Chem* 3560 Question set 9 Mar 8-12, 2004

1.

What kind of experimental evidence would indicate that a protein crosses from one side
of the membrane to the other?

Regionsof polypeptide part exposed on the outside of the membrane can be probed either by
exposure to protease (e.g. trypsin) or by reagents that act on specific amino acids, where the
reagent is too polar to crossthe hilayer.

I midates react with amino groups such asLys

NH v polar, impermeant NH
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If the reagent includes a very polar group such asthe sulfonate, then it will be unable to cross
the bilayer, and isan impermeant reagent that only reacts on the exposed outer surface. If
the reagent carries radioactive atoms such as tritium in place of hydrogen, the protein will
become radioactive only at lysnesthat are externaly exposed, and these can be detected.
Thistype of procedure where areagent acts selectively on particular amino acidsis caled a
labdlling experiment.

Cdl membranes can be disrupted and resedled insde out vesicles. Exposureto trypsin or
impermeant  reagents will reved portions of proteins that were origindly on the insde surface of
the bilayer.

Any protein that can be labdled by both procedures must be a transmembrane protein.

Other common labdling Iﬁ rT-:D Iﬁ ‘fc'

procedures include iodination HDOC—CH —» HO C—CH

_of t_yrosineswith redioactive Ili rqu | rllIH
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If apolar oxidant is used,

only externally exposed tyrosines will be labelled.

Type 1 and type 2 topologies consist of a single transmembrane helix, but in opposite
orientations. How might this be established experimentally?

Labdling reactions are carried out as described above, and the polypeptide is andyzed by
proteolytic cleavage. Labelled peptides should separated from unlabelled by chromatography,
and their amino acid sequence determined to identify where they fit in the complete polypeptide.
Type 1 topology should be labdled from N-termina to the tranmembrane hdlix when
impermeant reagent is applied outside, and type 2 labelled from the C-terminus.
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3. How would you determine that a protein had multiple transmembrane helices?

The protein is reacted with an impermeant reagent as above, and the locations of |abelled
peptides identified as described in question 2. In this case, label should be found &t periodic
intervas dong the polypeptide. A transmembrane helix should be 21-25 amino acids in length,
s0 there should be at least 50 amino acids between groups of labelled amino acids.

Normadly there will be a ste labdled from the opposite Sde in between each cluster, but this
may not aways be the case, if the amino acid that isthe target for the labdling reaction is not
present in one of the connecting loops.

m\ aming acids labelled by reagent from
outside

e amino acids labelled on inside out
wesicles

21-25 AAs

s -+ — - — -

4, How can a cell tell when one of its integrins has
bound to an appropriate ligand?

Integrin
(resting)

When the integrin binds its ligand, the externan

domain formed by the a and b subunits changes integrin
conformation, so that the transmembrane helices with
spread apart. In the spread state, integrin molecules ligand
cluster together in apatch, and thisadlows bound

recruitment of regulatory tyrosine kinases indde the
cdl.
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5. A partia sequence of glycophorin (amino acids 51-100) is

Val Tyr Pro Pro Gu Au GQu Thr Au Qu Arg Val dn Leu Ala Hs Hs Phe Ser Qu
Pro Gu Ile Thr Leu lle Ile Phe Ay Val Met Ala Ay Val Ile Ay Thr Ile Leu Leu
Ile Ser Tyr Ay Ile Arg Arg Leu Ile Lys.

VYPPEEETEERVQLAHHFSEPEI TLI | FGVMAGVI GTI LLI SYG RRLI K

Use the table of vaues given in lecture 26 to draw a hydropathy plot.. Compare your result
with Fig. 12-17 &) in Lehninger p.403 (Note the aboveisonly apartia sequence, but does
include the tranamembrane region.

