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PACKET #9
Unit 4: The Code of Life Packet (Topics 1 and 2)

Reading: Chapter 10 and portions of Chapters 11 and 12

Objectives: By the conclusion of this unit the student should be able to:
Topic 1:  Experimental evidence

1. Summarize the experiments of Griffith and Avery, and differentiate their observations from their inferences.  (10.1, packet).

2. Summarize the experiments of Hershey and Chase and differentiate their observations from their inferences. (10.1, packet).

Topic 2:  DNA structure and replication

3. Describe the structure of nucleotides of DNA and RNA (10.2).

4. Explain the contribution of Franklin’s X-ray experiment to the development of the DNA double helix model (10.3).

5. Explain Chargaff’s base-pairing rule and the experiments that led to its discovery (10.3).
6. Explain the contribution of Watson and Crick to the development of the DNA double helix model (10.3).

7. Describe the structure of the DNA double helix (10.2-10.3).

8. Summarize the process of DNA replication (use a diagram to help) (10.4-10.5).

Key terms

Topic 1 

bacteriophage 

radioactive isotope 

transformation

Topic 2

Nucleotide

Adenine

Thymine

Cytosine

Guanine

Uracil

Purine

Pyrimidine

Deoxyribonucleic acid (DNA)

Ribonucleic acid (RNA)

Sugar-phosphate backbone

Double helix

Base-pairing

DNA replication

DNA helicase

DNA polymerase

Replication fork
Semi-conservative model

Pre-unit Thinkers

1. If you assume that you have about 2 meters of DNA in each cell, and you have about 100,000,000,000,000 (=100 trillion!) cells in your body, about how much DNA (in meters) do you have in your body?

2. Another way to show the size of the human genome (one full set of human genes; you have a full set in most all of your cells; about 2 meters of DNA) is to compare it to letters on a textbook page.  The human genome contains about 3 billion (3 x 109) “letters.”  If you were to write out all of these letters, how many books would you need?  The next set of questions will help you find out…

a.) Choose a page in the textbook that it almost all letters/print.  Count the number of letters/characters on three randomly selected lines.  Record your data below.

	Line
	Number of characters

	#1
	

	#2
	

	#3
	


b.) What is the average number of letters per line? _________

c.) About how many lines are on a page? _________

d.) How many pages are in the book? _________

e.) About how many letters do you estimate are in the book? _________

f.) If the human genome has 3 x 109 “letters,” how many books would you need to record the full human genome? _________

g.) Now, for some appreciation – the amount of information that would fill up all the books you calculated in part (f) actually fits into each nucleus of each cell.  A nucleus is about 10 micrometers across (10 x 10-6 meters). Wow!  That’s a compact system of information storage!  
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3. Which of the following would best accompany this figure?  You may choose more than one answer.

a. This figure shows that inheritance has a large effect on the way an organism looks.

b. This figure reminds us that environment has a lot to do with organisms’ appearances.  Inheritance isn’t everything.

c. Plants with the exact same inherited DNA sequences can still look very different from one another.

Activity 1: “What is Life?”

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 types of molecules were the primary candidates as the molecule of inheritance? _______________________, ______________________, ______________________
What kind of molecular code could be responsible for so many different forms of life?  When this discussion first began in the early to mid 1900s, many scientists thought that the molecules carrying this extensive code would be identified as proteins. 

2. Why do you think scientists believed the code to be found on proteins instead of DNA?  Refer to what you know about the molecular structure of each. ____________________________________________________
________________________________________________________________________________________
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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.
[image: image9.jpg]
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Rough (R)



Smooth (S)


      (No polysaccharide coat)
    

(Smooth polysaccharide coat)

3. [image: image11.png]


[image: image12.emf]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. ______________________________________
It turns out that the smooth bacteria are more dangerous because their polysaccharide capsule allows them to evade the body’s immune system.  In fact, the smooth 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. 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

(1 pt)
	
	
	
	

	Results

(1 pt)
	
	
	
	


5. Which of the four treatments is/are control groups?  Make sure to consider both negative and positive control set-ups.  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? (1 pt)

