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Abstract

Insect pests are highly dependent on starch-rich cereals and cause 
severe damage to the cereal grain and nutrient yield. Amylase 
trypsin inhibitor protein degrades the digestive enzyme alpha-
amylase which plays a key role in carbohydrate metabolism as well 
as the growth and development of insects. These inhibitor proteins 
are mainly found in cereal crops like wheat, maize, and barley which 
are rich sources of starch. Due to the defensive mechanism against 
pests, Amylase trypsin inhibitor protein could be a prominent 
candidate for pest management in cereal crops. It could be used 
in marker-assisted plant breeding and genome mapping. Amylase 
trypsin inhibitor proteins prevent various diseases such as diabetes 
but also cause wheat allergy, baker’s asthma, and food allergies. 
In this review, we summarize the identification, characterization, 
purification, inhibitory mechanism, and various analyses of amylase 
trypsin inhibitor protein to control pests from cereal crops as a 
natural defense and reduce human allergies.

Keywords: Wheat, insect pests, defense mechanism, protease 
inhibitor, amylase trypsin inhibitor protein.

1. Introduction

Grains are very important in the human diet. For the 

majority of the world’s population, grains are the most 

important source of calories. The three predominating 

sources of social crops in the world are rice, wheat, and 

maize (Awika, 2011). Rice, wheat and corn are the three 

most important crop sources in the world According to 

FAO 2021 statistics, at 770.4 million tonnes, India ranked 

second as the world’s biggest wheat-producing country, 

accounting for about 41% of global wheat production 

( Jakhar et al., 2020). About 30.4% of the total diet comes 

from grains and grain products (Laskowski et al., 2019). 

Wheat (Triticum aestivum L) is the individual ultimate 

economically important refined crop. It is an important 

beginning of strength, nutrients, protein, vitamins, and 

phytochemicals (Bao and Malunga, 2022; Mc Kevith, 

2004). Regular consumption of grains, especially whole 

grains, may prevent chronic sicknesses, including diabetes, 

coronary heart ailment, and colorectal cancers (Mc Kevith, 

2004). 

Wheat is one of the most popular grains in the world. In 

India, wheat is the dominant crop mainly cultivated in 

the states of Bihar, Haryana, Madhya Pradesh, Punjab, 

Rajasthan, and Uttar Pradesh. These states are located in 

the northern plains, a rich wheat-growing region called 

the “Wheat Bowl of India” (Kulshrestha, 1885). The main 

cultivated wheat varieties are durum wheat (T. durum) and 

common wheat (T. aestivum) out of the thousands of wheat 

varieties. Wheat is a majorly cultivated crop because it has 

properly yielded capability, grows properly in temperate 

climatic circumstances, matures in a short period, and 

conveys all-purpose flour. The supply and demand for 

grains have increased as the world’s population grows 

rapidly. In both developed and developing countries, 

insect pests reduce cereal production rates (Dhaliwal et 
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al., 2015; Jakhar et al., 2020). In such a situation, reduced 

