
1 

 

1. INTRODUCTION  

Darjeeling Himalaya is a large repository of plants belonging to different phylogenetic 

groups with medicinal and other importance. Bryophytes comprise the predominating 

flora from the cryptogamic group in Darjeeling. From the biochemical standpoint, most 

of these plants have not been studied seriously anywhere in the world. The 

physiological and biochemical activities of all plants are predominantly maintained by 

enzyme-driven reactions. The study of enzymes, therefore, becomes an important aspect 

to understand the fundamental metabolic processes. Myo-inositol is considered as an 

essential metabolite cum vitamin. The ubiquitous nature of inositols, in general, has 

been well known for several decades. Existence of this compound, either in free or 

conjugate form has been reported from a large number of plants, prokaryotes and 

eukaryotes. The biosynthesis of myo-inositol is critical for the production of a 

functionally diverse group of compounds. Myo-inositol is biosynthesized through the 

conversion of D-glucose-6-phosphate by a NAD-dependent oxido-reductase, L-myo-

inositol-1-phosphate synthase (MIPS).  

 

Myo-inositol and its derivatives are essential for the survival of eukaryotic cells, 

including plants, as various metabolic roles emanates from these compounds. A number 

of possible roles of myo-inositol and its derivatives have been reported in plants, 

including growth regulation, membrane biogenesis, osmotolerance etc (Loewus and 

Murthy, 2000; Stevenson et al., 2000). It also serves as an essential nutrient for growth 

and development, an integral part of milk and causes an inhibition of cell division in 

other plants under tissue culture conditions. Myo-inositol is also used in sustained cell 
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division in the cabbage protoplast culture system for regeneration of somatic hybrids or 

cybrids through asymmetric protoplast fusion (Jie et al., 2011). As phosphorylated 

derivatives, its role as a phosphorus store and as a “second messenger” in signal 

transduction pathway has long been recognized (Gross and Boss 1993; Nunes et al., 

2006). At least three different messenger molecules are known to be produced from 

phosphoinositides: arachidonic acid, inositol 1,4,5-triphosphate (IP3) and 1,2- 

diacylglycerol (DAG). These messenger molecules are marked as turning point in the 

studies of hormone function (Boss et al., 2006). 

 

Inositol is associated with the resistance to both abiotic and biotic responses (Taji et al., 

2006) under salt stress (Taji et al., 2006; Sengupta et al., 2008). Different derivatives of 

myo-inositol also serve as compatible solutes and signaling molecules to response salt 

stress in plants (Kido et al., 2013). Myo-inositol is also reported to be utilized in the 

abiotic stress induced galactinol and raffinose synthesis (Taji et al., 2002). In addition to 

inositol, its methylated derivatives, pinitol, ononitol, sorbitol etc. were shown to be 

involved in stress responses in some plants (Paul and Cockburn, 1989; Ishitani et al., 

1996; Sheveleva et al., 1997; Shen et al., 1999). It is also suggested that inositol and the 

O-methyl inositol esters function as osmoprotectants possibly by protecting cellular 

structure from reactive oxygen species and by controlling turgor pressure (Loewus and 

Murthy, 2000) and a high concentration of cyclitols like pinitol and ononitol are found 

in osmotolerant plants. An increase in the production of inositol as a consequence of 

coordinate transcriptional induction of the MIPS coding gene in response  to stress, has  

been reported from some plants such as Mesembryanthemum crystallinum, Cicer 

arietinum etc (Ishitani et al.,1996; Boominathan et al., 2004). It has also been reported 



3 

 

that the introgression of MIPS-coding gene from Porteresia coarctata (PcINO1), in 

tobacco, rice and Brasica juncea generated transgenic lines carrying salt tolerance with 

concomitantly increased inositol production (Majee et al., 2004; Das Chatterjee et al., 

2006). 

