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Ethanol production from lignocellulosic biomass is interesting to
the economy due to the pressure to reduce the consumption of
fossil fuels and the use of lands for non-edible crops. Xylose is
one of the main sugars obtained by hydrolysis of hemicellulose
fraction of biomass; however, industrial yeasts cannot ferment
it. This work aimed to select, characterize and identify xylose-
fermenting yeasts from a collection of Brazilian microorganisms
with potential use in ethanol production. Xylose assimilation
was tested by replica plating, and fermentation was tested with
Durham tubes. Xylose-fermenting strains had their fermentative
capacity quantified and compared to a reference strain
(Scheffersomyces stipitis UFMG-IMH 43.2) and were identified
by molecular techniques. Three strains isolated from plant
exudates were able to ferment xylose and showed fermentative
parameters similar to the reference strain. Two strains were
additionally identified as Candida parapsilosis and one was
identified as Meyerozyma guilliermondii. The findings show the
potential biotechnological use of these microorganisms.
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1 INTRODUCTION

The industrial technology for ethanol production uses carbohydrates of certain crops
such as corn, wheat, sorghum, potatoes, sugar cane, sugar beet, and cassava. The main raw
materials for obtaining first generation fuel ethanol are cornstarch in the United States and
sucrose from sugar cane in Brazil (MUSSATTO et al., 2010). However, land use for cultivation
of such crops competes with food crops and environmental preservation areas. This became
the main driving force for the development and implementation of advanced technologies in the
production of lignocellulosic (second generation) ethanol from agricultural wastes such as straw,
bagasse, wood or grass (LUO; VAN DER VOET; HUPPES, 2009).

Lignocellulosic materials are of great interest as raw materials for production of
second generation ethanol due to its wide availability, high polysaccharides content, and,
mainly, because they would not affect the land use for food crops. However, while the
technologies for ethanol production from sucrose or starch are well established, feasible
technologies for ethanol production from lignocellulosic biomass are still under development
around the world (MUSSATTO et al., 2010; SOCCOL et al., 2010).

Lignocellulosic material has approximately 20-50% cellulose, 20-40% hemicellulose,
and 10-20% lignin in its constitution and from its hydrolysis results a hydrolysate containing
pentose and hexose sugars (INGRAM et al., 1999; VAN MARIS et al., 2006). Xylose is a major
sugar obtained by hydrolysis of hemicellulose and its bioconversion is an important step in the
utilization of lignocellulose to produce ethanol (STAMBUK et al, 2008). Although
Saccharomyces cerevisiae is widely used in industrial fermentations, it is not able to ferment
xylose. Nonetheless, this is not a general feature observed in other yeasts (VAN MARIS et al.,
2006).

Thus, efficient conversion of biomass to ethanol involves the use of microbial strains
capable of fermenting not only glucose, but also the main sugars present in lignocellulosic
hydrolysates, such as xylose, with high yield and ethanol productivity (VAN MARIS et al., 2006;
HAHN-HAGERDAL et al., 2007). The fermentation of pentose sugars, particularly xylose and
arabinose, represents a unique challenge and for achieving efficient fermentation new
organisms have been pursued in recent decades (NGUYEN et al., 2006; CADETE et al., 2009,
2013; HOU, 2012; MORAIS et al., 2013).

The present study selected xylose-fermenting yeasts from collections of microbe from
the Federal University of Tocantins (UFT). The selected xylose-fermenting yeasts had their
fermentative parameters measured and compared to a reference strain to asses their potential
for biotechnological processes and had their species identified by molecular techniques.

2 MATERIALS AND METHODS
2.2 MICROORGANISMS

A total of 160 yeast strains isolated from frozen fruit pulp, belonging to the culture
collection of the Laboratory of Applied Microbiology — UFT (group A), were investigated.
Another 119 strains isolated from exudates from plants of Cerrado (a Brazilian biome),
belonging to the culture collection of the Laboratory of Environmental Microbiology and
Biotechnology — UFT (group B), were also used. One yeast strain was used as positive control
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for the assimilation and fermentation of xylose: Scheffersomyces stipitis UFMG-IMH 43.2
(CADETE et al., 2009), isolated from the Brazilian Atlantic Forest, courtesy of the research
group of the Laboratory of Yeast Ecology and Biotechnology from the Federal University of
Minas Gerais (UFMG). Tests for xylose assimilation and fermentation of glucose were
performed with yeasts from groups A, since all yeasts from group B were known to assimilate
xylose and ferment glucose from previous tests performed in the Laboratory of Environmental
Microbiology and Biotechnology (data not shown).

The strains were reactivated by streaking them in Sabouraud agar (glucose 40 g.L”,
peptone 10 g.L”", agar 20 g.L", and chloramphenicol 100 mg.L™"), followed by incubation at 30
°C for 48 hours.

