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JUSTIFICACION DEL TRABAJO

En la transformacion del mosto de uva en vino, el proceso bioquimico mas
importante es la fermentacion alcohdlica, llevada a cabo por levaduras del género
Saccharomyces. Pero también es cierto que en la biota espontanea estan presentes
levaduras no Saccharomyces, que son capaces de aportar ciertas caracteristicas

sensoriales a determinados tipos de vinos.

Estas levaduras, juegan un papel relevante en las primeras etapas de la
fermentacion, y aunque posteriormente son desplazadas por las condiciones del
proceso, que conllevan la imposiciéon de Saccharomyces, merecen ser consideradas
por sus efectos beneficiosos, debiéndose potenciar mas su presencia para conseguir

vinos mas complejos organolépticamente.

Por otra parte, en Castilla la Mancha, durante la Ultima década se han
efectuado considerables inversiones, apoyadas por los fondos estructurales de la UE,
destinadas a la renovacion de equipos y maquinaria y a la reconversion del vifiedo.
Estos hechos obligan a unos cambios que pasan por la mejora de la calidad de los
vinos y el estudio del mercado al que van dirigidos, entre otros. Dado que el aroma es
uno de los atributos sensoriales mas valorado en la actualidad, su potenciacion, en
especial en aquellos vinos de variedades menos aromaticas, es uno de los retos
biotecnolégicos que tienen actualmente planteados los centros de investigacion

aplicada relacionados con el sector vitivinicola.

El mercado del vino esta sujeto continuamente a cambios impuestos por las
modas que determinan los consumidores. Actualmente se tiende a vinos blancos,

jévenes, afrutados, cuyo signo de identidad son sensaciones frescas y ligera



vienen dadas por una mayor una liberacién de aromas que la conseguida hasta hace

un par de décadas.

Para ello en Enologia se emplean preparados enzimaticos que ayudan a
valorizar los vinos, situandolos en una posicion competitiva respecto a los paises con
biotecnologia de vanguardia. El estudio de estas actividades, sentaria las bases para
el inicio de una linea de investigacion sobre biotecnologia aplicada en el campo de
enzimas “ad hoc” obtenidas de levaduras de ecosistemas vinicos naturales, y cuyo uso
responderia a las tendencias actuales dirigidas hacia productos naturales y genuinos.
Esto supondria una alternativa al uso de los preparados enzimaticos comerciales de

origen fungico que se usan hoy dia en las bodegas.

Todo ello ha provocado la aparicion de numerosos estudios sobre aroma en
vinos jovenes, ligados a la busqueda y caracterizacion de actividades enzimaticas,
mas concretamente p-glucosidasas, procedentes de levaduras vinicas. La ingente
bibliografia, plantea cierta confusion e incluso a veces contradiccién a la hora de
trabajar, tanto en el sector de la investigacién como a pie de bodega (sectores que
deben estar estrechamente unidos), por lo que se creyd oportuno orientar la presente
Tesis Doctoral hacia la puesta a punto de un método rapido que permitiera cuantificar
la actividad B-glucosidasica en levaduras vinicas, caracterizar las enzimas halladas y
comprobar su efecto en vinos elaborados con variedades de uvas blancas con

diferente potencial aromatico procedentes de cultivares de Castilla la Mancha.
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1. Introduccion general




Introduccién general i

El término enzima deriva del latin donde significa “en levaduras”, ambas

palabras son la clave principal del proceso de vinificacion, donde la fermentacion
alcohdlica es sin duda la transformacion bioquimica mas importante. En el desarrollo
de la fermentacion intervienen levaduras con alta capacidad para producir etanol a
partir del azicar del mosto, cuya composicion depende principalmente de la variedad
de vinifera, del suelo y de la climatologia.

La composicion del mosto, junto con los microorganismos que intervienen en
el proceso y la tecnologia de la que se dispone, son las variables que determinan el
éxito de la fermentacion alcohdlica.

En la elaboracion tradicional del vino, la fermentacién del mosto se produce de
forma espontanea y natural con levaduras propias de la materia prima, sin embargo, la
aplicacion de nuevas tecnologias, asi como el deseo de conseguir vinos de calidad
uniforme y adecuada, han hecho que en la actualidad el proceso se lleve a cabo con
levaduras seleccionadas, que en algunos casos son ademas autdctonas de la region
y/o bodega elaboradora.

Las cepas responsables de conducir la fermentacion alcohdlica pertenecen al
género Saccharomyces, pero si limitaramos el proceso de elaboracién del vino sélo a
los cambios bioquimicos llevados a cabo por estas especies, no aprovechariamos todo
el potencial de la materia prima. Por el contrario, al considerar otros géneros y tener en
cuenta la composicion del mosto, se podria llegar a vinos mas diversos, ya que las
levaduras no Saccharomyces aportan caracteristicas peculiares al producto final al
poseer actividades enzimaticas que resultan de interés en Enologia. En principio, esta
flora autéctona, se podria usar tanto desde el comienzo del proceso con el uso de
cultivos mixtos iniciadores, como de forma mas controlada mediante el aislamiento,
seleccion, caracterizacion y posterior adicion al producto acabado de la levadura o de

su extracto enzimatico.

Maria Arévalo Villena



Introduccién general i

1.1 BIODIVERSIDAD DE LEVADURAS VINICAS

El proceso bioquimico tan simple, definido por Louis Pasteur, por el que el
mosto de uva se convierte en vino mediante la fermentacién espontanea de los
azucares, dando etanol, diéxido de carbono y otros metabolitos, es hoy en dia
infinitamente mas complejo y sofisticado, aunque indudablemente sigue siendo la base
de la elaboracién del vino (Pretorius 2000).

En la actualidad se sabe que dicho proceso incluye la interaccién de mohos,
levaduras, bacterias acido lacticas y bacterias acéticas, pero de todos ellos, son las
levaduras el foco principal de la interaccion bioquimica producida en los mostos de las
variedades Vitis vinifera. (Fleet 1993, Fleet 1998).

Las levaduras son hongos unicelulares que pertenecen en su mayoria a la
clase de los Ascomycetes, Basidiomycetes y Deuteromycetes. Para su crecimiento
necesitan una fuente de carbono, hidrégeno, nitrodgeno, fésforo y sales minerales. Son
microorganismos quimioorganotréficos que utilizan compuestos organicos como fuente
de carbono y de energia para sintetizar sus propias estructuras. De los 100 géneros de
levadura representados por 700 especies descritas en la ultima edicién de “The Yeast,
A taxonomic Study” (Kurtzman and Fell 1998), 15 estan asociados con el proceso de
vinificacion: Brettanomyces y su forma sexual Dekkera, Candida, Cryptococcus,
Debaryomyces, Hanseniaspora y su forma asexual Kloeckera, Kluyveromyces,
Metschnikowia, Pichia, Rhodoftorula, Saccharomyces, Saccharomycodes,
Schizosaccharomyces y Zigosaccharomyces. (Pretorius 2000).

Diversos estudios han proporcionado datos cuali y cuantitativos sobre la
ecologia de mostos y vinos (Barnett et al., 1972, Davenport 1974, Goto y Yokotsuka
1977, Bureau et al., 1982, Rosini et al., 1982, Parish y Carrol 1985, Izquierdo et al.,
1995, Izquierdo et al., 1996 a, Sapis-Domercq 1997, Torija et al., 2001, Beltran et al.,

2002, Mas et al., 2003). Las levaduras responsables de la fermentacién alcohdlica

Maria Arévalo Villena, 2005 3



Introduccién general i

tienen su origen en el hollejo de la uva, en la maquinaria de la bodega y en la adicidon

de cultivos iniciadores.

En las uvas encontramos una microflora constituida por mohos, bacterias y
levaduras con caracteristicas morfologicas y fisiolégicas diversas, que en algunos
casos son poco importantes en el proceso de fermentacion. Esta flora la determina
una serie de factores tales como la variedad de uva, temperatura, pluviosidad, tipo de
suelo, fertilizacion, regadio, practicas de cultivo, podredumbres o tipo de recoleccion,
entre otros. (Arévalo Villena 2003).

De hecho se sabe que la fermentacién se inicia por el crecimiento de algunas
de estas especies (Kloeckera, Hanseniaspora, Brettanomyces, Debaryomyces,
Candida, Metschnikowia, Pichia y Zygosaccharomyces) (Manzanares et al., 2000,
Mendes-Ferreira et al., 2001), y que las especies fermentativas de Saccharomyces se
encuentran en un principio en concentraciones realmente bajas, sobre todo en uvas
sanas (Martin 1993).

Kloeckera y Hanseniaspora (apiculata y uvarum respectivamente) son las
especies predominantes. Numéricamente por debajo de estas levaduras apiculadas
encontramos especies de Candida como C. stellata o C. pulcherrima, Brettanomyces
(B. intermedius, B. lambicus y B. -custeri), Cryptococcus, Kluyveromyces,
Metschnikowia, Pichia o algunas especies de Rhodotorula como R. minuta (Fleet,
1993; Fleet, 1998).

Por otra parte, el mosto de uva es un medio rico en nutrientes, pero teniendo
en cuenta su bajo pH, que oscila entre 3 y 4 y su alto contenido en azucar, se impone
una fuerte seleccion de especies microbianas, de tal forma que aunque en un principio
la flora espontanea esté asi constituida, sélo unas especies de levaduras y otros
microorganismos pueden proliferar. Del mismo modo, el ambiente anaerobio que se

genera durante la vinificacion y la adicion de SO,, usado por su poder antioxidante y

Maria Arévalo Villena, 2005 4
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antimicrobiano, inhiben el crecimiento de microorganismos aerobios como las

bacterias acéticas, los mohos y las levaduras oxidativas. (Henschke 1997).

Por tanto, las levaduras no Saccharomyces, con poca capacidad fermentativa
debido a su baja tolerancia al etanol, son sustituidas por las dos especies de
Saccharomyces que participan en el proceso (Saccharomyces cerevisiae y
Saccharomyces bayanus) (Boulton et al., 1998, Fleet 1998, Charoncheai et al., 1997).

Sin embargo, a pesar de la seleccion natural que sucede de forma espontanea
y que garantiza la imposicion de Saccharomyces, la diversidad de especies al inicio
del proceso, ha originado que en los ultimos afios se haya impuesto el uso regular de
cultivos iniciadores. No obstante, otra vertiente del sector enolégico esta considerando
la utilizacion de cultivos mixtos combinando distintos géneros de levaduras, lo que
reflejaria la biodiversidad levaduriforme de cada region (Fernandez 1999, Heard 1999,
Pretorius 2000, Holm-Hansen 2001, Garcia A. et al., 2002). Con ello se enriqueceria el
producto final desde el punto de vista del aumento del flavour de los vinos, ya que
parece que las levaduras no Saccharomyces incrementan la concentracion de
compuestos volatiles responsables del aroma afrutado (Herraiz et al., 1990, Lema et
al., 1996, Ciani y Ferraro 1995, Fernandez et al., 2000, Strauss et al., 2001, Romano
et al., 2003). Ademas, el uso de cultivos mixtos aislados en cada bodega y usados
como iniciadores, reflejaria la biodiversidad levaduriforme de cada region.

En resumen, en la fermentacion espontanea de los mostos de uva se suceden
distintas etapas biologicamente diferenciadas, en las que intervienen especies de
levaduras con marcadas diferencias fisioldgicas entre sus cepas. Pero sélo las mejor
adaptadas resisten hasta el final del proceso siguiendo el principio de sustitucion
poblacional, aunque una inadaptacién a las condiciones extremas o una baja
tolerancia al stress fermentativo, no significa que las cepas participantes en los

primeros estadios no aporten peculiaridades especificas a los caldos. En definitiva la

Maria Arévalo Villena, 2005 5
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elaboracion del vino es un proceso microbiolégico dinamico en el que hay una

sucesion de géneros, especies y de cepas de levaduras.

1.2 COMPUESTOS TERPENICOS

Los compuestos terpénicos contribuyen al caracter varietal que tipifica el vino,
pudiéndose clasificar en tres categorias que estan interrelacionadas entre si. En
primer lugar, el grupo mas complejo es el que forman los compuestos del aroma que
se encuentran en forma libre, como el linalol, geraniol, nerol y los piranos y furanos de
los 6xidos del linalol. Sin embargo, dependiendo de algunos factores como el clima o
el tratamiento del mosto, se pueden encontrar en este grupo, algunos monoterpenos
adicionales tales como el citronelol, a-terpineol, ho-trienol 6xidos del nerol, mircenol,
ocimenoles o algunos aldehidos o hidrocarburos.

Un segundo grupo lo constituyen los polialcoholes o formas polihidroxiladas de
estos monoterpenos, que no contribuyen directamente en el aroma del vino, aunque
algunos pueden hidrolizarse pasando a ser compuestos volatiles, como es el caso del
diendiol, cuyo fraccionamiento origina ho-trienol y un éxido del nerol. (Williams et al.,
1981).

Por ultimo estan las formas glicoconjugadas de los monoterpenos que tampoco
son volatiles debido a su estructura. Estos glicésidos son, en la mayoria de los casos,
las formas mas abundantes de los tres tipos descritos y se conocen como precursores
del aroma. (Mateo y Jiménez 2000).

En la Figura 1 se muestra la evolucion de estos precursores y de los terpenos
libres durante las distintas fases de la maduracién del fruto. En ella se observa cémo la
concentracién de los precursores es mucho mas elevada en cualquiera de las etapas
de maduracion de la uva y que ademas los terpenos libres no sélo tienen una

concentracién baja a lo largo de todo el proceso, sino que a partir del final de la cuarta
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etapa disminuyen, por lo que en el momento de la vendimia, esta diferencia entre los

precursores y los terpenos libres es aun mas acusada. (Arévalo Villena 2003).

Precursores
-
/HN
I I m v '

—\
/ / \Terpenos

Figura 1. Evolucién de monoterpenos de los grupos 1y 3 en funcién de los dias de
maduracién de la uva.

1.2.1 Estructura de los glicésidos.

Los compuestos glicosidicos identificados en frutas y plantas son muy
complejos y presentan gran diversidad, sobre todo con respecto a la aglicona. La
fraccién glucidica, consiste en un B-D-glucopiranésido y diferentes diglicosidos: 6-O-o.-
L-arabinofuranosil-B-D-glucopirandsido, 6-O-a-L-arabinopiranosil-B-D-glucopirandsido
(viciandsidos), 6-0O-a-L-ramnopiranosil-B-D-glucopiranésido (rutindsidos) o 6-O-f3-
apiofuranosil-B-D-glucopirandsido, 6-O-B-glucopiranosil-3-D-glucopirandsido y 6-O-f3-
xilipiranosil-B-D-glucopirandsido (primeverésidos) (Gunata et al., 1985, Vasserot et al.,
1991). En casos excepcionales también se han aislado trisacaridos glicoconjugados

(Winterhalter y Skouroumounis 1997). La parte aglicona normalmente esta formada
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por terpenoles, aunque también se pueden encontrar éxidos del linalol o dioles y trioles

terpénicos.

En la Figura 2 se recogen algunos glicosidos encontrados en uvas de la

variedad Moscatel.

Cﬂzﬂv o

OH
HO
OH

B-D-glucopiranésido

5 O CH !
2 "
ol ]
OH HO Terpenoles
' oH
Polioles terpénicos
6-O-a-L-ramnopiranosil-B-D-glucopiranésido . .
Norisoprenoides

(e} CH3 o
H@ '
OH OHM u
OH

6-0O-a-L-arabinopiranosil-§-D-glucopiranésido

Fenoles volatiles

Acidos fenélicos

o o—cHy |
, 0 i g0
] " Q
f
KO oH "o

OH

6-0-B-D-apiofuranosil-B-D-glucopiranésido

Figura 2. Glicésidos de la variedad Moscatel.

Ademas, existe otro tipo de compuestos, también considerados como
precursores del aroma, cuyas agliconas pueden ser alcoholes lineales o ciclicos tales
como el hexanol, feniletanol, bencil alcohol, norisoprenoides en Cy3, acidos fendlicos y

fenoles volatiles como la vainillina.
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En la Figura 3 se muestran los monoterpenos mas frecuentes en el mosto y en

el vino (Allen et al., 1989, Schwab y Schreier 1990; Sarry y Gunata 2002). Se pueden
identificar alrededor de 70 terpenos, pero soélo los que se encuentran en
concentraciones superiores a su umbral de percepcion son los que realmente aportan
el perfume caracteristico a los vinos.

Consideran los glicosidos y las agliconas mas frecuentes, se puede generalizar
diciendo que los precursores mas abundantes son los apiosilglicésidos (por encima del
50 % dependiendo de la variedad), seguidos de los rutinésidos (del 6 al 13%) y
finalmente los glucosilglicésidos (de 4 al 9 %). Diversos estudios muestran que no
todos los glicosidos estan presentes en todas las variedades y que sus proporciones
son también diferentes dependiendo del tipo de uva (Bayonove et al., 1993), oscilando
entre un rango de 500 hasta 1700 pg / L de mosto (Gunata et al., 1985).

Los estudios que se recogen en la bibliografia consideran como variedades de
Vitis vinifera aromaticas las uvas de Gewuerztraminer, Riesling, Moscatel, Cabernet
sauvignon, Merlot, Monastrell, Ruby cabernet, Syrah, Cencibel, Macabeo, Xarel.lo,
Parellada, Chardonnay, Nosiola, Garganega, Malvasia o Brachetto, entre otras
(Nicolini et al., 1993, Razungles et al., 1993, Di Stefano et al., 1995, Arrhenius et al.,
1996, Mccloskey et al., 1996, Reynolds y Wardle 1997, Lao et al., 1997, Zoecklein et

al., 1997, Reyero et al., 2000, Garcia-Moruno et al., 2000).
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Figura 3. Monoterpenos del mosto y del vino: 1, 2, 8, 9 dxidos del linalol, 3 linalol, 4
ho-trienol, 5 neral, 6 a-terpineol, 7 geranial, 10 citronelol, 11 nerol, 12 geraniol, 13, 15
dioles, 14, endiol, 16 hidroxicitronelol, 17 8-hidroxi-dihidro-linalol, 18 hidroxinerol, 19 8-
hidroxilinalol, 20 hidroxigeraniol, 21 8-hidroxilinalol, 22 acido geranico, 23 triol.
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Ya que estos compuestos representan una reserva inmovilizada del aroma,

romper el enlace entre el terpeno y el azucar podria contribuir a aumentar su
intensidad vy por lo tanto el flavour de los vinos, siempre y cuando se trate de una

variedad de uva rica en precursores. Ademas, hay que tener en cuenta que ninguno
de estos compuestos por separado aporta las caracteristicas varietales al vino, pero si
lo hace la mezcla de todos ellos; cuyo umbral olfativo es mas bajo que cada uno de

sus componentes individuales (Ribereau-Gayon et al., 1998).

1.2.2 Hidrdlisis de los terpenos glicosilados

Desde hace unos afios se ha estudiado la hidrdlisis de los glicosidos, pero los
trabajos presentan a menudo contradicciones. Algunos de ellos se basan en la
hidrdlisis acida por calentamiento, pero las agliconas resultantes aparecen dafiadas y
por consiguiente no contribuyen a la fraccién olorosa del producto (Usseglio Tomaste y
Di Stefano 1980). Sin embargo algunos autores (Williams et al., 1982, Di Stefano
1989, Mateo et al.,, 1997, Sarry y Gunata 2004) han puesto de manifiesto que esta
forma de liberar los terpenos simula las reacciones que tienen lugar durante el
envejecimiento de los vinos y que los alcoholes terpénicos aparecen en
concentraciones similares en ambas situaciones.

Otros autores (Katrina et al., 1998) estudiaron la hidrdlisis de los precursores
en boca llevada a cabo por la microflora presente en la saliva, pero esta hipotesis
necesita ser confirmada usando un sustrato natural como el vino y no uno sintético
(hexil B-D-glucésido). Por ultimo, otra via de estudio, probablemente la mas utilizada,

es la hidrdlisis enzimatica, donde entran en juego las B-glucosidasas.
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1.3  ENZIMAS DE INTERES EN ENOLOGIA

Las enzimas son proteinas especializadas en la catalisis de las reacciones
biolégicas. Se encuentran entre las mas notables de las biomoléculas conocidas
debido a su extraordinaria especificidad y a su elevado poder catalitico.

Su importancia en el proceso de vinificacién es conocida, de hecho, en un
principio no se uso el nombre de enzima, sino el de “fermentos” debido a que se sabia
la existencia de catalizadores bioldgicos que intervenian en la fermentacion del azucar
para dar etanol. En Enologia interesan principalmente las enzimas oxidorreductasas,

pectinasas, proteasas y glicosidasas (Fernandez 1999).

1.3.1 Glucosidasas. Clasificacion y modo de accién

Las glucohidrolasas B-D-glucdsido (E.C. 3.2.1.21), mas conocidas como -
glucosidasas, pertenecen a la familia de las B-glucanasas, y son responsables del
catabolismo de una amplia gama de hidratos de carbono; pueden ser endo o
exoglucanasas, cuya diferencia es el punto por el que inician la hidrélisis del
polisacarido (Schomburg y Schomburg 2003)

Asi por ejemplo las endoglucanasas hidrolizan al azar cualquier punto del

interior de la molécula liberando polisacaridos de menor tamafio.

AN AN AN
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Por el contrario, las exoglucanasas actuan de forma ordenada a partir de los

extremos no reductores de la macromolécula, dejando libres residuos de celobiosa.

LT AN AN DN

VANYAL AV SSVAA AV A Ay iV

Y son estos residuos no reductores de celobiosa el sustrato de las f-

glucosidasas, que atacan el disacarido liberando dos moléculas de glucosa.
LT ——— A A

En la actualidad se conoce perfectamente la estructura de los precursores del
aroma y el mecanismo de hidrolisis de las B-glucosidasas, siendo un proceso
secuencial formado por dos hidrdlisis consecutivas (Gunata et al., 1988). En un primer
paso se produce la liberacion del monoterpenil $-D-glucésido mas el correspondiente
azucar residual. Esta reaccion es llevada a cabo por una a-L-arabinosidasa, una a-L-
ramnosidasa, o una (-apiosidasa con la liberacion de una arabinosa, una ramnosa o
una apiosa respectivamente, mas el correspondiente glucosido unido a la aglicona por
un enlace B-D-glucosidico cuyo enzima especifico de hidrdlisis es la B-glucosidasa.

Una vez liberado el terpeno al medio, éste pasa a ser volatil formando parte de la

fraccién aromatica del vino (Figura 4).
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Figura 4. Hidrdlisis enzimatica secuencial de los glucosidos del mosto.

1.3.2 Procedencia de las $-glucosidasas

Las B-glucosidasas se han aislado de distintas fuentes. En humanos, se han
identificado hasta tres p-glucosidasas nativas (Hays et al.,, 1996). Dos de ellas
formando parte de las membranas biolégicas y con alta especificidad de sustrato,
mientras que la tercera se localiza en el citosol de las células hepaticas y en el
intestino de los mamiferos (Mellor y Layne 1971, Daniels et al., 1981).

En insectos las pB-glucosidasas se asocian a la hidrdlisis de di y oligosocaridos
derivados de las hemicelulosas y celulosa, estando implicadas en la interaccion

insecto-planta (Terra y Ferreira, 1994).
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En algunas plantas, estan implicadas en distintas rutas metabdlicas

relacionadas con la respuesta al crecimiento, defensa de patdgenos y herbicidas o
hidrolisis de fitohormonas conjugadas. Existen numerosos estudios acerca de su
especificidad (Gunata et al., 1990 c, Cicek et al., 2000), modo de accion Bathia et al.,
2002) o capacidad para ser clonadas (Geerling et al., 2000). Entre estas j-
glucosidasas se encuentran las procedentes de la uva, con un pH 6ptimo de 5, dando
bajas actividades a pH comprendidos entre 3 y 4 (Lecas et al., 1991) siendo
fuertemente inhibidas por altas concentraciones de glucosa y etanol (Bayonove et al.,
1984, Aryan et al., 1987). Son incapaces de hidrolizar azucares conjugados con
alcoholes terciarios como el linalol o el a-terpineol, y su actividad se ve afectada por
ciertas operaciones como la clarificacion y centrifugacion. Por todo esto resultan poco
utiles para su aplicacion en Enologia.

Los microorganismos son una fuente muy importante de enzimas y aunque las
caracteristicas de una enzima microbiana pueden ser muy diferentes en funcion de la
fisiologia, las B-glucosidasas de microorganismos comparten muchas funciones, entre
las que se encuentran la conversion de la celulosa hasta etanol, la liberacién de
compuestos del aroma en frutas y vinos y la degradacion de la materia organica en el
suelo y en ecosistemas marinos (Potgieter 2004).

En cuanto a su localizacién, las B-glucosidasas microbianas pueden ser
extracelulares, cuando son excretadas al medio de crecimiento, o intracelulares,
cuando permanecen en el interior de las estructuras. Respecto a su sintesis son
constitutivas, cuando el microorganismo las sintetiza independientemente de las
condiciones de crecimiento; o inducidas, cuando lo hace sélo bajo determinadas
condiciones, como podria ser la presencia en el medio de crecimiento de una fuente

de carbono con un enlace glucosidico 3-1,4. (Arévalo Villena, 2003).

Maria Arévalo Villena, 2005 15



Introduccién general i

1.3.3 Las B-glucosidasas y el vino

Actualmente en la elaboracion del vino, para incrementar la liberaciéon de
aromas se usan preparados enzimaticos comerciales de origen fungico, principalmente
procedentes de Aspergillus spp.

La composicién de estos preparados no esta en ocasiones, bien definida, y en
realidad son una mezcla de glucanasas; asi, por ejemplo, uno de los preparados mas
utilizados en bodega posee actividades exo B-glucanasica, endo-B-1,3-glucanasica,
exo-B-1,6-glucanasica y actividad B-glucosidasica (Van Rensburg y Pretorius 2000).

El inconveniente de su uso radica en que son inespecificos, por lo que pueden
desencadenar otras reacciones de hidrolisis colaterales (Riou et al 1998). Las
actividades enzimaticas presentes en estos cocteles enzimaticos se inhiben por la
presencia de glucosa y pH acido, no obstante son eficaces porque consiguen liberar
los compuestos de interés y mejorar el aroma. Un estudio comparativo llevado a cabo
por Tingle y Halvorson (1971) dio como resultado que la actividad B-glucanasica, sélo
era responsable del 3 % de la liberacidon de los precursores del aroma mientras que
una enzima B-glucosidasa especifica hidroliz6 la totalidad.

Una alternativa al empleo de los preparados enzimaticos de origen fungico,
seria el uso de enzimas especificas de levaduras de ecosistemas vinicos que se
encuentran adaptadas a su medio ecoldgico. Dichas enzimas liberarian los terpenos
conjugados sin afectar al resto de los componentes y se conseguiria aumentar la

tipicidad de los vinos, tendencia actual cada vez mas valorada por los consumidores.
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1.4 VISION GENERAL DE LAS GLICOSIDASAS MICROBIANAS.
ESTUDIOS PRELIMINARES

Los microorganismos que poseen glucosidasas con implicaciones enolégicas
se han dividido en tres grupos taxondmicas distintos: bacterias, levaduras y mohos

(Gunata et al., 1990 b, Boio et al., 2002).

1.4.1 Glicosidasas de bacterias lacticas

Aunque no existe mucha informacion acerca de las B-glucosidasas procedentes
de bacterias acido lacticas implicadas en Enologia, Oenococcus oeni es la especie
que posee este tipo de enzimas (Henick.-Kling 1995, Maicas et al., 1999).

Diversos estudios demostraron la efectividad de las p-glucosidasas de la
bacteria sobre el malvidin-3-glucésido y sobre los terpenil glicésidos del vino (Grimaldi
et al., 2000, Boio et al.,, 2002, Barbagallo et al., 2004, D’Incecco et al., 2004). Sin
embargo McMahon et al. (1999), observé minima actividad sobre extractos glicosidico
y Mansfield et al. (2002), aun detectando la existencia de enzimas en algunas cepas
de O. oeni, no consiguieron hidrolizar con ellas los glicésidos aislados directamente de
uvas.

Ugliano et al. (2003), estudiaron durante la fermentacion malolactica la
hidrélisis de los precursores enzimaticos llevada a cabo por diversas cepas de usadas
como cultivos iniciadores de O. oeni, observando que la actividad B-glucosidasica era
cepa dependiente y que algunas de ellas contribuian notablemente a la liberacion de

volatiles, mejorando las caracteristicas sensoriales de los vinos.
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1.4.2 Glicosidasas de levaduras

Las B-glucosidasas de las levaduras han sido probablemente las enzimas

microbianas mas estudiadas.

A. Actividad p-glucosidasica en cepas Saccharomyces.

Existe controversia sobre la capacidad p-glucosidasica de la levadura vinica.
Hay autores que han puesto de manifiesto esta actividad, y en cambio otros defienden
la idea de que la sintesis de esta enzima es nula en este género.

Como defensores de su capacidad enzimatica, Darriet et al., (1988),
observaron que las oxidasas localizadas en el espacio periplasmico de
Saccharomyces tenian capacidad de hidrolizar los monoterpenos glicosilados de las
uvas Moscatel, encontrando que esta actividad era glucosa independiente.

Mas tarde Rosi et al., (1994) realizaron un estudio con 370 levaduras de origen
vinico de las que 153 eran Saccharomyces, y de éstas, so6lo una presentaba actividad
B-glucosidasica. En el “screening” previo se us6 arbutina como fuente de carbono, y la
actividad se cuantificd con el sustrato sintético pNPG (paranitrofenil-B-D-glucésido). La
sintesis de la enzima se inducia cuando el microorganismo crecia en aerobiosis y se
inhibia por la presencia de glucosa; por otra parte también se observé, que la actividad
de la enzima, se inhibia ante la presencia de glucosa o etanol.

Mateo y Di Stefano (1997) encontraron actividad B-glucosidasica intracelular
(asociada a la pared) en Saccharomyces, basandose en la hidrdlisis del pNPG y
glucosidos aislados del vino de la variedad Moscatel. Esta actividad se inducia por la
presencia de salicina como Unica fuente de carbono durante el crecimiento. El
problema era que la enzima se veia fuertemente inhibida con tan solo un 5 % de
etanol, por lo que su uso solo seria viable en las primeras etapas de la fermentacion.

Ademas demostraron que el pNPG no era el sustrato idéneo para la busqueda de la
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actividad, ya que los valores de su hidrélisis eran mayores que los resultados hallados

sobre los glicésidos del vino.

Hernandez et al (2002) por su parte, encontraron actividad pB-glucosidasica en
Saccharomyces cerevisiae. Probaron cualitativamente distintos medios de cultivos
tales como YPD, SC y mosto de uva a los que se le adicionaban las siguientes fuentes
de carbono: esculina, arbutina, pNPG y 4-metilumberifenil B-D-glucopiranésido (MUG).
Posteriormente  cuantificaron la actividad usando como sustrato pNPG y pNPX
(paranitrofenil-B-D-xilopirandsido), y estudiando el pH y la temperatura 6ptimos para la
sintesis enzimatica. Observaron que una de las cepas de Saccharomyces estudiadas
era capaz de hidrolizar los precursores del aroma aislados de mostos en las
condiciones de vinificacidon, aunque esta hidrélisis era menor que la observada en la
condiciones 6ptimas de la enzima. Por otra parte mostraron que la proteina tenia
distinta afinidad por los diversos sustratos estudiados.

Finalmente, Fernandez et al., (2003) hallaron que alguna cepa vinica de
Saccharomyces era capaz de hidrolizar algunos glicésidos aislados de mosto de la
variedad Moscatel.

