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Editorial 

 
‘Muses’ is an anthology of nine re-searches of several academicians, each working in different 

spheres. Proceeding along different tracks, traversing flora and fauna, through ‘crops’ and 

‘venom’, ‘silk’ and ‘heavy metals’, they like most researches, ultimately converge to make a full 

life and a complete existence. They are all attempts to discover, analyze, reflect or review our 

stand on myriad issues which contribute to our very being. The outcome is then this fascinating 

web - a miniature life - our ‘Muses.’ 

 

In Greek mythology, the Nine Muses are the inspirational deities of literature, sciences and the 

arts, urging human minds to creativity, for centuries.  Legends say that all ancient writers 

appealed to the Muses at the initiation of their work. Homer asks the Muses both in the Iliad and 

Odyssey to help him narrate the tales in the most befitting manner. Till today the Muses have 

remained symbols of inspiration, encouragement, creation and life beyond the ordinary.  

 

The 1
st
 Volume of ‘Muses’ owes its birth to several such inspired minds without whom this 

journey would not even have been conceived. With deep gratitude and respect, I acknowledge 

them all. We look to our readers for further analyses and critiques. ‘Muses’ now belongs to 

them… 

 

Happy Reading and Much Reflecting !!! 

 

 

Dr. Supatra Sen 

Editor  
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GENETIC EROSION IN RICE (Oryza sativa L.)  

Mitu De 

Assistant Professor, Department of Botany, Gurudas College, Kolkata- 700 054 

E-mail: mitude@rediffmail.com 

 

Abstract:  

Genetic erosion in crops is the loss of variability from crop populations.  Genetic erosion of 

cultivated diversity occurs in two stages: the initial replacement of landraces by modern 

cultivars; and further trends in diversity as a consequence of modern breeding practices. It 

may occur at three levels of integration: crop, variety and allele. Widespread adoption of 

high-yielding rice varieties (HYVs) has led to the biological poverty of rice germplasms, as 

local rice varieties are abandoned for modern varieties. West Bengal has rich rice genetic 

wealth. But this genetic wealth is being silently depleted due to the onslaught of the high-

yielding varieties (HYVs) and neglect. There is an urgent need to document, characterize and 

conserve these varieties.  

Keywords: genetic erosion, high-yielding rice varieties (HYVs), rice landraces,  

Introduction: 

Plant diversity is threatened by ―genetic erosion‖, a term coined by scientists for the loss of 

individual genes or combinations of genes, such as those found in locally adapted landraces 

or indigenous varieties. Over the millennia, traditional farmers have given us an invaluable 

heritage of thousands of locally adapted genotypes of major and minor crops that have 

evolved because of natural and artificial selection forces [1].  Landraces are the 

heterogeneous crop populations that are locally adapted that humans deliberately cultivate 

(Harlan 1975) and are not the product of modern plant breeding [2]. The phenotypic and 

genetic variation present within a crop species – that is, crop infra-specific diversity or simply 

crop diversity allows farmers and scientists to adapt a crop to heterogeneous and changing 

environments. According to Harlan [3], landraces are ―balanced populations in equilibrium 

with both the environment and pathogens, and are genetically dynamic‖. These landraces 

constitute a conspicuous source of variation for crop improvement [4]. 

Agriculture before the 18th century completely depended on landraces for new varieties. 

Plant breeding since the early 1900s has made a profound impact on food production and will 

continue to play a vital role in the world food security [5; 6]. The discovery of genetics by 

Mendel in the mid-19
th

 century and the subsequent work of other plant geneticists provided 

the knowledge base that made dramatic increases in agricultural productivity possible. 

Undeniably, these discoveries have led to vast improvements in agriculture, but they also 

have led to a decline in the genetic diversity of the crops in many farmers‘ fields. Landraces 

and traditional varieties have been replaced by less diverse modern cultivars and hybrids. 

Modern varieties are by definition genetically uniform and stable, whereas landrace cultivars 
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are more volatile, encompassing a population of genes and alleles that are adaptable to 

natural and human selection pressures [7]. After the ―Green Revolution‖ during 1960‘s, the 

spread of modern cultivars of corn, wheat, rice, sorghum, pearl millet and other crops has 

rapidly squeezed out landraces of these crops in India and other parts of the world [8]. The 

spread of modern, commercial agriculture and the introduction of new varieties of crops has 

been the main cause of the loss of genetic diversity [9].  

Genetic erosion was a topic of discussion in the international agricultural community in the 

mid-1900s and received prominence with the twin catastrophic outbreaks in 1970 of southern 

corn-leaf blight in the United States and of coffee rust in Brazil. These events illuminated the 

consequences of genetic erosion, stimulated international discussions and provided a major 

focus at the United Nations Conference on Human Environment in Stockholm in 1972 [10].   

Types of genetic erosion: 

The loss of variation in crops due to the modernization of agriculture has been described as 

genetic erosion. As early as in the 1930s the American plant breeders H. V. Harlan and M. L. 

Martini also recognized the problem of genetic erosion in crops [11; 12]. Genetic erosion of 

cultivated diversity occurs in two stages: the initial replacement of landraces by modern 

cultivars; and further trends in diversity as a consequence of modern breeding practices. It 

may occur at three levels of integration: crop, variety and allele [10] and is often magnified or 

accelerated by human activities.  

In native plant populations, genetic erosion results from habitat loss and fragmentation, but it 

can also result from a narrow genetic base in the original collections or by practices that 

reduce genetic diversity. In native plant populations, genetic erosion results from habitat loss 

and fragmentation, but it can also result from a narrow genetic base in the original collections 

or by practices that reduce genetic diversity. The lesson was that ―genetic uniformity is the 

basis of vulnerability to epidemics and, more generally, to biotic and abiotic stresses‖ [13].   

Genetic erosion and the loss of variability from crop populations: 

Genetic erosion has also been defined as ―the loss of genetic diversity, in a particular location 

and over a particular period of time, including the loss of individual genes, and the loss of 

particular combinations of genes such as those manifested in landraces or varieties‖. It is thus 

a function of change of genetic diversity over time. 

Genetic erosion in crops is the loss of variability from crop populations. Variability refers to 

heterogeneity of alleles and genotypes with their attendant morphotypes and phenotypes.N.I. 

Vavilov and Jack Harlan are sometimes proposed as the first researchers that became aware 

of genetic erosion in the 1920s and 1930s [13]. The amount of genetic diversity within 

species is essential for the survival of species and their adaptation to changing environments 

[14]. Genetic diversity constitutes the raw material for plant improvement, and provides 

protection against genetic vulnerability to biotic and abiotic stresses. Crop diversity allows a 

farmer to grow food in a variety of environments characterized by different soil and qualities, 

temperature and rainfall regimens, topographies, and exposures to diverse pests and 

pathogens [15; 16]. The genetic base of landraces, wild and weedy relatives in which future 

breeding is based is threatened by various factors of genetic erosion.  

Crop genetic erosion refers to a reversal of the trend of increasing diversity after the 

domestication and dispersal bottlenecks, as a consequence of scientific and formal breeding 
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systems and modern agriculture where a relatively small number of breeders has replaced the 

multitude of farmers involved in the generation and maintenance of diversity. 

Quantifying genetic erosion: 

In the literature, three different views on methods to quantify genetic erosion can be found:  

(1) Genetic erosion as an absolute loss of a crop, variety or allele [14, 17- 19]. This approach 

only looks at what has been lost, and not at what has replaced this lost material.  

(2) Genetic erosion as a reduction in richness [20-23]. A reduction in richness (that is a 

reduction in the total number of crops, varieties or alleles) is a better indicator for genetic 

erosion, as it does recognize the dynamics in the system. A reduction in richness is always 

accompanied by an absolute loss, but an absolute loss does not necessarily imply a reduction 

in richness, as a loss may be compensated for by novel diversity. A drawback in the use of 

richness as a criterion for genetic erosion is that very rare varieties or alleles contribute as 

much to the diversity as the most common varieties or alleles, and therefore richness might 

only poorly reflect increased levels of uniformity in agriculture. Also, the level of richness 

found depends to a large extent on the intensity of the investigation. A more detailed survey 

will most likely yield a larger number of varieties or alleles and thus shows a higher level of 

richness.  

(3) Genetic erosion as a reduction in evenness [24, 22]. Genetic erosion as a reduction in 

evenness originates from the diversity indices used in vegetation ecology and population 

genetics, such as Shannon‘s index [25] or Nei‘s gene diversity index [26] respectively.  

RICE GENETIC DIVERSITY 

 Rice is the most intensively evaluated and one of most polymorphic cereal crop species with 

the largest ex situ germplasm in the world [27]. The genus has extensive intraspecific 

variation, differentiation into subspecies (sativa and japonica) and further differentiation into 

different cultivar groups as landraces, breeding lines, and modern varieties.  

Rice (Oryza sativa L.) is an economically important crop that has gradually become the 

principal staple food in most parts of the world, feeding more people than any other crop in 

the whole world [28]. India alone produces nearly one fourth (22%) of the rice in the world, 

next only to China [29]. It is one of the very few crop species endowed with rich genetic 

diversity which account over 100,000 landraces and improved cultivars and makes it one of 

the most researched crop with a wealth of scientific literature on all its aspects. Rice genetic 

resources constitute an important human heritage. 

   The genus Oryza, belongs to the family Poaceae. Sokal‘s correlation coefficient of 

characters was used to rearrange the section sativa and subdivided it into 2 groups [30- 32].   

The first group includes the cultivated species O. sativa L., 2n = 24 with AA genome and its 

allied wild species, while the other group consists of the cultivated species O. glaberrima 

Steud., 2n = 24 with AA genome, grown on a limited scale in West Africa. The wild species 

have either 2n = 24 or 2n = 48 chromosomes and AA, BB, CC, BBCC, CCDD, EE, FF, GG 

and HHJJ genomes [33, 34].  Now this genus comprises more than 22 species distributed 

through the tropical and sub-tropical regions of Asia, Africa, Central and South America and 

Australia, of which, there are only two cultivated species viz. Oryza glaberrima (Steud) and 

Oryza sativa (L.) [35]. This crop requires high temperature and humidity for its growth and is 

cultivated both in tropical and subtropical zones extending from 36°S to 55°N latitudes. 

Variation within this crop species is so extensive, due to its adaptation to a wide range of 
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geographical and ecological niches, that cultivated lines were organized into three subspecies; 

indica, japonica and javanica [33]. The subspecies javanica is now known as tropical 

japonica [36]. Rice breeders exploit the high degree of heterosis that results from crosses 

between combinations of the three subspecies leading to the development of improved 

varieties [37]. Through domestication, O. sativa has evolved into many different cultivars 

that are adapted to the wide range of conditions such as different water regimes, and a wide 

range of soils [38].   

  Rice is the most intensively evaluated and one of most polymorphic cereal crop species with 

the largest ex situ germplasm in the world [39]. The genus has extensive intraspecific 

variation, differentiation into subspecies (sativa and japonica) and further differentiation into 

different cultivar groups as landraces, breeding lines, and modern varieties. Landraces are 

most often heterogeneous with a blend of different individual plants maintained by farmers in 

a local environment and constitute a significant portion of the cultivated rice genepool in Asia  

[40].  

Rice Landraces and Genetic diversity: 

Rice landraces are the groups of lineages that originated and evolved in the field over 

millennia through selective breeding by generations of farmers, who chose random mutants 

and gene combinations in domesticated rice, for better yield, grain size and other agronomic 

or cultural values [16]. As a consequence of adaptations to different habitats, extensive 

genotypic and phenotypic diversity exists within O. sativa, resulting in about 120,000 

different accessions [41]. These landraces are the only resource available in a resource-poor 

environment and this genetic variation could be exploited in rice breeding where access to 

new technology is difficult [42].  

In South East Asia where rice cultivars are more diverse, the landraces carry a tremendous 

amount of variations. For instance, rice varieties in Bangladesh are divided into three major 

seasonal groups: Aus. Aman and Boro. These are grown by the farmers in accordance with 

the water regimes for particular farming system, including mixed planting. The deepwater 

types like Rayada and Ashina were found to carry rare isozyme alleles [43].  In recent years, 

these traditional varieties have been replaced by modem improved varieties associated with 

new cultural practices. 

Genetic Erosion in Cultivated Rice 

Genetic erosion of crops and their wild relatives is accelerating at a high rate because of 

human activities. The combination of new conditions, including rapid population growth, 

new agricultural technology and swift economic & cultural changes produces a new 

environment. As a result, most of the wild relatives of crop species have disappeared, and 

others are at the edge of the extinction. Moreover, widespread adoption of high-yielding rice 

varieties (HYVs) has led to the biological poverty of rice germplasms, as local rice varieties 

are abandoned for modern varieties [14].    

However, the intensive selection in modern breeding practices has led to a severe loss of 

genetic diversity in the cultivated rice gene pool, rendering rice varieties more vulnerable to 

disease and insect epidemics and consequently affecting the stability of stability of rice 

productivity, growth duration in relation with climate, adaptations to different agricultural 

practices (upland, lowland, swampland, etc.), the photo-periodic response and the use for 

food
15.16

. However, the intensive selection in modern breeding practices has led to a severe 

loss of genetic diversity in the cultivated rice gene pool, rendering rice varieties more 
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vulnerable to disease and insect epidemics and consequently affecting the stability of stability 

of rice productivity, growth duration in relation with climate, adaptations to different 

agricultural practices (upland, lowland, swampland, etc.), the photo-periodic response and the 

use for food [44, 35].   

Ex situ conservation and genetic erosion 

Conservation of genetic diversity is a fundamental concern in conservation and evolutionary 

biology, as genetic variation is the raw material for evolutionary change within populations 

[45]. Traditionally, many crops are conserved as seed in gene banks as a part of ex situ 

conservation. This involves desiccation of seeds to low moisture contents and storage at low 

temperatures [46].   

Ex situ collections are not going to be the universal means of preventing the results of gene 

erosion. The collections will always be limited and gene banks will only be able to include a 

portion of all genetic resources. In the world collection, beyond the problem of duplication 

among accessions, the security of ex situ conservation as a whole is endangered. About half 

of all gene bank accessions urgently require rejuvenation, and in several countries the 

percentage is even higher [47]. The problem of genetic erosion through inappropriate 

maintenance of ex situ collections is widely recognized. Genetic erosion can occur at many 

stages in the preparation, sub-sampling, exchange, storage and regeneration of seed [48].   

West Bengal rice landraces 

Rice is one of the very few crop species endowed with rich genetic diversity which account 

over 100,000 folk varieties or landraces and improved cultivars and makes it one of the most 

researched crop. West Bengal has rich rice genetic wealth. But this genetic wealth is being 

silently depleted due to the onslaught of the high-yielding varieties (HYVs) and neglect. 

There is an urgent need to document, characterize and conserve these varieties. Only about 10 

to 15 rice landraces are cultivated commercially. A list of rice landraces found in several 

pockets of West Bengal a decade ago have been enlisted in Table 1. Also at present 

significant numbers of the West Bengal rice landraces are on the verge of being eroded [49, 

50].  

Table 1. List of 30 landraces of rice cultivated in pockets of rural West Bengal [51]   

SL 

NO. 
GENOTYPES ORIGIN TYPE OF CULTIVAR 

1 BOCHI CL, SF NA WBL 

2 JOSHOA CL, SF NA WBL 

3 FULPANKHARI CL, SF NA WBL 

4 PANKHARI CL, SF NA WBL 

5 MALSHIRA CL SF NA WBL 

6 KALONUNIA CL, SF NA WBL 
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7 KHEJURCHARI CL, SF NA WBL 

8 VALKI CL, SF NA WBL 

9 MUGI CL, SF NA WBL 

10 CHAMPAKUSHI CL SF NA WBL 

11 DUDHSAR CL, SF NA WBL 

12 KANKARI CL, SF NA WBL 

13 MOHANBHOG  CL SF A WBL 

14 NAURA CL, SF NA WBL 

15 SADA DHYAPA) CL SF NA WBL 

16 LAL DHYAPA CL, SF NA WBL 

17 CHINAPANKHARI CL, SF NA WBL 

18 CHINIATAP CL, SF A WBL  

19 PANATI CL, SF NA WBL 

20 KALAMOCHA CL SF NA WBL 

21 TILAKPETI CL, SF NA WBL 

22 JALJABRA CL, SF NA WBL 

23 JALKIMINI CL, SF NA WBL 

24 BIRALA CL, SF NA WBL 

25 GOBINDOBHOG CL, SF NA WBL 

26 AGNIBAN CL, SF NA WBL 

27 ASHFAL CL, SF NA WBL 

28 DUDHSAR CL, SF NA WBL 

29 GAYASUR CL SF NA WBL 

30 GHEUS CL, SF NA WBL 

A WBL = Aromatic West Bengal landrace, NA WBL = Non aromatic West Bengal landrace, CL = 

collection line, SF = self-fertilized. 
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Genetic erosion of cultivated rice in West Bengal 

Many of above rice landraces of Table 1. are on the verge of extinction as farmers no longer 

are interested in cultivating traditional landraces. These traditional varieties will be eroded 

away by genetic erosion due to the wide spread cultivation of High Yielding Varieties 

(HYVs) in West Bengal. To the general public from among the 30 rice landraces listed above 

only a few may be familiar like Gobindobhog and Dudhsar. 

The Green Revolution introduced HYVs that are appropriate only for irrigated lowland farms 

[52]. However, all agricultural institutions and development agencies promoted the new 

―miracle varieties‖ and irrigation technology for all type of farms, leading to the demise of 

varieties adapted to upland and deepwater paddy farms, and the subsidence of the water table 

[53, 54]. In Table 2, the names of some hybrid rice varieties cultivated in West Bengal are 

given along with their parentage. Some of the hybrid rice varieties have been selected from 

landraces and others following hybridisation among improved varieties. 

Table 2. Some Hybrid rice cultivated in West Bengal 

Sl. No. Hybrid rice variety Parentage 

1 Jamini 

(IET-12133) 

BG-280-112 x PTB-33 

2 Saraswathi 

(IET-11271) 

Pankaj x Patnai-23 

3 Khanika 

(IET-12055) 

Jaya x CR-237-1 

4 Neeraja 

(IET-11865) 

Selection from land races 

5 CR-126-42-1 (IET-2969) Dhurighansali x IR-8 

6 Anamika 

(IET-3257) 

(MNP-36 x CR-12) x Pankaj 

7 Khitish 

(IET-4094) 

BU-1 x CR-115 

8 Sabita 

(IET-8970) 

Pure line selection from Indica 

cultivar Boyan 

9 Jogen 

(IET-8967) 

IR-26 x SML 40-10-4 

10 Jitendra 

(IET-10526) 

Selection from land races 

 

Worldwide examples illustrate how indigenous farmers can perceptively identify distinctive 

traits on seeds and vegetative propagules to maintain genetic purity, distinguish important 

markers at planting time, identify landraces suitable for planting at particular locations and 

times, and value landraces for different uses [55].    
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Conservation of Rice genetic wealth 

Rice landrace conservation is now seen as a necessity rather than a luxury [56].  Landraces 

embody certain cultural values which may serve to conserve the genetic diversity of this crop  

[57]. The names of many of these rice landraces are unheard in urban Bengal. Many rice 

landraces of West Bengal will die of neglect in a few years. There are numerous traditional 

folk varieties of rice grown in West Bengal and also rice features in numerous traditions and 

rituals of West Bengal [58]. 

Deb has studied various local varieties prevalent in West Bengal and stressed upon need of 

their conservation [50, 54]. Many traditional farmers prefer rice landraces with erect flagleaf, 

because gramnivore birds cannot perch on them [50]. Those landraces that possess particular 

traits considered valuable for the concerned farmer qualify for on–farm conservation [59].  

Use of Rice Landraces 

For farmers, genetic diversity means varietal diversity, which farmers can clearly distinguish 

on the basis of agromorphological traits, phenological attributes, postharvest characteristics, 

and differential adaptive performance under abiotic and biotic stresses [60]. Importance of 

folk varieties landraces can never be denied in agriculture system, because improvement in 

existing variety depends upon desirable genes which are possibly present in landraces and 

wild varieties only [53]. Landraces offer a valuable gene pool for future breeding program 

[61]. 

Most traditional upland rice varieties are adapted to non-flooded soils [62], while all 

traditional deepwater landraces can withstand flooding and have developed a ‗quiescent 

strategy‘ for flash flooding and an ‗escape strategy‘ for deepwater flooding [63].   

Subsistence farmers use landraces as a key component of their cropping systems. Such 

farmers account for about 60% of agricultural land use and provide approximately 15-20% of 

the world‘s food [64]. In addition, landraces are the basic raw materials used by plant 

breeders for developing modern varieties. 

Conclusion 

Plant breeding since 1900s has had a profound impact on food production through developing 

and deploying new cultivars on a worldwide basis [5]. New cultivars have been developed 

through applications of many effective breeding methods, ranging from introduction, 

phenotypic selection on natural variants, selection with controlled mating, to marker-assisted 

selection for desirable genes [65]. In the agricultural sphere, there is ongoing concern and 

attention at all levels, including the Food and Agriculture Organization of the United Nations. 

―Genetic erosion or the steady loss of genetic diversity in on-farm agriculture, is perhaps the 

key ‗pressure‘ on the sustainable management of domesticated plant genetic resources [66]. 

Species currently are being lost at a rate that far exceeds the origin of new species, and, 

unlike the previous mass extinctions, this is primarily the result of human activities [67].  

Similarly, the seriousness of recent and ongoing losses of genetic diversity—in particular, 

locally adapted gene complexes—has been recognized with the term ‗secret extinctions‘ [68].   
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Abstract: 

Dendritic cells are Antigen Presenting Cells (APCs) which are critical decision maker in the 

regulation of the adaptive immune response and have been referred to as ―professional‖ 

APCs. They belong to the hematopoietic system and arise from CD34
+
 stem cells in the bone 

marrow and found in the blood, epithelia and lymphoid tissues. The key function of DCs is to 

present antigens, and only DCs have the ability to induce a primary immune response in 

resting naïve T lymphocytes. DCs are involved in capturing antigens, processing them, and 

presenting them on the cell surface along with appropriate costimulatory molecules. They 

also play a role in the maintenance of B cell function and recall responses. Thus, DCs are 

critical in the establishment of immunological memory. 

 

During the past two decades a large body of literature has been accumulated emphasising on 

the role of DCs in establishment and maintenance of central tolerance that occurs in the 

thymus for T cells and at the bone marrow for B cells. Initially immature DCs were 

considered to be responsible for inducing tolerance but during the recent past fully matured 

DCs with regulatory functions was also been observed in considerable instances. This study 

focuses on the immunosuppressive role of regulatory DCs in cases of malignancy where the 

essential balance between immunogenicity and tolerance has been altered. 

 

Key words: Tumor Microenvironment, Dendritic cells (DCs), immunosuppression. 

 

 

Functional plasticity of DCs: 

 

The regulatory capacity of DCs depends on their immature state and distinct subsets, yet not 

restricted to the immature state and one specialized subset. The tolerogenicity of DC is 

controlled by a complex network of environmental signals and cellular intrinsic mechanisms.  

DCs circulate in the blood as immature precursors prior to migration into the peripheral 

tissues. In specific tissue microenvironment they further differentiate with capacity to engulf, 

process and present antigen as peptide-major histocompatibility complex (MHC) on their 

surface. DCs migrate to secondary lymphoid tissues (depending on appropriate stimulation) 

and undergo further maturation to present antigens to T cells inducing their clonal 

proliferation and the immune response [1]. However, sometimes specific microenvironmental 

signalling might prevent polarisation of immunologically competent DCs, resulting in 

formation of DC subsets with tolerogenic and immunosuppressive potential accountable for 

antigen-specific unresponsiveness in the lymphoid organs and in the periphery [2]. 

Earlier it has been suggested that conventional (cDCs) and plasmacytoid (pDCs) 

subpopulations perform specific stimulatory or tolerogenic function, respectively, but that 
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generalisation has been re-verified with numerous examples of exceptions in different 

experimental and clinical scenarios. It has been found that cDC, including tissue-resident 

DCs, migratory DCs and inflammatory DCs might exhibit immunosuppressive properties 

under certain circumstances or in immature stage [3-5]. Other DC subsets, such as the pDCs, 

have also been reported to exhibit potent immunosuppressive and tolerogenic properties by 

blocking proliferation of naïve and antigen-specific CD4
+
 and CD8

+
 T cells, supporting 

polarization and activation of regulatory T lymphocytes [6-8]. 

Thus, DCs represent a specialized group of antigen-presenting cells with high level of 

functional plasticity that express immunostimulating or immunosuppressive potential, or 

both, depending on the consequence and combination of microenvironmental stimuli 

affecting DC differentiation, maturation, activation and polarization. A wide spectrum of 

cells and factors in the tumor microenvironment represent an excellent example of 

differential stimuli that affect all aspects of DC biology and thus control functionality and 

longevity of all DC subsets. 

 

Tumor associated Dendritic cells: 

 

There are six distinct hallmarks of cancer development: the autocrine production of growth 

hormones, resistance to growth inhibitory signals, avoidance of apoptosis, uncontrolled 

proliferation, sustained angiogenesis, and metastatic capacity [9]. The reprogramming of 

energy metabolism and immune surveillance evasion are two recent additions in the existing 

criteria [10]. Tumors are heavily infiltrated by considerable number of innate and adaptive 

immune cells [11]. The tumor mechanisms that subvert the immune response include the 

inhibition of antigen presentation, modulation as well as inhibition of tumor resident immune 

cells, and the recruitment of suppressive immune cells.  

 

A subset of  DCs with regulatory properties has been shown to suppress T cell response in the 

tumor microenvironment and probably are also involved in tumor escape from 

immunological destruction [12, 13]. Three major functional subsets of dendritic cells (DCs) 

have been described in the tumor microenvironment in patients with cancer and tumor-

bearing animals: (i) conventional DCs with integral antigen-presenting capabilities, (ii) 

functionally defective DCs with decreased motility and low ability to uptake, process and 

present antigens or produce cytokines and (iii) regulatory DCs with high capacity to suppress 

T cell proliferation, induce differentiation of regulatory T cells or support immune tolerance 

[14]. 

 

Cultured bone marrow-derived immature DCs do not possess immunosuppressive ability, 

when appropriately conditioned in the tumor microenvironment, in vivo and in vitro, they 

may inhibit innate and adaptive immunity by various mechanisms. Within tumor 

microenvironments DCs have aberrant phenotypes and have been found to suppress 

antitumor adaptive immune responses since tumor cells are able to exploit the functional 

roles of DCs for tumor progression [15, 16]. DCs have been found in the TME in many 

cancer types, such as breast, colorectal, lung, renal, head and neck, bladder, gastric, and 

ovarian [17]. Various tumor derived and stromal factors causes manipulation of DC subset 

distribution and function in the tumor microenvironment mainly by inhibition of 

dendropoiesis (DC production), decelerating DC differentiation, induction of functional 

deficiency of DCs and acceleration of cell death of semi-mature/mature DCs or DC 

precursors [18–21]. In colorectal cancer (CRC) tumor-infiltrating DC plays key factor at the 

interface between innate and adaptive immune response in malignant disease. Tumor 
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infiltrating S100-positive DC show an inverse relationship with the systemic antigen-specific 

T-cell response, a positive correlation with regulatory T cells, and a positive association with 

survival in CRC. These data put tumor-infiltrating DC at the center of the relevant immune 

response in CRC [22]. DCs isolated from tumor-bearing mice displayed reduced ability to 

induce syngeneic tumor-specific CTLs and stimulate allogeneic T cells [23]. 

 

Tumor cells can sufficiently modulate certain subsets of immature DCs that fail to provide an 

appropriate co-stimulatory and cytokine signals to T cells and might induce tolerance through 

abortive proliferation or anergy of antigen-specific CD4
+
 and CD8

+
 T cells or through the 

generation of regulatory T cells that prevent immune responses by producing IL-10 and TGF-

β [24-27]. 

  

Immunosuppressive attributes of Tumor induced Regulatory DCs: 

 

Regulatory DCs belong to the family of regulatory myeloid cells [28, 29]. These are 

differentiated mature or immature CD11c
+
 DCs that, however, do not yet have a specific 

marker, which identifies them as immunosuppressive cells. Rather, regulatory DCs (reg DC) 

can be identified using a combination of surface marker expression, cytokine production, 

immunomodulatory molecule expression and functional regulatory or suppressive properties. 

Markers, including PD-L1, PD-L2, B7-H3, B7-H4, CD103 and ILT3/4, increased production 

of immunoregulatory cytokines and factors (e.g., IL-10, IL-1β, TGF-β, indoleamine 2,3- 

dioxygenase (IDO), arginase I, iNOS) or decreased production of pro-inflammatory cytokines 

(e.g., IL-6, IL-12, IL-15, TNF-α, IL-1α) have been described in different reg DC model 

systems [28, 29–35]. Tumor-induced regDCs have been shown to be DCs expressing low 

levels of CD11c, MHC class II and co-stimulatory CD80 and CD86 molecules and high 

levels of CD11b [29]. 

 

Immune suppression induced by regDCs can be mediated by a number of suppressive factors, 

such as IDO, iNOS. Tumor induced regDCs can produce cytokines, such as IL-10 or TGF-β 

that directly suppress activity of effector T cells or alter polarization of T helper cells and also 

can induce the production of Treg cells or T cell anergy [36, 37]. CCR-7 dependent migration 

of DCs to secondary lymphoid tissue is also impaired by the presence of IL-10 [38]. 

Expression of inhibitory molecules on regDCs, like programmed cell death ligand 1 (PD-L1) 

and PD-L2, is another pathway responsible for regDC-mediated inhibition of anti-tumor 

immunity. It has been recently reported that hyaluronan fragments derived from cancer cells 

drove human monocytes to become tolerogenic semimature DCs, which triggered rapid 

down-regulation of CD3-ε and TCR-α/β and subsequent apoptosis in autologous T cells [39].  

DCs treated with IFN-γ and displaying a mature cell phenotype 

(CD80+CD83+CD86
high

HLA-DR
high

) might exert tolerogenic properties due to an additional 

expression of indoleamine 2,3-dioxygenase (IDO) [40, 41]. These mature regulatory DCs can 

stimulate T cell proliferation if IDO was blocked with the specific inhibitor 1-methyl 

tryptophan (1-MT), suggesting that they can also act as antigen-presenting cells. These data 

point towards a functional plasticity of mature DCs, allowing them to adopt either 

suppressive/tolerogenic or activating/ immunogenic phenotypes depending on the signals 

received [42]. 

 

Though various tumor-derived and stromal factors are responsible for impaired or repolarized 

DC functions, some of them may utilize similar transcription factors and signaling pathways, 

in particular STAT3, MAP kinase and small Rho GTPases. Studies show that the 

immunosuppressive effects of tumor-derived factors on DC differentiation gets abolished in 
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cells from STAT3−/− mice and by blocking downstream STAT activation in DC precursors. 

