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Campbell Biology Biomolecules Chapter 6 Notes US: A Comprehensive Guide

campbell biology biomolecules chapter 6 notes us provides a foundational understanding of the

essential organic molecules that form the basis of life. This comprehensive guide delves into the

structure, function, and importance of carbohydrates, lipids, proteins, and nucleic acids, key players in

cellular processes and biological systems. Understanding these biomolecules is crucial for grasping

fundamental concepts in biology, from energy metabolism to genetic inheritance. We will explore the

diverse roles these macromolecules play within living organisms and how their unique chemical

properties enable their vital functions. This article aims to serve as a detailed resource for students

and educators seeking in-depth notes and explanations related to Chapter 6 of Campbell Biology,

focusing on the US edition.
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Key Concepts of Biomolecules

Biomolecules are large organic compounds essential for life, synthesized by living organisms. They are

characterized by their complex structures and diverse functions, enabling cells to perform all their life

processes. The study of these molecules, known as biochemistry, is fundamental to understanding



biology at a molecular level. In the context of Campbell Biology, Chapter 6 focuses on the major

classes of these vital compounds and their roles in cellular architecture and function.

The inherent complexity of life arises from the intricate interactions and precise structures of these

biomolecules. From the energy currency of the cell to the blueprints of genetic information, each class

of organic molecule plays a unique and indispensable role. Understanding the monomeric units,

polymeric structures, and the chemical bonds that hold them together is key to appreciating their

biological significance.

The Four Major Classes of Organic Molecules

Life on Earth is carbon-based, and the vast diversity of organic molecules arises from carbon's ability

to form stable bonds with itself and other elements, creating complex chains, branched structures, and

rings. Campbell Biology Chapter 6 highlights four principal classes of large organic molecules, or

macromolecules, that are central to cellular structure and function. These are carbohydrates, lipids,

proteins, and nucleic acids. While some macromolecules are polymers built from repeating monomer

subunits, lipids are a notable exception, often not forming true polymers in the same way.

The synthesis of these macromolecules typically involves a dehydration reaction, where a water

molecule is removed as two monomers bond together. Conversely, the breakdown of polymers into

monomers occurs through hydrolysis, a reaction that essentially reverses dehydration by adding a

water molecule. These fundamental reactions are critical for cellular metabolism, growth, and repair.

Carbohydrates: The Primary Energy Source

Carbohydrates are organic compounds composed of carbon, hydrogen, and oxygen, typically with a

hydrogen-to-oxygen atom ratio of 2:1, as in water. They serve as a primary source of energy for



cellular activities and also play structural roles in organisms. The simplest carbohydrates are

monosaccharides, also known as simple sugars, which are the monomers of more complex

carbohydrates.

Monosaccharides: The Building Blocks

Monosaccharides are simple sugars that cannot be broken down into smaller carbohydrates by

hydrolysis. Glucose is the most common monosaccharide and is central to cellular respiration,

providing energy for most life forms. Other important monosaccharides include fructose, found in fruits,

and galactose, a component of milk sugar.

Monosaccharides are typically classified by the number of carbon atoms they contain. Trioses have

three carbons, tetroses have four, pentoses have five (like ribose and deoxyribose, crucial components

of nucleic acids), hexoses have six (like glucose, fructose, and galactose), and heptoses have seven.

Disaccharides: Two Sugars Linked

Disaccharides are formed when two monosaccharides are joined by a glycosidic linkage through a

dehydration reaction. Sucrose (table sugar) is a disaccharide composed of glucose and fructose.

Lactose (milk sugar) is composed of glucose and galactose, and maltose (malt sugar) is formed from

two glucose units. The breakdown of disaccharides into their constituent monosaccharides through

hydrolysis is vital for energy absorption.

Polysaccharides: Long Chains of Sugars

Polysaccharides are long chains of monosaccharides linked by glycosidic linkages. They can serve as

energy storage molecules or structural components. Starch, found in plants, is a storage



polysaccharide made up of glucose monomers. Glycogen, the storage form of glucose in animals, is

highly branched and is primarily stored in the liver and muscles. Cellulose, a major component of plant

cell walls, is a structural polysaccharide made of glucose monomers arranged differently than in starch,

making it indigestible by most animals.

