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PREFACE 

Recent advances in different disciplines of life sciences like Microbiology, 

Biochemistry, Bioinformatics, Genomics & Proteomics have ushered in a new era 

in Biotechnology. The applications in medical, agricultural, industrial fields have 

yielded considerable benefits to mankind. To keep abreast of the latest 

developments, we organize National seminars every two years and this is the 

proceedings of the 3rd seminar on “New Horizons in Biotechnology” held at 

Haldia Institute of Technology on February 17-18, 2017.The invited talks as well 

as the presentations by different scientists and students of both undergraduate and 

postgraduate colleges and universities are listed in this Proceedings. The targeted 

audience includes faculties, students of engineering and basic sciences, research 

scholars as well as scientists from different institutes. The interaction among the 

faculties and students of different colleges, and universities would foster 

collaboration and give an exposure to industrial R & D. A special session of 

„Biotechnology of Tea‟ has been arranged with the collaboration of National Tea 

Research Foundation in which both basic research and commercial aspects of tea 

would be discussed by scientists and industry representatives. 

 We look forward to an inspiring learning experience for all. 

 

 

Prof. Pranab Roy              

Haldia Institute of Technology 

Convener, NHBT -2017      14
th
 February, 2017 
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INVITED SPEAKERS ABSTRACTS _________________________________________  

Stringent response in Mycobacteria  

Dipankar Chatterji*  
Molecular Biophysics Unit, Indian Institute of Science, Bengaluru 560012, Karnataka, India 

*dipankar@mbu.iisc.ernet.in 

Bacteria elicit an adaptive response against hostile conditions such as starvation and other kind of stresses. 

Their ability to survive such conditions depends on, in part, stringent response pathways. (p)ppGpp, 

considered to be the master regulator of stringent response, is a novel target for inhibiting the survival of the 

bacteria. In mycobacteria, our laboratory showed that the (p) ppGpp synthetase activity of bifunctional Rel 

was critical for its stress response and persistence inside host. Upon deleting the gene responsible for 

stringent response, bacteria showed enhanced survival against major antibiotics. In addition, the cells are 

elongated, multinucleate and multiseptate. Interestingly, Mycobacterium smegmatis showed the presence of 

another gene, MS_RHII-RSD, which also synthesizes ppGpp and is attached to RNase H domain. The 

unique presence of additional RNase H raises a further question regarding the significance of this 

bifunctional protein. We demonstrate, in E.coli, that persistent R-loops formed due to DNA damage and 

stalling of RNA polymerase are removed by RNase H. This observation demonstrates connection between 

R-loops removal and stringent response. 

 
Edited by: Prof. Pranab Roy (Department of Biotechnology, Haldia Institute of Technology) 

 

Can we capture the thermodynamic and kinetic constraints of cellular 

nanomachine self-assembly from their complex sequence-space? 

Sudip Kundu1, Saurav Mallik2 

1
Department of Biophysics, Molecular Biology and Bioinformatics, University of Calcutta, Kolkata 700009, West Bengal, India 

2
Center of Excellence on Systems Biology and Biomedical Engineering, University of Calcutta, Kolkata 700009, West Bengal, India 

sudipmp@gmail.com, skbmbg@caluniv.ac.in 

The building blocks of the cellular life, such as proteins and macromolecular complexes share a fundamental 

property to self-assemble into specific functional 3D structures. Self-assembly pathways involve a dynamic 

interplay of interactive folding units and their interplay is essentially dictated by their sequence-space. This 

inextricable intertwining of sequence-space and structural dynamics of biological macromolecules dictate the 

fixation of evolutionary substitutions in the sequence-space, in the course of evolution. Here we attempt to 

explore this intimate relationship between sequence space and thermodynamic and kinetic aspects of 

biological self-assembly by commencing an investigative journey to correlate the biophysical constraints of 

self-assembly mechanism with the patterns of co-evolution. We demonstrate that thermodynamic and kinetic 

constraints of biological self-assembly act as strong predictors of residue-level co-evolutionary patterns. 

Predictors of co-evolution include a wide spectrum of structural reconstitution events, such as molecular 

recognition, cooperativity phenomenon, induced folding, molecular packing of different structural domains etc. 

Topological characteristics of co-evolutionary networks even allow us to predict folding rates of globular 

proteins and differential assembly-rates of ribosomal rRNA domains. Furthermore, co-evolutionary patterns 

provide a biological basis for changes in folding rate due to point-mutations, captures probable deleterious 

mutation sites and further allows prediction of potential antibiotic targeting sites. 

 
Edited by: Prof. Pranab Roy (Department of Biotechnology, Haldia Institute of Technology) 
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Azadiradione isolated from neem upregulates protein chaperone in 

mammalian cells with high specificity  

Mahadeb Pal 
Division of Molecular Medicine, Bose Institute, P1/2 CIT Scheme VIIM, Kolkata 700054, West Bengal, India 

mahadeb@boseinst.ernet.in, palmahadeb@gmail.com 

Healthy cells upregulate protein chaperone when experience the formation an unfolded protein to neutralize 

the associated toxicity. Cells under a neurodegenerative condition (ND) such as Parkinson‟s disease are 

unable to upregulate the protein chaperone and neutralize the associated toxicity. Therefore it has been 

thought that small molecule mediated upregulation of protein chaperone would have high therapeutic 

potential for ND like Parkinson‟s disease.  Here, I will discuss on our adventure to find small molecule 

upregulator of protein chaperone using extracts of plants as the source of small molecule and our success 

thus far. 

 
Edited by: Prof. Pranab Roy (Department of Biotechnology, Haldia Institute of Technology) 

 

E. coli β-clamp restricts DNA polymerase I-dependent nick translation 

Amit Bhardwaj, Krishan Gopal Thakur, Dipak Dutta* 
CSIR-Institute of Microbial Technology, Sector 39-A, Chandigarh 160036, Punjab, India 

*dutta@imtech.res.in 

Nick translation function of DNA polymerase I (Pol I) ensures Okazaki fragment maturation removing RNA 

primers from the lagging strands. However, prolonged nick translation traversing beyond RNA primer is an 

energy wasting futile process as it adds and removes deoxynucleotides simultaneously at the nick sites. 

Designing an in vitro assay system, we demonstrate that the -clamp of replisome inhibits Pol I-mediated 

nick translation when downstream substrate is DNA. To do so, -clamp inhibits strand displacement activity 

of Pol I, interfering the interaction between the finger subdomain of Pol I and the downstream primer-

template junction. On the other hand, -clamp stimulated the 5‟ exonuclease function of Pol I to cleave single 

nucleotides or shorter oligo-flaps. Single nucleotide flap removal at high frequency increases the probability 

of ligation between upstream and downstream DNA strands, terminating nick translation at an early stage. 

We hypothesize that these multipartite roles of -clamp minimize energetically expensive nick translation 

during Okazaki fragments maturations.  

 
Edited by: Prof. Pranab Roy (Department of Biotechnology, Haldia Institute of Technology) 

 

Prevalance of H63D and C282Y Gene mutation and its association with 

iron overload in Thalassemic patients in an eastern indian population 

Suparna Roy, Anindya Dasgupta* 
Assistant Professor, Department of Biochemistry, Calcutta National Medical College, Kolkata 700014, West Bengal, India 

*Anindya653@gmail.com 

Iron overload in beta thalassemia, in spite of iron chelation therapy, is linked to different mutations which 

show significant variations among different population groups. Among them polymorphism of C282Y and 

H63D in the Hfe gene are particularly important. The present study was done to evaluate the prevalence of 

the H63D and C282Y mutation and their effects on iron deposition in beta-thalassemia patients inspite of iron 

chelation therapy. The study was undertaken as a hospital-based, observational, case control study in 

children below 12 years. In 210 cases and 104 controls Hfe gene was studied for H63D and C282Y 



Proceedings of New Horizons in Biotechnology – 2017                                     

ISBN 978-81-927768-4-2  3 | P a g e  
 

polymorphisms after amplification by PCR followed by restriction digestion. Polymorphic differences between 

the case and control groups were assessed by chi square and odd ratio test. Any potential link between the 

polymorphic variations and iron deposition in thalassemia patients were assessed by post hoc ANOVA of 

serum ferritin levels among the three genotypes.  

For C282Y polymorphism, all 210 cases were homozygote for the G allele. For H63D mutation, 16, 186 and 

8 cases were heterozygotes (CG), homozygotes (CC) and of mutant variant (GG) respectively, the difference 

being insignificant between the case and control group (χ2 = 1.44, p = .486). Allelic difference of G and C 

between the two groups were also insignificant (χ2 = 0.09, P = .76; OR range of 0.72 to 1.98 at 95% CI). 

Post hoc ANOVA showed significant difference in the serum ferritin values between the GG and CC 

genotype and GC and CC genotype (P = .001) in the case group.  

In conclusion, we can say that our study population was not at risk for iron deposition from the C282Y 

mutation. However, 92 percent of cases showed wild CC alleles for the H63D mutation that showed 

significantly higher amount of iron deposition. We suggest that this mutation has a higher penetrance in our 

study population suffering from beta thalassemia.    

 
Edited by: Prof. Pranab Roy (Department of Biotechnology, Haldia Institute of Technology) 

 

An optimistic foresight of microalgal biotechnology in West Bengal 

Ruma Pal 
Department of Botany, University of Calcutta, 35, Ballygunge circular road, Kolkata 700019, West Bengal, India 

rpalcu@rediffmail.com 

Micro algae, including cyanobacteria have a long history in Biotechnology especially in food industry and as 

source of pharmaceutical compounds. Algae are a source for pigments, proteins polysaccharides and 

vitamins- that can be used for the production of nutraceuticals, pharmaceuticals, animal feed additives and 

cosmetics. Algae are therefore used in different biotechnological programs. Algal biotechnology is a 

promising field for commercialization. The Cyanotech Enterprise was famous for commercial production of 

Dunaliella salina for beta carotene production in Australia and claimed a net income of $ 400,000 in the year 

2004.Use of Spirulina as food, was popular in Mexico since 1300 AD by the Aztec people, which ultimately 

lead to big industries worldwide.                                                   

West Bengal, having Himalayan region in North, Sea coast at southern region , especially the largest 

Mangrove Forest in South East part harbors a huge number of algal members with Biotechnological 

potentials  and are possible to be exploited in different fields, like, Phyco-remediation, phyco-nanotechnology, 

Aquaculture ,Bio-fuel production etc. In the present topic a brief report would be given about the floristic 

pattern of potential microalgae of different ecological niches of West Bengal, their isolation and cultivation 

process and the prospect of locally available microalgae in different areas of Biotechnology at field level in 

„Lab to Land programs‟. Environmental Biotechnology related to prospect of CO2 sequestration by floating 

algal mat of Sundarbans would also be discussed.              

 
Edited by: Prof. Pranab Roy (Department of Biotechnology, Haldia Institute of Technology) 

 

Our viral ancestors and the evolution of DNA replication systems  

Sujoy K. Das Gupta  
Dept of Microbiology, Bose Institute, P1/12 CIT Scheme VIIM, Kolkata 700054, West Bengal, India 

sujoy@jcbose.ac.in 

 

How did life originate on earth? The question remains extremely complex and enigmatic. By studying 

phylogenetic trees constructed using conserved genes one can come to the assumption that all forms of life 

emerged from a hypothetical common ancestor.  Many facets of life can be explained on the basis of such 

an assumption, but not all. The existence of viruses, for example cannot be explained on the basis of trees 
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constructed using genes of cellular organisms. There is very little if any explanation as to how they appeared 

on earth. Some believe that viruses are vestigial in nature having been derived from cellular organisms 

through degenerative processes. However there can be a counter argument. If viruses are offshoots of 

cellular organisms, then why do they have a larger variety of genes and genetic networks. Many arguments 

point to the possibility that viruses may have originated long before cellular organisms did. If this be so, then 

proteins encoded by viral genes are likely to be ancient in nature which existed before their cellular 

counterparts.  

Bacteriophages are viruses that infect bacteria. They are relatively simpler and easier to study as compared 

to their eukaryotic counterparts. Plasmids are extrachromosomal elements usually found in bacteria. They 

are most likely to have originated from bacteriophages through degeneration. In our laboratory we 

investigate bacteriophages and plasmids from the evolutionary point of view. A particular plasmid named 

pAL5000 which replicates in Mycobacteria is the subject matter of our investigation. It has a small replication 

region harboring genes encoding two replication proteins known as RepA and RepB. By carrying out in silico 

investigations and functional studies we have obtained evidences which indicate that the RepA-RepB couple 

possibly represents the extant form of some ancient replicase that may have existed long before the more 

complex cellular replication systems evolved. At some point of time, in evolution, DNA replication may have 

been far less complex and that transcription and replication were brought about by very similar, if not the 

same, enzymatic systems. The strong similarities of the pAL5000 replication protein RepB to sigma factors, 

which we generally associate with transcription suggests an evolutionary link between transcription and 

replication. Likewise RepA appears to have evolved from a RNA binding protein, which implies that it 

emerged at some point of time when DNA based living forms were about to emerge from the RNA based 

ones. We are investigating the biochemical mechanism by which these replication proteins function so as to 

obtain insight into how early replication systems evolved.   

 
Edited by: Prof. Pranab Roy (Department of Biotechnology, Haldia Institute of Technology) 

 
 

In pursuit of a vaccine for Cholera 

Amit Ghosh 
National Institute of Cholera and Enteric Diseases (ICMR), Kolkata 700010, West Bengal, India 

mitghosh24@yahoo.com 

Disease cholera caused by the gram negative protobacteruium Vibrio cholerae is a potentially lethal 

diarrhoeal disease. Although the disease has largely been controlled in the developed countries through 

improved sanitation, supply of safe drinking water and good food hygiene, it continues to remain a scourge 

in the developing countries, in many of which it is endemic. Alarmingly also, the burden of cholera is 

increasing world over in the recent years. Not only cholera epidemics are breaking out in newer areas but 

also the disease is re-emerging in countries from where it disappeared long ago.  In the past decade, 

catastrophic epidemics of cholera occurred in many parts of the world. Many countries like Afganistan, 

Bangladesh, Guinea-Bissau, Indonesia, Iraq, Kenya, Liberia, Malwai, Mozambique, Nigeria, South Africa, 

Sudan, Vietnam, Zimbabwe etc. have witnessed major outbreaks.  In 2010, an epidemic of cholera broke 

out in Haiti, a country, which never had the diseases before and affected more than 500000 people. 

Cholera is now endemic in more than 50 countries of the world including India and according to the World 

Health Organization, every year it affects around 3.5 million people.  

Cholera can be treated successfully by the replacement of the fluid lost due to diarrhoea through oral 

rehydration. Antibiotic treatment helps shorten the duration of the disease and reduce stool volume. 

However, these are wasteful and expensive options. Moreover, apart from the fact that as has been seen 

many times in the past such interventions are not very easy to implement in times of war or natural 

disasters. It is also being observed that V. cholerae strains are developing resistance to the drugs 

commonly used in the treatment of cholera. These observations, considered together, underscore the need 

for the development of effective prophylactic measures to control the disease. Thus, besides improved 

sanitation and supply of safe drinking water development of an efficacious vaccine could provide a very 

powerful tool for controlling the diseases. Efforts are being made world over to achieve this goal. 
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Against this background a novel live oral vaccine for cholera, VA 1.4, has been developed in India, through 

a multi institutional effort funded by the Department of Biotechnology, Govt. of India. This vaccine has now 

been widely tested both in an animal model and in humans. It has been found that while the killed oral 

cholera vaccine (Shancol) developed by the International Vaccine Institute administered in 2 doses, could 

elicit 4 fold rise in vibriocidal antibody titer in only 53% of the vaccines, VA 1.4 elicited a 4 fold or more 

increase in the vibriocidal antibody titre in 66% of the recipients after a single dose in a randomized double 

blind trial conducted in a cholera endemic zone in Kolkata. In this lecture, strategy of the construction of this 

vaccine and the results of the studies on its safety and Immunogenicity will be discussed. 

 
Edited by: Prof. Pranab Roy (Department of Biotechnology, Haldia Institute of Technology 

 

Integrated miRNA and mRNA transcriptomic reveals response 
regulators of alternaria stress in tomato 

Deepti Sarkar, Jayanti Jodder, Sayani Dey, Payel Bhattacharjee, Rohit Das, Shreya Chowdhury, 
Shrabani Basak, Pallob Kundu* 

Division of Plant Biology, Bose Institute, P1/12 CIT Scheme VIIM, Kolkata 700054, West Bengal, India  
*pkundu@jcbose.ac.in 

During a pathogen invasion plant cells undergo metabolic reprogramming. For steady, specific and sturdy 

response this reprogramming initiates from transcriptional regulation of gene expression. However, the 

abundance of a transcript is also dependent on small RNA regulators including miRNAs that are targeting 

the specific mRNA. Thus, to gain insight to the response regulators of pathogen stress the whole 

transcriptome analysis is required. Using tomato (Solanum lycopersicum) cultivar Pusa Ruby   and early 

blight disease pathogen Alternaria solani, we searched for differentially expressed mRNAs, regulatory 

miRNAs,  and the role of the miRNA regulators in the susceptibility response. Utilizing the next generation 

sequencing technology the whole transcriptome analysis of tomato leaf tissues revealed that, 67 miRNAs 

belonging to both conserved and Solanaceae specific miRNA families, and 5450 genes were differentially 

expressed during the infection. By imposing stringent criteria, we have discovered 102 miRNA-mRNA pairs 

which were regulated antagonistically. Expressions of miRNAs, mRNAs and some of the miRNA-mRNA 

interactions were validated using  RT-PCR and Northern blot techniques. In depth bioinformatic analyses 

suggested that genes of plant-pathogen interaction, plant hormone signal transduction pathways and 

secondary metabolite biosynthesis were mostly affected by these miRNAs. These analyses have uncovered 

essential regulators of Alternaria-stress response in tomato and would help in designing strategies for 

imparting resistance against the economically important pathogen. 

 
Edited by: Prof. Pranab Roy (Department of Biotechnology, Haldia Institute of Technology) 
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MINI SYMPOSIUM: BIOTECHNOLOGY OF TEA 

Status of tea biotechnological research and its benefits/utility for tea 

industry 

P. Mohan Kumar1*, Biswajit Bera2 

1
Adviser, National Tea Research Foundation, Tea Board, India 

2
Director (Research), Tea Board, Kolkata 700001, West Bengal, India 

*drp.mohankumar@gmail.com 

TEA is one of the commonest, cheapest beverages widely consumed, next to water across the world and 

produced from the leaves of Camellia sinensis, a perennial tree. Several crop improvement studies were 

undertaken to develop superior tea cultivars useful to the tea Industry. Selection process and breeding 

through hybridization have transformed the tea industry drastically. Establishment of vegetative propagation 

method following the Selection process during early nineteen hundred seventies revolutionized the tea 

industry in a big way. Uniform plants (clones) when planted raised the yield per Kg from less than 1000 Kgs 

to over 2000 – 3000 kgs tea per hectare and even 8000 kg per hectare in some cases. However, these 

conventional methods have their own limitations mainly because of tea crop being a perennial, plantation 

crop. Application of Biotechnology comes to play at this time as an advanced method for further crop 

improvement in tea. 

During late nineteen hundred eighties, application of Biotechnology was initiated by producing clonal plants 

through shoot tip/ meristem or nodal explants established in tea. Protocols have been developed by most of 

the laboratories working on tea. Somatic embryogenesis also was established to bring variability and to 

exploit the positive variations in breeding. Production of undifferentiated mass of cells (callus) and culturing 

them in liquid medium (suspension culture) to produce various secondary metabolites like  L-Theanine, 

Polyphenols, Caffeine, Lignin, Phenolics etc. paved the way for the Cosmetics and Pharmaceutical 

industries to commercialize them.   

Production of haploid plants (with half the set of chromosomes) can bring in yet another revolution in tea 

breeding by establishing pure lines. Production of protoplasts and its hybridization to get somatic hybrids and 

agro-bacterium mediated genetic transformation have its potential for benefits to the industry. Latest 

technologies such as stress biology, molecular breeding etc have its prominence and several groups have 

established the methodologies in tea crop.  

Most important and advanced area of tea research is on deciphering the genes of tea, ie., Whole Genome 

Sequencing, which can open up immense potential of the technology for crop improvement in tea. This study 

is being launched by NTRF partnering with institutes such as National Research Centre for Plant 

Biotechnology (NRCPB), Tocklai Tea Research Institute (TTRI), UPASI Tea Research foundation (UPASI 

TRF), Institute of Himalayan Bioresource Technology (IHBT) and Darjeeling Tea Research & Development 

Centre (DTR&DC). With very clear cut objectives and deliverables, the project is expected to take off shortly. 

The sequencing will help the industry to identify specific genes responsible for various characters/traits which 

will help to develop tea clones with the highest yield, best quality and tolerant to various stresses, ideally 

suited for planting. 

Nevertheless, it may be mentioned that for future crop improvement in tea there is a need to integrate and 

streamline the modern tools of Biotechnology and conventional breeding technologies for bringing 

consistency in tea improvement studies. 

 
Edited by: Prof. Pranab Roy (Department of Biotechnology, Haldia Institute of Technology) 
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Decoding the tea genome: The road less travelled 

U. Bakshi, G. Saha, P. Mohan Kumar, B. Bera 
National Tea Research Foundation, Tea Board of India, 14, B.T.M. Sarani, Kolkata 700 001, West Bengal, India 

Tea plant, Camellia sinensis (L.) O. Kuntze, is a perennial woody plantation crop. Tea, as a beverage, is 

most widely consumed and least expensive one, known world over for its heritage brew with various 

aroma/flavors and antioxidant properties. Being such an important crop, innumerable studies had been 

undertaken to understand the evolution and genetic diversity of this plant to maintain and improve the quality 

of tea. 

Genetic improvement of tea plant is difficult owing to its complexity like long gestation period, self-

incompatibility, highly heterozygous nature and large genome size. Under this situation, application of 

advanced biotechnological and molecular breeding tools including marker assistant breeding (MAB) have 

enormous potential towards improvement and development of superior tea cultivars. However, availability of 

large scale genomic resources along with high density linkage map is scanty at present.  

National Tea Research Foundation (NTRF), Tea Board has launched a prodigious project on whole genome 

sequencing of Assam tea, Camellia assamica (Masters), in collaboration with five national institutes to 

generate a reference genome of tea using next generation sequencing methodologies. The genome map of 

tea will be an important area of study related to inheritance of agriculturally important traits and to monitor 

the transmission of specific genes or genomic regions. It will lead to identification of candidate genes and 

mapping of quantitative trait loci (QTL) associated with important traits such as disease resistance, quality, 

drought tolerance etc. 

The results/information obtained from tea genome sequencing project will be analyzed through advanced 

bioinformatics tools, used for tea cultivar development and stored in a database. It is expected that complete 

genome sequence data/information of tea will be an important milestone for tea genomic research, 

integrated tea breeding and other areas of study including comparative mapping, functional genomics and 

molecular marker assisted selection for future tea improvement work. 

  
Edited by: Prof. Pranab Roy (Department of Biotechnology, Haldia Institute of Technology) 

 

TEA : Regulatory scenario  & the risk of contaminants 

P Jose David  
General Manager-Regulatory Compliance, Tata Global Beverages, Bengaluru 560024, Karnataka, India 

Consumer products, especially foods, are strongly protected and governed by the related Act, Rules and 

Regulations. In India, Food Safety & Standards Authority of India is the custodian of food regulations and is 

formed with a view to provide science based standards for foods and to regulate their manufacture. The 

Food Regulations notified by the authority, which consists of mainly Standards of defined foods and 

regulations related to Packaging and labeling, ensures compliant and safe food to the consumers. 

Tea, a beverage which has a huge penetration in India is the most consumed beverage after water. Tea as a 

beverage is consumed across the population irrespective of age, sex and social status. Tea is a defined food 

and quality parameters have been specified by the Regulation. General regulations applicable to packaging 

and labeling apply to tea trade as well, in addition. 

Apart from the basic definitions of quality, what is relevant and seen very critically is the regulation related to 

contaminants. Being a food, contaminant regulation is critical to ensure food safety. The contaminants are 

generally classified as microbial, metallic (foreign matter) and organic. Nationally and internationally, the 

most important organic contaminant being discussed is pesticide residues. It is the single most tested 

parameter in the tea trade, though the regulations regarding this are in the development stage in India. 

Notwithstanding the known contaminants like pesticide residues, now the focus is on the known 

contaminants which are not pesticide in origin, the examples being Nicotine, Anthraquinone, Pyrrolizidine 

alkaloids, Perchlorates etc. These are classified as the known contaminants from unknown sources. These 
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have emerged recently and are attributed to the contaminations which are not intentionally added or used. 

Another emerging scenario now is the fear of the unknowns – unknown contaminants of unknown origin and 

its impact on the food and the consumers. 

To end, the call, which gains momentum now – „back to nature‟, has its own pit falls, if not understood 

perfectly. The aspect which is critical here how to address this effectively, through understanding clearly 

what is offered and what is offered is safe. A strong regulation and its enforcement would go a long way to 

help us understand this. 

 
Edited by: Prof. Pranab Roy (Department of Biotechnology, Haldia Institute of Technology) 

 

Sustainable tea production, an ecological approach to pest 
management  

Sujatha Jayaraman 
 A Collaborative project between Hindustan Unilever Limited & CABI (Centre for Agriculture and Biosciences International), India 

Background: India is the second largest producer and exporter of tea in the world after China. This 

production and trade are powerful engines for economic growth, poverty alleviation and food security, but 

often, harnessing this power can be difficult. Tea crops suffer from a range of pests and diseases for which 

pesticides are the main management solution but this result in increased production costs and potential risks 

to human health. For a sustainable tea production, industry is keen to moving away from pesticides and 

towards an ecological approach to tea growing. Unilever has taken the lead to initiate a research work with 

CABI, to explore ecological approaches for growing tea that will enable moving away from pesticides. 

Project Objective: Unilever commissioned CABI to undertake a scientific research project to evaluate the 

environmental and economic feasibility of applying alternative methods to manage tea pests and diseases in 

India. The scientific team reviewed existing crop protection practices, limitations to current techniques and 

fostered a better understanding of ecological approaches to pest management. CABI used this information 

to develop a road map to shift from intensive use of chemical pesticides to ecological approach. The basic 

concepts were presented at the National tea research seminar held at Tocklai Tea research institute in 

Assam in Feb 2015.   

Field Trials: Post this, CABI, in collaboration with Tocklai Tea Research Institute, has run pilot field trials 

along with technical partners in selected estates at North Bank, Upper Assam and Jorhat to investigate 

novel ecological approaches to manage pest.  CABI has done field trials using three models, conventional 

model (chemical pesticides), integrated pest management model (bio- pesticides) and ecological model (no 

pesticides, preventive measures to minimize pest impact).  CABI has collected rigorous base line data on 

these fields for various attributes (soil pH, pest population, pesticide residue etc) before applying the 

interventions. The success criteria used to assess whether the field trials are successful or not are through 

testing effective pest control, measurement of Yield, residues, tea quality and economic viability of 

approaches.  

Results: CABI has collected results from the pilot field trials over 2 seasons now, which are very 

encouraging. The results indicate ecological approaches to manage pests are possible for tea growing. This 

is an early finding; however, the study has significance, as it is a first systematic scientific study towards 

moving away from pesticides for growing tea sustainably. We are keen to share these findings in a 

workshop in end March/April with support of Tea Board. 

 
Edited by: Prof. Pranab Roy (Department of Biotechnology, Haldia Institute of Technology) 
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ABSTRACTS FOR ORAL PRESENTATION ___________________________________  
Oral Presentation - 1 

‘New’ discovery from ‘old’ plants: Valeriana wallichii, a case in point 

Banasri Hazra 
Department of Pharmaceutical Technology, Jadavpur University, Kolkata 700032, West Bengal, India 

banasri@gmail.com 

Traditional formulations based on indigenous plants have not only been used by the global population, since 

time immemorial, to combat health-related problems, but also contributed numerous „leads‟ to generate the 

current pharmacopoeia. Alongside, the practice of pharmacognosy, in the modern era, evolved through 

interdisciplinary investigation in relation to physiologically relevant molecular targets. Truly, the scientific 

validation of ethnic knowledge concerning age-old medicinal plants could unravel many vital clues, 

eventually leading to the discovery of modern chemotherapeutic agents. Nevertheless, more scrupulous 

assessment of plant products, characteristically endowed with diverse chemical space, presented a veritable 

challenge for the scientific community at large. Working with this idea, we could record several „active‟ 

constituents, with significant anti-inflammatory, anticancer, and antibacterial properties, in well-known 

traditional plants, like Rubia cordifolia, Ventilago madraspatana, Lantana camara, Terminalia arjuna, etc.. 

Our studies surprisingly revealed, for the first time, the broad-spectrum inhibitory activity of Valeriana spp. 

against bacterial strains, leishmanial parasites, and hepatitis C virus, although this plant is a longstanding 

remedy for insomnia and nervous disorders, known for its efficacy in both Oriental and European folkloric 

systems. Relevant investigations undertaken on Valeriana wallichii  roots will be presented in detail. Thus, 

considering the catastrophic extinction of innumerable plant species, the prospect of discovering „new leads‟ 

from the „old‟ plants with unexpected pharmacological property should no longer be overlooked under the 

present circumstances. 

 
Edited by: Prof. Pranab Roy (Department of Biotechnology, Haldia Institute of Technology) 

 

Oral Presentation - 2 

Effect of boiling, oven drying and cooking on the microbial dynamics of 

edible oyster (Saccostrea cucullata) collected from Indian Sundarbans 

Harekrishna Jana  
Dept. of Microbiology, Panskura Banamali College, West Bengal, India 

hkjmicro@gmail.com 

Oysters (Saccostrea cucullata) are bivalve (two-shelled), soft-bodied mollusc, mostly marine or estuarine 

origin. They can grow in all tropical seas, mainly between tidal or in shallow water levels. Oyster is 

considered to be a valuable food item as they constitute a rich source of essential macro- and micronutrients 

for providing a balance diet. Now a day‟s, culturing of the said species has open the opportunity of 

alternative livelihood of coastal people. But, naturally oyster accumulates microorganisms during the process 

of filter feeding. Considering this property of oyster, the microbial status in oyster flesh is required. The 

present result revealed that the fresh flesh (raw flesh) of oyster to have higher microbial load and belongs to 

“B” category (>230 to <4600), hence oyster harvested from the culture side should be properly depurated 

before being taken to the market or before consume the oyster flesh. The present study was also conducted 

to understand the proper depuration method (either boiling, drying or cooking) to reduce the microbial load to 

permissible level in oyster flesh. The  coliform (TC), fecal coliform (FC), E.coli, Vibrio sp. and Salmonella sp. 

was reduced to zero after boiling the fresh flesh for thirty minutes and whole shell oyster for fifty minutes. 

Oven drying required fifty minutes to reduce the total bacterial load (TBC) and coliform bacteria which have 

below the permissible level and  microbial load also reduced to zero after frying the oyster for ten minutes. 

Therefore, oyster flesh should be either boiled (thirty minutes) or fry (ten minutes) before consumption, 

otherwise pose and adverse effect on consumer. 

 
Edited by: Prof. Pranab Roy (Department of Biotechnology, Haldia Institute of Technology) 
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Oral Presentation - 3 

Immobilisation of metallothionein for bioremediation of bacteria isolated 

from coal mining areas 

Rini Roy1, Garima Baid2, Aditi Nag Chaudhuri2* 
1
Department of Microbiology, Maulana Azad College, Kolkata 700013, West Bengal, India 

2
Post Graduate Department of Microbiology, Lady Brabourne College, Kolkata 700017, West Bengal, India 

*odditybiom@gmail.com 

Bacteria were isolated from the soil of the coal mining areas of Raniganj, West Bengal. The main objective of 

this study was to isolate & extract metallothionein (low molecular weight protein used for metal homeostasis) 

from the isolated bacterial culture since the microorganisms present in the soil of these areas are naturally 

exposed through a number of various heavy metals as drainage from the coal mine areas & further to 

identify the bacteria as Acinetobacter calcoaceticus by the 16S rDNA based molecular technique. The 

isolated bacterial culture can accumulate metallothionein in good quantity. The extracted metallothionein can 

be immobilized into beads and these beads can be utilized for the remediation of heavy metal such as lead 

since lead contamination is more in comparison to other metals. The metal remediation was determined by 

Atomic Absorption Spectroscopy (AAS) method. The stability & shelf life of metallothionein beads have been 

observed & efficiency of bioremediation was ascertained. This process can be used in industries for 

remediation of heavy metals from wastes before disposing it in the environment. 

 
Edited by: Dr. Shamba Chatterjee (Department of Biotechnology, Haldia Institute of Technology) 
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Comparative study for the early diagnosis of congenitally infected 

human cytomegalovirus infections 

Agniswar Sarkar*, Nilanjan Chakraborty 
ICMR Virus Unit, GB4-ID & BG Hospital, 57, Dr. S. C. Banerjee Road, Beliaghata, Kolkata 700 010, West Bengal, India 

*ognish@gmail.com  

Human cytomegalovirus (HCMV) has emerged as the leading cause of congenital infection in all societies. It 

is a neglected problem worldwide including India as it is remain asymptomatic and may not be recognized at 

birth. The magnitude of the problem in India has not been systematically investigated. In this study, total 47 

urine (directly used as template for PCR without extraction of DNA), 38 blood and 47 saliva samples were 

examined within 2 weeks after birth using PCR assay. Three different primer pairs directed to IE1 (immediate 

early), UL83 (late antigen) and gB (glycoprotein B) genes were used for the comparative early diagnosis of 

CMV infections. 

The primers used to amplify the gB region had the highest PCR positivity rate in all cases. The distribution of 

gB gene was 80.8% in saliva (41/470), 87.2% in urine (41/47) and 55.2% in blood (21/47) samples. For the 

diagnosis of UL83 gene, distribution of positivity rate was 57.4% (27/47) in urine, 40.45% (19/47) in saliva, 

and 21% (8/38) blood. The lowest reproducibility was identified in IE1 gene, where molecular distribution was 

38.2% (18/47) in urine, 17.0% (8/47) in saliva, and 13.1% (5/38) in blood samples. The results from the 

present study suggested that the gB primer was the best choice for the detection of CMV DNA in 

congenitally infected samples. Subsequently, the direct PCR in urine was positive in a high percentage 

(87.2%). Thus, it can also be concluded that the urine may be a nice choice of sample for the molecular 

diagnostics. 

 
Edited by: Dr. Shamba Chatterjee (Department of Biotechnology, Haldia Institute of Technology) 
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Ag-nanoparticles based on polysaccharide isolated from the leaves of 

Mentho piperita and their study on microbes and comparison with 

ciprofloxacin 

Gajendra Nath Maity1, Soumitra Mondal2 

1
Department of Microbiology, Panskura Banamali College, Panskura 721152, Purba Medinipur, West Bengal, India 
2
Department of Chemistry, Panskura Banamali College, Panskura 721152, Purba Medinipur, West Bengal, India  
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In modern research, the field of science is the most interesting areas for its wide application in chemistry, 

electronics, ecology and medicine/ as well chemists, biologists/microbiologists for their commercial demand 

as in biological fields. Economically preparation of silver nano particles using green synthesis path having 

biological entities are gradually increases. Now a day‟s Ag-nano particles based on synthetic polysaccharide 

or plant or animal polysaccharide is unique. In the investigation, synthesis of Ag-nano particles were 

prepared by using polysaccharide, isolated from leaves of Mentha piperita and characterized by using      

UV-VIS spectrum band at 432 nm. Here, the polysaccharide acts as reducing and also capping agent. The 

synthesized Ag-nano particles were found as very effective against some important human pathogenic 

bacteria such as E. coli ATCC 25922, K. pneumoniae ATCC 70063, S. typhi MTCC 734 and also effective 

against pathogenic fungi such as Aspergillus flavus which are affecting mostly and cause serious problems 

to human beings and effective against Agrobacterium tumefaciens , which is responsible for crown gall 

disease in plants. These Ag-nano particles were very good effective against E.coli ATCC 25922,                  

K. pneumoniae ATCC 70063, S. typhi MTCC 734 compared with antibiotic Ciprofloxacin. These Ag-nano 

particles have also sporocidal activity. These Ag-nano particles can also reduce the microbial load in sewage 

water.  

