
 

 

 

 Trans. Nonferrous Met. Soc. China 26(2016) 1410−1418 

 
Toxicity and bioaccumulation of heavy metals in Phanerochaete chrysosporium 

 

Mei-hua ZHAO
1
, Chao-sheng ZHANG

1
, Guang-ming ZENG

2
, Dan-lian HUANG

2
, Min CHENG

2
 

 

1. College of Civil Engineering, Guangzhou University, Guangzhou 510006, China; 

2. College of Environmental Science and Engineering, Hunan University, Changsha 410082, China 
 

Received 1 July 2015; accepted 6 January 2016 

                                                                                                  
 

Abstract: The responses of the growth and metabolism activity of Phanerochaete chrysosporium (P. chrysosporium) to cadmium 

(Cd), lead (Pb) and their combined pollution stress, were investigated in plate and liquid culture conditions. The diameter of colony, 

biomass of P. chrysosporium, ligninolytic enzyme activities and bioaccumulation quantity of heavy metals were detected. The results 

indicated that Cd was more toxic than Pb to P. chrysosporium and the toxicity of Cd and Pb to P. chrysosporium was further 

strengthened under Cd+Pb combined pollution in different culture conditions. Heavy metals Cd and Pb had indirect influence on the 

production of ligninolytic enzymes by directly affecting the fungal growth and metabolic activity, and by another way in liquid 

culture. In addition, the results provided an evidence of the accumulation of Cd and Pb on the mycelia of P. chrysosporium. 
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1 Introduction 
 

Heavy metal contamination in surface, ground water 

and soil becomes a widespread and serious problem, 

which poses a huge threat to plants, animals and human 

beings [1−4]. Conventional methods such as chemical 

precipitation, coagulation, adsorption, membrane 

processes and ion exchange have been employed for 

removing heavy metals from contaminated sites, which 

are inefficient and expensive [5−8]. These shortcomings 

of conventional physico-chemical methods have led to 

the investigation of the use of microorganisms in 

bioremediation for heavy metals, which provides an 

economic and safe alternative that does not aggravate 

other environmental problems [9,10]. To date, there are 

numerous microbe species including bacteria, 

actinomycetes and fungi, which are known to have the 

potential to adapt the heavy metals-contaminated 

environment and remove heavy metals [7,11,12]. 

Phanerochaete chrysosporium (P. chrysosporium), a 

well-known white-rot fungus, has been found to be 

potential in treating heavy metal-contaminated 

agricultural waste, and wastewater containing heavy 

metals and toxic organic pollutants, due to its unique 

degradation to a wide range of xenobiotic and  

persistent pollutants, and biosorption ability to heavy 

metals [2,9,13,14]. 

Commonly, some heavy metals are essential as trace 

elements for the fungal growth and metabolism including 

Cu, Fe, Mn, Mo, Zn and Ni, but these metals are toxic 

when they are present in excess. Nonessential metals 

commonly including Cr, Cd, Pb, Hg and Ag, which are 

widely present in the environment, are toxic to most 

microorganisms [15,16]. Excess heavy metals would 

cause morphological and physiological changes, and 

affect the reproduction of microorganism. Cd is one of 

the most toxic environmental pollutants to all living cells. 

The symptoms of Cd toxicity include growth inhibition, 

enzyme inactivation, proteins and DNA oxidation, 

nucleotide conformation changes and ultrastructural 

changes [17−20]. Pb has also been recognized as one of 

the most hazardous heavy metals among environmental 

pollutants [21], which can cause cell membrane damage 

and destroy the transport of nutrients [15,22]. However, 

so far, there has been only scattered information about 

the physiological effects of Pb or Cd pollution on 

white-rot fungi. In particular, the responses of white-rot 

fungi growth to Pb and Cd combined pollution stress 

have not yet been reported until now. 
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The objective of the present investigation was to 

study the toxicity of heavy metals on growth and enzyme 

production of P. chrysosporium in plate and liquid 

culture conditions, respectively. In addition, the 

bioaccumulation of heavy metals by P. chrysosporium 

was studied under different culture conditions. These 

results are expected to clarify the heavy metal toxicity, 

provide useful references on alleviating the 

environmental impact of metal-contaminated sites by   

P. chrysosporium, and promote further application of   

P. chrysosporium for bioremediation. 

 

2 Experimental 
 

2.1 Fungal strain and chemicals 

The white-rot basidiomycete, P. chrysosporium 

strain BKM-F-1767 used in this work was obtained from 

the China Center for Type Culture Collection (Wuhan, 

China). Stock cultures were maintained on malt extract 

agar slants at 4 °C. All the chemicals used in this work 

were of analytical reagent grade. 

