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Lecture 2: Introduction to Exercise Metabolism  

Different forms of exercise; endurance or high intensity. Exercise poses a massive physiological 

challenge on the body; i.e muscle heat production and anaerobic energy turnover.  

High energy phosphate bonds 

• Adenosine triphosphate (ATP): Energy released from oxidation of nutrients trapped in 

high energy phosphate bonds within ATP.  

• Over several bouts of exercise, the muscle is able to adapt to the activity it has previously 

seen. E.g in first attempt, there is an increase in oxygen uptake, however it is to a slower 

extent than what happens in the 2nd or 3rd bout.  

ATP is the cell’s “energy currency”. 

Hydrolysis of ATP is coupled with energy consuming processes:  

• Mechanical work: muscle contraction.  

• Chemical work: synthesis of cellular molecules required for growth and 

maintenance e.g. protein synthesis.  

• Transport work: 

maintenance of ion 

gradients e.g. Na+K 

+ATPase, charge 

across membranes. 

Muscle contraction and ATP 

Muscle consists of a bundle of muscle fibers→ Consist of single muscle fibers→ each fibre then 

consist of myofibrils → Thin filaments actin are in close proximity to thick myosin filaments 

(darker colouring).→ Z disc too Z disc is a single sarcomere.  

Head groups on myosin are able to move the whole sarcomere, shortening length.  

 

 

 

 

 

 



 

During muscle contractions:  

1. Calcium ions released from sarcoplasmic reticulum and bind to troponin and changes its 

conformation. 

2. Tropomyosin moves as a result, and the myosin binding sites are released 

3. Activated myosin head binds to actin filament = cross bridge 

Activation happens when ATP binds to myosin, and is hydrolysed to ADP + Pi. Energy released 

changes myosin head into ‘cocked’ position, ready to bind. Recycling of the calcium back into 

the SR also requires ATP. 

Cross bridge cycle: 

1. Cross bridge formation: actin and myosin bind. Inorganic phosphate released.  

2. Power stroke: ADP is released, and myosin head moves backwards. 

3. Cross-bridge detachment: when another ATP binds, the linkage is weakened, and actin-

myosin release. 

4. Reactivation of myosin head: 

back to cocked position 

ATP 

• Finite amount. Low levels in the 

body: 80-100g.  

• Immediate energy source.  

• All muscle ATP consumed in ~90 

sec at rest and ~2 sec during 

exercise if not regenerated.  

• Replenished at the rate used so 

[ATP] does not decrease 

appreciably until exercise becomes 

intense. 

• ATP levels in muscle are 

maintained quite well.  

• Must be continuously resynthesised 

and replenished. 

 

Energy for muscle contraction:  

Mechanisms involved in the breakdown and resynthesis of ATP:  

1. Substrate Level Metabolism (Anaerobic) - Phosphagen System (ATP/PCr) - Glycolytic 

System 

2. Oxidative Metabolism (Aerobic) - Carbohydrate, Fat and Protein to generate ATP 



 

N.B: Longer you run from, the more anaerobic. Increased 

oxygen uptake. Increase blood flow for oxygen extraction at 

the tissue 

Phosphagen system is the fastest response, but low availability in muscle. Fat on the other hand is 

not limited because we can draw it from adipose stores.  

 

 

 

 

Phosphagen system: 

• Relatively modest store (70-80 mmol/kg dm)  

• Immediate response (0-1.3s) 

• Major role is to buffer ADP accumulation 

• Creatine kinase: Converts creatine from phosphorylated →unphosphorylated.  

• Removing a phosphate group allow it to be used to generate ATP from precursor ADP.  

• Generates ATP from ATP precursor in one enzymatic step. It converts creatine from Pi 

form to un-Pi form.   

 

During all out exercise: 

PCr is exhausted rapidly (within 6 sec). Inorganic 

phosphate can be used to generate ATP, but is then 

exhausted.  

