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Abstract 
At present, Argentina does not count with a production of indigenous yeast strains with suitable 
technological and oenological features to be used in the regional winery industry. Isolation and 
molecular characterization of these microorganisms and its fermentation attributes would be re-
levant to the sustainable development of the activity in the country and to recognize and preserve 
the biodiversity of the region. Eight strains isolated from grapes and musts from the North Pata-
gonian region and genetically identified as Saccharomyces cerevisiae, were studied for their fer-
mentation behavior, emphasizing in hexose transport through the plasma membrane, which is the 
limiting step of the process. Thus, sugar consumption profiles were analyzed in different media at 
laboratory scale, to be subsequently applied to the fermentation of natural musts. Three of the 
eight initial strains were selected, named ÑNM10, ÑIF8 and ÑMN16 according to their fermenta-
tion profiles. The expression of hexose transporters during fermentations revealed interesting 
differences in the response of each strain to sugar consumption, where transporters HXT2 and 
HXT5 showed significant changes in expression in Patagonian strains, which are normally asso-
ciated to endurance to culture stress conditions. The results obtained by combining the characte-
ristics studied, at molecular and physiological level, are extremely encouraging. Native strain 
ÑMN16, showed a high potential for application in local winemaking. Assays carried out on a pilot 
scale will determine the feasibility of applying this strain with promising technological features at 
industrial scale. 
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1. Introduction 
Winemaking is a complex enological process involving different microbial groups, where yeasts play a funda-
mental role in Alcoholic Fermentation (AF), the critical phase of this process [1]. Yeasts convert the principal 
grape sugars (glucose and fructose) into ethanol, carbon dioxide and different primary metabolites that confer a 
particular character to wine [2] [3]. Grapes contain equal amounts of both hexoses, reaching a total concentra-
tion of 160 to 300 g/L. Saccharomyces cerevisiae, the yeast species commonly involved in conducting AF, is a 
glucophilic yeast, preferring glucose instead of fructose. During this process, glucose is consumed faster than 
fructose and therefore the latter becomes the main sugar present in the final stages. Yeasts should use this non-  
preferred sugar after starvation periods, low levels of nitrogen and in presence of high concentrations of ethanol 
[4]. These environmental conditions of stress can cause slow fermentations; thus the ability of yeasts for con-
suming fructose is a strain-dependent property that would guarantee the maintenance of high fermentative rates 
until the end of the productive development. That is why this metabolic trait is a very important criterion for se-
lection of yeasts with oenological potential aiming to achieve an adequate drying of the must [5] [6]. 

Utilization of hexoses by yeasts depends on expression of transporters in the plasmatic membrane, since the 
internalization of sugar is the limiting step for its subsequent metabolization. Uptake of hexoses in Saccharo-
myces is mediated by specific transporters belonging to a superfamily of facilitators of flow for monosaccharides 
with twelve transmembrane domains, denominated HXT [7] [8]. Until now, 18 genes involved in transport of 
hexoses have been identified: HXT1-HXT17 and GAL2, coding for Hxt1p-Hxt17p and Gal2p transporters, re-
spectively [4]. However, under normal conditions the incorporation of hexoses into the cell is conduced only by 
six transporters: Hxt1p to Hxt6/7p, which differ considerably in its affinity and specificity for substrates [9] 
[10]. 

The expression of a single HXT gene depends on several environmental factors, where medium hexose con-
centration detected by the yeast cell is an important signal. Transporters with moderate (Htx2p, Htx4p y Htx5p) 
and high (Hxt6p y Hxt7p) affinity are induced by small amounts of glucose and repressed by high amounts of 
this hexose, while low affinity ones (Hxt1p y Hxt3p) are induced by high glucose concentrations or only are 
feebly regulated by the concentration of this sugar [4] [11]. Both groups, low and high affinity transporters, 
demonstrated to have more affinity for glucose than for fructose and this difference can affect the utilization 
rates of those hexoses. The quality of the fermentation conducted by S. cerevisiae is strongly influenced by the 
specificity of the transporters expressed in each strain. 