2.3 XYLOSE ASSIMILATION TEST

The strains of group A, as well as the reference strain, were inoculated using the
replica plating technique (LEDERBERG; LEDERBERG, 1952) using solid defined medium
(yeast nitrogen base 6.7 g.L™", agar 18 g.L", carbon source 5 g.L™"). The carbon sources used
were glucose (positive control) or xylose (assay medium). The negative control was performed
with the same medium without the addition of any carbon source. The plates were incubated at

30 °C for 20 days to check for growth of colonies.

2.4 SELECTION OF GLUCOSE AND XYLOSE FERMENTING STRAINS

The fermentation test was carried out with fermentation medium (yeast extract 4.5 g.L’
' peptone 7.5 g.L”, carbon source 20 g.L") in test tubes containing inverted Durham tubes
(TOIVOLA et al., 1984). The carbon sources used were glucose or xylose. The negative control
was performed with the same medium without the addition of a carbon source. The tubes were
incubated at 30 °C for 8 days and observed every 2 days to check for gas formation. All xylose-
assimilating strains selected in the previous test, as well as the strains of group B, were tested.
The reference strain was used as positive control.

2.5 FERMENTATION TEST

The assay was performed as described by Rao et al. (RAO; BHADRA; SHIVAJI,
2008), nevertheless modifications were maiden. In this test, the xylose fermenting yeast S.
stipitis IMH - UFMG - 43.2 was used for comparison.

The inocula were produced by cultivating each xylose fermenting yeast in a 250 mL
Erlenmeyer flask with 100 mL medium (Yeast Nitrogen Base 6.7 g.L'1, xylose 40 g.L'1) in an
orbital shaker at 150 rpm and 30°C for 48 h.

The fermentation trials were conducted in 500 mL Erlenmeyer flasks containing 300
mL of culture medium (yeast extract 5 g.L”', peptone 20 g.L™”, xylose 40 g.L"', KH,PO, 0.5 g.L™,
(NH,),S0, 0.5 g.L", MgS0,.7H,0 0.5 g.L™"). The flasks were inoculated with 30 mL inoculum
corresponding to one unit of optical density (OD) at 600 nm. They were incubated in an orbital
shaker at 30 °C and 150 rpm for 120 h. Samples were taken and analyzed at each 24 h interval.

B.CEPPA, Curitiba, v. 36, n. 1, jan./jun. 2018 1 70



2.6 SUBSTRATE AND PRODUCT ANALYSIS

The ethanol content was determined by the spectrophotometric method with
dichromate oxidation (WILLIAMS; REESE, 1950). The content of reducing sugars was
determined by the spectrophotometric method of reaction with DNS (3,5 dinitrosalicylic acid)
(MILLER, 1959).

2.7 STATISTICAL ANALYSIS AND CALCULATION OF FERMENTATION PARAMETERS

For statistical analysis, data were subjected to analysis of variance (ANOVA) and
means were compared by Tukey test (p < 0.05) using the Software Microsoft® Excel® for Mac
2011.

2.9 MOLECULAR CHARACTERIZATION OF SELECTED STRAINS

The D1/D2 region of the 26S ribossomal RNA gene was amplified and sequenced
using NL1 and NL4 primers. The sequences were used for identification using the BLAST
search (http://www.ncbi.nlm.nih.gov/BLAST/) and compared to the GenBank database
(RURIANI; SUNARTI; MERYANDINI, 2012).

To clarify the LAG 647 strain identification, a carbon source assimilation test was
conducted. One loopful of a fresh culture was inoculated in test tubes containing growth
medium (yeast extract 4.5 g.L”', peptone 7.5 g.L™!, carbon source 20 g.L") and the tubes were
incubated at 30°C for 8 days and observed every 2 days in order to check the growing.
Moreover the carbon sources used were glucose (positive control), glycerol or sucrose. Culture
medium without a carbon source was used as negative control.

3 RESULTS

Among all tested strains, 86 from group A were able to assimilate xylose. From the
xylose assimilating strains, 56 from group A could ferment glucose and none of them could
ferment xylose. All strains from group B could assimilate xylose and ferment glucose (data not
shown) and three of them (LAG 630, LAG 644 and LAG 647) fermented xylose, producing gas
in Durham’s tube test. Thus, from all 205 xylose-assimilating yeasts, only three isolates (1.46%)
from exudates from plants of Cerrado could ferment xylose and were further characterized and
identified.
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TABLE 1 - FERMENTATIVE PARAMETERS OF SELECTED STRAINS AND REFERENCE

