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Abstract

The proteolytic activity of Oenococcus oeni protease on the release of individual amino acids and peptides from a red wine
macromolecular nitrogenous fraction was evaluated. 148.7 mg 17! of individual amino acids were released and a difference of
109.5 mg 17! with respect to the amino acids liberation from white wine was observed. Stimulatory amino acids for O. oeni
growth, glutamic acid and proline, were the most important amino acids obtained by the protease activity. In the HPLC and
spectral analysis of peptides before and after the protease activity of O. oeni, several changes have been observed. Three new
peaks, six higher and one lower have been found in the chromatogram obtained after the enzyme action. The specific activity of
O. oeni protease is higher on the red than on the white wine proteins and this is important considering the lower protein

concentration in red wine.
rights reserved.
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1. Introduction

Lactic populations in wine may reach levels equiv-
alent to yeast populations (106-10% cells ml™!). Aside
from their primary transformation, it might be ex-
pected that by-products of their metabolism would
have a continuing influence on the wine long after
the bacterial cells were gone. It is believed that ester-

* Corresponding author. Tel.: +54 (81) 310465;
Fax: +54 (81) 310465

ases, lipases and proteases of bacterial origin may
play an important sensory role in wine undergoing
malolactic fermentation [1]. Oenococcus oeni ( Leuco-
nostoc oenos) [2] is generally the microorganism in-
volved in malolactic fermentation during wine elab-
oration. Malolactic fermentation by O. oeni takes
place in the wine after the alcoholic fermentation,
when the medium is depleted in assimilable nitroge-
nous compounds [3]. Amino acids are important for
the growth of O. oeni strains, both as nitrogen and
carbon sources [4-7]. The nutritional amino acids
requirements by four strains of O. oeni were reported
[7]. The amounts of proteins in wines reported in the
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literature varies in a great range (from 1 to 250 mg
171) depending on the variety of grape and the ana-
Iytical method used for their quantification, but in
general, red wines have less proteins than white
wines. The predominant source are the grapes. Pre-
cipitation of unstable proteins in wine is responsible
for haze formation in red wines and a lacquer-like
deposit on inside surfaces of bottles of red wine [8,9].
Charpentier and Feuillat [10] reported that wine pro-
teins and peptides come from the grape proteins and
from the hydrolysis through the proteolytic action of
extracellular yeast protease and from the release of
proteins and peptides in the autolysis of the yeast.
The production of two extracellular proteases by
each of the four strains of O. oeni isolated from
wine, the characterization of the enzymes of O.
oeni XL strain and the influence of nutritional fac-
tors on its production were reported [11-13].

In a previous paper, we determined the proteolytic
effect of O. oeni protease on the white wine proteins
and polypeptides [14]. The protease action permits to
find two new peptide peaks and an increase of an-
other two peptide peaks. Arginine, that has a stim-
ulatory effect on O. oeni growth, was quantitatively
the most important amino acid obtained by the pro-
tease activity.

The aim of this work was to study the proteolytic
effect of O. oeni on the proteins and polypeptides
contents of red wine. A comparative analysis with
the previous results obtained from the white wine
nitrogenous macromolecular fraction was realized.

2. Materials and methods
2.1. Microorganism

0. oeni X,L (formerly L. oenos XsL), was isolated
from Argentinean wine [15].

2.2. Medium and culture conditions

The basal medium contained per 1: yeast extract,
10 g; glucose, 5.0 g; Tween 80, 1.0 ml and grape
juice, 170 ml. Any alterations of these concentrations
are noted in the text. The pH was adjusted to pH 4.5
with 0.1 M HCI before sterilization by autoclaving
for 15 min at 121°C.

2.3. Isolation of the wine polypeptide and protein
fraction

A commercial Cabernet Sauvignon red wine was
used. To obtain the macromolecular fraction, the
wine was dialyzed against tap water, for 48 h, using
membranes with a pore size of 3500 Da (Spectrum
Medical Industries, Los Angeles, CA, USA). The
retentate was lyophilized.

2.4. Determination of the proteolytic activity

The assay mixtures contained: cell-free culture
supernatants (enzyme solution), substrate (red wine
dialyzed and lyophilized) and 0.05 M citrate buffer
pH 5.0 to a 1.0-ml final volume. After 1 h incubation
at 30°C, the reaction was stopped by the addition of
0.65 ml 24% trichloroacetic acid (TCA). A control
precipitated with TCA immediately before incuba-
tion was carried out in all cases. To a sample of
TCA supernatant (20-100 ul), depending on the con-
centration of amino acids expected, was 1.7 ml Cd-
ninhydrin reagent (0.8 g ninhydrin was dissolved in a
mixture of 80 ml 99.5% ethanol and 10 ml acetic
acid, followed by the addition of 1 g CdCl, dissolved
in 1 ml of distilled water) added. The mixture was
heated at 84°C for 5 min, cooled and the absorbance
at 507 nm was determined [16].