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. 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.  In other words, the scientists believed that a hereditary molecule containing the genetic information was passed from the dead S to the living R during the transformation witnessed by Griffith.  They wanted to find out what molecule was being transferred.
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 – 

How could Avery use these enzymes to figure out which molecule was passed from the dead S to the living R, resulting in the formation of the new pathogenic bacteria? [HINT: Avery also had access to all of the materials used by Griffith in the original experiment.]  
For a complete answer, you must:

· describe the steps of the experiment

· make sure to have repeats x3

· label your positive and negative control set-ups

· identify at least thee controlled variables

· make predictions, such as “If the molecule of inheritance were proteins, I would expect to see…” 

Use the space below to brainstorm the experimental design in class, but then you must type up a final (multi-paragraph) answer to this question, and staple it to the back of the packet.  This response is worth 10 points.  
Part 3 - Alfred Hershey and Martha Chase (1958)

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.

To accomplish this goal, they radioactively labeled the phosphorus of the DNA and the sulfur of the protein and allowed the virus to infect E. coli bacteria.  Refer to the diagram below for a summary of their experimental design and results. [image: image2.png]Figure A
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12. What was labeled in each figure, sulfur or phosphorus? 
a. Figure A:

b. Figure B:

13. What was labeled in each figure, protein or DNA? 
a. Figure A:

b. Figure B:

14. In which figure(s) was radioactivity observed in the host cell at the end? _________________
15. In which figure(s) was radioactivity not observed in the host cell at the end? _______________ 
16. 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
	
	
	

	Using radioactivity hinders the virus’ ability to inject it’s molecule of inheritance
	
	
	


17. 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? 

18. Fill in the following table (with yes or no):

	Do these molecules contain…
	Sulfur?
	Phosphorus?
	Oxygen?
	Nitrogen?
	Carbon?

	Proteins
	
	
	
	
	

	DNA
	
	
	
	
	


19. Why do you think Hershey and Chase chose sulfur and phosphorus to label the protein and DNA, respectively?

20. Would the experiment have been successful if they only had access to radioactive nitrogen instead of radioactive phosphorus and sulfur?  Explain.


Use the summary table below to complete objectives 1 and 2.

Objective 1: Summarize the experiments of Griffith and Avery, and differentiate their observations from their inferences. (10.1, Activity 1).

Objective 2: Summarize the experiments of Hershey and Chase, and differentiate their observations from their inferences. (10.1, Activity 1).

Summary Table:

	Scientists
	Research Question 
	Observation(s)
	Inference(s)

	Frederick Griffith

(R, S bacteria)


	
	
	

	Oswald Avery

(bacteria & enzymes)
	
	
	

	Alfred Hershey and Martha Chase

(bacteriophages)
	
	
	


Objective 3: Describe the structure of nucleotides of DNA and RNA (10.2).
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Objective 4: Explain the contribution of Franklin’s X-ray experiment to the development of the DNA double helix model (10.3).

____________________________________________________________________________________

____________________________________________________________________________________

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
Objective 5: Explain Chargaff’s base-pairing rule and the experiments that led to its discovery (10.3). ____________________________________________________________________________________

____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

Objective 6: Explain the contribution of Watson and Crick to the development of the DNA double helix model (10.3).

____________________________________________________________________________________

____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

Activity 2: DNA Modeling

Your Goals: 

· Assemble a model of a DNA double helix molecule, which is a type of nucleic acid (remember that there are four types of organic molecules: carbohydrates, lipids, proteins, and nucleic acids)
· Make observations and answer questions

· Generate ideas regarding how a double helix molecule is copied/replicated

1, Gather/assemble nucleotides.  Just as amino acids make up proteins, and glucoses make up polysaccharides, nucleotides make up a DNA double helix molecule.  Each nucleotide needs one phosphate group, one sugar (deoxyribose) group, and one nitrogenous base component.  The nitrogenous base is adenine (A), guanine (G), thymine (T), or cytosine (C).  

