
Questions Cell signaling Part 3 

1) During viral infection of a cell, the cytoplasmic receptor RIG-I recognizes and 
binds to viral nucleic acids. This leads to activation of an adaptor protein, CARDIF, 
which binds to RIG-I. In turn, CARDIF recruits a kinase that phosphorylates a 
transcription factor, IRF3. This allows the transcription factor to enter the nucleus of 
the infected cell, and to trigger the transcription of antiviral genes.  

1A) You perform an experiment in the lab, where you infect cells with a virus, and 
then measure the induction of one such response gene, IFNB. You notice the 
following pattern of expression:  

 

 

Propose two different mechanisms that can help to explain why there is a decrease 
in IFNB mRNA levels starting 90 minutes after the infection.  

1B) Draw a model whereby interferon-beta will trigger an intracellular response, 
implicating:  

a transcription factor, 
a kinase, 
a tyrosine kinase-associated receptor  

2) A virus infection triggers a cell to secrete TNFa, a secreted ligand. This will 
activate NF-KB in surrounding cells. 

2A) Which kind of signaling is this? 

2B) Because you were interested in looking at the signaling dynamics you built in a 
red fluorescent reporter in your cells that turns on when NF-KB is active. You find 
that even in absence of TNFa there are a few cells red. What happened in these 
cells?  

3 In the development of tumors, two categories of genes are particularly important: 
1) proto-oncogenes, whose alteration (often mutation) changes the encoded protein 
products, such that they gain in activity. Such gain-of-function mutations are usually 
present in one allele only, not the other because the effect is dominant; 2) tumor 
suppressor genes, whose alteration (often mutation) changes the encoded protein 
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1 During viral infection of a cell, the cytoplasmic receptor RIG-I recognizes and binds to 
viral nucleic acids.  This leads to activation of an adaptor protein, CARDIF, which binds to 
RIG-I. In turn, CARDIF recruits a kinase that phosphorylates a transcription factor, IRF3. This 
allows the transcription factor to enter the nucleus of the infected cell, and to trigger the 
transcription of antiviral genes. 
1A) You perform an experiment in the lab, where you infect cells with a virus, and then 
measure the induction of one such response gene, IFNB.  You notice the following pattern of 
expression: 

 
Propose two different mechanisms that can help to explain why there is a decrease in IFNB 
mRNA levels starting 90 minutes after the infection. 
 
1B) The induced IFNB mRNA becomes translated into a protein, called interferon-beta, which 
is secreted outside of this virally infected cell. Which type of cell communication is most likely 
to occur for interferon-beta to alert surrounding cells of the presence of a pathogen: neuronal, 
autocrine, paracrine, or hormonal? 
 
1C) Draw a model whereby interferon-beta will trigger an intracellular response, implicating: 

- a transcription factor, 
- a kinase, 
- a tyrosine kinase-associated receptor 

 
2 Describe a mutation you would introduce into the protein IkB in order to prevent NF-kB 
activation to take place. Explain how the mutant protein will act. 
 
 
3 In the development of tumors, two categories of genes are particularly important: 1) 
proto-oncogenes, whose alteration (often mutation) changes the encoded protein products, 
such that they gain in activity. Such gain-of-function mutations are usually present in one 
allele only, not the other because the effect is dominant; 2) tumor suppressor genes, whose 
alteration (often mutation) changes the encoded protein products, such that they lose activity. 
Such loss-of-function mutations are usually present in both alleles, because the effect is 
recessive (one wild-type copy can still exert tumor suppressive function). 



products, such that they lose activity. Such loss-of-function mutations are usually 
present in both alleles, because the effect is recessive (one wild-type copy can still 
exert tumor suppressive function).  

3A) Mutations in the APC gene are very frequent (80% of the cases) in human 
colorectal cancer. Wnt/b-catenin target genes are very important for tumor cell 
proliferation. Given this information, and the picture from the course pasted below, 
which category – proto-oncogene or tumor suppressor gene – would you expect 
APC to belong to, and why?  

 

 

 

 

 

 

 

870 Chapter 15:  Cell Signaling

family cell-surface receptors, which are seven-pass transmembrane proteins that 
resemble GPCRs in structure but do not generally work through the activation 
of G proteins. Instead, when activated by Wnt binding, Frizzled proteins recruit 
the scaffold protein Dishevelled, which helps relay the signal to other signaling 
molecules. 

