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Summary

The uterine sarcoma human cell line MES-SA/Dx5 overexpresses the MDR1 gene product, P-
glycoprotein (Pgp). Pgp is a heavily glycosylated, ATP-dependent drug efflux pump expressed in
many human cancers. There are more than 50 known isoforms of Pgp, which complicates the
characterization of Pgp glycans because each isoform could present a different glycome. The
contribution of these oligosaccharides to the structure and function of Pgp remains unclear. We
identified distinct Pgp glycans recognized by the lectins in the digoxigenin (DIG) glycan
differentiation kit from Roche Allied Science, all of which were N-glycans. Pgp was isolated using
both slab and preparative gel elution. The monoclonal antibody C219 was used to identify the
presence of Pgp and Pgp treated with PNGase F on our blots. Pgp isolated from MES-SA/Dx5 cells
contains at least two different complex N-glycans—one high mannose tree, detected by GNA, and
one branched hybrid oligosaccharide—capped with terminal sialic acids, detected by SNA and MAA.
DSA, specific for biantennary oligosaccharides possessing p(1-4)-N-acetyl-D-glucosamine residues,
also recognized the blotted Pgp and is probably detecting the core Galp(1-4) — GIcNAc, component
found in other Pgps.
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1. Introduction

P-glycoprotein (Pgp) is a heavily glycosylated membrane protein that is a member of the
superfamily of ATP-binding cassette (ABC) transporters [1,2]. Malignant tissue
overexpression of Pgp, or an altered expression of Pgp in tumor cells, can result in resistance
to a broad range of anticancer drugs during chemotherapy, commonly referred to as multidrug
resistance [3]. Pgp is an energy-driven efflux pump and consists of 1,280 amino acids with 12
a-helix transmembrane domains and two cytoplasmic nucleotide-binding domains. This
configuration represents the 6+6 helix model [4] or the more recent double B-barrel model
described by Jones and George [5].

Glycosylation occurs on the three N-linked recognition sites (Asn 91, 94, and 99) [6] in the
first extracellular loop. These sites are the only extracellular glycosylation sites of the 10
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putative N-link sites [7]. Glycosylation in this first extracellular loop ranges from one N-glycan
to all three sites having unique oligosaccharides [8-11]. Treatment of Pgp with either peptide-
N-glycosidase F (PNGase F) or endo-p-N-acetylglucosaminidase (Endo F) reduces the
apparent molecular weight from 170,000 to the predicted core weight of 140,000 [7,12].

The oligosaccharides of glycoconjugates have varied effects on the properties of proteins to
which they are attached, specifically on biosynthesis, folding, solubility, stability, subcellular
trafficking, turnover, and half-life [13]. The oligosaccharide content of Pgp has been shown to
be important in the normal plasma membrane expression of the protein. Mammalian Pgp has
been successfully expressed without its sugars in Escherichia coli [14], insect cells [15], and
yeast [16,17]. The sugarless Pgp reaches the plasma membrane as an active pump; however,
it is expressed in much lower numbers and does not model all the properties of Pgp observed
in mammalian cells. Thus, the sugar moieties are purported to play an important role in the
plasma membrane expression and efficient function of Pgp.

More than 50 single-nucleotide polymorphisms (SNP) have been identified for Pgp [18,19],
allowing cells to create “super” pumps with variation in expressed polymorphic and
glycosylation schemes. One can see this microheterogeneity of Pgp in the broad banding it
creates in electrophoretic gels. It is thought that these polymorphisms contribute to variability
in Pgp function [20]. If key Pgp sugars can be identified on polymorphic forms of Pgp, more
effective strategies in drug design and targeting can be devised to shut down these “super”
pumps during the treatment of multidrug resistance in tumors. For example, bisecting N-
acetylglucosamines are present on many complex glycoproteins. Rebbaa et al. [21], found that
the bisecting GICNAc sugars in human Pgp, expressed in pediatric brain tumors, is correlated
with tumor progression and may have a potential relevance as a tumor marker. Thus, glioma
response to chemotherapy may be modulated using the bisecting GIcNAc as targeted lectin
therapy.

Galactose and GIcNAc were found in the N-glycans of Pgps in multidrug-resistant Chinese
hamster cells in complex hybrid trees [22]. In another study using Karnal bunt (KB) cell lines,
there was no evidence of fucose or mannose, and little or no detected sialic acids attached to
the Pgp [7]. There is no evidence of O-linked glycosylation of Pgp [23-26].

