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AP Biology Unit 7—Molecular Genetics

        Key Terms

· Nucleotide

· Antiparallel

· Helicase

· DNA polymerase

· RNA primase

· Okazaki fragments

· DNA ligase

· Semiconservative replication

· mRNA

· rRNA

· Genetic engineering

· Restriction enzyme

· Recombinant plasmid

· Gel electrophoresis

· tRNA

· purine

· pyrimidine

· transcription

· translation

· promoters

· RNA polymerase

· Exons

· Introns

· Poly (A) tail

· Codons

· Anitcodon
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DNA: The Blueprint of Life

All living things possess an astonishing degree of organization.  From the simplest single-celled organisms to the largest mammals, millions of reactions and events must be coordinated precisely for life to exist. This coordination is directed from the nucleus of the cell, by deoxyribonucleic acid, or DNA
DNA is the hereditary blueprint of the cell.

The DNA of a cell is contained in structures called chromosomes.  The chromosomes consist of DNA wrapped around proteins called histones.  When the genetic material is in loose form in the nucleus it is called euchromatin, and its genes are active, or available for transcription.  When the genetic material is fully condensed into coils it is called heterochromatin, and its genes are generally inactive.  Situated in the nucleus, chromosomes direct and control all the processes necessary for life, including passing themselves, and their information, on to future generations. 

THE MOLECULAR STRUCTURE OF DNA

The DNA molecule consists of two strands that wrap around each other to form a long, twisted ladder called a double helix. The structure of DNA was deduced in 1956 by two scientists named Watson and Crick.

Structure of DNA

Draw and label the four nucleotides of DNA. Label the deoxyribose sugar (five-carbon), the phosphate group, and each base- adenine, cytosine, guanine, and thymine. Also, identify the bases that are purines and pyrimidines.
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Explain the base pairng rules and Chargraff’s rules.

The nucleotides can link up in a long chain to form a single strand of DNA.

Draw and label two DNA strands together. Label the sugars, phosphate groups, and the different bases. Also, label the 3’ and 5’ ends, and identify where hydrogen bonding would occur.

DNA REPLICATION

Since the DNA molecule is twisted over on itself, the first step in replication is to unwind the double helix by breaking the hydrogen bonds. This is accomplished by an enzyme called helicase. The exposed DNA strands now form a y-shaped replication fork.
Draw and label a diagram to illustrate the above action.

Now each strand can serve as a template for the synthesis of another strand.  DNA replication begins at specific sites called origins of replication. Since the DNA helix twists and rotates during DNA replication, another class of enzymes, called DNA topoisomerase, cuts and rejoins the helix to prevent tangling.  The enzyme that performs the actual addition of nucleotides alongside the naked strand is DNA polymerase. But DNA polymerase can only add nucleotides to the 3’ end of an existing strand.  Therefore, to start off replication at the 5’ end, DNA polymerase must add nucleotides to an RNA primer- a short strand of RNA nucleotides.  The primer is later degraded by enzymes and the space is filled with DNA.

One strand is called the leading strand, and it’s made continuously.  The other strand, the lagging strand, is made discontinuously.  The lagging strand is made in pieces of nucleotides known as Okazaki fragments.

Why is the lagging strand made in small pieces?

Draw and label the process of DNA replication.

Explain the concept of semiconservative replication.

Explain the role of the following enzymes in DNA replication:

1. Helicase

2. Polymerase

3. Ligase

4. Topoisomerase
5. RNA primase
6. DNAse

7. Telomerase

RNA

List the three ways that RNA differs from DNA.

1.

2.

3.

There are three types of RNA. Describe the function of each type.

1. messenger RNA

2. ribosomal RNA
3. transfer RNA
Protein Synthesis

Protein synthesis involves three basic steps: transcription, RNA processing, and translation.

Describe transcription.

Draw and label transcription, include the enzymes involved.

Describe RNA processing.

Draw and label pre-RNA with introns and exons, and illustrate RNA processing leading to mRNA.

Describe translation, include: mRNA, codons, tRNA, anticodons, ribosome, start codon, and stop codon.

Higher protein structure 

Describe the four levels of protein structure.

1. Primary structure

2. Secondary structure

3. Tertiary structure

4. Quaternary structure

Review

Fill-in-the-blanks

1. In transcription, mRNA copies, or “transcribes,” the code from an exposed strand of ____________ in the _______________.

2. The pre-RNA is “processed by having its ___________ removed.

3. Now, ready to be translated, ____________ proceeds to the ribosome.

4. Free-floating amino acids are picked up by the ______________ and shuttled over to the ribosome, where mRNA awaits.

5. In translation, the ___________________ of a tRNA molecule carrying the appropriate amino acid base pairs with the ____________on the mRNA.

6. As new tRNA molecules match up to new _________________, the ribosome holds them in place, allowing _____________ bonds to form between the amino acids

7. The newly formed polypeptide grows until a ____________ codon is reached.

8. The polypeptide or protein is _________________ into the cell.

What is a mutation, and how does it occur?

Gene Regulation

What controls gene transcription, and how does an organism express only certain genes? Most of what we know about gene regulation comes from our studies of E. coli.  In bacteria, the region of bacterial DNA that regulates gene expression is called an operon. One of the best-understood operons is the lac operon, which controls expression of the enzymes that break down lactose.

The lac operon consists of four major parts: structural genes, the regulatory gene, the promotor gene, and the operator.

Draw and label the lac operon. And describe the function of the four major part.

1. In E. coli the DNA is 24% adenine. Based on this, what percentage of this DNA is guanine?

Essay #1

DNA makes up the gentic code for all living organisms.  Although it is omnipresent in all living organisms, DNA cannot transmit this code on its own. A series of processes and functions must occur within the cell to carry out the genetic instructions encoded in DNA.

(a) Describe the process of transcription in protein synthesis. Include in your answer: mRNA, DNA, complementary base pairs, terminator, promotor, nucleus, introns, exons, and cytoplasm.

(b) Describe the process of protein translation in the cell. Include in your answer: mRNA, codon, tRNA, amino acids, elongation, ribosome, stop codon, and polypeptide.

(c) Explain the concept and provide an example of a negative feedback loop. (Hint: think operon)

Essay #2

Some bacteria may be able to respond to environmental stress by increasing the rate at which mutations occurs during cell division.

a) Explain how this might occur.

b) Might there be an evolutionary advantage of this ability?

Essay #3

Discuss how the processes shown in Figure 15.2 are examples of feedback mechanisms regulating biological systems in bacterial cells.
Essay #4
The continuity of life is based on heritable information in the form of DNA, and structure and function are correlated at all levels of biological organization. Describe how the structure of DNA is correlated with its role as the molecular basis of inheritance.

Essay #5
Genes are located on chromosomes and are the basic unit of heredity that is passed on from parent to child through generations.

(a) For each of the following mutations, describe how the genetic information is altered and predict one specific effect that could occur with the error.

· Nondisjunction

· Base-pair deletion resulting in a frameshift within an intron

· Base-pair substitution resulting in a different amino acid

(b) Explain why it is more common for human males to be colorblind than females.

(c) Proper gene dosages are critical to normal development and function. Discuss the mechanism that maintains proper gene dosages related to the X chromosome in females.
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