
Summary of the Dissertation 
 
 
The first half of this thesis is dedicated to dynamic and structural studies on the 

interaction between the C-terminus of the N-Ras protein with phospholipid membranes 

using solid-state NMR. In this work, three semi-synthetic N-Ras proteins were 

constructed by replacing the native palmitoyl chain with hexadecyl chain to give better 

stability. To facilitate the NMR study, the C-terminal N-Ras peptide was labeled in an 

alternating pattern with 13C and 15N to increase signal intensity and to suppress the 

background signals from the lipid matrix. Furthermore, the hexadecyl chain of the 

peptide was labeled with 2H to study the dynamic behavior of the lipid chain in the 

phospholipid membrane. The proteins were synthesized using the chemical biology 

approach, through ligation of chemically synthesized labeled C-terminal lipidated peptide 

with the non-labeled N-terminal water-soluble N-Ras protein. The ligation strategy was 

done through the Michael addition of cysteine at C-terminal of soluble N-Ras protein to 

MIC group of labeled lipidated peptide. This synthetic method gave moderate yield 

which were sufficient for the solid state NMR study.  

 

Different MAS NMR experiments such as Bloch-decay 13C experiment, CP 13C 

experiment, 13C-13C and 13C-1H correlation experiments were performed to establish the 
13Cα, 13Cβ, 13CO and 1Hα chemical shifts for the C-terminus of the membrane-bound N-

Ras protein. The chemical shifts for the C-terminus of the membrane-bound N-Ras 

proteins determined in the MAS NMR experiments provided the input parameters for the 

structural calculations. The program package TALOS was used for the empirical 

prediction of Φ and Ψ backbone structure of the membrane-binding domain of Ras from 

the isotopic chemical shifts.  

 

A simulated annealing protocol was used for structural calculations of the C-terminus of 

the membrane-bound lipidated Ras protein based on the torsion angle obtained from 

TALOS prediction. The computer simulation revealed that the global fold of the C 

terminus of the N-Ras protein in the membrane resembles a horseshoe. The membrane 

anchor of Ras has no regular α-helical or β-sheet motifs. The membrane topology of the 



protein is determined by hydrophobic interactions between the lipidated cysteine and 

hydrophobic side chains. The lipid-binding domain is linked to the GTP-binding N-

terminal region of the protein by a linker domain, which is putatively flexible. In contrast 

to H-Ras, there is currently no known structure (or no available structural studies) of the 

C-terminus of N-Ras. However, considering that there is 92 % sequence homology 

between H-Ras and N-Ras it can be assumed that these structures are very similar.  

 

Deuterium-labeled hexadecyl lipid chain at cysteine 181 of N-Ras protein was used to 

obtain the dynamic information of the N-Ras lipid chain’s interaction with phospholipid 

membranes. The dynamic results calculated from 2H NMR indicate that the chain inserts 

into the hydrophobic membrane interior with almost no energy cost, thereby largely 

retaining its configurational entropy and leaving the host matrix relatively unchanged. 

The dynamic properties of this lipid chain completely differ from that of the phospholipid 

membrane, registering a comparatively low order parameter and high motional amplitude 

inside the phospholipid membrane.  

 

The backbone and side chain molecular mobility of the seven isotopically labeled C-

terminal amino acids of Ras were studied by 13C MAS NMR spectroscopy. The order 

parameter of backbone and side chain was determined by 2D dipolar coupling chemical-

shift correlation experiment (DIPSHIFT). The order parameter of farnesylated cysteine 

186 is about 60% higher than that of hexadecylated cysteine 181. This observation 

suggested that the farnesyl modification of cysteine 186 is relatively rigid. In summary, 

the C-terminus of membrane-associated full length Ras protein shows a versatile 

dynamics. 

 

The second half of the thesis dealt with the identification of peptide inhibitors of Rab 

GGTase, which is an enzyme of Rab proteins. The lead compound of the peptide 

inhibitors is the natural product Pepticinnamin E. The synthesis of peptides library 

employing hydrazine linker has shown to be an efficient method to generate a large 

compound library in a short time. By using this traceless linker, around 380 derivatives of 

Pepticinnamin E were generated. Two oxidation cleavage methods were used to released 



the peptides from the solid support, namely, NBS/pyridine, and Cu(OAc)2/pyridine 

leading to different derivatives at C-terminus of peptides.   

 

Out of these 382 peptide inhibitors, 18 compounds have been found to be active against 

Rab GGTase, with IC50 values between 1 µM to 70 µM. From the structure activity 

relationship analysis, peptides which contain a long lipid chain at its N-terminus and a 

moiety with metal chelating ability at C-terminus were found to be the most active 

substrate to inhibit Rab GGTase activity.  

 

Three compounds, 59, 80 and 81, were found to have in vivo activity against Rab 

GGTase. These three peptides were subjected to selectivity screening to determine their 

potency against FTase, GGTase I and Rab GGTase. These three peptides have shown 

high inhibitory selectivity of Rab GGTase over FTase and GGTase I. Of which, 81, 

which consists of these two features mentioned above, has IC50 value of around 1 µM 

against the enzyme. The kinetic studies of 81 have revealed that the inhibitor is a non-

competitive inhibitor of Rab GGTase with respect to the lipid substrate and has a Kd 

value of around 600 nM.   

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


