SUMMARY

This doctoral thesis, by proving and developingea roncept on the use of molecular
biology techniques for the production of geneticathodified yeast, the concept of
Genomic Evolution assisted by Molecular Designppses an alternative to the current
situation of social rejection against the use of @Vin the food industry. The basic
idea of this new concept is simple. It is basednumicking nature in its constant
evolution, but hastening and directing the evohdiy process in order to select, in a
short period of time, those genetic changes thathaee specifically designed at
molecular scale. Yeasts are not an invariablearetentity. On the contrary, like all
living organisms, evolve over time. The new metiHodgp we have developed can
speed up the evolutionary process, since we haxadirced genetic modifications that
could have been made spontaneously by yeastsimniieral environment as a result
of genetic elements recombination, duplication efetion processes along of their
reproductive cycle. However, these changes woue Iheen lost without the presence
of certain selection conditions and, given the lmoebability of these events, it would
have required an immense period of time.

The concept of Genomic Evolution assisted by MdecDesign has been proved by
the construction and chromosomal integration oklection cassette based ¥AP1
gene overexpression, which gives rise to a dominsarker conferring the yeast with
resistance to various toxic compounds such as kggimide and cerulenin. For the
development of the selection cassette the follovaogditions have been imposed and
respected:

1) Use of the homologous recombination abilitysaécharomyces genus yeast.

2) Use of genetic material exclusively of the oveast strain that we're going to evolve.
3) The genetic material can’t pass through anyriméeliate process of cloning or
expression in other biological systems.

With all these conditions fulfilled, the resultirggrains should not fit in the European
official definition of GMQ “organisms in which the genetic material (DNA) hagrb
altered in a way that does not occur naturally laying and/or natural recombination”.
To prove this concept we have first worked wittaldratory yeast strain as a model to
follow with the same experimental approach but waglwith an industrial yeast used
in the production of lager beer. The experimentathudology consisted in obtaining,
only through PCR reactions, a construction whiahpsgquent to its chromosomal

insertion by homologous recombination, will repldbe original promoter of the gene



YAPL1 by a strong promoteRGK1, whose gene is involved in the glycolysis pathvas
determined whether overexpressiony®1 gene in the beer strain evolved was able to
decrease the presence of spontaneous respiraficiedemutants ("petites”) during the
fermentation of beer wort. The continued industrélse of brewing yeast is associated
with an increase in frequency of appearance ofit§sst with consequent negative
effect on the fermentation process. According to results, the evolved strain clearly
showed a decrease in the "petites” formation dutidguccessive microfermentations
with respect to the parental strain.

Once the feasibility of the concept of Genomic Erioin assisted by Molecular Design
has been proven, the next step was the applicatitre methodology of this concept to
the development of yeast with industrial interg&tomosomic reorganization over 3
different industrial yeasts has been designed:

a) A lager beer yeast evolved to achieve low prodnof diacetyl. Its phenotype was
obtained by overexpression ¢EV5 gene, that encodes for a reductoisomaerase-
converting thea-acetolactate int@-dihydroxyvalerate. This helps to prevent tire
acetolactate accumulation in worts and signifigamdduces the maturation process
because of the reduction in diacetyl productiorthmevolved strain the lagering time is
reduced in more than 10 days with respect to tihe ovie.

b) An industrial yeast with high pectinolytic adgtw for its use in the industrial
processing of pectin rich materials. This phenotyas obtained by overexpression of
PGU1 gene that encodes for an endopolygalacturonase.h@Ve obtained 2 new
variants of the wild type strain, one containing gelection cassette and the other one
in which the selection cassette was removed byoaeegsed called “pop out” allowing
the re-use of this cassette in a new genomic reargtons of the same strain.

Both evolved strains show a remarkable increagbarhydrolytic activity over pectin
with respect to the wild type strain, not affectitgyability for the production of ethanol
or its fermentative capacity.

c) A wine yeast evolved seeking for a better toleeato low temperatures. We have
tried to obtain the desired phenotype by inactoratf the genéNP51 that encodes for
an inositol polyphosphate 5-phosphatase, involved phosphatidylinositol 4,5-
bisphosphate homeostasis. This function lost iretftyme induces the accumulation of
the metabolite and, according to literature, cordeld-resistance properties to the

phenotype.



We have obtained new strains; a transformant whias one copy ofNP51 gene
inactivated and another transformant which hasdepes of the same gene inactivated.
Nevertheless, contrary to what happen with the mjalestrains, the gene inactivation
does not increase the cold resistance of the eddairain.

All the applications of the developed methodologgsatibed above show the
adventages of using the concept of Genomic Evalwagsisted by Molecular Design in
order to improve the performance of industrial yestsains of theSaccharomyces

genus.



