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INVITED SPEAKERS ABSTRACTS_________________ 

Next Generation Drug Development 

Katharina Paulick, Sebastian Hans, Mariano Nicolas Cruz 

Bournazou, Peter Neubauer* 

Technische Universität Berlin, Chair of Bioprosess Engineerung, Straße des 

17. Juni 135, 10623 Berlin, Germany 

*Corresponding author: peter.neubauer@tu-berlin.de  

Abstract 

Digitization and digitalization in pharmaceutical industry has 

advanced rapidly in recent years. Many new concepts and 

products ranging from laboratory information and management 

systems (LIMS), Internet of things (IoT), cloud-based data storage 

to digital process control have been developed and partly 

marketed in recent years. However, the level of digitalization in the 

majority of biotechnology laboratories remains low. Mostly, there is 

a lack of a central software platform capable of mapping an entire 

laboratory, its devices, and its experiments. With the ever-

increasing economic pressure that even the newest drug products 

are exposed to, consistent process optimization is absolutely 

necessary. This encompasses all product development steps from 

the initial experiments, through the individual development and 

production stages, to the final purification stage. However, such a 

concept of consistent process development can only be 

implemented in a comprehensively networked laboratory. 
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Role of metabolons in sculpting fitness landscape of 

the bacterial Dihydrofolate Reductase enzyme 
 

Sanchari Bhattacharyya1, Shimon Bershtein2, Bharat V. Adkar1, 

Eugene I. Shakhnovich1* 

1Department of Chemistry and Chemical Biology, Harvard University, 12 

Oxford St, Cambridge, MA 02138 
2Department of Life Sciences, Ben-Gurion University of the Negev, POB 653, 

Beer-Sheva 8410501, Israel 

Email Id: bhattacharyya.sanchari@gmail.com 

Abstract 

Within an organism, abundances of different proteins span a very 

wide range, however, across organisms, such protein abundances 

are remarkably conserved, indicating that protein abundance in the 

cell have been under strong evolutionary selection. In this work, 

we aimed to understand the mechanistic origin of conservation of 

protein abundances in the cell. Using bacterial Dihydrofolate 

Reductase (DHFR) protein as a model system, we find that the 

fitness landscape of DHFR abundance has an optimum at 

physiological concentration, while both up and down-regulation are 

toxic and accompanied by cell filamentation. DHFR is part of the 1-

carbon metabolism pathway and its product is utilized by the de 

novo purine and pyrimidine biosynthesis pathways. Our results 

suggest that enzymes of the above pathways including DHFR form 

a weakly interacting supramolecular complex akin to a ‗metabolon‘ 

that help channel metabolites. As a result, over-expression of 

DHFR sequesters metabolic neighbors into permanent complexes, 

causing a huge metabolic imbalance and toxicity. Metabolite 
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channeling in the metabolon also leads to diffusion limitation of 

certain metabolites in the pathway, causing in vivo enzyme 

activities to be highly cooperative (Hill-like), which in turn explains 

toxicity and filamentation at low DHFR abundances. This study 

provides evidence towards a completely new folate metabolon 

which helps elucidate molecular mechanisms explaining 

optimization of DHFR abundance. 
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Biophysics as a stepping-stone to understand 

genotype-phenotype relationship 

Bharat V. Adkar, Eugene I. Shakhnovich 

Department of Chemistry and Chemical Biology, Harvard University, 12 

Oxford St, Cambridge, MA 02138 

Email Id: bharatadkar@gmail.com 

Abstract 

The relationship between sequence variation and phenotype is poorly 

understood. This is largely due to its complexity, as mutations are 

pleiotropic and affect several layers of cellular hierarchy, from molecular 

properties to systems level to the phenotype. Here we attempt to 

address this problem using the concept of a biophysical fitness 

landscape, where we coarse-grain the infinitely large sequence space 

on to a tractable ‗biophysical property‘ space. We use the essential 

bacterial enzyme Adenylate Kinase (Adk) as a model system to explore 

this relationship. Adk plays a vital role in maintaining energy currency 

balance inside the cells. Using a large set of mutations, we show that a 

defined parameter called ‗catalytic capacity‘ (product of enzyme activity 

and intracellular abundance) is the major determinant of bacterial 

fitness. We also found that changes in catalytic capacity predominantly 

affect bacterial lag times, a non-growth phase that was previously not 

thought to contribute towards fitness. Our results show that lag phase is 

under active evolutionary selection. Further, we demonstrate that 

‗intracellular abundance‘ component of catalytic capacity was primarily 

modulated through protein stability, while the ‗catalytic activity‘ was 

through substrate inhibition. We also showed how substrate inhibition 

has shaped the evolution of Adk stability. Overall, the results shed light 

on the role of biophysical properties in sculpting the multi-dimensional 
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fitness landscape and its importance in evolutionary optimization of 

enzymes. 

Combating antibiotic resistance: New model, newer 

strategies novel directions 

Saugata Hazra 

Associate Professor, Department of Biotechnology, Joint Faculty, Centre of 

Nanotechnology, IIT Roorkee 

Email Id: saugata.iitk@gmail.com  

Abstract 

Antimicrobial resistance (AMR) is one of the biggest threats to 

global health today. According to the World Health Organization 

(WHO), it is a problem which could affect anyone, of any age, in 

any country. It generally occurs naturally, but misuse of antibiotics 

in humans and animals is accelerating the process. A growing 

number of infections – such as anthrax, pneumonia, tuberculosis, 

gonorrhoea, and salmonellosis – are becoming harder to treat as 

the antibiotics used to treat them become less effective. Antibiotic 

resistance leads to longer hospital stays, higher medical costs and 

increased mortality. Though AMR is a multi-spectrum problem but 

due to the widespread occurrence of gram-negative bacteria 

(especially Entero bacteriaceae) that code for beta-lactamase 

(BLM) enzymes (divided into Serine-beta-lactamases (SBLM) and 

Metallo-beta-lactamases (MBLM) that effectively degrade, through 

sophisticated mechanisms, the most common and widely used 

antibiotics currently in use: the beta-lactams and beta-lactamase 

inhibitors. The most recent threats are the extreme cases known 

as extensive drug resistance (XDR), multiple drug resistance 

(MDR), Extended-spectrum beta-lactamase (ESBL) along with the 

effect of carbapenemase, which can appear as ‗Diagnose for 
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Death‘, as there is no treatment. Around the world, hundreds of 

scientists are working on AMR related problems because we are 

urgently in need of some solutions to combat against those deadly 

pathogens to save the world. 

 How to combat those deadly pathogens? Covid19 have 

shown how helpless we are against a tiny virus. The story of 

bacteria is much more complicated, preventing them is even more 

complex. If you would be an antibacterial drug designer of nineties 

your goal was to design a drug which work against a target which 

is critical for bacterial survival. But if you are a drug designer of 

current time your goal is not restricted to that. You have to focus 

on many more other things to develop a novel new generation 

therapeutics. Current talk would focus on our approach regarding 

new strategies to fight against the deadly drug resistant 

pathogens. In Hazra group, we are taking a thorough 

interdisciplinary approach towards designing novel new-generation 

therapeutics, development of POC diagnostics as well as 

predicting newly emergent drug resistance to keep the world help 

combating those deadly drug-resistant pathogens. 
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Hybrid Graphene Oxide Nano-Architecture for 

Selective Detection and Treatment of Cancer  

Sudarson Sekhar Sinha  

Department of Materials and Interfaces, Weizmann Institute of Science, 

Rehovot, Israel 

Email Id: sudarson.sinha@gmail.com  

Abstract 

Cancer is rapidly becoming a global pandemic as a life-threatening 

disease. In this presentation, we will discuss the aptamer-

conjugated theranostic magnetic hybrid graphene oxide-based 

assay for highly sensitive tumor cell detection from blood samples 

and a combined therapy capability. AGE-aptamer-conjugated 

theranostic magnetic nanoparticle-attached hybrid graphene oxide 

was developed for selective detection of melanoma cancer cells in 

the infected blood samples. Experimental data indicate that hybrid 

materials can be used as a multicolor luminescence platform for 

selective imaging of G361 human malignant melanoma cancer 

cells.  The results also showed that indocyanine green (ICG)-

bound AGE-aptamer-attached hybrid graphene oxide is capable of 

combined synergistic photothermal and photodynamic treatment 

of cancer. The highly effective multimodal therapeutic treatment 

targeted for malignant melanoma cancer is assured using 785 nm 

near-infrared (NIR) light. The reported data show that 

this aptamer-conjugated theranostic graphene oxide-based assay 

has exciting potential for improving cancer diagnosis and 

treatment. 
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ABSTRACTS FOR POSTER PRESENTATION________ 

Characterization of Phytochemicals of Root Extract of 

Asparagus racemosus by Using Liquid 

Chromatography Mass Spectrometry Technique 

Bangamoti Hansda1, Nilanjana Banerjee2  

1Narajole Raj College, Narajole, Paschim medinipur-721211, West Bengal, 

India 
2Department of Botany & Forestry, Vidyasagar University, Midnapore-

721102, West Bengal, India 

Abstract 

Asparagus racemosus is one of the important medicinal plants 

which stimulates immune systemto cure various health problems. 

Methanolic extract of roots were subjected to liquid 

chromatography coupled with electro spray ionization mass 

spectrometry. Nineteen biologically active compound were 

identified tentatively either in positive and/ or negative ionization 

mode by comparing m/z values with previous research papers and 

characterized their mass fragmentation. These are mainly phenolic 

compounds such as caffeic acid, chlorogenic acid, catechin, 

dicaffeoylquinic acid, p-coumaroyl quinic acid etc. which contains 

bio-activity against simple to complicated disease. Further studies 

of scientific literature on medicinal values of these phenolic 

compounds also provide proof of ethnomedicinal claims given by 

traditional practitioners.   
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Effect of a house hold fungicide and insecticide on 

growth and cell division in onion and grass pea 

Aveek Samanta1*, Moupiya Sasmal2, Madhumita Mandal2, Nikita 
Giri2 

1Department of Botany, Prabhat Kumar College, Contai, West Bengal, India, 

721404 
2Raja Narendralal Khan Women’s College (Autonomous) Medinipur, 721102 

*Corresponding author: aveekbot@gmail.com 

Abstract 

The effect of Bavistin, a fungicide and Gamaxine, an insecticide on 

growth performance, photosynthetic pigment content in Onion 

(Allium cepa L.) and Grass pea (Lathyrus sativus L.) were 

evaluated. The tested concentration (2 %, 4%, 6% and 8%) of 

chemicals reduced the germination percentage, root-shoot length, 

mitotic index significantly as compared to control. The plant when 

shown on soil containing the respective concentration of solution 

their photosynthetic pigments (chlorophyll a, chlorophyll b and 

carotenoids) decreases. The moisture content also decreases with 

increasing Bavistin and Gamaxine concentrations. From the 

present study, it can be concluded that the Bavistin and Gamaxine 

when contaminated with agricultural soil, can cause reduction of 

growth and development of food crops. 
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CRISPR TECHNOLOGY 

Priyadarshi Mukherjee1, Anshika Basak1, Anik Mukherjee1, Sayak 
Ghosh1 
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Abstract 

In the recent times, one which changed the basic biological 

researches is none other than the CRISPR, invented by Dr. 

Doudna and Dr. Charpentier. In short, they are the signatures of 

bacterial immune systems that scientists have hijacked into 

biological tools for editing genomes. Often described as ‗Molecular 

scissors‘, CRISPR systems typically have two fundamental 

components: a strand of guide RNA (gRNA) and CRISPR-

associated endonuclease (e.g. Cas9). Together, they form a 

search-and-snip complex in which the in which the gRNA takes on 

hairpin shape. As the complex encounters DNA, it bumps into 

short sequences. When a microphage invaded by a bacteriophage, 

the first stage of the immune response is to capture phage DNA 

and insert it into a CRISPR locus in form of spacer. The 

mechanism of CRISPR is 1) spacer acquisition, 2) photo spacer 

adjacent motifs, 3) insertion variants, 4) biogenesis,5) interference. 

The Cas genes in adaptor and effector modules of the CRISPR-

Cas systems are believed to have evolved from two different 

ancestral modules. Analysis of CRISPR sequences revealed co-

evolution host and viral genomes. CRISPR are widely distributed 

among bacteria and archaea and show some similarities. 
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Polymerase chain reaction (PCR) can be used to amplify CRISPR 

arrays and analyse spacer content. CRISPR technology has been 

applied in food and farming industry to immunize industrial cultures 

against infections, to modify yeast used in making biofuels, in 

genetically modified crops to enhance yield, drought resistance 

and nutritional values. It used in genetic disorders and diagnostic 

tools for detection and inactivation of SARS-Cov-2. All things 

concerned, CRISPR brings fresh air to biological research 

landscape. 
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Abstract 

Proteins are the workhorse in biological systems facilitating most 

of biological processes in a cell, including gene expression, cell 

growth proliferation, nutrient uptake, intercellular communication 

and apoptosis. Recombinant proteins are proteins encoded by 

recombinant DNA that has been cloned in an expression vector 

that supports expression of the gene and translation of messenger 

RNA. Recombinant protein is a manipulated form of native protein, 

which is generated in various ways in order to increase production 

of proteins, modify gene sequences, and manufacture useful 

commercial products. 

How are recombinant proteins made? 

 Recombinant protein production begins at the genetic level, 

where coding sequence for the protein of interest is first isolated 

and cloned into an expression plasmid vector. Generating a 

recombinant protein requires the protein expression system, 

protein purification system and protein identification systems. 

Basic steps to get recombinant Protein: 

1. Amplification of gene of interest 

2. Inserting it into cloning vector 

3. Sub cloning into expression vector 
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4. Transformation into protein expressing host (bacteria (E coli), 

yeast, mammalian cells or baculovirus-insect cell system) 

5. Test for identification of recombinant protein.( Western blot or 

Fluorescence) 

6. Large scale production (Large scale fermentation) 

7. Isolation and purification 

 The first recombinant protein used in treatment was 

recombinant human insulin in 1982 and the RP industry has 

rapidly grown since. Advancements in the field of biotechnology 

have increased and facilitated the production of recombinant 

proteins for various applications. The importance of RP has 

increased rapidly for basic life science research, diagnostic 

reagents and therapeutic drugs. Their role in biotechnology is 

irreplaceable. 
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Abstract 

Amber or fossilised tree resin has mummifying qualities capable of 

DNA preservation. However, it may not be the ideal source of 

Ancient-DNA (aDNA) for molecular study as extracted samples 

undergo rapid degradation and fail to exhibit reproducibility crucial 

for scientific analysis. But samples collected from Madagascar 

2013 and 2017 showed different results. Collected resins samples 

were dissolved for DNA extraction, put to PCR for amplification, 

separated by gel electrophoresis then extracted from gel for 

sequencing. Chloroform used for resin dissolution compromised 

the concentration of extracted DNA. Also ≥80% ethanol was used 

for surface sterilization as any less concentration let to 

precipitation of DNA. Ribosomal and Mitochondrial DNA were 

preferred over Nuclear DNA for extraction and amplification as 

they are more abundant per cell and more protected, hence, less 

subjected to degradation. To avoid contamination with modern 

DNA, several control procedures at different stages of the isolation 

and amplification processes were included in the experimental 

setup. Besides precautions for working with DNA, all PCR 

products were purified, sequenced and controlled for sequence 
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specificity and inter-sample contamination. This extracted DNA 

could replicate independently, hence reproducibility remains 

unaltered unlike million-year-old samples from which extracted 

DNA couldn‘t replicate when studied. Natural sugars present in 

resins, increases osmotic pressure on cells, thereby drawing out 

water resulting in dehydration of the tissue and inhibition of 

biochemical processes. But this doesn‘t guarantee preservation of 

the degradation of the genetic material. On the contrary it opens 

up another field of study, determination of time limits of DNA 

preservation in resins starting from the newer samples to the older 

ones. 
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Abstarct 

Moss belongs to the kingdom plantae and the division Bryophyta, 

Schimpf whereas Yeast belongs to the kingdom fungus. Yeast has 

innumerable uses, starting from fermentation, skin care and 

various food productions, Metabolic Engineering, production of 

heterologous compounds and many more. But scientific research 

has shown that the metabolism in moss is greater than in yeast 

and in adverse condition the metabolism in moss incenses. 

Ecologically, moss breaks down exposed substrata and releases 

nutrients for the use of more complex plants that succeed them. 

But Soil yeast that is found in forest is easily exterminated and 

different from the commercial yeast that has been cultivated in labs. 

Plasmids that replicate in moss can be rescued back to bacteria. 

This finding opens up the possibility of using methods based on 

shuttle plasmids in moss. Moss has the capability to synthesize 

probiotics and biochemicals faster than in yeast. According to 

researchers by using moss plasmids it will also be possible to 

clone and study plant genes that do not work in yeast. It has also 

been found that sea moss increases various health factors like 

immunity, metabolism, maintaining healthy weight, health thyroid 

etc. Yeast has been in use for a long time but recently the various 

advantages of moss have been discovered. The genus 
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physcomitrella has been used in many different biotechnology 

fields like cell cultivation, inducing stem cells etc. 

Title of the presentation: Neuropsychopharmacology 

Ranit Kumar Naskar, Pramita Saha, Sukanya Banerjee, Aritra 
Biswas 

E-mail: nranitkumar@gmail.com 

Abstract 

Neuropsychopharmacology is a science that examines effects of 

drugs on mind by combining neuroscience with pharmacology. It 

follows the principle that all human thought processes in the mind 

have an origin in the neurochemical reactions. Scientists through 

neuropsychopharmacology hope to find machines and develop 

better diagnostic tools that will help patients have a better life. 

They hope to help reduce economic burden on world‘s health care 

systems for mental health patients. Drugs interfere with the way 

neurons send, receive, process signals via neurotransmitters. It 

affects prefrontal cortex, amygdala and basal ganglia. 

Neuropsychopharmacology has helped develop drugs for various 

mental health conditions like schizophrenia, sleep disorders, eating 

disorders, anxiety and mood disorders. Scientists in the field of 

neuropsychopharmacology are trying to develop very targeted 

medicines with high efficiency and less side effects which will work 

on particular receptors for specific neural communications. 

Scientists are examining role of enzymes, ligands, proteins in the 

functions of main neurotransmitters and mechanisms for the 

voltage of transmission. Scientists are trying to isolate particular 

neural circuits and link them to specific illnesses. Functional 

Magnetic Resonance Imaging helps study brain activity by 

considering blood oxygenation and flow. Position Emission 
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Tomography shows functions of organs and tissues. Single-photon 

Emission Computed Tomography gives insight into how brain is 

working by imaging blood flow in particular regions. The main 

functions of pharmaceuticals are detoxification, pain management, 

overdose reversal, anti-craving. With a 2019 impact factor of 6.751, 

NPP ranks 13 of 155 Psychiatry journals, 14 of 270 Pharmacology 

journals. 
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Abstract 

Lipids are a form of diverse water-insoluble biomolecules, working in 

the cellular level for providing cells with energy. Humans especially 

encounter sphingolipids, phospholipids etc. Lipids are responsible for 

cell signaling, hormonal balance and energy production, storage and 

various membrane formations. Lipid intake, for human beings, is just 

by diet. Nowadays, the generation is shifting to fast-food, thus lipid 

intake is increasing. This is causing obesity to be a very general 

phenomenon. Obesity can cause various health problems on its own. 

One of them is significant increment of the risk of cancer. The 

malignant type of transformation of a cell requires more energy than 

a normal cell. And thus, the hallmark of a cancer cell is deregularized 

lipid metabolism. The enhancing of de novo fatty acid (FA) synthesis, 

increasing lipid uptake etc are also considered as deregularized 

metabolism. Recent research has shown us that reprogramming lipid 

metabolism has a great impact on very fundamental aspects like 

providing energy to cells etc. And thus, it suggests, lipid metabolism 

contributes much in the transformation of the phenotype of cancer 

cells. Regulated lipid metabolism can provide a cure to both obesity 

and the risk of cancer at the same time. This poster tries to give an 

insight to lipid metabolism, obesity and cancer treatment. 
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Abstract 

Criminal offenses are intensifying with time. Scientific techniques 

along with facilities in laboratories help to retrieve the truth and 

collect evidence from the crime scene. Forensic biotechnology has 

dominated the old methods to detect criminals. It plays a 

significant role in detecting the biological evidence from the place 

of crime. The biotechnological techniques that are used for this 

purpose are DNA fingerprinting, profiling of DNA, Polymerase 

Chain Reaction (PCR), etc. These methods play a very important 

role to root out culprits. Moreover, DNA is considered to be a 

crucial document in forensic biotechnology. Moreover, the proteins 

that are extracted and collected from the blood samples are used 

as biological evidence. Additionally, the identification and analysis 

of the suspected traces, followed by comparing with that of the 

traces found in reference material of the victim plays a pivotal role. 

The role of forensic biotechnology in mankind is significant and 

helps in implementation of justice against the criminals. The 

improvement of science and technology will lead to more 

advanced biotechnology techniques to detect criminals. 
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Abstract 

The Coronavirus pandemic caused by SARS-CoV-2 has led to 

severe mortalities and economical damages throughout the globe. 

Due to the scarcity of time and prior knowledge about the novel 

virus, efforts are being made to repurpose the already existent 

drugs against it. Throughout history, Ayurveda or the Indian 

traditional medicine has proved to be a promising source of 

medications, against various ailments. The interaction between the 

human ACE-2 receptor and the Spike protein of the SARS-CoV-2, 

and the catalytic activity of the Main protease leading to the 

formation of functional proteins from the initially expressed fused 

polyprotein are the two major checkpoints, for the entry and the 

replication of the virus in our cells. In this study, 1292 

phytochemicals from various Indian Medicinal plants were tested 

for their ability to inhibit these checkpoints by binding with the 

active site of the Spike protein and the catalytic domain of the Main 

Protease respectively. Promising lead compounds were identified 

and their ADME analysis was carried out. The top 20 

phytochemicals that portrayed satisfying ADME properties and 

could bind to the target site with binding efficacies better than a 

defined cutoff value were shortlisted along with their sources. 
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Abstract 

The development of biotechnology has opened new doors for 

strengthening a country's defence system. Various techniques 

have direct or indirect relevance for biodefence. The bio-weapons 

are highly attractive because of their non-detection by security 

systems, ease of access, low production cost and easy 

transportation. They are being developed for civilian application in 

medicine and for purposes legitimate under the BTWC - defence, 

detection and protection. Biotechnology and its products have 

created amazing possibilities for military- sensor technology, bio-

computing, protection of C4ISR, bioengineered materials, biofuels, 

etc. Beyond biological warfare, biological techniques alter the 

mental readiness of troops for battle, to confound current methods 

detecting biological or chemical agents or to divert the energies of 

troops to counterproductive tasks. Recently developed Spider silk, 

an innovative biotechnology to lighter, more flexible and stronger 

body armour and microscopic animals nicknamed "water bears" 

which protects soldiers from the health effects of radiation boosting 

DNA repair capacity and preventing DNA damage. Light weight 

and flame retardant novel biological resins makes lighter drone, 

airframes, etc. Bioengineered cells produce NANOTUBES which 

operate in electronics, organic batteries or other instrumentation. 

Synthetic biology enables engineering of the human gut 

microbiome which improves digestive health crucial to war-fighter 
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performance. Soldier's load carrying capacity and efficiency can be 

increased. Biological sensing and analysis capabilities may also 

extend to monitoring the health, safety and performance of soldiers 

in the field. The biggest challenge is to allow the growth of 

technology without letting it into wrong hands and utilize it in a 

productive way. This elucidates some facets of biological warfare, 

legal protective strategies and discusses how biotechnology can 

be effectively used to strengthen a country's defence system. 
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Abstract                                    

The economic, as well as humanitarian impact of Covid-19 

pandemic, has led to the development of next-generation 

vaccines. Scientists were under the impression of achieving 

immunity through community (herd) immunity method. But the 

people are naïve of SARS-CoV-2 and it would take several waves 

of the pandemic, to achieve that kind of immunity. 

 To develop a vaccine takes almost a decade but with 

advanced technologies, trials are being held to build a vaccine, 

keeping the safety protocols at the forefront. Recombinant 

vaccines and Nucleic acid vaccines are well suited due to their 

easy adaptivity to manufacturing technologies. The peplomers of 

the virus are dynamic and metastable. Hence, the CoV spike 

protein undergoes an immense rearrangement that pulls the virus 

into the host cell and fuses them, allowing viral entry. Adjuvants 

can also be added to enhance the effect of the vaccine. The 

vaccine induced antibodies tend to block the virus attachment to 

the human angiotensin-converting enzyme 2 receptor (ACE 2). 

There are higher risks that the vaccination could reverse attack 

and lead to a severe outbreak of SARS-CoV-2. Hence, the 

potential risks that the vaccine might induce must be pre-

calculated.  
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 On January 13, the Indian drug regulator issued immediate 

approval for two vaccines i.e. Covaxin and Covisheild. Although 

the phase III trials are still ongoing but to bring the increasing panic 

of the people under control due to the spread of highly 

transmittable variant that was found inthe United Kingdom, the 

restricted use of vaccine was approved. 
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Abstract 

During the last 60 years in India the population increased in many 

folds. To fill up the crisis of food the science of agriculture has 

developed best practices to use the chemical fertilizers and 

pesticides of synthetic origin. However, it is unfortunate, their 

indiscriminate use in the environment results in global 

environmental threats, the loss of biodiversity, desertification, 

climate and other transboundary pollution. The long-term use of 

pesticides in agriculture caused potent health complication farmers 

and his environment. In this context we have studied 

bioremediation of four commonly used pesticides using newly 

isolated and identified microbes from agricultural fields of 

Purbamedinipur District. Three bacterial strains are Pseudomonas 

aeruginosa, Enterobacter cloacae and Leclercia adecarboxylata. 

We found the potent three isolates degrade the pesticides>90% 

from the culture medium within seven days. We also studied the 

enzyme activity by protein estimation method. The antagonistic 

effect also found between two isolates (Pseudomonas aeruginosa 

and Leclercia adecarboxylata). . The use of eco-friendly microbial 

technology for pesticide degradation would be suitable for the 

sustainable agriculture as well as human welfare. 
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Abstract 

With the rise in the world population, crop production is also increasing 

by using pesticides. Crop productivity should be protected from insect 

pests and microbes to sustain the growing population. Pesticides not 

only kill the target organism and also kill the non-target organism.  From 

the field survey in Purba Medinipur, we know that four commonly used 

pesticides (Chlorpyriphos 20% EC, Cypermethrin 10% EC, Carina 50% 

EC, Imidacloprid 17.8% SL) for increasing crop productivity (rice) and 

vegetables (such as tomato, ladies finger, ridge gourd, brinjal, 

cucumber). Pesticides stay in the water body for several years. 

Extensive use of pesticides has led to their bioaccumulation into crops, 

fruits, vegetables, and various trophic levels.  Pesticide enters into 

human bodies through water and food causes many health problem-

such as – neural death, cancer, the behavioral disorder in puberty and 

adulthood condition and also reduce an intelligence quotient.  In this 

way needs an immediate remedy traditional method used to treat the 

pesticide. In this manner, we can implement a logical strategy for this 

purpose. Use of vegetable wastage like that potato peel-derived biochar 

for the reduction of pesticide. Biochar is cost-effective by slow pyrolysis 

process at 700ᵒ C to 900◦ C for 2 hours under limited oxygen condition 

in the muffle furnace. We see that within 48 hours the more than 90 

percentage pesticides are reduced by using potato peel biochar. 
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Abstract 

Fruits, is a ‗Treasure house‘ which provides a wide range of 

nutritional bioactive phytochemicals. These are beneficial 

components considering human health, promoting good effects 

as well as preventing periodic and/or seasonal health disorders. 

