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Blue native polyacrylamide gel 

electrophoresis for mitochondrial myopathies 
Clinical Policy ID: CCP.1492 

Recent review date: 6/2025 

Next review date: 10/2026 

Policy contains: Blue native polyacrylamide gel electrophoresis, mitochondrial myopathy. 

Keystone First has developed clinical policies to assist with making coverage determinations. Keystone First’s clinical policies are based 

on guidelines from established industry sources, such as the Centers for Medicare & Medicaid Services (CMS), state regulatory agencies, 

the American Medical Association (AMA), medical specialty professional societies, and peer-reviewed professional literature. These 

clinical policies along with other sources, such as plan benefits and state and federal laws and regulatory requirements, including any 

state- or plan-specific definition of “medically necessary,” and the specific facts of the particular situation are considered by Keystone 

First, on a case by case basis, when making coverage determinations. In the event of conflict between this clinical policy and plan benefits 

and/or state or federal laws and/or regulatory requirements, the plan benefits and/or state and federal laws and/or regulatory requirements 

shall control. Keystone First’s clinical policies are for informational purposes only and not intended as medical advice or to direct treatment. 

Physicians and other health care providers are solely responsible for the treatment decisions for their patients. Keystone First’s clinical 

policies are reflective of evidence-based medicine at the time of review. As medical science evolves, Keystone First will update its clinical 

policies as necessary. Keystone First’s clinical policies are not guarantees of payment.    

Coverage policy  

Blue native polyacrylamide gel electrophoresis for the diagnosis of mitochondrial myopathies is 

investigational/not clinically proven and, therefore, not medically necessary. 

Limitations 

No limitations were identified during the writing of this policy. 

Alternative covered services 

• Muscle biopsies. 

• Electromyography. 

• Nerve conduction studies. 

Background 

Mitochondria are multifunctional organelles at a cellular level that plays an important role in energy production, 

cellular metabolism regulation, signalling, apoptosis (cellular death), and aging. The energy production is 

dependent on an oxidative phosphorylation process that combines respiration with adenosine triphosphate 

synthesis in humans and are vital for survival (Konovalova, 2019). Mitochondrial disease exists in 1 of 4,300 

Americans, affecting all age groups, and can be difficult to diagnose (Children’s Hospital of Philadelphia, 2022).  

 

Mitochondrial myopathies are muscular problems of varying severity marked by muscle fatigue, weakness, and 

exercise intolerance. The disorder may include weakness and wasting in face and neck muscles, swallowing 
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difficulty, slurred speech, and arm/leg weakness. Myopathies are genetic disorders, in which adenosine 

triphosphate -deprived cells accumulate unused fuel molecules and destructive free radical/reactive oxygen. 

Fuel molecules can generate harmful byproducts such as lactic acid, which can create muscle fatigue and 

damage muscle and nerve tissue. 

Syndromes associated with mitochondrial disease can include: 

• Barth syndrome. 

• Chronic progressive external ophthalmoplegia. 

• Kearns-Sayre syndrome. 

• Maternally inherited Leigh syndrome. 

• Mitochondrial DNA depletion syndromes. 

• Mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episodes. 

• Mitochondrial neurogastrointestinal encephalomyopathy. 

• Myoclonus epilepsy with ragged red fibers. 

• Neuropathy, ataxia, and retinitis pigmentosa. 

• Pearson syndrome (National Institute of Neurological Disorders and Stroke, no date given). 

Diagnosis in symptomatic patients includes: 

• Physical exam, including strength and endurance tests. 

• Medical history, including a family history to assess any genetic links to the disorder. 

• Neurological exam, including reflexes, vision, speech, and cognitive skills. 

• Lab tests for diabetes, liver, and kidney disorders, plus an electrocardiogram. 

• Imaging of organs, bones, and tissues. 

• Lactic acid testing for lactic acidosis. 

• Muscle biopsy, to identify any cells with excessive mitochondria. 

• Genetic testing for mutations known to cause mitochondrial myopathy (National Institute of Neurological 

Disorders and Stroke, no date given). 

Treatments of mitochondrial myopathy attempt to fix or bypass defective mitochondria through nutritional 

supplements that aid in adenosine triphosphate production. These supplements include creatine, carnitine, and 

coenzyme Q10. 

 

Blue native polyacrylamide gel electrophoresis is a method of complexome profiling that separates multi-protein 

complexes to determine size, composition, and relative abundance of these complexes. The main advantage to 

using this is that relatively low amounts of biological material are needed; and the high resolution separation of 

the native proteins (Cabrera-Orefice, 2022). The test separates proteins according to their hydrodynamic size 

and shape in a polyacrylamide matrix (Fiala, 2011). It requires no specialized equipment, is compatible with most 

protein detection methods, and has been used since 1991 (Yeh, 2010).  

