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Abstract: Brachymenium bryoides is an important genus of moss generally regarded as an indicator plant to understand 

the effects of climate change. In Darjeeling Himalayan region, like any other biodiversity hotspots, the moss flora is very 

rich, although neglected. Any biochemical work on these plants, especially the present species is absolutely lacking.  The 

presence of enzyme L-myo-inositol-1-phosphate synthase (MIPS) is essential for the survival of this moss like any other 

groups of plants since it forms the cell walls as well as the sexual units in plants. The enzyme MIPS from Brachymenium 

bryoides utilizes D-glucose-6-phosphate as a substrate NAD
+
 as a co-factor respectively. It showed a pH optimum at 7.5 

while the temperature maximum was at 40S⁰C. The enzyme activity was remarkably stimulated by Ca
2+

, NH4
+
 and Mg

2+
 

and extremely inhibited by Zn
2+

, Cd
2+

, Mn
2+

 and Hg
2+

. The Krn values for D-glucose-6-phosphate and NAD
+
 were found to 

be as 6.72 mM and 0.78 mM respectively while the Vrnax values were 1.62 mM and 1.11 mM for D-glucose-6-phosphate 

and NAD
+
 respectively.  
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1. Introduction  

 D-glucose-6-phosphate (G-6-P) irreversibly isomerizes to L-myo-inositol-1-phosphate by L-myo-inositol-1-phosphate synthase 

(MIPS). The product of this enzyme generates free myo-inositol on dephosphorylation [15]. The enzyme, MIPS has been isolated 

and characterized from a number of systems including bacteria [25], protozoa [19], lower plants [18,10,9,26], higher plants and 

animals [16,12,21]  

 In plants, myo-inositol becomes incorporated in a number of metabolic products viz., inositol phosphates, phosphoinositides, 

cell wall polysaccharides etc. As a free cyclitol, myo-Inositol has been proved essential for normal growth and development of 
plant tissue. Lack of cellular level of inositol has been identified as the cause of loss of viability in myo-inositol requiring mutants 

of Saccharomyces cerevisiae [8] and the same causes an inhibition of cell division in other plants under tissue culture conditions 

and the phenomenon has been termed as “inositol-less-death”.  

 Inositol is associated with the resistance to both abiotic and biotic responses [29] specifically in halophytes under salt stress 

[30,28] active as an osmolyte. Different derivatives of myo-inositol also serve as compatible solutes and signalling molecules in 

response to salt stress in plants [13], oxidative stress, temperature stress, drought and desiccation stress etc. The phosphorylated 

derivates of inositol are considered as the important component of signal transduction in plants and animals [2]. The breakdown 

product of myo-inositol, D-glucuronic acid, is utilized for synthesis of cell wall pectic non-cellulosic compounds [14]. Intact plant 

tissue readily utilizes the glucuronic acid and rapidly converts it to cell wall polysaccharides and other products of glucuronic acid 

metabolism [17].  

 The present study is concerned with the study on the occurrences of MIPS (EC: 5.5.1.4) from a moss from Darjeeling hills. 
Partial purification of MIPS and characterization of its properties from Brachymenium bryoides have been reported here. 

 

2. Materials and Methods  

 Fresh specimens of bryophyte Brachymenium bryoides Hook. ex Schwagr (B.bryoides) of Darjeeling Hills were collected from 

the Birch Hill area in Darjeeling hills (circa 2134 m amsl.) in 87059' - 88053' E and 26031' - 27013' N in the Eastern Himalayas of 

India. 

 

Purification of L-myo-inositol-1-phosphate synthase from B.bryoides 

 The enzyme L-myo-inositol-1-phosphate synthase was purified from B.bryoides following the method outlined below: 

All the operations were carried out between 0˚ C to 4˚ C 
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 Preparation of crude extract: About 100g of freshly collected plant material was thoroughly washed with sterile distilled water 

twice. The sample was then homogenized in a mortar and pestle with 2 vol of 50 mM Tris-acetate buffer (pH7.5) containing 0.2 

mM ME in presence of neutral sand. The slurry was centrifuged at 1,000×g for 5 min in a Plasto Crafts Superspin-R centrifuge. 

