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1.  Introduction 

A diverse flora of medicinal plants has been used worldwide since ancient times as a part of 

traditional, folklore, Unani, Siddha as well as Ayurveda systems of healthcare to cure many 

complex maladies (Patwardhan et al. 2004; Vaidya and Devasagayam 2007; Ekor 2014). As 

per WHO estimates, more than 60% of the world population prefers natural products for 

primary health care, where the plant-based products outnumber any other natural products in 

respect of safety, cost-effectiveness and efficacy (Ekor 2014; Atanasov et al. 2015; WHO 

2019). It is worth mentioning that the therapeutic use of most of traditional herbal 

formulations stemmed from empirical knowledge rather than precise interpretation of the 

active components present in these multi-compound mixtures (Ekor 2014; Anand et al. 2019). 

As a result, there is a remarkable interest in exploring traditionally known medicinal properties 

of various plant species and the potential phytochemical constituents using elaborate scientific 

approaches, thereby expanding the chemical-structural scaffold libraries for novel drug 

development (Sen and Chakraborty 2016; Anand et al. 2019; Lautie et al. 2020; Atanasov et 

al. 2021).  

A heterogeneous array of phyto-biologics such as alkaloids, flavonoids, polyphenols, phenolic 

acids, glucosinolates, saponins, isothiocyanates, tannins, carotenoids, peptides, proteins, etc. 

with broad spectrum bioactivities and pharmacological properties have been identified from 

several plant species (Campos-Vega and Oomah 2013; Mohanraj et al. 2018). Among these 

bioactive molecules, plant-derived antimicrobial peptides which are produced as a part of 

plant defense mechanism encompass a distinct chemical space in natural product-based drug 

discovery due to their unique structural stability as well as functional characteristics.  

 

1.1. Cationic Antimicrobial Peptides 

Cationic Antimicrobial Peptides (CAPs) are ubiquitous natural antibiotics that exist in almost 

all organisms as an important constituent of the innate immune system. As an evolutionarily 

ancient molecular weapon, CAPs played an inevitable role in successful evolution of 

multicellular organisms (Hancock 1999; Zasloff 2002; Reddy et al. 2004; Jenssen et al. 2006; 

Rathinakumar and Wimley 2010; Lei et al. 2019). In general, they share many common 

characteristic features such as: 
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• Short chain length – usually of <100 amino acid residues and Mol. wt. <10kDa. 

• Cationic or basic nature at physiological pH. 

• Consisting of two or more basic amino acids (arginine or lysine) and at least 50% 

hydrophobic amino acid residues. 

• Amphipathic nature, the alignment of hydrophilic and hydrophobic amino acid 

residues allowing electrostatic and hydrophobic interaction with lipid bilayers of 

microbial cell membranes. 

• Broad spectrum bioactivities and immuno-modulatory effects.  

The CAPs are expressed by specific sets of genes that are either constitutive or inducible by 

external stimuli (Rathinakumar and Wimley 2010; Lei et al. 2019). They exhibit diverse 

structural features which are primarily based for their defensive functions (Koehbach and 

Craik 2019). Majority of CAPs that have been isolated from insects, animals and plants are 

linear peptides that fold into their final conformation upon interacting with microbial 

membranes (Brogden et al. 2003; Nawrot et al. 2014; Wu et al. 2018). Nevertheless, the 

presence of cysteine-rich cyclic peptides was also reported from all major life forms (Nagy et 

al. 2015; Mikulass et al. 2016). Based on their secondary structures, antimicrobial peptides 

have been classified into four groups:  

i. α-helical peptides – with hydrophobic and hydrophilic amino acid residues aligned 

along opposite sides and forming helical structures (Tossi et al. 2000).  e.g. Magainin, 

Cecropin A, Cathelicidin, Melittin, Dermaseptin, etc. 

ii. Peptides with β-sheet structure – with one or two disulfide bridges and forming hairpin 

or loop like structures (Jin et al. 2005). e.g. Lactoferricin, Tachyplesin 

iii. Cysteine-rich peptides – with more than two intramolecular disulfide bonds (Nagy et 

al. 2015; Mikulass et al. 2016).  e.g. Human defensins (HNP-1, 2 &3), plant defensins. 

iv. Peptides rich in specific amino acids such as arginine, histidine, glycine and tryptophan 

or proline (Huan et al. 2020). e.g. Histatin (histidine), coleoptericin (glycine), 

tritripticin, holotricin (glycine & histidine), pyrrhocoricin (proline), indolicidin 

(tryptophan). 
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1.2. Modes of action of CAPs 

Mode of action of CAPs is heavily reliant on their structural as well as molecular features 

(Bechinger and Gorr 2017; Huan et al. 2020). Their cationic or basic nature facilitates 

electrostatic interaction with negatively charged microbial membrane components, while the 

hydrophobic nature facilitates membrane penetration, which finally leads to the disruption of 

microbial cells (Li et al. 2017). Microbicidal effects exerted by CAPs may vary for different 

microbial species. While phospholipid bilayers of microbial cell membranes are mainly 

targeted for peptide activity, growing evidences suggest that some CAPs could cross the 

microbial membrane and interfere with intracellular activities such as DNA or protein 

synthesis, cell wall synthesis and protein folding (Cascales et al. 2011; Buccini et al. 2021).  

Several hypothetical models have been proposed to explain the interactions of CAPs with 

phospholipid bilayers of microbial membrane and their mechanism of antimicrobial action 

(Wimley 2010; Kumar et al. 2018; Raheem and Straus 2019): 

a) The barrel stave model – according to this model the hydrophilic and hydrophobic 

regions of α-helical peptide monomers contact with head groups and acyl chains of 

membrane phospholipids, respectively, assemble at the membrane surface and form 

transmembrane pores with the hydrophilic region of the peptide on the luminal side. 

This dissipates the transmembrane potential of microbial cells. Non-ribosomally 

synthesized Alamethicin (Trichoderma viridae) and gene-encoded Pardaxin from Red 

Sea Moses specifically act based on this model (Wimley 2010; Kumar et al. 2018; 

Raheem and Straus 2019). 

 

b) The carpet model or the detergent model – this model suggests that the peptides 

electrostatically bind with microbial membrane components such as teichoic acids of 

Gram-positive bacteria and lipopolysaccharides of Gram-negative bacteria and traverse 

the phospholipid bilayer by forming a carpet-like structure. The accumulation of 

peptides up to a threshold concentration collapse the phospholipid bilayer and cause 

cell disruption. This model described the activity of human Cathelicidins, Dermaseptin 

from the frog genus Phyllomedusa and Cecropin from hemolymph of the giant silk 

moth Hyalophora cecropi (Wimley 2010; Kumar et al. 2018; Raheem and Straus 

2019). 
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c) The toroidal pore model – which describes the activity of Magainins (Xenopus laevis), 

Protegrins (porcine leukocytes) and Melittin (honeybee venom). Here the peptides 

aggregate on the microbial membrane by interacting with phospholipid head groups of 

lipid monolayers and form toroidal shaped transmembrane pores with inner peptide 

lining and lipid flip-flop characteristics (Wimley 2010; Kumar et al. 2018; Raheem and 

Straus 2019).  

 

d) The aggregate or channel-forming model – is similar to the toroidal model, with subtle 

variations. The peptides aggregate on the microbial membrane in a concentration or 

voltage dependent manner by electrostatically interacting with membrane cardiolipins, 

followed by peptide oligomerization, membrane permeabilization and pore formation. 

This model applies to the activity of Sapecin from Sarcophaga peregrina and 

Mastoparan from wasp venom (Wimley 2010; Kumar et al. 2018; Raheem and Straus 

2019). 

 

1.3. CAPs from Plant sources 

Cationic peptides with broad spectrum antimicrobial activity against phytopathogens as well 

as human pathogens have been isolated from different plant parts including stem, root, leaves, 

flowers and seeds of various species (Nawrot et al. 2014; Li et al. 2021). Most of the plant 

antimicrobial peptides are cysteine-rich, with multiple disulfide bonds that form stable 

compact structures resistant to chemical, thermal and proteolytic degradation (Craik et al. 

1999; Weidmann and Craik 2016). Plant peptides were classified into many subgroups mainly 

based on amino acid composition and structural characteristics (Tam et al. 2015; Li et al. 

2021). The major families of plant antimicrobial peptides include thionins, defensins, hevein-

like peptides, knottin-type peptides, cyclotides, snakins, lipid transfer proteins, α-hairpinin 

families and other unclassified Cys–rich peptides.  

i. Thionins: They are prototypic cationic peptides with 45-48 amino acid residues and 3-

4 disulfide bonds. They are ribosomally expressed and their expression can be induced 

upon microbial invasion (Florack and Stiekema 1994). Thionins elicit microbial 

toxicity by directly interacting with microbial membrane lipids. More than 100 distinct 

thionins have been identified from monocot and dicotyledonous plants. Based on 
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ii. structural folding, thionins are classified into three types viz., α, β and γ thionins (Stec 

2006). The α/β thionins are divided into five subclasses: Type I thionins 

(Purothionins), Type II (Hordothionins), Type III (Viscotoxins), Type IV (Crambins) 

and Type V (Hellothionin).  

 

iii. Defensins: They are the most abundant plant AMPs, being basic, cysteine–rich with 4–

5 disulfide bonds and generally consisting of 45–54 amino acids (Lacerda et al. 2014). 

They are involved in diverse biological functions including antimicrobial activity, 

biotic stress response, trypsin and α-amylase inhibitory effects, plant growth and 

development, etc. Majority of defensins were identified from seeds and roots. Plant 

defensins are reported to be highly stable at high temperature (>85°C), low pH, and in 

proteolytic and oxidative environments (Lacerda et al. 2014; Sher Khan et al. 2019). 

Two types of defensins have been identified based on the number of Cys–residues: 

8C–defensins (NaD1, Fabatins) and 10C defensins (PhD1, PhD2).  

iv. Hevein–like peptides: They are basic peptides of 29–45 amino acids, with 3–5 disulfide 

bonds, besides several Cys and Gly residues and conserved aromatic amino acid 

residues as present in hevein domains of lectins (Slavokhotova et al. 2017). Similar to 

the hevein lectins, hevein-like peptides inhibit the growth of fungal pathogens by 

targeting chitin in fungal cell walls (Porto et al. 2012). The WAMP, a 10C hevein like 

peptide from seeds of Triticum kiharae was reported to have high inhibitory activity 

against plant, fungal as well as bacterial pathogens (Odintsova et al. 2009).   

 

v. Knottin–type peptides: They are small, basic, mostly linear peptides, composed of ~30 

amino acid residues. The Cys–residues (6C) of these peptides with conserved disulfide 

bonds form a cysteine knot motif, hence being collectively known as Cysteine-knot 

peptides (Silverstein et al. 2007). They are considered as the largest groups of plant 

cationic peptides with distinct molecular structures and sequence diversity. Majority of 

plant knottin–type peptides are identified as enzyme (α-amylase or protease) inhibitors 

exhibit high chemical, thermal and enzymatic stability. They serve an important role in 

plant immune response by conferring antimicrobial, insecticidal and pesticidal 

activities (Molesini et al. 2017).  PAFP-S isolated from Phytolacca americana seeds 

models the typical structure of knottin–type antifungal peptides, while Mj-AMP1 and 



7 
 

vi. Mj-AMP2 are knottin–type antimicrobial peptides identified from seeds of Mirabilis 

jalapa (De Bolle et al. 1996). 

 

vii. Cyclotides: They are naturally occurring cyclic peptides considered as a subfamily of 

plant knottin–type peptides, and comprise of 28–37 amino acid residues and three or 

more intramolecular disulfide bonds (de Veer et al. 2019). Cyclotides generally exhibit 

high sequence similarities and have a cyclic backbone that makes them resilient to 

thermal and proteolytic degradations (Colgrave and Craik 2004). Cyclotides function 

as plant defense molecules and possess antimicrobial and insecticidal properties. 

Kalata B1 from O. affinis, Cycloviolacin from V. hederaceae, Vtri from V. tricolor, 

Cliotides, etc. are some previously characterized cyclotides (Jennings et al. 2001; 

Colgrave and Craik 2004; Svangard et al. 2004; Chen et al. 2006; Oguis et al. 2019).  

 

viii. Snakins: They are Cys–rich (12C) peptides identified with broad spectrum 

antimicrobial activity, consist of two long α-helices linked by disulfide bonds, and 

demonstrate partial structural similarity to thionins (Su et al. 2020).  Snakin-1 (63 

amino acids) and snakin-2 (66 amino acids) from Solanum tuberosum were found 

active against fungal as well as Gram-negative and Gram-positive bacterial pathogens 

(Segura et al. 1999; Berrocal-Lobo et al. 2002). A homolog of snakin-2 with 64 amino 

acid residues isolated from French bean exhibited chitin binding ability and was 

involved in fungal growth inhibition.   

 

ix. Lipid transfer proteins: LTPs are small, cationic molecules of 70–90 amino acid 

residues, with eight cysteine residues (8C). They possess non–specific lipid transfer 

activity and antimicrobial activities (Salminen et al. 2016).    

 

x. α-Hairpinin family: Constitutes Lys/Arg rich plant peptides with helix-loop-helix 

secondary structures stabilized by disulfide bonds (Slavokhotova and Rogozhin 2020). 

Only a few numbers of α-hairpinin peptides have been reported so far, of which MBP-

1, a 33 amino acid peptide identified from maize kernel showed antimicrobial activity 

against bacterial and fungal pathogens in vitro (Duvick et al. 1992). The MiAMP2 

peptides (55 amino acid residues) from Macadamia integrifolia nut kernel exhibited 

inhibitory effect against several plant fungal pathogens (Marcus et al. 1999).  
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xi. Unclassified cysteine-rich plant peptides: This group consists of several plant 

antimicrobial peptides that lack structural and sequence homology to other peptide 

families. Ps-AFP1 (38 amino acids) from the root of Pisum sativum has eight Cys 

residues with a novel αβ-trumpet fold capable of binding to the fungal cell wall 

(Mandal et al. 2013). The Ib-AMPs 1-4 are four basic peptides (of 20 amino acids) 

isolated from Impatiens balsamina seeds and found to be active against various fungal 

and Gram-positive bacterial pathogens (Tailor et al. 1997).  

 
 

1.4. CAPs as potential drug candidates 

 

Prolonged use of conventional antibiotics can cause microbial mutation and multi-drug 

resistance which have already been linked to severe health consequences, as reported globally. 

Consequently, there is an urge to discover novel antibiotics that could effectively combat 

various microbial infections as well as antibiotic resistance. The CAPs have several unique 

characteristics that give them an edge over conventional antibiotics which were developed 

mainly based on the concept of having a single mode of action or single primary target (Yeung 

et al. 2011; Mwangi et al. 2019; Mahlapuu et al. 2020). Nature has chosen a very distinct 

evolutionary pattern for host-defense antimicrobial cationic peptides, favoring the design of 

efficient antibiotics that exhibit small molecular size, broad spectrum bioactivities, high 

efficiency at lower doses, low potential for microbial resistance development, ability to 

counteract the effect of pathogenic virulence factors, ability to synergize with host immune 

response, thermal stability, enzymatic and chemical stability, etc. (Yeung et al. 2011; Bahar 

and Ren 2013; Spohn et al. 2019). The unique mechanism of action of CAPs based on the 

fundamental differences between the design of cell membranes of microbes and multicellular 

organisms enables them to function in a target specific manner (Brogden 2005; Sani and 

Separovic 2016). An outstanding quality of CAPs is the ‘peptide promiscuity’ which arms 

them to exploit several weak spots of the target organisms and exert activity against a broad 

range of microbial pathogens (Sani and Separovic 2016). The probability of acquisition of 

microbial resistance against CAPs is rather low, unless the sensitive microbes redesign their 

membrane by altering the composition or arrangement of membrane lipids (Brogden 2005; 

Yeung et al. 2011; Bahar and Ren 2013; Sani and Separovic 2016; Spohn et al. 2019). As an 
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evolutionarily ancient defense molecule CAPs have been functioning effectively for billions of 

years.  

 

1.5. Motivation behind the present study 

With the above background information, it is now evident that a novel therapeutic approach 

using CAPs as potential drug candidates has emerged a proficient method to counter the 

comparatively short half-life of conventional antibiotics and the rapidly escalating antibiotic 

resistance issue.  The search for such specific molecules from certain plants traditionally 

sourced for their medicinal (in particular antimicrobial) properties was hence considered a 

likely productive venture and prompted the present investigation, with the following 

objectives in mind: 

 

➢ Screening of plants for cationic peptides with antimicrobial activity 

➢ Optimizing the extraction procedures of cationic peptides from selected plants based 

on antimicrobial activity 

➢ Purification of one most potent cationic peptide 

➢ Characterization of the selected cationic peptide 

➢ Search for other potential bioactivities 
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Chapter 2 

 

Screening of plants for antimicrobial cationic  

peptides and optimization of extraction procedures  
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2.1. Plants selected for primary screening 

Nineteen plant species have been short-listed for the present study (Table 2.1), primarily based 

on the reported use of their extracts as traditional medicines as well as on hitherto identified 

antimicrobial molecules from them, as gleaned through reviews of literature. Priority was 

given to those plant species from which antimicrobial activity due to cationic peptides 

remained unexplored.  

Table 2.1: Plant samples used for the primary screening 

1. Plectranthus amboinicus (Indian borage) – Lamiaceae family 

Traditional/Medicinal uses Bioactivities/Phytochemicals identified 

Parts used in 

the present 

study 

• Essential oil extracts to treat 

asthma, cold, cough, fever, 

respiratory diseases, skin 

diseases, etc. (Lukhoba et al. 

2006; Arumugam et al. 2016). 

• Raw leaves used for culinary 

purpose. 

• Antifungal, antibacterial, larvicidal & 

antioxidant activities of Carvacrol, p-Cymene, 

α-Terpinolene, β-caryophyllene, thymol & 

phenolic compounds identified from essential 

oil/leaf extracts (Murthy et al. 2009; Da Costa 

et al. 2010; Arumugam et al. 2016). 

• Antitumor activities of Flavone (Luteolin) & 

flavanols isolated from hydro alcoholic leaf 

extracts (Gurgel et al. 2009; Arumugam et al. 

2016). 

• Antiepileptic activity of alkaloids, flavonoids & 

saponins detected from aqueous/ ethanolic leaf, 

stem & root extracts (Lukhoba et al. 2006; 

Arumugam et al. 2016). 

Leaves 

2. Calotropis gigantea (Crown flower plant) – Apocynaceae family 

• Bark to treat spleen, liver and 

enteric diseases (Kumar et al. 

2011; Jahan et al. 2016). 

• Root and leaves to treat 

respiratory diseases. 

• Milky juice effective against 

arthritis, cancer & snakebite. 

• Root, stem and leaf extracts as 

fungicide and mosquito 

repellent (Kumar et al. 2011) 

• Antitumor effect of anhydrosophoradiol-3-

acetate (A3A) isolated from alcoholic flower & 

root extracts (Jahan et al. 2016; Habib and 

Karim 2013). 

• Antimicrobial, insecticidal, anti-asthmatic, anti-

inflammatory, anti-lipoxygenase, antioxidant, 

wound healing & hepatoprotective activities of 

alcoholic/organic solvent extracts, aqueous 

extracts of leaf, flower & latex (Jahan et al.  

2016; Sharma et al. 2015; Alafnan et al. 2021).   

 

Leaves 
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3. Aloe vera var. chinensis (Aloe vera)- Asphodelaceae family 

• Leaf gel as a moisturizer, anti-

irritant to reduce chafing of 

nose and to treat skin ailments 

(Gupta and Malhotra 2012; 

Sanchez et al.2020).  

• Used as an ingredient in 

cleansing soaps shampoos or 

creams. 

 

• Wound healing effect of a low molecular 

weight glycoprotein (Maenthaisong et al. 2007; 

Sanchez et al.2020). 

• Anti-tumour activity of glycoprotein and 

polysaccharide (acemannan) fractions 

(Manirakiza et al. 2021). 

• Anti-inflammatory action of acetylated mannan 

in aloe gel (Hamman et al. 2008). 

• Antimicrobial & anti-viral activities of lectins 

& anthraquinone derivatives found in aloe gel 

(Hamman et al. 2008). 

• Immunomodulatory activities of the 

polysaccharides (Hamman et al. 2008; Sanchez 

et al.2020).  

• Moisturizing & anti–aging properties of A. vera 

gel by enhancing collagen & elastin production 

(Manirakiza et al. 2021; Hamman et al. 2008). 

• Hypoglycaemic and hypolipidemic effects of 

aloe gel (Hamman et al. 2008; Sanchez et 

al.2020). 

Leaves 

4. Andrographis paniculata (Creat) - Acanthaceae family 

• Leaves, root or whole plant to 

treat bacterial infections, 

respiratory diseases, malaria, 

jaundice, intermittent fever, 

inflammation, stomach aches & 

pyrexia (Okhuarobo et al. 2014; 

Hossain et al. 2014). 

• Dietary supplement for cancer 

& diabetes prevention and cure.  

• Whole plant as an antidote for 

snake bite, insect bite 

(Okhuarobo et al. 2014). 

• An important constituent of at 

least 26 Ayurvedic formulas in 

Indian pharmacopoeia 

(Okhuarobo et al. 2014; 

Hossain et al. 2014). 

 

 

• Antibacterial & antifungal activities of  

Andrographolides & arabinogalactan proteins 

isolated from aqueous extracts (Singha et al. 

2003; Chao and Lin 2010). 

• Anti-inflammatory, antioxidant, antidiabetic, 

immunomodulatory, cytotoxic, anti-angiogenic 

& hepato-renal protective activities of 

andrographolide or its derivatives isolated from 

aqueous/organic solvent extracts of the whole 

plant/different plant parts (Chao and Lin 2010). 

• Antimalarial activities of four xanthones 

isolated from root extracts (Dua et al. 2004; 

Chao and Lin 2010). 

Leaves 
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5. Allium sativum (Garlic) – Amaryllidaceae family 

• Garlic bulbs to treat respiratory 

diseases, arthritis, cancer, high 

cholesterol, cardiovascular 

diseases, diabetes, parasitic 

infestations, digestive diseases, 

toothache, gynaecologic 

diseases, snake & insect bites, 

etc. (Rana et al. 2011; Bayan et 

al. 2014). 

• Antibacterial, antifungal, antiviral, anti-

parasitic, antidiabetic, antiatherosclerosis, 

antithrombotic & immunomodulatory activities 

(Mikaili et al. 2013; El-Saber Batiha et al. 

2020). 

• Anticancer activities of diallyl sulfide (DAS), 

diallyl disulfide (DADS), diallyl trisulfide 

(DATS), S-allyl cysteine (SAC) and diallyl 

thiosulfinates (Lai et al. 2013; El-Saber Batiha 

et al. 2020). 

• Antihypertensive, hypolipemic & antioxidant 

properties of aqueous/aged garlic extracts 

(Dillon et al. 2003). 

Bulbs 

6. Allium cepa (Onion) – Amaryllidaceae family 

• A. cepa bulbs were used to treat 

bronchitis, cold, fever, skin 

burns, bruises, tuberculosis, 

diabetes, cataracts, jaundice, 

high blood pressure, high 

cholesterol, heart disease, 

varicose veins, insect stings, etc 

(Marrelli et al. 2018). 

• Antidiabetic activity of allyl propyl disulphide 

& S-methyl cysteine sulfoxide purified from 

organic solvent extracts of A. cepa bulbs 

(Kumari et al. 1995).  

• Anticancer, antioxidant & anti-inflammatory 

potential of A. cepa flavonoids (Apigenin & 

quercetin) and sulphur containing compounds 

(Marefati et al. 2021).  

• Antibacterial effect of A. cepa aqueous extracts 

against Gram positive and Gram-negative 

bacteria (Elnima et al. 1983). 

Bulbs 

7. Moringa oleifera (Drumstick)– Moringaceae family 

• Root, bark, flowers & leaves 

are antifungal, antibacterial, 

antiviral, antianemic, analgesic, 

hypoglycaemic, anti-

inflammatory, antilithic, 

antiepileptic, antiparalytic, 

antispasmodic and diuretic 

(Anwar et al. 2007).  

• Crushed seeds function as 

flocculating agent and used for 

water purification process 

(Beltran-Heredia et al. 2009).  

• Fresh & cooked leaves are 

given in influenza and catarrhal 

infections (Anwar et al. 2007). 

• Antiproliferative and apoptotic properties of the 

M. oleifera leaf extract, rich in quercetin, 

kaempferol and phenolics compounds (Khor et 

al. 2018). 

• Hypoglycaemic, antidyslipidemic and anti-

inflammatory activities of isothiocyanates & 

benzyl isothiocyanate from aqueous leaf extract 

(Anwar et al. 2007; Galuppo et al. 2014). 

• Cardioprotective and anti-obesity activities of 

N, α-L-rhamnopyranosyl vincos amide, an 

alkaloid compound extracted from leaves 

(Waterman et al. 2015).  

• Coagulant lectins with flocculating properties 

from seeds (Beltran-Heredia et al. 2009).  

Seeds  
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8. Zingiber officinale (Ginger)– Zingiberaceae family 

• Decoction or juice of ginger to 

treat cold, cough, asthma, 

headache, anorexia, flatulence 

and haemorrhoids (Bode and 

Dong 2011; Zhang et al. 2021).  

• Fresh ginger paste and ginger 

oil to treat arthritis and 

inflammations (Zhang et al. 

2021). 

• Dried rhizome to treat sore 

throat and Hoarseness of voice 

(Bode and Dong 2011). 

• Antioxidant, antidiabetic, anti-inflammatory, 

Antinausea and Antiemetic activities of 

phenolic compounds (6-shogaol, 6-gingerol) & 

phenylpropanoids from rhizome (Dugasani et 

al. 2010). 

• Antimicrobial potential of gingerenone-A and 

6-shogaol from rhizome (Zhang et al. 2021). 

• Anticancer, anti-neuroinflammatory and 

antiobesity activities of ginger polyphenols 

such as 6-gingerol, 10-gingerol, 6-shogaol, and 

10-shogaol (Bode and Dong 2011; Zhang et al. 

2021).  

Rhizomes  

9. Momordica charantia (Bitter gourd) – Cucurbitaceae family  

• Juice of M. charantia to treat 

diabetes, dyspepsia, jaundice, 

fever, cold, malaria, cancer, 

high cholesterol, piles, cholera 

and psoriasis (Jia et al. 2017). 

 

• Antioxidant, antidiabetic, immune 

enhancement, neuroprotective & antitumor 

activities of branched heteropolysaccharides 

(Jia et al. 2017).   

• Anti-tumour, anticancer, immunosuppressive 

and anti-microbial, hypoglycemic effect of M. 

charantia lectin, terpenoids and momorcharin 

(Joseph and Jini 2013; Jia et al. 2017).  

• Antihyperglycemic, hypolipidemic and antiviral 

activities of Saponins (Joseph and Jini 2013).  

• Antioxidant, anti-inflammation and immune 

enhancement activities of phenolics (Jia et al. 

2017; Bortolotti et al. 2019).  

Seeds 

10. Catharanthus roseus (Periwinkle) – Apocynaceae family 

• Root and shoot extracts to treat 

diabetes, malaria, ulcer 

and Hodgkin's lymphoma 

(Kumar et al. 2022).  

• Infusion of the leaves to control 

hemorrhage and scurvy, as a 

mouthwash for toothache, and 

for the healing and cleaning of 

chronic wounds (Kumar et al. 

2022). 

• Flower and leaf extracts as 

hypoglycemic and antibacterial 

agents (Kumar et al. 2022).  

