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Abstract

The objective of the study was to characterize the glycomacropeptides (GMP) for its physico-chemical
properties (glycosylation, absorbance pattern in UV region, MW profile and RP-HPLC profile) obtained
from cow and buffalo casein hydrolyzates. Higher sialic acid content was observed in buffalo caseinate
GMP (1.35%) as compared to cow GMP (1.20%). The absorption (OD) pattern in the UV region
demonstrated that GMP measurement between 220 and 250 nm is suitable range. Peptide profile on SDS
PAGE based on the MW and RP-HPLC has confirmed the presence of GMP along with other minor
peptides as impurities for both cow and buffalo caseinate GMP. From the study it can be concluded that
GMP obtained from alcohol precipitation method may contain peptide impurities and require further
purification for its best utilization in other food products.

Keywords: Glycomacropeptides, sialic acid, UV pattern, SDS-PAGE, RP-HPLC

Introduction

Glycomacropeptides (GMP) are bioactive peptides having 64 amino acid residues, which are
found in rennet cheese whey. They are the C-terminal part (f 106-169) of kappa-casein,
released in whey during cheese making by the action of chymosin. GMP constitutes about 20—
25% of total proteins in whey products like whey powder, whey protein isolates (WPI), whey
protein concentrates (WPC), manufactured from cheese whey (Farias et al., 2010; Robitaille,
etal., 2012) %2,

GMP contain a unique amino acid profile which is significantly rich in the Proline, Glutamic
acid, Serine and Threonine but depleted in aromatic amino acids such as Trptophane, Tyrosine,
Phenyl alanine and Cysteine as revealed by Eigel et al. (1984) Bl based on the primary
structure. The heterogeneous carbohydrate chains are the unique characteristics of GMP, not
found in the remaining part (1 to 105) of k -CN. Each of the GMP fractions with different
carbohydrate chains might be responsible for different biological functions (Li and Mine 2004)
41, The 3D structure of GMP through protein modelling demonstrated by Kreub et al. (2009) B!
showed that a large part of the peptide has a strong negative charge, while there are three small
positively charged domains at the N terminus. Presence of sialic acid (glycan) in GMP is a
special feature as compared to other milk derived peptides. Hence, GMP exhibits a different
behaviour in terms of the physico-chemical properties as compared to other sources of proteins
or peptides. Mercier and Chobert (1976) ! illustrated that 16% variation in the buffalo GMP
and cow GMP variant A, based on the primary structure.

In the current years, several biological functions of GMP have been exploited viz. binding of
enterotoxins, inhibit bacterial and viral adhesions, modulation in immune system and
promoting growth of probiotic cultures (Brody, 2000; Thoma-Worringer et al., 2006) [": 8. The
unique amino acid profile and techno-functional along with biological properties encouraged
its application as an ingredient for nutrition management, infant formulations, therapeutic and
neutraceutical foods (Nakajima et al, 2005; LaClair et al., 2009) [ 1%, Hence, researchers have
developed a number of protocols for isolation of GMP from cheese whey has been reported.
Saito et al. (1991) 'Y and Berrocal and Neeser (1993) 14 jsolated GMP from sweet cheese
whey by alcohol precipitation and ion exchange chromatography after heat coagulation of
whey protein.
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Li and Mine (2004) M isolated GMP from WPI by TCA to
study chromatographic profile whereas Fukuda et al. (2004)
(13 ysed 12% TCA to precipitate GMP in milk. Different
commercial methods have been described for the isolation of
GMP by means of ultrafiltration (Minkiewicz et al., 1996;
Nakano and Ozimek, 2002) [ 51 based on differences in the
MW; using micro filtration (MF) and dia filtration (DF).
Thoma-Worringer and Kulozik (2004) 11 concentrated the
whey permeate containing GMP using UF membrane and
detected GMP by RP —HPLC. Several research carried out to
purify GMP using cation exchange chromatography,
ultrafiltration / diafiltration, and lyophilization at the pilot
plant scale to decrease Phenylalanine for Phenylketonuria
patients (LaClair et al., 2009) %, Nakano and Ozimek (2000)
171 purified GMP from chymosin-hydrolyzed caseinate
solution by the procedure involving gel chromatography on
Sephacryl S-200 at pH 7.0.

