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Hydrodynamic modeling

Assuming a protein density of 1.4 g/cm?, and a mass of 7.96 kD for the center 60 residues of the
MT domain, we modeled this section of the domain as a cylinder with a volume of 10,000 A3.
With an unhydrated length of 60 x 1.5 A, this yields a radius of 6 A prior to making the “bare atom
correction” of 2 A,! effectively accounting for the presence of protein hydrogen atoms at the
molecular surface, and an additional 1-A correction to account for the hydration layer.! Adding
these corrections then results in a model cylinder of length leyi =96 A and a radius rey = 9 A.
Rotational diffusion of an axially symmetric rotor such as cylinder is characterized by two
diffusion constants D/ and D1, describing rotation about the long (symmetry) and short axes of the
cylinder, respectively. The correlation functions needed to calculate Ri, R2 and the NOE depend
upon (a) the angle made by the internuclear N-H vector and the long axis of the helix, 14°, for an
ideal a—helix, and (b) three correlation times Ta, T and Tc given by Ta= 1/6D4; 18 = 1/(D/+5D1);
Tc = 1/(4D/+2D41). Since leyl >> reyl, Dy >> DL and hence ta > T8 > Tc. Herein we employ
expressions of Garcia de la Torre and Bloomfield>? which yield Dy / DL = 7.6 and Tm =
1/(2D/+4D1) = 10.3 ns.

!H-H NOE simulations

The signal intensities of NOESY cross-peaks of protons i and j are proportional to proton-proton
cross-relaxation rates, Gij. The Gij are functions of (a) the overall correlation times of the helix, (b)
the internuclear Hi-H; distance (2.8 A for Hi-Hi+1), and (c) the angle made by the Hi-H; internuclear
vectors and the long axis of the helix. In addition, an order parameter Sun? that accounts for internal
motion of the Hi-Hj internuclear vector scales Gij. The NOESY spectrum was recorded using a
large mixing time (0.25 s) in order to ensure adequate signal-to-noise of the cross-peak intensities.
Spin-diffusion effects were accounted for in the calculations by including cross-relaxation
involving seven spins in the simulations of the cross-peak intensities (Figure S6A). The
calculations also accounted for the fact that each amide site was 8% deuterated. Rate matrices and
populations were calculated for the fully protonated state and the six states in which a single
deuteron was present. The small population of remaining states (ca. 8%) containing more than one
deuteron, was divided by six and added to the population of each of the six single-deuteron states.
The values of Iiz1/la so calculated are about 10% smaller than those calculated assuming 100%
protonation. Cross-relaxation rates are calculated for an idealized a-helix with an axially
symmetric diffusion tensor, with its unique axis parallel to the helix axis, an interproton HN ~HN
distance of 2.8 A4 Tm = 10.3 ns and p = 7.6. For a mixing time of 0.25, the calculation yields a
value of lix1/la = 0.33, somewhat larger than the average measured value of Ii+1/14, ca. 0.28, for
residues near the center of the helix. (Figure S6B). The observation that the calculated value of
li+1/14 exceeds the measured value, is in part due to the implicit assumption in the calculation that
Sir?= 1. Indeed, the observed decrease in Ii+1/1q as residue positions recede from the center of the
helix, following the behavior of ’N R: (Figure 6C, main text).
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Structure calculations

Structural models for SAH were obtained using the XPLOR-NIH software package® via a standard
Cartesian molecular dynamics simulated annealing refinement protocol, starting from the
coordinates of an idealized a-helical structure with backbone torsion angles of ¢ = —62.5°, y =
—42.5°, m = 180°. The protocol included 400,000 steps of 2 fs each, with the temperature linearly
ramped down from 3000 to 25 K, followed by a Powell energy minimization. Fitted experimental
restraints included the newly measured 'Dng, 'Den, 2Den RDCs from the Pf1 medium (with 100
mM NaCl) and 'Dux RDCs measured in Pf1 with no NaCl, scaled by the inverse or the °N Ra to
account for differential dynamics (see main text). Empirical force fields included quadratic bond,
angle, and improper terms with force constants of 5000 kcal.A2.mol, 500 kcal.rad2.mol™! and 500
kcal.rad2.mol, respectively, as well as a quartic repulsive-only non-bonded potential with a force
constant of 4 kcal.A-2.mol™!. In addition, backbone/backbone hydrogen bonding geometries were
restrained via a potential of mean force (HBDB term in XPLOR-NIH).® Fixed magnitude
alignment tensors were used during the structural calculations, with the axial and rhombic
components of each alignment tensor determined by SVD fitting of the R2-scaled RDCs, of each
alignment condition, to an idealized o-helix. Force constants for different types of RDCs in two
different alignment media were obtained from a combination of force constants (0.4
kcal.Hz2.mol™! for 'Dnu; 0.1 kcal.Hz2.mol™! for 'D’cn ; 0.2 kcal.Hz2.mol! for ’D’c'u, where
ID’ox = 8.27x!Den and 2D’cr= 3.10x*Den, with 'D’en and ?D’cn being the values normalized’
to the 'Dnu couplings) that yielded best cross validation performance according to a grid searching
procedure. The 'Dnu RDC force constant multipliers (and thereby the multipliers for the other
types of RDCs) were ramped up with a constant multiplicative factor throughout the protocol from
0.05 to 2.5; i.e., at 25 K, the 'Dnn force constant was ramped up to 1 kcal.Hz2.mol ..

