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Microorganisms play important roles in bioremediation. The present study was carried out to 
investigate metal resistance and adsorption strains. A cadmium-resistant fungus M1 was isolated from 
Zhuzhou smelter in China. The 18S rRNA, internal transcribed spacers (ITS) region and �-tubulin gene 
of the strain were sequenced and aligned with the high similar sequences published in GenBank. The 
morphology was analyzed under scanning electron microscopy (SEM). The growth in the 100 mg/l 
cadmium medium was investigated and the biomass was analyzed by energy dispersive X-ray (EDX) 
spectroscopy. The results showed that strain M1 which tolerated 80 mM cadmium belong to 
Paecilomyces lilacinus. Except for cadmium, the fungus showed resistance to zinc, manganese, 
copper, lead, and cobalt. The cadmium bisorption capacity of the fungus reached 24.23 mg/g during 
growth. EDX confirmed that cadmium biosorption occurred on the fungus biomass. The work 
suggested that P. lilacinus M1 was a potential strain on cadmium bioremediation.  
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INTRODUCTION 
 
Heavy metals pollution is increasing and poses a serious 
threat to environment and organisms. As a heavy metal, 
cadmium widely exists in industry and agriculture fields. 
Cadmium contamination mainly comes from mining and 
metallurgical processes, electroplating, stabilizing plastics, 
batteries, alloy manufacturing, pigment and high-phosphate 
fertilizers (Udo et al., 2001). Cadmium is a non-essential 
element and highly toxic to organisms even at very low 
dosages. Cadmium damages cells by strong affinity to 
glutathione and sulfhydryl groups in proteins and displace-
ment of zinc and iron ions from proteins (Banjerdkij et al., 
2005). Furthermore, researches  indicated  that  cadmium 
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is related to reactive oxygen species (ROS) and cancer. 
Manca et al. (1994) reported that cadmium might interact 
with lipids and cause lipid peroxidation with consequential 
production of ROS. Hussain et al. (1987) found that 
cadmium reacts with intrinsic thiol-containing molecules 
and causes an increase in ROS by reducing the cellular 
antioxidative capacity. Cadmium may cause mutations 
even at low levels by inducing oxidative DNA damage 
and it decreases genetic stability by inhibiting the repair 
of endogenous and exogenous DNA lesions, resulting in 
increasing the probability of mutations and consequently 
cancer initiation (Filipic et al., 2006). 

Cadmium pollution has attracted more attention and 
many scholars have done lots of work in this area. Among 
the measures of treatment of heavy metals pollution, bio-
remediation is a potential way as it has the advantages of 
low energy consumption, environmentally-friendly and low 
cost. The organisms used in environmental bioremediation 
mainly include microbe, algae and plant (Dostalek et al., 
2004; Cruz et al., 2004). With the characteristics of quick 
reproducible velocity and easy control, microbe is preferable 
to use in environmental treatment. As a microorganism, 
fungus has been  reported  to  be  used  in  heavy  metals  
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bioremediation. Phanerochaete chryso-sporium mycelium 
was used as a biosorbent for heavy metals Cd(II), Pb(II) 
and Cu(II) from solution (Say et al., 2001; Li et al., 2004). 
Under appropriate processing, Penicillium oxalicum var. 
Armeniaca and Tolypocladium spp. exhibited better 
uptake of cadmium, lead and mercury (Svecova et al., 
2006). Aspergillus niger has been shown to be capable of 
removing lead, cadmium, copper and nickel ions from 
wastewater (Kapoor et al., 1999). Rhizopus and Aspergillus 
sp. were thought as promising biosorbers of cadmium 
and chromium (Zafar et al., 2007). 

