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Annex 2. Averaged aliphatic carbon chemical shifts
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Figure was taken from http://www.protein-nmr.org.uk/wp-
content/uploads/2012/10/ccpnmr_analysis_sh3_tutorial figures.pdf




Annex 3. Average amino acid chemical shifts (in ppm) and standard deviations (in
parentheses) categorized according to secondary structure type

13ea 3R B
Amino
acid B-strand Random coil a-helix B-strand Random coil a-helix B-strand Random coil a-helix
Ala 50.86 (1.28) 52.67(1.76) 54.86(0.94) 2L.72(1.77) 19.03(1.27) 18.27 (1.08) 175.3 (1.61) 177.39 (1.45) 179.58 (1.39)
Arg 5463 (1.50) 55.96(1.94) 59.05(1.21) 32.36(1.82) 30.53(1.77) 30.00(0.83) 175.04(1.18) 17591 (1.27) 178.11(1.70)
Asn 5248 (1.18) 52.94(1.43) 55.67(0.99) 4043(1.89) 38.22(1.47) 38.28(1.12) 174.55 (1.28) 174.98 (1.38) 176.74 (1.66)
Asp 53.41(1.15) 54.09(1.59) 57.04(1.00) 42.78(1.75) 40.76(1.34) 40.50(1.12) 175.15 (1.54)  176.01 (1.45)  178.07 (1.80)
Cys 57.64(1.94) 58.8(2.06) 62.86(1.85) 29.48(1.97) 29.75(1.86)° 26.99(0.84)° 173.86(1.83)" 174.77(1.38)° 177.42(1.35)°
54.19 (1.64)" 57.68 (1.43)™" 58.57(1.59)™" 43.79 (4.04)" 38.38 (1.39)"" 40.02 (1.78)" 172.73 (1.05 175.85 (1.58)*" 176.84 (0.47)*"
Gin 54.33(1.39) 5594(1.83) 58.61(1.04) 31.92(1.74) 28.67(1.73) 28.33(0.79) 174.58 (0.94) 175.88 (1.53) 178.35 (1.15)
Glu 55.55(1.45) 56.39(1.84) 59.30(1.05) 32.45(1.96) 30.02(1.62) 29.20(0.77) 175.01 (1.24) 176.11 (1.47) 178.46 (1.34)
Gly 45.08 (1.20) 45.34(1.17)  47.02(0.90) 173.01 (2.59) 174.30(1.80) 176.31 (1.50)
His 54.8 (1.75) 55.78(2.02) 59.62(1.57) 32.2(2.52) 29.62(1.99) 29.91(1.67) 173.80 (2.24) 174.88 (1.68) 176.83 (1.16)
Ile 60.00 (1.51) 60.64(2.08) 64.68(1.66) 40.09(1.85) 38.26(2.06) 37.59(1.08) 174.79 (1.41) 17546 (1.65)  177.49 (1.62)
Leu 53.94(1.19) 54.85(1.79) 57.54(0.98) 44.02(1.99) 41.87(1.70) 41.40(1.11) 17516 (1.31) 176.61 (1.77) 178.42 (1.70)
Lys 55.01 (1.00) 56.40(1.80) 59.11(1.19) 34.86(1.79) 32.57(1.30)  32.31(1.08) 174.93 (1.25) 176.15(1.40)  177.79(2.22)
Met 54.10 (1.46) 55.12(1.79) 5845(1.66) 34.34(2.44) 3293(3.05) 31.70(1.72) 174.64(1.47) 17593 (1.54) 177.76(1.77)
Phe 56.33 (1.31) 5694(1.98) 60.74(1.63) 41.64(1.65) 39.43(1.93) 38.91(1.49) 174.15(1.93) 17528 (1.88)  176.42(1.74)
Pro 62.79 (1.22) 63.53(1.26)  65.52(1.01)  32.45(0.93) 31.87(0.96) 31.08(0.84) 176.41 (1.50) 176.91 (1.72)  178.34(1.53)
Ser 57.14(1.11) 58.35(1.78) 60.86(1.27) 65.39(1.48) 63.88(1.24) 62.81(0.58) 173.52(1.55) 174.33(1.22) 176.51(1.40)
Thr 61.10(1.71) 61.59(2.04) 65.89(1.55) 70.82(2.11) 69.75(1.29) 68.64(0.98) 173.47(1.39) 174.62(1.45) 176.62(1.24)
Trp 56.28 (1.52) 57.62(1.25) 60.03(1.94) 3L78(1.76) 29.27(1.10) 28.74(1.15) 175.10 (1.80) 17591 (1.32)  177.81(1.62)
