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Figure S1: Theoretical dependence of NMR spin relaxation parameters

(a) Dependence of the NMR spin relaxation parameters R;, R,, and NOE as a function of
various CSA values and NH vector orientation with respect to the principal axis frame for a 'H
frequency of 600MHz. The synthetic data were obtained by assuming local model-free
combined with an axially symmetric molecular reorientation from equations 4-7 of the main
text. Typical parameters for restricted local backbone dynamics in the protein core were used
with S? = 0.84, a local motion Tj,c = 10 ps, a global tumbling 1. = 5.0 ns and an anisotropy D)/D |
of 1.3. (b) Dependence of the NMR spin relaxation parameters R;, R,, and NOE as a function
of various CSA values in the case of isotropic model for a 'H frequency of 1200MHz. (¢)
Dependence of the NMR spin relaxation parameters R;, R,, and NOE as a function of various

CSA values in the case of isotropic model for a 'H frequency of 600MHz.
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Figure S2: Theoretical dependence of NMR spin relaxation parameters for a high anisotropy

Dependence of the NMR spin relaxation parameters R, R,, and NOE as a function of various
CSA values and NH vector orientation with respect to the principal axis frame for a 'H
frequency of 1200MHz. The synthetic data were obtained by assuming local model-free
combined with an axially symmetric molecular reorientation from equations 4-7. Typical
parameters for restricted local backbone dynamics in the protein core were used with S? = 0.84,
a local motion Ty, = 10 ps, a global tumbling 1. = 5.0 ns and an anisotropy D;/D, of 2.5.
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Figure S3: Representation of the different parameters S°, 17,. and residue-by-residue CSA as
a function of residue number.

Each residue is described by 50 randomly oriented NH vectors. S2, 1;,. and CSA were sampled
according to a gaussian distribution with a mean and standard deviation of 0.85 + 0.03, 20 £ 5
ps and -170 + 25 ppm for the S?, 1}, and CSA respectively. The bottom right panel shows the
orientation of the NH vectors with respect to the PAF (in red).
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Figure S4: Representation of the synthetic relaxation parameters R;, R; and NOEs.

The parameters are calculated according to the above parameters and for a magnetic field of 9.4

(blue), 14.1 (red), 21.4 (violet) and 28.2 T (green), hence a 'H frequency of 400, 600, 900 and
1200 MHz.
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Figure S5: Representation of the calculated order parameters.

The S? are derived from the above relaxation parameters at each magnetic field: 9.4 (blue), 14.1
(red), 21.4 (violet) and 28.2 T (green) and by considering a uniform CSA value of -170 ppm. It
is noteworthy to observe a large spread of S? for the highest magnetic field (green) when a
constant value of CSA is used. The black line represents the values of S? fixed for the

simulation.
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Figure S6: Fits of the dependence of 2R’y -R’; on @y’ for all considered residues in ubiquitin

The green lines are the least-squares fit lines with the logarithm robust method fit lines (see
paragraph 3). The value of y?/df for the least-squares fit is given in the lower right corner of
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each panel. The 95% confidence level y%/df cutoff for this fit (which has 2 degrees of freedom

2.99.



I . I 5 e 1m0 g 3 211 e 3 pom.

e o of o
= E n =
= g ‘. P b by
" o l . ol o}
) l o o 1}
) - . g )
] u ol
o # o K ) m
o 2, b o
2, 3, b =037 ¥ dt=033 2 Zidt=061 4 L

VHata20 | Cia1=050 N o 4 at=0.41 | S =031 1
i i S e . S S . T <
0 Gy et 0 10" e’ 0 20" s’ 2

419 poe oAt pem 14 g g, 218 po 1200 418 gon 13081 g 412 pow 288 g 18 g 1082 pom, 020 gon i,
. :
| " ) of =
| o b b B b
) r . L o} " “l
; ] ) ] : :
l i o} r
b ) o} ] i )
ol ol 2 al )
\Cidi=0.5T ) 1of

hat0.07 o idl=0.04 o Wht=1.12 o | rat-008 o idt=034 o iat-003 \iata1.08

£ 0 st & Lo et 20" s’ e
2 pon g 13 avesmmpom 5 fomrestapem 3 fonvmossem B pon 1602 50m 031 enctonorpom 022 g srapom

