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Bruin Allies for Duchenne (B.A.D.) Promote DMD
Awareness and Education at UCLA
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The Dystrophin-Glycoprotein
Complex at the Cell Membrane
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Genetic Discovery of DMD

Approximately 1:3,500 male births
Gene identified in 1986
Co-discovered by Kunkel and Worton

Disorder caused by mutations in dystrophin gene
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DMD Gene Localized to Xp21

Lou Kunkel, Ph.D.
Harvard University

Ron Worton, Ph.D.
University of Ottawa




Dystrophin Protein

Large (427 kDa) protein
Comprises a small % of total muscle protein (only 0.002%)
Sub-sarcolemma localization in striated and smooth muscles & neuronal tissue
Associated in a complex of transmembrane and peripheral proteins called
the “dystrophin-glycoprotein complex” or DGC

Binds to actin and beta-dystroglycan

N-terminal C-erminal
Actin binding
repeats Dvstrogl
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ActlnSikf)elr;dmg |—| binding site
-> Dystrobrevin
& syntrophin
binding sites
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Key to Protein Domains within Dystrophin:
red: actin binding domain yellow: Cys-rich repeats
yellow: beta-dystroglycan binding domain purple: C-terminus/dystrobrevin/syntrophin
green: spectrin-like repeats binding sites
blue: hinge region Muscle & Nerve 6
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Purification of voltage-gated
Ca** channels

~dystrophin gene
DMD mutation
dystrophin antibodies

Kevin P. Campbell, Ph.D.

Louis Kunkel, Ph.D. . .
University of lowa

Harvard University
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Principles of Protein Purification:
1. Apply proteins to column
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Principles of Protein Purification
2. Collect the flow-through or void

Proteins Bound Direct
To Lectin Column
Lectin Sepharose

@“ Column

Indirect

A w®A  Flow-Through
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Principles of Protein Purification
2. Collect the eluate

Elution buffer

Lectin Sepharose

| ¢
12

o Column
WGA=wheat germ
agglutinin=lectin that
binds carbohydrates
Eluate

(bound)
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Association of dystrophin and
an integral membrane
glycoprotein

Kevin P. Campbell & Steven D. Kahl

Department of Physiology and Biophysics, The University of iowa Coliege
of Medicine, lowa City, lowa 52242, USA

DuUCHENNE muscular dystrophy (DMD) is caused by a defective
gene found on the X-chromosome'. Dystrophin is encoded by the
DMD gene and represents about 0.002% of total muscle protein’.

Immunochemical studies have shown that dystrophin is localized
to the sarcolemma in normal muscle but is absent in muscle from
DMD patients®’. Many features of the predicted primary struc-
ture of dystrophin are shared with membrane cytoskeletal pro-
teins®, but the precise function of dystrophin in muscle is unknown.
Here we report the first isolation of dystrophin from digitonin-
solubilized skeletal muscle membranes using wheat germ
agglutinin (WGA)-Sepharose. We find that dystrophin is not a
glycoprotein but binds to WGA-Sepharose because of its tight
association with a WGA-binding glycoprotein. The association of
dystrophin with this glycoprotein is disrupted by agents that dis-
sociate cytoskeletal proteins from membranes. We conclude that
dystrophin is linked to an integral membrane glycoprotein in the
sarcolemma. Our results indicate that the function of dystrophin
could be to link this glycoprotein to the underlying cytoskeleton
and thus help either to preserve membrane stability or to keep the
glycoprotein non-uniformly distributed in the sarcolemma.

NATURE - VOL 338 - 46 MARCH 1989
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Dystrophin Similar to Spectrin
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Purification of Calcium Channels from Skeletal Muscle

Rabbit skeletal
muscle membranes
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What Happens to Dystrophin During Purification (First Part)?

