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Abstract  

Endoglycosidases are enzymes with the ability to cleave certain N-and O- linked glycans 

attached to glycoproteins. The biochemical structure of some erythrocyte glycoproteins 

attached carbohydrate chains are not elucidate yet. The aim of this study is to investigate the 

effects of different endoglycosidases on three purified erythrocyte glycoproteins, CD147, 

CD47 and CD44, which will also provide clues about the structure of their N-linked glycans. 

Peptide-N-glycosidase F (PNGaseF), Endo-β-N-acetylglucosaminidase F1 (EndoF1), endo-β-

N-acetylglucosaminidase H (EndoH) or Endo-β-galactosidase (Endoβ) was used to digest the 

glycoproteins purified by antibody high-affinity chromatography, and the results were 

analysed by sodium dodecyl sulfate polyacrylamide gel electrophoresis. CD147, CD47 and 

CD44 were purified effectively by BRIC235, BRIC126 and MA103, respectively. PNGaseF 

caused a significant variation in the electrophoretic mobility of the glycoproteins, while no 

remarkable effects of Endoβ were detected. EndoH caused a reduction in the molecular 

weight of CD47 and CD44, although it did not appear to cleave all the glycans. In contrast, 

EndoH cleaved almost all glycans from CD147. Our results indicate that most of the N-linked 

glycans of CD147 and CD47 are high-mannose and hybrid types. The findings suggest that a 

significant amount of CD44 N-glycans are from complex oligosaccharides. 

Keywords:  CD44; CD47; CD147; endoglycosidase; N-glycan, erythrocyte.  

Introduction 

Glycosylation is the most common post-translation protein modification, which indicates its 

importance in protein structure and function. Although not all roles of glycosylation and their 

effects on biological functions of proteins have been elucidated, glycosylation has been found 

to contribute to a number of biological functions such as protein stability, folding, the cell 

surface expression of several proteins, and protection against proteolytic degradation [1–3]. 

The main types of oligosaccharide moieties attached to proteins are N- and O-linked glycans. 

Around 90% of well-characterized glycoproteins carry the N-linked carbohydrate structure 

alone or with O-glycan [4]. 
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The erythrocyte plasma membrane is a unique structure with diverse antigenic and 

functional characteristics. The surface of erythrocytes is dominated by integral proteins and 

glycoproteins, whose molecular mass may comprise up to 85% carbohydrates [5]. 

Carbohydrates undergo some modifications associated with abnormal erythropoiesis, [6] and 

there is a loss in carbohydrate content as red blood cells (RBC) age [7]. Glycosylation also 

plays a role in the antigenic diversity of RBC, as some antigens are carbohydrate in nature.   

Endoglycosidase enzymes have been used widely to study the biostructure of glycoproteins, 

investigate the composition of oligosaccharide chains and examine antigenic determinants on 

glycoproteins or glycolipids. They have also been used to estimate the number of N-glycans 

on glycoproteins [8]. These enzymes have the ability to cleave glyosidic bonds at different 

positions, releasing oligosaccharides partly or entirely from glycoproteins and glycolipids. 

PNGaseF, for example, removes intact N-linked glycans from glycoproteins by cleaving the 

β-aspartyl-glucosamine bond between the innermost GlcNAc and Asn residues of 

glycosylated proteins [9]. Endoβ removes poly-N-acetyllactosamine structures from glycans. 

It cleaves the β-(1, 4) galactose linkage in GlcNAc β-(1, 3)-Gal β-(1, 4) structures [10]. 

Effects of endoglycosidase have been studied on intact and purified erythrocyte 

glycoproteins. Using Endo-β-N-acetylglucosaminidase F preparation or Endoβ on intact 

erythrocyte membranes demonstrates that the Rh molecule is not glycosylated, while cluster 

of differentiation (CD) 242 carries N-glycans [11]. Also, Tanner et al.[12] showed that 

treating intact erythrocytes with these two enzymes, alone or in combination, has various 

effects on N-glycans of the major erythrocyte glycoproteins. The study found that EndoF 

alone effectively cleaves glycans on Duffy, and the combined enzymes can cleave Band 3 N-

glycans efficiently. Also it has been shown that purified glucose transporter glycoprotein is 

susceptible to EndoF [13,14].  