The present study focuses on to produce GMP at laboratory
level, sodium caseinate from cow and buffalo skim milk were
used as a starting material so that GMP would contain less
residual impurities of fat, lactose and whey proteins. As on
now, there is no literature available regarding isolation of
GMP from buffalo milk caseins and their characterization.
GMP was produced by hydrolyzing cow and buffalo sodium
caseinates using chymosin enzyme and extracted by ethyl
alcohol precipitation method to characterize for its physico-
chemical properties.

Materials and methods

Whole cow milk from Dairy Farm, Veterinary College,
Bengaluru and buffalo milk procured from local dairy farms
was used for the study.

Skim milk preparation: Cow and buffalo milk were
subjected to centrifugation (Ultracentrifuge; JOURAN BR4)
under cold conditions (10°C) at 3000 rpm for 10 min. Skim
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milk was separated by pouring into the container carefully, by
piercing the top cream layer in the tube.

Sodium caseinate preparation: Acid casein (wet) was
prepared by adjusting the pH of skim milk to 4.6 with 10%
HCI at 38°C, casein and whey were separated by filtration.
Casein was washed with acidic chilled water (pH 4.0, 10°C)
two times and then with normal deionized water (pH 7.0) at
room temperature. Sodium caseinate was prepared by
dissolving acid casein in 0.5% NaOH solution at 65°C by
adjusting the pH to 7.0 and freeze dried.

Chymosin enzyme: Microbial source Chymosin (rennet)
enzyme with activity of 2 g per 100 kg of cheese milk was
obtained from Chr. Hansen Laboratories, Copenhagen,
Denmark.

Protein Molecular Weight Marker (Low Range): For SDS
Gel Electrophoresis with a MW range of 3,500-45,000 D was
purchased from Aristogene Biosciences Pvt. Ltd., Bengaluru.

Standard Glycomacropeptide (GMP): Commercial spray
dried GMP (90% purity) isolated from cheese whey, a kind
gift from AGROPUR Ingredients, Minnesota.

Production of GMP: GMP was produced in the laboratory
by hydrolysing the sodium caseinate using chymosin enzyme
and precipitating by ethyl alcohol by adopting the method
followed by Pushpa et al., 2018 [*8],

Sialic acid content analysis: Sialic acid content reflects the
extent of glycosylation, was estimated by the acidic ninhydrin
method (Fukuda et al., 2004) 31, Colour development was
measured at 470 nm and concentration (ug /ml) of the
unknown sample (GMP) was read on sialic acid standard
curve as delineated in the Fig.1.

0.90

0.80

0.20 /
0.10

0.00 /

0 50 100

Concentration of Sialic acid (ng/ml)

150 200 250 300

Fig 1: Standard curve for determination of sialic acid content

UV Characterization
GMP solutions (10-100 pwg / ml) were prepared in 0.1 M
phosphate buffer solution (pH -7.0) and filtered through 0.45

um pore size filter. The absorbance of GMP solution (0.05
mg/ml; w/v) at different wavelengths between 205-280nm
were  measured using UV-VIS  spectrophotometer
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(SECOMAM). The absorbance values recorded were plotted
against wavelength and maximum absorbance was noted for
particular GMP dilution.

Molecular Weight analysis

SDS —-PAGE was carried out to check the purity of GMP
obtained from cow and buffalo skim milk casein hydrolysates.
Gels with 4 and 15% wi/v acrylamide were prepared for
stacking and resolving respectively were prepared. Mini
Protean 11l BIO-RAD electrophoretic apparatus (Bio —Rad
Pacific Limited, Quarry Bay, Hongkong) was used to carry
out the electrophoresis according to the procedure given by
Sambrook et al. (2012) [ with slight modification.

RP HPLC analysis

RP-HPLC was performed for GMP from cow and buffalo
casein to its purity and to characterize peptides. GMP were
analysed by UFLC (Ultra flow Liquid chromatography)
system (SHIMADZU, Japan) by adapting the procedure
followed by Molle and Leonil (2005) 21, RP-HPLC system
equipped with a prime sphere C-18 column (Luna® omega, 3
um PSC 18, 100 A°) fitted with guard column (3.2 X 30 mm).
The system consists of a CTO-10ASVP a system controller,
SIC-10 A auto injector, a SPD-M 20 A detector (PDA-photo
diode array) and two LC-20 AD pumps, all integrated with a
data manipulation system. GMP samples of 10 mg from cow
and buffalo caseinate and standard sample were dissolved in
10 ml of HPLC water along with 40 p | of TFA. The solution
was then filtered through 0.22 pm sterile syringe filters
(AXIVA); 2.5 mm the filtrate was collected in a clean dry test
tube. The solvent A (0.106% (v/v) Trifluoroacetic acid -TFA)
and solvent B (0.1% (v/v) TFA in acetonitrile HPLC water;
80:20) was prepared in HPLC grade water. The column was
initially equilibrated with 20% of solvent B. Samples were
applied to the column and eluted by a linear gradient of
solvent B performed as follows: 0-3 min, 20%; 3-25 min, 20-
55%; 25-28 min, 55-80%; then the column was held at 80%
for 3 min. The flow rate was set to 1 ml / min for detection
time for 30 min at 280 nm absorbance. The graph obtained
was analysed for number on peaks, retention time and area of
the peak comparing with standard GMP.