Rabbit skeletal muscle membranes

Solubilize in 1% digitonin buffer
with 0.5 M NaCl

e WGA sepharose column

q i Void or flow-through (unbound material)
digitonin
Wash away non-specific proteins

Elute with N-acetyl-D-glucosamine

Fractions eluted from column (bound material)

Succinylated wheat germ agglutinin=Ilectin that binds glycoproteins 14



First Results: Dystrophin Retained on sWGA Column
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Lane 1: solubilized membranes
Lane 2: sSWGA column flow-through (void; unbound material)

Panel A: Coomassie brilliant blue CBB) stained protein gel (to reveal all proteins)
Panel B: Sheep polyclonal anti-dystrophin antibodies (to reveal only dystrophin)

Conclusion: dystrophin itself is a glycoprotein (directly binding
to sWGA) or dystrophin is associated with a glycoprotein. 15




Purification Scheme (First Part)

Rabbit skeletal
muscle membranes

A 4

sWGA lectin
sepharose
column
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Collect fractions 1 > 12

Elute with N-acetyl-D-glucosamine
(NAG) and Collect Separate
Fractions
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Second Results: Dystrophin Co-Fractionates with DHPR

Coomassie Blue (CBB) Anti-dystrophin antibodies
€ A
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Panel E: Coomassie brilliant blue CBB) stained protein gel (to reveal all proteins)
Panel F: Sheep polyclonal anti-dystrophin antibodies (to reveal only dystrophin)
a1 and a2 are DHPR subunits
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What Happens to Dystrophin During Purification (Second Part)?

Fractions that contain DHPR + DYS

DEAE anion
2 exchange
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Step-wise NaCl elution Eraction F raction
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fractions are collected
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Third Results: Dystrophin Can Be Biochemically Separated

From DHPR
Coomassie Blue (CBB) Anti-dystrophin antibodies
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Deficiency of a glycoprotein component of the
dystrophin complex in dystrophic muscle

James M. Ervasti, Kay Ohlendieck, Steven D. Kahl, Mitchell G. Gaver

& Kevin P. Campbe

Howard Hughes Medical Institute and Department of Physiology and Biophysics, University of lowa College of Medicine, lowa City, lowa 52242, USA

Dystrophin, the protein encoded by the Duchenne
muscular dystrophy (DMD) gene, exists in a large
oligomeric compiex. We show here that four glyco-
proteins are integral components of the dystrophin
complex and that the concentration of one of these
is greatly reduced in DMD patients. Thus, the
absence of dystrophin may lead to the loss of a
dystrophin-associated glycoprotein, and the reduc-
tion in this glycoprotein may be one of the first
stages of the molecular pathogenesis of muscular
dystrophy.

dystrophin using sucrose density-gradient centrifugation in the
presence of digitonin. We have identified four glycoproteins of
apparent relative molecular masses (M,) 156,000 (156K), 50K,
43K and 35K as integral components of the dystrophin complex.
The 156K and 50K glycoproteins are sarcolemmal glycoproteins,
as shown by indirect immunofluorescence. Immunoaffinity
beads raised against dystrophin and the 50K glycoprotein selec-
tively adsorb the dystrophin-glycoprotein complex. Further-
more, there is a marked reduction of the 156K glycoprotein in
muscle from mdx mice and DMD patients. These results imply
that in dystrophic muscle, the absence of dystrophin may lead
to the loss of a dystrophin-associated glycoprotein. This could
be the first step in the molecular pathogenesis of muscular
dystrophy.

DUCHENNE muscular dystrophy is caused by a defective gene
located on the X chromosome. Dystrophin, the high-molecular
weight protein product of the DMD gene', is localized to the
sarcolemmal membrane of normal skeletal muscle’® but is
absent from the skeletal muscle of people with DMD"?°, xmd
dogs’ and mdx mice"* (the last two being possible animal models
for DMD). The amino-acid sequence of dystrophin suggests
that it is a membrane cytoskeletal protein™’ involved in the
anchoring of sarcolemmal proteins to the underlying cyto-
skeleton. But the exact function of dystrophin and its precise
role in the resulting necrosis of dystrophic muscle fibres has not
been determined. In studies of other genetic diseases involving
proteins of the cytoskeleton'®'", the absence of one component
is sometimes accompanied by the loss of another cytoskeletal

rotein. Therefore, to understand the molecular pathogenesis
of DMD, we sought to identify the proteins associated with or

hanind ta Aucteranmhin and ta chaenatasies tha ctntine AF thana

NATURE - VOL 345 ¢ 24 MAY 1990

Dystrophin-glycoprotein complex

T'his complex was 1solated following digitonin-solubilization of
rabbit skeletal muscle membranes using WGA-Sepharose and
DEAE-cellulose'> and further purified by sucrose density
gradient centrifugation in the presence of 0.1% digitonin. It is
evident from the Coomassie blue-stained gel of sequential
gradient fractions (Fig. 1a) that the dystrophin-glycoprotein
complex was separated from the voltage-sensitive sodium chan-
nel and the dihydropyridine receptor (Fig. 1). The size of the
dystrophin complex was ~18S in comparison with B-galacto-
sidase (15.9S), thyroglobulin (19.2S) and dihydropyridine recep-
tor (20S) standards. Densitometer scanning of the peak
dystrophin-containing fractions (10 and 11, Fig. 1a) revealed
several proteins that co-purified with dystrophin: a broad,
diffusely staining component with an apparent M, of 156K, an
88K protein, a triplet of proteins centred at 59K, a 50K protein,
a doublet at 43K and proteins of 35K and 25K.
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Are There Other Proteins that Associate With Dystrophin During Purification?