The Patagonian region, located at 37˚5' and 40˚5' southern latitude, is a wine-producing region in Argentina 
and one of the most Southern regions dedicated to this activity in the world. This area presents advantageous 
agro-ecological conditions for high quality vitiviniculture [12] and its production is mainly represented by 
young dry wines from red Vitis vinifera varieties, such as Merlot and Pinot noir, which have met in this region 
optimal conditions for their full oenological expression [13]. However, the pressure of an increasingly competi-
tive international market and consumer demands for new styles of wines impose challenges to Patagonian 
winemakers that require technological innovation. In recent years, there has been a growing interest among 
wine-researchers and winemakers towards the selection of autochthonous strains to develop starter cultures that 
are potentially better adapted to grow in a specific grape must, reflecting the biodiversity of a given region and 
supporting the notion that specific native yeast strains can be associated with a terroir [14]-[16]. Previous mi-
crobiological studies in our region revealed a geographical structuration of indigenous populations of S. cerevi-
siae associated to local vinifications [17]. The maintenance of the biological patrimony and the exploitation of 
the biodiversity of indigenous fermentative strains is essential to obtain yeasts with specific phenotypes that po-
tentially develop the typical flavour and aroma of wines from particular grapevine cultivars and to ensure the 
conservation of gene pools of technological importance [2] [14]. 

In this framework, the aim of the present work was to characterize hexose consumption by Saccharomyces 
cerevisiae strains isolated from wineries of the North Patagonian region, focusing particularly on fructose meta- 
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bolization. In addition, the molecular expression of the hexose transporters was evaluated along the fermentation 
in order to detect individuals with better uptake profiles. 

2. Materials and Methods 
2.1. Samples 
Merlot and Malbec varietal grapes and musts were obtained from a cellar placed in the Neuquén province, (lati-
tude: 38˚56'09.06"S longitude: 68˚03'36.87"W altitude: 338 m), in the North Patagonian region, Argentina. 
Grape samples were collected aseptically from 4 years old vineyards at vintage using a cross sampling protocol, 
where fifteen grape bunches corresponding to 15 different plants were collected in each vineyard for each va-
rietal. Grape bunches were transferred to sterile containers. Grape musts were obtained during natural AF at pi-
lot scale (200 L) or during controlled AF (using commercial starters) at industrial scale. Samples were collected 
by the enologist in sterile glass containers (1 L) after the remount process (to ensure a homogeneous mixture), in 
three different stages: beginning (approximately 12 - 14 ˚Bmé), middle (approximately 6 ˚Bmé) and at the end 
(<0 ˚Bmé) of fermentation. Samples were transported to the laboratory and conserved at 4˚C until processing. 

2.2. Yeast Isolation and Molecular Characterization 
Yeasts associated to grape surfaces were obtained by shaking of berries (180 rpm) in sterile water for 1 h fol-
lowed by sonication (30 sec × 3,300 Watts). Aliquots (1 mL) of suspensions from grapes or musts were sub-
jected to successive dilutions and plated by dissemination in surface in GPY agar (pluripeptone 0.5%, yeast ex-
tract 0.5%, Glucose 2%, Agar 2%), adjusted to pH 4.5 - 5. Plates were incubated for 48 to 72 h at 26˚C until co-
lonies developed. The isolate colonies were characterized and selected according to their morphology and their 
frequencies of appearance. Yeasts were identified by restriction analysis (PCR-RFLP) of the region encompass-
ing the ITS1, 5.8SrRNA and ITS2 (5.8S-ITS region) as described in [18]. PCR-RFLP patterns obtained for each 
isolate were compared with those of reference strains available in the www.yeast-id.org database. Yeast identi-
fications were confirmed by sequencing the D1/D2 domain of the 26S rRNA gene [19] [20]. The sequences 
were edited and assembled using MEGA6™ software [21] and then subjected to a GenBank BLASTN. For iso-
lates belonging to Saccharomyces cerevisiae species, an analysis of polymorphism of restriction fragments of 
mitochondrial DNA using endonuclease Hinf I (DNAmit RFLP) was conducted [22]. 