• Anticancer properties of alkaloids Vinblastine 

and Vincristine derived from methanolic stem 

and leaf extracts (Martino et al. 2018; Kumar et 

al. 2022).  

• Antimicrobial & hypoglycemic effect of 

alkaloids isolated from 

ethanol/chloroform/methanol extracts of leaves 

& flowers (Noble 1990; Martino et al. 2018). 

• Vincamine and Vindoline alkaloids from plant 

leaves showed cerebral vasodilatory, 

neuroprotective, hypotensive, anti-diarrheal and 

anti-ulcer properties (Noble 1990; Kumar et al. 

2022). 

Leaves 
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11. Hibiscus rosa-sinensis (China rose)– Malvaceae family  

• Hibiscus flowers and leaves to 

treat bronchitis, cough, 

menorrhagia, cardiac and nerve 

diseases and as a demulcent 

(Jadhav et al. 2009). 

• Leaves are used as emollients 

to treat burning sensations and 

skin disease (Jadhav et al. 

2009). 

• Herbal tea prepared from leaves 

and flowers to treat 

hypertension and digestive 

diseases (Jadhav et al. 2009).    

• Flower and leaf preparations to 

promote hair growth (Jadhav et 

al. 2009). 

• Antimicrobial activities of flavonoids, 

alkaloids, tannins, terpenoids, saponins, cardiac 

glycosides, anthraquinones, and phlobatannins 

from methanolic/aqueous flower and leaf 

extracts (Jadhav et al. 2009; Ngan et al. 2021).  

• Anticancer, neuroprotective and antioxidant 

activities of tannins, saponins & flavonoids 

extracted in acetone/methanol/aqueous flower 

& leaf extracts (Nade et al. 2011; Rengarajan et 

al. 2020).  

• Anti-diabetic and hypoglycaemic effects of 

glycosides from alcoholic flower & leaf 

extracts (Afiune et al. 2017).   

• Hair growth promoting activity of phytosterols 

& triterpenoids purified from petroleum 

ether/aqueous leaf extracts (Jadhav et al. 2009).  

Leaves  

12. Clitoria ternatea (Blue pea)– Fabaceae family  

• Seeds and roots used as a nerve 

tonic (Mukherjee et al. 2008). 

• Root extracts to treat severe 

asthma, remittent fever, 

bronchitis, whooping cough, 

goitre, epilepsy, rheumatism 

and ear disease (Mukherjee et 

al. 2008). 

• Seed powder to treat cough, 

digestive disorders, hepatic 

disorders, spleen and rheumatic 

infections (Mukherjee et al. 

2008; Nithianantham et al. 

2011).  

• Leaf juice to treat hepatic fever, 

inflammation and to mitigate 

toxins (Mukherjee et al. 2008; 

Nithianantham et al. 2011). 

• Infusion of flowers and stem to 

treat insect/snake bites and 

intestinal problems (Mukherjee 

et al. 2008). 

 

• Antioxidant and hepatoprotective properties of 

flavonoids, tannins and phenolic compounds 

isolated from aqueous & ethanolic flower 

extracts (Nithianantham et al. 2011). 

• Antimicrobial activities of alkaloids, tannins, 

flavonoids and glucosides, extracted in 

methanol/chloroform/aqueous flower, leaf and 

pod extracts (Mukherjee et al. 2008; Pratap et 

al. 2012).  

• Antimicrobial and anticancer potential of cyclic 

proteins/peptides from seeds (Oguis et al. 

2019).  

• Nootropic, anxiolytic, anti-depressant, 

anticonvulsant, anti-stress, diuretic, 

antihelmintic, anti-inflammatory properties of 

methanolic root extracts rich in glycosides, 

phytosterols & terpenoids (Mukherjee et al. 

2008; Talpate et al. 2014). 

• Anti-diabetic and hypoglycaemic effects of 

glycosides & ternatins from ethanolic/aqueous 

flower & leaf extracts (Talpate et al. 2013). 

Seeds  
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13. Trigonella foenum-graecum (Fenugreek)– Fabaceae family 

• Leaf extracts to alleviate cold, 

asthma, cough, splenomegaly, 

hepatitis and backache (Ahmad 

et al. 2016). 

• Seed powder to treat diabetes, 

skin diseases, cough and eye 

diseases (Gaddam et al. 2015; 

Ahmad et al. 2016).  

• The whole plant used as an 

emollient in treatment of 

pellagra, loss of appetite and 

gastrointestinal disorders 

(Ahmad et al. 2016). 

• Antimicrobial & antidiabetic properties of 

saponin-rich ethanolic seed extracts (Gaddam et 

al. 2015; Ahmad et al. 2016). 

• Hypocholesterolemic effects of steroid and 

saponin purified from alcoholic seed extracts 

(Sowmya and Rajyalakshmi 1999). 

• Hypoglycaemic effects of trigonelline, fibre-

galactose and mannose of seed extracts 

(Gaddam et al. 2015).  

• Antioxidant effects of flavonoids from organic 

solvent extracts of seeds (Dixit et al. 2005; 

Ahmad et al. 2016).  

• Anticancer potential and immunomodulatory 

effects of whole plant extracts (El Bairi et al. 

2017).  

Seeds 

14. Tabernaemontana divaricata (Crape jasmine)– Apocyanaceae family  

• Root decoction to treat fever, 

diarrhoea, hypertension, 

headache, and various 

abdominal complaints 

(Pratchayasakul et al. 2008).  

• Infusion of leaves to treat 

influenza (Pratchayasakul et al. 

2008).  

• The flowers, mixed with oil, as 

applied to sore eyes 

(Pratchayasakul et al. 2008). 

• The latex of the leaves to 

prevent inflammation 

(Pratchayasakul et al. 2008). 

• Antimicrobial, anti-inflammatory and cardio-

protective effects of alkaloids purified from 

organic solvent extracts of T. divaricata (Van 

Beek et al. 1984).   

• The anti-inflammatory activity of flavonoids 

and phenolic acids (Jain et al. 2013). 

• Antioxidative and anti-tumour effects of crude 

methanol extract of T. divaricata (Kumar and 

Selvakumar 2015). 

• Neuroprotective effects of bisindole alkaloids, 

conodurine, and tabernaelegantine A purified 

from T. divaricata root extracts (Pratchayasakul 

et al. 2008; Khongsombat et al. 2017). 

 

Leaves 

15. Plumeria rubra (Frangipani) – Apocyanaceae family  

• Flowers, leaf juice and latex to 

treat toothache, fractures and 

blisters (Bihani 2021). 

• Stem bark decoction to treat 

asthma (Dey and Mukherjee 

2015). 

• Leaf and flower extracts to treat 

diabetes and enteric diseases 

(Dey and Mukherjee 2015).  

• Anticancer potential of iridoids, fulvoplumierin, 

allamcin, allamandin and plumericins purified 

from P. rubra extracts (Ye et al, 2009; Bihani 

2021). 

• Antiviral activities of fulvoplumierin, an 

iridoid, from P. rubra (Ye et al, 2009). 

• Antifungal activities of P. rubra latex proteins 

against fungal pathogens (Souza et al. 2011; 

Dey and Mukherjee 2015). 

 

Leaves 
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• Bark and latex preparations to 

clean eye and tongue (Dey and 

Mukherjee 2015). 

• Bark paste used for wound 

healing and rabies treatment 

(Bihani 2021). 

 

• Larvicidal activity of laticifer proteins of P. 

rubra against Aedes aegypti (Dey and 

Mukherjee 2015). 

Plumericin and isoplumericin isolated from the 

heartwood of P. rubra found to possess 

antibacterial as well as molluscicidal activities 

(Dey and Mukherjee 2015). 

 

 

16. Phyllanthus niruri (Seed-under-leaf plant) – Phyllanthaceae family 

• The whole plant used to treat 

jaundice, diabetes, gonorrhea, 

intermittent fevers, skin ulcers, 

sores, swelling, itchiness, 

ophthalmia and conjunctivitis 

(Bagalkotkar et al. 2006). 

• Shoots of the plant to treat 

various gastrointestinal 

disorders (Bagalkotkar et al. 

2006). 

• Powdered leaves to treat 

Hepatitis B (Bagalkotkar et al. 

2006). 

• Antiviral and hepatoprotective effects of 

phyllanthin, hypophyllanthin and triacontanol 

purified from leaf extracts (Liu et al. 2014). 

• Anticancer, antibacterial and cellular protective 

actions of whole plant extracts (Araujo et al. 

2012). 

• Anti-inflammatory activity, immune-

modulatory effect and anti-ulcer activity of 

glycosides and lignan-rich fraction purified 

from organic solvent extracts (Mostofa et al. 

2017). 

• Antioxidant activity of phenolic contents 

purified from methanolic extracts (Bagalkotkar 

et al. 2006). 

 

Whole plant 

17. Eichhornia crassipes (Water hyacinth) – Pontederiaceae family 

• An infusion of the inflated 

petioles used to treat fevers 

(Aboul-Enein et al. 2011).  

• The leaf petioles eaten as a 

treatment for diarrhoea (Ben 

Bakrim et al. 2022). 

• Leaves and petioles used as a 

carotene-rich table vegetable 

(Ben Bakrim et al. 2022).  

 

• Antimicrobial activity of alkaloids and saponins 

from methanolic root and leaf extracts (Aboul-

Enein et al. 2011; Ben Bakrim et al. 2022). 

• Antioxidant activity of polyphenols and 

flavonoids from ethanolic leaf and stem extracts 

(Ben Bakrim et al. 2022). 

• Wound-healing activities of aqueous, methanol 

and ethyl acetate extracts of leaves (Ben 

Bakrim et al. 2022). 

• Antitumor activity of methanolic leaf extracts. 

Larvicidal activity of crude root extracts 

prepared in acetone (Aboul-Enein et al. 2011; 

Ben Bakrim et al. 2022). 

 

 

Leaves  

18. Salvinia molesta (Kariba weed) – Salviniaceae family  
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• S. molesta used for waste water 

phytoremediation and treatment 

of sewage effluent (Kumar and 

Deswal 2020). 

• Antimicrobial activity of aqueous extracts of S. 

molesta (Verma et al. 2016). 

• Anticancer potential of organic solvent extracts 

(Li et al. 2013). 

• Antioxidant potential of two glycosides, 6'-O-

(3,4-dihydroxy benzoyl)-beta-D glucopyranosyl 

ester, and 4-O-beta-d-glucopyranoside-3 

hydroxymethyl benzoate purified from organic 

solvent extracts of S. molesta (Choudhary et al. 

2008).  

 

 

Whole plant 

19. Centella asiatica (Indian pennywort) – Apiaceae family  

• The whole plant extract used to 

treat leprosy, lupus, varicose 

ulcers, eczema, psoriasis, fever, 

diarrhoea and amenorrhea 

(Gohil et al. 2010). 

• Leaf extracts for wound healing 

(Gohil et al. 2010).  

 

• Wound-healing properties of asiaticosides, 

saponins purified from C. asiatica extracts 

(Somboonwong et al. 2012).  

• Centelloside and its derivatives effective in the 

treatment of venous hypertension (Cesarone et 

al. 2001). 

• Sedative and anxiolytic properties of 

pentacyclic triterpenoids including brahmoside 

and brahminoside constituents (Sun et al. 

2020). 

• The antidepressant & antiepileptic properties of 

total triterpenes & steroids (Gohil et al. 2010; 

Sun et al. 2020). 

• Aqueous extract of C. asiatica found effective 

in inhibiting gastric lesions (Gohil et al. 2010). 

 

Whole plant 
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2.2. MATERIALS AND METHODS 

2.2.1. Plant extract preparation  

Due to the basic nature of cationic peptides, an acetic acid–based extraction method was 

adopted to prepare the crude plant extracts (Cole and Ganz 2000; Liang et al. 2011). For initial 

screening, 10% homogenates of the plant samples were prepared in 0.5% acetic acid solution 

(pH 4.5) and incubated at 4°C for 24 h. The extracts were filtered and centrifuged (4°C, 30 

min at 10,000 rpm). The supernatant was collected and subjected to ammonium sulfate 

precipitation (0–90% saturation). The pellet obtained was resuspended in 0.01M sodium 

acetate buffer (pH 5.6) and screened for antimicrobial properties.  

2.2.2. Maintaining pathogen cultures  

Bacterial as well as fungal pathogen cultures procured from the Microbial Type Culture 

Collection & Gene Bank (MTCC, India) were used as test cultures for the present study: 

• Gram-negative strains – Salmonella typhimurium (MTCC 3231), Pseudomonas 

aeruginosa (MTCC 741), Escherichia coli (MTCC 443) & Aeromonas hydrophila 

(MTCC 1739)  

• Gram-positive strain – Staphylococcus aureus (MTCC 3160)  

• Human pathogenic yeast – Candida albicans (MTCC 227) 

• Fish pathogens – Aeromonas sobria (MTCC 3613) & Pseudomonas fluorescence 

(MTCC 7200) 

Stock cultures were routinely maintained at 4ºC on slants of Nutrient Agar (HiMedia) for 

bacteria and Potato Dextrose Agar (HiMedia) for fungi. 

2.2.3. Antimicrobial assay of plant extracts 

Antimicrobial activity of the plant samples was tested against various pathogenic strains by 

the agar well diffusion method, using Mueller-Hinton agar or Mueller-Hinton broth (HiMedia) 

(Holder and Boyce 1994; Cole and Ganz 2000). Wells of 6 mm diameter were bored on agar 

plates seeded with pathogen cultures and 50µl of plant extract was added into the wells. The 

plates were then incubated at 37 °C for 24 h and 48 h for bacterial and fungal strains, 
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respectively, and observed for microbial growth inhibition due to the plant extracts. Controls 

of standard antibiotics as well as buffer controls were maintained in each experiment.  The 

zone of inhibition was measured and the well diameter of 6 mm excluded during tabulations.  

All values are presented as Mean ± SD in the tables and figures.  

2.2.4. Optimization of plant crude extraction  

In order to facilitate maximal extraction of the cationic peptides, the plant crude extraction 

procedure was optimized by varying the strength of acetic acid solution used (Cole and Ganz 

2000). A 20% homogenate of plant samples prepared in 5% or 10% acetic acid solution (pH 

3.2 and 2.7, respectively) was therefore kept at 4°C for 24 h, followed by filtration and 

centrifugation at 4°C and 10,000 rpm for 30 min. The supernatant was precipitated at 0–90% 

ammonium sulfate saturation and evaluated for antimicrobial activity by the agar well 

diffusion assay.   

2.2.5. Ammonium sulfate fractionation 

Crude plant extracts prepared in 10% acetic acid solution were subjected to fractionation by 

ammonium sulfate precipitation at 0–30%, 30–60% and 60–90% salt saturation levels. The 

pellet obtained for each fraction was tested for antimicrobial activity by the agar well diffusion 

method. Protein/peptide estimation was carried out by the Bradford method (Bradford 1976) 

using Bovine Serum Albumin (BSA) as the standard.  

2.2.6. Polyacrylamide Gel Electrophoresis (PAGE) analysis  

Sodium dodecyl sulphate–PAGE (SDS-PAGE) was carried out using an 18% resolving gel 

under reducing conditions (Laemmli 1970). Low Molecular Weight protein markers (Sigma-

Aldrich) in the mass range of 3–40 kDa served as standards. Coomassie Brilliant Blue G-250 

was used to visualize the peptide/proteins bands (Candiano et al. 2004).  
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2.3. RESULTS AND DISCUSSION  

2.3.1. Screening for antimicrobial activity of plant extracts 

The distinct biochemical features of cationic peptides facilitate their selective extraction in 

acidic solvents. Crude extraction using acetic acid solution is an effective method to isolate 

antimicrobial cationic peptides from various biological samples (Cole and Ganz 2000; Liang 

et al. 2011).  For the present study, an acetic acid–based extraction method was hence adopted 

to prepare crude plant extracts. The extracts of 19 plant samples prepared in 0.5% acetic acid 

solution were precipitated at 0–90% ammonium sulfate saturation and screened for 

antimicrobial activity against eight different pathogenic microbes by the agar well diffusion 

method; the results are summarized in Table 2.2. Among the 19 plants screened, five samples, 

viz.,  A. sativum, C. ternatea, M. oleifera, T. foenum-graecum and T. divaricata exhibited 

comparatively high inhibition zones against one or more of the pathogenic strains including C. 

albicans, S. aureus, E. coli or S. typhimurium, whereas P. amboinicus, C. gigantea, A. vera, A. 

cepa, Z. officinale, M. charantia, C. roseus, H. rosa-sinensis, P. rubra, C. asiatica, P. niruri, 

E. crassipes and S. molesta showed only weak inhibitory effect on the growth of various test 

pathogens.  A. paniculata preparations were found ineffective against all the tested pathogens. 

As none of the extracts were active against the fish pathogens A. sobria and P. fluorescence 

(data not shown), these two pathogenic strains were excluded from further studies.  

 

Table 2.2: Antimicrobial activity of plant samples as examined by the agar well diffusion 

assay 

Plant Samples 

Zone of Inhibition (mm)* 
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P. amboinicus - - - - 5±0 - 

C. gigantea - - 4±1 - 3±0.5 - 
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A. paniculata - - - - - - 

A. vera var. chinensis - 2±0.5 - - - - 

M. oleifera 15±0.6 - - - 16±1 12±1 

A. cepa - - - - 3±0.6 8±0 

A. sativum 18±0.5 8±0 15±0.5 - 13±0 21±1.5 

Z. officinale - - - - 4±0 11±1 

M. charantia - - 4±0.5 - 9±0 10±0 

C. roseus  2±0 - - - - - 

H. rosa-sinensis 2±0.6 - - - - - 

C. ternatea 17±0 9±0.5 6±0.5 - - 23±1 

P. rubra - - - 5±1 3±0.6 - 

C. asiatica - 3±0.6 5±0 - - 3±1 

P. niruri - - 7±0.5 - 5±0 2±0.6 

T. divaricata 12±0 - - - 8±0.5 15±1.5 

E. crassipes - - 6±0 - - - 

S. molesta - - - - - 2±0.5 

T. foenum-graecum 16±1 - - 5±0.6 5±0 10±1 

      *diameter of inhibition zone, excluding the well diameter 

 

2.3.2. Optimization of the crude sample extraction protocol  

Based on the results of primary screening (Table 2.2), five plant samples viz, Allium sativum, 

Clitoria ternatea, Moringa oleifera, Trigonella foenum-graecum and Tabernaemontana 

divaricata, that exhibited comparatively higher antimicrobial activity were selected for 

optimization studies. Cole and Ganz (2000) had demonstrated an effective method to 
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selectively solubilize and concentrate CAPs from the crude extracts of biological samples 

using acetic acid of 5-10% strength; during this process many other proteins in the extract 

would invariably precipitate out. Accordingly, in our search for maximal activity, extraction of 

the five selected plant samples was carried out in 5% as well as 10% acetic acid solutions, 

without affecting the further assay protocol. Antimicrobial activity of ammonium sulfate 

precipitates (0–90% saturation) of these crude extracts was then evaluated by the agar well 

diffusion method. For all five plant samples, 10% acetic acid extracts were more active than 

5% acid extracts (Fig. 2.1–2.5). The crude plant extracts prepared in 10% acetic acid solution 

were therefore used for subsequent studies, being the optimized concentration for superior 

activity extraction of cationic antimicrobial molecules from these samples. 
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Fig. 2.1: Antimicrobial activity of 0-90% ammonium sulfate precipitate of A. sativum extracts. 
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Fig. 2.2: Antimicrobial activity of 0-90% ammonium sulfate precipitate of C. ternatea 

seed extracts.  

 

Fig. 2.3: Antimicrobial activity of 0-90% ammonium sulfate precipitate of M. oleifera 

seed extracts.  
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Fig. 2.5: Antimicrobial activity of 0-90% ammonium sulfate precipitate of T. divaricata 

leaf extracts.  

 

Fig. 2.4: Antimicrobial activity of 0-90% ammonium sulfate precipitate of T. foenum-

graecum seed extracts.  
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2.3.3. Partial purification by ammonium sulfate fractionation 

Crude extracts of A. sativum, C. ternatea, M. oleifera, T. foenum-graecum and T. divaricata 

were partially purified by ammonium sulfate fractionation. The fractions obtained at different 

saturation levels were analyzed by antimicrobial activity tests and by SDS-PAGE. The 0–30% 

and 30–60% ammonium sulfate fractions of A. sativum extracts exhibited growth inhibition 

against C. albicans (Fig. 2.7a), S. aureus, E. coli, S. typhimurium and A. hydrophila (Fig. 2.6). 

The SDS-PAGE analysis revealed a broad peptide band around 7 kDa in these fractions (Fig. 

2.7b). Antimicrobial molecules from C. ternatea were comparatively more concentrated in the 

0–30% fraction than the 30–60% fraction, the 60–90% fraction being inactive (Fig. 2.8; 2.9a). 

The SDS-PAGE results showed that a low MW peptide (> 7kDa) more concentrated in the 0–

30% fraction formed a comparatively broad band on the gel, the same peptide being also 

visible as a narrow band in the 30–60% fraction (Fig. 2.9b). For M. oleifera, the active 0–30% 

ammonium sulfate fraction (Fig. 2.10; 2.11a) appeared as a peptide band around 7 kDa on 

SDS-PAGE analysis (Fig. 2.11b). Antimicrobial molecules from T. foenum-graecum were 

distributed in both 30–60% as well as 60–90 % fractions (Fig. 2.12; 2.13a), the SDS-PAGE 

profile of these fractions pointing to the presence of higher MW proteins (Fig. 2.13b). 

Antimicrobial activity of the 0–30% and 30–60% ammonium sulfate fractions (Fig. 2.14; 

2.15a) of T. divaricata extract was also due to higher MW proteins that were concentrated in 

these fractions (Fig. 2.15b).  
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Fig. 2.6: Antimicrobial activity of ammonium sulfate fractions of A. sativum extracts.  

 

Fig. 2.7: (a) Activity of ammonium sulfate fractions of A. sativum against C. albicans. 

Amphotericin and 0.01 M sodium acetate buffer (without any added sample) served as 

positive and negative controls, respectively. (b) SDS-PAGE analysis, Lane 1: 0-30% 

fraction, Lane 2: LMW Protein marker, Lane 3: 30-60% fraction and Lane 4: 60-90% 

fraction.   
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Fig. 2.9: (a) Activity of ammonium sulfate fractions of C. ternatea against A. 

hydrophila. Tetracycline and 0.01 M sodium acetate buffer (without any added 

sample) served as positive and negative controls, respectively. (b) SDS-PAGE 

analysis, Lane 1: 0-30% fraction, Lane 2: 60-90% fraction, Lane 3: LMW Protein 

markers, and Lanes 4: 30-60% fraction.   

 

(b) 

Fig. 2.8: Antimicrobial activity of ammonium sulfate fractions of C. ternatea extracts. 
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Fig. 2.10: Antimicrobial activity of ammonium sulfate fractions of M. oleifera extracts.  

 

Fig. 2.11: (a) Activity of ammonium sulfate fractions of M. oleifera against S. typhimurium. 

0.01 M sodium acetate buffer (without any added sample) served as control (b) SDS PAGE 

analysis, Lane 1: LMW Protein marker, Lane 2: 0-30% fraction, Lane 3: 30-60% fraction and 

Lane 4: 60-90% fraction.   
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Fig. 2.13: (a) Activity of ammonium sulfate fractions of T. foenum-graecum against S. 

aureus. 0.01 M sodium acetate buffer (without any added sample) served as control (b) 

SDS PAGE analysis, Lane 1: 0-30% fraction, Lane 2: LMW Protein marker, Lane 3: 30-

60% fraction and Lane 4: 60-90% fraction.   

 

(b) 

Fig. 2.12: Antimicrobial activity of ammonium sulfate fractions of T. foenum-graecum 

extracts.  
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Fig. 2.14: Antimicrobial activity of ammonium sulfate fractions of T. divaricata extracts. 

 

Fig. 2.15: (a) Activity of ammonium sulfate fractions of T. divaricata against C. albicans. 0.01 

M sodium acetate buffer (without any added sample) served as control (b) SDS PAGE analysis, 

Lane 1: LMW Protein marker, Lane 2: 0-30% fraction, Lane 3: 30-60% fraction and Lane 4: 60-

90% fraction.   
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From the above data based on agar well diffusion assays and electrophoretic analyses, 

antimicrobial activity due to low MW peptides (<10 kDa) appeared most promising from three 

plant samples viz, A. sativum, C. ternatea and M. oleifera. These were hence shortlisted for 

further purification and detailed characterization, with the aim to obtain at least one molecule 

of significant bioactivity, as per the objectives of the study listed out under Section 1.5. 
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Chapter 3 

 

Purification and characterization of a cationic  

peptide from Moringa oleifera 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



34 
 

3.1. INTRODUCTION  

 

Moringa oleifera or drumstick tree, a pan-tropical species of the Moringaceae family, is often 

lauded as a ‘Miracle tree’ on account of the exceptional nutritional values as well as health 

benefits that it offers (Olson et al. 2016; Keating et al. 2017). Many scientific studies have 

substantiated traditional folklore claims on the medicinal value of M. oleifera in the treatment 

of a variety of ailments such as digestive disorders, inflammations, skin diseases, asthma, 

heart complaints, rheumatism and gastroenteric diseases (Anwar et al. 2007; Amaglo et al. 

2010; Fahey 2017). Every morphological part of M. oleifera is valued to have a profusion of 

pharmacological attributes such as antimicrobial, antidiabetic, cardio-protectant, hepato-

protectant, antitumor, diuretic, anti-inflammatory, antioxidant, antineoplastic, and the like 

(Guevara et al. 1999; John and Chellappa 2005; Amaglo et al. 2010; Emmanuel et al. 2014; 

Ratshilivha et al. 2014; Jaja-Chimedza et al. 2017). A complex array of phytochemicals has 

Moringa oleifera 
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been identified from M. oleifera leaf, flower, stem, root and seed extracts, of which some have 

attracted special attention on account of their pharmaceutical applications (Haristoy et al. 

2005; Galuppo et al. 2013; Onsare and Arora 2015). 

 The antimicrobial activity of seed extracts of M. oleifera has to date been ascribed to 

glucosinolates, glycosides, isothiocyanates and flocculating agents (Madsen et al. 1987; 

Haristoy et al. 2005; Galuppo et al. 2013). Most of the water-soluble proteins identified from 

Moringa seeds were categorized as agglutinins or lectins with flocculating properties, and 

were found effective in removing contaminants during primary wastewater treatment (Madsen 

et al. 1987; Santos et al. 2012). The present study aimed to address the purification and 

characterization of a distinct antimicrobial cationic peptide from M. oleifera seed and provide 

a lead for future investigation into more detailed structural and functional properties of the 

purified peptide.  

 

3.2. MATERIALS AND METHODS 

3.2.1. Purification of M. oleifera seed peptide 

The precipitate obtained after ammonium sulfate fractionation at 0-30% saturation of M. 

oleifera seed extract (as discussed in Chapter 2, section 2.2.5) was subjected to size exclusion 

column chromatography on a Sephadex G–50 column (12 x 500 mm) pre-equilibrated with 

0.01 M sodium acetate buffer, pH 5.6. The samples were eluted in 0.01 M sodium acetate 

buffer at a flow rate of 14 ml/h and their absorbance read at 220 and 280 nm.  An aliquot of 

individual eluted fractions was assayed for antimicrobial activity by the agar well diffusion 

method (Holder and Boyce 1994). The active fractions were pooled and concentrated by 

lyophilization. 