 

2.2 Plate culture studies 

Three sets of experimental plates were prepared and 

labeled as Pb, Cd and Pb+Cd, and the concentration of 

heavy metal in each experimental plate is shown in  

Table 1. The experimental plates without addition of any 

heavy metal were used as control. Fungal cultures were 

transferred to potato dextrose agar (PDA) plates at 37 °C 

for several days. Then, fungi scone was obtained in 

colony border with a punch (D=10 mm) and inoculated 

into the center of experimental plate with the mycelium 

down under aseptic conditions. All experiments were 

performed in six replicates, and plates of three replicates 

were put with cellophanes and others without 

cellophanes. All experimental plates were placed in a 

constant-temperature (30 °C) incubator and incubated 

until the colony reached the edge of the plate. The 

tendency of hypha growth of P. chrysosporium was 

observed, and the colony diameter, mycelial dry mass of 

P. chrysosporium and heavy metal accumulation by    

P. chrysosporium were measured. 

 

2.3 Liquid culture studies 

P. chrysosporium spore suspensions were prepared 

by diluting the spores in ultrapure water and adjusted to a 

concentration of 2.0×10
6
 CFU/mL. 2 mL of spore 

suspensions were inoculated to 500 mL Erlenmeyer 

flasks containing 200 mL liquid medium (pH 4.5) as 

described by TIEN and KIRK [23]. Each flask was 

treated with various kinds and concentrations of heavy 

metals, and the initial concentrations of different heavy 

metals are shown in Table 1. Then, the liquid culture 

experiments were performed at 30 °C for 7 d and the 

rotation speed was fixed at 120 r/min. To make a better 

comparison, the non-heavy metal control flasks were 

used. All experiments were performed in three replicates. 

After 7 d, samples were taken to determine biomass, 

ligninolytic enzyme activities and concentrations of 

heavy metals in solution. 

 

2.4 Determination assays 

2.4.1 Tendency of hypha growth 

The tendency of hypha growth of P. chrysosporium 

was observed. Comparing the tendency of hypha growth 

in experimental groups with that in the control group, 

some words such as sparse, intensive, strong and weak 

were used to describe different degrees of growth. 

2.4.2 Diameter and net growth of colony 

Firstly, select colony at any place to measure 

diameter, then rotate the plate clockwise 60° for the 

second measure of its diameter, and finally rotate the 

plate clockwise 60° again for the third measure of     

its diameter [24]. The diameter of colony of P. 

chrysosporium was the average of three measures. The 

net growth was calculated as the difference between 

diameters of colony and scone. 

2.4.3 Dry mass and inhibition rate of growth of P. 

chrysosporium 

In plate culture, plates were put in the microwave 

oven for heating. After PDA was completely melted, 

mycelia were obtained and washed five times with 

ultrapure water, and then put into the oven of 105 °C   

(12 h) for drying to constant mass. 

In liquid culture, mycelia were filtered and washed 

five times with ultrapure water after culture process, and 

then put into the oven of 105 °C (12 h) for drying to 

constant mass. The dry mass was identified as the 

biomass of P. chrysosporium. 

The inhibition rate of growth in both plate and 

liquid cultures was calculated with the formula as 

follows: 
 

100%
B C

A
B


                              (1) 

 

where A is the rate inhibition of growth, B is the net 

growth in blank group, and C is the net growth in 

experimental group. 

