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If this packet is LOST, please:

drop it off at the BHS Science Dept. (rm 365) OR

drop it off in  Mr. Kozel’s classroom (360) OR

call the Science Dept. at (617) 713-5365

Reading Guide

I.  DNA (12-1: p. 287-294)


A.  Griffith and Transformation 

                           1.  Briefly describe Griffiths experiment.

                           2.  Define transformation - 

                           3.  Overall conclusion of Griffith’s experiments -


B.  Avery and DNA



1.  Describe the experiment - 



2.  Overall conclusion of Avery’s experiments - 


C.  The Hershey-Chase experiment



1.  Why did Hershey and Chase grow viruses in culture that contained both radioactive 

                          sulfur and radioactive phosphorus?  What might have happened if they had used only one radioactive substance?



2.  Using Figure 12-4, describe the experiment.



3.  Overall conclusion of the Hershey and Chase experiments - 


D.  The Components and Structure of DNA



1.  What are nucleotides and what are their three components?



2.  What are Chargaff’s rules?



3.  What are 3 clues that were learned from Rosalind Franklin’s X-Ray diffraction 



photograph?




a.




b.




c.



4.  Francis Crick and James Watson built a model of DNA using Franklin’s X-Ray photo. 

                          Draw a picture of DNA that shows its structure.  Label the following on your diagram:  nucleotide, A, T, G, C, sugar, phosphate, base pairs, backbone, hydrogen bonds, double helix.  Use Figure 12-7 to help you – but note that you will have more to label than their picture shows.

Journal 5-1: Nature vs. Nurture

Introduction: People can be described in terms of their traits. Some traits are inherited and others result from interactions with the environment. In this lesson, we will discuss the role played by nature (our genes) and nurture (the environment in which we live and the things that happen to us) in defining who we are and what it means to be human.

For each of the following traits, check off the box that you think applies to that characteristic.  We will then have a class discussion about selected traits.

	Trait or Characteristic
	All Nature
	Mostly Nature
	A little of both
	Mostly Nurture
	All Nurture

	Eye color (not counting contacts…)
	
	
	
	
	

	Height
	
	
	
	
	

	Aggressiveness
	
	
	
	
	

	Intelligence
	
	
	
	
	

	Addictive behaviors
	
	
	
	
	

	Blood type
	
	
	
	
	

	Weight
	
	
	
	
	

	Athletic ability
	
	
	
	
	

	Shyness
	
	
	
	
	

	Being a criminal
	
	
	
	
	

	Risk aversion
	
	
	
	
	

	Using your hands when talking
	
	
	
	
	

	Sickle Cell Disease
	
	
	
	
	


Journal 5-2: History of DNA

If there’s inheritance of traits from parents to children, or from “mother cell” to “daughter cells” in mitosis, then some thing must be passed from parent to child. We know today that this thing is DNA, in the form of chromosomes. However, someone needed to figure that out!

In the 1930s and 1940s, scientists were very interested in identifying the biochemical nature of the “transforming principle.” The candidate molecules were DNA, RNA, and protein. These molecules were candidates because we knew that nuclei contained chromosomes which are associated with phenotypes (think Morgan’s fruit fly eye color experiments where eye color corresponded to the X- or Y-chromosome content of the fly cells), and isolated nuclei are composed mostly of protein, DNA, and RNA. Most scientists at the time were leaning toward protein being the genetic material because it is the most molecularly diverse of the three.

The investigations into the chemical nature of genetic material were initiated by one very important paper from 1928, written by Fred Griffith at the British Ministry of Health. Griffith was studying the bacterium Streptococcus pneumoniae, an important pathogen in the 1920s.

1. In the 1930s and 1940s, what 3 molecules were the primary candidates as the molecule of inheritance?
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Part 1 - Frederick Griffith (1928) 

Frederick Griffith was investigating the observation that organisms pass on their traits to their offspring.  Griffith thought that some specific chemical within cells must serve as the genetic code material.  He conducted experiments using the cells of the bacterium Streptococcus pneumonia that is found in two distinct strains or genetic varieties – the Smooth (S) Strain (right side of the picture) and the Rough (R) Strain (left side of the picture).  These two strains are diagrammed below.  The smooth strain has a slimy polysaccharide coat that makes it appear smooth and the rough strain has no such coat.  Rough bacteria generally have smaller colonies as well.  Both strains reproduce to form new bacteria of the same strain (smooth always have smooth babies and rough always have rough babies).
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Which strain do you think is more dangerous in animals – the one with the polysaccharide coating or the one without?  Give a reason for your answer.

