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campbell biology biomolecules chapter 6 vocabulary us students often find themselves
navigating a complex landscape of scientific terms, and Chapter 6, focusing on biomolecules,
presents a significant learning curve. This article serves as your definitive resource for understanding
the essential vocabulary from Campbell Biology's Chapter 6, specifically tailored for a US audience.
We will delve into the fundamental building blocks of life, exploring carbohydrates, lipids, proteins,
and nucleic acids, along with their intricate structures and vital functions. By demystifying key terms,
we aim to equip you with the knowledge necessary to excel in your studies and develop a robust
understanding of the molecular basis of biology. This comprehensive guide will illuminate the core
concepts, from monomers and polymers to specific functional groups and their biological significance,
ensuring you are well-prepared for any assessment.
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The Four Major Classes of Organic Molecules

Organic chemistry, the study of carbon-containing compounds, forms the bedrock of understanding
life's molecular machinery. The four major classes of organic molecules essential for all known life are
carbohydrates, lipids, proteins, and nucleic acids. These macromolecules are built from smaller
organic molecules, often referred to as monomers, which link together to form long chains or
polymers. Understanding the general principles of macromolecule formation and breakdown is crucial
before diving into each specific class.

The synthesis of polymers from monomers involves a process called dehydration synthesis, also
known as a condensation reaction. In this process, a molecule of water is removed, and a covalent
bond is formed between two monomers. Conversely, the breakdown of polymers into monomers
occurs through hydrolysis, where the bond between monomers is broken by the addition of a water
molecule. These two fundamental reactions are central to how cells build and dismantle the complex
biomolecules necessary for their survival and function.

Monomers and Polymers in Biological Systems

Monomers are the small, repeating molecular units that serve as the building blocks for larger
molecules, known as polymers. Think of monomers as individual LEGO bricks and polymers as the



structures you can build by connecting those bricks. In the context of Campbell Biology's Chapter 6,
these monomers are simple organic molecules, each with specific chemical properties that contribute
to the overall function of the polymer they form.

Polymers are large, complex molecules composed of many repeating monomer units linked together
by covalent bonds. The specific sequence and arrangement of these monomers dictate the unique
properties and functions of the resulting polymer. For instance, the sequence of amino acids in a
protein determines its three-dimensional shape and, consequently, its biological activity. Similarly,
the sequence of nucleotides in a nucleic acid carries genetic information.

Dehydration Synthesis and Hydrolysis

Dehydration synthesis is a fundamental chemical reaction in biology where two molecules are
covalently bonded to each other with the removal of a water molecule. This process is essential for
the synthesis of polymers from their constituent monomers. For every bond formed between two
monomers, one molecule of water is released. This energy-requiring process is actively managed by
enzymes within cells to build the macromolecules necessary for cellular structure and function.

Hydrolysis, on the other hand, is the reverse of dehydration synthesis. It is a chemical reaction in
which a molecule of water is used to break a covalent bond, often between two monomers in a
polymer. This process is crucial for the digestion and breakdown of complex food molecules into
smaller units that can be absorbed and utilized by the body. Enzymes also catalyze hydrolysis
reactions, enabling the release of energy and the reuse of building blocks.

Carbohydrates: Energy and Structure

Carbohydrates are a diverse group of organic compounds that play critical roles in living organisms,
primarily as a source of energy and as structural components. They are characterized by the presence
of carbon, hydrogen, and oxygen atoms, typically in a ratio of 1:2:1, hence the name "carbo-hydrate"
(hydrated carbon). The simplest carbohydrates are monosaccharides, which can be linked together to
form disaccharides and polysaccharides.

Understanding the different types of carbohydrates, from simple sugars to complex starches and
celluloses, is fundamental to grasping cellular energy metabolism and the structural integrity of cells
and tissues. Their classification is based on the number of sugar units they contain, each with distinct
chemical properties and biological functions.

Monosaccharides

Monosaccharides, also known as simple sugars, are the simplest form of carbohydrates and serve as
the fundamental building blocks for more complex carbohydrates. The most common
monosaccharides are glucose, fructose, and galactose. Glucose is a central molecule in cellular
respiration, providing energy for most organisms. Fructose is commonly found in fruits, and galactose



is a component of lactose, the sugar found in milk.

These simple sugars are typically characterized by a five-carbon (pentose) or six-carbon (hexose) ring
structure. The precise arrangement of hydroxyl (-OH) and carbonyl (C=O) groups within these
structures determines their specific chemical behavior and how they interact with other molecules.
Their solubility in water is a key feature, facilitating their transport and participation in aqueous
biological reactions.

