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objectives 4.1.1                                                     
The Structure and Function of Macromolecules
Key Terms

• macromolecule • carbohydrate • protein • amino acid • hormone • enzyme • lipid
Getting the Idea
Most of the processes that take place within cells involve large organic molecules that form when smaller organic molecules are joined by chemical bonds. These very large molecules are called macromolecules. Living things need four main kinds of macromolecules to survive. Three of the four kinds are used for energy.
Carbohydrates
Carbohydrates are organic molecules composed of carbon, hydrogen, and oxygen, usually in a ratio of 1:2:1. Carbohydrates include sugars, starch, cellulose, and glycogen. Carbohydrates are the primary sources of energy for most organisms. The sugar glucose is the main source of energy for cells. Plants produce glucose by photosynthesis. Plants store excess glucose in the form of starch, in fruits, seeds, and other parts. Animals obtain glucose from plants, directly or indirectly. Animals store glucose in the form of glycogen. Cellulose makes up most of the cell walls that support plants and is important in many animals' diets. Humans cannot digest cellulose, but it helps the intestinal tract work smoothly.
The simplest type of carbohydrate is called a simple sugar. Glucose, galactose, and fructose are simple sugars. The chemical formula for each of these sugars is C6H12O6. As shown below, however, these sugars differ in how their atoms are arranged.
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The word saccharide means "sugar." A carbohydrate can be a single simple sugar, or it can be two or more simple sugars that have bonded together. The number of simple sugar molecules that join together determines the type of carbohydrate. For example, glucose, galactose, and fructose are monosaccharides. A monosaccharide is made up of a single simple sugar.
Two simple sugars bonded together form a disaccharide. Sucrose, the table sugar added to tea or sprinkled on cereal, is a disaccharide. Sucrose (C^H^On) is composed of one glucose and one fructose molecule. Chains of monosaccharides form polysaccharides. Cellulose and glycogen are polysaccharides made up of chains of glucose. Starch is also made up of glucose molecules, in chains and branches.
Each carbohydrate molecule contains many carbon-hydrogen bonds. Organisms get most of their energy by breaking these bonds. Foods containing only or mostly carbohydrates are broken down quickly to release energy.
The human digestive system breaks down carbohydrates into simple sugars. The small intestine absorbs these simple sugars, and the blood transports them to the cells where they are needed. The cells can then use the sugars in cellular respiration to form ATP.
Proteins
Proteins are large organic molecules composed mainly of carbon, hydrogen, oxygen, nitrogen, and sometimes sulfur. Proteins are made up of smaller building blocks called amino acids. An amino acid is a carbon compound that contains at least one amino group (-NH2) and one carboxyl group (-COOH) bonded to one or more other elements that form a side chain. The composition of the side chain is different in each amino acid. The side chains are what distinguish one amino acid from another. In the diagrams below, the side chains are shaded.
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There are 20 different amino acids, which can join together in a tremendous number of combinations. The amino group of each amino acid bonds to the carboxyl group of the next amino acid. Many animals eat proteins as a source of amino acids. These animals use the amino acids to build new proteins. Some animals need to eat specific amino acids because they cannot produce all the amino acids they need. For example, humans can make 12 of the 20 amino acids needed to make proteins, but must get the other eight from their food. Nutritionists sometimes call those eight the essential amino acids. Proteins are also a source of energy, but they break down much more slowly than carbohydrates.
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Each protein molecule has a characteristic three-dimensional shape that is determined by the arrangement of its amino acids. Recall that side chains distinguish amino acids from one another. Side chains also determine how amino acids bond and fold in proteins. A protein's shape determines its function.
Proteins serve a variety of functions in organisms. Some proteins are structural. They serve as the building materials for living things and hold organisms together. Collagen, for example, forms bones, tendons, ligaments, and cartilage. Other proteins are functional and take part in transporting materials or in chemical reactions. Hemoglobin, for example, is an iron-rich protein found in the red blood cells of most vertebrates. It bonds with and transports oxygen to the cells of these organisms. Other functional proteins include some hormones and enzymes.
A hormone is a substance produced by a cell or gland in one part of the body that affects the function of cells or organs in other parts of the body. Insulin, for example, is a hormone made in the pancreas that controls carbohydrate and fat metabolism. It does this by directing other cells to remove glucose from the blood and store it as glycogen in the liver and muscles.
Enzymes are functional proteins that take part in chemical reactions. An enzyme is a protein that enables or speeds chemical reactions in cells. You will learn more about enzymes and how they work in the next lesson. The table below lists other important functions of proteins in humans and other animals.
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ExplanatlonlExample

Most chemical reactions in living organisms are catalyzed (speeded up) by enzymes,
which are proteins.