3. It turns out that the __________ bacteria are more dangerous because _________________________ allows them to evade the body’s immune system.  In fact, the _________ strain is usually fatal, causing a deadly pneumonia.  Griffith did some experiments injecting different strains of bacteria in mice.  Fill in the table below to show whether you think the mice in each trial died or survived. For all predictions, take the viewpoint of Griffith!

4. [image: image13.png]


Fill out the table below the diagram predicting what you think will happen as a result of each injection (mice live or mice die).

	Predictions
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	Results
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5. Which of the four treatments are control groups?  Explain your answer.







6. Which of the results is unexpected?





7. Which one of the following hypotheses might explain the unexpected result?  In other words, what might be going on in the system?

a. Heat-killed S-strain bacteria can come back to life if you let them sit long enough.

b. A molecule of heredity can be transferred from the dead S-strain to the living R-strain, “teaching” R bacteria how to make the polysaccharide coat and become S.

c. R-strain bacteria actually do cause disease.

Griffith took blood samples from the dead mice that were injected with heat-killed S-strain mixed with the living R-strain and discovered living S bacteria in their blood.  He took those living S-strain and grew them on a Petri dish and the descendants of these bacteria also had a smooth coat.

An inference from Griffith’s work was that some molecule of inheritance was passed from the dead S bacteria to the living R bacteria (choice b in #6[ above).  This is called a transformation.

8. HONORS: What was the primary piece of evidence that allowed Griffith to conclude that this molecule was a molecule of inheritance? Hint: Think about what it means when something is "inherited" and which part of the experiment demonstrated that.

Part 2 – Enzymes as tools
The properties of the rough strain are its phenotype.  In the experiment you just read about, the phenotype of the living rough strain changed from harmless to deadly.  Scientists proposed that it changed because the genetic information (or genotype) changed.  The next set of experiments started with  the hypothesis that the genotype change was due to some extra genetic material being added to the rough bacteria to change their phenotype to a smooth phenotype.

The group of scientists who did the next set of experiments consisted of Oswald Avery, Colin MacLeod, and Maclyn McCarty.  Their paper was published in 1944.  These scientists had three tools to use in their experiments (in addition to the smooth and rough strains, and mice).  All three of these tools are enzyme, as you can guess because their names end in “ase.”  Given the names of these three enzymes, what reaction do you expect each one to catalyze?

9. Protease – 


10. DNase – 


11. RNase – 

The scientists treated heat-killed smooth bacteria with RNase, Protease, or DNase, then combined that reaction with living rough bacteria and injected mice with the mixture.  The results are shown in the diagram. 
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What conclusion can be drawn from these data?

Part 3 - Alfred Hershey and Martha Chase (1958)
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In 1958, Alfred Hershey and Martha Chase were doing experiments with bacteriophages – viruses that infect bacteria.  They knew that: 

a. these viruses were composed of DNA surrounded by a protein coat. 

b. to cause infection, viruses inject their molecule of inheritance into the bacteria. 

c. once host cells are infected, they make and release new viruses.  

However, they did not know whether the injected molecule was DNA or protein. Their goal was to use these viruses to determine whether protein or DNA serves as the molecule of inheritance.
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13. What was labeled in each figure, sulfur or phosphorus?

a. Figure A:

b. Figure B:

14. What was labeled in each figure, protein or DNA?

a. Figure A:

b. Figure B:

15. In which figure(s) was radioactivity observed in the host cell at the end? _________________

16. In which figure(s) was radioactivity not observed in the host cell at the end? ________________

17. Which inferences in the list below are supported by observed data from this experiment?

	
	Supported
	No basis for Judgment
	Countered

	The released viruses are clones of the original virus
	
	
	

	Viruses inject their DNA into the host cell
	
	
	

	DNA is the molecule of inheritance 
	
	
	

	Viruses inject their proteins in the host cell
	
	
	

	DNA is shaped like a double helix
	
	
	

	Protein is the molecule of inheritance
	
	
	


18. Both Avery (part 2) and Hershey/Chase (part 3) set out with the same research goal.  Why was it important to do both sets of experiments? Hint: 
What do you know about the process of science?



19. Fill in the summary table below

Summary Table:

	Scientists
	Research Question & Experiments
	Conclusion(s)

	Frederick Griffith

(R, S bacteria)


	
	

	Oswald Avery

(bacteria & enzymes)
	
	

	Alfred Hershey and Martha Chase

(bacteriophages)
	
	


Reading Guide

II.  Chromosomes and DNA Replication (12-2: p. 295-299)


A. DNA and Chromosomes

                  1.  Complete the chart below:
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                  2.  Describe eukaryotic chromosomes using the words chromatin, histones, and nucleosomes (refer also to Figure 12-10 on p297).

