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Objectives:

» By the end of this lecture, the should be able to:

>

>
>
>

Recognize the importance of ATP as energy source in skeletal muscle
Compare three systems of energy transfer in the body
Differentiate between energy metabolism in red and white muscle fibers

Understand how skeletal muscles derive ATP from aerobic and anaerobic
metabolism

Discuss the importance of Cori and glucose-alanine cycles in energy
metabolism




hree systems of energy transfer

Immediate Short term system Long term
system (glycolysis) system (aerobic)
(ATP-PCr)

Type of Anaerobic Anaerobic Aerobic

metabolism:

Type of Phosphocreatine Glucose Fatty acid
energy (PCr)

source:

type of High intensity High intensity Continuous
exercise: exercise exercise (it happens  exercise (less

when the muscle is intensity)
contracting)

Duration: 3-15 sec 15 sec. to 2 min. hours

The three systems are overlapping i
oo S adlall zuis asdVl 0is Ol JMS (o 0,99i0 Lodls adlall adzdl (88 (suss

Percent capacity of energy systems

&

2
Exercise duration




ATP as energy source

~The main pathway .

ATP synthase

~ This energy is used




Overview of energy metabolism

. . Glucose absorbed ( R
adipose tissue atthe )
. . - U lycogen i
will give fatty Fest Contraction
. - Exercise ADP
acid > goes to + X wmyosin
Glycolysis Pi ATPase
blood stream > (anaerobic) F\
goes to muscle _ ] Ca-A{'Pase
fibers > get e ATP The produced
\J o Relaxation )
converted into - Fatty ——Ami.cm creating ATP will be used
Acetyl CoA> I e S Trighyberides T for contraction
undergoes Nesae” . ‘,aﬂyac.ds s B and relaxation.
oxidative s Gntine D cn -myosin ATPase
. ¢ bic) .
phosphorylation | [ Gas exchangs at Bl ADP (for contraction)
+ 02 produced | \(tunss o2 | L ) | -Ca-ATPase (for
from the lung relaxation )
' frcl>m liver glycogen be usediin aerobic metabolism can be converted
(aerOb]C Glucose comes e Fatty acids can only e Lactic acid from anaerobic
pathway) to or dietary intake. metabolism. to glucose by the liver. \
give ATP

Liver will give glucose from its stored glycogen or
amino acid or by undergo gluconeogenesis using
fatty acid.

-glucose then will go to blood stream then to the

muscle fibers .

When we eat ,glucose is absorbed in the intestine
>goes to blood stream > goes to muscle.
*Inside to muscle fibers:

-During rest its stored as glycogen.

-During exercising it undergoes glycolysis (anaerobic
pathway) to give ATP

« Gas exchange happens at the lungs- when exercising,
breathing increases for more 02 supplying.




There are 4 ways for muscle fibers to get ATP :

1- aerobic by red fibers
2-anaerobic by white fibers

'hite and red muscle fi~b_ers

robic Red (slow) fibe

Creatine  ,pp Myogl

3-creatine phosphate
4- by the enzyme adenylate cyclase;

(will take two ADP and produce 1 ATP & 1AMP)

What do we need the ATP for?
Its used in both contraction and relaxation of the
muscle

phosphate
{ Creatine
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Energy metabolism in muscle

« Muscle contraction requires high level of ATP

The muscles can not store

consumption energy for more than 1-2 sec.
_ _ 50, they need constant re
 Without constant re synthesis, the amount of ATP | synthesis.

IS used up in less than 1 sec. of contraction

SUitableNon
White Eibers fast,

(yperily Strong
CoOnthactions

ANAEKOPIG
metabolism

(Without O3 suppLy)

* Prolonged effort\ running for long time
« Fast, strong contractions\ weight lifting




RED MUSCLE FIBERS (Aerobic metabolism)

» Red muscle fibers are suitable for prolonged muscle activity
&l 8 poimol] @w,lond] s Jua=ll oo geidl 1ia wgSlioy Ugasly,l
» Their metabolism is mainly Aerobic and “Depends on adequate supply of 02”

» They obtain ATP mainly from fatty acids
(rugd Ml pazsiws LV asled ¢)led S iy w ezl bl 145 uliuce

» Fatty acids are broken down by beta-oxidation which will produce Acetyl
CoA(A process in which the fatty acids are degraded and energy is Produced),
Krebs cycle, and the respiratory chain.

