
Exercises week 4 BIO-207 
 
1. Imagine that you have engineered a set of genes, each encoding a protein with a pair 
of conflicting signal sequences that specify diFerent compartments. If the genes were 
expressed in a cell, predict which signal would win out for the following combinations. 
Explain your reasoning. 
A. Signals for import into nucleus and import into ER. 
B. Signals for import into peroxisomes and import into ER.  
C. Signals for import into mitochondria and retention in ER.  
D. Signals for import into nucleus and export from nucleus. 
 
2: Discuss the following statement: “the plasma membrane is only a minor component 
of most eukaryotic cells.” 
 
3: Is it really true that all human cells contain the same basic set of membrane-
enclosed organelles? Do you know of any examples of human cells that do not have a 
complete set of organelles? 
 
4: What is the fate of a protein with no sorting signal? 
 
5: The lipid bilayer, which is 5 nm thick, occupies about 60% of the volume of a typical 
cell membrane. (Lipids and proteins contribute equally on a mass basis, but lipids are 
less dense and therefore account for more of the volume.) For liver cells and pancreatic 
exocrine cells, the total area of all cell membranes is estimated at about 110,000 μm2 
and 13,000 μm2, respectively. What fraction of the total volumes of these cells is 
accounted for by lipid bilayers? The volumes of liver cells and pancreatic exocrine cells 
are about 5000 μm3 and 1000 μm3, respectively. 
 
6 TRUE/FALSE 
Decide whether each of these statements is true or false, and then explain why.  
A) The nuclear membrane is freely permeable to ions and other small molecules under 
5000 Daltons. 
B) To avoid the inevitable collisions that would occur if two-way traFic 
through a single pore were allowed, nuclear pore complexes are specialized so that 
some mediate import while others mediate export. 
C) Some proteins are kept out of the nucleus, until needed, by inactivating their nuclear 
localization signals by phosphorylation. 
D) All cytosolic proteins have nuclear export signals that allow them to be removed from 
the nucleus when it reassembles after mitosis. 
Thinking 
E) Nuclear localization signals are not cleaved oF after transport into the nucleus, 
whereas the signal sequences for import into other organelles are often removed after 
import. Why do you suppose it is critical that nuclear localization signals remain 
attached to their proteins? 
 
7. Match the definition below with its term from the list above. 
inner nuclear membrane  



nuclear envelope  
nuclear export receptor  
nuclear export signal  
nuclear import receptor 
nuclear Lamin  
nuclear lamina  
nuclear localization signal 
nuclear pore complex 
nuclear transport receptor 
nucleoporin outer nuclear membrane 
Ran 
 
A) Sorting signal contained in the structure of macromolecules and complexes that are 
transported from the nucleus to the cytosol through nuclear pore complexes. 
 
B) Large multiprotein structure forming a channel through the nuclear envelope that 
allows selected molecules to move between nucleus and cytoplasm. 
 
C) Monomeric GTPase present in both cytosol and nucleus that is required for the active 
transport of macromolecules into and out of the nucleus through nuclear pore 
complexes. 
 
D) Fibrous meshwork of proteins on the inner surface of the inner nuclear membrane. 
 
E) Protein that binds nuclear localization signals and facilitates the trans- port of 
proteins with these signals from the cytosol into the nucleus through nuclear pore 
complexes. 
 
F) Sorting signal found in proteins destined for the nucleus and which enable their 
selective transport into the nucleus from the cytosol through the nuclear pore 
complexes. 
 
G) The portion of the nuclear envelope that is continuous with the endoplasmic 
reticulum and is studded with ribosomes on its cytosolic surface. 
 
8.  As shown in Figure below, the inner and outer nuclear membranes form a continuous 
sheet, connecting through the nuclear pores. Continuity implies that membrane 
proteins can move freely between the two nuclear membranes by diFusing through the 
bilayer at the nuclear pores. Yet the inner and outer nuclear membranes have diFerent 
protein com- positions, as befits their diFerent functions. How do you suppose this 
apparent paradox is reconciled? 
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12–33 Some proteins are kept out of the nucleus, until needed, by inactivating 
their nuclear localization signals by phosphorylation.