STRAIN
Parameter  LAG 630 LAG 644 LAG 647 ool MR-
Yess (9-97) 0.163 +0.001° 0.165 + 0.004° 0.186 +0.0042 0.176 + 0.007 *°
Yws (997 3.1E-3+1.2E-4° 2.4E-3+7.9E-5° 2.9E-03 + 1.3E-04®  2.4E-03 +1.2E-04°
Qs (g.L'.h")  0.304 £0.006° 0.302 +0.009° 0.263 +0.010° 0.300 £0.010°2
Qe(g.L".h")  0.050 +5.5E-04° 0.050 + 8.0E-04®°  0.049 + 1.8E-03° 0.053 +5.1E-04°2
Qx(g.L'.h")  9.3E-04 +1.8E-05° 7.2E-04 +1.4E-05° 7.6E-04 +1.0E-05°  7.3E-04 + 1.6E-05°

*Reference strain. Mean values + standard deviations from three repetitions. Means in the same row followed by the
same superscript letter are not significantly different by the Tukey test (5% significance). Ethanol yield on xylose (Yeys),
biomass yield on xylose (Yxs), Xylose consumption rate (Qs), ethanol productivity (Qg), biomass productivity (Qx).

Some statistically significant (p < 0.05) differences in fermentative parameters values
were found between the strains. The reference strain showed the highest Qp value and LAG
630 showed the highest Qx value. The strain LAG 647 showed the highest Yp;s value and
lowest Qg value. Both LAG 630 and LAG 647 showed the highest Yys values (Table 1). The
four strains showed a similar fermentative kinetics profile (Fig. 1 a-d).
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FIGURA 1 - TIME COURSE OF XYLOSE FERMENTATION OF LAG 630 (a), LAG 644 (b), LAG
647 (c), AND S. STIPITIS UFMG-IMH 43.2 (d) STRAINS (FILLED CIRCLES XYLOSE, FILLED
TRIANGLES ETHANOL, CROSSES BIOMASS). VALUES ARE MEANS OF THREE
REPLICATIONS + STANDARD DEVIATION
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The yeast strains were identified as Candida parapsilosis (LAG 630 and LAG 644) and
Meyerozyma guilliermondii (LAG 647). The sequence obtained from LAG 647 strain also
showed 100% identity with Candida carpophila and Brettanomyces naardenensis, but its
identification was confirmed by assimilation tests with glycerol and sucrose and observation of
its cell morphology in microscope.

4 DISCUSSION

Previous screening works also showed a low relative occurrence of xylose-fermenting
yeast. Toivola et al. (1984), after screening of 193 type strains of xylose-assimilating and
glucose-fermenting yeast species, found only 5 (2.59%) species (B. naardenensis,
Scheffersomyces shehatae, Pachysolen tannophilus, Scheffersomyces segobiensis and S.
stipitis) that showed positive results in Durham tube test, but 25 (12.95%) species were able to
convert xylose to ethanol when checked by HPLC analysis. Only the species with positive
results in Durham tube test reached an ethanol titer higher than 1 g.L”' (TOIVOLA et al., 1984).
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Four (7.14%) xylose-fermenting yeast were reported after screening 56 xylose-assimilating
yeast isolates. These xylose-fermenting yeasts were further identified as Candida sp., Candida
tenuis and S. stipitis (DU-PREEZ; BOSCH; PRIOR, 1985). Insect frass and tree exudates were
examined for the presence of xylose-fermenting yeast and 36 (8.74%) from 412 isolates could
ferment xylose (NIGAM et al., 1985). A total of 374 isolates from rotten fruit and bark samples
were screened for xylose fermentation to ethanol and 27 (7.22%) isolates showed positive
results. The genus of these xylose-fermenting strains were further identified by molecular
techniques as Pichia, Candida, Kluyveromyces, Issatchenkia, Zygosaccharomyces, Clavispora,
Debaryomyces, Metschnikowia, Rhodotorula, and Cryptococcus (RAO; BHADRA; SHIVAJI,
2008). A group of 28 xylose-assimilating yeast strains were isolated from buffalo feces, in which
27 of them could produce ethanol with xylose as the sole carbon source (LORLIAM et al.,
2013). From 92 yeast isolates obtained form the guts of a wood-feeding thermite (Reticulitermes
chinensis), only 12 (13.04 %) were able to ferment xylose (ALl et al., 2017). So, although the
capacity to ferment xylose is not widespread in yeast species (VAN MARIS et al., 2006), they
are usually found in hemicellulose-rich substrate, as reported in the literature.

As Durham tube testing can lead to false negative results for strains that produce a
low ethanol titer (TOIVOLA et al., 1984) and the ability to ferment xylose is uncommon, the
small number of xylose-fermenting yeast found in this work (1.46%) was not surprising. Even
though Durham tube testing can lead to a false negative result in fermentation screenings
(CADETE et al., 2012), it still is a useful technique to screen for yeast strains with a high
fermentation capacity.