 

Moderate exercise: 

phospagen system first, then glycolytic, then 

oxidative metabolism. In older generational people, 

oxidative metabolism seems to play a greater role 

than in younger people  

 



 

Oxidative Metabolism  

i. Carbohydrate stored as glycogen in muscle and liver  

a. circulates in blood/plasma as glucose  

ii. Fat - Lipids  

a. FFA released from adipose tissue triacylglycerol stores when required - 

intramuscular triacylglycerol (to some extent) 

iii. Protein amino acids (long duration exercise, not addressed herein) 

Adipose tissue: 

Would last a couple of hours, however exercise will 

drastically decrease this. FA is most important as it 

can release quickly.  

In muscle fibre, triglycerides and glycogen is stored, 

within the actual muscle fibres, however to a greater 

extent in between muscle fibres, as mitochondria are 

localised there. Closer to the location where it is 

needed. Adipose tissue needs to be 

able to shuttle triglyceride molecules (95%) only on the outside there is a little 

bit of mitochondria and compartments. Free FAs undergo beta-oxidation so 

that metabolism can occur in 

mitochondria and be converted to acetyl-

CoA (glycogen is also converted to 

Acetyl-CoA via glycolysis where 

pyruvate -> Acetyl CoA)                             

 

Metabolic fuels             

Glycogen is converted into glucose, 

Proteins are broken to AA, converted to 

acylate coA. Triglycerides→Lipolysis→ FFA for beta-oxidation→ Acetyle CoA→ oxidised in 

mitochondria. Glycogen →Glucose units→ glycolysis to pyruvate→ into mitochondria→ 

AceCoA in TCA cycle.             

    

    

    

    

    

  

 

 

 

 

 



 

 

Oxidative Metabolism: 

• Carbohydrates and fatty acids are the primary 

energy substrates for oxidative metabolism  

• Protein is usually a relatively minor source of 

energy (<5% of total energy).  

• Carbohydrate and fat utilisation is determined 

primarily by exercise intensity and duration.  

 

 

CHO and FAT utilization: Exercise Intensity: 

FFA in plasma is similar when intensity is increased, as 

overall demand is increase, FFA in plasma cannot 

accommodate demand. → Hence muscle glycogen 

increases.  

 

Exercise Duration:   

In the beginning, first hours: muscle glycogen is 

most important & FFA in circulations, however is 

depleted after 4 hour run. Similarly, muscle 

triglycerides play an important role (15%) in the 

beginning however cannot be replenished in the role.  

Plasma FFA are then broken down from adipose 

tissue and used.  

 

 

Other factors affecting fuel selection:  

• substrate availability  

• diet or nutritional status  

• prior exercise  

• muscle fibre type composition (slow twitch, fast twitch)  

• physical fitness or training status  

• Environmental factors (heat, cold)  

• Gender 

Enzyme control of metabolism 

Enzymes are able to bind onto certain type of substrate, with active site, change confirmation and 

then release a certain product. Reaction rate is dependent on the substrate available. Maximum 



velocity occurs when enzymes become saturated. This is important because enzymes control the 

flux of metabolic pathways, this prevent reactions occurring continuously and is tightly 

controlled.  

Enzyme activity regulated by:  

• Substrate availability  

• Product inhibition Enzyme 

concentration  

• Temperature  

• pH  

• Allosteric regulation  

• Covalent modification 

Regulation of enzyme activity: substrate concentration 

• At low [substrate] velocity increases.  

• Maximum velocity = Vmax. Enzyme saturated.  

• Km [substrate] needed to produce half Vmax.  

• Km reflects affinity for substrate. Smaller Km = great 

affinity.  

• In cells [substrate] equal or less than Km.  

• Respond to changes in [substrate] as is on the steep slope 

of curve. 

Example: 

Glucose phosphorylation to glucose-6-phosphate  

• Muscle and brain: hexokinase Km=20-120 uM. Phosphorylates glucose even when blood 

glucose is low. Important in brain which solely relies on glucose.  