2.3. Strains and Culture Conditions 
S. cerevisiae isolates were stored in glycerol (20% v/v) as cryoprotective agent at −20˚C. When needed, cells 
were cultured in GPY medium (pluripeptone 0.5%, yeast extract 0.5%, Glucose 2%), for 48 hs at 28˚C. In each 
treatment performed to the native yeasts, a commercial strain commonly used as starter in local wineries, Sac-
charomyces cerevisiae BC1118, was used as control standard. This strain was selected by its known technologi-
cal performance and metabolism at the molecular level. 

2.4. Microfermentations 
After 48 hours at 28˚C activation in GPY broth, each pre-inoculum of the analyzed yeast strain was transferred 
to vials with distilled water for 24 hs to induce a cell starvation condition. Subsequently, cell suspensions were 
used to inoculate individually experimental media in an initial cell concentration of 105 cfu/mL: 1) YNB me-
dium (Yeast Nitrogen Base with amino acids and ammonium sulphate (Difco), 0.67%), called basal medium (BM), 
supplemented with 20% glucose (w/v) (BMG); 2); 20% fructose (w/v) (BMF); 3) a mixture 10% (w/v) of both 
sugars (BMGF); 4) Pinot noir natural must from the Comahue region, vintages 2012 and 2013. Two volumes of 
fermentation were evaluated: 10 mL of BMG (n = 3), BMF (n = 3), and BMGF (n = 4), 60 ml of BMGF (n = 4) 
and 60 ml Pinot noir must (n = 3). All fermentation processes were conducted for 21 days at 28˚C. 

2.5. Statistical Treatment and Modelling 
Statistical modeling and data treatment were made under the “nlme” library of R statistical software [23]. Rela-
tive weight loss of CO2 production during fermentation was modeled by the Gompertz reparametrized equation 
proposed by [24], where: 

http://www.yeast-id.org/
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( ) 2.718282  exp exp * 1my A x
A

λ
   × = × − − +          

                     (1) 

being “A” the maximum asymptote of the modeled curve, “m” the exchange rate during the exponential phase, 
“λ” the determinant of the lag phase, y = Weight loss (g∙L−1) and x = time (days). The level of significance of 
parameters A, m and λ for each strain was analyzed by the method of Wald and pairs of means comparison 
through LSD test. 

Sugar consumption was assessed by modeling glucose and fructose concentration by the equation developed 
by [25] for reducing the concentration of chemicals in foods, modified by [26] to adjust the surface color para-
meters L*, a* and b* on foods over time. So modified, this equation allowed the convergence of data of residual 
sugars in broth and must. The model has the following form: 

*
0 e Kc t

tS S D−⋅= +                                   (2) 

where D is the lower asymptote (parameter t → ∞), S0 is the initial specific value for each setting, and Kc is the 
rate of change in days−1. 

Using this equation for modelling remaining hexoses in BMGF and must, these parameters take a similar 
meaning, where D describes the lower asymptote model in grams liter−1, S0 is the initial concentration modelled 
for each sugar, also in grams liter−1 and Kc the rate of decline in days−1. 

Again, data were analyzed statistically using the program R (R Core Team 2014) [23] with “nlme” package, 
according to a nonlinear mixed effects model and adjusted by Maximum Likelihood. 

2.6. Molecular Analysis of Expression of Hexose Transporters 
Total yeast RNA was isolated at 0, 7, 14 and 21 days of fermentation in synthetic must (BMGF) using the Mas-
terPure™ Yeast RNA Purification Kit” Epicentre®, Illumina® commercial kit. Isolated RNAs were stored at 
−80˚C. Reverse transcription of mRNA was achieved using qScript™ cDNA SuperMix (Quanta Biosciences™) 
kit for 5 minutes at 25˚C, 30 minutes at 42˚C, 5 min 85˚C and a final cycle at 4˚C, in a Progene thermocycler 
(Techne, Cambridge, UK). cDNA of Hxt1p to Hxt6/7p transporters were amplified by PCR using specific pri-
mers described by Lee and Lee (2008), [27]. Primers for actin protein were used as an internal control. The reac-
tion was carried out for 15 min at 95˚C, 30 seconds at 94˚C, 30 seconds at 58˚C and 30 seconds at 72˚C, and a 
final extension step 72˚C for 10 min. PCR products were separated in a 1.5% (w/v) agarose gel, and DNA bands 
were visualized staining with GelRed™. A 100 bp DNA ladder was used as a molecular weight marker (Gen-
biotech, Argentina). Semi-quantitative analysis of the expression of each hexose transporter was carried out 
quantifying its signal intensity against actin signal in different steps along the fermentations using 1.37 V Den-
sitometric Software ImageJ (NIH, USA). Statistical analysis of the relative intensities of the bands in agarose 
gels was performed with the Statistica 8.0 software. Average of this rates and its relative standard deviation was 
calculated with one-way ANOVA module and homogeneous groups through LSD test. 

