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Abstract: The taxonomy characteriazation and cadmium (Cd) biosorption of the high Cd-resistant fungus M1 were investigated. The 
internal transcribed spacers (ITS) region and β-tubulin genes of the strain were amplified, sequenced and analyzed by molecular 
biology technology. The Cd biosorption assay was performed by shaking flask. Fourier transform infrared spectroscopy was used to 
analyze the mycelium. The similarity of gene sequences and phylogenetic trees show the very close relation between the strain and 
Paecilomyces lilacinus, and the fungus M1 was identified as P. Lilacinus. The initial pH 6 and Cd concentration about 100 mg/L are 
optimum. Zn and Mn have a little effect on the Cd biosorption of the strain, while Cu and Pb present obvious effects. FTIR analysis 
shows that the fungus adsorbs Cd by esters, anhydride, and amide. With the preferable absorption capacity, fungus M1 is considered 
to have good prospects in bioremediation. 
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1 Introduction 
 

Hazardous levels of heavy metals have increased in 
environment by industrial activities and agricultural 
practices. In pollution sites, heavy metals have dispersed 
into subsurface sediment and groundwater, and the 
possibility of these elements to damage the ecosystem 
and human health by the food chain is increasing [1,2]. 
Cd is a highly toxic heavy metal and unnecessary 
element for organism cell. It has been widely exploited 
and applied in industry, agriculture and military field, 
which caused a serious Cd-pollution. Cd can be 
transported into the cytoplasm through nontoxic metals 
transport systems due to the structural and valence 
similarities. It damages cells by strong affinity to 
sulfhydryl groups of proteins and displacement of Zn and 
Fe ions from proteins [3]. The complexation of 
sulfhydryl groups with heavy metal cation decreased the 
activity of sensitive enzymes. It has been speculated that 
Cd can generate reactive oxygen species (ROS) to cause 

single-strand DNA damage. Moreover, Cd inhibits the 
DNA mismatch repair system, which may lead to 
mutations and cancer [4]. 

With the increase of concern on heavy metal 
pollution, various strategies to restore environment have 
been studied by researchers. Some methods have been 
used in treatment of wastewater, such as precipitation, 
adsorption on activated carbon, membrane separation, 
ionic exchange and flotation. Recently, removal of heavy 
metals from wastewaters has focused on the development 
of safer, more efficient, and less expensive materials 
[5,6]. Compared with the other methods, biosorption has 
the merits of low energy consumption, no second 
pollution and simply operation. As a way of cleaning up 
toxic-metal contamination, the biosorption of microbial 
cells for heavy metals is a promising technology [7,8]. 
Fungi possess good metal uptake systems with 
metabolism-independent biosorption. The hyphal wall 
was found to be a primary site of metal ion accumulation. 
Rhizopus and Aspergillus sp. were thought as promising 
biosorbers of Cd and Cr [9]. Phanerochaete chryso- 
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sporium mycelium was used as a biosorbent for heavy 
metals Cd (II), Pb (II) and Cu (II) from solution [10]. 
The above researches showed fungus was a good 
material to adsorb heavy metals. There are some reports 
about fungi used on metals biosorption, but few reports 
have been published about biosorption by Paecilomyces 
lilacinu. 

Xiangjiang River (located in Hunan province) 
valley is the typical heavy metals pollution. Cd is the 
main toxic metal and has threatened human health. In 
previous work, an indigenous fungus with high 
resistance to Cd was isolated. In order to know the 
possibility in bioremediation, the fungus was 
investigated to understand its taxonomy and biosorption 
capacity. 
 
2 Experimental 
 
2.1 Strain and medium 

The fungus M1 was isolated from Zhuzhou smelter 
near by Xiangjiang River, which possesses high 
Cd-resistant capacity. Czapek medium (sucrose 30 g/L, 
NaNO3 2.0 g/L, K2HPO4 1.0 g/L, KCl 0.5 g/L, MgSO4 
0.5 g/L, FeSO4 0.01 g/L) was used. 
 
