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ABSTRACT 
 
Yeasts discarded in industrial processes can be used as a nutritional supplement and to extract cellular components 
with biotechnological aims. In this study, the humoral immune response of Swiss mice treated with mannoproteins 
(MP) from the yeast Saccharomyces uvarum was evaluated. The mice were treated with MPs at different doses and 
times and inoculated with 2% sheep red blood cells. An increase in total Ig in mice treated with 100 µg of MP at the 
time of immunization or 24 h before was observed in the primary immune response; in the secondary immune 
response, an increase was observed in total Ig values for all groups, and an increase of IgG was observed in the 
mice treated with MPs (100 µg) at the time of immunization or 24 h before. These results show that S. uvarum MPs 
present an immunostimulatory action on the humoral immune response in mice. 
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INTRODUCTION 
 
Yeast cells are widely used in baking and in the 
production of wine, beer and spirits (Yamada and 
Sgarbieri 2005). In Brazil, yeast production is 
intended mainly for baking, brewing and the 
distillation of alcohol from sugar. The yeast acts as 
an agent of biological transformation, and at the 
end of the production process, large volumes of 
cells are generated and often discarded as a 
byproduct (Costa 2008). Thus, it is important to 
search for other applications for these 
microorganisms to reduce the environmental 
impact caused by disposal (Costa 2008). 
Yeast, especially from the genus Saccharomyces, 
is gaining more attention as a nutritional 
supplement and as a flavoring in foods due to its 

high levels of protein and B vitamins (Sgarbieri et 
al. 1999). They can be used directly, when intact, 
or be processed to obtain derivatives, such as 
autolysate, yeast extract and protein concentrates 
(Vilela et al. 2000a; Yamada et al. 2003). 

Currently, there is a tendency to use yeast by 
isolating some of its major cellular constituents, 
such as enzymes, proteins, polysaccharides and 
lipids, which, when isolated, have interesting 
technological properties and high added values 
(Vilela et al. 2000b; Fukuda et al. 2009). 
Mannoproteins are glycoproteins in the cell walls 
of yeast with enzymatic or structural functions. 
Structural mannoproteins are the most abundant. 
They have a small protein portion covalently 
linked to a greater fraction of carbohydrates, 
interspersed throughout a network of glucan to 
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form the outer cell wall (Cid et al. 1995; Lukondeh 
et al. 2003). They are composed of a central 
protein chain, in which two types of mannan 
chains are linked, a long bulky central chain (40-
100 units) consisting of mannopyranosyl with α-
1,6 links, modified along its length by numerous 
branches of residues of phosphorylated α-1,2- and 
α-1,3-mannopyranosyl, and the other formed by a 
short mannose chain of 1-5 units (Lehle 1980; 
Lesage and Bussey 2006). Mannoproteins with 
enzymatic functions contain a greater fraction of 
protein in their compositions and are mainly 
located in the periplasmic space between the 
plasma membrane and cell wall (Cid et al., 1995; 
Lukondeh et al. 2003). 
Mannoproteins in the cell walls of yeasts have the 
ability to stimulate host immunity, interacting with 
different cells and proteins in the immune system 
(Casanova 1992). Several studies have 
demonstrated that they have the capacity to 
activate the host's innate immune system through 
the stimulation of neutrophils and macrophages, 
which then release their chemical mediators (Tada 
et al. 2002; Noleto et al. 2004; Ishida-Okawara et 
al. 2007; Torrecillas et al. 2007). They can also 
trigger a powerful humoral immune response in 
the host by stimulating production of specific 
antibodies (Hassan and Ragab 2007; Oliveira et al. 
2009).  
The aim of this study was to evaluate the 
production of specific antibodies in Swiss mice 
treated with cell-wall mannoproteins extracted 
from the yeast Saccharomyces uvarum and 
inoculated with sheep red blood cells. 
 
