Metabolism Lesson Plan
Outline
Introduction
A. What is Metabolism
1. Types of Metabolism
a. Catabolism
b. Anabolism
c. Amphibolic
2. Nutrition
3. Metabolic Cycles
a. ATP
b. NAD+
c. NADH
B. Metabolic Cycles
1. Glycolysis: Substrate Level Phosphorylation
2. TCA: Krebs Cycle: Substrate Level Phosphorylation
3. Electron Transport Cycle: Oxidative Phosphorylation
C. Glycolysis (Overview)
1. Pathways (10 reactions: see Figure)
2. Location in cytosol
3. Products: (Net 2 ATP; 2 NADH, and 2 Pyruvate)
a. Structures NAD+, NADH, ATP
4. Anaerobic
D. Krebs Cycle
1. Pathways (Seven reactions)
2. Location (Mitochondria)
3. Products: 6NADH: 2 FADH2: 2ATP per Glucose molecule
4. Generates CO2
E. Oxidation Reduction (Review)
1. Oxidation (loss of electron: increase Oxygen content)
2. Reduction (gain of electrons: gain of protons)
3. Electronegativity (reviewed)
4. Energy transfer in Redox reactions
a. H2 and O2 reaction produces energy: electrons lose potential energy
b. Bonded to more electronegative atom
c. Potential Energy
F. Electron Transport Chain: Oxidative Phosphorylation
1. Located in cristae of inner mitochondrial membrane
2. Groups in Electron transport chain
a. Flavoproteins
b. Cytochromes
c. Fe-S proteins
3. Complexes (teacher Background information) (Use Figure overview of chain to
explain electron transport) Details of complexes are below
a. Complex I: FMN: Fe-S: transfers 2 electrons to Complex II
b. Complex II: Succinate CoEnzyme Q to
c. Complex III : Coenzyme Q - Cytochrome Reductase
d. Complex IV: Cytochrome c Oxidase
G. Reduction / Oxidation in Transport Chain

1. Reduction occurs when complexes receive electrons
2. Oxidation when electrons are transferred
3. Energy derived from oxidation drives proton pumps
a. Protons pumped from matrix (N side) to cytosolic side of membrane (P side)
4. Proton concentration gradient is created during electron transport
5. Electrons react with O2 and H+ to form water at complex IV
a. Requirement of Oxygen!
6. Protons diffuse through proton channels, diffusion drives ATP synthesis
7. Chemiosmosis!
H. ATP used to drive Anabolic reactions
1. 7.3 kcal/ reaction : higher under physiological conditions.
ATP is energy resource of body: relate to protein synthesis.
2. Net ATP production.
Discussion
Metabolism is the process that all organisms use to acquire the energy needed by cellular
functions. Although these functions vary according to organism, the role of metabolism as the
mechanism that converts nutrient energy into useful chemical energy is the same for virtually all
organisms on earth. This energy transduction occurs within the metabolic cycles that begin with
Glycolysis, proceed through the Tricarboxylic Acid Cycle and end in the electron transport
chain. Although an understanding of glycolysis and the TCA cycle may explain how nutrients
are degraded into useful chemical intermediaries, it is within the electron transport chain that the
bulk of the useful energy
(in the form of ATP) is synthesized. It is also within this final metabolic cycle that oxygen is
used as an electron acceptor. The goal of this lesson is to understand how the electron transport
chain facilitates the synthesis of ATP.
Metabolism is defined as the processes that convert nutrient molecules into useful bodily energy.
This is accomplished through a myriad of metabolic reactions organized into metabolic
pathways. Figure 1 shows the entire metabolic pathways map. Figure 2 shows a detail of the
Glycolysis, TCA and electron transport chain. The first two pathways transform nutrient
molecules into intermediate molecules that then become the substrate molecules in subsequent
reactive pathways. The description of metabolism as “intermediate metabolism” reflects the
importance of this function. Students should be reminded of that we (mammals) are
Heterotrophs, Plants and other photosynthetic organisms are autotrophs. Autotrophs can be
further subdivided into phototrophs (plants) and chemotrophs (organisms that use chemicals as a
source of high energy electrons). The heterotrophs can be divided into aerobes (facultative and
obligate) and anaerobes
(also obligate anaerobes
Types of metabolism:
Catabolic metabolism: oxidative degradation of nutrient molecules: Nutrients can be defined as
those molecules that the body requires from the environment of cellular reserves to carry out
bodily functions. Nutrients necessary for metabolism are carbohydrates proteins, and lipids.
Catabolic metabolism breaks these nutrients down in exergonic reactions that release stored
energy for the bodily processes of anabolic metabolism.
The intermediate molecules for the transfer of energy are NAD+ / NADH, (see Figures 3a,
3b,and 3c) and FADH2 (Figure 4).
Anabolic metabolism is the synthesis of complex biochemical compounds from nutrients within
the body or from nutrient molecules. The synthesis of the molecules form covalent bonds, which
is an endorgornic reaction, requires energy. ATP (figure 4a) supplies this energy in the reaction

