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Six hundred ten yeast colonies isolated from various vineyards in Chile were screened for the presence
of a f-glucosidase activity as well as the resistance to glucose and ethanol inhibition. Among them,
Debaryomyces vanrijiae was found to produce high levels of an extracelular s-glucosidase which
was tolerant to glucose (K; = 439 mM) and ethanol inhibitions. The enzyme (designated DV—BG)
was purified to apparent homogeneity, respectively, by gel filtration, ion-exchange, and chromato-
focusing techniques. Its molecular weight was 100 000, and its pl 3.0, optimum pH, and temperature
activities were 5.0 and 40 °C, respectively, and had a Vipax of 47.6 umol min~1 mg~! and a K, of 1.07
mM. The enzyme was active against different 5-p-glucosides including glucosidic flavor precursors.
The disaccharidic flavor precursors were not substrates for the enzyme. When added to a Muscat
grape juice, the concentration of several monoterpenes increased as the consequence of its hydrolytic
activity.
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INTRODUCTION hydrolysis was considered a more natural method that would

Beside volatile aroma compounds, grape berries and severaf0t modify the natural aroma distribution pattern.
fruits contain different aroma precursors. Among them, glyco- ~ The enzymatic hydrolysis of the diglycosides occurs in two
sidic precursors represent an important aroma source (Gunatsstages, following a sequential mechanism (Gunata et al., 1988,
et al., 1985; Bayonove et al., 1992; Rogerson et al., 1995; 1993). Primarily, the intersugar linkage is cleaved by a suitable
Winterhalter and Skouruomounis, 1997). Indeed a main propor- glycosidase, and the correspondjig-glucosides are released.
tion of potent flavorants, monoterpenes, shikimate-derived In the second stage, the aglycon release takes place after the
compounds, and fg-norisoprenoids in grapes is linked to the action of af-p-glucosidase. This is the key step, since the
sugars consisting gf-p-glucosides or diglycosides (Williams  efficiency of the hydrolysis is strongly influenced by glucose
et al., 1982; Voirin et al. 1992; Gunata et al., 1985; Baumes et and gluconolactone, potent inhibitors, and the structure of the
al., 1994). Consequently there is a growing interest in the aglycon moiety (Colagrande et al., 1994; Gunata et al., 1988;
exploitation of this hidden aromatic potential by the use of Rosi et al.,1994). Moreover, the inhibition by glucose limits
exogenous enzymes (Cordonnier et al., 1989; Gunata et al.the efficiency of glycosidase enzyme treatment in sweet wines
1993, 1996; Caldini et al., 1994; Janbon et al., 1994; Gueguenand fruit juices, because of the high concentrations of this sugar.
et al., 1996; Riou et al., 1998). Therefore, the investigations were focused in the search of a

Acidic high-temperature conditions can be used for the fungal 3-glucosidase tolerant to glucose, gluconolactone, and
hydrolysis of the bound aroma fraction, but it may lead to ethanol as well as possessing a large aglycon specificity and a

extensive rearrangements of volatiles and loss of the naturalgood activity at low pH (Cordonnier et al., 1989; Gunata et al.,
aroma profile of the product (Williams et al., 1982; Marais, 1993: Caldini et al., 1994: Rossi et al., 1994,1995; Riccio et

~ Author o wh p Hould be ad 4. Tel: (56-2) 686 strains Debaryomyces hansenfRosi 1994; Yanai and Sato
uthor to whom correspondence shou e aaressed. lel: - H H A
4253; Fax: (56-2) 686 5803; E-mail: agosin@ing.puc.cl. 1999) andC. molischiana(Guegen et al., 1996) was studied
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ability to produce a high-glucose tolergfiglucosidase. One
yeast was chosen, identified Bebaryomyceganrijiae, and
this paper describes the properties of fhglucosidase produced

Belancic et al.

