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Figure S1: Overlay of the AN values obtained from 1H-15N HSQC spectra of 0.32 mM β2m in the presence of 1.6 mM Tempol 
at 298 K, with relaxation delay of 0.2 s (green), 0.5 s (blue) and 4 s (red). The b-strand location and naming along the sequence 
is reported with yellow strips. The b-strand location and naming along the sequence is reported with yellow strips. 
 

 
 
 
 
 
 
 

  



Figure S2: (A) Amide hydrogen chemical shifts of a selected group of β2m residues measured as a function of the Tempol/ 
protein concentration ratio (R). (B) Overlay of ESR spectra of Tempol (blue) and Tempol: β2m, 1:1 (red) and Tempol: β2m, 
1:5 (green).  
 

 

 

 
 
 
 
 
 

 
  



Figure S3: Relative intensity of individual backbone NH signals from HSQC spectra  measured for 0.32 mM β2m samples, with 
and without 1.6 mM Tempol, at different temperatures and relaxation delays (D1): (A) D1= 0.5 s at 298 K; (B) D1= 4 s at 298 
K; (C) D1=0.5 s at 310 K; (D) D1=5 s at 310 K. The red and green lines represent the average relative intensity and the 
displacement by one standard deviation, respectively. 
 
 

 

 
 
 
 
 
 
 
  



Figure S4: Relative intensity of individual backbone NH signals from HSQC spectra measured for 50 µM β2m samples, with 
and without 250 µM Tempol, at 298 K and different relaxation delays (D1): (A) D1= 0.5 s; (B) D1= 4 s. The red and green lines 
represent the average relative intensity and the displacement by one standard deviation, respectively. 
 
 

 
 
  



Figure S5:  (A) Average depth from surface of β2m amide hydrogens throughout 100 ns MD simulationa. (B) Experimental AN 
[eq] values against computed average depth of β2m amide hydrogens. The correlation has  a p value of 4.5´10-4  and is 
therefore statistically meaningful. 

 
 

 

  



 

aThe coordinates of β2m were obtained from the structure of human class I major histocompatibility complex (PDB code: 
3HLA)1. The protonation states of titratable groups were assigned using the Bluues server available at the URL 
http://protein.bio.unipd.it/bluues/ 2,3. For TEMPOL the structure was built using, as a starting template, the structure of the 
spin label reported by Sezer et al.4, then adapting the parameters from CHARMM forcefield with the charges assigned using 
the algorithm of Gasteiger and Marsili5.  Molecular dynamics simulations were carried out with the program NAMD 2.96 
using the Generalized Born Surface Area (GBSA) implicit solvent model7 employing the Onufriev-Bashford-Case (OBC) 
model8. A high concentration box with 26 TEMPOL molecules arranged on a cubic grid surrounding a protein molecule was 
simulated imposing elastic spherical boundary conditions9. Four 5 ns simulations were conducted at 298 K and 310 K. 
Reference explicit solvent simulations were performed for 110 ns at 298 K and 310 K essentially as previously described10. 
Analysis was performed on the last 100 ns. The depth of amide protons was obtained as the generalized Born radius 
computed according to the GBR6 model1,11. The molecular surface was generated using the program MSMS12 and the GBR6 
was computed using the program Bluues1. For all the exposed locations listed in Table 1of main text, the corresponding 
amide hydrogens possess average distances from the surface between 0.18 and 0.49 nm. A qualitative correlation also 
emerges between the extent of attenuation and the depth figure, i.e. the larger the depth, the lower the attenuation. 

 
  



Figure S6: (A) NMR experiment carried out on HOD, in the absence and presence of Tempol, to highlight the enhanced 
recovery of the off-equilibrium magnetizationa. Below the 1H pulse line, the  G line indicates the magnetic gradient pulse 
timing.   (B) HOD signal intensity as a function of the B (magnetic field induction) gradient strength obtained with the 
sequence sketched in panel A, in the absence (black) and in the presence of 10 mM (blue) or 100 mM (red) Tempol. Each 
series of values was normalized to the respective value obtained at zero B gradient. (C) Same as in panel B, but with double 
normalization for the data acquired in presence of Tempol, namely with an additional initial scaling with respect to the 
corresponding intensities sampled in the absence of Tempol, prior to applying the zero-gradient-value normalization within 
each series.  

