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Chapter 9 Cellular Respiration Review Chapter 9 Cellular Respiration A Comprehensive
Review Cellular respiration is the fundamental process by which living organisms convert
chemical energy stored in organic molecules primarily glucose into a readily usable form of
energy called ATP adenosine triphosphate This intricate process is crucial for powering all
cellular activities from muscle contraction and protein synthesis to active transport and
nerve impulse transmission Chapter 9 of most introductory biology textbooks delves deep
into the mechanisms and intricacies of this vital metabolic pathway This review will aim to
provide a comprehensive understanding of the key concepts ensuring a solid grasp of the
material I The Big Picture of Cellular Respiration Cellular respiration can be summarized
by the following overall equation CHO 6O 6CO 6HO ATP and heat This equation reveals
the  fundamental  exchange glucose  CHO and oxygen O are  consumed while  carbon
dioxide CO water HO and crucially ATP are produced The energy released during the
breakdown of glucose is harnessed to phosphorylate ADP adenosine diphosphate into ATP
a process that stores energy in the highenergy phosphate bond This energy is then readily
available to fuel various cellular processes Its important to note that cellular respiration is
an oxidative process meaning oxygen is the final electron acceptor II The Four Stages of
Cellular Respiration A StepbyStep Breakdown Cellular respiration is not a single reaction
but rather a complex series of interconnected reactions divided into four main stages
Glycolysis This occurs in the cytoplasm and is an anaerobic process doesnt require oxygen
Glucose is broken down into two molecules of pyruvate yielding a small amount of ATP
and NADH nicotinamide adenine dinucleotide an electron carrier  Pyruvate Oxidation
Pyruvate enters  the mitochondria and is  converted into acetylCoA releasing CO and
producing more NADH Krebs Cycle Citric Acid Cycle AcetylCoA enters the Krebs cycle a
cyclical series of 2 reactions that further oxidizes the carbon atoms releasing more CO and
generating ATP NADH and FADH flavin adenine dinucleotide another electron carrier
Oxidative Phosphorylation Electron Transport Chain and Chemiosmosis This stage also
occurring in the mitochondria harnesses the electrons carried by NADH and FADH to
create a proton gradient across the inner mitochondrial membrane This gradient drives
ATP synthesis through chemiosmosis generating the vast majority of ATP produced during
cellular respiration III Glycolysis The Preparatory Phase Glycolysis meaning sugar splitting
initiates  the  breakdown  of  glucose  This  10step  pathway  involves  several  enzymatic
reactions ultimately yielding 2 ATP Net gain of 2 ATP molecules through substratelevel
phosphorylation direct transfer of a phosphate group 2 NADH Two molecules of NADH
are produced carrying highenergy electrons to the electron transport chain 2 Pyruvate Two
molecules of pyruvate a threecarbon molecule are formed While glycolysis doesnt directly
use oxygen its a necessary precursor for the subsequent aerobic stages Under anaerobic
conditions lack of oxygen fermentation pathways can continue energy production albeit at
a much lower yield IV Pyruvate Oxidation Preparing for the Krebs Cycle Before entering
the Krebs cycle pyruvate must undergo oxidation This involves Decarboxylation Removal
of  a  carbon atom as  CO Oxidation  Loss  of  electrons  generating NADH AcetylCoA
formation The remaining twocarbon fragment is combined with coenzyme A CoA to form
acetylCoA which enters the Krebs cycle V Krebs Cycle The Central Metabolic Hub The
Krebs cycle also known as the citric acid cycle is a cyclical pathway occurring in the
mitochondrial matrix Each turn of the cycle processes one acetylCoA molecule producing 1
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ATP Generated through substratelevel phosphorylation 3 NADH Highenergy electrons are
transferred to NADH 1 FADH Another electron carrier molecule is produced 2 CO Carbon
dioxide is released as a waste product 3 Since two acetylCoA molecules are produced from
one glucose molecule two pyruvates the Krebs cycle yields double the number of products
listed above for each glucose molecule VI Oxidative Phosphorylation The Powerhouse of
Respiration  Oxidative  phosphorylation  is  the  final  and  most  energyyielding  stage  of
cellular respiration It consists of two tightly coupled processes Electron Transport Chain
ETC Electrons from NADH and FADH are passed along a series of protein complexes
embedded in  the  inner  mitochondrial  membrane This  electron  transport  generates  a
proton gradient across the membrane Chemiosmosis The proton gradient created by the
ETC drives ATP synthesis  through ATP synthase an enzyme that utilizes  the flow of
protons back across the membrane to phosphorylate ADP to ATP This process known as
chemiosmosis  is  responsible for the vast  majority approximately 34 of ATP molecules
produced during cellular respiration The final electron acceptor in the ETC is oxygen which
combines with protons and electrons to form water This is why oxygen is essential for
efficient cellular respiration VII Regulation of Cellular Respiration Cellular respiration is
tightly regulated to meet the cells energy demands This regulation occurs at multiple
points within the pathway primarily through feedback inhibition High levels of ATP inhibit
key enzymes in glycolysis and the Krebs cycle slowing down the pathway Conversely low
ATP levels stimulate these enzymes accelerating respiration VIII Alternative Pathways and
Fermentation  While  the  described  pathway  represents  aerobic  respiration  alternative
pathways exist Under anaerobic conditions fermentation provides a less efficient method
of ATP generation Lactic acid fermentation in muscle cells and alcoholic fermentation in
yeast are common examples producing either lactic acid or ethanol and CO respectively
and only yielding 2 ATP per glucose molecule from glycolysis IX Key Takeaways Cellular
respiration is a fundamental process converting chemical energy into ATP It involves four
main stages glycolysis pyruvate oxidation the Krebs cycle and oxidative phosphorylation
Oxidative phosphorylation via the electron transport chain and chemiosmosis yields the
most ATP 4 Oxygen acts as the final electron acceptor in the electron transport chain
Cellular respiration is tightly regulated to meet the cells energy needs X Frequently Asked
Questions FAQs 1  What is  the difference between aerobic and anaerobic respiration
Aerobic respiration requires oxygen as the final electron acceptor in the electron transport
chain yielding a high ATP output Anaerobic respiration utilizes other molecules as final
electron acceptors producing less ATP Fermentation is a type of anaerobic respiration that
doesnt  involve  an  electron  transport  chain  2  Why  is  oxygen  essential  for  cellular
respiration Oxygen acts as the final electron acceptor in the electron transport chain
Without it the electron transport chain would cease to function drastically reducing ATP
production 3 How is ATP generated in cellular respiration ATP is generated through two
mechanisms substratelevel phosphorylation direct transfer of a phosphate group during
glycolysis and the Krebs cycle and oxidative phosphorylation using the proton gradient
generated by the electron transport chain during oxidative phosphorylation 4 What is the
role  of  NADH  and  FADH  NADH  and  FADH  are  electron  carriers  that  transport
highenergy electrons from glycolysis and the Krebs cycle to the electron transport chain
where they contribute to ATP production 5 What are the products of cellular respiration
The main products are ATP the usable energy currency carbon dioxide a waste product
and water a byproduct Heat is also generated as a byproduct This comprehensive review
aims  to  solidify  your  understanding of  chapter  9s  content  on  cellular  respiration  By
grasping the interconnectedness of the four stages and the crucial role of each component
you will  be wellequipped to tackle more complex biological concepts that rely on this
foundational process Remember to revisit these concepts and practice applying them to
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various scenarios to truly master this essential aspect of cellular biology 5
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