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Saccharomyces cerevisiae Mannoproteins That Protect Wine from
Protein Haze: Evaluation of Extraction Methods and
Immunolocalization
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Yeast-derived haze-protective mannoprotein material (HPM) offers protection to white wines from
commercially unacceptable turbidities. HPM extraction methods have been evaluated using three
winemaking strains of Saccharomyces cerevisiae. Digestion with Zymolyase of cells pretreated with
DTE and EDTA gave the greatest yields of active material. Heat treatment of cells with SDS also
released active material but the quantities were low. Treatment of the cells in an autoclave or with
a French pressure device was less effective. A detailed study was conducted on the strain Maurivin
PDM. SDS was not necessary to extract HPM from PDM; boiling the cells for 5 min in Tris buffer
was sufficient. HPM could also be extracted with EDTA during the pretreatment of the cells prior
to Zymolyase digestion. The data suggest that HPM was noncovalently linked to other cell wall
components and loosely associated with the cell wall. An immunological investigation showed that
a specific mannoprotein with haze-protective activity, HPF1, was located primarily on the outermost
and innermost layers of the cell wall.

Keywords: Yeast cell wall, mannoprotein extraction, haze-protective material, SDS, Zymolyase,
EDTA, DTE, Saccharomyces cerevisiae, electron microscopy, immuno-gold labeling

INTRODUCTION

Wines can be visually marred by hazes and sedi-
ments. One of the major causes of haziness in white
wines is the precipitation of naturally occurring “heat
unstable” grape proteins (Paetzold et al., 1990; Waters
et al., 1991). To minimize the formation of this haze,
winemakers usually lower the concentration of protein
through the use of bentonite, a montmorillonite clay.
This procedure is said to lower wine quality because it
removes aroma components (Miller et al., 1985; Puigdeu
et al., 1996). In addition, a significant loss in wine
volume occurs as a result of the bentonite lees. Other
methods such as ultrafiltration (Voilley et al., 1990) or
the use of peptidases to degrade the heat unstable grape
proteins (Waters et al., 1992, 1995) are not yet com-
mercially viable.

We have isolated a high Mr mannoprotein called haze-
protective factor (HPF1) from wine (Waters et al., 1993,
1994) that is able to prevent visible wine protein haze
formation. This mannoprotein showed haze-protective
activity against wine proteins and BSA when either was
heated in white wine (Waters et al., 1993). Amino acid
sequence analysis has since identified a putative struc-
tural gene in the Saccharomyces cerevisiae genome for
HPF1 (Waters, unpublished work). Another high Mr
yeast mannoprotein with haze-protective activity (HPF2)

has since been isolated from a fermentation of chemi-
cally defined grape juice medium by a winemaking
strain of S. cerevisiae. A putative structural gene for
HPF2 has also been identified in the S. cerevisiae
genome (Stockdale, Waters, Williams, and Fincher,
unpublished work).

Independent confirmation of the haze-protective ef-
fects of yeast mannoproteins was provided by Ledoux
et al. (1992) and Moine-Ledoux and Dubourdieu (1998,
1999). This work showed that wine aged on yeast lees
had lower haze potential and bentonite requirements
for stability than wine aged without lees but containing
the same level of protein. In addition, a mannoprotein
fraction isolated from yeast cell walls by enzymatic
treatment was shown to protect white wine against
protein haze (Ledoux et al., 1992). In contrast to the
work described above, the active component from the
enzymatically released fraction was of low Mr and
identified as a 32 kDa fragment of yeast invertase
(Moine-Ledoux and Dubourdieu, 1999). A process to
obtain the active component by enzymatic digestion of
yeast cell walls with a commercial â-glucanase prepara-
tion has been described (Moine-Ledoux and Dubourdieu,
1999).

Other glycoproteins have also been shown to exhibit
haze-protective activity. These include yeast invertase
(McKinnon, 1996), a wine arabinogalactan-protein (Wa-
ters et al., 1994b), and an apple arabinogalactan-protein
(Pellerin et al., 1994).

The precise mechanism for haze protection of heat-
unstable proteins remains unclear. It has, however,
been established that addition of haze-protective man-
noproteins did not prevent the proteins in wine from
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precipitating, but rather decreased the particle size of
the haze (Waters et al., 1993). An unpurified yeast
mannoprotein fraction, at the highest level examined,
decreased wine haze particle size to 5 µm and the haze
was barely detectable with the naked eye (Waters et
al., 1993).

Clearly, haze-protective mannoprotein material (HPM)
offers the wine industry a potential alternative to
bentonite fining. The most effective procedures for the
extraction and recovery of HPM require investigation
and the location of HPM and its relation to the yeast
cell envelope needs to be confirmed. This information
will assist in the development of HPM as a commercially
viable wine processing aid.

In this paper, we describe physical, chemical, and
enzymatic methods for HPM from Saccharomyces cer-
evisiae. Data obtained from this study allowed us to
devise a model describing how HPM is associated with
the yeast cell wall. In addition, immunological tech-
niques have been used to localize a specific mannopro-
tein with haze-protective activity, HPF1, in the cell wall.

MATERIALS AND METHODS

Strains, Media and Growth Conditions. Saccharomyces
cerevisiae Maurivin PDM (Champagne origin) was obtained
from Mauri Foods yeast group (Sydney, Australia) while
Saccharomyces cerevisiae AWRI 65 (a flocculent yeast) and
AWRI 85 (a French Champagne wine yeast) were sourced from
the Australian Wine Research Institute culture collection
(Adelaide, Australia). Chemically defined grape juice medium
(CDGJM), adapted from that described by Henschke and
Jiranek (1993) contained glucose (200 g/L), potassium hydro-
gen tartrate (2.5 g/L), L-malic acid (3 g/L), MgSO4‚7H2O (1.23
g/L), K2HPO4 (1.14 g/L), CaCl2 (0.33 g/L), citric acid (0.2 g/L),
myo-inositol (100 mg/L), pyridoxine HCl (0.78 mg/L), nicotinic
acid (3.125 mg/L), calcium pantothenate (1.95 mg/L), thiamin
HCl (1.055 mg/L), riboflavin (78 µg/L), biotin (24 µg/L), NH4-
Cl (1.76 g/L), MnCl2‚4H2O (198.2 µg/L), ZnCl2 (135.5 µg/L),
FeCl2 (31.96 µg/L), CuCl2 (13.6 µg/L), H3BO3 (5.7 µg/L), Co-
(NO3)2‚6H2O (29.1 µg/L), NaMoO4‚2H2O (24.2 µg/L), KClO3

(10.8 µg/L) and was adjusted to pH 3.5.
Yeast strains were maintained on yeast peptone dextrose

slopes (DIFCO Laboratories, Detroit, MI). Using maintenance
cultures, individual yeast strains were inoculated into 10 mL
of CDGJM and subsequently into larger volumes of CDGJM
using an inoculum of exponentially growing cells at a rate of
5% (v/v) at 25 °C under agitation. Upon reaching exponential
phase, the final propagated culture (500 mL) was transferred
to 9.5 L of CDGJM.

Yeast growth was monitored by measuring the absorbance
of the culture at 650 nm (A650). Cultures were grown at 25 °C
to late exponential phase (7.5-11.5 g/L, wet cell weight) or to
stationary phase (16 g/L, wet cell weight). The cell morphology,
including budding, was assessed by phase contrast microscopy
(×1000). The cells were recovered by centrifugation (18 000
g, 10 min, 5 °C), washed with one volume of water (5 times)
and either used immediately or stored at -20 °C.

Mechanical Disruption with a French Pressure Cell.
Cells (14 g wet cell weight) were suspended in chilled Tris HCl
buffer (70 mL, 50 mM, pH 7.5) containing phenylmethylsul-
fonyl fluoride (1 mM). Up to four passages of the yeast
suspension at 4 °C and at constant speed (3 mL/min) through
the press (cell pressure of 140 MPa) were necessary to obtain
95% of cell disruption (as observed by phase contrast micro-
scopy). The cell debris was recovered by centrifugation (48 000g,
15 min, 5 °C), washed with water (50 mL, twice) and stored
at -20 °C. The supernatants were collected and filtered
through a 0.45 µm membrane.

Pretreatment and Zymolyase Digestion of the Cell
Wall (“Full Zymolyase Treatment”). Cells (4.5 g wet cell
weight) were initially pretreated in Tris HCl buffer (15 mL,

100 mM, pH 8) containing DTE (5 mM) and EDTA (5 mM) at
28 °C for 30 min in a shaking water bath (300 rpm, model
OWD 1412, Paton Scientific, Adelaide, Australia). The cell
pellet was recovered by centrifugation (48000g, 10 min, 5 °C)
and washed with water (15 mL, twice). The supernatants from
the pretreatment and the washings were pooled and dialyzed
against distilled water (6 L, changed six times) at 4 °C. The
cells were resuspended in the same Tris HCl buffer as above
(100 mM, pH 8, 5 mM DTE and 5 mM EDTA) containing
Zymolyase [2% (w/v), Zymolyase 100T, ICN Pharmaceuticals
Inc., Sydney, Australia, 6700 lytic units/g wet cells (one unit
will produce a ∆A800 of 0.001/min at pH 7.5 and 25 °C using a
suspension of brewers yeast in a reaction volume of 3 mL)]
and incubated at 28 °C for 60 min in a shaking water bath as
described above. After incubation, the suspension was centri-
fuged and washed as described above. The supernatants from
the Zymolyase digestion were collected and pooled with those
from the pretreatment and then filtered through a 0.45 µm
membrane. The insoluble material was discarded.

Subtreatments Related to the Full Zymolyase Treat-
ment of the Cells. Cells were initially pretreated, as de-
scribed in the previous section, with DTE and EDTA. The
supernatants from the pretreatment and the washings were
pooled and filtered through a 0.45 µm membrane but not
dialyzed. The cells were treated with Zymolyase as described
above. The supernatants from the Zymolyase digestion were
filtered through a 0.45 µm membrane but not pooled with the
supernatant from the pretreatment and washings.

Extraction with Hot SDS. Cells, or cell debris after
mechanical disruption (14 g wet weight), were suspended in
Tris HCl buffer (70 mL, 10 mM, pH 7) containing SDS [2%
(w/v)] and boiled for 5 min with manual shaking. The suspen-
sion was centrifuged (48000g, 10 min, 5 °C) and the pellet was
washed with water (70 mL, twice). The supernatants were
dialyzed against distilled water (20 L, changed three times)
at 4 °C and ultrafiltered (YM 10 membrane, 10 kDa molecular
weight cutoff, Amicon, Danvers, MA). The retentate was kept.

Autoclave Treatment. Cells (15 g wet cell weight) were
suspended in sodium citrate buffer (100 mL, 20 mM, pH 7)
and autoclaved at 105 °C for 60 min (modified from the method
of Peat et al., 1961). The cell debris was recovered by
centrifugation (48000g, 10 min, 5 °C) and washed with 100
mL of water (twice). The supernatants and the washings were
pooled and filtered through a 0.45 µm membrane. The cell
debris was discarded.