2.2 ITS and β-tubulin genes amplification and 

sequence analysis 
In order to extract the genomic DNA, the fresh 

mycelia were harvested and rapidly ground in a mortar 
with liquid N2 for 5−10 min. The pretreated mycelia 
were performed according to the instructor of 
commercial kit. The fungal universal primers ITS-1 (5’- 
TCCGTAGGTGAACCTGCGG-3’) and ITS-4 (5’- 
CCTCCGCTTATTGATATGC-3’) were used to amplify 
the internal transcribed spacers (ITS) region sequence 
[11]. Based on the lots of β-tubulin sequences in 
GenBank database, a pair primers were designed as 
follows: f (5’-CATGCGTGAGCTTGTATGC-3’) and r 
(5’-TAGCCGAAAGCGAAGTTG-3’). The PCR 
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. The above amplification 
products were purified and sent to Shanghai Sangon 
Biotechnologies Co. Ltd. to sequence. The ITS and 
β-tubulin gene sequences of the fungus were submitted 
to GenBank and analyzed with the BLAST search tool. 
 
2.3 Cd biosorption assay 

To obtain mycelia biomass, M1 was inoculated in 
Czapek liquid medium. The cultures were incubated on a 
rotary shaker at 30 °C and 180 r/min for 3 d. The 
biomasses were harvested by centrifugation at 5000 
r/min for 10 min, washed with sterile water three times. 
Mycelia were sterilized at 121 °C for 20 min to get 

no-living biomass. Both of living and no-living biomass 
was used in biosorption. The biosorption experiments 
were performed for 24 h. After adsorption the Cd 
adsorption solutions were centrifuged at 5000 r/min for 
10 min. The supernatant was filtered by 0.45 μm micro 
filtration membrane. The concentration of Cd was 
determined by flame atomic absorption. 

In the adsorption experiments, the wet mycelia were 
weighed to keep equal in each flask. The adsorption 
amount was calculated as  
 
Q=(ρi−ρf)×V/md                                              (1) 
 
where Q is the Cd adsorption amount; ρi and ρf mean the 
initial and final Cd concentration, V is the Cd solution 
volume and md is the dry mass of biomass. The below 
experiments were repeated three times and average 
values were gained. 

The influence of initial pH on Cd adsorption was 
studied. The Cd solution pH was adjusted from 3 to 7 by 
1 mol/L HNO3 and 1 mol/L NaOH. The initial Cd 
concentration is 100 mg/L. Adsorption was performed in 
a rotary shaker with 100 r/min at 30 °C. Shaking for 30 
min, the Cd concentrations were determined. 

At varied initial Cd concentration, the Cd 
adsorption capacity of fungus M1 was studied. The 
initial Cd concentrations were ranged from 20 to 200 
mg/L. Other adsorption conditions were same as the 
above experiments. The Cd removal rate (R) was 
obtained by the following equation: 
 
R=(ρi−ρf)/ρi×100%                           (2) 
 

The effects of Zn (II), Mn (II), Cu (II), and Pb (II) 

on Cd adsorption were alone investigated. In Cd 
solutions, Cd concentration was kept 100 mg/L and the 
other metal ion was 50 mg/L. Other adsorption 
conditions were same as the above experiments. Shaking 
at 100 r/min for 30 min, the Cd concentrations were 
measured. 

 
2.4 FTIR analysis 

The cultures were incubated on a rotary shaker at  
30 °C and 180 r/min for 7 d, then performed cadmium 
adsoption assay as 2.3. The biomasses were harvested by 
centrifugation at 8000 r/min for 10 min, followed 
freeze-drying to constant mass. Using a potassium 
bromide (KBr) pellet technique (1 mg sample/100 mg 
KBr), the above biomasses were analyzed by Fourier 
transform infrared spectroscopy. 
 