In heavy metals bioremediation, the specialty of microbes 
closely related to treatment efficiency and seeking for 
suitable microbe is important. Zhuzhou smelter has 
produced heavy metals for more than 50 years. Especially, 
the cadmium pollution has become a potential threat to 
ecological environment and human health through food 
chain. The surrounding site and water have been polluted 
by heavy metals for a long time. The purpose of this 
investigation is to obtain high cadmium-resistance indi-
genous strains from polluted sites for their possible 
exploitation in bioremediation.  
 
 
MATERIALS AND METHODS  
 
Samples and culture media 
 
Soil samples were collected from the cadmium plant in Zhuzhou 
smelter (Hunan province, south of China). 0.2 M stock solution of 
cadmium was prepared by dissolving Cd (NO3)2 in deionized water 
and sterilized by using 0.22-�m pore-size sterile filters. Beef 
extract-peptone medium (g/l): (beef extract 3.0, peptone 10.0, NaCl 
10.0), Czapek medium (g/l) (sucrose 30, NaNO3 2.0, K2HPO4 1.0, 
KCl 0.5, MgSO4 0.5, FeSO4 0.01), potato dextrose agar (PDA) 
medium (g/l) (potato extract 200, glucose 20 and pH 6.5 ± 0.3) were 
used. 
 
 
Isolation and morphological characterization  
 
Using the conventional plate method to isolate cadmium-resistant 
strains, soil suspensions were added to the beef extract-peptone 
liquid medium containing 2 mM cadmium ion. The cultures were 
incubated on a rotary shaker at 30°C, 180 rpm for 3 - 7 days and 
spread on plates. In order to isolate the strains with higher cadmium-
resistant ability, the cadmium concentrations of medium were 
gradually increased. A series of solid media which contained different 
cadmium concentrations from 5 to 82 mM were prepared and 
strains were orderly inoculated and cultivated from low concen-
tration to high level. 

The fungus with the highest cadmium-resistant was selected as 
the study object in this work. The strain was inoculated on solid 
Czapek and PDA medium. The mycelia were observed at visual 
inspection. Mycelia, conidia and pycnidia of the fungus were 
observed with a scanning electron microscope (SEM).  
 
 
18S rRNA, ITS and �-tubulin gene amplification  
 
The fresh mycelia were harvested and rapidly ground in a mortar 
under liquid nitrogen (N2) for 5 - 10 min, using a commercial kit; the 
genomic DNA was extracted from the mycelia. 18S rRNA gene was  

 
 
 
 
amplified with universal primers f (5’-TGCCAGCMGCCGCGGTA-3’) 
and r (5’-GACGGGCGGTGTGTRCAA-3’) (Bundt et al., 2001). The 
polymerase chain reaction (PCR) conditions were as follows: 95°C 
for 5 min; 32 cycles: 94°C for 30 s, 55°C for 30 s and 72°C for 1 
min; 72°C for 7 min and 4°C pause. The internal transcribed spacers 
(ITS) region sequence was amplified by the fungal universal 
primers ITS-1 (5- TCCGTAGGTGAACCTGCGG-3’) and ITS-4 (5’- 
CCTCCGCTTATTGATATGC-3’) (Henry et al., 2000). The reaction 
conditions were as follows: 95°C for 5 min; 32 cycles: 94°C for 30 s, 
56°C for 30 s and 72°C for 1 min; 72°C for 7 min and 4°C pause. 
Base on the �-tubulin sequences of GenBank, a pair primers were 
designed as: f (5’-CATGCGTGAGCTTGTATGC-3’) and r (5-TAG 
CCGAAAGCGAAGTTG-3’). The reaction conditions were: 95°C for 
5 min; 32 cycles: 94°C for 30 s, 52°C for 30 s and 72°C for 1 min; 
72°C for 7 min and 4°C pause. 

The above PCR products were purified and then sequenced by 
Shanghai Sangon Biotechnologies Co. Ltd. to sequence. The 18S 
rRNA, ITS and �-tubulin sequences of the fungus were submitted to 
GenBank and analyzed with the basic local alignment search tool 
(BLAST) search tool. The phylogenetic tree was constructed on the 
basis of 18S rRNA sequence alignment. 
 
