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Towards a platform organism for terpenoid production – in silico analysis 

of central pathways of Saccharomyces cerevisiae for pathway optimization 

E. Gruchattka, O. Kayser, V. Schütz 

Terpenoids (or isoprenoids) are structurally diverse natural products with important 

medicinal and industrial applications. Several of them (menthol, eucalyptol, linalool, 

limonene or patchoulol) are used in the fragrance or flavor industry [1]. Some 

terpenoids are rare as they are produced only in low amounts in plants; chemical 

synthesis of complex structures is often not possible or not eco-efficient. Moreover, 

the demand in ‘natural’ ingredients is increasing. The use of a microbial platform 

organism for the biosynthesis of plant terpenoids offers the possibility of large-scale, 

cost-effective and environmentally friendly industrial production ensuring a 

continuous ‘natural’ product supply independent from climate or cultivation risks. [2] 

Today, Saccharomyces cerevisiae is one of the most widely used microorganism for 

heterologous plant terpenoid production. However, experimental terpenoid yields are 

still quite low [3, 4]. Thus, S. cerevisiae is analyzed in silico by means of elementary 

mode analysis [5] and compared to E. coli focusing on the yield of isopentenyl 

pyrophosphate, the general terpenoid precursor, to identify new metabolic 

engineering strategies for an enhanced terpenoid yield. The effect of heterologous 

enzymes or pathways is analyzed as well as the impact of different carbon sources on 

theoretical maximum terpenoid yield. Moreover, knockout strategies, using the 

constrained minimal cut sets approach [6], are identified to enforce a coupling of 

growth to a minimum terpenoid yield which is higher than any yield published in 

scientific literature so far.  

 

[1] Caputi L and Aprea E (2011) Recent Pat Food Nutr Agric 3(1):9-16 

[2] Chang MCY and Keasling JD (2006) Nat Chem Biol 2:674-681 

[3] Westfall PJ et al. (2012) Proc Natl Acad Sci USA 109:E111-118 

[4] Scalcinati G et al. (2012) Appl Environ Microbiol 77:1033-40 

[5] Trinh CT et al. (2009) Appl Microbiol Biotechnol 81:813-826 

[6] Hädicke O and Klamt S (2011) Metab eng 13:204-213 
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The objectives of this study were to identify native micro-flora in raspberry juice, to define the 

difference between spontaneous and controlled fermentations and monitor interactions between 

yeast cells in mixed fermentations. Fermentations were carried out at different conditions by 

immobilized and suspended Saccharomyces cerevisiae and Lachancea thermotolerans yeats 

strains isolated from raspberry juice. During the course of fermentation, glucose, fructose and 

sucrose utilization and ethanol, glycerol, malic acid, citric acid, acetic acid, tyrosol, tryptophol 

and phenylethanol level were monitored with HPLC. Also, monitoring of total number of yeast 

cells and relation between number of yeasts in mixed culture fermentation was performed. Rapid 

start of fermentation and faster fermentation was observed with immobilized cells in relation to 

suspended cells. The production of tyrosol proved to be temperature dependent and was 

significantly reduced at higher temperature of fermentation. The number of L. thermotolerans 

strain in mixed culture fermentation constantly decreased, and at 66 hours of fermentation there 

was not any left.  Also, a higher amount of glycerol was detected in samples fermented by L. 

thermotolerans strain than by S. cerevisiae strain.   
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Characterisation of a lipoxygenase involved in volatile formation during fruit ripening of 

Malus x domestica 
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Kühn - Institut (JKI), Federal Research Centre for Cultivated Plants, Institute for 

Breeding Research on Horticultural and Fruit Crops, Dresden- Pillnitz and Quedlinburg, 

Germany 
 

Flavour is a biochemically and genetically highly complex trait having a decisive impact on 

apple fruit quality. Due to limited information available on its molecular-genetic basis it has 

been more a random product of breeding than the result of targeted breeding strategies in 

the past. Biosynthesis of aroma compounds, such as alcohols and esters, is directly 

associated with the metabolism of fatty acids and lipids. Linoleic and α-linolenic acid are 

catabolized to precursors of fruit esters either by β-oxidation or the lipoxygenase (LOX) 

pathway. Recently, a map based QTL analysis for key aroma volatiles revealed a LOX 

candidate gene in close proximity to an important QTL cluster for ester-type volatiles 

(Dunemann et al. 2009). This gene is one out of 23 putative members of a LOX gene family of 

Malus x domestica and was designated as MdLOX1a. As expression of this gene is induced by 

ethylene it might play a role in the ripening process of apple fruit (Schaffer et al. 2007). 