The Wnt/β-catenin pathway acts by regulating the proteolysis of the multi-
functional protein β-catenin (or Armadillo in flies). A portion of the cell’s β-cat-
enin is located at cell–cell junctions and thereby contributes to the control of cell–
cell adhesion (discussed in Chapter 19), while the remaining β-catenin is rapidly 
degraded in the cytoplasm. Degradation depends on a large protein degradation 
complex, which binds β-catenin and keeps it out of the nucleus while promot-
ing its degradation. The complex contains at least four other proteins: a protein 
kinase called casein kinase 1 (CK1) phosphorylates the β-catenin on a serine, 
priming it for further phosphorylation by another protein kinase called glycogen 
synthase kinase 3 (GSK3); this final phosphorylation marks the protein for ubiq-
uitylation and rapid degradation in proteasomes. Two scaffold proteins called 
axin and Adenomatous polyposis coli (APC) hold the protein complex together 
(Figure 15–60A). APC gets its name from the finding that the gene encoding it 
is often mutated in a type of benign tumor (adenoma) of the colon; the tumor 
projects into the lumen as a polyp and can eventually become malignant. (This 
APC should not be confused with the anaphase-promoting complex, or APC/C, 
that plays a central part in selective protein degradation during the cell cycle—see 
Figure 17–15A.)

Wnt proteins regulate β-catenin proteolysis by binding to both a Frizzled pro-
tein and a co-receptor that is related to the low-density lipoprotein (LDL) receptor 
(discussed in Chapter 13) and is therefore called an LDL-receptor-related protein 
(LRP). In a poorly understood process, the activated receptor complex recruits 
the Dishevelled scaffold and promotes the phosphorylation of the LRP receptor 
by the two protein kinases, GSK3 and CK1. Axin is brought to the receptor com-
plex and inactivated, thereby disrupting the β-catenin degradation complex in 
the cytoplasm. In this way, the phosphorylation and degradation of β-catenin are 
prevented, enabling unphosphorylated β-catenin to accumulate and translocate 
to the nucleus, where it alters the pattern of gene transcription (Figure 15–60B).
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Figure 15–60 The Wnt/β-catenin 
signaling pathway. (A) In the absence of 
a Wnt signal, β-catenin that is not bound 
to cell–cell adherens junctions (not shown) 
interacts with a degradation complex 
containing APC, axin, GSK3, and CK1. In 
this complex, β-catenin is phosphorylated 
by CK1 and then by GSK3, triggering 
its ubiquitylation and degradation in 
proteasomes. Wnt-responsive genes are 
kept inactive by the Groucho co-repressor 
protein bound to the transcription regulator 
LEF1/TCF. (B) Wnt binding to Frizzled 
and LRP clusters the two co-receptors 
together, and the cytosolic tail of LRP is 
phosphorylated by GSK3 and then by CK1. 
Axin binds to the phosphorylated LRP and 
is inactivated and/or degraded, resulting in 
disassembly of the degradation complex. 
The phosphorylation of β-catenin is 
thereby prevented, and unphosphorylated 
β-catenin accumulates and translocates 
to the nucleus, where it binds to LEF1/
TCF, displaces the co-repressor Groucho, 
and acts as a coactivator to stimulate the 
transcription of Wnt target genes. The 
scaffold protein Dishevelled is required for 
the signaling pathway to operate; it binds 
to Frizzled and becomes phosphorylated 
(not shown), but its precise role is 
unknown. 



3B) In some colorectal cancers, APC is not mutated but CTNNB1, the gene coding 
for b- catenin, is mutated. Propose how such mutations affect b-catenin and the Wnt 
pathway. Is CTNNB1 a proto-oncogene or a tumor suppressor gene?  

4) You want to create a truncated protein that is constitutively present in the nucleus 
starting from the nuclear hormone receptor AR. What part of the protein would you 
remove and why? Which feature you absolutely cannot remove?  
 
5) In the intestine enterocytes and mucus goblet cells are defined by having active 
notch signaling (enterocytes) or inactive notch signaling (goblet cells).  
 
5A) You are looking at the intestine of a mutant mouse and see a lot of goblet cells. 
What has happened? 
 
5B) You find that goblet cells are always surrounded by several enterocytes. What 
do you think is causing this pattern? What do you think is the receptor ligand 
distribution? 
 
6)  Match each deinition below with its term from the list above. 
 
β-catenin 
circadian clock  
Cubitus interruptus (Ci)  
Delta 
Dishevelled 
Frizzled 
Hedgehog protein  
iHog 
IκB  
LDL-receptor-related protein (LRP)  
NFκB proteins  
Notch 
nuclear receptor superfamily 
Patched  
Smoothened  
steroid hormone  
Wnt/β-catenin pathway  
Wnt proteins 
 
A: Receptor protein involved in what may be the most widely used signaling pathway 
in animal development; its ligands are cell surface proteins such as Delta. 
 
B: A family of secreted signal molecules that act as local mediators and morphogens 
during development; they were initially discovered as the products of the Wingless 
gene in lies and the Int1 gene in mice. 
 
C: A signaling pathway activated by Wnt binding to both the Frizzled receptor and 
the LRP co-receptor. 



D: A group of secreted signal molecules that act as local mediators and morphogens 
during development and whose effects are mediated through the cell-surface 
receptor Patched and its binding partner Smoothened. 
 
E: A target of Hedgehog signaling, this gene regulatory molecule is a full length gene 
activator in the presence of Hedgehog and a partially proteolyzed gene repressor in 
its absence. 
 
