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FEATURES OF AMYLASE INHIBITORS
IN WHEAT GRAINS

The grains of cereal are able to synthesize and store various protein inhibitors of proteases and amy-
lases. Despite some scientific breakthroughs, there is insufficient information about -amylase/subtilysin
protein inhibitor of wheat grains. Furthermore, when baking bread from germinated wheat grains, the
excess activity of a-amylase, which contributed to the restoration of its quality, is suppressed by an in-
hibitor added from the outside.

In our work, the localization of the a-amylase protein inhibitor (Pl) in the endosperm and peripheral
parts of the grain (shell, aleurone) was determined. In the endosperm, the protein may be free or associ-
ated with starch granules. No inhibitor detected in the germ of grain. Pl inhibits the catalytic center of
AmyTa-amylase of wheat grain, having little influence on the center responsible for the binding of the
enzyme to starch granules. The activity and composition of a-amylase in nine samples of wheat meal
with high autolytic activity were analyzed (the number of falls is from 248 to 72). FN 91 sec grist showed
the most heterogeneous spectrum to the effect of mixtures of wheat’s inhibitor and raw extract from
grain bran that were taken from the previous studies on a-amylase enzyme. The results of the experiment
showed that exposure to the addition of two drugs of purified and raw inhibitors to grist extract with a
low number of drops led to a decrease in the activity of a-amylase (Amy1). The novelty of the work was
found to inhibit the localization of protein inhibitors and the catalytic center of wheat a-amylase.

Key words: wheat, germination, growth, protein inhibitor, a-amylase, aleurone, Falling number.
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buaai A9HAEpiHAEeri aMMAa3a MHTMOMTOPAAPDIHbIH, epeKLueAikTepi

ACTbIK, ABHAEPI MpoTeasarap MEH aMMAa3aAaPAbIH SPTYPAI aKybl3 MHIMOUTOPAAPbIH CUHTE3AEYTE
>KOHe >KMHakTayra KabireTTi. Keibip fbIAbIMM >KETICTIKTEpre KapamacTaH, GuAam ASHIHIH, aKybl3
MHIMOUTOPbI 0-aMUAA3a/CyOTUAMBMH TypaAbl akmapart >eTkiAikci3. CoHbIMeH Kartap, eHreH 6uaan
ABHIHEH HaH micipreH Ke3ae OHbIH camnacblH KaAMblHA KEATIpyre bIKMaA eTKeH o-aMMAa3aHblH apTblik,
GEACEHAIAITIH CbIPTTAH KOCbIAFAH MHIMOMTOP apKblAbl 6acaAbl.

Bi3AiH >KYMBICBIMbI3AQ 3HAOCMEPMAETT XXOHEe ABHHIH nepudepusabik GeAikTepiHaeri (kabbik,
aAerpoH) a-amMAasa akybi3Abl MHIMOUTOPbIHLIH (AM) AOKaAM3aUMSCbl aHbIKTaAAbl. DHAOCTIEPMAE
aKybl3 60C KyMiHAE Hemece KpaxMaA TyMipulikTepiMeH accoumaumsinaHFaH 6GOAYbl MYMKiH. YpbiK,
GOAIriHAE MHIMOMTOP aHbiKTaAMaAbl. AWM Kpaxmaa TyiipluikTepiMeH ¢epMeHTTiH 0GaiAaHbICyHa
>KayanTbl OPTaAbIKKA a3 bIKMaA €Te OTbIpbiM, OMAat ASHIHIH AmMy1 a-amMAa3acCbiHbIH, KaTaAMTUKAABIK,
OPTaAbIFblH TeXeMAl. ABTOAMTMKAABIK OEACEHAIAIr >XOFapbl OMAQ YHbIHbIH TOFbI3 YATICIHAETI
0-aMMA@3aHbIH BEACEHAIAITT MEH KOMIMOHEHTTIK Kypambl TaaAaHAbl (Tycy caHbl 248-AeH 72-re AeniH).
AAAbIHFBI 3epTTeyAepAe OeAin aaraH OMAal MHIMOUTOPbLIHBIH KOCMaAapbl KeHe AdH KeberiHeH
AAbIHFaH LUKMKI CbIFbIHABIHBIH 0-aMMAa3acbiHa hepmeHTiHe acepiHe TC 91 cek WPOT eH reTeporeHAi
cnekTp KkepceTTi. Taxxiprbe HaTuxXeAepi TeMeH Tycy caHbl 6ap WPOT CbIFbIHABICbIHA Ta3aPTbIAFAH XKoHe
LUMKI MHTMOUTOPAAPAbIH €Ki npenapartbiH KOCY apKbIAbl 9cep eTy a-ammnAasa (Amy1) GeACEHAIAIriHIH
TeMeHAeyiHe oKeAAi. JKyMbICTbIH >KaHAAbIFbl aKybl3Abl MHIMOMTOPAAPAbIH  AOKAAM3aUMSICbl MeH
O6MAANABIH 0-aMMAA3AChIHbIH, KATAAMTUKAABIK, OPTAAbIFbIH TEXKEMTIHI aHbIKTAAAbI.