 

Potential applications of blue native electrophoresis include immunological and receptor studies, biogenesis and 

assembly of membrane protein complexes, protein import into organelles, dynamics of proteasomes, proteome 

and subproteome investigations, and identification and quantification of mitochondrial alterations in apoptosis, 

carcinogenesis, and neurodegenerative disorders like Parkinson’s disease, Alzheimer’s disease, and a variety 

of mitochondrial encephalomyopathies (Wittig, 2008). 

 

One study states that blue native polyacrylamide gel electrophoresis “has been used in many studies to assess 

the oligomeric state of mitochondrial carriers” due to its low cost and small size (Crichton, 2013).  



CCP.1492  3 of 5 

Findings 

No professional medical society guidelines addressing indications for polyacrylamide gel electrophoresis for 

mitochondrial myopathies exist, nor are any systematic reviews/meta-analyses available in the medical literature. 

 

A review of 30 cases of child hypertrophic cardiomyopathy caused by mitochondrial disease employed blue 

native polyacrylamide gel electrophoresis, plus other biological and genetic techniques. Authors state that 

“establishing a genetic diagnosis in mitochondrial cardiomyopathy is challenging and achieved in only a minority 

of cases because of complex genetics,” raising the question of efficacy in practice (Fassone, 2011). 

 

A study of symptomatic patients (n = 390, 115 of whom were determined to have mitochondrial disease), found 

the ability of blue native polyacrylamide gel electrophoresis to distinguish mitochondrial and non-mitochondrial 

cases was statistically significant, as a step prior to genetic testing (Kerr, 2020). 

 

A review analyzed mitochondrial function in tissues from 45 liver transplantation patients using blue native 

polyacrylamide gel electrophoresis with immunodetection of respiratory chain complexes I-V, biochemical activity 

of respiratory chain complexes II and IV and quantification of mitochondrial DNA. Ten of 40 patients (25%) had 

a defect of one or more respiratory chain enzyme complexes; 20 patients (44%) had low activity of complex II 

and/or IV; and ten (22%) had a reduced Mitochondrial DNA copy number (Lane, 2016). 

 

A study analyzed 11 fibroblast cell lines from patients with inherited complex I deficiency, which accounts for 

over 30% of mitochondrial diseases. In patient cells carrying a mutation located in the matrix arm of complex 1 

deficiency, blue native polyacrylamide gel electrophoresis found a significant reduction of fully assembled 

complex 1 enzyme, which authors said showed “suitability” in evaluating the deficiency (Leman, 2015). 

 

A study identified 675 Japanese patients with profound lactic acidemia, or with symptoms of multiple-organ origin 

without lactic acidemia. Tests to identify these patients were respiratory chain enzyme activity assay and blue 

native polyacrylamide gel electrophoresis. Polymerase chain reaction diagnosed 232 of these patients with 

probable or definite mitochondrial respiratory chain disorders (Yamazaki, 2014). 

 

A review of four studies concluded that blue native polyacrylamide gel electrophoresis was suitable for identifying 

multi-protein complexes and determining their size, composition, and relative abundance (Fiala, 2011). 

 

A study of 50 adults with multiple mitochondrial DNA deletions in skeletal muscle analyzed ribonucleotide 

reductase using western blot and blue native polyacrylamide gel electrophoresis. Four percent of this group 

harbored RRM2B mutations caused by ribonucleotide reductase dysfunction, and the authors suggested 

screening to diagnose adults with multiple mitochondrial deletions (Pithceathly, 2011). 

 

A study of 66 tissue samples in 53 patients identified catalytically active subcomplexes of complex V, site of the 

final step in oxidative phosphorylation, using blue native polyacrylamide gel electrophoresis followed by activity 

staining in the gel. In 55% (29 of 53) patients, a mitochondrial DNA defect was identified (Smet, 2009). 

 

A number of articles in the medical literature address use of blue native polyacrylamide gel electrophoresis in 

animals (often rats) and plants (such as potatoes or rice), or explore its efficacy in human tissues using sample 

sizes of less than 10 patients, often single case studies, which fail to document the technique’s use in standard 

clinical practice.  
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An article describes blue native polyacrylamide gel electrophoresis as “proven to be particularly invaluable… 

providing researchers with a facile approach for analyzing the assembly, total abundance, and residual 

enzymatic activity of individual OXPHOS (oxidative phosphorylation) complexes,” suggesting its primary use is 

research, not practice (Leary, 2012). 

 

In 2024, no new relevant articles were found. 

 

In 2025, no relevant literature was found. No policy changes were warranted.  

References 

On May 17, 2025, we searched PubMed and the databases of the Cochrane Library, the U.K. National Health 

Services Centre for Reviews and Dissemination, the Agency for Healthcare Research and Quality, and the 

Centers for Medicare & Medicaid Services. Search terms were “blue native polyacrylamide gel electrophoresis,” 

and “mitochondrial myopathy.” We included the best available evidence according to established evidence 

hierarchies (typically systematic reviews, meta-analyses, and full economic analyses, where available) and 

professional guidelines based on such evidence and clinical expertise. 

