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Three systems of energy transfer

o ATP as energy source

« Aerobic metabolism ; red muscle fibers

e Anaerobic metabolism ; white muscle fibers
e Cori cycle

e Glucose-alanine cycle

« Muscle fatigue and endurance in athletes
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3) THREE SYSTEMS OF ENERGY TRANSFER
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isused forall chemical | Figure 6.5
body energy Adenosine triphosphate.
functions storedin /T
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' ATP stored in cells for Tsec In

' specific level

= The main pathway for ATP syn’rhems N omdo’nve
phosphorylation catalyzed by the respiratory chain
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| Muscles typically store limited amounts

' of ATP—enough to power 4-és of activity,
| Therefore, resting muscles must have

= Breakdown of ATP : ATP — ADP + Pi + Energy | energy stored in other ways.

= Synthesis of ATP: ADP + Pi — ATP
responsible Enzyme ATP synthase
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The three energy systems often operate simultaneously during physical activity.

Relative contribution of each system to total energy requirement differs markedly
depending on: exercise intensity & duration.

Magnitude of energy from anaerobic sources depends on : person’s capacity and
tolerance for lactic acid accumulation (Athletes are trained so that they will have
better tolerance for lactic acid).

As exercise intensity diminishes and duration extends beyond 4 minutes, energy
becomes more dependent on: aerobic metabolism.
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) e 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 coniraction

-Muscle fibers produce ATP three
ways:
Creatine phosphate

1.
2. Anaerobic metabolism
3.  Aerobic metabolism




}) AEROBIC AND ANAEROBIC METABOLISM

Aerobic: Anaerobic:
- With oxygen. «  Without oxygen.
’ i‘;‘:&;;&g}r:gyz mainly fafty acids, then . Source of energy: Carbohydrate (glycolysis).

« End products: Lactate & ATP.

 When does it occur?
When the respiratory and cardiovascular systems have

*  End products: CO2,H20 & ATP.
« Anaerobic metabolism is inefficient, because:

- Large amounts of glucose are used for very small “caught up” with the working muscle.
ATP returns. . -
, . [~ Giucose (rom « During rest and light to moderate ————
o licdeialbipiocticeciiiose \ et o i/ exercise, aerobic metabolism et/
presence coniributes to muscle *g;.ycﬁ.;s‘&s contributes 95% of the necessary T
fatigue. ) 8 ATP. AN
. c ' Rerobic respiration)
Typte gf is.poris that uses anaerobic - i e . Compounds that can be B~ menirs)
metabolism: Dokl : o ad- ,
N = ® aerobically metabolized: & ¢ A
-sports that require bursts of speed - Fatty acids.
Ond OCT|V|Ty, eg bOSkeTbO” (b) Anaerobic mechanism (glycolysis = PyrUV|C GC|d (que \/|O (c) :z;t;ziﬁot:\yel':::z:i)sm(oxidauve

and lactic acid formation)

glycolysis)
E ce: glucos . . Energy source: glucose; pyruvic acid; free fatty
R - A MINO ACI d S. acids from adipose tissue; amino acids from

protein catabolism

Oxygen use: None Oxygen use: Required
Products: 2 ATP per glucose, lactic acid Products: '30 ATP per glucoge. CO,, H,0
Duration of energy provision: 30-60 sec. Duration of energy provision: Hours
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during rest, when
you eat food,
glucose gets
absorbed at the
intestine to blood,
then it gets stored
in the muscle as
glycogen

