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PACKET #2
Unit 4: The Code of Life Packet Part 2 (Topics 3 and 4)

Objectives: By the conclusion of this unit the student should be able to:
Topic 3:  Gene Expression
9. Explain the relationship between genes and traits (you may need to look at section 9.3 and 9.4 or the glossary for some definitions, but focus on 10.6 and 10.7).

10. Describe the structure of RNA and how it’s different from DNA (10.6-10.7).

11. Describe what is meant by the “genetic code” (10.8).
12. Describe the process of RNA synthesis during transcription (10.9).

13. Explain how the RNA transcript is processed in eukaryotes to become the final mRNA transcript (10.10).

14. Describe the process of translation, including the roles of tRNA, rRNA/ribosomes, and mRNA (10.11-10.14).

15. Describe the types of mutations (transcription errors) and how they can affect protein structure and therefore protein function (10.16).

16. Explain why sickle cell anemia is a disorder of protein synthesis (Supplemental reading).

Topic 4: Control of gene expression
17. Describe the purpose of cell differentiation (11.2).

18. Describe the way DNA is coiled and how that affects gene regulation (11.3).

Key terms

Topic 3

Genotype

Phenotype

Genes

Transcription

Translation

Protein synthesis

Genetic code

RNA polymerase

Promoter

Messenger RNA (mRNA)
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Exons

Transfer RNA (tRNA)

Ribosomal RNA (rRNA)

Ribosome

Codon

Anticodon

Start codon

Stop codon

mutation

mutagenesis

mutagen

frameshift mutation

subsitution

insertion

deletion

Topic 4

Differentiation

Histones

Nucleosome

Epigenetics

Objective 9: Explain the relationship between genes and traits (you may need to look at section 9.3 and 9.4 or the glossary for some definitions, but focus on 10.6 and 10.7).
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____________________________________________________________________________________________
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Objective 10: Describe the structure of RNA and how it is different from DNA (10.6-10.7).

Figure 1:
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Objective 11: Describe what is meant by the “genetic code” (10.8). 
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Figure 2:

Objective 12: Describe the process of RNA synthesis during transcription (10.9). (see diagram next page)
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Objective 13: Explain how the RNA transcript is processed in eukaryotes to become the final mRNA transcript (10.10). 

Before the mRNA can leave the nucleus and carry the polypeptide building instructions to the cytoplasm, there are some finishing touches.  Explain what happens and why.
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Objective 12, cont'd: Describe the process of RNA synthesis during transcription (10.9). 
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Figure 3: Transcription Steps


Objective 14: Describe the process of translation, including the roles of tRNA, rRNA (ribosomes), and mRNA (10.11-10.14)

Figure 6: Translation
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STEP 1: INITIATION
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STEP 2: ELONGATION
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STEP 3: TERMINATION
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Figure 4: Protein Synthesis Overview
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Label each letter in the diagram with the following terms:

· anticodon
· mRNA
· polypeptide
· codon
· amino acid
· ribosome
tRNA

Activity A: Putting It Together: Transcription, Translation, and Dehydration Synthesis
	As you know, your body uses DNA as a template with which to build an mRNA molecule.  This process is called transcription.  Then, the mRNA molecule leaves the nucleus and interacts with the ribosome.  Here, the mRNA molecule “tells” the ribosome the correct order for amino acids to bond together to form a new protein molecule for your body.  There are also “start” and “stop” signals at the beginning and end (respectively) of the mRNA molecule.  While the “start” signal codes simultaneously for “start” and for an amino acid, the “stop” signal codes only for a “stop” (i.e. it does NOT code for an amino acid).  This process of bonding amino acids together – based upon mRNA’s instructions – is called translation.  So, the process can be summed up by the following diagram.  (But please take note that the DNA does NOT turn into the mRNA; likewise the mRNA does NOT turn into the protein.  Instead, the molecules act as “templates” or “instructions.”)




transcription




translation

DNA ------------------------------------------------>  mRNA  ----------------------------------------------> protein

	Try your hand at transcription and translation by completing the following mRNA sequence.  It has been begun for you with the “AUG” sequence.  Whenever you are tempted to write a “T,” remember that instead write a “U” (which stands for uracil).  Then, use your chart (on colored paper) to translate the mRNA sequence, and figure out the correct order for the amino acids.  Note:  If this were an actual protein, the amino acid sequence would be MUCH longer; here you’ll only have 6 amino acids.


