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Organic Molecules






Answer Key
Learning goals
After completing this activity, you will be able to … 

· Describe and compare the structure and function of four types of organic molecules: carbohydrates, proteins, lipids, and nucleic acids.
· Relate molecular structures in food to energy content and digestibility.
· Describe how molecular structure affects the function of proteins.
· Explain the roles of enzymes in biological functions.
Vocabulary: active site, amino acid, carbohydrate, catalyst, DNA, double helix, enzyme, gene, glucose, lipid, nucleic acid, organic compound, protein, RNA, triglyceride
Warm-up questions
1. What types of nutrients can you find in food? 
Answers will vary. Sample answer: carbohydrates, proteins, fats, vitamins, minerals, and water.
2. What do these nutrients provide for your body?
Answers will vary. Sample answer: Carbohydrates and fats provide the body with energy. Proteins provide the body with the building blocks for strong muscles and other tissues. Vitamins and minerals help with various body functions, and water is essential for all living things.
Activity A – Organic molecules
Organic compounds are compounds that contain carbon and are mostly produced by living things. Not all carbon-based compounds are organic. For example, carbon dioxide and calcium carbonate are not considered organic. Many organic compounds contain a central “spine” of carbon atoms that are bound to hydrogen or hydroxide ions.
Carbon provides an excellent basis for organic molecules because it can form up to four bonds. In comparison, hydrogen and hydroxide (OH–) can form one bond, while oxygen can form two. Nitrogen, another important element in organic molecules, can form three bonds. Organic molecules can exist as chains, rings, chains of rings, or large branched structures. Some of the largest and most complex organic molecules are key components of living things. 
Living organisms produce four main types of organic compounds: carbohydrates (sugars and starches), lipids (fats), proteins, and nucleic acids (DNA and RNA). Many of these molecules are very large, containing millions or even billions of atoms. For each of these types of molecules, their structure plays an interesting role in how they are used by living things.
[image: image9.png]


Activity B – Carbohydrates
Carbohydrates are used to provide energy and are also used as structural elements, especially by plants. The simplest carbohydrate is the sugar glucose (C6H12O6), which has a ring-like structure shown at right. In the diagram, each unlabeled junction represents a carbon atom bonded to a hydrogen atom. Other simple carbohydrates, or sugars, consist of either one or two ring units.
Complex carbohydrates, such as starches and cellulose, are composed of many of these basic ring units. The rings may be arranged in long chains or branching systems of chains. In starches, the bonds joining the glucose units, called alpha bonds, are relatively weak and easily broken. This allows starch to be broken down relatively easily in the digestive systems of many animals and allows starch to be a primary energy source for both plants and animals. 
Other carbohydrates, such as cellulose, consist of glucose molecules joined by stronger beta bonds. Cellulose is a primary component of the cell walls of plants and makes up about 50% of wood. Only certain types of bacteria and a few other organisms are able to break down cellulose. Some of these bacteria live in the guts of grazing animals and help them to digest the cellulose in grass. Dietary fiber is cellulose found in food that our bodies do not digest.
Simple carbohydrates, or sugars, can be digested very quickly, releasing a quick burst of energy. This energy is quickly used up, often leading to fatigue. Complex carbohydrates take longer to digest and supply a steadier, longer-term energy supply than the energy provided by sugars. In general, the longer the carbohydrate molecule, the harder it is to digest. 
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1. What are the main functions of carbohydrates?
Carbohydrates serve as energy sources and structural elements (mainly in plants). 
2. Compare the structures of simple carbohydrates to complex carbohydrates. ​

Simple carbohydrates consist of a single or double carbon ring. Complex carbohydrates consist of many rings bonded together in chains or branching structures.
3. How do the structures of simple and complex carbohydrates relate to the rates at which they deliver energy when they are digested? 