 

The MIPS reaction has been reported from archea (Chen et al., 2000); bacteria 

(Bachhawat and Mande, 1999, 2000); protozoa (Lohia et al., 1999); animals (Maeda 

and Eisenberg, 1980; Mauck et al., 1980; Biswas et al., 1981); humans (Adhikari and 

Majumder,1988)  and plants. Among plants the occurrence of MIPS has been described 

and characterized from algae (Dasgupta et al., 1984; Roy Chaudhuri et al., 1997), fungi 

(Donahue and Henry, 1981a, 1981b); Escamilla et al., 1982; Dasgupta et al., 1984); 

pteridophytes (Chhetri et al., 2005, 2006a); gymnosperm (Gumber et al., 1984; Chhetri 

and Chiu, 2004); and angiosperm (Loewus and Loewus, 1971; RayChaudhuri et al., 

1997). During a screening for the activity of the enzyme across a wide array of 

phylogenetically diverse groups, the activity of the enzyme has been detected in a few 

liverworts (Dasgupta et al., 1984). However, detailed study of the enzyme in the light of 

metabolic regulation and the isolation and characterization of the same in different 

groups of bryophytes is still lacking.  

 

The bryophytic flora of Darjeeling Himalayan region in India is very rich, growing on 

the barren land, denuded forests, rock surfaces etc. Therefore, this work has been 

undertaken to investigate myo-inositol biosynthesis and purification followed by 

attempts for biochemical characterization of the enzyme from Asterella khasiana 

(Griff.) Grolle and Sphagnum junghuhnianum Doz. & Molk. of Darjeeling Hills. Both 
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of these bryophytes are extremely drought resistant and they grow as lithophytes all 

over the Darjeeling Himalaya. Moreover Asterella has been found to be desiccation 

resistant resurrection plant while quite a few drought resistant characteristics have 

already been found in some species of mosses. These factors has emboldened me to 

select the above two species of bryophytes, one from the liverworts and the other from 

mosses as my experimental material.  

 

The biosynthesis of myo-inositol from glucose-6-phosphate has been documented from 

a number of biological systems as mentioned above. The major study on the inositol 

synthase from plant sources were confined to the fungal and angiospermic enzymes. 

Furthermore, despite myo-inositol and several other isomeric inositols or their 

conjugates having been found in several plant systems, studies of myo-inositol 

biosynthesis in an important phylogenetic group, the bryophytes have not been seriously 

taken up by investigators. Therefore, the presented research work on bryophytic L-myo-

inositol-1-phosphate synthase was carried out with the following objectives: 

1. To screen for the activity of the enzyme, L-myo-inositol-1-phosphate synthase 

from the common bryophytes belonging to different families viz., Asterella 

khasiana (Griff.) Grolle, Marchantia polymorpha Linn., Riccia cruciata Kash, 

Anthoceros angustus Steph., Bryum  argenteum Linn., Brachymenium bryoides 

Hook. ex Schwaegr., Lyellia crispa R. Br., Funaria wallichii (Mitt.) Broth. and 

Sphagnum junghuhnianum Doz. & Molk. available in Darjeelling hills. Also to 

screen for the occurrence of free myo-inositol, the end product of myo-inositol 

synthase reaction from these bryophytes.  
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2. To partially purify and compare the L-myo-inositol-1-phosphate synthase from 

one liverwort, Asterella khasiana and one moss, Sphagnum junghuhnianum, 

both showing tolerance to osmotic and desiccation stress and to estimate the 

enzyme activity at each stage of purification.  

3. To characterize the partially purified enzyme from Asterella khasiana and 

Sphagnum junghuhnianum from biochemical point of view in order to 

understand its fundamental metabolic regulation. 

 

4. To study the possible role of the bryophytic enzyme in stress tolerance by 

analyzing whether the enzyme from these two sources exhibits any cold 

tolerance characteristics.  

5. To contribute towards the existing knowledge on L-myo-inositol-1-phosphate 

synthase in bryophytes and to establish a continuous line of enzymological study 

with respect to the above enzyme across the evolutionary scale in plant 

kingdom. 

 

 

 

 

  