3 Results and discussion 
 
3.1 Taxonomy characterization 

ITS region and β–tubulin gene sequences amplified 
from the genomic DNA are submitted to GenBank and 
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the accession number are FJ461773 and FJ502248 
separately. The sequences are aligned with the previously 
published sequences by BLAST tool. The result showed 
that they have more than 99% similarity to Paecilomyces 
lilacinus. As shown in Fig. 1 and Fig. 2, the phylogenetic 
trees based on ITS region and β–tubulin gene are 
constructed by the software Clust.X. Both the 
phylogenetic trees also suggest the very close 
relationship between the fungus M1 and P. Lilacinus, and 
the strain is identified as P. Lilacinus. 

The ITS regions are located between the 18S and 
28S rRNA genes, including the ITS1 nucleotide 
sequence, 5.8S ribosomal RNA, and ITS2 nucleotide 
sequence. Due to the high variable domains ITS regions 

has been used extensively to detect closely related fungal 
isolates. HENRY et al [11] developed a method to 
identify Aspergillus at the species level and differentiate 
it from other true pathogenic and opportunistic molds, 
and found that both ITS 1 and ITS 2 regions were needed 
for accurate identification of Aspergillus at the species 
level. Based on the ITS region sequences, the specific 
primers were designed to separate the taxonomy which 
were hardly distinguishable on the basis of their 
morphology [12]. 

Tubulins are soluble protein in all eukaryotic cells 
cytoplasm. They mainly include two types tubulin 
molecules called α and β-ubulin. The genes encode 
β-tubulins are extremely conserved and have been  

 

 

Fig. 1 Phylogenetic tree based on ITS regions sequence of fungus M1 
 

 
Fig. 2 Phylogenetic tree based on β–tubulin sequence of fungus M1 
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studied in many fungi [13,14]. The β-tubulin gene of 
Aspergillus flavus was found to be highly conserved 
between the two Aspergillus species and used as a 
selectable marker for transformation. Nowaday β-tubulin 
gene is thought as important on taxonomy identification 
[15]. 

Based on the ITS regions and β–tubulin gene 
analysis 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 [16]. 
Paecilomyces lilacinus strain 251 proved significant 
control of the root-knot nematode M incognita on tomato 
[17]. In the field P. lilacinus has been developed into 
commercial products and used to control nematodes for 
years [18]. Moreover, it has been studied in environment 
treatment. ODA et al [19] found that P. lilacinus D218 
excreted PHB (3-hydroxybutyrate) and PCL 
(polycaprolactone) depolymerases to degraded PHB and 
PCL. P. lilacinus as biphenyl oxidizing organisms can 
oxidize chlorinated biphenyl derivatives [20]. But there 
are few reports about P. lilacinus used in heavy metals 
removal. It is maybe the first report about heavy metal 
removal by P. lilacinus. 

 
3.2 Effect of initial pH  

The result of the effect of pH on the biosorption 
capacity is shown in Fig. 3. Both living biomass and 
no-living biomass present the similar trend. In the pH 
range of 3−6, the adsorption amount increases with 
initial pH increasing, and the Cd adsorption amount 
enhances from 16.77 to 36.51 mg/L, and 17.86 to 41.13 
mg/L for living and no-living biomass, respectively. 
When pH value reaches 7, the adsorption capacity is 
slightly decreased. The well biosorption occurs at pH 
6−7 and 5−7 by living and no-living biomass. Since 
alkaline solution contributes Cd ion to form hydroxide 
precipitation, the pH exceeding 7 is not considered to  
 

 
Fig. 3 Effect of pH on Cd biosorption by living and no-living 
biomass 

further investigate. The pH 6 is thought as the optimum 
initial value in this experiment. 

It has been reported that the ability of Cd 
biosorption was related to initial pH. This result was 
similar to the previous reports on the biosorption of Cd. 
RANGSAYATORN et al [21] reported Cd adsorption by 
Spirulina platensis TISTR 8217 silica immobilized cells 
remained constant for a wide pH range from 4 to 7, while 
the maximum Cd adsorption capacity of alginate 
immobilized cells occurred at pH 6 [21]. The optimum 
pH for adsorption of Cd by Pantoea sp. TEM18 was 6.0 
[22]. The pH 5 was found to be optimum for Cd 
biosorption by Hydrilla verticillata biomass [23]. The 
effect of pH on metal biosorption is related to the active 
sites on the cell walls. The cell wall surface contains a 
large number of active sites such as carboxyl, hydroxyl, 
amino groups, and phosphate groups. The solution pH 
can affect the interaction between metal ions and the 
active sites. At low pH, the amount of proton far exceeds 
that of metal ion and the active sites mainly bind proton, 
resulting Cd ion free in solution [24]. With the initial  
pH increasing, the proton decreases and the Cd ions 
bound to the active sites increase. Thus the Cd 
biosorption increased at higher initial pH. However, 
some heavy metal ions can form precipitation in alkaline 
environment and the alkaline solution was excluded in 
biosorption. 
 
