AP Chapter 16 Study Guide:  Molecular Basis of Inheritance

(Rob Hamilton)

Teacher’s Note:  Student comprehension of the experiments that led to our current understanding of heredity at the molecular level, the structure of the DNA molecule and how it replicates are all expectations of the AP biology course description.  Some of the material is involved and a bit abstract so I will add some illustrations to help you along.  Read pg 293-294 and answer the following questions:
Griffith discovers that bacteria can be genetically transformed (1928):

1.  R bacteria + Live mice =        Dead mouse           or            Live mouse  
2.  S bacteria + Live mice =        Dead mouse           or            Live mouse
3.  Heat killed S bacteria + Live mice =        Dead mouse           or            Live mouse
4.  Heat killed S bacteria + Live R + Live mice =     Dead mouse        or        Live mouse  filled with __________

Griffith concluded that the hereditary material (whatever it was) could be passed from dead cells to live cells

5.  Most thought the hereditary material was ______________ because DNA was considered to ______________

Unfortunately our book continues to short change a biologist named Oswald Avery who demonstrated true genius in a set of experiments that built on Griffith’s work in 1944.  I will try to walk you through it……I’ll even include pictures(  Avery knew that the genetic material had to be carbohydrate, lipid, protein or nucleic acid.  Unfortunately, 1940s technology could separate the cell walls and membranes from the cytoplasm, but it could not separate materials within the cytoplasm.

Heat killed “S” Streptococcus Pnemoniae polysaccharide coat (containing carbohydrate and lipid) and live “R” are injected into a rat
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6.  Rat lives   or    Rat dies.   What hypothesis is he testing?_____________________________________

     Accept   or     Reject    hypothesis? 

Heat killed “S” Streptococcus Pnemoniae cytoplasm and live “R” are injected into a rat
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7.  Rat lives   or    Rat dies.   What hypothesis is he testing?_____________________________________

     Accept   or     Reject    hypothesis? 

So Avery knew that the genetic material was in the cytoplasm which was rich in protein and nucleic acid, but he had no way to separate the two!  What could he do?

Heat killed “S” Streptococcus Pnemoniae cytoplasm and live “R” and pepsin (an enzyme that hydrolyzes protein) are injected
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8.  Rat lives   or    Rat dies.   What hypothesis is he testing?_____________________________________

     Accept   or     Reject    hypothesis? 

Heat killed “S” Streptococcus Pnemoniae cytoplasm and live “R” and RNAase (digests RNA) are injected
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9.  Rat lives   or    Rat dies.   What hypothesis is he testing?_____________________________________

     Accept   or     Reject    hypothesis? 

10. Heat killed “S” Streptococcus Pnemoniae cytoplasm and live “R” and DNAase are injected
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11. Rat lives   or    Rat dies.   What hypothesis is he testing?____________________________________

     Accept   or     Reject    hypothesis? 

As so often happens in life, genius is slow to be recognized and dogma persists………Avery’s discovery was largely ignored and the matter was not put to rest until an experiment by Alfred Hershey and Martha Chase in 1952.  Read about their work on pgs 294-296.
So a virus that uses a bacterium as a host cell is called a bacteiophage or phage for short.  A phage has an outer coat of protein and an inner core of DNA.  Protein contains sulfur but never phosphorous and DNA contains phosphorous but never sulfur.

12.  What a simple system!  A phage only contains _______ substances.  So the genetic material must be

       ___________________  or  _____________.

13.  Many generations of phages were grown in the presence of radioactive S35.  The result was a line of phage 

       that possessed S35 in their     coat   or     DNA  

14.  Another line of phages were grown in the presence of radioactive P32.  The result was a line of phage that  

       possessed P32 in their     coat   or     DNA    
The two lines of bacteriophages were allowed to infect bacteria in separate cultures, the cells were placed in a blender to separate the phages from the bacterial cells and the mixture was centrifuged. Examine the diagram below:
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Hershey and Chase realized that the genetic material would have to enter the host cell.
15.  The radioactive sulfur was found   in the cell in the pellet   or    in the supernatant outside the cell  
16.  The radioactive phosphorous was found   in the cell in the pellet   or    in the supernatant outside the cell 

17.  Therefore confirming that      DNA      or       Protein           is the genetic material 
Once it was confirmed that DNA was the genetic material, the race was on to determine the molecular structure of DNA.  The race was won only a year later by an unlikely pair of biologists who “borrowed” the findings of others.  Read pages 296-298.

18.  Erwin Chargaff was an observer.  Describe his observation regarding the DNA found in different organisms.                                   

       ________________________________________________________________________________________ 

       Chargaff’s rule eventually led to the base pairing rule which states that _____________________________

       ________________________________________________________________________________________

19.  Describe the two discoveries of Maurice Wilkins and Rosalind Franklin that led James Watson and Francis 

       Crick to the structure of DNA.  _____________________________________________________________

       _______________________________________________________________________________________

With the information gleaned from Wilkins lab and Chargaff’s rule, Watson and Crick began building models.  In April of ’53 they shocked the scientific community by submitting a one page paper to the journal Nature with an elegant description of the DNA molecule.  Watson and Crick were awarded the Nobel Prize for their work.  Look at figure 16.5.

