Journal of Molecular Catalysis B: Enzymatic 58 (2009) 146-152

Contents lists available at ScienceDirect 2
. . [oATALYSS
Journal of Molecular Catalysis B: Enzymatic
journal homepage: www.elsevier.com/locate/molcatb e S

Kinetics of peptide bond demasking in enzymatic hydrolysis of casein substrates

Mikhail M. Vorob’ev *

A.N. Nesmeyanov Institute of Organoelement Compounds, Russian Academy of Sciences, 28 ul. Vavilova, 119991 Moscow, Russia

ARTICLE INFO ABSTRACT

Article history:

Received 14 November 2007
Received in revised form

19 November 2008

Accepted 15 December 2008
Available online 25 December 2008

Proteolysis of casein substrates includes demasking stage, the transition of masked bonds to the demasked
stage, where peptide bonds become accessible to the enzyme attack. Therefore, proteolysis was regarded
as a two-stage process with consequent demasking and hydrolysis stages. When demasking process is
kinetically significant, the peptide bonds are hydrolysed with some lag. It was shown both by theoretical
simulations and experimentally that the increase of amino nitrogen can be a non-monotonous function of

the hydrolysis degree or proteolysis time. The non-monotonously dependence was found for chymotryp-
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tic proteolysis of 3-casein, while for a-casein the monotonous dependence was obtained. This was treated
as an indication of the prevalence of the hydrophobically induced masking effect for 3-casein. For the pro-
teolysis of B-casein by wild-type and engineered trypsins, the kinetic analysis allowed us to conclude that
demasking stage was initiated by the splitting of the main peptide chain, which compact conformation
was initially stabilized by the interaction of hydrophobic regions of peptide chain.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Proteolysis, the enzymatic hydrolysis of a protein, plays an
important role in various fields of bioscience and biotechnology,
where proteolysis is studied on the qualitative and quantitative
levels. Since Linderstrom-Lang’s proteolysis model [1], several
quantitative studies of the proteolysis kinetics were made mostly
on the example of food proteins [2]. Practically important task
is the prediction of optimal proteolysis conditions, which ensure
hydrolysis of the undesired peptide fragments (bitter peptides, for
example), or provide accumulation of the desired peptides (bioac-
tive peptides, for example) [3,4]. Meanwhile, the problem of the
proteolysis modeling for the arbitrary enzyme-substrate pairs is
still far from being solved.

Among proteins, caseins represent an important case of the con-
formationally flexible polypeptide chains, possessing at the same
time predominant spatial structures [5]. Such loosely packed struc-
tures were determined by the molecular modeling computations
in conjunction with the data on casein secondary structure [6].
Caseins, especially 3-casein as most hydrophobic among k-, ag1-,
and agp-casein, may form micelles and submicelles [7]. In compari-
son with globular proteins, caseins are known to be easy hydrolysed
by proteases because of their elevated conformational flexibil-
ity and the abundance of the enzyme-accessible peptide bonds.
Meanwhile, clusters of hydrophobic amino acid residues in the
polypeptide chain of casein substrates cause hydrophobic inter-
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action to be responsible for the steric obstacles shielding peptide
bonds against enzymatic attack [8].

Proteolysis as a polysubstrate process involves the hydrolysis
of the multiplicity of peptide bonds of different specificities. The
hydrolysis is complicated by the non-equal and often limited acces-
sibility of peptide bonds for the enzyme action, since different sites
are differently exposed to the surrounding solvent and/or possess
different conformational flexibility [9]. This effect known as mask-
ing of peptide bonds was pointed to be the main limiting factor of
proteolysis [2,10]. Additionally, enzyme inhibition and inactivation
in proteolysis are complex processes, which include interaction of
the enzyme with the set of various proteolysis products. That is why
one needs in considerable simplifications to propose reasonable
proteolysis model.

Proteolysis was regarded in our previous works as a two-stage
process [10,11]. In the first stage, the initially enzyme-inaccessible
peptide bonds X, are converted to the demasked bonds Yy, which
become accessible for the action of enzyme. On the second stage,
these bonds are hydrolysed as [10,11]

kh

K
Xim—% Y —5N, (Scheme I)

where k; is the rate constant of demasking, kj, is the rate constant
of hydrolysis of the demasked bonds, and N is the amino nitrogen,
the chemical outcome of the reaction.

