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Adsorption properties of lead and cadmium by Aureobasidium
pullulans JB16

LIU Bo, XIE Lin, LI Chunyue, LIU Yuheng, YUAN Xinyue, JIN Zhongmin*

College of Life Sciences, Agriculture and Forestry, Qiqihar University, Qiqihar 161006, Heilongjiang, China

Abstract: [Objective] To isolate and identify a heavy metal-resistant strain in the polluted soil
and explore the factors influencing the adsorption of the strain for lead and cadmium under
different conditions. [Methods] The strain was identified based on physiological and
biochemical characteristics and ITS sequence. The streak plate method was employed to
determine the maximum lead and cadmium tolerance of the strain and to explore the optimal
conditions for the adsorption of lead and cadmium. The adsorption process was studied by
pseudo-second-order kinetics, Langmuir and Freundlich models, and infrared spectroscopy.
[Results] Strain JB16 was isolated and identified as Aureobasidium pullulans, which can tolerate
the maximum lead concentration of 1 500 mg/L, the maximum cadmium concentration of 750 mg/L,
and the maximum lead-cadmium mixture concentration of 1 500 mg/L and 300 mg/L,
respectively. The single factor experiments (temperature, time, cell age, pH, wet mycelial
concentration, and initial heavy metal concentration) optimized the lead adsorption conditions as
follows: 30 C, 2 h, cell age of 72 h, pH 6, wet mycelial concentration of 5 g/L, and initial lead
concentration of 150 mg/L, under which the adsorption rate of lead was 88.5%. The optimum
conditions for cadmium adsorption: 30 “C, 1 h, cell age of 96 h, pH 6, wet mycelial concentration
of 5 g/L, and initial cadmium concentration of 20 mg/L, under which the adsorption rate of
cadmium was 59.4%. The adsorption process of lead and cadmium by the strain conformed to the
Langmuir model and the pseudo-second-order kinetic model, which indicated surface monolayer
adsorption. The results of scanning electron microscopy and infrared spectroscopy demonstrated
that the heavy metal ions changed the morphology of the strain, and the hydroxyl, carboxyl,
saturated C—H bonds, and amide groups on the cell surface participated in the adsorption.
[Conclusion] Strain JB16 can adsorb lead and cadmium, which enriches the strain resources and
provides data support for the remediation of water and soil contaminated by lead and cadmium.
Keywords: lead and cadmium tolerant strain; adsorption properties; scanning electron microscopy;
infrared spectroscopy
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Figure 1

Morphological characteristics of lead and cadmium-tolerant fungi. A: Colony morphology.

B: Morphology under the light microscope. C: Morphology under scanning electron microscope.
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Aureobasidium pullulans (MH129527.1)

| 1B16 (MN209899.1)
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Figure 2 The phylogenetic tree of strain JB16. Numbers at each branch point indicated the percentage
supported by bootstrap values based on 1 000 replications. The numbers of GenBank were shown in
parentheses. Bar 0.005 at the bottom is the sequence divergence.
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Figure 3 Effects of temperature, time, bacterial age and pH on the adsorption of lead and cadmium by
strains. A: Effect of temperature on the adsorption of lead and cadmium by the strain. B: Effect of time on the
adsorption of lead and cadmium by the strain. C: Effect of fungi age on the adsorption of lead and cadmium
by the strain. D: Effect of pH on the adsorption of lead and cadmium by the strain. Shown are arithmetic
means and standard deviations from three independent experiments conducted in triplicate.
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Figure 4 Effect of different wet fungi
concentration on lead and cadmium adsorption of
strains. Shown are arithmetic means and standard
deviations from three independent experiments
conducted in triplicate. Different letters represent
significant difference, P<0.05.
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Figure 5 Effect of different Cd*" concentration on

lead and cadmium adsorption of strains. Shown are

arithmetic means and standard deviations from three
independent experiments conducted in triplicate.
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Figure 6 Langmuir adsorption model.
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Figure 7 Freundlich adsorption model.
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Figure 8 Pseudo-second-order fitting plots of
IB16.
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Figure 9 Scanning electron microscopy of strain JB16 under different lead and cadmium concentrations. A:
Untreated. B: After lead treatment (100 mg/L). C: After cadmium treatment (20 mg/L).
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