Lab 5-1: The Stuff of Life

Purpose:  To extract DNA from plant tissue.

Procedure:

1. Get some fruit and put them into a ziplock bag.

2. Add 20 mL of extraction solution to the ziplock bag
.

3. Make sure the bag is closed without much extra air.

4. Mush the fruit thoroughly for about 5 minutes.  Do this slowly to avoid creating foam!!  Be CAREFUL not to break the bag.

5. Cool the mixture in the ice bath for a minute.

6. Mush the fruit more (slowly and carefully) and return it to the ice.

7. Repeat steps 4-6 three times to make sure the mixture is completely broken up (for the 2nd and 3rd times, you don’t have to mush for a full 5 minutes).

8. Filter the mixture through the cheesecloth or coffee filter into a clean beaker.

9. Pour about 5 mL of fruit solution (the liquid filtrate) into the test tube – making sure there is very little foam.  The liquid should be mostly clear – if it isn’t, you may want to run it through a filter again.

10. Add approximately 2 mL of cold 95% ethanol to each tube.

**When adding the ethanol, tilt the test tube and pour the ethanol along the side to gently form two layers – the fruit juice underneath and the clear ethanol on top.  DO NOT STIR OR SHAKE THE TUBE! **

11. Carefully insert the stirring rod or transfer pipette into the interface between the ethanol and the kiwi solution.  The strands you see are DNA!
Analysis Questions – Complete on a separate sheet of paper:
1. One way to purify a molecule is to get rid of everything but that molecule.  If we want to isolate DNA from a piece of fruit, what are some things we would have to get rid of? (In other words – what other molecules are present in fruit cells
Match the procedure from the lab (A-D) to the appropriate result from that procedure (2-5).  THINK about what might be happening in each step you did!!!

_______ 2.
break open cell


A.  Put layer of cold ethanol over filtered fruit juice

_______ 3. 
dissolve cell membrane

B.  Mix in detergent/salt mixture

_______ 4. 
separate organelles, broken
C.  Squish the fruit in the baggie


cell membranes and walls from


proteins and DNA

_______ 5.
Precipitate (have solid parts
D.  get “liquid” from squished fruit by putting it


Floating in a liquid) DNA
      through a filter

6. Describe how the DNA looked floating in the ethanol:
7. A person cannot see a single cotton thread 100 feet away, but if you wound thousands of threads together into a rope, it would be visible at that distance.  How is this statement related to our DNA extraction? 

Journal 5-3: Modeling DNA and DNA Replication

Process and Procedures 

Part 1: Nucleotides

1. Fill in the following table as a description of nucleotides is given.

	What are the three parts to a nucleotide?
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	[image: image22.wmf]What is the same about every nucleotide?  What is different?

	What are purines and pyrimidines?




2. We will be modeling DNA structure with a very specialized set of LEGOs.  You have been given the exact number and type of LEGOs needed.  With your partner construct one of each type of DNA nucleotide using the legos given and the instructions below.  Then answer the following questions.
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a. What part of the nucleotide does the cylinder represent?

b. What part of the nucleotide does the gray plate represent?

c. What part of the nucleotide do the colored legos and the magnet together represent?

d. How does this lego model show the difference between purines (A, G) and pyrimidines (C, T)?

3. Experiment with how the nucleotides fit together.  What sections connect?  Which sections do not?  Not colors – which segments of the nucleotides connect to each other (like base, sugar, and phosphate)? Record your observations.

Part 2: Bonding Between Nucleotides and Base-Pairing between nucleotides

4. Fill in the following table as a description of bonding and base pairing is given.

	What parts of the nucleotides connect within one strand?

[image: image24.emf]What type of reaction connects nucleotides? (Hint – we learned about this during biochemistry)

	[image: image25.emf]What parts of the nucleotides connect the opposite strands to each other?

Look at the diagram on the right.  Do you think that Cytosine could connect to Adenine? Why or why not? (Think about the structure of each and how they would line up next to each other.)


5. [image: image26.emf]The four nucleotides in front of you represent the 4 monomers of DNA.  Connect all four nucleotides into a long strand.  Strands of DNA are said to have a “sugar-phosphate backbone”, explain this statement below, and then separate the nucleotides.

6. When nucleotides base-pair, one purine hydrogen bonds with one pyrimidine.  Use the nucleotides in front of you to determine which bases pair together.  Record what you discover.  These are called the “base-pairing rules” and the bases that pair with each other are called “complementary bases.”  What represents hydrogen bonding in this model?

