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PREFACE 

India has proved to be an International player in the field of Biotechnology in different 

arenas. To fulfil its aspirations, india's greatest challenge will be in educating, recruiting, 

and supporting its next generation of scientists, academicians as well as students in the 

field of biotechnology/biological sciences. The long term goal of this consecutive seminar 

is to provide a glimpse of the emerging trends in Biotechnological research, their future 

prospects and perspective on the upcoming challenges, with a particular emphasis to 

attract and encourage its next generation of scientific leaders. The organizers aim to host 

a wide range of resource persons from various disciplines of Biotechnology to deliver 

lectures on recent advances and emerging trends and its future prospects. The main target 

of this seminar is to bridge up the gap between the industry and academia to exchange 

and sharing of knowledge and information between industry personnel, scientists 

belonging to research centers, academic institutions, consumer organizations, and Non 

Governmental Organizations (NGOs) in an open environment through wide discussion. 

The students would be able to expose them to the latest trends in Biotechnological 

research through the deliberations and sharing of knowledge during the seminar so that 

they may build a successful career in Biotechnology 

This seminar will uncover the knowledge about the research trends on different aspects of 

Biotechnology: Biotechnology Tools, Health Care Biotechnology, Agricultural and Food 

Biotechnology, Biotechnology-Bio-Energy Forum and many more. Eminent scientists 

and researchers from reputed organizations like IICB, Kolkata; IIT-Kgp; Bose Institute, 

Kolkata; University of Calcutta; Pattent Attorney, Hydrabad; Banka Bioloo Ltd., 

Hyderabad; TCG Life Sciences Pvt. Limited (formerly Chembiotek Research 

International), Kolkata and different colleges in West Bengal will deliver on their work 

on this day. This will surely benefit researchers, students and industry professionals; will 

also act as a platform to exchange knowledge and expertise enriching the 

researchers/students with several opportunities. 

The expected outcomes from the seminar are exposure of the students/researchers of 

Biotechnology and related fields to various scientific arenas. Both poster and oral 

presentations by the participants would be arranged facilitating a sound scientific 

interaction. I trust that all the participants will provide the productive interactions during 

the seminar. I pray and wish of the grant success of the seminar NHBT-2019 after a long 

struggle.  My special thanks and gratitude to all the participants and the organizers for 

their cordial support every time. 

 
Dr. Sudip Das      

Haldia Institute of Technology 

Convener, NHBT -2019      21
st
 September, 2019 
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INVITED SPEAKERS ABSTRACTS _________________________________________  

Target Dependent Regulation of miRNA Biogenesis and Activity 

on Mammalian Cells  

Suvendra Nath Bhattacharyya*  
CSIR-Indian Institute of Chemical Biology, 4 Raja S C Mullick Road, Kolkata 700032, West Bengal, India 

*
suvendra@iicb.res.in, sb@csiriicb.in 

 
The understanding of post-transcriptional regulation of mRNAs added an additional layer after the 
discovery of microRNAs (miRNAs). miRNAs, short tiny regulators of mRNA activity binds to the 3‘ 
UTR of mRNA with partial complementarities and represses its‘ expression either by target mRNA 
degradation or translational repression. miRNAs are 20-22 nucleotide long short RNAs contains 5‘ 
conserved seed sequence complementary to 3‘ UTR of target mRNA. miRNA biogenesis is a 
sequential modification process where miRNAs firstly transcribed from its‘ specific gene in the 
form of primary miRNA transcripts (pri-miRNAs) with the help of RNA polymerase II. Pri-miRNAs 
then processed into precursor miRNAs (pre-miRNAs) with the endonucleolytic activity of micro 
processor complex (DROSHA/DGCR8) to form a ~70nt. long cleaved pre-cursor miRNA (pre-
miRNA) in the nucleus. Pre-miRNA then exported out from the nucleus with the anchorage of 
Exportin 5 protein complex. Pre-miRNA then further cleaved to form miRNA/miRNA* with the 
catalytic activity of DICER1.  miRNAs then incorporated into RNA induced silencing complex 
(miRISC) consists of AGO and TRBP proteins for further miRNA activity on target mRNA. 
 
Here, we have tried to understand if there exists any feedback relationship on miRNA biogenesis 
influenced by target mRNA abundance. Could target mRNA influences the biogenesis, activity 
and cellular compartmentalization of miRNA? Experimental observations suggests, there exists a 
target-mRNA dependent reciprocal relationship over miRNA biogenesis and its‘ activity.    
 
Amino acid starvation-refed model has been chosen for our experiment where cationic amino acid 
transporter-1 (CAT-1) expression is elevated post-starvation on Huh7 cells. Previous reports 
suggest, CAT-1 is regulated by miR-122 which has four miR-122 binding sites on its‘ 3‘UTR. 
Upon amino acid starvation, miR-122 level shows reciprocal expression with increased CAT-1 
mRNA level. Interestingly, refeeding with amino acids leads to CAT-1 mRNA dependent 
increased biogenesis of miR-122 restoring normal physiological conditions. Reporter model assay 
and cell-free in-vitro systems revalidated our findings that target mRNA reciprocally regulates 
miRNA biogenesis by enhanced pre-miRNA processing by AGO2 associated increased DICER1 
processivity.  
 
Previous reports from our lab also suggest miRNPs assembly and interaction of miRNA with 
target mRNA occurs at polysomes attached with rough ER. There was no previous 
documentation of specific cellular compartments where target mRNA driven miRNA biogenesis 
happens. We have observed increased miRNA compartmentalization in presence of its target 
mRNA on polysomes attached with rER. Also, those increased cognate miRNA pool shows 
increased association with AGO2 that ultimately leads to increased RISC mediated target 
cleavage on microsomes. Taken together, our study unfolds an additional layer of understanding 
of posttranscriptional regulation of miRNA by target mRNA that may have a crucial role in fine-
tuning miRNA-mRNA interaction to maintain cellular homeostasis in mammalian cells. 
 
 
 
 
 
 
 
 
 
 

mailto:suvendra@iicb.res.in
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HCV Intervention through Lentiviral Mediated Delivery of Short 
Hairpin RNAs 

 

Binay Chaubey* 

Functional Genomics Lab., Centre for Advanced Study, Department of Botany, University of Calcutta, 35, Ballygunge 
Circular Road, Kolkata 700019, India 

*
bchaubey@hotmail.com 

 
Hepatitis C virus is the major cause of chronic liver diseases such as chronic hepatitis, liver 

cirrhosis and hepatocellular carcinoma. Presently available direct-acting antiviral (DAAs) drugs 

have improved success rate; however, high cost limits their utilization, especially in developing 

countries like India. Earlier the anti-HCV potential of several siRNAs targeted against the HCV 

RNA-dependent RNA polymerase NS5B and cellular factors, La autoantigen, PSMA7, and human 

VAMP-associated protein were evaluated to intercept different steps of viral life cycle.The target 

genes were downregulated individually as well as in combinations and theirimpact on viral 

replication was evaluated. Antiviral effect was more pronouncedwhen multiple genes were 

downregulated simultaneously. However, prolonged HCV inhibition can be achieved when short 

hairpin RNAs (shRNAs) are expressed consistently through an appropriate expression system. 

We have used lentiviral vector for shRNA delivery against HCV. We monitored HCV inhibition in a 

time course manner after single and multiple rounds of siRNA treatment against La autoantigen 

and NS5B individually and in combination in Huh-7.5 cells infected with FL-J6/JFH chimeric HCV 

strain. After that, we constructed third generation recombinant bicistronic self-inactivating lentiviral 

vector expressing single and dual shRNAs against La autoantigen and NS5B under U6 and H1 

promoters. To monitor long-term HCV inhibition, HCV infected Huh-7.5 cells were transduced with 

purified lentiviral vectors and after regular time intervals HCV inhibition was observed through RT-

PCR and western blotting.  

 

We found that after single round of siRNA treatment antiviral activity gradually disappeared 

whereas repeated treatments with combination of siRNAsthe viral replication was completely 

inhibited and a sustained HCV inhibition was observed. We then monitored HCV inhibition 

following lentiviral transduction and found that after single round of transduction the lentiviral 

vector provided constant expression of shRNAs till 15 days in present study and also inhibited 

HCV replication synergistically. 

 

Conclusion: With the help of lentiviral vector system, we developed a ―single-shot‖ therapeutic 

strategy, which simultaneously expresses dual shRNAs for synergistic inhibition of HCV 

replication. We also observed that shRNA delivered through lentiviral vector allow stable and long-

term inhibition of HCV in vitro. The results strongly support RNAi strategy as a promising 

therapeutic approach for inhibition of HCV replication. 

 

 

mailto:*bchaubey@hotmail.com
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Development of genetically modified POD borer resistant 

Pigeon Pea (Cajanus cajan) 
 

Snehasish Sarkar1 and Sudip K. Ghosh2* 

1
Advance Technology Development Centre and 

2
Department of Biotechnology, IIT Kharagpur Kharagpur 721302, West 

Bengal, India 
*
sudip@bt.iitkgp.ac.in

 

Pigeon pea [Cajanus cajan (L) Millsp], a high-quality protein-rich grain legume of semiarid tropics 

(SAT), is severely affected by lepidopteran insect pests. For sustainable resistance against this 

pests, chloroplast targeted synthetic version of the bioactive core component of a crystal protein 

(Syn cry1Ab) of Bacillus thuringiensis was expressed in pigeonpea under the control of green-

tissue specific ribulose1, 5 bisphosphate carboxylase/oxygenase small subunit (rbcS) gene 

promoter. Agrobacterium-mediated transformed plants generated with the expression cassette 

(cry1Ab-lox-bar-lox) showed high insect mortality rate (90%) in-vitro against Helicoverpa armigera 

in the T1 generation, indicating the insecticidal potency of Syn cry1Ab. Alongside, another vector 

with chimeric crerecombinase gene under the constitutive (2x35S) promoter was designed for the 

elimination of selectable marker bar (bialaphos resistance) gene. Crossing experiments were 

performed between T1 plants with single insertion site of cry1Ab-lox-bar-lox T-DNA and one T1 

plant with moderate expression of crerecombinase with linked hygromycin resistance (hptII) gene. 

Marker gene excision was achieved in hybrids with up to 35.71% recombination efficiency. Insect-

resistant transgenic lines, devoid of the selectable marker (syn bar + cre-hptII), were established 

in the subsequent generation through genetic segregation. 

 Potential of Patented Inventions That Framed New Horizons of 

Biotechnology in India–Case Studies from the Recent Past  
 

Rajarshi Dasgupta* 
Patent Attorney, Department of Biochemistry, Calcutta National Medical College, Kolkata 700014, West Bengal, India 

*rdg@solutions4urip.com 

After all it is technology that has been the root cause to shape new horizons in the history of 

human lifestyle. The basic objective of any technology is to impact mankind for enhancing its 

security, or to make living more comfortable than the past. Among various branches of 

technologies, there remains no doubt that Biotechnology continues to be the one and only of its 

kind known for its unpredictability of outcome challenging the laws of nature. Adhering to the 

perspective of the present conference i.e. ―NEW HORIZONS IN BIOTECHNOLOGY‖, some of the 

bio-technical breakthroughs from our country those have been successful in creating new 

horizons are discussed as case studies. All such bio-technical breakthroughs discussed herein 

are either protected through patented inventions or is a result of licensing of third-party patents 

followed by subsequent commercialization in the market place. It is interesting to see how initial 

patent applications filed by some of the extra-ordinary bio technicians from our country has went 

on to shape new dimensions today, making us believe and experience the unthinkable. Among 

handful of such stories, only a few have been hand-picked and presented here, those are 

commendable and have catered to the basic needs of human lifestyle. 

 

We are all aware of the principle, ―Prevention is better than Cure”. Accordingly, we will see how an 

Indian Biotech Company has re-defined the meaning of ‗prevention‘ that has equipped the mighty 

infants under 2 years of age to combat the deadly Salmonella typhi infection, the age group which 

were the most susceptible to this pathogen and rendered us helpless in case of such infections. 

The development and commercialization of a highly effective typhoid conjugate vaccine by an 

India based Biotech Company that saved millions of infants otherwise prone to typhoid across the 

mailto:sudip@bt.iitkgp.ac.in
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globe in the age group between 6 months to 2 years is certainly something to be proud of despite 

the long term continuing research by various multinational companies and top Universities for a 

long time around the globe. Typbar-TCV
®
 is the one and only conjugate vaccine against typhoid in 

the whole world which is also recommended and certified by World Health Organization. 

 

It is horrifying to imagine a situation if your capacity to speak thereby to express yourself is lost, 

making your life meaningless to live. But we need not worry at all if we can replace our damaged 

voice box with an artificial voice box within minutes to restore our speech, and yes it is possible 

today. The tale of an Indian Doctor who has proved the capacity of technology to not merely 

promise the future but also be able to impact the present is another example of setting new 

horizons in the biotechnological world.  

 

Moving further, clothing and food are the two basic needs of living. The extent of biotechnology 

even in these fields explored by budding Indian entrepreneurs are also included here.  The need 

of the hour for exploiting green and sustainable versions of applications of science have also been 

successfully exemplified in this case study. Artificial non-vegetarian food helps in reducing the 

burden of methane emission, and developing antibiotic resistance not alone mercyless killing of 

animals for satisfying human taste buds. We must have already heard of organic food, but did you 

hear about organic clothing as well? 

 

All the above instances of technology discussed herein are results of underlying patent 

applications giving them the ultimate competitive edge for commercializing their respective novel 

ideas. Off course, patents provide you an exclusive statutory right to you against others, however 

it is perhaps the last tool exploited by successful patentees. Stories of such commercialization of 

patented inventions in the domain of biotechnology also proves that how patents can help you 

gain the initial kick-off to actually bring your technology from your laboratories to the public at 

large. These examples of patented inventions from Indian Scientists making a global impact 

continues to be a reason sufficient enough to encourage and develop new patented applications 

of biotechnology by the rest of the technical fraternity involved from students to research scholars 

or scientists, professors to budding entrepreneurs of tomorrow. 

 

Among multi-faceted benefits of patenting your technical developments, this paper calls upon 

everybody to file more and more of patented inventions all or any of which might become the next 

example for shaping new horizons of biotechnology in the near future. At the end, it is pleasure to 

let you know that filing patent applications has never been so easy as the author presents herein 

PATEOMATIC
TM

 an automated tool to convert your technical developments ranging from 

your research thesis, publications, technical assignments to PATENTABLE INVENTIONS, 

the subject of new horizons of tomorrow.    

 

Structural and Mechanistic Studies of Antimicrobial Peptides 

and Intrinsically Disordered Proteins in Model Membrane 
 

Anirban Bhunia* 
Department of Biophysics, Bose Institute, P-1/12 CIT Scheme VII (M), Kolkata 700 054, West Bengal, India 

*anirbanbhunia@gmail.com 

Understanding the mechanisms of biological processes requires precise knowledge of the three 

dimensional structures of the executor molecules such as proteins, bioactive peptides and others. 

Atomic-resolution structures of well-folded proteins or complexes can be obtained from X-ray 

crystallography. However, a large number of proteins or domains of large proteins (e.g., in 

signalling cascades) and bioactive peptides (e.g., antimicrobial/ Amyloid /cell-penetrating 

peptides) appear to be dynamic, thus limiting the application of X-ray-based methods. A complete 

https://docs.google.com/forms/d/e/1FAIpQLSfjXepCY_gAwcaG6DTTOwxT3TOyeqHAte-tGFoOAKmCeF10jA/viewform
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understanding of their function can only be accomplished using high-resolution structures. In spite 

of recent developments in structural biology, membrane peptides/proteins continue to pose 

tremendous challenges to most biophysical techniques. Nonetheless, gaining insights into such 

molecular systems at the atomic level is possible using nuclear magnetic resonance (NMR) 

spectroscopy. Our research group has been investigating the high-resolution structures and 

dynamics of membrane peptide interaction, membrane disruption, and the interaction of 

antimicrobial peptides (AMPs) with live cell. Our studies also have provided insights into the 

peptide delivery processes through nanoparticle tagged AMPs. On the other hand, the functional 

aspect of neurodegenerative diseases linked with α-Synuclein or amyloid beta (Aβ40 / Aβ42) fibril 

formation is well known from the in vitro studies. However, membrane could play an important role 

for this fibril formation. To date, there is a paucity of information detailing the interaction of α-

Synuclein or insulin or amyloid beta (Aβ40/ Aβ42) peptides with membrane structures. The main 

focus of my presentation will be on the importance of membrane for correlation between structure, 

dynamics and function of either designed AMPs or intrinsically disordered proteins. 

Sanitizing India: Progress and Challenges ODF India 
 

Namita Banka* and Rajarshi Banerjee* 
56. Nagarjuna Hills Road, Nagarjuna Hills, Punjagutta, Hyderabad 500082, India 

*namita.banka@bankabio.com, rajarshi.banerjee@bankabio.com 

Sanitation coverage in India has increased substantially from 39 percent in 2014 to 76 percent in 
January 2018 to an estimated 98.5 percent in 2019 says the Economic Survey. 
With the advantage of hindsight, one could argue: this is a civilizational leap forward. In about 2 
weeks, India would shed one of its stickiest stigmas. By 2ndOct 2019, the country would be open 
defecation free (ODF). It means the infamous distinction of having the world‘s largest number of 
people going out for defecation would be history. The switchover—generations old behaviour of 
some 600 million people—is no mean feat. 
 
But is that all we had asked for?  
It seems this is where a new set of glaring environment problem begins! What happens once 
these containment systems in every household gets filled up? Does this feat add up to the 
pollution load burden of the country? Does it mean that it was an unplanned hastened attempted 
decision taken to build up toilets(subsidized) for every household? 
 
This talk from BBL insights into the progress the country has made, the immediate measures that 
need to be adapted, the plausible ways to adapt them taking into consideration the geographic, 
socio-economic, cultural diversity India has.  
 
Finally, we would discuss on the water footprint we lay upon and what we individually could do to 
give in our affirmative contributions to abate the foreseen crisis.  
Note: The talk would conclude on how Banka Bioloo Ltd (http://bankabio.com/) has taken up the 
mission to be perhaps one of the greatest contributors to ODF and beyond. 

 
DNA Vaccine: An Overview 

 

Dipankar Pramanik* 
Postgraduate Department of Chemistry, Haldia Government College, Haldia, West Bengal, India 

*yoursdp@gmail.com 
 
The most remarkable triumph of medical science is considered the development of vaccines. 
Generally, vaccines comprise proteins, live attenuated viruses, or killed bacteria. More recently, 
DNA vaccination where DNA encoded antigen administered, is gaining increasing attention as an 
emerging therapeutic approach for the treatment of many complex disorders including cancer, 
infectious disease, and allergies. DNA vaccines are capable of inducing humoral and cellular 
immune responses and are regarded as potentially safer than their attenuated virus counterparts. 
To elicit an immune response, the antigen encoded DNA first needs to be captured by body‘s 

mailto:*namita.banka@bankabio.com
http://bankabio.com/
mailto:yoursdp@gmail.com
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antigen presenting cells (APC) including dendritic cells (DC), macrophages, and B-lymphocytes. 
Transfected APCs can then process the expressed antigenic proteins through its proteosome 
complexes into small peptide fragments and can present these small peptide fragments to 
immune systems (CD8and CD4 T-lymphocytes) in a recognizable fashion in complexation with 
major histocompatibility complexes (MHC) class I and class II molecules. However, antigen 
presenting cells are hard to transfect. Use of cationic microparticles, cationic liposomes, and 
cationic peptide, etc. have previously been reported for direct transfection of APCs in DNA 
vaccination. An emerging approach for enhancing the efficacy of genetic immunization is based 
on targeting DNA vaccines to APCs via mannose receptor, a 180 kDa multidomains unique 
transmembrane receptors expressed on their cell surfaces. Using a model lipopeptide vaccine, 
people have demonstrated that such mannose mimicking ligands hold potential for solubilizing 
lipopeptide vaccines (which are otherwise prone to aggregation), and the resulting mixed micelles 
are taken up mainly via endocytosis by DCs in vitro. we showed that cationic mannose-mimicking 
amphiphiles with quinic and shikimic acid headgroups can target DNA to antigen presenting cells 
via mannose receptors. Importantly, we show that subcutaneous administration of DCs 
pretransfected with electrostatic complex of pCMV-MART1 plasmid DNA(encodingMART1antigen 
of human melanoma tumor) and cationic liposomes of mannose mimicking amphiphile with 
shikimic acid headgroup (2) provides more tumor protective effect in C57BL/6 mice challenged 
with aggressive B16F1 melanoma tumor than subcutaneous administration of the corresponding 
lipoplex of mannosylated cationic glycolipid.  
 
 

Nutrition and the Immune System: A Critical Match 

 Ritobrata Goswami* 

 School of Bioscience, IIT Kharagpur, Kharagpur 721302, West Bengal, India  

*ritobrata.goswami@iitkgp.ac.in 

 
The components of the immune system that form an integrated network depend on multiple 

factors including diet. Malnutrition is associated with global immunodeficiency and increased 

propensity of developing infection. In India, every 3 out of 10 children are stunted due to 

malnutrition. Lymphoid immune system is located in the gut that responds to microbiota and 

nutrient-induced metabolites. Gut is the largest immune-specific organ that provides the platform 

for the contact of nutrients and immune cell receptors. Trace elements such as selenium, zinc, 

copper have essential role in the activation of immune system. Vitamins are micronutrient 

elements that are required for active immune system. Fat soluble vitamin A and vitamin D have 

been revealed to have anti-inflammatory properties. Vitamin D receptor is expressed on various 

leukocytes underlining its importance in regulating the immune system. An association between 

reduced vitamin D intake and increased susceptibility to rheumatoid arthritis development has 

been established. Studies have indicated beneficial role of vitamin A in ameliorating multiple 

sclerosis. Similarly, severe copper deficiency has been attributed to increased morbidity to 

infections, enhanced neutropenia and anemia. Thus every individual requires an adequate and 

balanced diet to have sufficient amount of vitamins and trace elements for a functional immune 

system. 

 
 

Two-Dimensional (2D) and Three-Dimensional (3D) Cell 

Culturing in Drug Discovery 

Sumedha Chattopadhyay*  
Senior Research Scientist, TCG Lifesciences Pvt.Ltd. Kolkata, West Bengal, India 

*04.sumedha@gmail.com 

In both the pharma industry and academic research, the term cell-based assay is commonly used 

to refer to any assay based on some measurement of a living cell. The pharmaceutical industry's 

mailto:*ritobrata.goswami@iitkgp.ac.in


Proceedings of New Horizons in Biotechnology – 2019                                     

ISBN 978-81-927768-3-5  7 | P a g e  
 

need to efficiently commercialize drugs is a driving force in cell-based assay innovation. Having 

an Investigational New Drug (IND) candidate fail in phase III clinical trials can result in a loss of 

several hundred million dollars for that company. The industry is hoping to utilize cell-based 

assays to help reverse the increasing trend of costly late-stage drug failures. 

 

There is a need for rapid cell-based methodologies to predict with a high degree of accuracy 

which IND will be successful. Animal models are commonly used for toxicity and metabolism 

studies of INDs, but they are both expensive and low-throughput. Additionally, animal models may 

not always replicate human metabolism which results in late-stage failures due to unforeseen 

toxicity issues.  

 

High throughput screening (HTS) in cell culture studies made positive contributions to the initial 

development of drugs. Contrary to animal studies, the need for low amount of drug and a short 

response time are the characteristics for in vitro cell culture methods.Cancer cell lines are used as 

models usually for research in drug discovery. Advantages of cancer cell lines are: They have 

high homogeneity. They can be easily handled and manipulated. Cells in vivo are in a three-

dimensional environment having characteristic biophysical and biomechanical signals, which 

influence cell functions like migration, adhesion, proliferation, and gene expression. 3D cell culture 

more accurately simulates normal cell morphology, proliferation, differentiation, and migrations. An 

increasing shift in research is occurring, where 3D cell culture systems are replacing 2D cell 

culture systems as an alternative to testing using in vivo animal models. 

 

 

Understanding Mechanisms of Bacterial Pathogenesis 

Oindrilla Mukherjee* 
Department of Biotechnology, National Institute of Technology, Mahatma Gandhi Road, Durgapur 713209, West Bengal, 

India 

*oindrilla.mukherjee@bt.nitdgp.ac.in 

 

Over the last decades, there has been remarkable progress in the control and prevention of 
infectious diseases caused by bacteria. However, bacterial infections are a dominant health threat 
even today accounting for nearly 25% of deaths globally. The numbers in developing countries 
like India are predictably higher and emergence of newer pathogens and strains and re-
emergence of bacterial strains are causing an enormous toll on the economy. In addition, with the 
indiscriminate use of antibiotics, developing countries are witnessing a resurgence of antibiotic 
resistant strains. The present lecture is a collection of work discussing the mechanisms of 
understanding bacterial pathogenesis and ways employed to utilize their system to tailormake 
specific therapies without the use of antibiotics. Three bacterial systems of Neisseria meningiditis, 
Vibrio cholerae and Helicobacter pyloriare discussed. The work also illustrates the complex 
interplay of microbial intelligence and how bacteria are increasingly adapting to changing 
environments and the role of the ―microbiome‖ in governing human diseases ranging from 
neurological to cancer. 
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Oral Presentation – 1 

 

Higher Substrate Affinity and Catalytic Activity of Partially 

Purified Sucrase in Presence of 2-Deoxy D-glucose from 

Termitomyces clypeatus 

 
Shakuntala Ghorai* 

Raidighi College, Department of Microbiology, Raidighi 743383, West Bengal, India 

*shakuntalaghorai@gmail.com 
 

Sucrase or Invertase (EC 3.2.1.26) enzyme is used widely in food processing and fermentation 

industries for production of syrup and ethanol from sucrose and molasses. Although the strain 

utilized for the production of the enzyme is mainly yeast, several filamentous fungi are capable of 

producing the same. Termitomyces clypeatus, one edible variety of basidiomycetes, has long 

been known as a potential producer of many industrially important glycosidases namely amylase, 

xylanase, glucoamylase, β-glucosidase (cellobiase) and sucrase (invertase) etc. As the enzymes 

are glycoprotein in nature, effect of several glycosylation inhibitors was studied earlier. Among 

them, 2-Deoxy D-glucose was found to be most effective for production of cellobiase in culture 

media.  Incidentally, cellobiase enzyme was always found to be associated with sucrase in differet 

media in different activity ratios. It was also observed that in the absence of sucrase, specific 

activity, catalytic activity and stability of the extra-cellular cellobiase enzyme decreased 

significantly. The present study was designed to elucidate how 2-Deoxy D-glucose was affecting 

the production and activity of sucrase in the fungus. Sucrase activity was measured in presence of 

2-Deoxy D-glucose in the growth medium and the enzyme was partially purified through 

ultrafiltration and gel permeation chromatography. Temperature and pH optima and stability of the 

partially purified enzyme was checked. The partially purified enzyme showed more affinity towards 

sucrose and greater catalytic activity compared to the enzyme produced in absence of 2-Deoxy D-

glucose. 

Oral Presentation - 2 

Isolation of Metal, Drug Resistant, and Plant Growth Promoting 

Bacteria from Tata Metalik Industrial Soil, Paschim Midnapur, 

West Bengal 

Harekrishna Jana* 
 Raja N.L.Khan College, Department of Microbiology, Paschim Midnapur, West Bengal, India 

*hkjmicro@gmail.com 

 

Toxic, mutagenic and carcinogenic heavy metals from metallic industries cause the pollutionof 

agricultural environment and natural water sources. This study aims to screening and 

characterized the natural occurring heavy metal (Zn, Hg, Pb, Cu, Co, Cd, Cr, Ag and Ni) resistant 

bacteria fromTata Metalik Industrial Soil, Paschim Midnapur, and West Bengal.During the 

screening of heavy metal resistant bacteria from metalik industrial soil, three more potent metal 

resistant bacteria against Zn, Ni and Pb were observed. These bacteria were found to be resistant 

to four different antibiotics including penicillin, tetramycin, Ofloxacin and amoxyclav. The staining 

property revealed small rod shaped bacteria except Zn resistant bacteria and all the bacteria are 

gram positive. This bacterium was also positive for various plant growth promoting features like 

Indole acetic acid (IAA), and ammonia production. Therefore, dual expressions of antibiotics and 

heavy metal resistance along with the plant growth promoting rhizobacter (PGPR) properties 
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would make the bacteria ideal strain for bioremediation of heavy metal contaminated sites 

affected with Industrial metallic soil. The results suggested that the indigenous bacteria in the soil 

have beneficial characteristics for remediating the contaminated mine tailing soil. The present 

study, therefore, suggested that these strains of PGPR potential and biocontrol ability which can 

be used as biofertilizers as well as biocontrol agents. Hence, these metal resistant bacteria can be 

further formulated through metagenomics and used for field applications. 

 
Oral Presentation - 3 

Alternative Utilization of Food Residues for Fermentative 

Production of Bioethanol 
 

Swati Ray1, Avik Mukherjee2*, Uma Ghosh3* 
1
Department of Food Technology, Haldia Institute of Technology, Haldia 721657, West Bengal. 