DEAE Sepharose CL-6B (Pharmacia, Upsala, Sweden) preequilibrated
with 25 mM imidazole, pH 6.9. The column was rinsed with 0.1 M
NacCl in the same buffer. Elution at 30 mL hof adsorbed protein

by this yeast and its effect on aroma release from a grape juice.Was completed with a linear gradient of NaCl (+&850 mM). The

EXPERIMENTAL PROCEDURE

Yeast Isolation and ScreeningThe yeast strains originated from
Chilean vineyards of four different wine regions and were isolated from

volume of fractions was 3.5 mL. The enzyme containing fractions were
pooled, concentrated, and desalted by ultrafiltration (PM 10 membrane).
Chromatofocusingon-exchange chromatography pool was subjected
to chromatofocusing technique on a Polybuffer Exchanger 94 (Phar-
macia, Upsala, Sweden) column (¥21.0 cm) equilibrated with 25

grapes (11 varieties) and 14 wines obtained by spontaneous fermentamM histidine-HCI buffer, pH 6.2. The gradient of pH was formed by

tion. For the isolation, the water suspension of grape berries or
fermenting juices were diluted and cultured on yeast malt agar and
lysine plates. After incubation at 2&, the different colony types were

applying Polybuffer 74 (Pharmacia) (diluted 1:8 with water and adjusted
to pH 3.7 with HCI).3-Glucosidase activity was eluted with a solution
of glycine—glutamic acid (20 mM, pH 2.6) and concentrated by

counted and representatives of each purified. Thus, 610 colonies wereultrafiltration (PM 10) to 2.2 mL.

obtained.
The screening of yeast strains f@kglucosidase activity was

Electrophoresis (PAGE-SDS).The purification steps and molec-
ular weight of protein were checked by sodium dodecyl sulfate

performed on agar plates as follows: after yeast development on the polyacrylamide gel electrophoresis (SBBAGE) with a 12% poly-

medium above, the plates were flooded with a 0.5 mM solution of
4-methylumbelliferylg-p-glucoside (MUG) in acetate buffer (100 mM,
pH 4.0) (van Tilbeurgh and Claeyssens, 19@b{lucosidase activity

acrylamide according to Laemmli procedure (Laemmli, 1970). The
proteins were detected by staining with a commercial silver stain kit
(Bio-Rad, CA). To estimate the molecular weight a suitable standard

was positive when a blue fluorescent halo appeared around the yeasivas also run (Bio-Rad, CA) (cEigure 4). For the detection of protein

colony upon transilumination, due to the release of 4-methylumbelli-
ferone. Thereatfter, the influence of high glucose content (1 M) and

ethanol (10%) were tested on agar plates in the conditions above, but

by buffering the medium at pH 3.6 with the strains that showed
f-glucosidase activity.

Yeast Strain Identification. The strain numbered 286 was identified
asDebaryomycesanrijiae (van der Walt & Tscheuschner) Abadie et
al., at the CLIB (Collection of Yeasts of Biotechnological Interest,
Grignon, France). It was maintained af@ on YM agar.

Culture Conditions. Aerobic cultures were performed in Erlenmeyer
flasks, filled to one-fifth of their volume. Inocula were prepared with
YM broth, and culture medium was inoculated with«110° cells/mL.

The composition of the medium was 0.5% cellobiose (Sigma, St. Louis,
MO), 1% bacto-peptone (DIFCO, Detroit, MI), and 1% yeast extract
(Sigma, St. Louis, MO) buffered with phosphate-tartrate (100 mM, pH
5.0). Cultures were incubated (200 rpm) at°28for 135 h. At different

times during culture, cells were counted with a Coulter-counter, and

protein concentration from the culture medium was estimated (see

protein assay).

Enzyme Assays.Glycosidase Activities3-D-Glucosidase,o-L-
rhamnosidase, ang-L-arabinosidase activities were determined using
the respective synthetic substratg@snitrophenyl-3p-glucopyranoside,
p-nitrophenyl-at-rhamnopyranoside, op-nitrophenyl-at-arabino-

furanoside. The activities were assayed by incubating 1 volume of the

enzyme solution (diluted if necessary) in 1 volume of the substrate (4
mM in acetate buffer, 100 mM, pH 5.0) at 4C for 20 min. The
reaction was stopped by the addition of 6 voluméd MM Na,COs.

The release of-nitrophenol (pNP) was determined by absorbance
measure at 400 nme (= 18 300 M cm™). Enzyme activity was

glycosylation the gel from SDSPAGE was stained with periodic-
acid Schiff's (PAS) reagent (Gerard, 1990).

Properties of f-Glucosidaselsoelectric PointThe isoelectric point
of the enzyme was determined by both chromatofocusing technique
(see above) and isoelectrofocusing (IEF). For the latter, an IEF agarose
gel containing ampholites in the pH range 2%5 were used. For pl
determination, pl standards (pl range 265) were parallely run.
Enzyme activity on the gel was revealed with MUG.

