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The influence of potential inhibitors naturally present in wine on the proteolytic activity of
papain from Carica papaya latex was investigated to evaluate its applicability in white wine
protein haze stabilization. Enzymatic activity was tested against a synthetic tripeptide chro-
mogenic substrate in wine-like acidic medium that consisted of tartaric buffer (pH 3.2) sup-
plemented with ethanol, free sulfur dioxide (SO2), grape skin and seed tannins within the
average ranges of concentrations that are typical in wine. The diagnosis of inhibition type,
performed with the graphical method, demonstrated that all of tested wine constituents were
reversible inhibitors of papain. The strongest inhibition was exerted by free SO2, which
acted as a mixed-type inhibitor, similar to grape skin and seed tannins. Finally, when tested
in table white wines, the catalytic activity of papain, even when if it was ascribable to the
hyperbolic behavior of Michaelis-Menten equation, was determined to be strongly affected
by free SO2 and total phenol level. VC 2014 American Institute of Chemical Engineers
Biotechnol. Prog., 000:000–000, 2014
Keywords: latex papain, wine inhibitors, tartaric buffer, synthetic peptide substrate, inhibi-
tion study

Introduction

Native plant cysteine proteases, particularly those of the
tropical plants Carica papaya (papain, chymopapain, caricain
and glycil endopeptidase), Ananas comosus (fruit bromelain,
stem bromelain, ananain, and comosain), and Ficus glabrata
(ficin), are of considerable commercial importance due to
their strong proteolytic activities against a broad range of
protein substrates and their activity over broad ranges of pH
and temperature.1 Plant proteases have been used in medi-
cine, detergent manufacturing and food science for many
years.1 These enzymes are applied in baking industry to
facilitate the preparation of the baking mass and gluten
hydrolyzates are currently under investigation to generate
new products with higher-added value.2–4 Moreover, the use
of exogenous proteases to improve meat tenderness has
attracted much interest recently,5 as well as for the produc-
tion of fish protein hydrolyzate.6

The application of proteolytic enzymes to chillproof beer
was patented by Leo Wallerstein in 1911.7 Currently, papain
(from Carica papaya), as well as bromelain8 and ficin,9 is
used in the brewing industry to prevent chill-haze formation
and to obtain beer with good colloidal properties at low
temperatures.10,11

Moreover, in recent years, papain has been immobilized
onto various supports and through different methods because
of its great industrial applications.12–14

In winemaking, the mechanism of protein haze formation is
not fully understood, despite the major worldwide investigation

into this topic.15 These proteins have been identified as
pathogenesis-related (PR) proteins (i.e., chitinases and
thaumatin-like proteins),15 and their proteolytic digestion by
enzymes may be suitable as a selective and “mild” treatment
and an alternative to the traditional method, which is based on
bentonite fining. Most notably, the cationic exchange proper-
ties of this clay lead to the adsorption of positively charged
wine proteins and other soluble cationic constituents that
induce unwanted amino acids, bioamines, polyphenols and the
depletion of aroma compounds.16–18 To date there is still a
need to formulate specific methods for white wine protein sta-
bilization, despite numerous procedures, including proteolytic
enzymes (grape, yeast, and exogenous proteases), have been
investigated as alternative to bentonite.19–21

Stem bromelain, papain from ripe fruit and papain from papaya
latex have recently been characterized under wine-like conditions,
and these proteases have been found to have potentially produc-
tive biotechnological applications in winemaking.22,23

The ethanol content, the free sulfur dioxide (SO2) and the
interactions between the phenolic compounds and proteins of
wine are known to be responsible for the inhibition of sev-
eral enzymes.24 To the best of our knowledge, the effects of
these compounds, which are usually present in wine, on
papain activity are still unknown. Thus, the goal of the pres-
ent paper was to assess the inhibition of papain (from Carica
papaya L. latex) activity by expected inhibitors in wine
(ethanol, free SO2, grape skin and seed tannins) over the
average ranges of their respective concentrations in wine.
The results are compared with those of a previous inhibition
study that was performed by our group on bromelain from
pineapple stem.25 Finally, papain activity was also tested in
real commercial white wine.