The pellet discarded and the supernatant designated as crude extract (1K).The crude extract was spun again at 11,400×g for 20 

min and the supernatant was collected (10K). 

 
 Streptomycin sulphate precipitation: To the 10K sample, streptomycin sulphate powder was added slowly with constant 

stirring to a final concentration of 2% (w/v) to the 10K supernatant in order to remove nucleic acids. After mixing the required 

amount of streptomycin sulphate, the mixture was kept in an ice-bucket at 0oC for 15 min and then centrifuged at 11,4000×g for 

15 min. The pellet was discarded and the supernatant collected (SS). 

 

 Ammonium sulphate fractionation: The streptomycin sulphate treated supernatant (SS) was then made 0-70 % saturated with 

ammonium sulphate by adding the requisite quantity of the solid salt (43.6g/100 ml) slowly with constant stirring. The mixture 

was kept in an ice-bucket for 15 min and then centrifuged at 11,400×g for 20 min. The supernatant was discarded and the pellet 

collected. The pellet was dissolved in minimal volume of 50mM tris-acetate buffer (pH7.5) containing 0.2 mM ME, poured into a 

dialysis sac and dialyzed against 500 volumes of the same buffer. On completion of dialysis, the ammonium sulphate fraction 

(A2S) was recovered from the dialysis sac. 

 
 Anion exchange chromatography with DEAE cellulose: The dialyzed A2S fraction was adsorbed in pre-equilibrated DEAE 

cellulose. After adsorption for two hours, the preparation was loaded in a glass column (1.2×8.0 cm) and the effluent was 

collected. After this, the column was washed with one bed volume of the same buffer. Lastly, the adsorbed protein was eluted 

from the column with the linear gradient of 0-0.5 M KCl in 50mM Tris acetate buffer (pH7.5) containing 0.2 mM ME. Fractions at 

the rate of 1.1 ml/10 min were collected. Each fraction was assayed for myo-inositol synthase activity. The active fractions (DE) 

was pooled and used for the next purification step. 

 

 Molecular sieve chromatography through BioGel A-0.5 m: The enzymatically active fractions from the previous step was 

pooled together and loaded in a column (0.8 X 10.0 cm) of BioGel A-0.5m pre-equilibrated with 50 mM Tris-acetate buffer (pH 

7.5) containing 0.2 mM ME. Proteins were eluted with the same buffer in fractions of 0.75 ml/8 mins. Fractions containing MIPS 

activity were pooled and dialyzed against 1.5 L of 50 mM Tris-acetate buffer (pH 7.5) containing 0.2 mM ME (BioGel fraction). 
This preparation was concentrated and used as the enzyme source for further characterization. 

 

 Enzyme activity assay: The MIPS activity was assayed by the procedure of Barnett et al., (1970) with slight modifications. The 

assay mixture contained 50 mM tris-acetate (pH 7.5), 14 mM NH4Cl, 0.8 mM NAD+, 5 mM ME, 5 mM G-6-P and an appropriate 

aliquot (100-200 μg) of enzyme protein in a total volume of 500 μl. The activity of the enzyme was determined by estimating the 

product-specific release of inorganic phosphate from myo-inositol-1-phosphate by MIPS reaction. 

 

 Inorganic phosphate determination: Inorganic phosphate was determined by the method of Chen et al., (1956) with slight 

modifications. A freshly prepared Pi-reagent (2.8 ml.) containing H2SO4 (6N), ascorbic acid (10%, w/v), chilled ammonium 

molybdate (2. 5%, w/v) and H2O mixed in 1:1: 1: 2 ratio was added to the reaction mixture and incubated at 37 ºC for 1h. The 

absorbance was measured at 820 nm and the inorganic phosphate released was quantified with a standard curve prepared using 

K2HPO4. 
 

 Protein determination: Protein was determined according to the method of Bradford (1976) with BSA as a standard. The 

protein content in fractions obtained from column chromatography was also determined by measuring absorbance at 280 nm 

. 

