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Abstract 
Capsicum annuum L. was initially domesticated in Mexico and northern Central America, and re- 
presented an ancient Neotropical plant food complex. The purpose of this paper is to report the 
isolation and purification of a novo-member of a protease inhibitor from jalapeño pepper (Capsi- 
cum annuum L.) (PIJP). The molecular weight of PIJP inhibitor is 5.95 kDa with 56 amino acids and 
6 Cys residues with high inhibitory activity to trypsin with a Ki value of 95 nM. This inhibitor 
according to the alignment with homologous from NCBI and Pfam databases is a member of 
proteinase inhibitors II. It is worthwhile to mention a major compositional difference between the 
proteinase inhibitor II families which have 8 Cys residues. PIJP is the first purified proteinase 
inhibitor, member of this family with only 6 Cys residues. 
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1. Introduction 
The genus Capsicum (vegetable pepper) was initially domesticated in Mexico, northern Central America and the 

http://www.scirp.org/journal/abb
http://dx.doi.org/10.4236/abb.2014.57078
http://dx.doi.org/10.4236/abb.2014.57078
http://www.scirp.org
mailto:soriano@unam.mx
http://creativecommons.org/licenses/by/4.0/


J. P. Carrillo-Montes et al. 
 

 
662 

Andean region of South America. Five species, among 38 in the genus [1], were independently domesticated 
and had been cultivated primarily for use as a spice and vegetable for thousands of years [2]. Capsicum varie- 
ties have diverse uses as food products like fresh or processed vegetables, spices or even as medicines and pest 
control, which make this crop of immense cultural and economic importance [3]. 

In Mexico, the pepper fruits (Capsicum annuum L.) are important vegetables usually consumed both as a food 
and as a spice. The chili pepper is a major commercial crop in Mexico, accounting for over 1,990,000 tons of 
production in 2009. Of these, 618,684 tons were Jalapeño peppers and 216,717 tons were Serrano peppers [4]. 
These two pepper species are most commonly consumed in a raw state (e.g., green salads, sauces), both in Mex-
ico and other countries. Capsicum annuum L., popularly known in Mexico as “chile”, has a very large number 
of varieties, and only a few have been studied in detail. Although C. annuum L. is originally from the American 
Continent, its use has spread to many countries all around the world. Some applications are related to their va-
ried flavour while others are related to their colour [3] [5]. 

The jalapeño pepper, also known as the Mexican pepper, has been broadly used since Pre-hispanic time as 
food, antimicrobial and other medical applications [6]. 

The protease inhibitors (PIs) are storage proteins that perform essential roles in plant survival, acting as mole- 
cular reserves that are important for plant growth and maintenance, as well as being involved in defense me-
chanisms [7]-[9]. PIs are found in both germinative tissue, such as seeds and kernels, and vegetative tissue, as 
tubercles and leaves [10] [11]. PIs share a common trait, the ability to form complexes with proteinases, causing 
the enzymes to lose their biological activity [12]. 

Based on the primary and spatial structure characteristics, including the number and position of the disulfide 
bonds and the active sites, the plant protease inhibitors are classified in families and clans (A clan of peptidase 
inhibitors contains all the inhibitors from a single evolutionary origin of inhibitors) [13]-[15]. 

The inhibitors of family I20 (proteinase II o potato II) are produced as part of a response by plants of the So- 
lanaceae family by the attack from pathogens. Tamhane et al. [16] demonstrated that tomato proteinase II will 
stop larval growth and development in Helicoverpa armigera. 

These plants PIs have been recently identified in several medical applications as anticarcinogenic, chemo- 
prevention agents of human prostate cancer, anti-inflammatory, radioprotector, and bioprotector of other bio-  
active compounds [17]-[20]. 

The purpose of this study is to report the isolation and purification of a protease inhibitor from jalapeño pep-
per (Capsicum annuum L.) and the determination of its inhibitory capacity against trypsin. 

2. Materials and Methods 
2.1. Materials 
Jalapeño pepper seeds (Capsicum annuum L.) of Don Benito variety, free of insecticide were kindly provided by 
M. in Sc. MoisesMeráz, from the Instituto Nacional de Investigaciones Forestales y Agropecuarias (INIFAP Ta- 
maulipas), México. Trypsin 10000 U BAEE, N-(α)-Benzoyl-L-Arginine Ethyl Ester (BAEE), Sephadex QAE, 
Sephadex G50 media were purchased from Sigma-Aldrich, Toluca, México. Thermo Scientific Pierce BCA 
Protein Assay Kit. 

2.2. Miscellaneous Methods 
Protein contents were estimated by Bicinconinic acid (BCA) with bovine serum albumin as a standard (1 
mg/mL), by a microplate procedure [21]. 