FrotScale output for user seguence

3 T T T T T T T T T
Hphobk. [« Egte # Doolittle
2.5 .
E f— -
1.5 .
1 f— -
v
S B.5 —
I predicted transmembrane
darnain
B f— -
-8.5 | .
_1 — —
-1.5 | .
-z 1 1 1 1 1 1 1 1 1
S 1@ 15 2a 25 2@ a5 4@ 45 S@

Foszition



Chem* 3560 Question set 9 Mar 8-12, 2004

6. A partial sequence of LacY (Lactose permease) is

I LE SER LEU PHE SER LEU LEU PHE &GN PRO LEU PHE GLY LEU LEU SER ASP LYS LEU GLY
LEU ARG LYS

Draw the helical whee! for this lle
sequence.  What doesit tell you
about the probable function and
location of this subsequence?

AM922 ppg

Each amino acid is located 100° around
the whee from its predecessor. Y ou can Lys:
mark 18 places (5 turns of hdix) before

you return to the same spot. Leu.

Mogt of the left Sde of the whed isnon Leu
polar. Thetwo exceptionsare Lys at 21
position 18 and Arg at position 22, so Leu
these may represent the part of a

transmembrane hdlix that interacts with the phospholipid headgroups rather than the core.

It looks like aminoacids 1-15 are near the hydrocarbon core of the bilayer. Those amino acids
thet fal on the left Sde of the whed are non-polar and may contact the bilayer directly. Those
amino acids on the right of the whed are probably facing the interior of the transmembrane
protein.

7. Compare the role of the HIV fusion protein GP41 described in Lehninger pp. 406-407
with the mechanism of SNARE mediated fusion.

How is the viral fusion mechanism similar to SNARE mediated fusion?
How isit different?

The virus HIV targets cells through two proteins, GP 41 and GP 120 (GP=glycoprotein,
polypeptide with attached oligosaccharide chains. 41 and 120 refer to the Size in kiloDatons.
GP120 identifieswhich cdlsto infect by binding to a cdl surface protein caled CDA4.
Unfortunatdly the cdllsthat carry CD4 happen to be important for developing an immune
response, so HIV killsthose cells that might otherwise be responsible for mounting immune
defences.

When GP120 binds CD4, it exposes GP 41. GP 41 is anchored into the viral envelope by a
transmembrane domain at the C-termina, but the N-terminal carries a second potential
transmembrane domain, which spearsinto the host cell.. GP 41 then forms a hdix bundle which
folds over and wraps around itsdf, in amanner very smilar to how t-SNARES wrap around the
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V-SNARE. When the vird envelope it pressed tightly againgt the host cdll plasma membrane,
fusion will occur.

Why does the virus not have an equivalent for NSF and SNAP?
Why does the SNARE mechanism need NSF and SNAP?

NSF and SNAP unwind the helix bundle of v-SNARE and t-SNARES so that the components
can be reused to fuse more vesicles. Without NSF and SNAP, acdl will have one round of

fusion, but won't be able to sugtain fusion over the longer term.

The virus attacks the host cdl as aone-time event. The virus does not need to reuse the fusion

components once the initia fuson is complete.

How do symport and antiport transporters maintain strict 1: 1 stoichiometry for

transport?
Symport: Aot + Bow ® Ain + By
Antlmrt Ain + Bout ® Aout + Bin

These processes don’t Smply represent two substrates
sharing the same transporter. Instead both substrates take
part in adigtinct reaction cycle.

For symport, the reorientation of the trangporter only occurs
when both substrates occupy the binding Stein the
trangporter, so one molecule of each must be transported.

For antiport, passage of the first substrate reorients the
trangporter to face the other sde of the membrane, and
passage of the second substrate brings the transporter back
to itsorigind date.

One molecue of each substrate must bind to complete the
reaction cycle, dthough each molecule tekespart ina
different stage of the process.

S, binds sympgﬂ
TS
5+ bind o
Inas
2 _}‘ in

o

S

1
release ' °
inside ‘<I s,

51 binds
—}3 in
$1

antiport release
:_}.
'82 binds
s,

release {-
o