 
Edited by: Dr. Shamba Chatterjee (Department of Biotechnology, Haldia Institute of Technology) 
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Statistical and molecular approach to analyze impact of flacherie 

disease in silk production 

Siddharth Soni, Nishtha, Payal Gaggar, Gourav Kr Singh, D M Pandey, Koel Mukherjee* 
Department of Bio-Engineering, Birla Institute of Technology, Mesra, Ranchi 835215, Jharkhand, India 

*koelmujherjee@bitmesra.ac.in 

Silk production is an important agro-based industry that has major role in the rural economy in India. But its 

production is hampered to a large extent by silkworm diseases. Flacherie is one such disease that is caused 

by bacterial or viral infection or a combination of the two. It affects the yield of the silk crop by up to 70% 

annually. Thus, this study would be performed, keeping in mind two aspects: a molecular study to identify 

gene(s) and check their expression levels so they might play a crucial role in inhibition of the disease and 

second: a statistical analysis of the external factors that may aggravate the disease. In silico studies were 

done for targeted gene identification. Primers were designed using NCBI Primer-BLAST and their secondary 

structures were predicted using MFEPrimer 2.0. Relevant samples have been collected from CSR&TI, 

Berhampore. RNA was isolated, following which cDNA was prepared. In the second aspect impact of 

external environmental factors is being studied. Data obtained on various factors will be tabulated and used 

to analyse statistically, which parameter can affect silk production. The data like sunlight, humidity, 

temperature, air quality index, particulate matter of environment will be collected for various stages of 

silkworm. RNA isolation and cDNA synthesis has been successfully achieved from the larval midgut. Further 

we wish to check the expression levels of these genes under diseased condition using real-time PCR as well 

as statistical analysis. 
 

Edited by: Dr. Shamba Chatterjee (Department of Biotechnology, Haldia Institute of Technology) 
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In vitro anti-inflammatory and anti-diabetic activity of methanolic extract 

of Cardanthera difformis Druce 
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In rural and backward areas of West Bengal in India, several plants were commonly used as herbal 

medicine for the treatment of many diseases without studying any photochemical and biological information 

in detail. The current study was to investigate the anti-inflammatory and anti-diabetic study of methanolic 

extract of Cardanthera difformis. Methanolic extract of Cardanthera difformis was screened for anti-

inflammatory activity by denaturation of egg albumin. The methanolic extract of Cardanthera difformis was 

subjected to in vitro inhibition of protein denaturation in various concentrations i.e. 100, 200, 400, 800,   

1000 µg/ml. Methanolic extract exhibited a concentration dependent inhibition of protein (albumin) 

denaturation.   The anti-diabetic behaviour of methanol extracts of whole plant of Cardanthera difformis 

using the standard optical density assay were investigated against the two very essential enzyme         

alpha-amylase and alpha-glucosidase. The intestinal digestive enzymes play a vital role in the carbohydrate 

digestion. Pancreatic alpha-amylase and glucosidase inhibitors offer an effective strategy to lower the levels 

of post prandial hyperglycaemia via control of starch breakdown. The goal of the present study is to improve 

in vitro evidence of potential inhibition of alpha-amylase and alpha-glucosidase enzymes by using the 

methanolic extract of Cardanthera difformis. The present study suggests that the crude extract of 

Cardanthera difformis effectively act as in vitro anti-inflammatory and in vitro anti-diabetic activity.  

 
Edited by: Dr. Shamba Chatterjee (Department of Biotechnology, Haldia Institute of Technology) 
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The term intelligence is commonly used as the special feature of animals especially human beings. An 

intelligent being has several features like goal setting, doing a job, error detection, decision making etc. The 

normal growth of plant root generally occurs towards the gravity. In vitro culture of banana plant shows 

different patterns of root development according to the availability of water. After four weeks of culture in 

agar media root grows slowly towards the top of the jar as some water vapours  get condensed at the top of 

the jar and water content in the medium gradually get decreased but in liquid media the roots coil inside the 

coconut coir as there is no water stress. With time more roots are found growing towards the upper part of 

the jar from the agar medium. Thus, from this experimental result, it may be concluded that plant can detect 

the source of water through root and if required, plant grows against gravitational force. 

 
Edited by: Prof Pranab Roy (Department of Biotechnology, Haldia Institute of Technology) 
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Toxicological evaluation of organophosphorus pesticide and hair dye 

Md Shabbir1,2 , Swati Maiti1 , Samar K. Saha2, Mukesh Singh1* 

1
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2
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*msingh006@gmail.com 

Genotoxic effect of organophosphorous pesticide (chlorpyrifos ) and hair dye which are immersing popular in 

modern days were carried out in recommended dose in their commercially available form. Mutagenic effect 

of dye is checked on lactic acid pathway of Escherichia coli. Results have shown the mutagenic effect on ldh 

(Lactate Dehydrogenase) gene, which is confirmed by Lactate Dehydrogenase (LDH) assay. Genotoxic 

effect of organophosphorous is checked on Allium cepa by observing morphology, micronucleus, mitotic 

index and chromosomal aberration while goat RBC is used to understand the hemolysis property of 

organophosphorous pesticide. 

 
Edited by: Prof Pranab Roy (Department of Biotechnology, Haldia Institute of Technology) 
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Characterization of plant growth promoting bacteria isolated from root 

nodules and improving their abiotic stress tolerance 

Debdatta Guha, Rajarshi Banerjee , Mukesh Singh, Pranab Roy 
Department of Biotechnology, Haldia Institute of Technology, Haldia, 721657, India 

Chemical fertilization leads to water, soil and air pollution, this leads to decrease in the plant productivity in 

the long run, increases the chemical pollution, depletion of soil microflora as the organic carbon is limited, 

decreases the water retention capacity of soil due to decreased porosity and leads to slow acidification of 

soil. Biofertilizer promotes plant growth and productivity which has been accepted internationally as an 

alternative to chemical fertilizer. Salinity is one of the major environmental factors detrimental to plant growth 

and yield. Plant growth-promoting rhizobacteria (PGPR) enhances the growth of the plant either directly or 

indirectly. The direct mechanisms involve nitrogen fixation, phosphate solubilization, production of 

phytohormones. A wide diversity of nitrogen fixing bacterial species have the capacity to colonize the 

rhizosphere and to interact with plants. Either mutualistic or pathogenic association can be established by 

plant microbe interaction.Nodules obtained from the roots of fenugreek (Trigonella foenum graecum), a 

leguminous plant yielded three distinct classes of Nitrogen fixing bacteria. Molecular phylogeny based on 

16S rRNA gene sequences showed them to be Enterobacter cloacae (R1), Pantoea dispersa (R10) and 

Enterobacter ludwigii (R12). The biochemical and morphological characterization of the three bacteria 

showed many similarities. However there were differences in their sensitivity to the abiotic stresses like 

salinity, tolerance to heavy metal ions and temperature. Sensitivity to antibiotics also showed similar 

responses. Co-infecting the same plant and occurrence in the same nodules by different genera of bacteria, 

capable of Nitrogen fixation is a novel phenomenon. Plant growth promoting effects of these bacteria were 

observed by IAA and siderophore production and inhibition of ethylene biosynthesis by plants by producing 

the enzyme, ACC Deaminase .Nitrogen fixation by the isolated bacteria showed all of these could reduce 

acetylene to ethylene by gas chromatography. 
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Purba Medinipur district, latitude 21°56'14'' N and longitude 87°46'35'' E is highly rich in indigenous medicinal 

plants which are traditionally used by the rural people to treat various disease. The major plants are used by 

the people belong to Acanthaceae (12), Apocynaceae (07) and Asteraceae (04) like Acanthus ilicifolius, 

Barleria lupulina, Gendarussa vulgaris, Ruellia tuberosa, Aganosma dichotoma, and Cascabela thevetia. 

Among all the plant parts Leaves (70%), Stem (40%), Root (20%), and fruit (20%) were most preferred to 

treat mainly respiratory problem (25.64%), digestive disorder (24.4%), dysentery (16.66%), bleeding (12.8%), 

snake bite (11.53%) and eye problem (3.84%). This study covers antibacterial activity of methanolic extracts 

from two plants Barleria lupulina and Gendarussa vulgaris against two Gram-negative (Proteus mirabilis and 

Vibrio parahaemolytica) and four Gram-positive (Bacillus subtilis, Bacillus cereus, Streptococcus aeruginosa 

and Pseudomonus aeruginosa). Stem extraction of Barleria lupulina and Gendarussa vulgaris show Mean 

Inhibitory Zone (MIZ, 10.6 mm and 9.3 mm) against Pseudomonus aeruginosa (Gram-positive) and Proteus 

mirabilis (Gram-negative) respectively. This study will promote to search for alternative inexpensive and 

simply available antibacterial medicine of plant origin. 
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Common people often think, intelligence is a cohesive part of human character. Sometimes we appreciate 

some animals. But we never recognize the plant groups in this regard. Many researchers are working on this 

issue and giving arguments on the basic definition of „intelligence‟. There are some criteria of intelligence are 

put forwarded by scientists. The better understanding of different morphological and molecular behavior of 

plant life will help to redefine the term and think in another way.  A careful observation of plant physiology 

and behavior can prove, they are also intelligent being. 
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Drug development in visceral leishmaniasis is extremely vital because of drug resistance and unwanted 

toxicity of existing therapeutics. In this regard, bioactive phytocomponents may lead to the discovery of new 

medicines with appropriate efficiency. The important roles of Leishmania proteases in the virulence of 

Leishmania parasite makes them very promising targets for the improvement of current remedial of 

leishmaniasis. As part of a hunt for new drugs, we have evaluated in vitro (IC50=312.5 ± 0.1µg/ml), ex vivo 

(IC50 82.3 ± 0.2 µg/ml) effect of potato tuber extract (PTEx) and in vivo anti-leishmanial activity of PTEx, The 

serine protease inhibitors were identified in PTEx by reverse zymography and revealed strong inhibitory 

activity against trypsin as well as serine proteases present in cell lysate of infective Leishmania donovani. 

PTEx has no significant cytotoxic effect on host macrophages. The amastigote load of 25 mg/kg body 

weight/day treated BALB/c mice showed 86.9 % decrease in liver and 88.7% in case of spleen. This        

anti-leishmanial effect was also supported by PTEx induced immunomodulatory activity like acute formation 

of ROS and prolonged NO generation. The Th1/Th2 cytokine balance in splenocytes of PTEx treated 

animals was estimated and evaluated by ELISA assay as well as by mRNA expression using RT-PCR. 

Furthermore, significant survival rate (80%) was observed in PTEx treated hamsters. Thus, from the present 

observations we could accentuate the potential of PTEx to be employed as a novel perception of new 

therapeutics from natural source against visceral leishmaniasis. 
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Tuberculosis (TB) is a budding international health concern as it is the foremost infectious cause of death in 

the world nowadays. The World Health Organization (WHO) has shown in their statistical report that India 

comprises of an estimated incidence figure of 2.2 million cases of TB out of a global incidence of 9.6 million 

upto 2015. Additionally, Revised National Tuberculosis Control Programme (RNTCP) which was started in 

1997 has estimated that about 40% of the Indian population is infected with TB bacteria, amongst which the 

majority have latent TB rather than TB disease. On the other hand, the escalating incidence of multidrug-

resistant (MDR)-TB is of utmost importance regarding the severe intricacies in the control of TB. So, there is 

an urgent need to unveil novel drugs with unique structures and unconventional mechanisms of action to 

cure Mycobacterium tuberculosis and fight against antimycobacterial resistance. In this context, antimicrobial 

peptides (AMPs) now come up as rising tool for TB treatment. Here, we address the application of AMPs for 

their therapeutic potential with a small glimpse on their development pipeline and its global impact.   
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Prawns are generally sold as a live product and can be stored for several weeks by sun drying, roasting or 

pickling. Prawn pickle is a delicious and artisanal preparation of coastal people. For household preparation, 

village women repeatedly wash the prawn with drinking water, and then prawns are fired for 1-2h, then 

mixed with adequate amounts of salt and with green chili or spices, and kept in earthen pot or stone 

container for a desired period. The present study has focused on the effect of storage at room temperature 

up to 35 days on the microbial load and quality in different graded prawn pickles prepared by villagers‟ 

method and standard method.  It was noted that count of total bacteria, E. coli, Vibrio, Salmonella and total 

fungi has significantly increased in a duration-dependent manner in pickles prawn, whereas, after 28 days of 

storage, the villagers prawn pickles was found to be completely spoilt with bad smell, but, no physical 

changes were observed in case of  standard pickled prawn. So, the overall acceptability of prawn pickle 

significantly (p<0.01) decreased with storage days. These results support the traditional knowledge of native 

people for preservation of perishable food components by making its pickle.  
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From the past three decades scientists and biotechnologists are finding ways to cure diseased and injured 

tissues. Tissue engineering was developed by physicians, which enabled culturing of tissues artificially, 

replacing them etc. It is a relatively new and emerging arena that employs living cells, biocompatible 

materials, suitable biochemical and physical factors, as well as proper combinations thereof, to generate 

tissue-like structures. This also contributes to the advancement of specialized extracorporeal life support 

systems comprising cells and tissue units, such as bioartificial liver and kidney. The final aim of this tissue 

engineering is to transplant or grow fresh tissues on injured ones, or reinstate the function of a failing organ. 

Besides this, there are some other implications of tissue engineering, viz., drug testing for efficacy and 

toxicology and fundamental studies on tissue development and morphogenesis. On the other hand, the term 

regenerative medicine is frequently coalesced with tissue engineering, although the earlier one often 

involves the utilization of stem cells as a cell source. Here we represent a small portrait on the above 

mentioned field with the help of three application oriented examples on skin, cartilage and liver and the 

related foremost challenges.  
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Mutagen is a physical or chemical agent that changes the genetic material, usually DNA of an organism and 

thus increases the frequency of mutation. Mutation is the change of structure of a gene resulting in a variant 

form which may be transmitted to subsequent generations caused by the alteration of single base units in 

DNA or deletion, insertion or rearrangement of larger section of genes and chromosomes.  Certain mutagens 

are also likely to cause many genetic disorders including cancer. There are certain physical and chemical 

agents which are widely used for laboratory purposes. For example UV radiation which is an important 

physical agent causes mutation in purine and pyrimidine bases of DNA resulting in the formation of thymine-

thymine dimers, thus replication does not occur properly.  Chemical agents like Acrydine orange and 

metabolites of EtBr act as intercalating dye which gets trapped between the DNA double strands and causes 

mutation.  Due to the high toxicity of these agents, they become highly hazardous for research scientists. 

Therefore, the researchers should always be aware of the amount in which these agents are being used. 

Proper precautions should be taken while handling them to avoid chances of mutation. As the implications of 

mutations in real life are diverse, thus, the study of the agents which cause mutation viz. Mutagens is a 

necessity. 
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miRNAs are non-coding endogenous RNA molecules having an approximate length of 20-25 nucleotides 

which are synthesized by RNA Polymerase II, plays a major role in regulating gene expression by inhibiting 

translation by binding to the 3‟-UTR region of target mRNA molecules. In this presentation we will look into a 

particular class of miRNA whose expression plays a dominant role in suppressing various proteins which are 

directly involved in cancer progression.  miR-195 is generally seen to be downregulated in certain types of 

cancer like Breast cancer, Bladder cancer, Colon cancer and Hepatocellular carcinoma and hence the cells 

progress towards oncogeny. By targeting certain agents with miR-195 it is seen to inhibit cell proliferation, 

invasion, migration and metastasis and also render cancerous cells susceptible towards chemotherapeutic 

agents like Breast cancer cells towards Adriamycin. Besides that BCL-2 is also found to be one of the 

targeted molecules of miR-195 whose role is chief for making the cells ineffective towards apoptotic signals. 

Thus, overexpression of miR-195 in the cancer affected cells is seen to be effective to check their growth. 

Here, we will take a look at the various target molecules of miR-195 and will try to assess the potential of 

using miR-195 as a potent therapeutic agent against cancer. 
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Chemotherapy has been the main modality of treatment for cancer patients; however, its success rate 

remains low, primarily due to limited accessibility of drugs to the tumor tissue, their intolerable toxicity, 

development of multi-drug resistance, and the dynamic heterogeneous biology of the growing tumors. Better 

understanding of tumor biology in recent years and new targeted drug delivery approaches that are being 

explored using different nanosystems and bioconjugates provide optimism in developing successful cancer 

therapy. This article reviews the possibilities and challenges for targeted drug delivery in cancer therapy. 

Nanoscale drug delivery systems using liposomes and nanoparticles are emerging technologies for the 

rational delivery of chemotherapeutic drugs in the treatment of cancer. Their use offers improved 

pharmacokinetic properties, controlled and sustained release of drugs and, more importantly, lower systemic 

toxicity. The commercial availability of liposomal Doxil® and albumin-nanoparticle-based Abraxane® has 

focused attention on this innovative and exciting field. Recent advances in liposome technology offer better 

treatment of multidrug-resistant cancers and lower cardiotoxicity. Nanoparticles offer increased precision in 

chemotherapeutic targeting of prostate cancer and new avenues for the treatment of breast cancer. Here we 

emphasize current knowledge on the two technologies and their potential applications to cancer treatment. 
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Parkinson disease (PD) is a progressive neuronal disorder caused by the loss of dopaminergic neurons in a 

portion of the midbrain named substantia nigra. The loss of dopaminergic neurons in nigrostraital pathway 

lead to several motor symptoms in PD patients like tremor, muscular rigidity, balance impairment and many 

other cognitive functions are also affected. Pharmacological treatments are symptomatic and increase the 

level of dopamine in the degenerative nigrostraital system. But these drugs have limited long term success 

and are associated with serious motor side effects. Hence the application of embryonic stem cells have the 

potential to differentiate into dopaminergic neurons which indeed improve the motor activity in rodent and 

non human primate models of PD. The undifferentiated mouse embryonic stem cell (mESC) upon translation 

has the capacity of teratoma formation due to their pluripotent nature. To prevent teratoma formation the 

undifferentiated mESC are pretreated with DNA alkylating agent mitomycin C (MMC) before transplantation. 

The nude mice injected with MMC treated cells showed no tumorigenesis after 12 week follow up. 

Furthermore the transplantation of MMC treated mESC in the brain of 6-OH dopamine-lesioned mice 

significantly increased the motor function by inducing a four-fold increase in dopamine release for 15 months. 

These findings indicate that this strategy could be an effective alternative for treatment of PD. 
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Utilization of fly-ash, produced by thermal power plants in different fields to control environmental pollution 

has given due importance for the last many years. In this paper an attempt has been made to present the 

results of some experiments conducted to utilize fly-ash collected from Kolaghat thermal power plant, 

properly by extracting its suitable nutrients, by Pseudomonas sp isolated from waste water, useful for plant 

growth. To conduct this experiment, a single bacterial isolate are isolated from waste water through King‟s 

media. After single colonies isolation and thrice time purification,  isolate are stored in 40% glycerol solution 

at isolate are separated for studying their  fly-ash and their seed germination as well as plant growth 

promoting ability on isolate showed good results of seed treatment whether on general soil or fly have been 

in tabulated form.  
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Cancer now a day has become curse to the society and in recent days the whole world joins their hand to 

eradicate cancer.  Cancer is the abnormal growth of cells which trend to proliferate in an uncontrolled way 

and in some cases to metastasis. In cancer, cells divides uncontrollably to form lumps or masses of tissues 

called tumours. According to American Cancer Society, cancer is the most common cause of death in the 

US and accounts for nearly 1 for every 4 deaths. When the process of apoptosis breaks down, cancer 

begins to form. Cells can experience uncontrolled growth if there are mutations to DNA, and therefore, 

alterations to the genes involved in the cell divisions. Four key types of gene are responsible for the cell 

division process: oncogenes tell cells when to divide, tumour suppressor genes tell cells when not to divide, 

suicide genes control apoptosis and tell the cell to kill itself if something goes wrong, and DNA-repair genes 

instruct a cell to repair damaged DNA. 

Now to cure cancer in the recent days the discovery of biomarkers and macromolecules is the boon to the 

society which helps in early detection of cancer. A macromolecule is a very large molecule such as protein 

commonly created by polymerization of smaller subunits while biological biomarkers generally refer to a 

measureable indicator of some biological state or condition. The term is occasionally used to refer to a 

substance the presence of which indicates the presence of living organism. Further, life forms are known to 

shed unique chemicals including DNA into the environment as evidence of their presence in particular 

location. Many blood-based biomarker tests are routinely used in clinical practice for cancer surveillance, 

therapy monitoring, prognosis, and risk stratification. Most experts, however, would agree that there are no 

blood-based biomarkers suitable for population screening or early diagnosis of cancer, despite the 

considerable intellectual and financial efforts worldwide. The majorities of potential biomarkers fail the initial 

phases of the biomarker evaluation process and never make it to the clinic. 

The list of requirements for a circulating-biomarker test for early cancer detection is lengthy. The test must 

have adequate diagnostic sensitivity and specificity. In addition, the test must be inexpensive and safe if it is 

to be applied to mass populations. Other important criteria include analytic reproducibility and sufficient lead 

time. Ultimately, the utility of a circulating-biomarker test for early cancer detection depends on the evidence 
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that its benefits, such as patient survival, outweigh its harms, such as over diagnosis and lead time bias. 

Prostate-specific antigen is an example of a biomarker whose screening utility in prostate cancer is still 

ardently debated for those reasons. Researchers are investigating on this matter and everyone is hoping for 

the best that they will come out with the best possible result. 
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Non-enzymatic glycation is a process by which sugar molecule is chemically bound to a protein or lipid 

molecule without the action of an enzyme. It is a covalent reaction in which, by the means of N glycoside 

bonding, the sugar-protein complex is formed termed as Maillard reaction. Advanced glycation end 

products (AGEs) are proteins or lipids that become glycated as a result of exposure to sugars. The formation 

of AGEs is an irreversible process, causing structural and functional changes in protein leading to ageing 

and in the development or worsening of many degenerative diseases like diabetes, atherosclerosis, chronic 

kidney disease and Alzheimer‟s disease. Many molecules both plant derived and synthetic are being tested 

to reduce the process of glycation. Presently, nanomaterials are also being tested to prevent glycation 

process both in-vivo and in-vitro. Bio-conjugation of nanoparticles with biomolecules is effective in this 

research. Development of therapeutic molecules against glycation activity will help in prevention of many 

metabolic disorders. 
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Cosmetic dye has become very popular in our life. Para-phenylenediamine (PPD) and para-aminophenol 

(PAP) are important ingredients of oxidative or permanent hair dye. Both penetrates into human epidermis 

and hepatocytes which may then cause allergic contact dermatitis. PPD and PAP shows mutagenic activity, 

photo induced toxicity and reproductive toxicity. These arylamines (AAs) gets biotransformed in the liver of 

mammals. Oxidized PPD produces Bandrowski‟s base (BB) which causes toxicity. But PPD loses its activity 

by N-acetylation, carried out by two isoenzymes N-acetyl trasferase 1 (NAT1) and N-acetyl trasferase 2 

(NAT2). N-acetylated AAs are very less reactive and are more rapidly excreted via urine than their parent 

compounds. 
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Biohacking can refer to: Do it yourself biology, a social movement in which individuals and organizations 

pursue biology and life science with tools equivalent to those of professional labs. The main focus here is on 

the topics of Bio lab automation, Bio Printers (printing living cells), Biofuel production car-pools (Growing 
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Algae Fuel), Bio-ink (Production of personalized ink), Bio Video Games (Wet Pong), Bio Enhancement using 

E.coli and plasmids. 
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Biodiesel has attracted considerable attention during the past decade as a renewable, biodegradable and 

non-toxic fuel alternative to fossil fuels. Biodiesel can be obtained from vegetable oils (both edible and non-

edible) and from animal fat. Jatropha curcas Linnaeus, a multipurpose plant, contains high amount of oil in 

its seeds which can be converted to biodiesel. J. curcas is probably the most highly promoted oilseed crop 

at present in the world. Biofuels are therefore rapidly being developed. Second generation microalgal 

systems have the advantage that they can produce a wide range of feedstocks for the production of 

biodiesel, bioethanol, biomethane and biohydrogen. So, at present scenario, biodiesel are more important 

for the formation of green society. 
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Bio-Toilet is an innovative technology for disposal of solid human waste in an eco-friendly economical and 

hygienic manner, which reduces the waste to biogas and pure water with the help of bacteria. The 

mechanism relies on anaerobic oxidation by a colony of bacteria present in the bio-digester tank, connected 

through a pipe directly to the toilet. After decomposition bio gas (methane, CO2) and water is discharged to 

the atmosphere or collected. The bio-toilet requires a minute amount of water comparative to the normal 

toilet also reducing wastage amount up to 90% and converting the waste into nutrient rich compost. A 

collection of anaerobic bacteria that has been adapted to work at temperature range between -5°C to 50°C 

acts as inocula to the bio-digesters. The bacteria show exponential growth and can be kept for 3-4 months 

at ambient temperature. Also these bacteria can sustain phenyl and cleaning agents up to 100ppmThe 

bacteria first converts the large polymers into simple monomers and further converts those to volatile fatty 

acids which are again converted to methane, CO2, H2O and hydrogen as end products. The effectiveness, 

efficiency, low maintenance cost and eco-friendly nature of the bio-toilet soon introduced it to the Indian 

railways. The first bio-toilet fitted train was Gwalior-Varanasi-Bundelkhand Express has been running since 

January 2011. The bio-toilets fitted below the coach in the train ensure that undercarriage is clean and is 

without any faecal deposition. The end products are excreted into the atmosphere while the waste is 

discharged after chlorination onto the track. The bio-toilets are yet a great initiative in prevention of pollution 

which also requires huge public co-operation. 
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Accumulation of thermo plastics in the environment is the main victim of our life. Generally thermoplastic are 

not degradable. In this study we are going to make bio based plastic known as bioplastic .Bioplastic consist 

in a large part or even completely of renewable resources .Thus bioplastic are bio based 

plastics,biodegradable but petroleum based plastics are not consider as bioplastic. The resources of 

bioplastic are wide range of bio based raw material. On the other hand natural polymer,i.e macromolecules. 

Such as sugar,disaccharide and fatty acids. It can be used in a multy purpose wah like as  water bottle, 

coating industry, packaging ,cellophane, household material, food container etc. Some example of bioplastic 

are button made from casein,cellophane made from cellulose, car seat made from soya extracts etc. 

Bioplastic are certified and passed through most of the certifying authority like, Vin-cotte in Belgium were the 

first to offer certification and the use of their "OK- bio based" logo.The German certification body" DIN 

CERTCO" now also offers such certification where the bio based content in percentage group.USA also 

certify the bioplastic in running years and known as "Bio pre-ferrd " based on percentage value determined 

in accordance with ASTM D6866 and which awards the "USDA CERTIFIED BIOBASED PRODUCT" logo 

stating the percentage of renewable resources. 
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Land, surface water, and ground water worldwide, are increasingly affected by contaminations from 

industrial, domestic, research experiment, military and agricultural activities due to ignorance, lack of vision, 

careless and high cost of waste disposal and treatment. The rapid build-up of toxic pollutant (heavy metal) 

not only affected natural resource but also causes major strains on ecosystem. Phytoremediation is a 

process in which plants are used to clean up or remediate contaminated sites. To remove pollutants from 

soil and water, plants can break down or degrade organic pollutants or contain and stabilize metal 

contaminants by acting as filter or traps. It is much less expensive. In some cases it allows as for recovery 

and reuse of valuable metals. It is totally natural which means that it does not involve a release of harmful 

chemicals to combat harmful environmental pollutions. There are different processes to remove 

contaminants as phytoextraction, phytostabilization, rhizodegradation, pytofiltration, phytodegradation, and 

phytovolatilization. So, Phytoremediation is an alternative way to clean up the environment. 
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The protection and controlled release of bioactive compounds at the right time and the right place can be 

implemented by encapsulation. Nanoencapsulation is the coating of various substances within another 

material at sizes on the nano scale. Nano encapsulation remains to be the one of the most promising 

technologies having the feasibility to entrap bioactive compounds. The techniques used for achieving 

nanoencapsulation are more complex than microencapsulation. Nanoencapsulation of bioactive compounds 

has versatile advantages for targeted site-specific delivery and efficient absorption through cells. Nano 

encapsulation in food industry has very limited applications. Encapsulation is done by few processing steps, 

emulsification, coacervation, inclusion, complexation, nanoprecipitation, emulsification–solvent evaporation, 

and supercritical fluid for food ingredients, drying. Application of nanoencapsulation of bioactive element is 

encapsulation of tea polyphenols in nanoliposomes prepared with milk phospholipids. The objective of this 

study was to determine the ability of liposomal dispersions prepared from milk phospholipids using         

high-pressure homogenization to encapsulate and deliver a tea polyphenol extract. Lyposomes are prepared 

from soy phospholipids. From the performed experiment it was seen encapsulated polyphenols caused a 

lower extent of growth inhibition compared to free polyphenols and found the difference between 

encapsulated and non-encapsulated samples for other parameters. 
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Cancer is very well known dieses today. It‟s nothing but abnormal proliferation of our body cell. Cancer cells 

don‟t enter in the apoptosis phase so they don‟t get destroyed. So they make a bunch of cells in one place 

our body and make a malignant tumour. Then those cells loose their adhesion property and move through 

our blood vessels and move in our body and make tumour in another part of our body. For not being a 

foreign particle our immune system doesn‟t responds to those cell. At last the organism dies. Modern 

research shows that Cordycepin, a 3-deoxyadenosine, is the predominant functional component of the 

fungus Cordyceps militaris, a traditional Chinese medicine. Previous studies investigating the inhibition of 

cancer cells by cordycepin identified that it not only promotes cell apoptosis, but also controls cell 

proliferation. Furthermore, studies have elucidated the molecular mechanisms of inhibiting cell proliferation 

by cordycepin binding the A3 adenosine receptor, activating G protein, inhibiting cAMP formation, 

decreasing glycogen synthase kinase-3β/β-catenin activation and suppressing cyclin D1 and c-myc 

expression. The most significant signaling pathway in which cell apoptosis is induced by cordycepin is the 

caspase pathway. Cordycepin induces cell apoptosis via binding the DR3 receptor and consequently 

activating caspase-8/-3. Taken together, these studies demonstrate that cordycepin may be used as a 

natural medicine, as it can not only control tumor cell proliferation, but also induce cancer cell apoptosis. 
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Polyphenol compounds found mainly in fruits, vegetables, tea, coffee, wine, cereals and beverages have 

been increasingly viewed and recently emerged as most abundant dietary source of phytochemical for 

treating numerous chronic illnesses, including neurological disorders, due to their strong antioxidant, anti-

inflammatory, chemo-preventive, anti-microbial, and anti-tumor activities. However, although the great range 

of health-promoting activities of dietary polyphenols has been widely investigated, their effect on the 

modulation of the gut ecology and the two-way relationship “polyphenols↔microbiota” are still poorly 

understood. Studies on the metabolism of polyphenols by the intestinal microbiota are crucial for 

understanding the role of these compounds and their impact on our health. Polyphenols may act as 

promoting factors of growth, proliferation, or survival for beneficial gut bacteria mainly Lactobacillus strains 

and thus, exerting prebiotic actions and inhibiting the proliferation of some pathogenic bacteria such as 

Salmonella and Helicobacter pylori species. In this context, few reports suggested flavonoid aglycones, but 

not their glycosides, may inhibit growth of some intestinal bacteria. This means that polyphenols probably 

can modulate the gut microbiota and indirectly interfere with their own bioavailability. In vivo bioavailability or 

bio-accessacibility of dietary polyphenol is altered by many intrinsic factors and low bioavailability of 

flavonoids has been a concern as it can limit or even hinder potential health effects. Therefore, much 

research focus is needed to improve  bioavailability profile of polyphenols and related diet-derived bioactive 

metabolites in order to achieve its efficacy in the host. Application of specific in vitro or in vivo models 

mimicking the human gut environment is required to analyse these complex and diverse polyphenol–gut 

microbiota interaction pattern. 
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Genetically modified crops are plants used in agriculture, the DNA of which has been modified using genetic 

engineering techniques. In most cases, the aim is to introduce a new trait to the plant which does not occur 

naturally in the species. Examples in food crops include resistance to certain pests, diseases, or 

environmental conditions, reduction of spoilage, or resistance to chemical treatments, or improving the 

nutrient profile of the crop. Examples in non-food crops include production of pharmaceutical agents, 

biofuels, and other industrially useful goods, as well as for bioremediation. The first genetically modified crop 

plant was produced in 1982, an antibiotic-resistant tobacco plant. Genetically engineered crops have genes 

added or removed using genetic engineering techniques, originally including gene guns, electroporation, 

microinjection and agrobacterium. There are several advantages and disadvantages of genetically modified 

crops. The advantages include weed control, less use of insecticide when Bt-resistant crops are planted, etc. 

On the other hand constant exposure to a toxin creates evolutionary pressure for pests resistant to that toxin. 

