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Abstract

Background: Epitope tags and fluorescent fusion proteins have become indispensable molecular tools for studies
in the fields of biochemistry and cell biology. The knowledge collected on the subdomain organization of the two
subunits of the adhesion complex dystroglycan (DG) enabled us to insert the 10 amino acids myc-tag at different
locations along the a-subunit, in order to better visualize and investigate the DG complex in eukaryotic cells.

Results: We have generated two forms of DG polypeptides via the insertion of the myc-tag 1) within a flexible
loop (between a.a. 170 and 171) that separates two autonomous subdomains, and 2) within the C-terminal domain
in position 500. Their analysis showed that double-tagging (the B-subunit is linked to GFP) does not significantly
interfere with the correct processing of the DG precursor (pre-DG) and confirmed that the a-DG N-terminal domain
is processed in the cell before a-DG reaches its plasma membrane localization. In addition, myc insertion in position

without the need of antibodies.

500, right before the second Ig-like domain of a-DG, proved to be an efficient tool for the detection and
pulling-down of glycosylated a-DG molecules targeted at the membrane.

Conclusions: Further characterization of these and other myc-permissive site(s) will represent a valid support for
the study of the maturation process of pre-DG and could result in the creation of a new class of intrinsic
doubly-fluorescent DG molecules that would allow the monitoring of the two DG subunits, or of pre-DG, in cells

Background

Dystroglycan (DG) is a widely expressed transmembrane
protein that connects the extracellular matrix to the
cytoskeleton. It is composed of two subunits, a and £,
encoded by a single gene and expressed as a unique pre-
cursor (pre-DG) that is cleaved into two proteins by an
early post-translational processing [1]. In skeletal muscle
DG forms, together with sarcoglycans, sarcospan, syn-
trophins, and dystrobrevins, the dystrophin-glycoprotein
complex (DGC). This complex links the extracellular
matrix with the actin cytoskeleton and provides stability
to the muscle fiber sarcolemma against contractile forces
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[1]. DG gene knockout in mouse induces premature le-
thality, indicating that DG plays a crucial role during
early embryonic development [2]. Recently, the first mu-
tation associated to a mild form of limb-girdle muscular
dystrophy has been identified in the DG gene [3]. How-
ever, in several other forms of muscular dystrophies, due
to mutations in components of the DGC other than DG,
the membrane localization or the glycosylation pattern
of a-DG are secondarily perturbed [4]. Furthermore, a-
DG can act as a direct receptor for Arenaviruses and, in
complex with laminin, as a receptor for Mycobacterium
leprae [5,6].

Inside the cell, -DG interacts with dystrophin, which
binds to the actin cytoskeleton, and may act as a scaf-
folding platform for signalling and adaptor proteins [7].
The B-DG extracellular domain has been catalogued as a
“natively unfolded protein”, characterized by the absence
of any well defined three-dimensional structure [8]. The

© 2012 Morlacchi et al,; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.


mailto:andrea.brancaccio@icrm.cnr.it
http://creativecommons.org/licenses/by/2.0

Morlacchi et al. BMC Biochemistry 2012, 13:14
http://www.biomedcentral.com/1471-2091/13/14

cytoplasmic domain of B-DG has a disordered conform-
ation but harbours a series of conserved sites through
which it is capable of binding a plethora of intracellular
adaptor proteins [7]. a-DG, a glycosylated peripheral
membrane protein associated to f-DG via non-covalent
interactions, represents the major link between the
cytoskeleton and the extracellular space, since it binds
several matrix proteins such as laminin and perlecan [1].
a-DG has a dumbbell-like structure characterized by
two globular domains, the N-terminus and C-terminus,
separated by a central mucin-like region [9]. The 3D
structure of its N-terminal domain consists of two sub-
domains that are connected by a flexible region spanning
the 161-180 a.a. portion of the molecule [10].

Functional studies on DG expressed in transfected cul-
tured cells are limited mainly by the scarce availability of
commercial antibodies. However, specific tags (such as
myc, Flag or green fluorescent protein, GFP) terminally
fused to the C-terminal end of the B-DG cytodomain
have been largely used and greatly helped in the visual-
isation of the B-DG subunit [11-14]. On the other hand,
it is often much more difficult to detect signals relative
to a-D@, due to its extensive and heterogeneous glyco-
sylation. In this study, we show how the a subunit can
be tagged with the myc epitope inserted at specific sites
within its N-terminal domain in order to better analyze
intracellular and membrane-targeted a-DG and its pos-
sible processing within cells.