STAT3 is also involved in the IL-6-mediated regulation of DC activation and maturation 

[43], an event important in cellular interactions in the tumormicroenvironment [44]. 

Regulatory T cells from tumor-bearing animals could hamper DC function by activating 

STAT3 and inducing the Smad signaling pathway [45], which was also associated with 

down-regulation of activation of the transcription factor NF-κB.  

 

The STAT6-mediated signaling is constitutively activated in immature DCs and declines as 

they differentiate into mature DCs, in contrast to STAT1 signalling, which is most active in 

mature DCs and required for the efficient antigen presentation [46]. Down regulation of 

STAT6 pathway is accompanied by remarkable induction of suppressors of cytokine 

signaling 1 (SOCS1), SOCS2 and SOCS3 [47]. SOCS1 restricts DC ability to break self-

tolerance and induce anti-tumor immunity by regulating IL-12 production and signalling, it is 

likely that tumor-derived and/or stroma derived factors might induce SOCS1 expression in 

DCs the tumor milieu.  

 

The key functions of cDCs are regulated by the family of small Rho GTPases (Cdc42, RhoA 

and Rac1/2) [48], Tourkova et al. determined whether small Rho GTPases might be affected 

by tumor-derived factors. They found that impaired endocytic activity of cDCs co-cultured 

with tumor cells was associated with decreased levels of active Cdc42 and Rac1 [49]. 

Transduction of DCs with the dominant negative Cdc42 and Rac1 genes also lead to reduced 

phagocytosis and receptor-mediated endocytosis, while transduction of DCs with the 

constitutively active Cdc42 and Rac1 genes restored endocytic activity of DCs that were 

inhibited by the tumors [49].  However, it is still unknown whether the involvement of these 

pathways is tumor-specific or DC subset-specific. 

 

Conclusion: 

 

Studies have confirmed the immunosuppressive status of tumor microenvironment [50-52].  

As tumors develop and progress, they form a unique microenvironment that not only supports 

tumor growth, spreading and metastasis, but also exert negative modulation effects on certain 

of immunocompetent cells of adaptive immune system.  Among the many components of this 

tumor microenvironment is a population of regDCs, which exert profound immune 

suppressive effects on T cells and, probably, other immune effector cells, and interact with 

different myeloid and lymphoid regulatory cells. Recently, different kinds of regulatory 

and/or tolerogenic DCs have been reported [12, 53]. They can suppress T cell activation and 

proliferation via inducing Treg cell expansion or generation, or T cell anergy. Several 

different mechanisms involving in DC-induced T cell inhibition have been described and 

their participation in the immunosuppressive properties of the tumor immunoenvironment is 

cancer-dependent.  

 

For patients with cancer, the altered balance of the DC system would result in significant 

deficiency in the induction of anti-tumor immunity, tumor progression and low response to 

immunotherapy and, probably, other treatment modalities. Knowledge of regulatory DCs and 

their immunological impact in cancer should benefit researchers for finding new drugs and 

agents to selectively block the immunosuppressive pathways and restore the original 

immunostimulatory function of DCs in the tumor microenvironment. 
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ABSTRACT 

Viperid snake venoms contain a number of toxins which can cause vast hemostatic 

disturbances in the victim or prey upon envenomation, ultimately culminating in mortality or 

morbidity to a varying degree. Among them, there occur pro-coagulants, anticoagulants, 

inhibitors of platelet aggregation and a group of toxins that cause hemorrhage by directly 

acting upon blood vessels particularly capillaries. These toxic principles are often termed as 

hemorrhagins. These are metalloproteases characterized by the presence of a protease 

domain, with additional domains in some of them. They act chiefly by degrading the 

component proteins of basement membrane underlying capillary endothelial cells. The toxins 

also act upon these cells to cause lysis or drifting apart of them resulting in hemorrhage per 

rhexis or per diapedesis. Some of these toxins have been found to exert additional effects like 

fibrinogenolysis and platelet aggregation that may facilitate the process of hemorrhage. The 

structural and functional features of these toxins are discussed in this review in order to have 

a thorough understanding of their molecular structure and mechanism of toxic activity. This 

can well be of immense therapeutic value in the management of snake venom poisoning as 

well as venomics, as hemorrhagins comprise a major class of toxins of snake venom 

responsible for considerable morbidity and mortality. 

KEY WORDS: Viper ; Snake venom ; Metalloprotease ; Hemorrhage ; Endothelial cell ; 

Basement membrane ;  Reprolysin  

  

Introduction 

Snake venoms have been fascinating objects of study since time immemorial. 

Although only about a quarter of described species is known to possess venom, snakes have 

been revered and feared all over the world primarily because of this attribute. They have 

always held a very special position in culture, religion, art and craft as well as in the social 

psyche from the dawn of civilization. With advancement of science, they and their venom 

have naturally become objects of intense scientific investigation from evolutionary, 

taxonomic, biochemical, toxicological, therapeutic and biotechnological point of view. Every 

snake venom is known to possess a good number of enzymatic and non-enzymatic 

components which act in unison with still poorly understood synergism to produce the 

morbidity and mortality in the envenomated subject. Classically snake venoms have been 

broadly classified  into two groups depending upon the principal target system, neurotoxic 

(venom of elapid and hydrophid snakes) and hemotoxic (venom of viperid snakes including 

the subfamilies Viperinae and Crotalinae
1
). However, with more and more scientific study, 

the delineation is gradually becoming blurred. For example, a predominantly neurotoxic 

venom has been found to contain a very potent hemotoxic component (e.g. the hemorrhagic 

toxin from the venom of Ophiophagus hannah
2
) and vice versa (e.g. the neurotoxic 
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component of the venom of Vipera palestinae
3
). TABLE-I summarizes the major 

mechanisms of hemostatic disturbance caused by  viperid venoms. However, not all the 

venoms show all these pathophysiological effects. 

True hemorrhagic toxins comprise a major group of active principles in viperid 

venom. These toxins act directly upon the endothelial cells and the underlying basement 

membrane to induce local and systemic hemorrhage depending upon the severity of 

envenomation. The massive extravasation of RBCs caused by these toxins can alone be 

responsible for the lethal action of the venom. Therefore, elucidation of their structure and 

biochemical mechanism of action has become a major area in snake venom research in recent 

times. Even if hemorrhage is not that severe as to cause mortality it can lead to serious 

pathophysiological consequences e.g. hindrance in proper blood supply to extremities can be 

greatly debilitating for the envenomated subject. 

With increasing number of hemorrhagic principles being isolated and characterized, 

accumulation of data for comparison and grouping together for unifying concepts became 

vital for both academic interests and therapeutic purposes. These toxins, often called 

hemorrhagins (the term introduced by Grotto L. et al., 1967
29

) act directly upon the capillary 

basement membrane and the overlying endothelial cells to disrupt the molecular and cellular 

integrity and cause internal hemorrhage. In mild envenomation, their action is limited to the 

site of bite ; but in severe cases, hemorrhage can be widespread involving the whole 

extremity concerned and even organs distant from the site of bite such as heart, lung, kidney, 

intestine and brain. In almost all the cases, purified hemorrhagins are lethal at a sufficiently 

low dose indicating that they can be one of the principal causes of lethality even in absence of 

synergy from other components of the venom. However, following snake bite, other venom 

factors may assist them to exert the lethal action and there can undoubtedly be other toxic 

components in the venom contributing to the overall pathophysiology. The point is well 

exemplified by the snake Bothrops asper, the venom of which possesses two hemorrhagins, 

BH2 and BH3 which individually are only weakly hemorrhagic but exert a synergistic effect 

with the hemorrhagin BaH 1
30

.   

Hemorrhagins have all been found to be metalloproteases which are rather specific in 

their action, both in terms of substrate preference (chief targets are basement membrane 

component proteins) and also in peptide bond cleavage pattern. All but one (CVO protease V 

from Crotalus viridis oreganus which appears to possess Ca
++ 31

) have been found to contain 

one mole of zinc per mole of toxin. The metal zinc in these enzymatic toxins is tetra 

coordinated, out of which three ligands are coordinated from protein (usually by histidine, 

lysine, arginine etc.) and the rest, with a water molecule. 

Although proteolytic degradation of basement membrane has been supposed to be 

instrumental in their ability to cause hemorrhage the extent to which hemorrhagic and 

proteolytic potencies correlate is yet to be ascertained beyond doubt. The number of 

hemorrhagins in the venom of a particular species of snake may be one (e.g. bilitoxin from 

Agkistrodon bilineatus
32

) to many (e.g. seven in Crotalus atrox
33 

— atrolysin a to g and four 

in Bothrops  jararaca
34-36 

– HF 1 to 3 and bothropasin). All of the hemorrhagins of a 

particular species are not equally hemorrhagic. The minimum hemorrhagic dose can be as 

little as 0.01 g ( HR-IB from Trimeresurus flavoviridis
37

 venom) to as high as 200 g 

(Cerastase from Cerastes cerastes venom
38

). Thus it may be that all hemorrhagic toxins are 

not equally potent or many of them, if not all, may require additional factor(s) to become 

optimally potent. 
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             An interesting finding has been that several of the hemorrhagins has been absent in 

the venom of juvenile snakes and appear only in adult snakes
39

. A search for the signal that 

initiates the appearance of these toxins in the venom of snakes at a particular age in such 

species may be of considerable academic as well as practical interest. 

            As a final introductory point it must be emphasized that although the hemorrhagins 

are the main causative agents of hemorrhage, several other factors residing in the crude 

venom can act as secondary factors that augment the process. Components that cause 

fibrinogenolysis render blood almost completely incoagulable. Anticoagulants directly block 

blood coagulation, facilitating continued hemorrhage. In addition to that, snake venom may 

contain platelet aggregation inhibitors (disintegrins) and enzymes that release kinin from 

kininogen. In absence of blood coagulation and platelet aggregation, the two principal 

phenomena that occur following damage to blood vessels, hemorrhage initiated by 

hemorrhagins can go on unchecked, with massive extravasation of RBCs into surrounding 

tissues, giving rise to swelling, ecchymosis, blistering, cyanosis and oedema
33

. In terms of 

biological activity, some hemorrhagins may exert effects other than hemorrhage e.g. 

myonecrosis (bilitoxin
40 

and BaH 1
41

), fibrino(gen)olysis (atrolysin f
19

, jararhagin
42

), 

inhibition of platelet aggregation (atrolysin a
43

) etc. Interestingly, snake venoms may contain 

metalloproteases that are not hemorrhagic at all a classic example of which is RVV-X from 

Daboia russelli 
10

. 

         STRUCTURE AND CLASSIFICATION 

              All the hemorrhagins so far discovered appear to be metalloproteases containing a 

somewhat conserved proteinase domain. The fact responsible for the wide difference in 

molecular mass (22 kD
44

 to over 100 kD
45

) is the presence of additional domains at the 

carboxy side of the proteinase domain, along with varying degree of glycosylation
46,47

. The 

toxins are synthesized in the venom gland in a latent zymogen form containing a signal (pre) 

and a proenzyme (pro-) sequence. This is proteolytically processed, presumably by venom  

metalloproteases or by autoactivation to give rise to the active enzyme
48

. Thus, the pre- , pro- 

,and  proteinase domain are common to all such toxins. Addition of other domains to this 

basic structure has resulted in gradual increase in the molecular mass of the toxins, with 

alterations in the hemorrhagic potency as additional domains are thought to modulate their 

activity. 

               There has been, in the last decade, interesting revelations regarding the formation of 

hemorrhagins and a group of proteins called disintegrins from a common precursor. This has 

given rise to the recognition of the nucleotide sequence and the amino acid sequence of the 

putative precursor and has greatly aided in the classification of these hemorrhagins. The 

reader is referred to appropriate articles (46, 47, 51–55) for the details. The classification 

scheme of hemorrhagins emerging from such studies is presented here, which shows their 

arrangement in four groups based upon structural considerations ( TABLE–II ). 

It has been observed that the P-III class of hemorrhagins is the most potent among all 

classes of hemorrhagins in terms of biological activity. These contain the pre- and pro-

sequence, the proteinase domain, the disintegrin and the high cysteine domain. A 

consideration of each of these domains will help to give an idea regarding the structure of 

hemorrhagins.  

           Pre-sequence:  The hemorrhagic toxins are translated with a pre- or signal sequence 

which is highly conserved 
46,47

 and,  in atrolysins, comprises of 18 amino acid residues. In 

them, processing is thought to occur between Gly18 and Ser19 to release the sequence
 60

.  
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           Pro-sequence: All snake venom metalloproteinases are translated as pre-, pro- 

proteinases. The cDNA sequences of atrolysins show that a 169-residue domain is present 

between pro- and proteinase domains. This pro-sequence is also highly conserved. One 

interesting observation is the presence of a seven-residue long consensus sequence 

PKMCGVT approximately 20 residues from the amino terminal to the start of the mature 

protein sequence. This sequence is very similar to the mammalian matrix metalloprotease 

consensus sequence PRCGV/NPV/LA/G. It has been hypothesized that the venom sequence 

with the cysteinyl residue acts in a manner similar to
62

 the ―Cysteine switch‖
61

 in matrix 

metalloproteinases (MMP). In MMPs the cysteinyl residue is thought to bind to the zinc at 

the active site of the enzyme preventing the access of the substrate. The enzyme can become 

active only after proteolytic removal of the cysteinyl residue. The seven residue long 

sequence in the hemorrhagin pro-sequence can also act similarly. This conjecture has been 

supported by the observation that this sequence can inhibit the proteolytic ability of the 

enzyme through the interaction of cysteinyl residue with zinc, as has been found in case of 

atrolysin d
33

. Also, a synthetic peptide corresponding to this segment inhibits the 

metalloprotease
63

. 

Proteinase domain : This is approximately 200 residues long and contains the sig-

nature consensus sequence HELGHNLGXXHD (bold signifies strict conservation). The 

histidine residues seem to be absolutely vital as the active site zinc is coordinated by them 

along with a molecule of water in a tetrahedral complex. The histidines are positioned at 142, 

146, and 152. The domain has two (e.g. atrolysin b and c at cysteine 308-388 and cysteine 

348-355) or three (e.g. in atrolysin a and e at cys 308-388, cys 348-372 and cys 350-355) 

disulfide bonds
49

. However, there appears to be little structural disturbance by the 

introduction of the additional disulfide bond where present. Hence its structural ( and 

functional ) role is unclear.  

The substrate specificity is thought to be conferred by the substrate binding site and is 

likely to be modulated by other domains. There appears to be a general preference for a 

hydrophobic residue in the substrate binding site of the hemorrhagins. Thus, there should be 

more or less conserved hydrophobic sequence(s) present in the proteinase domains of them. 

A likely candidate is the stretch of residues 355-361 ( XXCI/VMXX ) in atrolysins. This 

structure may act as a hydrophobic pocket for the substrate
33

.  

Disintegrin-like domain: Disintegrins are a family of low molecular mass (49-89 

amino acids) cysteine-rich peptides
64

 found in viperid venoms
65

. They contain a conserved 

sequence RGD in a 13-residue -loop structure (replaced by KGD in barbourin from 

Sistrurus miliarus barbouri
65

) called the RGD loop which is the critical structural moiety 

responsible for their biological activity
66

. These peptides have got a characteristic functional 

feature of being inhibitors of platelet aggregation by specifically binding to the platelet 

surface fibrinogen receptor glycoprotein IIb/IIIa (IIb/III integrin) complex, and thereby 

blocking fibrinogen-induced platelet aggregation. In kistrin, a disintegrin, the aspartate 

residue of RGD has been shown to be crucial for this high affinity binding
67

. It was also 

observed that two highly conserved disulfide bridges form a motif with respect to the RGD 

sequence and all disintegrins lose their activity on reduction of these bridges that destroys this 

motif 
68,69

. 

            Several high molecular mass (P-III and P-IV) hemorrhagic metalloproteases and some 

non-hemorrhagic metalloproteases from snake venom possess a domain which has got a high 

sequence similarity to the disintegrins but differ in two important aspects – absence of RGD 

sequence (replaced by a far less conserved ECD sequence in hemorrhagins like HR-IB and 
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jararhagin) and possession of two additional cysteinyl residues compared to disintegrins 

(thereby making the -S-S- bond pattern different). The domain is, therefore, called as 

disintegrin-like domain. It has been speculated that the two ―extra‖ cysteines form disulfide 

bonds with cysteinyl residues residing within a region amino terminal to the disintegrin-like 

domain (called the spacer region that joins the metalloprotease and the disintegrin-like 

domains) and a cysteinyl residue in the cysteine-rich domain respectively.  

              The biological function of disintegrin-like domain remains obscure because of some 

reasons. Catrocollastatin, a protein isolated from Crotalus atrox venom, has been observed to 

inhibit platelet aggregation although it lacks the typical sequence RGD
70

. The target of 

action, thus, seems to be different from GPIIb/IIIa on platelet surface. Again atrolysin a, a 

very potent hemorrhagin, inhibits platelet aggregation in spite of the absence of RGD 

sequence. To investigate the role of disintegrin-like domain in this phenomenon, Jia et al.
43

 

tried to express a recombinant disintegrin-like domain. When the expression failed to produce 

monomer product, a recombinant protein comprising of the spacer region, disintegrin-like 

and the cysteine-rich domains of atrolysin a was expressed. This protein had the ability to 

inhibit both collagen- and ADP-stimulated platelet aggregation, suggesting the action of the 

recombinant protein on 21 collagen integrin and/or IIbIII integrin on platelets. Jararhagin, 

a structural homolgue of atrolysin a, binds to 2 subunit of 21 integrin to inhibit collagen-

induced platelet aggregation
71

. IC50 values (concentration causing 50% inhibition) of atrolysin 

a and the recombinant protein fall well within the limit of IC50  values for  ADP-stimulated 

platelet aggregation inhibition by the disintegrins, indicating similarity of potency. Kunicki et 

al. demonstrated that RGD sequence could be replaced by RYD without any loss of 

biological activity
72

. All these suggest that presence of RGD is not an absolute criterion for 

platelet aggregation inhibitory action. The disintegrin-like domain can well have a 

disintegrin-like activity, potentiating hemorrhage. 

              In the context of hemorrhage production, the disintegrin-like domain may have roles 

that are yet to be defined. It may modulate the metalloprotease activity although the results so 

far obtained support the possibility that this domain renders the hemorrhagin more potent by 

inhibiting platelet aggregation and not by any effect on the enzymatic potency itself. Zhou et 

al.
70

 hypothesized that ―high molecular mass metalloproteinases of hemorrhagic snake 

venoms are targeted to a specific site on collagen by the sequence aligned with RGD in the 

disintegrin-like domain. In this way the disintegrin-like domain could not only restrict the 

specificity of the metalloproteinase, but also play a synergistic role by attaching the enzyme 

to the substrate, and thereby increase the local concentration of the enzyme.‖ The domain 

may also play a role in targeting the hemorrhagin to a particular site of action e.g. a platelet or 

endothelial cell where the protease action can occur upon relevant substrates like integrins, 

matrix proteins or other system pro-proteases. Again, it is quite possible that the inhibition of 

platelet aggregation is by a totally different mechanism. Many hemorrhagins degrade 

fibrinogen
73

. Since fibrinogen is an important co-factor in platelet aggregation
74-76

, this 

depletion of fibrinogen can effectively inhibit the phenomenon
77-78

, leading to unhindered 

hemorrhage. Proteolytic degradation of platelet receptors (e.g. the collagen receptor 21 by 

jararhagin )
79,80

 may also be a major causative factor. 

            High Cysteine  domain : The P-III and P-IV hemorrhagins have a domain carboxy to 

the disintegrin-like domain which has an unusually high cysteine content. The characteristic 

sequence pattern (CX6CX4CX6CX14CX12CX9CX6CX4X4/6/10CX15/18/19CX5 CX4 CX7/9/16  ) 

shows that this domain can be subdivided into two subdomains. The first one has highly 

conserved cysteine residue positions and the second is more flexible in that regard
33

. The first 

subdomain, because of its rigid conservation, is thought to be of fundamental significance in 
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the context of the function of the domain. As this domain is always present in conjunction 

with the disintegrin-like domain, its function has been thought to be aiding in correct 

alignment of the disintegrin-like domain. The domain may be involved in protein-protein 

interaction also
 33,49

 . 

            The P-III class of hemorrhagins is structurally related to the ADAMS
49

 ( A 

Disintegrin-like And Metalloprotease-containing proteinS ) / MDCs (Metalloprotease 

Disintegrin-like Cysteine-rich proteins) group of type-I integral membrane proteins. These 

hemorrhagic metalloproteases have been classified as members of the reprolysin subfamily 

of metalloproteases
50

. 

Evidently the most potent P-III class of hemorrhagins have multi-domain structure. In 

this context it is important to study the individual function of the domains as well as their 

overall integrated role. Site-directed mutants can be tried in such studies to identify crucial 

functional moieties. Classical approaches like side-chain modifications can help both in 

elucidation of the particular moieties as well as in detoxification and toxoidation programs. It 

is also important to find the role of zinc in structural and functional aspects. The Zn
++ 

can be 

replaced by a series of divalent cations (both transitional like Cu
++

, Fe
++

, Co
++

, Ni
++

 etc. and 

non-transitional ones like Ca
++ 

and Mg
++

) and alteration of biological activity, if any, may be 

monitored. Such a study has been performed with atrolysin a from Crotalus atrox where Zn
++ 

has been exchanged with Co
++ 

without major loss of biological activity
81

. 

IN VITRO PROTEOLYTIC ACTIVITY 

As the hemorrhagins are metalloproteases, their proteolytic activity has been observed 

using a number of substrates. It has been well-documented that the hemorrhagins are very 

specific with respect to the site of action and substrate preference. They cleave peptide bonds 

at specific sites of specific substrates both in vitro and in vivo. Hence, for assessing their 

proteolytic action, it was imperative to develop sensitive assay systems using carefully 

designed substrates, rather than employing general non-specific protease substrates. TABLE-

III summarizes the different substrates that have been employed to detect the proyeolytic 

action in vitro.  In fact, there are certain pre-requisites for the hemorrhagins for optimal and 

most effective action in the victim. As a protease it should inflict maximum damage with 

specific bond cleavage which will make the action very rapid and effective. This probably 

explains the high degree of specificity of bond cleavage and the strong substrate preference of 

these toxins. To produce fatal hemorrhage, they have to act quickly and specifically to attack 

those components crucial for the integrity of basement membranes. 

Both protein and peptide substrates have been employed for in vitro study. The 

protein substrates include classical non-specific protease substrates (like casein, fibrinogen) 

and the basement membrane components like collagen, laminin and nidogen. The original 

casein digestion method
82

 posed some problems in the assessment of the proteolytic action of 

hemorrhagins – only little amount of soluble peptides were produced because of the 

specificity of hemorrhagins. It is only after the development of carefully designed sensitive 

assay systems, that most of the toxins could be tested for their proteolytic activity. 

One anomaly arose when it was found that some hemorrhagins are very slow in 

exerting the proteolytic action (detectable peptide bond cleavage occurred only on prolonged 

incubation) in vitro but can induce hemorrhage in experimental animals very quickly upon 

injection. Hemorrhagins from Crotalus atrox venom were capable of hydrolysing basement 

membrane preparations in vitro completely only on prolonged incubation (up to 90 hour at 

37
o
 C) whereas these toxins are able to produce a hemorrhagic lesion within 5 minutes of 
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injection. This led to a suspicion regarding the correlation between the hemorrhagic and 

proteolytic activity. We can speculate certain possible reasons for the prompt action in vivo. 

The hemorrhagins may activate endogenous proteases, or can effectively inhibit platelet 

aggregation. They can cause fibrinogen depletion and thereby render the blood incoagulable. 

There can, of course, be synergistic action, either by venom contaminants or by endogenous 

factors that get activated upon exposure to the hemorrhagins. These possibilities are open to 

explore. 

MECHANISM OF HEMORRHAGE 

              The mechanism of action of the hemorrhagins i.e. how they cause the hemorrhage, 

has drawn attention of researchers even before their structure could be resolved. As soon as it 

was established that the hemorrhagins are metalloproteases, the enzymatic action was given 

primary emphasis in elucidating the factor(s) responsible for the leakage of blood from the 

vessels. Subsequently it became evident that the enzymatic disruption of the basement 

membrane (BM) underlying the endothelial cells of the capillaries (which have been found to 

be the prime target of the  hemorrhagins) is the main factor responsible for hemorrhage. All 

these factors will be discussed sequentially here in order to describe a unifying principle that 

can be applied as a general mechanism of hemorrhage production. 

            Enzymatic Disruption of Basement Membrane (BM): Both in vitro biochemical 

studies as well as in vivo microscopic observations have confirmed that hemorrhagins cause 

local hemorrhage by proteolytic digestion of the BM proteins.  

            Basement membranes are extracellular sheets placed beneath the epithelia consisting 

of certain proteins like type IV collagen, laminin, nidogen (entactin), fibronectin and heparan 

sulfate proteoglycans
105,106

. The chief constituent is type IV collagen the structure of which is 

more flexible in comparison to the fibrillar form. The specialized orientation pattern of these 

molecules results in the formation of a basic frame-like meshwork to which the other 

constituents bind by means of specific associations. Laminin is a flexible complex of three 

long polypeptide chains and assume the shape of an asymmetric cross
107

. The short arms of 

laminin bind to collagen. Particular domains of laminin can bind to heparan sulphate 

proteoglycan and nidogen also. 

             The molecules of nidogen are of special interest regarding the assembly and 

degradation of BM. It binds to laminin with very high affinity via the G3 domain and can 

bind to collagen type IV (and also the proteoglycan) via the G2 domain
108

. Thus it is thought 

to act as a bridge between the collagen type IV and laminin networks
109

. Secondly, nidogen 

has been found to be highly influenced by Zn
++

. Zn
++ 

modulates the affinity of nidogen for 

laminin, collagen IV and heparan sulfate proteoglycans in a complex fashion. Zn
++

, at 4
o 

C–

37
o 

C, inhibits binding of nidogen to laminin
108

. The functional importance of Zn
++ 

binding to 

nidogen is not clear, as little is known regarding the role of Zn
++

 in extracellular matrices. 

The only, and in this connection interesting, point to note is that snake venom hemorrhagic 

metalloproteases (as well as matrix metalloproteases) contain Zn
++

. Thirdly, nidogen is highly 

susceptible to proteolytic degradation which can allow a rapid disruption of the BM 

structure
109

. 

            The most effective way, thus, to degrade BM is to attack either type IV collagen, ―the 

scaffolding structure‖ or nidogen, ―the bridging molecule‖. In fact, hemorrhagins can 

effectively degrade both, as confirmed by in vitro studies. In addition, they can hydrolyse 

laminin and fibronectin but not the proteoglycans. These capabilities have rendered them 

very effective toxins mediating disruption of BMs to cause hemorrhage.   
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            Certain observations, both in vivo and in vitro have raised some questions regarding 

the proteolytic degradation of BM as the sole mediator of hemorrhage. The discrepancy 

between the complete hydrolysis time of BM in vitro and the onset of hemorrhage on toxin 

administration in vivo is the first. Next comes the observation that endothelial cells damaged 

by atrolysins
89

 and ACl-1
110

 often had much of their BM intact. In hemorrhagins like 

atrolysins the relation between the hemorrhagic and general proteolytic potency is not always 

parallel and may even be inverse. All these observations have necessitated a search for 

mechanisms of hemorrhage other than BM degradation. Certain factors that have been 

suspected to be involved but not yet been conclusively documented are degradation of 

platelet receptors and adhesive proteins vital for platelet aggregation and fibrinogenolysis 

preventing both fibrinogen-induced platelet aggregation as well as coagulation. These are the 

two main lines of defence against extravasation following injury to blood vessels. Platelet 

receptors may also be blocked by disintegrin-like domains of P-II and P-III class of 

hemorrhagins. Proteolytic action may also be manifested in the activation of endogenous 

proteases. Limited studies have been performed to explore these possibilities. Jararhagin has 

been found to degrade the main collagen receptor 21 integrin and the adhesive ligand von 

Willebrand factor. 

              However, in spite of the observations and possibilities, BM degradation is 

considered as the most direct and main mechanism of induction of hemorrhage by these 

toxins. There are certain reasons behind the proposition. All these metalloproteases tested so 

far can specifically cleave BM component proteins. Blockage of proteolytic activity by metal 

chelators like EDTA and o-phenanthroline inhibits hemorrhage. An indirect proof comes 

from the fact that collagenases from the bacterium Clostridium histolyticum is known to 

induce hemorrhage in experimental animals
115

. The aforesaid anomalies can be explained by 

assuming that the hemorrhagic potency of the toxins is related to the action on specific 

substrates like BM proteins rather than general non-specific substrates
88

. This is nicely 

demonstrated in atrolysins. Atrolysin a and e are much more active on BM preparations than 

atrolysin b which is much more potent than the first two in cleaving insulin B chain. In 

producing hemorrhage atrolysin a and e are much more active than atrolysin b. The 

appearance of intact BM in atrolysin and ACl-1–treated tissues may be due to the fact that 

these toxins need not always produce microscopically detectable digestion of BM. The attack 

on the BM in these cases might have been enough for effective extravasation, although 

escaped detection by EM by being physically minute. 

              Effect on capillary endothelial cells: Capillaries, with a single-cell thick wall, are 

the main targets of the hemorrhagic toxins. Exposure to these toxins induce a disturbance in 

the endothelial cells (ECs), the degree of which varies from a simple fall-off from the 

substratum  (BM) to complete lysis. Once this was established, investigations turned to 

explore whether the extravasation is by a per rhexis (through the cell, by disrupting the 

plasma membrane and the integrity of the cell) or a per diapedesis (through the gaps between 

the cells, keeping them viable and intact) mechanism. Interestingly, hemorrhagins have 

adopted both of them – some act through the former and the others, through the latter 

(TABLE–IV).  

              Because of the basic differences in the way endothelial cells are affected (per rhexis 

vs. per diapedesis) no unifying principle regarding the action of hemorrhagins could emerge. 

Cultured endothelial cells (normal and transformed) as well as experimental animals were 

exposed to crude venoms and the purified toxins followed by monitoring the effects over 

adequate period of time by electron microscopy, cinematography and vital microscopy. In 

spite of that, the data still remain inconclusive and detailed study has not yet been performed 



Muses Volume 1, 2018  ISBN 978-93-5268-653-7 

28 
 

in most of these toxins. To complicate the situation, hemorrhagins have often been found to 

exert additional toxic effects like myotoxicity and fibrinogen depletion. 

