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	Our next few units will focus on the nucleus of the cell. The application of physics and chemistry to the study of the nucleus led to the development of molecular biology and ultimately the structure of DNA.  Molecular biology is particularly concerned with the flow of biological information from cell to cell and from parent to offspring.  The discovery of the DNA double helix also made clear that genes are functionally defined parts of DNA molecules and that there must be a way for cells to make use of their DNA genes in order to make proteins.  This chapter covers in detail the experiments leading to the discovery of the structure and replication of Deoxyribonucleic Acid.
If you have any problems – please sign up for extra help after school.
	Chapter 16: 
The Molecular Basis of Inheritance


Chapter 16: The Molecular Basis of Inheritance
OBJECTIVES:  
	DNA as the Genetic Material

	 
	1.
	Explain why researchers originally thought protein was the genetic material.

	 
	2.
	Summarize the experiments performed by the following scientists that provided evidence that DNA is the genetic material: 

a. Frederick Griffith
b. Oswald Avery, Maclyn McCarty, and Colin MacLeod
c. Alfred Hershey and Martha Chase
d. Erwin Chargaff

	 
	3.
	Explain how Watson and Crick deduced the structure of DNA and describe the evidence they used. Explain the significance of the research of Rosalind Franklin.

	 
	4.
	Describe the structure of DNA. Explain the "base-pairing rule" and describe its significance.


	DNA Replication and Repair

	 
	5.
	Describe the semiconservative model of replication and the significance of the experiments by Matthew Meselson and Franklin Stahl.

	 
	6.
	Describe the process of DNA replication. Note the structure of the many origins of replication and replication forks and explain the role of DNA polymerase.

	 
	7.
	Explain what energy source drives the polymerization of DNA.

	 
	8.
	Define "antiparallel" and explain why continuous synthesis of both DNA strands is not possible.

	 
	9.
	Distinguish between the leading strand and the lagging strand.

	 
	10.
	Explain how the lagging strand is synthesized even though DNA polymerase can add nucleotides only to the 3' end.

	 
	11.
	Explain the roles of DNA ligase, primer, primase, helicase, and the single-strand binding protein.

	 
	12.
	Explain why an analogy can be made comparing DNA replication to a locomotive made of DNA polymerase moving along a railroad track of DNA.


	Evolution, Unity, and Diversity

	 
	13.
	Explain the roles of DNA polymerase, mismatch repair enzymes, and nuclease in DNA proofreading and repair.

	 
	14.
	Describe the structure and functions of telomeres. Explain the significance of telomerase to healthy and cancerous cells along with their role in the aging process.



Guided Reading: Chapter 16
Part I.  DNA as the Genetic Material
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(b) The experiment showed that T2 proteins remain outside the host cell during infection, while T2 DNA enters the cell.
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1. What are the two chemical components of chromosomes?
2. Why did researchers originally think that protein was the genetic material?
3. Distinguish between the virulent and nonvirulent strains of Streptococcus pneumoniae studied by Frederick Griffith.
4. Use this figure to summarize the experiment in which Griffith and Avery became aware that hereditary information could be transmitted from one organism to another.
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Purpose: _____________________________________________________________________________


   
 _____________________________________________________________________________



_____________________________________________________________________________

Hypothesis: __________________________________________________________________________
_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

Independent Variable: _______________________   Dependent Variable: ______________________

Conclusion: __________________________________________________________________________

5. Define transformation and what did Oswald Avery determine to be the transforming agent?
6. What is a bacteriophage?

7. What are restriction endonucleases or restriction enzymes?
8. Label the head, tail sheath, tail fiber, and DNA of the diagram of a bacteriophage below,
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9. How does a bacteriophage destroy a bacterial cell?  (Look ahead Fig. 18.3)
10. Label the diagram below (Fig.18.5) and use it to help explain the two methods of viral replication.
11. How did Hershey and Chase label viral DNA and viral protein so that they could be distinguished? 