In recent year for better health care several neutraceutical food 

supplements advocated containing several phytochemicals 

possessing polyphenolic structures, most of them are claimed 

to possess antioxidant activity. This study evaluated the 

physiochemical properties of fruit (peels) powder and 

phytochemicals screening of aqueous extract of fruit peels 

powder. Qualitative and quantitative analysis of aqueous 

extract of fruit peels shows presence of various useful 

polyphenolic, alkaloids and steroids. Phytochemical screening 

like GC-MS analysis shows presence of various vital 

components like 1,3-Dioxane,2,4-Dimethyl-, Diglycerol, 4-Ethyl-

2-Hydroxycyclopent-2-en-1-one etc. Phytochemicals and 

antioxidants are highly detected in water extracts. 
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Abstract 

Chlorpyriphos (O, O-diethyl O-3,5,6-trichloropyridin-2-yl 

phosphorothionate) is the most widely used organophosphates (Ops) 

as the content in pesticides to protect the crops from pests, insects, 

fungi, etc. It gets inside the insects and pests‘ gut while they feed off 

the crops sprayed with the pesticide containing chlorpyrifos. It affects 

the nervous system of the insects by inhibiting the 

acetylcholinesterase activity and causing the death of the target 

insect. CP hydrolysis leads to the formation of TCP (3,5,6-trichloro-2-

pyridinol), a key toxic metabolite having considerable water solubility 

and antibacterial potential. TCP is a persistent pollutant that occurs 

due to the degradation of Chlorpyrifos. While pesticides play an 

important role in the growth of crops in modern agriculture, 

widespread use does significant harm to the environment. Very few 

works have been done regarding the isolation of the bacteria or the 

gene sequence and its enzyme for the complete biodegradation of 

Chlorpyrifos. Hence the following sections in this article discuss the 

rural places from the districts of India, West Bengal, Purba 

Midnapore, Haldia. This necessitates to degradation of the pollutant 

TCP because of the high preference and application of pesticides 

containing Chlorpyrifos. Bioremediation is an alternative to physio-

chemical methods of remediation because it is less expensive and 

selectively achieves complete destruction of organic pollutants. 
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Abstract 

Organophosphates are a class of man-made insecticides that are 

widely utilized in the field of agriculture. Although they are widely 

used, most of them are highly toxic to humans. Of all the known 

organophosphates, Diazinon is the most extensively used. It is a 

moderately acutely toxic broad-spectrum insecticide. It usually kills 

insects such as bees, cockroaches, flies by causing alteration of 

their neurotransmission within their nervous system. The working 

principle of Diazinon involves the inhibition of the enzyme 

acetylcholinesterase, resulting in the accumulation of acetylcholine 

especially in the cholinergic synapses and neuromuscular 

junctions. Diazinon when enters the human body through 

ingestion, inhalation, or skin contact results in health effects 

related to nervous system. In this experiment, a comparative study 

has been drawn out to visualize the binding site affinity of diazinon 

with the enzyme acetylcholinesterase of humans as well as of 

insects. The visualization can be carried out with the help of 

computational biology tools such as Auto-dock vina. From this 

comparative study, we can conclude the reasons for banning 

Diazinon as an insecticide. We can also see the potential threat 

that insecticides may pose to the health of humans and the need 

for proper guidelines that maintain human health safety protocols. 
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Introduction: Majority of the industries today have become 

knowledge driven in order to sustain themselves in the market for 

the long term. It has been seen that Human Resources Planning is 

needed immensely in this aspect. Human Resources need to play 

a strategic role for the betterment of the organisations. In the 

majority of the biotechnological firms, it has been found that HR 

employees are not hired and the duties are given to a lower-level 

administrator. This can prove detrimental to the organisations. 

Objectives: The objective of this paper is to identify the factors 

pertaining to the strategic human resource planning which have an 

impact on the performance of the organisation as a whole. After 

the identification of these factors, the nature of the relationships 

between these factors will be determined. 

Research Methodology: Primary data have been collected from 

the various employees working in several Biotechnological 

Companies of India. Secondary data have been collected from 

various research articles wherein similar studies have been 

conducted. The sample size of the data collected is 500. 

Data analysis: Various statistical tools like Exploratory Factor 

Analysis (EFA), Confirmatory Factor Analysis (CFA) and Structural 

Equation Modeling (SEM) have been executed in this study with 
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the help of various techniques and software such as SPSS 21 and 

AMOS 21. 

Research implications: The role of the various biotechnological 

companies is growing exponentially over time. Particularly with the 

emergence of terrible pandemics such as the COVID-19, it is more 

than important for the biotechnology firms to operate to its brim. In 

order to do that, the human resources need to be strengthened as 

human resources are the most important asset for any 

biotechnology firm as they comprise of skilled workers who are the 

experts of a particular field. Thus, it must be ensured that the old 

manpower is retained and quality personnel are recruited. This can 

be done with the help of an effective Human Resource Planning on 

a strategic level. 
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Abstract 

To study the comparative activity of Lactobacillus, different 

Lactobacillus colony was isolated from different indigenous 

fermented food e.g. jilipi, idli, dosa, and vada which is available in 

Panskura market. The high antimicrobial activity, synergic effect, 

high salt and temperature tolerant property of Lactobacillus was 

isolated from jilipi then others food material. The Lactobacillus sp 

isolated from jilipi were identified to be gram positive, catalase 

negative, fermentative and lactase producer when cultured on 

selective MRS agar media by using standard bacteriological 

procedures and techniques. The study revealed that enzymes 

produced by Lactobacilli were capable to produce glucose from 

substrate lactose in lactose modified media using lactase assay 

and their highest protein concentration (600µg/ml) was observed in 

the supernatant of culture media isolated from Lactobacillus sp. 

The optimum growth of Lactobacillus sp was observed at PH 7.0 

and at 37°c temperature. The isolated Lactobacillus from jilipi are 

more resistance against antibiotics and can tolerant to 0.4% 

phenol and 8% NaCl  which indicate isolated lactobacillus sp will 

be  potential probiotic agents. 
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Reference To Human Resource Management 
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Abstract 

Evolving through many stages human resource management has 

taken a paradigm shift in the field of Information 

Technology.  Human resource management of any field has to be 

strategic in terms of any decision which may include turnout, 

recruitment and selection, analytics and metrics, training & 

development, and compensation and tracking of work hour. 

Artificial Intelligence (AI) has accelerated its various functions and 

made it more efficient. The key purpose of this paper is to 

understand the role of AI in maximizing work capacity and to 

explore the application, benefits and the limitations of AI in HRM in 

biotechnology sector. 
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Abstract 

Since the last months of 2019 the whole world is facing a 

pandemic called COVID-19 (Novel Coronavirus). In a country like 

India which is densely populated, any infectious disease can 

spread rapidly. After disastrous first wave, we have already 

entered the second wave of the pandemic. As the vaccines are not 

such effective for new strains of the virus and also will not be 

available for all the people in a very short duration of time, so there 

should be an alternative to boost our immune system to reduce the 

chance of getting infected. Indian household have been known to 

grow various medicinal plants (Tulsi, Kalmegh, Neem, Garlic, 

Aloevera, Ginger, Paan, Turmeric, Ashwagandha etc.) since ages. 

These traditional medicinal or herbal plants are enriched with 

phytochemicals that have antibacterial, antiviral, antipyretic, anti-

inflammatory, antithyroid, antitumor and antioxidative properties 

that enhances immunity by many folds. Various scientific studies 

have been done on phytoconstituents of all the above mentioned 

medicinal plants to find scientific evidence. The Ministry of AYUSH 

recommended the use of Kadha, the mixture of Ocimum 

tenuiflorum (Holy Basil or Tulsi), Cinnamomum verum (Cinnamon), 

Piper nigrum (Black Pepper), Zingiber officinale (Ginger), Vitis 

vinifera (Grape Vine) and Curcuma longa (Turmeric) in golden milk 
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as a preventive measure to boost immunity and to inhibit the 

severity of infection caused by a novel Coronavirus. From various 

literature surveys we suggest that ayurvedic and medicinal plants 

have beneficial properties to cure infectious and other diseases as 

well as may help in prevention of COVID-19. 
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Abstract 

The unregulated production and accumulation of insulin in living cells 

lead to the onset of Type 2 Diabetes. Different regulatory molecules 

contribute to this abnormal phenomenon and consequently act as 

targets for several anti-diabetic drugs. The predominantly used anti-

diabetic drug called Metformin targets the enzyme glycerophosphate 

dehydrogenase which leads to the negative regulation of other enzymes 

contributing to the onset of Type 2 Diabetes.  However, a prominent 

enzyme in this regulatory pathway has been identified to be lactate 

dehydrogenase. Since this particular enzyme is involved in the control 

of several mechanisms of the human body, we have screened 

different molecules to assess their impact on the given enzyme. A 

bioinformatic-based approach has been implemented to study five 

drugs that report anti-diabetic activity. It includes Metformin, Acarbose, 

Myricetin, Kaempferol, and Quercetin.  Docking studies conducted to 

investigate if these molecules bind to the enzyme yielded positive 

results. A complete analysis of the binding energy of different ligand 

molecules to the enzyme has been demonstrated in a comparative 

study.  The assertive outcome further prompted structural analysis of 

the enzyme-ligand complex resulting in an assessment of interactions 

between the different ligands and the enzyme. The results obtained 

through the in-silico study indicate favourable results that suggest that 

the given ligand molecules can be used as a regulator of the lactate 

dehydrogenase enzyme in curbing Type-2 Diabetes.  
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Abstract 

Maintaining health and beauty has become of critical importance in 

a modern society. For the purpose of that the use of 

pharmaceuticals and personal care products (PPCPs) has 

increased in recent time. PPCPs include a diverse collection of 

chemical substances, including prescription and over-the 

counter therapeutic drugs, veterinary drugs, fragrances, cosmetics, 

sun-screen products, diagnostic agents, nutraceuticals (e.g., 

vitamins). From last few decades PPCPs have been entering into 

the environment from manufacturing industry as well as individual 

human activity in soil and the aquatic environment worldwide. The 

detection and impact of micropollutants to the environment in 

relation to human health and ecological imbalance got the 

importance in recent past. PPCPs dissolve easily and are 

absorbed or accumulate in aquatic living system. This will directly 

or indirectly affect the life cycle of other co habiting organisms in 

the ecosystem. The effects of PPCPs in the environment are 

enormous and if action is not taken, the presence of these 

compounds will affect eco-dynamics, populations, and the health 

of wildlife.  

 As the PPCPs usage has increased, the amount of PPCPs 

into the water body has also increased which may show an 

adverse effect in the environment. Therefore, considerable 
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attention should be focused on detection and detoxification of 

PPCPs on aquatic system. As micropollutants are responsible for 

less than 1-5% of the total mixture toxicity in wastewaters, our 

objective is to develop a simple microbial based technique for high 

resolution screening of bioactive compounds, toxicological 

assessment and detoxification of PPPCs with amended 

mechanistic understanding of the process for clean environment.  
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Abstract 

In advancement of computer science particularly data science it is 

now possible to diagnose disease easily. Here, we will understand 

how predictive analysis will help correlate bilirubin, SGOT and 

SGPT, Alkaline phosphatase levels with chronic liver disease, 

diabetes and hypertension and finds patterns to do meaningful 

predictions from it. Serum bilirubin is associated with non-alcoholic 

fatty liver disease (NAFLD), which is closely associated with other 

metabolic diseases. High level of serum alkaline phosphatase was 

observed in obstructive biliary diseases, infiltrative liver disease 

and sepsis. SGOT and SGPT levels are associated with chronic 

liver disease. Our aim is to assess and correlate the bilirubin, 

SGOT and SGPT, Alkaline phosphatase levels with chronic liver 

disease, diabetes mellitus type 2 and hypertensive subjects. This 

study will show correlation between Chronic liver diseases and 

Diabetes. Thus, one test can be used to predict other diseases.  
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Abstract  

Biotechnology is a technology which is based on biology. 

Biotechnology harnesses cellular and bio molecular processes to 

develop technologies and products that help improved our lives 

and the health of our planet.Other side, we can also define bio 

technology is the use of biology to solve problems and make 

useful products. Bio technology has huge application in both 

medical as well as agricultural sectors. In another side, Human 

Resources Management (HRM) is a management of an 

organisation‘s work force. It is responsible for the attraction, 

selection, training and assessment and rewarding of employees. 

HRM has seven best practices which can help to increase the 

growth rate of employees as well as they are efficiency in any kind 

of industries.   

The practices are –  

• Providing security to employees.  

• Selective hiring: hiring the right people.  

• Self-managed and effective teams.  

• Fair and performance-based compensation.  

• Training in relevant skills.  

• Creating a flat and egalitarian organisation.  

• Making information easily accessible to those who need it.  
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India‘s bio technology industries are constantly growing in several 

areas like; production, no of manufacturing units, R & D, New 

product items, number of employees & area of market. It has been 

said that 21st century belongs to bio technology as it made 

profound impact in the field of health, food, agriculture and 

environmental protection. But there is lot more to the biotech 

industry than money, there is the HR factor.  

Purpose of the study:   

Examining the relationship between bio technology and HRM 

practices depending upon the variables is the main goal of this 

study. We examine how HRM practices are linked, and their 

unique and combined effects on farm performance, further we 

explore whether the strength of this relationship is affected by the 

presence or lack of HRM practices. At last, the limitations of this 

study are also examined. 
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Abstract 

COVID-19 is the fifth pandemic after the 1918 flu pandemic. The first 

case was reported from a cluster of novel human pneumonia cases in 

Wuhan City (1st Dec‘19), China, since late December 2019. Whole-

genome sequencing results showed that the causative agent is a novel 

coronavirus. The World Health Organization (WHO) temporarily termed 

the new virus 2019 novel coronavirus (2019-nCoV) on 12 January 2020 

and then officially named this infectious disease coronavirus disease 

2019 (COVID-19) on 12 February 2020. Later, the International 

Committee on Taxonomy of Viruses (ICTV) officially designated the 

virus as SARS-CoV-2 based on phylogeny, taxonomy, and established 

practice. Research Trials are being rigorously conducted and already 

vaccines have been developed. A variety of drugs have been isolated 

for treating SARS COV2, each attacking specific target sites including 

3CL Protease, RNA Dependent RNA Polymerase, Spike Protein, NSP-

14, etc. Drug screening processes are still ongoing to find out many 

more potential recipients. A limited number of drugs were selected. 

Using in-silico screening, their specific activity values were found out. 

The activity values and a combination of numerous descriptors were 

placed in the QSAR grid and the best fit descriptor was obtained. The 

best fit alignment was taken and fifteen hit molecules were obtained 

from the group. Using reverse calculation their activity values were 

predicted and molecular docking was performed on the target sites to 

see the result. 
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Abstract 

The hallmark of arthritis is irreversible destruction of the cartilage, 

tendon and bone. Cartilage is made up of proteoglycans and type II 

collagen, tendon and bone are composed primarily of type I collagen. 

RA develops in numerous joints through out the body and osteoarthritis 

develops in a small number of joints. In both arthritis, inflammatory 

cytokines such as interleukin-1 beta and tumour necrosis factor-alpha 

(TNF-alpha) stimulate the production of MMPs. The role of MMP-1 and 

MMP-13 are to limit rate in the process of collagen degradation. MMP-1 

is produced by synovial cells and MMP-13 is a product of the 

chondrocytes that reside in the cartilage which degrades the 

proteoglycan molecule. Other MMPs such as MMP-2, MMP-3 and MMP-

9, degrade non-collagen matrix components of the joints. Significant 

effort has been made to design effective inhibitors of MMP activity and 

synthesis with the goal of curbing connective tissues destruction with in 

the joints. To date, no effective clinical inhibitors exist. Increasing our 

knowledge of the crystal structures of these enzymes and of the signal 

transduction pathways and molecular mechanisms that control MMP 

gene expression may provide new opportunities for the development of 

therapeutics to prevent the joint destruction seen in arthritis. 
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Abstract 

Mass Spectrometry (MS) has emerged as an invaluable analytical tool for 

molecular analysis in biomedical research and biopharmaceuticals. The 

unprecedented improvement in instrument sensitivity, resolution, mass 

accuracy and specificity of analysis has contributed towards the widespread 

use of MS in biomolecular analysis. In the present article, the progress of MS 

in the domains of biomarker discovery, tissue imaging, biosimilar 

development, new born screening, molecular diagnostic assays, microbial 

identification and point of care devices has been discussed. Undoubtedly, MS 

is one of the emerging tools, having immense potential to bring a paradigm 

shift in biomedical research.  

 A mass spectrometer measures the mass of an atom or molecule. 

Since its inception in 1913 as a positive ray analyser, MS has come a long 

way with a series of evolutions. Today the application of MS has been 

expanded to all walks of biological research, development and invention. This 

has been achieved due to the phenomenal improvement on certain features 

of MS over the years. A few valuable features of MS involve a) Extremely high 

sensitivity, resolution and mass accuracy – advanced MS can measure a 

molecular ion at low femtomole  level, can achieve a resolution of 100,000 (at 

m/z 400) and routinely offers a mass accuracy of  5-10 ppm [1-3]; b) low 

sample consumption - a few microlitre sample suffices for MS  experiments, 

enabling investigation with precious biological samples; c) reproducibility – 

MS  measurements are highly reproducible, providing a reliable option for 

molecular analysis; d)  no upper limit for mass measurement – unlike several 

other analytical tools, MS is not restricted  by higher mass limit. 
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Macromolecules with hundreds of kDa are often measured with high mass 

accuracy; e) sample analysis in a multiplexed manner – this allows 

assessment of molecular marker panels in a single run or analysis of a 

particular marker from multiple samples by coupling several liquid 

chromatography (LC) systems to a single mass spectrometer. This offers cost 

effective solution to analytical/diagnostic laboratories. Given its advantages, 

MS finds application including but is not limited to the domains of 

chemical/biochemical analysis, biopharmaceuticals, diagnostic laboratories, 

forensic analysis, food industry, chemical industry, pesticide industry, 

geological research, space research, environmental research etc.  

 The newly emerging area includes MS-based point of care devices, 

holding enormous promise for improved management of cancer. In the 

present article, we provide a brief overview of the recent MS advancement in 

the area of biomedical research and biopharmaceuticals.  

Biomarker discovery: A biomarker refers to ―a characteristic that is 

objectively measured and evaluated as an indicator of normal biological 

processes, pathogenic processes or pharmacological responses to 

therapeutic intervention‖ [4]. Such molecular signature could be provided by 

biomolecules comprising proteins, metabolites or lipids [5]. Differential 

expression of these species in biological fluid (plasma, urine, CSF etc) or 

tissues under a certain disease condition can provide signatures for early 

diagnosis, prognosis of the disease or for monitoring the effect of therapeutic 

interventions. Recently more disease-specific biofluids such as saliva, tears, 

peritoneal fluid, breath condensate, and extracellular vesicles are being 

explored in a quest to find appropriate molecular marker by MS-based omics 

technology. The biomarker analysis is typically performed by profiling and 

quantitation of proteins, metabolites or lipids in healthy and diseased 

population, through high resolution mass spectrometry. The biomarker/s is 

subsequently derived by assessing the fold changes and statistical 

significance of the molecule in disease compared to the healthy controls. Also, 

a plausible association of the marker in the disease cascade is mapped to 

unravel the molecular underpinning of the disease. Advancement in biomarker 

discovery might lead to clinical diagnostic tests enabling early diagnosis of 

diseases, so that timely intervention might bring better disease 
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outcome. Additionally, differential regulation of posttranslational modifications 

(PTMs) of proteins are often investigated in relation to a pathological condition 

[6]. A few widely studied PTMs involve phosphorylation, 

glycosylation/glycation, acetylation and nitration. While such modifications are 

indispensable in modulating biological activity of many proteins, de regulation 

of such modifications often lead to disease. Identifying and/or quantifying 

disease specific sites of PTMs on proteins through MS offers a promising way 

to develop strategies to prevent such modifications.  

Imaging Mass Spectrometry (IMS): Imaging MS, on the other hand, is a 

powerful tool for mapping the spatial distribution of proteins and metabolites 

across tissue surfaces [7]. Using serial section of the biopsy/surgical tissue, 

the obtained IMS molecular image is correlated with traditional microscopy 

image, providing a valuable means for tissue characterization. Spectral 

intensities are combined to generate heat map image portraying the relative 

distribution of the mass to charge ratio of individual molecules. The identity of 

the molecule is either confirmed by intact mass or by fragmentation through 

Tandem MS (TMS). IMS finds wide application in cancer research, providing 

crucial information on tumour heterogeneity, margins, disease diagnosis etc. 

Interestingly it is also being investigated at intra-operative stages. Given its 

potential, it is believed to be only a matter of time before IMS could be used in 

real-time surgeries. With further development of sample preparation protocols, 

instrument resolution and data analysis software, IMS could be an invaluable 

tool of high clinical utility in future.  

Biosimilar analysis: Biosimilars are valuable additions in the 

biopharmaceutical sector, which are replica version of officially approved 

biologics. Biologic drugs often comprise of recombinant proteins or 

monoclonal antibodies, which are way more complex than small molecule 

drugs. A biosimilar can offer a substitute to a biologic after the expiry of 

regulatory protection of the original product, ensuring lesser cost and long-

term affordability of patients to biotherapeutics. To show bioequivalence to the 

original compound, biosimilars need to be characterised in great analytical 

details and MS is playing a critical role in the process [8]. The following 

aspects of biosimilars are evaluated through MS – a) intact mass – the mass 
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of the intact molecule; b) Peptide Mass Fingerprinting – the protease digestion 

profile, i. e. the peptide fingerprint of the molecules; c) disulfide connectivity - 

the disulfide bond between Cys residues plays an essential role in maintaining 

the structural integrity of proteins. Thus disulphide connectivity of a biosimilar 

is compared with the reference biologic by MS, to ensure structural 

compatibility; d) PTM – PTM analysis by MS is one of the crucial 

characterization during biosimilar development; e) HDX-MS and Hydroxyl 

radical footprinting – Hydrogen Deuterium Exchange (HDX)-MS is a powerful 

isotope-exchange based MS technique to investigate protein conformation 

and dynamics in intricate details. Similarly, hydroxyl radical footprinting 

method probes the solvent-accessibility of amino acid side chains. Both HDX-

MS and hydroxyl radical footprinting are finding application in structural 

characterization of biosimilars; f) native mass spectrometry: native MS is an 

emerging area of MS which enables structural characterization of proteins in 

non-denaturing or native condition. Coupled with Ion mobility, native MS can 

characterise protein conformers, their oligomerisation status and measure the 

dimension of molecular ions. Taken together, MS has become an integral part 

of the rapidly growing field of biosimilars.  

New-born screening: Inborn errors of metabolism (IEMs) are monogenic 

diseases resulting in death and abnormalities of physical and neurological 

development. By early diagnosis and treatment, substantial clinical 

consequences of IEMs could be avoided, including irreversible mental 

retardation, physical handicaps, lifelong disability, coma, and early death. 

New-born screening (NBS) thus has become mandatory in several developed 

countries. For a large number of IEMs, TMS is the universally accepted 

diagnostic method [9]. These include Organic Acid disorders (Glutaric aciduria 

type I, Isovaleric acidemia, Propionic acidemia, Methylmalonic acidemia, 

Multiple carboxylase deficiency, Maple syrup urine disease etc) and Fatty 

Acid Oxidation disorders (medium-chain acyl-CoA dehydrogenase deficiency, 

short chain acyl-CoA dehydrogenase deficiency, long-chain 3-hydroxyacyl-

CoA dehydrogenase deficiency, very long-chain acyl-CoA dehydrogenase 

deficiency etc). Besides, several other IEMs such as Maple Syrup Urine 

disease, Galactosemia, Biotinidase deficiency, Congenital Adrenal 
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Hyperplasia etc are initially screened by other biochemical method and 

subsequently confirmed by TMS. NBS is thus one of areas where MS plays a 

critical role in clinical diagnostics.  

Molecular assays: In recent years, MS has shown superior performance for 

several molecular assays, which were performed through standard 

immunoassays in diagnostic laboratories, especially for measuring 

concentration of immunosuppressants, antibodies and sex hormones [10]. 

Tacrolimus is an immunosuppressant frequently used after organ transplant. 

The drug presents highly variable pharmacokinetics and has a narrow 

therapeutic range, beyond which it might lead to unwanted side effects. Thus, 

it is crucial to measure tacrolimus concentration in blood with high accuracy. 

Similarly measuring the circulating concentrations of the drugs infliximab and 

thyroglobulin are essential during the treatment of rheumatic diseases and 

thyroid cancer respectively. On the other hand, sex hormones are typically 

measured for diagnosis and management of infertility, certain cancers, 

virilization, polycystic ovary syndrome etc. Routinely-used immunoassays 

possess certain inherent limitations – it might over/underestimate the analyte 

concentration due to non-specific interactions, possess limited dynamic 

measuring range and radioimmunoassays pose radiation hazards. MS, on the 

other hand, offers significantly higher analytical specificity and measures 

concentration precisely over a wide range. FDA has recently approved an 

MS-based tacrolimus assay and several commercially available kits have 

already been developed. Again, professional society guidelines recommended 

the use of MS for measurement of sex steroid hormones in clinic. Vitamin D 

estimation by LC-MS is also another area of clinical utility of MS.  

Microbial identification: MS has revolutionised the field of clinical 

microbiology by rapid identification of microbes [10]. Conventional culture-

based method involved multiple steps and needed a couple of days for 

microbe identification. MS methods reduced the time of analysis by ~ 1.5 days 

and reagent/manpower cost by about 50%. A few FDA-approved methods are 

fully operational in clinical laboratory, although the list of microorganism 

database is not exhaustive and needs further development. Newer MS-based 
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methods are under progress to identify microbes directly from biological 

samples.   

Point of care devices: Recently few MS-based point of care devices has 

been developed, which are especially useful in defining surgical margins. Two 

such devices are iknife (intelligent knife) and MasSpec Pen [11, 12]. Both 

devices distinguished cancer against healthy tissue by recognising cancer-

specific metabolomic biomarkers. While iknife works by identifying the 

metabolites in the smoke released during tissue dissection, MasSpec pen 

extracts the metabolites with a drop of water during surgery. Both devices 

provide real-time information on cancerous vs healthy tissues, thus 

determining precise surgical margins, which remains a critical challenge for 

surgeons till date. The devices hold enormous promise in distinguishing 

cancer tissue from non-cancerous ones with high accuracy and in near future 

may find direct intra-operative application.  

 Finally, MS is also being instrumental in explicating several difficult 

terrains of fundamental biological science research. We recently investigated 

one of such challenging domains of protein science using Ion-Mobility MS and 

HDX-MS. With such cutting-edge MS tools, we successfully explored complex 

dynamics of intrinsically disordered protein tau and investigated its 

conformational adaptation during fibrillation (13, 14).  