Proteolysis to the limited extent (limited proteolysis)is an exam-
ple of the considerable simplification of proteolysis analysis. In
this particular case, the analysis can be reduced to the identifi-
cation of the sites of initial splitting [9,12]. Contrary to Scheme
1, the probability of peptide bond demasking at limited proteol-
ysis was assumed to be unchanged during proteolysis, depending
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on the initial state of three-dimensional structure of the protein
substrate.

Presentation of the proteolysis kinetic with the averaged val-
ues of the rate constants was proposed in our previous works as a
way for the considerable simplification of the analysis of the total
proteolysis kinetics [13,14]. At low concentration of the protein

NO,

substrate (S « Ky), fraction of free enzyme, 1/(1+S/Ky;), is close to
1. Changes in K); during proteolysis cannot influence significantly
the fraction of free enzyme and thereby the rate of hydrolysis. In
this case, total rate of the peptide bond hydrolysis can be presented
in the following form:

'y
V=%m§:wﬁ (1)
j

where Ej is the concentration of enzyme, Y, is the total concen-
tration of demasked peptide bonds, K/ is the second order kinetic
constant for the j-th bond, which corresponds to the hydrolysis of
the demasked peptide bonds with concentration Y/. Y} /Yy = P/ is
the probability of peptide bond demasking, which is regarded as a
function of the hydrolysis degree d, the portion of the hydrolysed
peptide bonds N/(N + Y, + X;). The averaged rate constant k(d) as a
function of d can be introduced as

Y
k(d) = ijﬁ 2)
J

where Sy is the substrate concentration (concentration of all amino
acid residues).

It was shown previously that functional dependence (2) is quite
different for various specificity parameters [ 13]. We believe that the
comparative study of this function could be useful for the selection
of various mechanisms of demasking and hydrolysis.

The aim of the present work was to study peculiarities of the
proteolysis of casein substrates as a two-stage process of peptide
bond demasking and subsequent hydrolysis.

2. Materials and methods
2.1. Materials

[3-Casein, a-casein, and a-chymotrypsin were products of
Sigma.

Summary submicellar casein was obtained from defatted milk.
Casein proteins were precipitated three times by HCI (pH 4.6, tem-
perature 6-8 °C), filtered, washed and solved by adding NaOH (pH
7.0). After the addition of acetic acid (pH 4.0), the precipitate was
carefully washed, solved by adding NaOH, purified by charcoal, cen-
trifuged and dried in vacuum.

2,4,6-Trinitrobenzenesulfonic acid (TNBS) was obtained from
Biokhimreactive, Russia.

2.2. Proteolysis as registered by TNBS method

Proteolysis of the casein substrates (a-casein, [3-casein, or
summary casein) by a-chymotrypsin was carried out in 0.01 M
phosphate buffer (pH 7.5) at 25°C with stirring by a magnetic
stirrer. The enzyme concentration was constant (2.5 mg/L). For ter-
mination of proteolysis and for monitoring of the reaction by TNBS

method [11,14], after a required time 1 mL samples from proteolysis
reactor were placed in the test-tubes with 1 mL 1% (w/v) SDS solu-
tion at 80°C and held at this temperature for 10 min. Then 2 mL of
trinitrobenzenesulfonic acid solution (TNBS, 0.2 g/L)in 0.1 M borate
buffer (pH 8.2) was added to each of the tubes. Trinitrophenylation
of the amino groups of the proteolysis products HyNR

NO, NO,
SO;H + H;NR —» NO, NHR + H;S0;3
NOz NOZ

was performed at 40 °C for 2 h [11,14]. The reaction was stopped
by the adding 1 ml 1N HCI to each tube. Then the absorption was
measured immediately at 340 nm against a blank sample. The latter
was prepared in the same way except for the absence of the enzyme
and substrate. In result, the time courses of amino nitrogen N(t) dur-
ing proteolysis of various casein substrates by chymotrypsin were
determined.

