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Abstract: The paper provides new information on β-glucans biosynthesis capacity and the morphological features 
modification of cells and colonies of Saccharomyces cerevisiae CNMN-Y-20 yeast strain known as producer of β-
glucans. It was found that the development cycle and bioproductive capacity of the yeast was affected by cultivation in 
the presence of ZnO in a concentrations and the contact duration manner. Within 6-24 hours, the reproduction of the 
nanomodified cell was decreased compared to the control, but after 120 hours of submerged cultivation an insignificant 
increase in biomass content relative to 1L culture medium was recorded predominantly related to nanoparticle 
concentrations 0.5-1.0 mg/L. ZnO nanoparticles (<100 nm). Concentrations of 0.5-15 mg/L initiated a 13-15% increase in 
average dimensions of Saccharomyces cerevisiae CNMN-Y-20 cells and 7-12% increase in the ability to form of β-
glucans, especially at concentrations of 1 and 5 mg/L. The correlation coefficient between the cells area and the β-glucans 
amount is strong (R² = 0.8021). The results provide the possibility of enhancing of the range of analyzes and the 
formation of reference bases necessary for the strategy to enlarge the biotechnological performance of yeasts. 

 
INTRODUCTION 

 
Glucan is a complex polysaccharide present in the yeast cell wall, composed of β-(1→6) and β-(1→3) linked 

D-glucopyranose units (Lesage et al., 2006). The β-glucans extracted from the yeast cell walls possess high biological 
activity, in particular, immunomodulatory, anticancer, antimicrobial (Hunter et al., 2002; Volman et al., 2008; Yoon et 
al., 2008; Pillai et al., 2005; Thammakiti et al., 2007) and are widely used at production of medical preparations, as active 
part of cosmetic remedies and in other fields. β-glucans obtained from yeasts were approved by the European Food Safety 
Authority as new food ingredients (EFSA, 2011). The genus Saccharomyces presents a great deal of scientific and 
practical interest among other β-glucans producing yeasts (Cabib et al., 2012; Novak et al., 2012). 

The analysis of fields of β-glucans utilization of microbial origin demonstrates the importance of searching for 
new ways of producing this polysaccharide component. Currently, more research has been done on the use of metal 
oxides nanoparticles in the biotechnology of microorganisms (Rai, Duran, 2011). Nanotechnologies have the potential to 
influence different areas, including the food, pharmaceutical and cosmetic industries, and microbial biotechnology 
(Mrinmoy De Patha et al., 2008). According to some authors, the application of nanoparticles in the biotechnology of 
microorganisms cultivation ensures increased absorption of the necessary nutrients and may change the metabolic 
processes (Ban, et al., 2014). 

A new approach for increasing the β-glucans production potential would be the application of metal oxides 
nanoparticles in the biotechnology processes of yeast cultivation. The search for nanoparticles suitable for yeasts frowth 
and development is of major importance. Among metal oxides nanoparticles, preferential are zinc oxide nanoparticles. 
The perspectives of applying ZnO nanoparticles in different fields are mentioned in several researchers publications 
(Espita et al., 2012; El-Diasty Eman et al., 2013). The microbial metabolic complexity complicates the analysis and 
identification of the nanoparticle-cell interaction. According to some investigations, the mechanism of ZnO nanoparticles 
influence on microbial cell is complex and induces changes in both cell membrane and cytoplasm (Ya-Nan Chang et al., 
2012).  

In order to develop the technological possibilities for production of new bioproducts, including β-glucans with 
polyvalent properties, it is important to investigate in detail the impact caused by nanoparticles on the development and 
production of metabolites by yeasts with broad potential in biotechnological applications.  

Thus, the present paper discusses the results of the elucidation of β-glucans biosynthesis potential and changes 
in cellular and colonial morpho-cultural characteristics of Saccharomyces cerevisiae CNMN-Y-20 yeast strain under the 
action of zinc oxide nanoparticles. 
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MATERIALS AND METHODS 
 

 Strains, culture medium, cultivation conditions. The yeast strain Saccharomyces cerevisiae CNMN-Y-20 was 
used as a model organism for β-glucans producer (Chiseliţa et al., 2010). The strain is preserved in the collection of 
Yeasts Technology Laboratory and in the Collection of Nonpathogenic Microorganisms of within Institute of 
Microbiology and Biotechnology of Academy of Sciences of Moldova. 