3. Results 
3.1. Strain Selection 
From the isolations obtained in the North Patagonian region in the 2005/2006 vintages from Merlot and Malbec 
varietals, 110 S. cerevisiae strains were identified at the species level. Almost half of the S. cerevisiae strains 
were identified as starter cultures (49%), as expected in the controlled fermentations that were deliberately in-
oculated. However, starter profiles were also identified from natural fermentation samples, which suggest the 
presence of those “contaminants” in cellar surfaces. From the native strains detected (51%), eight individuals 
from different mitochondrial profiles were selected to continue this work. Notation for the selected strains was 
developed as follows: first letter: storage of origin (Ñ: Añelo cellar); second letter: type of winemaking (N, 
natural; I, Inoculated); third letter: stage of the fermentation (I, initial, M, medium, F, final); the number indi-
cates the order of isolation within each series. Therefore, studies continued with ÑNM10, ÑIF5, ÑNF13, ÑNF9, 
ÑNF8, ÑNM16, ÑIF8, and ÑNF7 native strains. In addition, each assay performed was contrasted with results 
obtained with commercial strain S. cerevisiae BC1118. 
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3.2. Microvinification in Synthetic and Natural Must 
Native and control S. cerevisiae evaluated strains were studied according to their fermentation profiles. CO2 lev-
els released during microvinifications were assessed by weight loss of the fermenters, in g·L−1 for each of the 
culture broths (BMG, BMF and BMGF) during 21 days. Data of weight loss of each fermenter was treated sta-
tistically following the proposed model of [24], and using the Gompertz reparametrized equation where pa-
rameters describing growth curves were obtained with R statistical program (R Core Team 2014), under the 
“nlme” package. Values obtained with the statistical analysis for parameters A (the maximum asymptote of the 
modeled curve), m (the exchange rate during the exponential phase) and λ (the determinant of the lag phase) for 
each strain in synthetic media, standard deviations and homogeneous groups are shown in Table 1. The use of  
 
Table 1. Modelled growth parameters obtained in BMGF, BMF and BMGF broths. 