              Here the findings are presented in a generalized manner so as to draw analogies 

among the actions of different hemorrhagins acting in a similar fashion, and to recognize the 

fundamental differences in the effects of two different groups of hemorrhagins. This may be 

important from therapeutic point of view also as two different mechanisms may indicate the 

necessity of separate approaches for treatment. 

1. Hemorrhage per rhexis : This is characterized by initial swelling of cells. 

Formation of blebs from the luminal plasma membrane occurs within a short interval. 

Transmission electron microscopic observations frequently depict swollen mitochondria but 

intercellular junctions remain unaltered. The cells get detached from the substratum with 

subsequent or prior rupture of the plasma membrane allowing the blood to pass through the 

damaged cells into the surrounding tissue space. Capillary BM, at the same time, gets 

disorganized and is often wholly or partially absent.        

Many larger vessels in most such cases have been found to be congested with 

erythrocytes and platelets. Persistent hemorrhage occurs in capillaries in the form of 

extravasated and hemolysed erythrocytes. Capillaries are also congested with platelets. With 

advancement of time they become very obscure due to extensive damage to the cells. In some 

capillaries platelets appear outside the lumen, again suggesting direct damage to the plasma 

membrane. Large amount of intravascular as well as extravascular fibrin is also present. 

Vital microscopy, in case of exposure of the capillaries to BaP1 reveals that 

hemorrhagic events occur in capillaries and small vennules and are of an explosive nature
89

. 

RBCs escape to the interstitial space intermittently giving rise to ―burst-shaped 

microhematomas‖. No microhemorrhage originated from large vessels or arterioles. The 

hemorrhage, at least in this case, has been found to be ―an explosive and intermittent event 

rather than a slow and sustained process‖. 

The sequence in which endothelial cell damage and BM degradation occurs or 

whether both occur concomitantly has not yet been conclusively determined. Apart from the 

direct mechanism of cell damage, some indirect ones have also been suggested. BaH1 and 

BaP1 (Bothrops asper) have been studied in detail and Rucavado et al. (1995) have suggested 

that EC degeneration in vivo is only a secondary event resulting from disturbance in the 

interaction between these cells and the surrounding BM. Thoumine et al. (1995)
117

 have 

observed that hemodynamic shear stress modulates the composition of the extracellular 

matrix (ECM) of endothelium indirectly inducing alterations in these cells. When BM starts 

getting degraded tangential fluid shear stress and hydrostatic pressure in capillaries may have 

substantial effect upon the functional anatomy of ECs.  BaP1 and moojeni protease A  

(Bothrops moojeni), unlike other hemorrhagins, can degrade collagen type I which can induce 

widespread ECM degradation. As cell morphology is greatly influenced by the matrix, ECM 

damage may well prove to be enough to alter different cells including ECs even if the toxin 

does not exert cytotoxicity as such. 

Direct cytotoxicity in vitro has been demonstrated in the hemorrhagic toxin from 

Crotalus ruber ruber (HT-1 and HT-2) and Crotalus atrox (atrolysin a and d)
111

. However, 

such studies have not been conducted in other hemorrhagins and it is only too early to 

comment on this aspect of toxin action in a generalized mode. 
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2. Hemorrhage per diapedesis: In contrast to the mechanism described, this process 

does not render the ECs nonviable. The cells in vivo get detached from the substratum, get 

rounded and fall off into the lumen following exposure to the toxins that cause hemorrhage 

per diapedesis. However they are not ruptured nor do they become leaky. Extravasation 

occurs from widened cell-cell junctions. If the toxins are thoroughly washed off the detached 

cells they can be re-cultivated with normal viability and monolayer formation just like the 

normal (untreated) cells. Their viability can be confirmed by trypan blue incorporation 

studies following toxin exposure. The ECs, in such cases, (as also the pericytes) appear to 

undergo some functional and organic changes rather than morphological ones. However, as 

also in case of hemorrhage per rhexis the molecular details behind the changes are yet to be 

explored fully. 

In absence of any kind of study regarding the details of molecular phenomena, one 

has to suspect the proteolytic prowess of the hemorrhagins once again as the chief reason. 

This may disrupt the assembly and organization of membrane proteins resulting in lysis (per 

rhexis mechanism) or drifting apart of cells (per diapedesis mechanism). The hemorrhagins 

may directly attack the subcellular organization or they may initiate some signalling 

phenomena culminating through a cascade of events resulting in hemorrhage. It is quite 

possible that different hemorrhagins in the venom of different species of snakes adopt 

different strategies to cause hemorrhage. It is also unclear whether the different mechanisms 

of hemorrhage reflect real differences in the mode of action or these are merely due to 

differences in time, dose or route of administration. Future studies on the action of 

hemorrhagins on the ECs can be directed towards elucidation of the biochemical phenomena 

and thereby, exploration of these possibilities. In this context it should be mentioned that 

there may be factors in the venom that indirectly assist in hemorrhage e.g. the vascular 

apoptosis inducing factor (VAP) from Crotalus atrox venom induces slow apoptosis in 

vascular endothelial cells, thereby making the way for widespread systemic hemorrhage in 

the envenomated subject hours after bite
118

.  

INTERACTION WITH 2-MACROGLOBULIN  

The plasma protease inhibitors comprise the third largest group of functional proteins 

in human plasma. These are associated with the control of a variety of events in which 

protease actions are involved. Of all these inhibitors, 2-macroglobulin plays a unique role 

being an inhibitor of all four classes of endopeptidases viz. serine, cysteine, aspartate and 

metalloproteases and backing the primary function of other inhibitors. It is a large (720 kD) 

tetrameric glycoprotein comprising of two non-covalently linked pairs of identical disulfide-

linked subunits. This can form 1:1 or 2:1 stoichiometric enzyme-inhibitor complexes with 

proteases of all four classes
119,120

. The inhibitory action of 2-macroglobulin has been 

explained by the ―Trap model‖
119,121-126

. A large   variety of proteases have been found to 

form complexes with 2-macroglobulin
120,127,128

 and the rate of complex formation appears to 

depend on  the nature and the molecular mass of the protease
136

. 

             Where other proteases, by means of their strict specificity, are supposed to regulate 

the different physiological phenomena, the broad specificity of 2-macroglobulin probably 

renders it active against proteases from exogenous sources also. Thus, 2-macroglobulin can 

act against proteases secreted by invading organisms that reach the blood
129

. In this context, it 

becomes very important in cases of envenomation by viperid snakes in which substantial 

amount of exogenous proteases is administered into different tissues of the victim and 

ultimately, to the blood. Besides that, 2-macroglobulin is the principal metalloprotease 

inhibitor in blood. These two reasons make it a perfectly suitable candidate for study 
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regarding its interactions with venom proteases including the hemorrhagins. The 

development of pathological condition as a result of protease action, then, must be by 

overcoming the plasma protease inhibitors the chief one of which, in this context, is 2-

macroglobulin. Studies have shown that 2-macroglobulin is effective in inhibiting the 

proteolytic effects of certain crotalid venoms
130

. On the other hand some cobra and viper 

venoms cause inhibition of 2-macroglobulin in human serum at a particular concentration 

probably by generating endogenous proteases that block 2-macroglobulin
131

. Several snake 

venom proteases which are not hemorrhagic have been inhibited by 2-macroglobulin e.g. 

fibrolase from Agkistrodon contortrix contortrix
132

, habutobin from Trimeresurus 

flavoviridis
133

 and basilase from Crotalus basiliscus basiliscus
134 

whereas some inactivated 

2-macroglobulin e.g. proteinase-a, -b, -c from Crotalus basiliscus ( they also inactivate 2-

antiplasmin )
135

. Thus, there seems to be a variety of interactions between venom proteases 

and 2-macroglobulin. 

The interaction between the hemorrhagins and  2-macroglobulin has been worked 

out in some details in Crotalus atrox, Crotalus adamenteus and Bothrops jararaca. 

Proteinase H from Crotalus adamenteus is neither inhibited by 2-macro-globulin nor does it 

inhibit 2-macroglobulin
132

. Among the toxins that have been found to be inhibited are 

atrolysins c, d, and e (as evident from the loss of activity against gelatin type I and collagen 

type IV)
136

 and protease II from Crotalus adamenteus (as evident from its inability to digest 

1 protease inhibitor)
137

.  

However, jararhagin was only incompletely inhibited by 2-macroglobulin
138 

and 

atrolysin a showed almost no inhibition
136

. The inhibition of jararhagin is incomplete even in 

presence of large molar excess of 2-macroglobulin in spite of detectable bait region cleavage 

by the toxin. It has been proposed that the factor responsible is the low ability of jararhagin to 

form stable covalent complex with 2-macroglobulin on usual cleavage in the bait region. 

There occurs considerable amount of cleavage in the bait region, suggesting it to be a good 

substrate for the metalloprotease jararhagin, but it fails to form a stable covalent ―trapped‖ 

complex with 2-macroglobulin
138

. In contrast to jararhagin, the bait region of  2-

macroglobulin has been supposed to be a poor substrate for atrolysin a which explains why it 

cannot cleave  2-macroglobulin bait region effectively to be physically entrapped like other 

proteases that get inhibited
136

.  

                The inhibition of hemorrhagic (and also non-hemorrhagic proteolytic) toxins by 

plasma protease inhibitors like 2-macroglobulin is definitely an important factor in 

controlling the local and systemic effects following envenomation. Hemorrhagins, if not 

effectively inhibited by plasma protease inhibitors, can go on unchecked to cause debilitating, 

often fatal hemorrhage. It is interesting to find that all hemorrhagins cause hemorrhage upon 

envenomation whereas some of them have been found to be inhibited by 2-macroglobulin in 

vitro. Hence there remains a disparity between the in vivo and in vitro observations. There 

may be two reasons, first, there are possibly enzymes that interact more readily or in a higher 

stoichiometric ratio (thus competing out the hemorrhagins) with 2-macroglobulin and 

secondly, there are factors in snake venoms that initiate the formation of endogenous 

proteases in the blood of the victim most of which cause coagulation defects in blood. These 

proteases generated by venom action may pre-occupy 2-macroglobulin readily, rendering it 

unavailable for interaction with hemorrhagins. 
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Conclusion 

Recent proteomic analysis of snake venom has demonstrated that snake venom 

metalloproteases have are the major components of viperid venom varying from 11% to even 

65%
139

. Also, these toxins are ubiquitously present in almost all venomous snake species of 

family Colubridae and also in the venom of a number of species of the family Elapidae. 

However, in these two families, the relative amount of these toxins is very low compared to 

that in viperids
139

. For the snakes, this class of powerful toxins are intimately related to 

predation as well as digestion of prey and thereby, of immense survival value. The assault on 

hemostatic system of the prey has been much perfected and sharpened with the appearance of 

hemorrhagins. 

Throughout this discussion on hemorrhagic toxin of snake venoms, effort has been 

made to weave present data and reasonable speculations emerging therefrom. The aim of this 

article has been to arrange the discrete and somewhat sporadic data in order to clarify one of 

the major pathophysiological consequences of envenomation by snake venoms. This makes 

sense not only in the context of snake bite but also in understanding hemorrhage in a more 

general way. Besides local and systemic hemorrhage, these toxins have also been found to 

cause myonecrosis, coagulopathy, platelet aggregation and inflammation
140

. A fuller 

understanding of the involvement of the toxin in each of these phenomena should effectively 

help in better management of envenomation by viperid snakes. 

    On practical grounds other than the serious pathological conditions also they need in-

depth studies. If they are found to be selectively cytotoxic (as atrolysin a and d, HT-1 and -2) 

these can have application potential in fields like tumor biology. Although it is only too early 

to comment on these possibilities, future research can well be directed to explore these areas. 

 

TABLE– I.  HEMOTOXIC EFFECTS OF SNAKE VENOMS 

Effect Example Species Reference 

A. Decrease in blood pressure 

by liberation of bradykinin 

Kallikrein-like 

serine proteases 

Different viperid snakes 4,5 

    

B.Procoagulant Action    

a)Thrombin-like enzyme 

activity 

Crotalase Crotalus adamenteus 6 

 Gabonase Bitis gabonica 7 

 Ancrod Calloselasma 

rhodostoma 

8 

b)Activation of prothrombin Ecarin Echis carinatus 9 

c)Activation of factor X & IX RVV-X Daboia russelli*** 10 

d)Activation of factor V RVV-V Daboia russelli 11 

e)Activation of factor V,VIII 

and XIII 

Thrombocytin Bothrops atrox 12 

    

C.Anticoagulant Action    

a)Activation of  protein C 

   i.Thrombomodulin-dependent 

Batroxobin Bothrops atrox 13 

   ii.Thrombomodulin-  Agkistrodon contortrix 14 
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independent 

b)Hydrolysis of phospholipids 

required for coagulation 

Phospholipase A2 Vipera berus 

 

15 

c)Inhibition of  formation of 

prothrombinase complex 

 Trimeresurus gramineus 16 

    

D.Direct fibrino(geno)lysis    

a)Digestion of  (A) chain
*
  Agkistrodon acutus 17 

b)Digestion of  (b) chain Protease II & III   Crotalus atrox 18 

c)Digestion of   chain Atrolysin f
**

   Crotalus atrox 19 

    

E.Stimulation of platelet 

aggregation 

   

a)Phospholipase action 

(releasing  arachidonic acid) 

Phospholipase A2 Trimeresurus 

mucrosquamatus 

20 

b)Proteolysis Crotalocytin  Crotalus horridus 

horridus 

21 

c)Activation of endogenous 

PLA2 

Convulxin  Crotalus durissus 

terrificus 

22 

 Aggregoserpentin Calloselasma 

rhodostoma 

23 

d)Activation of von Willebrand 

factor 

Botrocetin Bothrops atrox 24 

    

F. Inhibition of platelet 

aggregation 

   

a)Fibrinogen receptor 

antagonism 

Echistatin Echis carinatus 25 

 Trigramin  Trimeresurus 

gramineus 

26 

b)5'-nucleotidase (ADPase) 

action 

  Trimeresurus 

gramineus 

27 

    

G.Biphasic effect on platelet  

aggregation 

  Daboia russelli  28 

H.Hemorrhage (local &                           

systemic) 

 THEME OF 

DISCUSSION OF THIS 

ARTICLE 

 

*Possess hemorrhagic activity, some are platelet aggregation inhibitor  

** A true hemorrhagic toxin  

*** Formerly known as Vipera russelli  

 

TABLE–II. CLASSIFICATION OF HEMORRHAGINS 

CLASS CHARACTERISTIC FEATURES 

I 

 

Designated as P-I class (Protein-I) and correspond to N-I class of nucleotide 

structures. They have only a metalloproteinase domain apart from the pre- and pro- 
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sequences. Their molecular masses vary from 20–30 kD. These are mostly weakly 

acidic proteins. 

Depending upon the hemorrhagins‘ potency, this class has again been subdivided  

into I-A and I-B
33

. The haemorrhagic potency is very high and very feeble 

respectively. Examples are atrolysin e (IA) and atrolysin b, c and d (IB), all from 

Crotalus atrox
56

. 

NOTE: In  terms of nucleotide sequence atrolysin e falls under N-II class but the 

disintegrin-like domain coded for by the N-II is absent in the mature protein, 

making it come under P-I class of hemorrhagins. 

 

II 

 

Designated as  P-II class  corresponding to N-II class of nucleotide structures. They 

have a proteinase domain and a disintegrin-like domain separated by a spacer 

region. The disintegrin-like domain in most cases has the typical RGD (arginine-

lysine-aspartic acid) motif. The molecular mass is 30–60 kD. Their hemorrhagic 

potency is low. 

Example is HP-I (Calloselasma rhodostoma)
57

 

The P-II class has been subdivided into 5 different subclasses (P-IIa to P-IIe). In 

each class difference lies in the post-translational modification of the disintegrin 

domain. 

 

III 

 

Designated as P-III class with correspondence to N-III class. These are highly 

potent toxins, varying from 60-90 kD in molecular mass. They have a proteinase, a 

disintegrin-like and a high cysteine domain in succession. 

Examples are atrolysin a (Crotalus atrox)
56

, HR-IB (Trimeresurus flavoviridis)
58

, 

jararhagin (Bothrops jararaca )
36

, hannahtoxin  (Ophiophagus hannah)
2
 etc. 

The P-III class has also been subdivided into 3 different subclasses (P-IIIa to P-

IIIc). 

 

IV 

 

Designated as P-IV class, although nucleotide sequence of any such is yet to be 

obtained. These are very large hemorrhagic toxins with rather low potency and 

comprise of a proteinase, a disintegrin-like, a high cysteine and a lectin domain. 

Example is mucrotoxin  A (Trimeresurus mucrosquamatus )
59

. 
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TABLE–III. PROTEOLYTIC ACTIVITY OF HEMORRHAGINS IN VITRO    

_____________________________________________________________________ 

I. PROTEIN SUBSTRATES 

  (a) Non-specific substrates 

(i) Casein 

(ii) Azo-conjugated proteins
83,84 

(azocasein, azocollagen, azoalbumin, hide powder 

    azure)  

(iii) Fibrinogen
85 

 

(iv) Dimethylated casein , dimethylhemoglobin
56,81

 (by the method of Lin et al.
86

) 

(v) Muscle proteins (actin, troponin and tropomyosin) 

 

  (b) Specific Substates (Basement membrane component proteins)
87,88

 

 (i) Collagen type IV
§
 

 (ii) Laminin 

 (iii) Nidogen (Entactin) 

 (iv) Laminin–nidogen (1:1 complex) 

 (v) Fibronectin 

 (vi) Gelatin 

 

 II. PEPTIDE SUBSTRATES 
(a) Oxidised B chain of insulin 

(b) Fluorogenic peptide (e.g. 2-aminobenzoyl-Ala-Gly-Leu-Ala-4-nitrobenzylamide) 

(c) Bee venom mellitin
85 

(d)
 
Lutenising hormone releasing hormone

 
(LHRH)

84 

(e) Insulin analogues (truncated insulin B primary cleavage site peptides)
91

 

(f) Dipeptides produced by solid-phase synthesis
91

 

______________________________________________________________________ 

 

§ All but two hemorrhagins are incapable of cleaving collagen type I. These two are BaP I 

(Bothrops asper)
89

 and moojeni protease A (Bothrops moojeni).
90
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TABLE–IV MECHANISM OF EXTRAVASATION BY HEMORRHAGINS 

Toxin Species Mechanism Ref. No. 

ACl–1 

Bilitoxin 

HT-1 &-2 

Atrolysin a 

Proteinase IV 

Proteinase H 

 

HR-1,-2a,-2b 

BaH 1 

Agkistrodon contortrix 

laticinctus 

Agkistrodon bilineatus 

bilineatus 

Crotalus ruber ruber  

Crotalus atrox 

Crotalus horridus horridus 

Crotalus adamenteus 

 

Trimeresurus flavoviridis 

Bothrops asper 

Per rhexis 

Per rhexis 

Per rhexis  

Per rhexis  

Per rhexis 

Per rhexis 

 

Per 

diapedesis 

Per 

diapedesis 

110 

40 

111 

111,112 

113 

114 

 

115 

116 
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MULBERRY LEAF LOW MOLECULAR WEIGHT PEPTIDE – AN ALTERNATIVE 

ANSWER TO SILKWORM REARING 

Phalguni Bhattacharyya, Department of Botany, Malda College, Malda  

Amitava Ghosh, Department of Botany, Asutosh College, Kolkata 

 Suchisree Jha,  Department of Botany, University of North Bengal  

 

Abstract :  

India , the producer of quality silk in the world utilizes mulberry leaves as sole source of food 

to silkworm , Bombyx mori. In this article we have isolated and purified low molecular 

weight peptide(s) (0.5-3.0 kDa) from mulberry leaves and used this peptide as an alternative 

food to rear the silkworm. Our investigation and results showed in favour of the mulberry 

peptides as a potential supplement to the silkworm feeding in terms of growth and 

development and cocoon production. Scanning electron microscope (SEM ) study of crude 

silk fiber from peptide yielded cocoon showed increased breadth and smoothness. These 

antioxidant rich peptides may be considered as most promising bioactive molecule.  

Keywords:  Mulberry leaf peptide, cocoon, antioxidant.  

 

India is the second largest producer of silk and also the largest consumer of silk in the world 

followed by China. Bombyx mori L. also commonly known as silkworm is a monophagous 

insect reared in sericulture to produce quality silk. The mulberry leaves have considered as a 

sole source of food for silkworm at larval stage. The quality and quantity of mulberry leaves 

determine the growth and development of silkworm and subsequently cocoon production. 

Mulberry leaves is a traditional food for silkworm larvae as a source of nutrition. Mulberry 

leaves contain several chemicals like 80% water, 27% proteins, 11% carbohydrates, vitamins 

and different minerals.  

In recent years a large number of biologically active peptides have been isolated from fungal, 

bacterial, plant and animal sources. Naturally occurring peptides are found to regulate several 

physiological processes in plants and animal system also. Peptides in plant system play a 

definite role in amplifying signals, (Lindsey and Chilley 2002); nitrogen fixation (Mylona 

and Bissleing, 1995), cell proliferation (Matsubayashi and Sakagami, 1996) and generation of 

polarity (Souter and Lindsey, 2000). Peptides are also one of the most potent group of 

bioactive molecules in the plant system (Lindsey and Chilley 2002).  

 A scientific attempt was made by the authors to figure out the effect of peptide (s) of two 

different molecular ranges ( 0.5-3.0 kDa and 3.0 -10.0  kDa ) isolated from mulberry leaves 

of different maturation stages on silkworm growth and silk production. We have previously 

isolated and characterized low molecular weight peptides of the same range mimicking GA 

like activity in Vigna radiata seedlings. (Ghosh et al. 2010). Very recently a number of 

peptides have been isolated from waste water treated plants , spinach, bitter gourd , mung and 

Cicer sp. These peptides showed inhibitory effect on seed germination process , vascular 

tissue development as well as morphological parameters like height of the plant , leaf size , 

intermodal length and root length.  (Jha et al. 2014, 2016). So it is to be noted with utmost 
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importance that mulberry leaf peptide ( s )  also may be potent supplement to the silkworm 

feeding only the third mature leaf of the Morus alba.  

Mulberry belongs to the genus Morus of the family Moraceae. Three types of mulberry are 

found, white (Morus alba  L.), red mulberry (M. rubra) and black mulberry (M. nigra). 

Among them, only white mulberry is recognized as the food source for silkworm. There are 

about 1000 varieties of silkworm, Bombyx mori L., among them bivoltine and multivoltine 

races are particularly used for rearing in India.. There are four varieties of serigenous insects 

(silk producing insects) reared in India viz. Mulberry, Tassar, Muga and Eri silkworm. North 

eastern part of India is the only region in the world where all four varieties of silkworm are 

reared. About 14% raw silk of global production is produced in India. Among them, more 

than 60 % of total silk production is mulberry silk. Mulberry sericulture is practiced 

throughout the India. However, it is practiced in mainly five state of India viz. Karnataka, 

West Bengal, Andhra Pradesh, Tamil Nadu and Jammu & Kashmir. These five states 

collectively produced 98% raw silk of total production in the country. India produced almost 

20,000 MT raw silks whereas the demand was 26,000-28,000 in the country. Sericulture of 

West Bengal is dominated by mulberry culture. On the average 84% of total silk production 

in West Bengal is produced by mulberry culture. Tasar culture is practiced in few districts of 

West Bengal only and about 2% of state silk production is contributed by Tasar silk 

cultivation. There are five seasons of silkworm rearing which are mentioned as Baishaki, 

Ashari or Sravani , Bhaduri, Aswina, Agrahayani and Falguni. Some of the important 

varieties of cultivated mulberry are S1 and S1635.  

 

 

Mulberry S1 Variety leaf  
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Silk worm feeding on mulberry leaves 

Though, West Bengal was a pioneer state in Indian sericulture, but it took third position in 

mulberry silk production. In West Bengal, mulberry cultivation performed in 2000 villages 

with almost 37,883 acres plantation area. Malda, Murshidabad and Birbhum districts have 

been considered as major silk producing area in West Bengal. Bulk amount of silk produced 

in these three districts. Additionally, Murshidabad is famous for silk weaving. Silk weaving 

specially mulberry silk also is done in Bishnupur, Bankura district. Malda district contributes 

74% of total silk production of the state and take up leading rank in West Bengal for 

mulberry silk cultivation (Roy and Roy Mukherjee, 2015). 

We have taken the project as the districts that produce good quality silk in West Bengal ; 

Malda and Murshidabad , often suffer from the crisis of mulberry leaf which is the only 

source of food for silkworm rearing. The crisis results due to extreme temperature in summer 

or flood situation in rainy seasons. Though silkworm if starves may utilize other leaves but 

main supply is the mulberry. So we think of a good alternative of mulberry leaves. A 

supplement with rich protein source like soya flour was reported to have good impact on 

quality of silk. Here arise the scope of the mulberry leaf peptide ;  specially the ranges within 

3.0 kDa to 0.5 kDa.  

Isolation and purification of low molecular weight peptide(s): 

We have our bench experience with Vigna peptide. The process is based on chemistry. The 

knowledge we have applied in mulberry peptide isolation. The properly sterilized leaf amount 

is crushed under liquid nitrogen and extracted with deionized water at 4 degree Celsius. 

Centrifugation using protease inhibitor PMSF helps its storage life at minus 20 degree 

Celsius. The extracts were subjected to ether wash at acidic pH to remove endogenous 

hormonal impurities, fats, lipids and oil as impurities. Cation and anion exchanger resin based 

separation techniques with simultaneous chemical modifications make possible to obtain an 

semipurified extract free from plant hormones, electrolytes and other compounds to retain 

only the peptides and ampholytes. Peroxide free ether wash removes traces of IAA, ABA, 

and GA. Subjection of the extract under N2 gas activated ultrafilters of Millipore ultra 

filtration system with Amicon filters help to collect purified peptides of desired molecular 

weight range. ( 3.0 kDa – 0.5 kDa ). This extract was carefully performed with S1, S1635, V1 

and mulberry stock genotype Dudhiya. Reversed phase high performance liquid 
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chromatography (RP- HPLC) has become an essential, well established tool for analysis and 

purification of proteins and peptides. 

 

 

Preparative HPLC with C18 column 
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Ultrafiltration set up with N2 gas pressure 

Instruments utilized for separation and purification of mulberry peptides.  

The assay : We have used this extract for direct feeding of the silkworm. Peptide(s) 

isolated from young (Py), mature (Pm), and senescence (Ps) leaves in both range 0.5-3 kDa 

and 3-10 kDa was 20 times diluted by distilled water. Leaves were soaked in peptide(s) for 

30 min before feeding them to the larvae and air-dried for 15 min and given to silkworm. Six 

separate groups, with 10 larvae were kept and feed by different peptide(s) treated leaves in 

separate plastic tray.  

Total rearing was performed at a temperature of 28 ± 1°C and a relative humidity of 70±5%. 

During feeding period, known quantity of peptide(s) treated leaves served in treatment set 

and only fresh S1 leaves served in control set four times per day. The trays were placed under 

adequate ventilation. Disinfection of the room was strictly maintained at rearing time. Hands 

were sterilized with dettol solution before handling the worms during the rearing time. To 

maintain room temperature and humidity one thermo-hygrometer was used near the larval 

bed. The grass of larvae was continuously discarded from the tray. Dead larvae if found, 

during the rearing period were immediately removed.  
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The weight of larvae in each tray was monitored by weighing them on weighing balance 

daily and the growth rate pattern of caterpillar was calculated. When larvae started spinning 

they were left uninterrupted for four to five days to form the cocoon. After complete cocoon 

formation, the weight of cocoon of each set was measured. Cocoon shell weight also was 

measured after release of the moth from cocoon shell. Weight of male and female moth was 

recorded separately. Number of eggs laid by per pair of moth in each set was noted. All the 

parameters showed positive and promotive response by the peptide treatment. Present 

experiment also confirmed the same as S1 and S1635 variety leaf extract had better pre-

cocoon and post cocoon attributes. Highest larval growth rate was recorded under 

nourishment with S1 leaves followed by S1635, V1, K2, Bombay, Jayasree and Dudhiya. 

Effective rearing rate is a commercial character which reflects on success rate of rearing and 

production rate. Cocoon weight is considered as an important commercial character because 

it is used to determine approximate amount of the raw silk. Cocoon weight was highly 

improved by feeding the silkworm larvae with mulberry peptide(s). Weight of single cocoon 

(WSC) was highly increased in S1635 peptide treatment followed by S1, V1 and Dudhiya in 

respect of their respective control. 

Picture showing distinct improvement in size of the cocoon of silkworm treated by 

mulberry peptides.  

 

 

Parameters  Control  Py
3-0.5 kDa

  

Pm
3-0.5 

kDa
  Ps

3-0.5 kDa
  

Py
10-3 

kDa
  

Pm
10-3 

kDa
  Ps

10-3 kDa
  

Growth 

index 0.52 1.16 1.07 0.62 1.16 1.09 0.52 

Weight of 

single cocoon 0.66 0.78 0.72 0.74 0.75 0.71 0.70 
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Weight of 

single Shell 0.10 0.18 0.12 0.12 0.13 0.11 0.14 

Shell ratio 

(%) 14.85 22.82 15.97 15.75 16.80 15.42 16.52 

         

At present, the antioxidant potential of peptides has created a great attention among 

researchers. The peptides isolated from various plants like soybean ,  maize ,  wheat ,  

chickpea, pea seed  buckwheat , alfalfa leaves  hemp seed ,  peanut and Amaranthus  have 

been reported to possess potent antioxidant activity. The antioxidant activity of peptides was 

depended on their molecular weight and also the composition of amino acid, present in those 

particular peptides. Mulberry leaf peptides also uncovered a role of low molecular weight 

peptides in oxidative stress management of silkworm larvae. DPPH -Scavenging activity, 

ABTS+ scavenging activity, Nitric oxide scavenging assay are some of the important assay in 

support of the oxidative stress management. Antioxidant rich peptides could function as a 

beneficial supplementary nutraceutical with mulberry leaves to oxidative stress management 

in silkworm larvae.  

Scanning electron microscopy of silk 

Cocoons of silk worm with normal mulberry leaf feeding (control) and peptide treatment 

were isolated and threads were collected on stubs for gold coating (Edwards S 150 Ion 

Sputter Coater – 4 mA/10
–1

 torr 2 cycle repeat/ min). The ion coated stubs were collected and 

photographs were taken under a Scanning Electron Microscope (Quanta 200, FEI Company) 

at same physical parameters and magnification (3000 x).  The size difference of the silk 

thread from  mulberry peptide treated cocoon is well documented as in following pictures.  
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A. Silk thread from cocoon of silkworm feeding on mulberry leaf. B. Silk thread from 

mulberry peptide. 