To reduce resistance to Bt crops, a management strategy to prevent insects from becoming resistant was 

developed. This is mandatory for Bt crops. The aim is to encourage a large population of pests so that any 

(recessive) resistance genes are diluted within the population. Resistance lowers evolutionary fitness in the 

absence of the stressor (Bt). In refuges, non-resistant strains outcompete resistant ones. 
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Clove is a very well-known spice used for daily purposes. Oil extract of clove is commonly used for 

anaesthetic as well as local analgesic activity hence it is encouraged to take advantage of this compound for 

so many medicinal applications from ancient time. The most abundant and active component of clove oil is 

eugenol. Different studies have proved versatility of eugenol apart from analgesic and local anaesthetic 

activity. In this study we have focused on antitumor and anti-angiogenic nature of eugenol through alteration 

of cellular signalling pathway in Ehrlich Ascites Carcinoma (EAC) cell line in vivo. One such pathway 

triggered by eugenol in EAC cell line through elevated expression of a well-known antitumor protein P53 and 

down-regulation of an established angiogenic marker protein CD31. 
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Hydrogen Sulfide (H2S) has a reputation for being highly toxic, but when used in the right tiny dosage, it is 

found to offer potential health benefits in a range of diseases, from diabetes to stroke, heart attacks, ageing 

and dementia. It acts as a vasodilator and also increases the response of NMDA receptor in brain facilitating 

long term potentiation. A new compound 10-oxo-10-[4-(3thiooxo-3H-1,2-dithiol 5yl) phenoxy) decil) 

triphenylphosphoniumbromide] also called AP39 designed at the University of Exeter, could hold the key to 

future therapies, by targeting delivery of very small amounts of the substance to the right places 

(mitochondria) inside cells. It consists of a mitochondria-targeting motif (triphenyl phosphonium) coupled to 

an H2S-donating moiety (anethole dithiol ethione) by an alphatic linker group. It stimulates mithochondrial 

electron transport and improves cellular bioenergetic function at lower concentration (30-100 nM) while 

having an inhibitory effect at 300 nM. AP39 and ADT-OH contain 3 sulfur atoms and are possibly capable of 

higher H2S release of 10 days of follow-up. The toxic concentration (TC50) is of AP39 is 7.7 µM. Scientists in 

Exeter have already found that the compound increases ATP levels, protects mitochondrial DNA and 

decrease ROS (reactive oxygen species) generation. The compound has been tested on primary neurons 

from well characterized APP/PS1 transgenic mouse model. The research is being conducted in several 

models of disease, and pre-clinical results are promising. For example, in models of cardiovascular disease, 

research shows that more than 80 per cent of the powerhouse mitochondria cells survive under otherwise 

highly destructive conditions, if the AP39 is administered.  Early indications in small-scale studies also show 

that in high blood pressure, AP39 reversed blood vessel stiffening and lowered blood pressure. It also 

dramatically improved chances of survival after a heart attack by slowing the heartbeat, improving its 

efficiency, it reduces Aβ deposition in brain protecting from Alzheimer‟s disease. However direct 

consumption of H2S can be lethal. Probability of cancer treatment is also being contemplated with targeted 

doses of H2S. 
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The CRISPR (clustered regularly interspaced short palindromic repeat)-Cas9 (CRISPR-associated nuclease 

9) system is a versatile tool for genome engineering that uses a guide RNA (gRNA) to target Cas9 to a 

specific sequence. This simple RNA-guided genome-editing technology has become a revolutionary tool in 

biology and has many innovative applications in different fields. We briefly introduce the Cas9-mediated 

genome-editing method, summarize the recent advances in CRISPR/Cas9 technology, and discuss their 

implications for plant research. To date, targeted gene knockout using the Cas9/gRNA system has been 

established in many plant species, and the targeting efficiency and capacity of Cas9 has been improved by 

optimizing its expression and that of its gRNA. The CRISPR/Cas9 system can also be used for sequence-

specific mutagenesis/integration and transcriptional control of target genes. The ability to precisely and 

permanently alter endogenous gene expression through targeted genome editing is a highly effective 

reverse genetics tool. Cas9 is a CRISPR-associated endonuclease (an enzyme), the “molecular scissors” 

that are easily programmed to cut and edit, or correct, disease associated DNA in a patient‟s cell. The 

location at which the Cas9 molecular scissors cut the DNA to be edited is specified by guide RNA, which is 

comprised of a crRNA component  either individually or combined together as a „single guide RNA‟ 

(sgRNA).There are more than 10,000 known single-gene (or monogenic) diseases, occurring in about 1 out 

of every 100 births. Scientists and clinicians are now conducting pioneering research using CRISPR/Cas9 to 

address both recessive and dominant genetic defects, opening up the potential of gene editing to provide 

novel transformative gene-based medicines for patients with a large number of both rare and common 

diseases. 
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A chimera is a plant composed of two or more genotypes in the layers that make up the shoot tip. Meristem 

which are found in root tips (marginal meristem) and shoot tips (apical meristem) are highly regenerative as 

well as having genetic variation. Chimeric plants can be categorized on the basis of the location and relative 

proportion of mutated to non-mutated cells in the apical meristem. Of them PERICLINAL CHIMERA is most 

stable containing mutation in one entire layer in the meristem. The MERICLINAL CHIMERA is an unstable 

chimera form. It is almost similar to periclinal chimera except they only extend across a portion of the cell 

layer. Lastly SECTORIAL CHIMERA is a relatively unstable chimera type. In this chimera, on half of each 

layer in the meristem contains mutated cells. Variegated plants are perhaps the most common type of 

chimeras. Studying the coloration in variegated dicot leaves identification of chimera patterns can be done. 

Chimeras for ploidy level have been extensively studied in fruit crops. The true-to-type periclinal chimeras 

are the result of plant propagation. The fidelity of propagation accrues from the fact that the arrangement of 

the cell layers in the apical meristem is identical to the arrangement of meristem from which they were 

formed. The layered organization of apical meristem which is a characteristic for a periclinal chimera is 

maintained in lateral meristems, but is usually lost during the differentiation of adventitious shoots. Plant 

tissue culture techniques enable the separation of chimera genotypes in some species depending upon the 

separated component genotypes. One serious concern of using this technique is rapid clonal propagation. 

Another way to produce chimeric plants is introduction of chimeric Chalcone Synthase gene into Petunia 
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which results in reversible co-suppression of homologous gene. This phenomenon is called Transgene 

Inactivation. Examples of such chimeric flowers of Petunia will be shown. 
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Diabetes mellitus is a common metabolic disorder and is associated with development of several chronic 

complications leading to significant morbidity and mortality. The direct and indirect effects on the human 

entire vascular (micro and macro) system are the major concern of morbidity and mortality in diabetes. 

Likewise the pathogenic processes that causes type 2 diabetes (T2DM) range from autoimmune destruction 

of pancreatic cells with concurrent deficiency of insulin abnormalities that result in hindrance of insulin action. 

Modern medical care uses a vast array of lifestyle and pharmaceutical interventions that are aimed to 

prevent and control of hyperglycemia. Generally, the injurious effects of hyperglycemia are separated into 

macrovascular complications (coronary artery disease, heart and peripheral arterial disease, and stroke) and 

microvascular complications (diabetic nephropathy, neuropathy, and retinopathy). Majority of World‟s 

population is ignorant about the disease and its complications. It is important for the common people to be 

aware/understand the risk of diabetes and vascular complications as their consequences. The prevalence of 

diabetes and associated primary and secondary complications continues to increase in the World and the 

clinical treatments to prevent of these complications is also growing up. But till date there is not a unique 

novel therapy is available to prevent and treat these complications. This review gathers information on 

diabetic microvascular and macrovascular complications to be aware as more patients are suffering with 

diabetes rather than other diseases. 
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Mycobacteriophages are virus that infects mycobacterial hosts. Expansion of a collection of sequenced 

phages all infecting a common bacterial host provides further insight into their diversity and evolution. 

Synonymous codon usage bias is an inevitable phenomenon of organismic taxa, it explain the different 

frequency of codon in different species or within the genome of same species. The bias in 59 synonymous 

codon happens in various kinds of pressure from natural selection, mutation bias and other factor in different 

way. It also explains the degree of gene expression and species evolution. The effective number of codons 

used by a gene is generally used to measure the bias of synonymous codons and independent of amino acid 

compositions and codon number. All the above-mentioned parameters and correspondence analysis were 

carried out by the program CodonW 1.3. To see the extent of divergence in codon usage in the above 

phages more precisely a cluster analysis was carried out on overall codon usage data by using simple sum-

squared matrix method. The clustering (dendrogram) produced UPGMA (unweighted pair group method 

using arithmetic averages) and correspondence analysis show that it has mainly two branches,  one for 
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branch of Patience and Madruga and other for the rest of the  phages. Several of the clusters can be divided 

into sub clusters according to codon usages similarities. 
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Lactic acid bacteria were isolated from the traditional food named dahi in West Bengal, India. The isolates 

were assigned to the genera Lactobacillus on the basis of their morphological, physiological and some 

biochemical characteristics. It was observed that the isolated Lactobacillus species are resistant to inhibitory 

substances like phenol (0.4%) and NaCl (4%). The isolates were resistant to all the selected antibiotics used 

in this study. Cell free supernatant obtained from the isolates exhibited inhibitory activity against selected 

pathogens of both Gram positive and Gram negative group. 
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With increase the population, increase the demand of crop production. To fulfill the requirement of food, 

farmer tries to use the chemical fertilizer. The greater the nitrogen fertilizer rate, the greater the soil 

acidification. The desirable pH range for optimum plant growth varies among crops. While some crops grow 

best in the 6.0 to 7.0 range, others grow well under slightly acidic conditions. Soil properties that influence 

the need for and response to lime vary by region. Knowledge of the soil and crop is important in managing 

soil pH for the best crop performance. The misuse and excessive use of chemical fertilizers have adversely 

affected the soil health. So, there is a need to develop simple and low cost biological method for the 

management of soil health. Microorganism could play a significant role in this respect. That is why we use 

microbes for sustainable crop production.  
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Heavy metal pollution is one of the biggest concerns in the environmental field. Metals like cadmium, copper 

and manganese are the common pollutants. Pollution occurs when heavy metals get introduced into the 

water sources. When this water infused with heavy metals, is ingested by humans, many serious health 
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conditions like itai-itai can occur. In this scenario, bacteria belonging to the Klebsiella sp., was found to 

absorb these heavy metals from the water sample, thereby leading to reduction of pollution levels. 

The bacterium was extracted from waste water and was found to be highly resistant to heavy metals. The 

species was named as Yangling I2. SEM imaging was done and the surface characterization of the 

bacterium was observed which revealed gross morphological changes with cells appearing as bioconcave 

discs after metal exposure rather than their normal rod shapes. Using atomic absorption spectrometry, the 

effect of pH, temperature, heavy metal concentration, agitation and biomass concentration on uptake of 

Cd(II) and Mn(II) , was observed. It was seen that biosorption was most effective by alteration of pH and 

incubation temperature, the maxima being at pH 5.0 and temperature 30
°
C, with absorption capacities of 

170.4 and 114.1 mg/g for Cd(II) and Mn(II) respectively. 

Thus, it was concluded that Klebsiella sp. has approximately ten times the absorption capacities reported for 

other strains and hence, it provides a promising approach among all other pollution reduction mechanisms. 
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It is a well-known fact that animals have nervous system. They can regulate and control as well as 

coordinate and integrate. They have a system of specialized organs, nerve and branches which can take 

part in coordinating and controlling activities of different organs and systems of body so that they can 

behave as integrated whole which can show adjustments to both internal and external conditions. But 

whether plants have nervous system and a system of associated organs through which they can adjust 

themselves to internal and external stimuli. There is a big controversy and curiosity about the fact that plants 

do have nervous mechanics like animals or not and here it has been tried to know and open the Pandora‟s 

Box about the same.  Here the work of A.J.C Bose, one of the major pioneers on this field of nervous 

mechanism is presented. There are few experiments which are mentioned in this presentation with their 

results too from his work which is found most relevant on his study on this topic to determine whether they 

have nervous mechanism or not.  
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Eyes are a vital organ of human body and the loss of vision can have a physical, social and psychological 

impact to the person. In 37 million people across the globe 15 million blind people are from India. 75% of 

these are cases of avoidable blindness. Again within these 15 million blind people, three million that is 26% 

of are children who suffer due to corneal disorders. Donated eyes are the only solution. But shortage of 

donated eyes is becoming a huge problem. Bionic Eye is an artificial eye which provokes visual sensations 

in the brain by directly stimulating different parts of the optic nerve. It consists of electronic systems which 

consist of image sensors, processors, receivers, radio transmitters and retinal chips. A computer chip is kept 

in the back of the individual's eye, linked up using a mini video camera built into glasses that they wear. 

Images captured by the camera are beamed to the chip, which translates them into impulses that the brain 

can interpret. Thus even blind people can have vision. 
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Bio hacking refers to the application of the information technology hacks to biological systems, most 

prominently to human body, but also to the entire biosphere. Bio hacking can include body modifications, in 

which many groups known as “Grinders”, experiment with implants and other technologies to their bodies, 

involve self-medical hacks & other concepts which apply IT to biological organism. Grinders largely identify 

with „Transhumanism‟ and „Biopunk‟ ideologies.  

Bio hacking  provides major endeavours in the following areas such as ; Bio stamp which  is a thin electronic 

mesh that stretches and moves with the skin and monitors temperature, hydration, and strain which is 

applied as a temporary tattoo. It could be developed for use in healthcare to monitor patients wirelessly 

andwill be in constant contact with the wearer‟s skin. Eyeborg is an apparatus which typically fits on the 

wearer's head, and is designed to allow people to perceive colour through sound waves.  Artificial organs 

have an option of replacing entire organs. Scientists developed a Bionic pancreas which contains closed 

loop beta-cell based insulin delivery system for diabetes type I. A prototype has been constructed for human 

trials using an iPhone app which monitors blood glucose level and named „ilet‟. Bionic eyes involve an 

intraocular implant that is surgically placed into the eye and attached to the surface of the retina. The patient 

wears a pair of spectacles containing an integrated mini-camera and wireless transmitter and the image is 

captured by the camera and projected on to retinal implant to stimulate the optic nerve and generate images. 
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Genetic disorder is a genetic problem caused by a single or multiple abnormalities in the genome. This can 

be present from birth, which are mostly rare. Mood disorder is a genetic disorder that is caused by multiple 

irregularities in genome. Over 20 million American adults suffer from these disorders. There are many types 

of mood disorders, the most common one is, major depression. This causes mental anguish and physical 

ailments also in some cases prevents normal daily functions. Bipolar disorder, also called Manic-depressive 

disorder is a dangerous and debilitating disorder that causes a person's mood, activity and energy levels to 

shift suddenly. Affected people experience severe mania, sometimes depression. Substance-Induced Mood 

Disorder is a common disorder can be caused by abusing substances. Some affected people experience lust 

for substances even after their co-occurring depression or bipolar disorder is treated. The cause of this can't 

be determined. Depression can be caused by environmental, psychological or genetic factors. Scientists are 

still studying the cause of bipolar disorder. Brain imaging shows affected people's brain differ from a healthy 

brain, which suggests brain structure plays a major role in the development of mood disorder. Depression is 

treated with antidepressant medications. This works to restore neurotransmitters like serotonin, 

norepinephrine and dopamine. Bipolar disorder is treated with mood-stabilizing medications which are lithium, 

valproic acid etc. As a side-effect of these medications affected people can observe drowsiness, blurred 

vision, dry mouth, nausea and headache. Depression is manageable with proper treatment which often 

accompanies bipolar disorder.  

 
Edited by: Dr. Shamba Chatterjee (Department of Biotechnology, Haldia Institute of Technology) 

 

 



Proceedings of New Horizons in Biotechnology – 2017                                     

ISBN 978-81-927768-4-2  31 | P a g e  
 

Poster - 37 

Living root bridges 

Alolika Pradhan, Tamalika Paul, Siraj Datta* 

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

*dattasiraj@gmail.com 

Ever wondered that bridges could arise from roots? The general answer would be a “no”. But the indigenous 

Khasi tribes of Meghalaya in North Eastern Indian Himalayas have made the impossible, possible by 

discovering the wonder of the roots of the Ficus elastica tree, leading to living root bridges. 

The roots have excellent structural robustness and resilience. They have progressive increase in the load 

bearing capacity. The roots have an amazing skill to improve the deficiency of the surrounding soil, water, 

air, grass root community. Another advantage of the living root bridge is its low cost. It also act as a source 

of support for other plants and animal system. The aerial roots of Ficus elastica are under tensile stress. 

This feature increases the efficiency of its fibrous structures. To add more, the tensile stress is formed due 

to the gelatinous fibres which are present in the roots produced by stimuli. Trunks of Areca catechu are also 

required for the formation of this type of bridge. The young pliable aerial roots are placed in the hollowed 

trunks of Areca catechu. 

An exact synchronization occurs with the addition of dead load. This acts as an important step in the bridge 

formation. After about 15 to 30 years this exquisite assemblage becomes strong and excessively stable 

providing us with living root bridges which generally can also be stated as another wonder of the world.    
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In this review we want to bring into light how Biotechnology is helping us to solve various serious health 

issues worldwide which can‟t be cured by normal medication. Biotechnological processes like recombinant 

DNA technology, gene therapy and polymerase chain reaction can result in various products and by-

products which can lead to invention of many life saving drugs.  
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Lesch-Nyhann Syndrome (LNS), also known as Nyhann syndrome and Juvenile gout, is a rare inherited 

disorder caused by a deficiency of the enzyme hypoxanthine guanine phosphoribosyl transferase (HGPRT), 

due to a mutation in   HGPRT gene located on the X-chromosome. LNS has its ill impact with a probability 

ratio affecting about 1 in 3,80,000 live births. The HGPRT deficiency causes crystals of uric acid to 

accumulate in almost every body fluid including serum, urine, etc. due to which the crystals can be found in 

the form of stones in different body parts including the kidneys. As a result of this huge accumulation of 

stone in kidney and other vital body parts, individuals face different types of problems among which the 

mental retardation in the individual can be sited as a commonly occurring symptom or feature. The main 

symptom by which this disease can be detected is self mutilation. It is a disease most common to males and 

is recessive. It affects 50% of males for which the mother to be a carrier is a compulsory factor. This disease 
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finds its fate in death of the individual by the second or third year of birth, but still there are cases where 

these individuals can be seen to survive till the adulthood. 
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New Delhi Metalo-beta-Lactamase-1 (NDM-1) is an enzyme that makes bacteria resistant to a broad range 

of BETA-lactam antibiotics. This includes the antibiotics if the CARBAPENEM family, which are a mainstay 

for the treatment of antibiotic resistant bacterial infections. The gene for NDM-1 is one member of a large 

gene family that encodes beta lactamase enzyme called CARBAPENEMASES. Bacteria that produce 

carbapenemases are often referred to in the new media as “SUPERBUGS” because infections cause by 

them are difficult to treat. NDM-1 was first detected in a Klebsiella pneumoniae isolate from a Swedish 

patient of Indian origin in 2008. It was later detected in bacteria in India, Pakistan, UK, United States, 

Canada and Japan. The most common bacteria that makes this enzyme are gram negative such as E. coli 

and Klebsiella pneumoniae but the gene for NDM-1 can spread from one strain of bacteria to another by 

horizontal gene transfer.  
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Ethidium bromide (EtBr) is a commonly used highly mutagenic and moderately toxic substance, used in 

DNA-staining during electrophoresis. It is harmful to nature. Because it is potent to segregate the nucleus 

and moderate dosage can bring morphological change in organisms. Also it has been described as inhibitor 

of nucleic acid synthesis by various authors. Embryos of Haplopappus gracilis were sown in EtBr (inhibitor of 

organellar DNA synthesis) which showed germination and early processes of post-germinative growth, 

including enlargement and greening of cotyledons, elongation of radical and formation of root hairs. When 

seeds of alfalfa and tomato were transplanted, EtBr divided the plants growth to two main phases, 

increasing growth (before day 10) and decreasing growth (after day 10). It also increased roots number and 

diameter, but decreased the length of shoots. In another study, wheat, alfalfa and tomato seeds were 

separately inoculated in different concentration of EtBr for an hour and then transferred to germination bed. 

In the irrigation with EtBr group, wheat germination showed the lowest and tomato‟s germination showed the 

highest resistance. In contrast to them, the seeds that were irrigated by water had less sensitivity and the 

germination was higher. EtBr is also known to inhibit nuclease activity of plant cells, possibly by distortion of 

the helix. Likewise in a study high molecular weight maize DNA nuclei were isolated in the presence of EtBr 

from leaf, node, and tassel or endosperm tissues and the DNA was extracted and purified. The resulting 

DNA had a double-strand molecular weight of about 125 kilobase pair (In absence of EtBr it ranged from 10 

to 100 kbp. EtBr inhibits RNA synthesis also by producing degranulation of the nucleolus in a centrifugal 

direction. Thus it is observed that EtBr‟s effect varies from species to species and on plants, mostly it has 

genotoxic effects. 
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Pigs are believed to be one of the best organ donors for human because of their inter-species similarities 

and large size to develop organs that would be of appropriate size for human. Genetically engineered 

approaches had been taken before to create 1,3-galactosyltransferase knockout pigs by reducing the Gal 

expression in pigs to use their organs in human. But for the first time scientists have successfully created 

pig-human hybrid (chimera) in lab and have grown human cells in early stage pig embryos. The group 

injected human induced pluripotent stem cells (iPSC) into pig embryos and after four weeks found that 

some of the human cells inside were growing and were starting to specialize into human tissues. The result 

indicated how reproducing human cells in a pig embryo may lead to a human organ in the body of a pig to 

be used directly for organ trasplantation in future. The hybrid embryos were terminated after 28 days of 

development due to ethical concerns. Researchers are also trying to use CRISPR gene editing to disable 

pig proteins that may cause organ rejection. The experiment has established hope how lab grown organs 

from chimera can be used in trasplantation in future to save thousands of lives. In distant future a patients 

own cells can be used to create a pig chimera with human organs for personalized trasplantation to 

overcome the xenogeneic barriers. 
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Here we would like to focus on the great revolution occurred through GM Crops in the field of agriculture 

using Biotechnology. On the contrary we would also like to make people aware about the dark sides of such 

genetically modified crops. FlavrSavr
TM

 tomato was the first genetically engineered edible crop to be 

commercialized. This has the special property of long shelf life which protects it from damage during 

transportation. Golden rice is another example which has vitamin A synthesizing genes introduced in rice 

which helps in preventing night blindness. However in India no edible GM crop is allowed to be 

commercialized yet due to the public perception related to its harmful character in the long run. Scientific 

evidences however point to their safety and is allowed in different countries in North and South America, 

Australia etc.  
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Application of technology to real world presents a variety of solutions which concerns daily life situations and 

Biotechnology being life science is readily applicable to tackle daily life problems and to enhance the quality 

of living. Here the basic needs of a country is taken into consideration, from among various situations in 
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which Biotechnology can be applied three major fields are presented which are food security, land and soil 

resource management and an eco-friendly energy source. 

Food security: Greenhouse accompanied with aeroponic or hydroponic or both system. 

Land and soil resource management: Using organic fertilizers and biofertilizers to increase yield along with 

maintaining the quality of soil.  

Eco-Friendly Energy Source: Production of biogas from dung and other organic wastes. 

As a world being in our concern of bringing joy to everyone Biotechnology can play a vital role and this is 

what the review expresses. 
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Sol-gel derived silica gel was synthesized from tetra-ethyl orthosilicate (TEOS) at room temperature. The 

Allium sativum extracts were entrapped into the mesoporous silica gel. Fourier transform infrared analysis 

(FTIR) was done to determine the adsorption of herbal values into the silica gel. The release kinetics of the 

extract in SBF was determined using UV-Vis Spectroscopy. Different drug dissolution models were studied 

to obtain data in order to evaluate the release mechanisms and kinetics.  The kinetics followed Korsmeyer-

Peppas model. The sustained release of the extract followed a non-Fickian transport mechanism. 
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Transgenesis may be defined as the introduction of exogenous (foreign) dna into the genome, such that it is 
stably maintained in a heritable manner. We have mainly showcased the different types of transgenic 
organisms and on the different types of laboratory processes by which they are produced. Some of the 
transgenic animals we have tried to focus on are like Glo-fish, Glittering sea horse, Silk producing goat, 
Sudden death mosquitoes etc. Some of the transgenic plants we have tried to focus on are like Edible 
vaccines, landmine detecting plants etc. 
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Probiotics are live organisms which when administered in adequate amounts confer a health benefit on the 

host. Probiotics delivery system is widely used neutraceutical products for the supplementation of natural 

intestinal flora. Probiotics delivery systems can be categorized into conventional, pharmaceutical formulation 

and non-conventional, mainly commercial food based products. The amount of health benefits provided by 

these probiotic formulations varies in their ability to deliver viable, functional bacteria in large numbers, to 
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provide protection against the harsh effects of gastric atmosphere and intestinal bile, and to survive 

regulation process. 

The two main advantages are its diverse mechanism of action and being a living organism. The primary aim 

associated with probiotic delivery is to maintain the bacteria viability during products manufacturing and 

during storage. Several approaches have been made such as microencapsulation, use of suitable 

biocompatible material and are still under continuous exploration. Presently, various kinds of probiotics 

formulations have been developed for the specific purpose which including chewing gums, fermented milk, 

sachets and capsules. Newer advances in vitro analysis that can accurately determine the effectiveness of a 

probiotic formulation are also discussed with an ideal probiotic delivery system hypothesized through a 

combination of the different probiotic delivery.  
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Marine organisms are in great danger due to various reasons, the major ones being over-fishing, destruction 
and anthropogenic activities. The main cause is rooted in human activities. More than half of the world‟s 
trade and commerce is carried out by shipping. Recently, ballast water exchange by cargo ships have 
created problems like organism hiking and bio-invasion. This not only affects the integrity of the marine 
ecosystem but also incurs huge economic losses. In this poster, we have tried to illustrate the concept of 
bio-invasion, its detrimental consequences and the global response towards this problem. 
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The only animal in the planet which resists cancer is naked mole rat, due to its High Molecular Mass 

Hyaluronan (HMM-HA) synthesis by membrane bound synthetase at inner surface of plasma membrane in it. 

Scientists have observed HMM-HA offers resistance to cancer due to mutation in HAS2 gene (hyaluronon 

synthase 2). It is an enzyme that is found in human as well as mouse on chromosome 8.it consists of amino 

acid (asparagines) that are 100% conserved among mammals. It is replaced by other amino acid (serine) in 

naked mole rats. This unique amino acid is responsible for high processivity of the naked mole rat on HAS2 

protein in charge of HMM-HA synthesis. HMM-HA is super sugar polymer which is an anti-cancer substance 

which participate in contact inhibition i.e. powers anti-cancer mechanism. These are five times greater 

amount in mole rat than in human which prevents tumor formation. 

This opens up a space for us to push the limits and understand the mutation of the amino acid in HAS2 gene 

that is causing increase in processivity of HMM-HA which acts as an anti-carcinogenic agent. As we know 

that we humans also have HAS2 gene, so by this application of mutation on these gene we can be able to 

build up a contact inhibition of anti-cancer mechanism through Biotechnology. 
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Obesity is well recognized as a global public health concern and the quest continues to explore natural 
product based novel therapeutics. Ethanolic extract of Bauhinia purpurea (EEB) on the changes in body 
weight , leaf mass, fat free mass, fat percent, tissue and plasma lipid profiles , plasma glucose , insulin and 
insulin resistance as well as on the activity of amylase , lipase , leptin and adinopectin levels in high calorie 
diet (HCD) induced obese rats. After induction of obesity with HCD, rats were administered orally with EEB 
(100,200 and 300 mg kg

-1
 BW) or orlistat (5 mg kg

-1
 BW) once daily for 42 days. HCD substantially 

increased the body weight (BW), fat free mass, fat percent, glucose, insulin resistance, tissue and plasma 
lipid profiles (except HD1), leptin and the activities of amylase and lipase. EEB at a dose of 300 mg kg

-1
 BW 

exerted its therapeutic effects similar to orlistat in decreasing body weight, insulin resistance, levels of 
glucose, leptin , plasma and tissue lipids, lipase and amylase but increasing HDL and adinopectin in HCD 
fed obese rats, which could be due  to bioactive factors present in EEB as revealed by LC-MS analysis. 
These findings suggest that EEB administration suppresses high caloric diet induced obesity and it can be 
developed as a potential candidate for the treatment of obesity and associated complications. 
Body Mass Index (BMI) = weight in kg/(height in metre)

2
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Abstract- The term intelligence is commonly used as the special feature of animals especially human beings. 

An intelligent being has several features like goal setting, doing a job, error detection, decision making etc. 

The normal growth of plant root generally occurs towards the gravity. In vitro culture of banana plant shows 

different patterns of root development according to the availability of water. After four weeks of culture in 

agar media root grows slowly towards the top of the jar as some water vapours  get condensed at the top of 

the jar and water content in the medium gradually get decreased but in liquid media the roots coil inside the 

coconut coir as there is no water stress. With time more roots are found growing towards the upper part of 

the jar from the agar medium. Thus, from this experimental result, it may be concluded that plant can detect 

the source of water through root and if required, plant grows against gravitational force. 

 

Keywords- Error detection, gravitropism, hydrotropism, liquid media, root length.  

 

INTRODUCTION 

The word intelligence comes from the Latin word 

intelligere which has several meanings like, 

choosing, separating and understanding something 

(Firn 2004). Stenhouse (1974) has defined this term 

as an ‗Adaptive variable behaviour within the 

lifetime of the individual‘. According to this 

definition it is considered that an organism which 

can adapt to the environment successfully is an 

intelligent one. Most of these definitions though are 

used on human behavior, but they barely try to 

explain intelligence in the context of plant 

responses. Nevertheless intelligence of plants‘ can 

be put into consideration by taking into 

development phenomenon like flower induction, 

regeneration, seed breaking, bud dormancy and 

tropic movement of root and stem etc. (Trewavas 

2003).  

The basic features of intelligence that we usually 

have known are locating a goal, doing a job, error 

detection and decision making. The other broad 

features are spatial map making which means a map 

of its own environment and the third one is memory 

(Firn 2004). Finding water through roots is an 

important plant behavior and it was first described 

by Charles Darwin (1881).  

* Corresponding author : Siraj Datta (dattasiraj@gmail.com). 
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However, in comparison with investigations on 

gravitropism and phototropism, a new terminology 

hydrotropism has cropped up with many 

unanswered questions (Eapen et al. 2005; Cassab 

2008). Current research is going on ‗hydrotropism‘ 

using Arabidopsis as a model plant (Eapen et al. 

2005; Cassab 2008; Takahashi et al. 2009; Cassab 

et al. 2013). In the present work our aim is to find 

out a character of intelligence in a plant system. 

Finding water through root is one of the criteria of 

intelligence that comes under decision making. In 

this regard we set up an experiment where Banana 

plants were grown in two types of tissue culture 

media. In one group, the plants were grown in vivo 

cultured in agar media and other in liquid media 

with coconut coir to give support. The 

morphological behavior of root movement and 

growth towards the water was studied and data 

taken after two weeks interval. 

MATERIAL AND METHODS 

A. Plant material and aseptic sterilization: 

The present experiment was conducted after in vitro 

propagation of Banana plants (Musa spp., variety), 

The mother plants were collected from local 

farmers (Haldia, West Bengal, India). The suckers 

were obtained from developing banana plants of 

about five months of age grown in field. The 

meristematic shoot tips were used as explants. 
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Initially the suckers were washed thoroughly under 

running tap water. After removal of outer leaves 

sheath the plant materials were washed with 1% 

Bavistin for 20 min. Explants were surface-

sterilized in a laminar airflow hood. The explants 

were rinsed thoroughly with sterile distilled water in 

an aseptic condition. Then explants were transferred 

to another container containing 4-5 drops of tween-

20 solutions for 5 min. For surface sterilization, 

explants were rinsed in 0.1% mercuric chloride 

(HgCl2) solution for 7 mins and then rinsed five 

times with sterile distilled water.  

B. In vitro propagation and culture 

condition: 

The Sterilized explants were excised from both ends 

(about 2.0-3.0 cm long and 1.0-2.0 cm width at the 

base) using a fine sterile forceps, scalpel and 

inoculated in autoclaved MS (Murashige and Skoog 

1962) solid medium supplemented with BAP (6-

benzylaminopurine) 5 mg L
-1

, 0.8% agar for shoot 

induction. The pH of all media was adjusted to 5.6-

5.8 before autoclaving at 121°C, 15 psi pressure for 

15 min. The culture jars were transferred to growth 

room and maintained the temperature at 25±2°C 

with 16/8 hour (light/dark) photoperiod with light 

intensity of 2000 lux and humidity 70% for the 

growth and development of culture. 

After two weeks, the initial shoots were proliferated 

from the explants, they were removed aseptically 

from the culture jars and were cultured again on 

freshly prepared medium containing BAP with the 

concentration of 8 mg L
-1

 for multiplication of shoot. 

For sub-culturing, the entire multiple shoots were 

cut into pieces so that each explant would contain 

about one shoot. 

After three weeks the shoots were transferred to MS 

media supplemented with 0.2 mg L
-1

 NAA 

(Naphthylacetic acid) for elongation and maturation 

of the shoot buds. The in vitro elongated plantlets 

were used for our experimental setup. When shoots 

get elongated they were transferred to two different 

types MS media (One is sterile MS solid media and 

another one is sterile MS liquid media with coconut 

coir as matrix; both solid and liquid MS media  

containing 3% sucrose) supplemented with 0.3 mg 

L
-1

 NAA. Each experimental setup consisted of 20 

replicates and the whole experiment was repeated 

thrice. 

C. Root length and no of roots:  

Root length was measured by measuring tape and 

no of roots was counted at every two weeks interval.  

RESULT AND DISCUSSION  

The result obtained in terms of root length and 

number of roots at an interval of two weeks is 

presented in Table 1. In both experimental 

conditions no roots were found to move upwards till 

the 2
nd

 week of observation. 4
th
 to 6

th
 week plants 

growing in agar based support media; the numbers 

of roots tend to grow upwards and the mean root 

length of upward roots also increased (8±1.3, 

23±2.1 and 57±1.7 mm for 4
th
, 6

th
 and 8

th
 Weeks). 

In liquid media no roots were found to move 

upward. The comparison of root morphology in 

agar media and in liquid media is represented in 

Fig.1. 

 
Fig. 1 Root morphology of Banana sp. L. (a) Root 

morphology in 4
th
 week. (b) Root morphology in 6

th
 

week (c) Comparison of root morphology in agar 

media (left side jars) and in liquid media (right side 

jars) on 8
th
 week. 

Several studies have been done on gravitropism 

alone (Massa and Gilroy 2003), as well as 

phototropism and gravitropism (Correll and Kiss 

2002). It is also reported that gravitropism affects 

hydrotropism (Takahashi and Suge 1991; Takahashi 

and Scott 1991, 1993; Oyanagi et al. 1995).When 

the intensity of gravitropism is high, plants respond 

more to the force of gravity but the lateral roots of  
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the plant are less sensitive to gravity (Ransom and 

Moore 1983).This is the first report where banana 

roots were found to move upward towards water 

against the gravitational force. 

 

Week Agar Media Liquid Media 

No roots moved 

upwards 

Mean root 

length moved 

upwards (mm) 

No roots moved 

upwards 

Mean root 

length moved 

upwards (mm) 

2
nd

 0 NA 0 NA 

4
th

 2 8±1.3 0 NA 

6
th

 8 23±2.1 0 NA 

8
th

 21 57±1.7 0 NA 

Table 1. Comparative measures of no of roots and root length in agar and liquid media. 

CONCLUSION 

Due to local heat generated from florescent light, 

water slowly evaporated from agar medium and 

condensed in the culture jar caps. Due to the 

scarcity of water in the agar medium roots grew 

towards the new water source in upward direction 

which is not the normal growth pattern of any 

root. Whereas in liquid media where water was 

always present they did not show these 

phenomena and they grew by coiling inside the 

media. This result signifies the error detection 

ability of plant which is an important criterion of 

intelligence. This single experimental observation 

throws light on the intelligence of plants precisely 

pertaining to decision making in development 

especially during water stressed conditions. 
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World’s first lab made human-pig chimera embryos : A step towards 

growing  organs for trasplantation 

Oisorjo Chakraborty and Pranab Roy 
Department of Biotechnology, Haldia Institute of Technology, Haldia, 721657, India 

Abstract— Pigs are believed to be one of the best organ donors for human because of their inter-species 

similarities and large size to develop organs that would be of appropriate size for human. Genetically 

engineered approaches had been taken before to create 1,3-galactosyltransferase knockout pigs by 

reducing the Gal expression in pigs to use their organs in human. But for the first time scientists have 

successfully created pig-human hybrid (chimera) in lab and have grown human cells in early stage pig 

embryos. The group injected human induced pluripotent stem cells (iPSC) into pig embryos and after four 

weeks found that some of the human cells inside were growing and were starting to specialize into human 

tissues. The result indicated how reproducing human cells in a pig embryo may lead to a human organ in 

the body of a pig to be used directly for organ trasplantation in future. The hybrid embryos were terminated 

after 28 days of development due to ethical concerns. Researchers are also trying to use CRISPR gene 

editing to disable pig proteins that may cause organ rejection. The experiment has established hope how 

lab grown organs from chimera can be used in trasplantation in future to save thousands of lives. In distant 

future a patient’s own cells can be used to create a pig chimera with human organs for personalized 

transplantation to overcome the xenogeneic barriers. 

