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Abstract 

Emergence of multidrug resistance, side effects and heavy cost of synthetic medicine make it 

a challenge to explore new drugs having no such problems. To overcome these problems, 

there is a need to explore natural resources like plants. Medicinal plants are most abundant 

resources and their bioactive properties and possibly undiscovered novel modes of actions 

can be a solution to control the multidrug resistance. This study is also a part of this big 

project in which plants are explored to find novel peptides/protein based drugs by mass 

spectrometric approaches. Eight medicinal plants were screened on the basis of their 

antibacterial activities. Eruca sativa and Linum usitatissimum showed highest antibacterial 

potential and selected for proteomic studies. Before moving to proteomics, these two selected 

plant species were evaluated further for other biological activities viz antifungal, antioxidant, 

thrombolytic and hemolytic. Significant results proved that the biological potential was due 

to the presence of bioactive peptides/proteins, as the activities were almost abolished after 

proteinase K treatment. By bottom-up proteomics, 22 differentially expressed proteins from 

E. sativa were identified in this study having a good range of biological functions including 

antimicrobial, antiaphid, antigenic and cardio-protective. Eighteen constitutively expressed 

bioactive peptides (belong to 7 different classes of AMPs) were identified from L. 

usitatissimum by top-down proteomics. Literature reveals that these peptides have a good 

potential against life threatening diseases including antimicrobial, anti-HIV, anti-angiogenic, 

anticancer, uterotonic and insecticidal potentials. These peptides/proteins may have potential 

to be used in drug development after further structural and functional characterization. 
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Chapter 1  

INTRODUCTION 

Throughout human history, infectious diseases have been remained a big cause of mortality 

and morbidity. It is reported that one third of the total deaths are due to the presence of 

infectious diseases. According to a report of WHO (World Health Organization), around 

50,000 mortalities per day are due to infectious diseases throughout the world. Hence there is 

a need to discover novel antimicrobials against such disease causing agents (Chanda and 

Rakholiya, 2011). 

1.1. Drug resistance 

We have a range of antibiotics having inhibitory effects against a broad spectrum of pathogens 

(Chanda and Rakholiya, 2011). Although antibiotics have improved the health status of 

mankind in fighting against infectious diseases. But for a past few decades, the health status 

has been under stress due to the emergence of resistance, side effects and heavy cost of 

synthetic drugs. The drug resistance is categorized into to two main types, innate resistance 

and acquired resistance. Appearance of resistance before drug treatment is called primary or 

innate resistance while after therapy are known as acquired resistance.  The excessive/ frequent 

usage of a single therapeutic agent may lead to the emergence of multidrug resistance (MDR). 

MDR is actually the ability of cells (like microorganisms) to survive even in the presence of a 

broad range of drugs that is also called cross resistance. Development of microbial resistance 

is not a simple issue.  A number of resistance mechanisms have been developed due to 

commonly used antibiotics. Bacterial resistance is not only limited to a single antibiotics but 

extends to the whole class of the same antibiotics (Saga and Yamaguchi, 2009; Chai et al., 

2010; Chanda and Rakholiya, 2011; Akhdar et al., 2009). Among four different ways of 

antibiotic resistance in gram negative bacteria, first is the restricted entry of antibiotics through 

impermeable membrane barriers or hiding of the antibiotic target site from cell surface. Second 

important adaptation is the excretion of antibiotics from microbial cells by a pump called efflux 

pump. Cell division family like transporters directly pump the drug outside the cell while the 

superfamily of major facilitators secretes antibiotics to periplasm. Third resistance strategy is 

incorporation of mutation in the genes of antibiotic targeted proteins. This modified protein 
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inhibit the binding of antibiotics without disturbing cellular functions of the cell. Fourth 

mechanism of resistance is degradation/inactivation of drugs by covalent modifications such 

as enzymes, acetyltransferases degrade the aminoglycoside and β-lactamases catalyzed the 

antibiotics, β-lactam (Fig. 1.1) (Allen et al., 2010). Multidrug resistance, side effects and heavy 

cost of synthetic medicine make it a challenge for scientists and researchers to explore new 

drugs having no such problems.  

 

Figure 1.1. Mechanism of antibiotic resistance in Gram-negative bacteria (Adopted 

from: Allen et al., 2010). 

1.2. Medicinal plants: a valuable approach 

To overcome these problems, there is need to explore natural resources. Medicinal plants are 

a very good natural source to find drugs from its unlimited resources.  The medicinal plants 

are considered as a valuable approach against multi-drug resistance like side effects (Ejaz et 

al., 2014). World is bestowed with abundance treasure of medicinal plants. Human beings 

cannot have prolonged existence on this earth without plants that play a vital role in each aspect 

of their life (Choi et al., 2004). Medicinal plants are most abundant resource and their bioactive 

properties and possibly undiscovered novel modes of actions can be a solution to control the 

multidrug resistance (Doughari et al., 2009). Archeological evidences suggest that medicinal 

plants were used for the treatment of various diseases even in Paleolithic era. A large number 

of evidences in the form of documents, mountainous preservations and original herbal 

formulations that have been collected, showed the linkage between human and search of herbal 
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medicines from natural resources. In ancient times, there were no such advancements and 

discoveries for the treatment and diagnosis of diseases (Petrovska, 2012). Plants having 

medicinal activities are called Medicinal plants that are considered to be the backbone of herbal 

medicines. Plants are considered to be the richest source of ingredients that can be used for the 

maintenance of health and for the development and synthesis of drugs (Hassan, 2012). Plants 

are continuously exposed to a variety of biotic, abiotic and man-made stresses (Fig. 1.2a). So 

plants defend themselves against such stresses by synthesizing the biologically active 

compounds called secondary metabolites that are also known as phytochemicals. These 

secondary metabolites are divided into three major groups as terpenes, phenolic and nitrogen 

and sulphur containing compounds. As a result of pathogenic attack, in spite of other 

phytochemicals sulphur rich proteins are expressed from complex pathways that are initiated 

by elicitors. Such sulphur rich proteins are mostly biologically active peptides/protein having 

a broad spectrum of antimicrobial activities (Fig. 1.2b) (Mazid et al., 2011; Harborne, 1990).  

 

 

 

 

 

 

 

 

 

 

              

Figure 1.2a. Factors that may induce stress in plants (Source: 

Mazid et al., 2011).  

 

Figure 1.2b. Anti-pathogenic mechanism of defense, induced 

by infection. Initiation of a complex signaling pathway by 

elicitors that activates the defense related genes for the 

expression of defensins (Source: Mazid et al., 2011). 
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1.3. What is biologically active in plants?  

The biologically active compounds including peptides/proteins have unique bioactive 

properties against a broad spectrum of diseases. The reported therapeutic properties of 

bioactive peptides/proteins include antimicrobial, anticancer, antioxidant and anti-

hypertensive in nature (Erdmann et al., 2008; Sarmadi and Ismail, 2010; Rajanbabu and Chen, 

2011). These biologically active peptides and proteins are not only expressed as constitutive 

defense of plants but their synthesis is also enhanced during microbial attack or any of injury. 

Such therapeutic peptides/proteins have been collected from different sources like natural 

sources (plants, insects, microorganisms, mammals and other animals), libraries of 

recombinant cells and from chemical libraries (synthetic peptides). These bioactive peptides 

are expressed in almost all living organisms, from microorganisms to macro-organisms under 

different biotic and abiotic conditions.  

1.3.1. Antimicrobial peptides/proteins  

More than 1500 antimicrobial peptides have been identified up till now, showing significant 

antimicrobial activities (Espitia et al., 2012; Salas et al., 2015). Antimicrobial peptides are 

small and cationic in nature. Among all other classes, defensins have their diverse mode of 

action regarding targeted molecules and cellular localization (Bray, 2003; Lico et al., 2012; 

Vriens et al., 2014).  Defensins are actually cysteine rich antimicrobial peptides ranging from 

18 to 48 amino acids.  These are divided in four main groups. Group-I represents the peptides 

having activities against gram positive bacteria and fungi (without fungal hyphal branching). 

Group-II peptides are effective against only fungi (without fungal hyphal branching) while 

peptides having antibacterial activities (against both gram positive and gram negative) are 

categorized in group-III. Group-IV is active against a broad spectrum of bacteria (both gram 

positive and gram negative) and fungi (without fungal hyphal branching) (Salas et al., 2015).  

1.3.2. Other biological activities  

Numerous other bioactivities of medicinal plants have been reported including antioxidant, 

antithrombotic and hemolytic activities. Antioxidant peptides are important to neutralize the 

lethal oxidative stress of the body. Although oxidation process is very important for the 

survival of cells but the major side effect is the production of free radicals and ROS (reactive 

oxygen species) that can interact with  cellular lipids, proteins and nucleic acids and cause 

http://onlinelibrary.wiley.com/doi/10.1111/j.1541-4337.2011.00179.x/full#b38
http://onlinelibrary.wiley.com/doi/10.1111/j.1541-4337.2011.00179.x/full#b104
http://onlinelibrary.wiley.com/doi/10.1111/j.1541-4337.2011.00179.x/full#b97
http://onlinelibrary.wiley.com/doi/10.1111/j.1541-4337.2011.00179.x/full#b97
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injury that eventually results organ dysfunction (Powell et al., 2000; Perveen et al., 2012). 

These reactive oxygen derived free radicals are produced continuously in the body and lack of 

antioxidants may increase the health complications including cardiovascular diseases. Another 

important type of biologically active peptide is antithrombotic peptides. Thrombosis is actually 

the process of clot formation by the aggregation of blood platelets that may cause the blockage 

in blood vessels and results heart failure. The presence of antithrombotic peptides inhibit the 

platelet aggregation by preventing the blood protein, fibrinogen binding with blood platelets 

(Jolles et al., 1986; Sharma et al., 2011). The isolation and characterization of these bioactive 

compounds (having such activities) from plants have increased the trend as complementary 

and alternative medicines. Peculiar properties of bioactive peptides have generated a great 

interest in their isolation, purification/fractionation, identification and characterization. This is 

opening the door to a diverse new field of pharmaceutical industry. 

1.4. Proteomics, a robust approach to explore plants 

Different approaches including biochemical and analytical techniques have been used to 

explore medicinal plants for the discovery of novel bioactive compounds. Proteomics is very 

useful regarding drug discovery but a bit expensive and time taking process. It is actually the 

study of all expressed proteins of a cell in which different analytical techniques are used for 

their identification, quantification and to check their protein-protein and protein-nucleic acid 

interactions and activities of proteins that are based on post translational modifications. 

Proteomics is not only used for the purpose of drug discovery but also have other applications 

including the discovery of novel biomarkers for disease diagnosis. Differential expression 

analysis of a plant is very important to find novel bioactive proteins and peptides that further 

can be used in drug discovery (Liu et al., 2004; Jhanker et al., 2012). It is because the 

production of bioactive peptides and proteins are increased in plants under biotic/abiotic stress. 

Different proteomic approaches have been used for this purposes. MS (mass spectrometry) is 

more commonly used approach for the identification of bioactive peptides/proteins from the 

spots of 2D-DIGE (two-dimensional difference gel electrophoresis). Different software and 

online databases have been used for the identification of peptides/proteins after MS (Liu et al., 

2004; Alvarez et al., 2009). Chivasa et al. (2006) were evaluated the fungal defense response 

in Arabidopsis by proteomic approaches. They separated differentially expressed proteins by 
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2D-DIGE and identified by MALDI-TOF (matrix assisted laser desorption ionization- time of 

flight) with MS. Rep et al. (2002) checked the differential expression of xylem sap proteins 

from tomato under Fusarium induction. They used MALDI-TOF with tandem MS (MS/MS) 

for identification and sequencing of proteins from the bands of silver stained SDS-PAGE 

(sodium dodecyl sulphate-polyacrylamide gel electrophoresis). In another study, rice leaves 

were used to evaluate the up and down regulated proteins under stressful conditions. ESI-

MS/MS (electrospray ionization) were performed for proteins identification and sequencing 

from differentially expressed bands of 2D-DIGE (Lee et al., 2011). 

Medicinal plants are very potential candidates for drug discovery due to existence of a large 

number and variety of plants, most of those are still unexplored. These unexplored plants are 

challenging for scientists and researchers to explore them against most of diseases. The present 

studies were therefore planned with following objectives. 

 Antibacterial activity based screening of eight medicinal plants 

 Evaluation of other biological activities viz antifungal, antioxidant, antithrombotic and 

hemolytic activities of medicinal plants with higher antibacterial activity 

 Proteomic studies to find bioactive peptides/ proteins from the selected medicinal 

plants with good bioactivities 
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Chapter 2 

REVIEW OF LITERATURE 

2.1. Drug resistance 

Problem statement behind this project (drug discovery from natural resources) was “the 

emergence of drug resistance, side effects and heavy cost of synthetic drugs”. Microorganisms 

have been considered to be the main source of morbidity and mortality worldwide. Most 

serious public health issue is the presence of these infectious agents in major portion of 

population. Humans are constantly facing the problem of infectious diseases due to the 

microorganisms including bacteria, fungi, amoeba, protozoa and viruses. Discoveries of 

antibiotics improved the status of human health. A variety of antibiotics are available against 

a broad spectrum of microorganisms but the emergence of microbial drug resistance/ multidrug 

resistance destroyed the market of antibiotics (Meena et al., 2010; Venkatesh et al., 2011). 

Microbial drug resistance is a major health issue worldwide that alarms to the curative ability 

of synthetic antibiotics. The administration of antibiotics against infectious diseases leads to 

the evolution of antibiotic resistance. Such problems of resistance have been recognized for a 

long period of time. Faded bar in the figure (2.1) is showing the appearance of resistance and 

end of bars are representing the administration time of antibiotics and evolution of resistance 

(McClure and Day, 2014).  

 

Figure 2.1. Times of antibiotics administration and their evolution of resistance (Adopted 

from: McClure and Day, 2014 with slight modification) 

Microorganisms are said to be resistant if suitable dosage of antibiotics does not treat the 

infection. If this resistance is against two or more different antibiotics then called multidrug 
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resistance. Microorganisms adopt different mechanism to survive even in the presence of 

specific drugs. These mechanisms of resistance include some biochemical aspects like drug 

inactivation, synthesis of target by alternate pathways and resist by the modification of 

antibiotic active site, while two common genetic aspects of drug resistance are mutation (in 

the gene of antibiotic target site) and horizontal gene transfer (Shaikh et al., 2015). The 

increasing trend of microbial resistances threaten the health status of living beings. 

Antimicrobial resistance genes have also been detected from environment i.e. soil, wastewater 

and from natural water (Fig 2.2). To overcome this threat, there is an urgent need to make 

alternative strategy after complete examination of factors/limitations causing this 

drug/multidrug resistance (Cantas et al., 2013).    

 

Figure 2.2. Number of publications (from the ISI web of science) on microbial resistance 

with the passage of time (Adopted from: Cantas et al., 2013 with slight modification) 

After studying literature, it is concluded that this issue may be resolved by exploring natural 

resources for novel drug discovery. Medicinal plants are very good and unlimited resources to 

overcome multifaceted challenge of drug resistance.  

2.2. Medicinal plants 

Medicinal plants have been used frequently for therapeutics since ancient times. According to 

WHO (World Health Organization), 80% of population in developing countries depends 

largely upon herbal medicines for the maintenance of health. It is reported that more than fifty 

percent of modern medicines are originated from natural resources including plants. 

Archeological evidences reveal that humans were using medicinal plants for their healthcare 

around 60,000 years ago (in middle Paleolithic era) (Fabricant and Farnsworth, 2001; Balunas 
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and kinghorn, 2005; Adnan et al., 2014). Initially the usage of medicinal plants was in the form 

of crude extracts including tinctures, herbal teas and powders. The use of medicinal plants for 

drug discovery includes the extraction and isolation of bioactive compounds from plants as 

morphine from the plant opium was started in the early nineteenth century. It is essential to 

study assay based screening of medicinal plants and their role as molecular targets and 

physiology. The term pharmacognosy was first used in 1815 by Seidler for complete 

information of drugs derived from natural resources. In other words, it is actually the complete 

study from crude extract to isolation and characterization of biologically active compounds 

(Fig. 2.3) (Balunas and kinghorn, 2005; Adnan et al., 2014). 

 

Figure 2.3. Steps involved in drug discovery and development from medicinal plants  

(Adopted from Balunas and Kinghorn, 2005) 

 The country Pakistan is also blessed with abundance of a variety of medicinal plants. As an 

estimate, one thousand medicinal plant species exist in Pakistan out of total eight thousand in 

South Asia (Nalawade and Tsay, 2004; Adnan et al., 2014). Some are discussed below. 

2.2.1. Eruca sativa  

A number of reports are available that reveal the use of Eruca sativa (Rocket) as food and 

medicine in ancient times including Abrahamic era (500-300 BC) and Hellenistic era (323-146 

BC).  E. sativa locally known also as Taramera, belongs to the family Brassicaceae that grown 

in different regions of Pakistan and India. The popularity of E. sativa is due to the presence of 

excellent biological activities against various health issues including antioxidant, anti-
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inflammatory, antiulcer and cyto-protective (Gulfraz et al., 2011; Hall et al., 2012; Fuentes et 

al., 2014).  

