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Abstract 
 

Unlike bacterial signal molecules, secreted yeast ones, which ensure their coordinated behavior as a single system, have been little stud-

ied. We used the image processing technique to evaluate the environmental conditions. Communication through quorum sensing mole-

cules (QSM) is the dominant signaling in prokaryotic populations. In eukaryotic yeast cells, stress, caused primarily by the nutrient limit, 

causes a phenotypic manifestation of the mechanism of dimorphic switching, encompassing the repression of certain groups of genes and 

the activation of others, determining adhesion and virulence. Analysis of literature data and the results of the authors' own research em-

phasize the importance of signaling studies involving autoinducer molecules to elucidate the fundamental laws governing the regulation 

of yeast physiology, including growth parameters, morphogenesis and pathogenicity. 

 
Keywords: Image processing, quorum sensing, Medical engineering, yeast, particle swamp optimization 

 

1. Introduction 

Adapter molecules that react to changes in environmental factors 

include secreted autoinducers found in bacteria and micromycetes. 

The regulating functions of the autoinducers are implemented 

through the signal systems necessary for the manifestation of vari-

ous models of the behavior of microorganisms, including biolumi-

nescence, the formation of biofilms, the aggregation of cells, the 

production of pathogenicity factors, antibiotics, exopolysaccha-

rides and other secondary metabolites [1-3]. 

The factors of intercellular communication responsible for the 

density-dependent processes of eukaryotic microorganisms have 

been studied less than in prokaryotes [4-6]. In this review, the 

authors analyzed the literature data and their own experimental 

data obtained by studying the regulation of the physiological fea-

tures of yeast growth in the presence of exogenous QSM. 

2. Organization of Yeast Communities and the 

Regulatory Role of QSM 

Survival and growth of microscopic fungi depend significantly on 

their ability to function as a single community. The determination 

of the regulatory role of signal molecules and contacts in yeast life 

processes revealed that structural changes in the community are 

due to the variability of expression and the functioning of adhesive 

proteins [7-8]. The induction of a "cohesive" state of yeast leads to 

dangerous consequences for human health. Thus, biofilms formed 

by pathogenic yeast on medical devices are the main cause of 

mortality from hospital-acquired mycoses [9, 10]. Significant 

harm is caused by communities of pathogenic fungi in the form of 

biofilms on food products [11]. 

The organization of yeast communities is determined by the trans-

fer of intercellular signals that enhance the adhesion properties of 

cells, although such communities have a heterogeneous organiza-

tion, since different genes are responsible for the morphological 

and physiological properties of a certain group of cells in different 

regions [9-11]. 

In a liquid medium, when shaken, the yeast grows as separate cells, 

and can also group into communities in the form of flakes, con-

glomerates, colonies, and biofilms. Taking into account the geno-

type, sources of nutrition and cultivation conditions, the yeast 

community is classified as: flakes - a cluster of cells in a suspend-

ed state in shaking liquid cultures; florces - thick layers of cells 

forming on the upper surface of liquid cultures; colonies - compact 

rounded structures on dense media; biofilms - a conglomerate of 

cells attached to each other in the extracellular matrix on a solid 

surface, mats - highly integrated multi-species communities on the 

surface of substrates [8]. 

Regulation of the organization of the yeast community is carried 

out by signal molecules that mediate the influence of environmen-

tal factors. Yeast has several types of signaling: pheromone, QS 

and ammonium. Pheromone is carried out in the process of pairing 

of two types (a- and α haploids) of Saccharomyces cerevisiae cells 

[12], while QS signals coordinate the behavior of a group of cells. 

QS signaling in yeast is involved in the regulation of virulence 

factor secretion, induction of cell competence and biofilm for-

mation [13, 14]. The latter, like any form of community in yeast, 

is evolutionarily aimed at improving the survival of the microor-

ganism: pseudohyphae and micellar structures are capable of in-

vading the substrate in the process of actively searching for nutri-

ents, and the formation of a matrix prevents their elution. 
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The existence of QS systems in microscopic fungi was revealed 

after the discovery in the dimorphic yeast of Candida albicans of 

the signal molecule of farnesol - terpenoid alcohol (C15H26O) reg-

ulating the transition: "plankton cells - filaments" and the for-

mation of biofilms [15] (Fig.1). The presence of farnesol in the 

induction of the formation of the germinal tubes of yeast proline, 

N-acetylglucosamine or serum, prevented the transition to a myce-

lial growth [16]. The concentration of aromatic alcohol - tyrosol C. 

albicans, is proportional to the accumulation of yeast biomass 

both in plankton forms and in biofilm [4]. 