2
Department of Food Processing Technology, Central Institute of Technology Kokrajhar, Kokrajhar, Assam. 

3
Department of Food Technology and Biochemical Engineering, Jadavpur University, Kolkata. 

* ak.mukherjee@cit.ac.in, ughoshftbe@yahoo.co.in 

Agro-industrial wastes and food residues are often dumped in the open which may pose serious 

environmental issues. Recycling or various other techniques of utilization of these wastes are 

already available, which may reduce this waste worldwide. Traditionally reduction of these waste 

residues using chemical or enzymatic treatment is done and is a well known practice. This study 

aims at utilizing a few of the food residues that are generated locally and dumped on the streets 

without any utilization of numerous nutritional components. Analysis shows that these wastes can 

be extracted, under specific conditions, forbasic nutritional component needed for growth of 

Saccharomyces cerevisiae, one of the commonly used ethanol fermenting yeasts. In this study, 

optimization of fermentation conditions was achieved to improve ethanol yield. Among the three 

available substrate selected, the 30 minute extract of Bagasse gives the maximum reducing sugar 

content and on estimation for alcohol it also gives the best result (0.202% w/v) than Spent Tea 

Extract and Hydrolyzed Potato Wash Water. These wastes used possess potential for utilization in 

ethanol production, which forms one of the industrially important products. 
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Poster - 1 

Characterization of AmpC Beta-lactamase Production in 

Multidrug Resistant Uropathogenic E.coli Isolated from 

Hospitalized Patient  
 

Ananya Bhaumik 
Department of Microbioloy, Panskura Banamali College, Panskura, West Bengal, India 

 
Urinary tract infection is one of the most common bacterial infections in tropical countries. This 

infection may involve the urethra and/or bladder (lower urinary tract); and the ureters, renal pelvis, 

calyces, and/or renal parenchyma (upper urinary tract). Escherichia coli have been reported to be 

the primary etiological agent globally. Multidrug resistance amongst these pathogenic microbes 

poses severe difficulty in treatment. The emerging multi drug resistance in pathogenic bacteria is 

an increasing concern in this age, where antibiotics are being improperly used. It is thus, 

important to establish the mechanism of resistance, so that treatment options can be selected 

accordingly.  

Plasmid-encoded β-lactamase represents one of the widely encountered modes of resistance 

against β-lactam class of antibiotics. Resistance is spread easily in pathogenic bacteria through 

horizontal gene transfer. Genes for AmpC β-lactamases are commonly found on the 

chromosomes of the several members of the family Enterobacteriaceae. Plasmid mediated AmpC 

β-lactamases represent a new threat since they confer resistance to cephamycins and are not 

affected by β-lactamase inhibitors, and can, in strains with loss of outer membrane porins, provide 

resistance to carbapenems. Commonly reported genotypes blaACC,blaCMY2, blaDHA-1, and 

blaEBC were of special interest because their mobility allows them to emerge in one genus or 

species and spread to different organisms. AmpC enzymes encoded by both chromosomal and 

plasmid genes are evolving to hydrolyze broad spectrum cephalosporins more efficiently. In this 

study, screening of 30 urine samples, from UTI patients of Kolkata School of Tropical Medicine, 

was done to isolate uropathogenic Escherichia coli with the help of Gram staining, culture and 

other biochemical techniques. Susceptibility of the pathogen to different drug was tested to 

establish multi drug resistance nature by antibiotic susceptibility test. The presence of AmpC β-

lactamase was detected phenotypically by phenylboronic acid test. This study helped in 

phenotypic characterization of AmpC β-lactamase production in multidrug resistant uropathogenic 

E.coli isolated from hospitalized patient sample.  

 

Poster - 2 

Role of AcrB Efflux Pump in Multi Drug Resistance 

development among pathogenic E. coli 
 

Ranita Maji 
Department of Microbioloy, Panskura Banamali College, Panskura, West Bengal, India 

 

Multi-drug resistant E.coli represents a major health problem. The AcrAB pump constitutes a 

major drug efflux system. RND family pumps have been found to be associated extensively with 

clinically significant antibiotic resistance, such as acrB in Escherichia coli. This study aimed to 

investigate the expression levels of multidrug efflux genes acrB among pathogenic E.coli. Clinical 

isolates was collected from E. coli strains from different non duplicate clinical isolates of unrelated 

patients visiting Calcutta School of Tropical Medicine, Kolkata, India. Antimicrobial susceptibility 
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was detected by disk diffusion method (double disc synergy test). acrB gene expression was 

measured using real-time PCR which directly identify the presence or the expression level of this 

gene among multidrug resistance sample compared with non-multidrug resistant samples. 80% of 

E. coli of isolates showed multidrug resistance. Efflux mechanism plays a key role of MDR clinical 

isolates of E. coli evidenced with 9-50 fold increase of expression. Such data clearly evidence that 

the involvement of efflux pumps in multidrug resistance. 

 

Poster - 3 

Green Synthesis and Characterization of Silver 

Nanoconjugates  Using Common Medicinal Weeds Aqueous 

Extracts 
 

Pranabesh Ghosh, Moumita Saha*, Subhadra Nandi, Titav Sengupta, Sohini Kulavi, 

Sirshendu Chatterjee 
Department of Biotechnology, Techno India University, Kolkata 700091, West Bengal, India 

*saha58187@gmail.com 

 

Nanotechnology is the multidisciplinary branch of modern day science,which mainly focuses on 

design, development and manipulation of  living materials and devices whose least functional 

make up is on up to nanometre scale(dimension size ranges from 1-100 nm.).According to the 

green nanotechnology, implementation of biological sources in nanoparticle synthesis enhances 

the utilization of various plant metabolites and natural components, free of chemical constituents 

which are further useful in medicine as well as in environmental applications.Our present study 

gives an overview of some common medicinal weeds Cleome rutidosperma, Euphorbia hirta, 

Heliotropium indicum, Commelina benghalensis,Tridax procumbens leaf aqueous extract 

mediated green synthesis of silver nano-conjugates. After synthesis, silver nano-compounds are 

examined using advanced characterization techniques including UV-Vis Spectrophotometry, DLS, 

and FT-IR.The UV-Vis absorption spectroscopy results highlighted single peak within the range of 

400-500nm for all the five nano-conjugates.The DLS data gave the information about the particle 

sizethat ranges between 18.17nm-105.7nm, andthe FT-IR data showed the conjugation of 

different bioactive compounds mainly with primary amines, secondary amines, alcohols, phenols, 

aldehydes, functional groups of the biomolecules and so onthat help both in the synthesis and 

stabilization of the silver nano-conjugates. 

 
Poster - 4 

Biochemical Analysis and Evaluation of Antimicrobial 

Properties of Theaflavins Rich Extract and its Nano-

conjugates: A Comparative Study 

Chandrima Das1, Ahana Dutta1*, Abhineel Muhuri1, Shreya Kothari1, Alok Hazra2, 

SirshenduChatterjee1 

1
Department Of Biotechnology, Techno India University, Kolkata, West Bengal, India 

2
Quality control laboratory, Ramkrishna Mission University, Narendrapur, West Bengal, India 

*ahanadutta.ad@gmail.com 

 

Black tea, the most widely consumed aromatic non-alcoholic beverage second to water, is 

prepared from boiling cured leaves of Camellia sinensis. It is reported to contain thousands of 

bioactive constituents such as complex polyphenols like theaflavins (TF2A, TF2B, TF3) and 

thearubigins that exhibit a wide range of pharmacological properties and also contribute to its 

quality and bioactivity. The present study aims at biochemical characterization and evaluation of 
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antimicrobial activity of Theaflavins and Flavonoid rich Extract (TFE). TFE was obtained by 

steeping black tea in boiling water at 90°C for 5 mins and subsequently extracted with ethyl 

acetate and dried for further use. Biochemical characterization of TFE was done using HPLC and 

other spectrophotometric methods. Next, nano-conjugates of the TFE was prepared using green 

synthesis route and antimicrobial property was evaluated with respect to its non-conjugated form. 

It was observed that the TFE is an antioxidant rich fraction and hence helps in metal-nano 

synthesis efficiently. The study highlighted that, in maximum cases, nano-conjugates gave better 

results than its non-conjugated form. 

 
Poster - 5 

Green Synthesis, Biophysical Characterization and 

Antimicrobial Screening of Tea Bioactive Compounds 

Conjugated Gold Nanoparticles 
 

Sohini Kulavi1*, Subhadra Nandi2, Titav Sengupta3, Chandrima Das2, Pranabesh 
Ghosh2, Moumita Saha2, Sirshendu Chatterjee2 

1
Department of Biotechnology, MAKAUT, West Bengal, India 

2
Department of Biotechnology, Techno India University, Kolkata 700091, West Bengal, India 

3
Department of Biotechnology, Haldia Institute of Technology, Haldia 721657, West Bengal, India 

*sohinik28.sk@gmail.com 

 

Green synthetic approach is the most favored approach of preparation of metal nanoparticles, 

because this method is easier, less hazardous and eco-friendly. In our present course of study, 

green synthesis of gold nanoparticles has been carried out using natural antioxidant compounds 

like Quercetin, Catechin and Caffeine and characterized using UV-Vis spectrophotometry, 

Dynamic Light Scattering (DLS), Fourier transform-infrared spectroscopy (FT-IR), and Scanning 

Electron Microscopy (SEM). After initial screening, on the basis of UV-Vis spectra and DLS data, 

Quercetinwas the most stable among the three, with absorption peak at 521.6nm and having 

molecular size <40nm.  Next, as a natural source of citric acid, lemon extract was used in place of 

Sodium Citrate and a comparative study was done with AuNPs synthesized with Quercetin-

Sodium Citrate (size=30nm) and Quercetin-lemon extract (size=35.68nm). The AuNPs conjugated 

with Quercetin-Lemon Extract have shown comparatively better antimicrobial activity (zone of 

inhibition=11.2 mm)with respect to AuNPs conjugated with Quercetin-Sodium Citrate (zone of 

inhibition=7.3 mm) and hencecan be used as a novel anti-microbial agent. Further it is expected 

that this complex can be also utilized in treating tumors where it will battle against the cancerous 

cell as well as prevent it from getting any microbial infection due to both anti-carcinogenic and 

anti-microbial activityof AuNPs. 

 
Poster - 6 

Green Synthesis of Silver Nano-conjugates using Oldenlandia 

corymbosa and Ocimum sanctum Leaf Aqueous Extract 

Shaktijit Das1, TitavSengupta2*, Moumita Saha1, Pranabesh Ghosh1, Subhadra 

Nandi1, Sohini Kulavi1, Sirshendu Chatterjee1 

1
Department of Biotechnology, Techno India University, Kolkata 700091, West Bengal, India 

2
Department of Biotechnology, Haldia Institute of Technology, Haldia 721657, West Bengal, India 

*titavsengupta21@gmail.com 

 

Herbal medicines become integral part of modern-day treatment strategy around the globe due to 

its cost effectiveness, better societal recognition and less side effects. Phytochemical analysis 

revealed that leaf aqueous extract of two known medicinal plants Oldenlandia corymbosa (OC) 
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and Ocimum sanctum (OS), harbors high concentration of antioxidants and bioactive molecules. 

Hence our present course of study aims at the green synthesis of silver nano-conjugates using 

Oldenlandia corymbosa (OC) and Ocimum sanctum (OS) leaf aqueous extracts. The synthesized 

nano-conjugates have undergone advanced characterization techniques including UV-Vis 

Spectrophotometry, DLS, and FT-IR. The UV-Vis spectroscopy results showed single peak at 

420nm and 430nm for OC and OS nano-conjugates respectively. The particle size for OC and OS 

nano-conjugates are 21.04nm and 24.36 nm respectively as observed from the DLS data, and 

finally, the FT-IR data confirms the conjugation of bioactive molecules of the medicinal plants 

indicating that primary amines, secondary amines, alcohols, phenols, aldehydes, aliphatic amines, 

alkenes, functional groups of the bioactive molecules are responsible for the stability of prepared 

silver nano-conjugates. 

  

 

Poster - 7 

Development of a Low Cost in vitro System for Study of 

Carnivorous Plants  

Subir Samanta1, Somnath Bera2, Aveek Samanta*2 
1
Department of Botany,AghoreKaminiPrakash Chandra Mahavidyalaya, Bengai, Hoogly 712611,West Bengal, India  

2
Department of Botany, Prabhat Kumar College, Contai 721404, West Bengal, India 

*aveekbot@gmail.com 
 

 

Study of carnivorous plants outside of its natural habitat is a costly process due to proper 

maintaining of the humidity, temperature, food source. A cost effective model have been 

developed for growing of different carnivorous plants in non-tropical and less humid zone. Some 

simple, low cost apparatus are used for maintaining the proper temperature, humidity, day and 

night cycle etc. Food source and growth medium are also provided by cost effective procedure. 

The system of the growth chamber is maintained without any extra electricity. The plants are 

grown on the chamber shows normal in their growth pattern and development. 

 
Poster - 8 

Effect of Some Common Pesticides on Pollen viability of 

Catharanthus roseus G. Don. 

Manojit Sasmal, Sonai Mishra, Mintu Bera, Chaitali Das, Ananya Dwibedi, Aveek 

Samanta* 
1
Department of Botany,Prabhat Kumar College, Contai 721404, West Bengal, India 

* aveekbot@gmail.com 

Bavistin and Gamaxine are the two common household pesticides chosen to study on pollen viability 

of Catharanthus roseus G. Don. The tested concentration (2%, 4%, 6% and 8%) of the chemicals reduced 

the pollen germination percentage, pollen tube length, breath significantly (p<0.05) as compared to control. 

The stigma pre-dusted with the chemicals it became less compatible for the pollen tube growth. From the 

present study, it can be concluded that Gamaxine and Bavistin when contaminated with air, can cause a 

reduction of growth and development of pollen and ultimately the plant reproduction. 
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Poster - 9 

Biosensor Application in Food  

Taniya Ghoshal1*, Monika Kumari2, Jyoti Singh3, Ranjay Thakur4 
Department of Food Technology, Haldia Institute of Technology, Haldia 721675, West Bengal, India 

*taniya.ghoshal23@gmail.com 

 

The growing interest in food quality and safety requires the development of sensitive and reliable 

methods of analysis as well as technology for freshness preservation and food quality.A biosensor 

is an analytical device made up of a transducer and a biological element that may be an enzyme, 

an antibody or a nucleic acid.The bioelement interacts with the analyte being tested and biological 

response is converted into an electric signal by the transducer.Apart from demonstrating high 

specificity towards  the analyte. These biosensors also address the challenge of the multifactorial 

food industry of providing high analytical amidst complex food matrices,while also overcoming 

differing densities,pH and temperature. Biosensor pave way for rapid detection,allergens as well 

as pesticides residues in food. They offer rapid ,non-destructive and affordable methods for 

quality control.Biosensors have the potential to produce an analytical revolution to resolve the 

challenges in the food industries. Sensing designs and their analytical features for measuring 

freshness markers, allergens,pathogens,adulterants and toxicants. There implementation in smart 

packaging could facilitate food-status monitoring,reduce food waste,extend shelf-life and improve 

overall food quality. Living organisms, biological components like antibodies and enzymes work as 

natural sensing and controlling devices.The most widely accepted definition of a biosensors is a 

self-contained analytical device that incorporates a biologically active material in contact with an 

appropriate transduction element for the purpose of detecting  the concentration of chemical 

species in any type of sample. 

 
Poster - 10 

Biofertilizer for Sustainable Agriculture 
 

Sandipan Phadikar, Arup Middya, Debojyoti Paul, Bholanath Jana  
Department of Microbiology, Panskura Banamali College, Panskura 721152, West Bengal, India 

 

Agricultural development has taken a leap which has resulted in the use of chemical fertilizers and 

it's constant use has resulted in the decrease in the land fertility and the chemical toxicity 

increasing. Biological fertilizers are cost effective, eco friendly and renewable source of plant 

nutrients to supplement chemical fertilizers in sustainable agricultural system. Microbial 

biofertilizers have gained attention as an effective alternative against the chemical fertilizers for 

environmental friendly agriculture. Bacterial mechanism of plant growth promotion include 

biological nitrogen fixation (BNF), synthesis of phytohormones, environmental stress relief, 

synergism with other bacteria-plant interactions, inhibition of plant ethylene synthesis, as well as 

increasing availability of nutrients like phosphorus, iron and minor elements, and growth 

enhancement by volatile compounds. Biofertilizers are expected to reduce the use of chemical 

fertilizers and pesticides. 
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Poster - 11 

Phytoremediation Activity of Indian Mustard (Brassica juncea) 

and its Future Application 

Soumyajit Maity, Arindam Kar, Suman Das 

Department of Microbiology, Panskura Banamali College, Panskura 721152, West Bengal, India 

 

In this 21
st
 century, heavy metal pollution has become a serious problem in agroecosystem. 

These metals do not degrade in nature and become toxic to the plants,animals and human beings 

as they show biomagnification property. Phytoremediation, by using Brassica juncea to remove 

toxic heavy metal has been widely used nowadays.It‘s effectiveness can be increased by using 

organic matter, synthetic organic chelates, sulphur, fertilizer etc. Cultivation of Indian mustard 

using these agents can increase its ability to absorb, uptake the heavy metal in contaminating 

soils. Thus, it can give a brief idea about organic farming.   

 
Poster - 12 

Renewable Biomass – A Potential Source of Energy for Feature 

 

Saheb das, Subhas ojha, Sayan das, Sandip bera  

Department of Microbiology, Panskura Banamali College, Panskura 721152, West Bengal, India 

 
One seventh of total energy consumption is from biomass which is the main energy resource for 
over 1.5 billion people in the world but 500 million of people in India use biomass for cooking. 
Biomass energy is the only one which has both the property of fossil fuel and characteristics which 
mean that it can be stored, renewed and transferred. It is less restricted by natural conditions. 
Biomass energy can be transferred to useful thermal energy, electrical energy and the fuel as 
power by means of direct combustion, gasification and liquidation. High-grade combustible gas 
like CO, H2 and methane can be formed by the gasification of biomass. Biogas can be produced 
by anaerobic digestion of biomass. Anaerobic digestion of animal manure is gaining popularity as 
a means to protect the environment and to recycle materials efficiently into the farming systems. 
Today, wood is still our largest biomass energy resource. But many other sources of biomass can 
now be used, including plants, residues from agriculture or forestry, and the organic component of 
municipal and industrial wastes. Even the fumes from landfills can be used as a biomass energy 
source. The use of biomass energy has the potential to greatly reduce our greenhouse gas 
emissions. Biomass generates about the same amount of carbon dioxide as fossil fuels, but every 
time a new plant grows, carbon dioxide is actually removed from the atmosphere. The net 
emission of carbon dioxide will be zero as long as plants continue to be replenished for biomass 
energy purposes. The use of biomass feedstocks can also help increase profits for the agricultural 
industry.  
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Indiscriminate and increased use of synthetic pesticides is becoming an increasing global concern. 

The application of conventional synthetic pesticides has enhanced the quality and quantity of 

agricultural products. However, accumulation of pesticides in fresh water resources has negative 

effects on aquatic ecosystems and human health. The pesticides and toxic nature of pesticides 
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has led to direct or indirect exposure on the biota in aquatic ecosystems resulting in acute and 

chronic effects on the morality of organisms which posing serious consequences for the 

ecosystem. To overcome the toxicity of pesticide, biopesticide provides a cost-effective and 

innovative approach employing bioremediation techniques for the removal of pesticides in water 

because of its advantage linked with environmental safety, biodegradability, effectiveness and 

target-specificity. Furthermore, biopesticide provides an efficient method for detoxification of 

pesticides and appropriateness in the integrated pest management programs for the sustainable 

crops. 
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"Life depends on water reservoir depends on you" Now a days, water crisis is the head up 

problem in our world. Our country is facing a ferocious water problem. If we can't handle this 

problem it will affect our next generation. 'Lab to land‘ approaches to increase farm productivity 

with respect to population. Prime Minister Narendra Modi asked agricultural scientists to 

disseminate technologies in simple and acceptable manner and make "Per drop more crop "a 

mantra to promote farming through optimum utilization of water. Dry land farming encompasses 

specific agricultural techniques for the non irrigated cultivation of crops. Dryland farming was 

introduced to southern Russia. Dryland farmed crops may include winter wheat, corns beans, 

sunflowers, or even watermelon. Successful dryland farming is possible with as little as 230 mili 

meters precipitation a year, higher rainfall increases the variety of crops. Winter wheat is more 

suited to regions with higher winter rainfall while areas with summer wet seasons may be more 

suited to summer growing crops. Such as sorghum, sunflowers or cotten. Transgenic plants 

whose DNA is modified using genetic engineering technique. The reasons behind the use of 

transgenic plants are Conventional breeding, Limited land resource, Lower yields but higher 

demands.  
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Accumulation of plastics in the environment is creating a threat to the mankind. Some plastics are 

degradable which do not cause threat to the environment, and are being used for several 

purposes such as making of containers, use for packaging, water pipes etc. In this study, the 

isolation and characterization of plastic degrading bacteria from paper mill waste water was done. 

Identification of the isolated strains was performed on the basis of colony morphology, grams 

nature, and several biochemical tests. Plastic strips are subjected to biodegradation by isolated 

bacteria using mineral salt medium. The degradation was observed by changes in physical and 

optical characteristics. The maximum degradation was observed in Pseudomonas sp. showed 

after 21 days of incubation  
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The main aim of the present study was to screen phytochemical derivatives from an Indian 

medicinal plant Andrographis echioides(L) Nees and to evaluate the antibacterial potential. A 

preliminary phytochemical screening was carried out in the plant extracts using qualitative 

methods. Whole plant of Anrographis echioides was subjected to soxhlet extraction using organic 

solvent of methanol, acetone, and petroleum ether. The antibacterial activity of acetone, methanol 

and petroleum ether whole plant extracts of Andrographis echioides was carried out using agar 

well diffusion method. . The Acetone and Methanol extracts are showed the best zone of inhibition 

against the severe pathogens such as S. aureus (A.E-33mm, M.E-28mm), S. typhi (A.E- 

26.67mm, M.E-28.33mm). 
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In many clinical situations, medication doses are oversized as a result of impaired drug absorption 

or tissue unspecific delivery. Especially in case of oncology, where the ratio of risk-benefit 

associated with chemotherapeutic agents is frequently unmanageable. Thus   the development of 

nano- and microparticles as drug delivery systems has emerged as one of the most 

groundbreaking biomedical applications. Advances associated with nanosystem preparation in the 

world of nano medicine have challenged the scientists to develop smart functional materials able 

to address unmet drug release conditions. Mesoporous silica nano particles can be modified to 

perform on-demand stimuli responsive dosing of therapeutic molecules. The silica network on 

loading with iron oxide super paramagnetic nano crystals, provides the potential to perform 

targeting and magnetic resonance imaging. Single-stranded DNA gets immobilized onto the 

material surface and the complementary DNA sequence is then attached to magnetic nano 

particles. Progressive double-stranded DNA melts and as a result rise in temperature resulted in 

the subsequent release of mesopore filled model drug, fluorescein. Under an alternating magnetic 

field, the magnetic component of the whole system reaches a Hyperthermic condition leaving 

behind the possibility of a remotely triggered drug delivery system. This multifunctional device 

could play an important role in the development of advanced drug delivery systems for thermo 

chemotherapy against cancer. 
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A biosensor can be defined as a compact analytical device or unit incorporating a biological or 

biologically derived sensitive recognition element immobilized on a physicochemical transducer to 

measure one or more analytes. Microfluidic systems, on the other hand, provide throughout 

processing, enhance transport for controlling the flow conditions, increase the mixing rate of 

different reagents, reduce sample and reagents volume (down to nanoliter), increase sensitivity of 

detection, and utilize the same platform for both sample preparation and detection. In view of 

these advantages, the integration of microfluidic and biosensor technologies provides the ability to 

merge chemical and biological components into a single platform and offers new opportunities for 

future biosensing applications including portability, disposability, real-time detection, 

unprecedented accuracies, and simultaneous analysis of different analytes in a single device. This 

review aims at representing advances and achievements in the field of microfluidic-based 

biosensing. The review also presents examples extracted from the literature to demonstrate the 

advantages of merging microfluidic and biosensing technologies and illustrate the versatility that 

such integration promises in the future biosensing for emerging areas of biological engineering, 

biomedical studies, point-of-care diagnostics, environmental monitoring, and precision agriculture. 
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Chronic Liver Diseases are the new medical nuisances that spread their tentacles everyday as 
the human population indulges in alcoholism and heavy intake of fat constituting diet. Owing to 
the various forms of the disease it can be categorized into two broad categories- Alcoholic Fatty 
Liver Disease and Non-alcoholic Fatty Liver Disease (NAFLD). Inspite of such detrimental effects 
caused by the diseases, our body remains equipped with the means to negate their adverse 
effects, in the preliminary stage. The enzyme called Alcohol Dehydrogenase (ALD) is a 
hepatocyte cytosolic enzyme that converts ethanol present in the body to acetaldehyde which 
further leads to its breakdown and digestion. There also exists several isozymes that play a 
pivotal role in the metabolism of alcohol. Constituting this wide array of isozymes we have class I 
enzymes which are abundant in the liver and are believed to play a major role in hepatic alcohol 
metabolism. Class II ADH (pADH, for pyrazole insensitive isozyme) was first found in human liver, 
consisting of a higher Km for ethanol. As it has a high Km it may contribute to increased rates of 
alcohol elimination. Class III ADH (cADH), ubiquitous in all tissues studied, is virtually inactive 
with ethanol but is capable of metabolizing longer-chain alcohols and hydroxyl fatty acids. These 
enzymes have a low Km for ethanol and are highly sensitive to inhibition by pyrazole derivatives, 
though class II ADH shows less sensitivity in comparison to class I ADH. At the end of the day, it 
is required to shed more attention to the mechanisms of the enzyme as it would minimize the rate 
of patients suffering from liver diseases. The regulation of the enzyme is controlled by the total 
activity of the enzyme in synergy to the product inhibition by NADH and acetaldehyde in addition 
to the intervention of various other factors. These factors thus make it an indispensable weapon 
against a new arena of diseases. 
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The first step in DNA Forensics department is the extraction of DNA from various samples. DNA 

can be extracted by investigators from almost any tissue, including hairs, fingernails, bones, teeth 

and body fluids. This extracted DNA can then be used to create a profile that can be compared to 

profiles from suspects or victims. 

In the project, DNA is extracted from semen samples with three different procedures at different 

intervals and then quantification is done by spectrophotometric analysis after running the samples 

on agarose gel. The different procedures used are Trizol method, Modern Guanidinium Method 

and Phenol-Chloroform method. 

It is found that among three procedures for the extraction of semen DNA, maximum yield of DNA 

is obtained from the 2nd Procedure i.e. Modified guanidine thiocyanate method where we get the 

maximum DNA yield i.e. concentration of 4.16 µg/µl at 72 hours. 

Moreover, it was also found that AS TIME PASSES DNA YIELD INCREASES FOR SEMEN 

SAMPLE. DNA remains stable for long time if kept at 4°C, so DNA yield should not decrease as 

time passes. So, all fresh sample, 24 hours sample, 48 hours sample and 72 hours sample should 

have same yield of DNA. But it is observed that fresh sample has the minimum yield of DNA 

comparing to others and 72 hours sample has the maximum yield of DNA which is greater than 48 

hours sample DNA yield which again is greater than 24 hours sample. This is because, as time 

passes, non cellular part which remains attached with the cellular DNA part in semen sample, 

gets degraded but the DNA remains stable. As a result, the surface volume is decreasing and the 

sample becomes more concentrated as only none of the DNA is degraded but all non cellular 

particles attached with it gradually get degraded. 
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Today, we are living in what is widely considered the sixth major extinction. Most ecologists 

believe that biodiversity is disappearing at an alarming rate, with up to 150 species going extinct 

per day according to scientists working with the United Nations Convention on Biological Diversity. 

A major reason why the loss signified by biological extinction seems tragic is that it seems 

irremediable. These creatures are gone, and there's nothing to be done about it. In recent years, 

however, the possibility has been ventilated that, something can be done, in at least some cases. 

Human ingenuity, a contributing factor in the extinction crisis, might actually help in achieving the 

―de‐extinction‖ of the extinct species or the ‗resurrection‘ of the original species and help us 

determine, whether it could resume its original place in the modern environment. 

De‐extinction is the threshold leading into a greater faction of questions about how 

biotechnological tools can  
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support, coexist with, or undermine the goals of conservation. Are we humans truly in control of 

the world or just mere beings who prosper by accommodating themselves into a parasitic 

interdependency with the environment? Are we just creatures or can we be creators too, or both—

and if both, then how can we achieve the balance between them? The interplay of perfecting and 

accommodating is not unique to human beings—perhaps it characterizes all forms of life on 

Earth—but with humans, these modes of being are distinctive, and our technology has greatly 

expanded its scale and effects. Question is, are we ready for the impact of our own intelligence, 

along with our environment? 
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In the field of biology, one of the fundamental discoveries is the ability to edit the genome and to 

monitor the product derived from genomic alterations. Various methods are available [like zinc 

finger nucleases (ZNF), transcription activator-like effector nucleases (TALEN)], but they are 

neither cheap nor accurate. In this context, clustered regularly interspaced short palindromic 

repeats (CRISPR) and CRISPR-associated protein (Cas) 9-mediated genome modification 

enables us to edit the genomes of a variety of organisms including humans in a rapid and efficient 

manner. Theoretically, CRISPR could be applied to treat any disease caused by genetic 

mutations. A CRISPR locus, defined by an array of repeat and spacer elements, constitutes a 

genetic record of the attack between bacteria and viruses, showcasing the genomic integration of 

spacers acquired from invasive DNA.  

CRISPRDetect (A flexible algorithm to define CRISPR array) has significant advantages in 

comparison to existing identification tools. It enables more accurate detection of array and spacer.  