The YPD fermentation medium (Aguilar-Uscanga et al., 2003) specific for selected yeast strains was used for 
inoculation and submerged cultivation of yeasts. The submerged cultivation was carried out in depth capacity 1 liter 
Erlenmeyer flask, shaker (200 rpm) at temperature of 25ºC, aeration rate 80.0-83.0 mg/L, for 120 hours. Yeast cells at a 
concentration of  2x106 cells/ml were inoculated on the liquid medium at 5% ratio.  

Zinc oxide nanoparticles (ZnO Np) nanopowder, <100 nm particle dimension were from SIGMA-ALDRICH. 
The suspension was prepared according to the method specified (Oterro-Gonzalez et al., 2013). The final concentrations 
of nanoparticles used at the yeast cultivation were 0.5; 1.0; 5.0; 10 and 15 mg/L. The variant without application of 
nanoparticles served as control sample. 

Methods. The total number of cell obtained at liquid medium was determined spectrofotometrically according to 
the known methods (Mitcell et al.,  2004; Dobias, 2013). Yeasts biomass was determined gravimetrically (Hong-Zhi et al., 
2009). The β-glucans content in the yeast biomass was determined gravimetrically as described (Thammakiti et al., 2004). 
Morphological characters of yeast strain were established according to indices described in (Barnet, et al., 2000; Kreeger-
Van Rij, 1984; Anghel et al., 1991). The shape and dimension of the cells was examined at YPD nutritive medium, 
recommended for yeasts. After inoculation, samples were incubated at 25-28°C. Preparation of yeast cells by tehnique of 
fixation was effectuated after 6, 24 and 120 hours of cultivation. Fixed yeast smears were stained using the gentian violet 
solution staining technique. The cell shape, budding mode, cell dimensions were determined using XSZ-500 microscope, 
100x/1.25 OIL, 160/0.17 and MEM1300 video camera and Future WinJoe special program. Colony morphology was 
established according to the principles and techniques of general microbiology (Zarnea et al., 1992). Macromorphological 
investigations were made by inoculation of yeast cultures on solid beer wort using the inoculation loop. Incubation was 
carried out at 28°C for 5 days. The morphological assessment of the colonies was achieved by noting the shape of the 
colonies, the size, the profile, the gloss, the transparency, the color, the edge of the colony, the consistency. The degree of 
correlation between morphological characters and β-glucans content was established using Microsoft Excel. Statistical 
processing of results was carried out using statistical software kit 7. Statistical processing of obtained results was 
effectuated electronically with the calculation of the standard errors for the relative and average values, the differences 
between the experimental and control data were established using Student's t-test and P value. 

 
RESULTS AND DISCUSSIONS 

 
 The results of the analysis of cell multiplication dynamics, biomass and β-glucans 
production by Saccharomyces cerevisiae CNMN-Y-20, under the influence ZnO nanoparticles 
(<100 nm), revealed new data on the effects of nanoparticles produced according to 
concentration and duration of contact with yeasts. As a result of this investigation, we showed 
that cells of the control sample and those cultivated in the presence of nanoparticles had the 
identical lag phase (Figure 1). Over the period of 6-24 hours, the process of cell multiplication is 
declining in relation to the control. In the case of utilization of 5 and 10 mg/L nanoparticles, a 
decrease in optical density was observed, the difference from the control after 24 hours being 8.3-
12.5%. 
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a)  b)  

 
Figure 1. The dynamics of cell multiplication (a), biomass content and β-glucans (b) at 
Saccharomyces cerevisiae CNMN-Y-20 under the ZnO nanoparticles action (<100 nm). 