• Liver: glucokinase Km=5 mM. Responds when blood glucose elevated (i.e. after meal) to 

minimise hyperglycemia. Basically only responds after a meal, preventing 

hyperglycaemia. Doesn’t compromise glucose supply to other organs when glucose is 

low.  

• Hexokinase in high in the muscle and the brain, glucokinase in abundant in the liver, both 

do the same thing but the enzyme kinetics are quite different.  

• Hexokinase has a low km value, with a 

lower maximum velocity. 

Product inhibition: 

• Product binds to enzyme and inhibits its 

activity.  

• When levels of product are high it is 

energetically favourable to inhibit product 

formation. 

• Advantageous if end product of pathway 

can bind to initial enzyme, inhibit activity 

allowing pathway to be inhibited. 

 



Temperature  

• Velocity increases with increasing temperature.  

• Q10 (the temperature coefficient): reaction rate doubles with every 10C rise in 

temperature. 

• BUT at high temperatures proteins denature 

• Muscle temperature increases during exercise (not too 

dramatically. 36.8 to 37.2C and recovers quickly.  

• Exacerbated when exercising in hot 

environments and alters muscle 

metabolism. 

• This affects muscle activates as 

enzymes like to work around 37C. this can 

improve enzymatic activity and make 

reactions faster.  

 

pH: 

• Enzymes have optimum pH. 

• Activity is reduced outside optimum 

range.  

• Structure of the enzyme may be 

changed.  

• Active site is distorted and the 

substrate no longer fits.  

• Extreme pH levels will produce denaturation. 

In exercise Muscle pH is reduced during exercise in an intensity dependent manner. Implications 

for metabolism. E.g.: pH drop inhibits fatty acid oxidation enzymes & may cause the decrease in 

fat metabolism seen during intense aerobic exercise. At rest it is about 7.4 (most enzymes), but is 

reduced in bout to 7, which can positively or negatively affect enzymatic activity.  

Allosteric regulation: 

• Effector molecules bind to sites on enzymes other 

than active site (allosteric sites) and regulate enzyme 

activity.  

• Effectors that enhance enzyme activity are referred 

to as allosteric activators.  

• Those that decrease enzyme activity are called 

allosteric inhibitors. 



Example: Phosphofructokinase 1: 

regulatory enzyme of glycolysis. 

Allosterically inhibited by ATP, and 

allosterically activated by AM, ADP and 

Pi. High ATP means glycolysis does not 

need to occur rapidly. Vice versa with 

ADP.  

Covalent modification: 

Post-translational modifications effect 

enzyme activity by:  

• Changes in shape 

o Promote or inhibit interaction of substrates and allosteric regulators.  

o Alter cellular location of enzymes (ie. cytosol to membrane, import and export 

out of mitochondria).  

• Regulation by phosphorylation events 

(most) common. 

o Phosphorylated by protein 

‘kinases’.  

o Dephosphorylated by protein 

‘phosphatases’ 

o Phosphorylation status mediated 

via signalling pathways. 

Example: AMP activated protein kinase: ‘master’ 

regulator of catabolic processes. Need phosphorylation for catabolism to occur.  

 

*SAMPLE NOTES, FULL EDITION IS ORDERED AND COMPLETE. * 

Lecture 4: Mechanisms of Muscle Damage and Adaptation 

• Ligament Rupture: Avulsion, result from severe hyperextension of a joint and complete 

tear in the stabilising ligaments  

• Ligament and muscular Tears: Partial tears on ligament and/or muscle resulting from 

serious hyperextension, stretching, rapid changes in length and trauma.  

• Ligament and muscle Strains: Result from mild hyperextension and stretching.  

• Whole muscle cell damage: Numerous mechanisms.  

• Sarcomere damage: eccentric exercise, over stretching. 