 
MATERIALS AND METHODS  
 
Obtaining the mannoproteins (MP) 
Initially, MPs were extracted from the cell walls of 
S. uvarum following autolysis of the yeast cell 
suspension. Subsequently, the material was 
centrifuged at 3500 g for 5 min at 10°C, the 
supernatant was discarded, and the MPs were 
extracted with distilled water at 95°C for 9 h at 
100 rpm, in accordance with the method of Costa 
(2008). The material was again centrifuged at 
3500 g for 5 min at 10°C, and the supernatant was 
recovered and added to ethanol to precipitate the 
MPs at 4°C for 12 h. The precipitate was dialyzed 
in distilled water at 4ºC for 48 h. After dialysis, the 

MPs were lyophilized and stored at room 
temperature. 
Chemical composition of the MPsThe composition 
of the MPS was first characterized in accordance 
with the standards of the Adolfo Lutz Institute 
(Instituto Adolfo Lutz 1985). The sugar 
composition was determined by High Performance 
Liquid Chromatography (HPLC) as described by 
Moreira et al. with modifications (Moreira et al. 
1998). The samples were previously prepared 
using a pre-column (CarboPac PA1 - Dionex) and 
an ion exchange column (anion high performance, 
10 mm x 250 mm x 4 mm) (CarboPac PA1 - 
Dionex) at 28ºC in a thermostat-controlled oven 
(Waters) with a mobile phase consisting of 1.4 
mmol NaOH/L, a NaOH regenerative stage of 300 
mmol/L and a flow rate of 1.0 mL/min and with a 
pulse amperometric electrochemical detector. 
To estimate the relative molecular mass of the 
MPs, 12% polyacrylamide gel electrophoresis with 
SDS (SDS-PAGE) was performed, as proposed by 
Towbin and Gordon (1984),  using a solution of 
MPs (50 µg/mL). 

 
Experimental design 
The immunostimulatory properties of the MPs 
were investigated in 40 male Swiss mice weighing 
between 25 and 30 g. The mice were placed in 5 
groups (A, B, C, D and E) of 8 animals each. All 
mice were challenged intraperitoneally (i.p.) with 
2% sheep red blood cells (SRBC) prior to 
treatment and on day 28 of the experiment. In 
group A, the mice were inoculated i.p. with 200 
µL of phosphate buffered saline (PBS, pH 7.2), 
and the mice in groups B and C received i.p. 
injections of 200 µL of a solution of 1000 µg or 
100 µg of MP in PBS (pH 7.2), respectively, at the 
same time as the challenge with SRBCs (2%). 
Mice from groups D and E received i.p. injections 
of 200 µL of a solution of 100 µg of MP in PBS 
(pH 7.2) 6 or 24 h before inoculation with SRBCs 
(2%), respectively. On days -1, 7 and 35, samples 
of blood were obtained from the mice, and the 
plasma was separated to determine antibody titers. 
Mouse thymuses, spleens and livers were collected 
at the end of the experiment, and the mean weights 
of the organs were compared across treatments. 
 
Humoral Immune Response  
Total antibody (Total Ig) titers were determined by 
hemagglutination of the SRBCs, as described by 
Hudson and Hay (1989). Antibody titers of IgG 
were determined in the presence of β-
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mercaptoethanol (0.2 M). IgM titers were 
calculated by subtracting IgG from the total Ig 
titers. All results are expressed as Log2 of the 
reciprocals of the last dilutions with positive 
agglutination. 
 
Statistical Analysis  
One-way ANOVA followed by the Tukey test was 
used to compare means on the same day and to 
compare the mean weights of organs. Student’s t 
test was used to compare the mean of each 
treatment on different days. Differences were 
considered significant at P < 0.05. 
 