Indeed, we observed increased expression levels in the cultivars Golden Delicious and 

McIntosh during fruit ripening and storage. Also, stereo- and regio-chemistry of hydroperoxy 

products produced by MdLOX1a with linoleic acid confirmed earlier results for the major 

products of LOX activity found in apple fruits after storage (Beuerle & Schwab 1999). 

MdLOX1a is a dual positional-specific enzyme producing both 13(R)- and 9(S)-hydroperoxy-

octadecadienoic acid in a ratio of seven to one. Here, we demonstrate that site directed 

mutagenesis of one single amino acid in the substrate binding pocket leads to a change in 

both positional and stereo-selectivity of this enzyme. 

 
Dunemann F., Ulrich D., Boudichevskaia A., Grafe C., Weber W.E. (2009) QTL mapping of aroma compounds 

analyzed by headspace solid-phase microextraction gas chromatography in the apple progeny 'Discovery' x 

'Prima'. Molecular Breeding, 23: 501-521 

Schaffer R.J. et al. (2007) A genomics approach reveals that aroma production in apple is controlled by 

ethylene predominantly at the final step in each biosynthetic pathway. Plant Physiology, 144: 1899-1912 

Beuerle, T., Schwab, W. (1999) Metabolic profile of linoleic acid in stored apples. Formation of 13(R)-hydroxy-

9(Z), 12(E)-octadecadienoic acid. Lipids, 34: 375-380 



Characterization of terpene  glycosyltransferases from grapes (Vitis vinifera) 

 

Friedericke Bönisch, Wilfried Schwab 

Biotechnology der Naturstoffe, Technische Universität München, Freising, Germany 

 

Monoterpenes are an important group of volatile components of grapes and wine, but the majority 

of terpenes are found as non-volatile glycosylated molecules. However, there are no 

glycosyltransferases (GT) known in grapes, which show specificity towards monoterpenes. Based on 

gene sequences of monoterpene-GT from Arabidopsis thaliana, we screened in silico for homologous 

sequences in the Vitis vinifera genome. About 70 putatively annotated V. vinifera genes were found. 

Additionally, we were interested in the alleles of the genes in the different cultivars. Alleles of several 

candidate genes were expressed in E. coli and analysed for their activity against six aroma-relevant 

monoterpenes. The recombinant UGT25 (UDP-dependent glycosyltransferase) protein was found to 

glycosylate the substrates nerol, citronellol and geraniol while terpineol, 8-hydroxylinalool and 

linalool were not converted. Interestingly, two of the ten identified UGT25-alleles showed no activity 

at all. By sequence alignment we identified three amino acids which distinguish the active from the 

inactive proteins. Site-directed mutagenesis of these positions was performed to verify the 

importance of these amino acids according to the enzyme activity. Additionally, we identified three 

other proteins which glycosylate aroma-relevant terpenes. These enzymes were also heterologously 

expressed and functionally characterized.  
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Flavour analysis in dairy products 
 
Katharina Breme, Pascal Fuchsmann, René Badertscher 
Agroscope, Schwarzenburgstrasse 161, 3003 Bern, Switzerland 
katharina.breme@agroscope.admin.ch 
 
 
 
The flavour of dairy products is known to be influenced by numerous factors, such as the raw 
material, various treatments and process conditions applied during production, and by fermentation 
due to the presence of microorganisms. The careful choice of suitable analytical techniques allows to 
properly evaluate these flavours, but dairy matrices remain a challenge due to their inhomogeneous 
and complex nature and composition. 
After a brief overview of flavour formation in selected milk products, the analytical procedure for dairy 
flavour analysis will be discussed. Traditional and state-of-the-art extraction techniques for the 
analysis of volatile compounds by gas chromatography (GC) will be presented. Whilst coupling GC to 
different physical detectors (e.g. mass spectrometry MS, sulphur specific detection by pulsed-flame 
photometric detection PFPD) can provide valuable information on the identity and quantity of target 
molecules, physiological detection by the human nose (olfactometry) is needed in order to evaluate 
odorant compounds and their impact on the overall odour of the product. Finally, sensory analysis 
allows to obtain a judgement of the overall flavour by trained panellists and to estimate consumer 
acceptance.  
 