 Determination of specific activity of inositol synthase: The specific activity of L-myo-inositol-1-phosphate synthase will be 

calculated by determining the number of moles of inorganic phosphate released (from myo-inositol phosphate) per mg of protein. 

The activity may be defined as nmol L-myo-inositol-1-phosphate (I-1-P) produced per hour per mg of protein i.e. nmol I-1-P 

produced (mg protein)-1h-1
. 

 

3. Result and Discussion  

 

Purification of L-myo-inositol-1-phosphate synthase 

 The enzyme, L-myo- inositol-1-phosphate synthase was isolated and purified from the thallus of  Brachymenium bryoides. The 

activity of the enzyme was much more pronounced in the reproductive part bearing thallus than in vegetative thallus (Table-1). 

This follows the common trend as in other bryophytes [7]. The summary on the purification of MIPS is given in Table 2. The 

ultimate chromatography on BioGel A 0.5m column resulted in about 22 fold purification of the enzyme with about 22 fold 

recovery over the crude homogenate fraction in the present study. 

Characterization of the purified enzyme 

 Requirements for B. bryoides MIPS activity: The B. bryoides MIPS, when assayed in presence of 50 mM tris-acetate buffer 

(pH 7.5), 14 mM NH4Cl, 0.8 mM NAD, 5 mM 2-mercaptoethanol (ME) and 5 mM glucose-6-phosphate (G-6-P) recorded 

maximal activity (Table-3). When the specific substrate (G-6-P) was not added in the incubation mixture, the enzymatic synthesis 

of L-myo-inositol-1-phosphate could not be detected. About 33% activity was lost when tris buffer was omitted from the reaction 
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mixture. Similarly, 31% of enzyme activity was lost in absence of tris-buffer from the reaction mixture in case of Marchantia 

nepalensis [6]. Deduction of NH4Cl or ME resulted in the loss of enzyme activity by about 23% and 25% respectively. In 

comparison, the absence of NAD+, NH4Cl and ME decreased the activity of Euglena gracilis MIPS by 70%, 23% and 30% 

respectively [9]. In hepaticopsid bryophyte, Lunularia cruciata, the omission of Glucose-6-phosphate (G-6-P), tris buffer, NH4Cl 

and ME causes the loss of activity by 100%, 25%, 40% and 27% respectively [7]. Curiously enough, in the present study, both the 

NH4Cl and ME exert almost equal influence to the enzyme activity. 
Substrate specificity: The B. bryoides MIPS have been found to utilize G-6-P as the exclusive substrate for the production of L-

myo-inositol-1-phosphate (MI-1-P). Among other hexose phosphates tested, such as D-fructose-6-phosphate, D-fructose-1, 6-

bisphosphate and D-glucose-1,6-bisphosphate used in place of G-6-P at identical concentrations (5 mM), all were ineffective. 

This result is in conformity with MIPS from other sources [26]. Nevertheless, a basal level of approx 3-4% enzyme activity in 

presence of all these substrate isomers was seen which may be the result due to non myo-inositol specific phosphate release in the 

assay reaction (Table-4) 

 Stability of the enzyme: An important feature of B. bryoides MIPS is the moderate stability of its catalytic activity. Stability 

varies with the enzyme at different stages of purification. While the low speed supernatant remained active for 7-8 days when 

stored at −20 ºC, the BioGel purified fractions maintained its activity only up to 3-4 days when stored at identical temperature. 

However, repeated freezing and thawing resulted in remarkable loss of activity. Addition of enzyme stabilizer, 2-mercaptoethanol 

(ME) or dithiothritol (DTT) considerably increased the activity of the enzyme. 

 Enzyme and time linearity: The B. bryoides MIPS exhibited enzyme linearity upto 350 μg of protein concentration under 
optimal assay conditions (Fig-1). In contrast, the Diplopterygium glaucum MIPS showed enzyme linearity upto 280 μg and in 

Marchantia nepalensis it was upto 250 μg [6,4]. The rate of enzyme reaction proceeded linearly upto 60 minutes with G-6-P as 

the substrate (Fig-2). This is quite different from MIPS from that of the Acer pseudoplatanus cell culture that shows time linearity 

upto 150 minutes [18]. 

 pH – activity relationship: The B. bryoides MIPS exhibited optimum activity at a pH range of 7.0 – 7.5 when 50 mM tris-

acetate buffer at a pH range of 6.0 – 8.5 were employed (Fig-3). This value is a little less in comparison to the pH optima for 

MIPS from other species like Spirulina platensis -7.8, Euglena gracilis-8.2 [26] and rice cell culture-8.4 [11]. However, it is in 

conformity with earlier studies with Swertia bimaculata enzyme [5].  

