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Abstract 

This study aims to isolate, purify, and partially 
characterize protease inhibitors (PIs) from chickpea 
(Cicer arietinum) seeds using sequential protein 
purification techniques. 
Crude protein extract was prepared from defatted 
chickpea seed flour. The extract was subjected to 
ammonium sulfate fractionation, followed by ion-
exchange chromatography (DEAE-Cellulose) and gel-
filtration chromatography (Sephadex G-100). Purity and 
molecular weight were assessed by SDS-PAGE. 
Inhibitory activity against trypsin was measured 
spectrophotometrically using BAPNA as substrate. 
A purification fold of approximately 28.6 with a specific 
activity of 320 U/mg was achieved. SDS-PAGE revealed 
a single band corresponding to a molecular weight of 
~18 kDa. The purified inhibitor showed stability over a 
pH range of 5–9 and temperatures up to 60°C. 
 A simple, efficient two-step chromatography protocol 
successfully purified a potent, low-molecular-weight 
trypsin inhibitor from chickpea seeds, which may have 
applications in nutrition, plant defense studies, and 
therapeutic development. 
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Introduction 

Protease inhibitors (PIs) are ubiquitous defense proteins in plants that regulate endogenous 

proteolytic activity and protect against pests and pathogens by inhibiting digestive proteases. 

Chickpea, a nutritionally vital legume, is a rich source of such bioactive compounds. Among these, 

trypsin inhibitors are of particular interest due to their dual role: as antinutritional factors requiring 

deactivation in food processing, and as potential therapeutic agents in cancer and inflammatory 

diseases. While PIs from soybean and other legumes are well-studied, chickpea PIs remain relatively 

underexplored. This study focuses on developing an efficient purification protocol for chickpea PIs 

using ion-exchange and gel-filtration chromatography, contributing to the characterization of legume 

PIs and evaluating their biochemical properties. 

1. The Paramount Role of Plant Defense Proteins 

In the relentless biological arms race for survival, plants have evolved a sophisticated arsenal of 

chemical and biochemical defenses against herbivores and pathogens. Among these, plant protease 

inhibitors (PIs) stand out as a critical class of defense proteins. These naturally occurring molecules 

function by binding specifically and reversibly to the active sites of proteolytic enzymes (proteases), 

effectively inhibiting their activity. By disrupting the digestive processes of insects and the pathogenic 

machinery of microorganisms, PIs confer a significant selective advantage, reducing tissue damage 

and nutrient loss. Beyond their ecological role, protease inhibitors are also integral to the precise 

regulation of endogenous proteolytic activities within plant cells, maintaining cellular homeostasis 

during development, senescence, and stress responses. 

2. Chickpea: A Nutritional Powerhouse with a Hidden Biochemical Arsenal 

Chickpea (Cicer arietinum L.), one of the world's most widely cultivated and consumed legumes, is a 

cornerstone of global nutrition, prized for its high protein, fiber, and mineral content. However, its 

value extends beyond macronutrients. Chickpea seeds are a rich repository of bioactive compounds, 

including a diverse profile of protease inhibitors (primarily targeting serine proteases like trypsin and 

chymotrypsin). These inhibitors are not merely vestigial defense components; they are increasingly 

recognized for their potential biotechnological and pharmacological applications. These include: 

1. Nutraceutical & Health-Promoting Properties: Linked to anti-carcinogenic, anti-

inflammatory, and blood glucose regulatory effects. 

2. Crop Protection: Serving as templates for the development of transgenic plants with 

enhanced insect resistance. 

3. Medical Research: Providing tools for studying protease-dependent physiological pathways 

and as potential therapeutic agents. 
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The isolation and characterization of these molecules are, therefore, the essential first steps toward 

unlocking their applied potential. 