2.5. Total protein

The proteins of the dialyzed samples were deter-
mined by the reaction with Coomassie brilliant blue
G-250 [17]. Calibration was carried out using bovine
serum albumin (Sigma Chemical Company).

2.6. Amino acid analysis

Amino acid analysis was carried out by reverse
phase HPLC (RP-HPLC) using a Waters liquid
chromatograph controlled by the Maxima 820 Pro-
gram. Samples were submitted to an automatic pre-
column double derivatization with o-phtaldialdehyde
(OPA) to determine primary amino acids and with
9-fluorenylmethylchloroformate (FMOC) to deter-
mine secondary amino acids [18]. All separations
were performed on a Waters Nova-Pak C18 column
(150% 3.9 mm i.d., 60 A, 4 um). The detection was
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Fig. 1. HPLC chromatograms of peptides before the proteolytic activity of O. oeni X,L. (a) Full scale 0.3 UAFS. (b) Amplified section,

full scale 0.05 UAFS.

by fluorescence using wavelengths of excitation
and emission at 340 and 425 nm, respectively, for
OPA derivatives. For FMOC derivatives, the excita-
tion and emission wavelengths were 250 and 335 nm,
respectively. Samples were injected in duplicate
onto the column after being filtered through a
0.22 um filter. Prior to RP-HPLC analysis, all
samples were diluted with 0.4 M borate buffer, pH
10.

2.7. Peptide analysis

Peptides were separated by RP-HPLC following
the method described by Moreno-Arribas et al.
[19]. A liquid chromatograph was used consisting
of two Beckman M116 pumps, a Beckman System
Organizer, a Waters M717 Plus automatic injector
and a Beckman M168 Diode Array detector. Equip-
ment control, obtention and processing of data were
carried out using the Beckman Gold System pro-
gram.

All separations were performed on a Waters
Nova-Pak C18 column (150X3.9 mm i.d., 60 A,
4 um). Eluent A was 0.1% trifluoroacetic acid in

Table 1
Free amino acids (mg 17!) before (A) and after (B) the proteo-
lytic activity of L. oenos

Amino acids Control After proteolytic (B)—(A)
(A) activity (B)
Asp 249 31.2 6.3
Glu 74.2 100.1 25.9
Asn 16.9 22.0 5.1
Ser 24.4 32.8 8.4
Gln 0.0 3.0 3.0
His 12.0 13.1 1.1
Gly 18.5 24.3 5.8
Thr 23.7 30.0 6.3
Arg 27.3 35.2 7.9
Ala 50.4 64.9 14.5
Gaba 3.1 4.0 0.9
Tyr 11.8 13.6 1.8
Met 8.2 9.7 1.5
Val 36.6 45.9 9.3
Trp 6.2 6.7 0.5
Phe 29.2 353 6.1
Ile 30.1 37.5 7.4
Leu 47.2 59.3 12.1
Orn 4.0 5.3 1.3
Lys 32.8 40.7 7.9
Pro 33.1 48.7 15.6
Total 514.6 663.3 148.7

Gaba: y-amino butyric acid.
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water, eluent B was 0.1% trifluoroacetic acid in ace-

3. Results and discussion

tonitrile. The gradient of B increased from 0 to 40%

over 70 min. The flow rate was 1 ml min~'. 50 ul of
samples, previously filtered through a 0.45-um mem-

brane filter, were injected.

2.8. Spectral analysis

A spectral analysis has been done for the assess-
ment of the peptidic nature of the chromatographic
peaks and identification of the aromatic amino acid
residues (tyrosine, tryptophan and phenylalanine)
contained in the peptides. The methodology reported
by Bartolomé et al. [20] has been used. Spectral data
have been obtained by the photodiode array detector
in the 190-390 nm range. The spectral parameters
spectrum
second derivative
spectrum maxima, both given by the software of
the photodiode array detector and the convexity
interval (the distance between the inflection points
before and after the maximum in the original spec-

determined were wavelengths of the

maxima, wavelengths of the

trum).

0.05

The activity of O. oeni XsL protease, obtained
after 77 h incubation at 30°C in basal medium,
was determined using the lyophilized red wine pro-
teins as a substrate. The specific activity shows that
9.1 umol of amino acids was liberate by the action of
1 mg of protein after 1 h incubation at 30°C. Taking
into account the difference between the protein con-
centrations before and after the protease action,
2.66% of the macromolecules were hydrolyzed. Man-
ca de Nadra et al. [14] reported that by the protease
action of O. oeni, 2.25% of the nitrogenous macro-
molecular fraction of white wine was hydrolyzed.

