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Abstract

A protein inhibitor of trypsin of the cultivar Eva alfalfa seeds was isolated and characterized. It has significant
antiproteolytic activity and is promising for the creation of compositions that are designed to correct nutrition in
various conditions, accompanied by increased activation of proteolytic enzymes. The stages of purification of the
trypsin inhibitor from alfalfa seeds included: extraction of 0.05 M borate buffer (pH 7.6), fractionation of the
protein component of the extract with ammonium sulfate, followed by dialysis of the fraction between 75% and
100% saturation and affinity chromatography on a biospecific sorbent trypsin - sepharose 4B. Calculations showed
that from 100 g of alfalfa seeds of the cultivar Eva, 67.14 mg of trypsin inhibitor was obtained, the inhibitory activity
of which is 27.6 IU / mg protein. Experimental data show that the obtained inhibitor reduces trypsin activity by
63.05 % with a weight ratio of inhibitor: enzyme of 1: 1. It is known from literature that a soybean trypsin inhibitor
reduces trypsin activity by 30 %. The isolated trypsin inhibitor has significant inhibitory activity, the value of which
is higher than the inhibitory activity of the plant trypsin inhibitor from soybeans. Affinity chromatography allowed
us to obtain a pure, homogeneous trypsin inhibitor, which has significant antiproteolytic activity, which can be
compared with the antiproteolytic activity of known plant trypsin inhibitors. From the obtained experimental data,
it follows that both, the obtained inhibitor and the inhibitor, which is part of a commercial preparation, effectively
reduce trypsin activity, slightly inhibit chymotrypsin activity, and do not affect a-amylase and protease activity. The
above data indicate that the trypsin inhibitor of alfalfa seeds of the cultivar Eva is not a bifunctional inhibitor, since
it does not affect the activity of amilolytic enzymes. The isolated inhibitor belongs to proteins with a high degree of
hydrophobicity. The composition of amino acids, the side chains of which can take part in the formation of
hydrogen bonds, is 25 % of the total number of amino acid residues of the alfalfa seed trypsin inhibitor. For STI, this
value is 23%.
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BUAIJIEHHA IHT'IBITOPA TPUIICUHY HACIHHA JIIOLEPHU 3 A0IIOMOTI' OO0
A®PIHHOI XPOMATOTPA®I]
l'anuna B. Kpycip?, Banentuna I'. 3axapuyk?, OsieHa B. CeBacTbsaHoBal, JItogmuna M. [InnneHko?,

Cepri#t O. Mowtakos!

Odecvbka HaYioOHANbHA aKkadeMisi Xap4osux mexHo02il, 8ya. Kanamua, 112, m. Odeca, Ykpaina

