Nucleic Acids

The large macromolecule we will talk about is arguably the most important, because it is the “brains” of any cell: nucleic acid. There are two kinds of nucleic acid: deoxyribonucleic acid (DNA) and ribonucleic acid (RNA). All nucleic acids are polymers composed of individual monomers called nucleotides: 
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Simplified structure of a nucleotide

Each nucleotide has three parts to it: a phosphate group, a sugar, and a nitrogen-containing base. These nucleotides are glued together through dehydration reactions that create strong covalent bonds between alternating sugar and phosphate groups. This forms the “backbone” of the nucleic acid polymer. However, the part of the monomer that matters the most is the nitrogenous (nitrogen-containing) base.  DNA has four different kinds of bases: adenine, thymine, guanine, and cytosine. RNA has three of the same, except instead of thymine it has uracil. All of these bases fit into one of two categories: purines or pyrimidines.  Purines are double-ringed structures and include adenine and guanine, whereas pyrimidines are single-ringed structures and include thymine, cytosine, and uracil.  There are different types of RNA and they perform different tasks for the cell. Messenger RNA (mRNA), for example, carries the directions to make a protein from the nuclear-imprisoned genes to the protein-building ribosomes in the cytoplasm. Some RNA molecules play an important role in regulating gene expression, such as little micro RNAs or small interfering RNAs. Others carry amino acids over to the ribosome for protein synthesis (transfer RNA), and help the ribosome synthesize the final protein product (ribosomal RNA). Each of these interesting RNAs will be discussed later. In general, all RNA nucleotides contain a sugar called ribose and are single-stranded molecules, unlike their chemical cousin, DNA, a large double-stranded molecule constructed with the sugar deoxyribose. The double-stranded nature of DNA is extremely important, something we will discuss later. For now, notice that the two strands of a DNA molecule are complementary to one another. They are both composed of nucleotides, the upright portion of which is made of alternating sugar-phosphate groups bonded strongly together by covalent bonds. The nitrogenous base portion points toward the middle of the two strands, and is the source of the hydrogen bonding that holds the two strands together. If one strand has an adenine nucleotide, it must pair with a thymine nucleotide on the complementary strand; a guanine nucleotide pairs with a cytosine nucleotide. Furthermore, these two strands are called antiparallel because they run in opposite directions. The end with the free phosphate group is referred to as the 5′ (five-prime) end, and the free hydroxyl (-OH) group is the 3′ (three-prime) end. These numbers indicate which carbon of the sugar the phosphate or hydroxyl group is hanging off ofAll of these macromolecules work together in different ways to create the both the structure of the cell and to perform its various functions. 

REVIEW QUESTIONS

1. Fill in the blanks: A polymer is a large _________________ (term for

large molecule) that is composed of repeating subunits called

_________________.

2. Given these two amino acid monomers, show the resulting peptide bond

that would form after a dehydration reaction.
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3. List three differences between DNA and RNA.
4. Explain why the base-pairing rules exist. Why, exactly, must adenine base-pair with thymine, and guanine base-pair with cytosine?

5. Hemoglobin is the protein in red blood cells that carries oxygen throughout the circulatory system. The hemoglobin molecule is made up of four total protein chains (four subunits) clumped together. Two of the protein chains (the alpha subunits) are made of 141 amino acids each. The other two proteins (the beta subunits) are made of 146 amino acids each. Based on this information, which of the four levels of protein structure is described?