Part 3: Making the Double Helix 

7. Use the nucleotides that have been previously constructed in the container for the next several steps.

8. Start with 2 of each nucleotide type.  (2 of each color)

9. Create a ladder shape as shown.  Snap the sides together and let the magnets form the step.  (Notice that only some of the nucleotides can pair and keep the sides of the ladder parallel.)

10. Continue to make your DNA 10 base pairs long.

11. Pick up your DNA and give it a twist.  Now it has become a double helix.  

12. Does your double helix follow the base-pairing pattern that you discovered in number 6?  

Analysis Questions – Complete on a separate sheet of paper
1. DNA is a double-stranded molecule.  Explain how the two strands are related.  
2. Why is it important that Adenine only base pairs with Thymine and Cytosine only base pairs with Guanine?  In other words, what would happen if Adenine could pair with anything? (Hint: think in terms of both how the molecule is shaped and how you were able to put it together.)
3. Write out the sequence of a strand of DNA that is complimentary to the following: 
                    GGCGTTAAATTCCTTGG
Journal 5-4 – Sickle Cell Anemia: A Fictional Reconstruction (case study)
Part I – The inquiry Begins
1.
From Irving Sherman’s letter, what did Dr. Castle report about blood cell function?

2.
What did Irving Sherman’s data indicate?

3.
Why did Dr. Castle not tell Dr. Pauling initially which samples came from the sickle-celled individuals?

4.
From Linus Pauling’s results, what level of protein structure of the hemoglobin is altered in the sickled-cell condition – primary, secondary, tertiary, or quaternary level?  Explain the basis for your answer.

5.
Are Linus Pauling’s results supported by Vernon Ingram’s results?  Hint: Compare the molecular composition of the different amino acids implicated.
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glutamic acid

valine

Part II – Normal Functioning
1.
Red blood cells found in the plasma of mammals do not contain a nucleus. List all the possible benefits and limitations imposed on these cells by not having a nucleus.

2.
Predict how the sickling of red blood cells could impair their functioning.

3.
Predict how the average life span of a cell located in the brain differs from the average life span of a red blood cell. Provide a basis, based on cellular features, for your prediction.

4.
It has been observed (using an electron microscope) that when the red blood cells are sickled there are little spikes that puncture the plasma membrane. Predict how this will affect the functioning of sickled cells and their life span.

Part III – Start at the Bottom
1.
How was the environment of the blood different at the top of the tube versus the bottom of the tube? Parameters to consider should include such things as: density of cells; concentration of nutrients, waste products, gases; pressure differences; and possible temperature differences.

2.
How would shaking the tube alter the environment of the tube? Consider what would happen to the concentration of different molecules.

3.
What environmental factor do you believe is responsible for causing the cells to sickle? 

4.
How would the repeated sickling and unsickling of the cells affect the average life span of red blood cells?

Part IV – Ghosts
1.
Why did Dr. Hahn need to test the ghosts?

III.  RNA and Protein Synthesis (12-3: p. 300-306)


A.  Define gene – 


B.  The Structure of RNA - Complete the chart below to compare DNA and RNA:


                               RNA structure
       DNA structure






C.  Types of RNA - Complete the chart below on RNA:



D.  Transcription



1.  Define transcription



2.  Which enzyme is used for this process?  What does it do?



3.  What are ‘promoters’?


E.  The Genetic Code



1.  How many different amino acids are there?



2.  Define codon – 



3.  How many possible 3-base codons are there?



4.  What is the codon used to initiate or “start” protein synthesis?



5.  What are stop codons?  How many are there?


G.  Translation



1.  Define translation – 



2.  Complete the chart below:



3.  Summarize the analogy for RNA vs. DNA – 



4.  How are genes and proteins related?


H.  12-3 Section Assessment



1. Using the genetic code, identify the amino acids that have the following mRNA 



codons:  UGGCAGUGC.



2.  Write a 3-sentence advertisement for either rRNA or tRNA to come work in your cell.

Journal 5-5: Gene, Proteins, and Disease

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

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.  

	Transcription



	Translation




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 (later in the packet – p21).

2. Read the essay “Incomplete Dominance” later in the packet (p20).  What might the phenotype be for a person with the genotype HbAHbS?

3. Discuss and record answers to the following questions.

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

b. What problem in shape and behavior 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 characteristics of sickle-cell disease (in other words – what makes one person’s DNA for this gene different from another person’s DNA)?

4. Use the information gathered to fill in the genotype and sections 6, 7, 8, and 9 of both parts of your separate Gene Expression Planner.  (Don’t just use drawings!  Write something too! And take note of “normal” and “sickle” at the top of the page!!) These are the physical results of the sickle-cell gene.  Now let’s look at the underlying molecular cause for these physical traits.  Get a stamp before moving on.