 

 

aThe experiments were acquired at 600 MHz and 298 K with 1% H2O in D2O samples at varying Tempol concentrations (0, 
10, 100 mM), by collecting 16 scans preceded by 64 dummy scans with a relaxation delay (D1) of 0.2 s. A magnetic field 
gradient along the z-direction was applied with a 100 µs pulse of differing strengths, i.e. 0-1% with respect to the maximum 
of 67 Gauss/cm. To demonstrate the Tempol-induced enhancement of the signal acquired with short relaxation delay, the 
sequence included a small field gradient between the pulse and the acquisition. The gradient should represent the dephasing 
contributed by slow or intermediate exchange processes. Expectedly, if the experiment is done comparing pure HOD and 
Tempol-doped HOD as a function of the gradient strength, a larger recovery should be obtained from doped HOD because 
of the effect of R1p. The effect should increase on increasing the gradient. The results confirm the expectations. 
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Figure S7: Fitting (blue curve) of 0.36 mM β2m relaxation dispersion data. The plots report the transverse relaxation rate 
(s-1) as a function of the 180º pulse spacing (s-1). (A) 298 K; (B) 310 K. The experimental data points (red circles) are reported 
with the corresponding error bars. 

 
 



 
  



Table S1: Parameters for the fitting of the curves reported in Figure S7 as obtained from the dedicated routine of Dynamics 
Center software package (Bruker)a. The values of c2 (Pearson’s c2  test statistic) and the related probability density function 
are reported for each fitted data set. 
 

298K 
 

Name 
R20 

[1/s] 
 
Error 

kex 
[1/s] 

 
Error c2 p-density 

 R3 17.86 0.79 2.46 1.18 1.13E-01 1.72E-13 

I7 19.66 0.77 2.55 0.87 4.44E-01 2.10E-09 

 V9 16.26 0.28 2.13 0.40 3.80E-01 7.35E-10 

Y10 17.46 0.40 1.95 0.54 3.66E-02 6.68E-17 

S11 17.93 0.28 117 14 4.29E-01 1.68E-09 

R12 19.06 0.32 112 16 1.72E-01 3.12E-12 

H13 19.15 0.68 1.81 0.99 1.39E-01 7.42E-13 

E16 18.23 0.38 2066 11 2.35E-01 2.76E-11 

F22 15.55 0.29 2.4 11.6 4.53E-02 4.08E-16 

Y26 18.78 0.36 38.0 5.7 8.79E-01 2.02E-07 

D34 15.87 0.35 129 30 4.53E-02 2.99E-16 

  I35 15.12 0.18 1.27 0.31 9.04E-02 3.67E-14 

V37 15.05 0.14 22.0 27.4 5.86E-01 1.36E-08 

L40 17.44 0.27 46.8 26.9 9.2 E-02 4.15E-14 

      N42 16.6 0.19 25.8 22.2 1.67E-01 2.57E-12 

E47 18.17 0.23 27.4 25.2 3.97E-01 9.83E-10 

V49 12.76 0.14 1.32 0.20 8.53E-02 2.43E-14 

E50 16.26 0.27 1.60 0.40 3.84E-01 7.84E-10 

L54 20.04 0.54 2.15 0.70 4.49E-01 2.30E-09 

S61 17.21 0.71 3032 29 3.09E-01 1.78E-10 

L64 17.43 0.42 4.94 1.63 4.28E-02 2.01E-16 

Y67 17.24 0.23 119 30 4.20E-01 1.44E-09 

E69 15.01 0.17 2907 4 4.10E-01 1.22E-09 

F70 17.17 0.25 1237 8 4.21E-01 1.49E-09 

Y78 16.56 0.23 324 24 3.36E-02 3.72E-17 

C80 17.12 0.21 51.0 27.2 1.23E-01 3.20E-13 

      N83 17.14 0.23 41.2 29.4 1.40E-01 7.69E-13 

H84 15.64 0.20 2512 21 1.12E-01 1.58E-13 



I92 16.17 0.21 729 17 6.42E-01 2.53E-08 

V93 17.44 0.26 6.4 22.0   4.89E-01   4.06E-09 

R97 15.54 0.28 1.68 0.38    8.27E-02    1.97E-14 

310K 
Name 

R20 
[1/s] 