In this review, we introspected the development of CRISPR and its therapeutics application to a 

wide range of complex diseases. Special emphasis is given to make fast identification and 

visualization of CRISPR loci via automated high throughput processing pipeline, and innovative 

therapeutic approach. This powerful new technology is undoubtedly revolutionary and holds 

enormous potential for the future except certain obstacles need to be addressed.  
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Antibiotics resistance is on the rise, because of inappropriate use of antibiotics in human 

medicine. These uses promote the selection of antibiotic resistance in bacterial populations. The 

resistant bacteria from environments may be transmitted to humans, to whom they cause disease 

that cannot be treated by conventional antibiotics. Emergence of resistance among the most 

important bacterial pathogens is recognized as a major public health threat affecting humans 

worldwide. Multidrug-resistant organisms have emerged not only in the hospital environment but 

are now often identified in community settings. The bacterial response to the antibiotic ―attack‖ is 

the prime example of bacterial adaptation and the pinnacle of evolution. ―Survival of the fittest‖ is a 
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consequence of an immense genetic plasticity of bacterial pathogens that triggers the specific 

responses resulting in mutational adaptations. Therefore, understanding the biochemical and 

genetic basis of resistance is of paramount importance to design strategies to curtail the 

emergence and spread of resistance and devise innovative therapeutic approaches against 

multidrug-resistant organisms. Researchers have found a substitute of antibiotics – where they 

reported that Cannabidiol has been remarkably effective of killing a range of Gram-positive 

bacteria, with broth microdilution MICs having same potency to that of established antibiotics such 

as vancomycin or daptomycin and was active against MRSA biofilms. Activity was retained 

against-resistant strains of S. aureus (MRSA, VISA, VRSA), Streptococcus pneumoniae (MDR) 

and E. faecalis (VRE). 
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Rapamycin an antibiotic, commonly used as a potent antifungal and immunosuppressant drug to 

prevent rejection in organ transplantation. The production of Rapamycin is enhanced by combined 

mutational study as seen in the recent research work. Lyophilized culture treated with different 

doses of UV light showed a decrease in survival rate in comparison to untreated sample. For 

every dilution made, with a sequential increase in time of UV exposure, the number of colonies 

formed decreased gradually. Combined treatment of spores with UV mutagenesis and chemical 

mutagen (NTG) was done. The combined treated spores were incubated at 30ºC at 120 rpm for 2 

hours and only a few test spore successfully survived. Agar-disc diffusion with Candida albicans 

as the assessment organism and turbidimetric assay were carried out for the surviving mutant 

strain sample. The potent mutant strain was inoculated in production media and aliquots were 

withdrawn every 24 hours to check the rapamycin production. Macrolide production was seen to 

be maximum on the 8
th
 day of fermentation which showed a 3 fold increase in rapamycin yield as 

compared to wild type Streptomyces hygroscopicus in shake flask. 
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Plastic is a material that is used to great extent. Nothing in our natural environment is capable of 

easily breaking them down since polyurethane and polyethylene are manmade polymers that 

microorganisms don‘t recognize as food. When burned, plastics release cancer causing 

carcinogenic is Bioplastics.  

A bioplastic is a plastic that is made partly or wholly from polymers derived from biological 

sources such as sugarcane, potato starch or the cellulose from trees, straw and cotton. Some 

bioplatics degrade in the open air, others are made so that they compost in an industrial 

composting plant aided by fungi, bacteria and enzymes. Others mimic the robustness and 

durability of conventional plastics such as polyethylene or PET. Bioplastics can generally be 

directly substituted for their oil based equivalent. Indeed, they can generally be made to be 

chemically identical to the standard industrial plastics. 
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Conventional plastic use fossil fuels, decreasing fossil fuels reserve. Consumers and 

governments demand cleaner alternatives to petroleum based technologies and their reckless 

production of the greenhouse gas CO2. 

In the short to medium term, bioplastics will need to establish niche roles in high value premium 

and ‗organic‘ ranges, together with a clear utility and obvious post-use routes. Whether they 

become mainstream alternatives to the majority of other plastic products in the long term remains 

to be seen. In all likelihood, bioplastics will be used as complementary products to the more 

common and flexible materials available. 
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The principle objective of plant biotechnology is to create new varieties of cultivated plants by 

manipulating DNA molecule. The transfer of genes from one organism to another is a natural 

process that creates variation in biological traits. Plant transformation technology has become a 

versatile platform for cultivar improvement as well as for analysis of gene function in plants. This 

research discuses and summarizes important work in the literature regarding the gene transfer 

technologies in plants and also underlines attempts to improve agriculturally important species, 

whether through traditional agricultural breeding or through the techniques of molecular biology. 

Presently, a number of methods exist for the genetic manipulation of plant cells. The main 

techniques focused in this article are gene transfer by Agrobacterium tumefaciens, microprojectile 

bombardment, electroporation of protoplast, polyethylene glycol method, microinjection, silicon 

carbide mediated transformation, liposome mediated gene transfer and sonication assisted 

Agrobacterium-mediated transformation. Moreover the application of gene transfer technologies 

related to the improvement of crops are also focussed. This research will help the reader to have 

an idea on gene transfer technologies. 
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Biotechnology is a moderrn science with old roots. It is a game changer as it has inherent 

solutions for many hurdles that modern society is facing. One of them is green biotechnology 

which is applied to agricultural process to produce environmentally friendly solutions alternative to 

traditional industrial culture. It produces crops with high nutritional content, insect resistance, 

longer shed life and various other traits like production of vaccine and so on.Biotech crops are 

supposed to need lesser water fertilizers, herbicides, almost nil tillage requirement, lesser need to 

spray so less fuel consumption, reduced CO2 andN2O emission. Inspite of all these advantages, 

the acceptance of genetically modified plants have involved in controversies regarding their safety, 

applicability and their effects on the environment.   

The technology is still in its nascent stage and will take considerable time to exploit commercially. 

GM plants are also being assets for their role in selective removal of pollutants or 

phytoremediation. Traits on which research concentrates and the constructs which might come 

next onto the market are outlined. The procedure on how to clone such gene of interest and some 

other helpful approaches of green biotechnology, like high throughout techniques and functional 

markers, are summarised and a rough calculation about the market value of transgenic crops in 

US dollar is coated. 
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Activation of Proto-oncogenes results in a gain of function and may be quantitative as a result of 

these alteration.Activated oncogenes induce abnormal cell proliferation and therefore causes the 

development of the tumor. The overproduction of oncogenes or oncogenic products may also 

occur by loss of transcriptional control through chromosomal translocation. Oncogenes have the 

characteristics of transforming into either benign cancerous cells or malignant cancerous cells. 

The accumulation of genetic damage in the forms of activated proto-oncogenes and inactivated 

tumor suppressor genes is the driving force in the evolution of normal cells into malignant ones. 

For a specific tumor type, amplification of any proto-oncogenes may occur at a low frequency, but 

the frequency of tumor in which at least one proto-oncogene is amplified can be much higher.p53 

also known as TP53 or tumor protein is a gene that codes for a protein that regulates the cell 

cycle and hence functions as a tumor suppressor. But p53 can be inactivated due to point 

mutation in key codons. The p35 gene prevents the healthy cells from becoming cancerous when 

carcinogens such as asbestos damage their DNA and they start reproducing uncontrollably In a 

case where the DNA damage is irreparable, the p53 gene initiates a process called apoptosis to 

destroy cancer cells but when p53 gene itself is corrupted, the cells lose their natural safeguard 

against becoming cancerous. Improper function of p53 genes allows cancer to spread faster. 
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In 21st century, 95% of the population are affectionate towards music which is beneficially 

impactlful on mental and physical health via stress reducing effects, a new branch of science has 

been developed building a bridge between science and music. Mood disorder and depressive 

syndromes represents a common comorbid condition in neurological disorders that ranges 

between 20% and 50% of patients with stroke, epilepsy, multiple sclerosis, Alzheimer‘s disease, 

Dementia, Schizophrenia etc. Music evokes pleasure associated with dopaminergic mesolimbic 

reward pathway, phylogenetically old reward network that functions to insure the survival of the 

individual. Researchers suggest listening to high arousing joyful music engages the insula and left 

striatum whereas the right and orbitofrontal cortex is activated by low arousal nostalgic sad music. 

Physiologically dopamine, serotonine, cortisol are some important neurotransmitters affected by 

listening to music. Dopamine is a mood enhancing neurotransmitter associated with reward which 

plays an important role in our cognitive, emotional and behavioural functioning and is deficient in 

condition such as depression, Schizophrenia and Parkinson‘s disease, listening to music results in 

lower secretion of stress hormone, cortisol, thereby reducing anxiety. Cortisol has quite reaching 

effects on nervous, circulatory, immune, digestive and skeletal system. Music Therapy has 

become a developing field in today‘s world with zero life risk. 
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Cloning is the process of generating a genetically indentical copy of a cell or an organism. Modern 

genetic technology can be used to create clones. There are three types of cloning, viz., Genetic 

Cloning, Therapeutic Cloning, Reproductive Cloning. Gene cloning is recombinant DNA 

technology. Therapeutic cloning involves in disease treatment. Here we discuss about 

reproductive cloning of organisms. Reproductive cloning is defined as the deliberate production of 

genetically identical individuals. Cloning happens naturally. In the nature some plants and single 

cell organisms like in bacteria occurs cloning naturally. Reproductive cloning is a type of artificial 

cloning. In 1976 researchers produced first genetically identical mice by splitting mouse embryos 

in test tube and implanting the resulting embryos into the wombs of adult female mice. After this 

event in the year 1996 Scottish researchers finally produced genetically identical lamb named 

DOLLY from an udder cell after 267 attempts. Clones are not as same as the donor. They just 

have the same genetic material. Reproductive cloning is a very inefficient technique where most 

cloned animal cannot develop into healthy individuals. Dolly was the only cloned clone to be born 

live out of the 277 cloned embryos. Now the question is ‗Have human been cloned?‘The answer is 

human cloning is still a fiction. 
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Concrete is the basic block of buildings. Many agents and embedded steel bars, due to tensile 

stress, may harm it by creating cracks. Crack formation is also a typical phenomenon related to 

durability. Percolated cracks may lead to leakage problems or ingress of harmful materials which 

can reinforce the corrosion. Durability can be enhanced by preventing further ingress of water and 

other substances. Self-healing is characterized by regaining performance after defect occurs. 

Damage targeted in bacteria-based self-healing concrete particularly relates to increased 

durability and leakage prevention and extending service-time of substance. Now if Bacillus sp. 

based bacteria and mineral precursors are used, then it gains the ability of self-healing. These 

bacterias, often acid producing, if get hydrated, along with precursors, during metabolism, create 

calcium carbonate from calcium lactate, which is eventually precipitated leading to the sealing of 

the cracks. So if water ingress occurs, the bacterias got activated and work as catalysts resulting 

the sealing and prevent any other substance to go in. This self-healing cement can be used for 

modern architectures or where human inspection is impossible. Along with this, it can be sprayed 

where cracks already have been occurred in old buildings. As it stays activated for approximately 

200 years, it will save many human and material efforts otherwise splurged. 
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One of the major dangers in manned space mission is exposure to cosmic radiation. However, the 

data on the biological effects of Galactic Cosmic Radiation (GCR) and other forms of radiation 

occurring in deep space is limited. Hence, Scientists of NASA Ames Space Centre, USA have 

devised a way to gather the relevant information by sending a nanosatellite into deep space 

where it will undergo exposure to radiation. The nanosatellite will be set in an orbit around the Sun. 

It will contain two strains of S. cerevisiae, one is the wild type and the other having the 

rad51deletedgene.The rad51deletion strain will not respond to the DNA repair as it lacks damage 

repair mechanism in their cell machinery. Hence, it will undergo damage accumulation, resulting in 

the death of cells. The metabolic indicator dye Alamar Blue can indicate the reduction in number 

of viable cells. Also, the radiation levels could be measured with the help of a dosimeter (EHT 

spectrometer) and an onboard physical sensor. The payload data will be downlinked to Earth-

based ground stations. The data received from the Biosentinel (Cubesat) will be compared with 

that received from identical payloads; one placed in the International Space Station (at 

microgravity and comparatively low radiation levels than in deep space) and another used as a 

delayed-synchronous ground control at surface level radiation and Earth‘s gravity. 
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The recent developments in synthetic nucleotides that can pair up with each other (Unknown 

Base Pairs, UBPs) has led to the synthesis of Semi-Synthetic Organisms (SSOs) where in the 

productively and selectively placed unnatural nucleotides into the bacterial genes replicated DNA 

and converted the sequences into RNA and then proteins that contained non-canonical amino 

acids (ncAAs). Hence ―Synthetic organisms are organisms for which a substantial portion of the 

genome or the entire genome has been designed or engineered‖. 

The branch of Synthetic Biology goes beyond fulfilling the goals of classical genetic engineering to 

design life according to humanity‘s needs involving designing and constructing new biological 

parts, devices and systems exploring large scale interventions as compared to traditional GMOs 

(Genetically Modified Organism). Several synthetic organisms‘ applications like that in 

bioremediation, can prove to be a blissful solution to some of the greatest challenges facing the 

environment like climate change, scarcity of water, etc. by its responsible development following 

the ethical principles, in spite of it posing a potential threat to the mankind.   

The results concluded can be stated such that the introduction of novel, synthetic organisms may 

have both constructive and destructive effects on the conservation and sustainable use of 

biodiversity. The future developments on this field with proper regulatory legislations are predicted 

to have broader eco-friendly applications.     
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The increasing energy demand and concerns about CO2 emission and global climate change 

caused by reliance on fossil as our primary energy source give rise to an urgent requirement for 

renewable energy such as biofuels. CO2 and water can be converted into the biofuels and 

chemicals via photosynthesis using sunlight (as energy) by microorganism, viz., cyanobacteria 

(Cyanobacterium synechocystis pcc 6803). The product titers and rates are the main challenges 

to overcome for industrial applications. By introducing and re-casting the 1-butanol biosynthetic 

pathway at the gene and enzyme levels, optimizing the 5 regions of expression units for tuning 

transcription and translation, rewiring the carbon flux and rewriting the photosynthetic central 

carbon metabolism to enhance the precursor supply and performing process development, 

researchers were able to reach a cumulative 1-butanol titer of 4.8 g/L with a maximal rate of 302 

mg/L/day from the engineered cyanobacteria. In here, we are representing a blueprint for 

systematic engineering in photosynthetic microorganisms for high level production of chemicals 

and biofuels. 
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Over the last few decades plastic pollution has become a great problem which is affecting us 

socially globally as well proves to be a grave environmental challenge. One of the major victims of 

this manmade disaster is the marine ecosystem. The amount of land based plastic entering the 

ocean every year is estimated to be around 4.8 to 12.7 million tonnes. Though the problem was 

minimal initially but with graduating years it has proven to be humongous, abandoned. One such 

aspect is the Pacific Garbage Patch. The plastic waste disintegrates to form micro plastic. These 

affect the ecosystem at such a fundamental level that the need for a solution has become 

imminent. The studies of microbes affecting the plastic has introduced fairly recently. They are 

ideally suited for this task as they possess enzymes that allow them to use environmental 

contaminants as food and because they are so small they are able to contact contaminants easily. 

Biodegradation is a process that results in total or partial conversion of carbon to organic or 

biomass. It can be achieved through bio deterioration, bio fragmentation mineralization and 

assimilation.  

Literature highlights the classification of plastics with special emphasis on the identified 

mechanisms of plastic biodegradation, the microorganisms involved in biodegradation, and the 

current insights into the research on biodegradation of plastics. 
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Food processing industry faces various challenges, one of the foremost challenges is the need for 

quick and cost effective methods to detect the presence of allergenic components and pathogen 

in food. Food borne pathogens affect human health negatively and are known to cause economic 

losses. Therefore, quick detection of food borne pathogens and the implementation of measures 

to ensure their inactivation are of immense significance. Immunological, molecular, and cultural 

methods are frequently used in the detection of food borne pathogens. High cost, prolonged 

analysis times, and the necessity of specialized personnel are some of the disadvantages of these 

methods. Biosensors are known as analytical devices. The use of biosensors is considered a new 

approach to quickly detect food borne pathogens and their toxins. Biosensors, which are capable 

of converting biological, chemical, or biochemical signals into measurable electrical signals, are 

systems containing a biological detection material combined with a chemical or physical 

transducer. Different types of biosensor are being employed for detection of pathogenic bacteria. 

Biosensors are sensitive, fast, economical, reliable, and portable devices, and are used in many 

fields such as food safety, medicine, pharmacy, measurement of environmental pollution, and the 

military defense. Electrochemical and optical biosensors and piezoelectric immunosensors are 

among the most frequently used biosensors in the detection of food borne pathogens. .The 

application of Biosensor technology in food industries offers a promising solution for portable rapid 

reliable effective and suitable for in situ analysis i;e microorganisms in foods. 

 

Poster - 37 

Study on the Effectiveness of Microbial Fuel Cells 

Md Shams Tabrez*, Kumar Sourabh, Bipul Mandal, Bhaswati Chakraborty, Md 

Kasif, Anirban Rudra, Akash Kumar Das, Gopesh Kumar, Tilak Raj Maity, Ahana 
Bhaduri 

Department of Biotechnology, Haldia Institute of Technology, Haldia 721657, West Bengal, India 

*shamstabrez5902@gmail.com 

A microbial fuel cell (MFC) is a device that uses bacteria as catalysts to oxidize organic matters as 

well as generate electrical current in the anodic half-cell. This study aims to construct an MFC with 

photosynthetic algaeas cathode, which is maintained by self-capturing CO2 released from the 

anode and utilizing solar energy as energy input. The main idea was to utilize the oxygen 

produced during photosynthesis by algae as an oxidant in the cathode chamber. Results obtained 

successfully demonstrated that the algae-assisted microbial fuel cell is efficient for electricity 

generation and chemical oxygen demand (COD) removal from wastewater. The performance of a 

developed microbial fuel cell resulted in a maximum current of 550µA and voltage of 750 mV. 

Furthermore, other species of algae like oil-algae can be grown in a cathode chamber, which can 

be used for bio-diesel production and greenhouse gas like CO2 sequestering. Analysis of 

Biological Oxygen Demand (BOD) and the microorganism responsible for the generation of 

electricity need to be assessed. Increase in the electricity amount from minimum slug remains the 

prime focus of the work and thus this may substitute conventional energy sources. 
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Bacterial pigment production is now one of the emerging fields of research to demonstrate its 

potential for various industrial applications. The biochemical process can be classified into 

catabolism and anabolism on the basic of functional properties and metabolic pathway these 

molecules are classified into primary and secondary metabolites. The focus of our study is on the 

extraction of dye from microbes. Secondary metabolites are of various kinds like enzymes, 

colourful pigments, alkaloids, flavonoids, etc. The secondary organisms have the capacity to 

produce several metabolites with various biological functions, including antibacterial agents, 

toxins, metal- transporting agents, pigments. Pigments are compounds that are widely used in 

various industries that come in a wide variety of colours. Non toxic nature of pigment produced by 

a number of microorganisms make them environmental friendly for utilization in dye , food stuffs , 

pharmacy and other industrial purpose.  Moreover natural pigments produce from biological origin 

have medical importance as been used as antioxidant, antimicrobial, additives, non-carcinogenic 

colour intensifier as well as economically friendly. Some of the bacteria capable of producing 

pigment with different varieties of colour are Agrobacterium aurantiacum, Bacillus sp. etc. Colours 

are pink-red, golden, yellow, purple etc. Bacteria could be genetically modified by inserting genes 

coding for the colorants even colorants not naturally produced by bacteria. The various utility of 

microbial dye extraction are used as food supplement, used in treatment of protoporphyria and 

breast cancer, colorants in beverages, protection from oxidative stress. Chemotaxonomics and 

diagnostic marker. Most studies investigated that bacteria have shown the efficacy and the 

potential in clinical application. Bacterial pigments have several advantages over synthetic 

pigments. 
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Flavonoids comprise a group of phenolic secondary plant metabolites that are widespread in 

nature. Major flavonoids that have well categorized structures and well defined structure function-

relationships are flavans, flavanones, flavones, flavonols, flavanols, flavanonols, cetechins, 

anthocyanidins and isoflavones. Bio-flavonoids are well-known for their multi-directional biological 

activities including anti-diabetic efficacy. Numerous studies have been carried out to explore their 

potential role in the treatment of diabetes. Flavonoids may exert beneficial effects in diabetes by 

(i) enhancing insulin secretion and increasing glucose uptake in skeletal muscle and white 

adipose tissue (ii) improving hyperglycemia through regulation of glucose metabolism in 

hepatocytes; (iii) reducing insulin resistance, inflammation and oxidative stress. Keeping this in 

mind screening of natural resources as a potential source of flavonoids would be attempted 

followed by the purification of the active components.  
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Hair dye is one of the oldest known beauty preparations and was used by ancient cultures in 

many parts of the world. It is one cosmetic that is largely used by both the genders. The desire to 

look younger, fashionable and more put together has led to an immense growth of hair dye 

industry. With such high usage and demand of hair dye, the residue of hair dye in environment is 

also increasing. Hair dye contains chemicals like para-Phenylenediamine (PPD) which has been 

identified as genotoxic and their presence in environment can cause severe issues. As synthetic 

hair dye is toxic due to the presence of PPD, it has become a major concern. In this article our 

objective is to formulate natural hair dye by combining different plant extracts like tea, walnut, oak 

leaves with henna which provide colour without causing any health issues. Plants are reported to 

contain alkaloids, Quinone, saponins and polyphenolic compound which are applicable for 

colouring as well as caring of hair. Some of these plant-derived dyes were mixed with metals such 

as copper and iron, to produce more lasting or richer shades. The active constituent of plant 

derivatives will also prevents hair from damage caused by photoreaction and pollution. 
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Cancer is second leading cause of death worldwide after heart disease.  The most prominent 

feature of cancer is rapid proliferation of abnormal cells that grow beyond their usual boundaries 

and metastasize to other part of the body. One of the emerging hallmarks of cancer is metabolic 

reprogramming or plasticity, which is generated in the cancer cells to acclimatize it in the nutrient 

and oxygen-deprived environment. In the context of metabolic reprogramming, cancer cells 

depend upon two important metabolites, i.e glucose and glutamine, for their survival. Glucose can 

supply fast energy and produce lactate under aerobic condition, which is known as Warburg effect. 

However, invasiveness in ovarian cancer cells arise with the enhancement of glutamine 

dependency. The crucial role of glutamine is to fuel the TCA cycle. A few population of cells inside 

the tumor core has the self renewal capability and they can differentiate into other lineage. These 

cells are called cancer stem cells (CSC).They give rise to differentiated cells and to interact with 

its environment to maintain a balance between proliferation and regeneration. Overcoming 

intrinsic and acquired drug resistance is a great challenge in cancer treatment because in cancer 

patients, Chemoresistance causes recurrence, cancer dissemination and death. Chemoresistance 

causes disease relapse and metastasis. In the core of the tumor cells, there is limiting condition of 

glutamine. At this condition tumor cells still survive and remain healthy. Therefore in this study we 

want to decipher whether glutamine restriction induce stem like properties in these population. 
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In an attempt to correlate between polyploidy in grass pea and tumorigenicity, the effects of pro-

oxidant, antioxidant and anti-cancerous drug are evaluated. An increase in H2O2 content and lipid 

peroxidise (LPx) activity is associated with the stress along with the hike in the antioxidant 

enzyme levels in cholchine induced polyploidy. However, ascorbic acid and methotrexate (MTX) 

cure the oxidative damage owing to the their free radical scavenging role and cell division 

arresting functionality and restore the cells from polyploidy. This restoration is marked with fall in 

the antioxidant enzyme activity namely catalase (CAT), LPx and super oxide dismutase(SOD). 

Although polyploidy has been controlled but normal growth is compromised as implied from the 

change in radical lengths of grass pea in various combinations of AA and MTX treatments. 

Soaking of seed with H2O2 aggravates stress and transforms polypoidy cells into necrotic in 

higher dose. This preliminary observation seems to be interesting to extrapolate the potentiality of 

antioxidant as well as anti-cancer drugs for retrieving cells from induced polyploidy. 
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The Beetroot (Beta vulgaris L.) is the tap root portion of a beet plant which forms a good source of 

Betalain; an industrially used red food colorant. Wine is one of the oldest forms of alcoholic 

beverages whose production process in the conventional form was first discovered by ancient 

people using application of fermentation technology of fruits having sugar. During the middle of 

the 19
th 

century wine was coloured using beetroot juices. Beetroot have medicinal, therapeutic 

and nutritive properties. Beetroot contains high concentration of sugar (10-12 %, w/v), organic 

acids, flavonoids and polyphenols which makes it suitable vegetable for wine making. It contains 

more sugar than any other vegetable, and its earthy taste and aroma comes from an organic 

compound called geosmin. Grape wine is the most conventional and widely available alcoholic 

beverage that is made through the process of fermenting grapes using different strains of Yeasts. 

Beetroot wine, which can be categorized as an unconventional vegetable wine requires Yeast 

(Saccharomyces cerevisiae INVSc1) to ferment the beetroot juice and produce good quality 

alcoholic beverage. On comparing the overall quality of this novel wine with traditional grape wine, 

it was found to have better organoleptic characteristics in terms of taste having typical sweeter 

notes. Moreover color, appearance and palatability of the beetroot wine was found to be quite 

acceptable. However, no significant differences in the biochemical parameters were observed 

between the two. The approximate ethanol content of the beetroot wine lies in the range of 7.5-

10 % ABV whereas the range varies widely for grape wine with an average value of 11-15% ABV. 
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There is a growing interest in the scientific world on production of biochar from natural organic 

waste products as potential sustainable precursors for bioremediation. Organophosphate 

pesticide being among the most used pesticide but having severe toxic effects on health causing 

neurological disorders. Potato peel biochar was produced by slow pyrolysis method at 700°C, for 

2 hours under oxygen-limited conditions. Aquous extract of chlorpyrifos (organophosphate 

pesticide) was treated against biochar at varying physical parameters and on optimization, 

maximum pesticide removal of 48.058% was obtained after 5 hours and 72.06% after 24 hours of 

treatment (at pH 5, Biochar 1.04mg/ml, Pesticide 1.34mg/ml). Biocompatibility of biochar was 

tested on both plant and animal (aquatic) system. In plant system, growth morphology, total 

carbohydrate, total protein, total flavonoids, total phenolic compounds, total antioxidant content 

along with free radical scavenging activity was assessed. Except carbohydrate and protein all 

biochemical parameters showed enhancement in presence of biochar. Haemo-compatibility assay 

for aquatic system inferred biochar being completely biocompatible. The gradual decrease of 

haemolysis in 24 hours treated pesticide compared to 4 hours treatment depicting subsequent 

adsorption of pesticide by biochar. The water insoluble extract of the pesticide still remains 

untreated and thus a matter of concern which needs remediation. Bacteria isolated from 

agricultural land were allowed to grow on biochar and synergistically treated against crude 

pesticide. Pesticide may serve as a nutrient for bacterial biofilms in the stress condition and will 

thus reduce the pesticide content. This synergistic treatment may come up to be a noble 

approach in the bioremediation of pesticide toxicity. 
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Development of Photobioreactors (PBRs) gains much interest in the production of foods, bioactive 
compounds and become a potential option for cleaning environment using microalgae cultivation. 
Here, we use the property of the conversion of CO2 into O2 by the action of photosynthesis by 
micro-algae in PBR. Inside the PBR, microalgae Chlorella are supplied along with water, nutrients 
and air for their growth. The whole culture mixture will be in a perfect agitation state inside a coil 
made up of fiber-glass to maintain perfect transparency to get an adequate amount of sunlight. In 
a controlled manner inlet CO2 will be converted into O2 and will come out from the reactor. The 
whole system will be compact, transportable and can be used in every household with a moderate 
amount of electric supply. This is a small venture to fight against the current and upcoming 
O2 deficiency in the environment and thus controlling the rising pollution levels. 
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As a consequence of antibiotic overuse and misuse, nosocomial infections caused by multidrug-
resistant bacteria represent a physician's nightmare throughout the world. The resistance among 
various microbial species (infectious agents) to different antimicrobial drugs has emerged as a 
cause of public health threat all over the world at a terrifying rate. Due to the pacing advent of new 
resistance mechanisms and decrease in efficiency of treating common infectious diseases, it fails 
in microbial response to standard treatment, leading to a prolonged illness, higher expenditures 
for health care, and an immense risk of death. The inappropriate use of antimicrobial drugs, 
inadequate sanitary conditions, inappropriate food-handling and poor infection prevention and 
control practices contribute to the emergence of and encourage the spread of multidrug 
resistance. Considering the significance of multidrug resistance, this representation, emphasizes 
the study in antibiotic sensitivity pattern of multidrug-resistant bacterial strains, the problems 
associated with multidrug resistance and the need to understand its significance and mechanisms 
to combat such microbial infections.     
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There has been a growing interest in the use of biochar nowadays as a soil amendment and 

increment of its fertility. Studies had reported, biochars having variable effects, ranging from 

inhibition to strong stimulation on plant growth. Potato peel biochar has been studied for the 

growth enhancement of plant growth and gave positive results compared to wild type. To enrich 

the application procedure, potato biochar had been doped separately with copper and zinc 

forming Cu doped biochar Nanoparticle and Zn doped biochar Nanoparticle respectively. The 

nanoparticles were assessed for the plant growth and experiment was performed on moong 

beans. Promising results were obtained and a noticeable growth difference were found compared 

to wild type. Biocompatibility test of the nanoparticles on goat blood showed no haemolysis. 

