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Why Membrane Proteins?

Golgi Apparatus

Endoplasmic
Reticulum

Nucleus

itochondria
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constitutive membrane proteins

Ribosome Assembled Protein

mRNA
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Why Membrane Proteins?

= Biologically very important roles such as signal transduction.

= About 30% of all proteins encoded in known genome.

= Its folding and stability are governed by unique hydrophobic

and hydrophilic membrane environment.

= Membrane environment is essential, but it makes experimental

studies very difficult.
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CHARMM Membrane Force Fields

Topology Files: Parameter Files:
top_all27_lipid.rtf, par_all27_lipid.prm,
top_all27_prot_lipid.rtf, par_all27_prot_lipid.prm,
top_all27_na_lipid.rtf par_all27_na_lipid.prm

toppar_all27_lipid_cholesterol.str

LPPC  0.00 ! deoxylysophosphatidylcholine

DLPE  0.00!1,2 dilauroyl-DL-Phosphatidylethanolamine

DMPC 0.00! 1,2 dimiristoyl-SN-glycero-3-Phosphorylcholine
POPC 0.00 ! 1-palmytoil-2-oleoyl-sn-glycero-3-Phosphatidylcholine
POPE 0.00 ! 1-palmytoil-2-oleoyl-sn-glycero-3-Phosphatidylethanolamine
PCGL 0.00 ! glycerolphosphorylcholine

PALM -1.00 ! palmitate

OLEO -1.00! oleic acid

DHA -1.00 ! docosahexaenoic acid

STEA -1.00! stearoyl acid chain

SDS -1.00 ! dodecylsulphate
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CHARMM Membrane Force Fields

LPPC  0.00 !deoxylysophosphatidylcholine

DMPC 0.00!1,2 dimiristoyl-SN-glycero-3- thznne, O,, /O
Phosphorylcholine serine R\/\ /'P\
POPC  0.00 ! 1-palmytoil-2-oleoyl-sn-glycero-3 "o o9
Phosphatidylcholine O\\ }03
PCGL 0.00! glycerolphosphorylcholine 0 ® C2
POPE 0.00 ! 1-palmytoil-2-oleoyl-sn-glycero-3- @< >C1
Phosphatidylethanolamine g
DLPE  0.00 ! 1,2 dilauroyl-DL- e
Phosphatidylethanolamine HsC (=0
PALM -1.00 ! palmitate ©),
OLEO -1.00! oleic acid saturated. (CHy).
DHA  -1.00 ! docosahexaenoic acid gﬁgatufated(l DB) 1
STEA -1.00 ! stearoyl acid chain polysaturated (2+ DB) °

hydrocarbon chains

SDS -1.00 ! dodecylsulphate
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How to Assemble and Simulate?
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How to Assemble and Simulate?
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Assembly of uncorrelated pieces!

!

Equlibration, Equilibration, and Equilbration

Two Ensembles of Interest

NPAT : constant pressure
surface area (along XY)
temperature

NPYT : constant pressure
surface tension
temperature

Zhang et. (1995) IGRo4H3+1 0262




Membrane Builder: Step 1
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Lipid Surface Area
60.7 A2/ DMPC @ 303 K
64.0 A2/ DPPC @ 323 K
i 68.3 A2/ POPC @ 303 K
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Membrane Builder: Step 2
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Membrane Builder: Step 3
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Step 4

Membrane Builder

© Wonpil Im , 2006.
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Step 5

Membrane Builder
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Step 1

Insertion Method

© Wonpil Im , 2006.

MMTSB/CTBP Summer Workshop



Insertion Method: Step 2
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Step 3

Insertion Method
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Step 4

Insertion Method
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Observables: Density Distribution
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Observables: Lipid Order Parameters
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Observables

Z=0

Lipid Length
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lllustration : gramicidin A

PMF (kcal/mol)
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KcsA K* Channel

Illustration

Berneche & Roux (2001 ¥ Natuaien4 240q.3
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