Odecbkull HayioHa1bHULI eKOHOMIYHUU yHigepcumem, 8ya. [IpeobpadceHcobka, 8, Odeca, Ykpaina
AHoTariqa
BujisieHo Ta oxapaKTepu30BaHO iHri6iTop 6i/Ka TPUICMHY COpTy HaciHHA JionepHu Eva. BiH mMae 3HayHy
AHTUINIPOTEOJIITUYHY AKTUBHICTb i € MEepPCHEeKTUBHUM [JJisl CTBOPEHHA KOMIO3MILii, NpU3HAYEeHUX /[ KOopeKuii
Xap4yyBaHHA B Pi3HUX YMOBaX, L0 CyNPOBO/KYEThCS MOCUJIEHOK aKTHBali€w nporeoaiTudyHux ¢epmenrtiB. ETanu
OYMILeHHA iHriéiTopa TPUICHHY 3 HACiHHA JIIOLEePHHM BK/IIOYaIM: eKcTpakuiw 0.05 M 6opatHoro 6ydepa (pH 7.6),
dpakuionyBaHHA 6i/IKOBOI CK/IaA0BOI eKCTPAKTY Cy/1bdaTOM aMOHIiI0 3 NOAANbIINM Aiaaizom ¢paxuii Big 75 % go
100% HacuyeHHA Ta adpiHHa XxpomaTorpadisa Ha 6iocnenudiyHoMy cop6eHTI TpUNCHH - cedaposa 4B. PospaxyHku
nokasany, mo i3 100 r HaciHHA awnepHu copty EBa oTrpumanHo 67.14 mr iHriéitopa TpumncuHy, iHriGywo4da
AKTHUBHICTb AKOr0 CTaHOBHUTH 27.6 MO / mr 6isika. EkcnepuMeHTa IbHI AaHI NOKa3ywTh, 0 OTPUMAHMHU iHriGiTOp
3HWKY€ aKTUBHICTh TPUIICHHY Ha 63, 05% npu Baropomy cHiBBigHOIEHHi iHri6iTop : pepmenT 1: 1. 3 oTpUMaHHUX
eKClIepUMEeHTaJIbHUX AAHUX BHMIUIMBAE, 0 K OTPMMaHUM IHri6iTop, Tak i iHri6iTop, AKMHA BXOAUTH A0 CKIAAY
KoMepuiiiHOro mnpenapary, e(peKTUBHO 3HWKYIOTb AKTHUBHICTb TPHUICUHY, JA€ll0 NPHUrHiYylOTb AKTHUBHICTh
XIMOTPHMIICHHY Ta He BIJIMBAIOTh HA aKTUBHICTb Q-aMijla3u Ta NpOTeas3H.
Karuosi csnoea: HaciHHSL JNIOLEPHU; eKCTpakuis; adiHHa xpomartorpadis; iHri6iTOp TPUICHHY; aMiHOKUCJOTHUN CKJIaf;
MoJIeKyJIIpHa Maca.
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BbIJEJIEHUE UHTUBUTOPA TPUIICUHA U3 CEMAH JIOLEPHBI C IOMOILbIO
AOPOPUHHOUN XPOMATOTPA®UU

l'annna B. Kpycupl, Banentuna I'. 3axapuyk?, Enena B. CeBactbsanoBal, liogmuaa H. lTuaunenkol,
Cepreii A. MomrtakoB?!
Odecckast HAYUOHAILHASL aKademusl nuwjesvlx mexHoozull, ya. Kanamuas, 112, Odecca, YkpauHa
Odecckuil HayuoHaavHblil akoHoMuveckuli YHusepcumem, ya. [Ipeobpadxcerckas, 8, Odecca, YkpauHa

AHHoTanuga

BblZe/leH U OXapaKTepu30BaH GeJKOBbIi MHrHGUTOP TPHUIICHHA U3 ceMsH JonepHbl copra Eva. OH o6Jsajaer
3HAYUTEJbHOH AHTUNPOTEOJUTHYECKOM aKTUBHOCTBI0O M MNepCHeKTHBEeH JJ CO3JaHUA KOMIIO3UILWH,
npeAHAa3sHAaYEeHHbIX [JI1 KOPpeKUMH MNHUTAaHUS B PA3JUYHBIX YC/JIOBHAX, CONPOBOXKAAWINMXCA MOBBIIIEHHOMH
aKTUBalMell MPOTEOJUTHYECKMX (epMeHTOB. JTambl OYUCTKH HHTMGUTOpPA TPHUIICUHA U3 CeMSH JIIOLEPHBI
BKJIIOYA/IM: 3KcTpakpuw 0.05 M GopatHoro G6ydepa (pH 7.6), dpaknmuoHupoBaHHEe GeJKOBOTO KOMIOHEHTa
3KCTpPaKTa Cy/ibPaToM aMMOHMS C NOC/TAEeAYIOIUM Auaau3oM ¢pakuyuu oT 75 % a0 100 % HaceimeHusa u apduHHasn
xpomarorpadusa Ha 6MocnenudpuIeckoM COpoeHTe TPUIICHH-cedapo3a 4B. PacueTsl nokasaay, yTo u3 100 r cemaH
JonepHbl copta EBa 6bUI0 moJiydeHo 67.14 Mr MHrUGMTOpa TPUIICMHA, UHTUGHPYWOINAsd aKTHUBHOCTh KOTOPOTO
coctaBisger 27.6 ME /Mr Geska. JKcnepuMMeHTa/IbHble [JaHHble MOKA3bIBalT, YTO MOJy4eHHbIH HHTHUGHTOP
CHM)KAaeT aKTHBHOCTb TpuUICHMHA Ha 63.05% mnpM MaccoBOM COOTHOIIEHUM HWHruU6GHMTOp : epmeHT 1:1. U3
MOJIy4YeHHBbIX 3KCIePUMEHTAJbHBIX JAAHHBIX CJeAyeT, YTO KaK IOJIy4YeHHbIH HMHTUGUTOP, TaK U HMHTUGUTOD,
BXOJALIMI B COCTaB KOMMep4YecKoro npenapara, 3¢ peKTUBHO CHHXKAIOT aKTMBHOCTb TPUIICUHA, HE3HAYUTEJIbHO
NOJaBJISIIOT aKTUBHOCTh XMMOTPHUIICHHA M He BJIMAIOT HA aKTUBHOCTh ((-aMMJIa3bl M NPOTEassbl.