The ten lowest energy structures obtained from the above refinement protocol were then used as
starting conformers for modeling the side-chain conformations in implicit solvent using empirical
energy terms of the XPLOR-NIH software. In addition to the energy terms used in the above
backbone refinement protocol, two empirical terms, torsionDBPot and eefxPot, were used to
model the side-chain conformations. A total of 50 structures was generated for each starting model,
and the lowest energy structure was retained for each of the ten starting conformers and then
deposited in the PDB (entry 60BI).

RDCs versus persistence length

We derive the scaling of the averaged second order Legendre polynomial for a worm-like chain,
<Px(cos(/h))>, as a function of position n from the origin (tagging site), fully analogous to the
derivation by Landau and Lifshitz® of <cos(/h)> = exp(-n/Lp). Following Landau and Lifshitz, the
angles between the tangents, ta, tb, and tc at three points &, b, and ¢ on the chain are related by

coS bac = c0s Ghb c0Ss Ghc—Sin Ghb Sin Ghe COS Pabbe (A1)

where ¢aboc is the angle between the planes (ta, tb) and (to, tc). Bearing in mind that in a worm-like
chain the fluctuations of curvature for sections ab and bc for a given direction of tb are statistically
independent, i.e., < cos @abbc> = 0, averaging over a large distribution of worm like chains, all co-
aligned at the origin, yields
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< €08 Brc > =< oS Bap> < COS bhe> (A2)

Eq. A2 shows that the mean value of gn at position N is a multiplicative function of the number of
intervening segments, N, relative to the origin of the chain, i.e., must be an exponentially decreasing
function exp(-n/Lp), with Lp being the persistence length.

Below, we first show that analogous to eq A2, < P2(cos i) > = < Pa2(cos i) > < P2(cos 6bh) >,
i.e., that < Px(cos 6h) >also is an exponentially decaying function:

< Pa(cos ) > =< 3(cos? b cos? bbc + sin? b sin® G/ 2) —1>/2 (A3)

where we again used < cos @abbc> = 0 and < cos? gappc>= Y. Eq. A3 can be rewritten as

< Pa(cos Gxc) > =<3 cos? b cos? e+ 3/2( 1+ cos® G cos? bhe - cos? b - cos? bhe) -1 >/2
=<9 cos? b cos? bbc+ 3 (1 -cos? G - cos? ) > /4

=<3(cos? G -1)/2><3(cos? bc-1)/2>

= < P2(cos Gb) > < P2(cos bhuc) > (A4)

For small values of 8, cos @ =1 - &/2, and P2(cos 6) =1 -367%/2;i.e.<Pa(cos 6h) > decays three
times faster than < cos 6h >, or:

< Pa(cos 6h) >=exp (-3n/Lp) (AS)
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Figure S1. Correlation plot between the *Junto values measured with dephasing durations of 30
and 50 ms. Data were collected at 900 MHz using the ARTSY-J experiment,’ on fully protonated,
>N-enriched 1 mM MT at pH 6.3, 35 °C and are uncorrected for "H* spin flips.



