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Figure S1.Superposition of 600 MHz 2BH->N HSQC spectra of wild type(red), Zn42-AMMDPA

(green)e Zn40-4MMDPA(blue), and 28Zn-4AMMDPA GB1(purple). Theost majority of difference

of chemical shifts between corresponding peaks4i#&/40/28)Zn-AMMDPA GB1 and wt-GB1

spectra are within 0.1 ppm f&s" and 0.5 ppm fot°N, respectively, which indicates that mutations

followed by 4MMDPA attachment and metal ions birgdido not significantly perturb the



three-dimensional structure of GB1.
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Figure S2 2D NCA MAS NMR spectra of Tm28-4MMDPA GB1 dilutday na-wt-Gb1 with (a)
dilution molar ratio 1:6, 4 mg GC,*>N enriched sample, and (b) dilution molar ratio, 138mg
U-C®N enriched sample. Total measurement time is 5128nkl for (a) and (b), respectively. The

spectra display significant improvement of the hason with higher dilution ratio of 1:8.
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Figure S3.(a) 2D™C-**C MAS NMR spectra with 5 ms DARR mixing time of ®€,*N enriched
Tm28-(red) and Lu28-4MMDPA GB1(green) diluted bywiaGB1 with dilution molar ratio 1:8 and
1:4 for Tm and Lu sample, respectively, and reprdee regions of the spectra (b). Total

measurement time is 69 and 13 h for Tm and Lu sayme$pectively.
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Figure S4.(a) 2D*C-*C MAS NMR spectra with 5 ms DARR mixing time of 5nuy™C, N
enriched Yb28-(red) and Lu28-4MMDPA GB1(green) tith by na-wt-GB1 with dilution molar
ratio 1:4. (b) Representative regions of the spedipotal measurement time is 26 and 13 h for Yb

and Lu sample, respectively.
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Figure S5 Uncertainty of tensor rotation angles showed by Sanson-Flamgtegeiction.
Solid-state NMR PCSs of (a) Co-K28C, (c) Co-D40€),Go-E42C,(g) Yb-K28C, (h)Tm-K28C and
solution NMR PCSs (i) Co-E42C are fitted to thestay structure of GB1 [PDBID:1PGA]; solid

state NMR PCSs of (b) Co-K28C, (d) Co-D40C andC@)yE42C are fitted to the final selected
structure from the PCS-Rosetta calculation. Axiad hombic components of -tensors determined
from experimentally observed PCSs were describdébie 1. The error estimates were obtained by
the Monte-Carlo protocol using 1000 partial PCSdsts in which 10 % of the input data were
randomly deleted, while retaining the metal positibhe plots show the points where the principal
axes penetrate the sphere, with the z-, y-, andska blue, green, and red, respectively. The
convention |z| > |y| > x| was used to name the. axe
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Figure S6: Agreement of fitted tensors between crystal and calculated structu@Bi. The

crystal structure [PDBID:1PGA] is represented imygicolor (left) and PCS-Rosetta calculated
structure represented in green color (right). TR&SRsosurfaces fitted to the crystal structure are
virtually identical to PCS isosurfaces from-tensors obtained from PCS-Rosetta for all three

mutants (a) K28C, (b) D40C and (c) E42C.



Table S2 Experimentally observed and back-calculated smiUtiIMR PCSs
Co42-4AMMDPA GB1

