

Unit 1: Chemistry & Biochemistry

Big Ideas (Core Concepts)

A. Living systems are made up of four major types of organic molecules: carbohydrates, lipids, proteins and nucleic acids.  

B. Organisms are made up of different arrangements of these molecules, giving all life a biochemical framework.

C. Selected cells in multicellular organisms are specialized to carry out particular life functions.

Standard:  Organization and Development of Living Systems

1. Explain how carbon can join to other carbon atoms in chains and rings to form large and complex molecules.

2. List the six most common elements in organic molecules

3. Describe the composition of the four major categories of organic molecules (carbohydrates, lipids, proteins, and nucleic acids).

4. Explain the general structure and primary functions of the major complex organic molecules that compose living organisms.

5. Describe how dehydration and hydrolysis relate to organic molecules.

6. Explain the role of enzymes and other proteins in biochemical functions (e.g., the protein hemoglobin carries oxygen in some organisms, digestive enzymes, and hormones).

7. Living and nonliving things are composed of compounds, which are themselves made up of elements joined by energy-containing bonds, such as those in ATP.  Explain.

8. Macromolecules such as lipids contain high-energy bonds.  Explain.
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Introduction with Real World Implications:

Living things are made up of complex molecules (carbohydrates, lipids, proteins and nucleic acids) and their subunits.  These subunits include simple sugars in carbohydrates, fatty acids in lipids, amino acids in proteins, and nucleotides in nucleic acids.

Carbohydrates are a biochemical class made up of simple sugars which consist of a general atomic ratio of carbon (C) to hydrogen (H) to oxygen (O) of 1:2:1 (CnH2nOn).  They also include polymers of simple sugars. Carbohydrates function as short-term energy storage in the form of simple sugars and as intermediate-term energy storage as polysaccharides, specifically as starches in plants and glycogen in animals.  Polysaccharides are also structural components in cells as cellulose in the cell walls of plants and many protists and as chitin in the exoskeleton of insects and other arthropods.

Lipids are involved mainly with long-term energy storage.  Lipids make up such molecules as fats, oils and waxes and also contain carbon, hydrogen and oxygen.  They are generally insoluble in polar substances such as water.  Other functions of lipids are functional, as in the case of phospholipids as the major building block in cell membranes and some kinds of hormone messengers that have a role in communications within and between cells.

Proteins are very important in biological systems as control and structural elements.  The control functions of proteins are carried out by enzymes and some kinds of hormones.  Enzymes are biochemicals that act as organic catalysts to speed up the rate of a chemical reaction.  These proteins are folded in intricate ways that produce shapes that “fit” corresponding features of specific substrates.  This enzyme-substrate specificity is very important for students to understand.  Structural proteins function in the cell as parts of the cell membrane, muscle tissue, and connective tissue types.  Proteins are polymers of amino acids and contain, in addition to carbon, hydrogen and oxygen, also nitrogen and sometimes sulfur.

Nucleic acids are composed of very long chains of subunits called nucleotides, which contain carbon, hydrogen, oxygen, nitrogen and phosphorus.  The two chief types of nucleic acids are DNA (deoxyribonucleic acid) which contains the hereditary information in all living organisms and RNA (ribonucleic acid) which delivers the instructions coded in a cell’s DNA to its protein manufacturing sites.

Organisms make the molecules they need or obtain them from their diet.  Specific proteins, for example, are required for specific cellular processes.  Without these proteins, or with non-functioning proteins, certain processes may not be carried out at all.

Dehydration links smaller subunits into larger units by removing water and forming covalent bonds.  Hydrolysis is a chemical reaction in which a compound reacts with water.  This type of reaction is used to break down larger organic molecules into smaller subunits.  Dehydration and hydrolysis are essentially the reverse of each other.

Energy is involved in the formation of chemical bonds.  The breaking and reforming of new bonds by living things often involves a transformation of energy from higher energy bonds to lower energy bonds, allowing usable energy to be released for use by the organism.  An example of high energy bonds are the phosphate bonds in ATP.  When the third phosphate group of ATP is removed by hydrolysis, a substantial amount of free energy is released.  For this reason, this bond is known as a “high-energy” bond.

Laboratory Activities:  Instruments, Measurement, and Representations:

I. Predict from a variety of foods (e.g., gumdrops, peanuts, raisins or bread) which will have the most energy released when it is burned. 

II. Design and perform an activity that involves burning the foods to measure the energy released in a calorimeter.

III. Teams will select a nutrient group (fats, simple sugars, proteins, starches).  Design an experiment to investigate how these nutrients are obtained and then used in the human body. Prepare a presentation to discuss the group information with the rest of the class and shows what a healthy portion of each of the nutrient groups looks like.

IV. Use qualitative tests for food nutrients (Benedict’s solution for the presence of simple sugars, Lugol’s Iodine solution to identify the presence of starch, Biuret solution for the presence of protein and Sudan III stain to identify the presence of lipids), to evaluate the nutrient content of a fast food meal of student choice that has been blended and filtered.  

V. Compare this with the nutrient information posted by the restaurant chain in its stores or website. 

VI. Prepare a report to discuss the results with classmates.

VII. Perform the qualitative tests listed above to identify the presence of nutrients in food. Using foods known to contain the nutrients as standards, test unknown food compounds to determine their composition.

VIII. Perform an Internet search on foods of your choosing, possibly foods already tested or a fast food item, discovering the content of carbohydrates (simple and complex), fats and proteins (in calories) that these foods contain. Compare these values to those recommended as nutritional guidelines for these biochemical classes.