Why its called RED? B

No myoglobin Lots of myoglobin

Red colour is due to the rich of myoglobin,
mitochondria and capillaries

Each one myoglobin binds to ONE molecule of 02 ,while
hemoglobinin bind with 4 02

Myoglobin has higher 02 affinity than haemoglobin

P duodl (sd Jlgw s>
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It releases 02 when its level drops .




ATP metabolism in red muscle fibers:

Fatty acids

is oxidized
into acetyl
COA

— A. Energy metabolism in the white and red muscle fibers

White (fast) fibers, anaerobic

Red (slow) fibers, aerobic

Glucose —— Glucose

[

Creatine AP

phosphate

Creatine

Myoglobin  Fatty acids

Cori cycle :
(hver)y Glycolysis I
NADH + H® [\
[ELle}+/

v
Pyruvate

Adenylate kinase
1 2743

| 2| AMP deaminase
= 3.54.6

Tricarboxylic
acid cycle

Acetyl coA
enters the
krebs cycle

Krebs c

NADH goes
to
ycle respiratory

will give chain in

NAD

H presence of
02 given by
myoglobin

Production
of ATP




White muscle fibers (anaerobic)

>

>

White muscle fibers are suitable for fast,
strong contractions

They mainly obtain ATP from anaerobic
glycolysis.

During intense muscle activity
(weightlifting, etc.) O, supply from blood
quickly drops, then the muscle will use
anaerobic glycolysis.

They have supplies of glycogen that is
catabolized and undergoes glycolysis.

-They are white because
they have less
mitochondria, capillaries
and myoglobin

-They make energy from
glycogen breakdown
fast




Anaerobic
Pathway:

A. Energy metabolism in the white a

Why skeletal muscles
Glycogen >glucose-1-PO4 > glucose-6-P0O4 can’t produce new

glucose from lactate?

anaerobic glycolysis

Because:

White (fast) fibers, anaerobic 1- Gluconeogenesis
ATP is produced, requires much more
NADH+H+ is re-oxidized to maintain glucose ATP than is supplied

>
&)
=

degradation and ATP formation by glycolysis in
muscle
Ghicose —» Glucose 2- 02 deficiencies do
{ NAD® pyruvate will be converted into lactate not arise in the liver
0 even during intense
a i
exercise
Cori cycle e Lactate is resynthesized into glucose in the liver > Therefore, liver
(iiver) by Cori cycle always has
NADH + H® sufficient ATP for

Lactate <—Ll Pyruvate

gluconeogenesis




In anaerobic glycolysis, the glucose is The
converted to lactate

AV Cori Cycle

Lactate in muscle is released into
bloodstream.

X

[ Then ,Transported to the liver

~

Liver converts lactate into glucose via
gluconeogenesis

~

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




Liver Blood Muscle
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The glucose-alanine cycle

JLUZD Ty
The alanine cycle in the liver doesn’t only provide alanine as a precursor for

gluconeogenesis, but also transports to the liver the amino nitrogen arising in
muscles during protein degradation. In the liver, it’s incorporated ( lliz,) into
urea for excretion.
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scles °
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MUSCLES PRODUCE :

N S

L L

vate from glycolysis Amino nitrogen (NH2)

during from normal
exercise protein degradation
\/ ‘\/

Pyruvate ( with NH2 ) is
onverted to alanine
Pyruvate + NH2 = Alanine

In liver

Liver converts alanine back t

Alanine - NH2 =
(NH2 is Converted to urea whic

- Pyruvate is used in gluconeogenes
glucose )

- The newly formed glucose is

transported to muscle to be used for en

NOTE: Alanine is the second i
transport for amino nitroge
And the first transport f

ALANINE IS TRANPORTED FROM THE
MUSCLE BY THE BLOOD INTO THE LIVER




(i) Reactions in skeletal muscle:

glycolysis produces pyruvate.

