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               Questions I – IX are multiple choice questions. Only one answer is correct for

               each question. Write down your answer on a blank answering paper. For

               example: Question VII, correct answer = A. Write each answer on a new line. 

               Questions X to XII are traditional questions that require longer answers.

Make sure that your copy of this examination paper is complete before answering.

                   Question I (1 point)
               Which protein is not a GTPase?

A) Ras.
B)             Cdc42.
C) Sos.
D) Rheb.
E)             Transducin.
                    Question II (1 point)
  One of the alternatives is not a lipid anchor for attachment of proteins to cellular 

  membranes. Which one?

A)            Glycosylphosphatidyl-inositol.

B)            Dolichol.
C)            Farnesyl
D)            Myristoyl.

E)            Palmitoyl.
                                Question III (1 point)
                   A type of organelles present in some eukaryotic cells contains both DNA and

                   thylakoid membranes. Which organelles?
                 A)     Chloroplasts. 
                 B)     Peroxisomes.
                 C)     Mitochondria.
                 D)     Multivesicular bodies.
                 E)     Lysosomes.

                                Question IV (1 point)

                 Antigen recognition by T cells in the absence of co-stimulation results in: 
A)     upregulation of B7.
B)     phosphorylation of immunoreceptor tyrosine based activation signals.
C)     T cell anergy.
D)     Expression of the high-affinity IL-2 receptor.
E)     No response.
                               Question V (1 point)
                Which of the following is not a protein that binds the cytoskeleton (actin
                microfilaments, microtubules, and intermediate filaments).
     A) 
    Spectrin.
     B) 
    Calnexin.
     C) 
    Fimbrin.
     D) 
    Filamin.
     E) 
    Myosin.
                              Question VI (1 point)
                Which of the following is not a complex involved in protein import or protein

                localization in mitochondria?
A)  
   OXA
B)       TIM 23.
C)       SAM.
D)       ESCRT.
E)       TOM.
           Question VII (1 point)
                What is a lectin?
A)     A hormone regulating fat storage.
B)     A cell surface receptor for lipoproteins.
C)     A protein that can bind to microtubules.
D)     A vesicle coat protein in the Golgi apparatus.
E)     A carbohydrate-binding protein.
           Question VIII (1 point)
               Which amino acid sequence is a signal for retrieval of proteins to the endoplasmic 

               reticulum (ER)?
A)            KDEL (-lys-asp-glu-leu).

B)            FGFGFG (-phe-gly-phe-gly-phe-gly-).

C)            SKL (-ser-lys-leu).

D)            GKKKGKK (-gly-lys-lys-lys-gly-lys-lys-).

E)            LALKLAGLDI (-leu-ala-leu-lys-leu-ala-gly-leu-asp-ile-).
                            Question IX (1 point)
                A glycoprotein with mannose-6-phosphate terminally in its N-glycans is:

A) A cell surface receptor.
B) A chaperone for mitochondrial protein import.
C) A lysosomal hydrolase underway to lysosomes.
D) A soluble nuclear protein import receptor.
E) A glycosyltransferase in the Golgi apparatus.
   Question X (3 points)
Describe the PI 3-kinase signaling pathway, and explain how it may prevent cell death. Use text only, not figures.
   Question XI (3 points)
  Explain the mechanism of how glucose is absorbed from the intestinal lumen.
  Question XII (3 points)
              Describe how a transport vesicle fuses with a target membrane. Mention the 

              important proteins involved by their general names. Describe also how specificity is

              achieved in fusion of transport vesicles to the correct target membrane.
Fasit question X:

Class I PI 3-kinase (PI3K) is a heterodimeric enzyme consisting of an 85-kDa (p85) regulatory and a 110-kDa (p110) catalytic subunit. The p85 subunit binds trough its two SH2 domains to two PTyr motifs on an activated receptor tyrosine kinase, thereby causing conformational activation of the catalytic subunit.

PI3K phosphorylates phosphoinositides in the 3'-position of the inositol moiety. The class I enzyme generates mainly PI(3,4)P2 and PI(3,4,5)P3 at the inside of the plasma membrane, whereas a class III PI3K generates mainly PI(3)P at intracellular membranes, e.g., to promote autophagic protein degradation.

PI 3-kinases are antagonized by inositol phospholipid phosphatases that dephosphorylate at the 3'-position. An inactivating mutation in the important growth-regulatory phosphatase PTEN may render the PI3K growth/survival signal constitutive, and thus predispose for cancer.

3'-phosphorylated phosphoinositides serve as "membrane pegs" for anchorage of proteins with PH (pleckstrin homology) binding domains. In survival signaling, such binding of the Ser/Thr protein kinases Pdk1 and Akt/PKB close together at the plasma membrane may allow the former to phosphorylate and partially activate the latter.