Katoueswie cnoea: ceMeHa JIIOLEPHBI; 3KCTpaKLus; adduHHAA XxpoMaTorpadus; MHIMO6UTOP TPUIICHHA; aMUHOKHUCIOTHBIN

COCTaB; MOJIEKYJIAPpHAA Macca.

Introduction

One of the topical and promising areas of
biotechnology and pharmacy is the development
of drugs that directly affect the enzymatic
processes in the body.

Protein inhibitors of proteolytic enzymes play
an important role in maintaining homeostasis of a
living organism. Due to the low level of stress
resistance and reduced immune activity, attacks
by viruses of unknown origin are becoming more
and more dangerous and lead to the development
of gastroepithelial disorders, diabetes, and
oncological diseases. Today, the results of
numerous laboratory and clinical studies prove
that inhibitors of proteolytic enzymes are factors
that neutralize disturbances in the processes of
blood coagulation, angiogenesis, apoptosis,
activation of the complement system [1-3]. In
this regard, the question of the search for
protease inhibitors is becoming global for many
countries of the world. For example, new drugs
are being developed, but these developments are
only able to influence damaged tissues, reduce
the manifestation of symptoms or carry out
prevention, but, unfortunately, cannot solve the
problem of a genetic nature or congenital
pathologies that entail a violation of enzymolysis.

It is known that the secretion of pancreatic
juice is regulated by the digestive process. The
digestibility of food depends on the level of
trypsin and chymotrypsin in the intestine. When
the level of these enzymes falls below a critical
value, the pancreas begins to produce more

enzymes. Under conditions of binding of trypsin
to an inhibitor, digestion can be slowed down
and the process of absorption of nutrients
normalizes [4; 5].

The effect of trypsin inhibitor on the human
body is not limited, however, to digestion
functions. Some pathological conditions, such as
rheumatoid arthritis, bacterial pneumonia,
peritonitis, are characterized by excessive
activation of proteolysis. The introduction of
additional amounts of inhibitors into the body is
one of the methods of treatment of these diseases
[1].

The antioxidant effect of chymotrypsin
inhibitors from soy, beans and potatoes is
proved, which depends on both the dose and the
type of inhibitor. It is generally accepted that
inhibitors protect cells of the gastrointestinal
tract from oxidation, first of all [5]. The
mechanism of this protection is not studied
enough, but it is believed that the sulfur atoms of
the inhibitor molecules are able to bind radicals,
prevent their oxidation and the formation of
hydrogen peroxide.

Inhibitors also exhibit antiviral, antimicrobial
activity, have anti-inflammatory, anticoagulant
effects [1].

The last example explains the importance of
searching not only for natural substances,
especially of domestic origin, but also for new
approaches to obtaining protease inhibitors due to
the fact that today the prompt solution to the
problem of maintaining homeostasis, which is
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associated with the life and health of the
population, is a fundamental factor in the
development of food technologies, biomedicine,
biotechnology and pharmacy.