 Despite having unmatched analytical power, MS is yet to be used to its 

fullest potential in biomedical research, diagnostic and biopharmaceuticals. 

High capital cost lack of complete automation and need of skilled manpower 

pose considerable roadblocks for widespread use of MS. However, with 

further improvement in instrumentation and automated analysis, more 

MS based methods may find application in clinical settings.  
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Viruses are ubiquitously discussed these days and we are still in the 

pandemic situation where most of the countries are experiencing the second 

wave of infection. Students associated with the study of biology have read 

about these in-animate particles in their textbooks and have known them to 

gain potential of life only when they are inside a host cell. This makes viruses 

and their study termed as ―virology‖ so interesting. Viruses transmit within 

species and also interspecies. The best example is of the present SARS-

Cov2 that many scientific evidences have shown to have spilled into the 

humans by zoonotic transmission (Rasmussen, 2021). Once these viruses 

enter the host cells through their putative receptors on the host cell that act as 

gateway for these viruses, soon by various mechanisms the viruses release 

their genomes in the host and starts to replicate. This discussion would be 

more concerned with RNA viruses to keep the topic more focused.  

  Once, viruses enter their genome in the host, there is an innate 

resistance from the host to identify these invading foreign RNA particles and 

degrade them- known as the innate immune response. This innate ability of a 

particular cell to resist invading pathogens, antigens and foreign genomic 

materials varies from cell-to-cell. The innate immune response sets a 

threshold in the host cell that these invading RNAs have to overpower in order 

to establish a successful infection. So how can they do that? This is by 

replicating faster. Recent experiments have shown that these interaction with 

viral RNA and the host innate immune response molecules are governed 

stoichiometrically. So, it is quite evident that in order to outnumber the innate 

immune response molecules, viral RNAs need to have a certain number to 

overcome the initial phase of infection.  

  RNA viruses have an intrinsic problem of poor proof-reading 

mechanism that means they make a lot of mistakes while replicating inside 
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the hosts (Steinhauer et al., 1992). This indicates that viral RNA while 

replicating produces a large portion of mutant copies that may not be 

replication efficient. This population of more or less genetically similar strands 

of RNA that have potential to assemble into individual virions are termed as- 

quasispecies of viruses (Domingo and Perales, 2019). The generation of new 

strains of RNA viruses gets the impetus from here. Often a virus RNA strand 

when become more than 90% different from another strand within a host cell 

and generate replication efficient new viruses, these two populations can be 

referred to as two separate strains of the virus.  

  Coming back to the discussion, as per conventional theory, one virus 

infects a particular host. In that case, keeping in view the above discussion, 

the RNA virus would make a certain percentage of mutants that impedes the 

process of producing replication efficient population of RNA in a short window 

of time. This would further lessen the chance of the virus to overpower the 

host innate immune response and in the process the virus would be 

eliminated. Considering another possibility that I propose, instead a single 

virus particle, a population of virus gets into a host cell all together at a 

particular time. In this case easily with their strength in numbers they can 

easily produce a lot of RNAs and outnumber the RIG-I molecules. And even if 

there is a percentage of population are replication in-efficient they can get 

over the barrier and establish a successful infection. There is another theory 

of mutual co-operativity among viral genomes, whereby even there happens 

to be a population of mutants, they can be helped by other population of 

viruses to replicate. This adds on to the chances of establishing infection 

within the host. 

  So, the question is how the viruses can attain such as strategy? 

Working with non-enveloped viruses like Poliovirus, Rotavirus and Norovirus I 

have seen them to get released in the cell culture supernatant without 

damaging the cell membrane. This indicates to non-lytic release of viruses. 

This was a challenge to the dogma that believed lytic viruses being released 

only by cell lysis. My observation using various imaging methodologies 

suggested that these viruses are being released packed inside vesicular 

bodies that are derived from the host membrane (Chen et al., 2015; Santiana 

et al., 2018). Further from clinical samples of Human Rotavirus infected 
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patients I isolated these vesicles using pull-down assays. These vesicles were 

then imaged under transmission electron microscope and I was able to see 

around 10-15 virus particles were packaged inside each vesicle. To note, 

Rotaviruses have a size of 70 nm and each vesicle containing them ranged 

from sizes 200 nm to more than 1 μm. But the most significant part was 40% 

of these viruses collected from samples were contained inside vesicles. This 

tells that a significant portion of viruses transmit inside these vesicular 

structures. 

  Next, my research moved to small animal model studies in mouse to 

explore the infection efficiency of these virus in transmission inside vesicles. 

When equal amounts of viruses in form- free virus particles and viruses inside 

vesicles, were fed to two groups of mice population, it was observed that 

animals fed with virus inside vesicles produced a faster and robust replication 

in the intestinal cells compared to the other group. In addition, this particular 

group developed the disease symptoms i.e. diarrhea earlier and experienced 

a longer spell of infection compared to the other group. This experiment 

indicated that virus inside vesicles and in-transmission gain replication 

advantage by travelling inside vesicles. We further went on to prove that these 

vesicles remain stable in-transmission enduring highly acidic environment of 

the gastro-intestinal tract and inside stool in transmission.  

  In the recent work concerned with SARS-Cov2, I established another 

alternate form of non-lytic release of these viruses through lysosomal 

exocytosis that has been a revolution in the field of Coronavirus research 

(Ghosh et al., 2020). Previous to my report, the field believed Coronaviruses 

to be exiting through the biosynthetic pathway (secretory pathway) that starts 

to get assembled in the Endoplasmic Reticulum moving on to the Golgi 

apparatus and released by fusing with the plasma membrane and out. By 

applying Brefeldin-A a known blocker of the secretory pathway to Coronavirus 

infected cells, although the protein and lipid release got blocked, but I was still 

observing the release of Coronavirus from the cells. This made me think- the 

Coronaviruses are exiting out of cells through an alternate pathway other than 

secretory pathway. In the electron microscope, I observed the assembled 

viruses to be sitting inside lysosomal compartments. This was validated using 

cellular fractionation strategy. It is a known phenomenon that cell-invading 
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pathogens to end up in lysosomes for degradation. But observing these 

assembled viruses inside the compartments made me to check whether these 

lysosomes are active having their enzymes in functional state. To my surprise, 

I observed these lysosomes to be de-acidified. The normal luminal pH of 

lysosomes range between 4.5 - 5.5, but I measured it to be around 6.5. At this 

pH most of the enzymes would be non-functional as we know pH is critical for 

enzyme activity. This indicated that the viruses to be sitting inside lysosomes 

are not being able to degrade these viruses. 

  Arl8 is an Arf-like protein that binds to kinesin-2 proteins and helps the 

movement of lysosomes in + direction of kinesin-2 that is towards the 

periphery of cell. Arl8 expression was observed to increase near the 

lysosomes carrying the virus inside them. Moreover, knocking down the 

expression of Arl8 was seen to block the viral egress. The experiment 

suggested the viruses to be exported out of the cells through lysosomal 

exocytosis that is again a non-lytic phenomenon of viral release. This study 

holds a lot of importance in the time when researchers are trying to develop 

anti-viral therapies against SARS-Cov2. They should be targeting the several 

steps before lysosomes release the viruses out of the cells. 

  Both the mentioned phenomena are just two examples of non-lytical 

release of viruses and there are many more apart from these. Researchers for 

a long time have been concentrating on blocking receptors and replication 

process of the virus by adding nucleotide mimics. But in the context, 

monitoring viral release mechanisms are equally important to block the 

transmission of viruses to stop the spread. With advent of new technologies in 

the biotechnology field and imaging viruses in real-time will help tracking the 

footprints of viruses in more detail.  
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Introduction 

Pancreatic ductal adenocarcinoma (PDAC) is one of the deadliest forms of 

malignancies with a five- year survival rate of less than 5% worldwide1. Lack 

of effective therapeutics and failure of early detection of the disease can 

largely be attributed to the unique desmoplastic microenvironment in the 

disease. A better understanding of the molecular mechanisms of PDAC would 

be essential to develop targeted therapeutic strategies for the disease. 

MicroRNAs (miRNAs) are small non-coding RNAs that play essential roles in 

cellular homeostasis via the regulation of hundreds of target genes, and are 

often dysregulated in various diseases, including cancer2,3. miRNAs bind to 

the 3‘-UTRs of the target gene mRNAs resulting in either degradation of the 

target mRNA or translational repression of the protein. microRNA-29a (miR-

29a) is a miRNA that associates with fibrotic diseases of various tissues4. In 

this study, we find that miR-29a remains downregulated in PDAC. Therefore, 

herein we aim to delineate the regulatory role of miR-29a in PDAC 

pathogenesis and the mechanism by which the molecule may modulate 

PDAC progression. 

Methods 

To understand the upstream regulation of miR-29a, transcription factor (TF) 

binding sites in the miR-29a promoter region were identified utilizing ENCODE. 

Luciferase reporter and chromatin immunoprecipitation assays were 

performed to confirm direct promoter binding in pancreatic cancer cells 

(PCCs). Global miR-29a effectors in PDAC were identified by RNAseq 
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analysis followed by functional enrichment studies utilizing Gene Ontology 

(GO) terms obtained using DAVID. Survival correlation studies were 

performed using the pancreatic adenocarcinoma patient datasets in The 

Cancer Genome Atlas (TCGA) database. Functional validation of the 

identified target genes was performed by various in-vitro assays such as 

trans-well assays, western blots, luciferase reporter assays and real-time 

quantitative reverse transcription PCR (qRT-PCR) analyses. Patient tissue 

and mouse tissue samples were obtained, and histological staining and qRT-

PCRs were performed to estimate the expressions of LOXL2 and miR-29a.  

Results and Conclusion 

To understand the mechanism by which miR-29a is repressed in PDAC, the 

putative TF binding sites at the miR-29a promoter region were identified. 

Analysis of the mutation status in PDAC patients from the TCGA database 

and siRNA-mediated knockdown of several promoter binding TFs identified 

MYC as one of the key regulators of miR-29a in PDAC. Our results indicate 

MYC represses miR-29 expression via direct promoter binding. Next, to 

identify global miR-29a targetomein PDAC, RNAseq was conducted with two 

PCCs- Panc-1 and MIA PaCa-2 overexpressing miR-29a. This identified 43 

overlapping miR-29 targets that were downregulated in both datasets.  To 

comprehend the functional relevance of these target genes, GO and survival 

correlation analyses were performed, which identified seven most prominent 

genes (LOXL2, MYBL2, TRIB2, HGK, NRAS, CD276 and CLDN1) that might 

potentially associate with PDAC pathogenesis. Restoration of miR-29a in the 

PCC lines resulted in significant downregulation of these genes, suggesting a 

miR-29a mediated repression mechanism in regulation of the genes in PDAC. 

In addition, knockdown of each of these target genes resulted in significant 

reduction in migration ability of PCCs, an effect also observed for miR-29a 

overexpression. Among the identified target genes, LOXL2 is the only target 

that has both intra- and extracellular functions. The gene is involved in cancer 

cell migration and mechanisms of epithelial-mesenchymal 

transitionintracellularly, while when secreted, it takes part in collagen 

crosslinking in the extracellular matrix. Luciferase reporter assay verified 

LOXL2 as a direct miR-29 target in PDAC. These findings were further 
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validated in vivo, where immunohistochemical staining of PDAC patient and 

KPC mouse pancreas tissues depicted higher expression of LOXL2 in regions 

of pancreatic intraepithelial neoplasia (PanIN) lesions as compared to non-

cancerous areas. This increase in LOXL2 levels correlated with 

downregulation of miR-29a. Together, the current study delineates a novel 

MYC-miR-29-LOXL2 axis in PDAC pathogenesis and indicates miR-29a as a 

potential therapeutic target for PDAC. 
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Abstract 

The globalenvironmental problems such as pollution and degradation have 

enforced society to reconsider the ways of development and pursue 

sustainable technologies.Many eco-friendly initiatives have been taken to 

maintain and improve the quality of an ecosystem that might flourish on the 

green resources which are abundant in nature. The use of bio-energy in the 

form of biofuels and biogas to provide as a potential source of renewable 

energy in recent times is a significant step towards sustainable future. The 

three primary domains of sustainable development are desegregated in this 

book chapter. Potential use of green technology in various sectors, their 

merits and demerits along with the efficiency of such techniques are also 

mentioned. Green product innovation has reduced the impact on the 

environment as well as improved energy consumption 

efficiently.Advancement in the application of science and technology have 

given hope for the betterment of the current environmental problems.The 

various ecological toxicants are assessed concerning the adverse effect on 

flora and fauna. The recent development in industrial, agricultural and 

domestic sustainable technologies has hugely benefitted the environment and 

has been a significant step towards weather change.Under sociological 

reform various policies and well as international rules have been framed as 

precautionary measures to put a check on the usage of non-renewable 

sources of energy and implement sustainable methods to reduce the 

degradation of the environment on a large scale. Furthermore, light is shed on 

the adaptability of newer technologies and its sustainability with the 
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conventional methods and how it will affect the modern living towards a 

sustainable environment. 

Keywords:Sustainable technology, Eco-friendly, Bio-energy, Green 

innovation, pollution 

1. Introduction 

1.1. Environment sustainability 

 The term environment sustainability is concerned with the fact 

ofwhether the environmental resources and raw materials used judiciously; 

thus, they stay protected/maintained for the future generation. Figure 1.1 

shows the various concerns related to environmental sustainability. 

 

 

Fig. 1.1 Schematic diagram of the concerns of environmental 

sustainability 

 

The issues which get solved with environmental sustainability are: 

 Long lasting health of ecosystem- the protection of long term health of 

resources to meet the future socio-economic needs such as protection 

of fishing stock and farmlands. 

 Use of renewable resources such as solar and wind energy. 

 Protection of ecological diversity and species structure- the restriction 

of involvement of near extinct flora and fauna as raw materials for 

production. 

 Targeting social welfare and development over concerns such as 

Gross domestic product (GDP). 

1.2. Bio-energy 
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Avoid excess pollution 
which degrades the 

environment  

Avoid irreplacable 
damage to the 

ecosystem. 

Limitation of 
consumption of non-
renewable resources 

Priortising socio-
environmental welfare 

over economicity 



Proceedings of New Horizons in Biotechnology (NHBT) – 2021                                     

ISBN 978-81-927768-9-7  62 | P a g e  
 

 Bioenergy can be obtained from various biomass foundin nature such 

as forest, livestock remains and agricultural waste. They can also be 

produced from municipal waste and wastewater. These materials are directly 

or indirectly converted to produce electricity or heat. There is a vast range of 

bioenergy technologies, and its technological maturity varies sustainably. 

Some of the widely used bioenergy sources are the production of ethanol 

from carbohydrate and cellulose-based products, domestic heating systems 

and varied scale boilers (Ottomar et al., 2011).Advanced biomass integrated 

combined power plants, and cellulose-origin transport fuels are some 

examples of technology which are in theircommercial stages of development. 

Bioenergy technologies with the traditional use of biomass in developing 

countries are one of the widely used sustainable technologies in recent 

years(Ottomar et al., 2011). 

1.2.1. Biofuel 

Biofuel is often referred to as substance which is produced from 

biomass and can be used to generate energy. It includesbio-methanol, bio-

ethanol, bio-diesel and bio-gas. Bio-ethanol is a petrol substitute made from 

wheat, corn and sugar beet. Bio-diesel is an eco-friendly alternativefuel which 

can be used in place of conventional diesel in machines(Demirbas, 2008).  

1.2.2. Biogas 

The organic formation of any biomass which includes waste 

materials from domestic outlets, sewers and industrial pollutants can 

degenerate to a mixture of methane and carbon dioxide. This mixture is 

known as ‗Biogas‘. They are very cheap, sustainable and versatile form of bio-

fuel(Kapdi et al., 2005).First methane digester plant was set up in 1859 in 

Bombay, India by the leper colony. Methane digester plants are commonly 

called as anaerobic digester or AD(Ottomar et al., 2011). 

2. Components of a sustainable technology 

2.1. Domains  

There are three major components/domains of sustainable technology, 

namely- ecological domain, economic domain and socio-cultural domain. The 

first component- biological part is present in connections with the physical and 

natural environment. The second component- the economic activity is 
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essential to fulfilling human‘s requirements, resulting in the third component, 

which is induced by the internal human traits(Duran et al., 2015a). 

2.1.1. Ecological domain 

 The environmental component of sustainable development is 

not only natural economic growth, but all ecological development in terms of 

resource capacity, access to waste and direct use of resources. It is closely 

related to growth compliance with environmental laws and balance. This 

domain is designed for adequate operational requirements, and over time, 

promotes harmony and peace, without being independent of any branch or 

sector. The protection of environment considers the potential of the system 

physically and naturally, enhancing their ability to adapt to changes and the 

state of conservation that can be regarded asoptimistic(Bran, 1991). By 

adopting a complex structure, eco-development term growth is categorized 

according to stage requirements and specific objectives. It requires care in 

environmental work; stimulates the development of system-based information, 

however planning opportunities are low. Various international organizations 

have been advocatingecological policy. As mentioned above, environmental 

action is a goal for developing countries in the long run(Duran et al., 

2015a).Resource management is a low-level approach based on economic 

data. Herman Daly suggested that there are threemain benchmarks for 

environmental sustainability: renewable resources should deliver a 

sustainable yield (yield rate should not exceed the renewal rate); with non-

renewable resources, there must be a consistent development of other non-

renewable resources; waste generation should not exceed the capacity of the 

ecosystem(Daly, 1990). On a global scale and in a broader sense 

environmental management includes oceans, clean water systems, land and 

air; however, the principle of sustainability can apply equally to any 

environment from tropical rain forests to home garden. 

2.1.1.1. Atmosphere 

 At the Copenhagen Climate Council meeting in March 

2009, 2,500 climate experts from 80 countries made a significant statement 

that there is now "no reason" to fail to act on global warming and that without 

strong carbon emissions could change abruptly or permanently in climate. It 

can be challenging for existing communities to manage. Global space 
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management now includes an examination of all aspects of the carbon cycle 

to identify opportunities to report human-made climate change and this has 

become a milestone in scientific research due to the potential adverse effects 

on biodiversity and human societies(Adam, 2009). Other impacts on the 

atmosphere include urban air pollution, pollutionresulting from toxic chemical 

emission, i.e. SOX, NOX, photochemical smoke and acid rain. Anthropogenic 

particles such as sulfate aerosols in the air reduce direct irradiance and earth 

reflector (albedo). Globalization can have a problem with the Earth's water 

cycle by causing evaporation and rain in some places. Reforestation is one of 

the ways to halt desertification supported by climate change and sustainable 

land use. 

2.1.1.2. Water usage 

   The Earth's surface contains about 71% water, of which 

only 97.5% is freshwater, and 2.5% are trapped in Antarctic ice. The 

remaining freshwater is found in glaciers, lakes, rivers, swamps, soil, water 

and the atmosphere. Due to the water cycle, the supply of clean water is often 

supplemented by rainfall; however, a certain amount is still needed to manage 

this resource. Awareness of the global importance of conserving water in 

natural resources has recently emerged. By the 20thcentury, more than half of 

the world's wetlands and their value-added services were lost. Urban sprawl 

pollutes clean water, and most of the world does not yet have access to clean, 

safe water. Now more emphasis has been placed on blue (clean) and 

freshwater (groundwater available for plant use), which applies to all water 

management measurements(Hoekstra, 2006).  

  Marine cycle patterns have a profound effect on climate and 

climate change, as well as food security and other ecosystems. Under the 

influence of climate change, scientists have warned that it may be a 

manoeuvre in some parts of the world. About 10% of the world's population - 

about 600 million people - lives in low-lying areas where sea levels are likely 

to rise(Kerr, 2004).Water efficiency around the world has been enhanced 

through increased demand management, improved infrastructure, agricultural 

water production, reduced water (mixed water) supply of goods and services, 

addressing shortages in industrialized countries, focusing on more productive 

food production, and climate change planning- Flexible planning. At the local 
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level, people are now able to become self-sufficient by harvesting rainwater 

and reducing the use of ordinary water(Zhang and Babovic, 2012, Hoekstra, 

2006). 

2.1.1.3. Food supply 

   ―A sustainable diet is defined as the diet providing healthy 

food to meet current food needs while preserving healthy ecosystems that can 

provide food with a minimal negative impact on the environment for 

generations‖ as defined by the American Public Health Association 

(APHA)(Feenstra, 2002, Harmon and Gerald, 2007). A sustainable diet also 

encourages production and distribution of food locally and also ensuring 

nutritious food is easily accessible and available at a reasonable price for all. 

Moreover, it is a kind of action and protection of all the interdepended groups 

of people such as farmer, workers, consumers and communities. Industrial 

agriculture causes environmental effectsthat cause various health problems 

around the globe. It led to a strong movement towards a healthy, sustainable 

diet(Policy, 2007). The environmental effects of different foods depending on 

several elements, including the animal and plant foods proportion and the 

food production model. A Global Strategy on nutrition, physical fitness and 

health reporting, released by the World Health Organization (WHO) and 

approved by the World Health Assembly in May 2004(Baroni et al., 

2007)recommends a Mediterranean diet.It is low in meat, rich in fruits and 

vegetables, low in added sugar, salt and also in saturated fatty acids, 

associates itself with health and long life. The primary source of fat in this diet 

is olive oil, rich in mono-unsaturated fatty acids. Sustainable agriculture and 

organic farming address a global environmental impact on agribusiness. 

There are various movements towards local food production,including slow 

food, sustainable horticulture and the use of domestic gardens in a more 

productive way(Organization, 2004). 

2.1.1.4. Land usage 

With the gradual conversion of natural capital into human-

made capital, the loss of habitat and fragmented biodiversity results from the 

misuse of land for development and agriculture. A significant impact on 

biogeochemical cycles has been observed due to changes in the relative 

proportion of land dedicated to urbanization, agriculture and forestry. At the 
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grassroots level, large sustainability reimbursements grow from sustainable 

parks and gardens and green cities (Poh et al., 2008, Klintman and Boström, 

2004, Alibhai-Brown, 2010). Since the Stone Age, the world's forests have 

been degraded by 50% due to human intervention (Gleick, 1998). Forests 

today cover one-fourth the world's snow-free land, 50% of which covers the 

tropics. Deforestation is increasing gradually in temperate regions (except 

Siberia), but a significant concern in the tropics. If deforestation continues at 

the current rate for the next 20 - 40 years, it could cause complete extinction 

of humanity, according to a study published in the journal Nature Scientific. 

Food is essential for life. To feed more than seven billion 

human bodies, it is severely affecting the Earth‘s resources. It starts with 

using about 38% of the Earth's land area and 20% of its net primary 

productivity.It includes everything from industrial agribusiness to resource-

starvation activities — crop demand for irrigation water, synthetic fertilizers 

and pesticides, to resource costs for food packaging, transport (now an 

essential part of global trade) and retail. Environmental issues related to 

industrial agriculture and agribusinesses are now solved through such 

movements pertaining to sustainable agriculture, organic farming and more 

sustainable business practices(Imhoff et al., 2004). 

2.1.2. Economical domain 

  The economic component of sustainable development that 

seeks to generate maximum income flow based on rational use, resource 

performance, and incredibly rare resources. As an expression of 

macroeconomic dynamics, economic components require quantitative 

changes in the quality, structure of scientific research and production tools in 

organizational arrangements and economic activity mechanisms(Becker et al., 

2001).It can be seen that rapid economic growth, mainly for emerging 

countries, places enormous liability on the Earth's support by acquiring 

maximum benefits. As sustainable development states, economic growth 

must be in line with the control of adverse environmental impacts. The idea of 

sustainable development replicates a standard shift in this area – a discussion 

of sustainability is done not only in the context of environmental protection but 

also concerning other regions, particularly those involving economic activities. 

Therefore, development must be considered in many dimensions, including 
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significant changes in social structures, approaches of national institutions, 

accelerating economic growth, alleviation of poverty and inequality. Perhaps, 

the economic arena targets to maintain a manageable level of government 

and external debt, to avoid sector-to-sector severe imbalances affecting 

agriculture and manufacturing industries, and to make sure that a sustainably 

balanced economic environment is held by the continuous production of 

goods and services in an orderly manner. Training required for the industry in 

competition, expanding industrial output and attracting investment. 

On the contrary, the economic component of the scheme is being suppressed 

by other countries failing to progress from the financial crisis, making the 

survival of the project difficult. Furthermore, the common goals, which is 

required at a certain level in addition to this obstacle, may modify the above 

results (Lichtveld et al., 2016). Even if these issues are involved, they should 

be addressed in a way that encourages complete exhaust solutions by 

targeting the necessary technology and natural resources.Also leading to the 

economic purpose by the accessible training, methodical and logical spirit, 

thereby stimulating participation in economic activities, which leads to 

achieving the ultimate goal of the strategy(Duran et al., 2015b). 

  The latest UNEP (United Nations Economic Program) report 

defines a green economy as "promoting human well-being and social equality, 

while at the same time significantly reducing environmental risks and 

environmental deficits". The information creates three significant findings 

(Duran et al., 2015b):Greening not only increases wealth but also creates a 

higher rate of GDP growth (over six years), particularly for the creation of 

environmental commodities or natural capital gains(Daly, 1990);the presence 

of an inseparable connection among poverty alleviation, protection of common 

good and the enhanced care, which arises from the flow of benefits that the 

poor receive directly from natural capital (Adam, 2009);creation of new jobs 

during the transition period to a green economy, which outweigh the jobs lost 

during the brown economy. However, there is a period of job losses in 

transition that require investment in re-skills and re-education of 

workers‖(UNEP, 2011). 

  2.1.2.1.Environmental economics 
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  Traditionally, economic growth and environmental degradation 

are linked to each other as the growth of communities and declination of the 

environment are inversely proportional. This proportionality is verified in maps 

of economic growth, population index of social and environmental 

indicators(Diamond, 2005, Diamond and Guns, 1997). Sustainable economic 

development is entirely comparable to the growth of cancer as it rips 

ecological services of the Earth into pieces as it supports life. If resource 

utilization is not verified, there is a concern that present human society will be 

trapped into the footprints of distorted early human societies by over-

exploiting their resource base. Although the conventional economy is 

essentially linked to economic growth and effective allocation of resources, 

the ecological economy in that order has a clear objective of sustainable size 

(rather than sustainable development), efficient funding and fair 

distribution(Daly, 1990, Costanza et al., 2014). 

  The term decoupling is commonly used in the fields of 

economics and ecology concerning environmental quality and economic 

production. In this context, the term refers to the overall capability of an 

economy to develop without pressurizing the environment. Ecological 

economics refers to reviewing social metabolism and the performance of 

resources around the economic structure concerning environmental 

quality(Costanza et al., 2014, CLEVELAND, 1984).The economy is said to be 

cut off, which could sustain GDP growth without harming the environment. 

Sustainability studies analyses ways to reduce the number of resources 

required for unit production, consumption and disposal, whether it is derived 

by the use of advanced management of the economy, new technology or 

design of products (Daly, 1996). There are different opinions against the fact 

that improvements in the performance of technology and revolution can 

completely cut off economic growth from environmental degradation. 

Performance experts have repeatedly stated that the intensity of resource 

utilization can be decreased by at least five or six times in principle, thereby 

permitting the continuation of economic growth without increasing pollution 

and related resource exhaustion(Von et al., 2009). However, on analyzing the 

history of enhancements in the performance of technology, it is found that 

there is outperformance in the economic growth due to developments in the 
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energy and material utilization, resulting in a net rise in resource (safety) 

utilization and associated pollution. 

