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ABSTRACT 

 

A novel β-galactosidase was purified to homogeneity, from Zizyphus oenoplia leaves, using chilled acetone 

precipitation followed by ammonium sulphate precipitation and affinity chromatography on cross linked g uar-

gum. The enzyme was a monomeric with a molecular weight of about 23 kDa on SDS-PAGE. It was active 

between pH 4 - 7, with an optimum activity at pH 5.5, and was fairly stable from pH 4.5 to 8.0. The enzyme 

showed optimum activity at 37° and was stable up to 80 °.  The presence of metal ions such as Mg++ and Mn++ 

positively influenced the activity of β-galactosidase but the activity was inhibited in the presence of Cd++, 

Hg++ and Pb++. The enzyme showed maximum activity towards β – oNPGal, the substrate α – pNPGal. 
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INTRODUCTION 

 

β-D-Galactosidase (EC 3.2.1.23, β-D galactoside, 

galactohydrolase, lactase) catalysis the non-

reducing β-D-galactosyl residues from 

polysaccharides. They are widely distributed in 

plants, microorganisms and animals [1, 2]. This 

enzyme has many industrial and medicinal 

applications like cleavage of blood group A and B 

glycotopes, biosensors for lactose determination 

and enzymatic hydrolysis of lactose in whey and 

milk products [3]. Especially enzymatic hydrolysis 

of lactose has many advantages in food industry. 

Lactose hydrolyzed products decrease the lactose 

intolerance problems [4]. Lactase hydrolyses 

lactose to glucose and galactose and nutrition value 

of milk treated by lactase, does not decrease, 

because the hydrolysis products of lactose as 

glucose and galactose are not removed from the 

system [4, 5]. Furthermore, compared to lactose, 

addition of released glucose and galactose adds   

more sweet taste to the products [5–7]. β-

galactosidase has been purified from different 

plants like kiwifruit, mango, kidney beans, pea and 

also chick pea [8–12]. Ziziphus oenoplia M., 

belonging to family Rhamnaceae (vernacular name: 

Siakul) is a shrub, distributed in tropical and 

subtropical India in dry climates. The Zizyphus 

genus has been reported to have many medicinal 

properties [13, 14]. There have been a number of 

reports about purification and recovery of enzymes 

such as   β-galactosidase from Piper bettle leaves 

[15, 16]. Isoforms of β-galactosidases have been 

reported in mung bean seedlings [17], papaya 

(Carica papaya) seeds [18], and from Nasturtium 

(Tropueolum mujus L.) cotyledons [19]. In the 

present research paper, characterization of β-

galactosidase isolated from leaves of Zizyphus 

oenoplia has been reported. According to the 

literature survey this appears to be the first report 

on isolation of β-galactosidase enzyme from leaves 

of Zizyphus oenoplia. The enzyme has been 

purified by using unique techniques and 

characterized by following all standard protocols. 

Homogeneity of purified enzyme was checked by 

native elcectrophoresis and SDS–PAGE. Molecular 

weight of purified enzyme was determined by 

SDS–PAGE using standard protein markers.  

 

MATERIALS AND METHODS 

 

Materials: Leaves were collected from single 

identified tree, allowed to shade dry and stored in 

vacuum tight container. The plant was 

taxonomically identified in the Herbarium of the 

Department of Botany of the RTM Nagpur 

University. Coomassie Brillant Blue R-250 and 

substrate o-nitrophenyl-β-D galactopyranoside 

(oNPGal), p-nitrophenyl-α-D galactopyranoside 

(pNPGal) were purchased from Sigma (St. Louis, 

MO, USA). Molecular weight markers were 

obtained from Merck (Eurolab GmbH Darmstadt, 

Germany). Acetone, acrylamide, guar-gum, various 
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carbohydrates, methylene bisacrylamide and all 

other reagents were of analytical grade. 

 

Methods: 

Extraction: Dried leaves from Zizyphus oenoplia 

were powdered by blender. Ten g powdered leaves 

were homogenized in a blender with 100ml of 

0.2M sodium  phosphate buffer, pH 7 (PBS), kept 

on the shaker at 4 o for 1h, filtered through folds of 

cheese cloth, centrifuged at 10,000 rpm for 10 m 

(Remi C24). The resultant supernatant, designated 

as crude extract was used for further purification of 

enzyme. 

 

Protein precipitation: 

Acetone precipitation: Four fold extra acetone (-20 

°) was added in each tube having the crude extract, 

vortexed and incubated for  60 min at -20 °. The 

pellet, obtained after centrifugation for 10 m at 

12000 rpm (Remi C24), was dissolved in the small 

volume of extraction solution and dialyzed against 

the same. This fraction was designated as acetone 

precipitated sample (APS) [20]. 

  

Ammonium sulphate precipitation: The proteins in 

APS were fractionated and precipitated by adding 

ammonium sulphate at 4o. The precipitate obtained 

between 20 to 60% saturation was collected by 

centrifugation at 12000 rpm for 30 m. The 

precipitate was dissolved in sodium phosphate 

buffer pH 7 and dialyzed against the same till the 

solution was free from carbohydrates and 

designated as ammonium sulphate fraction (ASF) 

[21]. 