Overview of Energy metabolism in skeletal muscle

Guring exercise,
the glycogen will

— ™
—— Glucose absorbed ae——— ("
orm— at the
pr— intestine— @ —{ Glycogen ﬁmraction
Re
> . »
Liver glycogen /f~>Glucose—472 Exercise A?P /‘
Myosin
P:
AMING — o Gluiose —/6 Glycolysis ; aIFase
acids t (anaercbic) M)
(—>
Pyruvate Ca-ATPase
1 | —T Lactic*T Lactic -—1—— Pyruvate
‘ Lactclic v/’y acid sl = \’ ‘ >—> AIP Relaxation
i Liver aci | o Fatty —» Fatty ————= Acetyl CoA creatine
'/ acids acids ‘
(- = =)
Lipids stored in| | 9 Triglycerides Q
; adipose tissue | |/ Oxidative = D
Adipose | = Oy ¢ o )
tissuo ‘ / o phosphorylation Q 2
L—COs and (=3
L Glycerol + fatty acnds) | Sitrie acid L/ 5
[/ ~cycle Creatine ~(P) (PCr)
" D/ (aerobic) +
Gas exchange at / ADP
the lungs: O»
Lungs COp - Muscle fiber
- 4 Blood &

o Glucose comes

from liver glycogen
or dietary intake.

be burnt
aerobically or
anaerobically
depending on the
level of oxygen to
produce pyruvate
or lactate. And all
of this metabolism
will produce ATP,
which will be used
in muscle
confraction to

@) Fatty acids canonly €D Lactic acid from anaerobic
metabolism can be converted
to glucose by the liver.

be used in aerobic
metabolism.

convert it to ADP/
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e TYPEI: RED FIBERS

= Color :red, whye
due to presence large amount of protein called Myoglobin which
has higher affinity to O, than hemoglobin. Myoglobin releases in O,

muscle when O, level drops.

= Type of metabolism : Aerobic (O, is available |
= Suitable for : prolong effort, like marathon race .

= ATP SOURCE : mainly from fatty acids, which are broken down by

B-oxidation TCA cycle & respiratory chain.

= Example : Beef

« TCA cycle : TriCarboxylic Acid cycle (Krebs cycle).
« Affinity means: binding.
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| |
Notes : |
*  Myoglobin : similar to hemoglobin, and is used for storing oxygen in the muscles to provide O, to aerobic i
cycles |

* [B-oxidation : A process in which the fatty acids are degraded into other components and then energy is i
produced. |

|

|

|

|
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| |

Fatty acid is
oxidized into
Acetyl CoA

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

oxygen provided
by myoglobin

Tricarboxylic
acid cycle

\/
Lactate 4$—i Pyruvate Q(J u -

s NADH +H®

-1 Adenylate kinase \ ——mm =
2.7.43 N 1L b_ [

AMP deaminase \

| 3546 NH3 IMP CO

White (fast) fibers, anaerobic Red (slow) fibers, aerobic
Creatine R St LN Acetyl CoA
phosphate P,/ Myoglobin  Fattyacids enters the Krebs
V< | cycle (TCA
I v [ cycle)
: |
Glucose —— Glucose Creatine | 0y |p-Oxidation| !
A |
AD@ , Ketond
W e AP | 10 . b
| ¥, Krebs cycle will
v m I A I produce NADH
Cori cycle ) l =
(liver) Glycolysis Forteartion : Acetyl CoA :
NADH + H® [N\ ] N 0> :
(L]« ADP / | NADH enters the
m $esp|ratory I respiratory chain
chain [ in presence of
I @0 I
: !
\

ATP is
produced
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§) TYPE Il: WHITE FIBERS

= Color : white , whye
due to presence of small amount of Myoglobin.
= Type of metabolism : Anaerobic (O, is unavailable )
= Svuitable for :fast & strong contractions, like weight lifting

= ATP SOURCE : mainly from anaerobic glycolysis .

= Example : chicken breast
= O, supply from blood quickly drops WHITE MUSCLE

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

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

= Pathway is : Glycogen - glucose-1-PO, - glucose-6-PO, - glycolysis > ATP

435 Biochemistry Team




}) Tynes of skeletal muscle fihers

Type | Type ll

Slow Fast
Red (dark) White (pale)
Oxidative Glycolyftic
Aerobic metabolism Anaerobic metabolism
Half the diameter of fast fibers Large in diameter
Extensive capillary supply Contain densely packed myofibrils
High concentrations of myoglobin, which make it Large glycogen reserves
dark in color
Abundant mitochondria Relatively few mitochondria
Take three times as long to contract after Produce rapid, powerful contractions of short duration
stimulation, Can contract for long periods of time
Fatigue resistant Easily fatigued, because lactate is formed.
Obtain their ATP mainly from Fatty Acids Obtain their ATP mainly from Anaerobic glycolysis

oxidation, TCA cycle, and the ETC
Suitable for prolong effort, like marathon race. Suitable for fast & strong contractions, like weight lifting
E.g. : Beef, chicken’s leg, migrating ducks breast E.g.: Chicken'’s breast meat