 
RESULTS AND DISCUSSION 
 
Analysis of the chemical composition of the MPs 
revealed that they were 78.0% 
carbohydratemannose (86.12%), glucose 
(13.42%) and xylose (0.46%) 18.98% protein, 
2.58% ash and 0.33% lipids. Moreover, analysis 
by SDS-PAGE revealed that a protein with a 
molecular mass of approximately 52 kDa was 
predominant (data not shown). These results 
suggest that the MPs obtained in this work are 
structurally similar to MP65 of C. albicans, which 
is recognized as a potent stimulator of the immune 
system (Torosantucci et al. 1993). 
Several studies show that fungi MPs have an 
immunomodulatory action in mammals and birds 
(Torosantucci et al. 1993; Pietrella et al. 2001; Cao 
et al. 1998; Mencacci et al. 1994; Garner and 
Domer 1994). Mice treated with an extract of MPs 
24 h before or during a challenge with C. albicans 
developed suppression of delayed hypersensitivity 
reaction with no reduction in the resistance of the 
mice to C. albicans, suggesting that the MPs may 
be associated with a protective immune response 
(Garner and Domer 1994). Furthermore, 
observation verified that an extract rich in 65 kDa 
MPs from C. albicans has the ability to stimulate a 
lymphoproliferative response with a pattern of Th1 
and protection against C. albicans (Torosantucci et 
al. 1993; Mencacci et al. 1994). The 
characterization of this 65-kDa MP resulted in the 
identification of peptides related to the 
lymphoproliferative response that have significant 
homology with the MPs of Saccharomyces 
cerevisiae (Gomez et al. 2000). Another MP of 58 
kDa with immunomodulatory activity has been 
identified in C. albicans. It belongs to a family of 
fungal immunogenic MPs and stimulates a high 

production of specific antibodies (Viudes et al. 
2001). The main mechanism by which the MP 
produces the modulation of the immune response 
is related to mannose receptors present on 
dendritic cells (Mansour et al. 2006; Fernández et 
al. 2005). However, the protein portion of 
mannoproteins has an intrinsic capacity to 
stimulate a potent immune response (Pietrella et 
al. 2008; La Valle et al. 2000). 
To investigate the immunomodulatory effects of 
the S. uvarum MPs, the primary and secondary 
immune responses of mice treated with different 
doses of S. uvarum MPs were analyzed. Titers of 
total Ig, IgG and IgM in mice treated with the MPs 
of S. uvarum are shown in Table 1. There was a 
significant difference in total Ig titers between 
treatments after the first challenge with SRBCs. 
Mice that received 100 µg of MP on the same day 
or 24 hours before the SRBC inoculation (groups 
C and E) presented total Ig titers higher than mice 
receiving the other treatments. In the secondary 
immune response, total Ig titers in MP-treated 
mice differed significantly from the total Ig titers 
of mice not treated with MPs. Moreover, mice 
treated with 100 µg of MP on the same day or 24 
hours before the SRBC challenge (groups C and 
E) presented higher IgG titers than mice subjected 
to other treatments. In contrast, no significant 
differences were observed in IgM or IgG titers 
between the different treatments on day 7 or in 
IgM titers on day 35 of the experiment.  
The immunostimulatory effects of the MPs on the 
humoral immune response observed in this study 
are in agreement with those reported by 
Paulovičová et al. (2005), who administered cell-
wall mannans conjugated with human serum 
albumin to mice at intervals of two weeks and 
observed a slight increase in IgM after the first and 
second applications of this combined solution, 
with a reduction in IgM titers following the third 
application and a significant increase in IgG titers. 
Likewise, female turkeys fed diets containing 
mannan oligosaccharides showed higher levels of 
IgM in relation to IgG in their primary immune 
responses 7-14 days after the first challenge with 
SRBCs. One week after the second challenge, the 
birds showed higher production of specific IgGs, a 
reversal of the previous result (Ferket et al. 2002). 
Laying hens have shown increased serum antibody 
titers after first and second challenges with SRBCs 
when fed diets supplemented with mannans from 
the cell walls of yeast added to protein molecules 
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because these are recognized by host T cells (Hassan and Ragab 2007).    
 
 
Table 1 - Titers of total immunoglobulin (Total Ig), IgM and IgG from mice administered different amounts of 
mannoproteins intraperitoneally on days 7 and 35 of the experiment. The results are expressed as the means ± 
standard deviations of the reciprocals of the plasma titers. 

Groups 
7 days 35 days 

Total Ig  IgM IgG Total Ig  IgM IgG 
A  3.67 ± 1.5 2.33 ± 1.2 1.33 ± 1.2 7.33 ± 0.8 1.17 ± 0.7 6.17 ± 1.4 
B 4.33 ± 0.5 3.17 ± 0.7 1.17 ± 1.1 9.17 ± 0.4# 1.83 ± 0.4 7.33 ± 0.5 
C 5.50 ± 0.8# 2.83 ± 0.7 2.67 ± 0.5 9.33 ± 0.8# 1.67 ± 0.5 7.67 ± 0.8# 
D 4.67 ± 0.5 2.50 ± 0.5 2.17 ± 0.9 8.83 ± 0.4# 1.50 ± 0.5 7.33 ± 0.5 
E 5.50 ± 0.5# 3.50 ± 1.3 2.00 ± 1.6 9.67 ± 0.5# 1.50 ± 0.5 8.17 ± 0.4# 