2.2.2. Linum usitatissimum  

For 8000 years, L. usitatissimum (Flax) (belongs to family, Linaceae) has been improved the 

life status of mankind in the field of food, textile and medicines. The oldest record for its use 

is around 9th Millennium BC. Even in modern life, L. usitatissimum is playing important role 

due to the presence of active ingredients including a good amount of omega 3 fatty acids. No 

synthetic product could replace the importance of this plant, due to the peculiar nature of this 

plant (Karg, 2011). L. usitatissimum seed extracts and oils are reported for having good 

biological activities viz analgesic, antipyretic, antibacterial, antifungal, antioxidant, anticancer, 

anticholesterolemic activities (Kaithwas et al., 2011l; Al-Bishri and Danial, 2013).  

2.2.3. Ocimum basilicum  

Traditionally, O. basillicum (Lamiaceae) has been used for the treatment of diarrhea, coughs, 

headaches, constipation, worms, worts and renal malfunctions. O. basilicum is locally known 

as basil that has good biological activities viz antibacterial, antioxidant, antifungal, 

anticonvulsant, anti-acne activities (Politeo et al., 2007; Durga et al., 2010). First hemolytic 

activity from this plant was reported by Tshilanda et al. (2014). Methanolic extract of O. 

basilicum has been used to determine the antisickling potential after chromatographic isolation 

of active compound and structural elucidation by NMR (nuclear magnetic resonance). It was 

found that methanolic extract of basil and its isolated compound, butyl stearate had good 

potential to treat sickle blood cell (anti-sickle cell anemia). 

2.3. Stress tolerance in plants 

Plants under stressful or diseased conditions are important as they express bioactive 

compounds that produce as first line of defense against a wide spectrum of pathogens including 

bacterial, fungal, and viral strains. Such defense mechanism is also named as Plant Induced 

Systemic Resistance (ISR). Mostly, plants defense responses are not induced directly but 

expressed as a result of pathogenic attacks that enhance the resistance of plants against such 

pathogens (Brotman et al., 2009). For example, multicellular organisms like plants suffer 
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injuries that are detected by different ubiquitous mechanisms. In response to such injuries or 

attacks by pathogens, plants synthesize different compounds that act as their defense.  

2.3.1. Expression of bioactive genes of plants under stress  

In plants, danger signals as Danger Associated Molecular Patterns (DAMPs) are secreted from 

damaged part of plants. This wounding or damaging activates kinases via perception of 

different DAMPs that further triggers the synthesis of Jasmonic Acid (JA). After algorithmic 

activation of intermediates and downstream MARK (mitogen-activated protein kinase) 

signaling cascades, constitutive JA responsive genes are expressed via as-yet unknown 

transcriptional factors (Fig. 2.4) (Heil and Land, 2014). Plant defensins are one of the best 

compounds having bioactivities against a variety of pathogens. It is reported that the antifungal 

(produced as a result of fungal stress) defensins also possess some other biological activities 

including antibacterial and anti-insect activities (Table 2.1). A good number of plant defensins 

have been identified and isolated to date but still need to explore them regarding their efficacy, 

dosage and mode of action. Plant defensins are considered to be non-toxic towards mammalian 

and plant cells (Vriens et al., 2014).   In response to biotic and/or abiotic stress, plants 

synthesize nitrogen and sulfur containing (secondary) metabolites as their defense. The 

differentially expressed (up and down-regulated) peptides/Proteins can be used to find novel 

antibiotics after their purification and characterization. 

 

Figure 2.4. Wounding activates the MAPK signaling cascades and consecutive activation of 

the same genes via as-yet unknown transcriptional Factors (Adopted from: Heil and Land, 

2014). 
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Table 2.1. Examples of identified plant defensins and their targets 

Medicinal plants Defensins Target organism IC30 (μM) References 

Aesculus hippocastanum AhAMP1 Leptosphaeria maculans 0.1  Osborn et al., 1995 

Medicago sativa alfAFP Verticillium dahliae 1  Gao et al., 2000 

Pisum sativum Psd1 Neurospora crassa 2  Almeida et al., 2001 

Medicago sativa MtDef1(alfAFP) Fusarium graminearum 1.2  Spelbrink et al., 2004 

Medicago truncatula MtDef4 Fusarium graminearum 0.75  Ramamoorthy et al., 2007 

Tephrosia villosa TvD1 Pheaoisariopsis personata 1.9  Vijayan et al., 2008 

Zea mays Pdc1 Fusarium graminearum 0.75 Kant et al., 2009 

Phaseolus limensis Limyin Fusarium solani 8.6  Wang et al., 2009 

Nicotiana megalosiphon NmDef02 Fusarium oxysporum 1 Portieles et al., 2010 

Heuchera sanguinea HsAFP1 
Saccharomyces cerevisiae; 

Candida spp.; Septoria tritici 
0.1  Aerts et al., 2011; Osborn et al., 1995 

Phaseolus vulgaris Def.-like Peptide Mycosphaerella arachidicola 3.9 Wong et al., 2012 

Picea glauca PgD5 Verticillium dahliae 0.4 Picart et al., 2012 

Raphanus sativus RsAFP2 Candida spp. 0.08  
Thevissen et al., 2012; Terras et al., 

1992 
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2.4. Bioactivities of medicinal plants 

Emergence of multidrug resistance and side effects of synthetic medicines make it a challenge 

for scientists to find some alternate medicinal resources to overcome such problems. Plants 

have been used throughout human history for the purpose of flavoring & preservation of foods 

and for the treatment & prevention of diseases. All of these had been done by non-scientific 

approaches. Later scientific studies proved that medicinal plants were very potent, cheap and 

good source of medicines probably for all diseases. Different scientific assays have been 

optimized to check biological activities including antibacterial, antifungal, antioxidant, 

antithrombotic and hemolytic activities (Table 2.2). 

2.4.1. Antibacterial activity 

Plant crude extracts are reported against a broad range of Gram positive and negative bacterial 

strains. Gram positive bacterial strains showed more sensitivity to herbal extracts than the 

negative ones. In Asia, a many studies have been done on antibacterial effect of plant extracts 

against clinically important bacterial strains. Maximum biological activities were reported in 

ethyl acetate extract of Punica granatum and hexane-chloroform extracts of 

Tabebuia avellanedae against bacterial strains. Different solvents have been reported for 

medicinal plants extraction to check inhibitory effect against different microbial strains. (Silva 

and Fernandes, 2010).  In spite of other compounds, antibacterial peptides of plants have also 

been reported for their antibacterial activities and their mechanism of action. Pelegrini et al. 

(2011) reported around 62 antibacterial peptides with their plant source, family name, 

molecular mass, length of peptides and activities against Gam positive/Gram negative bacteria.  

2.4.2. Antifungal activity  

Medicinal plants have a great potential in the form bioactive compounds that have tendency to 

defend against a broad range of pathogens. Some studies have been done that prove the 

antifungal activities of medicinal plants. Kim et al. (2004) reported that two extracts 

Achyranthes japonica (all plant parts) and Rumex crispus (only roots) effectively control the 

growth of barley (Hordeum vulgare) powdery mildew disease that was caused by Erysiphe 

graminis. They also found that antifungal activity of three hundred grams of fresh plant tissues 

per litre of solvent, tween 20 was equivalent to fenarimol with conc. of 30 mg/L and more 

activity than polyoxin B with concentractions of 100 and 33 mg/L (Kim et al., 2004). The 
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efficacy of Warburgia ugandensis against fungi was also investigated that showed antifungal 

activity against Candida albicans. Therefore, they claimed efficacy of W. ugandensis could be 

attributable to antifungal activity of its components (Olila et al., 2001). Lee et al. (2012) 

isolated and purified an antifungal peptide, AFP-J from Solanum tuberosum. This 1083.1 Da 

molecular mass peptide had good antifungal activity against C. albicans.  

2.4.3. Antioxidant activity  

Free radical scavenging activity of compounds are called antioxidants. Presence of 

antioxidants in medicinal plants plays an important role for the protection of their cells and 

tissues against damage due to reactive oxygen species (Abushama et al., 2014). Many plants 

have been evaluated for the presence of very good antioxidant activities. Asplenium ceterach 

showed highest scavenging activity of nitric oxide and superoxide (Karadeniz et al., 2015).  

Khalaf et al. (2008) evaluated the DPPH (diphenyl-1-picrylhydrazyl) scavenging properties of 

different medicinal plants including C. sinensis, E. caryophyllus, P. cubeba, Z. officinale, P. 

nigrum, T. foenum-graecum and E. cardamomum. They found that Camellia sinensis (green 

tea) showed highest antioxidant activity.  In another important study, Yan et al. (2015) reported 

the isolation and identification of antioxidant peptides from Oryza sativa. They isolated four 

peptides viz RRPB3-I (0.8359 kDa), RRPB3-II (0.891 kDa), RRPB3-III (0.940 kDa) and 

RRPB3-IV (0.6417 kDa) and evaluated their antioxidant activities against DPPH radicals.  

2.4.4. Thrombolytic activity  

Cardiovascular diseases are leading cause of death that occurs mostly due to thrombosis 

(coagulation) in blood vessels. Extracts of medicinal plants have been reported due to their 

antithrombotic (anticoagulant activity). Allium cepa and Allium sativum have highly 

significant antithrombotic activity (Al-Saadi, 2013). Ansari at al. (2014) evaluated 

thrombolytic and antithrombotic activities of seed extracts of Nigella sativa plant. They 

reported the highest delay in clot formation was 27 minutes while the maximum clot lysis time 

with aqueous extract of N. sativa observed in 79 minutes at the concentration of one mg/dL. 

They concluded that medicinal plants had great thrombolytic and antithrombotic potential, just 

need to explore them. Antithrombotic activity of medicinal plants has its great value for the 

treatment of active vascular occlusions but such therapy needs further improvements to use it 

for clinical purposes (Prakash et al., 2013).   
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Table 2.2. Medicinal plants having biological properties 

 

Sr 

# 
Plant name Family Plant part 

Extraction 

Method 
Bioactivities References 

1 Acacia nilotica Fabaceae Bark, Leaves Methanolic Antimicrobial Mahesh and Satish, 2008 

2 Allium rotundum Liliaceae Flower Methanolic Antimicrobial Dehpour et al., 2012 

3 Allium sativum Liliaceae Whole Hydro- distilled Antifungal Bansod and Rai, 2008 

4 Aniba panurensis Lauraceae - - Antimicrobial Paiva et al., 2010 

5 Astragalus verrucosus Fabaceae - - Antimicrobial Paiva et al., 2010 

6 Aurinia sinuata Brassicaceae - - Antimicrobial Paiva et al., 2010 

7 Azadirachta indica Meliaceae All parts Hydro- distilled Antifungal Bansod and Rai, 2008 

8 Bambusa oldhamii Poaceae Cell Culture - Antifungal Kuo et al., 2008 

9 Barleria lupulina Acanthaceae Leaves Methanolic Antimicrobial Doss et al., 2012 

10 Broussnetia papyrifera Moraceae - - Antimicrobial Paiva et al., 2010 

11 Bupleurum falcatum Apiaceae Flowers - Antimicrobial Hadi et al., 2012 

12 Capsicum annuum Solanaceae Seeds - Antifungal Cruz et al., 2010 

13 Cassia fistula Caesalpiniaceae Leaves Methanolic Antimicrobial Singh and Sankar, 2012 

14 Catharanthus roseus Apocynaceae Stems Multiple**** Antifungal Zahari et al., 2014 

15 
Combretum 

erythrophyllum 
Combretaceae - - Antimicrobial Paiva et al., 2010 

16 Cuminum cyminum Umbelliferae All parts Hydro- distilled Antifungal Bansod and Rai, 2008 

17 Datura stramonium Solanacaea stem-bark Ethanolic Antimicrobial Shagal et al., 2012 



16 
 

18 Echinosophora 

koreensis 
Fabaceae - - Antimicrobial Paiva et al., 2010 

19 Eruca sativa Brassicaceae Seeds Multiple*** Antimicrobial Rani et al., 2010 

20 Erythrina burttii Flacourtiaceae - - Antimicrobial Paiva et al., 2010 

21 Gunnera perpensa Gunneraceae - - Antimicrobial Paiva et al., 2010 

22 Helichrysum 

aureonitens 
Asteraceae - - Antimicrobial Paiva et al., 2010 

23 Helichrysum cymosum Asteraceae - - Antimicrobial Paiva et al., 2010 

24 Indigofera tinctoria Fabaceae Leaves Methanolic Antibacterial, Vijayan et al., 2012 

25 Linum usitatissimum Liniaceae Seeds Methanolic Antimicrobial Bakht et al., 2011 

26 Medicago sativa Poaceae Whole Plant Methanolic Antimicrobial Doss et al., 2012 

27 Morus mongolica Moraceae - - Antimicrobial Paiva et al., 2010 

28 Morus alba Moraceae - - Antimicrobial Paiva et al., 2010 

29 Nigella sativa Ranunculaceae Seeds acetic acidic Antifungal Rogozhin et al., 2011 

30 Ocimum basilicum Lamiaceae Aerial parts Ethanolic 
Antioxidant, 

Antimicrobial 
Vlase et al., 2014 

31 Ocimum sanctum Lamiaceae All parts Hydro- distilled Antifungal Bansod and Rai, 2008 

32 Ophiopogon japonicus Liliaceae Rhizomes - Antifungal. Tian et al., 2008 

33 Phaseolus limensis Leguminosae - - Antifungal Wang et al., 2009 

34 Phaseolus vulgaris Fabaceae Seeds LiCl–phenol  Antifungal Games et al., 2008 

35 Polygonum hydropiper Polygonaceae Root - Antifungal Hasan et al., 2009 

36 Sida cordifolia Malvaceae 
Roots, 

Leaves 
Methanolic Antimicrobial Mahesh and Satish, 2008 
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37 Solanum nigrum Solanaceae Leaves Methanolic Antimicrobial Arutselvi et al., 2012 

38 Sophora flavescens Fabaceae - - Antimicrobial Paiva et al., 2010 

39 Terminalia arjuna Combretaceae Bark Multiple* Antifungal Shinde and Wadje, 2011 

40 Terminalia bellerica Combretaceae Bark Multiple* Antifungal Shinde and Wadje, 2011 

41 Terminalia catappa Combretaceae Bark Multiple* Antifungal Shinde and Wadje, 2011 

42 Terminalia chebula Combretaceae Bark Multiple* Antifungal Shinde and Wadje, 2011 

43 Tinospora cordifolia Menispermaceae Bark, Leaves Methanolic Antimicrobial Mahesh and Satish, 2008 

44 
Trachyspermum 

captivum 
Umbelliferae 

Seeds, Roots 

and Leaves 
Hydro- distilled Antifungal Bansod and Rai, 2008 

45 Withania somnifera Solanaceae 
Roots, 

Leaves 
Methanolic Antimicrobial Mahesh and Satish, 2008 

46 Withania somnifera Solanacae Ripen fruits Multiple** Antimicrobial Singariya et al., 2012 

47 Woordfordia fruticosa Lythraceae Flower Methanolic Antimicrobial Sarwat et al., 2012 

48 Zanthoxylum armatum Rutaceae Leaves Methanolic Antimicrobial Singh et al., 2012 

49 Ziziphora tenuior Lamiaceae Arial Parts Multiple*** Antioxidant Dakah et al., 2014 

50 Ziziphus mauritiana Rhamnaceae Bark, Leaves Methanolic Antimicrobial Mahesh and Satish, 2008 

*Aqueous, alcoholic and ethyl acetate extracts      **Glacial acetic acid, chloroform and toluene            *** Aqueous and alcoholic 

****Dichloromethane and acetone
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2.4.5. Hemolytic activity  

Toxicity level of any active molecule is a key factor in the designing of drugs. So hemolytic 

activity of crude extract or purified compounds is an indicator of toxicity towards healthy 

erythrocytes. Hemolytic assay by spectrophotometric method is an effective and easy approach 

for the measurement of hemolysis of erythrocytes (Kumar et al., 2011). Kumar et al. (2011) 

used three medicinal plants to evaluate their hemolytic activity. They used different 

concentrations of plant extracts to check their toxicity level against human red blood cells 

(RBCs). They concluded that all medicinal plants, their combinations and different dilutions 

exhibited very low hemolytic activity that was not toxic to human blood cells while the 

hemolytic activity of Elaeocarpus ganitrus was zero.  

2.5. Proteomic studies for the identification of bioactive peptides/proteins 

Bioactive peptides/proteins are expressed constitutively as well as differentially. 