Scanning electron microscope 

A B 
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We have studied the physical characteristics of the silk thread obtained by mulberry low 

molecular weight peptide treatment which are good enough in comparison to ordinary 

mulberry leaf feed silk thread.  

In conclusion we put our cocoons of mulberry leaf peptide treatment to get quality silk thread 

into reeling process. How the raw silk is made from cocoon? The cocoon is boiled under 

water and through reeling machine soft but hardy silk reels obtained which can be 

documented by photos of the following.  
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Reeling process of silk thread from the cocoon 
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The mulberry leaf low molecular weight peptide (3.0 kDa – 0.5 kDa) is a bioactive molecule 

of versatile potency. It is an appropriate supplement to the increasing demand of the mulberry 

leaf. The shelf life of this peptide is also high and not degradable biologically. The use of this 

peptide by the farmers in experimental condition increased their curiosity. They demanded 

the production of this molecule. But analytical characterization of these molecules and the 

genomics study are still to be done. Till now it is a tale of most promising plant derived 

molecule to support the silk industry.  
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        Abstract 

  

Reproductive biology of flowering plants is a dynamic field of scientific research under the 

modern biology which constantly adopting novel methods that involves progress in 

understanding the breeding system, foraging theory, floral evolution and animal behaviour 

for optimum reproductive success. Angiospermic plants display spectacular floral diversity 

and variation of reproductive adaptations that promote self as well as cross pollination. 

Reproductive biology is the study of the biological features in relation to the events of 

reproduction. It is one of the central concerns of plant reproductive ecology as well as 

evolutionary biology. The paper begins with a brief historical sketch of the major events in 

this field and also focuses on some significant recent developments in the reproductive 

biology of flowering plants that have been carried out in recent years. The categories cover 

flower anthesis and floral biology, pollen viability and fertility (in terms of in vitro pollen 

germination), stigma receptivity (in terms of in vivo pollen germination, peroxidase activity 

and esterase activity), mechanism of pollination (biotic and abiotic pollination), role of 

pollinators (plant-pollinator interaction, pollinator behaviour in relation to successful 

pollination and evolution of animal-mediated pollination), pollination ecology (conservation 

issue such as pollinator conservation) and breeding system. The paper gives some insights 

into the study that one intends to carry out in research in this field in future. With this 

compilation it is hoped to raise awareness of reproductive biology related topics and 

development of new finding of research in reproductive biology in angiosperms not only 

among researchers but also among plant breeders, farmers, bee-keepers, policy makers, 

funding agencies and the public at large. 

 

 

Keywords: Pollen viability and fertility, stigma receptivity, pollination, pollinators, 

breeding system 

 

 

1. INTRODUCTION 

The plant reproductive biology is a very important and productive field under modern 

biology. Reproductive Biology of flowering plants is a traditional subject of naturalist‘s 

interest in understanding of breeding system, foraging theory, floral evolution and animal 

behaviour for conservation of nature and natural resources. The process of reproduction in 

angiospermic plant is more complicated and the most vital and important events taking place 

during reproductive growth of seed plants. Reproductive cycle of angiosperms is initiated 

through a series of events, such as  development of flower primordia, maturation of floral 

parts, development of anther, microsporogenesis, maturation of pollen grains within the 

anther, megasporogenesis, formation of megaspore mother cell, development of embryo sac, 
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development of egg or ovum within embryo sac, dehiscence of anther, pollen release and 

pollen dispersal, pollination syndrome in relation to particular vector, pollination mechanism 

to transfer the pollen grain on the receptive surface of stigma, stigma receptivity, pollen-pistil 

interaction, germination of compatible pollen, pollen tube entry into the stigma, pollen tube 

growth through the style, pollen tube entry into the ovule for fertilization of egg within 

embryo sac, double fertilization, post fertilization events, fruit set, seed set, fruit and seed 

dispersal and germination of viable seed in to seedlings. During reproduction, plant gets 

transit from vegetative to reproductive structure, which is initiated through the formation of 

floral parts as it has great significance from the view point of fruit and seed formation.  

 

The structural feature of flower, which is a stable trait and the knowledge about the floral 

biology including pollination are of great importance in reproduction and breeding programs. 

Pollination is merely dispersal of microspores or pollen grains that is transfer of pollen grains 

from anther to stigma. The problem of pollen transfer has wide different aspects, whether the 

vector is an animal or inanimate physical force. Abiotic pollination is a wasteful process as 

the transfer is non-directional, on the other hand in biotic pollination a second organism is 

necessary and a relationship is established between the pollinating agent and blossom to be 

pollinated. Ancient Indians had the knowledge of sexes, and the different events of 

pollination and fertilization, in plants. The process of transfer of pollen grains from the anther 

to the stigma has been suggested in the Mahabharata as pushpa renu patanannava 

kusumodga maha which literally means pollination. In the Rigveda it has been said that the 

act of pollen falling on the stigma of a fully bloomed flower phalayogyatvam is essential for 

fertilization and for further setting of fruit. 

 

Just after three hundred years after the death of Theophrastus (370-284 B.C.), the Roman 

naturalist Pliny the Elder showed some glimmerings of knowledge of plant sex in his 

encyclopedic work Natural History, published in 79 A.D. dealing with palm trees (Bristow, 

1979). Marcello Malpighi, an Italian doctor and lecturer in medicine at Bologna was of the 

first to use the microscope to study animal structures and soon he became curious about the 

structure of plants as well. In 1676 the idea of plant sex was finally suggested by an English 

physician, Sir Thomas Millington, F.R.S., who was later to become President of the Royal 

college of Physicians (Bristow, 1979). It is acknowledged that a German Professor of 

Medicine and also Director of Tubingen Botanical Gardens, Rudolf Jakob Camerarius (1665-

1721) was the first person who demonstrated the existence of sexes in flowering plants and 

pointed the necessity of stamen and pistil in his experimental work on emasculation (Faegri 

and van der Pijl, 1980; Real, 1983). The pioneer workers in this field were Joseph Gottlieb 

Koelreuter (1733-1806) and Christian Konrad Sprengel (1750-1816), who designated as 

father of this field (Shuangquan and Youhao, 2000). He suggested that flowers have adapted 

to attract the pollinator for pollination, which was experimentally done by Darwin in his work 

Co-evolution, inbreeding and outbreeding. Christain Konrad Sprengel (1750-1816) published 

in 1793, ―The Secrets of Nature Revealed in the Structure and Fertilization of Flowers”. He 

dealt in great details with some 500 species of plants and described with painstaking accuracy 

the adaptations of their sexual parts. Sprengel who pointed out the very widespread 

occurrence of a ―sex change‖ in flowers from male to female, in which the anthers shed 

pollen before the stigma is sexually ready, and so avoid self-fertilization (Bristow, 1979). 

Due to advance progressing derivation of methodology and specialization of researchers, 

research on plant reproductive biology was divided in to two separate disciplines-1.Floral and 

Pollination Biology and 2.Population and Quantitative Genetics. But, during 20th century, 

these two disciplines were separated from each other due to adaptation of trait and the 

excellent opportunities provided by the plants to explore these processes. Pollination is the 
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important feature to the life cycle of flowering plants and it is easily understandable in the 

view point of three distinct phenomena- first, transfer of pollen is essential for fertilization; 

second, pollen grain determines the limitation of gene flow within the population or in 

between the population and third, transfer of pollen grains takes place with the help of certain 

vectors. The male and female reproductive unit must come together during the process of 

sexual reproduction (Pollination). But successful pollination is carried out through the 

placement of pollen to stigmatic surface by biotic or abiotic agents (Pollinators). Pollen 

transfer and post-pollination events are important in the sexual reproduction of flowering 

plants. Moreover, Post-pollination events involve pollen viability and stigma receptivity. 

 

One of the main objectives of World conservation strategy is that sustainability harvest of 

genetic resources properly (Jyoti et al., 1991). Shaanker and Ganeshaiah (1982) have studied 

the reproductive behaviour of crop species from chasmogamy to autogamy in the genus 

Eleusine. They also reported the temporal features of flowering, nature of anthesis and 

dehiscence, stigma to lemma length ratio determining the extent of stigma protrusion and the 

pollen grain to ovule ratio as important in changing the breeding behaviours. Shaanker and 

Ganeshaiah (1982) have reported a positive shift in the probability of success of pollen grain 

and ovule in few crops such as Macrotyloma, Cajanus and Glycine during the process of 

domestication. They discussed consequent decrease in the pollen grain to ovule ratio from the 

wild to domesticated crop in relation to the changes in breeding behaviour. They also 

indicated number of pollen grains per flower, number of ovules per flower and the number of 

ovules successfully developing into mature seed. At a time of unprecedented human 

population expansion and biodiversity loss research on plant reproduction, with its potential 

to help increase crop yields and delivery of food security and to guide effective conservation 

strategies are to be made. This special issue collates a diverse set of reviews and papers that 

span the breadth of current research on the reproductive biology of angiosperms, pollination 

ecology and pollen biology. 
 

Thus, due to successful sexual reproduction fruits and seeds are formed, which we want 

mostly. Sexual reproduction in angiosperms is important to maintain food security. One of 

our conservation strategies is to conserve the plant and animal resources. Plant pollinator 

interactions are also of immense value in maintaining the structural and functional integrity 

of natural ecosystem. 

 

2. INTERDISCIPLINARY NATURE OF REPRODUCTIVE BIOLOGY 
 

Study of Reproductive biology includes several sub-disciplines of biology like 

conservation biology, ecology, ecosystem, economic botany, behavioural ecology, 

community ecology, speciation and evolution, sexual selection, mutualism, population 

genetics etc. Reproductive biology in plants is essential to study the genetics as Mendel had 

done in his experiment on pea plant to examine the genetic basis of trait through 

hybridization. Study of genetics is important in the field of reproductive biology to determine 

the trait adopted for the success of reproduction. 

 

Interdisciplinary collaboration of reproductive biology is necessary for further study. This 

can be done through the incorporation of different methods on the reproductive success. 

Molecular biology plays a crucial role to study the particular trait and genetic variation 

responsible for reproductive success.  There are different ecological parameters responsible 

for reproductive success in plants. As a result ecology of plants as well as pollinator and their 

adaptation to facilitate the optimal reproduction is an important tool in the field of pollination 
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biology. Behavioural pattern of nectar collection is important for successful pollination and it 

is entirely depends on the mercy of pollinator and their physiological characteristics. But, 

sometimes a specific pollinator specified for carrying pollination of specific plant species. To 

identify all of these pollinators and their pollination behaviour, zoologist as well as 

entomologist plays a vital role. Different chemical characteristics such as fragrance, 

composition of honey can be expelled through the study and methodology of chemistry and 

biochemistry. 

 

3. ADVANCEMENTS IN REPRODUCTIVE BIOLOGY 
 

Recent development and advancement in reproduction of angiosperms involves-  

a. Flower anthesis and floral biology,  

b. Pollen viability  and fertility (in terms of in vitro pollen germination), 

c. Stigma receptivity (in terms of in vivo pollen germination, peroxidase activity and 

esterase activity), 

d. Mechanism of pollination, 

e. Role of pollinators, 

f. Pollination ecology and  

g. Breeding system. 

 

3.1 FLOWER ANTHESIS AND FLORAL BIOLOGY 
 

      Anthesis is the time intervals between opening of flower and anther dehiscence to release 

pollen grain Anthesis (Keijzer, 1987). In some flower anthesis occur within bud condition but 

in others it takes place after several hours of flower opening. Anther dehiscence and anthesis 

and subsequently atmospheric pollen dispersal have been studied by different scientists 

(Perkins, 1957; Reddi and Janaki Bai, 1981; Mathur and Mohan Ram, 1986; Bhattacharya et 

al., 1999). 

 

Floral biology involves the study of different phenological events like flowering, bud 

opening, anthesis, pollen dispersal, fertilization, fruit formation and contribution of different 

floral parts in reproductive success, viz. total number of pollen available for fertilization of 

ovules, position different floral parts etc. The observations like first appearance of 

inflorescence, time of flowering, time to reach maturity of fruit and seed dispersal are also 

noted. Detail observation of flower morphology and floral adaption are also studied, which 

brings about optimal plant-pollinator interaction for successful pollination. For example, 

flower type, shape of corolla, anther type, stigma, color of flower, scent (odour), nectar, 

anther dehisces mode, flower opening etc. are carefully noted. 

 

Pollen morphology is an important criterion for identification of specific taxa. Different 

morphotypes of pollen grains such as shape, size, exine ornamentation and aperture of pollen 

grains have been studied by Erdtman (1966), which are important features in studying 

reproductive biology. Total number of pollen/anther/flower (Pollen productivity) as well as 

the total number of pollen grains per inflorescence were studied by Mandal and Chanda, 

(1981) and Bernardello et al. (1994) and Heslop-Harrison and Heslop-Harrison (1970) 

respectively. Pollen-ovule (P/O) ratio is also important to the study of contribution of pollen 

towards fertilization of an ovule (Anderson and Symon, 1989). Pollen-ovule ratio has a 

paramount importance to determine the Reproductive Success Rate (Cruden, 1977). Thus 

relative abundance of pollen available for the ovules of a flower can be achieved to explain 

the barriers of successful pollination and stigma receptivity. 
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3.2 POLLEN VIABILITY AND FERTILITY (IN TERMS OF IN VITRO POLLEN 

GERMINATION) 

 

Successful pollination depends on fertility and viability of pollen grain (Alexander, 

1969). Potential pollen viability is estimated using acetocarmine solution. Other tests are in 

vitro germination, in vivo test, fruit and seed set, tetrazollium test. 

 

Pollen germination is the prerequisite for fertilization and seed set. Investigation of pollen 

germination on in vivo condition is quite difficult due to involvement of pistillate tissue on 

stigmatic surface. Thus biochemistry and physiology of pollen germination can‘t achieve 

properly through in vivo pollen germination, which can obtained through in vitro pollen 

germination technique (Shivanna and Johri, 1985; Heslop and Harrison, 1987; Steer and 

Steer, 1989; Shivanna and Rangaswamy, 1992). Pollen germination and tube elongation is 

carried out into four phases, viz. imbibitions phase, lag phase, tube initiation phase and rapid 

tube elongation phase (Linkens and Kroh, 1970). Time of different phases may vary from 

species to species depending upon reserve food materials and external factors (Zaman, 2006).  

In vitro pollen germination is carried out in different concentration of sucrose, boric acid, 

combination of sucrose and boric acid and also in combination with different salts. Sucrose 

maintains the osmotic pressure of medium and acts as substrate for pollen metabolism. Boron 

acts as stimulatory agents for pollen germination and tube elongation. But sucrose in 

combination with boric promoted increase pollen germination and pollen tube elongation 

because, boron forms a complex with the sucrose, sucrose-borate complex (Pfahler,1967), 

which is easily translocable rather than the sucrose alone and acts as better traslocator than 

non borate- sucrose complex (Vasil, 1960
a
; Shivanna and Rangaswamy, 1992; Biswas and 

Mondal, 2014
a
). 

 

In vitro pollen germination is quite important for determining fertility pollen grains 

(Joshirao and Saoji, 1989; Biswas et al., 2008; Biswas and Mondal, 2014
b
). Some times in 

vitro pollen germination is conducted in Brewbaker and Kwack‘s medium with different 

concentration of sucrose for optimum pollen germination and tube elongation (Brewbaker 

and Kwack, 1963). Hanging drop technique is also used in culturing the pollen tube (Vasil, 

1960
b
). Beside the above methods, pollen is also germinated in a medium containing sucrose, 

boric acid and calcium ions at a temperature of 25°C (Diaz and Garay, 2008). Maturation, 

transient transformation and germination of pollen grain have been carried out in Antirrhinum 

majus (Barinova et al., 2002). 

 

3.3 STIGMA RECEPTIVITY (IN TERMS OF IN VIVO POLLEN 

GERMINATION, PEROXIDASE ACTIVITY AND ESTERASE ACTIVITY) 

 

Stigma gets optimal receptive just after anthesis and varied from species to species. In 

vivo pollen germination is carried out on to the stigma to determine the maximum receptivity 

of the stigma at particular time of period (Shivanna and Rangaswamy, 1992). Viable pollen 

after falling on to stigma germinates through aperture and producing pollen tube which 

penetrate through the stigmatic surface (Alexander, 1987). Such penetration involves a series 

of chemical and signaling interaction. 

 

Structural detail of the stigma as well as style and features likes protein (Fisher, 1968), 

lipid (Heslop- Harrison, 1977), polysaccharides (Gukin and Mackenzie, 1958) and pectin 

(Heslop- Harrison, 1979) are important criteria towards receptivity of stigma. 
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The stigma is the localized part of the pistil and the pollen grains are trapped on the 

stigmatic surface during pollination for successful fertilization. Successful post pollination 

events largely depend on the receptivity of stigma. Stigma receptivity refers to the ability of 

the stigma to support germination and tube growth of viable pollen. 

 

Presence of copious esterase and peroxidase over stigma surface were used as indicator 

towards stigma receptivity (Biswas and Mohammad, 2016). It was reported that prominent 

presence of esterase and peroxidase enzymes were secreted during higher receptive period of 

stigmas (Biswas, 2017). It was demonstrated that in case of esterase activity, when stigma 

became more receptive, then the reaction product on the stigmas became intense due to 

resulting product, alpha-napthol, which was colourless and formed a reddish insoluble 

complex with coupling agent, fast blue. 

 

3.4 POLLINATION 
 

Pollination is the process of mating in plants which results in double fertilization that 

ensure a balance in the genetic makeup of the species. Pollination is a vital phenomenon in 

the sexual reproduction of flowering plants. It is a simple process of transferring of male 

sexual parts to the female reproductive structure of a plant. This process involves three 

phases- development of viable pollen grain, transfer of pollen from dehisced anther before 

drying and placement of pollen to the receptive surface of the stigma for fertilization, all of 

which occur in a series of succession. Pollinators play crucial role in pollination (Choudhury 

et al., 2017). 

 

Sometimes flower parts are adapted themselves for ensuring self pollination in absence of 

pollinators. Movement of anther and style along with other floral parts may helpful in 

carrying pollination (Reddi and Aluri, 1996). 

 

3.5 POLLINATORS 

 

Successful pollination is carried out through placement of pollen on stigmatic surface 

trapping by biotic or abiotic agents, which ensure self or cross pollination. However 

pollination by animal (biotic pollination) is more common and most effective than the other 

alternative mode of abiotic pollination. It has been reported that about 130000 species of 

animal and 300000 flower visitors regularly visit the flower ((Willmer, 2011). Bees are the 

obligate and most important flower visitors. It has been noted that about 25000 bee species 

were regularly visiting the flowers. Plant species of about 500 and 250 genera were 

dominantly pollinated by birds as well as bats, whereas, plant species of about 875 genera 

were predominantly pollinated by means of abiotic means (Willmer, 2011). 

 

Over a period of decades role of pollinators was first observed on a particular plant 

species (Sprengel, 1793). It has been investigated that flowers have an adaptation in order to 

attract the pollinators for pollination success. In order to access nectar from flowers insects 

may adapt themselves, which carried out successful pollination.  Further work on such 

adaptation has driven the term pollination syndrome in broader sense to describe relationship 

and interaction between plant and pollinator (Delpino, 1873-1874). Pollination syndrome i.e. 

morphological, chemical and other traits of flower adaptation are responsible for attraction of 

specific pollinator to pollinate a particular plant species. Such view of pollination syndrome 

is enormously explained by Faegri and van der Pijl (1980). Sometimes deceit pollination have 

found in some plant species, where pollinators mistakenly visit the flower due to mimic 
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(Vogel, 1974; Wiens, 1978; Dafni, 1992). Deceit pollinations are of three types: 

pseudocopulation, interspecific mimicry and intersexual mimicry and it is common 

occurrence in the family Apocynaceae (Haber, 1984), Caricaceae (Baker, 1976), Ebenaceae 

(House, 1989), Myristicaceae (Armstrong and Drummond, 1986) and Orchidaceae 

(Cozzolino and Widmer, 2005; Pansarin et al., 2008). 

 

3.6 POLLINATION ECOLOGY 
 

Pollination ecology is important to study the effectiveness of specific flower visitors as 

pollinator in relation to morphological adaptation of a flower that ensures optimal 

reproductive success, which is an interesting finding under reproductive biology. Flower 

morphology and flowering phenology and their influence to attract the pollinator to set fruit 

and seed are an important observation to study the interaction between plant and pollinator. 

Thus study of pollination ecology may focus on how adaptive feature of reproductive 

structures of plant is crucial for effective plant-pollinators interaction optimizing successful 

pollination. 

 

Polymorphism in mirror- image flower of Chamaecrista chamaecristoides of the family 

Fabaceae is particularly dependent on buzz pollinators and position of pollinator within the 

flower induces the reproductive success through pollination (Arceo-Gomez et al., 2011). 

Floral biology of Aechmea nudicaulis of Bromeliaceae has been carried out in the Atlantic 

rain forest of Southern Brazil to find out agents of pollination and it was established that 

floral characteristic supports the ornithophily, where humming bird was the main pollinator 

and bees were the additional pollinators. Both of the pollinators were guaranteed for 

successful pollination (Schmid et al., 2011). 

 

Reproductive biology of Echinopsis terscheckii, a columnar cactus with nocturnal flowers 

revealed that moth was the effective pollinator at night time, whereas bees pollinated the 

flower in day time only (Ortega-Baes et al., 2011).  

 

Fruit production in nectar less orchid Broughtonia lindenii was less. Investigation on such 

factor revealed that the male bee Melissodes leprieuri was the main pollinator and played 

crucial role to bring fruit set in this orchid (Vale et al., 2011). 

 

A number of factors are responsible for reproductive success in angiosperms. Resource 

limitation is an important cause of reproductive failure in plants.  Isolate population of rare 

orchid Cladenia rigida in Australia produced seed with reduced viability than that of larger 

population (Faast et al., 2011). This was due to pollen limitation discarded among the 

population. It has been reported that fruit set in Aristolochia baetica was very low and this 

was due to low quality and quantity pollen supply on to the stigma (Berjano et al., 2011). 

 

Besides the resource limitation, other environmental factor may limit the reproductive 

output. It was examined that reproductive output and life history variations in the population 

of Thlaspi caerulescens of Brassicaceae are due to edaphic factor (heavy metals) and water 

stress (Dechamps et al., 2011). 

 

3.7 BREEDING SYSTEM 

 

Breeding system is important to determine whether the plant is autogamous or 

allogamous (Maues et al., 2008). Self sterility and compatibility within the plants can be 
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measured through breeding programme like geitonogamy (Tandon et al., 2003; Shivanna, 

2009) and xenogamy (Rao and Raju, 2002; Kaul et al., 2005; Sreekala et al., 2008). In this 

context different parameters are considered to carry out successful breeding programme viz. 

fruit set, fruit development, fruit colour and size, seed size and colour, fruit and seed 

dispersal, seed viability, germination rate etc. 

 

4. REPRODUCTIVE BIOLOGY IN INDIA 

 

Ancient India was glorified in the field of life science. Later on Haraprasad Chaudhuri 

(1927) contributed and study the events of botany particularly botany of medicinal plants and 

botany of agricultural plants. But at that time of ancient period, plant-animal interaction 

become less studied or not known. Although plant sexuality and reproduction of plant was 

first traced in the chapter Vrilsjayurvada of Agnipurana (Chaudhuri, 1927). During 

resurgence period thought of plant reproduction was initiated by Panchanan Maheshwari and 

in true sense Maheshwari wrote ‗As someone once said plant breeder puts the pollen on the 

stigma and ―prays” for results in the ovary!  For a scientific explanation of his successes and 

failures and for finding the ways and means of increasing the former and remedying the 

latter he must turn to the cytologist and the embryologist (Shivanna and Mohan Ram, 2005). 

An article published in the journal Current Science and pointed out the history of pollination 

biology in the past that in early of 19
th

 century (Shaanker and Ganeshaiah, 1993). Parija 

(1931) addressed to the Annual Meeting of the Indian Botanical Society at Nagpur on 

evolution and adaptation theory of an organism in relation to its environment. After a series 

of research work, Joshi (1938) pointed out the parthenocarpy in Dodonea viscosa and 

reported fruit set though there was no source of pollen. But Sahni (1936) had been separated 

out the gymnosperms from angiosperms with the help of Johri‘s view, which in turn focusing 

on pollination mechanism of angiosperm. Reproductive biology in terms of pollination 

mechanism had also been useful in genetic aspect of fertilization, which was carried out by 

the determination of genotype of pollen grain and was achieved through the germination of 

pollen grain on stigmatic surface (Iyengar, 1938). Later on significant work on the practical 

aspect of reproductive biology had been done by Johri (1992) and Johri et al., (1992). With 

the help of johri‘s (1992) finding, a number of researches had been done by the Indian 

botanists (Singh, 1933, 1936; Maheshwari, 1950). 

 

Study of reproductive biology is to improve grater reproductive success for better crop 

production and to conserve the threatened plants being from extinction. A number of research 

works have been carried out by Vasil (1960), Reddi and Janaki Bai (1981), Mathur and 

Mohan Ram (1986), Bawa (1990), Shivanna and Rangaswamy (1992), Arbol (1993), 

Shaanker and Ganeshaiah (1993), Reddi and Aluri (1996), Bhattacharya and Mandal (2000), 

Devy and Davidar (2003), Tandon et al.,(2003), Kaul et al. (2005), Raju et al. (2009), 

Shivanna (2009), Kulloli et al., (2011) on reproductive biology of angiosperms in India. 

 

India is rich in biodiversity, which has two hotspot zones. Both of the zones are principal 

depository of a number of flowering plants, which have great medicinal value. Such plants 

become threatened in nature due to limitation of reproductive success. Reproductive biology 

of Gentiana kurroo, a critically endangered medicinal plant is dichogmous amd compatible 

for cross pollination due to protandry. As a result the stigmatic lobes remain closed till the 

complete dehiscence of anther and become receptive after 6
th

 day of anthesis and may remain 

so up to 16
th

 day of anthesis (Raina et al., 2003). Reproductive success of Impatiens 

coelotropis of Balsaminaceae, a critically endangered plant was studied in the Southern 

Western Ghats. The plant is protandrous and reproduces through cross pollination (Sreekala 
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et al., 2008). Floral biology of Impatiens trichocarpa of Balsaminaceae, an endemic plant of 

Western Ghat revealed that anthesis occurred at night between 02.00 to 03.00 h and anther 

dehisced one day before of flower anthesis. The maximum stigma receptivity was found on 

the day of anthesis and nectar production took place soon after anthesis. Low seed 

germination (35%) may restrict their distribution, which in turn causing them endemism 

(Kulloli et al., 2009). Studies on pollination biology of Impatiens cuspidata of 

Balsaminaceae, a rare and  another endemic balsam from Western Ghats revealed that the 

flowers were protandrous and obligate self incompatible, primarily depends on 

Macroglossum variegatum, M. corythus (Hawk moths), Apis cerana and Trigona sp (Bees) 

for effective pollination. The seed germination rate in nature as well as in controlled 

condition was 20%. Thus low percentage of seed germination and other biotic factors could 

be the reason for their limited distribution and endemism. Reduced fruit set, low percentage 

of seed germination and isolated population may cause limited distribution in the wild 

(Sreekala et al., 2011). Shorea tumbuggaia is an endangered plant and endemic to Eastern 

Ghats. It bears drooping inflorescence with pendulous flower. The pollens are aerodynamic in 

size with reticulate exine wall and strictly protandrous, which favours for anemophily. The 

fruits are large and anemochorous. All the factors are responsible to becoming the plant 

endangered (Raju et al., 2009). 

 

A number of research works have been done on reproductive biology of medicinal plants 

by the Indian scientist (Mathur and Kumar, 2001). Anther dehiscence was reported in bud 

stage in Ocimum americanum and O. basilicum of Lamiaceae (Raju, 1989). Flowers are 

sternotribically pollinated by Apis florea, A. cerana indica, Amegilla sp, Pseudapis 

oxybeloies and Surandra queretroum most frequently. Both the species reproduces primarily 

through autogmy. Pollination biology of red sanders Pterocarpus santalinus of Fabaceae 

revealed that flowers open during midnight and visited by pollinator like Apis dorsata, A. 

florea, A. cerana indica (Rao and Raju, 2002). A. dorsata visited the flower during the 

opening of flower at night to early morning whereas other two visitors visit during day time. 

The plant species showed facultative xenogamy. The natural fruit set is 6% due to elimination 

of developing fruit from self pollinated flower. Reproductive biology of Butea monosperma 

of Fabaceae has been studied to investigate the phenology, floral biology, pollination biology 

and breeding system (Tandon et al., 2003). The plant is self incompatible showing diurnal 

anthesis and pollinated effectively by Sunbird (Nectarinia asiatica) and three- striped squirrel 

(Funambulus tristiatus). It was significantly established that high degree of geitonogamous 

pollination took place in this species and reproductive success was analyzed in the light of 

prevailing discussion on specialized vs. generalized pollination system. Reproductive biology 

of Withania somnifera of Solanaceae was carried out to determine the effect of pollen source 

on fruit set and seed set as well as seed germination (Kaul et al., 2005; Lottoo et al., 2007). 

From the experiment of autogamy, open pollination and xenogamy it was establish that high 

pollen load on the stigma and pollen competition within a flower greatly reduced the 

possibility of cross pollination. Flowers of Adhatoda vasica, of Acanthaceae are self- 

incompatible, protandrous type and fruit set was very low (6%) due to limitation of 

compatible pollen (Shivanna, 2009). Plant was reproduced by geitonogamy and success 

pollination was carried out by Xylocopa verticalis and Xxylocopa sp. Role of ants in 

reproductive efficiency of three medicinal plant species of Phyllanthus was studied (Sharma 

et al., 2009). The flowers are very small, nectariferous and pollinated by three species of ants 

belonging to the genera Camponotus and Monomorium. All the three species was showing 

ant-plant mutualism. Therefore, Phyllanthus simplex depends on ant for successful seed set, 

whereas P. urinaria and P. fraternus took the help of wind also. Cannabis sativa of 

Cannabiaceae is anemophilous (Rana and Choudhary, 2010). Maximum floral density was 
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reported in the month of April-June (Male plant) and May-June (Female plant). Time of 

anthesis, anther dehiscence and stigma receptivity were varied from month to month 

throughout the year. Pollen viability was highest in the month of April. Pollen-ovule ratio 

was 1:36,553. Fruit and seed set percentage was 16.6% and 100% respectively. 