Recentlyy, more and more attention of
researchers is attracted by plant seeds, in
particular buckwheat, wheat, lupine, rye, pepper,
mustard, potato, as promising technological plant
sources of protease inhibitors [5]. However,
despite this, the search for new, alternative sources
has been and remains relevant.

The daily rate of protease inhibitors, for
example, in Russia is 0.5 % [6]. This indicates
the need to find useful edible sources.

Researchers [7] studied the issue of trypsin
immobilization in a chitosan matrix, however,
the use of chitosan in many cases is limited due
to its high cost. The authors [8-16] proposed
alginic and pectic acid and xanthanum as
matrices for the immobilization of protease
inhibitors, but the developments can only be
used for pharmaceutical or food compositions.
These developments do not solve congenital
pathologies or acquired disorders of the enzyme
system.

The authors [17] investigated a new
thermostable trypsin inhibitor obtained from
chanyar seeds (Geoffroea decorticans), which
can be used as a natural and hyperstable
antidiabetic drug with antithrombotic and
hypoglycemic effects.

In the research [18], the effect of a trypsin
inhibitor (CgTI) obtained from cassia (Cassia
grandis) was studied. Previous research on CgTI
has shown it to be a promising biotechnology
and biomedical drug.

Legumes, in particular alfalfa (Medicago
sativa), contain a significant amount of
biologically active compounds, especially low
molecular weight proteins, which are natural
inhibitors and have a wide spectrum of biological
activity. From the literature review, it is clearly
seen that the raw materials for inhibitors are
mainly vegetable. The monitoring of raw
materials was carried out, according to which the
seeds of alfalfa of the Eva species were selected
as the most economically profitable, efficient,
rational [19].

The choice of raw materials was carried out
according to the criterion of inhibitory activity.

The aim of the work is the development of
methods for isolation and description of the
action of a protein trypsin inhibitor, derived from
alfalfa seeds of the cultivar Eva, zoned in Ukraine,
which has high antiproteolytic activity [20] and is
promising as a component of food compositions

intended for nutrition correction in various
conditions, accompanied by increased activation
of proteolytic enzymes.

Objects of research were alfalfa seeds of the
cultivar Eva. Trypsin of the human pancreas
(Sigma, T6424) Sepharose 4B was used as the
sorbent. Its activation was carried out using
benzoquinone [20], which was synthesized
according to the procedure [21] from previously
purified hydroquinone [22].

Experimental

1. Covalent binding of the activated carrier to
trypsin was carried out by the following method:
to 3 ml of activated Sepharose 4B gel 3 ml of 0.1
M phosphate buffer (pH 7.6) was added. The
binding reaction was carried out at 4 ° C for 24
hours. The resulting trypsin-sepharose 4B gel
was washed with distilled water on a glass filter,
and then in a column (1x15 cm), sequentially
treated with 1 M KCl in 0.1 M Na-acetate buffer,
pH 4 for 24 hours, 1 M KCI in 0.1 M phosphate
buffer, pH 8.0 for 24 hours and washed with
distilled water until no absorption at 280 nm.

2. Degreasing of alfalfa seeds was performed
in a Soxhlet apparatus using petroleum ether.
Extraction of trypsin inhibitor from alfalfa seeds
was performed with 0.05 M borate buffer (pH
7.6), containing 0.5 M NaCl (hydromodule 100) at
temperature of 18-25 ° C. The extract was heated
at 70 °C for 10 minutes to inactivate proteases
that could be extracted from alfalfa seeds. The
precipitate was separated from the supernatant
by centrifugation at 8000 rpm for 20 minutes.