A = positive control; B = 1000 µg mannoprotein; C = 100 µg mannoprotein; D = 100 µg mannoprotein 6 h before challenge with 
2% SRBCs; E = 100 µg mannoprotein 24 h before challenge with 2% SRBCs. # Means differ from group A by the Tukey test (P 
<  0.05). 
 
 
The mean weights of the thymuses, spleens and 
livers of the mice treated with MPs are presented 
in Table 2. No differences were observed between 
the mean weights of the organs of mice treated 
with different concentrations of MP and the 
control group. However, a trend towards increased 

weight of the thymus in mice treated with 100 µg 
of MP 24 h before infection (Group E) was 
observed, as was as an increase in the weights of 
the spleens and livers for all mice treated with 
MPs.  

 
Table 2 - Mean organ weights of mice treated with different levels of mannoproteins intraperitoneally on day 35 of 
the experiment. 

Groups Thymus (g) Spleen (g) Liver (g) 
A 0.064 ± 0.02 0.110 ± 0.01 1.923± 0.22 
B 0.065 ± 0.01 0.149 ± 0.04 2.187 ± 0.25 
C 0.058 ± 0.10 0.171 ± 0.21 2.338 ± 0.21 
D 0.060 ± 0.02 0.118 ± 0.05 2.090 ± 0.41 
E 0.080 ± 0.02 0.141 ± 0.03 2.128 ± 0.13 

A = positive control; B = 1000 µg mannoprotein; C = 100 µg mannoprotein; D = 100 µg mannoprotein 6 h before challenge with 
2% SRBCs; E = 100 µg mannoprotein 24 h before challenge with 2% SRBCs. 
 
 
The findings of this study corroborate those 
reported by Morales-López et al. (2009), who fed 
chickens diets containing 95 or 190 mg/kg of MP 
and observed no significant increases in the 
weights of the thymuses, spleens or livers of the 
birds in comparison with other treatments, but 
these values were higher than those of the control 
group. However, turkeys fed this polymer and 
challenged with pathogenic bacteria showed a 
significant increase in liver weight when compared 
to control birds, as well as a slight swelling of the 
spleen, indicating that these organs play an 
important role in the inflammatory immune 
response and are involved in lymphocyte 
activation and antibody production (Ferket et al. 
2002). 
The results obtained in this work show that MPs 
from S. uvarum are able to stimulate primary and 

secondary immune responses against a specific 
antigen without significantly altering the weights 
of the organs examined. Their ability to stimulate 
the humoral immune response against unrelated 
antigens may be important for the development of 
safer and more efficient adjuvants than those 
currently in use. They may also have other 
biomedical properties, such as inhibitory activity 
against tumors, hematopoietic and radioprotective 
effects (Križková et al. 2001; Drábiková et al. 
2009), antioxidative activity (Križková et al. 2001; 
Drábiková et al. 2009; Kogan and Kocher 2007), 
stimulation of nitric oxide production (Noleto et 
al. 2004) and prevention or elimination of 
colonization by enteropathogenic bacteria in the 
gastrointestinal tract of the host (Torrecillas et al. 
2007; Kogan and Kocher 2007). Furthermore, the 
disposal of waste generated in various industrial 
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activities is an important environmental problem 
(Tayibi et al. 2009). Several measures have been 
developed to reduce the amount of industrial 
waste, including the use of technology to produce 
less polluting waste, proper treatment of waste 
before its disposal in the environment and 
recovery of waste for the manufacture of a new 
product (Papanikolau et al. 2007; Zverlov et al. 
2006). This is especially important in the case of 
waste generated by fermentation processes where 
the microorganism used can be processed to obtain 
biologically active components with high added 
values (Lamoolphaka et al. 2006). Therefore, 
studies involving the MPs of S. uvarum could 
result in the generation of a product with a high 
added value from an industrial waste that is 
currently sold at a low price or even discarded 
directly into the environment, causing an 
undesirable environmental impact. 
 
