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ABSTRACT

The Brazilian fermentation process has unique characteristics, such as the utilization of acid
yeast cell recycling. The difficulty to sterilize large volumes of water and sugarcane juice enables
the presence of indigenous yeasts. Occasionally, those yeast strains are better adapted and exert
dominance over the commercial strains employed in the fermentation process. This study explored
the prevalence of indigenous yeast strains in an ethanol producing unit in Brazil. The samples,
ranging from beginning to late stages of the harvest season, show the presence of indigenous yeast.
This can be observed by the divergence in PCR banding patterns from the samples, when compared
to the commercial yeast strain PE-2 utilized by this particular ethanol producing unit. The results
obtained point to the dominance of indigenous yeasts in the fermentation system that surpass in

occurrence the commercial strain in all stages of the harvest season.
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CARACTERIZACAO MOLECULAR DE LINHAGENS DE LEVEDURAS
DOMINANTES ISOLADAS DURANTE PROCESSO FERMENTATIVO PARA
PRODUCAO DE ETANOL

RESUMO

O processo de fermentacdo brasileiro possui caracteristicas unicas, como a utilizagdo do
reciclo das celulas de levedura. A dificuldade de esterilizar grandes volumes de agua e caldo de
cana-de-aclicar permite a presenca de leveduras nativas. Ocasionalmente, essas linhagens de
leveduras sdo melhor adaptadas e exercem dominancia sobre as linhagens comerciais empregadas
no processo de fermentacdo. Este estudo explorou a prevaléncia de linhagens de leveduras nativas
em uma unidade produtora de etanol no Brasil. As amostras, desde o inicio até o final da safra,

mostram a presenca de leveduras nativas. Isto pode ser observado pela divergéncia nos padrdes de
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bandas de PCR das amostras, quando comparadas a linhagem comercial PE-2 utilizada por essa
unidade produtora de etanol em particular. Os resultados obtidos apontam para a predominancia de
leveduras nativas no processo de fermentacdo, que superam a dominédncia da linhagem comercial

em todas as etapas da safra.

Palavras-chave: Isolamento, diversidade de leveduras, leveduras nativas, Saccharomyces

cerevisiae

INTRODUCTION

Brazil is the largest producer of ethanol derived from sugarcane and the first to implement
it as an alternative to fossil fuels, and its share of consumption of renewable energy is at the level
of 42%. Due to this, Brazil is a world leader in RES (renewable energy sources) utilization
(AMORIM et al. 2011; MACZYNSKA et al., 2019). The use of sugarcane to produce sugar and
ethanol, with co-generation of renewable energy from surplus bagasse, is considered a model of
sustainable energy generation. This is driven by the demand for decreased fossil energy use
(DELLA-BIANCA & GOMBERT, 2013).

The Brazilian industrial alcoholic fermentation mainly utilizes the Melle-Boinot process, in
which the yeast cells used in the fermentation are separated from the fermented must by
centrifugation. The must is then sent to the distillation processes; while the cells are subjected to
acid wash treatment and then on to a new fermentative cycle (AMORIM et al., 2011).

Several factors may affect the fermentation yield, especially microbial contamination,
either by bacteria or native yeasts strains, the so-called wild yeasts, whether these are
Saccharomyces or not. Wild yeasts are mostly native to the environment, being introduced in the
fermentation process along with substrates. They can cause excessive foaming and flocculation,
leading to a decrease in ethanol production and fermentative efficiency. This damage is
proportional to the level of contamination present, and modifications in the morphology of
Saccharomyces cerevisiae yeast may exacerbate these undesirable traits (STEENSELS &
VERSTREPEN, 2014).

However, the yeast strains found in the microbiota of industrial fermentations are not
always a cause of contamination and damage in the process. Many of the strains found in the
industrial environment are good examples of microorganisms with desirable characteristics for use

on industrial scale, being resistant to stressors such as high concentrations of ethanol and osmotic
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stress, and these strains can become candidates for selection processes to meet the demands for
more efficient microorganisms (REIS et al., 2018; 2013). These native strains are highly adaptive
and compete with the commercial strains used by the ethanol producing units, surviving throughout
the fermentative cycles, despite the acid wash treatment (VIANA et al., 2017).