Gompertz equation parameters 

  A M λ 

BMG 

ÑNM10 130.589 ± 25.705d 7.089 ± 1.129c 0.329 ± 0.563a 

ÑIF8 233.378 ± 25.8485a 9.785 ± 1.087ab 0.367 ± 0.446a 

ÑNF8 135.326 ± 28.842cd 6.600 ± 1.238c 0.471 ± 0.664a 

ÑNM16 136.820 ± 25.467cd 8.514 ± 1.150abc 0.348 ± 0.506a 

ÑIF5 134.848 ± 28.452cd 7.867 ± 1.274bc −0.211 ± 0.618a 

ÑNF7 212.585 ± 28.692ab 10.407 ± 1.238a 0.250 ± 0.499a 

ÑNF9 144.933 ± 28.436cd 8.609 ± 1.272abc 0.300 ± 0.576a 

ÑNF13 118.745 ± 28.350d 9.893 ± 1.419ab 0.380 ± 0.569a 

BC1118 174.474 ± 18.074bc 8.733 ± 0.779abc 0.055 ± 0.340a 

BMF 

ÑNM10 156.549 ± 27.947a 8.101 ± 1.813a 0.226 ± 0.510a 

ÑIF8 99.033 ± 27.791bc 7.376 ± 1.849a 0.294 ± 0.576a 

ÑNF8 147.114 ± 31.280ab 7.664 ± 2.034a 0.371 ± 0.608a 

ÑNM16 139.636 ± 27.801ab 9.731 ± 1.844a −0.854 ± 0.500b 

ÑIF5 60.203 ± 31.012c 6.185 ± 2.153a 0.167 ± 0.802ab 

ÑNF7 152.803 ± 31.164a 8.818 ± 2.042a −0.085 ± 0.568ab 

ÑNF9 142.220 ± 31.093ab 9.411 ± 2.067a 0.132 ± 0.568ab 

ÑNF13 106.049 ± 31.034abc 9.007 ± 2.115a 0.226 ± 0609ab 

BC1118 130.955 ± 19.697ab 7.299 ± 1.284a −0.428 ± 0.381ab 

BMGF 

ÑNM10 179.512 ± 18.718a 8.342 ± 1.477ab −0.061 ± 0.593ab 

ÑIF8 127.483 ± 18.061c 7.367 ± 1.515ab −0.569 ± 0.700b 

ÑNF8 97.131 ± 20.218cd 8.097 ± 1.874ab 1.176 ± 0.801a 

ÑNM16 137.383 ± 18.063bc 8.795 ± 1.531ab 0.118 ± 0.612ab 

ÑIF5 82.338 ± 20.198d 5.668 ± 1.726b −0.589 ± 0.944b 

ÑNF7 88.338 ± 19.770d 6.613 ± 1.767ab 0.084 ± 0.901ab 

ÑNF9 171.468 ± 20.733ab 9.109 ± 1.678a 0.252 ± 0.660ab 

ÑNF13 76.179 ± 19.861d 7.971 ± 2.051ab 0.798 ± 0.945ab 

BC1118 165.058 ± 12.860ab 9.249 ± 1.062a 0.186 ± 0.410ab 

Gompertz reparametrized equation parameters obtained by modelling accumulated weightloss in YNB-Glucose 20% (BMG), YNB-Fructose 20% (BMF) 
and YNB-Glucose 10%-Fructose 10% (BMGF) broths for the eight strains studied and the control strain with their corresponding standard errors. 
Equivalent letters indicate belonging to the same group at a significance level of 5% (α = 0.05). Values expressed in bold show the most important 
assemblages at the final consumer asymptotic capacity (A) and consumption rate (m), reflecting a better performance of the strain to achieve fermen-
tation. 
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BMG or BMF broths allowed to identify differences in sugar consumption for some of the strains. When native 
yeasts were studied in glucose as the only carbon source, they showed an increased development evidenced by 
the m parameter values or the A asymptotic values reached in the modeled equation, compared with develop-
ment in the fructose supplemented media. Statistical differences were observed among the strains (p < 0.05) so, 
based on the obtained parameters, strains with the best profiles of glucose utilization (strain ÑIF8), fructose 
utilization (strain ÑNM16) and mixed sugar utilization (strain ÑNM10), were chosen to continue the chara- 
cterization. 

The behaviour of the native strains previously selected was tested in a Pinot noir must at laboratory scale to 
evaluate a natural media. Profiles of weight loss are shown in Figure 1 and results of parameters obtained by 
modelling data of each strain are shown in Table 2. Results from the accumulated production of CO2 showed 
similar behaviour for the four strains; however, the parameter of the lag phase (λ) of the indigenous strain 
ÑNM16 was similar to commercial strain and significantly lower than the native strain ÑNM10. These minor 
phases of latency may be associated with a better ability of these strains to adapt to environmental conditions 
and quickly begin the fermentation process. 

On the other hand, glucose and fructose consumption for these four selected strains was measured and mod- 
elled. Residual sugars resulting curves performed in BMGF culture media are shown in Figure 2(a) for glucose 
and Figure 2(b) for fructose, while resulting curves modelled in Pinot noir grape must are shown in Figure 2(c) 
for glucose and Figure 2(d) for fructose. Parameters obtained for the consumption are listed in Table 3. In both 
media, concentrations of glucose and fructose decreased rapidly at the beginning of fermentation at 28˚C for the  
 

 
Figure 1. Modelled growth in Pinot Noir must obtained for the selected strains and the control strain. 
 