Ty¥in ce3aep: 61Aan, eHy, Micin >KeTiAy, aKkybl3Abl MHTMOUTOP, a-amMMAa3a, aAMPOH, TYCY CaHbl.
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OCo6eHHOCTU MHTMOUTOPOB aMHMAA3bI B 3ePHE MLLEHMULLbI

3epHOBKM 3AAKOBbIX CMOCOOHbI CMHTE3UPOBATb M HaKamAMBaTb pa3HOOOpasHbie GEAKOBbIE UHIM-
6GUTOpbI NpoTeas M ammnaas. HecMoTps Ha HEKOTOpble HayuHble AOCTUXKeHUS, uHgopMaumMn o6 MH-
rmbutope GeAka 3epHa MieHWLbl a-ammrAase/cybTnAnsmHe HepocTaTouHo. Kpome Toro, msbbitouHas
AKTMBHOCTb 0-aMUA@3bl, COCOHCTBOBABLLIAS BOCCTAaHOBAEHMIO €€ KauecTBa Npw Bbineyke xAeba 13 npo-
POLLEHHbIX 3€PEH MLIEHWULbI, MOAABASIETCS BHELLHE AOOGABASIEMbIM MHIMOUTOPOM.

B Haweit paboTe ycTaHOBAEHA AOKaAM3aLms 6eAKOBOro nHrnbutopa (bW) a-amraasbl B sHAOCTEP-
Me 1 B nepudepuiHbIX YacTax 3epHOBKM (0O0AOYKM, aAerpoH). B 3apoabileBoi yactm MHrMbUTOpP
He o6Hapy»eH. B MHrMOMpyeT KaTaAMTUYECKUIA LLEHTP a-ammAasbl AMUT 3epHa MeHULLbl, MPU 3TOM
MaAO 3aTparueas LeHTp, OTBETCTBEHHbIN 3a CBs3blBaHMe (hepMeHTa C rpaHyAamm Kpaxmaaa. [poaHaam-
3MPOBaHbl aKTUBHOCTb M KOMMOHEHTHbI COCTAB 0-amMMAa3bl B AEBATM obpasLiax MileHUYHOro wpoTa C
MOBbILIEHHOM aBTOAMTMYECKOM akTMBHOCTbIO (YT oT 248 A0 72). Bce 06pasupl, HO B pasHoi CTenexwu,
coaepxkaan 06e mnzorpynnbl — AMM1 (a-ammaasbl «npopactaHms» 1 AMmn 2 (a-aMmnAasbl «CO3PEBAHUS).
Pe3yAbTaTbl 3KCreprmeHTa nokasaam, 4To aobGaBAeHue 060MX MpenapaToB MHIMOMTOPOB, Kak OuM-
LEHHOro TaK U rpyboro, K 3KCTPaKkTy LWpPOoTa C HU3KMM YT NPUBOAMAO K MOAABAEHUIO -aMMAA3HOW
(AMMT) akTMBHOCTU. HOBM3HOM paboTbl CTaAa AOKaAM3aLMst 6EAKOBbIX MHTMOUTOPOB M MHIMOMPOBaHUE

KaTaAUTNYECKOro ueHTpa a-aMnAa3bl NMiieHnubI.