4 f = N e o) .
L - e E )
M N o L ! b l

" _‘ w- ! p p
N p iy N o p p
o *- o p !
p W X ) a |

of B - 2, ol - o}

V=032 | =023 i \iat=050 Jr= V=1 15 | hat=0.52 | Gidtea12 . \Hat=0.75 | lit=085
A i A i .u ) i i i
& 10" oot 0t 0 paripee] 20" gt 20 i pat

43 et 434 dm 1087 g 3 fometrra g 430 dm g PRy 0 pm g 40 e g
- 2 x| E -
1} L ) " ) =
M b o v. n o |
’ ‘. o ! A l l
‘. ol b p
1o a4 % - 1
»a o E 2

WHiat0es | Wiat-oz2 o Vrat-ors L \Eidt=023 o ht=0.07 | idt=004 o idt=0.01 o it
o L e e L S e L T T L o
2 10 T £ w0t L 10" 30" g 2,0 i 0" i

46 s ter8 g 484 o i 848 frm b7 g 4 o 138 g 8 pee it pem 18 fom Despem 480 pomiioat 01 frm 1o

o o o N g f
ol p ;
i | ) o
ol o e 2] b w

r i ; N
2} 18 1 - ¥y
o ) b "

r o 5 »
110 016 " \Rt=016 : 5 | =t " k X
i b it=050 g o ' fat=0.39 Fidt=0.31 x'fat=0.08 o
T R e I e R N E I e N el wr
ol A"t ' et et o et " e et
Ty 254 g g 25 8mtotanpem 05 g 10081 g 19 sensmszpem 18 2 s2mpom

2 e o} = f =
= " N
= I ; : ) l

o " ul
” o ) o}
) N e il b P
b uf ] o 1!

; r
Hatazr N E N 2 g N 2 5 N

¥ | Hase o \Ridt=020 | Vier=aor | 0 . Vit=0.52 |
O W L — L e L T LR T — L =
o want ' et et o et P ot

o0 ponenrrem PP 18 gormsmpn 00 are-12087pom Py 10 are-reasnpom 19 prnampe g,

i af ) = E

’ ol ) )
o o = ] - ol

v.
i . " b l E o}
l N “ } l
o l u} o ol E )
! L P01 b Zict=066 y "l K
:
hdt=0.38 | \Fidt=0.43 | ¥ i X o Wier-0.30 L o Vidt-008 o
0" o et 0 10 s’ 10 g
o gon g 70 poe 1T g0m 11 fem0srpam 7 g g ; 473 pov1maesom 41 a0 p0m
4
I 1
= - " | o
.. ul ’
P k
i uf b
| o
‘. <, o
op 1 9
o o b : 2

hat=0.18 \it-022 L V=062 Kt o hat=058 4 idt=021

) it o Lt e st




Table S1: Characteristics of the overall rotational diffusion tensor of ubiquitin.

The values are derived from >N relaxation data at different magnetic fields and assuming an
axially symmetric tensor. Atom coordinates were taken from the NMR solution structure of
ubiquitin (PDB entry 1D3Z).! Number in parentheses represent standard deviations.

Magnetic D\l(a) D,® a (°)® B () | 1c (ns)© Anisotropy@ x2/dft©
field (T) | (107s1) | (107 s
94 4.99 3.85 149 112 3.94 1.30 0.949
045) | 029 | (23) 23) | (0.06) (0.39)
14.1 4.69 3.44 123 173 3.90 1.36 0.216
(0.33) (0.25) (35) (20) (0.06) (0.29)
21.2 5.10 3.89 100 150 3.88 1.31 0.348
(0.08) (0.05) (%) 4) (0.01) (0.04)
28.2 5.15 3.97 110 151 3.82 1.30 0.298
(0.08) (0.05) 9) 3) (0.01) (0.04)

@ Principal values of the axial rotational diffusion tensor

®) Euler angles o, describe the orientation of the diffusion tensor axis with respect to protein
coordinate frame

(©) Overall rotational correlation time of the molecule

@ The degree of anisotropy of the diffusion tensor

() Residuals of the fit divided by the number of degrees of freedom

Figure S7: Fitted dynamical parameters for ubiquitin from MD simulations.