175 mM NaCl Fraction
from DEAE-cellulose
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Density Gradient (0.1% Digitonin)

Proteins Separate During Ultracentrifugation:

1. Size

2. Frictional coefficient (shape)

3. Complexes 21




1. Dystrophin Separates from DHPR and Voltage-Sensitive Sodium Channel
2. Dystrophin is Associated with Other Proteins! Is This a Complex?
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Is Dystrophin Protein a Glycoprotein?
Does Dystrophin Associate with Glycoproteins?

Coomassie Blue (CBB) sWGA-peroxidase
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1. Transfer to Nitrocellulose
2. Probe with sWGA-peroxidase to detect carbohydrates

First Demonstration of the Dystrophin-Glycoprotein Complex
23




Development of Molecular Tools: Antibodies
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VD3 monoclonal antibody

Monoclonal Antibodies (50kDa DAG=ADHALIN=a-SARGOCLYAN)
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Cell, Vol. 66, 1121-1131, Septembe

Membrane Organization

opyright © 1991 by Cell Press

of the Dystrophin-Glycoprotein Complex

James M. Ervasti and Kevin P. Campbell
Howard Hughes Medical Institute

and Department of Physiology and Biophysics
University of lowa College of Medicine

lowa City, lowa 52242

Summary

The stoichiometry, cellular location, glycosylation, and
hydrophobic propertics of the components in the dyse-
trophin-glycoprotein complex were examined. The
156, 59, 50, 43, and 35 kd dystrophin-associated pro-
teins each possess unique antigenic determinants, en-
rich quantitatively with dystrophin, and were localized
to the skeletal muscle sarcolemma. The 156, 50, 43,
and 35 kd dystrophin-associated proteins contained
Asn-linked oligosaccharides. The 156 kd dystrophin-
associated glycoprotein contained terminally sialy-
lated Ser/Thr-linked oligosaccharides. Dystrophin, the
156 kd, and the 59 kd dystrophin-associated proteins
were found to be peripheral membrane proteins, while
the 50 kd, 43 kd, and 35 kd dystrophin-associated gly-
coproteins and the 25 kd dystrophin-associated pro-
tein were confirmed as integral membrane proteins.
These results demonstrate that dystrophin and its 59
kd associated protein are cytoskeletal elements that
are tightly linked to a 156 kd extracellular glycoprotein
by way of a complex of transmembrane proteins.

results suggest that the function of the dystrophin-glyco-
protein complex is to link the actin cytoskeleton with an
extracellular component of skeletal muscle. Amodel of the
dystrophin-glycoprotein complex is proposed that takes
into account the available biochemical and structural data.

Characterization of Polyclonal Antibodies Specific
for Dystrophin-Associated Proteins

Woe have previously reported the preparation and charac-
terization of monoclonal antibodies (MAbs) against dys-
trophin and the 156 kd and 50 kd dystrophin-associated
glycoproteins (Ervasti et al., 1990; Jorgensen et al., 1990;
Ohlendieck et al., 1991). However, MAb VIA4, bound very
poorly to the native 156 kd dystrophin-associated glyco-
protein, while MAb IVD3, stained the reduced form of the
50 kd dystrophin-associated glycoprotein very weakly on
immunoblots (Ervasti et al., 1990; Ohlendieck etal., 1991).
In addition, the induction of high-titered ascites from these
hybridomas has yet to be successful. These limitations,
coupled with the need for specific probes to the 59 kd, 43
kd, and 35 kd dystrophin-associated proteins, compelled
us to prepare polyclonal antisera specific for each compo-
nent of the dystrophin—glycoprotein complex. Antisera
from guinea pigs immunized with purified dystrophin-gly-
coprotein complex (Ervasti et al., 1991) showed immuno-
reactivity to all components of the complex, with the excep-
tion of the 50 kd dystrophin-associated glycoprotein (not
shown). Immobilon-P transfer strips containing individual