3.2.2. Polyacrylamide gel electrophoretic analyses  

The purified M. oleifera seed fraction was analyzed by native-PAGE on a 15% resolving gel 

(under non-reducing conditions) and SDS-PAGE on an 18% resolving gel as discussed 

previously (Chapter 2, Section 2.2.6). To assess the cationic or basic nature of the purified 

samples, Acid-urea-PAGE analysis was performed on a 15% resolving gel containing 6 M 
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urea and 5% acetic acid (Panyim and Chalkley 1969) and Coomassie Brilliant Blue G-250 was 

used to locate the protein/peptide bands (Candiano et al. 2004). 

 3.2.3. Determination of molecular weight by mass spectral analyses  

Molecular weight of the purified M. oleifera seed peptide was determined by Liquid 

Chromatography-Electrospray Ionization-Mass Spectrometry (LC-ESI-MS) on a Triple 

Quadrupole Mass spectrometer (Agilent 6460). The peptide solution was prepared in formic 

acid (0.1% v/v, in deionized distilled water) and 10 µl was loaded onto a High-Performance 

Liquid Chromatography (HPLC) C18 column coupled to a Triple Quadrupole MS system. 

Acetonitrile (20% v/v) in water was used as the elution buffer. The molecular ions were 

detected in positive mode as the function of m/z. Deconvolution of ESI-MS spectra was 

carried out using Agilent MassHunter Bioconfirm software. Intact molecular size of the 

peptide was detected by Matrix-Assisted Laser Desorption/Ionisation Time-of-Flight 

(MALDI-TOF) mass spectrometry on a Bruker-UltrafleXtreme MALDI-TOF/TOF (Bruker 

Daltonics) MS system. The m/z spectrum was acquired in linear positive mode in a mass range 

of 5–20 kDa.  

3.2.4. Agar well diffusion assay and broth microdilution methods 

In the agar well diffusion method (Holder and Boyce 1994), purified M. oleifera seed peptide 

(~25 µg /well) was added to 6 mm wells on Mueller-Hinton agar plates seeded with microbial 

cultures, as discussed in Section 2.2.3. Minimum inhibitory concentration (MIC) of the 

purified peptide sample was examined as per the Clinical and Laboratory Standard Institute 

(CLSI) guidelines (CLSI 2012). In brief, 50 µl of microbial inoculum prepared in Mueller–

Hinton broth was dispensed in each well of a sterile 96-well plate to attain a final density of 3-

5 x 105 CFU/ml. Thereafter, 50 µl of peptide solution in twofold serial dilutions (1–128 

µg/ml) was added to each well and the plates incubated as before. Microbial growth inhibition 

was evaluated by measuring the absorbance at 595 nm using Bio-Rad’s iMark Microplate 

Absorbance Reader. The lowest peptide concentration required to inhibit microbial growth to 

99.9% was gauged as the MIC (CLSI 2012; Bar et al. 2009). All experiments were repeated 

thrice and with samples in triplicate, in order to ensure maximum reproducibility of the results.  
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3.2.5. Heat, pH and protease treatment studies 

Effect of physicochemical parameters such as heat and pH as well as of protease treatment, on 

the stability of the peptide antimicrobial activity was studied by standard methods. To evaluate 

the thermal stability, prior to the antimicrobial assay the purified peptide sample was 

incubated for 1h at temperatures ranging from 40–100°C, (Barboza-Corona et al. 2007; Ge et 

al. 2016). The sample incubated at room temperature (28 oC) served as a control. The pH 

sensitivity was evaluated based on antimicrobial activity of the peptide incubated at room 

temperature for 1h in 50 mM citrate buffer (for pH 5 and 6), PBS (for PH 7) or Tris-HCl (for 

pH 8) (Huang et al. 2016). Effect of proteolytic degradation on peptide activity was examined 

by treating the peptide with pronase (Sigma-Aldrich), trypsin (HiMedia) or proteinase K 

(HiMedia) at a ratio of 100:1 (w/w) for 3h at 37°C, prior to carrying out antimicrobial activity 

tests. Enzyme alone in buffer and untreated peptide in buffer served as controls (Ebbensgaard 

et al. 2015).  

3.2.6. Salt sensitivity assay 

Sensitivity of the M. oleifera seed peptide to various salts of monovalent, divalent and 

trivalent cations was evaluated based on a previously described method (Wang et al. 2015; 

Zhu et al. 2014). Microbial inocula was prepared in Mueller-Hinton broth and different 

dilutions of various salts were then added to attain final concentrations at 150 mM NaCl, 4.5 

mM KCl, 1 mM MgCl2, 2.5 mM CaCl2 or 4 µM FeCl3. Antimicrobial activity of the treated 

peptide was evaluated by the broth microdilution method, with peptide activity in the absence 

of salt treatment serving as the control. All experiments were repeated thrice and with samples 

in triplicate, to ensure maximum reproducibility of the results.  
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3.3. RESULTS AND DISCUSSION 

3.3.1. Purification of M. oleifera peptide  

 

The most antimicrobially active fraction which was obtained at 0–30% ammonium sulfate 

saturation of the seed extract (Figs. 3.1 and 2.10) was further purified by Sephadex G-50 

column chromatography. The eluted fractions were assayed for activity against S. 

typhimurium, C. albicans and S. aureus, and the typical effect on S. typhimurium is depicted in 

Fig. 3.2.  Although the pattern of protein elution based on the absorbance at 280 nm perfectly 

paralleled that at 220 nm, the latter values were used while plotting the profile; the 280 nm 

values were generally low, probably on account of the low aromatic amino acid content, 

especially at the dilution of the eluting fractions.  The antimicrobially active peak fractions 

were then pooled, concentrated by lyophilization and used for further characterization.  

 

 
 

 

 

 

 

Fig. 3.1: Effect of ammonium sulphate fractionated samples 

of M. oleifera seed extract on S. typhimurium in culture; 

sodium acetate buffer (0.01 M), pH 5.6 (without any added 

sample) served as control. 
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3.3.2. Electrophoresis and mass spectral analyses 

Native-PAGE of the purified M. oleifera seed peptide revealed a single band (Fig. 3.3a) which 

was of molecular weight ~ 6.5 kDa, as per SDS-PAGE analysis (Fig. 3.3b, 3.4). The cathodal 

migration of the peptide on an AU gel (Fig. 3.3c) confirmed its cationic or basic nature. The 

HPLC elution profile of the purified seed peptide showed a single peak (Fig. 3.5a), and ESI-

MS analysis gave the accurate molecular weight of the peptide as 6707.16 Da (Fig. 3.5b & 

3.5c). Further, MALDI-TOF-MS analysis confirmed the intact molecular mass of the peptide 

as 6692.485 Da (Fig. 3.6).  
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Fig. 3.2: Gel filtration profile of the 0–30% ammonium sulphate fraction of M. oleifera 

seed extract on a Sephadex G-50 column matrix; antimicrobial activity of eluted fractions 

was as tested against S. typhimurium by the agar well diffusion assay.  
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Fig. 3.4: Estimation of molecular weight of M. oleifera seed peptide based on SDS-

PAGE data; the standard curve was plotted using Rf values of low MW protein markers 

run simultaneously. 
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Fig. 3.3: PAGE analyses of M. oleifera seed samples. (a) Native-PAGE: Lane 1 – 0-30% 

ammonium sulphate fraction, Lane 2 – purified M. oleifera seed peptide; (b) SDS-PAGE:  

Lane 1 – the purified M. oleifera peptide, Lane 2 – 0-30% ammonium sulphate fraction, 

Lane 3 – standard protein markers; (c) AU-PAGE: Lane 1 – lysozyme as a ‘basic protein’ 

marker, Lane 2 – the purified M. oleifera peptide.  
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Fig. 3.5: LC–ESI MS analysis of the M. oleifera seed peptide: (a) LC elution profile; 

(b) ESI mass spectrum; (c) Deconvoluted mass spectrum.  
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3.3.3. Antimicrobial profile and MIC analysis 

The broth microdilution method and the agar well diffusion method were adopted to gauge the 

pathogenic potential of the purified peptide. As summarized in Fig. 3.7, the peptide exhibited 

remarkable inhibitory effect against S. typhimurium, C. albicans and S. aureus, with MIC 

values ranging from 16 – 32 µg/ml. The other microbial strains used, viz., E. coli, P. 

aeruginosa and A. hydrophila, were resistant to this peptide activity.  

Fig. 3.6: MALDI-TOF Mass spectrum of the M. oleifera peptide. 
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Microbicidal and insecticidal properties of several flocculant or coagulant proteins of the 

lectin family have been reported in previous studies (Suarez et al. 2003, 2005; Santos et al. 

2005, 2009, 2012; Ghebremichael et al. 2005; Luz et al. 2013). Detailed characterization of 

antimicrobial properties of water-soluble lectins purified from Moringa seeds had revealed 

their efficiency in removing contaminants during waste water treatment; Suarez et al (2003) 

characterized a cationic protein from heat stable fractions of M. oleifera seeds and designated 

it as ‘Flo’. This had a molecular size ~6.5 kDa and showed bacteriostatic effect against 

Streptococcus pneumonia, Streptococcus pyogenes, Pseudomonas aeruginosa, Escherichia 

coli and Staphylococcus aureus, in the MIC range of 5–50 mg/ml. Shortly thereafter, 

bactericidal or bacteriostatic effects of Flo-derived peptides or synthetic Flo was demonstrated 

against S. pneumonia, S. pyogenes, P. aeruginosa, E. coli and S. aureus, with MIC values of 

2–10 mg/ml, while C. albicans exhibited complete resistance against Flo or Flo-derived 

peptides (Suarez et al. 2005). A bactericidal protein termed M. oleifera Coagulant Protein 

(MOCP; MW <6.5 kDa) purified from heat-treated seed fraction was found active against B. 
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Fig. 3.7: Antimicrobial activity of the purified M. oleifera peptide as determined 

by agar well diffusion assay (~25 µg peptide/well); Chloramphenicol, 

gentamicin and amphotericin served as positive controls (25µg/well) against S. 

typhimurium, S. aureus and C. albicans, respectively. 
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thuringiensis, E. coli and P. aeruginosa and displayed high sequence similarity to Flo protein 

upon mass spectral analysis (Ghebremichael et al. 2005). Different isoforms of anionic chitin-

binding glycoproteins (Mo-CBP3; MW >11.5 kDa) purified from M. oleifera seeds exhibited 

antifungal activity against various phytopathogens (Gifoni et al. 2012; Freire et al. 2015). 

Significantly, the antimicrobial profile of the 6.7 kDa peptide purified in our study was quite 

different from those exhibited by these previously explored M. oleifera coagulant or flocculant 

proteins of similar molecular size.   

3.3.4. Effect of temperature, pH and proteases 

Typical characteristics of the M. oleifera seed peptide were evaluated by assessing the effects 

of temperature, pH and proteolytic treatment on its antimicrobial ability. Temperature 

sensitivity assays were carried out by heating the peptide sample at 40–100 °C for 1 h prior to 

the activity test. As shown in Fig. 3.8, the activity of the peptide against S. aureus, C. albicans 

and S. typhimurium remained intact even after being subjected to 60–70 °C for 1h, a drastic 

decline or complete loss of activity being observed only after incubation at 80 °C or above. 
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Fig. 3.8: Effect of heat treatment on antimicrobial activity of the M. oleifera peptide. The 

peptide treated at room temperature (28°C) was used as control. Experiments were 

carried out in triplicate and the mean ± SD values were plotted.  
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Heat stability is a common attribute of many coagulant or flocculant proteins characterised 

from M. oleifera seeds (Luz et al. 2013). Flo or Flo-derived peptides (MW ≤6.5 kDa) with 

remarkable antibacterial and coagulant properties were purified from M. oleifera seed extracts 

preheated at 80 ºC (Suarez et al. 2003). Ghebremichael et al (2005) reported high 

thermostability of M. oleifera Cationic Polypeptide (MW <6.5 kDa) which retained significant 

coagulation efficiency after heat treatment for 5 h at 95 ºC. Katre et al (2008) demonstrated the 

heat-stable nature of hemagglutination properties of M. oleifera Lectin (MW ~14 kDa) after 

being treated for 30 min at 85 ºC. The structural elucidation of heat-treated (30 min at 80°C) 

Coagulant M. oleifera Lectin of ~30 kDa revealed the presence of more than eight cysteine 

residues involved in disulfide bonding (Santos et al. 2009; Luz et al. 2013).  

The pathogenic susceptibility of our M. oleifera seed peptide was stable in the pH range of 5–

8, with MIC values of 16, 32 and 32 µg/ml, respectively, against S. typhimurium, S. aureus 

and C. albicans. The sensitivity to protease treatment was evaluated by testing the 

antimicrobial effect of the M. oleifera seed peptide incubated for 3 h at 37 °C with trypsin, 

pronase or proteinase K. As captured in Fig. 3.9, the peptide activity against all the tested 

pathogens was completely abolished after protease treatment, clearly indicating that the intact 

structural conformation of the peptide was a requisite for stable antimicrobial activity. This 

feature stood out as being markedly different from those of all previously reported molecules 

from M. oleifera seeds. 

 

 

Fig. 3.9: Effect of protease-treated M. oleifera peptide on S. typhimurium in 

culture. Untreated peptide in buffer and enzyme alone in buffer served as controls. 
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3.3.5. Effect of salt treatment 

Most cationic peptides exert microbicidal effects primarily by interacting with the negatively 

membrane components of microbial cells. Many studies indicated that high concentration of 

salts containing mono-, di- or tri-valent cations could impede the peptide interaction with 

microbial membranes, which could diminish the antimicrobial potential (Matsuzaki et al. 

1991). In this perspective, the salt sensitivity of the M. oleifera seed peptide was examined by 

testing the antimicrobial activity in presence of various salts at physiological concentrations. 

As indicated in Fig. 3.10, while divalent Mg2+, Ca2+ and trivalent Fe3+ ions weakly diminished 

the peptide activity against S. typhimurium, S. aureus and C. albicans, the monovalent Na+ 

and K+ ions could not bring any noticeable change in the MICs against all tested pathogens.  
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Fig. 3.10: Effect of different salts on antimicrobial activity of the M. oleifera peptide. 

Activity in the absence of salts was taken as the control. Experiments were carried out in 

triplicate and the mean ± SD values were plotted.  
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In the light of available literature to date, it is quite obvious that in terms of antimicrobial 

characteristics as well as physicochemical properties, the M. oleifera cationic peptide reported 

in the present work clearly differs from previously described Moringa seed peptides/proteins 

of the same range of molecular size. 
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Chapter 4 

 

Purification and characterization of a cationic  

peptide from Clitoria ternatea 
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4.1. INTRODUCTION 

 

 

 

 

Clitoria ternatea, commonly called blue pea or butterfly pea, is a perennial herbaceous 

climber of the family Fabaceae. While acclaimed for its medicinal properties, this plant has 

also found place as a garden ornamental, widely featuring in agroforestry systems in tropical 

and subtropical regions of the world. It has been used since ancient times in traditional herbal 

medicine, functioning as a nootropic, tranquilizing and sedative agent (Mukherjee et al. 2008; 

Morris 2009). Different parts of C. ternatea have been attributed with promising bioactivities 

such as anti-inflammatory (Devi et al. 2003), antimicrobial (Kamilla et al. 2009; Ponnusamy et 

al. 2010; Pratap et al. 2012), anticancer (Kumar and Bhat 2011), hepatoprotective 

(Nithianantham et al. 2011), antidiabetic (Daisy and Rajathi 2009; Chusak et al. 2018), 
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cardioprotective (Maneesai et al. 2021), antioxidant (Chusak et al. 2018), antiasthmatic (Taur 

and Patil 2011), antihyperlipidemic (Solanki and Jain 2010) and nootropic (Malik et al. 2011). 

Various phytochemical constituents including anthocyanins, flavonoids, tannins, steroids, 

saponins, alkaloids, glycosides, p-hydroxycinnamic acid and pentacyclic triterpenoids such as 

taraxerols and taraxerones with known bioactivities have been identified from roots, seeds, 

stem, leaves and flowers of C. ternatea (Banerjee and Chakravarti 1963; Kulshreshtha and 

Khare 1967; Terahara et al. 1989, 1990; Kazuma et al. 2003). Methanolic extracts of C. 

ternatea had demonstrated antidepressant, anxiolytic, anti-stress and anticonvulsant activity in 

in vivo studies (Jain et al. 2003; Kamilla et al. 2014). Literature reports on preliminary 

phytochemical analysis of C. ternatea extracts with potential bioactivities reveal more peptide 

and protein content rather than of other secondary metabolites (Kulshreshtha and Khare 1967; 

Barro and Ribeiro 1983; Oguis et al. 2019). Kelemu et al. (2004) described a C. ternatea seed 

protein named finotin (molecular size 20 kDa) that displayed insecticidal and antifungal 

activity against various plant pathogens. Poth et al. (2011) have been credited with providing 

the first insights into the distribution and evolution of cyclic peptides (cyclotides) within the 

Fabaceae plant family. Not long after, Nguyen et al. (2011) reported the isolation of 15 

cysteine-rich peptides (CRPs) from heat-stable fractions of whole plant and flower extracts of 

C. ternatea. The 12 novel sequences from among these were termed ‘cliotides’ and projected 

to have the potential to be developed as anti-cancer and anti-infective agents (Gould et al. 

2011; Oguis et al. 2019). Structural features and broad-spectrum bioactivities of various 

biologics from C. ternatea have been intensively studied, but no reports could be traced on 

antimicrobial cationic peptides from seeds of C. ternatea, other than cyclotides (<3.7 kDa).  

The present study aimed to uncover the molecular characteristics as well as the bioactive 

potential of likely novel cationic peptides from seeds of C. ternatea.  

 

4.2. MATERIALS AND METHODS 

4.2.1. Purification of C. ternatea seed peptide 

The precipitate obtained in the selected active ammonium sulfate fraction of C. ternatea seed 

extract was subjected to size exclusion column chromatography and further procedures, as 

discussed in Chapter 3, Section 3.2.1.  Sodium acetate buffer (0.01 M, pH 5.6) was used for 
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the elution at a flow rate of 12 ml/h. The active fractions in the eluate were pooled and 

concentrated by lyophilization. 

4.2.2. Polyacrylamide gel electrophoretic analyses  

Purified C. ternatea seed samples were analyzed by native and SDS-PAGE as previously 

detailed (Section 3.2.2.) As before, all gels were stained with Coomassie Brilliant Blue G-250 

to visualize the protein/peptide bands.  

4.2.3. Determination of molecular weight by mass spectral analyses  

The purified C. ternatea seed peptide was subjected to LC-ESI MS, and its MALDI-TOF 

analyses for molecular weight determination was carried out as described previously (Section 

3.2.3). 

4.2.4. Antimicrobial activity tests 

The agar well diffusion method followed for antimicrobial activity assessment of the purified 

C. ternatea seed peptide and the protocol for MIC determination were as detailed earlier 

(Section 3.2.4). 

4.2.5. Effect of heat, pH, protease and salt treatment 

Stability of the C. ternatea peptide samples to heat, pH and proteases was examined as per the 

procedures described under Section 3.2.5. Sensitivity of this seed peptide to various salts was 

evaluated as described before, in Section 3.2.6. 

4.2.6. Tandem mass spectrometry and sequence database search 

Shotgun proteomics strategy was adopted to identify the peptide sequence from MS/MS 

spectra. The tryptic peptides of the purified samples were separated using a nanoAcquity 

UPLC (Ultra-Performance Liquid Chromatography) system and MS/MS analysis was 

performed on a SYNAPT G2-Si High Definition MS system (HDMS; Waters Corporation). 

The acquired ion mobility enhanced MS/MS spectra were analyzed by Progenesis QI for 

proteomics software (Nonlinear Dynamics, Waters Corporation). Peptide identification from 

the acquired MS/MS spectra was achieved by searching against the database of C. ternatea 
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from UniProt repository. The search parameters applied were as follows: trypsin as the 

digesting agent, one missed cleavage allowed, false discovery rate (FDR) for peptide and 

protein identification set to less than 4%, carbamidomethylation of cysteine and oxidation of 

methionine set as fixed and variable modifications, respectively. 

 

4.3. RESULTS AND DISCUSSION  

4.3.1. Purification of C. ternatea peptide  

The details of ammonium sulfate fractionation of C. ternatea seed extracts were described in 

Section 2.3.3. Further refining of this fractionation confirmed that maximal antimicrobial 

activity could be concentrated at 0-50% saturation (Fig. 4.1). This preparation was hence 

loaded on a Sephadex G-50 gel filtration column and the eluted fractions assayed for 

antimicrobial activity against various pathogens. Those that showed highest activity against a 

test pathogen (Fig. 4.2) were pooled together, lyophilized and used for subsequent analysis. 

 
 

 

  Fig. 4.1: Activity of ammonium sulfate precipitated fractions of 

C. ternatea seed extract against S. aureus. Gentamicin was used 

as positive control. 0.01 M sodium acetate buffer (without any 

added sample) served as negative control. 
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4.3.2. PAGE and MS analyses 

The native and SDS-PAGE analyses of the purified C. ternatea seed fraction proved the 

homogeneity of the sample (Fig. 4.3a) which lighted up as a single peptide band (Fig. 4.3b) of 

molecular weight ~8.3 kDa (Fig. 4.4). The peptide migrated cathodally on an AU gel (Fig. 

4.3c) confirming its cationic or basic nature. The HPLC fractionation prior to MS analysis 

showed a single peak in the elution profile (Fig. 4.5a). The deconvoluted mass spectrum 

derived from ESI-MS analysis exhibited a major peak at 8464.61 Da (Fig. 4.5b & 4.5c) and 

the intact molecular weight of the peptide was determined to be 8455.285 Da by MALDI-TOF 

MS analysis (Fig. 4.6).  

Previous reports have detailed molecular characteristics of cysteine-rich cyclic peptides named 

cyclotides or cliotides but typically smaller than 3.7 kDa, as purified from aqueous or organic 

solvent extracts of flowers, leaves, stem, root nodules, seeds and pods of C. ternatea (Poth et 

al. 2011; Nguyen et al. 2011, 2016).                
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Fig. 4.2: Elution profile of the 0–50% ammonium sulfate fraction of C. ternatea seed 

extract on a Sephadex G-50 column; antimicrobial activity of eluted fractions was 

tested against C. albicans by the agar well diffusion assay. 
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Fig. 4.3: PAGE analyses of C. ternatea seed samples. (a) Native-PAGE: Lane 1 - 0-50% 

ammonium sulfate fraction, Lane 2 - purified C. ternatea seed peptide; (b) SDS-PAGE : 

Lane 1 - 0-50% ammonium sulfate fraction, Lane 2 - purified C. ternatea seed peptide 

and Lane 3 – standard protein markers; (c) AU-PAGE: Lane 1 - purified C. ternatea seed 

peptide, Lane 2 – Lysozyme, as a marker for basic proteins.  
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Fig. 4.4: Estimation of molecular weight of C. ternatea seed peptide based on SDS-

PAGE data; the standard curve was plotted using Rf values of low molecular weight 

protein markers run simultaneously. 
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Fig. 4.5: LC-ESI-MS analysis of C. ternatea seed peptide: (a) LC elution profile 

(b) ESI mass spectrum (c) Deconvoluted mass spectrum  
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4.3.3. Antimicrobial activity and MIC  

Antimicrobial susceptibility of the purified C. ternatea seed peptide was assessed by both agar 

well diffusion method and broth microdilution method. As illustrated in Fig. 4.7, the peptide 

exhibited comparatively higher activity against C. albicans, with an MIC value of 8 µg/ml and 

moderate activity against S. aureus, A. hydrophila and E. coli with MIC values of 16, 32 and 

32 µg/ml, respectively.  It was, however, relatively ineffective against S. typhimurium and P. 

aeruginosa, as also observed when tested on the partially purified ammonium sulfate 

precipitated sample (data not shown). This clearly differs from the reported antimicrobial 

activity of cyclic peptides designated cliotides T1 and T4 from flowers, pods, nodules and 

shoots of C. ternatea, which had demonstrated strong bactericidal effect against K. 

Fig. 4.6: MALDI-TOF Mass spectrum of C. ternatea seed peptide 
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pneumoniae, E. coli and P. aeruginosa at MIC values <5 µM, while being ineffective against 

the Gram-positive S. aureus (Nguyen et al. 2011, 2016). 

 

 

 

 

 

 

4.3.4. Sensitivity to heat, pH and proteases 

Thermostability of the C. ternatea seed peptide was evaluated by testing the antimicrobial 

activity of the heat-treated peptide. As summarized in Fig. 4.8, the purified peptide preparation 

was incubated at various temperatures ranging from 40 to 100 ºC for 1 h and the antimicrobial 

activity then assayed by broth micro-dilution method, the peptide incubated at room 

temperature (28 °C) being considered as ‘control’. The activity of the peptide against S. 

aureus, A. hydrophila, E. coli and C. albicans was retained up to 70-80 ºC, but treatment at 

temperatures of 90 ºC and above resulted in gradual reduction or complete loss of activity 

against all the four tested pathogens. This was in marked contrast to the extreme 

thermostability exhibited by cysteine-rich cliotides isolated from flowers, stem, root and seeds 

of C. ternatea wherein the homogenates were incubated at 100 °C for 1 h; the detailed 
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Fig. 4.7: Activity of purified C. ternatea seed peptide as estimated by the agar well 

diffusion method (~25 µg peptide/well). Amphotericin, gentamicin, tetracycline and 

chloramphenicol served as positive controls (25µg/well) against C. albicans, S. aureus, A. 

hydrophila and E. coli, respectively. 
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structural analysis of C. ternatea leaf and flower cyclotides before and after heat treatment at 

95-100 °C for 30 min revealed their high stability to heat denaturation (Poth et al. 2011; 

Nguyen et al. 2011). In addition, their MS analysis had indicated peptides with m/z intensity of 

around 3 kDa.  

 

 

 

 

 

Influence of pH on antimicrobial activity of the purified peptide was determined after 

incubating it at different pH values. Activity against C. albicans, S. aureus, A. hydrophila and 

E. coli was not affected by pH variations from 5–8, the calculated MIC values remaining 

unchanged at 8, 16, 32 and 32 µg/ml, respectively.  

Susceptibility of the C. ternatea seed peptide to proteolytic enzymes was examined by treating 

the purified peptide with trypsin, proteinase K or pronase for 3 h at 37 ºC, prior to the 

antimicrobial assay. Complete loss of activity was observed after protease treatment (Fig. 4.9), 
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Fig. 4.8: Antimicrobial activity of heat-treated C. ternatea seed peptide as determined by 

broth micro-dilution method. Experiments were carried out in triplicate and the mean ± 

SD values were plotted.  
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while the untreated peptide (control) showed clear zones of inhibition of diameter 33±1, 

22±0.5, 16±0.5 and 12±1 mm, respectively, against C. albicans, S. aureus, A. hydrophila and 

E. coli. This was inconsistent with the remarkably resilient nature of C. ternatea cyclotides to 

proteolytic degradation even after treating with trypsin or chymotrypsin for 8 h at 37 °C (Poth 

et al. 2011). Previously described features of cyclotides (Poth et al. 2011; Nguyen et al. 

2011,2016) are thus incongruous with the main characteristics of the C. ternatea seed peptide 

elaborated in this study, suggesting that the latter would not find a place among the cyclotide 

class of peptides. 

 

 

 

 

 

4.3.5. Salt sensitivity assays 

Sensitivity of the C. ternatea seed peptide to salt treatment was studied by assessing its 

pathogenic susceptibility in presence of different salts at physiological concentrations (Fig. 

4.10). The peptide exhibited stable antimicrobial activity in presence of monovalent Na+ and 

K+ ions while divalent Mg2+, Ca2+ and trivalent Fe3+ ions caused partial decrease in activity 

against C. albicans, A. hydrophila, E. coli and S. aureus, respectively.  