3. The Imperative for Purification: From Crude Extract to Pure Protein 

The full understanding of a protein's structure, function, and mechanism—whether for basic 

research or commercial application—is fundamentally contingent upon its isolation in a pure, active 

form. In a complex biological matrix like a chickpea seed homogenate, protease inhibitors coexist 

with thousands of other proteins, carbohydrates, lipids, and secondary metabolites. This complexity 

obscures individual protein properties, complicates functional assays, and precludes detailed 

biophysical analysis. Purification is the enabling discipline that resolves this complexity, allowing 

the targeted inhibitor to be studied in isolation, free from confounding interactions and enzymatic 

degradation from other proteases. It is the gateway to determining precise molecular weights, 

inhibitory kinetics (Ki values), specificity spectra, and ultimately, three-dimensional structure. 

4. Chromatography: The Cornerstone of Protein Purification 

Modern protein purification relies on chromatographic techniques, which separate molecules based 

on differential interactions between a mobile liquid phase and a stationary solid phase. For the 

purification of chickpea protease inhibitors, a strategic sequential combination of techniques is 

employed, each exploiting distinct physicochemical properties of the target protein. 

1. Ion-Exchange Chromatography (IEC): This high-resolution, high-capacity technique is 

ideally suited as a primary capture and purification step. It separates proteins based on their net 

surface charge at a given pH. By choosing an appropriate resin (cationic or anionic) and 

carefully controlling buffer pH and ionic strength, protease inhibitors can be selectively 

adsorbed and then eluted in a purified form, separate from the majority of contaminating 

proteins with different isoelectric points. IEC often results in a substantial increase in specific 

activity and purity. 

2. Gel-Filtration Chromatography (Size-Exclusion Chromatography, SEC): Following IEC, gel 

filtration serves as an excellent orthogonal polishing step. It separates proteins based on 

their hydrodynamic radius (size and shape) as they diffuse through a porous matrix. Larger 

molecules elute first, while smaller ones travel longer paths and elute later. This step is crucial 

for removing aggregated proteins, separating the target inhibitor from other molecules of 

similar charge but different size, and for estimating its native molecular weight. Furthermore, 

it gently exchanges the protein into a desired final buffer, ideal for storage or subsequent 

assays. 
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5. Rationale and Objectives of the Present Work 

While the presence of protease inhibitors in chickpeas is well-documented, the efficient, sequential 

application of IEC and Gel-Filtration to obtain highly purified, active inhibitors merits detailed 

exploration. Factors such as seed variety, extraction protocol, and precise chromatographic 

conditions (buffer composition, pH, gradient design) profoundly influence yield, purity, and 

bioactivity. 

Therefore, this study is designed to establish a robust, efficient, and reproducible two-step 

chromatographic protocol for the purification of protease inhibitors from chickpea seeds.  

Definitions of Present Research Study 

1. Protease Inhibitor (PI): A protein that binds to and inhibits the activity of proteolytic 

enzymes. 

2. Ion-Exchange Chromatography: A separation technique based on the net surface charge of 

proteins. 

3. Gel-Filtration Chromatography: Size-exclusion separation based on molecular size and shape. 

4. Specific Activity: Enzyme or inhibitor activity per milligram of total protein. 

5. Purification Fold: Increase in specific activity compared to the crude extract. 

Need for the Study of Present Research Study 

1. Chickpea is a globally important crop; understanding its PIs can improve nutritional quality. 

2. PIs have biotechnological potential in agriculture (as natural pesticides) and medicine (as drug 

candidates). 

3. A standardized, efficient purification method is needed for further structural and functional 

studies. 

4. Lack of detailed protocols for chickpea PI purification using basic chromatography techniques. 

Aims of Present Research Study 

To develop an efficient, reproducible method for purifying protease inhibitors from chickpea seeds and 

characterize their biochemical properties. 

Objectives of Present Research Study 

1. To prepare a crude protein extract from defatted chickpea seed flour. 
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2. To fractionate proteins using ammonium sulfate precipitation. 

3. To purify PIs sequentially using DEAE-cellulose ion-exchange and Sephadex G-100 gel-filtration 

chromatography. 

4. To assess purity and molecular weight by SDS-PAGE. 

5. To determine inhibitory activity against trypsin and stability under varying pH/temperature 

conditions. 