The homogeneity was evaluated by performing isoelectric focusing using Phast System apparatus from Phar- 
macia Biotech. Phast Gel IEF 3 - 9 was used together with a (Pharmacia) broad range PI calibration kit con- 
taining proteins with various isoelectric points. 

2.3. Trypsin Activity and Inhibitory Activity Assay 
Schwert and Takenaka [22] found that the absorption of BAEE is much weaker at 253 nm than that of N-(α)- 
benzoyl-L-arginine, hence the hydrolysis of the ester can be followed spectrophotometrically. With a volume of 
1.06 mL an optical density change of 1.085/min corresponds to the conversion of 1 μmol of substrate/min. 

The trypsin activity was measured using a 1 mL of 1 mM BAEE in Tris buffer pH 8 with 0.02 M CaCl2, add- 
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ing 10 μL of trypsin (0.235 mg/mL) and 50 μL of Tris buffer pH 8 with 0.02 M CaCl2. 
The trypsin activity is defined as the amount of substrate reacting (μmoles/min) per mg protein and calculated 

by using the Equation (1). 

( )( )254 1.085min  UA A mg enzyme= ∆                        (1) 

A control mixture was prepared by using 50 μL of a 20 mM Tris buffer pH 8 instead of the 50 μL of sample. 
The inhibitory activity was made using trypsin, adding 50 μL of extract instead of a buffer. The trypsin inhibi- 
tory activity is defined as unit’s trypsin activity inhibited per mg protein (jalapeño seeds extract) and calculated 
by using the Equation (2). 

( ) ( ) ref extractUAI UA UA mg protein= −                        (2) 

The inhibition constant Ki was calculated by using the Cha's equation [23] for a tight-binding inhibitor (Equa- 
tion (3)). 

( ) [ ]( )50 2 1i t mK I E S K= − +                             (3) 

where Et is the total enzyme concentration, [S] is the total substrate concentration, I50 is the inhibitor concentra- 
tion at which the velocity of the enzyme reaction was 50% of the uninhibited reaction, Km is the Michaelis con- 
stant and Ki is the inhibition constant or the dissociation constant of the enzyme-inhibitor complex. All measure 
was validated by t-student assay, results representative of three independent experiment; deviations dependent 
on seed quality (p > 95%). 

2.4. Sequence Determination 
For mass spectrometry measurements, the purified PIJP was dissolved in 20% acetonitrile/0.1% TFA in water. 
Protein solution (100 pmol) was diluted 200-fold in a saturated solution of α-cyano-4-hydroxycinnamic acid, in 
50% ethanol [24]. Enzymatic digestion of PIJP was carried out using trypsin and chymotrypsin (modified se- 
quencing grade). The enzyme was dissolved in 20 μL of 1 mM HCl to a final concentration of 1.25 μg/μL; 50 
μL of PIJP protein solution (1000 pmol) was reacted with 48 μL of 25 mM NH4HCO3 at pH 8.4 and 2 μL tryp-
sin solution. The mixture was agitated and incubated at room temperature for 3 h, and the solution was diluted 
200-fold in a matrix solution. The final peptide solutions were deposited on the sample slide of a Kratos (Man- 
chester, England) Kompact. MALDI IV-TOF spectrometer using the Autodrop System (Microdop, Norderstedt, 
Germany). The mass spectrometer was equipped with 337 nm pulsed N2 laser for MALDI ionization, and a 
curved-field reflectron for obtaining PSD spectra. The instrument was operated in the positive ion mode with 20 
kV extraction voltages. The N-terminal and fragment sequences were determined by automated Edman degrada- 
tion [25] on a gas-phase protein sequencer (LF 3000, Beckman Instruments, Irvine, CA) equipped with an online 
high performance liquid chromatography system (Beckman System Gold, Beckman Instruments, Irvine, CA). 
HPLC equipment included a diode array detector with settings at 268 and 293 nm for signal and reference, res- 
pectively. The HPLC column used was a Beckman Spherogel Micro PTH (2 mm - 150 mm) column; standard 
Beckman sequencing reagents were used for analysis. 

2.5. CD Spectroscopy 
Far-UV CD spectra of 0.1 mg/mL PIJP in Tris buffer pH 8 protein solutions were recorded at 25˚C in the spec- 
tral range from 190 to 260 nm on a Jasco J-715 spectropolarimeter (Jasco Spectroscopic Co., Ltd., Hachioji City, 
Japan) equipped with a Jasco PTC-423S temperature control unit using a quartz cuvette with an optical path of 
0.1 cm. The spectral resolution was 1 nm, the scan speed was 50 nm/min, and the response time was 4 s with a 
bandwidth of 1 nm. The measurements were made for three replicates and three scans were accumulated and 
averaged. The spectra were corrected for a protein-free sample. 