Correspondence concerning this article should be addressed to
I. Benucci at ilaria.be@tiscali.it.
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Materials and Methods

Enzyme, chemicals, and wine Samples

Papain by papaya latex (EC 3.4.22.2) was supplied from
Sigma-Aldrich (Milan, Italy). Synthetic tripeptide chromo-
genic substrate Bz-Phe-Val-Arg-p-nitroaniline (pNA) was
purchased from Bachem, (Bubendorf, Switzerlan). Grape
skin and seed tannins (SKT and SET, respectively) were
kindly supplied by EVERINTEC (Venice, Italy) as prepara-
tions intended for enological use. All other reagents (tartaric
acid, NaOH, EtOH, and sodium bisulfite) were obtained
from Sigma-Aldrich (Milan, Italy). Two different commer-
cial white table wines produced from grapes of the 2012 vin-
tage in the Lazio region of Italy were used as samples, and
their physicochemical parameters were determined according
to official Office International de la Vigne et du Vin (OIV)
methods.26

Enzymatic activity assay

Papain activity was assayed according to the methods pre-
viously described for the assay of stem bromelain25 to facili-
tate comparison of the results obtained from these two
proteases. Specifically, the activity was tested using Bz-Phe-
Val-Arg-pNA as substrate (0–510 lM) in tartaric buffer (TB:
tartaric acid/Na tartrate at 0.03 M, pH 3.2), in tartaric buffer
ethanol added (TB-EtOH: TB with 12% v/v ethanol) and in
white wines that had previously been filtered through a PES
membrane filter (0.45 mm pore size, Sartorius Stedim Bio-
tech Gmbh, Antella (FI), Italy), in the presence of papain
(0.02 mg mL21).

Substrate cleavage results in the release of free pNA,
which was detected colorimetrically at 410 nm (UV-visible
spectrophotometer, Shimadzu UV 2450, Milan, Italy). Spe-
cific activities were estimated based on the linear portions of
the curves (which are indicative of the steady states) and
were calculated in International Units of produced pNA
(e410nm 5 8.48 mM21 cm21) and are expressed as I.U. mg21

of protein.27 A blank correction was made using a sample
that did not contain enzyme. All measurements were made
in triplicate, and the standard deviations are reported.

Determination of the kinetic parameters

The kinetic parameters (KM, kcat, and Ka) were determined
according to the Michaelis-Menten equation by fitting the
experimental data with a global nonlinear regression proce-
dure and the best-fit value, for each data set, was attested by
the squares of the correlation coefficients (r2) (GraphPad
Prism 5.0, GraphPad Software).

Inhibition study

The papain inhibition study was performed according to
the procedures that were previously used for stem brome-
lain.25 Preliminary tests, carried out at free SO2 levels higher
than 5 mg/L, proved that at these concentrations papain
activity was not detectable. For this reason, the inhibition
type as well as the degree of inhibition was evaluated at low
free SO2 levels.

Therefore, papain inhibition study was performed in TB
containing different concentration and mixtures of the
following potential inhibitors: ethanol (EtOH, 0, 6, 9, 12,
15% v/v), free SO2 (SO2, 0, 2, 3, 4, 5 mg L21), a skin tannin

preparation (SKT, 0, 0.15, 0.30, 0.50, 0.99 g L21
gallic acid eq) and

a seed tannin preparation (SET, 0, 0.15, 0.30, 0.50, 0.99,

1.20 g L21
gallic acid eq).

Results and Discussion

Wine compounds can affect enzymatic activity via differ-
ent inhibitory mechanisms. An “inhibitor” can be defined as
any substance that reduces the velocity of an enzyme-
catalyzed reaction. The interactions between a reversible
inhibitor (I) and a free enzyme (E), or an enzyme-substrate
complex (ES) can be described by different inhibition mod-
els (competitive, uncompetitive and mixed-type inhibition)
under the assumption that only a single substrate is involved
in the reaction and that only one type of inhibitor is present
at any time. The inhibition constant (Ki) reflects the concen-
tration of an inhibitor that decreases the rate of an enzyme-
catalyzed reaction by 50%.28,29

To examine the potential future biotechnological applica-
tions of papain in winemaking, the influences of the potential
inhibitors that are naturally present in wine on protease
activity were investigated to identify the natures of the
inhibitions.

