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LEARNING OBJECTIVESLEARNING OBJECTIVES

• Describe the bioenergetics of muscle contractionDescribe the bioenergetics of muscle contraction
– Short-term energy source: role of creatinine phosphate, creatinine kinase and 

myokinase
– Intermediate-term energy source: anaerobic glycolysis i.e. the break-down of glucose 

t l t t d t d i f ADP t ATP ( i l t II fib th t hto lactate and pyruvate and conversion of ADP to ATP (mainly type II fibres that have 
few mitochondria and many glycogen granules)

– Long-term energy source: oxidative phosphorylation i.e. aerobic process that generates 
ATP from fat, carbohydrate and protein (type I fibres are suited to this as thay have 
many mitochondria and lipid droplets)

• Understand the different types of metabolic myopathy
– Briefly describe the key types of primary metabolic myopathies i.e. (1) glycogen 

storage disorders, (2) lipid disorders and (3) mitochondrial disorders (NB detailed 
knowledge of individual syndromes is not required)

– Describe the common glycogen storage disorder: Myophosphorylase deficiency (also g y g g y p p y y (
termed: McArdle’s syndrome, glycogen storage disorder type V)



DEFINITION OF METABOLISMDEFINITION OF METABOLISMDEFINITION OF METABOLISMDEFINITION OF METABOLISM

M t b li i th t f h i l ti th tM t b li i th t f h i l ti th t•• Metabolism is the set of chemical reactions that Metabolism is the set of chemical reactions that 
occur in living organisms in order to maintain life. occur in living organisms in order to maintain life. 

•• Metabolic processes allow organisms to grow and Metabolic processes allow organisms to grow and 
reproduce, maintain their structures, and respond to reproduce, maintain their structures, and respond to 
their environments. their environments. 

M b li i di id d iM b li i di id d i b lib li ( b k( b k•• Metabolism is divided into Metabolism is divided into catabolismcatabolism (to break (to break 
down organic matter) and down organic matter) and anabolismanabolism (to construct (to construct 
components of cells)components of cells)components of cells) components of cells) 



ESSENTIAL CONCEPTSESSENTIAL CONCEPTSESSENTIAL CONCEPTSESSENTIAL CONCEPTS

Energy pathways are aimed to reconstitute ATP fromEnergy pathways are aimed to reconstitute ATP from•• Energy pathways are aimed to reconstitute ATP from Energy pathways are aimed to reconstitute ATP from 
ADPADP

•• AcetylAcetyl--CoA is the essential molecule of all pathways CoA is the essential molecule of all pathways 

M l fib d f t tiM l fib d f t ti•• Muscle fibres need energy for contractionMuscle fibres need energy for contraction

•• Slow and fast twitch fibres have different metabolicSlow and fast twitch fibres have different metabolic•• Slow and fast twitch fibres have different metabolic Slow and fast twitch fibres have different metabolic 
requirements requirements 

•• Slow fibres have high glycogen, high lipids and more Slow fibres have high glycogen, high lipids and more 
mitochondria (run marathons) mitochondria (run marathons) –– fast fibres use fast fibres use 
OXPHOS (run 100mt) OXPHOS (run 100mt) ( )( )



ENERGY IN MUSCLE FIBRESENERGY IN MUSCLE FIBRES

ATP/ADP i th i di t• ATP/ADP is the immediate 
source of energy –
ADP&ATP binds myosin and 
allow sarcomeric contractionallow sarcomeric contraction 
and release of actin 

• Oxidative phosphorylation -
Anaerobic glycolysis (use of 
glucose stored as glycogen 

li id ) C ti ki– lipids) – Creatine kinase 
reaction – Adenylate kinase 
reaction



NORMAL MUSCLENORMAL MUSCLE

Sl iSlow myosin



SKELETAL MUSCLE SOURCE OF ENERGYSKELETAL MUSCLE SOURCE OF ENERGY



GLYCOGENGLYCOGENGLYCOGENGLYCOGEN

R dil il bl fR dil il bl fReadily available source of Readily available source of 
energy when there is energy when there is 
demand of glucosedemand of glucose

Stored predominantly  in Stored predominantly  in 
muscle and livermuscle and livermuscle and livermuscle and liver

Synthesised from glucose Synthesised from glucose y gy g
by Glycogen synthaseby Glycogen synthase

PAS Electron microscopy



LIPIDSLIPIDSLIPIDSLIPIDS
•• Free fatty acid are Free fatty acid are 

l d f dil d f direleased from adipose released from adipose 
tissue by lipasestissue by lipases

•• They are the major They are the major 
source of energy for source of energy for 
muscle after longmuscle after longmuscle after long muscle after long 
exercise when glycogen exercise when glycogen 
is exhaustedis exhausted

•• Their hydrolysis Their hydrolysis 
produces Acetylproduces Acetyl--CoA to CoA to p yp y
feed the Krebs cycle feed the Krebs cycle 
and produce ATPand produce ATP