DNA sequence:

T A C C T C C C T C G A C G T T T T A T T
RNA sequence:

A U G
Amino acid sequence:

met  – 

	Now, draw out the protein (polypeptide) molecule using diagrams available.  (So here you need to show all of the C, H, O, N, and S atoms involved to create your protein molecule, based upon the amino acid sequence above.)  Remember to use your knowledge of dehydration synthesis reactions as you form new peptide bonds between amino acids.  Help each other out with this.  You'll probably need to look at your amino acid chart from Unit 1!


Chemical structure of the protein (polypeptide) molecule that would be formed, based upon the DNA sequence above

Objective 15: Describe the types of mutations (transcription errors) and how they can affect protein structure and therefore protein function (10.16).

Activity B: Mutations and their effects

ORIGINAL DNA SEQUENCE =    TACCCGGCGGGCCTAATACCG…*
ORIGINAL mRNA SEQUENCE = 

ORIGINAL POLYPEPTIDE SEQUENCE = 

*Imagine that this is a rabbit gene, and codes for an enzyme catalyzing a step of glycolysis (cellular respiration)

	Type of Mutation
	Subtype of Mutation
	Definition
	Example
	Would the protein’s function change?

	SUBSTITUTION
	missense
	A single change in the DNA sequence that results in one different codon in the mRNA and therefore one different amino acid in the protein
	Mutated DNA =   TACCCGGCGTGCCTAATACCG…
Mutated mRNA =

Mutated polypeptide sequence =
	

	
	nonsense
	A single change in the DNA sequence that results in the addition of a STOP codon in the mRNA and therefore a shortened protein 
	Mutated DNA =   TACCCGGCGGGCCTAATTCCG…
Mutated mRNA =

Mutated polypeptide sequence =
	

	
	silent
	A single change in the DNA sequence that results in one different codon in the mRNA, but the same amino acid sequence 
	Mutated DNA =   TACCCGGCGGGGCTAATACCG…
Mutated mRNA =

Mutated polypeptide sequence =
	

	FRAME-SHIFT
	insertion
	The addition of a nucleotide into the DNA sequence, resulting in different codons from that point forward in the sequence
	Mutated DNA =   TACCCCGGCGGGCCTAATACCG…
Mutated mRNA =

Mutated polypeptide sequence =
	

	
	deletion
	The deletion of a nucleotide in the DNA sequence, resulting in different codons from that point forward in the sequence
	Mutated DNA =   TACCCGCGGGCCTAATACCG…
Mutated mRNA =

Mutated polypeptide sequence =
	


DNA Practice Questions

Part I: Fill-in-the-Blank

1. Transcription occurs in/at the _____________ (what part of the cell?), and is when single-stranded DNA is used as a template with which to build ___________.  Transcription is catalyzed by an enzyme called ____________________.

2. Translation occurs in/at the ______________ (what part of the cell?), and is when mRNA is used as a template with which to build _____________.

3. If you had 999 nucleotides (assume no non-coding sequences), you would expect a protein sequence of ______ (how many?) amino acids.

Part II: Word Relationships
In each of the following sets, one word does not belong.  Circle the one that doesn’t belong, and explain why it doesn’t belong.

4. deoxyribose, phosphate, DNA, uracil

5. amino acid, polypeptide, protein, transcription

6. ribose, RNA, thymine, adenine

7. A-T, G-G, A-U, C-G

Replace the underlined definition with the correct vocabulary word.

8. The attraction between nitrogenous bases is the force that holds the two strands of DNA together into one double helix molecule.

