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sasursaTo teqnologia 

 

THE ROLE OF WINE BASIC COMPONENTS IN LYSINE 

BIOSYNTHESIS  DURING SECONDARY ALCOHOLIC 

FERMENTATION 

 
Varlam Aplakov 
Academic Doctor of Biology, Associate Professor, Akaki Tsereteli State University, Kutaisi, 

Georgia 
   

Using labeled compounds, the wine basic organic- and amino acids participating in lysine biosynthesis 

were detected. It has been established that during secondary alcoholic fermentation carbon atoms of γ – 

ketoglutaric, acetic, oxaloacetic, glutamic acids and lysine are involved in the formation of lysine carbon 

skeleton. The lysine formed as a result of biotransformation of these compounds were identified in the fractions of 

yeast proteins, free amino acids, and wine amino acids. 

Key words: Lysine, secondary alcoholic fermentation, organic acids, amino acids. 

The pathways of essential amino acids biosynthesis in microorganizms has been a subject of 

intensive study. On the basis of experimental data obtained for the past four decades, the metabolic 

peculiarities of yeast, which are related to the specific enzyme conversions at separate stages of 

biosynthesis of essential amino acids, were revealed. These peculiarities were principally confirmed by 

studies of lysine biosynthesis in Saccharomyces yeast. 

In this context it  is of interest to study the possibilities of formation of essential amino acids in 

such extreme conditions as is the case during secondary alcoholic fermentation; high pressure of 

carbon dioxide, complex content of alcoholic medium restricted anaerobic conditions alongside with 

other factors exert an essential influence on the direction and intensity of cellular metabolism [5]. It is 

also noteworthy that under these conditions the biotransformation products of various sources of 

carbons available in the medium during wine champagnization to a large extent determine the quality 

and stability of ready production. 

The present work was aimed at revealing the carbon sources, which more or less can play a 

definite role in lysine accumulation and can present more accurately the regularities of its biosynthesis 

during secondary alcoholic fermentation under extreme conditions. 

MATERIAL AND METHODS 

Saccharomyces vini – 39 – an industrial strain of wine yeast – was used as a fermentation agent 

for bottle champagnization. Major produts of alcoholic fermentation  (ethanol, carbon dioxide), 

secondary produqts (glycerol, acetic acid), and organic acids of the Krebs cycle C3 – C5 were 

introduced into the fermentation medium. Wine basic amino acids were also used. Radioactivity of 

each 14C – compound being introduced in the medium amounted 23.1 MBq per litre of wine material. 

Fermentation proceeded at 14 – 160C. Assessment of the yeast and wine components wase made as 

soon as the primary fermentation was over, using chemical, chromatographic, and autoradiographic 

methods [3, 9]. Radioactivity of the identified compounds was measured on the LKB type scintillation 

spectrometer Rackbeta. 

RESULTS AND DISCUSSION 

Our findings indicate that during secondary alcoholic fermentation not a single carbon of ethanol 
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and glycerol takes part in lysine biosynthesis. But in the fermentation medium especially favorable 

conditions are created for CO2 refixation, as a consequence of which carbon atom of labeled CO2 is 

found in a lysine molecule of both yeast and wine amino acids. In this respect the specific role of 

organic acids is more important (Table 1). The table indicates that carbon atoms of the organic acids 

introduced into the medium are involved with different intensity in lysine biosynthesis. Major part of 

them remains in the yeast biomass during champagnization. 

Especially high radioactivity of lysine is noted when 214C – acetic acid is introduced into the 

medium. Similar results were obtained when other yeast strains were employed [4]. It has been shown 

that the entire carbon skeleton of acetate participates in lysine biosynthesis. Although specific 

peculiarities of conversion is suggested by diverse intensity of incorporation of various carbon atoms 

of acetic acid in lysine molecule during champagnization. 

Rather a stable source of lysine biosynthesis appear to be ketoacids of the Krebs cycle. Part of 

lysine formed by participation of their carboxylic carbons transfers into wine. Among the examined 

ketoacids 114C – γ – ketoglutaric acid is distinguished by its exceptional ability of lysine biosynthesis. 

In terms of the available evidence, lysine biosynthesis in yeast occurs in amino-adipinic way [2,8], in 

which it is γ – ketoglutarate that is one of the principal sources of lysine carbon skeleton. 

Table 1 

Lysine biosynthesis from wine organic acids 

Compound % radioactivity of lysine in 

overall activity of amino 

acids identified in yeast 

% radioactivity of lysine in 

overall activity of amino 

acids identified in wine 

114C – acetic acid 14.2 11.3 

214C – acetic acid 25.5 15.2 

114C – pyroracemic acid 7.1 6.8 

114C – γ – ketoglutaric acid 32.3 18.8 

114C – oxaloacetic acid 12.7 9.3 

1,414C – succinic acid 6.6 5.7 

2,314C – succinic acid 7.8 8.2 

114C – malic acid 7.3 9.7 

 

Nowadays lysine – dependent auxotropic mutants have been obtained and assessed and the 

stages of biosynthesis by relevant genes have been established [1]. 

For the lysine to be accumulated in wine conversion of amino acids appears to be of no less 

importance (Table 2). Various amino acids belonging in the group of triose, pentose, ketoacids were 

used in the experiments. The results of distribution of radioactivity indicate that as a result of 

conversion of each of them yeast forms a variable amount of lysine. Although the compounds 

examined by us during secondary alcoholic fermentation are actively involved in amino acid 

intermediate exchange, it is evident that the role of individual amino acid in lysine biosynthesis is 

rather diverse and is bound with specific conversions occurring during alcoholic fermentation in 

anaerobic conditions [6]. 
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Table 2 

Lysine biosynthesis from wine amino acids 

Compund % radioactivity of lysine in 

overall activity of amino 

acids identified in yeast 

% radioactivity of lysine in 

overall activity of amino 

acids identified in wine 

114C - glycine 4.9 4.4 

214C - glycine 3.3 1.0 

314C - serine 9.2 5.1 

114C - alanine 14.1 6.1 

514C – glutamic acid 24.0 11.3 

214C - leucine 4.1 6.0 

114C - phenylalanine 8.7 9.2 

114C - proline 18.5 10.8 

 

Determination of lysine both in the yeast and wine has shown that radioactivity is higher than the 

activity of all identified amino acids when 514C – glutamic acid is introduced into the medium. It seems 

that in our conditions too is functioning the indicated amino – adipinic way of lysine biosynthesis, 

glutaminic acid just being one of its intermediates. In this process its further conversion occurs due to 

amino – adipitamino – transferase, which is present in Saccharomyces cerevisiae cells in cytoplasmic 

and mitochondrial forms [7]. 

A high radioactivity of lysine both in yeast and wine is noted also at the introduction of 114C-

proline into fermentation medium. It is clear that the direct metabolic link existing between proline and 

glutamic acid manifests itself during secondary alcoholic fermentation as well. 

Participation of the compounds of quite diverse nature, available in the fermentation medium, in 

lysine synthesis clearly indicates the metabolic potential of the yeast used. This latter manifects itself in 

such a complex isolated ecological system as is created by bottle champagnization during secondary 

alcoholic fermentation in extreme conditions. 
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