Tyr 56.56 (1.59) 57.72(2.14) 61.07(1.72) 40.79(1.77) 38.71(2.00) 38.38(0.89) 174.65(1.64) 175.32(1.54) 177.05(1.51)
Val 60.72(1.59) 61.80(2.25) 65.96(1.39) 33.81(1.79) 32.68(1.76) 31.41(0.74) 174.66(1.36) 175.76(1.63) 177.75(1.49)
lHN Ica ISN
Amino
acid B-strand Random coil a-helix B-strand Random coil a-helix B-strand Random coil a-helix
Ala 8.59(0.76)  8.11(0.68) 7.99 (0.57) 4.87 (0.46)  4.25(0.35) 4.03 (0.31) 125.57 (4.80) 132.52(3.51) 121.65 (2.52)
Arg 8.57(0.69) 8.17(0.77) 8.03 (0.56) 4.85(0.47)  4.33(0.37) 4.00 (0.33) 122,60 (4.74) 120,59 (4.42) 118.99 (2.56)
Asn 8.70(0.55) 8.33(0.72) 8.20(0.66) 5.26(041)  4.60(0.38) 4.45 (0.20) 122.70 (4.18) 118.48 (4.58) 117.60 (2.37)
Asp 8.56 (0.62) 8.39 (0.66) 8.05(0.55) 5.01(0.36) 4.64(0.29) 4.44 (0.22) 123.82 (4.70)  120.69 (4.45) 119.90 (2.03)
Cys 9.00 (0.45)  7.81(0.62) 8.22(0.53) 5.18(0.57)  4.63(0.37)°  4.16(0.25)° 123.27(5.69) 117.01(2.50)° 11747 (3.04)°
8.68 (0.98)* 8.53(0.59)~" 8.58(0.48)™ 5.21(049)" 4.44(0.29)*" 4.53(0.18)*" 121.81 (4.34)" 118.62(4.25)* 119.51 (2.44)*"
Gin 8.51(0.83) 8.25(0.75) 8.11(0.52) 4.97(0.43) 4.26(0.39) 4.03 (0.23) 123.14 (4.89) 119.73 (3.85) 118.59 (2.59)
Glu 8.66 (0.60)  8.29(0.53) 8.32(0.63) 476 (0.44)  4.28(0.30) 3.99 (0.21) 123.52 (4.29) 120.87 (3.94) 119.89 (2.85)
Gly 8.27(1.06)  8.34(0.83) 8.23(0.78)  4.09°(0.46) 3.95°(0.40) 3.84 (0.43)° 11019 (4.20) 109.94 (4.09) 107.34 (2.82)
His 8.76 (0.79)  8.09 (0.83) 8.03 (0.68) 5.07(0.50)  4.50(0.51) 4.06 (0.54) 121.65 (5.16) 118.87 (4.98) 118.09 (3.17)
lle 8.74 (0.66)  7.94 (0.66) 8.06 (0.56) 4.72(042) 4.13(0.36) 3.66 (0.30) 124.12 (4.93) 121.07 (5.17)  120.22(2.75)
Leu 8.63 (0.67) 8.12(0.72) 8.02 (0.56) 4.85(043)  4.35(0.36) 4.00 (0.27) 125.69 (4.14)  121.53 (4.30)  120.18 (2.46)
Lys 8.54(0.63)  8.13 (0.66) 8.04 (0.61) 4.96 (0.46)  4.28(0.31) 3.98 (0.26) 123.29 (4.76) 121.44 (4.19)  119.90(2.93)
Met 8.43(0.65) 8.37(0.51) 8.05 (0.48) 4.94(0.48) 4.55(0.38) 4.03 (0.35) 121.67 (4.12)  120.19 (3.46)  118.69(2.36)
Phe 8.80 (0.70)  7.95(0.90) 8.21 (0.66) 5.17(0.47)  4.62(0.42) 4.11 (0.40)  121.95(4.38) 119.41(4.75)  119.12(4.05)
Pro 4.72(0.45)  4.41(0.30) 4.13 (0.39)
Ser 8.57 (0.65) 8.26(0.74) 8.11 (0.50) 5.08(0.48) 4.48(0.35) 4.20(0.19) 11744 (4.19) 11594 (4.13) 114.78 (2.39)
Thr 8.50 (0.58) 8.22(0.74) 8.10(0.55) 4.81(0.46) 4.33(0.38) 4.02 (0.27) 118.09 (4.86) 114.41 (5.70) 115.30 (3.72)
Trp 8.83(0.73) 7.59(0.84) 8.24 (0.82) 5.24(041) 4.54(0.24) 4.35 (0.40) 124.04 (5.43) 120.57 (3.58) 120.48 (2.89)
Tyr 8.69(0.73)  7.90(0.79) 8.10 (0.70) 5.00(0.51) 4.55(0.45) 4.14 (0.36) 122.55 (4.70)  120.05 (4.23)  119.67 (3.19)
Val 8.73 (0.61)  7.88(0.75) 7.99 (0.63) 4.66(0.42) 4.14(0.40) 3.57(0.34)  123.27 (5.05) 119.66 (5.62) 119.53 (3.19)

