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CONTENT OF BOWMAN-BIRK INHIBITOR IN SEEDS
OF SOYBEAN VARIETIES OF ODESA SELECTION

Abstract

The article shows that proteolysis (enzymatic hydrolysis of proteins) is a fundamental biological reaction that underlies such
biological processes as digestion, reutilization of tissue proteins, immunity, neuroendocrine regulation, inflammation and dystrophy,
and in some cases, as defense against pathogens. The most important regulators of proteolysis are inhibitors of proteolytic enzymes,
which make them effective factors influencing the state of a significant number of biological processes. There are 2 inhibitors of pro-
teolytic enzymes in soybeans: Kunitz inhibitor (KI), which inhibits trypsin, and Bowman-Birk inhibitor (BBI), which inhibits trypsin,
chymotrypsin, elastase, cathepsins, and microbial proteases. Unlike the K1 inhibitor, the BBI inhibitor is thermostable and remains
in soy products (meal, cake) after defatting. Therefore, it is important to use soy products with a minimum content of BBI in feeding
animals. Goal of work. To determine the content of BBI in promising soybean varieties of Odesa selection. Materials and methods.
12 soybean varieties of the Odesa selection were studied (Euridika, Orpheus, Aurora, Pivdenna zorya, Ariadna, Phoenix,
Vasylkivska, Taverna, Serenada, Odesitka, Zmina, Zvytyaga). After grinding the beans and defatting the flour with acetone, the in-
hibitor was extracted with acetate buffer (0.05 M, pH 4.5) and the extract was mixed with three volumes of acetone. After keeping the
mixture at a temperature of -16°C for 2 days, the precipitate was centrifuged and dissolved in 0.5% NaHCOs3. The content of BBI
was determined by the effect on chymotrypsin, the activity of which was assessed by the rate of casein hydrolysis by Kunitz-Levytskyi
method. Results. It was established that the content of BBI in the investigated soybean varieties varies from 93.6 ug/g (Euridika) to
368.8 ug/g (Serenada). The soybean varieties Taverna (323.8 ug/g), Vasylkivska (290.9 ug/g), as well as Zmina (282.0 ug/g) and
Ariadna (263.0 ug/g) are characterized by a high content of BBI. Conclusion. New soybean varieties of the Odesa selection contain a
small amount of BBI and can be used in animal feeding after conventional heat treatment without additional BBI removal.

Key words: soybean varieties, protease inhibitors, Bowman-Birk inhibitor.

Introduction The content of IBB in soybean seeds largely de-
Proteolysis (enzymatic hydrolysis of proteins) is a pends on the variety. Thus, according to Indian research-
fundamental biological reaction that underlies such bio- ers [8], almost 80% of Indian varieties contain BBI from
logical processes as digestion, reutilization of tissue pro- 5 to 15 mg/g of defatted bean flour, and only 6-7% con-
teins, immunity, neuroendocrine regulation, inflamma- tain BBI more than 15% mg/g.
tion and dystrophy, and in some cases, as defense against Aim of the study
pathogens. The purpose of our work is to determine the con-
The most important regulators of proteolysis are tent of BBI in the seeds of soybean varieties of Odesa
inhibitors of proteolytic enzymes, which make them ef- selection, which are recommended for cultivation in dif-
fective factors influencing the state of a significant num- ferent climatic zones of Ukraine. According to the dura-
ber of biological processes [1]. tion of the growing season, they belong to the early-
It has been established that the largest number of ripening, mid-early and mid-ripening groups, they differ
protease inhibitors is found in the seeds of leguminous in the amount of protein and fat content in the seeds, and

crops, especially in soybeans, where 2 protease inhibitors they react differently to adverse environmental factors.
have been identified: the first is a Kunitz inhibitor (KI),