 

Keywords— Hybrid, Pig-human chimera, Transplantation, Xenotransplantation  

INTRODUCTION 

According to Greek mythology a ‗chimera‘ is a 

monster having the body of a lion, head of a goat 

and tail of a snake. In biology ‗chimera‘ defines the 

development of one individual organism containing 

cells from another leading to a hybrid. In plants 

chimera is observed in variegated plants with leafs 

having both green and white color or color 

alteration in petals of flowers. Previously a group of 

scientists had created a monkey chimera combining 

six different genomes of monkey species defining 

animal-animal chimera
[1]

. With recent breakthrough 

in developmental biology and animal biotechnology 

scientists have developed a human-pig chimera in 

lab for the first time. The experiment was able to 

grow specialized human cells in a pig embryo 

defining interspecies chimerism with mammalian 

pluripotent stem cells
[2]

.The scopes and limitations 

to use the chimera derived organs in future are 

briefed in the paper. 

 

 
*Corresponding Author : Chako.oisorjo@gmail.com, 

pranabroy@rediffmail.com 

 

A. Pig-human relationship and pigs as 

suitable organ donors for human 

Surprisingly recent studies have shown pigs and 

human share genetic similarity between them. The 

most common SINE (Short Interspersed Element) in 

human are Alu trasposable elements, is dispersed 

throughout the human genome. Alu transposable 

elements are derived from small cytoplasmic 7SL 

RNA. Latest research shows that 7SL RNA is also 

the source of common swine SINE. The common 

source indicates to the idea that pig and human 

evolution is closely related
[3]

. Every year 

innumerable patients die waiting for organ 

transplantation after organ failure. Though human 

organs are the best solution for organ transplant; as 

an altrernative, pigs are believed to be one of the 

best organ donors for human. One of the advantages 

is that pigs can produce big sized organs suitable for 

human
[4]

. Another advantage is pig organs can be 

treated with immunosuppressive agents before 

organ trasnplantation
[5]

. Already experiments have 

been done to oxygenate human blood using 

genetically modified pig lungs
[6]

. A pig‘s kidney 

with six genetic modifications have supported a 

baboons life for 4 months
[7]

. All these evidences 
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show that the idea to use pig organs in human may 

be feasible. 

B. Xenotransplantation and problems 

with pig organs in human  

The main barrier for xenotransplantation is humoral 

rejection due to histocompatibility antigens. The 

rejection occurs in two forms. Hyperacute rejection 

(HAR), a rapid rejection and Delayed xenograft 

rejection (DXR). After organ transplant the natural 

antibodies bind to the pigs alpha-Gal epitopes 

which leads to activation of uncontrolled 

complement activation and complement dependent 

cytotoxicity. Ultimately the endothelium tissue gets 

damaged. Alpha-Gal is expressed in pigs and all 

mammals except human.   

Alpha-Gal is synthesized by a1,3-

galactosyltransferase(GalT) enzyme. So, genetically 

engineered strategies had been taken to reduce the 

Gal expression in pigs and to create a1,3-

galactosyltransferase knockout pigs for xeno-

transplantation. Several other strategies like 

controlling complement activation and PERV 

expression had been taken to break the immuno 

barrier. Further studies on tissue behavior are 

needed to be done for clinical uses
[8]

. 

C. Human-pig chimera- a step towards 

lab created human organs in pig 

Chimera are hybrids in which genetic characters 

from two or more different organisms are 

expressed. By growing cells of one species into 

another the animal hybrids are formed. A group of 

scientists had created a pig-human chimera which 

was world‘s first animal-human chimera. The 

workers took induced pluripotent stem cells of 

human and injected those into an early stage pig 

embryo. Advantages of this type of stem cells are 

that these can be grown directly from adult human 

tissues like skin, liver and again can be 

reprogrammed into embryonic stage. Surprisingly 

after four weeks of gestation it was found that some 

human cells in the pig embryo were growing. 

Human cells were detected as they were able to 

produce Green Fluorescent Protein (GFP) and were 

seen to reproduce into specialized cell lines
[2]

. In the 

experiment more than 150 embryos were developed 

into chimeras. It means that they had developed 

precursors of organs in the embryo including heart, 

liver from iPSCs
[4]

. The observations raise the 

possibility how transplantable human tissues and 

organs in the body of a pig can meet the worldwide 

shortage of human organs in future.  

D. How human-pig chimera can be a 

solution to xenotransplantation 

It was observed that human cells into pig embryos 

were adapted and were growing to reproduce 

complete organs in the hybrid animal. As those 

organs will be made human cells, obviously it can 

be predicted that they will not show high rejection 

after trasplantation in human. It will potentially 

remove the barrier of Xeno-trasplantation and will 

develop a better solution to create chimeras than 

developing genetic engineered animals for organs. 

Another strategy can be taken to remove pig 

proteins not suitable for organs in human by editing 

genes of pig with CRISPR/Cas9 genome editing 

tool
[9]

. 

 

Fig 1: Pig-Human chimera (image courtesy Cell 

Press, Wu et al) 

    

Fig 2 : Injecting human iPSCs into a pig embryo 

(image courtesy Cell Press, Wu et al ) 
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E. Fate of the experiment 

After 28 days the chimera embryos were destroyed 

to avoid further bioethical concerns
[4]

. There are 

many ethical questions existing on this topic but in 

reality lots of patients die everyday due to organ 

failure and lack of efficient organ in time. Looking 

into the case that how an organ from animal can 

save lives of humans in need, the federal 

government may soon lift bans on funding research 

to create animal-human chimeras. National 

Institutes of Health has announced it plans to 

consider funding research that would inject human 

stem cells into animal embryos and to change their 

guidelines. This will create embryo that will have 

two different sets of cells, an animal set and a 

human set. It will be beneficial to study both the 

animal and human biology in future and understand 

the things deeply
[10]

. 

 
Fig 3: Creating human-pig chimera embryos 

(Guardian graphic, Source: Cell Press, Wu et al) 

F. Positive aspects of the experiment 

The aim of the experiment was never to create a 

monstrous beast chimera. The aim was to study and 

understand the biology, embryogenesis and iner-

species relationship. The experiment shows human 

animal hybrids are possible using stem cells. The 

ultimate goal of this specific experiment was to 

create artificial human organs from human cells by 

growing them into animal body
[4]

. The organs can 

be used for transplantation in distant future with 

more genetic modifications. Even just like 

personalized medicines based on genetics, in future 

personalized organ production and transplantation 

may play important role by these human-animal 

chimeras
[11]

. 

G. Negative side of the experiment  

The researchers were only able to produce low 

number of human cells in 100,000 cells of pig. So, 

it was a pretty low ratio and to create a artificial 

human organ high number of the pig cells are 

needed
[11]

. 

H. Ethical concerns  

It is our brain which makes us human. The main 

fact that the researchers are scared about is if the 

animal nerve cells get merged with the human cells 

in the chimera. The risk will be there that the 

chimeric hybrid will develop consciousness like 

human. If the hybrid gets human like external 

feature or being able to create gametes of human, it 

may lead to lots of complex controversial scenarios. 

General public never take the mixing of a human 

and animal in a good way as it is concerned about 

moral status
[12]

. There are also religious, animal 

welfare society‘s objections as different people have 

different views. The guideline provided by NIH is 

that the human cells into nonhuman vertebrates 

embryos can be introduced upto the end of 

gastrulation stage for research purpose
[13]

. 

CONCLUSION 

The truth is that science has moved ahead with time 

beyond our imagination in previous decade in the 

field of biotechnology. The field shows possibilities 

in study of developmental biology, gene functions 

and have raised hope for organ trasplantation to 

save many human lives in future. Limitations and 

controls should be also implemented to use the 

science only for the sake of mankind marching 

towards a better world for us. 
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Abstract- Bacteria were isolated from the soil of the coal mining areas of Ranigang, West Bengal. The main 

objective of this study was to isolate & extract metallothionein (low molecular weight protein used for metal 

homeostasis) from the isolated bacterial culture since the micro-organisms present in the soil of these areas 

are naturally exposed to a number of heavy metals as the drainage from the coal mine areas. Further the 

bacterium was isolated as Acinetobacter calcoaceticus by the 16S rDNA based molecular technique. The 

isolated bacterial culture can accumulate metallothionein in good quantity. The extracted metallothionein can 

be immobilized into beads and these beads can be utilized for the remediation of heavy metal such as lead 

since lead contamination is more in comparison to other metals. The metal remediation was determined by 

Atomic Absorption Spectroscopy (AAS) method. The stability & shelf life of metallothionein beads have been 

observed & efficiency of bioremediation was ascertained. This process can be used in industries for 

remediation of heavy metals from wastes before disposing it in the environment. 

Keywords- AAS, Bacteria, Immobilisation, Metallothionein  

 

INTRODUCTION 

Metallothioneins (MTs) were discovered by 

Margoshes & Vallee in 1957 as newly identified 

proteins isolated from horse renal cortex tissue 

[Margoshes 1957]. These proteins occur in whole 

animal kingdom with high degree of homology. 

Similar proteins are expressed by bacteria, fungi & 

even plants. Metallothioneins are low molecular 

mass (from 2 to 16 kDa) proteins with unique 

abundance of cysteine residues (more than 30% 

from a presence of 7-12 metal atoms per molecule) 

[Hamer 1986, Bremner 1990]. Owing to their rich 

thiol content, metallothioneins bind a number of 

trace elements including lead, zinc, cadmium, 

mercury, platinum and silver and also protects cells 

& tissues against heavy metal toxicity [Takahashis 

2012]. The main function of metallothioneins in 

organisms is metal ion transport, maintenance of the 

oxidation-reduction conditions and regulation of 

expression. Thiols including metallothionein & 

glutathione are known as effective radical 

scavengers, creating optimal oxidation-reduction 

conditions to protect cell compartments and 

biologically important compounds including cell 

cycle enzymes or DNA. 

 
* Corresponding author: odditybiom@gmail.com 

 

 

Heavy metals are often defined as a group of metals 

whose atomic density is greater than 5 g cm
-3

. 

Cobalt, copper, manganese, nickel & zinc in trace 

amounts are essential for growth of microorganisms, 

but at high concentrations they have noxious effects 

on various organisms & on human health [Filali 

2000]. On the other hand some other heavy metals 

have no biological role & are detrimental to the 

organisms even at very low concentration (cadmium, 

mercury, lead etc.) [Roane 2000]. Generally the 

higher concentration of metals above threshold 

levels has deleterious impact on the functional 

activities of microbial communities in environment. 

Otherwise, microorganisms expose to higher 

concentration of toxic heavy metals may develop 

resistance against the elevated levels of these metals 

[Ahemad 2012, Khan 2009]. 

In addition, microorganisms inhabiting in metal 

polluted soils have evolved various strategies to 

resist themselves against metal stress. Such metal 

resistant microorganisms can be used as successful 

bioremediation agents. To survive under metal-

stressed conditions, bacteria have evolved several 

types of mechanisms to tolerate the uptake of heavy 

metal ions.  

Metallothionein, if immobilized can be used 

efficiently in the removal of metals from the 
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environment. Immobilization is defined as the 

imprisonment of cell or enzyme in a distinct support 

or matrix. The support or matrix on which the 

enzymes are immobilized allows the exchange of 

medium containing substrate or effector or inhibitor 

molecules. Entrapment within a gel matrix is one of 

the immobilization ways. Entrapment in calcium 

alginate beads has been shown to be a relatively 

simple and safe technique [Konsoula 2006, Meyer 

2007]. 

The main objective of this project was to isolate and 

extract metallothionein from the bacterial culture 

isolated from coal mining areas, immobilize the 

extracted metallothionein into calcium-alginate 

beads, use of these beads in the remediation of lead 

by column chromatography and to measure the 

amount of lead remediated by Atomic Absorption 

Spectroscopy (AAS). It was desired to test the 

activity of the metallothionein beads after a period 

of time by storing in 50 mM Tris-HCl buffer pH 7 

at 4°C. 

MATERIALS AND METHODS 

A. Isolation of bacteria:  

Bacterial cultures were isolated from a pristine soil 

sampled from Raniganj coal mining area, West 

Bengal, India using the standard dilution plate 

technique. A stock of soil sample was prepared by 

adding 1 g of soil in 5 ml of 0.1 M phosphate 

buffered saline pH 7.5. 10 & 100 fold dilutions 

were prepared from the stock and from each 

dilution 0.1 ml was spread on minimal media agar 

plates supplemented with active charcoal as the sole 

carbon source. The plates were incubated at 37°C 

for 2-3 days till the appearance of visible colonies. 

Colonies with different morphological appearance 

were selected and purified by further sub culturing. 

The isolates were further grown in nutrient broth 

media and broth supplemented with the metal lead 

using the salt lead nitrate. The concentration used 

was 1.75 g/l. 

B. Characterisation of bacteria:  

Gram staining was done and the colony morphology 

was observed under light microscope under 400X. 

C. Preparation of cell extract of the 

metal treated & control bacterial culture: 

Each culture tube containing different concentration 

of metals lead (II) and the control (without metal) 

was centrifuged at 10000 rpm for 10 mins. 

Supernatant containing media was discarded and the 

pellet was weighed. Equal volume (in ml) of DDT, 

PMSF and Glycine was added to the pellet [Murthy 

2011]. Each mixture was vortexed and sonicated 

and centrifuged using above condition. Supernatant 

was as cell extract for further study. 

D. Estimation of total thiol content: 

For total thiol, total cell extract prepared was used 

to measure total thiol content [Ellman 1961] of 

protein using Dithionitrobenzoic acid (DTNB), 

Sodium bicarbonate, Phosphate buffer,0.1M (pH 

7.4). 

E. Genomic DNA isolation:  

For the genomic DNA isolation HiPer Bacterial 

Genomic DNA extraction teaching kit (Column 

based) was used. 

F. Immobilization technique and 

remediation of lead through 

immobilized metallothionein beads in a 

column [Pazirandeh 1996]: 

12 ml supernatant obtained after cell extraction was 

mixed with 3 ml Ascorbic acid (0.568 mM). 0.3 g 

of sodium alginate was added to it. It was mixed 

well with the help of a glass rod. This solution was 

then extruded through a 10 ml pipette into 70 ml of 

200 mM calcium chloride kept on a magnetic stirrer 

(120-150 rpm). The prepared beads were settled in a 

column & lead nitrate Pb(NO3)2 solution 1 mg/l 

was passed and eluate was collected. The beads 

were collected in a beaker & stored at 4°C in Tris-

HCl buffer (50 mM, pH 7). The collected sample 

was prepared for AAS [Sebastian 2013] using the 

nitric acid digestion procedure. 

RESUTS AND DISCUSSION 

A. Isolation of bacteria:  

From the isolated bacteria grown in Nutrient Broth, 

further study was carried out. 
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B. Characterisation of bacteria: 

Gram staining of the metal treated bacterial culture 

was done, they were found to be gram negative in 

character and bearing short coccus shape. 

C. Preparation of cell extract of the 

metal treated & control bacterial culture:  

Protein was estimated from the supernatant after 

sonication in the extraction procedure and then 

presence of band at 14kD protein marker in SDS 

PAGE confirmed the presence of metallothionein. 

D. Estimation of total thiol content: 

It was observed that there was an 82.6% increase in 

the total thiol content of the culture containing 

metal ion,lead from the control sample culture. This 

indicated that there might be an increase in protein 

rich in thiol group such as metallothionein. 

E. Genomic DNA isolation and 

identification: 

The genomic DNA obtained was used to identify 

the bacteria by using the 16S rDNA based 

molecular technique and the bacteria was identified 

as Acinetobacter calcoaceticus. 

F. Immobilization technique and 

remediation of lead through 

immobilized metallothionein beads in a 

column 

The activity of the immobilized metallothionein 

beads reduced to 29.8% after storing the beads in 50 

mM Tris-HCl buffer pH 7 at 4°C for 3 months from 

the activity being 47.3% initially. 

         
Fig. 1 Activity of metallothionein beads after 3 months 

CONCLUSION 

It can be concluded that the immobilized 

metallothionein beads can be used for the 

remediation of metal in industries, but it should be a 

continuous process & the efficiency of the beads 

must be checked after 3-4 weeks in terms of the 

metal to be remediated by the industry. The future 

aspect of this study includes the upgradation of the 

technique used in the remediation of lead by using 

high amounts of the immobilized beads of 

metallothionein.  
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Antimicrobial peptides: A promising domain in anti-tuberculosis 

therapeutics 
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Abstract— Tuberculosis (TB) is a budding international health concern as it is the foremost infectious cause 

of death in the world nowadays. The World Health Organization (WHO) has shown in their statistical report 

that India has an estimated incidence figure of 2.2 million cases of TB out of a global incidence of 9.6 million 

up to 2015. Additionally, Revised National Tuberculosis Control Programme (RNTCP) which was started in 

1997 has estimated that about 40% of the Indian population is infected with TB bacteria, amongst which the 

majority have latent TB rather than TB disease. On the other hand, the escalating incidence of multidrug-

resistant (MDR)-TB is of utmost importance regarding the severe intricacies in the control of TB. So, there is 

an urgent need to unveil novel drugs with unique structures and unconventional mechanisms of action to 

cure Mycobacterium tuberculosis and fight against anti-mycobacterial resistance. In this context, 

antimicrobial peptides (AMPs) now come up as promising tool for TB treatment. Here, we address the 

application of AMPs for their therapeutic potential with a glimpse on their development pipeline and its global 

impact.   

 

Keywords— Antimicrobial peptides, Anti-mycobacterial agents, Drug-resistant tuberculosis, 

Tuberculosis. 

 

INTRODUCTION 

Tuberculosis (TB) is one of the most primeval 

diseases of mankind and its causative agent 

Mycobacterium tuberculosis, was discovered by 

Robert Koch in 1882 [Hirsh 2004, Gupta 2007].  

In spite of the gradual advancements for diagnosis 

and treatment of TB, unfortunately, people are 

still suffering worldwide. According to the latest 

data from World Health Organization, it is among 

the top 10 deadliest infectious diseases, second 

only to HIV. In line with recent reports around 

9.6 million people were diagnosed with TB in 

2014 amongst which 1.2 million died from the 

disease [WHO, 2015]. Nowadays, Africa remains 

at the top in terms of fresh cases per inhabitants 

along with the new hike in Southeast Asia and 

Western Pacific regions. In India, nationwide TB 

control programs were mostly commenced and 

implemented in post-independence period and 

following which currently our DOTS (directly 

observed treatment-short course) program is the 

fastest-growing as well as the largest program in 

the world in terms of patients initiated on 

treatment. Despite all efforts, we are still facing 

challenges due to poor primary health-care 

*Corresponding author: Dr. Shamba Chatterjee, Email: 

shambac@gmail.com 

infrastructure in rural areas, unregulated private 

health care leading to extensive illogical 

application of first-line and second-line anti-TB 

drugs and harsh political approach leading to 

corrupt administration. Though WHO is having a 

vision to eliminate TB as a public health problem 

on earth by 2050, emerging incidence of multi-

drug resistant TB (MDR-TB) and extensively 

drug-resistant TB (XDR-TB) has made its goal 

tougher. This menace took place mainly due to 

excess or misuse of antimicrobial compounds 

(e.g. antibiotics). For example, MDR-TB has been 

reported as resistant to the firstline antibiotics, 

viz.,  isoniazid and rifampicin [Onyebujoh, 2005], 

whereas XDR-TB strains are resistant to the 

earlier mentioned ones as well as 

fluoroquinolone, and to one of the three second-

line ones (amikacin, capreomycin, and 

kanamycin) [Zhang, 2009]. Therefore, due to the 

emergence of drug resistance in M. tuberculosis 

against currently available antimycobacterial 

therapies, antimicrobial peptides (AMPs) appear 

as novel class of drugs for successful TB 

treatment.  

Mycobacteria: a short perspective 

Tuberculosis was first depicted by Jean-Antoine 

http://www.tbfacts.org/rntcp/
http://www.tbfacts.org/tb/
mailto:shambac@gmail.com
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Villemin, a French military doctor in 1868, when 

he effectively transmitted the disease to rabbits by 

inoculating them with material from man and 

cattle [Grange 1984]. In 1896, Lehmann and 

Neumann portrayed the genus of Mycobacterium, 

and since then over 170 species and subspecies of 

mycobacteria have been reported 

[http://www.bacterio.cict.fr]. Among them a few 

are described as pathogenic, namely 

Mycobacterium tuberculosis, Mycobacterium 

leprae and Mycobacterium ulcerans [Gaspar 

2008]. M. tuberculosis has been classified in the 

genus of Mycobacterium, which belongs to the 

family of Mycobacteriaceae of the order of 

Actinomycetales. Mycobacterial species are 

primarily slow-growing (generation time 12-36 

hours), Gram-positive, non spore-forming, non-

motile aerobic intracellular curved bacilli. 

Another distinctive feature of them is their unique 

and complex thick cell wall that in turn makes 

them impermeable to several antimicrobials 

following the presence of numerous distinct 

layers [Neyrolles 2011]. The internal part of cell 

walls is rich in peptidoglycan, and externally it is 

associated with arabinogalactan. Next, mycolic 

acids are esterified with this arabinogalactan layer 

and ultimately a mixture of glycolipids and 

lipoglycans interact via their acyl groups with the 

mycolic acids. The outermost capsule layer is 

made up of non-covalently linked loosely 

associated glycans, lipids and proteins. Thus, it 

confers the organism its final shape, rigidity and 

colonial properties as well as high hydrophobicity 

and decreased permeability to external 

antimicrobial compounds [Gaspar 2008, 

Neyrolles 2011]. Mycobacterium through their 

unique ability to replicate inside the macrophage 

resists phagocytosis as well as the immune system 

of the host [Guirado 2013, Hmama 2015]. 

Tuberculosis:Transmission, 

Pathophysiology and Diagnosis 

Transmission 

Mycobacterium tuberculosis, the causative agent 

of tuberculosis, is spread by small airborne 

droplet nuclei that can remain airborne for 

minutes to hours after expectoration and 

generated by the coughing, sneezing, or talking of 

an individual with prevalent pulmonary or 

laryngeal tuberculosis [Lee 2005]. Transmission 

is influenced by the number of bacilli in the 

droplet nuclei, the virulence of the bacilli, 

exposure of the bacilli to UV light, degree of 

ventilation etc. (American Thoracic Society and 

Centers for Disease Control and Prevention). 

Though its inception into lungs escorts infection 

of the respiratory system, it can also potentially 

spread to other organs as well resulting in 

extrapulmonary tuberculosis. 

Pathophysiology 

Once inhaled, the bacteria in droplets reach the 

alveoli and are rapidly surrounded and engulfed 

by alveolar macrophages [American Thoracic 

Society and Centers for Disease Control and 

Prevention]. These phagocytic cells can fight 

against many pathogens without requiring prior 

exposure to destroy the invading mycobacteria 

through specific receptors that in turn recognize 

the mycobacterial lipoarabinomannan as a key 

ligand. Moreover, the complement system too 

plays a role in the phagocytosis of the bacteria 

[van Crevel 2002, Li 2002, Korf 2006, Nicod 

2007]. Even after ingestion by macrophages, the 

mycobacteria continue to multiply slowly 

following which proteolytic enzymes and 

cytokines are produced. Next, released cytokines 

attract T lymphocytes to the site and macrophages 

subsequently present mycobacterial antigens on 

their surface to the T cells [van Crevel 2002, 

Nicod 2007]. Thereafter, macrophages and T 

lymphocytes jointly try to restrain the infection by 

forming granulomas that limits mycobacterial 

replication [Rosenkrands 2002]. For less 

immunocompetent persons, the fibrous wall loses 

structural integrity and the bacilli then escape and 

spread to other alveoli or other organs [Dheda 

2005]. 

Latent Tuberculosis 

Patients with latent tuberculosis do not show any 

symptoms of the disease, and are not infectious 

until or unless the immune system later becomes 

compromised as is in the case of persons aged 65 

years or older resulting in reactivation of the 

http://www.bacterio.cict.fr/m/mycobacterium.html
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disease. Sometimes, co-infection with human 

immunodeficiency virus (HIV) or other factors, 

viz., malnutrition, diabetes, sepsis, renal failure, 

chemotherapy, organ transplantation, and 

prolonged corticosteroid usage, can reinstate a 

remote infection as well as its progression 

[http://www.cdc.gov/tb,  Thrupp 2004]. 

Diagnostic tests for identifying 

tuberculosis 

Diagnosis of tuberculosis requires the 

identification of M. tuberculosis in a culture of a 

diagnostic specimen which is enlisted in the 

following table (Table 1): 

 

Diagnostic 

tests 

Purpose of test and time 

required for results 

Sputum Smear Detect acid fast bacilli in less 

than 24 hours. 

Sputum Culture Identify Mycobacterium 

tuberculosis. Mostly 3-6 weeks 

with solid media, 4-14 days 

with high-pressure liquid 

chromatography. 

Polymerase 

Chain Reaction 

Identify Mycobacterium 

tuberculosis within few hrs. 

Tuberculin 

Skin Test 

Detect exposure to 

mycobacteria within 48-72 

hours. 

QuantiFERON-

TB 

Test 

Measure immune reactivity to 

Mycobacterium tuberculosis 

within 12-24 hours 

Chest 

Radiography 

Visualize lobar infiltrates with 

cavitation within minutes. 

Table 1: Diagnostic tests for TB 

Standard treatments of TB 

Existing therapeutics depend generally on the 

implication of antibiotics of natural or chemical 

origin, that either kill or inhibit the growth of 

infectious agents [O'Toole, 2003]. After the 

milestone discovery of streptomycin in 1944, 

arrays of other drugs have been developed, viz., 

para-aminosalicylic acid, thiacetazone and 

isoniazid [Bugie 1944, Fox 1999]. Altogether 

these drugs constituted the first TB treatment 

course of therapy with a minimum duration of   

18–24 months [Stehr 2014]. Later on, the arrival 

of rifampicin dissuaded the use of this prolonged 

treatment strategy by minimizing course length to 

6 months [Sensi 1959]. Modern first line therapy 

employs the combination of isoniazid, 

pyrazinamide, rifampicin and either ethambutol or 

streptomycin for initial two months followed by 

the administration of rifampicin and isoniazid for 

successive four months. Treatment must be 

continued if the patient has cavitary disease and 

remains culture-positive after 2 months of first-

line therapy. Here both isoniazid and ethambutol 

inhibit cell wall synthesis, rifampicin inhibits 

RNA synthesis and pyrazinamide disrupts the 

plasma membrane as well as energy metabolism 

[Somoskovi 2001]. Sometimes adverse drug 

reactions and interactions raise the need of second 

line treatment [Gaspar 2008]. 

The initial treatment of MDR-TB utilizes at least   

3-5 formerly unused drugs for which there is in 

vitro susceptibility. In this case, pyrazinamide is 

administered alongwith second line drugs, such as 

ethionamide, prothionamide, cycloserine, 

amikacin, kanamycin, capreomycin or 

fluoroquinolones [Mukherjee 2004, Sosnik 2010]. 

After diagnosis, non-intermittent daily basis 

therapy should be continued for MDR-TB for    

18-24 months, and the patient should always be 

on directly observed therapy (DOT). On the other 

hand, the diagnosis of widely drug-resistant TB 

(XDR-TB) is established with an isolate that is 

resistant to isoniazid, rifampicin, at least one of 

the quinolones, and at least one injectable drug 

(e.g. streptomycin, kanamycin). Thus, treatment 

options for XDR-TB are very limited with a very 

high mortality rate. 

 

New drugs in TB treatment 

Recent efforts unveiled new drugs against TB for 

better treatment regarding multidrug-resistant 

bacterial strains and many of them are now under 

preclinical or clinical trials (Phase I-III) as 

reported (Table 2) [http://www.mm4tb.org & 

http://www.newtbdrugs.org].  

 

 

http://www.cdc.gov/tb
http://www.newtbdrugs.org/
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Drug Class Target 

AZD5847 Oxazolidinones Protein 

synthesis 

Sutezolid Oxazolidinones Protein 

synthesis 

Bedaquiline Diarylquinoline ATP synthase 

Clofazimine Riminophenazine DNA synthesis 

CPZEN-45 Caprazamycin Cell wall 

synthesis 

Delamanid Nitroimidazole Cell wall 

synthesis 

PBTZ-169 Benzothiazinone Cell wall 

synthesis 

BTZ-043 Benzothiazinone Cell wall 

synthesis 

Q203 Imidazopyridine 

amide 

Cytochrome 

bc1 complex 

SQ109 Ethylenediamine Cell wall 

synthesis 

SQ641 Capuramycin Cell wall 

synthesis 

Table 2: Few examples of new anti-TB drugs. 

 

Introduction to antimicrobial peptides 

(AMPs) 
 

The uprising incidence of multi-drug resistant 

strains against currently available expensive anti-

mycobacterial therapies has raised the need of 

new compounds. This void space has been 

successfully filled up by broad-spectrum naturally 

synthesized cationic as well as amphipathic 

antimicrobial peptides (AMPs), characterized as a 

significant part of the innate immune response 

from all kingdoms of life (bacteria, archaea, and 

eukaryotes). This diversity is well-portrayed in 

the online antimicrobial peptide database (APD3 

database) that encompasses over 2700 examples 

of AMPs (http://aps.unmc.edu) among which 100 

human host defense peptides have experimentally 

reported antibacterial activities. AMPs are 

popular either for administration as a 

monotherapy or combined with other drugs 

[Padhi 2014]. They are endogenous polypeptides 

synthesized by ribosomes. However, some of 

them are produced by non-ribosomal peptide 

synthetases (NPRSs) or polyketide synthetases 

(PKSs). For example, peptide based antibiotics 

produced by non-ribosomal peptide synthesis 

(NRPS) mechanism of microorganisms mostly 

include β-lactams such as penicillin, cyclic 

peptide antibiotics like the polymixins and 

bacitracin, glycopeptides like vancomycin, and 

the lipopeptide daptomycin [Yim 2014, Robbel 

2010]. Since the landmark invention of cationic 

bacteriocidal peptides in polymorphonuclear 

leukocytes, the intense research motivation has 

flourished and it approaches a new dimension 

while human AMPs, viz., β-defensins as well as 

cathelicidins came into context in 90‘s [Zeya 

1963, Bensch 1995, Gallo 1997].   

Structural features of AMPs 

In general, AMPs can be classified into four 

major families, based on their secondary structure 

followed by the APD3 database: α, β, αβ, and 

non-αβ [Zasloff 2002, Wang 2016]. According to 

the database, the alpha family comprises of AMPs 

with helical structures (e.g. magainins and LL-

37), the beta family comprises of of AMPs with 

beta-strands (e.g. human α-defensins). Whereas 

the alpha-beta family consists both helical and 

beta-strands in the 3D structure (e.g. β-defensins), 

the non-alphabeta family contains neither helical 

nor beta-strands (e.g. indolicidin). 

AMPs: modus operandi 

Several mechanisms are involved in the killing of 

bacteria by antimicrobial peptides [Yeaman 

2003]. In one way, cationic AMPs associate with 

the anionic lipopolysaccharides and phospholipids 

of the bacterial membrane through electrostatic 

interactions, resulting in the modification of 

membrane structure following changes in surface 

tension [Aoki 2013]. Therefore, leakage of 

cellular contents takes place due to membrane 

disruption or the translocation of the peptide 

occurs through the outer membrane in gram-

negative bacteria [Matsuzaki 1999, Shai 1999, 

Yang 2000]. Further, three models relating to the 

above mentioned membrane disruption technique 

have been depicted as follows [Yeaman 2003, 

Brogden 2005, Duplantier 2013]: 

a) Carpet model, where the peptide aligns 

parallel in a carpet like manner to the surface of 

http://www.newtbdrugs.org/pipeline/compound/btz-043
http://aps.unmc.edu/AP/
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the membrane, which in turn increase the surface 

tension of the latter to a point of disruption. 

b) Barrel-stave model, where the stave like 

peptides are introduced in a barrel-like ring inside 

the membrane. In this case, their hydrophobic 

surfaces are facing towards the membrane and the 

hydrophilic surfaces forming the pore lining. 

c) Toroidal pore model, where the attached 

peptides intercalate with the membrane lipids in 

such a way that the altered curvature possesses 

head groups of both peptides and lipids face 

towards the center of the pore. 

After either of the above possibilities the peptide 

translocation may take place across the membrane 

and it subsequently diffuses into the cytoplasm to 

perform possible interaction with intracellular 

targets including nucleic acids, enzymes and even 

organelles. The interaction of each of the AMPs 

and bacterial membrane cannot be elucidated 

following the variety of structural motifs as well 

as the size, residue composition, overall net 

positive charge, degree of structuring, 

hydrophobicity and amphipathicity character 

[Bierbaum 2009, Fjell 2012, Butler, 2014, Wenzel 

2014, Scheinpflug 2015]. On the other hand, a 

few AMPs (e.g. LL37) can also indirectly induce 

bacterial cell death by regulating the host's innate 

and adaptive immunity [Torres-Juarez 2015]. 

 Interestingly, bacteria come across AMPs 

regularly in their natural surroundings and thus 

have evolved intrinsic mechanisms to resist their 

action via passive or inducible manner. Precisely 

saying passive AMP resistance in several 

bacterial species, viz., Proteus, Morganella, 

Providencia, Serratia, and Burkholderia take place 

with the aid of more positively charged    lipid A 

that reduces AMP interaction [Viljanen, 1984].  

In contrast, the molecular basis of inducible AMP 

resistance has been reviewed widely for both         

Gram-negative and Gram-positive bacteria 

[Anaya-Lopez 2013, Nawrocki 2014, 

Matamouros 2015]. 

AMPs in clinical trials 

Since the inception of the Antibacterial Drug 

Development Task Force by FDA, in 2012, a 

rapid enhancement in the number of clinical trials 

investigating the therapeutic potential of AMPs 

took place. Currently several AMPs undergoing 

clinical trials for the treatment of bacterial and 

fungal infections and the present status of some of 

them are enlisted in the following table (Table 3) 

[https://clinicaltrials.gov]: 

 

Drug Description Clinical trial 

ID 

Pexiganan Magainin analogue NCT00563394 

Omiganan Synthetic peptide 

derived from 

indolicidin 

NCT00608959 

Surotomycin Lipopetide NCT01598311, 

NCT01597505 

Novexatin Cyclic cationic 

peptide 

NCT02343627 

MU1140 Lantibiotic Preclinical, lone 

AMP in the 

pipeline to enter 

clinical trials 

against 

M.tuberculosis 

infections. 

LL37 Cathelicidin NCT02225366 

hLF1-11 Human lactoferrin 

derived peptide 

NCT00509938 

Ghrelin Peptide hormone NCT00763477 

PAC-113 

 

Synthetic 12-mer 

peptide derived 

from histatin 3 and 

histatin 5 

NCT00659971 

Table 3: Clinical trials (CTs) involving some 

AMPs. 