9. Each combination of three nucleotides on messenger RNA specifies a specific amino acid that is to be placed in the polypeptide chain.

10. The RNA that carries amino acids to the ribosomes is a single strand of RNA that loops back on itself.

11. As a ribosome moves along a strand of messenger RNA, each codon is paired with its three nucleotides on transfer RNA that are complementary to the three nucleotides on messenger RNA.

Part III: Short Answer

12. As a scientist, you locate the following DNA sequence.  

DNA Sequence:  TACTTCGCGGAA…

a.) What will be the corresponding mRNA sequence? 

b.) What amino acid sequence would be expected to form from this mRNA? 

c.) Imagine that a mutation caused the second amino acid to instead be Asparagine (Asn).   (All other amino acids remained the same.)  What kind of mutation do you hypothesize to be involved here?  Why?  Where exactly in the DNA sequence do you think the mutation occurred? 

d.) Imagine that a different mutation (of the original mRNA sequence written in part b) caused the second amino acid to instead be Glutamine (Gln), the third to instead be Alanine (Ala), and the fourth to instead be Proline (Pro).  What kind of mutation do you hypothesize to be involved here?  Why?  Where exactly in the DNA sequence do you think the mutation occurred? 

13. Put the following words in order from smallest to biggest.

	H atom
	Gene

	Nucleotide
	Cell

	Cytosine base
	Genome

	Atomic nucleus
	Cell nucleus

	C atom
	


14. You have a DNA sequence that is made up of 1000 nucleotides.  You overhear a conversation in which another researcher comments that he/she has copied the DNA sequence -- but thinks that the 300th nucleotide has been left out.  However, this researcher continues by stating that this omission won't make a difference anyway -- after all, one nucleotide only accounts for 0.1% of the entire sequence.  Explain why she is using faulty reasoning here.

15. Describe how pancreas cells, neurons, and red blood cells are specialized for different functions.  How do their differences reflect differences in gene expression?  Suggest a gene that might be active in each of the cells but none of the others.  Suggest a gene that might be active in all of those three cells.  Suggest a gene that is probably not active in any of the cells.


Activity C: Sickle Cell Anemia: Genes, Proteins, and Disease

Adapted from BSCS: The Human Approach, page 458-464

Objective 16: Explain why sickle cell anemia is a disorder of protein synthesis (Supplemental reading).
Introduction:  You have studied how a DNA molecule can act as a template for its own replication.  Genetic information is used to build and maintain the physical characteristics of an organism.  But how is the information in DNA used within the cell to produce those characteristics?  How is the message in the DNA nucleotide sequence translated into a physical characteristic?  


In this activity you will model the relationship between DNA and RNA for a particular trait.  You will also identify the connection between a DNA sequence and the end protein product.  The gene you will study is that for sickle-cell disease.  It is really important that you follow the directions.  When it tells you to read a handout, read the handout.  If it says to fill in the Gene Expression Planner, fill it in!
Process and Procedure

Part 1: Learning about Sickle-Cell Disease

1. Read the attached “Need to Know” section on Hemoglobin and Red Blood Cell Abnormalities in Sickle-Cell Disease (Packet Page 10).  As you read, discuss and record answers to the following questions.

a. What medical symptoms might a person with sickle-cell disease experience?

b. What problem in the red blood cells causes these symptoms to happen?

c. What problem in the behavior of the hemoglobin molecules is associated with these changes in an individual’s red blood cells?

d. Think back to your knowledge of DNA structure.  What might be the molecular basis for the physical characteristic of sickle-cell disease?

2. Use the information gathered to fill in sections 6, 7, and 8 of both parts of the Gene Expression Planner on pages 12 and 13 (Don’t just use drawings.  Write something too).  These are the physical results of the sickle-cell gene.  Now let’s look at the underlying cause for these physical traits.
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Part 2: Examining the DNA sequence of Hemoglobin 

3. Below are the sections of the DNA sequences of a normal hemoglobin gene and the mutated gene that causes Sickle-cell disease.  The sequences for these have been written in box 2 of your Gene Expression Planner (Packet pages 12-13).  In box 2, write the complementary DNA sequence.