Table 2. Modelled growth parameters obtained in Pinot noir must. 

Gompertz equation parameters 

 A m λ 

ÑNM10 116.474 ± 28.824a 11.079 ± 5.100a 0.9720 ± 0.398a 

ÑIF8 122.880 ± 28.890a 9.849 ± 5.096a 0.738 ± 0.425ab 

ÑNM16 118.323 ± 28.814a 11.768 ± 5.106a 0.107 ± 0.404bc 

BC1118 115.762 ± 20.374a 10.992 ± 3.606a −0.027 ± 0.290c 

Gompertz reparametrized equation parameters obtained by modelling accumulated weightloss in Pinot noir grape juice for the three strains studied 
and the control strain with their corresponding standard errors. Equivalent letters indicate belonging to the same group at a significance level of 5% (α 
= 0.05). 
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Figure 2. Modelled sugar consumption in YNB-Glucose 10%-Fructose 10% broth-BMGF ((a) Remnant glucose; (b) rem-
nant fructose), and in Pinot noir must ((c) Remnant glucose and (d) remnant fructose) for the studied strains.  
 
Table 3. Modelled hexose consumption using modified Taoukis Labuza Equation. 

 BMGF broth 

  D S Kc 

Glucose 

ÑNM10 0.045 ± 2.899a 100.626 ± 3.087a 0.311 ± 0.149b 

ÑIF8 −0.437 ± 3.081a 101.300 ± 4.391a 0.258 ± 0.148b 

ÑNM16 1.219 ± 2.577a 98.343 ± 4.456a 0.672 ± 0.172a 

BC1118 0.716 ± 2.019a 99.590 ± 4.235a 0.352 ± 0.107b 

Fructose 

ÑNM10 −5.460 ± 6.585a 105.918 ± 7.693a 0.133 ± 0.0689ab 

ÑIF8 −9.856 ± 8.530a 108.391 ± 9.107a 0.092 ± 0.068b 

ÑNM16 −1.242 ± 5.350a 100.271 ± 6.944a 0.233 ± 0.072a 

BC1118 −3.461 ± 3.982a 104.403 ± 5.046a 0.190 ± 0.050ab 

 Pinot noir must 

  D S Kc 

Glucose 

ÑNM10 1.215 ± 5.774a 123.503 ± 10.758a 0.989 ± 0.870a 

ÑIF8 0.738 ± 5.819a 123.979 ± 10.780a 0.887 ± 0.615a 

ÑNM16 0.394 ± 5.850a 124.327 ± 10.796a 0.827 ± 0.515a 

BC1118 0.897 ± 4.180a 123.818 ± 7.656a 0.727 ± 0.287a 

Fructose 

ÑNM10 4.346 ± 9.863a 132.920 ± 16.272a 0.347 ± 0.133a 

ÑIF8 −0.019 ± 9.911a 137.405 ± 16.291a 0.338 ± 0.130a 

ÑNM16 1.950 ± 9.562a 135.108 ± 16.150a 0.427 ± 0.153a 

BC1118 0.385 ± 6.771a 136.702 ± 11.423a 0.422 ± 0.106a 

Parameters obtained by modelling Remnant Glucose and Fructose in YNB-Glucose 10%-Fructose 10% broth (BMGF) and in Pinot noir musts for the 
three strains studied and the control strain with their standard errors. Equivalent letters indicate identity to the same group at significance level of 5% 
(α = 0.05). 
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four strains studied. This was indicative of a short delay phase for all studied yeasts. When fermentations ended, 
remnant glucose and fructose concentration differences decreased significantly. In both fermentations, a de-
crease in glucose concentration preceded the decrease of fructose concentration resulting in fructose remnants 
higher than glucose in the sampled day. This behaviour is also reflected in glucose Kc parameter values com-
pared with fructose Kc values (Table 3). While yeasts can utilize fructose concomitantly, its low consumption 
rates evidenced comparing Kc values, indicate that this is not the preferred sugar. However, the strain ÑNM16 
showed a preference for fructose in both, synthetic medium and natural musts, statistically different (p < 0.05). 
For this strain, fructose and glucose kinetic parameters were deferential to the other strains tested. Modeling k 
for fructose consumption in BMGF media, a parameter associated to substrate utilization, rendered very small 
values compared to the other media analyzed, and negative values for the D parameter. This fact implies that 
fructose is preferred for this strain. In addition, ÑNM16 evidenced a greater relative ability to quickly start the 
fermentation process than the other strains, native and control. 