CONCLUSION 

Today a worldwide increase in MDR-TB cases 

raises the need for the development of novel and 

more efficient medicines for TB treatment. 

Regulatory bodies have appreciated not only the 

necessity in nurturing new drug research, but also 

the potential of AMPs as therapeutic molecules. 

At present, there are about 10 new AMPs in 

clinical trials for the treatment of bacterial and 

fungi infections, but among them only one 

candidate is in the pipeline to enter clinical trials 

against M. tuberculosis infections. So, future TB 

treatment strategy may include a synergistic 

approach where AMPs can be administered in 



Proceedings of New Horizons in Biotechnology – 2017                                     

ISBN 978-81-927768-4-2  54 | P a g e  
 

 
 

combination with conventional anti-TB drugs. 

Finally, latest changes to the regulations of new 

drug approval and a booming peptide market has 

initiated the pathway for AMPs, provided issues 

like minimization of production costs, higher 

stability, lower toxicity and fruitful delivery can 

be achieved. 
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Abstract— 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 in ineffective treatment. Disruption in balance between 

reactive oxygen species (ROS) production and their endogenous elimination leading to oxidative stress is a 

major culprit aggravating the disease. Nanotechnology approaches have created new vistas in order to 

solve this burning issue. In this regard, Fullerenes have been considered as their dimension is ~1nm. They 

have been shown to scavenge free radicals which in turn ameliorate mitochondrial dysfunction in 

dopaminergic neurons. In this review, role of fullerene and its derivatives in treating Parkinson’s disease, 

their limitations and ways out have been discussed.  

 

Keywords— Parkinson’s disease, oxidative stress, free radicals, nanotechnology, fullerene

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 behavioral problems and 

dementia at later stage. Extensive studies have 

revealed that impaired mitochondrial function and 

dynamics is the underlying factor that alters 

neuronal bioenergetics. Neurons are the most 

energy demanding entities dependent on the 

mitochondrial morphology and homeostasis for 

proper neuronal function (Oliver Kann, 2007). 

Aging 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. 

Stress along with impairment of chaperone 

function causes premature aging which is a 

primary risk factor for Parkinson‘s disease 

(Deocris, 2008, Oscar Alzate et. al. 2012). A 

specific and selective loss of mitochondrial 

complex I activity in the dopaminergic neurons 

(whose primary neurotransmitter is dopamine) in 

substantia nigra pars compacta generates reactive 

oxygen species (ROS) (Gandhi Sonia, 2012). 

Substantia-nigra in Latin means "black substance", 

describing the fact that parts of the substantia 

nigra appear darker than neighboring areas due to 

the high levels of neuromelanin in dopaminergic 

neurons (Rabey, 1990). Protein modification 

namely oxidation, glycation, deamidation of  

asparaginyl and glutamyl residues contributes to 

cellular senescence. Oxidative protein damage 

results in protein aggregation, owing to the 

changes in secondary and tertiary structures along 

with the loss of catalytic activity of proteins. 

Unfolded proteins tend to form neurotoxic 

insoluble aggregates which leads to the loss of 

specific neuronal population resulting in the onset 

and progression of PD (Soti C., 2002). 

Mitochondrial dynamics and 

functionality 

Mitochondria are essential organelle with highly 

dynamic characteristics. Their dynamicity has 

been induced by participation of balanced fission 

and fusion processes together known as 

mitochondrial dynamics. Imbalanced 

mitochondrial dynamics are manifested in a 

handful of neurodegenerative diseases, cancer and 

diabetes. In the neuronal network, mitochondria 

play a pivotal role because of their higher 

metabolic activity and energy demand. Subtle 
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change in the mitochondrial dynamicity impedes 

synaptic plasticity causing mitochondrial 

fragmentation (Liesa, M., 2009; Chan, D. C. 

2006; So Jung Park, 2013).  

Oxidative stress: Pivotal player behind 

mitochondrial functionality and 

neurodegeneration 

The exact cause behind the onset and progression 

of neurodegenerative Parkinson‘s disease remains 

elusive. 16 genetic disease loci have been 

identified along with some environmental factors 

that provide some insight into molecular 

pathways leading to this disorder. Reports have 

cited ageing as an important factor for these 

diseases. It is established that collective oxidative 

stress causes impairment of mitochondrial 

function (Lena F. Burbulla, 2010).  

 
Fig 1: Schematic model to describe the onset of 

PD 

Cellular respiration forms free radicals as normal 

bi-products. Our cells have inbuilt anti-oxidant 

defense systems for e.g. enzymes namely 

superoxide dismutase and catalase which reduce 

the damage of the radicals. But in diseased 

condition the formation of these radicals exceeds 

the ability of the endogenous systems to nullify 

them. This condition is termed as oxidative stress. 

In this condition the balance between the 

formation of reactive oxygen species and 

antioxidant level is disrupted resulting in cellular 

damage. Neurons are more susceptible to damage 

by oxidative stress due to several reasons like 

long life span of the non-dividing neurons, 

presence of nitric oxide in brain which forms 

reactive nitrogen species like peroxynitrite and 

higher consumption of oxygen. Although oxygen 

is essential for these cells, hyperoxic state 

generates neurotoxicity. ROS produced as a 

result, targets various substrates causing DNA, 

RNA and protein oxidation or lipid peroxidation. 

Unsaturated fatty acids like Docosahexanoic acid 

and Arachidonic acid that are largely present in 

brain undergoes oxidation to form toxic products 

like malondialdehyde and 4-hydroxynonenal. In 

PD patients, this event occurs frequently in the 

substantia nigra. Evidence of protein oxidation 

forming protein carbonils is also suggested. 

Moreover, experiments have reported some 

deletion events in mitochondrial DNA of 

dopaminergic neurons in PD patients. These are 

believed to be generated from oxidative stress. 

Mitochondria demands more oxygen as compared 

to other organelles and its dysfunction includes 

lowered amount of ATP production, oxidative 

stress, disturbance in mitochondrial dynamics 

etc.. In PD patients, complex I activity of the 

substantia nigra, platelets and lymphocytes is 

reduced. Studies have revealed that neurotoxins 

like 1-methyl, 4-phenyl pydinium (MPP+) blocks 

electron transport and results in the loss of ATP 

production. So it is administered in cells to derive 

PD models in animal cultures. Radical scavengers 

are a subject of research for effectively finding 

out a treatment option for PD. They are tested on 

the above mentioned PD models to determine 

their effectively (Gandhi Sonia, 2012).  

 

Treatment options of pd: general    

strategy 

Current treatment of PD is based on reducing the 

symptoms of the disease. Drugs administered are 

generally dopamine agonists, levodopa, duodopa 

etc. which increase dopamine concentration in the 

brain helping to reduce the symptoms like 

tremors. As a consequence of oral administration 

those drugs fail to reach the brain fully and are 

metabolized in liver and kidney. To get a better 

result more and more amount is ingested by the 

patients which results in toxic effect in other 

organs especially liver (Carlos Spuch, 2011). The 

major hindrance to reach the brain is due to the 

blood brain barrier that limits effective drug 

transfer.  In brief, the barrier between the brain 
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extra-cellular fluid and the circulating blood is 

composed of endothelial cells adhered by tight 

junctions. It has an electrical resistivity of 0.1Ωm 

(Arthur M. Butt, 1990) and is selectively 

permeable. Drugs seldom cross this barrier and 

hence treatment does not turn out to be effective. 

Moreover the drugs lose their efficacy after 

certain period of time. Initially they render good 

services reducing tremors but gradually they 

develop problems 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.  Hence there is a need 

for alternative treatment that would guarantee an 

efficient solution to the disease. Application of 

nanotechnology can overcome this impasse and 

has been used effectively to deal with this disease. 

Fullerenes: an effective treatment 

option of pd 

―Nano‖ compounds with a dimension of 10^ (-9) 

m have the proficiency to traverse across the 

blood brain barrier effectively. As a result, the 

drugs can be administered at target region of the 

brain with a positive result. Moreover some 

molecules at this nano-level are marked with 

improved biological activities to effectively treat 

PD. Thus the problems, as stated earlier, 

associated with the improper delivery of drugs at 

their site of application might be solved.  In order 

to address the mitochondrial dynamics and 

functionality related to PD, nanotechnology with 

fullerenes has been attempted.  

 
Fig 2: Schematic Model of Fullarenes 

Mitochondria are implicated in various 

neurodegenerative diseases namely AD, PD and 

HD. In all the cases impairment of mitochondrial 

function has invited damage to neuronal network. 

Mitochondria is a vulnerable target for free 

radical mediated oxidative toxicity. Impaired 

mitochondrial function in association with 

increased superoxide dismutase activity has led to 

the nigral cell death marking the onset and 

progress of PD. Neurotoxins like 1-methyl-4-

phenylpyridinium (MPP+) is widely used to 

mimic animal cell model of PD. They lead to the 

loss of DA neurons, impaired TH activity and 

hence giving rise to low levels of dopamine 

secretion . The potential of novel free-radical 

scavenger, the carboxy- fullerenes (~1nm) in 

attenuating MPP+ mediated toxicity has been 

evaluated in recent experiments.  

Fullerene molecules are made of carbon and come 

in different shapes like hollow sphere, ellipsoid or 

tube. The speciality of fullerene is its symmetry. 

It has passed the test of 120 symmetrical 

operations, like rotation around the axis and 

reflection in a plane of mapping the molecule 

onto itself (Taylor et al 1990). The C60 fullerene 

or the buckyball surface contains 12 pentagons 

and 20 hexagons. Moreover the rings are all fused 

and double bonds are conjugated. They mimic 

electron deficit alkenes. C60 demonstrates high 

chemical activity. But it is insoluble in water and 

forms aggregates easily. Yet its high chemical 

activity proves it to be useful in medical field. 

Research has cited its anti-oxidant, antiviral 

activity and promoted its use in drug delivery. 

Fullerenes comprise of lots of conjugated double 

bonds and low lying lowest unoccupied molecular 

orbitals (i.e. LUMO) which facilitates their free 

radical scavenging or antioxidant property. One 

C60 molecule can quench upto 34 methyl 

radicals, which is reported to be a catalytic 

process. These molecules can localize to 

mitochondria, where during PD, free radicals 

formation takes place. Experiments conducted on 

derivatives of fullerenes have shown that 

polyhydroxylated fullerenes (fullerenol) and C60 

tris (malonic acid) are soluble in water and can 

preferentially overcome the cell membrane barrier 

to be localised in mitochondria thereby protecting 
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cells from apoptotic injuries. These water soluble 

fullerenes have drawn the attention of researchers 

presently in the treatment of neurodegenerative 

diseases. Presence of unsaturated fatty acid which 

is a seat of aerobic metabolism and limited 

capability to regenerate injured tissues makes 

brain very sensitive towards oxidative damage 

due to free radicals like superoxide (O2•-) , H2O2 

molecules and hydroxyl (•OH) radicals. 

Fullerenes scavenge peroxyl radicals thereby 

inhibiting the lipid peroxidation chain reaction. 

Consequently the adjacent fatty acid chains are 

not harmed and the glutamate receptor mediated 

excitotoxicity and apoptotic cell death can be 

hindered. (Dugan et al 1997), showed that C60 

tris malonic acid protects cortical neurons from 

damage and provides neuroprotection in various 

neurological diseases like PD. 6-OHDA and 

MPP+ are used for induction of free radicals in 

dopaminergic cells. It was found that a certain 

calculated amount of C3 derivative of 

carboxyfullerene (less than 100µm) was able to 

inhibit the toxicity induced by these drugs to a 

large extent.  

Inspite of its emerging utility fullarenes are not 

free from limitations. C60 derivatives, owing to 

their insolubility in water form aggregates easily. 

In order to resolve the problem, methods have 

been devised. To enhance the hydrophilicity, 

chemical functionalization with amphiphilic 

polymers, amino acid, poly hydroxyl group etc. 

might be employed. The combination of lipid 

membranes in fullerenes has reduced water 

repulsion. Encapsulation techniques comprising 

cyclodextrins, polyvinylpyrrolidone etc. are also 

another good alternative. 

CONCLUSION 

With the emerging incidence of PD, awareness 

has been developed albeit full remedial solution is 

still under development. The existing treatment 

methods are unable to meet up the long term 

consequences of the disease. With the available 

therapies, short term symptoms can be reduced 

but the patient cannot get rid of the disease 

completely while adopting these ongoing 

solutions. Attempt must be made to find out the 

answer for combating the problem with the magic 

spell of Nanotechnology. In this regard, fullerene 

mediated approach to address the issue might be 

an effective strategy for future treatment option of 

PD. 
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Abstract- Genotoxic effects of organophosphorous pesticide (chlorpyrifos) and hair dye which are 

immensely popular in modern days were studied at their recommended doses in their commercially 

available forms. Mutagenic effect of dye is checked on lactic acid pathway of Escherichia coli. Results have 

shown the mutagenic effect on ldh (Lactate Dehydrogenase) gene, which is confirmed by Lactate 

Dehydrogenase (LDH) enzyme assay. Genotoxic effect of organophosphorous is checked on Allium cepa by 

observing morphology, micronucleus formation, mitotic index and chromosomal aberration while goat RBC 

is used to understand the hemolytic property of organophosphorous pesticide. 

Keywords- Toxic effect, Chlorpyrifos, Hair dye, Chromosomal aberration, ldh gene.

INTRODUCTION 

There are many toxic compounds in the 

environment; they are mostly discharged into the 

environment by industry or agricultural practice. 

These chemicals enter our environment through 

both natural as well as anthropogenic activity. 

Once they enter into our biological system, it is 

more or less impossible to eliminate them. For 

food source we are basically dependent on plants. 

As day by day world population is increasing, we 

need to produce more and more food in less 

available agricultural land. One of the most 

important hindrance to meet this need is 1000000 

species of plant pathogens causing disease and 

more than 10000 insect species which reduce the 

amount and degrade the quality of the products 

obtained per unit area by entering the competition 

with plant [Badr 1986, Kumar 1995, Ashour 1990, 

Kligerman 2000].Therefore, to increase the food 

production use of insecticide becomes necessary. 

Human are exposed to different types of chemical 

through the use of personal care products. 

Amoung such products cosmetic dye is very 

popular in our life style. Cosmetic dyes contain 

amines groups having carcinogenic effects on 

animals [Burnett and Corbett 1987, Rojanapo 

1986] and able to penetrate human skin [Hofer 

and Hruby 1983, Lademann 2008, Steiling 2001]. 

Though the above studies on individual chemical 

components have shown the carcinogenicity  
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towards human beings, no data are published yet 

showing the effect of dye in useable form or in 

chemical formulation. Several epidemiological 

studies relate the risk of malignancy with hair dye 

use. Such studies have revealed the risk of bladder 

and lung cancer in hairdressers, barbers and 

beauticians who are occupationally exposed to 

hair dyes [La Vecchia and Tavani 1995], ovarian 

cancer is associated with dose dependent hair 

dyeing [Tzonou  1993] and prolonged use of black 

hair dye has increased risk of non-Hodgkin's 

lymphoma, multiple myeloma [Correa 2000, 

Zhang 2004]. In view of the above, mutagenic 

effect of dye is studied on lactic acid pathway of E. 

coli. 

MATERIAL AND METHODS 

All the chemicals used in the experiment are of 

analytical quality purchased from reputed brands 

and used without any further purification. Equal 

size (diameter 1.5 –2.0 cm) Allium cepa, bulbs 

were chosen from a population of locally available 

commercial variety, Nasik Red (N-53). 

Commercial-grade insecticide chlorpyrifos (50 % 

E.C) was purchased locally. Goat blood was 

collected from mutton shop. Hair dye was 

purchased from local market. E. coli strain MTCC 

1678 was used for this study. All other chemicals 

and media used in this study were purchased from 

Hi-Media Private Ltd, Mumbai, India.  
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A. Toxicological effect of Chlorpyrifos 

Effect on Allium cepa: 

Allium cepa was used as plant material in this 

study. First the onion bulbs are weighed. 50% EC 

chlorpyrifos (Noorani, ANU Pvt. Ltd.) was added 

at appropriate concentrations in distilled water and 

exposed to Allium cepa. For germination, onion 

bulbs in the control group is prepared in distilled 

water, onion bulbs in the application group is 

prepared in distilled water by using 250mg/l, 

300mg/l, 350mg/l, and 500mg/l chlorpyrifos 

solutions at room temperature. The yellow 

shallows and the root primordia of the  bulbs  

were  removed  before  the  onions  were placed  

in  the  test  solutions.  Bulbs of A. cepa were 

placed on the test tubes with their basal ends 

dipped in test solutions and kept at room 

temperature for a week.  

Micronuclei assay and Chromosomal 

aberration: 

Environmental contaminants can be biomonitored 

through the genotoxic effects of different 

chemicals on the higher plants. Different higher 

plants such as Allium cepa, Arabiopsis thaliana, 

Hordeum vulgare and Vicia faba can be used for 

this purpose. The genotoxic effect was seen in 

Allium cepa according to standard methods with 

slight modification. A. cepa bulbs are germinated 

on the glass tubes containing distilled water till 

root the length become 2 cm. After that the bulbs 

are treated with the chlorpyrifos of different 

concentration (0-500mg/l). After 24, 48 and 72 

hours of treatment the rooted seeds are randomly 

selected and assessed for the chromosomal 

aberration assay. The root tips are kept in 1:3 

aceto-ethanol overnight for fixation. The root tips 

are treated with 1N HCl for 5 minutes for 

hydrolysis at 60 
o
C. After hydrolsis the roots were 

washed with 45% acetic acid at 25
o
C. Aceto-

orcein stain treatment was given to the acid treated 

roots for 45 mins. The study of the mitotic index 

(MI) and chromosomal aberrations were done by 

squash technique. Mitotic index was calculated as 

number of dividing cells/ 100 cells. Photographs 

of chromosomal aberration prepared with 

crushing–smear method technique,were taken 

under compound microscope (olympus) using the 

40X objective  

Effect on Red blood cells: 

To check the toxic effect of pesticide on blood, 

hemolytic assay is done on goat blood. To test the 

hemolytic effect, plasma and serum were removed 

from the blood by centrifuging at 5000 rpm for 5 

min at 37
o
C. Different concentrations (0-0.05 

µg/µl) of pesticide were prepared and used to treat 

blood accordingly. One of the samples is treated 

with 0.1% triton X-100 taken as positive control.  

B. Toxicological effect of hair dye 

Mutagenic effect of dye on E. coli and 

mutant selection: 

There are several metabolic pathways in E. coli 

system. These biochemical pathways, with their 

myriad reactions catalyzed by reaction-specific 

enzymes are extremely complex. Under anaerobic 

conditions, pyruvic acid can be routed by the 

organism into one of three pathways: lactic acid 

fermentation, alcohol fermentation, or cellular 

(anaerobic) respiration. To check the mutagenic 

effect of dye we concentrated on the lactic acid 

pathway where lactate dehydrogenase catalyzes 

the inter conversion of pyruvate and lactate with 

concomitant inter conversion of NADH and 

NAD+. To check whether any  mutagenic effect 

of dye on ldh gene is there or not, the cells are 

incubated for 2 h with dye at its LD50 (0.33 

mg/ml) concentration and then streaked on agar 

plate and is kept for overnight. 94 colonies are 

then randomly selected from the plate and each of 

the colony is subjected to Methyl red test to select 

the mutant. We have followed a standard 

procedure [Dubey and Maheshwari 2008] for the 

test. Both mutants and wild type strains are then 

streaked on a McConky agar plate and mutant 

colonies are confirmed and kept as ldh mutant for 

further studies. 

LDH enzyme assay: 

To reconfirm the ldh mutation LDH enzyme assay 

is performed. For this purpose negative methyl red 
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(MR) colonies which are considered as mutant are 

cultured anaerobically at 37
 o

C for 24 h in M9 

medium [Miller 1972]. After incubation cells are 

lysed and from cell lysate protein is estimated by 

Folin‘s method [Glimelius 2005]. Decker & 

Lohmann-Matthes method is followed for LDH 

enzyme assay [Decker and Lohmann-Matthes 

1988]. 3 ml reaction mixture is prepared keeping 

the pyruvate concentration fixed at 1 mM and by 

increasing the NADH concentration (100 µM – 

700 µM). Sodium pyruvate and NADH are 

prepared in 0.2 M Tris⋅HCl buffer, pH 7.3.The 

absorbance of the reaction mixture was observed 

at 340 nm. LDH activity is calculated using the 

formula 

340ΔA
units min=

mg enzymemg
6.22x

ml reaction mixture

 

After the confirmation of mutation on ldh gene, 

the mutants are subcultured further for several 

times in absence of dye and have performed MR 

test, McConky and ldh assay to check the stability 

of mutation. 

RESULT AND DISCUSSION 

Root-shoot growth, Mitotic index, 

micronucleus and chromosomal 

aberration: 

Chlorpyrifos treatment of Allium cepa with 

gradual increase in recommended concentration 

shows gradual decrease in shoot and root length 

and also the change in the morphology of onion. 

Number of roots and shoots germination were also 

hampered. In comparison to control, the treated 

one shows the reduction in root length, shoot 

length and change in morphology. Fig 1 depicts 

reduction in root and shoot length with increasing 

concentration (0, 250, 300, 350, mg/l, 500mg/l) of 

pesticide and Mitotic index of the treated one also 

gradually decreased in compare to control one. 

Cytological analysis is done by observing 

micronucleus and chromosomal aberrations in 

root cells of onion. In comparison with control, 

chromosomal aberration increases with gradual 

increase in chlorpyrifos concentration. We have 

found different types of chromosomal aberration 

which is depicted in Fig 2. 

 
 

Fig 1: Effect of pesticide on A. cepa growth. (a)-

(e) Onion bulb grown in different concentration (0, 

250, 300, 350, mg/l, 500mg/l) of pesticide. 

 

 
 

Fig 2: Genotoxic effect of pesticide. (a) Anaphase 

Bridge, b) Nuclear Bud at prophase, c) Delay 

Anaphase, d) Micronucleus Nucleus, e) Anaphase 

with fragment, f) & g) Disturbed chromosome at 

late prophase, h) Disturbed Anaphase with 

laggard . i) Sticky Metaphase, j) Vigrant 

Chromosome, k) & l) Disturbed Metaphase. 

Effect on Red blood cells: 

RBCs were treated with chlorpyrifos which shows 

the hemolysis proportional to the concentration in 

the range which can be absorbed by human 

intestine. In surface water in Bangladesh, 
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chlorpyrifos concentration was found to be 1.189 

µg/l. 
 

 
 

Fig 3: effect of pesticide on blood with different 

concentrations (0-.04 mg/ml). 
 

[Chowdhury 2012] and 0.29 µg/l in USA 

Bortoluzzi 1987]. About 20 to 70% chlorpyrifos, 

depending upon the physical state may be 

absorbed by intestine [Nolan 1984, Timchalk 

2002a, Timchalk 2002a]. Experiments are 

conducted with 10 times lower concentration of 

the pesticide. The result shows the hemolysis at 

such low concentration of pesticide. This shows 

the extreme toxic nature of the chlorpyrifos 

pesticides. 

  

 
 

Fig 4: Mutagenic effect of hair dye on ldh gene of 

E. coli. (a) Methyl Red test of randomly selected 

dye treated colonies. (b) Mutants are incubated on 

McConky plate. 

Identification and confirmation of 

mutated colonies 

Fig 4a represents Methyl Red test of E. coli for 

randomly selected 94 colonies. The methyl red 

detects the release of acid during metabolism 

using mixed acid fermentation pathway and 

considering pyruvate as a substrate. Some of the 

colonies are red and some are yellow during the 

test. Among these, 20 colonies are selected as ldh 

mutant who are showing yellow in color. The wild 

type and some of the dye treated colonies which 

are showing the red color indicates a positive test 

(mixed acid fermentation is used) whereas yellow 

color indicates negative test which implies 

pyruvate is not used as substrate. 

Mutants are confirmed by incubating them on 

MacConcy agar plate. From Fig 4b, it is clear that 

mutated colonies are showing white where wild 

type showing red. By utilizing the lactose 

available in the medium, wild type bacteria is 

producing acid, which lowers the pH of the agar 

below 6.8. Peptone is utilized by mutated bacteria 

instead of lactose. This causes the formation and 

release of ammonia in medium. This is why the 

pH of the agar increases, and led to the formation 

of white/colorless colonies in the plate. From this 

we can confirm that 20 colonies which are 

selected from MR test are ldh mutant which were 

formed during incubation of E.coli with dye. 

 

LDH enzyme assay 

Table 1 represents Lactate Dehydrogenase (LDH) 

assay. This proves mutagenicity by showing 

inhibition of enzyme activity compared to control. 

The observation indicates that lactic acid pathway 

is blocked due to the mutation of ldh gene. The 

stability of the mutants is checked by sub-

culturing the mutants in absence of dye. It is seen 

from the experiment that the results are 

comparable to the pervious where E. coli are 

cultured initially in presence of dye.  
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Colony No. Enzyme Activity in %  

(Units/ ml Enzyme) 

Wild type 100 

5 14.2 ±0.9 

6 16.21 ±1.03 

7 40.67 ±0.56 

8 0.55 ±0.50 

9 14.29 ±1.08 

17 61.9 ±1.3 

19 50 ±1.09 

20 58.09 ±0.9 

22 79.52 ±1.35 

24 28.6 ±1.0 

31 36.1 ±1.06 

33 49.5 ±1.35 

42 25.24 ±0.89 

47 32.65 ±1.3 

48 25.6 ±0.98 

49 36.5 ±1.09 

76 50.2 ±1.5 

87 12.5 ±0.98 

91 20.3 ±1.09 

96 10.42 ±.079 

Table 1. Lactate Dehydrogenase enzyme assay 

of some mutant and wild colonies of E.coli. 

Results are in mean ± standard deviation. 

CONCLUSION  

From the above discussion it is concluded that the 

chemicals which are widely used in our daily life 

are effecting the environment and human health. 

Pesticide is an important chemical to fulfill the 

food demand of our exponentially increasing 

human pollution. Hair dye has become the 

essential part of fashion and culture. But these are 

responsible for genotoxicity, mutagenicity and 

various physiological disorder in human, plants 

and animals. 
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Characterization of plant growth promoting bacteria isolated from root 

nodules and improving their abiotic stress tolerance 

Debdatta Guha, Rajarshi Banerjee , Mukesh Singh, Pranab Roy 
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Abstract— Chemical fertilization leads to water, soil and air pollution, this leads to decrease in the plant 

productivity in the long run, increases the chemical pollution, depletion of soil microflora as the organic 

carbon is limited, decreases the water retention capacity of soil due to decreased porosity and leads to slow 

acidification of soil. Biofertilizer promotes plant growth and productivity which has been accepted 

internationally as an alternative to chemical fertilizer. Salinity is one of the major environmental factors 

detrimental to plant growth and yield. Plant growth-promoting rhizobacteria (PGPR) enhances the growth of 

the plant either directly or indirectly. The direct mechanisms involve nitrogen fixation, phosphate 

solubilization, production of phytohormones. A wide diversity of nitrogen fixing bacterial species have the 

capacity to colonize the rhizosphere and to interact with plants. Either mutualistic or pathogenic association 

can be established by plant microbe interaction.Nodules obtained from the roots of fenugreek (Trigonella 

foenum graecum), a leguminous plant yielded three distinct classes of Nitrogen fixing bacteria. Molecular 

phylogeny based on 16S rRNA gene sequences showed them to be Enterobacter cloacae (R1), Pantoea 

dispersa (R10) and Enterobacter ludwigii (R12). The biochemical and morphological characterization of the 

three bacteria showed many similarities. However there were differences in their sensitivity to the abiotic 

stresses like salinity, tolerance to heavy metal ions and temperature. Sensitivity to antibiotics also showed 

similar responses. Co-infecting the same plant and occurrence in the same nodules by different genera of 

bacteria, capable of Nitrogen fixation is a novel phenomenon. Plant growth promoting effects of these 

bacteria were observed by IAA and siderophore production and inhibition of ethylene biosynthesis by plants 

by producing the enzyme, ACC Deaminase .Nitrogen fixation by the isolated bacteria showed all of these 

could reduce acetylene to ethylene by gas chromatography. 

Keywords— Biofertilizers, Co-infection , Nodules, Nitrogen Fixation, Rhizobacteria 

 

 

INTRODUCTION 

During the last two decades, agricultural 

production has increased in developing nations 

due to use of high yielding varieties and enhanced 

consumption of chemical fertilizers. This leads to 

decrease the fertility of soil, increases the 

chemical pollution, depletion of soil microflora as 

the organic carbon is limited decreases the water 

retention capacity of soil due to decreased 

porosity and leads to slow acidification of soil. 

Fertilization increases efficiency and obtains 

better quality of product recovery in agricultural 

activities. Non-organic fertilizers mainly contain 

phosphate, nitrate, ammonium and potassium 

salts.  However, in recent years, fertilizer 

consumption increased exponentially throughout 

the world, causes serious environmental problems. 

Fertilization may affect the accumulation of 

heavy metals in soil and plant system. Plants 

absorb the fertilizers through the soil, they can 

enter the food chain. Thus, fertilization leads to 

water, and soil pollution. 

 Biofertilizer promotes plant growth and 

productivity which has been accepted 

internationally as an alternative to chemical 

fertilizer. Biological Nitrogen fixation represents 

the major source of Nitrogen input in agricultural 

soils. Nitrogen is one of the major limiting 

nutrients in plant growth,the main reserve of 

nitrogen in the biosphere being molecular 

nitrogen from the atmosphere. Nitrogen fixing 

bacteria are able to fix atmospheric nitrogen under 

different conditions independently, in loose 

association with other organisms, or in strict 

symbiosis with leguminous plants. The major 

Nitrogen fixing organisms are symbiotic bacteria 

which play a significant role in improving the 

fertility and productivity of low Nitrogen content 

soils. The behavior of some Nitrogen fixing 

organisms under severe environmental conditions 

such as salt stress, high temperature is reviewed 
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in this study. Salinity is one of the most brutal 

environmental factors limiting the productivity of 

crop plants because most of the crop plants are 

sensitive to high salt concentration. A wide range 

of adaptations and mitigation strategies are 

required to cope with such impacts,however such 

strategies are long drawn and cost intensive. 

Microorganisms could play a significant role in 

this respect .In this study we have exploited their 

unique properties such as tolerance to saline 

conditions and high temperature to withstand such 

environmental stresses. 

Plant-microbe symbiosis has been recognized as 

the major source of Nitrogen supply to 

leguminous plants. The root nodules of most of 

the legumes are associated with Rhizobium sp. 

and Bradyrhizobium species, which can fix 

atmospheric Nitrogen gas into ammonia and 

further to nitrite and nitrate (Arnold et.al.,1994, 

Shahzad et.al.,2012). Recent studies have shown 

that there are many other genus and species of 

bacteria, associated with root nodules which can 

effectively fix Nitrogen, provide the host plant 

with growth hormones like IAA, reduce ethylene 

production by synthesizing the enzyme ACC 

Deaminase and produce siderophores to chelate 

insoluble metal ions like Fe (III) and make them 

available to the host plant (Honma and 

Shimomura,1978). In order to find novel Nitrogen 

fixing micro-organisms from leguminous root 

nodules, which are more tolerant to higher 

temperature and salinity, we chose Fenugreek as 

the plant hosting the nodulating microbes. In our 

studies, we isolated and characterized three novel 

bacteria from the root nodules of Fenugreek 

(Trigonella foenum). Though belonging to 

different genera like Enterobacter and Pantoea, 

these bacteria shared many characters like gram 

staining, antibiotic sensitivity, IAA production, 

siderophore production, motility etc; however, 

there were differences in tolerance to salinity, 

heavy metal ions and temperature. This study 

revealed that a single leguminous plant root can 

be nodulated by different types of bacteria, fixing 

Nitrogen and helping the plant by providing 

resources. 

 

 

 

MATERIALS AND METHODS 

A. Isolation and characterization: 

Nodules of Fenugreek (Trigonella foenum-

graecum) were taken from field grown 

plants,surface sterilized with with 10% sodium 

hypochlorite followed by 70% ethanol wash and 

several washes with sterile water. Nodules were 

then crushed and suspended in phosphate buffer 

saline. On several dilutions were prepared and 

plated on CRYEMA (Congo Red, yeast extract, 

mannitol agar) and individual colonies were 

isolated. Three such colonies, named R1, R10, 

R12 were further studied. 

Biochemical tests, morphology and motility were 

determined for each isolate. Gram staining was 

done for the three isolates for their 

characterization using the standard protocol. 

B. Molecular identification of the three 

isolates: 

Genomic DNA was isolated and tested on 0.8% 

agarose gel electrophoresis. The 16S rRNA genes 

were amplified by using the universal forward 

primer (27F) and a reverse primer (1492R) under 

standard  PCR conditions. The sequencing of the 

1.4kb amplicons were carried out by automated 

DNA sequences at Chromous Biotech 

Pvt.Ltd.,Bangalore,India. The sequences were 

deposited at NCBI with the accession numbers, 

KX68756  (R1) ,  KX687557 (R10),  KX687554 

(R12).  

C. Atomic Force Microscopy: 

AFM  study was carried out at Indian association 

of cultivation science ,Kolkata ,WB. 10 µl of the 

48 hrs grown cultures were taken in cover slips 

and micrographs of the bacterial images were 

taken at micrometer to nanometer scale using 

MOLAB Instrumentation. 

D. Salinity tolerance: 

Salinity tolerance of the three isolates were 

studied in LB (Luria-Bertani) medium with 

different concentrations of NaCl (0 to 1M).48 

hours cultures were taken and inoculated in LB 
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medium with varying salt concentrations and 

incubated at 30°C for 24 hours in shaker and 

absorbance was taken at 600 nm.( Singh, 2013). 

E. Temperature tolerance: 

Temperature tolerance of the three isolates were 

studied by plating on LB agar and incubating for 

24 and 48 hours at different temperatures 30°C, 

37°C,42°C .Colonies were observed to find out 

their tolerance to different temperatures. 

F. Nitrogen fixation: 

All the three isolates were capable of growing in 

Nitrogen free media like Jensen‘s agar and YEM 

agar, indicating their ability to fix atmospheric 

Nitrogen. The three isolates were tested by the 

Acetylene reduction assay where acetylene is 

reduced to ethylene by the enzyme Nitrogenase, 

responsible for nitrogen fixation. Ethylene peaks 

measured by Gas chromatography were 

quantified for the enzyme activities ( Hardy et al., 

1968). 

G. Detection of plant growth 

promoting hormones by the three 

isolates: 

Indole acetic acid production: 

The colorimetric technique proposed by Gordon 

and Weber (1951), the three isolates were grown 

in LB  liquid medium with  tryptophan (1mg/mL) 

at 30°C with shaking for three days. The 

supernatant of the culture was recovered after 

centrifugation. Thereafter, supernatant was taken 

in a test tube and 2 mL IAA reagent (1 mL of 0.5 

M FeCl3 was mixed in 50 mL of 35% HClO4) was 

added. After incubation for 20 min at room 

temperature, the optical density of the samples 

was recorded at 550 nm with respect to blank 

medium as the control.  

ACC (1-amino, 1-cyclopropyl  

carboxylate) Deaminase assay: 

The ACC Deaminase activities of the isolates 

were qualitatively measured in agar plates 

following the method of Glick et al. (1995). The  

isolates were inoculated on solid medium plates 

containing carbon and nitrogen free DF salt 

minimal medium (Dworkin and Foster 1958) 

supplemented with ACC where ACC act as sole 

carbon and nitrogen source. The plates were 

incubated at 30°C for 3 days and observed for 

colony formation. The colonies formed in DF 

medium supplemented with ACC were 

considered positive for ACC Deaminase activity. 