Sin embargo, aunque estos autores detectaban actividad en Saccharomyces,
no aseguraban su aplicacién en Enologia. Por otra parte en la bibliografia existen otros
estudios que avalan que las levaduras de dicho género no poseen actividad [3-
glucosidasica capaz de hidrolizar los precursores del aroma en los procesos de
vinificacién. Asi, Gunata et al., (1986) midieron la concentracién de terpenos libres y
ligados en uvas de la variedad Moscatel antes y después de la fermentacion. El
resultado fue que existian pequenas variaciones en las concentraciones de estos
compuestos, pero no eran lo suficientemente significativas como para clasificar a

Saccharomyces como productora de enzimas -glucosidasas.
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Dada la controversia respecto al género Saccharomyces 'y a lo poco eficaz que

resulta su actividad en Enologia, se recurrié a la Biologia Molecular para obtener
cepas recombinantes que expresaran esta actividad. Asi, Adam y Polaina (1991),
transformaron Saccharomyces cerevisiae con el gen codificante de la actividad B-
glucosidasica procedente de Bacillus polimixa consiguiendo que la nueva cepa
creciera en celobiosa como unica fuente de carbono.

Posteriormente, se clond el gen procedente de Cellulomonas biazotea en
Escherichia coli para luego transformar Saccharomyces cerevisiae, dando resultados
positivos al crecer las cepas transformadas en placas de esculina (Rajoka et al., 1998).

Estudios mas recientes clonaron el gen BGL |l responsable de la actividad B-
glucosidasica de Pichia etchellsii en E. coli. La proteina fue caracterizada y purificada y
mostré hasta 2.5 veces mas actividad que la proteina natural sobre sustratos como
salicina y amigdalina. (Bathia et al., 2005).

De forma similar se han realizado otros muchos trabajos relacionados con
actividad B-glucosidasica y cepas de levadura recombinantes (Pérez-Gonzalez et al.,
1993, Adam et al., 1995, Janbon et al., 1995, Skory y Freer, 1995, Van Rensburg et
al., 1998, Muller et al., 1998, Bathia et al., 2002, Liu et al., 2005, Van Rensburg et al.,
2005), pero la Legislacion no permite el uso de microorganismos recombinantes
transgénicos en la Industria Alimentaria por lo que no han tenido incidencia en los

procesos de vinificacion.

B. Actividad f-glucosidasica en cepas no Saccharomyces.
Aunque no se debe descartar del todo la actividad pB-glucosidasica en

Saccharomyces, las levaduras mas estudiadas en los ultimos afos han sido las no
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Saccharomyces, generalmente vinicas, aunque también se pueden encontrar en la

bibliografia ensayos realizados con levaduras de origen no vinico como Candida
molischiana y Candida wickeramii (Gunata et al., 1990 b, Sanchez-Torres et al.,
1998), con actividades B-glucosidasicas menos sensibles a la glucosa y con una gran
especificidad por la aglicona.

La B-glucosidasa de C. molischiana fue inmovilizada mediante una resina de
Duolite A-569 mostrando propiedades fisicoquimicas similares a las que presento la
enzima libre. La proteina inmovilizada resultd estable en las condiciones de vinificacion
y se podia usar varias veces para hidrolizar los precursores del aroma (Gueguen et al.,
1996).

Uno de los campos mas estudiados ha sido la puesta a punto de métodos que
permitieran realizar una busqueda de la actividad sobre un amplio nimero de
levaduras y determinar de forma fiable su capacidad p-glucosidasica.

Los sustratos mas usados han sido los glucdsidos del paranitrofenol, tales
como pNPG, p-nitrofenil-a-L-ramnopiranésido y p-nitrofenil-a-L-arabinofiranosido
(Gunata et al 1990 a, Delcroix et al., 1994, Rosi et al., 1994, Charoncheai et al., 1997,
Manzanares et al., 2000, Mendes-Ferreira et al., 2001, Hernandez et al., 2002). Esta
determinacion no es especifica, ya que la hidrdlisis del sustrato puede venir dada por
la accion de una actividad glucanasica residual, mas inespecifica, y que por lo tanto,
aun hidrolizando los glucésidos del paranitrofenol, no sea capaz de producir cambio
alguno en los precursores del aroma, para lo que se necesita una especificidad mayor.

Por esto, para la determinacion de la actividad se empezd a trabajar bien con
glicésidos mas especificos de la enzima, usando aquellos extraidos previamente del
mosto o bien por cuantificacién directa mediante cromatografia de gases de los
monoterpenos libres en el vino (Rosi et al., 1994, Yannai y Sato, 1999, McMahon et

al., 1999, Fernandez et al., 2003).
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En cuanto a la extraccion de los glicosidos existen numerosos trabajos que

utilizan distintos métodos para conseguirlo. Williams et al (1982) utilizaban cartuchos
Cis en fase inversa para la retenciéon de los precursores y que eluian con solventes
apolares capaces de arrastrar los glicdsidos. Di Stefano et al., (1991) mejoraron este
protocolo usando otro tipo de solventes en la extraccidon. Otro de los adsorbentes
empleados fue el Amberlite XAD-2 (Gunata et al., 1985) a su vez mejorado por Di
Stefano (1989). Ninguno de los dos fue totalmente efectivo debido a que las resinas
retenian glucosa libre que no se podia eliminar y que interferiria en la cuantificacion.
Los cartuchos de silica gel en fase inversa parecian finalmente los mas adecuados,
aislando los glicésidos en un solo paso (Williams et al., 1995), aunque el método mas
reciente encontrado en la bibliografia extraia los precursores mediante microondas
(Bureau et al., 1996), pero no se llegoé a resultados concluyentes.

Otros trabajos se han dirigido al estudio de la sintesis de la enzima. Algunos
autores observaron que la actividad era constitutiva (Vasserot et al., 1989), mientras
que otros la inducian usando compuestos con enlaces B-glucosidicos, empleados en
algunos casos como unica fuente de carbono para el crecimiento de la levadura. Este
criterio se usaba para la seleccion de las levaduras con actividad p-glucosidasica, de
modo que las que no crecian con estas fuentes de carbono se rechazaban por no
mostrar actividad en el ensayo cualitativo. De este modo se han usado en el medio de
crecimiento el 4-metilumbeliferil-B-D-glucésido (Manzanares et al., 2000, Hernandez et
al., 2002), la arbutina (Rosi et al., 1994, Mendes-Ferreira et al., 2001, Hernandez et al.,
2002), la celobiosa (Yanai y Sato 1999), la esculina (Hernandez et al., 2002), o la
salicina (Mikloésy y Polos 1995, Mateo et al., 1997).

En cuanto a la localizacion celular de la enzima hay autores que detectaron la
actividad en el sobrenadante de los cultivos (Rosi et al., 1994); algunos en célula

entera (McMahon et al., 1999, Manzanares et al., 2000, Mendes-Ferreira et al., 2001)
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y otros muchos la asociaron al interior celular (Rosi et al., 1994, Miklosy y Polos 1995,

McMahon et al., 1999, Strauss et al., 2001). Algunos trabajos diferenciaron las
fracciones obtenidas con la permeabilizacion de la célula, pudiendo detectarse
entonces actividad a nivel de pared celular, espacio periplasmico, membrana o interior
celular (Miklésy y Polos, 1995, Rosi et al., 1994, Mcmahon et al., 1999, Yanai y Sato
1999, Mendes-Ferreira et al., 2001). Incluso para este fraccionamiento se aplicaban
diversos protocolos que en muchos casos eran contradictorios.

La influencia de la aireacidon en la sintesis enzimatica ha sido otro factor
estudiado creciendo las levaduras bajo distintos grados de aerobiosis. (Mendes-
Ferreira et al., 2001, Hansen et al., 2001, Hernandez et al., 2002).

Finalmente se estudié el efecto de la inmovilizaciéon de la enzima por unién
fisica o quimica a soportes soélidos, o por su entrampamiento en polimeros que
retuvieran sus propiedades cataliticas. Esto seria una forma de solucionar ciertos
inconvenientes que derivan del uso industrial de enzimas, ya que éstas se pierden al
final del tratamiento y no son, por lo tanto reutilizadas, lo que supone costes
adicionales en el proceso. La inmovilizacién permitiria la reutilizacion en operaciones
continuas o discontinuas con un control mas preciso del proceso, haciéndolo ademas
mas rentable. La literatura existente en el campo de la inmovilizacion es muy amplia y
variada por lo que se refiere a la enzima inmovilizada, el tipo de enlace entre la enzima
y el soporte, la temperatura y pH del proceso, los agentes de entrecruzamiento y su
activacion y los soportes y sustratos utilizados, entre otros. Riccio et al., (1999),
inmovilizaron la enzima mediante un método en un paso sobre hidroxiapatita
observando una fuerte caida de la actividad aun cuando la proteina era mucho mas
estable que en su forma libre. Otro estudio mas reciente (Dincer et al., 2005) utilizé
quitosano como matriz polimérica, encontrando que la estabilidad de la enzima
aumento sin que disminuyera notablemente en esta ocasion la capacidad hidrolitica.

En cualquier caso las variables que definen la eficacia de todos estos procesos de
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inmovilizacion son la constante de Michaelis-Menten (Km) y la velocidad inicial maxima

(Vmax).
1.4.3 Glicosidasas de mohos

El uso de este tipo de enzimas esta muy extendido en la industria enologica
para la liberacién de los terpenos en los vinos. Su eficacia se basa en que no son
selectivas y toleran relativamente bien altas concentraciones de etanol, aunque su pH
6ptimo oscile entre 5 y 6.

Normalmente se trata de preparaciones enzimaticas de Aspergillus niger con
actividad B-glucosidasica residual. Gunata et al (1990 b) observaron cémo dos
preparados comerciales de este tipo, que en principio debian actuar de forma similar
sobre los precursores del aroma, tenian comportamientos diferentes en los vinos, lo
que demostré su inespecificidad.

Por otra parte, el estudio de purificacion de enzimas y el uso de sustratos
sintéticos y métodos analiticos para determinar el grado de liberacion, son necesarios
en el desarrollo de la hidrdlisis enzimatica de los terpenil glicosidos (Wiiliams et al.,
1982, Bitteur et al., 1989, Voirin et al., 1990, 1992; Skouroumounis et al., 1995). Se
han aislado y purificado enzimas de preparaciones de origen fungico, extractos
vegetales o medios de cultivo sintéticos inoculados con mohos mediante diferentes
técnicas cromatograficas (gel filtracion, cromatografia de intercambio idnico,
cromatografia de afinidad) (Guanta et al., 1988, Dupin et al., 1992, Spagna et al.,
1998). También se han realizado ensayos de inmovilizacion de extractos enzimaticos
de A. niger mediante perlas de alginato calcico (Shoseyov et al., 1988), acrilato
(Shoseyov et al., 1990) o vy-alumina activada con dodecametilendiamina y
glutaraldehido, comprobando por cromatografia de gases que las enzimas

inmovilizadas hidrolizaban los precursores del aroma.
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Aspergillus oryzae excretd al medio de crecimiento dos B-glucosidasas cuya

sintesis era inducida por la quercitina, y aunque la enzima mayoritaria estaba
fuertemente inhibida por la glucosa, la excretada en menor grado hidrolizé glicosil
terpenos en los vinos. (Riou et al., 1998). No obstante se ha demostrado que estas
enzimas estan presentes en concentraciones bajas en los preparados enzimaticos
comerciales, donde predominan otro tipo de actividades (Dupin et al., 1992).

Por otra parte, si los preparados enzimaticos se adicionaban al principio del
proceso, la actividad se inhibia notablemente por la alta concentracion de glucosa.
(Gunata et al., 1990 b). Ademas, los terpenos que se pudieran liberar en estas
primeras etapas de la fermentacién no contribuirian organolépticamente al vino, ya que
gran parte de ellos se volatilizarian y serian arrastrados por el CO, producido, por lo
que durante el intercambio de metabolitos entre el medio de fermentacion y el
ambiente se perderian. En cualquier caso esta pérdida no seria preocupante, ya que
en algunas variedades todavia quedaria gran cantidad de precursores susceptibles de
ser hidrolizados mediante tratamientos enzimaticos.

En cualquier caso, diversos estudios han puesto de manifiesto que el empleo
de estos preparados, provocan a veces aromas anémalos indeseables, incluso cuando
se produce liberacién de terpenos. Se han detectado altas concentraciones de vinil
fenoles (4-vinil fenol y 4-vinil guayacol) llegando a concentraciones superiores a 1 mg /
I. Algunos autores piensan se debe a la accién de dos sistemas enzimaticos. En primer
lugar se produce la hidrolisis de los ésteres cinamicos mediante esterasas que se
encuentran en los cocteles, por lo que el medio se enriquece de acidos ferulico y p-
cumarico, que a su vez son descarboxilados por accién de las levaduras produciendo
los vinil fenoles; aunque resulta dificil de explicar la formacion de estos compuestos

cuando los preparados enzimaticos se usaban sobre el vino acabado, donde ya no
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entraria en juego el metabolismo de las levaduras, (Gunata 1993, Sefton y Williams

1993).

Por otra parte, la actividad hidrolitica de los preparados puede degradar los
antocianos (Huang 1955, Blom 1983). El efecto de decolaracion producido por este
tipo de mezclas protéicas ha sido observado en frambuesas, fresas (Rwahahizi y
Wrolstad 1988), moras (Yang y Steele 1958) y antocianos de las uvas (Fu-mian et al.,
1994). Por lo tanto, su uso estaria desaconsejado en vinos con bajo contenido en
antocianos.

Finalmente, las preparaciones enzimaticas procedentes de mohos generan
diversos productos de oxidacion durante la hidrélisis de los glicésidos (Sefton y
Williams 1994).

Todo ello hace que en Enologia la eleccion de las enzimas sea un factor a
considerar, obligando a ampliar la busqueda de enzimas [-glucosidasas para la
mejora del aroma de los vinos, ya que las compafias transnacionales del sector
vitivinicola no se han preocupado en profundizar en este tipo de investigaciones
debido posiblemente a un mercado todavia poco exigente, por lo que existe una gran
carencia de estudios relacionados con la sintesis de enzimas con potencial uso en
alimentacion, por parte de levaduras, mohos filamentosos y bacterias.

Estrategias mixtas como el uso combinado de levaduras seleccionadas de la
microbiota autéctona y enzimas provenientes de los mismos ecosistemas,
inmovilizados o no, constituyen en la actualidad una interesante y practica linea de
trabajo. Por ello, se plante6 que la presente Tesis Doctoral fuese dirigida a la
obtencion de enzimas con actividad glucosidasica procedentes de levaduras GRAS
aisladas del nicho ecolégico, que fueran capaces de liberar aromas relacionados con
el perfil floral y afrutado en los vinos blancos de distintas variedades de Castilla la

Mancha.
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Objetivos y Planificacion del trabajo

El objetivo principal de la Tesis Doctoral fue detectar actividad p-glucosidasica
en levaduras vinicas, y que ademas dicha actividad cumpliera ciertos requisitos como
ser extracelular, estable en las condiciones de vinificacién y no ser inhibida por altas
concentraciones de glucosa, etanol o acido acético. Por otro lado la enzima debeia ser
capaz de hidrolizar los precursores del aroma de tal forma que dicha liberacién fuera
percibida por los catadores. Esto, ofreceria la posibilidad de su uso en bodegas bien
en forma de extracto, inmovilizada y/o clonada, como una alternativa al uso de los

preparados enzimaticos comerciales de origen fungico.

La planificacién del trabajo experimental con el fin de lograr el objetivo
propuesto, se fue modificando en virtud de los resultados obtenidos a lo largo del
desarrollo del trabajo, contemplando siempre otras alternativas. Por otro lado las
estancias en el laboratorio del IWBT han reportado una indudable ventaja no solo en la

experiencia cientifica sino también en el terreno personal.

El trabajo realizado se divide en distintos bloques:

e Busqueda de la actividad B-glucosidasica en levaduras vinicas: levaduras
aisladas de distintas bodegas se chequearon -cualitativamente en YNB
celobiosa para detectar la actividad enzimatica deseada. Las cepas se

identificaron mediante la técnica de PCR-RFLP.
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Cuantificacion de la actividad: puesta a punto de un método para cuantificar la
actividad B-glucosidasica en las cepas que habian mostrado hidrdlisis
cualitativa, basado en la ruptura de un sustrato con enlace B-glucosidico
especifico como la celobiosa. Se optimizé por una parte, la sintesis de la
proteina estudiandose la influencia del medio de cultivo y condiciones de
crecimiento, y por otra, las variables del ensayo enzimatico (concentracion de
sustrato, tiempo y temperatura de contacto). Por ultimo las células se
fraccionaron para conocer la localizacion de la enzima.

Microvinificaciones con cultivos mixtos (Debaryomyces pseudopolymorphus y
Saccharomyces cerevisiae) para comprobar si la actividad B-glucosidasica se

expresaba durante la fermentacion.

Los resultados obtenidos en este bloque del trabajo, dieron lugar a las dos primeras

publicaciones: “Characterization of the B-glucosidase activity produced by enological

strain of non Saccharomyces yeasts”, cuya parte experimental se realizd durante la

primera estancia en Sudafrica con cepas autéctonas; y “Optimization of a rapid method

for studying the cellular location of 3-glucosidase activity in wine yeasts”.

Optimizacion de las condiciones de sintesis de la enzima en Debaryomyces
pseudopolymorphus en cuanto a los requerimientos de la levadura: fuente de
carbono, grado de aireacién y tiempo de cosechado del cutivo. Se purificd

parcialmente la enzima a partir del sobrenadante y se caracterizé en fincion de
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sus parametros bioquimicos (pH y temperatura 6ptimos, estabilidad térmica,
parametros cinéticos, especificidad de sustrato y efecto sobre su actividad de
iones metalicos y otros compuestos).
Estos resultados generaron la publicacion titulada “Characterization of an exocellular
B-glucosidase from Debaryomyces pseudopolymorphus”, cuyo trabajo de laboratorio

de llevé a cabo durante la segunda estancia en el IWBT.

o Estudio del potencial aromatico de distintas variedades de uva blanca. Era
primordial disponer de precursores del aroma para ensayar la actividad [3-
glucosidasa encontrada en Db pseudopolymorphus. Para ello se puso a punto
un método rapido de extraccion y cuantificacion de los precursores del aroma
basado en la retencion, elucion e hidrolisis acida de los terpenil- glicosidos,
valorando mediante un kit enzimatico la glucosa liberada tras la hidrdlisis.

El método esta patentado y pendiente de publicacion bajo el titulo “A rapid method for
quantifying aroma precursors”. Application to grape extract, musts and wines made

from several varieties.

e Aplicacion de la enzima en glicosidos naturales, mostos y vinos para conocer si
era susceptible de hidrolizar los precursores del aroma. Se trabajé con distintas
presentaciones de la proteina, liofilizando e inmovilizando los extractos

purificados del sobrenadante, que se probaron sobre glicosidos aislados de
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mostos de distintas variedades de uva. Se estudiaron la dosis y tiempo de
contacto mas adecuadas y su efecto se comparé con diversos preparados
enzimaticos comerciales de origen fungico empleados en Enologia. Por ultimo
se llevaron a cabo microvinificaciones con mosto Moscatel y se emplearon los
extractos enzimaticos mas adecuados estudiando si existia hidrélisis mediante
dos métodos analiticos: protocolo de aislamiento y cuantificacién de los

precursores del aroma y cromatografia de gases / espectometria de masas.

Estos datos se recogieron en el trabajo llamado “Relationship between Debaryomyces

pseudopolymorphus enzymatic extracts and release of terpenes in wine”.

Por ultimo se vinificaron tres variedades de uva de la zona con distinto
potencial aromatico (Airén, Riesling y Moscatel), y los vinos resultantes se
trataron con el extracto B-glucosidasico de la levadura. El grado de hidrdlisis se
cuantificd con los mismos métodos del apartado anterior. Las muestras se
evaluaron organolépticamente, siendo ésta la prueba definitiva del desarrollo
experimental. El estudio se completé determinando la capacidad de formacion

de fenoles volatiles indeseados (4-vinil-fenol y 4-vinil-guaiacol).

Esta informacién originé el ultimo articulo que cierra la presente Tesis Doctoral:

“Aroma enhancement in wine using wine yeast B-glucosidases”.
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Characterization of the B-Glucosidase
Activity Produced by Enological
Strains of Non-Saccharomyces Yeasts

R.R. CORDERO OTERO, J.E UBEDA IRANZO, A.I. BRIONES- FEREZ, N. POTGIETER, M.A. VILLENA, [.5. PRETORIUS, AND B

VAN RENSBURG

ABSTRACT: The g-glucosldase activities of 20 wine-ralated non-Saccharomyeces yeasts weare quantified, charae-
terized, and assessed for their effielency in releasing aroma-enhaneing compounds during the winemaking
process. Of these enzymatic activities, the B-glucosidase activity of Debaryoniyces pseudopolymorphus revealed
the most sultable comblination of properties in terms of functlonallty at wine pH, resistance to wine-essoclated
inhibitary compounds (glucose, ethanol, and sulfur dioxide), high substrate affinity, and large aglycone-sub-
strate recognition. Its potential as a wine aroma-enhanecing enzyme was confirmed by the significantly increas-
ing concentratlons of free volatiles (citronellol, nerol, and geraniol) during the fermentation of Chardonnay
juice ineculated with both D. psendopalymorpkus and a widely used commereial starter eulture strain of Saceha-

romyces cerevisiae, VIN13.

Keywords: Debaryomyces, Saccharomyces, B-glucosldase, wine, yeast

Introduction

Tc*rpc*nc*s are a class of compounds that contribute o the vadetal

aroma of a number of frults and thetr fermented products. Pre-
vious studies onwine have revealed that in additton to a free frac-
ton of volatile terpenals, there are nonodorous and nonvaolatile
precursors that represent an important source of fragrant com-
pounds (Cordonnier and others 1986, Willlams and others 1995).
These nonodomus precursors consist af terpenols that are Hinked to
sugars such as G-O-g-L-hamnopyranosyl -, 6-O-e-L-arabinofuranas-
syl-, and 6-0-p-D-aplofurano syl- p-0-gluc ostdes. The aglyeone part
mainly contains monoterpenols and aromatic alcohoals, such as
benzyl and 2-phenylethyl aleohol iGunata and others 1985). In
general, h[@ glyeoslde forms are more abundant than the free
ones (DHm=#11s and Willlams 1984; Gunala and others 1985) and,
In grapes, theratio between the potential (bound) and free monot-
erpenes varies between 5:1 (0 Muscat of Alexandria and 1:1 in some
nonmuscat vartetles such as Chardonnay (Willlams and others
1982). Acid hydrolysis of grape glyeosides has been studied as a
method for the release of bound monoterpenes with a view Lo en-
hancing the aroma of grape Julce through the formation of free
valatiles. This method, which 15 promoted by healing, canses are-
arrangement of the monoterpene aglveones (Willlams and others
1982). As an allernative, enzvmatic hydrolyvsis has attracted much
Interestwith regard to the enhancement of wine Navor. Unlike acld-
I hydrolysis, eneymatic hydrolysts s highly efctent and does not
alter the aglyeone (Gunata and others 1990). p-Glucosidase (1,4-p-
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-glucostdase; EC3.2.1.21) 1s a key eneyme 10 the enzyvmatic release
of these bound monoterpenols from thetr ghvcostdic precursors
(Shosevov and others 19690; Guegen and others 1995) and functons
through the sequental hydrolysts of the glyeostdic bonds, De-
pending on the precursars, the glyeosidiclinkages are Mrst cleaved
by an e-L-arabinofuranosidase, F-L-thamnopyranosidase, ora p-
D-aplosidase. The 2nd step trvalves the Hberaton of the monoter-
penols by f-glucostdase (Gunata and others 1988; Guegen and
others 1996). Limited hydrolysts of glyeosides occurs during berry
maturation by endogenous frult B-glucosidases {Cordonnter and
others 1986). These plant-dertved g-glucostdases are characterlzed
by arestricted spectiicily with respect w aglyeone and are inhibit-
ed by a glucose concentraton higher than 1% (Bayonove and oth-
ers 1984 Arvan and others 1987). Because these enzymes cannol
Hberate all of the aromatic potential in grape must, hydrolytlc exper-
Iments were performed with exogenous p-glucosidases (Shoseyov
and others 1990, Rostand others 1994; Saha and Bothast 1996).
Trials conducted with p-glueosidases of fungal origin have tndical-
ed that these enzymes can indeed enhance the varetal aroma of
certaln wines. These engyimes can only be introduced into the wine
after the yeasts cells have depleted the glucose, as they are strong-
Iy inhibt tedd by glucose (Arvan and others 1987 Gunata and others
1993]. According to some reports, certain strains ol Saccharonyces
cerewisiae also possess B-glucosidase activity (Delerotx and others
1994; Herndnder and others 2002, 1

This activily appears o bevery limited and therefore recent stud-
les have rather focused on non-Seccharomyces yeasts, such as Sref-
tanomyees, Candida, Debaryonyees, Hensenlaspom, and Pichia (Vas-
seraland others 1989 Rosl and others 1994; MeMahon and others
1998; Ferndndez and others 2000; Garcla and others 2002). Results
obtained from studtes on yeast glyensidases suggest that spec fic
veg st strains can affect the varietal aroma ofwines (Rosl and others
1994). For glyeosidases to be explofted in the enhancement of wine
aroma, they must satlsfy a few prerequisites. These Include a high
allinity for grape-derved terpenold aglycones, optimal activity at
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Characterization of the beta glucosidase activity produced by Enological Strain of Non- Saccahromyces
Yeasts

B-Glucosidases from non-Saccharomyces yeasts . .

wine pH, reststance to glucose Inhibitlon, and high tolerance to
ethanol. The need for more efActent aroma-lberating enzymes has
led s Lo search for novel g-glucosidases that At the above men-
Honed criteria With this tnomind, the purpose of this investdga ton
was Lo sereen wine-related non-Seccharonyces yeasis (specles be-
longlng Lo Breftanamyces, Candida, Debaryomyces, Kloeckera, and
Zygoasiccharontyees) for the appropriateness of thelr p-glucostdase
by quantifving, charactertzing, and comparing these activities.
Debaryomyces pseudopolymorphos was identfled as the strain with
the highest p-glucosidase actvity and with a high tolerance of both
glucose and ethanol. The effect of cofermentation with D,
pendo palymorphus and 5 cevelslae (VIN13] on the terpente glyeo-
sldes in wine was also tnvestigated.

Malterials and Methods

Yeast sirains

The names and the orlgins of the 20 veast strains thal were used
In this study are summarlzed inTable 1. Four of the strains are from
the yeast callection of the Depl. of Micmoblology, Univ of the Free
State (UFS), South Afrlea. The remalning 16 stralns were obtal ned
fram the Wine and Fermentation Technology Div, ARC Infrultech-
Nietvonrbi], Stellenbosch, South Afriea These tndigenous strains
were [solated from different wine production reglons in the\western
Cape, South Africa, namely Constantia irepresented by C), Robert-
son (represented by M), Slanghoek (represented by (0, and Stellen-
bosch (represented by R) (Strauss and others 2001), The strain col-
lection used tn this study was complled from vinevard and winery
Isalates, Yeast stralns were grown in YPD medium (10 g/ L yeast ex-
tract, 20 g/ L peptone, 20 g/L glucose) at3o =C for 48 h.

Isolation of cell-associated protein

YPD broth (50 mL)was inoculated at an optical density at G0 nm
{0 0f 0.1 from an overnight culture and grown at 30 °C for48 h.
Cells were harvested by centrifugation at 5000 rpm for 5 min and
resuspended tn 5 mLof 50 mMTrs (pH 7.5, containing 10 mM
Nail,) buffer. Glass beads (amount, 0.1 g dia, 0.2 mm) were added
and the cells were vortexed vigorously for 3 min. Alter centrifuga-
Homn at GO0 rpm for 2 min, the supernatant, contalning the crude
cell protetn extract, was carefilly removed and used for the enzyime
ASKAVS.

Protein determination and enzyme assays

Protein concentratdon was determined by using Plerce proteln
reagent with bovine serum albumin as the standard (Bradford
1976). p-Clucosidase activily was assayed using a modifed proto-
col from Liovd and Whelan (1969). Because the p-glucosidase of
most tested veasts was cell-assoclated, all enzymatic Lesls were
conducted on total crude cell extracts, Crude cell extract (40 ul) was
mixed with 40 plolao4a% (widval) celloblose solution o0 M eit-
rate-phosphate buffer (pH 3.4). Water was added (o the reaction
mixture 1o oblaina total volume ol 100 L. The mixture was incu-
bated at 25 “C for 30 min, and the amount of glucose released from
the hydraolyzed cellobiose was determined using the Glucose
Trinder Eit (Sigma), according to the spediicatons of the suppler.
Enzvme and reagent blanks were included and subtracted from the
absorbance obtalned for the enzyvme-substrate reacton mixture
{(Asps — reacton blank fstandard - reaction blank s 100 = [glucose] in
mg/ 1o mL). The spectfic amount of glucose release was expressed
as mg! 100 mL/mg of protetn/ 30 min. The effiect of ethanal, 50, and
glucose on B-glucosidase actvity was assessed through the addi-
Hon of different concentrations of these substances to the reaction
mixtures prior o incubation at 25 “C. Cul tures were grown in dupli-
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Table 1=Yeast strains used in this study

Species Isolates Institution Origin
Candida colliculosa Ca's Mietvoorbij*  Cellar
C. guilliermondii MA/30 Mietvoorbij  Vineyard
C. hallenica M6 Mietvoorbip  Vineyard
C. lambica M2/4 Mietvoorbij  Cellar
C. alecphila Odza Mietvoorbip  Vineyard
C. palliculosa RiM17 Mietvoorbiji  Vineyard
C. sorbosa Rz/2a i etwcor i) Cellar
C. seliaia Ca'eo Mietvoorbij  Cellar
C. valida o422 Mietvoorbij  Vineyard
Dabaryomyces hansenii R2Ms5 Mietvoorbip  Cellar
D. maramus Y.omos  UFSP M.A.

0. polymorphus var. afficanus Y-0084 UFs M.A.

0. pseudopoiymorphus Y0541 UFs MLA.
Kioeckara apicwlata Rz/21 Mietvoorbij  Cellar
Kioackerma spp. Rz/an Mietvoorbij  Cellar
Pichia carsonif Y-0B05 UFS M.A.

P. farinosa R1f15 Mietvoorbij  Vineyard
P kluyven R2/11 Mietvoorbij  Cellar
Zygosaccharomyces baili - 0125 Mietvoorbip  Vineyard
Brottanomyces spp. O1/a3 Mietvoorbij  Cellar
Sacchamomyces cemwisiae  VINIZ IWBT= IWBT:

BARC |nfrultech-Mistart]
Buniversity of he Fies Stats (UFS)
cInstiuta for Wine Blotechnology (IWET)

cate and assays were conducted in quadruplicate. The standard
devlations ranged from 2% to 5%. One unit ol B-glucosidase activity
was definad as the amount of crude enzyme required o produce 1
wmaol of glucose under the assay condittons employed. The caleu-
lation of the spectic activi by (L7 mg) was based on the level of en-
symatic activity divided by the proteln concentration of the crude
CNEVITe preparations,

Microvinification

Microvinifications were carried out with single-strain samples of
either D, pseudopalymorphus or S, cerewsiae (VIN13), as well as with
amixed-culture sample (D, pseadopolymarphus plus 5. cerevistae
VIN13). Chardonnay must (700 mL for each sample) with an S0,
concentration of 35 mg /L was Inocalated with elther . psewdopoly-
morphus or 5. cereplsiae (VIN13) to coll concentrations of 1= 107
cells/mLand 1= 106 cells/ml, respectively. The same concentration
of inocula was used on the 1st day of fermentation for the mixed-
culture samples. The musts were fermented in1 L glass bottles for
Indat26°C+ 2 "C, and the enxymatlc assays were carried outin
quadruplicate.

