PART A: multiple choice questions:

1. Which of the following statements concerning peripheral membrane proteins is correct:
A. They are anchored in the lipid bilayer by covalently attached lipids or glycolipids
B. They span the lipid bilayer at least once
C. Their surface is entirely coated with the hydrophobic amino acids
D. They are attached to the membrane by interacting non-covalently with integral membrane proteins
E. They can be removed from the membrane only by treatments that disrupt the lipid bilayer
F. They can be removed from the membrane by decreasing the concentration of NaCl



2. The asymmetric distribution of sphingomyelin between the extracellular and cytosolic leaflets of the plasma membrane is due to:
A. Synthesis of this lipid only by enzymes that are exposed to the ER lumen and exist only in the inner leaflet of the ER membrane 
B. Lack of flippases that can translocate this lipid between the leaflets of the plasma membrane 
C. Activity of flippases that move this lipid only from the cytosolic leaflet to the extracellular leaflet of the plasma membrane
D. Activity of flippases that move this lipid only from extracellular leaflet to the cytosolic leaflet of the plasma membrane
E. Synthesis of this lipid only in the extracellular leaflet of the plasma membrane
F. Synthesis of this lipid only in the cytosolic leaflet of the plasma membrane. 



3. Membrane receptors for extracellular signals are likely to be made up of proteins with the following characteristics:
A. transmembrane proteins with even number of transmembrane  sheets that are made up of amino acids with hydrophobic side chains
B. transmembrane proteins with a single tranmembrane  helix that is made up of amino acids with hydrophilic side chains
C. transmembrane proteins with even number of transmembrane  helices that are made up of amino acids with hydrophobic side chains
D. transmembrane proteins with odd number of transmembrane  helices that are made up of amino acids with hydrophilic side chains
E. transmembrane proteins with odd number of transmembrane  helices that are made up of amino acids with hydrophobic side chains
F. transmembrane proteins with odd number of transmembrane  sheets that are made up of amino acids with hydrophilic side chains
4. Facilitated diffusion differs from passive diffusion in that facilitated diffusion of molecules across membrane:
A. moves water-soluble molecules from a region of high concentration to a region of low concentration
B. moves water-soluble molecules from a region of low concentration to a region of high concentration
C. requires membrane transport proteins
D. does not require external source of energy
E. does not require membrane transport proteins
F. requires external source of energy


5. Active transport across membrane is similar to facilitated diffusion (passive transport) in that they both:
A. move water-soluble molecules from a region of high concentration to a region of low concentration
B. do not require external source of energy
C. need membrane transport proteins
D. move water-soluble molecules from a region of low concentration to a region of high concentration
E. do not need membrane transport proteins
F. require external source of energy


6. An antiporter is similar to a uniporter in that they both:
A. move multiple water-soluble molecules at a time
B. move only few water-soluble molecules at a time
C. couple the movement of one type molecule against its concentration gradient to the movement of a different molecule down its concentration gradient
D. move two types of water-soluble molecules in the same direction across the membrane 
E. move two types of water-soluble molecules in the opposite directions across the membrane 
F. require the energy provided by ATP hydrolysis for the movement of water-soluble molecules against their concentration gradient

7. Ion channels:
A. transport ions across a membrane against their concentration gradient
B. are permanently open
C. move only one iron molecule at a time
D. use the energy of ATP hydrolysis to move ions across a membrane
E. couple the movement of one type ion against its concentration gradient to the movement of a different ion down its concentration gradient
F. do not require the energy of ATP hydrolysis to move ions across a membrane
8. The sorting of proteins to the matrix of mitochondria and to the lumen of endoplasmic reticulum displays many common features. Which of the following is used by one but not both of them:
A. a protein translocation channel
B. a receptor on the outer surface of the organelle
C. a signal sequence 
D. a contact site
E. an Hsp70 chaperone to pull the protein inside the organelle
F. an enzyme to cleave a signal response


9. Nuclear import receptors (importins):
A. keep newly synthesized cytosolic proteins in an unfolded, import-competent state
B. pull unfolded cargo proteins into the nucleus 
C. assist in the final folding of imported proteins into their mature, active conformation 
D. are exported from the nucleus into the cytosol for reuse
E. slow down the synthesis of proteins carrying the nuclear localization signal on free ribosomes in the cytosol
F. use the energy of GTP hydrolysis to assist the movement of up to 60 kDa cargo proteins carrying the nuclear localization signal through the water-filled channels of the nuclear pore complex. 