the second is a Bowman-Birk inhibitor (BBI) [1, 2]. Materials and methods
KI has a molecular weight of 21 kDa, inhibits on- Breeding material
ly trypsin, easily denatures when heated [3]. The content of BBI in the seeds of such new soy-
BBI has a molecular weight of 8 kDa, inhibits bean varieties as Euridika, Orpheus, Aurora, Pivdenna
trypsin, chymotrypsin, elastase, microbial proteases, ca- zorya, Ariadna, Phoenix, Vasylkivska, Taverna, Sere-
thepsins and, unlike KI, does not denature when heated nada, Odesitka, Zmina, and Zvytyaga was analyzed.
[2]. BBI as a polyvalent (polyfunctional) inhibitor has Chemical reagents and enzymes
found its application as a treatment for cancer [4], as well Crystalline chymotrypsin in vials of 10 mg and
as for the prevention of Alzheimer's disease, AIDS and packaging of 10 pieces was obtained from “Biopharma”
some others [5-7]. LLC (Ukraine); casein according to Hammersten, trichlo-
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roacetic acid, and Folin—Ciocalteu reagent, analytical
grade, were from “Khimlaborreaktiv’ LLC (Ukraine);
sodium hydroxide, sodium carbonate anhydrous, purified
grade, as well as disodium hydrogen phosphate, reagent
grade, sodium dihydrogen phosphate, analytical grade,
and glacial acetic acid, reagent grade, were supplied by
“TOR” Chemreactives (Odesa, Ukraine).

Determination of Bowman-Birk inhibitor con-
tent in soybean extracts

The modified Kunitz-Levytskyi method of inhibi-
tion of the caseinolytic activity of chymotrypsin by an
inhibitor was used for the analysis [9].

After preincubation of the inhibitor with chymo-
trypsin, the residual activity of the enzyme was deter-
mined by the hydrolysis of casein in the solution after
precipitation of the uncleaved substrate with trichloroace-
tic acid followed by a colorimetric reaction for phenol-
containing amino acids of peptides with the Folin-
Ciocalteu reagent, which was calculated in pg of inhibi-
tor per gram of soybean flour.

Reagents

1. 2% casein solution: add 4 g of Hammersten ca-
sein powder to 150 ml of 0.2 M phosphate buffer (pH
7.6) with stirring and leave in the refrigerator for 8-10
hours. After that, another 30 ml of distilled water is add-
ed and heated in a boiling water bath with stirring for 15
minutes. The solution is cooled, the pH is adjusted to 7.6
and the volume is brought to 200 ml with distilled water.
Add 2-3 drops of toluene for preservation and freeze
most of it fractionally. Store the working solution at
+4°C for a week. In the event of an increase in "zero
time" indicators during the analysis of the inhibitor, indi-
cating microbial contamination, the next batch of previ-
ously prepared casein substrate is thawed, which, if nec-
essary, is filtered from the sediment that may form.

2. 10% solution of trichloroacetic acid (TCA): 44
ml of a saturated solution of TCA is brought up to 500
ml with distilled water.

3. 5% TCA solution: dilute a 10% TCA solution
in half with distilled water.

4. Reagent A: 8 g of NaOH and 40 g of Na;CO3
are dissolved in 2 | of distilled water. Store in a plastic
container at room temperature.

5. Folin—Ciocalteu reagent: use a proprietary solu-
tion and dilute it twice with distilled water before analy-
sis.

6. 0.05 M acetate buffer pH 4.5: dissolve 6 g of
ice-cold CH3COOH in 1.5 | of distilled water, raise the
pH to 4.5 by adding NaHCO3 (~ 3.6 g) and bring the fi-
nal volume to 2 | with distilled water.

Equipment

1. UVmini-1240 spectrophotometer of the com-
pany “Shimadzu” (Japan).

2. Water bath BN-06 “Uoslab” of “RIVA-Stal”
LLC (Ukraine) with a stand for test tubes, capable of
maintaining a temperature of no more than 30 + 1°C.

3. Automatic pipettes “Pipette” for 20-100 pl,
200-1000 pl and 1000-5000 pl of the company “MEDI-
CA+” (China) with changeable plastic tips.

4. Centrifuge T-24 of the company “VEB MLW
Medizintechnik” (Germany) with a bucket rotor and
sockets for test tubes with a diameter of 16 mm.
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5. pH-Monitor of the company ‘“Pharmacia LKB”
(Sweden).