KAroueBble cAOBa: MileHNLa, BCXOXXECTb, CO3peBaHne, 6EAKOBbIN MHIMOUTOP, o-aMrAa3a, aAeMpPoH,

UYMCAO MAAEHMS.

Introduction

Inhibitors are different substances of a protein
nature. They have the ability to inhibit the proteolyt-
ic activity of certain enzymes. That is why they are
also called as protease inhibitors. Furthermore, we
can name protease inhibitors as digestive enzymes.
This group includes enzymes such as o-amylase,
chymotrypsin, trypsin, pepsin [1].

Substances of protein nature make up the larg-
est group of enzyme inhibitors, and the most studied
in terms of its composition are proteins that inhibit
the activity of proteases [2]. Protein inhibitors form
complexes with stable proteolytic enzymes under
physiological conditions, in which the enzyme com-
pletely or partially loses its activity. In addition,
several dozen protein inhibitors that suppress the
activity of trypsin, chymotrypsin, carboxypeptidase,
kallikrein, elastase, plasmin and other proteolytic
enzymes have been identified and studied. Most
of them were obtained in a homogeneous crystal-
line state. The molecular masses of protein inhibi-
tors range from several thousand to several hundred
thousand, but they are mainly composed of proteins
with a molecular weight of about 6000 Da. Many
enzyme inhibitor proteins are glycoproteins. At the
moment, the initial structures of several dozen in-
hibitors have been discovered. Among them, we can
mention trypsin inhibitors I and II of the pancreas

of pigs and cattle, soy, peanut and bean inhibitors
isolated from snake venom, lima beans and pine-
apple proteinase inhibitors [3,4]. Cereal grains are
able to synthesize and accumulate various protein
inhibitors of proteases and amylases. These proteins
are usually divided according to their structure and
ability to inhibit certain classes of enzymes. To date,
serine-proteinase inhibitors are the best studied,
most of which have several inhibitory domains. In
storage organs such as seeds and tubers, inhibitors
accumulate during embryogenesis and maturation.
It is assumed that in the event of damage or attack
by the pathogen and insects, they can perform a pro-
tective function [5].

Protein inhibitors against endogenous a-amylase
have been relatively little studied. The first group
of inhibitors usually refers to the components of the
plant defense system. The physiological role of in-
hibitors of the second group is to regulate the activity
of the endogenous enzyme during the ripening pe-
riod of the grain [6,7]. Among the a-amylase inhibi-
tors of cereals, the most popular is the bifunctional
o — amylase/subtilisin inhibitor (BASI), which was
first found in barley grain [8]. The inhibitor is able to
suppress the activity of barley a-amylase and serine
protease of microorganisms. Further, BASI-like in-
hibitors have been found in the seeds of some other
cereals. Currently, the functioning of these proteins
and their regulation for practical use are being inten-
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sively studied [9,10]. Similar BASI inhibitors were
later found in the seeds of several other cereals, in-
cluding wheat (Wasi) [11]. These two functional in-
hibitors are currently combined into one group of
proteins — ASI [12].

Despite some progress, research on the wheat
grain a-amylase protein inhibitor remains very in-
sufficient. Kazakhstan, being one of the main pro-
ducers of high-quality wheat grain in the world, an-
nually loses from 10 to 30% of the crop due to the
uncontrolled synthesis of a-amylase, which causes
PHS [13].