2.4.4 Ligninolytic enzyme activity 

The supernatant fluid from liquid culture was 

filtered through 0.45 μm filter papers for ligninolytic 

peroxidase activity analyses. In this work, two main 

ligninolytic peroxidases (LiP and MnP) were measured 

with an ultraviolet spectrophotometer (UV−2250, 

SHIMADZU, Japan). LiP activity was measured as 

described by TANAKA et al [25]. One unit (U) of LiP 

activity was defined as the amount of the enzyme 

required to produce 1 mol/L veratryl aldehyde from the 
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oxidation of veratryl alcohol per minute. MnP activity 

was measured as described by LOPEZ et al [26]. MnP 

unit activity was defined as the amount of enzyme 

required for producing 1 mol/L Mn
3+

 from the oxidation 

of Mn
2+

 per minute. 

2.4.5 Bioaccumulation of heavy metals 

In plate culture, mycelia in plates with cellophanes 

were obtained and washed with utrapure water five times, 

and then put into the oven of 105 °C for drying to 

constant mass. Microwave digestion by adding 

concentrated HNO3 was performed under these 

conditions (the first process: 140 °C, 5 MPa and 10 min; 

the second process: 170 °C, 10 MPa and 8 min; the last 

process: 190 °C, 10 MPa and 5 min). After digestion, the 

sample solution was analyzed for content of Pb or Cd 

using an atomic absorption spectrophotometer (AAS, 

Agilent 3510, USA). 

In liquid culture, 1.25 mL of samples from the P. 

chrysosporium culture were filtered through Whatman 

paper, and diluted with untrapure water to 50 mL for 

heavy metal analysis with an atomic absorption 

spectrophotometer (AAS, Agilent 3510, USA). 

 

2.5 Statistical analysis 

The analysis of experimental samples was made 

three replications, and results were expressed as the 

mean value with the standard deviation. Statistical 

analyses were performed using SPSS software (SPSS 

18.0, Germany). The level of significance was set at   

P<5% in all cases. 

 

3 Results and discussion 
 
3.1 Toxicity and bioaccumulation of heavy metals of  

P. chrysosporium in plate culture 

3.1.1 Tendency of hypha growth of P. chrysosporium 

In order to research the effect of heavy metals on 

the growth of P. chrysosporium, the hypha growth of   

P. chrysosporium was observed, and the results of 

tendency of hypha growth with qualitative analysis are 

shown in Table 1. On the whole, the change trends of 

hypha growth were the same under Pb, Cd and combined 

Cd+Pb pollution stress. The hypha growth of P. 

chrysosporium increased progressively with increasing 

concentration of the heavy metal firstly, and then 

decreased with further increasing concentration of the 

heavy metal. However, there is a great difference of    

P. chrysosporium among the three conditions. When Pb 

concentration was 25 mg/L and Pb+Cd concentration 

was 2 (Cd) + 25 (Pb) mg/L, hypha grew strongly and 

were characterized by dense. The tendency of hypha 

growth was further strengthened with the increase of the 

test Pb concentration. However, the tendency of hypha 

growth did not change with the increase of the Cd+Pb 

concentration. The tendency of hypha growth was slowly 

weaken when Cd concentration was 8 mg/L, and the 

hypha growth became very weak and had performance in 

aerial hyphae thinning with the further increase of the Cd 

concentration. At high concentrations of Pb, Cd and 

Cd+Pb, the growth of P. chrysosporium was weak, and 

the hypha was relatively sparse. 

 

Table 1 Effect of Cd, Pb and Cd+Pb on tendency of hypha 

growth of P. chrysosporium 

Heavy 

metal 

Concentration/ 

(mg·L−1) 

Degree of 

closeness 

Degree of 

strongness 

Cd 

2 Intensive Relatively strong 

4 Intensive Relatively strong 

8 
Relatively 

intensive 
Relatively weak 

16 Spare Weak 

32 Spare Weak 

Pb 

25 Intensive Relatively strong 

50 Intensive Relatively strong 

100 Intensive Very strong 

200 
Relatively 

intensive 
Relatively weak 

400 Relatively spare Weak 

Cd+Pb 

2 (Cd) + 25 (Pb) Intensive Relatively strong 

4 (Cd) + 50 (Pb) Intensive Relatively strong 

8 (Cd) + 100 (Pb) Intensive Relatively weak 

16 (Cd) + 200 (Pb) 
Relatively 

intensive 
Relatively weak 

32 (Cd) +400 (Pb) Spare Very weak 

     