Concanavalin-A (Con-A) Affinity Chromatography. All
solutions were degassed before use. Filtered supernatants
obtained from the extractions were diluted 10-fold in starting
buffer [Tris HCl buffer (20 mM, pH 7.4) containing NaCl (0.5
M), CaCl2 (0.5 mM), MgCl2 (0.5 mM), and MnCl2 (0.5 mM)],
and loaded at 1 mL/min onto a Con-A column (HR 16/50
column, Pharmacia, Sydney, Australia) equilibrated with
starting buffer. Unbound material was eluted with starting
buffer (approximately 10 column volumes) at 1 mL/min. The
material retained by the Con A column was eluted with elution
buffer [starting buffer containing methyl-R-D-mannoside (0.1
M)] at 1 mL/min. Protein was detected by monitoring the
absorbance at 280 nm on a Waters 440 absorbance detector
(Waters Millipore, Milford, MA).

The fraction containing the material eluted by methyl-R-D-
mannoside was desalted by ultrafiltration in a 400 mL capacity
stirring cell, equipped with a YM 10 membrane, at 4 °C under
a nitrogen pressure of approximately 400 kPa. The retentate
was collected, freeze-dried, and weighed.

Micromethod for the Measurement of the Heat-
Induced Haze in Wine (Heat Test). The effects of manno-
protein additions on the protein haze potential of wines were
determined by a modification of the micromethod described
by Waters et al. (1991). Wine was commercially produced from
Vitis vinifera L. Muscat of Alexandria grapes, ultrafiltered
(Amicon YM 10 membrane) to remove grape proteins and
supplemented with bovine serum albumin (BSA) to give a final
protein concentration of 125 mg/L. Aqueous solutions of
mannoproteins (0-15 µL, made up to 15 µL with water, final
extract concentration of 0, 500, 1000, or 2000 mg/L on dry
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weight basis) were added to the wine (180 µL). After being
mixed and sealed, the samples were heated for 1 h at 80 °C
and left on ice for 1 h. After 20 min at room temperature, an
aliquot of each sample (100 µL) was transferred to a 96-well
flat-bottomed microplate. The turbidity was measured by the
absorbance of the samples at 490 nm on a UV max microplate
reader (Molecular Device Corp., Sunnyvale, CA). Values were
corrected by subtraction of the absorbance at 490 nm for a
control (no BSA or mannoprotein added before heat testing).

Production of Polyclonal Antibodies. Antibodies against
purified HPF1 (Waters et al., 1994) were obtained from a New
Zealand White rabbit. The purity of the sample after storage
at -20 °C and before immunization was assessed by gel
permeation chromatography as described by Waters et al.
(1994). For immunization, HPF1 (80 µg) in sterile saline
solution (1 mL) was combined with phosphate-buffered saline
(PBS, 0.5 mL) and mixed with complete Freund’s adjuvant (1.5
mL). The water in oil emulsion was injected intramuscularly
at two separate sites. After 3 weeks, the same protocol was
applied using incomplete Freund’s adjuvant (dilution 1:1). The
emulsion was administered subcutaneously at six separate
sites. Four weeks after the last injection, 1 mL of the
immunogen solution without adjuvant was injected intrave-
nously. One week later, the rabbit was test bled and the serum
separated to check the specificity of the antibodies produced
and to detect any cross-reactivity. As the test procedure
indicated no cross-reactivity, the rabbit was sacrificed and the
collected serum was retested for specificity and cross-reactivity
(see below). The serum was stored in aliquots (10 mL) at -20
°C before use. An immunoglobulin G (IgG) fraction was
prepared from the serum by protein A affinity chromatography
according to the procedure of Ey et al. (1978).

Test of Immunospecificity and Cross-Reactivity by
Ouchterlony’s Immunodiffusion Assay. A gel double dif-
fusion assay was performed according to Ouchterlony (1949).
HPF1 and potential cross-reacting antigens (mannans, inver-
tase, BSA, all from Sigma Chemical Co., St. Louis, MO) were
placed on wells cut into a horizontal 1% (w/v) agarose gel (Type
II: medium EEO, Sigma). The test at the stage of prebleeding
was performed with antiserum at 1:5 dilution. HPF1 and the
potential cross-reacting antigens tested were used at a con-
centration of 1 mg/mL. Diffusion of antibodies and antigens
occurred overnight at room temperature. The test carried out
after the final bleeding was performed as above except that
the dilution of the antiserum used was 1:2.

Test of Immunospecificity and Cross-Reactivity by
Electrophoresis in Agarose Gels and Immunoblotting.
Gels containing 1.8% or 1.4% of agarose were used in this
study and run as horizontal submerged slabs. Agarose [1.4%
or 1.8% (w/v), Type II: medium EEO, Sigma] was added to
gel buffer [20 mL, pH 8.6, 970 mM Tris, 280 mM glycine, 58
mM calcium lactate, 0.01% (w/v) SDS] and dissolved by
heating. The solution was then poured into the gel casting,
and an eight-well comb was placed in the top of the gel. The
gels were allowed to set for 30 min. The gel dimensions were
95 × 75 × 2 mm. Samples (10 µg) were diluted in sample buffer
and then loaded into the wells. Sample buffer was prepared
by combining water (400 µL), gel buffer (150 µL), glycerol (100
µL), and bromophenol blue (50 µL, 0.2% (w/v). Gels were run
in running buffer [50 mM Tris, 380 mM glycine, 10% (w/v)
SDS] at a constant current of 70 mA until the bromophenol
tracker dye was 5 mm from the bottom of the gel (about 4 h).
Transfer of that material which migrated on the agarose gel
to a nitrocellulose membrane (pore size: 0.45 µm, Schleicher
and Schuell, Dassel, Germany) was done using BioRad Mini
Trans Blot Electrophoretic Transfer Cell following the manu-
facturer’s instructions (BioRad Laboratories, Sydney, Austra-
lia). After completion of the transfer to nitrocellulose, the
membrane was immunologically tested using the Bio Rad
Immuno Blot Assay Kit (BioRad Laboratories) according to the
manufacturer’s instructions. The rabbit antiserum was diluted
to 1:500 or 1:1000.

Direct Agglutination Assay. Fresh Maurivin PDM yeast
cells grown in CDGJM to late exponential phase were har-

vested and washed (three times) in PBS. Cells [0.5% (v/v)] were
resuspended in PBS.

The agglutination assay was carried out in a flat bottom
microtitration plate. The serum (100 µL) was added to the top
row and serially diluted in PBS (100 µL) by half along the row
(final well volume of 100 µL, 12 wells in total). The preimmune
serum was similarly serially diluted by half along the wells of
the second row and was referred to as the preimmune serum
control. The third row contained only PBS (100 µL) and was
referred to as the serum-free control row. The yeast suspension
(50 µL) was added to all rows. Each row was done in duplicate
and contained a final volume of 150 µL. The microtitration
plate was briefly mixed and left 2 h at room temperature. The
formation of macroscopic clumps was assessed with the naked
eye over a white background.

Immunoelectron Microscopy. Fresh Maurivin PDM yeast
cells grown in CDGJM to late exponential phase were har-
vested, washed with water (three times), and fixed in 0.25%
(v/v) glutaraldehyde in PBS containing sucrose [4% (w/v)] for
12 h. Cells were washed in PBS containing sucrose (twice, 30
min each time) and then dehydrated by successive washings
in 70% (v/v) ethanol (twice, 30 min each time), 90% (v/v)
ethanol (twice, 30 min each time), 95% (v/v) ethanol (twice,
30 min each time), and 100% ethanol (v/v) (twice, 30 min each
time and once for 60 min). Dehydrated cells were preembedded
in a mixture of 50% (w/v) LR White Resin (Probing &
Structure, Brisbane, Australia)/50% (v/v) absolute ethanol for
15 h at 4 °C and in 100% LR White Resin (three times, 2 h
each time) at room temperature. After the third change of
resin, cells were embedded in 100% LR White Resin and placed
in an oven at 50 °C for 24 h to allow the resin to polymerize.
Ultrathin resin sections (thickness around 50 nm) were cut
with a Reichert Ultracut E (Reichert, Germany) at room
temperature and collected on collodion coated nickel grids (3
mm diameter).

For the immunogold labeling of the ultrathin sections,
preliminary assays were carried out to determine the ap-
propriate dilution range of primary antibody or gold probe in
order to get minimum background on all sections and no
labeling of the negative control sections (see below). During
the procedure, the grids were treated by floating them on top
of drops (15-20 µL) of reagent dispensed onto sheets of
Parafilm. The grids were treated with glycine (0.02 M) in PBS
for 20 min, blotted onto filter paper, and then floated on
antibody buffer (PBS with ovalbumin [1% (w/v)], Tween-20
[0.5% (v/v)] and Triton-X-100 [0.1% (v/v)]) for 20 min. After
blotting onto filter paper, the grids were placed on the primary
antibody solution (IgG fraction diluted to 1:400 with antibody
buffer) for 15 h at 4 °C. The negative controls were prepared
as follows. To test for nonspecific binding by the primary
antibodies (IgG fraction), the grids were placed onto a solution
containing the preimmune serum (diluted to 1:400 with
antibody buffer) instead of IgG fraction for 15 h at 4 °C. To
test for nonspecific binding by the gold probe, the grids were
floated on antibody buffer in place of the primary antibody
solution for 15 h at 4 °C. All sections were rinsed with PBS
containing ovalbumin [1% (w/v), six times, 5 min each time]
and blotted onto filter paper. The grids were then incubated
with a solution of Autoprobe EM protein A G10 [colloidal
gold: 10 nm mean diameter, Amersham International, Great
Britain, 2% (v/v)] for 60 min and rinsed with PBS containing
ovalbumin (six times, 5 min each time) and water (four times).

For the staining procedure, sections were placed on uranyl
acetate [5% (w/v) stabilized with glacial acetic acid and
centrifuged before use] for 10 min and washed with water (four
times). The sections were then floated on lead citrate reagent
[1.3 g lead nitrate (Pb(NO3)2), 1.8 g sodium citrate, 8 mL 1 N
NaOH in 50 mL water, centrifuged before use] for 5 min and
washed with water (four times).

The stained sections were examined using a Philips CM 100
transmission electron microscope.
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RESULTS AND DISCUSSION

Evaluation of Methods for Extracting Haze-
Protective Material. Extracted Mannoprotein Yields.
Four different methods of extraction of HPM from
Saccharomyces cerevisiae cells were evaluated. Manno-
proteins contained in the crude extracts from these cells
were isolated by affinity chromatography on the lectin
Con-A (this lectin has high affinity for mannoproteins;
So and Goldstein, 1968), and the resulting mannopro-
tein fractions were desalted and lyophilized. The dry
weights of the mannoprotein fractions represent the
weight of the mannoproteins in the original extract and
thus the yield.