S6

~4e+04—
8e+04 — %

=5

=0

Lg % -3e+04-

=

£

7S]
> < g
= S o
2 ~ 4e+04 — © 8 -2e+04

- E ~
Qo
= 0
w g
o ©
S
5= NE -1e+04 . , ; | ; : : , : |
8 (&) 0 20 40 60 80 100
o % Temperature (°C)
c o 0— —
T O
L -
E ~—
-4e+04 —
1 ' I ' I '

200 220 240 260
Wavelength (nm)

Figure S2. Circular dichroism spectra of the E68W MT domain (10 uM) in 20 mM sodium
phosphate, 2 mM EDTA, pH=6.3 at 0 °C before (solid) and after (dashed) thermal melt
measurements (inset), which report the mean residue ellipticity at 222 nm from 0°C to 80°C. The
helicity of the MT at 0 °C is 97% as calculated by the CDNN program.'°



s7

A £-3
A . L10 R58 K63
- E§ «K57
120 v. 2. -
- -
62 e o+%% o .-: o R64
LDZ ¢ e - .-.
— - ° ?
122 s o -
w « A4B
124 «Q66
0.01 mM
126 1mMmM oAB7 = W68
ppm 85 8.0 75
1
F,-'H
B -
® . R5g 63
120/ 2 3, - E8 #K57
° . °“;_ _eR64
= Q2 e o '
w3 - -
- - - -
‘,_122 E5 e “
L ~ A46
124 - Q66
0 mM NacCl
126/ 100 mM NaCl wAB7 ~ W68
ppm 8.5 1' 8.0 75
,-H
(©) L0
o R58 K63
1201 . :; E8% .ks7
. .f 28 whe o RO4
= Q2 * C‘.." * . L
© . « ° b2 :
122 & Do
L *A46
124/ « Q66
pH=6.3
106/ PH=78 L AG7 « W68
ppm 8.5 1 8.0 7.5
F,-'H

Figure S3. Comparison of 900 MHz TROSY-HSQC spectra of perdeuterated '°N-labeled E68W
MT recorded under different conditions. (A) Spectra recorded in 20 mM sodium phosphate, 2 mM
EDTA, pH=6.3 at 20 °C and concentrations of 10 uM (black) and 1 mM (red). (B) Spectra recorded
in 20 mM sodium phosphate, 2 mM EDTA, pH=6.3 at 20 °C in the absence (red) and presence
(blue) of 100 mM NaCl. (C) Spectra in 20 mM sodium phosphate, 2 mM EDTA, at 20 °C in the

absence of 100 mM NacCl, at pH 6.3 (red) and 7.8 (green).
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Figure S$4. Correlation plot of "N R, values measured at 14.1 (600 MHz) and 18.8 T (800 MHz
'H frequency), using a 2.5 kHz spin lock field. On-resonance R, values are derived from the
measured values using the small, standard adjustment for off-resonance effects: Rip, = (Rip’ - sin’0
Ri) / cos®d, where Riy’ is the experimentally measured value, and Rip is the on-resonance value.
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Figure S5. Direct observe '*C* relaxation measurements of uniformly '"N/"*C-enriched E68W
MT at 14 T, 20 °C. (A) Ri measurements were carried out with the Freeman-Hill modification'! of
the regular inversion-recovery experiment, such as to allow for a two-parameter fit. Specifically,
we fit the difference in signal between a 180°-T-90°-Observe and a 90°-Observe experiment as a
function of T. The 180° pulse is of the hyperbolic secant type!? centered at 100 ppm. Results of
the fits are listed in Table S5. (B) Rip measurement, using a 2.5 kHz spin lock field with the carrier
placed at 56 ppm. (C) Heteronuclear *C-{'"H} NOE measurement. The spectra result from 1024
transients with (black) and without (red) 'H saturation during the 3 s delay between scans. The
insets show the isolated signals of [13, 165 and A67 at 10 times higher scale. (D, E) Decay curves,

taken at the positions indicated in (A, B).
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Figure S6. 'H-'H NOE intensities in the MT domain. (A) Calculated NOE intensities as a function
of mixing time in an ideal o-helix. Intensities are calculated for a system of seven sequential
amide protons, using the spectral densities for an axially symmetric diffusion tensor with D/ DL
=7.6 and Tm = 10.3 ns (SI Text). The solid black line corresponds to the intensity of the dnn(4,4%1)
cross peaks divided by the intensity of the spin 4 diagonal peak. Colored lines (red and blue)
correspond to the respective intensities of the dnn(4,4+2) and dnn(4,413) cross peaks divided by
the intensity of the spin-4 diagonal. (B) Normalized intensity of sequential HN-HN NOE cross
peaks observed in the 250 ms mixing time 4D NOESY spectrum of MT, recorded at 900 MHz 'H
frequency, 20 °C. Values are only shown for well-resolved peaks whose intensities could be
accurately measured.



s11

ppm g3 82 8.1 8.0 7.9
F,-"H

Residue Number

Figure S7. Chemical shift perturbation of E68W MT domain upon I13C mutation. (A) Overlay of the most
crowded region of the E68W (red) and E68W/I13C (blue) 'H-'"N TROSY-HSQC spectra of MT, recorded
at 900 MHz, 20 °C, 2 mM EDTA, pH 6.3. Dashed lines connect resonance that are perturbed most; peak
labels correspond to E68W/I13C MT (B) The chemical shift perturbation, calculated as CSP =