@}) TYPE II: WHITE FIBERS

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

-~ White (fast) fibers, anaerobic Red (slow) fibers, aerobic
NADH is —
- | Creatine . :
reoxidized to _‘_ngg_gggg}_ _____ i ADP phosphate Myoglobin  Fatty acids
maintain glucose u
degradation and P - l e
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I I 'a————u
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RESTING MUSCLE @) d—

ATP Usein the Resting Muscle Cell:

Inside the muscle fiber, the Fatty acids are oxidized
(in the mitochondria) to produce:

<L iy

D £ A
Actyl-CoA : NADH & FADH2
v v

'
- CO2 Synthesis of ATP
- ATP
- NADH
- FADH2
- Oxaloacetate

e Resting Muscle and the Krebs Cycle:

ATP is necessary for cellular housekeeping duties ,examples:

- ATP is used for glycogenesis (formation of
glycogen which is the storage form of glucose).

- ATP is used to create “creatine phosphate”
which is another source of energy.
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WORKING MUSCLE 4~

As we begin exercise, we almost For the next 15 seconds or so, we
immediately use our stored ATP. turn to the creatine-phosphate.

After the phosphagen system is depleted,
the muscles must find another ATP source,.

» The process of anaerobic metabolism can maintain ATP supply for about 45-60s.

- Glycogen =2 Glucose = 2 pyruvic aocid (2 ATP + 2 NADH)

£ Glucose (from N
{ glycogen breakdown or 3
\gg!ivefed from blopd)__ /

T

- 2 Pyruvicacd-> 2locticacid (2 NAD ) Giycolysis

- Lactic acid diffuses out of muscles 2 blood = taken by the liver > )ﬂ 5
Glucose (by gluconeogenesis) 2> blood = taken by the muscle again 2%’::“ e e

*It usually takes a little time for the respiratory and cardiovascular systems to catch up with the muscles and supply O, foraerobic metabolism 21?3:3(1 ‘

435 Biochemistry Team

(b) Anaerobic mechanism (glycolysis
and lactic acid formation)

Energy source: glucose

Oxygen use: None
Products: 2 ATP per glucose, lactic acid
Duration of energy provision: 30—60 sec.
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= There are 6 steps :

> First 2 in the Muscle:
1- White muscle fibers ( Fast & Strong confraction ) obtain ATP from Anaerobic glycolysis.
2- In Anaerobic glycolysis glucose is converted to lactate.

> second 2 in the blood stream:
3- Lactate in muscle is released into blood.
4- Transported to the liver.

> Last 2 in the Liver :
5- Liver converts lactate into glucose via gluconeogenesis™
6- the newly formed glucose is transported to muscle to be used for energy again ¥ complete cycle “.

* Gluconeogenesis _: is a metabolic pathway that results in the generation of glucose from non-carbohydrate carbon
substrates such as pyruvate, Lactate, glycerol and glycogenic amino acids.

Summary:
Liver converts lactic into glucose via gluconeogenesis, then the newly formed glucose is

transported to be used for energy

435 Biochemistry Team
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= Why muscles can’t produce new glucose from lactate?