 

 
Fig. 1:. Autoregulator-induced yeast morphogenes. 1 - single plankton 

forms, 2 - conglomerate of colony-forming cells, 3 - filamentous forms 
(chain form, pseudohypha, hypha), 4 - biofilm 

 

The role of QSM in yeast S. cerevisiae is performed by aromatic 

alcohols - phenylethanol and tryptophol, which control the mor-

phogenesis of cells under nitrogen conditions in a medium that 

strictly regulates the biosynthesis of aromatic alcohols, which 

confirms the relationship between growth processes and QS inclu-

sion conditions in S. cerevisiae [5]. Phenylethanol and tryptophol 

in yeast are subject to autoregulation by feedback type similar to 

QSM bacteria. Under minifermentation, when limiting the sub-

strate and under high density of cells of wine yeast, not only 2-

phenylethanol and tryptophol, but also tyrosol are secreted [17, 

18]. The production of phenylated alcohols in non-traditional 

yeast strains of the genus Pichia in nitrogen deficiency is not as-

sociated with the formation of filaments, which indicates the pres-

ence of other molecules, presumably aromatic esters, which play 

the role of QSM in these yeasts [19]. 

2.1 Image processing for the detection in medical science 

The main procedure of the image processing is illustrated in figure 

2. PSO is utilized for detecting global optimization of image pro-

cess to find the most optimal condition. For this purpose we utilize 

the PSO integrated with image processing to find the most suitable 

environmental conditions as follows: 

 
 

where N is the data items number, c is cluster number, cj is the 

centroids of the jth cluster,xi is the ith data, uij is the membership 

DOF of xi in the jth sector.  

 

 

 

 
Fig. 2:. The process of image processing in the medical issues 

 

A significant role in the life of S. cerevisiae is assigned to such 

factor of intercellular signaling as ammonium [20]. Ammonium 

diffuses on an agar plate from one colony to another and stimu-

lates the effect of synchronization of the alkaline phase in neigh-

boring colonies. The mutant S. cerevisiae, which does not produce 

ammonium, is defective in the ability of the colonial division into 

apoptotic and vegetative zones [21]. 

3. The Role of Adhesive Proteins in the For-

mation of Communities and the Morphogene-

sis of Yeast 

The processes of intercellular contacts and cell adhesion in the 

formation of communities in S. cerevisiae are carried out with the 

help of a family of adhesive proteins - floculins. Floculins mediate 

intercellular attachment by binding to oligosaccharides on the 

surface of other cells [22]. When anchored in the cell wall with the 

C-terminus near glycosylphosphatidylinositol, the flocculins are 

recruited by the N-terminal A domain containing the lectin to bind 

to the oligosaccharides of neighboring cells. The homologues of 

Flo11, Flo1, Flo5, Flo9 and Flo10 consist of three domains (A, B, 

and C), and the N-terminal A domain provides adhesive properties 

[23]. 

Adhesins in Candida spp. and Saccharomyces spp., in addition to 

the functions of attachment to mammalian tissues, hard surfaces 

and other yeast cells, play a key role in the cellular response to 

environmental changes by participating in switching strategies of 

yeast morphogenesis [24]. Some strains of S. cerevisiae described 

the allele of the Flo11 gene (Flo11F), which has high expression 

and gives them a number of additional properties - the ability to 

form compact fluffy colonies and floras in the production of sher-

ry. The Flo11 mutant Saccharomyces strain is defective in diploid 

(pseudohyphalic) and haploid (invasive) growth, and this defect is 
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not suppressed by the addition of phenylethanol and tryptophol 

[25]. 

The formation of S. cerevisiae filaments involves the Ras2/cAMP-

PKA signaling pathway, where cAMP induces the activity of ho-

mologous protein kinases of the Tpk group. Tpk2 mutations that 

inhibit filamentation lead to elimination of the stimulating effects 

of aromatic alcohols due to inhibition of the expression of the 

Tpk2 gene, the transcription factor Flo8, and the surface protein of 

the Flo11 adherent regulated by it [26]. The addition of phenyleth-

anol or tryptophanol to the medium induces the expression of 

Flo11 and suppresses the defect of filament formation in the mu-

tant strain of the aro8 and aro9 genes [26]. 

 
Fig. 3:. Optimization results of image processing based on the environ-

ment conditions 

4. Exogenous Autoinducers in the Regulation 

of Yeast Growth 

Natural antagonists of signal QSM - furanones, which are capable 

of enhancing the formation of biofilms in some bacteria, are of 

interest in subinhibitory concentrations. We investigated the effect 

of furanone-1 on the growth of yeast C. tropicalis and S. cere-

visiae. It was found that the addition of furanone at the beginning 

of the lag phase stimulated the entry of culture into the exponen-

tial phase due to the reduction of the G-1 period of the cell cycle 

[27]. 

