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Today, bionanotechnology represents one of the fastest growing areas of interdisciplinary research 
with applications in various fields. Along with the results obtained in the development of various models for 
the biosynthesis of nanoparticles, the results of using metal nanoparticles as stimulators of cell growth and 
biosynthetic processes of various biotechnological objects of industrial interest were noted.

Cyanobacterium Arthrospira platensis (spirulina) is well known as one of the most industrially used 
sources of various biomolecules with distinct biological properties. A number of nanoparticles, especially 
silver nanoparticles, have been shown to have a positive effect on cell growth and metabolism during 
spirulina cultivation. It has been established that the type, size, coating, and concentration of nanoparticles 
determine the nature of their effect on metabolic processes in this culture. At the same time, when using 
nanoparticles as biosynthesis stimulators, there is a possibility that they can affect the biological value of 
spirulina biomass as a raw material and, ultimately, the quality of end products. The conditions and 
parameters of spirulina cultivation process in the presence of silver nanoparticles in a polyethylene glycol 
coating have been determined, which ensure the production of safe and harmless additives from spirulina 
biomass without diminishing its biological value. In this case, spirulina cultivation was carried out on a 
nutrient medium containing (g/L): NaNO3 - 2.5, NaHCO3 - 8.0, NaCI - 1.0, K2SO4 -1.0, Na2HPO4 - 0.2,
MgSO4•7H2O - 0.2, H3BO3 - 0.00286, MnCI2•4H2O - 0.00181, CuSO4•5H2O - 0.00008; MoO3 - 0.000015,
FeEDTA - 1.0 ml/L, at a temperature of 30- 32°C, pH 8.0-10.0 and illumination of 37-55 μM photons/m2

under continuous lighting regime, for 6 days. On the 5th day of growth, polyethylene glycol-coated silver 
nanoparticles up to 5nm in size were added to spirulina culture at a concentration of 0.10 - 0.12 μM/L. At 
the end of the cultivation cycle, about 1.2 g/L of biomass (up to 30% more) and about 6% lipids (up to 28% 
more) were obtained. The content of malondialdehyde in biomass, as one of the main markers of toxicity in 

cells, did not exceed the level of this indicator in 
the biomass obtained by growing spirulina in the 
absence of nanoparticles (see Figure). 

Thus, the addition of polyethylene glycol-
coated silver nanoparticles at the end of the 
exponential growth phase reduced the contact 
time of spirulina cells with these nanoparticles. 
The age of the culture and the reduction of the 
contact time with nanoparticles were the 
determining factors that suppress the formation of 
free radicals and the excessive accumulation of 
end products of lipid peroxidation, w

hich made it possible to obtain high-quality and safe biomass – raw material to develop products with 
multiple qualities.

The scientific results were obtained within the project 20.80009.5007.05 „Biofunctionalized metal 
nanoparticles - obtaining using cyanobacteria and microalgae” funded by NARD, Republic of Moldova.
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Figure. Effect of silver nanoparticles on spirulina biomass quality.
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In order to identify new innovative solutions for directing and increasing amylase biosynthesis in 
fungal strain Aspergillus niger CNMN FD 06, the effect of nanocomposites of Ti, Fe, Zn and Cu metals with 
different characteristics was evaluated.

In the research were included the nanoparticles (NPs) as follow: nanodioxide of Ti (TiO2) with 
dimensions of 21 nm and <100 nm, titanium silicon oxide nanoparticles TiSiO4<50 nm, nanooxides Fe3O4

50-100 nm, ZnO ≤50 nm and CuO <50 nm, as well as Cu metal (99,5%) with sizes of < 60-80 nm. The 
amylolytic activity of the strain Aspergillus niger CNMN FD 06 was monitored during the 5-7th days of 
cultivation – a period that corresponds to the maximum manifestation of amylase activity in the producer 
under submerged cultivation in classic conditions (control, without NPs). The nanocomposites were 
included in the culture medium in concentrations of 5 mg/L, 10 mg/L and 15 mg/L.

According to the obtained results, in all the experiments, the maximum of amylolytic activity in the 
control samples was established at the 6th day of cultivation and varied within 69.4 and 79.58 U/mL. In the 
experimental samples cultivated in the presence of Ti nanocomposites a stimulatory effect compared to the 
control of the same day was observed in the 5th day of cultivation. The amylolytic activity was superior to the 
control in all tested concentrations. In dependence of NPs concentration, the enzymatic activity exceeded the 
level of control by 17.64-24.06% in the case of TiO2 nanodioxide of 21 nm, by 22.50-30.44 % in the 
variants with NPs TiO2<100 nm and by 23.27-30.29 % – in the samples with titanium silicon oxide
TiSiO4<50 nm. At the same time, in the 5th day of cultivation a slight exceedance (by 1.72-2.34%) of the 
maximum control value (registered at 6th day of cultivation) was observed.

In the researches focused on the evaluation of copper nanoparticles effect, the maximum values of 
exocellular amylase activity in control samples were also found in the 6th day of cultivation, the activity 
being by 50.6% and 15.8% higher than in the 5th and, respectively, 7th day of cultivation. The activity of 
variants cultivated in the presence of NPs during 5th days was significantly higher compared to the control. 
The maximum stimulatory effect was found when minimal concentrations of the NPs were used. Thus, 
copper nanooxide with dimensions <50 nm ensured the increase of the enzymatic activity by 65.6% and 
82.4%, respectively, at the concentration of 5 and 10 mg/L. When the NPs concentration was increased to 15 
mg/L, the stimulatory effect is preserved, but it decreased to 55.8%. Copper nanoparticles (99.5%) with 
sizes of <60-80 nm ensure the increase of amylolytic activity by 60.7% (5 mg/L) and 65.6% (10 mg/L). 
Similarly, to the control variant, the maximum values of exocellular amylase activity in experimental 
samples were revealed on the 6th day of cultivation. The increase determined by nanoparticles was 
maintained only at the concentration of 10 mg/L for both NPs (CuO<50 nm and Cu (99.5%) <60-80 nm), 
constituting 9.3% and 10.5%, respectively.

According to the data, the TiO2 nanodioxide with dimensions <100 nm, titanium silicon oxide TiSiO4

nanoparticles with dimensions <50 nm, CuO nanooxide <50 nm and metallic nano-Cu (99.5%) with 
dimensions of <60-80 nm a recommend as stimulators of exocellular amylases biosynthesis in the 
micromycete Aspergillus niger CNMN FD 06 and can be used as a strategy of increasing the technological 
performance of the producer.

The research was carried out within the State Program Project 2020-2023 of the Republic of 
Moldova with the number 20.80009.5007.28 "Development of new multifunctional materials and effective 
technologies for agriculture, medicine, technique and the educational system based on "s" and "d" metal 
complexes with polydentate ligands", funded by NARD.