Experimental  Back-calculated

Residues a.a Atom PCS_dev
PCSs (ppm) PCSs (ppm)
3 TYR HN -0.05 -0.05 0.00
4 LYS HN -0.07 -0.07 0.00
5 LEU HN -0.11 -0.11 0.00
6 ILE HN -0.18 -0.18 0.00
7 LEU HN -0.24 -0.24 0.00
9 GLY HN -0.44 -0.41 0.03
10 LYS HN -0.49 -0.41 0.08
11 THR HN -0.22 -0.25 0.02
12 LEU HN -0.26 -0.21 0.05
13 LYS HN -0.18 -0.19 0.01
14 GLY HN -0.21 -0.17 0.04
15 GLU HN -0.12 -0.12 0.00
16 THR HN -0.11 -0.10 0.01
17 THR HN -0.07 -0.07 0.00
18 THR HN -0.06 -0.05 0.01
19 GLU HN -0.05 -0.03 0.02
20 ALA HN -0.04 -0.01 0.03
21 VAL HN -0.01 -0.01 0.00
22 ASP HN -0.02 -0.01 0.01
23 ALA HN -0.01 0.01 0.00
24 ALA HN -0.01 0.03 0.04
25 THR HN 0.00 0.02 0.02
26 ALA HN -0.02 -0.00 0.02
27 GLU HN -0.01 -0.02 0.01
28 LYS HN 0.00 -0.00 0.00
29 VAL HN -0.02 -0.01 0.01
30 PHE HN -0.05 -0.06 0.01
31 LYS HN -0.07 -0.10 0.03
32 GLN HN -0.06 -0.05 0.01
33 TYR HN -0.1 -0.07 0.03
34 ALA HN -0.16 -0.15 0.01
35 ASN HN -0.14 -0.13 0.01
36 ASP HN -0.1 -0.04 0.06
38 GLY HN -0.15 -0.10 0.05
39 VAL HN -0.27 -0.27 0.00
40 ASP HN -0.78 -0.76 0.02
41 GLY HN -1.52 -1.62 0.10
47 ASP HN -0.04 -0.02 0.02

48 ALA HN -0.03 -0.02 0.01




49 THR HN -0.05 -0.03 0.02

50 LYS HN -0.05 -0.04 0.01
51 THR HN -0.08 -0.06 0.02
52 PHE HN -0.10 -0.12 0.02
55 THR HN -0.89 -0.79 0.10

Table S3 Experimentally observed and back-calculated MABRNPCSs
Co028-4AMMDPA GB1

Experimental Back-calculate

Residue a.a Atom PCSs_dev
PCSs (ppm) d PCSs (ppm)
3 TYR CA 0.13 0.14 0.01
4 LYS CA -0.08 0.06 0.14
4 LYS CB -0.07 0.04 0.11
5 LEU CA 0.00 -0.01 0.01
8 ASN CA -0.18 -0.11 0.07
8 ASN CB -0.18 -0.10 0.08
9 GLY CA -0.10 -0.16 0.06
9 GLY (0 -0.17 -0.14 0.03
11 THR CA -0.10 -0.12 0.02
11 THR c -0.10 -0.12 0.02
11 THR CB -0.18 -0.14 0.04
12 LEU CA -0.15 -0.12 0.03
12 LEU c -0.20 -0.11 0.09
12 LEU CB -0.18 -0.14 0.04
12 LEU CG -0.17 -0.13 0.04
12 LEU CD1 -0.14 -0.15 0.01
13 LYS CA -0.08 -0.09 0.01
15 GLU CA -0.11 -0.02 0.09
15 GLU CB -0.10 -0.01 0.09
16 THR CA 0.00 0.03 0.03
18 THR CA 0.15 0.25 0.10
18 THR c 0.30 0.26 0.04
18 THR CB 0.24 0.31 0.07
20 ALA CA 0.29 0.51 0.22
20 ALA c 0.30 0.46 0.16
20 ALA CB 0.46 0.60 0.14
21 VAL CA 0.43 0.46 0.03
21 VAL (o 0.45 0.40 0.05
21 VAL CB 0.47 0.53 0.06
23 ALA CA 0.35 0.25 0.10
24 ALA CB 0.48 0.55 0.07
25 THR CA 1.66 1.65 0.01



25
26
26
27
29
29
34
34
34
35
35
36
36
36
37
37
38
38
39
39
40
40
41
41
43
44
44
44
45
45
46
48
48
49
49
49
51
51
52
52
53
53
54
54