 Effect of temperature: The effect of temperature was studied in the temperature range of 0 - 60ºC at 10ºC intervals. The 

activity of the enzyme was negligible at 10ºC and gradually increased after 20ºC reaching the maximum 40oC (Fig-4). This 

optimum temperature is relatively high as compared to that of Spirulina platensis, Euglena gracilis, Oryza sativa and Vigna 
radiata [26].  

 Effect of metal ions: Effect of different metal ions was tested in 5 mM concentrations using chloride salts of metals. Of the 

monovalent cations tested K+ and Li+ had little effect, while NH4
+ was an appreciable stimulator of the enzyme. NH4

+stimulation 

of B. bryoides MIPS was to the tune of 1.86 times in contrast to the Acer pseudoplatanus MIPS which is stimulated 2.3 times with 

NH4
+ [18]. The remarkable feature of B. bryoides MIPS was its stimulation by divalent cations. Using the similar concentrations 

of divalent cations it was revealed that Ca2+ caused the stimulation of the enzyme by 2.39 times while Mg2+ was slightly 

stimulatory to the enzyme activity. Of the other divalent cations Cu2+, Zn2+, Mn2+, Cd2+ and Hg2+ strongly inhibitory (34%, 64%, 

67%, 68%, and 86% respectively) (Table-5). In general, the effects of monovalent and divalent cations are similar to those 

obtained from other sources except for the effect of Ca2+ which is highly stimulatory to the MIPS activity in this case. 

 Reaction rate-substrate concentration relationship: Kinetic studies were carried out using G-6-P (substrate) in different 

concentrations. The reaction rate was found to increase with respect to G-6-P upto a concentration of 10 mM. The Km value for G-

6-P calculated from Michaelis-Menten plot was 6.72 mM and the Vmax value was calculated as 1.61 mM. The Km value for G-6-P 
is quite far away from that of pine pollen (Km=0.33) [12], but somewhat closed for that from animal sources e.g., 2.7 for bovine 

testis enzyme [22]; 3.89 for rat testis enzyme [20] and 4.4 for rat brain enzyme [1]. 

 Reaction rate-co-enzyme concentration relationship: Between concentrations of 0-1.0 mM of NAD (co-enzyme) the activity of 

purified enzyme was found to increase only upto 0.2 mM concentration. With more increase in co-enzyme concentration the 

activity could not be increased. The Km value for NAD was 0.78 and the Vmax value was calculated as 1.11 mM from the 

Michaelis-Menten equation. The Km value for NAD+ was entirely different from that obtained from other sources e.g., Euglena 

gracilis (Km= 0.16-0.20) [26] and Entamoeba histolytica (Km= 0.66) [9]. 

 

 The present study reports the occurrence and partial purification of MIPS for the first time from B. bryoides. Table-2 

summarizes the partial purification of this enzyme from the moss. The enzyme from B. bryoides was highly specific for G-6-P. 

Though the enzyme exhibits its optimal activity in presence of co-enzyme NAD+, still it could maintain about one third of the 
total activity when NAD+ was not added externally (data not shown). This indicates the presence of bound NAD+ in the 

molecular architecture of this enzyme which has also been reported earlier [9]. MIPS is involved in the metabolic utilization of G-

6-P and it also generates Ribulose-5-phosphate as a product. The activity of this enzyme also seems to be related to that of 

Fructose-1,6-bisphosphatase and  the various biochemical activities of the phosphate esters of myo-inositol [23,31,24]. This 

indicates an important function played by this enzyme in metabolism and makes this study worthwhile in understanding the basic 

metabolism in plants [27]. In B. Bryoides, the ultimate chromatography on BioGel A-0.5m yielded a 22 fold increase in the 

enzyme activity with about 11% recovery. This study may lead to further research to look for homogeneous MIPS preparation 

from B. bryoides, sequencing the responsible gene and analysis of sequence homology. 
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Table 1. L-myo-inositol-1-phosphate synthase activity in vegetative and reproductive stages of the moss, B. bryoides. 