Standard wine analysis

Fourler transform infrared spectmscopy, using the GrapeScan
2000 Instrument (FOSS Electric, Denmark], was used to
determine the chemical charactertstics of the fermented wines. The
commercial caltbrations for the analysis of the wine were provided
by FOSS, and all calibratons were validated.

Quantitative determination of monocterpene
concentrations

The determination of monaoterpens concentratlons was per-
formed using a modifled protocol from Ferrelr and others (1993).
Atotal of TomL of wine was mxed with asolutlon of 2 wl.of 2,6-dim-
ethylheptenol (400 mg/fL in ethanol as Internal standard) before
Hgquid-Hepd extraction with 200wl of Freon 113, The Freon extracts
of the terpenes were analyzed by gas chromatography on a Supel-
co S5PB5 column using HE as carrler gas. Three standard solutions
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were prepared forall the terpenes. The pure chromatographie stan-
dards ol analytical quality were oblained from Fluka and Sigma-
Aldrich Liermany). 1,1,2-Trichlom-1,2,2-trifluomethane
{Freon 113) of high-performance Hguid chromatography quality
was obtained from Aldrich. The compounds were identifled by a
Mame {ontzation detector and compared with the retention times ol
the pure chemical standards. The amount of each terpene was
quantified by plotting the hedghts of peaks on the chromatograms
compared with the terpene concentration in wine. Five callbration
points were used for each of the terpenes compound.

Results and Discussion

he role of microbial E-glucosidases in the ltberaton ol mornot

erpenols fFmm glycoside precursors has been reported n nu-
merousstudies (Gueguen and others 1996; lwashila and others
1995 Yanal and Sato 1999). Therefore, the potental of g-glucosi-
dases to release lavor compounds from glyeosidically bound non-
volatlle precursors Is of greal significance Lo the wine industry. Pre-
viouswirk has shown that, among veasts, differentstrains of Canedida
(Gunata and others 1950), Debaryomyces (Rosl and others 1984),
Metschnikowda (Ferndndez and others 2000), and Breffanamyces
{McMahon and others 1999) exhibit activity toward varlous B-glu-
cisldes,

In the present study, a total of 20 yeast stralns 1solated fromvine-
vards and wine cellars (Table 1) were tested for B-glucosidase activ-
1ty. A preliminary evaluation of p-glucosidase activity on dilferent
protein fractions (extracellular, intracellular cyvtosol, and mem-
branes) far all the stralns showed that the activily was primartly
cell-associated, and extracellular actvity was detected only for D,
pseuwdopolymorphos and C. ofeophiia (data not shown). Figure 1
shows that Candida lambica, Candida valida, Debaryoniyces hanse-
ni, and Kloeckera apleslata have very low B-glucosidase actvity
with none of the strains releasing more than 0.02 mgs 100 mL of glua-
cose fmm celloblose. The anly Breffanontyces strain (a yeastusually
assoclated with wine spollage) used in this study showed the high-
esl actvity, viz. 4.84 mg/ 100 mL of glucose released from celloblose,

e sy O
2= W B

E
EZm [t
]
-

Figure 1 =Cellobiose hydrolysis by yeast p-glucosidases.
Cellobiose degradation by yeast was analyzed using the
glucose oxidase/peroxidase method te detarmine the for-
matien of glucose from the substrate. Glucose was as-
sessad after incubation of cell crude extract for 30 min at
25 °C in the presence of 8 mg of cellobiose in 100 mM
citrate-phosphate buffer, pH 3.4. Cultures were grown in
duplicate and the assays repeated 4 times. The specific
activity of the enzymes was expressed as 1 pmol of glu-
cose produced per myg of protein, equivalent to U/mg. The

standard deviations were betwean 3% and 5%.

UALs and E-mail addrasses ans active links al wew.ifiomg

Thenther spectes with high p-glucosidase actvity were . polyror-
Phes (3,69 mg /o0 mL of glucose), DL psewdopolymarphis (3.79 mg/
100 mL of glucose) and, Lo a lesser extent, the 2strains C o kophilia
(2.58 mg/100 mLof glucose) and Zygosaccharonmces barll (266 mg/
100 mLof glucose). The 4 yeasts with the highest actvity were se-
lected to investigate the effect of ethanol, glucose, and 50, on thelr
B-glucosidase activies.

Previously, 1thas been found that aleohol simulates g-glucosi-
dase activity in many fungal and veasts species (Delcrolx and oth-
ers 1994; Yan and Lin 1997). Pemberton and others (1980) proposed
that alcobol activadon ol some g-glucosidases might be due tothelr
glyeosyliransferase activily. However, some other yeast g-glu-
cosidases (Mateo and 1 Stefano 1997), aswell as grape p-glucosi-
dases (Arvan and others 1987) have been reported to be inhibited
by ethanol. As shown in Figure 2a, we also observed that ethanol
inhibited B-ghucosidase actvity at all concentrations tested for the
4 different crude extracts evaluated. The most prominent inhibi-
Hon was observed for the G-glucostdase activity of C. eleaphila,
which exhibited a 21% reduction (compared with the total activi by
of the untreated samples) in enzyme activity at 14% ethanol. The
B-glucostdases of DL pseudopolymiorphus and the Brettanomyces sp.
showed the most resistance to ethanal inhtbitlon and malntained
56% and 66" of thelr activity, respectively, at 14% ethanol. Spagna
and others (2002) have hypothestzed that ethanaol can cause an
alteration of the enzyme conformation, and consequently of is
activie site, by changing the polarity of the medium and thus reduc-
ing its activity. Inhibiton by glucose, which, although there are
some exceptions (Rosl and others 198947 Saha and Bothast 1996;
Riou and others 1998), 1s acommon characteristic of B-glucosidases
(Guegen and others 1995; Spagna and others 2002}, 1s an impor-
tant constraintfor the industrial use of these enzymes in winemak-
ing. Our resul ts on the effect ofdifferent glucose concentratdons (4%,
8%, and 15%) on B-glucosidase actvity 15 presented in Figure 2b.
The results depleted (n Figure 2b show that the g-glucosidase of the
Brettamomyees sp. was strongly inhibited by the presence of glu-
cose, whereas the g-glucosidase actvitles derived From the other
yeas s were, Lo varying degrees, more resistant to glucose fnhibi-
tion. Ataglucose concentration of 1 5%, the Srefianontyces p-glucosl-
dase activity was only 0.12% (ratio of treated reaction mixturesun-
tredted reaction mixtura) of the maxtmum activity. The D,
polymaorphns B-glucosidase actvity appeared Lo be insenst ive (o
gucose, whereas the activity of both C eleophifa and D. pseudopoly-
marphus were markedly increased throughout the whole glucose
coneentration spectrum that was tested. The D polymorphos p-glu-
cosldase showed an inttdal 30% incerease in activity, wiilch was matn-
tained throughout the glucose serles wsted, AL a glucose concen-
tration of 15%, the D, polymorphus 3-glucostdase displayed a 5-fold
Increase in activity respectively. C. aleaphila, showing a 3-fold in-
crease in p-glucosidase activity al a concentration of 15%, exhibited
agradual Increase in actvity, which correlates to an increase in glu-
cose concentration. The most oulstanding increase in p-glucosidase
activity was observed in D, psendopolymorphus, which exhibt ted a
marked Increase of 4-fold at 8% glhucose and 5-fold at 15% glucose.

Little s known about the influence of sul fur dicdde on g-gluc osi-
dase actvity. Deleralx and others (1994) found that an 50, coneen-
tration of 50 mg/ L had no effecton enzyme actvity. As shown In
Figure 2e, our data are in agreementwith this observation. None of
the S0y concentrations tested had a marked elfecton the p-glu-
cosldase activity of the 4 crude protein extracts tested. The only
exception wasin the case of D, pelymerphus, which showed a signif-
leant ncrease n actvity throughout the entire S0, serles tested.
The . polymorphus F-glucosidase exhibited anoverall increase in
activity throughout the serfes tested, reaching a 3-fold induction at
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Table 2—Analysis of wines at 10 d of fermentation®

Volatile Total Reducing Malic Glucose +
Inoculated strain pH acidb acidb sugark acidk Fructoseb Ethanole  Density
0. pseudopaly-morphus 281 £ 025 022+ 004 558 +04 20019+ 16.04 3265:+0584 187309+1533 042003 108001
S, comvisias 292001 052x001 624=x002 5088 £035 402x002 5207019 9822001 1.02=x001
0. pseudopoly-morphus 285+ 001 056+ 0.01 B47 £ 001 4346 £010 401+003 4433+011 1022+0.01 1.01 001

and 5. ceravisiae

aFarmantation assays were carted out In quacruplicats using 700 mL of Chardonnay must for each sample. The Juice was suifited at 36 mgiL. Debarpomycas
Pssudopolymorphus and Saccharomyces cerevisas VIN13 sirain samples were Inoculated at & level of 1= 107 cellimL and 1 = 108 calls/mL, respactively.
The same valus of the Incculums applied for he singlie-culture samples was used on the 15t day of fermentation far the mixed-culiure samples. The |Uicss

were fermenied In 1 L glass botlies at 25 = 2 °C for 10 g,
9L
55 valivel

60 ppim. ALGO ppm, the C oleophida and Brettanomyces R-glucosl-
dases maintalned 87.4% and 86.9% of thelr maximum activity, re-
spectively. . pseudopolymorphus showed a 20% increase in G-gla-
cosldase activity al 20 ppm 50, and stll maintained (s maximum
activity at 6o ppm. No explanation for this increase can be offered
at this point in time, and this aspect needs further invesdgation.

Microorganisms of enologieal orlgin do not always produce en-
ryvmes that can be used In wine conditions {Maleo and 0 Stefano
1997; Spagna and others 2002). However, the enzymaltic properties
exhibited by D, pseudopolymorphus, thatls, high activity at higher
glucose and sulfur dioxdde concentrations and relative resistance to
high ethanol values, sugzest that this veast has anappropriate ki-
netic profile w beused in the wine industry. Therefore, microvin-

fications were performed with single-straln samples consisting ol

elther I psecdopo lymorphus or 5 cerevisfae (VIN12: a commercial
wine starter culture strainy, aswell as with a mixed-culture sample
consisting of both these yeasts. No obvlous differences in the pH
and density of the wines wene observed between the single-strain
and mixed-culture inocula after 10 d of fermentation (Table 2). D
peeviclopolymorphus, as asingle-strain inoculum, Is notan effective
fermentng wine veast under the fermentation conditions lested.
Alter 10 d of fermentation, the wine sl contained a reducing sugar
contentof 200,19 g/ L, as well as 187.39 g/L of glucose and ITuctose,
and an ethanaol content of 0.4.2% (vol/wal). The volatle actd and
total actd content of the single-culture fermentations wore sightly
lower than that of the mixed culture fermentation (Table 2). Fur-
thermare, 1t appears that the mixed -colture inoculum was more
effective In driving these particular fermentations than the single-
straln S cerepisiae VIN 13 inoculum because the wine had a reduc-
Ing sugar content of 43.46 g/1, 44.33 g/ L of glueose and fructose,
and an ethanol content of 10.22% (volfvol) after 10 dof fermenta-
ton.

Whether D. psecio polymorphus produces any off-Navors in wine
was not determined (n this study because a comprehensive anal-
vsls of the aleohol, actd, and phenolic compounds was not done.
Rather, the influence of the cofermentation of I pseudoepolynor-
phusand 8. cerepisiae on the concentration of free volatiles in Char-
donnay wine was studied (Table 3). In general, the concentration
ofthe primary alcohols oblained with the single-strain S cerevisine
fermentation was slightly higher than that obtained with the sin-
gle-strain D, pseidopolymorphus fermentation, except for the con-
centration of geranial, which was 7-Told higher In the latter. No sig-
nificant differences were found in the lnalool and «-terpineol
concentrations produced with efther the single-strain or mixed-
culture fermentation. The results clearly indicate that fermentation
with the mixed-cul ture inoculum resulted 1n a significant Increase
in the concentration of citranellol (37.2 pgdL) and gerantol (21.2 pgl
Liafter 10 d. In the case of nerol, fermentation with the mixed-cul-
ture inoculum resulted inonly a 2- to3-p@/ L Increase In concentra-
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Figure 2—Effects of ethanol {A), glucose (B}, and S0, (C)
on B=glucosidase activity of Breftanomycas spp. (w’mtn

bars), Candida oleophila (gray bars), Debaryomyces
polymerphus [dark gray bars), and D. pseudopolymorphus
{black bars). Residual activity was assayed after incuba-
tion of cell crude extract for 30 min at 25 °C in 100 mM
citrate-phosphate buffer, pH 3.4, complermented with dif-
feraemt values of ethanol, glucose, and S0O,. The scale of
residual activity indicates the percentage of the ex perimen-
tal value for various enzyme reactions relative to the maxi-
mum value {100%) of the non-spiked reaction mixture of
each enzyme. The values are means of triplicate experi-
ments, and the relative error was less than 5%.
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Table 3—Influence of cofermentation with Debaryomyces
pseudepelymorphus and Saccharemyces corevisiae VINA3
strain on the concentration of free volatiles in Chardonnay
wine

Inoculated yeast strain

0. pseudopoly-

Volatile D. pseudo- 5. cerevisiae morphus and 3.
compound polymorphus? VIN13? cerevisiae VIN13?
Linalool MT+1.2 3.0+ 1.4 336+ 15
Terpingal G411 57 +1.3 332311
Citranellol 231 +0.2 T2+03 arex11
Maral 46+0.3 56+02 TA+02
Garaniol T4+0.2 13+0.1 212+10

Ayl The numbers represent maan values and deviations from the mean of
quadruplicate farmentation experimeants.

tion in comparisan to the fermentation that was performed with the
2 single-strain inocula. This could be explained by the fact that
certain p-glucosidases display selectivity to spectiic aglycones
{Willams and others 1995; Mansfleld and others 2002). Grape p-
glucosldases, for example, act on precursors that have a primary
aleohol as aglveone, such as geraniol and eitronellol, but do not
cleave glyeosides bonding a terdary alcohol, such as Hnalool or a-
terpineal iGunata and others 1985). Cltronellol, in particular, was
produced in high concentrations by the colermentaton. 1 Stefano
and others(1992) suggested that this compound could orlginate
from the reduction of geraniol and neral by yeast during fermenta-
ton. Chardonnay 1s one of the varleties known o contatn o lev-
els of terpenes or thelr glycosides (Dimitradis and Willlams 1984;
Sefton and others 1993) and 1s not dependent on monoter penes
for flavor (Strauss and others 1986). The Hmited presence of Davor
precursors, such as neryl g-D-gluopyranoside, can explain the low
concentration of neral produced durlng wine fermentation.

Conclusions

his study makes an Important contribution o an extensive sur

veyalmed at the explottation of the hidden oenologieal poten-
tal of the untapped non-Saccharemyces veasts and thelr enzymes
(Pretorius and others 1999; Ferndnder and others 2000; Strauss
and others 2001; Ferndndez-Gonzélez and others 2003; Jolly and
others 20032, 2003h, 2003c). The data presented here suggest that
the p-glucosidase actvity of D, pseudopolymaorpiues possesses sull-
able properties in terms of opmum pH, resistance o wine-assocl-
ated inhibitory compounds (glucose, ethanol, and sulfur dioxide),
high substrate affinity, and large aglycone-substrate recognition.
The potential of this newly discovered p-glucosidase loinerease the
aromatic varlietal character of wines through the hydrolysts of fa-
vor glucosidic precursars 1s underpinned by its capabllity o Increase
the concentratons of citronellol, nerol, and geraniol during the fer-
mentation of Chardonnay Julce inoculated with both D, prewdopoly-
marphos and a commerctal wine veast, 5. cererlslaeVINTIG. Howev-
er, addittonal work 1s required to determine the influence of 2.
pendopalpmorphus onwine aroma, as well as the effoctiveness of
the p-glucnsidase enzyme in lange-scale winemaking trials. This
study also lays the foundation for the cloning and expression of the
D. pseuelopolymorphus p-glucosidase gene Ina commernclal wine
veast Such recombinant wine yveast would release grape-derived
varietal aroma compounds from the nomvolatle, nonodorous pre-
cursors durlng single culhure fermentatons, thereby increasing the
sensorial quality of wine—the single most important aspect in
winemaking.
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location of f-glucosidase activity in wine yeasts

M. Arévalo Villena', J.F. Ubeda Iranza’, R.R. Cordero Otero® and A.lL Briones Pérez’

'"Tamologia de Alimanios, Universidag de Castila La Mancha, Ciudad Real Spain, and“institute for Wine Botechnology, Univarsiy of
Heflanbosch, Stellenbosch, South Afica

A2 TT: received T Movembar 2004, revised 15 Febmary 2005 and accepied 16 Fabrury 2005

ABSTRACT

M. ARCWALD VILLEMA, J.F. UBEDA IRANZO, A R. CORDERD OTERD AND A | BRIOWES PECREZ. 2005,

Aimis: To improve a method for determining f-glocosidase activity and to apply it in yeasts isolated from wine
ecosystems rom La Mancha' region and o know its cellular location.

Methods and Resules: A total of 82 wine yeasts were identified (PCR/RFLP) and evaluated for their
frelucosidase activity. First, they were qualitatively evaluated by mrowth on YNB cellobiose, the activity was
quantified vsing different culture media, under aerobic and anaerobic conditions and cells after 2472 h of growth.
To study the location activity, five fracions were obtained (supernatant, whole cell, cell wall, ortosol and cell
membrane). The enzymatic assays were optimized, being: growth in YP cdlobiose for 72 h in aeration conditions
and, afier cell vemoving, enzyme analysis with 128 ¢ | Vol cellobiose as substrate, for 3 min at 30°C. The menus
that displayed the greatest activity were Picfis, Hansersagpors and Rbadarorsds, and the activity was intracellular.
Conclusions: The study showed that f-glucosidase activity was induced by the carbon source and was acrobic
dependent. The non-Saccharanyces species displayved the greatest activity, which was intracellular and strain-
dependent.

Sipnificance and Impact of the Study: This stndy developed a reliable method for sereening f-plucosidase
activity in yeasts isolated (rom wine ecosystems. This activity is very important in the release of monoterpenols from
glyeoside precursors for the enhancement of wine aromas.

Kevwords: f-glomsidase activity, cellular location, non-Sacefarsayces, quantification, wine yeasts,

INTRODUCTION

Spontaneows  grape-mst  fermentation beging with the
growth of species belonzing to such genera as Kleeclera,
Hasganaspora, Bresanmmyces, Débavyoryees, Conlida, Mere-
i, Prodve, Toradegpora and Syposacoharomyces (Man-
wnares o of IEEL Mendes-Ferreira er ol 20801, These
veasts, which display lew fermentarive capacity and low
ethanmal woleramee (Charoenchai ef of 1997, Fleet and Heard
19497 Boulton er of 1) could enhance wine flavour by
imeresing concent i tions of the volatile compounds respon-
Covmigandonce ta: BB Cordera Oera, Bratitate for Hane B sechralagy

Leveraty af Sellachaick, Mataria S, Rl Suelleabaick, Sonth Afica
fir-akdals v b ) aclad ad L

sible for the frl.'liT}' AT, ﬂ!lr-:rl.'ly]!l h}'dr-:ﬂ}'hi:r af aromatic
precursars prompted by f-rlhicosidise engyme  activity
(Herrdiz 19, Ciani and Pieciott 1995, Ferrandez er ol
ZMKY, Stravss o of 206N ).

To date, fFehwosidases have been solated From plants,
from The grape itself or from micro-organims. The first two
sources are of litle oenological valie, a5 in winemaking
conditions frglucosidases are strongly inhibited by the low
pH, high imiria] swear concentrtions and kigh final ethanal
concentrations (Williams o of 1982, Cordonmier of ol 198%;
Lecas e ol 1991, Hence, our mesearch & directed 10
fglucosidase From micm-organism,

At present, aroma melease s enlanced using commercial
engyme preparations of furgal origing mainly Adgpeay i spp.

© 2005 The Society lar Appied Mictabiobgy
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The compasition of these preparations varies and they are
acnally a mixmure of mnspecific gheanases, Tingle and
Halvorsom (1971 found that these cocktaik hvdrolysed only
3% of precumsors, but that this was sufficient 1o ensure an
amalytically and ormnoleptically detectable mcresse inm Free
terpenes. At the same time, however, as glucamses are
momspecific, they may trigger collaten ] rexcrions detrimenal
1o the product such as hwdrolysis of antheeyvans, which are
alan stabilized by binding o sugar molecules (Riow er ol
1% . For these reasons, the best oprion would be o use
specific eneymes, which are mot excesively active; ideally,
they should also be contzined in veasts forming part of the
wine ecosystem, and thus adapred 10 their ecologicl
VNI ent.

Some authors have meported f-gheosidese activity in
Sacaharomyces svevisae (Rosi er al 1994, Hermandez #f al.
2RI others argue that while the enzyvme cn be symthes-
iwed, it & mendered imactive by processing comditions
(Crumata or of 1986 Deleraix o oft 190 MNateo and 1Th
Stefarg 17, amd that the required activity can only be
ensured |.'I:‘1-i|!l!.'., Ihchl&-.ﬁ'd::fmr.wr[:u': Vedals {{ orders (Mero
ef ad. 20003). Published reports differ with regard 1o the
active strains used, comstitutive (Vasserot of af 198%) o
induced synthesis (Rosi & af 1994 Mikldsy amnd Polos 195,
Mateo amd IH Stefamo 1997, Yanai and Sato 199 Mendes-
Fermeira «f of KN, Heredndez o of HEI2 and location on
mricrohizl cultures (Rosi er ad 1994, Miklisy and Pals 1995,
MeMahon ef ol 199 Yamai and Save 19 Manganares
ef ad. 2N Mendes-Ferreir er af. 20001 ; Stranss of ol 20601 ).
Moat of these studies addivionally wse nonspecific substmnes,
st e activity canmaot be quantified as readily as with matural
ghvcosides isobted from must or wine or quantified directly
in wine by gas chromatography (Gumara e ol 19k).

Cordera (hero er af. (20003) quantified the f-glucmidase
activity in non-Saeaharanycs wine yeasts wsing cellobiose as
substrate. The activity was only determined in crude extract.

The aim of this work was e improve wpon 2 method wed
by these authors, so we optimized the cellobiose concentra-
tiom amd assaved different culture conditions, harvested cell
timee amd incubation temperature. On the contrary, we
applied the new method proposed for screeming this activity
in 81 wine vessts wolated from TLa Mancha' region and
studied its cellular location.

MATERIALS AND METHODS
Yeasts: recovery and identification

This study wed a toal of 82 Seccherwryees and non-
.ﬁ'mgfur.wr[:r:a': strains  soalated o mme wine  oellars
belonging 1o the "La Mancha' Denomination of Origin, all
af which use traditional methods for making red and white
wines (Tahle 1)

Srtrins were mecovered from pure cultures stored ar
=TFC by precahure amd gow th in YPI medium and they
were identified by direct 58 5ITS rDNA region amplifi-
cation and bter RFLP analysis using the enevmes Aol
eI, Cfol amd Fpall (Esteve-farzoso of ol 1%, Fern-
dmader er al KN,

Improvemant af a methed for determining
f-glucosidase activity

The improvement of the method was camied owr with a
positive  comtrol, Cemdide  molisdians known  for s
strong f-ghicosidese activity (Gunata & of 1% and a
megative control (8 cowviges, 321 UCLM) solated From
the winemaking ecosystems  from  la Mancha
(Briomes eral 1%5) The assays were performed in
triplicate.

region

Cullure condtions. In order 1o determine whether the
2eTivity was comstitutive or induced, various carhon sounces
(zlucose, cellobiose and arburing were added 10 YP or YNB
medivmy at a range of concentrations.
Yeasts were grown for 48 Tat 30°C in 1 m] of each of the
following media:
i YPD {3':'-'E| Wedsl eXTract, 1% P, 1% !.1|L'|um4.'].
i YPC (2% weast extract, 1% peprone, 1% cellohiose).
i YPI} + C (2% veast extract, 1% peptone, (F1%
glucose, % cellobime ).
v YWE-A (7% YNE, (5% arburin).
v YNE-C {-07% YNE, (F3% cellobise ).
vi YWE-G (T2 YINE, (F5% glucose).
vil YWBE-A + G (65 YNB, (0% arburin, (1% gle-
CERE ).
widh YMB-C+ G ({7 YNE, (4% cellobiose, (K%
alucime ).

Table 1 Origin of the veasts. All ol them were wolated fraom different wine ellr of the Mancha Region

Chriggin Veasis

Cencibe fred must)

Adren (white masi}
I0R, 311, M8, 358, 378, 230, 320, 178

Macabheo {white masi)

INL DEML, INEG 46 a8, Oy TN, 300, 3ING D0, 20, 30 40, 30 60, T, 80, 90, 110, 120, 130, 1440, 150
SnL, BENL STML, SEML, D3IML 16T, 1B, 1B, B, TH, BB, 91, 48, 138, 168, 138, 108, 48, 138, 168, I80, 198,

A7Mi, 43Ma, 32Ma, 170, 180, 2000, 200, 2R, T80, MO 280, 360, I00, 80, T, 300, 310, 330, 330, MO 41,

H S0, THC, W70, MR, 1500, 1860 3410
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To determine the effect of oxygen, veasts were grown in
otk strictly anaerobic and aerobic conditions and were shaken
at 150 rev min~". To ascertain the titning of peak enzvme
svnthesis, cells were harvested after 24, 48 and 72 hof growth.

Enzyme assay. Enzvmatic activity was evaluated by

05 ol 174 25 0l FOTA, 00 mol 7% 10 gl IP and 1 4l
PMSE 100 nmol 171 after 5 min in an ice bath, the pellet
was broken up with a Dounce homogenizer. The resulting
fluid was centrifuged at 700 g for 5 min, vielding a cell-wall
and a supematant, which was in turmn centrifuged ar 23 (00 g
for 30 min, to obtain cvtosol and cell membrane, (Deleroix

determining the amount of glucose released from the u.'|.|.u—'.r al. 1994 Mateo and 10 Stefano 1997, McMahon e al.

biose substrate. Quantification was optimized by caleulating
the most suitable cellobiose concentration for hydrolysis
(32, 64, B0, 90, 128 or 16D g l_j]r the required enzyvme-
substrate contact time {30 and 60 min) and the incubation
temperature for the reaction (30 and 45°C).

A4 pl of substrate was added vo 30 pl of cell extract in
10 pl TN ool I citrate phosphate  buifer {pH 35).
Released glucose was measured wsing the Trinder kit
{Sigma Aldrich) with the following modifications: 5 ul of
reaction mixture were added to 1 ml of Trinder reagent;
after 18-min incubation at room temperature, absorbance
was measured at 505 nm. Blanks were prepared both for the
reagent and for the different cell fractions obtained.

Search for yeasts displaying fglucosidase
activity

The 82 straing {Table 1) were grown for 6 h at 30°C in
carbon-free YNB broth and mavimum shaking to consume
residual sugars and then 5 pl of this medivm were
inoculated on veast nitrogen base cellobiose agar (YNB-
cel); 679 YNB {Difco), I-5% cellobiose, 2% agar) for 24—
48 h. at 30°C,

Quantification of the activity and its cellular
location

Activity was quantified in all the cases using the best
conditions found i the previous charter; assavs were
performed in triplicate wsing the veasts displaving the
greatest growth in Y NB-cel agar, two randomly chosen low-
growth strains (0 and 320) and a commercial 8. eervvisie
strain {UCLMS 325), Candida mofischiana was used as the
posiive control.

Enzyme location in cefls. Enzyvmatic acuvity was evalu-
ated in whole cells, supematant, cell wall, cviosol and
membrane. For this purpose, 6 ml of colture medium were
centrifuged at 3000 g for 3 min. Two fractions wereobtained:
the supematant, of which | ml was kept refrigerated until
analysis, and the peller, which was washed twice in sterile
saline solution and split into two batches, One batch was used
for the whole—cell evaluation and the other was resuspended
in 500 gl of lysis solution {500 gl CLB, 10 mmol !
containing  NaCl, 10 mmol |._J; KH:POy, 1 ol |._J;
NaHCOs, 5 mmol l_J; CaCly, 1 mmol I and Mgy,

1999 Yanai and Sato 1999 Mendes-Ferreira et af 2001).

All fractions were stored at 4°C prior o analysis of
f-glucosidase activity using the proposed enzvme assay
method.

Glucose released from cellobiose was quantified by
plotdng absorbance values on a calibration curve. Resulis
were expressed as gy slucose ml™! supernatant or ng gl
cose 1'|'n_.(_J cell dry weight, which was obtained by filtering
1 ml of culture on four micro filvers that were dried at 70°C
until the weight was constant.

Statistical treatment

A one-factor analvsis of variance (statistical software package
SPSS Vesion 110) was wsed o st for significant
differences between cell fractions for each veast.

RESULTS

OfF the 12 profiles differentiated by PCR/RFLP analysis, 30
straing  were S cerevigae, 1 Debanyomyces hanseni, 2
Mestchnskawsa pulcherrima, 2 Rhodetornla mucfagnnsa, 7
Kiwversmyees thermotolerans, 1 Pichea anemala, 2 Prchia
wmembranagiaciens, 1 Puhia Lhowen, 2 Candsda sieflata, 4
Hansgmiaspara wvarnm, 4 Hansnaspora ssmaphila and 25
Torvlagpora delbrueckn (Fateve-Zarzoso et all 1999). The
Fig. 1 is an example of some of these identifications. Table 2
set out the length (bp) of PCR amplificaton products and
the number and length {(bp) of the restriction Fagments.

Improvement of a method for determining
f-glucosidase activity

The improvement of the method was carried our with a
positive control {C mafischuna) and a negative control (8.
cerevisiae) for which the dat are not given because they were
alwavs close o ()

Culture conditions. Examination of the growth medium
indicated whether the activity was induced or constitutve.
Table 3a shows the fi-glucosidase activity for each medivm
after 48 h of growth, naximum values in both supernatant
and whole cells were obtained when cellobiose was used as
the mnly carbon source, although values were not greatly
different from those obtained wsing glecose and cellobiose in
the YI* medivm. These findings largely coincide with those

42 © 2005 Tha Socialy for Applisd Microbialogy, Joumal of Applied Microbiology, dot10.1111/.1365-2672.2005.02627.x
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Flg. 1 Agarose gel with the PCR preducts from amplification of the
SH5-ITS region of rIDNA from four ditferent species {lanes 1-4).
Digestion products of the amplibeates obrained wing the restriction
enzymes Fodll (lanes 58) and fiefl (loes 9-12) Lanes M marker
VEID (1114, sk, 602, 50444, 04, 320, 242, 10 147, 124, 11, 67,
37345347 30719 bp) { Boehringer, Mannbeim CimbH, Ciemmany).
Lanes 1, 5 and % Noacharmryoss evevinae (T80 lanes 2, 6 and 1k
Candiala sradlota (17BY) lines 3, 7 and 110 Kluyoemanyes Srenvatoras
SO0, lanes 4, B and 120 Hossamiagpara wvarion (38E)

of other authors: MeMahon et af (1999) used arbutin for
veast growth, while Gunata e af (1988) used cellobiose;
Yanai and Savo {1999) induced activity with 2% cellobiose,
whereas Mateo and i Stefano {1997) wed salicin. Although
Vasserot e ol {198Y9) argue that the enzyme s constitutive,
the present study found that activity was more intense when
a glucoside-bond-containing compound was added w the
medi i,

With regard o the degree of oxvgen exposure, the
activity was found in aerobic conditions. There was no
difference with Erlenmever flasks vs test-tubes, so veasts
were grown in Slml Erlenmever flsks containing 10-ml
culture medium. In anaerobic conditions, even the posiive
control displaved some inhibition of growth. These resulis
are consistent with the indings reported by other authors
(Rosi e af. 1994 Mendes-Ferreira g af. 2000; Hernindez
ot af. HNIZ).