6. Vibrating mixer of the Vortex type “VEVOR
KW-3000-1L" of the company “Vevor” (China).

7. Thick-walled glass tubes 16 mm x 100 mm,
type TYD1, capable of withstanding centrifugation at
3000 g, purchased from “Starlab” (Ukraine).

Progress of analysis

Chymotrypsin activity is determined at a tempera-
ture of +30 £ 1°C.

The test tubes in the tripod are divided into two
groups: reference - for the analysis of free hydrolysis of
casein by chymotrypsin with control for the initial pres-
ence of peptides in the substrate (the so-called “zero
time”) and experimental - for the analysis of the degree
of inhibition of the enzyme by the inhibitor, also with the
control of “zero time”.

Aliquote of 0.1 ml of the solvent is added to the
reference test tubes, and 0.1 ml of the appropriate dilu-
tion of the Bowman-Birk inhibitor to the experimental
tubes. Then, 0.1 ml of chymotrypsin solution with a con-
centration of 0.5 mg/ml is carefully added to all test
tubes, placed in a water bath, gently mixed in a circular
motion, and the preincubation time (10 minutes) is rec-
orded, after which 0.5 ml of 10% TCA is added to all
reference “zero time” and experimental “zero time”
tubes. Then, after equal time intervals, 0.4 ml of casein
solution is added to all test tubes, starting with the first
one, and incubated for exactly 15 minutes. After the end
of this time of incubation of the enzyme with the sub-
strate and the enzyme + inhibitor mixture with the sub-
strate, with the exception of the “zero time” tubes where
TCA had already been added, the reaction is stopped by
adding 0.5 ml of 10% TCA at the same time intervals
between samples.

All tubes are removed from the thermostated wa-
ter bath, dried externally and centrifuged at 3000 g for 15
min. The supernatant liquid in the amount of 0.4 ml is
carefully taken from each test tube twice and transferred
to clean test tubes, where 4 ml of reagent A is then add-
ed, mixed on a Vortex, and after 10 minutes, 0.4 ml of
diluted Folin—-Ciocalteu reagent is added. After 30
minutes, extinction readings are taken on a spectropho-
tometer at 750 nm in relation to the control for reagents:
0.4 ml of 5% TCA, 4 ml of reagent A and 0.4 ml of Fo-
lin—Ciocalteu reagent.

Calculation
[(Ect15t—Ect0t)—(Ect+i15t—Ect+i0t)]-10-p-V
! K-m-3
where:
| — quantitative content of the Bowman-Birk inhibitor in
ng/g of soybean flour;

Ect15t — extinction of the reference sample of chymo-
trypsin after 15 min of incubation with the casein sub-
strate;

EctOt — extinction of the reference sample of chymotryp-
sin at 0 min of incubation with the casein substrate;
Ect+il5t — extinction of the experimental sample of
chymotrypsin and inhibitor after preincubation for 10
min and after 15 min of incubation with the casein sub-
strate;
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Ect+i0t — extinction of the experimental sample with
chymotrypsin and inhibitor after preincubation for 10
min and at 0 min of incubation with casein substrate;

10 — conversion factor for 1 ml of samples introduced
into the reaction in the volume of 0.1 ml;

p — sample dilution factor;

V — the volume of 0.05 M acetate buffer pH 4.5 used as
an extractant;

K — coefficient of conversion of extinction into mi-
crograms of inhibited chymotrypsin in 0.1 ml of the
sample, calculated on the basis of the calibration curve;
m — weight of soybean flour in grams;

3 — a divisor for calculating the amount of Bowman-Birk
inhibitor in the sample, the mass of which is 3 times less
than the mass of chymotrypsin in the stoichiometric ratio
in the enzyme-inhibitor reaction mol per mol.