• However, most common would be a tendon injury 

Location of induced muscle tears: 

• Linear stretch along the muscle plane injury normally occurs at 

the Ligament muscle juncture 

• Grade 1 Biceps tear Site of injury is along the top of the 

muscle tendon join 

Main causes of muscle damage: 



• Trauma 

• Toxins: tetanus, Vx, Cardiotoxin etc. These can be used to 

recreate muscle damage and research 

• Denervation – muscle wastage (Motor neuron disease)  

• Ischemia – lack of oxygen (and waste removal)  

• Metabolic stress – (AMPK, PGC1a etc..) 

• Eccentric exercise Disease and ageing (Muscular 

dystrophies) Immune mediated killing or damage. 

Age of 50, 1% muscle loss a year, exercise can 

maintain muscle mass 

• Membrane rupture 

Can muscles repair and respond to damage? What pathways 

are responsible? How does this affect exercise? N.B stem 

cell pools can be depleted in conditions with muscular 

dystrophy 

Markers of Muscle Damage: 

• Functional- Muscle performance, maximum force 

• Chemical- Creatine kinase, C-reactive Protein. N.B: 

Creatine kinase can also grow in other conditions, 

such as liver damage.  

• Nociceptive- Muscle soreness, however it is a 

qualitative mark  

 

4 Stories: 

Eccentric exercise:  

• Using your muscles as brakes. Classic example: 

running downhill, or skiing. Increases Delayed 

Onset Muscle Soreness (DOMS) after few days 

compared with concentric exercise. “uphill makes 

you tired, downhill makes you sore” 

• Isomeric contractions:  

i. No movement, push against a static object 

ii. no joint movement during the muscle contraction phase.  

iii. No lengthening or shortening of the muscle 

iv. Can be used in resistance training 

• Isotonic exercise: 

i. The muscle length changes; shortens is concentric contraction, lengthens is via 

eccentric contractions.  

• Concentric contraction: e.g. biceps curl, bicep shortens (load less than total muscle force)   

• Eccentric contraction: e.g. Slowing the arm going from shoulder to leg direction with a 

force greater than muscle contraction. Muscle lengthens during contraction 

Trail Running and Effect on Sarcomeres- The most damaging exercise type increases sarcomere 

numbers and strength. 



There is a difference in the number of sarcomeres, decline exercise results in a greater number of 

sarcomeres. 

  

 

 

 

 

A shows fairly normal looking muscle, with structure. B shows damaging of the muscle, 

alignment is lost in eccentric exercise. Several different areas of sectioning should be done to 

make sure findings are consistent. H&E staining is preferred as it take a broader view of muscles 

Length-Tension relation and Damage: 

• Reason it is lost is because actin and 

myosin is no longer connected in 

descending limb, muscle is extended past 

what the sarcomere can handle. It can no 

longer hold on and break 

• Descending Limb = Sarcomere Instability  

• Eccentric exercise damage depends on 

muscle length: Probably has to do with 

stretch 

• Short muscle: more difficult to stretch 

hence less damage from eccentric 

contractions 

• Long muscle: Easier to stretch. E.g. like a 

long piece of climbing rope 



Eccentric exercise: Performance & Damage: 

Repeated bout effect (triceps surae):  

• Muscles adapt and respond to eccentric exercise 

(damage) 

• Subsequent bouts are less severe:  

ii. Improved strength (peak torque)  

iii. Initially increased stiffness  

iv. Improved angle  

v. Reduced soreness 

• As nervous system becomes more efficient at firing 

muscles and dealing with muscle damage.  