12–34 All cytosolic proteins have nuclear export signals that allow them to be 
removed from the nucleus when it reassembles after mitosis.

THOUGHT PROBLEMS

12–35 As shown in Figure 12–2, the inner and outer nuclear membranes form 
a continuous sheet, connecting through the nuclear pores. Continu-
ity implies that membrane proteins can move freely between the two 
nuclear membranes by diffusing through the bilayer at the nuclear pores. 
Yet the inner and outer nuclear membranes have different protein com-
positions, as befits their different functions. How do you suppose this 
apparent paradox is reconciled?

12–36 How is it that a single nuclear pore complex can efficiently transport pro-
teins that possess different kinds of nuclear localization signal?

12–37 How do you suppose that proteins with a nuclear export signal get into 
the nucleus?

12–38 Your advisor is explaining his latest results in your weekly lab meeting. 
By fusing his protein of interest to green fluorescent protein (GFP), he 
has shown that it is located entirely in the nucleus. But he wonders if it is 
a true nuclear protein or a shuttling protein that just spends most of its 
time in the nucleus. He is unsure how to resolve this issue. Having just 
read an article about how a similar problem was answered, you suggest 
that he make a heterokaryon by fusing cells that are expressing his tagged 
protein with an excess of cells that are not expressing it. You tell him that 
in the presence of a protein synthesis inhibitor to block new synthesis of 
the tagged protein, he can resolve the issue by examining fused cells with 
two nuclei. He gives you a puzzled look and asks, “How does that help?” 
You tell him what he has so often told you: “Think about it.”

A. How would examining the two nuclei in a heterokaryon answer the ques-
tion? What results would you expect if the protein were a true nuclear 
protein? What would you expect if it were a shuttling protein?

B. Why did you suggest that a protein synthesis inhibitor would be needed 
in this experiment?

12–39 Nuclear localization signals are not cleaved off after transport into the 
nucleus, whereas the signal sequences for import into other organelles 
are often removed after import. Why do you suppose it is critical that 
nuclear localization signals remain attached to their proteins?

12–40 To test the hypothesis that the directionality of transport across the 
nuclear membrane is determined primarily by the gradient of the Ran-
GDP outside the nucleus and Ran-GTP inside the nucleus, you decide 
to reverse the gradient to see if you can force the import of a protein that 
is normally exported from the nucleus. You add a well-defined nuclear 
export substrate, fluorescent BSA coupled with a nuclear export signal 
(NES-BSA), to the standard permeabilized cell assay. Sure enough, it is 
excluded from the nuclei (Figure 12–3A). Now you add Crm1, the nuclear 
export receptor that recognizes the export signal, and RanQ69L-GTP, a 
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Figure 12–2 Cross section through a 
nuclear pore complex, showing continuity 
of inner and outer nuclear membranes 
(Problem 12–35).
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Figure 12–3 Directionality of nuclear 
transport (Problem 12–40). (A) Exclusion 
of fluorescent NES-BSA from the nucleus 
in a standard import assay. (B) Import of 
fluorescent NES-BSA in the presence of 
Crm1 and RanQ69L-GTP.



9. How is it that a single nuclear pore complex can eFiciently transport proteins that 
possess diFerent kinds of nuclear localization signal? 
 
10. Nuclear localization signals are not cleaved of after transport into the nucleus, 
whereas the signal sequences for import into other organelles are often removed after 
import. Why do you suppose it is critical that nuclear localization signals remain 
attached to their proteins? 
 
11. The broad-spectrum antibiotic leptomycin B inhibits nuclear export, but how does it 
work? In the yeast S. pombe, resistance to leptomycin B can arise by mutations in the 
Crm1 gene, which encodes a nuclear export receptor for proteins with leucine-rich 
nuclear export signals. To look at nuclear export directly, you modify the green 
fluorescent protein (GFP) by adding a nuclear export signal (NES). In both wild-type and 
mutant cells that are resistant to leptomycin B, NES-GFP is found exclusively in the 
cytoplasm in the absence of leptomycin B (Figure below 12–10). In the presence of 
leptomycin B, however, NES-GFP is present in the nuclei of wild-type cells, but in the 
cytoplasm of mutant cells (Figure 12–10). Is this result the one you would expect if 
leptomycin B blocked nuclear export? Why or why not? 
 