Parameters obtained for Pinot noir fermentation differed from the BMGF fermentation. These results suggest 
that the complex natural media from the grape must, bearing other nutritional components different from the 
hexoses (vitamins, polyphenols, lipids and other micronutrients) take the fermentative metabolism from the 
yeasts to a more robust behavior, improving hexose consumption efficiency in all the tested strains. 

3.3. Expression Analysis of Hexose Transporters along Fermentation 
Strains with better hexose consumption profiles were selected and expression of membrane transporters was 
studied throughout the fermentation. The expression of six hexose transporters was studied at the beginning of 
fermentation (before inoculation) and at fermentation days 7, 14 and 21. Isolated RNAs were retrotranscripted to 
cDNA and amplified by the technique of polymerase chain reaction, as described in the previous section. In par-
allel, cDNA from housekeeping actin protein was amplified and the relative level of the hexose transporter ex-
pression using actin as the internal control was analysed. Figure 3 shows band intensity relative values (HXT 
intensity/Actin intensity) for all the transporters, in day 0 and day 14th. Statistical differences in expression be-
tween transporters along the fermentation were only observed for HXT2 and HXT5 proteins (Table 4). In the 
14th day, ÑNM16 strain showed a higher expression of those transporters compared to the other studied strains. 
 

 
Figure 3. Relative band intensities (HXT/Actin) for the strains studied on days 0 (white bars) and 14 (grey bars) of fermen-
tation. Individual behaviour of these transporters was analysed in YNB-Glucose 10%-Fructose 10%-BMGF fermentation 
broth. Data are given in intensity units and represent a mean ± SD from three separate experiments. 
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Table 4. Semi-quantification of transporter expression along the fermentation. 

 Transporter expression 

  Day 0 Day 7 Day 14 Day 21 

HXT2/ACTIN 

ÑNM10 0.545 ± 0.138bc 0.442 ± 0.310bc 0.515 ± 0.150bc 0.517 ± 0.153abc 

ÑIF8 1.008 ± 0.538ab 0.410 ± 0.127bc 0.603 ± 0.275abc 0.421 ± 0.197bc 

ÑNM16 0.722 ± 0.458abc 1.104 ± 0.824ab 1.205 ± 0.855a 0.888 ± 0.397abc 

BC1118 0.818 ± 0.558abc 0.325 ± 0.062c 0.547 ± 0.279bc 0.496 ± 0.238bc 

HXT5/ACTIN 

ÑNM10 0.835 ± 0.467b 0.364 ± 0.085b 0.734 ± 0.686b 0.381 ± 0.205b 

ÑIF8 1.051 ± 0.522ab 0.433 ± 0.150b 0.918 ± 0.475ab 0.409 ± 0.128b 

ÑNM16 1.164 ± 0.940ab 0.375 ± 0.181b 1.428 ± 1.264a 0.579 ± 0.355b 

BC1118 1.231 ± 0.454ab 0.433 ± 0.044b 1.121 ± 0.387ab 0.734 ± 0.829b 

Relative band intensities (HTX/Actin) for each of the studied strains and the control strain along the fermentations. Data are given in intensity units 
and represent a mean ± SD from three separate experiments. Equivalent letters indicate identity to the same group at a significance level of 5% (α = 
0.05). 
 

It is noteworthy to say that in none of the sampled days and under any amplification conditions tested, trans-
porters HXT6/7 gene expression was detected. This may indicate a possible change in the sequence for the na-
tive strains, compared to the reference strain model from which the primers were generated, a fact that would 
deserve further investigation. Polymorphisms analysis has been carried out in S. cerevisiae transporters genes, 
and some of the sequences show a high number of substitutions, which could explain our results [28] [29]. 