Part 2: Modeling Transcription – formation of mRNA

To begin this section, you must show the teacher you gene expression planner with parts 6, 7 and 8 filled in. 

5. Write out the complimentary strand of DNA using the sequence below.  Get a stamp before moving on to step 6.


    Gene:   T A C C A C G G G A T T


Complimentary DNA Strand:

6. The formation of an mRNA is very similar to the process of DNA replication.  The enzyme RNA polymerase opens up the DNA double helix and starts building a new complementary strand.  However, unlike DNA replication, which uses both strands, RNA polymerase only uses one strand of DNA, called the template.  Also, the new strand is made of RNA nucleotides instead of DNA nucleotides. 

7. Use the gene strand above as a template to write out a single mRNA molecule.  (The RNA base uracil replaces the DNA base thymine.)  After RNA polymerase forms the mRNA strand, it detaches from the gene strand and the two DNA strands reconnect.  Remember - the DNA molecule ALWAYS remains in the nucleus. Now the DNA is safe in the nucleus and RNA can go to the cytoplasm to assist in making protein.  Record the sequence of your mRNA strand in the space below.  Get a stamp before moving on to step 9.


Gene:   T A C C A C G G G A T T

mRNA Strand:
Part 3: Examining the DNA sequence of Hemoglobin 

8. 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.  In box 2, write the complementary DNA sequence.

Normal Gene

…GTGCACCTGACTCCTGAGGAG…

Mutated Gene

…GTGCACCTGACTCCTGTGGAG…

9. On your planner (both pages), 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. 

10. In box 3, transcribe the message into the mRNA sequence. Use the complementary sequence that you recorded)  Refer back to your procedure from Part 2.  How did you form the mRNA there?  Do the same thing here!  Check with your teacher before moving on to the next step.

11. Refer to the genetic code diagram handout.  Use the table to determine the sequence of amino acids that would result from translating the mRNA that you built from your complementary DNA sequence.  Put your resulting amino acid sequence into box 4 on your gene expression planner.

To complete this step, you will need more information about the genetic code and how mRNA is translated into protein.  Refer to your notes from Section III of the reading guide (Textbook – 12.3) and the genetic code chart below.
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12. In box 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.

13. Read the attached “Need to Know” section (packet p22) on The Sequence of Amino Acids Determines the Hemoglobin Molecule’s Shape.  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 if necessary. Again – don’t just draw!  Use words to describe the differences!

Analysis Questions – Complete on a separate sheet of paper
1. How is the mutated message transferred through the process of transcription and translation (Steps 10-11 and Boxes 2-4)?
2. How many bases in the mutated gene of hemoglobin are different?  
What was the effect of this on the amino acid sequence?  
How did this affect the shape of the hemoglobin protein?  
3. How does the shape of hemoglobin protein cause the symptoms of sickle-cell disease?  (Don’t say it gets stuck in blood vessels…hemoglobin protein is NOT floating around in your blood stream, so it can’t get stuck in blood vessels!  Also don’t say that the incorrect shape causes the symptoms…can you tell if you produce a misshapen protein?? Use your gene expression planner boxes 5-9 to help guide you through this question.)
4. What ultimately controls the shape and function of proteins?
Reading Guide

IV.  Mutations (12-4: p. 307-308)


A.  Complete the diagram:







B.  Significance of Mutations



1.  How are mutations harmful?



2.  How are mutations beneficial?
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cell disease symptoms. £/ represents the
hemoglobin gene. Individuals with the
homozygous genotype Hb“Hb* produce normal
hemoglobin. Individuals with the homozygous
genotype HH HP® suffer from sickle-cell disease.

Essay: Incomplete Dominance

In these individuals, the hemoglobin meles
clump together when oxygen levels drop. 7%
clumping causes the red blood cells to lose &
flexibility and assume an abnormal, sickle <
A large number of these sickled cells may*
small blood vessels. The cells stop the flow
nutrients and oxygen to surrounding tissuss
During these episodes, individuals experiess
fever and severe pain in their limbs and jois
Eventually, vital organs may be damaged. T5
individuals may die. Individuals who have =&
heterozygous genotype HbHp* produce
both sickle and normal hemoglobin. These
individuals have sickle-cell trait. Usually, the
experience normal health. However, under
certain conditions, they may develop sickline
of their red blood cells and experience mild
symptoms. (An example of such a condition &
exposure to reduced oxygen pressure at high
altitudes.)
Scientists have discovered an evolutions
association between sickle-cell disease and
malaria. A mosquito-borne parasite transmes
malaria, a common tropical disease.