3. It has previously been stated that the
trypsin inhibitor of alfalfa seed, which belongs to
the Kunitz family of inhibitors, is an albumin
protein. In this regard, its fractionations were
performed with ammonium sulfate with a degree
of salt saturation between 75 and 100 % (F75-
100). The protein solution was stirred and
centrifuged at 8.000 rpm for 20 minutes after
each salt injection. Fractions with ammonium
sulfate were performed at 4 °C for 40 minutes
[23]. The resulting precipitate was dissolved in
distilled water, the protein suspension was
transferred to a dialysis chamber with a porous
membrane and dialyzed against distilled water
for 3 days. The precipitate was separated from
the liquid phase by centrifugation at 5.000 rpm
for 30 minutes. The resulting supernatant was
added to a column with an affinity sorbent.

4. The inhibitor solution was passed through a
column (1x15 cm) with trypsin-sepharose 4B
sorbent at a rate of 15 ml / min. After saturation
of the sorbent, which was controlled by the
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appearance of inhibitor activity in the eluate with
respect to trypsin, the gel was washed with 0.05
M Tris / HCI buffer, pH 8.0. The gel in the column
was washed with 1 M NaCl solution, 8 M urea
0.05 M Tris / HCI buffer (pH 8). The desorption of
the inhibitor was carried out with a 10.0 M HCl
solution. The active fraction was neutralized to
pH 8.0 with 1 M NaOH solution and freeze-dried.

5. The purified inhibitor was investigated by
gel electrophoresis in Tris-glycine buffer pH 8.3
using 15 % polyacrylamide gel (PAGE) on a 2219
Multitemp II Thermostatic Circulator. As markers
were used: phosphorylase B (92500 Da), BSA
(37000 Da), egg albumin (15000 Da),
carbohydrase (29000 Da), soy trypsin inhibitor
(21000 Da), cytochrome C (12000 Da), inhibitor
from cattle lungs (6000 Da). Samples were
treated at 4 ° C for 3 hours with a current of 20
mA. Protein was fixed with a 60% aqueous
trichloroacetic acid solution for 3 hours at room
temperature. The gel was stained with Kumashi-
250 paint for 4 hours at temperature of 18-25 °C.
The gel was washed with a 7 % solution of acetic
acid in a 10 % solution of isopropyl alcohol [24].

6. Inhibitory activity (IA) was determined by
the degree of inhibition of the enzymatic activity
of trypsin and expressed in inhibitory units (1U).
Trypsin activity was expressed by the amount of
casein, which was processed with 1 g of protein
prepared at 37 °C for 1 minute. Casein acc. to
Hammarsten was used as a substrate.

7. Protein content was determined by the
Lowry-Hartree method [25].

After degreasing and extraction of protein
substances, the protein component of alfalfa
seeds was fractionated. The most common and
classic is the method of fractionation of extracted
proteins with salts to obtain solutions of varying
degrees of saturation. The analysis of resource
[26] indicates that inhibitors of proteolytic
enzymes are in the albumin fraction. This
explains the study of inhibitory activity in the
fraction of protein substances obtained by the
degree of saturation of saline solutions from
75 % to 100 %.

Results and discussions

The stages of purification of the trypsin
inhibitor from alfalfa seeds included: extraction
of 0.05 M borate buffer (pH 7.6), fractionation of
the protein component of the extract with
ammonium sulfate, followed by dialysis of the
fraction between 75% and 100 % saturation
(NH4)2SO4 and affinity chromatography on a
biospecific sorbent trypsin - sepharose 4B (table
1).

Table 1
Stages of purification of a trypsin inhibitor from
alfalfa seeds of the cultivar Eva (0.7 g of homogenized

seeds)
Stages of Stage 1 Stage 2 Stage 3
purification (extraction) (fractionation (affinity
and dialysis) chromatography)
Volume, cm3 70 130 67
IA, 1U / cm3 0.27 0.14 0.19
Protein, mg 0.940 0.020 0.007
/ cm3
Total 65.80 2.60 0.47
protein, mg
Total IA, 18.90 18.14 13.00
units
Specific IA, 0.29 7.00 27.60
10 / mg
Degree of 1.0 25.0 95.3
purification
Output, % 100.0 96.0 68.7