  Moreover, all performance improvements have inherent thermal 

dynamics and practical limitations. It is nearly impossible to achieve 

sustainable and infinite economic growth without an association with resource 

depletion and environmental pollution which proves that the lack of resources 

and change in the economy can be controlled for a shorter period. Therefore, 

a changeover is required to a stable state economy in which GDP remains 

more or less constant(Cleveland and Ruth, 1998). 

  The usage of the services related to expression ecosystem 

highlights the economic and the market significance of nature, which is day by 

day becoming a little natural world that is neither unlimited nor free. Overall, 

as a product or service decreases in quantity, the price rises and this act as a 

check to encourage self-control, technical inventions and alternative products. 

However, this only applies to the service which falls inside the market range. 

As these are usually considered as economic externalities, they don‘t have 

any stated price and thus over-utilized and ruined(Hardin, 2009). 

2.1.3. Social-cultural/Human Domain 

 We assume that potential alternatives to maintain ecological balance 

have been identified, and the officials everywhere must meet the criteria of 

optimality and efficiency, as well as the professional and social quality of 

labour and life to adapt the raw materials purchased in the products. Human 

sustainability is related to interactions among people, relationships, 

behaviours, and human values (Dempsey et al., 2011). Our present 

generation is worried about the maintenance of cultural diversity- "World 

Village", preventing contemporary "social ills": feeling of being alone or 

isolation, dissatisfaction with work ("Continue under the narrowing of expertise 

in terms of knowing" less and less "Identifying the finished product for the 

worker and his work Difficult to understand the usefulness), the relativity of 

values, the end of history, the scepticism about the future or the more distant 

"disease" of the postmodern age-specific. It is crucial to realize the need to 

protect and improve the condition of the environment and social development, 

which represents the only opportunity to create and maintain the well-being of 
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both the present and futuregeneration. Equilibrium was a factor in ensuring 

growth throughout the company. 

2.2. Principles of sustainability 

1. Interdependence, participation, information delivery and advancing 

science 

i. Encourage interdependence by being mutually responsible and 

sharing common principles with others. 

ii. Learn about the impact each of us has on a global scale. 

iii. We need to protect and manage natural resources for those who 

cannot do it themselves. 

iv. We need to encourage people to refine and access information. 

v. We must work to improve scientific and technological knowledge 

through innovation. 

vi. We need to promote public awareness and engage in related 

issues. 

vii. The precautionary approach should be widely used to protect 

the environment. 

2. Providing intermediate equity and life 

i. Growth should be equal for current and future generations. 

ii. Individuals should be encouraged to reverse the effects of 

degeneration in areas beyond the individual. 

iii. Individuals need to minimize and eliminate lasting patterns of 

production and consumption. 

iv. Notice of natural disasters and emergencies is required. 

v. Buffers between development and natural systems should be 

provided. 

vi. Encourage efforts to increase the availability of locally available 

and drought-tolerant water. 

3. Supporting and improving the rules of governance 

i. Informed democracy should be encouraged to avoid making 

inadequate or non-existent decisions. 

ii. The government should be held accountable for its actions. 
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iii. Acceptable environmental standards, policies and management 

objectives are paramount. 

iv. Must accept cooperation to create good environmental 

legislation. 

4. Maintaining the quality of the community and improvement if possible 

i. Organizations should be the primary focus of responsibility for 

creating a sustainable society. 

ii. A sustainable community must respect cultural diversity. 

iii. A community must have an adequate distribution of open space. 

iv. Individuals should have the opportunity to receive education and 

training to develop work and life skills. 

v. The integration of transport systems should be encouraged and 

encouraged. 

vi. Materials and construction methods should be specific to climate 

and region. 

vii. Measures to reduce the impact of vehicles and traffic should be 

encouraged and encouraged. 

5. Maintain and, if possible, improve the quality of human life 

i. Humans have the right to live meaningfully and to act 

responsibly. 

ii. The participation of tribals should be encouraged. 

iii. Efforts should be made to reduce and eradicate poverty. 

iv. The bare necessities of life should be available to all. 

v. Safety requirements include protection from harm and the 

absence of anxiety and encouragement. 

6. If possible, improve the economic power 

i. Landowners have the right to use resources responsibly. 

ii. Sustainable economic growth is essential. 

iii. For the creation of a pulsating local economy, the government, 

the community, education and thebusiness sector need to work 

together. 
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iv. To encourage more job opportunities and expansion of small 

businesses around the local community, significant changes 

should be made in favour of the supporting companies and local 

entrepreneurs. 

v. Communities need to promote decisions that lead to a unique 

identity. 

3. Assessing potential green technology 

 Technology means the application of innovative ideas for practical 

purposes.Green Technology originated in the early 1970s,where much 

attention was directed to a sustainable approach (Billatos, 1997). Green 

technology is a system-level approach to the production process withthe 

primary objective ofan environmental attribute(Billatos, 1997). It can 

change the production pattern, which won‘t harm the environment and the 

planet. The purpose of Green Technology is to minimize waste and energy 

usages. This technology eliminates all toxic material from the waste. It 

mainly focuses on utilizing energy like solarthermal energy, wind energy, 

solar electric energy, geothermal energy etc. which are non-fossil fuel 

source (Anastas and Zimmerman, 2012). 

 3.1.Principles of green technology 

  The primary goal of Green Technology is to make products 

recyclable and reusable. It introduces sustainable living by developing a 

renewable source of energy and decrease waste production. It also 

conserves our natural resources(Iravani et al., 2017). The main objectives 

of Green Technology areReduce, Recycle, Refuse, Renew and 

Responsibility.  

 3.2.The various types of green technology 

Green technologies are divided into two parts, i.e. 

3.2.1. Green Chemistry 

Paul Anastas introduced the term Green Chemistry in 1991. It also 

referred to as sustainable chemistry. It encourages chemical research and 

engineering to minimize hazard production. Green chemistry is a 

combination of physical chemistry, organic chemistry and inorganic 

chemistry(Iravani et al., 2017).The 12 principles of green chemistry are, 

i.e. Prevention of waste, Atom Economy, Minimize hazardous chemical 
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synthesis, Designing unharmed chemicals, use of safer solvent, energy-

efficient production designing, use of renewable raw material, Derivatives 

reduction, use of catalysis reagent, Degradation designing, Pollution 

preventive measure for analyzing real-time and Choose unharmed 

chemical for chemical accident prevention.  

3.2.2. Green Energy 

 Green Energy is also called renewable energy.  It comes from natural 

resources like rain, sunlight, wind, tide etc. In this era,the most critical 

objective of green technology is to develop alternative energy. All of these 

energy resources are renewable. India aims to meet 20% of countries 

total requirement of energy from renewable sources by 2020(Iravani et al., 

2017).Green energy can be harnessed from various sources such as the 

follows: 

   3.2.2.1 Solar energy 

 Solar Energy is converted into electricity by using Photo 

Voltric cell. This electricity can be used in the water pump, refrigerator and 

charging batteries.The solar road is made of concrete modules in which 

solar panels are embedded.  

     3.2.2.2. Wind energy 

 The kinetic energy of wind is converted into mechanical 

energy by using a wind turbine to run a generator. After running the 

generator by using that mechanical energy, it produces electricity. 1% of 

global electricity generation is contributed by wind energy. In 1920 it stated 

by Betz that a wind machine might be captured maximum 59.3% energy of 

wind. Size of the turbine and the quality of wind resource is responsible for 

the amount of electricity produced. If appropriate wind resource is 

available, a 2-megawatt (MW) turbine can produce enough electricity to 

power almost 400 homes for a full year. 

 3.2.2.3. Water energy 

   The energy of running water is used to make electricity 

which is called hydroelectricity where the running water is stored,and 

hydroelectric stations are built. It is the most eco-friendly electricity 

generation source. The first Hydroelectric Power Station was the Rance 

tidal power plant situated at La Rance, France. It tooksix years to build this 
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station (1960-1966). The Pelamishas converted the wave energy into 

electricity. The machine operates in 50 m deep water. 

4.Development of newer technology from conventional methods 

 Air pollution occurs when the different components of air get changed 

by various gases & particles that cause serious health issues and 

environmental degradation. Now the solutions for global sustainability is to 

invent & implement newer technologies. For every industry, the critical 

factor is the power source, i.e., electricity. Now the industries are using 

renewable sources of energy instead of using conventional sources.Some 

of them are solar energy, wind energy, water energy, and bio-fuel(Sabban, 

2020). 

 4.1.Solar Energy 

 It is the most commonly used renewable energy source where solar 

cell converts solar energy into electric energy via the process of 

photovoltaics. It has grown from 5 gigawatts in 2005 to 510 gigawatts in 

2018(Sönnichsen, 2020).The main advantages of using solar energy are as 

follows: 

• It‘s a renewable energy resource. 

• It reduces the cost of production of electricity. 

• It does not make any pollution. 

• The maintenance cost is significantly less as compared to any 

other non-renewable energy sources. 

 Some of the disadvantages of using solar energy are the solar 

panels take a lot of spaces, it is weather dependent so the production rate 

changes with it, apart from the production,energy storage is also a big 

concern, the production rate is prolonged as compared to other energy 

sources(Sönnichsen, 2020). 

4.2. Windenergy 

 The wind‘s kinetic energy can be used to rotate the blades of the 

windmill that is connected to the turbine, which converts wind energy into 

electric energy and creates no pollution. However, there are some 

problems with this windmills, i.e. these cannot be operated in the 

residential area,thus requires a lot of open space& also depends on the 

wind‘s turbulence. Now India is the second-highest producer of electricity 
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from wind in Asia & fourth in the world. India produces about 35GW from 

wind energy.  

  4.2.1. Advantages of wind energy 

I. Green form of energy with less carbon emission rate 

II. Non-degradable for nature 

III. Economical source of energy 

4.2.2. Disadvantages of wind energy 

I. Depend on natural conditions. 

II. Cannot be operated in urban and congested areas. 

III. The vast area of land is needed for setting up of wind 

energy generators such as windmills 

IV. Dangerous for airborne birds (Sabban, 2020). 

4.3. Water energy 

  Hydropower electricity provides about 16% of the world‘s total 

electricity production & it is 70% of the total renewable energy. The entire 

global installed capacity of hydropower energy is around 1,150 GW (by 

2019).  China, Brazil, Canada, the United States, and Russia are the five 

largest producers of hydropower. The world's largest hydroelectric plant in 

terms of installed capacity is Three Gorges (Sanxia) on China's Yangtze 

River(Evwind, 2020). 

4.3.1. Advantages of water energy 

I. Greener source of energy with less carbon emission. 

II. Economical source of energy with abundant availability. 

4.3.2. Disadvantages of water energy 

I. Depend on the water stream. 

II. Cannot be operated from urban areas. 

III. Dams and waterfalls are the only sources of energy for 

such kind of setups. 

 4.4. Recycling 

 Recycling is the process of collecting and processing waste materials 

that would otherwise be thrown away as trash and turning them into new 

products. These create an opportunity for the industries to turn unique 

technology and methods to implement in sectors. The most common 

industrial recycling techniques are bulking facilities, materials recovery 
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facility, household reuse and recycling centres,  In-vessel and Windrow 

composting, anaerobic digestion. Fig 1.2 shows the various steps involved 

in the recycling of a product from a pre-existing work.  

 

 

 

Fig 1.2 The 5 steps involving the recycling of a product 

 

 The advantages of recycling process include: Conserves natural 

resources such as timber, water, and minerals, Reduces the amount of 

waste sent to landfills and incinerators, Increases economic security by 

tapping a domestic source of materials, Prevents pollution by reducing the 

need to collect new raw materials, Saves energy and Supports 

manufacturing and conserves valuable resources (Sabban, 2020). 

5. Application of modern technology in different sectors 

 5.1. Agricultural sector 

 With an increase in population, the amount of food requirement is 

tremendously high. It leads to the implementation of newer technology into 

agricultural sectors (Matthew and Schrimpf, 2017). From machine learning 

to artificial intelligence (AI), modern technology has been successfully 

incorporated to fulfil the need of ordinary people. The following are some 

examples to enhance the Green revolution.  

  5.1.1.Machine learning 

 The implementation of machine learning is the ability of a 

computer to accumulate knowledge about an action or a thing and begin to 
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―make decisions‖ on its own. This technology is having a significant impact 

on agricultural sectors as it can make patters on weather conditions, soil, 

use of fertilizer, pesticides and other things and implement in real-time. 

Relatively tricky tasks, the implementation of computational technology & 

machine learning makes it very simple. It increases the production in 

agricultural sectors rapidly. 

5.1.2. Irrigation control 

  An irrigation controller is a tool to perform computerized 

irrigation structures which includes garden sprinklers and drip irrigation 

structures. Systems that serve up popularity reviews on pivot performance, 

soil moisture sensing, weather, and different area records to cellular 

telephones and computer systems are commonplace, and supplying end-

customers with on-the-cross equipment to make and put into effect 

irrigation control decisions(Matthew and Schrimpf, 2017). Some benefits of 

using the same are, i.e., save a ton of money by reducing water waste, 

enhanced landscape health and beauty, help you prepare for the future of 

water, smart irrigation controllers help you reduce hardscape loss, avoid 

fines with your smart irrigation controller(Landscaping, 2019). 

5.1.3. Liquid Nano Clay Technology (LNC) 

  LNC is a revolutionary technology which converts sandy deserts 

into fertile lands. It is a natural component which does not make any 

environmental pollutions. This nano clay is obtained by mixing method 

utilizing subsequent changing of flow regime between laminar and 

turbulent. The mixing is done on-site, and the LNC is spread onto sandy 

soil using traditional irrigation systems like sprinklers or water wagons. The 

ground is rinsed until the mix has saturated down to root depth, a process 

that usually takes 7 hours. The LNC treatment gives sand particles a 

nanostructured clay coating. The treatment completely changesthe physical 

qualities of the sand particles, allowing them to bind water. As a result of 

using LNC, it reduces the use of water by 65% & increases the yield by 5-6 

times.  

5.1.4. Biopesticides 

These all are essentially made from natural resources which do 

not make any environmental pollutions maintain the balance of the 
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ecosystem (Agency, 2017).Biochemical pesticides are naturally occurring 

substances that control pests by non-toxic mechanisms.Microbial 

pesticides consist of a microorganism (e.g., a bacterium, fungus, virus or 

protozoan) as the active ingredient. Microbial pesticides can control many 

different kinds of pests, although each separate active ingredient is 

relatively specific for its target pest.Plant-Incorporated-Protectants (PIPs) 

are pesticidal substances that plants produce from genetic material that 

has been added to the plant. Some advantages of using biopesticides 

are, they are usually inherently less toxic than a conventional one, 

biopesticides generally affect only the target pest and closely related 

organisms.  

5.1.5. Vertical farming 

Vertical farming is one of the modern strategies to reap crops, 

vegetables, herbs in vertically stacked layers.It pursuits to optimize plant 

growth, and soilless farming strategies together with hydroponics, 

aquaponics, and aeroponics. The primary blessings of hydroponics are 

the capacity to growth yield consistent with the location and decrease 

water utilization for cultivation as evaluate to standard methods. 

5.2. Domestic sector 

5.2.1. Solar heaters 

Conventional ways of making hot water for domestic and 

household uses consumes a lot of power from electricity, diesel, coal, 

timber, natural gases or any kind of fossil fuel. On the contrary, the solar 

water heater uses solar energy to make hot water without causing any 

pollution and save 50 to 80 percent on water heating bills by saving 

energy. The heated water stays in an insulated tank, much like with a 

conventional water heater. It also can act as a backup.  

5.2.2. Solar panel 

The term solar panel is used colloquially for a photovoltaic (PV) 

module. Photovoltaic cells use sunlight as a source of energy and 

generate direct current electricity. Since solar energy is a renewable 

resource, by installing solar panels, its renewable electricity can be 

generated. Some advantages of using the panel are: it is an environment-

friendly source of energy, it reduces electricity bills, low repair cost etc. 
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Some significant disadvantages were also seen, i.e., high installation 

charges, it is season dependent, required power storing devices to store 

solar energy, slow production rate etc.  

5.2.3. Geothermal heat pump 

         This type of pump additionally makes use of the Earth thermal 

strength to supply power without causing any pollution. Ground supply 

warmness pumps (GSHPs) are most of the leading strength-green 

technology for providing heating, ventilation, and air conditioning (HVAC) 

and water heating. Traditional combustion furnaces and electric powered 

warmers can by no means exceed 100% efficiency. In short, the 

advantages of geothermal heat pump are-it last more than the 

conventional heat pump, it has a shallow environmental impact as 

compared to a traditional heat pump, it can be used for heating as well as 

for cooling purpose, it does not make any noise(Hepbasli and Akdemir, 

2004). 

 5.3.Socio-architectural sector 

 The Concept of Green Architecture, in any other case called 

"affordable engineering" or "inexperienced structure," is the hypothesis, 

technological know-how and fashion of systems deliberate and advanced 

as in line with ecologically cordial standards. Green layout endeavours to 

restrict the amount of property wolfed withinside the structure's 

development, use and activity, as merely lowering the harm executed to 

the weather via the discharge, infection and misuse of its parts (Ragheb 

et al., 2016). To configuration, develop, paintings and preserve up 

shape‘s energy, water and new substances are used simply as measures 

of waste, making terrible influences wellbeing and weather is produced. 

To limitation those influences and configuration ecologically vital and 

asset efficient structures; "inexperienced shape frameworks" have to be 

presented, explained, comprehended and rehearsed It may have many of 

these characteristics:  

• Ventilation frameworks intended for significant warming and 

cooling  

• Energy-effective lighting and machines 

• Water-sparing pipes apparatuses  
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• Landscapes wanted to boost uninvolved sunlight-based energy  

• Minimal damage to the characteristic living space  

• Alternate power sources, for example, sun-oriented force or 

wind power  

• Non-manufactured, non-poisonous materials  

• Locally-acquired woods and stone  

• Responsibly-gathered woods  

• Adaptive reuse of more seasoned structures (Ragheb et al., 

2016). 

  

 5.3.1. Passive solar design 

Inert sun-oriented arrangement to the utilization of the sun's vitality 

for the warming and cooling of living spaces. The structure itself or a few 

components of it abuses ordinary vitality qualities in its materials to absorb 

and transmit the warmth made by presentation to the sun. Sun based 

structures are aiming to keep climate pleasant in all seasons truant a parcel 

of utilization on control 30 to 40% save stores with an additional 5 to 10% 

cost towards uninvolved highlights.  

5.3.2.Green building material 

 Green structured substances are generally comprised of 

countless as confined to non-sustainable assets. They are biologically 

cautious because their effects are taken into consideration over the 

lifestyles. Green shape substances may be selected with the aid of using 

surveying traits, for a case reused and unexpectedly maintainable 

accumulated substances, tall recyclability, sturdiness, lifestyles span, and 

adjoining creation(Spiegel and Meadows, 2010). 

5.3.3. Green Walls 

 Otherwise referred to as vertical greenery is truly supplying flora onto 

the shape façade. Contrasting with inexperienced rooftop, dividers can 

cowl extra exposed difficult surfaces withinside the built weather in which 

excessive rises are the standard shape style.Some of the usual green walls 

are: (i) Wall-climbing Green wall: these are an ordinary and inexperienced 

divider. Despite the truth that its miles a tedious cycle, mountain climbing 

flowers can cowl the partitions.(ii) Hanging-down Green Wall:These are a 
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mainstream technique for simple dividers. It can indeed form a complete 

vertical inexperienced belt on a multi-tale operating via planting at every 

tale assessment with the divider mountaineering type. (iii) Module Green 

Wall:This is the latest concept contrasted with the beyond kinds. It calls for 

a more generous confounded plan and arranging contemplations earlier 

than a vertical framework. It is also probably the most expensive 

inexperienced dividers technique(Ragheb et al., 2016). 
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ABSTRACT 

The World Health Organization declared a COVID-19 pandemic on March 11, 

2020, when there were 4,293 confirmed cumulative deaths. By May 17, 2020 

this number increased to 315,005. The risk of death is higher above the age 

of 60, but there are many deaths below 60 (for example, in Sao Paulo, 25%). 

Due to the lack of a vaccine or specific treatment, there are at least three 

types of interventions used in the first wave of this pandemic: increased 

alertness and hygiene (e.g. Sweden); identification and isolation of infected 

people and their contacts (e.g. South Korea); lockdown (e.g. Italy). Choices of 

the right mix of interventions will vary from society to society and in the same 

society at different times. The search for a miracle drug is going on along with 

search for appropriate vaccine. In order to implement any strategy aimed to 

control the pandemic and preserve the economy, the country needs 

leadership that centralizes and coordinates actions. WHO is issuing the 

COVID-19 Strategic Preparedness and Response Plan (SPRP) for 2021 and 

accompanying documents as a package aimed at guiding the coordinated 

action that we must take at national, regional, and global levels to overcome 

the ongoing challenges in the response to COVID-19, address inequities, and 

plot a course out of the pandemic. Our review aims to evaluate strategies of 

the most affected countries from different continents all over the for 

confronting the epidemic as it explains the best practices that could help other 

countries to overcome current or any upcoming pandemic. 

 

Keywords : Coordination, planning, financing, monitoring and vaccination 
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INTRODUCTION 

Coronaviruses (CoVs) are serious pathogens to humans and vertebrates 

affecting the hepatic, gastrointestinal, respiratory, and central nervous 

systems [1]. Coronaviruses belong to the Coronaviridae subfamily of the 

Nidovirales family. This subfamily is comprised of four genera: α-

coronaviruses, β-coronaviruses, γ-coronaviruses, and δ-coronaviruses [2]. 

Various CoVs exhibit broad host ranges and tropism of tissue. Mammals 

typically get infected by α- and β-coronaviruses, whereas γ- and δ-

coronaviruses typically affect birds and fish but only occasionally mammals [3]. 

The world has witnessed a series of coronavirus waves during the past two 

decades, triggering pandemics that have their perturbations on global health. 

The first one, named severe acute respiratory syndrome (SARS-CoV), had its 

last outbreak reported in September 2003 after infecting more than 8000 

persons and causing 774 deaths with a fatality rate of 9.5 percent [4]. Nine 

years later, Middle East Respiratory Syndrome (MERS-CoV) triggered a 

respiratory disease in the Middle East. Even so; MERS-CoV is still ongoing 

compared to SARS-CoV, and the fatality rate was much higher (about 35%). 

Since December 2019 a third one called COVID-19 has emerged in Wuhan, 

Hubei province in China. COVID-19 is widely dispersed in humans and its 

genome is detached from SARS-CoV and MERS-CoV. China classified 

COVID-19 as a B-infectious disease according to the surveillance system of 

infectious diseases, which was updated in 2004, and categorized infectious 

diseases into classes A, B, and C [5]. Class A is highly infectious and causes 

massive epidemics within very short timespans, and includes plaque and 

cholera only. B-infectious diseases might cause epidemics and include acute 

respiratory syndrome (SARS), acquired immune deficiency syndrome (AIDS), 

viral hepatitis, poliomyelitis, highly pathogenic avian influenza, epidemic 

hemorrhagic fever, measles, epidemic encephalitis B, rabies, anthrax, 

bacillary and amebic dysentery, dengue fever, epidemic cerebrospinal 

meningitis, pertussis, diphtheria, neonatal tetanus, scarlet fever, brucellosis, 

gonorrhea, syphilis, leptospirosis, schistosomiasis, malaria, influenza A 

(H1N1), and typhoid fever. Class C involves less serious and fewer infectious 

diseases such as rubella, leprosy, mumps, leishmaniasis, and acute 

hemorrhagic conjunctivitis [6]. The new COVID-19 pandemic caused by 

https://www.mdpi.com/1660-4601/17/16/5813/htm#B2-ijerph-17-05813
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SARS-CoV-2 has prevailed rapidly and infected around 17 million individuals 

worldwide (July 31, 2020) [7]. The basic reproduction or transmission number 

(R0 value) was estimated to be between 2 and 3.5, meaning that one patient 

can transfer the disease to 2 or 3 other individuals with a fatality rate of about 

2 to 3%. SARS-CoV-2 caused many more deaths than its coronaviral relatives, 

while the mortality rates are considerably lower than MERS-CoV infections. 

The largest contributing factor towards enabling the control of MERS-CoV is 

the low basic reproduction number (R0 around 1), indicating that each person 

transmits it to just one other individual (SARS-CoV R0 was around 4) [8]. The 

COVID-19 pandemic has posed an eminent threat to many countries. Despite 

the measures taken up by different countries, this epidemic caused health [9] 

and economic losses and led to isolation among the countries of the world 

and between peoples inside the same state. In response to that crisis, there is 

an urgent requirement to figure out different impacts of COVID-19 to public 

health. 

The WHO COVID-19 Strategic preparedness and response plan (SPRP) 

2021 invites national authorities to update COVID-19 national plans to 

incorporate lessons learned throughout 2020, and to anticipate and prepare 

for the challenges of 2021, including the need to prepare all health systems to 

safely and equitably implement new COVID-19 tools such as vaccines. It is 

also intended for use by UN Country Teams and key partners to develop or 

update their 2021 COVID-19 multiagency plans with and in support of national 

authorities. The SPRP 2021 also describes the regional and global technical 

and operational platforms that will continue to support countries throughout 

2021 to implement national action plans, to accelerate equitable access to 

new COVID-19 tools, and to undertake research and to innovate. 

This Operational planning guideline was developed to accompany the SPRP 

2021, to provide countries with practical, high-level actions under each of ten 

preparedness and response pillars that can be adapted as appropriate and 

implemented at national and subnational levels in order to achieve the SPRP 

2021 six strategic objectives: • suppress transmission; • reduce exposure; • 

counter misinformation and disinformation; • protect the vulnerable; • reduce 

death and illness; • accelerate equitable access to new tools, including 

vaccines, diagnostics and therapeutics. The Operational planning guideline 

https://www.mdpi.com/1660-4601/17/16/5813/htm#B8-ijerph-17-05813
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includes action checklists with new recommended activities under ten 

response pillars, aligned with the most recent technical guidance. 

Epidemiological situation  

COVID-19 has spread around the world, affecting every country directly or 

indirectly (figure 1). Its capacity for rapid spread means COVID-19 has 

sometimes overwhelmed even the most resilient health systems. As of 7th 

February 2021, more than 105 million cases had been reported worldwide, 

and more than 2.2 million people were reported to have died (figure 2). In 

addition, increasing indirect mortality has been documented worldwide as 

health systems disruptions associated with the pandemic and response 

measures have impacted care for other health conditions. The pandemic 

continues to evolve. The number of cases and deaths globally continue to 

increase. In the most recent week for which data are complete (the week 

commencing 1st February 2021), almost 90, 000 deaths were reported 

globally, and more than 3 million new cases (figure 2). However, these 

headline figures obscure marked variation amongst WHO regions (figure 3), 

amongst countries, and within countries. Trends in incidence and mortality are 

downwards or stable in many countries, but these trends may not reflect the 

real evolution of the epidemic in countries where testing capacity is limited. In 

countries experiencing rapid rises in incidence, capacities for case 

investigation, contact tracing, and quarantine are often put under additional 

pressure. 