* Cys in the oxidized form.
® Number of the chemical shifts used in the statistical analysis is less than 10.
¢ Averaged value fro Gly.

Table extracted from reference : Wang Y. and Jardetzky O, Protein Sci. 2002, 11, 852-61)
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Annex 4. 2D and 3D ssNMR experiments
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Annex 4. 2D and 3D ssNMR experiments
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Annex 4. 2D and 3D ssNMR experiments
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Annex 5. Characteristic intraresidue CC correlation patterns
for the 20 amino acids
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Annex 6. Procedure used for predicting backbone chemical shift
from a crystal structure

Download the PDB file : toto.pdb
Create 'H atoms (using the software Reduce)
> in a terminal window, type : reduce —BUILD toto.pdb > totoH.pdb
Open the pdb file totoH.pdb and check that H atoms are present
Connect to the server of Sparta + (http://spin.niddk.nih.gov/bax/nmrserver/sparta/)
Follow the instructions :
a. Select PDB Input file: totoH.pdb

b.

Chemical Shift Data for Comparison (optional) > NO [Optional input table of chemical
shifts and sequence information. If this table is given, the output produced by SPARTA+
will compare the shifts in this input table and the corresponding predicted chemical shifts.

8. Generate a shift list (here, the FANDAS format <name>.txt was used) from the solution NMR

c. Apply offset correction > NO
Generate PDF graphic >NO

e. Fill in the contact information (email)
Submit

Check your email inbox, open the message from the Sparta+ server and save the 3 files : pred.tab ;

struct.tab ; sparta.pdf

Generate a shift list (here, the FANDAS format <name>.txt was used) from the predicted chemical