Worldwide, malaria results in well over a
million deaths each year. Individuals with
sickle-cell trait (Hb“HbS heterozygotes) are les
likely to be infected by the malarial parasite
than nonsickle cell individuals (H5“Hb4
homozygotes). The shape of the sickled cells
inhibits infection by the malarial parasite.
This means that people who live in regions
where malaria is common have a better chas

of avoiding malaria if they have sickle-cell




Page 510, BSCS Human Approach

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 READ THE CAPTION BELOW!!

Figure 4. Normal and sickle hemoglobin.  The difference in behavior of sickle-cell hemoglobin (a protein) 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 protein 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 protein, 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.

Journal 5-6: A Closer Look at Protein Synthesis
Adapted from BSCS: The Human Approach, page 464-467

Introduction:  In the journal “Modeling DNA,” you discovered the structure and replicating mechanism of DNA.  Each team started with the same nucleotides and made its own model.  Each sequence was unique.  This variety of DNA sequences mirror real life.  Not all DNA sequences are exactly alike.  Even the genes that give instructions for the same thing, for example, eye color, are not exactly alike.  The variation in the nucleotide sequence of DNA helps to explain the diversity of life.  All organisms use the same mechanism to give instructions and transfer information.  But the sequence of nucleotides contributes to the variation within a species and among all living organisms.


DNA sequences code for the production of proteins within an organism.  But isn’t a protein something you find in meat, nuts, and dairy products?  In an organism, proteins are much more than that.  Proteins play a role in almost all of life’s natural processes.  For example, enzymes are proteins that help reactions take place.  Some enzymes in your stomach help break down food you eat.  Replication enzymes help DNA to replication.  Insulin is another protein.  It is a type of hormone that aids in controlling the level of sugar in your body.  Other proteins produce pigments that determine the color of your eyes and hair.  Collagen is a protein that helps make your skin and bones strong.  Proteins like hemoglobin help move oxygen around your body.  Antibody proteins help your body fight off illness.  Proteins help give cells their structure and shape.  Those are just a few examples of the variety of proteins and what they do.  DNA contains the original instructions to make all of the different types of proteins.


Of course, one set of instructions cannot be used to make many different types of proteins.  Like different recipes give instructions for different food dishes, different DNA sequences give instructions for different proteins.


When scientists describe protein synthesis conceptually, they generally focus on the translation process as the final step in the transfer of information from DNA to RNA to protein


However, scientific inquiry into protein synthesis does not end with this general appreciation of the important role of translation.  The details of this process are the focus of much current research.  Scientists investigate the cellular mechanisms that control how the language of nucleic acids is translated into the language of proteins.  This helps them to understand exactly how the final transfer of information from nucleic acid to protein takes place.  In this activity, you will elaborate on your understanding of gene expression.  You will examine the intricate and elegant details of translation
Part A:  Understanding Translation

1.  Look at the symbols below before watching the DVD segment on Translation:



= ribosome
= release factor





= tRNA
= amino acids

2. Watch the animated DVD segment “A Closer Look at Protein Synthesis: Translation” according to your teacher’s instructions (through 1:34, then stop).  Record notes in the box below that describe the steps involved.  We will watch the segment multiple times.

	


3. Read the essay Cellular Components in Protein Synthesis (page 527-530 in BSCS Human Approach textbook).  Take brief notes below.

	


4. With your partner, answer the questions below.

a. What structures (or parts) are necessary for protein synthesis?



b. How is the ribosome involved in protein synthesis?



c. How does the nucleotide sequence of each mRNA codon help position each tRNA?  How many nucleotides are involved in this positioning?



d. Think about the mechanism positioning tRNA on mRNA.  How is this similar to the mechanism that holds DNA together as a double strand? (Hint – think about what kind of bond may be used.)



e. What happens to adjacent amino acids once they are positioned on the ribosome?



f. How is the sequence of mRNA nucleotides related to the sequence of amino acids in the protein?



g. What events cause protein synthesis to stop?  Is there a special mRNA nucleotide sequence or another factor that contributes to stopping translation?



h. What happens to the protein after translation?



5. Write a short paragraph explaining the process of translation in the space below.








6. Watch the 2nd part of the DVD Segment “A Closer Look at Protein Synthesis: Translation” and the Youtube videos:

a. http://www.youtube.com/watch?v=u9dhO0iCLww
b. http://www.youtube.com/watch?v=983lhh20rGY
7. Participate in a class discussion of the explanations that you developed in Steps 4 and 5. 

