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Interaction of the C-Terminus of N-ras with Membranes

§ Many proteins involved in signal transduction have posttranslational fatty acid 
modifications.

§ Ras is an oncogene and therefore an important therapeuthic target.

GTP



Biophysics of Membrane Insertion of Ras

§ Ras acquires a farnesylation during biosynthesis not sufficient to 
permanently anchor the protein in the plasma membrane.

§ Posttranslational palmitoylation provides sufficient hydrophobicity for 
permanent membrane insertion. 



Why is the Membrane Anchor of Ras Important?

§ The structure of the N-terminus (1-166) is 
known from x-ray and solution NMR

§ No structural model of the lipidated 
membrane bound C-terminus exists

H-Ras and K-Ras are PM -associated proteins, which are 
ubiquitously expressed in mammalian cells. These highly 
homologous proteins interact in vitro with the same set of 
effectors but generate distinct signaling outputs in vivo
[24]. K-Ras is a more potent activator of Raf-1 than H-Ras, 
but is a less efficient activator of phosphoinositide 3-kinase 
[25]. The molecular mechanisms underlying these differ-
ences are of considerable biomedical importance, because 
activating mutations in different Ras isoforms are associ-
ated with specific tumor types [24]. H- and K-Ras have 
identical effector-binding sites. Therefore, biological dif-
ferences are most probably imparted by the C-termini of 
the proteins that mediate PM association and differ 
considerably in amino acid sequence ( Figure 1). Both Ras
isoforms are farnesylated, but the complete



Chemical Synthesis of Full-Length Ras Protein



1H-13C and 13C-13C Correlation Experiments

22 kDa Ras Protein in DMPC-d67 membrane (1:150), T = 303 K



Structural Information from Isotropic Chemical Shifts 

§ 13C Cα chemical shifts show a strong correlation with the backbone 
conformation of a protein

§ α-helix:       Cα á Cβ â

β-sheet:      Cα â Cβ á

Spera & Bax, 1991

¢ random coil p α-helix q β-sheet

random coil

α-helix

β-sheet



TALOS – Torsion Angle Prediction

Torsion Angle Likelihood Obtained from Shift and sequence similarity



Structural Results for Membrane Bound Ras Protein 

Σ 11 structural constraints

+ Pro is in trans conformation

C 181 M 182

G 183 L 184

P 185

è TALOS prediction is not unique!



Structure of the C-Terminus of Membrane Bound Ras Protein



Comparison between simulated and measured torsion angles

100 ns MD simulation of 4 
ras peptides in a matrix of 
60 DMPC molecules

S. Feller, Wabash College, 
Crawfordsville, USA



C-Terminus of the Human N-ras Protein

è 13C-13C dipolar coupling measurement is not feasible for sensitivity reasons

è Additional structural constraints may come from protein-membrane interactions

☺ Intermolecular cross-relaxation rates provide this information 

L 1H MAS NOESY only works for small peptides



C-Terminus of the Human N-ras Protein

è 13C-13C dipolar coupling measurement is not feasible for sensitivity reasons

è Additional structural constraints may come from protein-membrane interactions

☺ Intermolecular cross-relaxation rates provide this information 

L 1H MAS NOESY only works for small peptides

è Synthesis of a model peptide:

è 1:10 molar mixing ratio with DMPC , ~50 wt% H2O

16:0                               16:0



1H MAS NMR of DMPC/ras Membranes

Huster et al., Angew. Chem. Int. Ed. 40 (2001) 1056-1058



1H MAS NOESY



NOESY Cross-relaxation Rates

§ Ras backbone and sidechains are membrane inserted

Huster et al., J. Am. Chem. Soc. 125 (2003) 4070-4079



NOESY Cross-relaxation Rates

§ Ras backbone and sidechains are membrane inserted

Huster et al., J. Am. Chem. Soc. 125 (2003) 4070-4079



Structure of the C-Terminus of Membrane Bound Ras Protein



TALOS Structural Model of the C-Terminus of Ras Protein 

N-Terminus (1-166)

Membrane Anchor (180-186)

Linker Domain (167-179)

Reuther et al., Angew. Chem. Int. Ed. 45 (2006) 5387-5390



Structure Refinement

§ TALOS prediction is not unique!

§ No side chain information from isotropic chemical shifts

§ fully 13C/15N labeled
§ phospholipid / peptide ratio: 10:1

è Get more structural constraints from the ras peptide:



Torsion Angle Measurement



Torsion Angle Measurement

M182

L184

è Experimentally determined torsion angles confirm predictions by TALOS.

Cys181 and 186 Gly180 and 183



13C Detected 1H-1H NOEs

§ Measure intramolecular NOEs (for protons: distances ≤5 Å)
§ 13C detection for better resolution
§ Mixing time of 100 ms 

17 additional NOE constraints



Backbone Structure of Ras

Ras peptide C-terminus of the Ras protein

11 constraints28 constraints



Structural Model of Membrane-Associated Ras
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