\/ (A815N/5)% + (AS1H)?2, where A8 denotes the chemical shift difference in units of ppm.
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Figure S8. Plot of SVD best-fitted RDC data of DOTA-MS8-Tm tagged 113C mutant of E68W
MT in 20 mM sodium phosphate, 2 mM EDTA, 100 mM NaCl, 900 MHz, 20 °C. (A) Alignment
tensor best fit to the 'Dnu of residues R24-E45. (B) Alignment tensor best fit to the 'Dnu of
residues R24-R64, after upscaling of 'Dnu by exp[(+(i-13)/49.75]. Open symbols in each panel
correspond to residues not included in the SVD fit.
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Figure S9. Correlation plot of the RDC data of DOTA-M8-Tm tagged 113C mutant of E68W MT
in 20 mM sodium phosphate, 2 mM EDTA, 100 mM NacCl, 900 MHz, 20 °C at pH 6.3 versus pH
7.0. The pairwise RMSD between the two sets of values is 0.3 Hz.
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Table S1. Chemical shifts and *Jinwg values of the native MT domain as well as chemical shifts
of the I13C/E68W double mutant, recorded in 20 mM sodium phosphate, 2 mM EDTA, pH=6.3.
'H and >N chemical shifts are at 20 °C; 3C* and 13CP shifts are at 35 °C.

Residue H N H N 3¢ (ppm) ot Jan
(ppm) (ppm) (ppm)? (ppm)? (ppm) (Hz)
Q2 8.79 120.01 8.80 119.99
Q3 8.18 119.71 8.19 119.69
E4 8.26 121.70 8.25 121.63 57.56 27.81 6.1
E5 8.54 121.30 8.52 121.18 57.80 28.93 5.1
E6 8.23 121.78 8.23 121.55 58.53 28.75 4.9
A7 8.18 121.00 8.17 121.37 54.71 17.31 4.2
E8 7.89 118.95 7.92 119.15 58.21 28.45
R9 8.03 121.40 8.05 121.14 59.24 29.36 4.1
L10 8.14 118.02 8.22 119.80 57.28 40.47 4.2
R11 7.99 120.78 7.97 120.64 58.87 28.99 4.3
R12 8.18 119.49 8.32 119.46 58.89 28.93 4.4
113 (C13) 7.93 120.12 (8.22) (118.24) 64.46 37.36 4.4
Q14 8.01 119.92 8.23 120.44 58.55 27.26 4.3
E15 8.43 120.35 8.38 120.66 59.04 28.78 4.1
E16 8.30 120.27 8.29 119.84 58.83 28.52
M17 8.37 119.82 8.17 119.67 58.45 31.75 4.2
E18 8.18 121.31 8.17 121.22 58.45 28.52 4.2
K19 8.07 120.34 8.07 120.28 59.27 31.50
E20 8.03 120.00 8.02 120.01 58.44 28.44
R21 8.16 121.13 8.16 121.13 59.23 28.86
K22 8.16 119.07 8.15 119.08 58.77 31.26 4.4
R23 7.96 120.06 7.96 120.05 58.72 29.04 4.4
R24 8.22 119.34 8.22 119.35 58.86 29.11 4.5
E25 8.25 120.27 8.25 120.28 58.86 28.84 4.6
E26 8.34 120.49 8.34 120.50 58.89 28.63 4.4
D27 8.36 121.07 8.36 121.09 57.07 40.41 3.9
K28 8.24 120.37 8.25 120.39 58.85 28.48 4.3
Q29 8.18 118.99 8.18 119.00 58.47 27.35 4.6
R30 8.15 121.12 8.15 121.12
R31 8.18 119.71 8.18 119.70 59.06 29.06
R32 8.20 119.43 8.20 119.43 58.86 29.12 4.3
K33 8.03 120.87 8.03 120.88 58.75 31.18 3.9
E34 8.29 119.59 8.29 119.60 58.92 28.63 4.2

E35 8.22 120.36 8.22 120.37 58.79 28.52 45



E36
E37
R38
R39
M40
K41
L42
E43
Ma4
E45
A46
K47
RAS
K49
Q50
E51
E52
E53
E54
R55
K56
K57
R58
E59
D60
D61
E62
K63
R64
165
Q66
A67
E68 (W68)