2.3. Simulation of the kinetics of demasking and hydrolysis

Hydrolysis and demasking kinetics for both the masked peptide
bonds of the j-th type X/ and the demasked bonds Y/ was described
by the following equation:
dyl YT+ kgXI 3)
axi = —kgXi
where K is the hydrolysis rate constant for the bonds Y, k is the
rate constant of the demasking, which is proposed to be the same
for any type of peptide bonds j. The solution of Eq. (3) is

o
w:X71+w<V> 4)
o X/

0

where the coefficients ¢ and b/ were defined as

. k]
d = (5)

Syl
V=d —? -1 (6)
Xo
where X{) is the initial concentration of the masked peptide bonds of
thej-th type, Y(J) is the initial concentration of the demasked peptide
bonds of the j-th type.

The mass balance equations were presented in the following
form:

1 1Xg lx(?; j
-0 B J
X'+ X X +X X + ZX, (7)
J
1 IX(2] IXS
Xo+Xo 31 tXoyy + - =Xo=50—No—Yo (8)
0 0

where Sp =const is the sum of the total concentration of all pep-

tide bonds ZXJ + ZYJ and amino nitrogen N, Ny is the

J J
initial concentration of amino nitrogen, Yy is the sum of all ini-

tially demasked peptide bonds ZYj, Xp is the sum of all initially
J
masked peptide bonds ZX{).
j
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Fig. 1. Simulations of the demasking and hydrolysis stages, in accordance with Scheme 1. (a) Unchanged parameters were m=0.05, and ky = 1.1. Variables were k" =1 (@),
1(m), 1(a); K¥'=0.58 (@), 0.36 (W), 1 (a); k"¢ =0.142 (@), 0.27 (W), 1 (A); klevMet+Asn+Gin = 0 003 (@), 0.07 (W), 0.003 (a). (b) Unchanged parameters were m=0.9, k™™ =50,

kYT =0.5, kPhe = (.5, fleutMet+Asn+GIn = ) 003, Variables were kq=0.6 (O

Itis convenient to operate with the degree of peptide bond mask-
ing, being introduced as

>
X1 j
=X TS No-Ye ®)
The solution (4) can be transformed regarding to x and the
degree of peptide bond hydrolysis d in the following form:

1+x70 X}
mx E el e
- 1 E Xi
j 0
i
where m is the parameter, which is equal to the initial degree of

masking, i.e. m=Xp/So.
Averaged rate constant can be calculated as

g d Xf
k(d) = me S HALEXTE)

; a th

=1-d-mx (10)

(11)

), kd =11 (.), kd =
were m=0.6, kTP =10, k" =0.5, kPhe = .5, klevtMet+Asn+Gln = ) 003, Variables were k;=0.3 (@), kg4=0.6 (O), kg=1.1 (a), kg=
m=0.6, k™™ =50, k™' = 0.5, kPhe = 0.5, kleurMet+Asn+GIn = 0 003, Variables were ky=0.6 (O), kg =1.1 (®), kg

2 () kq=

5 (0O). The X-axis is plotted in logarithmic scale. (c) Unchanged parameters
2 (O), kq=5 (m). (d) Unchanged parameters were
=2 (m), kg=5 (0).

To calculate k(d) from Eq. (11) one needs to determine firstly x
as a function of d from the transcendent Eq. (10).

One can evaluate the relative rate of the peptide bond hydrolysis
V' as
k(d)

kmax

V(d) _

Vmax

V'(d) = (12)

where Vihax and kmax are the constant values. kmax was calculated
by the formula:

X' + Y‘
kmax = Zkl So —No

3. Results and discussion

(13)

3.1. Simulation of the demasking and hydrolysis stages

In our theoretical consideration, the type of the peptide bond j
was determined by the type of amino acid residue, forming C=0
group of hydrolysed bond. This approach is reasonable for trypsin
and chymotrypsin because for these proteases the reaction ability is
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Fig. 2. Kinetic data for the proteolysis of summary casein by chymotrypsin. Proteolysis by a-chymotrypsin (2.5 mg/L) was carried out in 0.01 M phosphate buffer (pH 7.5)
at 25°C. Substrate concentration was 0.05 g/L (@) and 0.2 g/L (W). (a) Typical profiles of the amino nitrogen vs. proteolysis time. (b) Typical profiles of the hydrolysis rate vs.

proteolysis time. (c) Typical profiles of the hydrolysis rate vs. hydrolysis degree.