Part B: Predicting the Effects of Mutations


What happens when a mutation occurs?  The consequences of a mutation might or might not have an effect on the message the DNA is sending.  Imagine a blueprint for building.  The length of a wall might be written on the blueprint as 100 feet.  What if the architect accidentally spills her lunch on the blueprint?  The carpenter begins to measure the boards according to the lengths on the blueprint, but reads 10 feet instead of 100 feet.  The carpenter may notice this mistake and repair it.  (Some DNA repairing enzymes do this in the cell.)  If the carpenter does not fix it, it may affect the structural properties of the building.


Changes in DNA take place spontaneously.  Some changes happen naturally.  Human influence causes other changes.  Sometimes changes are due to environmental or chemical effects.  Chemicals in tobacco smoke, charcoal-grilled foods, and toxic wastes contain substances that can cause mutations.  Certain types of radiation are also known to cause mutations, such as ultraviolet (UV) radiation.  UV radiation from the sun can damage DNA.  Sometimes there are mistakes that take place spontaneously during the normal process of DNA replication.  The cell has repair enzymes that patrol the DNA for defects.  If a mutation is detected, damaged nucleotides are cut out and replaced with correct nucleotides.  However, the mistakes are not always caught.  Just as the carpenter might not detect the mistake in the blueprint, the repair mechanisms in a cell might not always catch or be able to repair mutations.


Because DNA is so important to life, significant numbers of copying errors would result in serious consequences.  Complete the table on the next page to develop a deeper understanding of the possible effects of mutation on an individual’s phenotype.

Model 1: Mutations and their effects

Given the following sequence, transcribe and translate it to a polypeptide.

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)

For the following mutated DNA sequences, transcribe and translate the DNA to make an amino

acid sequence. Check your answers with your group and answer the questions together.

Mutation 1:

Mutated DNA = TACCCGGCGTGCCTAATACCG…

Mutated mRNA =

Mutated polypeptide sequence =

Key Questions:

1. What is different in the DNA sequence when you compare it to the original?


2. What impact did the mutation have on the amino acid sequence?



3. Looking at your amino acid chart, do you think the mutation would have an impact on the protein? Think about factors such as size and polarity when you look at the structural formulas of the amino acids.








4. Write a general definition or description of this type of mutation.
Mutation 2:

Mutated DNA = TACCCGGCGGGCCTAATTCCG…

Mutated mRNA =

Mutated polypeptide sequence =

Key Questions:

1. What is different in the DNA sequence when you compare it to the original?




2. What impact did the mutation have on the amino acid sequence?




3. Looking at the amino acid chart at the end of this journal on page31, do you think the mutation would have an impact on the protein? Think about factors such as size and polarity when you look at the structural formulas of the amino acids.







4. Write a general definition or description of this type of mutation.





Mutation 3:

Mutated DNA = TACCCGGCGGGGCTAATACCG……

Mutated mRNA =

Mutated polypeptide sequence =

Key Questions:

1. What is different in the DNA sequence when you compare it to the original?




2. What impact did the mutation have on the amino acid sequence?




3. Looking at your amino acid chart on page 31, do you think the mutation would have an impact on the protein? Think about factors such as size and polarity when you look at the structural formulas of the amino acids.






4. Write a general definition or description of this type of mutation.





5. What do these three mutations have in common? What is different?






6. If you had to come up with a name for this group of mutations, what would it be? Explain your answer.





Model 2: More Complicated Mutations

Using the same original DNA sequence below, try to determine the mutation for the following

two sequences.

ORIGINAL DNA SEQUENCE = TACCCGGCGGGCCTAATACCG…*

ORIGINAL mRNA SEQUENCE =

ORIGINAL POLYPEPTIDE SEQUENCE =

Mutation 4:

Mutated DNA = TACCCCGGCGGGCCTAATACCG…

Mutated mRNA =

Mutated polypeptide sequence =

Key Questions:
1. What is different in the DNA sequence when you compare it to the original?



2. What impact did the mutation have on the amino acid sequence?



3. Looking at your amino acid chart on page 31, do you think the mutation would have an impact on the protein? Think about factors such as size and polarity when you look at the structural formulas of the amino acids.





4. Write a general definition or description of this type of mutation.




Mutation 5:

Mutated DNA = TACCCGCGGGCCTAATACCG…

Mutated mRNA =

Mutated polypeptide sequence =

Key Questions:

1. What is different in the DNA sequence when you compare it to the original?



2. What impact did the mutation have on the amino acid sequence?


3. Looking at your amino acid chart on page 29, do you think the mutation would have an impact on the protein? Think about factors such as size and polarity when you look at the structural formulas of the amino acids.





