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The Dystrophin-Glycoprotein 
Complex at the Cell Membrane  



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 
 

Lou Kunkel, Ph.D. 
Harvard University 

Ron Worton, Ph.D. 
University of Ottawa 
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DMD Gene Localized to Xp21 



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 
 

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  
 

Dystrophin Protein 
 

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

6 Muscle & Nerve 
Volume 34, Issue 2, pages 135-144, 12 JUN 2006 DOI: 10.1002/
mus.20586 
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Kevin P. Campbell, Ph.D. 
University of Iowa Louis Kunkel, Ph.D. 

Harvard University 

dystrophin gene 
DMD mutation 
dystrophin antibodies 

Tucson, AZ 

Purification of voltage-gated  
Ca++ channels 
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Principles of Protein Purification: 
1.  Apply proteins to column 

Total Proteins 

Lectin Sepharose  
Column 
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Principles of Protein Purification 
2. Collect the flow-through or void 

Flow-Through 
or Void  

(not bound) 

Lectin Sepharose  
Column 

Direct 

Indirect 

Proteins Bound  
To Lectin Column 
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Principles of Protein Purification 
2. Collect the eluate 

Eluate 
(bound) 

Lectin Sepharose  
Column 

Elution buffer 

WGA=wheat germ 
agglutinin=lectin that  
binds carbohydrates  
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Dystrophin Similar to Spectrin 

12 
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Purification of Calcium Channels from Skeletal Muscle 

sWGA lectin  
sepharose  

column 

Rabbit skeletal  
muscle membranes 

NAG eluate 

DEAE anion 
exchange  
column 

Step-wise NaCl elution 

DEAE= Diethylamino ethyl-cellulose 
Anion exchanger 

25mM to 500mM NaCl 
fractions are collected 
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What Happens to Dystrophin During Purification (First Part)? 

Rabbit skeletal muscle membranes 

WGA sepharose column 

Solubilize in 1% digitonin buffer 
with 0.5 M NaCl 

Void or flow-through (unbound material) 

Wash away non-specific proteins 

Elute with N-acetyl-D-glucosamine  

Fractions eluted from column (bound material) 

Succinylated wheat germ agglutinin=lectin that binds glycoproteins 

digitonin 
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First Results: Dystrophin Retained on sWGA Column 

Lane 1: solubilized membranes 
Lane 2: sWGA 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. 

CBB DYS 
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Purification Scheme (First Part) 

Collect fractions 1 à 12 

Elute with N-acetyl-D-glucosamine 
            (NAG) and Collect Separate 

Fractions  

sWGA lectin  
sepharose  

column 

Rabbit skeletal  
muscle membranes 

Fxn 1 Fxn 12 
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Anti-dystrophin antibodies Coomassie Blue (CBB) 

Second Results: Dystrophin Co-Fractionates with DHPR 

Panel E: Coomassie brilliant blue CBB) stained protein gel (to reveal all proteins) 
Panel F: Sheep polyclonal anti-dystrophin antibodies (to reveal only dystrophin) 
α1 and α2 are DHPR subunits 

Fractions Fractions 
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What Happens to Dystrophin During Purification (Second Part)? 

DEAE anion 
exchange  
column 

Step-wise NaCl elution 

50mM to 500mM NaCl 
fractions are collected 

50mM NaCl  
Fraction 

500mM NaCl  
Fraction 

Fractions that contain DHPR + DYS 
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Anti-dystrophin antibodies Coomassie Blue (CBB) 

Third Results: Dystrophin Can Be Biochemically Separated 
From DHPR 

Conclusion: Dystrophin is not associated with DHPR 
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175 mM NaCl Fraction  
from DEAE-cellulose 

5 to 20% Linear Sucrose  
Density Gradient (0.1% Digitonin)  Ultracentrifugation  

Fxn #1 

Fxn #12 

Proteins Separate During Ultracentrifugation: 
1.  Size 
2.  Frictional coefficient (shape) 
3.  Complexes 

Are There Other Proteins that Associate With Dystrophin During Purification? 

Collect fractions 

5% 

20% 
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1.  Dystrophin Separates from DHPR and Voltage-Sensitive Sodium Channel 
2.  Dystrophin is Associated with Other Proteins! Is This a Complex? 

Coomassie Blue (CBB) 

Fractions 

Low 
Sucrose % 

High 
Sucrose % 
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sWGA-peroxidase 

Is Dystrophin Protein a Glycoprotein? 
Does Dystrophin Associate with Glycoproteins? 