Before studying the degrees of inhibition, the type (revers-
ible or irreversible) was identified using the graphical
method, which involves plotting DA/min versus [Et].

28,29 The
“inhibitor added” curves, all of which passed through the
origin, exhibited smaller slopes than the control slope
(Figure 1), which demonstrates that all compounds tested
were reversible inhibitors of papain activity as was previ-
ously ascertained for stem bromelain.25

Moreover, papain inhibition studies were performed in pH
3.2 TB that had previously been supplemented either EtOH
or SO2 (basic elements of wine) and another study was sub-
sequently performed in which these elements were combined
with grape tannins.

Inhibitory effect of ethanol

The sensitivity of papain to EtOH was investigated in TB
across varying amounts of EtOH (0, 6, 9, 12, 15% v/v) in

Figure 1. DA/min versus papain concentration (mg L21) toward
Bz-Phe-Val-Arg-pNA substrate in tartaric buffer (pH
3.2) in the absence (control, O) and in the presence of
different inhibitors: ethanol (12% v/v, w), free SO2

(2 mg L21, ~), skin (0.50 g L21
gallic acid eq, �) and seed

(0.15 g L21
gallic acid eq,�) tannins.
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kinetic studies. The estimated kinetic parameters (Table 1)
revealed that the Vmax(app) is similar in presence of alco-
hol increasing amount. In contrast, the strong increase in
KM(app) with increased EtOH concentrations indicated that
the presence of EtOH hindered the function of the ES
complex and reduced the enzyme’s affinity toward the
substrate as indicated by the decreases in Ka. Based on
these data, as with stem bromelain, EtOH should be con-
sidered to be a competitive inhibitor of the activity of
papain.25

It has been shown that alcohol induces structural changes
in proteins, including bromelain30 and papain.31 For both of
these proteases, the conformational rearrangements that
occur in the presence of ethanol have been observed to result
in an increased amount of a-helical structural elements,30,31

which explains the decrease in enzyme affinity toward the
substrate that was revealed by the increase in KM(app).

The Ki value, as determined by a secondary plot of
KM(app) versus the amount of EtOH (Figure 2) within the lin-
ear range of its concentration (r2 5 0.94), was 5.8 (6 0.3)%
v/v, which indicates that at this concentration, approximately
50% of papain remained in its free active form.

Sulfur dioxide inhibitory effect

In TB with different amounts of added free SO2, all of the
kinetic parameters decreased (Table 1), which confirms that
SO2 is a mixed-type inhibitor of papain. The Ki value, as
determined by a secondary plot of KM(app)/Vmax(app) versus
[I], was 0.56 (6 0.05) mg L21 (Figure 3A). Another second-
ary plot of 1/Vmax(app) versus [I] (Figure 3B) was used to
determine the Ki

0, which was 0.029 (6 0.002) mg L21.
These two inhibitory constant values showed that free SO2

strongly inhibited papain activity.

Papain inhibition studies were performed by testing com-
pounds at different concentrations and in different mixtures
in TB-EtOH that contained ethanol in the amount that is
average for wine (12% v/v).

Inhibitory effect of sulfur dioxide-ethanol mixtures

As recently proven, SO2 is a mixed-type inhibitor of stem
bromelain in TB with added ethanol.25 Based on these data,
the effects of both basic wine elements on papain activity
were also investigated.

The kinetic parameters obtained in TB-EtOH with two free
SO2 levels (2, 3, 4, and 5 mg L21) are summarized in Table 1.
The decreases in Vmax(app) and Ka indicate free SO2 also acts as
a mixed-type inhibitor in the presence of 12% v/v alcohol.

The Ki value determined from a secondary plot of KM(app)/
Vmax(app) versus [I] was 0.0028 (60.0004) mg L21 (Figure 3A).
Another secondary plot of 1/Vmax(app) versus [I] (Figure 3B) was
used to determine the Ki

0, which was 0.060 (60.002) mg L21.