Substrate Specificityseveral substrates (1 mM each in acetate buffer,
20 mM, pH 4.6): 60--p-glucopyranosides of nerol, linalool and benzyl
alcohol (Voirin et al., 1990), rutinosides @-o-L-rhamnopyranosyl-
f-D-glucopyranoside) of pNP and geraniol (Voirin et al., 1990) and
primeveroside (83-/3-p-xylopyranosyls-p-glucopyranoside) of eugenyl
(Gunata et al., 1998) were incubated (4D, 16 h) withD. vanrijiae
p-glucosidase (1 nKat). The hydrolysis was checked by thin-layer
chromatography (TLC) (Gunata et al., 1998).

Cellobiose and pNP- and geranylgSglucosides were used to
determine kinetic parameteisy{, Vimay Using LineweaverBurk plots.

The enzyme solution was incubated at°@for 10 min with different
concentrations of the substrate in acetate buffer (pH 5.0, 100 mM),
and released glucose was determined using an enzymatic (GOP) method
(Boheringer, Mannheim, Germany). Enzyme activity was expressed
as IU (international units). One IU correspond tauhol of released
glucose per minute under assay conditions.

Effects of pH and Temperatur®ptimum pH activity was measured
under standard assay conditions in Mcllvain buffer of various pHs (2.8
to 7.0). For the pH stability, the enzyme was incubated®@224 h)
in the phosphate-citrate buffer at various pHs from 3.0 to 7.0, followed

expressed as nanokatal (nkat), i.e., nmol pNP liberated per second undePy measure of the activity at optimum pH. The optimum temperature

standard conditions.

Protein Assay.The protein content of the samples was determined
using the Pierce method, with bicinchoninic acid (BCA) as protein
reagent (Pierce, Rockford, IL). The complex BE&u'—protein was

activity was checked in the 2660 °C temperature range in acetate
buffer (100 mM, pH 5.0).

Inhibition. Glucose, glucon@-lactone, ethanol, various divalent (10
mM) and monovalent (20 mM) cations, EDTA, SDS, and dithiotreitol

guantified measuring absorbance at 560 nm. A calibration curve was were added to enzyme assay medium containing pNP-glucoside as

done with bovine serum albumin (Sigma, St. Louis, MO) as standard.

DV—BG Purification . All steps in the purification were carried out
at 4°C. Absorbance at 280 nm was measured for protein estimation.

Gel Filtration Chromatographyfollowing centrifugation of a culture
medium (5 000 gx 10 min), the supernatant (800 mL) was concentrated
on an Amicon cell (PM 30 membrane, Amicon, Beverly, MA) to 8
mL and loaded on a Ultrogel AcA 44 (IBF, Villeneuve-t&arene,
France) column (75 1.6 cm) equilibrated with 200 mM phosphate-
tartrate buffer (pH 7.0). Elution was performed with the same buffer
at a flow rate of 12 mL ht, and 1.5 mL fractions were collected. The
fractions containing-glucosidase activity were pooled, concentrated,
and desalted by ultrafiltration (PM 10 membrane).

lon-Exchange Chromatography. The abgglucosidase pool was
subjected to an anion-exchange chromatography x40.6 cm) on

substrate to check the effect ghrglucosidase activity. Enzyme
inhibition constantsk;) for glucose and gluconolactone inhibition type
were determined using Lineweaver—Burk plot.

Enzymatic Treatment of a Grape Juice and Extraction of Aroma
Compounds.A juice (50 mL) from Moscatel rosada was spiked with
a DV—BG solution (50 IU) issued from gel chromatography. The
experiment was performed in triplicate. The mixture was incubated at
30 °C for 48 h in stoppered glass bottles with continuous agitation
(100 rpm). The samples were added with 4-nonanol (36)2s internal
standard and subjected to column chromatography on Amberlite XAD-2
for the isolation of free volatiles and volatiles bound to the sugars
(Gunata et al., 1985; Belancic et al., 1997). The free volatiles were
eluted with pentane/dichloromethane (2:1 v/v), dried with sodium
sulfate, and concentrated to ca. 1@0 at 35 °C by Dufton columns
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Figure 1. Cell growth, extracellular protein concentration, and exocellular 5-glucosidase production by D. vanrijiae grown on cellobiose.