20.  In the box below, draw the sugar deoxyribose and number its 5 carbons
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21.  Which bases are purines? _________________________ & _________________________

22.  Which bases are pyrimidines? _________________________ & _________________________

23.  Which bases form pairs?            
a) ____________________ & _________________________




       b) ____________________ & _________________________
24.  What is a hydrogen bond? __________________________________________________________________

       ________________________________________________________________________________________

25.  __________ hydrogen bonds hold pair “a” together, while _____________ hydrogen bonds holds pair “b”

26.  Describe the structure of DNA.  Write short statements that move from simple atoms to completed molecule.  


a)  DNA molecules are comprised of five different kinds of atoms:


_______________ +________________+_________________+__________________+_______________

      b)  These atoms form three different types of molecules:



_______________________+______________________+ Nitrogen Bases

             1.  There are four different Nitrogen bases:

               ____________________+____________________+_____________________+_____________________

             2.  The bases pair specifically:  ___________________ with __________________________

                                                         and ____________________ with __________________________

      c)  The three molecules combine and form the monomer of DNA called a ___________________________

      d)  Many nucleotides are joined by phosphodiester bonds (the bond that hold the phosphate to deoxyribose.        Draw one in the box below:
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        e)  Many nucleotides together forms a strand called a _______________________________



1)  The polynucleoitides spiral forming a structure called a ___________________________

             2)  There are two spiraling nucleotide strands so their gross structure is called a  ______________________
 f)  The polynucleotide strands run in opposite directions:  one side 5' to 3' the other 3' to 5' (figure 16.7 b)
      the term to describe this is _____________________________.
The beauty of the Watson and Crick model was that it not only showed the structure of DNA, but it also provided a simple explanation of how DNA replicates itself.  See figure 16.9.  This method of semiconservative replication was confirmed by an experiment conducted by Matthew Meselson and Frank Stahl.  Read pgs 299-301.
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27.  What is the difference between N15 and N14?  (A subatomic explanation is required.)  _____________________

        _________________________________________________________________________________________

28.  DNA synthesized with N15 would be     more      or      less     dense than DNA synthesized with N14.
29.  Bacterial DNA exposed to only N15 for many generations was extracted and centrifuged in cesium chloride.
       It yielded    one    or    two    or    three    band(s) of     
                         light    or    medium    or    high    density DNA.

30.  If these cells were then allow to replicate their DNA in the presence of only N14, the next generation of  

       bacterial cells would yield    one    or    two    or    three    band(s) of     

                                                   light    or    medium    or    high     density DNA.

31.  If these cells were then allow to replicate their DNA a second time in the presence of only N14, the next 

       generation of  bacterial cells would yield    one    or    two    or    three    band(s).  What would be the density of 

       the individual band(s)? ______________________________________________________________________  

Now on to the details of replication.  Read pages 301-304
32.  Describe the function of the following enzymes involved in DNA replication:

      a)  Helicase:  ___________________________________________________________________________

      b)  Single stranded binding protein: _________________________________________________________

      c)  DNA  polymerase.  There are two types of DNA polymerase involved with two separate functions:  

Function 1:______________________________________________________________________

Function 2:  _____________________________________________________________________

   
d)  Primase:  ___________________________________________________________________________


e)  Ligase:  ____________________________________________________________________________

33.  Organize a series of statements to describe the process of DNA replication.

Leading Strand:
a)   ______________________________________________________________________________________
      ______________________________________________________________________________________

b)   ___________________________________________________________________________________

             ___________________________________________________________________________________

       c)   ___________________________________________________________________________________

             ___________________________________________________________________________________

      d)   ___________________________________________________________________________________

            ____________________________________________________________________________________

           ____________________________________________________________________________________

Lagging Strand:
     e)   ____________________________________________________________________________________

           ____________________________________________________________________________________

     f)   ____________________________________________________________________________________

          _____________________________________________________________________________________

     g)   ____________________________________________________________________________________

 ____________________________________________________________________________________

  h)   ___________________________________________________________________________________

          ____________________________________________________________________________________

Now read about DNA proofreading and repair on 305-6
34.  What is a gene mutation?_____________________________________________________________________

35.  What is a mutagen?_________________________________________________________________________

36.  What do repair enzymes repair?________________________________________________________________
We have one problem yet to solve.  Because DNA polymerase can only add nucleotides to the 3’ end of a preexisting nucleotide when an RNA primer is removed, there is no way to complete the unpaired bases on the 5’ end and as a result of replication, the DNA molecule becomes shorter and shorter. 
37.  How do linear eukaryotic chromosomes prevent the loss of genetic information over time as DNA erodes?
       _________________________________________________________________________________________________
 __________________________________________________________________________________________________

         __________________________________________________________________________________________________    