 
 After the growth text, the biomass production after 120 hours of submerged cultivation on 
the YPD medium was evaluated. The biomass was collected by centrifugation and subjected to 
biochemical analysis. The presented figure 1b reveals data on the accumulated biomass content. 
In these experiments, there was an insignificant increase in biomass content, predominantly 
related to nanoparticle concentrations of 0.5-1.0 mg/L. 
 To a far greater extent, ZnO nanoparticles (<100 nm) have influenced the β-glucan 
biosynthesis process. An increase in the β-glucans content in samples cultivated in the presence 
of nanoparticles in concentrations of 1, 5 and 10 mg/L was recorded (Figure 1b). In these variants 
the β-glucans amount in the yeast biomass was increased by 7.5-12.8%. 

Generalizing research results, it can be mentioned that cell cycle and bioproductive 
parameters of Saccharomyces cerevisiae CNMN-Y-20 yeast strain in cultivation in the presence 
of ZnO nanoparticles (<100 nm) were modified depending on used concentrations and duration 
of contact. The increase of the rates of β-glucan accumulation in yeasts biomass was observed at 
the cultivation on the nutrient medium supplemented with ZnO nanoparticles in limits of 
concentrations of 1-5 mg/L. 
 Research that involved the analysis of morpho-cultural characters of cells and 
colonies caused by ZnO  nanoparticles (<100 nm) has revealed different changes depending on 
applied concentrations. Thus, yeast cultures in the liquid medium both control and experimental 
samples produce cloudiness after 24 hours of incubation at 25°C forming a white foam, often a 
creamy ring is formed at the surface of the culture medium. After 72 hours of submerged 
cultivation, a compact sediment is formed, the yeast cells retain their flocculation ability. 
 After examination of Saccharomyces cerevisiae CNMN-Y-20 cells being in contact 
with ZnO nanoparticles (<100 nm) under a light microscope, it can be mentioned the lack of 
nanoparticle effects on the budding process of yeast. In both experimental and control variants, 
cells have demonstrated unipolar budding (Figure 2). 
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Control 15 mg/L ZnO Np (<100 nm) 

 
Figure 2. Budding Saccharomyces cerevisiae CNMN-Y-20 cells  6 hours of cultivation 

(100x/1,25 OIL, 160/0,17) 
 
 It should be noted that the average size of yeasts cells have changed depending on the 
applied concentrations of ZnO nanoparticles (<100 nm).  After 120 hours of contact with ZnO 
nanoparticles (<100 nm), the cells cultivated on the YPD medium are generally elliptical, some 
being more elongated, some more rounded. The arrangement of the cells were in isolation, 
in pairs and in chains. Sometimes, after 120 hours of cultivation, partial or total cellular overflow 
occurs as a result of damage to cell membranes. The results obtained by the microscopy methods 
were confirmed by the images, which are presented below in Figure 3. 

 

   
Control 0,5 mg/L 1 mg/L 

   
5 mg/L 10 mg/L 15 mg/L 

 
Figure 3. Morphological features of Saccharomyces cerevisiae CNMN-Y-20 cells, cultivated in 

the presence of ZnO  nanoparticles (<100 nm), (contact time 120 hours), 100x/1.25 OIL 160/0.17 
 
 In a study effectuated to elucidate the specificity of the zinc oxide nanoparticles 
influence on the cellular parameters of yeast growth, the measurements of the cell length and 
width were performed, and the area of the cell was subsequently calculated. The mean values of 
the length, width and area of the examined yeast strain cells are presented in Table 1. From the 
table it is apparent that the average cell dimension range between 5.77-6.5 μm length and 4.92-
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5.4 μm width. These cell characteristics, with some little deviations, are also seen in control 
samples. From the obtained data, the benefic influence of the concentrations of 1 mg/L and 5 
mg/L is observed, the average area of the cells is slightly increased compared to the control and it 
is 26.28-26.63 μm2, which is more with 13.8 and 15.4%. 
 