crop productivity due to insect pest infestation may lead 

to food insecurity in the future (Husain et al., 2021). Many 

insect pests such as Tenebrio molitor, Armyworm, Wheat 

aphid, pink weevil, White borer, Grasshopper, Ghujia 

weevil, Cereal leaf beetle, and termites are associated 

with the wheat crop those attacks and cause damage to 

grain quality, leading to significant yield losses (Farook et 

al., 2018; Kauppi et al., 2021). Different wheat cultivars 

exhibit a differential response to insect pests (Kumar et 

al., 2022). Insects have a digestive enzyme known as 

alpha-amylase which catalyzes the hydrolysis of starch, 

and glycogen into the simpler sugar maltose and digests 

food easily (Da Lage, 2007, 2018). It plays a major role 

in the survival of insects and animals that are present in 

their midgut (Franco et al., 2002). The main economic loss 

caused by insects attacking grain is not always the actual 

material they consume, but also their excrement such as 

uric acid which is a carrier of pathogenic bacteria, which 

contaminates the residue with undesirable odors and 

flavors, rendering the food unfit for human consumption 

(Deshwal et al., 2020; Mandali, 2020). It can also affect 

the nutritional value of grains by reducing vitamins and 

carbohydrates and increasing free fatty acids (Mc Kevith 

et al., 2004). Integrated pest management includes various 

cultural practices, biological control, and chemical control 

methods to protect cereal crops from harmful insect pests 

(Singh et al., 2020). However, the use of pesticides has 

its drawbacks, as their excessive use is highly harmful 

to both human health and the environment (Hossard et 

al., 2014). Genetic resistance to plant insects is another 

desired goal of most plant breeders. Transgenic crops can 

be developed that are herbicide-tolerant, reducing the 

need for herbicides (Mc Kevith et al., 2004). However, 

acquiring this trait is a major challenge due to the 

interaction between genetic and environmental factors. 

Therefore, another natural strategy for detecting the 

tolerant genotype should be explored along with this. In 

plants, various protease inhibitors are produced but among 

these, Alpha-amylase inhibitors majorly inhibit the activity 

of the digestive proteases alpha-amylase and proteinase 

within the insect gut, thus affecting the insect’s digestive 

system. These inhibitors are mainly found in edible parts 

of plants such as potato tubers, legume seeds, and most 

cereal grains such as wheat, millet, and maize (Franco et 

al., 2002). Overexpression of these inhibitory proteins 

in plant genetic engineering makes significant use of the 

plant defense against insect pests. In transgenic crops, 

these proteinase inhibitor genes are used to enhance insect 

resistance mechanisms (Gatehouse et al., 2011). It could 

be useful in the treatment of diabetes mellitus to control 

hyperglycemia, reducing the risk of cardiovascular disease 

and colon cancer (Agarwal, 2016). It additionally has been 

reported that has a major role in wheat allergic reactions, 

baker’s asthma, and meal hypersensitivity (Oda et al.,1997; 

Geisslitz et al.,2022). This review article describes currently 

emerging sustainable pest management methods that 

should be tailored to minimize pest infestation and wheat 

yield loss. Consequently, the main aim of this review is to 

apprehend the identification, characterization, purification, 

and study of various biochemical and molecular analyzes 

of the amylase trypsin inhibitor proteins. We also discussed 

the potential of amylase trypsin inhibitor proteins, i.e., 

how induced responses relate to plant resistance or 

susceptibility to pathogen and insect attack, and the way 

to use these facts to resist insect growth and enhance crop 

production.

2. Wheat: Source of protein 

The wheat kernel contains 8-10% of the protein, 

differentiated into Gluten and Non-Gluten proteins 

(Biesiekierski, 2017). Osborne (1907) first developed a 

comprehensive wheat protein fractionation scheme based 

on protein functionality and different solubility in different 

solvents. Wheat is categorized on the basis of cytogenetic 

research and growth habits. On the basis of their growth 

habits, it is divided into two categories: spring wheat, and 

winter wheat/facultative which account for 65% and 35%, 

respectively, of the total global wheat production area 

(Oyewole, 2016). The basic chromosomal number of 

Triticum and related species is x=7. In terms of 

chromosomal number, wheat is classified (Tadesse et 

al.,2016) as given in (Table 1). They mainly fall into 

different classes such as albumin, globulin, gliadin, and 

glutenin. These are water-soluble, saline-soluble, ethanol-

soluble, and other dilute and alkali-soluble, respectively 

(Figure 1). Gluten-containing gliadins and glutenin are 

Prolamins-type proteins recognized as the major wheat 

storage proteins, together makeup about 80% of the 

remaining protein in grain (Biesiekierski, 2017; 

Uthayakumaran and Wrigley, 2017). Whereas, Non-

Gluten proteins are metabolic and structural proteins 
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named albumins and globulin in wheat endosperm make 

up 20% of all cereal proteins, of which the amylase trypsin 

inhibitor protein is the maximum considerable protein 

within the water-soluble (albumin) fraction of wheat grain 

that functions as a plant defense protein (Cousineau, 2012; 

Zilic et al., 2011) (Figure 2). They are also classified based 

on the polypeptide chain as monomeric or polymeric 

proteins. The monomeric proteins are Albumin, Globulin, 

and Gliadin whereas polymeric proteins are Glutenin.