	
	What you will use for the model…

	Phosphate group
	cylinder

	Sugar group
	Gray plate

	Nitrogenous base - Adenine 
	yellow

	Nitrogenous base - Thymine
	red

	Nitrogenous base - Guanine
	blue

	Nitrogenous base - Cytosine
	green


Gather/assemble 3 nucleotides with an Adenine, 3 with a Thymine, 7 with a Guanine, and 7 with a Cytosine.  In all, you will gather/assemble 20 nucleotides.  Split up the work, so it’s efficient.  To help you with the assembly, see the picture on page 2 of the spiral bound book.  Make sure that your assembly is accurate – to make a complete nucleotide, you need one cylinder, one gray plate, and one red/yellow/blue/green piece with a magnet attached.
2. String 10 of your nucleotides together using the following sequence: TACCGCGTGG.  You have just built a single-stranded DNA molecule, which is one-half of a double helix molecule.

3. Now, string the other 10 of your nucleotides together using the following sequence: ATGGCGCACC.  This is a second single-stranded DNA molecule, which is the other half of your double helix molecule.

4. Now, connect your single-stranded molecules together to make one double-stranded molecule.  How do you know which way to connect the single-stranded molecules?  Are there multiple possibilities here?  Why or why not?  Call me over to look at your single-stranded molecules before you continue by making one double-stranded (double helix) molecule.
5. Answer the following questions:

a.) One nucleotide always has three subcomponents.  These subcomponents are: _____________________, _____________________, and _____________________.

b.) If a double helix molecule had 100 nucleotides in total, there would be ____ (how many?) nitrogenous bases.

c.) In a double helix molecule, the nitrogenous base Adenine always bonds with the nitrogenous base ___________.

d.) In a double helix molecule, the nitrogenous base Guanine always bonds with the nitrogenous base ___________.

e.) The magnets represent fairly weak bonds that are attractions between positively and negatively-charged regions.  The magnets represent ________________ bonds.

e.) The two “backbones” of the double helix are comprised of alternating _____________ and _____________ groups.

f.) The length of one “rung” (a nitrogenous base pair) is ________________ (uniform or nonuniform).

g.) Out of all 20 of the nitrogenous bases in the double helix, __% were Thymine bases, __% where Adenine bases, __% were Guanine bases, and __% were Cytosine bases.

h.) Suppose you built another double helix with 20 nitrogenous bases, 2 of which were Guanine.  Therefore, __% of these bases were Guanine bases, ___% were Cytosine bases, ___% were Thymine bases, and ___% were Adenine bases. 

i.) Look at the picture on p 8 of a deoxyribose sugar group, represented by the grey plate. In this sugar group, the ratio of hydrogen:oxygen is __:__.  (Does this surprise you? What is the usual ratio in carbs?)

6. Before a cell divides into two new cells, the DNA inside the original cell must be copied, so that each new cell can have a full copy of DNA inside the nucleus.  Looking at your DNA double helix, how might this replication event occur?  Think about your double helix molecule and the questions you have answered above.  Draw a picture below to represent your idea(s) regarding how DNA might replicate.  Use letters (A, T, G, C) and colors to make your diagram as clear as possible.

7. Inside most every human cell is a full human genome, which contains 3 x 109 nitrogenous base pairs!  Want to build that one?

Objective 7: Describe the structure of the DNA double helix (10.2-10.3).
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Circle and label the following:

· A phosphate group

· A deoxyribose sugar

· A nucleotide (how many total nucleotides are pictured? _____)

· A covalent bond between a phosphate group and a sugar

· The entire nucleic acid molecule

· A nitrogenous base pair

· The 3 hydrogen bonds between C and G

· The 2 hydrogen bonds between A and T

· A purine nitrogenous base

· A pyrimidine nitrogenous base

Objective 8: Summarize the process of DNA replication (use a diagram to help) (10.4-10.5).