Plotting a Calibration Curve

Solutions of chymotrypsin for constructing a cali-
bration curve are prepared as follows: 10 mg of chymo-
trypsin is dissolved in a vial in 2 ml of 0.001 M HCI (pH
~ 2.0) to obtain a stock solution of the enzyme with a
concentration of 5 mg/ml, from which, by diluting with
distilled water, solutions with a concentration of: 0.1
mg/ml (1:50); 0.2 mg/ml (1:25); 0.5 mg/ml (1:10); and 1
mg/ml (1:5) is prepared. Next, for each dilution of the
enzyme, a hydrolysis reaction of a 2% casein solution in
a volume of 0.4 ml is carried out in parallel, adding 0.1
ml of the corresponding dilution of chymotrypsin to the
sample at +30°C for 15 minutes. The reaction is stopped
by adding 0.5 ml of 10% TCA, centrifuged at 3000 g for
15 minutes, and the amount of resulting peptides with
phenolic amino acids is determined using the Folin—
Ciocalteu reagent. After 30 minutes, spectrophotometer
readings are taken at 750 nm. A calibration curve show-
ing the dependence of extinction on enzyme concentra-
tion is drawn. The extinction coefficient of chymotrypsin
in milligrams for each concentration is calculated using
the formula: concentration/extinction of chymotrypsin,
the average coefficients for all concentrations are derived
and substituted into the above calculation formula.

Extraction of Bowman-Birk inhibitor from soy
flour

Soybean seeds were ground on the LZMK-1 la-
boratory grain mill of the FOP “A.l. Klyuchkin”
(Ukraine), the flour was sifted through a 100-mesh sieve
with a particle size of about 0.15 mm.

Weights of flour of different varieties of soybeans
in the amount of 1 gram were placed in thick-walled
glass tubes 16 mm x 100 mm, defatted with 10 ml of
acetone with periodic shaking during the day at room
temperature, centrifuged at 2500 g for 10 min and dried
in a thermostat at 70°C within 2-3 hours. Then 4 ml of
0.05 M acetate buffer pH 4.5 was poured into each test
tube, closed with rubber stoppers with layers of plastic
food film, mixed on a Vortex mixer periodically for 30
seconds during 30 minutes and then kept for 10 minutes
in a boiling water bath. After cooling to room tempera-
ture, centrifugation was carried out at 2500 g for 10 min,
and supernatants in a volume of 1 ml were transferred to

other 10 ml centrifuge tubes with a narrow bottom. 3 ml
of acetone was added to each test tube, mixed and placed
in the freezer of the refrigerator for 12 hours. The next
day, the precipitates formed were separated by centrifu-
gation at 1000 g for 10 min, dried in a thermostat at 70°C
for 1 hour and suspended-dissolved in 1 ml of 0.5% Na-
HCOs. These solutions were used to determine the con-
tent of the Bowman-Birk inhibitor in soybean flour ac-
cording to the method described above.

Research results

The table 1 shows the results of determining the
content of BBI in the defatted flour of the investigated
soybean varieties. Despite the significant variation in
indicators for the determination of the Bowman-Birk
inhibitor in the samples, the highest amount was found in
Taverna and Serenada varieties.

Table 1 — Bowman-Birk inhibitor content in soybean
seeds of Odesa selection

Ne |l Name of soybean | Mass of BBI inhibitor
variety (Mzm), pg/g flour

1. Euridika 93,6 £ 32,6

2. || Orpheus 133,2+43,4

3. Aurora 116,5+ 19,6

4. |l Pivdenna zorya 121,1+61,8

5. || Ariadna 263,0 + 100,3

6. Phoenix 164,4 +70,2

7. || Vasylkivska 290,9 + 88,6

8. Taverna 323,8 +180,6

9. Serenada 368,8+112,6
10. | Odesitka 169,9 + 107,1
11. || Zmina 282,0+113,2
12. | Zvytyaga 207,7 + 83,4

The lowest content of the Bauman-Birk inhibitor
was found in Eurydice soybeans (93.6 + 32.6 ug/g).

In soybean varieties: Aurora, Southern Star, Or-
pheus, Phoenix, Odesytka, this indicator is 1.2-1.8 times
higher and ranges from 116.5 + 19.6 to 169.9 = 107.1
ng/g.

In soybean varieties Zvytyaga and Ariadna, the
studied indicator is 2, 2, and 2.8 times higher, respective-
ly, than in the Eurydice variety.

The varieties Zvytyaga, Zmena, Taverna, Sere-
nada are distinguished by an even higher content of the
Bauman-Birk inhibitor, the indicator ranges from 207.7 +
83.4 to 368.8 £ 112.6 pg/g, which in 3.0 — 3, 9 times
higher than the content of Eurydice soybeans.