Further work on this research would be on optimizing the conditions and study for different 

biochemical parameters and the effect of the nanoparticle on it. Along with plant growth it will also 

be applied for the reduction of toxic chemicals in the soils that hampers the plant growth. The 

work aims in developing a nano-bio based fertilizer which is fully biocompatible in both plant and 

animal system and capable of replacing the commercially used chemical fertilizers.  
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All genes in a genome tend to have the same coding strategy. That is, they employ the codon 
catalogue similarly and show similar choice between synonymous codons. 
The immergence and dissemination of multidrug-resistant strains of Staphylococcus aureus in 
recent years have expedited the research on the discovery of novel anti-staphylococcal agents 
promptly. Bacteriophages have long been showing tremendous potentialities in curing the 
infections caused by various pathogenic bacteria including S. aureus. 
In this study an effort has been made to study the codon bias perspective of Staphylococcus 
aureus bacteriophage using bioinformatics tool. Total of 15 potentially active bacteriophage 
effective against S.aureus infection were studied.  
To observe the factor influencing the architecture of protein coding gene, reported by variation in 
their synonymous codon usage influences of mutation bias& influence of translational bias. This 
variation has been indicated by both Nc vs GC plot & different Corresponding Analysis 
parameters for codon usage. 
Further analysis of this bacteriophage‘s strongly suggested that among 15 bacteriophage, phage 
GH15, A5W are virulent in nature as they shows significant similarity with phage K (having high 
translational efficiency) and can be potentially used for phage therapy for staph infections, also 
there is some significance on phage TEM123 which is showing some kind of external codon 
selection preference i.e. external pressure other than mutational pressure. 
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Artificial blood is a product made to act as a substitute for red blood cells. While true blood serves 
many different functions, artificial blood is designed for the sole purpose of transporting oxygen 
and carbon dioxide throughout the body. Depending on the type of artificial blood, it can be 
produced in different ways using synthetic production, chemical isolation, or recombinant 
biochemical technology. Development of the first blood substitutes dates back to the early 1600s, 
and the search for the ideal blood substitute continues. Various manufacturers have products in 
clinical trials; however, no truly safe and effective artificial blood product is currently marketed. It 
is anticipated that when an artificial blood product is available, it will have annual sales of over 
$7.6 billion in the United States alone. We have prepared this abstract to bring forward the uses 
of artificial blood. Artificial blood development is a breakthrough in science and can prove to be 
very helpful in near future. 
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A telomere is a region of repetitive nucleotide sequences, i.e, 5‘-TTAGGG-3‘, present at each end 
of a chromosome. It is the non-inherent part of DNA and protects the end of the chromosome 
from deterioration or from fusion with neighbouring chromosomes. But, everytime our DNA 
replicates, some of the telomere gets shortened because the enzyme responsible for DNA 
replication, DNA polymerase is unable to copy DNA at the very ends of chromosomes. As a result, 
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approximately 50 nucleotides are lost during each cycle, gradually shortening telomere length. 
Telomere shortening gradually leads to senescence or aging. Even, cumulative research from the 
last 20 years has made clear that telomere attrition is contributing to our risks of getting 
cardiovascular diseases, Alzheimer‘s disease, diabetes and some forms of cancer. Everything 
today is responsible for the shortening of our telomeres which indirctly signifies that I‘ve the ability 
to control the length of my telomeres, starting from controlling our stress level to our emotions to 
everything. 
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In the world of natural fibres, spider silk has long been recognized as the wonder fibre for its 
unique combination of high strength and rupture elongation. This spider silk is produced form the 
abdomen of spider, but in liquid form, for solidification of the silk, the spider has to pull it out form 
its body. The spider silk is made up of fibroin (42% glycin & 25% alanine). In order to achieve 
spider-silk on a large scale, biotechnological production of spidroins is the only feasible solution. 
E. coli is the best host for industrial scale production of silk proteins. It is 5 times stronger than 
steel. And the strength remains unchanged up to -40

0
C. It has the capability to even stop the 

bullet. Spider silk is so strong because of dragline silk that consists of spidroins. The spider silk is 
fast gaining its popularity in the industry due to its unique features; it can replace Kevlar and use 
to make bullet proof clothing, ropes, nets, seat belts, parachutes, rust free panels on motor 
vehicles, biodegradable bottles, artificial tendons etc. 
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Staphylococcus aureus is an extremely flexible organism: it can be a commensal but also a 
dangerous pathogen, causing skin abscesses, wound infections, endocarditis, osteomyelitis, 
pneumonia, and toxic shock syndrome. S. aureus can also adapt to live inside cells, where it finds 
protection from host defence mechanisms and antibiotics. The number of staphylococcal 
infections continues to increase—in parallel with the increased use of intravascular devices—
while the treatment of these infections becomes ever more difficult because of the emergence of 
staphylococcal strains resistant to multiple antibiotics, including vancomycin. This study will be 
done in order to search for S. aureus phages which are suitable for phage therapy; relative 
synonymous codon usage bias has been investigated in the protein-coding genes of several 
staphylococcal phages. All phages carried A and T ending codons. Several factors such as 
mutational pressure, translational selection and gene length seemed to be responsible for the 
codon usage variation in the phages. Codon usage indeed varied phage to phage. Of different 
lytic phages, phages G1, Twort, 66 and Sap-2, 44AHJD, P68 and K, majority of their genes 
possess high translational efficiency, which shows that these phages may be utilized in curing 
staphylococcal infections. Phage therapy offers a promising alternative to combat staphylococcal 
infections. Phages can be used as microbiological tools able to damage bacterial cells and defeat 
difficult infections. Phages are particularly useful in the battle against multidrug-resistant bacteria. 
Implementation of phage treatment may help to reduce the frequency of potentially lethal 
infections in the hospital environment, with related costs that can be significantly lower than those 
of antibiotics. So this study basically deals with the screening of different lytic phages to be used 
in phage therapy. 
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In humans, specially adults healing is a complex process involving a number of phases such as 
Hemostiasis phase (activation of repair and blood clotting system), Defensive phase (destroying 
bacteria and removing debris), Proliferative phase (filling and covering of wound, contraction of 
wound margins), Maturation phase (formation of new tissue). As healing involves a number of 
phases, the process of healing is time consuming. To accelerate the wound repair mechanism, 
Bio-engineers and scientists have developed strategies such as autografts (grafts from the same 
individual), allografts (grafts harvested from the body of the dead person), xenografts (grafts 
derived from pig skin). These methods causes can result in reactions in allergic individuals. The 
need to formulate a new strategy beyond these limitations has focussed on the properties of 
metals such as gold and silver. Since ancient times, it is believed that these metals has healing 
properties and protects the skin and body from toxins. Gold, being expensive it is convenient to 
formulate a strategy using silver nano-particles for the repair and healing purpose. Silver nano- 
particles can stimulate cell proliferation. The idea is to use nano-particles in ointment and even to 
form sheet like material using bio-active glass, synonymous to band-aids which can be utilized in 
repair. Silver particles can be extracted biologically with the help of bacterial strain Escherichia 
coli and silver nitrate salt. The strain is inoculated into sterile broth for the biomass production and 
the culture flasks are incubated on an shaker at 27°C and agitated at 220rpm.The biomass is 
harvested for 24 hours and centrifuged at 12,000rpm for 10 mins. The collected supernatant is 
added into the vessel containing 5ml silver nitrate. The reactions are done in the dark to avoid 
photochemical reactions. The change of colour from yellow to brown in the silver nitrate 
containing flask indicates the formation of silver nano-particles. The newly synthesised nano-
particles are obtained by means of centrifugation at 10000 rpm for 5 mins twice and is collected 
and can be used in the ointment as well as can be coupled with bio-active glass to form a sheet 
like material which can be a replacement of band aids, that can accelerate the healing of wound. 
UV-vis spectroscopy at 400nm confirms the formation of nano-particles. 
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Bio-hydrogen is H2 that is produced biologically. Interest is high in this technology because H2 is a 
clean fuel and can be readily produced from certain kinds of biomass. Many challenges 
characterize this technology, including those intrinsic to H2, such as storage and transportation of 
a noncondensible gas. Hydrogen producing organisms are poisoned by O2. Yields of H2 are often 
low.  
 
The main reactions involve fermentation of sugars. Important reactions start with glucose, which 

is converted to acetic acid: C6H12O6 + 2H2O → 2CH3CO2H + 2CO2 + 4H2  

A related reaction gives formate instead of carbon dioxide: C6H12O6 + 2H2O → 2CH3CO2H + 

2HCO2H + 2H2  
 
These reactions are exergonic by 216 and 209 kcal/mol, respectively.  
A hydrogen vehicle is a vehicle that uses hydrogen fuel for motive power. Hydrogen vehicles 
include hydrogen-fueled space rockets, as well as automobiles and other transportation vehicles. 
The power plants of such vehicles convert the chemical energy of hydrogen to mechanical energy 
either by burning hydrogen in an internal combustion engine, or, more commonly, by reacting 
hydrogen with oxygen in a fuel cell to run electric motors. Widespread use of hydrogen for fueling 
transportation is a key element of a proposed hydrogen economy.  
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As of 2016, there are three models of hydrogen cars publicly available in select markets: the 
Toyota Mirai, the Hyundai Nexo, and the Honda Clarity. Several other companies are working to 
develop hydrogen cars. As of 2014, 95% of hydrogen is made from natural gas. It can be 
produced by thermochemical or pyrolytic means using renewable feedstocks, but that is an 
expensive process. 
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Arsenic poisoning in ground water has increase the risk of cancer and various health related 
issues in India. According to WHO guideline Arsenic value 10 ppb drinking water is safe. In some 
region of Bihar and Utter Pradesh (Baliya region) Arsenic limit is cross to 3800 ppb in drinking 
water. Profenofos is an Organophosphate insecticide. Based on a study Profenofos toxicity 
causing respiratory failure. This study comprehensively assessed the risk associated with 
combined dosing of Arsenic and Profenofos carcinogenic effect on animal model (Swiss Albino 
Mice). Assessment of the study was based on Histological, Haem       atological and Biochemical 
analysis. The lethal dose of combined Arsenic and Profenofos is 4mg/kg body weight.  The 
internal deformities that occurred due to the combined dosing of Arsenic and Profenofos were 
treated with the aqueous seed extract of Piper nigrum and Syzygium cumini. The medicinal 
dosing of Piper nigrum and Syzygium cumini is 10mg/kg body weight and 300mg/kg body weight 
respectively. The study of the medicinal dosing is again based on the Histological, 
Haematological and Biochemical evaluation. The study showed significant cytoprotective or 
ameliorative effect of Piper nigrum and Syzygium cumini against Arsenic and Profenofos treated 
Swiss albino mice. 
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At the time of discovery of Penicillin, Alexander Fleming warned about excessessive use of 
antibiotic may produce resistant strains i.e. superbugs. At present time we are facing a great 
problem of antibiotic resistance. Now we have to move a step ahead to overcome this problem. A 
century old therapy can be replacement for antibiotics which can also fix the problem of 
incapability of killing superbugs. Bacteriophages can be used against bacterias to eliminate them 
and for superbugs modified phages can be used. With the help of genetic engineering after 
completing several operations bacteriophages can be modified and can be made suitable for 
clinical use against different bacteria as well as superbugs. Parallelly they leave no long-term side 
effects on human body due to macrophages. So, it is aimed to replace antibiotics by modified 
phage therapy which has more advantages and less side effects.   
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Food consists of various macromolecules (carbohydrate, protein, and fat) and micro molecules 
(vitamin, minerals, etc.).On the basis of farming, food is divided into two categories such as 
organic food and inorganic food. According to their origin, food are two types-plant derived food 
and animal derived food, beside them microorganism can produce single-cell protein. In this 
context, we envisage spirulina derived single-cell protein. Spirulina, (blue-green algae) of the 
cyanobacteria family is currently of global nutritional significance. It contains a high amount of 
proteins, vitamins, antioxidants, antimicrobials, and anti-carcinogenic biomolecules.It is mainly 
composed of some essential amino acids mainly leucine, valine, and isoleucine along with 
tryptophan, methionine, phenylalanine, threonine, and lysine. Among the non-essential amino 
acids, the algae are a rich source of aspartate and glutamate.Spirulina consists of many vitamins 
mainly beta carotene and vitamin B12. Vit B12 protects from a type of anemia. Microalgae 
biomass contain Glucose, mannose, xylose, etc. Spirulina contains 4-7% lipids. Spirulina mainly 
has essential fatty acids. Spirulina is one of the few natural dietary sources of Gamma Linolenic 
Acid (GLA), an omega 6 fatty acid. It has a high amount of pigments and phytonutrients, 
phycocyanin including carotenoids, xanthophyll, and chlorophyll. Phycocyanin is a blue pigment 
found only in blue-green algae. Pigments are usually associated with thylakoid lamella of the 
algae. Spirulina is an adequate source of iron, zinc, sodium, potassium, calcium, phosphorus, 
manganese and other minerals. Spirulina has several beneficial role such as they are used as a 
dietary supplement, act as an anti-carcinogenic agent, and act as an antioxidant. 
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With the massive destruction of world‘s energy supply and the growing interest of mankind 
towards sustainable development, there has been an increase in concern for alternatives sources 
of energy. Bioalcohol is a renewable energy source produced through fermentation of sugars by 
micro-organisms like Saccharomyces cerevisiae. The organism can also be used for the 
manufacturing of alcoholic beverages using different substrates. Traditional brewing techniques 
utilize this strain because they have high ethanol yield, high productivity, and tolerance to high 
ethanol concentration that keeps distillation costs low. The solid waste of field bean pods, green 
pea (Pisum sativum) and field bean (Vicia faba) seed coat are rich in cellulose, hemicellulose and 
lignin. Most of These Agro wastes are often openly dumped or incinerated that may lead to 
significant environmental pollution. It may also harbour the growth of certain pathogens while they 
degrade in the open. Thus, they can be converted into being renewable resources for production 
of ethanol. As theses substrates contains complex sugar, they can be pre-treated to increase the 
amount of simple sugar which forms a more readily fermentable food for the yeast. A suitable low 
cost anaerobic fermenter was designed and fabricated for bio-alcohol production under 
submerged culture conditions using Yeast (Saccharomyces cerevisiae). The findings of this 
analysis suggest that agro based waste containing fermentable sugars should no longer be 
discarded into our environment, instead should be transformed to bio-alcohols that can serve both 
as a constituent of alcoholic beverage formulation  as well as an alternative energy source.       
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Diabetes or hyperglycemia highlights a growing and serious health care challenges globally. 
Despite scientific breakthroughs, better healthcare facilities, and improved literacy rates, the 
disease continues to burden several communities in the world. The present trends indicate the 
rise in premature death due to diabetes and its critical pathological complications, posing a major 
threat to the global health care system. In the very recent, scientific and technological advances 
have emerged the developments of a newer generation of drugs as well as other therapeutic 
interventions with their significant efficacies in reducing hyperglycemia. Furthermore, the 
identification, clinical investigation and real applications of bioactive substances from plants have 
revolutionized the research on drug discovery and lead identification for diabetes management. 
With a focus on the emerging trends, the poster concisely explores the current therapeutic 
approaches to manage type-2 diabetes globally. 
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Cancer is a multi-factorial disease in which the normal body cells turns into malignant cells. There 
are mainly 3 types of reasons of the disease: chemical, biological and radiation.The change in 
genetic makeup of transformed cells give order for abnormal protein synthesis and disrupt normal 
cell homeostasis. Before 2018 mainly chemotherapy, radiation therapy, hormone therapy and 
surgery was used to treat cancer. In 2018 a revolutionary therapy was invented by two cancer 
immunotherapy researchers, James P. Allison and Dr. Tasuku Honjo and were awarded ―THE 
2018 NOBEL PRIZE‖ in physiology for their work on uncovering ways to activate the immune 
system to attack cancer cells .In chemotherapy beacause of similar mitotic index ,many time 
normal body cells which have same rapidly dividing property also killed and that responsible for 
toxicities associated with chemotherapy the radiational and hormonal therapy are also linked with 
much toxicity due targeting of normal cell. But in immunotherapy the own immune system of body 
are trained in such a way that it can identify malignant cells based on antigen presentation on 
surface and kill them without harming the normal body cell. Immunotherapy is used in many 
cancer treatments with promising result. He present study extensively elastrate the mechanism of 
immunotherapy proposed by these two nobelist. 
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In 2007, a study by the campaign for safe cosmetics released a report called ―A POISON KISS 
― that tested 33 popular brands of lipstick for its lead content. The study found that 61% of lipstick 
contained lead with levels up to 0.65ppm.  
Lead is not listed as an ingredient in lipstick but trace amount can be found in the mineral based 
additives. While only trace amounts of lead are ingested from lipstick, lead accumulates in the 
body, which can lead to lead poisoning. In a survey it is found that teens and women apply lipstick 
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two to fourteen times a day. Lead ingestion is particularly concerning for pregnant woman 
because lead can enter the foetus from the mother. There are reports that say even low levels of 
lead effect IQ, the ability to pay attention and academic achievement. So we are trying to make a 
lipstick with no additives, totally natural and lead free. 
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Chordoma is a rare, low grade, primary malignant bone tumor arising from primitive notochord 
remnants. Chordomas are aggressive, locally invasive, rare tumors with a poor diagnosis. It is 
part of a family of cancers called sarcoma, which include cancers of the bones, cartilage, muscles 
and other connective tissue. These tumors are minimally responsive to radiotherapy and 
chemotherapy, therefore the main part of the treatment is surgical resection. Due to the essential 
anatomical localizations of the tumor, high stage of the tumor at the time of the diagnosis and the 
need of the sacrification of the important structures during wide resection, a high rate of post 
operative morbidity may be present. 
Chordomas  are  thought  to  arise  from  remnants  of  the embryonic notochord, a rod-shaped, 
cartilage-like structure that  serves  as  a  scaffold for  the formation  of the  spinal column. 
Notochord cells normally persist after birth lodged inside  the  spine  and  skull,  and  rarely  these  
cells  can undergo  a  malignant  transformation  that  leads  to  the formation of a Chordoma.  
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Cardiovascular diseases and its associated complications are the leading cause of morbidity and 
mortality in diabetic patients in the world. Matrix metalloproteinases (MMPs) play important role in 
the development of so many pathological conditions in human during diabetes. The chronic and 
acute development of vascular complications is one of the leading causes of morbidity and 
mortality in human caused by inappropriate expressions and functions of MMPs during diabetes. 
Matrix metalloproteinases are leading members of endopeptidases capable of degrading many 
extracellular matrix components. They have a universal role of our normal development as well as 
regulations of so many biological functions when they are good. Again inappropriate expression 
and balances of MMPs cause so many challenging pathological conditions, when they are ugly.  
Many studies indicated that treatment of diabetic vascular complications is mainly caused by 
disturbed balances of metalloproteinases and their inhibitors. Clinical trials are being hopefully 
tried by several researchers that the selective MMP inhibitors/analogs would reduce the 
progression of pathological vascular complications in diabetes. Basic and clinical research both in 
parallel is required to manage this life threatening problem worldwide. 
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Abstract 

 Nasopharyngeal carcinoma (NPC) is a rare, confusing, and commonly misdiagnosed 

variety of head and neck cancers. Known risk factors for this disease include host genetic 

factors, Epstein-Barr virus (EBV) infection, and environmental and dietary factors. 

Though rare worldwide, NPC shows a strong ethnic and geographic bias for its 

significantly higher occurrence in mongoloid populations including those of North-East 

India. Therefore, a possible major role of specific host genetic factors is indicated for the 

generation and promotion of this disease. EBV infection might accelerate the process by 

its cancer causing properties; whereas other external factors like diet and environmental 

inhalants, add to the neoplasticity. 

 
Keywords: Nasopharyngeal carcinoma, incidence, ethnic variation, undifferentiated NPC, North-East India. 

 

Introduction  

 Nasopharyngeal carcinoma (NPC) is a rare cancer which starts at the mucosal 

epithelium of the nasopharynx and in the minor salivary glands present there (Figure 1A). 

According to the updated edition of WHO (World Health Organization) in 2005, NPC can 

be classified in three basic varieties: Keratinizing squamous cell carcinoma, Non-

keratinizing carcinoma, and Basaloid squamous cell carcinoma (1,2). The first variant is 

invasive type showing squamous differentiation with intercellular bridges and /or 

keratinisation over most of the tumor. Advanced tumors in local regions and low 

metastases to the lymph nodes are the key characteristics of this NPC. Lower association 

of EBV is also seen here. This type is further classified in well differentiated, moderately 

differentiated and poorly differentiated varieties. Non-keratinizing carcinoma of NPC is 

subdivided into the differentiated type of and undifferentiated type; of which the 

undifferentiated type is more prevalent in the high-incidence regions. Overall, this is the 

major type of NPC seen throughout the world. In the undifferentiated variety, the cells 

have vesicular nuclei, large nucleoli, and less distinct cell borders making the cell clusters 

look syncytial and overlapping. A huge amount of lymphocytes and plasma cells are 

found in these cell clusters; thereby disrupting the epithelial nature of the tumor. The 

differentiated variety shows cellular stratification and is uncommon in the high-incidence 

regions. The third type, basaloid squamous cell carcinoma, is very rare and harbor closely 

packed small cells with hyperchromatic nuclei without nucleoli, and a small amount of 

cytoplasm (2-4).  

 The incidence of each of these types of NPC shows regional preferences; each 

specific type is seen more often in some areas of the world than in others. It has been 

reported that the keratinizing and non-keratinizing types are prevalent in the lower 

incidence regions, whereas the undifferentiated type is mostly found in the regions with 

higher and/or moderately higher incidences (1-5). Globally, nasopharyngeal carcinoma 

(NPC) is an uncommon cancer accounting for about 0.7% of all cancers. In endemic areas 
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like Southern China, Northern Africa, Alaska and Southeast Asia, the annual incidence is 

as high as 0.02-0.03% in males and about 0.01-0.015% in females, and the commonest 

form is undifferentiated carcinoma; whereas in North America and Europe, this incidence 

is much lower (0.001%) and the other forms of NPC are seen (1,2,6) (Table 1).  

 

Occurrence of NPC in respect to ethnic and 

geographical distribution 
Factors responsible for NPC 

Geographical 

Distribution 
Specific populations 

Genetic 

Factors 
Virus 

Diet/ 

Environment/lifestyle 

Asian 

Continent 

East  and south Asian population/ 

/Arabian population 
+ + + 

Chinese population + + + 

Naga Population in North East 

India 
+ + + 

Turkish Population - - + 

Thailand population + - - 

Arctic 

continent 
Arctic Eskimos/Inuit population + + + 

African 

Continent 

North African population + + + 

Population of Tunisia + - + 

Population of Kenya - - + 

Australian 

Continent 
Papua New Guinea - + - 

North-

American 

Continent 

Greenland - - + 

European 

Continent 
Spanish population - + - 

„+‟ = incidence of a particular factor 

„-‟= no incidence of a particular factor 

Table 1: Global Perspective of NPC distributions with respect to the incidence pattern. (Source: Roy 

Chattopadhyay N, et. al., Higher incidence of nasopharyngeal carcinoma in some regions in the world 

confers for interplay between genetic factors and external stimuli. Drug Discov Ther. 2017; 11(4):170-180). 

 

 The diagnosis, classification, and staging of NPC are done by microscopic 

examinations as well as by searching for the presence of distant metastases. These are 

complemented by other tests like physical examinations, endoscopic nasopharyngeal 

examinations, and computed tomography (CT) imaging or magnetic resonance imaging 

(MRI). Stages differ by the depth of invasion of the soft tissue and bony structures at and 

near the nasopharynx, degree of presence of affected cranial nerves, and the involvement 

of local and regional lymph nodes of the head and neck (4,7). Once diagnosed, NPC is 
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treated by radiation therapy (RT) as well as chemotherapy drugs like cisplatin, 

carboplatin, 5-fluorouracil, docetaxel, paclitaxel etc. Sometimes a tumor is removed by 

surgery and then RT and/or chemotherapy are followed. Novel treatment techniques like 

precision radiotherapy, endoscopic surgery, transoral robotic resection, immunotherapy 

etc. are being practiced recently. Recently, humanized monoclonal antibodies like 

nimotuzumab against EGFR and bevacizumab against vascular endothelial growth factor 

(VEGF) are also being tested in clinical trials (8-10). 

 

Figure 1: Origin and causes of nasopharyngeal carcinoma. A. Location of nasopharynx and the site of 

origin of nasopharyngeal carcinoma (NPC). NPC generally starts at the mucosal epithelium of the base of 

the skull. B. The risk factors of NPC include genetic factors like HLA antigens, viral infection with Epstein-

Barr virus (EBV) or Human papilloma virus (HPV), and environmental and dietary factors like ill-
ventilation and consumption of preserved foods (Source: Roy Chattopadhyay N, et. al., Higher incidence of 

nasopharyngeal carcinoma in some regions in the world confers for interplay between genetic factors and 

external stimuli. Drug Discov Ther. 2017; 11(4):170-180). 

 

 The risk factors of this cancer includes 1) family history and genetic factors (11); 2) 

ethnicity, as the incidence is much higher in some populations compared to others 

(3,5,6,11); 3) dietary factors, as consumption of saltine fish and meat is seen in affected 

populations (3,6,11); 4) habits, like smoking and alcohol consumption (11,12); 5) gender, 

as it is seen twice more often in males than females (11,13); 6) and infection with EBV 

(Epstein-Barr virus) or HPV (Human Papilloma virus) (11,12,14) (Figure 1B). In the 

present report, based on the current research activities of our laboratory, we shall review 

the risk factors of NPC responsible for the higher incidence in some regions of the world 

and their consequences. 

 

Dietary factors, lifestyle and environment contribute to the disease 

 NPC has a remarkable ethnic and geographical distribution; seen mainly in the 

Cantonese people in South East Asia, Eskimos in the Arctic, and Arabs in North Africa 

(1,2,6,15). The etiology of this disease involves a complex interaction of genetic factors, 

viral infection, and environmental factors including diet; of which, the environmental 

factors appear to have a relatively minor role contributing to the promotion of the disease 

(15). The high incidence of this disease in Chinese population in China and Chinese 

migrated to other regions suggests that the dietary habit of these ethnic groups might play 

a contributory role in formation and/or promotion of this disease. Consumption of salt-

preserved food, particularly at the time of weaning, is widely reported to be associated 

with NPC. Irrespective of the geographic location, two distinct peaks are seen: one in the 

early adolescence period (15-24 years), and the other in middle age (65-79 years). This 

suggests that internal genetic factors are the main players for the generation of the disease 

in these low-incidence populations. But in high-incidence regions, certain dietary 
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materials and lifestyle add to the internal genetic factors, making the entire population 

much more susceptible to the disease (5,6,7,11,15). In search for the reason behind such 

diet, presence of nitrosamines in Cantonese salted fish is suggested to be the main culprit 

as it can develop carcinoma of the nasal or paranasal cavities in rats fed on Cantonese 

salted fish (16,17). Also, the inefficient process of salt preservation makes food items 

partially putrefied and such foods are consumed months later. Staphylococci and other 

bacteria including the nitrate-reducing bacteria grow during the process of salt 

preservation and turn the nitrates and nitrites of the salt to N-nitroso compounds like N-

nitrosodimethylamine (NDMA), N-nitrosodiethylamine (NDEA), N-nitrosopyrrolidine 

(NYPR), and N-nitrosopiperidine. Salt-dried fish also contains various mutagens, 

genotoxins, and EBV-reactivating substances like 2-chloro-4-methylthiobutanoic acid 

(CMBA) and tyramine (16-20).  Similarly, presence of Salmonella typhimurium and 

chemicals like NDMA, NDEA, NYPR, and benzo (a) pyrene (BaP) in smoke-dried fish 

and meat may serve as a cause of NPC in the Nagas of North-East India and other 

populations.  

Habits like smoking and alcohol consumption are also tested as the risk factors of 

NPC. Smoking has been reported widely as a strong risk factor for developing NPC 

(21,22). Habit of use of herbal nasal medicine by the people of Nagaland in Northeast 

(NE) India has been reported recently as one of the risk-factors for NPC (23). Use of 

herbal tea in China has also been included as a risk factor of NPC. These herbal products 

contain natural carcinogens like pyrrolizidine alkaloids (PAs), tannins, safrole etc. 

Furthermore, most of the rural Naga people and many Africans in Kenya live in ill-

ventilated houses, and they burn oak, pine and other wood for heating, lighting and/or 

cooking purposes throughout the day; thereby inhale the thick smoke continuously. Such 

living and dietary habits contribute to the etiology of this cancer (21-25).  

 

Infectious factors control the interplay between external and internal factors 
 Epstein-Barr virus and Human pappillomavirus, both have been reported to be 

associated with nasopharyngeal carcinoma (11,12,26). Epstein-Barr virus (EBV), a 

human gammaherpesvirus, has been classified as a group I carcinogen by the 

International Agency for Research on Cancer because of its association with NPC (27). 

This virus was first detected in the African patients with Burkitt‟s lymphoma and infects 

B-cells and epithelial cells. This virus is very well known for causing infectious 

mononucleosis (glandular fever) and various types of cancers including Burkitt‟s 

lymphoma, Hodgkin‟s lymphoma, nasopharyngeal carcinoma, and gastric carcinoma 

(27,28). EBVs can persist latently in the B-cells for the lifetime of a person after initial 

infection. After initial infection, the EBV nuclear antigens (EBNAs) are expressed along 

with some cellular proteins. EBNA-2 is one of the first genes expressed upon infection of 

B-cells and is essential for establishment of latent infection and cell growth 

transformation. Soon after the EBNA-2 expression, the EBV latent membrane proteins 1 

and 2 (LMP1 and LMP2) expressed (29).  

 A study reports that EBV can be activated by aqueous extracts of salt-dried fish of 

China. Another study reports that the combination of salted fish and EBV shows a strong 

association with NPC (19). Also, herbal medicines used by Chinese and Naga people can 

help the proliferation of EBV and thus may help develop NPC. A number of reports show 

higher levels of antibodies (EBV-IgG) against the virus capsid protein (VCP) in these 

populations (30). Three CTL (cytotoxic T lymphocyte) epitopes, NAA, QKE and ERP, 

have been reported to have mutations. A 30-bp deletion in the LMP1 gene and the loss of 

XhoI restriction site in LMP1 gene have been detected in NPC tissues, whereas none of 

the non-malignant nasopharyngeal tissues harbour XhoI-loss and LMP1 30-bp deletion. 
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This deletion is much frequent in Chinese population and is seen in undifferentiated NPC 

(31). These findings may again explain the association of EBV with NPC. In our 

laboratory, we have established the association of EBV with NPC in NE Indian 

populations (Figure 2, manuscript under preparation). 