8.19
8.31
8.07
8.17
8.33
8.07
7.99
8.27
8.32
8.21
8.09
8.03
8.06
8.12
7.98
8.31
8.19
8.21
8.26
8.07
8.01
7.83
7.89
8.22
8.35
8.28
8.10
7.90
7.89
8.02
8.28
8.23
7.95

113C E68W MT

121.06
119.84
120.34
119.78
118.77
120.65
120.13
120.90
119.53
120.73
122.50
119.93
120.05
119.76
119.68
119.70
120.43
120.13
119.83
120.59
119.58
119.30
118.95
119.78
120.28
120.62
119.64
119.18
120.44
120.95
123.61
125.85
125.34
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8.19
8.31
8.07
8.18
8.33
8.07
7.99
8.27
8.32
8.21
8.09
8.03
8.06
8.12
7.98
8.31
8.19
8.21
8.26
8.08
8.01
7.83
7.88
8.22
8.34
8.28
8.11
7.89
7.83
7.93
8.18
8.03
(7.57)

121.07
119.86
120.34
119.80
118.78
120.65
120.14
120.92
119.54
120.74
122.50
119.94
120.06
119.76
119.69
119.72
120.45
120.13
119.84
120.62
119.56
119.30
118.91
119.78
120.27
120.59
119.66
118.94
120.01
120.54
123.56
125.63
(125.34)

58.81
59.05
59.13

57.54
58.83
59.14
58.56
54.44
58.46
58.49
58.61
58.68
58.68
58.55
58.59
58.42

58.13
57.98

57.70
55.49
55.54
57.32
56.46
56.33
61.05
55.31
52.04
57.54

28.67
28.65
29.05

40.71
28.71
31.45
28.60
17.18
31.40
28.99
31.39
28.68
28.62
28.73
28.71
28.67

31.52
31.57

29.04
40.27
40.27
29.05
31.55
29.64
37.59
28.68
18.68
30.36

4.3
3.9

4.3
47
4.8

4.0
4.7
4.2
4.4
4.5
4.5
4.8
4.6
4.7

5.2
59

5.7
53
5.6
5.8
6.4
6.8
7.7
7.4
7.0
7.7
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Table S2. Backbone RDCs and isotropic J values (Hz) of the W68 MT domain in 20 mM sodium
phosphate, 2 mM EDTA, 100 mM NaCl, pH=6.3 measured in the absence and presence of 13
mg/mL Pf1 at 20 °C. Experimental uncertainties in the measured couplings are 0.5 Hz ('Dxn), 0.2
Hz ('Dne) 0.4 Hz (*Den), 0.3 Hz (13xn), 0.1 Hz (1Ine) and 0.2 Hz (2Jon). Couplings are listed
according to the residue number of the amide 'H or '’N and ignore the negative sign of the '°N
gyromagnetic ratio.

Res 'Dnu Dnv® 'Dne 2Dew 'dne 2don 'Ine

Q2 -7.3 2.2 0.4 -0.2 929 38 14.9

E4 -11.4 -21 -06 -42 930 4.2 15.3

ES -9.9 1.0 1.5 1.0 93.3 41 151

E6 -193 66 09 -1.1 929 43 15.1

A7 -25.2 -13.8 0.9 -2.8 929 44 14.6

R9 -22.1 -7.9 1.5 -0.5 932 43 14.8

L10 -249 -135 14 -15 933 44 14.9

R11 -256 -114 04 -3.7 931 44 15.2

R12 -219 -6.1 93.5

113 -23.7 -10.8 1.3 -1.3 93.0 40 15.3

Q14 -285 -154 1.6 -2.5 927 43 14.9

E15 -260 -88 06 -27 925 41 14.9

Ele -222 -65 21 03 931 42 15.1

M17 -27.0 -13.7 1.1 -14 934 42 15.0

E18 -305 -16.1 1.2 41 935 40 15.2

K22 -305 -13.6 0.8 -3.5 937 4.2 15.1

R23 -273 -88 20 -01 0930 43 15.0

R24 -285 -15.0 1.1 -25 939 42 15.0

E25 -33.7 -189 09 -42 0929 42 15.0

E26 -29.4 -10.2 92.8

D27 -28.7 -12.0 2.2 0.1 934 44 15.2

K28 -31.9 -186 1.0 -3.8 937 41 15.1

Q29 -320 -179 10 -42 934 41 14.9

R32 -283 -206 15 -39 932 41 14.9

K33 -326 -14.7 09 -39 927 43 15.1

E34 -324 -12.1 92.7
E35 -308 -17.7 1.0 -1.8 930 43 15.1
E37 -31.3 -13.6 91.9
R39 -31.6 0.6 20 926 44 14.9
M40 -29.9 -17.5 93.2 43 14.9