 

Nectar is the chief source of glucose and sucrose and used as food by the insect. During 

their visit to flower, collect nectar and effectively brings about pollination. Eucalyptus is one 

of the nectar yielding plant and pollination of Eucalyptus citriodora has been carried out to 

determine the role of pollinating agents (Bhattacharya et al., 2005). It has been observed that 

the nectar yielding plant Pongamia pinnata of Fabaceae secretes nectar droplets on wing and 

keel petals (Raju and Rao, 2006). Some bee species during their foraging visit can achieve 

nectar through keel exploration. Nectar feeding activity of such bees (such as Apis dorsata, A. 

cerana indica, Amegilla sp, Megachile sp, Xylocopa latipes and X. pubescens) promoted 

pollination in Pongamia pinnata. Another plant Acacia caesia of the family Fabaceae is also 

entomophilous and visited by different insects, though bees and butterflies effect successful 

cross pollination (Raju at al., 2006). Nectar dynamics in relation to pollination efficiency has 

been reported in three species viz. Leonotis nepetifolia, Leucas aspera and Orthosiphon 

thymiflorus of Lamiaceae (Kulloli et al., 2011). Nectar composition was dominated by 

sucrose, glucose and fructose in all the three species. Foraging behaviour indicated that bees 

were the most effective and major pollinator (66% visit). But occasional visit of butterflies 

and sunbirds was only for source of food. 

 

Investigation of reproductive success on economically important plant has driven key role 

for crop improvement. Pollination biology of Bombax ceiba of Bombacaceae, a cotton fiber 

yielding plant was investigated to carry out floral anthesis, pollen production, foraging nature 

of flower visitor, in vitro germination of pollen and stigma receptivity (Bhattacharya and 

Mandal, 2000). Best (97%) in vitro pollen germination was reported in 20% sucrose solution 

combined with H3BO3 and maximum stigma (61%) became receptive during the first day of 

anthesis. On the other hand bamboo is most economically important plant and has great 

market value in North-Eastern India. Studies on the absence of seed set in common bamboo, 

Bambusa vulgaris of Poaceae has been investigated on pollen sterility, pollen viability, in 

vitro and in vivo germination, cytology and reported that this was due to the meiotic 

irregularities and inhibition of pollen tube through stigmatic papillae (Koshy and Jee, 2001). 

Thus physical as well as physiological factors limit no seed set in bamboo plants. Large 

cardamom is one of the most commercially important plants and pollination biology of large 

cardamom, Amomum subulatum of Zingiberaceae has been carried out at Eastern Himalayas 

of India to investigate the role of floral adaptation in pollination and pollination efficiency for 

successful pollination (Sinu and Shivanna, 2007). It has been observed that bumble-bee, 

Bombus haemorrhoidalis was the effective pollinator whereas, Apis cerana was the pollen 

robber. There was narrow passage in the flower in between anther-stigma, which forced the 

bumble bee to enter the flower and ultimately touched the stigma and brings about successful 

pollination. Role of pollinators and its impact on socio-economic development have also been 

pointed out in beneficial way in many plants (Bhattacharya et al., 2007). 

 

In India, coastal area is inhabited by many of mangrove plant species, which naturally 

sustain the biodiversity. Pollination biology of Ceriops decandra of Rhizophoraceae, shrubby 

mangrove species is an obligate out crosser and fruit set depends on pollinators like Nomia 

and Odynerus (Raju et al., 2006). Only one ovule of a flower produces seeds. This strategy 

seems to adjust the available food material for developing seedling in viviporous growth. 
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Reproductive biology of Crataeva religiosa of Capparidaceae indicated that the plant was 

self incompatible and obligate out-crosser (Sharma et al., 2006). Flower opened between 

19.00 to 20.30 h followed by anther dehisced at 19.30-21.00 h. Main pollinators was bees 

(Apis sp) and other visitors include moths, butterflies, bugs and birds. Fruit set was 22%, 

which was affected by the formation of floral galls induced by the insects Neolasioptera 

crataevae (Diptera). Phenological features of Aesculus indica has been studied on the basis of 

anthesis, pollen production, and fruit set etc (Sharma and Khanduri, 2007). Pollen production 

varied from tree to tree in two successive years- 3.90 x 10
9 

to 9.36x10
9 

in 1998 and 7.66x 10
9
 

to 9.76x 10
9
 in 1999. It has also been reported that successful fruit set occurred after 20 days 

of pollination. The Pollen-pistil interaction in Cassia didymobotrya revealed that stigma 

receptivity took place by the formation of an orifice and it became receptive between 09.00-

10.00 h (Anuradha, 2009). But anther dehisced between 07.00-09.00 h. Out of 220928 

pollen/flower, large anther contributed production of  67268 pollen grains, whereas, medium 

length anther contributed production of 17278 pollen grains. Pollination biology of Sopubia 

delphinifolia of Scrophulariaceae revealed the operation of lever mechanism of anther lobe 

for effective pollination, where the anther has two lobes- one was fertile and other was sterile 

(Kavitha et al., 2010). Pollen grains were liberated out through ventral pore of the anther, 

which extended backwardly and stimulating longitudinal dehiscence. Pollination mechanism 

of Abutilon indicum of Malvaceae revealed that the flowers were slightly protandrous and 

anthesis time may vary depending on temperature and light condition (Abid et al., 2010). 

Anthesis and pollen release of some plants in South West Bengal has been carried out in 

relation to meteorological conditions and reported that in majority of the plant species, anther 

dehisced by longitudinal slits and maximum spore release occur with the increase in 

temperature and decrease of relative humidity ( Bhattacharya and  Datta, 1992). Reproductive 

biology of Clerodendrum splendens of Verbenaceae revealed that 2% flowers were involved 

in open pollination and no fruit set was observed in bagged inflorescence, although, the 

pollen ovule ratio was 540:1 (Rohitash and Jain, 2010). Thus cross pollination is obligatory 

for the reproduction of Clerodendrum splendens. The effective pollinators were Xylocopa sp, 

Eumenes sp and Componotus campestris. 

 

Pollinators play a crucial role in releasing pollen grains from mature anther during their 

forage behaviour. Survey of pollination mode has been done on about of 86 species during 

the year 1990-2000 in Western Ghats (Devy and Davidar, 2003). It has been observed that 

75% of these plant species specialized for single group of pollinator such as bee, beetle, or 

moth and remaining 25% are pollinated by diverse group of pollinator. Investigation of the 

pollination mechanism in between non-flying mammals and flowers of Cullenia exarillata of 

Bombacaceae has been carried out in Western Ghat of India (Ganesh and Devy, 2006). It has 

been reported that mammals are the important pollinating vectors of C. exarillata. Further 

investigation reported that non-flying mammals and bats may pollinate the plant species. 

Pollen discharge and subsequent pollination mechanism of Incarvillea emodi of Bignoniaceae 

has been investigated to be strictly entomophilous and primarily depends on Apis mellifera 

(Verma et al., 2008). During pollination A. mellifera goes down through corolla tubes and 

presses the erect spine on to the anther sac, which results dehiscence of anther lobes. Thus 

pollination success and anther dehisce of I. emodi particularly depends on specific pollinator, 

A. mellifera. However, role of Carpenter bee in pollination of Solanum torvum of Solanaceae 

has also been reported (Biswas et al., 2009). 

 

In vitro pollen germination was carried out by a number of researchers (Shivanna and 

Mohan Ram, 2005; Yu et al., 2010; Jha et al., 2011). Pollen germination of Murraya koenigii 

of the family Rutaceae showed that maximum percentage of pollen germination and pollen 
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tube length is achieved at Brewbaker and Kwack‘s medium and 30% of sucrose solution. In 

vitro pollen germination in Solanum surattense and Solanum nigrum of Solanaceae suggested 

that sucrose supplemented with boric acid may help in better pollen germination along with 

maximum pollen tube growth (Biswas et al., 2008). It  has been investigated that MS salt, 

vitamins and maltose are optimum for the maturation and germination of Jatropha curcas 

microspore, whereas, in Peltophorum pterocarpum maximum percentage pollen germination 

and tube growth as well as minimum percentage of pollen germination and tube growth can 

be observed in blue and yellow light respectively. 

 

In vivo viability of pollen grain has been carried out in Moringa oleifera of the family 

Moringaceae (Bhattacharya and Mandal, 2004). During receptive period of stigma, a number 

of biochemical changes have been observed. Such biochemical changes are due to formation 

of new protein, which have been detected using SDS-PAGE and non-denaturing activity gel. 

In Terminalia paniculata of the family Combretaceae, maximum viable pollen grains, 

optimum pollen germination on stigmatic surface and increased fruit set was reported from 

the fresh pollen grains i.e. pollen grains that are collected at the time of o h anthesis 

(Thangaraja and Ganesan, 2008). But increase in the age of the pollen grains decrease fruit 

set and after 15 h of anthesis pollen grains lost their viability completely. In Pentapetes 

phoenicea of Sterculiaceae stigma receptivity has been analyzed in terms of in vivo pollen 

germination on stigmatic surface with reference to esterase and peroxidase activity 

(Choudhury et al., 2008; Biswas, 2017). 

 

5. REPRODUCTIVE BIOLOGY IN ABROAD 

 

      A number of research works have been carried out on reproductive biology of 

angiospermic plants which provides important information on reproduction as well as 

constraints involved in reproduction (Percival, 1965; Proctor and Yeo, 1972; Baker, 1976; 

Heslop-Harrison, 1977; Frankel and Galun, 1977; Cruden, 1977; Faegri and van der Pijl, 

1980; Dafni, 1992; Kearns and Inouyen, 1993; Proctor et al., 1996; Dafni et al., 2005; 
Willmer, 2011). 

 

Study of the sperm cell and its isolation is an important task in the success of 

reproduction in plants. Isolation of sperms cell from pollen tube have been carried out in 

different flowering plants. Sperm cell of dicotyledonous plant Rhododendron macgregoriae 

and monocotyledonous plant Gladiolus gandavensis have also been isolated (Shivanna et al., 

1988). 

 

Study of plant reproductive biology plays important role in exploration of events on plant 

reproduction. Crane-flies pollination has been reported for the first time in Habenaria 

parviflora of Orchidaceae (Singer, 2001). It was reported for the first time that pollinators 

play active role in pollination of an endangered orchid, Changnienia amoena (Hai-Qin et al., 

2003). Main pollinators were Bombus trifasciatus and B. imitator. The flowers are self-

compatible and Pollinated flower showed remarkable changes in color and morphology of 

ovary and flower stalk. It has also been investigated that short-tongued sphingid moths 

(Aellopos sp.) may act as pollinators in Habenaria pleiophylla (Singer et al., 2006). Eliyahu 

et al. (2015) reported the role of thrips in pollination of Arctostaphylos pungens (Ericaceae). 

 

Repeated flower opening and closing have been reported in Bergeranthus multiceps of 

Aizoaceae and revealed that there was close correlation between ambient temperature and 

humidity (Peter et al., 2004). 

http://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Pat+Willmer%22&source=gbs_metadata_r&cad=7
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Reproductive biology was also studied in the field of floral anatomy. Floral-anatomy of 

bright field fluorescence and scanning electron microscopy revealed that maturation of floral 

parts undergo color changes as clues for pollinators (Weiss, 1991). A number of observations, 

such as calcium crystal appeared in the anther, which influenced anther dehiscence. Secretion 

of lipoidal makes wetness of stigma surface. Pollination biology of Cyrilla racemiflora of 

Cyrillaceae has been studied in the field of floral-anatomy (Dute et al., 2004). 

 

Pollen presentation theory (PPT) and pollination syndrome is important in understanding 

of pollination in plants. Phenology and pollination biology has been studied in five 

Ranunculus species (R. acris, R. auricomus, R. bulbosus, R. flammula and R. repens) at 

central Germany and it has been reported that the variety of insects visit flowers as a result of 

pollination syndrome (Steinbach and Gottsberger, 1994). Frequency of flower visiting was 

highest in R. flammula (45 insect per day) followed by R. acris (12), R. bulbosus (8) and 

lower in R. repens and R. auricomus (6 or 4 insect per day). Due to lower rate of pollination 

success, R. repens adapted to reproduce by vegetative propagation and R. auricomus 

reproduces asexually. However, implication and investigation of PPT has been carried out in 

bee and bird adapted species Penstemon and Keckiella of Scrophulariaceae and hypothesize 

that bees have higher rates of pollen removal and lower rates of deposition than birds 

(Thomson et al., 2000). Therefore, in bee pollinated species anthers open more gradually and 

less completely than bird pollinated species, whereas, in bird pollinated plant species anther 

open more quickly and widely. Thus in birds pollinated species, bee and bee pollinated 

species birds become wasteful respectively. Bird pollinated plant species has longer floral 

tube, more exerted anthers and stigma, less reduced landing plat form, low nectar 

concentration and anther dehisces more faster and extensively. It has been reported that 

Pitcairnia angustifolia of Bromeliaceae has floral characters which fit for pollination by 

long-billed hummingbirds (Fumero-Caban and Melendez-Ackerman, 2007). 

 

But sometimes effective pollination depends on the availability of nectar concentration of 

flower. It has been reported that member of Fabaceae offer only pollen to flower-visitors and 

floral nectar is limited to a minority of species (Stone et al., 2003). Efficiency of pollinators 

in pollination in relation to nectar sugar composition in Leonurus japonicas of the family 

Lamiaceae revealed that each flower has high concentration of nectar, but very low amount 

of nectar is available to the pollinator (Galetto and Torres, 2010). Main compositions of the 

nectars are glucose, fructose and sucrose. Sucrose was pre-dominant over honey-bees (Apis 

mellifera) and bumble-bees (Bombus opifex). Bumble-bee visit flower for sucrose-high 

nectar, which indicated that Leonurus attract the bumble-bee for effective pollination. The 

pattern of flower morphology in relation to the pollination biology has been reported in 

Vigna caracalla of the family Papilionaceae (Etcheverry et al., 2008). The species are highly 

self compatible and autonomous self-pollination was found at highest elevation. But the 

reproductive success was little due to reduced pollinator diversity. Breeding system of 

Tamarindus indica highlights on fruit production as well as pollen tube growth, which 

suggested that self incompatibility appears at the pre zygotic and post zygotic level by the 

abortion of seeds (Diallo et al., 2008). 

 

Pollinators are crucial for successful pollination. In some plants effective pollination and 

fertilization depends on specific pollinator. Floral behaviour and their effects on fruit set in 

silky oak, Grevillea robusta has been carried out in Western Kenya and reported that due to 

lack of appropriate pollinator the seed set become very low (Kalinganire et al., 2001). On the 

other hand, avocado fruit is domestically consumed by the local peoples in Israel but 

production of this fruit is very low due to the presence of non availability of avocado 
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pollinators and insufficient cross pollination (Ish-Am, 2004). Pollination mechanism in 

Helicteres sacarolha and H. brevispira of Malvaceae has been studied with special emphasis 

on hummingbirds (Franceschinelli, 2004). H. brevispira has an unusual mechanism of 

depositing pollen grains under the tail and abdomen of hummingbird, whereas pollen grains 

are deposited on the head of hummingbird in case of H. sacarolha. Pollen grain deposited on 

the head and is one of the most advance features to carryout successful pollination. Large 

amount of pollen grains were lost in case of H. brevispira due to deposition on tail. Thus to 

bring out the effective pollination, H. brevispira may have to produce high pollen and flower 

production. But H. sacarolha does not require in producing huge amount of pollen as well as 

flower. The main pollinator in avocado is European honey bees, Apis mellifera, which bring 

out the effective cross pollination. Pollination biology of Penstemon haydenii of 

Scrophulariaceae suggested that open pollinated flowers produced significantly fewer seeds 

per fruit than that of the experimental out crossing treatment and this is due to low pollinator 

efficiency (Tepedino et al., 2007). The floral biology, breeding system and pollinators of 

Jacaranda copaia of the family Bignoniaceae has been investigated (Maues et al., 2008). It 

has been reported that species in an obligate allogamous. The fruit set in open pollination is 

1.06%, whereas, cross pollination resulted in 6.54% fruit set. Most effective pollinators are 

bees as Euglossa and Centris species due to their compatible body size with the corolla tube, 

which brings direct contact with the reproductive structure results in effective pollination. 

Reproductive biology of Hechtia schottii of Bromeliaceae has been investigated through the 

study of phenology, floral and pollination biology and breeding system (Morillo et al., 2008). 

Flowers showed diurnal anthesis and effective pollination has been carried out by main 

pollinator Apis mellifera. Thus fruit set is based on pollinator efficiency. Interspecific 

movements of bees may also significantly reduce outcross pollen export and seed production 

in Mimulus ringens of Phrymaceae (Flanagan et al., 2009).  Floral phenology of Hydnora 

africana of Hydnoraceae demonstrated that the efficiency of the imprisonment mechanism by 

beetle Dermestes maculatus (Bolin et al., 2009). Philodendron solimoesense of Araceae 

produced a strong odor and heat, which attract the beetle, Cyclocephala colasi in order to 

meet mating partners, which in terns causing pollination. Thus chemical stimuli produced by 

the inflorescence of the plant species help in effective pollination (Gibernau et al., 1999). 

 

Reproductive biology is an important tool in the investigation of phylogeny of plants and 

their inter-relationship on the basis of flower-visitor interactions. The pollination peculiarities 

have been reported in four species of Pedicularis of Scrophulariaceae in China (Wang and Li, 

2005). All the four species are pollinated by three bumble bees. Pedicularis lutescens and P. 

densispica have short-tube nectariferous corolla and are pollinated by Bombus friseanus and 

B. lucorum nototribically, whereas, P. integrifolia and P. tricolor have long-tube nectarless 

corolla and are pollinated sternotribically by Bombus festivus and B. friseanus. Interaction 

between Pedicularis and Bombus revealed that pollination mechanism was similar to those in 

Japan and North America, which ruled out that the Japanese species had evolved from 

Himalayan species of China in a pattern parallel to that of North American species. 

Comparative pollination biology of Primula beesiana and P. bulleyana revealed that both of 

the species are heterostylous and obligate out crossing (Wu and Zhang, 2010). Main 

pollinators are bees and butterflies. At all the population sites main pollinating vectors 

showed the preferences for one of the two species, resulting the ethological isolation of two 

species by pollinators. Thus ethological isolation contributes reproductive isolation of the two 

species, which supports P. beesiana and P. bulleyana are two distinct species. Mechanism of 

pollination may vary from place to place. It has been reported that floral biology, visiting 

pollinator and fruit set in Passiflora lutea of Passifloraceae are different in the two different 
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regions of Arkansas (Holland and Lanza, 2008). Thus, geographical variation in the 

pollination mechanism has been observed in some plant species. 

 

Pollen production, viability and germination have been studied in four different species of 

Quercus and reported that there are differences in total pollen production per tree. But pollen 

viability declines slowly with time (Gomez-Casero et al., 2004). Pollen viability, stigma 

receptivity, and pollen germination in Hydrangea macrophylla indicates that the species is 

strongly self- incompatible (Reed, 2004). However, wind pollinated plant bore uniovulate 

flower and lower than the average number of pollen tubes per style (Friedman and Barrett, 

2011). In wind pollinated plants, the flowers are small, inexpensive and distributed 

throughout the inflorescence. Thus reduction of ovule number in wind pollination has 

evolved in angiosperm lineages and this is due to minimization of flower cost towards the 

aerodynamic reasons. 

 

6. SIGNIFICANCE OF THE STUDY 

 

Reproductive biology plays a crucial role in Phylogeny. Pollinator shape and floral 

evolution results in the interaction between plants and pollinators, which is thought to be 

driven force in the evolution of flower. Several parameters are considered for this purpose, 

such as color of the flower, where yellow colored petal in Raphanus raphanistrum is more 

successful as pollen donor than the less visited white petal variety. Foraging nature of 

pollinator is affected by the flower morphology (Stanton et al., 1986). It is also reported that 

long-tongue pollinators favour to visit the flower with longer tube corolla to get more food 

and thereby carrying higher amount of pollen to bring effective pollination. High frequency 

pollination is due to floral adaptation of pollinator to a particular type of flower which specify 

phylogeny.  Sex expression is closely associated with the transfer of pollen grains as 72% of 

angiosperm is hermaphrodite (Lloyd, 1979), which is also helpful in assessment of evolution 

of plant. 

 

Gene flow is mediated through the transfer of pollen grains from parental plant to 

progeny and by searching the marker gene specific in a populations, we can easily identify 

the diversity of taxa with different floral morphologies. Random amplified polymorphic DNA 

(RAPD) markers is used to confirm cross pollination in Callitriche hermaphroditica 

(Philbrick and Rieseberg, 1994). 

 

India is one of the mega-biodiversity countries of the world and source of many endemic 

plant species. It is reported that 5285 species of angiosperms belonging to 140 genera are 

endemic to the country (Annual Report of BSI, 2001). Most of these plant species become 

exploited due to loss of habitat, fragmentation, over exploitation, invasion of exotics, 

pollution, climate change and low reproductive success. To conserve all of the rare, 

endangered and threatened (RET) plant species a number approaches and techniques should 

have to be adopted both in situ and ex situ. India has proposed and implemented all the 

strategies for conservation of overall diversity, thus Biosphere Reserves, National Parks and 

Wildlife Sanctuaries have been set up. In this regard, study of reproductive biology is 

important to conserve the biodiversity. Through the study of reproductive biology strategies 

can be develop to preserve genetic potentials of rare species, which are crucial for 

conservation, restoration and reintroduction. In such way reproductive biology may also 

contribute a significant role for conservation of threatened plants being from extinction due to 

less reproductive success to set fruit. Studies on limitations of reproductive success may be 
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carried out through proper investigation on floral biology, pollination biology, pollination 

ecology and breeding system. 

 

Reintroduction of many plant species are raised by the micropropagation  techniques but 

sometimes micropropragation techniques become fail to carryout positive success to take off 

in the field due to lack of reproductive feature (Moza and Bhatnagar, 2007). 

 

It has been investigated that many ornithophilous and entomophilous plant species are 

declining at an alarming rate due to unsuccessful pollination because of loss of their 

pollinators. Sometimes reduction in population size results in decreased fruit as well as seed 

set due to insufficient pollen transfer, because small size population may be less attractive by 

the pollinators. 

 

Interaction in between plants, insects and animals are essential to maintain the 

biodiversity. Plant pollinator interaction is vital for maintaining the structural and functional 

integrity of natural ecosystem because our prime strategies are to conserve the flora and fauna 

(Vasudeva and Lokesha, 1993). Reproductive biology is an important research area in the 

field of conservation biology due to the global concern for prevention of deforestation and 

degradation of ecosystem. Thus reproductive biology highlights on biodiversity, pollinator 

conservation and crop pollination (Murali et al., 1996). 

 

Thus reproductive biology is important to sustain the increase of productivity of 

economically and medicinally important plant species for human being to meet the food crisis 

in growing population, which is needful for human welfare. 

 

7. FUTURE PROSPECT ON STUDY OF REPRODUCTIVE BIOLOGY 
 

Reproductive biology is a promising and multidisciplinary subject of biology which 

includes diverse aspects of interest. 

 

Plant-pollinator interaction has been increasing for their interdependence during the 

recent decades. Due to advancement of molecular genetics tools and new analytical 

techniques, pollination biologist continuously explored the causes of variation on 

reproductive success. Abiotic pollination is poorly understood, therefore, it has considerable 

importance in taxonomy, ecology and more particularly in wind pollination (Culley et al., 

2002).  Thus anthropogenic changes to the ecosystem i.e. habitat fragmentation, urbanization, 

pollution, use of pesticides etc, influences the plant-pollinator interaction (Mitchell et al., 

2009). 

 

Floral biology, pollination process and reproductive biology is largely depends on 

ecological factors, thus it is required to give more attention to the concept of ‗study scale‘, 

either in time or specially, because data of one year, in one side or for a single ecological 

factor may cause indiscrimination of pollination ( Fishbein and Venable, 1996). 

 

A climate change has an adverse impact on the alteration of environment, which 

ultimately affect the plant-pollinator network system (Yuan et al., 2009). If abiotic factor 

cause significant changes an environment due to global climate changes, then it can alter the 

timing of emission of volatile organic compounds, which ultimately affect the function of 

pollinator attraction or plant defense. Thus plant-pollinator communication could be affected 

by the alteration of volatile compounds. Study of reproductive biology of medicinal as well 
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as edible plants can reveal interesting information on the interaction and relationship between 

the plants and pollinator of a specific region which may play significant role in discovering 

new drug yielding plants. 

 

Studies of sex expression, sex allocation, floral syndrome in relation to pollinator‘s 

behaviour, evolution of breeding and mating system, gene flow and pollen competition may 

open up new attention to the development of reproductive biology of angiosperms. 

 

Thus, it is necessary to provoke more researchers to study the reproductive biology for 

finding new interest in this field of biology, because nowadays studies on reproductive 

biology highlights on quantitative and dynamic research rather than descriptive and static. 
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Abstract 

Toxic heavy metals are abundant on the earth and are released into the environment either by 

natural phenomena (weathering, volcanic activity) or by anthropogenic activities resulting in 

the contamination of environment. Present study highlighted the bioaccumulation of heavy 

metals e.g. Cr and Cu (by the bacterial) by bacterial species isolated from Burdwan 

Municipal waste dumping centre, automobile sludge, and drain water. Study of staining test 

results of isolated species showed that Gram staining, Endospore staining, Capsule staining 

tests were positive but Acid-fast staining test was negative .The study of biochemical test 

results of isolated species showed that Methyl-red test, Citrate utilization (not species -2), 

Catalase test and Gelatin agar hydrolysis test (not species -2), were positive and Indole test 

and VP tests were negative. The metal accumulation study revealed that species -1, 2 and 3 

were good accumulators of copper from 40 mg/L; 100 mg/L; 20 mg/L; concentration 

solution, respectively. However isolated species -1 was good accumulator of chromium at 

100 mg/L; 300 mg/L; 500 mg/L; whereas species -2 showed good chromium accumulation at 

lower concentration 20 mg/L and 40 mg/L. The genotoxicity tests showed that there was no 

chromosomal aberration at 40 mg/L concentration of copper and 40 mg/L and 500 mg/L 

concentration of chromium, respectively. Finally, it can be concluded that the isolated 

bacteria has enough potential to accumulate heavy metals like Cr and Cu. Further studies are 

required to understand the mechanism of accumulation of Cr and Cu by the bacterial strains. 

Keywords: Heavy metal, Municipal waste, Microbial strain, Biochemical tests, Genotoxicity 

tests  

 

Introduction 

The environmental pollution caused by wastewaters containing high concentrations of 

dissolved heavy metals and low pH from mining and industrial processing  (e.g. 

metallurgical, electronic, electroplating and metal finishing industries) negatively impacts 

living organisms as well as humans (Kieu et al., 2011). The toxic effects of heavy metals 

include ion displacement and / or substitution of essential ions from cellular sites and 

blocking of functional groups of important molecules, e.g. enzymes, polynucleotides, and 
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essential nutrient transport systems. This results in denaturation and inactivation of enzymes 

and disruption of cell organelle membrane integrity, as well as damage to the structure of 

DNA, nerves, livers and bones (Sani et al., 2001). Unlike organic contaminants, which can be 

degraded into harmless chemical species, heavy metals cannot be degraded. However, they 

can be transformed from mobile and toxic forms into their stable immobile and less toxic 

forms (Uhrie et al., 1996; Beyenal and Lewandowski, 2004). Many methods have been used 

for treatment of heavy metal contaminated wastewaters. Among them, the classical 

physicochemical methods were widely applied (e.g. precipitation, absorption, ion exchange 

and complex formation). Despite effective treatment, these methods are expensive and 

generate large amounts of residual sludge (Gallegos-Garcia et al., 2009; Tekerlekopoulou et 

al., 2010). On the other hand, Bioremediation has been extensively studied for converting Cr 

(VI) to Cr (III) (Barnhart, 1997). Numerous bacteria have been demonstrated to reduce Cr 

(VI); however, microbial reduction of Cr (VI) often produces both soluble Cr (III) (McLean 

and Beveridge, 2001; Middleton et al., 2003) and insoluble Cr (III) (Wielinga et al., 2001; 

Middleton et al., 2003). The soluble Cr (III) is likely complexed with organic ligands because 

both enzymatic (Assfalg et al., 2002; Puzon et al., 2002) and chemical (Puzon et al., 2005) 

reductions of Cr (VI) in the presence of cellular organics generate stable and soluble organo–

Cr (III) complexes. Microbial reduction of chromate can also result in DNA–Cr (III) adducts, 

which are accumulated extracellularly (Priester et al., 2006). The bonds with organic ligands 

are formed during Cr (VI) reduction. Once organo–Cr (III) complexes are formed, they are 

relatively stable, due to the slow ligand exchange properties of Cr (III) (Beattie and Haight, 

1972).  

 

In this study,  three bacterial strains were isolated from three different sources namely i) 

Municipal solid waste dumping center, ii) Automobile wash out sludge and iii) surface water 

of main drain of BIMS, Burdwan. The Cr
6+

 and Cu
2+ 

bioaccumulation abilities of all the 

isolated strains were estimated under growth conditions (48 h). Finally, after accumulation of 

heavy metal, the residual metal solution was tested through Genotoxicity study. 

 

Objectives 

1) To isolate the microbes from soil of dumping centre, soil of automobile centre and drain 

water of different areas of Burdwan. 

 

2) To characterize (biochemical and staining) the isolated microbes. 

 

3)  To apply free microbial strain for bioremediation of heavy metals from aqueous solution. 

 

4) To check the cytogenetic effect of heavy metal solution after inoculation of microbial 

strain. 

 

Materials and Methods 

 

Study area 

Microorganisms were found throughout the environment: in the air and water, on the surface 

of any object such as soil, dust, human bodies, etc. Soil sample and drain water sample was 

collected from Municipal solid waste dumping center, automobile wash out sludge 
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[23
0
14‘14‘‘(N),87

0
52‘01‘‘(S)] and surface water of main drain of BIMS [23

0
 

20‘16‘‘(N),87
0
53‘16‘‘(S)] of the Burdwan district (Figure 1, 2 and 3) 

 
 (a) 

     

(b) 
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(c) 

Fig. 1 The samples were successfully collected from different areas of Burdwan. (a) surface 

water of main drain of BIMS of the Burdwan, (b) automobile wash out sludge of the 

Burdwan (c) Municipal solid waste dumping center of the Burdwan. 

 

a. Isolation of microorganism from soil 

Fresh samples were taken directly from the field. One gram of each sample was taken and 

serially diluted. 

