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OVERVIEW OF ENERGY AND METABOLISM

The food we eat, (carbohydrates/’glucose’/sugar,
lipids/fat, proteins), are our only source of energy
for doing the biological work of cells.

All molecules (nutrient molecules included) have
stored (potential) energy in the bonds between their
atoms.

The energy that runs most biological systems on
earth comes from solar energy

Plants trap solar energy via the metabolic reactions
of Photosynthesis by producing these molecules

Carbohydrate, protein, and fat metabolism
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THREE BASIC USES OF NUTRIENTS
ABSORBED BY THE DIGESTIVE SYSTEM

1. Energy for immediate use by cells to conduct their
normal metabolic processes (Muscle contraction,
secretions, active transport)

2. Synthesize structural or functional molecules to
repair and replace cells.
(Mitosis and Cytokinesis)

3. Storage as glycogen or fat for later use as energy
(nutrient reserves)

TWO BASIC KINDS OF CHEMICAL REACTIONS
FOUND IN BIOLOGICAL SYSTEM

Simple molecules and
monomers such as glucose,

Heat amino acids, glycerol, and

released fatty acids
Catabolic reactions / Anabolic reactions
transfer energy from transfer energy from
complex molecules \ ATP to complex
to ATP ADP + P molecules

\ Complex molecules and A Heat
polymers such as glycogen, released

proteins, and triglycerides
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ALL LIVING THINGS FROM BACTERIA TO
HUMANS CONDUCT METABOLISM

Metabolism is the ability to acquire and use energy from
the environment.

Metabolic processes are all the chemical reactions
that occur in cells, tissues, organs, and organ
systems.

Two Kinds of Metabolic Reactions:

Catabolism = breakdown of large molecules into
simple ones to produce energy (release energy).

Anabolism = build large molecules from simple
molecules (requires energy input).

METABOLIC TURNOVER AND CELLULAR ATP
PRODUCTION

STRUCTURAL
AND

OTHERé\éI'sP

EXPEN Growth and

Looomoton Cde

Contraction Carbohydrates
RNA

Intracellular

METABOLIC
TURNOVER

NUTRIENT
POOL

Amino acids

B |
.lk sl'lynz:l’:nugars O MBRARE ] Glycerol
production 15 RNA nucleotides Glucose

INTERSTITIAL
MITOCHONDRIA CYTOPLASM FLUID




WHAT IS ATP?

Energy used by all Cells

Adenosine Triphosphate

Organic molecule containing high-
energy Phosphate bonds

WHAT DOES ATP DO FOR YOU?
It supplies YOU with ENERGY!

CHEMICAL STRUCTURE OF ATP

Adenine Base
NH,

N
5‘413’ L
/\/\‘-

Adenine

? 9

phosphate

3 Phosphates Ribose Sugar

HOW DO WE GET ENERGY FROM ATP?

By breaking the
high- energy }
bond between [REAY Mgy bond
the last two
phosphates in
ATP
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WHAT IS THE PROCESS CALLED?

HYDROLYSIS (adding H,0)

‘E‘E‘}‘T a‘denine

, ribose

HOW IS ATP RE-MADE?

The reverse of the previous process
occurs.

Another Enzyme is
used!

ATP Synthetase

HOW DOES THAT HAPPEN?

An Enzyme!

7
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WHEN IS ATP MADE IN THE BODY?

During a Process called:
Cellular Respiration

or: oxidative phosphorylation

Overall Equation for Cellular Respiration

A

ds RedOx Reaction !
e- flow !

6CO, + 6H,0 + e~ + 36-38ATP’s

CELLULAR RESPIRATION

Includes pathways that require
oxygen

Glucose is oxidized and O, is reduced

Glucose breakdown is therefore an
oxidation-reduction reaction

Breakdown of one glucose results in
36 to 38 ATP molecules

WHAT TYPE OF PROCESS IS CELLULAR
RESPIRATION?

« An Oxidation-Reduction Process or
RedOx Reaction

 Oxidation of GLUCOSE --> CO, + H,O
(e removed from CzH;,053)

* Reduction of O, to H,O (e passed to
0,)
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WHAT CARRIES THE ELECTRONS? ARE THERE ANY OTHER ELECTRON
CARRIERS?

NAD* (nicotinadenine ®YES! Another
dinucleotide) acts as Coenzyme!
the energy carrier 4
NAD* is a coenzyme i ZAD._F {Fleia
: . adenine

when it picks up two l
electrons and one by | ®Reduced to

hydrogen ion J ' FADH,

FADH—"»FAD+H
'
Succinate —-» Fumarate

OTHER CELLULAR RESPIRATION FACTS WHAT ARE THE STAGES OF
CELLULAR RESPIRATION?

