


Objectives

By the end of this lecture, the First year students W111 be
able to: L

4

* Recognize the importance of A
skeletal muscle A

» Compare three systems of energy"i‘:{_;__, n-the b

» Differentiate between energy metabohsm 1
white muscle fibers L

» Understand how skeletal muscles derive ATP from

aerobic and anaerobic metabolism
% Discuss the importance of Cori and glucose-alanine
cycles in energy metabolism
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Overview

e ATP as energy source
* Aerobic metabolism: red
e Anaerobic metabolism: w!
*Cori cycle

*Glucose-alanine cycle @~
®* Muscle fatigue and endurance in athletés



Three systems of energy transfer

Percent capacity of energy systems
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Exercise duration

¢ Aerobic

eFatty acids

e Continuous exercise
e Hours

-

e Anaerobic

¢ Glucose

*High intensity exercise
®]5 sec. to 2 min.

® Anaerobic

e Phosphocreatine (PCr)
eHigh intensity exercise
®3-15 sec.




ATP as energy SOH_I‘CQ

The nucleotide coenzyme ac:lenosfi e

triphosphate (ATP) is the most 1 )1
form of chemical energy stored ;1 1 cel
Breakdown of ATP into ADO olédse
This energy is used for all body functlons

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



ADP + Pi > AT
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Energy metabolism in muscle

Suitable For
Prolonged effort

Aerobic metabolism
(With O, supply)




Overview of Energy Metabolism in Skeletal Muscle
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@) Fatty acids canonly D Lactic acid from anaerobic

metabolism can be converted
to glucose by the liver.




Aerobic metabolism in

Red muscle f1bers are su1tab1e for
muscle activity

Their metabohsm is maiﬁ,‘v
¢ Aerobic and

They obtain ATP mamly fom fattiz ‘T‘-amds'

Fatty acids are broken down by B-oxidation,
Krebs cycle, and the respiratory chain






— 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 muscle f1bers

White muscle fibers are su1tab1e fofj":"'i';‘""'fast
strong contractions ’

During intense muscle act1v1;{}_fj,‘d;‘-’

etc.) O, supply from blood: qlc

They mainly obtain ATP from anaeroﬁf 1C
glycolysis ' sk
They have supplies of glycogen that 1s
catabolized and undergoes glycolysis




Anaerobic metabolism
in white muscle fibers

Glycogen = glucose- 1 PQ4 ucose- ?_P_Q :
- glycolysis 2 ATP

NADH+H"is re- 0x1d1zed tO’li;é
degradation and ATP formatmn,;

Anaerobic glycolysis produces lactat@:,.,.f,A,-'A.

Lactate is resynthesized into glucose in the
liver by Cori cycle
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The Cori Cycle

In anaerobic glycolysis, thef gl ‘
converted to lactate

Lactate in muscle is rele"
Transported to the l1ver

Liver converts lactate i m;c_; luce
gluconeogenesis i

v

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



~ A. Cori and alanine cycle

Liver Blood Muscle
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1.1.1.27

@ Gluconeogenesis



The Cori Cycle

Why skeletal muscles can 't pmfﬁ- .fuce 'n ew
glucose from lactate?

Because:

Gluconeogenesis requ1res much more i
than is supplied by glycolysm' in: ',-ffij;uScI,e L
O, deficiencies do not arise in the hver even
durmg intense exercise

Therefore, liver always has sufficient ATP for
gluconeogenesis



The glucose-alanine cycle

Muscles produce' -
+Pyruvate from glycolysis durin
exercise and ol

0Ammo nitrogen (NHz) f om

Pyruvate is converted to alanme m
muscles
eoPyruvate + NH, = Alanine



~ A. Cori and alanine cycle
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The glucose-alanine cycle

Goeh

3
i
#

¢ Alanine — NH2 =PY}1’uVa' 4

transported to musdle to bt for
energy again
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The glucose—alanine cycle



Exercise and AMPK

Exercise In exercise, the metabolic
(High-energy demand) @ Szt tR it kit
: phosphorylation by A M-

‘ ' | activated protein kinase
N AMP | (AMPK)

Activates AMPK

Anabolic Catabolic
Pathways pathways

ATP



A Work =——> Y ATP ~«——— Hypoxia

!

A AMP
® Y
A Glycolysis AMPK A Fatty acid oxidation
\ Y /

Enzyme phosphorylation

o NN

Y Gluconeogenesis Y Protein synthesis Y Lipogenesis y Cholesterol
genesis

AMPK activation shuts down ATP-requiring processes and
stimulates ATP-producing processes



Muscle fatigue and
endurance in athletes

Muscle fatigue: sl e
o Inability of muscles to maintain a-
strength of contraction over tim

Causes: muscle damage, accumulation of =~

lactic acid

Athletes are able to change the propb'iiinns
of red and white muscle fibers by targeted
training



Muscle fatigue and
endurance in athlet?,;S, .

=

The expression of muscle proteins car
change during the course of training

This provides them with; =
¢ High endurance during muscleactwlt |
o Efficient energy production and Consu ption
¢ Delayed fatigue



Take home message

Muscular activity requires C()

for energy either from aeroblc Or?%-.*’;aff";”""
metabolism s

Cori and glucose-alanine Cycles play an in -
role in regenerating glucose for energy

Athletes are able to change proportions of their red
and white muscle fibers with appropriate training
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