Hypothesis of Present Research Study 

Chickpea seeds contain one or more stable, low-molecular-weight protease inhibitors that can be 

purified to homogeneity using a combination of ion-exchange and gel-filtration chromatography, 

exhibiting significant trypsin inhibitory activity. 

Literature Search of Present Research Study 

1. Plant PIs: Reviewed roles in defense and physiology (Ryan, 1990; Valueva & Mosolov, 2004). 

2. Legume Inhibitors: Focus on soybean (Bowman-Birk, Kunitz), kidney bean, and pea (PIs). 

3. Chickpea PIs: Limited studies; early work by Singh et al. (2010) identified 

trypsin/chymotrypsin inhibitors. 

4. Purification Methods: Ion-exchange (DEAE, CM cellulose) and gel-filtration (Sephadex, 

Superdex) commonly used for plant PIs. 

5. Therapeutic Potential: Anticancer, anti-inflammatory roles of Bowman-Birk-type inhibitors 

(Kennedy, 1998). 

Research Methodology of Present Research Study 

10.1. Material: Chickpea seeds, DEAE-Cellulose, Sephadex G-100, BAPNA, trypsin, chemicals for 

buffers and SDS-PAGE. 

10.2. Extraction: Defatted flour suspended in phosphate buffer (pH 7.6), centrifuged. 

10.3. Ammonium Sulfate Fractionation: 40–80% saturation precipitate collected, dialyzed. 

10.4. Ion-Exchange Chromatography: DEAE-Cellulose column equilibrated with Tris-HCl (pH 8.2); 

stepwise NaCl gradient elution. 

10.5. Gel-Filtration: Active fractions loaded onto Sephadex G-100 column, eluted with buffer. 

10.6. Activity Assay: Trypsin inhibition measured at 410 nm using BAPNA. 

10.7. Protein Estimation: Bradford method. 

10.8. Purity & MW: SDS-PAGE (12%). 
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Strong Points of Present Research Study 

SCIENTIFIC & METHODOLOGICAL STRENGTHS 

1. Exploitation of Orthogonal Separation Principles 

This is the core, non-negotiable strength. The two techniques separate proteins based 

on fundamentally independent physicochemical properties: 

A. Ion-Exchange (IEC): Separates by net surface charge. 

B. Gel-Filtration (GF): Separates by size/shape (Stokes radius). 

This orthogonal approach guarantees a higher degree of final purity than using two steps 

based on the same principle (e.g., two different IEC columns). A contaminant that co-elutes 

in IEC due to similar charge will almost certainly be separated in GF due to a different size, 

and vice-versa. 

2. High Resolution and Purification Power 

A. IEC as a Workhorse: Modern IEC resins offer high dynamic binding 

capacity and excellent resolution, especially with gradient elution. It can efficiently handle 

large volumes of crude extract, concentrating the target protein while removing >90% of 

contaminants in a single step. 

B. GF as a Polishing Step: GF provides superb final polishing, removing: 

1. Aggregates: High-molecular-weight protein aggregates. 

2. Degradation Products: Low-molecular-weight fragments. 

3. Buffer Components: Efficiently exchanges the protein into a desired, compatible final 

buffer (e.g., a non-amine buffer for storage or a specific buffer for assays). 

3. Preservation of Native Conformation and Bioactivity 

A. Non-Denaturing Conditions: Both techniques are performed under gentle, aqueous, 

physiological pH buffers. There is no need for organic solvents, harsh denaturants, or 

extreme pH shifts that could irreversibly denature the protease inhibitor and destroy its 

activity. 

B. Maintenance of Tertiary Structure: The target protein remains in its native, folded state 

throughout, which is absolutely critical for a molecule whose function (inhibition) depends 

on a precise 3D active site conformation. 

4. Inherent Characterization Data 

Each step provides valuable biophysical characterization data as a direct byproduct of purification: 
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A. From IEC Elution Profile: The salt concentration (or pH) at which the inhibitor elutes 

provides a strong indication of its net surface charge at the working pH, informing about 

its isoelectric point (pI). 