 

Figure 1: Spread of Covid 19 throughout world 
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Males account for a higher proportion of deaths than females (57% of deaths 

but only 51% of cases), for reasons that are not completely understood, 

highlighting the need for sex-sensitive and gender-sensitive approaches to 

response. Women are at an increased risk of SARS-CoV-2 infection, and are 

often disproportionately affected by the social and economic implications of 

response measures. These impacts include, but are not limited to, a loss of 

sexual and reproductive health services, increased expectations to deliver 

unpaid care at home and in the community, and a steep rise in the incidence 

of gender-based violence. These periods of peak demand for social protection 

and refuge services coincide with periods that these services have been 

significantly curtailed due to COVID-19. In countries that report data 

disaggregated by social determinant of health such as ethnicity, occupation, 

education, living conditions, and income, there notable disparities in terms of 

exposure, vulnerability, access to health services, and health outcomes in the 

context of COVID-19.  

 

Figure 2: Death reports upto February, 2021 globally 

Most COVID-19 cases are in younger adults, but the risk of death from 

COVID-19 increases steeply with age. Over 80% of deaths occur in 

individuals over the age of 65 years old, with a case fatality ratio of more than 

10% in that age group. However, 16% of all deaths occur in individuals aged 

between 15 and 64 years old. Comorbidities including non-communicable 

diseases (NCDs) also significantly increase the risk of death, and there may 

be other factors that influence the outcomes of COVID-19 that are yet to be 

understood, especially in low-resource and humanitarian settings for which 
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there is a lack of comparative data. At the population level, the mortality rate 

increases with increasing COVID-19 incidence. The best way to reduce 

mortality is therefore to suppress incidence. There is now growing evidence 

that a postCOVID-19 condition characterized by fatigue and cognitive 

impairments is not only affecting patients that have been hospitalized, but also 

a proportion of patients from every age cohort that had mild or moderate 

disease. In some cases this condition prevents patients from returning to their 

previous activities. The underlying mechanism of persistent or relapsing 

symptoms remains to be understood. SARS-CoV-2 transmission is highly 

clustered, with the majority of transmission events estimated to come from a 

relatively small number of cases. Transmission mainly occurs among close 

contacts of infected persons in indoor spaces, and can be amplified in 

enclosed settings with poor ventilation. 

 

Figure 3: Weekly Covid cases up to February, 2021 globally 

Secondary attack rates are higher in household settings (recent estimates 

from two meta-analyses suggest household secondary attack rate is 

approximately 17–21%), and outbreaks have been reported from a number of 

settings, including long-term living facilities, prisons, religions or social events, 

and food processing plants. Health workers have been hit hard by COVID-19. 

Data from WHO‘s case database of 33 million records shows that health 

workers account for 7.7% of cases worldwide, although that figure masks 

wide variation amongst countries, and changes over time. Based on WHO 
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data, in the first three months of the pandemic, health worker infections 

slightly exceeded 10% of reported cases, declining to less than 5% by early 

June 2020 and to approximately 2.5% by September 2020. In addition, the 

heavy burden placed on health workers involved in the response and within 

the wider health system has had a negative impact on their health and 

wellbeing. 

Emergence of SARS-CoV-2 variants  

Viruses constantly change through mutation, and so the continual emergence 

of new variants of SARS-CoV-2 has been expected. The vast majorities of 

mutations is neutral, and have no measurable effect on transmission, or on 

the type and severity of clinical disease caused by infection. However, some 

mutations can arise that confer an adaptive advantage to the virus, giving rise 

to variants of concern. Such changes may enable the virus to spread more 

easily in certain conditions, may alter some of the clinical characteristics of the 

disease, and/or reduce the effectiveness of medical countermeasures 

including vaccines, therapeutics and diagnostics. Throughout 2020 and during 

the first quarter of 2021, WHO has tracked and assessed the risk associated 

with the emergence of a number of specific mutations and variants of concern 

identified around the world. Research and modeling is ongoing to determine 

the impact of specific mutations and variants of concern on transmission; 

disease presentation and severity; and the potential impact on diagnostics, 

vaccines, and therapeutics. WHO is working with partners and through the 

SARS-CoV-2 Virus Evolution Working Group to track and assess the level of 

risk associated with mutations based on potential impacts on public health. It 

is clear that the longer and more widely SARS-CoV-2 circulates, the more 

opportunities it has to adapt, and the greater the threat to our ability to test, 

treat and vaccinate for COVID-19. In addition, mechanisms for the 

surveillance of mutations in susceptible animals and associated risks for 

people in contact with these animals have been promoted jointly by the WHO, 

the Food and Agriculture Organization, and the World Organisation for Animal 

Health. 
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Accelerated research and innovations  

The Global research road map, launched in February 2020 and regularly 

updated since, provided the platform to launch what, in under a year, has 

become a global biomedical research effort unparalleled in history. Pre-

empting the need to simultaneously stimulate large-scale production and put 

in place the capacity to ensure the global implementation of these tools, WHO 

and partners launched the Access to COVID-19 Tools (ACT) Accelerator in 

April 2020. In the final quarter of 2020 the world saw the first evidence that 

these efforts had borne fruit in the form of new vaccines and diagnostics with 

the potential to turn the tide of the pandemic. A growing number of vaccines 

have now announced and published safety and efficacy results from phase 3 

placebo-controlled trials. The efficacy of these products has far exceeded the 

minimum efficacy of 50% established by WHO in early 2020. WHO, through 

its Strategic Advisory Group of Experts on Immunization (SAGE), has issued 

recommendations for the use of several vaccines, and will continue to 

evaluate candidates on the basis of its population prioritization 

recommendations and ethical values framework for COVID-19 vaccines. For 

therapeutics, the WHO-coordinated Solidarity Trial collects and analyses the 

results of clinical trials to provide evidence-based recommendations for the 

clinical management of patients. Interim results published in October 2020 

that showed all four of the treatments evaluated (remdesivir, 

hydroxychloroquine, lopinavir/ ritonavir and interferon) had little or no effect on 

overall mortality, initiation of ventilation, nor duration of hospital stay in 

hospitalized patients. Corticosteroids are the one treatment so far found to 

have a significant clinical benefit among patients with severe or critical 

disease in terms of reduced mortality. The Solidarity Trial continues to 

evaluate other treatments for inclusion, including newer antivirals, 

immunomodulators, and anti-SARS CoV-2 monoclonal antibodies. PCR tests 

remain the gold standard of SARS-CoV-2 diagnostic testing for accuracy, but 

other types of tests have also been developed, including rapid antigen 

detection tests, which are faster, easier to administer (especially in remote 

locations) and considerably cheaper than laboratory-based molecular assays. 

Although they are not a replacement for PCR tests, they can be used in a 

variety of different settings, and provide an important boost to testing capacity. 
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The urgency and commitment with which the scientific community, supported 

by the global industry, rose to the challenge of developing vaccines, 

diagnostics and therapeutics in 2020 must now be matched by equally strong 

commitment from the global community to ensure these new technologies are 

distributed fairly and equitably to where they are needed most.  

Investments are also critical so that communities are adequately 

informed and engaged in a gender-sensitive, equity-oriented and inclusive 

manner. With communities fully engaged and actively participating through 

the full cycle of planning, delivery, and assessment for new biomedical tools, 

demand for these tools can be increased, leading to widespread and effective 

uptake and use. Research and innovations in diagnostics, therapeutics, and 

vaccines will continue to be critically important for reducing transmission, 

morbidity, and mortality in 2021, and their continued development must be 

accelerated. 

 

Figure 4 : Six key strategic public health objectives: 
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Figure 5: Public health and social measures are supported by multiple 

response pillars 
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STRATEGIC PREPAREDNESS AND RESPONSE PLAN 

The goal of this strategy is end the COVID-19 pandemic, and builds 

resilience and readiness for the future. Though all the countries know much 

more now than did know one year ago and have developed operational and 

scientific solutions but the majority of countries have not yet applied that 

knowledge and those solutions comprehensively or consistently. In 2021 they 

must redouble their efforts and adapt strategies to achieve six key strategic 

public health objectives (Figure 4): 

National-level preparedness and response 

For the purposes of national level planning and coordination, the high-

level COVID-19 SPRP 2021 retains the same core structure and rationale as 

the SPRP for 2020 (figure 5), with a number of key additions and adaptations 

in response to lessons learned over the past 12 months, and to address new 

challenges in the year ahead. These adaptations include the addition of 

vaccination as a vital tool to reduce morbidity and mortality; an emphasis on 

ensuring the capacities are in place in all countries to equitably deploy 

COVID-19 vaccines, novel diagnostic and therapeutics; a risk-management 

framework for SARS-CoV-2 variants; and an increased recognition that 

mental health and psychosocial support is an integral component in public 

health emergency response that must be addressed across a range of 

response pillars, including case management, risk communication and 

community engagement, and the maintenance of safe and accessible 

essential health services. The Operational planning guideline includes action 

checklists with new recommended activities under ten response pillars, 

aligned with the most recent technical guidance [16]. 

Pillars  

Pillar 1: Coordination, planning, financing, and monitoring  

Pillar 2: Risk communication, community engagement, and infodemic 

management  

Pillar 3: Surveillance, epidemiological investigation, contact tracing, 

and adjustment of public health and social measures  

Pillar 4: Points of entry, international travel and transport, mass 

gatherings and population movement  

Pillar 5: Laboratories and diagnostics  
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Pillar 6: Infection prevention and control, and protection of the health 

workforce 

Pillar 7: Case management, clinical operations, and therapeutics  

Pillar 8: Operational support and logistics, and supply chains  

Pillar 9: Strengthening essential health services and systems  

Pillar 10: Vaccination 

Actions under each pillar are categorized into three groups (Figure 6) that 

together form the primary components of an iterative response cycle from 

planning, through implementation, to monitoring and evaluation to inform 

further planning and decision-making.  

Group 1: actions relate primarily to planning, including needs assessments 

and design, identification and engagement with key stakeholders, and 

situation and capacity assessments. 

 Group 2: actions are focused primarily on implementation.  

Group 3: actions are those required to inform the constant adaptation and 

adjustment of the response, including action related to monitoring and 

evaluation, field data collection, and data analysis and review.  

This Operational planning guideline is a living document and will be updated 

regularly to incorporate new technical guidance in response to the constantly 

evolving epidemiological situation. National plans should be implemented, in 

accordance with the principles of inclusiveness, respect for human rights, and 

equity. 

 

Figure 6: Three groups of each pillar 
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Public Health Responses to COVID-19 

Most countries were forced to announce emergency measures to protect 

vulnerable people and block ways of transmission due to the continuous 

increase in confirmed cases by time as reported in  [10, 11, 12, 13, 14, 15]. 

With regard to this escalating situation, governments have begun to develop 

strategies to resolve the pandemic cooperatively with international health 

agencies, i.e., Centers of Disease Control (CDC) and World Health 

Organization (WHO) that declared many precautions based on previous 

lessons from MERS and SARS diseases. 

 

Figure 7: Common strategies followed by all the countries 

Collectively, demographic diversity, standard of living of each country‘s 

citizens, political state and health systems in addition to other factors led to 

various strategies being implemented across the globe trying to cope with the 

crisis (Figure 7). However, the collaboration and sharing of responsibility for 

controlling the pandemic through exchange of information between countries 

was the most important step. Taken together, countries facing COVID-19 or 

any other pandemic should consider control or closure periods and whether 

required or compulsory closure of unneeded workplaces and public entities as 

a first line of social distance measures can reduce transmission rate. The 

closure times should be adapted to the unique characteristics of the novel 

disease, i.e., the incubation duration and transmission routes, and the nature 
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of these outbreaks. The main purpose of the pandemic control closure phase 

is to avoid the spread of disease by people with asymptomatic infections. 

Governments should use closure times to optimize effect, promotions, group 

screening, active communication, monitoring, isolation, and quarantine. Some 

countries have promoted their people‘s consciousness across many channels, 

e.g., television, newspapers, and conferences. They have been resorting to 

the use of more modern health and education technologies i.e., E-learning 

and telemedicine to reduce the urge to go outside. Such a hybrid strategy is 

also backed up by analyses of responses to previous pandemics, which have 

shown that average attack rate reductions were more noticeable if social 

distance policies and other disease prevention steps were combined to 

prevent transmission. Now we are facing second wave of pandemic and we 

should be prepared for third wave and further coming in future. 

CONCLUSIONS 

SARS-Cov-2 spreads at an astonishing speed across the globe. On 30 

January 2020, WHO announced the outbreak of COVID-19 an international 

public health emergency which impacted 77 countries (status: 4 March 2020) 

[17]. The speed and extent of pandemic detection, particularly early diagnosis 

and notification of new cases, is an important measure to monitor this 

infectious disease. Countries that have previous experience with viral 

infectious diseases (most commonly SARS), powerful primary care systems 

with helpful infrastructures, guidance rules and instructions, and community 

awareness with social responsibilities prove to be more effective in controlling 

the spread of infection and reducing its deleterious impacts. Numerous 

countries endeavor to construct an info-structure of national digital health in 

order to improve disease surveillance and link public health and clinical 

intelligence programs. Clear and open contact between governments and 

healthcare staff would be pivotal. It was the time for hospitals or agencies that 

engage in healthcare delivery to audit its protocols and consumables for all 

selected patients. Heads of State, global health leaders, private sector 

partners, and other stakeholders have accelerated global partnership to 

speed up the production of COVID-19 diagnostic and preventive tools. All 

governments should prepare the public for a third wave or another outbreak. 
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National policy discussions about the future of the respective society should 

be initiated. COVID-19 is a tragedy for us all collectively, but it is also an 

opportunity to ask ourselves what kind of society we want after the pandemic 

fades away. 

REFERENCES 

[1] Chen, Y.; Guo, D. Molecular mechanisms of coronavirus RNA capping and 

methylation. Virol. Sin. 2016, 31, 3–11. 

[2] Lu, R.; Zhao, X.; Li, J.; Niu, P.; Yang, B.; Wu, H.; Wang, W.; Song, H.; 

Huang, B.; Zhu, N. Genomic characterisation and epidemiology of 2019 novel 

coronavirus: Implications for virus origins and receptor 

binding. Lancet 2020, 395, 565–574. 

[3] Cui, J.; Li, F.; Shi, Z.L. Origin and evolution of pathogenic 

coronaviruses. Nat. Rev. Microbiol. 2019, 17, 181–192. 

[4] Contini, C.; Di Nuzzo, M.; Barp, N.; Bonazza, A.; De Giorgio, R.; Tognon, 

M.; Rubino, S. The novel zoonotic COVID-19 pandemic: An expected global 

health concern. J. Infect. Dev. Ctries. 2020, 14, 254–264. 

[5] Wang, L.; Ren, X.; Cowling, B.J.; Zeng, L.; Geng, M.; Wu, P.; Li, Z.; Yu, H.; 

Gao, G. Systematic Review: National Notifiable Infectious Disease 

Surveillance System in China. Online J. Public Health Inform. 2019, 11, 1.  

[6] Zhang, X.; Hou, F.; Li, X.; Zhou, L.; Liu, Y.; Zhang, T. Study of surveillance 

data for class B notifiable disease in China from 2005 to 2014. Int. J. Infect. 

Dis. 2016, 48, 7–13.  

[7] Culp, W.C. Coronavirus Disease 2019. A A Pract. 2020, 14, e01218. 

[8] Guarner, J. Three emerging coronaviruses in two decades: The story of 

SARS, MERS, and now COVID-19. Am. J. Clin. Pathol. 2020, 153, 420–421.  

[9] World Health Organization. Coronavirus Disease 2019 (COVID-19): 

Situation Report–85. Available 

online: https://www.who.int/emergencies/diseases/novel-coronavirus-

2019/situation-reports (accessed on 1 July 2020). 

[10] World Health Organization. Novel Coronavirus 2019 (COVID-19): 

Situation Report–12. Available 

online: https://apps.who.int/iris/handle/10665/330777 (accessed on 1 July 

2020). 

https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://apps.who.int/iris/handle/10665/330777


Proceedings of New Horizons in Biotechnology (NHBT) – 2021                                     

ISBN 978-81-927768-9-7  104 | P a g e  
 

[11] World Health Organization. Coronavirus Disease 2019 (COVID-19): 

Situation Report–41. Availableonline: https://www.who.int/docs/default-

source/coronaviruse/situation-reports/20200301-sitrep-41-covid-

19.pdf?sfvrsn=6768306d_2 (accessed on 1 July 2020). 

[12] Coronavirus Disease 2019 (COVID-19) Situation Report–72. Available 

online: https://www.who.int/docs/default-source/coronaviruse/situation-

reports/20200401-sitrep-72-covid-19.pdf?sfvrsn=3dd8971b_2 (accessed on 1 

July 2020). 

[13] Coronavirus Disease (COVID-19) Situation Report–102. Available 

online: https://www.who.int/docs/default-source/coronaviruse/situation-

reports/20200501-covid-19-sitrep.pdf?sfvrsn=742f4a18_4 (accessed on 1 July 

2020). 

[14] Coronavirus Disease (COVID-19) Situation Report–133. Available 

online: https://www.who.int/docs/default-source/coronaviruse/situation-

reports/20200601-covid-19-sitrep-133.pdf?sfvrsn=9a56f2ac_4 (accessed on 1 

July 2020). 

[15] Coronavirus Disease (COVID-19) Situation Report–163. Available 

online: https://www.who.int/docs/default-source/coronaviruse/situation-

reports/20200701-covid-19-sitrep-163.pdf?sfvrsn=c202f05b_2 (accessed on 1 

July 2020). 

[16] https://www.who.int/emergencies/diseases/novel-coronavirus-

2019/strategies-and-plans 

[17] World Health Organization. Responding to Community Spread of COVID-

19: Interim Guidance. Available 

online: https://www.who.int/publications/i/item/responding-to-community-

spread-of-covid-19 (accessed on 1 July 2020) 

 

  

 

 

 
 
 
 
 

https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200301-sitrep-41-covid-19.pdf?sfvrsn=6768306d_2
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200301-sitrep-41-covid-19.pdf?sfvrsn=6768306d_2
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200301-sitrep-41-covid-19.pdf?sfvrsn=6768306d_2
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200401-sitrep-72-covid-19.pdf?sfvrsn=3dd8971b_2
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200401-sitrep-72-covid-19.pdf?sfvrsn=3dd8971b_2
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200501-covid-19-sitrep.pdf?sfvrsn=742f4a18_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200501-covid-19-sitrep.pdf?sfvrsn=742f4a18_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200601-covid-19-sitrep-133.pdf?sfvrsn=9a56f2ac_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200601-covid-19-sitrep-133.pdf?sfvrsn=9a56f2ac_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200701-covid-19-sitrep-163.pdf?sfvrsn=c202f05b_2
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200701-covid-19-sitrep-163.pdf?sfvrsn=c202f05b_2
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/strategies-and-plans
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/strategies-and-plans
https://www.who.int/publications/i/item/responding-to-community-spread-of-covid-19
https://www.who.int/publications/i/item/responding-to-community-spread-of-covid-19


Proceedings of New Horizons in Biotechnology (NHBT) – 2021                                     

ISBN 978-81-927768-9-7  105 | P a g e  
 

Effect of a house hold fungicide and insecticide on 

growth and cell division in onion and grass pea 

Aveek Samanta1*,Moupiya Sasmal2, Madhumita Mandal2, Nikita 

Giri2 

1Department of Botany,Prabhat Kumar College, Contai, West Bengal, India, 

721404 
2Raja Narendralal Khan Women’s College(Autonomous)Medinipur,721102 

*Corresponding author: aveekbot@gmail.com 

 

ABSTRACT 

The effect of Bavistin, afungicide and Gamaxine, an insecticide on growth 

performance, photosynthetic pigment content in Onion (Allium cepa L.) and 

Grass pea (LathyrussativusL.)were evaluated. The tested concentration (2 %, 

4%, 6% and 8%) of chemicals reduced the germination percentage, root-

shoot length, mitotic index significantly (p<0.05) as compared to control. The 

plant when shown on soil containing the respective concentration of solution 

their photosynthetic pigments (chlorophyll a, chlorophyll b and carotenoids) 

decreases. The moisture content also decreases with increasing Bavistin and 

Gamaxine concentrations. From the present study, it can be concluded that 

the Bavistin and Gamaxine when contaminated with agricultural soil, can 

cause reduction of growth and development of food crops. 

Key Words: dry weight, contamination, insecticide, mitotic index, plant length 

INTRODUCTION 

Use of insecticide is a common pest control process for household and 

agriculture purpose (Sharma, 2011). Bavistin is one of the most used 

fungicide especially in third world countries (Aggarwal et al 2005).Gamaxine is 

another common insecticide especially in third world countries (Devidson, 

1949).These fungicide and insecticideareavailable in the open market in the 

form of dust. These dustss are frequently mixed with seeds and corn for 

storage purpose. The overuse of the insecticide may contaminate the water 

and soil (Sharma, 2011). The present study is done to assess the effect of 

Bavistin on root shoot length, mitotic index, photosynthetic pigment and 

moisture content of three common crops. The plant specimens chosen for the 

study are onion and grass pea grown on this part of south-west Bengal, India. 
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MATERIAL AND METHODS 

Bulbs of onion (Allium cepa L.) and dry filled seeds of grass pea 

(LathyrussativusL.) and Rice (Oryza sativa L.)were collected from local 

market of Contai, West Bengal. The seeds were washed with the tap water 

and then surface sterilized (0.1% HgCl2) for 5 minutes followed by distilled 

water (10 min). Bavistin and Gamaxinewere collected from the local market. 

Different concentrations of Bavistin and Gamaxin solutions were made by 

adding dust (2%, 4%, 6%, and 8%) to the distilled water to make the solution 

of Bavistin concentrations (2 %, 4%, 6% and 8%). The solutions were filtered 

through Whatman filter paper (11 μm). Washed seeds (15 for each set in 

triplicate) were kept in different concentrations of insecticide chalk for 12 

hours. After 12 hours seeds were taken and kept in Petri plates contain cotton 

with the soaking solution of different concentration and distilled water (control) 

as described by Samanta et al 2014. The total set was kept in dark for 3 days 

(72) hours. Dry soil collected from an agricultural field (5kg) and equally 

separated in 3 sets for each concentration and control in the plastic cup. 

Some of the germination seedling (15 for each concentration and control) kept 

for mitotic study and rest transferred into soil wet with the respective solution 

of Bavistin (2 %, 4%, 6% and 8%) and distilled water (control). 

Study of root-shoot length and mitotic index 

Root-shoot length (cm) was measured from germinating seedlings from each 

set and replica after 72 hours. Roots from control and treatments were 

collected (2mm) from germinated seeds for mitotic study. The roots were fixed 

in acetic acid and alcohol (1:3) solution for 3 hours and preserved in 70% 

alcohol at 4.c. On next day roots were stained with 2% aceto-orcein and 1(N) 

HCl (9:1) solution for 2 hours. The extreme root tips were cut and Squashed 

in 45%acetic acid.  

RESULTS AND DISCUSSION 

The mean root-shoot lengths plant specimens were decreased with an 

increase of the concentrations in respect to control (Figure 1). The value of 

the mitotic index below 22% as a companion to control causes lethal effects 

on an organism (Antonise-Wiez, 1990).The reduction of mitotic index signify 

the toxic effect of Bavistin and Gamaxineon cell division of selected plant 
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specimens. All the results of reduction of root-shoot lengthand mitotic indexas 

 

Figure 1: Effect of different concentrations of cypermethrin on Root-shoot 

length and mitotic index in (a) Allium cepa and (b) Lathyrussativus 
 

compared to control is statistically significant (p<0.05). The no of leaf number 

and internode length also decreases with the concentration of both the 

chemical (Table 1). 

 

Plant 

name 

Concentration of 

Gamaxine(%) 

Leaf 

No 

Internode 

length (cm) 

Concentration of 

Bavistin.(%) 
Leaf No 

Internode 

length (cm) 

Onion 

Control 9 - Control 5 - 

2 8 - 2 3 - 

4 6 - 4 4 - 

6 4 - 6 2 - 

8 3 - 8 1 - 

Grass pea 

Control 20.6 2.46 Control 7 2.28 

2 19.2 2.34 2 6 2.14 

4 17.4 1.96 4 3.8 1.5 

6 16.6 1.32 6 3.75 0.9 

8 14 1.12 8 3 0.1 

Fig: The effect of the chemical on onion and Grass pea plant grown on 

contaminated soil 
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CONCLUSION 

The results of the present study clearly indicate that the chemical Bavistin and 

Gamaxinehave the toxic effect on cell division of root tip. When the plants are 

grown on soil containing with the solutions of the chemical their root and shoot 

lengthdecreases. Leaf number and internode length also decreases. The 

results vary with the plant species with similar trends. The plants chosen for 

the experiment are all important food plant of the area. The soil contaminated 

with Bavistin can cause growth reduction and development of common food 

plants. 
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ABSTRACT 

COVID-19 is the worst pandemic other than the 'Spanish flu' in the past 100 

years. As we know attempts have begun much earlier on related vaccines in 

China before a new outbreak of coronavirus emerged and declared as 

pandemics by the World Health Organization(WHO). From September 2020 

onwardsfollowing ambitious projections, developed countries have hadseveral 

successful results regarding COVID-19 vaccine development. This pandemic 

needs a fast examination of different methods of ability for defending and 

protecting against unintended immune potentiation, as the pathogenesis of 

this infection is a very critical aspect. This review aims to summarize the 

comparative introspection in connection with the new coronavirus vaccine 

development approach with a global perspective. Several platforms are open 

for vaccine production, explicitly: vectored vaccines, protein subunit vaccines, 

genetic vaccines, and passive immunization monoclonal antibodies under 

SARS-CoV-2 evaluations, each of which has inconspicuous effects or 

hurdles. A number of vaccines are now available in the market, but 

amongstthem selecting the efficient and affordable one for general people is 

of utmost importance. Thereby, thisexploration seeks to offer a valued 

summary of the attempts regarding coronavirus vaccine development to 

unveil an efficient approach against its existing form and relatedvariants. 

Keywords: COVID-19, Virus, SARS-CoV-2, Vaccine 
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Introduction 

Despite the attempts being made by WHO and governments to monitor 

theCOVID-19 outbreak, it affected largely due to the extremely contagious 

nature of this epidemic. It has spread to almost 189 countries and 25 

territories worldwide ever since its introduction in November 2019. The count 

of patients infected has significantly increased, with an average traveling of 

210,209 cases every day over seven days by 2 July 2020. (Anon, 2020a). 

Inhalation of respiratory aerosols and direct contact with humans and fomites 

is a tendency of the highly contagious SARS coV-2, a virus. Social distancing, 

personal grooming, regular hand washing, or alcohol sanitizing (61-70 %) are 

precautions that shield people against contamination and disinfection on the 

surface.Coronaviruses are structurally volunteered, enveloped viruses with 

their typical projections on the surface, composed of the S protein. They are 

equipped with an RNA genome that is positive and complexed to form helical 

nucleocapsids with the nucleocapsid (N) protein. 

SARS-CoV-2 and SARS-CoV genetic analysis showed a parity between 79 

percent and a total of 380 amino acid substitutions, predominantly condensed 

within the NSP genes.Therefore in this paper, we compared the vaccine types 

already developed and the vaccination process in connection with the same. 

Comparisons are made between Pfizer, Moderna, Johnson & Johnson, 

Sputnik V, Covaxin, EpiVacCorona, COVID–19 AstraZeneca vaccine 

(AZD1222). The reason behind this analysis is to provide readers and 

scholars with insight into the types of vaccines in development and the 

existing status of the clinical trials of these vaccines.  

