Simple Purification Method for Beta-Lactoglobulin from Buffalo Milk
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ABSTRACT
It has been observed that 82 percent of milk allergic patients are sensitive to beta-lactoglobulin (β-lg), a major milk protein that accounts for approximately 10 to 15 percent of total milk proteins.  The modification of β-lg is considered as a promising venture to mitigate milk allergy. With the aim of standardizing a convenient method for isolation and purification of β-lg in almost pure form from buffalo milk, the present study was designed to keep its antigenicity intact, so that, the purified β-lg can be used to detect buffalo milk protein intolerance. Raw milk was collected from Murrah breed of buffalo from Haringhata Farm (West Bengal) and converted to skimmed milk by removing fat globules. Casein protein was removed by acidification to pH 4.6 by adding 3 M HCl. The β-lg was isolated by gel filtration chromatography using Sephacryl S-200 from supernatant whey protein fraction. Further, β-lg was purified by anion-exchange chromatography using DEAE-Sepharose. Molecular weight of the purified buffalo β-lg was 18.05 kDa as assessed by  gel documentation system using standard molecular weight marker (range 14.3 to 97.4 kDa) in 15 percent one-dimensional SDS-PAGE. The isolated β-lg was almost in pure form as the molecular weight of purified β-lg monomer is 18kDa. The study revealed a simple and suitable method for isolation of β-lg from whey protein in pure form that might be exploited for any basic and applied study related to buffalo milk protein intolerance.
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The whey proteins in bovine milk consist of β-lactoglobulin (β-lg), α-lactalbumin (α-LA), bovine serum albumin (BSA), immunoglobulins (Ig), and others. Whey is widely used as a food ingredient and as an additive to improve the texture and quality of food. The biological functions of β-lactoglobulin is still not known; it could have a role in metabolism of phosphate in the mammary gland and the transport of retinol and fatty acids in the gut (Hill et al., 1997), since its three-dimensional structure is essentially similar to that of human retinol-binding protein in serum (Papiz et al., 1986). The complete amino acid sequence of β-lg has been reported and genetic variation in amino acids sequence has been identified (Creamer et al., 1983). Eleven genetic variants which encode different forms of the β-lg protein have been discovered, thus influencing the quality of the milk: A, B, C, D, E, F, G, H, I, J and W. Variant A and B are of the highest interest since they are associated with milk production performance, its quality and processing. The AA genotype of β-lg has a favorable effect on milk and protein production, and the BB genotype has a favorable effect on fat content (Ikonen et al., 1999).
β-lactoglobulin seems to be quite resistant to gastric digestion in vivo and apparently remains mostly intact after it passes through the stomach (Yvon et al., 1984). Better understanding of the underlying mechanisms of food hypersensitivity reactions has always necessitated studying antigenic and molecular characteristics of food antigens. To do this, it is important to have the antigens in the pure form. Having these antigens, on the other hand, will allow us to determine specific antibodies. The present study was undertaken with the objectives to standardize a suitable and simple procedure of purification of β-lactoglobulin from buffalo milk. 

Fresh raw milk, after collection, was filtrated through multilayer gauze in order to remove impurities. Then the milk was centrifuged at 3000g for 30 min at 4ºC and the top fat layer was removed by a spatula. The skimmed milk was acidified to pH 4.6 by adding 3 M HCl slowly (Hahn et al., 1998; Vyas et al., 2002). Furthermore, the solution was incubated for 30 min at 40ºC and caseins were removed by centrifugation at 8000g for 15 min at 4ºC and the supernatant was poured over glass wool. The pH of the acidic whey fraction was raised to pH 7.2 with 1N NaOH, and the material was subsequently centrifuged for 15 min at 10ºC at 8000g. The supernatant was filtered and this material is referred to as whey protein fraction (WPF). The total concentration of buffalo whey protein was determined by Lowry’s method (Lowry et al., 1951) and kept in aliquots at -20ºC until used. 