 
ACKNOWLEDGEMENTS 
 
Darpossolo, F.P.B. was supported by a grant from 
CNPq. We thank Philip Sidney Pacheco Badiz for 
his careful correction of the English. 
 
 
REFERENCES 
 
Cao L,, Chan CM,, Lee C,, Wong SS,, Yuen KY.MP1 

encodes an abundant and highly antigenic cell wall 
mannoprotein in the pathogenic fungus Penicillium 
marneffei. Infect Immun. 1998; 1998; 66((3):): 966-973. 

Casanova M, Ribot JLL, Martinez JP, Sentandreu R.  
Characterization of cell wall proteins from yeast and 
mycelial cells of Candida albicans by labelling witn 
biotin: comparison with other techniques. Infect Immun. 
1992; 60(11): 4898-4906. 

Cid VJ, Durán A, Del Rey F, Snyder MP, Nombela C, 
Sánchez M. Molecular basis of cell integrity and 
morphogenesis in Saccharomyces cerevisiae. Microbiol 
Rev. 1995; 59(3): 345-386. 

Costa AG. Determinação das melhores condições de 
extração de manoproteínas da parede celular de 
leveduras e sua aplicação [Dissertação de Mestrado]. 
Londrina, Brazil: Universidade Estadual de Londrina; 
2008. 

Drábiková K, Perečko T, Nosál R, Bauerová K, Poništ S, 
Mihalová D, Kogan G, Jančinová V.  Glucomannan 
reduces neutrophil free radical production in vitro and in 
rats with adjuvant arthritis. Pharmacol Res. 2009; 59(6): 
399-403.  

Ferket PR; Parks CW, Grimes JL.  Benefits of dietary 
antibiotic and mannanoligosaccharide supplementation 

for poultry. Multi-State Poultry Meeting, Indianapolis: 
University of Illinois, 2002; 14-16. 

Fernández N, Alonso S, Valera I, Vigo AG, Renedo M, 
Barbolla L, Crespo MS. Mannose-containing molecular 
patterns are strong inducers of cyclooxygenase-2 
expression and prostaglandin E2 production in human 
macrophages. J Immunol. 2005; 174(12): 8154-8162. 

Fukuda EK, Vasconcelos AFD, Matias AC, Barbosa AM, 
Dekker RFH, Silva MLC. Polissacarídeos de parede 
celular fúngica: purificação e caracterização. Sem Cienc 
Agr. 2009; 30(1): 117-134. 

Garner RE, Domer JE. Lack of effect of Candida albicans 
mannan on development of protective immune 
responses in experimental murine cadidiasis. Infect 
Immun. 1994; 62(2): 738-741.  

Gomez J, Maras B, Barca A, Valle RL, Barra D, Cassone 
A. Biochemical and immunological characterization of 
MP65, a major mannoprotein antigen of the 
opportunistic human pathogen Candida albicans. Infect 
Immun. 2000; 68(2): 694-701. 

Hassan HA, Ragab MS. Single and combined effects of 
mannan oligosaccharide (mos) and dietary protein on the 
performance and immunity response of laying hens. 
Egypt Poult Sci. 2007; 27: 969-987. 

Hudson L, Hay CF. Practical Immunology. 3rd ed. 
London: Blackwell Scientific Publications; (1989). 

Instituto Adolfo Lutz.  Métodos químicos e físicos para 
análise de alimentos. In-Normas analíticas do Instituto 
Adolfo Lutz, 3 rd. São Paulo: IMESP; 1985. p. 266. 

Ishida-Okawara A, Nagi-Miura N, Oharaseki T, Takahashi 
K, Okumura A, Tachikawa H, Kashiwamura SI, 
Okamura H, Ohno N, Okada H, Ward PA, Suzuki K. 
Neutrophil activation and arteritis induced by C. 
albicans water-soluble mannoprotein-β-glucan complex 
(CAWS). Exp Mol Pathol., 2007; 82(2): 220-226. 

Kogan G, Kocher A. Role of yeast cell wall 
polysaccharides in pig nutrition and health protection. 
Livest Sci., 2007; 109(1-3): 161-165.  