(Explain why they chose each radioactive tag in light of the chemical composition of DNA and protein.)
12. Use this figure to summarize the experiment in which Hershey and Chase became aware that hereditary information could be transmitted between two organisms in an unusual manner.


Purpose: _____________________________________________________________________________


   
 _____________________________________________________________________________



 _____________________________________________________________________________

Hypothesis: __________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

Independent Variable: _______________________ Dependent Variable: _______________________

Conclusion: __________________________________________________________________________

13. What are Chargaff’s rules? How did he arrive at them?
14. List the three components of a nucleotide.
15. Who built the first model of DNA and shared the 1962 Nobel Prize for discovery of its structure?
16. What was the role of Rosalind Franklin 
          in the discovery of the double helix?
17. Distinguish between the structure of pyrimidines and purines. Explain why adenine bonds only to thymine.
18. How did Watson and Crick’s model explain the basis for Chargaff’s rules?
19. Given that the DNA of a certain fly species consists of 27.3% adenine and 22.5% guanine, use Chargaff’s rules to deduce the percentages of thymine and cytosine.
20. Explain the base-pairing rule.
21. Review the structure of DNA by labeling the diagram below and answering the questions that follow.
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a. distance across molecule _______________________




b. distance between nucleotides ____________________ 




c. distance between turns _________________________




d. components of the backbone ____________________ 
       



e. components of the “rungs”_____________________
22. Explain what is meant by 5' and 3' ends of the nucleotide.

23. What do we mean when we say the two strands of DNA are antiparallel?
Part II. DNA Replication and Repair
24. What is the semiconservative model of replication?
25. How did Meselson and Stahl create “heavy” DNA for their experiments?
26. Use this figure to summarize the experiment in which Meselson and Stahl confirmed the semiconservative mechanism of DNA replication.

Purpose: _____________________________________________________________________________


   _____________________________________________________________________________

Hypothesis: __________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

Independent Variable: _______________________ Dependent Variable: _______________________

Conclusion: __________________________________________________________________________

27. Define the origins of replication.
28. Review the process of DNA replication by labeling the diagram below.
29. Distinguish between the leading and the lagging strands during DNA replication.
30. What is the direction of synthesis of the new strand?
31. What are Okazaki fragments and how are they welded together?
32. The enzyme . . .


______________________________ untwists and separates the DNA strands. 



______________________________ holds the DNA strands apart.


______________________________ synthesizes RNA primer.


______________________________ add DNA nucleotides to the new strand.


______________________________ joins DNA fragments together.


______________________________ removes the RNA primer and replaces it with DNA.

33. Explain the roles of each of the following enzymes in DNA proofreading and repair.
a. DNA polymerase –

b. Nuclease – 

c. Ligase –

34. What is a thymine dimer? How might it occur? How is it repaired?
35. What are telomeres?

Analogy: Telomeres : Chromosomes  AS  __________ : _______________
36. Explain telomere erosion and the role of telomerase.
37. Why are cancer cells immortal, but most body cells have a limited life span?
Chapter 16: Summary of Key Concepts

DNA AS THE GENETIC MATERIAL
   •  The search for the genetic material led to DNA (pp. 287-290,  16.1, 16.2) Experiments with bacteria 
and, later, with phages provided the first strong evidence that the genetic material is DNA.

Web Activity16A:  The Hershey-Chase Experiment

   •  
Watson and Crick discovered the double helix by building models to conform to X-ray data (pp. 290-
292, FIGURES 16.3, 16.5, 16.6) Watson and Crick discovered that DNA is a double helix. Two 
antiparallel sugar-phosphate chains wind around the outside of the molecule; the nitrogenous bases 
project into the interior, where they hydrogen-bond in specific pairs, A with T and G with C.