 Table 1 Average dimensions of yeast cells of Saccharomyces cerevisiae CNMN-Y-
20 yeast strain, at the cultivation for 120 hours in presence of ZnO nanoparticles (<100 nm) 

 
Nr  Sample, 

  ZnO NP 
<100 nm 

Number of 
examinated 

cells  

Average 
lenght (D), 

µm 

Average 
width  (d), 

µm 

Cell area (A=π/4xDd) 

µm2 % of 
control 

1 Control 55 5.94±1.43 4.95±1.45 23.08  100 
2 0.5 mg/L 50 6.24±1.67 5.02±1.68 24.58 106.4 
3 1mg/L 44 6.50±1.35 5.22±1.53 26.63 115.4 
4 5 mg/L 40 6.20±1.54 5.40±1.33 26.28 113.8 
5 10 mg/L 63 6.05±1.53 5.11±1.68 24.26 105.1 
6 15 mg/L 40 5.77±1.19 4.92±1.37 22.28 96.5 

 
 In order to determine the morphological features modification of Saccharomyces 
cerevisiae CNMN-Y-20 colonies, the both control and experimental variants of yeast culture 
were seeded on solid YPD medium. The results of the colony examinations are presented in 
Table 2. Research has demonstrated that ZnO nanoparticles (<100 nm) do not significantly 
modify the morphological features of Saccharomyces cerevisiae CNMN-Y-20 yeast strain. Thus, 
yeasts form on solid medium white or pale pink colonies, surface glossy, smooth, umbonate, the 
diameter varies between 3-8 mm, the characters observed for control and experimental variants. 
At the same time, in experimental samples with nanoparticles applied in concentrations 0.5 mg/L 
and 15 mg/L, colonies with special characters compared to the control were found. The 
differences were expressed by the undulate margins of the colonies and crateriform profile. 

 
Table 2 Morphological features of Saccharomyces cerevisiae CNMN-Y-20 colonies, 

cultivated in the presence of ZnO nanoparticles (<100 nm), (contact time 120 hours)  
 

 ZnO NP 
<100 nm) 

Form of 
colonies 

 Profile of 
the yeast 
colonies 

Transparency Consistency Colour Dimension, 
mm 

Control Circular, 
entire 

margins 

Umbonate, 
glossy 
surface 

opaque  slightly 
creamy 

white 
or pale 
pink 

3-5 

 0.5 mg/L Circular, 
entire 

margins or 
undulate 

Umbonate, 
or umbilical, 

glossy 
surface 

opaque slightly 
creamy 

white 
or pale 
pink 

 
3-8 

 1 mg/L Circular, 
entire 

Umbonate, 
glossy 

opaque  slightly 
creamy 

white 
or pale 

3-5 
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margins surface pink 
5 mg/L Circular, 

entire 
margins 

Umbonate, 
glossy 
surface 

opaque glutinous white 
or pale 
pink 

3-5 

10 mg/L Circular, 
entire 

margins 

Umbonate, 
glossy 
surface 

opaque  slightly 
creamy 

white 
or pale 
pink 

4-7 

 15 mg/L Circular, 
entire 

margins or 
undulate 

Umbonate, 
or umbilical, 

glossy 
surface 

opaque  slightly 
creamy 

white 
or pale 
pink 

4-6 

 
Morphological features of Saccharomyces cerevisiae CNMN-Y-20 colonies, cultivated in 

the presence of ZnO nanoparticles (<100 nm) were confirmed by the images presented below in 
Figure 4.  

 

   
Control 0,5 mg/L 1 mg/L 

   
5 mg/L 10 mg/L 15 mg/L 

Figure 4. Morphology of Saccharomyces cerevisiae CNMN-Y-20 colonies at the cultivation in 
the presence of ZnO nanoparticles (<100 nm), contact duration 120 hours 

 
 In order to enhance the research and to establish the degree of correlation between 
morpho-cultural features and the bioactive principles production under the action of ZnO 
nanoparticles (<100 nm), the correlation between the average cell area and β-glucans content in 
yeast biomass has been determined. It was established that β-glucans content is concomitant 
ascending with average area of cell with the maximal effect at the nanoparticles concentrations of 
1mg/L and 5 mg/L. In the samples where the cells were in contact with higher nanoparticles 
concentrations (10-15 mg/L), the dynamics of both tested parameters was decreased (Figure 5). 
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The correlation coefficient between the β-glucans amount and the average cell range is R² = 
0.8021, which is considered to be a strong correlation. 