Statistical analysis: The results are the average of three or
five replications and were statistically analyzed by subjecting
to statistical analysis using R Programme, R - Version 3.4.3.

Results and discussion

Sialic acid content in GMP

The results of sialic acid content in GMP obtained from cow
and buffalo caseinate showed a significant difference
(P=<0.05) with higher sialic acid content in buffalo GMP
(1.35%,w/w) as compared to cow GMP (1.20%). However,
the sialic content in both the samples were very less when
compared to pure form of GMP isolated and purified by
several workers by adopting advanced methods of isolation
and purification. Method of extraction has an influence on the
glycosylation of GMP as studied by Li and Mine (2004) &,
who isolated GMP by alcohol precipitation method has shown
GMP with 75.70% glycosylation as compared to UF
separation (81.60%). On the contrary, Nakona and Ozimek
(2002) 131 and Laclair et al. (2009) 19 noted that GMP
obtained from cheese whey by adopting membrane filtration
and ion exchange chromatography resulted with sialic acid
content of more than 10% while, Fernando and Woonton
(2010) 1 obtained sialic acid content in the range of 5-11.3%
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in GMP isolated from cow cheese whey by liquid
chromatography.

UV absorbance pattern of GMP

The absorbance readings taken in the UV range (205-280 nm)
for different sources of protein such as WPC, cow and buffalo
caseinate, GMP from cow and buffalo caseinate are depicted
in the Table 1. The absorbance values at 205 nm were
observed to be higher > 1.5 OD for all protein sources except
WPC (< 1.0 OD). The values at 205 nm were 0.630, 1.742,
2.022, 1.637 and 2.040 for WPC, cow casein, buffalo casein,
GMP from cow casein and GMP from buffalo casein,
respectively as compared to absorbance at 280 nm was 0.052,
0.086, 0.077, 0.037 and 0.035, respectively for the above
samples. However, the extent of difference in absorption
between 220 and 250 nm (< 1.0 OD) was found to be non-
significant indicating the suitable range of wavelength which
can be used for measuring the absorbance values for GMP. A
significant difference between the absorbance values of
different protein sources and UV wavelengths were observed.
The results of the present study was in agreement with the
Oliva et al. (2002) ?2 who revealed that 205-226 nm was
ideal for detection of GMP and differences in 210 and 280 nm
were frequently used to characterize GMP in HPLC studies.
Molle and Leonil (2005) 2° and Bonnaille et al. (2014) 2
have characterized GMP for non- glycosylated and
glycosylated peptides by RP-HPLC method at 214 nm while
Thoma-worringer et al. (2006) ! taken readings in their work
at 226 nm for GMP.

Table 1: Absorbance pattern of type of protein sources at UV region

UV range (nm)

. CD
Source of protein 205 220 250 280 (P<0.05)
Absorbance (OD)
WPC 0.630°4|0.360°8|0.135°¢|0.0522C|  0.09

Cow caseinate 1.7423A|0.935%8|0.80728( 0.0862C | 0.28
Buffalo caseinate  [2.0222A|1.06228|0.83528|0.077°C| 0.29
Cow caseinate GMP  |1.63724|0.82025(0.64228|0.0372¢| 0.35
Buffalo caseinate GMP |2.04024|0.99528|0.6702C|0.0352| 0.30

CD
(P<0.05) 029 | 029 | 0.37 | 0.30

Note

= Average of 5 trails

= Similar superscripts indicate NS at the corresponding CD

= Superscripts: Small letter signifies the wavelength Capital letter
signifies the sources of protein