Peptides/proteins expression is best studies by proteomics. Mainly two proteomics approaches, 

bottom-up and top-down are used to study protein expression. Bottom-up proteomics is the 

integration of 2-D DIGE (difference gel electrophoresis) and mass spectrometry for the 

identification of differentially expressed proteins (Amunugama et al., 2013). Top-down 

proteomics is actually the LC-MS (liquid chromatography coupled with mass spectrometry) 

based proteomic studies in which whole/intact peptides/proteins are injected directly in MS for 

proteolysis based sequencing in gas phase (Jensen, 2006). Both of approaches have their 

advantages for different application 

2.5.1. Extraction of plant peptides/proteins 

Pavokovic et al. (2012) worked on the presence of interfering compounds that cause problems 

in proteins extraction from plants such as rigid lignocellulosic cell wall, stored 

polysaccharides, lipids and other contaminants that can cause modification or degradation of 

proteins. So there is a need to optimize protein extraction protocol for proteomic studies. They 

used three different methods viz TCA (trichloroacetic acid), acetone and Tris-buffered phenol/ 

methanol for protein extraction from recalcitrant and non-model plants: Beta vulgaris, 

Mammillaria gracilis and Sempervivum tectorum. Phenol extraction method was given almost 

2x more protein yield and less contamination than other protocols. Later SDS-PAGE, 2-DE 

(two-dimensional gel electrophoresis) and bioinformatics analysis revealed that protein 
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extraction using phenol extraction method was superior to other two methods as it gave more 

proteome coverage and less proteolysis. To large amount of interfering molecules (secondary 

compounds) that create hurdles in protein extraction as well as in gel-based proteomic analysis, 

Wu et al. (2014) optimized a universal total protein extraction method for crop proteomic 

analysis to avoid this problem. Proteins even in the form of short fragments of peptides which 

are biologically active impact the functions and conditions of living beings. Several properties 

of peptides have been proved beneficial for human health, these include antimicrobial, 

antifungal, antiviral, and antitumor activities. The bioactive peptides are produced by almost 

all living organisms but their natural production is restricted and in low quantities. Hence, for 

detailed study of bioactive paptides/proteins and their applications, research on the synthesis, 

purification, characterization and their mechanisms of actions is important (Espitia et al., 

2012).  

2.5.2. Purification and characterization of bioactive peptides/proteins  

Peptides/proteins are being produced extensively for numerous purposes. These peptides 

consist of impurities as a result of incomplete reactions and different side reactions. Peptides 

synthesized for clinical research, therapeutic purpose and structural & biological analysis to 

investigate the relationship between structure and activity must have purity level 95% or 

greater (Ridge and Hettiarachchi, 1998). Purification of peptides involves different separation 

techniques. The commonly used methods for peptide purification are reverse phase HPLC 

(high-performance liquid chromatography), capillary electrophoresis, size exclusion, ion-

exchange and affinity chromatography chromatography. After purification, peptides are then 

cleaved, filtrated and subjected to lyophilization. The purified peptides are identified and 

characterized by mass spectrometry that involves different methods of ionization as 

summarized in Table 2.3 (Ridge and Hettiarachchi, 1998; Dagan et al., 2002; Sewald and 

Jakubke, 2002).  
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Table 2.3. A summary of important defense-related experiments on plants using proteomic approaches 

Plant species  

 

Pathogen  

 

# of 

proteins  

identified  

Proteomic technique used  

 

Reference 

 

Arabidopsis thaliana  Alternaria brassicicola  11  2D-PAGE, LC MS/MS  Mukherjee et al. 2010 

Arabidopsis thaliana  Spodoptera extgua  19  2D-PAGE, MALDI-TOF  Zhang et al. 2010 

Arabidopsis thaliana  Pseudomonas syringe pv. 

Tomato DC3000  

12  Nitration of proteins, 2D-PAGE, LC 

MS/MS  

Cecconi et al. 2009 

Arabidopsis thaliana  Fusarium elicitor  45  2D-DIGE, MALDI-TOF MS  Chivasa et al. 2006 

Arabidopsis thaliana  Pseudomonas syringae  52  2D-PAGE, LC-MS/MS  Jones et al. 2006 

Brassica napus  Sclerotinia sclerotiorum  32  2D-PAGE, ESI-q-TOF MS/MS  Liang et al 2008 

Brassica napus and 

Brassica carinata  

Leptosphaeria maculans  51  2D-PAGE, ESI-MS  Sharma et al. 2008 

Capsicum annuum  Capsicum annuum  9  2D-PAGE, MALDI-TOF/TOF-MS  Wongpia and Lomthaisong, 

2010  

Cucumis sativa  Tricoderma asperellum  28  2DE PAGE, MALDI-TOF/TOF  Segarra et al. 2007 

Coffea canephora  Meloidogyne paranaensis  2  2DE  Franco  et al. 2010 

Citrus sinensis  X. axonopodis pv. citri  5  2D-PAGE, N-terminal sequencing  Mehta et al. 2001 

Capsicum annuum  Tobacco mosaic virus  6  2D-PAGE, MALDI-TOF MS.  Lee et al. 2009 

Fagus sylvatica  Phytophthora citricola  68  SDS-PAGE, 2D-PAGE, ESI, LC-

ESI,  

Valcu et al. 2009 

Glycine max  Bacillus amyloliquefaciens  20  2D PAGE  Buensanteai et al. 2009 
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Glycine max  Xanthomonas axonopodis 

pv. Glycine  

20  2D-PAGE  Buensanteai et al. 2009 

Glycine max  Heterodera glycine  28  2D-PAGE, q-TOF MS/MS  Afzal et al. 2009 

Gossipium hirsutum  Meloidogyne Paranaensis  1  2D-PAGE  Franco et al. 2010  

Nicotiana benthamiana  PMMoV-S  2  2D-PAGE, N-terminal sequencing  Perez-Bueno et al. 2004 

Lycopersicon hirsutum  Clavibacter michiganensis 

sp. michiganensis  

47  2D-PAGE, LCQ-Deca ion trap MS  Coaker et al. 2004 

Lycopersicon esculentum  F. oxysporum  21  2D-PAGE, MALDI-TOF MS, LC-

QTOF MS/MS  

Houterman et al. 2007  

Medicago truncatula  Aphanomyces euteiches  12  2D-PAGE, MALDI, PMF  Colditz et al. 2004  

Medicago truncatula  Orobranche crenata  49  2D- PAGE, PMF, MALDI-TOF  Castillejo et al 2009 

Nicotiana. tabacum  pepper mild mottle virus  5  2D-PAGE, N-terminal sequencing  Perez-Bueno et al. 2004  

Oryza sativa  Rice yellow mottle virus 

(RYMV)  

3  Exclusion chromatography,  

SDS-PAGE,Nano LC-MS/MS,  

Delalande et al 2005 

Oryza sativa  RYMV  32  2D-PAGE, MALDI, LC-MS/MS  Ventelon-Debout et al. 2004 

Oryza sativa  Nilaparvata lugens  189  2D-PAGE,HPLC-MS/MS  Wei et al. 2009  

Oryza sativa  Rhizoctonia solani  17  2D-PAGE, ESI Q-TOF MS, MS/MS  Lee et al. 2009 

Oryza sativa  Magnaporthe grisea  8  2D-PAGE,MALDI-TOF,  Kim 2004 

Oryza sativa  X. oryzae pv. oryzae  20  2D-PAGE, MALDI TOF, Edman 

degradation  

Mahmood et al. 2006  
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Olea europaea sub sp 

Europaea  

Pseudomonas savastanoi 

pv. Savastanoi 

7  2D-PAGE, MALDI TOF  Campos et al. 2009 

Passiflora edulis  Xanthomonas axonopodis 

pv. Passiflorae 

4  2D- PAGE, Edman sequencing  Tahara et al 2003 

Prunus persica and 

Prunus serotina  

Plum pox virus  4  SDS-PAGE, IEF,MALDI-TOF  Diaz-Vivancos et al. 2006 

Solanum lycopersicum  Ralstonia solanacearum  12  2D- PAGE, n and cLC de novo  Dahal et al 2009 

Saintpaulia ionantha  Dickeya dadantii  41  2D-PAGE, MALDI-TOF MS  Babujee et al. 2007 

Triticum aestivum  Puccinia triticina  30  2D-PAGE, MALDI-QqTOF 

MS/MS  

Rampitsch et al. 2006 

Triticum. aestivum  Fusarium graminearum  41  2D-PAGE, LC-MS/MS  Zhou et al. 2006 

Zea mays  F. verticillioides  16  2D-PAGE, MALDI-TOF-MS, LCQ 

ion trap MS  

Campo et al. 2004 

Vigna mungo  Mungbean Yellow Mosaic 

Virus  

29  MALDI-TOF/TOF Kundu et al 2011 
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Chapter 3 

MATERIALS AND METHODS 

The present work was conducted in different laboratories, Molecular Biochemistry Lab., 

Department of Biochemistry, University of Agriculture, Faisalabad (UAF), Pakistan; 

Proteomics Labs., The Donald Danforth plant Science Centre (DDPSC), St. Louis, MO, United 

States and Hicks Proteomics Labs., Department of Chemistry, University of North Carolina 

(UNC) at Chapel Hill, NC, United States. Medicinal plants were selected for proteomic studies 

on the basis of antibacterial activities of eight medicinal plants.  

3.1. Bioactivity based screening of medicinal plants  

This part of research work was conducted in Molecular Biochemistry Lab. Department of 

Biochemistry, University of Agriculture Faisalabad, Pakistan.  

3.1.1. Collection and sterilization of seeds for screening 

Seeds of eight medicinal plants (listed in Table 3.1) were collected from Department of Botany, 

UAF. The seeds were surface sterilized with 70% ethanol for 10 min, then with 5% sodium 

hypochlorite for 20 min and finally washed tree times with autoclaved distilled water (Falak 

and Jamil, 2013).  

Table 3.1. List of eight medicinal plants selected for antibacterial activity based screening 

Plant Local Name Family Ref 

Brassica napus Canola Brassicaceae Xue et al., 2009 

Cichorium Intybus Chicory Asteraceae Street et al., 2013 

Eruca sativa Taramera Brassicaceae Fratianni et al., 2014 

Foeniculum vulgare Fennel Apiaceae Shahat et al., 2011 

Linum usitatissimum Flax Linaceae Amin and Thakur, 2014 

Ocimum basilicum Basil Lamiaceae Shirazi et al., 2014 

Plantago ovata Ispaghol Plantaginaceae Rahimi et al., 2010 

Ricinus communis Arind/ Castor Euphorbiaceae Inayor and Ibraheem, 2014 

3.1.2. Crude protein extraction 

Phenol protein extractions of eight plant species was carried out by following protocol 

optimized by Pavoković et al. (2012) with modifications. Sterilized seeds were minced by 

pestle and mortar using liquid nitrogen to fine powder and weighed up to 1.5 g each in sterilized 

http://www.mdpi.com/search?authors=Florinda%20Fratianni
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centrifuge tubes. This 1.5 g aliquot of fine powder was resuspended in 4.5 ml of extraction 

buffer containing 500 mM of Tris (pH = 8.0), 50 mM of EDTA (Ethylenediaminetetraacetic 

acid), 700 mM of sucrose, 100 mM of KCl and 2% of 2-mercaptoethanol and 1 mM of 

phenylmethylsulfonyl fluoride (PMSF). Samples were vortexed and incubated by shaking for 

10 min on ice. Afterwards, an equal volume of Tris-buffered phenol (Roth) (pH = 8.0) was 

added, and solutions were incubated on a shaker for 10 min at room temperature. To eliminate 

cell debris, samples were centrifuged at 5500 g at 4 °C for 10 min. The upper phenolic phase 

was transferred to a new tube, and back-extracted with 4.5 ml of extraction buffer. Samples 

were incubated on a shaker for 5 min, vortexed and centrifuged at 4000 g at 4 °C for 20 min. 

The phenol phase was carefully transferred to a new tube and four volumes of precipitation 

buffer, consisting of 100 mM of ammonium acetate in ice-cold methanol, were added. Tubes 

were mixed by inversion, and samples were incubated overnight at -20 °C. Proteins were pulled 

down by centrifugation at 3500 g at 4 °C for 15 min. After centrifugation, the pellets were 

washed three times with ice-cold precipitation buffer and finally with ice-cold acetone. After 

each washing step, the sample was centrifuged for 5 min at 5500 g at 4 °C. Finally, pellets 

were dried in fume hood at room temperature. Dried pellets were rehydrated in PBS (phosphate 

buffer saline) buffer. 

3.1.3. Evaluation of antibacterial activity of crude extracts 

Crude protein extracts (both treated and untreated) of all eight plants in triplicate were used to 

evaluate antibacterial assay. Nutrient agar (Oxoid) 28 g/L was suspended in distilled water, 

mixed well and sterilized by autoclaving at 121 0C for 15 min to sterilize. Media was cooled 

down to about 60 0C and transferred 1 mL/100 mL bacterial culture of E. coli and B. subtilis 

(identified by Institute of Microbiology, University of Agriculture, Faisalabad-Pakistan) into 

flasks containing nutrient agar, mixed well and poured into sterilized Petri plates. After this, 

cooled the plates and made wells with sterilized borer. 100 µL of protein extracts (both treated 

and untreated), rifampicin (1 mg/mL as positive control) and PBS buffer as negative control 

was loaded into the wells. The Petri plates were then incubated at 37 0C for 24 hours for the 

growth of bacteria. The zones of inhibition produced by extracts, negative and positive controls 

were measured in millimeters using zone reader (Huang et al, 2000) for the evaluation of 

antibacterial potential. 
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3.1.4. Evaluation of other biological activities of selected plants 

Two plants (Eruca sativa and Linum usitatissimum) were selected on the basis of their 

antibacterial activities. Extracts of these medicinal plant species were used further for the 

evaluation of antifungal, antioxidant, thrombolytic and hemolytic activities 

Before evaluation of bioactivities, plant extracts were first profiled by Sodium dodecyl 

sulphate-polyacrylamide gel electrophoresis (SDS-PAGE). Crude protein extracts of seeds and 

leaves of both (E. sativa and L. usitatissimum) plants were characterized by following the 

protocol of Laemmli (1970). The protein samples were electrophoresed on 4% stacking (pH 

8.8) and 12% resolving (pH 6.8) gels. The samples were prepared with  4x sample buffer (0. 

25 M Tris-Cl, pH 7, 30% glycerol (v/v), 10% 2-mercaptoethanol (v/v), 8% SDS (w/v), 0.001% 

bromophenol blue (w/v), boiled for ten minutes at 90 °C and loaded into wells. For profiling 

and qualitative comparison of protein 10-180 kDa protein marker (Thermo Scientific) was 

used. After the completion of electrophoresis, gel was stained with coomassie blue staining 

dye (Thermo Scientific) 

3.1.4.1. Evaluation of antifungal activity of crude extracts 

The pure inoculums of Trichoderma harzianum and Ganoderma lucidum were obtained from 

Institute of Microbiology, UAF.  Antifungal activities of crude extracts of E. sativa and L. 

usitatissimum was performed by agar diffusion assay. The autoclaved potato dextrose agar 

(PDA) medium was inoculated with pure fungal culture. The medium was allowed to solidify 

then wells were bored. Both treated and untreated protein extracts of the two selected plants 

were loaded into the wells. As positive reference, fluconazole was used whereas PBS buffer 

was used as negative control. The plates were placed in an incubator at 28 0C for 48 h for the 

growth of fungi. The zones of inhibition against extracts, negative and positive controls were 

measured in millimeters using zone reader (Naseer et al., 2014). 

3.1.4.2. Evaluation of antioxidant activity of crude extracts 

The antioxidant activity of E. sativa and L. usitatissimum crude protein extracts were assessed 

by measuring their scavenging ability to 1,1-diphenyl-2-picrylhydrazyl stable radicals 

(DPPH). The DPPH assay was performed as described by Queiroz et al. (2009) with slight 

modifications. Crude extracts was added at an equal volume in 500 μL methanolic solution of 

DPPH (0.1 mM). After 30 minutes of incubation at room temperature, the absorbances were 

recorded at 517 nm. The experiment was performed twice. BHT (Butylated hydroxytoluene) 
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was used as a standard control. Inhibition of free radical by DPPH was calculated in the 

following way: 

I (%) = 100 x (A blank 
__ A sample / A blank) 

Where Ablank is the absorbance of the control reaction mixture excluding the test compounds, 

and Asample  is the absorbance of the test compounds.  

3.1.4.3. Evaluation of thrombolytic activity of crude extracts 

Venous blood (drawn from sheep) were transferred in different pre weighed sterile micro 

centrifuge tube (500 µl/tube) and incubated at 37 0C for 45 minutes. After clot formation, serum 

was completely removed (aspirated out without disturbing the clot formed) and each tube 

having clot was weighed again to determine the clot weight. Each micro centrifuge tube 

containing clot was properly labeled and 100 µl of crude protein extracts (both treated and 

untreated) were added to the tubes. PBS buffer was added to one clot containing tube as a 

negative control and streptokinase in another clot containing tube as positive thrombolytic 

control. All the tubes were incubated at 37 0C for 90 minutes and observed for clot lysis. After 

incubation, lysate obtained was removed and tubes were again weighed to observe the weight 

difference after clot lysis. Weight difference before and after clot lysis was expressed as 

percentage of thrombolysis (Prakash et al., 2013).   