References:  
d’Acampora B. et al. Flavour, In Handbook of dairy food analysis, L.M.L. Nollet & F. Toldra: CRC Press 
Boca Raton, USA, 616 – 639. 2010. 
Boelrijk A.E.M. et al. Flavour generation in dairy products, In Dairy processing, G. Smit: CRC Press 
Boca Raton, USA, 130–148. 2003. 
d’Acampora B. et al. Flavour formation, In Handbook of dairy food analysis, L.M.L. Nollet & F. Toldra: 
CRC Press Boca Raton, USA, 277–288. 2010. 
Breme K. Analyse d'extraits naturels parfumants par GC/Olfactométrie: Application à des extraits de 
Brassicales et d'Astérales (French Edition), Éditions Universitaires Européennes: Saarbrücken, 
Germany, 280 pp. 2010. 
Fernandez X., Breme K. Vers la découverte de nouveaux composés. Méthodes modernes d’analyse, In 
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Lactone formation ability of a chosen Lactococcus lactis subsp. lactis var. 
diacetylactis strain from the Agroscope Strain Collection during 
fermentation in cream 
 
Matteo A. Lucchettia,b, Silvia Malliab, Alexandra Baumeyerb, Barbara Guggenbühlb, 

Katharina Bremeb 

aUniversità degli Studi dell’Insubria, Faculty of Sciences, via Dunant, 3, 21100 Varese, Italy 
bAgroscope, Schwarzenburgstrasse 161, 3003 Bern, Switzerland 
katharina.breme@agroscope.admin.ch 
 

 
Lactones are potent flavour compounds that contribute to creamy, fruity and coconut-like notes in 

milk products. Although their chemical formation in milk products from hydroxy-fatty acid triglycerides 
is accepted, their production by lactic acid bacteria (LAB) and the metabolic pathways are to date still 

uncertain. 

Here we report on the investigation of a potential microbial formation of lactones in cream with and 
without addition of hydroxy-fatty acids (HFA), supposed precursors of lactones. The strain of Lc. lactis 
subsp. lactis var. diacetylactis FAM18027 was selected out of 65 strains of different LAB species from 
the Agroscope Strain Collection for its ability to develop buttery and fruity aroma notes in cream 

during fermentation. Full-fat cream was fermented by FAM18027 at 30 °C for 24 h, with and without 
HFA supplementation. In addition, the same conditions were used to incubate cream without addition 

of bacteria. in presence or absence of HFA. 

The formation of lactones was evaluated by head-space solid phase microextraction-gas 
chromatography-mass spectrometry (HS-SPME-GC-MS). 

δ-Octalactone and δ-decalactone were the main volatile lactones found in the samples. GC-MS 
analyses revealed an increase of the signals of these two lactones after 4 h of fermentation already. 

Addition of HFA in presence of FAM18027 seemed to slow down the fermentation, which led to a 

slower acidification and less pronounced  lactone formation. Especially the formation of δ-octalactone 
was affected by HFA addition, resulting in a reduced formation and in an approximately three times 

lower signal after 24 h of fermentation. 
The results clearly show that GC-MS signals of δ-octalactone and δ-decalactone in cream fermented 

with LAB were higher than in samples incubated without LAB. It can hence be concluded that 

FAM18027 formed lactones during fermentation at 30°C. 
Thus, LAB strains such as FAM18027 may be used to increase the flavour of fermented cream and 

sour cream butter.    
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Quorum sensing in Saccharomyces cerevisiae through production of aromatic 
alcohols 