Research on glycosylation of erythrocyte glycoproteins has not yet elucidated the 

biochemical nature of most of these carbohydrates. This study aimed to investigate the effects 

of different deglycosylated enzymes on purified erythrocyte glycoproteins CD44, CD47 and 

CD147, by detecting the change in migration on sodium dodecyl sulfate (SDS) gels, giving 

insight into the glycosylation characteristics of these molecules. The present study examined 

the effects of a number of endoglycosidases (PNGaseF, EndoF1, EndoH and Endoβ), alone 

and in combination, on these purified erythrocyte glycoproteins, interpreting them together in 

a single work. The different effects of these enzymes give clues about the glycoproteins’ 

types of N-linked glycans.  

Materials and Methods  

All chemicals and enzymes were obtained from Sigma (Poole, Dorset, UK), unless 

otherwise stated. 
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Ethics statement 

Ethical approval was not required as the blood samples used were from anonymous donors 

that were provided with written informed consent for research use, in accordance with both 

the Declaration of Helsinki and the policy of the National Health Service Blood and 

Transplant.   

Antibodies 

For protein purification. 

The monoclonal antibodies (mAbs) BRIC235 (IgG2b) to CD44 and BRIC126 to 

CD47 were obtained and purified from the International Blood Group Reference 

Laboratory (IBGRL) Research Products, Bristol, UK. CD147 clone MA103 (ascetic 

fluid) (gift from Dr. J. Mattes, Bristol, UK) was purified by adsorption to and elution 

from Protein A sepharose (PAS) beads (GE healthcare, Buckinghamshire, UK).  

For analysing on SDS-PAGE.  

KZ-1 (IgG1) and BRIC222 (IgG1) (IBGRL Research Products, Bristol, UK) were used for 

CD44. Rabbit antibodies Out-1 (in-house) was used to CD47. For CD147, biotinylated anti-

CD147 (R&D system, Abingdon, UK) was used. Anti-mouse (IgG1) and anti-human (IgG) 

(Jackson ImmunoResearch Laboratories, West Grove, USA) were used as secondary 

antibodies for western blot analysis.  

Proteins purification 

Crosslinking mAbs to PAS 

The method for antibody coupling to PAS was adapted from Moser et al. [15]. BRIC235, 

BRIC126 and MA103 (mAb to CD44, CD47 and CD147, respectively) were concentrated in 

phosphate buffer saline (PBS), pH7.4. PAS (GE healthcare) slurry was washed three times in 

nine volumes per-wash of either PBS or high salt buffer and then incubated overnight at 4
o
C 

with mixing. They were centrifuged for five minutes at 196g and 4
o
C. Then, the antibodies 

were added to the beads and three volumes of fresh coupling buffers were also added. They 

were incubated at 4
o
C overnight with mixing. The beads were pelleted as above, and the 

supernatants were removed. A sample was reserved from each tube to estimate the amount of 

Abs left pre-coupling by measuring the optical density (OD) of the supernatant as described 

below. The beads then were washed two times in 10 volumes of borate buffer (0.15M NaB4, 

pH 9.0). The beads were incubated in 10 volumes of the buffer with 20mM dimethyl 

pimelimidate (DMP) for one hour at room temperature (R/T). Beads were centrifuged, 

supernatants were aspirated and were then washed once with 0.2M ethanolamine, pH 8.0. 

Beads were then incubated for two hours at R/T in 10 volumes of ethanolamine. The beads 

were pelleted, supernatant aspirated, washed once in PBS 0.1% NaN3 and stored at 4
0
C. 
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Aliquots of 50% (v/v) PAS slurry were removed before and after the DMP step. An equal 

volume of the sample buffer (5% of 20% SDS [Severn Biotech Ltd., Worcestershire, UK], 

5mM EDTA, 20mM Tris, 10% glycerol, 0.1mg/ml bromophenol blue, 0.1mg/ml pyronin Y, 

2mM phenylmethylsulfonyl fluoride [PMSF], 1% complete, pH 8.0) was added. Samples 

were incubated at 95
o
C for two minutes, centrifuged at 350g for minutes at R/T, removed 

from the beads and stored at -80
o
C. 

The OD of supernatant removed post PAS absorption was performed at OD280nm on M550 

Double Beam Scanning UV-Visible spectrophotometer (Camspec, Leeds, UK)  against the 

relevant buffer blank (PBS or high salt buffer). The remaining antibodies was calculated by 

using the formula: 
     

           (     )
               in μl. 