Figure 2: Distribution of Wheat Protein (a) Gluten (80%) 
and Non-Gluten (20%) (b) Albumin fraction containing 

defensive protein Amylase Trypsin Inhibitors.

3. Protease Inhibitor: Plant Defense 

Plants have defense mechanisms such as morphological, 

biochemical, and molecular mechanisms against 

herbivores and insect pests (War et al., 2012). Several 

compounds used in plant defense include alkaloids, 

antibiotics, terpenes, and some proteins such as chitinase, 

lectins, vicilins, systemins, and enzyme inhibitors (Franco 

et al., 2002). Plant protease inhibitors are proteins 

produced by plants that inhibit the activity of the digestive 

proteases of herbivores, phytopathogens, larval proteolytic 

enzymes, and microbial pathogen proteases (Rodríguez-

Sifuentes et al., 2020). These inhibitory proteins are 

induced by insect attacks or plant damage, and target to 

attach at a specific active position of the substrate. Plant 

proteinase inhibitor protein is mainly found in food 

storage parts of the plants such as potato tubers, seeds of 

legumes, and most cereal grains including rice, wheat, 

maize, millet, and barley (Birk, 1976, Buonocore et al., 

1977; Call et al., 2021; Geisslitz et al., 2022; Granum, 

1979; Limas et al., 2004; Shivaraj, 1981). Besides this, it is 

also present in leguminous seeds such as kidney beans, 

peanuts, black gram, and chickpeas (Le Berre-Anton et 

al., 1997; Birk, 1996). 

Table 1:	 Different polyploid wheat varieties are classified based on the number of chromosomes in each 
cell.

Types of Polyploidies No. of sets of chromosomes Wheat varieties

Diploid (AA) 2n=2x=14 (2 sets of 7 chromosomes 
in each cell)

Einkorn (T. monococcum)

Tetraploid (AABB) 2n=4x=28 (4 sets of 7 chromosomes 
in each cell)

Emmer (T. dicoccum), Durum wheat (T. 
durum).

Hexaploid (AABBDD) 2n=6x=42 (6 sets of 7 chromosomes 
in each cell)

Spelt Wheat (T. Spelta), Common or 
Bread Wheat (T. aestivum).

Figure 1: Classification of Wheat Protein
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Protease inhibitors are generally classified based on 

the sequence specificity of the reactive site, structural 

function, and biochemical properties (Clemente et al., 

2019; Priya et al., 2013). Families of Plant proteases 

include Serpin (Serine PI), Cysteine PIs, and Aspartyl 

and carboxypeptidase inhibitor family. Serin proteases 

inhibitors are further classified into the Bowman-Birk 

inhibitors (BBIs) family, Cereal trypsin/alpha-amylase 

inhibitors. Kunitz family, Mustard (Sinapis) trypsin 

inhibitors (MSI), Potato type I PIs (PI 1), Potato type II 

PIs (PI 2), and Squash inhibitors. Cysteine PIs family 

includes (CYS) cystatin superfamily. Aspartyl and Metallo-

carboxypeptidase inhibitor family are also strong protease 

inhibitors of aspartyl and carboxypeptidase (Christeller 

and Laing, 2005; Gitlin-Domagalska et al., 2020; Habib 

and Fazili, 2007; Jamal et al., 2012;). Most of the plant 

protease inhibitor families contain inhibitors of serine 

protease and some also contain cysteine protease that 

targets trypsin and chymotrypsin/ subtilisin. 