 
Resistant to other heavy metals  
 
The minimum inhibitory concentration (MIC) was measured to 
evaluate the tolerance of the fungus to other heavy metals. CuCl2, 
CoCl2, ZnSO4, MnSO4 and Pb(Ac)2 were used to prepare 0.2 M 
single metal stock solutions, and sterilized by filters. PDA solid 
medium was amended with various amount of metal stock solutions 
to achieve the desired concentration. According to Zafar et al. 
(2007) method, each heavy metal plate was subdivided into three 
equal sectors, and the spore suspension was spotted on metal 
containing agar plates. The PDA medium without metal was also 
inoculated as control plate. The plates were incubated at 30°C for 3 
- 7 days to observe the growth of fungus.  
 
 
Biosorption experiment 
 
250 ml Czapek liquid media contained 0 and 100 mg/l cadmium and 
were added in 500 ml shake flasks, and 1 ± 0.1 g wet fungus 
biomass was inoculated in each flask. In order to eliminate the 
interference of medium on cadmium biosorption, the control experiment 
was performed in 100 mg/l cadmium Czapek liquid medium without 
cells inoculation. All the shake flasks were incubated on a rotary 
shaker at 30°C and 180 rpm. At intervals of 24 h (1 day), equal 
volumes of samples were picked up from the flasks and centri-
fugated at 8000 rpm for 20 min. The cadmium concentrations of the 
supernatant were analyzed using a flame atomic adsorption 
spectrophotometer. The biomass was dried at 60°C to constant 
weight, and the dry biomass weight was used to plot the growth 
curves. All the above experiments were performed in triplicates and 
average values were obtained. The biomass was analyzed by 
energy dispersive X-ray (EDX). The cadmium removal rate Re was 
obtained by the following equation: 
 
Re = (Cf-c - Cf-e)/ Ci × 100%  
 
Ci (mg/l) is initial concentration, Cf-c (mg/l) is final concentration from 
control group, and Cf-e (mg/l) is final concentration from experimental 
group. The cadmium adsorption Q (mg/g) was obtained by the 
following equation: 
 
Q = (Cf-c - Cf-e) × V/m.  
 
V is the volume (l) and m is the dried biomass (g).  
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Figure 1. The morphological characteristics of fungus M1 under scanning electron microscope. The fungus was cultured 
in PDA medium at 30°C, 180 rpm for 3 days. (a) Septal mycelia, (b) pycnidium, and (c) coidia. 

 
 
 
RESULTS 
 
The cadmium-resistant fungus  
 
Some strains can grow on cadmium medium. Among 
them, the highest cadmium-resistant strain named M1 can 
tolerate 80 mM cadmium on plate. When the metal 
concentration reached 82 mM, the fungus, M1, failed to 
grow after culturing for 7 days, and 82 mM was thought 
as the MIC of cadmium. 

On Czapek and PDA solid medium, strain M1 appeared 
white density mycelia and the bottom of plates showed 
yellow at the first 3 - 5 days. After then, the mycelia 
gradually became yellow or brown. SEM micrographs 
showed that the aerial mycelia had septate and branches; 
slender conidiophores grew out from aerial mycelia and 
conidia present oval shape (Figure 1).  
 
 
18S rRNA, ITS and �-tubulin sequence analysis 
 
18s rRNA, ITS region and �-tubulin gene sequence 

amplified from the genomic DNA were submitted to Gen-
Bank and the accession number are FJ461772, FJ461773 
and FJ502248, respectively. The sequences were aligned 
with sequences published in GenBank by BLAST tool and 
the result suggested that they have more than 99% 
similarity to Paecilomyces lilacinus. The phylogenetic tree 
of 18s rRNA confirmed the very close relationship 
between the fungus M1 and P. lilacinus. (Figure 2) 
 
 
MIC of heavy metals 
 
MIC of heavy metals for P. lilacinus M1 was investigated 
and the result is as shown in Table 1. The strain possessed 
marked resistance to cadmium, zinc, manganese, copper, 
lead, and cobalt. In comparison to the other metals, cobalt 
exhibited more toxicity to the fungus.  
 