and analyzed by GC-MS. The bound fraction was eluted with ethyl Table 1. Origin and Hydrolytic Activities against a Synthetic

acetate, concentrated to dryness, and subjected to enzymatic hydrolysig-Glucosidase Substrate (MUG), in the Presence of Ethanol and
involving glycosidases from an enzyme preparation, Pektolase 3PA Glucose, of the Most Promising Native Strains Colonies Selected
(Belancic et al., 1998). The released aglycones were extracted with

pentane/dichloromethane (2:1 v/v), concentrated, and analyzed by GC-_St@inno.  orign  MUG® ~ MUG +ethanol  MUG + glucose
MS. 591 grape + ++ +—
GC and GC-MS Analysis of the Free and Bound Aroma 330 wine + ++ +
Fractions. The analysis of the free and bound aroma fractions were 582 wine + t+ +
carried out in a GC-FID (Hewlett-Packard, HP 6890). The identification 332 g’r'gse :: : :_
of the components was performed by GC-MS (HP 5972) on the basis 434 wine N + +
of retention index and the comparison of El mass spectra with published 43 wine + ¥ ¥
data or with reference compounds. Both GCs were equipped with a 412 wine + ++ +
HP—FFAP capillary column (25 nx 320 um I.D. x 0.5 um film), 292 grape ++ ++ ++
and helium was used as carrier gas. The oven was programmed as 602 wine ++ ++ +
folllows: 3 min at 60°C with gradual heating to 23®C at 2 °C/min. 426 wine + + +
The injection was done in splitless mode (80). The concentration 421 wine + ++ +
of volatiles was expressed as equivalents of 4-nonanol. 603 wine + + +
286 grape ++ ++ ++
346 wine + ++ +
RESULTS AND DISCUSSION 257 grape ++ ++ +
433 wine + + +
Yeast Selection.Within 610 yeast colonies isolated from 517 grape ++ ++ +—
grape and fermenting juices, only 22 showgdlucosidase 347 wine + + +
activity against MUG when developed on plates containing yeast 33% i N o :

malt agar medium. The positive strains were then cultured on

figar plates' ;upplgmented with a_ medium at the pH of grape @ MUG = methyl umbeliferyl glucoside. +— = low activity; + = medium activity;

juice containing high concentrations of glucose (1 M) and .y = high activiy.

ethanol (10%) as well as MUGTé&ble 1). Two were distin-

guished by g-glucosidase highly tolerant both to glucose and 1999). The exocellular enzymes (two isoforms) are constitutive
ethanol (286, 292). The strain 286 was chosen for this work and non-repressed by glucose and therefore produced and
for its higher growth rate in agar plates. It was identified by purified in a highly glucose containing media (Yanai and Sato,
the Collection of Yeasts of Biotechnological Interest (CLIB, 1999).

Grignon, France) aBebaryomycesanrijiae. The time course of formation of extracellulgsglucosidase
p-Glucosidase Production. A preliminary investigation by D. vanrijiae is shown inFigure 1. The activity increased
showed that little or no extracellular DMBG was produced gradually during exponential growth phase of the yeast and
when the growth medium contained as carbone source glucosehereafter slowly. The maximum activity was obtained after 60
or methyl-3b-glucoside.S-Glucosidase synthesis by fungi is h of cultivation (18 nkat/ml or 87 nkat/mg of protein). With

often inhibited by glucose which is attributed to a catabolic respect of the production gfglucosidase activityD. vanrijiae
repression (Dekker, 1981). In contrast cellobiose was found to appears superior to several yeast belongin@ébaryomyces
be a good carbon source f@rglucosidase production bi. et Candiasp.;D. hanseniiD. polymorphugRosi et al., 1994),
vanrijiae. This sugar has been often used for the production of Candida wickerhamifLeclerc et al., 1984), an@. peltata(Saha
fungal glucosidases in synthetic media (Dekker, 1981; Vasserotand Pothast, 1996). It is interesting to note thaglucosidase

et al.,, 1989). It induced the production of an intracellular production byD. vanrijaeis close to that obtained by filamen-
p-glucosidase fromDebarymyces hansenibut not that of tous fungi often used for technological applications (Woodward
extracellular enzymes (Riccio et al.,, 1999; Yanai and Sato, and Wiseman, 1982; Yan and Lin, 1997).
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Figure 2. lon-exchange chromatography of the -glucosidase on DEAE Sepharose CL-6B. (a) 3-Glucosidase activity, (®) proteins, absorbance 280
nm, (M) NaCl concentration.
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Figure 3. Elution profile of chromatofocusing separation (Polybuffer exchanger PBE 94) of the enzyme. (M) 5-Glucosidase activity, (@) proteins, absorbance
280 nm, (A) pH.