The f-glucosidase activity at different incubation time
using Y PC medium, peak activity in both supernatant and
whole cells was recorded after 72-h growth s gven in
Table 3b.

Enzyme assay Tao uplimi.‘.u.' the EnEvine a.nnl_\':ii:i, the
range of cellobiose concentrations indicated in the Mate-
rials and methods section was tested: the best concentration

proved to be IEHgl_] {Fig. 2). Higher concentra-

tions were rejected because of cellobiose precpitation. An
enzyme-substrate contact incubation time of 30 min was
selected, although there was a slight increase in hydrolysis
by 6 min, the difference was not suificient to warrant
prolonging  overall assay  tme. Finally, no significant
difference was observed between incubation temperatures
of 30 and 45°C, so PFC was selected.

Search for yeasts displaying f-glucosidase
activity

For plie-screening of Fglucosidase activity, veast growth
on YNB-cel agar was classed on quality grounds {ie. in
tertns of the biomass produced after 2448 h growth) as: no
wowth (=), weak {+), moderate {++) and intense {(+++).
Almost 73% of the veasts displaved no growth or weak
erowth, whilst the remaining 25% showed good develop-
ment. Behaviour of Saccharomyces and non-Saccharsmyces
on YNB-cel was: growth of non- Seccharsmyces strains
ranged from  nonexistent o intense (0. hansens, AL
pedeherrina, H. woarwm, H. osmophada and B mucilagmasa),
whilst all except one Saccharomyces strain displaved weak
srowth, possibly because of residml glecamse activity in
these strains,

Quantification of the activity and its cellular
location

Having optimized the method and the conditons for
enzyme svnthesis, assavs were performed to locate the
activity in the cell. The veasts displaving the most intense
wowth on cellobiose (1M, 970, 98N, 1320, 20, 4Me,
oML, 24Me, 30Me, 31Me, 52Mr, 38B, 70, 90, 330, 340,
HC, HC, 50 and 341C), ogether with two randomly
selected weak-growth strains (P membranaeficiens, strain
oV and K. thermotelerans, strain 32C), the commercial
strain & cerevisiae (UCLMS 325) and € medischrana
{positive control) were used.

All strains displaving activity were fractionated as indi-
cated under the Materials and methods section, and five
extracts were obtained (supernatant, whole cell, cell wall,
cvtosel and membrane). Table 4 shows mean values and
significant differences.

Comparison of the resulis for the same fraction in
different veasts with respect w the positive control €
molischiana, showed that in the case of supematant none of
the veasts exceeded the positive control value; the only
striking result was for A marem (38B) with a value of
051 pg glocose ml™! supernatant {Table 4). This sugpgests
that extracellular activity was very weak, in contrast to the
findings reported by other authors (Rosi e af. 1994).

Whale-cell results were more favourable: the strain Y80
(P membranaefaciens) recorded a value of 428603 ng glu-

@ 2005 Tha Saciely for Appliad Microbiology, Jouma' of Applied Microbiology, dai:10.1111/1. 1365-2672.2005 02627 .x, 43
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Table 2 Swarary of melecubr prohle (PCR-RFLP) and identification of the veasts

Restriction fragments Yeasts
PCR Hinfl Haelll ol Hpall Isolates Identification
K5k 375 + 365 + 325+ 250+ 375 4+ 325 + 15k 715 + 125 1B, 3B, 4B, 7B, Y8, 148, 8 cerenigae
114k 1700 + 125 158, 168, 188, 2B, 4B,
25R, 268, 248, 208, 3H,
32B, B, 358, 378, 10,
20, 30, 40, 50, 170, 180,
410, 256 C, 18M
L] 325 + 325 4248 + 1500 + *H) SEb + 30 + S0 - 1E, 480 IY dasiseid
Tk 355 + 345 3+ 215 + 315 + 285 + 45 - HAN, SO0, 476, 338, R pherimora fevasis
Wi+ W 270, 240, 320
475 235 + 135 475 215 + 110 + 8 + ok - 0 siellaia
Hilk 20k + 14k 241k + 10K} 205 + LiKHF + 495 - 1320, Uit . pudedermma
L] 3L+ 310k Wl + 5l 575 - LUt | P armarala
EELl] 250 + Wy 370+ Sy 175 + 115 + 80 + - A4 P ldrpvers
Kb
SiMk 275 + 2y 330+ W+ Sl 175 + 11k + W + 75 - GHM 60T P e anaefaaens
Kk 411k + 38k Sk 3300+ 2200 + 150 + - A0, RO, TG 120 150, 10 deduecki
11K}
0, MTC, M0, 2400,
2506
il 34+ 225 + 425 + 215 320 + 2400 + 80 - 20, 3410 R awucilagino
75
el 350 + ey + Tl b + 310 + 105 - 240, 316, 5201, 388 HL arvaranm
1 8k
5k 3k + 36k Sk + 120000 + 275 + 150 + 135 + - T U, M 450 M. asrapivita
Kb W5+ 75
Table 3 f-glucosidse aetivity (shsorbance values ar 505 nm) of 0.8
Conndisda ao lizeliasna for different culture conditions: {2) growth
medinm and (b) growth time. Triplicate assays were arried out 0.6
Medium Supernatant Pellet 04
{a) Ciroowth meedium assay performmed ar 48 h of growth
YPD 4 0.2
YPD + (2 14 5 ) ) . ) )
YPC 26 30 50 70 o0 110 130
Timee {h) Supernatant

) Giroowth time assay perfomyed with Y PC as carbon source

24 k12
44 k23
72 78
M k56

CORE 111[:" drv nl:'u;hl, e 800G of the pmilL'lw: control value:
the st 60t (P recorded
29320 ng glucose mg' dev weight, a relative activity of

wmembranagficens)

55%, while strain Y7M (P anemala) displaved a relative
activity of 46% (24576 ng glucose 111g_|].

Flg. 2 f-Glucosidase sctivity {absorbance values 2t 505 nn, " values)
of Candida malisotiana for different cellobiose concentration (g 179,
o values. Triplicare assays carried our

These three veasts also displaved cell-wall activity greater
than that of the positive control. It may thus be concluded
that the Prchia sirains studied had the activity linked 1o the
cell wall.

Only two veasts (P membranaeficens, 980 and AL
asmophile, HHC) displaved cyosol activity values lower than
thase of the positive contol, M puldherrma (1320M)
displaved a relative activity of 825% with respect o

44, © 2005 The Sociaty lor Applied Microbiology, Jourra! of Applfed Microbiology, doin1001111/.1365-2672.2005.02627.%
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Table 4 f-Glucosidase activity in different

SFNT we 0 T MBRN cell Fractions. Significant differences
I hamserdi {1NE) (1%} 3 32 1211-4% (F = (HB) in enzyme activity berween differ-
K. thermataerans { S0MD) W7 133 530" 2000-8° ent yeast fractions. (Triplicate sssays carried
K. thermataderans { 320) 2ik4 1607 1 124" aut)
M. pakchersima (132M) (SR 47 1247 ETT
AL pakchersima (9M1) () 157 47 28004°
P asamala (97M) §21 45767 S1314° EET TN
Poanerib e facian {FSM) >4 42863 47155 4058
P anesbranaefadens (AL 867 29320F Ha3t (i
H. wreavaon (24M1) 2 Kt 23597 4"
H. wavaon (31M1) 4 {7 L M7t
H. s (52MI) 71 145417 114 523"
H. wearaon (388) 51 T 1145 162-3°
H. aanapiita {T0) 554 P {HF* 197 10"
H. asmapivita {90) 1-4 {HF {HF G253
H. aomapiila (440) (k) B 62 1 3°
H. aamapiila (450) (k) (P {HF* 241547
R swucitagisnass (2ML) +4 P 525 {HF
R swucitaginass (3410 0 342" 57347 7573
T, delvmecitis (340 21 iy 57 444170 "
T, delieciii (40r) () 423 1057 2677°
T deliveciii (330) 342 15639 [EEY 2ITT1E
& sevevidae (410) () 13067 16 166107
8. sevevidae {UCLMS325) 771 B B4 11647
€2 o fissiviana 4345 53R 151430 EURRTS

SPNT activity in supermarant expressed s pg de glucose ml '

W, OV, CT and MBEN: activity in whaole cell, cell wall, cytosel and membrane, respecrively,
expressed as ng de glucose mo . dry weight. Different lerrers show significant differences.

€. malischiana (H066°6 ng elucose me™" dryv weight), while
three Hansensaspara strains displaved a relative activity off
over HNNMG, one M. wparwm (2400 ar 69468 ng gu-
COsE 1'n|_.z_J drv weight and two H. sonephila strains (70 and
9C), one of which recorded an acuvity of 20 (W%
(980253 ng glucose mg_J dry weight).

Finally, 353% of the veasis displaved membrane activity
greater than that of the posidve control, although values
in all the cises were lower than those recorded for
cvtosol.

A one-factor ANOVA was used o west for significant
differences in enzvme activity between the fractions of a
single veast; results are given in Table 4, where significant
differences {P < (M5) are marked by different letters. Data
for supematant were not tested, comparison being poimntless
as values were expressed in different units. No significant
differences in enmyme activity were found between the
whole cell and the cell wall of any given veast, with the
exception of £ hanenn (97M), P membranaefaciens {H0M1)
and T delbruecks (34C). Significant differences were found
berween these two fractions and both cvtosol and membrane,
as weell as berween evtosol and membrane, where differences
were statstically significant for all except B. mucrlaginosa
strain, 341C.

@ 2005 Tha Saciely for Appliad Microbiology, Jouma' of Applied Microbiology, dai:10.1111/1. 1365-2672.2005 02627 .x, 45

DISCUSSION

The method wsed by Cordero Otero et al. (2003) was
improved in this studv. We found that the grear actvity
shown by the cells was obtained when they grew on YP
cellobiose instead of YPD and for 72 h (not 48). The
substrate concentration in the enzvmatic assay was 128 ¢ [
and the incubation temperature 30°C.

Although it is not easy o draw general conclusions
regarding the portion of the cell involved in f-glucosidase
activity, the present resulls suggest that extracel lular acuvity
s weak and intracellular activicy much more marked; in
most strains, and particularly in Hanewagpors, actvity
would appear to be chiefly located in the cytosol.

Giiven the cell-wall activity observed in some strains,
future research might wsefully focus on obtaining a crude
cell extract to enable swilt identification of the individuwal
veasts displaving the most intense f-glucosidase activity.

MNon-Saccharomyees species displaved  greater  activity,
although Saccharemyces siraing also displaved weak hyvdro-
lvsis of f-glocoside bonds, possibly because of residual
slucanase activity.

Actvity was strain-dependent, as shown by the four
H. asmaphila strains vested, two of which showed intense
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cytosal activity while the other two exhibited vimally no
activity ar all.

In principle, these mesuls are of Lk value For industrial
application because the activity was intrcellular; however,
attempts should still be made to identify individual strains
from  vimeyard-winecellar ecosystems  with maore  interse
extracellular activiry.

ACKNOWLEDGEMENTS

The authors would ke to acknowledge the Ministerio de
Fducacion v Ciencia for 2 grant concession to Maria Arivalo
Villema and the INIA (RENE-(E3) for supporting this
et

REFEREMCES

Boulon, B, Singlon, V., Bisson, L. and Kunkes, K. {1998} Baaapies
amd Pracives of Wiesmadogr. Gaithershurg, MDD, USA: Aspen
Pablshers, Inc.

Briomes, A1, Ubeda, JF, Cabesmgla, MR and Mantin-Alvare, P
{1995} Belection of sponianenus strams of Savclarany cor core viniae &
stanters in their vidoubural area. fecent Develspments i Fowd Soience
and Human Nwrrgay ol Charakmbous, G Ekevier 5o, Chardam:
hous (. Elkevier 8o, 13971611

Charcencha, ©, Fleet, GH., Hemchbe, PA and Tadd, BEN.
(1997} Sareening of non- Saccharawy ces wine vemss for the presence
of eximacdullor hvdrolviic enzyvmes. Awst J Grap Wive £ 3, -8

Cami, M. md Piociottd, 6o (1995) The growdh binetics and fermen
tation hehaviour of some non-Saee barsaw)ves veasts asodated with
wine-making. Biatechea Lo 17, 1247- 12530

Cordero {hera, BR., Ubeah Iranzoe, P, Hriones Péres, AL
Poigieier, M., Arevals Villena, M., Preforius, 15 md Van
Rensburg, P (2003} {haraoteration of the fglucosidase activiny
produad by enalogia] strain of non-Saccalrsmees vaasts. J Faad
Fei B8, 5642569,

Cordomnier, B E, Gunma, Y, Boomes, KL ond Bayomove, 1.
{1989} Recherche d"un materie]l enzyvmatique sdapte o Fhidral vse des
precurseurs darame de nuiure ghyoosidique du raisin. Coae Fig Fin
23 7-13

Drdaroix, A, Gimam, £ Sapis, O Salmon, LM and Bavonowe, ©
{19} Glveosidase activities of three enalogical vesst strains during
winemaking, elfeat on the terpenal coment of Muscat wine Aw 7
Ensl Fiticul 45, T91-T96.

Esteve Fareosa, B, Belloch, O, Urabura, F.oand Cueral, AL (1999
ldkendficagon of vemses by RFLP anal vsis of the 385 rNA gene and
the two ribosomal mniemal imnscribed smes. Mo § Sy Eval
Muralial 49, 3I-337.

Ferninder, M., Ubeda, JF. and Briones, AL (300} Typing of
non-Yaccharempees vemsts with enzyvmatic soindties of merest in
wine-making. Jar J Fead Mirabisl 39, 7916

Fleet, G H and Heard, GM. (1997} Yeast-growth during frmenia
tion. Im Wi Morslaary and Bstecdosbgry. e Fleet, GH. pp
1754 Bwitwerlnd: Harwood Academic Publshers GmbH.

Cunata, ¥, Bayonove, O Baumes, B L. and Cordonmier, B (1986
Euhility of free md bound fracdioms of some aroma componens of

grapes ov. Muscat during wine processing, preliminary resulis
A J Eval Videwd 37, 112-114.

Gunaa, YV, Bateur, 5, Brlluet, | M, Bavonowe, 1. and
Cord ammier, B {1988 ) Sequen tial ermymatic hvdrabsis of potentially
aromatic ghyosides Fom gape. Carbalpadr Ber 184, 139149,

CGunmn, ¥¥, Bavonove, C L, Tapiero, C and Cordonnier, K. {1590}
Hidrohss of grape monoterpendl  fD-ghosdes by varions
Bghicosidmes. § Agre Fasd Clew 38, 1232-1136

Gunaw, Y¥, Bavonove, T, Cordommier, RE, Armoud, A and
Galew, P (19900} Hydrobsis of grape monote peni glvasils by
Cindida malichiang and Candida walerbai fghicosidase. J 5a
Faad Agrac sl 30, 499506

Herninder, LF, Espmea, O, Femdindez Gonmiles, M. amd
Briones, A (I00I} Fglucosichse activity in o Saccharsammpeer
cerentdae strain. S § Faod Muraksd 80, 171-176

Herraiz, T. (1990} Estilio de compuesios volitles en producios de b
Ermenucin domhdlica. T Lak 132, 461465

Locas, M, Gunaia, ¥, Saps, O md Bavonove, & (1991} Purifica
gom and panil chamckerizmton of §fglosklse om gapes.
Phprachen 3, 451454

Mamearares, P, Bojs, V., Genowvis, 5 md Valkis, 5 (2000} A
preliminary smrch for anthocyanin- - D-gluoed dase activity in non
Kaccharamycer wine veasis. fut J Foad Kar Technal 35, 95-103.

Maten, || and I Stefano, B (1997 Description of the {f-gluoomi dase
acinvity of wine vessis. Food Mursksl 14, 383591

MeMahon, Ho, Foccklan, BAW., Fugdsang, K. Jasinski, V. (1999
Chmiifimion ofo ghyosidee actvities m selecied vemss ana laciic
ackl lcenia. § fed Marafsl B chesl 13, 198-203.

Mendes Ferreira, A Climaca, MOC mnd Mendes Faia, A (2000} The rale
of mon- Sacehassmpees species in redlsing ghyoosidic Facdin of grape
aram camponents — o prefimimry smody. JoAeod MHersbel9 1, 67-T1.

Mikkiy, E. and Pabes, V. (1995} Yeasts with fm glucesidase activity:
properties md posible application in winemaking processes. Aota
Alwensara M, 167150

Riou, © Salmom, | M, Vallier, M., Gunate, 2. and Barre, P (1995)
Purification,, charscterpmiion, and subsimate specificiiy of a novd
highly ghiceme-toleram ghicosichse fom Agergilie srpzae. Agpl
Evvaran Murakasl &4, 36073614,

Heesd, 1, Vinedla, M anad Dromieso, P {1954 Charsceriation of [ghioesd
dhseaativity in veast of senobogical arigin. J.4e00 Bacienal TT, 319-527.

Srauss, M LA, Jolly, NP Lambrechis, M 4. and van Rensburg, P.
(2001 } Screening for the producton of evracelulr hyvdrobtic ensvmes
by mon-8 e harsanpe s wine vemas. J Apgd Mocradeal 91, 152 190

Tingle, MY, and Halvorson, HL (1971} A comparieon af {glucamse
and fglumsidee in 5 ok, BEA 230, 165171,

Wasserot, ¥V, Chermardin, P, Amaoud, A and Gakey, PO (1959}
Purifioution and properties of o fgluomidse of Hawewapera vinea
van der walt with a view to is wiilzzation in fruit aroma Eberation.
T Appl Bacterisl b6, I7T1-I79.

Wilkams, PJ., Straus, TR, Wikon, B. and Massy- Westrapp, EA
(198E) Studies on the hyvdrolvss of Fas Fowfers monaterpene
precursar compounds  mnd mode]l monoderpene D ghioosides
raticmalizing the monokenpene compaes gon of grapes. 7 gl Faed
hewe 30, 12191221

Wamai, T. and Sara, M. {15959} Isolton and properties of §gluoos dase
produced by fefarpsmpesr havsna and its application in winemak
ing. Aw J Eval Fiicwd 30, 231-235.

& 2005 The Socieny lar Appied Micrabiobgy, Joumss of Appied Microbiobgy, 99, 558584, doi10.11114.1185-3872.2005 02637 %

Maria Arévalo Villena, 2005



Enzyme and Microbial Technology

Characterisation of an exocellular B-glucosidase from
Debaryomyces pseudopolymorphus

Maria Arévalo Villena "', Juan F. Ubeda Iranzo ', Sarath B. Gundllapalli %, Ricardo R.

Cordero Otero % and Ana |. Briones Pérez '

! Departamento de Quimica Analitica, Tecnologia de Alimentos, Universidad de Castilla-La Mancha,
Ciudad Real 13071, Spain.

2 Institute for Wine Biotechnology, Department of Viticulture & Oenology, Stellenbosch University,
Stellenbosch ZA 7600, South Africa.

Abstract

When grown in complex media containing 20 g of cellobiose per litre,
Debaryomyces pseudopolymorphus secreted a B-glucosidase. The synthesis of this
enzyme was repressed by glucose. Most of the enzyme was concentrated in the
supernatant, with only 10% of the total activity being cell associated. This (-
glucosidase (designated Dp-Bgl) was purified and shown to be a monomer with a
native molecular mass of approximately 100.000 Da. It demonstrated optimal activity at
a pH of 4 and, in the short term (no more than 2 h), at a temperature of 40°C.
Temperature-stability analysis revealed that the enzyme was labile at 50°C and above.
It had a strong affinity for cellobiose and maltose, and degraded laminarin. It was
inhibited by Ca"™, Zn™, Mg"™ and acetic acid, but apparently not by glucose and

ethanol.

Keywords: B-glucosidase, Debaryomyces pseudopolymorphus, exocellular, glucose
resistance, wine aroma

INTRODUTION

Monoterpenols play an invaluable role
in the flavour and aroma of grapes and
wine and are present as free, volatile
and odorous molecules, as also as
flavourless, non-volatile  glycosidic
complexes (Wiliams et al. 1995).

Depending on the precursors, the

glycosidic linkages of these complexes
are first cleaved by o-L-
arabinofuranosidase, an o-L-
rhamnopyranosidase or a  B-D-
apiosidase, followed by a second step
that involves the liberation of the
monoterpenols (Gueguen et al. 1996).

Fungal, bacterial and some yeast B-
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glucosidases (1,4-B-D-glucosidase; EC
3.2.1.21) may be effective aroma
liberators (Gueguen et al. 1996), but
these enzymes are not always suitable
for use under the harsh conditions that
prevail during winemaking (i.e. low pH,
low temperatures, and high ethanol and
glucose concentrations). The limited
enzyme activities of the above
mentioned microorganisms have
necessitated a search among non-
Saccharomyces  yeasts  for -
glucosidases that can withstand these
conditions (Gueguen et al. 1994,
Cordero Otero et al. 2003, Arévalo
Villena et al. 2005).

Previously, it was studied the -
glucosidase activities of 20 wine-
associated non-Saccharomyces yeasts,
which were quantified, characterised
and assessed to determine the
efficiency with which they could liberate
monoterpenols from their terpenyl-
glycosides (Cordero Otero et al. 2003).
Debaryomyces pseudopolymorphus f3-
glucosidase (Dp-Bgl) exhibited the most
suitable combination of properties in
terms of functionality at wine pH,
resistance to wine-associated inhibitory
compounds (glucose, ethanol and
sulphur dioxide), high substrate affinity,
and large aglycone-substrate
recognition. In conjunction with S.
cerevisiae VIN13, this yeast strain was

also used for small-scale fermentation,

which suggested that the B-glucosidase
of D. pseudopolymorphus has definite
potential as a wine aroma-enhancing
enzyme, for the reduction of citrus
bitterness in juices, and as a main
enzymatic component of the synergistic
hydrolysis of cellulosic biomass for bio-
ethanol production.

In the present study, it was isolated and
characterised an  exocellular  f-
glucosidase from cellobiose cultures of
D. pseudopolymorphus. The effect of
different carbon sources on enzymatic
biosynthesis in the supernatant fluid of
D. pseudopolymorphus was evaluated
due to previous studies demonstrated
that the B-glucosidase synthesis was
depending strain (Arévalo Villena et al,
2005). It was also studied the influence
of pH, temperature, thermal stability,
kinetic properties, substrate specificity
and effect of metal ions and
compounds, confirming that this f-
glucosidase is potentially useful for the

enhancement of wine aroma.

MATERIAL AND METHODS
Growth and

production

B-glucosidase

The yeast strain used was
Debaryomyces pseudopolymorphus. It
was studied the time of growth in which
the synthesis was maximum.
Erlenmeyer flasks filled to 20% of their

volume with YPD (10 g-I"" yeast extract,
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20 g'I" peptone, 20 gI" glucose) or
YPC medium, and inoculated with 24
hour-old culture to an initial ODgg of
0.5, were used for aerobic cultures. The
cultures were incubated for 72 h at
30°C on a gyratory shaker at 200 rpm.
At intervals, the cells’ dry biomass and
enzyme activity were evaluated. The
enzyme activity was determined by the
method proposed for Arévalo Villena et
al (2005), where the glucose released
by cellobiose hydrolysis was quantified
using the Glucose Go Kit (Sigma)
according to the supplier’s
specifications, and the amount of
glucose produced was calculated from
a standard curve for glucose. The
activity was expressed in nmol glucose

ml" mg™” dry cells.

Enzyme purification

e Enzyme isolated:

The cells from a 40 hour-old culture
were harvested by centrifugation at
5000 rpm for 5 min at 4°C and 50 ml of
supernatant was brought to 80%
saturation by the addition of pre-chilled
saturated acetone solution and left
overnight at 4°C. Precipitates were
collected by centrifugation and
dissolved in 50 mM citrate buffer at pH
6.0. The solution was subsequently
diafiltered on a 50 kDa cut-off and 100
kDa Amicon membrane (Amicon) with
50 mM citrate buffer at pH 6.0. All the

fractions obtained were evaluated
quantifying the B-glucosidase activity.

The proteins were then separated on a
Bio-Rad Automated Econo system by
anion exchange chromatography
equipped with a DEAE sepharose
column (Amersham Pharmacia Biotech)
equilibrated with the same buffer. The
enzyme was eluted with a linear
gradient of 0-0.5 MNaCl and the
monitored fractions showing activity
were pooled. The purified enzyme was
dialysed against 50 mM citrate buffer at
pH4.8 and concentrated by ultra-
filtration (100 kDa cut-off membrane,
Amicon). The protein concentrations
were determined using the Bio-Rad
protein assay kit (Bio-Rad), with purified
bovine serum albumin (Promega) as
the standard.
e SDS-PAGE:
Sodium dodecyl sulphate-
polyacrylamide gel electrophoresis was
performed with a 10% gel according to
the method of Laemmli (Laemmli et al.
1970), using a mini-protean system
(Bio-Rad). The gel was stained with
0.1% Coomassie brilliant blue in a
solution containing 50% methanol and
15% acetic acid. The fraction that
showed the greatest activity together
with an aliquot of supernatant and
another one from acetone precipitation

was confirmed by used of this method.
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(SigmaMarker™ high molecular weight
range used as marker).

¢ Antibody preparation

Antibodies to almond [-glucosidase
(Sigma) were obtained as described
before (Bellstedt et al. 1987), except for
the use of purified B-glucosidase for the
primary immunisation of the rabbit (1 ml
of 1 mgml"). Antigen boosts were
performed at three weeks and five
weeks after primary immunisation, and
the antiserum was collected on the 28"
and 42" days.

e Immunochemical determination of
Dp-Bgl.

Samples were electrophoresised in
SDS-PAGE gels and were transferred
to polyvinylidene fluoride (PVDF)
microporous membrane (Immobilon™-P
Transfer Membrane, Millipore) using
standard procedures (Towbin et al.
1979). Western-blot protein analysis
was performed using the ECL Western
blotting analysis system (Amersham
Pharmacia Biotech). Blotted proteins
were identified immunochemically by
sequential addition of anti-p-
glucosidase serum, followed by goat
anti-(rabbit 1gG) Ig conjugated with
alkaline phosphatase (Bio-Rad). The
secondary antibody was detected at
Asos with a microtiter plate reader (Bio-
Tek Instruments Inc.), and converted to
quantities of Dp-fgl in culture

supernatants, which were calculated

using standard curves obtained with
linearly increasing concentrations of

purified almond B-glucosidase (Sigma).

Effect of temperature and pH on -
dlucosidase activity

The temperature profile for Dp-Bgl was
measured between 20 and 70°C in 50
mM citrate buffer at pH 4.0. The effect
of pH on the activity of the isolated
enzyme was investigated in the pH
range of 3-7 at 40°C, using citrate
phosphate buffer for the pH range 3.0-
5.0 and Tris-HCI buffer for the pH range
6.0-7.0.

Enzyme thermal stability

The temperature stability of the isolated
Dp-Bgl was investigated by incubating
the enzyme preparations in 50 mM
citrate buffer at pH 4.0 in airtight tubes
at 40°C. At different times, 100 pl
samples were withdrawn and stored on
ice until the residual activity was

determined.

Kinetic properties

The kinetic parameters, Vimax (umol-min’
"'mg™), and Michaelis-Menten constant,
Kn (mM), were determined from
Michaelis-Menten plots of specific
activities at six to 10 concentrations of
substrate, and the rates were measured
in duplicate, ranging from 0.2 to five

times the value of K,. The values of
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Vmex and K., were determined by
nonlinear regression, analysis using the

graph pad prism program.

Substrate specificity

To study if the enzyme could hydrolyse
B-Glucosidic links of specific substrates,
the B-Glucosidase activity was assayed
by measuring the amount of glucose
released from cellobiose (Sigma)
substrate, using the Temperature and
pH optimum. Substrate specificity of the
B-glucosidase enzyme was determined
using two different concentrations (1
and 10 mM) of different polymers,
containing either -1, 4, -1, 3, o-1, 4
linkages, or B-aryl-glycosides such as
lactose, maltose, laminarin,
paranitrophenyl B-D-glucoside (pNPG),
arbutine, N-octil-B-D-glucoside or

mandenonitrile glucoside.

Effect of metal ions and compounds
The effect of different cations and

reagents on B-glucosidase activity was
assessed by adding 1 or 10 mM of
various divalent and monovalent
cations (Ca ", Co 2 Mg *?, Zn, K and
Na), glycerol, EDTA, acetic acid, SDS,
triton x 100, glucose and ethanol to the
reaction mixtures prior to incubation at
40 °C.

In all cases cultures were grown in

duplicate, and assays were conducted

in quadruplicate. The value ascribed to
the maximum pB-glucosidase activity
obtained in the non-spiked reaction mix
is 100% (always done with cellobiose

as sustrate).

RESULTS
Growth and B-glucosidase
production

The effect of different carbon sources
on enzymatic biosynthesis in the
supernatant fluid of
D. pseudopolymorphus is shown in
Figure 1. The yeast grew well on both
substrates, although cell mass was
about 1.2 times higher in glucose-
containing media than in cellobiose-
containing media. The differences in
the growth yield were not, however,
correlated with the differences in total
enzyme activity. A preliminary
investigation using cellobiose media
showed that intracellular activity
remained at about 5% of the maximum
activity in the supernatant fluid. The
greatest production of pB-glucosidase
was observed during the aerobic
growth of D. pseudopolymorphus in a
growth medium with cellobiose as the
sole carbon source, being therefore a
synthesis induced as showed previous
studied (Arévalo Villena et al, 2005).
Maximum enzymatic synthesis occurs
in the supernatant fluid after 40 h of

growth of D. pseudopolymorphus, but
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the pB-glucosidase activity in the
medium decreased after 48 h. Enzyme
production during aerobic growth in the
medium with 2% glucose as sole
carbon source was less than 1% of the
maximum value in YPC. Cellobiose is
thus a good carbon source for
exocellular B-glucosidase production
from D. pseudopolymorphus. In
contrast, glucose has a repressive
effect, possibly through the catabolic
repression of B-glucosidase synthesis,
which was reported for an intracellular
B-glucosidase from
Debaryomyces hansenii (Riccio et al.
1999). However, the constitutive
extracellular B-glucosidase isoforms for
this yeast are not repressed by glucose,
in contrast to our findings. The inhibition
of exocellular Dp-Bgl reported by us

may therefore result from a different

mechanism.
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Fig. 1. Kinetics of growth and B-glucosidase
biosynthesis in D. pseudopolymorphus. The
enzymatic activity is expressed as nmol glucose
produced per ml of supernatant fluid h™'. Growth
in YPD (O) and in YPC ([0); enzymatic activity in
supernatant YPD (®) and YPC (H). The
standard deviations were between 5% and 10%.

Purification of the enzyme
The purification of enzyme from 50 ml

of supernatant was performed as
described earlier in materials and
methods. The purity of the -
glucosidase preparation was confirmed
by SDS-PAGE electrophoresis and
compared with different extracts
obtained during the purification process
(Fig. 2). B-glucosidase activity assays
and the gel showed that the enzyme of
interest was a monomer with a native
molecular mass of approximately
100.000 Da and that the purification
process with that criterion was correct.
On the other hand, the Dp-fgl
determination was confirmed by

Western-blot protein analysis.
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Fig. 2. SDS-PAGE electrophoresis of the
various steps of B-glucosidase isolation. Lane 1,
supernatant fraction; lane 2, after acetone
precipitation; lane 3, after ultrafiltration, fraction
with greatest activity (= 100 kDa). The numbers
to the right of the figure indicate the position and
molecular Wei\?ht in KDa of the marker
(SigmaMarkerT high molecular weight range).
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Effect of temperature and pH on -
glucosidase activity

A temperature profile was constructed
to investigate the temperature optimum
for the B-glucosidase from
D. pseudopolymorphus. Enzyme
activity as a percentage of maximum
activity was plotted for a range of
temperatures (Fig. 3A). The exocellular
B-glucosidase from
D. pseudopolymorphus has a
temperature optimum around 40°C. The
temperature  activity profile  was
extended into lower temperatures,
showing that specific activities at 20°C
and 30°C were 60% and 80% of the
maximum respectively. The enzyme
showed a very high deactivation rate at
incubation temperatures higher than
40°C, with only 20% and 10% of
maximum activity remaining at 50°C
and 70°C respectively.