Amylase Trypsin Inhibitor Protein: Structure and Function

Cereal alpha-amylase trypsin inhibitor proteins having 

16 families are present in cereals like ragi, barley, wheat, 

and maize which mainly target insect protease, Alpha-

amylase, and Trypsin. Alpha-amylase (α-1,4-glucan-4-

glucanohydrolases; E.C. 3.2.1.1) is a crucial digestive 

enzyme that performs a key role in the maturation and 

development of insects and animals (Franco et al., 2002). 

It catalyzes the hydrolysis of α-d-(1→4)-glucan linkages 

in starch, glycogen, and different carbohydrates. The 

growth and development of insects are rather dependent 

on starch. The maximum activity is obtained at 40-50°C 

and the range of pH- optimum is 4-10 for different alpha-

amylases of insects (Kaur et al., 2014; Talley et al., 2010). 

Different insect alpha-amylases have efficient composition, 

physicochemical properties, and specificity toward various 

substrates.

Amylase trypsin inhibitor proteins are usually directed 

against animal-derived alpha-amylase, which includes 

a wide range of insects and microorganisms, but rarely 

against plant-derived amylase. (Buonocore et al., 1977; 

Gatehouse et al., 1986; Mundy et al., 1983; Wilson et al., 

1997). Most of these suppressor proteins in cereals are 

individuals of a large superfamily known as the storage 

proteins prolamins, whose members are believed to be 

derived from the same 20 amino acid ancestor (Kreis, 

1985). 

Kneen and Sandstedt (1946) first studied the water-

soluble amylase inhibitor protein in a wheat kernel that 

was not soluble in ammonium sulfate and 90% ethanol. 

Cantagalli et al. (1971) isolated three albumin proteins 

according to their electrophoretic mobility of 0.28,0.34, 

and 0.39 from wheat seeds. Their amino acid composition 

is very similar. The purified albumins have a specific 

and common function that shows similar chemical and 

physical characteristics. Carrano et al. (1989) isolated a 

new water-soluble monomeric amylase inhibitor protein 

coded as 0.14 which is inactive against animal amylases 

from wheat flour by a chromatographic procedure. Low 

molecular weight, excessive resistance to cleavage and 

denaturation, and conserved properties of intrachain 

disulfide bonds are features of these inhibitor proteins 

(Geisslitz et al., 2021). ATI inhibits the action of a protease 

enzyme in insects, alpha-amylase is concerned with starch 

breakdown, and trypsin is implicated in proteolysis 

(Geisslitz, 2022). Due to trypsin inhibitors, dietary protein 

may be less easily digested and may be expelled in the 

stool (Poerio et al., 1989). Alpha-amylase trypsin inhibitors 

are considered to be a part of the protective chemical 

compounds of plants against pathogens and pests (Silano 

et al., 1975). Alpha amylases of insects have conserved 

domain structure, with the variable in length, disulfide 

bond numbers, and their secondary structure. Therefore, 

Alpha-amylase inhibitor proteins have a highly specific 

reactive site that binds specifically to the substrate’s active 

site. The loop variations adjacent to the enzyme active site 

determine the inhibitor’s specificity for alpha-amylases. 

Their conformation may have an impact on specificity 

and binding affinities (Feng et al., 1996; Rane et al., 2020). 

4. Mechanism of action of Amylase Trypsin 
inhibitors over proteases of plants pathogen

Amylase Trypsin inhibitors (ATIs) are a class of plant 

proteins that play an essential function in a plant’s natural 

defense mechanism against pests and phytopathogens. 

Buonocore et al. (1985) characterized a tetrameric inhibitor 

that is active on mammalian and avian alpha-amylase 

from wheat kernel. Alpha-amylase inhibitor proteins 

are the most prominent candidate for the management 

of insect pests as they may be particularly dependent on 

starchy food for their survival and growth (Franco et al., 
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2002). Plants defend themselves without delay with the 

aid of constitutively expressing amylase and protease 

inhibitors and by inducing these inhibitors in response 

to mechanical injury or pest attack (Stevens et al., 2012). 