 

b. Serial dilution and incubation 

 
One gram of each samples were taken and serially diluted using distilled water to prepare 

dilution of  10
-1

 to 10
-10

 respectively in different test tubes to 3 different sets .Then 0.1 ml of 

samples from each tubes was taken with the help of micropipette and  spread  over the freshly 

prepared nutrient agar  plates inside laminar air flow. Then petriplates were kept in incubator 

at 37
o
c for 24hours. 

 
c. Isolation of individual colonies 

 
The spread plate techniques were used for the separation of a dilute, mixed population of 

microorganism so that individual colonies can be isolated. In this technique microorganisms 

were spreaded over the solidified agar medium with a sterile L-shaped glass rod while the 

petri dish is spun on a table. The theory behind this technique is that as the petri dish spuns, at 

some stage, single cells will be deposited with the bent glass rod on to the agar surface.some 
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of these cells will be separated from each other by a distance sufficient to allow the colonies 

that develop to be free from each other. The bacterial cultures were isolated in pure form on 

nutrient agar slant in tubes. Identification of the cultures was done by staining tests, and 

biochemical tests as recommended. 

 

Staining of isolated bacteria 

a) Gram’s staining procedure 

Gram staining (or Gram's Method) is a method of differentiating bacterial species into two 

large groups (gram-positive and gram-negative). The name comes from its inventor, Hans 

Christian Gram. Gram staining differentiates bacteria by the chemical and physical properties 

of their cell walls by detecting peptidoglycan, which is present in a thick layer in gram-

positive bacteria. In a Gram stain test, gram-positive bacteria retain the crystal violet dye, 

while a counter stain (commonly safranin or fuchsin) added after the crystal violet gives all 

gram-negative bacteria a red or pink coloring. 

 

b)  Endospore staining procedure 

Some bacteria are capable of changing into dormant surface that are metabolically inactive 

and do not grow or reproduce. Since those structures are forms inside the cell hence called 

―endospores‖. They are remarkable as resistant to heat, radiations, chemicals and other 

agents, typically lethal to the organisms. These spores are differentially stained by using 

special procedure that helps dyes penetrate the spore wall. Primary stain (malachite green) is 

applied and steamed to enhance penetration of the impermeable spore coat. One stained the 

endospores, do not readily calories and appear green with red cells. 

 

c) Acid-Fast staining procedure 

Acid-Fast is differential stain. It was developed by Paul Ehrlich in 1882 which was later on 

modified by Ziehl – Neelsen. The property of acid-fastness appears to be due to the presence 

of high contents of a lipid called mycolic acid in the cell wall, that makes the penetration by 

stains extremely difficult.  

d) Capsule staining procedure 

 

Many bacteria have a slimy layer surrounding them, which is usually referred to as a capsule. 

The capsule's composition, as well as its thickness, varies with individual bacterial species. 

Polysaccharides, polypeptides, and glycoproteins have all been found in capsules. However, 

one cannot always determine if a capsule is present by simple staining procedures, such as 

using negative staining and India ink. An unstained area around a bacterial cell may be due to 

the separation of the cell from the surrounding stain upon drying. Two convenient procedures 

for determining the presence of a capsule are Anthony's capsule staining method and the 

Graham and Evans procedure. 

 

Anthony's procedure employs two reagents. The primary stain is crystal violet, which gives 

the bacterial cell and its capsular material a dark purple color. Unlike the cell, the capsule is 

nonionic and the primary stain cannot adhere. Copper sulfate is the decolorizing agent. It 

removes excess primary stain as well as color from the capsule. At the same time, the copper 

sulfate acts as a counter stain by being absorbed into the capsule and turning it a light blue. In 

this procedure, smears should not be heat-fixed since shrinkage is likely to occur and create a 

clear zone around the bacterium, which can be mistaken for a capsule.  

 

http://en.wikipedia.org/wiki/Bacteria
http://en.wikipedia.org/wiki/Gram-positive_bacteria
http://en.wikipedia.org/wiki/Gram-negative_bacteria
http://en.wikipedia.org/wiki/Hans_Christian_Gram
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Biochemical tests of isolated bacteria 

A. Indole production 

This test performed on bacterial species to determine the ability of the organism to split 

indole from the amino acid tryptophan. This division is performed by a chain of a number of 

different intracellular enzymes, tryptophanase. Indole is generated by reductive deamination 

from tryptophan via the intermediate molecule indolpyruvic acid. Tryptophanase catalyzes 

the deamination reaction, during which the amine (-NH2) group of the tryptophan molecule is 

removed final products of the reaction are indole, pyruvic acid, ammonia (NH3). 

Pyridoxalphosphate is required as a coenzyme. 

B.MR-VP test 

The methyl red and voges-proskaur (VP) test are performed simultaneously because they are 

physiologically related and are performed in the same medium MR-VP broth. Opposite result 

are usually obtained for the methyl red and voges proskaur test, i.e. MR (+) and VP (-) or MR 

(-) and VP (+). In the test if organisms produce large amount of organic acid, formic acid, 

lactic acid etc. from dextrose, the medium will remain red (+ test). After the addition of 

methyl red in other organisms, methyl red turn yellow (- test). 

MR test 

Into the MR-VP broth, MR reagent was added. 

C. Citrate utilization test 

Citrate test is utilized to differentiate among enteric bacteria on the basis of their ability to 

utilize citrate as the sole carbon source. The utilization of citrate depends on the presence of 

an enzyme citrase produced by the organism that breaks down the citrate to oxaloacetic acid 

and acetic acid. These products are later converted to pyruvic acid and carbon dioxide 

enzymatically as shown below: 

                      Citrase                                                                  enzymes 

Citric acid                  oxaloacetic acid+ acetic acid                      pyruvicacid+CO2     

   

The citrate test is performed by inoculating the microorganisms into an organic synthetic 

medium, simmon‘s citrate agar, where sodium citrate is the only source of carbon and energy. 

Bromothymol blue is the used as an indicator. When the citric acid is metabolized, the CO2 

generated combines with sodium and water to form sodium carbonate an alkaline product, 

which changes the color of the indicator from green to blue and this constitute a positive test. 

 

CO2+ 2Na
+ 

+ H2O                                                       Na2CO3  

(Produced during citric acid metabolism)         (Alkaline pH blue colour)  

Bromothymol blue is green when acidic (pH 6.8 and below) and blue when alkaline (pH 7.6 

and higher)     

D. Catalase test method 

During aerobic respiration in the presence of oxygen microorganisms produce H2O2 

(hydrogen peroxide) which is lethal to cell. The enzyme catalase present in some 

microorganism breaks down hydrogen peroxide to water and oxygen as shown below:                      

                           

                         Catalase 

2H2O2                                                                       2H2O +O2↑ 
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E. Gelatin hydrolysis test 

Gelatin causes liquids to solidify at temperature below 28
0
c.Above this temperature gelatin 

are liquid. Some bacteria produce gelatinase, a proteolytic enzyme that hydrolyzes gelatin. 

 

F. Starch hydrolysis 

In plant cells the most storage polysaccharides are starch. Starch contains two types of 

glucose polymers amylase and amylopectin. The former consists of long unbranched chains 

of D-glucose residues connected by α (1→4) linkage. Such chains very in molecular weight 

(upto 100 million) but unlink amylase is highly branched. The glycosidic linkage joining 

successive glucose residues in amylopectin chains are α (1→4) the branch point (about one 

per 24-30 residues) are α (1→6) linkage. Amylase are hydrolyses category of enzyme, which 

catalyzes the hydrolysis α- of large starchy materials into smaller glucose sub unit, which in 

turn is acted upon by other amylases to produce glucose. This test is used to detect the 

enzyme amylase, which break down starch. After incubation the plate is treated with Gram‘s 

iodine. If starch has been hydrolysed then there is a reddish color or a clear zone around the 

bacterial growth; if it has not been hydrolysed then there is a black/blue area indicating the 

presence of starch. 

Microbial mediated heavy metal accumulation study 

a) Cr accumulation study 

The selected bacteria‘s were further cultured for the experiment. First, different concentration 

of Cr
6+

 solution was prepared by using stock solution and distilled water. Following 

concentration was made: 

20 mg/L concentration =   2 ml of stock solution was taken and volume was 

                                          made up   to 50ml by adding 48ml of distilled water. 

                                                                                                                             

40 mg/L concentration = 4 ml of stock solution was taken and volume was  

                                      made up  to 50ml by adding 46ml of distilled water. 

 

100 mg/L concentration = 10 ml of stock solution was taken and volume was 

                                          made up to 50ml by adding 40ml of distilled water.              

                                                     

300 mg/L concentration = 30 ml of stock solution was taken and volume was 

                                          made  up to 50ml by adding 20ml of distilled water . 

 

500 mg/L concentration = 50 ml of stock solution was taken and volume was  

                                         made up to 50ml. 

 

                                                          

25 test tubes taken, in each test tube, contain different concentration of Cr (VI) solutions and 

nutrient broth and then all test tubes were autoclaved. After that  

1
st
 5 test tubes contains different concentration of Cr (VI) solutions and nutrient broth and it 

was used as a control of different concentration of Cr (VI) solutions 

2
nd

 5 test tubes contains only different concentration of Cr (VI) solutions 

3
rd

 5 test tubes contain different concentration of Cr (VI) solutions and nutrient broth and it 

inoculates in sample no-1. 
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4
th

 5 test tubes contain different concentration of Cr (VI) solutions and nutrient broth and it 

inoculates in sample no -2. 

5
th

 5 test tubes contain different concentration of Cr (VI) solutions and nutrient broth and it 

inoculates in sample no -3. Then all test tubes were incubated for 48hours.After 48hours of 

incubation each tubes were centrifuged. 

After centrifugation, the supernatant (10 ml) was taken in each of the 100ml volumetric flask. 

Then 10ml of distilled water was added in each of the volumetric flask. 

Few drops of H2SO4 was added in each of the volumetric flask. 

Then few drops (10-15drops) of DPC (Diphenyl Carbazide) was added in each of the 

volumetric flasks. Then the colour changed. The absorbance of the solution was determined 

at 540 nm against the blank spectrophotometrically (Model no. Perkinelmer Lambda 35 

UV/VIS Spectrophotometer) 

 

Estimation of Chromium 

UV-visible spectrophotometer was employed to determine the remaining Cr (VI) 

concentration in the sample solution using 1,5-diphenylcarbazide method as laid down in 

standard methods for examination of water and wastewater, APHA, AWWA, WEF, 1998 

edition [APHA  1998]. All the investigations were carried out in triplicate to avoid any 

discrepancy in experimental results with the reproducibility and the relative deviation of the 

order of ±0.5% and ±2.5% respectively. The solution pH adjusted to 1.0 ± 0.1 to 9.0 ± 0.1 

under thermostated conditions of 30˚C ± 0.5˚C. 

 

 Preparation of Standard Cr(VI) Solution  

The stock solution containing 1000 mg/L of Cr (VI) was prepared by dissolving 3.73 g of A. 

R. grade K2CrO4, 2H2O in 1000 ml double distilled water. Required initial concentration of 

Cr (VI) standards were prepared by appropriate dilution of the above stock Cr (VI) solution.  

 

b) Cu accumulation study 

 
The selected bacteria‘s were further cultured for further experiment. First, different 

concentration of Cu (II) solutions was prepared by using stock solution and distilled water. 

Following concentration was made: 

20 mg/L concentration = 2 ml of stock solution was taken and volume was  

                                        made up to 50ml  by adding 48ml of distilled water. 

40 mg/L concentration = 4 ml of stock solution was taken and volume was  

                                       made up to 50ml by adding 46ml of distilled water.    

100 mg/L concentration = 10 ml of stock solution was taken and volume was 

                                           made up to 50ml by adding 40ml of distilled water.        

300 mg/L concentration = 30 ml of stock solution was taken and volume was 

                                          made  up to 50ml by adding 20ml of distilled water. 

500 mg/L concentration = 50 ml of stock solution was taken and volume was  

                                       made up to 50ml. 

 

20 test tubes taken, in each test tube, contain different concentration of Cu (II) solutions and 

nutrient broth and then all test tubes were autoclaved. After that 1
st
 5 test tubes contains 

different concentration of Cu (II) solutions and nutrient broth and used as a control of 

different concentration of Cu (II) solutions. 

2
nd

 5 test tubes contain different concentration of Cu (II) solutions and nutrient broth and it 

inoculates in sample no-1. 
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3
rd

 5 test tubes contain different concentration of Cu (II) solutions and nutrient broth and it 

inoculates in sample no -2. 

4
th

 5 test tubes contain different concentration of Cu (II) solutions and nutrient broth and it 

inoculates in sample no -3. 

Then all test tubes were incubated for 48hours.After 48hours of incubation each tubes were 

centrifuged. After centrifugation, the clear solution was taken in each of the 100ml 

volumetric flask.  

 

Estimation of heavy metal by AAS 

Determination of Copper in an Aqueous Sample by Atomic Absorption Upon atomization in 

a flame, metals absorb at well-defined wavelengths. Atomic absorption flame 

spectrophotometry (AAS) (Model no. GBCHG 3000) is a convenient and sensitive method 

for the determination of dissolved metals such as copper. The presence of other elements in 

an aqueous sample is not expected to interfere with the signal from copper because 

absorption peaks are discrete and non-overlapping. 

 

Preparation of standard solution 

 

Weigh out accurately 0.1 g of copper (II) sulfate pentahydrate and dissolve it by adding to it 

about 100 mL of distilled water in a 250 mL beaker. Transfer the solution quantitatively to a 

500 mL volumetric flask and make it up to volume and mix well. Calculate its concentration 

in terms of ppm Cu (show that the final concentration is about 50 mg/L Cu). The atomic 

absorption spectroscope approaches linear sensitivity to Cu somewhere in the range of 1 to 20 

mg/L. Dilute the stock standard solution to obtain 12 mg/L. (This can be obtained by adding 

an accurately measured 50 mL portion of the stock solution to a 250 mL volumetric flask and 

diluting to volume with distilled water.) After standardization, the concentration of unknown 

Cu was determined from the medium where a metal was inoculated.  

 

Genotoxicity study 

The genotoxicity test was performed as described by Phugare et al. (2011). Briefly, the 

locally obtained onion bulbs of Allium cepa (diameter, 42-62 mm; weight, 2.07–3.5 g) were 

washed under running tap water. The loose outer scales were removed and the dry bases were 

scraped to expose the root primordials at a concentration of 40 mg L
-1

 and 500 mg L
-1

 of Cr 

(VI) and 40 mg L
-1

 of Cu (II) and its residual concentration after microbial inoculation. The 

experiment was conducted with three bulbs per exposure at room temperature (35 ± 3 
0
C) 

under a 24 h light/dark cycle. The cells interphase and undergoing division, nuclear 

aberrations, such as micronuclei, and multinucleated cells at each point were examined 

(Carita and Marin-Morales, 2008). 

Results and Discussion 

From staining test, strain-1, strain-2 and strain-3 showed positive results for Gram‘s staining 

(Figure 2a-c), Endospore staining (Figure 3), and also in Capsule staining (Figure 4) while 

negative results recorded for Acid-fast staining (Figure 5). The entire staining results are 

presented in Table 1. In biochemical test strain-1 and strain-3 showed positive results for 

Gelatin agar   hydrolysis (Figure 11), Citrate utilization (Figure 8), Catalase test (Figure 9), 

and Methyl-Red test (Figure not supplied) while negative results for Voges-proskauer (Figure 

7) and Indole test (Figure 6). 

Gram‘s staining: 
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Fig. 2a Gram staining(strain-1)                       Fig. 2b Gram staining(strain-2) 

 

Fig. 2c gram staining(strain-3) 

 

 

Endospore staining: 

 

           

Fig. 3a endospore staining(strain-1)   Fig.3b endospore staining(strain-2) 
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Fig. 3c endospore staining(strain-3) 

Acid fast staining: 

        

Fig. 4a Acid-fast staining(strain-1)    Fig. 4b Acid-fast staining(strain-2) 

 

 

Fig. 4c Acid-fast staining(strain-3) 
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Capsule staining: 

 

      

Fig. 5a capsule staining (strain-1)      Fig. 5b capsule staining (strain-2) 

 

Fig. 5c capsule staining (strain-3) 

 

Table  1 Staining test results 

Name of staining Strain -1 Strain -2 Strain -3 

Gram‘s staining (+)ve (+)ve (+)ve 

Endospore staining (+)ve (+)ve (+)ve 

Acid-fast staining (-)ve (-)ve (-)ve 

Capsule staining (+)ve (+)ve (+)ve 

[(+)ve for positive results; (-)ve for negative results] 

Biochemical test of strain-2 showed positive results for Citrate utilization (Figure 8), Catalase 

test (Figure 9), Methyl-Red test (Figure not provided) and negative results for Voges-

proskauer (Figure 7), Indole test (Figure 6) and Gelatin agar hydrolysis (Figure 10). Starch 

hydrolysis test (Figure 11) of strain-1 and strain-2 showed positive results, while strain-3 

showed negative results. The entire biochemical test results are presented in Table 2. 
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Indole test: 

 

Fig. 6 indole production test 

MR test:  The colour remained red: this indicates positive test 

 

Fig. 7 MR test 
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VP test: 

No change in the colour was observed, thus the bacteria gave the –ve results. 

 

Fig. 7 VP test 

Citrate utilization test: 

The bacteria changed the media from green to blue that indicates citrate (+) ve results.Citrate 

(+) ve results were shown in sample -1 and 3. 

 

Fig. 8 citrate utilization test 
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Catalase test: 

After addition of H2O2 to the test tubes, oxygen bubbles were observed within one minute, 

indicating the catalase positive results.  

 

Fig. 9 Catalase test 

Gelatin hydrolysis test: 

After 24 hours the plates are flooded with saturated ammonium sulfate, the clear zone was 

appeared, so its indicate a positive results. 

 

       
Fig. 10a Gelatin hydrolysis test                              Fig. 10b Gelatin hydrolysis test 

(strain-1)                                                                   (strain-2) 
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Fig. 10c Gelatin hydrolysis test (strain-3) 

 

Starch hydrolysis: 

 

Putting iodine the starch plates gave not clear zone; thus they were indicating (-) ve results. 

But the clear zone was appeared, so its indicate a positive results. Sample-1,2 were positive 

results shown. 

 

                       
Fig. 11a Starch hydrolysis test (strain-1)    Fig. 11b Starch hydrolysis test      

                                   (strain-2) 

 

 
Fig. 11b Starch hydrolysis test (strain-3) 

 

Table  2 Biochemical  test results 

Name of the 

biochemical tests 

Strain -1 Strain -2 Strain -3 

Indole test -ve -ve -ve 

MR test +ve +ve +ve 



Muses Volume 1, 2018  ISBN 978-93-5268-653-7 

97 
 

VP test -ve -ve -ve 

Citrate utilization +ve -ve +ve 

Catalase test +ve +ve +ve 

Gelatin hydrolysis +ve -ve +ve 

Starch hydrolysis +ve +ve -ve 

[(+) ve for positive results; (-) ve for negative results]  

 

Present results highlighted that heavy metal bioaccumulation efficiency of 17- 65.25% for 

Cu
2+

 and 81.5 - 97.78% for Cr
6+

 were achieved by isolated microbes 1, 2, and 3.From the 

Figure.12 it is clear that maximum copper removal  was achieved by isolate-1followed by 

isolate – 2 and 3. Both the isolate – 1 and 3 showed good metal accumulation ability from 

lower concentrations 40 and 20 mg/L, respectively. However, much higher level( about 94-

100%) of  Cu
2+

 can be removing from synthetic 10-30 mgL
-1

 by SRB consortium during 12 

weeks (Kieu et al.2011). The entire heavy metal accumulation results are presented in Table 

3 and 4.  
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Fig. 12 Cu accumulation by three isolated microbes after 48 h. 

But it can be concluded from the above observation that both the isolate – 1 and 3 survive up 

to 48hours. That means microbes are able to accumulate such high doses of Cu
2+

 ions and far 

better than the organism isolated by Sami et al., (2001) who reported that isolated SRB 

species (Desulfovibrio, Desulfusicans ) in 1.92 mg L
-1

 concentration of Cu
2+

 solution.  
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Fig. 13  Cr accumulation by three isolated microbes after 48 h. 

Table 3 Removal of  Chromium by different isolated strain 

Strain no C0(initial) Ce(final) % of removal 

strain-2 20  mg/L 3.7 81.5% 

strain-2 40  mg/L 3.9 90.25% 

strain-1 100  mg/L 4.9 95.1% 

strain-1 300  mg/L 7.7 97.43% 

strain-1 500  mg/L 11.1 97.78% 

 

Table 4 Removal of Copper by different isolated strain 

Strain no C0(initial) Ce(final) % of removal 

strain-3 20  mg/L 7.35 63.25% 

strain-1 40  mg/L 13.9 65.25% 

strain-2 100  mg/L 78.13 21.87% 

strain-1 300  mg/L 248.93 17.02% 

strain-2 500  mg/L 496.73 0.65% 
 

On the other hand, hexavalent chromium accumulation was achieved by only 1 and 2 isolates.
 

However, isolate – 1, showed higher level of accumulation (97.78%)  at higher concentration 

from the inoculation medium as 95.1%, 97.43 % (Figure 13) and 97.78% from 100, 300, and 

500 mg/L Cr
6+

 sample
 
solutions during 48hours of incubation, respectively. Again, isolate – 2 

showed same trend as 81.5% and 90.25% from the synthetic solution of 20 mg/L and 40 

mg/L solution respectively (Figure 13). Such high level (93.06%) of Cr
6+

 was removed by 

Pseudomonas sp. GIDM21 isolated from Cr (VI) contaminated industrial landfill (Desai et 

al.,2008). Bioreduction of Cr (VI) has been demonstrated in several bacterial species 

including Pseudomonas sp. (Desai et al., (2008)) Escherichia coli (Puzon et al., (2002)) 

Bacillus sp. (Samuel et al., (2012)) etc. 
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(a)                                       (b) 

 

 

(c) 

Fig. 14 Genotoxicity results showed (a) --- chromium 40 mg/L of strain-2 (b) --- chromium 

500 mg/L of control (c) ---  copper 40 mg/L of strain-1 

 

Genotoxicity results revealed that none of the concentration of heavy metal medium 

(inoculated with the bacterial strain) showed unusual cell division (Figure 14). A similar 

finding was observed by Phugare et al. (2011) with Reactive Red H3EB and its degraded 

metabolites. Furthermore, formation of micronuclei is another indicator of the genotoxic 

potential of the candidate under study (Carita and Marin-Morales, 2008; Phugare et al., 

2011). 

Conclusion 

From the entire study it can be concluded that, all the isolated strains (strain-1,2, and 3) 

showed almost similar staining test i.e strain-1,strain-2 and strain-3  showed positive results 

for Gram‘s staining, Endospore staining, and also in Capsule staining while negative results 

recorded for Acid-fast staining. In biochemical test, strain-1 and strain-3 showed positive 

results for Gelatin agar hydrolysis, Citrate utilization, and Catalase test, Methyl-Red test 
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while showed negative results for Voges-proskauer and Indole test. Biochemical test of 

strain-2 showed positive results for Citrate utilization, Catalase test, Methyl-Red test while 

showed negative results for Voges-proskauer, Indole test and Gelatin agar hydrolysis. Starch 

hydrolysis test of strain-1 and strain-2 showed positive results, while strain-3 showed 

negative results. From the experimental results it has been found that strain-1 showed 

excellent performance towards accumulation of chromium (97.78%) at 500 mg/L, but for 

copper it was recorded much lower accumulation (65.25%) at 40 mg/L. Finally, genotoxicity 

studies were conducted with the strain. The results demonstrated that strain-1 and strain-2 

showed normal results i.e. no unusual cell division was found. Therefore, it can be concluded 

that the isolated strains has tremendous potential towards accumulation of metals. However, 

more research is needed for searching of actual mechanism behind this metal accumulation. 

Moreover, for complete understanding the nature of microbes, 16sRNA sequencing is an 

important task which may be done in future research. 
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Abstract 

Mitochondrial function is key for maintaining cellular health, while mitochondrial failure is 

associated with various pathologies, including inherited metabolic disorders and age-related 

diseases. Mitochondrial damage can come in many forms and be induced by a variety of 

cellular insults. To preserve organelle function during biogenesis or times of stress, multiple 

surveillance systems work to ensure the persistence of a functional mitochondrial network. 

Regulation of mitochondrial function involves dynamic exchange of components through 

mitochondrial fusion and fission. Sustained stress induces a selective autophagy– termed 

mitophagy – and ultimately leads to apoptosis. Together, these systems form a network that 

acts on the molecular, organellar, and cellular level. 

 

Keywords : Mitochondria, apoptosis, mitophagy, mitochondrial dynamics, mitochondrial 

stress pathways  

 

Introduction 

Mitochondria are double membrane-bound organelles that play a central role in cellular 

metabolism and ultimately cellular survival. Mitochondria are dynamic semiautonomous 

organelles present in virtually all eukaryotic cells and play fundamentally important roles in 

various aspects of cellular physiology. The vital functions of mitochondria include generation 

of ATP through respiration, integration of several key metabolic and cofactor-generating 

pathways, and regulation of ion homeostasis and apoptosis.[1,2] 

The most notable function attributed to the organelle is ATP generation through respiration, 

resulting in the famous textbook description of mitochondria as the ‗powerhouse of the cell‘. 

The workhorse of this ATP producing compartment is the protein complement that resides 
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within it. This army of workers, which can amount to 1000–1500 proteins, ensures all 

mitochondrial functions are executed to support organelle integrity and function. Thus, 

maintenance of the mitochondrial proteome is of high importance in the context of cellular 

survival. 

Mitochondria are unique organelles, in that they contain their own circular DNA (mtDNA) 

and transcription/translation machinery. They owe this characteristic to their endosymbiotic 

origin, having evolved from Alphaproteobacteria [3]. Maintenance of the mitochondrial 

proteome is of high importance in the context of cellular survival. Consequently, a landscape 

of hierarchical systems of quality control surveillance mechanisms is in place at both the 

organelle and cellular level [4]. 

Due to production of reactive oxygen species (ROS) which can cause mitochondrial DNA 

damage and production of aberrant proteins, it is essential for the cell to possess a 

mitochondrial protein quality control system able to manage this oxidative stress. 

Mitochondrial quality control includes antioxidants to detoxify ROS, and chaperones, 

proteases, and the ubiquitin-proteasome system (UPS) to maintain mitochondrial proteostasis. 

The dynamic alteration of mitochondrial morphology through fusion and fission events 

allows exchange of mitochondrial content, and segregation of terminally damaged 

mitochondria to enable degradation by selective autophagy called mitophagy [5]. Ultimately, 

extensive mitochondrial damage can induce apoptosis via different pathways, for instance 

through the release of cytochrome c. The significance of maintaining mitochondrial integrity 

is underscored by various diseases associated with mitochondrial dysfunction. These include 

inherited mitochondrial diseases caused by mutations in mtDNA or nDNA, resulting in 

mitochondrial defects that severely affect cells/tissues with high energy demands for 

apoptosis via different pathways, for instance through the release of cytochrome c[6]. 

Deterioration of mitochondrial function and quality control is also implicated in aging and 

common age-related diseases such as metabolic diseases, neurodegenerative diseases and 

cancer.[7, 8, 9] 

In this review, we discuss the molecular pathways of mitochondrial quality control. We 

briefly discuss oxidative stress defense, but elaborate more on the recently discovered 

mitochondrial stress pathways such as the unfolded protein response, mitochondrial 

dynamics, and mitophagy. Furthermore, we discuss the dynamic regulation of and interplay 

between mitochondrial quality control pathways, as well as their promising role in 

maintaining cellular health and promoting longevity. 

 

OPTIMIZATION OF MITOCHONDRIAL FUNCTION: ITS QUALITY CONTROL 

The superoxide radical O2 
-
 is the primary ROS, and is produced when molecular oxygen is 

reduced by a single electron, which occurs at seven or more sites by IMM associated 

proteins, in particular complexes I and III of the electron transport chain (ETC) [10]. As ROS 

can be damaging to various matrix biomolecules, there are several mechanisms available to 

keep ROS levels low. 

In order to prevent an excessive production of ROS but also the release of dangerous factors 

such as cytochrome c, AIF or endonuclease G, mammalian cells contain several systems that 

maintain mitochondrial integrity and function. This mitochondrial quality control includes 

pathways related to protein folding and degradation as well as systems involved in organelle 
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shape, movement and turnover (Fig1). The activation of each specific quality control system 

depends on the degree of mitochondrial damage. 

                

Figure 1:Mitochondrial quality control pathways are depicted. The actions of specific mitoproteases, Lon, 

ClpP, Oma1, Yme1L1, and PARL, maintain mitochondrial proteostasis and regulate mitochondrial 

function. PARL, Oma1, and Yme1L1 control mitochondrial dynamics by proteollytically processing 

Opa1 protein, which is important for mitochondrial fusion and cristae remodeling. PARL degrades 

PINK1, regulating mitophagy. Drp1, Fis, and Mff are the major proteins involved in mitochondrial 

fission. Partially damaged mitochondrial network divides into two fragments with different 19m. The 

fragment with higher 19m rejoins the functional mitochondrial network through mitochondrial fusion. 

Depolarized organelles will be removed by mitophagy. Bnip3 acts as a mitophagic receptor, binding to 

LC3 to tether mitochondria to the autophagosome. PINK1 accumulates on the surface of depolarized 

mitochondria where it phosphorylates ubiquitinated OMM proteins and the Parkin UBL domain. Parkin 

will further promote the ubiquitination of the outer mitochondrial membrane proteins, like MFN1/2. 

Then, the ubiquitinated proteins can be recognized by the adaptors p62/SQSTM1, Optineurin (OPTN), 

and NPD52 to initiate mitophagy. [Vanina Romanello * and Marco Sandri: Mitochondrial Quality Control 

and Muscle Mass Maintenance January 2016 | Volume 6 | Article 422 Frontiers in Physiology] 

 

 

Mitochondrial proteolysis controls both protein turnover and function  

To maintain the proteostasis in each mitochondrial compartment, specific proteases 

(mitoproteases) will rapidly degrade misfolded or oxidized proteins. Mitoproteases-mediated 

quality control is the first line of defense against a mild mitochondrial damage.The 

mitochondrial proteolytic system consists of subcompartment-specific proteases and the 

ubiquitin-proteasome system (UPS) that together regulate mitochondrial protein turnover 

[11]. In the mitochondrial matrix, three major AAA proteases are involved in protein 

degradation, including two soluble proteases Lon and ClpP, and the membrane bound 

protease m-AAA [12]. Lon protease has a preference for oxidized or misfolded proteins [13]. 

ClpP, which is activated upon mitochondrial proteotoxic stress and is required for the 

activation of the mitochondrial unfolded protein response (UPRmt) [14, 15], degrades 

misfolded proteins as well [16]. The m-AAA is an hetero-oligomeric protease that has a wide 

variety of substrates, and depending on its subunit composition is involved in degradation of 

misfolded/misassembled OXPHOS subunits [15], assembly of OXPHOS complexes through 
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a chaperone-like activity [17], or processing peptidase activity regulating the function of the 

mitochondrial ribosomal protein MRPL32 and the mitochondrial fusion protein OPA1 [18, 

19]. 