10. Calnexin and calreticulin are required for:
A. glycosylation of proteins in the lumen of the endoplasmic reticulum (ER)
B. specific proteolytic cleavage of proteins in the ER
C. formation of disulfide bonds in proteins that enter the ER lumen
D. recruitment of a small GTP-binding protein from the cytosol to the ER 
E. capturing cargo proteins into secretory vesicles that bud from the ER
F. binding to the ER retention signals of proteins that enter the ER lumen


11. which of the following statements regarding lipid bilayers is correct?
A. phospholipids will spontaneously form a flat sheet with exposed edges in a non-polar solvent
B. phospholipids will spontaneously form liposomes in a non-polar solvent
C. phospholipids will completely dissolve in a non-polar solvent due to formation of electrostatic bonds with sovent molecules
D. phospholipids will completely dissolve in a polar solvent due to hydrophobic interactions with solvent molecules
E. phospholipids will spontaneously form liposomes in a polar solvent
F. phospholipids will spontaneously form a flat sheet with exposed edges in a polar solvent

12. You have isolated a mutant line of mammalian cells deficient in a flippase that normally moves glycerol phospholipids with a terminal primary amino group from the outside (extracellular) leaflet to the inside (cytosolic) leaflet of the plasma membrane. Which of the following lipids is distributed equally in both leaflets of the plasma membrane in mutant cells:
A. sphingomyelin
B. a glycolipid
C. phosphatidylcholine
D. phosphatidylserine
E. phosphatidylinositol
F. none of the above

13. In paracrine signaling, the extracellular signaling molecules released by a signaling cell:
A. are secreted into the bloodstream 
B. are called hormones
C. are distributed widely throughout the body
D. act on target cells distant from their site of synthesis 
E. all of the above
F. none of the above 

14. During budding of transport vesicles from the transitional ER, adapter proteins on the surface of these vesicles are responsible for the incorporation of the following protein or the group of proteins into these vesicles:
A. lysosomal proteases
B. glucocerebrosidase
C. cystic fibrosis transmembrane conductance regulator
D. Na+/K+ ATPase of the plasma membrane
E. All of the above
F. None of the above

15. The two high affinity K+ binding sites in the molecules Na+/K+ ATPase in the plasma membrane:
A. are generated on the intracellular face of the plasma membrane due to the formation of an aspartyl-phosphate bond in this ATPase
B. always exist on the intracellular face of the plasma membrane
C. are generated on the intracellular face of the plasma membrane due to a specific conformational change of the ATPase resulting in the movement of Na+ ions through the protein
D. always exist on the extracellular face of the plasma membrane
E. are generated on the extracellular face of the plasma membrane due to the hydrolysis of the aspartyl-phosphate bond in this ATPase 
F. are generated on the extracellular face of the plasma membrane due to a specific conformational change of the ATPase resulting in the movement of Na+ ions through the protein. 

16. Three different Hsp70 proteins can be found in the cytosol, in the matrix of mitochondria and in the ER lumen. Although their function in protein import differ, all these Hsp70 proteins share the following common feature:
A. their synthesis is repressed in response to increasing the temperature at which cells are incubated
B. they all bind to sorting (signal) sequences that target proteins to organelles
C. they all assist in the final folding of proteins into their mature, active states
D. their synthesis is activated in response to decreasing the temperature at which cells are incubated
E. they all efficiently bind to unfolded proteins
F. they all use the energy of ATP hydrolysis to pull proteins into the matrix of mitochondria or into the lumen of ER

17. A protein is found to posses a carboxyl-terminal tetrapeptide KDEL (Lys-Asp-Glu-Leu). This protein is likely to be: 
A. transported to the plasma membrane
B. transported to peroxisomes
C. transported to lysosomes
D. imported into the nucleus 
E. transported to mitochondria
F. none of the above

18. a protein is found to be unable to fold properly in the ER lumen. This protein is likely to:
A. be packed into transport vesicles that will eventually bud from the ER
B. undergo the proteolytic cleavage of its ER sorting signal
C. form insoluble aggregates in the ER lumen
D. be degraded in the ER lumen 
E. be exported from the ER to the cytosol where it will be able to fold properly
F. be exported from the ER to the cytosol where it will be degraded