Table 1. Kinetic Parameters of Papain Versus the Bz-Phe-Val-Arg-pNA Substrate in Tartaric Buffer (TB) with Different Amounts of Added

Ethanol (EtOH) and Free Sulfur dioxide (free SO2) and in Tartaric Buffer Ethanol Added (TB-EtOH) with Different Amounts of Added Free

SO2, Grape Skin (SKT) and Seed Tannins (SET)

Inhibitor Content Vmax(app) (I.U. mg21) KM(app) (mM) kcat(app) (min21) Ka (min21mM21) r2*

TB EtOH (% v/v) 0 7.53 6 0.23 234 6 15 23826 6 1 101.6 6 6.5 0.993
6 7.15 6 0.50 332 6 42 22599 6 1 68.2 6 6.5 0.981
9 7.25 6 0.53 428 6 52 22922 6 2 53.6 6 5.8 0.986

12 7.47 6 0.49 583 6 60 23611 6 1 40.5 6 4.2 0.992
15 6.84 6 0.39 712 6 51 21629 6 1 30.4 6 2.4 0.997

Free SO2 (mg L21) 2 0.290 6 0.005 180 6 7 916 6 1 5.1 6 0.2 0.997
3 0.215 6 0.008 162 6 15 680 6 2 4.19 6 0.37 0.983
4 0.162 6 0.007 151 6 16 513 6 1 3.40 6 0.34 0.985
5 0.111 6 0.006 116 6 18 351 6 1 3.0 6 0.5 0.940

TB-EtOH Free SO2 (mg L21) 0 7.47 6 0.49 583 6 60 23611 6 1 40.5 6 4.2 0.992
2 0.57 6 0.05 725 6 88 1793 6 1 2.5 6 0.3 0.991
3 0.36 6 0.06 752 6 76 1136 6 2 1.51 6 0.14 0.981
4 0.27 6 0.06 765 6 68 840 6 2 1.10 6 0.09 0.992
5 0.21 6 0.02 760 6 90 676 6 1 0.9 6 0.1 0.995

SKT (g L21
gallic acid eq) 0.15 4.91 6 0.4 470 6 40 15548 6 2 33.1 6 2.6 0.991

0.30 2.53 6 0.16 458 6 45 7997 6 2 17.5 6 1.6 0.992
0.50 2.47 6 0.23 481 6 75 7794 6 1 16.2 6 2.5 0.981
0.99 0.70 6 0.07 449 6 74 2223 6 1 4.9 6 0.8 0.973

SET (g L21
gallic acid eq) 0.15 2.78 6 0.19 503 6 55 8797 6 1 17.5 6 1.9 0.988

0.30 1.62 6 0.07 348 6 29 5129 6 1 14.7 6 1.3 0.999
0.50 1.23 6 0.07 337 6 37 3883 6 2 11.5 6 1.2 0.981
0.99 0.60 6 0.04 313 6 30 1889 6 1 6.0 6 0.5 0.986
1.20 0.84 6 0.03 203 6 17 2665 6 1 13 6 1.1 0.986

*Freedom degree 5 25.

Figure 2. Competitive inhibition of the proteolytic activity of
papain toward the Bz-Phe-Val-Arg-pNA substrate
(0–510 lM) by ethanol (0–15% v/v) in tartaric
buffer (pH 3.2). The secondary plot of KM(app) versus
ethanol concentration was created to determine the
Ki value (5.8 6 0.3%v/v).
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These results reveal that, in the presence of alcohol
amounts typical in wine, free SO2 strongly increased the
Ki
0 value, which indicates that SO2 binds more easily to

the free enzyme (E) than to enzyme-substrate (ES)
complex.

