Campbell Biology Chapter 7

Chaopbar 7: Mambraona Sheciune and Funclion
selecinvg parmeability; the construction of the plosmo membrone permits some
subsiances ko crods mone easly than others
7.1: Cellular mambnones are flukd mosoics of lipeds ond probeins
amphipathic: a moleculle that contains Both cpposing properties
=+ phospholipids!
= mambrons profeins
fluidd Fasale rradel: pratona ke  Frosas within a fud Blayver of phospholipids
fuidity o membranes:

- hydrephabic reoctions ane respenaibie for keaping the cell rrermibsrarss fogelber
theaga ane waak fonces that pesmil laferal movement of Both protens ond
phospholipids

lipicts move 1081 B frequently within their gide of the bilayer

s0ma profens bound fo the cytoskelaton of ECH attochments are immobie

rasmdorarues must rerain fuid b function! ipermealslity = oltered i fuidity =

altered]

- profeing connat Mo whaene theey ora # luidity is alhersd

organisrs that B inextrernss ersronments hawe evoluionary
adaphations that mainhain the oppropriate omount of membrans fuidity
eoir At enineer fempenabunes

terrearotume
T temparatures = T fuidity
| temgaraiures = § fuidity

Eaturgtion of ydrecarbon 1gils
soturgted phospholipids ane less fluld (stroight iols lead to tighter pocking of

phasphiclipids)
unsahuraied phospholipids are more fluid (kdnks in foils, allow more movement]

Campbell Biology Chapter 7 delves into the intricate world of cellular
respiration, a fundamental biological process essential for life. This
chapter provides a comprehensive overview of how cells convert biochemical
energy from nutrients into adenosine triphosphate (ATP), the energy currency
of the cell. Understanding this process is crucial for grasping how living
organisms harness energy to perform vital functions, from muscle contraction
to cellular repair and growth.

Overview of Cellular Respiration

Cellular respiration is a series of metabolic reactions that convert
biochemical energy from nutrients into ATP, releasing waste products in the
process. The primary substrate for cellular respiration is glucose, although
other organic molecules can also be utilized. The process can be divided into



several key stages:

Glycolysis

Pyruvate Oxidation

The Citric Acid Cycle (Krebs Cycle)

Electron Transport Chain and Oxidative Phosphorylation
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Each of these stages contributes to the overall efficiency of energy
production in cells.

Glycolysis

Glycolysis 1s the first step of cellular respiration, occurring in the
cytoplasm of the cell. It involves the breakdown of one molecule of glucose
(6 carbon atoms) into two molecules of pyruvate (3 carbon atoms each). This
process comprises ten enzymatic reactions and is anaerobic, meaning it does
not require oxygen. The main outcomes of glycolysis include:

- Energy Yield:

— Produces a net gain of 2 ATP molecules through substrate-level
phosphorylation.

— Generates 2 NADH molecules, which are electron carriers that will be used
later in the electron transport chain.

- Key Steps:

— Investment Phase: The cell invests 2 ATP to phosphorylate glucose and its
intermediates, making the molecule more reactive.

— Payoff Phase: The energy is released, and ATP and NADH are produced.

Pyruvate Oxidation

After glycolysis, if oxygen is present, pyruvate undergoes further processing
in the mitochondria. Each pyruvate molecule is converted into acetyl-CoA
through a process known as pyruvate oxidation. This step involves the
following:

— Decarboxylation: A carbon atom is removed from pyruvate, releasing carbon
dioxide.

— Formation of NADH: The remaining two-carbon fragment is oxidized, reducing
NAD+ to NADH.

— Formation of Acetyl-CoA: The two-carbon fragment is then attached to
coenzyme A, forming acetyl-CoA, which enters the citric acid cycle.

The Citric Acid Cycle (Krebs Cycle)

The citric acid cycle, also known as the Krebs cycle, takes place in the
mitochondrial matrix. This cycle processes each acetyl-CoA molecule,
producing energy-rich molecules that will be utilized in the final stages of
cellular respiration. Key features of the Krebs cycle include:

- Main Outputs:
— For each acetyl-CoA that enters the cycle, it produces:
- 3 NADH



- 1 FADH2
— 1 GTP (which can be converted to ATP)
- 2 CO2 (as waste)

— Cycle of Reactions: The citric acid cycle involves a series of reactions

where the acetyl group is oxidized, and energy is harvested in the form of

NADH and FADH2. The cycle regenerates oxaloacetate, allowing it to continue
processing new acetyl-CoA molecules.

Electron Transport Chain and Oxidative
Phosphorylation

The electron transport chain (ETC) is located in the inner mitochondrial
membrane and is a crucial step in cellular respiration. This process uses the
electrons carried by NADH and FADH2 to create a proton gradient that drives
ATP production.