Data on inhibitor properties and regulation, as
well as methodological approaches in the study of
inhibitors from other cereals, were useful for our
work with the wheat a-amylase inhibitor. Analysis
of general literature sources allows us to draw con-
clusions about the prospects of the chosen direction
of research.

One of the main defects of flour is high autolytic
activity (AA), which indicates an increase in the ac-
tivity of enzymes, especially a-amylase[14]. Most
often, such flour is obtained from sprouted or fro-
zen grain. In the production of bread, AA is usually
reduced by methods such as hydrothermal process-
ing to inactivate excess a-amylase, acidification of
dough with liquid yeasts, lactic enzymes, lactic acid,
etc. [15]. These methods have both advantages and
certain disadvantages. In addition, the cereal itself
is rich in various substances — regulators of enzyme
activity. These include substances of protein, carbo-
hydrate and phospholipid nature [16,17].

Bread baked from such flour will have a sticky
crumb, reduced in size, indistinct in shape. In this
regard, it is very important to develop ways to im-
prove the quality of bread made of defective flour.

Based on the above data, we determined the lo-
calization of the a-amylase protein inhibitor in the
endosperm and peripheral parts of the grain (shell,
aleurone, germ part). Moreover, we also determined
the effect of the protein inhibitor on the binding of
the enzyme to starch granules. The number of drops
of different wheat varieties grown in Kazakhstan has
been determined as well. The activity and component
composition of a-amylase inhibitors in nine samples
of wheat flour with high autolytic activity were ana-
lyzed (the number of drops is from 248 to 72).

Materials and methods
As objects of research, wheat grains in a dor-
mant state, various wheat varieties (7riticum aesti-

vum L.) bran, aleurone, embryonic part, wheat meal,
starchy endosperm were obtained.
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Isolation of the o-amylase inhibitor

Wheat grains in a dormant state were planted
in petri dishes. Further, on day 4, the sprouted part
were removed separately. Plant material (wheat
grains, grinded grain, bran, flour, germ part, etc.)
was extracted at pH 5.0 with 0.05 m acetate buf-
fer with Smm CaCl, in a 1:3 ratio. After stirring for
1 hour at +4°C, the mixture was centrifuged for 15
minutes at 3000 rpm. The supernatant was used as
a source of the a-amylase inhibitor. To remove the
associated o and B amylases, the extract was heated
at 75° C for 10 minutes, then quickly cooled and
centrifuged [18].

Determination of inhibitory activity

The determination of antiamylase activity was
carried out by adding 1 mm CaCl, at pH-8.0 (50
mm phosphate buffer) [19]. Then, the inhibitor and
a-amylase were reacted in a 1: 1 ratio. 1 ml of starch
was used for each sample as a substrate. After 10
minutes of incubation, 100ml of Iodine solution
(0.005% 1,/ 0.05% KJ) was added. The spectrofo-
tometer carried out measurements with a length of
320 nm [20].

Insulation of starch granules

Starch granules (SG) were separated from finely
grinded wheat flour by repeated decanting and cen-
trifugation in distilled water. The resulting raw SG
preparation was washed three times with ethanol,
dried at 35 ° C for 48 hours and stored at room tem-
perature [21].

The experiments and measurements of enzyme
activity were performed three times. Furthermore,
the experiment data were statistically calculated in
Microsoft Excel and their standard deviations were
shown.

Results and discussion

Amount of a-amylase inhibitor in different parts
of wheat grain

At the first stage of the work, we studied the lo-
calization of the protein inhibitor in various anatom-
ical parts of the wheat grain. According to barley
grain research data, the synthesis of the endogenous
a-amylase inhibitor is maximum during the period
of full ripening. In this regard, the analysis of the
quantitative content of the o-amylase inhibitor of
wheat was carried out on the mature, dormant grain
(“Kazakhstan 10”).

