Biochemistry tfeam

Aerobic and anaerobic
metabolism in muscle



Objectives

e Three systems of energy transfer.

e ATP as energy source.

e Aerobic metabolism : red muscle fibers.

e Anaerobic metabolism : white muscle fibers.
e Cori cycle.

e Glucose-alanine cycle.

e Muscle fatigue and endurance in athletes.




Three systems of energy transfer

Percent capacity of energy systems

Exercise duration

@

* Anaerobic
e Phosphocreatine (PCr)

e High intensity exercise
e 3-15 sec.

e Aerobic

e Fatty acids

e Continuous exercise
e Hours

e Anaerobic

e Glucose

e High intensity exercise
e 15 sec.to 2 min.
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Muscle fibers produce ATP three ways:
1. Creatine phosphate

2. Aerobic metabolism

3. Anaerobic metabolism
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ATP as energy source

* The nucleotide coenzyme adenosine triphosphate
(ATP) is the most important form of chemical energy
stored in cells.

* Breakdown of ATP into ADP+PO4 releases energy.
* This energy is used for all body functions

(biosynthesis, membrane transport, muscle
contraction, etc.).




ATP as energy source

The main pathway for ATP synthesis is oxidative
phosphorylation catalyzed by the respiratory chain.

ATP synthase catalyzes the synthesis of ATP.

ADP + Pi —-> ATP.
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Energy metabolism in muscle

Muscle contraction requires high level of ATP
consumption

Without constant resynthesis, the amount of ATP is
used up in less than 1 sec. of contraction

Muscles typically store limited amounts of ATP
enough to power 4-6s of activity .




Energy metabolism in muscle

Skeletal muscle

Red fibers White fibers
Type | Type

Suitable for
prolonged effort

Suitable for fast,
strong contraction

Aerobic
metabolism Anaerobic

With 02 supply metabolism
Without O2 supply




Overview of Energy Metabolism in Skeletal

Mus

cle

Glucose absorbed i
at the

intestinef"_r\\

™

Liver glycogen

/boGIucose—

Amino — = Glucose -—/.

acids —1
Pyruvate
Liver
-
( Lipids stored irﬁ
: t
Adinoge adipose tissue
tissue
Glycerol + fatty acids
& /
s =Y
Gas exchange at
the lungs: Op —
Lungs D
< 5

f——————

Glycogen
Rest y
Exercise
Glycolysis
(anaerobic) | )

— Lactic = Lactic -——— Pyruvate
Laltic,o/( Y o -
acid . Fatty

= Fatty ———= Acetyl CoA

}—» AIP

creatine

Glucose comes
l from liver glycogen

or dietary i

ntake.

acids acids ‘
Triglycerides
o s 4 Oxidative
e \2 phosphorylation
/"002 and v,
citric acid
cycle
(aerobic)
Muscle fiber
Blood &
e L

UOIOBUOD

Contraction

J

Myosin
ATPase

Ca-ATPase

Relaxation

1sey

Creatine ~(P) (PCr)
+

ADP

0 Fatty acids can only
be used in aerobic
metabolism.

to glucose by

Lactic acid from anaerobic
metabolism can be converted

the liver.

pM Jji 59Sgl=ll
5]« dael) 299
EWE IRV R
5 VoSO M=JU
w9y ATP J Jg.z:._;_g
Ji» le >9=>9
S g>,, Lactate
pi «5959l> guay)
Jlal> (s

1, contraction
ATPase JI Jsidw
pi a8la) alg=g

J > (08 &>y
15] Lol . relaxation
G 05 A bo
eS80 M=) o=



Aerobic metabolism in red fibers

e Suitable for prolonged effort

 Red fibers obtain their ATP mainly from fatty acids
“aerobic”

* Fatty acids are broken down by f-oxidation, TCA cycle,
and the respiratory chain ETC

* Red coloris due to myoglobin

 Higher O2 affinity than hemoglobin

e Releases 02 when 02 level drops

*[-oxidation = the form of Acyl-CoA molecule
* TCA cycle = Kreps cycle
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— A. Energy metabolism in the white and red muscle fibers

White (fast) fibers, anaerobic Red (slow) fibers, aerobic
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Anaerobic metabolism
in white fibers

Suitable for fast, strong contractions

During intense muscle activity (weightlifting, etc.) 02
supply from blood quickly drops

White fibers mainly obtain ATP from anaerobic glycolysis

Glycogen = glucose-1-PO4 = glucose-6-P0O4 - glycolysis
> ATP




A. Energy metabolism in the white and red muscle fibers

White (fast) fibers, anaerobic Red (slow) fibers, aerobic
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Anaerobic metabolism
in white fibers

NADH+H+ is reoxidized to maintain glucose degradation
and ATP formation.

Lactate is formed and converted to glucose in liver (Cori
cycle).




The Cori Cycle

White muscle fibers obtain ATP from anaerobic glycolysis
In anaerobic glycolysis, the glucose is converted to lactate
Lactate in muscle is released into blood

Transported to the liver




Liver converts lactate into glucose via
gluconeogenesis

The newly formed glucose is
transported to muscle to be used for

energy again.
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The Cori Cycle

Why muscle can’t produce new glucose from lactate?

Because:
* Gluconeogenesis requires much more ATP than is supplied by glycolysis
In muscle

« 02 deficiencies do not arise in the liver even during intense exercise

« Therefore, liver always has sufficient(.2<) ATP for gluconeogenesis




The glucose-alanine Cycle

Muscles produce:

« Pyruvate from glycolysis during exercise.
* Amino nitrogen (NH2) from normal protein degradation.
* Pyruvate is converted to alanine in muscle.

( Pyruvate + NH2 - Alanine)
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The glucose-alanine Cycle

This alanine is transported to liver.
Liver converts Alanine back to Pyruvate ( Alanine — NH2 = Pyruvate ).
Pyruvate is used in gluconeogenesis.

The newly formed glucose is transported to muscle to be used for
energy again.




The glucose-alanine Cycle
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Muscle fatigue and
endurance in athletes

Muscle fatigue:

Inability of muscle to maintain a particular strength of contraction over time.

Causes of Muscle fatigue :

* muscle damage
« accumulation of lactic acid (new study shows the opposite)

Athletes are trained to achieve high endurance and delayed fatigue




Qs:

1) in anaerobic metabolism, the source of energy anaerobic metabolism s :

1. FA

2. Carbohydrates
3. Proteins

4. Lactic acid

2) Slow fibers :

1. Take short time to contract after stimulation
2. use glycolysis to produce energy

3. contract for long periods

4. Easily fatigued

3) Anaerobic metabolism is inefficient due to :

1. Small amount of Glucose and ATP

2. Large amount of ATP

3. Lactic acid is produce which contributes in muscle fatigue

4) In the glucose-alanine cycle, alanine converted to pyruvate in :
1. Kidney

2. Intestine
3. Liver

4. Muscle
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