3.1.4.4. Evaluation of hemolytic activity of crude extracts 

The cytotoxicity levels of the plant extracts were analyzed by hemolytic activity method 

optimized by Powell et al. (2000). 3 mL of freshly obtained blood was added in heparinized 

tubes to avoid coagulation and gently mixed, poured into a sterile 15 mL falcon tube and 

centrifuged. The plant crude extracts (both treated and untreated) were dissolved in DMSO 

(dimethyl sulfoxide) and centrifuged for 5 min at 750×g. The supernatant was poured off and 

RBCS were washed thrice with 5 mL of chilled (4 0C) sterile isotonic phosphate buffer saline 

(PBS) solution, adjusted to pH 7.4. The washed RBCs were counted on hemocytometer. The 

RBCS count was maintained to 7.068 x 108 cells per ml for each assay. The 20 µl of plant 

extracts were taken in 2 mL microcentrifuge tubes, 180 µL diluted blood cell suspension was 

added. The samples were incubated for 35 minutes at 37 0C. Agitated after 10 minutes and after 

incubation, the tubes were placed on ice for 5 minutes and centrifuged for 5 minutes at 1310 x 

g. After centrifugation 100 µL supernatant was taken from the tubes and diluted with 900 mL 

chilled PBS. All microcentrifuge tubes were maintained on ice after dilution. After this 200 
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µL mixture from each microcentrifuge tube was added into 96 well plates. For each assay, 

0.1% triton X- 100 was taken as a positive control and phosphate buffer saline (PBS) as a 

negative control for each assay. The absorbance was noted at 576 nm with a Bio TeK, µ Quant 

(BioTek, Winooski, VT, USA).  

3.2. Bottom up-proteomic studies of Eruca sativa 

Differential expression of Eruca sativa was evaluated by bottom-up proteomics under fungal 

induction at seedling stage. 

3.2.1. Collection and germination of Eruca sativa seeds 

Seeds of Eruca sativa were collected from Department of Botany, University of Agriculture, 

Faisalabad. The seeds were surface sterilized with 70% ethanol for 10 min, then with 5% 

sodium hypochlorite for 20 min and finally washed three times with autoclaved distilled water. 

(Falak and Jamil, 2013). Sterilized Petri plates containing filter paper wetted with autoclaved 

distilled water under sterilized conditions. The plates were placed in Artificial climate chamber 

(RTOP series) under controlled conditions of temperature maintained at 25 °C to 28 °C with 

photoperiod, light/dark of 14/10 and humidity of 50-60. 

3.2.2. Induction and harvesting of E. sativa seedling  

The inoculum of Fusarium solani was prepared in Sabaraud liquid medium and incubated in 

shaker at 28 ºC. The inoculum with 1× 106 spores/mL was used for the induction of genes in 

the seedlings of E. sativa in Petri plates. Half of the seedling plates were induced by pathogenic 

fungus F. solani and other half left without inoculation (as control) (Penninckx et al., 1996). 

After 6 hours of induction, both control and induced seedlings were harvested and stored in 

aluminum foil at -80 0C ultra low freezer after flash freezing in liquid nitrogen.  

3.2.3. Phenol protein extraction 

Phenol protein extractions of eight plant species was carried out by following protocol 

optimized by Pavoković et al. (2012) with modifications. Sterilized seeds were minced by 

pestle and mortar using liquid nitrogen to fine powder and weighed up to 1.5 g each in sterilized 

centrifuge tubes. This 1.5 g aliquot of fine powder was resuspended in 4.5 ml of extraction 

buffer containing 500 mM of Tris (pH = 8.0), 50 mM of EDTA, 700 mM of sucrose, 100 mM 

of KCl and 2% of 2-mercaptoethanol and 1 mM of phenylmethylsulfonyl fluoride (PMSF). 

Samples were vortexed and incubated by shaking for 10 min on ice. Afterwards, an equal 

volume of Tris-buffered phenol (Roth) (pH = 8.0) was added, and solutions were incubated on 



28 
 

a shaker for 10 min at room temperature. To eliminate cell debris, samples were centrifuged at 

5500 g at 4 °C for 10 min. The upper phenolic phase was transferred to a new tube, and back-

extracted with 4.5 ml of extraction buffer. Samples were incubated on a shaker for 5 min, 

vortexed and centrifuged at 4000 g at 4 °C for 20 min. The phenol phase was carefully 

transferred to a new tube and four volumes of precipitation buffer, consisting of 100 mM of 

ammonium acetate in ice-cold methanol, were added. Tubes were mixed by inversion, and 

samples were incubated overnight at -20 °C. Proteins were pulled down by centrifugation at 

3500 g at 4 °C for 15 min. After centrifugation, the pellets were washed three times with ice-

cold precipitation buffer and finally with ice-cold acetone. After each washing step, the sample 

was centrifuged for 5 min at 5500 g at 4 °C. Finally, pellets were dried in fume hood at room 

temperature. Dried pellets were rehydrated in PBS (phosphate buffer saline) buffer. 

Lyophilized protein samples of E. sativa were sent to DDPSC, MO, USA where its bottom-up 

proteomic studies were done.  

3.2.4. Protein Quantification 

Protein concentration was determined by using Pierce 660nm Protein Assay kit and BSA 

standard curve 2000 μg/mL to 125 μg/mL according to the manufacturer’s protocol (Thermo 

Scientific 1861426).  

3.2.5. 2-D DIGE 

3.2.5.1. DIGE labeling 

The 2-D DIGE gels of control and treated E. sativa protein from seedlings were prepared in 

duplicate. Protein samples were labeled according to the manufacturer’s protocol for minimal 

CyDye labeling (GE Healthcare 25-8010-65) as follows 

1. Four samples (ES0-11, ES2-11, ES0-12, and ES2-12) were prepared in duplicate (Table 3.2): 

(a) Each ES tube had 82.5 μg protein with extra DIGE sol. buffer to a protein 

conc. of 7.5 μg/μL prior to the addition of dye solution.  

(b) 82.5 μg of protein was taken from each sample for pool tube to 330 μg total. 
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Table 3.2: Samples labelling with suitable CyDyes for 2D DIGE 

Sample Name Dye  Tube Gel Tube 

ES0-11 Cy3 ES0-11 Cy3 ES 1 

ES0-11 Cy5 ES0-11 Cy5 ES 2 

ES2-11 Cy5 ES2-11 Cy5 ES 1 

ES2-11 Cy3 ES2-11 Cy3 ES 2 

ES0-12 Cy3 ES0-12 Cy3 ES 3 

ES0-12 Cy5 ES0-12 Cy5 ES 4 

ES2-12 Cy5 ES2-12 Cy5 ES 3 

ES2-12 Cy3 ES2-12 Cy3 ES 4 

Pool Cy2 Pool Cy2 ES 1, ES 2, ES 3, ES 4 

1 μL (1 nmol) of Cy3 and Cy5 dyes were added to respective sample tubes and 4 μL (4 nmol) 

of Cy2 dye to pool after the solubilization of dyes to 1 mM in DMF (Dimethyl formamide). 

Samples were incubated on ice in dark for 30 minutes and then quenched with lysine. Samples 

were combined for DIGE experiment into four gel tubes, ES 1, ES 2, ES 3, and ES 4. 

Equivalent Volumes of Cy3, Cy5, and Cy2 dyes were kept equivalent e.g. 13 μL of ES0-11 

Cy3, 13 μL of ES2-11 Cy5 and 13 μL of pool Cy2 for “ES 1” gel tube. 

3.2.5.2. DIGE IEF 

3.2.5.2.1. Dilution of 2D samples with destreak buffer 

Destreak solution was prepared by 1% IPG in Destreak Rehydration Solution (IPG buffer, pH 

3-10 NL, GE Healthcare 17-6000-88; Destreak R. S., 17-6003-19). 141 μL Destreak solution 

was added to 39 μL of gel tube sample, covered with foil and left at room temperature for 3 

hours. Bio-Rad ReadyStrip IPG Strips (11cm, pH 3-10 non-linear, 163-2016) were prepared 

for sample loading. Strips were placed into lane, gel side down, covered and left for 15-30 min. 

1.6 mL of mineral oil was added to each lane, covered with lid and left overnight at room 

temperature.  

3.2.5.2.2. Isoelectric focusing (IEF)-First Dimension Separation 

Rehydrated strips were picked up and let oil run off (blot the ends using a paper towel). Strips 

were placed onto focusing tray, gel-side down and with the “+” end of the strip on the “+” end 

of the tray and aligned each strip evenly. 1.6 mL of mineral oil was applied onto strips and 

place the lid on the sample tray and insert into focuser such that the electrodes on the tray 
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making good contact with electrodes on IEF cell. Protean IEF cell was switched on and applied 

the voltage conditions at 250 V for 0.5 h, 500 V for 1 h, 8000 V for 2.5 h, and then the voltage 

was held at 8000 V over 35 kVh at 20 0C. After the completion of focusing, focuser was 

switched off and picked up the tray vertically. Mineral oil was drained off onto paper towel 

and placed the strips gel side up onto fresh lanes in tray 

3.2.5.2.3. SDS-PAGE-Second dimension separation 

First, IPG strips were reduced with equilibrium solution I and II (Bio-Rad ReadyPrep 2D 

Starter Kit). SDS-PAGE was performed by using criterion precast gels (8-16% Tris-HCl, 1.0 

mm; Bio-Rad 345-0105) with Protein ladder (Bio-Rad 161-0374) in a Bio-Rad Criterion 

Dodeca Cell run at 60 V for 15 min, and then 200 V for 1 hour. The gels were fixed in 10% 

methanol/7% acetic acid for 1 hour. After 3x washing with MilliQ water, gels were covered 

with foil and stored at 4 0C during the course of subsequent experiment.  

3.2.5.3. DIGE imaging 

Gel images were scanned by using a Typhoon 9410 variable mode imager (Amersham 

Biosciences, Pittsburgh, PA). Each gel was imaged sequentially at excitation/emission filter 

wavelengths (in nm) of 488/520 for Cy2, 532/580 for Cy3, and 633/670 for Cy5. 

3.2.5.4. DIGE quantification and spot picking 

Image analysis was carried out using Progenesis SameSpots software (Nonlinear Dynamics, 

Durham, NC). The software was used to perform gel alignment, spot averaging, normalization, 

and multivariate statistics to determine which protein spots changed in abundance in response 

to fungal induction. Means and SD were calculated from three independent sets of harvests 

and compared between control and treated samples. The number of detected spots showing 

differences with a p-value of 0.05 was then determined. 

3.2.5.5. In-gel trypsin digestion 

After imaging, the gels were stained with SYPRO Ruby protein gel stain (Molecular Probes, 

Eugene, OR) according to the manufacturer’s protocol so that spots could be visualized by the 

GelPix protein spot excision system (Genetix, Boston, MA). Spots identified as significantly 

differentially expressed in response to fungal induction by SameSpots were excised on the 

GelPix. A 50 mM ammonium bicarbonate/50% ACN (acetonitrile) solution was used to destain 

the gel spots prior to digestion by 12-h incubation at 37 0C in 30 mL of 5.9 ng/mL trypsin 

(Promega, Madison, WI). Peptide extraction was performed in two rounds; first with 2% ACN, 



31 
 

1% formic acid, and then with 60% ACN. Before nano-LC-MS/MS, samples were lyophilized, 

and then dissolved in 8 mL of 5% ACN and 0.1% formic acid. 

3.2.5.6. Protein identification by nano-LC-MS/MS 

Protein digests extracted from excised DIGE gel spots were subjected to LC-MS/MS system, 

Eksigent nona LC-2D (nano-flow HPLC, Eksigent, Dublin, USA)/TripleTOF 5600 (QToF  

mass spectrometer, AB Sciex, Concord, Canada) by a method reported by Alvarez et al. (2009) 

and after optimization. Nano-LC was performed with an LC Packings Ultimate system (San 

Francisco, CA) equipped with column, C18 reversed phase trap column loaded for sample 

concentration and desalting (ChromXp C18, 350 µm x 0.5 mm, 5 µm, 120 Å, Eksigent, Dublin, 

USA) and C18 reversed phase analytic column  (ChromXp C18, 15 cm x 75 µm, 3 µm, 120 Å, 

Eksigent, Dublin, USA). Peptides (5-mL injections) were resolved on a gradient that started at 

solvent A (5% ACN, 0.1% formic acid) to solvent B (35% ACN, 0.1% formic acid in MilliQ 

water) for 30 min at the rate of 300nL/min.  

The MS/MS analysis was by using m/z 380-1250. The switching from TOF MS to MS/MS is 

triggered by the mass range of peptides (m/z 300–1250), precursor charge state (+2 to +5). 

Selected precursors put on 75 s dynamic exclusion list and auto calibration was performed 

every 9 h with 50 fmol BSA digest 

3.3. Top-down proteomics of Linum usitatissimum 

Constitutive expression of Eruca sativa was evaluated by top-down proteomics. The seeds of 

Linum usitatissimum (Flax) was purchased from Horizon Herbs LLC, USA. These seeds were 

germinated in soil in Biology Green House of UNC, Chappel Hill, USA. 

3.3.1. Germination and harvesting of plants 

The seeds of Linum usitatissimum were purchased from Horizon Herbs LLC, USA.The seeds 

of all these plants were germinated in soil in Biology Green House of UNC, Chappel Hill, 

USA. 

3.3.1.1. Composition of soil  

The soil was composed of one parts per lite and five parts of Metro Mix, one teaspoon of 10-

10-10 fertilizer, 20 g of Marathon which was an insecticide. The Metro Mix 360 was a mixture 

of peat moss, perlite, bark ash, starter charge with gypsum, dolomitic limestone and slow 

release nitrogen. All ingredients were purchased from Wyatt-Quarles Seed Company. The soil 

was damped with water in (4x4 inches) plastic pots and seeds of L. usitatissimum (Flax) were 
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washed thrice with water and sowed half inch deep into the soft soil and covered with 

transparent dooms. 

3.3.1.2. Transplantation of seedlings 

After 12 days, seedlings of Flax were transplanted into flats (10x18 inches) having 24 

compartments. The flats were covered with dooms to enhance transpiration and removed after 

two days. 

3.3.1.3. Harvesting of plants 

The upper part of plants were cut and thrown into water for removal of soil particles, quickly 

dried with paper towels and wrapped into labelled aluminum foil and flash frozen in liquid N2 

and stored at -80 °C.  

3.3.2. Peptidyl acetic acid extraction of samples 

All plant samples were extracted by developed and modified “Acetic acid peptidyl extraction 

protocol” of Hicks lab. (UNC-CH).  

3.3.2.1. Preparation of extraction buffer 

The recipe of extraction buffer include: 

 10% acetic acid  

 Roche EDTA-free protease inhibitor cocktail (1 tablet/ 50 mL) 

 Pepstatin protease inhibitor cocktail (1 mg/mL) 

 3% Polyvinylpolypyrrolidone (PVPP), (g/mL) 

(300 mL of extraction buffer was required for 100 g of plant sample) 

First of all, 300 mL of extraction buffer was prepared by adding 30 mL of acetic acid in 270 

mL of milliQ water in a 1 L beaker and placed it on stirrer then added 6 tablets of Roche EDTA 

free inhibitor cocktail. When tablets dissolved, 300 µL of (1 mg/mL) pepstatin inhibitor 

cocktail and 9 g of polyvinylpolypyrolidone (PVPP) were added. Beaker was placed at 4 °C to 

chill after weighing. 

3.3.2.2. Preparation of sample 

Packet of plant material was removed from freezer (-80 °C), which contained plant tissue 

approximately 100 g, and placed in a tank of liquid nitrogen. Wrapped pestle and mortar was 

placed in Rubbermaid basket having dry ice. After removing the wrapper, mortar was filled 

with liquid nitrogen. The plant material was poured slowly into mortar nested with dry ice, in 

multiple batches, removed hard stems with chilled forceps and ground vigorously into fine 
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powder in the presence of liquid nitrogen. Grinding was stopped when the plant material 

became fine powder and light green in color. 100 gram of plant material was added into the 

buffer in small batches, mixed and then weighed up to 100 g. After 15 min. of continuous 

stirring, beaker was transferred to cold room and stirred for 4 hours. 

3.3.2.3. Centrifugation and stericup filtration 

After four hours, extracted plant material was transferred into large centrifuge bottles (Nalgene 

Wide Mouth Centrifuge Bottle with Screw Cap, High-Density Polyethylene, Thermo 

Scientific), filled up to 80% of total capacity and centrifuged (Sorvall RC 6+ Centrifuge) for 

45 minutes at 4 °C and 13000 RCF. After centrifugation, supernatant was passed through 

vacuum filtration through a stericup of 0.45 µm pore size, with 250 mL funnel and 250 mL 

receiver bottle (Millipore, 0.45 µm, HV Durapore membrane, SCHVU02RE). The plant 

material was sterile after stericup filtration, capped and stored at 4 °C. 

3.3.2.4. 10,000 Da molecular mass cut off (MMCO) 

It was performed by Amicon Ultra-15 Centrifugal filter devices, 10,000 Da MMCO (Millipore, 

UFC9010024). These devices were prepared to remove glycerin as per manufacturer’s 

protocol. 10 mL of milliQ water was added in each device and centrifuged (3220 RCF in 

Eppendorf centrifuge 5810R) for one and half hour at 4 °C. Then 10 mL of sterilized plant 

material was added into each device and centrifuged for one hour under same centrifugal 

conditions. The filtrate was recombined in sterilized container and placed at 4 °C. The filtrate 

was aliquoted into 6 mL plastic tubes and concentrated down to ten folds in a SpeedVac. 

3.3.2.5. Dialysis 

First of all, the dialysis buffer (5 mM ammonium formate; HPLC or MS Grade, Fluka 

17843/70221) was prepared. Twelve liters of buffer was required for 25 mL of concentrated 

plant sample. 20 mL of stock solution (100 mM ammonium formate) was stirred with 3980 mL 

of milliQ water in a 5 liter plastic container (pH 2.7 with HCl) to make the final concentration 

5 mM .  