142 -275 -18.0 1.3 -29 929 44 15.1
E43 -320 -203 14 -33 933 43 15.2
M44 -28.9 -12.1 93.1

E45 -30.6 -119 24 0.7 934 44 15.1
Ad6 -346 -18.7 1.2 -29 929 42 15.1
R48 -30.0 -11.0 1.3 0.0 929 42 15.2
K49 -33.7 -14.1 93.0



Q50
E51
E52
E53
E54
K56
K57
E59
D60
D61
E62
R64
165

Q66
A67

-34.1
-28.5
-30.4
-33.5
-29.7
-25.5
-29.9
-31.8
-25.5
-25.1
-28.7
-19.5
-21.3
-22.9
-16.8

-20.4
-15.7
-9.3
-17.3
-19.1
-10.6
-17.8
-6.4
-11.6
-14.8
-7.1
-8.4
-2.5
2.7
1.1

1.3

2.3
1.2
1.4
2.3
1.0
1.5
1.2
1.1
0.6
0.7
0.3
0.3
0.3
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-2.9

0.2
-0.9
-3.4
0.9
-2.6
0.0
-0.2
-2.2
-1.6
-0.5
-0.1
0.9
1.4

2 measurements in the absence of 100 mM NaCl

92.5
93.6
92.9
93.3
93.0
92.9
93.1
93.1
93.3
93.3
93.0
93.1
93.1
92.9
92.6

4.3

4.3
4.2
4.3
4.3
4.3
4.3
4.2
4.1
4.0
4.1
4.2
4.1
4.0

15.0

15.2
14.9
15.2
15.0
15.0
151
15.3
15.2
15.2
15.4
15.3
14.9
151
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Table S3. Experimental validation statistics for different structural representations of MT.?

Ideal o-helix Exp. structure
21.1/27.4/13.9/17.7
o/ \b _
eree ( A)) (320) b
15.6/16.5/13.9/15.9 | 12.9/13.8/12.5/12.0
0/\C
Qiiee (0) (27.1) (22.8) o4
Qre (%)° 10.4/7.1/12.2/11.9 (15.9)
1 0 - e

*For residues E6-K63.

® reported Q factors are for all/'Dnu/'Dnc/*Dewn values, respectively, measured in the sample containing
100 mM NacCl, with D, = 15.62 Hz and R= 0.16 used for calculating the denominator of the Q factor and
all couplings normalized to the 21,585 Hz '’N-"H dipolar interaction strength, i.e., 'Dnc and Denupscaled
by 8.26 and 3.10, respectively from their experimental values. The Q factor for the 'Dyy values measured
from the sample without the addition of 100 mM NacCl are given in parenthesis.

¢ same as b but the Q factors are reported for all/'Dnu/'Dnc/’Den values, respectively, after upscaling by
the inverse of the "N R, rate (see main text), and with a D, = 16.88 Hz and R=0.16.

4 Free Q factors for the RDC-refined structure (see main text).

¢ Q factors reported for the ensemble of lowest energy final RDC-refined structures, for which all couplings
of residues E6 to K63 were used.
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Table $4. °N relaxation rates of the MT domain in 20 mM sodium phosphate, 2 mM EDTA,
pH=6.3, 20 °C, measured at 600 and 800 MHz 'H frequency, and best fit dynamics parameters
obtained using Modelfree4 while restraining the diffusion tensor to be axially symmetric with Tm
=10.3 ns, and p = 7.5. TROSY R: values (Rx1r) correspond to >N Hahn-echo decay rates. All
Ri and R: rates are in units of s™, and errors are estimated at +3%

Ri? Ri® R.? R.° NOE® te(ps) &
Q2
E4
E5
E6 0.86 1.10 27.9 24.1 0.35 1000 0.71
R9 0.79 0.99 30.9 26.9 0.39 1000 0.75
L10 0.77 0.99 30.4 24.4 0.42 980 0.77

R11 0.76 0.96 324 27.8 0.42 1100 0.76
R12 0.76 0.94 32.7 27.8 0.47 1100 0.78
113 0.73 0.93 323 27.2 0.46 1000 0.79
Ql4 0.70 0.90 33.7 28.8 0.50 1100 0.81
E15 0.69 0.88 35.1 29.7 0.48 1100 0.80
El6 0.70 0.90 33.2 29.4 0.49 1100 0.81
M17 0.67 0.87 35.2 29.2 0.51 1100 0.82
E18 0.68 0.86 34.8 30.8 0.50 1100 0.82
E20 0.61 0.82 36.3 30.5 0.54 1000 0.86
K22 0.58 0.78 37.0 31.0 0.55 1000 0.87
R23 0.58 0.77 38.1 315 0.54 1000 0.87
R24 0.59 0.76 36.6 313 0.57 1000 0.88