The pH dependence of B-glucosidase
activity was measured using reaction
mixtures between pH 3 and 7 (Fig. 3B).
The enzyme had a pH optimum of 4,
and the specific activities at pH 3.6 and
7 were 80%, 94% and 82% of the
maximum respectively.
D. pseudopolymorphus B-glucosidase
activity thus remained quite high in

acidic reaction mixtures.

Enzyme thermal stability
To determine the thermal stability of the

B-glucosidase, residual activity was
measured after heat treatment at 40°C
for various periods (Fig. 4). The
residual activity after 3 h of incubation
decreased to approximately 30% of the
maximum activity.

100 8
80
60

40 -

20 A

Residual activity (%)

0

0 2 3 4 5 6
Time (h)

Fig. 4. Thermostability of the B-glucosidase. The
scale of residual activity (%) indicates the
percentage of experimental value to the
maximum. The stability over time is of purified -
glucosidase incubated at 40°C and pH 4. The
values shown here are means from
quadruplicated assays * 5% standard deviation.

Kinetic properties

The kinetics of cellobiose hydrolysis
were determined using purified enzyme
preparation at 40°C and pH 4. The
enzyme had an apparent K, value of
11.9 mM, and a V.. value of 70.2
umol.min'.mg  protein”  for  the

hydrolysis of cellobiose.

Substrate specificity
Substrate  specificity of the -

glucosidase enzyme was determined
using a number of different polymers,
containing either $-1,4, pB-1,3, o-1-4

linkages, or B-aryl-glycosides.
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Fig. 3. The relative enzyme activity at different temperatures (A) and pH (B) values for the purified -
glucosidase. The scale of relative activity (%) indicates the percentage of the experimental value at various
temperatures and pH'’s relative to the maximum. The values shown here are means from quadruplicated

assays * 5% standard deviation.

The enzyme showed high reactivity
towards cellobiose and p-nitrophenyl-$
-D-glucoside, but lower quantities of
reducing sugars were liberated from
N-octil-B-D-

mandelonitrile-D-

maltose, laminarin,
glucoside and
glucoside (Table 1). The soluble
polysaccharide laminarin, usually a
good substrate for p-glucosidase
enzymes, was hydrolysed at 60% of the
maximum hydrolysis rate, confirming
the endo activity of the purified peptide.
The enzyme hydrolysed pNPG, N-octil-
B-D-glucoside and mandelonitrile-D-
glucoside at 100%, 43% and 52% of
the maximum relative hydrolysis rate
respectively. With regard to the arbutin,
it was not possible to determinate the
activity due to there was some
interference with the colour
development (the problem sample did
not even come to the reading of the

blank). On the other hand the enzyme

showed no activity on lactose, what

was waited due to the link is not B-
glucosidic, in spite of the this substrate
is hydrolysed by other B-glucosidases.
The p-glucosidase Dp-fgl that we
describe thus has broad specificity for
different kind of substrates, and very

good activity for mono-B-D-glycosides.

Effect of metal ions and compounds
The effect of various cations and

compounds, at concentrations of 1 mM
and 10 mM, was tested on the activity
of B-glucosidase (Table 2). The enzyme
was moderately inhibited by 10 mM

Ca?, Mg®* and Zn*, showing 69%,
81% and 53% of maximum activity

respectively. At the same concentration
of the Co?*, K" and Na* cations, the

enzyme showed no inhibition. The B-
glucosidase was activated to a lesser
degree by Co®*, Mg®*, K* and Na* at 1
mM. It was also investigated the action
of some enzyme compound effectors at

the same concentrations and found that
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Table 1. Effect of the Dp-Bgl of D. pseudopolymorphus on different substrates.

Substrate

Configuraltii::agm; glycoside Re'ig‘éﬁ;:;;'fsl (l;zt)e of
Cellobiose (1-4)-BGlc 100
pNPG (1-4)-BGlc 100
Laminarin (1—-3)-BGlc 60
Maltose (1-4)-aGlc 52
Mandelonitrile glucoside (1-4)-BGlc 52
N-octil -D-glucoside (1-4)-BGlc 43
Arbutin (1-4)-BGlc ND
Lactose (1—-4)-pGal ND

ND, not detected. Standard deviations < 10 % in all cases.

Table 2. Effect of different cations and compounds on Dp-f3gl from D. pseudopolymorphus.

Residual activity (%)

Residual activity (%)

Cation 1mM 10 mM Compounds 1mM 10 mM
ca* 93 69 Glycerol 119 103
Co* 124 113 EDTA 132 94
Mg** 115 81 Acetic ac. 119 47
K" 123 115 SDS 30 54
Na* 128 108 Triton X100 75 71
Zn* 111 53 Glucose 70 120
Control 100 100 Ethanol 154 63

Standard deviations < 10 % in all cases.

the enzyme was moderately activated
by 1 mM acetic acid and ethanol, but
inhibited by the same compounds at 10
mM, showing 47% and 63% of
maximum activity respectively. The f-
glucosidase showed 70% of maximum

residual activity with 1 mM glucose, and

was moderately activated by this
hexose at 10 mM. Finally, it showed
slight activation in 1 mM glycerol (119%
of maximum), but was not affected by

10 mM glycerol.
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DISCUSSION

Previously, we characterised the -
glucosidase activity of wine-related
non-Saccharomyces yeasts (Cordero
Otero et al. 2003, Arévalo Villena et al.
2005). The p-glucosidase activity of
Debaryomyces pseudopolymorphus
showed a promising, suitable
combination of good functionality at
wine pH, temperature, resistance to
wine-associated inhibitory compounds,
high substrate affinity and wide
aglycone-substrate recognition. In this
study we isolated and characterised an
exocellular, active form of f-
glucosidase from the same yeast. The
lower value of B-glucosidase activity
observed in the medium was found to
be dependent on the presence of
glucose, anaerobic conditions for
growth, and the physiological state of
the cells. Rosi et al. (1994) obtained
similar results for D. hansenii strain
4025, but not with respect to glucose
regulation. On the other hand, the study
showed that to quantify pB-glucosidase
activity in wine yeasts, is necessary to
study the optimum time of growth
(between 36 and 72 hours) for each

one of the strains, since the enzyme

synthesis is strain depending
(Arévalo Villena et al. 2005).
The purified enzyme from

D. pseudopolymorphus clearly shows

two different glycosylated forms, rather

than a diffuse heterogeneity (Fig. 2),
with an apparent MW of 100 + 5kDa,
which is similar to that reported for
Candida molischiana and D. hansenii
(Vasserot et al. 1991, Riccio et al.
1999).

The optimal activity conditions for this
enzyme are similar to those reported for
the exocellular yeast pB-glucosidases
from Dekkera intermedia and
Hanseniaspora vineae (Vasserot et al.
1989), namely pH 4-5 at 40°C. The
trend for higher specific activity at pH
values lower than the optimum of 4
reported for most of the B-glucosidases
might be due to an acid-base catalytic
mechanism, such as that shown for -
glucosidases (Legler 1990). Moreover,
the decrease in stability at pH 3 might
be correlated with the isoeletric point of
the D. pseudopolymorphus enzyme,
with the increasing number of intra- and
intermolecular interactions protecting its
three-dimensional structure from a
lower unfolding rate (thermal
denaturation) (Mozhaev & Martinek
1990). Dp-pgl displayed maximal
activity at 40°C, and retained 60% of its
activity at the temperature of wine
fermentation (approximately 20°C), a
temperature at which most of the
characterised [B-glucosidases retain
only 10% to 40% of their maximum
activity (Belancic et al. 2003). In

addition, both the pH and temperature
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optima for Dp-pgl activity (pH 4-5,
40°C) correspond to those reported for
a D. hansenii purified extracellular
enzyme (Riccio et al. 1999), and to
those for purified enzyme from
D. vanrijiae (Belancic et al. 2003). The
kinetic parameters calculated for the
Dp-Bgl on cellobiose (K, 11.9 mM and
Vimax 70.2 pmol.min".mg™) are not in
agreement with those for a f-
glucosidase purified from D. vanrijiae
(K 57.9 and V.« 84.3, Belancic et al.
2003).

B-Glucosidases may be divided into
three groups on the basis of their
substrate specificity: aryl-p-
glucosidases, cellobiases, and f-
glucosidases with broad substrate
specificity (Gueguen et al. 1994). In this
study it demonstrates that Dp-Bgl may
be included in the first group, with many
others isolated from both fungi
(Gueguen et al. 1994, Gueguen et al.
1995) and bacteria (Kempton & Withers
1992). Furthermore, Dp-Bgl shares the
capacity to hydrolyse both o- and -
glucosides with only two other -
glucosidases, namely those isolated
from Botrytis cinerea (Gueguen et al.
1995) and Aspergillus oryzae (Riou et
al. 1998). The low inhibition action of
the chelating agent EDTA (Table 2)
allowed us to conclude that the active
site of this enzyme is not dependent on

divalent cations for enzyme activation.

The partial inhibition of Dp-pgl by both
sodium dodecyl sulphate (SDS) and
triton x 100 indicates that the integrity of
its three-dimensional structure is critical
for its catalytic activity. The
enhancement of its activity by ethanol is
shared with other yeast B-glucosidases
(Vasserot et al. 1989, 1991, Gueguen
et al. 1994, Rosi et al. 1994, Cordero
Otero et al. 2003), and may involve
glucosyltransferase activity. However,
the inhibition of Dp-pgl activity by higher
ethanol concentrations was probably
attributable to protein denaturation,
which may also explain the inhibition of
the activity of this enzyme in the
presence of acetic acid (Table 2).

In conclusion, the properties shown by
the B-glucosidase of
D. pseudopolymorphus (higher activity
at acidic pH, at relatively high glucose,
acetic acid and ethanol concentrations),
together with its capacity to hydrolyse
terpenic glycosides (Cordero Otero et
al. 2003) make this enzyme a good
candidate for applications in the
development of the varietal characters
of wines and fruit juices. However,
additional work is required to determine
the influence of D. pseudopolymorphus
on wine aroma, and the effectiveness of
the immobilised B-glucosidase enzyme
in large-scale winemaking trials. The
present study also lays the foundation

for the cloning and expression of the
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D. pseudopolymorphus B-glucosidase
gene in commercial wine yeast. Such
recombinant wine yeast would release
grape-derived varietal aroma
compounds from the non-volatile, non-
odorous precursors during single-

culture fermentations, thereby

increasing the sensorial quality of wine
— the single most important aspect of

winemaking.
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Alstract

This puper reports on a quick and smple method for reliably quantifyving aroma precursars in grape eoiract, miss and wines of
difierent grape variefes. The method, which & intended mainly for use by wineries and amidviical bbarataris, is based on isoltion
af terpeny b feoeghyoosides through selecfive retention on a €y reversed-phase column,, followed by hydrolyss to libemte enpenes,
yielding an equimolr propartion of free agheons and glhiose. Sugar was measured wing an ereyme analysis kit Aroma precursors
were quantified wwing this method, in a2 mnge of owhed grapes, musis and wines produced in the Castilla La Mancha region. The
method was ako applied ona brger smle ina wine aml viical b bomtory, so chant the hehandor of erpeny | glyoosides during the final
siages of ripening of grapes from different vitieulure Spanish regians.

The resulis obtained provided a reliableindication of the aroma potentia | of the vaneies studied. The method is simple, practical

and readily applicable i winenies.
@ 005 Published by Ekevier Lid.

Keyeoed: Terpesd fo-ghycosides Ascena precarsors quasific atboe, Caape eiracs M, Wine
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L Inbroduction

The arema Pl il of a L ksl derives Trom
aromatic free volatiles and Trom non-volatile, odordess
precumers, wiich may e hydrolyesed during the wine-
nmuking process. Over mcent years, increasing attention
hew Bzen paid 1o these glyeosidically bound proecursoe s,
SR — 1108 rlain varke s of sl - soame Mo oler s,
norseprencids and shikimic acid derivatives are bound
1o augars, and glycosidase-catalyeed hydrolysis releases
1he volatiles maociated with the ity aroma ao highly
appreciated in while wines.

The major precursons inclede structues such as fo-
clucopyrancside,  a-L-ambinolumnesy-fo-glcopy-
andvaide, SL-mmno-py ranesy - fo-glucopy rane side and

+34 93 I9EI00I0d; Gns +3 S0
|
E-wald addre m A Brecesssiiocien o (A L Breoss)

B0E-A 145 - s fromt mamer & 2008 Pubished by Flaewer Lo
kol B o ccnchi ey 20008 0T (B
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frapioay]-feo- glucopy raneside | Gunata, Bitewr, Brille-
wel, Bayonove, & Cordonnier, 1988 Vedrin, Bawmes,
Bittewr, Gunata, & B.l_'r(:-llm.c. 1 Williams, Strans,
Wikon, & Masay-Westropp, 1982).

Onenntification of these melecules is of particular
inteneat 1o winemakers, since they ane seen a3 o quality
pammeter in while grape vaneties used for young fruity
wined. [l also of imterest when using trestments involv-
ing commercial eneyme preparations, in order to estab-
sl the right dede of each product 1o be added, and 10
predict the outcome of Teatment.

Repors mdicate that aroma precursor glycosides ane
nol present inoall grape varieties, and where present ane
ol always 1o be found at the same conoenlmlions
(Arrhenins, MeCloskey, & Sylvan, 19906 Di Stefano,
Boraa, M.@Ek&-lﬁuﬁ. & Corine, 1995 Garcia-Morums,
Rilaldone, & Stefane, 2000, Gumaia, Bayomove,
Bawmes, & Cordonmer, 198% Lao, Ln’f-p."z Tamunnes,
Lamuelns Raventos, Busaderm, & Tome Boronat,
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1997, MeCloskey, Sylvan, & Arrhenius, 199 Nicolin,
Versim, & Adalla, 1993, Razungles, Gunsia, Pinatel,
Bawmes, & R.n_-.-mmn.c. 19405 RC_'{C‘I\”:I et al., X0 RC‘_‘['
nokds & Wardle, 1997, Zeecklein, Marcy, Williams, &
Jasinaki, 1997 Two-thirds of glycosides are Tound in
e s, and the other tird in the grape sking thus They
cant b almest comphetely recoverad by simple presing,
By contrast, Mree terpemes and anthocyaning ane almost
exclusively found in skin, and macemtion & thus re-
quired Tor their extrmction { Boulton, Singleton, Bison,
& Kunkez, 1998).

Methods wsed for glyeoside analyis genemlly invelve
complex proced wres combining extraction ad detection
by gas chromatogmphy (Voirin, Bawmes, Gunata, Bi-
teur, & Bu_mlmn. e, 12 Voirin, Baemes, hlpiﬁ. .3 B.l_'r.l-
move, 1992, alhough Williams et al. (1995, have
proposed a very simple method Based on quantification
of the pluceas released through hyd rolysis of precumsors,

This paper weports on a modiflcation of The method
developad by Williams et al. (19950 Since hydrolyais
of glycosides yiekls an equimaolar proportion of aglycons
and peglucese, determination of the glucese likemied by
hydrolyai will permit an estimation of the total concen-
tration of glycesylated secondary metabolites present in
the sulsimte. This modified methed was applied 1o
erape extrmct, musts and wines (mainly white). This
methed will |!l|¢-n.id.¢ winernes with a :ii:lflpl\.". I\:'..Id.il_'r A
plied test 1o detemmine the aroma potential of mwss
amd wines and 1o know the effectivenss of the ensyme
treatments used.

2. Materiak and nsetbods

The methed proposed by Williams et al. { 1995) ws
modified a1 each sage (glycoside wtention on a Oy re-
l\.a."l:ﬁ.\rl-|!l|l..|:ﬁ." coluwmn, w.l:i|li|lg Ty PfGVE pﬁLll au b=
atances,  recovery  of  precursers by elution, acid
hydrolyais and measuement of the ghicese relesed).
Standard solutions of the synthetic glyceside Mooty
fro-glcoside (Sipma) wene wsed; plweose and ethanol
cofcentrations  varied d.q."|h."|l.d.i|l.£ ont the Pl
atudied.

The measuremen 1 method developed a3 described be-
low was then applied 1o neal sampls of grapes, muss
amd wines, fist in our own laboratory and later inoa
commercial wine ..Ill.ll_'rli\:'..ll |~||5"'?'|'~|1-"?'|_'r-

I erder 1o ddentily 1he appropriate moediflcations 1o
the onginal method, the Tollowing parameters were
e end.

20 Colsman recovery capaciiy
This was tested using 20 ml of a range of Nocty] frn-

eliceside solutions of known conce ntetion (L0, U140,
025, 0050, 100 and 125 pmel Noctylml ')

Maria Arévalo Villena, 2005

2.2 Flow rage

A0S pmal ml " solution of Mooty fro-glecoside
wad passed through the column ot thnee diffzrent flow
raies: Jow {2 ml min ! i, med i {3 ml min I;l.lll.d |lig|l
{4 mlmin 'L

2.3 Nanwibver of aces per colwnn

[hing an A-ociyl solution (2 pmal ml™ "y, lberaied
elucese was mensuned after uwsing the same column 1-4
Times.

2.4 Inie dference of other ¢ amposineds

The potential interlenence of flavonols in The determi-
nation of arema precurses was studied, wing both syn-
Thetic and natwral fayvoasla

o Spashere flavonals Various concentrations of ihe
aymihetic Lavenel gquercetin 3-fen-glucopyran oside
iFluka)y {0, 003, 006 and (12 !.ufl{:-| il I:l Wi
added 1o a 03 pmol m1™ " Neocty] fo-gheo pyrano-
side solution, and the amount of gheeose relmed
was memured Tor each assay.

Noporad Tevonads, A Muscat was wsed, Boeth at natural
pH and at pH 10 adjusted with concentrated NatdH
iDand, Cynkar, Franck, William, & Coombe,
1996) . Both wene eluted through the column and sub-
pected 1o acid hydrolysis, The pH 10 sample was
divided into twe fractions: cne was wsed 1o analyse
gluceae meleased after acid hydrolyaia, and the other
wad eluted againg the fimt milliliter of chate - con-
taiming the flavenols which might imerfer in mea-
surements — wis discarded.

-

28 Ressdving profocal

Maesdiflcation of the vanous steps vielded the follow-

ing quantification protocel:

Siep d, wwmple preporarion.

{a) Musta and wines:. T|I.n."_'r Wik l\.'\f'll.'l.lirl.l\g\.\d. al
A5 rpm fer 5 min.

i) Grape extract Grape samples were homaoge-
nized waing a homogenizer with o disperaing
head; 10 g of homogenate were added 10 10ml
of a 50% ethane] solution and wee agitated
at Xrpm for 2k at reom  lemperature.
Homogenate was then centrifuged s 4500
rpm Tor 5 ming S ml of the clean product were
dilute with water 1o 25 ml in order 10 oblain
1he appropriate aleohol concentration {always
less tham 15% wiv.

Srep 2 pkanionr of gl osides. Oy carntrid pes were pre-
treated with 10 m] methanel (HPLC guality) Tollowed

ar
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by 10ml Milli) water (Williams et al, 1995, An
approprste volume of each sample (15ml Tor must
and grape extract, and 30 ml For wine) wis loaded onto
e cartridge. These volumes, which differ from those
indicated in the original protocoel, were considerad mome
suitable for column retention capacity, because the pre-
cumoer conlenl in musgls 8 ogreater than in wine due 1o
collateral hydrolysi of terpeny] glycosides during fer-
mentation. The cartridge was then wmhed with water
3= 15ml for orapr extract amd wine, 3x 2wl Tor
must) Glyeosides  were  cluted  with Liml  100%
HPLC -quality ethanoel followed by 3 ml water, and ad-
Juated toa fnal volume of § mlwith water. In all caes,
the flow rate was approsimately 3 ml min '

Srep 3 acid hvdrolisi, Mo modification was made
1o the engimal method: 1o aliguots (0.5 ml of the
above  glycoside eluate was added H,50, (1.0 ml,
225 M) o give soletions Tor hydrolysia comtaining
LA M HaSOy and 10% viv ethanol. A control solution
was similarly prepared Tor easch eluate, with water
(LOmly added in place of the Ho50, solution, Tor
determimation of the Tree (ie, non-glycosidic) ghicose
concentmtion of the chwmte. A reagent blank was
made with 30% etlanol in plhoe of the glycoside elu-
ate. The samples and the reagent Blank were brought
1o bodling for 1h, while contrel wene held al reom
Tom i lund.

Srep d, eiadvsiv of Deghicase. The peglucese relemed
i each of e asays ws memured wsing a glecose
oxidase asmay kit (Sigma). Aliquots of the solutions
after hydrolyai (262 wly were transferred 10 plate wells
1o which 3 M NaOH solution (260 pl) was added. For
ithe comtrol solutions, water was subatituted Tor the
MaldH selution. It was found that with 144 pl of a
05 pp ol " plucose solution all et sample lay within
e detection mnge of the eneyme kit To 200 gl of
:".l:lfl|!l|¢. ) !.|.| of the kit aslution were added, and
the mistumne was then held at 37°C for 30 min; the
maction was atopped by additien of 400ul &M
HaS0y, following supplien’s recommendations. A beor-
Bance was then read at 540 nm, o wavelengih absorh-
ing the pinkish color formed by glucese oxidation 1o
elyeonic acid and the subsequent meaction with o-dian-
widine. Resulting values wene interpolated inte a glu-
cose calibration curve.

26 Applicarion o real samiples

In all cases, musts and grpes were collected Trom
variows dilferent wine cellas and vineyards around 1he
Castilla I Mancha region. The following 1es1 samples
were uaed.

w Grege expoel. Grapes of the following vanetics
Wi |!l|<5-\."a.":m.\rl as indicated eaflier .hill.':ll. Char-
donnay, Chendn, Garnacha, Muscat, Rossnne,
Sauvignon blane and Verdejo

Maria Arévalo Villena, 2005

o Mucr o waie, The following varieties were used:
Airdn, Chardennay, Gewidlretraminer, Macalseo,
M uscat, Sauvignon Blanc and Riesling. Musts wene
fermented in the labomtory in 31 flasks using the
commuercial Sace fevmmpces cereviviaestrain UCLM
325 Bios pringer . Fementation wis mondtoned fon
weight loss and considened 1o have finsled whe nthe
sugar conoentration fell below 5217

o M wine and enzyme-treated wine. Three varie-
fies were wsed: Adren, Macaleo and Muscat. A
fraction of the wines wene made from each vanety
were treated with the recommended dose of a com-
mercial eneyme preparation designed speciflcally
1o enhamoe arcana melease in white vaneties; this
preparation was kept i contact with the wine
for 15 days al reom emperalue.

27 Apelicanian @ e aoalviicad fohorarory [ Agrovin 54,

Knerian |

The aim was 1o ascertain whether this method was
routinely applicable at a larger scale in an amalytical lab-
oratery receiving samples from different Spanish egions
iGalicin, Andalucia, Castilla la Mancha,and Castzlla
Ledn . Acroma precursorns were memured in the follow-
g vaneties: Muscat, Albarinoe, Macaleo (irrigated),
Adnfn (irdgated and  minfed), Gewireraminer and
Chardonnay. Precursor levek wene ako chared over
the last 15 days of ripening prior 1o larvesting.

All maays were performed in duplicate.

28 Sraristical anadysds

A ome-way amalyds of varanos was perfomed, using
e SPSS siatistical software package, 1o detect signifi-
cant differences b twee naamples both Tor the maays car-
fed out when deweloping the method and  those
performed when applying the method 1o real samphes.

3 Resalts and dicusion
A1 Coboran recovery capae ity

The retenticn capacity of e column was tested using
Nepetyl frn-glicoside solutions of known conoen tmtion,
covering the mnge for the vanouws vaneties assayed. To-
1al gleose lilsemted from known concentrmtions was
caleulated, and the wesult wascompared to that o bained
applying the precusor eeovery and quantification pro-
tocol. As Fig. 1 shows, tlhe percentage recovery was
excellent; the linear cornelation coeflicient { #) of (9%,
recorded even with wery kigh glycoside concentrations,
auggets that the met hod effectively add ressed this prob-
kem and was applicabke 1o any grape variety.
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2.2, Flow raie

A omedivm concentmtion of A-octy] fen-glcoside
(0.5 pmol ml ') was wsed 1o memure gleoos: rekeased
at the three different Tow mie indicied wder Section
22 dmlmin L Measured clucese ranged Trom 0,49
1o 051 wimal min ' One-way ANOVA indicaed no sig-
mificant difference (9500 confldencs) between the valwes
obtained at dilferemt fow rmites and the expected real va-
Tz, This i of methodological importance, sinoe it allows
e analyal a certain margin in this parameter, which &
difficult 1o control

2.3 Number of wses per cobomn

The Aocty]l feo-glcoside concentration wsed wis
That moeat commonly ecorded for precurser concentra-
tions (02 mel ml ) Liberated glicose wis memured
from Tour equal samples run on the same column. Table
1 alows mean glcose valees obtained for each we of
e column. Fecovery rates wene good until the third
wae, Talling off considerably on the fourh wse. ANOVA
alowed signifbeant diferenoss (95% con fidenos) between
The amount of glicose woovered on the fourth wse of The
column and the meal expectod value, whil no sigmiflcam
differemo: was found Between e real valee and e val-
wesd recorded Tor the firat, second and third rens on 1he
aame column. This sugeesis that cach column may sz
waid up to three times with 95% relialility, which repre-
aenls an economic advantage Tor wineris.

Takbs |
dlmcoee releassd from a 023 gM Nooolyl B-o-gucoede sobmoon aller
repenind mwe of de sane oodem

Numnter o m= 1 1 3
oo (pmed mal ') [} ke } oI [N
T & i e Ao oo an 8% o codidene e
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Ao niedferance of ather ¢ ampauiels

o Spavhers foonole. Rising concentmiions of quer-
cetin 3-fen-glcopyrmneside (0, 003, 006 and
.12 el ml ) were added 10 a 0.3 pmoel ml b N-
cctyl solution, and the amount of gleos: rebemed
by acid hydrolysis following isslation on C18
columns was measured for each assay. Tabk 2
alows mean values obtained Tor glcose rebemed
|!l_'|-1.|l.w."n..||i(:-u.'1 P ke, ANOVA showed that PrT=E i
tifteation of the fourth solution (0.12 pb) was sig-
mifbcan y lower (95 conflde noe), sugpesting inter-
ference ot that concemtration with the ensyme
meaction colsr development. This however, poses
e problem aince that flavenosl concentration is
mever meached in realsamples ( Boulton et al, 1998).

o Mo flaovenole. Museat must samples were tea-
ted as indicated under Section 20 Table 3 ahows
ment  procurser eneyme  valees expressed  as
aime it of A-octy]ml " of must. ANOVA showed
e sigmificant differencess etween the various sam-
ples asayed, conflmming — a3 in the previous et
That flavenek did not imterfere with precursor
quantification in meal samphes.

Fake positives, Lo, the recovery and quantification
of favenels @ though they were arcma procurses,
wad a potential source of intedfenrence due 1o the stre-
tural similanty between the twe types of molecules.
Mo Talse poaitives were recorded.

A5 Applicarion fo real samiples

w G exirer. Girapes of the Tollowing varieties
wene proocacd o indicated under Section 20
ﬂill.':ll. f|l.||d.{§-|l|l.|_'r. f|l.n."|Li'|L. Cini |L|a."|l.|. Ml.l.'h.".ll.

