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Ring Current Effects: 

 

 
Figure S1: Histogram of ring current effects calculated for Cδ1 nuclei of T4 lysozyme 
L99A (pdb: 3dmv), maltose binding protein (pdb: 3hpi), malate synthase G (pdb: 2jqx), 
C-terminal SH2 domain of phospholipase C-γ1 (pdb: 2pld), B1 immunoglobulin binding 
domain of peptostreptococcal protein L (pdb: 1hz6) and human ubiquitin (pdb: 1ubq). 
The ring current effects were calculated using a modified version of ShiftX1 that includes 
the Cδ1 nucleus of Ile residues (program available upon request).  
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Density Functional Theory Calculations of 13Cδ1 Chemical Shifts: 
 
 All density functional theory calculations described below were carried out with 
Gaussian 03 Rev. B.052.  
 
Generation of model complexes 

 
Figure S2.  Structure of the model complex used for calculating chemical shifts of the Cδ1 
atom as a function of χ2 (Figure S3). The model complex was generated from the N59-
I60-K61 fragment of the protein L crystal structure (pdb: 1hz6) and modified with 
Molden 4.8 (http://www.cmbi.ru.nl/molden/) to generate the final complex. 
 
Initial geometry optimizations 
 An initial geometry optimization of the model complex structure was performed 
using the three-parameter Becke-Lee-Yang-Parr (B3LYP) exchange-correlation-
functional in the 6-31G*3,4 basis set (resulting in 231 basis functions). Initially, 
(χ1,χ2)=(300o,170o) and the backbone was placed in a β-sheet extended conformation. 
The χ2 dihedral angle and all atoms marked with * in Figure S2 were frozen during the 
geometry optimization. The structure shown in Figure S2 is the result of the initial 
optimization, where the χ1 angle has changed slightly to 301.1ο. 

Model complexes with different χ2 dihedral angles χ2={10, 30, 40, 45, 50, 55, 60, 
65, 70, 75, 80, 90, 110, 130, 150, 160, 165, 170, 175, 180, 185, 190, 195, 200, 210, 230, 
250, 270, 280, 285, 290, 295, 300, 305, 310, 315, 320, 330, 350} degrees were generated 
from the initially optimized model using an in-house written program and structures were 
subsequently optimized using a B3LYP functional in the 6-31G* basis set, fixing the χ2 
dihedral angle and the atoms marked with * in Figure S2. 
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Calculation of chemical shifts 
  Chemical shifts were calculated using the geometry optimized structures of each 
of the 39 model complexes using the EPR-III5 basis on all atoms (resulting in 718 basis 
functions). The EPR-III basis is particularly advantageous for calculating chemical shifts 
since it has been optimized to enhance the description of electron density in the nuclear 
region. Chemical shifts were calculated using the gauge-independent atomic orbital 
(GIAO)6 approach implemented in Gaussian 03 (see Figure S3). 

 

 
Figure S3. Calculated chemical shifts, δ(Cδ1), and shieldings, Δσ, for the 39 model 
complexes with different χ2 angles, geometrically optimized as described above. The 
continuous black line is a smooth interpolation between the individual calculated points 
that are shown in red. The chemical shifts δ(Cδ1) were calculated as δ= −(Δσ−Δσref), 
where Δσref was determined so that the chemical shift corresponding to random coil δRC= 
0.32δ300 + 0.04δ60 + 0.64δ170 agrees with the experimentally observed random coil 
chemical shift of 12.9ppm7, where δx is the chemical shift calculated for χ2=x. The 
coefficient 0.32 was obtained from 〈pgauche-〉δ = 32% (Figure 2b), while the coefficient 0.04 
derives from the fact that 2 of the 49 residues used in our database were in the G+ 
conformation (Figure 2a). 
 
Derivation of Eq 3 
 
By assuming that trans and gauche− are the only populated rotameric states the 
population pgauche− can be isolated from eq 2: 
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 3J(Cδ1,Cα)=3Jtrans(Cδ1,Cα)ptrans+3Jgauche-(Cδ1,Cα) (1−ptrans)    ⇒ 
 
 3J(Cδ1,Cα) = 3Jtrans(Cδ1,Cα)(1−pgauche-)+ 3Jgauche-(Cδ1,Cα)pgauche-    ⇒ 
 
 3J(Cδ1,Cα) − 3Jtrans(Cδ1,Cα) = pgauche-(3Jgauche-(Cδ1,Cα)− 3Jtrans(Cδ1,Cα))   ⇒ 
 

 pgauche− =
3 J(Cδ1,Cα ) − 3 Jtrans (Cδ1,Cα )

