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BIOENERGETICS

ATP IS THE ONLY SOURCE OF ENERGY RECOGNIZED
BY THE CELLS

ONLY A SMALL AMOUNT OF ATP IS STORED INSIDE
THE MUSCLE CELLS
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2 ‘“MAKING OR RECYCLING” ATP

@ FUELS/SYSTEMS

1. PHOSPHOCREATINE /ATP-PC (PHOSPHAGEN
SYSTEM)

2. CARBOHYDRATES/GLYCOLYSIS (LACTIC ACID
SYSTEM)

3. CARBOHYDRATES, FATS AND PROTEINS /
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@ DOES IT WORK?

@ THE WINNING EDGE 3.1 P.32

@ CAN INCREASE CREATINE LEVELS INSIDE MUSCLE

@ IMPROVE SHORT, HIGH INTENSITY PERFORMANCE

@ SMALL INCREASE IN MUSCLE STRENGTH
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AEROBIC METABOLISM
OR OXIDATIVE PHOSPHORYLATION

® WHERE? MITOCHONDRIA

@ THREE PATHWAYS

@ KREBS CYCLE

B BETA OXIDATION (FATS ONLY)

@ ELECTRON TRANSPORT CHAIN
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@ GLUCOSE, FAT AND PROTEIN

@ KREBS CYCLE
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CETYL-COA

isoleucine,
alanine, cysteine, leucine,

glycine, serine, ' threonine,

threonine, tryptophan L tryptophan

Gluconeogenesis

aspartic acid, \ _—» Citrate
dsparagine Oxaloacetate

Ketogenesis leucine,
Malate lysine,

phenylalanine,
tyrosine

phenylalanine,

. I ———— \arate SOCI »
tyrosine Fumarate Isocitrate

\

Succinate

N

isoleucine, Succinvl-SCoA a-Ketoglutarate arginine, glutamate,

methionine, — o, S N glutamine,

valine histidine, proline

AMINO ACIDS FROM PROTEIN CONVERTED
ACETYL CO-A




KREBS CYCLE

Amino acids 8
J2
Acetyl-CoA
A

————— co

~Gitrato synthass B

| Cit
NADH Oxaloacetate rate

NAD* dehydrogenase

Malate Isocitrate

Isocitrate
Fumarase dehydrogenase

a-Ketoglutarate

Succinate dehydrogenase

FADH dehydrogenase

FAD Succinate Succinyl-CoA
Succinyl-CoA
synthetase
P,

Net: NADH GTP  GDP
FADH

ADP ATP

NAD*
C)- NADH

Fumarate «-Ketoglutarate

NAD*
Q NADH

Co,

co,




KREBS CYCLE

NADH kj
NAD*

Malate

Fumarase

Fumarate

FAD"“

Net: NADH

3
FADH = 1

Amino acids

Oxaloacetate

Succinate
dehydrogenase

Succinate

Pyruvate

Fatty acids
Acetyl-CoA

L3 CoA
~~Gitrato synthase

Citrate

Aconitase

Malate
dehydrogenase

NAD*

«-Ketoglutarate
NAD*

Isocitrate

Isocitrate
dehydrogenase

a-Ketoglutarate
dehydrogenase

Succinyl-CoA

Succinyl-CoA
synthetase

P,

GTP  GDP

CO, \3

CO,




ELECTRON TRANSPORT
CHAIN




ELECTRON TRANSPORT
CHAIN

@ WHERE?
MITOCHONDRIA

SUMMARY OF CELLULAR RESPIRATION /




ELECTRON TRANSPORT
CHAIN

@ WHERE?
MITOCHONDRIA

WHAT IS
PRODUCED?

SUMMARY OF CELLULAR RESPIRATION /




ELECTRON TRANSPORT
CHAIN

@ WHERE?
MITOCHONDRIA

WHAT IS
PRODUCED?

8@ ATP

SUMMARY OF CELLULAR RESPIRATION /




ELECTRON TRANSPORT
CHAIN

@ WHERE?
MITOCHONDRIA

WHAT IS
PRODUCED?

8@ ATP

@ H2O0

SUMMARY OF CELLULAR RESPIRATION /




ELECTRON TRANSPORT
CHAIN

@ WHERE? 8@ How?
MITOCHONDRIA

WHAT IS
PRODUCED?