determined mostly by the primary specificity and only partly by the C. Quantities of the initially masked and demasked bonds are com-

interaction of an enzyme with other amino acid residues (secondary parable (m ~ 1/2) at low excess in specificity of the most specific
specificity) [13,15]. For chymotrypsin, the most specific amino acid bond (kTP = 10).
residue is Trp in the comparison with less specific Tyr and Phe. For D. Quantities of the initially masked and demasked bonds are com-
the amino acid residues Leu, Met, Asn and Gln, the values of K/ are parable (m ~ 1/2) at high excess in specificity of the most specific
not equal to 0, since these amino acid residues were found at the bond (kP = 50).

C-end of the peptides entering in the chymotryptic hydrolisates of
proteins [13]. For total casein, the occurrence of the peptide bonds
was calculated taking into consideration the relations between

Dependently on the mentioned above kinetic conditions A, B, C
and D, the V'(d) curves possess the following characteristics:

individual caseins (-, B._ and k-casein) as 4:3:1. The fOI_IOW_ A. For m=0.05, monotonously decreasing V'(d) dependences
ing occurrence of the peptide bonds was used in the simulations: (Fig. 1a)
0.51% (Trp), 3.85% (Tyr), 3.98% (Phe), 23.5% (Leu+Met + Asn + Gln), e i L
. . . . B. For m=0.9, non-monotonous dependences, which include
and 68.16% for other natural amino acid residues, for which . ith noticeabl . FV(d) (Fig. 1b
=0 region with noticeable maximum of V'(d) (Fig. 1b).
’ . L . . . C. For m=0.6 and k™™ =10, non-monotonous dependences with
To elucidate kinetic regularities of the proteolysis with a poorly recognized broad maximum of V(d). V'(d) in the begin-
. 4 .
demasking stage (Scheme 1) we cal;ul.ated the V(d) depen- ning of proteolysis is comparable with that at the maximum
dences for the following characteristic sets of the para- (Fig. 1¢)
meters: D. For m=0.6 and k™ =50, non-monotonous dependences with

poorly recognized broad maximum. V'(d) in the beginning of
proteolysis is significantly higher than that at the maximum

A. Most of the peptide bonds are initially demasked, m«1.
(Fig. 1d).

B. Most of the peptide bonds are initially masked, m~ 1.
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Fig. 3. Typical profiles of the hydrolysis rate vs. hydrolysis degree for the pro-
teolysis of B-casein (O) and a-casein (M). Proteolysis of individual caseins by
a-chymotrypsin (2.5 mg/L) was carried out in 0.01 M phosphate buffer (pH 7.5) at
25°C.

3.2. Total kinetics for the chymotryptic proteolysis of casein
substrates

According to Scheme 1, the hydrolysis rate is able to be maximal
in two situations. Firstly, at the beginning of proteolysis when ini-
tially demasked peptide bonds start to hydrolyze. Secondly, in the
middle part of proteolysis when the maximum of By is achieved
after the demasking of the majority of masked bonds (maximum
points of the broad peaks in Fig. 1b-d).

To find subtle features of the proteolysis kinetics, we used
frequent sampling of the probes from the reaction mixture. Trini-
trophenyl derivatives of the proteolysis products in the aliquots
were engaged for the determination of amino nitrogen. For the
proteolysis of summary casein, kinetic curves showed local retar-
dation with the consequent acceleration of the hydrolysis (Fig. 2a).
These non-monotonous trends in the N(t) curves corresponded to
the local extremes of the V(t)=dN/dt (Fig. 2b). To be able to com-
pare theoretical and experimental curves we plotted hydrolysis rate
vs. hydrolysis degree DH=d-100%, the percentage of the hydrol-
ysed peptide bonds (Fig. 2c). For the chymotrypsin hydrolysis of
the individual caseins (Fig. 3), one can see quite different depen-
dences for a- and 3-casein. Monotonously decreasing dependence
was obtained for the proteolysis of a-casein, while for proteolysis of
[3-casein the V(DH) dependence had maximum. The reproducibil-
ity of the hydrolysis rate as measured by TNBS method was studied
systematically for 3-casein hydrolysis (error bars in Fig. 3). In the
average over all points on the curve, the relative error was 16%.

