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Thinking questions 

1. Imagine that you have created a fusion between the Trp operon, which encodes 
the enzymes for tryptophan biosynthesis, and the Lac operon, which encodes the 
enzymes necessary for lactose utilization (Figure below). Under which set of 
conditions will β-galactosidase be expressed in the strain that carries the fused 
operon?  

1. Only when lactose and glucose are both absent.  
2. Only when lactose and glucose are both present.  
3. Only when lactose is absent and glucose is present.  
4. Only when lactose is present and glucose is absent.  
5. Only when tryptophan is absent.  
6. Only when tryptophan is present.  

 
In the fused operon, the genes in the Lac operon have come under control of the 
regulatory region of the Trp operon. Thus, expression of β-galactosidase, the 
product of the LacZ gene, will be regulated by the tryptophan repressor. 
Because the tryptophan repressor requires tryptophan in order to bind to its 
regulatory region and shut of the operon, expression of β-galactosidase (and the 
other genes in the fused operon) will occur only when tryptophan is absent from 
the medium (condition 5).  

2. Imagine the two situations shown in the figure below. In cell 1, a transient signal 
induces the synthesis of protein A, which is a transcription activator that turns on 
many genes including its own. In cell 2, a transient signal induces the synthesis of 
protein R, which is a transcription repressor that turns of many genes including its 
own. In which, if either, of these situations will the descendants of the original cell 
“remember” that the progenitor cell had experienced the transient signal? Explain 
your reasoning.  

  145

sites in the promoter for the Lac operon. Each combination of transcrip-
tion regulators corresponds to the expected binding in a particular mix-
ture of glucose and lactose. For each of the four combinations, indicate 
on the left-hand side of the !gure which sugars are present and, on the 
right-hand side, whether the operon is expected to be turned on or o!.

7–39 Imagine that you have created a fusion between the Trp operon,  
which encodes the enzymes for tryptophan biosynthesis, and the Lac 
operon, which encodes the enzymes necessary for lactose utiliza-
tion (Figure 7–16). Under which set of conditions (A–F below) will 
β-galactosidase be expressed in the strain that carries the fused operon?

A. Only when lactose and glucose are both absent.
B. Only when lactose and glucose are both present.
C. Only when lactose is absent and glucose is present.
D. Only when lactose is present and glucose is absent.
E. Only when tryptophan is absent.
F. Only when tryptophan is present.

7–40 When cis-regulatory sequences were initially found to in!uence activ-
ity at distant promoters, two principal models were invoked to explain 
this action at a distance. In the “DNA looping” model, direct interactions 
between transcription regulators bound at cis-regulatory sequences and 
the distant promoters were proposed to stimulate RNA polymerase. In 
the “scanning” model, RNA polymerase (or a transcription regulator) 
was proposed to bind at the regulatory sequence and then slide along the 
DNA until it reached the promoter. "ese two models were distinguished 
using a cis-regulatory sequence on one piece of DNA and the β-globin 
gene with its promoter on a separate piece of DNA (Figure 7–17). "e 
β-globin gene was not expressed from the mixture of pieces. However, 
when the two segments of DNA were joined via a protein linker, the 
β-globin gene was expressed.

TRANSCRIPTION REGULATORS AS GENE SWITCHES

Figure 7–15 Arrangement of binding sites 
and the four possible combinations of 
transcription regulators on the promoter 
for the Lac operon (Problem 7–38).
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The induction of a transcription activator that stimulates its own synthesis 
creates a positive feedback loop that can, depending on the stability of protein 
A, its affinity for its cis-regulatory sequence, and other parameters, lead to cell 
memory. The continued self-stimulated synthesis of activator A can, in principle, 
last for many cell generations, serving as a constant reminder of an event in the 
distant past. By contrast, the induction of a transcription repressor that inhibits 
its own synthesis creates a negative feedback loop that guarantees a transient 
response to the transient stimulus. Because repressor R shuts of its own 
synthesis, the cell will quickly return to the state that existed before the transient 
signal.  

Multiple Choice Questions 

1. What percentage of genes are estimated to be imprinted? 

a) 100% 
b) 50% 
c) 5% 
d) <1% 

Answer D is correct. 

2. Which of the following statements are CORRECT: 

a) Both imprinting and X-inactivation lead to monoallelic gene expression 
b) The Y chromosome contains more genes than the X one. 
c) Both imprinting and X-inactivation affect the X chromosome 
d) Xist silences genes including itself. 

Answer A is correct.  

3. Epigenetic inheritance refers to: 

a) Inheritance of mitochondrial DNA 
b) Mutations in DNA that are passed to offspring 

150 Chapter 7:  Control of Gene Expression

7–54 Once cells have di!erentiated to their "nal specialized forms, they never 
again alter expression of their genes.