Although selection of native strains that are deemed good fermenters is often successful,
this process is overly laborious and time-consuming. Wild yeasts that fit the profile desired for
selection processes exhibit high fermentative efficiency combined with the ability to tolerate
stressors; also, the strains need to exhibit the ability to exert dominance over invasive yeast strains
throughout the process (BASSO et al., 2008). Yeast strains with flocculant behavior are avoided
for ethanol production, as they tend to diminish the fermentation yield (RUYTERS et al., 2015).

Understanding the occurrence of dominant indigenous strains is substantial to unravel the
interactions between them and commercial strains, enabling the possible strains with profiles
suitable to be employed as starter cultures, being these strains fit to endure the Brazilian
fermentation process. The goal of this study was to monitor through molecular characterization
the presence and dominance of indigenous; the so-called “wild” yeasts; over the commercial
strains during the fermentation process. This particular bioethanol plant utilizes the commercial
yeast strain PE-2 as their starter culture, and its predominance during the process was also

monitored.

MATERIAL AND METHODS
Yeast sampling and identification

Samples of leavened wine were directly collected from active fermentation during the
2013 to 2014 harvest season from a bioethanol plant in Piracicaba, State of Sdo Paulo, Brazil.
The samples were serially diluted (10-3, 10*) in saline solution (0.85%, w/v) in order to obtain
isolated colonies, of which 300uL. were aseptically inoculated in a Petri dish containing YPD
medium (10 g.L* yeast extract; 10 g.L* peptone; 20 g.L* glucose) plus chloramphenicol (100
ng.L 1) and tetracycline (100 pg.LY). Inoculated plates were incubated at 30°C for 48 hours.

Four separate samples originated 24 isolated colonies, 6 colonies from each sample, all
randomly selected. All samples were collected from the same fermentation vessel. The sampling

dates and colony identification are shown in Table 1.
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After the initial selection, the 24 randomly selected colonies were streaked into Petri dishes
containing YPD medium. Yeast samples were grown in liquid YPD medium in order to obtain a

sufficient cell mass for DNA extraction.

Table 1. Sample dates and identification of the obtained yeast colonies, sampled from an ethanol
producing unit in Brazil, starting in May 2013 to October 2013.

Sampling Dates Fermentation process period Colony identification
03/05/2013 Beginning Alto A6
28/05/2013 Beginning Bl to B6
29/06/2013 Mid-season Clto C6
10/10/2013 Final D1 to D6

DNA Extraction

Total genomic DNA was extracted from the yeast precipitate applying the CTAB (Cetyl
trimethylammonium bromide) adapted method (DOYLE & DOYLE, 1987). DNA from fresh cells
was extracted as follows: fresh cells from selected colonies were individually transferred to
sterilized tubes containing 10 mL of liquid YPD medium, and incubated in a shaker (Cientec, CT-
712) for 24 hours. Approximately 1.5 mL of samples were transferred to 2.0 mL Eppendorf tubes
and centrifuged (Hettich Rotina 420R) at 5,000 g for 5 minutes, discarding the supernatant and
keeping the precipitated yeast cells.

Then, 700 uL of extraction buffer free of B-mercaptoethanol and Proteinase K (1.4M NaCl,
100mM Tris HCI pH = 8; 20 mM EDTA pH = 8; 1% PVP; 2% CTAB, previously heated to 60°C,
were added to the samples. The samples were agitated and heated at 60°C for 20 minutes, with
homogenization at 5 minutes intervals. The samples were then allowed to cool to room temperature
for 5 minutes, followed by the addition of 600uL 24:1 CIA (chloroform:isoamyl alcohol).
Homogenization was done by inverting the tubes (25 times) until an emulsion was formed, prior
to centrifugation (14,000 g) at room temperature for 7 minutes.

The aqueous upper phase was transferred to a new Eppendorf tube. Then, 200 uL of
extraction buffer and 600 puL of CIA were added. After homogenization, the samples were
centrifuged (14,000 g) at room temperature for 7 minutes. The upper aqueous phase was again

transferred to fresh tube, repeating this step once more.
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After centrifugation, the upper aqueous phase containing the genomic DNA, was recovered.
Precipitation was done by the addition of 600 uL of isopropanol; homogenization was done by
inverting the tubes for 1 minute, followed by centrifugation (14,000 g) at 4°C for 15 minutes. The
supernatant was then discarded and the precipitate washed with 600 uL of 70% ethanol, kept at -
20°C for 20 minutes, prior to centrifugation for 15 minutes at 4°C, at 14,000 g. After drying, the
precipitate was suspended in 30 ul of TE buffer (L0mM Tris, ImM EDTA, pH = 7.5) containing
10 pg.mL* RNAse, and maintained at 37°C for 1 hour before being stored at 4°C.