3.1.2 Diameter and net growth of colony 

The diameters of colony of P. chrysosporium under 

Cd, Pb and combined Cd+Pb pollution stress are shown 

in Fig. 1. The diameter of colony was 81 mm when Cd 

concentration was 2 mg/L, which increased by 1 mm on 

average compared with that of blank group. Meanwhile, 

the diameter increased by 2 mm and reached 82 mm 

when the Cd concentration was 4 mg/L. The colony 

diameter increased slightly under low concentration of 

Cd and the changes might be due to stimulating the 

growth of P. chrysosporium by the low concentration of 

Cd. With further increase of Cd concentration, colony 

diameter became smaller, while Cd concentration 

reached 32 mg/L, the colony diameter was only 26 mm. 

For single Pb pollution, colony diameter of P. 

chrysosporium increased with the increase of Pb 

concentration in Pb concentrations of 25−100 mg/L, 

while it decreased gradually with the increase of Pb 

concentration in the range of 200−400 mg/L. This 

suggested that the low concentration of Pb pollution  
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Fig. 1 Effect of Cd, Pb and Cd+Pb concentrations on diameter of colony of P. chrysosporium (Results are mean values of triplicate, 

and standard deviations are below 5% (n=3)) 

 

could promote the growth of colonies scattered, and also 

showed that P. chrysosporium had a certain tolerance for 

low concentration of Pb (≤100 mg/L). For combined 

pollution of Cd+Pb, the colony diameter was larger than 

that of the blank group when Cd+Pb concentration in the 

range from 2 (Cd) +25 (Pb) to 8 (Cd) + 100 (Pb) mg/L, 

and colony diameter was smaller than that of the blank 

group when the concentration was greater than 16 (Cd) + 

200 (Pb) mg/L, especially under 32 (Cd) + 400 (Pb) 

mg/L, the colony was only 18 mm in diameter and the 

net growth was 8 mm. 

3.1.3 Dry mass of P. chrysosporium 

Measuring the colony diameter in fungal plate 

culture is often adopted to evaluate the impact of 

exogenous substances or condition on fungal mycelium 

growth, but the disadvantage of this method is that, the 

density, thickness and material accumulation inner of 

mycelium are not to be considered. Therefore, besides 

the observation of hypha growth and determination of 

colony diameter, the mycelial dry mass was also 

measured, and inhibition rate of dry mass was calculated 

in this experiment. 

The dry masses of P. chrysosporium under Cd, Pb 

and Cd+Pb combined pollution stress are shown in Fig. 2. 

The results showed that mycelial dry mass under Cd+Pb 

combined pollution had different degrees of reduction 

compared with that of the blank group, and the mycelial 

dry mass gradually reduced with the increase of 

concentration of heavy metals. At the Cd+Pd 

concentration of 32 (Cd) + 400 (Pb) mg/L, mycelial dry 

mass was reduced to 15 mg and the inhibition rate was as 

high as 90.51%, which may be attributed to synergistic 

inhibition to the growth of P. chrysosporium by a high 

concentration of Cd+Pb combined pollution. Under Cd 

single pollution, the mycelial dry mass at low Cd 

concentration (2 mg/L) was higher than that of the blank 

group. Mycelial dry mass was inhibited when the 

concentrations of Cd were 8, 16 and 32 mg/L, and    

the inhibition rates were 11.39%, 51.90% and 75.32%,  

 

Fig. 2 Effect of Cd, Pb and Cd+Pb on dry mass of P. 

chrysosporium (Bars represent standard deviations of means 

(n=3)) 

 

respectively. For single Pb pollution, the change of 

mycelial dry mass showed an increase trend followed by 

a decrease with the increase of Pb concentration. The dry 

mass of mycelium reached the maximum of 172 mg at 

Pb concentration of 100 mg/L. When the concentrations 

of Pb were 200 and 400 mg/L, the inhibition rates of dry 

mass were 13.29% and 48.10%, respectively. 