In general for the three yeasts tested, the full Zymol-
yase treatment was the most effective treatment for
releasing mannoproteins (Table 1). Zymolyase has both
â-glucanase and protease activity and is thought to
attack the glucan network of the cell wall, thus releasing
mannoproteins interspersed within or linked to this
network (Pastor et al., 1984; Elorza et al., 1985; Molloy
et al., 1989). The action of Zymolyase on the cell wall
would also release periplasmic and, because the extrac-
tion was performed without an osmotic stabilizer,
cytoplasmic material. Cytoplasmic mannan, however,
only accounts for 0.5-1.5% of the total cellular mannan
(Katohda et al., 1976) and thus its contribution to the
total mannoprotein yield is expected to be small. Since
Zymolyase releases material from the cell wall matrix
and from the periplasmic space, and both these sites
have a high proportion of mannoproteins, the manno-
protein yield from this method was expected to be
relatively high. This was observed (Table 1).

Intermediate yields of mannoproteins were obtained
after mechanical disruption of the cells with a French
press or after autoclaving the cells (Table 1). Both these
methods are reported to release material from the
cytoplasm and periplasmic space as well as from the
cell wall (Arnold, 1972; Fleet, 1991). These methods are
probably less effective than Zymolyase in releasing
material from these sites because they primarily disrupt
physical barriers and not covalent linkages.

In contrast to the other methods, treatment with SDS
resulted in low yields of mannoproteins (Table 1). SDS
is reported to have a limited effect on whole cells
(Horvath and Riezman, 1994) and only the surface
directly in contact with SDS would be extracted. There-
fore, the small amount of material extracted is probably
originating from the outer cell wall alone. When the
inner surface of the cell wall of PDM cells was exposed
by subjecting the cells to the French press before

extraction with SDS, 6 times more material was re-
leased (data not shown).

Apart from the mechanical disruption procedure,
higher mannoprotein yields were obtained from PDM
and AWRI 85 cells than from AWRI 65 cells, particu-
larly for the full Zymolyase extraction (Table 1). Floc-
culent yeasts such as AWRI 65 have a cell wall richer
in mannoproteins and glucans compared to yeast with
nonflocculating properties (Al-Mahmood et al., 1987,
Saulnier et al., 1991) and there are significant differ-
ences between these groups of yeasts in the structure
and molecular weight of the cell wall mannoproteins
(Amri et al., 1982; Bellal et al., 1995). It is possible that
these compositional changes produce structural differ-
ences in flocculent yeast compared to nonflocculent
yeast that impair the activity of Zymolyase and result
in lower extraction yields of mannoproteins from floc-
culent yeast. This hypothesis would need to be con-
firmed by examining a greater number of yeast strains.

Haze-Protective Ability of the Mannoprotein Material
Extracted. The haze-protective activity of the different
extracts was tested by comparing the level of haze
produced from heating the protein, BSA, in wine with
and without the mannoprotein extracts. Previous stud-
ies have shown that BSA reacts similarly to wine
proteins under these conditions (Waters et al., 1993).
Because of the variability of the heat test (up to 10%
standard deviation), the activity of the extracts has been
classified into four broad categories. First, at manno-
protein concentrations of 0.5 g/L, extracts classified as
having “above average”, and “average”, activity reduced
the initial haze value (the amount of haze given by BSA
alone) to between 20% and 40%, and between 40% and
60%, respectively. In addition, as the concentration of
above average or average extracts increased beyond 0.5
g/L, the percentage of haze either decreased further or
remained constant. Extracts classified as having “bor-
derline” activity reduced the haze to between 60% and
90% of the initial haze value at a mannoprotein con-
centration of 0.5 g/L but the percentage of haze tended
to increase with higher extract concentrations. Extracts
classified as having no activity gave haze values that
were greater than 90% of the initial haze value. The
protective activity of the extracts and a statistical
evaluation of the results are given in Table 1.

For PDM and AWRI 85, both the full Zymolyase and
SDS treatments released material with above average
haze-protective activity whereas the autoclave treat-
ment of the cells of these two strains released material
with only average or borderline activity (Table 1).

Table 1. Yield and Haze-Protective Ability of Mannoprotein Material Obtained with Different Methods of Extraction
Applied to Cells of Saccharomyces cerevisiae Strains Maurivin PDM, AWRI 65, and AWRI 85 in Late Exponential Phase
after Freeze-Thawing

mannoprotein yield (% w/w)a haze-protective ability (% haze)b

treatment
Maurivin

PDM
AWRI

65
AWRI

85
Maurivin

PDM
AWRI

65
AWRI

85

(1) full Zymolyase treatment 1.28 0.80 1.65 34mn c 69 36m

(2) French press 0.52 0.83 0.40 72o 117 94n

(3) autoclave 0.57 0.51 0.61 57no 82 70o

(4) SDS treatment 0.20 0.10 0.11 26m 85 32m

Fd * ns **
a Results are expressed as % (w/w) of mannoprotein material extracted (dry weight) per wet weight of cells used for the extraction.

Values are the means of at least two independent experiments. b Haze as a percentage of the initial haze value (as observed with no
mannoprotein extract added) seen at a concentration of 0.5 mg of mannoprotein material per mL of wine in the micromethod for the
measurement of the heat-induced haze. Values are the means of at least two independent experiments. c Means in the same column with
different superscript letters where statistically significantly different at the 5% level according to the Student t test. d Significance of the
F value: * ) p < 0.05; ** ) p < 0.01; ns ) not significant.
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Borderline or no activity was present in the French
pressed extracts from these two strains, apart from the
PDM cells which were treated with SDS after disruption
using a French pressure cell. In this latter case, average
activity was observed (data not shown).

Moine-Ledoux and Dubourdieu (1999) prepared simi-
lar extracts to those obtained here by treating a cell wall
preparation of a winemaking strain of S. cerevisiae with
a commercial enzyme preparation containing â-gluca-
nases and proteases (Glucanex, similar to Zymolyase
treatment used here) or extracting the cell wall prepa-
ration with heat using the method of Peat et al. (1961)
(similar to the autoclave method used here). Only broad
comparisons between the haze-protective activities of
the extracts prepared by Moine-Ledoux and Dubourdieu
(1999) and of those described here can be made because
the heat test conditions, methods to quantify haze, and
the unstable protein type and concentration in the wine
were different. Nevertheless, both studies gave similar
results: the Glucanex extract of Moine-Ledoux and
Dubourdieu (1999) showed an average level of haze-
protective activity at an addition rate of 0.25 g/L and
the extract prepared from either PDM or AWRI 85 by
Zymolyase treatment here gave above average activity
at twice this addition rate. Similarly, at the same
addition rate of 1 g/L, both the heat extract of Moine-
Ledoux and Dubourdieu (1999) and the autoclave
extract prepared here from either PDM or AWRI
showed an average level of haze-protective activity (data
not shown).

In contrast to the other yeast strains examined here,
no activity of consequence was observed for any extract
from AWRI 65 (Table 1). It is possible that, concurrent
with other changes in mannoprotein composition of
these yeast as described above, the concentration of
HPM in extracts from flocculent yeast is also different
to that in extracts from nonflocculent yeast. Alterna-
tively, HPM may be more difficult to extract from
flocculating yeast compared to nonflocculating yeast due
to the previously described changes in the cell walls.
As described above, this hypothesis would need to be
confirmed by examining a greater number of yeast
strains.

Reagents or Conditions Responsible for the
Release of HPM during the SDS Treatment and
the Full Zymolyase Treatment on Maurivin PDM.
Among the methods tested and described above, the full
Zymolyase and the hot SDS treatments were the most
effective at extracting mannoproteins with average or
above average haze-protective activity. For the full
Zymolyase treatment, the mannoproteins could have
been released either during the pretreatment of the cells
by EDTA and DTE or during the final digestion of the
pretreated cells with Zymolyase. Similarly, for the hot
SDS treatment the release of haze-protective manno-
proteins could be either due to the action of SDS alone,
the boiling procedure, or their combined effects. Thus,
the two sets of treatments were further examined to
determine which components in each treatment were
responsible for the release of HPM.

Zymolyase Treatment. The full Zymolyase treatment
was split into two subtreatments. Cells were pretreated
with DTE and EDTA, and the mannoprotein material
collected was referred to as the pretreatment extract.
The pretreated cells were then digested with Zymolyase
and the second crop of mannoprotein material collected

thus contained only material extracted by the enzyme
(referred to as the Zymolyase extract).

The two subtreatments extracted mannoproteins to
similar extents (treatments 1 and 2, Table 2). The sum
of the mannoprotein material extracted by these two
separate treatments was greater than that extracted by
the full treatment (Table 1). Both dialysis and ultrafil-
tration were used to prepare the samples for the full
Zymolyase treatment whereas only ultrafiltration was
used to obtain the extracts from the two subtreatments.
This change in procedure might explain the differences
in yield observed as some material could have been lost
during dialysis. Average haze-protective activity was
exhibited by the pretreatment extract (Table 2). In
contrast, only borderline activity was observed when the
Zymolyase extract was tested. Thus, the pretreatment
with EDTA and DTE specifically extracted HPM whereas
Zymolyase treatment of the pretreated cells released
material with no obvious haze-protective ability.

Individual extractions with EDTA and DTE were then
carried out to test whether both or only one of these
compounds contained in the pretreatment was respon-
sible for the release of HPM. Both mannoprotein
extracts obtained by EDTA and DTE treatments (re-
ferred to as the EDTA or DTE extracts, respectively)
contained less mannoproteins than the extract from the
combined pretreatment and acted differently in reduc-
ing protein haze in wine (Table 2). The DTE extract
dramatically increased the level of haze. This result
suggested that material with a strong haze forming
ability was extracted by DTE rather than HPM. Alter-
natively, other mannoproteins with strong haze-induc-
ing properties may have been simultaneously extracted
with HPM and masked the haze-protective effects of
HPM. In contrast to the DTE extract, the EDTA extract
reduced haze to the same extent as that obtained by
the combined pretreatment extract (Table 2).

Accordingly, of the three agents (EDTA, DTE, and
Zymolyase) used in the full Zymolyase treatment, DTE
and Zymolyase did not appear to significantly release

Table 2. Yield and Haze-Protective Ability of the
Mannoprotein Extracts Obtained by Various Treatments
from Saccharomyces cerevisiae Maurivin PDM Cells in
Late Exponential Phase after Freeze-Thawing

treatment
mannoprotein
yield (% w/w)a

haze-protective
ability (% haze)b

(1) pretreatment:
combined DTE and EDTA
treatments

0.87m c 45m

(2) Zymolyase treatment:
2% (w/v) Zymolyase on
pretreated cells, 28 °C, 60 min

1.10m 81n

(3) DTE treatment:
5 mM DTE, Tris HCl buffer,
28 °C, 30 min

0.54n 171o

(4) EDTA treatment:
5 mM EDTA, Tris HCl buffer,
28 °C, 30 min

0.44n 46m

Fd * ****

a Results are expressed as % (w/w) of mannoprotein material
extracted (dry weight) per wet weight of cells used for the
extraction. Values are the means of at least two independent
experiments. b Haze as a percentage of the initial haze value (as
observed with no mannoprotein extract added) seen at a concen-
tration of 0.5 mg of mannoprotein material per mL of wine in the
micromethod for the measurement of the heat-induced haze.
Values are the means of at least two independent experiments.
c Means in the same column with different superscript letters
where statistically significantly different at the 5% level according
to the Student t test. d Significance of the F value: * ) p < 0.05;
**** ) p < 0.0001.
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HPM. EDTA therefore appears to be the major agent
extracting HPM.

