krauss, G. J. Krauss, Biotransformation of 
1-naphthol by a Strictly Aquatic Fungus. Current Microbiology. 52 (2005) 216-220. 

18- A. Esmaeili, N. Saad, S. Safaiyan, A. Rustaiyan Biotransformation of (-)-Menthol by Spores of Mucor ramannianus and 
study of the Pathways Involved. Herba Polonica. 56(2009) 51–57. 

19- A. Esmaeili, A. Hoseiny Zarea, S. Sharafian, S. Safaiyan, A. Rustaiyan Biotransformation of menthol by sporulated 
surface cultures of Penicillium spp. and study of the pathways involved. Herba Polonica. 55 (2009) 78–83. 

20- A. Esmaeili, S. Sharafian, S. Safaiyan, S. Rezazadeh, A. Rustaiyan, Biotransformation of one monoterpene by 
sporulated surface cultures of Aspergillusniger and Penicillium spp. Nat Prod Res. 23 (2009) 1058–1061. 

21- R. Preuss, J. Angerer, H. Drexler, Naphthalene-an environmental and occupational toxicant. International Archives 
of Occupational and Environmental Health. 76 (2003) 556–576. 

Archive of SID

www.SID.ir

Archive of SID

www.SID.ir

http://www.sid.ir
http://www.sid.ir


 7

22- M. da Silva, E. Esposito, J.D. Moody, V.P. Canhos, C.E. Cerniglia, Metabolism of aromatic hydrocarbons by the 
filamentous fungus Cyclothyrium sp. Chemosphere. 57 (2004) 934-952. 

 

Archive of SID

www.SID.ir

Archive of SID

www.SID.ir

http://www.sid.ir
http://www.sid.ir