3 Jgauche− (Cδ1,Cα ) − 3 Jtrans (Cδ1,Cα )
     (S1) 

 
Inserting Eq. S1 into Eq 1 gives: 
 

 

δ(Cδ1) = (δ(Cδ1)gauche− − δ(Cδ1)trans )pgauche− + δ(Cδ1)trans

=
3 J(Cδ1,Cα ) − 3 Jtrans (Cδ1,Cα )

3 Jgauche− (Cδ1,Cα ) − 3 Jtrans (Cδ1,Cα )
(δ(Cδ1)gauche− − δ(Cδ1)trans ) + δ(Cδ1)trans

= 3 J(Cδ1,Cα ) δ(Cδ1)gauche− − δ(Cδ1)trans

3 Jgauche− (Cδ1,Cα ) − 3 Jtrans (Cδ1,Cα )

  − 3 Jtrans (Cδ1,Cα ) δ(Cδ1)gauche− − δ(Cδ1)trans

3 Jgauche− (Cδ1,Cα ) − 3 Jtrans (Cδ1,Cα )
+ δ(Cδ1)trans    ,

 

 
Thus, the correlation in Figure 2a is given by 
 

 
slope = δ(Cδ1)gauche− − δ(Cδ1)trans

3 Jgauche− (Cδ1,Cα ) − 3 Jtrans (Cδ1,Cα )

intercept = − 3 Jtrans (Cδ1,Cα ) δ(Cδ1)gauche− − δ(Cδ1)trans
3 Jgauche− (Cδ1,Cα ) − 3 Jtrans (Cδ1,Cα )

+ δ(Cδ1)trans
 

 
Using 3Jtrans(Cδ1,Cα) ≈ 3.7 Hz and 3Jgauche(Cδ1,Cα)  ≈ 1.5 Hz8 one obtains that 
  
 δ(Cδ1)trans − δ(Cδ1)gauche− = 5.5 ppm 
 
 δ(Cδ1)trans = 14.8 ppm 
 
The Gauche100 Conformation is Not Populated in Solution 
 
From the DFT calculations shown above we found that δ(Cδ1)gauche100 – δ(Cδ1)trans ≈ 4.5 
ppm. In Figure 2 we observe no experimental data point with a chemical shift of ~ 19 
ppm and a small coupling constant, which strongly suggests that the gauche100 
conformation that is observed in 2% of the crystal structures is not present in the solution 
state.  
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Protein Sample Conditions 
 
A sample of the A39V/N53P/V55L mutant of the Fyn SH3 domain was prepared by 
protein over-expression in M9 minimal media with 3g/L [1-13C]-glucose as the sole 
carbon source, essentially as described in detail previously9,10. The sample was 1.0 mM in 
protein, 0.2 mM EDTA, 0.05% NaN3, 50 mM sodium phosphate, 90%/10% H2O/D2O, pH 
7.0. Also, a sample of [1H,15N,13C]-L99A T4 lysozyme was prepared as described 
previously11.  The sample was 1.1 mM in protein, 50 mM sodium phosphate, 25 mM 
NaCl, 2 mM EDTA, and 2 mM NaN3 at pH 5.5. 
 
 
NMR Spectroscopy and Data Analysis 

Relaxation dispersion measurements on A39V/N53P/V55L Fyn SH3 
Single quantum 13C relaxation dispersion profiles12 were recorded at 20 oC and at 

magnetic fields strengths of 11.4 and 18.8 T for the A39V/N53P/V55L Fyn SH3 domain. 
Relaxation dispersion profiles, R2,eff(νCPMG), were generated from peak intensities, 
I1(νCPMG), in a series of 2D 1H-13C correlation maps measured as a function of CPMG 
frequency, νCPMG =1/(4τCP), where 2τCP is the interval between consecutive 180o-
refocusing pulses of the CPMG sequence. Effective relaxation rates were calculated as 
R2,eff(νCPMG) = ln(I0/I1(νCPMG))/Trelax, where I0 is the peak intensity in a reference spectrum 
recorded without the relaxation delay Trelax

13. Dispersion profiles were recorded with Trelax 
= 40 ms and 14 values of νCPMG ranging from 50-950 Hz, along with 2 repeats for error 
analysis. 
  All data sets were processed and analyzed with the NMRPipe program14 and 
signal intensities were quantified using the program MUNIN15. Relaxation dispersion 
data were analyzed using a two-state exchange model, 