Combined inhibitory effect of Grape tannins and ethanol

Preliminary studies proved that plant phenolic compounds
react with enzymes to influence their physicochemical prop-
erties and consequently their catalytic activities. The reaction
occurs at the lysine side chains of the indole rings of the
tryptophan residues and at the free thiol groups of the cyste-
ine side chains of the enzyme.32

Moreover, numerous studies have been performed with the
aim of investigating the interaction between grape tannins
and model proteins (BSA)33,34 or enzymes, such as trypsin35

and lysozyme;24 these studies have identified two main types
of potential interaction: hydrogen bonding and hydrophobic
interactions. However, little is known about the inhibitory
effects of grape skins and seed tannins on papain activity in
acidic media such as TB-EtOH (pH 3.2).

Distinct kinetic curves (data not shown) were obtained in
TB-EtOH supplemented with different amounts of skin tan-
nin (0.15, 0.30, 0.50, and 0.99 g L21

gallic acid eq). In the presence
of increased concentrations of inhibitor, all of the estimated
kinetic parameters (Table 1) decreased, which indicates that
the skin tannin acted as a mixed-type inhibitor of papain.
Moreover, the grape seed tannins that were added to the TB-
EtOH at different concentrations (0.15, 0.30, 0.50, 0.99,
1.20 g L21

gallic acid eq) appeared to be mixed-type inhibitors of
papain based on the reduction in all of the kinetic parameters
(Table 1) with increasing amounts of inhibitor, with the only
exception of the highest concentration (1.20 g L21

gallic acid eq).
This trend led us to hypothesize that grape tannins appear to
be able to interact with both E and ES to result in EI and
ESI; the EI has a lower affinity for S than E, and the ESI
complex is non-productive.28

For SKT, a secondary plot of KM(app)/Vmax(app) versus [I]
within the linear range of the SKT concentrations (r2 5 0.92)
was used to estimate Ki (0.027 6 0.003 g L21

gallic acid eq) as
shown in Figure 4A. The other secondary plot of 1/Vmax(app)

Figure 3. Mixed-type inhibition of the proteolytic activity of
papain activity toward the Bz-Phe-Val-Arg-pNA
substrate (0–510 lM) by free SO2. The secondary
plots of (A) KM(app)/Vmax(app) and (B) 1/Vmax(app) ver-
sus free SO2 concentration were created to deter-
mine the Ki and Ki

0 values in tartaric buffer (w, Ki:
0.56 6 0.05 mg L21; Ki

0: 0.029 6 0.002 mg L21) and
in tartaric buffer ethanol added (•, Ki: 0.0028
(60.0004) mg L21; Ki

0: 0.060 (6 0.002) mg L21).

Figure 4. Mixed-type inhibitions of the proteolytic activity of
papain toward the Bz-Phe-Val-Arg-pNA substrate
(0–510 lM) by grape skin (SKT) and seed tannins
(SET) in tartaric buffer ethanol added. The secondary
plots of (A) KM(app)/Vmax(app) and (B) 1/Vmax(app) versus
grape skin (�) and seed (D) tannin concentrations
were constructed to determine the Ki and Ki

0 values

(for SKT, Ki was 0.027 6 0.003 g L21
gallic acid eq and Ki

0

was 0.006 6 0.001 g L21
gallic acid eq; for SET, Ki was 0.20 6

0.03 g L21
gallic acid eq and Ki

0 was 0.08 6 0.01 g L21
gallic acid eq).
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versus [I] (Figure 4B) within the linear range of SKT con-
centrations (r2 5 0.92), was used to determine the Ki

0, which
was 0.006 (6 0.001) g L21

gallic acid eq. The latter lower value
suggests that the skin tannins bind more easily to ES to give
rise to an ESI ternary unproductive complex.

For SET, a secondary plot of KM(app)/Vmax(app) versus [I]
in the linear range (0–0.990 g L21

gallic acid eq) of SET concentra-
tions (r2 5 0.98) was used to estimate Ki (0.20 6 0.03 g
L21

gallic acid eq) as shown in Figure 4A. The other secondary plot
of 1/Vmax(app) versus [I] (Figure 4B) within the linear range
(0–0.990 g L21

gallic acid eq) of SET concentrations (r2 5 0.99)
was used to determine the Ki

0, which was 0.08 (6 0.01) g
L21

gallic acid eq. These values indicate that skin tannins have a
stronger inhibitory effect than do seed tannins based on the
lower Ki and Ki

0 values.