of ATP ! ADP + Pi. (Figure 4b). Note that the energy produced by the reaction is 7.3-kcal/
mole under standard conditions and 13.8kcal/mole within the body. This is the energy used to
power cellular synthesis.
Figures 5 and 5a are overviews of Glycolysis and the TCA: Krebs Cycles. Mention the reactions,
intermediary products (ATP and NAD+and production of CO2, however the focus of the lesson
is on the electron transport chain. Figure 5c shows the relation of all three cycles. Figure 6 is an
overview of all three cycles and their relation to the electron transport chain.
Oxidation/ Reduction should be reviewed as they form the basis of the energy production in the
electron transport chain. The reaction that forms water is quite energetic, but the energy is
modulated along the transport chain. The series of redox reactions release the energy
incrementally and drive proton diffusion across the membranes. The oxidized electron is at a
lower potential energy because it is closer to the more electronegative atom. This is the source of
the energy. Figure 6 shows the relation of reduced to oxidized substance. Mention that reduction
is where energy is transferred as high-energy electrons release energy as they move to more
stable environments.
It is not necessary to go into details of the complexes in the chain. Figure 7 is an overview of the
chain. Students can see the components of the chain and know that substances are being reduced/
oxidized as electron move down the chain. The movement releases small amounts of energy all
the way down the chain. Complexes are shown in figure 7a. Figure 7b shows the complexes
with an insert of the mitochondria showing the inner and outer compartments. This will help
illustrate the proton pumping in the chain.
Figure 8 shows the diffusion of protons across the mitochondrial membrane and the production
of ATP that results. Figure 8a is an illustration of the proton pump. The sites listed below are
excellent animations of the electron transport system and the proton pump.
Animation of Electron Transport in the Mitochondria
http://www.sp.uconn.edu/~terry/images/anim/ETS.html
Electron Transport System and Chemiosmosis
http://www2.nl.edu/jste/electron_transport_system.htm
The electrons of the electron chain need to go to some substance. This is the role of oxygen as it
is the final step in the proton chain. Figure 7a shows this reaction as
O2 +4e- +4H+ ! 2 H2O: This is the final reaction of the electron proton chain: it illustrates the
role of oxygen in oxidative phosphorylation.
The net ATP production for the entire metabolic cycle is ~ 38 ATP. Glycolosis and TCA cycles
contribute 4 ATP, the rest come from the electron transport chain. Clearly this is the most
efficient producer of ATP in the metabolic cycle.
Peter Mitchell proposed the chemiosmosis mechanism of ATP production: (the chemiosmotic
hypothesis). As protons are pumped into the outer membrane, a pH gradient and electrical
potential across the membrane is formed. This chemical/ electrical gradient drives protons back
across the membrane providing the energy for ATP synthesis.
Note: http://www.umich.edu/~chemh215/W02PRESENT/SSG3/ssg3/
Resource for the Krebs cycle: One needs only to mouse over the reactions to get a description
of the reactants and products at each step in the cycle.

Figure 1. Metabolic Pathways

http://www.sigmaaldrich.com/img/assets/4202/MetabolicPathways_updated_4.19.05.pdf

Figure 2: Overview of Glycolysis, TCA and Electron Transport

http://www.apsu.edu/thompsonj/Anatomy%20&%20Physiology/2020/2020%20Exam%20Revie
ws/Exam%204/glucose%20catabolism.jpg
Fig 3. Structure of NAD+

http://www.people.virginia.edu/~rjh9u/nad_nadh.html

Figure 3a. Reduction of NAD+

http://employees.csbsju.edu/hjakubowski/classes/ch331/oxphos/nad1or2e.gif

Figure 3b. Structure of NADH+

http://www.people.virginia.edu/~rjh9u/nad_nadh.html

Figure 4: FADH2

http://bio.winona.edu/berg/ChemStructures/Fadh2.gif

Figure 4a. ATP

http://www.uic.edu/classes/bios/bios100/mike/spring2003/atp.jpg

Figure 4b: ATP to ADP

http://www.galaxynet.com/~corvid/bio/images/bioi_atp_adp.gif

Figure 5: Overview of Glycolysis

http://fred.bioinf.unib.de:4711/downloads/seminar_ss03/presentations/Jan_Fuhrmann_pathway_alignment/Jan_Fuhr
mann_pathway_alignment2_files/images/Image0.png

Figure 5a. The Krebs Cycle

http://www.sci.sdsu.edu/classes/biology/bio202/TFrey/KrebsTC%20A.gif

Figure 6: Overview of Glycolysis and TCA Cycle leading to Electron Transport Chain.

http://www.bch.bris.ac.uk/staff/hende rson/Respiration7.htm

Figure 6a: Reduced/ Oxidized Substances

.
http://www.biologie.uni-hamburg.de/b-online/library/onlinebio/redox.gif

Figure 7: Overview of Electron Transport Chain

http://science-groove.org/Now/Slide11gc.jpg

Figure 7a. Complexes in the Electron Transport Chain.

http://www.sirinet.net/~jgjohnso/modrespelectrontrans.jpg

Figure 7b. Complexes of the Electron Transport Chain with mitochondrial compartments

http://lhs.lps.org/staff/sputnam/Biology/U4Metabolism/electronmitoch.jpe

Figure 8. ATP synthesis

http://www.public.asu.edu/~bdegreg/extremepH/chemiosmosis.jpg

Figure 8a: The proton pump

http://www.ibri.org/51ATPase.jpg