Here, we show that the overexpressed human Pgp isolated from MES-SA/Dx5 cells [27]
contains at least two different complex N-glycans—one high mannose tree and one branched
hybrid oligosaccharide—capped with terminal sialic acids. Moreover, the second sialylated
oligosaccharide is a complex glycan with terminal N-acetylneuraminic acids having a(2-3)
and/or a(2-6) linkage. There is a possibility that there are two distinct sialylated N-glycans,
one having Neu5Ac a(2-6)-GalB(1-4) termini, identified with SNA; the other capped with
Neu5Ac a(2-3)-GalB(1-4), recognized by MAA. These proposed N-glycans must be attached
to the first extracellular loop.

2. Materials and Methods

2.1 Materials

The human uterine sarcoma cell line, multidrug-resistant variant line MES-SA/Dx5, was
purchased from the American Type Culture Collection (ATCC; Rockville, MD). The other
materials and their suppliers were as follows:

*  McCoy’s 5A modified medium—Sigma-Aldrich, St. Louis, MO

Fetal bovine serum—HyClone Laboratories, Inc., Logan, UT
Monoclonal antibody C219 [28]—Signet Laboratories, Inc., Dedham, MA
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Gel electrophoresis and immunoblotting chemicals, membranes, and equipment—
Bio Rad Laboratories, Inc., Hercules, CA

* Digoxigenin (DIG) glycan detection kit (Cat. no. 1 142 372), DIG glycan
differentiation kit (Cat. no. 11 210 238 001), and peptide-N-glycosidase (PNGase F)
— Roche Applied Science, Indianapolis, IN

The Amicon Ultrafiltration device and 50K cutoff membranes—Amicon, Inc.,
Beverly, MA

QIAamp spin columns—Qiagen, Inc., Chatsworth, CA

Tissue culture flasks, Dounce tissue grinder, Bright-Line Hemacytometer (0.1 mm),
and all other chemicals—Fisher Scientific, Pittsburgh, PA

2.2 MES-SA/Dx5 cell line and media

The variant subline of MES-SA cells (MES-SA/Dx5) overexpress human Pgp and have
developed a 100-fold resistance to doxorubicin, an anticancer agent [29]. MES-SA/Dx5 cells
were grown in monolayers in 150 cm? plastic tissue culture flasks at 37 °C under 5% CO0, in
McCoy’s 5A modified medium, supplemented with 10% fetal bovine serum and 1.0%
penicillin (50 1U/ml) — streptomycin (50ug/ml). Cells were grown to confluence at 37 °C with
changes of media and three additions of doxorubicin (2.0 pg/ml) at P19, P21, and P22, sufficient
for MDR1 gene expression of overexpressed P-glycoprotein. Cells were harvested with 0.8
mM EDTA collection solution, which contained 137 mM NaCl, 6.7 mM NaHCOg3, 5.6 mM
dextrose, and 5.4 mM KCI, pH 7.3.

2.3 Solubilization of MES-SA/Dx5 membrane proteins

Cells (2.04 x 108 on average) were pelleted at low-speed centrifugation (7,000 x g; Sorvall
Superspeed RC2-B centrifuge; Newton, CT) for 10 min. Cells were then resuspended in lysing
buffer containing 5.0 mM EDTA, 5.0 mM HEPES, pH 7.5, with the addition of protease
inhibitors: 1.0 mM PMFS, 1.0 mM 1,10 phenanthroline, 1.0 ug/ml aprotinin, 1.0 pg/ml
leupeptin, and 0.02% NaNs3. The lysed cell suspension was centrifuged at 42,000 x g at 4 °C
for 20 min and resuspended in solubilization buffer containing 5.0% LDS, 2.0% -
mercaptoethanol, 60 mM Tris-HCI, pH 6.8, and the aforementioned protease inhibitors. Cells
were homogenized with a Dounce tissue grinder and again centrifuged. The supernatant,
containing the solubilized membranes, was heated at 80 °C for 3 min and allowed to cool to
room temperature (RT). The solubilized membranes were filtered through Qiagen spin columns
(Cat. No. 29306) to remove nucleic acids and debris. Glycerol (10% final concentration) was
added to the pooled filtrates to increase density. Protein concentrations were determined using
the direct procedure of Peterson’s modification of the micro-Lowry method (Protein Assay
Kit, Sigma Diagnosis, St. Louis, MO). Samples were stored at 80 °C until use.