Fitted parameters of the correlation function Ci(t), to curves computed from molecular

dynamics trajectories of ubiquitin for the AMBER {f99SB-ildn (a) and CHARMM36m (b) force

fields. The three subplots respectively record the order parameters S2, the set of motional

parameters each containing a time-scale t; and a magnitude o, and the fast motions o that have

timescales below the resolution of Ci(t). All values are shaded according to the relative
S% + Zaj tap= 1

magnitude of contributions such that j

......................

— e | i




Figure S8: Computed NMR relaxation rates for ubiquitin with a 2 parameters fit for the
AMBER force field.

Computed NMR relaxation of ubiquitin with y?-fitting of both Dj, and  at each magnetic field
for the AMBER ff99SB-ildn force field. The blue, red, purple and green lines correspond to the
experimental data at each magnetic fields while the black symbols correspond to the fitted data.
[1e23 and Asn25 have been removed from analysis due to the presence of significant
conformational exchange.
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Figure §9: Computed NMR relaxation rates for ubiquitin with a 3 parameters fit for the AMBER
force field.

Computed NMR relaxation of ubiquitin with y2-fitting of both D;,, { and site-specific CSA at
each magnetic field for the AMBER ff99SB-ildn force field. The blue, red, purple and green

lines correspond to the experimental data at each magnetic fields while the black symbols
correspond to the fitted data.
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Figure S10: Computed NMR relaxation rates for ubiquitin with a 2 parameters fit for the
CHARMM force field.

Computed NMR relaxation of ubiquitin with y?-fitting of both D;, and { at each magnetic field
for the CHARMM36m force field. The blue, red, purple and green lines correspond to the
experimental data at each magnetic fields while the black symbols correspond to the fitted data.
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Figure S11: Computed NMR relaxation rates for ubiquitin with a 3 parameters fit for the
CHARMM force field.

Computed NMR relaxation of ubiquitin with y2-fitting of both D;,, { and site-specific CSA at
each magnetic field for the CHARMM36m force field. The blue, red, purple and green lines

correspond to the experimental data at each magnetic fields while the black symbols correspond
to the fitted data.
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Figure S12: Relaxation parameters evolution as a function of the CSA for a given NH
orientation.

Surface representation of the relaxation parameters as a function of the CSA value and the 'H
frequency for three distinct NH bond vectors orientation (left panel). The green arrow represents
the orientation of the principal axis frame of diffusion while the blue arrow represents the NH
vector orientation. The parameters used to calculate the different relaxation parameters are
similar to the ones used in Fig. 1 (main text) and employ the analytical expression of eq.7. It is
noticeable that the transverse relaxation rate is the most affected at very high magnetic field
when the CSA value varies between -120 and -220 ppm.
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Figure S13: Computed NMR relaxation rates for GB3 with a 3 parameters fit for the AMBER
force field.

Computed NMR relaxation of GB3 with y2-fitting of both Djq,,  and site-specific CSA at each
magnetic field for the AMBER ff99SB-ildn force field. The black lines/symbols correspond to
the fitted data while blue, purple, orange, green and red curves correspond to the experimental
dataat 9.4, 11.7, 14.1, 16.4 and 18.8 T respectively.
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Figure S14: Computed NMR relaxation rates for GB3 with a 3 parameters fit for the CHARMM
force field.

Computed NMR relaxation of GB3 with y2-fitting of both D;y,,  and site-specific CSA at each
magnetic field for the CHARMM36m force field. The black lines/symbols correspond to the
fitted data while blue, purple, orange, green and red curves correspond to the experimental data
at9.4,11.7, 14.1, 16.4 and 18.8 T respectively.
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Figure S15: Fitted dynamical parameters for GB3.

Fitted parameters of the correlation function Ci(t), to curves computed from molecular

dynamics trajectories of GB3 for the AMBER ff99SB-ildn (a) and CHARMM36m (b) force

fields. The three subplots respectively record the order parameters S?, the set of motional

parameters each containing a time-scale t; and a magnitude o, and the fast motions o that have

timescales below the resolution of Ci(t). All values are shaded according to the relative
%+ Zaj tap= 1

magnitude of contributions such that j
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Figure S16: Fits of the dependence of 2R’, -R’; on @)/ for all considered residues in
ribonuclease H.