Checking the efficiency of antibody crosslinking. The samples taken pre- and post-coupling 

were separated on 12.5% SDS-polyacrylamide gel under non-reducing conditions (as 

described later in the SDS-PAGE and blotting section), together with Mwt markers (SDS-7). 

Then the gels were stained in a solution of 0.1% Coomassie Blue (50% (v/v) MeOH, 5% (v/v) 

glacial acetic acid) for 30 minutes with mixing, then de-stained with 0.06% MeOH, 0.04% 

glacial acetic acid. Images were recorded by HP Scanjet 8300 (HP, California, US). 

Preclearing the columns. The prepared columns were centrifuged for five minutes at 196g 

and 4
o
C and supernatants were removed. Beads were washed twice with 0.1 glycine, pH2 to 

remove fragment light chains that were not coupled to heavy chains, as they may interfere 

with the results of the western blot analysis. After the preclearing, the columns were washed 

twice with PBS to return the pH to 7.4 before being stored at 4
0
C. 

Preparation of erythrocyte membranes 

The method of preparing RBC membranes was adapted from Dodge et al. [16]. All 

equipment was chilled, and reagents were kept on ice during the preparation. The two EDTA-

blood samples (National Health Service Blood and Transplant, Bristol, UK) were centrifuged 

for five minutes at 3500rpm and supernatants were aspirated. The packed cells were washed 

thrice with PBS/100mM phenylmethylsulfonyl fluoride (PMSF) with 1% complete protease 

inhibitor cocktail with ethylenediaminetetraacetic acid (EDTA) (Complete Roche, Mannheim, 

Germany). Then 5mM NaP/100mM PMSF was added, and the samples were kept on ice for 

two minutes. Cells were centrifuged at 35,000g for 10 minutes at 4
o
C, the supernatant was 

aspirated, and the membranes were stored at -80
o
C. 

Proteins purification from solubilized membranes on antibody cross-linked columns 

Membranes were thawed at 4
o
C then mixed with three volumes of solubilisation buffer (SB) 

(PBS containing 2% [w/v] Triton X-100, 2.5mM EDTA, 2mM PMSF, 1:100 complete) for 30 

minutes and then centrifuged for 15 minutes at 50,000g and 4
o
C, to remove insoluble 

cytoskeletal proteins. Supernatants were incubated with 500μl PAS (pre-washed in SB) for 

one hour and then centrifuged for five minutes at 196g and 4
o
C. Supernatants were incubated 
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with antibody cross-linked PAS for 15 hours at 4
o
C, and supernatant were harvested for 

successive incubation with other cross-linked PAS. 

Proteins elution. After each incubation with the membrane lysates, cross-linked PAS were 

pelleted, washed thrice as above in SB, then eluted into 6–8 successive aliquots of 500μl of 

0.1M glycine, 0.5%CHAPS, 2mM PMSF, 2mM complete, pH3.0. The pH was corrected to 

pH7.4 by the addition of 25μl aliquots of 0.5Mtris. A 10μl aliquot of each eluate fraction was 

solubilised in an equal volume of a non-reduced sample buffer. Each column was used to 

extract protein from the two RBC membrane lots. All aliquots of eluted proteins from each 

cross-linked column were pooled and concentrated by centrifuge on Centricon. For 

controlling the proteins purification, a 10μl sample was taken from each protein fraction, 

mixed with an equal volume of the SDS sample buffer with 4% (v/v) 2-mercaptoethanol. 

Then the samples were analysed as described in the SDDS-PAGE and blotting section.  

Treatment of proteins with endoglycosidases 

Endoglycosidases 

The following enzymes were used either alone or in combination: EndoH (Calbiochem, 

Germany), Endoβ and EndoF1. The digestion of EndoH, EndoF1 and Endoβ was in a pH6.1 

buffer (2mM Na2HPO4.2H2O, 100mM Na2EDTA and 2% 2-mercaptoethanol corrected with 

2mM NaH2PO4.H2O, 100mM Na2EDTA and 2% 2-mercaptoethano). PNGaseF was also 

used and the digestion of the enzyme was in PBS at pH7.4.  

CD44, CD47 and CD147 digestion 

Each of the concentrated proteins were divided into 10 aliquots of 10μl and an equal volume 

pH6.1 buffer (8 aliquots) or pH7.4 buffer (2 aliquots) was added. Endoglycosidases were 

added to appropriate aliquots: Endo-H=10mU/aliquot; Endo-β= 83.3mU/aliquot; 

EndoF1=10mU/aliquot; PNGaseF=3μl/aliquot. Proteins were incubated for 18 hours at 37
o
C. 