Meanwhile, dialyzing membrane devices (Spectra/Por Float-A-Lyzer G2 500-1000 MMCO 10 

mL filtrate devices G235063) were prepared by following manufacturer’s protocol. The steps 

were included devices washing with 10% ethanol, screw capped and submerged the devices 

into same 10% ethanol solution for ten minutes and then poured off ethanol and flushed the 
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devices thoroughly with milliQ water. Devices were again filled with millQ water and soaked 

in milliQ water for twenty minutes. 

Six milliliter of concentrated plant sample was poured into each device, removed air from 

membranes, screwed capped tightly and placed the device membranes into 5 mM ammonium 

formate buffer for three hours in the cold room. Buffer was changed after three hours and again 

kept in cold room for next three hours and then placed the devices into new buffer for overnight 

in cold room. 

On the next day, devices were removed from cold room and collected in 50 mL falcon tubes 

(Merck). In plastic tubes (6 mL), 5 mL of dialyzed plant material was added and concentrated 

to 4 mL in SpeedVac at 4 °C for 6-10 hours. 

Aliquots of 500 µL were made in 1.5 mL microcentrifuge tubes, flash frozen into liquid 

nitrogen and stored at -80 °C. 

 100 g of start material was extracted in 300 mL of buffer was concentrated to 4 mL and 

this concentration was taken as “1X” concentration. 

3.3.3. Fractionation by UFLC 

The fractionation of the samples was performed by HPLC, (Shimadzu UFLC) on PolyC-

Polysulfoethyl A column, strong cation exchanger and UV visible detector (SPD-20A), lamp 

D2 with positive polarity and cell temperature was 40 °C. Flow rate was adjusted to 500 µL/ 

minute. The spectra was analyzed at two channels. The solvent was absorbed at 220 nm while 

peptides were absorbed at 280 nm. Output intensity signals were calculated as volts (V). Two 

mobile phases, MP-A, 5 mM ammonium formate in 20% acetonitrile, pH 2.7 and MP-B, 500 

mM ammonium formate in 20% acetonitrile, pH 3.0 were used. Both the mobile phases were 

subjected to degassing by sonicating with vacuum pump for 30 minutes. Fractionation study 

was performed in gradient mode (Fig. 3.1). From 0-10 the mobile phase A was 100% and B at 

0%, after ten minutes the gradient showed a linear ramp up to 100% B at minute 34. Onwards 

from minutes 34-44 gradient remained 100% B without any change and then sharply backed 

down to 0% B/100% A for final wash. 
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Figure 3.1. Mobile phase gradient ramp over time for UPLC (ultra performance 

liquid chromatography) fractionation 

 

3.3.3.1. Preparation and degasing of mobile phases 

Mobile phase A: 5 mM ammonium formate in 20% ACN, pH 2.7 

Mobile phase B: 500 mM ammonium formate in 20% ACN, pH 3.0 

Both mobile phases were subjected to degasing by sonicating with vacuum pump for 30 

minutes, capped tightly and stored at room temperature. 

3.3.3.2. Sample preparation 

The 1X concentrated frozen plant sample was thawed in milliQ for 5 minutes. Centrifuged 

sample at 13000 rpm for 1 minute to remove any precipitates. Centrifuged again for 1 minute 

and pipetted 420 µL of supernatant to a 12x32 mm glass screw neck vial (Waters) and stored 

at 4 °C till the instrument ready for running. 

3.3.3.3. Auto purging of UFLC 

After preparation of sample and mobile phases, system was turned on and purged all tubing 

with degassed mobile phase A to eliminate any air as well as previous solvents. This washing 

was performed at 500 µL/minute flow rate for 30 minutes with the void volume of 15 mL. 

3.3.3.4. Sample injection 

After auto purging, 400 µL of mobile phase A was injected as a blank to check any 

contamination in column for 47 minutes. Then 400 µL of plant sample was injected at flow 

rate of 500 µL/minute and fractions were collected in fraction collector in labelled 1.5 mL 

tubes. After the run completed capped all tubes and store at 4 °C. 

 

 

http://www.waters.com/waters/en_GB/UPLC---Ultra-Performance-Liquid-Chromatography-Beginner's-Guide/nav.htm?cid=134803622&locale=en_GB
http://www.waters.com/waters/en_GB/UPLC---Ultra-Performance-Liquid-Chromatography-Beginner's-Guide/nav.htm?cid=134803622&locale=en_GB
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3.3.3.5. Desalting process 

The presence of salts in fractions produce false positive bioactivity, hence all the fractions were 

subjected to desalting, done by spinning down to almost dry in SpeedVac at 4 °C, then added 

1 mL of milliQ (autoclaved) water, spin down, repeated twice. Resuspended the material in 

200 µL of milliQ autoclaved water and stores at 4 °C. 

3.3.4. Antibacterial assay 

This 96 well plate antibacterial (E. coli) assay was developed in Hicks lab. All steps were 

performed under sterile conditions near Bunsen burner and changed tips every time. 

3.3.4.1. Preparation of nutrient media 

LB broth media was weighed (3.5 g/100 mL and 7.5 g/100 mL to make 1x and 2x nutrient 

broth respectively), 28 g/100 mL of LB-agar, autoclaved at 121 °C under pressure. The plates 

were streaked with E. coli from freezer stock and incubated at 37 °C for overnight.  

On the next day, a single colony was transferred from the plate with the help of platinum loop 

to 5 mL of LB broth in a 14 mL culture tube. The culture was incubated at 37 °C with shaking 

(325 rpm) overnight. The optical density was checked at 600 nm with compared to 1 mL of 

1X LB. The subculture having 0.1 OD was produced by dilution and incubated at 37 °C and 

325 rpm for 45 minutes to get the OD 0.4 as bacterial culture doubled in 20 minutes. Then, 

each of the following elements of the test cultures were added to each test well by using a 

sterile 96 well microtiter dish, a sterile pipetting reservoir, and a multichannel pipettor,: 

a) 50 μL of 2x media 

b) 50 μL of 1x media 

c) 50 μL of test solution (Fractions) 

d) 50 μL of bacterial culture at OD600 =0.4 for a final OD600 of 0.1. 

e) 50 µL of H2O as negative control (in place of d) 

f) 50 µL of 400 µg/mL ampicillin stock as positive control (in place of d) 

g) 50 µL of 1X LB as blank (in place of d) 

The plate was handled carefully and checked starting OD and verified about 0.1.Lid was kept 

on the plate at all times except when checking OD. Four microliter of 50 mM Resazurin 

(dissolved in water and filter sterilized at 0.22 micron) was added to every well by using a 

multichannel pipettor and a sterile pipetting reservoir. Culture plate was left to grown to mid 

log-phase (c. OD600 of 0.5) with the plate firmly attached to the shaker rack with tape. Plate 
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was incubated at 37 °C with vigorous shaking (325 rpm) for one hour. Plate was un-taped from 

shaker very carefully, removed the lid and placed an adapter on the plate and set parameters 

for reading. The plate was rad in spectrophotometer box with excitation wavelength at 544 nm 

and emission at 590 nm. 

3.3.5. Liquid chromatography-tandem mass spectrometry 

A selected series of fractions were run on LC-MS (LC-MS/MS- Waters nanoAcquity-AB 

Sciex Triple TOF 5600). From the obtained LC-MS spectrum, peak lists of peptides were 

generated manually by independent data acquisition (IDA) with a software (Analyst, AB 

Sciex). This software converted total ionic currents (TIC) of peptide fragments and generated 

charge to mass ratio for each peak which gave profile of all peptides. 

3.3.5.1. Conditions for LC-MS/MS 

Column: NanoAquity UPLC PST C18 

Mobile phase A: 0.1% Formic acid in water 

Mobile phase B: 0.1% Formic acid in acetonitrile (ACN) 

Pump type: BSM1 

Ion source: Nanospray 

Scan type: TOF MS 

Polarity: Positive 

Analytical high pressure: 10000 psi 

Target column temperature: 40 °C 

Target sample temperature: 4 °C 

Run time: 60 minute with 40 minute 5-50% ACN ramp 

3.3.5.2. Sample preparation 

The fractions were thawed at room temperature and 8 µL of each fraction was mixed with 2 

µL of 0.1% formic acid with the pipetting and transferred into labelled screw cap glass vials 

and arranged in tray of LC/MS-MS (Waters nanoAcquity - AB Sciex Triple TOF 5600). 

3.3.5.3. Automated LC/MS-MS run 

The sample trapping time was adjusted to 6 minutes with a flow rate of 5 µL/min. The washing 

of needle was fully automated and weak wash was done by 600 µL of water and strong washing 

with 200 µL of acetonitrile. Samples were passed through C18 column and entered into MS 

where they deionized into fragments of different masses with a minimum of 100 Da to 
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maximum of 1800 Da in high sensitivity positive mode. The fragmented cationic peptides 

peaks were analyzed with Analyst and peak lists of peptides were generated. 

3.3.5.4. Web based identification of AMPs 

Experimental molecular masses of peptides were searched by “Swepep”, a Sweden Peptide 

database which is repository of reported MS/MS scanned peptides with sequences. Obtained 

matched sequences were searched through an Antimicrobial Peptide Database called AMPer 

for the identification of antimicrobial peptides (AMPs) in Linum usitatissimum. 
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Chapter 4 

RESULTS AND DISCUSSION 

Plants are playing unexpected role in many aspects of life. A very important aspect is their 

medicinal potential against a wide range of diseases. In this studies, eight medicinal plants 

were selected to evaluate their medicinal values. These medicinal plants are mostly used in 

different areas of Pakistan as home remedy.  For example, Tara-mera (E. sativa) is used for 

skin problems; Alsi (Linum usitatissimum) as painkiller (considered especially for joint pains), 

cardio-protective, and anti-inflammatory; Ispaghol (Plantago ovata) for lower digestive tract 

problem and Niazboo (Ocimum basilium) is considered effective for upper tract problem. To 

scientifically prove the medicinal value of plants, different approaches have been used. 

Proteomics is robust and modern era approach to explore the potential of plants against 

incurable diseases. Emergence of life threatening diseases are becoming challenging for 

scientists and researchers. So there is a strong need to explore natural sources to overcome this 

problem. Current study is part of this challenge to explore natural sources by using proteomic 

approaches. There are two main proteomic approaches, bottom-up and top-down. Both were 

investigated in this study.  

4.1. Screening of medicinal plants 

Eight medicinal plants were selected to screen out potential plants for proteomic studies to find 

novel biologically active peptides/proteins. Selection of medicinal plants was on the basis of 

their ethnobotany and traditional uses for the ailment of diseases. This work would not only 

prove scientifically medicinal values of the untapped plants but would be helpful in finding 

novel drugs for the treatment of incurable diseases in future. Seeds of these medicinal plants 

were collected from new botanical garden, Department of Botany, University of Agriculture, 

Faisalabd (UAF)-Pakistan. Figure 4.1 shows flowering stage of these eight medicinal plants 

from where seeds were taken.  

4.1.1. Antibacterial activity based screening of medicinal plants 

Screening of the eight medicinal plants was done on the basis of their antibacterial activities. 

To evaluate the antibacterial potential, Crude proteins were extracted by phenol/methanol 
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H G F E 

B 

extraction protocol (Pavokovic et al., 2012) from seeds of the plant species and finally pellet 

was dissolved in PBS (phosphate buffered saline) buffer. Antibacterial activities of both treated  

    

    

Figure 4.1. Pictures of medicinal plants for antibacterial activity based screening and each 

inset picture is showing seeds of respective plant.  

A. Barasica napuss; B. Cichorium intybus; C. Eruca sativa; D. Foeniculam vulgare; E. 

Linum usitatissimum; F. Ocimum basilium; G. Plantago ovata; H. Ricinus communis 

 

(T) and untreated (U) (with proteinase K) extracts were determined by disc diffusion method 

against one Gram positive and one Gram negative bacterium followed by protein quantification 

by Bradford method (Table 4.1). Positive control (Rifampicin, Bioworld, USA) showed 

maximum activity while minimum activity was observed in the negative control (PBS). 

Proteinase K treatment was to check either the activity is due to the presence of bioactive 

peptides/proteins or only due to non-peptide/protein compounds. Two plants, Eruca sativa and 

Linum usitatissimum were selected for proteomics due to their highest antibacterial activities 

as represented graphically in Fig. 4.2. The antibacterial activities in these plants were 

diminished after proteinase K treatment demonstrating that the activity was mainly due to 

peptides/proteins as opposed to other compounds (Ishnava and Shah, 2014). All samples 

(including +ve and –ve controls) are showing on x-axis and y-axis is representing their zones 

of inhibition (ZI) in mm. Fig. 4.3 shows the zones of inhibitions by selected plants, E. sativa 

and L. usitatissimum against Gram positive (Bacillus subtilis) and Gram negative (Escherichia 

A D C 
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coli) bacteria in Petri plates (photographs were taken on UV trans-illuminator, Syngene, UK). 

Eruca sativa exhibited 14.25 mm (80.97%) zone of inhibition against B. subtilis and 14.5 mm 

(82.39%) against E. coli. These results are comparable with antibacterial activity results of 

Eruca sativa oils reported by Khoobchandani et al. (2010) that were 97% against Gram 

positive and 74-97% against Gram negative bacteria. Difference in results are due the fact that 

peptides/proteins were only focused in this study while they used different solvent extracts for 

about all types of compounds.  In case of L. usitatissimum, ZI were 13.25 mm (75.28%) against 

B. subtilis and 13.25 mm (77.94%) against E. coli. These results are better than previously 

reported results of butanol fractions of L. usitatissimum that were 64% against B. cereus and 

47% against E. coli (Bakht et al., 2011). After proving antibacterial potential, these selected 

plants were used for the evaluation of some other bioactivity assays before proteomic studies. 

Table 4.1. Antibacterial activities of eight medicinal plants 

 B. subtilis (E. coli) 

(Gram positive) 

E. coli (EC) 

(Gram negative) 

Plant Species Protein Conc. 
(μg/mL) 

Untreated Treated Untreated Treated 

B. napus 37.13 9±0 8.8±0.4 9.8±0.4 8.8±0.4 

C. intybus 8.58 8.8±0.4 9.3±0.4 7.8±0.4 8.3±0.4 

E. Sativa 23.81 14.3±0.4 8.3±0.4 14.5±0.7 9.5±0 

F. vulgare 10.49 9±0 9.3±0.4 8.8±0.4 8.5±0.7 

L. usitatissimum 19.53 13.3±0.4 7.8±0.4 13.3±0.4 9.3±0.4 

O. basilicum 27.14 12.3±0.4 8±0 12.5±0.7 9±0 

P. ovata 11.91 8.8±1.1 9.3±0.4 9±0.7 8.3±0.4 

R. communis 24.76037 11.8±0.4 9.8±0.4 12.5±.7 7.8±0.4 

+ve Control 

(Rifampicin) 
17.6±0.6 17±1.2 

-ve Control 

(PBS) 
7.6±0.6 9±0.5 
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Figure 4.2. Antibacterial activities of eight medicinal plants  

Pos. Positive control; Neg. Negative control; BS. B. subtilis; EC. E. coli; BN. B. napuss; CI. C. intybus; ES. E. sativa; FV. F. vulgare; 

LU. L. usitatissimum; OB. O. basilium; PO. P. ovata; RC. R. communis 

 

Figure 4.3. Zones of inhibition of E. sativa and L. usitatissimum against B. subtilis and E. coli in Petri plates 

+. Positive control; -. Negative control; BS. B. subtilis; EC. E. coli; ES. E. sativa; LU.  L. usitatissimum; U & T. Untreated and treated with 

proteinase K 
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4.1.2. Other biological activities of the two selected medicinal plants 

Protein extracts of two medicinal plants (E. sativa and L. usitatissimum) that exhibited highest 

antibacterial activity were used further for the evaluation of other biological activities (viz 

antifungal, antioxidant, thrombolytic, hemolytic and DNA damage protection assays) before 

moving for proteomic studies of these selected plants.  

First of all, the isolated protein extracts of both E. sativa and L. usitatissimum were profiled. 

For profiling, the seed and leaf extracts of both plants were run on SDS-PAGE. Pre-stained 

ladder (10-180 kDa) was loaded to evaluate the sizes of protein bands. Around 12 and 13 

protein bands were separated on SDS-PAGE from ESL (E. sativa Leaf extract) and ESS (E. 

sativa Seed extract) respectively (Fig. 4.4). In case of LUS (L. usitatissimum Seed extract) and 

LUL (L. usitatissimum Leaf extract), there were around 9 and 12 bands respectively (Fig. 4.5). 