 

 
 

Figure  5.  The correlation between the β-glucans content and cells area of Saccharomyces 
cerevisiae CNMN-Y-20 at ZnO nanoparticles (<100 nm) action, contact time 120 hours 
 
Generalizing the latest information, it can be mentioned the importance of studying β-

glucans due to their application in various fields such as medicine, food industry, pharmaceutical 
industry, etc. β-glucans can also be used as bioproducts with polifunctional properties, in 
particularly, immunomodulatory, anticancerigen and antimicrobial (Rondanelliet et al., 2009; 
Chan GC, 2009; Espita et al., 2012). The functionality of β-glucans and their production, to a 
large extent, depends on nutritive media composition and cultivation conditions. Specific 
literature reflects data on the use of metal oxides nanoparticles in biotechnology of cultivation of 
microorganisms (Vaseem et al., 2010; Dobias, 2013). In the present study, we analyzed the 
effects of ZnO nanoparticles (<100 nm) on Saccharomyces cerevisiae CNMN-Y-20 yeast strain 
in terms of determination of β-glucans formation capacity and morphological features 
modification. The effectuated experiences have been made elucidate effects in a different way. 

 
CONCLUSIONS 

 
We showed that the development cycle and the bioproductive parameters of the yeast 

cultivated in the presence of ZnO nanoparticles (<100 nm) changed depending on the used 
concentrations and the duration of contact. Within 6-24 hours, the reproduction of nanomodified 
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cell was decreased compared to the control, but after 120 hours of submerged cultivation there is 
an insignificant increase in biomass content relative to 1L culture medium, predominantly related 
to nanoparticle concentrations 0.5-1.0 mg/L. 

ZnO nanoparticles (<100 nm), at concentrations of 0.5-15 mg/L initiated a 13-15% increase 
in average dimensions of Saccharomyces cerevisiae CNMN-Y-20 cells and 7-12% of the ability 
to form of  β-glucans, especially at concentrations of 1 and 5 mg/L. The correlation coefficient 
between the area of cells and the β-glucans amount is strong. 

Cellular morphology data (correlated to cell dimensions) correlated with those of the 
bioactive principles of biotechnology interest, β-glucans, may offer the possibility of enhancing 
of the range of analyses and the formation of reference bases necessary for the strategy to enlarge 
the biotechnological performance of yeasts in the case of metal oxides nanoparticles application. 
 