» Metabolic pathway that breaks down
carbohydrates « Glycolysis

 Process is exergonic as high-energy « The Krebs Cvcle
glucose is broken into CO, and H,O y

* Process is also catabolic because larger
glucose breaks into smaller molecules

* The Electron Transport Chain




SUMMARY OF GLUCOSE METABOLISM

SKELETAL
MUSCLE

Proteins

MOST TISSUES

9 tcacids‘//X'N'A
Proteins l Glyceraldehyde

~
Fatty acids 3-phosphate Glycogen

003+ (H0 + ATEH

© John Wiley & Son, Inc

M
Triglycerides

icose
Triglycerides / Triglycerides

Fatty Glyceraldehyde

acids  3-phosphate
ADIPOSE TISSUE Mo )

Triglycerides:

OVERVIEW

GLUCOSE |

1
Glucose 6-pt

—{ Glycolysis

dehyd:
LACTIC ACID 3-phosphate
1
CERTAIN = Pyruvic acid
AMINO ACIDS  —
[ Acetyl
coenzyme A

GLYCEROL

Fat
=

Triglycerides
/ Fatly s j=—""

Key:
Gluconeogenesis (stimulated by
cortisol and glucagon)
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Glycogenesis:

The process by which glycogen is synthesized from
glucose; in which glucose molecules are added to
chains of glycogen for storage.

Glycogenolysis:

(also known as "Glycogenlysis") is the break down of
glycogen to glucose-1-phosphate and glucose for ATP
production.

Gluconeogenesis (abbreviated GNG) is a metabolic
pathway that results in the generation of glucose from
non-carbohydrate carbon substrates such as pyruvate,
lactate, glycerol, and glucogenic amino acids; the
process by which protein or fat is converted into
glucose.

OVERVIEW:
DIAGRAM OF THE PROCES

e

Cytosol Mitochondrion—==7""
o
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GLYCOLYSIS SUMMARY GLYCOLYSIS SUMMARY

Takes place in the Cytoplasm

Anaerobic (doesn’t use Oxygen) * Also produces 2 NADH and 4(2) ATP

Requires input of 2 ATP * Pyruvate is oxidized to Acetyl CoA and CO, is

removed
Glucose split into two molecules of

Pyruvate or Pyruvic Acid

ATP PRODUCTION FROM CARBOHYDRATES

ATP PRODUCTION FROM CARBOHYDRATES
Glycolysis

Substrates required: Glucose, 2 ATP, 4 ADP, Formation of Acetyl-CoA
and 2 NAD+

Substrates required: 2 Pyruvic Acid
Intermediate Reactants: Glucose-6-phosphate, 2 NAD+

Fructose-1,6 bisphosphate 2 Coenzyme A

Products: 2 molecules of Pyruvic Acid
2 ATP (4)
2 NADH

Products: 2 Acetyl-CoA
2 NADH
2 CO,




FERMENTATION

» Occurs when O, is NOT present
(anaerobic)

» Called Lactic Acid fermentation in
muscle cells (makes muscles tired)

> Called Alcoholic fermentation in yeast
(produces ethanol)

> Nets only 2 ATP

ATP PRODUCTION FROM CARBOHYDRATES

Krebs cycle

Substrates required: 2 Oxaloacetic Acid
2 Acetyl-CoA
6 NAD+
2 FAD
2 GDP
Intermediate Reactants: Citric Acid
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ALITTLE KREBS CYCLE HISTORY

* Discovered by Hans
Krebs in 1937

‘ * He received the

‘ Nobel Prize in
physiology /
medicine in 1953 for
his discovery

» Forced to leave
Germany prior to
WWII because he
was Jewish

ATP PRODUCTION FROM CARBOHYDRATES

Krebs cycle

Products: 2 Oxaloacetic Acid
6 NADH
2 FADH,
2GTP
4 CO,



OVERVIEW OF THE KREBS CYCLE
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KREBS CYCLE SUMMARY

> Requires Oxygen (Aerobic)

» Cyclical series of oxidation reactions that give

off CO, and produce one ATP per cycle
» Turns twice per glucose molecule
» Produces two ATP

> Takes place in matrix of mitochondria
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OVERVIEW OF THE KREBS CYCLE

Il
H;C —C— S-£C6A

NETS: 3NADH, 1ATP, 1FADH,, & 2CO,

KREBS CYCLE SUMMARY

» Each turn of the Krebs Cycle also
produces 3NADH, 1FADH,, and 2CO,

» Therefore, for each Glucose
molecule, the Krebs Cycle produces
6NADH, 2FADH,, 4CO,, and 2ATP

10



WHERE DOES CELLULAR RESPIRATION TAKE PLACE?

It actually takes place

in two parts of the cell:

Glycolysis occurs in

the Cytoplasm
Krebs Cycle & ETC

take place in the
Mitochondria

ATP PRODUCTION FROM CARBOHYDRATES
Electron Transport Chain

A series of Oxidative Phosphorylation reactions

Oxidation = the removal of electrons from a
molecule and results in a decrease in the
energy content of the molecule. Because most
biological reactions involve the loss of
hydrogen atoms, they are called
dehydrogenation reactions.