2.4 Bio Rad Whole Gel elution

For separation of Pgp using Bio Rad’s Whole Gel Eluter (slab gel separation), a 4.0-ml aliquot
of solubilized membrane protein (4.30 x 108 cells) was electrophoresed in the first dimension
using a Protean Il (Bio Rad) gel system with a 7.0% SDS-PAGE (3.0 mm thick) run for 19.5
h at RT (40 mA constant current) [30]. The gel was placed on the Whole Gel Eluter and
transferred in the second dimension at 250 mA constant current for 1.5 h at RT [31]. The eluant
was collected into 30 (12 x 75 mm) glass tubes. Aliquots were analyzed using Bio Rad 7.0%
SDS-PAGE mini gels.
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2.5 Bio Rad 491 Prep Cell elution

Preparative column electrophoresis of the solubilized membrane proteins was performed in a
Bio Rad Model 491 Prep Cell [32]. A 2.0-ml aliquot of solubilized membrane protein was
electrophoresed on a 6.5% LDS-PAGE column gel (37 mm diameter x 4.5 cm), with a 4.0%
LDS-PAGE stacking gel (1.0 cm). Electrophoresis was conducted for 21 h at 4 °C using 40
mA constant current. The proteins were eluted with 0.1% LDS running buffer (25 mM Tris-
base, 192 mM glycine, 3.5 mM LDS, pH 8.3) at 1.12 ml/min. Fraction size was 14.0 ml, with
a total of 75 fractions collected. Fractions 23-67 were pooled in groups of three (42 ml) and
concentrated by Amicon ultrafiltration (50K M r cutoff) to 1.5 ml. Aliquots (70ul) of the pooled
fractions were mixed with 5x sample buffer, heated for 2 min at 80 °C, then electrophoresed
on a 7.0% SDS-PAGE mini gel (1.5 mm at RT, 40 mA constant). Gels were silver-stained
using the procedure outlined by Bollag et al. [33].

LDS-PAGE Western blot transfer to nitrocellulose was conducted for 1 h 10 min at 4 °C using
200 mA constant current following the method of Towbin et al. [34]. Transfer buffer was 25
mM Tris-base, 192 mM glycine, 20% methanol, pH 8.3. Immunoblots were blocked with 5.0%
dry milk or blocking solution provided in the DIG glycan detection kits. The dry milk blocking
solution was 150 mM NaCl and 25 mM Tris-HCI, pH 7.5, while subsequent antibody
incubations were carried out in this solution containing 1.0% dry milk. The blots were
challenged (RT) with the monoclonal antibody C219 (1:200), and immunostained with GAM-
AP (goat anti-mouse alkaline phosphatase; 1:2000) at RT for 2 h. From the results of the
immunostaining, fractions containing Pgp were selected for DIG glycan studies [35].

2.6 PNGase F treatment of P-glycoprotein for DIG lectin analysis

Each selected aliquot received additions of 7.5% NP-40 (nondinet-40) and EDTA to final
concentrations of 0.5% and 10 mM, respectively. Samples were heated at 70 °C for 3.0 min,
cooled to RT, then equally divided between two microcentrifuge tubes. PNGase F was added
to one tube (1.0 U/5.0 ul resuspended enzyme) and both tubes were incubated in a 37 °C water
bath for 21.5 h. Sample buffer (5x) was added to each tube, and to aliquots of positive and
negative DIG lectin controls listed in Table 1. The samples and controls, grouped according
to experimental parameters, were electrophoresed on 7.0% LDS-PAGE gels, and then
transferred to nitrocellulose. The nitrocellulose strips were either challenged directly using
DIG-labeled specific lectins (DIG Glycan Differentiation Kits, Roche Allied Science) or sugars
with reactive hydroxyl groups that were chemically modified with the attachment of DIG
according to the protocols included in the glycan detection kit. Both DIG-lectin and DIG-
labeled sugar groups on our blots were detected with polyclonal sheep anti-DIG Fab fragments
conjugated to AP, using color detection. All DIG glycan detection and DIG glycan
differentiation reactions were carried out in accordance with Kit instructions.