19. the Hsp70 chaperone in the mitochondrial matrix:
A. assists in the final folding of the translocated protein into its mature, active state
B. binds to the protein that undergoes translocation into the matric only after the matrix-targeting signal has been removed by a matric protease
C. is required for the binding of unfolded precursor proteins to channel-linked receptors in the outer mitochondrial membrane
D. promotes the formation of “contact sites” in the mitochondrial membrane 
E. binds to channel-linked receptors in the outer mitochondrial membrane 
F. none of the above




20. After being released from a free ribosome in the cytosol, a protein that carries a nuclear localization signal and has the molecular weight of 80kDa is likely to:
A. passively diffuse into the nucleus through the water-filled channel in the nuclear pore complex
B. use the energy provided by GTP hydrolysis in order to open the water-filled channel in the nuclear pore complex 
C. use the energy provided by ATP hydrolysis in order to be transported through the water-filled channel into the nucleus.
D. Be actively transported into the nucleus through the central plug of the nuclear pore complex
E. Use its nuclear localization signal for promoting its binding to an importin in the nuclear matrix
F. Use its nuclear localization signal for opening the water-filled channel in the nuclear pore complex

21. You have isolated a mutant line of mammalian cells deficient in an essential component of clathrin coat. This mutant line is exposed to be impaired in:
A. ribosome assembly
B. oxidative phosphorylation
C. biosynthesis of cholesterol
D. fatty acid oxidation
E. movement of K+ into the cell
F. biosynthesis of plasmalogens 

22. Clathrin-coated secretory vesicles are involved in protein transport:
A. from the endoplasmic reticulum to the cis-Golgi network
B. from the cis-Golgi network to the endoplasmic reticulum
C. from the cis-Golgi network to the lysosome
D. from the cis-Golgi network to the plasma membrane
E. from the trans-Golgi network to the lysosome
F. between Golgi cisternae 

23. The Hsp70 chaperone in the ER lumen:
A. pulls the protein that undergoes translocation into the ER lumen before the ER sorting signal of this protein has been removed by a signal peptidase in the ER lumen
B. is required for the binding of the SRP-ribosome complex formed in the cytosol to an SRP receptor 
C. binds to the protein that undergoes translocation into the ER lumen only after the ER sorting signal of this protein has been removed by a signal peptidase in the ER lumen
D. does not assist in the final folding of the translocated protein into its mature, active state
E. promotes the cleavage of the ER signal sequence peptidase in the ER lumen
F. none of the above

24. the NSF/SNAP complex:
A. promotes the attachment of transport vesicles to their target membranes
B. facilitates the formation of v-SNARE/t-SNARE complexes
C. is required during fusion of transport vesicles with their target membranes
D. is a small GTP-binding protein
E. promotes the disassembly of v-SNARE/t-SNARE complexes 
F. promotes GTP hydrolysis by small Rab proteins during fusion of transport vesicles with their target membranes


25. detergents and phospholipids have similar property in that they:
A. have two hydrocarbon tails
B. are shaped like cones
C. form bilayer in water
D. form micelles in water
E. are amphipathic
F. are shaped like cylinders

26. The receptor for nitric oxide (NO):
a. Is located on the outer surface of the plasma membrane
b. Is located on the inner surface of the plasma membrane
c. Is always located in the nucleus
d. Is always located in the cytosol
e. Is transported into the nucleus only after it binds nitric oxide
f. In the presence of nitric oxide, acts as an activator of transcription of nitric oxide inducible genes

27. The receptor for the steroid hormone thyroxine:
a. Forms a dimer only in the presence of tyrosine
b. Is located on the outer surface of the plasma membrane
c. Is always located in the nucleolus
d. Is located in the cytosol
e. In the absence of tyrosine, acts as a repressor of transcription of thyroxine inducible genes

28. The complex of the steroid hormone cortisol and its intracellular receptor:
a. Activates transcription of cAMP inducible genes
b. Represses transcription of cortisol regulated genes
c. Converts the extracellular signals to become intracellular signals
d. Phosphorylates specific target proteins
e. Dephosphorylates specific target proteins
f. [bookmark: _GoBack]None of the above