Molecular Characterization

Verification of total DNA quality and quantification was performed by agarose gel
electrophoresis (1%). The band profiles were visualized through staining with ethidium bromide
(0.01 ng.mL-1) under ultraviolet light (Gel Logic 212 Pro) (SAMBROOKE et al., 1989).

The PCR (Polymerase Chain Reaction) reaction of the samples’ genomic DNA utilized two
specific pairs of primers for molecular characterization of yeast strains (CARVALHO-NETTO et
al., 2013). A final volume of 20 puL was utilized for the PCR reaction, using Dream Taq®
(Fermentas) according to manufacturer's recommendations.

Amplification of the DNA segment was performed in two different programs in the
thermocycler (TECHNE, TC-4000), due to differences in the annealing temperature of the primer
pairs utilizing Program 1 (primers Pl (TGTCGCCTCATCTAAAGCAA) and P2
(TGTAATTTGGGATGCAGCAG)) and Program 2 (primers P3
(ACGATTCCAAATACGACGAA) and P4 (TTCTGTTTCGCTTCTGAATTG)), both sets of
primers are Saccharomyces cerevisiae-specific, based on the identification of large length
polymorphisms. The Program 1 used initial denaturation (94°C for 5 min), the reaction mixture
was submitted to 45 cycles at 94°C for 45 seconds, 54°C for 40 seconds and at 72°C for1.5 minutes
with a final extension at 72°C for 2 min. For the Program 2 the annealing temperature was changed,
thus: 94°C for 5 min, 45 cycles of 94°C for 45 s, 57°C for 40s and 72°C for 1.5 min; plus 72°C for
2 min final extension (CARVALHO-NETTO et al., 2013).

The choice of primers comes from a study (CARVALHO-NETTO et al., 2013) that
proposes a simple and effective PCR-based method to monitor the yeast population in alcoholic
fermentation. The genome of S. cerevisiae contains regions of repetitive DNA sequences, such as

the delta regions, and the positioning and number of these regions has intraspecific patterns that
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can be used to differentiate and identify yeast species isolated from the fermentation process, or
the local microbiota (XUFRE et al., 2011).

The PCR product (10 puL of each reaction) was submitted to 1% agarose gel electrophoresis
with 0.5x TBE buffer, submitted to 75V current for 60 minutes, with a 1kb molecular marker (DNA
Ladder, Fermentas), plus sample buffer (Dye IVV) (SAMBROOKE et al., 1989). Band profiles were
visualized by staining with ethidium bromide (0.01ng.uL-1) under UV light.

RESULTS AND DISCUSSION

The PCR technique employed to analyze genomic DNA from the yeast samples revealed
distinct banding patterns between the analyzed samples, and concomitantly between the two assays
using different pairs of primers.

Analyzing the differences in banding patterns obtained and comparing them with the
banding patterns exhibited by the PE-2 commercial strain, the dissimilarity between them suggest
the presence of indigenous yeasts. One of the selected strains appears to be more dominant and
better adapted to persist throughout the sugarcane harvest season, which has been established since
the first sample (from 5/3/2013). Another less resistant yeast strain can be observed, but only in
the initial samples, belonging to the beginning of the sugarcane harvest.

The PE-2 strain was introduced into the process on 04/04/2013. This commercial strain was
not able to establish dominance in the presence of more adapted indigenous yeasts found in this
bioethanol plant, being easily replaced, as observed in the diverging banding patterns (Figure 1 and
2). It is evident throughout the sampling period, from May to October, that none of the yeast strains
identified had the banding pattern compatible to PE-2, but both indigenous strains were able to
carry out the fermentation process without damages and presence of obvious signs of
contamination.