Fig. 4.9: Activity of protease-treated (pronase, trypsin and proteinase K) C. ternatea 

seed peptide against C. albicans as tested by agar well diffusion method (~25 µg 

peptide/well). Untreated peptide in buffer and protease in buffer were used as controls. 
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4.3.6. Tandem MS and sequence database search 
  

The trypsin-digested C. ternatea seed peptide was analyzed by Tandem MS (UPLC-MS/MS), 

following which protein database search (Progenesis QI software) was performed based on 

shotgun proteomics strategy. Peptide sequence identification was carried out by correlating the 

fragmentation pattern encoded by the experimental MS/MS spectra of C. ternatea seed peptide 

with theoretical spectra constructed for peptides contained in the protein database of C. 

ternatea from UniProt repository. As summarised in Table 4.1 (a and b), tryptic digestion of 

the seed peptide produced only four detectable matching peptides with one or two cysteine 

residues, and showed 17%, 16% and 7% sequence coverage with Cliotide T30 (fragment), 

Cyclotide Cter-C and C. ternatea Albumin 1, respectively, with confidence score ≥6. Of these, 

Albumin 1 (15.2 kDa) and Cliotide T30 (11.6 kDa) belong to the family of linear cysteine-rich 

proteins which exhibit high degree of sequence homology, heat stability and ability to survive 

acid or proteolytic degradation; more detailed characterization had revealed that they 

originated from common precursor sequences (Serra et al. 2016; Gilding et al. 2016; 

Kalmankar et al. 2020). These proteins are found to be distributed in flowers, nodules and 

seeds of C. ternatea and known for their insecticidal and hormonal functions (Rahioui et al. 
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Fig. 4.10: Effect of different salts on antimicrobial activity of C. ternatea seed peptide. 

Activity of peptide in the absence of salts was taken as the control. Experiments were 

carried out in triplicate and the mean ± SD values were plotted.  
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2007; Oguis et al. 2020). Cyclotides of cyclic cysteine-rich peptide family usually have a 

molecular weight less than 3.7 kDa, and are derived from chimeric precursors consisting of 

cyclotide domain and Albumin 1 chain a domain (Nguyen et al. 2011; Kalmankar et al. 2020). 

Cyclotide family of peptides display a relatively high sequence similarity, with six cysteine 

residues which form a stable circular peptide backbone resistant to chemical, thermal and 

enzymatic degradation (Poth et al. 2011; Nguyen et al. 2011; Gilding et al. 2016). Cyclotides 

expressed in flowers, pods, seeds and roots of C. ternatea are shown to possess anti-infective 

and anti-tumorigenic activities (Poth et al. 2011; Nguyen et al. 2011). Since the C. ternatea 

seed peptide purified in this study exhibited comparatively low percent sequence coverage 

(≤17%) to known sequences in the C. ternatea protein database (UniProt), it is unlikely to 

belong to known cyclotide or cliotide protein families of C. ternatea.   

 

Table 4.1: a) List of tryptic peptides identified by UPLC-MS/MS analysis of C. ternatea seed 

peptide 

Retention 

time 

(min) 

Identified 

Peptide 

sequence 

Modifications Ions 
Deconvoluted 

charges 

Neutral 

mass 
Score Accession 

27.5203 CGESCFAGK 
C1 Carbamidomethyl 

C5 Carbamidomethyl 
1 2 1014.4021 4.749 

A0A126TRF4 

36.2222 TEGGDPLK 
 

 
1 1 815.4266 4.1719 

32.2191 VCYLD C2 Carbamidomethyl 1 1 668.2901 6.7762 P86843 

29.8543 CGESCLLGK 
C1 Carbamidomethyl 

C5 Carbamidomethyl 
1 2 1022.4616 5.6218 A0A0S1RUB2 

 

Table 4.1: b) List of master proteins obtained by C. ternatea protein database (UniProt) 

search using Progenesis QI for proteomics software. 

Accession Description Mass (Da) 
Amino 

acids 

Coverage 

[%] 

Peptide 

count 

Confidence 

score 

A0A126TRF4 
Cliotide T30 (Fragment) 

OS=Clitoria ternatea  

OX=43366 PE=2 SV=1 

11627.2186 100 17 2 8.9209 

P86843 
Cyclotide Cter-C 
OS=Clitoria ternatea  

OX=43366 PE=1 SV=1 

3620.0735 31 16 1 6.7762 

A0A0S1RUB2 
Albumin 1 

OS=Clitoria ternatea 

 OX=43366 PE=2 SV=1 

15425.4853 133 7 1 5.6218 
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Taken as a whole, it is obvious that our purified C. ternatea seed peptide differs significantly 

from hitherto documented C. ternatea peptides/proteins, be it based on antimicrobial 

properties or thermal and proteolytic stabilities. Besides, the peptide exhibited low percent 

sequence coverage (≤17%) to known cyclotide or cliotide protein families of C. ternatea. The 

novelty of the purified 8.5 kDa seed peptide with regards to the specifics of various 

peptides/proteins from C. ternatea documented so far is highlighted the data summarised in 

Table 4.2.  

 

Table 4.2: Comparison of the purified seed peptide with those of reported finotin, 

cliotides/cyclotides from C. ternatea 

Source / 

Characteristics 
Finotin Cyclotide or Cliotides 

The Peptide in the 

present study 

Tissue of origin Seeds 
Flowers, leaves, stem, root, 

pods or seeds 
Seeds 

Extraction 

biochemistry 

Aqueous extracts 

(Kelemu et al. 2004) 

Aqueous and organic 

solvent extracts 

(Poth et al. 2011a, b; 

Nguyen et al. 2011, 2016) 

Acetic acid extracts 

Molecular mass 
20 kDa 

(Kelemu et al. 2004) 

<3.7 kDa 

(Poth et al. 2011a, b; 

Nguyen et al. 2011, 2016) 

8.5 kDa 

Heat stability *NA 

Resistant to heat 

denaturation  

(95-100 °C for 30 min) 

(Poth et al. 2011b; Nguyen 

et al. 2011) 

Resistant to heat 

treatment  

up to 1 h at 70-80 °C  

Proteolytic 

stability 
*NA 

Resistant to proteolytic 

degradation after treating 

with trypsin or 

chymotrypsin for 8 h 

(Poth et al. 2011) 

Sensitive to trypsin, 

proteinase K and 

pronase treatment for 

3 h 

*NA = Information not available 
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Chapter 5 

 

Purification and characterization of a cationic  

peptide from Allium sativum 
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5.1. INTRODUCTION 

 

 

 

The bulbous plant Allium sativum or garlic, a member of the Amaryllidaceae family, has 

gained reputation worldwide as an edible spice with enormous health-enhancing effects. It has 

been used for centuries as a traditional herbal remedy to treat many health disorders (Butt et 

al. 2009; Rana et al. 2011; Mikaili et al. 2013). Many studies have attributed the potential 

bioactivities of garlic extracts to the presence of allicin or organosulfur derivatives, and 

attempts to uncover the contribution of other bioactive constituents are limited (Rana et al. 

2011; Ansary et al. 2020). 

The combined action of several bioactive constituents such as allicin (S-allyl 2-propene-1-

sulfinothioate), alliin (S-allyl cysteine sulfoxide), diallyl sulfides, alliinase, agglutinins or 

lectins and other obscure substances are likely to account for the curative effect of A. sativum 

extracts (Butt et al. 2009; Mikaili et al. 2013; Rana et al. 2011; Ansary et al. 2020). A number 

of garlic products have been evaluated for potential clinical applications including the 

treatment of diabetes, tumours, atherosclerosis, hypertension, hypercholesterolemia and 

arthritis (Mikaili et al. 2013; Shan et al. 2016; Wang et al. 2017; El-Saber Batiha et al. 2020).

Allium sativum 
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Depending on the crude extraction procedures or the processing methods, the phytochemical 

composition as well as degrees of efficacy may vary among garlic preparations sold for 

therapeutic purposes (Rana et al. 2011; Mikaili et al. 2013; Ansary et al. 2020; El-Saber Batiha 

et al. 2020). Much earlier, Cavallito and Bailey (1944) had explored a host of methods for the 

extraction of major organosulfur compounds from garlic bulbs, and they inferred that the 

antimicrobial and antioxidant properties of allicin or diallyl disulfide were more stable when 

extracted in organic solvents. Due to its volatile nature, allicin has an extremely short half-life, 

and exhibits poor solubility in aqueous garlic extracts (Ankri and Mirelman 1999; Wallock-

Richards et al. 2014; Salehi et al. 2019). Several studies have documented that the garlic 

products obtained without allicin or organosulfur compounds have strong immunomodulatory 

effects and that they could be used to treat microbial infections, cancer, cardiovascular 

diseases, liver diseases, etc. (Clement et al. 2010; Arreola et al. 2015). 

Many reports available on therapeutic effects of garlic extracts indicate the possible existence 

of antimicrobial, antiparasitic and antitumor compounds which require more detailed 

explorations (Mikaili et al. 2013; Ansary et al. 2020; El-Saber Batiha et al. 2020). The present 

study specifically investigates potential bioactivities as well as biochemical characteristics of 

cationic peptides as an unexplored class of compounds from A. sativum extracts.   

 

5.2. MATERIALS AND METHODS 

5.2.1. Size exclusion column chromatography 

The ammonium sulfate fraction of A. sativum sample was loaded on a Sephadex G-50 column 

and purification was effected as described earlier (Section 4.2.1). 

5.2.2. Antimicrobial activity estimation 

The agar well diffusion method followed for antimicrobial activity assessment of the purified 

A. sativum peptide and the protocol for MIC determination were as detailed earlier (Section 

3.2.4). 
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5.2.3. Electrophoretic analysis 

Purified peptide samples were analyzed by native-, SDS- and AU-PAGE as previously 

detailed (Section 3.2.2.) 

5.2.4. Molecular weight determination by MS analysis  

Accurate molecular weight of purified peptide was determined by LC-ESI MS and MALDI-

TOF MS, as described previously (Section 3.2.3).  

5.2.5. Effect of heat, pH, protease and salt treatment 

Stability of the A. sativum peptide samples to heat, pH, proteases and salt treatment was 

examined as per the procedures described under Section 3.2.5. and Section 3.2.6.  

5.2.6. LC-MS/MS and database search 

The tryptic digest of purified A. sativum peptide was injected on a Thermo Fisher EASY-

nano-HPLC coupled to a Q Exactive Plus Biopharma-HR Orbitrap MS. Elution was achieved 

over 60 min using a linear gradient of acetonitrile/water (0–100% v/v) at a flow rate of 300 

nl/min. The MS analysis was performed in positive ionization mode for 60 min. the resolution 

being set to 70000 for survey scan within a mass range of 350–2000 m/z. The maximum Ion 

injection Time (IT) was 60 ms and the Automatic Gain Control (AGC) target was 3e6. Based 

on the survey scan, the most abundant precursor ions were selected and fragmented via higher 

energy collisional dissociation (HCD) to acquire MS/MS data. For MS/MS scans, the dynamic 

exclusion of the precursor ions was adjusted to 60 s and the resolution was set to 17500 with a 

mass range of 200–2000 m/z. The MS/MS raw data of A. sativum peptide was then processed 

and searched against the protein database of A. sativum by using SEQUEST algorithm. The 

parameters applied were: Trypsin as the enzyme, two missed cleavages allowed; 

carbamidomethylation of cysteine and acetylation of protein N-term were as set as fixed 

modifications while oxidation of methionine was the variable modification. False discovery 

rate for peptide and protein identification was set as 1%.     
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5.3. RESULTS AND DISCUSSION 

5.3.1. Purification of the A. sativum peptide 

Optimization of ammonium sulfate fractionation of crude A. sativum extracts confirmed that 

the highest antimicrobial activity was obtained in the precipitate at 0–60% saturation (Fig. 

5.1). This fraction was therefore subjected to molecular sieving on a pre-equilibrated 

Sephadex G-50 column. The elution profile showed two peaks of protein/peptide absorbance, 

whether at 220 nm (Fig. 5.2) or 280nm (data not shown, the peak positions being 

superimposable on the 220 nm profile). The fractions collected were also tested for 

antimicrobial activity by the agar well diffusion method. Based on the activity profile, “Peak 

2” fractions were pooled and concentrated for further analysis.  

 

 

Fig. 5.1: Activity of ammonium sulfate precipitated fractions 

of A. sativum extract against C. albicans. Amphotericin was 

used as positive control. 0.01 M sodium acetate buffer 

(without any added sample) served as negative control. 
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5.3.2. PAGE and MS analyses  

The purified A. sativum fraction resolved as a single peptide band on native-PAGE (Fig. 5.3a), 

and on the basis of SDS-PAGE analysis (Fig. 5.3b), the molecular weight of the peptide was 

gauged as 5.9 kDa (Fig. 5.4). The peptide had shown cathodal migration on an AU gel (Fig. 

5.3c), which reiterated its cationic or basic nature.  

During LC-ESI-MS analysis, the A. sativum peptide eluted as a single peak through the HPLC 

column (Fig. 5.5a) coupled to an ESI-MS system, and the deconvoluted ESI-MS spectrum 

shown a major peak at 6124.48 Da (Fig. 5.5b & 5.5c). Congruous with this, MALDI-TOF MS 

analysis revealed the intact molecular weight of this peptide as 6117.12 Da (Fig. 5.6).  
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Fig 5.2: Gel filtration profile of the 0–60% ammonium sulphate fraction of A. sativum 

extract on a Sephadex G-50 column matrix; antimicrobial activity of eluted fractions 

was tested against C. albicans by the agar well diffusion assay.  
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Fig. 5.3: PAGE analyses of A. sativum samples. (a) Native-PAGE: Lane 1 – 0-60% 

ammonium sulphate fraction, Lane 2 – purified A. sativum peptide (b) SDS PAGE:  

Lane 1 – 0-60% ammonium sulphate fraction, Lane 2 - LMW protein markers and 

Lane 3 - purified A. sativum peptide (c) AU-PAGE: Lane 1 – lysozyme as a ‘basic 

protein’ marker, Lane 2 - purified A. sativum peptide.  

 

Fig. 5.4: Determination of molecular weight of the A. sativum seed peptide based on 

SDS-PAGE data; the standard curve was plotted using Rf values of low molecular 

weight protein markers run simultaneously. 

Antilog (0.7730429) = 5.9 kDa 

 

Antilog (0.7730429) = 5.9 kDa 
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Fig. 5.5: LC–ESI MS analysis of the A. sativum peptide: (a) LC elution profile; 

(b) ESI mass spectrum; (c) Deconvoluted mass spectrum.  
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5.3.3. Antimicrobial activity and MIC of the A. sativum peptide 

Antimicrobial potential of the purified A. sativum peptide was determined by agar well 

diffusion assay as well as the broth microdilution method. As indicated in Fig. 5.7, the C. 

albicans strain showed high susceptibility to the A. sativum peptide, with an MIC gauged at 16 

µg/ml, whereas S. aureus, S. typhimurium, E coli and A. hydrophila exhibited intermediate 

susceptibility to the peptide, with MICs of 32, 32, 32 and 64 µg/ml, respectively. The P. 

aeruginosa strain showed resistance to this peptide activity even at higher concentrations (data 

not shown).  

Fig. 5.6:  MALDI-TOF mass spectrum of the A. sativum peptide. 
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In the early 1940s, organosulfur compounds extracted from garlic bulbs were examined for 

their antimicrobial properties (Cavallito and Bailey 1944). The S-allyl 2-propene-1-

sulfinothioate or allicin isolated from organic solvent extracts of A. sativum exhibited 

antifungal, bactericidal or bacteriostatic effects against various human pathogens, at minimal 

concentrations in the range of 0.5–80 µM (Cavallito and Bailey 1944; Borlinghaus et al. 

2014).  Pure allicin is a volatile, transient substance which decomposes rapidly to other sulfur-

containing compounds when exposed to heat, water or air (Ankri and Mirelman 1999; Salehi 

et al. 2019). Furthermore, alliinase, an enzyme which converts alliin or S-allylcysteine 

sulfoxide to allicin, is irreversibly deactivated at extremely acidic conditions (Colin-Gonzalez 

and Santamaria 2017), indicating that allicin could not be produced when garlic pod crude 

extraction was carried out in acidic solvents of pH below 3. The water solubility of allicin is as 

low as 0.8% (Jiang et al. 2020). Besides, antimicrobial action of allicin was more pronounced 

and stable when the crude extraction was carried out in alcoholic solvents such as ethanol, 

methanol or chloroform. (Cavallito and Bailey 1944; Jiang et al. 2020). Allicin loses its 

thiosulfinate group when broken down into diallyl disulfides and this drastically reduces the 
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Fig. 5.7: Antimicrobial potential of the purified A. sativum peptide as determined by agar 

well diffusion assay (~25 µg peptide/well); Amphotericin, gentamicin, chloramphenicol 

and tetracycline served as positive controls (25µg/well) against C. albicans, S. aureus, S. 

typhimurium, E. coli and A. hydrophila, respectively. 
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antimicrobial capability (Cavallito and Bailey 1944; Borlinghaus et al. 2014). The 

diallylpolysulfanes or diallyl sulfides formed during the degradation of allicin have not shown 

any noteworthy antimicrobial activity, except when used at very high concentrations (> 6.15 

mM). Gao et al (2019) studied the antimicrobial properties of three peptides with molecular 

mass of ≤600 Da from a traditional Chinese medicinal preparation of garlic known as Laba 

garlic. These peptides exhibited strongest microbicidal effect against E. coli and S. aureus at 

an MIC of 100 µM. In the light of all of the above, the A. sativum peptide isolated in the 

current study stands out with markedly distinct molecular and antimicrobial properties.  

5.3.4. Sensitivity to temperature, pH and protease treatment 

Heat stability of the A. sativum peptide was examined by analyzing its antimicrobial effect 

after being incubated for 1 h at 40–100 °C. As depicted in Fig. 5.8, the peptide could retain 

stable activity against A. hydrophila, E coli, S. typhimurium, S. aureus, and C. albicans even 

after 1 h treatment at 70 or 80 °C. Nevertheless, incubation at temperatures above 80 °C 

substantially reduced the peptide activity against all five tested pathogens.  
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Fig. 5.8: Effect of heat treatment on antimicrobial activity of the A. sativum peptide. 

The peptide treated at room temperature (28°C) was used as the control. 

Experiments were carried out in triplicate and the mean ± SD values were plotted. 
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The activity of the peptide remained unchanged in the pH range of 5–8, with MIC values of 

16, 32, 32, 32 and 64 µg/ml, respectively, against C. albicans, S. aureus, S. typhimurium, E 

coli and A. hydrophila.  Previous reports have described temperature and pH stability of 

various bioactive compounds from garlic bulbs. The allicin in garlic extracts readily gets 

decomposed when the temperature exceeds 37 ºC or at extremely lower or higher pH; high 

concentration of allicin in solution was marginally more stable than lower amounts (Ankri and 

Mirelman 1999; Wang et al. 2015). Marzouki et al. (2005) characterized two isoforms of 

peroxidase enzyme from garlic bulbs (designated as POX1 and POX2, and of molecular mass 

~36.5 kDa), which appeared heat resistant and exhibited consistent activity at 50 ºC for 5 h; 

isoform POX2 was highly stable over a broad pH range of 3.5–11. A garlic agglutinin 

abbreviated as ASA II, a homodimer of 12 kDa subunits, exhibited consistent 

immunomodulatory effect after heat treatment for 30 min at 80 °C. The ASA I, a heterodimer 

of 11.5 kDa and 12.5 kDa subunits, could retain 100% activity at pH values in the range of 5–

8 (Clement et al. 2010). 

Susceptibility of the A. sativum peptide to proteolytic degradation was examined by incubating 

the purified peptide with trypsin, pronase or proteinase K for 3 h (37 °C) and then assaying for 

antimicrobial activity. It showed high sensitivity to such enzymatic treatment, all five 

pathogens exhibiting resistance to the protease-treated peptide (Fig. 5.9). This indicated that 

intactness of the peptide structure was a crucial factor for its antimicrobial activity.  
 

 

 

 

Fig. 5.9: Activity of protease-treated (trypsin, proteinase K or pronase) A. sativum peptide 

against S. aureus, as tested by the agar well diffusion method (~25 µg peptide/well). 

Untreated peptide in buffer and protease in buffer were used as controls. 



75 
 

5.3.5. Salt sensitivity assay 

Antimicrobial activity of the A. sativum peptide in presence of different salts at physiological 

concentrations was assayed by broth microdilution method. The sensitivity of different 

pathogenic strains to the peptide was unaffected by the presence of the monovalent ions Na+ 

and K+ and the trivalent Fe3+ (Fig. 5.10), however, the divalent Ca2+ and Mg2+ ions noticeably 

diminished the activity against A. hydrophila, and they also had a mild inhibitory effect on 

activity against C. albicans, S. aureus, S. typhimurium and E. coli. Thus, in general, 

antimicrobial activity of the A. sativum peptide on most of the tested pathogens appeared to be 

minimally affected by different salts at their physiological concentrations.  
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Fig. 5.10: Effect of different salts on antimicrobial activity of the A. sativum peptide. 

Activity in the absence of salts was taken as the control. Experiments were carried out in 

triplicate and the mean ± SD values were plotted. 
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5.3.6. Tandem MS and Database search  

The trypsin treated A. sativum peptide was subjected to HR-LC-MS/MS along with sequence 

database search against the protein database of A. sativum (UniProt) using SEQUEST 

algorithm. The tryptic digestion of A. sativum peptide could produce several matching 

peptides (Table 5.1a) with cysteine residues or hydrophobic amino acid residues and showed 

20%, 20% 17%, 9% and 6% sequence coverage to Lectin, Mannose-specific lectin, I lectin, 

Alliinase and Alliin lyase, respectively, with XCorr value ˃2 (Table 5.1b). Since the peptide 

had comparatively low sequence coverage (≤20%) to known peptide/protein sequences in the 

A. sativum database (UniProt), it is unlikely to belong to previously documented 

peptide/protein families of A. sativum.  

Considered as a whole, the results clearly indicate that the cationic peptide purified in this 

study had distinctly different molecular as well as functional characteristics from those 

proteinaceous molecules previously reported from garlic bulbs. It has also been shown for the 

first time that besides the much-documented allicin and related compounds, significant 

antimicrobial activity from garlic pods was also contributed by a totally different kind of 

molecule, the hitherto unreported 6.1 kDa cationic peptide. 
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Retention 

time 

(min) 

Identified Sequence 
Modifications 

 

Missed 

Cleavages 

Charge 

 

m/z [Da] 

 

MH+ [Da] 

 

XCorr 

 

Accession 

 

35.9234 AVMQADGNFVVYDANGHPVWASNSVR 0 0 3 935.44732 2804.32742 8.63 

K4P0T2 

 
23.724 VGTLTRNILR 0 1 3 381.5713 1142.69935 2.51 

34.256 AVLQSDGNFVVYDAEGRSLWASHSVR 0 1 4 716.60995 2863.41798 5.7 

34.8783 AVLQSDGNFVVYDADGRPLWASHSVR 0 0 4 715.60983 2859.41749 7.78 
Q38787 

34.256 AVLQSDGNFVVYDAEGRSLWASHSVR 0 1 4 716.60995 2863.41798 5.7 

36.1411 DGNFVVYDVNGRPVWASNSVR 0 0 3 784.38655 2351.14511 4.91 
P83886 

37.8307 NVVIYGSDIWSTGTYR 0 0 2 915.95569 1830.9041 4.8 

19.9234 CECNTCYTGPDCSEK 
4xCarbamidomethyl 

[C1; C3; C6; C12] 
0 2 940.83136 1880.65544 3.84 

Q01594 

35.4817 AFLDGIISEGSPK 0 0 2 667.35288 1333.69848 3.27 

47.730 SEKIQGCSADVASGDGLFLEEYWK 
1xCarbamidomethyl 

[C7] 
1 4 673.07169 2689.26492 3.7 

D2CXG4 

35.4817 AFLDGIISEGSPK 0 0 2 667.35288 1333.69848 3.27 

Table 5.1: a) List of tryptic peptides identified by HRLC-MS/MS analysis of the purified A. sativum peptide 
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Accession 

 

Description 

 

Mass 

(kDa) 

 

Amino acids 

 

Coverage 

[%] 

 

Peptide count 

 

Unique 

peptides 

 

Score 

Sequest HT: 

Sequest HT 

K4P0T2 

 

Lectin (Fragment) 

OS=Allium sativum OX=4682 

GN=LECASAI PE=4 SV=1 

32.4 303 20 3 2 16.84 

Q38787 

I lectin (Fragment) 

OS=Allium sativum OX=4682 

GN=LECASAI1 PE=2 SV=1 

34 313 17 2 1 13.48 

P83886 

 

Mannose-specific lectin 

OS=Allium sativum OX=4682 

GN=LECASAL PE=1 SV=3 

19.3 181 20 2 2 9.71 

Q01594 

Alliin lyase 1 

OS=Allium sativum OX=4682 

PE=1 SV=1 

55.6 486 6 2 1 7.11 

D2CXG4 

Alliinase (Fragment) 

OS=Allium sativum OX=4682 

PE=4 SV=1 

45.7 400 9 2 1 6.97 

Table 5.1: b) List of master proteins as obtained from the A. sativum protein database (UniProt) search using SEQUEST algorithm 
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Chapter 6 

 

Other potential bioactivities of the purified peptides 
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6.1. INTRODUCTION 
 

Besides their antimicrobial properties, some cationic peptides can also function as potent 

antioxidants (Lopez-Garcia et al. 2022; Tadesse and Emire 2020). Small peptides containing 

basic amino acid residues as well as hydrophobic amino acid residues have exhibited strong 

antioxidant capacities (Zou et al. 2016). Most recently, such antioxidant peptides have 

attracted enormous interest from nutraceutical and food industry researchers for their 

promising applications in maintaining the safety and quality of health-promoting functional 

foods (Lopez-Garcia et al. 2022; Tadesse and Emire 2020; Zaky et al. 2022).  

Cationic peptides effective against different cultured stages of the malarial parasites have been 

the subject of several reports (Wegscheid-Gerlach et al. 2010; Vale et al. 2014). The small 

molecular size (<10 kDa), amino acid composition, cationic nature, diverse secondary 

structures, and the distinct mode of action of such broad-spectrum peptides are highly 

impressive traits favoring their rise as a potential novel class of antimalarials (Zasloff 2002; 

Boman 2003). Plasmodium is a unicellular eukaryotic parasite, which may seem to contradict 

the idea that AMPs selectively target negatively charged membrane components in 

prokaryotes; however, RBCs, the host eukaryote cells, undergo major membrane 

modifications after being infected by P. falciparum, which causes them to resemble the 

parasite membrane in composition and have higher phosphatidylinositol and phosphatidic acid 

content than healthy RBCs (Hsiao et al. 1991; Vale et al. 2014). This obviously relates to how 

the cationic AMPs solely target P. falciparum infected RBCs and impede the growth of 

intracellular parasites, yet barely affect healthy RBCs (Gelhaus et al. 2008). In fact, a variety 

of natural AMPs from plant or animal sources have been shown to have varying degrees of 

antiplasmodial effects, demonstrating that modulation of innate immune response is a 

promising strategy to develop novel peptide-based antimalarial agents (Bell 2011; Haney and 

Hancock 2013). This Chapter addresses the antioxidant as well as antiplasmodial potentials of 

the purified cationic peptides from M. oleifera, C. ternatea and A. sativum extracts.  
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6.2. MATERIALS AND METHODS 

6.2.1. Antioxidant assays 

The DPPH (2,2-diphenyl-1-picrylhydrazyl) method and the FRAP (Ferric Reducing 

Antioxidant Power) method were adopted to evaluate antioxidant activity. Ascorbic acid was 

used as a standard antioxidant. In the DPPH method (Brand-Williams et al. 1995) the free 

radical scavenging activity (expressed as %) was estimated based on the reduction of DPPH 

radical, as it converts to a non-radical form in the presence of antioxidants, leading to a 

decreased absorbance at 517 nm. Briefly, 190 µl of 0.05 mM DPPH (Sigma) solution in 

methanol was mixed with 10 µl of sample solution at various concentrations from 1- 250 

µg/ml. The mixture was incubated in the dark for 30 min at room temperature and the 

absorbance then measured at 517 nm against a blank.  A 0.05 mM DPPH solution (without 

any sample) served as negative control. The DPPH scavenging activity of the sample was 

calculated using the formula: 

DPPH Scavenging activty (%)  =
Absorbance of control − Absorbance of sample

Absorbance of control
 x 100 

 

In the FRAP method (Benzie and Strain 1996), presence of antioxidants would cause 

reduction of the Fe3+ complex of TPTZ (2,4,6-Tripyridyl-S-triazine) to a blue colored Fe2+ 

complex at acidic pH. Samples (50 µl) at concentrations in the range of 1- 25 µg/ml were 

mixed with 100 µl FRAP reagent and incubated in the dark for 30 min at room temperature. 