Three bands were up-expressed and three expressed down in case of E. sativa while in case of 

L. usitatissimum four bands were up-expressed and four down-expressed.  

  

Fig. 4.4: Profiling of proteins extracted from 

ESS and ESL 

Fig. 4.5: Profiling of proteins extracted from 

LUS and LUL 

Legends: Lane 1: Pre-stained 10-180 kDa ladder; 

Lane 2: E. sativa Seeds (Protein Extract); Lane 3: E. 

sativa Leaves (Protein Extract) 

Legends: Lane 1: Pre-stained 10-180 kDa ladder; 

Lane 2: L. usitatissimum Seed (Protein Extract); 

Lane 3: L. usitatissimum Leaf (Protein Extract) 
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A 55 kDa protein band was up-expressed in leaf extracts (of both plants) that may be due to 

fibrinolytic (thrombolytic) enzyme II as reported by Chung et al. (2010) from Allium 

tuberosum. Some seed proteins (15, 25-27 and 34 kDa in ESS; 15, 20 and 35 kDa in LUS) 

were hyper-expressed in seeds while hypo-expressed in leaves. These seed proteins are mainly 

for storage and dormancy regulation that decrease in concentration after the germination. Lee 

et al. (2000) detected a 27 kDa antioxidant protein (1 Cys-peroxiredoxin) from rice. They also 

reported sudden decrease in level after seeds imbibition and role in dormancy regulation as 

well. Plant defense related proteins (small heat shock protein) are ranging 16 to 42 kDa in size 

(Kaur et al., 2015). Protein profiles of both plants (E. sativa and L. usitatissimum) predict the 

presence of bioactive peptides/proteins. 

4.1.2.1. Antifungal potential of peptides/proteins  

Millions of people are suffering by fungal infections especially the skin and nail problems 

worldwide (Hamblin and Hasan, 2004). Therefore, it was necessary to explore natural 

resources for the treatment of such problems. Crude protein extracts of the two selected plant 

seeds were used to evaluate the antifungal activity against two fungal species, Trichoderma 

harzianum and Ganoderma lucidum by disc diffusion method. Protein extracts (both treated 

and untreated with proteinase K) were used as samples, fluconazole (Pfizer, USA) as positive 

and PBS as negative control. E. sativa showed higher antifungal potential than L. usitatissimum 

against T. harzianum (Fig. 4.6 & 4.7). Treated samples of both the plants showed very low 

activity as compared to untreated. No antifungal activity was observed against G. lucidum (data 

not shown).  In this part of research project, extracts of both selected plants E. sativa (17 mm 

or 75%) and L. usitatissimum (15 mm or 85%) showed very good antifungal potential against 

fungal specie T. harzianum. These results are better than antifungal potential of another plant 

Melia azedarach (up to 14 mm) against Trichoderma Spp. reported by Hamblin and Hasan 

(2004). In other studies, water extract of E. sativa was evaluated against another fungal specie 

Spadicoides stoveri (17.2 mm) (Rani et al., 2010) while butanol extract of L. usitatissimum 

was reported against Erwinia carotovora (Bakht et al., 2011) by using same diffusion method. 

These antifungal results of E. sativa are around similar but against different fungal species.  
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Figure 4.6. Antifungal zones of 

inhibition of E. sativa and L. 

usitatissimum against T. harzianum  

Figure 4.7. Antifungal activity of E. sativa 

and L. usitatissimum 

+. Positive control (Fluconazole); -. Negative control (PBS); TH. T. harzianum; ES. E. sativa; 

LU.  L. usitatissimum; U & T. Untreated and treated with proteinase K 

4.1.2.2. Antioxidant potential of peptides/proteins  

Presence of antioxidants in medicinal plants plays an important role for the protection of their 

cells and tissues against damage due to reactive oxygen species (Abushama et al., 2014). This 

anti-damage/ free radical scavenging activity of crude protein extract of the two selected plants 

were evaluated for antioxidant potential against 2,2-diphenyl-1-picrylhydrazyl (DPPH) 

solution. Crude protein extracts were both treated and untreated with proteinase K. The Table 

4.2 and Fig. 4.8 are representing antioxidant potential of E. sativa and L. usitatissimum. In case 

of E. sativa, protein extract showed a very high antioxidant activity (83.56%) even a little more 

than L. usitatissimum (74.41%) protein extract that also showed good antioxidant potential.   

Activity was decreased after treatment with proteinase K that revealed the presence of 

antioxidant peptides/proteins in both of the plants but more concentration of these 

peptides/proteins were observed in E. sativa. Positive control BHA (Butylated hydroxyanisole, 

Sigma) showed highest antioxidant activity while in case of negative (DPPH solution), it was 

lowest. These results of percentage inhibition are better than the antioxidant results (63.75%) 

of herbal preparation (mixture of 4 plants) reported by Padmanabhan and Jangle (2012). 

Maximum of 64.37% antioxidant activity of E. sativa extract was reported by Alam et al. 

(2007) that is lower than the activity observed in this study. In case of L. usitatissimum, 
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maximum of 87.5% DPPH scavenging potential was observed by Anwar and Przybylski 

(2012).  

Table 4.2. Antioxidant activity of E. sativa and L. 

usitatissimum 
 

 E. sativa L. usitatissimum 

Untreated crude 

extract 
83.6±1.0 74.4±0.7 

Treated crude 

extract 
25.6±1.02 59.3±1.5 

BHA 98.5±0.1 

DPPH 2.7±0.1 

 

 

 

 

 

 

 

 

 

 

Figure 4.8. Antioxidant activity of E. 

sativa and L. usitatissimum 

BHA. Positive control; DPPH. Negative control; ES. E. sativa; LU.  L. usitatissimum; C. 

Crude extract; F. Filtrate; U & T. Untreated and treated with proteinase K 

4.1.2.3. Thrombolytic potential of peptides/proteins  

Cardiovascular diseases are leading cause of death that occurs mostly due to thrombosis (clot 

formation) in blood vessels. Extracts of medicinal plants have been reported due to their 

thrombolytic potential (Al-Saadi, 2013; Ansari at al., 2014). Crude protein extracts of E. sativa 

and L. usitatissimum seeds were also evaluate for their thrombolytic potential against blood 

clot. Table 4.3 and Fig. 4.9). In this assay, Protein extract of L. usitatissimum (22.95%) showed 

a high percentage of thrombolysis (clot lysis) while in case of E. sativa it was lower. In both 

plants, percentage activity was decreased after treatment with proteinase K that indicates the 

presence of thrombolytic peptides/protein. Crude protein extract of L. usitatissimum showed 

better clot lysis potential than clot lysis results (21.22%) of another plant Nigella sativa 

reported by Prakash et al. (2013). 
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Table 4.3. Thrombolytic activity of E. sativa and L. 

usitatissimum 
 

 E. sativa L. usitatissimum 

Untreated crude 

extract 
4.6±0.9 23.0±2.5 

Treated crude 

extract 
2.5±1.2 4.4±1.2 

Streptokinase 92.2±1.7 

PBS 4.4±0.2 

 

 

 

 

 

 

 

 

 
 

 

Figure 4.9: Thrombolytic activity of 

E. sativa and L. usitatissimum 

Streptokinase. Positive control; PBS. Negative control; ES. E. sativa; LU.  L. usitatissimum; 

C. Crude extract; F. Filtrate; U & T. Untreated and treated with proteinase K 

4.1.2.4. Hemolytic potential of peptides/proteins 

Cytotoxic or hemolytic level is a key factor in the designing of drugs (Kumar et al., 2011). So 

hemolytic activities of selected medicinal plants were evaluated against healthy erythrocytes 

(red blood cells). Protein extracts of the selected plants Tara-mera (E. sativa) and Flax (L. 

usitatissimum) were evaluated for anti-cytotoxic effects. Cell lysis activities of both the plants 

extracts were measured against RBCs (red blood cells) by microplate reader at 576 nm (Table 

4.4 and Fig. 4.10). Hemolytic assay results showed very low percentage of cytotoxicity in E. 

sativa protein extract (2.51%) while a little higher in L. usitatissimum (13.8%). In this assay 

treated samples (0.63%) with proteinase K showed better activity than untreated that indicates 

the presence of some cytotoxic peptides/proteins. Results of this assay are comparable with 

RBCs lysis results of Mazus goodenifolius (ranging from 1.65 to 4.01%) reported by Riaz et 

al. (2012). Presence of a little cytotoxicity in L. usitatissimum was reported by Shim et al. 

(2014) in some persons with highest daily dosage. They concluded that further studies are 

required for its dose optimization to avoid toxic effect. Both of the selected medicinal plants 

showed good potential against a variety of disease causing constraints. In all bioactivity assays, 

treated and untreated samples with proteinase K were used. Decrease in bioactivity after 

proteinase K treatment is indicating the presence of biologically active peptides/proteins. All 

results are showing that the biological potential was also due to the presence of 

peptides/proteins except results of hemolytic activity.  In case of hemolytic activity, there 
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might be the chance for production of bioactive peptides from the lysis of inactive/active 

proteins that enhances the bioactivity after treatment with proteinase K.   

Table 4.4. Hemolytic activity of E. sativa and L. 

usitatissimum 
 

 E. sativa L. usitatissimum 

Untreated 

crude extract 
2.5±0.3 13.8±0.4 

Treated crude 

extract 
0.6±0.04 0.5±0.02 

Triton X 100 96.5±0.5 

PBS 0.5±0.1 

 

 

 

 

 

 

 

 

 

 

Figure 4.10. Hemolytic activity of E. 

sativa and L. usitatissimum 

BHA. Positive control; DPPH. Negative control; ES. E. sativa; LU.  L. usitatissimum; C. 

Crude extract; F. Filtrate; U & T. Untreated and treated with proteinase K 

4.2. Bottom-up proteomics to explore bioactive proteins from E. sativa 

Plants resist the biotic and abiotic stresses by synthesizing a variety of compounds as their 

defense. A number of approaches have been utilized to study the mechanism of plant 

resistance, and the types of compounds synthesized. Proteomics is one of the excellent 

approaches to study the expression of proteins under stressful conditions. Bottom-up 

proteomics is the integration of 2-D DIGE and mass spectrometry for the identification of 

differentially expressed proteins (Amunugama et al., 2013). Differential expression is actually 

the activation and inactivation of proteins synthesis/expression as a result of stress. Up and 

down regulation/expression are important to study novel drug development (Wang et al., 2005; 

Amunugama et al., 2013).  

4.2.1. Germination and harvesting of seeds of Eruca sativa  

Seeds of Eruca sativa were germinated on Petri plates in artificial growth climate chamber 

(RTOP Seris) (Fig. 4.11) under 16 hours of tube light & 8 hours dark cycle and humidity of 

100% at 250C. After 9 days, seeds were germinated to seedling (two leaves) stage. At this 

stage, half of the seedling plates were induced with Fusarium solani culture (1 mL/plate) while 

other half left as control (Fig. 4.12).  Fig. 4.13 and 4.14 are representing photographs of control 

and induced seedling in Petri plants just before harvesting. These seedlings were harvested and 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=16222720
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stored in aluminum foil at -800C ultralow freezer after flash frozen in liquid nitrogen. In this 

study, fungal/Fusarium Spp. (biotic) stress was given to isolate stress responsive or 

differentially expressed proteins.  Wang et al. (2005) reported the tendency of Fusarium spp. 

to express novel proteins in plant. This is due to the fact that plants synthesize biologically 

active proteins to combat stress. Under Fusarium solani induction, isolation and 

characterization of differentially expressed protein from E. sativa was the part of this study. 

  

Figure 4.11. Artificial climate chamber 

where E. sativa seeds were germinated 

Figure 4.12. Plates placed in safety cabinet 

for F. solani induction to 9 days old seedlings 

  

Figure 4.13. Seedling stage (9 days old) of 

Eruca sativa (Control) 

Figure 4.14. Seedling stage of Eruca sativa 

after 6 hours of F. solani induction 

4.2.2. Protein extraction and quantification 

Protein extraction is considered to be very important as whole process depends on protein 

coverage and loss/degradation of protein during extraction leads to false positive proteomics 

results. In this study, protein was extracted from both control and fungal induced seedling of 

E. sativa by using phenol/methanol method which have been reported for maximum protein 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=16222720
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ES-2 ES-0 

coverage (Pavokovic et al., 2012). They compared three extraction methods viz trichloroacetic 

acid, acetone and buffered phenol/ methanol extraction methods and concluded that the 

buffered phenol/ methanol protein extraction method was advantageous over the other methods 

regarding protein quality and quantity. For proteomics, extracted protein samples (in duplicate)  

were sent to DDPSC (Donald Danforth Plant Science 

Centre), St. Louis, MO, United States USA after 

lyophilization (Fig. 4.15). Each lyophilized crude protein 

extract was got from 12 g of E. sativa seedlings. These 

crude protein samples (both control and induced) were 

first evaluated for their concentration and percentage 

recovery of proteins. 559 mg of crude protein extract 

(control) contained 0.28 mg of protein and 994 mg of 

crude protein extract (fungal induced) contained 0.60 mg 

of protein; the percentage recoveries had 0.6% and 0.05% 

respectively (Table 4.5).  

 

 

 

 

Figure 4.15. Freeze dried 

protein samples for proteomics. 

ES-0. Crude protein extract of E. 

sativa seedlings (control); ES-2. 

Crude protein extract of E. sativa 

seedling (induced)  

Table 4.5. Protein concentration and percentage recovery of E. sativa protein extract 

Sample 

Name 

Microplate 

(ug/mL) 

Final 

Volume (uL) 

Total 

Protein (ug) 

Starting 

material 

Mass (mg) 

% recovered 

Protein / SM 

ES0-11 662 20 265   

ES2-11 570 50 570 994 0.06% 

ES0-12 568 25 284 559 0.05% 

ES2-12 252 30 284   

ES0-11 and ES0-12. Crude protein extract of controlled seedlings of E. sativa (duplicate); ES2-11 

and ES2-12. Crude protein extract of Fusarium solani induced seedlings of E. sativa (duplicate) 
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4.2.3. 2D-Gel Electrophoresis: 

2D DIGE (2D-difference gel electrophoresis) approach was found most appropriate to separate 

differentially expressed proteins from a complex mixture of whole proteome (Alvarez et al., 

2009). Extracted proteins from control and induced samples were labelled separately with 

appropriate CyDyes (cyanine dyes).  Fig. 4.16 is showing the labelling pattern of protein 

samples with CyDyes. Gels were run in quadruplicate and each gel with three different 

labelings, Cy2 for pool, Cy3 control and Cy5 for fungal induced samples. Thus 12 gels were 

run to cover maximum number of protein spots. Typhoon imager was used to capture all 12 

gel pictures in grayscale as shown in Fig. 4.17. After staining, these gels were used for 

observing differentially expressed protein spots for mass spectrometric identification. 

 

 

 

 

 

Figure 4.16. Pattern of E. sativa samples and CyDyes labellings for 2D-DIGE 
ES0-11 & 12.  Crude protein extract of E. sativa seedlings (control); ES2-11 & 12.  Crude 

protein extract of E. sativa seedlings (Fungal induced) 



52 
 

   

   

   

   

Figure 4.17. Pictures (by Typhoon imager) of four gels labelled with Cy2 (Green), four 

with Cy3 (red) and four with Cy5 (blue) (sample loading patterns for each of four gels are 

mentioned in Fig. 4.14) 
ES. Eruca sativa; Cy. Cyanine 

 

 

 

ES-Gel 1-Cy2 ES-Gel 1-Cy3 ES-Gel 1-Cy5 

ES-Gel 2-Cy2 ES-Gel 2-Cy3 ES-Gel 2-Cy5 

ES-Gel 3-Cy3 ES-Gel 3-Cy5 

ES-Gel 4-Cy2 ES-Gel 4-Cy3 ES-Gel 4-Cy5 

ES-Gel 3-Cy2 
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4.2.4. Analysis of differentially expressed spots 

For alignment, spot averaging, matching and normalization of gels, SameSpots software was 

used after staining with protein gel stain, SyproRuby (Molecular Probes, Eugene, OR). Four 

Cy2 gel images were aligned with ES-2 as reference and Cy3 and Cy5 gel images with their 

respective Cy2 (pool) image. This was done to check which spots of proteins were changed in 

abundance as a result of fungal induction. Each spot must be inspected manually as an example 

of differentially expressed spot 386# (from: Table 4.6) in Fig. 4.18. 

