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Reinforcement 8.3-8.5
KEY CONCEPT DNA replication copies the genetic information of a cell.

Every cell needs its own complete set of DNA, and the discovery of the three-dimensional structure of DNA immediately suggested a mechanism by which the copying of DNA, or DNA replication, could occur. Because the DNA bases pair in only one way, both strands of DNA act as templates that direct the production of a new, complementary strand. DNA replication takes place during the S stage of the cell cycle.

The process of DNA replication is very similar in both eukaryotes and prokaryotes, but we will focus on eukaryotes.

•
During the S stage of the cell cycle, the DNA is loosely organized in the nucleus. Certain enzymes start to unzip the double helix at places called origins of replication. The double helix unzips in both directions along the strand. Eukaryotic chromosomes are very long, so they have many origins of replication to help speed the process. Other proteins hold the two strands apart.

•
The unzipping exposes the bases on the DNA strands and enables free-floating nucleotides to pair up with their complementary bases. DNA polymerases bond the nucleotides together to form new strands that are complementary to the original template strands.

•
The result is two identical strands of DNA. DNA replication is described as semiconservative because each DNA molecule has one new strand and one original strand.

DNA polymerase not only bonds nucleotides together. It also has a proofreading function. It can detect incorrectly paired nucleotides, clip them out, and replace them with the correct nucleotides. Uncorrected errors are limited to about one per 1 billion nucleotides.


1.
Why is DNA replication described as semiconservative?


2.
What are two major functions that DNA polymerase performs?

KEY CONCEPT Transcription converts a gene into a single-stranded RNA molecule.

DNA provides the instructions needed by a cell to make proteins. But the instructions are not made directly into proteins. First, a DNA message is converted into RNA in a process called transcription. Then, the RNA message is converted into proteins in a process called translation. The relationship between these molecules and processes is summed up in the central dogma, which states that information flows in one direction, from DNA to RNA to proteins.

Like DNA, RNA is a nucleic acid. It is made of nucleotides that consist of a phosphate group, a sugar, and a nitrogen-containing base. However, RNA differs in important ways from DNA: (1) RNA contains the sugar ribose, not deoxyribose; (2) RNA is made up of the nucleotides A, C, G, and uracil, U, which forms base pairs with A; (3) RNA is usually single-stranded. This single-stranded structure enables RNA to fold back on itself into specific structures that can catalyze reactions, much like an enzyme.

During transcription, a gene is transferred into RNA. Specific DNA sequences and a combination of accessory proteins help RNA polymerase recognize the start of a gene. RNA polymerase is a large enzyme that bonds nucleotides together to make RNA. RNA polymerase, in combination with the other proteins, forms a large transcription complex that unwinds a segment of the DNA molecule. Using only one strand of DNA as a template, RNA polymerase strings together a complementary RNA strand that has U in place of T. The DNA strand zips back together as the transcription complex moves forward along the gene.

Transcription makes three main types of RNA.

•
Messenger RNA (mRNA) is the intermediate message between DNA and proteins. It is the only type of RNA that will be translated to form a protein.

•
Ribosomal RNA (rRNA) forms a significant part of ribosomes.

•
Transfer RNA (tRNA) carries amino acids from the cytoplasm to the ribosome during translation.

The DNA of a cell therefore has genes that code for proteins, as well as genes that code for rRNA and tRNA.


1.
What is stated in the central dogma?


2.
What are the three main types of RNA? Which is translated into a protein?

KEY CONCEPT Translation converts an mRNA message into a polypeptide, or protein.

Translation is the process that converts an mRNA message into a polypeptide, or protein. An mRNA message is made up of combinations of four nucleotides, whereas proteins are made up of twenty types of amino acids. The mRNA message is read as a series of non-overlapping codons, a sequence of three nucleotides that code for an amino acid. Many amino acids are coded for by more than one codon. In general, codons that code for the same amino acid share the same first two nucleotides. Three codons, called stop codons, signal the end of the polypeptide. There is also a start codon, which both signals the start of translation and codes for the amino acid methionine. This genetic code is the same in almost all organisms, so it is sometimes called the universal genetic code.

Although tRNA and rRNA are not translated into proteins, they play key roles in helping cells translate mRNA into proteins. Each tRNA molecule folds up into a characteristic L shape. One end has three nucleotides called an anticodon, which recognize and bind to a codon on the mRNA strand. The other end of the tRNA molecule carries a specific amino acid. A combination of rRNA and proteins make up the ribosome. Ribosomes consist of a large and small subunit. The large subunit has binding sites for tRNA. The small subunit binds to the mRNA strand.

At the start of translation, a small subunit binds to an mRNA strand. Then the large subunit joins. A tRNA molecule binds to the start codon. Another tRNA molecule binds to the next codon. The ribosome forms a bond between the two amino acids carried by the tRNA molecules and pulls the mRNA strand by the length of one codon. This causes the first tRNA molecule to be released and opens up a new codon for binding. This process continues to be repeated until a stop codon is reached and the ribosome falls apart.


1.
What is a codon?


2.
What role does tRNA play in translation?


3.
What forms the bond between neighboring amino acids?
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