 
Cadmium adsorption in growing and EDX analyses 
 
Though the fungus can grow in  high  cadmium  (80 mM),  
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Figure 2. Phylogenetic tree based on 18S ribosome RNA sequence of the fungus M1. This phylogenetic tree was produced using 
Clust X. 

 
 
 

Table 1. The minimum inhibitory concentration (MIC) of 
heavy metals for P. lilacinus M1. 
 

Heavy metals MIC (Mm) 

Cd 82 
Zn 95 
Mn 60 
Cu 35 
Pb 35 
Co 8 

 

MIC was measured in amended PDA solid medium at 30ºC 
for 3 - 7 days.  

 
 
 
in high metal medium the biomass growth became slow. 
Considering the cadmium concentration of practical 
polluted soil and water, 100 mg/L was selected as the 
initial cadmium concentration in the fungus growth. Previous 
work suggested that wet biomass as inoculum was a 
better option than spore suspension in this experiment, 
and the former was used in this experiment. From the 

growth curve (Figure 3), it was found that 100 mg/l 
cadmium exerted a little influence on fungus biomass; the 
strain entered log phase after culturing for 24 h and 
stationary phase on day 4. When compared to growth in 
the absence of cadmium, the biomass was gently 
decreased. 

Growing in 100 mg/l cadmium medium, the fungus 
exhibited preferable cadmium adsorption capacity (Figure 
4). The cadmium concentration of residual culture dropped 
from 100 to 28.97 mg/l in 4 days, after which there was a 
slight increase while the metal concentration was kept at 
97.5 ± 1 mg/l in the control flasks. It also implied that the 
medium can adsorb trace cadmium and the interference 
to the result was slight.  

To actually reflect the adsorption ability of the fungus, 
the cadmium adsorption by medium was excluded in 
calculating cadmium removal rate and adsorption amount 
(Figure 5). During the log phase, the cadmium removal 
by fungus displayed a rise from 8.09 to 68.8% and 
reached a plateau phase on day 4. The biosorption 
amount also presented an increasing trend, from 17.98 
mg/g on day 1 to 24.23 mg/g on day 3, and subsequently  
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Figure 3. Growth curve of fungus M1. � = Inoculated without cadmium; � = inoculated 
with 100 mg/L cadmium. 

 
 
 

 
 
Figure 4. Cadmiumo concentration in medium. � = M1 was inoculated 100 mg/L 
cadmium medium; � = 100 mg/L cadmium medium without M1.  

 
 
 
followed a minimal decrease. The result showed that the 
better cadmium adsorption by the fungus occurred after 
culturing for 3 - 4 days. 

The fungus biomass grown both in the presence and 

absence of cadmium was analyzed by EDX (Figure 6). 
The experimental result showed that cadmium was 
adsorbed by the fungus biomass, which directly suggested 
the presence of the metal on the cells. The EDS  analysis  
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Figure 5. Cadmium removal and adsorption ability of fungus M1. � = Cadmium removal;  �= 
cadmium adsorption. 

 
 
 
confirmed the cadmium adsorption by fungus.  
 
 
DISCUSSION 
 
Organisms are often damaged or find it difficult to grow in 
an environment contaminated with cadmium due to the 
extreme toxicity of the metal. But some microbes that 
survived on cadmium pollution could have developed a 
cadmium-resistant mechanism to tolerate cadmium (Abou-
Shanab et al., 2007). Strains isolated from heavy metal 
polluted sites generally possess resistant ability to metals 
(Patra et al., 2004). Thus the smelter was selected as 
sampling sites in this work.  