As given in table. 1 data show that the extract
with a protein content of 0.940 mg / cm3 and
inhibitory activity of 0.27 IA / cm3 was purified to
a protein content in the active fraction of the
eluate after affinity chromatography of
0.007 mg / cm3, which has an inhibitory activity
of 0.19 IU / cm3. The degree of purification of the
inhibitor is 95.3. Thus, calculations show that
from 100 g of alfalfa seeds of the cultivar Eva,
67.14 mg of trypsin inhibitor was obtained, the
inhibitory activity of which is 27.6 IU / mg
protein. Experimental data show that the
obtained inhibitor reduces trypsin activity by 63,
05% with a weight ratio of inhibitor: enzyme of 1:
1. It is known from literature that a soybean
trypsin inhibitor reduces trypsin activity by 30%.
Thus, the isolated trypsin inhibitor has significant
inhibitory activity, the value of which is higher
than the inhibitory activity of the plant trypsin
inhibitor from soybeans.

From the table it can be concluded that the
alfalfa seed inhibitor can be isolated using affinity
chromatography on immobilized trypsin in
almost one stage with a yield of 68.7 % and a high
degree of purification. The calculation shows that
100 g of alfalfa seeds contains about 67 mg of
trypsin inhibitor.

The substance is a white hygroscopic powder,
highly soluble in water.

The trypsin inhibitor protein was purified
using trypsin-sepharose 4B affinity
chromatography. = The  results of  the
determination of IA and protein concentration in
the collected (V1) eluate fractions are shown in
Fig. 1.
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Fig. 1. Affinity Chromatography on Trypsin Sepharose: Protein - 1, Trypsin inhibitor - 2

The molecular weight (Mr) of the obtained
protein was determined by electrophoresis in
15 % SDS (Fig. 2).

It was shown that using the described method
of purification of the trypsin inhibitor, a protein
with a molecular weight of 20.24 kDa was
which  was

obtained, calculated using a

Fig. 2. Electrophoregram of the isolated trypsin inhibitor
alfalfa seeds (determination of molecular weight). 1 -
sample of trypsin inhibitor; 2 - markers [18]
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Fig. 3. Calibration curve for calculating the
molecular weight of the trypsin inhibitor

10 11 12 13 14 15

Thus, affinity chromatography allowed us to
obtain a pure, homogeneous trypsin inhibitor,
which has significant antiproteolytic activity,
which can be compared with the antiproteolytic
activity of known plant trypsin inhibitors.

The amino acid composition of the obtained
trypsin inhibitor was studied (Table 2).

Analysis of the data shown in table 2 indicates
that the alfalfa seed inhibitor is significantly
different in amino acid composition from the
Bauman-Birk inhibitor. These differences are
primarily expressed in a low cysteine content and
a higher content of residues with hydrophobic

side chains. It is important that for a smaller
number of disulfide bonds, the conformation
stability of an alfalfa seed inhibitor to a greater
extent than that of a Bauman-Birk inhibitor

depends on hydrophobic interactions.
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Table 2

Amino acid composition of trypsin inhibitors of alfalfa, Kunitz (STI) and Bauman-Birk (BBI)

Amino acid Amount of residues
TI-1 STI [3] BBI [3]

Asp 16.4(16) 26 12
Tle 6.2(6) 7 2
Ser 14.8(15) 11 8
Glu 18.1(18) 18 7
Pro 15.2(15) 10 6
Gly 20.2(20) 16 0
Ala 8.0(8) 8 4
Val 1.4(14) 14 1
Cys 3.9(4) 4 14
Met 1.8(2) 2 1
lle 13.3(13) 14 2
Leu 17.3(17) 15 2
Phe 4.8(5) 9 2
Tyr 7.3(7) 4 2
Lys 13.9(14) 10 5
His 3.1(3) 2 1
Arg 8.3(8) 9 2
Trp 0.8(1) 2 0

The total amount of 186 181 71

residues

Mr 20238 20100 8000

One of the main characteristics of natural
inhibitors is the specificity of their action on
various enzymes. In the table. Figure 3 shows
comparative data on the specificity study of a

trypsin inhibitor, alfalfa seeds of the cultivar Eva
and the preparation of a protease inhibitor from
cattle lungs (preparation «Contrical» from AWD
pharma GmbH & Co. KG).