4. Write a general definition or description of this type of mutation.





5. What do these two mutations have in common?





6. If you had to come up with a name for this group of mutations, what would it be? Explain your answer.



Analysis Questions – Complete on a Separate sheet of paper 
1. Describe why protein synthesis is important to living systems. (Don’t you dare ask me what protein synthesis is…that is the name of this Journal!  Go back and read the introduction and review EVERYTHING you did for this journal to answer that question.)
2. Describe how mutations take place
3. What kinds of effects might mutations have?  Explain two different examples.
4. Provide a specific example – How might mutations influence evolution?
5. EXTENSION – (Try it, you won’t lose points for a wrong answer) When would you expect mutations to be passed from parent to offspring?  When would you not expect this to happen?
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Transcription

	Step 1 – initiation

	Step 2 – elongation

	Step 3 – termination


TRANSLATION
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Reading Guide

V.  Human Heredity (14-1: We will do the rest of Chap 14-1 later, for now read p. 346-348, 354)
D. From Gene To Molecule

1.  Cystic fibrosis

      a.  symptoms include:

      b.  CF is caused by:

2.  Sickle cell disease

    a.  symptoms include: 

    b.  Sickle cell disease is caused by: 

              3.  In both of these diseases, a ____________(small, large) change in the DNA of a single gene affects              ______________________________________, causing a serious disorder. 

              4.  Dominant or Recessive?

                  a.  For CF, the normal allele for the gene is _________________ (dominant, recessive)

                  b.  For sickle cell disease, there are ___________ phenotypes.  The alleles are thought to be   ______________.

E.  Issues in Biology (p354)

      1.  Read Who Controls Your DNA?
      2.  Complete the chart below:

                       DNA information is not private

DNA information is private and personal

3.  Should the control of DNA databases be a matter of law, or should it be a matter to 

be negotiated between people, their employers, and insurance companies?

BSCS Gene Action Test Review Questions
 (Part 1)




      


DNA Structure:

1. What type of organic molecule is DNA?  

2. What is the building block (monomer) of DNA?  What are the 3 subunits of this building block? 

a. What are the four nitrogenous bases in DNA and how do they bond?

b. Honor: What are the two groups of nitrogenous bases and what is the difference between the groups?

c. What types of bonds are found in a molecule of DNA? (Hint: There are two types – know where each type is found)

3. Suppose that you had the following DNA sequence: ATCGGCTATGA.  What would be the complementary DNA strand?  

4. Suppose that you have a double-stranded molecule of DNA.  If 15% of the nitrogenous bases are thymine, what percentage must be adenine bases?  What percentage are guanine bases? (think about how they pair up…)

5. Why is DNA called a “double helix”?

6. Describe the experimental goals and conclusions of Griffith, Avery, and Hershey and Chase.

Genes, proteins, and traits:

7. What is meant by the nature vs. nurture debate?

8. What is the difference between genotype and phenotype?

9. How does genotype determine phenotype (use sickle cell disease as an example of this pathway)?

10. How are DNA and RNA similar?  How are they different?

11. What is transcription?  Where does it occur?  What is the role of mRNA?   Which enzyme(s) are involved? 

12. Are both strands of DNA copied during transcription?
13. As RNA polymerase moves along the DNA template strand, what is being constructed?
14. Uracil in RNA pairs with what base in DNA?
15. What is translation?

a. Where does it occur?  What are the roles of tRNA, mRNA, and ribosomes?

b. What is a codon and what does each codon stand for?  How many “letters” are in a codon? 
c. What is an anticodon and on what molecule is it found? 

d. What is an amino acid?  A polypeptide?  A protein?

16. What are proteins made of? Why is protein synthesis important to organisms?
17. Name the amino acid coded for by each of the following codons: UUA

a. AUU

b. UGU
c. AAA
18. What ends translation?
19. The start codon, AUG, pairs with what anticodon?
20. Transcribe and translate the following DNA template strands:

a. DNA Template = TACATAGTTCCTCGAGGAACT

b. DNA Template = TACTCGACCTGGGAGATC
21. What are mutations?

a. How do mutations affect polypeptide synthesis?  What are three different outcomes that could result from a mutation?

b. What are differences between the two types of mutations (substitution and frameshift)? 

Get the results!





Get the results!
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Figure 1. Comparison of the behavior of normal and sickle-cell hemoglobin under conditions of low oxygen.





Figure 2. Comparison of the shapes of normal (right) and sickle-cell (left) red blood cells under conditions of low oxygen.





Figure 3. Comparison of movement of normal and sickle-cell red blood cells through blood vessels.








Extraction solution made of: 100 mL Palmolive, 15 g non-iodized table salt, and enough deionized water to make the final volume 1 liter.
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