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1. Preliminary Aspergillus niger growth experiment 

1.1. Preparation of ZnSO4 solutions 

Stock ionic zinc solution of 1961 mg∙l−1 (30 mmol Zn∙l−1) ZnSO4 was prepared by dissolving 

8.628 g ZnSO4∙7H2O (p.a. quality, CentralChem, Bratislava, Slovakia) in 1 l of distilled water. 

Ionic zinc solutions of 654 mg∙l−1 (10 mmol Zn∙l−1), 262 mg∙l−1 (4 mmol Zn∙l−1), 131 mg∙l−1 (2 

mmol Zn∙l−1), 65 mg∙l−1 (1 mmol Zn∙l−1), 33 mg∙l−1 (0.5 mmol Zn∙l−1), and 6.5 mg∙l−1 (0.1 mmol 

Zn∙l−1) were created by adding the appropriate volume of stock ionic zinc solution to 50 ml 

volumetric flask that was filled up to the mark with sterilized distilled water. 

 

1.2 Preliminary cultivation of Aspergillus niger 

Microscopic filamentous fungus Aspergillus niger (Tiegh.) was grown in Sabouraud growth 

medium (HiMedia, MH, India) in Erlenmeyer banks using 7-day static cultivation in a growth 

chamber (dark, 25°C). The growth media were spiked with several different concentrations of 

Zn, 196, 65, 26, 13, 6.5, 3.3, and 0.65 mg∙l−1 ( 3, 1, 0.4, 0.2, 0.1, 0.05, and 0.01 mmol Zn∙l−1) 

by adding 5 ml of Zn solutions at the concentration of 1961, 654, 262, 131, 65, 33, and 6.5 

mg∙l−1 to 45 ml of Sabouraud growth medium in Erlenmeyer bank, respectively. 

The control experiment was done in Erlenmeyer banks filled with 45 ml of the growth medium 

and 5 ml of sterilized distilled water. 

Each of the Zn concentrations and control had 2 replicates. All the Erlenmeyer banks with the 

growth media were then put into the ultrasonic bath for 15 min. 

Later, each of the growth media in Erlenmeyer banks was inoculated with spores of A. niger 

and grown in dark in the growth chamber for 7 days. After a 7-day growth period, the weight 

of dry biomass, the concentration of Zn in dry biomass, pH in the growth media, and the 

concentration of Zn in growth media in form of ionic Zn and Zn bound in organic or inorganic 

colloids was measured. 



3 
 

The biomass grown on the top of the growth media was collected and washed several times 

with distilled water. Afterward, it was dried out at 60°C, then weighed, and digested in an 

autoclave at 200°C by the mixture of concentrated acids and oxidizer (HNO3, HCl, and H2O2). 

To discern between Zn bound to colloidal form and ionic Zn, the removed growth medium was 

centrifuged at 700 g for 1 min, to remove big clusters of residual biomasses bigger than 1000 

nm. Then, part of the supernatant was removed and analyzed for Zn concentration. The 

concentration of ionic Zn was acquired after the ultrafiltration of the supernatant, 6 ml of 

supernatant was transferred to ultrafiltration centrifugation units (Sartorius Vivaspin® 6 ml, 3 

kDa) which were centrifuged at 3500 g for 20 min. 0.5 ml of filtrate was collected, stabilized 

with HNO3, and analyzed for Zn concentration. The concentration in filtrates, supernatants, 

and in digested biomass was measured by flame atomic absorption spectrometry (Perkin-Elmer 

1100, Perkin-Elmer, Germany). 

 

1.3 Results of preliminary experiment with Aspergillus niger and different 

concentrations of ionic Zn 

Static cultivation of A. niger grown on Sabouraud growth media spiked with different 

concentrations of ionic Zn in the form of ZnSO4 resulted in (nearly) total inhibition of growth 

above 13 mg∙l−1 of Zn concentration (Table. S1). At 13 mg∙l−1 mycelia retained similar although 

slightly lower dry weight compared to control. However, the sporulation was hindered at 13 

mg∙l−1 (Figure S1). A higher minimal inhibitory concentration of Zn at 100 mg Zn∙L−1 for 

microscopic filamentous fungi was noted elsewhere (Sawai and Yoshikawa, 2004; Sardella et 

al., 2018). 
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Table S1 Weight of dry biomass after 7-day static cultivation in the preliminary test 

ZnSO4 concentration  
[mmol∙l−1] 

Zn concentration 
[mg∙l−1] 

Weight of dry biomass ± standard 
deviation 

[g] 
0.00 0.00 0.210 ± 0.014 
0.01 0.65 0.255 ± 0.010 
0.05 3.27 0.247 ± 0.008 
0.10 6.54 0.257 ± 0.002 
0.20 13.08 0.187 ± 0.032 
0.40 26.15 n.a. 
1.00 65.38 n.a. 
3.00 196.14 n.a. 
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Figure S1 Photographs of Aspergillus niger mycelia after 7-day cultivation in the preliminary 

test 