2.6. Extraction and Purification of Protease Inhibitor from Jalapeño Pepper (PIJP) 
0.2 Kg of finely ground jalapeño pepper seeds were subjected to extraction with 1L of 0.01 M phosphate buffer 
containing 0.1 M NaCl (pH 7.4) at room temperature for 3 h. The solution phase was separated by centrifugation 
at 4000 g for 30 min and the extraction was repeated with 1 L of the same buffer at 4˚C for 16 h and combined. 
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The solution phases were combined and acidified to pH 4.6 with HCl concentrated, heat-treated at 85˚C for 15 
min, cooled to room temperature and the precipitate formed was centrifuged at 4000 g for 15 min. The super- 
natant was subjected to precipitation with 80% (NH4)2SO4 then centrifuged at 20000 g for 30 min at 4˚C, the 
precipitated was dialyzed against distilled water at refrigerated temperature 4 ˚C then lyophilised. 

This material was applied on a QAE-25-120 Sephadex (1.7 × 50 cm) pre-equilibrated column with Tris 0.05 
M pH 8. After eluting the unbound proteins, a NaCl with stepwise gradient from 0, 0.05, 0.1, 0.2 and 1 M of 
NaCl in the same buffer was applied at a flow rate of 0.3 mL/min, every 100 mL each step. The fractions with 
the most trypsin inhibition were pooled, desalted and lyophilised. This material was re-purified on a Sephadex 
G-50 (2 × 66 cm) column and the fraction inhibiting trypsin was pooled and lyophilised. The sample homo- 
geneity was evaluated with MALDI-TOF-MS and isoelectric focusing chromatography. 

Homology sequences between PIJP inhibitor and other known related proteins were searched using the Basic 
Local Alignment Search Tool (BLAST) algorithm, Protein data bank (PDB) and Pfam databases. Multiple align- 
ments were carried out using Multiple Sequence Comparison by Log-Expectation (MUSCLE) on EMBL-EBI 
web service [26]. 

3. Results and Discussion 
3.1. Purification of Protease Inhibitor from Jalapeño Pepper 
Purification of PIJP was achieved by monitoring the trypsin inhibitory activity during the purification protocol. 
Table 1 summarizes the purification scheme that rendered a 302 fold increase in the final purification. The yield 
(1.49%) was calculated with the inhibitory activity and the protein content. The jalapeño pepper seeds are a rich 
source of proteins with approximately 13% of protein. From 0.2 Kg of seeds only 1.21 mg of pure PIJP inhibitor 
was obtained. 

Anion exchange chromatography of precipitated at 80% of (NH4)2SO4 and dialyzed showed six fractions, the 
fraction at 5% of Tris buffer pH 8, containing NaCl 1M, at 170 ml elution volume, showed 1658 UAI (Figure 
1(a)). The last step of purification was molecular exclusion (Figure 1(b)), using Sephadex G-50 to desalt and to  

 
Table 1. Steps summary and purification yields of PIJP inhibitor.                                                 

STEP Protein (mg) Yield (%) UAI (UA inhibited/mg) Purification 
Extraction 24482 100 27.53 1 

Precipitation (NH4)2SO4 80% 2388 95.56 269.7 9.8 
Sephadex QAE 37.04 9.11 1658 60.2 

Sephadex G-50 gel filtration 1.21 1.49 8315 302.0 

Results representative of three independent experiment; deviations dependent on seed quality (p > 95%). The yield was calculated with the inhibitory 
activity and the protein content. 
 

 
Figure 1. (a) Anion exchange chromatography (Sephadex QAE) of seed pepper extract, the dot line across the chromato- 
gram indicates inhibitory activity (UAI); (b) Elution profile of fraction with major inhibitory activity eluted from Sephadex 
QAE onto Sephadex G-50, the dot line across the chromatogram indicates inhibitory activity (UAI); (c) MALDI/MS spec- 
trum of the purified PIJP inhibitor; (d) Protease Inhibitor Jalapeño Pepper sequence, CID-MS technique.                  
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eliminate high weight molecular protein. The inhibitory activity increased almost five times (8315 UAI). Figure 
1(c) shows the MALDI/MS spectrum of the purified PIJP inhibitor and theoretical molecular weight of PIJP was 
5.954 kDa using its amino acid composition on EMBL-EBI web services [26] and agrees with experimental 
molecular weight determined by molecular exclusion and also with the MALDI-TOF-MS. The experimental 
isoelectric point using Phast Gel 3 - 9 was 8, and the theoretical isoelectric point at 7.66 on EMBL-EBI web ser- 
vices [26], the difference between them are must be molecular conformation. 