REFERENCES 
 

Aguilar-Uscanga, B., Francois, J. M., (2003): A study of the yeast cell wall composition and structure in response to 
growth conditions and mode of cultivation.  Letters in Applied Microbiology, 37: 268-274.   
Anghel, I., Voica, C., Toma, N., Cojocaru, I., (1991): Biologia şi tehnologia drojdiilor. Bucureşti: Editura Tehnică, vol. 
2, 385 p. 
Ban, D. Kumar, Subhankar, P., (2014): Zinc Oxide Nanoparticles Modulates the Production of β-Glucosidase and 
Protects its Functional State Under Alcoholic Condition in Saccharomyces cerevisiae. Applied Biochemistry and 
Biotechnology, 173:155–166, DOI 10.1007/s12010-014-0825-2 
Barnett, J. A., Payne, R. W., Varrow, D. (2000): Yeasts: Characteristics and Identification. 3-rd Edition, Univ. Press, 
Cambridge, 1150 p. 
Chiseliţa, O., Usatîi, A., Taran, N., Rudic, V., Chiseliţa, N., Adajuc, V., (2010): Tulpină de drojdie Saccharomyces 
cerevisiae – sursă de β-glucani. Brevet de invenţie MD 4048. MD-BOPI, 6/2010.  
Cabib, E., Blanco, N., Arroyo, J., (2012): Presence of a large β(1-3)glucan linked to chitin at the Saccharomyces 
cerevisiae mother-bud neck suggests involvement in localized growth control. Eukaryot Cell, 11(4):388-400. 
Chan, GC, Chan, WK, Sze, DM., (2009): The effects of beta-glucan on human immune and cancer cells. J Hematol 
Oncol. Jun 10;2:25.,   
Chaung, H. C., Huang, T. C., Yu, J. H., et. al., (20098): Immunomodulatory effects of beta-glucans on porcine alveolar 
macrophages and bone marrow haematopoietic cell-derived dendritic cells. Veterinary Immunology and  
Immunopathology, 131, 3-4: 147-157. 
Dobias Jan., (2013): Nanoparticles and Microorganisms: from Synthesis to Toxicity. These nr. 5614  pour l,obtetion du 
grade de docteur es sciences. Ecole Polytechnique Federale de Lausanne. Suisse, 139 p. 
EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA), (2011): Scientific opinion on the safety of ˮyeast 
beta-glucansˮ as a novel food ingredient. EFSA J., 9(5):2137. 
EL-Diasty Eman M., Ahmed, M.A, Nagwa Okasha, Salwa F. Mansour, Samaa I. EL-Dek, Hanaa M. Abd EL-
Khalek, Mariam H. Youssif, (2013): Antifungal activity of Zinc Oxide Nanoparticles against dermatophytic lesions of 
cattle. Romanian Journal Biophysic., Bucharest, 23, 3: 191–202. 
Espita, P., Soares, N., Coimbra, J., Nélio J., Cruz, R., Medeiros, E., (2012): Zinc Oxide Nanoparticles: Synthesis, 
Antimicrobial Activity and Food Packaging Applications. Food and Bioprocess Technology. 5:1447–1464 DOI 
10.1007/s11947-012-0797-6 
Hunter, K. W., Gault, R. A., Berner M. D., (2002): Preparation of microparticulate β-glucans from S. cerevisiae for 
use in immune potentiation.  Letters in Applied Microbiology, 35 : 267-271. 
Kreger-Van Rij, N.J.W., (1984): General classification of the yeasts. The yeast: Ataxonomic study. 3rd Edition, 
Elsevier, Amsterdam, 1082 p. 
Latgé J.-P., (2007): The cell wall: a carbohydrates armour for the fungal cell. Molecular Microbiology, 66 (2): 279-290 
Lesage, G., Bussey, H., (2006): Cell Wall Assembly in S. cerevisiae. Microbiology and Molecular Biology. Reviews, 
70(2): 317-343 
    Liu Hong-Zhi, Qiang Wang, Yuan-Yuan Liu, Fang Fang, (2009): Statistical optimization of culture media and 
conditions for production of mannan by S. cerevisiae. Biotechnology and Bioprocess Engineering,14: 577-583 
DOI/10.1007/s12257-008-0248-4  
Mitchell Desma N., Hilary Arnold Godwin, Elizabeth Claudio, (2004): Nanoparticle Toxicity in Saccharomyces 
cerevisiae: A Comparative Study Using Au Colloid, Ag Colloid, and HAuCl4 • 3H2O in Solution. Nanoscape, Springer, 1: 
59-69.  

22

https://www.yeastgenome.org/author/Cabib_E
https://www.yeastgenome.org/author/Blanco_N
https://www.yeastgenome.org/author/Arroyo_J