Reduction = the opposite of oxidation; the
addition of electrons to a molecule, and results
in an increase in the energy content of the
molecule.
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REVIEW OF MITOCHONDRIA STRUCTURE

® Smooth outer rZz L

Membrane

® Folded inner
membrane

® Folds called Cristae

® Space inside cristae
called the Matrix

ATP PRODUCTION FROM CARBOHYDRATES

Electron Transport Chain

Substrates required: 10 NADH
2 FADH,

60,

Products: 32 ATP
6 H,0

1
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OVERVIEW OF ELECTRON TRANSPORT SYSTEM ELECTRON TRANSPORT CHAIN SUMMARY

» 34 ATP produced
* H,O produced
* Occurs across Inner Mitochondrial

Outer
membrane

= membrane
b g ey T

» Uses coenzymes NAD* and FAD* to
s I o [ accept e- from glucose

- NADH = 3 ATP’s
» FADH, = 2 ATP’s

SUMMARY OF ATP PRODUCTION Overview of Cellular Respiration

1 Glucose.
© cLycoLysis 2
2 [NADH|+ 2 H*
2 Pyruvic acid
@ FORMATION
OF ACETYL 2 €0

COENZYME A 2 |NADH |+ 2 H*

2 ey

4 €0y

KREBS 6 |NADH |+ 6 H"

CYCLE
2 [FADH,

© ELECTRON

s TRANSPORT

CYTOPLASM

SUMMARY
Glycolysis:

a @ by substrate-level
phosphorylation
2 A?p) used to initiate
— glycolysis

2 (E@ net gain to cell

The Electron Transport
stem and TCA Cycle:

4 (ATP) from NADH ced
@

24 (ATP) from NADH generated
Q inTCA cycle

- 4 (ATP) from FADH; generated
(‘/ inTCA cycle

- 2 (ATP) via GTP produced
CD by substrate-level
phosphorylation

36 (ATP) net gain to cell from

C/ aerobic catabolism
of one glucose
molecule

oy —
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LIPID METABOLISM

Deamination: removal of the amino group (NH,)  Lipoproteins: surrounding triglycerides with

apoproteins to make them more transportable

leaving a acetyl molecule

Transamination: Adding an animo group to
pyruvic acid to produce any of the
nonessential amino acids

Protein Synthesis: Production of protein
molecule using an RNA model.

Protein catabolism: breaking down a protein
into individual Amino Acids.

OVERVIEW:
THE ROLE OF THE LIVER IN LIPID METABOLISM

Fatty acids and | “"itece " @)

released for use | =
by tissue cells |in capillaries]

(high
cholesterol)

excreted in
\(%

in water
- Very low-density lipoproteins (VLDL’ s)
» Low-density lipoproteins (LDL’s)
 High-density lipoprteins (HDL’ s)
Lipolysis: break down lipids

Beta Oxidation: breaking a fatty acid into 2 carbon compounds

Lipogenesis: formation of lipids from non-lipids

SUMMARY OF THE INTERCONNECTION BETWEEN
TISSUES AND METABOLISTIC REACTIONS

SKELETAL MUSCLE TISSUE ADIPOSE TISSUETricheﬂdes HEART_'&
) =

Fatty acids
Bloodstream G'y?eml Dl

L
Muscle proteins ¥ Y
Fasting or lo y e l l N

starvation
i idk Glycerol

Amino }' 5 Fatty acids
8]

+—>Amino acids

L > Fatty acidsg
|-> Lactic ac«dg@

5} .
SATB: —Fatty acids < 4 ©\ Liver giycogen, <K . bwies(—)»

Muscle glycogen Keto acids Ketone bodies:

© +— Lactic acid-»Glucose
Glucose [3)
6-phosphate OTHER TISSUES

) osos Qoo
44— Amino acids <—Proteins

Pyruvic acid
-0 / \;oz \\4 . ))—*Fanyacidsg@
(aerobic), anaerobic) 0
Lactic NERVOUS l 1 S etone bodies —» AT}
acid TISSUE  Glucose Ketone
bodies
(5] LS(aNalion

o 4
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METABOLIC OVERVIEW: THE ABSORPTIVE STATE METABOLIC OVERVIEW: THE POSTABSORPTIVE STATE

Destinations
ADIPOSE TISSUE Nutrient Source
LIVER ALLTISSUES
pr

Distributed in Bloodstream

Nutrient Source

Use: ATP production
Stimulated by: insulin

ALLTISSUES

Use: protein synthesis
by: insulin, GH,

Glucose

androgens/estrogens

ALL TISSUES (except skeletal muscle)

Use: ATP production
Stimulated by: insulin

LIVER AND SKELETAL MUSCLE

Use: storage as glycogen
Stimulated by: insulin

N

ADIPOSE TISSUE
Triglyceride breakdown

glucocorticoids

SKELETAL MUSCLE

Protein breakdown by
cathepsins

Use: ATP production
‘Stimulated by: glucocorticolds

LIVER

Use: storage as triglycerides
/ Stimulated by: insulin oies
/ \ SKELETAL MUSCLE ’W NEURAL TISSUE
and (2) glucagon, epinephrine o
[ ALLTISSUES (except neural) |

Use: gluconeogenesis and
y pr

Use: gluconeogenesis
™| stimulated by:

- glucocorticolds
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