The green lines are the least-squares fit lines with the logarithm robust method fit lines (see
experimental methods). The red line represents a residue that did not pass the test. The value of
y2/df for the least-squares fit is given in the lower right corner of each panel. The 95%
confidence level y?/df cutoff for this fit (which has 2 degrees of freedom for a typical data set
here) is 2.99. The relaxation data are taken from the published work of Kroenke et al.?
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Figure S17: Deduced Ao and S° for a uniform and site-specific CSA for ribonuclease H.

(a) Values of Ac deduced from the 2R,-R'; method for ribonuclease H. The red dashed line
represents the average value of Ac. (b) Backbone order parameters derived from a LS analysis
of the °N relaxation data (R, Ry, NOE) from Kroenke et al.? at different fields assuming a
uniform CSA of -160 ppm. (c) Backbone order parameters derived from a LS analysis of the
5N relaxation data (R;, Ry, NOE) at different fields assuming experimental site-specific N
CSA. The thickness of the curves in (b) and (¢) reflects the error on S? for each residue.
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Table S2: Characteristics of the overall rotational diffusion tensor of ribonuclease H.

Characteristics of the overall rotational diffusion tensor of ribonuclease H derived from SN
relaxation data at different magnetic fields and assuming an axially symmetric tensor. Atom
coordinates were taken from the NMR solution structure of ribonuclease H (PDB entry IRNH).3

Magnetic | D@ D,® a(®)® | BE)® | 1 (ns)© | Anisotropy@ | y2/df®
field (T) | (107 sy | (107 s
11.8 1.98 1.55 69 84 9.86 1.28 0.316
0.02) | (0.01) 3) @) | 0.02) (0.02)
14.1 1.95 1.57 58 89 9.82 1.24 0.355
0.02) | (0.01) 3) ) (0.02) (0.02)
18.8 2.00 1.61 55 89 9.58 1.24 0.332
0.04) | 0.02) | @13) (4) (0.03) (0.07)

@ Principal values of the axial rotational diffusion tensor

®) Euler angles a3 describe the orientation of the diffusion tensor axis with respect to protein
coordinate frame

(©) Overall rotational correlation time of the molecule

@ The degree of anisotropy of the diffusion tensor

() Residuals of the fit divided by the number of degrees of freedom

Figure S18: Fitted dynamical parameters for ribonuclease H.

Fitted parameters of the correlation function Ci(t), to curves computed from molecular

dynamics trajectories of ribonuclease H for the AMBER ff99SB-ildn (a) and CHARMM36m

(b) force fields. The three subplots respectively record the order parameters S?, the set of

motional parameters each containing a time-scale t; and a magnitude o, and the fast motions o

that have timescales below the resolution of C(t). All values are shaded according to the relative
s% + Za]- tap= 1

magnitude of contributions such that J

a) b)

e R AN W W= . e e AN Ao
TN AL NP, PN P TN WL TN, AN [3y)

Figure S19: Computed NMR relaxation rates for ribonuclease H with a 3 parameters fit for the
AMBER force field.
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Computed NMR relaxation of ribonuclease H with y?-fitting of both D, { and site-specific
CSA at each magnetic field for the AMBER {f99SB-ildn force field. The black lines correspond
to the fitted data while blue, red and green curves correspond to the experimental data at 11.7,
14.1 and 18.8 T respectively.
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Figure S20: Computed NMR relaxation rates for ribonuclease H with a 3 parameters fit for the
CHARMM force field.

Computed NMR relaxation of ribonuclease H with y?-fitting of both D, { and site-specific
CSA at each magnetic field for the CHARMM36m force field. The black lines correspond to
the fitted data while blue, red and green curves correspond to the experimental data at 11.7,
14.1 and 18.8 T respectively.
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Figure S21: Computed NMR relaxation rates of ubiquitin with 3 parameters at 28.2 T.

Computed NMR relaxation of ubiquitin with y-fitting of both D;,,, { and site-specific CSA for
a magnetic field of 28.2 T. The green line corresponds to the experimental data while the black
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symbols correspond to the fitted data. It is noticeable that our fitting procedure allows the
identification of Ile23 and Asn25 as residues affected by conformational exchange.
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