The comparison of the theoretical curves (Fig. 1) with exper-
iment (Figs. 2 and 3) allowed us to conclude that proteolysis of
a-casein is close to A case (most of peptide bonds are demasked),
while proteolysis of [3-casein is close to B case (most of peptide
bonds are masked). Proteolysis of summary casein has a feature
of C and D types when initially a part of peptide bonds is masked
and another part of peptide bonds is free for the enzyme attack.
Certainly, our comparative study was rather qualitative than quan-
titative, but at least it allowed us to conclude that the masking effect
for B-casein was the highest among the studied substrates.

Thus, the analysis of the demasking kinetics is required for
the correct depiction of the proteolysis for casein substrates. The
well-known enhanced amphiphatic properties of [3-casein could
be responsible for the considerable masking of peptide bonds in
[3-casein.

In the common case of proteolysis, the hydrolysis rate is [13,14]:

_ I((DH)E(]SO
~ 1+ So/Ku(DH)

Functional dependences of the second order rate constant k(DH)
and effective Michaels constant Ky;(DH) (inhibition and productive
binding) are necessary to be determined for the complete kinetic
depiction of proteolysis. In present article, the measurements were
performed at low concentration of substrate (0.05-0.2 g/L). In this
case, the term 1/(1+Sy/Ky) is close to 1, since the values of 1/Ky
were estimated to change in the interval of 0.48-0.15L/g for the
hydrolysis of casein substrate by chymotrypsin [14].

Inactivation of enzyme as monotonous slow decrease of active
enzyme during proteolysis can proceed [13,14]. But this process
cannot be responsible for the non-monotonous dependencies,
especially at the beginning of proteolysis.

We studied demasking effect for the proteolysis of (3-casein by
chymotrypsin. However, one can assume the masking properties
mostly to be a characteristic of the substrate structure. In this case,
the used protease would not be crucial. For the support of this
hypothesis, it is useful to demonstrate significant role of demasking
stage for the tryptic proteolysis as well.

(14)

3.3. Demasking and hydrolysis of the hydrophobic C-end of
B-casein

Above, the total hydrolysis of all peptide bonds entering in the
peptide chain of protein substrate was studied. To make easier the
analysis of the total kinetics we tested averaged rate constants as the
functions of DH. This subsection was devoted to the analysis of the
hydrolysis of some selected bonds in 3-casein. For this purpose, the
individual constants of the hydrolysis of these bonds were analyzed.

To verify Scheme 1 on the example of tryptic hydrolysis of 3-
casein, we analyzed set of the rate constants, which was published
previously for wild-type and engineered trypsins [8]. Different
types of the engineered trypsin were produced by replacing of
Lys188 by other amino acid residues [8,16]. The following mutants
were used: K188H, K188F, K188Y, and K188D/D189K (in the later
case theresidue 189 was also replaced)[8]. Variations in the enzyme
specificity give different patterns of demasking/hydrolysis kinetics,
which all have to be in accordance with common Scheme 1.

[3-Casein has unique amino acid sequence, since it contains a few
Arg-X bonds all located at the terminus of the polypeptide chain
(Arg25-Ile26 from the N-terminus, Arg183-Asp184 and Arg202-
Gly203 bonds from C-end). Majority of peptide bonds susceptible to
tryptic hydrolysis are of Lys-X type. They are included in the inter-
nal homogeneous fragment, Lys28-Lys176, which only includes Lys
bonds, but not Arg bonds. Several studies of the proteolysis in the
aqueous media and at the interface have been performed with such
interesting substrate-enzyme pair as [3-casein and trypsin [17-19].

Kinetic curves for the liberation of individual peptides were
engaged previously to calculate the hydrolysis rate constants for the
Arg-X bonds (Arg25-Ile26, Arg183-Asp184, Arg202-Gly203), and
for several internal Lys-X bonds (Lys28-Lys29, Lys32-Phe33, Lys99-
Glu100, Lys105-His106, Lys113-Tyr114, Lys169-Val170, Lys176-
Ala177) [8]. The calculations were made at the assumption that
peptide bonds were completely demasked [8]. These constants
were found to depend on the type of engineered trypsin and pH
[8].