• Pushing muscles too much, i.e muscular dystrophy, 

muscle fiber detaches and reattach, eventually stem cells 

pools deplete, and an no longer recover 

Muscle Stem Cells: 

• “Satellite cells are a heterogeneous population of stem and 

progenitor cells that are required for the growth, 

maintenance and regeneration of skeletal muscle.” These 

usually lie on the lateral borders of muscle fiber in a semi-

dormant state ready for muscle damage 

• When muscle is damaged in eccentric contraction:   

i. Damage signals induce differentiation of satellite cells  

ii. Satellite cells act to repair damaged muscle, growth and length maintenance 

How are they activated: 

• Use collagenase, digests and separate single muscle fibre, blue indicates DAPI 

• PAX7- important marker of satellite cells,  

• YFP- marks MYF5 which tells satellite cell that it is activated 

 

 

 

 

 

 

 

 



   

Theory: macrophages extend out and pull out satellite cells and exchange part of their cytoplasm 

which activate PAX7. →Satellite cell commits to division→ classic markers of muscle activation, 

MYOD→PAX7 will reduce, myogenic will increase markers such as MRF-4, MYHC 

Mechanism of repair:  

• Macrophages circulation 

finding damaged muscle 

• Pool of satellite cells that 

proliferate the new myoblast, 

but get assisted by fibroblast 

and macrophages.  

• Process is not single factorial, 

involves several cells types 

 

Replenish stem cell pool: 

• Need satellite cell to 

recommit back into stem cell pool and also differentiae to myoblast to fill damage.  

• Cell undergoing expansion undergo symmetric division. Over time there is asymmetric 

drift is the commitment back to PAX7+ and MYF5- 

 

 



Muscular Dystrophy: 

• Inherited condition of progressive muscle weakness and wasting. 

Limb girdle muscular dystrophy: proximal wasting of hip and shoulder girdles 

• Congenital muscular dystrophy: infantile hypotonia (floppy baby syndrome). There is 

regeneration degeneration cycles on muscle biopsy. Often die by three years. 

• Muscular dystrophy is heterogenous even in the same gene. 

• The disease helps us understand how muscle works and how it attaches to tendon. 

Two complexes determine how muscle attaches to tendon: 

o Dystrophin Associated Glycoprotein Complex 

i. Complex alpha dystrophin glycan 

ii. Only protein in the human body known to have blood sugars.  

iii. Important for LAMA binding in the collagen sheets 

iv. Other side is dystrophin, like a molecular spring, for shock absorption and 

structure. 

o Integrin associated Complex 

i. Binds fibronectin to collagen 

ii. Involved in handling passive 

force 

• MD is heterogeneous even in same 

gene 

• such as FKRP a glycosol 

transferase, mutation can cause a 

whole spectrum of disease.  

Zebrafish: 

o 70% Protein coding human 

genes found in zebrafish  

o 84% of Genes known to cause 

disease in humans have 

zebrafish counterpart 

o Reasons: 

i. Cost effective to house 

ii. High fecundity  

iii. Ex-utero development  

iv. Easy to manipulate genetics  

v. Optical Transparency 



 

 

 

 

 

 

 

 

 

Study, take 2 fish: 

Caf (Candy floss Lama2 deficient fish) and sap (for 

dystrophy) inject Evans blue dye into fish, Caf fish, muscle 

fibers detach but red dye is not absorbed. In sap, muscle 

fibres detach, but dye is absorbed.  

This tell us that the muscle membrane is damaged in the 

sap fish, but in the caf, membrane is in tac but we see 

severe detachment phenotypes.  

MD is not all about active force: 

• Integrin linked deficiency results in not only in an 

active force deficit, and increasing in ability to 

handle passive force 

• Almost like fibrotic response, overall, fish no 

longer move 

IGF-1 Signaling Pathway:  

• Can manipulate, cause it leads to 

muscle growth 

• Activating IGF-1, you also activate 

Akt signalling and that affects muscle 

growth. 

Interventions to reduce or prevent muscle 

damage: 

Most common legal (WADA) methods:  

• Ice bath to cool hot muscles  

• Anti-inflammatory drugs (ibuprofen, 

NSAIDS) Kind of weird though, can 

affect kidneys  

• Cooldown exercises  

• Stretching  



• Massage  

• muscular, lymphatic flow, blood? 