Disaccharides

Disaccharides are carbohydrates formed when two monosaccharides are joined together by a
glycosidic linkage through a dehydration synthesis reaction. Common examples include sucrose (table
sugar), which is composed of glucose and fructose; lactose (milk sugar), made of glucose and
galactose; and maltose (malt sugar), formed from two glucose units. The breakdown of disaccharides
into their constituent monosaccharides through hydrolysis is a critical step in digestion.

The glycosidic bond is a type of covalent bond that links sugar molecules to other molecules. In
disaccharides, it connects two monosaccharide units. The specific type of glycosidic linkage (e.g.,
alpha or beta) can influence the digestibility and structural properties of the resulting carbohydrate.
For instance, humans can easily digest alpha-linkages found in starch but not beta-linkages in
cellulose.

Polysaccharides

Polysaccharides are complex carbohydrates that are polymers of monosaccharides. They can be very
long chains, consisting of hundreds or thousands of monosaccharide units. Polysaccharides serve
crucial roles in energy storage and structural support in both plants and animals. Key examples
include starch and glycogen for energy storage, and cellulose and chitin for structural purposes.

Starch is the primary energy storage polysaccharide in plants, found in roots, seeds, and fruits. It is
composed of glucose monomers linked by alpha-glycosidic bonds. Glycogen is the storage form of
glucose in animals, primarily found in the liver and muscles, and is also composed of glucose
monomers but with more branching than starch. Cellulose, a major component of plant cell walls, is a
structural polysaccharide made of glucose monomers linked by beta-glycosidic bonds. This difference
in linkage makes cellulose indigestible for most animals.

Lipids: Diverse Structures and Functions

Lipids are a broad group of naturally occurring molecules that include fats, waxes, sterols, fat-soluble
vitamins (such as vitamins A, D, E, and K), monoglycerides, diglycerides, triglycerides, and
phospholipids. Unlike carbohydrates, proteins, and nucleic acids, lipids are generally not true
polymers. Instead, they are characterized by their hydrophobic (water-repelling) nature, meaning
they do not dissolve in water but do dissolve in organic solvents.



The diverse structures of lipids give rise to a wide array of functions, including long-term energy
storage, insulation, protection of organs, and serving as a primary component of cell membranes.
Their hydrophobic property is key to their role in forming biological membranes, which act as barriers
between the cell and its environment.

Fats (Triglycerides)

Fats, also known as triglycerides, are a major type of lipid and a primary form of long-term energy
storage in animals and plants. A triglyceride molecule is formed from glycerol, a three-carbon alcohol,
and three fatty acids, which are long hydrocarbon chains with a carboxyl group at one end. The
linkage between glycerol and fatty acids is an ester bond, formed via dehydration synthesis.

Fatty acids can be saturated or unsaturated. Saturated fatty acids have no double bonds between
their carbon atoms in the hydrocarbon chain, making them straight and able to pack tightly together,
leading to fats that are typically solid at room temperature (e.g., butter, lard). Unsaturated fatty acids
have one or more double bonds, which cause kinks in the hydrocarbon chain, preventing tight packing
and resulting in fats that are typically liquid at room temperature (e.g., olive oil, vegetable oil). These
are also known as oils.

Phospholipids

Phospholipids are essential components of all cell membranes. They are similar in structure to
triglycerides, with glycerol attached to two fatty acids and a phosphate group. The phosphate group is
negatively charged and is further linked to a small, polar molecule, making the "head" of the
phospholipid hydrophilic (water-attracting). The two fatty acid tails are hydrophobic.

This amphipathic nature, possessing both hydrophilic and hydrophobic regions, is critical for the
formation of the lipid bilayer that constitutes cell membranes. In an aqueous environment,
phospholipids spontaneously arrange themselves into a bilayer, with the hydrophilic heads facing
outward towards the watery environment and the hydrophobic tails facing inward, shielded from
water. This arrangement creates a stable barrier that controls the passage of substances into and out
of the cell.

Steroids

Steroids are a distinct class of lipids characterized by a four-fused carbon ring structure. While they
share the basic lipid characteristic of being hydrophobic, their unique ring structure allows for diverse
biological functions. Cholesterol, a type of steroid, is a crucial component of animal cell membranes,
where it helps regulate membrane fluidity. It also serves as a precursor for the synthesis of other
important steroid hormones, such as sex hormones (testosterone, estrogen) and adrenal hormones
(cortisol).

The variation in functional groups attached to the steroid skeleton gives rise to different steroid



molecules with specific biological activities. The rigid, planar structure of the steroid rings influences
how these molecules interact with cell receptors and enzymes, mediating a wide range of
physiological processes, from development and metabolism to reproduction and stress response.