 
Figure 2: NPC types and EBV association: A. Types of NPC detected. N: normal tissue; UC: 

undifferentiated carcinoma; NKDC: non-keratinizing differentiated carcinoma; KSCC: keratinizing 

squamous cell carcinoma. B. EBV negative and positive tissues. C. Presence of EBNA2 in NPC patients, as 
confirmed by PCR. (Source: Roy Chattopadhyay N, et. al., Histocompatibility locus antigens regions 

contribute to the ethnicity bias of Epstein‐Barr virus‐associated nasopharyngeal carcinoma in 

higher‐incidence populations. Scand J Immunol. 2019;00:e12796.  DOI: 10.1111/sji.12796).  

 

Genetic factors render the body susceptible to the disease 

 A number of reports have suggested the role of various genetic factors in association 

with NPC; particularly, polymorphisms in the histocompatibility locus antigens (HLA), 

cytochrome P450 2E1 (CYP2 E1), alteration of p53 codon 72 Arg>Pro, and some 

signaling pathways (32-35). HLA genes express various proteins of the immune system 

and help it to process and present foreign antigens; thereby making those antigens 

vulnerable to immune lysis. In Chinese population, the HLA data reveal that 

susceptibility for NPC as well as survival after diagnosis, both are associated with the 

HLA antigens. It has been suggested that in ethnic groups with higher incidence of NPC, 

HLA-A2, C11, B14, B17, and B46 show a reduced ability to process and present EBV 

antigens; thereby confer an increased risk of developing NPC in individuals carrying 

these alleles. In contrast, HLA-A11, B13, and B22 are efficient in processing and 

presenting EBV antigens; thus confer a decreased risk of getting NPC. Genotyping of 

HLA 1 region and its association studies among 20 NPC cases in Northestern India have 

revealed the association of microsatellite markers HL003 (allele 121) and D6S2704 

(allele 218) in the HLA class I region with high risk of NPC; while a protective effect of 

HL003 (allele 127) and D6S2678 (allele 255) have been conferred (36) (Table 2, a few 

representatives are shown). 

 

Microsatellite 

Marker 
Primers 

Allele with 

highest 

frequency 

Total (n=110) 

Cases (%) Control (%) 

D6S2678 
FP: TTGCAGTGAGCCAAGATCGC                              

RP: CCCCACAAAAAACCCCTGTTTATC 

253 34.54 33.63 

255 13.63 27.27 

259 20.00 8.18 

Hl003 FP: TTGAAAAACAGGTCATTTTTAGGTT                  121 37.27 30.00 



Proceedings of New Horizons in Biotechnology – 2019                                     
 

ISBN 978-81-927768-3-5                                                                                                45 | P a g e  
 

RP: GGGCAACAAGATCAAAACTCTG 
125 20.90 36.72 

TNF α 
FP: GCCTTTTTTTCAGGGAAAGTGC                          
RP: CCTTACCATCTCCAGAAACTGC 

100 21.18 30.90 

108 32.72 27.27 

D6S2704 
FP: CCTTCTCTCCCCAAAGATAAACA                       
RP: GTAATTTTTGCCACTCTGGA GGA 

224 36.36 47.27 

Table 2: Association of microsatellite markers in the HLA class I region with high risk of NPC. (Source: 
Roy Chattopadhyay N, et. al., Histocompatibility locus antigens regions contribute to the ethnicity bias of 

Epstein‐Barr virus‐associated nasopharyngeal carcinoma in higher‐incidence populations. Scand J Immunol. 

2019;00:e12796.  DOI: 10.1111/sji.12796).  

 

 More than fifty percent of cancers contain mutation in the tumor-suppressor gene p53 

which controls the cell cycle check point, apoptotic pathways, metabolic changes, DNA 

repair, senescence, and genomic stability. In NPC, mutations in p53 are less common, 

although some single nucleotide mutations, frame shift, deletion and duplication may 

occur. Rather, overexpression/accumulation of p53 in NPCs of endemic areas is well 

documented (34). But it has been reported particularly that a certain type of single-

nucleotide polymorphism of p53 at codon72 increases the risk of NPC. Substitution of 

proline (Pro) in place of arginine (Arg) at codon 72 of the p53 product plays a role in 

disease susceptibility. Individuals with Arg/Arg genotype have a lower risk of getting 

NPC compared to the individuals with Arg/Pro genotype; and those with Pro/Pro 

genotype have a much higher risk of acquiring NPC. Recently, codon 72 Arg>Pro 

polymorphism and the risk of NPC has been reported in Northestern India.  Moreover, 

p53 codon72 polymorphism is affected by the mutations seen in some other genes, like 

PIN-1, TNF-α (Tumor Necrosis Factor alpha), and GST.  

 

 

Figure 3: High incidence of nasopharyngeal carcinoma (NPC) in specific ethnic groups indicates internal 

genetic factors controlling the disease. Polymorphisms in TLR9 gene have been recorded. 

 

 Interestingly, EBNA3C can bind directly to p53 and inhibit its DNA binding property; 

thereby prevents apoptosis by p53 pathway. But the interrelation between EBV infection 

and the susceptibility of the alteration of p53 codon72 Arg form or codon72 Pro form 

needs to be investigated thoroughly (34). The involvement of TLR9, TNF-α and HSP-70 

(Heat shock protain-70) in tumor immunity and cancer biology have been investigated. 

Recently TNF-α (−308 G>A), TNFβ (+252 A>G), HSP 70-1 (+190 G>C) and HSP 70-

hom (+2437 T>C) genes polymorphism have shown a high association with NPC in 

Northeastern Indian population (36). Polymorphisms in certain regions of TLR9 are also 
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found to be associated with NPC in susceptible ethnic groups in NE India (Figure 3, a few 

representatives are shown). 

Discussion 

 Studies on nasopharyngeal carcinoma (NPC) reveal three basic reasons of 

development of this rare disease: EBV infection (sometimes HPV), internal genetic 

factors, and environmental factors including diet. Incidence pattern and geographical 

distribution of NPC strongly suggest that the internal genetic factors are the main 

regulators for generation and maintenance of this cancer. Specific ethnic groups found in 

specific geographic regions support this phenomenon.  

 

 

Figure 4: Mechanism of NPC formation: Polymorphisms in the histocompatibility locus antigens (HLA), 

cytochrome P450 2E1 (CYP2 E1), alteration of p53 codon 72 Arg>Pro, overexpression of BCL-2, and 

some signaling pathways like Akt, MAPK, and Wnt pathways are reported as the genetic players 

contributing to NPC. There are three basic reasons of development of NPC: EBV infection (or, sometimes 
infection with HPV), internal genetic factors, and environmental factors including diet. Specific alleles of 

HLA and alteration of the signaling pathway(s) render the body susceptible for getting the disease; 

carcinogenic and mutagenic agents, like nitroso compounds, present in the dietary and environmental 

factors add to the promotion of carcinogenesis as the nasal epithelium harbors a lot of detoxifying enzymes 

and can produce procarcinogens from those dietary agents. Infection with EBV and/or HPV makes the nasal 

epithelium more proliferative. Loss of activity of p53, overexpression of BCL-2, and activation of MAPK, 

Akt, and Wnt pathways lead to uncontrolled proliferation, angiogenesis, loss of apoptosis, and altered cell 

adhesion; and thus eventually help in invasion and metastasis (Source: Roy Chattopadhyay N, et. al., 

Higher incidence of nasopharyngeal carcinoma in some regions in the world confers for interplay between 

genetic factors and external stimuli. Drug Discov Ther. 2017; 11(4):170-180.).  

 

 Though environmental factors in those geographic regions are also suggested for their 

role in the disease, these might be minor players as it has been reported that Chinese 

people migrated to other regions show higher incidence; and the admixture of Chinese 

with others show moderately higher incidence levels. Thus, the genetic factors, that is, 

some specific allelic varieties found in susceptible ethnic groups might be the key 

regulators of NPC; EBV infections render these internal factors more active for causing 

the disease; finally, diet and environment stimulate the affected cells to promote the 

disease (Figure 4). 
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 During the last four years, various experiments in our laboratory show a strong 

association of EBV with NPC in susceptible ethnic groups (of NE India), association of 

polymorphisms in HLA genes with NPC, role of polymorphisms in a specific codon of 

p53, and role of polymorphisms in specific regions of TLR9 gene. These findings help us 

to infer that internal genetic alterations render the body susceptible for getting the disease. 

The cells become neoplastic with uncontrolled proliferation and acquire EBV infection; 

which in turn, make the cells more proliferative. Carcinogenic and mutagenic agents 

present in the dietary and environmental factors add to the promotion of carcinogenesis, 

as the nasal cells can easily be infected with EBV and the nasal epithelium harbors a lot 

of detoxifying enzymes. The detoxification process by those enzymes then generates 

procarcinogens which may eventually initiate the carcinogenic disease in the nasopharynx.  
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Abstract 

 Sucrase or Invertase (EC 3.2.1.26) enzyme is used widely in food processing and 

fermentation industries for production of syrup and ethanol from sucrose and molasses. 

Although the strain utilized for the production of the enzyme is mainly yeast, several 

filamentous fungi are capable of producing the same. Termitomyces clypeatus, one edible 

variety of basidiomycetes, has long been known as a potential producer of many 

industrially important glycosidases namely amylase, xylanase, glucoamylase, β-

glucosidase (cellobiase) and sucrase (invertase) etc. As the enzymes are glycoprotein in 

nature, effect of several glycosylation inhibitors was studied earlier. Among them, 2-

Deoxy D-glucose was found to be most effective for production of cellobiase in culture 

media.  Incidentally, cellobiase enzyme was always found to be associated with sucrase in 

differet media in different activity ratios. It was also observed that in the absence of 

sucrase, specific activity, catalytic activity and stability of the extra-cellular cellobiase 

enzyme decreased significantly. The present study was designed to elucidate how 2-

Deoxy D-glucose was affecting the production and activity of sucrase in the fungus. 

Sucrase activity was measured in presence of 2-Deoxy D-glucose in the growth medium 

and the enzyme was partially purified through ultrafiltration and gel permeation 

chromatography. Temperature and pH optima and stability of the partially purified 

enzyme was checked. The partially purified enzyme showed more affinity towards 

sucrose and greater catalytic activity compared to the enzyme produced in absence of 2-

Deoxy D-glucose. 
 

Key word: Sucrase, Termitomycesclypeatus, 2-Deoxy-D-glucose 

 

Introduction 

 Sucrase or invertase (E.C. 3.2.1.26) is responsible for hydrolysing sucrose or β-

fructofuranoside by producing β-fructose from a number of β-fructofuranoside substrates. 

Fructose is in high demand in food, alcohol, fermentation and other related industries 

since ages. Although yeast
1
 is the most exploited strain for sucrase production, various 

sources like bacteria
2
, fungi

3,4
, plants

5
 etc are also explored for the production and 

isolation of sucrase for numerous industrial applications. In Termitomycesclypeatus, one 

edible fungus, extracellular sucrase production was associated with another glycosidase 

cellobiase
6
. Sucrase was purified from high sucrose media and identified as a low 

molecular weight protein
7
. Sucrase and cellobiase co-aggregates from different sucrose 

media were studied for their properties
8
. Extracellular glycosidase are mostly 

glycoprotein in nature and glycosylation is known to influence activity, stability and 

secretion of enzymes
9
. So far, less glycosylation or deglycosylation in general has 

detrimental effect on the enzyme activity, stability or its conformation
10

. When the 

production of glycosidases was optimised using few glycosylation inhibitors such as 2-

deoxy-D-glucose, tunicamycin, 1-deoxynojirimycin and D-glucono-δ-lactone in 
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Termitomycesclypeatus, 2-deoxy-D-glucose had shown much greater response in 

producing highly active and stable cellobiasein the extracellular medium
11

.Present study 

aims to exploit the above glycosylation inhibitor for production of extracellular sucrase 

and isolation of the enzyme for characterization. 

 

Materials & Methods  

Materials  

 Cellobiose, DG, bradford reagents and BSA were purchased from Sigma (USA). 

GOD-POD enzymes were obtained from Qualigens. Sephacryl S-200 was purchased from 

Pharmacia (Sweden). Dialysis bag (6.5KDa cut off) composed of regenerated cellulose 

was purchased from Spectrapore, USA. Ultra filtration membranes were obtained from 

Millipore (USA). All other biochemicals used were of AR quality and were obtained from 

the local market.  

 

Media composition and enzyme preparation 

 Termitomyces clypeatus was grown in shake-flasks at 30°C containing cellobiose (1%, 

w/v) as the carbon source in presence of sodium succinate (0.5%, w/v). Micronutrients 

used were, (% w/v); CaCl2.2H2O - 0.037, KH2PO4 - 0.087, MgSO4.7H2O - 0.05, boric 

acid - 0.057, FeSO4.7H2O - 0.025, MnCl2.4H2O - 0.0036, NaMoO4.4H2O - 0.0032 and 

ZnSO4.7H2O - 0.03
12

. Sterile solutions of DG were added into the culture media before 

inoculation to attain concentration of 0.5 mg/ml. Cell free culture filtrate was collected as 

extracellular enzyme after 4 days of growth. Experiments were performed in parallel in 

control medium (without using the glycosylation inhibitor). Sucrase from DG medium 

was designated Sg, whereas the enzyme produced in absence of DG (Sc medium) was 

designated as S. 

 

Enzyme purification 

 For purification of Sg, the culture filtrate (2400 ml) was condensed to 455 ml by 

ultrafiltration using PM-10 membrane.The retentate was further concentrated by 

lyophilization and was subjected to gel filtration in batches of 2.5 ml (7.5 mg protein) to 

Sephacryl S-200 column (1.6 cm x100 cm) equilibrated with 100 mM acetate buffer, pH 

5.0 at 7 ml/h. Fractions (3 ml) were monitored for protein (A280) and enzyme activities. 

Enzyme peaks were collected as pool E1 (78 ml-108 ml) and was desalted through 

dialysis against 10 mM acetate buffer, pH 5.0.  

 

Enzyme assays and protein estimation 

 Sucrase activity was assayed by estimating the liberation of glucose by GOD-POD 

reagent according to the method mentioned earlier
6
. Sucrase activity was assayed by 

estimating the liberation of glucose from sucrose (Sigma, USA) in 1 mL by the GOD-

POD method at 505 nm and 50°C. The assay mixture containing 4 mM sucrose in 0.1 M 

sodium acetate buffer, pH 5.0 and an appropriate amount of the enzyme in a total volume 

of 40 µL was incubated at 45°C for 5 min. Subsequently, liberated glucose was converted 

by glucose oxidase (GOD) to D-glucono1,4 lactone and hydrogen peroxide (POD), which 

imparted colouration in the added dye; one unit (U) of glucose oxidase is defined as the 

amount that converts 1 µmol of D-glucose into the product in 1 min at 25°C and pH 7.0. 

The above assay forms 1 µmolof  o-dianisidine (dye in above scheme) (ε436 = 8.3 mmol-

1 × l × cm-1) per µmol of glucose oxidized. Similarly sucrase produced in absence of DG 

was purified by ultrafiltration, GEC methods as described earlier by Mukherjee et al 

2001
13

.  
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Protein Estimation 

Protein was estimated by a modified Bradford method
14

.  

Kinetic parameters 

Various concentrations of the substrate sucrose (between 0.2 and 18 mM) were used for 

enzyme assay to determine Km and Vmaxof sucrase enzyme and results were calculated by 

Lineweaver-Burk plot.  

 

Temperature & pH optima and stability 

 The optimal temperature of the enzyme was determined by measuring the activity at 

various temperatures (30–60°C) in 0.1 M Na-acetate buffer at pH 5. The thermal stability 

was determined by incubating the enzyme preparations for 60 min at the desired 

temperature followed by measuring the residual activity. The optimal pH of the enzyme 

was determined by measuring the enzyme activity at pH levels between pH 2–11. 

Following buffers were used: (pH 2-4) HCl-sodium-citrate buffer 100 mM, (pH 5) 

sodium-acetate buffer 100 mM, (pH 6-7)  phosphate (KH2PO4/K2HPO4) buffer 100 mM, 

(pH 8)  Tris–HCl buffer 100 mM,  (pH 9-11) glycine-NaOH buffer 100 mM. The pH 

stability was studied by incubating the purified enzyme in buffers with pH ranging from 2 

to 11 for 24 h at 4°C and measuring the residual activities. 

 

Results & Discussions 

Production of Sucrase in culture medium of Termitomyces clypeatus 

 In presence of DG, production of sucrase increased from the first day in comparison 

to the control medium (Fig 1a). Sucrase production was 0.14 U/ml and 0.29 U/ml on 1
st
 

and 2
nd

 day respectively in DG medium and further increased to 0.41 U/ml on 3
rd

 day and 

maximum Sg activity was 0.52 U/ml on the 4
th

 day due to change in glycosylation levels 

of the protein. In comparison sucrase production in Sc medium was 0.04 U/ml on 1
st
 day 

and reached maximum of 0.50 U/ml on 2
nd

 day and decreased thereafter. Production was 

2-5 times higher in DG medium from 1
st
-5

th
 day growth compared to Sc medium except 

2
nd

 day.  

 
Partial purification of extracellular Sucrase 

 Cellobiase is known to coaggregate with sucrase in the fungus
13

, so salt precipitation 

or high concentration steps were omitted during purification to avoid aggregation. On 

ultrafiltration specific activity (0.727 U/mg) of the sucrase in culture medium decreased 
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slightly in the retentate to 0.57 U/mg (step 2, Table 1). In Sephacryl S-200 

chromatography, the retentate showed one protein peak (pool E1) with protein recovery 

of 26.7%. This trend of decrease in specific activity during subsequent steps of enzyme 

purification was similar to earlier reports
7, 13

.  
 

Table 1: Partial purification of extra-cellular sucrase 

 

 

pH and Temperature optima and stability 

 Earlier in Sc medium pH optimum of sucrase was observed at 5 (7, 13), which 

changed to 3 in presence of the glycosylation inhibitor (Fig 2a). Specific activity of the 

enzyme Sg and S were similar between pH ranges 2-4 of 4.5-4.7 U/mg and 4-4.58 U/mg 

and between pH ranges 4.5-5 were 4.2-4 U/mg and 4.63-4.97 U/mg respectively. Activity 

was decreased for Sg pH 4.5 onwards and was observed at 3.1 U/mg at pH 6.0, which 

was further reduced to 1.17 U/mg at pH 8.6. In comparison S showed   specific activity of 

2.27 U/mg and 1.18 U/mg at pH at 6 and 8.6 respectively. Interestingly both the enzyme 

preparations had similar activity at pH 5.4 (3.4 U/mg) and 7.0 (2.1 U/mg).   

 

    

Extra-cellular sucrase 

Totalprotein 

(mg) 

[Recovery] (%) 

Sucrase 

Total 

activity 

(units) 

Specific 

activity 

(u/mg) 

Recovery 

(%) 

Step 1: 

Culture filtrate (2400ml) 

 

1680 

[100] 

 

1220.8 

 

0.727 

 

100 

Step 2: 

Ultrafiltration (PM-10) 

Filtrate (1898 ml) 

 

Retentate (455 ml) 

 

 

544.3 

[32.4] 

1187.8 

[70.7] 

 

 

15.2 

 

677.32 

 

 

0.028 

 

0.97 

 

 

1.24 

 

55.9 

Step 3: 

Sephacryl-S-200 chromatography of 

retentate 

Pool E1: (78 ml–108 ml) 

 

 

448.6 

[26.7] 

 

 

11.215 

 

 

0.025 

 

 

0.91 
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 Sg showed maximum stability at pH 6-7 and retained around 80% residual activity at 

the pH range of 4-10, however the activity reduced to 17% at pH 3 (Fig 2b). On the other 

hand S had maximum stability at pH 6, but lost around 67% activity at pH 7. At pH 8 and 

9 S showed 23.31% and 13.93% residual activity and at pH 4 52.82% activity was 

observed. Between pH 3-10, Sg showed much higher residual activity compared S except 

at pH 6 where both the enzymes showed same 100% activity. 

 Temperature optima of sucrase remained same at 45.2°C in presence and absence of 

DG which is similar to that observed earlier at 45°C (13) and levels of activities were also 

similar for both the enzyme preparations at different temperatures (Fig 2c). Specific 

activities of sucrase in presence and absence of DG were 6.39 U/mg and 5.92 U/mg 

respectively at temperature optimum (45.2°C). At 44.3°C specific activity of Sg and S 

were 3.92 U/mg and 3.99 U/mg respectively and the 40°C corresponding activity values 

were 1.88 U/mg and 1.61 U/mg. Sg and S showed same specific activity value of 3.69 

U/mg at 50°C. 

 Sucrase from DG medium showed maximum stability at 45ºC but showed average 

70% residual activity at the temperature range of 35-47°C (Fig 2d) whereas S  showed 

maximum stability at 30ºC and activity was decreased gradually with the increase in 

temperature. S had 85% residual activity at 35°C which was around 10% higher than the 

corresponding activity of Sg. Sg showed higher residual activity compared to S at 

temperatures higher than 43°C. S lost around 50% activity at 45°C and at 50°C it showed 

around 33% activity.    

Kinetic parameters 

 In presence of DG, Km of sucrase was decreased to 2.22 mM from 2.92 mM and Vmax 

was increased to 363.64 U/mg from 37.9 U/mg respectively (Table 2). Characteristically, 

catalytic activity of Sg was many fold higher compared to the enzymes reported earlier 

(Table 2).  
Table 2: Kinetic parameters of sucrase 

Parameters Sucrase    

 +DG -DG
7
 -DG

13
 -DG

8
 -DG

8‟
 

Km (mM) 2.22 2.92 2.42 3.48 1.32 

Vmax(U/mg) 363.64 37.9 11.7 0.148 0.094 

Vmax/Km (U/mg/mM) 163.80 12.98 4.83 0.042 0.071 

                          (sucrose 1%)
7
, (sucrose 5%)

13
, (sucrose 1%)

8
, (sucrose 5%)

8‟
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Conclusion 

 It was observed that underglycosylation of sucrase was resulted in change of pH 

optimum and increased pH and temperature stability. The enzyme was stable at pH 6-7 

and temperature 35-47°C. Overall catalytic activity of the enzyme was increased 

significantly due to increase in substrate affinity and reaction velocity of the enzyme. So, 

the enzyme can be an ideal option for in vitro assays with different inhibitors for 

regulation/study of glycemia
15

 and electrochemical based biosensors where stable sucrase 

is required in a combination of enzymes for detection of sucrose
16

. This is a preliminary 

study and enzyme production can be further optimised by supplementing the growth 

media with several components, so that enzyme with high specific activity can be 

characterized for various physico-chemical properties along with potential applications.   
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Abstract 

 Insecticide chalks are often used in household purpose in South West Bengal. These 

chalks are made up of Cypermethrin, a chemical of class-II type pyrethroid. The chemical 

can binds with the site of sodium inactivation gate of the sodium channel and affects the 

calcium influx as well. In silico study shows that plants also have similar types of the 

amino acid sequence in Calcium Dependent Kinase as insects. When the chemical is 

given to the medium of pollen germination the pollen viability significantly decreases 

with the increased concentrations of the chemical. The stigmas pre-dusted with chalk are 

less compatible for the pollen than control. The chemical when contaminated with air 

could have an adverse effect on plant reproduction.  
 

Keywords: Cypermethrin, Insilico, Insecticide, Pollen viability, Pollen Germination 

 

Introduction 

 Insecticide chalks are used in our house hold purpose to kill the insects like cockroach, 

ant etc. The chalkcontain a chemical named cypermethrin(Formula-C22H19Cl2No3, 

Bolling point-220'c,Molar mass-1260.9/mol) which is a one type of class-IIpyrithroid 

pesticide is used in several types of pesticides, Insecticides and in other poisonous things 

(Tomlin 1994, Bradberryet al.2005).The IUPAC name of this chemical is [cyano(3-

phenoxyphenyl)methyl]3-(2,2dichloroethenyl)2,2dimethylcyclopropane-l-carboxylate. 

Cypermethrinis a synthetic chemical similar to the pyrethrinsinpyrethrum extractwas first 

synthesized in 1974 (Abbassyet al.1983). It exhibits a nervous system response, which 

would result in restlessness, incoordination, prostration, and paralysis of the insects 

(Gammon et al.1981, Lawrence and Casida 1982) and in Human lymphocytes (Kalyanet 

al. 2007).Another effect of the chemical is detrimental for calcium influx of the cell 

(Caoet al. 2010). 

 The pollen viability test is an important parameter to study the effectiveness of pollen 

for germination and plant reproduction.The calcium influx and activity of Calcium 

dependent Protein Kinase is animportant factor for pollen germination (Estruchet al. 1994, 

Moutinhoet al.1998, Yoon et al. 2006).In this work, it is aimed to assess the effectiveness 

of the cypermethrinon pollen tube germination on in vitro and in vivo system 
 

Material & Methods 

Plant Material 

 Flowers of Catharanthusroseus G. Don.were taken for the experiment.  

 

Methods  

 In case of bioinformatics study a search was performed from NCBI 

(http://www.ncbi.nlm.nih.gov/) database for retrieving data on Calcium dependent Protein 

Kinase (CDPK) of cockroach (Periplanetasp), and plants. An alignment was then carried 

mailto:aveekbot@gmail.com
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out with the derived sequences from the database. All VGSC domain sequence 

conservation scoring was performed by PRALINE 

(http://www.ibi.vu.nl/programs/pralinewww/) (Canzaret al. 2013). 

 

In vitro Pollen germination test 

 For the pollen viability experiment the pollen grained were plucked at 7a.m. The 

pollen grains were sprinkle on 22% aqueous solution of sucrose (Bandyopadhyay and 

Mukharjee, 1997). The germination of pollen grains was counted after 30 minutes using 

10X magnification. The length of pollen tubes was measured by the technique of 

micrometry. The photomicrographs were taken with Olympus trinocular microscope. 

 

In vivo Pollen tube growth on Stigma 

 Pollen grains germinated on stigma after deposition on compatible stigma (Mattson et 

al.1974). The stigma of selected plant was pre dusted by chalk and after 30 minutes were 

allowed to pollinate by cross pollination using mechanical technique. After 3 hours the 

stigma of the flowers were placed in boiling water for 5-10 minutes. The stigma are then 

taken on a slide and stained with cotton blue for 5 minutes.The excess stains were 

removed and mount by glycerin with a gentle press.The morphology and the length of the 

pollen tubes were measured by micrometry using 40X magnification. Microphotograph 

was taken using same microscope stated above. 

 

Results & Discussion 

The in silico study shows that the chemical cypermethrin can bind with the CDPK 

especially on the site of „F‟ phenyl alanine and „L‟ or lysinerecidues. The bioinformatics 

study shows that the common insect like cockroach and plans have 'F'and „L‟ site, as well 

as the plants also have the same site with similar amino acid sequence (Fig 1). The in 

silico study reveals that there were sequence similarity present among insects and plants. 

 
Fig 3.The result of in silico study showing the sequence similarity of CDPK among plants and insects. 

 

 The pollen germination test shows that germination percentage reduces in treatments 

in respect to control .The germinated pollen tube length also decreases in a dose 

dependent manner in comparison to control.On the other hand the pollen tube grows 

much slowly when the stigma was pre-dusted with insecticide chalk (Fig.2). 
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Fig.2 In vitro Pollen Germination in control (a) and presence of chalk dust (b) and in vivo pollen 

germination on control stigma (a) and stigma pre-dusted with insecticide chalk dust (b). Scale bar 1mm 

 

Conclusion 

 The in silico studies strengthen the result of the drug on the effects on plant system. 

From the study, it can be said that the chemical can also bind with the plantcalcium 

dependent protein kinase (CDPK) and calcium influx to cause penetration and growing of 

pollen tubes. These results further justified that the chemical present inside the chalk can 

adversely affect the pollination and ultimately the plant reproduction. 
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ABSTRACT  

 The present investigation attempted to study the influence two different light sources, 

LED and fluorescent light with respect to sunlight on seed germination, growth 

characteristics and chlorophyll content of Mung bean (Vigna radiata) and Chickpea 

(Cicer arietinum) seeds. Three different types of LED lamps i.e., blue (470 nm), red (663 

nm,) and blue + red combination (B:R=1:1) were selected for LED illumination. The 

growth characteristics such as chlorophyll content, plant height, shoot length, root length, 

dry weight and fresh weight were measured in the different frequencies of light. The 

plants were kept under close observation in different light spectra for 7 days and the 

observations were recorded in the 5
th

 and 7
th

 day respectively and the results were further 

analyzed. In our observation, it was found that the growth parameters were greatly 

influenced by supplemental LED light when compared with control treatment, and the 

growth promotion was the most effective in the red LED illumination. The chlorophyll 

content of the plants was significantly increased in plants grown under red with blue LED 

lamps compared to red or blue LED and fluorescent light treatments. 
 

Keywords: Chickpea, Chlorophyll contents, Dry weight, Fresh weight, Light Emitting Diodes, Mung bean, 

Root length, Shoot length 
 

Introduction 

 The Mung bean (Vigna radiata), alternatively known as the green gram, maash, 

or moong is a plant species in the legume family cultivated for its edible seeds and 

sprouts across Asia mainly in East Asia, Southeast Asia and Indian Subcontinent. There 

are 3 sub-groups of Vigna radiata, one is cultivated (Vigna radiata subsp. radiata) and 

two are wild (Vigna radiata subsp. Sublobata and Vigna radiata subsp. glabra). Mung 

bean, like other food legumes, is a good source of protein having from 22.9% and 24%, 

58.2% soluble carbohydrate, vitamins, minerals and calories. It is an important food crop: 

the dried beans are boiled or eaten as a whole; the beans are also parched and ground into 

flour which is used in many Asian foods. Due to their high amount of mineral content 

they play important roles as supplements of animal feeds. Mung bean is grown as green 

manure, hay, a cover crop, livestock feed and forage.  