Isoleucine a legal mTOR pathway stimulator: 

• As it is an amino acid, it is difficult for regulators to ban it in sports 

• Leads to muscle increase, works through Akt pathway 

 Thymosin beta 4 scandal: 

• Small peptide that binds IGF-1 which can lead to  

i. Proliferation  

ii. Differentiation  

iii. Migration  

iv. Most importantly activator of IGF-1 

No literature to prove that any of it is true.  

Myostatin-/-: 

• Deficiency in myostatin prevents muscle being broken down 

• Similarly works though the Akt pathway, has no influence on the Fox-O transcriptional 

activation 

Myostatin increases with training: 

• Therefore, has an effect on muscle breakdown. Some article dispute this however by 

claiming that myostatin decrease with training.  

 

Muscle adaptations to damage are similar to those induced via exercise & resistance training: 

• Overload principle: high tensions are required for  in growth  

• → Hypertrophy = increase in muscle fibre size (main mechanism). mTOR pathway ->  

• →Hyperplasia = increase in muscle fibre (cell) number (little/no evidence this occurs in 

short term) →Optimisation of muscle fibre distribution (increased fast twitch). This 

depends on the type of exercise you are doing. 

• May be initially a 20-40% increase in strength without a noticeable increase in size 

(cross-sectional area) of the muscle. This increasing in strength has more to do with 

neuronal activation.  

• Hypertrophy comes later and contributes to long term strength increases by increasing 

muscle cross sectional area. 

• Likely that some of the training response is driven by muscle damage and activation of 

anabolic repair mechanisms 

Neuromuscular adaptations to exercise: 

• ‘Neurological training’ Occurs independent of muscle hypertrophy.  

• Enhanced capacity to activate motor units.  

• Improved coordination of motor unit firing.  

• Improved ability to recruit motor unit firing. 

• Large increase in power prior to size change (hypertrophy) 



Muscles respond and adapt to many stimuli: 

• Detraining can reduce strength, however after sick week, after reaching a certain peak, it 

becomes easier to reach that set peak than it is 

before as the neural circuit are already laid 

down 

• Aerobic training markedly enhances the 

oxidative capacity of muscle fibres. As DPNH 

oxidised per min per mg of mitochondrial 

protein increases 

Space research: 

• Maintain muscle mass in a micro gravity 

environment 

• Muscle also adapts to a lack of stimuli or 

activity 

• Reduced activation of anabolic pathways 
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Lecture 10: Molecular adaptations to exercise #2 

miRNAs are small ∼18-25 nucleotide single strand non-coding RNAs, they recognise mRNA by 

base pairing interactions, usually between 2-8 of seed seq of the miRNA and complimentary 

nucleotides in the 3’UTR of mRNA’s. 

Typically controls expression of target genes by imperfect base pairing. to the 3′-untranslated 

regions of mRNAs, thereby inducing repression of their target mRNAs. Or inhibit protein 

translation or enhance messenger RNA degradation (new studies showing miRNAs can stabilize 

mRNA and enhance translation- sorry about the potential confusion). 

Can bind to m-RNA and repress compacity to translate proteins, or degrade m-RNA 

   

How they work: 



1) Primary miRNA (pri‐miRNA) transcript forms a stem–

loop structure that is recognized and processed by the Drosha complex.  

2) Trimmed precursor (pre‐miRNA) hairpins transported by an exportin 5 to cytosol. (trimming) 

3) Further processed by the Dicer complex to form the mature double‐stranded ~22‐

nucleotide miRNA.  