Proteins: The Workhorses of the Cell

Proteins are arguably the most versatile and abundant macromolecules in living cells, performing a
vast array of functions essential for life. They are polymers of amino acids, linked together by peptide
bonds. The sequence of amino acids, dictated by the genetic code, determines the protein's unique
three-dimensional structure, which in turn dictates its specific function. Proteins act as enzymes,
structural components, signaling molecules, transporters, and much more.

The complexity of protein structure is often described in four levels: primary, secondary, tertiary, and
quaternary. Each level builds upon the previous one, ultimately leading to a functional protein
capable of carrying out its designated task within the cell or organism.

Amino Acids

Amino acids are the monomers that build proteins. Each amino acid has a central carbon atom (alpha-
carbon) bonded to four groups: an amino group (-NH2), a carboxyl group (-COOH), a hydrogen atom,
and a variable side chain called an R-group. It is the R-group that differentiates one amino acid from
another, giving each of the 20 common amino acids its unique chemical properties.

These 20 amino acids can be categorized based on the properties of their R-groups, such as whether
they are hydrophobic, hydrophilic, acidic, or basic. This variation in R-groups is crucial for the folding
of the polypeptide chain into a specific three-dimensional structure, which is essential for the protein's
function. For example, hydrophobic R-groups tend to cluster in the interior of a protein, away from
water, while hydrophilic R-groups are more likely to be found on the protein's surface.

Peptide Bonds

Peptide bonds are the covalent bonds that link amino acids together to form polypeptide chains. They
are formed through a dehydration synthesis reaction between the carboxyl group of one amino acid
and the amino group of another. The resulting bond is an amide linkage. A chain of amino acids linked
by peptide bonds is called a polypeptide.

The formation of a polypeptide chain from individual amino acids is a directional process. The
polypeptide has an amino terminus (N-terminus) with a free amino group and a carboxyl terminus (C-
terminus) with a free carboxyl group. The sequence of amino acids in this chain, known as the
primary structure, is the fundamental determinant of the protein's higher-order structures and its
ultimate function.



Protein Structure (Primary, Secondary, Tertiary, Quaternary)

The function of a protein is intimately linked to its three-dimensional shape, which is established
through a hierarchical process of folding. The primary structure is the linear sequence of amino acids
in a polypeptide chain. This sequence is determined by the genetic code and is the foundation upon
which all other structural levels are built.

The secondary structure refers to local folding patterns within the polypeptide chain, primarily the
alpha-helix and the beta-pleated sheet. These structures are stabilized by hydrogen bonds between
atoms of the polypeptide backbone. The tertiary structure is the overall three-dimensional shape of a
single polypeptide chain, resulting from interactions between the R-groups of amino acids, including
hydrogen bonds, ionic bonds, hydrophobic interactions, and disulfide bridges. Finally, the quaternary
structure exists when a protein consists of two or more polypeptide chains, each folded into its
tertiary structure, assembling into a functional protein complex.

Nucleic Acids: Information Storage and Transfer

Nucleic acids are the macromolecules that carry the genetic instructions for the development,
functioning, growth, and reproduction of all known organisms and many viruses. The two main types
of nucleic acids are deoxyribonucleic acid (DNA) and ribonucleic acid (RNA). Both are polymers made
up of nucleotide monomers, and their specific sequences encode the information necessary for
protein synthesis and cellular processes.

The structure of nucleic acids is crucial to their function, enabling them to store and transmit
hereditary information accurately. Understanding the components of nucleotides and how they
polymerize into DNA and RNA is fundamental to molecular biology.

Nucleotides

Nucleotides are the monomers that make up nucleic acids. Each nucleotide consists of three
components: a nitrogenous base, a five-carbon sugar (pentose), and one or more phosphate groups.
In DNA, the sugar is deoxyribose, and in RNA, it is ribose. The nitrogenous bases are adenine (A),
guanine (G), cytosine (C), and thymine (T) in DNA, and adenine (A), guanine (G), cytosine (C), and
uracil (U) in RNA.

The nitrogenous bases are classified as either purines (adenine and guanine, with a double-ring
structure) or pyrimidines (cytosine, thymine, and uracil, with a single-ring structure). The specific
sequence of these bases along the nucleic acid strand carries the genetic code.