Absorbance of the mixture was then measured against a blank at 593 nm and the FRAP value 

(µM) of the sample determined based on the standard curve (R2 = 0.998) of absorbance (at 593 

nm) vs Fe2+ concentration (µM).  

At least three independent experiments were carried out for the antioxidant assays, with not 

less than 5 concentrations of samples, each being estimated in triplicate. 
 

6.2.2. Antiplasmodial activity  

Antiplasmodial activity of the samples was tested against a Chloroquine–sensitive 

Plasmodium falciparum strain (3D7) maintained at the ICMR-NIMR (National Institute of 

Malaria Research), New Delhi. An RPMI (Roswell Park Memorial Institute) medium 

supplemented with 10% AB+ve human serum and A+ve erythrocytes (5% hematocrit) was used 
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to culture the P. falciparum (3D7) strain. The parasite culture was synchronized at early 

trophozoite stage by using sorbitol (5%) (Lambros and Vanderberg 1979): briefly, the sorbitol 

and pellets at 1:9 ratio were maintained for 5 min at room temperature and then centrifuged to 

remove the supernatant. The pellet thus obtained was washed thrice using complete media 

(RPMI-1640 media supplemented with 10% AB+ve human serum). To the synchronized 

culture, the complete medium was added at 1:9 ratio to attain 5% parasitemia (10% 

hematocrit). Antiplasmodial potential of the peptides was evaluated as described by the 

modified WHO MARKIII protocol (Sharma et al. 2016). Briefly, the peptide stock solutions 

(1 mg/ml) prepared in DMSO were serially diluted with RPMI-1640 media to obtain final 

concentrations of 0.8–50 µg/ml and dispensed into sterile 96-well (flat bottom) microplates. 

Synchronized P. falciparum (3D7) culture (5% parasitemia) was then added to each well and 

the plates incubated in a gas mixture (90% N, 5% CO2 and 5% O2) for 24 h at 37 ºC. 

Appropriate positive and negative controls were maintained in each experiment. The 

incubation continued until the schizont growth reached 10 % in the control and then the blood 

smear of each well was prepared. Giemsa stain was used to stain the blood smear. Those 

schizonts with at least three merozoites were counted and the peptide concentration required 

for half-maximal activity (EC50) determined according to the dose-response curve, by HN-

NonLin Reg Analysis (Noedl et al. 2002).  

 

6.3. RESULTS AND DISCUSSION 

6.3.1. Antioxidant activity  

When the purified peptides were screened for antioxidant properties, M. oleifera and A. 

sativum peptides did not show any activity (Fig. 6.1a; 6.1b), while the C. ternatea peptide 

demonstrated remarkably high antioxidant ability (Fig. 6.1c), which was further subjected to 

quantification by the DPPH and FRAP methods (Fig. 6.2). Ascorbic acid was used as a 

positive standard in both the assays. The DPPH scavenging activity was concentration-

dependent, with an IC50 value of 126 µg/ml, as against that of ascorbic acid measured as 19 

µg/ml (Fig. 6.2a). The FRAP method recorded an increase in Ferric Reducing Capacity 

(FRAP value) with increasing concentration of the peptide, indicating strong antioxidant 

potential (Fig. 6.2b).   Kamkaen and Wilkinson (2009) had reported antioxidant activity of 
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aqueous extracts of C. ternatea with an IC50 value 2 mg/ml, which was interpreted as mainly 

due to their phenolic content (Jaafar et al. 2020).  Experimental data from the present study 

would suggest that the peptide component has a much more significant contribution to the 

antioxidant activity observed in C. ternatea seed extracts.    

  

                 

 

 

 

 

 

Fig. 6.1: Screening for Antioxidant activity of (a) M. oleifera peptide, (b) A. sativum 

peptide and (c) C. ternatea peptide, as examined by DPPH method. Ascorbic acid was 

used as the positive control. The DPPH solution (0.05 mM) without any sample served as 

a negative control. 

(b) 

(c) 

(a) 
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6.3.2. Antiplasmodial activity 

The in vitro antiplasmodial activity of purified peptide samples was evaluated against the human 

malarial parasite P. falciparum in accordance with the modified WHO MARKIII protocol. The 

peptides from A. sativum, C. ternatea and M. oleifera demonstrated remarkable effectiveness 

against P. falciparum 3D7 strains, with half-maximal effective concentrations (EC50) as 1.911, 

2.171 and 2.42 µg/ml, respectively (Fig. 6.3); the EC50 value of the standard antimalarial drug 

chloroquine was 0.998 µg/ml.  
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Fig. 6.2: Antioxidant activity of C. ternatea seed peptide based on: (a) DPPH radical 

scavenging activity and (b) Ferric reducing antioxidant power. Ascorbic acid was used 

as the positive control. 
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Fig. 6.3: Dose-response curves of the antiplasmodial activity of (a) Chloroquine, (b) purified 

A. sativum peptide, (c) purified M. oleifera peptide and (d) purified C. ternatea peptide 

against Plasmodium falciparum 3D7 strain.     
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The antimalarial properties of several bioactive molecules from A. sativum as well as M. 

oleifera extracts have been investigated previously by other workers (Perez et al. 1994; Coppi 

et al. 2006; Somsak et al. 2016). Several lines of evidence suggested that allicin or other 

thiosulfinates were predominantly responsible for the antiparasitic properties of A. sativum 

extracts, although the exact mode of action had not been established in many instances 

(Mirelman et al. 1987; Rabinkov et al.1998). Perez et al. (1994) elaborated the antiparasitic 

activity of ajoene, an organosulfur compound from A. sativum in a mouse model infected with 

Plasmodium berghei (which mimics P. falciparum infection in humans), which showed a half-

maximal effective dose (ED50) of 50 mg/kg.  Coppi et al (2006) studied the inhibitory effect of 

allicin on the erythrocytic stage of Plasmodium and inferred that longer exposure to allicin at 

higher concentrations (≥50 µM) could effectively kill P. berghei sporozoites, while at lower 

concentrations (≤10 µM) viability of the sporozoites remained unaffected. When used in 

combination with artesunate, the antiplasmodial activity of allicin increased in a dose-

depended manner, with an ED50  of 14 mg/kg (Ounjaijean and Somsak 2022). 

M. oleifera has been a traditional herbal remedy to treat severe malaria-related symptoms, and 

reported to have strong and curative antimalarial effects (Eilert et al. 1981; Ranasinghe et al 

2015).  Somsak et al (2016) reported in vivo antiplasmodial activity of aqueous dried M. 

oleifera leaf extracts against P. berghei. More recently, Obediah and Obi (2020) described the 

in vivo inhibitory effect of M. oleifera seed ethanolic extracts of high alkaloid and phenolic 

content, against P. berghei.  The potential of cationic peptides from A. sativum, M. oleifera or 

C. ternatea as antimalarials or antiplasmodials has, however, not yet been investigated. The 

current study thus reports for the first time, three novel plant-derived molecules with 

antiplasmodial potential. 
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Summary and Conclusions 
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Propelled by the fascinating characteristics of plant-derived CAPs such as low molecular size, 

broad-spectrum antimicrobial activity, distinct mode of action, target specificity, high efficacy 

at lower concentrations, low propensity towards antibiotic resistance, synergistic actions with 

classical drugs, heat-stable nature, chemical and enzymatic stability, immunomodulatory 

effects and biodegradability, there has been a surge in their demand as novel cationic peptide 

drugs with extensive applications in pharmaceutical, agricultural and food industries. The 

present study was aimed to uncover potential cationic antimicrobial peptides from selected 

plant sources, with detailed characterisation of molecular as well as biochemical properties. 

The search for other potential bioactivities of the peptides was also initiated. 

Screening of plants for cationic peptides with antimicrobial activity and optimization of 

crude extraction procedures 

• Extracts from 19 plant species which had earned a distinct space in traditional/indigenous systems 

of medicine were screened for cationic peptides with antimicrobial activity.  

• On account of the basic nature of cationic peptides, an acetic acid - based extraction method was 

adopted to prepare the crude extracts.  

• Antimicrobial activity assays were carried out using Gram-positive and Gram-negative bacterial 

strains and fungal test pathogens procured from the MTCC, India.  

• A set of five plant samples with comparatively high antimicrobial activity, viz., Clitoria ternatea, 

Allium sativum, Moringa oleifera, Trigonella foenum-graecum and Tabernaemontana divaricata, 

was singled out for subsequent investigations.  

• The acetic acid concentration for optimal extraction of antimicrobial activity was worked out and 

adopted for further peptide extractions from the selected plants.  

• Antimicrobial assays coupled with PAGE analysis partially confirmed the presence of CAPs of 

molecular size <10 kDa from M. oleifera, C. ternatea and A. sativum extracts, which were hence 

selected for purification and further characterization.  

 

Purification and characterization of a cationic peptide from Moringa oleifera 

Moringa oleifera, a plant of high nutritional value, is a widely cultivated species of the 

Moringaceae family. Different parts of this plant possess a plethora of bioactivities, carving 

out a conspicuous role for it in indigenous systems of medicine. Although many bioactive 

compounds from M. oleifera have been described, identities of some potentially active 
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compounds are still elusive. The present research discusses the isolation and characterization 

of antimicrobial cationic peptide(s) from M. oleifera seeds.  

• Peptide components of acetic acid extracts of the M. oleifera seeds were separated by ammonium 

sulfate fractionation and purified by size exclusion chromatography.  

• The native- as well as SDS- PAGE analyses detected a small peptide of molecular mass ~6.5 kDa 

which resolved cathodally on an acid-urea gel. 

• The mass spectra obtained by LC-ESI MS and MALDI-TOF MS analyses established the intact 

molecular weight of the peptide as 6707.16 Da and 6692.485 Da, respectively. 

• Pathogenic strains such as Salmonella typhimurium, Candida albicans and Staphylococcus aureus 

exhibited remarkable susceptibility to the peptide activity at minimum inhibitory concentration 

(MIC) values of 16–32 µg/ml. 

• The temperature and pH sensitivity assay results evidenced the functional stability of the peptide 

upon heating for 1h at 40–70 ºC or being subjected to pH ranging from 5–8. The activity was, 

however, extremely sensitive to trypsin, proteinase K and pronase treatments. 

• A salt sensitivity assay conducted to evaluate the effect of monovalent, divalent and trivalent salts 

on the peptide antimicrobial activity showed moderate salt tolerance of the M. oleifera seed peptide 

to various salts at physiological concentrations.   

 

Purification and characterization of a cationic peptide from Clitoria ternatea 

Clitoria ternatea, a herbaceous climber of the family Fabaceae, is well recognised in 

traditional system of medicines, especially in tropical Asian countries. While several 

bioactivities have been reported from different parts of this plant, specific production of 

cationic peptides other than cyclotides (<3.7 kDa) has barely been investigated or their 

antimicrobial potential looked into. 

• The present research reports for the first time, isolation and purification of an antimicrobial 

cationic peptide from seed extracts of C. ternatea by a simple procedure involving ammonium 

sulphate fractionation followed by Sephadex G–50 column chromatography.  

• The homogeneity of the purified C. ternatea seed peptide was indicated by native-PAGE and SDS-

PAGE analysis estimated its molecular mass as ~8.3 kDa. Acid-Urea-PAGE profiles reflected the 

basic or cationic nature of the peptide.  
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• The deconvoluted mass spectrum obtained by LC-ESI-MS analysis showed a major peak at 

8464.61 Da. The intact molecular mass of the peptide was determined as 8455.285 Da by MALDI-

TOF MS.  

• When evaluated for antimicrobial potential against Gram positive, Gram negative and fungal 

pathogens, distinctive activity was observed against C. albicans, S. aureus, A. hydrophila and E. 

coli, with MIC values of 8, 16, 32 and 32 µg/ml, respectively. This activity was totally 

uncompromised for 1h at 70-80ºC or in a pH range of 5-8 but was sensitive to pronase, proteinase 

K and trypsin treatment.  

• The C. ternatea seed peptide activity could withstand the effects of various salts at 

physiological concentrations. 

• Tandem MS analysis of the trypsin-digested C. ternatea peptide based on a shotgun proteomics 

approach detected matching peptide sequences with one or two cysteine residues but showed only 

17%, 16% and 7% sequence coverage, respectively, in relation to other peptides/proteins 

documented from C. ternatea, viz., Cliotide T30, Cyclotide cter-C and albumin. 

 

Purification and characterization of a cationic peptide from Allium sativum 

Allium sativum (garlic), a strongly aromatic bulbous crop of the family Amaryllidaceae, has 

been used since ancient times as a valuable spice and remains a popular herbal remedy for 

various physiological disorders. Numerous scientific reports have detailed the characteristics 

of several putative active compounds, but specific production of an antimicrobial cationic 

peptide and its bioactive potential have been demonstrated for the first time through the 

present study. 

• Peptide components of acid extracts of A. sativum bulbs were purified by ammonium sulfate 

fractionation followed by size exclusion chromatography. 

• The purified active peptide resolved as a single band of molecular mass ~5.9 kDa on SDS-PAGE. 

Cathodal migration of the peptide on an AU-gel confirmed its cationic nature.  

• The intact molecular weight of the peptide was determined as 6123.48 Da by LC-ESI MS analysis 

and 6117.120 Da by MALDI-TOF MS analysis. 

• The peptide was most effective against Candida albicans, Staphylococcus aureus, Salmonella 

typhimurium, Escherichia coli and Aeromonas hydrophila, at an MIC range of 16 – 64 µg/ml. It 
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• was totally stable after 1h of treatment at 40–80 ºC or at a pH range of 5–8, but showed high 

susceptibility to proteolytic degradation. 

• Antimicrobial activity of the A. sativum peptide did not appear to be significantly affected by 

different salts at their physiological concentrations.  

• Sequence database search based on LC-ESI MS/MS spectra of the A. sativum peptide using 

SEQUEST algorithm detected matching peptide sequences with several hydrophobic amino acid 

residues or cysteine residues but had low sequence coverage (≤ 20%) to known protein sequences 

in the A. sativum protein database (UniProt). 

 

Other potential bioactivities of the purified peptides 

• The purified peptides from A. sativum, M. oleifera and C. ternatea were screened for antioxidant 

properties by the DPPH method. 

• Antioxidant activity of the C. ternatea seed peptide was quantified by the DPPH and FRAP 

methods using ascorbic acid as a reference molecule. The ferric-reducing capacity as well as 

DPPH-scavenging activity of this peptide was concentration-dependent, with an IC50 value of 126 

µg/ml.  

• The in vitro antiplasmodial activity of the peptides from A. sativum, M. oleifera and C. ternatea 

was examined by modified WHO MARKIII protocol, with the standard antimalarial drug 

chloroquine being used as a reference molecule. 

• The dose-response curves indicated remarkable antiplasmodial activity in the purified A. sativum, 

M. oleifera and C. ternatea peptides, with EC50 values of 1.911, 2.171 and 2.42 µg/ml, 

respectively.  

 

To summarise, the current investigation has shed light on the molecular as well as functional 

characteristics of what appear to be novel bioactive cationic peptides from M. oleifera, C. 

ternatea and A. sativum extracts. The antimicrobial, antioxidant and antimalarial properties of 

the peptides were evidenced through various in vitro assays. The molecular mass as well as the 

sensitivity of these peptides to heat, pH, protease and salt treatments stood out as clearly 

distinct from those of previously reported peptide/protein families of M. oleifera, C. ternatea 

and A. sativum. Besides, the sequence database search based on MS/MS spectra of the C. 

ternatea and A. sativum peptides demonstrated relatively low sequence coverage to known 

peptide/protein families.  As a whole, the findings of the present study have laid firm 
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foundations for future research into more specific structural and functional aspects of three 

hitherto unreported bioactive cationic peptides with potential practical applications. 



93 
 

 

 

 

 

 

 

 

 

 

 

 

Bibliography 

 

 

 

 

 

 

 

 

 



94 
 

Aboul-Enein, A. M., Al-Abd, A. M., Shalaby, E., Abul-Ela, F., Nasr-Allah, A. A., Mahmoud, 

A. M., & El-Shemy, H. A. (2011). Eichhornia crassipes (Mart) solms: from water parasite to 

potential medicinal remedy. Plant signaling & behavior, 6(6), 834–836. doi: 

10.4161/psb.6.6.15166 

Afiune, L., Leal-Silva, T., Sinzato, Y. K., Moraes-Souza, R. Q., Soares, T. S., Campos, K. E., 

Fujiwara, R. T., Herrera, E., Damasceno, D. C., & Volpato, G. T. (2017). Beneficial effects of 

Hibiscus rosa-sinensis L. flower aqueous extract in pregnant rats with diabetes. PloS 

one, 12(6), e0179785. doi: 10.1371/journal.pone.0179785 

Ahmad, A., Alghamdi, S. S., Mahmood, K., & Afzal, M. (2016). Fenugreek a multipurpose 

crop: Potentialities and improvements. Saudi journal of biological sciences, 23(2), 300–310. 

doi: 10.1016/j.sjbs.2015.09.015 

Alafnan, A., Sridharagatta, S., Saleem, H., Khurshid, U., Alamri, A., Ansari, S. Y., Zainal 

Abidin, S. A., Ansari, S. A., Alamri, A. S., Ahemad, N., & Anwar, S. (2021). Evaluation of 

the phytochemical, antioxidant, enzyme inhibition, and wound healing potential of Calotropis 

gigantea (L.) Dryand: A Source of a Bioactive Medicinal Product. Frontiers in 

Pharmacology. 12:701369. doi: 10.3389/fphar.2021.701369 

Amaglo, N. K., Bennett, R. N., Lo Curto, R. B., Rosa, E. A. S., Lo Turco, V., Giuffrid, A., Lo 

Curt, A., Crea, F., & Timpo, G. M. (2010). Profiling selected phytochemicals and nutrients in 

different tissues of the multipurpose tree Moringa oleifera L., grown in Ghana. Food 

Chemistry, 122, 1047–1054. doi: 10.1016/j.foodchem.2010.03.073 

Anand, U., Jacobo-Herrera, N., Altemimi, A., & Lakhssassi, N. (2019). a comprehensive 

review on medicinal plants as antimicrobial therapeutics: potential avenues of biocompatible 

drug discovery. Metabolites, 9(11), 258. doi: 10.3390/metabo9110258 

Ankri, S., & Mirelman, D. (1999). Antimicrobial properties of allicin from garlic. Microbes 

and infection, 1(2), 125–129. doi: 10.1016/s1286-4579(99)80003-3 

Ansary, J., Forbes-Hernández, T. Y., Gil, E., Cianciosi, D., Zhang, J., Elexpuru-Zabaleta, M., 

Simal-Gandara, J., Giampieri, F., & Battino, M. (2020). Potential Health Benefit of Garlic 

https://doi.org/10.1016/j.foodchem.2010.03.073
https://doi.org/10.3390/metabo9110258


95 
 

Based on Human Intervention Studies: A Brief Overview. Antioxidants (Basel, 

Switzerland), 9(7), 619. doi: 10.3390/antiox9070619 

Anwar, F., Latif, S., Ashraf, M., & Gilani, A. H. (2007). Moringa oleifera: a food plant with 

multiple medicinal uses. Phytotherapy research: PTR, 21(1), 17–25. doi: 10.1002/ptr.2023 

Araújo, R. F., Jr, Soares, L. A., da Costa Porto, C. R., de Aquino, R. G., Guedes, H. G., 

Petrovick, P. R., de Souza, T. P., Araújo, A. A., & Guerra, G. C. (2012). Growth inhibitory 

effects of Phyllanthus niruri extracts in combination with cisplatin on cancer cell lines. World 

journal of gastroenterology, 18(31), 4162–6168. doi: 10.3748/wjg.v18.i31.4162 

Arreola, R., Quintero-Fabián, S., López-Roa, R. I., Flores-Gutiérrez, E. O., Reyes-Grajeda, J. 

P., Carrera-Quintanar, L., & Ortuño-Sahagún, D. (2015). Immunomodulation and anti-

inflammatory effects of garlic compounds. Journal of immunology research, 2015, 401630 

doi:10.1155/2015/401630 

Arumugam, G., Swamy, M. K., & Sinniah, U. R. (2016). Plectranthus amboinicus (Lour.) 

Spreng: botanical, phytochemical, pharmacological and nutritional significance. Molecules 

(Basel, Switzerland), 21(4), 369. doi:10.3390/molecules21040369 

Atanasov, A. G., Waltenberger, B., Pferschy-Wenzig, E. M., Linder, T., Wawrosch, C., Uhrin, 

P., Temml, V., Wang, L., Schwaiger, S., Heiss, E. H., Rollinger, J. M., Schuster, D., Breuss, J. 

M., Bochkov, V., Mihovilovic, M. D., Kopp, B., Bauer, R., Dirsch, V. M., & Stuppner, H. 

(2015). Discovery and resupply of pharmacologically active plant-derived natural products: A 

review. Biotechnology advances, 33(8), 1582–1614. doi: 10.1016/j.biotechadv.2015.08.001 

Atanasov, A. G., Zotchev, S. B., Dirsch, V. M., International Natural Product Sciences 

Taskforce, & Supuran, C. T. (2021). Natural products in drug discovery: advances and 

opportunities. Nature reviews. Drug discovery, 20(3), 200–216. doi: 10.1038/s41573-020-

00114-z 

Bagalkotkar, G., Sagineedu, S. R., Saad, M. S., & Stanslas, J. (2006). Phytochemicals from 

Phyllanthus niruri Linn. and their pharmacological properties: a review. The Journal of 

pharmacy and pharmacology, 58(12), 1559–1570. doi: 10.1211/jpp.58.12.0001 



96 
 

Bahar, A. A., & Ren, D. (2013). Antimicrobial peptides. Pharmaceuticals (Basel, 

Switzerland), 6(12), 1543–1575. doi: 10.3390/ph6121543 

Banerjee, S. K., & Chakravarti, R. N. (1963). Taraxerol from Clitoria ternatea Linn. Bulletin 

of the Calcutta School of Tropical Medicine, 11, 106–107. 

Bär, W., Bäde-Schumann, U., Krebs, A., & Cromme, L. (2009). Rapid method for detection of 

minimal bactericidal concentration of antibiotics. Journal of microbiological methods, 77(1), 

85–89. doi: 10.1016/j.mimet.2009.01.010 

Barboza-Corona, J. E., Vázquez-Acosta, H., Bideshi, D. K., & Salcedo-Hernández, R. (2007). 

Bacteriocin-like inhibitor substances produced by Mexican strains of Bacillus 

thuringiensis. Archives of microbiology, 187(2), 117–126. doi: 10.1007/s00203-006-0178-5 

Barro, C., & Ribeiro, A. (1983). The study of Clitoria ternatea L. hay as a forage alternative 

in tropical countries. Evolution of the chemical composition at four different growth 

stages. Journal of the Science of Food and Agriculture, 34(8), 780–782. doi: 

10.1002/jsfa.2740340803 

Bayan, L., Koulivand, P. H., & Gorji, A. (2014). Garlic: a review of potential therapeutic 

effects. Avicenna journal of phytomedicine, 4(1), 1–14. 

Bechinger, B., & Gorr, S. U. (2017). Antimicrobial peptides: mechanisms of action and 

resistance. Journal of dental research, 96(3), 254–260. doi: 10.1177/0022034516679973 

Bell A. (2011). Antimalarial peptides: the long and the short of it. Current pharmaceutical 

design, 17(25), 2719–2731.doi: 10.2174/138161211797416057 

Beltrán-Heredia, J., & Sánchez-Martín, J. (2009). Improvement of water treatment pilot plant 

with Moringa oleifera extract as flocculant agent. Environmental technology, 30(6), 525–534. 

doi: 10.1080/09593330902831176 

Ben Bakrim, W., Ezzariai, A., Karouach, F., Sobeh, M., Kibret, M., Hafidi, M., Kouisni, L., & 

Yasri, A. (2022). Eichhornia crassipes (Mart.) Solms: A comprehensive review of its 

chemical composition, traditional use, and value-added products. Frontiers in 

pharmacology, 13, 842511. doi: 10.3389/fphar.2022.842511 

https://onlinelibrary.wiley.com/journal/10970010
https://doi.org/10.1002/jsfa.2740340803
https://doi.org/10.1002/jsfa.2740340803


97 
 

Benzie, I. F., & Strain, J. J. (1996). The ferric reducing ability of plasma (FRAP) as a measure 

of "antioxidant power": the FRAP assay. Analytical biochemistry, 239(1), 70–76. doi: 

10.1006/abio.1996.0292 

Berrocal-Lobo, M., Segura, A., Moreno, M., López, G., García-Olmedo, F., & Molina, A. 

(2002). Snakin-2, an antimicrobial peptide from potato whose gene is locally induced by 

wounding and responds to pathogen infection. Plant physiology, 128(3), 951–961. doi: 

10.1104/pp.010685 

Bihani T. (2021). Plumeria rubra L.- A review on its ethnopharmacological, morphological, 

phytochemical, pharmacological and toxicological studies. Journal of 

ethnopharmacology, 264, 113291. doi: 10.1016/j.jep.2020.113291 

Bode, A. M., & Dong, Z. (2011). The amazing and mighty ginger. In I. Benzie (Eds.) et. 

al., Herbal Medicine: Biomolecular and Clinical Aspects. (2nd ed.). CRC Press/Taylor & 

Francis 

Boman H. G. (2003). Antibacterial peptides: basic facts and emerging concepts. Journal of 

internal medicine, 254(3), 197–215. doi: 10.1046/j.1365-2796.2003.01228.x 

Borlinghaus, J., Albrecht, F., Gruhlke, M. C., Nwachukwu, I. D., & Slusarenko, A. J. (2014). 