The change tendency of the dry mass of mycelium 

was in line with that of tendency of hypha growth of    

P. chrysosporium, and presumably dry mass of mycelium 

dip may be caused by gradually weakened aerial hypha 

growth. On the other hand, it may be one reason that 

substrate mycelium growth was restrained by increasing 

concentration of heavy metals. 

3.1.4 Bioaccumulation of heavy metals by            

P. chrysosporium 

Figure 3 shows the bioaccumulation ability of heavy 

metals (Cd and Pb) by P. chrysosporium. The 

bioaccumulation content of heavy metals in vivo       

P. chrysosporium increased gradually with the increase 

of concentration of heavy metals. This was coinciding 

javascript:void(0);


Mei-hua ZHAO, et al/Trans. Nonferrous Met. Soc. China 26(2016) 1410−1418 

 

1414 

with Cd or Pb content in fruiting body of macrofungi 

which increased with increasing concentration of Cd or 

Pb [27,28]. However, the content of heavy metals in 

mycelium showed no linear correlation with heavy metal 

concentration. This may be due to the difference in fungi 

growth at different concentrations of heavy metals. 

Because the bioaccumulation of heavy metals by fungi 

was not only related to the basic concentrations of heavy 

metals, but also related to the quantity of fungi. The 

bioaccumulation quantity of Cd by P. chrysosporium 

under Cd single pollution was greater than that under the 

corresponding Cd+Pb combined pollution. The 

bioaccumulation quantity of Pb by P. chrysosporium 

under single Pb pollution was less than that under the 

corresponding concentrations of Cd+Pb combined 

pollution. This showed that the combined pollution stress 

promoted P. chrysosporium’ ability for Pb 

bioaccumulation and slightly dampened the Cd 

bioaccumulation capability. 
 

 
Fig. 3 Accumulation of Cd (a) and Pb (b) on P. chrysosporium 

(Bars represent standard deviation of means (n=3)) 

 

3.2 Toxicity and removal of heavy metals of         

P. chrysosporium in liquid culture 

3.2.1 Biomass of P. chrysosporium 

Trace metal elements required for some metabolic 

functions play an important role in nature decomposition, 

transformation and recycling, but when the concentration 

of metals in the environment increases to a certain  

extent, they will affect or inhibit the growth of 

microorganism and metabolic activity. Some heavy 

metals such as Cd and Pb have certain toxicity to 

microorganisms and serve no biological function [29]. 

The determination of microbial biomass in the process of 

pure culture is widely applied in life sciences research, 

industry, agriculture, medical and health care. The 

growth of microorganism is one of the biological 

indicators of heavy metals toxicity. Therefore, the 

detection of the growth situation of P. chrysosporium in 

the liquid culture will help for the intuitive understanding 

of the toxic effects of Cd and Pb on P. chrysosporium. 

The biomasses of P. chrysosporium under Cd, Pb 

and Cd+Pb combined pollution stress are shown in Fig. 4. 

The change trends of biomass of P. chrysosporium in all 

experimental groups were the same. The biomass of    

P. chrysosporium decreased with the increase of heavy 

metal concentration, and was smaller than that of blank 

group, suggesting that when P. chrysosporium was 

exposed to heavy metals in liquid environment, Cd and 

Pb would have negative effect on its growth, and the 

greater the concentrations of Cd and Pb are, the greater 

the negative effect is. Cd had mutagenic effect, which led 

to the DNA chain rupture, thereby changing the 

microbial growth and metabolism. Pb can cause cell 

membrane damage and destroy nutrient transport, which 

affects the growth of microorganisms. By comparison of 

single Cd and Pb pollution, it was found that Cd had 

much more toxic effect on P. chrysosporium than Pb, and 

the biomass of P. chrysosporium was very little under a 

very low concentration of Cd pollution. When the 

concentration of Cd was 32 mg/L, the biomass dry mass 

of P. chrysosporium (120 mg) was far less than that in 

 