Table 3

Comparative specificity of trypsin inhibitor alfalfa seeds Eva and the preparation «Kontrikal» (weight ratio of
inhibitor : enzyme -1:1)

Number in Enzyme Inhibitory activity of trypsin Inhibitory activity of the
sequence inhibitor alfalfa seeds, % preparation «Kontrikal», %

1 Pronase E (from Does not inactivate Does not inactivate

Streptomyces griseus)

2 Protease C Does not inactivate Does not inactivate

3 Pepsin Does not inactivate Does not inactivate

4 Pancreatin Does not inactivate Does not inactivate

5 Oraza Does not inactivate Does not inactivate

6 Chymotrypsin 23.5 37.3

7 Trypsin 92.6 97.0

8 o- Amylase Does not inactivate Does not inactivate

9 - Amylase Does not inactivate Does not inactivate

From the obtained experimental data, it follows
that the obtained inhibitor and inhibitor, which is
part of a commercial preparation, effectively
reduce  trypsin  activity, slightly  inhibit
chymotrypsin activity, and do not affect a-amylase
and protease activity. Thus, the above data indicate
that the trypsin inhibitor of alfalfa seeds of the
cultivar Eva is not a bifunctional inhibitor, since it
does not affect the activity of amilolytic enzymes.

In fig. 4. shows the results of studies on the
inhibition of trypsin of the human pancreas by an

isolated inhibitor. It effectively inhibits trypsin
activity. The inhibition curve is linear until 90 %
inhibition is achieved. The extrapolation of its
linear portion of the curve to the point
corresponding to zero enzymatic activity indicates
100% inhibition with a molar ratio of inhibitor:
enzyme of 1: 1. Thus, one molecule of the trypsin
inhibitor of alfalfa seeds is able to bind one
molecule of trypsin. By the nature of the action on
trypsin, the alfalfa seed inhibitor is similar to the
Kunitz inhibitor [20].
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Fig. 4. Dependence of trypsin activity on the
concentration of the inhibitor: TI (trypsin inhibitor) of
alfalfa seeds - 1; Contrikal - 2

A study of the action of trypsin inhibitor (IT)
in concentrations from 0.1 mg / cm3 to 1 mg /
cm3 on the proteolytic activity of trypsin (Fig.
7) showed that the linear relationship between
the amount of IT added to the incubation
mixture and enzymatic activity remains almost
until 90 % inhibition. Extrapolation to the value
of the enzymatic activity equal to zero allowed
us to conclude that when the enzyme-inhibitor
complex is formed, one IT molecule of alfalfa
seeds and one Kontikal molecule binds one
trypsin molecule.

In general, the amino acid composition of an
alfalfa seed inhibitor is characterized by
properties common to STI family inhibitors. As
already noted, the molecule of the isolated
inhibitor contains a significant amount of acidic
amino acid residues, as well as glycine and
amino acids with non-polar side chains (Pro,
Val, Leu, Ile). The amount of non-polar side
chains (NPS) calculated by the Bigelow method
[26] is 0.39 (0.38) for the alfalfa seed trypsin
inhibitor. For STI, this value is 0.29. Thus, the
isolated inhibitor belongs to proteins with a
high degree of hydrophobicity. The composition
of amino acids, the side chains of which can take
part in the formation of hydrogen bonds, is
25 % of the total number of amino acid residues
of the alfalfa seed trypsin inhibitor. For STI, this
value is 23 %.

Conclusions

The results of the study make it possible to
predict the feasibility of using alfalfa seeds of
the Eva variety as a source of inhibitors of
enzyme activity and to recommend them as a
prescription component in food or dietary
supplements, in particular, regulating the
functional activity of the digestive system.
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