Simple carbohydrates are small molecules that are broken down quickly. Complex carbohydrates must be broken down into simple carbohydrates before they can be used for energy. Therefore, complex carbohydrates deliver energy to the body more slowly.
Activity C – Lipids
Lipids are a large group of related organic molecules that include fats, waxes, sterols (such as cholesterol), and several other types. Lipids are used by animals for energy storage and are the main structural element of cell membranes. 
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The lipids commonly known as fats are called triglycerides. Each triglyceride molecule consists of a glyceride group (C3H8O3, left) bonded to three fatty acids (right). Each fatty acid has a COOH “head” and a long “tail” consisting of carbon atoms bonded to hydrogen atoms.  
The digestion of triglycerides in animals is a complicated process. First, triglycerides are broken down into glycerol and free fatty acids in the small intestine. After absorption through the walls of the intestine, the triglycerides are reconstituted and sent via lymphatic capillaries to the liver for further processing. Fats are stored by the body until the energy need arises, when they are transported to cells. Inside cells, fatty acids are broken down in the mitochondria to produce energy. Although fats take longer to digest than simple carbohydrates, they provide much more energy. A gram of fat provides the body with 9 kilocalories, while a gram of carbohydrates only produces 4 kilocalories.
The lipids that make up cell membranes are called phospholipids. Like triglycerides, phospholipids contain a “head” and several “tails.” The head of a phospholipid is attracted to water (hydrophilic) and the two tails are not attracted to water (hydrophobic). In water, the hydrophilic heads tend to point outward toward water molecules, while the hydrophobic tails cluster away from water. 
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This can result in a membrane composed of a double layer of phospholipids, or a “phospholipid bilayer,” shown at right. Most biological membranes, including cell membranes, organelle membranes, and the membranes that surround vacuoles and vesicles are composed of phospholipid bilayers. Phospholipids are synthesized inside cells in a region near the endoplasmic reticulum. 
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1. What are the two primary functions of lipids in living things?
Lipids are used as an energy source and as a component of cell membranes.
2. Describe the structure of triglycerides.
Triglycerides are composed of a glyceride group (C3H8O3) bonded to three fatty acids. 
3. Suppose you were packing food for a long hiking trip and only had a limited space. Why might it be a good idea to pack foods high in fat rather than foods high in carbohydrates?

Fat contains more calories per weight than carbohydrates. One gram of fat contains 9 kilocalories, compared to 4 kilocalories per gram for carbohydrates.
4. How does the structure of phospholipids relate to their ability to form membranes?
One end of a phospholipid molecule is attracted to water, and the other end is repelled from water. This causes phospholipids to arrange themselves into a double-layered membrane with the water-loving ends on the outside and the water-repelled ends on the inside.
Activity D – Proteins
Proteins are complex molecules that perform a myriad of functions in the body. Proteins are primary structural elements in muscle, cartilage, skin, and other tissues. Many cell organelles are composed primarily of proteins. Proteins also serve in the cell membrane, where they serve as channels that transport materials into and out of the cell.
Proteins are composed of long chains of building blocks called amino acids. Amino acids are small molecules composed mainly of carbon, oxygen, hydrogen, and nitrogen. While over 500 different amino acids are known, only 22 are used by living things to make proteins. (Most organisms use 20.) The order of amino acids in each protein is specified by the genetic code of a cell’s DNA. (See below.) A single protein molecule can have anywhere from a few dozen to over 30,000 amino acids. 
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An essential component of a protein’s function is its shape. Amino acid chains fold into a wide variety of complex, three-dimensional shapes, such as the myoglobin protein shown to the left. The surface of these shapes interacts with other molecules and can provide a substrate for other molecules to bind or undergo a chemical reaction. Hemoglobin, for example, contains several heme groups in which an iron atom binds to oxygen. This allows hemoglobin to transport oxygen to cells in blood, and also gives blood its red color. Myoglobin is a related protein found in muscle tissues that also binds to oxygen molecules. Notice the red heme group in the diagram. 
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1. Describe the structure of proteins. 

Proteins are long chains of amino acids folded into complex, 3-dimensional shapes.
2. What are the main functions of proteins?
Proteins are a major component of tissues such as muscle and cartilage. Proteins make up cell organelles and serve as transport channels in the cell membrane.
3. Suppose a scientist knew the exact sequence of amino acids in a protein. Why might this not tell the scientist very much about what the protein looks like and how it functions?
Much of protein function comes from its complex, three-dimensional shape. Scientists may not be able to deduce the shape of a protein just from knowing the sequence of amino acids that make up the protein.
Activity E – Nucleic acids
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Perhaps the most remarkable molecules in living things are the nucleic acids DNA and RNA. DNA stands for “deoxyribonucleic acid.” These molecules are found in the nuclei of cells. 

The structure of DNA is called a double helix. The DNA molecule, shown to the right, resembles a twisted ladder, with the sides of the ladder composed of alternating sugars (deoxyribose) and phosphate groups. The “rungs” of the ladder are made up of combinations of four nitrogen bases: adenine, thymine, guanine, and cytosine. Adenine forms a bond with thymine, and guanine and cytosine form a bond. These bonds are relatively weak, allowing the DNA molecule to split apart easily.

RNA stands for “ribonucleic acid.” An RNA molecule is essentially half of a DNA molecule, with a “side” of sugar (ribose) and phosphate groups and “half-rungs” consisting of a single nitrogen base. The nitrogen bases found in RNA are adenine, uracil, guanine, and cytosine. Uracil bonds with adenine and essentially substitutes for the thymine in DNA.