B. From GF Elution Profile: The elution volume allows for estimation of the native molecular 

weight by comparison with standard proteins. This confirms if the inhibitor is a monomer or 

oligomer in solution. 

5. Scalability and Reproducibility 

A. Linear Scalability: Both IEC and GF are easily scalable. The conditions optimized on small 

analytical columns (e.g., 1 mL) can be directly translated to larger preparative columns (e.g., 

100 mL) for bulk purification without changing the fundamental separation mechanics. 

B. High Reproducibility: Once buffer compositions, pH, and gradient slopes are defined, the 

protocol yields highly reproducible results across multiple runs, which is essential for 

research continuity and potential industrial application. 

PRACTICAL & ECONOMIC ADVANTAGES 

Cost-Effectiveness and Accessibility 

1. Low-Cost Stationary Phases: Compared to affinity chromatography (which requires 

expensive ligand-coupled resins), IEC and GF resins are relatively inexpensive, robust, and 

have long lifespans with proper regeneration. 

2. No Need for Specialized Tags/Ligands: The protocol is ideal for native protein purification. It 

does not require genetic engineering to introduce tags (like His-tag) or prior knowledge of a 

specific affinity ligand, making it universally applicable to any plant source. 

Simplicity and Streamlined Workflow 

1. Minimal Pre-treatment: The crude extract often requires only clarification 

(centrifugation/filtration)  nd buffer exchange (via dialysis or desalting) before loading onto 

the IEC column. 

2. Clear Logical Sequence: IEC first makes sense because it handles large, dirty samples well 

and provides a major purification boost. GF follows logically as it requires a smaller volume, 

cleaner sample to function optimally and provide fine resolution. 

3. Compatibility with Downstream Analysis 

The final, purified sample from GF is in a well-defined, salt-based aqueous buffer, which is: 

• Directly compatible with most functional assays (enzyme inhibition kinetics). 
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• Ready for concentration via ultrafiltration. 

• Suitable for downstream applications like electrophoresis (SDS-PAGE, Native-PAGE), mass 

spectrometry, crystallization trials, or further chromatographic steps if needed. 

STRATEGIC & OUTCOME-ORIENTED BENEFITS 

1. Enables Accurate Functional & Kinetic Analysis 

Pure protein is a prerequisite for meaningful science. This protocol yields a preparation where 

the measured inhibitory activity can be unequivocally attributed to the target protein, allowing for 

the determination of precise kinetic parameters: 

A. Inhibitor Constant (Ki) 

B. Molar Specificity 

C. Mechanism of Inhibition (competitive, non-competitive, etc.) 

2. Foundation for Advanced Structural Studies 

The high purity and native conformation of the final product are the mandatory starting points for 

advanced structural biology: 

A. X-ray Crystallography: Requires highly pure, homogeneous, and concentrated protein. 

B. Nuclear Magnetic Resonance (NMR) Spectroscopy. 

C. Detailed Structure-Function Relationship Studies. 

3. Provides a Versatile Platform Protocol 

The developed method is not limited to chickpea. It serves as a blueprint template for the 

purification of protease inhibitors (and many other soluble, stable proteins) from virtually any 

legume or plant source, with only minor optimizations (e.g., adjusting extraction buffer or IEC pH). 

4. Demonstrates Foundational Biochemical Principles 

The execution and analysis of this protocol provide a comprehensive pedagogical exercise, illustrating 

core concepts in protein chemistry: protein stability, charge-based interactions, hydrodynamic 

properties, and the rationale behind multi-step purification design. 

 SUMMARY TABLE OF KEY STRONG POINTS 
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Category Strong Point Direct Benefit 

Scientific Orthogonal Separation 
Maximizes final purity by removing 

contaminants that co-purify in a single mode. 

Scientific 
Preservation of Native 

State 

Ensures the isolated inhibitor is fully functional 

and biologically relevant. 

Scientific Inherent Characterization 
Provides data on molecular weight and charge 

during purification. 

Practical Cost-Effective & Accessible 
Uses widely available, durable resins with no 

need for expensive tags/ligands. 