Sephacryl S-200 (Sigma-Aldrich, USA.) was degassed and packed into the column (43.0 cm X 2.0 cm) to isolate β-lactoglobulin from buffalo whey protein fraction (Yoshida, 1990). The matrix was equilibrated with 0.02 M phosphate buffer, pH 6.8 (Kinekawa and Kitabatake, 1996) and the sample containing 14.0 mg of protein was loaded. The elution was carried out with equilibrating buffer by using 3ml of fraction at a flow rate of 0.20 ml/min with 0.02 M phosphate buffer, pH 6.8. The absorbance of the fractions was monitored by taking the absorbance at 280 nm in a UV/VIS spectrophotometer (Tech Comp, Korea). The absorbance values were plotted against fraction number. Protein fractions of peak A (test tube no. 27, 28, 29, 30, 31) and peak B (test tube no. 36, 37, 38, 39) were pooled and concentrated. The protein concentration of the pooled sample was determined (Lowry et al., 1951). The concentrated pooled sample was then preserved at –200C in aliquots for further use.
Anion-exchange chromatography was performed on DEAE- Sepharose gel packed in a column (13 cm X 1.5 cm). The loading buffer, equilibrating buffer and elution buffer were as follows: 0.02 M phosphate buffer, pH 6.8; 0.02 M phosphate buffer, pH 6.8; 0.02 M phosphate buffer containing 0- 0.5 M NaCl, pH 6.8, respectively. The matrix was equilibrated with equilibrating buffer, and the sample collected after gel filtration of buffalo whey protein fraction was loaded containing 6.80 mg of protein, pH 6.8. The bound proteins were eluted at a linear gradient by using elution buffer with flow-rate and fraction volume being 0.30 ml/min and 3 ml, respectively. Protein fractions of peak A at 0.2 M NaCl (test tube no. 10, 11) and peak B at 0.3 M NaCl (test tube no. 23, 24) were pooled and concentrated. Finally, the concentration of the target protein of the eluted sample was determined (Lowry et al., 1951) and preserved at –200C in aliquots for further use. Purity of protein preparation was checked by one-dimensional 15% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) in vertical slab gel electrophoresis chamber (AE-6200) along with power supply (ATTO Corporation, Japan) according to the method described by Laemmli (1970), with some modification under denaturing and reducing condition. Molecular weights of purified samples were analyzed by Gel Documentation System (Bio-Rad) using medium range protein markers (PMW–M, GENEI) after staining with Coomassie brilliant blue R250 (Sigma, USA).
The total concentration of buffalo whey proteins, determined by Lowry’s method (Lowry et al., 1951), was about 7.0 mg/ml. The SDS-PAGE analysis of whey protein fraction (Fig. 1) isolated from buffalo milk showed similar pattern of migration with 6 major bands after staining with Coomassie brilliant blue R250. The β-lg from buffalo whey protein fraction was isolated by gel filtration chromatography using Sephacryl S-200 and the protein concentration was 3.40 mg/ml. The results demonstrated that buffalo β-lg could be separated well from whey proteins (Fig. 2). Several methods for isolation of β-lg from whey have been reported, but most of them were expensive and did not give high yields. Among the methods frequently used to separate it from whey are precipitation at low pH (Konrad et al., 2000), peptic hydrolysis followed by selective membrane filtration (Konrad et al., 2000), chromatographic methods (Schlatterer et al., 2004; Ye et al., 2000), separation by ion-exchange chromatography (Skudder, 1985; Kristiansen et al., 1998). 

Purification of β-lg from gel filtrated samples of buffalo whey protein was done by anion-exchange chromatography on DEAE- Sepharose. The concentration of the target protein of the eluted sample was 3.50 mg/ml. Purity of protein preparation was checked by 15% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and a single band of purified buffalo β-lg was found (Fig. 3). The purified β-lg samples from buffalo origin were analyzed by  Gel Documentation system (Bio-Rad) using standard molecular weight marker (range 14.3 to 97.4 kDa) in 15% one-dimensional SDS-PAGE. It was observed that the molecular weight of buffalo β-lg was 18.05 kDa (Fig. 3). The present finding corroborates earlier report of de Jongh and others where MALDI-TOF spectrum of the purified bovine β-lg clearly identified A and B types with molecular masses of 18.371 kDa and 18.284 kDa, respectively (de Jongh et al., 2001). Earlier, electrophoretic analysis of purified cattle β-lg was performed in SDS-PAGE; the molecular weights were estimated at 34,000 Da for β-lg dimmer and 16,000 Da for β-lg monomer (Yoshida, 1990). In contrast, the molecular weight of β-lg isolated by saturated ammonium sulfate precipitation and purified by preparative scale gel filtration was found to be 18,400 Da by SDS-PAGE analysis and 36,800 Da by fplc-GF analysis (Apenten et al., 2002). 
In the present study, β-lg could be isolated in almost pure form (seen as a single band in gel). This is quite interesting, because for any basic or applied study pertaining to such bio-molecule warrants purity of the starting material. As such these simple steps encompassing column chromatographic techniques might be a useful means in getting lactoglobulin molecule in pure form that might be modulated in the next step to mitigate buffalo milk protein intolerance.

In short, the study revealed a simple and suitable method for isolation of β-lg from whey protein in pure form that might be exploited for any basic and applied study related to buffalo milk protein intolerance.
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Fig.1. SDS-PAGE (15% gel) analysis of whey protein fraction from buffalo milk
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Fig.2. SDS-PAGE (15% gel) of different fractions obtained after gel filtration chromatography using Sephacryl S-200 of buffalo whey protein
L-1: Standard molecular weight marker  
L-2: Peak A 
L-3: Peak B
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Fig.  3. Analysis of purified buffalo β-lactoglobulin (15% SDS-PAGE) by gel documentation system after anion-exchange chromatography using DEAE-Sepharose 
L-1: Standard molecular weight marker 
L-2: Purified buffalo β-lactoglobulin
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