shifts indicated in the pred.tab file

[ NN @) totoH-sparta-input2 v
G,8.33,3.94,0,0,0,0,0,0,0,0,0,0,0,0,90,0,109.67,173.91,45.35,0,0,0,0,02,0,0,0,0,0,0,0
5,8.28,4.48,3.87,5.33,0,0,0,0,0,0,0,0,0,0,0,90,116.28,174.68,58.75,63.8,0,0,0,0,0,0,0,0,0,0,0
E.8.34,4.25,2.01,2.27,9,0,0,0,2.73,0,0,0,0,0,0,0,120.68,176.93,57. 36,30, 36.1,0,182.42,0,0,0,0,0,0,0,0
v,8.29,4.19,1.99,0.83,0.8,0,0,0,0,0,0,0,0,0,0,0,121.12,175.67,62.49,32.73,21.51,21.29,0,0,0,0,0,0,0,0,0
A,8.2,4,.32,1.36,0,0,0,0,0,0,0,0,0,0,0,0,0,123.24,177.584,52.037,19,0,0,0,0,0,0,0,0,0,0,0
T.8.24,4.35,4.17,4.92,1.14,0,9,0,0,0,9,0,0,8,0,0,114.554, 174.7,62.1, 68.868,0,21.56,0.0,0,0,0,0,0,0,0
K,B8.25,4.32,1.77,1.36,0,1.61,90,2.92,90,0,7.42,0,0,0,0,0,120.4,176.6,56.287,32.5,24.92,0,28.96,0,41.9,0,0,0,0,0,0
H,8.28,4,556,3.1,0,0,8.76,7.02,7.97,9.76,0,0,0,0,0,90,0,119.07,175.328,56.048,29.762,131.07,0,0,119.88,137.11,0,0,9,0,0,0
F.8.3,4.527,2.98,0,0,7.96,7.07,7.09,7.29,0,7.01,8,0,0,0,8,119.95,175.8, 58, 39, 135.28,0,131.29, 131. 4, 130.42,138.51,0, 128.87,0,0,0
T,8.24,4.35,4,17,4.92,1.14,0,0,0,0,0,0,0,0,0,0,0,114.554,174.7,62.1,68.868,98,21.56,0,08,0,0,0,0,9,0,0
L,8.23,4.34,1.57,1.51,9,0.76,0.74,0,0,0,0,9,0,0,8,0,121.223,176.87,54. 84, 42.059, 26.8,0,24.69,24.1,0,0,0,0,0,0,0
K,8.25,4.32,1.77,1.36,0,1.61,0,2.92,0,0,7.42,0,90,0,90,0,120.4,176.6,56.287,32.5,24.92,0,28.96,0,41.9,0,0,0,0,0,0
5,8.31,4.47,3.87,5.33,0,0,0,0,0,0,0,0,0,90,0,0,115.7,174.6,58.2,63.2,0,90,0,0,0,0,0,0,0,0,0
D.8.37,4.64,2.69,0,8,0,0,0,0,0,0,0,0,0,0,0,120.4,176.3,54,40.8,179.21,0,0,0,0,0,0,0,0,0,0
v,B8.19,4.12,1.99,0.83,0.8,0,0,0,0,0,90,0,0,90,0,9,119.914,176.094,62.3,31.823,21.51,21.29,9,0,0,0,0,0,0,8,0
L,8.23,4,34,1.57,1.51,0,0.76,0.74,0,0,0,0,0,0,0,0,0,121.223,176.87,54.84,42,059,26.8,0,24.69,24.1,0,0,0,0,0,0,0|
F.8.3,4.527,2.98,0,8,7.06,7.07,7.09,7.29,0,7.01,8,0,0, 8,08,119.95, 175.8, 58,39, 135.28, 0,131.29,131.4, 130.42, 130.51, 0, 128.87, 0,0,
N,B.38,4.74,2.78,0,0,0,7.24,0,0,0,0,0,0,0,90,90,118.7,175.51,53.05,38.487,176.76,0,90,90,0,0,0,0,0,0,0
F.B.3,4.527,2.98,0,0,7.06,7.07,7.09,7.09,0,7.01,0,0,0,0,0,119.95,175.8,58,39,135.28,0,131.29,131.4,130.42,130,51,0,128.87,0,0,0

assignment table. (missing or unassigned resonances are labeled with a 0)