	TERM
	DEFINITION AND/OR ROLE IN THE PROCESS

	Helicase
	

	Replication fork
	

	DNA polymerase
	

	Semiconservative


	


Diagram the process of DNA replication. Number the steps and give a brief description of each. (Base your diagram on page 188, not 189.)
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DNA Structure and Replication Practice questions

1.) Place the following in order, from small to big:

· Nucleus of a cell

· Nucleic acid molecule

· Neutron

· Nitrogen atom

· Nitrogenous base

· Nucleotide

2.) __________________ is the type of monomer that is repeated to make a nucleic acid, just as glucose monomers are repeated to make a polysaccharide (or amino acid monomers to make a protein).

3.) This monomer is made of a sugar group, a phosphate group, and a __________________ that have been bonded together.

4.) In a single strand of DNA, the phosphate group binds to the __________________ of the next group.

5.) The 5' end of a single DNA strand contains a free __________________, while the 3' end contains a free __________________________.

6.) DNA was not thought to be the genetic blueprint originally; instead many scientists hypothesized that _______________________ contained the genetic code and blueprint of life. (They were later proven wrong.)
7.) DNA is a type of ______________ (what type of organic molecule?).

8.) In order for DNA to replicate, _____________ (what kind?) bonds are broken.  This is catalyzed by an enzyme called _____________.  The adding and joining (covalent bonding) of new nucleotides (during the process of replication) is catalyzed by an enzyme called ___________________.  This enzyme also catalyzes proofreading as new nucleotides are added (it tries to make sure that C pairs with G and A pairs with T).

9.) Number the steps of DNA replication in the correct order (1, 2, 3)
______ Daughter strands are formed using complementary base pairing.
______ DNA unwinds
______ The DNA of the daughter strands winds with together with its parent strand.

10.) What enzyme unwinds are unzips the parent strand? ________________

11.) What enzyme synthesizes the new DNA strand? _______________________

12.) The two sides of the DNA helix are held together by ________________________

13.) Name the scientist(s) responsible for each of the following discoveries.
_____________________________________ Bacterial transformation
_____________________________________ The base-pair rule
_____________________________________ DNA was the hereditary material of viruses
_____________________________________ The shape of DNA was a double helix
14.) You are studying a DNA (double helix) molecule that is 1,000 base pairs long and 20% of the molecule consists of thymines.

a. How many total bases are in this double helix? _______

b. What percentage of the bases are guanines? _______

c. How many of the bases are guanines? _______

d. Would you be able to answer this question if the DNA molecule were single-stranded, instead?  Explain. ________________________________________________________
15.) What makes DNA replication “semiconservative?”
Challenge Questions: (You still have to do these – they are NOT optional, just challenging)
16.) Meselson and Stahl took bacterial cells and grew them in the presence of all atoms necessary for DNA synthesis.  However, the only nitrogen available was heavier nitrogen (15N).  Therefore, as these bacterial cells reproduced (and copied their DNA before cell division), heavy nitrogen was incorporated into the DNA.  At a certain point, Meselson and Stahl took away the 15N and added in 14N.  (Any previously-synthesized DNA strands retained the 15N, it’s just that all 15N atoms that hadn’t been incorporated into a DNA molecule were taken away.)  Thus, from this point on, any newly-synthesized DNA molecules/strands would incorporate lighter 14N atoms.  Assume that they allowed only one round of replication after the lighter atoms were added.  The molecules in the bacteria were spun and separated by centrifuge.  This separates the molecules by density.  Which of the following data (showing just the single round of replication) would support the conservative model of DNA replication (meaning you build an entirely new molecule of DNA and the original molecule is still present)? Why?  Which would support the semi-conservative model of replication?  Why?  (Note that DNA replication is actually semi-conservative.)

a.  


b. 


c. 


d.

Conservative:

Semi-conservative:

17.) When Meselson and Stahl allowed the bacteria to go through one more round of replication, what would you expect the results of that 3rd generation to look like (now that we know it’s semi-conservative)?  It could be one of the above or you could draw your own results below.

This diagram is from: Lowontin, Richard. The Triple Helix. Page 21.





Plants with the same # are from genetically identical (cloned) seeds.  Assume that a large sample size was used for each #.





Get the results!





Get the results!
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