The Yps values for xylose-fermenting yeast cultivated in xylose containing media are
diverse, with reported values from 0.07 to 0.45 g.g™' in screening works involving several
species (FU; PEIRIS, 2008; RAO; BHADRA; SHIVAJI, 2008; CADETE et al., 2012). The Ypss
values for S. stipitis also varies, with some reported values of 0.25 (FURLAN; BOUILLOUD; DE
CASTRO, 1994), 0.27 (ZHANG; GENG, 2012), 0.22 and 0.28 (CADETE et al., 2012), 0.32
(SILVA; MUSSATTO, 2011), 0.35 (FURLAN; BOUILLOUD; DE CASTRO, 1994), and 0.43 g.g
(DU-PREEZ; BOSCH; PRIOR, 1986). Even product yields of 0.5 g.g'1, almost as high as the
theoretical maximum of 0.511 g.g™' for alcoholic fermentation, were observed for P. tannophilus
(FU; PEIRIS, 2008) and Spathaspora arborariae (CADETE et al., 2009). S. stipitis UFMG-IMH
43.2 showed an Yps value of 0.19 g.g” and Qp of 0.13 g.L".h" when cultivated in medium
containing sugarcane bagasse hemicellulose hydrolysate (FERREIRA et al., 2011). Two C.
parapsilosis strains isolated from buffalo feces presented low Yps values, 0.01 and 0.09 g.g'1,
when they were cultivated in medium containing 60 g.L'1 xylose (LORLIAM et al., 2013).

The mid to low Yp;s values obtained in the present work, in comparison with the
literature, ranging from 0.163 to 0.186 g.g'1, probably occurred due to cultivation conditions. The
main factor influencing the fermentative performance of xylose-fermenting yeasts is aeration
(DU-PREEZ, 1994), since it influences the division of substrate flux in cell growth or product
formation. A high aeration rate can inhibit fermentation and anaerobiosis can severely inhibit
growth and fermentation (WATSON et al., 1984; SKOOG; HAHN-HAGERDAL, 1988; FURLAN;
BOUILLOUD; DE CASTRO, 1994; PESSOA; MANCILHA; SATO, 1996; SILVA; MUSSATTO,
2011). The balance between cell growth and ethanol production can be found in a
microaerophilic environment (FURLAN; BOUILLOUD; DE CASTRO, 1994; UNREAN; NGUYEN,
2013), which is hard to achieve in flask cultures.

The agitation and Vjas/Vmedium ratio can be used as an estimative of aeration in
fermentations using Erlenmeyer flasks. In S. stipitis cultivation, the highest Yp,s and Qp values
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were observed with 200 rpm agitation and 2.5 ratio (SILVA; MUSSATTO; ROBERTO, 2010). In
the present work, the agitation was 150 rpm and the Vyas/Vimedium ratio was 1.66 (500 mL flask
and 300 mL medium). That could lead to a lower oxygen transfer rate. The lower oxygen
availability can inhibit cell growth and be the reason of small values of Yys (2.4E-03 to 3.1E-03
g.9") and Qy (7.2E-04 to 9.3E-04 g.L".h™"). Since ethanol is a primary metabolite, those values
negatively influenced Yps, Qs and Qp. Two ways to circumvent those limitations would be
increase the aeration rate or calculate the specific fermentation parameters for comparisons,
taking the X values into consideration.

Both species identified in the this work have already shown biotechnological potential.
M. guilliermondii was cultivated in hydrolysates from corn cob residues (FAN et al., 2013), sugar
cane bagasse (SILVA; MUSSATTO, 2011), and soybean hull (SCHIRMER-MICHEL et al.,
2008) for ethanol and/or xylitol production. The improvement of this species was also tried by
triggering its respirofermentative metabolism by disruption of CAT8 gene, what increased its
ethanol titer by more than 20-fold (Ql; ZHONG; XIA, 2014). C. parapsilosis is reported to have
potential to produce xylitol (KIM; KIM; OH, 1997; FURLAN; CASTRO, 2001), ethanol (AWAN;
TSUKAMOTO; TASIC, 2013) or single cell protein (SILVA et al., 2011).

None of the strains evaluated in this work showed outstanding fermentative
parameters, but all of them, LAG 647 in special, showed a fermentative profile similar to the S.
stipitis IMH - UFMG - 43.2, a reference strain.

5 CONCLUSION

The tree exudate isolated is an adequate source of xylose-fermenting yeast. The three
xylose-fermenting strains characterized showed fermentation profile similar to the reference
strain, an indication that they have potential for utilization in biotechnological processes for
second generation ethanol production or in strain improvement by mutagenesis, evolutionary
engineering or recombinant DNA techniques, as genetic or metabolic engineering.
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