 

 Affinity Chromatography: The ASF was subjected 

to affinity chromatography on cross-linked guar-

gum column previously equilibrated with PBS 

[22].The unbound proteins were washed 

thoroughly with PBS till the elute showed no 

readings at 280nm. The bound proteins were eluted 

from the column by extraction solution containing 

0.1M galactose. The flow rate was adjusted to 

5ml/10min using fraction collector and peristaltic 

pump (L. K. B. Pharmacia). Fractions of 5mL each 

were collected and checked for protein at 280nm 

and subjected to dialysis against PBS till galactose 

was completely removed. All the fractions were 

checked for β-galactosidase activity [23]. The 

proteins in the fractions showing β- galactosidase 

activity were subjected to electrophoresis.  

 

Polyacrylamide Gel Electrophoresis: Homogeneity 

of the affinity purified fractions was checked by 

simple PAGE and 10% SDS PAGE. The molecular 

weight of the purified β- galactosidase was 

determined by the method of Weber and Osborn, 

(1969) on a Biorad Mini Protean electrophoresis 

unit using Lysozyme – 14 kD, Carbonic anhydrase 

– 29 kD, Ovalbumin – 44 kD, Bovine Albumin – 

67 kD, Phosphorylase-b – 97 kD as standard 

protein markers [24]. After electrophoresis the gels 

were stained with coomassie brilliant blue (R-250) 

then destained with 40% methanol and 10% acetic 

acid for 2 h. Purified homogeneous fraction was 

designated as ZOGE ( Zizyphus oenoplia β – 

galactosidase Enzyme). 

 

α - and β – galactosidase activity: The substrates 

used in the study were 3mM α – pNPGal and 3mM 

β – oNPGal.  α and β-galactosidase assay  of 

ZOGE was carried out by the method of Murray et 

al.,(1983) [23]. The assay mixture contained 20 to 

100µl of enzyme solution and 3mM substrate 

prepared in 0.1M sodium acetate buffer pH 4.7. 

The reaction mixture was incubated at 37oC for 40 

m and the reaction was stopped by adding 2ml, 

0.2M sodium carbonate. The liberated p-

nitrophenol was measured at 400 nm. One unit of 

galactosidase activity was considered as the 

enzyme liberating 1 µ mole of p-nitrophenol per 

min under experimental conditions. 

Protein concentration: Protein concentration was 

done by the method of Lowry et al., (1951) [25], 

using BSA as standard protein  

Estimation of Carbohydrate content: Total 

carbohydrate content of the purified enzyme was 

estimated by phenol sulphuric acid method using α 

-D- glucose as standard [26]. 

 

pH Stability: Effect of pH on the enzyme activity 

was determined by the method of Patil and Butle 

(2014) using different buffers at different pH 

values ranging from pH 1 to 13 [27]. 100 µl 

purified enzyme solution and 100 µl buffer solution 

was incubated for 1 h at ambient temperature. 

Aliquots were withdrawn and assayed for α & β 

galactosidase activity as described earlier, using 

suitable controls.  

 

Effect of temperature and thermal inactivation: To 

study the effect of temperature 30 µl purified 

enzyme solution was added to 1 ml 0.006 M 

sodium phosphate buffer pH-7 and incubated at 20, 

40, 60, 80 o for 1 h and β-galactosidase assay was 

carried out at 37 o after cooling. The effect of 

thermal inactivation was tested by heating 250 µl 

purified enzyme solution in 250 µl, 25 mM sodium 

phosphate buffer   pH-7 at 37 o in multiblock 

heater. Aliquots were withdrawn and estimated for 

enzyme activity after 20, 40, 60 80 and 100 m [21].  

 

Effect of metal ions: The method of Kawagishi et 

al. (1990) [28] was used to check the effect of 

metal ions on enzyme activity. 100 µl EDTA 

treated enzyme was mixed with 100 µl 0.1 M metal 

ion solution and incubated at 37 o for 1h. β-
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galactosidase assay was carried out as described 

earlier using suitable controls. 

 

Determination enzymes constants: V max and Km 

of β galctosidase for o-NPGal was determined by 

the method adopted by Ramteke and Patil (2010) 

[29] 

 

RESULTS AND DISCUSSION 

 

β -galactosidase enzyme has been widely used for 

industrial as well as medical application. In dairy 

industries β -galactosidase has been used to prevent 

crystallization of lactose, to improve sweetness and 

to increase the solubility of milk products [30]. One 

of the major applications of β-galactosidase in 

industry is the preparation of lactose-hydrolyzed 

milk and whey. Especially in the cheese industry 

lactose is a big trouble because, it has uncertain 

solubility and it is associated with the high 

biochemical and chemical oxygen demand. [31, 32] 

Lactose hydrolysis can be achieved by hard 

conventional method i.e.  acid treatment at higher 

temperature, but enzymatic catalysis of lactose is 

normally carried out mild operating conditions, 

thereby preventing loss of the end products [33]. 