Takde: 2
Cilmoom: releassd froen 0 ool el | Waoemd solwiboes Conliin g
dliferen] concenlratons of gueree s 3o onsoade

=g e A B L& I
Cilmooss (ol md ') o [l 04 02y
A, G00pmolml ' OB 003pmeolml O dpmolml ' I

0012 e il
T Shmifoant Afrene @ S8 o cadide nos
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Rosanme, Sauwvignon blane and Verdejo. Fig. 2
alows the glucose measuremenis obiamed follow-
ing hydrelysis of the glyeosides Bolated. One-way
ANOVA showed significant dilferences (95% con-
fidence) between all varketies, with the exception
of Chendn and Gamacha, which — thowgh similar
1o ench other — differed significanily Trom the other
varieties. As the fgure shows, Muscn was the
meal arcarnalic ‘-i.lli\.'l_'\.. aid .'\in.:ll. the lemt aio-
matic; this conflrms resuls epored in the lter-
ture (Boulton et al, 1998 Gunata, Bayonove,
Baumes, & Cordonnier, 1986 [and e al, 1%
Tingk & Halvormon, 1971 Williams et al, 1995,
o Musr and wine, The Tollowing varieties wene wsed:
Adnfn, Chardennay, Gewiraraminer, Macabeo,
Muscat, Sauvignon Blanc and Riesling. Prec ursors
wene memured in musts and comsponding wines
produced in e boratory after fermen tation with
& cereviiae UCLM 325 strain. Fil_‘:. 3 ahows,
again, the comsidemble variation in procurser oo
centrations Trom one wvanely o ancther the
ANOVA showed signiflicant differences (95%% con-
fdence) in glycosibiod werpene kvels beiween all
st varieties, Similar resulis wene ecorded Tor
wines, excepl that ne signiflicant difference was
found Between Adarén and .‘s.lu'.igllx':-u. Blanc, The

007 B Must OWine

2804

200

oo glucose ||
{nmealimil =
1004

Fil-

it
1 2 3 4 B [i] [

Fog 3 Arceig e mrsor oo @siralmoes (enpressd am sl gheoons
ol ) e oot o wines off lifere s varietiee Adrén | 1) O o cosa )y
2 Ciewilirmramiser (32 Macabeo 4 Musan (3] Sawvigeon blase

i) Roslng (7]
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||.ig||.n.'.\.l valuwe was Towid Tor Gewib istramiier, Tol-
lowed closely by Muscat. Risling akoe displayed
kigh aroma precurser concenirations, whersas
the lowest values were again Tound Tor Adrkn.
The decline in precurser levek following fermen ta-
liodt of aome variels ey have Been due 1o The
residunl glhicanme sctivity of cenain 8 corevisoe
atrain wed (A rfvale Villena, 2003; Boulion et al,
1998, Cordero Otere et al, 2003 Herndndez,
Espimosa,  Ferdmdes-Gonsaksz, &  Briones,
22N 48 perlaps surprising Tt so many studies
addresa the we of eneyme treatmenis o enhanoe
aromwm releme (Charcenchai, Fleet, Henschke, &
Tadd, 1997 Delenix, (:ii.i.ll...ll..l._.‘klpi:\. Salmon, &
Bayonove, 1994, Ferndnder, Ubeda, & Bricnes,
200 G aita, Rl_'\.(:-ll-.‘:--. &, T.||:lia.'|(:-. & Cordodtider,
1900, Maneanares, Rojas, Genows, & WValls,
20 Mendes-Ferreira, Climace, & Mendes Faia,
200 : Strauss, .|-.’§-||_'\. . Lambrochis, & van Ra.'u.'\.|:l|.|.|g.
206y, given the large amount rekmed during fer-
meitation, |:LII'|il\.'I.L|..II |_'\. comidider iu.g The loaw detec-
tien threshold of this type of compound, which
ahould permit their complete detaction in e final
product. Hewever, it would appear that despite
the mekase olserved through procurser messe-
ment, there is litk organoelkptic difference; this
may bz Bocause during fermen ation moeat of These
terpenes are volatilized, drawn off By the OOy pro-
duced during the proces, and lest during the
metabolie exchange taking place between the fer-
mentation medivm and the atmeaphere. In any
chase, The kb is nol a sowrce of Conoern, simee

as the Iiguu.- aluoiva i aome vaneties a |..||_|3.'
amount of sulstmie remains, and can bz neleased

Iy ez yime treatment.

o Mus, wine oo ens pe-preared wine, Tnoview of the
reau s o biaimed in the previous section a mew @l
of musts wen ..Ill..ll_'\..':q.'\fl. as wene the wines -
duced from them, seme of which were then sub-
jected 1o a commercial  ensyme  treatment
designed specifically 1o enhance aroma release.
Three varkties were used Tor s purpess: Adrén,
Macaleo and Muscat. As Fig 4 shows, 1 he lighes

s Wine O Trazied wine

Adrin Visoabec Vioscisl

Feg. 4. Arceva precorsor oom ossinaoes (enpresmed moamol ghecos:

ml ') e e, e e o wel e e e merymoe- areated woises of G ereat

Vi e
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values were again displayed by Muscat, followed
by Macabeo and Adrén, One-way ANOVA was
applied sepamiely 1o each vanety 1o detect signif-
want differences (95% confidence) setween must,
untrented wine and teated wine, The thee prod-
wets differed signiflcantly for Aden, although since
this # a newtel -...uiul_-.. thia dosa il II.\.'L'I\.'."C\..IIiI_'\.
emaure a difference in sensory peroeplion. For
Macabeo products, aroma precursor Comoenlias
tioma were significantly higher in eneyme-treated
thean i untreated wine, suggesling an approprale
g ol CihEyine Trehlmeiil; i dilference: wid Towid
Between must and untested wine, preswmably
Fecausee yeast had o giomifcam effect on terpznyl
glycosides Tor this vanety. In Muscat, by contrast,
significant dilfenrences were detectod Beiween must
arivel Wb i1 meated and I.I.II.|II\.'..I|\.TJ.:|. st et Betwesi
treated  and untreated wines, sugpesting
ciEyme Treatment is unnecszary with this varkty.
However, these resulta need 1o be confirmed Ty
organoleplic esting, since each terpeme has a a dif-
lzme it detection I||.|a.'.-.||.-.’:-|d.. aitd i1 i3 the nteraction
Between terpenes that characlerios each vanety
{Ribeeau-Gayoen, Glerks, Mawjena, & Dubowr-
e, 2000)

Thait

A Apelicagin i an aoelyiical Taboiory

In order toascertain whether this method was rou-
tinely applicable on o larger scale, it wis tested ina wine
..III...II_‘-li\.'..II |..||:I(:-|.|I-.’:-|_-.. LL\ing e Tollow ill.g variehies:
Muscal, Macabes (irigated), Airén (irigated and min-
fedy, Albarims, |L.||d.;.’:-||.u.|_'\. gt Ciew ik F o e
Girapes were from vineyards in Pontevedra, Mdlaga,
Cuenca, Hueses and Burges, sampled over the 15 days
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Chardonnay

[e—v¥rmyart 1 —m—Vreyarda |

Gewordraninar

Bt vior of ancena e carsors duns g e days preor o e, epre s d as Y pheooss releaned o Dmo o of fee idays)

immediately prier 1o amvesting Fig. 5 shows e e hay-
ior of arema precuraeds of each variety. Precursoer con-
were  expresasd a3 pomentage  glucese
relensed w8 oa function of time; the st day in each cae
cormeEpended 10 harvesting.

Fig. 5 shows precurser concentrations in different
h..l1fl|:lL'.‘\ of h'h.l.hn.‘..ll. Macabeo aind .'\in..'u.. For M (IS
vineyard 1 displayed a slight increme in conoentrations
towards the end of ripening, whik precusor kvels in
the other two vineyands emained stable. According 1o
the labomtory, the only dilferencs Between vineyands 3

cenlrition

and 4, i3 that vines in '\.ill.l\.'_'\.i.lld. 4 were trained W 1all
Mames; this methed of training may thus promote aroe-
ma precusor formation when other conditions are con-
Macalsess  poocumor rema ed
comstamt throwghout the perod studied. The only differ-
eimoe between the two Adrdn m|1f||:l|\.'.\ was thal odne was
from an irdgated, and the other from a minfed, vine-
wyard . In the irrigated vineyard, precumors had alneady
Fommed by the start of the study, wherems samples Trom
the rainfed vineyard displayed a marked increase in pre-
cumar levels dur i||.|_’: I i|:n.'||.i||.g. amd ||.i_|!|u.'| fiea ] oo -
tiong. The same flgure shows the resulis for Albarine,

Alanl. Lﬁlh—\.‘llllnllbllh

Chardonnay and Gewiiratraminer, forwhich the labom-
tory provided no vineyard information. Al thee varie-
ties displiyed a slight  increme i precursod
comcentrations in e final Al of |i|:u.'||.i||.g. A differ-
emoe wad noted in precusor kwels between the two
Ciew iratraminer vimeyarda.

4. Canelusbon

The resuls obtained hene ey e a mwlianhle ndica-
tienn of the arema potential of the vareties studied.
The methed is simple, practical and readily applicablz
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i wineries, allowing wine-makers 1o determine arema
precumer kwels in grapes, musts and/or wines, 1o chan
their elavior over the days immediately prior 1o har
veating and o test the effectivenes of any eneyme tneat-
it ts wEed, The methed will thus Be valuabk when
taking deciions on the timing of hamvesting andfor the
wae o eneyme treatmen s (dese, duration) applied 1o en-
lemee aroma rebease.
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Biotechnology Progress

Relationship between Debaryomyces pseudopolymorphus
enzymatic extracts and release of terpenes in wine

Maria Arévalo Villena , Juan F. Ubeda Iranzo and Ana |. Briones Pérez
Departamento de Quimica Analitica, Tecnologia de Alimentos, Universidad de Castilla-La Mancha, Ciudad
Real 13071, Spain.

Abstract

Due to the interest that exits on the liberation of aromas in young wines, it were
obtained some different enzymatic extracts (purified extract, P, lyophilised purified
extract LP, immobilised purified extract, IP and immobilised lyophilised purified extract
ILP) with B-glucosidase activity form Debaryomyces pseudopolymorphus that excreted
the enzyme at growth medium. The extracts were added to natural glycosides isolated
from different grape varieties. The results were compared with the effect of 7
commercial enzyme preparations (CEP), obtained from moulds used on wine making.
It was showed that some yeast extracts had similar effect than the CEP, for what the
next step was to use them on wine samples elaborated at laboratory. It was studied
the effect at 9 and 16 days of contact quantifying both the precursors that were stayed
and the liberated terpenes. The results were compared with a control wine (without any
extract) and with treated wine with a commercial enzyme preparation specially
indicated to liberation of aromas. It was observed that the enzymatic extracts from
Debaryomyces pseudopolymorphus hydrolysed the precursors in wine and that they
could compete with the commercial preparations since that liberation it was produced

even in less time.

Keywords: Terpenes, aroma precursors, f-glucosidase activity, wine yeasts,

enzymatic extracts

1. Introduction diversity of these attributes is defined
The essence of wine lies primarily in its by a set of compounds largely derived
colour, aroma and flavour. The from naturally-occurring constituents of
seemingly endless and fascinating the grape berry (including sugars,

Maria Arévalo Villena, 2005 68
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acids, nutrients and glycosylated
aglycons), oak wood when used, and
microorganisms during fermentation
(Bartowsky et al. 2004).

Winemakers are continually seeking
techniques to unleash the latent pool of
volatile aglycons masked in the
flavourless grape-derived
glycoconjugates, in order to enhance
varietal character and to modulate and
enhance the sensorially-diverse
qualities of wine. These aglycons
include norisoprenoids (e.g.
damascenone), volatile phenols and
other benzene derivatives (e.g.
raspberry ketone), aliphatic alcohols
(e.g. hexanol), sexquiterpenes,
resveratrol and monoterpenes (e.g.
citronellol, geraniol, hotrienol, linalool,

nerol and o-terpineol).

Monoterpenes and monoterpene
alcohols play a key role in the aroma
and flavour of Muscat grape varieties
and wine. However, these compounds
also occur in other cultivars, such as
the non-floral variety, Chardonnay, in
which 200 different aglycons have been
identified (Sefton et al. 1993). In the
latter, these compounds exist as subtle
supporting aromas and flavours,
although they are less pronounced, and
other odorous flavour compounds might
play a larger role in the varietal aroma
and flavour of the wine. The fragrances
and flavours they impart are, therefore,

not limited to the perfume-like aroma of

Maria Arévalo Villena, 2005

muscat, but also include other aromas,
such as spicy, peppery, smoky and
grassy odours. The maijor fractions of
the monoterpenes and monoterpene
alcohols occur in the grape as
glycosidically-bound forms (Williams et
al. 1982, Gunata et al. 1985, Voirin et
al. 1992), which render them non-
volatile and flavourless. The flavourless
glycoconjugates are either glucosides
or disaccharide or trisaccharide

glycosides (Bartowsky et al. 2004).

The glycosidic bonds present in
glycoconjugates can be released by
two methods: the first, acid hydrolysis,
has the disadvantage of possibly
changing the intrinsic varietal aroma of
the wine. The second method is by
enzyme hydrolysis, which has attracted
attention as a means of improving the
varietal aroma and flavour of wine. The
mechanism by which this hydrolysis
works is now well established, and
entails specific glycosidases active in
two successive steps (Gunata et al,
1985; 1988). In the first step, the action
of an a-arabinofuranosidase,
o-rhamnosidase, B-xylosidase or -
apiosidase is necessary to cleave the
intersugar-linkages; this is followed by a
second step in which B-glucosidases
release aglycons (Gunata et al. 1988).
Where the disaccharide moiety consists
of two glucose units, only the action of
a B-glucosidase is required to facilitate

the complete reaction (Haisman et al.
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1967). The release of these molecules
can also help to improve wine aroma
and flavour, as well as having other
beneficial properties, especially with
regard to the release of the antioxidant
resveratrol (Vrhovsek et al. 1997;
Becker et al. 2003).

Glycosidases occur in nearly all
organisms, and perform a variety of
functions. However, not all of these
enzymes are suitable for use in
winemaking; for example, those from
plants exhibit high pH optima (pH 5 for
Vitis vinifera grapevine), and are
virtually inactive at pH 3 — 4, the pH of
wines and grape juices (Aryan et al,
1987). Glycosidases from fungi are
notoriously inhibited by glucose
concentrations as low as 1 to 1.5%.
These enzymes are also more active at
high pH values (Woodward and
Wiseman, 1982). Several yeast
B-glucosidases have been studied with
a view to future application (Raynal and
Guerineau, 1984; Kuranda and
Robbins, 1987; Machida et al, 1988;
Delcroix et al. 1994, Gunata et al,
1990a; Gueguen et al, 1994; Rosi et al,
1994; Gueguen et al, 1995; Saha and
Bothast, 1996; Skory et al, 1996; Mateo
and Di Stefano, 1997; Yan and Lin,
1997; Riou et al, 1998, Fernandez et al,
2000; Manzanares et al, 2000; Mendes
Ferreira et al, 2001; Strauss et al, 2001;
Hernandez et al, 2002; Cordero et al,
2003, Arévalo et al, 2005a)
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Bacterial glycosidases generally have
the disadvantage of being active at high
temperatures (50°C and higher)
(Woodward and Wiseman, 1982).
Commercial strains of the yeast
(Saccharomyces cerevisiae) and
bacterium (Oenococcus oeni) most
commonly used to initiate alcoholic
fermentation and malolactic
fermentation, respectively, have only
limited aroma-enhancing enzyme
activities; this leaves a substantial pool
of grape-derived glycosides untapped (
D’Incecco et al, 2004).

At present, aroma release is enhanced
using commercial enzyme preparations
of fungal origin, mainly Aspergillus spp.
The composition of these preparations
varies, and they are actually a mixture
of non-specific glucanases. Tingle and
Halvorson (1971) found that these
cocktails hydrolyzed only 3% of
precursors, but that this was sufficient
to ensure an analytically- and
organoleptically-detectable increase in
free terpenes. At the same time,
however, since glucanases are non-
specific, they may trigger collateral
reactions detrimental to the product,
such as hydrolysis of anthocyans which
are also stabilised by binding to sugar
molecules (Riou et al. 1998). For these
reasons, the best option would be to
use specific enzymes which are not
excessively active; ideally, they should

also be contained in yeasts forming part
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of the wine ecosystem, and thus
adapted to their ecological

environment.

An alternative to this would be to use
mixed yeast cultures to initiate wine
fermentations. Recently, it has been
reported that co-fermentation of a
Chardonnay grape must using a
Debaryomyces pseudopolymorphus
strain with commercial wine yeast, S.
cerevisiae VIN13, increased the
liberation of citronellol, geraniol and
nerol (Cordero Otero et al. 2003). Thus,
the presence of non-Saccharomyces
species at the onset of alcoholic
fermentation might have a greater
potential to contribute to the liberation
of some aglycons from the flavourless
precursor glycoside during
fermentation. At the same time,
however, their presence during
fermentation might also cause off-

flavours.

Debaryomyces pseudopolymorphus
has an extracellular [B-glucosidase
displaying good activity on synthetic
substrates, and biochemical
characterisation has shown that it is
stable and active over the pH range
used in wine fermentation, as well as in
the presence of glucose, ethanol and
other metabolites that may be present
in wine. (Arévalo Villena et al, 2005).

The purpose of this study was to
examine the effect of various forms of

yeast-derived enzyme extract on
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natural terpenyl glycosides isolated
from several grape varieties. The effect
of these extracts on aroma precursors
when added directly to wine was also
studied. Finally, dose and contact time
were optimised, and the results were
compared to the effects of a
commercial

enzyme preparation

commonly used by winemakers.

2. Material and Methods

2.1.Debaryomyces seudopolymorphus
enzymatic extracts

The yeast was grown under aerobic
conditions in 250-ml flasks containing
50 ml YP cellobiose, and incubated at
30 °C for 42 h. The culture was
centrifuged, and the following enzyme
extracts were obtained from the
supernatant:

Purified extract (P): supernatant was
purified by size exclusion, using filter
cartridges designed for the
concentration and purification of small
peptides, oligonucleotides, nucleic
acids, enzymes, antibodies and other
molecules (Pall). The molecule size
selected was 100 KDa, considered the
most suitable for excreted protein
(Arévalo Villena et al, 2005 b).
Samples were run for 30 min., 1 h and
1.5 h at 4500 rpm, and the §B-
glucosidase activity of the different
fractions was checked by determining
the amount of glucose released (Sigma

GO glucose enzyme kit) from cellobiose
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hydrolysis (Sigma) (Arévalo Villena et
al. 2005a).

Lyophilised purified extract (LP): The
extract obtained above was subjected
to several laboratory-scale
lyophilisation tests at a temperature of -
51.8 °C and a pressure of 2.6 e> mB
pressure for 24 h, in a lyophilizer
(Pelstar). Skimmed milk was used for
cryoprotection, at a range of
concentrations (0, 10 and 20 % v/v). B-
glucosidase activity of Iyophils was
determined by measuring cellobiose
hydrolysis capacity.

Immobilised  purified extract (IP):
Purified extract was immobilised in 5 %
sodium alginate (Sigma) using 0.05 M
calcium chloride as gelling agent.
Entrapped activity in the 3—mm beads
thus obtained was checked using the
method indicated earlier.

Immobilised lyophilised purified extract
(ILP): The lyophil obtained was also
immobilised using the above method.
2.2. Isolation of natural glycosides
Natural glycosides were isolated from
musts of the varieties: Airén, Muscat,
Macabeo, Gerwirztraminer, Sauvignon
Blanc and Riesling, all of them from
cultivars used in Castilla La Mancha
(Spain). Terpenyl glycosides were
isolated and recovered following a
protocol developed by Arévalo Villena
et al. (2005c) using reversed-phase Cg
columns (Waters).

This method provides a rapid overall

quantification of aroma precursors in
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musts, wine or enzyme-treated wine,
but does not differentiate between
compounds.

2.3. Hydrolysis of natural glycosides
obtained from grape varieties, by
Debaryomyces pseudopolymorphus
enzymatic extracts

In order to ascertain the extent to which
enzyme extracts were able to hydrolyse
the aroma precursors isolated as
shown above, the following assays
were performed in triplicate:

° Purified extract (P): Purified
extract activity was examined at three
different concentrations. For each
variety under study, 2 ml of each
glycoside solution form the different
varieties was added: a) to the amount
of extract displaying the same activity
on cellobiose as the recommended
dose of the commercial enzyme
preparation used by winemakers; b) to
three times that amount; and c) half that
amount. Samples were kept for 15 days
at 30°C, checking precursor hydrolysis
by quantification of released glucose.

° Purified (P), immobilised (IP),
lyophilised (LP), immobilised lyophilised
(ILP) extracts. Each extract was placed
in contact with 2 ml of a solution of
Muscat natural precursors. The doses
used were the recommended dose and
half the recommended dose; contact
time was 20 days at ambient

temperature.
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2.4. Hydrolysis of natural Muscat
natural glycosides by commercial
enzyme preparations.
A study was made of the B-glucosidase
activity of several commercial enzyme
preparations (CEP), obtained from
moulds, widely used by winemakers to
enhance wine aroma. Seven enzyme
cocktails were added to 2 ml of the
glycosides isolated from Muscat, at the
concentrations recommended by the
manufacturers. Contact time was 20
days at ambient temperature, and the
degree of hydrolysis for each cocktail
was determined by measuring released
glucose. The enzyme preparations
used are shown in Table 1.
2.5. Microvinification

The last part of the study sought
to determine the ability of enzyme
extracts to hydrolyse aroma precursors
in real wine samples. For this purpose,
Muscat grapes were crushed and
pressed in a pilot plant. Reducing
sugars (degree Brix), pH, total acidity
and precursor content were measured
in the must thus obtained (Arévalo
Villena et al, 2005c).
Microvinification was performed in a
multiple-tube laboratory fermenter: 5 L
of must were inoculated with 10°
cells/ml of a commercial
Saccharomyces  cerevisiae strain
(UCLM 325), and 50 ppm of SO, was
added. The fermentation was carried
out at 18 °C until the sugars were

consumed. Thereafter, wines were
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decanted and fractionated for the next
assay.

2.6. Hydrolysis of aroma precursors in
wine by Debaryomyces
pseudopolymorphus extracts

Enzyme extracts P, IP and LP were
added to 200 ml of wine , at
manufacturers' recommended doses.
Both ILP and the use of other doses
were excluded in the light of the results
of previous assays. Wine with no added
enzyme extract was used as negative
control, and a commercial enzyme
preparation widely used in the La
Mancha region of Spain (preparation E)
was used as positive control. Samples
were kept at ambient temperature for
between 9 and 16 days, after which
bentonite (20 g/hl) was added to
remove enzyme extract. Samples were
then decanted and stored at 4 °C until
analysed.

Hydrolysis of terpenyl glycosides in
wine samples was quantified using two
methods:

. Quantification of non-hydrolysed
aroma precursors: This was performed
following the protocol described above
under “Isolation of natural glycosides”
(Arévalo Villena et al, 2005c) .

. Quantification of released
terpenes by gas chromatography: Wine
volatiles were analysed following the
method reported by Salinas and Alonso

(1997), based on a dynamic headspace
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Table 1. Commercial mould-derived enzyme preparations widely used by winemakers.

Enzyme Description Indications
preparation
To enhance expression of
A Pectolytic enzyme preparation with tone and structure, acting
residual B-glucosidase activity collaterally on aromatic
substances
Pectolytic enzyme preparation with Extraction of colour, tannins
B secondary hemicellulase and cellulase and aroma precursors in
activity high-potential grapes
Pectolytic enzyme preparation with
C secondary hemicellulase and cellulase Extraction of colour, tannins

activity

Pectinase especially intended for
D complementary glycosidase activity and
low extraction activities (cellulases and

hemicellulases)

Pectolytic enzyme preparation with

To release of aroma in white-
grape varieties rich in aroma
precursors

To enhance aroma

considerable B-glucosidase activity

F Mixture of pectinases and j3-

glucosidases

Release aromas in young
white and rosé wines

Mixture of pectinases and maltodextrins  For use in winemaking

using thermal desorption, gas
chromatography and mass
spectrometry. Methyl caprilate was
used as an internal standard (IS),
adding 3 uL (1% in absolute ethanol) to
50 mL of wine. Isolation was carried out
in triplicate using a Dynamic Thermal
Stripper 1000 (Dynatherm Analytical
Instruments Inc.). The purge phase
used 50 mL of wine; helium was
bubbled through the sample for 20
minutes at a flow rate of 84.3 mL/min
and at 30 °C; the dry phase lasted 5
minutes under the same conditions.
Volatiles were adsorbed on 0.17 g of
Tenax-TA (60 mesh; Alltech) contained
in a metal tube at 25 °C introduced into
the desorption
(Perkin-Elmer Desorption ATD 400)

thermal equipment
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under the following conditions: oven at
300 °C; desorption time, 4 min; cold
trap, -30°C with 0.02 g Tenax
adsorbent. The inlet, outlet and
desorption flows were 45, 9 and 53
mL/min, respectively. The compounds
passed through a transfer line at 200 °C
into an HP 6890 gas chromatograph
coupled to an LC 3D mass detector
with a fused silica capillary column
(BP21 stationary phase 50 m length,
022 mm id., and 025 pm film
thickness). The
program was: 50°C (2.5 °C/min), 180
°C (2 min) and up to 200 °C (1°C/min).

In the mass spectrometry analysis,

chromatography

electron impact mode (El) at 70 eV was

used. The mass range varied from 35
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to 500 u and the detector temperature
was 150 °C. (Salinas et al, 2003).

Compound identification was carried
out using the NIST library and with data
from authentic compounds. Chemical
standards were supplied by Aldrich
(Gillingham, UK),
Chemservice (West Chester, PA).

Quantification was performed in SIM

Sigma and

mode; peak heights were checked to
ascertain whether they were three

times the baseline.

3. Results and discussion

3.1.Debaryomyces pseudopolymorphus
enzymatic extracts

Of the three times tested for partial
enzyme purification (30 min., 1 h and
1.5 h), 1 h was selected, since although
purification and concentration was a bit
better at 1.5 hours, the added 0.5 h was
not justified by the results obtained.

For lyophilisation, 10 % skimmed milk
was selected as cryoprotective agent,
since differences in activity on
cellobiose were negligible with respect
to other concentrations, and the texture
of the lyophil with 10% cryoprotector

was found more suitable.

3.2. Hydrolysis of natural glycosides by
Debaryomyces pseudopolymorphus
enzymatic extracts

o Purified extract (P). Precursors

from the grape varieties tested were
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kept in contact with the three test
concentrations of this extract, at 30 °C
for 15 days; released glucose was
quantified at 1, 3, 7 and 15 days.
Precursor hydrolysis over time, for the
different varieties and the three extract
concentrations used, is shown in Figure
1. All varieties displayed similar
behaviour, and 100% of precursors
were hydrolysed by day 15, at all three
test concentrations. However, in Airén,
Sauvignon Blanc and Macabeo,
complete hydrolysis took place within
the first few days of contact, since
these varieties are more neutral and
thus have a lower precursor content.
These results confirm that the f-
glucosidase activity of this yeast strain
is sufficient to hydrolyse natural
glycosides and thus contribute to wine
aroma.

With regard to the concentrations used,
hydrolysis with the triple dose was
slower in Macabeo, Riesling and
Gewdlrztraminer, possibly because
excess enzyme interfered with the
substrate, preventing hydrolysis
(saturation-inhibition effect). There were
no marked differences between the
other two concentrations; thus, similar
results may be obtained using less
enzyme. This is of particular interest to
winemakers, in that it represents a
considerable financial saving.

Having confirmed the ability of the
yeast enzyme extract to hydrolyse

terpenyl glycosides in all the varieties
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Figure 1. B-glucosidase activity of Db. pseudopolymorphus microbial enzyme on aroma precursors
isolated from different grape varieties, expressed as percentage hydrolysed glycosides vs. time (days).
Assay performed at 30 °C using three enzyme concentrations: ¢ half-dose, m recommended dose and A

triple dose.

tested, subsequent assays were
performed only with Muscat, which has
one of the highest precursor contents.

o Purified (P), immobilised (IP),
lyophilised  (LP) and  immobilise
lyophilised (ILP) extracts. Glycosides
extracted from Muscat must were
placed in contact with P, IP, LP and ILP
extracts. In view of the results
described above, only two
concentrations  were used: the
recommended dose and half that dose.
Contact time was 20 days at ambient
temperature, thus reproducing real
winemaking conditions. Hydrolysis was
measured by quantifying released
glucose. As Figure 2 shows, the
change in temperature affected enzyme
activity, since neither of the
concentrations used achieved 100%
hydrolysis. Although better results were

obtained with the recommended dose,
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this poses no problem for industrial
applications; given the low detection
threshold of these compounds, sensory
perception of release is reported with
as little as 3% hydrolysis (Tingle et al,
1971).

Hydrolysis of aroma precursors was not
identical for all forms of extract tested.
Lyophilised extract displayed the
greatest activity, at both concentrations,
followed by purified extract. However,
purified extract may be the more
suitable form for industrial use; it
guarantees a similar rate of precursor
hydrolysis, and is less expensive and
time-consuming than lyophilised
extract. Immobilised extract displayed a

lower rate of B-glucosidase activity.
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Recommended dose

Half the recommended dose

Figure 2. B-glucosidase activity of Db. pseudopolymorphus enzyme extracts on aroma precursors isolated
from Muscat, expressed as percentage hydrolysed glycosides vs. time (days). Assay performed at ambient
temperature with various forms of extract: A Iyophil, x immobilised lyophil, = immobilised purified extract,

and ¢ purified extract.

3.3.  Hydrolysis of natural Muscat
glycosides by commercial enzyme
preparations.

Glycosides extracted from Muscat must
were placed in contact with commercial
preparations (recommended doses) for
20 days at ambient temperature. The
results obtained are shown in Figure 3.
All  preparations hydrolysed aroma
precursors to a greater or lesser
degree, even though some — according
to the commercial literature — lacked
specific B-glucosidase activity. Terpene
release was greatest with preparation
G, and lowest with preparation D;
curiously, the former is not especially
indicated for aroma release in
precursor-rich varieties, whereas the
latter is. This would suggest that these
cocktails are not too pure, and may
have side-effects that could prove
detrimental to the wine. Some
preparations  displayed behaviour
similar to that of the yeast extract
tested; these include preparation E,
whose references for aroma-release

applications were highly favourable.
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Figure 3: B-glucosidase activity of commercial
enzyme preparations on aroma precursors
isolated from Muscat musts, expressed as
percentage hydrolysed glycosides VS.
time(days). Assay performed at ambient
temperature.

3.4. Hydrolysis of aroma precursors in
wine by Debaryomyces
pseudopolymorphus extracts

The Muscat must used for wine-making
had the following properties: 237 gl
reducing sugars; pH 3.35; total acidity
7.3 g/l and terpenyl glycoside content
218 nmoles glucose/ml must. Wines
made in the laboratory were placed in
contact with enzyme extracts under the
conditions described in "Material and
Methods".

. Quantification of non-hydrolysed
aroma  precursors:  these  were
quantified at 9 and 16 days in wines

treated with the various yeast enzyme
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extracts (P, IP, LP) and with the

commercial enzyme preparation.
Precursor content was also measured
in the initial must and in non-enzyme-
treated control  wines. Results,
expressed as nmoles glucose / ml must
or wine, are shown in Table 2. The
precursor content of control wines was
lower than that of musts; this finding,
reported in previous studies (Arévalo
Villena, et al, 2005c), may be due to the
residual hydrolytic activity of the
Saccharomyces  strain  used in
fermentation. Nevertheless, although
precursors are hydrolysed during
fermentation, enzyme treatment is
advisable for releasing aromas, since
part of the released terpenes may be
volatilised and removed by the CO,
produced during the fermentation
process.

Hydrolysis of wine precursors was
greater using the purified yeast extract,
suggesting that this form displays

greater B-glucosidase activity.

Days Control Treated wines

P PI PL CEP

9 110> 81 96 92 106
*, C a a *, b, a
16 110® 64 88 81 77*

*, a b, c a, c a,c

Table 2. Aroma precursors (nmoles glucose / mi
wine) at 9 and 16 days in control and treated
with various enzyme extracts wines.

P: Purified extract; Pl: immobilised purified
extract; PL: lyophilised purified extract; and
CEP: commercial enzyme preparation.

* Significant differences (p < 0.05) between
treatment times for the same enzyme
preparation. Different letters indicate significant
differences (95% confidence) between wines
treated with different extracts for 9 and 16 days.
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Data were subjected to one-way
analysis of variance to study for
significant differences between contact
times and/or enzyme extracts.

Results for contact times showed
significant differences (P < 0.05) (Table
2, marked *) only between wines
treated with the purified extract and
those treated with the commercial
enzyme preparation.

At 9 days, wines treated with the
purified extract differed significantly
from those treated with other forms of
extract; those treated with the
lyophilised (LP) and the immobilised
purified extract (IP) displayed no
significant differences with respect to
the commercial enzyme preparation
(CEP), although they differed
significantly ~ from  control  wines.
Precursor hydrolysis was lowest using
the CEP, results being similar to those
obtained in controls.

At 16 days, the purified yeast extract
also  displayed greater  Muscat
precursor hydrolysis than the other
treatments. At this stage, wines treated
with P, PL and CEP all showed
significant differences with respect to
control; by contrast, no significant
difference  was noted for the
immobilised extract, indicating that
immobilisation was a less effective

means of precursor release.
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. Quantification ~ of  released
terpenes by gas chromatography:

Table 3 shows the content of volatile
terpenes, together with that of certain
esters and phenyl ethanol in treated
and control wines. To facilitate the
interpretation of results, a value of
100% is assigned to control wines for
each compound measured.

As expected, treated wines in all cases
displayed higher content of volatile
terpenes than untreated control. After
only 9 days' contact, wines treated with
exhibited  higher

concentrations than those treated with

yeast  extracts

the fungal preparation. Similar results
were observed for 2 phenyl ethanol,
isoamyl acetate, ethyl hexanoate, hexyl
acetate and 2 phenyl ethyl.

Results of the one-way ANOVA
performed to check for differences in
wine terpene content after the two
treatment times are shown in Table 2.
Significant differences between both
contact times were only observed in
wines treated with the commercial
enzyme preparation, suggesting that
the Debaryomyces pseudopolymorphus
extract requires less contact time to
achieve the desired effect.

In the absence of significant differences
in the performance of yeast enzyme
extracts as a function of treatment
times, the results obtained at 9 days
were subjected to one-way ANOVA to
determine  differences in  extract

performance (Table 3).
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Greater amounts of 1-hexanol were
released by purified extract (P),
followed by immobilised purified extract
(IP). There were no significant
differences between the four
treatments, and only P and LP differed
significantly from control. Geraniol
content was greater with P and LP,
with no significant difference between
the two; however, these differed
significantly both from the other
preparations and from control. There
were no differences between the
enzyme extracts with respect to alpha-
terpineol content, only were significantly
differences between purified extract (P)
and commercial preparation (CEP).
There were no significant differences
between treatments with respect to
nerol content, though all treatments
differed from control.