Križková L, Ďuračková Z, Šandula J, Sasinková V, 
Krajčovič , Antioxidative and antimutagenic activity of 
yeast cell mannans in vitro. J Mutat Res., 2001; 497(1-
2): 213-222. 

La Valle R, Sandini S, Gomez MJ, Mondello F, 
Romagnoli G, Nisini R, Cassone A.  Generation of a 
Recombinant 65-Kilodalton Mannoprotein, a Major 
Antigen Target of Cell-Mediated Immune Response to 
Candida albicans. Infect Immun. 2000; 68(12): 6777-
6784. 

Lamoolphaka W, Gotoc M, Sasakic M, Suphantharikab M, 
Muangnapoha C, Prommuaga, C, Shotipruka A. 
Hydrothermal decomposition of yeast cells for 
production of proteins and amino acids. J Hazard Mater. 
2006; 137(3): 1643-1648. 

Lehle L. Biosynthesis of the core region of yeast 
mannoproteins. Formation of a glucosylated dolichol-
bound oligosaccharide precursor, its transfer to protein 
and subsequent modification. Eur J Biochem. 1980; 
109(2): 589-601. 

Lesage G, Bussey H. Cell wall assembly in 
Saccharomyces cerevisiae. Microbiol Mol Biol Rev. 
2006; 70(2): 317-343. 



Darpossolo, F. P. B. et al.  

Braz. Arch. Biol. Technol. v.55 n.4: pp. 597-602, July/Aug 2012 

602

Lukondeh T, Ashbolt NJ, Rogers PL. Evaluation of 
Kluyveromyces marxianus FII 510700 grown on a 
lactose-based medium as a source of a natural 
bioemulsifier. J Ind Microbiol Biotechnol. 2003; 30(12): 
715-720. 

Mansour MK, Latz E, Levitz SM. Cryptococcus 
neoformans glycoantigens are captured by multiple 
lectin receptors and presented by dendritic cells. J 
Immunol. 2006; 176(5): 3053-3061. 

Martínez JP, Gil ML, Ribot JLL, Chaffin WL.  Serologic 
response to cell wall mannoproteins and proteins of 
Candida albicans. Clin Microbiol Rev. 1998; 11(1): 
121-141. 

Mencacci A, Torosantucci A, Spaccapelo R, Romani L, 
Bistoni F, Cassone A. A Mannoprotein Constituent of 
Candida albicans that elicits different levels of delayed-
type hypersensitivity, cytokine production, and 
anticandidal protection in mice. Infect Immun., 1994; 
62(12): 5353-5360.  

Tada H, Nemoto E, Shimauchi H, Watanabe T, Mikami T, 
Matsumoto T, Ohno N, Tamura H, Shibata K, Akashi S, 
Miyake K, Sugawara S, Takada H. Saccharomyces 
cerevisiae- and Candida albicans-derived mannan 
induced production of tumor necrosis factor alpha by 
human monocytes in a CD14- and Toll-like receptor 4-
dependent manner. Microbiol Immunol. 2002; 46(7): 
503-512. 

Morales-López R, Auclair E, García F, Eesteve-Garcia E, 
Brufau J. Use of yeast cell walls; β-1, 3/1, 6-glucans; 
and mannoproteins in broiler chicken diets. Poult Sci., 
2009; 88(3): 601-607. 

Moreira AS, Souza AS, Vendruscolo CT.  Determinação 
da composição de biopolímeros por cromatografia em 
camada delgada: Metodologia. Rev Bras Agroc. 1998; 
4(3): 222-224.  

Noleto GR, Mercê ALR, Iacomini M, Gorin PAJ, Oliveira 
MBM. Yeast mannan-vanadium (IV) complexes and 
their effect on peritoneal macrophages. Carbohydr 
Polym. 2004; 57(2) 113-122.  

Oliveira MC, Figueiredo-Lima DF, Faria Filho DE, 
Marques RH, Moraes VMB. Effect of 
mannanoligosaccharides and/or enzymes on antibody 
titers against infectious bursal and Newcastle disease 
viruses. Arq Bras Med Vet. Zootec. 2009; 61(1): 6-11. 