Comparison of the papain and bromelain inhibition studies

The activity of papain was more strongly affected by all of
the tested substances than was the activity of bromelain (Table
2). EtOH was found to be a competitive inhibitor of both pro-
teases but had rather limited effects; the Ki values determined
from the secondary plot were 11.4(61.0)% v/v and 5.8(60.3)%
v/v for stem bromelain and papain, respectively. The strongest
inhibitions were exerted by free SO2 (Ki 5 4.55 6 1.07 mg L21,
Ki
05 0.40 6 0.09 mg L21 on stem bromelain and

Ki 5 0.0028 6 0.0004 mg L21, Ki
05 0.060 6 0.002 mg L21 on

papain), which acted as a mixed-type inhibitor of both enzymes.
Finally, SET and SKT were found to be uncompetitive and
mixed-type inhibitors of stem bromelain and papain, respec-
tively. The findings of this study provide useful information for
future biotechnological applications of both of these proteases in
the winemaking process.

Combined effect of wine inhibitors on papain activity

Finally, papain proteolytic activity was tested in a com-
plex TB-EtOH based on TB that contained a mixture of
three inhibitors: A (SKT 0.99 g L21

gallic acid eq, SET 1.20 g
L21

gallic acid eq, EtOH 12% v/v), B (SKT 0.99 g L21
gallic acid eq, free

SO2 5 mg L21, EtOH 12%v/v), and C (SET 1.20 g
L21

gallic acid eq, free SO2 5 mg L21, EtOH 12% v/v). The kinetic
curves followed the hyperbolic behavior of the Michaelis–
Menten equation (data not shown), and the corresponding
parameters (Table 3) show that all the tested inhibitor mix-
tures affected protease activity.

The addition of tannins (sample A) resulted in a constant
Vmax(app) that was similar (6.03 I.U. mg21) to that of the
control (7.47 I.U. mg21) and a significant increase in
KM(app), (from 583 to 2291 mM), which indicates that the
enzyme-substrate complex formation was sluggish. In the
presence of SO2 (sample B and C), the Vmax(app) values sig-
nificantly decreased, which suggests that the product release
velocity was slowed, in particular when SET were combined

Table 2. Comparison of the Inhibitory Effects of the Tested Compounds on the Activities of Papain and Bromelain25

Papain Bromelain

EtOH Inhibition Competitive Competitive
Ki 5.8 (6 0.3) % v/v 11.4 (61.0) % v/v

Free SO21EtOH Inhibition Mixed-type Mixed-type
Ki 0.0028 (60.0004) mg L21 4.55 (61.07) mg L21

Ki
0 0.060 (60.002) mg L21 0.4 (60.09) mg L21

SKT1EtOH Inhibition Mixed-type Uncompetitive
Ki 0.027 6 (0.003) g L21

gallic acid eq 0.593 (60.003) g L21
gallic acid eq

Ki
0 0.006 (6 0.001) g L21

gallic acid eq –
SET1EtOH Inhibition Mixed-type Uncompetitive

Ki 0.20 (6 0.03) g L21
gallic acid eq 0.453 (60.004) g L21

gallic acid eq

Ki
0 0.08 (6 0.01) g L21

gallic acid eq –

EtOH, ethanol; SET, seed tannin preparation; SKT, skin tannin preparation; SO2, sulfur dioxide.

Table 3. Kinetic Parameters of Papain versus the Bz-Phe-Val-Arg-pNA Substrate in Tartaric Buffer (pH 3.2) Containing the Following Three

Inhibitors: A (SKT 0.99 g L21
gallic acid eq, SET 1.20 g L21

gallic acid eq, EtOH 12% v/v), B (SKT 0.99 g L21
gallic acid eq, Free SO2 5 mg L21, EtOH 12%v/v),

and C (SET 1.20 g L21
gallic acid eq, Free SO2 5 mg L21, EtOH 12% v/v).