DF salt minimal medium without ACC 

supplement was used as control. 

H. Detection of siderophore 

production: 

Assay for siderophore production by the three 

isolates was carried out by spot inoculating 

purified cultures on Chrome azurol S agar plates 

and incubated at 30°C for 3-4 days (Schwyn and 

Neilands 1987). 

I. Root infection test: 

Plant infection and root nodule formation confirm 

the host specificity of a particular bacterium. This 

study also provides the basis to screen the 

efficiency of a bacterial strain for nodulation and 

nitrogen fixation. 

Viable seeds of Fenugreek (Trigonella foenum-

graecum) was obtained from local suppliers. 

Seeds were surface sterilized with 10% sodium 

hypochlorite followed by 70% ethanol wash and 

several washes with sterile water. Seeds were 

soaked in 24 hrs fresh bacterial suspension grown 

in LB liquid medium overnight. Then imbibed 

seeds were sown in the sterile soil and grown for 

40 days under normal conditions (20-25°C). 

J. Protein estimation from the root 

extracts of the seedings: 

 Protein was estimated from the root extracts by 

Bradford method (1976). Roots were crushed and 

the extracts were suspended in phosphate buffer 

saline. A protein standard curve was prepared 

with BSA (1mg/ml). Extracts were then incubated 

for 5-15 mins with the Bradford reagent until the 

blue colour develops and then the absorbance was 

recorded at 595nm. 
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K. Carbohydrate  esitmation  from the 

root extracts  of  the  seedlings: 

Carbohydrate was estimated from the root 

extracts by the phenol sulphuric acid method 

(Dubois et.al.,1956). 

RESULTS AND DISCUSSION 

Molecular  identification  and 

characterization: 

Bacterial isolates R1, R10 and R12  colonies were 

all mucoid with exoppolysaccharide. 16S rRNA  

sequencing identified the three isolates as, isolate 

R1 to be Enterobacter cloacae, isolate  R10 to be 

Pantoea dispersa and isolate R12 to be 

Enterobacter ludwigii. The phylogenetic trees for 

the three isolates generated by the software 

MEGA 7.1 were obtained from the sequence data 

of the 16S rDNAs . 

Gram staining: 

All the three isolates were found gram negative 

short rods under 100X magnification. 

Biochemical tests: 

The routine biochemical tests for each of the three 

isolates were carried out (Table-1). Many of the 

tests gave identical results except VP test where 

R10 isolate showed positive result where the 

other two were negative and in Indole test  R12 

isolate showed positive result where the other two 

were negative.TSI agar test showed R10 isolate to 

be different from R1 and R12 isolates. Since both 

R1 and R12 were Enterobacter species, it showed 

similar reactions for metabolizing different sugars, 

but R10, a Pantoea specie was different. 

Root infection test of the three 

isolates: 

Fig 2. Shows the root infection of Fenugreek 

seedling. The number of nodules and the growth 

of the plants were observed to be promoted more 

in the test plants infected with the three isolates 

than the control set. 

 

Estimation  of  photosynthetic  

pigment content: 

Table 3 shows chlorophyll content was found to 

be highest in the set R10 whereas the lowest was 

found in the control set. Test sets were found to 

have higher chlorophyll content than the control 

set. 

Protein and carbohydrate estimation 

from the root extracts: 

Graph 2 (A,B) showed protein and carbohydrate 

estimation from the root extracts  showed to the 

highest in R1 isolate than the control set which 

was found to much less than the three isolates. 

Temperature tolerance:  

Table 2 shows isolate R1 and R12 had optimum 

growth at 37ºC whereas isolate R10 grew 

maximally at 30ºC. Temperature tolerance of the 

three isolates were compared in LB medium. Both 

the Enterobacter species, R1 and R12 showed 

maximum growth at 37ºC whereas R10 (Pantoea) 

which is reported to be cold tolerant had better 

growth at 30ºC. 

Salinity tolerance: 

Graph 1 a, b, c shows the bacterial growth in 

different salt concentration and their tolerance 

towards salt stress. Isolate R12 (Fig.7c) shows 

50% inhibition at 500 mM NaCl salt 

concentration and proves to be highly salt tolerant 

whereas isolate R10 (7b) and isolate R1(7a) 

shows 50% inhibition at 50 mM and 350 mM 

NaCl salt concentrations respectively. Thus the 

salinity tolerances of the three nodule associated 

bacteria were quite different.  

Nitrogen fixation:   

Acetylene Reduction Assay was carried out with 

the three isolated colonies on agar slants using 

Gas Chromatography. R12 showed the highest 

activity followed by R1 and R 10 respectively as 

calculated by the areas under the peaks of 

ethylene in the chromatograms. (data not shown). 
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Detection of plant growth hormones 

by the three isolates: 

Indole acetic acid estimation: 

The three isolated R1, R10 and R12 were able to 

produce indole acetic acid when recorded 

spectrophotometrically whereas a negative control 

E. coli did not produce IAA. 

ACC Deaminase activity: 

The three isolates were found to have ACC 

Deaminase activity when plated on DF minimal 

media supplemented with ACC as the sole carbon 

and nitrogen source, colonies appeared on the 

plates and also calorimetrically it had shown 

growth in DF medium when optical density was 

measured whereas a negative control showed no 

growth in this minimal medium. 

Detection of siderophore production 

by the three isolates: 

The three isolates showed growth on Chrome 

Azurol S agar plates forming orange halo zone 

around the colonies against the blue background. 

This indicates that the three isolates produced 

siderophores which can chelate Fe(III) from 

insoluble to soluble form making it available to 

plants. 

  

 

   

               c. R10                                              d. R12

 Figure 2: a ,b,c,d.: Nodule formation in 

the sets: 

 

Table 1:    
                               

Test R1 R10 R12 

1.Catalase - - - 

2.Citrate ++ ++ ++ 

3.Oxidase ++ ++ ++ 

4.Indole - - ++ 

5.MR - - - 

6.VP ++ - - 

7.Gelatinase - - - 

8.  Growth on 

Glucose 

peptone agar 

++ ++ ++ 

 

9.Motility +++ +++ +++ 

9. TSI Agar 

test 

Acid 

formation 

with no gas 

formation 

and all the 

three 

sugars 

were 

fermented 

Acid 

formation 

with gas 

formation 

and only 

glucose 

fermented 

Acid 

formation 

with no gas 

formation 

and all the 

three 

sugars 

were 

fermented 

 

 
 

 

 

 

a. Control    b.R1 
b.  

Fig 1: a, showing single cell of R1 isolate 
 

Fig 1: b, showing cells in chain of R10 isolate: 



Proceedings of New Horizons in Biotechnology – 2017                                     

ISBN 978-81-927768-4-2  73 | P a g e  
  
  
 

Table 2: 

 

                                                                   

 

 

          

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bacterial   species 

 

Temperature 

30°C 37°C 42°C 

Enterobacter 

cloacae (R1) 

+++ + +++ 

+++ 

++  

Pantoea dispersa 

(R10) 

++++

++  

     ++     + 

Enterobacter 

ludwigii (R12) 

+++  +++ 

+++ 

    +  

Graph 2: A Protein estimation of the root 
extracts: 

Graph 2: B. Carbohydrate estimation of the root 
extracts: 

Graph 1: A. Salt tolerance of R1 Isolate: 

Graph 1: B. Salt tolerance of R10 Isolate 

Graph 1: C. Salt tolerance of the R12 
Isolate: 
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CONCLUSION 

Amongst the biofertilisers used commercially 

Nitrogen fixing microbes and Phosphate 

solubilizing bacteria are the most common. The 

performance of these bacteria under unfavorable 

climatic conditions are poor. High temperature, 

salinity and occurrence of heavy metal ions 

inhibit the activities of these micro-organisms. In 

our studies with the microbes associated with a 

leguminous plant root, we isolated three novel 

bacteria from Fenugreek root nodules. The 

biochemical and morphological characterization 

followed by molecular identification of the three 

isolates were carried out. These were found to be 

R1 (Enterobacter cloacae), R10 (Pantoea 

dispersa) and R12 (Enterobacter ludwigii) 

respectively. Plant growth promoting activities 

were found to be the same in all the three isolates. 

FUTURE PROSPECTS 

Our future work will be to improve the efficiency 

of the isolates through both physical and chemical 

mutagenesis and to screen the salt tolerant and 

heat tolerant mutants for the large scale 

production of microbial biofertilizer to ameliorate 

the conditions of plants due to environmental 

stresses. 
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Flux balance analysis of metabolic networks: A review 
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Abstract— Industrial companies are exploiting the metabolism of microorganisms to create 

products for their own commercial purposes. The substrates used by the cells metabolism are only 

partly used for biomass and product synthesis, the remainder being used for energy supply. 

Metabolic engineering is an area of research pursued by scientific, pharmaceutical and industrial 

institutes. Each of these is trying to get a better insight into the metabolism of organisms. Better 

insight into the human metabolism, for example, gives pharmaceutical companies opportunities in 

drug development. One goal in metabolic engineering is to optimize metabolic networks to reach a 

maximum product synthesis and/or minimal energy use. To reach this goal, quantification of the 

metabolic network is necessary for further studies and modelling. This report discusses use of 

computational tools to simulate a quantitative model of metabolic networks 

 

Keywords— Metabolism, Flux Balance Analysis, Simulation, COBRApy 

 

INTRODUCTION 

Quantifying metabolic networks means to be able 

to measure the substrate-fluxes in the metabolic 

network. Metabolic networks contain pathways 

which are built up from chemical reactions. In 

many cases the route and direction of the 

pathways are known, the quantity of flux through 

the pathways however is far more difficult to 

determine. Systems level modelling and 

simulations of biological processes are proving to 

be invaluable in obtaining a quantitative and 

dynamic perspective of various aspects of cellular 

function. In particular, constraint-based analyses 

of metabolic networks have gained considerable 

popularity for simulating cellular metabolism, of 

which flux balance analysis (FBA), is most 

widely used. 

 

Metabolic networks 

The metabolism of organisms is often represented 

as networks of chemical reactions which modify 

molecules in the cell, as shown in the figure 1. 

Feasible solutions of such networks are reached 

with a certain flux distribution which describes 

the rate of each flux within the network. Optimal 

results or optimal pathways are  

 

 
 

 

 

Fig 1: Representation of a metabolic network 

 

routes through the metabolic network which 

optimize a certain objective as higher biomass for 

example. Genetic engineering, specific 

environmental conditions and the proper 

substrates are tools to find and utilize these 

optimal pathways. Exchange fluxes are relative 

easy to determine. They represent for example 

oxygen and sugar uptake from outside the cell or 

secretion of ethanol and carbon dioxide. The 

hardest problem is to determine the internal 

fluxes. These are hidden inside the cell and are 

hard to measure without interrupting the cell‘s 

biological process. Predicting and interpreting 

metabolic flux distributions through a metabolic 

network requires the use of mathematical 

modeling and computational simulation. 

Most of the existing methods requires detailed 

kinetic and concentration information about 

enzymes and various cofactors that influence the 

enzymes activity. However, even though the 



Proceedings of New Horizons in Biotechnology – 2017                                     

ISBN 978-81-927768-4-2  77 | P a g e  
  
  
 

biological information is growing rapidly, there is 

still not enough information to describe the 

complete cellular metabolism in such 

mathematical detail for a single cell. Various 

models have been developed to overcome this 

shortage of information, such as carbon flux 

analysis, metabolic control analysis and flux 

balance analysis (FBA) [Orth JD, 2011]. 

Flux balance analysis 

Most mathematical models built for modeling 

metabolic networks are based on calculating a 

single solution which describes all fluxes in a 

metabolic network. Flux balance analysis (FBA) 

is based on the idea to look at the limitations of a 

metabolic network. This approach narrows the 

range of possible states that a metabolic network 

can adopt based on different constraints which 

cells must obey. 

This constraint-based approach provides a basis 

for understanding the structure and function of 

biochemical reaction networks. Additionally, each 

of these constraints can be described 

mathematically, offering a geometric 

interpretation of the effect that each successive 

constraint places on the metabolic function. Each 

metabolic flux of the network constitutes a 

dimension of the solution space and can therefore 

be represented by an axis in a graph. The graph 

combined with constraints of the cell will produce 

a hyperplane which represents a solution space 

for a specific metabolic network with all possible 

states that the network can take. 

Model Construction: 

Flux balance models require the definition of all 

the metabolic reactions and metabolites used in 

the model. As described earlier, the genome 

sequence is a good starting point. The product of 

gene is annotated by homology searches as to 

identify all the metabolic enzymes. Several 

models have been constructed using sequenced 

genome of the microorganism (for example: E. 

coli, iJO1366 [Orth JD, 2011]. The result of an 

example research I given in the given figure: 

 

 

 

Fig 2: Example model 

 

As can be seen in the figure, flux 3 and 4 form a 

reversible chemical reaction. This means that a 

reactant (B or D) can be transformed back and 

forward into its original chemical structure. In 

many papers, this reaction is split into two 

separated fluxes, which results in consequently 

positive fluxes instead a mixture of negative and 

positive fluxes. 

Mathematical Model: 

The steady-state of metabolic networks can be 

described in terms of mass balance equations. 

These equations describe the change of 

concentration over time based on the fluxes 

through the metabolic network. The change of 

concentration is the difference between the rates 

at which the metabolite is produced and 

consumed. An example of mass balance equations 

extracted from previous figure is given by the 

following equations. It can be seen that the sum of 

all variables in the equations equals the external 

fluxes and fulfills the definition of the 

conservation of mass principle (no mass is lost 

during the experiment). 
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The mass balance equations can be described by a 

stoichiometric matrix S and a flux vector v. A 

stoichiometric matrix S is a (m × n) matrix where 

m corresponds to the number of metabolites and n 

is the number of chemical reactions or fluxes 

taking place within the metabolic network. The 

matrix describes the relationship between the 

metabolites and the products. It describes which 

metabolites at which quantity are necessary to 

create a specific product. 

 

 
 
The most important assumption made FBA is that 

the model will be in steady state. This means that 

all concentrations of the metabolites in the model 

are constant, i.e. change over time will be zero. 

This assumption is made in FBA because the 

metabolic transients are more rapid than both 

cellular growth rates and the dynamic changes in 

the organism‘s environment [Varma, 1994].This 

assumption is also known as the quasi steady-

state approximation. With this approximation, we 

assume that the change of concentrations over 

time will be approximately zero and can rewrite 

 
This opens new opportunities to calculate the 

internal fluxes. 

Constraints: 

Once a system has been defined in terms of mass 

balance equations, the constraints imposed by the 

enzyme or transporter capacities (maximum 

uptake or reaction rates for example) can be 

considered and incorporated into the model. Cells 

have to deal with many constraints during their 

lifetime. FBA will use these constraints to 

determine the limitations of the cells under 

different environmental conditions. Different kind 

of constraints can be used to limit possible 

solutions [Price ND, 2004]. 

 

Optimization: 

Linear programming is used to solve algebraic 

equations subject to constraints. The objective is 

to optimize a certain function that is constrained 

by a number of inequality functions [Varma A, 

1994]. A very common procedure used for linear 

programming is the simplex method. This was in 

fact the first method developed to solve linear 

programs. The first approach of the simplex 

method is to convert the linear programming 

problem into a system of linear equations. In the 

case of FBA, the mass balance equations and 

constraints are used.  

 

Fig 3: Optimal flux distribution based on an 
objective 

 

COBRApy 

COnstraint-Based Reconstruction and Analysis 

(COBRA) methods are widely used for genome-

scale modeling of metabolic networks in both 

prokaryotes and eukaryotes. Due to the successes 

with metabolism, there is an increasing effort to 

apply COBRA methods [Hyduke D, 2011] to 

reconstruct and analyze integrated models of 

cellular processes. To drive COBRA research 

through this avalanche of omics and model 

increasingly complex biological processes, an 

object-oriented implementation of core COBRA 

Toolbox functions has been developed using the 

Python programming language. COBRA for 

Python (COBRApy) [Ebrahim A, 2013] provides 

access to commonly used COBRA methods in a 

MATLAB-free fashion. Below is a simple object 

relationship diagram of the COBRA model. 

This piece of software enables us to optimize for 
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any objective function of our choice, simulate 

gene knockouts, reaction inhibitions, manipulate 

nutrient intake among other utilities.  

 

 

 

Fig 4: Object hierarchy model for COBRApy 

 

Flux variability analysis for an optimized solution  

gives us the range of flux that reactions could 

have to give the same optimal output. Phenotype 

phase plane plotting allows studying change of 

objective (often growth rate) with respect to 

change in nutrient intake. COBRApy is even 

equipped with tools to leverage Gap filling 

algorithms to help with studies where a complete 

metabolic network may be not available. 

 

Limitations 

The very assumptions that make FBA so efficient 

also make it less preferable where systems tend to 

be unstable and more dynamic. Taking steady 

state for granted in every systemic analysis is not 

always the best way of moving forward. But then 

again taking all kinetic parameters in 

consideration, while modelling complex 

biological systems, requires extensive hardware 

as well as more runtime period allowance. 

Also, the solution obtained by FBA is only as 

good as the constraints used to build the model.  

Therefore, it is very important to invest a lot of 

time and effort in a quality reconstruction of 

metabolic networks, including the selection of 

constraints [Raman K, 2009]. FBA suffers from 

incomplete annotation of the proteins in a 

genome, although it can provide clues to enhance 

the current knowledge. 

 

CONCLUSION 

Although it may be very desirable to have 

genome-scale mechanistic models of microbial 

systems, the lack of available metabolomic data 

and thermodynamic quantities has rendered the 

probability of achieving cell-scale kinetic models 

quite low. Constraint-based models, particularly 

those using FBA, have filled in the void 

admirably, enabling analysis of several large 

systems, including entire GSMNs for prokaryotes, 

eukaryotes and even the human, with wide-

ranging applications from metabolic engineering 

to drug discovery. The potential of FBA for 

addressing several biological problems is now 

well-established, as evident from the number of 

reports in literature. The stage seems all set to 

realize the promise in obtaining biological 

insights of chosen sets of proteins, in a systematic 

manner. 
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Abstract- Artificial immune system (ARTIS) is a new area of research where the ideas of biological system is 

followed in computational system. The theories of natural immune system including diversity, clonal selection, 

immune networks, adaptation, self-monitoring and negative selection have provided the inspiration for ARTIS 

algorithms. ARTIS which mainly provide computer security is a general framework for a distributed adaptive 

system and applied to many domains.   

Keywords- Artificial Immune System, Clonal Selection, Intrusion Detection Systems 

INTRODUCTION 

One of the central challenges faced by the larger 

IT companies with computer security is 

determining the difference between normal and 

potentially harmful activity. For half a century, 

developers have protected their systems using 

rules that identify and block specific events. 

However, with time the appearance of newer 

threats in this sector requires some developed 

automated and adaptive defensive tools. As an 

artificial neural network (ANN) was inspired by 

nervous system, likewise artificial immune 

system (ARTIS) can be developed for computer 

systems with the idea of natural immune system 

(Castro and Timmis, 2002). The biological 

immune system (IS) is an elaborate defense 

system which is highly complicated and appears 

to be very precise in detecting and eliminating 

infections. Most important property of this system 

is pattern recognition ability that actually helps 

this system to distinguish between foreign cells 

entering the body (non-self or antigen) and the 

body cells (self). With the advancement of 

molecular biology and genetics the mechanism of 

this system are nowadays unraveling which are 

very interesting not only from a biological 

standpoint, but also under a computational 

perspective. The human immune system is a 

robust, decentralized, error tolerant and adaptive 

system. Such properties are highly desirable for 

the development of novel computer security 

systems. ARTIS encompasses a spectrum of 

algorithms for implementation of different  
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properties of different immune cells specifically 

B-cells, T-cells and dendritic cells (DCs) and also 

take consideration about different types of 

immune theories including Clonal selection theory, 

Negative selection theory and Danger theory 

(Timmisa et. al., 2008). According to Hofmeyr 

and Forrest (2000), ARTIS can be applied to 

computer security system, in the form of a 

network intrusion detection system called LISYS. 

LISYS is described and shown to be effective at 

detecting intrusions, while maintaining low false 

positive rates. In this review paper we have tried 

to discuss the characteristics which lead a 

computer engineer to think and develop 

algorithms based on the biological system. In the 

first section we have described the theoretical 

background of the biological immune system 

including their properties which are considered to 

be present in computer system. In the second 

section we have discussed about computer 

security systems, including Intrusion Detection 

Systems and ARTIS.  

A. Overview of the biological immune 

system 

 

The IS is distributed in a robust fashion: its many 

components interact locally to provide global 

protection, and there is no central control (Chiel 

and Beer, 1997). The IS dynamic in that 

individual components are continually created, 

destroyed, and circulated throughout the body, 

which increases the temporal and spatial diversity 

of the IS. The IS adaptable in that it can learn to 

recognize and respond to new infections and 

retain a memory of those infections to facilitate 
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future responses. The IS consists of a multitude of 

cells and molecules which interact in a variety of 

ways to detect and eliminate infectious agents 

(pathogens).  

a. Immune cells: 

Two most important-cells in this process are 

white blood cells, called T-cells, and B-cells. 

Both of these originate in the bone marrow, but T-

cells pass on to the thymus to mature, before they 

circulate the body in the blood and lymphatic 

vessels. The T-cells are of three types; T helper 

cells which are essential to the activation of B-

cells, Killer T-cells which bind to foreign 

invaders and inject poisonous chemicals into them 

causing their destruction, and suppressor  T cells 

which inhibit the action of other immune cells 

thus preventing allergic reactions and 

autoimmune diseases. B-cells are responsible for 

the production and secretion of antibodies, which 

are specific proteins that bind to the antigen. Each 

B-cell can only produce one particular antibody. 

The antigen is found on the surface of the 

invading organism (epitope) and the binding of an 

antibody to the antigen is a signal to destroy the 

invading cell (Aickelin and Dasgupta, 2005). 

Most IS cells circulate around the body via the 

blood and lymph systems, forming a dynamic 

system of distributed detection and response, 

where there is no centralized control, and little, if 

any, hierarchical organization. Once pathogens 

have been detected, the IS must eliminate them 

and different pathogens have to be eliminated in 

different ways.  

b. Immune theories: 

ARTIS have taken idea from four main 

immunological theories: clonal selection, immune 

networks, negative selection and danger theory.  

Clonal selection theory (CST): 

Clonal selection theory was proposed by Burnet 

(1959). This theory is used to explain the basic 

response of the adaptive immune system to an 

antigenic stimulus. It establishes the idea that only 

those B cells and T cells which are capable of 

recognizing an antigen will proliferate. B cells 

after activation differentiate into plasma or 

memory cells. Prior to this process, clones of B 

cells are produced, which themselves undergo 

somatic hypermutation, thus introducing diversity 

into the B cell population. Plasma cells produce 

large numbers of antigen-specific antibodies 

which lead to the removal of the antigen. Memory 

cells are generally considered to remain within 

the host and promote a rapid secondary response 

upon a subsequent encounter with the same (or 

similar) antigen. This is the phenomenon of 

acquired immunity (Castro and Timmis, 2003).  

Negative selection theory: 

It is a mechanism employed to help protect the 

body against self-reactive lymphocytes. Such 

lymphocytes can occur because the building 

blocks of antibodies (produced by B cells) are 

different gene segments that are randomly 

composed and undergo a further somatic 

hypermutation process. This process can therefore 

produce lymphocytes which are able to recognise 

self-antigens. The negative selection of T cells 

occurs within the thymus. During the selection 

process, antigen presenting cells (APCs) present a 

self-peptide/major histocompatability complex 

(MHC) to the T cells. Those that react strongly 

(bind with high affinity) with the self-

peptide/MHC complexes are eliminated through a 

controlled cell death (called apoptosis). As a 

result, only those T cells remain which can 

recognise foreign antigens and are not self-

reactive (Somayaji et al., 1997). This process has 

formed the foundation for a large amount of 

ARTIS work. 

Immune networks: 

The immune Network theory has been introduced 

by Jerne (1974). The immune system is capable 

of achieving immunological memory via the 

existence of a network of B cells. This network of 

B cells occurs due to the ability of paratopes 

(molecular portions of an antibody) located on B 

cells, to match against idiotopes (other molecular 

portions of an antibody) on other B cells. The 

binding between idiotopes and paratopes has the 

effect of stimulating the B cells. This is because 

the paratopes on B cells react to the idiotopes on 

similar B cells, as they would to an antigen. This 

interaction of B cells within a network was said to 
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contribute to a stable memory structure. Though 

this theory is not so popular in to the 

immunologists, this has a relevant computational 

aspect.  

Danger theory: 

Danger Theory is proposed by Matzinger (1994, 

2001 and 2002). According to this theory the 

immune system does not respond to non-self but 

respond to danger. There should be a 

discrimination process between the object (self or 

foreign), causing danger to system or not. This 

theory is borne out of the observation that there is 

no need to attack everything that is foreign 

(microbes in gut). In this theory, danger is 

measured by damage to cells indicated by distress 

signals that are sent out when cells die an 

unnatural death like lysis or apoptosis of cells. 

When a cell is in distress it sends out an alarm 

signal, where upon antigens in the neighbourhood 

are captured by antigen-presenting cells such as 

macrophages, which then travel to the local 

lymph node and present the antigens to 

lymphocytes. The danger signal helps to identify 

which subset of feature vectors is of interest. A 

suitably defined danger signal overcomes many of 

the limitations of self–nonself selection. It 

restricts the domain of nonself to a manageable 

size, removes the need to screen against all self, 

and deals adaptively with scenarios where self (or 

nonself) changes over time. According to 

Aickelin et al. (2003) in ARTIS the danger is 

sensed and measured automatically after some 

number of intrusions because of the damage 

caused by attack. Once a danger signal is detected, 

it transmit to the nearest artificial antigens around 

the danger area.  

B. COMPUTER SECURITY SYSTEM 

 

Computer security is an important and natural 

application domain for adaptive systems. 

Computer systems are dynamic, with continually 

changing patterns of behavior; programs are 

added and removed, new users are introduced, 

configurations change.  These and other changes 

allow intruders to find novel means to gain 

improper access to computers. Traditional 

computer security mechanisms are largely static 

and so cannot easily cope with dynamic 

environments. A computer security system should 

protect a machine or set of machines from 

intruders and foreign code, which is similar in 

functionality to the immune system protecting the 

body from invasion by inimical microbes 

(Hofmeyr and Forrest, 2000a). Intrusion 

Detection Systems are helpful in this problem. 

Intrusion Detection Systems are installed to 

inspect all the networks and identify suspicious 

attacks and to react by usually generating an alert 

or blocking the unscrupulous data. Generally ID 

systems are being developed in response to the 

increasing number of attacks on major sites and 

networks, including those of the Pentagon, the 

White House, NATO, and the U.S. Defense 

Department (GAO/T-AIMD, 1996). The 

protection of security system is becoming 

increasingly difficult, because the possible 

technologies of attack are becoming ever more 

sophisticated and variable. The main goal of 

Intrusion Detection Systems is to detect 

unauthorized use, misuse and abuse of computer 

systems by both system insiders and external 

intruders. Generally they analyze the information 

they gather and compare with the large databases 

of attack signatures. The IDS generally look for a 

specific attack that already has been documented. 

The obvious limit of this type of IDS is its failure 

of detecting previously unknown intrusions. In 

contrast, the human immune system adaptively 

generates new immune cells so that it is able to 

detect previously unknown and rapidly evolving 

harmful antigens (Forrest et al, 1994). Thus the 

challenge is to apply the success of the natural 

systems into computer security systems.  

One of the most important attempts to build an 

Artificial Immune System (ARTIS) has been 

made by Hofmeyr (1999) inspired by the Human 

Immune System (HIS) (Gabrielli and Rigodanzo, 

2006). LISYS – developed in 2000 by Hofmeyr 

and Forrest – is a network based analysis known 

as r-contiguous bits matching (Percus et al., 

1993). Under this matching rule, two strings 

match if they are equal in at least r contiguous 

elements. LISYS is deployed on the computers of 

a local network and it analyzes the TCP SYN 

packets. Like the self-nonself recognition by 

immune system in LISYS, the ―self‖ is designed 
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as the set of ‖frequent‖ connections between local 

computers and between local and remote 

computers. Besides classifying patterns as self or 

‗nonself‘, LISYS can be used to learn to 

discriminate between wide varieties of specific 

patterns, and respond differently to different 

patterns similarly like different response to 

different pathogens.  
 

C. ARCHITECTURE OF AN ARTIS 
 

In biological immune system self and nonself 

agents differ based upon chemical bonds present 

between protein chains. In ARTIS protein chains 

are modeled as binary strings of fixed length. 

The set of all strings of length l forms a universe 

U, which is divided into two subsets, self, S, and 

nonself, N, (i.e. U=S U N, S ∩N=φ) (Hofmeyr 

and Forrest, 2000b). An error may occur by 

ARTIS. A false positive occurs when a self-

string is classified as anomalous, and a false 

negative occurs when a nonself string is 

classified as normal. In immune system, the 

basic type of detector is the combinations of 

immune cells like B-cells, T-cells, and 

antibodies. ARTIS is similar to the IS in that it 

consists of a multitude of mobile detectors, 

circulating around a distributed environment. 

Lymphocytes have hundreds of thousands of 

identical receptors on their surface. These 

receptors bind to regions (epitopes) on 

pathogens.  In ARTIS, both epitopes and 

receptors are modeled as binary strings of fixed 

length l, and chemical binding between them is 

modeled as approximate string matching.  In 

effect, each detector is associated with a binary 

string, which represents its receptors.  

Lymphocytes are called negative detectors 

because they are trained to bind to ‗nonself‘; i.e. 

when a lymphocyte is activated, the IS responds 

as if ‗nonself‘ were detected. This simple form 

of learning is known as tolerization; because the 

lymphocytes are trained to be tolerant of self. 

ARTIS uses this negative selection algorithm. 

Self-set is not accumulated in a single location, 

rather asynchronous and distributed tolerization 

system is used.  Each detector is created with a 

randomly-generated bit string like a receptor, 

and remains immature for a time period, called 

the tolerization period. During this time period,   

the detector is exposed to the environment 

consist of self and nonself strings, and if it 

matches any bit string it is eliminated. If it does 

not match during the tolerization period, it 

becomes a mature detector like a naive B-cell. 

Mature detectors need to exceed the match 

threshold in order to become activated, and when 

activated they are not eliminated, but signal that 

an anomaly has been detected. When the IS 

encounters pathogens of a type it has not 

encountered before, it mounts a primary 

response, which may take several weeks to 

eliminate the infection; during the primary 

response the IS is learning to recognize 

previously unseen foreign patterns. When the IS 

subsequently encounters the same type of 

pathogens, it mounts a secondary response which 

is very quick in action. ARTIS uses a similar 

form of memory-based detection. When multiple 

detectors at a node are activated by the same 

nonself string, they enter a competition to 

become memory detectors. Those detectors that 

have the closest match (under r-contiguous bits) 

with will be selected to become memory 

detectors. These memory detectors make copies 

of themselves, which then spread out to 

neighboring nodes. Memory cell detectors are an 

effective way to reduce false-positive and false 

negative errors. Once an anomaly is introduced 

into a host, and any memory cell detector 

triggered, the packet will be blocked and detail 

of intrusion will be reported to IDS Central 

Engine. 
 

 CONCLUSION 
 

In this short review we have tried to find out the 

factors involved in bridging a link between a 

biological system and a non-biological one. The 

characteristics of biological immune system 

including diversity, distributed computation, error 

tolerance, dynamic learning, adaptation and self-

monitoring motivated computer scientists and 

engineers for finding and spreading powerful 

information by making several algorithms that 

provide and utilize the knowledge of security 

system of biological system to the non-biological 

fields. Artificial Immune system is an example of 
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such type of system which provides security to 

network systems. Any invention and development 

of newer factors and/or theories in biological IS 

indirectly contributed to computer security system 

also.  
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Reuterin as a bio-preservative in food industries 
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Abstract- Lactobacillus reuteri is a prominent member of the Lactobacillus population in the gastrointestinal 

ecosystem of humans, poultry, swine, and other animals. Reuterin is a newly discovered, broad-spectrum 

antimicrobial substance produced by this species during fermentation of glycerol. In this report, the 

potentials of reuterin as a bio-preservative in food industries has been described. It has already been found 

that reuterin inhibits the growth of some harmful Gram-negative and Gram-positive bacteria, along with 

yeasts, molds, and protozoa. Reuterin induces oxidative stress in pathogenic micro-organisms by modifying 

the thiol groups in protein and small molecules. By considering the physical and chemical properties of 

reuterin it can be easily deduced that reuterin will be a very good and cost effective bio-preservative in 

extending the shelf life of food products without showing any adverse effect on human health. 

Keywords- Antimicrobial, Bio-preservative, Fermentation, Glycerol, Reuterin.  
 

INTRODUCTION 

Food is an essential commodity for nutrition and 

growth of human being and on the other hand it is 

also an excellent growth medium for various 

species of microorganisms. Most of the time 

foods get spoiled due to microbiological (bacteria 

or fungi), enzymatic, chemical, or physical 

changes. Sometimes pathogenic microorganisms 

create severe threat to health by producing toxins 

in the product. Food spoilage and food 

pathogenesis causing increased health expenses 

will lead to huge economic losses. Hence, the 

need of controlling pathogenic and spoilage 

microorganisms in food is essential. Strategies 

such as thermal treatment (high or low), water 

activity (aw) reduction, nutrient restriction, 

acidification/fermentation (low pH), altering 

redox potential (Eh), modified atmosphere 

packaging, non-thermal physical treatments or the 

use of antimicrobials have been traditionally 

applied to enhance the shelf-life of food products. 

But traditionally applied techniques in most cases 

reduce the nutritional quality of the food products.  

Despite all these attempts food spoilage and 

outbreak of food-borne pathogenesis due to 

Salmonella, E. coli O157:H7, Staphylococcus, L. 

monocytogenes, and Clostridium perfringens 

cause huge economic losses every year all over 

the world.  
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Therefore elimination or control of undesirable 

changes in the food to ensure its safety and long 

lastingness still an issue of concern.  

Antimicrobial agents generally termed as food 

additives are chemical compounds added to food 

products to control reduce microbial spoilage. 

Antimicrobial agents are generally classified into 

two categories such as traditional and novel 

substances (called ―naturals‖). The traditional 

category of food antimicrobials includes salt, 

sugar, nitrites, sodium benzoate, citric acid, malic 

acid, tartaric acid and sodium metabisulfite. 

Modern day food quality analysis shows that 

these traditional antimicrobial agents some time 

causes allergic reactions in susceptible individuals 

and produce potentially carcinogenic by-products 

(e.g. nitrosamines from nitrite. Due to the 

growing population with diabetes and 

cardiovascular diseases around the world, WHO 

has called for minimal usage of 2 traditional 

preservatives such as sugar and salt in foods. In 

recent years, consumers are more particular about 

health and are concerned regarding detrimental 

effects of food additives. Consumers are also 

increasingly attractive towards foods which are 

more natural with no added chemical 

preservatives like minimally processed food. Thus 

changes in consumer‘s preference and 

government policies challenged the food 

scientists to search for alternatives to chemical 

preservatives to improve the quality and extend 

the shelf-life of food stuffs. Consequently, 
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antimicrobials compounds derived from microbial 

sources drawn attention as alternatives for 

chemical food preservatives. This article will give 

an overview of an antimicrobial agent produced 

by Lactobacillus reuteri along with its potential 

applications in food industries. 