Samples were solubilised in an appropriate volume of X2 concentrated sample buffer and 

stored at -80
o
C. Each glycoprotein was digested one time and the results were reported.   

SDS-PAGE and blotting 

Gels of 10%  (reduced and non-reduced) polyacrylamide gels (acrylamide/bisacrylamide 

ratio 37.5:1) with 3% stack gel (acrylamide/bisacrylamide ratio 19:1) were run on the 

samples. Molecular weight (Mwt)  markers- Novex®Sharp Pre-Stained Protein Standard and 

Magic Make XP western standard (Life technology, Carlsbad, USA) (mix), RBC membranes 

and proteins were electrophoresed in the gels by using Bio-Rad Mini Protein Tetra System 

(Bio-Rad) of 20mA/gel for approximately 90 minutes. Gels were blotted with Immobilon-P 

polyvinylidene difluoride (PVDF) (Millipore, Massachusetts, US) membranes under semidry 

conditions at 60mA per-minigel on Trans-blot SD Semi-dry Transfer Cell (Bio-Rad) for one 

hour using 10% Tris-glycine-SDS buffer (25mM Tris, 192mM glycine, 0.1% [20% solution] 
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SDS). Membranes were blocked with 5% bovine serum albumin (BSA) in PBS and 0.08% 

Tween-20 (PBS-T) for one hour minimum. Membranes were incubated overnight at 4
o
C with 

primary mAbs or animal polyclonal antibody in the blocking reagent. Membranes were 

washed four times with PBS-T and then incubated with alkaline phosphatase-conjugated 

secondary Abs to human IgG, rabbit IgG or mouse IgG1 (Jackson) for one hour at R/T, and 

then washed as before. Finally, the bands were visualised using Western Lightning CDP-Star 

Chemiluminescence reagent (Perkin Elmer, Waltham, USA) as per manufacturer instructions. 

Images were recorded on a Kodak Image Station 4000R using Kodak Imaging software.  

Results 

The glycosylated proteins CD44, CD147 and CD47 were isolated from solubilised RBC 

membranes by adsorbing and eluting from high-affinity antibody coupled to PAS (BRIC235, 

MA103 and BRIC126, respectively). The purified proteins then treated with different 

endoglycosidases.   

Ab-coupled PAS 

Quantity of Abs coupled to PAS beads.  

The volumes of different Abs cross-linked to PAS were measured by spectrophotometry and 

the results were used to calculate the coupling efficiency. The results show a high coupling 

efficiency; the minimum percentage of Abs coupled to beads was 95% (see Table 1). 

Table 1. Spectrophotometry reading of samples and the coupling efficiency. 

Abs samples taken 

post-coupling 

OD 

(280) 

Total 

mAb 

Amount of antibodies 

uncoupled* 

Couplin

g 

efficiency 

BRIC235 0.064 2mg 48μg  98% 

BRIC126 0.142 2mg 104μg  95% 

MA103 0.034 3mg 3μg  99% 

*the amount of uncoupled antibodies measured by the formula: 

   
      

           (     )
                       

Efficiency of coupling antibody to beads.  

Samples taken before and after cross-linking Abs to PAS beads were run in 12.5% SDS-

PAGE to examine the success of coupling Abs to PAS. The results clearly show the 

effectiveness of coupling. Both light and heavy chains were eluted before coupling (see 
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Figure 1A). However, as expected, after cross-linking to PAS with DMP, only small quantity 

of light chains were present in the gel and bands of heavy chains apparently disappear, 

indicating that the vast majority of the Abs were coupled (see Figure 1B).   

 

Figure 1. The effectiveness of cross-linked antibodies to PAS. (A) Running of samples 

taken before coupling Abs to PAS. (B) Running of samples taken after coupling Abs to 

PAS. B126, BRIC126 Ab; B235, BRIC235 Ab; Ab HC, Antibody haevy chains; Ab LC, 

Antibody light chains. 12.5% SDS-PAGE gel stained with Coomassie Blue. 

Protein purification from membranes and deglycosylated treatment 

Solubilised material from 3ml membranes from two donors was incubated with each mAb 

column and eluted. Aliquots from each of the eluted fractions were analysed by SDS-PAGE 

and immunoblotting with relevant mAbs before pooled and concentrated and again analysed 

by SDS-PAGE. The concentrated proteins then treated with different endoglycosidases and 

investigated as seen below.   

