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The present paper presents a new method for determining proteolytic activity, using Egg White
Modified Protein as a substrate. The given protein is an almost insoluble complex in a buffer solution.
At the same time, it is subject to the enzymatic influence. Due to its properties, it has become possible
to determine the exact total proteolytic activity compared to other alternative methods. The
developed method can be used to determine the total proteolytic activity. © 2022 Bull. Georg. Natl.

Acad. Sci.
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Determination of protease activity is associated
with certain problems. First of all, it is related to the
substrate structure where casein is traditionally
used. Casein is a polymer and can be exposed to
both endo and exo-type enzymes. Depending on the
specificity of the protease action, the product may
have high molecular weight, low molecular weight,
peptide, and/or amino acids [1]. In view of all the
above, the problem is to identify the total product
obtained by the enzymatic reaction. There are
various methods for determining protease activity
[2-10], but, due to its availability and simplicity, the
most common method for measuring protease
activity is considered to be the McDonald's and
Chen method [11], where the authors note that TCA

(which precipitates a certain fraction of proteins) is
added to the product obtained by the enzymatic
reaction, and the fragments obtained by hydrolysis,
which are soluble in TCA, are measured by the
Folin & Ciocalteu assay. The question arises (if
casein will be taken as a substrate) will the
enzymatic reaction produce an insoluble product in
TCA (which is precipitate)? How important is this
insoluble product for measuring enzymatic
activity? As a result of some experiments and based
on the data available in the literature, it was
substantiated that casein has an insoluble and
soluble protein conglomerate called a, B, and k
parts [12]. It should be noted that most proteases act
on both soluble and insoluble fragments. Exposure
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to proteases results in the formation of soluble
fragments from the insoluble fraction, part of which
is precipitated with TCA. These precipitated
fragments are excluded from the TCA solution
since they are precipitated and removed by
centrifugation before the measurement. This action
causes a false negative result. Solution requires a
substrate that does not have a soluble part and is
exposed to enzyme hydrolysis. The screening was
performed to find out such type of substrate and a
practically insoluble substrate was selected to
determine this enzymatic activity. The experiment
with the selected substrate does not require the
addition of TCA, which ignores the above flaws
and provides a full manifestation of proteolytic
activity.

Materials and Methods

Materials. For the assay, casein was purchased
from Sigma Aldrich. Salts for buffer solution
Na2HPO4, KH2PO4 were purchased from Alfa
Chemical (India). Folin & Ciocalteu’s phenol
reagent and EWMP substrate were purchased from
L.T.D. Biologica. Enzymes with different proteo-
Iytic activity were prepared by Educational Center
“Biomed”, Georgian Technical University. Chy-
moral produced by Gelenika a.d. was used as a
commercial protease

Enzyme samples. For assay different types of
biological liquids were used. As a plant source,
Galium Verum extract was used. To 10g of the
dried plant was added 100 mL of 50 mM Potassium
Phosphate Buffer, pH 7.4, and were homogenized,
after which it was centrifuged at 1500 rpm for 15
minutes. For the reaction, 10 ul of the extract was
taken. As the fungal origin, a 10 pl liquid culture of
Aspergillus Oryzae was used. Concerning a com-
mercial protease 1 tablet of Chymoral which is
equal to 121000 USPj was crushed finely and
dissolved in 10 ml of 50 mM Potassium Phosphate
Buffer, pH 7.4 after which was centrifuged at
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1500 rpm for 15 minutes, for the reaction was used
10 pl of supernatant.

Determination of Enzyme-substrate dependence.
To determine the Enzyme kinetic parameters were
used EWMP substrate concentrations in the range
of 2.5-50 mg/ml (1.5-29.6 micromol), for the
reaction was used 50 mM Potassium Phosphate
Buffer, pH 7.4. The substrates (several concent-
rations) were mixed with 0.01 ml of enzyme and
incubated for 30 min at 25°C. After incubation, the
reaction was stopped by placing samples in an ice
bath. The reaction mixtures were centrifuged at
1500 rpm using an Eppendorf centrifuge. Then, the
supernatants were taken, and Na,COj3 and Folin &
Ciocalteu reagent (proportion of 2:5:1) were added,
and were incubated at 37°C for 30 minutes [13].
Observations were carried out by measuring the
OD at 660 nm using a UV-VIS spectrophotometer
(Perkin Elmer, USA) against a reagent blank. In our
case, for each sample, blank value was taken 30
minute incubated substrate samples without enzy-
me. After cooling samples we added Enzyme and
immediately measure with Folin & Ciocalteu rea-
gent. This type of blanks was taken to exclude
enzyme and substrate influence on absorption.