Components of the Electron Transport Chain

The ETC consists of multiple protein complexes and mobile electron carriers.
The main components include:

1. Complex I (NADH dehydrogenase): Accepts electrons from NADH, pumping
protons into the intermembrane space.

2. Complex II (Succinate dehydrogenase): Accepts electrons from FADH2,
contributing to the electron flow without pumping protons.

3. Complex III (Cytochrome bcl): Accepts electrons from coenzyme Q, further
pumping protons.

4. Complex IV (Cytochrome c oxidase): Transfers electrons to oxygen, forming
water and pumping more protons.

Proton Gradient and ATP Synthesis

The pumping of protons generates an electrochemical gradient across the inner
mitochondrial membrane, known as the proton motive force. ATP synthase, a
complex enzyme located in the same membrane, utilizes this gradient to
synthesize ATP from ADP and inorganic phosphate (Pi). This process is known
as oxidative phosphorylation.

- ATP Yield:

— Each NADH can produce approximately 2.5 ATP, while each FADH2 yields about
1.5 ATP.

— The total yield from one glucose molecule through cellular respiration can
range from 30 to 32 ATP, depending on the efficiency of the process and the
shuttle systems used to transport electrons into the mitochondria.

Anaerobic Respiration and Fermentation

When oxygen is scarce or absent, cells can still produce ATP through
anaerobic respiration or fermentation. This allows organisms to survive in



low-oxygen environments.

Anaerobic Respiration

Anaerobic respiration utilizes an electron transport chain similar to aerobic
respiration but uses alternate electron acceptors instead of oxygen, such as
sulfate or nitrate. This process yields less energy compared to aerobic
respiration.

Fermentation

Fermentation is a metabolic process that allows cells to regenerate NAD+ in
the absence of oxygen. There are two primary types of fermentation:

1. Lactic Acid Fermentation: Occurs in animal cells (e.g., muscle cells
during intense exercise) and some bacteria. Pyruvate is converted into lactic
acid, allowing NAD+ to be regenerated.

2. Alcoholic Fermentation: Occurs in yeast and some bacteria. Pyruvate is
converted into ethanol and carbon dioxide, regenerating NAD+ in the process.

Both fermentation pathways result in far less ATP production than aerobic
respiration, typically yielding only 2 ATP per glucose molecule.

Conclusion

Campbell Biology Chapter 7 provides an extensive exploration of cellular
respiration, highlighting its significance in energy production for living
organisms. The chapter emphasizes how cells convert glucose and other organic
molecules into usable energy, illustrating the intricate processes involved
in glycolysis, the citric acid cycle, the electron transport chain, and
alternative pathways like fermentation. Understanding these processes is
essential for comprehending how life sustains itself at the cellular level,
offering insights into metabolic pathways that are vital for growth,
maintenance, and reproduction in all forms of life. As we continue to study
these biochemical processes, we gain deeper insights into the energy dynamics
that underpin life on Earth.

Frequently Asked Questions

What is the main focus of Chapter 7 in Campbell
Biology?

Chapter 7 primarily focuses on the structure and function of the cell
membrane, including its role in transport and communication.

What are the key components of the fluid mosaic model



of the cell membrane?

The fluid mosaic model describes the cell membrane as a phospholipid bilayer
with embedded proteins, cholesterol, and carbohydrates that contribute to its
fluidity and functionality.

What is the significance of membrane permeability?

Membrane permeability is crucial as it determines what substances can enter
or leave the cell, thus affecting homeostasis and cellular function.

What are the different types of transport mechanisms
discussed in Chapter 77

Chapter 7 discusses passive transport (including diffusion and osmosis),
facilitated diffusion, and active transport mechanisms.

How do proteins assist in facilitated diffusion?

Proteins assist in facilitated diffusion by providing specific channels or
carriers that help polar and charged substances cross the hydrophobic lipid
bilayer without using energy.

What role do aquaporins play in cellular function?

Aquaporins are specialized channel proteins that facilitate the rapid
transport of water across cell membranes, crucial for maintaining osmotic
balance in cells.

What is the difference between active transport and
passive transport?

Active transport requires energy (ATP) to move substances against their
concentration gradient, while passive transport occurs without energy input,
moving substances down their concentration gradient.

What is endocytosis and how does it function?

Endocytosis is a process by which cells engulf external substances, forming
vesicles to bring them inside the cell, which is essential for nutrient
uptake and cellular signaling.

How do cell membranes contribute to cell signaling?

Cell membranes contain receptors that can detect signaling molecules
(ligands), initiating a cascade of cellular responses crucial for
communication and coordination among cells.

What are the implications of membrane fluidity on
cell function?

Membrane fluidity affects protein mobility, receptor activity, and membrane
fusion, which are all vital for processes like cell division, communication,
and the movement of materials across the membrane.
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