 The chickpea (Cicer arietinum) is an annual legume of the family Fabaceae, sub-

family Faboideae. Its different types are variously known as gram or Bengal gram, 

garbanzo or garbanzo bean, and Egyptian pea. It is one of the earliest cultivated legumes, 

and 7500-year-old remains have been found in the Middle East. Chickpea is an important 

food crop that provides rich content of protein, dietary fiber, folate, and certain dietary 

minerals, such as iron and phosphorus.  Proteins in cooked and germinated chickpeas are 

rich in essential amino acids such as lysine, isoleucine, tryptophan, and total aromatic 

amino acids. Chickpeas serve as an energy and protein source as animal feed. Raw 

https://en.wikipedia.org/wiki/Plant
https://en.wikipedia.org/wiki/Middle_East
https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Iron
https://en.wikipedia.org/wiki/Phosphorus
https://en.wikipedia.org/wiki/Amino_acid
https://en.wikipedia.org/wiki/Lysine
https://en.wikipedia.org/wiki/Isoleucine
https://en.wikipedia.org/wiki/Tryptophan
https://en.wikipedia.org/wiki/Aromatic_amino_acids
https://en.wikipedia.org/wiki/Aromatic_amino_acids
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chickpeas have a lower trypsin and chymotrypsin inhibitor which leads to higher nutrition 

values and fewer digestive problems in non-ruminants. It also can provide protection 

against certain chronic diseases such as diabetes, cancer, heart diseases.  

 One of the most important aspects to consider while choosing these plant species for 

the experiment is that they are very easily grown in in vitro condition. They have high 

rate of successful germination with a short dormancy period and after the germination 

they grow rapidly even with lesser care provided. 

 In vitro growth of plants is regulated by different environmental factors such as light, 

temperature, humidity and carbon dioxide. Light is an important factor amongst them, it 

is the original source of energy for plant photosynthesis, photomorphism and growth. 

Different properties of light such as wavelengths, intensity and duration can influence 

plant growth and development (Bayat et al., 2018; Brown et al., 1995; Hogewoning et al., 

2010). Light is absorbed by plant pigments. Specific wavelengths of light have precise 

effects on plants. For example, wavelengths of light in the red (R) and blue (B) region are 

absorbed by chlorophyll while carotenoids absorb strongly in the B region with a 

maximum peak occurring at 454 and 448 nm, respectively (Hopkins et al., 2004). They 

contribute to light absorption in the antenna system. Furthermore, carotenoids help the 

plant to dissipate excess energy as heat to protect the photosynthesis apparatus from high 

light intensities (Sharma and Hall, 1993).  

 In the current scenario of rapidly growing world population it is essential to produce 

sufficient foods (crops) to meet the everlasting demands. A recent study indicates that 70–

100% increase in food production is needed in the next 10 years to feed the growing 

world population. One option to increase food production is through urban agriculture. 

Nowadays, indoor farming is becoming a popular an approach in food production to meet 

the demand of a growing population of the world. Under this system, artificial light 

provides the main source of illumination in sustaining plant growth and development. 

Artificial light source is a critical component in indoor farming since light is one of the 

most important environmental factors affecting plant growth and morphology (Hernández 

and Kubota, 2016). Fluorescent tubes (FTs) and high intensity discharge (HID) lamps (i.e., 

high pressure sodium) are the most commonly used artificial light sources for plant 

research and greenhouse horticulture. However, FTs lack the sustained photosynthetic 

photon flux density (PPFD) capability necessary for high crop productivity (Massa et al., 

2007). The rapid development and innovation in the sector of lighting technologies using 

light-emitting diodes (LEDs) has caused an increase in the application of this technology 

for lighting in closed horticultural systems (Kozai et al., 2015). The use of light-emitting 

diodes (LEDs) is a popular source of artificial light for indoor farms due to its narrow 

light spectra, modular design and energy efficiency Light Emitting Diodes (LEDs) have 

been developed and used as an alternative light source other than traditional lightning 

because of its numerous advantages for plant culture system. Their small size, durability, 

long lifetime, cool emitting temperature, high radiant efficiency, narrow emission spectra 

and the option to select specific wavelengths for a targeted plant response makes LEDs a 

more favourable light source for plant growth (Bula et al., 1991; Rabara et al., 2017). The 

application of LEDs in horticulture makes it possible to use certain wavelengths to study 

particular plant responses. For example, intercrop lighting using LEDs is nowadays used 

to promote photosynthesis of the middle and lower leaves of a plant. However, research 

on the effect of spectral wavelengths on plant growth and development is still in progress. 

It has been observed that red light is important for shoot/ stem elongation, phytochrome 

responses and changes in plant anatomy (Schuerger et al. 1997). In the contrary, blue 

light is important for chlorophyll synthesis, stomatal opening, enzyme synthesis, 

maturation of chloroplast and photosynthesis (Ramalho et al. 2002). Our research hopes 
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to focus on different growth aspects of mung bean and chickpea seedlings under different 

LED light configuration with respect to conventional fluorescent lamps. 

 

Materials & Methods 

Plant materials  

 The experiment was conducted at the plant biotechnology laboratory of the 

department of biotechnology, Haldia Institute of Technology, Haldia. Seeds of mung bean 

(Vigna radiate) and chickpea (Cicer arietinum) were bought from the local market of 

Kshudiram Nagar colony to carry out the entire experiment. Healthy and uniform seeds of 

both species at first were surface sterilized (Badoni and Chauhan, 2010) to dispose of any 

contaminating agents (i.e., fungi). This involved treating the seeds in a solution of 0.1% 

Bavistin for about 10 minutes. After which, they were washed thoroughly under running 

tap water for several minutes to remove any traces of the fungicide. The seeds were then 

soaked in distilled water overnight that helped to reduce the dormancy stage and resulted 

in a rapid germination. The overnight soaked seeds were sown into plastic pots filled with 

coco peats for germination and further growth. Coco peat provides an adequate 

alternative to potting soil featuring high water retention, suitable aeration and antifungal 

benefits. The coco peat was collected from the institute‟s nursery and autoclaved 

beforehand at 121 ºC for 15 minutes at 15 kPa pressure difference as a sterilization 

procedure. All pots were transferred to different trays set wise. On an average each pot 

contained 6-7 seeds. Considering each set, for both species around 12 pots were taken for 

ease of data collection and further analysis. 

 

Light treatments  

 Culture trays were incubated in growth chambers for germination and further growths. 

There were five treatments based on different light conditions, i.e., cultures were 

maintained in: 

(1) Sunlight (Control) 

(2) Fluorescent light (provided by white cool fluorescent lamps; PHILLIPS, 40 W) 

(3) Blue LED (peak wavelength: 470 nm) 

(4) Red combined with Blue LED (1:1 photon flux density)  

(5) Red LED (peak wavelength: 663 nm) 

For the preparation of LED irradiation growth chamber, a cardboard box (3ft × 3ft × 2ft) 

with a wooden base was selected. Each of the inner sides was covered in white chart 

papers for better reflection of lights. The LED system consisted of LED sticks, and a 

main controller (33.5 cm wide × 27.5 cm length × 10 cm height) for maintaining the 

photoperiod and light intensity. Individual LED lamps were mounted on a white 

cardboard in arrays of 50 lights while maintaining equal frequency of red and blue lights. 

As a whole the set up consisted of 50% red and 50% blue LED lights. This arrangement 

was attached to the inner roof of the growth chamber throughout the experiment. 

Photosynthetic Photon Flux Density (PPFD) and light spectra were monitored using a 

lumino meter and constantly maintained at 500 LUX. Power was supplied by a DC power 

source. 

 Other growth chamber was illuminated using traditional fluorescent lights. 40W 

PHILLIPS tube lights were used as a source of illumination. PPFD measured at the top of 

the plants was 400 LUX, i.e. quite similar to that of LED lights. A control set was kept 

under direct sunlight for comparative analysis with respect to the artificial lights.4000-

5000 LUX. 
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Growth conditions 

  seeds were sub-irrigated with tap water without any nutritional solutions during the 

experimental period throughout the growing period. Plants were grown under a 16/8 h 

photoperiod (day/night) while temperature was maintained at 25±2 ºC and relative 

humidity was 70% during germination in growth room. 

 

Data collection 

The seeds were kept under close observation on a regular basis for a week 

duration starting from inoculation to growth into plantlets. In vivo growing plants were 

harvested at the end of 5
th
 day and 7

th
 day for destructive measurements. Fresh weights as 

well as dry weights of shoots and roots, shoot length and root lengths were carefully 

measured. Shoot length was measured from base of the plant to the node of the youngest 

leaf. Shoot biomass was harvested by cutting the shoot at the base while root biomass was 

determined after carefully removing soil from the roots by washing in tap water to 

minimize root loss. Both tissues were dried in an oven set at 80ºC for 4 hours and then 

dry weights were obtained. Then mg of dry tissues generated per gm of fresh tissue was 

calculated. 

 The Chlorophyll contents of the leaves were measured according to the method 

described by Lichtenthaler (1987). Fresh leaves were harvested from each genotype. 

About 0.1 g of fresh leaf tissue was then crushed into a fine paste with 5ml of a polar 

solvent i.e., 80% Acetone in a mortar-pestle. The process was carried out in a dark place 

(absence of light). It was then centrifuged at 10,000 rpm for 7 minutes. Supernatant was 

taken to measure the absorbance in a UV-Vis Spectrophotometer (Thermo Scientific, 

Waltham, MA, USA) at wavelengths of 470 nm, 645 nm and 663 nm. Chlorophyll a, 

chlorophyll b, chlorophyll a + b and carotenoid content was calculated using formula 

given by Lichtenthaler (1987). To measure the optical density two replicates were 

considered for each set in order to minimize errors. 

 The data obtained as such were further comparatively analysed graphically to find out 

the optimal light conditions to achieve the best result. 

 

Result & Discussion 

 In the experiment, in order to get the required observations, we have taken Chick Pea 

and Mung beans seedlings whose growth parameters were measured under the lights of 

different frequencies. 

The parameters which were taken into account were: - 

a) Shoot and Root lengths 

b) Fresh and Dry weight 

c) Chlorophyll a and Chlorophyll b contents 

Effect of Different Light conditions on the Plant Growth Characteristics 

 Different light irradiations significantly affected the growth characteristics of the in 

vivo cultured seedlings. Shoot and root fresh weight/dry weight, shoot and root length 

values are presented in the graphical form. The influences of light treatments on the 

growth and development of seedlings became apparent after one week of observation as 

shown in Figure 1. When compared with sunlight, seedlings grown in artificial lights 

developed fewer branches during the same time period. Overall plants illuminated with 

LED lights showed more growth than the fluorescent ones. 
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Figure 1: Morphological features of different plant species grown under different light treatments for one 

week 

 

Plant Height and Growth Features 

 Plant heights i.e., shoot lengths, root lengths and fresh weights and dry weights of 

both the plant species showed great influence under LED lights (Figure 1). 

 

  
Figure 2: Bar graph for variation of shoots length under different frequencies of light for given interval of 

time of Chickpeas (left) and Mung beans (right) 

 

Data was collected on 5
th
 and 7

th
 days of inoculation in the respective growth chambers. 

In the case of chickpea seedlings shoots of the plants kept under LED lights had a 

consistent higher growth rate than both sunlight and fluorescent light conditions. 

Moreover, plants grew at a much higher rate when they were kept in pure red LED light 

(5.9 cm on 5
th
 day and 13.93 cm on 7

th
 day). As a comparison to growth of shoot under 

control condition, the shoot grew 1.5 times faster and longer under red LED condit ion. 

The growth occurred at a lower speed when kept in Sunlight (3.8 cm on 5
th
 day and 8.78 

cm on 7
th
 day) in comparison to when kept in other frequencies of light (Figure 2). 
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While in the case of mung beans, the shoots of the seedlings grew rapidly in presence of 

combination of two frequencies of light (i.e., 50% red LED and 50% blue LED light). On 

5
th

 day the shoot length was measured to be 11.28 cm and 7
th

 day the shoot grew to be 

17.36 cm. It was also observed that under control condition (sunlight) the shoot growth 

was 8.8 cm and 13.43 cm on 5
th

 and 7
th

 day respectively. In contrast to the chickpea, 

mung bean shoot growth was heavily repressed under the presence of 100% red LED 

treatment. 

 

   
Figure 3: Bar graph for variation of root length under different frequencies of light for given interval of 

time of chickpeas (left) and mung beans (right) 

 

 In the next step root lengths of the plants were collected and analysed using graphical 

comparison. Similarly, the observation for root length was collected on of 5
th
 and 7

th
 days 

after incubation into growth chambers. Surprisingly, least root growth was found in the 

case of blue light for both the plant species. Addition of equal intensity of red light to the 

blue light increased the growth rate to some extent. In case of chickpea seedlings, it was 

found that the average growths of roots of the plants are higher under the red LED 

condition (9.02 cm on 5
th

 day and 10.75 cm on 7
th
 day) in comparison to other 

frequencies of light. However, it was also observed in Fluorescent light plants grew in 

equally rate (8.8 cm on 5
th

 day and 10.77 cm on 7
th

 day).  The growth of overall plant 

(root and shoot) was found to be highest under complete red LED light in comparison to 

lights of other frequencies. Whereas under control condition (Sun light) growth of plant 

was least. 

 In case of mung bean, though the growth rate of shoot was higher under 50% red LED 

and 50% blue LED light but from the graphical studies and observation it was found that 

the root growth is higher (Figure 3) in complete red LED light (13.3 cm and 13.7 cm on 

5
th

 and 7
th
 day respectively) in comparison to other conditions, that is its growth rate was 

almost 2.5 times in comparison to root growth under control state. 

 

  
Figure 4: Bar graph representing Fresh weight of chickpea (left) and mung bean (right) under different light 

frequencies 
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Fresh and Dry biomass of plants 

 At first, fresh weight of the shoots was measured and aggregate values were taken for 

graphical comparison in between all the samples. 

 All the plants were weighed to collect the fresh weight of plants and a bar graph is 

plotted for 5
th
 and 7

th
 day under various frequencies of light. For chickpeas, it is clearly 

shown that fresh mass increased under LED light treatments and showed maximum 

biomass in presence of B with R light combination. On 5
th

 day the fresh weight is least in 

case of blue light (0.18 g) but later resulted in a rapid growth. Maximum biomass was 

achieved in the presence of equal amount of blue and red LED lights (Figure 4). Although, 

biomass is highest in case of red LED grown plants i.e., 0.284 g on 5
th
 day reduced 

growth was observed on 7
th
 day.   

 As per graph it was found that on 7
th
 day fresh weight was highest under controlled 

state (0.48 g), because of its high intensity. 

 As for the mung bean seedlings, highest biomass accumulation was observed in the 

plants grown under a combination of 50% red with 50% blue LED lights followed by the 

control set (sunlight). 

 

  
Figure 5: Bar graph representing dry weight of chickpea (left) and mung bean (right) under different light 

frequencies 

 

 Least biomass was formed the fluorescent treated seedlings. This concludes that 

similar type of growth characteristics was observed in two different plant samples that is 

in presence of blue LED along with red LED had a significant influence on accumulation 

of biomass of both chickpea and mung bean seedlings. 

 Plant samples were then oven dried for several hours and dry weights were measured. 

In case of chickpea seedlings though biomass formed was comparatively less but as it 

contained the least amount of water it lost very little weight i.e., maximum amount of dry 

weight per g of fresh weight (286 mg/ g of fresh tissue). Plants grown in sunlight had 

maximum biomass with less amount of water present in tissues. As a result, it also 

retained the biomass even after oven drying.  

 Following the graph, it can be observed that dry weight is maximum for plants kept in 

fluorescent light on 5
th
 day, however on 7

th
 day the dry weight got reduced (178 mg/g of 

fresh tissue) due to further loss of water content. It was also observed that dry weight for 

7
th
 day was maximum for plants in 50% blue and 50% red light (248 mg/g of fresh plant). 

Similar observation was noted in the mung bean seedlings. Maximum amount of dry 

biomass was achieved in presence of fluorescent lights followed by the least amount 

detected in the presence of 100% red LED lights (Figure 5). The only justification for 

lesser dry biomass observed in LED light treatments can be credited to the fact that as 

their growth was very rapid higher amount of water was incorporated in the tissues which 

evaporated during oven drying process and we attained lesser biomass compared to 

control and fluorescent ones.  
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Chlorophyll content under different lights 

 Freshly harvested leaves of both species were separated from the plants on 5
th
 and 7

th
 

day and chlorophyll was extracted using 80% acetone as a solvent. Optical density at 

different frequencies was measured to calculate the chlorophyll contents. 

 

 
Table 1:  Chlorophyll a and Chlorophyll b contents mung bean and chick pea on 5th and 7th day under 

various frequencies of lights. 

 

 Plants grown in LED light treatments generally had a significant increase in 

chlorophyll content (Table 1) for both chickpea and mung bean seedlings when compared 

to conventional fluorescent lights. Yet, in case of sunlight grown plants chlorophyll 

content was sufficiently high. 

 In the observation it was found that, both chlorophyll a and chlorophyll b contents 

were highest in the plants grown in 50% B with 50% R LED lights among the artificial 

light conditions (0.99 mg/g of fresh tissue and 0.55 mg/g of fresh tissue respectively). 

Blue LED light repressed biosynthesis of chlorophylls but addition of red LEDs reversed 

the results and increased the chlorophyll content. 

 Overall addition of blue light to the red LED light treatments yielded a much higher 

chlorophyll content in the plants rather than any of the single monochromatic light. This 

in turn supports an earlier study performed on chilli by Gangadhar et al, 2012. 

 

Conclusion 

 Light is an important factor in plant growth and development. In controlled 

environment agriculture, it is critical to optimize the spectral quality of the artificial light 

source for plant production in indoor farming facilities. In tissue culture, light quality, 

duration and intensity affect shoot growth and morphogenesis and have important role in 

photosynthesis. The use of LED lights is becoming a popular source of artificial light for 

indoor farming. However, its utilization needs to be optimized because LED lights only 

provide a narrow spectrum of light. Using monochromatic LED lights, our study 

identified specific spectrum that greatly influenced the growth and development of 

indoor-grown mung bean and chickpea seedlings. Other than a few instances growth of 

seedlings was greatly influenced in the presence of blue LED with red LED. As previous 

studies suggested in presence of red LED, maximum shoot and root elongation occurred 

however, the 100% red LED treatment had a negative impact on the biomass, chlorophyll 

content. Growth parameters of the plants under sunlight almost rivaled that of the LED 

lights. It could possibly be a result of high intensity of the sunlight which was almost 10 

times higher than the artificial light treatments. This study provides baseline information 

for indoor farming practitioners in the design of light system for indoor farming of 

chickpea and mung bean. The extent of effectiveness of LED light treatments depends 

also on the plant species. In the short period of our research work it was only possible to 
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conduct the experiment with only three different LED treatments. There still research 

needs to be done whether different combinations of blue and red LED lights can influence 

growth in mung bean and chickpea or not; and if possible to what extent. With further 

improvements to be made, it is reasonable to expect that the total LED irradiation system 

will be a major light source for a wide range of plant culture systems in the future.   
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Abstract 

 Fruits, known as a „Treasure house‟ provide a wide range of variety of 

nutritional bioactive phytochemicals inherent in it. These components benefit the 

human health actively, promoting good effects as well as preventing health 

disorders that occur periodically and/or seasonally. Several phytochemicals 

possessing polyphenolic structures are advocated as neutraceutical food 

supplements for better health care during recent years, most of them are claimed 

to possess antioxidant activity. This study evaluated the phytochemicals present 

in the fruit wastes (peels). Phytochemical screening was carried out on aqueous 

extracts of dried and ground peel.  Phytochemical screening and toxicological 

study revealed the presence of alkaloids and steroids in extracts. Phytochemicals 

and antioxidants are highly detected in water extracts. 
 

Keywords: Bioactive element, Fruit wastes, peel, phytochemical screening 

 

Introduction 

 Free radicals species (ROS) are reactive molecules that generally generate in 

human due to biochemical metabolism. These species undergo radical chain reaction 

with important biomolecules (DNA, proteins and lipids) and have detrimental effect 

to the human body (Mantena et al., 2008), There are intrinsic factors like antioxidants, 

enzymes, vitamins and minerals which acts in the anti-free radical defense system, the 

effectiveness of these to oppose radicals is depends on several factors like amount of 

such factor available, radicals present in the human body and also the aging factor 

(Oke et al., 2009). 

 Evolution of newer and wider plants species gain much attention among 

researchers for their natural occurring secondary metabolites mainly phenolic 

compounds, alkaloids,  flavonoids, steroid, saponins and terpenes. These metabolites 

own antioxidant properties because of their capability as hydrogen donator, reducing 

agent, free radical scavenger and binding with metal ions (Rice-Evans et al., 1997). 

Amongst the plants variety, fruits get more priority as they are locally available in an 

abundant amount, economic and can also be consumed in various occasions. Besides, 

it is highly recommended for regular consumption due to positive correlation with the 

reduction of cancer as well as other chronic diseases. Surprisingly, peel of a fruit was 

found to contain much higher antioxidant compound when compared to the other fruit 

fractions (Lim et al., 2006, Wolfe et al., 2003, Ghasemi et al., 2009).Very recent work 

has shown that the peels contain around two to six times more phenolic compounds 

and two to three times more flavonoids in the peels when compared to the flesh. 

Adding to the information, some substances like anthocyanin, flavonol, kaempherol 
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and xanthone glycoside in fruits were originally discovered from the peels of the 

fruits (Berardini et al., 2005).   

 Epidemiological studies show that the frequent consumption of fruit lowers the 

risk of chronic diseases (Bae et al., 2008, Ruxton et al., 2006). Natural antioxidants 

present in the fruits and vegetables, such as vitamins and polyphenols, are considered 

to be responsible for these beneficial characteristics (Saura-Calixto and Goñi., 2006, 

Ito et al., 1986).  Owing to the potential of synthetic antioxidants in giving rise to 

possible health risks (Safer et al., 1999, Fresco et al., 2006), there arises an increasing 

demand to identify natural and possibly more economic and effective antioxidants. 

Phenolic compounds are one of the most significant class of natural antioxidants that 

are being studied, as numerous evidences of their antioxidant potency and role in 

disease prevention have been substantiated. (Fu et al ., 2010, Scalbert  and Johnson., 

2001, Ajila et al., 2007). Recent studies have shown that the antioxidant potency and 

the content of phenolic compounds were found to be high in the peels of handful of 

fruits (Kunradi Vieira et al., 2009 and Okonogi et al., 2007), indicating that fruit 

residues can be utilized as a resource of a wide array of natural antioxidants and other 

such bioactive compounds. 

 The aim of the present study was to evaluate phenolic content and the antioxidant 

potency of wastes (peels) of fruits.  

 

Materials and Methods 

 

Plant Material and Sample Preparation 

 The fresh peels of fruits sourced from the local juice corner of Haldia, Mednipur 

district of West Bengal. Firstly, fresh peels of fruits were washed thoroughly in 

running tap water, followed by rinsing twice in double distilled water. The thoroughly 

washed peels were subjected to sun dry. The sun dried peels were powdered in a 

mechanical grinder and powder stored in air tight polybag. Ten grams of powered 

sample was added to 100 ml of double distilled water and concentrated by boiling to 

one-tenth of its value. Following boiling, the sample was filtered using Whatman no. 

1 filter paper. The crude extract was concentrated. . 

 

Qualitative Phytochemical Analysis 

 Screening of phytochemicals is a basic step to check the medicinal values of 

plants. Presence of phytochemicals such as steroids, amino acids, flavonoids, reducing 

sugars etc were determined on the basis of some standard methods (Devmurari et al., 

2010).    

 

Determination of DPPH radical scavenging capacity  

 Scavenging of the stable DPPH• free radical with the extract was assayed 

following the methods of Blois (1958) with slight modification. In brief, aqueous 

extract (10–50 μg/ml) was taken in total volume of 1 ml and mixed with 4 ml of 0.1 

mM methanolic DPPH• solution. The reaction mixture was mixed well and allowed to 

stand for 20 min at room temperature. The change in absorbance of the samples was 

measured at 517nm. Radical scavenging activity was expressed as the inhibition 

percentage calculated using the following formula,  

 

Percentage inhibition activity = [(A-B)/A)] × 100 

Where, A = absorbance of the blank solution 

            B = absorbance of the test solution. 
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Determination of metal chelating capacity 

 UV-Visible spectra were analysed to detect metal chelating activity of the extract 

following the procedure described by Dutta and Singh (2011). Briefly, 0-100 μl/ml of 

extract was added to 10 mM PBS (pH 7.4), and the absorption spectra was recorded 

between 200 and 600 nm. This spectrum was designated as native spectra. A number 

of scans with increasing concentration of CuSO4 (25, 50, 75 or 100 μM) were taken 

after 10 min of incubation and compared with native spectra of the extract. Then the 

effect of EDTA (100 μM) was tested for the extract supplemented with Cu2+ 

complex. 

 

Antimicrobial Film Development 

 The microorganisms used in this study were clinical isolates of Amorphous 

hydrophila. The antimicrobial activity of aquous extract was screened using disc 

diffusion technique (Safer et al., 1999).  The agar plates were prepared by pouring 15 

ml of molten nutrient agar media into sterile petriplates. The plates were allowed to 

solidify and 0.1% inoculums suspension was swabbed uniformly with sterile cotton 

and was allowed to stand for 15 min. The different dilutions of the test sample (0%, 

20%, 50%, 70% and 100%) from stock were loaded on 6 mm autoclaved filter paper 

discs. The loaded disc was placed on the surface of medium and allowed to diffuse for 

5 min and the plates were incubated at 37
◦
C for 24 h. At the end of incubation, 

inhibition zones formed around the disc were measured with ruler in millimeter. 

These studies were performed in triplicate. 

 

Results and Discussions 
 

Collection of fruit residues 

 Experimental samples were collected from local juice corner at Haldia, West 

Bengal. Fruit residues mainly contain peels of orange, pomegranate and mousambi in 

various proportions along with fibrous materials. Fruit waste is one of the major 

components of MSW, which needs to be disposed properly. The residue generated 

from fruit vendors if not properly disposed can be the nutrient for many dreadful 

organisms including bacteria and virus. The present study shows the usefulness of 

fruit wastes in extraction of value-aided biochemical products as well as reduction in 

MSW. The yield of aqueous extract was 33.5 mg/ml.  

 

Qualitative Phytochemical Analysis 

 The aqueous extract of sample was used for screening commonly reported 

phytochemicals. The results are given in Table 1 which showed the presence of amino 

acids, anthraquinones, phytosterols, tannin, cardiac glycosides, reducing sugar and 

flavonoids. The presence of such important bioactive components in significant 

amount isolated from fruit waste demonstrates that MSW containing fruit wastes can 

be reduced by utilizing these wastes to isolates important phytochemicals 

(Chockchaisawasdee and Stathopoulos., 2017). These phytochemicals are reported to 

have important application in pharmaceutical, cosmetics and food industries 

(Mohamed et al., 2018).  
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Table 1 Qualitative phytochemicals screening from aqueous extract of fruit waste powder. 

 

Phytochemicals 
Presence(+)/ 

Absence  (-) 

Amino acids ++++ 

Anthraquinones ++ 

Phytosterol +++++ 

Tannin ++++ 

Cardiac glycosides +++ 

Reducing sugar +++ 

Flavonoids +++ 

 

 

 

Determination of metal chelating capacity 

 
Figure 1. Spectral profile showing metal chelating activity of fruit extract. 

 

 Figure 1 shows metal chelating activity of the aqueous extracts.  UV-visible 

absorption spectral of only extract shows typical profile with absorbance maxima near 

280 nm. Metal chelating property was confirmed by observing the change of the UV-

Visible absorption spectra of aqueous extract upon addition of metal ions (Cu
2+

 ions, 

100 μM) at pH 7.4. The change in spectral profile of extract was due to the formation 

of a chelate complex between extract and Cu
2+

 ions. The establishment of chemical 

complex between extract and Cu
2+

 ions was confirmed by adding a strong well known 

metal chelator, EDTA to the mixture of extract and metal ions. With gradual increase 

in concentration of EDTA to the Cu
2+

 ions chelated extract, the shifted of spectral 

profile was seen. Addition of 250 μM EDTA solution nearly revert back the original 

spectral profile of aqueous extract with increase in absorbance maxima. Further 
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increase in concentration of EDTA might have fully recovered the original profile. 

The result demonstrated high metal chelating activity of the said extract.  Extracts 

having high antioxidant contents are reported to be good metal chelating agents (Dutta 

and Singh, 2011; Singh and Dasgupta, 2016). As reported by Dutta and Singh, 

chelating property of bioactive components also have reducing property and helps in 

reducing lipid oxidation in biological system.   

 

Antimicrobial activity of aqueous extract from fruit residue 

 Amorphous hydrophila CTM (LT560373) strain was tested against the fruit 

extract. MIC value recorded was > 100 µg/ml.  Agar well diffusion assay showed 

maximum zone of inhibition around the well at 0 % dilution followed by 25, 50, 75 % 

of the fruits extract (Figure 2). The results of cytotoxic assay and agar well diffusion 

test are congruent and thus, it could be concluded that test bacteria was inhibited to a 

great extent by the extract. 