Because:
1- Gluconeogenesis requires much more ATP
2- O, deficiencies do not arise in the liver even during intense exercise

= Therefor, liver always has sufficient ATP for gluconeogenesis, so it can converts lactate to
glucose many times

Glucose < Glucose
A

2 ADP \ NAD™ NAD™ «—\ /» 6 ADP
2 ATP J NADH+H+ NADH+H* /\

Pyruvate k Lactate j Pyruvate

6 ATP
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\ )iochemistryTeam Glucose_qld nine CYCle
1- In muscle

'« Muscle produces:

! : : pyruvate

- pyruvate from glycolysis | - Transported to liver Alanine - NH, == Pyruvate
- Amino Nitrogen NH,(toxic) . withnormal NH, is Converted fo urea which
.from normal protein i . concentration in e Evoreted laner

‘degradation. . blood 0.33-0.61mM

Pyruvate with NH2 is

converted to Alanine « Pyruvate is used in

gluconeogenesis

« The newly formed glucose is
transported to muscle to be

Pyruvate + NH, —= Alanine

__________________________________________________

_ e — — — - - — - - - —— - - Y ———————e— e —a
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-~ A. Cori and alanine cycle

Liver

Blood

Glucose |

Glucose 6 (p) |

6 ATP j <

T

Muscle

i Storage

- Glucose
3.70-5.18
mM

» | Glucose

\
i

1
\/
y

[Glucose 6 - J«—! Glycogen |

O" 2 ATP

v

=

Pyruvate |=
0.02-0.07
mM

Urea

Lactate
0.74-2.40
mM

Alanine

Alanine| =

NADH/NAD™
quotient low

Alanine cycle
Cori cycle

| Protein

I Pyruvatel

0.33-0.61
mM

H
i

I

i
|
B

Plasma concentration
in adults
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NADH/NAD™
quotient high

@ Glycolysis
@ Transamination

Lactate dehydrogenase
1.1.1.27

@ Gluconeogenesis

-
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GLUCOSE-ALANINE CYCLE

= Conversion of pyruvate to alanine, oSl s is coupled with the conversion of an
alpha-amino acid like glutamate to an alpha-keto acid like alpha-ketoglutarate.

= Glutamate in the liver is then deaminated producing urea.

Liver | Blood | Muscle
Glucose » Glucose Glycogen
A
Gluconeogenesis
Aspartate Pyruvate Pyruvate
transamination A o-Amino acid
deamination Glutamate = transamination
transammatlon/ o-Ketoacid
NH3” o-Ketoglutarate
Alanine Alanine

= What happens to NH.?

Liver converts it to urea for excretion.



(o S— MUSCLE FATIGUE
AND ENDURANCE IN ATHLETES

= Muscle fatigue:
Inability of muscle to maintain a particular strength of confraction over fime

= Causes:

1- muscle damage

2- accumulation of lactic acid

3- Build up of lactic acid (low pH of sarcoplasm).

4- Exhaustion of energy resources ( ADP & [1 ATP)

5- lonic imbalance.

= Athletes are trained to achieve high endurance and delayed fatigue

How would a fatigued muscle be able again to contract?

Recovery period: Begins immediately after activity ends.
Oxygen debt (excess post-exercise oxygen consumption).

*Amount of oxygen required during resting period to restore muscle to
normal condifions.

435 Biochemistry Team




D VIDEOS

aerobic htfps://www.youtube.com/watch2v=PQMsJSme780

anaerobic hifps://www.youtube.com/waich2ev=uCmNQQWIrcO

comparison between aerobic and hifps://www.youiube.com/watch2v=uB357EX-fdc
anaerobic

435 Biochemistry Team
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1-Which movement is suitable for type Il fibers , give an example ?
sfrong and fast, weight lifting

2- Describe the cori cycle

the end product of glycolysis in muscle is lactate when it accumlates in muscle,
it goes to blood stream then it will go to the liver, liver will convertes it via
gluconeogenesis intfo glucose then it will back in blood stream then to muscles.

3- what is the fate of amine group in protein degradation ?

during protein degradatfion in muscles, amine group is released, but because it
is foxic, the body will adds it to pyruvate to make alanine which will go to liver,
then liver willremove amine group and convert it to urea.

Click here for QUIZ
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https://www.onlinequizcreator.com/aerobic-and-anaerobic-metabolism-in-muscle/quiz-138345
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