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Question 1 (18 points) — Organization of the cell
(4 points) Name two organelles in animal cells that are enclosed by two membranes.
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(6 points) Cellular dimensions: In each case, circle the number that is closest to:

a) The size of a mammalian red blood cell:
0.7um 70 pm
b) The thigkness of a lipid bilayer:
50nm 500nm

c) The size of the selectivity filter of the K* channel:
0.1nm é{% 10nm

(8 points) Are the following statements “True’ or ‘False’

a) All ribosome subunit assembly occurs in the nucleolus

False (v\oS( A we (CN wad ko honmdan o v‘\\thwug

b) Cells that make mostly secreted proteins have a lot of smooth endoplasmic
reticulum

False

¢) The mitochondria in bacterial cells have their own DNA

Fu\&&

d) The nucleolus is separated from the remainder of the nucleus by a membrane

False
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Question 2 (18 points) Nucleocytoplasmic transport, methods in cell biology:

A drug that specifically blocks the interaction of exportin with all cargoes is added to
tissue culture cells. Shortly after addition of the drug, what would the effects be on:

a) (2 points) The localization of newly assembled ribosomal subunits

bk coummlade tn wedews

b) (2 points) Export of mRNAs from the nucleus

No effeck

¢) (2 points) The export of importin from the nucleus to the cytoplasm
No efled-

(6 points) Since there is mixing of nuclear and cytoplasmic proteins during mitosis,
how is the nucleocytoplasmic gradient of Ran-GTP re-established when the nuclear
envelope reassembles after mitosis?

bam - QEf astonndyy vl o bovney /WM-\\,,
donsing, wedbeiex (T geishn) cud:j’)
KaMrCr‘k? 0 ek sutete ahd A FL chanivega e ‘dm “
Wham S vt by emmvelope fomt avoud dhnvwnisie
afhe valke by Ve GEF T3 Gn e edeny - WM—Q\M
Ut u)\eﬁ\o-_wv\ — VMGt opv oty \A_"(JH\,;‘M

. o . (2 penh)
(6 points) In what way can we study trafficking in cells with green fluorescence
protein (GFP) that we could not do previously with electron microscopy? In what
way has it changed our view of cell structure?
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~ Question 3 (18 points) Membrane proteins
a) (9 points) Use the membrane diagram below to draw how the mature LDL
receptor, cytochrome P450 and BiP are arranged within the ER membrane and the
ER lumen. Indicate the amino- and carboxy-terminus of each protein.
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[Note: numbers indicate amino acid positions]
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b) (9 points) Protein translocation of LDL receptor, cytochrome P450 and BiP is
studied in an in vitro translocation assay. The assay takes advantage of (1) in vitro
translation reactions (IVT) in the presence of rough microsomes (RM), or (2) in vitro
translation reactions (IVT) in the presence of purified SRP (no rough microsomes).
Assume that all factors necessary for translation are present in both cases. In each
case, the proteins obtained are separated on a gel (SDS-PAGE). Use the gel below to
indicate the position and label the molecular weight of each of the translation
products that you expect in each reaction. For simplicity, assume that each amino
acid has a molecular weight of 100 Da.
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Question 4: (18 points) Vesicle trafficking

Are the following statements ‘True’ or ‘False’?
a)(2 points) Transmembrane proteins that are resident in the ER have a KDEL motif

\:ads <
b) (2 points) Dynamin is required for COPII-coated vesicles to bud off the ER

F‘MJL

¢) (2 points) Patients with I-cell disease secrete all of their lysosomal enzymes into
the extracellular fluid

TV\A e.

d) (2 points) Individual clathrin-coated vesicles that form at the plasma membrane
can simultaneously contain both LDL-receptor and transferrin receptor molecules

Tvue

e) (2 points) The binding of v-snares and t-snares is facilitated by NSF and ATP
hydrolysis

Folse

f) (4 points) Compare what happens to the LDL-receptor and its ligand with what
happens to the transferrin-receptor and its ligand in the low pH of the endosome.
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g) (6 points) Explain the cisternal maturation model of trafficking cargoes through the
Golgi apparatus i.e. in this model, what happens to cargoes and what happens to
resident Golgi enzymes?
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s Question 5: (/ﬂ points) Putting it all together....
You perform a FLIP (fluorescence loss in photobleaching) experiment on a cell where
the low-density lipoprotein receptor (LDL receptor) is fluorescently labeled. You
bleach and measure from different regions of the cell membrane.
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a) (2 points) On the axes provided, draw the result you would expect for a FLIP

experiment conducted at 37°C. Label this line ‘37°C".

b)(2 points) On the same axes, draw the result you would expect for a FLIP

experiment conducted at 4°C. Label this line ‘4°C’.

¢)(6 points) On the same axes, draw the result you would expect if the experiment

was done at 37°C in the presence of a drug that inhibits dynamin function. Label this
~— line ‘+ dynamin’ Explain why this line is or is not the same as the lines drawn in

either (a) or (b) X
VAL ‘v\\AL\v\e\'v\/
Taw $\>?\°\A\M\:\\\ Lede W wao VLN»\SV b& ve U-&)(‘YS &,.W\ SR
veglem ho Mo ollwy WG pandlo c.75<° s K Vbjc)k‘ws
\yuk \/‘-0\( t’/‘b \A/l‘e—ffvox Aﬂ%sﬁ\i\OV\ (A—To:v\b &\'\I aﬁ.fka—\pl-“g\_\
2. ?c';V\\O &'H k &)
d) (8 points) What happens to LDL receptor levels in cells if the cells had been treated

with a statin? (increase, decrease or unchanged). Explain the mechanism by which statins
would have this effect.
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