Chitin, another structural polysaccharide, is found in the exoskeletons of arthropods and in the cell

walls of fungi. It is similar to cellulose but contains nitrogen, making it more durable.

Lipids: Diverse Hydrophobic Molecules

Lipids are a diverse group of hydrophobic molecules that are insoluble in water but soluble in nonpolar

organic solvents. They include fats, phospholipids, and steroids, and they play crucial roles in energy

storage, cell membrane structure, and hormone signaling. Unlike the other major organic molecules,

lipids are not typically considered true polymers because they are not formed by the repetitive linking

of a single type of monomeric subunit.

Fats: Energy Storage and Insulation

Fats, also known as triglycerides, are constructed from glycerol and fatty acids. Glycerol is a three-

carbon alcohol, and fatty acids are long hydrocarbon chains with a carboxyl group at one end. A fat

molecule is formed when three fatty acids are joined to glycerol by ester linkages through dehydration

reactions. Fats are an efficient way to store energy, providing more than twice the energy per gram

compared to carbohydrates or proteins. They also insulate the body and protect vital organs.

Saturated fatty acids have no double bonds between carbon atoms in their hydrocarbon chains,

leading to a straight structure that allows them to pack tightly.



Unsaturated fatty acids contain one or more double bonds, causing kinks in the hydrocarbon

chain and preventing tight packing.

Trans fats are a type of unsaturated fat that has been hydrogenated, altering their structure and

posing health risks.

Phospholipids: The Building Blocks of Membranes

Phospholipids are essential components of all cell membranes. They consist of a glycerol molecule

linked to two fatty acids and a phosphate group. The phosphate group is negatively charged, and it is

usually attached to another small polar molecule. This structure results in a molecule with a hydrophilic

(water-loving) head and two hydrophobic (water-fearing) tails. In an aqueous environment,

phospholipids spontaneously arrange themselves into a bilayer, with the hydrophilic heads facing

outward towards the water and the hydrophobic tails facing inward, forming the fundamental structure

of cell membranes.

Steroids: Signaling Molecules

Steroids are lipids characterized by a carbon skeleton consisting of four fused carbon rings. The

functional groups attached to these rings vary, determining the specific type of steroid. Cholesterol, an

important steroid, is a component of animal cell membranes and serves as a precursor for other

steroids, including steroid hormones like testosterone and estrogen. While cholesterol is essential, high

levels in the blood can contribute to cardiovascular disease.



Proteins: The Workhorses of the Cell

Proteins are the most diverse and abundant class of macromolecules in most organisms, performing a

vast array of functions. They are polymers made up of amino acid monomers, linked together by

peptide bonds. The sequence of amino acids in a polypeptide chain determines the protein's three-

dimensional structure, which in turn dictates its function.

Amino Acids: The Monomers of Proteins

There are 20 different types of amino acids, each with a central carbon atom bonded to an amino

group (—NH₂), a carboxyl group (—COOH), a hydrogen atom, and a variable side chain (R group).

The R group determines the unique chemical properties of each amino acid. These properties, such as

whether the R group is charged, polar, or nonpolar, influence how the protein folds and interacts with

other molecules.

The Levels of Protein Structure

Protein structure is described at four levels:

Primary Structure: The linear sequence of amino acids in a polypeptide chain, determined by the1.

genetic code.

Secondary Structure: Localized folding of the polypeptide chain, stabilized by hydrogen bonds2.

between the backbone atoms. Common secondary structures include the alpha-helix and the

beta-pleated sheet.



Tertiary Structure: The overall three-dimensional shape of a single polypeptide chain, resulting3.

from interactions between the R groups of amino acids. These interactions can include hydrogen

bonds, ionic bonds, hydrophobic interactions, and disulfide bridges.

Quaternary Structure: The arrangement of multiple polypeptide subunits, each with its own4.

tertiary structure, to form a functional protein. Not all proteins have quaternary structure; some

function as single polypeptide chains.

Functions of Proteins

Proteins are involved in virtually every cellular process. Their functions include:

Enzymatic activity: Catalyzing biochemical reactions.

Structural support: Providing frameworks for cells and tissues (e.g., collagen).

Transport: Moving substances across cell membranes or throughout the body (e.g., hemoglobin).

Signaling: Acting as hormones or receptors.