Results
Insertion of a myc probe within the a-DG subunit
We have used a murine DG cDNA cloned in the pEGFP-
N1 vector as a starting template for the insertion of the
myc epitope in different positions within a-DG (Figure 1).
Specifically, a 10 amino acids myc-epitope (EQKLI-
SEEDL) was intercalated within a-DG in order to
visualize by Western blot and fluorescence microscopy
the a-DG subunit, that in 293-Ebna cells is very poorly,
when not at all, recognized by commercial antibodies.
We generated different DG constructs characterized
by a myc-tagged a-subunit and the C-terminus of the [3-
subunit fused to the intrinsic fluorescent protein GFP.
The insertion of the myc tag was rationally based on the
3D structure of the N-terminal domain of a-DG [10]; we
attempted three different positions within such region,
namely DG-A29-myc®", DG-A60-myc®™" and DG-
A170-myc®* (Figure 1). Molecular modeling of the N-
terminus of a-DG (based on our available 1U2C PDB
structure, [10]) with myc intercalated between positions
170/171, shows that the fold of the a-DG subunit should
be totally preserved, as the insertion of the tag does not
influence either the local secondary structure or the ter-
tiary structure of the two subdomains (Figure 2). We did
not attempt further simulations since our reference (i.e.
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the recombinant domain-based structure) did not in-
clude the a-DG very N-terminal portion (including
Ala29, which represents the C-terminal end of the DG
signal peptide), and was mostly unstructured at the level
of Ala60 [10]. Moreover, on the basis of our recent mo-
lecular model of the C-terminal domain of a-DG [15], a
myc-tag was also inserted in position K500 (resulting in
the construct DG-K500-myc®*"), right before the region
of the C-terminal domain of a-DG predicted to adopt an
immunoglobulin-like fold (see Figure 1).

A technical note that can be of some general interest is
that the insertion of 30 nucleotides encoding the myc-tag
to produce the DG-A60-myc®™" and DG-A170-myc®""
constructs was readily obtained using the Quick Change
mutagenesis kit (Stratagene, USA). All the DNA manipu-
lations and steps taken for intercalating the 30 bp myc-
sequences (including the complementary 78 bp primers
necessary for producing the two aforementioned con-
structs) are extensively described in the Materials and
Methods section.

Mature a-DG and myc-tagged a-DG N-terminal domain
can be enriched from trasfected 293-Ebna cells

The four constructs were used to transiently transfect
293-Ebna cells, and the resulting exogenous DG mole-
cules were first analyzed by Western blot. It has to be
reminded that when total protein extracts are examined,
the exogenous B-DG is readily observed: the presence of
the EGFP at the C-terminal domain of B-DG increases
its molecular mass by about 27 kDa, making the en-
dogenous B-DG (43 kDa) easily distinguishable from the
exogenous one (70 kDa).

Western blot analysis of total protein extracts showed
that the insertion of a myc-tag in the construct DG-A29-
mycS*” partially inhibited the post-translational proces-
sing of the DG precursor, while DG-A60-myc®* was
poorly expressed (data not shown). However, DG-A170-
myc*? and DG-K500-myc*® were correctly cleaved
into a- and B-DG, indicating that the insertion of a myc-
tag in these positions does not alter, nor interfere with,
the functional maturation of pre-DG (Figure 3A).

Using an anti-myc antibody, we detected a 34 kDa
band in the total protein extracts of DG-A170-myc®""
transfected cells that is likely to correspond to the myc-
tagged a-DG N-terminal domain processed in the ma-
ture protein. In fact, it was proposed that the N-terminal
domain of a-DG undergoes an early proteolytic reaction
in position 312 mediated by furin, a RER convertase
[17,18]. Accordingly, the 34 kDa band is observable in
protein total extracts of DG-A170-myc®*" but not in
those of DG-K500-myc®*” (Figure 3B). To test whether
the myc-tag inserted in the N-terminal domain can be
used to specifically isolate and visualise such proteolytic
product, we used magnetic beads linked to an anti-myc
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Figure 1 A schematic cartoon of the domain organization of DG showing the insertion of the myc-tag in different sites within the a-
DG subunit. The myc-tag was inserted at the end of the signal peptide (A29), before the first residue of the solved 3D structure (PDB:1U2C) of
the N-terminal region of a-DG (A60), in the middle of the flexible loop connecting the two sub-domains (Ig-like and Sé6-like) featured within the
N-terminal region of a-DG (A170) and right before a second Ig-like domain identified within the a-DG C-terminus (K500). The C-terminal region of
B-DG is fused to GFP in the myc-tagged constructs. DG numeral system is based on the majority of mammals sequences available, including the
human one, all starting from an additional Met, followed by Arg (1-MRMSV-5), with respect to the murine one (3-MSV-5).

Ig-Ilke p-bDG B-DG C-terminal
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2
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antibody to immunoprecipitate the a-DG N-terminus
from a total protein extract of cells transfected with DG-
A170-myc®**. As shown in Figure 3C, a single band
of ~34 kDa is purified from the total protein extract,
which is likely to correspond to the myc-tagged N-
terminal domain. Indeed, the cleavage can be specifically
prevented by adding CMK, a furin inhibitor, to the cells
(Figure 3C) [18]. This result fully confirms that the pro-
teolytic breakdown at the a-DG N-terminus mediated
by furin takes place downstream of position 170 [17,18].

