
Energy: Food converted into ATP

Aerobically
With oxygen
Total oxidation of pyruvic acid
Used after 3 minutes of exercise
Unlimited ATP
Low intensity - long duration
No limiting by-products
Fuel

Carbohydrates
Fats

Anaerobically
No oxygen

Conversion of glycogen to pyruvic acid
Used between 0-3 minutes of exercise

Instant energy from ATP-PC
Limited ATP production

High intensity - short duration
Lactate causes muscle fatigue

Fuel

Phosphocreatine
Glycogen



Internal Structure of fascicles

Endomysium Separate and electrically insulate 
the muscle cells from each other

Perimysium

Epimysium

All 3 connective tissue layers bind muscle cells together
They all merge at the end of the muscle & 
are continuous with tendons



METABOLIC VARIATIONSOF MUSCLE FIBER TYPES.

WHITE MUSCLE FIBERS
Features:

Large in diameter
High glycogen content

Surrounded by few capillaries
Light in colour due to 
reduced myoglobin.

Relatively few mitochondria

Metabolism:

Muscles with many white muscle fibers
are very well suited for activities
requiring power and speed
for short duration.
Mainly use glycolysis which synthesize
ATP quickly.
Rapid cross bridge cycling
results in fast contractions.
"Fast-twitch glycolytic fibers"
Powerful due to large number of myofilaments
(large diameter) 
Fatigue rapidly due to build up of 
lactic acid and depletion of
glycogen.

Fatigue-prone.

RED MUSCLE FIBERS
Features:

About half the
 diameter of
white fibers
Low glycogen 
content

Surrounded by many
capillaries

Dark red in colour 
due to large quantity 
of myoglobin

Numerous mitochondria.

Metabolism: 

Muscles with high number
of red muscle fibers are very well
suited for activities requiring
endurance and continuous 
contraction.
Mainly use KREBS CYCLE and
oxidative phosphorylation
for synthesis of ATP.
Cross bridge cycling occurs relatively slow.
"Slow-twitch oxidative fibers"
Fatigue-resistant, high endurance. 

Differ iř sŃĔ anč colouratioř



MUSCLE METABOLISM
Energy needed for muscle contraction is provided by ATP

Because the muscle stores a limited amount of ATP,
mechanisms must be in place to synthesise new ATP
quickly to enable continued muscle activity. 

Can you convert the lactic acid cycle back into energy?
YES. This happens through the Cori-cycle.

Muscle supplies are low. What THREE processes do muscle cells use to synthesise additional ATP? 
Hydrolysis of creatine phosphate

Amount of creatine phosphate is 
limited and rapidly depleted

Substrate phosphorylation is
 a hydrolytic process that transfers
energy and a phosphate group
from creatine phosphate to ADP, 
forming ATP!

Creatine Phosphate: Immediate
source of energy for rebuilding 
ATP.

Glycolysis

Sources of glucose 
available to muscles 
from two sources: 

Glucose enter the
muscle cell directly
from blood

Glucose is produced by 
hydrolysis of glycogen
stored in the muscle cell.

Products:
2 ATP MOLECULES
PYRUVIC ACID

Krebs cycle 
& oxidative 
phosphorylation



OXYGEN PATHWAYS
ANAEROBIC

In the absence of oxygen:
Pyruvic acid is converted 
to LACTIC ACID!

Pathway PRODUCT: Lactic Acid
Excess lactic acid builds up rapidly,
bringing about muscle fatigue.

AEROBIC
Pyruvic acid is converted to
Acetyl CoA
Pathway products:
Water
Carbon dioxide
36 ATP molecules

Sources of OXYGEN
Oxygen enters the muscle cells
directly from the blood.

Oxygen is stored in myoglobin,
an oxygen-binding protein.
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Role of ATP

Energizing the power stroke
of the myosin cross bridge

Disconnecting the myosin cross bridge
from binding sites on the actin at the
conclusion of a power stroke

Energizing the calcium ion pump

6 Steps of cross 
bridge cycling

1. Influx of calcium, triggering
the exposure of binding sites
on actin
2. The binding of 
myosin to actin

3. The power stroke of the
the cross bridge that causes 
the sliding of the thin filaments
4. The binding of the ATP to the 
cross bridge, which results in the
cross bridge disconnecting 
from actin.

5.The hydrolysis of ATP,which
leads to the re-energizing 
and repositioning of the cross
bridge

6. The transport of the calcium 
ions back into the sarcoplasmic
reticulum.



Skeletal Muscles Internal structure

Composed of orderly
arrangement of :

Contractile cells Connective tissue Surrounded by EPIMYSIUM

connective
tissue wrapping

Muscle terminology

Muscle cell: Muscle fiber
Cell membrane: Sarcolemma
Cytoplasm: Sarcoplasm
Modified endoplasmic reticulum: 
Sarcoplasmic reticulum

CompositionMade up of :

Fascicles

Bundle of individual muscle cells
Surrounded by connective tissue layer

PERIMYSIUM



Sliding Filament Theory

Myosin Actin
Major component of 
thin filament
Actin portion of thin 
filament is composed 
of actin subunits
twisted into 
double helical chain
Each subunit has a 
specific binding site
to which the myosin
 cross bridge binds

Tropomyosin
Regulatory protein that
is also part of the filament
Entwines around the actin
In the unstimulated muscle
the position of the tropomyosin
covers binding sites
on actin subunits and prevents 
myosin cross bridge binding.

ATP Troponin
Tropomyosin molecules must be 
moved aside to expose binding
sites for binding with myosin

Facilitated by presence of third
molecular complex: TROPONIN

Attached and spaced periodically 
along tropomyosin strand

Involves Activities Of 5 Different Molecules & Calcium Ions
Thin Filament When & where do contraction

of muscle cells occur?

As thin filaments slide past thick filaments.
Sarcomere shortens and the thick & thin
filaments overlap to a greater degree. 



Three Phases of a Muscle Twitch

LATENT period
Sarcolemma & 
T-tubules depolarize

Calcium ions released 
into cytosol

Cross bridges begin 
to cycle, but no 
visible shortening 
of muscle

CONTRACTION
Sarcomere shortens 
as a result of myosin 
cross bridge cycling
Speed depends on 
weight being lifted 
and fiber type 
(slow-twitch fibers 
or fast-twitch fibers)

RELAXATION
Calcium ions actively 
transported back into 
terminal cisternae

Cross bridge cycling
decreases and end

Tension is reduced, muscle 
returnsto original length.