Pyruvate can be transaminated ( an a-amino acid donates it’s
amino group, generating an a-keto acid) to alanine.

(il) The alanine then enters the blood stream and is transported
to the liver.

Alanine is returned to the liver for gluconeogenesis.

(ii1) Reactions in liver:

Within the liver, alanine is converted back to pyruvate by
deamination ( The removal of amino group ).

Pyruvate is available for gluconeogenesis and the glutamate
supplies the urea cycle.

Gluconeogenesis converts pyruvate to form glucose.

The newly formed glucose can then enter the blood for delivery

back to the muscle. Bt il el }
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Exercise and AMPK

- In exercise, the metabolic enzymes

are regulated thru phosphorylation by

) ) AMP-activated protein kinase (AMPK)
Durlng ExeTCZSB s EXTRA: By this process the body
(High-energy demand *require* ) try to save energy .

Explanation :

- During exercise ATP level goes down and\in

the same time AMP level goes up .
*ATP é *AMP - When AMP level goes up is activated the

AMPK enzyme .

‘ Explanation :

- The activation of AMPK enzyme will shot

. down the anabolic pathway (to save energy)
ACthﬂteS AMPK and turn on catabolic pathway (to produce

l energy).

Anabolic Catabolic

Pathways pathways
(Off) (ON)

—3 AATP




A Work =———> Y ATP ~<«——— Hypoxia

A Glycolysis AMPK A Fatty acid oxidation

N oS

Enzyme phosphorylation

o NN

Y Gluconeogenesis Y Protein synthesis Y Lipogenesis y Cholesterol
genesis

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




Muscle fatigue and endurance in athletes

» Muscle fatigue:

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

» Causes: muscle damage, accumulation of lactic acid.

» Athletes are able to change the proportions of red and white
muscle fibers by targeted training.

» The expression of muscle proteins can also change during the
course of training.

» This provides them with:
- High endurance during muscle activity.
- Efficient energy production and consumption.

- Delayed fatigue.




Summary:

lactate converted
to glucose by cori
cycle (liver)

product :
lactate

anaerobic o ATP from
. white fibers anaerobic
(without O,) glycolysis

metabolism

in muscle

fatty acid broke
down by :

1-B-oxidation

2-krebs cycle
product: 3-respiratory chain
CO, and

SErObIC : ATP from
(with 0,) fatty acid

H,O




Videos

» 1-Aerobic system:
https://www.youtube.com/watch?v=eqWJbELIB68

https://www.youtube.com/watch?v=PQMsJSme780

» 2-Anaerobic system:
https://www.youtube.com/watch?v=TcMgVnVG3Zk

https://www.youtube.com/watch?v=uCmNQQW!IrcO

» 3-Comparison:
https://www.youtube.com/watch?v=TcMgqVnVG3Zk

https://www.youtube.com/watch?v=uB357EX-fdc



https://www.youtube.com/watch?v=eqWJbELIB68
https://www.youtube.com/watch?v=PQMsJSme780
https://www.youtube.com/watch?v=TcMqVnVG3Zk
https://www.youtube.com/watch?v=uCmNQQWlrc0
https://www.youtube.com/watch?v=TcMqVnVG3Zk
https://www.youtube.com/watch?v=uB357EX-fdc

» Girls team members:
» Boys team members:

1- Reem Alserjani
2- Lama Alfawzan 1- Mohammad almutlaq
3- Heba Alnasser
4- Rawan Alwadani
5-Haifa Alwael
6-Ruba Alsalem
7- Maha Alghamdi
8- Shatha Algeheb
9- Ruba Barnawy
10- Lama Altamimi

-Contact us on : -Team leaders:

Rania Alessa
g Abdullah Almanea

436 Biochemistry team
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