Fractions of protein elutions were pooled and concentrated. The CD147 and CD47 elutions 

were pooled and concentrated to 150μl, as they were estimated to have a high concentration 

of proteins while CD44 was concentrated to 125 μl.  

CD44 

When CD44 fractions were pooled and concentrated, samples revealed to have a high 

quantity of standard CD44 after blotted with the relevant mAbs (see Figure 2) although the 

fractions eluted from the CD44 column were shown to have a low concentration of the protein 
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(data not shown). As shown, KZ1 and BRIC 222 bind to the 80kDa erythrocyte form of 

CD44. 

 

Figure  2 . Presence of CD44 in the concentrated extraction. CD44 purified from RBC 

membranes were probed with anti-CD44 (KZ1 and BRIC222). Protein was loaded in 

10% reducing SDS. RBC, RBC membranes; CD44-D1, CD44 purified from Donor 1; 

CD44-D2, CD44 purified from Donor 2; WB, specificity of antibody used to probe the 

immunoblot. 

 

The purified CD44 was deglycosylated with different enzymes: EndoH, Endoβ, EndoF1 and 

PNGaseF as seen in Figure 3. The effect of deglycosylation was examined by blotting the 

treated protein with anti-CD44 (KZ1) after separated on 10% SDS-PAGE. PNGase F showed 

to have the strongest effects on the glycoprotein where most CD44s were partially 

deglycosylated and the band shifted to 60kDa suggesting that the cores of N-linked 

oligosaccharide chains are not fucosylated. Some CD44 N-glycans were susceptible for 

EndoH but apparently not Endoβ or EndoF1. Combination of them did not reveal stronger 

effects. 
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Figure  3 . Effectiveness of enzyme deglycosylation in CD44. Anti-CD44 (KZ1) reactivity 

with enzymes treated CD44. Protein was loaded in 10% non-reducing SDS. U pH6.1, 

untreated CD44 in pH6.1 buffer; H, CD treated with EndoH; β, Endoβ; F1, EndoF1; U 

pH7.4, untreated sample in pH7.4; PNG, PNGaseF; WB, specificity of antibody used to 

probe the immunoblot. 

CD47 

Elution fractions of CD47 extracted from solubilised RBC membranes by using the 

BRIC126 column were blotted with the relevant mAb (see Figure 4A) before concentrated 

and then probed with CD47 polyclonal antibody (Out-1) (see Figure 4B). The CD47 molecule 

reveal broad band extending from ~45kDa to 65kDa indicating its highly heterogeneity. 

 

Figure  4 . Purified CD47. (A) Presence of CD47 in the CD47 column fractions (B) after 

concentrating the fractions. Purified CD47 (5μg protein) probed with CD47 polyclonal 

antibody (Out-1). The samples were separated in (A) 10% reducing (B) non-reducing 

SDS-PAGE. 1, 2, 3, 4, 5, 6, 7 and 8, fraction 1, 2, 3, 4, 5, 6, 7 and 8, respectively; RBC, 

RBC membranes; WB, specificity of antibody used to probe the immunoblot. 
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Immunoblotting the enzyme-treated CD47 with relevant Abs demonstrated that the linked 

N-glycans were remarkably susceptible for PNGaseF. As seen in Figure 5, EndoH and 

EndoF1 causing only partial digestion indicating that the large proportion of CD47 N-linked 

oligosaccharide chains are from complex type as this type resist to both enzymes.  Similarly 

to CD44, there was no noticeable effect of Endoβ alone, and when it combined with EndoH 

or EndoF1 no digestion enhancement was detected. The higher molecular mass material was 

most likely due to aggregation of the protein fragments suggesting that the molecule tend to 

aggregate at lower pH in comparing with natural pH.  

 

Figure  5 . Effectiveness of enzyme deglycosylation in CD47. Polyclonal anti-CD147 (Out-

1) reactivity with enzyme-treated CD47. U pH6.1, untreated CD47 in pH6.1 buffer; H, 

CD47 treated with EndoH; β, Endoβ, F1, EndoF1; U pH7.4, untreated sample in pH7.4; 

PNG, PNGaseF; WB, specificity of antibody used to probe the immunoblot. 