ENERGY PATHWAYSENERGY PATHWAYS
GLYCOLYSISGLYCOLYSIS

ADP ATP

OXIDATIVE PHOPHORYLATIONOXIDATIVE PHOPHORYLATION



METABOLIC MYOPATHIES METABOLIC MYOPATHIES –– General conceptsGeneral concepts

•• Genetically determined heterogenous group of Genetically determined heterogenous group of 
di d h t i d b li fdi d h t i d b li fdisorders characterised by anomalies of energy disorders characterised by anomalies of energy 
production production 

•• Disease secondary to defects in glycogen, lipid, Disease secondary to defects in glycogen, lipid, 
adenine nucleotide and mitochondrial metabolismadenine nucleotide and mitochondrial metabolism

•• Usually infantile and adult forms Usually infantile and adult forms –– Infants are Infants are 
usually more severely affected usually more severely affected y yy y

•• They usually present with muscle disfunction They usually present with muscle disfunction 
induced by exercise or rhabdomyolysis & mayinduced by exercise or rhabdomyolysis & mayinduced by exercise or rhabdomyolysis & may induced by exercise or rhabdomyolysis & may 
become mildly symptomatic during childhood and become mildly symptomatic during childhood and 
emerge late in life (emerge late in life (“I have never been good at sport”)





GLYCOGENOSESGLYCOGENOSES
•• Autosomal recessive (but glycogenosis IX and IXa)Autosomal recessive (but glycogenosis IX and IXa)



MYOPHOSPHORYLASE DEFICIENCYMYOPHOSPHORYLASE DEFICIENCYMYOPHOSPHORYLASE DEFICIENCYMYOPHOSPHORYLASE DEFICIENCY

• Described the disease in 
1951 in a 33 yr-old man with 
stiffness after exercisestiffness after exercise

• Discovered the use of 
scopolamine for treatingscopolamine for treating 
seasickness in soldiers in 
the II World War

• Worked at the National 
Institute, Great Ormond 
St t B tStreet, Brompton, 
Cambridge and Guy’s 
Hospital

Dr Brian McArdle 1911-2002



Glycogen phosphorylase
Removes glucose residues from 
α-(1,4)-linkages within glycogen 
molecules 
Product of reaction: Glucose-1-
phosphate. 



MYOPHOSPHORYLASE DEFICIENCY MYOPHOSPHORYLASE DEFICIENCY ––
CLINICAL FEATURESCLINICAL FEATURES

•• Exclusively myopathicExclusively myopathic

•• Presents with cramps and myoglobinuria Presents with cramps and myoglobinuria 
following exercisefollowing exercise –– fixed weaknessfixed weaknessfollowing exercise following exercise fixed weaknessfixed weakness

Double wind phenomenon (typicalDouble wind phenomenon (typical ability ofability of•• Double wind phenomenon (typical Double wind phenomenon (typical –– ability of ability of 
resume exercise after 10 min of rest)resume exercise after 10 min of rest)

•• No respiratory impairment No respiratory impairment 



MYOPHOSPHORYLASE DEFICIENCYMYOPHOSPHORYLASE DEFICIENCY -- GENETICSGENETICS

•• PYGMPYGM gene gene –– 11q1311q13

MYOPHOSPHORYLASE DEFICIENCY MYOPHOSPHORYLASE DEFICIENCY GENETICSGENETICS

gg qq

•• Autosomal recessiveAutosomal recessive

•• 80 known types of mutation80 known types of mutation

•• Common stop codon mutation in exon 1 (nonsense Common stop codon mutation in exon 1 (nonsense 
Arg49)Arg49)

•• No protein expression or unstable proteinNo protein expression or unstable protein

•• Manifesting heterozygotic or asymptomatic carriersManifesting heterozygotic or asymptomatic carriers



MYOPHOSPHORYLASE DEFICIENCY MYOPHOSPHORYLASE DEFICIENCY --
PATHOLOGYPATHOLOGY

•• Often subtle changes Often subtle changes –– can be missedcan be missed

•• Subsarcolemmal vacuoles Subsarcolemmal vacuoles 

•• Subsarcolemmal glycogen accumulationSubsarcolemmal glycogen accumulation

•• No phophorylase activity at histology No phophorylase activity at histology 





PAS (glycogen)PAS (glycogen)



Normal

Myophosphoryalse



ACID MALTASE DEFICIENCYACID MALTASE DEFICIENCYACID MALTASE DEFICIENCYACID MALTASE DEFICIENCY

S P ’ di l i II l h• Synonyms: Pompe’s disease; glycogenosis type II; alpha-
glucosidase deficiency

• First reported by Johannes C Pompe in 1932 – Post-mortem of  
a seven-month-old infant who died suddenly from a disease 
associated with the accumulation of glycogen in many tissuesassociated with the accumulation of glycogen in many tissues

• In 1963, H.G. Hers and his co-workers link the basis of Pompe , p
disease to an inherited absence or shortage of enzymes 
present within the compartment of the cell known as the 
lysosome making Pompe disease the first to be classified as alysosome, making Pompe disease the first to be classified as a 
lysosomal storage disease (LSD).