3. Results

3.1. Isolation of human MES-SA/Dx5 Pgp using Bio Rad Whole Gel Eluter

P-glycoprotein has been isolated from many sources using a variety of isolation techniques,
including immunoprecipitation [36], detergent solubilization [37], sucrose density gradient
[38], and lectin chromatography [39]. Regardless of how Pgp is isolated, ultimately it is
visualized on an electrophoretic gel system. The heavily glycosylated Pgp runs as a diffuse
band (microheterogeneity) in electrophoretic gels, making it difficult to purify or identify as a
single form of P-glycoprotein in gels and on blots [40]. Purification is generally confirmed as
seeing no additional banding except the identified Pgp band in a Coommassie-stained gel
[41]. Here, we used silver-stained gels for observing the purity of Pgp after gel isolation.
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In order to achieve consistent Pgp gel banding for our gel runs and subsequent DIG lectin
labeling on our blots, we compared two gel elution techniques to isolate the human uterine
sarcoma Pgp. We include both isolation approaches here to show the variability experienced
in detecting “purified” Pgp on blots from these two different gel elution systems.

First, human Pgp was isolated from the membranes of solubilized MES-SA/Dx5 cells using
slab gel elution. Solubilized MES-SA/Dx5 membranes were loaded in the first dimension using
a 7.0% SDS-PAGE Protean Il slab gel. This gel was then transferred to the Bio Rad Whole
Gel Eluter for electro elution. The eluted fractions were run on a 7.0% LDS-PAGE mini gel
and silver-stained. Variability was seen in the silver-stained gel banding patterns of the
collected fractions, usually producing a doublet in each lane as shown in Figure 1a, lanes 2—
9. To identify Pgp on the blot transfer, we used the monoclonal antibody C219, which
recognizes an internal cytoplasmic sequence, six residues away from the ATP-binding domain
of Pgp [28,42]. Immunostained blots of these gel-eluted fractions, containing the purified Pgp,
proved unsatisfactory for the lectin challenges due to the variable banding patterns seen in the
blotted proteins (Figure 1b; lane 4).

3.2. Isolation of human Pgp using Bio-Rad Prep Cell

We next isolated human Pgp using Bio Rad’s 491 Prep Cell with a 6.5% LDS-polyacrylamide
preparative gel column. Although not as rapid a procedure as the whole gel elution process,
this preparative gel system gave a more consistent banding pattern with satisfactory yields (105
ng) of isolated Pgp. For the DIG lectin studies, we choose the fractions from the prep cell that
gave consistent banding patterns of Pgp (Figures 2a and 2b, lane 5).

3.3. DIG-labeled lectin analysis of Pgp N-glycans

Blots containing the gel-purified Pgp were challenged in Figure 3 with the DIG-labeled lectins
GNA, SNA, MAA, PNA, and DSA (Table 1). The heavily glycosylated Pgp was recognized
by all the lectins except PNA. PNA is specific for the core disaccharide galactose [3(1-3) N-
acetylgalactosamine, found in the core units of O-glycans, and recognizes -glycosidically
linked D-galactosyl residues [43]. PNA staining on our blots (Figure 3, panel V) gave a high
background, presumably due to the nonspecific binding of PNA to the blocking agent included
in the DIG kit. All of the lectins recognized their appropriate control proteins (Figure 3, lanes
5, 8,11, 14, and 17), ruling out false positives and supporting their specific binding activity
on the blots.

Only Pgp was detected by the lectins, no additional glycoproteins were detected in the lanes
containing the isolated Pgp. However, periodate labeling of the hydroxyl groups of all reactive
sugars showed additional lower molecular weight proteins on the blots (Figure 3, panels VI
and VII1). None of these lower molecular weight proteins were Pgp, because R¢ values did not
correspond to the untreated Pgp band or the PNGase F deglycosylated band of M, 140,000,
both recognized with C219. Specifically, the glycan control blot (panel V111, lanes 20-23) was
chemically treated at RT with sodium periodate, oxidizing available hydroxyl groups of the
sugars and converting them to aldehydes. The aldehyde groups were then labeled with the
steroid hapten digoxigenin (DIG). These were subsequently immunostained with anti-DIG Fab
fragments conjugated to AP. Terminal sialic acids were detected by the lectins, SNA and MAA,
and by the periodate treatment of glycoconjugates to detect only reactive sialic acids (Figure
3, panels 11, 1V, and VII). Panel VII (total sialic acid) was treated using a modified DIG-
periodate chemical labeling procedure to specifically label sialic acids with DIG, incubated at
0 °C in 1.0 mM sodium periodate.