Presumably, hydrophobic interaction is responsible for the
incorporation of C-terminus of [3-casein into hydrophobic cluster
and thereby for the masking effect of corresponding peptide bonds
as shown schematically in Fig. 4. Theoretical analysis revealed that
for the case of considerable masking (high m), one should expect a
temporal retardation of hydrolysis that may give a kinetics with a
lag. In fact, several peptides in the tryptic digest of 3-casein (pep-
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Fig. 4. Evolution of the concentrations for N- and C-terminal peptide fragments as obtained from tryptic hydrolysis of 3-casein, in accordance with our previous data [8].

tide Gly203-Val209, for example) accumulated with the noticeable these bonds is shown in Fig. 4), Arg183 and Arg202 bonds at the C-
lag (Fig. 4). end. This figure shows schematically the masked region, in which

Fig. 4 shows the hydrolysis of some specific to trypsin bonds at the hydrolysis of Arg202 bond might be conditioned by the hydrol-
the [3-casein chain, i.e. Arg25, internal Lys-X bond (only one from ysis of other peptide bonds. C-terminal peptide Gly203-Val209 is

Table 1
Ratio of the hydrolysis rate constant to the demasking rate constant.
Enzyme type pH Hydrolysis rate constant®/demasking rate constant®
k(Arg25-11e26)/kq Kiysx[Ka k(Arg183-Asp184)/kqy
wild 7 6.2 0.8 2.7
8 7.5 1.0 2.0
9 5.0 1.0 2.0
10 2.7 0.7 0.7
K188H 7 1.0 - 1.9
8 14 0.9 4.6
9 14 1.0 22
10 3.6 1.0 3.0
K188F 7 1.8 1.7 0.4
8 42 3.6 0.8
9 3.6 3.0 0.5
10 1.8 2.6 0.4
K188Y 7 1.0 13 1.1
8 8.9 0.7 2.1
9 11.0 1.0 23
10 11.6 1.2 2.6
K188D/D189K 7 9.5 0.7 3.1
8 10.7 0.8 29

©
-
S
H
o
©
w
=)

10 59 0.9 =

2 Hydrolysis rate constants were from [8].
b Demasking rate constants for the bond Gly203-Val209 were calculated with Eq. (15).
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accumulated after the hydrolysis of the bond Arg202-Gly203 with
the lag 7 [8]. Application of Scheme 1 for demasking and hydrolysis
of the bond Arg202 allows us to express T as

1 n kl_l(kl)_kh/(kd_kh)
kq

t= kh — kd kd kh

where kg and kj, are the demasking and hydrolysis rate constants,
correspondingly. For the peptide bond Arg202, k;, was estimated as
0.02 h~! and k4 was calculated from the observed 7 values with the
transcendental Eq. (15).

Splitting of peptide chain should cause an increase in the
conformational labiality of the hydrophobic cluster, providing by
this way the demasking of the peptide bonds at the C-end. For
example, hydrolysis of one of the bonds shown in Fig. 4 may
break peptide chain, causing an increase in its conformational
flexibility.

It is interesting to know more precisely the hydrolysis of which
bond might initiate the demasking process at the C-end of the chain.
Hydrolysis of such bond can be regarded as a step, limiting the
hydrolysis of C-terminal bonds. The hydrolysis rate constant for
limiting bond should be close to k;. By other words, the ratio of
the hydrolysis rate constant for the limiting bond to the value of kg4
should be close to 1.

The k, values were compared with the hydrolysis rate constants
for the Arg25 bond, for the internal Lys-X bond (mean value of
apparent constants for the Lys-X bonds), and for the Arg183 bond
(Table 1). The hydrolysis of Arg25-Ile26 is not appropriate for the
role of the limiting step as being around one order faster than
demasking. For all enzymes except K188F mutant (Table 1), kys-x/kq
is close to 1, indicating that the splitting of internal homogeneous
fragment Lys28-Lys176 limits the demasking. For K188F mutant,
the limiting splitting is most likely the hydrolysis of Arg183-Asp184
bond.