Vaccination strategies 

Many initiatives were made to create COVID-19 vaccines and to escape the 

pandemic, with the use of the S-protein of SARS-CoV-2 by most emerging 

candidates. The worldwide vaccine ecosystem for SARS-CoV-2 comprises as 

of July 2, 2020, 158 vaccine applicants, including 135 vaccine applicants in 

their preclinical or exploratory phases. Inactivated virus dependent on 

BBV152 (also known as covaxin) has been developed by Bharat Biotech as 

COVID-19 vaccine in association with the Indian Medical Research 
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Council.Inactivated or live attenuated viruses, subunits of protein are the 

origin of vaccines in the gateway; virus-like particles (VLP), viral vectors 

(replicating and non-replicating), DNA, RNA, and other micro or nanoparticles, 

etc.Synthetic nucleoside alteration of industrial science platform in human 

cells, mRNA (Moderna). The mRNA reprogram the cells so that the immune 

system can respond quickly. Pfizer Inc. and BioNTech SE have developed 

their mRNA-based vaccine candidate, BNT162b2 in this regard.Another 

COVID-19 mRNA vaccine (nucleoside-modified) is sold under the Comirnaty 

brand name which prevents coronavirus disease 2019 (COVID-19) in people 

aged 12 years and older. 

Additionally, the Gam-COVID-Vac vaccine was developed by a cell 

microbiologist team at the Gamaleya Research Center for Epidemiology and 

Microbiology. Leading the community was MD and Denis Logunov, a RAS 

associate, who also focused on Ebola Virus and MERS coronavirus vaccines 

earlier. 

Comparisons 

1. Countries with the highest % of ongoing COVID-19 vaccine clinical 

trials January 2021 

As shown in the diagram, the most important clinical trials take the US at 

11.5% and Chinese at 7.6%, while India is third in clinical trials at 7.3%, 

Germany at 4.6%, Brazilian 4.2%, the UK at 4.2%, and Australia at 4.2%. 
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Fig 1: vaccines produced bydifferent countries 

2. Different types of vaccines  

Vaccine name Type 

Pfizer-BioNTech mRNA 

Moderna mRNA 

AstraZeneca-University 

of Oxford 
Adenovirus-based 

Johnson & Johnson Adenovirus-based 

Russia‘s Sputnik V 

Vaccine 
Adenovirus-based 

Sinovac Biotech Inactivated SARS-CoV-2 virus 

Novavax Protein-based vaccine 

CanSino Biologics 
Viral vector, loading an antigen from the SARS-CoV-

2 virus onto an adenovirus. 

Bharat Biotech 

(Covaxin) 

Inactivated SARS-CoV-2 virus using Whole-Virion 

Inactivated Vero Cell platform technology. 

 

As we know that corona virus is one type of RNA virus so in a weakened or 

inactivated format, at least seven teams create viral vaccines themselves. 

Many current vaccinations, such as measles and polio, are produced in this 

technique, although significant safety tests are required. Sinovac Biotech has 

begun to test a SARS-CoV-2 variant in people in Beijing.In India BHARAT 

BIOTECH is also working on production of inactive cov-2 using Whole-Virion 

Inactive vero cell platform technology. 
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Fig 2: vaccine doses and gap between doses 

3. Different types of Doses of Vaccines 

Some of the vaccines need to have 2 doses. It depends on how they were 

made, what process they follow to make the vaccines. 

4. Pricing between different vaccine 

Vaccine name Price 

Pfizer-BioNTech $19.50 per dose for first 100 million doses 

Moderna $25-$37 per dose 

AstraZeneca-University 

of Oxford 

$2.15 (U.S.) in the EU; $3-4 (U.S.) in the UK and U.S.; $5.25 

(U.S.) in South Africa 

Johnson & Johnson $10 per dose 

Russia’s Sputnik V 

Vaccine 
$10 per dose 

Sinovac Biotech $60 per dose in China ($29.75 per dose) 

Novavax $16 in the US 

CanSino Biologics Unknown 

Bharat Biotech 

(Covaxin) 

₹150 or about $2 (U.S.), although that appears to be the low-

end of the open-market price in India 
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From all collected data it was found that Indian vaccines (Covishield, Covaxin) 

are the cheapest than any other vaccines. 

 

Fig 3: Price comparison of different vaccine 

5. Efficiency of different vaccines 

Vaccine name Efficiency 

Pfizer-BioNTech 
About 95%. Apparently 100% at preventing hospitalization 

and death. 

Moderna 
About 95%. Apparently 100% at preventing hospitalization 

and death. 

AstraZeneca-

University of 

Oxford 

Currently about 70% overall. 

Johnson & 

Johnson 

In J&J‘s global clinical trial, it demonstrated 66% efficacy 

at preventing symptomatic COVID-19 infections. In the 

U.S. it was slightly higher, 72%. Appears to be 100% 
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effective at preventing hospitalizations and death. 

Russia‘s Sputnik 

V Vaccine 
91.4%(Alpha) 

Sinovac Biotech 50.38% to 91.25%, depending on the clinical trial 

Novavax 89.3%(against B.1.351) 

CanSino 

Biologics 

65.7% at preventing symptomatic cases; 90.98% efficacy 

in preventing severe disease. 

Bharat Biotech 

(Covaxin) 

100% against severe infection (Alpha) ; 78% against mild, 

moderate and severe(Beta); 70% against 

asymptomatic(Delta) 

In India there are two vaccines which are employed regarding vaccination, but 

still Covaxin (Bharat Biotech vaccine) has not been approved by the US 

Government. 

Indian contribution against covid-19 

Coronavirus Delta Plus has raised worldwide devastation and enhanced 

transmissibility and resistance to some medicines and treatments. The strain 

identified in 49 samples from 12 countries has already been recognised as the 

variation of concern by India. The most occurrences of the Delta Plus variant 

have been reported by Maharashtra.Dr. Raman Gangakhedkar, a former 

epidemiological scientist and transmissible illnesses at ICMR, claimed that in 

the Delta variant, the dominant coronavirus strain in the nation has happened 

two grades of mutations. These are the L452R and P871R graded 

mutations.Further information is necessary to understand the alterations in the 

virus resulting from the specific mix of mutations in B.1.617. 
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In India there are three majorvaccines that have been developed by Indian 

Pharmaceutical Companies, viz., Bharat Biotech, Serum Institute of India, and 

ZydusCadila. Thus, we mainly focused on this three types of vaccines as 

MAKE IN INDIA initiative. 

Vaccine 

name 
Developer Type of vaccine Doses Price 

Age 

benificiaries 

Covishield 
Oxford-

AstraZeneca 
Viral vector 2 780₹ 

Above 18 

years 

Covaxin 
Bharat 

Biotech 

Whole-Virion 

Inactivated 
2 1400₹ 

Above 18 

years 

ZyCov-D Zydus Cadila 
Plasmid-based DNA 

vaccine 
3 570₹ 

Specially 12-

18 years 

Special nasal spray: The development of SaNOtize's anti-viral nasal 

BUSINESS WIRE—VANCOUVER, British Columbia and TEL-AVIV, Israel 

SaNOtize Research and Development Corp., (SaNOtize) announced today its 

provisional authorization to sell its Nitric oxide nasal pulse (NONS) to 

pharmacies in Israel and registered for sales of New Zealand's NONS, which 

protects users from the viruses that enter the body through the upper nasal 

pathways. The manufacturing of NONS in Israel, beneathneath the EnovidTM 

emblem name, has began out with Ness Ziona-primarily based totally 

NextarChempharma Solutions Ltd., production associate of SaNOtize.Enovid 

should emerge in Israel before the summer on drugstore shelves. 

In New Zealand, SaNotize registered their nasal spray with the NZA, which 

allows the firm to distribute and sell NONS instantly through the counter. 
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Fig 4: Reason for Nitric oxide based vaccines is against covid-19 

We introspected pre-historic investigations on natural derivable nasal sprays 

and discovered that several known natural derived chemicals have antiviral 

functions, therefore their topical application as a nasal spray is beneficial in 

lowering the symptoms of respiratory infections. It appears that the use of 

carrageenan or other herbal nasal spray components may inhibit the SARS-

CoV-2 virus entering the contaminated person's lung cells, and may also 

prevent a virus from transmitting to other sensitive individuals. Further, as we 

learned about new carrageenan 2019, we have indicated that the SARS-CoV-

2 virus may be coped with unspecified physical antiviral action and some 

other natural derived components. 

Limitations 

The duration of clinical trials significantly impedes the manufacturing of fast 

vaccines. In order to be able to verify its safety and effectiveness, the vaccine 

candidate must undertake at least three phases of placebo controlled clinical 

studies, which might take years to complete in accordance with FDA and the 

WHO. The applicant must go through the vaccination. Given the severity of 

the epidemic which totally shut down the entire economy, it is vital for 

vaccinations to be produced quickly. 
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Some researchers suggest doing supervised investigation on human 

challenges so that phase 3 studies may be performed properly and 

immunosuppressed vaccines can be licensed rapidly. 

However, patients are continuously monitored to discover any long-term 

implications of the vaccination in the prolonged field study. In addition, before 

the vaccination is expanded to these populations, protection studies should 

also be carried out, including children and pregnant women and immune-

deficient individuals. 

However, vaccine-based improvement assessments cannot be extended from 

model animals and necessitate genuine phase III clinical trials or trials of 

human challenges. 

Conclusions 

From the day it was deemed a pandemic, the subject of SARS-CoV-2 was 

uniformly terminating business operations. Scientists around the continents 

are joining together to create creative bonds with the pharmaceutical 

companies as well as medical start-ups to repurpose medicinal products, build 

vaccinations and devices to hinder the pandemic's development. Many 

COVID-19 candidates have been listed based on different platforms. No 

conclusive response exists despite the efforts underway.With many level, 

including the pre-clinical phase and the three-phase clinical development, the 

process of vaccine development is very laborious. It has been advised 

however to save a few stages, to speed up the achievement of a vaccine with 

a fast regulation check, acceptance, manufacture and quality control if 

adequate data are already present. 

The new Coronavirus thus forced the scientists to use unorthodox methods to 

speed the vaccine production process. In the WHO's view: 'Vaccine can have 

an extremely beneficial-risk contour, with high effectiveness, only minor or 

intermittent adverse reactions, with no major problems.' The vaccine must be 

appropriate for all genders, pregnant women and nursing women, and should 

provide a rapid beginning of single dose defense and confer safety for at least 

one year. 
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Especially in India few arrangement had been done, those are: 

 After a letter of 2 July 2021 from ICMR Chief Balram Bhargava was 

published, the vaccination was a topic of debate. By letter, he 

requested that all the aspects of the trial be concluded by 15 

August.COVID vaccination was administered in India with 296 million 

doses.  

 More than 51 million individuals get vaccinated at 2 doses and are 

deemed to have been completely immunized.Top Indian health 

authorities said that the modified UK/South Africa/Brazil virus is 

effective against both Covaxin and Covishield. 

 Sputnik V vaccination was authorized in India for emergency usage. Dr 

Reddy's Laboratories will manufacture Russian vaccine in India. No 

allergies induced by Sputnik V have been detected in a recent 

research. 

The Sputnik V dosages of India will be produced per year at 850 million. 

 Sputnik V has 91.6 percent efficiency compared with Covishield's 

approximately 90% (global reports) and Covaxin's 81 percent (Global 

reports) in terms of efficiency (interim 3rd phase trial results). 

 Covaxin manufacturing is set to grow to 12 million doses per week by 

Bharat Biotech. 

 Sputnik is the third coronavirus vaccine in India and will be given this 

month to India. The amount of manufacturing of Sputnik V vaccines in 

India will increase gradually and might exceed 50 million doses per 

month. 

 All manufacturers of vaccines must free market sell 50% of their shares 

to the states. The rest will go to the federal government with 50 

percent. 
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 Since the free market will now include all vaccinations, vaccine 

producers can set the prices of every vaccine dosage depending on 

the demand and availability of the vaccines. 

 After 2 doses of Covaxin or Covishiled, the chance of COVID 

contracting is minute. After the second dosage of Covishield 0.03% of 

patients were caught COVID and 0.04% were positive following the 

second treatment. 

 Women who breastfeed may also take the vaccination. 
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Abstract 

Since the last months of 2019 the whole world is facing a pandemic called 

COVID-19 (Novel Coronavirus). In a country like India which is densely 

populated, any infectious disease can spread rapidly. After disastrous first 

wave, we have already entered the second wave of the pandemic. As the 

vaccines are not such effective for new strains of the virus and also will not be 

available for all the people in a very short duration of time, so there should be 

an alternative to boost our immune system to reduce the chance of getting 

infected. Indian household have been known to grow various medicinal plants 

(Tulsi, Kalmegh, Neem, Garlic, Aloevera, Ginger, Paan, Turmeric, 

Ashwagandha etc.) since ages. These traditional medicinal or herbal plants 

are enriched with phytochemicals that have antibacterial, antiviral, antipyretic, 

anti-inflammatory, antithyroid, antitumor and antioxidative properties that 

enhances immunity by many folds. Various scientific studies have been done 

on phytoconstituents of all the above mentioned medicinal plants to find 

scientific evidence. The Ministry of AYUSH recommended the use of Kadha, 

the mixture of Ocimum tenuiflorum (Holy Basil or Tulsi), Cinnamomum verum 

(Cinnamon), Piper nigrum (Black Pepper), Zingiber officinale (Ginger), Vitis 

vinifera (Grape Vine) and Curcuma longa (Turmeric) in golden milk as a 

preventive measure to boost immunity and to inhibit the severity of infection 

caused by a novel Coronavirus. From various literature surveys we suggest 

that ayurvedic and medicinal plants have beneficial properties to cure 

infectious and other diseases as well as may help in prevention of COVID-19. 
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INTRODUCTION 

COVID 19 has become the biggest threat to the mankind. A deadliest 

microorganism-Corona Virus is in the topic of discussion since December 

2019 when Wuhan, a city in China reported the first case of SARS-CoV2. The 

WHO declared it initially a public health emergency of international concern 

and later pandemic where the COVID-19 symptoms include fever, sneezing, 

diarrhea, dry cough, malaise, respiratory distress, and shortness of breath. 

This virus has infected over 100 million people (181,532,691 up to 27th June 

2021) in the world within one and half year and more than 3.9 million 

(3,932,442 up to 27th June 2021) of people have succumbed to it. The corona 

virus has been found to infect anyone especially older people and people with 

different co morbidity such as diabetes, kidney disorder, chronic obstructive 

pulmonary disease (COPD), chronic bronchitis, hypertension, cerebral 

infraction, Parkinson‘s disease, cancer etc. are considered to be at highest 

risk in  contracting the virus and difficult to be recovered due to lower immune 

responses. Apart from the mandatory vaccination, immunity boosting is a 

major prophylactic measure against Covid 19 and multiple pathogenic 

conditions as well as maintaining optimum health. 

This virus is a member of beta corona virus and found to be a similar 

with the severe acute respiratory syndrome corona virus (SARS-CoV) and the 

Middle Eastern respiratory syndrome corona virus (MERS-CoV) outbreak 

happened in 2012-2013 in its pathogenicity and clinical spectrum. This virus 

belongs to the family of coronaviridae and an enveloped   positive stranded 

RNA virus. Their entire replication cycle takes place in cytoplasm. It can enter 

into the host cell through interaction between the S protein of the virus 

species and the receptor of the host cell. It will bind with the angiotensin-

converting enzyme2 receptor from the host cell to create a suitable habitation 

for viral replication. 

Naturally derived compounds are always considered as the worthy 

prophylactic and therapeutic alternative for several diseases. According to a 

study, from 1940 to 2014, 49% of all small molecules approved by the U.S. 

Food and Drug Administration (FDA) were natural products or their derivates 

(Newman & Cragg, 2016). Ayurveda is an ancient science and it is not only 

considered as an ethnomedicine but also as a complete medical system for 
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maintaining a healthy and happy living. It concerns with the consumption of 

different gifts of nature (herbal concoction or individual herb) as a daily and/or 

seasonal regime for the maintenance of healthy lifestyle. It promotes the 

awareness of uplifting ones immunity by a regular consumption of different 

herbs or plats and their products in a particular amount which are easily 

available in most of household of the society depending on the geospatial 

habitation. Herbal exploration is continuously performed for the immunity 

improvement against corona virus type of diseases. Different spices and 

herbs have antioxidant, antimicrobial properties along with effects on 

physiological and biochemical constituents within the human body resulting 

into benefits of human immunity. Botanical ingredients contain many bioactive 

compounds such as flavonoids, phenolic compounds, sulfur-containing 

compounds, tannins, alkaloids, and phenolic diterpenes etc which have 

prophylactic benefits. India recognized six systems of medicine or AYUSH 

(Ayurveda, Yoga, Unani, Siddha and Homeopathy) and an advisory has been 

issued where the usage of Kadha or herbal tea which is composed of Ocimum 

tenuiflorum (Tulsi), Cinnamomum verum (Dalchini), Piper nigrum (Kalimirch), 

Zingiber officinale (Shunthi) and Vitis vinifera (Munakka) has been 

recommended. It is considered as a self-care regime which can develop 

immunity against severe infections caused by corona virus. It is also 

recommended the included spices such as turmeric, cumin, coriander, and 

garlic which are usual ingredients of Indian culinary along with incorporation of 

balanced nutritional food with special importance to protein uptake and easy 

digestion. Use of lemon to provide Vitamin C and antioxidant and golden milk 

(milk with pinch of turmeric) have also been recommended. 

  Hence in this present study we will discuss about the scientific approaches 

to identify the effects of individual phytoconstituents and their combination as 

recommended by Ministry of AYUSH, Government of India to maintain/boost 

the natural immunity by Gene-Set Enrichment Analysis (GSEA) and network 

pharmacology approaches. 
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Antiviral Properties of Herbs and Spices: 

Curcuma longa L. (Turmeric):  

 Turmeric (Curcuma longa L.) belongs to the family of ginger 

(Zingiberaceae) and natively grows in India and Southeast Asia. A natural 

polyphenol Curcumin that is isolated from turmeric (Curcuma longa) that has 

been used as a traditional medicine since ages in Asian countries for treating 

various disorders. Curcumin is reported as a dynamic antiviral that hinders the 

replication pathway of viruses. Curcumin plays a major role in targeting 

various cellular pathways, thus inhibiting the growth, and replication of viruses 

which makes it an ideal component as an anti-viral drug. According to the 

molecular docking study by Utomo, Ikawati and Meiyanto (2020), it is reported 

that the curcumin binds and inhibits the target receptors including SARS-CoV-

2 protease, spike glycoprotein RBD, and PD-ACE2, which are involved in 

virus infection. 

Zingiber officinale (Ginger):  

Ginger is one of the vital medicinal plants which occur naturally in 

various countries. Ginger, Zingiber officinale, belongs to family Zingiberaceae 

and the other members of this plant family are turmeric, cardamom, and 

galangal. The plant belongs to Southeast Asia and is cultivated in different 

parts of the world including India. Ginger (Zingiber officinale) is known as 

Sunthi in Ayurveda.Ginger is a rich source of bioactive compounds including 

phenolic groups, alkaloids, and steroids, which have important medicinal 

effect. The chief aromatic agent of the rhizome is the zingiberol. Many studies 

proved that the ginger and its bioactive compounds showed effective antiviral 

activity against SARS-CoV-2, Influenza virus, Human respiratory syncytial 

virus. Ahkam et al. (2020) studied the potential of bioactive compounds, like, 

gingerenone A, gingerol, geraniol, shogaol, zingiberene, zingiberenol, and 

zingerone from Ginger as anti-SARSCoV-2 for their interaction to spike and 

main protease (Mpro) protein based on molecular docking study. From the 

study they found that the bioactive compounds of ginger block the spike (S) 

protein from binding to the ACE2 receptor or act as an inhibitor for Mpro. The 

S protein is responsible for SARS-CoV-2 entry during the infection which 

binds with angiotensin-converting enzyme 2 (ACE2) receptor from the host 
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cell to generate an appropriate environment for viral replication (Walls et al., 

2020). 

Cinnamomum cassia (Cinnamon):  

Cinnamon is obtained from the bark of its young branches which is 

used all around the world as spices. It is used as an essential component for 

medical products and has high economic value. It is used for several 

conditions such as: toothache, fever, leukorrhea, common cold, and 

headache. It has also been reported that the regular use of cinnamon averts 

throat infections (Hajimonfarednejad et al., 2018). Several researches have 

shown the antimicrobial, antiviral, antifungal, antioxidant, antihypertensive, 

antidiabetic, antitumor, gastroprotective, and immunomodulatory effects of 

cinnamon (Shen et al., 2012). They found that the hydroalcoholic extract of 

cinnamon was effective in minimizing the viral titer of HSV-1 by preventing the 

attachment of virus to the cells. 

Syzygium aromaticum (Clove):  

Clove (Syzygium aromaticum), belonging to the family Myrtaceae, is 

globally used as an antiseptic against contagious diseases due to its 

antimicrobial activity against oral bacteria. The main bioactive component of 

clove is eugenol (Neveu et al., 2010). Eugenol exhibits broad antimicrobial 

activities against both Gram-positive, Gram-negative, and acid-fact bacteria, 

as well as fungi. Eugeniin, a compound isolated from the herbal extracts of S. 

aromaticum, and Geum japonicum, was identified as anti-Herpes Simplex 

Virus compound at 5 μg/mL concentration. The inhibitory action of eugeniin is 

on the viral DNA synthesis by acting as a selective inhibitor of the HSV-1 DNA 

polymerase and eugenol on viral replication and reducing infection (Kurokawa 

et al., 1998; Reichling et al., 2009). The WHO has given the acceptable daily 

uptake of clove in humans is 2.5 mg/kg body weight (Ogunwande et al., 2005). 

Piper nigrum (Black pepper):  

Piper is a member of family Piperaceae and considered as the king of 

spices due to its pungent smell. Piperine, a dynamic alkaloid of black pepper, 

is widely used in the as conventional system of medicine (Ayurveda, Siddha, 

Unani, and Tibetan). It contains major pungent alkaloid piperine (1-peperoyl 
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piperidine) which is known to possess many interesting pharmacological 

properties such as antihypertensive, anti-Alzheimer's, anti-inflammatory, 

antioxidant, analgesic, antimicrobial, and so on (Damanhouri & Ahmad, 2014; 

Jafri et al., 2019; Tiwari, Mahadik, & Gabhe, 2020; Yoo et al., 2019). The 

study conducted by Priya and Saravana (2017) evaluated the antiviral activity 

of Piper nigrum in chloroform and methanolic extracts against vesicular 

stomatitis virus (an enteric virus) and human parainfluenza virus on human 

cell lines. They found that the anti-viral property of Piper nigrum is higher in 

chloroform extract due to the presence of higher content of alkaloids. 

Rajagopal, Byran, Jupudi, and Vadivelan (2020) in a docking based study 

reported that the bioactive compounds from black pepper such as 

piperdardiine and piperanine are considerably active against COVID-19, 

which can be further used for its treatment. 

Ocimum basilicum L. (Basil): 

Ocimum basilicum L. (OB) is a popular medicinal herb of the family 

Labiatae. Numerous scientific studies showed that the aqueous and methanol 

extract of leaf and seed oil of basil enhances immune response by increasing 

T-helper and natural killer cells, lymphocyte count, phagocytic activity, 

neutrophil count, antibody titer, and so on against the variety of infection as a 

defense mechanism (Jamshidi & Cohen, 2017; Pattanayak, Behera, Das, & 

Panda, 2010; Vasudevan, Kashyap, & Sharma, 1999).Extracts of OB showed 

a broad spectrum of anti-DNA and RNA virus activities also. Three 

phytochemical compounds of tulsi, namely, vicenin, sorientin 4'-O-glucoside 

2‖-O-phydroxy-benzoagte, and ursolic acid showed inhibition of main protease 

of SARS-CoV-2 in a molecular docking study (Shree et al., 2020). 

Allium sativum L. (Garlic): 

Allium sativum L. (Garlic) family Liliaceae is originally from Asia but it is 

also cultivated globally. Garlic is having high nutritive value, used as a flavour 

enhancer, and also helps indigestion. Garlic is having a wide range of 

pharmacological effects with low toxicity such as anti-inflammatory, 

antioxidant, antifungal, etc. (Alam, Hoq, & Uddin, 2016). Antiviral activity of 

garlic extract has been studied against influenza virus A/H1N1 in cell culture 
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and it was found that it inhibits the virus penetration and proliferation in cell 

culture (Mehrbod, Amini, &Tavassoti Kheiri, 2009). Studies showed that garlic 

extract showed inhibitory activity on infectious bronchitis virus (IBV-a 

coronavirus) in the chicken embryo (Shojai, Langeroudi, Karimi, Barin, & Sadri, 

2016). 

Azadirachta indica (Neem): 

 Indica is a fast growing evergreen herb belonging to the family 

Meliaceae. Due to its already proven antiviral properties and effectiveness, 

many scientists have started research on neem for discovering drugs against 

SARS-COV-2. Natural bioactive compounds, namely, methyl eugenol, 

oleanolic acid.These potential bioactive compounds function as effective 

inhibitors of SARS-CoV-2 by binding to the spike glycoprotein, RNA 

polymerase, and/or its protease which results in the prevention of both viral 

attachment and replication (Kumar, 2020). Approximately 20 compounds 

isolated from neem leaves extract showed high binding affinity against 

COVID-19 main protease protein which is the key protein for viral replication 

(Subramanian, 2020). 

Tinospora cordifolia (Giloy): 

Tinospora cordifolia (giloy) is a member of the family of 

Menispermaceae and is usually found in Asian counties like India, Sri Lanka, 

Myanmar, and China. Pruthvish and Gopinatha (2018) reported that the crude 

extract of dry stem of T. cordifolia showed antiviral activity against herpes 

simplex virus which was evaluated by MTT assay. Tinocordiside, one of the 

phytochemicals of giloy, showed inhibition of main protease of SARS-CoV-2 

in a molecular docking study (Shree et al., 2020). Berberine, Isocolumbin, 

Magnoflorine, and Tinocordiside compounds isolated from Giloy showed high 

binding efficacy against all the four key SARS-CoV-2 target surface 

glycoprotein (6VSB), RNA dependent RNA polymerase (6M71), receptor-

binding domain (6M0J), and main protease (6Y84) involved in virus 

attachment and replication (Sagar & Kumar, 2020). 
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Vitis vinifera (Common Grape vine): 

Vitis vinifera, the common grape vine, is a species of flowering plant, native 

to the Mediterranean region, Central Europe, and southwestern Asia, 

from Morocco and Portugal north to southern Germany and east to 

northern Iran. In traditional medicine of India V. vinifera is used in 

prescriptions for cough, respiratory tract catarrh, subacute cases of enlarged 

liver and spleen, as well as in alcohol-based tonics. 