8@ ATP

@ H2O0

SUMMARY OF CELLULAR RESPIRATION /




ELECTRON TRANSPORT
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MITOCHONDRIA
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WHAT IS FROM
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ELECTRON TRANSPORT
CHAIN

FROM
GLYCOLYSIS.
OR

FROM THE
KREBS
EYECLE

/

,/4’

— FAD </ "~ Reduced

S—H, -\/ NAD

ADP + P,
2e (

~ [ aTP

- \ /Oxldlzed‘ /—

CoQ  Cytochrome b)
N Fe* ‘/

Y Fe** —.

ADP + P,
ATP

ot m= —Fe‘<

/1('?22?2“ 'CV‘°°'"°'“"’"
Fe* < = Fe*
ELECTRO S

ADP +P,

‘) 2e
ATP

Y
» Fe** .
(ytochromﬂ.
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————— 2H"




ELECTRON TRANSPORT

CHAIN

Mitochondrion

Inner
membrane

QOuter membrane

Inner

memb(ane

Quter
membibrane

Matrix

Lower H®
concentration

ATP
synthetase

1.

2e

'

2H,0

=]

Higher H"
concentration

Cytoplasm
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FA OX|d|zed
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WHAT ROLES DOES OXYGEN PLAY?




ELECTRON TRANSPORT
CHAIN

S—H, NAD*
S 4> l<> NAD* + H*
l ADP + P,

2H"* C
Qf‘ (ATP)

" FA Oxidized Fe2+
CoQ Cytochrom:aD
FAD Reduced Fes3+

| C ADP + P,
2f‘ (ATP)
Fe2+ Fes+
GWOChfom%tochromf}
c,andc
Fes+ Fe2+l
Zf' (ATP)

Fe2+
@tochrome as
es3+
e

ADP + P,
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ELECTRON TRANSPORT
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PYRUVATE TO LACTATE




Glycolysis
glucnse

—2 ATP

~—a=2 ADP

fructose
diphosphate

OXYGEN

pyruvic acid pyruvic acid




Glycolysis
glucose

—2 ATP

~—a=2 ADP

fructose
diphosphate

OXYGEN

A4

LACTIC ACID <€ pyruvic acid pyruvic acid




SUMMARY

Glycolysis

electron
transport

Krebs Cycle




TOTALS

GLCOLYSIS

~2ATP

Cytoplasm

Net:[2 ATP|

Membrane e L P (- ACETYL-CoA STEP
shuttle ) C b +2 NADH

| CITRIC ACID CYCLE
- <6NADH

+2 FADH,

SUMMARY

Net:[2 ATP|

CHEMIOSMOTIC
FHOSPHORYLATION

Interior matrix 2 NADH (from

. g ; lycolysis|
Inner membrane (enlarged) < ngx((’)IZiz )

‘2 ATP = [4 ATP|

e2ach

Each NADH provides the energy to pump out ATP synthasis requires 8 NADH
6§ protons (H*), while each FADH, provides the energy 2 protons. Thersfore, #“ 3ATP = |24 ATP)
1o pump out 4 protens, However, the NADH from NADH = 3 ATP; 2ach
glycolysis cannot itself enter the mitochondrion, but FADH, = 2 ATP each.

recduces FAD in a membrane shuttle system, with the
FADH, providing tha enargy to pump out 4 protons 2 FADH,

X 2ATP = |4 ATP
each




SUMMARY

CYTOSOL Electron shuttles MITOCHONDRION
or span membrane

SARCOPLASM

2 NADH '6 NADH

N\

Z

Glycolysis Oxidative
l:\J> 2 phosphorylation:
Glucose Pyruvate electron transport
| and
v

Lactic
Acid

Beta Oxidation

+ about 32 or 34 ATP

PC = ATP FATTY ACID
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PROTEINS

isoleucine,

alanine, cysteine, leucine,
glycine, serine, X threonine,
threonine, tryptophan Pyruvate tryptophan

{

Acety]l-SCoA

Gluconeogenesis ‘ Acetoacetyl-5CoA

aspartic acid, \ _—» Citrate

asparagine Oxaloacetate

/ Ketogenesis leucine,

Malate lysine,
phenylalanine,

tyrosine

phenylalanine,

tyrosine Fumarate Isocitrate

\

Succinate

N

isoleucine, Succinvl-SCoA a-Ketoglutarate arginine, glutamate,

methionine, o, S glutamine,

valine histidine, proline

@ ONLY 5-10% OF ENERGY DURING
EXERCISE




ATP TALLY

@ PHOPHOCREATINE: 1 ATP

@ CARBOHYDRATES/GLUCOSE (Cg Hi2
Os)

@ GLYCOLYSIS: 2 ATP

@ AEROBIC: 34 ATP

@ FATTY ACID (Cjie H32 O2) - 129 ATP




EFFICIENCY

® WHAT PERCENTAGE OF THE ENERGY FROM ATP GOES
INTO DOING ‘“WORK?”’?