Contamination during fermentation can be caused by bacteria such as Lactobacillus,
Acetobacter and Zymomonas, among others, and indigenous yeasts, that can range from
Saccharomyces cerevisiae to non-Saccharomyces yeasts. The undesirable features in fermentation
are decreased process yield, reduced yeast cell viability, production of excessive foam, biofilm
formation and reduced metabolization of the sugar available in the must, most of them caused by
dominant indigenous yeast strains (BONATELLI et al., 2019).
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The product of PCR reaction utilizing the pair of primers P1 and P2 at 54°C for the samples
of 05/03/2013 and 05/28/2013 are shown in Figure 1a. The banding patterns obtained allow the
visualization of the indigenous yeasts when compared to the banding pattern displayed by
commercial strain PE-2. The same divergence of banding patterns can be observed in the samples
from 06/29/2013 and 10/10/2013, analyzed under the same conditions, where two main banding
patterns, different from PE-2, can be observed (Figure 1b)
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Figure 1. Banding patterns of yeast isolates and commercial strain PE-2 (R); molecular marker 1
kb (MM). 1A= samples from 05/03/2013 and 05/28/2013; 1B=samples from 06/29/2013
and 10/10/2013, utilizing primers P1 and P2 (54° C)

In the PCR reaction utilizing the pair of primers P3 and P4 at 57°C for the samples from
05/03/2013 and 05/28/2013, the results obtained also show two distinct banding patterns as
previously observed, however the bands seem to be more defined, allowing better observation of
the diverging patterns (Figure 2a).

The samples from 06/29/2013 and 10/10/2013, analyzed under the same conditions, with

the pair of primers P3 and P4 at 57°C, once again demonstrate the same pattern of substitution of
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the commercial strain PE-2 by the indigenous varieties, as observed in the diverging banding

pattern shown in Figure 2b.
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Figure 2. Banding patterns of yeast isolates and commercial strain PE-2 (R); molecular marker 1
kb (MM). 1A= samples from 05/03/2013 and 05/28/2013; 1B= samples from 06/29/2013
and 10/10/2013, utilizing primers P3 and P4 (57° C).

The visual comparison of the banding patterns from the samples obtained since the
beginning of sugarcane harvest season showed the dominance of an indigenous yeast strain, that
proved to be better adapted in this specific fermentation environment than the commercial yeast
strain PE-2.

It is worthy to mention that the main commercial yeasts strains used in Brazil’s ethanol
production are of indigenous origin, and were isolated as invaders with high productivity
(CARVALHO-NETTO et al., 2013). It is not unusual that a more robust and well adapted
indigenous strain out-competes and replaces starter strains, indicating that these indigenous strains
can survive the stressful conditions found in the Brazilian fermentation process (RUYTERS et al.,
2015).

Such observations suggest that the diversity found in the fermentation microbiota is

correlated to the conditions to which they are exposed, which includes the raw material utilized in
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the production and the ethanol concentrations (REIS et al., 2018). Several studies show that these
highly adapted indigenous strains that are brought into the process along with substrates are found
in the surrounding environment or fermentation medium. The establishment and dominance of well
adapted strains mainly occurs due to unique large-scale fed-batch process employed in Brazil, aided
by the acid cell recycling that puts yeast cells under a great deal of stress (BEATO et al., 2016;
CASTILLO et al., 2016).

Molecular characterization of isolated indigenous yeast benefits not only the ethanol
producing industry, it is also a valuable technique for winemaking (TEODORESCU et al., 2019)
and beer (LAUTERBACH etal., 2018; SANNINO et al., 2019), enabling the discovery of adapted
strains with unique characteristics.

The dynamics of the microbial diversity in the Brazilian industrial process are still poorly
understood and required systematic studies in order to understand the how the succession of yeast
strains occur in the fermentation tanks (LOPES et al., 2016; SOUZA et al., 2018).

Despite the sanitization techniques employed by the ethanol producing units, and of the
fermentative process, the results of this study show that, quite frequently, indigenous yeast strains
will establish themselves in the process, being physiologically better suited to endure the stressing
conditions.

This particular ethanol producing unit did not observe noticeable disturbances in the
fermentation process, which leads to conclude that the particular indigenous yeast strains
established possess desirable traits, comparable to the commercial strain employed at the beginning
of fermentation. However, that is not the case for every contamination scenario, some ethanol
producing units will experience decreased yield, high levels of flocculation and lower ethanol

production.

CONCLUSION

We observed that the indigenous yeast strains isolated in this study are genetically distinct
from the commercial strain employed in this particular ethanol producing unit. The molecular
characterization utilized in this study is a reliable method to evaluate the yeast diversity found
during the fermentation process, not only to ensure the stability of the process but also as valuable

tool to identify yeast strains that possess desirable traits.
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These particular indigenous strains are possible candidates for use as starter cultures and

further studies are needed to confirm its potential applications.
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