E25

E26

D27 0.54 0.73 39.0 334 0.52 920 0.88
E28 0.52 0.71 39.2 32.7 0.59 900 0.91
Q29 0.52 0.69 37.8 32.1 0.56 760 0.91
R32 0.52 0.70 39.3 324 0.56 820 0.91
K33

E34 0.50 0.67 39.6 33.8 0.54 810 0.91
E35 0.51 0.71 39.1 32.7 0.58 830 0.91
E37 0.49 0.67 40.9 334 0.56 810 0.91
M40 0.50 0.68 38.9 32.6 0.53 710 0.91
L42 0.53 0.71 39.9 32.7 0.51 840 0.89
E43 0.56 0.72 37.7 32.1 0.51 870 0.88
M44 0.55 0.74 375 31.6 0.52 870 0.88
E45 0.57 0.76 37.1 31.9 0.50 890 0.87

A46 0.58 0.77 39.6 32.9 0.49 1000 0.85
K47 0.60 0.80 36.0 30.8 0.54 1000 0.86
R48 0.62 0.81 36.4 30.7 0.50 970 0.85

K49 0.65 0.85 35.1 28.3 0.48 930 0.84
Q50 0.65 0.86 35.4 29.9 0.49 1000 0.83
E51 0.66 0.85 35.4 29.5 0.48 1000 0.82

E52 0.69 0.89 33.4 28.4 0.47 1000 0.81
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ES53 0.70 0.89 33.9 28.5 0.46 1000 0.80
E45 0.71 0.90 33.6 27.8 0.43 1000 0.79
K56 0.80 1.00 30.4 25.4 0.40 1000 0.76
K57 0.82 1.02 28.0 235 0.36 930 0.75

ES9 0.93 1.15 25.0 20.9 0.33 980 0.69
D60 0.97 1.17 22.8 19.7 0.29 940 0.66
D61 1.01 1.21 21.1 18.6 0.24 910 0.64
E62 1.08 1.28 18.4 15.6 0.23 900 0.62
K63 1.15 1.36 15.1 12.6 0.18 850 0.58
R64
165
Q66
A67
E68

@ Measured at 600 MHz 'H frequency
® Measured at 800 MHz 'H frequency

Table S5. Longitudinal (T1) and transverse (T1p) '*C® relaxation of the E68W MT at 600 MHz in
20 mM sodium phosphate, 2 mM EDTA, pH = 6.3 and 20 °C. MT '*C* T values were measured
using the Freeman-Hill inversion-recovery experiment using a non-selective, hyperbolic secant
13C inversion pulse. Uncertainties in the relaxation times are ca 3%.

Residue Ti(ms)® Tip (ms)
E/K/R/Q 698 26

113 713 35

165 438 79

A67 415 160
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Table S6. Hydrogen exchange rates (s ') of the E68W MT domain in 20 mM sodium phosphate,
2 mM EDTA, 7% D20, pH 7.8 at 20 °C and 30 °C and pH 8.9 at 20 °C

Res 20°CpH 7.8 30°C pH7.8 20°C pH8.9
E4 17

E5 7.5 20

E6 6.7 20

A7 3.0 10

E8 6.7

R9 0.96 3.9 17
L10 0.59 2.0 6.6
R11 0.60 2.6 8.5
R12 0.75 4.0 14
113 0.49 5.6
Q14 0.59 10
E15 0.57 2.5 9.6
E16 0.53 7.9
M17 0.55 2.2 8.4
R18 0.78 3.5 16
E20 0.67 10
K22 0.84 3.9 14
R23 0.84 12
R24 1.1 4.0 20
E25 1.0 4.8 19
E26 0.85 3.4 13
D27 1.0 4.4 16
E28 0.82 3.3 13
Q29 0.77 2.9 12
R31 0.74 2.4 10
R32 0.77 3.5 11
K33 0.86 4.2 16
E34 0.63 2.6 9.4
E35 0.49 1.8 6.6
E36 0.36 1.1 3.3
E37 0.34 1.1 3.4
R39 0.56 2.3 7.4
M40 0.72 3.3 13
K41 3.9