The effect of the protease action on the release of
individual amino acids from red wine proteins was
evaluated by comparing samples taken before and
after proteolysis (Table 1). From these results,
148.7 mg 1! of individual amino acids has been
released. Glutamic acid and proline, quantitatively
the most important amino acids obtained by the
protease activity (25.9 and 15.6 mg 17!, respectively),
and arginine (7.9 mg 17!) have a stimulatory effect
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Fig. 2. HPLC chromatograms of peptides after the proteolytic activity of O. oeni X,L. (a) Full scale 0.3 AUFS. (b) Amplified section,

full scale 0.05 AUFS.
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Fig. 3. UV original and first and second derivative spectra of peptide 4 (with tyrosine), 5 (with pheylalanine), 7 (without aromatic amino
acids), 8 (with tryptophan plus phenylalanine) and 10 (with tryptophan plus tyrosine).

on the growth of O. oeni XL in synthetic medium
added with L-malic and citric acids, as reported by
Amoroso et al. [7]. On the other hand, leucine (12.1
mg 171) and alanine (14.5 mg 17!) were reported as
essential growth factors in the same conditions. The
39.2 mg ™! of free amino acids released for the pro-
tease of O. oeni X, on the white wine proteins [14]
shows a difference of 109.5 mg 17! with respect to the
amino acids liberation in red wine. Nevertheless, the
lower protein concentrations in red wine, the action

of proteolytic enzyme of O. oeni X, was more ef-
fective on red wine proteins.

Figs. 1 and 2 show the HPLC chromatograms
obtained in the analysis of peptides before and after
the protease activity of O. oeni. Peaks identified with
the same number in Figs. 1 and 2 correspond to
compounds with identical retention times and spec-
tral parameters. In the first minutes, near the dead
volume, amino acids and other not retained com-
pounds elute [21]. Peptides elute with retention times
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higher than 3 min. A total of 14 peaks have been
detected in the analysis of peptides before the action
of the protease (Fig. 1) and 19 peaks after the action
of the protease (Fig. 2). The peaks have been sub-
mitted to spectral analysis. Peaks 2, 3 and 6 showed
non-peptide type spectra. The spectrum maxima and
convexity interval values of peak 4 are proper of
peptides containing tyrosine (Fig. 3). Peaks 5, 8 and
10 show spectra proper of peptides containing phe-
nylalanine, tryptophan plus phenylalanine and tryp-
tophan plus tyrosine, respectively. Peaks 7, 9 and 11—
20 show spectra proper of peptides not containing
aromatic amino acids. A higher number of peptides
has been found after the action of the protease. Pep-
tides 9 and 12-16, present in the chromatogram
showed in Fig. 2, were not present before the pro-
teolytic activity of L. oenos (Fig. 1). Peptides 5, 7, 8,
10, 11 and 20 are in a higher concentration and
peptide 17 in lower concentration after the protease
action. No significant changes have been observed in
the quantification of peptide 18. The last peptide
peak after proteolytic enzyme of O. oeni on proteins
and polypeptides of white wine appeared at a reten-
tion time of 40 min [14]. On the nitrogenous macro-
molecular fraction of red wine can differences be
observed between the peaks before and after the en-
zyme action in the retention times from 40 to 70 min
(Figs. 1 and 2), indicating differences in the profile of
peptides not containing aromatic amino acids. The
results obtained confirm that the protease enzyme of
0. oeni X5 has an activity on the nitrogenous mac-
romolecular fraction of red and white wine. Taking
into account that the variations in the susceptibility
of wines to lactic acid bacteria are partly due to
differences in available nutrients and metabolic inter-
mediates, the presence of assimilable nitrogen sour-
ces has a significant impact on the potential for mi-
crobial growth. The higher specific activity of O. oeni
protease on the red wine proteins is important in the
essential amino acids liberation, considering the low-
er proteins concentration with respect to white wine
proteins.

Acknowledgments

This work was carried out in the framework of the
Iberoamerican Cooperation Program from the Span-

ish Ministerio de Educacion y Cultura. The authors
thank the financial support given by CIUNT and
CONICET, Argentina and the Comision Interminis-
terial de Ciencia y Tecnologia (Project ALI97-0630)
Espaiia.

References

[1] Davis, C.R., Wibowo, D., Fleet, G.H. and Lee, T.H. (1988)
Properties of wine lactic bacteria: Their potencial enological
significance. Am. J. Enol. Vitic. 39, 137-142.

[2] Dicks, L.M.T, Dellaglio, F. and Collins, M.D. (1995) Pro-
posal to reclassify Leuconostoc oenos as Oenococcus oeni
(corrig) gen.nov., comb.nov. Int. J. Syst. Bacteriol. 45, 395-
397.

[3] Guillox-Benatier, M., Feuillat, M. and Colfi, B. (1985) Con-
tribution a I’etude de la degradation de I’acide L-malique par
les bactéries lactiques isolées du vin: effet stimulant des auto-
lysats de levures. Vitis 24, 59-74.