Practical Gentle & Non-Denaturing 
Maintains protein activity and structure 

throughout the process. 

Practical Scalable & Reproducible 
Conditions can be scaled from lab bench to 

pilot plant with consistent results. 

Strategic Enables Precise Science 
Pure protein allows for accurate kinetic, 

functional, and structural studies. 

Strategic 
Foundation for 

Applications 

Essential step for nutraceutical, 

pharmaceutical, or agricultural development. 

 

The sequential use of Ion-Exchange and Gel-Filtration Chromatography represents a classical, 

powerful, and elegant strategy for protein purification. For protease inhibitors from chickpea seeds, 

it leverages their inherent biochemical properties (charge and size) to achieve high-purity, active 

preparations through a logical, efficient, and scientifically sound pathway. Its strengths lie in its 

robust separation power, gentle handling of the target molecule, and the provision of a versatile 

platform for both fundamental research and applied biotechnology. 
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Weak Points of Present Research Study 

1. Does not identify the PI type (e.g., Bowman-Birk or Kunitz) without sequencing. 

2. Small-scale laboratory preparation; scaling up may require optimization. 

3. No in vivo biological validation of inhibitory activity. 

Current Trends of Present Research Study 

1. Multifunctional PIs: Beyond inhibition—roles in signaling and stress response. 

2. Structural Biology: Crystal structures of plant PIs to understand mechanism. 

3. Transgenic Crops: Engineering PI genes for pest resistance. 

4. Nutraceuticals: Use of PI-rich extracts in functional foods and supplements. 

History of Present Research Study 

1. 1940s: Discovery of soybean trypsin inhibitor (Kunitz). 

2. 1960s: Bowman-Birk inhibitor characterized. 

3. 1980–2000: Expansion of PI research in legumes for nutritional and ecological studies. 

4. 2000s–Present: Chickpea genome sequencing enabled identification of PI genes; focus shifted 

to biotechnological applications. 

Results of Present Research Study 

1. Purification Table: Shows step-wise increase in specific activity and fold purification. 

2. Chromatograms: Elution profiles from ion-exchange (single active peak at 0.3M NaCl) and gel-

filtration. 

3. SDS-PAGE: Single band at ~18 kDa after final step. 

4. Activity: pH optimum 7–8; thermal stability up to 60°C; IC₅₀ ~2.5 µg/mL against trypsin. 

Discussion of Present Research Study 

The two-step chromatography effectively removed contaminating proteins, yielding a homogeneous 

PI. The molecular weight (~18 kDa) suggests it may belong to the Bowman-Birk family (typically 8–20 

kDa). Stability under moderate heat and pH indicates resilience to food processing conditions. Higher 

specific activity compared to crude extract confirms efficacy of the protocol. Comparison with PIs from 

other legumes shows similar inhibitory potency. The presence of such PIs in chickpea may explain its 

relative pest resistance. 
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Conclusion of Present Research Study 

A trypsin inhibitor was successfully purified from chickpea seeds using ion-exchange and gel-filtration 

chromatography. The inhibitor is a low-molecular-weight, stable protein with potent activity. This work 

provides a foundational method for isolating chickpea PIs for further research in nutrition, agriculture, 

and biomedicine. 

Suggestions and Recommendations of Present Research Study 

1. Use HPLC or FPLC for higher resolution. 

2. Perform N-terminal sequencing or mass spectrometry for identification. 

3. Test inhibition against a broader panel of proteases (e.g., chymotrypsin, elastase). 

4. Evaluate in vitro anticancer or anti-inflammatory activity. 

5. Optimize large-scale purification for potential industrial use. 

Future Scope of Present Research Study 

1. Gene Cloning & Expression: Produce recombinant chickpea PI in microbial systems. 

2. Structural Analysis: Determine 3D structure to understand inhibitory mechanism. 

3. Crop Protection: Develop transgenic plants expressing chickpea PI for insect resistance. 

4. Clinical Studies: Investigate therapeutic potential in metabolic or neoplastic diseases. 

5. Food Science: Engineer PI-deficient chickpea varieties to improve nutritional profile. 
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