No signals referring to the typical broad pattern of
highly glycosylated a-DG were detected in the total pro-
tein extracts of DG-K500-myc®"" transfected cells using
both anti-aDG (IIH6 and VIA1-4, data not shown) and
anti-myc antibodies (Figure 3B). This data suggests that
in the total protein extract the level of myc-tagged a-DG
is below the range detectable by antibodies, as it is often
observed with endogenous a-DG when using commer-
cially available antibodies (data not shown).

However, when a-DG was enriched by immunoprecipi-
tation with an anti-myc antibody conjugated to magnetic
beads, a 120 kDa band representing the fully glycosylated
a-DG subunit expressed in embryonic kidney cells [19]
was clearly revealed by Western blotting using an anti-
myc-HRP-conjugated antibody (Figure 4A). Such immu-
noprecipitated a-DG was not reactive to [IH6 and VIA1-4
antibodies (data not shown), indicating that in Ebna-293
cells a-DG is not recognized by these commercial anti-
bodies, as already shown by other works [11,20].

Other interesting aspects of our K500-myc tagged
a-DG, pointing to its full functionality, are i) that it
can still bind to $-DG, as the -subunit can be enriched

in immunoprecipitation with an anti-myc antibody
(Figure 4B) and ii) it is still able to pull-down ERp57, a
novel potential DG interactor [21]. Such evidences con-
firm that a-DG-K500-myc shares similar structural and
functional properties with wild-type a-DG. Moreover, it
is noteworthy that also in a different cell type, likely char-
acterized by a different glycosylation pattern of a-DG,
the DG-K500-myc** construct encodes for two DG
subunits that appear to be highly expressed and correctly
targeted to the plasma membrane (LNCaP prostate
cancer cells, Steve Winder, personal communication).

Confocal microscopy of myc-tagged DG-GFP constructs
Confocal microscopy of fixed cells transfected with the
myc-tagged constructs was used to analyze the subcellu-
lar localization of the DG complex (Figure 5). Both the
myc-tagged constructs were able to originate a p-DG-
GFP product that was exported to the plasma membrane
as suggested by the analysis of the GFP-intrinsic fluores-
cence signals in Figure 5A (DG-A170-myc®"") and
Figure 5B (DG-K500-myc®™) that are similar to the
wild-type B-DG-GFP (data not shown, see [20]).

There is nearly no detectable c-myc immunostaining
signal at the plasma membrane for DG-A170-mycS',
for which instead more signal is observed around the
nucleus, presumably at the ER and Golgi compartments
(Figure 5A). As mentioned above, this experimental
evidence strongly points toward the full shedding of the
N-terminal portion of a-DG [17]. On the contrary,
DG-K500-myc®*? displays a clear plasma membrane
staining when cells are stained with the anti-c-myc
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Figure 2 3D-model of the N-terminus of a-DG with the myc-tag
inserted in position 170. The whole N-terminal region of murine
a-DG (positions 3-313 referring to the general numeration based on
the human sequence), including i) the & 160-180 endogenous loop
region that in our 3D structure could not be solved due to its
flexibility [10], and i) an exogenous 10 a.a. myc-tag inserted
between positions 170 and 171, was modeled using the widely used
server I-TASSER, which allows ab initio modeling of small proteins
[16]. The presence of the myc-tag (reported in yellow) does not alter
the intrinsic flexibility of this region, which on the contrary remains
rather disorganized. Such an insertion is therefore unlikely to
influence either the secondary or the tertiary structures of the two
surrounding a-DG subdomains, so that the overall folding of the
whole a-DG subunit is preserved. Color code for structural elements:
light blue (3-strand), red (a-helix), grey (turn or loop) and yellow
(myc tag).

antibody, suggesting that tagged a-DG is correctly tar-
geted to the plasma membrane (Figure 5B).

Discussion

Myc-tagging the a-DG domains: finding the best
structurally permissive site(s) for an improved
biochemical and microscopic detection

Short linear epitope tags that confer specific targeting
properties, including an enhanced affinity for interactors
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(proteins, enzymes, antibodies), or the possibility for a
facilitated detection by fluorescence microscopy, are ex-
tensively used as fundamental tools in cellular biochem-
istry analyses.

Like other investigators, we have fused to the C-
terminal end of the B-DG cytoplasmic domain the green
fluorescence protein (GFP), which allowed to better iden-
tify the B-subunit of DG [20]. The data collected so far
show that the presence of the chimaeric 27 kDa GFP
subunit does not compromise or influence the adhesion
and signalling function of B-DG anyhow, implying that
no major steric hindrance effects can be ascribed to the
intrinsically fluorescent partner. On the other hand, the
a-subunit of DG is much less easy to detect, due to its
extensive glycosylation shell that can prevent the binding
of antibodies, depending on the high negative charge of
the syalic terminations or simply on their hindrance. In
fact, only few commercial antibodies that recognise un-
disclosed carbohydrate epitopes protruding from the o-
DG subunit are currently available, and sometimes they
generate faint signals, if at all, especially on some trans-
fected cell lines. Such behaviour could depend on the fact
that every cell line has its own repertoire of glycosyl-
transferases, so that exogenous DG molecules could be
differently decorated with sugars depending on the cell
line employed.