 

Fig. 4 Effect of Cd, Pb and Cd+Pb on biomass of           

P. chrysosporium (Bars represent standard deviation of means 

(n=3)) 

javascript:void(0);
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the blank group (450 mg). Under Cd+Pb combined 

pollution, the toxicity of Cd and Pb to P. chrysosporium 

was further strengthened, and the biomass decreased 

dramatically. This may be attributed to that the 

environment polluted by heavy metals is so complex for 

P. chrysosporium to adapt to, and the exposure to Cd and 

Pb will lead to DNA damage of P. chrysosporium, so as 

to greatly limit the growth of P. chrysosporium. 

3.2.2 Production of ligninolytic enzymes 

In liquid culture conditions, two ligninolytic 

enzymes including LiP and MnP were produced by     

P. chrysosporium in the process of secondary metabolism. 

As shown in Fig. 5, the ability of P. chrysosporium for 

producing LiP and MnP under the Cd single pollution 

stress was weaker than that in the blank group. When the 

Cd concentration reached 16 mg/L, the amount of LiP 

and MnP activity were only 14 and 96 U/L, and reduced 

by 76.67% and 61.06% than that in the blank group, 

respectively. The results suggested that single Cd could 

inhibit the production of MnP and LiP by P. 

chrysosporium. Low concentrations (25 and 50 mg/L) of 
 

 

Fig. 5 Effect of Cd, Pb and Cd+Pb on LiP (a) and MnP (b) 

activity of P. chrysosporium (Bars represent standard deviation 

of means (n=3)) 

Pb stress could induce the production of MnP and LiP by 

P. chrysosporium, while the biomass of P. chrysosporium 

was reduced. This may be because P. chrysosporium 

would produce antioxidant mechanism to resist Pb 

pollution when exposed to low concentration of Pb [30]. 

The production of some antioxidants in antioxidant 

mechanism might change metabolic environment of    

P. chrysosporium, and this kind of environment was 

more conducive to the production of MnP and LiP by P. 

chrysosporium. Under high concentrations Pb (>50 mg/L) 

pollution stress, the production of MnP and LiP by     

P. chrysosporium was less than that in the blank group, 

this may be because Pb could damage P. chrysosporium 

in turn and the secretion of these two kinds of 

extracellular enzymes was decreased. The results 

confirmed that heavy metals had indirect influence on 

the production of ligninolytic enzymes by directly 

affecting the growth and metabolic activity of 

microorganisms [31]. In addition, other ways of heavy 

metal influence on ligninolytic enzymes may be: 1) 

heavy metals could occupy the active center of 

ligninolytic enzymes, or combine with amido or 

sulfydryl of enzyme molecules, thereby reducing enzyme 

activity of inhibition [32]; 2) heavy metal ions as a 

prosthetic group to join enzyme protein could promote 

the coordination between enzyme activity center and the 

substrate, and the enzyme and its active center could 

keep certain obligatory structure, and thereby transform 

the surface charge of the enzyme protein and equilibrium 

properties of enzyme catalytic reaction, leading to 

enhanced enzyme activity, namely performance for 

activation [15]. 

There was a difference between the production of 

MnP and LiP by P. chrysosporium under Cd+Pb 

combined pollution. The concentration of Cd+Pb (2 (Cd) 

+ 25 (Pb) mg/L) pollution promoted more LiP generation, 

while any combination of concentration of Cd+Pb 

pollution limited the generation of MnP to different 

degrees. This result suggested that the production 

mechanism of MnP and LiP by P. chrysosporium was 

different, and had different requirements on the 

environment. In addition, high concentrations of 

combined pollution led to the synergistic inhibition of 

production of ligninolytic enzymes. At a concentration of 

32 (Cd) + 400 (Pb) mg/L, the inhibition rates of MnP and 

LiP were as high as 82.4% and 78.33%, respectively. 

This result could also be speculated that under high 

concentration of combined pollution, the degradation 

ability of lignin by P. chrysosporium would be greatly 

restricted. 