 

 
 

Figure 2 Antimicrobial property of fruit extract demonstrated by well diffusion assay. NC and T1-T4 

represent 0 % and 25, 50, 75 % dilutions of the fruits extract 

 

Conclusion 

 Large scale generation of food wastes leads to handling problem in proper 

disposal of municipal solid wastes. With advancement in extraction system, important 

phytochemicals are being isolated and purified from fruits peels and seeds. The 

extracts exhibited high potential antioxidant and antimicrobial phytochemicals. 
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Abstract 

 All genes in a genome tend to have the same coding strategy.That is, they employ the 

codon catalogue similarly and show similar choice between synonymous codons. 

The immergence and dissemination of multidrug-resistant strains of Staphylococcus 

aureus in recent years have expedited the research on the discovery of novel anti-

staphylococcal agents promptly. Bacteriophages have long been showing tremendous 

potentialities in curing the infections caused by various pathogenic bacteria including S. 

aureus. 

 In this study an effort has been made to study the codon bias perspective of 

Staphylococcus aureus bacteriophage using bioinformatics tool. Total of 15 potentially 

active bacteriophage effective against S. aureus infection were studied. 

To observe the factor influencing the architecture of protein coding gene, reported by 

variation in their synonymous codon usage influences of mutation bias & influence of 

translational bias. This variation has been indicated by both Nc vs GC plot & different 

Corresponding Analysis parameters for codon usage. 

 Further analysis of this bacteriophage‟s strongly suggested that among 15 

bacteriophage, phage GH15, A5W are virulent in nature as they shows significant 

similarity with phage K (having high translational efficiency) and can be potentially used 

for phage therapy for staph infections, also there is some significance on phage TEM 123 

which is showing some kind of external codon selection preference i.e. external pressure 

other than mutational pressure. 
 
LIST OF ABBREVIATIONS: RSCU - Relative Synonymous Codon Usage, Nc - Effective number of codons used by a 
gene, GC3S - Frequency of (G+C) at the synonymous third position of codons, L_sym - Number of synonymous codons, 
L_aa - Length of amino acids, CA – Correspondence Analysis, CAI- Codon Adaptation Index, COI- Codon Bias Index, 
FOP- Frequency of Optimum Codons, CDS – Coding DNA sequence, SPSS – Probability Statistics Software 

Introduction 

 The genetic code uses 64 codons to represent the 20 standard amino acids and the 

translation termination signal. Each codon is recognised by a subset of a cell‟s transfer 

ribonucleotide acid molecules (tRNAs) and with the exception of a few codons that have 

been reassigned in some lineages (Osawa and Jukes 1989; Osawaet al. 1990) the genetic 

code is remarkably conserved, although it is still in a state of evolution (Osawaet al. 

1992).Each family in the universal genetic code contains between 1 and 6 codons. Where 

present, alternate codons   are termed as synonymous. Although choice among 

synonymous codons might not be expected toalter the primary structure of a protein, it 

has been known for the past 20 years that alternative synonymous codons are not used 

randomly. This in itself is not startling as codon usage mightbe expected to be influenced 

at the very least, by mutational biases (Sharp and Matassi 1994). 

 The hypothesis that natural selection might be able to select between synonymous codons 

 (alsoknown as synonyms) is not new. Ames and Hartmann (1963) proposed that the use 

 ofalternative synonyms might have a role in the regulation of gene expression. King and 
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Jukes (1969) suggested that inthe absence of mutational bias synonymous codons might be 

used randomly, this implied that synonymous mutations be evolving neutrally.  

There is no codons in general which are universally accepted or dodge. This report provides 

help us to figure out the codon biasing on 15 selected bacteriophage of S. aureus.     

 First we have selected different S.aureus bacteria responsible for all kind of multi-drug 

resistance in bacteria for related disease. Then bacteriophages effective against each of the 

pathogenic bacteria‟s were searched. The main reason for selecting bacteriophage is that it 

has a great potential to be used as treatment against Staphylococcus infection in phage 

therapy and also much research work has not been done on bacteriophage about their codon 

usage and factors influencing the architecture of protein coding genes. 

 Among 15 bacteriophage , phage GH15 are virulent in nature and can be potentially used 

for phage therapy for staph infections, Here TEM123 is showing some kind of external 

pressure other than mutational pressure, phage TEM123 also possess β- lactam antibiotic 

resistance conversion ability in its genome(Lee YD, et al. 2016). Which could be the reason 

for it separation among all other phage. Also from previous study we can say that TEM123 

has  lowly expressed genes because of its low NC value (keya Sau 2012).   

Material & Methods  

 Complete genome sequences of fifteen (15) staphylococcal phage were downloaded. 

Fifteen phages whose complete genomes were downloaded are A5W, GH15, IME-SA1, 

IMESA-2, ISP, K, MCE-2014, phi5967PVL, phiBU01, phiETA, SA5, StauST398-3, 

StauST398-5, TEM123, Twort. Phage K and Twort was included in order to compare its 

codon bias with those of other staphylococcal phages. The basic properties of all fifteen 

bacteriophage are presented in Table 1. All the phage infects S.aureus. While phage 

phi5967PVL, phiBU01, phiETA, StauST398-3, StauST398-5, TEM123 belongs to 

Siphoviridae, other phages belongs to Myoviridae.Gene number in 15 phage varies from 42 

to 233.  

 

PHAGE NAME Family Host  Accession No Nucleotide  (bp) No of genes(CDS) %GC 
A5W Myoviridae S. aureus EU418428 145542 228 31.1 

GH15 Myoviridae S. aureus JQ686190 139806 211 33 

phage IME-SA1 Myoviridae S. aureus KP687431 140218 207 30.7 

IME-SA2 Myoviridae S. aureus KP687432 140906 211 31.2 

ISP Myoviridae S. aureus FR852584 138339 210 30.8 

K Myoviridae S. aureus KF766114 148317 233 32.4 

MCE-2014 Myoviridae S. aureus KJ888149 141907 202 30.8 

phi5967PVL Siphoviridae S. aureus AP011955 42461 42 33.8 

phiBU01 Siphoviridae S. aureus KF831354 43748 46 33.6 

phiETA Siphoviridae S. aureus AP001553 43081 66 35.7 

SA5 Myoviridae S. aureus JX875065 137031 196 30.8 
StauST398-3 Siphoviridae S. aureus JQ973847 41392 66 35.7 

StauST398-5 Siphoviridae S. aureus KC595279 43301 66 35.7 

TEM123 Siphoviridae S. aureus JQ779024 43786 43 35.7 

Twort Myoviridae S. aureus AY954970 130706 184 30.7 

Table 1: Characterisation of all 15 phages 

 

 All the coding sequences of all fifteen phage were extracted by an online open source 

application „CODERET’ Coding sequence carrying less than 100 codons were not 

considered in this study. Hence a total of 2211 protein coding genes from 15 phages were 

utilized for all analysis. 

 The Relative Synonymous Codon Usage (RSCU) of all phages has been determined to 

study the overall codon usage variation among the genes & genomes. RSCU values greater 

than 1.0 indicate that the corresponding codon is more frequently used than expected, 

whereas the reverse is true for RSCU values less than 1.0. 
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 GC3S is the frequency of (G+C) at the synonymous third position of codons, G+C is the 

GC content of gene which certainly ranges from 16 to 41 in percentage in this study. The 

values of Nc range from 36 to 53. We have considerd the highly biased genes to be highly 

expressed. All the above mentioned parameters or the „codon usage indices, along with 

correspondence analysis (Greenacre,1984) are calculated using the application Codon W.  

All the results of correspondence analysis & the codon usage indices are used for a statistical 

study with software, SPSS. Selected codon usage indices , correspondence analysis results 

were used to plot scatter plots using MS-Excel. Then a conclusive evidence i.e. A 

Dendrogram is made by D
2 

statistic approach. 
 

Result & Discussions  

Synonymous codon usage variation in 15 Bacteriophage 

 Staphylococcal phage‟s codon biasing has been studied by the help of corresponding 

analysis specific to protein coding genes in 15 bacteriophage. Where all the phages carry AT 

rich genomes, A and T ending codons should be predominant. To detect codon usage 

variation, if present in any of the above phage genes, active number of codons used by a gene 

(Nc) and the (G+C)% were determined. It was observed that Nc values ranges from 36.67 to 

53.06 with a mean of 42.18 and standard deviation of 4.84, whereas the GC3s value ranges 

from 0.161 to 0.408 with a mean of 0.2309 and standard deviation of .06865.The above data 

help us conclude, that there are marked variations in synonymous codon usage in the genes of 

all 15phage and several factors including mutational bias or external pressure are responsible 

for the codon usage variations in the bacteriophage. 

 

Different biasing pressure on the codon usage variation in 15 phage 

 The determinants of codon usage variations in different organisms, Nc plot(a plot of Nc  

versus GC3s) and correspondence analysis were used. It was suggested that the comparison 

of actual distribution of genes with the expected distribution under no selection might be used 

if the sequences under study have some other influences other than mutational bias in 

dictating their codon usage bias(Wright, 1990).  

 Many species appear to have mutational biases, this is usually most apparent in the base 

composition of non-coding regions and synonymous codon positions. Such biases can cause 

non-random usage of codons (i.e. codon bias). However, the presence of codon bias is often 

mistakenly interpreted as evidence for selection, when the bias is an artifact produced by a 

mutational process. A useful index for examining the relationship between codon bias and 

mutation bias is the effective number of codons (Nc) (Wright 1990). It is possible to predict 

the affect that any G+C bias will have on this index, assuming codon choice is solely a 

function of mutation bias (i.e. G+C = GC3s).  

 

 Wright (1990) suggested the Nc-plot as part of a general strategy to investigate patterns of 

synonymous codon usage. Genes whose codon choice is constrained only by a G+C mutation 

bias, will lie on or just below the curve of the predicted values (Wright 1990). 

The Nc plot for the genes of 15 phage show‟s that number of points lie below the expected 

curve towards GC poor region which certainly originates from extreme mutational bias. In 

contrast, most points with low Nc values(phages having highly expressed genes)  lie well 

below the expected curve, which suggests that these phage genes have an additional codon 

usage bias which is independent of GC3s. Interestingly TEM123 also lies below the curve 

although it has higher Nc value. Which indicates that they are having lowly expressed genes, 

this adds that,  there are some external source for selection pressure as well, causing this 

phage to stand alone. While Phage GH15 mostly lie below from the expected curve, and 

poses similarity with Phage K, and phage A5W seems to be following linearity with GH15, K 

& Twort in the figure below. 
 



Proceedings of New Horizons in Biotechnology – 2019                                     
 

ISBN 978-81-927768-3-5                                                                                                77 | P a g e  
 

 
Figure 1: Plot of NC versus GC3s 

 

 Further evidence that mutational bias and other factors are responsible for codon usage 

variation in phage  genes came from correspondence analysis of (CA) of the Amino Acid 

Usage, Codon Usage & also RSCU values of the protein coding genes of the above 

15bacteriophage. 

 Variation in codon usage is mainly by mutational bias or selection. Although natural 

selection(external pressure) for efficient translation is a major influence on codon usage in 

many species, it is not always apparent in what form the selection is taking place and it does 

not explain all of the observed codon usage variation. Observed codon bias is an equilibrium 

between selection that favours the fixation of advantageous codons and genetic drift that 

enhances the probability of the fixation of disadvantageous codons (Akashi 1995; Bulmer 

1988). 
  

Corresponding Analysis of CDS in all 15 Phage Together 
 The position of the all the phages distribution along the axis of Nc vs GC can be determine from 

Figure 2  
 

 
Figure 2: Position of all 15 Phage along Nc vs GC. 

 

Observation from Figure 2 

 From the above figure it is clearly distinct that TEM123 is separated far away from all the 

other phage moreover it is having higher Nc content (the genes are lowly expressed) which 

might be due to some external pressure of codon bias. 

 

Corresponding Analysis of Amino Acid Usage in all 15 phage 

 The position of coding gene on all the 15 bacteriophage taken individually and in 
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merged format for amino acid usage, along the first two major axes were plotted. 

 

 
Figure 3: A Dendrogram showing the codon usage variation of staphylococcal phage. 

 

 
 

Table 2: Corresponding analysis of Amino acid by SPSS 

** Correlation is significant at the 0.01 level (2-

tailed). 

* Correlation is significant at the 0.05 level (2-

tailed). 

 

Observation from Table 2 

 Here AT is negatively correlated with axis 1 and positively correlated with axis 2, also 

axis 1& axis 2 both are positively correlated with GC. 

 

Corresponding Analysis of Codon Usage in all 15 phage 

 The position of each coding gene on all the 15bacteriophage taken individually and in 

merged format for Codon usage, along the first two major axes were plotted and analyzed. 

  

 
 

Table 3: Corresponding analysis Codon Usage by SPSS 
**Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed). 

 

Observation From Table 3 

 Here AT is positively correlated with axis 1 and negatively with axis 2, also axis 1 is 

negatively correlated & axis 2 is positively correlated with GC composition. 

 

Corresponding Analysis of Relative Synonymous  Codon Usage in all 15 phage 

 The position of each coding gene on all the 15bacteriophage taken individually and in 

merged format for Relative Synonymous codon usage, along the first two major axes were 

plotted and analyzed.  
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Table 4: Corresponding analysis Relative Codon Usage by SPSS 
** Correlation is significant at the 0.01 level (2-tailed). 

 

*Correlation is significant at the 0.05 level (2-tailed). 

 

Observation from Table 4 

 Here AT is positively correlated with axis 1 and negatively with axis 2, also axis 1& axis 

2 is positively correlated with GC composition 
 

Synonymous codon usages of 15 staphylococcal phages are Difined 
 

 Thus data presented above suggest us that synonymous codon usage of phage TEM123(β-

lactam antibiotic resistance capability) are different from other staphylococcal phage‟s, which 

is not due to mutational bias.Moreover there is significance of similarity between phage K & 

GH15, which can also signifies the therapeutic homology with phage k. 
 

 For finding out furthervariation in the codon usage of the 15 staphylococcal phagesmore 

accurately, a cluster analysis was performed on overall codon usage data of these phages by 

D-squared (D2) statistic approach. The clustering (Dendrogram) produced by UPGMA shows 

that phages belonging to the Myoviridae are GH15, K, A5W, SA5, ISP, IME-SA1&2, MCE-

2014 &Twort whereas, Siphovirusesare TEM123, StauST398-3&5, phi5967PVL, BU01, 

ETA.are clustered in differentbranches(Figure 3). 

 Such distributionof the phages not only supports the correspondence analysis data (Table 

2, 3, 4) but also reveals that the synonymous codon usage is dissimilar even among the 

phages of each branch. 

 

Conclusion  
 The non-random usage of codons and variation in codon usage between species suggested 

some selective constraint on codon choice. The codon usage of strongly andweakly expressed 

genes was examined, again using a multivariate analysis technique, and was found to have a 

marked variation in codon usage (Grantham et al. 1981).Codon usage differs between species 

not only in the selection of codons but in the degree of bias.Perhaps due to its different 

environment affecting its effective population size (Moszeret al. 1995; Ogasawara 1985; 

Shields and Sharp 1987). 

 Difference in codon bias of homologous genes does not necessarily imply a difference in 

the expression levels, but rather, it suggests that the effectiveness of the selective pressures on 

codon usage are not the same. 

 Therapeutic potential of phage belonging to Siphoviridae were not demonstrated earlier, 

here the results suggest that having higher Nc value & lowly expressed genes, TEM123 

which belongs to above family has different preference in codon selection, i.e. there might be 

some external pressure resulting in such difference. Also phage GH15& A5W shows 

significant similarity with phage K, which earlier showed promising result in the translational 

machinery of the pathogenic S. aureus strain. 
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Abstract  
 Biosurfactants are surface-active biomolecules produced by microbes (bacteria, fungi, 

and yeast) and have several advantages over the chemical surfactants, such as lower 

toxicity, higher biodegradability, better environmental compatibility, higher foaming, 

high selectivity, and specific activity under extreme conditions such as temperature, pH, 

and salinity. Almost all the surfactants now available in the market are chemically 

synthesized. Recently, emphasis is given on biosurfactants mainly due to their wide range 

of acceptance and functional properties. Microbial biosurfactants are found to have a 

wide range of applications in environmental protection, which include enhancing oil 

recovery, controlling oil spills, biodegradation, and detoxification of oil-contaminated 

industrial effluents and soils. Biosurfactants produced by microorganisms have potential 

applications in pharmaceutical, medicine, food, cosmetic, pesticide and biodegradation 

industries. In this review article, three important aspects such as various types of 

biosurfactants known till date, the group of microbes involved in the production of these 

biosurfactants, and application of these microbial biosurfactants in different fields are 

discussed.  

 
Keywords: Biosurfactants, Microbes, Medicine, Biodegradation 
 

Introduction 

 Biosurfactants are the unique amphipathic molecules with properties that have been 

explored for a variety of industrial and bioremediation applications, pharmaceutical and 

food processing, and oil recovery industries.The total surfactant production worldwide 

has exceeded 2.5 million tons in 2002 and was about 1735.5 million USD in the year 

2011. It was expected to reach 2210.5 million during 2018, corresponding to the average 

annual growth rate of 3.5% from 2011 to 2018 (Sekhon et al., 2012). Moreover, most of 

the commonly used synthetic surfactants are harmful and poorly biodegradable; their 

application may lead to the accumulation of ecologically harmful compounds in soil. The 

use of biosurfactants to protect the marine environment seems to be possible, since a 

number of marine bacterial strains have the ability to produce biosurfactants during 

growth on hydrocarbons (Bodour et al., 2003). For the sake of the environment, the use of 

biosurfactants is preferable to those of synthetic surfactants. However, little information 

on either biosurfactants produced by marine microorganisms or biosurfactants active in 

the saline environment has been reported so far. Biosurfactants have several advantages 

over the synthetic surfactants, such as lower toxicity, higher biodegradability, better 

environmental compatibility, higher foaming, wide selectivity, and specific activity at 

extreme temperature, pH, and salinity and the ability to be synthesized from renewable 

feedstock (Georgiou et al., 1992; Desai and Banat, 1997; Kuyukina et al., 2005).  

 
General Classification of Biosurfactants  

 Surfactants can be classified accordingly to the nature of the charge on individual 

polar moiety. Anionic surfactants are negatively charged usually due to a sulphonate or 
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sulphur group. Non-ionic surfactants lack ionic constituent and the majority of all non-

ionics are polymerization production products of 1,2epoxyethane. Cationic surfactants are 

characterized by a quaternary ammonium group which is positively charged.  Lastly, 

amphoteric surfactants have both positive and negative charged moiety in the same 

molecule. Biosurfactants can also be grouped into two categories namely, low-molecular- 

mass molecules with lower surface and interfacial tensions and high-molecular-mass 

polymers, which bind tightly to surface. There are many types of biosurfactants each 

produced by specific micro-organism. 

Glycolipids 

 These are the most commonly and easily available biosurfactants and are 

carbohydrates with a combination of long chain aliphatic acids or hydroxyaliphatic acids. 

Rhamnolipids, trihalolipids, and sorpholipids are the bestknown biosurfactants among the 

glycolipids. The best-studied glycolipids are rhamnolipids synthesized by Pseudomonas 

sp. 

 

Lipopeptides and Lipoproteins 

 A great number of cyclic lipopeptides, including decapeptide antibiotics and 

lipopeptide antibiotics, are produced. These contain a lipid linked to a polypeptide chain. 

A lipopeptide called surfactin is produced by Bacillus sp. containing seven amino acids 

bonded to a carboxyl and a hydroxyl group of 14 carbon acids. An important 

characteristic of surfactin is its ability to lyse mammalian erythrocytes and to form 

spheroplasts (Bernheimer and Avigad, 1970). The molecules in this class of 

biosurfactants in general consist of cyclic peptides linked to a fatty acid. Several bacteria 

are known to produce these antibiotic-like molecules, among them Bacillus subtilis 

produces surfactin, subtilisin. 

 

Fatty Acids, Phospholipids, and Neutral Lipids 

 Many bacteria and yeast synthesize large amounts of fatty acids and phospholipid 

surfactants during their growth on n-alkanes (Cirigliano and Carman, 1985). The 

hydrophilic and lipophilic balance (HLB) is directly proportional to the length of the 

hydrocarbon chain in their structures. Several fungi, yeasts, and bacteria, that are able to 

grow on hydrophobic substrates such as alkanes, secrete large amounts of phospholipids, 

fatty acids, or neutral lipids to facilitate the uptake of the carbon source. Examples are 

Nocardia erythropolis, Thiobacillus thiooxidans, Candida lepus, Acinetobacter sp., 

Pseudomonas sp., Micrococcus sp., Candida sp. 

 

Polymeric Biosurfactants  

 The best-studied polymeric biosurfactants are alasan, liposan, lipomanan, emulsan, 

and some other polysaccharide–protein complexes. Acinetobacter calcoaceticus RAG-1 

synthesizes an extracellular potent polyanionic amphipathic heteropolysaccharide 

bioemulsifier (Rosenberg et al., 1979). Emulsan is an effective emulsifying agent for 

hydrocarbons in water (Zosim et al., 1982), even at a concentration as low as 0.001% to 

0.01%. Liposan is an extracellular water-soluble emulsifier synthesized by Candida 

lipolytica, which is composed of 83% carbohydrate and 17% protein, a carbohydrate–

protein complex synthesized by the yeast Yarrowia lipolytica. 

 

Particulate Biosurfactants 

 Extracellular membrane vesicles partition hydrocarbons to form a microemulsion, 

which plays a very important role in alkane uptake by microbial cells. Vesicles of 
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Acinetobacter sp., having a diameter of 20–50 nm and a buoyant density of 1.158 cubic 

g/cm, consist of proteins, phospholipids, and lipopolysaccharides (Kappeli and Finnerty, 

1979). 

 

Biosurfactants Producing Microorganisms 

 Biosurfactants are produced by a diverse group of microorganisms mainly 

bacteria, fungi, and yeasts. The quantity of biosurfactant production mainly depends on 

the type of microorganisms and their sources. Many microorganisms used for the 

industrial application for the removal of waste products have been isolated from 

contaminated soils, effluents, and discharge point waste water sources. Thus, these have 

the ability to grow on substrates that are considered potentially noxious for other 

nonbiosurfactant-producing microorganisms. A variety of microbial biosurfactants are 

available. Their type, quantity, and quality are mostly influenced by the nature of the 

carbon substrate (Georgiou et al., 1992), and the concentration of nitrogen, phosphorous, 

magnesium, iron, and manganese ions in the medium (Guerra-Santos et al., 1986; 

Haferburg et al., 1986; Abu-Ruwaida et al., 1991b) and culture conditions, which include 

pH, temperature, agitation, dilution rate, etc. (GuerraSantos et al., 1986; Abu-Ruwaida et 

al., 1991a; Drouin and Cooper, 1992; Lin et al., 1994). The selection of microorganisms 

for the use of microbial enhanced oil recovery based on varying conditions, which they 

use such as temperature, pressure, pH, and salinity, must be given priority. 

Bacteria  

 Bacteria play a major role in biosurfactant production. Pseudomonas is the dominant 

genus involved in the biosurfactant production, followed by other species.  
 

TABLE 1. List of biosurfactant producing bacteria 
Sl. No. Microorganisms Biosurfactants References 

1. Pseudomonas sp. Ornithine lipids 
Desai and 

Banat (1997) 

2 Pseudomonas fluorescens Viscosin 
Banat et al. 

(2010) 

3 

Pseudomonas aeruginosa, 

Pseudomonas 

chlororaphis 

Rhamnolipids 
Jadhav et al. 

(2011) 

4 
Pseudomonas marginalis, 

Pseudomonas maltophilia 

Vesicles and 

fimbriae 

Choi et al. 

(1996) 

5 Pseudomonas aeruginosa Rhamnolipid 
Robert et al. 

(1989) 

6 Pseudomonas fluorescens Lipopeptide 
Neu et al. 

(1999) 

7 
Bacillus subtilis, Bacillus 

amyloliquefaciens 
Surfactin/Iturin 

Arguelles-

Arias et al. 

(2009) 
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8 Bacillus subtilis Subtilisin 
Sutyak et al. 

(2008) 

9 
Bacillus licheniformis, 

Bacillus subtilis 
Lichenysin 

Yakimov et 

al. (1997) 

10 Bacillus licheniformis Peptide lipids 
Begley et al. 

(2009) 

   

Fungi  

 Various different fungal species have been reported by the authors for the 

production of surfactants from different sources. Candida sp. is most commonly 

available fungal species reported from different sources for surfactant production, 

compared to other fungal species (Table 2). Casas and Garcia-Ochoa (1999) reported 

Candida bombicola for the production of sophorolipids. Yarrowia lipolytica is one of 

the well-reported fungi for the production of lipid carbohydrate protein based 

bioemulsifiers. These polysaccharide based bioemulsifiers can increase the 

hydrophobicity of the cells during the growth phase. Zinjarde and Pant (2002) showed 

that extracellular production of bioemulsifiers does take place when cells enter into a 

stationary phase. Yarrowia lipolytica NCIM 3589 isolated from the marine 

environment has been shown to produce a cell wall associated emulsifier, which is a 

complex of lipid carbohydrate protein in the presence of alkanes or crude oil. 

“Yansan,” is another type of bioemulsifier produced from the Brazilian wild strain of 

Yarrowia lipolytica, IMUFRJ 50682, in the fermentation medium supplemented with 

glucose.  

TABLE 2. List of biosurfactant producing fungi 

Sl no. Microorganism Surfactant References 

1 Candida Antarctica 
Mannosylerthritol 

lipid 

Kitamoto et al. 

(1992) 

2 Candida bombicola Sophorous lipids Gobbert et al. (1984) 

3 Candida tropicalis Mannan-fatty acid 
Fiechter and 

Kaeppeli (1976) 

4 Candida utilis NDa 
Shepherd et al. 

(1995) 

5 Candida tropicalis Liposan 
Cirigliano and 

Carman (1984) 

6 Candida bombicola Sophorolipids 

Casas and Garcia-

Ochoa (1999), 

Cavalero and Cooper 

(2003) 

7 Corynebacterium lepus Fatty acids Cooper et al. (1979) 

8 
Corynebacterium 

insidiosum 
Phospholipids Akit et al. (1981) 

9 
Candida lipolytica ATCC 

8662 

Carbohydrate protein 

complex 

Cirigliano and 

Carman (1984, 1985) 

10 Aspergillus versicolor Chromone derivative Lin et al. (2003) 
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Yeast 

 An unusual yeast isolation has also been reported to produce a biosurfactant 

bioemulsifier, which shows a good emulsification index (80%) with kerosene and 

crude oil. It has also been shown to remove crude oil (76%) from pollutants (Oloke 

and Glick, 2005). Among the yeast species Pseudozyma sp. was mostly reported for 

biosurfactant production compared to other species (Table 3).  
 

TABLE 3. List of biosurfactant producing yeast 

Sl no. Microorganism  Surfactant References  

1 Torulopsis petrophilum Sophorolipids 
Cooper and Paddock 

(1983) 

2 Torulopsis apicola Sophorolipids Weber et al. (1992) 

3 Pseudozyma rugulosa 
Mannosylerythritol 

lipids 
Morita et al. (2006) 

4 Kurtzmanomyces sp. 
Mannosylerythritol 

lipids 

Kakugawa et al. 

(2002) 

5 
Debaryomyces 

polymorphus 

Carbohydrate 

protein lipid 

complex 

Singh and Desai 

(1989) 

6 Kluyveromyces marxianus Mannanoprotein 
Lukondeh et al. 

(2003) 

7 Pseudozyma fusifornata Mannosylerythritol Morita et al. (2007) 

 

    Application of Biosurfactants  

 The unique properties of the biosurfactants allow their utilization and possible 

replacement of chemically synthesized surfactants in a large number of industrial 

operations. Most of the biosurfactants have potential applications in 

pharmaceutical/medicine, food, cosmetic, pesticide, oil, and biodegradation industries 

(Fiechter, 1992). 
 

Biosurfactants in the Oil Industry  

 Biosurfactants are used to enhance oil recovery due to their potential use in the oil 

industry with minimum purity and specification, so that the whole cell broth could be 

used. Compared to chemical surfactants, they are very selective, required in small 

quantities, and are effective under a broad range of oil and reservoir conditions. They 

are involved in an infinite number of different industrial processes and 

physicochemical phenomena increasing mobility, increasing solubility, lubrication, 

removing soil. 
 

Biosurfactants in the Food Industry  

 Biosurfactants also have several applications in the food industries as additives. 

Lecithin and its derivatives, fatty acid ester containing glycerol, sorbitol or ethylene 

glycol, and ethyloxylated derivatives of monoglycerides including recently synthesized 

oligopeptides are now used as emulsifiers in the food industries (Besson and Michel, 

1992). Other applications of biosurfactants are in bakery and meat products, where 

they influence the rheological characteristics of flour or the emulsification of partially 

broken fat tissues (Fiechter, 1992). Busscher et al. (1996) found that biosurfactants 

produced by thermophilic diary Streptococcus sp. could be used for fouling control of 

heat exchanger plates in pasteurizers, as they retard the colonization of Streptococcus 

thermophilus responsible for fouling. 
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Biosurfactants in Biodegradation Processes 

 The most significant application of biosurfactants was studied in bioremediation, 

for example in removing heavy metals (Asci et al., 2010) and hydrocarbons from the 

contaminated sites. Biosurfactants can enhance hydrocarbon bioremediation by two 

mechanisms. First by increasing the substrate bioavailability for microorganisms, 

while the other involves interaction with the cell surface, which increases the 

hydrophobicity of the surface allowing hydrophobic substrates to associate more easily 

with bacterial cells. By reducing surface and interfacial tensions, biosurfactants 

increase the surface areas of insoluble compounds, leading to increased mobility and 

bioavailability of hydrocarbons. The capability of biosurfactants and biosurfactant-

producing bacterial strains to enhance availability and biodegradation rates of organic 

contaminants was reported by many authors (Rahman et al., 2003;.  The usefulness of 

biosurfactant producing strains in bioremediation of highly contaminated sites with 

crude petroleum oil hydrocarbons was confirmed by Das and Mukherjee (2007). 
 