Movement: Enabling muscle contraction (e.g., actin and myosin).

Defense: Producing antibodies to fight infections.

The precise folding of a protein is essential for its function. Denaturation, the unfolding of a protein due

to changes in temperature, pH, or chemical environment, can lead to a loss of biological activity.



Nucleic Acids: The Molecules of Heredity

Nucleic acids are macromolecules that store and transmit genetic information. The two major types are

deoxyribonucleic acid (DNA) and ribonucleic acid (RNA). Both are polymers made up of nucleotide

monomers.

Nucleotides: The Monomers of Nucleic Acids

Each nucleotide consists of three components: a nitrogenous base, a five-carbon sugar (pentose), and

one or more phosphate groups. The nitrogenous bases in DNA are adenine (A), guanine (G), cytosine

(C), and thymine (T). In RNA, uracil (U) replaces thymine.

The pentose sugar in DNA is deoxyribose, while in RNA it is ribose. The phosphate group links the

nucleotides together to form a polynucleotide chain.

DNA and RNA: Structure and Function

DNA typically exists as a double helix, with two polynucleotide strands wound around each other. The

strands are held together by hydrogen bonds between complementary bases: adenine pairs with

thymine (A-T), and guanine pairs with cytosine (G-C). DNA's primary role is to store the genetic

blueprint for all living organisms.

RNA is usually single-stranded and plays various roles in protein synthesis and gene regulation.

Messenger RNA (mRNA) carries genetic information from DNA to ribosomes, transfer RNA (tRNA)

brings amino acids to the ribosome, and ribosomal RNA (rRNA) is a component of ribosomes

themselves. The sequence of nucleotides in nucleic acids dictates the sequence of amino acids in

proteins, thus linking genetic information to cellular function.



The study of these fundamental biomolecules in Campbell Biology Chapter 6 provides the bedrock for

understanding the complexities of life at the cellular and molecular levels. Their intricate structures and

diverse interactions are responsible for the remarkable phenomena observed in biological systems

across the globe.

FAQ

Q: What are the four main classes of biomolecules covered in

Campbell Biology Chapter 6?

A: The four main classes of biomolecules covered in Campbell Biology Chapter 6 are carbohydrates,

lipids, proteins, and nucleic acids.

Q: What is the primary function of carbohydrates in living organisms?

A: The primary functions of carbohydrates are to serve as a main source of energy for cellular

activities and to play structural roles in organisms, such as in plant cell walls (cellulose) and insect

exoskeletons (chitin).

Q: What are the building blocks of proteins, and how are they linked

together?

A: The building blocks of proteins are amino acids. They are linked together by peptide bonds through

dehydration reactions to form polypeptide chains.

Q: Why are lipids considered a diverse group, and what are some key



examples?

A: Lipids are considered diverse because they are not true polymers and encompass a wide range of

structures. Key examples include fats (triglycerides) for energy storage, phospholipids for cell

membrane structure, and steroids for signaling.

Q: What is the role of nucleic acids in a cell?

A: Nucleic acids, DNA and RNA, are responsible for storing and transmitting genetic information. DNA

contains the hereditary blueprint, while RNA plays crucial roles in protein synthesis and gene

regulation.

Q: Can you explain the difference between saturated and unsaturated

fatty acids?

A: Saturated fatty acids have no double bonds between carbon atoms in their hydrocarbon chains,

making them straight and able to pack tightly. Unsaturated fatty acids have one or more double bonds,

introducing kinks in the chain and preventing tight packing.

Q: What are the four levels of protein structure, and why is structure

important for protein function?

A: The four levels of protein structure are primary, secondary, tertiary, and quaternary. The specific

three-dimensional structure of a protein, determined by its amino acid sequence and folding, is crucial

for its biological function.

Q: What are the three components of a nucleotide?

A: A nucleotide is composed of a nitrogenous base, a five-carbon sugar (pentose), and one or more

phosphate groups.



Q: How do dehydration reactions and hydrolysis relate to the formation

and breakdown of macromolecules?

A: Dehydration reactions involve the removal of a water molecule to form a covalent bond between

monomers, synthesizing polymers. Hydrolysis is the reverse process, where a water molecule is added

to break a covalent bond and break down polymers into monomers.
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