26



DAG/DAG Enrich Together:

Further Support for the Dystrophin-Glycoprotein Complex

CBB

CB

o-DG SYN o-SG B-SG
156-DAG 59-DAP 50-DAG 43-DAG

Mic: skeletal muscle microsomes
SL.: purified sarcolemma membranes
DGC.: purified Dystrophin-Glycoprotein Complex

0-SG

35-DAG
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Protein Components of Dystrophin-Glycoprotein Complex
Localize to Sarcolemma

50-DAG

Wild-type
mouse

cryosections 28



One Method to Identify Glycoproteins within the DGC

PNGaseF

| Immunoblot

37°C

v Thr | v
Purified Treated g:g
DGC DGC \ i w )

J
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IgG ZERO ;
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PNGaseF is an enzyme that cleaves N-linked glycans (GIcNACc)
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Which Proteins are Glycoproteins?

CBB WGA o-DG SYN a-SG B-SG 0-SG
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Lane 1. No treatment (control)
Lane 2. PNGase F treatment
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One Method to Identify Transmembrane Proteins within the DGC

[1251] TID

Dry Gel

/ 37°C, 1/
v 1hr 4 Autoradiography
Purified Treated
DGC DGC O [1251]
@ O/Q(C%
N=N

TID: 3-(trifluoro methyl)-3-(m-['?°I] iodophenyl diazirine)
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Which Proteins are Transmembrane Proteins?
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First Model of Dystrophin-Glycoprotein Complex (DGC)
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J. Biochem. 108, 748-752 (1990)

Glycoprotein Complex Anchoring Dystrophin to Sarcolemma’

Mikiharu Yoshida® and Eijiro Ozawa
National Institute of Neuroscience, NCNP, Kodaira, Tokyo 187

Received for publication, May 7, 1990

We found six groups of proteins, A0-AB, besides dystrophin itself in a dystrophin
preparation obtained by the reported method [Campbell, K.P. & Kahl, S.D. (1989) Nature
338, 250-262) with some modifications. Their molecular weights were 94, 62, 52, 43, 38, and
24 kDa, respectively. Their molar ratios to dystrophin were 0.14, 2.2, 0.88, 0.90, 1.7, and
0.34, respectively. Each of Al, A3, and A4 was split into several bands. But each group of
bands except A3 seemed to behave like the same kind of protein. The doublet of A3 was
subdivided into A3a and A3b in the decreasing order of molecular weight. All the
A-proteins except A2 were cross-linked with dystrophin molecule by a cross-linker,
bis(sulfosuccinimidyl)suberate, suggesting them to be dystrophin-associated proteins.
When dystrophin preparation was treated with KI, which is known to break membrane
cytoskeletal interactions, as described by Campbell and Kahl, A2, A3, and A4 were
absorbed by wheat germ lectin (WGL) Sepharose, but the dystrophin molecule and Al were
not absorbed. On the other hand, A2 and A3b reacted with biotinyl WGL but A3a and A4 did
not in blotting analysis. This apparent discrepancy can be explained if we postulate that
A3a and/or A4 would associate with A2 and/or A3b. On the basis of these results including
stoichiometric considerations, we are of the opinion that the complex of A2:-A4 among
various possible ones is the most important to anchor dystrophin to sarcolemma. In this
A2:-A4 complex, A4 but not A2 is directly associated with dystrophin.
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Ozawa ldentifies DGC: The Race Is On!
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Fig. 3. Densitograms of SDS-PAGE patterns of dystrophin
preparations. Dystrophin preparations were electrophoresed by the
method of Laemmli (12) and stained with Coomassie Brilliant Blue
G260. After being destained, gels were scanned with a densitometer.
The densitograms were normalized for the dystrophin peak. Solid
line, Superose-purified dyumphm dotted line, monoQ-purified
dystrophin. Inset: Direct view of gel patterns. a8, Superose.purified
dystrophin; b, monoQ-purified dystrophin. AO AB, dystrophin-

nssociated proteins (see text),

TABLE 1. Molecular weights and molar ratlos to dystrophin of
the dystrophin-associated proteins in dystrophin preparations.