THR
ALA
ALA
GLU
VAL

VAL

ALA
ALA
ALA
ASN
ASN
ASP
ASP
ASP
ASN
ASN
GLY
GLY
VAL

VAL

ASP
ASP
GLY
GLY
TRP
THR
THR
THR
TYR
TYR
ASP
ALA

ALA

THR
THR
THR
THR
THR
PHE
PHE
THR
THR
VAL

VAL

1.66
0.58
0.62
0.66
0.89
0.70

-0.24
-0.20
-0.11
-1.04
-1.16

-0.46

-0.40
-0.41
-0.17
-0.31
-0.46
-0.50

-0.28
-0.06
-0.46

-0.50
-0.31
-0.30
-0.45
-0.10
-0.10
-0.12
-0.20
-0.13

0.05
0.05

-0.11
-0.10
-0.10
-0.08
-0.11
-0.14
-0.11

-0.20
-0.08
-0.10

-0.36
-0.40

1.43
0.71
0.47
0.54
0.88
0.82

-0.39
-0.50
-0.46
-0.79
-1.08

-0.42
-0.35
-0.31
-0.28
-0.23
-0.38
-0.38

-0.39
-0.35

-0.51
-0.40
-0.30
-0.30
-0.27
-0.19
-0.18
-0.14
-0.16
-0.19
-0.09

-0.05
-0.05
-0.02
-0.00
-0.02
-0.02
-0.03
-0.08

-0.09
-0.13
-0.11

-0.22
-0.19

0.23
0.13
0.15
0.12
0.01
0.12
0.15
0.30
0.35
0.25

0.08

0.04

0.05

0.10

0.11

0.08
0.08
0.12
0.11
0.29

0.05

0.10
0.01
0.00

0.18
0.09

0.08

0.02
0.04
0.06

0.14
0.00
0.06
0.08

0.10

0.06
0.09

0.11

0.03

0.11
0.05
0.01
0.14
0.21



54 VAL CB -0.31 -0.28 0.03

55 THR CA -0.22 -0.16 0.06
55 THR CB -0.14 -0.13 0.01
56 GLU CA -0.20 -0.16 0.04
56 GLU CB -0.13 -0.18 0.05
Tm28-4MMDPA GB1
) Experimental Back-calculated
Residue a.a Atom PCSs_dev

PCSs (ppm) PCSs (ppm) B

5 LEU CA 0.22 0.12 0.10
6 ILE CA 0.10 0.26 0.16
14 GLY CA 0.60 0.23 0.37
16 THR CA 0.46 -0.05 0.51
20 ALA CA -1.20 -1.13 0.07
20 ALA CB -1.50 -1.38 0.12
21 VAL CA -0.35 -0.66 0.31
42 GLU CA 0.80 0.81 0.01
44 THR CA 0.21 0.07 0.14
44 THR CB 0.22 0.05 0.17
47 ASP CA 0.14 0.03 0.11
48 ALA CB 0.30 0.01 0.29
51 THR CA -0.52 -0.01 0.51
51 THR CB -0.40 0.02 0.42
55 THR CA 0.58 0.71 0.13

Yb28-4MMDPA GB1

Experimental Back-calculated

Residue a.a Atom PCSs_dev

PCSs (ppm) PCSs (ppm) -
2 THR CA -0.10 -0.09 0.01
4 LYS CA -0.03 -0.10 0.07
4 LYS CB -0.03 -0.07 0.04
5 LEU CA 0.02 -0.12 0.14
5 LEU CB 0.03 -0.15 0.18
5 LEU CG 0.03 -0.15 0.18
6 ILE CA -0.12 -0.06 0.06
6 ILE CB -0.14 -0.05 0.09
8 ASN CA 0.16 -0.04 0.20
8 ASN CB 0.07 -0.03 0.10
9 GLY CA 0.04 -0.04 0.08
11 THR CA -0.03 -0.02 0.01
12 LEU CA -0.17 -0.04 0.13
12 LEU CB -0.10 -0.05 0.05
12 LEU CG -0.12 -0.05 0.07

=
w

LYS CA -0.14 -0.04 0.10



13 LYS CB -0.08 -0.03 0.05
14 GLY CA 0.10 -0.05 0.15
17 THR CB -0.20 -0.10 0.10
18 THR CA -0.26 -0.18 0.08
18 THR CB -0.20 -0.23 0.03
20 ALA CA -0.29 -0.23 0.06
20 ALA cC -0.30 -0.19 0.11
20 ALA CB -0.36 -0.29 0.07
21 VAL CA -0.10 -0.15 0.05
21 VAL CB -0.08 -0.16 0.08
22 ASP CA -0.08 -0.11 0.03
22 ASP CB -0.09 -0.06 0.03
25 THR CA -0.71 -0.73 0.02
25 THR c -0.50 -0.73 0.23
26 ALA CA -0.42 -0.47 0.05
26 ALA CB -0.30 -0.31 0.01
27 GLU CA -0.93 -0.67 0.26
29 VAL CA -0.91 -0.81 0.10
30 PHE CA -0.46 -0.50 0.04
36 ASP CA 0.17 -0.05 0.22
38 GLY CA 0.15 -0.02 0.17
40 ASP CA -0.25 -0.06 0.19
41 GLY CA -0.25 -0.05 0.20
42 GLU CA 0.14 -0.00 0.14
43 TRP CA 0.15 0.02 0.13
44 THR CA 0.05 0.08 0.03
44 THR CB 0.13 0.07 0.06
45 TYR CA 0.11 0.08 0.03
a7 ASP CA 0.07 0.06 0.01
a7 ASP CB 0.07 0.08 0.01
48 ALA CB 0.06 0.04 0.02
51 THR CA 0.10 -0.03 0.13
51 THR CB 0.13 -0.03 0.16
Co42-4AMMDPA GB1
) Experimental Back-calculated
Residue a.a Atom PCSs _dev
PCSs (ppm) PCSs (ppm) -