3.2. Amino Acid Sequence of PIJP and Structural Similarities 
The homogeneity was evaluated with MALDI-TOF-MS (Figure 1(c)) and isoelectric focusing chromatography; 
PIJP sequence was determinate by CID-MS (Figure 1(d)). Considering nr database, almost 100 sequences were 
found; PIJP sequence is member of proteinase inhibitors II or potato II family. The similarity was especially 
high with a value greater than 60%, in the case of the related proteinase inhibitor from genera Capsicum, Sola- 
num, Nicotiana, all are members of the Solanaceae family. All members of proteinase inhibitors II have four 
disulphide bridge unlike with PIJP (Figure 1 and Figure 2), that has six Cys residues; and has only tree disul- 
phide bridges, that were determined by mass spectrometry technique by reducing and alkylating all cysteine re- 
sidues. 

3.3. PIJP Characteristics and Inhibitory Activity 
Secondary structure of PIJP is predominant random coil almost 90%, it’s confirmed with secondary structural 
studies using circular dichroism and the Dicroweb software [27]. Some papers reported, proteinase inhibitor II 
contains a three-stranded β-sheet and four β-turns and four disulfide bridges stabilize the structure [28] [29]. The 
inhibitors from Solanceae family are part of the proteinase inhibitors II, with 6 - 21 kDa and 8 Cys residues and 
have high inhibitory activity to trypsin. 

The molecular weight of PIJP inhibitor is 5.95 kDa with 56 amino acids and 6 Cys residues, forming three 
disulfide bridges, determined by mass spectrometry technique by reducing and alkylating all cysteine residues. 
These disulfide bridges are very important to maintain biological activity and secondary structure of proteinase 
inhibitors [30]. 

The calculated I50 value of PIJP was 641 nM (Figure 3(a)), using Cha’s equation [23] for tight binding, the Ki 
is 95 nM (Figure 3(b)), has a lower affinity than PSI-1.1 (Ki 0.48 nM) and PSI-1.2 (47 nM) in bell pepper (Cap- 
sicum annuum L.) [11] and higher affinity than PIs from Lycopersicon esculentum (Ki 200 nM) [14]. 

4. Conclusions 
The molecular weight of PIJP inhibitor is 5.95 kDa with 56 amino acids and 6 Cys residues forming three-  
disulphide bridge. Considering NR database, PIJP sequence is a member of proteinase inhibitors II or potato II 
family with 62% of identity. All members of proteinase inhibitors II have four-disulphide bridge in contradis- 
tinction to PIJP, which has six Cys residues. 

PIJP has good inhibitory activity to trypsin with a Ki value of 95 nM, and it has a bit less affinity than Ki 0.48 
nM of PSI-1.1 and Ki 47 nM of PSI-1.2 from Capsicum annuum and higher than PIs from Lycopersicon escu-
lentum (Ki 200 nM). 
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Figure 2. Graphical representation of PIJP sequence alignment using Multiple Sequence Comparison by Log-Expectation 
(MUSCLE) on EMBL-EBI web service [26], using WebLogo [31]. PIJP homology sequences were searched with BLAST 
using NR protein sequence and were exclude sequences that have been expressed on other organisms.                      
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Figure 3. Effect of PIJP against trypsin activity. (a) An curve of trypsin inhibition by PIJP, enzyme 
activity was inhibited by increased amount of PIJP and inhibitory activity was monitored using BAEE 
as substrate. The 100% of activity refers to the absorbance without PIJP. I50 was defined as the con- 
centration of PIJP required for achieved 50% inhibition for achieved 50% inhibition of enzyme. Each 
mean represents 5 replicates (p > 95%); (b) Double-reciprocal plot of V0 and [S], triangle represent 
trypsin activity without inhibitor and square represent inhibition of trypsin by PIJP.                  
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Abbreviations 
BAEE: N-(α)-benzoyl-L-arginine ethyl ester 
BCA: Bicinconinic acid to determinated protein 
BLAST: Basic local alignment search tool algorithm 
CD: Circular dichroism 
CID-MS: Collision-induced dissociation mass spectrometry, 
Et: Total enzyme concentration 
I50: Inhibitor concentration at which the velocity of the enzyme reaction was 50% of the uninhibited reaction 
Ki: Inhibition constant  
Km: Michaelis constant 
MALDI-TOF-MS: Matrix-assisted laser desorption/ionization time of flight mass spectrometry 
MUSCLE: Multiple sequence comparison by Log-Expectation  
PIJP: Protease inhibitor from jalapeño pepper (Capsicum annuum L.) 
TFA: Trifluoroacetic acid 
UA: Unit trypsin activity 
UAI: Units trypsin activity inhibited 
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