The study of the effect of bacterial QSM-acylated homoserine 

lactone (HSL) derivatives on the growth of yeast S. cerevisiae 

revealed the opposite effect. The addition of N-hexanoyl homoser-

ine lactone and N-octanoyl-DL-homoserine lactone to the medium 

simultaneously with the inoculum in the microdoses increased the 

lag period, shortened the exponential phase, and accelerated the 

transition of the culture to the stationary growth phase. The inhibi-

tory effect of exogenous HSL on yeast at the beginning of the lag 

phase is due to the low level of cells and, correspondingly, to the 

minimum content of endogenous HSL. In the exponential phase, 

HSL abruptly suppresses yeast budding. In the phase of growth 

retardation, exogenous HSL had no effect in connection with an 

increase in endogenous HSL to the threshold level [28]. Thus, the 

regulation of the population size of S. cerevisia by bacterial QSM 

depends on the concentration of the autoinducers, the physiologi-

cal age of the culture and the competence of the cells to these 

compounds. 

The overarching obstacle to understanding the mechanisms of 

physiological functions of autoinducer molecules in yeast is the 

lack of consensus in the regulation of intercellular communication 

processes. In the opinion of the authors [29, 30], the signal mole-

cules of micromycetes, like bacterial molecules, should accumu-

late in proportion to the increase in the number of cells in a grow-

ing population, with consequences that limit the growth of culture 

at a particular stage of its development. It is important that after 

reaching the threshold level in yeast culture, QSM should induce a 

coordinated growth of the entire cell population, rather than in-

duce the processes of assimilation or detoxification of the autoin-

ducer molecule. According to [5], phenylethanol and tryptophol 

synthesized by yeast cells functionally similar to QSM of gram-

negative bacteria [31] induce such phenotypic manifestations as 

the ability to regulate the morphogenesis of S. cerevisiae under 

conditions of nitrogen deficiency. 

The study of the effect of exogenous auto-inductor molecules S. 

cerevisiae of phenylethanol (PEL) and its isoforms showed that 

among all studied isoforms of PEL, its R-isoform maximally in-

hibited the development of the culture when introduced into the 

medium together with the inoculum in microdoses (10 μM). The 

addition of PEL at the same concentration to the culture of the 

exponential phase completely suppressed the budding of yeast, 

and the introduction of PEL at the beginning of the deceleration 

phase and the stationary phase did not cause changes in growth, 

but induced the cell morphogenesis associated with the transition 

of unicellular forms of yeast into chain ones [32]. Elimination of 

the effect of exogenous PEL in the onset of the stationary phase is 

due to the accumulation of autoregulators in the culture synthe-

sized by the cells themselves, which agrees with the data [5] on 

the correlation of the processes of increase in the number of S. 

cerevisiae cells in the population with an increase in the level of 

extracellular PEL by 20-50 times. Achieving a common pool of 

exogenous and endogenous signaling molecules to a critical level 

that blocks proliferation processes means that exogenous PEL, 

like the endogenous PEL, is perceived by the proliferating culture 

as a signal of a stressful situation in which the stopping of fission 

and the development of filamentous forms are preferred. 

Thus, under the influence of various external factors on cells, the 

phenomenon of QSM-mediated phenotypic switching covers re-

pression of some groups of genes and activation of others, deter-

mining adhesion, penetration and virulence. The genetic mecha-

nism, called dimorphic switching, allows different forms of yeast 

to adapt to a changing environment [33]. It can prove to be an 

attractive target for the development of antimycotic drugs in the 

strategy of prevention and treatment of fungal infections 

5. Conclusion 

Summarizing the literature data and the results of our own re-

search, we can conclude: 

Coordination of the behavior of yeast in the population depends on 

the number of cells and is associated with the transformation of 

the external signal into intracellular, inducing a change in the ex-

pression of genes after the action of QSM autoinducers. 

The role of QSM in the intercellular communication of yeast C. 

albicans is played by farnesol, in Saccharomyces - phenylethanol 

and tryptophil. Synthesis of aromatic alcohols, induced by the 

nitrogen limit in the medium, has a regulatory effect on the popu-

lation size by feedback type. 

Phenylethanol and tryptophol induce the expression of adhesin 

proteins - flocculins, the key role of which is to switch the strate-

gies of yeast morphogenesis. Exogenous phenylethanol, furanone 

and homoserine lactones are perceived by yeast cells as a stress 

signal that induces an adaptive response leading to the stopping of 

cell division and the formation of filamentous yeast forms. 

The directed regulation of the level of QSM in fungi, and, possibly, 

direct use of signaling molecules at the onset of the infection pro-

cess will allow suppressing the development of pathogens such as 

C. albicans, Magnaporthe grisea, Ustilago maydis, capable of 

causing systemic mycoses. 
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