Priya et al. (2012) evaluated the specificity of the ATIs and 

identified six wheat genotypes that have an extensively 

high potential of a-amylase trypsin inhibitors towards 

insects but low inhibition capability toward pancreatic 

and salivary amylases.

Plant pathogens feed on plants and can easily degrade 

plant protein to obtain nutrients for their growth and 

survival. Plant Protease inhibitors such as ATIs tend to 

inhibit the mechanism of pathogen digestive enzymes 

and serve as a plant defense mechanism leading to 

malnutrition, delayed larval development, and even 

lethality causing death and opening up new methods 

of pest control (Kaur et al., 2014; Rodríguez-Sifuentes 

et al., 2020; War et al., 2012, Zhu-Salzman et al., 2014) 

described in (Figure 3). Wisessing et al. (2010) found 

that a monomer having a molecular weight of 27 k 

Da, an alpha-amylase inhibitor isolated from Mung 

bean seeds inhibits an insect Callosobruchus maculate. 

Gonzalez-Ruiz et al. (2019) observed inverse relations 

between R. dominica and alpha-amylase inhibitors 

of wheat. El-Latif et al. (2020) purified alpha-amylase 

inhibitors from durum wheat that were highly effective 

against the development of Tribolium castaneum and 

Callosobruchus maculatus both in vivo and in vitro. 

Recently, Capocchi et al. (2021) reported for the first time 

a new monomeric, an inhibitory alpha-amylase protein 

isolated from tetraploid emmer wheat acts more strongly 

against coleopteran insect pests.

Figure 3: Mechanism of action of Amylase Trypsin inhibitors over proteases of plants pathogen: (a) Insects pest feed on 
cereal grains and cause damage. (b) Wheat grains have different types of protein as described in the text. (c) Amylase Trypsin 
Inhibitor Protein acts on the digestive system of insects and inhibits the function of their digestive enzyme. (d) By affecting 
the digestive system of insects, it serves as a plant defensive mechanism and opens a novel pest control method.

5. Molecular characterization of Amylase 
Trypsin Inhibitor Protein

ATI amylase trypsin inhibitors contain similar proteins 

called isomers that are distinguished according to their 

electrophoretic motility. Based on the molecular level, 

they are classified as 12 k Da, 24 k Da and 24 k Da. The 

12 k Da subfamily contains 0.28 monomeric proteins, 

24 k Da are homo dimeric proteins referred to as 0.19 

and 0.53 which are more common in hexaploid wheat, 

whereas, 60 k Da are hetero tetrameric proteins known 

as chloroform and methanol mixture (CM) proteins such 

as CM1, CM2, CM3, CM16, and CM17 (Buonocore et 

al., 1985; Gomez 1989). Isoforms 0.19, CM1, and CM17 

are mainly present in hexaploid wheat, while other 

isoforms CM2, CM3, and CM16 are abundantly present 

in tetraploid wheat (Geisslitz et al., 2022; Møller and 

Svensson, 2022). Monomeric and dimeric ATIs were 

placed on chromosomes 6 and 3 respectively. CM1, CM3, 

and CM16; CM2, and a trypsin inhibitor are placed on 

chromosomes 4 and 7 respectively. Genes are located on 

chromosomes 3, 4, and 7 for the monomeric, dimeric, 

and tetrameric subfamilies of ATI, respectively (Bose et 

al., 2020) (Table 2).
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Table 2:	 Genes of different ATIs located in the 
respective site of a chromosome