29. If pure phospholipids are placed in a single aqueous compartment, which of the following structures are they likely to form:
a. bilayered spheres (liposomes) with hydrophobic groups facing the centre of the sphere and the hydrophobic groups facing the outside of the sphere
b. bilayered spheres (liposomes) with the hydrophilic groups facing the centre of the sphere and the hydrophilic groups facing the outside of the sphere
c. bilayered spheres (liposomes) with the hydrophilic groups facing the centre of the sphere and the hydrophobic groups facing the outside of the sphere
d. bilayered spheres (liposomes) with the hydrophobic groups facing the centre of the sphere and the hydrophilic groups facing the outside of the sphere
e. bilayered sheets (flat bilayers) with the hydrophilic groups facing the outside surfaces
f. bilayered sheets (flat bilayers) with the hydrophobic groups facing the outside surfaces
30. the asymmetric distribution of glycerol phospholipids that contain a terminal primary amino group between the extracellular and cytosolic leaflets of the plasma membrane is due to:
a. lack of lipid translocases (flippases) that are specific for these glycerol phospholipids 
b. synthesis of these glycerol phospholipids only by enzymes that are exposed to the golgi lumen and exist only in the inner leaflet of golgi membrane
c. activity of lipid tranlocases (flippases) that moves these glycerol phospholipids only from the extracellular leaflet to the cytosolic leaflet of the plasma membrane 
d. activity of lipid translocases (flippases) that moes these glycerol phospholipids only from the cytosolic leaflet to the extracellular leaflet of the plasma membrane
e. synthesis of these glycerol phospholipids only in the extracellular leaflet of the plasma membrane
f. synthesis of these glycerol phospholipids only in the cytosolic leaflet of the plasma membrane 

31. the export of nuclear import receptors from the nucleus requires:
a. binding of importins to the NLS of their cargo proteins
b. removal of the NLS from cargo proteins by a matric protease
c. energy provided by ATP hydrolysis
d. dissociation of the “impotin-cargo protein” complexes
e. cytosolic ring of the NPC
f. energy provided by GTP hydrolysis




PART B: Short answers:

1. Each type of the organelles present in eukaryotic cells has its own distinctive composition of proteins and “small” molecules, such as ions and polar molecules briefly explain why.
Each organelle has a distinctive protein composition because different proteins have different sorting signals that target them to different organelles by different cytosolic shuttling “receptors” that bind to different receptor recognition (docking) proteins.
Each organelle has a distinctive composition of small molecules because different organelles have different transport proteins for these molecules. 

2. Name and briefly describe three types of phospholipid mobility in a lipid bilayer. Which of these types of phospholipid mobility is the slowest one? Why this type of phospholipid mobility is the slowest one? Which of these types of phospholipid mobility is responsible for the asymmetrical arrangement of choline-containing lipids in the plasma membrane bilayer?
1) lateral diffusion
2) rotation
3) flip-flop  the slowest one; because it requires for a hydrophobic head of a lipid to move through a hydrophobic part of the bilayer; is responsible for the asymmetric arrangement of choline-containing lipids. 

3. Why is cholesterol distributed equally in both leaflets of the lipid bilayer in various cellular membranes?
Because it has the smallest (as compared to other membrane lipids) hydrophilic head, which can easily move through a hydrophobic part of the bilayer.

4. Name three reagents that can be used to solubilize peripheral membrane proteins but are not suitable for the solubilization of transmembrane proteins. Briefly explain why these reagents do not disrupt the lipid bilayer and why they do solubilize peripheral membrane proteins.
1) high concentration of salt (NaCl, KCl)
2) high pH
3) low pH
They do not disrupt the lipid bilayer because they do not disrupt hydrophobic interactions
They solubilize peripheral membrane proteins because they disrupt the electrostatic interactions involved in the attachment of these proteins to the membrane. 




5. Name three features of transport vesicles that allow each organelle of the endomembrane system to maintain its own distinctive protein composition
1) these vesicles must take with them from the donor compartment only the protein appropriate to the downstream compartment of the endomembrane system.
2) These vesicles must specifically recognize (dock to) the next downstream compartment of the endomembrane system
3) These vesicles must specifically fuse to the next downstream compartment of the endomembrane system.