Combined Inhibitors Vmax(app) (I.U. mg21) KM(app) (mM) kcat(app) (min21) Ka (min21 mM21) r2*

Control EtOH 7.47 6 0.49 583 6 60 23611 6 1 40.5 6 4.2 0.992
A SKT1SET1EtOH 6.03 6 0.58 2291 6258 19067 6 1 8.3 6 0.9 0.999
B SKT1freeSO21EtOH 2.31 6 0.23 1059 6 141 7307 6 1 6.9 6 0.9 0.994
C SET1freeSO21EtOH 0.18 6 0.01 76 6 10 575 6 1 7.5 6 1.1 0.976

*Freedom degree 5 20.
EtOH, ethanol; SET, seed tannin preparation; SKT, skin tannin preparation; SO2, sulfur dioxide.

Figure 5. Specific activities (I.U. mg21protein) of papain versus
the Bz-Phe-Val-Arg-pNA substrate (0–510 lM) in
two different commercial table white wines: a (�)
and b (�).
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with SO2. Moreover, as indicated by the decrease in Ka, the
enzyme’s affinity toward the substrate was about 5-fold
lower respect to the control in presence of all the inhibitor
mixtures.

Kinetic characterization of papain in white wines
supplemented with synthetic substrate

After studying the effects of wine inhibitors on protease
activity in TB-EtOH, the kinetic behavior of papain was
studied in two different commercial white table wines that
had been supplemented with a synthetic tripeptide chromo-
genic substrate (Bz-Phe-Val-Arg-pNA, 0–510 lM) that was
previously selected as the most suitable for the average mini-
mum pH of wine (3.2).23

Papain exhibited the hyperbolic behavior of the Michaelis-
Menten equation (Figure 5) in both wines despite their dif-
ferent physicochemical compositions. Nevertheless, compari-
son of the kinetic parameters (particularly kcat and Ka) of the
real wines (Table 4) with those of the TB-EtOH that had
been supplemented with a potential inhibitor mixture (Table
3) revealed a strong reduction of proteolytic activity. More-
over, it is notable that the papain maximum velocity rate
revealed in the real white wine was similar and comparable
to that of the Vmax(app) that was estimated in the TB-EtOH to
which the inhibitor mixture C was added (Table 3).

Furthermore, as shown in Table 4, the protease exhibited
comparable Vmax values in both wines, whereas Ka, which
indicates affinity of the enzyme for the substrate, was lower
in the wine with the higher levels of SO2 and total phenols
(sample “b”).

Papain from papaya latex exhibited good hydrolytic activ-
ity toward a synthetic tripeptide chromogenic substrate in a
TB-EtOH that had been supplemented with natural wine
inhibitors (i.e., ethanol, SO2 and grape tannins). All of the
examined wine constituents were found to be reversible
inhibitors. Ethanol was found to be a competitive inhibitor
with a rather limited effect, whereas the strongest inhibition
was exerted by sulfur dioxide, which acted as a mixed-type
inhibitor.

Additionally, in both of the tested white table wines, the
catalytic activity of papain was determined to be affected by
SO2 and total phenol levels.
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Notation

Glossary

BSA = bovine serum albumin

[E]tot = total enzyme molar concentration

E = free enzyme

EI = enzyme-inhibitor complex

ES = enzyme-substrate complex

ESI = enzyme-substrate-inhibitor complex

EtOH = ethanol, % v/v

I = inhibitor

I.U. = International Unit

Ka = (kcat/KM), affinity constant, min21 mM21

kcat = (Vmax/[E]tot), turnover number, min21

Ki = inhibition constant

KM = Michaelis-Menten constant, mM

TB-EtOH = tartaric buffer added with 12% v/v ethanol

SET = seed tannin preparation, g L21
gallic acid eq

SKT = skin tannin preparation, g L21
gallic acid eq

SO2 = sulfur dioxide, mg L21

TB = tartaric buffer (tartaric acid/Na tartrate at 0.03 M,

pH 3.2)

Vmax = maximum velocity at which enzyme catalyzes reac-

tion, I.U. mg21

Greek symbols

e = molar absorptivity, mM21 cm21

DA = absorbance variation

Subscripts

(app) = referred to apparent kinetic parameters in presence of

inhibitor
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