ATI Chromosomes

0.28 6 B

0.19 1B and 3B

CM1 1A, 1B, and 4B

CM 2 1B, 7B, and 1D

CM 3 1A, 5A, 4B and 6D 

CM 16 5A, 6B, and 7B,

CM 17 1B, 4B and 7D

Petrucci et al., (1976) characterized a 0.19 wheat grain 

amylase inhibitor through circular dichroism spectra with 

approximately 50% ordered structure. Maeda et al. (1983) 

isolated a 0.53 alpha-amylase inhibitor from the wheat 

kernel that consists of two equal subunits of 124 amino 

acids, each with 9 cysteine residues. Human salivary 

alpha-amylase is inhibited by inhibitor 0.53, which is 500 

times more potent than human pancreatic alpha-amylase. 

According to Gomez et al. (1991), a homologous variant 

of 0.28, WMAI-1 and WMAI-2 are encoded by a gene on 

the short arm of chromosomes 6D and 6B, respectively. 

Multiple gene families on chromosomes 3BS and 3DS 

encode a dimer inhibitor of wheat alpha-amylase identified 

at the 24 k Da molecular level (Sanchez-monge et al., 1989; 

Wang et al., 2006). Sharma et al. (2013) investigated the 

molecular diversity of alpha-amylase dimeric inhibitors 

(WDAI) isolated from three genotypes of Indian bread 

wheat. Pandey et al. (2016) used the CTAB procedure 

defined by Murray and Thompson (1980), for the isolation 

of genomic DNA from younger leaves of approximately 

two-week-old seedlings and amplified PCR by using 

particular primers PSF and PSR of the inhibitor gene of 

alpha-amylase (Sharma et al., 2013). Pandey et al. (2016) 

investigated the molecular evolution and sequencing 

of amylase inhibitor genes in wheat and relatively wild 

species that showed high sequence conservation, similar 

structures, and homology to other inhibitors using 

BLAST and multiple sequence alignments. Hassouni et 

al. (2021) studied 30 QTL and identified more than 10% 

of the ATI genotypic variation. Recently, Simonetti et 

al. (2022), analyzed the sequences of four ATIs genes in 

ten genotypes of modern and ancient wheat with distinct 

ploidy stages.

6. Purification and Proteome Analysis of 
Amylase Trypsin Inhibitor Protein 

Proteomic strategies have been applied for the 

identification of wheat inhibitor proteins or allergen 

proteins. According to the method of Laemmli (1970), 

protein separation was performed by conventional SDS-

PAGE. Gomez et al., (1991) purified and characterized 

12.5kD wheat monomeric amylase inhibitors (WMAI) 

from T. aestivum using salt extraction, gel filtration, and 

RP-HPLC. Heidari and Heidarizadeh (2005) purified 

amylase inhibitor from wheat by an anion exchange fast 

protein liquid chromatography (FPLC). Two-dimensional 

electrophoresis and IgE immunoblot analysis were 

used to identify wheat allergens (Akagawa et al., 2007). 

Hailegiorgis et al. (2020) analyzed protein fraction by 

using discontinuous SDS-PAGE and estimated the 

total protein content of the durum wheat varieties 

through the micro-Kjeldahl method. Various types of 

chromatographic techniques and detection methods are 

used for the purification and detection of proteins and 

peptides including MALDI-TOF Mass Spectrometry, 

HPLC and DNS (Call et al., 2021; Dupont et al., 2011, 

He Li, 2021; Sagu et al., 2020). Many studies have 

been performed for the qualitative and quantitative 

characterization of alpha-amylase trypsin inhibitors 

using HPLC fractionation and Mass Spectrometry tools. 

Oda and Fukuyama (1997) used X-ray crystallography 

to determine the tertiary and quaternary shape of 0.19 

alpha AIs from wheat kernels and reported that 0.19 

AI has an excessive alpha helix content material. Each 

subunit has 5 alpha-helices organized in an up-and-

down pattern, maintaining the helix packing modes. 