Dyutrophin- Molecular S M ywtropisa’

ansocinted weight Supercee- MOI.)OQ-

proteln (kDa) purified parified
dystrophin dystrophin
AD 94 0.1440.09 0.07+0.04
Al 62 2.231+0.10 1.94+0.22
A2 52 0.88+0.23 0.82+0.15
A3 43 0.804+0.12 0.8340.16
A4 36 1.73+0.07 1.83+0.10
Ab 24 0.34+0.23 0.34+0.12

*These values are means of different preparations 8D (n=3). The
value of 427 kDa was used as the molecular weight of dystrophin ().
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Using Molecular Tools (Antibodies, Oligos) to Screen
DNA Libraries (Old School)
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Muscular Dystrophies Associated with
Dystrophin-Glycoprotein Complex
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THANK YOU!! QUESTIONS?
RCROSBIE@PHYSCI.UCLA.EDU

MVIMG7470 (Molecular Virology, Immunology and Medical Genetics)
Neuromuscular Biology and Disease, Spring Semester 2014
Duchenne Muscular Dystrophy
Course Instructors: Denis Guttridge, Ph.D. and Jill Rafael-Fortney, Ph.D.

“Dystrophin-glycoprotein complex discovery and associations”

Rachelle H. Crosbie-Watson, Ph.D.
Professor and Education Liaison
UCLA Center for Duchenne Muscular Dystrophy
Dept. Integrative Biology & Physiology
Dept. Neurology
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Dystrophin Gene

Dystrophin cDNA (exons) is 14.0 kilobases

Dystrophin is composed of 79 primary exons (green)

Dystrophin protein is 427kDa; 3500 amino acids

Transcription of mMRNA takes 16 hours

7 different promoters (red) - tissue specific expression of dystrophin protein isoforms

79
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. Brain Ubiquitous
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Retina Ianey: cells

Cohen N, Muntoni F Heart 2004;90:835-841



Enrichment of the DAG proteins with Dystrophin:

Evidence for a protein complex

CB 156-DAG 59-DAP 50-DAG 43-DAG 35-DAG

O O
Fo Fod Fog Fod Fog

Figure 1. Coenrichment of Dystrophin-Associaled Proteins with Dystrophin

Fifty micrograms of KCl-washed skeletal muscle microsomes (Mic), SU pg ot pure skeletal muscie sarcolemma (SL), and 12 ug of dystrophin-
glycoprotein complex (DGC) were electrophoretically separated on 3%-12% SDS-polyacrylamide gels and either stained with Coomassie blue
(CB) or transferred to nitrocellulose as described in the Experimental Procedures. Nitrocellulose transfers were stained with affinity-purified guinea
pig polyclonal antibodies to the 156 kd (156-DAG), 59 kd (59-DAP), 50 kd (50-DAG), 43 kd (43-DAG), or 35 kd (35-DAG) dystrophin-associated

proteins. The molecular weight standards (x 10 ) are indicated on the left.

Mic: skeletal muscle microsomes
SL.: purified sarcolemma membranes
DGC: purified DGC
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Figure 2 Immunoclocadzaben of Dystrophin-
Associated Proteins n Skeletal Muscle

Transvaras cryostal sections of rabba sholotal
muscie were labeled by indirect mmunofiuo-
resconce as describad in the Expenmental Pro-
cedures. Séchond widd JIRNMST wWan MAD
VIAL, agsinst dystrophin (DYS) or atfinity.
purified guinea pg polycional amtbadies spe-
cfic for the 158 kd (156-DAG), 59 kd (59-DAP),

50 kd (50-DAG), 43 kd (43-DAG), or 38 kd (35-

DAG) dystrophin-associated proleins. Bar =
40 pm.
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Dystrophin Protein in Normal and DMD Muscle

Normal DMD Immune cells
a =S D) Characteristics of DMD Muscle
T Large variation in fiber size
. S Fiber regeneration (central nucleation)*
H&E P : Fiber hypertrophy

Necrotic fibers
Immune cell infiltration
Replacement of muscle by fat
Fibrosis (excess connective tissue)
Loss of dystrophin at sarcolemma
Sarcolemma damage
(indicated by elevated serum levels of
muscle creatine kinase)

Dystrophin at sarcolemma

*When muscle fibers undergo regeneration, the nucleus is in the center of the muscle
fiber on a transverse cross-section. This is called central nucleation. 42
In normal muscle, the nucleus is near the sarcolemma.
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Purification of the Dystrophin-Glycoprotein Complex
(DGC)

DGC SSPN
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