@ WHERE DOES THE REST OF THE ENERGY GO?




EROBIC/ANA
INTERACTION

>

—— ATP-PC System

Ovearall Parformance

—— Aagrobic System
T = Threshold Point

% of maximum rate of energy production

.. ||\- * % % % ®
|

T T »
10sac T 1 min

THE ENERGY SYSTEMS: TIME AT MAXIMAL CAPACITY




AEROBIC/ANAEROBIC
INTERACTION

SECONDS MINUTES

AEROBIC

ANAERO
BIC
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SUMMARY

@ MUSCLE CELL

GL YClOGEN MUSCLE CELL
— > |ATP

l

LACTIC ACID




GL YClOGEN MUSCLE CELL
— > |ATP

l

LACTIC ACID

OXYGEN MUSCLE CELL
GLYCOGEN FATS PROTEIN

%ﬁATP

Co2 + WATER
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CYTOSOL
or

SARCOPLASM //

Electron shuttles
span membrane

N

2 NADH

Glucose Pyruvate

Glycolysis

2

2 NADH

MITOCHONDRION

or

2 FADH,

2 NADH;|

\ 4
Lactic
Acid

Beta Oxidation

& £

Oxidative
phosphorylation:
electron transport

and

+ about 32 or 34 ATP
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SYSTEM

PC

CARBOHYDRAT
E
(GLYCOGEN &
GLUCOSE)

I COLYSIS

CARBOHYDRAT
E
(GLYCOGEN &
GLUCOSE)

AEROBIC
FAT

R OERELN
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SYSTEM
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PRODUCT

ENDURANCE
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P AND CR

FASTEST

I COLYSIS

CARBOHYDRAT
E
(GLYCOGEN &
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SUMMARY OF ENERGY
SYSTEMS

SYSTEM

WASTE
PRODUCT

ENDURANCE

PC

P AND CR

FASTEST

POWER/
STRENGTH

I COLYSIS

CARBOHYDRAT
E
(GLYCOGEN &
GLUCOSE)

[EACTIE
ACID

MINUTES

AEROBIC

CARBOHYDRAT
E
(GLYCOGEN &
GLUCOSE)

FAT

R OERELN

CO2 AND
H20

S HENY EIR

UNLIMITED

ENDURANCE
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SUMMARY OF FUELS

PHOSPHO-
CREATINE

Rl Rl @
CREATINE

STORED

ENERGY
SYSTEM

FUELS PROVIDE THE ENERGY FOR THE SYSTEMS TO MAKE ATP




SUMMARY OF FUELS

PHOSPHO- CARBO-
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STORED FlelOHAISR el 18 S Bl S

CREATINE

GLUCOSE
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ENERGY
SYSTEM

AEROBIC
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SUMMARY OF FUELS

PHOSPHO- CARBO-
CREATINE ERADREENENS

Rl Rl @

STORED GLYCOGEN FATTY ACIDS
CREATINE

GLUCOSE

GIENCOISY:SIS
ENERGY
SYSTEM

AEROBIC AEROBIC

FUELS PROVIDE THE ENERGY FOR THE SYSTEMS TO MAKE ATP




SUMMARY OF FUELS

PHOSPHO- CARBO-

PROTEIN
CREATINE ERADREENENS

Rl Rl @

STORED GLYCOGEN FATTY ACIDS
CREATINE

GLUCOSE

GIENCOISY:SIS
ENERGY
SYSTEM

AEROBIC AEROBIC AEROBIC

FUELS PROVIDE THE ENERGY FOR THE SYSTEMS TO MAKE ATP




Triglycerides

Table 3.2




CONTROL OF
BIOENERGETICS

Substance 1

|
|

! Enzyme A (rate-limiting)

Substance 2
|
: Enzyme B

Substance 3

Inhibition

‘l Enzyme C
Substance 4

I
!
|
|
i

Enzyme D

WHAT IS A RATE LIMITING ENZYME?




CONTROL OF
BIOENERGETICS

RATE-LIMITING
PATHWAY STIMULATORS INHIBITORS
ENZYME

CREATINE KINASE

PHOSPHOFRUCTE®-

GLYCOLYSIS it ADP, TPH ATP, lPH

ISOCITRATE
DEHYDROGENASESE

Y D) N B ATP, NADH

CYTOCHROME
OXIDASE