 

Cabrera-Orefice A, Potter A, Evers F, Hevler JF, Guerrero-Castillo S. Complexome profiling-exploring 

mitochondrial protein complexes in health and disease. Front Cell Dev Biol. 2022;9:796128. 

Doi:10.3389/fcell.2021.796128.  

 

Children’s Hospital of Philadelphia. Mitochondrial disease. https://www.chop.edu/conditions-

diseases/mitochondrial-disease. Undated.  

 

Crichton PG, Harding M, Ruprecht JJ, Lee Y, Kunji ERS. Lipid, detergent, and Coomassie Blue G-250 affect 

the migration of small membrane proteins in blue native gels: Mitochondrial carriers migrate as monomers not 

dimers. J Biol Chem. 2013;288(30):22163-22173. Doi: 10.1074/jbc.M113.484329. 

 

Fassone E, Taanman J-W, Hargreaves IP, et al. Mutations in the mitochondrial complex I assembly factor 

NDUFAF1 cause fatal infantile hypertrophic cardiomyopathy. J Med Genet. 2011;48(10):691-677. Doi: 

10.1136/jmedgenet-2011-100340.  

 

Fiala GJ, Schamel WWA, Blumenthal B. Blue Native polyacrylamide gel electrophoresis (BN-PAGE) for 

analysis of multiprotein complexes from cellular lysates. J Vis Exp. 2011;48:2164. Doi: 10.37912164. 

 

Kerr M, Hume S, Omar F, et al. MITO-FIND: A study in 390 patients to determine a diagnostic strategy for 

mitochondrial disease. Mol Genet Metab. 2020;131(1-2):66-82. Doi: 10.1016/j.ymgme.2020.08.009.  

 

Konovalova S. Analysis of mitochondrial respiratory chain complexes in cultured human cells using blue native 

polyacrylamide gel electrophoresis and immunoblotting. J Vis Exp. 2019;(144):10.3791/59269. 

Doi:10.3791/59269. 

 

Lane M, Boczonadi V, Bachtari S, et al. Mitochondrial dysfunction in liver failure requiring transplantation. J 

Inherit Metab Dis. 2016;39(3):427-436. Doi: 10.1007/s10545-016-9927-z. 

 

https://www.chop.edu/conditions-diseases/mitochondrial-disease
https://www.chop.edu/conditions-diseases/mitochondrial-disease


CCP.1492  5 of 5 

Leary SC. Blue native polyacrylamide gel electrophoresis: A powerful diagnostic tool for the detection of 

assembly defects in the enzyme complexes of oxidative phosphorylation. Methods Mol Biol. 2012;837:195-

206. Doi: 10.1007/978-1-61779-504-6_13.  

 

Leman G, Gueguen N, Desquiret-Dumas V, et al. Assembly defects induce oxidative stress in inherited 

mitochondrial complex I deficiency. Int J Biochem Cell Biol. 2015;65:91-103. Doi: 10.1016/j.biocel.2015.05.017. 

 

National Institute of Neurological Disorders and Stroke. Mitochondrial Myopathies. 

https://www.ninds.nih.gov/health-information/disorders/mitochondrial-myopathies.  No date given. 

 

Pithceathly RDS, Fassone E, Taanman J-W, et al. Kearns-Sayre syndrome caused by defective R1/p53R2 

assembly. J Med Genet. 2011;48(9):610-617. Doi: 10.1136/jmg.2010.088328.  

 

Smet J, Seneca S, De Paepe B, et al. Subcomplexes of mitochondrial complex V reveal mutations in 

mitochondrial DNA. Electrophoresis. 2009;30(20):3565-3572. Doi: 10.1002/elps.200900213.  

 

Wittig I, Schagger H. Features and applications of blue-native and clear-native electrophoresis. Proteomics. 

2008;8(19):3974-3990. Doi: 10.1002/pmic.200800017. 

 

Yamazaki T, Murayama K, Compton AG, et al. Molecular diagnosis of mitochondrial respiratory chain disorders 

in Japan: Focusing on mitochondrial DNA depletion syndrome. Pediatr Int. 2014;56(2):180-187. Doi: 

10.1111/ped.12249. 

 

Yeh ST, Angelos MG, Chen Y-R. Simplified method for concentration of mitochondrial membrane protein 

complexes. Electrophoresis. 2010;31(12):1934-1936. Doi: 10.1002/elps.201000019.  

Policy updates 

6/2021: initial review date and clinical policy effective date: 7/2021 

6/2022: Policy references updated. 

6/2023: Policy references reviewed – no current updates. 

6/2024: Policy references reviewed – no current updates warranted. 

6/2025: Policy references updated.  

 

 

 

 

 

 

 

 

 

 

 

 

  

https://www.ninds.nih.gov/health-information/disorders/mitochondrial-myopathies