Freeze-Thawing. Freezing was commonly used to
store yeast cells prior to extraction. To investigate the
possible effect of the freeze-thawing cycle on the release
of HPM, the washing liquid from frozen cells was
examined for both mannoproteins and haze-protective
activity. Low levels of mannoproteins (0.07% w/w) were
present in the washing liquid and these mannoproteins
had only borderline activity (data not shown). It is
postulated that the physical processes of freeze-thaw-
ing were responsible for the release of these mannopro-
teins. Since it was also possible that the freeze-thawing
cycle could affect the extractability of the remaining cell
walls of the thawed cells, further experiments with SDS
and EDTA were carried out on freshly harvested cells
(Tables 3 and 4, respectively) and compared with the
results from frozen cells. These are described below.

SDS Treatment. The SDS treatment was applied to
freshly harvested cells in late exponential phase. As
observed for frozen cells in the same growth phase
(Table 1), the yield of mannoproteins was low but the
extract had above average activity (Table 3). The

mannoprotein extract obtained in the absence of SDS
(referred to as the SDS control extract: boiling whole
cells in 10 mM Tris buffer, pH 7, for 5 min) also gave a
similar yield and haze-protective ability to that shown
by the SDS extract. These results suggested that SDS,
an anionic detergent, was not specifically needed for
HPM extraction.

EDTA Treatment. The amount of material extracted
by EDTA treatment of fresh cells in late exponential
phase compared to that simply extracted by the buffer
(100 mM Tris buffer, pH 8, for 30 min at 28 °C) was
negligible (Table 4). The haze-protective activity of the
two extracts was, however, different. The material
extracted without EDTA showed only borderline activity
(Table 4). The material extracted with EDTA from these
fresh cells in late exponential phase showed average
activity (Table 3).

The yield of mannoproteins from the EDTA treatment
of fresh cells in late exponential phase was dramatically
lower than that from freeze-thawed cells in late
exponential phase (Table 2), suggesting that the freeze-
thawing cycle may facilitate the action of EDTA. Despite
the difference in yield, the haze-protective activity of
the two extracts was similar.

Effect of the Yeast Growth Phase on the Extrac-
tion of Haze-Protective Material. The SDS treat-
ment and its control were applied to freshly harvested
cells in late exponential phase (as described above) or
stationary phase. The yields of mannoprotein and the
activity of the extracts were similar (Table 3). These
results suggested that the phase of cell growth was not
important to the extraction of HPM by boiling whole
cells.

The yield of material from the EDTA treatment and
its control was unaffected by the growth phase of the
cells and was uniformly low (Table 4). None of the
extracts from the cells in stationary phase showed haze-
protective activity (Table 4). Since HPM is known to be
present in the cells in stationary phase (as it was
extracted by the SDS treatment), the lack of any haze-
protective ability of the EDTA extract from fresh
stationary phase cells suggests that EDTA was not able
to extract HPM from cells at this growth stage. A
further possibility is that while EDTA extracted HPM
from cells in stationary phase, other mannoproteins
with strong haze-inducing properties were simulta-
neously extracted and either masked or inhibited the
haze-protective effects of HPM. It is believed that the
architecture of the cell wall evolves during cell matura-
tion leading to a more structured, rigid, and less porous
cell wall (De Nobel et al., 1990; Valentin et al., 1987).
Because of these architectural rearrangements, the cell
wall may have been more stable and resistant to the
action of EDTA, thus preventing the release of HPM.

A Model for the Association of Haze-Protective
Mannoprotein Material with the Cell Wall Based
on the Extraction Data. The results obtained in this
study suggest that HPM is not covalently linked through
â(1 f 3) bonds to the glucan network because Zymol-
yase, a â(1 f 3) glucanase, was not needed to release
HPM. HPM also does not appear to be linked to other
cell wall components by disulfide bridges because DTE,
a reagent able to reduce these bonds, was also not
needed. Furthermore, the specific release of HPM by
EDTA (a metal ion chelating agent) implies that HPM
is retained in the cell wall by ionic interactions and thus
only loosely associated with it. The results obtained

Table 3. Yield and Haze-Protective Ability of the
Mannoprotein Extracts Obtained by SDS Treatment of
Freshly Harvested Saccharomyces cerevisiae Maurivin
PDM Cells at Late Exponential (LEP) or Stationary
Phase (SP)

mannoprotein
yield (%w/w)a

haze-protective
ability (% haze)b

treatment LEP SP Fc LEP SP F

SDS treatment:
boiling in 2%(w/v) SDS,
Tris HCl buffer, 5 min

0.20 0.28 ns 26 28 ns

SDS control:
boiling in Tris HCl buffer,
5 min

0.26 0.26 ns 25 24 ns

Fc ns ns ns *
a Results are expressed as % (w/w) of mannoprotein material

extracted (dry weight) per wet weight of cells used for the
extraction and are the means from two experiments b Haze as a
percentage of the initial haze value (as observed with no manno-
protein extract added) seen at a concentration of 0.5 mg manno-
protein material per mL of wine in the micromethod for the
measurement of the heat-induced haze. Values are the means of
three independent experiments. c Significance of the F value: * )
p < 0.05; ns ) not significant.

Table 4. Yield and Haze-Protective Ability of the
Mannoprotein Extracts Obtained by EDTA Treatment of
Freshly Harvested Saccharomyces cerevisiae Maurivin
PDM Cells at Late Exponential (LEP) or Stationary
Phase (SP)

mannoprotein
yield (% w/w)a

haze-protective
ability (% haze)b

treatment LEP SP Fc LEP SP F

EDTA treatment:
5 mM EDTA, Tris HCl buffer,
28 °C, 30 min

0.05 0.03 ns 45 95 *

EDTA control: Tris HCl buffer,
28 °C, 30 min

0.04 0.03 ns 67 135 ***

F ns ns * *

a Results are expressed as % (w/w) of mannoprotein material
extracted (dry weight) per wet weight of cells used for the
extraction and are the means from two experiments b Haze as a
percentage of the initial haze value (as observed with no manno-
protein extract added) seen at a concentration of 0.5 mg of
mannoprotein material per mL of wine in the micromethod for
the measurement of the heat-induced haze. Values are the means
of three independent experiments. c Significance of the F value: *
) p < 0.05; *** ) p < 0.001; ns ) not significant.
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after examining the SDS treatment also support this
hypothesis. HPM was released by simply boiling whole
cells in buffer; SDS was not required. Since heat
treatment destabilizes all types of noncovalent interac-
tions including ionic and hydrogen bonds (Schwatzberg
and Hartel, 1992), these data support the suggestion
that HPM was only interacting with other cell compo-
nents by noncovalent linkages, such as ionic bridges.

The presence of metal ions in the cell wall is reported
to compensate for the negative charges of the phosphate
groups present in the outer core of the structural
mannoproteins, as well as those of the peptide moieties
of the mannoproteins, and thus to stabilize the whole
cell wall (De Nobel et al., 1989; Valentin et al., 1984).
The formation of ionic bridges also contributes to cell
wall cohesion. Because of its chelating properties, EDTA
can extract metal ions and thus disorganize the ionic
interactions within the cell wall leading to the release
of cell wall components into the medium. This might
explain the release of HPM during the extraction
process and suggests that ionic bridges play a role in
maintaining HPM within the cell wall. In addition, an
extraction experiment using EDTA at pH 3 and 5.5, a
pH range in which the chelating abilities of EDTA are
reduced (Janson and Ryden, 1989), did not lead to the
release of HPM (Dupin, 1997). This result further
supports the hypothesis that the release of HPM by
EDTA at pH 8 was due to the depletion of ions from
the cell wall by EDTA.

Immunolocalization of HPF1 in the Cell Wall of
Maurivin PDM. Specificity and Cross Reactivity of the
Polyclonal Antibodies. Antibodies to HPF1 were raised
in a rabbit using HPF1 purified by a multistep chro-
matographic procedure from red wine (Waters et al.,
1994a). Before being used for the immunization, the
purified HPF1 had been stored as an aqueous solution
at -20 °C for over 12 months. The fidelity of this sample
was analyzed by gel permeation chromatography and
only a single peak was detected with a Mr of 420 000 as
previously found by Waters et al. (1994a; data not
shown). During immunization, the antiserum was tested
by Ouchterlony’s immunodiffusion assay to assess the
specificity and cross-reactivity of the polyclonal antibod-
ies produced (data not shown). Two continuous precipi-
tation lines, typical for reactions of identity, appeared
in the gel between the well containing the antiserum
and that of the solution containing HPF1, suggesting
that the solution injected into the rabbit contained two
components. The two components could be two different
mannoproteins of similar Mr which could not be dif-
ferentiated by gel permeation chromatography. It is
more likely, given the purity of the immunogen, that
the two components represented two differently glyco-
sylated forms of the same mannoprotein, a common
situation with yeast mannoproteins (Trimble and Maley,
1977; Esmon et al., 1981).

There was no reaction between the antiserum and
yeast invertase (containing 50% mannose), a commercial
yeast cell wall mannan fraction or BSA. Additionally,
after agarose gel electrophoresis and immunostaining,
no color development was observed either as a smeared
spot or as a band for invertase or BSA (data not shown).
Because of the lack of sample, the antigenic solution
containing purified HPF1 was not examined by electro-
phoresis, but, as a compromise, the crude extracts
described above which had haze-protective activity, and
presumably contained HPF1, were examined. After

agarose gel electrophoresis, and immunostaining, these
extracts showed two fine bands of light intensity sepa-
rated by only a few millimeters in the first top quarter
of the gel (very high Mr zone, data not shown). In total,
these results suggest that the antiserum was specific
for the purified HPF1 sample used for immunization
and indicate that the purified HPF1 sample contained
two high Mr mannoproteins.

Presence of HPF1 Antigenic Determinants on the
Maurivin PDM Cell Surface. Interpretation of the Direct
Agglutination Assay. An agglutination assay was con-
ducted using the antiserum obtained after the im-
munization to examine the presence of HPF1 on Mau-
rivin PDM yeast cells’ surface. Antibodies have multiple
binding valency and are able to bind at the same time
to several antigenic determinants. If the determinants
recognized by the antibodies are located on different
cells, the antibodies create bridges between the cells.
As a result, provided that a sufficient amount of
antibodies is present, the cells agglutinate and form
clumps visible with the naked eye.

An agglutination pattern (large circle of clumped cells
in the well) was clearly visible at high concentration of
the antiserum. In the serum-free and preimmune serum
control wells, the typical pattern of nonagglutination
was observed (cells uniformly spread on the well bottom)
at all dilutions of the antiserum. This result implies that
the polyclonal antibodies in the antiserum recognized
antigenic determinants of HPF1 on the yeast cell surface
and caused the agglutination.