Alpha-amylase inhibitor, which is recognized by Ig 

E on 2-Dimensional Electrophoresis, was one of 19 

possible wheat allergens identified using three methods, 

including MALDI-TOF and QTOF LCQ(DECA) 

nLC-MS/MS IT methodology (Sotkovsky et al.,2008). 

By using 2- Dimensional Electrophoresis and tandem 

MALDI- TOF/TOF-MS, a low level of accumulation of 

11 alpha-amylase inhibitor proteins (spots 94-102, 119, 

and 120) was identified during the early growth of grains 

(Guo et al.,2012). By another LTQ-Orbi Trap analysis 

on peptides, the identification of the CM3 protein was 

verified (Prandi,2013). Sagu, (2019) used a new approach 

to alpha-amylase trypsin extraction from wheat by using 

the Plackett-Burman design, and optimization is realized 
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using the Doehlert design. Liquid chromatography-

multiple reaction monitoring-mass spectrometry (LC-

MRM-MS) was used to identify and quantify 18 ATIs 

in different wheat cultivars (Bose et al.,2020). Sagu et al. 

(2020) investigated the identification and quantification 

of ATI in 46 wheat cultivar samples using two extraction 

systems based primarily on an ammonium bicarbonate 

buffer and chloroform/methanol (CM) mixture, with 

three factors optimized: amylase tryptic digestion, gel 

chromatographic separation, and targeted tandem 

mass spectrometric analysis (HPLC-MS/MS). Thirteen 

individual/common biomarkers have been discovered. 

The first comprehensive and precise proteomic profiling 

and qualitative assessment using a shotgun method 

show a close similarity between the molecular level 

of metabolic and chloroform-methanol (CM) protein 

fractions isolated from developed grains of ancient and 

contemporary Italian durum wheat genotypes (Francesco 

et al.,2020).

A targeted liquid chromatography-tandem mass 

spectrometry (LC-MS/MS) technique was used for 

the comparative analysis of the ATIs in ancient and 

modern wheat species (Geisslitz et al.,2020). Sielaff et al., 

(2021) provided a unique data-independent acquisition LC-

MS method for the quantitative proteome evaluation of 

ATI isolated from grain flour with the aid of combining 

Qcon CAT  technology  with  short  microflow LC 

gradients and data-independent acquisition (DIA). The 

method offers strong as well as particular quantification 

of recognized  ATI proteins throughout wheat flour 

in the context of massive breeding projects whereas 

concurrently quantifying the proteome in the same LC-

MS  experiment  by using  Top3  intensity-based  label-

free  Quantification (LFQ). For the purpose of creating 

higher-quality, healthier wheat, Afzal et al., (2021) used 

LC-MS-based label-free quantitative (LFQ) proteomics to 

identify 756 proteins across 150 wheat varieties. Gonzalez-

Ruiz et al. (2021) used size-exclusion chromatography 

to isolate wheat albumin inhibitory protein against the 

alpha-amylase isoforms of R. dominica to distinguish 

their susceptibility to inhibition. Call et al. (2021) analyzed 

changes in ATIs protein, and carbohydrates during seed 

development from harvested caryopses and characterized 

ATIs and carbohydrates by MALDI-TOF-MS and 

HPAEC-PAD. For the purpose of identifying the proteins 

in each of the fractions and establishing their purity, Sagu 

et al. (2022) carried out a wide range of analyses. This 

includes protein content determination, SDS PAGE, 

matrix-assisted laser desorption/ionization time-of-flight 

mass spectrometry (MALDI-TOF-MS), and targeted 

LC-MS / MS.