Previously [8], demasking parameter was assumed to depend
on the averaged hydrophobicity of the several amino acid residues,
which were nearest to the hydrolysed bond. For this model of mask-
ing, the predicted values of the reaction rate for the peptide bonds
at the C-terminus were deviated from the experimentally observed
ones [8]. On the contrary, in the present study we proposed the
demasking parameter was dependent on the hydrolysis of the bond,
which might be located far away from the analyzed site. To our

kd —+ kh
kdkh

(15)

knowledge, this is the first attempt to link together demasking and
hydrolysis of the different bonds in polypeptide.

4. Conclusions

Two-step model with consequent demasking and hydrolysis
stages is useful for the understanding of non-monotonous kinetic
patterns, which were demonstrated for the chymotryptic and tryp-
tic proteolysis of casein substrates. In spate of simplicity and
formal character of the model, the connection of masking with
amphiphatic nature of casein substrates is evident when total
hydrolysis kinetics for (-casein is compared with that for less
hydrophobic a-casein and when individual kinetics for the hydroly-
sis of the hydrophobic C-terminus of [3-casein is compared with the
hydrolysis of hydrophilic N-end. Thus, the analysis of peptide bond
demasking is required for the correct depiction of whole proteolysis
kinetics.

References

[1] K. Linderstrom-Lang, Lane Medical Lectures, vol. 6, Stanford University Press,
California, 1952, pp. 53-72.
[2] J.Adler-Nissen, Enzymatic Hydrolysis of Food Proteins, Elsevier, New York, 1986.
[3] M.M. Vorob’ey, l.A. Goncharova, Nahrung 42 (1998) 60-66.
[4] D.A. Clare, H.E. Swaisgood, J. Dairy Sci. 83 (2000) 1187-1195.
[5] H.M.Farrell, E.D. Wickham, J.J. Unruh, P.X. Qi, P.D. Hoagland, Food Hydrocolloids
15 (2001) 341-354.
[6] T.F. Kumosinski, E.M. Brown, H.M. Farrell, J. Dairy Sci. 76 (1993) 931-945.
[7] J.E. O’Connell, V.Ya. Grinberg, C.G. de Kruif, J. Colloid Interface Sci. 258 (2003)
33-39.
[8] M.M. Vorob’ev, M. Dalgalarrondo, J.-M. Chobert, T. Haertle, Biopolymers 54
(2000) 355-364.
[9] S.J. Hubbard, Biochim. Biophys. Acta 1382 (1998) 191-206.
[10] M.M. Vorob’ev, LY. Levicheva, V.M. Belikov, Appl. Biochem. Microbiol. 32 (1996)
219-222.
[11] M.M. Vorob’ev, E.A. Paskonova, S.V. Vitt, V.M. Belikov, Nahrung 30 (1986)
995-1001.
[12] A. Fontana, P.P. de Laureto, B. Spolaore, E. Frare, P. Picotti, M. Zambonin, Acta
Biochim. Polonica 51 (2004) 299-321.
[13] M.M. Vorob’ev, S.V. Vitt, V.M. Belikov, Nahrung 31 (1987) 331-340.
[14] M.M. Vorob’ev, L.S. Slobodyanikova, S.V. Vitt, V.K. Latov, V.M. Belikov, Nahrung
31(1987) 777-782.
[15] P.E. Groleau, S.F. Gauthier, Y. Pouliot, Int. Dairy J. 13 (2003) 887-895.
[16] J.-M. Chobert, L. Briand, V. Tran, T. Haertle, Biochem. Biophys. Res. Commun.
246 (1998) 847-858.
[17] ]. Leonil, D. Molle, ].L. Maubois, Lait 68 (1988) 245-269.
[18] ]. Leaver, D.G. Dalgleish, Biochim. Biophys. Acta 1041 (1990) 217-222.
[19] O.Diaz, A.M. Gouldsworthy, L. Leaver, ]. Agric. Food Chem. 44 (1996) 2517-2522.



	Kinetics of peptide bond demasking in enzymatic hydrolysis of casein substrates
	Introduction
	Materials and methods
	Materials
	Proteolysis as registered by TNBS method
	Simulation of the kinetics of demasking and hydrolysis

	Results and discussion
	Simulation of the demasking and hydrolysis stages
	Total kinetics for the chymotryptic proteolysis of casein substrates
	Demasking and hydrolysis of the hydrophobic C-end of beta-casein

	Conclusions
	References