In this paper we have focussed our attention on a-DG
produced in the commonly used 293-Ebna cell line. The
knowledge that we have accumulated on the domain
organization of a-DG was fundamental in the rational
search of a permissive site to be used for the insertion of
a specific tag (a 10 amino acids myc-epitope) for better
detecting and visualising the a-subunit of DG in trans-
fected cells without disrupting the structural
organization of the DG-complex.

The insertion of the myc-tag was rationally designed
based on the three-dimensional structure of the N-
terminal domain of a-DG [10] (Figure 2) and on the
model of its C-terminal domain [15]. The X-ray struc-
ture of the N-terminal domain, spanning the amino
acids 30-315, showed the presence of two sub-domains:
the first identified as an Ig-like domain, between amino
acids 60—160, and the second resembling the ribosomal
RNA-binding protein S6, between amino acids 181-315,
with a very flexible region (161-180) interconnecting the
two sub-domains. The tag was then inserted at the end
of the signal peptide of pre-DG (DG—A29—myCGFP) [22],
and before and after the Ig-like domain (DG-A60-
myc®* and DG-A170-myc®™). On the basis of a model
of the C-terminal domain of a-DG, the myc tag was also
inserted in position K500, just in front of a region pre-
dicted to fold as an Ig-like domain (DG-K500-myc®*").

Western blot analysis of total protein extracts of trans-
fected cells showed that the presence of the myc-tag at
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Anti B-DG

Figure 3 Western blot of total protein extracts of cells overexpressing DG-A170-myc®" and DG-K500-myc®. The analysis of total
protein extracts was carried out using antibodies directed against 3-DG (A) and the myc-tag (B and C). A) The insertion of the myc-tag at sites
A170 and K500 does not alter the expression and processing of DG, as shown by the presence of a band at~ 60 kDa, corresponding to 3-DG-
GFP (black arrow). Asterisk refers to endogenous B-DG. B) Western blot with an anti-myc antibody did not detect any signals in a total protein
extract of cells transfected with K500-myc®™", while a band at 34 kDa (black arrow), which is likely to correspond to the a-DG N-terminal fragment
harbouring the myc-tag, was present in a total protein extract of cells transfected with A170-myc®". €) Immunoprecipitation with magnetic
beads conjugated with an anti-myc antibody of the processed N-terminal domain of a-DG (EL) from a total protein extract of cells transfected
with DG-A170-myc® " (TOT). The N-terminal cleavage is inhibited by CMK added to the cells (TOT +CMK).

Anti myc

the positions A170 and K500 did not affect the expres-
sion levels of DG and the processing of the DG precur-
sor into the two subunits (Figure 3). Notably, the
insertion of the myc tag at the C-terminal domain of a-
DG (DG-K500-myc?) allowed to visualize the a-DG
subunit in Western blot after immunoprecipitation and
in fluorescence microscopy (Figures 4A and 5B, respect-
ively). This result is particularly interesting due to the

A B
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—

60 55
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45_

kDa DG-K500myc®™ NT

Anti B-DG

DG-K500myc®® NT

Anti myc

Figure 4 Enrichment of the myc-tagged a-DG from total
protein extracts. Immunoprecipitation of the myc-tagged a-DG (EL)
with magnetic beads conjugated with an anti-myc antibody from a
total protein extract of cells transfected with DG-K500-myc™ (TOT).
A) Western blot was performed using an anti-myc-HRP conjugated
antibody, which detects a band at 120 kDa. TOT, total protein
extracts; NT, not transfected cells. B) Western blot performed using
an anti 3-DG antibody showing that a-DG-K500-myc still binds to -
DG since B-DG-GFP is found within the anti-myc pulled-down
fraction. In cells transfected with DG-K500-myc®* , the band at

60 kDa corresponds to 3-DG-GFP (black arrow), while in not
transfected cells the band at 43 kDa (asterisk) corresponds to
endogenous B-DG.

typical difficulties in recognizing a-DG with the plethora
of commercial antibodies directed towards some of its
undefined carbohydrate epitopes. Moreover, the inser-
tion of 10 amino acids does not perturb the interaction
between a- and B-DG, and the myc-tagged a-DG is still
able to pull-down ERp57 [21], suggesting that the tagged
a-DG@ is functionally similar to wild-type o-DG [20].

Besides, the insertion of myc-tag can be used success-
fully to enrich the N-terminal domain of a-DG from cel-
lular extracts. Recently, it was proposed that the N-
terminal domain of a-DG would serve as a recognition
and anchoring site for the glycosyltransferase LARGE
and, upon glycosylation, would be then cleaved in the
mature protein [17,18]. The corresponding fragment was
found in the medium of different cell types and circulat-
ing in the human serum, although in very limited
amounts [23].