2 THR CA 0.08 0.07 0.01
2 THR CB 0.12 0.07 0.05
4 LYS CA 0.19 0.15 0.04
4 LYS c 0.20 0.19 0.01
4 LYS CB 0.18 0.15 0.03
5 LEU CA 0.21 0.23 0.02
6 ILE CA 0.23 0.25 0.02



ILE
ILE
LEU
ASN
GLY
GLY
LYS
LYS
THR
THR
LEU
LEU
LEU
LYS
LYS
LYS
GLY
GLY
GLU
GLU
GLU
THR
THR
THR
THR
THR
THR
THR
THR
GLU
ALA
ALA
VAL
ASP
ALA
ALA
ALA
ALA
ALA
THR
THR
ALA
ALA
GLU

0.20
0.19
0.15
0.13
-0.15
-0.30
-0.88
-1.08
-0.41
-0.35
-0.12
-0.13
-0.24
-0.21
-0.20
-0.07
-0.06
-0.10
-0.04
-0.10
-0.06
0.04
0.10
0.09
0.04
0.03
0.08
0.10
0.17
0.05
0.09
0.09
-0.02
-0.07
0.10
0.10
0.10
0.10
0.07
0.07
0.09
0.17
0.16
0.22

0.30
0.26
0.24
0.18
-0.19
-0.35
-0.68
-1.00
-0.48
-0.54
-0.21
-0.21
-0.15
-0.04
-0.05
-0.09
0.04
0.07
0.09
0.08
0.09
0.08
0.10
0.07
0.09
0.08
0.07
0.07
0.08
0.05
0.05
0.06
0.04
0.06
0.12
0.14
0.08
0.06
0.05
0.04
0.03
0.11
0.12
0.20

0.10
0.07
0.08
0.05
0.04
0.05
0.20
0.08
0.07
0.19
0.09
0.08
0.09
0.17
0.15
0.02
0.10
0.17
0.13
0.18
0.15
0.04
0.00
0.02
0.05
0.05
0.01
0.03
0.09
0.00
0.04
0.03
0.06
0.13
0.02
0.04
0.02
0.04
0.02
0.03
0.06
0.06
0.04
0.02



28
29
29
30
31
32
33
34
34
35
36
37
37
38
38
39
43
44
44
45
45
45
46
46
46
47
47
48
49
50
50
51
51
51
52
52
52
53
53
54
54
55
55
56

LYS
VAL
VAL
PHE
LYS
GLN
TYR
ALA
ALA
ASN
ASP
ASN
ASN
GLY
GLY
VAL
TRP
THR
THR
TYR
TYR
TYR
ASP
ASP
ASP
ASP
ASP
ALA
THR
LYS
LYS
THR
THR
THR
PHE
PHE
PHE
THR
THR
VAL
VAL
THR
THR
GLU

0.11
0.10
0.11
0.10
0.20
0.11
0.02
0.10
0.25
-0.17
-0.16
-0.16
-0.11
-0.58
-0.70
-0.53
2.00
0.76
0.83
0.19
0.20
0.23
0.18
0.20
0.18
0.10
0.08
0.09
0.04
0.13
0.11
0.22
0.20
0.14
0.45
0.40
0.30
0.78
0.80
0.99
0.90
0.85
0.83
0.64

0.04
0.05
0.05
0.17
0.22
-0.03
0.02
0.08
0.26
-0.17
-0.14
-0.21
-0.15
-0.61
-0.79
-0.44
1.54
0.78
0.72
0.41
0.36
0.38
0.27
0.23
0.27
0.18
0.16
0.14
0.15
0.16
0.14
0.24
0.20
0.24
0.40
0.43
0.39
0.57
0.76
1.02
0.96
1.04
1.02
0.36