Several grain fractions were obtained using the
SD1 roller mill (Chopin, France). Fraction 1 had
mainly shells and aleurons, fraction 2 had germ
particles, germ shield and subaleyronic layer of the
endosperm, and fraction 3 had white flour consist-
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ing only of starchy endosperm. Whole grain pow-
der (grist) was obtained using a laboratory mill ML
3100 (Perten, Sweden). The resulting grist consists
of homogeneous particles, the size of which does
not exceed 80 micrometre.

The content of inhibitors in isolated grain frac-
tions was determined by its antiamylase activ-
ity. The highest inhibitory activity was seen in the

starchy endosperm (2700 enzyme unit/ mg protein);
in the peripheral parts of the endosperm and in the
germ part, the inhibitor was present in a slightly
smaller amount (2330 enzyme unit/mg protein). The
smallest amount of it is contained in grain shells and
in the aleurone layer (1980 enzyme unit/ mg pro-
tein) was. Inhibitory activity in whole grains 2680
enzyme unit/ mg made up protein. (Figure 1).
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Figure 1 — Amount of a-amylase inhibitor in different parts of wheat grain (1-starchy endosperm,
2 — germ and subaleurone layer, 3 — grain shell and aleurone, 4-whole grain)

However, it remained unclear whether the inhib-
itor protein was present in the germ part, since the
2-bran fraction contains the outer layer of the endo-
sperm in addition to this tissue. For this purpose, the
embryos were isolated in organic solutions by flota-
tion method, the extracts from which did not show
inhibitory activity. Consequently, the activity of 2
bran fractions is expressed by an inhibitor derived
from the endosperm.

Currently, it is not clear whether the presence
of an inhibitor affects the binding of a-amylase to
starch granules. For more information content, the
study conducted a comparative experiment using
two other known carbohydrate-based a-amylase in-
hibitors, B-cyclodextrin and acarbose.

First, the effect of 3 types of inhibitors on the hy-
drolysis of soluble starch a-amylase Amy1 of wheat
was studied. To do this, equal aliquots of the puri-
fied enzyme were pre-incubated for 10 minutes at
a temperature of 30°C with different concentrations
of inhibitors. determination of a-amylase activity
was carried out according to the following standard

procedure [22]. From the graph (Figure 2A) we can
see that the inhibitory effect of B-cyclodextrin on
substrate decomposition is very weak. In contrast,
a protein inhibitor derived from grain and acarbose
showed a high inhibitory effect. And the oligosac-
charide had a fairly high effect, especially in the
highest concentrations (almost 100%).

A different result was observed when using
starch granules as a substrate. To do this, a-amylase
Amy1 was pre-incubated with the studied inhibitors
(1 pg each) at 30°C for 10 minutes. Then, commer-
cial granulated wheat starch (Sigma-Aldrich) with a
pH of 5.1 50 mg in 2 ml of 0.05 m acetate buffer was
added to the samples. The mixture was incubated for
10 hours by slowly whisking in a shaker at 30°C.
the degree of sorption (binding) of a-amylase was
estimated by the amount of protein measured using
the Lowry method every 2 hours remaining in the
medium.

From the graph shown in Figure 2B, it can be
seen that B-cyclodextrin significantly (up to 90%)
inhibited the binding of a-amylase to starch gran-
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ules. In contrast, acarbose and grain inhibitor did not
show such an inhibitory effect. It should be noted
that in the last hours of incubation (8-10 hours),

there was no increase in sorption of the a-amylase
inhibitor, which may be due to partial breakdown of
the enzyme-inhibitory complex.
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Figure 2 — The effect of various inhibitors on the hydrolysis of soluble starch (A)
and the binding of a-amylase Amy1 to granular starch (B)

The data obtained indicate differences in the
action of different types of a-amylase inhibitors.
B-cyclodextrin prevents the enzyme from binding to
starch granules, but has not inhibited the hydrolysis
of soluble starch. Acarbose and a protein inhibitor
from wheat grain suppressed hydrolysis of the sol-
uble substrate with a-amylase, but did not affect its
sorption in starch granules.