With regard to 2-phenyl ethanol
content, only wines treated with P and
LP differed significantly from control.
Higher isoamyl acetate values were
recorded for P and LP, which differed
significantly from other treatments.
Ethyl hexanoate and hexyl acetate
contents were similar for all treated
wines, which differed significantly from
control. Wines treated with P, LP and
CEP displayed similar values for ethyl
octanoate content; differences between
these and both Pl-treated and control
wines were significant. Finally, treated
wines showed no significant differences

from control with respect to 2-phenyl
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Table 3. Content of volatiles in control and treated with various enzyme extracts wines at 9 and 16 days,

expressed as % with respect to controls.

Co_ntrol Treated wines
wines
PI PL CEP

Days 9 16 9 16 9 16 9 16

1- hexanol 100 ® 135° 131 124° 138 123%° 130 121*° 124
3-hexen-1-ol 100 124 112 108 122 102 102 112 102
Geraniol 100 ® 168° 166 1332 110 149°° 161  133° 171
Linalol 100 113 116 116 123 103 120 104 109

Hotrienol 100 110 113 92 93 91 107 96 99
a-terpineol 100*°  104° 113 98> 102 87" 107 81* 108
Citronelol 100 108 129 109 115 115 111 94 123
Nerol 100 ® 128° 136  116>° 107 117*° 124 131" 144
2-phenyl ethanol 100%  122°  136* 1122° 112 118° 133 1132°  160*
Ethyl acetate 100 108 118 110 129 100 98 108 114
Ethyl butyrate 100 ® 143° 133 129 145 128° 132 1387 120
Isoamyl acetate 100 ® 201° 186 133 °¢ 167 210° 208 147°%*  210*
Ethyl hexanoate 100 ® 190° 199 191° 197 183° 191  164° 193
Hexyl acetate 100 ® 152° 141 139° 145 143° 141 135" 134
Ethyl octanoate 100 ° 118° 115 106° 109 117° 112 123" 122
2-phenyl ethyl 1002°°  111>° 114 1042°° 117 109° 114 93  104*

acetate

P: Purified extract; Pl: immobilised purified extract; PL: lyophilised purified extract; and CEP: commercial

enzyme preparation.

* Significant differences (p < 0.5) between treatment times for the same enzyme preparation. Different
letters indicate significant differences (95% confidence) between wines treated with different extracts for 9

and 16 days.

ethyl  acetate

content,

although

concentrations were higher in wines
treated with P and LP.
These that

enzyme extracts display comparable

results suggest yeast
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and adequate p-glucosidase activity,
which is in many cases greater than
that of commercial mould preparations.

Of the yeast forms tested, purified
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extract proved to be the most suitable,
treated wines exhibiting the highest
volatile terpene content; this was
followed by lyophilised purified extract.
The immobilised form released the
lowest amount of terpenes; these
findings matched those recorded for
wine precursors. With regard to
treatment times, at 9 days wines
treated with purified yeast extract
differed significantly from control; this
difference was not observed for the
commercial preparation. Thus, one
advantage of the yeast extract is that it
allows winemakers to obtain the same
aroma release using shorter enzyme
treatment times.

Although the results obtained here
need to be confirmed by sensory
analysis, optimisation would appear
wholly feasible, since the volatile
extraction method used for GC requires
no sample handling; the sample is
handled in exactly the same way as the
sample presented to the taster in an

organoleptic study.

4. Conclusions

Some non-Saccharomyces wine yeasts
posses B-glucosidase activity, evident
not only on substrates with -glycosidic
bonds such as cellobiose, but also on
natural glycosides from various grape

varieties.
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Purified extract of Debaryomyces
pseudopolymorphus hydrolyses aroma
precursors in Muscat wine, and
requires less time than commercial
enzyme preparations. Purified extract
may also be lyophilised with similar
results. Use of this extract instead of
commercial enzyme preparations is
currently being studied in wines from
various grape varieties.

The results obtained here highlight the
agreement between GC quantification
of free terpenes and quantification of

total aroma precursors.
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Abstract

Due to the interest that exits on the liberation of aromas in young wines, and to the
results obtained in previous studies, it was decided to study the effect of an enzymatic
extract purified with B-glucosidase activity from Debaryomyces pseudopolymorphus on
different wine varieties from La Mancha region (Muscat, Riesling and Airén). It was
studied the effect at 6 and 12 days of contact quantifying both the precursors that were
stayed and the liberated terpenes (GC). The results were compared with a control wine
(without any extract) and with treated wine with a commercial enzyme preparation
specially indicated to liberation of aromas. It was observed that the enzymatic extract
from Db. pseudopolymorphus hydrolysed the precursors in wine and that it could
compete with the commercial preparations since that liberation it was produced even in
less time. It was observed that the terpenes found to each variety were different and so
what not all the treatments to liberate the aroma should be similar between each other.
On the other hand, It was done a sensory analysis of the different wines and were
studied some collateral reactions (POF character). With regard to the POF character, it

was found that none of the B-glucosidases decarboxylated p-cumaric and ferulic acids.

Keywords: Terpenes, aroma precursors, [-glucosidase activity, wine yeasts,

enzymatic extracts

INTRODUCTION

Over the last thirty years, aroma Cordonnier et al. 1989, Sefton et al.

precursors in grapes have been the
object of considerable research (Di
Stefano, 1982, Williams et al. 1982,
Aryan et al. 1987, Gunata et al. 1988,

1993, Cordero et al. 2003, Hernandez
et al. 2002, Fernandez et al. 2003,
Arévalo et al. 2005 a, b, c, d). These

odourless compounds can be modified
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by various biological, biotechnological
and physical-chemical factors to
release odorous compounds.
Heteroside aroma precursors occur in
grapes mainly in the form of B-D-
glucopyranosides/glucosides, 6-O-o-L-
arabinofuranosyl-p-D-glucopyranosides
(arabinosyl glucosides), 6-O-a-L-
rhamnopyranosyl-f-D-
glucopyranosides (rutinosides) and 6-
O-B-L-apiofuranosyl-f-D-
glucopyranosides (apiosyl glucosides),
(Williams et al. 1982, Gunata et al.
1988, Voirin et al. 1992).

The aglycone moiety often consists of
terpenols, primarily linalool, nerol and
geraniol; linalool oxides, terpene diols
and triol, along with other compounds
such as cyclic or straight-chain alcohols
(hexanol, hesenols), aromatic alcohols
(phenylethanol, benzyl alcohol), Ci;
norisoprenoids and volatile phenols
such as vanillin (Williams et al. 1981, Di
Stefano 1982, Gunata et al. 1985).
These compounds are bound to
aglycone by a B-glucoside bond which
is hydrolyzed by a -glucosidase.

At present, aroma release is enhanced
using commercial enzyme preparations
of fungal origin, mainly Aspergillus spp.
The composition of these preparations
varies, and they are actually a mixture
of non-specific glucanases. Tingle and
Halvorson (1971) found that these
cocktails hydrolyzed only 3% of

precursors, but that this was sufficient
to ensure an analytically- and
organoleptically-detectable increase in
free terpenes. At the same time,
however, since glucanases are non-
specific, they may trigger collateral
reactions detrimental to the product,
such as hydrolysis of anthocyans which
are also stabilised by binding to sugar
molecules (Riou et al. 1998).

For some years, therefore, research
has focused on seeking B-glucoside
enzymes from yeasts present in wine
ecosystems which might enhance
typical wine aromas (Pretorius 2000).
Several [B-glucosidases obtained from
Saccharomyces (Darriet et al. 1988;
Rosi et al. 1994; Mateo y Di Stefano,
1997;Hernandez et al. 2002), and non-
Saccharomyces yeasts have been
studied with a view to future application
in winemaking. There are some studies
about genetic engineer (Adam vy
Polaina, 1991; Pérez Gonzalez et al.
1993; Adam et al. 1995; Skori and
Freer, 1995; Rajoka et al. 1998; Muller
et al. 1998; Van Rensburg et al. 1998;
Van Rensburg et al. 2005). Other
authors have studied some yeasts wich
origin is not from wine (Gunata et al.
1990a; Sanchez Torres et al. 1998;
Gueguen et al. 1994; Gueguen et al.
1995; Saha and Bothast, 1996) or non-
Saccharomyces yeasts isolated from

wine (Delcroix et al. 1994, Gunata et al.
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1990b; Rosi et al. 1994; Mateo and Di
Stefano, 1997; Yan and Lin, 1997; Riou
et al. 1998, Fernandez et al. 2000;
Manzanares et al. 2000; Mendes
Ferreira et al. 2001; Strauss et al. 2001;
Hernandez et al. 2002; Cordero et al.
2003, Arévalo et al. 2005a).

Other sources of these enzymes
include certain bacteria such as
Oenococcus oeni (Bartowsky et al.
2004; D’Incecco et al. 2004), and
genetically-modified
(Becker et al. 2003).

Debaryomyces

microorganisms

pseudopolymorphus
has an extracellular pB-glucosidase
displaying good activity on synthetic
substrates, and its  biochemical
characterisation has shown that it is
stable and active over the pH range
used in wine fermentation, as well as in
the presence of glucose, ethanol and
other metabolites that may be present
in wine (Arévalo Villena et al. 2005 b).

Arevalo-Villena et al (2005c) studied
the effects of various forms of yeast-
derived enzyme extracts on natural
terpenyl glycosides isolated from
several grape varieties. The effect of
these extracts on aroma precursors
when added directly to Muscat wine
was also assayed, together with the
influence of dose and contact time. The
results showed that volatile terpene

concentrations were greatest in wines

treated with Debaryomyces
pseudopolymorphus enzyme extract.

In studies of this kind, however, results
obtained by instrumental analysis need
to be backed up by sensory analysis, in
order to ascertain whether the terpene
release detected by GC is also
apparent to a panel of tasters. This
paper reports on the effects of purified
enzyme extract  obtained from
Debaryomyces pseudopolymorphus on
three wines made at laboratory scale
(Muscat, Riesling and Airén). The
results were compared to the effects of
a commercial enzyme preparation
commonly used by winemakers.
Terpene release was studied using gas
chromatography,  quantification  of
residual aroma precursors and sensory
analysis.
Possible undesirable collateral
reactions attributable to enzyme
extracts, such as POF character, were
checked for using the same times and

dose-rates as for hydrolysis.

MATERIAL AND METHODS
Debaryomyces pseudopolymorphus
enzyme extract

Purified enzyme extract, which had
yielded the best results in previous
studies (Arévalo Villena et al. 2005 d),
was used for the present purpose.
Yeast was grown in optimal conditions
(Arévalo Villena et al. 2005 b);
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supernatant was harvested after 42
hours’ growth and partially purified by
size exclusion (100 KDa) (Arévalo
Villena et al. 2005 b). Extract, kept at 4
°C until use, was added to wine
samples in order to test their capacity to

hydrolyze aroma precursors.

Microvinification
Three white grape varieties with
different

harvested from Castilla-La Mancha

aroma-precursor  content,
cultivars, were used: Airén (the most
widely-grown local variety), Riesling
and Muscat, which has been
successfully grown in this area for
several years. They were harvested at
optimum ripeness, met all health and
hygiene  requirements and also
complied with European regulations on
fungal treatments. The grapes were
crushed and pressed in a pilot plant.

Microvinifications, by duplicated, were
performed in a multiple-tube laboratory
fermenter: 5 L of must with 50ppm of
SO, were inoculated with 10° cells/ml of
a commercial Saccharomyces
cerevisiae  strain (UCLM  325).
Fermentation was carried out at 18 °C
until sugars were consumed.
Thereafter, wines were decanted and

fractionated for the next assay.

Hydrolysis of aroma precursors in
wine by Debaryomyces
pseudopolymorphus extract
Fractions of 2.5 L of each variety were
added with:

e Yeast enzyme extract (from Db.
pseudopolymorphus) at
recommended dose (P)

e Commercial enzyme preparation
widely employed in the La Mancha
region of Spain (Lallenzyme beta,
as positive control) (CEP).

As negative control were used samples

with the same volume of each variety

without any enzyme added (C).

In order to reproduce real wine-making

conditions in terms of volume, airing

and light exposure, the decanted wines
were kept in the fermenter at room
temperature for between 6 and 12 days

(less time than in previous studies),

after which bentonite (20 g/hl) was

added to remove enzyme extract.

Samples were then decanted and

stored at 4 °C until analysed (assays

done for triplicate in all cases)

Quantification of non-hydrolysed
aroma precursors

Terpenyl glycosides (in treated wines,
and in positive and negative controls)
were isolated and recovered following a
protocol developed by Arévalo Villena
et al. (2005 c) using reversed-phase

C1g columns (Waters).
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This method provides a rapid overall
quantification of aroma precursors in
musts, untreated wine or enzyme-
treated wine, but does not differentiate
between compounds, measuring only
the content of aroma precursors
susceptible to hydrolysis by j-

glucosidases.

Quantification of released volatiles

by gas chromatography

Released volatiles were quantified
following the method reported by
Salinas and Alonso (1997), based on a
dynamic headspace using thermal
desorption, gas chromatography and
mass spectrometry (Arévalo Villena et
al. 2005 d). The advantage of this
method is that the volatile extraction
method used for GC requires no
sample handling; the sample is handled
in exactly the same way as the sample
presented to the taster in an

organoleptic study.

Sensory analysis

To ascertain the correlation between

analytical methods and sensory
analysis, wines of all three varieties
were evaluated in a standard tasting
room [Spanish Standard 87004:1979
(AENOR, 1997)], wusing regulation

glasses [Spanish Standard UNE

87022:1992 — ISO Standard 3591:1977
(AENOR, 1997)].

The panel consisted of 10 tasters
familiar with the product, who had been
provided with sufficient information on
the wines to be tasted and on the

treatments applied.

A triangular test was designed to detect
differences between wines treated
(after 12 days) and untreated wines.
Tasting took place over three
consecutive days (Muscat wines on day
1, Riesling on day 2 and Airén on day
3). Evaluations were carried out at daily
sessions between 10:00 a.m. and 12:00
noon to prevent taster fatigue. Two
daily sessions were held: untreated
wine vs. yeast-extract treated wine in
the first session, and yeast extract vs.
commercial preparation in the second
(Kobler, 1996)

POF character

The capacity of yeast extract to
decarboxylate phenol compounds was
determined using solutions of coumaric
acid and ferulic acid (0.8 and 0.58 %
respectively) in ethanol. 1 ml of each
solution was added to a final volume of
50 ml containing the amount of yeast
extract used in wines. Parallel tests
were run with the commercial enzyme
preparation and a negative control

(solutions without extract).
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Mixtures were kept at room
temperature for 6 and 12 days.
Decarboxylation of ferulic acid to 4 vinyl
phenol was quantified by sensorial
analysis, whilst decarboxylation of
coumaric acid to 4 vinyl guayacol was
measured spectrophotometrically.
Coumaric acid absorbs at 290 nm,
whilst its decarboxylation product peaks

at 260 nm. (Briones et al. 1995)

Stadistical treatment

A one factor analysis of variance
(statistical software package SPSS
Version 11.0) was used to test for

significant differences between:

e Treatment times of each enzyme
preparation (CEP and P, marked
with *).

e Treatment kind for each time (6 and
12 days marked with normal letters

and letters with ‘ respectively)

It was applied in both quantification
methods: non hydrolyzed aroma
precursors and liberation of volatiles by
chromatographic gas. Differences were
deemed significant when p < 0.05.
RESULTS AND DISCUSSION

Quantification of non-hydrolysed
aroma precursors

These were quantified at 6 and 12 days
in wines treated with the yeast enzyme

extracts (P) and with the commercial

enzyme preparation (CEP). Precursor
content was also measured in the initial
must and in negative control wines of
each variety.

Results, expressed as nmol glucose /
ml must or wine, are shown in Table 1.
The precursor content of control wines
was lower than that of musts; this
finding, reported in previous studies
(Arévalo Villena, et al. 2005c¢), may be
due to the residual hydrolytic activity of
the Saccharomyces strain used in
fermentation. Nevertheless, although
precursors are hydrolysed during
fermentation, enzyme treatment is
advisable for releasing aromas, since
part of the released terpenes may be
volatilised and removed by the CO,
produced during the fermentation
process.

As shown in Table 1, the various musts
used here displayed different precursor
contents and thus different aroma
potentials. Muscat was the most
aromatic variety with 2143 nmol
glucose/ml, while Airén — a more
neutral variety — had the lowest
precursor content at 88.3 nmol
glucose/ml (data reported in Arévalo
Villena et al. 2005 c).

In treated Airén wines, the commercial
preparation released the same amount
of terpenes at 6 days as at 12 days

(marked with * in Table 1)); this was not
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Table 1. Aroma precursors (nmoles glucose / ml wine) at 6 and 12 days in must, control wine and wines

treated with the enzyme extracts.

VARIETY  MUST

AIREN 88.3 725
RIESLING  163.9 124.5%7
MOSCATEL _ 214.3 146.6 **

CONTROL TREATED WINE

CEP P

6 12 6 12
48.9 48.9° 50.9* 26.8*°
115.1*2 97.7*® 66.2*° 47.3*°
129.2*° 110.3*® 78.8*° 60.0*°

PYE: Purified yeast extract; CEP: commercial enzyme preparation.

(*)Significant differences (p < 0.05) between treatment times for the same enzyme preparation in each
variety. Different letters indicate significant differences (95% confidence) between wines treated with
different extracts for 6 (normal letters) and 12 days (letters with superscript) for each variety

the case for the purified yeast extract.
Comparison of controls with treated
by ANOVA

significant

wines revealed no

differences at 6 days
(marked with letters), while significant
differences were recorded at 12 days
between all samples; purified yeast
extract hydrolyzed the largest number
of precursors.

For Riesling samples, both enzyme
treatments released more terpenes at
12 than at 6 days. At 6 days, there was
no significant difference between
controls and wines treated with the
commercial enzyme preparation,
although significant differences were
found between the latter and wines
treated with purified yeast extract. At 12
days, there were significant differences
between all three samples, thus
confirming that the commercial fungal
preparation requires longer to achieve
the desired release, a finding reported
in previous studies (Arévalo Villena et

al. 2005 d).

For Muscat, significant differences were
observed between all samples as a

function of both treatment and time.

Quantification of released volatiles
by gas chromatography

These were quantified at 6 and 12 days
in wines of each variety treated with
yeast enzyme extract and with the
commercial enzyme preparation. To
facilitate the interpretation of results, a
value of 100% is assigned to control
wines for each compound measured.
For Airén wines (Figure 1) significant
differences as a function of contact time
were apparent only between wines
treated with the commercial preparation
and those treated with the purified
that

pseudopolimorphus

yeast extract, suggesting
Debaryomyces
extract requires less time to achieve the
With

enzyme

desired effect.
different

fluctuations were noted at 6 days for

regard to the

extracts, small
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Figure 1. Release of volatile compounds (% hydrolysis with respect to controls) in Airén control wines (C)
and in wines treated with yeast extract (P) and a commercial enzyme preparation (CEP),after 6 and 12

days' treatment (A and B, respectively)

1: limonene, 2: 1-hexanol, 3: 3-hexen-1-ol, 4: citronelol, 5: 2-phenylethanol, 6: ethyl acetate, 7: ethyl
butyrate, 8: isoamyl acetate, 9: ethyl hexanoate, 10: hexyl acetate, 11: ethyl octanoate, 12: 2-phenylethyl

acetate.

some compounds, although in most

cases there were no significant

differences, and wines were similar to
controls. At 12 days, treated wines
displayed greater volatile content. Both
extracts (yeast and commercial)
showed similar behaviour, although the
yeast extract released more limonene,
citronelol,

2-phenylethanol, ethyl

acetate, hexyl acetate and ethyl

octanoate (Figure 1B).
(Figure 2)

found

For Riesling samples

significant  differences were

between treated wines as a function of
At 6 days, the two

treatments

contact time.

enzyme yielded similar

volatile contents, although wines
treated with yeast extract displayed
higher values for 3-hexen-1-ol, linalol,
citronelol, 2 phenyl ethanol and isoamyl
acetate (Figure 2A). By contrast, at 12
days (Figure 2B), treatments displayed
similar efficacy, although wines treated
with the

preparation displayed higher values for

commercial enzyme

citronelol, 2-phenyl ethanol, ethyl
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Figure 2. Release of volatile compounds (% hydrolysis with respect to controls) in Riesling control wines
(C) and in wines treated with yeast extract (P) and a commercial enzyme preparation (CEP),after 6 and 12
days' treatment (A and B, respectively). 1: 1-hexanol, 2: 3-hexen-1-ol, 3: linalol, 4: citronelol, 5: 2-
phenylethanol, 6: ethyl acetate, 7: ethyl butyrate, 8: isoamyl acetate, 9: ethyl hexanoate, 10: hexyl acetate,

11: ethyl octanoate, 12: 2-phenylethyl acetate.

butyrate, ethyl hexanoate, hexyl acetate
and 2-phenylethyl acetate. This
highlights again that the fungal
preparation requires greater contact
time and also that its effect is less
controlled; there maybe excessive
release, which was not seen in wines
treated with the Debaryomyces extract.
For Muscat wines (Figure 3) differences
were found for both enzyme treatments

as a function of contact time (i.e. 6 vs.

12 days); these differences were more
marked in wines treated with the
commercial preparation. At 6 days
(Figure 3A), volatile-compound content
was higher in the two treated wines
than in untreated controls, and the
yeast extract released larger amonts of
geraniol, linalol, alpha terpineol, and
citronelol. At 12 days (Figure 3B),
treated wines displayed higher ester

content. By contrast, wines treated with
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Figure 3. Release of volatile compounds (% hydrolysis with respect to controls) in Riesling control wines
(C) and in wines treated with yeast extract (P) and a commercial enzyme preparation (CEP),after 6 and 12
days' treatment (A and B, respectively). 1: 1-hexanol, 2: 3-hexen-1-ol, 3: geraniol, 4: linalol, 5: ho-trienol, 6:
alpha terpineol, 7: citronelol, 8:2-phenylethanol, 9: ethyl acetate, 10: ethyl butyrate, 11: isoamyl acetate,
12: ethyl hexanoate, 13: hexyl acetate, 14: ethyl octanoate, 15: 2-phenylethyl acetate.

the yeast extract exhibited greater

volatile terpene content (geraniol,
linalol, ho-trienol).
As

content was higher in the two treated

expected, volatile-compound
wines than in untreated controls, even
after only 6 days' contact in the case of
yeast extract. Volatile compound
concentrations increased over time, the
increase being more marked in wines
with the

preparation, particularly in the more

treated commercial

aromatic varieties. This again highlights

the indiscriminate release triggered by
commercial preparations, which may
prove detrimental to the product (Tingle
and Halvorson, 1971); for example,
wines of all varieties treated with the
commercial product displayed higher
ethyl butyrate values at 12 days.

These results suggest that the f-
glucosidase activity of yeast enzyme
extract is comparable to, and in many
cases more controlled than, that of
commercial

fungal preparations. A

further advantage of the yeast extract in
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wine-making is that it shortens the
enzyme treatment time required to
obtain the same aroma release.

Different terpenes were obtained for
each grape variety, terpene content
being an intrinsic characteristic of the
variety (Bayonove et al., 1993):
limonene was found only in Airén
samples, which displayed low content
for other terpenes. By contrast, Riesling
yielded some linalool, being Muscat the
greatest variety of terpenes (linalol,
geraniol, ho-trienol and alpha terpineol).
Comparison of the two methods used to
evaluate the effectiveness of enzyme
treatments (non-hydrolyzed precursors
and release of volatile compounds)
showed that both vyielded similar
results; although the data in the Figures
and in Table 1 appear contradictory, it
should be remembered that the
methods quantify different kind of
compounds: the precursors method
only quantifies terpenil glycosides
meanwhile that GC showed the
terpenes and other volatile compounds

(esters).

Sensory analysis

Sensory analysis was performed to
confirm analytical results. Triangular
tests were carried out as described
earlier. For Muscat, tasters found
significant (99.9%) differences between

untreated controls and wines treated

with yeast extract, and 95% differences
between those treated with yeast
extract and those treated with the
commercial preparation.

For Riesling samples, 99% differences
were reported for the wines in the two
triangular tests (control vs. yeast extract
and yeast extract vs. commercial
enzyme preparation).

Tasters found it more difficult to
distinguish between treatments in Airén
samples, since they contain fewer
aroma precursors. Nevertheless, a 90%
difference was reported between
untreated controls and wines treated
with purified enzyme extract, while no
significant  difference was reported
between the two enzyme treatments.
These results agree with those
obtained by chemical analysis; the
greater degree of terpene release
observed in treated Muscat and
Riesling wines was also detected by

tasters.

POF character

Finally, we tested the ability of the yeast
enzyme extract and the commercial
preparation to decarboxylate phenolic
compounds to form volatile phenols
which might give rise to off-flavours.

It was found that none of the p-
glucosidases decarboxylated p-

coumaric and ferulic acid, and thus
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neither 4 vinyl- guayacol nor 4 vinyl-

phenol were formed.

CONCLUSIONS

Grape varieties have different aroma
precursor content, giving rise to wines
with different profiles. Nevertheless,
precursors can be hydrolyzed via
enzyme treatment to enhance wine
aroma.

The good results obtained here confirm
those obtained in previous studies, and
show that Debaryomyces
pseudopolymorphus yeast extract is
suitable for the release of volatile
terpenes in white grape varieties, and
required less time than the commercial
fungal preparation tested here, to
produce a liberation more controlled,
which not only is reflected on analytical

methods since also in sensory analysis.
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Resumen de resultados

En este capitulo se intenta dar una vision particular de cada uno de los

articulos publicados que engloban todo el trabajo de investigacién realizado.

______ARTICULO 1: Caracterizacién de la actividad B-glucosidasica en levaduras
vinicas no Saccharomyces.

El objetivo del trabajo fue el estudio de la capacidad B-glucosidasica de
levaduras aisladas en ambientes vinicos y su aplicacion en la vinificacion de un mosto
de la variedad Chardonnay mediante el uso de cultivos mixtos.

La actividad enzimatica fue cuantificada en el sobrenadante (actividad
extracelular), en la célula completa (enzimas ubicadas en la pared celular y orientadas
hacia el exterior) y en el extracto crudo (intracelulares y asociadas a la pared celular
pero orientadas hacia el citosol). El analisis se baso en la liberacion de glucosa a partir
de la celobiosa. Las levaduras se crecieron por duplicado en medio YPD durante 48
horas a 30 °C sin consideerarse la influencia del medio de cultivo ni las condiciones de
crecimiento.

Sélo se detectd actividad extracelular en dos cepas, Debaryomyces
pseudopolymorphus y Candida oleophila, aunque hubo mas levaduras capaces de
hidrolizar la celobiosa mediante enzimas asociados a la pared celular (extracto crudo),
entre las que destacaron las dos anteriores junto con una cepa de Debaryomyces
polymorphus y de Brettanomyces spp.

Se estudio, por triplicado, la influencia de algunos compuestos presentes en el
vino (etanol, glucosa SO, sobre la actividad B-glucosidasica de los extractos
enzimaticos anteriores.

El etanol redujo la actividad de la enzima, siendo las levaduras menos
sensibles Brettanomyces spp. y D. pseudopolymorphus. Este efecto posiblemente se

debidé al cambio conformacional de las estructuras de la proteina que se traduciria en
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una variacion de la polaridad del medio, afectando directamente al centro activo de la
enzima.

Las elevadas concentraciones de glucosa inhibieron  notablemente la
capacidad de Brettanomyces spp, sin embargo activaron las enzimas producidas por
D. pseudopolymorphus y C. oleophila, no influyendo en aquellas procedentes de D.
polymorphus.

Por ultimo, se observo que el SO, no afectd a la actividad B-glucosidasica,
excepto para el extracto de D. polymorphus que hidrolizé la celobiosa en mayor
medida.

La eleccion de la cepa mas adecuada para su uso como cultivo iniciador mixto
junto con una cepa comercial de Saccharomyces, se hizo en funcién de la localizacion
de la enzima y de los resultados anteriores. D. pseudopymorphus fue la mejor
candidata, al excretar las enzimas al medio de crecimiento, no ser fuertemente inhibida
por el etanol, potenciada por la glucosa e insensible al sulfuroso.

Como era de esperar, los mostos inoculados sélo con Debaryomyces levadura
no fermentaron adecuadamente. Los vinos elaborados con los cultivos mixtos (D.
pseudopolymorphus y S. cerevisiae) no presentaron diferencias significativas con
respecto a los fermentados solo con Saccharomyces en cuanto al contenido en acido
acético, acidez total, pH o densidad. Los azucares residuales aparecieron en
concentraciones elevadas en ambos casos, lo que indicd que la cepa comercial de
Saccharomyces escogida no pudo acabar la fermentacién, aunque los vinos
inoculados con los cultivos mixtos lograron un grado alcohdlico ligeramente mas alto.

Respecto al contenido en terpenos volatiles, se apreciaron diferencias en los
vinos elaborados con los cultivos mixtos, que presentaron mayor concentracion en
citronelol, geraniol y nerol. Tanto el analisis quimico de los vinos como la

determinacion de los terpenos volatiles se llevo a cabo por cuadriplicado.
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Esta investigacion se desarrollé durante la primera estancia predoctoral en el

Institute for Wine Biotecnology.

______ ARTICULO 2: Optimizacion de un método rapido para el estudio de la

localizaciéon celular de la actividad B-glucosidasica en levaduras vinicas.

Este estudio intent6 dar respuesta a ciertos interrogantes surgidos en el trabajo
anterior referentes al efecto del medio de cultivo y condiciones de crecimiento sobre la
sintesis enzimatica, la optimizacién de variables en la cuantificacion de la actividad -
glucosidasica (hidrdlisis de celobiosa) o la localizacién exacta de las enzimas en la
célula.

Los objetivos planteados fueron:
¢ Influencia del medio de crecimiento en la sintesis enzimatica (enzima inducida o

constitutiva), tiempo de cosechado de las células y grado de aireacion.

e Optimizacién del ensayo enzimatico para cuantificar la actividad sobre celobiosa,
estudiando la concentracién del sustrato y el tiempo y temperatura de incubacion.

e Localizacion de la enzima en la célula. Puesta a punto de un protocolo de
fraccionamiento que permitiera el chequeo de la actividad enzimatica en las
distintas fracciones de la célula.

e Aplicacion, del método optimizado, en la busqueda de levaduras con activiadad [3-

glucosidasica aisladas en bodegas de Castilla la Mancha.

Las condiciones Optimas de la sintesis enzimatica se evaluaron mediante
ensayos por triplicado usando un control positivo y otro negativo (Candida molischiana
y Saccharomyces cerevisiae, 321 respectivamente). La produccion de la B-glucosidasa
resultdé estar inducida por la fuente de carbono del medio de crecimiento (maxima

sintesis cuando se us6 Unicamente celobiosa), fue mayor en condiciones de
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aerobiosis y tras un tiempo de crecimiento de 72 horas, a partir del cual comenzaba a
disminuir la actividad.

En cuanto al ensayo enzimatico de cuantificacion sobre la celobiosa, se
observo que la actividad aumentaba con la concentracion de sustrato (induccion por
saturacion), no viéndose significativamente afectada por la temperatura ni el tiempo de
incubacion, por lo que estas variables quedaron fijadas a 30 °C durante 30 minutos.

Puesto a punto el método, se aplicd para estudiar la actividad -glucosidasica
de 82 levaduras vinicas de Castilla la Mancha, previamente identificadas por técnicas
moleculares (PCR-RFLP). Un primer screening donde se crecian las cepas sobre YNB
celobiosa tras agotamiento previo de fuentes de carbono, permiti6 detectar
cualitativamente aquellas que poseian la actividad buscada.