x|
il e B Rt R Rt e e R R R R R R e e et e B e B R et R A A A R R R R
K,8.727,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,126.072,171.692,52.222,33,871,22.582,0,26.501,0,40.11,0,0,0,0,0,0
H,8.309,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,123.789,171.862,52.701,29.583,0,0,0,0,0,0,0,0,0,0,0
F,9.019,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,121.544,172.884,54.868,40.688,0,0,0,0,0,0,0,0,0,0,0
T,8.891,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,118.419,171.489,60.477,68.89,0,20.202,0,0,0,0,0,0,0,0,0
L,9.41,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,127.66,173.848,51.369,43.623,25.717,0,24.672,22.648,0,0,0,0,0,0,0
K,8.895,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,122.236,175.997,54.893,30.515,22.972,0,27.317,0,40.199,0,0,0,0,0,0
5,8.591,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,123,023,173.666,60.217,61.434,0,0,0,0,0,0,0,0,0,0,0
D,9.1%2,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,118.517,175.326,54.349,38.063,0,0,0,0,0,0,0,0,0,0,0
v,6.802,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,116.658,173.11,61.63,30.18,20.323,18.532,0,0,90,0,0,0,0,0,0
L,6.917,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,115.096,175.614,55.232,41.538,25.375,0,23.257,22.115,90,0,0,0,0,0,0
F,7.727,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,111,202,175.173,55.083,40.923,0,0,0,0,0,0,0,0,0,0,0
N,8.382,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,119.545,172.929,52.464,37.753,0,0,0,0,0,0,0,02,0,0,0
F,8.643,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,122.104,174.499,57.534,37.156,0,0,0,0,0,0,0,0,0,0,0
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Annex 7. Procedure used to plot NC and CC correlation patterns from predicted or
experimental chemical shifts

Download the shift list generated from the predicted chemical shifts (totoH-sparta-input)
Connect to the server FANDAS (http://tintin.science.uu.nl/services/FANDA S/html/main.php)
Follow the instructions for the Spectrum prediction

a. Predict intra-residue *C-"*Cspectrum > PDSD50 & DARRS50

Save the peaklist with annotations as a <name>.peaks file

Predict sequential *C-"*C spectrum > PDSD150
Predict 2D "’N-">CA spectrum > NCA
Predict 2D "*N-"*CA-'*CX (intra) spectrum > NCACX50
Predict 2D ""N-"*CO spectrum > NCO
Predict 2D "*N-"*CO-"*CX (intra) spectrum > NCOCX50
Now, we have generated 6 peaklists in a Sparky format <name>.peaks from the backbone
chemical shifts predicted from the crystal structure by using sequentially Sparta + and
FANDAS servers.
Download the shift list generated from the solution NMR assignment table (totoH-
solutionNMR-input)
Repeat the same procedure
Now, we have generated 6 peaklists in a Sparky format <name>.peaks from the solution NMR
backbone and sidechain chemical shifts obtained on the soluble (U-'">C,'*N)-labeled protein.

e e o
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Annex 8. Deducing K, values from chemical shift perturbation along titration in the case of a 1:1
protein-ligand complex

P+ L-=PL
K= (P)(L)/(PL)

Po = (P) + (PL)

Lo= (L) + (PL)

Injecting the later two equations in the Ka equation:

Ka= [Po-(PL)][Lo-(PL)]/(PL)

A development of this equation leads to a quadratic equation:
(PL)2 — [Po+ Lo+ Ka](PL) + PoLo=0

2
A solution to this equation is: &1 = l(1 +E+L—°—\/(1 +E+L—°) —4L—°)

In the case of fast exchange, the observed chemical shift is the weighted average of the

chemical shift of each form the protein (the free form and the bound form).
LS = G (PL)
In other words: § = &fyc, (1 P ) + Spound P

(PL)
Thus 6 — 6free = (abound - 6f?”€e) p_0

Sbound—Ofree 2
ThuSCSPobs=6_5free =%<1+%+IL)—O—\/(1 +%+L—O) —4L—0>

0 0 o Po
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