L42 0.72 2.8 9.8
E43 0.90 3.7 14
M44 1.1 5.4 21
E45 1.2 5.2 21
A46 1.3 6.2 17

K47 14 6.5 20



R48
K49
Q50
E51
E52
E53
E54
R55
Q56
K57
R58
E59
D60
D61
E62
K63
R64
165
Q66
AB7
W68

1.4
2.0
2.3
1.4
1.0
0.86
1.0

2.3
2.9

6.2
4.0
3.4
34

11
6.7
20
26
0.22

s21

6.8 19
10 35
12
6.4 17
4.3 15
3.4 12
4.3 15
7.2
11
12
14
21

11
10
16
30
18

0.65 3.9



S22

Table S7. 'Dxu RDCs measured at 20 °C and 35 °C, 900 MHz, for the DOTA-MS8-Tm tagged
113C mutant of E68W MT in 20 mM sodium phosphate, 2 mM EDTA, pH 6.3 and 7.0. Couplings
ignore the negative sign of the '’N gyromagnetic ratio.

Res 1Dyy20CPH63 1py20CPH7.0 1Dy 35CPHE:3
R24  -26.0 -26.0 -20.9
E25 -27.6 -28.4 -21.4
E26 -14.9 -14.8 -9.4
D27 -16.9 -16.1 -11.2
K28 -30.6 -29.3 -20.4
Q29 -21.2 223 -14.6
R30 -12.3 -12.6 -8.8
R31 -20.8 -20.2 -15.1
R32 -28.5 27.2 -19.6
K33 -15.1 -16.3 -10.6
E34 -139 -13.7 -10.8
E35 -24.2 241 -17.0
E36 -23.1 -23.2 -16.0
E37 -131 -13.6 -9.2
R38 -14.3 -15.2

R39 -23.9 -24.6 -18.4
M40 -18.4 -18.8 -12.3
K41  -10.7 9.9 -6.4
L42 -18.1 -18.0 -12.6
E43  -22.3 -22.2 -14.8
M44  -12.4 -11.8 -7.2
E45 -104 -10.5 -6.4
A46  -20.2 -20.3 -13.0
K47  -18.4 -18.0 -11.7
R48 -9.0 95 -5.3
K49  -13.2 -12.5 -5.7
Q50 -20.9 -20.2 -12.7
E51 -131 -13.2 -7.6
E52 -8.0 -7.8 -6.2
E53 -155 -15.5 -9.0
E54 -154 -16.9 -9.9
R55 -85 8.1 -4.1
K56 -8.6 8.2 -3.7
K57 -16.6 -16.5 -94
R58 -11.6 -11.9 -2.5
E59 -54 4.9 -1.9
D60 -8.1 -8.2 -3.9
D61 -12.6 -12.2 -5.1
E62 -5.2 4.9 -1.6
K63 -2.4 24

R64 -7.9 -7.8 -3.0
165 -2.6 2.8 -0.6
Q66 1.9 1.7 1.4
A67 0.3 0.3 0.3

W68 -0.2
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Table S8. Alignment tensor (Saupe tensor) matrix elements from SVD fitting of experimental
RDCs, upscaled for the effect of dynamics (main text) to the PDB coordinates of entry 60BI, as
obtained with the DC utility of NMRPipe.

Saupe Matrix (x10%) ;(rTgZIes (I)alt-Bryan ?Haz) Rh
Pf12 -15.93 -3.95 0.00 0.00 0.00 |0.0 0.0 0.0 -17.19 | 0.16
Pf1P 8.43 -0.46 142 -1.07 322 |134 40 424 |-998 |0.24
20¢ -13.40 1817 236 035 -888 (293 25 821 |-19.86 |0.50
35¢ -9.79 4,55 -0.31 -0.31 -6.51 |232 -1.2 952 |-13.59 |0.41
All tensors are obtained with the DC program of NMRPipe for residues 6 to 63 of the first

conformer of entry 60BI;

% Alignment tensor obtained from a simultaneous SVD fit of all ('Dnu, >Dcn, 'Den) RDCs (100
mM NaCl);

b Alignment tensor obtained from a SVD fit of 'Dxua RDCs (no NaCl);

¢ Alignment tensor obtained from a SVD fit of 'Dxu RDCs collected at 900 MHz for 113C MT,
aligned by the DOTA-MS8-Tm tag and 20°C, after upscaling by exp[(+(i-13)/49.75];

4 Alignment tensor obtained from a SVD fit of 'Dxu RDCs collected at 900 MHz for 113C MT,
aligned by the DOTA-MS8-Tm tag and 35°C, after upscaling by exp[(+(i-13)/36.63].
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