 
 
 
12 A nuclear pore can dilate to accommodate a gold particle 26 nm in diameter. If it 
could accommodate a spherical protein of the same dimensions, what would the 
protein’s molecular mass (g/mole) be? [Assume that the density of the protein is 1.4 
g/cm3. he volume of a sphere is (4/3) πr3.] 
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cytoplasm through them. Cytoplasm passed over a Ran-GDP column no 
longer supports nuclear uptake of Ran-GDP, whereas cytoplasm passed 
over a column of RanQ69L-GTP retains this activity. You elute the bound 
proteins from each column and analyze them on an SDS polyacrylamide 
gel, looking for differences that might identify the factor that is required 
for nuclear uptake of Ran (Figure 12–9).

A. Why did you use RanQ69L-GTP instead of Ran-GTP in these experi-
ments? Could you have used Ran-GppNp instead of RanQ69L-GTP to 
achieve the same purpose?

B. Which of the many proteins eluted from the two different affinity col-
umns is a likely candidate for the factor that promotes nuclear import of 
Ran-GDP?

C. What other protein or proteins would you predict the Ran-GDP import 
factor would bind in order to carry out its function?

D. How might you confirm that the factor you have identified is necessary 
for promoting the nuclear uptake of Ran?

12–49 The broad-spectrum antibiotic lepto mycin B inhibits nuclear export, but 
how does it work? In the yeast S. pombe, resistance to leptomycin B can 
arise by mutations in the Crm1 gene, which encodes a nuclear export 
receptor for proteins with leucine-rich nuclear export signals. To look at 
nuclear export directly, you modify the green fluorescent protein (GFP) 
by adding a nuclear export signal (NES). In both wild-type and mutant 
cells that are resistant to leptomycin B, NES-GFP is found exclusively 
in the cytoplasm in the absence of leptomycin B (Figure 12–10). In the 
presence of leptomycin B, however, NES-GFP is present in the nuclei of 
wild-type cells, but in the cytoplasm of mutant cells (Figure 12–10). Is this 
result the one you would expect if leptomycin B blocked nuclear export? 
Why or why not? 

12–50 Frog oocytes are a useful experimental system for studying nuclear 
export because they are large cells with large nuclei. It is easy (with prac-
tice) to inject oocytes with labeled RNA and to separate the nucleus and 
cytoplasm to follow the fate of the injected label. You inject a mixture 
of various 32P-labeled RNA molecules into the nucleus in the presence 
and absence of leptomycin B to study its effect on nuclear export of RNA. 
Immediately after injection and three hours later, you analyze total (T), 
cytoplasmic (C), and nuclear (N) contents by polyacrylamide-gel elec-
trophoresis and autoradiography (Figure 12–11).

A. How good was your injection technique? Did you actually inject into the 
nucleus? Did you rip apart the nuclear envelope when you injected the 
RNAs? How do you know?

B. Which, if any, of the RNAs are normally exported from the nucleus?
C. Is the export of any of the RNAs inhibited by leptomycin B? What does 

your answer imply about export of this collection of RNAs?
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Figure 12–9 Proteins eluted from Ran-
GDP (lane 1) and RanQ69L-GTP (lane 
2) affinity columns (Problem 12–48). The 
molecular masses of marker proteins are 
shown on the left. 
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Figure 12–10 Distribution of NES-GFP in S. pombe in the presence and absence of 
leptomycin B (Problem 12–49). Light areas in the NES-GFP panels show the position of 
GFP. Light areas in the DNA panels result from a stain that binds to DNA and marks the 
position of the nuclei in the cells in the NES-GFP panels. 
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Figure 12–11 Effects of leptomycin B 
on export of various RNAs from frog 
oocyte nuclei (Problem 12–50). Total (T), 
cytoplasmic (C), and nuclear (N) fractions 
are indicated. 
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