Immunolocalization of HPF1 in the Cell Wall. The
cells collected in late exponential phase were fixed and
embedded in resin before being cut in ultrathin sections
and examined by transmission electron microscopy after
labeling with the anti-HPF1 antibodies and staining
with gold labeled Protein A (Figure 1). HPF1 was
mainly detected in the cell wall and occasionally within
the cytoplasm or in vacuoles. The percentage of gold
particles in the cell wall greatly outnumbered that in
the vacuoles and in cytoplasm.

The labeled material was not evenly distributed
through the cell wall. Gold particles were more concen-
trated on the periphery (outermost layer) of the cell wall
or near the cytoplasmic membrane (innermost layer of
the cell wall) whereas sparse labeling was detected
within the cell wall itself (Figure 1). This result is in
agreement with that of the agglutination assay which
revealed the presence of HPF1 on the cell surface.

The labeling in the innermost layers of the cell wall
was intense (Figure 1), consistently observed and may
have corresponded to an accumulation of HPF1 in the
periplasmic space (under the conditions used in this
study, the periplasmic space could not be visualized
separately from the innermost layers of the cell wall).
Other immunological studies have similarly observed
cell wall mannoproteins and secreted glycoproteins in
the innermost layers of the cell wall (Elorza et al., 1993;
Cailliez et al., 1992; Lu et al., 1994) and Pastor et al.
(1984) observed cell wall mannoproteins in transit
through the periplasmic space before reaching their
destination on the outer surface. The labeling in the
central part of the cell wall was sparse, more or less
randomly spread and no preferential secretion pathways
could be observed. HPF1 was therefore probably freely
diffusing from the innermost part of the cell wall to its
destination on the cell wall surface. Alternatively, these
results could simply reflect the two different locations
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of the two antigenic determinants in the purified HPF1
solution used for the immunization.

The cytoplasmic labeling was not uniform but mainly
concentrated on the periphery near the cytoplasmic
membrane, as described above. During the cell wall
mannoprotein biosynthesis the protein and mannan
moieties are synthesized intracellularly and modified
within the endoplasmic reticulum in the course of their
migration to the cell wall (Scheckman and Novick,
1982). Thus, the anti-HPF1 antibodies might have
recognized a non-glycosylated precursor form of HPF1
[or alternatively the mature form accumulated intrac-
ellularly as suggested by Cailliez et al. (1994) for other
cell wall glycoproteins] in the cytoplasm before its
extrusion in the extracytoplasmic medium. Immunologi-
cal cytoplasmic detection of cell wall mannoproteins has
been reported (Linnemans et al., 1977; Cailliez et al.,
1992).

In some sections (not shown herein), gold particles
were also detected in small vesicles which could cor-
respond to secretory vesicles. However, the number of
them was small. Some gold particles were also seen in
the vacuoles as seen by others for other mannoproteins
(Meyer and Matile, 1975; Horisberger and Vonlanthen,
1977; Linnemans et al., 1977). No labeling was observed
in the nucleus (data not shown) or the mitochondria (see
Figure 1).

CONCLUSIONS

The extraction of yeast haze-protective mannoprotein
material (HPM) has been investigated. Methods which
disrupt covalent bonds (DTE and Zymolyase treatment)
or physically destroy cell components (French press,

autoclave methods) resulted in the extraction of man-
noprotein fractions which exhibited no or poor haze-
protective ability. Extraction of HPM was facilitated by
methods having a mild impact (disruption of the non-
covalent bonds) on the cell envelope such as EDTA
treatment or boiling in Tris buffer. Accordingly, HPM
was thought to be noncovalently linked to other cell wall
components and loosely associated with the cell wall.

Using the agglutination assay and the immunolabel-
ing of sections examined by transmission electron
microscopy, the presence of HPF1 on the cell wall
surface was confirmed. HPF1 was also present in the
inner layers of the cell wall and more sparsely in the
central layers. The distribution of HPF1 in the wall was
in agreement with that of other cell wall mannoproteins
like R-agglutinins or secreted glycoproteins which also
accumulated in the innermost parts of the wall before
further migration to the outer surface (Pastor et al.,
1984; Cailliez et al., 1992; Lu et al., 1994).

Given the yields of HPM extracted from the cells by
the methods used in this research, plans to isolate large
quantities of HPM from yeast cells are probably unre-
alistic. This is because the highest yield of total man-
noproteins found here was 1.65 g per 100 g of wet cells.
To reduce protein haze to 20% or less of the initial
values (this would probably stabilize all but very
protein-rich white wines), a concentration of approxi-
mately 500 mg/L of this crude mannoprotein material
would be needed. Therefore, at least 300 kg of yeast cells
(wet weight) would need to be processed to produce
enough material to stabilize 10 000 L of wine.

HPF1 was previously purified from white (Waters et
al., 1993) and red wine (Waters et al., 1994a). Some
HPF1 may have been released from the cell wall during
yeast cell degeneration at the end of fermentation of
these wines, but since the postfermentation time was
short in both cases, it is also possible that HPF1 was
secreted during fermentation. The secretion of HPF1
and other haze-protective mannoproteins during alco-
holic fermentation may prove to be a better source of
HPM than subsequent extraction of HPM from the yeast
cells. This was explored in a subsequent study (Dupin
et al., 2000).

ABBREVIATIONS USED

BSA, bovine serum albumin; Con-A, Concanavalin-
A; DTE, dithioerythritol; EDTA, ethylenediamine tet-
raacetate; HPF1, haze-protective factor 1 (a specific
mannoprotein in the HPM group); HPF2, haze-protec-
tive factor 2 (a specific mannoprotein in the HPM
group); HPM, haze-protective mannoprotein material;
LEP, late exponential phase; SDS, sodium dodecyl
sulfate; CDGJM, chemically defined grape juice me-
dium; SP, stationary phase; PBS, phosphate-buffered
saline.
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Figure 1. Site of HPF1 in Saccharomyces cerevisiae Maurivin
PDM cells in late exponential phase. The binding of anti-HPF1
antibodies to the ultrathin sections of the cells were visualized
as dense dots by binding of Protein A conjugated to colloidal
gold to the yeast bound anti-HPF1 antibodies.
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Saccharomyces cerevisiae Mannoproteins That Protect Wine from
Protein Haze: Their Release during Fermentation and Lees Contact
and a Proposal for Their Mechanism of Action

Isabelle V. S. Dupin,†,‡,§ Brett M. McKinnon,†,‡,| Corey Ryan,†,‡,⊥ Muryel Boulay,†,#

Andrew J. Markides,‡ Graham P. Jones,‡ Patrick J. Williams,† and Elizabeth J. Waters*,†

The Australian Wine Research Institute, PO Box 197, Glen Osmond, South Australia 5064, Australia, and
Department of Horticulture, Viticulture and Oenology, Faculty of Agricultural and Natural Resource
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A fraction containing the mannoproteins released during fermentation from the winemaking strain
of Saccharomyces cerevisiae, Maurivin PDM, was able to reduce the visible protein haze in white
wine. This fraction of haze protective mannoprotein material (HPM) could be recovered by either
ultrafiltration or ethanol precipitation. The kinetics of the release of both mannose- and glucose-
containing polymers during the growth cycle of PDM were determined as a guide to the release of
HPM. Active HPM was first detected in the culture supernatant when the cells were exponentially
growing. HPM was also released into the medium under an environment simulating winemaking
conditions by PDM cells during fermentation as well as during storage on yeast lees. Since the
amounts of HPM released during fermentation are greater than those subsequently extracted from
the cell wall, fermentation would be a more viable procedure than extraction from yeast cells for
the commercial production of HPM. Yeast invertase, a mannoprotein with haze protective activity,
was used as a model substrate to investigate the mechanism of haze protection. Invertase was found
to reduce visible turbidity but not prevent protein precipitation. Invertase itself did not precipitate
but remained soluble in the wine. On the basis of these observations, we propose that the mechanism
of haze protection may be one of competition between HPM and wine proteins for unknown wine
component(s), the latter being required for the formation of large insoluble aggregates of denatured
protein. As the available concentration of these components decreases, due to the presence of HPM,
the particle size of the haze decreases and thus visible turbidity declines.

Keywords: Yeast cell wall; mannoprotein release; wine protein haze; haze protective material;
autolysis; fermentation

INTRODUCTION

White wine clarity is of prime importance for the
winemaker as a bottle showing haziness is likely to be
rejected by the consumer. The most common form of
haze formation in white wine results from the aggrega-
tion of grape proteins naturally present in wine (Paet-
zold et al., 1990; Waters et al., 1991). To prevent haze
formation, winemakers usually lower the concentration
of wine proteins through the use of bentonite. Bentonite
also results in the costly loss of wine in lees and removes
wine aroma components, hence lowering wine quality
(Miller et al., 1985; Puidgeu et al., 1996). Thus, alterna-
tive methods of protein stabilization are being investi-
gated by the wine industry.

We have isolated two high-Mr mannoproteins from
fermentations by a winemaking strain of Saccharomyces

cerevisiae of white or red grape juice (HPF1, Waters et
al., 1993; Waters et al., 1994a) or of chemically defined
grape juice medium (HPF2, Stockdale et al., unpub-
lished) that are able to prevent visible wine protein haze
formation. Putative structural genes for both manno-
proteins have been identified in the S. cerevisiae genome
(Waters, unpublished; Stockdale et al., unpublished).
Mannoprotein material with haze protective activity (i.e.
haze protective mannoprotein material, HPM) could also
be extracted from cells or cell walls of winemaking
strains of S. cerevisiae (Dupin, 1997; Dupin et al., 2000).

Independently, Ledoux et al. (1992) showed that wine
aged on yeast lees had lower haze potential and lower
bentonite requirements for stability than wine aged
without lees but containing the same level of protein.
The active component was identified as a 32 kDa
fragment of yeast invertase, a yeast periplasmic enzyme,
and could be enzymatically extracted from yeast cell
wall preparations (Moine-Ledoux and Dubourdieu, 1999).

Other glycoproteins have also been shown to exhibit
haze protective activity. These include whole yeast
invertase (McKinnon, 1996; Moine-Ledoux and Dubour-
dieu, 1999), a wine arabinogalactan-protein (Waters et
al., 1994b), gum arabic, and an apple arabinogalactan-
protein (Pellerin et al., 1994). All of these active glyco-
proteins have a relatively high proportion of carbohy-
drate to protein. The importance of the carbohydrate
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moiety of the wine arabinogalactan-protein (AGP) with
haze protective activity was studied (Waters et al.,
1994b). Enzymatic removal of the terminal arabino-
furanosyl residues of the AGP and subsequent partial
shortening of the outer 6-linked galactan chains did not
effect the haze protective activity. Periodate oxidation
and then Smith degradation of the AGP eliminated its
haze protective activity but also greatly reduced the
amount of protein. It also removed the majority of the
outer 6-linked galactan chains. It was thus speculated
that the outer 6-linked galactan chains and/or the
protein portion of the AGP was important for haze
protective activity.