4) miRNA duplex unwound, incorporated into RISC complex, which is then guided to specific t

arget seq in mRNAs 

Both Drosha and exportin5 are 2 proteins involved in processing of mi-RNAs as well as Dicer 

mRNAs are predicted to be targets of many distinct miRNAs, suggesting that different miRNAs 

might act in a concerted manner to regulate mRNA translation and turnover. Single nucleotide 

may contain hundreds of miRNA which can bind to one m-RNA to repress activity. mRNA can 

be regulated by multiple miRNA’s 

miRNAs have also been shown to affect multiple targets in linear pathways or interconnected nod

es in regulatory networks, thereby exerting a larger cumulative effect, which can act in concert, to 

be fine tuners of metabolic processes in mammals* 

e.g: in the liver SREBF1 can act to increase FA synthesis. MiRNA will act in concert with 

SREBP1, where they will be co-transcribed, as miR-33b also increases to repress processes that 

would degrade FAs * 

MiRNA response to exercise: Upregulation of miRNA machinery part (3proteins) of the acute 

molecular response to exercise, but not adaptive as they aren’t stable post training. The response 

of miRNAs to exercise are varied among key types. Changes are likely related to specific 

function.  

mR-23a 

• miR‐23a is decreased with exercise 

• miR‐23a predicted to target PGC‐1α to decrease it 

• Hypothesis: exercise removes miR‐23a inhibition on PGC‐1α, allowing for mitochondrial 

biogenesis 

• Over-expression of miR-23a should supress PGC-1α 



• This however shows that 23a may not have a real constituent effect  

• miR‐23a Tg mice have a normal molecular response to 4 weeks voluntary wheel running.  

• Demonstrating redundancy in biological systems, induction of other regulators, hierarchy 

of control 

• MiRNAs may be quite low in hierarchy of control in modulation of transcriptional 

regulators  

• Despite no change in mitochondrial proteins, miR‐23a Tg mice had increased exercise 

endurance capacity (other targets?) 

Circulating miRs: 

MiRs seem to be produced within tissues. In response to exercise, miRs can be incorporated into 

vesical partially HDL, and directed to target tissue, to influence metabolic functions.  

Epigenetics: 

• Changes in phenotype or gene expression caused by mechanisms other than changes in 

the underlying DNA sequence 

• Each cell type possesses an innate and distinct epigenetic signature, also called 

‘epigenome’, which is constituted by two major epigenetic events which can be passed 

onto daughter cells: 

o Chromatin remodelling (dense/loose chromatin structure)  

o DNA methylation  

• DNA methylation and histone modification control the conformation of DNA into two 

distinct states: the opened, euchromatin and the closed, heterochromatin states, thereby 

governing access to the DNA for transcription. 

• Opening allows for the transcriptions factors to drive gene transcription, closes is more 

difficult  

DNA methylation has been associated with decreased transcriptional activity because it can 

repress the binding of transcription factors to promoter regions and attract transcriptional co‐

repressors and histone deacetyltransferases (HDACs). This results in a dense chromatin structure 

and inactive genes. 

When we exercise, we tend to get less methylations on DNA: Loss of promoter methylation or 

hypomethylation is implicated in modifying, albeit, mechanism/s of demethylation still unknown 

Study: Biopsy before and after VO2 max test. One exercise bout for 20 min alters DNA 

methylation pattern. Reducing DNA methylation enhances gene expression on promotor regions 

on specific genes. Methylation status in response to exercise is intensity dependant.  

Study: Exercise training also alters DNA methylation in a chronic manner 6 months aerobic 

exercise for one hour approximately twice a week had altered DNA methylation in (or near) 2817 

and 7663 genes in skeletal muscle and adipose tissue, respectively. These included changes in 

metabolic pathways, calcium and insulin‐signaling. Contraction‐induced hypomethylation of 

these genes was partially retained following the acute exercise. Some stable changes.  



Chromatin remodelling: 

Modification to histone tails such as acetylation results in 

activation or the ability of histones to separate DNA, whereas 

deacetylation results in tighter histone complex, making 

transcription more difficult.  

Study: In response to exercise there is driving of key 

transcriptional genes. Histone deacetylation is reduced, 

allowing for loose chromatin structures. 

