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ABSTRACT

Objective : The aim of this study was to screen the antimicrobial activity of trypsin-digested peptides isolated from the protein extracts of Valeriana 
hardwickii and Senna obtusifolia.

Methods: The proteins were extracted from the leaves of V. hardwickii and S. obtusifolia which were analyzed using sodium dodecyl sulfate-
polyacrylamide gel electrophoresis. The protein extracts were digested using trypsin which was identified using reverse-phase high-performance 
liquid chromatography analysis. Further, the antimicrobial efficacy of the digested peptides was investigated.

Result: Peptide extracts of V. hardwickii exhibited potent antifungal and antibacterial activity at the maximum concentration of 1.5 mg/ml. Similarly, 
S. obtusifolia exhibited increased antifungal and antibacterial activity at the concentration of 1.44 mg/ml.

Conclusion: The trypsinized extracts of V. hardwickii and S. obtusifolia were plated against Bacillus subtilis which is a promising antibacterial agent.

Keywords: Valeriana hardwickii, Senna obtusifolia, Sodium dodecyl sulfate-polyacrylamide gel electrophoresis, Reverse-phase high-performance 
liquid chromatography, Antifungal, Antibacterial.

INTRODUCTION

Use of plants as a source of medicine has been an ancient practice and 
is an essential component of the health-care system in India. Ayurveda 
form of medicine is considered to be existent in India for thousands 
of years. It employs various techniques to provide healing or relief 
to the ailing patients. The medicinal value of plants [1] lies in some 
chemically active substances that produce a definite physiological 
action on the human body. The important bioactive constituents of the 
plants are alkaloids, tannins, flavonoids, and phenolic compounds [2,3]. 
The evolving commercial importance of secondary metabolites has 
in recent years resulted in a great interest in secondary metabolism, 
particularly in the possibility of altering the production of bioactive 
plant metabolites using tissue culture technology. Many efforts have 
been made to discover new antimicrobial [4,5] compounds from 
diverse sources such as soil, microorganisms, animals, and plants. The 
aim of this study is to isolate and identify the biologically active trypsin-
digested peptides from Valeriana hardwickii and Senna obtusifolia.

METHODS

Plant materials and reagents
Fresh leaves of V. hardwickii and S. obtusifolia were collected and 
authenticated (by Dr. P. Jayaraman, Director of Plant Anatomy Research 
Centre, Chennai). All buffers and chemicals used were of analytical grade.

Protein extraction
Leaves of V. hardwickii and S. obtusifolia were washed with distilled 
water and shade dried. The dried leaves were ground to fine powder. 
About 5  g of powdered leaf sample was extracted with 50  ml of 
extraction buffer consisting of 10 mM Na2HPO4, 15 mM NaH2PO4, 
10 mM KCl, and 2mM EDTA (pH 7.0) and kept in constant stirring for 3 h 
at 4°C. The contents were filtered and centrifuged at 5000×g for 20 min. 
The crude supernatant was lyophilized and kept for further use. The 
crude supernatant (lyophilized) was further processed by ammonium 

sulfate for precipitation of proteins with various saturation limits from 
20 to 80%. The concentrations of proteins present in the precipitated 
samples were estimated by Bradford assay [6].

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE)
SDS-PAGE is a widely used technique to separate proteins depending 
on their electrophoretic mobility [7,8]. About 20 µl of the crude 
supernatant was loaded into Lanes 2 and 4 of the gel and Lane 1 
represents the protein marker of size 66.4 kDa. The gel was kept under 
electrophoretic run for 90  min at 50 V and the protein bands were 
detected. The concentration of the protein test samples was identified 
using Lowry’s method [9].

Enzyme digestion of the crude proteins
The protein bands were cut from the gel and cut into smaller pieces and 
placed in a microcentrifuge tube. 200 µl of wash solution was added 
and incubated overnight at room temperature. 200 µl of acetonitrile 
was added and dehydrated at room temperature for 10  min, and the 
excess acetonitrile was removed from the sample. The gel pieces were 
dried at ambient temperature in a vacuum centrifuge for 2–3  min. 
30  µl of 10 Mm DTT was added and the protein was reduced for 
30 min at room temperature. The gel pieces were washed with 200 µl 
of acetonitrile for 5 min. The gel pieces were rehydrated in 200 µl of 
100  Mm ammonium bicarbonate. The samples were incubated for 
10  min at room temperature and washed with 200 µl of acetonitrile 
for 5 min. 30 µl of trypsin was added to the sample, and the gel pieces 
were allowed to rehydrate in ice for 10 min with vortex mixing. The gel 
pieces were centrifuged for 30 s. 5 µl of 50 mM ammonium bicarbonate 
was added to the sample and mixed. The sample was centrifuged for 
30 s and incubated overnight at 37°C. 30 µl of 50 Mm ammonium 
bicarbonate was added to the digest and the sample was incubated for 
10 min with vortex mixing. The digest was centrifuged for 30 s and the 
supernatant was collected [10].
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Reverse-phase high-performance liquid chromatography 
(RP-HPLC) analysis of the peptide extracts
The organic solvent was removed from the RP-HPLC [11,12] column 
with degassed water using a gradient from 100% organic solvent 
to 100% water over 15  min at 1  ml/min. Detection settings are 
0.1 Absorption Units Full Scale (AUFS) at 210–220 nm for 50–200 per 
mole peptide. Convenient AUFS settings are 0.3 for 500 per mole, 0.5 for 
1 nmol, and 1.0 for 2 nmole. The RP peptide standards and the digestion 
mixture of peptides were centrifuged at 5000 g for 5 min. An aliquot 
of the solution was removed from the HPLC syringe and the injection 
loop was loaded. For digestion mixture of peptides from a protein of 
interest, the injection volume can be significantly larger. The mixture 
was injected and the RP-HPLC column was run at 1 ml/min.