PNGase F was used to specifically remove all N-linked oligosaccharides [48]. The control blot
(Panel I) was immunostained with C219 and detected the untreated and PNGase F-treated Pgp.

Biochim Biophys Acta. Author manuscript; available in PMC 2007 October 17.
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After PNGase F treatment, the M, of Pgp was 140,000, in agreement with other studies of Pgp
treated with PNGase F or Endo-F [7,12,49]. None of the lectins used in this study recognized
Pgp without its accompanying N-glycans. GNA and SNA (Panels Il and I11) have a sharp
banding profile on the blots. A doublet was seen in the Pgp lane treated with MAA. This doublet
pattern was seen again in panels VII and V11, where chemical labeling detected all sugars,
including sialic acids. DSA gave a broader banding pattern in panel VI.

Only N-glycans were detected on the overexpressed human Pgp found in MES-SA/Dx5 cells
using the DIG-labeled panel of lectins. One glycan was high in mannose (GNA) with no
terminal sialic acids. The other detected oligosaccharides contained terminal sialic acids,
detected by SNA and MAA. DSA detects the core Galf(1-4)-GIlcNAcy, component found in
many complex N-glycans [21]. All the lectins gave strong banding reactions to their
corresponding control proteins, including PNA.

4. Discussion

Glycosylation is important for the proper transport and, in many cases, the proper function of
major membrane glycoproteins. The heavily glycosylated ion channels are a good example:
N-linked glycosylaton of potassium channels is required for their transport to the cell surface
[50]. Glycosylation is required of calcium channels for current stimulation [51] and proper
glycosylation is necessary for the maintenance of functional sodium channels in neuroblastoma
cells [52]. It is not a surprise that glycosylation is required also for the proper targeting and
function of Pgp.

Bentley et al. [53] showed that inhibition of N-linked glycosylation of Pgp, using tunicamycin,
produced hypersensitive KB-C1 cells, but did not alter Pgp activity. Using deletion mutants
of human MDR1 Pgp, Schinkel et al. [40] showed that N-glycosylation contributed to the
proper routing and stability of Pgp in BRO human melanoma cells, but not to drug transport.
Gribar et al. [6] used N-linked glycosylation-deficient mutants of human P-glycoprotein to
study the effects of glycosylation on Pgp’s plasma membrane incorporation, cellular half-life,
and function using a Vaccinia virus expression system in HelL a cells. The deglycosylated Pgp
was expressed and reached the cell surface with proper function, although at much lower levels.

It is clear that Pgp N-glycans are important for targeting and function in the plasma membrane.
To help characterize these necessary oligosaccharides, we isolated the overexpressed human
Pgp from MES-SA/Dx5 cells, comparing whole gel elution and preparative gel elution. We
isolated similar quantities to Harker and Sikic [54], who recovered approximately 3.0% of the
expressed human Pgp from solubilized MES-SA/Dx5 membranes. The gel-purified Pgp ran
as a diffuse band on our silver-stained gels.

No other non-Pgp proteins were detected in the silver-stained gels (Figure 2, lane 5). However,
additional non-Pgp glycoproteins were detected after Pgp and PNGase F-treated Pgp were
incubated overnight at 37 °C (Figure 3, lanes 18-21). A comparison of R values confirmed
that these additional lower molecular weight bands were neither Pgp nor deglycosylated Pgp,
because they were not detected using C219, which binds the polypeptide chain [28]. Since
these bands were not detected until the overnight incubation (unpublished results), they were
either degraded comigrating glycoproteins or non-Pgp proteins detected with the chemical
derivitization of the blot contents and subsequent detection using anti-DIG Fab fragments
conjugated to AP (see Methods). It has been shown previously by Ivey et al. [55] that small
amounts of contaminating proteins are all but impossible to detect and to remove from a
preparation of solubilized electroplax membrane proteins, even using preparative gel
electrophoresis. Care should therefore be taken when identifying membrane protein samples
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as “pure.” Fortunately, these non-Pgp bands did not interfere with the DIG-lectin labeling
results (Figure 3), where we detected several Pgp-associated N-glycans.