In the inter-membrane space (IMS), protein quality is controlled by the membrane-bound 

protease i-AAA,soluble protease HtrA2/Omi,Yme1L1 OMA1, and PARL l, which are both 

induced upon proteotoxic stress [20, 21]. The i-AAA always consists of the same subunit, i.e. 

YME1L1, but – similar to m-AAA – it is also involved in the maintenance of OXPHOS 

complexes and OPA1 processing [22]. HtrA2/Omi having functional resemblances with 

bacterial HtrA2/Omi orthologs that have been characterized as quality control proteases 

involved in the adaptive response to proteotoxic stress, it is suggested to have similar roles in 

mammals [20]. In mammalian cells under apoptotic stimuli it can induce apoptosis via 

proteolytic elimination of inhibitor of apoptosis proteins such as c-IAP1 and XIAP [23] 

Under non-apoptotic conditions, however, HtrA2/Omi remains in the IMS and is also 

implicated in processing of proteins involved in mitochondrial fusion and mitophagy [24, 25]. 

The IMM houses two other proteases that have essential functions in mitochondrial quality 

control. First, metallopeptidase OMA1 has similar functions as the membrane bound AAA 

proteases [26], and serves as a stress-regulated protease that determines mitochondrial 

morphology by OPA1 processing in mammals [27]. Second, the rhomboid protease PARL 

may be also involved in OPA1 processing [28], and constitutively cleaves the mitophagy 

protein PINK1 preventing mitophagy induction in healthy mitochondria [29]. Another major 

cytosolic proteolytic system – the UPS – was described to act in mitochondrial quality control 

as well [30]. The UPS is a highly selective proteolytic system: it marks proteins for 

proteasomal degradation through the covalent linkage of a chain of ubiquitin proteins [31]. 

Certain key proteins that function in ERAD(ER-associated degradation ) may have similar 

functions in mitochondria, hence it was postulated that mitochondria associated degradation 

(MAD) exists [32]. Altogether, although the full extent of UPS regulation of mitochondrial 

function has to be established, it may regulate multiple pathways of mitochondrial quality 

control by controlling protein turnover prior to mitochondrial import or upon retro 

translocalization. ERAD and MAD pathways share some key components like the AAA 

ATPase p97 and the cofactor Npl4 (33, 34) In mitochondria, p97 provides the driving force to 

extract Mfn1, Mfn2 and the anti-apoptotic protein Mcl1 from the OMM and chaperoned them 

for their degradation by the proteasome in the cytosol [35, 36] The mitochondrial E3 ligases 

are a good example of the synergistic crosstalk between different mitochondria quality 

control systems. For instance, the activity of these ubiquitin ligases impacts on mitochondrial 

morphology and half-life. Indeed, Parkin-mediated ubiquitination of Mfn1, Mfn2, and 

VDAC1 blocks/reduces mitochondrial fusion and promotes mitophagy.[37, 38] 

Under stress conditions, when the degradation pathways are not sufficient to blunt the 

damage and restore a normal mitochondrial function, a retrograde signal is activated which 

coordinates nuclear gene expression. This mitochondria-to nucleus response is named 

mitochondrial unfolding protein response (UPRmt)[39]. The ultimate purpose of UPR
mt

 is to 

maintain proteostasis by promoting the expression of chaperones to improve protein folding, 

inhibit protein synthesis to alleviate ER stress and to induce expression of m-AAA proteases 

like ClpP and Yme1 to remove damaged proteins. 

Balance between mitochondrial fission and fusion 

The number, shape, and localization of mitochondria are constantly changing. This dynamic 

character is a result of the continuous alternation between fusion and fission events. Fusion 
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results in a more interconnected mitochondrial network [40], and allows exchange of 

mitochondrial content to maintain the overall integrity of the mitochondrial genome and 

proteome [41, 42]. On the contrary, fission events produce smaller mitochondria that can 

operate individually elsewhere in the cell or are degraded by mitophagy [43]. Since these two 

processes have opposing effects on the mitochondrial network, the balance between them is 

highly regulated. 

The process of organelle division or fission is essential since mitochondria cannot be created 

de novo. Mitochondrial fission ensures that a full complement of mitochondria is inherited by 

daughter cells following mitosis [44].Mitochondrial fusion in mammals requires three 

membrane bound GTPases, the mitofusins Mfn1 and Mfn2 (Fzo1 in yeast) for OMM fusion, 

and optic atrophy 1 (OPA1; Mgm1 in yeast) for IMM fusion [45, 46].  In addition to being 

essential for IMM fusion, OPA1 is also involved in maintaining cristae integrity required for 

mitochondrial sequestration of cytochrome c, thereby protecting cells from apoptotic cell 

death [47]. 

 

 

 

Figure 2: The lifecycle of a mitochondrion 

There are multiple factors that regulate the steady state distribution and morphology of the 

mitochondrial network in a cell. Dynamic processes that regulate the normal mitochondrial 

lifecycle are linked by blue arrows. Mitochondrial biogenesis is regulated by both nuclear and 

mitochondrial transcription factors, targeted translational and protein trafficking mechanisms 

and, in neurons, activity-dependent transport of the entire organelle to meet functional 

demands. A balance of fission and fusion events occurs continuously, and is tied into axonal 

trafficking in neurons and cell cycle in non-neuronal cells. A portion of mitochondria isolated 

by fission undergoes basal autophagic turnover, releasing new building blocks and unknown 

signals related to biogenesis (green dashed arrow). Most injury states that have been studied 

promote mitochondrial fission (red arrow). While fission involving bax-recruitment is 

necessary for cell death in some systems [R.J. Youle, M. Karbowski, Mitochondrial fission 

in apoptosis, Nat. Rev., Mol. Cell Biol. 6 (2005) 657–663], the role of fission in other injury 

contexts is less clear. We propose that fission serves predominantly as an injury response to 
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isolate damaged segments of the mitochondrial network. Segments that can be repaired may 

refuse with other undamaged portions (green arrow). Fission protects the remainder of the 

network against harmful calcium fluxes [G. Szabadkai, A.M. Simoni, M. Chami, M.R. 

Wieckowski, R.J. Youle, R. Rizzuto, Drp-1-dependent division of the mitochondrial network 

blocks intraorganellar Ca
2+

 waves and protects against Ca
2+

-mediated apoptosis, Mol. Cell. 

16 (2004) 59–68.], and enhances retrograde transport and mitochondrial autophagy, which 

serves to further sequester damaged mitochondria and reduce leakage of pro-death mediators. 

If neither repair nor autophagy is sufficient, or if degraded mitochondria are ineffectively 

replaced [S.J. Cherra 3rd, C.T. Chu, Autophagy in neuroprotection and 

neurodegeneration: a question of balance, Future. Neurol. 3 (2008) 309–323], the balance 

tips to favour cell death (red dashed arrow).  

 

The process of organelle division or fission is essential since mitochondria cannot be created 

de novo. Mitochondrial fission ensures that a full complement of mitochondria is inherited by 

daughter cells following mitosis [44]. Additionally, mitochondrial fission may serve to 

segregate damaged mitochondria, thus preserving the health of the entire network [48]. 

Mitochondrial fusion in mammals requires three membrane bound GTPases, the mitofusins 

Mfn1 and Mfn2 (Fzo1 in yeast) for OMM fusion, and optic atrophy 1 (OPA1; Mgm1 in 

yeast) for IMM fusion [45, 46]. 

 

In addition to being essential for IMM fusion, OPA1 is also involved in maintaining cristae 

integrity required for mitochondrial sequestration of cytochrome c, thereby protecting cells 

from apoptotic cell death [47]. 

 

In case of mitochondrial stress, however, the IMM-associated protease OMA1 is induced 

resulting in a complete conversion to short OPA1 isoforms [49], which hampers fusion and 

favors fission events to occur [50, 51]. Over the past decade, great advances have been made 

on the molecular mechanism of fusion and fission. The contribution of individual proteins to 

fusion or fission regulation has mainly been studied in gain- and loss-of function 

experiments. Despite of our current knowledge on these molecular aspects, we still know 

relatively little about how the fusion/fission events are orchestrated in normal physiology. 

Live cell imaging revealed that these events quickly alternate [48], and many factors such as 

mitochondrial membrane potential, mitochondrial motility, and length influence the fusion-

fission cycle and cellular physiology [52, 53] 

 

An additional role for mitochondrial fusion in quality control was recently uncovered and 

termed stress-induced mitochondrial hyperfusion. This has been suggested to be a prosurvival 

mechanism that prevents apoptosis and maintains mitochondrial function during cell stress 

[54, 55]. 

 

Mitophagy: autophagy machinery 

Terminally damaged mitochondria can be degraded by a process called mitophagy, a 

selective autophagic route. In autophagy (macroautophagy), cytoplasmic components are 

sequestered in a double membrane vesicle (autophagosome) in a non-selective manner. The 

autophagosome then fuses with a lysosome, causing its contents to be degraded.Autophagy is 

an important cellular quality control process that permits the cell to remove and recycle its 

cell content upon starvation [56]. As a system of mitochondrial quality control, mitophagy 

contributes to the maintenance of a healthy mitochondrial network by preventing healthy 

mitochondria fusing with damaged ones (Fig2). Mitophagy is induced upon loss of ɅΨm, 
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and involves the kinase PINK1 and the E3 ligase Parkin [57, 58]. PINK1initiates mitophagy 

by flagging damaged mitochondria and recruiting Parkin. In addition to mitophagy, PINK1 

may be involved in other mitochondrial processes such as ATP production through 

stimulation of complex I reductive activity [59]; in case of PINK1 deficiency, ATP 

production can be maintained by supplementation of electron carriers vitamin K2 or 

ubiquinone [60]. 

 

                        
 
Figure 3. Mitochondrial quality control pathway interaction. Depending on the type of stress stimuli a 

corresponding mitochondrial stress response is induced. For instance, in case of oxidative stress 

antioxidants and DNA repair enzymes are activated. Simultaneously,mitochondrial chaperones and 

proteases may be upregulated via the mitochondrial unfolded response (UPRmt). Damaged components 

can be diluted in the mitochondrial network through fusion, whereas severely damaged mitochondria are 

separated from the network by fission and subsequently degraded by mitophagy. In contrast to the 

classical hierarchical view of sequential mitochondrial quality control activation, we postulate that this 

activation is highly context- and time-dependent. The dashed arrows indicate that the period and level of 

stress activation lead to crosstalk between the different stress responses, which depend on the type of 

stress stimulus and its duration. Prolonged stress or severe damage not only elicits mitochondrial repair 

responses, but ultimately leads to apoptosis. 

 

With respect to its role in mitophagy, PINK1 is regulated through localization-dependent 

degradation. Under normal conditions, it is imported into the IMM, cleaved by the IMM 

protease PARL, and subsequently degraded [61, 58]. Dissipation of ɅΨm hampers hampers 

PINK1 import, causing it to accumulate at the OMM [58], where it binds to the TOM 

complex [62].PINK1 import, causing it to accumulate at the OMM [58],where it binds to the 

TOM complex [62]. Once on the OMM,PINK1 recruits Parkin and activates its ligase activity 

to enable OMM protein polyubiquitination [57]. It was recently show that PINK1-mediated 

recruitment and activation of Parkin occurs through phosphorylation of Parkin [63, 64], but is 

especially accelerated when combined with phosphorylation of ubiquitin [65, 66, 67]. Parkin 

ubiquitinates various proteins on the OMM and in the cytosol and thereby facilitates 

recruitment of the autophagy machinery to ultimately degrade damaged mitochondria [58, 

68]. How these Parkin mediated ubiquitination events induce mitophagy is not completely 

understood. It is possible that OMM protein ubiquitination induces mitophagy in several 

ways: (i) inducing prerequisite proteasomal degradation of proteinsm involved in 

mitochondrial fusion and transport [69]; (ii) promoting recruitment of ubiquitin binding 

proteins such as p62 and HDAC6 that facilitate autophagosome formation [70]; and/or (iii) 

the presence of ubiquitinated proteins on the OMM alone might stimulate recruitment of the 

autophagy machinery [71]. 



Muses Volume 1, 2018  ISBN 978-93-5268-653-7 

111 
 

 

Discussion 

Mitochondrial function is central to cellular survival and consequently mitochondrial 

dysfunction is attributed to a myriad of diseases. In this review, we have summarized the 

hierarchy of systems that exist to ensure the persistence of a healthy mitochondrial 

population. Even though at first glance these systems may appear as distinct, it is evident that 

there is a significant level of crosstalk and that these events are integrated into a cellular 

network aimed at keeping mitochondria healthy. In this classical view, each system has a 

maximum capacity, and crosstalk between them permits induction of the next system when 

the previous one is overwhelmed. In recent years, however, it has become evident that 

mitochondrial quality control pathways are not hierarchical, and that the sequence of events is 

highly dependent on various factors such as stress stimuli, stress duration, activation of 

auxiliary proteins, and degree of mitochondrial damage (Fig. 3). Future studies should aim to 

improve our understanding of UPRmt and mitochondrial dynamics in mammals, as these 

processes have mostly been studied in worms and yeast. Also, how the network of quality 

control pathways is cross-regulated should receive more attention, with particular focus on 

post-translational modifications such as ubiquitination that seems to regulate all the systems 

of mitochondrial quality control. 
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Abstract 

In this age of complex interpersonal relationships and expanding virtual world, it is becoming 

increasingly difficult to understand people around. Study of social psychology, especially 

social cognition its components and its processes, throw light on the mechanisms of 

assimilating and evaluating information in a social situation or interpersonal relationships and 

may help us acquire an understanding of the behaviours of people around us giving us an 

insight on the underlying causes of such behaviour at the same time. Knowledge of the 

academic terms and concepts may give a more objective perception of the people we interact 

with and a more empathetic relationship with them in practical situations. 

Keywords: social psychology, social cognition, schema, stereotype 

 

Suppose it is Joe‘s first day in college and he is looking for friends to spend his college years 

with. He enters the college canteen and strikes up a conversation with a timid boy for the first 

time at the table, expecting to be friends with him. He happens to gel with him and eventually 

their friendship flourishes. Now the question is, what made Joe ―choose‖ this boy over others 

or what made him ―expect‖ that this boy could be his college buddy or why he ―gelled‖ so 

well with him? The answers to ALL the questions probably lie in the concept and processes 

of social cognition.  

In social psychology, social cognition refers to the cognitive process of gathering, processing 

and executing the external information in the context of social relationships. It involves 

attention, perception, memory, emotion, thinking and all other major cognitive fundamentals 

to understand, interpret and apply information within the fabrics of a social situation.  

"Thus the study of the processes involved in perceiving each other and coming to "know what 

we know" about the people in our world is essentially a question not only of what behaviour 

we have seen, but of our cognition as individual perceivers-our social cognition. Social 

cognition, therefore, is the study of the mental processes involved in perceiving, attending to, 

remembering, thinking about, and making sense of the people in our social world." 
[1] 

Components of Social Cognition: Schema, Stereotype, Prototype 

Schema (singular:schemata) may be defined as a cognitive structure of guidelines aiding in 

the perception, understanding and categorization of information and their inter-relationships. 

For example, the schema of a ―college‖ would include concept of a multi-storied building 

with numerous classrooms, office, lounge, play area, students belonging to a young age 

bracket, various academic streams, faculty for teaching, staff for administrative work, inter-
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college fests, seminars, teacher-student relationships and all other information that one could 

possibly accommodate in his set of cognitions regarding the conceptualization of a college. 

Again, at a more specific level, a ―college‖ might have further classifications having distinct 

features, like an engineering college, vocational college or open college. Schemas were 

introduced in psychology and education by British psychologist Sir Frederic Bartlett (1886–

1969). Bartlett proposed that people use unconscious mental structures that represent generic 

knowledge of the world 
[2]

. 

Schematic processing has many advantages. According to Taylor, Peplau, Sears (2006), 

schema has the following roles to play in the processing of social inputs 
[3]

. 

1. Schema aids recall: Memory is facilitated by schematic representation of past events 

or people. 

2. Schema speed up processing: It helps us process new situations without having to 

interpret them afresh. 

3. Schema aid in automatic inference: It helps people make quick judgments and 

associations based on references given by the schema. 

4. Schema add information: It is potent enough to fill up gaps in information or 

knowledge. 

5. Schema aids in interpretation: Ambiguous information is easily interpreted with the 

help of schema by relating one domain to another. 

6. Schema provides expectations: It can lead to predictions. 

7. Schema contain affect: The affective undertones in schema help us judge the 

pleasantness and unpleasantness of the situation or object leading to approach or 

avoidance behaviour. Eg: Schema of a ‗principal‘ or ‗terrorist‘.  

If we take the first example of Joe, the schema supplied him with the confidence of 

approaching the boy at the canteen without having to fear the consequences like being turned 

down or being bullied (Interpretation/ Expectation). The schema also helped him infer about 

the characteristics of the ―timid‖ boy by associating him with ―kindness‖ and ―friendliness‖ 

(automatic inference/affect). 

There are five major types of schema namely: self-schema, person schema, role schema, 

event schema and group schema- used in social information processing.  Self schema is the 

cognitive structure related to self attributes on the basis of past experiences. (Eg: Joe thinking 

himself to be in need of affiliation and seeking friendship). Person schema refers to the 

cognitive generalizations about different personalities (Eg: Our perception of Adolf Hitler or 

Florence Nightingale). Role schema is the mental abstraction of the social roles typical of 

persons (Eg: Role of a ‗doctor‘ or ‗mother‘). Event schema is also called script, the mental 

picture of an event with both its abstract and concrete elements (Eg: activities, relationships, 

décor and food served in a ‗birthday party‘) 
[4]

. 

Group schema is referred to as stereotype. Stereotypes are schema regarding a person owing 

to his membership in or affiliation to a certain group or class of people 
[5]

 We individuals, in a 

society, share common characteristics, roles, beliefs, circumstances and behaviours forming a 

group, thereby making  ―stereotypes‖ structurally and functionally important in making 

generalizations . Eg: Joe may have perceived the boy at the canteen belonging to the 

‗Fresher‘ group as ‗shyness‘ is a characteristic found mostly in freshmen. So the stereotype 

here is that ―college freshers are inhibited or shy‖. This is formed as a result of collective 

sharing of beliefs by a group of people. Like schema, stereotypes are aids to explanation 

speeding up our perceptions of the external world, energy saving devices thereby reducing 
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time and effort and shared group beliefs helping in forming predictions about the behaviours 

of group members 
[6]

. Like, teachers judging inattentive or unwilling students as 

―incompetent‖, south Indian people judging north Indian population as ―loud and 

uncultured‖, extroverts judging introverts as ―boring‖,  countrymen judging political leaders 

as ―godly‖, men judging women as ―compromising and serving‖ and so on. Stereotypes 

could, therefore, be racial, cultural, gender-based, accurate or inaccurate reflection of the 

reality.  

Schema is also closely related to the concept of a prototype. Prototype in social psychology 

refers to the cognitive or neural image of a thing, with a set of defined characteristics and 

qualities, serving as a standard. These images are used as standard for making true matches 

with objects in the real world. Therefore, prototypes help in object perception and 

identification. For example, a stool will be perceived as a closer representative to ‗chair‘ as 

its functional utility resembles that of a chair. Or a ‗sparrow‘ will be most typically identified 

as a part of the category ‗bird‘ and not ‗insect‘ because of the characteristics it shares with 

that group. Even a ‗penguin‘ will be identified as the same though it cannot fly because of the 

flexibility that prototype allow in generating ―matches‖. Thus prototype is an abstraction that 

represents a typical class or group of object. Prototypes are highly influenced by societal, 

cultural, linguistic and developmental factors 
[7]

. Eg:  ‗Cup‘ may be perceived by certain 

cultures as synonymous to ‗bowl‘ used for both drinking and eating. 

Dual Processing Theory: Use of Heuristics   

Fritz Strack and Roland Deutsch (2004) proposed the dual process theory in social cognition 

which highlights the two different systems of decision making in a social situation: Reflective 

and Impulsive. The former is intensive, methodical and time-taking wherein decisions are 

made using valid analysis and understanding. The latter is more effortless and superficial 

wherein decisions are validated by often resorting to shortcut processes of interpretation 
[8]

. 

Interpretation could be based on either of the two systems or on a collaborative result of both 

the processes in the practical situation. The dual process of social cognition has maximum 

impact on person perception including stereotyping, categorization, and judgment. Given the 

luxury of being ―cognitive misers‖, humans adopt the former mode of cognition to save up on 

time and effort imposed by ―information overload‖ in a particular social situation. These 

shortcut processes in cognition are often referred to as ‗heuristics‘ 
[9]

. Heuristics are ―mental 

shortcuts‖ or cognitive strategies used in making judgments or decisions where information is 

limited 
[10]

. If we consider the above example, Joe chooses to strike a conversation with this 

boy probably because he ―looked‖ approachable, or maybe Joe associated the boy with 

himself on the basis of age, gender, appearance and demeanour. So, Joe adopted the heuristic 

mode in order to initiate this friendship immediately. 

Heuristics may be categorized into various types, the two most popular ones being 

representativeness and availability heuristic. According to Tversky and Kahneman (1972), 

Representativeness heuristic is based on the cognitive rule of associating or comparing a 

person with the typical members of a given group, where more the similarities, greater the 

tendency to draw an association 
[11]

. For example, the prototypical ‗professor‘ might be a 

grave, intimidating, bespectacled personality. If the person one is judging is similar to this 

prototype, then the person is likely to be placed in that category of a ‗teacher/professor‘ and 

not in the category of a ‗salesman‘ or ‗nurse‘ or any other category for that matter. Similarly, 

if a film has too many comic sequences and funny dialogues, it will be categorized as a 

‗comedy‘ as it has highest degree of representativeness from a comedy film. If we consider 

Joe‘s case, he befriended the boy out of all other boys present in the canteen as the boy may 
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have resembled a typical college freshman or a student. In reality, that boy could have been a 

young professor, enjoying some ―alone time‖ at the canteen. In most of our daily lives, we 

tend to use this heuristic to draw immediate inferences about people around us.  

Availability heuristic is based on readily available information in consciousness. In this case, 

evaluations and judgments rely heavily on recent experiences or latest information. This was 

well demonstrated by a study by Tversky and Kahneman (1982) 
[12]

. Joe, here, could have 

had a string of similar experiences in school or other places prior to this which led him to 

expect a fruitful relationship with the new boy. This heuristic is extensively used in 

evaluating situations. For example, this heuristic is probably the most used by parents. As 

media is commonly flooded by news of brutal murders and rapes, these come to their minds 

readily when their daughters or sons stay outdoors till late in the night, causing them to fret 

and worry. It may also be used by HR personnel while making assessment reports of 

employees, grading employees on the basis of the frequency with which they have taken part 

in interaction programs or made noticeable contributions in projects. Sometimes, we evaluate 

a person on availability heuristic when knowledge about that person is limited. 

Other commonly used heuristics include Anchoring and Adjustment heuristic and Simulation 

heuristic. The anchoring and adjustment heuristic is one in which evaluations are made by 

anchoring one‘s judjment to a ―reference point‖ and then adjusting his judgment to come to a 

conclusion. When a situation is ambiguous for us to make valid conclusions, we use this 

strategy. Eg: When we go shopping in flea markets, we know exactly how and where to start 

our ―negotiations‖ before making a final deal. Like if a product is priced at Rs 800, we start 

the deal from Rs 500 depending on our previous experiences with similar product purchases. 

Or when you are asked who is the smartest in class, you know exactly how to decide that by 

comparing yourself with the rest of the class. According to studies, judgments based on 

anchoring and adjustment has an effect upon self-efficacy and behaviour. 
[13]

  

Simulation heuristic is one where we visualize the possible alternatives to a situation before 

arriving at a decision. 
[14]

 For eg: imagining all the possible outcomes of not appearing for a 

class assessment; if the teacher would penalize you for that or if the teacher would call for the 

parents or if it might come to the principal‘s notice. These are all mental simulations of the 

situations succeeding the incident. Simulation can go backwards too, termed as 

counterfactual thinking when people imagine all the possible alternatives to an untoward 

incident that has taken place. For eg: when a robbery takes place, we tend to ―undo‖ the 

specific outcomes by thinking of how the doors could have been kept tightly locked and how 

the robbers could have been prevented from entering, or how an alarm could have been 

raised. When heinous crimes like rape takes place, we engage in counterfactual thinking. 

People all across India were horrified by the Delhi rape case in 2012, thinking at the same 

time that the victims might have avoided the crime had they not taken an empty bus in odd 

hour of the night. Therefore, counterfactual thinking is imagining alternative versions of 

actual events or facts. 

Priming and Framing Effects 

There are certain effects that may intrude in the process of social cognition, namely priming 

and framing effects. Priming effect is the process by which certain categories of information 

are brought readily to mind as a result of exposure to stimuli or events without conscious 

intention of bringing it 
[15]

. Usually priming is more effective for response to a stimulus after 

exposure to a stimulus in the same sense modality. Eg: We visually perceive shadows and 

figures in the dark after watching a horror film at night, because the mind is ―primed‖ with 
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stimuli from the horror scenes. Research shows that the word ―nurse‖ is more easily 

recognized as a pair to the word ―doctor‖ than to the word ―bread‖ indicating that priming 

occurs at semantic level too 
[16]

. Priming can take place across modalities as well. 

Framing effect refers to the fact that our judgments regarding objects or persons are affected 

by the way information about them is presented to us. Positive framing leads to higher 

evaluations compared to negative framing 
[17]

. For eg: We judge a person as ―good‖ or ―bad‖ 

depending on whether that person has been labelled ―selfish, rude, unsocial‖ or as ―helpful, 

kind, resourceful‖ by others. Consumer Psychology draws heavily upon framing effects as 

sale and promotion of products are based on how product information is framed. The possible 

explanation underlying framing effects may be the emergence of favourable associations with 

the object leading to positive judgements in case of positive framing. Like how the product 

looked in the light and gleam of the showroom and the detailed description of the product 

written beautifully on the package. On the contrary, negative framing would draw 

unfavourable experiences or associations, leading to negative judgments. Like less popularity 

of the product brand or failed effects of the product in past.  

Errors in Social Cognition 

Social cognition is not free of errors. The sources of these errors are mostly rooted in 

cognitive and affective biases: 

1. Negativity Bias: It is the tendency to be attentive to information that is negative in 

nature over and above information that is positive. For eg, Joe may decide not to talk 

to the boy as he sits isolated in a corner, taking that as a cue to his inability to interact 

or be friendly with others. This decision of Joe could be attributed to ‗negativity bias. 

The possible underlying explanation for this may be based on man‘s natural instinct 

for self-protection and survival, due to which people tend to be sensitive to 

threatening information and protect themselves from impending dangers. A study on 

this was conducted by Ohman and his associates. 
[18]

 

 

2. Optimistic Bias: This refers to being too positive in making social judgement, often 

overlooking the threats that may arise. This could be due to overconfidence barrier 

and planning fallacy, i.e. being too sure of positive outcome and making wrong 

predictions with respect to planning results respectively. For eg, a student may keep 

all his assignments pending to be finished on the last few days before the examination 

failing to judge delaying factors that can stall the  completion of work or affect the 

quality of the performance like illness, family problem or lack of time to corroborate 

the work with good research support, thereby affecting the grades. Government 

projects are subjected to planning fallacy also whereby the officials underestimate the 

duration of completing the project and fail to see the risks. The role of motivated 

reasoning and hopes on optimistic bias was elaborated by Buehler and his associates 

in his study. 
[19]

 

 

3. Prior expectations: Using personal expectations to interpret information may also 

lead to erroneous judgment, though expectations beforehand may work in favour of 

making inferences or interpreting information that might otherwise seem ambiguous. 

Like meeting someone for the first time, going to a new place, joining a new 

company. Work on prior expectations leading to inaccurate inferences has been done 

by many researchers like Nisbett and Ross. 
[20]
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4. Affect: Emotions and affect may have an impact on how information is perceived and 

subsequent decision is made. One such phenomenon is ‘affective forecasting’. It is 

using one‘s emotional content to judge or make a future decision. For eg, if Joe‘s 

overtures are highly appreciated and reciprocated by the boy at the canteen, he may 

use that feeling of ‗happiness‘ to make a decision of being ‗friends for life‘ with the 

boy. This may be due to being too focussed on the event and forgetting to weigh the 

consequences of the other events in future.
[21]

 Affective forecasting is also seen in 

case of astrological predictions that are too emotionally overwhelming to make us 

decide in a certain manner for the future. Motivational content may also lead to 

inferences and judgments may be heavily influenced by information that is self-

serving in nature.
 [22]

 Relating one‘s positive attributes to prediction of desirable 

outcomes and vice versa is the highlight of this phenomenon. Like Joe judging the 

situation in his favour while talking to the boy may point at his motivational belief 

that he is a well-mannered and soft-spoken person, therefore, increasing his 

acceptability to others. Suppression of thought is another affect related social 

cognition which involves active efforts to restrain thoughts coming on the surface. 

E.g., a student trying to suppress thoughts of evaluation and failure while studying for 

an entrance examination. This is a difficult mechanism, governed by two processes- 

automatic monitoring process and operating process.
 [23] 

Automatic monitoring is 

associated with providing a warning signal about the thought coming to consciousness 

and operating process is about making effortful and controlled exercises to distract 

oneself from those particular intruding thoughts. Failure of thought suppression is 

likely to lead to rebound effect, i.e., an increased frequency in the intrusion of the 

thoughts in question.  

 

5. Co-variation and Illusory Correlation: Most of our judgements are based on 

covariation or the way associations are drawn between two variables. Like judgment 

on dating in teenage years is most likely to be based on an association between ―good 

looks‖ and ―fun‖ and in adult years is most likely to be between ―intellectuality‖ and 

―success in relationship‖. Stronger the association, higher the rate of the judgment. 

However, this judgment of association may not always stand foolproof. Variables 

may seem to go with each other but real outcomes contradict the seeming part of the 

associations.
 [24]

 This is referred to as illusory correlation. In this example, good 

looking boys may end up ‗boring‘ and intellectual men may end up ‗abusive‘ at the 

cost of the relationship in reality.  