Defect of acid 1Defect of acid 1--4 alpha glucosidase 4 alpha glucosidase 
(GAA)(GAA) -- Chr 17q25 2Chr 17q25 2--q25 3q25 3(GAA) (GAA) -- Chr 17q25.2Chr 17q25.2--q25.3 q25.3 

Lysosomal enzyme Lysosomal enzyme 

Hydrolyses linear α1Hydrolyses linear α1--4 glucosidic linkages 4 glucosidic linkages 
on carbohydrates on carbohydrates –– Catalytic site: AspCatalytic site: Asp--518 518 



ACID MALTASE DEFICIENCY ACID MALTASE DEFICIENCY –– Clinical Clinical 
features features 

•• Disease incidence: Overall: 1 in 40,000 to 50,000 live Disease incidence: Overall: 1 in 40,000 to 50,000 live 
births births 

•• Symptoms depends of type of mutation Symptoms depends of type of mutation –– present present 
when enzyme activity is below 30%when enzyme activity is below 30%when enzyme activity is below 30%when enzyme activity is below 30%

•• Muscle weakness and respiratory impairmentMuscle weakness and respiratory impairment•• Muscle weakness and respiratory impairment Muscle weakness and respiratory impairment ––
severe in infantssevere in infants

•• Common cardiac involvementCommon cardiac involvement



ACID MALTASE DEFICIENCYACID MALTASE DEFICIENCY Molec lar and geneticsMolec lar and geneticsACID MALTASE DEFICIENCY ACID MALTASE DEFICIENCY –– Molecular and geneticsMolecular and genetics

Mutation: Mutation: 180 mutation identified (Lancet 180 mutation identified (Lancet –– 2008)2008)

E t i b t M t i f til diE t i b t M t i f til di•• Enzyme protein absent: Most infantile disease Enzyme protein absent: Most infantile disease 
•• Enzyme protein & activity proportionately reduced: Enzyme protein & activity proportionately reduced: 

Adult onsetAdult onsetAdult onset Adult onset 
•• Enzyme protein present but has little catalytic Enzyme protein present but has little catalytic 

activity: May occur in infants, children or adults activity: May occur in infants, children or adults 
Ab l t ti & t tAb l t ti & t t•• Abnormal enzyme maturation & transport Abnormal enzyme maturation & transport 

•• Trp481Arg: Absent catalytic activity; Normal Trp481Arg: Absent catalytic activity; Normal 
synthesis & posttranslational modification synthesis & posttranslational modification y py p

•• Some mutations prevent protein secretionSome mutations prevent protein secretion



ACID MALTASE DEFICIENCY ACID MALTASE DEFICIENCY -- PathologyPathology

•• Widespread accumulation of glycogen (positive in white blood Widespread accumulation of glycogen (positive in white blood 
cells)cells)cells)cells)

•• Vacuolar myopathy in children (accumulation of glycogen)Vacuolar myopathy in children (accumulation of glycogen)

•• Subtle changes in adults Subtle changes in adults –– often normal biopsy or mild, nonoften normal biopsy or mild, non--
specific changesspecific changesp gp g

•• Increase in acid phosphatase activity (lysosomes)Increase in acid phosphatase activity (lysosomes)

•• Focal expression of MHC class I antigen (misdiagnosed as Focal expression of MHC class I antigen (misdiagnosed as 
possible myositis) possible myositis) 

•• EM can be informative (membraneEM can be informative (membrane--bound glycogen; within bound glycogen; within 
lysosomes) lysosomes) y )y )



PASPAS





PAS                                        Acid Phosphatase







LIPID STORAGE MYOPATHIESLIPID STORAGE MYOPATHIES

Result from defects of transport or betaResult from defects of transport or beta--oxidation or oxidation or 
endogenous triglycerides catabolism endogenous triglycerides catabolism 





LIPID STORAGE MYOPATHIES LIPID STORAGE MYOPATHIES –– CLINICAL CLINICAL 
FEATURESFEATURES

Uncommon conditions incidence unknown• Uncommon conditions – incidence unknown

• Infants and adults; often misdiagnosed 

• Various clinical presentation: progressive 
myopathy with muscle weakness or recurrentmyopathy with muscle weakness or recurrent 
episodes of rhabdomyolysis - Intolerance to 
exerciseexercise



LSMLSM PATHOLOGICAL FEATURESPATHOLOGICAL FEATURESLSM LSM -- PATHOLOGICAL FEATURESPATHOLOGICAL FEATURES

M l bi ft l ith ildM l bi ft l ith ild•• Muscle biopsy often normal or with mild, Muscle biopsy often normal or with mild, 
nonnon--specific changes (specific changes (i.e. disorders of 
endogenous FA catabolism))endogenous FA catabolism))

A l ti f li id d l t (A l ti f li id d l t (bi d•• Accumulation of lipid droplets (Accumulation of lipid droplets (bigger and 
more numerous than normal muscle)

• Fibre necrosis in some patients presenting 
ith h bd l iwith rhabdomyolysis 





7224 HLA

Oil d O li id
7224ORO

Oil-red-O, lipids
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