The high cadmium-resistant ability of fungus M1 possi-
bly resulted from the long exposure to high cadmium 
concentration environment. It is an effective method for 
isolation of metal-resistant strain from the metal-polluted 
sites (Hu et al., 2007). In our previous work, Paecilomyces 
aeruginosa E1 tolerated 18 mM cadmium ion were 
isolated from other sites in Zhuzhou smelter (Zeng et al., 
2009). In this study a higher cadmium-resistant fungus 
was obtained. 

In order to further study and apply the high cadmium-
resistant fungus in biotechnology and environmental bio-
remediation, it is of great practical importance to correctly 
identify the strain. Morphological identification of fungus 
is the traditional method, but it is frequently too limited to 
allow application. The PCR technology has stimulated the 
use of molecular techniques. Molecular techniques have 
become an important reliable identification method 

(Guarro et al., 1999). Some researches on identification 
and taxonomy have reported at the species level by 18s 
rRNA, ITS regions and beta-tubulin gene sequences 
(Green et al., 2004; White et al., 2006; Mello et al., 2006; 
Zuccaro et al., 2008). 

On the basis of the 18s rRNA, ITS regions, beta-tubulin 
gene analysis and the morphological characteristics, the 
fungus M1 can be identified as P. lilacinus. P. lilacinus has 
the greatest potential for use in combination with selected 
fungicides and nematicides for the control of potato cyst 
nematodes (Jacobs et al., 2003). P. lilacinus strain 251 
showed significant control of the root-knot nematode M 
incognita on tomato (Kiewnick and Sikora, 2006). In the 
field, P. lilacinus has been developed into commercial 
products and used to control nematodes for years (Zou et 
al., 2007). Moreover, it has been studied in environment 
treatment. Oda et al. (1995) found that P. lilacinus D218 
excreted PHB (poly-3-hydroxybutyrate) and PCL (poly-
caprolactone) depolymerises to degraded PHB and PCL. 
P. lilacinus as biphenyl oxidizing organisms can oxidize 
chlorinated biphenyl derivatives (Sietmann et al., 2006). 
To our knowledge, there are seldom reports about P. 
lilacinus resistance to cadmium. This work has given 
information about the cadmium resistance and bio-
absorption of P. lilacinus. It would contribute to the enrich-
ment of fungus species in bioremediation and the 
expansion of the application of P. lilacinus. 

Study of the cadmium-resistant strains has important 
role in treating cadmium contamination. It is helpful to 
understand the resistance mechanism, utilize absorption 
to remove metal, get the information of cadmium transfer  
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Figure 6. EDX images of biomass. (a) Fungus M1 cultured in Czapek medium without 
cadmium, at 300C,180 rpm for 4 days. (b) Fungus M1 cultured in Czapek medium with 100 
mg/l cadmium, at 300C,180 rpm for 4 days. 

 
 
 
in soil and water, and so on. Plenty of bacteria were 
studied on their resistance to heavy metal, such as 
Staphylococcus aureus, Pseudomonas putia, and Bacillus 

circulans (Hetzer et al., 2006; Lee et al., 2001; Seip et al., 
1990). Most mycorrhizal fungi were reported possessing 
cadmium-resistant ability (Blaudez et al., 2000). Aspergillus, 
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Penicillium, Alternaria, Geotrichum, Fusarium, Rhizopus, 
Monilia and Trichoderma were found resistance to 
cadmium from 0.2 to 5 mg/ ml (Zafar et al., 2007). When 
compared to the previous cadmium-resistant strains, M1 
showed higher cadmium-resistance (Baldrian and Gabriel, 
2002; Tanous et al., 2006). Moreover, the fungus M1 was 
found well resistant to other metals such as zinc, 
manganese, copper, lead, and cobalt. The wide resistance 
to metals would contribute to the application of the fungus 
on varied metals bioremediation. 