Akt is also phosphorylated (at a second site) by the Ser/Thr protein kinase mTOR, residing in a complex (mTORC-2) with the proteins Rictor and mLST-8.

The doubly phosphorylated Akt detaches from its phosphoinositide peg and translocates to the cytosol, where it can phosphorylate the apoptosis-regulatory protein Bad, causing the latter to detach from its binding to the anti-apoptotic protein Bcl-2. Binding of the phosphorylated Bad to a 14-3-3 protein helps to maintain it in an inactive state.

The liberated, active Bcl-2 is now free to promote cell survival by suppressing apoptotic death. (It does so by keeping mitochondrial channels closed, preventing efflux of the pro-apoptotic protein cytochrome c, but this story is not part of the present cell signalling curriculum).

Fasit question XI:
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TRANSPORTERS AND ACTIVE MEMBRANE TRANSPORT
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the transporters in these cells, solutes are moved across the epithelial cell layer
into the extracellular fluid from where they pass into the blood. As shown in Fig-
ure 11-11, Na*-linked symporters located in the apical (absorptive) domain of
the plasma membrane actively transport nutrients into the cell, building up sub-
stantial concentration gradients for these solutes across the plasma membrane.
Na*-independent transport proteins in the basal and lateral (basolateral)
domain allow the nutrients to leave the cell passively down these concentration
gradients.

In many of these epithelial cells, the plasma membrane area is greatly
increased by the formation of thousands of microvilli, which extend as thin, fin-
gerlike projections from the apical surface of each cell. Such microvilli can
increase the total absorptive area of a cell as much as 25-fold, thereby enhanc-
ing its transport capabilities.

As we have seen, ion gradients have a crucial role in driving many essential
transport processes in cells. lon pumps that use the energy of ATP hydrolysis
establish and maintain these gradients, as we discuss next.

glucose

There Are Three Classes of ATP-Driven Pumps

ATP-driven pumps are often called transport ATPases because they hydrolyze
ATP to ADP and phosphate and use the energy released to pump ions or other
solutes across a membrane. There are three principal classes of ATP-driven
pumps (Figure 11-12), and representatives of each are found in all procaryotic
and eucaryotic cells.

1. P-type pumps are structurally and functionally related multipass trans-
membrane proteins. They are called “P-type” because they phosphorylate
themselves during the pumping cycle. This class includes many of the ion
pumps that are responsible for setting up and maintaining gradients of
Na*, K+, H*, and Ca2* across cell membranes.

2. F-type pumps are turbine-like proteins, constructed from multiple differ-
ent subunits. They differ structurally from P-type ATPases and are found in
the plasma membrane of bacteria, the inner membrane of mitochondria,

659

Figure 11-11 Transcellular transport.
<GGAT> The transcellular transport of
glucose across an intestinal epithelial cell
depends on the nonuniform distribution
of transporters in the cell’s plasma
membrane. The process shown here
results in the transport of glucose from
the intestinal lumen to the extracellular
fluid (from where it passes into the blood).
Glucose is pumped into the cell through
the apical domain of the membrane bya
Na*-powered glucose symporter. Glucose
passes out of the cell (down its
concentration gradient) by passive
movement through a different glucose
transporter in the basal and lateral
membrane domains. The Na* gradient
driving the glucose symport is maintained
by a Na* pump in the basal and lateral
plasma membrane domains, which keeps
the internal concentration of Na* low.
Adjacent cells are connected by
impermeable tight junctions, which have
a dual function in the transport process
illustrated: they prevent solutes from
crossing the epithelium between cells,
allowing a concentration gradient of
glucose to be maintained across the cell
sheet, and they also serve as diffusion
barriers within the plasma membrane,
which help confine the various
transporters to their respective membrane
domains (see Figure 10-37).





Spørsmål XII:

En perfekt besvarelse tar med:

Tethering factors (tjoringsfaktorer) på vesikkel og målmembran. Det kan for eksempel være rab og rab effector.

Dernest interaksjonen mellom V-snare og T-snare og deres coil-coil interaksjoner med alfa heliks domener som tvinger/presser membranene sammen.

Spesifisiteten avgjøres vha flere mekanismer (blant annet vha cytoskjelettet – men dette forventer jeg ikke at noen omtaler). De bør vite at det er ulike rab-proteiner (over 50) som interagerer med spesifikke rab-reseptorer – thethering factors/rab effectors Her ligger det spesifisitet. Det er også spesifisitet i v-SNARE t-SNARE interaksjonene, da disse også har spesifikk struktur og er ofte kjent ved spesifikke navn som for eksempel i nerveceller.

Hvis de nevner SNAP og NSF som nødvendige for at prosessen skal kunne gå i gjentatte sykluser er det fint, men disse har så langt ikke blitt knyttet til spesifisitet.