Table 2. Purification of 5-Glucosidase from Debaryomyces vanrijiae 1 2 3 4 5 6
total total spec. act.
. e 94 [ ]
volume  act. prot. act. yield  purific o : R
purification step (mL) (nkat)  (mg) (nkat/mg) (%) factor ==
initial extract 800 12,704 1406 90.3 100 1 ¥ — .. Ghge _
ultrafiltration (PM30) 8 10,616 19.84 535 83.6 5.9
Ultrogel AcA 44 34 9,465 149 6,327 745 701 30
DEAE Sepharose CL-6B 74 6,342 0888 7,142 499 791
chromatofocusing 22 1597 0075 21,293 12.6 2358 55
Enzyme Purification. The culture supernatant was first <y .
subjected to gel filtration after concentration by ultrafiltration. .
T SR RS

S-Glucosidase active fractions were further purified by anion-

exchange chromatography (Figure 2) and chromatofocusing rigure 4. SDS-PAGE electrophoresis of the different steps of the
technique where the strongly adsorbed protein could be elutedg o cosidase purification. Lanes 1 and 6: molecular weight markers;
only at pH 3.0, but not during pH gradient from 7.5 t0 3.7 |ane 2. concentrated supematant: lane 3: Ultrogel AcA 44 pool: lane 4:

(Figure 3). _ o DEAE Sepharose CL-6B pool; lane 5: pure enzyme after chromatofo-
Table 2summarizes purification yield. The DMBG enzyme cusing.

was purified 236-fold with an overall yield of 12.6% and a very

high specific activity (21 293 nkat/mg). SDFAGE analysis Characterization. Molecular Weight and pIThe molecular
of purification steps is given ifrigure 4. The purified enzyme  weight of DV—BG was estimated by SDSAGE to be
showed a single protein band. approximately 100 000Higure 4). This value is close to those
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Table 3. Effect of Ethanol and Glucose Concentration on Enzymatic
Activity of the B-Glucosidase

et al., 1999) andC. molischiana(Vasserot et al., 1991). ethanol residual act. glucose residual act.
By chromatofocusing, the pl obtained for the enzyme was (%, vIv) (%) (mM) (%)
3.0. The isoelectric point determined by narrow-range IEF was 0 100 0 100
also near 3.0, but in this case the enzyme which gave a unique 13 g? ég gg
band in SDS—PAGE analysis appeared as a joined triple band 15 64 100 84
by Coomassie staining. Furthermore the three bands were active 20 40 200 80
against MUG (not shown). This could be attributed to differ- 30 5 450 78

ences in enzyme glycosylatioimdeed the PAS method on SDS
gels showed that DV—BG was glycosylated (not shown).

To our best knowledge, the pl of DMBG is the lowest value
reported for g3-glucosidase from microbial sources. Only the
pl of A. niger(3.2) andA. acuteatug3.5) -glucosidases are
close to that oD. vanrijae (Yan and Lin, 1997).

Temperature and pH Effect8he enzyme displayed maximal
activity at 40°C (Figure 5). At the temperature of fermentation,
around 2C0°C, mostg-glucosidases keep only 10 to 20% of their
maximum activity (Gunata et al., 1993). However, BBG
retains 38% of its maximum activity at this temperature. The
enzyme was very stable at temperatures up t6Glfor 1 h. It
was completely inactivated at 70C. The optimum pH of
activity was 5.0. Activity was maintained in the range 495
with residual activities higher than 89%Figure 5). The
optimum conditions for DW¥-BG enzymatic activity are similar
to that reported for &. hanseniienzymatic preparation, pH
4.0—-5.0 at 40°C (Rosi et al., 1994).

DV—BG was found to be sensitive to low pHs: after 24 h
incubation (25°C) at pH 3.15 the enzyme loses 80% of its initial
activity (Figure 6). At higher pHs, ranged between 5.6 and 7.0,
the enzyme was more stable, keeping-82% its initial activity.
Similar results were reported f@. cerevisiaeand C. wicke-
hramii -glucosidases (Gunata et al., 1993).