Allicin: chemistry and biological properties. Molecules (Basel, Switzerland), 19(8), 12591–

12618. doi: 10.3390/molecules190812591 

Bortolotti, M., Mercatelli, D., & Polito, L. (2019). Momordica charantia, a Nutraceutical 

Approach for inflammatory related diseases. Frontiers in pharmacology, 10, 486. doi: 

10.3389/fphar.2019.00486 

Bradford M. M. (1976). A rapid and sensitive method for the quantitation of microgram 

quantities of protein utilizing the principle of protein-dye binding. Analytical biochemistry, 72, 

248–254. doi: 10.1006/abio.1976.9999 

Brand-Williams, W., Cuvelier, M.E., & Berset, C. (1995) Use of free radical method to 

evaluate antioxidant activity. LWT - Food Science and Technology, 28, 25-30. doi: 

10.1016/S0023-6438(95)80008-5

https://www.sciencedirect.com/journal/lwt
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1016/S0023-6438(95)80008-5


98 
 

Brogden, K. A. (2005). Antimicrobial peptides: pore formers or metabolic inhibitors in 

bacteria?. Nature reviews. Microbiology, 3(3), 238–250. doi: 10.1038/nrmicro1098 

Brogden, K. A., Ackermann, M., McCray, P. B., Jr, & Tack, B. F. (2003). Antimicrobial 

peptides in animals and their role in host defences. International journal of antimicrobial 

agents, 22(5), 465–478. doi: 10.1016/s0924-8579(03)00180-8 

Buccini, D. F., Cardoso, M. H., & Franco, O. L. (2021). Antimicrobial peptides and cell-

penetrating peptides for treating intracellular bacterial infections. Frontiers in cellular and 

infection microbiology, 10, 612931. doi: 10.3389/fcimb.2020.612931 

Butt, M. S., Sultan, M. T., Butt, M. S., & Iqbal, J. (2009). Garlic: nature's protection against 

physiological threats. Critical reviews in food science and nutrition, 49(6), 538–551. doi: 

10.1080/10408390802145344 

Campos-Vega, R. and Oomah, B.D. (2013). Chemistry and classification of phytochemicals. 

In Handbook of Plant Food Phytochemicals (eds B. Tiwari, N.P. Brunton and C.S. 

Brennan). https://doi.org/10.1002/9781118464717.ch2 

Candiano, G., Bruschi, M., Musante, L., Santucci, L., Ghiggeri, G. M., Carnemolla, B., 

Orecchia, P., Zardi, L., & Righetti, P. G. (2004). Blue silver: a very sensitive colloidal 

Coomassie G-250 staining for proteome analysis. Electrophoresis, 25(9), 1327–1333. doi: 

10.1002/elps.200305844 

Cascales, L., Henriques, S. T., Kerr, M. C., Huang, Y. H., Sweet, M. J., Daly, N. L., & Craik, 

D. J. (2011). Identification and characterization of a new family of cell-penetrating peptides: 

cyclic cell-penetrating peptides. The Journal of biological chemistry, 286(42), 36932–36943. 

doi: 10.1074/jbc.M111.264424 

Cavallito, C.J., & Bailey, J.H. (1944). Allicin, the Antibacterial Principle of Allium sativum. I. 

Isolation, Physical Properties and Antibacterial Action. Journal of the American Chemical 

Society, 66(11):1950–1951. doi: 10.1021/ja01239a048 

https://doi.org/10.1002/9781118464717.ch2


99 
 

Cesarone, M. R., Griffin, M., Ippolito, E., Bucci, M., & Cacchio, M. (2001). Total triterpenic 

fraction of Centella asiatica in the treatment of venous hypertension: a clinical, prospective, 

randomized trial using a combined microcirculatory model. Angiology, 52 Suppl 2, S61–S67. 

Chao, W. W., & Lin, B. F. (2010). Isolation and identification of bioactive compounds in 

Andrographis paniculata (Chuanxinlian). Chinese medicine, 5, 17. doi: 10.1186/1749-8546-5-

17 

Chen, B., Colgrave, M. L., Wang, C., & Craik, D. J. (2006). Cycloviolacin H4, a hydrophobic 

cyclotide from Viola hederaceae. Journal of natural products, 69(1), 23–28. doi: 

10.1021/np050317i 

Choudhary, M. I., Naheed, N., Abbaskhan, A., Musharraf, S. G., Siddiqui, H., Atta-ur-

Rahman. (2008). Phenolic and other constituents of fresh water fern Salvinia 

molesta. Phytochemistry, 69, 1018–1023. doi:10.1016/j.phytochem.2007.10.028 

Chusak, C., Thilavech, T., Henry, C. J., & Adisakwattana, S. (2018). Acute effect of Clitoria 

ternatea flower beverage on glycemic response and antioxidant capacity in healthy subjects: a 

randomized crossover trial. BMC complementary and alternative medicine, 18(1), 6. doi: 

10.1186/s12906-017-2075-7 

Clement, F., Pramod, S. N., & Venkatesh, Y. P. (2010). Identity of the immunomodulatory 

proteins from garlic (Allium sativum) with the major garlic lectins or agglutinins. Int. 

Immunopharmacol., 10(3), 316–324. doi: 10.1016/j.intimp.2009.12.002.  

CLSI, (2012). Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria That Grow 

Aerobically; Approved Standard—Ninth Edition. CLSI document M07-A9. Wayne, PA: 

Clinical and Laboratory Standards Institute. 

Cole, A. M., & Ganz, T. (2000). Human antimicrobial peptides: analysis and 

application. BioTechniques, 29(4), 822–831. doi: 10.2144/00294rv01 

Colgrave, M. L., & Craik, D. J. (2004). Thermal, chemical, and enzymatic stability of the 

cyclotide kalata B1: the importance of the cyclic cystine knot. Biochemistry, 43(20), 5965–

5975. doi: 10.1021/bi049711q 

http://dx.doi.org/10.1016/j.phytochem.2007.10.028


100 
 

Colin-Gonzalez, A. L., & Santamaria, A. (2017). Chapter 20 - Garlic, Gastrointestinal 

Protection and Oxidative Stress. Editor(s): Jordi Gracia-Sancho, Josepa Salvado. 

Gastrointestinal Tissue, Academic Press, 275-288, doi: 10.1016/B978-0-12-805377-5.00020-5 

Coppi, A., Cabinian, M., Mirelman, D., & Sinnis, P. (2006). Antimalarial activity of allicin, a 

biologically active compound from garlic cloves. Antimicrobial agents and 

chemotherapy, 50(5), 1731–1737. doi: 10.1128/AAC.50.5.1731-1737.2006 

Craik, D. J., Daly, N. L., Bond, T., & Waine, C. (1999). Plant cyclotides: a unique family of 

cyclic and knotted proteins that defines the cyclic cystine knot structural motif. Journal of 

molecular biology, 294(5), 1327–1336. doi: 10.1006/jmbi.1999.3383 

Da Costa, J. G. M., Pereira, C. K. B., Rodrigues, F. F. G., & De Lima, S. G. (2010). Chemical 

composition, antibacterial and fungicidal activities of leaf oil of Plectranthus 

amboinicus (Lour.) Spreng.  Journal of Essential Oil Research, 22(2), 183–185. 

doi:10.1080/10412905.2010.9700298 

Daisy, P., & Rajathi, M. (2009). Hypoglycemic effects of Clitoria ternatea Linn. (Fabaceae) 

in alloxan-induced diabetes in rats. Tropical Journal of Pharmaceutical Research, 8(5), 393–

398. doi: 10.4314/tjpr.v8i5.48082 

De Bolle, M. F., Osborn, R. W., Goderis, I. J., Noe, L., Acland, D., Hart, C. A., Torrekens, S., 

Van Leuven, F., & Broekaert, W. F. (1996). Antimicrobial peptides from Mirabilis jalapa and 

Amaranthus caudatus: expression, processing, localization and biological activity in transgenic 

tobacco. Plant molecular biology, 31(5), 993–1008. doi: 10.1007/BF00040718 

de Veer, S. J., Kan, M. W., & Craik, D. J. (2019). Cyclotides: From Structure to 

Function. Chemical reviews, 119(24), 12375–12421. doi: 10.1021/acs.chemrev.9b00402 

Devi, B. P., Boominathan, R., & Mandal, S. C. (2003). Anti-inflammatory, analgesic and 

antipyretic properties of Clitoria ternatea root. Fitoterapia, 74(4), 345–349. doi: 

10.1016/s0367-326x(03)00057-1 

http://dx.doi.org/10.1080/10412905.2010.9700298
https://www.researchgate.net/journal/Tropical-Journal-of-Pharmaceutical-Research-1596-9827
http://dx.doi.org/10.4314/tjpr.v8i5.48082
https://doi.org/10.1021/acs.chemrev.9b00402


101 
 

Dey, A., & Mukherjee, A. (2015). Plumeria rubra L. (Apocynaceae): ethnobotany, 

phytochemistry and pharmacology: a mini review. Journal of Plant Sciences, 10: 54-62. 

doi: 10.3923/jps.2015.54.62 

Dillon, S. A., Burmi, R. S., Lowe, G. M., Billington, D., & Rahman, K. (2003). Antioxidant 

properties of aged garlic extract: an in vitro study incorporating human low-density 

lipoprotein. Life sciences, 72(14), 1583–1594. doi: 10.1016/s0024-3205(02)02475-x 

Dixit, P., Ghaskadbi, S., Mohan, H., & Devasagayam, T. P. (2005). Antioxidant properties of 

germinated fenugreek seeds. Phytotherapy research: PTR, 19(11), 977–983. doi: 

10.1002/ptr.1769 

Dua, V. K., Ojha, V. P., Roy, R., Joshi, B. C., Valecha, N., Devi, C. U., Bhatnagar, M. C., 

Sharma, V. P., & Subbarao, S. K. (2004). Anti-malarial activity of some xanthones isolated 

from the roots of Andrographis paniculata. Journal of ethnopharmacology, 95(2-3), 247–251. 

doi: 10.1016/j.jep.2004.07.008 

Dugasani, S., Pichika, M. R., Nadarajah, V. D., Balijepalli, M. K., Tandra, S., & Korlakunta, 

J. N. (2010). Comparative antioxidant and anti-inflammatory effects of [6]-gingerol, [8]-

gingerol, [10]-gingerol and [6]-shogaol. Journal of ethnopharmacology, 127(2), 515–520. doi: 

10.1016/j.jep.2009.10.004 

Duvick, J. P., Rood, T., Rao, A. G., & Marshak, D. R. (1992). Purification and 

characterization of a novel antimicrobial peptide from maize (Zea mays L.) kernels. The 

Journal of biological chemistry, 267(26), 18814–18820. 

Ebbensgaard, A., Mordhorst, H., Overgaard, M. T., Nielsen, C. G., Aarestrup, F. M., & 

Hansen, E. B. (2015). Comparative Evaluation of the Antimicrobial Activity of Different 

Antimicrobial Peptides against a Range of Pathogenic Bacteria. PloS one, 10(12), e0144611. 

doi: 10.1371/journal.pone.0144611 

Eilert, U., Wolters, B., & Nahrstedt, A. (1981). The antibiotic principle of seeds of Moringa 

oleifera and Moringa stenopetala. Planta medica, 42(1), 55–61. doi: 10.1055/s-2007-971546 

https://dx.doi.org/10.3923/jps.2015.54.62


102 
 

Ekor M. (2014). The growing use of herbal medicines: issues relating to adverse reactions and 

challenges in monitoring safety. Frontiers in pharmacology, 4, 177. doi: 

10.3389/fphar.2013.00177 

El Bairi, K., Ouzir, M., Agnieszka, N., & Khalki, L. (2017). Anticancer potential of Trigonella 

foenum graecum: Cellular and molecular targets. Biomedecine & pharmacotherapie, 90, 479–

491. doi: 10.1016/j.biopha.2017.03.071 

Elnima, E. I., Ahmed, S. A., Mekkawi, A. G., & Mossa, J. S. (1983). The antimicrobial 

activity of garlic and onion extracts. Die Pharmazie, 38(11), 747–748. 

El-Saber Batiha, G., Magdy Beshbishy, A., G Wasef, L., Elewa, Y., A Al-Sagan, A., Abd El-

Hack, M. E., Taha, A. E., M Abd-Elhakim, Y., & Prasad Devkota, H. (2020). Chemical 

constituents and pharmacological activities of garlic (Allium sativum L.): a 

review. Nutrients, 12(3), 872. doi: 10.3390/nu12030872 

Emmanuel, S. A., Olajide, O. O., Abubakar, S., Idowu, I. D., Orishadipe, A. T., & Thomas, S. 

A. (2014). Phytochemical and antimicrobial studies of methanol, ethyl acetate, and aqueous 

extracts of Moringa oleifera seeds. American Journal of Ethnomedicine 1:346–354.  

Fahey, J. W. (2017) Moringa oleifera: A review of the medicinal potential. Acta horticulturae, 

1158, 209–224. doi:10.17660/ActaHortic.2017.1158.25 

Florack, D. E., & Stiekema, W. J. (1994). Thionins: properties, possible biological roles and 

mechanisms of action. Plant molecular biology, 26(1), 25–37. doi: 10.1007/BF00039517 

Freire, J. E., Vasconcelos, I. M., Moreno, F. B., Batista, A. B., Lobo, M. D., Pereira, M. L., 

Lima, J. P., Almeida, R. V., Sousa, A. J., Monteiro-Moreira, A. C., Oliveira, J. T., & 

Grangeiro, T. B. (2015) Mo-CBP3, an antifungal chitin-binding protein from Moringa oleifera 

seeds, is a member of the 2S albumin family. PLoS One,10,e0119871. doi: 

10.1371/journal.pone.0119871 

https://doi.org/10.3389/fphar.2013.00177
https://doi.org/10.3389/fphar.2013.00177
https://doi.org/10.17660/ActaHortic.2017.1158.25


103 
 

Gaddam, A., Galla, C., Thummisetti, S., Marikanty, R. K., Palanisamy, U. D., & Rao, P. V. 

(2015). Role of Fenugreek in the prevention of type 2 diabetes mellitus in prediabetes. Journal 

of diabetes and metabolic disorders, 14, 74. doi: 10.1186/s40200-015-0208-4 

Galuppo, M., Giacoppo, S., De Nicola, G. R., Iori, R., Navarra, M., Lombardo, G. E., 

Bramanti, P., & Mazzon, E. (2014). Antiinflammatory activity of glucomoringin 

isothiocyanate in a mouse model of experimental autoimmune 

encephalomyelitis. Fitoterapia, 95, 160–174. doi: 10.1016/j.fitote.2014.03.018 

Galuppo, M., Nicola, G. R., Iori, R., Dell'utri, P., Bramanti, P., & Mazzon, E. (2013). 

Antibacterial activity of glucomoringin bioactivated with myrosinase against two important 

pathogens affecting the health of long-term patients in hospitals. Molecules (Basel, 

Switzerland), 18(11), 14340–14348. doi: 10.3390/molecules181114340 

Gao, X., Chen, Y., Chen, Z., Xue, Z., Jia, Y., Guo, Q., Ma, Q., Zhang, M., & Chen, H., 

(2019). Identification and antimicrobial activity evaluation of three peptides from laba garlic 

and the related mechanism. Food & function, 10(8), 4486–4496. doi: 10.1039/c9fo00236g 

Ge, J., Sun, Y., Xin, X., Wang, Y., & Ping, W. (2016). Purification and Partial 

Characterization of a Novel Bacteriocin Synthesized by Lactobacillus paracasei HD1-7 

Isolated from Chinese Sauerkraut Juice. Scientific Reports,6, 19366. Doi: 10.1038/srep19366 

Gelhaus, C., Jacobs, T., Andrä, J., & Leippe, M. (2008). The antimicrobial peptide NK-2, the 

core region of mammalian NK-lysin, kills intraerythrocytic Plasmodium 

falciparum. Antimicrobial agents and chemotherapy, 52(5), 1713–1720. doi: 

10.1128/AAC.01342-07 

Ghebremichael, K. A., Gunaratna, K. R., Henriksson, H., Brumer, H., & Dalhammar, G. 

(2005) A Simple purification and activity assay of the coagulant protein from Moringa 

oleifera Seed. Water Research, 39, 2338-2344. doi: 10.1016/j.watres.2005.04.012 

Gifoni, J. M., Oliveira, J. T., Oliveira, H. D., Batista, A. B., Pereira, M. L., Gomes, A. S., 

Oliveira, H. P., Grangeiro, T. B., & Vasconcelos, I. M. (2012). A novel chitin-binding protein 

https://www.researchgate.net/journal/Scientific-Reports-2045-2322
https://doi.org/10.1016/j.watres.2005.04.012


104 
 

from Moringa oleifera seed with potential for plant disease control. Biopolymers, 98, 406-15. 

doi: 10.1002/bip.22068 

Gilding, E. K., Jackson, M. A., Poth, A. G., Henriques, S. T., Prentis, P. J., Mahatmanto, T., & 

Craik, D. J. (2016). Gene coevolution and regulation lock cyclic plant defence peptides to their 

targets. The New phytologist, 210(2), 717–730. doi: 10.1111/nph.13789 

Gohil, K. J., Patel, J. A., & Gajjar, A. K. (2010). Pharmacological review on Centella asiatica: 

a potential herbal cure-all. Indian journal of pharmaceutical sciences, 72(5), 546–556. doi: 

10.4103/0250-474X.78519 

Gould, A., Ji, Y., Aboye, T. L., & Camarero, J. A. (2011). Cyclotides, a novel ultrastable 

polypeptide scaffold for drug discovery. Current pharmaceutical design, 17(38), 4294–4307. 

doi: 10.2174/138161211798999438 

Guevara, A. P., Vargas, C., Sakurai, H., Fujiwara, Y., Hashimoto, K., Maoka, T., Kozuka, M., 

Ito, Y., Tokuda, H., & Nishino, H. (1999). An antitumor promoter from Moringa oleifera 

Lam. Mutation research, 440(2), 181–188. doi: 10.1016/s1383-5718(99)00025-x 

Gupta, V. K., & Malhotra, S. (2012). Pharmacological attribute of Aloe vera: Revalidation 

through experimental and clinical studies. Ayu, 33(2), 193–196. doi: 10.4103/0974-

8520.105237 

Gurgel, A. P., da Silva, J. G., Grangeiro, A. R., Oliveira, D. C., Lima, C. M., da Silva, A. C., 

Oliveira, R. A., & Souza, I. A. (2009). In vivo study of the anti-inflammatory and antitumor 

activities of leaves from Plectranthus amboinicus (Lour.) Spreng (Lamiaceae). Journal of 

ethnopharmacology, 125(2), 361–363. doi: 10.1016/j.jep.2009.07.006 

Habib, M. R., & Karim, M. R. (2013). Effect of anhydrosophoradiol-3-acetate of Calotropis 

gigantea (Linn.) flower as antitumoric agent against Ehrlich's ascites carcinoma in 

mice. Pharmacological reports: PR, 65(3), 761–767. doi: 10.1016/s1734-1140(13)71057-0 

Hamman J. H. (2008). Composition and applications of Aloe vera leaf gel. Molecules (Basel, 

Switzerland), 13(8), 1599–1616. doi: 10.3390/molecules13081599 



105 
 

Hancock R. E. (1999). Host defence (cationic) peptides: what is their future clinical 

potential? Drugs, 57(4), 469–473. doi: 10.2165/00003495-199957040-00002 

Haney, E. F., & Hancock, R. E. (2013). Peptide design for antimicrobial and 

immunomodulatory applications. Biopolymers, 100(6), 572–583. doi: 10.1002/bip.22250 

Haristoy, X., Fahey, J. W., Scholtus, I., & Lozniewski, A. (2005). Evaluation of the 

antimicrobial effects of several isothiocyanates on Helicobacter pylori. Planta medica, 71(4), 

326–330. doi: 10.1055/s-2005-864098 

Holder, I.A., & Boyce, S.T. (1994). Agar well diffusion assay testing of bacterial 

susceptibility to various antimicrobials in concentrations non-toxic for human cells in culture.  

Burns, 20(5), 426-429. doi: 10.1016/0305-4179(94)90035-3  

Hossain, M. S., Urbi, Z., Sule, A., & Hafizur Rahman, K. M. (2014). Andrographis paniculata 

(Burm. f.) Wall. ex Nees: a review of ethnobotany, phytochemistry, and pharmacology. The 

Scientific World Journal, 2014, 274905.doi: 10.1155/2014/274905 

Hsiao, L. L., Howard, R. J., Aikawa, M., & Taraschi, T. F. (1991). Modification of host cell 

membrane lipid composition by the intra-erythrocytic human malaria parasite Plasmodium 

falciparum. The Biochemical journal, 274 ( Pt 1)(Pt 1), 121–132. doi: 10.1042/bj2740121 

Huan, Y., Kong, Q., Mou, H., & Yi, H. (2020). Antimicrobial peptides: classification, design, 

application and research progress in multiple fields. Frontiers in microbiology, 11, 582779. 

doi: 10.3389/fmicb.2020.582779 

Huang T, Zhang X, Pan J, Su X, Jin X, Guan X (2016) Purification and characterization of a 

novel cold shock protein-like bacteriocin synthesized by Bacillus thuringiensis. Scientific 

Reports, 6, 35560. Doi: 10.1038/srep35560 

Jaafar, N. F., Ramli, M. E., & Mohd Salleh, R. (2020). Optimum extraction condition 

of Clitorea ternatea flower on antioxidant activities, total phenolic, total flavonoid and total 

anthocyanin contents. Tropical life sciences research, 31(2), 1–17. doi: 

10.21315/tlsr2020.31.2.1 

https://www.researchgate.net/journal/Scientific-Reports-2045-2322
https://www.researchgate.net/journal/Scientific-Reports-2045-2322


106 
 

Jadhav, V.M., Thorat, R.M., Kadam, V.J., & Sathe, N.S. (2009). Traditional medicinal uses 

of Hibiscus rosa-sinensis. Journal of Pharmacy Research, 2:1220–1222. 

 Jahan, N., Mushir, A., & Ahmed, A. (2016). A review on phytochemical and biological 

properties of Calotropis gigantea (Linn) R.Br. Discovery Phytomedicine, 3(2): 15-21. doi: 

10.15562/phytomedicine.2016.32 

Jain, N. N., Ohal, C. C., Shroff, S. K., Bhutada, R. H., Somani, R. S., Kasture, V. S., & 

Kasture, S. B. (2003). Clitoria ternatea and the CNS. Pharmacology, biochemistry, and 

behavior, 75(3), 529–536. doi: 10.1016/s0091-3057(03)00130-8 

Jain, S., Sharma, P., Ghule, S., Jain, A., & Jain, N. (2013). In vivo anti-inflammatory activity 

of Tabernaemontana divaricata leaf extract on male albino mice. Chinese journal of natural 

medicines, 11(5), 472–476. doi: 10.1016/S1875-5364(13)60086-2 

Jaja-Chimedza, A., Graf, B. L., Simmler, C., Kim, Y., Kuhn, P., Pauli, G. F., & Raskin, I. 

(2017). Biochemical characterization and anti-inflammatory properties of an isothiocyanate-

enriched moringa (Moringa oleifera) seed extract. PloS one, 12(8), e0182658. doi: 

10.1371/journal.pone.0182658 

Jennings, C., West, J., Waine, C., Craik, D., & Anderson, M. (2001). Biosynthesis and 

insecticidal properties of plant cyclotides: the cyclic knotted proteins from Oldenlandia 

affinis. Proceedings of the National Academy of Sciences of the United States of 

America, 98(19), 10614–10619. doi: 10.1073/pnas.191366898 

Jenssen, H., Hamill, P., & Hancock, R. E. (2006). Peptide antimicrobial agents. Clinical 

microbiology reviews, 19(3), 491–511. doi: 10.1128/CMR.00056-05 

Jia, S., Shen, M., Zhang, F., & Xie, J. (2017). Recent Advances in Momordica charantia: 

functional components and biological activities. International journal of molecular 

sciences, 18(12), 2555. doi: 10.3390/ijms18122555 

Jiang, H., Xing, Z., Wang, Y., Zhang, Z., Mintah, B. K., Dabbour, M., Li, Y., He, R., Huang, 

L., & Ma, H. (2020). Preparation of allicin-whey protein isolate conjugates: Allicin extraction 



107 
 

by water, conjugates’ ultrasound-assisted binding and its stability, solubility and emulsibility 

analysis. Ultrasonics Sonochemistry, 63, 104981, doi: 10.1016/j.ultsonch.2020.104981 

Jin, Y., Hammer, J., Pate, M., Zhang, Y., Zhu, F., Zmuda, E., & Blazyk, J. (2005). 

Antimicrobial activities and structures of two linear cationic peptide families with various 

amphipathic beta-sheet and alpha-helical potentials. Antimicrobial agents and 

chemotherapy, 49(12), 4957–4964. doi: 10.1128/AAC.49.12.4957-4964.2005 

John, S., & Chellappa, A. R. (2005). Hypoglycemic effect of Moringa oleifera (drumstick) 

leaves on human diabetic subjects and albino rats. Indian Journal of Nutrition and Dietetics, 

42(1): 22-29.  

Joseph, B., & Jini, D. (2013). Antidiabetic effects of Momordica charantia (bitter melon) and 

its medicinal potency. Asian Pacific Journal of Tropical Disease, 3(2), 93–102. doi: 

10.1016/S2222-1808(13)60052-3 

Kalmankar, N. V., Venkatesan, R., Balaram, P., & Sowdhamini, R. (2020). Transcriptomic 

profiling of the medicinal plant Clitoria ternatea: identification of potential genes in cyclotide 

biosynthesis. Scientific reports, 10(1), 12658. doi: 10.1038/s41598-020-69452-7 

Kamilla, L., Mansor, S. M., Ramanathan, S., & Sasidharan, S. (2009). Effects of Clitoria 

ternatea leaf extract on growth and morphogenesis of Aspergillus niger. Microscopy and 

microanalysis: the official journal of Microscopy Society of America, Microbeam Analysis 

Society, Microscopical Society of Canada, 15(4), 366–372. doi: 10.1017/S1431927609090783 

Kamilla, L., Ramanathan, S., Sasidharan, S., & Mansor, S. M. (2014). Evaluation of 

antinociceptive effect of methanolic leaf and root extracts of Clitoria ternatea Linn. in 

rats. Indian journal of pharmacology, 46(5), 515–520. doi:10.4103/0253-7613.140583 

Kamkaen, N., & Wilkinson, J. M. (2009). The antioxidant activity of Clitoria ternatea flower 

petal extracts and eye gel. Phytotherapy research: PTR, 23(11), 1624–1625. doi: 

10.1002/ptr.2832 



108 
 

Katre, U. V., Suresh, C. G., Khan, M. I., & Gaikwad, S. M. (2008). Structure-activity 

relationship of a hemagglutinin from Moringa oleifera seeds. International journal of 

biological macromolecules, 42(2), 203–207. doi: 10.1016/j.ijbiomac.2007.10.024 

Kazuma, K., Noda, N., & Suzuki, M. (2003). Malonylated flavonol glycosides from the petals 

of Clitoria ternatea. Phytochemistry, 62(2), 229–237. doi: 10.1016/s0031-9422(02)00486-7 

Keating, J. D. H., Ebert, A. W., Hughes, J.d’A., Yang, R. Y., &  Curaba, J. (2017). Seeking to 

attain the UN’s Sustainable Development Goal 2 worldwide: the important role of Moringa 

oleifera. Acta horticulturae, 1158, 1–10. doi: 10.17660/ActaHortic.2017.1158.1  

Kelemu, S., Cardona, C., & Segura, G. (2004). Antimicrobial and insecticidal protein isolated 

from seeds of Clitoria ternatea, a tropical forage legume. Plant physiology and biochemistry: 

PPB, 42(11), 867–873. doi: 10.1016/j.plaphy.2004.10.013 

Khongsombat, O., Nakdook, W., & Ingkaninan, K. (2017). Inhibitory effects 

of Tabernaemontana divaricata root extract on oxidative stress and neuronal loss induced by 

amyloid β25-35 peptide in mice. Journal of traditional and complementary medicine, 8(1), 184–

189. doi: 10.1016/j.jtcme.2017.05.009 

Khor, K. Z., Lim, V., Moses, E. J., & Abdul Samad, N. (2018). The in vitro and in 

vivo Anticancer Properties of Moringa oleifera. Evidence-based complementary and 

alternative medicine: eCAM, 2018, 1071243. doi: 10.1155/2018/1071243 

Koehbach, J., & Craik, D. J. (2019). The vast structural diversity of antimicrobial 

peptides. Trends in pharmacological sciences, 40(7), 517–528. doi: 

10.1016/j.tips.2019.04.012 

Kulshreshtha, D. K., & Khare, M. P. (1967). Chemical investigation of the seeds of Clitoria 

ternatea ‘Linn’. Current Science, 36, 124–125.  