 

Figure 4.18. Log normalized values for gels averaging and inset is the manual inspection of 

up regulated spot (#386)  

In the graph "log normalized value" is indicating the average of Cy3/Cy2 and Cy5/Cy2 levels 

corresponding to a particular treatment on a log scale. For averaging, progenesis combines two 

Cy3/Cy2 and two Cy5/Cy2 values for each treatment. Normalization to Cy2 enables proper 

averaging between the 4 gels (and gel alignment). This spot 386 is also present in LC-MS/MS 

analysis plate with ID H04 (Table 4.7). Prior to final data analysis, standard deviations and 

means from independent sets of harvests were calculated to compare expression pattern of 

control with fungal induced samples.  Out of 401 resolved spots, 56 differentially expressed 

spots were detected with a p value of ≤ 0.05, |fold| > 2 as in Table 4.7. 
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Table 4.6. Probability based selection of differentially expressed spots from control and induced samples of E. sativa 

     control control control control 6 hr 6 hr 6 hr 6 hr 

96-well 

plate 

location 

# 
Anova 

(p) 
|Fold| 

Highest 

Mean 

ES-1 440V 

Cy3 

20120716 

ES-2 450V 

Cy5 

20120716 

ES-3 450V 

Cy3 

20120716 

ES-4 480V 

Cy5 

20120716 

ES-1 440V 

Cy5 

20120716 

ES-2 450V 

Cy3 

20120716 

ES-3 450V 

Cy5 

20120716 

ES-4 480V 

Cy3 

20120716 

A01 114 1.81E-04 2.0 control 1.283 1.226 1.026 0.944 0.531 0.608 0.587 0.503 

B01 118 1.71E-02 2.0 control 1.537 1.314 0.837 0.793 0.743 0.479 0.436 0.606 

C01 124 1.85E-04 2.4 control 1.363 1.190 1.544 1.399 0.447 0.544 0.644 0.673 

D01 129 3.68E-04 2.3 control 1.674 1.283 1.405 1.488 0.832 0.526 0.660 0.569 

E01 132 7.62E-04 2.2 control 1.674 1.324 1.445 1.680 0.773 0.474 0.775 0.707 

F01 197 3.80E-02 2.0 control 2.572 2.600 2.363 1.389 1.649 1.446 0.643 0.804 

G01 227 4.49E-04 2.8 6 hr 0.503 0.611 0.374 0.352 1.347 1.586 1.067 1.239 

H01 229 2.02E-02 3.8 control 0.963 0.871 3.338 2.024 0.418 0.362 0.870 0.267 

A02 252 3.71E-04 3.3 6 hr 0.422 0.494 0.358 0.270 1.345 1.642 0.979 1.179 

B02 251 2.15E-04 2.5 6 hr 0.458 0.540 0.347 0.536 1.205 1.382 1.050 1.137 

C02 259 2.18E-06 3.4 6 hr 0.342 0.441 0.344 0.377 1.318 1.376 1.154 1.336 

D02 291 1.16E-03 2.3 6 hr 0.413 0.638 0.364 0.635 1.214 1.067 1.210 1.262 

E02 298 3.71E-05 5.8 6 hr 0.229 0.170 0.346 0.280 1.264 1.409 1.548 1.736 

F02 297 6.08E-06 5.5 6 hr 0.271 0.282 0.312 0.206 1.269 1.443 1.371 1.798 

G02 302 3.61E-03 2.4 6 hr 0.400 0.774 0.618 0.480 0.980 1.326 1.854 1.395 

H02 299 7.53E-03 2.3 6 hr 0.837 0.532 0.411 0.468 1.207 0.853 1.355 1.664 

A03 323 1.70E-03 2.0 6 hr 0.478 0.600 0.804 0.544 1.074 1.253 1.047 1.358 

B03 320 1.07E-04 2.0 control 1.254 1.247 1.505 1.627 0.647 0.715 0.772 0.704 

C03 307 6.58E-03 2.7 6 hr 0.250 0.598 0.677 0.353 1.291 1.611 1.050 1.032 

D03 330 5.89E-06 2.6 6 hr 0.456 0.481 0.493 0.393 1.074 1.177 1.174 1.305 

E03 309 1.73E-04 2.1 6 hr 0.493 0.662 0.640 0.560 1.268 1.452 1.130 1.120 

F03 328 1.10E-04 2.2 6 hr 0.451 0.483 0.632 0.451 0.988 1.120 1.098 1.148 

G03 329 6.07E-06 3.1 6 hr 0.338 0.364 0.450 0.417 1.071 1.234 1.206 1.285 

H03 337 3.95E-04 2.1 control 1.328 1.325 1.817 1.427 0.801 0.635 0.599 0.780 

A04 338 7.18E-05 4.8 6 hr 0.191 0.280 0.416 0.294 1.253 1.519 1.518 1.378 

B04 370 4.10E-03 2.1 6 hr 1.421 1.529 0.996 1.157 2.813 2.439 1.873 3.390 
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C04 379 4.70E-04 2.1 6 hr 0.533 0.778 0.624 0.777 1.216 1.585 1.379 1.527 

D04 382 8.75E-04 2.2 6 hr 0.622 0.735 0.476 0.579 1.374 1.683 1.051 1.312 

E04 377 6.47E-05 4.1 6 hr 0.340 0.476 0.331 0.519 1.510 1.876 1.382 1.982 

F04 384 7.69E-04 2.1 6 hr 0.368 0.361 0.523 0.570 0.974 0.990 0.876 1.059 

G04 385 5.80E-05 2.7 6 hr 0.414 0.509 0.465 0.509 1.300 1.544 1.020 1.246 

H04 386 3.67E-05 4.6 6 hr 0.337 0.402 0.325 0.311 1.679 2.103 1.149 1.425 

A05 389 1.35E-04 3.7 6 hr 0.431 0.338 0.301 0.263 1.284 1.541 0.902 1.257 

B05 388 3.11E-05 3.6 6 hr 0.299 0.334 0.446 0.302 1.419 1.168 1.045 1.318 

C05 391 1.82E-05 3.8 6 hr 0.350 0.353 0.413 0.440 1.504 1.643 1.115 1.648 

D05 390 1.13E-04 2.5 6 hr 0.587 0.654 0.499 0.779 1.564 1.701 1.380 1.633 

E05 413 4.66E-03 2.1 control 3.277 2.125 2.334 1.501 1.056 1.181 1.101 0.982 

F05 392 2.81E-03 2.8 6 hr 0.668 0.879 0.495 0.496 1.767 2.583 1.558 1.207 

G05 397 1.85E-04 4.0 6 hr 0.407 0.311 0.587 0.550 1.550 2.252 1.605 2.099 

H05 408 1.59E-03 2.0 6 hr 0.440 0.781 0.738 0.686 1.283 1.436 1.325 1.288 

A06 418 5.84E-03 2.1 control 1.018 1.303 1.471 1.707 0.576 0.468 0.912 0.686 

B06 448 1.21E-02 2.0 control 2.156 1.826 1.519 1.157 1.128 0.828 0.843 0.573 

C06 449 2.57E-03 2.1 control 2.199 1.792 1.898 1.352 1.040 0.768 0.982 0.643 

D06 447 8.56E-04 2.4 control 2.219 1.608 1.984 1.531 0.985 0.641 0.864 0.635 

E06 452 2.36E-03 2.0 control 1.842 1.570 2.314 1.806 0.968 0.750 1.256 0.875 

F06 459 6.33E-03 2.2 control 1.403 1.937 0.963 1.070 0.769 0.659 0.556 0.510 

G06 463 4.67E-04 2.0 6 hr 0.692 0.604 0.719 0.541 1.314 1.474 1.168 1.053 

H06 462 5.58E-03 2.6 6 hr 0.560 0.741 0.471 0.286 1.224 1.836 1.054 1.210 

A07 466 4.76E-04 4.6 6 hr 0.277 0.470 0.273 0.276 1.534 2.225 1.134 1.028 

B07 482 1.91E-05 2.1 6 hr 0.536 0.677 0.632 0.644 1.382 1.182 1.317 1.280 

C07 475 4.32E-05 2.4 6 hr 0.562 0.689 0.620 0.633 1.542 1.752 1.238 1.503 

D07 473 2.85E-04 2.3 6 hr 0.586 0.734 0.565 0.803 1.498 1.743 1.263 1.570 

E07 486 1.99E-03 2.8 6 hr 0.323 0.384 0.798 0.491 1.651 1.180 1.399 1.372 

F07 488 2.82E-04 2.7 6 hr 0.553 0.537 0.815 0.461 1.683 1.680 1.644 1.340 

G07 484 3.12E-03 2.3 6 hr 0.776 0.831 0.684 0.555 2.082 1.911 1.187 1.265 

H07 490 2.55E-02 2.0 6 hr 2.906 2.878 1.515 2.766 5.487 5.110 2.965 6.359 
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4.2.5. Mass spectrometry and data processing 

Mass spectrometry is used to identify proteins. Protein samples from differentially expressed 

spots were run on LC-MS/MS system (nano-flow HPLC, Eksigent, Dublin, USA)/TripleTOF 

5600 (QTOF mass spectrometer, AB Sciex, Concord, Canada) after trypsin digestion.  A large 

number of chromatograms were generated against different samples. Total and extracted ion 

chromatograms (TIC and XIC) of BSA standards are shown in Fig. 4.19-A and 4.19-B 

respectively. Fig. 4.19-C is representing the TICs of differentially expressed spot samples in 

which blue color is representing TIC from A2, purple from B2, pink from C2, red from D2, 

yellow from E2, lime green from F2, medium spring green from G2 and sky blue TIC from 

H2 (match with Table 4.6). In these chromatograms, Peaks height is representing intensity (y-

axis) while time (in minutes) is on x-axis. These wiff (MS generated) files were converted to 

.mzML files (1 per sample) by MS Data Converter (AB Sciex),  that was further imported into 

Progenesis LCMS (Nonlinear Dynamics, Durham, USA). In progenesis 1 batch, list of masses 

of peptide precursor ion with distinct elution times associated with MS/MS fragment spectra 

of each listed features were extracted and appended together as single .mgf file for each sample. 

These .mgf files were submitted to Mascot Daemon 2.4 (Matrix Science, London, UK) in 

which cRAP database was used to identify background features, searched with 15 ppm 

precursor and 0.08 Da fragment ion tolerance. Mascot result was exported as .xml for input to 

progenesis and .cvs for .xls. In progenesis 2 batch, features were assigned putatively with 

Mascot ID. Two files, Features.csv and Identification.csv, were exported containing MS1 

precursor abundance and Mascot-derived identification for each eluting peptide. An output 

table was built with Excel Visual Basic for Applications (VBA) script in which best spectral 

Mascot matches for each eluting feature were compared and peptide MS/MS spectra associated 

with matched features were removed from the .mgf file. This complete data processing 

information is summarized in Fig. 4.20. Finally identified up and down-regulated proteins are 

summarized in Table 4.7 (Fig. 4.22) and Table 4.8 (Fig. 4.23) respectively with their respective 

information including biological roles. 
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Figure 4.20: Flow sheet of data processing from MS generated file to protein identification 

Figure 4.19. Among three chromatograms, A and B are BSA autocal TICs (Total Ion 

chromatograms) and XICs (extracted ion chromatograms) respectively and C is 

representing TICs of different eight spot samples.   

 

 

A 

B 

C 
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4.2.6. Identified proteins and their biological potentials 

Mass spectrometry is becoming more and more popular in the field of proteomics based drug 

development/discovery (Fig. 4.21).  In this studies mass spectrometry based proteomics was 

used to identify differentially expressed proteins from 2D-DIGE spots. Identified up-regulated 

proteins and their biological roles are given in Table 4.7 (Fig. 4.22) and down regulated in 

Table 4.8 (Fig. 4.23). In literature, most of these are submitted in databases but their 

characterization is still under process. These proteins were expressed under fungal stress, 

therefore are speculated to a role in plant defense. These identified proteins have a range of 

applications in different fields including therapeutics. Halestrap et al. (2003) elaborate the 

biological potential of adenosine nucleotide translocator (ANT). It opens the mitochondrial 

permeability transition pore (MPTP) with some other proteins that respond in the form of cell 

death that shoing its theraputic value. Dong et al. (2011) isolated a novel gene of xyloglucan 

endotransglucosylase from Oryza sativa and analyzed its response under stressful conditions. 

They concluded that this gene was induced as a result of multiple stresses. Divol et al. (2007) 

were also elaborated the protective role of xyloglucan endotransglucosylase/hydrolase (XEH) 

in Arabidopsis thaliana and Apium graveolens against Myzus persicae (aphid). Ye and Ng 

(2002) evaluated the biological activities of peroxidases from bean legumes. They found good 

antifungal activity of this enzyme against a range of fungal species named Botrytis cinerea, 

Coprinus comatus, Fusarium oxysporum and Mycosphaerella arachidicola. Wu and Muir 

(2008) were studied the biological activities of cruciferin proteins after their isolation and 

purification. The hydrolysates of such proteins showed a very good inhibitory effect against 

ACE (angiotensin converting enzyme). Seymour et al. (1991) purified the pectinesterases from 

marsh white grapes and demonstrated its antigenic effect.  Schleicher et al. (2008) explored 

robust biological applications of prohibitin that include angiogenesis of endothelial cells and 

regulation of homeostasis.  RRM (RNA recognition motif) or RBD (RNA binding domain) is 

one of the most abundantly found protein in eukaryotes. Its main function is the regulation of 

posttranscriptional expression of genes. It is a very complex and multidisciplinary application 

that cavers different fields including therapeutics (Maris et al. 2005). Several such proteins 

were found in the current research. For better functional studies, their structural 

characterization is necessary to elaborate their roles in therapeutics/drug development. 
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Figure 4.21. Versatile nature of mass spectrometry for quantitative bioanalysis (adopted from Kang, 2012) 

Table 4.7. List of identified proteins from up-regulated spots of E. sativa 

Plate 

Location 
gi # Protein Name 

Protein 

mass 
Source 

Biological 

Functions  

G2 45720467 Adenosine nucleotide translocator 35113 Brassica oleracea Role in apoptosis 

E3 166678 12S storage protein CRB 50954 Arabidopsis thaliana 
Role in seed storage 

and its maturation* 
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F2 167134 Cruciferin BnC1 53994 Brassica napus 

Seeds storage 

protein*/ 

Cardioprotective 

F4 461838 Cruciferin PGCRURSE5 53622 Raphanus sativus 
Stress responsive 

/Storage protein* 

C2 15231850 
Peroxisomal (S)-2-hydroxy-acid oxidase 

GLO1 
40373 Arabidopsis thaliana 

Regulation of 

photosynthesis* 

A4 297843196 Hypothetical protein ARALYDRAFT_470363 ~51000 Arabidopsis lyrata - 

A2 253762012 Peroxidase 12, partial 35801 Brassica rapa Antifungal role 

D2 15231828 Pectinesterase 3 64729 Arabidopsis thaliana 

Cell wall 

modification*/Anti

genic role 

C3 15232129 Prohibitin 4 30619 Arabidopsis thaliana 
Regulator of 

homeostatsis 

H4 131166 
Photosystem I reaction center subunit II, 

chloroplastic 
22961 

Solanum 

lycopersicum 

Role in 

photosynthesis* 

 

298 38605154 
xyloglucan endotransglucosylase/ hydrolase 

protein 
~34000 Arabidopsis thaliana 

Anti-aphid role 

D3 15224205 50S ribosomal protein L3-1 29345 Arabidopsis thaliana Protein synthesis* 

F3 334188080 60S ribosomal protein L5-2 ~34000 Arabidopsis thaliana 
Protein 

metabolism* 
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C4 15220443 50S ribosomal protein L6 24747 Arabidopsis thaliana Response to 

cytokinin* 

*Adopted from: Uniprot 

Table 4.8. List of identified proteins from down-regulated spots of E. sativa 

Plate 

Location 
gi # Protein Name 

Protein 

mass 
Source 

Biological Functions 

F6 119720784 
Ribulose-1,5-bisphosphate carboxylase 

/oxygenase large subunit 
20541 Brassica rapa 

Role in 

photosynthesis* 

B1 18395017 uncharacterized protein, 77 kDa, 30, 28 77468 Arabidopsis thaliana - 

B1 297813775 hypothetical protein ARALYDRAFT_911635 65950 Arabidopsis thaliana - 

G1 312282081 unnamed protein product 49678 
Thellungiella 

halophila 

- 

H3 297817684 ribosomal protein L1 family protein 37628 Arabidopsis lyrata 
Role in protein 

synthesis* 

EI 15988117 Proglycinin A1ab1b Homotrimer, Chain A ~54000 Glycine max 
Role in storage of 

nutritious substrates* 

H3 54261729 
RNA recognition motif and CCHC-type zinc 

finger domain-containing protein 
~22000 Arabidopsis thaliana 

Help in protein 

synthesis 

*Adopted from: Uniprot 
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Figure 4.39: Post-inoculation up-expressed spots 

 

 

 

 

Figure 4.22. Labelling of up-expressed spots with respective identified proteins on ES gel 2 Cy2 (ES gel #2 labelled with Cy2)

peroxidase 12, partial, 35 kDa 

glycolate oxidase, 40 kDa 

pectinesterase 3, 64 kDa 

cruciferin BnC1, 54 kDa 

xyloglucan endotransglucosylase/hydrolase protein 4, 34 kDa 

adenosine nucleotide 
translocator, 35 kDa 

Photosystem I reaction center 
subunit II, chloroplastic, 23 kDa 

prohibitin 4, 31 kDa 
18 

cruciferin, 51 kDa; 50S ribosomal 
protein L3-1, 29 kDa  

60S ribosomal protein 
L5-2, 34 kDa 50S ribosomal protein 

L3-1, 29 kDa 

cruciferin, 51 kDa 

hypothetical protein 
ARALYDRAFT_470363, 51kDa 
kDa, 9 

50S ribosomal protein L6, 25kDa 
kDa, 72 

Cruciferin PGCRURSE5, 53 kDa 
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Figure 4.23. Labelling of down-expressed spots with respective identified proteins on ES gel 2 Cy2 (ES gel #2 labelled with Cy2) 

 

hypothetical protein ARALYDRAFT_911635, 66 kDa 

uncharacterized protein, 77 kDa 

Proglycinin A1ab1b Homotrimer, 
Chain A, 54 kDa 

ribulose-1,5-bisphosphate carboxylase 
/oxygenase large subunit, 53 kDa   

unnamed protein product, 49 kDa 

ribosomal protein L1 family 
protein, 37 kDa 

RNA recognition motif and CCHC-
type zinc finger domain-
containing protein, 22 kDa  
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4.3. Top-down Proteomics approach 

Different types of proteomic approaches have been used to explore the hidden treasure of 

natural resources. Top-down proteomics is very suitable to study the bioactivity based 

peptides/proteins. It is actually the LC-MS (liquid chromatography coupled with mass 

spectrometry) based proteomic studies in which whole/intact peptides/proteins are injected 

directly in MS for proteolysis based sequencing in gas phase (Jensen, 2006). In another way, 

only those peaks are sequenced that are correlated with bioactivities (de novo sequencing).  