In our Western blot experiments carried out on total
protein extracts derived from cells transfected with the
DG-myc tagged constructs, a band running at~ 34 kDa
is observable in DG-A170-myc®** but not in DG-K500-
mycS** (see arrow in Figure 3B and C). In total cellular
extracts this band is likely to represent some cleaved
myc-tagged N-terminal portion of a-DG that engulfs the
cytosol/ER and/or is ready to be delivered outside the
cells via some exocytosis-based pathway. Our initial
attempts to collect the band from the medium culture
failed, due to the very low amount of protein available
(data not shown). However, exploiting anti-myc anti-
bodies immobilised on magnetic beads, we showed that
the myc-tag inserted in position A170 can be used to
specifically collect increased amounts of the processed
N-terminal domain of a-DG. In fact, a single band of
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34 kDa can be isolated from the total protein extract of
transfected cells and we will use it for further biochem-
ical characterization, including mass spectrometry
(Figure 3B and C). Indeed, in a recent paper reporting
the characterization of recombinant murine o-DG, in
the absence of an appropriate N-terminal tag the
Authors could not find any peptides derived from the
entire N-terminal portion of a-DG [24]. All considered,
the rational design of myc-intercalated «a-DG constructs

Figure 5 Confocal microscopy of myc-tagged DG constructs
expressed in 293-Ebna cells. GFP and c-myc immunofluorescence
staining of cells transfected with DG-A1 7OfmycGFP A), and DG-K500-
myc " B), constructs. GFP specific signal at 488 nm excitation,
c-myc immunostaining at 543 nm excitation and their merge are
shown. A XY confocal section is represented for each signal. A) and
B) The GFP signal (green) shows that from both the DG-A170-myc
S and DG-K500-myc ™ constructs originate a B-DG-GFP protein
that localizes at the plasma membrane in a way reminiscent of the
wild-type B-DG-GFP. A) C-myc immunostaining shows no plasma
membrane signal in cells transfected with the DG-A170-myc®"
construct, but only intense diffused and punctuated perinuclear
(red) signals. B) The DG-K500-myc“™" construct instead shows a
strong plasma membrane localized c-myc immunostaining (red),
whose localization is fully confirmed by the yellow-orange colour
observable in the merged images.

that we have carried out based on our extensive expertise
on domain organization and structural aspects of a-DG
[10,15] proved to be a very powerful strategy for improv-
ing the detection of a-DG molecules, and their possible
fragments, within cells or in cellular extracts.

Conclusions: towards an intrinsic doubly
fluorescent dystroglycan?

In the future novel chimaeric constructs will be also
tested in additional cell lines, in order to further validate
their properties and to check whether any differences
within the glycosylation or maturation pathway of DG
would influence their stability.

Some of the identified insertion sites (or even add-
itional ones) still represent good candidates for further
molecular manipulations that ambitiously aim at obtain-
ing a DG carrying two different intrinsic fluorophores,
thus creating a doubly-fluorescent molecule [25,26].
Such a strategy will make it possible to analyze the be-
havior of DG in living cells without all the potential arte-
facts that can arise from antibody staining.

A doubly fluorophore-tagged DG could be very useful
in the investigation, by confocal microscopy technolo-
gies, of the dynamic details of the pre-DG maturation
and N-terminal a-DG processing in living cells (along
the ER-Golgi-Plasma Membrane route), and in any case
could be of help in studies aimed at determining the tar-
geting of the two DG subunits (or of pre-DG) at the
plasma membrane or at other subcellular compartments.
In fact, measuring the fluorescence resonance energy
transfer (FRET) between the two fluorophore-tagged DG
subunits would enable to monitor interactions of these
proteins in living cells over time, and under different
experimental conditions.

Methods

DNA manipulations

The full-length ¢cDNA encoding for murine DG was
used as a template to generate by the gene splicing by
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overlap extension technique (GENE SOEing) [27] two
overlapping DNA constructs which allowed, by a third
PCR reaction (see below), to insert the c-myc epitope
upon the triplet encoding for K500.

The following primers were used to generate DG-
K500-myc®

PCR A:

forward primer

5'-cccgaattcatgtctgtggacaactggetactg-3”

reverse primer

5’-cagatcatcctcttctgagatgagtttttgttcctt-
gagctctggeegcetggttaggttctee -3°

PCR B:

forward primer

5'- gaacaaaaactcatctcagaagaggatctgaatcacattgacaggg-
tagatgcctgggtg -3’

reverse primer

5’- cccgaattcttaagggggaacatacggaggggg-3’

The EcoRI restriction sites and the c-myc epitope se-
quence are given in bold type. The two GENE SOEing
final products were obtained by a third PCR reaction
using the two purified PCR A and PCR B and the fol-
lowing primers:

forward primer

5’-cccgaattcatgtctgtggacaactggctactg

reverse primer

5’- cccgaattcttaagggggaacatacggaggggg-3”

The PCR products were subsequently cloned in the
pEGFP-N1 vector (Clontech, USA).