Normal Gene

…GTGCACCTGAGTCCTCTTGAG…

Mutated Gene

…GTGCACCTGAGTCCTCATGAG…

4. On your planner, in box 2, circle or draw an arrow to indicate the nucleotide(s) in the sickle-cell sequence that differs from those in the normal sequence.  What word could you use to describe this difference?

5. In position 3, transcribe the message into the mRNA sequence (Use the original sequence – not the complement). 

6. In position 4, translate the message into the amino acid sequence using your genetic code diagram.

7. In position 4, draw a circle or arrow to indicate the amino acid(s) in the sickle-cell protein sequence that differs from those in the normal sequence.

8. Read the attached “Need to Know” section on “The Sequence of Amino Acids Determines the Hemoglobin Molecule’s Shape” (Packet Page 11).  Use what you learn to fill in position 5 on your planner, also use what you have learned to add to positions 6, 7, and 8.

Analysis

1. How does the shape of the protein cause the symptoms of sickle-cell disease?

2. What ultimately controls the shape and function of proteins? 







3. Explain how a mutation in a DNA sequence affects a physical trait.  How is the mutated message transferred through the process of transcription and translation?

NEED TO KNOW Part 1

Hemoglobin and Red Blood Cell Abnormalities in Sickle-Cell Disease

Each year, about one in 625 African American children is born with sickle-cell disease.  This disease is caused by an abnormality in hemoglobin.  Hemoglobin is the protein in red blood cells that carries oxygen to body cells.  When the oxygen supply in the blood is low, these abnormal hemoglobin molecules clump together.  Normal hemoglobin molecules remain separate.  Figure 1 shows the difference between the behavior of sickle-cell hemoglobin and normal hemoglobin under conditions of low oxygen.

In a person with sickle-cell disease, the clumping of the hemoglobin molecules at low oxygen levels causes the red blood cells to become long and rigid like a sickle instead of remaining round and flexible (Figure 2).  That change in cell shape causes a variety of problem in the body.  For example, as cells become sickled, they end to block small blood vessels (Figure 3).  This causes pain and damage to the areas that do not receive an adequate blood supply.  The long-term effect of repeated blockages may permanently damage a person’s internal organs.  This includes the heart, lungs, kidneys, brain, and liver.  For some people, the damage is so severe that they die in childhood.  With good medical care, however, many people with sickle-cell disease can live reasonably normal lives.

Sickle-cell disease is associated with the genotype HbsHbs.  People who have this condition have two abnormal genes, one inherited from each parent.


NEED TO KNOW Part 2
The Sequence of Amino Acids Determines the Hemoglobin Molecule’s Shape

Inside the environment of a red blood cell, a molecule of normal hemoglobin consists of four protein chains folded into a globular shape.  The molecule remains folded in this manner because attractive forces occur between amino acids in different parts of the molecule’s protein chains.

A change in the amino acid sequence can take place because of the single nucleotide mutation in the hemoglobin gene.  This, however, has no effect on the molecule’s overall shape when oxygen levels are normal.  For that reason, sickle-cell hemoglobin behaves just like normal hemoglobin under such conditions.

When oxygen levels are low, however, the change in a single amino acid alters the attractive forces inside the molecule.  That causes molecules of sickle-cell hemoglobin to assume a different shape from those of normal hemoglobin.  As Figure 4 shows, it is the change in molecule shape under low oxygen levels that causes sickle-cell hemoglobin to form the rigid rods characteristic of the condition.