CONCLUSION 

Recently, the ministry of AYUSH has advised using Kadha (herbal 

tea/decoction) composing basil, cinnamon, black pepper, dry ginger, and 

raisin and golden milk as immunity booster against COVID-19. Due to the 

complex composition of multiple phytoconstituents from all these medicinal 

plants, the mixture can control multiple proteins and can help to boost 

immunity which can be explained via network pharmacology and gene-set 

enrichment analysis. Network pharmacology and gene set enrichment 

analysis are well-known approaches to detect the disease targets, lead hit 

molecules and controlled pathways via ―multiple component-protein 

interactions‖. Boosting immunity includes the modulation of various proteins 

which are involved in the homeostatic regulation. In recent studies, the 

modulation of multiple pathways which are related to the immune system and 

infectious/non-infectious diseases are identified. Patients suffering from 

infectious/non-infectious diseases with weakened immune response; are at 

higher risk to be affected by COVID-19. So, the combined action of herbal tea 

and golden milk recommended by the ministry of AYUSH is not limited to 

boosting of the immunity but also may regulate other pathways that are 

involved in pathogenesis of multiple diseases and also provides beneficial 

effects to the patients with diabetes and hypertension. 

AS the ministry of AYUSH advised oral intake of Kadha and golden 

milk, the studies attempted to detect the possible lead hits to get absorbed 

from the human intestinal tract in which most of the compounds were 

predicted to be absorbed from the gastrointestinal tract.One of the major 

limitations of the present studies is neither in-vitro nor in-vivo experimental 

data are provided to confirm immune-modulatory and anti-viral activities. 
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Further, one part of the studies could be that the anti-covid potential of these 

formulations were not measured in experimental studies to validate the 

findings from above in-silico analysis. 

As per survey study, most people were taking Kadha only one time a 

day and they were using ginger, clove, cinnamon, black pepper, and tulsi as 

main ingredients in Kadha. So, scientists analyzed that cinnamon, black 

pepper, tulsi, and turmeric play vital role against SARS-CoV-2 (COVID-19) 

and also included other viral infections, which was also supported by some 

other recent studies mentioned in Tables.  

According to ASSOCHAM, India dipstick study spices export from India 

went up by 23% during COVID-19 in June 2020) compared to the export in 

June 2019. Major Indian spices that are exported abroad include coriander, 

cumin, fennel, fenugreek, nutmeg, pepper, ginger, mint, spice oils, cardamom, 

and turmeric products. The main countries where the spices are being 

imported include the Australia, Bangladesh, Canada, China, France, Germany, 

Italy, Iran, Singapore, United States and United Kingdom. It shows that the 

world is benefitted by the medicinal plants and spices of India. 
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Abstract 

The unregulated production and accumulation of insulin in living cells lead to 

the onset of Type 2 Diabetes. Different regulatory molecules contribute to this 

abnormal phenomenon and consequently act as targets for several anti-

diabetic drugs. The predominantly used anti-diabetic drug called Metformin 

targets the enzyme glycerophosphate dehydrogenase which leads to the 

negative regulation of other enzymes contributing to the onset of Type 2 

Diabetes. However, a prominent enzyme in this regulatory pathway has been 

identified to be lactate dehydrogenase. Since this particular enzyme is 

involved in the control of several mechanisms of the human body, we have 

screened different molecules to assess their impact on the given enzyme. A 

bioinformatic-based approach has been implemented to study five drugs that 

report anti-diabetic activity. It includes Metformin, Acarbose, Myricetin, 

Kaempferol, and Quercetin. Docking studies conducted to investigate if these 

molecules bind to the enzyme yielded positive results. A complete analysis of 

the binding energy of different ligand molecules to the enzyme has been 

demonstrated in a comparative study. The assertive outcome further 

prompted structural analysis of the enzyme-ligand complex resulting in an 

assessment of interactions between the different ligands and the enzyme. The 

results obtained through the in-silico study indicate favorable results that 

suggest that the given ligand molecules can be used as a regulator of the 

lactate dehydrogenase enzyme in curbing Type-2 Diabetes.  

 

Keywords: Type-2 Diabetes, Anti-diabetic drug, Lactate dehydrogenase, 

AutoDock Vina. 
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1. Introduction: 

Diabetes mellitus is one of the most predominant diseases worldwide, being 

the 12th primary cause of death [1]. Diabetes is a chronic medical condition in 

which the glucose level in the human bloodstream is higher than usual. Type 

2 diabetes is the most common form of diabetes. It occurs when the blood 

glucose levels rise mainly due to problems with the production of insulin later 

in the disease [2]. Uncontrolled type 2 diabetes results in high blood glucose 

levels, which leads to several symptoms and serious complications in the 

human body.  

Lactate dehydrogenase (LDH) is an enzyme found in nearly all living cells. It 

plays an important role in cellular respiration, the process which involves the 

conversion of glucose into ATP required for all the metabolic processes. LDH 

catalyzes the reversible conversion of pyruvate to lactate. Humans have two 

isozyme polypeptide chains for this enzyme: H isozyme & M isozyme. The 

functional enzyme is tetrameric (homo or hetero-tetrameric). Lactate 

dehydrogenase is used as a marker for various abnormalities taking place 

within the body. High LDH activity is known to interfere with normal glucose 

metabolism and insulin secretion from the islet of beta-cell type, and therefore 

it may be directly responsible for insulin secretory defects in some forms of 

type 2 diabetes [3]. 

Lactate dehydrogenase can also be used to detect cancer cells. Lactate 

dehydrogenase is over-expressed in cancer cells facilitating glucose uptake. 

This is also referred to as the Warburg effect. The Warburg Effect is defined 

as an increase in the rate of glucose uptake and preferential production of 

lactate, even in the presence of oxygen [4]. It was Otto Warburg who 

demonstrated in 1924 that cancer cells show an increased dependence on 

glycolysis to meet their energy needs, regardless of whether they were 

oxygenated. LDH A plays a direct role in the cancerous cell [5]. 

Several classes of medicines for type 2 diabetes are available in the market. 

Each class of medicine works in a different way to normalize the blood 

glucose level. Medicinal plants are considered to be a useful resource of 

ingredients that can be used in drug development. Plant-based compounds 

contain many constituents that either works exclusively or in combination with 



Proceedings of New Horizons in Biotechnology (NHBT) – 2021                                     

ISBN 978-81-927768-9-7  137 | P a g e  
 

other compounds, to produce the desired pharmacological effect. This may 

provide a new approach to global health care [6]. 

Recent advances in robotics automated microfluidic system-based high-

throughput screening make drug repurposing [7-8] a workable choice. 

Identification of drug targets from existing genomic information is also widely 

accepted to find therapeutics. Further, functional and structural 

characterization of the target enzymes is followed by identification of target 

inhibitors. Once identified, clinical trials are conducted on the lead compounds. 

1.1. Enzyme Studied:  Lactate Dehydrogenase 

PDB ID: 5zjf [9] 

Lactate Dehydrogenase is the target enzyme of the study being conducted. 

It is found in Homo sapiens and has 12 chains namely A, B. C, D, E, F, G, 

H, I, J, K, L. It has a dihedral structure. It is a homo-tetramer containing a 

unique protein chain.  

In this study, we have studied some interactions between LDH (5zjf) with 

Metformin, Acarbose, Kaempferol, Quercetin, and Myricetin. 

 

Fig.1. Protein ID: 5ZJF with its native ligand 

1.2.  Ligands studied: 

1.2.1 Metformin  

Metformin is an antihyperglycemic agent of the biguanide class, used 

for the management of type 2 diabetes. Currently, metformin is the first drug 
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of choice for the management of type 2 diabetes and is prescribed to at least 

120 million people worldwide. Metformin is a reported anti-diabetic drug. 

Metformin suppresses gluconeogenesis by inhibiting mitochondrial 

glycerophosphate dehydrogenase [10]. 

1.2.2 Acarbose 

Acarbose is a pseudo-tetrasaccharide and an inhibitor of alpha-

glucosidase and pancreatic alpha-amylase with antihyperglycemic activity. 

Alpha-glucosidase is an enteric enzyme found in the border of the small 

intestines that hydrolyzes oligosaccharides and disaccharides into glucose 

and other monosaccharides. Acarbose helps to inhibit alpha-glucosidase, 

which prevents the breakdown of larger carbohydrates into glucose and 

decreases the rising blood glucose levels [11]. 

1.2.3 Quercetin  

Quercetin is a widely distributed flavonol in plants. It is an antioxidant, 

like many other phenolic heterocyclic compounds. The anti-diabetic 

characteristics of quercetin involve the stimulation of glucose uptake through 

a MAPK insulin-dependent mechanism. Stimulation of the mechanism in 

skeletal muscles has resulted in the translocation of glucose transporter 4 

(GLUT4). This role for MAPK is distinct from its role in the liver where it 

reduces the production of sugar mostly through the downregulation of the key 

gluconeogenesis enzymes [12]. 

1.2.4 Myricetin 

Myricetin belongs to the class of organic compounds known as 

flavanols. These are compounds that contain a flavone (2-phenyl-1-

benzopyran-4-one) backbone carrying a hydroxyl group at the 3-position. 

Myricetin can help in different functions including anti-inflammation, controlling 

the oxidative stress, anti-aldose reductase, anti-non-enzymatic glycation, and 

anti-hyperlipidemic. All of the above-mentioned functions may contribute to 

the prevention of Diabetes mellitus and diabetic complications [13]. 
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1.2.5 Kaempferol  

Kaempferol is a natural flavanol, a type of flavonoid, found in a variety 

of plants and plant-derived foods. Kaempferol increases the glucose uptake 

rate of primary human skeletal muscle cells, at the same 

time reduces gluconeogenesis in HepG2 cells. These suggest 

that kaempferol may be a potent naturally occurring anti‐ diabetic compound 

by improving insulin sensitivity and suppressing glucose production [14]. 

Our study uses a systematic approach to find natural anti-diabetes 

compounds extracted from plant species. These compounds might act as 

promising drugs for Type 2 diabetes. Through an extensive in silico approach, 

this study aims to understand the underlying inhibitory mechanism of these 

compounds. To accomplish this, molecular docking [15] studies have been 

used to calculate various structural parameters including the estimated 

Binding free energy (ΔG) of the drugs, Root Mean Square Deviation (RMSD), 

and the intermolecular hydrogen bonds (H-bonds) for free and inhibitor 

bounded LDH enzyme. Further in vivo and in vitro studies of these 

compounds will provide inroads for the development of novel anti-diabetes 

inhibitors that emerge as good candidate drugs for Diabetes therapy.  

2. Procedure:  

2.1. Ligand Screening  

To initially screen, the Ligands, a web-based tool named SwissADME [16] 

was used to assess selected compounds. The bioavailability values and 

violations of Lipinski‘s rule of five parameters were determined through the 

analysis. According to Lipinski‘s rule of five, for a ligand to qualify as a viable 

drug it should have a molecular weight less than 500 Da, octanol: water 

partition coefficient i.e. value of Log P should be less than 5, hydrogen bond 

acceptors are less than 10, and H-bond donors less than 5.  
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2.2. Protein Preparation and Active site Determination.  

Required protein lactate dehydrogenase was downloaded from the website 

rcsb.org, commonly known as the Protein Data Bank in PDB format. 3D 

conformers of the ligand were downloaded from PubChem.  

The next step was to eliminate the water molecules, as well as native ligands 

from the protein using Auto Dock Tools (Version 1.5.6) software. This step 

can be termed as the cleaning or purification of the protein.  

Further, Auto Dock Tools (Version 1.5.6) was used to prepare the receptor 

according to the given parameters  

● Deleting water molecules  

● Repairing truncated side chains  

● Adding hydrogens  

● Assigning partial charges  

● Converting files to pdbqt format  

2.3. In-silico Docking Using AutoDock Vina  

The following Parameters were set in Auto Dock Vina. [17] 

2.3.1. Receptor options  

● Add hydrogens (true/false) – Addition of hydrogens in Auto Dock 

tools before calling the script. The receptor prep script will check for 

hydrogens and add them if they are missing. Auto Dock Vina needs the polar 

(potentially H-bonding) hydrogens to identify atom types for scoring purposes.  

● Merge charges and remove non-polar hydrogens (true/false) – It is to 

be kept in mind that Auto Dock Vina does not use charges or nonpolar 

hydrogens, so this setting is not expected to affect results except for the 

presence or absence of non-polar hydrogens in the processed receptor.  

● Merge charges and remove lone pairs (true/false) – It is to be 

considered that Auto Dock Vina does not use charges or lone pairs, so this 

setting is not expected to affect results except for the presence or absence of 

lone pairs in the processed receptor (and there may not have been any lone 

pairs to start with)  

● Ignore waters (true/false)  



Proceedings of New Horizons in Biotechnology (NHBT) – 2021                                     

ISBN 978-81-927768-9-7  141 | P a g e  
 

● Ignore chains of non-standard residues (true/false) – Ignore chains 

composed entirely of residues other than the 20 standard amino acids.  

● Ignore all non-standard residues (true/false) – Ignore all residues 

other than the 20 standard amino acids.  

 

2.3.2. Ligand Options 

● Merge charges and remove non-polar hydrogens (true/false) – It is to 

be noted that Auto Dock Vina does not use charges or nonpolar hydrogens, 

so this setting is not expected to affect results except for the presence or 

absence of nonpolar hydrogens in the ligand output files. 

● Merge charges and remove lone pairs (true/false) – It is to be noted 

that Auto Dock Vina does not use charges or lone pairs, so this setting is not 

expected to affect results except for the presence or absence of lone pairs in 

the ligand output files (and there may not have been any lone pairs to start 

with).  

Docking parameters:  

1. Number of binding modes (1-10, 10) – maximum number of binding modes 

to be generated  

2. Exhaustiveness of search (1-8, 8) – thoroughness of search, roughly 

proportional to the time  

3. Maximum energy difference (kcal/mol) (1-3, 3) – maximum score range; 

binding modes with scores not within this range of the best score will be 

discarded.  

The docking results were calculated by Auto dock vina using its Scoring 

function and results were displayed in the form of Scores and RMSD values.  

2.4. Residue Analysis  

UCSF Chimera (Version 1.15) [18] was used for visualization of interactions of 

the docked structure at the ligand sites and Discovery Studio [19] was used to 

study the interactions between the enzyme and the ligands.  
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2.5. Statistical Analysis:  

Data analysis was done for Hypothesis testing with a confidence interval of 

95%. The formula given below was used.  

Formula we used for calculation of confidence interval  

 
Where, 

CI= confidence interval 

x= sample mean 

z= confidence level value 

s= sample standard deviation 

n= sample size 

3. Results and Discussion:  

Docking Results: 

According to the in-silico study carried out, the docking result is summarized 

in Table 1 and the interactions are shown below. A more descriptive analysis 

of the ligand is displayed via the bioavailability radar. It can be defined as a 

descriptive tool to investigate the drug-likeness of the ligands based on six 

physicochemical properties. The radar that fits the shaded area is orally 

bioavailable. 

Table1. Bioavailability score and Radar charts of selected ligands. 

LIGAND 
BIOAVAILABILITY 

SCORE 
LIPINSKI RULE RADAR 

Metformin 0.55 
Yes; 0 violation 
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Acarbose 0.17 

No; 3 violations: 

MW>500, N or 

O>10, NH or 

OH>5 

 

Myricetin 0.55 
Yes; 1 violation: 

NH or OH>5 

 

Quercetin 0.55 

 

Yes; 0 violation 

 

 

Kaempferol 0.55 Yes; 0 violation 

 

3.1. Molecular Docking:  

The docking result was obtained from Autodock vina in the form of a Dock 

score for lactate dehydrogenase docked with the above-mentioned ligands. 

The average of the total aggregate of the obtained docking score is taken. 

Besides, the standard deviation and the Confidence interval were calculated 

as well. Taking the confidence interval, the minimum value of dock score for 

each ligand was calculated in Table 2.  
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Fig.2. The average aggregate of dock score of lactate dehydrogenase with 

ligands 

 

Table 2. Average docking score of ligands with the confidence interval 

Compound 

name 
Average 

Std 

Deviation 

Average 

Sample 

Size 

Confidence 

Interval 

95% 

Minimum 

Score in 

95% 

Confidence 

Metformin -3.98 0.14832397 5 0.152348 -4 

Acarbose -6.24 0.149666295 5 0.152348 -6.3 

Quercetin -6.26 0.355527777 5 0.475152 -6.5 

Kaempferol -6.04 0.293938769 5 0.183739 -6 

Myricetin -6.38 0.331058907 5 0.525746 -6.7 

 



Proceedings of New Horizons in Biotechnology (NHBT) – 2021                                     

ISBN 978-81-927768-9-7  145 | P a g e  
 

Table3. Dock score and Enzyme-Ligand Interaction 

Dock 

score 
PDB-ID Ligand Interaction 

-4.2 5zjf Metformin 

 

-6.5 5zjf Acarbose 

 

 

-6.8 5zjf Quercetin 
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-6.6 5zjf Kaempferol 

 

-6.8 5zjf Myricetin 

 

4. Conclusion 

The following study is an in-silico analysis to determine if flavonoids can be 

used as an effective anti-diabetic drug. Metformin is the reported anti-diabetic 

drug that reports binding energy of -3.98 kcal/mol. The binding energy of the 

other ligands was found out via docking and compared with that of metformin 

to conclude. From the obtained data, we can first conclude that Acarbose is a 

poor choice of the drug since it has low bioavailability and three violations of 

the Lipinski Rule. The other compounds show substantial binding energy 

along with reasonable bioavailability values and minimum violations of the 

Lipinski rule. 
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I. ABSTRACT 

Organophosphates are a class of man-made insecticides that are widely 

utilized in the field of agriculture. Although they are widely used, mo3st of 

them are highly toxic to humans. Of all the known organophosphates, 

Diazinon is the most extensively used. It is a moderately acutely toxic broad-

spectrum insecticide. It usually kills insects such as bees, cockroaches, flies 

by causing alteration of their neurotransmission within their nervous system. 

The working principle of Diazinon involves the inhibition of the enzyme 

acetylcholinesterase, resulting in the accumulation of acetylcholine especially 

in the cholinergic synapses and neuromuscular junctions. Diazinon when 

enters the human body through ingestion, inhalation, or skin contact results in 

health effects related to the nervous system. In this experiment, we have 

carried out a comparative study to visualize the binding site affinity of diazinon 

with the enzyme acetylcholinesterase of humans as well as of insects. The 

visualization can be carried out with the help of computational biology tools 

such as Auto-dock vina. From this comparative study, we can conclude the 

reasons for banning Diazinon as an insecticide. We can also see the potential 

threat that insecticides may pose to the health of humans and the need for 

proper guidelines that maintain human health safety protocols. 

Keywords:-Organophosphate, Insecticide, Diazinon, Neurotransmission, 

Acetylcholinesterase, Computational Biology Tools. 

II. INTRODUCTION 

India is the second largest populated country in the world with a population of 

139 billion to date [1]. The importance of Agriculture in India is known since 

the Indus Valley Civilization. About 70 per cent of the Indian population, in the 

mailto:msingh006@gmail.com


Proceedings of New Horizons in Biotechnology (NHBT) – 2021                                     

ISBN 978-81-927768-9-7  150 | P a g e  
 

rural areas, depend largely on agriculture for their livelihoods [2]. Agriculture 

has its problems, from an adequate water supply, lands and most importantly 

pest control. Pesticides are largely used in agriculture to increase productivity 

by killing the pests who feed on such crops. Pesticides include herbicides, 

insecticides and fungicides. With about 70 per cent of the rural population 

engaged in agriculture, India ranks second in the production of pesticides all 

over the world. The most commonly utilized pesticides in India are 

insecticides (76%) followed by herbicides and fungicides used in small 

amounts [3]. 

The main purpose of pesticides is to kill pests and enhance agricultural 

production. But apart from being lethal to the targeted species, these 

pesticides, mostly insecticides are lethal even to the non-targeted species 

including humans and other beneficial insects. Humans are directly or 

indirectly infected by pesticides. There are different routes of exposure, by 

which humans can be exposed to pesticides that are employing inhalation, 

ingestion and skin contact. To date, several diseases such as Chronic 

diseases, Neurological and Behavourial disorders have been reported due to 

Pesticide Poisoning [3,4].This paper deals with the binding properties of the 

Organophosphate insecticide (Diazinon) with the enzyme 

Acetylcholinesterase of pests or insects (Apis mellifera) and with humans as 

well. A comparative study between the above-mentioned ligand-receptor 

complexes helps us to find out a possible way to use these insecticides in 

future without targeting the non-targeted species. 

III. ACETYLCHOLINESTERASE  

Acetylcholinesterase is an enzyme of great importance in the Central 

Nervous system. It belongs to the class of Hydrolase and sub-class esterase 

(E.C 3.1.1.7). AChE is known to regulate the termination of the compound 

acetylcholine which functions as a neurotransmitter in the nervous system. 

and hence helps in the transmission of the nerve impulses to various 

receptors and synapses [6]. AChE exhibits high specificity and terminates 

acetylcholine at synapses by catalysing its hydrolysis into a weaker acid 

(Acetic acid) and Choline. (Fig. 1) If by any chance AChE is unable to 
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hydrolyse acetylcholine, it can lead to its accumulation at central and 

peripheral synapses which can cause overstimulation of receptors and even 

result in muscular contractions, ultimately leading to death [6-8]. 

 

 

Fig. 1:  Hydrolysis of acetylcholine 

Source:Monitoring Enzyme Reaction and Screening of Inhibitors of 

Acetylcholinesterase by Quantitative Matrix-Assisted Laser 

Desorption/Ionization Fourier Transform Mass Spectrometry, December 2008 

STRUCTURE 

Acetylcholinesterase is a proteinaceous enzyme belonging to the class 

of alpha/beta proteins. It consists of an enlarged beta-sheet with twists that 

span around the entire molecule. Thereare around 14 α helices that surround 

the β- sheets (12 in number) (Fig.2). 

 

Fig.2: 3D structure of Acetylcholinesterase 

The active site of AChE consists of several subsites such as Esteratic site 

comprising of Serine, Histidine and Glutamic   Acid amino acid residues; 

anionic subsite consisting of Tryptophan, Tyrosine, Glutamic acid, Glycine 

and Isoleucine residues; acyl binding pocket and residues of the omega loop 

[9] (Fig.3) 
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Fig.3: Different sub-sites present in the active site of AChE 

Source: Acetylcholinesterase: From 3D Structure to Function; Hay Dvir, Israel 

Silman,Michal Harel,Terrone L. Rosenberry, Joel L. Sussman, 2011. 

The alignment method reveals that the structure of AChEs from 

different species are similar or dissimilar based on their evolutionary 

relationship with each other. More evolutionary similar the species are, more 

similar is their structure of AChE. However, there are certain minute 

differences between the AChEs of vertebrates and invertebrates [10]. 

In this project, AChEs from two species Homo sapiens and Apis mellifera is 

taken into consideration and their binding with the organophosphate 

insecticide is viewed. 

IV. ORGANOPHOSPHATE INSECTICIDE: DIAZINON 

Diazinon belonging to the class of Organophosphate insecticides is 

widely used in the field of agriculture for pest control. It kills insects by the 

same mechanism as other organophosphate insecticides i.e by inhibiting the 

enzyme AChE.  

Diazinon is artificially synthesized and hence is not found to occur 

naturally. It has a molecular formula of C12H21N2O3PS with a molecular weight 

of 303.35 units. Diazinon in its pure form has no colour and is known to be 

odourless. The preparation of Diazinon (85-90%) usually utilized in agriculture 

is pale to dark brown due to the presence of other components. The 

insecticide is mostly used in form of a liquid. The IUPAC name of Diazinon is 
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diethoxy-(6-methyl-2-propan-2-ylpyrimidin-4-yl) oxy-sulfanylidene-λ5-

phosphane. It is a pyrimidine with the presence of an isopropyl group at its 

second position, a diethoxyphosphorothioyl group at its fourth position and a 

methyl group at its sixth position [11] (Fig.4). 

 

Fig.4:  3D structure of Diazinon 

INHIBITION MECHANISM 

Diazinon inhibits the enzyme AChE employing certain chemical 

reactions. The active site of the enzyme consists of a serine hydroxyl residue 

which becomes inactive through phosphorylation reaction. The reaction 

usually occurs through two steps. (Fig.5). 

The inactive serine hydroxyl group is further inefficient to hydrolyze the 

neurotransmitter Acetylcholine. The phosphorylation reaction is similar to the 

acetylation reaction of AChE which enhances the breakdown into acetic acid 

[12].  

 

Fig. 5: The Inhibition reaction of AChE 

Source: Mechanism of Action of Organophosphorus and Carbamate 

Insecticides; T.Roy Fukuto, 1990. 

In the above reaction, En-OH represents the Enzyme with its Serine Hydroxyl 

residue. While the R and R‘ groups are alkyl groups present in insecticides. 

Ethoxy group is present in Diazinon. X is the leaving group which is diazoxon 
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in the case of Diazinon. Kd represents the dissociation constant of the 

enzyme-inhibitor complex, whereas Kp is the phosphorylation constant. Kp 

gives an estimation of the efficiency of the organophosphate ester to undergo 

phosphorylation.The entire reaction solely depends on the ability of 

organophosphate ester to phosphorylate the serine hydroxyl residue present 

in the active site of AChE [13,14]. 

V. MATERIALS AND METHODS 

MATERIALS 

AutoDock Vina: AutoDock Vina is a program that can be used for virtual 

screening and molecular docking. It can speed up to two-order magnitude 

approximately. It shows accuracy for the binding results, speed for using 

multithreading [15]. AutoDock Vina can calculate and generate user-friendly 

results of grid maps and clusters. 

The scoring function of Vina is inspired by X-score [16] mostly. But it is 

different from X-score as it tunes with the score function. To optimize the 

algorithm used, it uses Broyden-Fletcher-Goldfarb-Shanno (BFGS) method 

[17]. This helps in local optimization. 

The usable file format for Vina is PDBQT (Extended PDB file format) It 

automatically calculates grid maps without taking memory space. Also, it 

helps in clustering to generate results without revealing the details to the 

users. Basically, it is good for practical purposes [15] as it can adapt 

according to the input. 

Download Source:http://vina.scripps.edu/download.html 

PyMOL: PyMOL is a very popular, free, cross-platform molecular graphic 

system [18] with a powerful molecular viewer. It has exceptional 3D- 

visualization capability due to some programs and features.  

Python and PyMOL command languages are the control languages of 

the PyMOL system. To run the system, it doesn‘t need any graphical user 

interface. PyMOL supports structure generated by Molscript [19], PDB files 

[20], can read CCP4 and X-PLOR [21] files. 

The powerful feature of PyMol lies with the ―ray-tracing engine‖ [18], 

which helps in converting figures of molecules into publishing quality. Ray-
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traced animation can also be seen by using PyMOL. It also helps in 

generating AVI movies [18] by assembling file series. 

It has three different types of molecular editing. Such as i) General 

molecular editing, ii) Conformational editing in ―editing‖ mode, iii) Rudimental 

chemical editing [18] for structure.  

Supportive Platforms: Windows, IRIX, Linux, Tru64 Unix, Mac OSX. 

Download source:http://www.pymol.org 

Discovery Studio Visualizer: It is a free, user-friendly visualization tool of 

BIOVIA for commoners, researchers, managers who need expert-level 

analysis. It has Perl based scripting API [22], which helps in the automation 

and customization for getting the industry level experience while handling 

proteins or small molecules etc.  

It helps in finding out the binding properties of receptor-ligand along 

with other interaction properties (such as no. of donor H, no. of acceptor H, 

non-bonded interactions, bonded interactions, amino acids, secondary 

structures, bond angle, bond types, unfavourable conditions etc.). The 

interaction also can be seen in a 2D diagram for a better understanding and it 

can serve as a publication level figure. 