The precise mechanism for haze protection of heat
unstable proteins remains unclear. It has, however,
been established that addition of haze protective man-
noproteins did not prevent the proteins in wine from
precipitating but decreased the particle size of the haze
(Waters et al., 1993). An unpurified yeast mannoprotein
fraction isolated from wine decreased wine haze particle
size to 5 µm, and the haze was barely detectable with
the naked eye (Waters et al., 1993).

Clearly, the use of HPM as a replacement for bento-
nite fining is an exciting prospect for the wine industry
to help alleviate protein instability problems. A process
to obtain the active 32 kDa fragment of invertase
discussed above by enzymatic digestion of yeast cell
walls has been described (Moine-Ledoux and Dubour-
dieu, 1999). We have also shown that HPM could be
extracted from cells or cell walls of various winemaking
strains of S. cerevisiae (Dupin, 1997; Dupin et al., 2000).
The yields of HPM extracted in these studies was low,
and this means that industrial production of HPM by
extracting cells or cell walls is probably not realistic. It
is relevant to note that HPM was first isolated from
wine (Waters et al., 1993; Waters et al., 1994a) rather
than the cells themselves. Some HPM may have been
released from the cell wall during yeast cell degenera-
tion at the end of fermentation of these wines, but since
the postfermentation time was short, it is possible that
HPM was secreted during fermentation.

Mannoproteins from yeast cell walls are known to be
released into the extracellular medium during yeast
growth and autolysis (Llaubères et al., 1987; Sijmons
et al., 1987; Feuillat et al., 1989; Charpentier and
Feuillat, 1993), and their release is generally considered
beneficial. Mannoproteins can interact with aroma
compounds and thus potentially change the sensory
properties of wine (Lubbers et al., 1994a; Lubbers et al.,
1994b; Lavigne and Dubourdieu, 1996; Dufour and
Bayonove, 1999). Their release can also stimulate the
growth of lactic acid bacteria and thus aid in the timely
completion of malolactic fermentation (Guilloux-Bena-
tier et al., 1995). As well as potentially protecting wine
from protein haze, which is the subject of this current
work, mannoproteins can also protect wine from tartaric
acid precipitation (Lubbers et al., 1993, Gerbaud et al.,
1997; Moine-Ledoux et al., 1997).

In this paper, we have examined the release of
mannoproteins by a commonly used winemaking strain
of S. cerevisiae, Maurivin PDM, into the extracellular
medium at different phases of yeast growth and as-
sessed any such release as a possible source HPM. In
addition, the mechanism of haze protection by such
mannoproteins has been examined using yeast invertase
as a model.

MATERIALS AND METHODS

Strains, Medium, and Propagation Conditions. Sac-
charomyces cerevisiae Maurivin PDM was obtained from Mauri
Foods yeast group (Sydney, Australia). Yeast maintained on
a yeast peptone dextrose slope was propagated in chemically
defined grape juice medium (CDGJM) containing either glu-
cose (200 g/L) or mannose (150 g/L), as described in Dupin et
al. (2000). The details of further propagation steps are given
below. Yeast growth was monitored by measuring the absor-
bance at 650 nm of the fermentation culture. The morphology
of the cells, including budding, was also assessed by phase
contrast microscopy.

Small-Scale (10 L) Fermentation Trials Conducted at
25 °C with Agitation. Four propagation steps into CDGJM
containing either glucose (200 g/L) or mannose (150 g/L) were
undertaken, with culture volumes at each step being 3, 25,
500, and 9500 mL. Cells were grown at 25 °C with agitation
to late exponential phase (7.5-11.5 g/L, wet cell weight,
approximately 1.2 × 108 cfu/L) or stationary phase (16 g/L,
wet cell weight, approximately 1.9 × 108 cfu/L). The culture
supernatant from each fermentation experiment was recovered
by centrifugation (18 000g, 10 min, 5 °C), filtered (0.45 µm
membrane), and stored at -20 °C. The culture supernatants
were ultrafiltered (YM 10 membrane, 10 kDa molecular weight
cutoff, Amicon Ltd., Danvers, MA). The retentate was collected,
freeze-dried and weighed.

Alternatively, the culture supernatant was mixed with 96%
(v/v) ethanol (3 volumes) and left at -20 °C for 48 h. The
mannoprotein precipitate was recovered by centrifugation
(18 000g, 15 min, -10 °C) and washed with 75% (v/v) ethanol
before being dissolved in water, freeze-dried, and weighed.

Affinity chromatography on Concanavalin A of the ultrafil-
tered material was carried out as described in Dupin et al.
(2000).

Large-Scale (20 L) Fermentation Conducted at 25 °C
with Agitation. Four propagation steps into CDGJM contain-
ing glucose (200 g/L) were undertaken, with culture volumes
at each step being 10 mL, 50 mL, 1 L, and 19 L. Final growth
of yeast was carried out in a 28 L vessel at 25 °C with agitation
on an orbital shaker (110 rpm, Paton Scientific, model OP
3422, Adelaide, Australia). The following volume of culture (in
parentheses) was sampled under nitrogen gas cover at the
following times: 0 h (1.5 L); 3, 6, 8, 10, and 13 h (all 1 L); 17
h (750 mL); 20 and 23 h (both 500 mL); 28, 31, 34, and 37 h
(all 300 mL); 41, 50, 60, 83, 104, 126, and 150 h (all 250 mL)
after inoculation. The culture supernatant was recovered from
the samples by centrifugation (18 000g, 10 min, 5 °C), filtered
(0.45 µm membrane), and stored at -20 °C. The culture
supernatants (175 mL) were dialyzed against distilled water
(10 L, changed four times), freeze-dried, and weighed.

Large-Scale (15 L) Fermentation at 18 °C without
Agitation and Storage on Yeast Lees at 18 °C. Four
propagation steps into CDGJM containing glucose (200 g/L)
were undertaken, with culture volumes at each step being 10
mL, 40 mL, 750 mL, and 14.25 L. Final growth of yeast was
carried out in a 20 L vessel at 18 °C without agitation.

The culture was sampled daily (1 L, after gentle resuspen-
sion of the cells) under nitrogen gas cover, and the culture
supernatant was recovered by centrifugation (4000g, 10 min,
10 °C), filtered (0.45 µm membrane), and stored at -20 °C.
The culture supernatants were ultrafiltered (Amicon YM 10
membrane). The retentate was collected, freeze-dried, and
weighed.

At the completion of the fermentation, yeast cells were
separated from the culture supernatant by centrifugation
(4000g, 10 min, 10 °C). The supernatant was ultrafiltered (YM
30 membrane, 30 kDa molecular weight cutoff, Amicon Ltd.)
while the yeast pellet was resuspended in culture (200 mL) at
4 °C. The retentate from the ultrafiltration contained the
extracellular mannoprotein material released into the culture
during fermentation and was kept for further analyses. The
ultrafiltered medium (mannoprotein-free medium, 10 L) was
sterile filtered and transferred into a sterile, airtight storage
vessel (15 L). The yeast cells were separated from the culture
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supernatant by centrifugation (4000g, 10 min, 10 °C), and the
pellet was back added to the mannoprotein-free medium under
aseptic conditions. The air in the headspace of the storage
vessel was replaced with nitrogen gas, and the vessel was
sealed and stored at 18 °C.

Sampling (1 L, after gentle resuspension of yeast lees) was
performed every 2 weeks for a 2-month period under nitrogen
gas cover. These samples were centrifuged (4000g, 10 min, 10
°C), and the recovered supernatants were stored at -20 °C
before use. After being thawed, the samples were ultrafiltered
(Amicon YM 10 membrane) and the retentate was collected,
freeze-dried, and weighed.

Determination of Total and Viable Cell Counts. The
total cell density in the culture was determined using a
Neubauer counting chamber (minimum of 600 cells counted
when possible, accuracy 99%). The viable cell density was
determined using the spread plate counting method. The
number of viable cells, expressed in colony-forming units
(CFU), corresponded to the number of colonies counted after
24 h of incubation at 25 °C. For each time point, all cell counts
were done in triplicate.

Determination of Polymeric Mannose and Glucose
Contents. The concentration of mannoproteins in the samples
was determined by the enzymatic method developed by Ryan
(1998). For samples obtained from fermentations or wines, the
samples were desalted on a PD6G column (BioRad Laborato-
ries, Sydney, Australia) into water. Polymeric forms of man-
nose and glucose present in the samples were hydrolyzed into
monomeric sugars by addition of sulfuric acid (final concentra-
tion 1.5 M) to the sample. The solution was heated for 90 min
at 100 °C in sealed glass tubes. Cooled hydrolyzed samples
(60 µL) were transferred to microplate wells and neutralized
with NaOH (90 µL, 2 M) and triethanolamine buffer (75 µL,
25 mM, pH 7.6). The total amounts of monomeric glucose were
determined enzymatically using the D-glucose/D-fructose UV
method determination kit (set of enzymes E2 and E3, Roche
Diagnostics GmbH, Mannheim, Germany) followed by the
determination of the monomeric mannose content with the
enzyme phosphomannose isomerase (PMI, Roche Diagnostics).

The absorbance (A340 nm) was read prior to the addition of
enzymes E2 and E3 (7.5 µL each) and after 1 h of incubation
at 25 °C. As yeast cells do not release any fructose or polymers
containing fructose (Usseglio-Tomasset, 1978), the enzymes
E2 and E3 were used simultaneously and the corresponding
A340 nm reading after incubation was taken as the measure of
the glucose content only. PMI (8 µL) was added and after 1 h
at 25 °C the A340 nm was again taken. The difference between
A340 nm before and after PMI addition was a measure of the
concentration of mannose in the sample.

The monomeric glucose and mannose content initially
present in the samples was measured enzymatically as above
with omission of the hydrolysis step. The content of polymeric
sugars was calculated by subtraction of the initial monomeric
content before hydrolysis from the total content of monomeric
sugars after hydrolysis.

Each measurement for the enzymatic assay was repeated
at least three times or until an average value with a standard
deviation lower than 5% was reached. Known amounts of
monomeric D-(+)-mannose and â-D-(+)-glucose were used to
determine the standard curves. Values for glucose and man-
nose concentrations of samples were calculated from the
regression equation of the standard curves.

Micromethod for the Measurement of the Heat-
Induced Haze (Heat Test). Except for the experiments with
yeast invertase, the effects of mannoprotein addition on the
protein haze potential were determined as described in Dupin
et al. (2000).

For yeast invertase (Sigma Chemical Co., St. Louis, MO),
the method described in Dupin et al. (2000) was modified as
follows. Wine was commercially produced from Vitis vinifera
L. Sauvignon Blanc grapes. The protein concentration of the
wine was estimated to be 240 mg/L by the method of Peng et
al. (1997). Aqueous solutions of invertase (0-200 µL, made
up to 200 µL with water, final concentration of 0, 100, 200,
300, or 400 mg/L on dry weight basis) were added to the wine

(10 mL). After being mixed and sealed, the samples were
heated for 6 h at 80 °C and left overnight at 4 °C. After 20
min at room temperature, the samples were mixed to disperse
the haze and an aliquot of each sample (100 µL) was trans-
ferred to a 96 well flat-bottomed microplate. The turbidity was
measured by the absorbance of the samples at 490 nm on a
UV max microplate reader (Molecular Device Corp, Hopkinton,
MA). Values were corrected by subtraction of the absorbance
at 490 nm for a control (unheated wine).