Don't forget to look at the figure and read the figure caption!
Figure 4. Normal and sickle hemoglobin.  The difference in behavior of sickle-cell hemoglobin is related to a change in shape that takes place at low oxygen levels.  This shape change results from the amino acid valine replacing a glutamic acid.  (a) Molecules of normal hemoglobin will not associate with each other.  This is because the bulge created by the glutamic acid is too large to fit into a pocket in another hemoglobin molecule.  Molecules of sickle hemoglobin, however, will associate with each other.  This is because the bulge created when valine replaces glutamic acid is small enough to fit into the pocket.  (The size of the pocket does not change.) (b) Molecules of normal hemoglobin remain in solution, even under conditions of low oxygen.  In contrast, molecules of sickle hemoglobin associate together to form rigid cells under low oxygen conditions.
Genes, Proteins, and Disease – “Normal” Sequence


Genes, Proteins, and Disease – “Sickle Cell” Sequence


Objective 17: Describe the purpose of cell differentiation (11.2).

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________
____________________________________________________________________________________________

Objective 18: Describe the way DNA is coiled and how that affects gene regulation (11.3). 

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________
____________________________________________________________________________________________

Label the following: DNA double helix, histone, nucleosome, coil, supercoil, chromosome


Activity D: A Pregnant Mother’s Diet May Turn the Genes Around

New York Times, 10/7/03, Pages D1 and D4

1. What is epigenetics?




2. What are two ways methylation can affect gene expression (be specific)?





3. What % of your DNA is made of transposons and what are they?





4. How does color of mice relate to their weight?





5. Will the same treatment work in humans as mice for preventing obesity? Explain.





6. Name 2 diseases that doctors think may be influenced by methylation patterns.  

7. What effect does “licking” have on a baby mouse’s genome and behavior?





Activity E: “Lick Your Rats”

http://learn.genetics.utah.edu/content/epigenetics/rats/
Read the text on the first page, then click on “Investigate” to find out more about the effects that mom’s licking has on her rat pups.  Finally, find out what kind of mother you are.  Don’t do that until you have answered all questions on this page!
1. How can anxious behavior be an advantage for certain rats?





2. In rats, does licking by the mother activate, or deactivate her pup's GR gene?  

3. Do high-nurtured pups have more or less GR protein?




4. Explain how cortisol and the GR protein work together in the brain to relax a rat pup. You may draw a diagram.









5. What physically happened to the GR gene when you licked your pup?  Don’t just say it was activated or deactivated - explain using terminology from class.





6. The rat nurturing example shows us how parental behavior can shape the behavior of their offspring on a biochemical level. Relate this to humans and think about the personal and social implications. Record your thoughts.
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Check with teacher before moving on!
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Figure � SEQ Figure \* ARABIC �1�. Comparison of the behavior of normal and sickle-cell hemoglobin under conditions of low oxygen.





Figure � SEQ Figure \* ARABIC �2�. Comparison of the shapes of abnormal sickle-cell (left) and normal (right) red blood cells under conditions of low oxygen.





Figure � SEQ Figure \* ARABIC �3�. Comparison of movement of normal (left) and sickle-cell (right) red blood cells through blood vessels.





7. Shape of the Red Blood Cell, especially under conditions of low oxygen:





1. “Normal” Gene Sequence


-This is part of the sequence of DNA nitrogenous bases that codes for the normal hemoglobin protein.





6. Behavior of the hemoglobin molecules, especially under condition of low oxygen:





8. Medical implications:





4. Polypeptide sequence (list of amino acids, in their correct sequence – use page 149):





2. DNA Sequence: 


-Write the complementary sequence below





…GTGCACCTGAGTCCTCTTGAG…





3. mRNA Sequence (use original sequence):





5. Shape of the hemoglobin molecule:





7. Shape of the Red Blood Cell, especially under conditions of low oxygen:





1. “Normal” Gene Sequence


-This is part of the sequence of DNA nitrogenous bases that codes for the normal hemoglobin protein.





6. Behavior of the hemoglobin molecules, especially under condition of low oxygen:





8. Medical implications:





4. Polypeptide sequence (list of amino acids, in their correct sequence – use page 149):





2. DNA Sequence: 


-Write the complementary sequence below





…GTGCACCTGAGTCCTCATGAG…








3. mRNA Sequence (use original sequence):





5. Shape of the hemoglobin molecule:
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