THOUGHT PROBLEMS

7–55 Bacteriophage lambda can replicate as a prophage or lytically. In the 
prophage state, the viral DNA is integrated into the bacterial chromo-
some and is copied once per cell division. In the lytic state, the viral DNA 
is released from the chromosome and replicates many times. #is viral 
DNA then produces viral coat proteins that enclose the replicated viral 
genomes to form many new virus particles, which are released when the 
bacterial cell bursts.

#ese two states are controlled by the transcription regulators cI 
and Cro, which are encoded by the virus. In the prophage state, cI is 
expressed; in the lytic state, Cro is expressed. In addition to regulating 
the expression of other genes, cI is a repressor of transcription of the 
gene that encodes Cro, and Cro is a repressor of the gene that encodes cI  
(Figure 7–22). 

When bacteria containing a lambda prophage are brie!y irradiated 
with ultraviolet (UV) light, cI protein is degraded.

A. What will happen next?
B. Will the change in question A be reversed when the UV light is switched 

o!?
C. How is this mechanism bene"cial to the virus?

7–56 Imagine the two situations shown in Figure 7–23. In cell 1, a transient 
signal induces the synthesis of protein A, which is a transcription activa-
tor that turns on many genes including its own. In cell 2, a transient sig-
nal induces the synthesis of protein R, which is a transcription repressor 
that turns o! many genes including its own. In which, if either, of these 
situations will the descendants of the original cell “remember” that the 
progenitor cell had experienced the transient signal? Explain your rea-
soning.

7–57 Figure 7–24 shows a simple scheme by which three transcription regu-
lators might be used during development to create eight di!erent cell 
types. How many cell types could you create, using the same rules, with 
four di!erent transcription regulators? MyoD is a transcription regula-
tor that can trigger the entire program of muscle di!erentiation when 
expressed in "broblasts. How might you accomodate this observation 
into the scheme shown in Figure 7–24?

DATA HANDLING

7–58 #e protein encoded by the Even-skipped (Eve) gene of Drosophila is a 
transcription regulator required for proper segmentation in the middle 
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Figure 7–22 Regulation of bacteriophage 
lambda replication by cI and Cro (Problem 
7–55). (A) The prophage state. (B) The 
lytic state.
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c) Changes in gene expression that are heritable with changes to the DNA 
sequence 

d) Modifications of histone proteins that can be passed to future generations 

Answer D is correct. 

4. What is one the important consequences of alternative splicing? 

a) Reducing the number of proteins produced by an organism 
b) Complete elimination of introns from messenger RNA 
c) Increasing polypeptide chains diversity from a limited number of genes 
d) Creation of new DNA sequences 

Answer C is correct. 

6. Which of the following statements are TRUE about mRNA transport? 

a) The specific locations for the mRNA are usually quite distant from where the 
protein is needed. 

b) mRNA comes out of the nucleus before being processed. 
c) rRNA is involved in carrying genetic information from the nucleus to the 

cytoplasm. 
d) mRNA transport can be coupled with translation 

Answer D is correct. 

7. Which of the following statements is CORRECT: 

a) IncRNAs are usually shorter than a thousand nucleotides in humans 
b) piRNAs inhibit the transposon activity 
c) one miRNA regulates only one specific mRNA. 
d) IncRNAs serve as guide RNAs. 

Answers B and D are correct. 

TRUE or FALSE 

1. All genes are inactive on the inactivated X-chromosome. 
 
TRUE or FALSE  
10% escape the X-chromosome inactivation. 

 

2. CG islands are thought to have arisen during evolution because they were 
associated with portions of the genome that remained unmethylated in the 
germ line. 
 
TRUE or FALSE  
DNA methylation occurs on the cytosine, largely in sequence CG.  
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3. When a riboswitch is bound by its specific small molecule such as guanine, it 
induces a conformational change which allows the elongating RNA polymerase 
to transcribe the following gene. 
 
TRUE or FALSE  
It forces the RNA polymerase to terminate transcription. 
 

4. Argonaute is a protein part of the RISC complex which holds the 5’ region of 
the miRNA so that it is optimally positioned for the base-pairing to another RNA 
molecule. 
 
TRUE or FALSE  
 

5. If the RNA editing happens outside of the coding region, nothing will be 
affected. 
 
TRUE or FALSE  
It may affect splicing, transport of mRNA, efficiency of translation, etc.  
 

6. The dynamic interaction between stress granules and P-bodies is thought to 
play a crucial role in mRNA triage, where transcripts can be sorted for storage, 
degradation, or return to translation, depending on the cellular needs and 
stress conditions. 
 
TRUE or FALSE  
 