The DG-A170-myc®*” were directly produced using
the QuikChange site-directed mutagenesis kit (Strata-
gene, USA) with the following primers (the c-myc epi-
tope sequence is in bold type), using pEGFP-N1-DG as a
template :

DG-A170-myc®™

forward primer

5’-gagccacagtctgtacgggcagccgaacaaaaactcatctcggaa-
gaggatctgtcatcagaccctggtgaggtagtg

reverse primer

5’-cactacctcaccagggtctgatgacagatcctcttccgagat-
gagtttttgttcggcetgeccgtacagactgtggcetc

All the final constructs were verified by automated
sequencing.

Cell culture and transfection

293-Ebna cells were grown in DMEM supplemented
with antibiotics and 10 % (v/v) fetal calf serum. About
20 pg of vector containing the constructs were used to
transfect 293-Ebna cells using the calcium phosphate
method. Briefly, DNA was mixed with 125 mM CaCl,
and BES-buffered saline, containing 50 mM BES,
280 mM NaCl and 150 mM Na,HPO,. The DNA cal-
cium phosphate complex was added to the cells. After
24 h, cells were collected for Western blot analysis. For
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the inhibition of furin, 20 uM CMK was added to the
cells for 24 h after transfection. For fluorescence and
confocal microscopy analyses, 5 pg of each construct
were transiently transfected into 293-Ebna cells, and
after 24 hours cells were fixed with 4 % (v/v) paraformal-
dehyde at room temperature for 10 min.

Total protein extraction and Western blot

Cells transfected with the four constructs, with empty
pEGFP and wild-type DG-GFP were lysed with PBS
containing 1 % Triton X-100 and protease inhibitors
(Roche, Switzerland), then centrifuged at 14000 rpm for
10 min at 4 °C. After 1 h of incubation at 4 °C, 20 pg
of each lysate was resolved on a 10 % SDS-PAGE. For
Western blot analysis, proteins were transferred to
nitrocellulose and probed with the following antibodies
diluted in the PBS containing 0.05 % Tween 20 and 3 %
BSA: anti p-DG (Novocastra, UK) (1:50) and anti c-

myc-HRP conjugated (Miltenyi Biotec., Germany)
(1:5000). The nitrocellulose was incubated with
peroxidase-conjugated secondary antibody (Sigma,

USA) diluted 1:7000 (anti-mouse); the reactive products
were revealed using the luminol-based ECL system
(Pierce, USA).

Immunoprecipitation

All the steps required for immunoprecipitation were car-
ried out using the pMACS" Epitope Tag Protein Isolation
Kit (Miltenyi Biotec., Germany) , following the manufac-
turer’s instructions. Briefly, 1 ml of total protein extract
of transfected cells was incubated with 50 pl of magnetic
beads conjugated with an anti-myc antibody (Miltenyi
Biotec., Germany) for 30 min at room temperature.
After several washes, the adsorbed protein was eluted
with 50 pl of sample buffer, incubated at 99°C and run
on a 10 % SDS-PAGE followed by Western blot analysis
with an anti-myc antibody-HRP conjugated (Miltenyi
Biotec., Germany).

Confocal microscopy

Transiently transfected 293-Ebna cells were fixed and
permeabilized in PBS containing 0.1 % Triton X-100 at
room temperature for 10 min followed by incubation
with the anti c-myc antibody (Sigma, USA) diluted
1:1000 in PBS containing 0.1 % Triton X-100. After sev-
eral washes the cells were incubated with a secondary
antibody conjugated to rhodamine (Invitrogen, USA)
(1:500), imaged with a confocal laser scanning system
(TCS-SP2, Leica Microsystems, GmbH, Wetzlar,
Germany) and analysed with Image] programs (http://
rsbweb.nih.gov/ij/). Laser excitation at 488 nm of the
sample was followed by an excitation at 543 nm to col-
lect emission signals from GFP and rhodamine conju-
gated antibodies, respectively.


http://rsbweb.nih.gov/ij/
http://rsbweb.nih.gov/ij/

Morlacchi et al. BMC Biochemistry 2012, 13:14
http://www.biomedcentral.com/1471-2091/13/14

Abbreviations

DG: Dystroglycan; DGC: Dystrophin-glycoprotein complex; GFP: Green
fluorescent protein; CMK: Furin inhibitor | decanoyl-Arg-Val-Lys-Arg-
chloromethylketone; GENE SOEing: Gene splicing by overlap extension;
PDB: Protein data bank; FRET: Fluorescence resonance energy transfer.

Competing interests
The authors declare that they have no competing interests.

Acknowledgements

This work was supported by Italian Telethon Foundation (Grant n°
GGP06225) to AB. The research leading to these results has also received
funding from the European Community’s Seventh Framework Programme
(FP7/2007-2013) under grant agreement n° 227764. Confocal imaging data
reported in this paper were obtained at the LABCEMI (Laboratorio
Centralizzato di Microscopia Ottica ed Elettronica) of the Universita Cattolica
del S. Cuore of Roma (ltaly). The authors would like to thank Emanuela
Angelucci for her technical assistance, and Maria Cristina De Rosa and
Davide Pirolli (Roma) for the molecular simulation of myc inserted within the
3D structure of recombinant a-DG.

