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Variable and dose-dependent response of Saccharomyces and non-Saccharomyces yeasts toward lignocellulosic hydrolysate inhibitors
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Abstract:
Statement of the Problem: 
Deepening the understanding of the microbial physiology and particularities of these types of yeasts proves essential for the development of different bioprocesses.
The Biotechnological potential of non-conventional yeasts has been evaluated in different bioprocesses involving the use of biomass as a way to obtain different products such as xylitol and ethanol. 
Methodology and Theoretical Orientation: 
Non-conventional yeasts of the group non-Saccharomyces yeasts isolated from decaying wood and Cerrado Soil samples and identified and cataloged in the Embrapa Agroenergy database through the work of Trinchez et al., (2019) and Soares et al., (2021).
This yeast was selected to assess possible biotechnological potential in relation to tolerance to inhibitory compounds that are formed and/or present in lignocellulosic hydrolysate.
Taking advantage of the natural physiology of these yeasts not yet modified by metabolic engineering, fermentative tests were carried out using Glucose and Xylose as a carbon source in the presence and absence of inhibitory compounds such as furaldehydes, organic acids and phenolic compounds.
Findings: 
In seven non-Saccharomyces yeasts tested in the study, a dose-dependent response was observed in relation to the inhibitors used.
Comparing the seven yeasts, the Spathaspora species showed to be less tolerant to the inhibitory compounds present in the lignocellulosic hydrolysate in relation to the Candida tropicalis JA2 and Wickerhamomyces anomalus 740 species, which were more tolerant.
As the main objective of this research is to improve the understanding of the response of non-Saccharomyces yeasts to inhibitory compounds and to evaluate their biotechnological potential for applications in different bioprocesses, it is expected that only the unconventional yeasts of the group in studies that were shown to be more tolerant, be selected to continue the next stages of this research in the future.
Conclusion & Significance:
Saccharomyces cerevisiae is widely used in the production of sugar bioethanol and its production can manufacture an engineering model organism to apply different metabolic methodologies targeting the chemicals.
However, S. cerevisiae is not able to convert xylose without the need for genetic modification. Xylose is an abundant sugar in biomass hydrolysates.
Thus, some species capable of using xylose were isolated and described in the literature.
Spathaspora passalidarum, S. arborariae and Scheffersomyces stipitis have shown considerable potential for the production of ethanol from xylose, while species such as C. tropicalis JA2, Meyerozyma caribbica JA9, Spathaspora sp. JA1 and W. anomalus 740 have shown considerable potential for the production of xylitol.
About Research Topic: 
Pre-treatment and hydrolysis of biomass are required to release sugars for industrial microbial production of fuels and chemicals. During these phases, the release or formation of compounds that inhibit microbial metabolism may occur, leading to negative effects on fermentation processes. These resulting inhibitors are organic acids, phenolic and compounds furaldehyde. 
Yeasts have been widely evaluated for the industrial conversion of sugars into fuels and chemicals, and the understanding of their microbial physiology becomes essential for the development of different effective bioprocesses.
Although there are yeasts recognized as having greater tolerance to inhibitors when compared to other microorganisms such as bacteria and filamentous fungi, it is also known that these yeasts, on the other hand, can also be sensitive to lignocellulosic hydrolysate inhibitors according to their dose-dependent relationship to which are exposed.
Tolerance varies greatly between the same species and especially between different yeast species, this variation is mainly due to the direct or indirect influence of which inhibitors and doses are used in each case.
Understanding specific yeast responses to lignocellulosic hydrolysate inhibitors is essential for the development of optimized biomass-based bioprocesses.
Biography & Institution:
Carlos Emanoel Vieira Flores Soares completed his doctorate in 2020 at the age of 29 from the University of Brasília – Brazil, in Chemical and Biological Technologies (Institutes of Chemistry and Biology joint program). 
Dr. Soares has experience in Biotechnology and Microbiology research with an emphasis on yeast physiology and characterization, fermentation processes, molecular biology of microorganisms and identification and characterization of microorganisms by MALDI-TOF mass spectrometry, having assisted and conducted research projects during Bachelor and Master Degree studies at the Catholic University of Brasília, Laboratory of Proteomics and Molecular Biology, and during Master Degree and Doctorate studies at Embrapa Agroenergy, Genetic and Biotechnology Laboratory and Embrapa Genetic and Biotechnological Resources, Mass Spectrometry and Nanoparticles Laboratories, all institutions located in Brasília – Brazil.