DNA and RNA share two remarkable properties. First, DNA (and RNA) molecules encode genetic information in the sequence of nitrogen bases. Second, DNA and RNA molecules have the ability to replicate themselves. Together DNA and RNA are at the heart of how living things live, grow, reproduce, and pass their traits to their offspring. 
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A section of DNA that codes for a specific protein is called a gene. To create a protein, the DNA “unzips” into two sides. A strand of messenger RNA (mRNA) is formed along one of the two DNA strands, mirroring the sequence of nitrogen bases along the exposed DNA strand. The mRNA then moves to a protein structure called a ribosome. 

At the ribosome (shown to the left), transfer RNA (tRNA) molecules carrying amino acids link up to the mRNA, forming a protein one amino acid at a time. The exact sequence of amino acids (and the resulting protein) depends on the sequence of bases in the mRNA strand, which in turn is specified by the original DNA strand. 

DNA replication, shown to the right, also begins with the “unzipping” of a DNA molecule. In this case, new nitrogen bases attach to each of the exposed strands, forming two new complete DNA molecules. Each molecule is a copy of the original.
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DNA replication is essential for reproduction, both at the cellular level and at the level of the whole organism. During a cell’s life span its DNA replicates. When the cell divides, one copy of the cell’s DNA goes into each of the daughter cells. In sexual reproduction, two cells with half of the normal DNA fuse together to create a single cell with a full set of DNA. In this way, DNA is passed from parents to offspring.
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1. Describe the structure of a DNA molecule. 

A DNA molecule looks like a twisted ladder. The sides of the ladder are alternating ribose and phosphate groups. The rungs of the ladder are pairs of nitrogen bases: adenine-thymine and cytosine-guanine.
2. How does the structure of RNA differ from the structure of DNA?
RNA looks like half of a DNA molecule, with just one side of the ladder and one nitrogen base. The sugar ribose replaces deoxyribose and the nitrogen base uracil replaces thymine.
3. Explain how the structure of the DNA molecule relates to each of the following functions:

A. Creating proteins.

The DNA molecule “unzips” and provides a template for an mRNA molecule to form. The mRNA transmits the DNA code to the ribosome where protein synthesis takes place.
B. DNA replication.

Again the DNA molecule has the ability to unzip, providing a template for new molecules to form. In this case, each DNA strand provides a template for a new DNA strand, resulting in two identical complete DNA molecules.
Activity F – Enzymes
Living things require a multitude of specific chemical reactions to survive. Many of these chemical reactions would not occur in normal circumstances. Other reactions might occur too quickly or at the wrong times. To promote and control these chemical reactions, organisms rely on specialized proteins called enzymes. 

Most enzymes act as catalysts. A catalyst is a substance that helps other substances to react. The main way catalysts do this is by providing a surface, or active site, for the reaction to take place. The shape and electrochemical properties of the active site allow it to temporarily bond to a reactant molecule or molecules. The chemical reaction then takes place and the product is released. After the products are released, the catalyst is free to induce more chemical reactions. 
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Recall that proteins have specific shapes determined by how the amino acid chain is folded. These unique shapes provide the active sites for the enzyme to do its work. Enzymes are very sensitive to environmental factors such as temperature and pH. Heating an enzyme may cause it to denature, or unfold, and lose its functionality. The same can happen if an enzyme is exposed to an acidic environment. An environment that is too cold can stop the chemical reactions catalyzed by enzymes. 

The function of enzymes may also be disrupted by inhibitors. Inhibitors are substances that bind to the active site of enzymes, causing them to lose their catalytic function. Some types of drugs and poisons are inhibitors. Cyanide, for example, binds to one of the enzymes that are essential to cellular respiration, causing immediate cell death. On the other hand, many inhibitors are essential for regulating and controlling enzyme function, helping organisms to maintain stability. 
There are thousands of enzymes at work in the human body. Some enzymes perform functions within cells such as regulating DNA expression and assisting cell respiration. Other enzymes are secreted by cells and perform functions such as digestion of foods, intercellular communication, and regulation of body functions. 
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1. What functions do enzymes perform in living things? 

Enzymes promote and regulate chemical reactions that are necessary for survival. Enzymes help with DNA expression, cell respiration, food digestion, intercellular communication, and other regulatory functions.
2. How does the structure of proteins help to make them useful as enzymes? 

Proteins are complex and widely varied molecules that are folded into 3-dimensional shapes. These shapes provide surfaces that can serve as active sites for other substances to react.
3. How do enzymes catalyze chemical reactions?
A reactant or reactants temporarily bind to the active site of the catalyst. The chemical reaction takes place, and the product or products are released, allowing the catalyst to bond to new reactants.
4. Why don’t enzymes work as well in high temperatures?

At high temperatures an enzyme might lose its 3-dimensional shape. This is called denaturing.
5. What is an enzyme inhibitor, and how does it work? 
An inhibitor is a substance that prevents enzymes from working. It does this by binding to the active site of the enzyme, preventing the enzyme from binding to reactants.
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