Author details
Ystituto di Chimica del Riconoscimento Molecolare (CNR) c/o Istituto di

Biochimica e Biochimica Clinica, Universita Cattolica del Sacro Cuore, Largo F.

Vito 1, 00168 Roma, Italy. “Dipartimento di Biologia Animale ed Ecologia
Marina, Universita degli Studi di Messina, Piazza Pugliatti 1, 98122 Messina,
Italy. 3Istituto di Biochimica e Biochimica Clinica, Universita Cattolica del
Sacro Cuore, Largo F. Vito 1, 00168 Roma, Italy. “EMBL, Structural and
Computational Biology Unit, Meyerhofstral3e 1, 69117 Heidelberg, Germany.

Authors’ contributions

SM prepared the initial panel of constructs and carried out Western blotting
and immunoprecipitation; FS carried out Western blotting,
immunoprecipitation and confocal microscopy and participated in writing
the manuscript; MGB contributed to the preparation of the K500 myc-tag
construct and in the critical revision of the manuscript; MB contributed to
results analysis; WH carried out confocal microscopy experiments; AG revised
the manuscript; BG revised the manuscript; AB conceived and directed the
project, contributed to the experimental design of the study and wrote the
manuscript. All authors read and approved the final manuscript.

Received: 16 March 2012 Accepted: 26 July 2012
Published: 26 July 2012

References

1. Cohn RD: Dystroglycan: important player in skeletal muscle and beyond.
Neuromuscul Disord 2005, 15:207-217.

2. Williamson RA, Henry MD, Daniels KJ, Hrstka RF, Lee JC, Sunada Y,
Ibraghimov-Beskrovnaya O, Campbell KP: Dystroglycan is essential for
early embryonic development: disruption of Reichert’s membrane in
Dag1-null mice. Hum Mol Genet 1997, 6:831-841.

3. HaraV, Balci-Hayta B, Yoshida-Moriguchi T, Kanagawa M, Beltrdn-Valero de
Bernabé D, Gundesli H, Willer T, Satz JS, Crawford RW, Burden SJ, Kunz S,
Oldstone MB, Accardi A, Talim B, Muntoni F, Topaloglu H, Dinger P,
Campbell KP: A dystroglycan mutation associated with limb-girdle
muscular dystrophy. N Engl J Med 2011, 364:939-946.

4. Barresi R, Campbell KP: Dystroglycan: from biosynthesis to pathogenesis
of human disease. J Cell Sci 2006, 119:199-207.

5. Cao W, Henry MD, Borrow P, Yamada H, Elder JH, Ravkov EV, Nichol ST,
Compans RW, Campbell KP, Oldstone MB: Identification of a-dystroglycan
as a receptor for lymphocytic choriomeningitis virus and Lassa fever
virus. Science 1998, 282:2079-2081.

6. Rambukkana A, Yamada H, Zanazzi G, Mathus T, Salzer JL, Yurchenco PD,
Campbell KP, Fischetti VA: Role of a-dystroglycan as a Schwann cell
receptor for Mycobacterium leprae. Science 1998, 282:2076-2079.

7. Bozzi M, Morlacchi S, Bigotti MG, Sciandra F, Brancaccio A: Functional
diversity of dystroglycan. Matrix Biol 2009, 28:179-187.

8. Bozzi M, Bianchi M, Sciandra F, Paci M, Giardina B, Brancaccio A, Cicero DO:
Structural characterization by NMR of the natively unfolded extracellular
domain of B-dystroglycan: toward the identification of the binding
epitope for a-dystroglycan. Biochemistry 2003, 42:13717-13724.

Page 8 of 8

9. Brancaccio A, Schulthess T, Gesemann M, Engel J: Electron microscopic
evidence for a mucin-like region in chick muscle a-dystroglycan.
FEBS Lett 1995, 368:139-142.

10. Bozic D, Sciandra F, Lamba D, Brancaccio A: The structure of the N-
terminal region of murine skeletal muscle a-dystroglycan discloses a
modular architecture. J Biol Chem 2004, 279:44812-44816.

11. Watanabe N, Sasaoka T, Noguchi S, Nishino |, Tanaka T: Cys669-Cys713
disulfide bridge formation is a key to dystroglycan cleavage and subunit
association. Genes Cells 2007, 12:75-88.

12. Jayasinha V, Nguyen HH, Xia B, Kammesheidt A, Hoyte K, Martin PT:
Inhibition of dystroglycan cleavage causes muscular dystrophy in
transgenic mice. Neuromuscul Disord 2003, 13:365-375.

13. Tremblay MR, Carbonetto S: An extracellular pathway for dystroglycan
function in acetylcholine receptor aggregation and laminin deposition in
skeletal myotubes. J Biol Chem 2006, 281:13365-13373.