 
A kAB

kBA
   B  and the best-fit model 

parameters were extracted as described previously16 using the program CATIA16 which is 
available from http://pound.med.utoronto.ca/software.html. Briefly, the parameters are 
obtained by minimization of the target function, 

 χ 2 (ζ ) =
R2,eff
clc (ζ ) − R2,eff

exp( )2

ΔR2,eff
exp( )2∑               (S2) 

where R2,eff
exp  and exp

effR ,2Δ  are experimental effective relaxation rates and their 

uncertainties, respectively, )(,2 ζclc
effR  are calculated relaxation rates obtained by numerical 

integration of the Bloch-McConnell equation17, ζ = {x1,…,xnpar} denotes the set of 
adjustable model parameters (including Δϖ) and the summation in Eq S2 is over the 
number of experimental data points. 
 
Quantitative 3J measurements on L99A mutant of T4 Lysozyme 

Three-bond scalar coupling constants 3J(Cα,Cδ1) were measured for the Ile 
residues of the L99A T4 lysozyme mutant using the pulse scheme published previously18 
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with a constant time delay for coupling evolution set to T = 58 ms. The data were 
processed and analyzed with the NMRPipe program and signal intensities were quantified 
using the program Sparky19. Subsequently, 3J(Cα,Cδ1) couplings were calculated from the 
ratio of the intensities of the diagonal peak Id=(13Cmethyl,13Cmethyl,1Hmethyl) and the cross peak 
Ic=(13Cmethyl,13Calpha,1Hmethyl) from 
 
 Ic/Id = tan2(π 3J T)        (S3) 
 
 
3J(Cα,Cδ1) scalar couplings and δ(Cδ1) chemical shifts: 
 
The following data were used to generate Figure 2 and Eq 3. 
 
Protein L 20 
Residue 3J(Cα,Cδ1) (Hz) δ(Cδ1) (ppm) 
11 3.7±0.1 14.30 
60 3.0±0.1 12.32 
 
 
Human ubiquitin (measured in-house) 
Residue 3J(Cα,Cδ1) (Hz) δ(Cδ1) (ppm) 
3 3.6 14.4 
13 3.2 14.6 
23 2.3 9.5 
30 3.6 15.4 
36 3.3 13.8 
44 2.4 12.7 
61 3.5 14.5 
 
 
C-terminal SH2 domain of phospholipase C-γ1 (peptide free)21 
Residue 3J(Cα,Cδ1) (Hz) δ(Cδ1) (ppm) 
47 3.39 13.8 
55 2.84 13.1 
81 1.90 8.7 
99 2.42 11.2 
 
 
T4 Lysozyme L99A mutant (see above) 
Residue 3J(Cα,Cδ1) (Hz) δ(Cδ1) (ppm) 
3 3.32 15.08 
9 3.93 15.74 
17 3.74 14.65 
27 3.58 16.49 
29 3.44 13.50 
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50 2.05 9.36 
58 3.86 14.50 
78 3.80 13.72 
100 3.28 13.44 
150 3.63 14.55 
 
Calmodulin (Cam-M13)18 (bmrb no. 5770) 
Residue 3J(Cα,Cδ1) (Hz) δ(Cδ1) (ppm) 
9 3.0±0.2 13.1 
27 1.7±0.2 15.6 
52 2.1±0.2 10.5 
63 2.7±0.2 10.5 
85 3.1±0.2 13.2 
100 3.0±0.2 16.1 
125 1.9±0.2 9.50 
130 2.9±0.2 12.70 
 
 
Rat Nedd4 WWIII domain - ENaC bP2 Peptide Complex22 (bmrb no. 4963) 
Residue 3J(Cα,Cδ1) (Hz) δ(Cδ1) (ppm) 
29 3.15±0.01 15.33 
33 3.59±0.01 13.73 
48 3.08±0.01 12.75 
 
Maltose Binding Protein  (bmrb no. 4354)23 
Residue 3J(Cα,Cδ1) (Hz) δ(Cδ1) (ppm) 
9 3.03 14.50 
33 1.93 10.25 
59 3.67 13.81 
60 3.38 14.63 
79 2.70 12.33 
104 1.81 14.65 
108 1.40 10.05 
116 3.43 13.72 
132 3.20 12.40 
161 3.27 13.14 
199 3.32 14.23 
226 3.48 11.81 
266 3.49 13.82 
317 2.35 12.54 
329 2.47 12.34 
333 2.78 12.77 
368 3.74 15.28 
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