Fungus biomass has been reported in bioremediation 
of metals pollution. P. chrysosporium was used to biosorp 
cadmium (II), lead (II), copper (II) and the adsorption 
capacities reached 23.04, 69.77 and 20.33mg/g dry 
biomass, respectively (Say et al. 2001). The maximum 
experimental biosorption capacities for entrapped live and 
dead fungal mycelia of L. sajur-caju were found to be 
104.8 ± 2.7 mg Cd (II) /g and 123.5 ± 4.3 mg Cd (II)/g, 
respectively (Bayramoglu et al., 2002). Akar and Tunali 
(2005) found that maximum biosorption capacities of Cd 
(II) and Cu(II) ions on B. cinerea were found to be 17.03 
± 0.76 mg/g and 9.23 ± 0.64 mg/g, respectively. The 
study of P. chrysosporium biosorption showed that the 
maximum biosorption capacity for immobilized and free 
biomass were 89 and 74 mg/g Cd (II), respectively (Iqbal 
and Edyvean, 2005). The cadmium biosorption ability of 
P. lilacinus M1 can reach 24.23 mg/g during growth in this 
work. From the data, the biosorption capacity of P. 
lilacinus M1 was moderate. However, the biosorption 
ability often varied with the test conditions, such as initial 
metal concentration, solution pH, contact time, biomass 
dosage, processing method, and so on (Selatnia et al., 
2004; Svecova et al., 2006). Thus it is hardy to compare 
the adsorption capacity under varying conditions.  

Moreover, with cadmium-resistant and biosorption 
capacity of the fungus, it is possible to seed the strain in 
polluted environment to directly adsorb metal. With 
respect to the polluted field water which made it difficult to 
centralized treatment, the seeding fungus may be a 
potential way to bioremediation. 

In this work, the high cadmium-resistant fungus was 
isolated from Zhuzhou smelter and identified as P. 
lilacinus. Except for cadmium, the fungus showed well 
and wide metals resistance. During the growth in 100 
mg/l cadmium medium, the fungus received less toxicity 
and can adsorb cadmium. The preliminary study suggested 
that the fungus is a potential species on cadmium bio-
remediation. 
 
 
ACKNOWLEDGEMENTS 
 
Financial support was provided by the National Natural 
Science Foundation of China (50621063), the Major State 
Basic Research and Development Program of China 
(2004CB619204), the Science and Technology Program 
of Hunan Province (2009SK3035) and the  Natural  Science  

 
 
 
 
Foundation of China (60871007). 
 
 
REFERENCES 
 
Abou-Shanab RAI, Berkum P, Angle JS (2007). Heavy metal resistance 

and genotypic analysis of metal resistance genes in gram-positive 
and gram-negative bacteria present in Ni-rich serpentine soil and in 
the rhizosphere of Alyssum murale. Chemosphere, 68: 360-367. 

Akar T, Tunali S (2005). Biosorption performance of Botrytis cinerea 
fungal by-products for removal of Cd (II) and Cu (II) ions from 
aqueous solutions. Minerals Eng. 18: 1099-1109. 

Baldrian P, Gabriel J (2002). Intraspecific variability in growth response 
to cadmium of the wood-rotting fungus Piptoporus betulinus. 
Mycologia, 94: 428 - 436. 

Banjerdkij P, Vattanaviboon P, Mongkolsuk S (2005). Exposure to 
cadmium elevates Expression of Genes in the OxyR and OhrR 
regulons and Induces Cross-Resistance to Peroxide Killing 
Treatment in Xanthomonas campestri. Appl. Environ. Microbiol. 71: 
1843-1849. 

Bayramoglu G, Denizli A, Bektas S, Yakup Arica M (2002). Entrapment 
of Lentinus sajor-caju into Ca-alginate gel beads for removal of Cd 
(II) ions from aqueous solution: preparation and biosorption kinetics 
analysis. Microchem. J. 72: 63-76. 