Molecular weight profile of GMP

The molecular weight profile of GMP from cow and buffalo
caseinates are delineated in Plate 1 against Protein Marker of
MW range from 3,500 to 45,000 D. It is evident from the
results that peptide band was observed slightly above the
6,500 D region for both cow and buffalo GMP indicating the
presence of GMP in the sample, probably in monomer state.
Two more major bands, one in the region between 14,300 and
18,400 D and other at 3,500 D region was observed in both
cow and buffalo casein GMP samples. The presence of 2 or 3
peptides additional to GMP peptide indicates the low purity of
sample and it may require some purification processes like
chromatography techniques and ultra-filtration. The behaviour
of GMP in aggregated form having higher MW peptides at
different pH values was observed by many workers
(Kawasaki et al., 1993; Galindo-Amaya et al., 2006; Rojas
and Torres, 2013) 4 25 261, They also illustrated existence of
GMP in dimers (14 kD), trimers (21 kD) or oligomers (upto
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30 kD) by association of monomers, as a function of pH. The
studies of Farias et al., (2010) ™M reported that GMP existed in
associated forms (23 -28 kD) in alkaline pH and partial
dissociation could be possible in acidic pH.

R 45,000 D
" e—— 20000D
18,400 D
14,300 D
6,500 D
3,500 D
—

BCG CCG PMWN
@ m @

Plate 1: Molecular weight profile of Glycomacropeptides (GMP) by
SDS-PAGE (a) BCG - Buffalo caseinate GMP (b) CCG - Cow
caseinate GMP (c) PMWM - Protein Molecular Weight Marker
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Characterization of GMP by RP-HPLC

The RP-HPLC profile was carried out for the GMP obtained
from cow and buffalo caseinate in comparison with the
standard GMP with 90% purity. The peptides were
characterized based on their relative retention time, area;
height and concentration (% area) of the peak are presented in
Table 2 and Fig. 2. It is evident from the results that the peak
retention time of GMP from cow and buffalo caseinate was
8.67 and 8.63 min as against standard GMP (8.35 min). The
peak retention time of the peptides is directly related to the
polar nature of the peptides (i.e. hydrophilic peptides) and
slightly higher retention time for cow and buffalo GMP was
observed as compared to the standard GMP. Other 7-8 smaller
peaks were observed between the retention time of 2-4 min,
12-14 min and 17 min in case of cow and buffalo GMP
indicate the probable impurities. Table values revealed that
the standard GMP showed higher values of peak area, height
and concentration. The concentration in terms of area% for
standard GMP, cow caseinate GMP and buffalo caseinate
GMP were 23.42, 10.00 and 9.75, respectively. It can be
concluded from the results that the cow and buffalo caseinate
GMP were having lesser purity (44 and 42%, respectively) as
compared to the standard GMP taking it as 100% purity for
calculation purpose. Statistical analysis has shown a non-
significant difference in the area, height and concentration
between cow and buffalo caseinate GMP but, standard GMP
has shown significant difference (P<0.05) with other two
samples. The results obtained in the present investigation are
in line with the findings of Bonnaillie et al. (2014) 23 who
reported that GMP was eluted from C-18 column between
3.7- 4 min with the peak area of 16.5 (x10°) for 31.7%
purified GMP and 40.7 (x10°) for 58.7% purified GMP.
Elution of GMP on C-18 column with a retention time of less
than 10 min was reported by many workers (Liske et al.,
2004; Fukuda et al., 2004) 27231,

Table 2: RP - HPLC profile pattern of different sources of Glycomacropeptides

Retention time Area Height Concentration .
Source of GMP (min) 109 | 1%_5) (Area %) Purity (%)
Standard GMP 8.35 27.10° 13.00? 23.42°2 100
Cow caseinate GMP 8.67 11.90° 10.00° 10.00° 44
Buffalo caseinate GMP 8.63 11.40° 9.20° 9.75° 42
CD (P<0.05) - 0.89 0.04 0.26 -

Note:
Standard GMP: AGROPUR Ingredients, Minnesota.
Similar superscripts indicate NS at the corresponding CD

mAU
P80nmdnm (1.00)/smith

Cow caseinate GMP
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Fig 2: RP - HPLC profile pattern of different sources of glycomacropeptides (GMP)

Conclusion

The results of the study revealed that isolation of GMP by
alcohol precipitation method had a greater influence on the
extent of glycosylation (sialic acid content). RP-HPLC and
SDS-PAGE indicated lower purity of GMP possessing other
peptides of varying MW. Hence, advance purification or
separation techniques must be adopted (chromatography and
ultra-filtration) to obtain GMP with highest purity level.
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