Evaluation of antimicrobial activity of peptide extracts
A volume of 25 ml of LB Agar was poured onto the Petri plates and allowed 
to solidify. 0.1% of the culture was swabbed onto the surface of the media 
and allowed to dry for 5 min. The loaded discs were placed on the surface 
of medium and the compounds were allowed to diffuse for 5 min and the 
plates were kept for incubation at 37°C for 24 h. The positive control used 
was ceftriaxone. Negative control used was trypsin [13,14]. 25 ml of the 
potato dextrose agar was poured onto the Petri plates and allowed to 
solidify. 0.1% of the subculture was swabbed onto the surface of the media 
and allowed to dry for 5 min. Positive control used was Ketoconazole. The 
negative control used was trypsin solution [15-17].

RESULTS

The concentration of proteins of V. hardwickii and S. obtusifolia was 
found to be 1.5 mg/ml, 1.4 mg/ml, respectively [18]. Molecular weight 
analyses of the crude supernatant depicted the presence of proteins in 
the range of 15–20 kDa as showed in Fig. 1, using bovine serum albumin 
(protein marker) [19].

The peptides of V. hardwickii and S. obtusifolia were identified by 
performing RP-HPLC. The results are showed in Fig. 2A and B.

Antimicrobial assays of peptide extract of V. hardwickii and S. obtusifolia 
depict significant results as shown in Fig. 3 and 4.

DISCUSSION

Antimicrobial peptides (AMPs) are considered to play important roles 
in the innate host defense mechanisms of most living organisms. Plants 
generally produce many secondary metabolites which are an important 
source of microbicides, pesticides, and various pharmaceutical drugs 
[20]. The peptide extracted from V. hardwickii and S. obtusifolia was 
digested using trypsin and the antimicrobial activity was performed. 
The trypsinized peptides were further analyzed with RP-HPLC [21] 
and various retention time periods were observed ranging from 1.936 
to 27.162  min for V. hardwickii and S. obtusifolia. Peptide extracts of 
V. hardwickii exhibited potent antifungal and antibacterial activity 
[22-30] at the maximum concentration of 1.5  mg/ml. Similarly, S. 
obtusifolia exhibited increased antifungal and antibacterial activity 
at the concentration of 1.44  mg/ml. Previous studies reported about 
lunatusin, a peptide with molecular mass of 7  kDa purified from 
Chinese lima bean (Phaseolus lunatus L.) which exerted antibacterial 
and antifungal activities. Another peptide, named vulgarinin, from 
seeds of haricot beans (Phaseolus vulgaris), with a molecular mass of 
7 kDa also showed antibacterial activity [31,32].

CONCLUSION

Peptide extracts of V. hardwickii, S. obtusifolia exhibited potent 
antimicrobial activity depicting remarkable inhibition of the bacterial 
and fungal growth. Further, the results achieved in this study provide 
the potential use of AMPs to develop antioxidant, antibacterial, 
antifungal, and anti-inflammatory agents. Isolation and purification of 
peptides from V. hardwickii and S. obtusifolia have framed a pathway for 
the development of peptide-based drug delivery.
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Fig. 1: Sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
analysis of the peptide extracts of Valeriana hardwickii and Senna 

obtusifolia. Lane1: Bovine serum albumin (standard protein 
marker 66.4 KDa), Lane 2: Crude supernatant of V. hardwickii, 

Lane 4: Crude supernatant of S. obtusifolia

Fig. 2: (a) Reverse-phase high-performance liquid chromatography (RP-HPLC) analysis of the peptide sample of Valeriana hardwickii 
(b) RP-HPLC analysis of the peptide sample of Senna obtusifolia
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Fig. 3: Antibacterial activity of digested peptides of Valeriana 
hardwickii and Senna obtusifolia against Bacillus subtilis

(A) Positive control (Ceftriaxone), (B) digested peptide sample 
of V. hardwickii, (C) digested peptide sample of S. obtusifolia, 

(D) negative control (Trypsin) 

Fig. 4: Antifungal activity of digested peptides of Valeriana 
hardwickii and Senna obtusifolia against Coriolus versicolor. 

(A) Negative control (Trypsin), (B) positive control (Ceftriaxone), 
(C) digested peptide sample of S. obtusifolia, (D) digested peptide 

sample of V. hardwickii


