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Fig. S1 The model of AFA-PLB (PDB code 1N7L), showing its four dynamic domains, 

highlighted as: domain Ia (residues 1-16) in yellow, loop (residues 17-21) in green, domain Ib 

(residues 22-30) in blue and domain II (residues 31-52) in red. PLB has three distinct structural 

domains; CP-helix and TM-helix connected by the loop region.  
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Fig. S2 A schematic representation showing the sarcoplasmic reticulum Ca2+-ATPase (SERCA) 

regulatory mechanism of phospholamban (PLB). (A)-(B) Dynamic equilibrium between the 

storage homopentamer and active monomer. (B) Equilibrium between the different 

conformational states of PLB, depending on the orientation of N-terminal cytoplasmic domain of 

PLB. (C) Binding and inhibition of SERCA by the extended conformer of PLB. (D) 

Phosphorylation cause dissociation of pPLB form SERCA-PLB inhibitory complex and SERCA 

retrieves its Ca2+ transport activity. 
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Fig. S3 Final snapshots of PLB (starting with extended conformer, Figure 1B of main text) (A) 

in pure POPC (cholesterol-free) bilayers and (B) in POPC bilayer containing 33.33 mol % of 

cholesterol. Phospholipids are shown as thin green lines, cholesterols as blue sticks and PLB as 

red cartoon.  
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Simulation with 50 mol% cholesterol (E50) 

The cholesterol concentration reminiscent of biological membrane is typically about 10 – 30 

mol%, although it may reach beyond the half of lipid concentration in specific membranes of 

higher vertebrates, e.g. it may reach 50 % in red blood cells and 70 % in the ocular lens.1-4 Our 

additional simulation of PLB with 50 mol % of Chol together with our previous simulations, 

effectively cover the entire range Chol concentration: from 0 to 50 mol % in POPC bilayer and 

provide a more comparative and detailed study of effect of Chol on PLB conformational 

dynamics.   

Fig. S4 (A) Initial (extended conformer as starting structure) and (B) final snapshots of PLB in 

POPC bilayer containing 50 mol % of cholesterol. Phospholipids are shown as thin green lines, 

cholesterols as blue sticks and PLB as red cartoon. 
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Secondary structure of phospholamban 

Table S1 Average (over entire simulation time span) helicity of phospholamban and its domains 

 

Simulations* of PLB in different 

POPC/cholesterol bilayers 

 

PLB helix (%) 

 

N-terminal helix (%) 

 

C-terminal helix (%)

Chol 0 mol% 83.23 ± 3.36 79.56 ± 9.62 92.43 ± 1.63 

Chol 11.11 mol% 77.92 ± 2.31 78.22 ± 5.36 87.9 ± 2.42 

Chol 22.03 mol% 72.66 ± 3.69 52.08 ± 7.58 91.18 ± 2.62 

Chol 33.33 mol% 71.14 ± 4.8 69.85 ± 8.98 86.62 ± 4.9 

*Starting form “L-shaped” PLB conformer 
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Salt bridges of phospholamban 

 

Table S2 Salt bridges observed in different PLB systems  

 

Negatively charged 
residues 

 

Positively charged 
residues 

 

Probability of salt bridge formation (%) 

L0 L11 L22 L33 

Glu2 Lys3 5.62 20.33 9 4.7 

Glu2 Arg9 5.3 3.8 9.21 3.5 

Glu19 Arg13 - 17.85 29.46 57.06 

Glu19 Arg14 11.77 - - - 

Glu19 Arg25 2.44 1.8 3.56 2.11 

 

Fig. S5 Salt-bridge formed between Arg13 and Glu19 of PLB in L33 (containing 33.33 mol % of 

cholesterol) system. 
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Lipid-protein interactions 

POPC-PLB hydrogen bonds  

 

Fig. S6 Average number of hydrogen bonds formed between individual residues of CP-domain 

(residues 1-16) of PLB with POPC head group.  
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Cholesterol-PLB hydrogen bonds 

 

Fig. S7 Average number of hydrogen bonds (A,C,E) formed between PLB (residues 1-30) with 

hydroxyl group of cholesterol, along with their existence percentage (B,D,F).   
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Table S3 The average interaction energy between N-terminal helix of PLB and membrane 

Cholesterol concentration (mol %) Interaction energy (KJ/mol) 
0 -649.14±31.53 

11.11 -874.19±39.01 
22.03 -988.08±32.85 
33.33 -1102.69±33.26 

50 -1198.58±56.82 
 

 

 

  Table S4 Lateral Diffusion Coefficients of Local POPC (within 10Å of PLB heavy atoms) 

Systems Cholesterol concentration  

(mol %) 

Lateral Diffusion Coefficients  

(10-8 cm2/sec) 

L11 11.11 4.011± 0.32 

L22 22.03 2.94 ± 0.13 

L33 33.33 2.25 ± 0.21 

 

The lateral diffusion coefficients of the local POPC molecules are smaller as compared to the 

overall lateral diffusion coefficient values of all POPC present in the system (Fig. 9, inset plot, 

main text). 

 

 

 

 

Stronger interaction 
with increasing 
cholesterol 
concentration 

Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 2011



 

11 
 

References 

1 L. V. Schäfer, D. H. de Jong, A. Holt, A. J. Rzepiela, A. H. de Vries, B. Poolman,  J. A. Killian 

and S. J. Marrink, Proc. Natl. Acad. Sci. U. S. A., 2011, 108, 1343-1348. 

2 J. W. O’Connor and J. B. Klauda, J. Phys. Chem. B, 2011, 115, 6455–6464. 

3 T. Ro´g, L. M. Stimson, M. Pasenkiewicz-Gierula, I. Vattulainen and M. Karttunen, J. Phys. 

Chem. B, 2008, 112, 1946-1952. 

4 Z. Cournia, G. M. Ullmann and J. C. Smith, J. Phys. Chem. B, 2007, 111, 1786-1801. 

Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 2011



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