Discovery Studio Visualizer also helps in drug designing [23], target 

finding, docking studies of molecules, predicting physicochemical properties 

(ADME/Tox), drug-like properties like Lipinski‘s rule of five.  

This is also very useful for predicting various biological and 

therapeutical activities. For example, Anti-inflammatory activity, Anti-diabetic 

activity etc. 

Download Source: Free Download; BIOVIA Discovery Studio Visualizer - 

Dassault Systems (3ds.com) 

METHODS 

Preparation of Proteins:  

a) Human Acetylcholinesterase and Bee Acetylcholinesterase 

are downloaded in PDB format from the NCBI website. 

[https://ncbi.nlm.nih.gov/protein/] 
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b) Diazinon is downloaded as a ligand in SDF format from 

PubChem. [https://pubchem.ncbi.nlm.nih.gov/].  

c) Auto-Dock vina is opened where the protein file is dropped.  

d) At first, the water should be removed from the ―Edit‖ option.  

e) Then, the addition of Hydrogen and Kollman Charges should 

be done from the ―Edit‖ option.  

f) At last, the modified protein is saved in PDBQT format from 

the ―Grid‖ option. 

Preparation of Ligand: 

a) The downloaded Diazinon 3D structure in SDF format is 

opened by the Pymol offline tool. 

b) After choosing the ―Export Molecule‖ from the File menu, 

Ligand is saved in PDB format. 

c) The PDB Ligand file is then dragged to the Auto-dock vina 

tool. 

d) This file in Auto-Dock is selected in the Ligand option by 

choosing ―Save molecule for Autodock4‖ and saved in the 

PDBQT file from the Output option. 

e) In the same window of Auto-Dock vina, the PDBQT protein file 

is being dropped, resulting in a protein-ligand complex. 

Preparation of Configuration file: In the Desktop‘s storage, a configuration 

text file should be made named ―config.txt‖, containing the parameters [Grid (x 

centre), Grid (y centre), Grid (z centre), spacing, energy, exhaustiveness] for 

the protein (receptor)- ligand binding results. Generally, exhaustiveness is 

being set as ―8‖ by default. 

Preparation of Grid file: 

a) Under the ―Grid‖ menu in Auto-Dock vina, the protein file 

―protein.pdbqt‖ is selected as a macromolecule. 

b) Then, ―Gridbox‖ is chosen from the ―Grid‖ menu for inside 

docking. 
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c) After the completion of the grid box preparation, the ―Grid.txt‖ file 

is generated by selecting ―Output grid dimension files‖ from File. 

Inside this file, all the grid box results are stored for future 

docking. 

 

 

Docking using Python command prompt: 

a) ―cmd‖ is opened from the Search of the desktop.  

b) The directory should be changed by the ―cd‖ command to give 

access to the saved files. 

c) The appropriate command is used to generate the docking 

result in ―output.pdbqt‖, ―log.txt‖. It can take some time to show 

the binding affinity (kcal/mol), no. of pockets. 

Protein-ligand binding visualization: 

a) The protein and the ligand (Diazinon) PDBQT files are opened in 

Discovery Studio Visualizer [offline tool; Biovia 2020]. 

b) ―Hierarchy‖ is chosen from the view option to visualize the 

binding of the protein-ligand complex. 

c) From the ―receptor-ligand Interaction‖ option, in the places of 

―Define Receptor‖ and ―Define Ligand‖, under ―Non-Bonded 

Interactions‖, protein and diazinon (output) are selected 

respectively by clicking the option boxes of the hierarchy tab. 

d) By selecting ―Ligand Interactions‖ from the Display section, the 

complex is shown on the screen with yellow-coloured interaction 

bonds. Properties of those bonds can be seen by just clicking on 

them. 

e) Binding properties involved amino acids, unfavourable conditions 

etc. can be seen more accurately by selecting ―Show 2D 

Diagram‖. 
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Figure 6: Flow chart of the procedure 

VI. RESULT AND DISCUSSION 

The result of this project throws light on the binding affinity between 

Diazinon and AChE. Computational studies reveal that Diazinon binds to 

AChE of both humans and insects (Apis mellifera) in an almost similar 

manner. However certain striking differences are observed while docking 

the ligand and the receptor.  

BINDING PROPERTIES OF HUMAN AChE AND DIAZINON 

Diazinon known to target pests also shows affinity towards the AChE of non-

targeted species. Molecular docking results have shown that the binding 

affinity of the receptor-ligand complex i.e AChE-Diazinon complex is -5.8 

kcal/mol. The affinity depicts that the complex has a stable binding (Fig.7). 

However, the receptor-ligand complex shows the presence of certain 

hydrogen bonds, alkyl bonds, pi interactions. Certain amino acids are also 

shown to interact (Fig.8-9) 
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Fig.7: Docking Results of Human AChE and Diazinon 

 

Fig.8: 3D interaction between human AChE and Diazinon 
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Fig.9: 2D interaction between Human AChE and Diazinon 

BINDING PROPERTIES OF Apis mellifera AChE AND DIAZINON 

The docking results of interaction between AChE of Apis mellifera and 

diazinon shows a good stable binding, stating the fact that diazinon is a good 

pesticide and can be employed in agriculture if it only attacks the targeted 

species. The binding  affinity of the interaction is found to be -5.7kcal/mol. 

(Fig.10) 

 

Fig.10: Docking result of interaction between Apis AChE and Diazinon 
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The receptor-ligand complex shows certain unusual interactions which 

are not observed in the case of a receptor-ligand complex in humans. The 

interactions observed are Hydrogen bonds, Alkyl bonds and an unusual 

unfavourable Positive-positive interaction. (Fig. 11-12) 

 

Fig.11: 3D interaction between Apis AChE and Diazinon 

 

 

 

Fig.12- 2D interaction between Apis AChE and Diazinon 
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DISCUSSIONS 

Comparative studies have revealed that Diazinon binds to AChE in a 

more or less similar manner in evolutionary relatable species. The structure of 

AChE of both Humans and insects are similar. However, the docking results 

have shown different interactions in both the receptor-ligand complexes. This 

can be due to the presence of different amino acid residues.   

In the case of humans AChE and Diazinon complex the main amino 

acid residues involved are Leucine, Valine, Histidine, Proline, Glutamic Acid, 

Tryptophan, Tyrosine. There are certain interactions involved such as 

Conventional Hydrogen bond, Pi-Anion Bond, Alkyl bond, Pi-sulphur bonds. 

 However, the receptor-ligand complex, in case of Apis mellifera has the 

involvement of the lysine, Cysteine, Glycine, Isoleucine, Alanine amino acid 

residues. An unusual positive-positive interaction is also observed. 

The docking results can be further studied to establish Diazinon as a potential 

insecticide harming only the targeted species. 

VII. CONCLUSION 

The comparative study between the interaction of Human 

Acetylcholinesterase with diazinon and Bee Acetylcholinesterase with 

diazinon shows that diazinon is an effective insecticide if only it can be used 

for targeted insects. Diazinon inhibits the Acetylcholinesterase by 

accumulating acetylcholine in the synapses, resulting in desensitization. As 

the interaction mechanism of Diazinon with Human AChE and Bee AChE are 

similar, it can cause a potential threat to human health by affecting the 

peripheral nervous system (PNS). This comparative study opens a new 

horizon in future to implement an unused strategy that can ensure the binding 

of Diazinon, which should have no hazardous effect on the non-targeted 

organism. 
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ABSTRACT 

   COVID-19 is the fifth pandemic after the 1918 flu pandemic. The first case 

was reported from a cluster of novel human pneumonia cases in Wuhan City 

(1st Dec‘19), China, since late December 2019. Whole-genome sequencing 

results showed that the causative agent is a novel coronavirus. The World 

Health Organization (WHO) temporarily termed the new virus 2019 novel 

coronavirus (2019-nCoV) on 12 January 2020 and then officially named this 

infectious disease coronavirus disease 2019 (COVID-19) on 12 February 

2020. Later, the International Committee on Taxonomy of Viruses (ICTV) 

officially designated the virus as SARS-CoV-2 based on phylogeny, taxonomy, 

and established practice. Research Trials are being rigorously conducted and 

already vaccines have been developed. A variety of drugs have been isolated 

for treating SARS COV2, each attacking specific target sites including 3CL 

Protease, RNA Dependent RNA Polymerase, Spike Protein, NSP-14, etc. 

Drug screening processes are still ongoing to find out many more potential 

recipients. A limited number of drugs were selected. Using in-silico screening, 

their specific activity values were found out. The activity values and a 

combination of numerous descriptors were placed in the QSAR grid and the 

best fit descriptor was obtained. The best fit alignment was taken and fifteen 

hit molecules were obtained from the group. Using reverse calculation their 

activity values were predicted and molecular docking was performed on the 

target sites to see the result.  

Keywords:COVID-19, 3CL Protease, Spike Protein, in-silico 

1. Introduction 

SARS-CoV2 is one of the most deadly viruses ever to be detected. The 

pandemic that happened after the first outbreak at Wuhan China has 
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completely changed the world as we know it.  After January 2020 SARS-

CoV2 was declared as a global pandemic and recent statistics show a major 

death toll all around the world.SARS-CoV2 belongs to a diverse group of RNA 

viruses that have positive sense single stranded RNA in them. The genome 

size is attributed to be about 30 Kb with a capability to be translated into 29 

proteins. They perform various functions from replicating virus genome to 

suppression of host immune system[1]. These viruses have been seen to 

affect larger mammals and cause respiratory and neurological disorders 

within them. Over the past decade a number of CoV viruses have been 

detected namely MERS-CoV. The essential lack of proper medical treatment 

for this disease also highlighted the need for drug discovery a new. However 

SARS-CoV 2 is different from MERS-CoV as it is easily transmissible between 

humans [2, 3]. SARS-CoV2 has several structural characteristics which are 

quite similar to other CoV viruses. It belongs to the class of beta corona virus. 

The genome is enveloped in a, membrane which has the transmembrane 

glycoprotein. It has been seen that two-thirds of the genome codes for 16 

non-structural proteins like nsp-16 whereas the remaining codes for nine 

accessory proteins and four structural proteins. Externally these are 

surrounded by the crown like spike proteins and the envelope protein[3, 4]. 

The transmembrane spike protein is employed by the virus to anchor itself 

onto the host cell receptor and for entry. The S protein comprises of two 

subunits. The S1 Subunit contains the receptor binding domain and also is 

responsible for the stabilization of the S2 subunit which is responsible for the 

fusion machinery. The S protein is cleaved by the TMPRSS-2 mediated 

cleavage and then primed before binding to the ACE2 receptor complex. Drug 

inhibitors for blocking this mechanism where discovered recently. SARS-

CoV2 also uses a multi subunit mechanism known as the RNA Dependant 

RNA Polymerase which plays a vital role in viral replication. The nsp-12 

domain is the main target for drugs like Remdesevir that blocks viral 

replication. Also viruses have papain like proteases. These are responsible for 

analysing the polyproteins that are translated by the viral RNA. It was seen 

that the 3CL protease isolated from SARS-CoV2 shares a striking similarity 

with that of SARS-CoV and they can be blocked using specific inhibitors 

which have been recently discovered[5]. The 3CL protease also known MPro 
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received great importance because of its role in post translational activity of 

replicase polyproteins. The SARS-CoV2 Mpro is comprised of N-terminal 

domain-I, N-terminal domain-II, and C-terminal domain-III. The active site of 

enzyme contains a catalytic dyad having Cys145 and His41c. In a recent 

follow-up study, the crystal structure of Mpro complex of SARS-CoV-2 was 

resolved with modified α-ketoamide inhibitors After the outbreak, several 

types of drugs alone or with combination have been using in many countries. 

However, still there is no definite antiviral drug to fight against the deadly 

virus[1]. 

2. Materials and Methods 

 We mainly used online softwares that are open platform by nature for 

performing our experiment, and they are listed as follows 

2.1 OpenBABEL 

 Computational biology and bioinformatics has always included a huge 

variety of file formats and representations of molecular data. However, such 

representations may not always store the data. Although various attempts had 

been made to store the data; interconversion of chemical structures between 

different file formats was a frequent problem encountered in computational 

biology.This problem was solved by the Open Babel project. BABEL is open 

source software that employs complex algorithms that can interconvert 

between over 110 file formats. It also provides various  other utilities such as 

conformer searching ,  2D depiction, batch conversion etc.[6]. The Open 

Babel Software has various features which makes it an ideal choice as a 

chemical toolbox. Besides supporting various file formats, it also provides a 

fast index format, this improves the search efficiency drastically and the data 

element can be quickly retrieved. Open Babel provides a fingerprint format 

wherein each molecule is granted a unique fingerprint based on its ring and 

substructures. This can also be used to calculate structural similarity between 

two, molecules.A query can be thus sorted quickly through several million 

molecules in the database. Another feature is that it helps in determining bond 

connectivity, bond order perception and even aromaticity. Visualization in 2D 

and 3d along with canonical structures are some other features provide by the 

software[6]. 
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 2.2 Pharmacophore modelling: 

Pharmacophore modelling is a successful approach towards the rational 

design of novel drugs. It is generally used to identify molecules in 2D or 3D 

level. The approach solely depends on the depiction of molecular recognition. 

2.2.1 Pharmacophore model: 

Pharmacophore model is built by ligand-based method. It can also be built on 

target-based methods. Pharmacophore model has several applications on the 

diverse field of computational drug designing. The virtual drug designing 

pathway includes Virtual screening, Lead optimization, de novo design [7]. 

Pharmacophore model can also be used for chemogenomic studies [8]. For 

pharmacophore modeling the first step is to identify the pharmacophore. 

There are two approaches- Direct methods and indirect methods.  

The direct method involves both target and ligand information. But the most 

popular method is the indirect method. It is used when the structure of the 

target receptors is unknown [8].  

The aim of the indirect method is to find out the highest score responsible for 

binding shared by all of the input ligands provided that there are a given set of 

drug-like molecules. The software including HipHop, Hypogen, DISCO, 

PharmaGist are designed to develop pharmacophore model from ligands. The 

performance of pharmaGist or these kinds of softwares depends on their 

ability to handle flexible ligands [9]. In pharmaGist, there are several 

alignments of atoms and among them the largest 3D pattern is selected. 

Pharmacophore modeling can be of another type. This approach dwells on 

the target based construction. But it requires the 3D structure of the protein or 

its ligand-binding pocket. It involves macro-molecule-ligand complex structure. 

The softwares that apply this approach include ZincPharmer, Pharmit, GBPM 

etc[8]. 

2.3 Zinc Pharmer: 

The compounds recorded in ZINC database are known as purchasable 

compounds. ZINC Pharmer library is synchronized in every month. The 

compounds are filtered, added or removed to maintain the consistency of the 

database [10]. ZINC is a collection of commercially and biologically available 

compounds. They are collected mainly for screening. The pharmacophore 

queries are viewed through Javascript-based Jmol molecular viewer. The 
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aligned search result is generally saved in Sdf format. Openbabel is open-

source software mainly used of conversion of one format to another format. 

Here ZincPharmer is basically used to find out the unknown hit compounds 

and their best score.  

2.4 Quantitative Structure Activity Relationship (QSAR) 

 QSAR modelling was discovered by Corwin Hansch initially for analysing 

simple organic compounds in physical organic chemistry. Since then QSAR is 

evolved rapidly. It has moved from producing regression data of a small 

number of compounds to obtaining large datasets comprising of a large 

database of compounds with diverse molecular structures and employing a 

wide variety of techniques and machine learning algorithms. It is being 

constantly improved due to community developments and interdisciplinary 

breakthroughs.  This has a led to its global acceptance as a tool for modelling 

the physical and biological properties of amolecule [11]. 

                  2.5 PyMol Pymol is an open-source molecular visualization 

software. Warren Lyford DeLano designed this software. At present PyMol is 

one of the most widely used macromolecular visualization tools. Python is a 

popular language and PyMol is written in python. The computational drug 

discovery is an important function of PyMol. It has been extensively applied to 

find out the unknown potential drug candidates. Visualization of the molecules 

is one of the main tasks of CADD. Pymol supports 12 different visualization 

modes which help in seeing the molecule in basic 3D and 2D conformations. 

Rotation of the structure is used to obtain the binding pockets for the design 

model molecules and the protein surface is shown as mesh. Pymol also has a 

function of movie-making. In this menu, PyMol has the default function to 

make a movie utilizing a single static structure or a number of frames.  For 

micro-molecular editing, Pymol function by changing the dihedral angles, 

forming a peptide or mutating a residue[12]. 

2.6 Swiss-dock and UCSF Chimera: 

 Protein-ligand docking simulation is one of the most important steps in 

drug design and development. Swiss-dock is based on the protein-ligand 

docking simulation intuitively via EAdock DSS and has an integrated interface. 

It is a docking open-source web-server where the structure of the target 
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protein and the ligand are prepared automatically for docking. There is a 

cumbersome syntax of the docking engine hidden providing alternative sets of 

parameters and input files. The target protein structure is determined 

byspecifying the identifier from the PDB. The calculations are performed in the 

CHARMM force field; Swiss-Dock thus supports input files in the CHARMM 

format. Besides this files can also be uploaded in the PDB format also. 

Coordinate files and topology files can also be uploaded if needed[13]. The 

advantage of Swiss-Dock is that it does not require any computational power 

from user. It allows the users to upload proteins and ligand and then the 

software returns the result via the email-id of the user.  

Since its beginning the UCSF Computer Graphics Laboratory has always 

worked towards molecular visualization systems from 1976 till its current 

development of CHIMERA. The primary programming g language used in its 

development is Python and it also comes with the python IDLE to diagnose 

problems with the extensions. CHIMERA is mainly divided into two sections, 

core and extensions. The major molecular graphic properties and the basic 

level of functionality are provided by the core. The rest of higher level 

functionalities are provided by the extensions.  For complex molecules, the 

molecules and the targets are prepared by deleting the hydrogen bonds or 

adding the water molecules or adding the charges in UCSF chimera. The 

extensions are multiscale, Multalign Viewer, ViewDock etc.The former helps 

to visualize large-scale molecular assemblies such as viral coats, collaborator. 

It displays the structures from the PDB and then generates multimeric forms 

by using transformation matrices. The multialign Viewer displays the 

sequence alignment together with associated structures[14]. 

2.7 Molecular Docking: 

The field of molecular, Biomolecular Docking is one of the most important 

tools that is at the frontline of computational biology and drug discovery. The 

recent increase in the structural and chemical information of the compounds 

has resulted in the development of complex algorithms and software 

programs for in-silico assessment of compounds. In modern day drug 

discovery ventures, protein-protein interactions and protein-ligand interactions 

play a crucial role in prediction of ligand orientations. The docking probability 

is also governed by various other interactions such as Van-Der Waals forces, 
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and Coulombic interactions etc. Taking all these in consideration a Docking 

score is provided that gives us the Binding efficiency[15]. 

3. PROCEDURE: 

Severe Acute Respiratory syndrome Corona virus can produce several 

functional proteins in human cells. There exists two overlapping polyproteins 

such as pp1a (486 KDa) and pp1ab (790KDa).These polyproteins include 

Papain-like protease and 3-CL protease. The 3CL-protease cleaves 11 sites 

in the polyproteins which produce other functional proteins including RNA-

dependent RNA polymerase. 3-CL protease, a cysteine protease has its own 

proteolytic activity that allows it to be cleaved from the poly-proteins. There 

are three types of crystal structures[16]. 

1. The wild type active dimer 

2. The monomeric form of G11A, R298A, S139A mutants 

and 

3. Super-active octamer. 

The 3CLpro subunit consists of the N-terminal domain, catalytic domain and C 

terminal domain. It requires dimerization for proteolytic activity. 

We selected four ligand molecules that target 3-CL protease. These 

molecules are Disulfuran, PX-12, Carmofur, Tideglusib. The ligand  molecules 

including Disulfuran, PX-12, Carmofuretc in presence of DTT. The activity of 

Disulfuran is lost in presence of beta-mercaptoethanol. Disulfuran inhibits the 

viral replication thus affecting the 3-CLpro. Carmofur is a derivative of 5-

flurouracil. It generally modifies cysteine residue. The molecular details of how 

Carmofur inhibits 3-CLpro are still unknown. However, it is predicted that this 

compound directly can modify the catalytic cys145 site of 3-CLpro[4]. 

The exact mechanism of the compounds or drugs taken into consideration 

here are still under investigation. However, research shows that these drugs 

can inhibit 3CLpro by allosteric binding or disrupting dimeric structure of 

protease. The cleaving of the poly-protein requires dimerization as described 

above. So, if the dimerization is inhibited, then the cleaving of the poly-

proteins will be inhibited and there will the no replication of the virus. The 3 

CL-protease drugs works on this principle. 
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Table 1: Name of the ligands and their PIC50 Values 

Name of the ligand PIC50 Value 

Carmofur 4.8 

Disulfuran 5.02 

Tideglusib 5.8 

PX-12 4.6 

 

3.1 Pharmacophore modelling: 

 A suitable target region was selected on SARS-CoV2 and 

then four drugs inhibiting the action of that region were selected. The 

activity values of these drugs were also noted down.  

 Then the appropriate structures of these four drug 

molecules were downloaded in the SDF format from the ZINC15 site. 

The files were then converted using the software Open BABEL to MOL 

2 format and kept together. The corresponding SMILEIDS of the four 

separate drug molecules were also obtained from the ZINC15 site.  

 These SMILEIDS were then taken and pasted on the 

SMILEIDS section of the SWISSADME software. After submission we 

obtained a detailed list of each drug molecule with all of its descriptors. 

These were then downloaded and kept in an excel sheet.  

 The new MOL2 format files were then compressed 

together to form a zip file and uploaded in the PHARMAGIST software. 

After submitting the results were gave us the best alignment score 

among the four drug molecules.  

 The suitable alignment score was taken and the 

corresponding file was downloaded in the JMOL format. The alignment 

of these four molecules can be visualized appropriately in the PYMOL 

software.  

 The new JMOL file was then uploaded to the 

ZINCPHARMER online software which gave us a wide range of hit 

molecules that were similar to the alignment we chose from the 

PHARMAGIST result.  
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 Then about fifteen random hit molecules were selected 

from the collection of molecules presented to us. Similarly the 

SMILEIDS of these molecules were also taken and their descriptor 

information was obtained. 

 Then a QSAR grid was created firstly for the original drug 

molecules.  The activity of each molecule was taken along with a 

collection of a number of chemical descriptors and a fitting analysis 

was performed taking the activity of each molecule and one chemical 

descriptor at a time.  

 The R2 value and the Q2 were checked in each case. The 

Q2 value should exist in the positive range and preferably above 0.5 to 

be acceptable. The descriptor showing the adequate value was 

chosen.  

 Then graphical analysis was obtained with activity in the y 

axis and the descriptor in the x axis. The straight line equation for the 

scattered points was taken. Then the same descriptor was selected for 

the fifteen hit molecules.  

 The value of this descriptor was put in the straight line 

equation and that gave us the predicted activity results for each 

molecule. The molecule showing the best predicted activity was 

chosen and the QSAR analysis was similarly performed for it. 

3.2 Molecular docking: 

 Molecular Docking analysis was performed. The target 

molecule was downloaded in the pdb format. Then, the four original 

drug molecules were opened in the UCSF CHIMERA application to 

prepare them for docking.  

 After removal of water molecules and the addition of polar 

hydrogen bonds, the molecules were ready for docking and saved in 

the MOL2 format. Then the SWISSDOCK online application was 

opened and the docking procedure was done.  

 The target molecule was first uploaded in the pdb format 

and the corresponding drug target molecule was also uploaded later in 
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the MOL2 format. Then we submitted the information and waited for 

the results.  

 The results gave us the binding affinity energy of that 

molecule. Similarly all the drug molecules were docked and the results 

were obtained. The hit molecule which we isolated was also prepared 

for docking.  

 The SMILEID was taken and the molecule was 

downloaded and then prepared for docking. After docking it was seen 

that the binding affinity of this hit molecule was higher than those of the 

drug molecules. 

 

Fig 1: Flowchart 
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4. RESULT: 

Here we have provided visual documentation of the work we 

performed.

 

Fig 2: The SDF files of Disulfiram, Tideglusib and Carmofur 

 

The ligand molecules where selected and the 2D representation was 

obtained using ZINC 15 software. The SDF files where obtained from 

here. 

 

 

Fig 3: Open BABEL 

 The conversion of SDF files to MOL2 files has been done using the 

OpenBABEL software. 
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Fig 4: PHARMAGIST Software 

 

Using the Pharmagist Software we obtained the alignment score of the four 

molecules and selected the highest alingment score 
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Fig 5: ZincPharmer 
 

Using the ZincPharmer, we identified a  number of similar hit molecules.Here 

we have selected 1 , simularly we have selected another  10 to 15 hit 

molecules from other page .  

 

 

Fig 6: Datasheet of ligand molecules with their chemical descriptors. 
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Fig 7: ChemDes 

 

We obtained further chemcial descriptors using the open source platform 

ChemDes. 

 

 

Fig 8: QSAR Grid box with descriptors and ligands 

 

From the datasheet we have taken several descriptors for the ligands and put 

them in the QSAR grid box . 
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Fig 9: Correlation Matrix 

 

From QSAR software we took the best descriptor (M LOGP) and then carried 

out fitting analysis data  and obtained a correlation matrix. 

 

Fig 11: Fitting Parameters 

 
Fig 10: Correlation Analysis Graph 
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 We got the correlation analysis by plotting PIC 50 VS MLOGP and obtained a 

straight line equation. Next we  fit the data and obtained the desired R2  and 

Q2 values (permissible value approx less than or equals 1). 

 

Fig 12: Datasheet representing actual and predicted PIC 50 values of the ligand molecules. 

 

 

Fig 13: Datasheet representing the hit molecules with the best fit descriptor and the predicted 
PIC50 values. 
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Fig 14: Structure of the Predicted best hit molecule. 

After obtaining the straight line equation from the graph, we inserted the 

MLOGP values in the equation and obtained the predicted PIC50 values of 

the ligands. 

PIC50 = 0.519MLOGP + 4.070 

Based on that we used the above straight line equation and predicted the 

PIC50 values of the hit molecules and from there we identified the best hit 

molecule which had the highest PIC50 values i.e. 5.76. 

 

Fig 15:  Visual Structure of 3CL Protease 
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DOCKING RESULT 

Docking was carried out using the open platform software 

SWISSDOCK. 

 

Fig 16:  Docking of Tideglusib on 3CL Protease 

 

 

Fig 17: Docking ofCarmofuron 3CL Protease 
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Fig 18: Docking of Disulfiramon 3CL Protease 

 

 

Fig 19: Docking of Best Hit Moleculeon 3CL Protease 
 

We carried out molecular docking using the open platform software 

SWISSDOCK and obtained the Gibbs free energy values. 
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Conclusion 

 Through this In-Silico study that we have conducted, we have successfully 

performed dockingOn the target site and observed the binding potential 

energy of four arbitrarily chosen drug molecules. We also obtained a novel hit 

molecule created by aligning the four drug molecules and observed its binding 

potential energy; which was seen to be higher than the four molecules. Hence 

we can see that in-silico studies are very essential in the field of drug 

development and we can obtain more novel drug molecules which can work 

m ore effectively. 
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