 

Conclusion 

The concepts, theories and phenomena discussed in this section may give us an insight into 

Joe‘s set of cognition when he was in that situation that subsequently marked his decision to 

be friends with the boy and set off their interaction.  
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Abstract 

Sustainable Resource Management, which includes Sustainable Development, entails 

using natural resources (biotic and abiotic) in ways beneficial to human beings, while 

maintaining their availability to support biological diversity and continuing human use in the 

future. At the 2005 World Summit it was accepted that sustainable development requires the 

reconciliation of economic development, social equity and environmental protection - the 

"three pillars" of sustainability. At the core of this quest for sustainability is the need to be 

able to live within ecological limits. Once humanity exceeds the carrying capacity of the 

planet, further expansion impoverishes us, since such ―development‖ is not achieved by using 

the regenerative ―interest‖ of nature, but by liquidating natural capital. The depletion of 

ecological assets systematically undermines the Quality of Life, the product of the interplay 

among social, health, economic and environmental conditions. Environment Management 

includes ―measures and controls which are directed at environmental conservation, the 

rational and sustainable allocation and utilization of natural resources, the optimization of 

interrelations between society and the environment and the improvement of human welfare 

for present and future generations.‖The central ethical principle behind sustainable 

development is equity and particularly intergenerational equity. Sustainability requires that 

we must not turn our resources into waste any faster than nature can recycle waste into 

resources.  

Certain strategies and action plans can be developed, anchored on the framework of man 

being at the centre of ecosystems and resource interaction and the need to balance the 

utilization driven policy which entails modification of biodiversity for human needs with the 

conservation driven policy for maintaining natural biodiversity. As considerable momentum 

gathers for the implementation of the Strategic Plan for Biodiversity (2011-2020) including 

the Aichi Biodiversity Targets, the Indian experience of employing a range of biodiversity 

governance models to balance conservation and development has immense relevance in 

countries throughout the world. As emphasized in the UNDP‘s new Biodiversity and 

Ecosystems Global Framework 2012-2020, The Future We Want: Biodiversity and 

Ecosystems – Driving Sustainable Development, we need to unlock the potential of 

protected areas, including community conserved areas, to protect biodiversity while 

contributing towards sustainable development. In conclusion, the three segments of 

sustainability – ecology, economy and society are to be addressed based on the supreme 

principles of conservation, utilization and regeneration to preserve the crucial links in the 

web of life and nature. 

mailto:supatrasen@gmail.com
http://en.wikipedia.org/wiki/2005_World_Summit
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Introduction 

Sustainable Resource Management, which includes Sustainable Development, entails 

using natural resources (biotic and abiotic) in ways beneficial to human beings, while 

maintaining their availability to support biological diversity and continuing human use in the 

future. Global change (involving climate change, biological invasion and land use/cover 

changes and biodiversity depletion) is the trigger for the shift in paradigm on economic 

development linked to sustainable natural resource management (Ramakrishnan, 2003). 

While much discussion of global resources over the last few decades has focused mainly on 

the depletion of non-renewable resources such as minerals, ores and petroleum, it is 

increasingly evident that renewable resources, and the ecological services they provide, are at 

even greater risk. Examples include collapsing fisheries, carbon-induced climate change, 

stratospheric ozone depletion, species extinction, deforestation and the loss of groundwater in 

greater parts of the world. The depletion of these assets is serious since people are a part of 

nature, and depend on its steady supply of the basic requirements for life: food, water, 

energy, fibre, waste sinks and other life-support services (Adams, 2004). 

 

Approaches to Resource Management 

At the 2005 World Summit it was accepted that sustainable development requires the 

reconciliation of economic development, social equity and environmental protection - the 

"three pillars" of sustainability. This view has been expressed using three overlapping 

ellipses (environment, society, economy – from outer to inner) indicating that the three pillars 

of sustainability are not mutually exclusive and can be concretely reinforcing. Sustainability 

is based on the recognition that worsening ecological conditions threaten people‘s well-being. 

When humanity‘s ecological demands in terms of resource consumption and waste 

generation exceed what nature can supply, we move into what is termed ―ecological 

overshoot.‖ Such overshoot erodes the planet‘s ―natural capital,‖ and reduces humanity‘s 

ultimate means.  Thus, sustainability is a commitment to creating satisfying lives for all 

within the means of nature. 

At the core of this quest for sustainability is the need to be able to live within ecological 

limits. As these limits are not rigid, they can be transgressed easily. Initially, most 

transgressions go unnoticed. In fact, our ability to transgress ecological limits without 

perceptible consequences may create strong misconceptions in the sustainability debate. Once 

humanity exceeds the carrying capacity of the planet, further expansion impoverishes us, 

since such ―development‖ is not achieved by using the regenerative ―interest‖ of nature, but 

by liquidating natural capital. This is why systematic resource accounting - documenting 

the cumulative effect of humanity’s consumption of natural capital and generation of 

waste - is core to achieving sustainability. As long as we do not know how much nature we 

use or how resource use compares to the existing stocks, overshoot may go undetected - 

increasing the ecological debt of society. 

The depletion of ecological assets systematically undermines the Quality of Life, the product 

of the interplay among social, health, economic and environmental conditions. Livelihoods 

http://en.wikipedia.org/wiki/2005_World_Summit
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disappear; irreconcilable conflicts emerge; land becomes barren; resources are reduced before 

they eventually run out. Environment Management includes ―measures and controls which 

are directed at environmental conservation, the rational and sustainable allocation and 

utilization of natural resources, the optimization of interrelations between society and the 

environment and the improvement of human welfare for present and future generations.‖ 

The central ethical principle behind sustainable development is equity and particularly 

intergenerational equity (Sen 2014a, 2015a). The Earth Summit in Rio in 1992 reaffirmed the 

centrality of equity in its Agenda 21 and the Rio Declaration. Equity implies that there should 

be a minimum level of income and environmental quality below which nobody should fall. It 

also means that everyone should have equal access to community resources and 

opportunities, and that no individual or groups of people should be asked to carry a greater 

environmental burden than the rest of the community as a result of government actions. 

However enormous social and economic inequities exist blatantly within countries and 

worldwide which threaten human security and well-being. As ecological scarcity increases, 

the competition for ecological capacity becomes even more fierce. If the planet is ―full‖ of 

people who are depleting its natural capital, providing more resources cannot improve the 

situation. Such development not only inappropriates nature‘s future income, but also destroys 

its capacity to provide present and future services. As a consequence, addressing equity 

through economic expansion becomes a physically impossible strategy that only accentuates 

the conflict over resources. A true sustainability package must devise more courageous 

strategies to promote equity, rather than just promise more production.  

The ―four system conditions‖ of sustainability developed by the Natural Step, under the 

leadership of Karl-Henrik Robèrt, probably provide the most comprehensive framework for 

sustainability and sustainable resource management. They may be enlisted as - 

1. Substances from the Earth’s crust cannot systematically increase in the biosphere. 

2. Substances produced by society cannot systematically increase in the biosphere. 

3. The physical basis for the productivity and diversity of nature must not be 

systematically deteriorated. 

4. In order to meet the previous three system conditions, there must be a fair and 

efficient use of resources to meet human needs. 

 In essence, sustainability requires that we must not turn our resources into waste any 

faster than nature can recycle waste into resources. 

Balance with nature emphasizes the distinction between utilizing resources and exploiting 

them. There is a level of human habitation intensity wherein the resources that are consumed 

will be replaced through the replenishing natural cycles of seasons creating environmental 

equilibrium. 

Since the 1970s, humanity has been in ecological overshoot with annual demand on resources 

far exceeding what the Earth can regenerate each year. It now takes the Earth more than a 

year and six months to regenerate what we use annually. We maintain this overshoot by 

liquidating the Earth‘s resources. Overshoot is a vastly underestimated threat to human well-

being and the health of the planet, and one that is not adequately addressed (Sen 2014b). 

http://www.footprintnetwork.org/en/index.php/GFN/page/glossary/#overshoot
http://www.footprintnetwork.org/en/index.php/GFN/page/fighting_poverty_our_human_development_initiative/
http://www.footprintnetwork.org/en/index.php/GFN/page/fighting_poverty_our_human_development_initiative/
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Conceived in 1990 by Mathis Wackernagel and William Rees at the University of British 

Columbia, the Ecological Footprint is now in wide use to monitor ecological resource use.  

The Ecological Footprint is defined as "the area of productive land and water ecosystems 

required to produce the resources that the population consumes and assimilate the wastes that 

the population produces, wherever on Earth the land and water is located." It compares actual 

‗expenditure‘ of renewable resources relative to what is annually renewed. Non-renewable 

resources are not assessed, as by definition their use is not sustainable. The Ecological 

Footprint has emerged as the world‘s premier measure of humanity‘s demand on nature. It 

measures how much land and water area a human population requires to produce the resource 

it consumes and to absorb its carbon dioxide emissions, using prevailing technology. By 

measuring the Footprint of a population, an individual, city, nation or all of humanity - we 

can assess our pressure on the planet, which helps us manage our ecological assets more 

wisely and take personal and collective action in support of a world where humanity lives 

within the Earth‘s bounds (Sen, 2016a).  

The concept of Water footprint was introduced in 2002 as an alternative indicator of water 

use. The interest in the water footprint is rooted in the recognition that human impact on 

freshwater systems can ultimately be linked to human consumption, and consequently issues 

like water shortage and pollution can be better understood and addressed (Sen 2011a, 2013). 

The Carbon footprint, on the other hand is "the total set of greenhouse gas emissions caused 

by an organization, event, product or person." Both the water footprint and the carbon 

footprint are subsets of the ecological footprint. 

THE INDIAN BACKDROP 

Conservation in India came into prominence in the mid-19th century, with the first practical 

application of scientific conservation principles to the forests (Oliver, 1901).  Top-down 

fortress conservation was the preferred conservation strategy and practice in India for much 

of the twentieth century. From the 1970s onwards, the top-down preservationist management 

approach had to be supplanted by a more bottom-up, inclusive and participatory 

sustainable-use narrative. The community-based conservation policy asserts that it is 

possible and preferable to strike a balance between the needs of local people and the 

conservation of trees and forests (Sen 2016b). 

 

Overlooking the socio-economic needs of the local people for goods and services received 

from the adjacent forests and focus on single objective in managing forests for climate change 

may lead to narrowing of public policy outcomes on one hand, and generate public apathy 

towards forest management on the other (Gadgil and Guha, 1993). Climate change 

mitigation options, like Carbon sequestration therefore could more likely be successful if 

they are integrated with socio-economic, ecological and spiritual objectives. Integration of 

carbon conservation and sequestration strategies with biodiversity conservation and biomass-

based livelihood enhancement opportunities for the local people is therefore vital (Sen, 

2011b). 

 

 

 

 

http://www.footprintnetwork.org/en/index.php/GFN/page/personal_footprint/
http://www.footprintnetwork.org/en/index.php/GFN/page/footprint_for_cities/
http://www.footprintnetwork.org/en/index.php/GFN/page/footprint_for_nations/
http://www.footprintnetwork.org/en/index.php/GFN/page/world_footprint/
http://www.footprintnetwork.org/en/index.php/GFN/page/personal_footprint/
http://www.footprintnetwork.org/en/index.php/GFN/page/case_stories/
http://en.wikipedia.org/wiki/Greenhouse_gas
http://en.wikipedia.org/wiki/Ecological_footprint
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Forest Management and Carbon Sequestration 

 

Trees and forests perform certain major climate functions: They absorb carbon, which they 

take in from the atmosphere, creating a cooling effect; the green leaves absorb light from the 

sun, heating the Earth's surface; and they draw water from the soil, which evaporates into the 

atmosphere, creating low clouds that reflect the sun's rays (a mechanism known as 

evapotranspiration that also leads to cooling).  

While they are growing, trees use sunlight to absorb CO2 from the atmosphere through 

photosynthesis and store it as carbon in the form of wood. While all living plant matter 

absorbs CO2 as part of photosynthesis, trees process significantly more than smaller plants 

due to their large size and extensive root structures. In essence, trees, as monarchs of the 

plant world, have much more ‗woody biomass‘ to store CO2 than smaller plants, and as a 

result, are considered nature‘s most efficient ‗carbon sinks.‘ It is this characteristic which 

makes planting trees a form of climate change mitigation. 

According to the U.S. Department of Energy, tree species that grow quickly and live long are 

ideal carbon sinks. Unfortunately, these two attributes are usually mutually exclusive. Given 

the choice, foresters interested in maximizing the absorption and storage of CO2 (known as 

‗carbon sequestration‘) usually favour younger trees which grow faster than their older 

counterparts. However, slower growing trees can store much more carbon over their 

significantly longer lives. 

Younger trees absorb CO2 quickly while they are growing, but as a tree ages a steady state is 

eventually reached, and at this point the amount of carbon absorbed through photosynthesis is 

nearly same to the amount lost through respiration and decay. If trees are harvested 

carefully near this time in the growth cycle, and new trees are planted or allowed to 

regenerate, then the forest can be maintained as a net ‘sink’ of carbon. Therefore careful 

woodland management can mean that woodlands are able to take up the maximum amount 

of carbon possible. 

Trees and forests have a clear role to play in helping to mitigate climate change, and tree 

planting projects have been proposed as valid ways to help ‗offset‘ unavoidable carbon 

emissions – carbon offsetting. Ecological Site Classification (ESC) is a computer based 

system to help guide forest managers and planners to identify how species being considered 

for woodland creation or restocking may respond to climate change. 

Carbon needs to be drawn out of the atmosphere and put into long-term storage elsewhere. 

This process is called carbon sequestration, and high-technology ways to accomplish it are 

being explored worldwide. 

Trees with almost 350 million years' experience in sequestering carbon are the natural 

experts. Like other green plants, the trees carry out photosynthesis to convert CO2 into sugar, 

cellulose and other carbon-containing carbohydrates that they use for food and growth. Trees 

are unique in their ability to lock up large amounts of carbon in their wood, and continue to 

add carbon as they grow. Although forests do release some CO2 from natural processes such 

as decay and respiration, a healthy forest typically stores carbon at a greater rate than it 

releases it. 

https://www.thoughtco.com/what-is-climate-change-mitigation-1203893
https://www.thoughtco.com/what-is-carbon-sequestration-1203864
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The actual rate of carbon sequestration will vary with species, climate and site, but in general, 

younger and faster growing forests have higher annual sequestration rates. Considering that 

one half of the weight of dried wood is carbon, trees in a forest hold a considerable amount. 

When the enormous amount of carbon stored in forest soils is added to the trees' carbon, it 

becomes obvious that forests are major carbon storage reservoirs. 

The main strategies for using forests for carbon sequestration are listed in order of their 

potential: 

 Active forest management - enhancing forest growth through sustainable forestry 

Active forest management enhances a forest's carbon sequestration capacity by keeping the 

trees healthy and promoting vigorous growth. Strong healthy trees are more resistant to pests 

and diseases, and may also be better able to adapt to the stresses of a changing climate. 

 Avoided deforestation - reducing the loss of forested land by promoting smart growth 

and less sprawl 

Significant land disturbance is a major source of CO2 emissions. Human disturbance has 

more impact on forests than natural disturbances such as fires or hurricanes. When forested 

land is converted to agriculture or development, soils are typically ploughed, graded, 

compacted or excavated and then often left exposed to erosion. Natural disturbances, other 

than landslides, rarely cause deep damage to soil structure. Some of the CO2 given off from 

forest disturbance comes from decay, but the biggest source is from the disturbed soil. 

Although they accumulate carbon more slowly than trees, forest soils ultimately become 

storehouses for enormous amounts of carbon, over twice as much as is stored in the 

wood of the trees. 

When forest soils are disturbed, they can lose carbon rapidly from the fast decay of organic 

material. Even though the young trees are sequestering carbon, the accelerated rate of soil 

decay caused by disturbance gives off carbon at a higher rate than the young trees can take 

up. 

While some land must be cleared in order to build, too often everything is stripped off 

leaving only bare soil. Although it is possible to save many mature trees during development, 

it is cheaper to get the trees out of the way by stripping the site.  

There is ultimately a high price for poor development practices, a price that ends up 

being paid for by the community and taxpayers rather than the developer. Once the 

trees are gone, the many benefits, or ecosystem services, which they provided, are also gone. 

These benefits include reduced storm run-off, pure water, clean air and natural cooling, as 

well as carbon sequestration (Larson et al. 2010). The adverse impacts of the cleared land 

include increased run-off, which can overload storm-water systems, soil erosion, water 

pollution, and, of course adding more CO2 to the atmosphere (Muthiah, 2007). 

Saving trees and planting more are vital for water resource management, but along with the 

use of Smart Growth and green infrastructure for developments, could ultimately lead to 

better communities where trees can make a much greater contribution to improving the 

environment. 

 Forest preservation - leaving forests undisturbed  

One forest-based carbon sequestration strategy is to preserve forests in their natural state. 

These forests will never be actively managed or cut. These mature late succession forests 

hold vast amounts of carbon in their wood, and even more in their undisturbed organic soils. 
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They may sequester carbon at lower rates than do managed forests with younger trees, 

because older trees usually grow more slowly. In un-managed forests, only natural 

disturbances such as storms and fire provide clearings where young trees can get enough sun 

for rapid growth. Although mature trees which generally dominate undisturbed forests do not 

grow as fast as young trees, they too can take advantage of the added light from natural 

clearings. Depending on the species, even mature trees can put on surprising growth spurts 

under favourable conditions. 

 

 Afforestation - adding forest to previously unforested land, as was done on State Forest 

land during the Great Depression 

One of the practical ways to combat climate change is to plant more trees in order to take 

more carbon out of the atmosphere (as long as the trees are planted in the right place). 

Land use changes, especially afforestation and deforestation may have major impacts on 

carbon storage. An option for mitigating the accumulation of CO2 in the atmosphere is the 

enhanced sequestration of carbon by the biosphere through massive reforestation or 

sustainable afforestation programs. Reducing the rate of deforestation reduces carbon losses 

from the biosphere. Establishing plantations on former agricultural land may have less of an 

impact on increasing carbon sequestration than restoring natural forests. 

The Kyoto Protocol’s Clean Development Mechanism (CDM) recognizes carbon 

sequestration through forestry as a way to mitigate global warming and also allows 

industrialized countries to offset their carbon emissions by investing in forestry projects in 

developing countries (UNFCCC 2003).  

There are two distinct possibilities for CDM forestry in India – 

1. Through developing agro forests on farm and community fallow land 

2. Community based forest protection measures under Joint Forest Management 

Co-management of forests: In recent decades, India has experimented with the concept of 

co-management of State-owned natural resources such as forests. Although community 

involvement in the management of State forests has a long history, it was a few successful 

experiments in community involvement on State forest lands in the 1980s that sowed the 

seeds of Joint Forest Management (JFM). Under JFM, the state Forest Department enters 

into an agreement with the local community, which is allowed greater access to the forest 

resources as well as a share in revenue, in return for protection of the forests against 

unauthorized extraction, encroachment and damage. 

This idea received a major policy boost in 1988 when the National Forest Policy advocated 

the creation of a ‗massive people’s movement’ to achieve national goals of afforestation 

/reforestation and meet the requirements of small timber, fuel wood, fodder and non-timber 

forest products (NTFPs) of the rural and tribal populations. The programme was formally 

launched in 1990 and has grown to become one of the largest community forestry 

programmes in the world. Attempts have been made to federate the Joint Forest 

Management Committees into the JFM programme, which is likely to play a significant role 

in Indian forestry in the coming decade as it has been identified as a major programme to 

tackle climate change under the ‘Green India Mission’.  
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Similarly, a sacred grove is an excellent example of an autonomous community effort 

initiated by communities for conservation and management of biological resources. Sacred 

groves are distinct patches of vegetation (ranging in size from a small cluster of a few trees to 

a large forest stand spanning several hundred acres) which are consecrated in the name of 

local deities or ancestral spirits (Sen, 2017). 

The DST set up the National Program on Carbon Sequestration (NPCS) Research in 2007, 

with a view to competing with other countries in this area with respect to both pure/applied 

research and industrial applications. Four thrust areas of research were identified viz. 

CO2 Sequestration through Micro algae Bio-fixation Techniques; Carbon Capture Process 

Development; Policy development Studies and Network Terrestrial Agro-forestry 

Sequestration Modelling.  

The focus of one such study was to estimate the carbon budgets and carbon sequestration 

potential of Indian forests, assessing the possible impacts of land-use changes and climate 

change on carbon stocks of Indian forests, and the mitigation potential of using forest-based 

bio-energy for fossil fuel substitution. The results from this study show that over a 10-year 

period from 1992-2002, Indian forests have acted as a small carbon sink.  

Thus, India with high population density, low forest cover per capita, high dependence of a 

large part of human population on forests, and a predominantly agrarian economy, has been 

able to reduce deforestation rate and increase its forest cover and associated carbon sink in 

the terrestrial biosphere (Kotwal and Chandurkar, 2003). Due to fast growth rate and 

adaptability to a range of environments, short rotation plantations, in addition to carbon 

storage, rapidly produce biomass for energy and contribute to reduced greenhouse gas 

emissions.  

In the Indian context, the integration of agriculture with land and water management, along 

with ecosystem conservation is essential for both environmental sustainability and 

agricultural production (Sen, 2010). Water governance arrangements should protect 

ecosystems and preserve or restore the ecological integrity of all natural water bodies and 

their catchments. This will maintain the wide range of ecological services that healthy 

ecosystems provide and the livelihoods that depend upon them (Agarwal et al. 2000).  

Agriculture as Carbon Sink 

The Indian Government recognized the value of trees on farms in 2014 with the world‘s 

first National Agroforestry Policy, which aims to help increase forest or tree cover. A key 

impetus was timber; farm trees meet 65% of India‘s demand. The policy could put India 

leagues ahead on climate change and save land from ruination: 50% of India‘s land is 

degraded and 86% of the degraded land is agricultural according to World Resources Institute. 

Agriculture is the world‘s second largest emitter of gases such as CO2 that cause climate 

change. But the villagers‘ trees have been drawing carbon from the atmosphere for years. 

This represents one of the greatest hopes for India, which has committed to capture 2.5 to 3 

billion tonnes of carbon through new tree and forest cover by 2030, to deliver on the Paris 

accord. 

―The vast majority of India is agricultural land,‖ says a report from World Agroforestry 

Centre. ―We can deliver from this landscape and help people at the same time. Agriculture 

finds no mention in the accord. The focus is forests. But agriculture accounts for 10-12% 

http://www.wri.org/blog/2014/05/everything-you-need-know-about-agricultural-emissions
http://www.worldagroforestry.org/
http://www.worldagroforestry.org/
http://www.worldagroforestry.org/
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of emissions and 70% of biodiversity loss and fresh water use. We cannot afford to segregate 

or we will be left with islands of biodiversity surrounded by deserts.‖  

Turning agriculture into a carbon sink is not a dream. Scientists from the World Agroforestry 

Centre, Royal Botanic Garden Edinburgh, and elsewhere found that agricultural land can hold 

four times as much carbon as previously estimated by the IPCC. The US Environmental 

Protection Agency states that, while fossil fuel use is the primary source of CO2: ―The way in 

which people use land is also an important source, especially when it involves deforestation.‖ 

Likewise, land can remove CO2 from the atmosphere through reforestation and improvement 

of soils (Rawat et al. 2008).  

Poverty and a degraded environment are inter-related, especially for people who depend on 

the natural resource base of their immediate environment for their livelihood. Diversion of 

common and marginal lands to ‗economically useful purposes‘ deprives the poor of a 

resource base which has traditionally met many of their sustenance needs. Technologies exist 

through which substantial reduction in consumption of resources is possible (Rametsteiner 

and Simula, 2003). Efforts to identify, evaluate, introduce and use these technologies must be 

made. Subsidies often lead to wasteful and unsustainable consumption by distorting the value 

of a resource.  

Biomass is, and will continue for a long time to be a major source of fuel and energy, 

especially for the rural poor. Recognizing this fact, appropriate mechanisms must be evolved 

to make such consumption of biomass sustainable, through both resource management and 

the promotion of efficient and minimally polluting technology.  

Most developing countries, including India are repositories of a rich tradition of natural 

resource-based health care. This is under threat, on the one hand from modern mainstream 

medicine, and on the other from the degradation of the natural resource base. Traditional 

medicine in combination with modern must be promoted while ensuring conservation of the 

resource base.  

The traditional approaches to natural resource management such as sacred groves and ponds, 

rain-water harvesting and management systems etc. should be revived by creating 

institutional mechanisms which recapture their inherent ecological wisdom and spirit of 

community management (Sen, 2015b). Management of natural resources takes into 

consideration the plurality of knowledge systems. Application of scientific research and local 

knowledge contributes both to the equity, opportunity, security and empowerment of local 

communities, as well as the sustainability of the natural resources. Local knowledge helps in 

scenario analysis, data collection, management planning, designing of the adaptive strategies 

to learn and get feedback along with institutional support to put policies into practice while 

scientific research provides new technologies and helps in the improvement of existing ones. 

It also provides tools for networking, storing, visualizing and analyzing information, as well 

as project long-term trends so that efficient solutions to complex problems can be obtained 

(Sen, 2015c).  

Integrated Natural Resource Management (INRM) is a process of managing natural 

resources in a systematic way, which includes multiple aspects of natural resource use 

(biophysical, socio-political and economic) striving to meet production goals of producers 

and other direct users (e.g. food security, profitability, risk aversion) as well as goals of the 

wider community (e.g. poverty alleviation, welfare of future generations, environmental 

conservation). The conceptual basis of INRM has evolved in recent years through the 

http://www.wri.org/blog/2014/05/everything-you-need-know-about-agricultural-emissions
https://www.cbd.int/gbo/gbo4/publication/gbo4-en.pdf
http://bioscience.oxfordjournals.org/content/54/10/909.full
http://www.nature.com/articles/srep29987
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convergence of research in diverse areas such as sustainable land use, participatory planning, 

integrated watershed management and adaptive management. The traditional fragmented 

approach is no longer viable and a more holistic approach to water management is essential. 

This is the rationale for the Integrated Water Resources Management (IWRM) approach 

that has now been accepted internationally as the way forward for efficient, equitable 

and sustainable development and management of the world's limited water resources 
and for coping with conflicting demands (Sen, 2011b, 2015b). The Global Water 

Partnership's definition of IWRM is widely accepted. It states: ' IWRM is a process which 

promotes the coordinated development and management of water, land and related 

resources, in order to maximize the resultant economic and social welfare in an 

equitable manner without compromising the sustainability of vital ecosystems.' INRM is 

being used extensively and successfully in community based natural resource 

management (CBNRM) (Sen, 2014c). 

Crucial to the attainment of the Millennium Development Goals is the transition to a ―green 

economy‖, an economy that not only improves human well-being and lessens inequality but 

also reduces environmental risks and ecological scarcities (Sen, 2014d). In a green economy 

there is emphasis on the pursuit of opportunities to invest in sectors that rely upon and use 

natural resources and ecosystem services. Investing in green sectors, including the water 

sector, more jobs and greater prosperity can be created. Arguably, these opportunities are 

strongest in areas where people still do not have access to clean water and adequate sanitation 

services. Early investment in the provision of these services appears to be a pre-condition for 

progress. Once made, the rate of progress will be faster and more sustainable, thus making 

transition to a green economy possible. 

Times Ahead… 

Of the steps undertaken in India concerning global climate change exploring new and clean 

energy sources and conserving and sequestering carbon through conservation of old growth 

forests and generation of planted forests of improved genotypes, in vegetation and soil are 

much talked about. There have been suggestions of integration of tools of restoration ecology 

and conservation biology in management of multifunctional forests over landscape 

continuum as a vital option for climate change mitigation. India has the potential to create 

additional carbon sinks using marginal lands and balancing economic development and 

environmental concerns simultaneously.  

In October 2010, at the tenth meeting of the Conference of the Parties to the Convention on 

Biological Diversity in Nagoya, Japan, governments agreed to the Strategic Plan for 

Biodiversity 2011-2020 and its Aichi Biodiversity Targets. This plan provides an overarching 

framework on biodiversity, not only for the biodiversity-related conventions, but for the 

entire United Nations system and all other partners engaged in biodiversity management and 

policy development. 

The Strategic Plan for Biodiversity is aimed at implementing the Convention on Biological 

Diversity (CBD). The 3 objectives of the CBD are: 

 The conservation of biological diversity 

 The sustainable use of the components of biological diversity 

 The fair and equitable sharing of the benefits arising out of the utilization of 

genetic resources 

http://cbd.int/sp
http://cbd.int/sp
http://cbd.int/sp
http://www.cbd.int/sp/targets/
http://www.cbd.int/
http://www.cbd.int/
http://www.cbd.int/
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The Aichi Biodiversity Targets provide an innovative and visionary approach that integrates 

biodiversity with social and economic drivers at the heart of the problem, and thus the key to 

the solution.  To build support and create momentum for this urgent task, the United Nations 

General Assembly at its 65
th

 session declared the period 2011-2020 to be the ―United 

Nations Decade on Biodiversity, with a view to contributing to the implementation of the 

Strategic Plan for Biodiversity for the period 2011-2020.‖ The goal of the United Nations 

Decade on Biodiversity is to support the implementation of the Strategic Plan for 

Biodiversity and to promote its overall vision of living in harmony with nature. 

The themes for 2015 and 2016 ―Biodiversity for Sustainable Development‖ and 

―Mainstreaming Biodiversity; Sustaining People and their Livelihoods” are important as 

the world establishes a set of Sustainable Development Goals (Espey et al. 2015), which is a 

critical step in the UN Post 2015 Development Agenda. Three of the goals focus on 

sustainable use of natural resources and ecosystems, including oceans and forests. These 

goals can be achieved by conservation, management and designing of production and 

consumptive patterns that ensure natural resources are made available for present generations 

without compromising the needs of future generations.  

In 2020, the Parties to the Convention on Biological Diversity are expected to adopt a 

new Strategic Plan for Biodiversity 2021-2030. The IUCN 2016 World Conservation 

Congress adopted a Resolution entitled ‗Safeguarding space for nature and securing our 

future: developing a post 2020 strategy.’ In it, IUCN invites Parties to the CBD to initiate the 

process to develop an ambitious post-2020 strategy and calls for the definition of science-

based targets.  

Crucial issues with the new paradigm nexus of human, environment and economic 

security along with climate security, energy, food and water security and excessive 

consumption patterns are emerging. The prime focus is on the impact that uncontrolled 

globalization is having on the ability of all people to live sustainably, address and underline 

sustainable consumption and production and look towards 2030 – an IPCC significant 

date when WWF says we will need two planets. Possibly the Millennium Development Goal 

for the fifteen year cycle 2015-2030 is the battle towards living within our bio-capacity, 

towards limiting our Ecological Footprint, towards achieving the three ‗R‘s of reduce, reuse, 

recycle – thus integrating environment with society and economy, the underlying principle of 

Sustainable Resource Management. It is envisioned that ‗by 2050, biodiversity is valued, 

conserved, restored and wisely used, maintaining ecosystem services, sustaining a healthy 

planet and delivering benefits essential for all people.‘ In conclusion, the three segments of 

sustainability – ecology, economy and society are to be addressed based on the supreme 

principles of conservation, utilization and regeneration to preserve the crucial links in the 

web of life and nature. 
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