CD147 

As CD47, elutions from CD147 column show high concentration of the purified protein 

(Figure 6). The highly glycosylated purified CD147 revealed broad band extend from around 

40kDa to 80kDa (Figure 6A), and when analyse higher quantity the band defused as seen in 

Figure 6B revealing the heterogeneous N-glycosylation. 
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Figure  6 . Purified CD147. (A) Presence of CD147 in the CD147 column fractions (B) 

after concentrating the fractions. Purified CD147 (5 and 7.5μg protein) probed with 

CD147 biotinylated Ab. The samples were separated in (A) 10% reducing (B) non-

reducing SDS-PAGE. 1, 2, 3, 4, 5, 6, 7 and 8, fraction 1, 2, 3, 4, 5, 6, 7 and 8, respectively; 

RBC, RBC membranes; WB, specificity of antibody used to probe the immunoblot. 

Variability in the mobility of the enzymes treated purified CD147 was illustrated in Figure 

7. Interestingly, after treated the samples with EndoH no bands were detected when blotting 

with the anti-CD147. PNGaseF effectively deglycosylated CD147, since a remarkable Mwt 

shifting of the band was present. Comparing with the control, there was a slightly decrease in 

band condensation of the protein treated with Endoβ indicating that the enzyme cleaved only 

a small proportion of the N-glycans. However, the protein N-glycosyl-linked oligosaccharide 

chains apparently resist to EndoF1 as there was not a detectable change in the molecular 

mass. 

 

Figure  7 . Effectiveness of enzyme deglycosylation in CD147. Polyclonal anti-CD147 

(biotinylated) reactivity with enzymes treated. U pH6.1, untreated CD147 in pH6.1 

buffer; H, CD147 treated with EndoH; β, Endoβ, F1, EndoF1; U pH7.4, untreated 

sample in pH7.4; PNG, PNGaseF; WB, specificity of antibody used to probe the 

immunoblot. 
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Discussion  

In our study we isolated three glycoproteins, CD44, CD47 and CD147, from RBC 

membranes using antibody high-affinity chromatography. Effects of the endoglycosidases 

PNGaseF, EndoF1, EndoH and Endoβ on these glycoproteins were examined. Knowing the 

effects of endoglycosidases on glycoproteins provides clues about the structure of their N-

linked glycans. 

CD44 cell surface glycoprotein is present on a broad range of cells and tissues. The CD44 

family is heterogeneous, and a number of isoforms are expressed on different cells, referring 

to alternative splicing in the controlled gene. It has been suggested that the Mwt of CD44 

before post-translation modification is 37 kDa [17]. Our findings show that the Mwt of 

erythrocyte CD44 is 80 kDa, which is consistent with the results of other studies [18,19]. It is 

the widely expressed isoform of CD44 that does not contain the product of differentially 

spliced exons [20]. Part of the variation in the ~40 kDa is attributed to extensive glycosylation 

of the molecule. Different cells expressing this molecule have different glycosylation forms 

[21]. There are five expected N-glycosylation sites and a number of O-linked glycosylation 

sites in the extracellular region of the molecule. Deglycosylating the purified CD44 shows 

that some of the N-glycans are susceptible to EndoH but not EndoF1. Both enzymes have the 

ability to cleave high-mannose and hybrid, but not complex, oligosaccharide chains at the 

bond between the two innermost GlcNac groups. However, the ability of EndoF1 to cleave N-

glycans is significantly reduced by the presence of a fucosylated core, while this does not 

change the effectiveness of EndoH [22]. Thus, this result indicates the presence of some 

fucosylated N-glycan cores with α1-6 fucose residue bound to the innermost GlcNAc residue. 

The findings also suggest that there are no significant poly-N-acetyllactosamine groups on the 

CD44 N-glycans, as no noticeable effects were detected on the Mwt after treatment with 

Endoβ. This is in line with the findings of Spring et al. [18].  

PNGaseF removes a considerable amount of N-glycans, causing remarkable shifting in the 

treated molecule’s SDS-PAGE band, which is consistent with another study [23]. The 

findings suggest that a significant number of the N-linked oligosaccharides were complex 

types, because they were susceptible to PNGaseF although they were not cleaved effectively 

by the other enzymes. However, some oligosaccharides were not affected, suggesting they 

may be from O-linked glycan and/or PNGaseF-resistant oligosaccharides such as the 

uncommon form of N-glycans with α1-3 Fuc on the GlcNac bound to Asn [24].   

CD47 is expressed widely on human cells, including most hematopoietic cells [25]. The 

results show a diffuse band (47–70 kDa) of the purified CD47, indicating the heterogeneity of 

the attached oligosaccharides. This is similar to results obtained by other studies [26,27]. 