Todas a excepcion de una, eran no Saccharomyces perteneciendo a las
siguientes especies: Debaryomyces hansenii (1), Kluyveromyces thermotolerans (2),
Mestchnikowia pulcherrima (2), Pichia anomala (1), Pichia membranaefaciens (2),
Hanseniaspora uvarum (4), Hanseniaspora osmophila (4), Rodotorula mucilaginosa (2)
y Torulaspora delbrueckii (3). Para los siguientes estudios, ademas de éstas, se
emplearon dos levaduras, elegidas al azar, con crecimiento débil en YNB-celobiosa, la
cepa comercial de Saccharomyces (325) y el control positivo C. molischiana, llevando
a cabo cada ensayo por triplicado.

Resulté de interés conocer la localizacion exacta de las enzimas, para lo que
se puso a punto un protocolo de lisis celular que diferenciaba entre sobrenadante,
célula completa, pared celular, citosol y membrana. La Unica cepa que mostro
actividad extracelular de forma significativa fue H. uvarum. En célula completa los
resultados eran mas favorables, destacando sobre todo las dos P. membranaefaciens
y P. anomala que también mostraron hidrdlisis mas elevadas que el control positivo en

la pared celular, lo que indicaba que el género Pichia poseia actividad asociada a la
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pared. En cuanto al citosol, todas excepto dos, presentaron valores superiores a C.
molischiana, destacando principalmente M. pulcherrima y tres cepas de
Hanseniaspora, dos uvarum y una osmophila. En la membrana se detecto actividad en
la mayoria de las levaduras aunque en ningun caso los valores fueron tan elevados
como en las fracciones anteriores.

Aunque resultd dificil generalizar en qué parte de la célula se encontraba
asociada la actividad pB-glucosidasica, a la vista de estos resultados se dedujo que era
dificil que las levaduras excretaran las enzimas al medio siendo por tanto, una
actividad marcadamente intracelular.

Estos resultados en principio no eran favorables con vistas a su aplicacion
industrial. No obstante, en este punto del trabajo y con previsién a lo que debia durar
la tesis doctoral se decidio trabajar con las levaduras no Saccharomyces que habian
presentado las mejores aptitudes (D. pseudopolymorphus y H. uvarum), sin descartar
futuras busquedas de levaduras en el ecosistema vifiedo-bodega castellano manchego
con el propdsito de encontrar alguna que presentara mayor actividad extracelular,
estudio que se esta desarrollando en la actualidad y en el que ya se han detectado

posibles candidatas.

ARTICULO 3: Caracterizaciéon de una p-glucosidasa exocelular de
Debaryomyces pseudopolymorphus.
Una vez elegida la cepa mas adecuada los objetivos de este trabajo, fueron:
e Optimizacion de las condiciones de crecimiento apropiadas para la cepa con el fin
de conseguir la maxima sintesis (fuente de carbono y tiempo de cosechado).
e Purificacion parcial de la enzima.
e Caracterizacion de la enzima: efecto de la temperatua y pH sobre la actividad -

glucosidasica, estabilidad térmica, propiedades cinéticas (velocidad maxima y
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constante de Michaelis Menten), especificidad a nivel de sustrato y efecto de
diferentes compuestos e iones metalicos sobre la actividad.

La cepa elegida fue D. pseudopolymorphus, ya que de las dos candidatas (D.
pseudopolymorphus y H. uvarum), fue la que mayor actividad [-glucosidasica
presentd. La optimizacién de las condiciones de crecimiento fue necesaria al haber
observado que la actividad era cepa dependiente. Asi, se confirmé que la sintesis era
inducida, excretandose en mayor medida cuando se usaba celobiosa como unica
fuente de carbono, hecho que no afectd al crecimiento de la levadura. El tiempo de
cosechado mas favorable fue aproximadamente a las 40 horas de crecimento, una
temperatura de 30 °C y una agitacion de 200 rpm.

En todos los ensayos los cultivos ses crecieron por duplicado y la actividad
enzimatica se cuantificd por cuadriplicado.

La purificacion parcial de la enzima y su confirmacion por Western-blot mostré
que se trataba de un monémero cuyo peso molecular estaba en torno a 100 KDa.

El efecto de la temperatura y del pH se estudid6 empleando alicuotas
parcialmente purificadas y concentradas (extractos obtenidos tras precipitacion con
acetona y ultrafiltracion con membranas de 100 KDa). La actividad se cuantificé a 20,
30, 40, 50, 60 y 70 °C manteniendo el pH a 4. La hidrdlisis maxima de la celobiosa se
obervé a los 40 °C, cayendo la actividad hasta el 20 % a 50 °C. El perfil de la actividad
a temperaturas menores fue mas favorable, conservandose un 60 y 80 % a 20 y 30 °C
respectivamente. En cuanto al pH, se estudié su influencia incubando a 40 °C a pH de
3, 4, 5 6y 7. Esta variable influyé menos en la actividad, y aunque la maxima se
obtuvo a 4, para el resto de valores de pH, la actividad no disminuyé mas de un 20 %.

La estabilidad térmica, entendida como actividad enzimatica a lo largo del
tiempo bajo las condiciones 6ptimas de hidrdlisis, se midié manteniendo los extractos

B-glucosidicos a 40 °C y pH 4 durante 6 horas, y tomando alicuotas para observar la
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evolucién de la hidrdlisis a tiempo 0, 2, 3, 4, 5, y 6 horas. La curva de estabilidad
mostroé que la enzima era inestable a partir de las tres horas, ya que después de este
tiempo la actividad disminuyé hasta un 30 %. Este hecho posiblemente justifique la
caida observada después de 40 horas de crecimiento del cultivo.

Las propiedades cinéticas de la enzima se calcularon usando celobiosa como
sustrato de la hidrdlisis que se realizé a 40 °C, pH 4 y 30 minutos de incubacién en
todos los casos. La K, obtenida fue de 11.9 mM siendo V. 70.2 umol.min'1.mg
protein™.

En cuanto a la especificidad a nivel de sustrato, se cuantifico la hidrdlisis sobre
celobiosa (control positivo al que se asign6 un 100 % de hidrdlisis), p-nitrofenil-p-D-
glucésido, laminarina, maltosa, mandelonitrilo-p-D-glucésido, N-octil-B-D-glucésido,
arbutina y lactosa. Se observé que la enzima tenia una amplia especificidad por
diferentes tipos de sustratos presentando buena actividad sobre los mono-B-D-
glucosidos.

Con respecto a la influencia de los cationes o compuestos de interés, aunque
las evaluaciones fueron Utiles para la caracterizacion enzimatica, en ningun caso
destacaron valores que pudieran incidir, por activacién o inhibicion, en la aplicacion

industrial de esta B-glucosidasa en procesos de vinificacion.

ARTICULO 4: Método rapido para la cuantificacion de precursores del
aroma. Su aplicacion en extractos de uva, mostos y vinos de diversas
variedades.

Una vez aislada la enzima, parcialmente purificada y caracterizada, era
necesario conocer su comportamiento sobre el sustrato natural en el que se queria

aplicar, es decir, los precursores del aroma de las distintas variedades de uva. Se
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pensd en el empleo de un método rapido, reproducible y de facil aplicacion en el
laboratorio y en bodega que permitiera conocer el potencial aromatico de uvas, mostos
0 vinos.

Los objetivos del presente trabajo fueron:

e Mejora de un método para cuantificar los precursores del aroma (terpenos
glicosilados) en distintas variedades de uva.

e Su aplicacién, a escala de laboratorio, a muestras de uva, mostos y vinos de
Castilla la Mancha tratados y sin tratar enzimaticamente.

e Su aplicacion, a mayor escala, en un laboratorio de analisis sobre muestras reales
de uvas vinos de otras regiones vitivinicolas.

Se partio del método propuesto por Williams et al. (1995), basado en la
proporcion equimolar entre la aglicona y la glucosa que se da en los precursores del
aroma. El proceso consistia en la retencion de los glicosidos sobre cartuchos Cig en
fase inversa, lavado con agua para eliminar las sustancias polares, recuperacion de
los precursores, hidrodlisis acida y cuantificacion de la glucosa liberada. Para modificar
aquellas etapas en las que se detectd algun tipo de interferencia, se utilizaron
soluciones ideales de N-octil-B-D-glucdsido adicionadas o no de otro tipo de
compuestos dependiendo del parametro a ensayar.

Las variables estudiadas fueron el grado de recuperacion de las columnas, flujo
de elucién por cartuchos, niumero de usos de los cartuchos e interferencia con otros
compuestos, realizando los ensayos por triplicado en todos los casos. El protocolo
resultante fue:

Paso 1, preparacion de la muestra.
a) Mostos y vinos: Se centrifugaron a 4500 rpm durante 5 minutos.

b) Vendimia estrujada: Las uvas se procesaron en un homogeneizador de paleta y 10 g de esta digestion

se mantuvieron en contacto con 10 ml de etanol al 50 % durante 2 horas a temperatura ambiente con una
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agitacion de 200 rpm. El homogeneizado se centrifugd a 4500 rpm durante 5 minutos y
5 ml del producto limpio se aforaron a 25 ml para conseguir el grado alcohdlico

adecuado (siempre menor del 15 % v/v).

Paso 2, aislamiento de los glucésidos. Los cartuchos se activaron con 10 ml de
metanol (calidad HPLC) seguidos de 10 ml de agua Milli-Q y se cargd un volumen
apropiado de cada muestra: 15 ml de mosto y de vendimia estrujada y 20 ml de vino.
Estos volumenes difieren del protocolo original, ya que se consideraron mas
apropiados para la capacidad de retencion de la columna, al existir mas precursores
en el mosto que en el vino debido a la hidrdlisis colateral de los terpenil glucosidos
durante la fermentacion. El cartucho se lavé con agua, 3 x 15 ml en el caso de
vendimia estrujada y vino y 3 x 20 ml en el de mosto. Los glicosidos se eluyeron con
1.5 ml de etanol (calidad HPLC) al 100 % seguidos de 3 ml de agua, enrasando a un
volumen final de 5 ml. En todos los casos el flujo de paso por la columna fue de 2-3
ml/min aproximadamente.

Paso 3, hidrdlisis acida. Se realizd6 segun el método propuesto sin existir en
este caso ninguna modificacion: a 0.5 ml de los eluidos anteriores se le afadieron 1 ml
de H,SO, 2.25 M resultando las mezclas de reaccién 1.5 M H,SO4 y 10 % v/iv de
etanol. De forma paralela se llevaron a cabo controles en los que el H,SO,; se
sustituyd por 1 ml de agua con objeto de determinar la glucosa libre que no procedia
de la hidrdlisis de los precursores. En el blanco del reactivo el eluido se sustituyd por
etanol al 30 %. Las muestras y el blanco del reactivo se hirvieron durante 1 hora
permaneciendo los controles a temperatura ambiente.

Paso 4, analisis de D-Glucosa. La D-glucosa liberada en cada uno de los
ensayos se cuantificd por el kit enzimatico glucosa go (Sigma). A 262 ul de cada

prueba se le adicionaron 260 ul de NaOH 3 M en el caso de las hidrolisis acidas y de

agua en los controles, 144 ul de una solucién de glucosa 95 ug/ml permitié que todas
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las muestras analizadas se encontraran en el rango de deteccion del kit enzimatico.
200 pl de esta mezcla se afadieron a 400 pl del kit manteniéndose la mezcla a 37 °C
durante 30 minutos y parando la reaccion con 400 ul de H,SO,4,6 M segun indicaciones
del suministrador. A continuacion se leyo la absorbancia a 540 nm, longitud de onda a
la que absorbe la coloracidon rosada formada por la oxidacién de la glucosa a acido
gluconico y posterior reaccion con la o-dianisidina. Los valores se interpolaron en una
curva de calibrado de glucosa.

A su vez se ajustaron los parametros que se consideraban mas importantes
para la viabilidad y reproducibilidad del método: capacidad de recuperacion de la
columna, velocidad de flujo y numero de usos de cada cartucho, asi como la posible
interferencia de otros compuestos con estructuras similares a los glicosil glicosidos.

El protocolo se aplicd para cuantificar los precursores del aroma en muestras
de uva de las variedades Airén, Chardonnay, Chenin, Garnacha Tintorera, Moscatel,
Rosanne, Saugvinon Blanc y Verdejo. Se observd que Moscatel era la variedad mas
aromatica, mientras que Airén presento el valor minimo.

El método permitié analizar también los precursores de distintos mostos (Airén,
Chardonnay, Gerwirztraminer, Macabeo, Moscatel, Saugvinon Blanc y Riesling) y de
sus correspondientes vinos, obtenidos en el laboratorio por microvinificaciones con la
cepa comercial UCLM 325. De nuevo se observo la gran variabilidad en la cantidad de
precursores en funcion de la variedad de uva, y su disminucion tras la fermentacion.
Esto, posiblemente se debia a la actividad glucanasica residual que poseen algunas
cepas de Saccharomyces cerevisiae. No obstante, los vinos contenian todavia
precursores susceptibles de hidrolizarse mediante la adicion de enzimas exdgenas
para exaltar el aroma.

Tras estos resultados se decidid analizar nuevos mostos, y sus vinos no

tratados y tratados con un preparado enzimatico comercial, especialmente indicado
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para la liberacion de aromas. Para ello se utilizaron tres variedades: Airén, Macabeo y
Moscatel. Los mostos y vinos de la variedad Airén fueron significativamente diferentes,
aunque esto no asegurd una percepcion sensorial al tratarse de una variedad neutra.
En el caso de Macabeo, la hidrdlisis de precursores del aroma fue significativamente
mayor en el vino tratado enzimaticamente que en el no tratado, lo que indicé que el
uso de enzimas era adecuado. Por ultimo, en Moscatel, se detectaron diferencias
significativas entre el mosto y los vinos.

En la ultima parte del estudio el método se aplicd en un laboratorio de analisis
homologado, con el fin de comprobar si se podia usar de forma rutinaria y a mayor
escala. Se usaron uvas de las variedades Moscatel, Macabeo (regadio), Airén
(regadio y secano), Albarifio, Chardonnay y Gerwirztraminer, procedentes de distintas
fincas de Pontevedra, Malaga, Cuenca, Huesca y Burgos muestreadas durante los
ultimos 15 dias previos a la vendimia.

El estudio permiti6 conocer la evolucion de los precursores del aroma,
parametro de interés en el muestreo de uvas para determinar el momento 6ptimo de la
cosecha. Se observaron diferencias en el contenido de los precursores en funcion del
tipo de formacién del cultivo: asi, en la variedad Moscatel, se formaban mas cuando se
trataba de un cultivo en espaldera. Por otra parte, el desarrollo de los precursores fue
distinto en plantios de secano o de regadio: en la variedad Airén los terpenil glicosidos
aparecieron antes en vifias regadas, pero en el momento de la vendimia, la
concentracion era mas elevada en los cultivos de secano.

La cuantificacion de los precursores para cada tipo de muestra se llevo a cabo
por triplicado en todos los casos.

El estudio confirmé la diferencia de concentracion de los terpenil glicdsidos en
las distintas variedades de uva, indicando que no todos los vinos requerian el mismo

tratamiento enzimatico para exaltar los aromas. A su vez sugirié que la adicion de la
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enzima B-glucosidasa debia hacerse sobre vinos una vez acabada la fermentacion,
momento en el que la concentracién de terpenos glicosilados era aun elevada en las
variedades ricas en este tipo de compuestos y ya no existia riesgo de pérdida por

arrastre de CO.,.

ARTICULO 5: Relacion entre el extracto enzimatico de Debaryomyces
pseudopolymorphus y la liberaciéon de terpenos en vino.
Los objetivos planteados fueron:

e Estudiar el comportamiento de las distintas formas de presentacion del extracto
enzimatico de Debaryomyces pseudopolymorphus (enzima parcialmente
purificado, P; inmovilizado, PI; liofilizado, PL vy liofilizado inmovilizado, PLI) sobre
terpenil glicésidos aislados de distintas variedades de uva mediante el protocolo
anterior.

e Observar el efecto de estos extractos cuando se adicionaban directamente al vino
y comparar los resultados con algunas preparaciones enzimaticas comerciales de
origen fungico empleadas en Enologia.

e Calcular la dosis de extracto y el tiempo de contacto mas adecuado para el
tratamiento de los vinos.

Para obtener los distintos extractos enzimaticos, la levadura se crecié en las
condiciones 6ptimas de sintesis y se recuperd el sobrenadante del cultivo que fue
parcialmente purificado y concentrado en funcion del tamafio de la enzima. Se usaron
cartuchos de exclusion molecular con un tamano de poro de 100 KDa durante 1 hora a
4500 rpm y 4 °C, obteniendo el extracto purificado. Para conseguir el extracto
purificado liofilizado se tomé una alicuota de la fraccién anterior y se le adicion6 un 10
% de leche descremada. La mezcla se liofilizd a -51.8 °C con una presién de 2.6 e*

mB en un liofilizador. Las fracciones inmovilizadas del extracto purificado y liofilizado
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se obtuvieron usando alginato sédico al 5 % y cloruro calcico 50 mM como agente
gelificante.

Para comprobar si la actividad p-glucosidasica de los distintos extractos
enzimaticos hidrolizaba los precursores del aroma, se extrajeron los terpenil glicosidos
de mostos de las variedades Airén, Moscatel, Macabeo, Gerwirztraminer, Sauvignon
blanc y Riesling, todos ellos procedente de vifiedos de Castilla la Mancha.

Tres dosis del extracto purificado (mitad de dosis, dosis recomendad y dosis
triple) se pusieron en contacto con los precursores del aroma, a 30 °C durante 15 dias,
cuantificandose la glucosa liberada. Todas las variedades tuvieron un comportamiento
similar, y a los 15 dias los precursores se hidrolizaron al 100 %. Cuando se triplicé la
cantidad de enzima la hidrdlisis fue mas lenta en alguna de las variedades mas
aromaticas; posiblemente debido a un efecto de inhibicién por saturacion. Esto es
interesante desde el punto de vista tecnolégico, ya que supone un ahorro econémico
al poder usar menos cantidad de enzima.

Una vez comprobado que el extracto enzimatico de la levadura era capaz de
hidrolizar los terpenil glicosidos en todas las variedades estudiadas, se decidio
continuar los ensayos con la variedad Moscatel por ser una de las de mayor contenido
en precursores. Se probaron todas las presentaciones enzimaticas obtenidas (P, PI,
PL y PLI). Para intentar reproducir las condiciones de vinificacion, las muestras se
trataron a temperatura ambiente durante 20 dias y se emplearon sélo dos dosis de
enzima (la méas elevada se elimin6é debido a los resultados del estudio anterior). Se
observd que el cambio de temperatura afectaba a la actividad enzimatica, ya que en
ningun caso se alcanzé el 100 % de hidrdlisis, y al emplear la dosis recomendada se
obtuvieron los mejores resultados. No obstante, esto no supone un problema para la

aplicacion a nivel industrial, ya que esta demostrado que con sélo un 3 % de hidrdlisis
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ya existen mejoras sensoriales por la liberacion producida, debido al bajo umbral de
precepcion de este tipo de compuestos.

Por otra parte no todas las presentaciones del extracto enzimatico hidrolizaron
por igual los precursores del aroma, siendo el li¢filo el que mas actividad presento,
seguido del extracto purificado, posiblemente el mas adecuado para el uso en la
industria por su relacion coste-eficacia. El extracto inmovilizado fue el que menos
actividad p-glucosidasica mostro.

El siguiente paso fue comparar la eficacia de la enzima de la levadura con la de
8 preparados comerciales de origen fungico. Los glicésidos extraidos de la variedad
Moscatel se pusieron en contacto durante 20 dias a temperatura ambiente con las
dosis recomendadas en cada caso de los preparados comerciales. Todos hidrolizaron
los precursores del aroma en mayor o menor medida, a pesar de que algunos no
poseian actividad p-glucosidasica especifica o al menos asi constaba en la
informacién comercial. Este hecho indicé que se trataba de mezclas no demasiado
puras con algun efecto colateral que en ocasiones podian ir en detrimento del vino.
Otros, cuyas referencias para su aplicacién en la liberacion de aromas eran muy
favorables, tuvieron un comportamiento similar al extracto de levadura, y ello
determiné el tratamiento directo de vinos con los extractos enzimaticos de
Debaryomyces pseudopolymorphus.

Para ello, las uvas de la variedad Moscatel se procesaron a escala piloto y las
microvinificaciones del mosto se llevaron a cabo en el laboratorio en un fermentador
de tubos multiples. 5 L de mosto adicionados de 50 ppm de SO, se inocularon con una
poblacién de 10° células/ml de una cepa de Saccharomyces cerevisiae comercial
(UCLM 325). Las fermentaciones, por duplicado, se llevaron a cabo a 18 °C hasta

agotamiento de azucares.
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Terminado el proceso, los vinos se decantaron y fraccionaron. A 200 ml de vino
se le anadieron las dosis recomendadas por las casas comerciales de los extractos
enzimaticos P, Pl y PL, descartandose el PLI y el uso de otras dosis por los resultados
obtenidos en los ensayos anteriores. Como control negativo se usé el vino sin adicion
de extracto enzimatico y el control positivo fue el vino adicionado de un preparado
enzimatico comercial muy usado en la region de la Mancha (preparado E). Las
muestras se mantuvieron a temperatura ambiente durante 9 y 16 dias. Una vez
finalizado el tiempo estimado a los vinos se les adicioné bentonita (20 g/ HI) para
eliminar los extractos enzimaticos, se decantaron y se mantuvieron a 4 °C hasta su
analisis.

El grado de hidrdlisis se cuantific6 empleando dos métodos: cantidad de
precursores del aroma no hidrolizados, mediante el método de retencién y
recuperacion de glicésidos en columnas Cys y cuantificacion de volatiles liberados por
cromatografia de gases y espectometria de masas, realizando en todos los casos los
ensayos por triplicado.

De los resultados se desprende que los extractos enzimaticos de levadura
poseen una adecuada actividad B-glucosidasica comparable, y en muchos casos
mayor a la de los preparados fungicos comerciales. De ellos el mas adecuado fue el
purificado ya que sus vinos fueron los que presentaron mayor contenido en terpenos
volatiles (geraniol, linalol, hotrienol, a-terpineol, citronelol y nerol), en 2 fenil etanol y en
algunos ésteres como el acetato de isoamilo, hexanoato de etilo, acetato de hexilo y
de 2 fenil etilo. A éste le siguid el extracto liofilizado, siendo de nuevo la forma
inmovilizada la que menos terpenos liberd, resultados acorde con los obtenidos en el
apartado anterior sobre los precursores hidrolizados en el mosto. Respecto a los
tiempos de tratamiento, a los 9 dias de contacto los vinos tratados con el extracto

purificado de levadura ya eran significativamente distintos al vino control, hecho
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observado en los vinos que habian estado en contacto con el preparado comercial.
Este resultado presentd una indudable ventaja porque permitiria acortar en bodega
los tiempos de tratamiento enzimatico obteniendo la misma liberacién de aromas.
Aunque los resultados obtenidos debian ser corroborados por un analisis
sensorial, se presumia una éptima concordancia con los métodos analiticos, ya que la
extraccion de volatiles realizada para la CG ofrece un resultado idéntico al que percibe

un catador.

ARTICULO 6: Mejora del aroma del vino mediante B-glucosidasas de
levaduras vinicas.

Los objetivos del ultimo trabajo fueron:

e Estudiar el efecto del extracto enzimatico purificado de Debaryomyces
pseudopolymorphus sobre vino de tres variedades de uva blanca (Airén, Riesling y
Moscatel) y comparar los resultados con los obtenidos por un preparado
enzimatico comercial.

e Analisis sensorial de los vinos tratados y sin tratar.

e Determinacién de reacciones colaterales no deseadas: formacién de 4.vinil fenol y
4 vinil guayacol.

En este caso el extracto que se empleé fue el purificado de D.
pseudopolymorphus, por ser el mas adecuado para su empleo en la industria y por los
buenos resultados mostrados. También se empled el preparado enzimatico comercial
E.

Las vinificaciones se llevaron a cabo igual que en el trabajo anterior,
fermentando por duplicado tres variedades distintas: Airén, Riesling y Moscatel. Para
reproducir las condiciones reales que se dan en bodega en cuanto a volumen,

aireacion y exposicion a la luz, las muestras de vino permanecieron en el fermentador
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a temperatura ambiente. Los extractos enzimaticos de la levadura y del moho se
anadieron al vino, siendo una fraccién sin tratar el control negativo.

El estudio de la liberacion de volatiles se hizo usando los mismos métodos que
en el trabajo anterior: cuantificacion de los glicésidos no liberados y de los volatiles
presentes en las muestras, a los 6 y 12 dias de tratamiento (tiempos menores debido a
los resultados previos obtenidos).

Como era de esperar, los vinos tratados presentaron mayor contenido en
volatiles que el vino sin tratar, incluso con solo 6 dias de contacto con el extracto de
levadura. Su concentracion aumentoé con el tiempo, siendo mas acusado el incremento
para los vinos tratados con el preparado enzimatico comercial, a los 12 dias, sobre
todo en las variedades mas aromaticas. Esto volvié a reflejar la liberacion, a veces
indiscriminada, que provocan este tipo de preparados comerciales que en muchos
casos va en detrimento del producto, asi por ejemplo los vinos de todas las variedades
tratados con el preparado comercial presentaron a los 12 dias valores mas elevados
de butirato de etilo.

De los resultados se desprende que los extractos enzimaticos de levadura
poseian una adecuada actividad p-glucosidasica comparable, y en muchos casos mas
adecuada que los preparados fungicos comerciales, aportando ademas una indudable
ventaja: acortar en bodega los tiempos de tratamiento enzimatico.

Se observd como los terpenos encontrados eran distintos para cada variedad
de uva. Asi, el limoneno solo aparecié en la variedad Airén que resultd pobre en el
resto de terpenos. Por el contrario, en Riesling aparecio el linalol, siendo la variedad
Moscatel la que ofrecié mayor diversidad de terpenos (linalol, geraniol, ho-trienol y alfa
terpineol).

Resulta interesante puntualizar que al comparar los dos métodos usados en el

estudio para evaluar la eficacia de los tratamientos enzimaticos (precursores no
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hidrolizados y liberacion de volatiles), a priori parecian contradictorios, pero hay que
tener en cuenta que no cuantificaban lo mismo, y que sélo se podian comparar cuando
nos referiamos a terpenos volatiles correlacionandolos con los precursores del aroma.

Con el fin de corroborar los resultados analiticos se realizd un analisis
sensorial, prueba determinante en este tipo de estudios. Se llevaron a cabo pruebas
triangulares, en las que los catadores encontraron o no diferencias significativas
dependiendo de la muestra problema. Los resultados obtenidos fueron acordes con los
hallados en el analisis quimico, reflejando una mayor liberaciéon de terpenos en los
vinos tratados de Moscatel y Riesling (intervalos de confianza mayores), que en la
variedad Airén, donde no hubo diferencias entre ambos tratamientos enzimaticos pero
si, aunque solo al 90 % de confianza, entre el control y los vinos tratados con el
extracto de Debaryomyces.

Por dltimo vy, considerando la capacidad de formacion de compuestos
conocidos como off-flavours que poseen algunos preparados enzimaticos usados para
la liberacion de aromas, se estudié la aparicion de 4-vinil fenol y 4-vinil guaiacol en
muestras tratadas con el extracto purificado de levadura y con el preparado fungico
empleado en el estudio. Se observd que ninguna de las B-glucosidasas
descarboxilaron los acidos p-cumarico y ferulico y por tanto no se detectaron los
correspondientes fenoles volatiles. Esto coincide con la teoria de que para la
formacion de este tipo de compuestos se requiere la accion combinada de las enzimas
de los cocteles enzimaticos exdgenos y de las levaduras fermentativas que en este

ensayo no estaban presentes.
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Conclusiones generales

1. Las levaduras aisladas de fermentaciones vinicas espontaneas de mosto
blanco, identificadas mediante PCR-RFLP, pertenecen a los géneros
Saccharomyces, Debaryomyces, Kluyveromyces, Candida, Metchnikowia,
Pichia, Toluraspora, Rhodotorula 'y Hanseniaspora.

2. Solo las levaduras no Saccharomyces poseen actividad B-glucosidasica
especifica sobre celobiosa, siendo su sintesis enzimatica caracteristica de
cada cepa. Este hecho no permite generalizar en cuanto al género o especie,
localizacion en la célula, fuente de carbono o condiciones optimas de
crecimiento para la sintesis enzimatica.

3. No obstante la actividad es marcadamente intracelular, aunque Hanseniaspora
uvarum y Debaryomyces pseudopolymorphus son capaces de excretar la
enzima al medio de crecimiento, siendo la ultima cepa la mas apta para su uso
en vinificacion.

4. Debaryomyces pseudopolymorphus usada junto con Saccharomyces
cerevisiae como cultivo iniciador mixto en la fermentacion de un mosto
Chardonnay, no modifica significativamente los parametros convencionales del
vino. En cuanto a la liberacién de terpenos, no existe aumento significativo en
la concentracion de linalol o a-terpineol, pero si en la de nerol, citronelol y
geraniol.

5. Las condiciones 6ptimas de crecimiento para que la cepa de Debaryomyces
pseudopolymorphus sintetice la enzima y exprese la maxima actividad f-
glucosidasica son YP- celobiosa como medio de crecimiento, incubando a 30
°C durante 40-45 horas con una agitacion de 200 rpm.

6. Las enzimas del sobrenadante parcialmente purificadas y caracterizadas

bioquimicamente, son proteinas monoméricas con un tamano en torno a 100
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KDa, pH y temperaturas optimas de 4 y 40 °C respectivamente, sensibles al
calor, pero que conservan el 60 y el 80 % de la actividad a los 20 y 30 °C
respectivamente. Sus parametros cinéticos para la celobiosa son V. 70.2
pumol.min™.mg proteina® y Km 11.9 mM. En cuanto a la especificidad a nivel
de sustrato, la enzima tiene una buena actividad sobre los mono-f-D-
glucosidos. Los cationes o compuestos quimicos presentes en el vino no
potencian ni inhiben su actividad significativamente.

7. El protocolo de extraccion y cuantificacion de los precursores del aroma en
mostos y vinos, ha sido util para chequear de forma rapida el contenido en
glicosil-glicésidos de los distintos sustratos, factor a considerar en la eleccion
del tratamiento enzimatico requerido. Por otra parte resulta util para conocer la
actividad p-glucosidasica de los distintos preparados enzimaticos.

8. Las enzimas p-glucosidasas de Debaryomyces pseudopolymorphus son
capaces de hidrolizar los precursores del aroma de distintas variedades de uva
por la adicion directa de los extractos parcialmente purificados, liofilizados o
inmovilizados. No obstante, aunque el tratamiento mas eficaz es el de la
enzima parcialmente purificada, la liofilizaciéon podria ser una forma alternativa
de su uso.

9. El extracto purificado de Debaryomyces pseudopolymorphus contribuye a la
liberacion de terpenos en la variedad Moscatel, Riesling y en menor medida en
Airén, incluso en un menor tiempo que los preparados enzimaticos
comerciales. Este resultado presenta una indudable ventaja ya que permitiria
acortar en bodega los tiempos de tratamiento enzimatico obteniendo la misma

liberacion de aromas.
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10. El Analisis Sensorial pone de manifiesto que los vinos tratados con enzimas
son distintos al control y los catadores son capaces de diferenciar entre los
distintos tratamientos.

11. Por tanto, esta levadura propia del ecosistema vinico posee una adecuada
actividad B-glucosidasica, comparable a la de los preparados enzimaticos
comerciales de origen fungico y que resulta menos agresiva. Ello hace que las
compafias transnacionales del sector vitivinicola puedan emplear el extracto
enzimatico de Debaryomyces pseudopolymorphus como alternativa a los
cocteles actuales, cubriendo las necesidades impuestas por las nuevas

tendencias dirigidas hacia vinos genuinos.
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