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Outline

1. Membrane proteins
and how they enter the
membrane

2. Describe how CGMD
can be used for PMF
calculations

3. Outline how PMF
calculations can shed
light on membrane
protein insertion










Helix Insertion
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Helix insertion into the
membrane is mediated by the
translocon

How does the translocon
select transmembrane vs.
non-transmembrane helices?

Attempt to answer this
guestion by calculating the
energetics of an
experimentally studied helix
In a bilayer



%

Structure of the Translocon
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Structure of the Translocon




Energetics of Insertion via Experiment
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Potential of Mean Force
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Reaction Coordinate




Understanding the Profile
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PMEF (klJ/mol)

PMFs for Variable Helix Lengths
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TM2-19 profile suggests a G of insertion of ~+25 kJ/mol




PMEF (klJ/mol)
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TM2-29 profile suggests a G of insertion of ~-46 kJ/mol




PMEF (klJ/mol)
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TM2-39 profile suggests a G of insertion of ~-114 kJ/mol




Comparison with Experiment
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PMFs for Variable Bilayer

Widths
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TM2-39 profile in DHPC suggests a G of insertion of ~-59 kJ/mol




Comparison with Experiment
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*Reducing the width of the hydrophobic region through which the
helix travels by ~33% reduces the G by ~50%

*The difference between PMF calculations and experimental
measurements may be explained if the helix moves through a
hydrophobic region which is smaller than the bilayer



Can We Be More Quantitative?

Which helix length to use?

— 19 residues is too short to span the bilayer and 39 residues is
much longer than experiment, therefore use 29 residue result
( G =-46 kd/mol)

How much difference does changing the hydrophobic region
from 30 A to 20 A make?

— Reduces G by a factor of ~2

What result does the experimental measurements give?
— A G of ~-6 kd/mol

So how thin a hydrophobic region do we estimate might be in
the translocon?

— About 5 A — compares well with hydrophobic region of pore ring



Initial Conclusions

There Is a disparity between the order of
magnitude G measured in experiment (of order 5
kJ/mol) and that calculated from CG PMFs (of
order 50 kJ/mol)

This suggests that the experiments don’t measure
the G of the helix in the membrane; instead they
measure the G of the helix as inserted by the
translocon

The PMFs and experiment agree if we assume the
helix enters a hydrophobic region of ~5 A

This figure brings to mind the hydrophobic ‘pore
ring’ at the constriction point in the translocon
channel



Changing Starting Structure Affects Profile



1-D PMF Calculations
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1-D PMF Profiles Show a Limited Free Energy
Landscape

Tilt angle of ~0°indicates TM position (left); ~90° indicates IF position (right)
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Conclusions
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