3.2.3 Concentrations of heavy metals in liquid culture 

As shown in Fig. 6, P. chrysosporium showed 

removal ability of Cd and Pb in liquid culture,     

which further confirmed that the fungus had prospect of  
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Fig. 6 Changes of heavy metal concentration in medium under 

Cd, Pb and Cd+Pb exposure: (a) Under Cd or Pb exposure;   

(b) Under Cd+Pb combined exposure (Bars represent standard 

deviation of means (n=3)) 

 

application in heavy metal removal from wastewater [7,8]. 

In the tested range of Cd concentration, the adsorption 

removal rate of Cd by P. chrysosporium was as high as 

89.5% (2 mg/L), and had the minimum of 51.5%     

(16 mg/L). As a result, adsorption capability for low 

concentration of Cd was strong because adsorption 

capacity offered by the surface of P. chrysosporium was 

limited, thus its surface adsorption sites tended to be 

saturated when Cd concentration was increased. On the 

other hand, the increase of Cd concentration would 

stimulate the resistance system of P. chrysosporium to 

heavy metals and facilitated efflux of heavy metals. 

However, the removal rate of Cd increased when the Cd 

concentration was up to 32 mg/L, and the mechanism 

underlying this phenomenon remained to be clarified. 

The current speculation may be that the enrichment of 

large number of heavy metal on the surface would 

increase the pressure of transportation directly to cells in 

vivo, and more Cd was transported to inside the fungus. 

Residues of Pb concentration in liquid medium in all 

experimental groups were very low, which showed that 

adsorption removal ability of Pb by P. chrysosporium 

was very strong, and removal rate was all higher than 

90%. So, the biosorption ability of Pb by P. 

chrysosporium was better than that of Cd. Compared 

with single Cd pollution, the removal ability of Cd was 

weakened and the maximum removal rate of Cd was 

84% (2 mg/L) under Cd+Pb combined pollution, while 

the removal ability of Pb was slightly increased. The 

results suggested that there was competition adsorption 

in adsorption process of Cd and Pb by P. chrysosporium, 

and the fungi in the competitive adsorption had stronger 

affinity for Pb, thus the adsorption of Pb played a more 

dominant position [33]. The bioaccumulation effect of 

Cd and Pb by P. chrysosporium in liquid culture was 

similar with that in plate culture. 

 

4 Conclusions 
 

1) Heavy metals would affect the growth of       

P. chrysosporium in plate culture, and the effect was 

positive or negative depending on type and concentration 

of heavy metals. 

2) Cd and Pb would have negative effect on growth 

of P. chrysosporium in liquid culture, and the greater the 

concentrations of Cd and Pb are, the greater the negative 

effect is. In addition, single Cd could inhibit the 

production of MnP and LiP by P. chrysosporium under 

all tested concentrations, and low concentration (25 and 

50 mg/L) of single Pb stress could induce the production 

of MnP and LiP by P. chrysosporium. While the 

concentration of Cd+Pb (2 (Cd)+25 (Pb) mg/L) pollution 

promoted more LiP generation, all tested concentrations 

of Cd+Pb pollution limited the generation of MnP. 

3) P. chrysosporium showed biological enrichment 

for both Cd and Pb in plate and liquid cultures, which 

suggested that P. chrysosporium could be applied to 

removing Cd and Pb from wastes polluted by heavy 

metals. 
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摘  要：研究平板和液态培养过程中黄孢原毛平革菌的生长代谢活动对镉、铅单一污染及其复合污染胁迫毒性的

响应。测定黄孢原毛平革菌的菌落直径、微生物量、木质素降解酶活性及其对重金属的生物积累量。结果显示，

在这两种培养条件下镉比铅对黄孢原毛平革菌的毒性大，且镉−铅复合污染会加强这种毒性。在液态培养条件下，

重金属镉和铅通过直接影响真菌生长、代谢或其他方式间接影响黄孢原毛平革菌产木质素降解酶的能力。此外，

结果证明黄孢原毛平革菌菌丝体能够积累去除部分镉和铅。 

关键词：黄孢原毛平革菌；重金属；镉；铅；毒性；生物积累；木质素降解酶 
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