A. Potentiality of Lactobacillus reuteri 

in producing food preservative 

Lactobacillus reuteri is a Gram-positive probiotic 

bacteria that naturally inhabits the gut of 

mammals and birds (Axelsson 1987, Sarra 1985). 

Probiotic bacteria‘s are alive and nonpathogenic 

microorganisms that have beneficial effects on 

their host‘s health. In case of humans 

Lactobacillus reuteri plays an important role in 

maintaining good gastro intestinal health. The 

reasons behind choosing L.reuteri are; 

 

 It‘s already present in human gastro 

intestinal track as a probiotic micro-

organism. 

 The micro-organism and its metabolites 

do not show any adverse effect on human 

health irrespective of cellular load and 

concentration. 

 It‘s very easy to isolate from the 

environment. 

 The substrates and raw materials needed 

for producing desired antimicrobial 

agents through fermentation are easily 

available and cheap.  

B. Production of reuterin

Reuterin is a potent antimicrobial multi-compound 

produced by Lactobacillus reuteri, during the 

metabolism of glycerol to 1,3-propanediol catalyzed 

by the coenzyme B12-dependent diol dehydrase. 

Reuterin consists of 3 hydroxypropionaldehyde 

(Abeles 1960, Klaenhammer 1988). 

C. Physicochemical Properties of 

reuterin responsible for food 

preservation

The most important characteristics of reuterin 

which makes it an appropriate substance for bio-

preservation are;  

 Genetically   stable. 

 Effective at low concentrations. 

 Ability to survive adverse 

environmental conditions.   

 Effective against a wide range of 

pathogens (Sobolov 1960). 

 Reuterin is water-soluble. 

 Effective in a wide range of pH 

(Axelsson 1987, Sarra 1985). 

 Resistant to proteolytic and lipolytic 

enzymes (Sobolov 1960). 

 Amenable to production on an 

inexpensive growth medium 

(Klaenhammer 1988). 

 Amenable to a formulation with a 

long shelf life. Easy to dispense. 

 Does not produce metabolites that are 

harmful to human health. 

 Resistant to pesticides (Talarico 

1988). 

 Nonpathogenic to host commodity 

(Axelsson 1987). 

All of this above characteristics clearly suggests 

that reuterin can increase the shelf life of food 

products without effecting the nutritional quality 

or consumer health in adverse manner. 

D. Structure of Reuterin

The chemical formula of reuterin is C3H6O2 and 

the molar mass of reuterin is 74.079 (Sobolov 

1960, Talarico 1988).  

https://en.wikipedia.org/wiki/PH
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E. Reuterin’s mode of action

Reuterin inhibits the growth of some harmful 

Gram-negative and Gram-positive bacteria, along 

with yeasts, molds, and protozoa. L. reuteri can 

secrete sufficient amounts of reuterin to inhibit 

the growth of harmful gut organisms, without 

killing beneficial gut bacteria, allowing L. reuteri 

to remove gut invaders while keeping normal gut 

flora intact (Tannock 1984). 

Reuterin induces oxidative stress in pathogenic 

micro-organisms by modifying the thiol groups in 

protein and small molecules to kill the organism 

(Read 1941). 

F. Reuterin as a bio-preservative in 

food industries

Reuterin can be used as a bio-preservative in 

whole fruits and vegetables, minimally processed 

fruits and vegetables, processed food products, 

meat, fish products, dairy products, cereal 

products. 

 Reuterin works at a wide range of pH and 

resistant to proteolytic and lipolytic 

enzymes. It‘s also water soluble in nature 

(Axelsson 1987, Sobolov 1960). So it can 

be used as a preservative in whole fruits 

and vegetables and minimally processed 

fruits and vegetables. 

 Reuterin can withstand high temperature 

for longer duration before distraction. It 

has already been found that reuterin is 

stable up to 182
0
C (Talarico 1988). So it 

can be used as a bio-preservative in 

processed food products because thermal 

treatment does not influence reuterin‘s 

capabilities. 

 Reuterin is water soluble by nature 

(Sobolov 1960) and effective in killing 

meat and fish borne pathogenic 

organisms. So it can be an effective 

alternative to traditional preservation of 

fish and meat products. 

 Ability to prevent or limit 

mycotoxinogenic mould growth, makes it 

most suitable for cereal based products 

preservation. 

CONCLUSION

By considering all the anti-microbial and 

physicochemical qualities possessed by reuterin 

we can easily say that reuterin is a very effective 

bio-preservative. It can be used in a wide range of 

food products with effective results in extending 

shelf life without showing any adverse effect on 

human health or nutritional quality of food.
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Abstract- Codon usage bias is the phenomenon where specific codons are used more often than other 

synonymous codons during translation of genes and this phenomenon varies within and among species. 

Different molecular evolutionary investigations propose that codon bias is demonstrated as a result of 

balance between mutational and translational selection of such genes and this phenomenon is widespread 

across species and may contribute to genome evolution in a significant manner. Here we considered 46 

pseudomonas bacteriophages to study the factors influencing their architecture of protein coding genes, by 

studying the variations in their relative synonymous codon usage. Influence of mutational bias on the codon 

usage variation has been indicated by both Nc plot and correspondence analysis on relative synonymous 

codon usage. From the previous studies on bacteriophage Phi_KZ it had been confirmed that Phi_KZ is a 

giant virus which can potentially infect P. aeruginosa which is pathogenic to humans and may be used in 

phage therapy. Phi_KZ has evolved to preferentially incorporate the smaller amino acid residues into their 

proteins during translation, thereby economizing the cost of its development in GC-rich P. aeruginosa. From 

our study of a cluster analysis of the relative synonymous codon usage values of 46 phages including 

Phi_KZ shows that Phi_KZ is evolutionary much closer to phage Phi_Pto. So it has been suggested that the 

phage Phi_Pto can also be used for phage therapy and can be used economically for development in host 

pseudomonas species. 

 

INTRODUCTION 

Codon usage bias is the phenomenon where 

specific codons are used more often than other 

synonymous codons during translation of genes 

and this phenomenon varies within and among 

species. Different molecular evolutionary 

investigations propose that codon bias is 

demonstrated as a result of balance between 

mutational and translational selection of such 

genes and this phenomenon is widespread across 

species and may contribute to genome evolution 

in a significant manner
[1-3]

. These synonymous 

codons are non-random and species specific
[4-5]

. 

Analysis of codon usage can provide a basis for 

understanding the relevant mechanism for biased 

usage of synonymous codon
[6]

. 

The patterns of synonymous codon and amino 

acid usage biases had been determined in 

numerous organisms and it was shown that they 

varied not only among the genes of a genome but 

also varied from genome to genome. However 

many genes displays a non-random usage of 

specific amino acid and the measure of the extent 

to this non randomness is given by Relative 

Synonymous Codon Usage
[7]

.  

 
*Corresponding author : keya_sau@yahoo.co.in 

Some genes have extremely biased codon usage, 

these genes appear to be expressed at higher 

levels, and other genes have relatively unbiased 

codon usage. The other factors which are 

responsible for variation in codon usage are 

mutational biasing and translational selection. 

 

MATERIALS AND METHODS 

The genome sequences of 46 Pseudomonas 

phages were downloaded from GenBank 

(http://www.ncbi.nlm.nih.gov), and its protein 

coding genes (CDS) had been extracted from the 

genome by using coderet in the EMBOSS. All 

sequences manipulation is done by in house 

program. The basic nature and status of the above 

46 Pseudomonas phages were presented in Table 

1. 

 Relative synonymous codon usage (RSCU) in all 

the protein coding sequences was determined to 

study the overall codon usage variation among the 

genes. RSCU is defined as the ratio of the 

observed frequency of codons to the expected 

frequency. RSCU values greater than 1.0 

indicates that the corresponding codon is more 

frequently used than expected.  

A3s, T3s, G3s and C3s are the distributions of A, 

T, G and C at the synonymous third position of 

http://www.ncbi.nlm.nih.gov/
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codons. GC3s is the frequency of G+C at the 

synonymous third codon position. Nc is the 

effective number of codons used by a gene, is 

generally used to measure the bias of synonymous 

codons and independent of amino acid 

compositions and codon number. The values of 

Nc vary from 20 (when one codon is used per 

amino acid) to 61 (when all the codons are used 

equally).There is a relationship between Nc and 

the base composition of a gene with genes that 

have more biased base compositions being 

expected to have lower Nc values. Usually, lower 

Nc values might be dictated by the base 

composition of the gene. This might be taken as 

evidence that there is some kind of selective 

pressure on the gene to use a smaller subset of 

codons. In this study both the measures (Nc and 

GC3s values) were calculated for all the 46 

phages for comparison. All the above-mentioned 

parameters were carried out by the program 

CodonW 1.3 (available at 

http://www.molbiol.ox.ac.uk/cu). Dendroutility 

program is used to make dendogram by UPGMA 

method. We have drawn this dendrogram 

manually. 

 

RESULT AND DISCUSSION 

Variations in Synonymous Codon 
Usage 

The values of RSCU had been determined in total 

genes of all the 46 phages of Pseudomonas. It has 

been observed that all the phages carry GC rich 

genome except PaP2, PhiKZ and Phi_pto. G and 

C ending codon are predominant in most of the 

phages. To detect codon usage variation if present 

in any gene of the above-mentioned phages, 

effective number of codons used by a gene (Nc) 

and the (G + C) percentage of the synonymous 

third positions of the codons (GC3s) were 

determined. The value of GC3s ranges from 0.239 

to 0.855, whereas the value of Nc ranges from 

36.09 to 55.05. These observations indicate that 

there is a significant heterogeneity in composition 

within the phage genome of Pseudomonas. This 

result suggests that, apart from the mutational bias, 

other factors might also have some influence in 

detecting the codon usage variation among the 

genes. 

The Effect of Mutational Bias on 
Codon Usage Variation 

For analyzing the determinants of codon usage 

bias in the phages of Pseudomonas, Nc plots (a 

plot of Nc versus GC3s; figure 1). It was 

suggested by [5] if GC3s were the only 

determinant of Nc, then Nc would fall on the 

continuous curve between Nc and GC3s. 

Secondly, comparison of the actual distribution of 

genes with the expected distribution under no 

selection could indicate whether codon usage bias 

is influenced by the factors other than mutational 

bias. 

 

Relationship between Nc and GC3s 

Wright suggested that a plot of Nc versus GC3s 

could effectively be used to explore the codon 

usage variation among the genes
[5]

. The Nc plot 

drawn for the genes of 46 Pseudomonas phages 

are displayed in Figure 1. Some of the points 

especially of phage phiKZ lie on the expected 

curve towards GC-poor region which certainly 

originates from extremely mutational bias. It is 

evident from the figure that a considerable 

number of genes lie well below the expected 

curve, indicating that codon usage bias of these 

genes are influenced by the forces other than 

genomic GC composition.  

 

 

Figure 1 

 

Bacteriophage PhiKZ has been suggested to 

belong to a distinct evolutionary branch of the  

Myoviridae family, the family of PhiKZ is 

GC3s 

Nc 

http://www.molbiol.ox.ac.uk/cu
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podoviridae as it does not show notable homology 

to other myoviruses either at the DNA or protein 

level. To test this hypothesis and to understand 

the correlation among the phages of different 

family, a cluster analysis was carried out on the 

overall codon usage data of 46 representative 

phages by using simple D-squared statistic 

method. D-squared statistic is the sum of the 

square of the difference between codons of the 

two codonusage tables; that is, D
2
 is the sum of 64 

codons of [Frequency (codon) – Frequency 

(codon)]. A low valueof D
2
 indicates a very close 

similarity in the codon usage. A matrix containing 

the D
2
 value of each set has been used to produce 

a clustering. The clustering produced by 

unweighted pair group method using arithmetic 

averages (UPGMA) method
[8]

 shows that the 

myoviridae family is actually very much distinct 

from the podoviridae family. The phages belong 

to podoviridae family are placed in far branches 

from the phages of myoviridae family in the 

dendogram. The previous data also suggest that 

PhiKZ is evolutionarily closer to E. coli phage T4, 

which in turn suggests that Phi_Pto which is 

evolutionary so close to the PhiKZ also closer to 

phage T4. It is clear from cluster analysis the 

phages PhiKZ, Phi_Pto, PaP2 are different from 

other phages.  

It was reported that smaller amino acid residues 

which require comparatively less energy for their 

biosynthesis are significantly prevalent in the 

highly expressed proteins of Giardia lamblia and 

Thermatoga maritime. It was found that almost all 

the smaller amino acid residues were used 

frequently in the proteins encoded by both types 

of PhiKZ genes. According to data analysis in 

both the phages PhiKZ and Phi_Pto the cys 

residue is significantly small in amount
[9]

.On the 

other hand, from amino acid frequency analysis, it 

was also found that all the aromatic amino acids 

were rare in PhiKZ (data not shown) and Phi_Pto 

and it was suggested that these amino acids were 

not incorporated preferentially in proteins as their 

biosynthesis was energetically expensive for 

organisms. 

 

 
Figure 2 

 

Bacteriophages including PhiKZ are devoid of 

any protein synthesis machinery and depend 

completely on the hosts for their protein synthesis 

and reproduction. To grow in a genomically 

distant host, a phage like PhiKZ must evolve its 

genome in such a way that it can synthesize its 

proteins easily. From the previous studies of 

codon and amino acid usage analyses, it is 

conspicuous that codons of the protein coding 

genes of PhiKZ have been shaped to incorporate 

predominantly the smaller amino acid residues 

into their proteins during translation in P. 

aeruginosa. This type of genomic architecture 

possibly helps PhiKZ to economize the cost of its 

development in P. aeruginosa. So we can 

conclude that according to cluster analysis this 

phenomenon is also applicable for Phi_Pto phage. 
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Table 1: Basic characteristics of Pseudomonas phages used in the project 
  

PHAGE NAME FAMILY HOST ACCESSION 
NO. 

NUCLEOTIDE 
(bp) 

%GC 

Ab03 
Ab05 
Ab09 
Ab18 
Ab22 
Ab26 
CHA_P1 
D3112 
DMS3 
JBD5 
JBD24 
JBD30 
JD024 
JG024 
Kakheti25 
Kpp12 
KPP25 
L1T1 
LUZ19 
M32 
MP22 
MP42 
MPK6 
MPK7 
NH-4 
PaBG 
PAI_KOR 
PAK_P2 
PAK_P3 
PAK_P4 
PAK_P5 
PaP2 
PaP3 
PF7A 
phage_AF 
phage_D3 
phi_BB 
phi_ctx 
phi_kz 
phi_psa1 
phi_psa374 
phi_psa 
phi_pto 
phi_s1 
PPpW4 
YuA 

Myoviridae 
Podoviridae 
Unclassified 
Siphoviridae 
Podoviridae 
Siphoviridae 
Myoviridae 
Siphoviridae 
Siphoviridae 
Siphoviridae 
Siphoviridae 
Siphoviridae 
Siphoviridae 
Myoviridae 
Myoviridae 
Siphoviridae 
Myoviridae 
Podoviridae 
Podoviridae 
Podoviridae 
Podoviridae 
Siphoviridae 
Podoviridae 
Podoviridae 
Myoviridae 
Myoviridae 
Myoviridae 
Myoviridae 
Myoviridae 
Myoviridae 
Myoviridae 
Podoviridae 
Podoviridae 
Podoviridae 
Podoviridae 
Podoviridae 
Podoviridae 
Podoviridae 
Podoviridae 
podoviridae 
podoviridae 
Podoviridae 
Podoviridae 
Podoviridae 
Podoviridae 
Siphoviridae 

Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 
Pseudomonas sp 

NC_026587 
NC_026602 
NC_024140 
NC_026594 
NC_026599 
NC_024381 
NC_022974 
NC_005178 
NC_008717 
NC_020202 
NC_020203 
NC_020198 
NC_024330 
NC_017674 
NC_017864 
NC_019935 
NC_024123 
NC_013692 
NC_010326 
NC_017865 
NC_009818 
NC_018274 
NC_022746 
NC_022091 
NC_019451 
NC_022096 
NC_023700 
NC_022967 
NC_022970 
NC_022986 
NC_022966 
NC_005884 
NC_004466 
NC_015264 
NC_019923 
NC_002484 
NC_022971 
NC_003278 
NC_004629 
NC_024365 
NC_023601 
NC_024362 
NC_023718 
NC_021062 
NC_023005 
NC_010116 

86246 
43639 
72028 
56537 
45808 
43056 
88255 
37611 
36415 
37740 
37095 
36974 
37380 
66275 
42844 
64144 
64113 
72544 
43548 
42966 
36409 
36847 
42957 
42874 
66116 
258139 
34553 
92495 
88097 
93147 
88135 
43783 
45503 
40973 
42689 
56425 
45344 
35580 
280334 
51090 
97906 
40472 
26499 
40192 
41386 
58663 

55 
62.5 
55.2 
63.5 
52.9 
53.8 
64.1 
64.6 
64.7 
64.6 
64.7 
64.7 
64.5 
56.2 
54.1 
56.3 
60.6 
55.5 
62.4 
62.5 
64.6 
64.5 
62.5 
62.4 
56.3 
68.6 
65 
49.6 
55.1 
49.6 
55 
45.5 
52.6 
56.7 
58.6 
58.3 
52.6 
63.4 
37.3 
58.9 
48.2 
57.9 
43.1 
56.7 
57.4 
64.8 

CONCLUSION 

P. aeruginosa, a frequent opportunistic pathogen 

for humans, is abundant in waste water together 

with a large variety of lytic and temperate phages. 

The phages have a profound influence on 

bacterial communities. Different factors are 

responsible for various amino acid usage and 

codon usage in the phages.  

 

 

The study of Synonymous codon usage of 46 

phages of Pseudomonas sp. had been done in our 

work. Strong mutational bias was identified to be 

the main factor shaping the codon usage of the 

phages. Further, a comparative analysis of codon 

usage and RSCU value of the protein coding 

genes of these 46 phages was done. Our analysis 

suggests that phage like Phi_Pto which is 

evolutionary much closer to phage PhiKZ which 
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is already established phage for phage therapy. If 

the hypothesis is considered correct then the 

above phage can also be used for potential phage 

therapy and can be used economically for 

development in the host pseudomonas species. 
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Antitumour activity of phenylpropanoids present in essential oil 

Nibedta Pradhan, Sudip Das* 
Department of Biotechnology, Haldia Institute of Technology, Haldia-721657, Purba Medinipur, West Bengal 

Abstract- The phenylpropanoids are natural products found in many aromatic and medicinal plant, food and 

essential oil. They exhibit various pharmacological activities and have applications in the pharmaceutical 

industry. The Chemical structures, experimental report, and mechanisms of action of bioactive substances 

are presented. Phenylpropanoids are a class of organic compounds synthesized in plant and is derived from 

the junction of the phenyl group (aromatic ring) and a three-carbon side chain (propyl group), which is 

synthesized from phenylalanine in the first step of biosynthesis. The phenylpropanoids are found throughout 

the plant kingdom, and serve as precursors for a series of natural polymers, which provide protection 

against ultraviolet light, defense against herbivores and pathogens, and mediate plant–pollinator interactions 

by pigmentation and floral aroma compounds. In scientific reports, there are diverse biological and or 

pharmacological properties attributed to the phenylpropanoids. 

 

Keywords: Phenylpropanoids, Essential Oils, Bioactive Substances, Phenyl Alanine, Anti-tumour. 

 

INTRODUCTION 

Essential oils are natural products that are a 

mixture of volatile lipophilic substances. The 

phenylpropanoids are usually oxidized in an 

aliphatic chain or aromatic ring. Several studies 

have shown that this class of chemicals has 

several biological activities, including analgesic, 

anticonvulsant and anti-inflammatory effects
[1-4]

. 

Antitumor activity has been reported for essential 

oils against several tumor cell lines
[1]

, and these 

oils contain a high percentage of 

phenylpropanoids, which are believed to 

contribute to their pharmacological activity. 

Cancer is a complex genetic disease that 

comprises specific hallmarks. They include 

sustaining proliferative signaling, evading growth 

suppressors, resisting cell death, enabling 

replicative immortality, inducing angiogenesis, 

and activating invasion and metastasis, apart from 

reprogramming of energy metabolism and 

evading immune destruction
[1]

. According to the 

World Health Organization (WHO), the overall 

impact of cancer has increased by more than the 

double in the last 30 years. It is estimated that in 

2008 there were roughly 12 million new cancer 

cases and seven million deaths worldwide. Future 

projections indicate that cancer mortality will 

continue to rise, reaching 11.4 million in 2030
[2]

.  

 
*Corresponding Authors e-mail: sudipka@rediffmail.com 

 

The study of natural products has been the single 

most successful strategy for the discovery of new 

medicines used in anticancer therapy, and more 

than two thirds of the drugs used in cancer 

treatment come directly from natural products or 

are developed using knowledge gained from the 

activity of their ingredients
[3,4]

. 

Eugenol: 

Eugenol is the active component of essential oil 

isolated from clove (Syzygium aromaticum) and 

has antimutagenic, antigenotoxic, and anti-

inflammatory properties
[5]

. Eugenol also has 

cytotoxic activity. This drugs can induce cell 

death in several tumor and cell types
[6]

: mast 

cells
[7]

, breast adenocarcinoma
[8]

, melanoma 

cells
[9]

, leukemia, colon carcinoma, cervical 

carcinoma, prostate cancer, submandibular gland 

adenocarcinoma, human dental pulp
[9-11]

. 

Methyleugenol, Isoeugenol, 

Methylisoeugenol and 1-

Hydroxymethyleugenol: 

Methyleugenol is a substituted alkenylbenzene 

found in a variety of foods and essential oils. It is 

structurally similar to eugenol and found in many 

plant species
[10]

. Methyleugenol produced 

cytotoxic effects in rat and mouse hepatocytes
[11]

 

and leukemia
[10-11]

. Methyleugenol also produced 

genotoxicity in mice and in cultured cells and 
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caused neoplastic lesions in the livers of Fischer 

344 rats and B6C3F1 mice
[12]

 as reported earlier. 

Isoeugenol is a phenylpropanoid produced by 

plants. As a flavoring agent, isoeugenol is added 

to nonalcoholic drinks, baked foods, and chewing 

gums. In male F344/N rats, isoeugenol showed 

carcinogenic effects, causing increased incidence 

of rarely occurring thymoma and mammary gland 

carcinoma
[9-12]

. There was no evidence of 

carcinogenic activity due to isoeugenol in female 

rats. However, there was clear evidence of 

carcinogenic activity due to isoeugenol in male 

B6C3F1 mice, including increased incidence of 

hepatocellular adenoma, hepatocellular carcinoma, 

and hepatocellular adenoma with carcinoma
[9-12]

. 

Carcinogenic activity due to isoeugenol in female 

B6C3F1 mice was observed in the form of 

increased incidence of histiocytic sarcoma
[9,10]

.  

Isoeugenol is a selective potentiator of 

camptothecin cytotoxicity in 

vertebrate cells lacking TDP1: 

Camptothecin (CPT), a topoisomerase I (TOP1) 

inhibitor
[13]

, exhibits anti-tumor activity against a 

wide range of tumors. Redundancy of TOP1-

mediated repair mechanisms is a major challenge 

facing the efficiency of TOP1-targetting 

therapies
[13]

. This study was aimed to uncover 

new TOP1 targeting approaches utilizing a 

selection of natural compounds in the presence or 

absence of tyrosyl DNA phosphodiesterase I 

(TDP1); a key TOP1-mediated protein-linked 

DNA break (PDB) repair enzyme. They identified 

that isoeugenol, a phenolic ether found in plant 

essential oils, as a potentiator of CPT
[14]

 

cytotoxicity in Tdp1 deficient but not proficient 

cells. Consistent with the cellular data, isoeugenol 

did not inhibit TDP1 enzymatic activity in 

vitro nor did it sensitize cells to the PARP1 

inhibitor olaparib as reported by their studies
[13-14]

. 

However, biochemical analyses by that studies 

suggest that isoeugenol inhibits TDP2 catalytic 

activity; a pathway that can compensate for the 

absence of TDP1
[14]

. 

 

 

Safrole, Safrole-2,3-oxide, Myristicine: 

Safrole is an important food-borne phytotoxin 

found in many natural products, such as oil of 

sassafras, anise, basil, nutmeg, and pepper. 

Safrole is cytotoxic against human tongue 

squamous carcinoma
[15]

, primary human buccal 

mucosal fibroblasts
[16]

, prostate cancer
[17]

, rat 

hepatocytes
[18]

, and leukemia  and shows 

genotoxic activity
[19,20]

. 

Safrole-2′,3′-oxide (SAFO) is a reactive 

electrophilic metabolite of safrole. SAFO is the 

most mutagenic metabolite of safrole that has 

been tested in the Ames test, but data on the 

genotoxicity of SAFO in mammalian systems is 

scarce. SAFO induced cytotoxicity, DNA strand 

breakage, and micronuclei formation in human 

cells in vitro and in mice
[20]

. In addition, safrole 

produced mutagenicity in Salmonella TA 98 and 

TA 100 in the Ames test as reported earlier
[23]

. 

Myristicin (1-allyl-3,4-methylenedioxy-5-

methoxybenzene) is an active constituent of 

nutmeg, parsley, and carrot. A study by Lee and 

collaborators
[21]

 investigated the cytotoxic and 

apoptotic effects of myristicin on human 

neuroblastoma SK-N-SH cells earlier. Apoptosis 

triggered by myristicin was caused by cleavage of 

PARP, which was accompanied by accumulation 

of cytochrome c and activation of caspase-3. 

These results suggested that myristicin induced 

cytotoxicity in human neuroblastoma SK-N-SH 

cells by an apoptotic mechanism
[21-22]

. 

Myricetin and Methyl Eugenol 

Combination for anticancer activity: 

Drug combination therapies are common practice 

in the treatment of cancer. In a previous study, 

they evaluated the anticancer effects of myricetin 

(MYR)
[23]

, methyl eugenol (MEG) and cisplatin 

(CP) both separately as well as in combination 

against cervical cancer (HeLa) cells. To 

demonstrate whether MYR and MEG enhance the 

anticancer activity of CP against cervical cancer 

cells, they treated HeLa cells with MYR and 

MEG alone or in combination with cisplatin and 

evaluated cell growth and apoptosis using MTT 

[3-(4, 5 dimethyl thiazol 2yl) 2, 5 

diphenyltetrazolium bromide] assay, LDH release 
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assay, flow cytometry and fluorescence 

microscopy. Their results revealed that, as 

compared to single drug treatment, the 

combination of MYR or MEG with CP resulted in 

greater effect in inhibiting cancer cell growth and 

inducing apoptosis
[22-23]

.  

Estragole, Anethole, Trans Anethole 

Oxide: 

Estragole has been isolated from essential oils 

of Artemisia dracunculus and Leonotis 

ocymifolia
[11]

. Howes and collaborators 

demonstrated the genotoxic activity of estragole 

via UDS assay, in which estragole induced dose-

dependent increases in UDS up to 2.7 times that 

of the control in rat hepatocytes in primary 

culture
[11,25-26]

 as reported earlier. 

Anethole (1-methoxy-4-(1-propenyl)benzene) 

occurs naturally as a major component of 

essential oils from fennel and star anise and is 

also present in numerous plants such as dill, basil, 

and tarragon
[24]

 . Anethole had a cytotoxic effect 

on fibrosarcoma tumor
[25]

, breast cancer, 

hepatocytes, cervical carcinoma, and Ehrlich 

ascites tumor, as well as an anticarcinogenic 

effect and a lack of clastogenic potential
[26]

. 

Anethole is metabolized through 3 pathways: O-

demethylation, ω-hydroxylation followed by side 

chain oxidation, and epoxidation of the 1,2-

double bond. The cytotoxicity of trans-anethole 

oxide in rat hepatocytes has been reported to be 

due to its metabolism to epoxide
[27]

. In 

addition, trans-anethole oxide produced a positive 

result in the Salmonella mutation assay and 

induced tumors in mice
[26,27]

. These results 

suggest that epoxidation of the side chain of 

anethole in vivo could be a carcinogenic 

metabolic mechanism
[27]

.  

Asaraldehyde, Beta-Asarone and 

Trans-Asarone- Oxide: 

Acorus gramineus (Araceae), which is distributed 

throughout Korea, Japan, and China, has been 

used in Korean traditional medicine for 

improvement of learning and memory, sedation, 

and analgesia
[28]

. Several pharmacologically 

active compounds, such as β-asarone, α-asarone, 

and phenylpropenes, have been reported from this 

rhizome
[29]

.  

Park and collaborators investigated asarone and 

asaraldehyde and showed minimal cytotoxicity 

(IC50 < 30 μM) in the SRB assay using 4 human 

tumor cell lines: A549 (non-small cell lung 

adenocarcinoma), SK-OV-3 (ovarian cancer cell), 

SK-MEL-2 (skin melanoma), and HCT15 (colon 

cancer cell). trans-Asarone oxide, prepared 

from trans-asarone and dimethyldioxirane, 

induced hepatomas in B6C3F1 mice and skin 

papillomas in CD-1 mice and was mutagenic 

for Salmonella strains
[30]

. 

Hydroxychavicol and 1-

Acetoxychavicolacetate: 

Hydroxychavicol (1-allyl-3,4-dihydroxybenzene) 

is a major component in Piper betle leaf, which is 

used for betel quid chewing in Asia, and is also a 

major metabolite of safrole, which is the main 

component of sassafras oil, in rats and humans
[9-

12]
. A study by Nakagawa and collaborators 

demonstrated the biotransformation and cytotoxic 

effects of hydroxychavicol in freshly-isolated rat 

hepatocytes
[18]

. In their observations they have 

shown that hepatocytes pretreated with diethyl 

maleate or salicylamide, hydroxychavicol-

induced cytotoxicity was enhanced and was 

accompanied by a decrease in the formation of 

conjugates and inhibition of hydroxychavicol 

loss
[18,19]

. 

1′-Acetoxychavicol acetate is obtained from the 

rhizomes of Languas galanga (Zingiberaceae), a 

traditional condiment in Thailand
[18,19]

. Recent 

studies have revealed that 1′-acetoxychavicol 

acetate has potent chemopreventive effects 

against rat oral carcinomas and inhibits 

chemically induced tumor formation and cellular 

growth of cancer cells. 1′-Acetoxychavicol 

acetate inhibited NF-κB and induced apoptosis of 

myeloma cells in vitro and in vivo
[18]

.  

CONCLUSION 

Several studies have shown in vitro and in 

vivo antitumor activity of many essential oils 

obtained from plants. The antitumor activity of 

essential oils of many species has been related to 

the presence of monoterpenes in their 
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composition. This review shows that many 

monoterpenes are being examined by different 

researchers for in vitro and in vivo antitumor 

activity, presenting important results that provide 

insights for the use of such compounds for the 

treatment of cancer. The studies presented in this 

review describes in brief, the anticancer 

therapeutic potential of bioactive constituents 

found in essential oils and medicinal plants - the 

phenylpropanoids. The research on the clinical 

studies of these natural products is required to 

develop new therapeutic strategies for the 

treatment of cancer. 
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Microvascular and macrovascular complications and consequences in 

Diabetes mellitus: A mini review 
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Abstract- Diabetes mellitus is a common metabolic disorder and is associated with development of several 

chronic complications leading to significant morbidity and mortality. The direct and indirect effects on the 

human entire vascular (micro and macro) system are the major concern of morbidity and mortality in 

diabetes. Likewise the pathogenic processes that causes type 2 diabetes (T2DM) associated with majority of 

the complications as compared to other type of diabetes ranges from autoimmune destruction of pancreatic 

cells with concurrent deficiency of insulin abnormalities that result in hindrance of insulin action. Modern 

medical care uses a vast array of lifestyle and pharmaceutical interventions that are aimed to prevent and 

control of hyperglycemia. Generally, the injurious effects of hyperglycemia are separated into macrovascular 

complications (coronary artery disease, heart and peripheral arterial disease, and stroke) and microvascular 

complications (diabetic nephropathy, neuropathy, and retinopathy). Majority of World’s population is ignorant 

about the disease and its complications. It is important for the common people to be aware/understand the 

risk of diabetes and vascular complications as the consequences. The prevalence of diabetes and 

associated primary and secondary complications continues to increase in the World and the clinical 

treatments to prevent of these complications is also growing up. But till date there is not a unique novel 

therapy is available to prevent and treat these complications. This review gathers information on diabetic 

microvascular and macrovascular complications to be aware as more patients are suffering with diabetes 

rather than other diseases. 

 

Keywords: diabetes, hyperglycemia, metabolic diseases, macrovascular complications, microvascular 

complications 

 

INTRODUCTION 

Diabetes mellitus (DM), commonly referred to 

as diabetes, is a group of metabolic diseases in 

which there is high blood sugar level over a 

prolonged period
[1,2]

. Diabetes is a group of 

chronic diseases characterized by hyperglycemia. 

Chronic hyperglycemia injures the human body in 

many different ways. Modern medical care 

therefore uses a vast array of lifestyle and 

pharmaceutical interventions aimed at preventing 

and controlling diabetes. One of the chief injuries 

arising from diabetes is injury to vasculature, 

which is classified as either small vascular injury 

(microvascular disease) or injury to the large 

blood vessels of the body (macrovascular disease). 

As medical science advances increasingly toward 

prevention of complications of diabetes, it is 

important for clinicians to be familiar with the 

relationship between diabetes control and 

vascular injury.  
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The line of demarcation between the pathogenic 

mechanisms of microvascular and macrovascular 

complications of diabetes and differing responses 

to well-therapeutic interventions is yet to be 

studied. Diabetes induces changes in the 

microvasculature, causing extracellular matrix 

protein synthesis, and capillary basement 

membrane thickening which are the 

pathognomonic features of diabetic 

microangiopathy. These changes in conjunction 

with advanced glycation end products, oxidative 

stress, low grade inflammation and 

neovascularization of vasa vasorum can lead to 

macrovascular complications. 

Diabetes is due to either the pancreas not 

producing enough insulin or the cells of the body 

not responding properly to the insulin 

produced.
[5]

 There are three main types of 

diabetes mellitus: 

 Type 1 DM results from the pancreas's failure 

to produce enough insulin. This form was 

previously referred to as "insulin-dependent 

diabetes mellitus" (IDDM) or "juvenile 

diabetes". The cause is unknown
[3]

. 

https://en.wikipedia.org/wiki/Metabolic_disease
https://en.wikipedia.org/wiki/High_blood_sugar
https://en.wikipedia.org/wiki/Pancreas
https://en.wikipedia.org/wiki/Insulin
https://en.wikipedia.org/wiki/Diabetes_mellitus#cite_note-Green2011-5
https://en.wikipedia.org/wiki/Diabetes_mellitus_type_1
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 Type 2 DM begins with insulin resistance, a 

condition in which cells fail to respond to 

insulin properly
[3]

. As the disease progresses 

a lack of insulin may also develop
[4-6]

. This 

form was previously referred to as "non 

insulin-dependent diabetes mellitus" 

(NIDDM) or "adult-onset diabetes". The most 

common cause is excessive body weight and 

not enough exercise
[3]

.  