As noted above, there are at least 2 active cen-
ters in the structure of a-amylase, one of which
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carries out the hydrolysis reaction (catalytic cen-
ter), the other is responsible for the interaction of
the starch granules of the enzyme (binding center).
With this in mind, we can conclude that a pro-
tein inhibitor of wheat blocks the catalytic site of
a-amylase without significantly affecting the bind-
ing site. In terms of its effect on the enzyme, the
bifunctional inhibitor is similar to acarbose oligo-
saccharide, but differs from another carbohydrate
inhibitor — B-cyclodextrin.
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Effect of a-amylase inhibitor on flour amylase
activity

One of the most important indicators of wheat
flour in baking is autolytic activity (AA), which
varies widely depending on the weather, climatic
and soil conditions of grain cultivation[23]. Unfa-
vorable conditions for the ripening or preservation
of the grain provoke its germination, accompanied
by an increase in the activity of enzymes, mainly
a-amylase. To assess the autolytic activity of flour,
the Hagberg method is used, in which the Falling
Number (FN) is determined — the viscosity indi-
cator [24,25]. The higher the autolytic activity of
the flour, the lower the viscosity of the slurry and,
accordingly, the lower the value of the number of
falls (in seconds). For wheat flour, the optimal value
for the number of falls is considered to be 250 s.
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When the numbers decrease for less than 250 sec-
onds, the bread turns out to be of poor quality, low
in shape, sticky and shapeless. We analyzed the
activity and component composition of a-amylase
in nine samples of wheat flour with high autolytic
activity (FN 248 to 72). In previous studies, the ef-
fect of isolated wheat inhibitor supplements and raw
extract from grain bran on the a-amylase of FN 91
sec grist with the most heterogeneous spectrum was
studied. Taking into account the thermal stability of
the inhibitor, a bran extract without amylase activity
was obtained by preliminary 10-minute processing
at a temperature of 80°C. The results of the experi-
ment led to a decrease in the activity of a-amylase
(Amy1) by adding two drugs of purified and raw in-
hibitors to the grist extract with a reduced number of
drops (Figure 3).

iIi - IIII-II‘ |
2 3 4 5 6 7 8 9

B Non germinated part of wheat grain

H Total wheat meal (grist)

Figure 3 — Activity of the non germinated part of wheat grain (aleurone) and total wheat meal (grist)
inhibitor number of drops:1-248s,2-237s,3-220s,4-204s,5-179s,6-175s,7-171s,8-91s, 9-72s

Thus, the data obtained make it possible to use a
protein inhibitor of endogenous a-amylase, as well
as processing residues of grains consisting of an in-
hibitor (for example, bran) to correct flour with high
autolytic activity and improve the quality of bread.

Conclusion

The localization and content of the a-amylase
protein inhibitor in wheat grain, as well as the par-

ticipation of various endogenous factors in the regu-
lation of its activity, were studied. It has been found
that the inhibitor is present both in the starchy en-
dosperm and in the peripheral parts of the caryopsis
(shell, aleurone). In the endosperm, the protein can
be in a free state or bind to starch granules. No in-
hibitor was found in the germinal part.

In a comparative plan, the effect of carbohy-
drate inhibitors (B-cyclodextrin, acarbose) and the
protein inhibitor a-amylase on granular starch bind-
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ing and hydrolysis was studied. It has been found
that the protein inhibitor inhibits the catalytic center
of a-amylase Amyl in wheat grains, while having
little effect on the center responsible for binding the
enzyme to starch grains.

Both refined and raw preparation of the inhibitor
effectively suppress the Amyl isoenzymes of wheat
flour with a number of drops. The results obtained
make it possible to use protein inhibitors of endog-
enous a-amylase, as well as grain processing resi-
dues consisting of them (for example, bran) to cor-

rect flour with high autolytic activity and improve
the quality of bread.
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