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1 Correlation function and spectral density function

We chose a model-free approach to describe motions in liquid and solid phases.

1.1 Correlation function and spectral density function found in liquid
The correlation function used for the global tumbling (p(¢) is classically taken as:
t

Co(t) =e Te S. 1)

The correlation function, for the model-free (MF) and the extended model-free (EMF) approaches, has
been taken as:

GE (1) = Go(1) Cr (1) (S.2)
CiME () = Go(t) G (1) G(1) (S.3)
with;:
r
G(t) =S +(1—-57)e T (S. 4)

where 1 stands for f (fast motions) or s (slow motions). The corresponding spectral density function for
the MF and EMF approaches are:
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with ‘t:i_e1 =1T; 1y ’c;l, the effective correlation time for the motion, with the order of parameter Sl-2 and

§* = S53S; (S.7)

@ Ecole Normale Supérieure-PSL Research University, Département de Chimie, 24, rue Lhomond, 75005 Paris, France. Fabien.Ferrage@ens.fr
b Sorbonne Universités, UPMC Univ Paris 06, LBM, 4 place Jussieu, F-75005, Paris, France
¢ CNRS, UMR 7203 LBM, F-75005, Paris, France.

1-7 |1



1.2 Correlation function and spectral density function found in solids

Correlations functions in solids are characterized by the absence of global tumbling

Csolzd( ) = Cf(t) (S.8)

Chlid (1) = Cr(1) G(1) (S.9)

Only the fluctuating part of the interaction contributes to relaxation (the non-fluctuating part corre-
sponds to a coherent interaction). The spectral density function is defined as the Fourier transform of
the decaying part of the correlation function.

2 Tr
Tota(®) = 5 <(1 _Sf)r(m:ﬂz) (S. 10)
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8 @) = 3 (=) st 7 =) e =5 -8+ ) G0
in which S? is defined as Eq. S. 7 and,

T, =+ (S.12)

In the case of methyl groups, we used a two correlation times model with angular constraint already
present in the literature [1]:

1 Tre Te
®0 N=—-((1—aS2)—L 4 os2—< .1
JMet( 7617]) 5 (( an) 1 (COTfe)z (XSfl ((DTC)Z) (S 3)

where o depends on the angle 6; ; between the rotation axis of the methyl group and the principal axis

of the interaction as: s
3cos?[0; ;] — 1
. ( [21,,1 ) S. 14)

2 Relaxation rates for a selection of spin systems

2.1 Amplitudes of the interactions

We first define the dipolar constant §;;, the chemical shift anisotropy (CSA) constant A; and the quadrupo-
lar constant = by:

MOl Y

8,‘1': 47‘5}’3. (S 153.)
L]
Ao;y;B

= l;(’ 0 (S. 15b)

[1] Kay, JACS Vol 124 NO 22, 2002
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where y is the permeability of free space, /i is the reduced Planck constant, y; is the gyromagnetic
ratio of the nucleus i, r; ; is the distance between the two nucleis i and j, By is the magnetic field, Ac
the chemical shift anisotropy (we assume a axially symmetrical tensor), eQ is the nuclear quadrupole
moment, and eq the electric field gradient along its principal axis.

—
o)
—

(S. 15¢)

2.2 Nitrogen-15 relaxation rates in an "'N'H group
The longitudinal relaxation rate of nitrogen-15 in a NH group is:
1
R (w) = ZSJZVH (3J[@y] +J [0y — 0] +6J [0y + o)) + AR J[wy] (S. 16)

The transverse relaxation rate is:
1
Ro () =8 (47[0]+ 37 [0n] + [0 — 0u] + 6/ [0n] + 6J[0y + ox)) (S.17)

+%A12V(3J[O] +2J[wy])

— JMF

In our simulation we took J(w) = Jj; " (@) (See Eq. S. 5) andthe other parameters are given in Table 1.

OoN I'N.H Te S Tf
175ppm  1.02A Sorl0ns 0.8 100 ps

Table 1 : Parameters used to calculate nitrogen-15 for relaxation rates in YN'H group.

2.3 Carbon-13 relaxation rates in a '>C'H; group:

To calculate the relaxation rates of '3C in a '3C'Hj group, four interactions have been considered:
dipolar interactions with all three protons and the CSA of the carbon-13 nucleus. The angle ¢ lies
between the rotation axis of the methyl group and each CH bond. The longitudinal relaxation rate is:

3
Ri(0) = ZS%H (370, 0] + o — 0, 0] + 6J [0¢ + 0, 0]) + Ay [oc, 0] (S.18)
The transverse relaxation rate is:
3
R (o) ZﬂB%H(‘U[O,(M +3J[0c, 9] + J[oc — 0p, §] + 6J [0, 9] + 6J[0c + 0, 0]) (S.19)
1
+ZA,2\,(4J[O,O] +3J[0c,0])