3.3 Effect of initial Cd concentration 

The effect of initial Cd concentration on biosorption 
capacity is shown in Fig. 4. It is observed that with the 
Cd concentration increasing from 20 to100 mg/L, the 
adsorption amount rapid enhances from 9.45 mg/g to 
36.46 mg/g and 9.85 mg/ g to 41.99 mg/ g for living and 
no-living biomass. When the Cd concentration exceeded 
100 mg/L, the adsorption amount increased slightly. 
Meanwhile, the biosorption rate exhibited drop tendency. 
With the Cd concentration increasing from 20 mg/L to  
 

 
Fig. 4 Effect of initial Cd concentration on adsorption amount 
(Q) and Cd removal (R) 
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150 mg/L, it decreases from 78.75% to 38.98% and 
82.05% to 46.05 % for living and no-living biomass. 

The general accepted biosorption mechanism is that 
metal ions are adsorbed by active sites of cell wall. 
Regardless of other conditions, the biosorption capacity 
is proportional to the amount of metal ions and active 
sites. So, the adsorption amount can increase with Cd 
concentration. In this experiment the biomass amount 
was constant and the active sites were limited. When the 
maximum active sites were occupied with metal ions, it 
presented no significant increase with the higher Cd 
concentration. At the same time, at higher Cd 
concentration, the increase amount of Cd free in solution 
was more than that of bound on sites, resulted in the 
adsorption rate decreasing. Some researchers have 
studied the influence of initial metal ions concentration 
on biosorption by different biomass [25]. The capacity of 
the biosorbents of Pantoea sp. TEM18 increased initially 
on increasing the initial concentrations of Cd ions and 
reached saturation at 150 mg/L [22]. The Cd uptake by 
S.platensis reached a saturation value around 150 mg/L 
[26]. In this experiment the Cd biosorptions of the living 
and no-living biomass both reached saturation at 100 
mg/L. It suggests the strain is suitable to treat wastewater 
at about 100 mg/L. 
 
3.4 Effect of other metals 

In heavy metal polluted environment, there 
generally exist different metals. So, studying the effect of 
other metal ions on biosorption is necessary in 
bioremediation. Zn, Mn, Cu and Pb are the usual heavy 
metals in heavy metals pollution sites. The effect of them 
on the biosorption was investigated. From Fig. 5, it can 
be found that all the metals can inhibit the biosorption 
both by living and no-living biomass, but the inhibitions 
of Cu and Pb were more than Zn and Mn. In the presence 
of Cu and Pb, the adsorption amount lowered to 12.93 
and 14.5 mg/g, respectively. It is implied that Cu and Pb 
would decrease the Cd biosorption of the strain. 
 

 
Fig. 5 Influence of other metals on Cd biosorption 

Since the biosorption mechanism is related metal 
ion bound the active sites of cell wall, there would exist 
in competition of varied metal ions for active sites. Some 
scholars have studied the competition. AKAR et al [27] 
found that Cu, Cd and Ni can inhibit the Pb uptake 
capacity of Botrytis cinerea and the highest inhibition 
effect was observed in the presence of Cu followed by Ni 
and Cd. In the biosorption of heavy metals with 
Phanerochaete chrysosporium the order of affinity for 
competitive conditions was Cu (II)>Pb (II)>Cd (II) [28]. 
Competitive biosorption experiments were performed 
with Cd and Pb together with Cu and the biosorption 
capacities of the yeast biomass for all metal ions were 
found to be lower than in non-competitive conditions 
[29]. In this result, Cu and Pb also present high 
inhibitions on Cd biosorption, but the inhibition of Zn 
and Mn were weak. It may imply that there were more 
common affinity sites for Cu (II) and Pb (II) with Cd (II) 
on cell wall than the other two metal ions. 
 