Biosurfactants in Pharmaceutics 
 Biosurfactants could have a wide range of applications in pharmaceutical fields 

such as gene delivery, agents for respiratory failure, immunological adjuvants, 

antiadhesive agents in surgical implants, inhibition of the adhesion of pathogenic 

organisms to solid surfaces, recovery of intracellular products, antimicrobial activity, 

antiviral activity, anticancer activity, and agents for the stimulation of skin fibroblast 

metabolism. 
 

Gene Delivery 

 Gene transfection (Liu et al., 2010), lipofection using cationic liposomes, is 

considered to be a promising way to deliver foreign genes to the target cells without 

any side effects. In comparison with commercially available cationic liposomes, 

liposomes based on biosurfactants show increasing efficiency of gene transfection. 

Development occur on some new techniques and methodologies MEL-A containing 

liposomes for the liposome based gene transfection. 
 

Immunological Adjuvants  

 Bacterial lipopeptides constitute potent nontoxic and nonpyrogenic 

immunological adjuvants when mixed with conventional antigens. A marked 

enhancement of humoral immune response was obtained with the low molecular mass 

antigens Iturin AL, herbicolin A, and microcystin (MLR) coupled to poly-L-lysine 

(MLR-PLL) in rabbits and in chickens. 
 

Antiadhesive Agents in Surgical Implants 

 Pre-treatment of silicone rubber with surfactants produced by Streptococcus 

thermophilus inhibited 85% of the adhesion of Candida albicans (Busscher et al., 

1997) whereas surfactants obtained from Lactobacillus fermentum and Lactobacillus 

acidophilus adsorbed on glass, reduced by 77% of the number of adhering 

uropathogenic cells of Enterococcus faecalis. The biosurfactant obtained from 

Lactobacillus fermentum inhibited Staphylococcus aureus infection and adhered to 

surgical implants. Surfactin decreased the number of biofilms formed by Salmonella 

typhimurium, Salmonella enterica, Escherichia coli, and Proteus mirabilis in PVC 

plates and vinyl urethral catheters. Das et al. (2009) have reported biosurfactants 

produced by marine Bacillus circulans that had a potent antimicrobial activity against 

Gram-positive, Gram negative pathogenic, and semi-pathogenic microbial strains 

including multi drug resistant (MDR) strains. Fernandes et al. (2007) investigated the 
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antimicrobial activity of biosurfactants isolated from Bacillus subtilis R14 against 29 

bacterial strains. Their results demonstrated that lipopeptides have a broad spectrum of 

action, including antimicrobial activity against microorganisms with multidrug-

resistant profiles. 
 

Antiviral Activity  

 Antibiotic effects and inhibition growth of human immunodeficiency virus in 

leucocytes by biosurfactants have been mentioned. Furthermore, due to the increased 

incidence of HIV in women, there arose the need for a female controlled, efficacious, 

and safe vaginal topical microbicide. Sophorolipid surfactants isolated from Candida 

bombicola and their structural analogues such as sophorolipid diacetate ethyl ester are 

the most potent spermicidal and virucidal agents; it was also reported that this 

substance has a virucidal activity similar to nonoxynol-9 against the human semen. 
 

Anticancer Activity  

 Glycolipids, except for rhamnolipid, were able to induce cell differentiation 

instead of cell proliferation in the human promyelocytic leukaemia cell line HL60. 

Succinoyltrehalose lipids (STL) and MEL noticeably increased common 

differentiation characteristics in monocytes and granulocytes, respectively. Exposure 

of B16 cells to MEL leads to the condensation of chromatin, DNA fragmentation, and 

sub-G1 arrest (the sequence of events in apoptosis). This is the first evidence that 

retardation of growth, apoptosis, and differentiation of the mouse malignant melanoma 

cells can be induced by glycolipids. In addition, exposure of PC12 cells to MEL 

enhanced the activity of acetylcholineesterase and interrupted the cell cycle at the G1 

phase, resulting in neurites and partial cellular differentiation lipids (MEL); a 

glycolipid surfactant isolated from Candida antarctica, has shown antimicrobial 

activity particularly against Gram-positive bacteria. 
 

Biosurfactants in Pesticide Industries 

 Surfactants are must as adjuvants with fungicides, insecticides, and herbicides. 

The synthetic surfactants presently used in pesticide industries act as emulsifying, 

dispersing, spreading, and wetting agents and enhance the efficiency of pesticides. In 

addition, these surfactants are used as insecticides in modern agriculture as these have 

defensive properties (Rostas and Blassmann, 2009). Different types of surfactants such 

as anionic, cationic, amphoteric, and nonionic are presently being used in several 

pesticide manufacturing industries. Important agricultural products like pesticides 

formed with the assistance of biosurfactants can be widely used in agricultural fields. 

The need for agrochemical industries is to develop effective formulation technology 

and to achieve this goal, many companies can employ a mixture of biosurfactants in 

different combinations with the polymers to make excellent formulations for 

agricultural applications. 
 

Biosurfactants in the Cosmetic Industry 

 A broad potential application area is the cosmetic industry where surfaceactive 

substances are found in daily use products. Many biosurfactant properties such as 

emulsification, de-emulsification, foaming, water binding capacity, spreading, and 

wetting properties effect on viscosity of product consistency, which can efficiently be 

utilized by the cosmetic industry. Cosmetic products using surfactants including bath 

products, acne pads, antidandruff products, contact lens solution, hair color and care 

products, deodorants, nail care, body massage accessories, lipsticks, lip makers, eye 

shades, soaps, tooth pastes, polishes, denture cleansers, adhesives, antiperspirants, 
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baby products, foot care, mousses, antiseptics, shampoos, conditioners, shave and 

depilatory products, moisturizers, health and beauty products creams, lotions, liquids, 

pastes, powders, sticks, gels, films, and sprays could be used and may be replaced by 

biosurfactants. 
 

Conclusion  

 The surfactant industry is a high profitable and dynamic business, extensively 

used in pharmaceutical, cosmetic, petroleum, and food industries and also give 

advantages of biodegradation and production on renewable-resource substrates. The 

demand for surfactants is significantly increased worldwide, but most of the 

surfactants available in the market are chemical based, which is mainly due to their 

easy availability, low price, and broadened application areas. Now, the biosurfactant 

market is in its beginning stages of development, the use of biosurfactants has been 

limited to a few specialized applications. The fetters identified in the market are 

technical restrictions, mostly the cost and limitations of mixing technology. Since, 

there is a need to expand knowledge on physiology, genetics, and biochemistry of 

biosurfactant-producing strains, screening of virulent species and development of the 

process technology will help to reduce production costs. 
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Abstract 

 Neurological disorders are one of the dreaded diseases as the exact cause and 

complete cure procedures still remain unexplored. Parkinson‟s disease (PD) is one of the 

progressive neurological diseases that are associated with the loss of dopaminergic 

neurons in substantia nigra pars compacta of brain. Administration of drugs such as 

levodopa or dopamine agonists helps to increase dopamine concentration but is impeded 

by the endothelial layer of blood-brain barrier resulting ineffective treatment. The 

discovery of molecules with a tweezer like structure has demonstrated arresting ability of 

alpha synuclein aggregates, thus preventing the formation of lewy bodies, the hallmark of 

PD. In this review, attempt has been made to evaluate the role a magic molecule 

mentioned above for the remediation of PD. 
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Introduction 

 Neurodegenerative disorder is one of the dreaded diseases affecting the lives of 

millions as paucity of sound knowledge base and lack of technical details behind the 

onset, cause and cure still remain unexplored. Parkinson‟s disease (PD) is one such 

disorder of the Central Nervous system affecting the motor system mainly. Symptoms 

include movement problems like shaking, rigidity etc. that can lead to the behavioral 

problems and dementia at later stage. Aging has been considered as an important risk 

factor for PD. It can be defined as an innate biological process that leads to the general 

and progressive functional deterioration of living systems over time and culminates in 

death. It is generally considered that accumulation of structural and functional errors 

gradually trigger senescence. Chaperone dysfunction inclusive of stress causes premature 

aging [1]. With ageing, oxidative stress aggravates mitochondrial malfunction generating 

reactive oxygen species (ROS). Reactive oxygen species affect mitochondrial complex I 

activity in the dopaminergic neurons (whose primary neurotransmitter is dopamine) in 

substantia nigra pars compacta (Figure 1) [2]. Degeneration of the dopamine secreting 

cells in substantia nigra pars compacta of the brain results in the lowering of the level of 

dopamine. This phenomena impairs the normal movement manifesting the early 

symptoms of PD. Substantia-nigra in Latin means "black substance", is named so for its 

darker appearance compared to its neighboring areas due to its high contents of 

neuromelanin in dopaminergic neurons [3]. Extensive studies have revealed that impaired 

mitochondrial functionality and dynamics is the underlying causeof alteration in the 

neuronal bioenergetics. Neurons being the most energy demanding entities are largely 

dependent on the mitochondrial morphology and homeostasisfor proper neuronal function 

[4]. In addition to the impairment of mitochondrial function, reports have cited the role of 

proteins in particular their modifications (by oxidation, glycation, deamidation of 

asparaginyl and glutamyl residues) contributing to the cellular senescence. Oxidative 
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protein damage results in protein aggregation, fortified through the changes in protein‟s 

secondary and tertiary structures with the loss of catalytic activity. The unfolded protein 

and its abnormal function lead to the loss of specific neuronal population resulting in the 

onset and progression of PD [5]. The detail mechanistic pathway and the protein 

dysfunction involved in the progression of the disease have been discussed in the 

following section.  

 

 
Fig 1 Schematic model to describe the onset of PD. Secretion of dopamine lesser than its optimum level 

causes movement disorders 

 

Currently Used Medications in PD: Their Pros and Cons 

 Current treatment strategy of PD puts emphasis on reducing the symptoms of the 

disease. Drugs like levodopa, duodopa etc., the dopamine agonists are administered 

toenhance the concentration of dopamine in the brain to cure the symptoms like tremors. 

But oral administration of those drugs is not entirely fruitful as they fail to reach the brain 

fully,instead they are metabolized in the liver and kidney. To improve the treatment 

efficacy more and more amount of drug is ingested to the patients which results in toxic 

effect in other organs especially liver [6]. The major hindrance to reach the brain is the 

blood brain barrier that limits effective drug transfer (Fig 2).  In brief, the barrier between 

the brain extra-cellular fluid and the circulating blood is composed of endothelial cells 

adhered by tight junctions. It has an electrical resistivity of 0.1Ωm [7]with selective 

permeability. Conventional drugs have limited capacity to cross this barrier and hence 

treatment options are facing challenges.Moreover the drugs lose their potency after 

certain period of time. Initially they render good services reducing tremors but gradually 

they develop various side effects like nausea, vomiting, jerky muscle movements and on-

off symptoms. “On-off symptoms” imply patients being able to move at times and being 

immobile at other times. Abnormal psychological behaviour is additionally manifested by 

the patients [8].  Hence there is a need for alternative treatment that would guarantee an 

efficient solution to the disease and healthy life style for PD patients.  

 

A Major Culprit For PD: Alpha Synuclein And Its Aggregation 

 Cell death as mentioned in earlier section is intricately related with PD. The mystery 

has not yet been solved but the prime suspect is thought to be a toxic protein, Alpha 

Synuclein (SNCA). This predominantly acidic unfolded protein is detected asthe main 

ingredient of Lewy bodies, a pathological marker for Parkinson‟s disease (PD).It is 

generally localised in the neuronal and glial cells of Substantia nigra, thalamus, neocortex 

and hippocampus. SNCA associates with the mitochondrial membrane and deforms 

membrane morphology. In its native state SNCA is unfolded but it can bind to the 

membranes in an alpha helical form (Figure 2). SNCA exists in equilibrium with these 

two forms inside the cells. Electrical activity in neurons has rendered the dissociation of 
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SNCA from the membrane. Besides this, it stimulates Polo like kinase 2 [9] which 

phosphorylates SNCA at SER-129 [10]. SNCA is further modified through truncation by 

the presence of protease like calpain as well as by the presence of reactive nitrogen 

species [11-13]. All these modifications of SNCA promotes its tendency to form 

aggregates of oligomeric species. Reports confirm the presence of beta sheet like 

interactions that gives rise to the formation of fibrils as well as annular pore like structure 

[14]. Lewy bodies are hypothesised to be formedin some neurons of PD patients 

indicative of advanced stage of PD [15]. This small cytosolic protein has correlation with 

dopamine release. Presence of pathological mutations and polymorphism of SNCA 

contributes to the onset of PD [16,17, 18]. 

 

 
 Fig 2 Schematic diagram of SNCA modification and Lewy Body formation. 

 

Low dopamine content as a consequence of over expressed wildtype and mutant A53T 

SNCA marks the onset of the disease. In addition to that, interference in the dopamine 

metabolism through modulation of tyrosine hydroxylase activity by SNCA has been 

considered as one of the additional cause behind PD [19-20]. Age havingdirect 

correlation with the onset of PD manifests enhanced SNCA expression as evident in the 

normal primate brains. This is in parallel correlation with the reduced expression of 

tyrosine hydroxylase, a precursor of dopamine in the neurons. These findings eventually 

culminate into a hypothesis that over expression of wild-type SNCA or inadequate 

degradation of mutant SNCA is an obvious feature of age, which again, is a risk factor for 

PD. Reduced methylation of intron 1 affects human SNCA transcriptional activity.  

 In the dopaminergic neurons hypomethylation of SNCA intron I(-926/-483) in corelation 

with SNCA mRNA levels is indicative of enhanced expression of SNCA in PD patients‟ 

brains [21].In addition to this, SNCA (-1524/-189) in intron 1 is observed to be a 

transcriptionally active region of the human SNCA gene and is methylation-dependent 

[21]. Human SNCA gene contains a CpG island (-2181 to -396 upstream from the 

translation start site) enclosing a promoter and a putative veiled promoter in intron 1 (-

1074 to -26).The latter has a link to the NGF/basic FGF-mediated SNCA expression in 

rodents as reported by Xia et al. 2001 [21]; Clough and Stefanis, 2007 [23]. Further 

evidences by Scherzeret al., 2008 support that GATA TF binding in intron 1 has been 

shown to regulate SNCA transcription [24]. A comparative study between rats and 

humans has elicited the fact that change in SNCA methylation has profound effect in 

humans as their exon 1/intron 1 harbor 66 CpG sites in contrast to 19 CpG sites of rodents. 

Another important point to be noted in this connection is that intron 1 SNCA (-926/-483) 

is hypomethylated in sporadic PD patients‟ brains [25].  From past studies as reviewed by 

group of workers, Ahmad Jowaed, Ina Schmitt, Oliver Kaut, and UllrichWu¨llner (2010),  

it is reflected that hypomethylation across the CpG sites is linked with the TF binding in 
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SNCA intron 1 in SNpc (substantia nigra pars compacta), putamen and cortex brain 

regions albeit with variations in the SNCA methylation patterns between tissues and 

individuals [20]. In parallel to this report, SNpc tissue manifests abundance of SNCA 

mRNA in PD patients (Chiba-Falek et al., 2006). Later on, laser dissecting microscopy of 

SNpc neurons in PD brains confirms the results (Gru¨ndemann et al., 2008). Methylation 

of DNA is a highly dynamic process. Recent whole genome association studies reveal 

that damage to the methylation machinery cannot be inherited. Presumptions are 

revolving around environmental factors as the probable cause of hypomethylation 

although no substantial proof has been recorded in favor of it [21]. In late 2010, another 

group of scientists worked to deduce the effects of methylation on SNCA expression [20]. 

Using dopamine to modulate the expression of SNCA they detected that between the two 

CpG islands, the second CpG at first intron of SNCA gene is hypomethylated giving rise 

to the SNCA expression. A noteworthy difference in the extent of methylation has been 

observed between the control groups (non-neurodegenerative patients with 100% 

methylation) and substantia nigra region of PD brains lacking mathylation. All these point 

to the fact that hypomethylation of CpG island at intron 1 of SNCA gene contributes to 

the augmented expression of SNCA causing PD [20]. 

 

 
Figure 3 schematic model of capturing Alpha Synuclein with CLR01, a MT. 

 

 Although knowledge regarding mode of action of SNCA is yet to be fully established 

but it has been considered as a potential therapeutic target against PD. The observation 

that SNCA knockout mice do not display signs of neural damage and are less susceptible 

to neurotoxicity has opened new vista for PD treatment [16]. Scientists are prompted to 

target the chaperone mediated autophagy system that is mainly responsible for the 

clearanceof intracellular SNCA [26, 27]. Another approach points towards immunizing 

transgenic PD mice (expressing SNCA) with SNCA antigen and the antibody so formed 

resists transcellular spread of the unaggregated protein thereby slowing down the pace of 

PD development [16, 28]. Scientists are hovering with the important question that is 

bidirectional, pointing towards whether to target the protein or the process that intercedes 

the cellular damage. We know till now that SNCA forms oligomerictoxic aggregates. If 

they are in insoluble state then a “fibril buster” might be the solution (as reviewed in [15, 

29]). For soluble oligomers their formation needs to be prevented. Additionally, different 

oligomers have different extent of toxic properties. So care should be taken to identify the 

appropriate target. Alternatively, scientists have used antisense approaches which have 

been reported to work in the rat brain [30]. Although alpha synuclein is important for 

CNS function however lowering the protein level will be another strategy to slow down 
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the pace of PD. There are myriad ways to prevent SNCA modifications causing the 

damage, albeit the actual cause behind SNCA toxicity is to be unveiled properly [15]. 

 

Arresting Alpha-synuclein Aggregation: Magic of Molecular Tweezers 

 Targeting this crisis, research has been conducted at David Geffen School of 

Medicine at UCLA adopting a successful strategy to prevent the formation of oligomers 

rather than final clumps in the Lewy Bodies. A systematic approach has been used to 

trace out the lead compound that would avert aggregation of SNCA [31, 32]. The 

structure of alpha-synuclein and its interaction with other neighboring proteins/molecules 

within the cells have been analyzed. Based on this analysis, different compounds are 

developed and studied for their efficacy to interact with SNCA. In this regard, molecular 

tweezers have been discovered at the University of Duisburg-Essen in Germany with 

remarkable scavenging properties for various unstructured protein. Molecular Tweezers 

(MTs) with phosphate and phosphonate groups forms a torus shaped electron dense cavity 

mimicking “tweezers” that are highly selective for the side chain of Lys or Arg of the 

target proteins and make them resistant to form aggregates (Figure 3) [33]. It has been 

hypothesized that the molecular interactions leading to the formation of oligomers and 

aggregates are weaker compared to the structure of the stable proteins.So theycan easily 

be disrupted with the interference of MT (Figure 3). MT offers high ranges of specificity 

for the positively charged side chains of lys/arg of the unstructured proteins, such as α-

Syn driving them towards the electron dense cavity of MT. This has been mediated 

through salt bridge formation between phosphate moieties of MT and ammonium/ 

guanidinium ions of lys/arg. This has been validated through ITC and NMR [34] studies 

indicative of enthalpy driven interactions originated from the van der Waals and 

electrostatic force between MT and α-Syn aggregates [33, 35]. 

 Effectiveness of these molecular tweezers are validated by a specially designed 

molecule named CLR01. CLR01attenutes the formation of toxic SNCA aggregates in a 

dose dependent way in test tubes and in cell culture. It hinders both nucleation and 

elongation of SNCA fibrils. Various examinations confirm that CLR01 disintegrates 

preformed fibrils as evident from the absence of bands in the SDS page profile of purified 

alpha synuclein preincubated with 
3
H-CLR01. This nullifies the occurance of permanent 

association of CLR01 with the protein [35]. Later on mass spectrometricstudy of the 

protein with CLR01 and CLR03 emphasizes the absence of any covalent association 

between SNCA and the tweezer molecules. Although cell culture experiments using 

CLR01 and human embryonic kidney cells having wild type SNCA expressed exhibits 

dose dependent reversion of SNCA toxicity [35]. To further validate the role of CLR01 as 

MT, it has beentested on zebra fish model having a well defined nervous system 

expressing human, wild type α-synuclein in their neurons [35]. α- synuclein has been 

expressed as a fusion protein along with DsRed, a fluorescent reporter gene, a neural 

promoter of α synuclein named HuC with a peptide (T2A) being inserted between SNCA 

and the reporter in the neurons [35]. Native α synuclein is cleaved and released in live 

embryos preserving structure and functionality of the protein. With administration of 

different doses of CLR01, inhibition of toxic clump formation is noticed followed bythe 

rescue of the neurons that has undergone aggregated alpha-synuclein induced apoptosis 

[35]. It is hypothesized that SNCA aggregation can hinder the ubiquitine proteosome 

system (UPS) activity thereby affecting alpha-synuclein degradation. But CLR01 in the 

process of eversion of SNCA aggregation helps UPS to resumeits normal function and 

hence aids in the clearance of the protein. This way MTs can be very effective in treating 

PD. 
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Conclusion  

 In light of rapid progression and engulfment of wide spectrum of PD patient 

populations, it is high time to explore all the available as well as newly emerging 

techniques to design a better treatment strategy. In this regard, magic of Molecular 

tweezers might cast a magic spell to alleviate this deadly threat. However, every 

treatment options have their own evil and good sides. Before widespread application it is 

must to validate and justify the administration of MT in PD patients.According to 

Michael J Fox, “There are lots of ways we’re approaching the disease. We think we 

can find the button that can lead to a cure.”Let us expect positive for the PD patients 

and keep on putting our endeavor in continuous research. 
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Abstract 

 Bioimprinting is a modern tool for enhancing activity and stability of enzymes used 

for biochemical reactions in vitro. Lypolytic enzymes respond profoundly to this 

modification and show very high activity in their reactions while maintaining greater 

stability in various organic solvents. The bioimprinted enzymes are found to deviate from 

their native conformational arrangements and may show optimum activities under a 

different set of experimental conditions. Researchers believe that there is either a change 

in the performance of the enzyme in opening the active site lid in solution or a change in 

the active site conformation or both take place by bioimprinting process. Once the 

techniques for bioimprinting are standardized and the mechanisms are precisely 

understood, it can widen the scopes for application of enzymes in industrial catalysis and 

for developing of medicines and drugs for the service of mankind.  

 
Keywords: Bioimprinting, molecular imprinting, lipase, phospholipase, interfacial catalysis. 

 

Introduction 

 Nowadays, a number of enzymes are used for lipid processing and modification with 

varied degrees of success under the limited scopes of transformation common to all bio-

catalytic reactions. Lipases and phospholipases are two such classes of hydrolase 

enzymes used for these purposes. Both these enzymes perform hydrolytic reactions with 

lipid substrates at the oil-water interface. Extensive researches have been made in the last 

few decades to find out means for effective contact between the enzyme and the substrate 

in an interfacial reaction where the former remains in the aqueous phase and the later 

representing the hydrophobic oil phase. Many developments were come through the 

application of immobilized enzymes, by designing reactors and their accessories to 

improve enzyme-substrate contact and also by adding suitable cofactors for the enzymes 

to increase their activity in this special type of heterogeneous reaction. Though 

phospholipase reactions essentially need an aqueous environment, the rate of lipase 

catalysis is considerably increased by addition of organic solvents in the reaction mixture 

due to enhanced conformational stability of the enzyme (Zaks and Klibanov, 1985). 

However, complete elimination of water from the reaction mixture may lead to 

inactivation of this enzyme (Villeneuve, 2007). The medium devoid of water may even 

precipitate out the enzyme from the liquid phase. Lipase catalyzed reactions produce 

products which are hydrophobic in nature and soluble in non-aqueous solvents. In the 

case of crude oil degumming, the phospholipase enzymes find it difficult to penetrate 

through the huge volume of hydrophobic substances around the substrate and to contact 

with the phospholipids for a reaction. Thus, the mass transfer resistances are highly 

pronounced in these reactions which eventually lower the rate of transformation by 

lipases and phospholipases.  Significant improvement in catalytic activities of lipases and 

phospholipases is observed on modification of these enzymes by molecular imprinting. 
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 The imprinted lipases have been found to be highly active even in the anhydrous 

media (Mingarro et al., 1995). The authors observed a dramatic increase in porcine 

pancreatic lipase activity in the esterification reactions between oleic acid and benzyl 

alcohol and between oleic acid and cyclohexanol in non-aqueous medium. Such 

improvement in activity is also restored in the dried powder of the purified enzymes and 

they can be used in the conventional catalytic reactions (interfacial catalysis) with much 

better yields of the desired products. A dually bioimprinted lipase from Thermomyces 

lanuginosus was able to convert 99% of soybean oil into biodiesel within 4 hours 

(Mukherjee and Gupta, 2016). Therefore, bioimprinting of enzymes provides two major 

benefits, namely, the ease of reaction in a single non-aqueous medium and the increase in 

the rate of reaction by the enzyme as compared to those performed with non-imprinted 

enzymes dissolved in the aqueous phase.  

 

The Bioimprinting process 

 Molecular imprinting is an interdisciplinary field of studies for transformation of 

biologically active nanoparticles and polymers with higher stability and enhanced activity 

at a cheaper cost. The first successful attempt for bioimprinting was done by Pauling and 

Campbell in 1942 for increasing the affinity for γ-globulin in an antigen-antibody reaction 

(Alvarez-Lorenzo, 2013).  Several techniques for bioimprinting are described in the 

literature. Some consist of modification of the enzyme followed by washing its surface 

with a suitable solvent and lyophilization of the resulting mass for further use. For this, 

the enzyme is first dissolved in a suitable buffer at the desired pH (usually within the 

working range of the enzyme). This is then treated with a surfactant for some time with or 

without intense mixing and finally precipitated with an organic solvent and washed with 

chilled hexane or ethanol. Li et al. (2016) directly added the buffered phospholipase A1 

enzyme into 5% lecithin emulsion and freeze dried it at - 80°C without washing the 

imprinted catalyst. About 39.9 fold increase in activity was found by the authors in their 

experiment with Lecitase Ultra (Novozymes, Denmark). Yilmaz (2002) used a bubble 

reactor system (Fig. 1) for bioimprinting of lipases from Candida rogusa and 

Pseudomonas species. The author dissolved 200 mg solid enzyme in Tris–HCl buffer (pH 

7.5) with other  

 
Figure 1: Bioimprinting in air-lift reactor. 
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optional ingredients. The slurry was taken in the reactor and was externally heated to 

50°C for 10 minutes by circulation of hot water. After equilibrating the temperature, a 

vacuum of 10 mmHg was created in the chamber and air is circulated at a rate of 150 

ml/min for bubbling air through the mixture for 2 hours. When no further foam is 

detected on the liquid, air circulation is ceased and the reactor is maintained at 50 mmHg 

vacuum for another 1 hour. The dry enzyme is then collected and is subjected to catalytic 

reaction. 

 

Mechanism of Bioimprinting 
 The agents used for bioimprinting processes are believed to act as „lyoprotectants‟ 

during freeze drying of the enzymes. The lid of the active site is opened during the 

process (Fig. 2) and a  

 

 
Figure 2: Scheme of bioimprinting of process. 

 

permanent conformational modification takes place within the three dimensional structure 

of the enzyme. This change is associated with the primary binding of the active site of the 

enzyme with the imprinting agent. The opening helical lid of lipase active site at the oil-

water interface is quite irregular as compared to this selective process with high 

concentration of the substrate in the reaction mixture. Many also believe that there is a 

conformational change in the active site itself during this modification. However, many 

investigators have inferred that after molecular modification, the enzyme deviates from its 

natural form and shows optimum activity under a different set of reaction conditions. Li 
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et al. (2016) observed a shift in the optimum pH for Lecitase Ultra from the acidic to the 

neutral or nearly alkaline range after imprinting done on the enzyme with lecithin.  

 

Conclusion 

 Further studies are needed to detect the sequential changes that take place during 

bioimprinting process on the lypolytic enzymes. Once the process is adequately 

standardized and the reasons for the modification are properly understood, bioimprinting 

technology can be applied for other enzymes as well. This will flourish newer ideas in the 

industrial application of these enzymes and to modify medicines and drugs for the benefit 

of mankind.    
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 Two mononuclear copper (II) complexes [Cu(L1)2] (1) and [Cu(L2)2] (2) have been 

synthesized from 2-hydroxy-5(phenyldiazenyl)benzaldehyde (HL1) and 1-(2-hydroxy-5-

(phenyldiazenyl)phenyl)ethanone (HL2) ligands. Complexes are characterized using 

different spectroscopy technique. Geometry of complexes obtained using DFT (Density 

Functional Theory) technique. Binding studies of these Cu(II) complexes with ct-DNA 

and t-RNA were analyzed by spectral analysis, viscosity studies. Molecular docking 

technique was employed to know best probable binding interaction mode with nucleic 

acid. The absorption spectral study indicated that the Cu(II) complexes; 1 and 2 had 

intrinsic binding constants with DNA in the range of 7.6 ± 0.2 x 10
3
 M

-1
 (1) and  6.5 ± 0.3 

x 10
3
M

-1
 (2) and for  RNA these are 5.7 ± 0.4 x 10

4
 M

-1
 (1)  1.8 ± 0.5x10

3
 M

-1
 (2) 

respectively. 

 

 
 
Ref: M. Tripathi, G. C. Giri, D. Das, R. Pande, S. Sarkar, S. Giri, G. Roymahapatra, A. Sarkar, Nucleosides, 

Nucleotides & Nucleic Acids, 37 (10) (2018) 563-584 
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