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Administration of immunostimulants in fish is a preventive method to combat infections. A wide variety of these biological
molecules exist, among which one of the yeast wall compounds stands out for its different biological activities. The -
glucan that forms the structural part of yeast is capable of generating immune activity in fish by cell receptor recognition.
The most frequently used B-glucans for the study of mechanisms of action are those of commercial origin, with doses
recommended by the manufacturer. Nevertheless, their immune activity is inefficient in some fish species, and increasing
the dose may show adverse effects, including immunosuppression. Conversely, experimental -glucans from other yeast
species show different activities, such as antibacterial, antioxidant, healing, and stress tolerance properties.
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| 1. Introduction

Given the accelerated growth of the aquaculture industry, the use of whole yeasts and their derived compounds as
immunostimulants has been shown to be an excellent approach [, Yeasts are unicellular organisms distributed worldwide
in a wide range of environments 2B, Their benefits are so extensive that they are also used in feed production as partial
protein replacers &, Yeasts play a biological role within microbial communities in the fish intestine, including nutrient
supply, pathogen control, and mucosal immunity maintenance EllZ. Additionally, compounds of interest in the yeast cell
wall promote biological activities in fish, such as mannan-oligosaccharide (immunostimulant) [ and B-glucan (wound
healing, stress resistance, immunostimulant, and disease protection) BILALLURA2IL3] For instance, cell wall B-glucans have
generated immunobiological activities in various animal taxonomic groups (birds, crustaceans, mammals and fish) 141151
(161171 Fyrthermore, B-glucans support other biological activities, including antibacterial 28!, antioxidant 22, wound healing
(11 and stress tolerance 12 effects. B-glucans are polysaccharides composed of glucose monomers joined by glycosidic
bonds 29, Their immunostimulant activities have been attributed to chemical composition, structural conformation, and
molecular weight, among other factors [21. All these characteristics depend on the yeast strain’s origin, and may affect
their immunostimulant properties (Table 1). Meanwhile, B-glucans are recognized by several immune cell receptors L7118l
and generate immune responses that strengthen resistance to pathogenic bacteria, fungi, parasites, and viruses 129, 3.
glucans have been shown to promote disease resistance by stimulating the immune system in fish species 1221,
However, a possible immune signaling pathway, dose, and effective route of administration have not yet been indicated.
Added to this is the potential of experimental B-glucans extracted from other yeasts, which can be used to benefit
freshwater and marine fish production.

Table 1. Molecular weights of 3-glucans from different yeast species.

Species Mw * Reference
Cystobasidium benthicum 2.32 kDa [22]
Saccharomyces cerevisiae (bakery) 175 kDa 23
Saccharomyces uvarum 220 kDa (24
Saccharomyces cerevisiae (brewery) 240 kDa [25]
Debaryomyces hansenii (BCS004) 689.35 kDa [26]

* Mw = Molecular weight. kDa = KiloDaltons.



| 2. Yeast Cell Wall and B-Glucan Composition
2.1. Yeast Cell Wall

The yeast cell wall is a 100 to 150-nm thick cell armor (hard and rigid), representing approximately 15 to 32% of the dry
weight 14270 and 25 to 50% of the cell volume 12, It is composed of approximately 85% polysaccharides (B-glucan and
chitin) and 15% proteins (manno and transmembrane proteins) 28 (Figure 1). The yeast cell wall composition and
organization form a layered ultrastructure that can be observed by electron microscopy [L4[28],
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Figure 1. Conformation of the yeast cell wall. The cell wall is the largest, most resistant, and rigid organelle affecting the
interaction with the external environment and the protection of the intracellular organelles, where compounds of great
biotechnological interest are found including B-glucans.

2.2. Yeast B-Glucans

Yeast B-glucans are structured polysaccharides formed by monosaccharides (glucose), called “beta” (B) because of the
specific glucosidic bonds (B-1,3 and 1,6) to which they are linked 2. Due to the interaction of intermolecular polyhydroxyl
groups, their structure can be single helix or triple helix, which makes them insoluble in water and in organic solvents (i.e.,
ethanol) [, This structural complexity endows B-glucans with high molecular weight that can vary according to the yeast
species from which the B-glucan is extracted (Table 1).

Various studies have shown that insoluble B-glucans (B-1,3 and (-1,6) have superior capacity as biological response
modifiers compared to soluble B-glucans (B-1,3 and B-1,4) 2. Research reports have demonstrated that the most
effective immunoenhancing activities, such as cell proliferation, were attributed to B-glucans with triple helix structures 24!
B3] Observed effects included cell proliferation, phagocytic, antibacterial, and antioxidant activities, and immune-
related gene expression [22(33],

| 3. Yeast B-Glucan Extraction

The extraction method has a significant influence on the physicochemical properties of B-glucans. Various methods have
been proposed for B-glucan extraction, including physical B4BSISEl  chemical B4E8] and enzymatic methods (220
(Figure 2). In the following, extraction methods using different processes are described, mainly based on cell disruption to
release the cell contents and separate the B-glucan.
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Figure 2. Representative scheme of the methods used for B-glucan extraction from yeast. Methodologies used for -
glucan extraction from yeast mainly differ in the method of breaking down the cell wall to release the internal components,
and in the use of organic solvents to separate them. Finally, a purification process by centrifugation and chromatography
is performed to obtain B-glucan from yeast.