Tissue type Enzyme source Specific activity [nmol I-1-P produced (mg)
-1

 protein h
-

1 
] 

Vegetative Homogenate 154.00 

Low speed supernatant 198.00 

Reproductive Homogenate 162.52 

Low speed supernatant 814.53 

 

Table 2. Summary of partial purification of L-myo-inositol-1-phosphate synthase from B. bryoides. 

 

 

Fraction 

Total 

volume(ml

)  

Specific activity 

[nmol I-1-P  produced (mg)-1 

protein h-1
 
] 

Total activity 

[nmol I-1-P  produced 

(mg
)-1

 protein h
-1 

] 

Recovery 

(%) 

Purification 

(fold) 

Homogenate 72 26.67 1920.96 100 1.00 

10K- supernatant 70 15.76 1103.20 57.42 0.59 

SS-fraction 69 45.43 3134.67 163.18 1.70 

A2S-fraction 3 155.86 467.58 24.34 5.84 

DE-fraction 2.2 190.86 419.89 7.15 21.85 

Bio Gel A 0.5m 

fraction 

1.5 283.87 425.80 10.67 22.16 

 

 
Table-3. Effect of composition of incubation medium on L-myo-inositol-1-phosphate synthase from B. Bryoides 

Conditions Specific activity [nmol I-1-P produced (mg)
-1

 protein h
-1 

] Percent activity 

Complete set 155.86 100 

Without substrate (G-6-P) 0.00 0.00 

Without NH4Cl 49.62 77.33 

Without ME 48.38 74.98 

Without buffer (tris-acetate) 43.50 67.42 

Heat killed enzyme 0.00 0.00 

 

 

 

Table -4. Effect of some substrate isomers on L-myo-inositol-1-phosphate synthase from B. bryoides. 

Compound 
Concentration (mM) 

Specific activity [nmol I-1-P produced (mg)
-1

 

protein h
-1 

] 

Percent activity 

D-glucose-6-phosphate     10.0     155.86  100 

D-fructose 1,6 bisphosphate     10.0      2.48  3.84 

D-fructose-1-phosphate    10.0     1.98  3.06 

D-glucose-1-phosphate    10.0     1.86  2.88 

 

 

Table-5. Effect of monovalent and divalent cations on L-myo-inositol-1-phosphate synthase activity from B. bryoides. 

Cation Concentration Specific activity [nmol I-1-P  produced (mg)-1 protein h-1
 
] Percent activity 

Control 0 216.76 100.00 

K+ 5 232.97 107.47 

Li+ 5 268.81 124.01 

NH4
+ 5 403.22 185.88 

Ca2+ 5 519.71 239.58 

Mg2+ 5 286.73 132.18 

Cu2+ 5 143.36 66.08 

Zn2+ 5 79.21 36.51 

Mn2+ 5 71.68 33.04 

Cd2+ 5 68.81 31.72 

Hg2+ 5 30.46 14.04 
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Fig 1. Effect of different enzyme concentration on B. bryoides  MIPS activity. Enzyme activity is expressed as [nmole of Inositol-

1-phosphate produced (mg)
-1

 protein h
-1

] 

 

 
 

Fig 2. Effect of different incubation time on B. bryoides  MIPS activity. Enzyme activity is expressed as [nmole of Inositol-1-

phosphate produced (mg)-1 protein h-1] 
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Fig 3. Effect of different pH on MIPS activity in B. bryoides  MIPS activity. Enzyme activity is expressed as [nmole of Inositol-1-
phosphate produced (mg)-1 protein h-1] 

 

 
 

 
Fig 4. Effect of different reaction temperature on B. bryoides  MIPS activity. Enzyme activity is expressed as [nmole of Inositol-

1-phosphate produced (mg)-1 protein h-1] 
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