Immunoprecipitation of CD47 from intact erythrocytes shows a narrower band  (47–52 kDa) 

[28]. Purifying the molecules from other cells revealed a ~50-kDa band [27]. We found that 

purified CD47 molecules at low pH form two segregated bands at higher Mwt, which are 

expected to be aggregations of dimers and tetramers. Brown et al. [27] suggested that samples 

incubated at high temperature (100°C) can cause aggregation of the glycoprotein molecules 
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run on SDS-PAGE. Also, CD47 from intact erythrocytes revealed a distinct band at high 

molecular mass [28]. The molecule is heavily glycosylated and carries six potential N-glycan 

sites, most located near its N-terminus [29]. Results from treating CD47 with different 

endoglycosidases suggest that only some of the linked N-glycans are of hybrid type with a 

non-fucosylated core, as there was a slight reduction in the Mwt when treated with EndoH 

and EndoF1. Avent et al. [28] found that N-glycans were apparently not susceptible to 

digestion by Endoβ, suggesting that they do not contain extensive poly-N-acetyllactosaminyl 

groups. By contrast, PNGaseF, which can cleave complex and branched structures, efficiently 

deglycosylated CD47. This result is consistent with the findings of Mawby et al. [30], who 

also detected the 26-kDa deglycosalted CD47 band.  

CD147 expresses widely on different cell types. However, although these cells apparently 

have very similar CD147 polypeptides with ~27-kDa molecular mass [31–33], some show 

different glycosylation and cell-type-dependent glycosylation [33,34]. Our study detected a 

broad, diffuse band of the erythrocyte CD147, which is inconsistent with the Mwt of the 

molecule from RBC [35] and other cell types [36] (which extends from ~35 to ~70 kDa). The 

high heterogeneity of oligosaccharide chains causes the characteristic diffuse band of CD147. 

Around half of its Mwt is referred to the linked carbohydrates [33]. There is little information 

in the literature related to glycosylation of erythrocyte CD147. It has been suggested that 

CD147 N-linked glycans contain a significant amount of poly-N-acetyllactosamine structures 

[31,36]. However, our results on erythrocytes disagree, as samples treated with endoβ show 

only a slight variation in the intensity of the band and no detectable shift in the Mwt. This 

may have resulted from removing short repeating units of poly-N-acetyllactosamine present 

in the three N-linked glycosylation sites on the molecule, where these structures might be the 

antigen determinant of the anti-CD147 used. However, the presence of branched 

polylactosamine units can significantly block endoβ digestion [8]. By contrast, most CD147 

was effectively deglycosylated by PNGaseF and EndoH. This was also observed with highly 

and less glycosylated forms of CD147 purified from different cells [31]. Like CD44, CD147 

was digested by EndoH but not EndoF1, indicating that the N-glycans are high-mannose 

and/or hybrid, and fucosylated. The deglycosylated molecules were not detected by SDS-

PAGE, as either they may fall at the end of the gel, or the primary antibody epitopes were 

affected. As there are glycosylation variations identified in some glycosylations associated 

with malignant transformation [37] and roles of CD147 in tumour progression [38], it would 

be worth investigating possible variation in CD147 glycosylation of glycoproteins of normal 

and abnormal erythrocytes. 

Conclusion 

Extracting CD47, CD44 and CD147 using BRIC126, BRIC235 and MA103 columns, 

respectively, was successfully achieved. This study illustrates the effects of different 

endoglycosidases on purified glycoproteins, combining this information in a single analysis. 

We found that PNGaseF effectively deglycosylated the examined glycoproteins. Interestingly, 

EndoH was also able to deglycosylate the molecules, albeit to a different degree. EndoF1 

showed some effectiveness in removing some N-linked glycans carried by CD47. The 
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absence of any observed effect of Endoβ on CD44 and CD47 may result from either 

resistance to degradation of an N-glycosyl-linked oligosaccharide or the lack of 

polylactosamine segments. The effects of various enzymes on the glycoproteins give clues 

regarding the possible biochemical structure of their N-glycans.  
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The Effects of Different Endoglycosidases on Erythrocyte CD44, CD47 and 

CD147 Purified by Affinity Chromatography 

 مهرة عبدالعزيز محمد

 جاٍعت اىَيل سع٘د -مييت اىعيً٘ اىطبيت اىتطبيقيت -ٍعيذة بقسٌ اىَختبشاث الإمييْينيت

 ملخص البحث

أّد٘ا  ٍددذدة  ( ٕي عباسة عِ أّضيَاث ىٖا اىقدذسة عيدف ل دوendoglycosidaseالإّذٗجلاين٘سايذيض) 