Determination of Enzyme activity in various
biological extracts. After the substrate concent-
ration was determined, the protease activity was
set. For reaction, 30 mg EWMP substrate and
proteases from different biological objects (fungal,
plant, and commercial origin) were taken. The
reaction was performed analogous to the enzyme-
substrate dependence mentioned above. To calcula-
te the activity of the enzyme in units, units per/mL
and units per/mg were used in the following
formulas:

[PR], *M ],

TR L
ml) = [PR]#mm *[Vl]m| 3 A(U)
A(U / I) = [Rt]mm *[Vm]m| *[VE ]ml - [VE ]ml
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AU /ml
A(U /mg) :E(—m)_
(mg/ml)
[PR]ymoI — Product in micromoles

[V.], — Reaction total volume in milliliters
[R] . — Reaction time in minutes

min
[V ],, — Measurement volume of the cuvette in

milliliters
[V ],, — Volume of Enzyme in mililiters

E (mg/ml) — Enzyme (mg/ml)

Results

Measurement of soluble fragments obtained
from the insoluble parts of Casein by Enzymatic
reaction. In order to confirm the loss information
of casein soluble part gated by enzymatic reaction,
we conducted an experiment on the given substrate
using the Folin & Ciocalteu assay [13], for which
0,6% casein and a commercial enzyme (Chymoral)
10 pl was taken. The test result obtained is shown
in Table 1 according to Scheme 1, where the
amount of soluble casein’s protein equal of tyrosine
per minute was 0.018 micromol, and the results
obtained by adding the enzyme to casein was 0.081
micromol tyrosine. The amount of soluble
fragments obtained from the insoluble parts of
casein by the enzymatic reaction is the ratio of
solution 2 minus the rate of solution 1, which
corresponds to 0.063 micromols of tyrosine.

Table 1. The amount of Tyrosine measured in the
supernatants of solution 1 and solution 2 from Scheme
1 by the Folin&Ciocalteu’s method

Tyrosine | Tyrosine | Tyrosine
Name (micromole)|(micromole)|(micromole)
0 min 30 min A
Casein
. 0,071 0,089 0,018
(solution 1)
Casein+Enzyme
. 0,075 0,156 0,081
(solution 2)

Characterization of EWMP substrate. The
EWMP was used as a substrate and its insolubility
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rate was measured. Fig. 1 shows the solubility of a
substrate without enzyme exposure over different
time ranges. 30 minutes was selected as the
incubation time for proteolytic activity.
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Fig. 1. EWMP Substrate insolubility rate over time.

Enzyme-substrate dependence. The enzyme-
substrate dependence on the EWMP substrate was
studied, for which the Michaelis-Menten graph was
constructed (see Fig. 2), which shows the effect of
substrate concentration on the reaction rate [14].
We used commercial enzymes Chymoral 10 ul as
the source of the Enzymes.
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Fig. 2. Dependence of reaction rate and substrate concen-
tration.

Determination of proteolytic activity from diffe-
rent sources of the enzyme. In our experiments,
we used the company L.T.D Biologica’s product
EWMP as substrate, which is characterized by
exceptional stability; namely, its solubility is
negligible. According to our data for 30 minutes,
which is quite sufficient to measure the proteolytic
activity, the amount of liberated tyrosine was
measured with Folin & Ciocalteu method at 660 nm
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was 0,0057 micromol. This indicator is very low,
so it may be considered as a baseline or zero point
when measuring protease activity. To test the
universality of the substrate, we tested protease
activities obtained from various biological objects
(see Table 2).

Table 2. Activity of Proteases obtained from various
biological objects

A (U/ml)[A (U/ml)| A (U/ml)
No Name . .
Omin | 30 min A
Commercial
1 |protease 0,228 0,428 0,200
(Chymoral)
Protease of plant
2 |origin 0,240 0,356 0,092
(Galium verum)
Protease of fungal
origin
3 . 0,920 1,076 0,152
(Aspergillus
Oryzae)
Discussion

The universal scheme 1 shows the degradation of
proteins, on the example of casein, as a result of
exposure to proteolytic enzymes, consider the case
when the substrate is hemoglobin or any other
soluble protein. This process in the scheme begins
from stage-I, where the soluble protein analog of
CSP acts as a substrate, and CIP acts as an insoluble
protein, and the path of its degradation is not
considered in this case. As shown in Stage Il as a
result of enzymatic exposure to CSP, TSF/EP,
CSF/EP, and CSP are obtained in solution, which
by the addition of TCA (Stage IllI) and
centrifugation (Stage 1V) are divided into 2 parts.
The first part is the CSP and CSF/EP sediment,
which are precipitated and are not subjected to
measurement, and the second part is the
supernatant, TSF/EP, which is a TCA soluble
peptide or amino acid, by which the enzymatic
activity is determined. However, the enzymatic
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activity must also be assessed by the fraction shown
in the (V stages) lost result — CSF/EP, which is also
the product of the enzymatic activity. Therefore,
the addition of TCA loses information about the
product obtained by enzymatic exposure, which
gives a false negative response.

In the presence of an insoluble substrate such as
casein, similar enzymatic activity information is
also lost. Casein, because of its properties, is most
commonly used as substrate to determine protease
activity using the Folin & Ciocalteu method. The I-
stage in this scheme is the dissociation of casein
into two parts, the soluble part — CSP and the
insoluble part — CIP (solution 1).