6. Briefly describe a series of events that precede the relocation of K+ ions form the external medium to the cytosol by the Na+/K+ ATPase in the plasma membrane.
1) 3 Na+ bind to the high-affinity Na+ binding site in the cytosolic face of the ATPase
2) transfer of a phosphate group from ATP to aspartate creates a high-energy acyl phosphate bond in the ATPase 
3) the formation of this high-energy acyl phosphate bond promotes the movement of 3 Na+ ions to the external face
4) Na+ ions dissociate; 2K+ ions bind to the high affinity binding sites on the extracellular face of the ATPase 

7. briefly describe three features that clearly distinguish antiporters and symporters from two other classes of transport proteins.
1) in contrast to ATP-powered pumps, they do not require the energy of ATP hydrolysis
2) in contrast to ion channels, they move only a few molecules at a time
3) the rate of transport ( 102 – 104 molecules/sec) is higher than that for ATP-powered pumps (100-103molecules/sec) but lower than that for ion channels (107 – 108 molecules/sec) 
4) in contrast to most ATP-powered pumps and all of the ion channels, they move two types of molecules.


8. You have cloned and sequenced two genes. One of these genes encodes a mitochondrial protein whereas the other one codes for a cytosolic protein. Briefly describe how you would use this information in order to identify a signal sequence that is both necessary and sufficient to direct the mitochondrial protein to the mitochondrion. 
Take a portion of the gene for the mitochondrial protein and fuse it “in frame” with the gene encoding the cytosolic protein. If a protein that is normally found in the cytosol is now located in the mitochondrion, the portion of the mitochondrial protein is sufficient to direct the mitochondrial protein to mitochondria. If a protein that is normally located in the mitochondrion can now be found in the cytosol, this portion is necessary for protein sorting. 


9. Name two functions of cytosolic chaperones MSF and Hsp70 in protein import into the mitochondrial matrix. What is the difference between these two chaperones?
1) both use the energy of ATP hydrolysis for keeping mitochondrial proteins in their confirmation
2) both deliver unfolded mitochondrial protein to the surface of mitochondria

Difference: MSF binds to the mitochondrial targeting signal, whereas Hsp70 binds to the rest of the protein molecule.

10. Name three functions of oligosaccharides covalently attached to proteins in the ER
1) protect the protein from degradation
2) retain the protein in the ER until it is properly folded
3) serve as a transport signal for packing the protein into appropriate transport vesicle

11. Name the five types of protein modification in the ER lumen that are essential for quality control of protein exit from the ER. Briefly explain why any protein must pass a quality control test in order to exit from the ER.
1) disulfide bond formation
2) glycosylation
3) specific proteolytic cleavage 
4) folding
5) assembly into multimeric protein complexes
protein must be taken out of the ER in its completely folded state, in which it exhibits 100% of its biological activity. Quality control test ensures that every protein that exits the ER is functionally active.

12. Name two functions of Rab proteins in the multistep process of fusion of transport vesicles with their target membranes. 
1) facilitate the formation of vSNARE/tSNARE complexes
2) by hydrolyzing GTP, they provide the energy for fusion of a vesicle with a target membrane

13. Name a protein complex that assists in the disassembly of the v-SNARE/t-SNARE complex. Explain why it is essential to disassemble the v-SNARE/t-SNARE complex.
NSF / SNAP complex.
The disassembly is essential because it allows the v- and t-SNARES to be reutilized for subsequent rounds of vesicle transport.





14. Name at least four features that clearly distinguish neuronal signaling from endocrine signaling. 
	Neuronal signaling
	Endocrine signaling

	1) extracellular signaling molecule is not delivered via bloodstream 
	1) extracellular signaling molecule is delivered via the bloddstream

	2) the name of an extracellular signaling molecule is a neurotransmitter
	2) the name of an extracellular signaling is hormone

	3) very fast (100m/s)
	3) much slower

	4) target cell is located very close to a signaling cell
	4) target cell is far away from a signaling cell




15. Name two functions of protein coat on the cytosolic surface of budding vesicles. Name the protein coat that is required for the retrieval of proteins carrying the ER retention signal that have escaped the ER by mistake.
1) it shapes the donor membrane into a bud 
2) it helps to capture only cargo proteins into budding vesicles 
protein coat required for retrieval: COPT