SDS PAGE Analysis of Hazes. The haze from 1 mL of
wine was isolated by centrifugation (10 000g, 5 min), SDS
PAGE sample buffer was added (30 µL, Laemmli, 1970), and
the haze was resuspended with a vortex and boiled for 10 min.
After cooling, the samples were centrifuged (10 000g, 5 min),
and the supernatant was loaded onto a 12% denaturing
polyacrylamide gel. SDS PAGE analysis was performed as
described by Laemmli (1970).

Protein Quantification by HPLC Analysis. The protein
composition of heated and unheated wines was determined
using the reversed phase HPLC method described by Peng et
al. (1997).

RESULTS

Release of HPM by PDM Cells during Fermen-
tation at 25 °C. The release of polymers containing
mannose and glucose (“polymeric mannose” and “poly-
meric glucose”) by yeast during fermentation was
examined (Figure 1). Fermentation was carried out on
a relatively large scale (20 L) in a chemically defined
grape juice medium at 25 °C, and the culture was
continuously agitated. During the adaptation phase of
growth (from zero to approximately 6 h after inocula-
tion, Figure 1) and in the first hours of exponential
growth (from 6 to 8 h), the quantity of polymeric
mannose as well as polymeric glucose released into the
culture fluid per gram of biomass dramatically in-
creased. Analyses of samples from mid to late exponen-
tial phase (from 8 to 17 h) revealed a subsequent
decrease in content of polymeric mannose and glucose.
The content of polymeric mannose in the culture su-
pernatant increased again during the transition from
exponential to stationary phase (from 18 to 30 h), during
stationary phase (30 to 83 h), and during decline phase
(more than 83 h). The release of polymeric glucose was
concomitant with the release of polymeric mannose and
seemed to be partially correlated to it as the ratio of
polymeric mannose to glucose was relatively constant
(ranged from 2.4 to 2.8) over transition and early
stationary phase (from 28 to 60 h of incubation).

A change occurred during decline phase (more than
83 h of incubation, Figure 1) as the ratio of polymeric
mannose to glucose steadily increased to reach 3.6. The
amount of polymeric glucose did not decrease over this

Figure 1. Change in the concentration of polymeric mannose
(b) and polymeric glucose (O) in the culture supernatant
during growth of PDM cells. Both the total cells (0) and viable
cells (2) are shown. The values are the mean of at least three
analyses.
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period (values varied between 27 and 33 mg/L) whereas
the amount of polymeric mannose increased from 80 to
102 mg/L. As seen in Figure 1, the number of viable
cells decreased over this period.

An additional experiment was carried out to examine
the haze protective activity of material released during
fermentation. Yeast was grown under conditions identi-
cal to those of the experiment described above except
the scale was smaller (10 L). The haze protective activity
of the secreted material was tested by comparing the
level of haze produced from heating the protein BSA in
wine with and without the secreted material. Previous
studies have shown that BSA reacts similarly to wine
proteins under these conditions (Waters et al., 1993).
Due to the variability of the heat test (up to than 10%
standard deviation), the activity of the tested samples
has been classified into four broad categories. First, at
concentrations of secreted material of up to 0.5 g/L,
material classified as having “above average”, and
“average” activity reduced the control haze value (the
amount of haze given by BSA alone) to between 20%
and 40% and between 40% and 60%, respectively. In
addition, as the concentration of above average or
average samples increased beyond 0.5 g/L, the percent-
age of haze either decreased further or remained
constant. Secreted material classified as having “bor-
derline” activity reduced the haze to between 60% and
90% of the control haze value at a concentration of
secreted material of 0.5 g/L, but the percentage of haze
tended to increase with higher concentrations. Material
classified as having no activity gave haze values that
were greater than 90% of the control haze value.

All extracellular material tested showed above aver-
age haze protective activity (Table 1). This result was
seen whether the material was isolated from culture
supernatant at the late exponential or the stationary
phase of yeast growth, whether the yeast was grown
on mannose or glucose as the carbon source, and
whether ethanol precipitation or ultrafiltration was
used to isolate the material.

Consistent with the trends shown in Figure 1, lower
yields of released material were obtained from culture
supernatants at the late exponential phase than at the
stationary phase of yeast growth (Table 1). Yields at

both growth phases were slightly higher if mannose was
used instead of glucose as the carbon source (Table 1).
The yield of extracellular material from culture super-
natants at the stationary phase of yeast growth isolated
by ethanol precipitation was 30% lower than that
obtained by ultrafiltration (Table 1, values in paren-
theses). The yields of secreted material determined in
this experiment (Table 1) are not directly comparable
to those in the experiment described above (Figure 1)
since dry weight of total material was measured in
Table 1 whereas levels of polymeric mannose and
glucose containing polymers were determined in the
experiment described in Figure 1.

Release of Polymeric Mannose and HPM during
Fermentation Conditions Simulating Winemaking
(Nonagitated at 18 °C). A fermentation in chemically
defined grape juice medium was conducted under condi-
tions more closely simulating winemaking than those
conditions described above. Sampling was performed
regularly during the exponential growth of the yeast
cells and the following stationary phase of growth. The
amount of mannose present in polymeric form released
into the culture was determined for selected samples
only and is given in Table 2.

As seen previously for the agitated fermentations at
25 °C, the transition between exponential and station-
ary phase under winemaking conditions was character-
ized by an increase of polymeric mannose present in the
culture supernatant.

The extracellular material collected at mid exponen-
tial phase showed only borderline haze protective activ-
ity (Table 2) suggesting that HPM was either absent or
present in an amount too low to be detected. However,
tests on samples at late exponential or stationary phase
revealed the presence of HPM because these samples
showed above average activity (Table 2). As described
above for the agitated fermentations at 25 °C, it appears
that HPM was released during cell growth.

Release of Polymeric Mannose and HPM by
PDM Cells during Storage on Yeast Lees. To
measure the effects of storage on yeast lees under
winemaking conditions, cells were harvested after the
nonagitated fermentation at 18 °C described above and
resuspended in a medium free of mannoproteins and
other polymeric material. The amounts of polymeric
mannose measured and the haze protective activity
observed were thus related to the extracellular material
released exclusively during storage on yeast lees (Table
3).

Polymeric mannose was progressively released into
the culture supernatant to reach a concentration during

Table 1. Yield and Haze Protective Activity of the
Extracellular Material Released into the Culture
Medium by Saccharomyces cerevisiae Maurivin PDM
Cells at Different Stages of Growth at 25 °C with
Agitationa

yield of released mater
(% w/w)b

haze protective activity
of released mater

(% haze)c
carbohydr

source LEP SP LEP SP

glucose 0.67 1.07 (0.74) 30 35 (25)
mannose 0.83 1.58 26 23

a LEP, late exponential phase; SP, stationary phase. b Results
are expressed as % (w/w) of extracellular material released (dry
weight) per wet weight of yeast cells. Samples were prepared from
culture supernatants by ultrafiltration except for the values given
in parentheses, which were prepared by ethanol precipitation. The
values given are the means of at least four independent experi-
ments except for the data from ethanol precipitation and from
growth on mannose, which are from a single experiment. c Extent
of haze decrease as a percentage of the initial haze value (as
observed with no extracellular material added) seen at a concen-
tration of 0.5 mg of extracellular material/mL wine in the
micromethod for the measurement of the heat-induced haze
(values are the means of three independent experiments).

Table 2. Concentration of Polymeric Mannose in the
Culture Supernatant and Haze Protective Activity of the
Extracellular Material Released by Saccharomyces
cerevisiae Maurivin PDM Cells during Fermentation
under Conditions Simulating Winemakinga

yeast cell
growth stage

concn of released
polymeric mannose

(mg/L)

haze protective activity
of released mater

(% haze)b

mid exponential nd 80
late exponential 104 40
mid stationary 175 30

a nd, not determined. b Extent of haze decrease as a percentage
of the initial haze value (as observed with no extracellular material
added) seen at a concentration of 0.5 mg of extracellular material/
mL of wine in the micromethod for the measurement of the heat-
induced haze.

Saccharomyces cerevisiae Mannoproteins J. Agric. Food Chem., Vol. 48, No. 8, 2000 3101



storage on yeast lees of 15 mg/L after 8 weeks. In
parallel, the haze protective activity of the released
material increased over time. The first samples tested
(from 0 to 6 weeks) showed either no or borderline
activity. By 8 weeks, the haze protective activity of the
released material had improved to an average level.

Mechanism of Haze Protective Activity of In-
vertase. The haze protective activity of invertase
increased as its concentration in wine increased (Figure
2). In these experiments, invertase was added to a wine
containing its natural complement of wine proteins (240
mg/L) rather than to an ultrafiltered wine supplemented
with BSA (125 mg/L) as used in all the experiments
described above.

Analysis of the haze produced during the heat test
by SDS PAGE showed that there was no obvious
difference in the type or quantity of proteins among any
of the samples (Figure 3). There were 5 major bands
with Mr ranging from 12 000 to 35 000 in the haze
samples. Invertase was seen in this SDS PAGE analysis
as a band with Mr 110 000, but this band did not appear
in any of the haze samples. The commercial sample of
invertase used in this work also contained a protein
band with Mr of 30 000. The presence of invertase in
the hazes was also investigated by determining the
amount of polymeric mannose present in the hazes and
in the unheated and heated wines (Table 4). There was
the equivalent of 0-4 mg/L of invertase present in the
hazes regardless of the addition rate of invertase. There
was a much greater level of polymeric mannose, and
by inference, invertase, present in the heated wines
(Table 4), and there was a linear correlation between
the amount of invertase added and polymeric mannose
in the wine after heating (r2 ) 0.98).

The soluble protein composition of the wines before
and after heating was determined by HPLC analysis
(Figure 4). The unheated wines without and with added
invertase (see Figure 4a,b, respectively) contained iden-
tical levels of thaumatin-like proteins (major peak at
11 min, minor peaks at 12-13 min) and chitinases
(group of peaks from 18 to 26 min). No protein was
detectable with this method for aqueous solutions of
invertase (data not shown). After heating, no samples,
regardless of invertase addition level, contained soluble
protein (Figure 4c).

DISCUSSION

The majority of the material released from yeast
during late exponential phase and stationary phase
bound to a Con-A column (a lectin which binds mannose
and mannose containing polymers; data not shown).
This observation confirms reports in the literature
(Llaubères et al., 1987; Feuillat et al., 1989) that most
material released by yeast growing in grape juice or
grape juice like media was mannoprotein in nature. The
concentration measured here of secreted material at the
end of fermentation (175 mg/L) was also in agreement
with the data obtained by others (Llaubères et al., 1987;
Feuillat et al., 1989). To utilize mannose in place of
glucose as a carbohydrate source appeared to favor the
release of more material (Table 1). The increasing yield
may be linked to the fact that the mannoprotein content
of the cell wall has been shown to be significantly higher
when mannose is used as the carbon source instead of
glucose (Biely et al., 1971; Krátký et al., 1975).