3.5 FTIR analyses 

The FTIR analysis of biomass is shown in Fig. 6. 
The biosorption peak at 3430 cm−1 could result from the 
stretching vibration of N—H groups of the primary and 
secondary amides and O—H groups. The band at 3160 
cm−1 is indicative of N—H group. The peaks at 2930 and 
2850 cm−1 indicate C—H group stretching vibration. The 
bands at 1640 and 1750 cm−1  are the results of C=O 
stretching. The peak at 1400 cm−1 is indicative of N—H 
stretching vibration from the primary amides. The 
biosorption peak at 1090 cm−1 is indicative of phosphate 
functional groups such as P=O, P—OH, −3

4PO . The 
FT-IR spectra show the difference between the 
components of biomasses with varied Cd concentration 
(Fig. 6). Compared with the biomass which has not 
contacted Cd (Fig. 6(a)), the FTIR spectrum 
corresponding to 2 and 6 mM Cd shows (Fig. 6(b), (c)) 
the following difference: the peaks at 3430 and 3160  
 

 
Fig. 6 FTIR spectra of fungus M1: (a) Without Cd; (b) With 2 
mmol/L Cd; (c) Wtih 6 mmol/L Cd 
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cm−1 attached to O—H and N—H groups are weak, the 
peaks at 2930 and 2850 cm−1 related to C—H group 
obviously weaken;  the peaks at 1750 cm−1 related to 
C=O group of from esters, anhydride, and amide almost 
disappeared. The changes of biosorption bands mean the 
decrease of amino and amide. The result suggests that the 
Cd biosorption mechanism of the strain is related to 
carboxyl, hydroxyl, amino, and so on groups, which is 
similar to other reports [7]. 
 
4 Conclusions 
 

1) ITS region and β–tubulin gene sequences are 
aligned with the previously published sequences by 
BLAST tool and all have more than 99% similarity to P. 
lilacinus. The phylogenetic trees also suggest the very 
close relationship between the fungus M1 and P. 
Lilacinus, and the strain is identified as P. Lilacinus. 

2) The initial pH has an obvious effect on Cd 
biosorption of the strain. The suitable initial pH values 
are 6−7 and 5−7 for living and no-living biomass, 
respectively. At initial Cd concentration of 100 mg/L, 
both the adsorption amount and removal rate are 
efficiency. Zn and Mn have a little effect on the the Cd 
biosorption of the strain, while Cu and Pb present 
obvious effects. The strain is suitable to adsorb Cd ions 
of solution and has potential in bioremediation of Cd 
pollution. FTIR suggests that the Cd biosorption 
mechanism of the strain is related to carboxyl, hydroxyl, 
amino, and so on groups. 
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摘  要：研究一株高抗镉真菌 M1 的分类学鉴定和镉吸附影响因素。通过分子生物学方法获得 ITS 和 β-微管蛋白

的基因序列，并进行测序和分析；采用摇瓶振荡培养方法研究影响镉生物吸附能力的因素；采用傅里叶红外光谱

对菌丝的镉吸附机理进行初步分析。基因序列相似性比较和系统发育树构建均表明该真菌与淡紫拟青霉的关系最

近，表明真菌 M1 在分类学上属于淡紫拟青霉菌。活的和失活菌丝体分别在起始 pH 值为 6~7 和 5~7 的范围内表

现出较好的吸附能力，镉溶液浓度为 100 mg/L 时吸附效率最好。锌和锰对菌体的镉吸附有些许影响，而铜和铅

对它的镉吸附影响明显。红外光谱分析表明：菌体吸附镉主要与羰基、羟基和氨基等基团有关。实验结果表明：

真菌 M1 在重金属的生物修复中具有较好的应用前景。 
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