Substrate Specificity and Catalytic PropertidGnetic pa-

accordance with low activity gf-glucosidases toward tertiary
alcoholsf-p-glucosides (Gunata et al., 1985; Gueguen et al.,
1996). Furthermore D¥BG was unable to act toward disac-
charidic flavor precursors tested, the rutinosides and primevero-
sides (not shown). This indicates that it does not possess an
endoglycosidase activity capable to cleave heterosidic linkages
of disaccharides, in contrast to the enzyme from tea leaves
(Ogawa et al., 1997) and grape berry (Gunata et al., 1998).

Potential Inhibitors and Actiators. The enzyme was com-
petitively inhibited by glucose and glucorelactone. TheK;
values obtained on the Lineweaver—Burk plots were 439 mM
and 5 mM, respectively. This is interesting for technological
applications since most microbial enzymes are strongly inhibited
by glucose, the inhibition constants;) ranging from 0.6 to 10
mM (Gunata et al., 1993). With 450 mM of glucose the enzyme
retains 78% of its activity {able 3). Highly glucose tolerant
pB-glucosidases from some fungi and yeasts have been recently
reportedCandida peltatgK; = 1.4 M, Saha and Bothast, 1996),
Aspergillus niger (K; = 543 mM, Yan and Lin, 1997),
Aspergillus oryzadK; = 1.36 M, Riou et al., 1998).

Ethanol had an inhibitory effect on DMBG (Table 3). Under
the conditions prevailing in wine, i.e. ¥15% ethanol, the
enzyme retains 6080% of its original activity. High inhibition
was observed with ethanol concentrations above 15%, being

rameters were calculated on cellobiose, pNPglucose, andalmost total with 30% of ethanol. Unlike sonfeglucosidases

geranyl-go-glucoside, withKy, values of 57.9, 0.77, and 1.07
mM andVmax values of 84.3, 668, and 47:/8nol min~! mg?,
respectively. The enzyme had aearabinofuranosidase, neither
o-rhamnosidase activities.

that are activated by low ethanol concentrations which is
attributed to the implication of glucosyl transferase activity

(Shoseyov et al., 1988; Caldini et al., 1994; Rosi et al., 1994;
Riou et al., 1998; Yanai and Sato 1999), this phenomenon was

The hydrolysis of several monoglucosides and diglycosides not observed in the case of DABG.

by the DV—BG was checked by TLC after 16 h of incubation
at 40°C. The enzyme was able to hydrolyze fhe-glucosides

The effect of several effectors on tfieglucosidase activity
is shown inTable 4. Copper was the only cation that had a

of pNP, nerol, linalool, and benzyl alcohol. Nevertheless, the negative effect on enzymatic activity (50% inhibitiop}Glu-

hydrolysis of linalyl glucoside was incomplete, since a spot of

cosidases from microbial origin are usually sensitive to"Ag

the substrate is still present after 16 h of reaction. This is in Hg?", and Cd" ions (Gunata et al.; 1993).
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Table 4. Effect of Different Cations and Reagents on the Activity of

the -Glucosidase

% of residual activity
cation
Hg?* 106
Cu?* 52.7
Zn?* 94.4
Co?* 99.8
Ca?* 97.7
Mg?* 974
Ce?* 102
Niz* 88.9
K* 98.3
Na* 98.4
compounds
EDTA (5 mM) 92
DTT (5 mM) 100
SDS 0.4% 0
ethanol 10% 81

Table 5. Enzymatic Treatment of a Grape Juice from Moscatel
Rosada. Concentration of Free and Bound Terpenes?

concentration (ug/L)?

Belancic et al.

neol in DV—BG treated juice is a good indicative of this
phenomenon.

CONCLUSION

This study shows the potential of DV—BG in the flavor
enhancement of fruit juices and derived beverages and opens
several strategies to study with regard to its applications: (i)
use of DV—BG as exogenous enzyme supplemented with
nowadays available fungal enzyme preparations to improve the
liberation of flavor compounds in glucose rich media, such as
sweet wines and fruit juices, (ii) construction Sfcerevisiae
yeast strains expressing D\BG activity during grape juice
fermentation, (iii) coculture oD. vanrijiae with S. cerevisiae
during juice fermentation to supplement the medium in glu-
cosidase activity.
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