0.07
0.05
0.06
0.07
0.02
0.14
0.00
0.02
0.01
0.00
0.02
0.05
0.04
0.03
0.09
0.09
0.46
0.02
0.11
0.22
0.16
0.15
0.09
0.03
0.09
0.08
0.08
0.05
0.11
0.03
0.03
0.02
0.00
0.10
0.05
0.03
0.09
0.21
0.04
0.03
0.06
0.19
0.19
0.28




Co40-4AMMDPA GB1

Experimental  Back-calculated

Residue a.a Atom PCSs dev
PCSs (ppm) PCSs (ppm)
5 LEU N -0.10 -0.07 0.03
5 LEU CA -0.12 -0.08 0.04
5 LEU CB -0.09 -0.06 0.03
5 LEU CG -0.07 -0.04 0.03
6 ILE N -0.10 -0.08 0.03
6 ILE CA -0.08 -0.06 0.02
7 LEU CA 0.08 0.06 0.02
7 LEU CG 0.10 0.10 0.00
8 ASN N 0.10 0.08 0.02
8 ASN CA 0.14 0.10 0.04
9 GLY N 0.20 0.25 0.05
9 GLY CA 0.20 0.36 0.16
11 THR N 0.50 0.37 0.13
11 THR CA 0.33 0.32 0.01
11 THR CB 0.34 0.37 0.03
12 LEU N 0.20 0.29 0.09
12 LEU CA 0.25 0.24 0.01
12 LEU CG 0.12 0.23 0.11
13 LYS CA 0.20 0.13 0.07
13 LYS CB 0.21 0.11 0.10
14 GLY N 0.10 0.08 0.02
14 GLY CA 0.14 0.06 0.08
15 GLU CA 0.15 0.01 0.14
16 THR N -0.10 -0.00 0.10
16 THR CA 0.10 -0.00 0.10
17 THR N 0.10 -0.02 0.12
17 THR CA 0.10 -0.04 0.14
18 THR N 0.10 -0.05 0.15
18 THR CA -0.12 -0.05 0.07
18 THR CB -0.10 -0.05 0.05
19 GLU N 0.20 -0.05 0.25
19 GLU CA 0.23 -0.05 0.28
20 ALA CA -0.05 -0.07 0.02
20 ALA CB -0.05 -0.08 0.03
21 VAL CA -0.13 -0.07 0.06
21 VAL CB -0.22 -0.06 0.16
22 ASP N -0.10 -0.08 0.02
22 ASP CA -0.08 -0.09 0.01
22 ASP CB -0.09 -0.08 0.00
23 ALA N -0.20 -0.12 0.08




23
24
25
25
25
26
26
29
29
31
31
33
33
34
34
37
37
37
38
38
44
44
44
48
48
49
51
51
51
52
52
53
53
54

ALA
ALA
THR
THR
THR
ALA
ALA
VAL
VAL
LYS
LYS
TYR
TYR
ALA
ALA
ASN
ASN
ASN
GLY
GLY
THR
THR
THR
ALA
ALA
THR
THR
THR
THR
PHE
PHE
THR
THR
VAL

CB
CB

CA
CB

CB

CA

CA

CA

CA

CB

CA
CB

CA

CA
CB
CA
CB
CA

CA
CB

CA

CA
CA

-0.11
-0.15
-0.20
-0.20
-0.17
-0.10
-0.09
-0.10
-0.13
-0.20
-0.14
0.20
0.14
0.29
0.28
0.30
0.26
0.26
0.60
0.74
-0.70
-0.80
-0.64
-0.07
-0.12
-0.09
-0.10
-0.13
-0.13
-0.10
-0.22
-0.10
-0.21
-0.18

-0.16
-0.16
-0.15
-0.14
-0.11
-0.14
-0.13
-0.13
-0.09
-0.10
-0.07
0.07
0.10
0.30
0.30
0.34
0.35
0.30
0.55
0.70
-0.73
-0.65
-0.57
-0.11
-0.12
-0.11
-0.15
-0.16
-0.15
-0.20
-0.24
-0.27
-0.24
-0.14

0.05
0.01
0.05
0.06
0.06
0.04
0.04
0.03
0.03
0.10
0.07
0.13
0.04
0.01
0.02
0.04
0.09
0.04
0.05
0.04
0.03
0.15
0.07
0.04
0.00
0.02
0.05
0.03
0.02
0.10
0.02
0.17
0.03
0.04




