Cellular Respiration - PreAP

Ch 9 Notes

BREATHING VERSUS RESPIRATION

BREATHING :
Alternation of inhalation and exhalation.

Exchange of gases in which organisms obtaaxygen
from the air (or water) and releasecarbon dioxide.

Exchange occurs inungs (or gills).

CELLULAR RESPIRATION:
Harvesting of energy from food molecules by cells.
Aerobicprocess (requires oxygen).
Occurs Iinsidecells(cytoplasm and mitochondria)

“Respiration” comes from Latin word for breathing,

Breathing and cellular respiration are closely
related, but not the same processes.




Breathing versus Cellular Respiration
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CELLULAR RESPIRATION BANKS ATP

REACTION :

CiH.,05 + 60, ---> 6CO, + 6H,0 + ENERGY
(Glucose)  (Oxygen) (Carbon dioxide) (Wer)

What happens to the energy in glucose or other
food molecules?

Only about 40% of energy is turned into ATP
The rest is lost as metabolic heat.

One ATP molecule has abouil% of the
chemical energy found in glucose.




ENERGY CONVERSIONS ARE INEFFICIENT
Second Law of Thermodynamics

CsHy205 + 5@ —> 5C0, + 6 HO + ATPs
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By Comparison Living Organisms Are Efficient

CATABOLISM :

Process of splitting larger molecules to smaller
ones. Catabolic reactions arexergonicand
release free energy.

THREE MAJOR CATABOLIC PATHWAYS
IN LIVING ORGANISMS

A. Aerobic (Cellular) respiration

B. Anaerobic respiration

C. Fermentation




MAJOR CATABOLIC PATHWAYS
A. Aerobic (Cellular) respiration:

Requiresoxygen
Most commonly used catabolic pathway.

Over 30 reactions. Used to extract energy fronf
glucose molecules.

Final electron acceptor:Oxygen

Most efficient: 40% of glucose energy is
converted into ATP.

REACTION :

CH,,0; + 60, --> 6CO, + 6H,0 + ENERGY

Glucose Oxygen  Carbon dioxide \Water

THREE MAJOR CATABOLIC
PATHWAYS

B. Anaerobic respiration:
Doesnot require oxygen

Used by bacteria that live in environments
without oxygen.

Final electron acceptor:lnorganic molecule

Very inefficient: Only 2% of glucose energy i<
converted into ATP.

Final products: Carbon dioxide, water, and
other inorganic compounds.




THREE MAJOR CATABOLIC PATHWAYS

C. Fermentation:
Doesnot require oxygen

Used by yeast, bacteria, and other cells when
oxygen is not available.

Final electron acceptor:Organic molecule.

Very inefficient: Only 2% of glucose energy is
converted into ATP.

Products depend on type of fermentation:

Lactic acid fermentation: Used to make cheese and
yogurt. Carried out by muscle cells if oxygen isow.
Alcoholic fermentation: Used to make alcoholic
beverages. Produces alcohol and carbon dioxide.

FERMENTATION OCCURS WHEN OXYGEN
IS NOT AVAILABLE

Yeasts normally use aerobic respiration to
process food.

If oxygen is not available, they use fermentation,
which is less efficient.

Types of fermentation:
Alcoholic fermentation

Glucose ----> 2pyruvate ----> 2 Ethanol + 2 CQ
actic acid fermentation

Glucose----> 2pyruvate ----> 2 Lactic acids




Fermentation Occurs When Oxygen is Unavailablt




It actually takes
place in two parts
of the cell:
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Electron Transport Chain

Glycolysis
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A. Glycolysiz “ Splitting sugar”
Occurs In thecytoplasrmof the cell

Does not require oxyger

slucose molecule (6 carbons each) is split
two pyruvicacid moleculewof 3 carbons ezch,
YJHJFI per glucose molecule:
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Conversion of Pyruvate to Acetyl CoA
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ccurs in tnematrix of the ritochoncdrion
cycle of 8 reactions
Reaction I Acetyl CoA (2C) joins with 4C moleculg
(oxaloaceticacid) to produce citric acid (6C).

ns 2 & 3 Citric acid loses 2C atoms as CH)
Reactions 4 & 5 REDO/ reactions produce NADF
ancd FADFH.,
Reactions 68: Oxalozceticacid is regenerated,
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Carpons are released a€0

N

Yield per glucose molecule:

2 ATP
NADH + & HF
FADH,

N
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. Electron Transport Chain & Cherniosrmosis
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Most ATP is produced at this
Occurs on inner rmitochondrial rnermprane

L

1

lectrons from NADH and FADFH, are fransferred to
ectron acceptors, which produces groton gradient

®

a

roton gradient used to drive synthesis of ATP.

(3

herniosmosis ATP synthaseallows H to flow across

inner mitochondrial membrane cdown corncentration
graclient, which produces ATP,

Ultimate acceptor of H and elecirons i<OXYGEN,
producing water.
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Electron Transport Chain
Animation

NOTE: Tne electron transport chain ONLY

works wnen O/ YGEN Is availaple @it th

@
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of the chain to accept the electrons and+to

forrn water,
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Electron Transport C

Chain & Chermiosrmosis

Yield of ATP through Chemiosmosis
Each NADF procuces 3 ATP
Each FAFHDZ groduces 2 ATP
2 NADH (Glycolysis) x 3 ATP = 6ATP
2 NADH (Acetyl CoA) x 3 ATP = 6ATP
6 NADH (Kreb'scycle) x3 ATP =18 ATP
2 FADH, (Kreb’'scycle) x 2 ATP = 4 ATP

tior

TOTAL

Total Energy from cellular respiral
Supsirate Oxidzative
Process Phosphoryl  eCarrier  Pnosphnoryl
Glycolysis 2 ATP 2NADH ---> 4-6ATP
Acetyl CoA 2 NADH --> 6 ATP
Forrmation
Kreb's 2 ATP 65 NADH ---> 18 ATP
2 FADH, ---> 6 ATP

Total yield per glucose :

ATP

6 ATP
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