Table 3. Concentration of Polymeric Mannose and Haze
Protective Activity of the Extracellular Material
Released into the Medium during Storage on PDM
Yeast Lees

time on
yeast lees
(weeks)

concn of released
polymeric mannose

(mg/L)

haze protective activity
of released material

(% haze)a

0 0 100
2 4 90
4 10 80
6 11 70
8 15 50

a Extent of haze decrease as a percentage of the initial haze
value (as observed with no released extracellular material added)
seen at a concentration of 0.5 mg of extracellular material/mL of
wine in the micromethod for the measurement of the heat-induced
haze.

Figure 2. Effect of increasing addition of invertase on wine
protein haze, measured as A490 and expressed as a percentage
of the initial haze value (as observed with no invertase added).
The values are the means of 4 analyses.

Figure 3. Protein composition as analyzed by SDS PAGE of
hazes from 1 mL of wine with no added invertase (0) or with
invertase added to the wine at 100-400 µg/mL (100-400).
Invertase (100 µg, Inv.) and protein molecular weight stan-
dards (Std) were also analyzed. The Mr’s of the protein
molecular weight standards in kDa are shown on the left of
the gel.

Table 4. Effect of Added Invertase on the Concentration
of Polymeric Mannose in Unheated and Heated Wines
and Hazes from Heated Winesa

concn of polymeric mannose (mg/L) inconcn of
invertase

(mg/L) unheated wine heated wine hazeb

0 110c 94 14
100 nd 134 (80) 16 (4)
200 nd 196 (204) 14 (0)
300 nd 246 (304) 12 (0)
400 290 (360)d 264 (350) 16 (4)

a nd, not determined. b The concentration of polymeric mannose
in the hazes has been expressed on a mg/L basis by determining
the polymeric mannose content of haze isolated from a known
volume of wine. c Values are means of triplicate analysis. d Values
in parentheses are the estimated concentration of invertase,
calculated by subtracting the concentration of polymeric mannose
in the sample with no added invertase and multiplying by 2, since
invertase is 50% mannose by weight.
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Kinetics of Release of Mannoproteins from Yeast
during Fermentation Complex. Immediately follow-
ing inoculation, the quantity released into the culture
supernatant of polymers containing mannose was very
high compared to that at every other phase of cell
growth (Figure 1). This large release of mannose
containing polymers could be an indirect consequence
of the adaptation to osmotic stress (Blomberg and Adler,
1992). In the propagation culture before inoculation, the
cells were in a medium depleted in monomeric glucose
because a portion of the glucose had been metabolized.
When the cells were transferred to the final growth
medium where the concentration of monomeric glucose
was higher, the cells had to adapt to the new conditions.
Cell shrinkage due to the loss of intracellular water
might have induced a loss of macromolecules from the
cell or cell wall, and this could explain the high release
of polymeric sugars observed during the adaptation
phase.

During exponential cell growth following this adapta-
tion phase, the concentration of polymeric mannose and
glucose in the culture decreased to a lower level than
that observed during the adaptation phase. This phe-
nomenon was evident when the data was examined on
a per volume basis (data not shown) and can also be
seen in Figure 1, where concentration is shown on a
biomass basis. A possible explanation for this decrease
could be that the polymeric sugars initially released into
the culture were degraded into monomers during sub-
sequent growth. It is known that a controlled hydrolysis
of the wall occurs during cell budding (exponential
phase) since the wall of the mother cells has to be
“softened up” locally to allow the emergence of the bud
(Fleet, 1991). In addition, the total extracellular â-(1-
3)-glucanase activity increases during the budding
period and is directly involved in the hydrolysis of the
cell wall glucan (Cortat et al., 1972). Hien and Fleet

(1983) also showed that exo- and endo-glucanases were
produced during exponential growth of cells.

The content of polymeric mannose in the culture
supernatant increased again during the transition from
exponential to stationary phase. This observation is
consistent with the results of others (Biely et al., 1974;
Boivin et al., 1998). The increase of material released
into the culture might be correlated to the increase in
the mannoprotein content of the cell walls. Numerous
authors have shown that the cell walls become richer
in mannoproteins during growth and maturation (Cas-
sone et al., 1978; Valentin et al., 1987; De Nobel et al.,
1990). As a consequence of these changes in the cell wall
architecture, more mannoprotein material and, hence,
more polymeric mannose might be released into the
culture supernatant during the transition and station-
ary phases.

In all growth phases except decline phase, the release
of polymeric glucose appeared to parallel that of poly-
meric mannose. During the decline phase when the
number of viable cells decreased, the release of poly-
meric glucose ceased whereas the release of polymeric
mannose continued. These results suggest that the
release of most of the polymeric glucose was due to
active secretion by the living cells. Whether the release
of polymeric mannose was active or passive during the
different phases of growth cannot be elucidated from
these data. The data do indicate, however, that the
increase of polymeric mannose in the culture superna-
tant observed during decline phase might be a passive
event associated with cell death. At this early stage of
cell death, the process of autolysis and enzymatic cell
wall degradation had presumably not started (Char-
pentier and Feuillat, 1993) and thus is unlikely to
explain this increasing release of polymeric mannose.
However, the dying or dead cells might undergo a
passive release or leakage of polymeric mannose into
the culture as this material was no longer needed for
the cell wall development.

Recent work showed that haze protective material
(HPM) was only loosely associated with the cell wall
(Dupin, 1997, Dupin et al. 2000). Thus this material
could be easily released into the culture. The presence
of other high Mr mannoproteins in the culture fluid,
such as R-agglutinins (Sijmons et al., 1987), has been
reported even though these particular mannoproteins
are classified as cell wall mannoproteins. The ease of
release of extracellular HPM is also consistent with the
observation that HPM, like the R-agglutinins, is located
on the wall surface (Dupin et al., 2000).

HPM was not detected in the first half of the expo-
nential cell growth in the culture supernatants of all
fermentations conducted here but was detected during
the late exponential phase. The release of extracellular
HPM into the culture during cell growth might be
associated with cell wall synthesis of budding cells.
Lipke and Ovalle (1998) suggest that most yeast man-
noproteins and the enzymes involved in cell wall
synthesis are secreted at the bud site. It is possible that,
as more mannoproteins were integrated in the cell wall,
more of them were released into the culture as well. As
the amount of HPM released into the culture increased
during the transition period between the exponential
and stationary phases, the release of extracellular HPM
could also be related to cell wall maturation.

HPM was also released from dead cells after 8 weeks
storage of the culture supernatant on yeast lees (Table

Figure 4. Protein composition of (a) unheated wine with no
addition of invertase, (b) unheated wine with added invertase
(400 mg/L), and (c) heated wine with added invertase (400 mg/
L) as assessed by HPLC analysis.
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3). Following cell death, the process of autolysis is
responsible for a gradual enzymatic cell wall degrada-
tion (Charpentier and Feuillat, 1993). After 8 weeks on
yeast lees at 18 °C, the process of autolysis may have
begun and could explain the release of HPM observed
at this stage.

The “specific activity” of HPM secreted by yeast was
similar to that shown by HPM extracted from yeast in
previous work (Dupin et al., 2000): at addition rates of
500 mg/L, HPM from both sources showed above aver-
age haze protective activity. Yeast invertase, the man-
noprotein studied as a model haze protective manno-
protein, had slightly greater “specific activity”. In this
study and one reported by Moine-Ledoux and Dubour-
dieu (1999), an addition of 300 or 250 mg/L, respectively,
to wine showed above average haze protective activity.
At these addition rates, a fragment of invertase pro-
duced by proteolysis in the laboratory from purified
invertase had even greater activity whereas a com-
mercial preparation of this fragment from yeast cell
walls showed only average activity (Moine-Ledoux and
Dubourdieu, 1999).

The precise mechanism of action of HPM is not
known. With a crude HPM fraction isolated from wine
it was observed that a decrease in wine turbidity due
to an increasing concentration of added HPM was
accompanied by a decrease in haze particle size (Waters
et al., 1993). The relationship between turbidity and
concentration of HPM was exponential rather than
linear (Waters et al., 1993). Haze protection was inves-
tigated further in this study using yeast invertase, a
mannoprotein with haze protective activity, as a model.
The nonlinear relationship between haze reduction and
concentration of invertase was similar to that observed
previously with a crude HPM fraction (Waters et al.,
1993) and with various other macromolecules with haze
protective activity (Pellerin et al., 1994).

While invertase was able to reduce the visible turbid-
ity resulting from protein precipitation, analysis of the
haze and wine after haze induction showed that inver-
tase did not change the amount or type of protein
precipitating. All grape derived protein precipitated, and
no grape-derived proteins were present in the wine after
heating regardless of the addition rate of invertase. This
phenomenon was also seen with a crude HPM fraction
isolated from wine (Waters et al., 1993). Invertase itself
was not present in the haze but remained soluble in the
wine. These data suggest that invertase, and presum-
ably other HPM, decrease haze formation by competing
with grape derived proteins for some unknown factor(s)
in wine required to form large highly light scattering
protein aggregates that are responsible for haze.

CONCLUSIONS

Material showing above average haze protective
activity was isolated from a culture of Saccharomyces
cerevisiae Maurivin PDM cells by ultrafiltration or
ethanol precipitation. Neither the ultrafiltered nor the
precipitated material needed further purification to
show satisfactory activity. This finding was in contrast
to results of experiments on whole cells or cell walls
described by Dupin et al. (2000), where it was necessary
to enrich the extracts in mannoproteins to detect HPM.
Ethanol precipitation of the extracellular material
resulted in a lower yield than the use of ultrafiltration,
but the precipitated fraction showed higher haze protec-
tive activity. Thus, although ethanol precipitation is a

time-consuming process, it is an efficient method to
recover HPM. The collection by ethanol precipitation of
extracellular material released by cells in the late
growth phases could, therefore, be the basis of a method
for scaled-up production of HPM. The use of cells grown
on mannose instead of glucose also resulted in an
increased yield of HPM. The best yields of mannopro-
teins from the fermentations conducted in this work
were still relatively low (less than 20 g/kg of wet cells),
and further work is need to develop practical techniques
for the large scale production of HPM.

The mechanism of haze protection appeared to be one
of competition between wine proteins and HPM for other
wine component(s). We propose that these unknown
wine component(s) are required for the formation of
large aggregates of denatured protein that scatter light
and make the wine appear hazy. An understanding of
these unknown components is vital to the appropriate
use of HPM and may allow us to devise oenological
practices which eliminate these other compounds rather
than using bentonite to remove the proteins.

ABBREVIATIONS USED

AGP, arabinogalactan protein; BSA, bovine serum
albumin; HPM, haze protective mannoprotein material;
Mr, relative molecular mass; CDGJM, chemically de-
fined grape juice medium; PDM, Prise de mousse; PMI,
phosphomannose isomerase.
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