Error 
kex 

1/s] 
Error c2 p-density 

Q2 18.26 0.12 1.53 0.17 8.40E-02 2.20E-14 

R3 15.3 0.08 123 10 1.44E-01 9.18E-13 

V9 12.31 0.09 0.94 0.18 1.82E-01 4.69E-12 

Y10 12.53 0.11 0.91 0.24 7.78E-02 1.29E-14 

S11 13.22 0.05 29.7 25.7 1.79E-01 4.17E-12 

H13 14.9 0.05 4.4 31.5 1.02E-01 8.51E-14 

N17 23.52 0.20 45.7 25.1 2.29E-01 2.29E-11 

F22 11.31 0.04 16.2 30.0 5.80E-02 1.66E-15 

N24 13.23 0.05 24.8 17.0 2.12E-01 1.32E-11 

Y26 13.72 0.06 21.4 23.0 4.79E-01 3.55E-09 

S28 13.45 0.05 0.80 0.33 2.93E-01 1.25E-10 

D34 11.33 0.04 1.91 6.68 5.88E-02 1.83E-15 

L40 12.75 0.05 0.59 0.25 7.65E-02 1.15E-14 

N42 12.01 0.03 14.7 25.7 1.82E-01 4.76E-12 

E47 17.33 0.07 17.0 15.0 4.15E-01 1.34E-09 

K48 14.64 0.05 0.57 0.38 6.02E-02 2.15E-15 

V49 10.15 0.02 23.6 18.6 1.13E-01 1.70E-13 

F56 14.02 0.15 0.87 0.39 5.57E-02 1.25E-15 

S61 12.57 0.10 7522 1        2.18E-01      1.62E-11 

L65 15.4 0.08 1.77 0.13 1.72E-01 3.11E-12 

Y67 12.42 0.03 28.6 26.5 2.21E-01 1.79E-11 

C80 12.5 0.03 17.8 24.1 9.37E-02 4.70E-14 

L87 11.42 0.03 17.6 23.4 2.08E-01 1.18E-11 

V93 12.19 0.04 21.4 20.1 6.11E-01 1.81E-08 

R97 13.36 0.04 0.60 0.24 1.11E-01 1.49E-13 

D98 10.29 0.02 35.9 40.6 1.09E-01 1.38E-13 
 



aThe routine employed by Dynamics Center models the experimental data with the best fitting out of three different 
functions, depending on whether the dispersion curve is flat (independent on the effective field), or modulated by slow or 
fast exchange rate. In the slow exchange limit, the fitting function is13: 

																					𝑹𝟐(𝝉𝑪𝑷) = 𝑹𝟐𝟎 + 𝒌𝒆𝒙 − 𝒌𝒆𝒙
𝐬𝐢𝐧(𝚫𝝎𝝉𝑪𝑷)
𝚫𝝎𝝉𝑪𝑷

																								 

where R2(τCP) is the transverse relaxation rate determined as a function of time between the CPMG 180° pulses, τCP,  R20 is 
the transverse relaxation rate without exchange contribution, kex is the exchange rate constant, ∆ω is the chemical shift 
difference between the two exchanging states. The other function used by Dynamics Center to fit relaxation dispersion data 
refers to the fast exchange limit14:  

																										𝑹𝟐(𝝉𝑪𝑷) = 𝑹𝟐𝟎 +
𝚽𝒆𝒙

𝒌𝒆𝒙
6𝟏 −

𝟐𝐭𝐚𝐧𝐡;𝒌𝒆𝒙𝝉𝑪𝑷𝟐 <

𝒌𝒆𝒙𝝉𝑪𝑷
= ;	𝚽𝒆𝒙 = 𝒑𝑨𝒑𝑩𝚫𝝎𝟐  

where pA and pB are the fractional populations of the two exchanging states. 
 
 
  



Table S2: Selected 15N NMR T1r values at different spin-lock field strengths of 0.32 mM β2m measured at 60.82 MHz (15N 
frequency) and 298 Ka. 
 

Residue 
T1r [ms]  

SL=3.00 kHz 
T1r [ms]  

SL=1.67 kHz 
Q2 94±5 84±3 
I7 91±5 83±3 

H13 76±2 64±3 
F22 91±3 74±3 
Y26 86±4 75±6 
G29 95±19 82±23 
D34 78±10 65±2 
E36 96±7 88±5 
L40 85±2 76±2 
N42 95±7 90±3 
K48 87±3 75±3 
S55 74±4 53±5 
F56 80±3 59±3 
D59 68±1 53±5 
S61 90±5 85±10 
L64 84±5 65±11 
E69 95±8 83±4 
C80 86±3 73±5 
L87 81±2 79±2 
V93 94±9 81±3 
K94 90±5 85±8 
D96 87±6 84±7 
R97 96±5 90±5 
D98 119±5 94±5 

 
a T1r  measurements were performed with the sequence of Daye and Wagner16 using spin-lock field strengths (SL) of 3.00 
and 1.67 kHz and 20 spin-lock intervals ranging between 0 and 160 ms, with 3 repetitions at short, medium and large intervals 
for error estimation. The HSQC detection was performed with quadrature in F1 obtained by Echo/Antiecho-TPPI, gradient 
coherence selection and flip-back pulse for solvent suppression17-19. In all measurements, an interscan relaxation delay of 3 
s was allowed. The number of scans  for each collected relaxation interval was 32. The experiments were acquired in the 
pseudo3d mode and processed with the Bruker Dynamics Center software. Offset corrections15 were applied.   
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