Four of the five lectins used recognized Pgp on our blots. Two of these, SNA and MAA, are
specific for terminal sialic acids. MAA (Maackia amurensis agglutinin) recognizes only
terminal sialic acid residues with alpha 2,3 linkage to penultimate galactose residues [46].
MAA columns favored complex type triantennary and tetraantennary asparagine-linked
oligosaccharides containing this 2,3 linked terminal neuraminic acid.

MAA does not recognize oligosaccharides with only alpha 2,6-linked sialic acids. MAA has
been shown to agglutinate the mouse lymphoma cell line BW5147 [56], possibly binding cell-
surface Pgp glycans containing terminal sialic acids. However, MAA binding to the human
Pgp on our blots was weak (Figure 3, lane 9).

Because lectin studies can be a qualitative and not a quantitative measure of oligosaccharide
content, the intensities of the lectin detection reactions cannot be a measure of how much of a
particular sugar chain is present. In theory, minor structures cannot be distinguished from
predominate structures.

SNA, the elderberry (Sambucus nigra L.) bark lectin, recognizes terminal sialic acids with an
alpha 2,6 linkage to galactose residues [45]. This is distinct from the MAA recognition site.
There is a possibility that these two distinct linkages exist on a single multibranched
oligosaccharide; however it is more likely that there are two distinct oligosaccharides with
different linkages of terminal sialic acids, as postulated in Figure 4. The presence of sialic acid
residues on Pgp is rarely reported. Fiala et al. [57] detected sialic acids in the murine leukemic
cell line L1210/VCR, though indirectly by the histochemical staining of cell surfaces with
ruthenium red, which predictably detected the overexpressed sialylated Pgp in the presence of
vincristine.

The DSA lectin (Datura stramonium agglutinin) also recognized Pgp and gave a broad banding
on our blots, an indication of a high affinity for the human Pgp. DSA is specific for biantennary
oligosaccharides possessing B(1-4)-N-acetyl-D-glucosamine residues [47]. These residues are
probably in the two predicted sialylated glycans recognized by SNA and MAA. Rebbaa et al.
[21] has shown the significance of bisecting GICNAC as a tumor marker in pediatric brain
tumors (gliomas), where the expression of the bisecting GIcNAc was correlated with tumor
progression. The tumor GIcNAc sugars were detected using the lectin E-PHA
(erythroagglutinating phytohemagglutinin) isolated from Phaseolus vulgaris [58].

From the binding profiles of GNA, SNA, MAA, and DSA on our blots, we have provided
possible structures of the MES-SA/Dx5 Pgp N-glycans (Figure 4). These generic lectin-bound
N-glycan structures are consistent with the glycoprotein glycan structures associated with
cancers, and include the a6 sialyl terminal groups and B1-6 branching glycans, which are highly
expressed in cancers due to the up-regulation of acetylglucosaminyltransferase V, which could
include the heavy glycosylation of Pgp [59].

Pgp’s first extracellular loop carries three extracellular N-linked sites [4]. We detected at least
two lectin-distinct glycans present on the human uterine sarcoma Pgp. One glycan is high in
branched terminal mannoses, as detected by the binding of GNA, which has a strict binding
requirement for nonreducing end mannose residues [44]. Glycoproteins having the Man(a.1,3)
Man residue linkage have the highest affinity for GNA. Interestingly, the presence of additional
linkages of this type, which would elongate the oligosaccharide branches, do not enhance its
binding. A generalized structure of one of the possible high mannose branched
oligosaccharides present on MES/DA/Dx5 human Pgp is presented in Figure 4. With similar
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results to this study, Kerboeuf et al. [60] used LCA specific also for a-mannosy| residues to
bind Pgp expressed in Haemonchus contortus eggs (nematode).