DNA and RNA

DNA (Deoxyribonucleic Acid) is a double-stranded helix composed of two polynucleotide strands. The



strands run in antiparallel directions, and the bases pair specifically: adenine (A) with thymine (T), and
guanine (G) with cytosine (C). This complementary base pairing is fundamental to DNA's ability to
replicate itself accurately and to transcribe genetic information into RNA. DNA primarily resides in the
nucleus of eukaryotic cells and carries the permanent genetic blueprint.

RNA (Ribonucleic Acid) is typically a single-stranded molecule, although it can fold upon itself to form
complex secondary structures. RNA plays diverse roles in gene expression, including messenger RNA
(mRNA), which carries genetic information from DNA to ribosomes; transfer RNA (tRNA), which brings
amino acids to the ribosome during protein synthesis; and ribosomal RNA (rRNA), which is a structural
component of ribosomes. The sugar in RNA is ribose, and uracil (U) replaces thymine (T). RNA is
generally less stable than DNA and has a more transient role in the cell.

The Role of Nucleic Acids in Protein Synthesis

Nucleic acids are central to the process of protein synthesis, a fundamental biological pathway where
genetic information encoded in DNA is used to create proteins. This process involves two main stages:
transcription and translation. During transcription, a segment of DNA is copied into a complementary
molecule of mRNA. This mRNA then travels out of the nucleus to the ribosomes in the cytoplasm.

At the ribosomes, translation occurs. The sequence of codons (three-nucleotide units) in the mRNA
molecule is read, and with the help of tRNA molecules that carry specific amino acids, a polypeptide
chain is assembled. The sequence of amino acids in this polypeptide chain will determine the protein's
structure and function. Thus, nucleic acids act as the intermediaries that translate the genetic code
into the functional machinery of the cell: proteins.

Frequently Asked Questions

Q: What are the four main types of biomolecules discussed in
Campbell Biology Chapter 6?
A: The four main types of biomolecules discussed in Campbell Biology Chapter 6 are carbohydrates,
lipids, proteins, and nucleic acids. These are the fundamental organic molecules that make up living
organisms and are essential for all biological processes.

Q: Can you explain the difference between dehydration
synthesis and hydrolysis in the context of biomolecules?
A: Dehydration synthesis is a process where monomers join to form polymers, releasing a molecule of
water. Hydrolysis is the reverse process, where a polymer is broken down into monomers by the
addition of a water molecule. Both are crucial for building and breaking down macromolecules.



Q: What is the primary function of carbohydrates in living
organisms?
A: Carbohydrates primarily serve as a source of energy for cells and as structural components. Simple
carbohydrates like glucose are readily used for energy, while complex carbohydrates like cellulose
provide structural support in plants.

Q: Why are lipids important for cell membranes?
A: Lipids, specifically phospholipids, are critical for cell membranes due to their amphipathic nature.
They form a bilayer that acts as a selective barrier, controlling the passage of substances into and out
of the cell, and also contribute to membrane fluidity.

Q: How does the sequence of amino acids determine a
protein's function?
A: The sequence of amino acids, known as the primary structure, dictates how a polypeptide chain
folds into a specific three-dimensional shape. This shape, in turn, determines the protein's function by
enabling it to bind to other molecules, catalyze reactions, or perform other specific tasks.

Q: What are the basic components of a nucleotide?
A: A nucleotide, the building block of nucleic acids, consists of three parts: a nitrogenous base
(adenine, guanine, cytosine, thymine, or uracil), a five-carbon sugar (deoxyribose in DNA, ribose in
RNA), and one or more phosphate groups.

Q: What is the significance of DNA's double helix structure?
A: The double helix structure of DNA, with its complementary base pairing (A-T, G-C), is essential for
its ability to accurately replicate genetic information and to serve as a template for RNA synthesis,
ensuring the faithful transmission of hereditary traits.

Q: What are the different roles of RNA in protein synthesis?
A: RNA plays multiple roles in protein synthesis: messenger RNA (mRNA) carries the genetic code
from DNA to ribosomes; transfer RNA (tRNA) brings specific amino acids to the ribosome; and
ribosomal RNA (rRNA) is a structural component of ribosomes where protein synthesis occurs.

Q: How does the R-group of an amino acid affect the overall
structure and function of a protein?
A: The R-group, or side chain, of an amino acid gives it unique chemical properties (e.g., hydrophobic,
hydrophilic, charged). These properties influence how the polypeptide chain folds into secondary,
tertiary, and quaternary structures, which are critical for the protein's specific biological function.



Q: Are lipids polymers?
A: Unlike carbohydrates, proteins, and nucleic acids, lipids are generally not considered true polymers
because they are not formed from repeating monomer units linked in long chains. Instead, they are a
diverse group of molecules characterized by their hydrophobic nature.
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