Usatîi, A., et al J. Exp. Molec. Biol. 2018, Tome XIX, No 1:15 – 24 
 

Mrinmoy De Partha, Ghosh, S., Rotello Vincent M., (2008): Applications of Nanoparticles in Biology. Advanced 
Materials, 20: 4225–4241 DOI: 10.1002/adma.200703183.  
Novak, M., Synytsya, A., Gedeon, O., et. al., (2012): Yeast (1-3), (1-6)-d-glucan films: Preparation and 
characterization of some structural and physical properties. Carbohydrate Polymers, 87: 2496– 2504.  
Otero-Gonzalez Lila, Citlali Garcia-Saucedo, James A. Field, Reyes Sierra-Alvarez. (2013): Toxicity of TiO2, ZrO2, 
Fe0, Fe2O3, and Mn2O3 nanoparticles to the yeast, Saccharomyces cerevisiae.  Chemosphere, 93: 1201–1206.  
 Pillai, R., Redmond, M., Röding, J. (2005): Anti-Wrinkle Therapy: Significant New Findings in the Non-Invasive 
Cosmetic Treatment of Skin Wrinkles with Beta-Glucan. IFSCC Magazine – Reprint (The Global Publication of the 
International Federation of Societies of Cosmetic Chemists), 8, Nr 1, january / march.  
Rai Mahendra, Nelson Duran, (2011): Metal Nanoparticles in Microbiology, 305 p.  ISBN 978-3-642-18311-9 e-ISBN 
978-3-642-18312-6 DOI 10.1007/978-3-642-18312-6 Springer Heidelberg Dordrecht London New York.  
 Rondanelli, M, Opizzi, A, Monteferrario, F., (2009): The biological activity of beta-glucans.  Minerva Med., 100(3): 
237-245 
 Thammakiti, S, Joaquín, P., (2007): Argumentos a favor de la incorporación de los β-D-glucanos a la alimentación. 
Endocrinología y Nutrición.  54, 6: 315-324.  
Thammakiti, S., Suphantharika, M., Phaesuwan, T., Verduyn, (2004): Preparation of spent brewer's yeast β-glucans 
for potential applications in the food industry.  International Journal of Food Science & Technology, 39(1), 21-29. 
Vaseem Mohammad, Ahmad Umar, Yoon-Bong Hahn, (2010): ZnO Nanoparticles: Growth, Properties, and 
Applications. Metal Oxide Nanostructures and Their Applications. Chapter 4. ISBN: 1-58883-170-1Copyright © 2010 by 
American Scientific Publishers All rights of reproduction in any form reserved. Edited by Ahmad Umar and Yoon-Bong 
Hahn Volume 5: Pages 1–36 
Volman, J. J., Ramakers, J. D., Plat, J., (2008): Dietary modulation of immune function by beta-glucans.  Physiol 
Behav, 23, 94(2): 276-284. 
Ya-Nan Chang, Mingyi Zhang, Lin Xia, Jun Zhang and Gengmei Xing (2012): The Toxic Effects and Mechanisms of 
CuO and ZnO Nanoparticles.  Materials, 5: 2850-2871; doi:10.3390/ma5122850 
Yoon, T. J., Kim, T. J., Lee H. et al. (2008): Anti-tumor metastatic activity of β-glucan purified from mutated 
Saccharomyces cerevisiae. International Immunopharmacology, 8, 1 : 36-42.  
Zarnea, G., Mihăescu, Gr., Velehorschi, V. (1992): Principii şi tehnici de Microbiologie generală, v.I, Bucureşti, 330 
p. 

 
 
 

Acknowledgements. 
The research was conducted within the project 15.817.05.16 A, funded by CSSDT of ASM, Moldova. 
1 - Institute of Microbiology and Biotechnology of Academy of Sciences of Moldova, Chishinau, MD-2028, tel.  
+373(22)73-80-13 
* usatyi.agafia@gmail.com 
 
  

23

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rondanelli%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Opizzi%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Monteferrario%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get(this,%20'jour',%20'Minerva%20Med.');
http://web.ebscohost.com/ehost/viewarticle?data=dGJyMPPp44rp2%2fdV0%2bnjisfk5Ie46bVIsK6zTrSk63nn5Kx95uXxjL6nrkewra1Krqa3OLewrkm4qrc4v8OkjPDX7Ivf2fKB7eTnfLujr0u0ra9Rta2yUKTi34bls%2bOGpNrgVd%2fm5j7y1%2bVVv8Skeeyzr0m1prBIsaikfu3o63nys%2bSN6uLyffbq&hid=107
http://web.ebscohost.com/ehost/viewarticle?data=dGJyMPPp44rp2%2fdV0%2bnjisfk5Ie46bVIsK6zTrSk63nn5Kx95uXxjL6nrkewra1Krqa3OLewrkm4qrc4v8OkjPDX7Ivf2fKB7eTnfLujr0u0ra9Rta2yUKTi34bls%2bOGpNrgVd%2fm5j7y1%2bVVv8Skeeyzr0m1prBIsaikfu3o63nys%2bSN6uLyffbq&hid=107


Usatîi, A., et al J. Exp. Molec. Biol. 2018, Tome XIX, No 1:15 – 24 
 

 

24