He is an independent researcher and founder of the recently opened company CES Bio Consulting, specializing in biotechnology consultancy services. 
To date, he has published 2 articles in internationally renowned peer reviewed journals, as well as abstracts in annals of scientific events, participating in international conferences, gaining international prominence by receiving the Travel Award to attend the 14th International Congress of Yeast, event held in Awaji Island, Hyogo - Japan in September 2016. 
He has worked as an Environmental and Biotechnology Consultant for the law firm RSA Advogados for 2 years, providing research, support and report writing services for clients who need advising in the Environmental and Biotechnology areas.
Referencies:
1. 	Soares CEVF, Bergmann JC, de Almeida JRM. Variable and dose-dependent response of Saccharomyces and non-Saccharomyces yeasts toward lignocellulosic hydrolysate inhibitors. Brazilian J Microbiol. 2021;52(2):575-586. doi:10.1007/s42770-021-00489-0
2. 	Almeida JRM, Modig T, Petersson A, Hahn-Hagerdal B, Liden G, Grauslund-Gorwa MF. Mini-Review Increased tolerance and conversion of inhibitors in lignocellulosic hydrolysates by Saccharomyces cerevisiae. J Chem Technol Biotechnol. 2007;82:340-349. doi:DOI: 10.1002/jctb.1676
3. 	Xu F, Sun RC, Sun JX, Liu CF, He BH, Fan JS. Determination of cell wall ferulic and p-coumaric acids in sugarcane bagasse. Anal Chim Acta. 2005;552(1-2):207-217. doi:10.1016/j.aca.2005.07.037
4. 	Caspeta L, Castillo T, Nielsen J. Modifying yeast tolerance to inhibitory conditions of ethanol production processes. Front Bioeng Biotechnol. 2015;3(NOV):1-15. doi:10.3389/fbioe.2015.00184
5. 	Hasunuma T, Kondo A. Development of yeast cell factories for consolidated bioprocessing of lignocellulose to bioethanol through cell surface engineering. Biotechnol Adv. 2012;30(6):1207-1218. doi:10.1016/j.biotechadv.2011.10.011
6. 	Pampulha ME, Loureiro-Dias MC. Combined effect of acetic acid, pH and ethanol on intracellular pH of fermenting yeast. Appl Microbiol Biotechnol. 1989;31(5-6):547-550. doi:10.1007/BF00270792
7. 	Li YC, Gou ZX, Zhang Y, Xia ZY, Tang YQ, Kida K. Inhibitor tolerance of a recombinant flocculating industrial Saccharomyces cerevisiae strain during glucose and xylose co-fermentation. Brazilian J Microbiol. 2017;48(4):791-800. doi:10.1016/j.bjm.2016.11.011
8. 	Almeida JRM, Runquist D, Sànchez Nogué V, Lidén G, Gorwa-Grauslund MF. Stress-related challenges in pentose fermentation to ethanol by the yeast Saccharomyces cerevisiae. Biotechnol J. 2011;6(3):286-299. doi:10.1002/biot.201000301
9. 	Cortez DV, Roberto IC. Individual and interaction effects of vanillin and syringaldehyde on the xylitol formation by Candida guilliermondii. Bioresour Technol. 2010;101(6):1858-1865. doi:10.1016/j.biortech.2009.09.072
10. 	Liu ZL, Slininger PJ, Gorsich SW. Enhanced Biotransformation of Furfural and Hydroxymethylfurfural by Newly Developed Ethanologenic Yeast Strains. Appl Biochem Biotechnol. 2005;121(1-3):0451-0460. doi:10.1385/abab:121:1-3:0451
11. 	Reis VCB, Nicola AM, De Souza Oliveira Neto O, Batista VDF, De Moraes LMP, Torres FAG. Genetic characterization and construction of an auxotrophic strain of Saccharomyces cerevisiae JP1, a Brazilian industrial yeast strain for bioethanol production. J Ind Microbiol Biotechnol. 2012;39(11):1673-1683. doi:10.1007/s10295-012-1170-5
12. 	Johnson EA. Biotechnology of non-Saccharomyces yeasts - The ascomycetes. Appl Microbiol Biotechnol. 2013;97(2):503-517. doi:10.1007/s00253-012-4497-y
13. 	Cadete RM, Melo MA, Zilli JE, et al. Spathaspora brasiliensis sp. nov., Spathaspora suhii sp. nov., Spathaspora roraimanensis sp. nov. and Spathaspora xylofermentans sp. nov., four novel d-xylose-fermenting yeast species from Brazilian Amazonian forest. Antonie van Leeuwenhoek, Int J Gen Mol Microbiol. 2013;103(2):421-431. doi:10.1007/s10482-012-9822-z
14. 	Cadete RM, De Las Heras AM, Sandström AG, et al. Exploring xylose metabolism in Spathaspora species: XYL1.2 from Spathaspora passalidarum as the key for efficient anaerobic xylose fermentation in metabolic engineered Saccharomyces cerevisiae. Biotechnol Biofuels. 2016;9(1):1-14. doi:10.1186/s13068-016-0570-6
15. 	Ra CH, Jeong GT, Shin MK, Kim SK. Biotransformation of 5-hydroxymethylfurfural (HMF) by Scheffersomyces stipitis during ethanol fermentation of hydrolysate of the seaweed Gelidium amansii. Bioresour Technol. 2013;140:421-425. doi:10.1016/j.biortech.2013.04.122
16. 	Nandal P, Sharma S, Arora A. Bioprospecting non-conventional yeasts for ethanol production from rice straw hydrolysate and their inhibitor tolerance. Renew Energy. 2020;147:1694-1703. doi:10.1016/j.renene.2019.09.067






image1.jpeg




image2.png




image3.png
CES BIO CONSULTING




image4.png
PhD. Carlos Emanoel Soares