In case of enzyme addition, in stage Il we get
stage | pristine, insoluble (CIP) and soluble parts
(CSP), as well as insoluble casein’s breakdown
products: insoluble CIP/EP, soluble TSF/EP and
CSF/EP, similarly casein soluble part CSP and
decomposition products CSF/EP and TSF/EP.
After the addition of TCA, the CSP and CSF/EP are
precipitated, as well as the insoluble parts of the
casein CIP and CIP/EP. Accordingly, stage IV
shows the total precipitant composition in
sediment, while in lost results (stage V) the
sediment part CSF/EP, which is precipitated
fragment of the protein obtained by enzymatic
exposure that does not participate in or reflect the
results. In supernatants, as a result of enzymatic
action, only weight protein
fragments of TSF/FP (peptides, amino acids) are
also obtained, which is reflected in the deter-
mination of enzymatic activity.

In step V, it is shown that in the lost result, 2
similar fragments from both the insoluble and the
soluble substrate are precipitated, which are not
reflected by spectral measurement, and conse-
quently, this data lacks the actual activity of the
enzyme. Therefore this data is lacking in actual
enzyme activity.

low molecular
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Scheme 1. Casein hydrolysis scheme under the influence of proteolytic enzymes.

In view of the above, the problem is the need to
add TCA to remove the casein-soluble part (CSP),
so that it is not considered as a product of the action
of the enzyme. And the addition of TCA to CSP
leads to leakage of CSF/EP, which is a product of
enzymatic action, and both of which are not
reflected in the result.

The aim of further research was to find a
substrate that would not give part of the insoluble
protein in solution without the addition of enzymes,
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so there would no longer be a need to add TCA, It
must also be subject to enzymatic degradation. To
select the substrate, we conducted screening on
different substrates and selected the EWMP offered
by the company L.T.D. Biologica. As can be seen
from Fig. 1, the substrate is stable for 30 minutes
without exposure to the enzyme and does not
release significant soluble protein fragments into
the solution. It was also no longer necessary to add
TCA to remove the insoluble part.
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Scheme 2. EWMP hydrolysis scheme under the influence of Proteolytic Enzymes.

Scheme 2 shows the solubility rate of EWMP
in buffer, where no insoluble part is formed in
stage I. After enzyme addition in stage II,
EWMP/IP is formed, also by the action of the
enzyme, high and low molecular weight fragments
of EWMPSF/EP and SF/EP are formed also. Stage
111 represents centrifugation, as a result of which
the insoluble part — EWMPIP is precipitated in
sediment, while in the supernatant are shown both
low molecular weight peptides (EWMPSF/EP)
and amino acids (SF/EP) obtained by enzymatic
exposure (stage 1V).

If we compare schemes 1 and 2, in the second
scheme it is clear how much the analysis of the
products obtained by enzymatic exposure is sim-
plified and also the measurement process includes
all products gotten during the reaction. Because in
case of EWMP, no self-soluble part is formed in
stage I, besides, after conducting the enzymatic

Bull. Georg. Natl. Acad. Sci., vol. 16, no. 2, 2022

reaction the insoluble and soluble parts are
separated from each other by centrifugation since
the soluble part is the whole product obtained by
enzymatic action. The precipitate is not a product
of the enzymatic reaction, and the product obtai-
ned by the enzymatic action remains in the super-
natant entirely. This eliminates a false negative
response compared to methods that use TCA.

To determine the activity, the next step was to
measure the reaction rate at different concentrations
of the substrate, for which the maximum concen-
tration of the substrate was 50 mg/ml considering
on solubility. However, it must be said that the
given concentration caused inhibition of the enzy-
me, therefore the substrate concentration is inserted
in the frame where 20 mg/ml is the lower limit from
where the reaction rate begins to decrease due to
substrate decrease and 40 mg/ml is the maximum
substrate Concentration, the increase of which has
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the effect of inhibiting the enzyme. From this point
of view, in order not to approach the lower and
upper critical limits, we decided to take a substrate
with a concentration of 30 mg/ml, which allows us
to protect from both adverse effects.

As for pH, the measurement was carried out at
pH 7.4, since in a neutral medium both acidic and
alkaline proteases exhibit enzymatic activity. The
researcher can use different buffer systems by
discretion.

To verify the above and determine the universa-
lity of the substrate we conducted a determination
of protease activity in crude biological liquids, and
samples taken from various sourses (see Table 2).
The above data allow us to formulate a method for
determining total proteolytic activity in the form in
which it is presented in the materials and methods
we provide.
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Abbreviations:

TCA - Trichloroacetic Acid

OD - Optical Density

CIP - Casein Insoluble Part

CSP — Casein Soluble Part

CSF - Casein Soluble Fraction

TSF — Trichloroacetic Acid-Soluble Fraction

TSF/EP - Trichloroacetic Acid-Soluble Frac-
tion/Enzyme Product

CSF/EP — Casein Soluble Fraction/Enzyme
Product

CIP/EP - Casein Insoluble Part/Enzyme Pro-
duct

EWMP - Egg White Modified Protein

EWMPI — Egg White Modified Protein Inso-
luble

EWMPSF/EP — Egg White Modified Protein
Soluble Fraction/Enzyme Product

SF/EP - Soluble Fraction/Enzyme Product
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