Papanikolaou S, Chevalot I, Galiotou-Panayotou M, 
Komaitis M, Marc I, Aggelis G. Industrial derivative of 
tallow: a promising renewable substrate for microbial 
lipid, single-cell protein and lipase production by 
Yarrowia lipolytica. Electron. J Biotechnol. 2007; 10(3): 
425–435. 

Paulovičová E, Bystrický S, Masárová J, Machová E, 
Mislovičová D. Immune response to Saccharomyces 
cerevisiae mannan conjugate in mice. Internat 
Immunopharmac. 2005; 5(12): 1693-1698. 

Pietrella D, Cherniak R, Strappini C, Perito S, Mosci, P, 
Bistoni F, Vecchiarelli A. Role of mannoprotein in 
induction and regulation of immunity to Cryptococcus 
neoformans. Infect Immun. 2001; 69(5): 2808-28014. 

Pietrella D, Lupo P, Rachini A, Sandini S, Ciervo, A, 
Perito S, Bistoni F, Vecchiarelli A. A Candida albicans 

mannoprotein deprived of its mannan moiety is 
efficiently taken up and processed by human dendritic 
cells and induces T-cell activation without stimulating 
proinflammatory cytokine production.  Infect Immun. 
2008; 76(9): 4359-4367. 

Sgarbieri VC, Alvim ID, Vilela ESD, Baldini VLS, 
Bragagnolo N. Produção piloto de derivados de levedura 
(Saccharomyces sp.) para uso como ingrediente na 
formulação de alimentos. Braz J Food Technol. 1999; 
2(1,2): 119-125. 

Tayibi H, Choura M, López FA, Alguacil FJ, López-
Delgado A. Environmental impact and management of 
phosphogypsum. J Environ Manage. 2009; 90(8): 2377-
2386. 

Torosantucci A, Bromuro C, Gomez MJ, Ausiello C M, 
Urbani F, Cassone A. Identification of a 65-kDa 
mannoprotein as a main target of human cell mediated 
immune response to Candida albicans. J Infect Dis. 
1993; 168(2): 427-435. 

Torrecillas S, Makol A, Caballero MJ, Montero D, 
Robaina L, Real F, Sweetman J, Tort L, Izquierdo MS. 
Immune stimulation and improved infection resistance 
in European sea bass (Dicentrarchus labrax) fed 
mannan oligosaccharides. Fish Shelf Immunol. 2007; 
23(5): 969-981. 

Towbin H, Gordon J. Immunoblotting and dot 
immunobinding— current status and outlook. J. 
Immunol Methods, 1984; 72(2): 313-340. 

Vilela ESD, Sgarbieri VC, Alvin ID.  Determinação do 
valor protéico de células íntegras, autolisado total e 
extrato de levedura (Saccharomyces sp.). Rev Nutr. 
2000a; 13(3): 185-192. 

Vilela ESD, Sgarbieri VC, Alvin ID. Valor nutritivo da 
biomassa de células íntegras, do autolisado e do extrato 
de levedura originária de cervejaria. Rev Nutr. 2000b; 
13(2): 127-134. 

Viudes A, Perea S, Lopez-Ribot JL. Identification of 
continuous B-cell epitopes on the protein moiety of the 
58-kiloDalton cell wall mannoprotein of Candida 
albicans belonging to a family of immunodominant 
fungal antigens.  Infect Immun. 2001; 69(5): 2909-2919. 

Yamada EA, Alvim ID, Santucci MCC, Sgarbieri V C. 
Composição centesimal e valor protéico de levedura 
residual da fermentação etanólica e de seus derivados. 
Rev Nutr. 2003; 16(4): 423-432. 

Yamada EA, Sgarbieri VC. Yeast (Saccharomyces 
cerevisiae) Protein Concentrate: Preparation, Chemical 
Composition, and Nutritional and Functional Properties. 
J Agric Food Chem. 2005; 53(10): 3931-3936.  

Zverlov VV, Berezina O, Velikodvorskaya GA, Schwarz 
WH. Bacterial acetone and butanol production by 
industrial fermentation in the Soviet Union: use of 
hydrolyzed agricultural waste for biorefinery. Appl 
Microbiol Biotechnol. 2006; 71(5): 587-597. 

 
 

Received: March 01, 2011; 
Revised: November 21, 2011; 
Accepted: February 10, 2012. 

 