In this equation, the spectral density function is 1111‘4/15; (see Eq S. 13). We considered an ideal geometry
for the methyl group, and we oriented the CSA vector along the CC axis.
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Te R oc rCH ¢
Sorl0ns 0.6 50ns 25ppm LII5A  109.47°

Table 2 : Parameters used to calculate carbon-13 relaxation rates in a '3C!'Hz group

2.4 Deuterium relaxation rates in a >*C>H'H; group

Three dipolar interactions and one quadrupolar interaction (CSA negligeable) contribute to the relax-
ation rate of deuterium in '>*C'H,2H group. The longitudinal relaxation rate is:

1
R ((D) = Z(S%C(&][C‘)D; 9C,D] + J[(DC — Op, GC,D] + 6][0)5‘ + op, ec,D])
1283 (3J[0p, 0x.p] +J [0 — @p, 8y p] + 6J [0y + ®p, 0k p])) (S.20)

1
+%32 (12J[0p,O0uad)) + 37 [0p,O0uad])

The transverse relaxation rate is:

2
Ry (O)) :gé%l) (4.][0, GQD] + 3][0)[), ecp] + J[(DC —®p, ecp] + 6][0)0, ecp] + 6][(DC + op, ecp])
1
+§5%D(4J[0, 8n p] +3J[0p,0n p] +J[wp — WH,0H p| + 6J[®xH,0H p] + 6J[Wp + W, 01 p])

1
+%E<9J[0, eQuad] + 15J]op, eQuad] +6J2mp, GQuad]) (S.21)

J(®,8; ;) is depending between the angle between the principal axis of the interaction and the rotation
axis of the methyl group (see Eq. S. 13) . The principal axis of the quadrupolar interaction is considered
aligned with the CC bond.

T Sy 1y oc E/2xm re.p rDH Oouad  OHD OCpD
Sorl0ns 06 100ps 25ppm 2167.103Hz 1.110A L1ISA 0°  90°  109.47°

Table 3 : Parameters used to calculate deuterium relaxation rates in a '3C2H'H; group

2.5 Carbonyl carbon-13 relaxation rates:

We considered only the CSA of the carbonyl and the dipolar interactions with >Cg, 'Hy, >N and the
1N .
H™ nuclei.
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The longitudinal relaxation rate is:

R (0) =C(J[0] + 3/[oc] + 6/ 20c)

dcH,
4
dcn

+T(J[0)C — (,ON] + 3J[mc] + 6J[03N - (’JC])

SCHN
4
+AcJ o]

_|_

(J[(l)c — (DH] + 3][(1)@] + 6][(,01-1 — (l)c])

(J[oc — o]+ 3J[oc] + 6J [0y — oc])

The transverse relaxation rate is:

R (®) :8%(51 [0] +9J[oc] + 6J[200¢])
+%(4J[0] —|—J[COC — (DH] + 3J[®C] —+ 3][0)[—]] + 6][0)}] — (Dd)

8

+8C—N(4J (0] +J[oc — on] + 3J[oc] + 37 [oy] + 6J [0y — oc])

8

X 4 110] 1 e — om] + 3] + 3 {om] + 67 on — o))

8
Ac

"%

(4J10] 4 3J[0c])

(S.22)

(S.23)

A model-free spectral density function has been chosen, without angular constraint and the following

parameters have been used to give evaluate this relaxation rate.

T, S2

7 Tf Acc rcN TCHy TCCqy TC.H,

Sorl0ns 085 50ps 140ppm 133A 20A 152A 2.1A

Table 4 : Parameters used to calculate carbonyl carbon-13 relaxation rates

3 Chemical exchange simulations

Spectra in the presence of chemical exchange (Figure 7.d-m) were simulated with a simple integra-
tion of Bloch-McConnell equations. Chemical exchange saturation transfer (CEST) and dark-state
exchange saturation transfer (DEST) saturation profiles (Figure 8.d-f) were obtained using an integra-
tion of Bloch-McConnell equations in the presence of a weak radio-frequency field. The exchange
constant was ke, = 200 s~!; with pg = 2% (Figure 8-d) or pp = 10% (Figure 8-f) and a static magnetic
field strength of 18.7 T. CEST Profiles were simulated with an amplitude of radiofrequency fields v| =

25 Hz (d-e) while DEST profiles were simulated with three different radiofrequency fields.
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A classical model-free spectral density function was used (see Equ. 5) to describe intrinsic relaxation
rates. Simulations of CEST profiles (Figure 8.d-e) were carried out with an overall correlation time T, =
7 ns for both ground and excited states, an internal correlation time Ty = 100 ps and an order parameter
S2 = 0.9. DEST profiles were simulated with T, = 7 ns for the ground state, T = 10 us in the excited

state, parameters of internal dynamics were Ty = 100 ps and 52 = 0.9 in both states. Proton decoupling
in simulations was achieved with an on-resonance continuous wave radiofrequency irradiation with an
amplitude VH = 1 kHz.
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