7. Amylase Trypsin Inhibitor: Human Health 

ATI in wheat performs a vital position in  lowering 

the  danger  of  diabetes, cardiovascular  ailment, and 

colon cancer (Brouns et al., 2019; Geisslitz et al., 

2022).  However, eating too much  whole wheat  can 

have serious health consequences. Ingestion  of 

wheat  may cause  hypersensi t iv i ty.  The most 

important  low-molecular-weight  wheat  allergens  in 

food allergy are α-amylase inhibitors ( James et al. 1997; 

Pastorello et al. 2007). Junker et al. (2012)  concluded 

that modern wheat (hexaploid), CM3, and 0.19 species 

of ATI are major innate immune response activators in 

dendritic cells, macrophages, monocytes, and  TLR4, 

and which is highly resistant to the intestinal 

proteolysis.  According to  a study published  at 

United European Gastroenterology  Week  2016, 

regular consumption of wheat  containing  amylase 

trypsin inhibitor (ATI) may lead to systemic inflammation 

and non-celiac gluten sensitivity.  Schuppan et al. 

(2015)  found  that  unlike  the inflammation caused by 

celiac disease,  the intestinal inflammation that occurs 

in non-celiac gluten sensitivity  is likely caused 

by  ATI  found in wheat rather than gluten proteins. 

Cuccioloni et al. (2017) used  an approach  based on 

surface plasmon resonance  biosensors  and molecular 

docking methods  to study  the interaction between 

CM3 and TLR4. Zevallos et al. (2017) characterized the 

biological activities of ATI and found that their uptake 

promoted mild  intestinal inflammation  through 

infiltration and  myeloid cell activation.  Yolanda et 

al. (2018) analyzed the function of  ATI  within the 

activation of innate immunity and the improvement 

of  symptomatic traits  of  non-celiac gluten sensitivity. 

Guilherme  et al. (2020) evaluated the  effects  of  his 

ATI on rodent models and found effects on the mouse gut 

microbiota and metabolism  that exacerbate the 

pathological features of Alzheimer’s disease. 

Therefore, this particular  wheat  ingredient (ATIs) 

can  also  have  adverse effects  on  the human  body, 
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including  wheat  allergies, bread  asthma, celiac disease 

(CD), and food allergies (Tatham et al., 2008).

Conclusion

Cereal Amylase trypsin inhibitor, a widely known protease 

inhibitor against serin as well as digestive enzyme alpha-

amylase and trypsin of insect pests and animals, have been 

identified as promising pest management candidates in 

cereal crops. Its main role is to provide protection against 

the pest by inhibiting their digestive enzyme. The losses 

caused by pests in cereal crops are around 21.3 percent. 

In India, the cereal crops like wheat are widely attacked 

by Tenebrio Molitor, Armyworm, and many more pests 

that cause severe damage to the crop and decline their 

yield and nutrients. The inhibitory mechanism acting 

on mammalian and insect alpha-amylases is an essential 

step within the development of high-affinity/selective 

α-amylase inhibitors with potential in fields ranging from 

diabetes treatment to plant protection. Many researchers 

have demonstrated the isolation, characterization, and 

other analyses of the inhibitor protein. The mechanism 

of action of these inhibitor proteins will understand 

through structural, physiochemical, and molecular 

analyses. In plant genetic engineering, overexpression 

of the inhibitor protein could be exploiting the plant’s 

defense mechanism against pests. In transgenic crops, 

these proteinase inhibitor genes are used to enhance 

insect resistance. PCR markers based on SNPs for a 

huge number of genes associated with agronomic and 

yield-related characters can extensively improve the 

effectiveness of marker-assisted breeding and mapping 

of genes in wheat. Screening inhibitors in grains and 

identification of their evolutionary relationship can assist 

to distinguish new insecticidal determinants. Amylase 

trypsin inhibitors isolated from wheat could improve their 

yield quality by inhibiting the digestive enzyme of pests 

and also be profitable to decrease the use of pesticides. 

It could be the development of environmentally secure, 

durable, and effective biological methods for pest control. 

Various identification and quantification techniques for 

wheat inhibitor proteins are used which will offer a novel 

insight into a rational program of concrete bioinsecticides. 

Furthermore, detection technologies and management 

strategies are needed for better results to control pests and 

lower their adverse effect on humans.
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