Kumar, A., & Selvakumar, S. (2015). Antiproliferative efficacy of Tabernaemontana 

divaricata against HEP2 cell line and Vero cell line. Pharmacognosy magazine, 11, S46–S52. 

doi: 10.4103/0973-1296.157682 

https://doi.org/10.17660/ActaHortic.2017.1158.1


109 
 

Kumar, B. S., & Bhat, K.I. (2011). In vitro cytotoxic activity studies of Clitoria ternatea linn 

flower extracts. International Journal of Pharmaceutical Sciences Review and 

Research, 6(2):120-121 

Kumar, G., Karthik, L., & Rao, K. V. B. (2011). A Review on pharmacological and 

phytochemical profile of Calotropis gigantea Linn. Pharmacologyonline 1, 1–8 

Kumar, P., Kizhakkedathu, J. N., & Straus, S. K. (2018). Antimicrobial peptides: diversity, 

mechanism of action and strategies to improve the activity and biocompatibility in 

vivo. Biomolecules, 8(1), 4. doi: 10.3390/biom8010004 

Kumar, S., & Deswal, S. (2020). Phytoremediation capabilities of Salvinia molesta, water 

hyacinth, water lettuce, and duckweed to reduce phosphorus in rice mill 

wastewater. International journal of phytoremediation, 22(11), 1097–1109. doi: 

10.1080/15226514.2020.1731729 

Kumar, S., Singh, B., & Singh, R. (2022). Catharanthus roseus (L.) G. Don: A review of its 

ethnobotany, phytochemistry, ethnopharmacology and toxicities. Journal of 

ethnopharmacology, 284, 114647. doi: 10.1016/j.jep.2021.114647 

Kumari, K., Mathew, B. C., & Augusti, K. T. (1995). Antidiabetic and hypolipidemic effects 

of S-methyl cysteine sulfoxide isolated from Allium cepa Linn. Indian journal of biochemistry 

& biophysics, 32(1), 49–54. 

Lacerda, A. F., Vasconcelos, E. A., Pelegrini, P. B., & Grossi de Sa, M. F. (2014). Antifungal 

defensins and their role in plant defense. Frontiers in microbiology, 5, 116. doi: 

10.3389/fmicb.2014.00116 

Laemmli U. K. (1970). Cleavage of structural proteins during the assembly of the head of 

bacteriophage T4. Nature, 227(5259), 680–685. doi: 10.1038/227680a0 

Lai, K. C., Hsu, S. C., Kuo, C. L., Yang, J. S., Ma, C. Y., Lu, H. F., Tang, N. Y., Hsia, T. C., 

Ho, H. C., & Chung, J. G. (2013). Diallyl sulfide, diallyl disulfide, and diallyl trisulfide inhibit 

migration and invasion in human colon cancer colo 205 cells through the inhibition of matrix 

https://www.researchgate.net/journal/International-Journal-of-Pharmaceutical-Sciences-Review-and-Research-0976-044X
https://www.researchgate.net/journal/International-Journal-of-Pharmaceutical-Sciences-Review-and-Research-0976-044X
https://doi.org/10.3390/biom8010004


110 
 

metalloproteinase-2, -7, and -9 expressions. Environmental toxicology, 28(9), 479–488. doi: 

10.1002/tox.20737 

Lambros, C., & Vanderberg, J. P. (1979). Synchronization of Plasmodium falciparum 

erythrocytic stages in culture. The Journal of parasitology, 65(3), 418–420. 

Lautie, E., Russo, O., Ducrot, P., & Boutin, J. A. (2020). Unravelling plant natural chemical 

diversity for drug discovery purposes. Frontiers in pharmacology, 11, 397. doi: 

10.3389/fphar.2020.00397 

Lei, J., Sun, L., Huang, S., Zhu, C., Li, P., He, J., Mackey, V., Coy, D. H., & He, Q. (2019). 

The antimicrobial peptides and their potential clinical applications. American journal of 

translational research, 11(7), 3919–3931. 

Li, J., Hu, S., Jian, W., Xie, C., & Yang, X. (2021). Plant antimicrobial peptides: structures, 

functions, and applications. Botanical studies, 62(1), 5. doi: 10.1186/s40529-021-00312-x 

Li, J., Koh, J. J., Liu, S., Lakshminarayanan, R., Verma, C. S., & Beuerman, R. W. (2017). 

Membrane active antimicrobial peptides: translating mechanistic insights to design. Frontiers 

in neuroscience, 11, 73. doi: 10.3389/fnins.2017.00073 

Li, S., Wang, P., Deng, G., Yuan, W., & Su, Z. (2013). Cytotoxic compounds from invasive 

giant salvinia (Salvinia molesta) against human tumor cells. Bioorganic & medicinal 

chemistry letters, 23(24), 6682–6687. doi: 10.1016/j.bmcl.2013.10.040 

Liang, Y., Guan, R., Huang, W., & Xu, T. (2011). Isolation and identification of a novel 

inducible antibacterial peptide from the skin mucus of Japanese eel, Anguilla japonica. The 

protein journal, 30(6), 413–421. doi: 10.1007/s10930-011-9346-9  

Liu, S., Wei, W., Li, Y., Lin, X., Shi, K., Cao, X., & Zhou, M. (2014). In vitro and in vivo 

anti-hepatitis B virus activities of the lignan nirtetralin B isolated from Phyllanthus niruri 

L. Journal of ethnopharmacology, 157, 62–68. doi: 10.1016/j.jep.2014.09.019 



111 
 

López-García, G., Dublan-García, O., Arizmendi-Cotero, D., & Gómez Oliván, L. M. (2022). 

Antioxidant and Antimicrobial Peptides Derived from Food Proteins. Molecules (Basel, 

Switzerland), 27(4), 1343. doi: 10.3390/molecules27041343 

Lukhoba, C. W., Simmonds, M. S., & Paton, A. J. (2006). Plectranthus: a review of 

ethnobotanical uses. Journal of ethnopharmacology, 103(1), 1–24. doi: 

10.1016/j.jep.2005.09.011 

Luz, L., Silva, M. C., Ferreira, R., Santana, L. A., Silva-Lucca, R. A., Mentele, R., Oliva, M. 

L., Paiva, P. M., & Coelho, L. C. (2013). Structural characterization of coagulant Moringa 

oleifera Lectin and its effect on hemostatic parameters. International journal of biological 

macromolecules, 58, 31–36. doi: 10.1016/j.ijbiomac.2013.03.044 

Madsen, M., Schlundt, J., & Omer, E. F. (1987). Effect of water coagulation by seeds of 

Moringa oleifera on bacterial concentrations. The Journal of tropical medicine and 

hygiene, 90(3), 101–109. 

Maenthaisong, R., Chaiyakunapruk, N., Niruntraporn, S., & Kongkaew, C. (2007). The 

efficacy of Aloe vera used for burn wound healing: a systematic review. Burns: journal of the 

International Society for Burn Injuries, 33(6), 713–718. doi: 10.1016/j.burns.2006.10.384 

Mahlapuu, M., Björn, C., & Ekblom, J. (2020). Antimicrobial peptides as therapeutic agents: 

opportunities and challenges. Critical reviews in biotechnology, 40(7), 978–992. doi: 

10.1080/07388551.2020.1796576 

Malik, J., Karan, M., & Vasisht, K. (2011). Nootropic, anxiolytic and CNS-depressant studies 

on different plant sources of shankhpushpi. Pharmaceutical biology, 49(12), 1234–1242. doi: 

10.3109/13880209.2011.584539 

Mandal, S. M., Porto, W. F., Dey, P., Maiti, M. K., Ghosh, A. K., & Franco, O. L. (2013). The 

attack of the phytopathogens and the trumpet solo: identification of a novel plant antifungal 

peptide with distinct fold and disulfide bond pattern. Biochimie, 95(10), 1939–1948. doi: 

10.1016/j.biochi.2013.06.027 



112 
 

Maneesai, P., Iampanichakul, M., Chaihongsa, N., Poasakate, A., Potue, P., Rattanakanokchai, 

S., Bunbupha, S., Chiangsaen, P., & Pakdeechote, P. (2021). Butterfly Pea Flower (Clitoria 

ternatea Linn.) Extract Ameliorates Cardiovascular Dysfunction and Oxidative Stress in Nitric 

Oxide-Deficient Hypertensive Rats. Antioxidants (Basel, Switzerland), 10(4), 523. doi: 

10.3390/antiox10040523 

Manirakiza, A., Irakoze, L., & Manirakiza, S. (2021). Aloe and its effects on cancer: a 

narrative literature review. The East African health research journal, 5(1), 1–16. doi: 

10.24248/eahrj.v5i1.645 

Marcus, J. P., Green, J. L., Goulter, K. C., & Manners, J. M. (1999). A family of antimicrobial 

peptides is produced by processing of a 7S globulin protein in Macadamia integrifolia 

kernels. The Plant journal: for cell and molecular biology, 19(6), 699–710. doi: 

10.1046/j.1365-313x.1999.00569.x 

Marefati, N., Ghorani, V., Shakeri, F., Boskabady, M., Kianian, F., Rezaee, R., & Boskabady, 

M. H. (2021). A review of anti-inflammatory, antioxidant, and immunomodulatory effects 

of Allium cepa and its main constituents. Pharmaceutical biology, 59(1), 287–302. doi: 

10.1080/13880209.2021.1874028 

Marrelli, M., Amodeo, V., Statti, G., & Conforti, F. (2018). Biological properties and 

bioactive components of Allium cepa L.: focus on potential benefits in the treatment of obesity 

and related comorbidities. Molecules (Basel, Switzerland), 24(1), 119. doi: 

10.3390/molecules24010119 

Martino, E., Casamassima, G., Castiglione, S., Cellupica, E., Pantalone, S., Papagni, F., Rui, 

M., Siciliano, A. M., & Collina, S. (2018). Vinca alkaloids and analogues as anti-cancer 

agents: Looking back, peering ahead. Bioorganic & medicinal chemistry letters, 28(17), 2816–

2826. doi: 10.1016/j.bmcl.2018.06.044 

Marzouki, S. M., Limam, F., Smaali, M. I., Ulber, R., & Marzouki, M. N. (2005). A new 

thermostable peroxidase from garlic Allium sativum: purification, biochemical properties, 

immobilization, and use in H2O2 detection in milk. Applied biochemistry and 

biotechnology, 127(3), 201–214. doi: 10.1385/abab:127:3:201 



113 
 

Matsuzaki, K., Harada, M., Funakoshi, S., Fujii, N., & Miyajima, K. (1991). Physicochemical 

determinants for the interactions of magainins 1 and 2 with acidic lipid bilayers. Biochimica et 

biophysica acta, 1063(1), 162–170. doi: 10.1016/0005-2736(91)90366-g 

Mikaili, P., Maadirad, S., Moloudizargari, M., Aghajanshakeri, S., & Sarahroodi, S. (2013). 

Therapeutic uses and pharmacological properties of garlic, shallot, and their biologically 

active compounds. Iranian journal of basic medical sciences, 16(10), 1031–1048. 

Mikulass, K. R., Nagy, K., Bogos, B., Szegletes, Z., Kovacs, E., Farkas, A., Varo, G., 

Kondorosi, É., & Kereszt, A. (2016). Antimicrobial nodule-specific cysteine-rich peptides 

disturb the integrity of bacterial outer and inner membranes and cause loss of membrane 

potential. Annals of clinical microbiology and antimicrobials, 15(1), 43. doi: 10.1186/s12941-

016-0159-8 

Mirelman, D., Monheit, D., & Varon, S. (1987). Inhibition of growth of Entamoeba histolytica 

by allicin, the active principle of garlic extract (Allium sativum). The Journal of infectious 

diseases, 156(1), 243–244. doi: 10.1093/infdis/156.1.243 

Mohanraj, K., Karthikeyan, B. S., Vivek-Ananth, R. P., Chand, R. P. B., Aparna S. R, 

Mangalapandi, P. and Samal, A. (2018). IMPPAT: A curated database of Indian medicinal 

plants, phytochemistry and therapeutics. Sci. Rep., 8:4329, doi: 10.1038/s41598-018-22631-z 

Molesini, B., Treggiari, D., Dalbeni, A., Minuz, P., & Pandolfini, T. (2017). Plant cystine-knot 

peptides: pharmacological perspectives. British journal of clinical pharmacology, 83(1), 63–

70. doi: 10.1111/bcp.12932. 

Morris, J. B. (2009). Characterization of butterfly pea (Clitoria ternatea L.) accessions for 

morphology, phenology, reproduction and potential nutraceutical, pharmaceutical trait 

utilization. Genetic Resources and Crop Evolution,  56, 421–427. doi: 10.1007/s10722-008-

9376-0   

Mostofa, R., Ahmed, S., Begum, M. M., Sohanur Rahman, M., Begum, T., Ahmed, S. U., 

Tuhin, R. H., Das, M., Hossain, A., Sharma, M., & Begum, R. (2017). Evaluation of anti-

inflammatory and gastric anti-ulcer activity of Phyllanthus niruri L. (Euphorbiaceae) leaves in 

https://doi.org/10.1186/s12941-016-0159-8
https://doi.org/10.1186/s12941-016-0159-8
https://doi.org/10.1111/bcp.12932
https://link.springer.com/journal/10722
https://doi.org/10.1007/s10722-008-9376-0
https://doi.org/10.1007/s10722-008-9376-0


114 
 

experimental rats. BMC complementary and alternative medicine, 17(1), 267. doi: 

10.1186/s12906-017-1771-7 

Mukherjee, P. K., Kumar, V., Kumar, N. S., & Heinrich, M. (2008). The ayurvedic medicine 

Clitoria ternatea--from traditional use to scientific assessment. Journal of 

ethnopharmacology, 120(3), 291–301. doi: 10.1016/j.jep.2008.09.009 

Murthy, P.S., Ramalakshmi, K., & Srinivas, P. (2009). Fungitoxic activity of Indian borage 

(Plectranthus amboinicus) volatiles. Food Chemistry, 114, 1014–1018. doi: 

10.1016/j.foodchem.2008.10.064 

Mwangi, J., Hao, X., Lai, R., & Zhang, Z. Y. (2019). Antimicrobial peptides: new hope in the 

war against multidrug resistance. Zoological research, 40(6), 488–505. doi: 

10.24272/j.issn.2095-8137.2019.062 

Nade, V. S., Kanhere, S. V., Kawale, L. A., & Yadav, A. V. (2011). Cognitive enhancing and 

antioxidant activity of ethyl acetate soluble fraction of the methanol extract of Hibiscus rosa 

sinensis in scopolamine-induced amnesia. Indian journal of pharmacology, 43(2), 137–142. 

doi: 10.4103/0253-7613.77347 

Nagy, K., Mikuláss, K. R., Végh, A. G., Kereszt, A., Kondorosi, É., Váró, G., & Szegletes, Z. 

(2015). Interaction of cysteine-rich cationic antimicrobial peptides with intact bacteria and 

model membranes. General physiology and biophysics, 34(2), 135–144. doi: 

10.4149/gpb_2015002 

Nawrot, R., Barylski, J., Nowicki, G., Broniarczyk, J., Buchwald, W., & Goździcka-Józefiak, 

A. (2014). Plant antimicrobial peptides. Folia microbiologica, 59(3), 181–196. doi: 

10.1007/s12223-013-0280-4 

Ngan, L., Tan, M. T., Hoang, N., Thanh, D. T., Linh, N., Hoa, T., Nuong, N., & Hieu, T. T. 

(2021). Antibacterial activity of Hibiscus rosa-sinensis L. red flower against antibiotic-

resistant strains of Helicobacter pylori and identification of the flower constituents. Brazilian 

journal of medical and biological research = Revista brasileira de pesquisas medicas e 

biologicas, 54(7), e10889. doi: 10.1590/1414-431X2020e10889  

https://doi.org/10.1016/j.foodchem.2008.10.064
https://doi.org/10.1016/j.foodchem.2008.10.064
https://doi.org/10.1007/s12223-013-0280-4
https://doi.org/10.1007/s12223-013-0280-4


115 
 

Nguyen, G. K., Zhang, S., Nguyen, N. T., Nguyen, P. Q., Chiu, M. S., Hardjojo, A., & Tam, J. 

P. (2011). Discovery and characterization of novel cyclotides originated from chimeric 

precursors consisting of albumin-1 chain a and cyclotide domains in the Fabaceae family. The 

Journal of biological chemistry, 286(27), 24275–24287. doi: 10.1074/jbc.M111.229922 

Nguyen, G. K., Zhang, S., Nguyen, N. T., Nguyen, P. Q., Chiu, M. S., Hardjojo, A., & Tam, J. 

P. (2011). Discovery and characterization of novel cyclotides originated from chimeric 

precursors consisting of albumin-1 chain a and cyclotide domains in the Fabaceae family. The 

Journal of biological chemistry, 286(27), 24275–24287. doi: 10.1074/jbc.M111.229922 

Nguyen, K. N., Nguyen, G. K., Nguyen, P. Q., Ang, K. H., Dedon, P. C., & Tam, J. P. (2016). 

Immunostimulating and Gram-negative-specific antibacterial cyclotides from the butterfly pea 

(Clitoria ternatea). The FEBS journal, 283(11), 2067–2090. doi: 10.1111/febs.13720 

Nguyen, K. N., Nguyen, G. K., Nguyen, P. Q., Ang, K. H., Dedon, P. C., & Tam, J. P. (2016). 

Immunostimulating and Gram-negative-specific antibacterial cyclotides from the butterfly pea 

(Clitoria ternatea). The FEBS journal, 283(11), 2067–2090. doi: 10.1111/febs.13720 

Nithianantham, K., Shyamala, M., Chen, Y., Latha, L. Y., Jothy, S. L., & Sasidharan, S. 

(2011). Hepatoprotective potential of Clitoria ternatea leaf extract against paracetamol 

induced damage in mice. Molecules (Basel, Switzerland), 16(12), 10134–10145. doi: 

10.3390/molecules161210134 

Noble R. L. (1990). The discovery of the vinca alkaloids--chemotherapeutic agents against 

cancer. Biochemistry and cell biology = Biochimie et biologie cellulaire, 68(12), 1344–1351. 

Noedl, H., Wernsdorfer, W. H., Miller, R. S., & Wongsrichanalai, C. (2002). Histidine-rich 

protein II: a novel approach to malaria drug sensitivity testing. Antimicrobial agents and 

chemotherapy, 46(6), 1658–1664. doi: 10.1128/AAC.46.6.1658-1664.2002 

Obediah, G. A., & Obi, N. C. (2020). Anti-plasmodial Effect of Moringa oleifera Seeds 

in Plasmodium berghei Infected Albino Rats. Biochemistry and Pharmacology (Los Angel) 

9:268. doi: 10.35248/2167-0501.20.9.268 



116 
 

Odintsova, T. I., Vassilevski, A. A., Slavokhotova, A. A., Musolyamov, A. K., Finkina, E. I., 

Khadeeva, N. V., Rogozhin, E. A., Korostyleva, T. V., Pukhalsky, V. A., Grishin, E. V., & 

Egorov, T. A. (2009). A novel antifungal hevein-type peptide from Triticum kiharae seeds 

with a unique 10-cysteine motif. The FEBS journal, 276(15), 4266–4275. doi: 10.1111/j.1742-

4658.2009.07135.x 

Oguis, G. K., Gilding, E. K., Huang, Y. H., Poth, A. G., Jackson, M. A., & Craik, D. J. (2020). 

Insecticidal diversity of butterfly pea (Clitoria ternatea) accessions. Industrial Crops and 

Products, 147, 112214. doi; 10.1016/j.indcrop.2020.112214  

Oguis, G. K., Gilding, E. K., Jackson, M. A., & Craik, D. J. (2019). Butterfly pea (Clitoria 

ternatea), a cyclotide-bearing plant with applications in agriculture and medicine. Frontiers in 

plant science, 10, 645. doi: 10.3389/fpls.2019.00645 

Okhuarobo, A., Falodun, J. E., Erharuyi, O., Imieje, V., Falodun, A., & Langer, P. (2014). 

Harnessing the medicinal properties of Andrographis paniculata for diseases and beyond: a 

review of its phytochemistry and pharmacology. Asian Pacific Journal of Tropical 

Disease, 4(3), 213–222. doi: 10.1016/S2222-1808(14)60509-0 

Olson, M. E., Sankaran, R. P., Fahey, J. W., Grusak, M. A., Odee, D., & Nouman, W. (2016). 

Leaf Protein and Mineral Concentrations across the "Miracle Tree" Genus Moringa. PloS 

one, 11(7), e0159782. doi: 10.1371/journal.pone.0159782 

Onsare, J. G., & Arora, D. S. (2015). Antibiofilm potential of flavonoids extracted from 

Moringa oleifera seed coat against Staphylococcus aureus, Pseudomonas aeruginosa and 

Candida albicans. Journal of applied microbiology, 118(2), 313–325. doi: 10.1111/jam.12701 

Ounjaijean, S., & Somsak, V. (2022). Effect of Allicin and Artesunate Combination Treatment 

on Experimental Mice Infected with Plasmodium berghei. Veterinary medicine 

international, 2022, 7626618. doi: 10.1155/2022/7626618 

Panyim, S., & Chalkley, R. (1969). High resolution acrylamide gel electrophoresis of 

histones. Archives of biochemistry and biophysics, 130(1), 337–346. doi: 10.1016/0003-

9861(69)90042-3 

https://www.sciencedirect.com/journal/industrial-crops-and-products
https://www.sciencedirect.com/journal/industrial-crops-and-products
https://doi.org/10.1016/j.indcrop.2020.112214


117 
 

Patwardhan, B., Vaidya, A. D. B. & Chorghade, M. S. (2004). Ayurveda and natural products 

drug discovery. Current Science, 86, 789–799. 

Perez, H. A., De la Rosa, M., & Apitz, R. (1994). In vivo activity of ajoene against rodent 

malaria. Antimicrobial agents and chemotherapy, 38(2), 337–339. doi: 10.1128/AAC.38.2.337 

Ponnusamy, S., Gnanaraj, W. E., Antonisamy, J. M., Selvakumar, V., & Nelson, J. (2010). 

The effect of leaves extracts of Clitoria ternatea Linn against the fish pathogens. Asian Pacific 

Journal of Tropical Medicine, 3(9), 723–726. doi: 10.1016/S1995-7645(10)60173-3 

Porto, W. F., Souza, V. A., Nolasco, D. O., & Franco, O. L. (2012). In silico identification of 

novel hevein-like peptide precursors. Peptides, 38(1), 127–136. doi: 

10.1016/j.peptides.2012.07.025 

Poth, A. G., Colgrave, M. L., Lyons, R. E., Daly, N. L., & Craik, D. J. (2011). Discovery of an 

unusual biosynthetic origin for circular proteins in legumes. Proceedings of the National 

Academy of Sciences of the United States of America, 108(25), 10127–10132. doi: 

10.1073/pnas.1103660108 

Poth, A. G., Colgrave, M. L., Philip, R., Kerenga, B., Daly, N. L., Anderson, M. A., & Craik, 

D. J. (2011). Discovery of cyclotides in the fabaceae plant family provides new insights into 

the cyclization, evolution, and distribution of circular proteins. ACS chemical biology, 6(4), 

345–355. doi: 10.1021/cb100388j 

Pratap, G. M., Manoj, K. M., Sai, S. A., Sujatha, B., & Sreedevi, E. (2012). Evaluation of 

three medicinal plants for anti-microbial activity. Ayu, 33(3), 423–428. doi: 10.4103/0974-

8520.108859 

Pratchayasakul, W., Pongchaidecha, A., Chattipakorn, N., & Chattipakorn, S. (2008). 

Ethnobotany and ethnopharmacology of Tabernaemontana divaricata. The Indian journal of 

medical research, 127(4), 317–335. 

Rabinkov, A., Miron, T., Konstantinovski, L., Wilchek, M., Mirelman, D., & Weiner, L. 

(1998). The mode of action of allicin: trapping of radicals and interaction with thiol containing 

https://doi.org/10.1016/S1995-7645(10)60173-3


118 
 

proteins. Biochimica et biophysica acta, 1379(2), 233–244. doi: 10.1016/s0304-

4165(97)00104-9 

Raheem, N., & Straus, S. K. (2019). Mechanisms of action for antimicrobial peptides with 

antibacterial and antibiofilm functions. Frontiers in microbiology, 10, 2866. doi: 

10.3389/fmicb.2019.02866 

Rahioui, I., Laugier, C., Balmand, S., Da Silva, P., Rahbe, Y., & Gressent, F. (2007). Toxicity, 

binding and internalization of the pea-A1b entomotoxin in Sf9 cells. Biochimie, 89(12), 1539–

1543. doi: 10.1016/j.biochi.2007.07.021 

Rana, S. V., Pal, R., Vaiphei, K., Sharma, S. K., & Ola, R. P. (2011). Garlic in health and 

disease. Nutrition Research Reviews, 24(1), 60–71. doi:10.1017/S0954422410000338 

Ranasinghe, S., Ansumana, R., Lamin, J. M., Bockarie, A. S., Bangura, U., Buanie, J. A., 

Stenger, D. A., & Jacobsen, K. H. (2015). Herbs and herbal combinations used to treat 

suspected malaria in Bo, Sierra Leone. Journal of ethnopharmacology, 166, 200–204. doi: 

10.1016/j.jep.2015.03.028 

Rathinakumar, R., & Wimley, W. C. (2010). High-throughput discovery of broad-spectrum 

peptide antibiotics. FASEB journal: official publication of the Federation of American 

Societies for Experimental Biology, 24(9), 3232–3238. doi: 10.1096/fj.10-157040 

Ratshilivha, N., Awouafack, M. D., du Toit, E. S., & Eloff, J. N. (2014) The variation in 

antimicrobial and antioxidant activities of acetone leaf extracts of 12 Moringa oleifera 

(Moringaceae) trees enables the selection of trees with additional uses. South African Journal 

of Botany, 92, 59–64. doi: 10.1016/j.sajb.2014.02.002 

Reddy, K. V., Yedery, R. D., & Aranha, C. (2004). Antimicrobial peptides: premises and 

promises. International journal of antimicrobial agents, 24(6), 536–547. doi: 

10.1016/j.ijantimicag.2004.09.005 

Rengarajan, S., Melanathuru, V., Govindasamy, C., Chinnadurai, V., & Elsadek, M. F. (2020). 

Antioxidant activity of flavonoid compounds isolated from the petals of Hibiscus rosa 

https://www.sciencedirect.com/journal/south-african-journal-of-botany
https://www.sciencedirect.com/journal/south-african-journal-of-botany
https://doi.org/10.1016/j.sajb.2014.02.002


119 
 

sinensis, Journal of King Saud University - Science, 32, 2236-2242. doi: 

10.1016/j.jksus.2020.02.028 

Salehi, B., Zucca, P., Orhan, I.E., Azzini, E., Adetunji, C.O., Mohammed, S.A., Banerjee, 

S.K., Sharopov, F., Rigano, D., Sharifi-Rad, J., Armstrong, L., Martorell, M., Sureda, A., 

Martins, N., Selamoğlu, Z., & Ahmad, Z. (2019). Allicin and health: A comprehensive review. 