Other GIcNAc or galactose-specific lectins WGA (wheat germ agglutinin), RCA-1 (Ricinus
communis agglutinin), and lentil lectin (Lens culinaris agglutinin [LCA]) have been used to
isolate Pgps from multidrug-resistant Chinese hamster ovary cells and KB cells [22,61].
Surprisingly, tomato lectin (Lycopersicon esculentum) specific for polylactosamine chains was
used to detect and study rat brain capillary endothelial and multidrug-resistant tumor cells
expressing Pgp [62], supporting the heterogeneity of Pgp glycosylation. Such differential
glycosylation has been reported with many lectin studies of Pgp, including the Ichikawa et al.
[61] study in which Pgps from KB-C2 cells, kidney, and adrenal gland all had different lectin-
binding properties. Ambudkar et al. [39] also saw altered elution patterns from lectin columns,
probably due to differences in the glycomes of human Pgp expressed in mouse NIH 3T3 cells
and Pgp purified from Chinese hamster cells.

O-glycans were not detected. MAA recognizes sialic acid o(2,3)-Gal linkages found terminally
on O-glycans, and PNA binds core Galp(1-3)-GalNAc O-glycans. DSA can also detect
GIcNACc linked to serine or threonine residues. None of the five lectins used here recognized
N-glycan deglycosylated Pgp on our blots, which would leave O-glycans for lectin detection.
As reported by others [4,7], we saw no shift in Pgp’s molecular weight on our gels after O-
glyconase or neuraminidase treatments (unpublished results).

Hounsell et al. [63] stated that the “tumor-associated oligosaccharide changes should be
revisited” and represent “a renaissance in clinical applications.” The burgeoning field of
glycomics supports this statement. Unfortunately, the glycome of human P-glycoproteins is
not categorized in the Functional Glycomics Gateway (www.functionalglycomics.org), a
comprehensive and regularly updated resource for functional glycomics research.

To identify and sequence glycans released from glycoproteins, many groups turn to the use of
enzyme-linked lectin assays (ELLBA), surface plasmon resonance (SPR), MALDI-MS/MS
sequencing, or the novel glyco-catch method for a comprehensive analysis of glycoproteins
[64-68]. Encouraged by this study, our laboratory is using the Prep Cell gel elution technique
presented here to isolate Pgp from several cancer cell lines for MALDI-MS sequencing of their
N-glycans.

We realize there are inherent challenges when using established cell lines to postulate the
glycan structures in human tumors. Nonetheless, we have shown, using Western blotting
coupled with the DIG Glycan Differentiation Kit from Roche Allied Science, that key N-
glycans are bound to the first extracellular loop of human Pgp overexpressed in MES/SA-Dx5
cells. The techniques presented here offer a good model for isolating sufficient quantities of
relatively “pure” Pgp to use for glycan studies with the techniques outlined above.
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Abbreviations

DIG

digoxigenin
DSA

Datura stramonium agglutinin
EDTA

ethylenediaminetetraacetic acid
Endo F

endo-B-N-acetylglucosaminidase
GNA

Galanthus nivalis agglutinin
KB

Karnal bunt
LCA

Lens culinaris agglutinin
LDS

lithium dodecyl sulfate
MAA

Maackia amurensis agglutinin
Pgp

P-glycoprotein
PNA

peanut (Arachis hypogaea) agglutinin
PNGase F

peptide-N-glycosidase F
RCA

Ricinus communis agglutinin
RT

room temperature
SDS

sodium dodecyl sulfate
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SNA
Sambucus nigra agglutinin

SNP
single-nucleotide polymorphism
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Characteristics of the lectins used in this study.”
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Lectin

Control Protein(s)

Hapten and sugar specificity

GNA:

Galanthus nivalis agglutinin [44]
SNA:

Sambucus nigra agglutinin [45]
MAA:

Maackia amurensis agglutinin [46]

PNA:

Peanut (Arachis hypogaea) agglutinin [43]
DSA:

Datura stramonium agglutinin [47]

Carboxypeptidase Y
Transferrin and fetuin

Fetuin

Asialofetuin

Asialofetuin

Mannose:

a(1-2), a(1-3), or o(1-6) linked to mannose
Sialic acid:

a(2-6) to GalNAc

Sialic acid:

a(2-3) to galactose N-linked
a(2-3) to galactose O-linked

Core and terminal galactose:
Gal-p(1-3)-N-acetylgalactosamine
Core galactose:
Gal-p(1-4)-N-acetylglucosamine

*
The specificity includes the control proteins used to validate the lectin binding on our blots and does not include the monosaccharide or other chemical

variations of the lectin haptens (e.g., PNA also has side reactivities to LacNAc) [69].
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