Advantage of this approach is that it has far low rate of false positive identification of 

peptide/protein (McLafferty et al., 2007). Hence, this technique was used to find novel 

biologically active peptides from L. usitatissimum plant 

4.3.1. Germination of Linum usitatissimum seeds  

Seeds of L. usitatissimum were germinated in pesticide containing soil. These seeds were first 

grown in 4x4 ports (Fig. 4.24) to seedling stage then shifted to compartmented flats for their 

maturity (Fig. 4.25) in green house. After maturity, arial parts were harvested and stored in 

aluminum foil at -80 ultralow freezer after flash frozen in liquid nitrogen. 

 

 

  

Figure 4.24. L. usitatissimum growth in 4x4 

ports  

Figure 4.25. Transplanted seedlings of L. 

usitatissimum in green house, UNC-CH 
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4.3.2. Protein extraction  

The plant material was ground in pestle and mortar in the presence of liquid nitrogen to a very 

fine powder and dissolved in acetic acid extraction buffer. The plant material was stirred on a 

magnetic stirrer for 15 minutes at room temperature and then shifted to 4 °C for four hours to 

dissolve soluble compounds (Fig. 4.26 and 4.27). After that, plant material was centrifuged at 

high speed and supernatant was passed through ultra-filtration with sterilized steric cup.   

  

Figure 4.26. Plant material of L. 

usitatissimum in liquid N2 for grinding 

Figure 4.27. Plant material of L. 

usitatissimumin in extraction buffer on 

magnetic stirrer 

4.3.3. 10 kDa MMCO and dialysis  

Top-down proteomic approach was applied to study only the small peptides (up to 10,000 Da) 

that was due to the nature of most of the classes of AMPs (antimicrobial peptides).  Members 

of these peptide classes are small in size ranging from 2 to 10 kDa (Stotz et al., 2013; Sharma 

et al., 2014). So, the sterilized (by steric cup filtration) protein extract was passed through 

10,000 Da MMCO (molecular mass cut off) membrane columns for the elimination of high 

molecular mass proteins (Fig. 4.28). The proteins and peptides of less than 10,000 Da were 

pipetted out from tube and pooled in new vial. Protein extract was then concentrated by using 

speed vac. (Fig. 4.29). Then concentrated extract was dialyzed with 1000 Da molecular mass 

cut off dialyzing membranes (Fig. 4.30). The buffer was changed thrice for maximum 

elimination of small molecules at 4 °C. Finally the protein extract was concentrated to 1x 

volume (300 mL starting material to 4 mL).  
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4.3.4. SCX fractionation and evaluation of their antibacterial activity  

The purpose of SCX (strong cation exchange) fractionation was to narrow down the 

complexity of sample regarding charge, size and nature of peptides. Due to the cationic nature 

of most of the bioactive peptides, SCX chromatography was used. (Stotz et al., 2013; Sharma 

et al., 2014). The concentrated aliquot of Flax (L. usitatissimum) plant was subjected to 

fractionation through HPLC- UFLC. The strong cation exchange column was used for the 

elution of positively charged compounds. 400 µL of sample was passed through strong cation 

exchange column under high pressure and fractions collected at flow rate of 500 µL per minute 

by auto- collector in 1.5 mL micro-centrifuge tube.  In upper part of the chromatogram (Fig. 

4.31), pink line is showing the intensity of peptides in which peak area is between 20 to 30 

min. Very early fractions (2-5 min.) are also showing highest intensity that are not due to 

bioactive peptides because of their very low/neutral charge. In lower part of this 

chromatogram, peak area between 20 to 30 min. is showing high intensity ranging from 35-

150 mV that further indicating the possibility of the presence of bioactive peptides. To confirm 

the presence of bioactive peptides, antibacterial (Anti-E. coli) assay of fractions was 

performed. Antibacterial assay was also to select the biologically active fractions for mass 

spectrometric analysis.  Fig. 4.32 is showing the antibacterial activity of all 47 fractions (in 

triplicate) against E. coli. Fractions 4-10, 19-21 and 41 showed good activities (more than 

50%) while other active fractions at 11-18 and 43 showed comparatively less antibacterial 

potential (10-50%) Trend of results of both (intensity in Fig. 4.31 and antibacterial activity in  

   

Figure 4.28. 10 kDa MMCO 

membrane column that was 

used for the isolation of 

small peptides (up to 10 kDa) 

Figure 4.29. Refrigerated 

speed Vac./ Protein 

concentrator 1x volume (300 

mL starting material to 4 

mL).  

Figure 4.30. 1 kDa MMCO 

Dialyzing membranes that 

was used for dialysis of 

extracted peptides 
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Fig. 4.32) are not comparable except for a few exceptions. Maximum peak intensity area in 

Fig. 4.31 did not show good antibacterial activity except in fraction# 22. These results are 

interpreted as non-detectable activity because these were only on the basis of Anti-E. coli 

activity. Hilchie et al. (2013) revealed the bioactive natures of antimicrobial cationic peptides. 

They reported a wide range of biological activities of cationic peptides including antibacterial, 

antifungal, antiviral, anticancer, anti-parasitic, anti-endotoxic and wound healing potentials. 

Positive results of biological activities (including antibacterial antifungal, antioxidant, 

thrombolytic and hemolytic activities) of L. usitatissimum (Flax) also revealed the potential of 

peptides/proteins against a number of other disease causing agents (Fig. 4.3-4.10). 

 

Figure 4.32: Antibacterial activities of fractions of L. usitatissimum against E. coli 

 

Figure 4.31: LC Chromatogram of L. usitatissimum Fractionation by using SCX Column 
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4.3.5. Mass spectrometry and identification of biologically active peptides 

Mass spectrometry is a technique used for the identification and characterization of 

peptides/proteins. Fractions were selected to run on LC-MS/MS (Waters, nanoAquity-AB 

Sciex triple TOF 5600) on the basis of antibacterial activity. Selected fractions were first 

passed through C-18 column. The data file was opened and TICs (total ion chromatograms) of 

each fraction were analyzed by using peak view software, AB Sciex. This gave the information 

about the intensity of ions in cps (counts per second) on y-axis vs time on x-axis. Protein 

identification was done by software, Analyst 1.6.1, AB Sciex. The masses of each fragmented 

peak were popped up to get information regarding charges and masses of peptides. List of all 

fractions were obtained having masses and charges of each fragmented peptide. These masses 

were used to identify the peptides by using different online resources.   Mass spectrometry of 

Flax fractions yielded thousands of peptidyl fragments with charge ranging from +1 to +6. The 

molecular mass of the peptides were searched by using online database Swepep with error 

value of 5 Da. This software actually matches our mass of peptide with already reported peptide 

masses. As a result of our peptidyl masses input, Swepep software gave the sequence of 

appropriate peptide. This peptide sequence was used to blast in online bioactive peptide 

database (AMPer). This database gave further the appropriate peptide name and other 

information against the blasted sequence (Table 4.9).    

Antimicrobial peptides (AMPs) are constitutively expressed in plants against a broad range of 

pathogens as first line of defense. In this part of research project, 18 peptides were identified 

by using different online databases after mass spectrometric approaches. Isolated peptides 

belonged to 7 different novel classes of AMPs including Ib-AMPs, thaumatin, defensins like 

peptides, cyclotides, puroindoline, Thionin and Cryptdin (Table 4.9 and Fig. 4.33). AMPs are 

not only effective against bacteria and fungi but also target many other organisms including 

herbivores (Stotz et al., 2013). In the present work, seven identified peptides from L. 

usitatissimum (as constitutive expression) belonged to Ib-AMPs class (Table 4.9) that has also 

been reported by Tailor et al. (1997). According to them, Ib was actually named after its first 

isolation from Bmpatiens balsamina plant. Four closely related peptides were reported having 

smallest amino acids chain among all other plant antimicrobial peptides. Nature of these 

peptides are highly basic having four cysteine residues that form two disulfide bonds. These 

peptides have strong reported inhibitory effect against a wide range of bacteria and fungi 
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without effecting human cells (non-cytotoxic) (Cândido et al., 2011). Plant based defensins are 

a diverse class of antimicrobial peptides that are found throughout the kingdom plantae. During 

these studies, THG1_NICPA-1 (Defensin-like peptides) was identified from Flax as a result of 

MS/MS and web based data processing. Wide range of applications are due to conserved 

spacing pattern of cysteine, peculiar 3D structure and divergent sequences of defensins (van 

der Weerden and Anderson, 2013). Identified peptide CIRF_CHAPA-1-29 is a member of 

cyclic antimicrobial peptides (cyclotides). The peptides of this class contained mainly 27-37 

amino acids long, non-cationic (unlike other classes of AMP) in nature. These peptides exhibit 

a good number of biological activities including antimicrobial, anti-HIV, anti-angiogenic, 

anticancer, uterotonic and insecticidal potentials (Craik, 2010). Five different peptides were 

also identified by mass spectrometry of L. usitatissimum that belong to thaumatin class of 

antimicrobial peptides. These thaumatin like peptides are reported due do their biological 

activities including antibacterial and antifungal properties (Gorjanvoic et al., 2007). 

Conclusively, most of the identified peptides in this part of proteomic study may have 

significant biological potential against a range of diseases as reported.  

 

Figure 4.33: Distribution of 18 identified peptides from L. usitatissimum in different classes 

of antimicrobial peptides 
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Table 4.9: List of identified peptides with their respective data 

Sr

# 

Peptide 

Masses 

Matched 

peptides 

masses 

Sequence 

Antimicrobi

al peptide 

classes 

Peptide Name 
% 

Identity 
Source Plant 

Lengt

h 

1 1212.705 1217.612 
AGTRESVDSAK

P 
IB-AMP AMP_IMPBA-1 40 

Balsam 

(Impatiens 

balsamina) 

31 

2 1632.988 

1636.983 
LALLLPPALAW

YKPA 
Cryptdin Q948Z5_SOLTU-1 63 

Potato 

(Solanum 

tuberosum) 

66.67 

1635.845 
AGTRESVDSAK

PRVY 
IB-AMP 

AMP_IMPBA-1 

 
40 

Balsam 

(Impatiens 

balsamina) 

31 

3 

 
1401.721 

1401.744 
AGTRESVDSAK

PRV 
IB-AMP AMP_IMPBA-1 40 

Balsam 

(Impatiens 

balsamina) 

31 

1403.809 
ERRPPDAGGCL

HADT 

Puroindoline 

 
PUIB_WHEAT-1 80 

Wheat 

(Triticum aestivum) 
119 

4 1472.747 1472.782 
AGTRESVDSAK

PRV 
IB-AMP AMP_IMPBA-1 40 

Balsam 

(Impatiens 

balsamina) 

31 

5 1365.741 1367.728 
LALLLPPALAW

YKPA 
Cyclotide CIRF_CHAPA-1-29 50 Chassalia parviflora 29 

6 1632.988 1636.983 
LALLLPPALAW

YKPA 

Defensin-like 

peptides 
THG1_NICPA-1 50 Nicotiana paniculata 81 

7 1144.644 1146.575 GTRESVDSAKP IB-AMP AMP_IMPBA-1 40 

Balsam 

(Impatiens 

balsamina) 

31 

8 1933.998 1935.762 
AKDSHQQEST

NNDEDMS 
IB-AMP AMP_IMPBA-2 40 

Balsam 

(Impatiens 

balsamina ) 

28 
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9 1128.647 1126.512 GDGSPEPSPRE 
Puroindoline 

 
PUIB_WHEAT-1 36.36 

Wheat 

(Triticum aestivum) 
119 

10 518.2749 519.187 PDAGGC Thaumatin 
OS81_SOLCO-22-

247 
66.67 

Commerson's wild 

potato 

(Solanum 

commersonii ) 

226 

11 1862.981 1861.852 
LYPMEPEEEAN

GGEILA 
Thaumatin 

THM1_THADA-1-

207 
54.55 

Katemfe 

(Thaumatococcus 

daniellii ) 

207 

12 1862.981 1861.852 

LYPMEPEEEAN

GGEILA 

 

Thionin 
LCR72_ARATH-

29-73 
40 

Mouse-ear cress 

(Arabidopsis 

thaliana ) 

45 

Thaumatin 
THM1_THADA-1-

207 
54.55 

Katemfe 

(Thaumatococcus 

daniellii ) 

207 

13 1896.05 1894.811 
LSINTPNSRQPL

TIT 
Thaumatin 

TP1A_MALDO-25-

246 
50 

Apple 

(Malus domestica ) 
222 

14 1535.846 1534.571 
SHQQESTNNDE

DM 
IB-AMP AMP_IMPBA-2 40 

Balsam 

(Impatiens 

balsamina ) 

28 

15 1535.846 1538.612 
SELESTANRHG

EE 
Thaumatin OLPA_TOBAC-1 50 

Common tobacco 

(Nicotiana tabacum ) 
230 
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Overall results and future prospects 

Eruca sativa and Linum usitatissimum were showed highest antibacterial activity among the 

eight medicinal plants investigated for screening. Before moving to proteomics, these two 

selected plant species were evaluated for other biological activities viz antifungal, antioxidant, 

thrombolytic and hemolytic. Significant results proved that the biological potential was due to 

the presence of bioactive peptides/proteins, as the activities were almost abolished after 

proteinase K treatment. 

The biologically active peptides/proteins were identified by two different proteomic 

approaches. Bottom up proteomic approach exhibited 56 differentially expressed spots while 

18 constitutively expressed bioactive peptides were identified by top-down proteomics. 

These peptides/proteins may have a potential to be used in drug development after further 

structural and functional studies 
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SUMMARY 

Problem statement behind this project (drug discovery from natural resources) was “the 

emergence of drug resistance, side effects and heavy cost of synthetic drugs”. Microorganisms 

have been considered to be the main source of morbidity and mortality worldwide. One of the 

serious public health issue is the presence of these infectious agents in major portion of the 

population. Humans are constantly facing the problem of infectious diseases. A variety of 

antibiotics are available against a broad spectrum of microorganisms but the emergence of 

microbial drug resistance/ multidrug resistance destroyed the market of antibiotics. Multidrug 

resistance, side effects and heavy cost of synthetic medicine make it a challenge for scientists 

and researchers to explore new drugs having no such problems. To overcome these problems, 

there is a need to explore natural resources.  

This research project is part of this challenge to explore natural sources (as plants) for the 

maintenance of health by drug discovery. Plants are considered to be the richest source of 

ingredients including peptides/proteins that can be used for the development and synthesis of 

drugs. In this project, medicinal plants were explored to find novel peptides/proteins based 

drugs with no or negligible side effects by proteomic approaches. Plants synthesize 

biologically active peptides/proteins constitutively (innate immunity) as well as under stressful 

conditions (differential expression). Hence, both differentially and constitutively expressed 

proteins and peptides were evaluated by using bottom-up proteomics and top-down proteomics 

respectively.  

First of all antibacterial activity based screening of eight medicinal was conducted. Eruca 

sativa and Linum usitatissimum were selected for proteomics due to their highest antibacterial 

activities. Before moving for proteomics, these two selected plant species were evaluated 

further for other biological activities viz antifungal, antioxidant, thrombolytic and hemolytic.  

All bioactivities were evaluated against untreated and proteinase K treated extracts to check, 

either the activity was due to the presence of bioactive peptides/proteins or only due to non-

peptide/protein compounds. Significant results proved that the biological potential was also 

due to the presence of bioactive peptides/proteins, as the activities were almost abolished after 

proteinase K treatment.  
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Control and induced (with a fungus Fusarium solani) seedlings of E. sativa were evaluated for 

bottom-up proteomics to identify differentially expressed proteins. Out of 401 resolved spots 

on 2D DIGE, 56 were differentially expressed with a p value of ≤ 0.05, |fold| > 2. Mass 

spectrometry of these spots revealed a range of differentially expressed proteins from which 

15 up-regulated and 7 down-regulated were investigated in this study. Most of those have a 

very good biological functions including antimicrobial, anti-aphid, antigenic and cardio-

protective. Constitutive expression of L. usitatissimum was evaluated to find novel peptides. 

No any specific consensus sequence is available that represent the bioactivity of peptides but 

its prediction is only due to the presence of certain common features. Therefore, small and 

positively charged peptides were isolated by 10 kDa MWCO membrane and SCX fractionation 

respectively because most of the members of antimicrobial peptides (AMPs) classes are 2-10 

kDa in size and cationic in nature. Out of a number of identified peptides by mass spectrometry, 

18 peptides with their sequence, respective antimicrobial class and their biological functions 

were investigated in this study. These isolated peptides from L. usitatissimum belonged to 7 

different classes of AMPs including Ib-AMPs, thaumatin, defensins like peptides, cyclotides, 

puroindoline, Thionin and Cryptdin. Literature reveals that these peptides have a good number 

of biological activities including antimicrobial, anti-HIV, anti-angiogenic, anticancer, 

uterotonic and insecticidal potentials 

After structural and functional characterization, these biologically active peptides/proteins may 

be used in drug development.  
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