Web Activity16B:  DNA and RNA Structure

Web Activity16C:  3D DNA Double Helix

DNA REPLICATION AND REPAIR
   • 
 During DNA replication, base pairing enables existing DNA strands to serve as templates for new 
complementary strands (pp. 293-294,  FIGURE 16.7) DNA replication is semiconservative: The 
parent molecule unwinds, and each strand then serves as a template for the synthesis of a new half-
molecule according to base-pairing rules.

Web Activity16D:  DNA Replication: An Overview
   •  
A large team of enzymes and other proteins carries out DNA replication (pp. 295-298, FIGURES 
16.15, 16.16) Replication begins at origins of replication. Y-shaped replication forks form at opposite 
ends of a replication bubble, where the two DNA strands separate. DNA polymerases catalyze the 
synthesis of new DNA strands, working in the 5' 3' direction. DNA synthesis at a replication fork 
yields a continuous leading strand and short, discontinuous segments of lagging strand. The 
fragments are then joined together by DNA ligase. DNA synthesis must start on the end of a primer, 
which is a short segment of RNA.

Web Activity16E:  DNA Replication: A Closer Look

Web Activity16F:  DNA Replication Review

   •  
Enzymes proofread DNA during its replication and repair damage in existing DNA (p. 299, FIGURE 
16.17) DNA polymerase proofreads newly made DNA, replacing any incorrect nucleotides. In 
mismatch repair of DNA, repair enzymes correct errors in base pairing. In excision repair, enzymes 
cut out and replace damaged stretches of DNA.

   •  
The ends of DNA molecules are replicated by a special mechanism (pp. 299-301, FIGURE 16.19) 
The ends of the linear DNA molecules of eukaryotic chromosomes, called telomeres, get shorter with 
each replication. The enzyme telomerase, present in certain cells, can extend the ends.

Chapter 16 - Review Questions

___1)
The diagram to the right is an image of a _____________________________
___2) 
Which of the following people conducted the experiments that demonstrated that DNA is the genetic 


material of bacteriophages?



A) Watson and Crick 






C) Hershey and Chase



B) Rosalind Franklin






D) Erwin Chargaff

___3) 
When a T2 bacteriophage infects an Escherichia coli cell, which part of the phage enters the 




bacterial cytoplasm?



A) the whole phage





C) only the RNA



B) only the DNA






D) the protein "headpiece" and its enclosed nucleic acid

___4) 
The way that genetic material of a bacteriophage enters a bacterium is most like the way that -



A) a drug is injected with a hypodermic needle.

C) a person swallows a pill.



B) skin lotion is rubbed onto the hands.


D) water soaks into a sponge.

___5)  
The radioactive isotope 32P labels the T2 phage's -



A) DNA



B) tail



C) protein coat


D) head

___6)  
The radioactive isotope 35S labels the T2 phage's -



A) DNA



B) tail



C) protein coat


D) head

___7) 
After allowing phages grown with bacteria in a medium that contained 32P and 35S, Hershey and Chase 

used a centrifuge to separate the phage ghosts from the infected cell. They then examined the infected 


cells and found that they contained _____, which demonstrated that _____ is the phage's genetic material. 




A) labeled protein ... DNA 




C) labeled DNA .... protein




B) labeled protein .... protein




D) labeled DNA ... DNA

___8)
The Meselson-Stahl experiment demonstrated that DNA replication produces two DNA molecules each 

composed of



A)
two old strands. 



C)
one old and one new strand.


B)
two new strands.



D)
two strands with variable proportions of new and old DNA.

___9)
A protein coat enclosing a viral genome is known as a(n) -



A) capsule.








C) envelope.



B) capsid.








D) prophage.

___10)
The lytic cycle of bacteriophage infection ends with the - 


A) replication of viral DNA.






C) assembly of viral particles into phages.


B) entry of the phage protein coat into the host cell.

D) rupture of the bacterium.
___11)
Which of the following features characterizes the lytic cycle of a viral infection?



A) The cycle typically ends when the host bacterium divides.



B) The cycle typically leads to the lysis of the host cell.



C) The virus reproduces outside of the host cell.



D) The viral genes typically remain inactive once they are inside the host cell.