3.1. Physical Method

Physical disruption is a non-contact method that uses external force to achieve cell membrane rupture B8, The different
methods include sonication, homogenization, and bead milling. Among these methods, sonication has been among the
most popular for obtaining B-glucans [2€. Cell wall disruption by sonication is caused by ultrasonic vibrations that produce
a high-frequency sound, causing physical modifications that permit the solvent to penetrate into solids, increasing the
diffusion rate of the desired molecule to the solvent B4, Homogenization and bead milling lysis provide kinetic energy for
cellular disruption and the release of intracellular components B8, The latter method is old, and little used in research: cell
disruption is prompted by hydraulic pressure (Frances press) and the method continues to be used in industry because of
the low cost of operation. This method consists of applying direct pressure to release the intracellular contents 44,

3.2. Chemical Method

Chemical cell lysis can be achieved by using specific chemicals to disrupt the cell wall, forcing it to release its contents
(341 This method is gentler than the physical approach and is suitable for lysing bacterial, fungal, and yeast samples 2.
Therefore, the chemical method is one of the most frequently employed to obtain -glucans from yeast and other species
(401 Cchemicals used for B-glucan extraction include alkali and/or acid organic solvents, such as acetic acid and sodium
hydroxide, among others 42, Organic solutions break down the cell wall through the difference in electronic charge, and
also cause residues that contain chitin, glycogen, and proteins to be dropped B2. It was recently reported that with this
method a B-glucan of high quality, quantity, and biological activity was obtained.

3.3. Enzymatic Method

In recent years, biotechnological isolation methods with enzyme treatment have been developed %3\, Enzyme-based p-
glucan extraction from yeast is a potential alternative to conventional solvent-based extraction methods, and possesses
the advantages of being environmentally friendly, highly efficient, and a simplified process. Currently, enzymes including
chitinase, proteases, and lipases have been widely used to degrade yeast cell walls and improve B-glucan isolation B,

The final step of B-glucan extraction is purification, which consists of separating certain components found in yeast cell
walls. In this sense, centrifugation and chromatography have been used for removing lipids and proteins from the cell wall,
leading to more purified fractions of B-glucans 2.

| 4. Effects of Yeast B-Glucans on Fish Immune System

Fish have innate and adaptive immune systems. B-glucans are considered a type of pathogen-associated molecular
pattern (PAMP) 4. As such, they generate a signaling pathway in fish, but this has yet to be described in specific detail.



The signaling pathway is described and exemplified in Figure 3, based on the latest research with B-glucans in fish.

Figure 3. Signaling pathway for yeast B-glucans in teleost fish organisms. Proposed scheme of the B-glucan activation
pathway in fish. (1) Intestinal epithelial enterocytes synthesize metabolic proteins activated by yeast B-glucan that
secretes them into the systemic circulation. (2) Recognition of B-glucan by pathogen-associated molecular pattern
receptors (PAMPs) that generate innate cellular immune responses and gene expression through translocation of the
nuclear factor kappa beta (NF-kB) by phosphorylation, ubiquitination, and protein degradation. (3) Production of pro- and
anti-inflammatory cytokines, receptors, and other proteins that activate the communication and activity of the adaptive
immune system. (4) Production of immunoglobulins by B cells activated by the recognition of B-glucan.

After orally administration, B-glucans reach the intestine of the teleost fish; epithelial enterocytes synthesize apolipoprotein
A-1V (apoad) related to carbohydrate and lipid metabolism that probably captures B-glucan and secretes it into systemic
circulation. Cytoplasmic actin 1 (actb) is permanently present in the intestinal microvilli, which together with transgelin
(tagln) participate in actin-dependent B-glucan uptake ¥2. Additionally, the presence of TLR-like receptors (TIr2) in
intestinal enterocytes could participle in the recognition of yeast B-glucans “8. When B-glucans enter the systemic
circulation, they are recognized by certain receptors, such as the three types of lectin C (a, b, and c) found in innate
immune cells, and together with the spleen tyrosine kinase (Syk) generate intracellular signal transduction downstream by
the mitogen-activated protein kinase (mapkin2) and nuclear factor kappa B (NF-kB) pathways #3l[4728] To|l-like receptors
(TLR 2/6) together with the myeloid differentiation primary response adapter protein 88 (myd88) also generate signaling
cascades that cause activation of NF-kB 42, The complement receptor (CR3) is a heterodimeric integrin that constitutes a
critical link between cells and the extracellular matrix, functioning as anchoring sites and central elements for detection,
processing, and transduction of the information received by B-glucans B, When NF-kB is activated, it initiates the
expression of several pro- and anti-inflammatory cytokines Bl Some of these cytokines have activities in the adaptive
immune system, such as IL-6 and IL-10 that play important roles in the humoral immune response and induce
differentiation of B lymphocytes 253 |[-11 is another cytokine involved with anti-inflammatory characteristics, and is
only characterized in a certain number of teleost fish 241, When B lymphocytes recognize B-glucans, they begin to secrete
immunoglobulins, such as IgM and IgT, involved in mucosal immunity 221, IgT or 1gZ is specific in teleost fish and is related
to the intestinal mucosa B8IE758] - Finally, yeast B-glucans could be involved in adaptive immune responses BEA byt
additional studies are required to better understand their signaling pathways in fish species.

Currently, the majority of studies (in vitro and in vivo) have used commercial B-glucans, and very few have assessed
experimentally extracted yeast B-glucans. Up to now, the main yeast strains for B-glucan extraction have been those
belonging to Saccharomyces cerevisiae. However, non-Saccharomyces cerevisiae strains have also been tested with
promising results, such as Saccharomyces uvarum BY  vYarrowia lipolytica N6 BU  Sterigmatomyces
halophilus 18 Debaryomyces hansenii BCS004 (28 and Cystobasidium benthicum 22, Remarkably, many studies have
related B-glucan supplementation to increased disease resistance in fish.
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