4. Discussion 
This work was carried out under the hypothesis that S. cerevisiae yeast strains isolated from vineyards or cellars 
from the North Patagonian region may contribute in fermentations to a better substrate consumption, rendering 
higher quality local wines. Under this framework, eight native S. cerevisiae strains were analysed in must sugar 
utilization using physiological and molecular methods to evaluate their potential application in local vinicultural 
processes. 

Rising ethanol concentrations towards the end of the fermentation may affect hexose transport affinity and 
consumption, being fructose metabolization more affected than glucose metabolization, possibly generating 
stuck or sluggish fermentations, a major problem in the global wine industry [30] [31]. Under these conditions, 
an excessively high fructose to glucose ratio is observed, and since fructose is approximately twice as sweet to 
taste as glucose, excess fructose can cause undesirable sweetness in wines [32]-[34]. Therefore, one of the chal-
lenges in strain selection for wine fermentation is to find fructophilic individuals to conduct or collaborate in the 
process. 

In our assays, this glucose/fructose preference in BMGF broths was also observed showing the glycophilic 
character of the S. cerevisiae autochthonous species, extensively described in literature [5] [30]. However, one 
of the native strains, ÑNM16, was selected due to its fermentative behavior with a better performance in BMF 
broths. This strain evidenced differential parameter values for modeled growth in fructose and modeled sugar 
consumption compared with the other studied strains, revealing a preference for fructose over glucose, implying 
its important enological potential. 

According to the literature, differences in glucose or fructose utilization are attributable to differences in hex-
ose transport [4] or in hexokinase kinetic properties [35]. To analyze the differences in hexose consumption 
found in ÑNM16 native strain, hexose transporter molecular expression was evaluated during broth fermenta-
tion. Interestingly, ÑNM16 strain showed statistical differences in Hxt2p and Hxt5p expression, which was 
higher towards the end of the fermentation (day 14th) compared to the other strains, a fact that initially presents 
contrary to what was observed in other studies [36]. HXT2 gene encodes a high affinity glucose transporter that 
is expressed under conditions of glucose limitation contributing to yeast survival under this stress situation, [37], 
and is the better suited transporter for the utilization of very low external hexose levels [7], Hxt2p was found 
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highly expressed in 2% fructose cultures than in 2% glucose cultures and strongly induced by media alkalization 
[37]. ÑNM16 over expressing Hxt2p may present as an adaptive variant to develop in stress conditions and nu-
tritional deficient media. 

On the other hand, HXT5 gene is expressed upon a decrease in the growth rate of cells when glucose is still 
available in the medium, presenting a maximal expression upon glucose depletion [38] [39]. The abundance of 
Hxt5p during nutrient limitation suggests that it is involved in the generation of an intracellular signal of nutrient 
availability [40]. When cells endure starvation periods, they might anticipate glucose re-exposure by expressing 
the Hxt5p transporter, an advantage that could enable cells to take up glucose instantly after new hexose sup-
plementation. Cells presenting this improved metabolic pathway of energy management efficiency may out-
compete other yeasts [41]. These transcriptional regulations are physiologically relevant suggesting an enhanced 
metabolism to endure stressing conditions. In addition, Hxt5p is associated to glycogen or trehalose production 
under stress conditions towards the conclusion of the fermentation, as the observed for all the tested strains, be-
cause increasing osmolality of the growth medium also induces expression of HXT5. Trehalose formation de-
pends on glucose availability and Hxt5p may provide glucose to fulfil disaccharide production purposes [38]. 
Starved cells accumulating carbon hydrates suggest that Hxt5p could be responsible for this glucose uptake ac-
tivity [42]. 

5. Conclusion 
Autochthonous ÑNM16 may be adapted to overexpress proteins that allow the strain to survive in the stressful 
climate from North Patagonia and to compete with other strains for the space. These data suggest that the initial 
work hypothesis could be accepted. From a technological point of view, S. cerevisiae ÑNM16 presented inter-
esting metabolic features to be considered for enological application. In future studies, fermentation capacity at 
pilot scale and endurance for the dehydration/rehydration process involved in commercial yeasts lyophilizing 
treatments should also be tested. 
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