___12) 
Which of the following statements is false?



A) Some prophage genes can cause the transformation of a nonpathogenic bacterium into a form that


     causes human disease.



B) Sometimes an environmental signal can trigger a switchover from the lysogenic to the lytic cycle.



C) The lysogenic cycle always occurs inside of host cells.



D) The lysogenic cycle typically results in the rapid lysis of all infected cells.

___13)
Viral DNA incorporated into host cell DNA is known as a(n) -



A) capsid.








C) prophage.



B) envelope.








D) phage.

Base your answers to questions 14 - 18 on the diagram below.

___14)
In the accompanying image, a nucleotide 



is indicated by the letter -




A

B

C

D

___15)
In the accompanying image, a phosphate group 



is indicated by the letter -




A

B

C

D

___16)
In the accompanying image, deoxyribose sugar 



is indicated by the letter -




A

B

C

D

___17)
In the accompanying image, a nitrogenous base 



is indicated by the letter -




A

B

C

D

___18)
You can tell that this is an image of a DNA nucleotide and not an RNA nucleotide because you see a -

 

A)
thymine nitrogenous base, not a uracil nitrogenous base.




B)
sugar with two, and not three, oxygen atoms.


C)
double-stranded molecule, not a single-stranded molecule.


D)
uracil nitrogenous base, not a thymine nitrogenous base.
Base your answers to questions 19 - 24 on the diagram below.

___19)
In the diagram, a nucleotide is indicated by letter -



A


B


C


D

___20)
In the diagram, a base is indicated by letter -



A


B


C


D

___21)
In the diagram, a single strand is indicated by letter -



A


B


C


D

___22)
In the diagram, a nucleotide is indicated by letter -



A


B


C


D

___23)
In the diagram, a nucleotide is indicated by letter -



A


B


C


D

___24)
Which of the following is a characteristic of this diagram?


A)
2 nanometers in width



B)
10 base pairs per turn



C)
0.34 nanometers per basepair



D)
A and B



E)
A, B and C
___25) 
The overall shape of the DNA molecule is most like -



A) a set of railroad tracks.





C) a wooden ladder.



B) a twisted rope ladder.





D) beads on a string.

___26) 
The monomers of DNA and RNA are -



A) monosaccharides.






C) nucleotides.



B) fatty acids.








D) nucleic acids.

___27) 
Which of the following statements regarding DNA is false?



A) DNA uses the sugar deoxyribose.



B) DNA uses the nitrogenous base uracil.



C) One DNA molecule can include four different nucleotides in its structure.



D) DNA molecules have a sugar-phosphate backbone.

___28) 
How would the shape of a DNA molecule change if adenine paired with guanine and cytosine paired with 

thymine?



A) The DNA molecule would be longer.


C) The DNA molecule would be shorter.



B) The DNA molecule would be circular.


D) The DNA molecule would have irregular 








     





     widths along its length.
___29) 
Which of the following statements regarding the structure of DNA is false?



A) The DNA molecule has a uniform diameter.



B) In a DNA molecule, adenine bonds to thymine and guanine to cytosine.



C) Watson and Crick received a Nobel Prize for their description of the structure of DNA.



D) The sequence of nucleotides along the length of a DNA strand is restricted by the base-pairing rules.
___30) 
Which of the following statements regarding a DNA double helix is always true?



A) The amount of adenine is equal to the amount of uracil, and the amount of guanine is equal to the 


     amount of cytosine.



B) The amount of adenine is equal to the amount of guanine, and the amount of thymine is equal to the



     amount of cytosine.



C) The amount of adenine is equal to the amount of cytosine, and the amount of guanine is equal to the


     amount of thymine.



D) The amount of adenine is equal to the amount of thymine, and the amount of guanine is equal to the 

     amount of cytosine.

___31)
If one strand of DNA is CGGTAC, the corresponding strand would be -




A) GCCTAG.


B) GCCAUC.


C) TAACGT.


