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SI Materials and Methods
Data Analysis.As described in the main text, 15N longitudinal mag-
netization exchange datasets (1, 2) were recorded to extract rate
constants kMD and kDM for the exchange reaction,

fM ⇄
kMD

kDM

fD; [S1]

where fM and fD are the fractional populations of states M and
D, respectively. The mixing time dependencies of auto- and cross-
peak volumes were least-squares fit to the following equations:

IMMðTÞ ¼ IMMð0ÞAMð − ðλ2 − a11Þe−λ1T
þ ðλ1 − a11Þe−λ2TÞ∕ðλ1 − λ2Þ;

IDDðTÞ ¼ IDDð0ÞADð − ðλ2 − a22Þe−λ1T
þ ðλ1 − a22Þe−λ2TÞ∕ðλ1 − λ2Þ;

IMDðTÞ ¼ IMMð0ÞADða21e−λ1T − a21e−λ2TÞ∕ðλ1 − λ2Þ;
IDMðTÞ ¼ IDDð0ÞAMða12e−λ1T − a12e−λ2TÞ∕ðλ1 − λ2Þ; [S2]

where λ1;2 ¼ 1
2
fða11 þa22Þ� ½ða11 −a22Þ2þ4kMDkDM �1∕2g; a11 ¼

R1M þ kMD; a12 ¼ −kDM ; a22 ¼ R1D þ kDM ; and a21 ¼ −kMD. In
Eq. S2, R1M and R1D are intrinsic 15N longitudinal relaxation
rates for nuclei in states M and D, respectively; IMMð0Þ and
IDDð0Þ denote magnetization from states M and D at the start
of the mixing period, T; and AM and AD are factors accounting
for magnetization losses during the reverse 15N → 1HN transfer,
calculated as described in Tollinger et al. (2).

Analysis of the magnetization exchange data described
above provides a direct route for obtaining intrinsic longitudinal
relaxation rates. However, a complete set of decay curves
[IijðTÞ; i; j ∈ fM; Dg] required for the analysis could be obtained
for only a small number of residues (Glu15, Ala17, Phe21, Ala34,
and Ser35) due to problems with peak overlap. We therefore
turned to a different approach for obtaining intrinsic R1 and
R2 relaxation rates. As described elsewhere (3, 4), 15N relaxation
data (R1 and R1ρ) were recorded where the relaxation elements
(15N longitudinal relaxation time, 15N spin-lock) precede the t1

period. In this case, peak intensities from states M and D are
given by the sums IMMðTÞ þ IDMðTÞ and IDDðTÞ þ IMDðTÞ,
respectively (Eq. S2), and the decay is biexponential. In the ana-
lysis that we perform, intensities are fit to single exponential de-
cay functions, leading to the extraction of effective rate constants,
R�

i (see below). The goal is to derive expressions relating these
effective rates to the intrinsic rates that define the relaxation of
each of the states so that the latter can be calculated. This can be
achieved by approximating IMMðTÞ þ IDMðTÞ and IDDðTÞþ
IMDðTÞ by functions IMðTÞ and IDðTÞ, which decay as single
exponentials (as is done in the fits). We require, therefore, that

Iiið0Þ þ Ijið0Þ ¼ Iið0Þ and [S3]

Z
∞

0

ðIiiðTÞ þ IjiðTÞÞdT ¼
Z

∞

0

IiðTÞdT; [S4]

where IiðTÞ ¼ Ci expð−R�
i TÞ and Iii, Iji are given by Eq. S2.

From Eq. S3 it follows that CM ¼ kDM
kDMþkMD

, CD ¼ kMD
kDMþkMD

. From
Eq. S4 we obtain (after some algebra)

R�
1M ¼ λ1λ2∕ð−a11 − a21 þ λ1 þ λ2Þ;

R�
1D ¼ λ1λ2∕ð−a22 − a12 þ λ1 þ λ2Þ;

[S5]

relatingR�
i to the intrinsic rates. Without loss in generality, values

of AM and AD have been set to 1 in the derivation. Identical
expressions hold also for transverse relaxation with R�

1i (R1i) re-
placed by R�

1ρ;i (R1ρ;i) or R�
2i (R2i). Intrinsic 15N R1 and R1ρ rates

(Fig. 2C, solid lines) were calculated from the measured apparent
15N relaxation rates obtained from single exponential fits of the
relaxation curves R�

1i, R
�
1ρ;i (Fig. 2C, circles) by solving the system

of equations, Eq. S5, using kMD and kDM values determined from
analysis of magnetization exchange data. Transverse relaxation
rates R2 were calculated from R1 and R1ρ as described in
Materials and Methods.
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Fig. S1. (A) Mixing time, T , dependencies of autopeak (circles) and exchange cross-peak (boxes) volumes for Ser35 frommagnetization exchange experiments
(1, 2). The solid lines are generated from a least-squares fit of the exchange data for Ser 35 to Eq. S2, resulting in kMD ¼ 3.46� 0.16 s−1 and
kDM ¼ 2.33� 0.12 s−1. (B) Cross-peak volumes for Ser35 measured from 1HN-15N HSQC spectra of FF1–60 recorded as a function of protein concentration.
The volumes are normalized by total protein concentration.
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