 Gestational diabetes is the third main form 

and occurs when pregnant women without a 

previous history of diabetes develop 

high blood sugar levels
[3]

.  

Prevention and treatment involve maintaining 

a healthy diet, regular physical exercise, a 

normal body weight, and avoiding use of 

tobacco. Control of blood pressure and 

maintaining proper foot care are important for 

people with the disease. Type 1 DM must be 

managed with insulin injections
[3-9]

. Type 2 

DM may be treated with medications with or 

without insulin
[7]

. Insulin and some oral 

medications can cause low blood 

sugar
[8]

. Weight loss surgery in those 

with obesity is sometimes an effective 

measure in those with type 2 DM
[9-

12]
. Gestational diabetes usually resolves after 

the birth of the baby
[10-18]

.  

Diabetes Mellitus Type 1: 

Type 1 diabetes mellitus is characterized by loss 

of the insulin-producing beta cells of the islets of 

Langerhans in the pancreas, leading to insulin 

deficiency
[19-25]

. This type can be further classified 

as immune-mediated or idiopathic. The majority 

of type 1 diabetes is of the immune-mediated 

nature, in which a T-cell-

mediated autoimmune attack leads to the loss of 

beta cells and thus insulin
[25-31]

. It causes 

approximately 10% of diabetes mellitus cases in 

North America and Europe. Most affected people 

are otherwise healthy and of a healthy weight 

when onset occurs. Sensitivity and responsiveness 

to insulin are usually normal, especially in the 

early stages. Type 1 diabetes can affect children 

or adults, but was traditionally termed "juvenile 

diabetes" because a majority of these diabetes 

cases were in children. 

"Brittle" diabetes, also known as unstable diabetes 

or labile diabetes is a term that was traditionally 

used to describe the dramatic and recurrent 

swings in glucose levels, often occurring for no 

apparent reason in insulin-dependent diabetes. 

This term, however, has no biologic basis and 

should not be used
[32]

. Still, type 1 diabetes can be 

accompanied by irregular and unpredictable high 

blood sugar levels, frequently with ketosis, and 

sometimes with serious low blood sugar levels. 

Other complications include an impaired counter 

regulatory response to low blood sugar, 

infection, gastroparesis (which leads to erratic 

absorption of dietary carbohydrates), and 

endocrinopathies (e.g., Addison's disease) 
[32]

. These phenomena are believed to occur no 

more frequently than in 1% to 2% of persons with 

type 1 diabetes
[33]

.  

Type 1 diabetes is partly inherited, with multiple 

genes, including certain HLA genotypes, known 

to influence the risk of diabetes. The increase of 

incidence of type 1 diabetes reflects the modern 

lifestyle
[34]

. In genetically susceptible people, the 

onset of diabetes can be triggered by one or more 

environmental factors such as a viral infection or 

diet
[35]

. Several viruses have been implicated, but 

to date there is no stringent evidence to support 

this hypothesis in humans
[35-36]

. Among dietary 

factors, data suggest that gliadin (a protein present 

in gluten) may play a role in the development of 

type 1 diabetes, but the mechanism is not fully 

understood
[37-38]

. 

Diabetes Mellitus Type 2: 

Type 2 DM is characterized by insulin resistance, 

which may be combined with relatively reduced 

insulin secretion
[5]

. The defective responsiveness 

of body tissues to insulin is believed to involve 

the insulin receptor. However, the specific defects 

are not known. Diabetes mellitus cases due to a 

known defect are classified separately. Type 2 

DM is the most common type of diabetes mellitus. 

In the early stage of type 2, the predominant 

abnormality is reduced insulin sensitivity. At this 

stage, high blood sugar can be reversed by a 

variety of measures and medications that improve 

insulin sensitivity or reduce the liver's glucose 

production. 

https://en.wikipedia.org/wiki/Diabetes_mellitus_type_2
https://en.wikipedia.org/wiki/Insulin_resistance
https://en.wikipedia.org/wiki/Gestational_diabetes
https://en.wikipedia.org/wiki/Blood_sugar
https://en.wikipedia.org/wiki/Hypoglycemia
https://en.wikipedia.org/wiki/Hypoglycemia
https://en.wikipedia.org/wiki/Bariatric_surgery
https://en.wikipedia.org/wiki/Obesity
https://en.wikipedia.org/wiki/Diabetes_mellitus_type_1
https://en.wikipedia.org/wiki/Beta_cell
https://en.wikipedia.org/wiki/Islets_of_Langerhans
https://en.wikipedia.org/wiki/Islets_of_Langerhans
https://en.wikipedia.org/wiki/T-cell
https://en.wikipedia.org/wiki/Autoimmunity
https://en.wikipedia.org/wiki/Glucose
https://en.wikipedia.org/wiki/Insulin
https://en.wikipedia.org/wiki/Hyperglycemia
https://en.wikipedia.org/wiki/Hyperglycemia
https://en.wikipedia.org/wiki/Ketosis
https://en.wikipedia.org/wiki/Hypoglycemia
https://en.wikipedia.org/wiki/Gastroparesis
https://en.wikipedia.org/wiki/Addison%27s_disease
https://en.wikipedia.org/wiki/Human_leukocyte_antigen
https://en.wikipedia.org/wiki/Gliadin
https://en.wikipedia.org/wiki/Gluten
https://en.wikipedia.org/wiki/Diabetes_mellitus_type_2
https://en.wikipedia.org/wiki/Insulin_resistance
https://en.wikipedia.org/wiki/Insulin_receptor
https://en.wikipedia.org/wiki/Anti-diabetic_drug
https://en.wikipedia.org/wiki/Liver
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Type 2 DM is due primarily to lifestyle factors 

and genetics.
[39]

 A number of lifestyle factors are 

known to be important to the development of 

type 2 DM, including obesity (defined by a body 

mass index of greater than 30), lack of physical 

activity, poor diet, stress, and urbanization 
[12]

. Excess body fat is associated with 30% of 

cases in those of Chinese and Japanese descent, 

60–80% of cases in those of European and 

African descent, and 100% of Pima Indians and 

Pacific Islanders
[5]

. Even those who are not obese 

often have a high waist–hip ratio
[5]

.  

Dietary factors also influence the risk of 

developing type 2 DM. Consumption of sugar-

sweetened drinks in excess is associated with an 

increased risk
[39-41]

. The type of fats in the diet is 

also important, with saturated fats and trans fatty 

acids increasing the risk and polyunsaturated 

and monounsaturated fat decreasing the risk
[39]

. 

Eating lots of white rice also may increase the 

risk of diabetes
[42]

. A lack of exercise is believed 

to cause 7% of cases
[43]

.  

Gestational Diabetes: 

Gestational diabetes mellitus (GDM) resembles 

type 2 DM in several respects, involving a 

combination of relatively inadequate insulin 

secretion and responsiveness. It occurs in about 

2–10% of all pregnancies and may improve or 

disappear after delivery
[44]

. However, after 

pregnancy approximately 5–10% of women with 

gestational diabetes are found to have diabetes 

mellitus, most commonly type 2
[44]

. Gestational 

diabetes is fully treatable, but requires careful 

medical supervision throughout the pregnancy. 

Management may include dietary changes, blood 

glucose monitoring, and in some cases, insulin 

may be required. 

Though it may be transient, untreated gestational 

diabetes can damage the health of the fetus or 

mother. Risks to the baby include macrosomia 

(high birth weight), congenital heart and central 

nervous system abnormalities, and skeletal 

muscle malformations. Increased levels of insulin 

in a foetus‘s blood may inhibit fetal surfactant 

production and cause respiratory distress 

syndrome
[40-43]

. A high blood bilirubin level may 

result from red blood cell destruction. In severe 

cases, perinatal death may occur, most commonly 

as a result of poor placental perfusion due to 

vascular impairment. Labor induction may be 

indicated with decreased placental function
[43]

. 

A Caesarean section may be performed if there is 

marked fatal distress or an increased risk of injury 

associated with macrosomia, such as shoulder 

dystocia
[44]

. 

Complications and Consequences of 

Diabetes Mellitus: 

Diabetes is associated with a number of 

complications. Acute metabolic complications 

associated with mortality include diabetic 

ketoacidosis from exceptionally high blood 

glucose concentrations (hyperglycemia) and coma 

as the result of low blood glucose 

(hypoglycemia). This review will focus on 

arguably the most devastating consequence of 

diabetes, its long-term vascular complications. 

These complications are wide ranging and are due 

at least in part to chronic elevation of blood 

glucose levels, which leads to damage of blood 

vessels (angiopathy) (Figure 1, taken from 

reference 47)
[45-47]

. In diabetes, the resulting 

complications are grouped under ―microvascular 

disease‖ (due to damage to small blood vessels) 

and ―macrovascular disease‖ (due to damage to 

the arteries). Microvascular complications include 

eye disease or ―retinopathy,‖ kidney disease 

termed ―nephropathy,‖ and neural damage or 

―neuropathy,‖ which is discussed in this review. 

The major macrovascular complications include 

accelerated cardiovascular disease resulting in 

myocardial infarction and cerebrovascular disease 

manifesting as strokes. Although the underlying 

etiology remains controversial, there is also 

myocardial dysfunction associated with diabetes 

which appears at least in part to be independent of 

atherosclerosis. 

Microvascular Complications of 

Diabetes: 

1. Nephropathy: 

Diabetic nephropathy represents the major cause 

of end stage renal failure in Western societies
[46]

. 

Clinically, it is characterized by the development 

of proteinuria with a subsequent decline in 

https://en.wikipedia.org/wiki/Diabetes_mellitus#cite_note-Fat2009-39
https://en.wikipedia.org/wiki/Obesity
https://en.wikipedia.org/wiki/Body_mass_index
https://en.wikipedia.org/wiki/Body_mass_index
https://en.wikipedia.org/wiki/Urbanization
https://en.wikipedia.org/wiki/Waist%E2%80%93hip_ratio
https://en.wikipedia.org/wiki/Sugar
https://en.wikipedia.org/wiki/Fat
https://en.wikipedia.org/wiki/Saturated_fats
https://en.wikipedia.org/wiki/Trans_fatty_acids
https://en.wikipedia.org/wiki/Trans_fatty_acids
https://en.wikipedia.org/wiki/Polyunsaturated_fat
https://en.wikipedia.org/wiki/Monounsaturated_fat
https://en.wikipedia.org/wiki/White_rice
https://en.wikipedia.org/wiki/Pregnancy
https://en.wikipedia.org/wiki/Macrosomia
https://en.wikipedia.org/wiki/Central_nervous_system
https://en.wikipedia.org/wiki/Central_nervous_system
https://en.wikipedia.org/wiki/Skeletal_muscle
https://en.wikipedia.org/wiki/Skeletal_muscle
https://en.wikipedia.org/wiki/Surfactant
https://en.wikipedia.org/wiki/Infant_respiratory_distress_syndrome
https://en.wikipedia.org/wiki/Infant_respiratory_distress_syndrome
https://en.wikipedia.org/wiki/Hyperbilirubinemia
https://en.wikipedia.org/wiki/Hemolysis
https://en.wikipedia.org/wiki/Labor_induction
https://en.wikipedia.org/wiki/Caesarean_section
https://en.wikipedia.org/wiki/Macrosomia
https://en.wikipedia.org/wiki/Shoulder_dystocia
https://en.wikipedia.org/wiki/Shoulder_dystocia
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glomerular filtration rate, which progresses over a 

long period of time, often over 10–20 years. If left 

untreated, the resulting uremia is fatal
[47]

. 

Importantly, kidney disease is also a major risk 

factor for the development of macrovascular 

complications such as heart attacks and strokes
[42]

. 

Hypertension and poor glycemic control
[46]

 

frequently precede overt diabetic nephropathy, 

although a subset of patients develop nephropathy 

despite good glycemic control
[48-49]

 and normal 

blood pressure. Once nephropathy is established, 

blood pressure is often seen to rise, but 

paradoxically in the short term, there can be 

improvements in glycemic control as a result of 

reduced renal insulin clearance by the kidney
[23]

. 

The development and progression of nephropathy 

is highly complex given the diversity of cell 

populations present within the kidney and the 

various physiological roles of this organ. Indeed, 

aside from the filtration of toxins from the blood 

for excretion, it is difficult to pinpoint which 

other functional aspects of the kidney are most 

affected by diabetes. These include the release of 

hormones such as erythropoietin, activation of 

vitamin D, and acute control of hypoglycemia, in 

addition to maintenance of fluid balance and 

blood pressure via salt reabsorption
[50-58]

. 

High glucose concentrations induce specific 

cellular effects, which affect various resident 

kidney cells including endothelial cells, smooth 

muscle cells, mesangial cells, podocytes, cells of 

the tubular and collecting duct system, and 

inflammatory cells and myofibroblasts
[50-52]

. 

Changes in hemodynamics, associated with blood 

pressure changes both systemically and within the 

kidney, have been reported to occur early in 

diabetes and are characterized by glomerular 

hyperfiltration. Glomerular hyperfiltration was 

initially postulated to be a major contributor to 

damage of the filtration component of the kidney, 

the glomerulus, as well as to preglomerular 

vessels
[53]

. However, this role of hyperfiltration 

promoting general damage remains controversial, 

with some recent data suggesting that diabetic 

individuals who maintain normal glomerular 

filtration or hyperfiltration are actually protected 

against the progression to end-stage kidney 

disease
[52]

. These hemodynamic changes are 

considered to occur as a result of changes in the 

metabolic milieu, release of vasoactive factors, 

alterations in signal transduction (Figure 1, ref 

47), as well as intrinsic defects in glomerular 

arterioles including electromechanical coupling
[47-

50]
.  

 

 
 

Proteinuria, which includes the protein albumin as 

a major component, often reflects changes in 

renal hemodynamics and is linked to changes in 

the glomerular filtration barrier, in particular 

changes within glomerular epithelial cells, termed 

podocytes. The early diabetic kidney also 

undergoes significant hypertrophy
[50-56]

. This is 

characterized by enlargement of the kidney via a 

combination of both hyperplasia and hypertrophy, 

which is surprisingly often observed at the time of 

diabetes diagnosis
[48]

. Hypertrophy is seen within 

the glomeruli, which is accompanied by 

mesangial expansion and thickening of the 

glomerular basement membrane. However, the 

proximal tubule, which constitutes greater than 

90% of the cortical mass in the kidney, accounts 

for the greatest change in growth in diabetes
[53, 57]

. 

As the tubule grows, more of the glomerular 

(urinary) filtrate is reabsorbed, which increases 

the glomerular filtration rate (GFR) via a 

feedback loop from the tubules
[58-61]

. As a 

consequence of hyperfiltration and the diabetic 

milieu, the kidney filters increased amounts of 

glucose, fatty acids, proteins and amino acids, 

growth factors, and cytokines which are free to 

trigger a number of pathological pathways such as 

energetic imbalances, redox abnormalities, 

fibrosis, and inflammation (Figure 1). Ultimately, 

the deposition of extracellular matrix in the 

tubular component of the kidney 
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(tubulointerstitial fibrosis) is postulated to be the 

major determinant of the progression of renal 

disease in diabetes
[57]

. 

 

 
 

Currently utilized therapies to treat diabetic renal 

disease largely target systemic blood pressure 

and/or intraglomerular hypertension. Applied the 

most widely are interventions which alter the 

renin-angiotensin system (RAS) which includes 

angiotensin converting enzyme (ACE) 

inhibitors
[6,53-56]

 and angiotensin II (ANG II) 

receptor antagonists
[59]

, which are considered first 

line therapies for diabetic nephropathy. Indeed, 

this strategy is an important component of most 

national and international treatment guidelines, 

along with strict glycemic control. It is important 

to note that early renal disease is a major risk 

factor for cardiovascular disease in individuals 

with diabetes
[56-60]

. This suggests that more 

attention should be paid to the development of 

nephropathy in the early stages of the disease. 

However, the role of specific interruption of the 

RAAS in the prevention and management of early 

diabetic nephropathy remains controversial, with 

recent relatively disappointing results in this 

context
[46,57]

. 

2. Retinopathy: 

Diabetic retinopathy is characterized by a 

spectrum of lesions within the retina and is the 

leading cause of blindness among adults aged 20–

74 years
[18,45]

. These include changes in vascular 

permeability, capillary microaneurysms, capillary 

degeneration, and excessive formation of new 

blood vessels (neovascularization). The neural 

retina is also dysfunctional with death of some 

cells, which alters retinal electrophysiology and 

results in an inability to discriminate between 

colours. Clinically, diabetic retinopathy is 

separated into non-proliferative and proliferative 

disease stages. In the early stages, hyperglycemia 

can lead to intramural pericyte death and 

thickening of the basement membrane, which 

contribute to changes in the integrity of blood 

vessels within the retina, altering the blood-retinal 

barrier and vascular permeability
[60-69]

. In this 

initial stage of non-proliferative diabetic 

retinopathy (NPDR), most people do not notice 

any visual impairment. Degeneration or occlusion 

of retinal capillaries are strongly associated with 

worsening prognosis
[60]

, which is most likely the 

result of ischemia followed by subsequent release 

of angiogenic factors including those related to 

hypoxia. This progresses the disease into the 

proliferative phase where neovascularization and 

accumulation of fluid within the retina, termed 

macula edema, contribute to visual impairment. In 

more severe cases, there can be bleeding with 

associated distorting of the retinal architecture 

including development of a fibrovascular 

membrane which can subsequently lead to retinal 

detachment
[69-71]

. Diabetic retinopathy develops 

over many years, and almost all patients with type 

1 diabetes
[54-60]

, and most having type 2 

diabetes
[59]

, exhibit some retinal lesions after 20 

years of disease. Furthermore, whereas in type 1 

diabetes the major vision threatening retinal 

disorder appears to be proliferative retinopathy
[53]

, 

in type 2 diabetes there is a higher incidence of 

macula edema. Nevertheless, only a minority of 

such patients will have progression resulting in 

impaired vision. In addition to maintenance of 

blood pressure and glycemic control, there are a 

number of treatments for diabetic retinopathy that 

have efficacy in reducing vision loss. These three 

treatments include laser photocoagulation, 

injection of the steroid triamcinolone, and more 

recently vascular endothelial growth factor 

(VEGF) antagonists into the eye, and vitrectomy, 

to remove the vitreous. However, there is no 

agreed medical approach to slow disease 
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progression before the use of these rather invasive 

treatments. 

3. Neuropathy: 

More than half of all individuals with diabetes 

eventually develop neuropathy
[70-72]

, with a 

lifetime risk of one or more lower extremity 

amputations estimated in some populations to be 

up to 15%. Diabetic neuropathy is a syndrome 

which encompasses both the somatic and 

autonomic divisions of the peripheral nervous 

system. There is, however, a growing 

appreciation that damage to the spinal cord
[73]

 and 

the higher central nervous system
[75-76]

 can also 

occur and that neuropathy is a major factor in the 

impaired wound healing, erectile dysfunction, and 

cardiovascular dysfunction seen in diabetes. 

Disease progression in neuropathy was 

traditionally clinically characterized by the 

development of vascular abnormalities, such as 

capillary basement membrane thickening and 

endothelial hyperplasia with subsequent 

diminishment in oxygen tension and hypoxia. 

Inhibitors of the renin-angiotensin system and its 

antagonists improve nerve conduction velocities 

in the clinical context, which is postulated to be a 

result of increases in neuronal blood flow. 

Advanced neuropathy due to nerve fiber 

deterioration in diabetes is characterized by 

altered sensitivities to vibrations and thermal 

thresholds, which progress to loss of sensory 

perception. Hyperalgesia, paresthesias, and 

allodynia also occur in a proportion of patients, 

with pain evident in 40–50% of those with 

diabetic neuropathy. Pain is also seen in some 

diabetic individuals without clinical evidence of 

neuropathy (10–20%), which can seriously 

impede quality of life
[74]

. Recently, however, 

there has been some controversy as to the 

inclusion of neuropathy as a ―microvascular‖ 

complication, given that changes in neuronal 

blood vessels are considered by some 

investigators to be a secondary effect of an 

underlying neuronal and glial disorder associated 

with neuropathy rather than the vasculopathy 

being implicated as the cause of this group of 

complications. Indeed, recently there is some 

evidence suggesting that diabetic neuropathy 

selectively targets sensory and autonomic neurons 

over motor neurons, with little vascular 

involvement. In particular, the loss of 

epidermal
[69-76]

 and corneal innervation
[64]

 has 

been noted. Indeed, nerve degeneration and loss 

of neuronal fibers within the cornea can be 

assessed and quantified noninvasively in patients 

with diabetes, using techniques such as corneal 

confocal microscopy
[64,75]

. Nerve degeneration at 

these sites has shown significant correlations with 

thermal thresholds and various measures of pain 

and pressure and neurological disability
[74]

, 

suggesting that corneal confocal microscopy is a 

useful clinical tool for evaluating neural damage 

as a consequence of diabetes
[70-74]

. 

Macrovascular Complications of 

Diabetes Mellitus: 

The central pathological mechanism in 

macrovascular disease is the process of 

atherosclerosis, which leads to narrowing of 

arterial walls throughout the body
[64-66]

. 

Atherosclerosis is thought to result from chronic 

inflammation and injury to the arterial wall in the 

peripheral or coronary vascular system. In 

response to endothelial injury and inflammation, 

oxidized lipids from LDL particles accumulate in 

the endothelial wall of arteries. Angiotensin II 

may promote the oxidation of such particles. 

Monocytes then infiltrate the arterial wall and 

differentiate into macrophages, which accumulate 

oxidized lipids to form foam cells. Once formed, 

foam cells stimulate macrophage proliferation and 

attraction of T-lymphocytes, which in turn induce 

smooth muscle proliferation in the arterial walls 

and collagen accumulation. The net result of the 

process is the formation of a lipid-rich 

atherosclerotic lesion with a fibrous cap. Rupture 

of this lesion leads to acute vascular infarction. In 

addition to atheroma formation, there is strong 

evidence of increased platelet adhesion and 

hypercoagulability in type 2 diabetes. Impaired 

nitric oxide generation and increased free radical 

formation in platelets, as well as altered calcium 

regulation, may promote platelet aggregation
[45,47]

. 

Elevated levels of plasminogen activator inhibitor 

type 1 may also impair fibrinolysis in patients 

with diabetes. The combination of increased 

coagulability and impaired fibrinolysis likely 

further increases the risk of vascular occlusion 
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and cardiovascular events in type 2 diabetes. 

Diabetes increases the risk that an individual will 

develop cardiovascular disease (CVD)
[66-70]

. 

Although the precise mechanisms through which 

diabetes increases the likelihood of 

atherosclerotic plaque formation are not 

completely defined, the association between the 

two is profound. CVD is the primary cause of 

death in people with either type 1 or type 2 

diabetes. In fact, CVD accounts for the greatest 

component of health care expenditures for people 

with diabetes. Among macrovascular complica-

tions, coronary heart disease has been associated 

with diabetes in numerous studies beginning with 

the Framingham study
[65]

.  

More recent studies have shown that the risk of 

myocardial infarction (MI) in people with 

diabetes is equivalent to the risk in nondiabetic 

patients who have already had an MI. These 

discoveries have led to new recommendations by 

the ADA and American Heart Association that 

diabetes be considered a coronary artery disease 

risk equivalent rather than a risk factor.Type 2 

diabetes typically occurs in the setting of the 

metabolic syndrome, which also includes 

abdominal obesity, hypertension, hyperlipidemia, 

and increased coagulability. These other factors 

can also act to promote CVD. Even in this setting 

of multiple risk factors, type 2 diabetes acts as an 

independent risk factor for the development of 

ischemic disease, stroke, and death. Among 

people with type 2 diabetes, women may be at 

higher risk for coronary heart disease than men
[65-

69]
. The presence of microvascular disease is also 

a predictor of coronary heart events. Diabetes is 

also a strong independent predictor of risk of 

stroke and cerebrovascular disease, as in coronary 

artery disease. Patients with type 2 diabetes have 

a much higher risk of stroke, with an increased 

risk of 150–400%. Risk of stroke-related 

dementia and recurrence, as well as stroke-related 

mortality, is elevated in patients with diabetes. 

Patients with type 1 diabetes also bear a 

disproportionate burden of coronary heart disease. 

Studies have shown that these patients have a 

higher mortality from ischemic heart disease at all 

ages compared to the general population. In indi-

viduals > 40 years of age, women experience a 

higher mortality from ischemic heart disease than 

men. 

Observational studies have shown that the 

cerebrovascular mortality rate is elevated at all 

ages in patients with type 1 diabetes. The 

increased risk of CVD has led to more aggressive 

treatment of these conditions to achieve primary 

or secondary prevention of coronary heart 

disease
[62-65]

. Studies in type 1 diabetes have 

shown that intensive diabetes control is associated 

with a lower resting heart rate and that patients 

with higher degrees of hyperglycemia tend to 

have a higher heart rate, which is associated with 

higher risk of CVD. 

Even more conclusively, the Diabetes Control and 

Complications Trial/Epidemiology of Diabetes 

Interventions and Complications Study 

demonstrated that during 17 years of prospective 

analysis, intensive treatment of type 1 diabetes, 

including lower A1C, is associated with a 42% 

risk reduction in all cardiovascular events and a 

57% reduction in the risk of nonfatal MI, stroke, 

or death from CVD
[66-70]

. There has not been a 

large, long-term, controlled study showing 

decreases in macrovascular disease event rates 

from improved glycemic control in type 2 

diabetes. Modification of other elements of the 

metabolic syndrome, however, has been shown to 

very significantly decrease the risk of 

cardiovascular events in numerous studies. Blood 

pressure lowering in patients with type 2 diabetes 

has been associated with decreased cardiovascular 

events and mortality.  

There is additional benefit to blood pressure 

lowering with ACE inhibitors or ARBs. Blockade 

of the renin angiotensin system using either an 

ACE inhibitor or an ARB reduces cardiovascular 

endpoints more than other antihypertensive 

agents
[67-72]

. It should be noted that use of ACE 

inhibitors and ARBs also may help slow 

progression of diabetic microvascular kidney 

disease (Figure 2, ref 74)
[47,70-74]

. Multiple drug 

therapy, however, is generally required to control 

hypertension in patients with type 2 diabetes. 

Another target of therapy is blood lipid 

concentration. Numerous studies have shown 

decreased risk in macrovascular disease in 

patients with diabetes who are treated with lipid-

lowering agents, especially statins. These drugs 
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are effective for both primary and secondary 

prevention of CVD, but patients with diabetes and 

pre-existing CVD may receive the highest benefit 

from treatment. Although reviewing all relevant 

studies is beyond the scope of this article, it 

should be noted that the beneficial effects of lipid 

and blood pressure lowering are relatively well 

proven and likely also extend to patients with 

type1diabetes
[47,70-74]

.  

CONCLUSION 

Diabetes is associated with microvascular and 

macrovascular complication and the 

consequences lead to different critical 

pathological condition. It affects a large number 

of the populations and worldwide, the prevalance 

of diabetes is increasing. Macrovascular 

complications of diabetes can have a profound 

and devastating effect on the quality of life and 

life expectancy of people with diabetes. All 

complications are preventable with good 

glycaemic control. The progression of most 

complications can be halted if detected early and 

appropriate therapy institute. Ongoing and new 

researches strive to reach more positive outcomes 

for people with diabetes. 
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Abstract- Fruits, known as the ‘Treasure house of nature’ provide a wide range of nutritional bioactive phytochemicals 

in it. These components benefit the human beings 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 in recent years, most of them are claimed to possess antioxidant 

activity. Citrus limetta (Mosambi) is one of the most commonly consumed fruits. This study evaluated the phytochemicals 

present in the fruit wastes (peels). Phytochemical screening was carried out on ethanolic and aqueous extracts of dried 

and ground peel.  Phytochemical screening revealed the presence of alkaloids and steroids in all the extracts. 

Phytochemicals and antioxidants are detected at higher concentration in water extracts than in ethanol extracts. 

 

Keywords- Bioactive element, Citrus limetta, Fruit wastes, peel, phytochemical screening 

INTRODUCTION 

Plants existed on the face of this earth since time 

immemorial and from ancient times human beings 

and animals are getting benefits from them in 

some way or other. In fact, plants make earth 

worth living. The World Health Organization 

(WHO) estimates that about 80% of the 

population of the world still depends upon the 

herbal medicines for the treatment of various 

diseases due to easy availability, economic 

reasons and less side effects (Parle 2012). Herbal 

medicines have formed the basis of traditional 

systems of medicine for ages and have occupied 

important place in modern pharmacology (Khan 

2016).   

The sweet lime (Citrus limetta), is commonly 

known as ―Mosambi‖ in Indian subcontinent. It is 

native to Asia and cultivated in India, China, 

southern Japan, Vietnam, Malaysia, Indonesia and 

Thailand. This fruit is eaten fresh or squeezed to 

make juice, a rich source of vitamin C and instant 

energy (Mahendra 2012).   

Citrus fruit juice finds its place as the major 

constituent in juice and food industry around the 

world. Along with the juice, fruit peel which is a 

byproduct of the juice industry is also a source of 

flavonoids, pectin and essential oils (Manthey 

1996).  
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Peel oil has a strong aroma and refreshing effect 

and used as flavoring agent in different industries 

like food, beverages and pharmaceutical 

industries. Aromatic oils are considered to be safe 

due to their wide spectrum of biological activities 

such as antimicrobial, antioxidant, anti-

inflammatory and anxiolytic. Citrus fruits are 

generally composed of 90% terpenes, 5% 

oxygenated compounds and less than 1% non-

volatile compounds such as waxes and pigments 

(Kondo 2000). D-limonene, the most abundant 

terpene has antimicrobial properties, primarily 

exhibiting antibacterial activity against gram 

positive bacteria (Murdock 1960; Dabbah 1970; 

Berger 2007).   

Keeping in mind the richness of phytochemicals 

in fruits, phytochemicals analysis of two extracts 

(aqueous and ethanol) of peel of citrus fruit was 

carried out. 

PLANT MATERIAL AND SAMPLE 

PREPARATION 

The fresh peels of Citrus limetta were sourced 

from the local juice vendors of Haldia, Medinipur 

district of West Bengal. Firstly, fresh peels of 

mosambi fruit were washed thoroughly in running 

tap water, followed by rinsing twice in double 

distilled water. The thoroughly washed peels were 

subjected to sun drying. The sun dried peels were 

powdered in a mechanical grinder and the powder 

stored in air tight polybag. Ten grams of powered 

sample was added to 100 ml of double distilled 
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water and concentrated by boiling to one-tenth of 

its volume. Following boiling, the sample was 

filtered using Whatman no. 1 filter paper. The 

crude extract was concentrated. Another extract is 

also prepared by using ethanol as a solvent by 

taking ten grams of powder and added 100 ml of 

70% ethanol and left to evaporate for 48 hrs, 

following evaporation sample was filtered using 

Whatman no.1 filter paper. Than stored the 

extract in deep freezer for further use. 

QUALITATIVE PHYTOCHEMICAL 

ESTIMATION 

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 (Trease 

and Evans 1989; Ngbede et al. 2008; Ibrahim and 

Ibrahim 2009; Kumar et al. 2009).    

1. Amino acids:   

0.5ml of the each extract of sample was taken and 

0.5ml of methanol was added. This solution was 

then treated with a few drops of ninhyrin reagent 

(5 drops). The ninhyrin reagent was prepared by 

mixing 10ml of n-butanol and 0.3ml of 98% 

acetic acid with 30mg ninhyrin. The solution was 

heated in water bath. Appearance of purple color 

determined the presence of amino acids.  

2. Anthraquinones:  

In this test 1ml of the ethanolic and aqueous 

extract of sample was evaporated, then dissolved 

in 2ml chloroform. 2ml of ammonia (cold) was 

also added to it. Appearance of red or orange 

color determined the presence of anthraquinones.  

3. Phytosterol:   

0.5ml of both extract of sample was evaporated 

and dissolved in 2ml of chloroform. To it, 2ml of 

concentrated sulphuric acid was added by the side 

of the test tube. Appearance of red colored ring 

determined the presence of phytosterol.   

4. Tannin:  

To 0.5ml of the each extract, 0.5ml of methanol 

was added. 0.5ml of 1% lead acetate (prepared in 

methanol) was also added to the solution. 

Brownish yellow precipitate appeared, 

determining the presence of tannin.  

 

5. Cardiac glycosides:  

0.5ml of the each extract of sample was 

evaporated and dissolved in 1ml glacial acetic 

acid. 1 drop of 10% ferric chloride was added to 

the solution followed by 1ml of concentrated 

sulphuric acid added by the side of the test tube. 

The upper layer which was the acetic layer shows 

green color and brown ring appears at the 

interface. This determined the presence of cardiac 

glycosides.   

6. Reducing sugar:   

For this test 0.5ml each extract was taken and 1ml 

Fehling‘s A solution and 1ml Fehling‘s B solution 

was added to it. The mixture was boiled in water. 

Brick red precipitate determined the presence of 

reducing sugar.  

7. Flavonoids:  

To 1ml of the each extract, few drops of 10% 

ferric chloride were added. Appearance of blue 

green color determined the presence of flavonoids.  

QUANTITATIVE PHYTOCHEMICAL 

ESTIMATION 

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 and ethanolic extract (5–50 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. 

RESULTS AND DISCUSSIONS 

The ethanolic and aqueous extracts of sample 

were used for phytochemical screening. The 

results are given in Table 1 which showed the 

presence of amino acids, anthraquinones, 

phytosterols, tannin, cardiac glycosides, reducing 

sugar and flavonoids. These phytochemicals were 
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more prominent in aqueous extract than ethanolic 

extract.     

 

Table 1: Phytochemicals screening of aqueous 

and ethanolic extract 

 

Phytochemicals Ethanolic 

extract 

Water 

extract 

Amino acids ++ ++++ 

Anthraquinones + ++ 

Phytosterol ++ +++++ 

Tannin ++ ++++ 

Cardiac 

glycosides 

++ +++ 

Reducing sugar ++ +++++ 

Flavonoids + +++ 

 

The free radical scavenging capacity of plant 

bioactive components is a basis of the high 

antioxidant activity of herbal medicines 

(Ragwendra 2010). DPPH• is a stable free radical 

which accepts an electron or H radical to become 

a stable diamagnetic molecule. The technique 

involved reaction of definite compounds or 

extracts with DPPH• in methanol solution. This 

type of reaction has been widely used to test the 

capability of the compound or extracts to operate 

as free radical scavengers (Dash 2005). Reduction 

of the DPPH• radicals can be observed by the 

decrease in absorbance at 517 nm. The data 

presented in Table 2 showed boiled aqueous 

extract and ethanol extract of sample had good 

DPPH• radicals scavenging activity. The IC50 

value, a measure of the extract concentration that 

was required for 50% inhibition of the free radical 

DPPH•, was determined. The IC50 values for 

extract of studied  revealed that DPPH• radicals 

scavenging ability were greater for ethanol extract 

(Table 2). Therefore, such dietary antioxidants  

may be particularly important in fighting these 

diseases by conferring protection against free 

radical damage to cellular biomolecules like 

DNA, proteins and lipids.  

 

Table 2: Total phenol content (TPC in mg/ml), 

total antioxidant activity (TAA in mg/ml) in mg/g 

and IC50 in µg for radical scavenging of mosambi 

aqueous and ethanoloic extract. 

 

Extract TPC TAA IC50 of 

DPPH 

Water 1.625 1.0 10 

Ethanol 0.5 0.333 70 

 

CONCLUSIONS 

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 in having 

useful phytochemicals. 
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