Trends Food Sci. Technol., 86, 502-516. doi:10.1016/j.tifs.2019.03.003 

Salminen, T. A., Blomqvist, K., & Edqvist, J. (2016). Lipid transfer proteins: classification, 

nomenclature, structure, and function. Planta, 244(5), 971–997. doi: 10.1007/s00425-016-

2585-4 

Sánchez, M., González-Burgos, E., Iglesias, I., & Gómez-Serranillos, M. P. (2020). 

Pharmacological Update Properties of Aloe vera and its Major Active Constituents. Molecules 

(Basel, Switzerland), 25(6), 1324. doi: 10.3390/molecules25061324 

Sani, M. A., & Separovic, F. (2016). How Membrane-Active Peptides Get into Lipid 

Membranes. Accounts of chemical research, 49(6), 1130–1138. doi: 

10.1021/acs.accounts.6b00074 

Santos, A. F. S., Argolo, A. C. C., Coelho, L. C. B. B., & Paiva, P. M. G. (2005). Detection of 

water-soluble lectin and antioxidant component from Moringa oleifera seeds. Water Research, 

39, 975–980. doi: 10.1016/j.watres.2004.12.016 

Santos, A. F. S., Luz, L. A., Argolo, A. C. C., Teixeira, J. A., Paiva, P. M. G., & Coelho, L. C. 

B. B. (2009). Isolation of a seed coagulant Moringa oleifera lectin. Process Biochemistry, 44, 

504–508. doi: 10.1016/j.procbio.2009.01.002 

Santos, A. F., Paiva, P. M., Teixeira, J. A., Brito, A. G., Coelho, L. C., & Nogueira, R. (2012). 

Coagulant properties of Moringa oleifera protein preparations: application to humic acid 

removal. Environmental technology, 33(1-3), 69–75. doi: 10.1080/09593330.2010.550323 

Segura, A., Moreno, M., Madueño, F., Molina, A., & García-Olmedo, F. (1999). Snakin-1, a 

peptide from potato that is active against plant pathogens. Molecular plant-microbe 

interactions: MPMI, 12(1), 16–23. doi: 10.1094/MPMI.1999.12.1.16 

https://doi.org/10.1016/j.watres.2004.12.016
https://doi.org/10.1016/j.procbio.2009.01.002


120 
 

Sen, S., & Chakraborty, R. (2016). Revival, modernization and integration of Indian 

traditional herbal medicine in clinical practice: Importance, challenges and future. Journal of 

traditional and complementary medicine, 7(2), 234–244. doi: 10.1016/j.jtcme.2016.05.006 

Serra, A., Hemu, X., Nguyen, G. K., Nguyen, N. T., Sze, S. K., & Tam, J. P. (2016). A high-

throughput peptidomic strategy to decipher the molecular diversity of cyclic cysteine-rich 

peptides. Scientific reports, 6, 23005. doi: 10.1038/srep23005 

Shan, Y., Wei, Z., Tao, L., Wang, S., Zhang, F., Shen, C., Wu, H., Liu, Z., Zhu, P., Wang, A., 

Chen, W., & Lu, Y. (2016). Prophylaxis of Diallyl Disulfide on Skin Carcinogenic Model via 

p21-dependent Nrf2 stabilization. Scientific reports, 6, 35676. doi: 10.1038/srep35676 

Sharma, M., Tandon, S., Aggarwal, V., Bhat, K. G., Kappadi, D., Chandrashekhar, P., & 

Dorwal, R. (2015). Evaluation of antibacterial activity of Calotropis gigentica against 

Streptococcus mutans and Lactobacillus acidophilus: An in vitro comparative study. Journal 

of conservative dentistry: JCD, 18(6), 457–460. doi: 10.4103/0972-0707.168809 

Sharma, S., Kaitholia, K., Mishra, N., Srivastava, B., Pillai, C. R., Valecha, N., & Anvikar, A. 

R. (2016). In vitro sensitivity pattern of chloroquine and artemisinin in Plasmodium 

falciparum. Indian journal of medical microbiology, 34(4), 509–512. doi: 10.4103/0255-

0857.195365 

Sher Khan, R., Iqbal, A., Malak, R., Shehryar, K., Attia, S., Ahmed, T., Ali Khan, M., Arif, 

M., & Mii, M. (2019). Plant defensins: types, mechanism of action and prospects of genetic 

engineering for enhanced disease resistance in plants. 3 Biotech, 9(5), 192. doi: 

10.1007/s13205-019-1725-5.  

Silverstein, K. A., Moskal, W. A., Jr, Wu, H. C., Underwood, B. A., Graham, M. A., Town, C. 

D., & VandenBosch, K. A. (2007). Small cysteine-rich peptides resembling antimicrobial 

peptides have been under-predicted in plants. The Plant journal : for cell and molecular 

biology, 51(2), 262–280. doi: 10.1111/j.1365-313X.2007.03136.x 

Singh, B. N., Singh, B. R., Singh, R. L., Prakash, D., Dhakarey, R., Upadhyay, G., & Singh, 

H. B. (2009). Oxidative DNA damage protective activity, antioxidant and anti-quorum sensing 

https://doi.org/10.1007/s13205-019-1725-5
https://doi.org/10.1007/s13205-019-1725-5


121 
 

potentials of Moringa oleifera. Food and chemical toxicology: an international journal 

published for the British Industrial Biological Research Association, 47(6), 1109–1116. doi: 

10.1016/j.fct.2009.01.034 

Singha, P. K., Roy, S., & Dey, S. (2003). Antimicrobial activity of Andrographis 

paniculata. Fitoterapia, 74(7-8), 692–694. doi: 10.1016/s0367-326x(03)00159-x 

Slavokhotova, A. A., & Rogozhin, E. A. (2020). Defense peptides from the α-hairpinin family 

are components of plant innate immunity. Frontiers in plant science, 11, 465. doi: 

10.3389/fpls.2020.00465 

Slavokhotova, A. A., Shelenkov, A. A., Andreev, Y. A., & Odintsova, T. I. (2017). Hevein-

like antimicrobial peptides of plants. Biochemistry. Biokhimiia, 82(13), 1659–1674. doi: 

10.1134/S0006297917130065 

Solanki, Y. B., & Jain, S. M. (2010). Antihyperlipidemic activity of Clitoria ternatea and 

Vigna mungo in rats. Pharmaceutical biology, 48(8), 915–923. doi: 

10.3109/13880200903406147 

Somboonwong, J., Kankaisre, M., Tantisira, B., & Tantisira, M. H. (2012). Wound healing 

activities of different extracts of Centella asiatica in incision and burn wound models: an 

experimental animal study. BMC complementary and alternative medicine, 12, 103. doi: 

10.1186/1472-6882-12-103 

Somsak, V., Borkaew, P., Klubsri, C., Dondee, K., Bootprom, P., & Saiphet, B. (2016). 

Antimalarial Properties of Aqueous Crude Extracts of Gynostemma 

pentaphyllum and Moringa oleifera Leaves in Combination with Artesunate in Plasmodium 

berghei-Infected Mice. Journal of tropical medicine, 2016, 8031392. doi: 

10.1155/2016/8031392 

Souza, D. P., Freitas, C. D., Pereira, D. A., Nogueira, F. C., Silva, F. D., Salas, C. E., & 

Ramos, M. V. (2011). Laticifer proteins play a defensive role against hemibiotrophic and 

necrotrophic phytopathogens. Planta, 234(1), 183–193. doi: 10.1007/s00425-011-1392-1 



122 
 

Sowmya, P., & Rajyalakshmi, P. (1999). Hypocholesterolemic effect of germinated fenugreek 

seeds in human subjects. Plant foods for human nutrition (Dordrecht, Netherlands), 53(4), 

359–365. doi: 10.1023/a:1008021618733 

Spohn, R., Daruka, L., Lázár, V., Martins, A., Vidovics, F., Grézal, G., Méhi, O., Kintses, B., 

Számel, M., Jangir, P. K., Csörgő, B., Györkei, Á., Bódi, Z., Faragó, A., Bodai, L., Földesi, I., 

Kata, D., Maróti, G., Pap, B., Wirth, R., … Pál, C. (2019). Integrated evolutionary analysis 

reveals antimicrobial peptides with limited resistance. Nature communications, 10(1), 4538. 

doi: 10.1038/s41467-019-12364-6 

Stec B. (2006). Plant thionins--the structural perspective. Cellular and molecular life sciences: 

CMLS, 63(12), 1370–1385. doi: 10.1007/s00018-005-5574-5 

Su, T., Han, M., Cao, D., & Xu, M. (2020). Molecular and biological properties of snakins: the 

foremost cysteine-rich plant host defense peptides. Journal of fungi (Basel, Switzerland), 6(4), 

220. doi: 10.3390/jof6040220 

Suarez, M., Entenza, J. M., Doerries, C., Meyer, E., Bourquin, L., Sutherland, J., Marison, I., 

Moreillon, P., & Mermod, N. (2003). Expression of a plant-derived peptide harboring water-

cleaning and antimicrobial activities. Biotechnology and bioengineering, 81(1), 13–20. doi: 

10.1002/bit.10550 

Suarez, M., Haenni, M., Canarelli, S., Fisch, F., Chodanowski, P., Servis, C., Michielin, O., 

Freitag, R., Moreillon, P., & Mermod, N. (2005). Structure-function characterization and 

optimization of a plant-derived antibacterial peptide. Antimicrobial agents and 

chemotherapy, 49(9), 3847–3857. doi: 10.1128/AAC.49.9.3847-3857.2005 

Sun, B., Wu, L., Wu, Y., Zhang, C., Qin, L., Hayashi, M., Kudo, M., Gao, M., & Liu, T. 

(2020). Therapeutic potential of Centella asiatica and its triterpenes: a review. Frontiers in 

pharmacology, 11, 568032. doi: 10.3389/fphar.2020.568032 

Svangard, E., Göransson, U., Hocaoglu, Z., Gullbo, J., Larsson, R., Claeson, P., & Bohlin, L. 

(2004). Cytotoxic cyclotides from Viola tricolor. Journal of natural products, 67(2), 144–147. 

doi: 10.1021/np030101l 



123 
 

Tadesse, S. A., & Emire, S. A. (2020). Production and processing of antioxidant bioactive 

peptides: A driving force for the functional food market. Heliyon,6(8), e04765. doi: 

10.1016/j.heliyon.2020.e04765 

Tailor, R. H., Acland, D. P., Attenborough, S., Cammue, B. P., Evans, I. J., Osborn, R. W., 

Ray, J. A., Rees, S. B., & Broekaert, W. F. (1997). A novel family of small cysteine-rich 

antimicrobial peptides from seed of Impatiens balsamina is derived from a single precursor 

protein. The Journal of biological chemistry, 272(39), 24480–24487. doi: 

10.1074/jbc.272.39.24480 

Talpate, K. A., Bhosale, U. A., Zambare, M. R., & Somani, R. (2013). Antihyperglycemic and 

antioxidant activity of Clitorea ternatea Linn. on streptozotocin-induced diabetic 

rats. Ayu, 34(4), 433–439. doi: 10.4103/0974-8520.127730 

Talpate, K. A., Bhosale, U. A., Zambare, M. R., & Somani, R. S. (2014). Neuroprotective and 

nootropic activity of Clitorea ternatea Linn.(Fabaceae) leaves on diabetes induced cognitive 

decline in experimental animals. Journal of pharmacy & bioallied sciences, 6(1), 48–55. doi: 

10.4103/0975-7406.124317 

Tam, J. P., Wang, S., Wong, K. H., & Tan, W. L. (2015). Antimicrobial peptides from 

plants. Pharmaceuticals (Basel, Switzerland), 8(4), 711–757. doi: 10.3390/ph8040711 

Taur, D. J., & Patil, R. Y. (2011). Evaluation of antiasthmatic activity of Clitoria ternatea L. 

roots. Journal of ethnopharmacology, 136(2), 374–376. doi: 10.1016/j.jep.2011.04.064 

Terahara, N., Saito, N., Honda, T., Toki, K., & Osajima, Y. (1990). Further structural 

elucidation of the anthocyanin, deacylternatin from Clitoria ternatea. Phytochemistry, 29(11), 

3686-3687. doi: 10.1016/0031-9422(90)85308-3 

Terahara, N., Saito, N., Hondas, T., & Toki, K. (1989). Structure of Ternatin D1, an acylated 

anthocyanin from Clitoria ternatea flowers. Tetrahedron Letters,30(39), 305-308. doi: 

10.1016/S0040-4039(01)93771-2

https://doi.org/10.1016/0031-9422(90)85308-3
https://doi.org/10.1016/S0040-4039(01)93771-2
https://doi.org/10.1016/S0040-4039(01)93771-2


124 
 

 

Tossi, A., Sandri, L., & Giangaspero, A. (2000). Amphipathic, alpha-helical antimicrobial 

peptides. Biopolymers, 55(1), 4–30. doi: 10.1002/1097-0282(2000)55 

Vaidya, A. D., & Devasagayam, T. P. (2007). Current status of herbal drugs in India: an 

overview. Journal of clinical biochemistry and nutrition, 41(1), 1–11. doi: 

10.3164/jcbn.2007001. 

Vale, N., Aguiar, L., & Gomes, P. (2014). Antimicrobial peptides: a new class of antimalarial 

drugs?. Frontiers in pharmacology, 5, 275. doi: 10.3389/fphar.2014.00275 

Van Beek, T. A., Verpoorte, R., Svendsen, A. B., Leeuwenberg, A. J., & Bisset, N. G. (1984). 

Tabernaemontana L. (Apocynaceae): a review of its taxonomy, phytochemistry, ethnobotany 

and pharmacology. Journal of ethnopharmacology, 10(1), 1–156. doi: 10.1016/0378-

8741(84)90046-1 

Verma, D. K., Hasan, S. H., & Banik, R. M. (2016). Photo-catalyzed and phyto-mediated 

rapid green synthesis of silver nanoparticles using herbal extract of Salvinia molesta and its 

antimicrobial efficacy. Journal of photochemistry and photobiology. B, Biology, 155, 51–59. 

doi: 10.1016/j.jphotobiol.2015.12.00 

Wallock-Richards, D., Doherty, C. J., Doherty, L., Clarke, D. J., Place, M., Govan, J. R., & 

Campopiano, D. J. (2014). Garlic revisited: antimicrobial activity of allicin-containing garlic 

extracts against Burkholderia cepacia complex. PloS one, 9(12), e112726. doi: 

10.1371/journal.pone.0112726 

Wang, H., Li, X., Liu, X., Shen, D., Qiu, Y., Zhang, X., & Song, J. (2015). Influence of pH, 

concentration and light on stability of allicin in garlic (Allium sativum L.) aqueous extract as 

measured by UPLC. Journal of the science of food and agriculture, 95(9), 1838–1844. 

doi:10.1002/jsfa.6884 

Wang, J., Chou, S., Xu, L., Zhu, X., Dong, N., Shan, A., & Chen, Z. (2015). High specific 

selectivity and Membrane-Active Mechanism of the synthetic centrosymmetric α-helical 

peptides with Gly-Gly pairs. Scientific reports, 5, 15963. doi: 10.1038/srep15963 

https://doi.org/10.3164/jcbn.2007001
https://doi.org/10.3164/jcbn.2007001
https://doi.org/10.3389/fphar.2014.00275
https://doi.org/10.1371/journal.pone.0112726
https://doi.org/10.1371/journal.pone.0112726


125 
 

Wang, J., Zhang, X., Lan, H., & Wang, W. (2017). Effect of garlic supplement in the 

management of type 2 diabetes mellitus (T2DM): a meta-analysis of randomized controlled 

trials. Food & nutrition research, 61(1), 1377571. doi: 10.1080/16546628.2017.1377571 

Waterman, C., Rojas-Silva, P., Tumer, T. B., Kuhn, P., Richard, A. J., Wicks, S., Stephens, J. 

M., Wang, Z., Mynatt, R., Cefalu, W., & Raskin, I. (2015). Isothiocyanate-rich Moringa 

oleifera extract reduces weight gain, insulin resistance, and hepatic gluconeogenesis in 

mice. Molecular nutrition & food research, 59(6), 1013–1024. doi: 10.1002/mnfr.201400679 

Wegscheid-Gerlach, C., Gerber, H. D., & Diederich, W. E. (2010). Proteases of Plasmodium 

falciparum as potential drug targets and inhibitors thereof. Current topics in medicinal 

chemistry, 10(3), 346–367. doi: 10.2174/156802610790725461 

Weidmann, J., & Craik, D. J. (2016). Discovery, structure, function, and applications of 

cyclotides: circular proteins from plants. Journal of experimental botany, 67(16), 4801–4812. 

doi: 10.1093/jxb/erw210 

Wimley W. C. (2010). Describing the mechanism of antimicrobial peptide action with the 

interfacial activity model. ACS chemical biology, 5(10), 905–917. doi: 10.1021/cb1001558  

World Health Organization. (2019). WHO global report on traditional and complementary 

medicine 2019. World Health Organization.  Licence: CC BY-NC-SA 3.0 IGO 

https://apps.who.int/iris/handle/10665/312342  

Wu, Q., Patočka, J., & Kuča, K. (2018). Insect antimicrobial peptides, a mini 

review. Toxins, 10(11), 461. doi: 10.3390/toxins10110461 

Ye, G., Li, Z.-X., Xia, G.-X., Peng, H., Sun, Z.-L., & Huang, C.-G. (2009). A new iridoid 

alkaloid from the flowers of Plumeria rubra L. cv. acutifolia. Helvetica Chimica Acta, 92: 

2790-2794. doi: 10.1002/hlca.200900222 

Yeung, A. T., Gellatly, S. L., & Hancock, R. E. (2011). Multifunctional cationic host defence 

peptides and their clinical applications. Cellular and molecular life sciences: CMLS, 68(13), 

2161–2176. doi: 10.1007/s00018-011-0710-x 

https://doi.org/10.1021/cb1001558
https://apps.who.int/iris/handle/10665/312342
https://onlinelibrary.wiley.com/journal/15222675
https://doi.org/10.1002/hlca.200900222


126 
 

Zaky, A. A., Simal-Gandara, J., Eun, J. B., Shim, J. H., & Abd El-Aty, A. M. (2022). 

Bioactivities, Applications, Safety, and Health Benefits of Bioactive Peptides from Food and 

By-Products: A Review. Frontiers in nutrition, 8, 815640. doi :10.3389/fnut.2021.815640 

Zasloff M. (2002). Antimicrobial peptides of multicellular organisms. Nature, 415(6870), 

389–395. doi: 10.1038/415389a 

Zhang, M., Zhao, R., Wang, D., Wang, L., Zhang, Q., Wei, S., Lu, F., Peng, W., & Wu, C. 

(2021). Ginger (Zingiber officinale Rosc.) and its bioactive components are potential resources 

for health beneficial agents. Phytotherapy research: PTR, 35(2), 711–742. doi: 

10.1002/ptr.6858 

Zhu, X., Dong, N., Wang, Z., Ma, Z., Zhang, L., Ma, Q., & Shan, A. (2014). Design of 

imperfectly amphipathic α-helical antimicrobial peptides with enhanced cell selectivity. Acta 

biomaterialia, 10(1), 244–257. doi: 10.1016/j.actbio.2013.08.043 

Zou, T. B., He, T. P., Li, H. B., Tang, H. W., & Xia, E. Q. (2016). The Structure-Activity 

Relationship of the Antioxidant Peptides from Natural Proteins. Molecules (Basel, 

Switzerland), 21(1), 72. doi: 10.3390/molecules21010072 

https://doi.org/10.3390/molecules21010072


127 
 

 

 

 

 

 

 

 

 

 

Appendix 

  



128 
 

APPENDIX – I 

 

Nutrient Agar 

Nutrient agar (HiMedia)                                                         28 g 

Distilled water                                                                       1000 ml 

Heat to boiling to dissolve the medium completely. Sterilize by autoclaving at 121 ºC, 15 lb 

pressure for 15 min. Cool to 45–50 ºC. Mix well and pour into sterile petri plates. 

Nutrient Broth 

Nutrient agar (HiMedia)                                                           13 g 

Distilled water                                                                        1000 ml 

Heat to boiling to dissolve the medium completely. Mix well and dispense into test 

tubes/flasks. Sterilize by autoclaving at 121 ºC, 15 lb pressure for 15 min. 

Mueller-Hinton Broth 

Mueller Hinton broth (HiMedia)                                               21 g 

Distilled water                                                                         1000 ml 

Heat to boiling to dissolve the medium completely. Mix well and dispense into test 

tubes/flasks. Sterilize by autoclaving at 121 ºC, 15 lb pressure for 15 min. 

Mueller-Hinton Agar 

Mueller Hinton agar (HiMedia)                                                 38 g 

Distilled water                                                                          1000 ml 

Heat to boiling to dissolve the medium completely. Sterilize by autoclaving at 121 ºC, 15 lb 

pressure for 15 min. Cool to 45–50 ºC. Mix well and pour into sterile petri plates.  
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APPENDIX – II 

 

Sodium acetate buffer - 0.2 M Stock (pH 5) 

Sodium acetate                                                                        27.21 g 

Glacial acetic acid                                                                    6 ml  

Distilled water                                                                          994 ml 

The buffer can be stored at RT or 4 °C. 

 

Bradford reagent 

Coomassie-brilliant blue G-250                                             10 mg 

95% (v/v) Methanol                                                                 5 ml 

85% (v/v) Phosphoric acid                                                      10 ml 

Glycerol                                                                                   10 ml    

Distilled water                                                                          75 ml 

Filter the reagent before using for the assay. The reagent can be used stored at 4 °C.  

 

SDS-PAGE reagents 

18% Resolving gel 

1.5 M Tris-HCl (pH 8.8)                                                          2.6 ml 

Deionized distilled water                                                          1 ml 

10% (w/v) SDS                                            100 µl 

30% (w/v) Acrylamide/bisacrylamide                                      6.2 ml 

10% (w/v) APS       100 µl 

TEMED       10 µl 

 

4% Stacking gel 

0.5 M Tris-HCl (pH 6.8)                                                        1.25 ml 

Deionized distilled water                                                      2.975 ml 

10% (w/v) SDS                                           50 µl 

30% (w/v) Acrylamide/bisacrylamide                                    0.67 ml 



130 
 

10% (w/v) APS      50 µl 

TEMED       5 µl 

Tank buffer (5X Stock, pH 8.3) 

Tris base                                                                                   15 g 

Glycine                                                                                    72 g 

SDS                                                                                          5 g 

Deionized D/W                                                          1000 ml  

 

Sample loading dye (5X Stock) 

0.5% (w/v) Bromophenol blue                                               0.6 ml 

0.5 M Tris-HCl (pH 6.8)                                                         1 ml 

10% (w/v) SDS                                                                       1.6 ml 

β-mercaptoethanol                                                                  0.4 ml 

Glycerol                                                                                    8 ml 

Deionized distilled water                                                          4 ml 

Store the sample loading dye in a light proof container at 4 °C. 

 

Coomassie Brillant Blue stain 

Ammonium sulfate                                                                   50 g 

Deionized distilled water                                                          4 ml 

5% (w/v) Coomassie blue G-250                                             12 ml 

Orthophosphoric acid                                                               50 ml 

100% (v/v) Methanol                                                                100 ml 

Filter the solution using Whatman filter paper and store at 4 °C.  

 

Native-PAGE reagents 

15% Resolving gel  

30% (w/v) Acrylamide/Bisacrylamide                                       5 ml 

0.375 M Tris–HCl (pH 8.8)                                                       4.89 ml 

10% (w/v) APS                                                                          100 µl  
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TEMED                                                                                      10 µl  

 

4% Stacking gel 

30% (w/v) Acrylamide/Bisacrylamide                                      0.67 ml 

0.375 M Tris–HCl (pH 8.8)                                                      4. 275 ml 

10% (w/v) APS                                                                          50 µl 

TEMED                                                                                      5 µl  

Tank buffer (5X Stock) 

Tris base                                                                                       15 g  

Glycine                                                                                         72 g 

Deionized distilled water                                                          1000 ml  

 

Sample loading dye (2X Stock) 

62.5 Mm Tris–HCl (pH 6.8)                                                      250 µl 

Glycerol                                                                                     500 µl 

1% Bromophenol Blue                                                                40 µl 

Deionized distilled water                                                          1.210 ml 

 

Acid-Urea PAGE reagents 

15% Resolving gel  

Urea              3.6 g 

30% (w/v) Acrylamide/bisacrylamide                                       5 ml 

Glacial acetic acid             500 µl 

Deionized distilled water                                                          4.1 ml 

10% (w/v) APS                                                                         140 µl 

TEMED                                                                                     60 µl 
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Sample buffer (1X) 

Urea               3.6 g 

Glacial acetic acid               50 µl 

0.2% (w/v) Methylene blue                                                       100 µl 

Glycerol                                                                                    300 µl 

Deionized distilled water                                                          300 µl 

 

Running buffer 

5% (v/v) Acetic acid 

 

DPPH assay reagents 

DPPH Solution (5 Mm stock) 

DPPH (1,1-diphenyl-2-picrylhydrazyl)                                 1.9716 mg 

Methanol                                                                                      1 ml 

 

FRAP assay reagents 

10 mM TPTZ         

TPTZ (2,4,6-Tripyridyl-S-triazine)                                            3.123 g 

40 mM HCl                                                                                1000 ml 

20 mM FeCl3.6H2O  

Ferric chloride (FeCl3)                                                                5.406 g 

Deionized distilled water                                                            1000 ml            

0.001M FeSO4 Standard    

FeSO4.7H2O                                                                                 2.78 g 

Deionized distilled water                                                             1000 ml            
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FREQUENTLY USED ABBREVIATIONS 

 

WHO               World Health Organization 

CAPs               Cationic Antimicrobial Peptides 

AMP                Antimicrobial peptide 

HNP                 Human defensins 

MTCC              Microbial Type Culture Collection & Gene Bank 

SD                    Standard deviation 

BSA                  Bovine Serum Albumin 

PAGE               Polyacrylamide Gel Electrophoresis  

SDS                  Sodium dodecyl sulfate 

MW                  Molecular weight 

LMW                Low molecular weight  

AU-PAGE        Acid-Urea Polyacrylamide Gel Electrophoresis  

LC                     Liquid Chromatography 

MS                    Mass Spectrometry 

LC-ESI-MS      Liquid Chromatography-Electrospray Ionization-Mass Spectrometry 

HPLC                High-Performance Liquid Chromatography 

MALDI-TOF     Matrix-Assisted Laser Desorption/Ionisation Time-of-Flight 

MIC                   Minimum inhibitory concentration 

CLSI                  Clinical and Laboratory Standards Institute 

CFU                   Colony forming unit  

PBS                    Phosphate buffered saline  

MOCP               M. oleifera Coagulant protein 

UPLC                 Ultra-Performance Liquid Chromatography 
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HR-LC-MS         High-Resolution-Liquid Chromatography-Mass Spectrometry 

FDR                    False discovery rate 

HCD                   Higher energy collisional dissociation 

DPPH                  1,1-diphenyl-2-picrylhydrazyl 

FRAP                  Ferric reducing antioxidant power 

RBC                    Red blood cell  

RPMI                  Roswell Park Memorial Institute 

DMSO                Dimethyl sulfoxide 

EC50                    Half maximal effective concentration 

ED50                    Half maximal effective dose 

APS                    Ammonium persulfate 

TEMED              Tetramethylethylenediamine 

DW                      Distilled water 

TPTZ                   2,4,6-Tripyridyl-S-triazine 
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