
 



 



 



 



 



11.  The "Pajama" experiment first demonstrated the fact that E. coli lac operon 
regulation follows a negative logic, with a repressor of operon expression 
inactivated in the presence of lactose.  The experiment consisted of measuring β-
galactosidase enzymatic activity (a measure of β-galactosidase synthesis) in 
recipient mutant cells following Hfr conjugal transfer into the cells of a second lac 
region.  The analysis utilized a regulatory mutation leading to constitutive 
expression of beta-galactosidase  (lacIc).   
 
Below is a series of lines representing β-galactosidase synthesis in different 
recipient cells in growth media lacking inducer after conjugation with different Hfr 
donors.  Predict which line would most closely represent the pattern expected for 
each combination based on the assumption of negative or positive "logic" of 
regulation. Disregard any beta-galactosidase production in donor cells. (Write 
one number between 1 and 4 in the "Predicted relationship" column of the table.   
Three answers are provided.)  (Hint: Think about why the predicted relationship 
for the fifth row is “2” rather than “1”.)  

!
-g

a
la

c
to

s
id

a
s
e

 a
c
ti
v
it
y

Time

1

2

3

4

 
 

Regulation Hfr donor F- recipient Predicted  
relationship 

negative lacI+  lacZ+ lacIc  lacZ– 3 
negative lacIc  lacZ+ lacIc  lacZ–  
negative lacIc  lacZ– lacIc  lacZ–  
negative lacI+  lacZ– lacI+  lacZ+  
positive lacIc  lacZ+ lacI+  lacZ– 2 
positive lacI+  lacZ+ lacI+  lacZ+  
positive lacI+  lacZ+ lacIc  lacZ– 1 
positive lacIc  lacZ– lacI+  lacZ–  
positive lacIc  lacZ+ lacI+  lacZ+  



12.  Imagine two double-stranded DNA molecules, one linear and one circular, as 
shown below.  The sequences are closely enough related that recombination can 
occur anywhere in region a-c.  a+ represents the wild-type and a–  represents a 
mutation at site a, etc.   
 
 
 
 
 
 
 
 
 
 
 
 
a. Draw the structure of the molecule(s) resulting from a single recombination 
event at site 2:  
 
 
 
 
b. Draw the structure of the molecule(s) resulting from two recombination events, 
one at site 2 and one at site 3: 

 
 
 
 
 
 
 
 
 

c. Draw the structure of the molecule(s) resulting from three recombination 
events, at sites 1, 3 and 4: 

a+
b+

c+

a– b– c–

21 3 4  



13 . Imagine a substance X that is generated in growing cells and may react with 
adenine residues in DNA or in nucleotide precursors to generate a compound 
AX. AX base pairs like A most of the time, but some of the time AX base pairs 
like C.  Cells carry a gene (mutX) that encodes an enzyme that specifically 
cleaves AX-triphosphate to AX-monophosphate, preventing AX incorporation into 
DNA during replication.   
 
a. One would naively predict that MutX-minus mutants (lacking all MutX activity) 
would show increased frequencies of both G:C –>T:A and A:T –> C:G mutations.  
Below, diagram the steps expected to lead to each of these types of mutation. 
 
 i.  G:C –>T:A     ii. A:T –> C:G 
 
 ––––GA–––     ––––GA–––– 
 ––––CT–––     ––––CT–––– 
 
 
 
 
 
 
 
 
 
 
b. When MutX-minus cells are examined, they are found to exhibit a 100-fold 
increase in G:C –>T:A mutations but almost no increase in A:T –> C:G 
mutations.  By analogy with the way in which the cell limits mutation due to 
oxidative damage, what is the most likely explanation for the fact that A:T –> C:G 
mutation frequency is not appreciably increased in MutX-minus cells (≤25 
words)? 
 



 



 

 



 



 
 

Gly 



11.  
Regulation Hfr donor F- recipient Predicted  

relationship 
negative lacI+  lacZ+ lacIc  lacZ– 3 
negative lacIc  lacZ+ lacIc  lacZ– 1 
negative lacIc  lacZ– lacIc  lacZ– 4 
negative lacI+  lacZ– lacI+  lacZ+ 4 
positive lacIc  lacZ+ lacI+  lacZ– 2 
positive lacI+  lacZ+ lacI+  lacZ+ 4 
positive lacI+  lacZ+ lacIc  lacZ– 1 
positive lacIc  lacZ– lacI+  lacZ– 4 
positive lacIc  lacZ+ lacI+  lacZ+ 2 

 
 
 
12. 
a. 
       a–                     b+                    c+                a+                  b–                   c– 
 
 
b.  
       a–             b+               c– 

   ––––––––––––––––––––––––––       + 
 
c.  
 
         a+                     b+                    c–                a–                  b–                   c+ 
 
 
 
 

a+   b–  c+
 



13. 
 
a.   
 

i.  G:C –>T:A     ii. A:T –> C:G 
 
 ––––GA–––     ––––GA–––– 
 ––––CT–––     ––––CT–––– 
 
 
 
 ––––G  A–––     ––––GAX–––– 
 ––––AXT–––     ––––C T–––– 
 
 
 
 ––––T  A–––     ––––GAX–––– 
 ––––AXT–––     ––––C G–––– 
 
 
 
 ––––TA–––     ––––GC–––– 
 ––––AT–––     ––––CG–––– 
 
 
b. There is no MutY-like function to deal with the mismatch after the first round of 
replication. 
 
 
  
 
 
 