Varlous small molecules are joined with proteins for storage.

Channel proteins help transport substances through plasma membranes. Other

- proteins transport particles, including electrons and macromolecules.

Hormones are used as signals within the body. Some proteins transmit
nerve impulses.

- Antibodies bind to and help destroy foreign substances.

Feedback mechanisms involving protein synthesis help maintain homeostasis.

Proteins provide structure and support for the body, including mechanical support.

- Hair and bone are made up mostly of protein.





In the human body, proteins are required for most cellular process. Proteins are broken down into amino acids during digestion. Like sugars, these amino acids are absorbed by the intestine and carried by the blood to the cells where they are needed. The cells use the amino acids to build other proteins.
Lipids
Lipids are organic molecules composed of hydrogen, carbon, and oxygen. Lipids differ from carbohydrates in two main ways. First, lipids have more carbon-hydrogen bonds and fewer oxygen atoms than carbohydrates. Second, lipids do not dissolve in water.
Many lipids are made up of a glycerol molecule combined with three fatty acids. Fatty acids are long chains of carbon, hydrogen, and oxygen. A lipid is described as saturated if all the carbon atoms in the fatty acid chains are joined by single bonds. A lipid is unsaturated if it has at least one double bond between carbon atoms. The lipid molecule shown below is saturated.
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Fats, oils, and waxes are types of lipids. In animals, most lipids are fats. Lipids in plants are usually oils. Waxes are produced by both animals and plants. Waxes are made up of long-chain fatty acids attached to an alcohol molecule. Lipids have two main functions. They are used for long-term energy storage, and they insulate and waterproof the organism. For example, cutin and other waxes coat the leaves of some plants to help prevent water loss.
Steroids and phospholipids are two groups of lipids. Steroids are lipids that have molecules arranged in rings, rather than as long chains. Two common steroids are cholesterol and cortisone. Phospholipids are lipids that are made up of a phosphate group and a diglyceride bonded to another simple organic molecule. Recall from Lesson 2 that phospholipids are the main components of the plasma membrane.
In humans and some other animals, fats are digested into glycerol and fatty acids. These components are absorbed through the intestine and transported by the bloodstream to cells, where they are used or stored. Stored fats are a source of energy. Cells use stored fat for respiration when carbohydrates are unavailable.
Cells in every organism need lipids in order to function. In particular, the plasma membrane is composed mostly of lipids. On a larger scale, humans use fats in a variety of ways. For example, lipids insulate some nerve fibers and protect internal organs. The human body uses cholesterol to make many hormones and some vitamins, including vitamin D. Fats also store some essential nutrients that humans must obtain from their food.
Nucleic Acids
The fourth class of macromolecules is not a source of energy for cells but is essential to life. Genetic information, the information that is passed from one generation of cells to the next, is stored in nucleic acids. Nucleic acids are large, complex molecules made up of smaller molecules composed of carbon, hydrogen, oxygen, nitrogen, and phosphorus. The smaller units that join together to form a nucleic acid are called nucleotides. A nucleotide is made up of a five-carbon sugar, a nitrogen-containing base, and a phosphate group.
Nucleic acids store and transmit information in the form of a code. The two most important nucleic acids are deoxyribonucleic acid (DNA) and ribonucleic acid (RNA). Both of these nucleic acids are present in the cells of all organisms. Genetic information is carried by DNA. The information stored in DNA is translated into RNA and then used to direct the production of proteins. You will learn more about nucleic acids and their roles in Lessons 20 and 21.
Discussion Question
Animals get many of the macromolecules they need from the foods they eat. Based on what you know about the different organic molecules, what foods can you think of that are rich in carbohydrates, lipids, or proteins? What do the foods in each group have in common?