 .ٍِ اىسنشياث اىَت يت باىبشٗتيْاث اىسنشيت عدِ رشيدا اىدَنداُ انٍيْيداُ انسدبشجيِ ٗ اىبايشٗىيسديِ

اىتشميب اىدي٘ميَيائي ىبعض اىسنشياث اىَت يت  باىبشٗتيْاث اىَ٘ج٘دة عيف سطح مشيداث اىدذً اىدَدشا  

ا  الإّذٗجلاين٘سدايذيض عيدف  لا دت ىٌ يعشف بعذ. اىٖذف ٍِ ٕزٓ اىذساست ٕد٘ ٍعشلدت تدر يش بعدض ٍدِ أّد٘

. رىدل سديعطي CD44 ،CD47  ٗCD147بشٗتيْاث سنشيت ٍستخي ت ٍِ مشيداث اىدذً اىدَدشا  ٕٗدي 

-إُ-لنشة عِ اىتشميب اىدي٘ميَيائي ىيسنشياث اىَت يت عِ رشيا انسدبشجيِ. انّضيَداث اىتاىيدتب ببتايدذ

أستييجي٘م٘سددداٍايْذيض إف ٗا دددذ -إُ-تدددابي-( ، إّدددذPeptide-N-glycosidase Fٗجلاين٘سدددايذيض إف )

(Endo-β-N-acetylglucosaminidase F1ٗإّدذ ،)-إتد  ) -أستييجي٘م٘سداٍايْذيض -إُ -بيْداEndo-

β-N-acetylglucosaminidase Hٗبيتددا-( أٗ إّددذ-( جلامت٘سددايذيضEndo-β-galactosidase ٌتدد )

شيدا تقْيدت اىل دو ب٘اسدطت ارست دشا  استخذاٍٖا ىتنسيش اىبشٗتيْاث اىسنشيت اىتي تٌ استخلاصٖا عدِ ر

( ٗ اىْتائج تٌ تدييٖا ب٘اسدطت تقْيدت antibody high-affinity chromatographyبانجساً اىَنادة )

 (sodium dodecyl sulfateاىل و اىنٖشبائي ىٖدلاً مبشيتداث دٗديندو اى د٘ديً٘ ٍتعدذد انمشيلاٍايدذ

polyacrylamide gel electrophoresisه تدددٌ اسدددتخلاو اىبدددشٗتيِ اىسدددنش  (. ب دددنو لعددداCD44 

. MA103ب٘اسدطت  BRIC126   ٗCD147ب٘اسدطت  BRIC235  ٗCD47 ب٘اسدطت اىجسدٌ اىَنداد 

تسدبب ب دنو ٗا دح لدي اىتددر يش  (Peptide-N-glycosidase Fجلاين٘سدايذيض إف )-إُ-انّدضيٌ ببتايدذ

 جلامت٘سايذيض-بيتا-إّذٗيزمش ىلأّضيٌ  عيف سشعت تدشك اىبشٗتيْاث اىسنشيت لي اىٖلاً بيَْا ىٌ ييدظ تر يش

(Endo-β-galactosidase) ( ٌانّدددضي .Endo-β-N- acetylglucosaminidase H  ِقيددددو ٍدددد )

باىشغٌ أّٔ ىٌ يضه جَيع اىسنشياث اىَشتبطدت بَٖدا ٗ باىَقابدو   CD44 ٗCD47اى٘صُ اىجضئي ىيَشمبيِ 

. اىْتدائج تدذه أُ ٍع دٌ اىسدنشياث اىَشتبطدت CD147لإّٔ أصاه تقشيبا مو اىسدنشياث اىَشتبطدت باىَشمدب 

( high-mannoseعِ رشيا انسبشجيِ ٌٕ ٍِ اىْ٘عيِ عاىي اىَاّ٘ص ) CD47   ٗCD147باىَشمبيِ

عددِ  CD44بيَْددا أُ اىددذرئو ت ٖددش أُ جدض  مبيددش ٍددِ اىسددنشياث اىَت دديت بدد     (. hybridٗ اىَشمدب )

 .(complex)رشيا انسبشجيِ ٕي ٍِ اىْ٘  اىَعقذ 