14. Thompson O, Moore CJ, Hussain SA, Kleino |, Peckham M, Hohenester E,
Ayscough KR, Saksela K, Winder SJ: Modulation of cell spreading and cell-
substrate adhesion dynamics by dystroglycan. J. Cell Science 2010,
123:118-127.

15. De Rosa MC, Pirolli D, Bozzi M, Sciandra F, Giardina B, Brancaccio A:

A second Ig-like domain identified in dystroglycan by molecular
modelling and dynamics. J Mol Graph Model 2011, 29:1015-1024.

16. Wu S, Skolnick J, Zhang Y: Ab initio modeling of small proteins by
iterative TASSER simulations. BMC Biol 2007, 5:17-26.

17. Kanagawa M, Saito F, Kunz S, Yoshida-Moriguchi T, Barresi R, Kobayashi YM,
Muschler J, Dumanski JP, Michele DE, Oldstone MBA, Campbell KP:
Molecular recognition by LARGE is essential for expression of functional
dystroglycan. Cell 2004, 117:953-964.

18. Singh J, Itahana Y, Knight-Krajewski S, Kanagawa M, Campbell KP, Bissell MJ,
Muschler J: Proteolytic enzymes and altered glycosylation modulate
dystroglycan function in carcinoma cells. Cancer Res 2004, 64:6152-6159.

19.  Durbeej M, Campbell KP: Biochemical characterization of the epithelial
dystroglycan complex. J Biol Chem 1999, 274:26609-26616.

20. Sciandra F, Bozzi M, Morlacchi S, Galtieri A, Giardina B, Brancaccio A:
Mutagenesis at the a-B interface impairs the cleavage of the
dystroglycan precursor. FEBS J 2009, 276:4933-4945.

21, Sciandra F, Angelucci E, Altieri F, Ricci D, Hibner W, Petrucci TC, Giardina B,
Brancaccio A, Bozzi M: Dystroglycan is associated to the disulfide
isomerase Erp57. Exp Cell Res 2012, in press.

22. Ibraghimov-Beskrovnaya O, Ervasti JM, Leveille CJ, Slaughter CA, Sernett SW,
Campbell KP: Primary structure of dystrophin-associated glycoproteins
linking dystrophin to the extracellular matrix. Nature 1992, 355.696-702.

23. Saito F, Saito-Arai Y, Nakamura A, Shimizu T, Matsumura K: Processing and
secretion of the N-terminal domain of a-dystroglycan in cell culture
media. FEBS Lett 2008, 582:439-444.

24. Harrison R, Hitchen PG, Panico M, Morris HR, Mekheil D, Pleass RJ, Dell A,
Hewitt JE, Haslam SM: Glycoproteomic characterisation of recombinant
mouse a-dystroglycan. Glycobiology 2012, 22:662-675.

25. Mizuno H, Sawano A, Eli P, Hama H, Miyawaki A: Red fluorescent protein
from Discosoma as a fusion tag and a partner for fluorescence
resonance energy transfer. Biochemistry 2001, 40:2502-2510.

26.  Miyawaki A, Llopis J, Heim R, McCaffery JM, Adams JA, lkura M, Tsien RY:
Fluorescent indicators for Ca®* based on green fluorescent proteins and
calmodulin. Nature 1997, 388:382-887.

27. Horton RM, Cai ZL, Ho SN, Pease LR: Gene splicing by overlap extension:
tailor-made genes using the polymerase chain reaction. Biotechniques
1990, 8:528-535.

doi:10.1186/1471-2091-13-14

Cite this article as: Morlacchi et al.: Insertion of a myc-tag within o-
dystroglycan domains improves its biochemical and microscopic
detection. BMC Biochemistry 2012 13:14.




	Abstract
	Background
	Results
	Conclusions

	Background
	Results
	Insertion of a myc probe within the &b_k;&alpha;-&e_k;&b_k;DG&e_k; subunit
	Mature &b_k;&alpha;-&e_k;&b_k;DG&e_k; and &b_k;myc-&e_k;&b_k;tagged&e_k; &b_k;&alpha;-&e_k;&b_k;DG&e_k; &b_k;N-&e_k;&b_k;terminal&e_k; domain can be enriched from trasfected &b_k;293-&e_k;&b_k;Ebna&e_k; cells
	Confocal microscopy of &b_k;myc-&e_k;&b_k;tagged&e_k; &b_k;DG-&e_k;&b_k;GFP&e_k; constructs

	link_Fig1
	Discussion
	Myc-tagging the &b_k;&alpha;-&e_k;&b_k;DG&e_k; domains: finding the best structurally permissive site(s) for an improved biochemical and microscopic detection

	link_Fig2
	link_Fig3
	link_Fig4
	Conclusions: towards an intrinsic doubly fluorescent dystroglycan?
	Methods
	DNA manipulations

	link_Fig5
	Cell culture and transfection
	Total protein extraction and Western blot
	Immunoprecipitation
	Confocal microscopy

	Competing interests
	Acknowledgements
	Author details
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_CR25
	link_CR26
	link_CR27


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