Conclusion

Soybean varieties of the Odesa selection belong
to the group of low-inhibitors in terms of BBI content,
which can contribute to their more effective assimilation
in the animal body.
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AHoTanis

B mamepianax cmammi nokazano, wo npomeoniz (pepmenmamuenuil 2ioponiz npomeinig) € pynoamenmanvua 0i0102i4HA
Peaxyis, AKa 1exHCUmsb 8 OCHOBI MAKUX OI0N02IYHUX NPOYeCi8 AK NepempasieHHs, peymuii3ayis MKAHUHHUX OLIKI8, IMyHIimem, Helupo-
EeHOOKPUHHA pe2yNaYis, 3anaienis ma oucmpois, a 6 0esKux unaokax, i Ax 3axucm 6i0 namoeenis. Hatigasxcnugiviumu pe2ynsimo-
pamu npomeonisy € iH2ibimopu npomeorimuuHux hpepmenmis, wo pobums ix egexmusHUMU YUHHUKAMU GNIUGY HA CIAH 3HAYHOT
Kinbkocmi bionoziunux npoyecie. Y coesux 60bax icnye 2 ineibimopu npomeonimuunux gepmenmis: ineioimop Kynimya (IK), axui
ineibye mpuncun, i ineibimop baymana-bipx (IBB), ineibyrouuil mpuncun, XiMOmpuncuH, eiacmasy, Kamencuhu i MikpoOHi npomea-
3u. Ha 6iominy 6io ineibimopa IK, ineioimop IBB mepmocmabinoHuil i 3a1umaemsbcs 6 COE8UX NPOOYKMAxX (Wpom, Hemux) nicis ix
3uedcupenns. ToMy 8adiciu6o GUKOPUCMOBY8amu y 200Y8aHHi MEAPUH coecei npodykmu 3 minimanonum emicmom IBb. Mema po6omu
- Busnauumu emicm IBE y nepcnexmusnux copmax coi Odecvkoi cenexyii. ¥ sxocmi docnionux mamepianis 6yno docnioxcerno 12
copmig coi Odecwvroi cenexyii (Espidixa, Opgeti, Aspopa, Iliedenna 3opa, Apiaoua, @enixc, Bacunvkiscvka, Tasepua, Cepenada,
Ooecumxa, 3mina, 3e6umsea). Ilicia mexaniynoco noopibHeHHs | 3HEHCUPEHHS 30 OONOMO20I0 AYemoHy IHeibimop excmpazyeanu
ayemamuum 6ygepom (0,05 M, pH 4,5) i smiwysanu excmpaxm 3 mpvoma 06'emamu ayemony. Ilicia eumpumku cymiwii npu mem-
nepamypi -16°C npomszom 2 onie ocao sioyenmpughyeysanu i posuunsau ¢ 0,5% NaHCO3. Buicm IBF gusnayanu 3a 0iero Ha Ximo-
MPUNCUH, AKMUBHICb K020 OYIHIOBANU 3a WBUOKICMIO 2i0poni3y Kazeiny memooom Kynimya-Jlesuyvrozo. Pesyromamu. Bemanos-
aeno, wo emicm IBE y docnidoicenux copmax coi eapitoe 6i0 93,6 mxe/e (copm Eepidixa) 0o 368,8 mxe/e (copm Cepenada). Bucoxum
emicmom IBb xapaxmepusyiomocs copmu coi Tagepna (323,8 mxe/2), Bacunvriecora (290,9 mxe/2), a maxoowc 3mina (282,0 mre/2)
ma Apiaona (263,0 mxe/e). Ha ocnoei ompumanux danux eécmamnosneno, wo Hogi copmu coi O0ecvkoi cenekyii micsimo He3HAUHY
KinbKkicmy  iHeibimopie baymana-bBipka i mMoocyms guxopucmogysamucs y 200i61i meapun nicis 36U4atiHoi meniogoi oopobxu 6e3
000amKo8020 ix GULYUEHHSI.

Kiouosi cioBa: copTu coi, inriditopu nporea3s, inridirop baymana-bipk.
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