Blaudez D, Botton B, Chalot M (2000) Cadmium uptake and subcellular 
compartmentation in the ectomycorrhizal fungus Paxillus involutus. 
Microbiology, 146: 1109-1117. 

Bundt M, Widmer F, Pesaro M, Zeyer J, Blaser P (2001). Preferential 
flow paths: biological ‘hot spots’ in soils. Soil Biol. Biochem. 33: 729-
738. 

Cruz CCV, Costa ACA, Henriques CA, Luna AS (2004). Kinetic 
modeling and equilibrium studies during cadmium biosorption by 
dead Sargassum sp. biomass. Bioresour. Technol. 91: 249-257. 

Dostalek P, Patzak M, Matejka P (2004). Influence of specific growth 
limitation on biosorption of heavy metals by Saccharomyces 
cerevisiae. Int. Biodeter. Biodegr. 54: 203-207. 

Filipic M, Fatur T, Vudrag M (2006). Molecular mechanisms of cadmium 
induced mutagenicity. Hum. Exp. Toxicol. 25: 67-77. 

Green SJ, Freeman S, Hadar Y, Minz D (2004). Molecular tools for 
isolate and community studies of Pyrenomycete fungi. Mycologia, 96: 
439-451. 

Guarro J, Gene J, Stchigel AM (1999). Developments in fungal 
taxonomy. Clin. Microbiol. Rev. 12: 454-500.  

Hetzer A, Daughney CJ, Morgan HW (2006). Cadmium Ion Biosorption 
by the Thermophilic Bacteria Geobacillus stearothermophilus and G. 
thermocatenulatus. Appl. Environ. Microbiol. 72: 4020-4027. 

Henry T, Iwen PC, Hinrichs SH (2000). Identification of Aspergillus 
species using internal transcribed spacer regions 1 and 2. J. Clin. 
Microbiol. 38: 1510-1515. 

Hu Q, Dou M, Qi H, Xie X, Zhuang G, Yang M (2007). Detection 
isolation, and identification of cadmium-resistant bacteria based on 
PCR-DGGE. J. Environ. Sci. 19: 1114-1119. 

Hussain T, Shukla GS, Chandra SV (1987). Effects of cadmium on 
superoxide dismutase and lipid peroxidation in liver and kidney of 
growing rats: In vivo and in vitro studies. Pharmacol. Toxicol. 60: 355-
358. 

Iqbal M, Edyvean RG J (2005). Loofa sponge immobilized fungal 
biosorbent:A robust system for cadmium and other dissolved metal 
removal from aqueous solution. Chemosphere, 61: 510-518. 

Jacobs H, Gray SN, Crump DH (2003). Interactions between 
nematophagous fungi and consequences for their potential as 
biological agents for the control of potato cystnematodes. Mycol. Res. 
107: 47-56. 

Kapoor A, Viraraghavana T, Cullimore DR (1999). Removal of heavy 
metals using the fungus Aspergillus niger. Biores. Technol. 70: 95-
104. 

Kiewnick S, Sikora RA (2006). Biological control of the root-knot 
nematode meloidogyne incognita by Paecilomyces lilacinus strain 
251. Biol. Control, 38: 179-187.  

Lee SW, Glickmann E, Donald A, Cooksey DA (2001). Chromosomal 
locus for cadmium resistance in Pseudomonas putida consisting of a  



 
 
 
 

cadmium-transporting ATPase and a MerR family responser egulator. 
Appl. Environ. Microbiol. 67: 1437-1444. 

Li Q, Wu S, Liu G, Liao X, Deng X (2004). Daohua Sun, Yuelin Hu, Yili  
Huang. Simultaneous biosorption of cadmium (II) and lead (II) ions by 
pretreated biomass of Phanerochaete chrysosporium. Sep. Purif. 
Technol. 34: 135-142. 

Manca D, Ricard AC, Tra HV, Chevalier G (1994). Relation between 
lipid peroxidation and inflammation in the pulmonary toxicity of 
cadmium. Arch. Toxicol. 68: 364-369. 