D) GCCATG 
___32)
In a DNA double helix an adenine of one strand always pairs with a(n) _____ of the complementary 


strand, and a guanine of one strand always pairs with a(n) _____ of the complementary strand.



A) guanine ... adenine






C) cytosine ... uracil




B) cytosine ... thymine






D) thymine ... cytosine

___33)
Doubled-stranded DNA consists of two antiparallel strands, meaning that one strand is oriented in the 5’ 

to 3’ direction, while the other is oriented in the 3’ to 5’ direction.






A)
True







B)
False

___34)
Asymmetrical spacing of the backbones of the DNA double helix generates major and minor grooves.






A)
True







B)
False
___35)
When one DNA molecule is copied to make two DNA molecules, the new DNA contains -



A) none of the original DNA.




C) 50% of the original DNA.



B) 75% of the original DNA.





D) 100% of the original DNA

___36)
Why does a DNA strand grow only in the 5' to 3' direction?



A) because DNA polymerases can only add nucleotides to the 3' end of the growing molecule



B) because DNA polymerases can only add nucleotides to the 5' end of the growing molecule



C) because the DNA molecule only unwinds in the 5' to 3' direction



D) because DNA polymerase requires the addition of a starter nucleotide at the 5' end

___37)
In a nucleotide, the nitrogenous base is attached to the sugar's _____ carbon and the phosphate group is 

attached to the sugar's _____ carbon.




A) 1' ... 2'


B) 1' ... 5'


C) 2' ... 3'


D) 1' ... 3'


E) 2' ... 1'
___38)
DNA replication -



A) occurs through the addition of nucleotides to the end of the parental DNA molecule.



B) results in the formation of four new DNA strands.



C) uses each strand of a DNA molecule as a template for the creation of a new strand.



D) begins when two DNA molecules join together to exchange segments.

___39)
An old DNA strand is used as a _____ for the assembly of a new DNA strand




A) complement







C) primer




B) template








D) source of nucleotides

___40)
During DNA replication, nucleotides are assembled in the _____ direction.




A) 1' to 5'

B) 2' to 3'


C) 5' to 3'


D) 4' to 5'

E) 5' to 1'
___41)
Why is the new DNA strand complementary to the 3' to 5' strands assembled in short segments? 




A) the replication forks block the formation of longer strands




B) DNA polymerase can assemble DNA only in the 3' to 5' direction




C) DNA polymerase can assemble DNA only in the 5' to 3' direction




D) it is more efficient than assembling complete new strands
___42)
The first step in the replication of DNA is catalyzed by -



A) helicase.








C) DNA polymerase.



B) ligase. 








D) primase.
___43)
The action of helicase creates - 



A) primers and DNA fragments. 




C) DNA fragments and replication forks.



B) primers and replication bubbles.



D) replication forks and replication bubbles.
___44)
Multiple origins of replication on the DNA molecules of eukaryotic cells serve to -



A) remove errors in DNA replication.



B) create multiple copies of the DNA molecule at the same time.



C) shorten the time necessary for DNA replication.



D) assure the correct orientation of the two strands in the newly growing double helix.

___45)
Which of the following enzymes catalyzes the elongation of a new DNA strand?



A) helicase








C) ligase



B) single-stranded binding protein



D) DNA polymerase

___46)
Short segments of newly synthesized DNA are joined into a continuous strand by - 



A) helicase








C) DNA polymerase




B) ligase









D) primase

___47)
After DNA replication is completed, -



A) each new DNA double helix consists of one old DNA strand and one new DNA strand.



B) each new DNA double helix consists of two new strands.



C) one DNA double helix consists of two old strands and one DNA double helix consists of two new 


    strands.



D) each of the four DNA strands consists of some old strand parts and some new strand parts.
___48)
Telomeres consist of direct repeat sequences.




A) True









B) False

___49)
In the absence of telomerase activity, chromosomes are shortened slightly after every round of replication.




A)True









B) False
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