F: Latent gene regulatory proteins that are present in most cells in both animals and 
plants and are central to many stress, inflammatory, and innate immune responses. 
 
G: Hydrophobic signaling molecule with a characteristic four-ringed structure derived 
from cholesterol. 
 
 
7) The steroid hormones cortisol, estradiol, and testosterone are all derived from 
cholesterol by modifications that introduce polar groups such as – OH and =O 
(Figure 15–22). If cholesterol itself was not normally found in cell membranes, do 
you suppose it could be used effectively as a hormone, provided that an appropriate 
intracellular receptor was available? 
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of human colon cancers. Normal APC increases the affinity of the degra-
dation complex for β-catenin, which in excess can enter the nucleus and 
promote transcription of key target genes for cell proliferation. Given this 
information, which category—oncogene or tumor suppressor—would 
you expect the Apc gene to belong to? Why?

15–118 Latent gene regulatory proteins are prevented from entering the nucleus 
until the cell receives an appropriate signal. List four ways by which cells 
keep gene regulatory proteins out of the nucleus, and give an example of 
a latent gene regulatory protein that is controlled by each mechanism.

15–119 The steroid hormones cortisol, estradiol, and testosterone are all derived 
from cholesterol by modifications that introduce polar groups such as –
OH and =O (Figure 15–22). If cholesterol itself was not normally found 
in cell membranes, do you suppose it could be used effectively as a hor-
mone, provided that an appropriate intracellular receptor was available?

15–120 Most people who are completely blind have circadian rhythms that 
are ‘free-running;’ that is, their circadian rhythms are not synchro-
nized to environmental time cues and they oscillate on a cycle of about  
24.5 hours. Why do you suppose the circadian clocks of blind people are 
not entrained to the same 24-hour clock as the majority of the popula-
tion? Can you guess what symptoms might be associated with a free-
running circadian clock? Do you suppose that blind people have trouble 
sleeping?

DATA HANDLING

15–121 β-Catenin can be phosphorylated by glycogen synthase kinase 3 (GSK3) 
and it can be degraded in proteasomes. β-Catenin could be sensitized for 
degradation by phosphorylation, it could be protected from degradation 
by phosphorylation, or its phosphorylation status could be irrelevant for 
degradation. To distinguish among these possibilities, you generate cell 
lines that express either a mutant GSK3 that cannot carry out phospho-
rylation, or a mutant β-catenin that is missing its site of phosphorylation. 
In the presence and absence of the proteasome inhibitor, ALLN, both 
cell lines yield β-catenin that migrates as a single band, with no slower 
migrating bands visible. In contrast, nonmutant β-catenin and GSK3 
display several slower migrating bands in the presence of ALLN, but no 
slower migrating bands in its absence. What is the relation ship between 
β-catenin phosphorylation and its degradation in proteasomes? Explain 
your answer.

15–122 The Hedgehog gene encodes the Hedgehog precursor protein, which is 
471 amino acids long. The precursor protein (Figure 15–23A) is normally 
cleaved between glycine 257 (G257) and cysteine 258 (C258) to gener-
ate a fragment that is active in local and long-range signaling. Cleavage  
is essential for signaling. You clone a segment of the Hedgehog gene 
encoding a portion of the protein that includes the cleavage site and 
the entire C-terminus. When you purify this protein and incubate it in 
buffer, you observe cleavage over the course of several hours, as shown in  
Figure 15–23B. If you vary its concentration over a 256-fold range and 
assay cleavage after 4 hours of incubation, you observe the results shown 
in Figure 15–23C.

A. Explain how these data support the idea that the Hedgehog precursor 
protein cleaves itself. How do they rule out the possibility that the puri-
fied protein is contaminated with a bacterial protease, for example?

B. Does a molecule of precursor protein cleave itself, or does it cleave 
another molecule of the precursor; that is, is the reaction intramolecular 
or intermolecular?
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Figure 15–22 Steroid hormones and 
their parent molecule, cholesterol 
(Problem 15–119).

Figure 15–23 Mechanism of cleavage of 
the Hedgehog precursor protein (Problem 
15–122). (A) Site of cleavage (red arrow)  
in the Hedgehog precursor protein.  
(B) Time course of cleavage of the 
fragment of the precursor protein.  
(C) Dependence of cleavage on 
concentration of the precursor protein 
fragment.
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8) Why do signaling responses that involve changes in proteins already present in 
the cell occur in milliseconds to seconds, whereas responses that require changes in 
gene expression require minutes to hours? 
 
 
9) Decide whether each of these statements is true or false, and then explain why. 
A: Signaling pathways that activate latent gene regulatory proteins depend on 
regulated proteolysis to control activity and location. 
B: Notch is both a cell-surface receptor and a latent gene regulatory protein. 
C: Because one of the targets of NFκB activation is the gene for IκBα, the 
cytoplasmic inhibitor of NFκB, a negative feedback loop is established that limits the 
duration of the NFκB response. 
 
10) What do you think will happen to a WNT ligand if the lipid modifications were no 
longer made? 