[4] Saguir, F.M. and Manca de Nadra, M.C. (1997) Growth and
metabolism of Leuconostoc oenos in synthetic media. Micro-
biol. Aliment. Nutr. 15, 131-138.

[5] Garvie, E.I. (1967) The growth factor and amino acid require-

ment of the species of the genus Leuconostoc including Leu-

conostoc paramesenteroides (sp nov) and Leuconostoc oenos.

J. Gen. Microbiol. 48, 439-447.

Kuensch, V., Temperli, A. and Mayer, K. (1974) Conversion

of arginine to ornithine during malo-lactic fermentation in red

Swiss wine. Am. J. Enol. Vitic. 25, 191-193.

[7] Amoroso, M.J., Saguir, F.M. and Manca de Nadra, M.C.
(1993) Variation of nutritional requirements of Leuconostoc
oenos by organic acids. J. Int. Sci. Vigne Vin 27, 135-144.

[8] Leske, P.A., Bruer, N.G.C. and Capdeboscq, V. (1995) An
evaluation of some characteristics of commercial bentonites.
Aust. New Zealand Wine Ind. J. 10, 73-77.

[9] Peng, Z., Waters, E.J., Pocock, K.F. and Williams, P.J. (1996)
Red wine deposits. II. Cold stabilisation is an effective proce-
dure to prevent deposit formation. Aust. J. Grape Wine Res.
2, 30-34.

[10] Charpentier, C. and Feuillat, M. (1993) Yeast autolysis. In:
Wine Microbiology and Biotechnology, Chapter 7 (Fleet,
G.H., Ed.), pp. 225-242, Harwood Academic Publishers,
Switzerland.

[11] Rollan, G.C., Farias, M.E. and Manca de Nadra, M.C.(1993)
Protease production by Leuconostoc oenos strains isolated
from wine. World J. Microbiol. Biotechnol. 9, 587-589.

[12] Rollan, G.C., Farias, M.E. and Manca de Nadra, M.C. (1995)
Characterization of two extracellular proteases from Leuco-
nostoc oenos. World J. Microbiol. Biotechnol. 11, 153-155.

[13] Farias, M.E., Rollan G.C. and Manca de Nadra, M.C. (1996)
Influence of nutritional factors on the protease production by
Leuconostoc oenos from wine. J. Appl. Bacteriol. 81, 398-
402.

[14] Manca de Nadra, M.C., Farias, M.E., Moreno-Arribas, M.V.,

[6

=

9102 ‘62 AN uo 159nb Ag /Bio'sfeulnolpiojxoraswiay//:dny woly papeojumoqd


http://femsle.oxfordjournals.org/

[15]

[16]

(17

(18]

M.C. Manca de Nadra et al.| FEMS Microbiology Letters 174 (1999) 41-47 47

Pueyo, E. and Polo, M.C. (1997) Proteolytic activity of Leu-
conostoc oenos. Effect on proteins and polypeptides from
white wine. FEMS Microbiol. Lett. 150, 135-139.

Strasser de Saad, A.M. and Manca de Nadra, M.C. (1987)
Isolation and identification of the lactic acid bacteria from
Cafayate (Argentina) wines. Microbiol. Aliment. Nutr. 5,
45-49.

Doi, E., Shibata, D. and Matoba, T. (1981) Modified colori-
metric ninhydrin methods for peptidase assay. Anal. Biochem.
118, 173-184.

Bradford, M.M. (1976) A rapid and sensitive method for
quantification of microgram quantities of protein using the
principle of protein dye-binding. Anal. Biochem. 72, 248-255.
Moreno-Arribas, V., Pueyo, E., Polo, M.C. and Martin-

[19]

[20]

[21]

Alvarez, P.J. (1998) Changes in the amino acid composition
of the different nitrogenous fractions during the aging of wine
with yeasts. J. Agric. Food Chem. 46, 277-280.
Moreno-Arribas, V., Pueyo, E. and Polo, M.C. (1996) Pepti-
des in musts and wines. Changes during the manufacture of
cavas (sparkling wines). J. Agric. Food Chem. 44, 3783-3788.
Bartolomé, B., Moreno Arribas, V., Pueyo, E. and Polo, M.C.
(1997) On-line HPLC photodiode array detection and OPA
derivatization for partial identification of small peptides from
white wine. J. Agric. Food Chem. 45, 3374-3381.

Gonzalez de Llano, D., Polo, M.C. and Ramos, M. (1991)
Production, isolation and identification of low molecular
mass peptides from blue cheese by HPLC. J. Dairy Res. 58,
363-372.

9102 ‘62 AN uo 159nb Ag /Bio'sfeulnolpiojxoraswiay//:dny woly papeojumoqd


http://femsle.oxfordjournals.org/