Results show that β -galactosidase was purified 

with good yield on cross linked guar-gum by 

affinity chromatography (Table 1, Figure 1).  

 

Estimation of Carbohydrate content: Purified β -

galactosidase shows presence of carbohydrates 

when tested by phenol sulphuric acid method. 

 

Molecular Weight: The purified β -galactosidase 

exhibited little low molecular weight of 23 kD 

respectively on SDS-PAGE as shown in Figure 2. 

Lane 1 represents purified β-Galactosidase while 

Lane 2 shows molecular weight marker 14 to 97 

kD Merck (Eurolab GmbH Darmstadt, Germany).   

T. procumbans calyx protein was also isolated and 

purified by Ramteke and Patil [34] in which the 

protein has been reported to have molecular weight 

of 23kD.  

 

Galactosidase Activity: The purified enzyme 

exhibited both α and β – galactosidase activities 

with α – pNPGal and β – oNPGal. β -galactosidase 

activity was predominant than the α – galactosidase 

activity. Therefore, the enzyme with β -

galactosidase activity was subjected to further 

purification.  Likewise Vigna mungo protein 

exhibited both α and β galactosidase properties 

[35]. Protein from mung beans [36], and Vicia faba 

seeds [37], also showed both types of galactosidase 

activities.  

pH Stability: Generally plant β-galactosidases 

show pH optima in acidic range [36]. In this study 

optimal pH value of β -galactosidase was found to 

be 5.5 (Figure 3). The enzyme activity was lost at 

pH below 4 and above 8 (Figure 2).  This value 

agrees well with literature reports [12, 36]. β-

galactosidases isolated from muskmelon, kiwifruit 

and papaya also seemed to be optimally active at 

acidic pH range [39 - 41]. 

 

Thermal stability and thermal inactivation: The 

hydrolyzing activity of β -galactosidase was 

monitored at the range of 20 to 80 o. The optimum 

temperature of ZOBG was found to be at 37 o 

(Figure 4). Although optimal temperature value of 

other β-galactosidase was reported as 60 o [11, 12, 

36], it was found to be 37 o in the present study. 

The enzyme was optimally active in the 

temperature range of 30-40 o (Fig. 4). Thermal 

stability of enzyme is critically important because 

of industrial application. Similar results were 

obtained by different researchers [11, 12, 36]. 

 

Effect of metal ions: Result presented in figure 5 

show the effect of metal ions on enzyme activity. 

The enzyme was unable to show activity in the 

presence of Cd2+, Hg2+ and Pb2+ions. ZOBG also 

shows similar effects found in thermostable 

glycoprotein of Tridax procumbance Linn [21]. 

 

Determination of kinetic constant: The Line 

weaver–Burk plot is shown in Figure 6. The 

Michaelis– Menten constant Km for the oNPGal 

substrate was estimated to be 1.09 mM, while its 

maximum velocity, Vmax was 0.90 U/ml/m. Km 

value of chick pea β-galactosidase was observed 

before as 1.73 mM while substrate was oNPGal 

[36]. Previously it has been reported that 

purification leads to improving Km values of 

enzyme [42]. X-ray studies of proteinase K showed 

that, increased flexibility of protein caused 

increased access to active site of enzyme [43]. 

Thus, decrease of Km value of enzyme is not 

surprising.  

 

CONCLUSION 

β-Galactosidase was purified from the Zizyphus 

oenoplia by using standard  methods  of 

purification. The recovery of the enzyme appears to 

be good at the end of purification steps as 

compared to other purified plant β-galactosidase. 

Purified ZOGE was stable for several days at +4 o. 

The purified β -galactosidase having wide pH and 

temperature stability makes ZOGE of suitable for 

many industrial applications.  
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Table 1.  Summary of purification of β –galactosidase of Z. oenoplia. 

 

Purification 

step 

Volume (ml) Proteins 

(mg/ml) 

Activity 

U/ml 

Total 

Units 

SAb Purification 

fold  

Yield 

(%)  

Crude extract 

 

Amm. sulphate 

fraction 

Affinity 

chromatography 

Fraction 

100 

 

27 

 

10 

7.6 

 

1.14 

 

0.04 

5120 

 

1280 

 

800 

512000 

 

34560 

 

8000 

673.68 

 

1122.8 

 

20000 

1 

 

1.66 

 

29.71 

100 

 

67.5 

 

16 

 

  SA- Specific Activity 

 

 

 

.  

Figure2. The SDS-

PAGE pattern of β -

galactosidase reveals a 

single band, 

corresponding to the 

molecular weight to be 

23 kD 
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Figure5. Effect of metal ions (0.1M) on activity of β-Galactosidase  

 

 
Control 1: Chelator treated control, 2: Untreated/original activity 

 

 
Figure 6. The Lineweaver–Burk plot. Aliquots of 450 µl of the desired concentrations of o-NPGal were 

incubated with 50 µL of β-galactosidase. The assay was carried out according to the standard assay procedure. 

The values of Km and Vmax were estimated from the double reciprocal plot. 
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