Mello A, Ghignone S, Vizzini A, Sechi C, Ruiu P, Bonfante P (2006). ITS 
primers for the identification of marketable boletes. J. Biotechnol. 
121: 318-329. 

Oda Y, Asari HY, Urakami TI, Tonomura K (1995). Microbial degradation 
of poly (3-Hydroxybutyrate) and polycaprolactone by filamentous 
fungi. J. Ferment. Bioeng. 80: 265-269.  

Patra M, Bhowmik N, Bandopadhyay B, Sharma A (2004). Comparison 
of mercury, lead and arsenic with respect to genotoxic effects on 
plant systems and the development of genetic tolerance. Environ. 
Exp. Bot. 52: 199-223.  

Say R, Denizli A, Yakup AM (2001). Biosorption of cadmium(II), lead(II) 
and copper(II) with the filamentous fungus Phanerochaete 
chrysosporium. Bioresour. Technol. 76: 67-70. 

Selatnia A, Bakhti MZ, Madani A, Kertous L, Mansouri Y (2004). 
Biosorption of Cd2+ from aqueous solution by a NaOH-treated 
bacterial dead Streptomyces rimosus biomass. Hydrometallurgy, 75: 
11-24. 

Seip ER, Woloshuk, CP, Payne GA, Curtis SE (1990). Isolation and 
sequence analysis of a 3-Tubulin gene from Aspergillus flavus and its 
use as a selectable marker. Appl. Environ. Microbiol. 56: 3686-3692. 

Sietmann R, Gesell M, Hammer E, Schauer F (2006). Oxidative ring 
cleavage of low chlorinated biphenyl derivatives by fungi leads to the 
formation of chlorinated lactone derivatives. Chemosphere, 64: 672-
685.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Zeng et al.        6533 
 
 
 
Svecova L, Spanelova M, Kubal M, Guibal E (2006). Cadmium, lead 

and mercury biosorption on waste fungal biomass issued from 
fermentation industry. I. Equilibrium studies. Sep. Purif. Technol. 52: 
142-153. 

Tanous C, Chambellon, E, Bars, DL Delespaul, G, Yvon M (2006). 
Glutamate dehydrogenase activity can be transmitted naturally to 
Lactococcus lactis strains to stimulate amino acid conversion to 
aroma compounds. Appl. Environ. Microbiol. 72: 1402-1409. 

Udo EE, Jacob LE, Mathew B (2001). Genetic analysis of methicillin-
resistant Staphylococcus aureus expressing high- and low-level 
mupirocin resistance. J. Med. Microbiol. 50: 909-915.  

White MM, Robert W, Lichtward IT, Colbo MH (2006). Confirmation and 
identification of parasitic stages of obligate endobionts (Harpellales) 
in blackflies (Simuliidae) by means of rRNA sequence data. Mycol. 
Res. 110: 1070-1079.  

Zafar S, Aqil F, Ahmad I (2007). Metal tolerance and biosorption 
potential of filamentous fungi isolated from metal contaminated 
agricultural soil. Bioresour. Technol. 98: 2557-2561 

Zeng X, Tang J, Liu X, Jiang P (2009). Isolation, identification and 
characterization of Cd resistant Pseudomonas aeruginosa E1 J. 
Cent. South Univ. Technol. 16: 0416-0421. 

Zou CS, Mo MH, Gu YQ, Zhou JP, Zhang KQ (2007). Possible 
contributions of volatile-producing bacteria to soil fungistasis. Soil 
Biol. Biochem. 39: 2371-2379.  

Zuccaro A, Schoch CL, Spatafora JW, Kohlmeyer J, Draeger S, Mitchell 
JI (2008). Detection and Identification of Fungi Intimately Associated 
with the Brown Seaweed Fucus serratus. Appl. Environ. Microbiol. 
74: 931-941. 