Coomassie Blue (CBB) 

Low 
Sucrose % 

High 
Sucrose % 

Low 
Sucrose % 

High 
Sucrose % 

1. Transfer to Nitrocellulose 
2. Probe with sWGA-peroxidase to detect carbohydrates 

First Demonstration of the Dystrophin-Glycoprotein Complex 
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Development of Molecular Tools: Antibodies 

ßDys 

ß156 DAG 

ß59 DAG 
ß50 DAG 
ß42 DAG 
ß35 DAG 

Purified DGC 

Individual protein bands 
and entire DGC complex used 
as immunogens 

20 
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IVD3 monoclonal antibody 
 (50kDa DAG=ADHALIN=α-SARGOCLYAN) 

VIA41 monoclonal antibody  
(156kDa DAG= α-DYSTROGLYCAN) 

Monoclonal Antibodies 

Louise V.B. Anderson, Ph.D. 
Newcastle University 
 
Antibodies now available: 
Developmental Studies Hybridoma Bank 
Vector Labs 
Millipore (Fisher) 

Low 
Sucrose % 

High 
Sucrose % 
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Mic: skeletal muscle microsomes 
SL: purified sarcolemma membranes 
DGC: purified Dystrophin-Glycoprotein Complex 

DAG/DAG Enrich Together:  
Further Support for the Dystrophin-Glycoprotein Complex 

CBB α-DG α-SG δ-SG β-SG SYN 



28 

α-DG 

α-SG 

δ-SG 

β-SG 

SYN 

Protein Components of Dystrophin-Glycoprotein Complex 
Localize to Sarcolemma 

Wild-type 
mouse  
cryosections 
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One Method to Identify Glycoproteins within the DGC 

PNGaseF is an enzyme that cleaves N-linked glycans (GlcNAc) 

Purified 
DGC 

Treated 
DGC 

PNGaseF 

37oC, 
1hr 

SDS-PAGE 
Immunoblot 
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Which Proteins are Glycoproteins? 

Lane 1. No treatment (control) 
Lane 2. PNGase F treatment 

CBB α-DG α-SG δ-SG β-SG SYN WGA 

- + - + - + - + - + - + - + 
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One Method to Identify Transmembrane Proteins within the DGC 

Purified 
DGC 

Treated 
DGC 

[125I] TID 

37oC, 
1hr 

SDS-PAGE 
Dry Gel 
Autoradiography 

TID: 3-(trifluoro methyl)-3-(m-[125I] iodophenyl diazirine) 
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Which Proteins are Transmembrane Proteins? 

CBB 

(α-DG) 

(α-SG) 

(δ-SG) 
(β-SG) 

(SYN) 

TID 

(SSPN) 
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First Model of Dystrophin-Glycoprotein Complex (DGC) 



34 



35 

Ozawa Identifies DGC: The Race Is On! 



36 

Using Molecular Tools (Antibodies, Oligos) to Screen 
DNA Libraries (Old School) 

Antibodies 

Peptides 

Screen GenBank 



Muscular Dystrophies Associated with  
Dystrophin-Glycoprotein Complex 

Laminin Congenital Muscular Dystrophy 
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THANK YOU!! QUESTIONS? 
RCROSBIE@PHYSCI.UCLA.EDU 



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 mRNA takes 16 hours 
•  7 different promoters (red) à tissue specific expression of dystrophin protein isoforms 
 

Cohen N , Muntoni F Heart 2004;90:835-841 
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Mic: skeletal muscle microsomes 
SL: purified sarcolemma membranes 
DGC: purified DGC 

Enrichment of the DAG proteins with Dystrophin: 
Evidence for a protein complex 
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Normal DMD 

H&E 

Dys 

Characteristics of DMD Muscle 
Large variation in fiber size 
Fiber regeneration (central nucleation)* 
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 Protein in Normal and DMD Muscle 

*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. 
In normal muscle, the nucleus is near the sarcolemma. 

Immune cells 

Dystrophin at sarcolemma 

1 
2 

2 

1 
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Purification of the Dystrophin-Glycoprotein Complex 
(DGC) 

DGC SSPN 

ß SARCOSPAN 

β-SG/ β-DG à 
α-SG à 

Dys à 

Syn à 

α-DG à 

γ-SG/δ-SG à 
β	

β	

 γ	

α	

 δ	



Dystroglycans 

Sarcoglycans 

Sarcospan 

Dystrophin 

DGC 