HDACs are translocated from the nucleus during exercise to 

facilitate transcription  

 

 

 

 

 

 

 

 

 

 

 

 

 

Lecture 11: Optimal nutrition for training for exercise 

When forming a nutrition program consider the stimuli, energy requirements, training/lifestyle vs 

competition. Endurance exercise for example involves an element of fatigue. 

Other events Sprint/strength/power, generally defined as short duration where work rate would 

not be much below maximal, and dehydrations is generally not considered a problem  

The rest: stochastic/mixed– Most team sports, games, some typically ‘endurance’ events, ‘Mixed’ 

can have long overall duration, short, intermittent high intensity work bouts 



Emphasis on maximising 

overcompensation 

component. 

   

 

 

 

 

 

 

 

 

As intensity decreases over time, there is a increases utilization of extracellular ‘slow burning’ 

fuels. 

James Morton team sky: To maximise performance, you need fuelling and recovery, promoting 

training adaptation, and weight loss. 

Nutrition plan: consider balance with variety, maximize optimal health where maximal adaptation 

= years of development. For optimal performance, it usually means leanness. 

Study: 2 weeks 60% energy of habitual diet 

(note 100% is weight maintenance) where 

Diet 1 = 1g/kg protein and Diet 2 = 2.3g/kg 

protein which is (~50% more absolute protein 

content than habitual diet). The result is a 

large loss in body weight in the control 

compared to high proteins, no change in fat 

mass, and maintanance of lean mass in high 

protein individuals despite drop in energy 

intake. → 

Supplements: Only if dietary sources are 

inadequate, does chosen sport increase 

nutrient demand? And consideration of 

macronutrients AND micronutrients and ‘correct’ format like vitC and antioxidants  

Pascal’s Wager: Religion as an example, to believe just in case, fkn stupid. Vit C has been shown 

to inhibit adaptation to endurance training, such as mitochondrial biogenesis.  

Endurance training and competition:  

• Highly dependent on nutrition 

• multiple energy sources are used 

• dependant on intensity, duration, prior exercise and nutrition status 

• fuel supply limited by single exercise bouts  



Fuel supply: 

Ready access to fuel external to the muscle and at 65-

85 Vo2max, switch to muscle glycogen hence needs 

to be fuelled after training 

Long recognised importance of carbohydrate intake 

and muscle glycogen content for endurance exercise 

performance.  

Sparing muscle glycogen and burning fat instead, can 

be induced by introducing a high fat diet.  

Study: In low carb diet, there in an increase ins Vo2 

and a decrease in performance, as there is a loss of 

efficiency when shifted to fat ox. Hence, prolonged 

high intensity work, recommended to consume ≥7 g/kg/d CHO to maximise exercise 

performance 

For exam, know what it is about glycogen that make it important and how to adjust.  

Muscle energy stress sensors: 

Enzymes such as AMPK, MAPK, CAMK, sirtuin proteins (eg Sirt1). With AMPK, [ATP] – 

tightly regulated, [AMP] increases dramatically when muscle is stressed during intense, 

prolonged work Increased AMP:ATP → the signal to increase AMPK activity. 

Study: Muscle glycogen on AMPK activity, participants had wither high or low glycogen and 

exercised for an hour. AMPK was higher in activity in low glycogen participants.  

Study:  

 

 

 

 

 



High or low glycogen groups were given exercise over 3 days or 1 day. Low glycogen group 

started with half the muscle glycogen for the second session.   

 

 

 

 

 

 

 

 

 

 

 

It was found that power output is reduced in low glycogen groups, however the gap begins to 

close after each HIT session. Some adaptation occurring? Significant increase in citrate 

synthetase and β-HAD (regulates fat breakdown to TCA) activity in the low group. Starting with 

low glycogen is a stimulus to learn to get better at storing glycogen 

Study: with untrained participant, assigned to single leg knee extensor exercise. One leg kicks 2 

days in a row, depleting glycogen state. Citrate synthase significantly improves in low muscle 

glycogen leg. Also improves, muscle glycogen storing.  
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