Jure Zupan1, Martina Avbelj1, Bojan Butinar2, Janko Kosel1, Matej Šergan1, Neža �adež1, 
Peter Raspor1  
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As seen in bacteria, yeasts use a kind of communication or quorum sensing system as well. In this case, 
aromatic alcohols, such as phenylethanol, tryptophol and tyrosol were found to hold quorum sensing 
signaling function. In addition, higher aromatic alcohols produced by yeasts are one of the most important 
aromatic compounds in wine. One could satirically say that the aroma of wine depends on the efficiency 
of yeast communication. With intention to examine this phenomenon in more detail, we developed an 
experimental design for isolation, detection and evaluation of the three aromatic molecules during time 
course of Saccharomyces cerevisiae fermentations (Zupan et al., submitted). When compared to current 
published methods, our approach offers: i) a significant scale-down, a so called minifermentation, which 
is performed in 2 ml centrifuge tubes; ii) quick isolation and inexpensive HPLC-FLD-based detection and 
quantification of the aromatic molecules; iii) automatic, computer/image-based cell counting of multiple 
samples; and iv) a new perspective on quantification and data interpretation. The advantages make the 
method convenient for monitoring the release and for evaluating the dynamics of the aromatic alcohols 
during all stages of yeast fermentation. In this contribution we are presenting the principles of our 
methodological concept. The developed experimental design is currently used more intensively on 
examining the mechanisms of quorum sensing in yeasts of wine origin. 

 

Zupan J., Avbelj M., Butinar B., Kosel J., Šergan M., Raspor P. xxxx. Monitoring of aromatic alcohols 
with quorum sensing functions during mini-fermentation studies in wine yeast. (submitted), xx: xx. 

 

 

 



Raspberry wine fermentation by suspended and immobilized native 

microflora 
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The objectives of this study were to identify native micro-flora in raspberry juice, to define the 

difference between spontaneous and controlled fermentations and monitor interactions between 

yeast cells in mixed fermentations. Fermentations were carried out at different conditions by 

immobilized and suspended Saccharomyces cerevisiae and Lachancea thermotolerans yeats 

strains isolated from raspberry juice. During the course of fermentation, glucose, fructose and 

sucrose utilization and ethanol, glycerol, malic acid, citric acid, acetic acid, tyrosol, tryptophol 

and phenylethanol level were monitored with HPLC. Also, monitoring of total number of yeast 

cells and relation between number of yeasts in mixed culture fermentation was performed. Rapid 

start of fermentation and faster fermentation was observed with immobilized cells in relation to 

suspended cells. The production of tyrosol proved to be temperature dependent and was 

significantly reduced at higher temperature of fermentation. The number of L. thermotolerans 

strain in mixed culture fermentation constantly decreased, and at 66 hours of fermentation there 

was not any left.  Also, a higher amount of glycerol was detected in samples fermented by L. 

thermotolerans strain than by S. cerevisiae strain.   
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The effect of ARO10 , ATF1  and ATF2  genes from non-conventional 
Saccharom yces species on the wine aroma 
 

Jiří Stříbný, Roberto Pérez-Torrado and Amparo Querol 
Food Biotechnology Department. Institute of Agrochemistry and Food Technology (IATA-CSIC)  

Avda. Agustín Escardino, 7 46980 Paterna (Valencia) SPAIN 

 

 

 

The constantly developing wine market requires production of new wines with fresh and original 

qualit ies. In this context, the abilit ies of some non-conventional species from Saccharomyces 

genus have been recently described in winemaking. The species S. kudriavzevii and S. uvarum 

(S. bayanus var. uvarum) and their hybrids with S. cerevisiae have shown very interesting 

oenological properties leading to higher production of certain aromatic compounds suggesting 

that they take advantage of the alleles distinct from S. cerevisiae. Based on this information we 

decided to compare the homologous genes from S. cerevisiae, S. kudriavzevii and S. uvarum 

involved in the flavour compounds synthesis. The in silico analysis identified the most radical 

substitutions in ARO10, ATF1 and ATF2 genes. When expressed in winery S. cerevisiae T73 

strain, the increased amount of several aromatic compounds was detected. A significant 

increase was observed above all in the production of isoamyl alcohol and isoamyl acetate. Our 

results and the fact of close phylogenetic relationship among the three species suggest that the 

modification of overall wine aroma could be reached only by substitution of a few nucleotides. 
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railway station 

Venue of COST ACTION FA0907 BIOFLAVOUR 

Biotechnology of Natural Products: 2 km from the railway stations (taxis are available) 

Street (former name): Hochfeldweg 1  

Street (new name): Liesel-Beckmann-Str. 1 

CORBIN HOTEL 

restaurant „Bräustüberl“ 
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	The effect of ARO10, ATF1 and ATF2 genes from non-conventional Saccharomyces species on the wine aroma

