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Supplemental Fig. 1.  Plot of the chemical shift of the backbone amide proton, 1HN, vs. 115N(D).
In Supplemental Figure 2a, 1Δ15N(D) of the non-aliphatic amino acids are predicted with the aliphatic parameters (see Eq. 2 in the main text of the manuscript) and using RHF/6-31G(d) optimized hydrogen-bond geometries.The non-aliphatic amino acids lack accurate estimates of the electric fields generated by the polar side chains and their 115N(D) values are mostly overestimated by Eq. 2.
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Supplemental Figure 2a. Experimental vs. predicted 115N(D) values for the non-aliphatic amino acids of ubiquitin. Hydrogen bond geometry optimization was performed at RHF/6-31G(d) level. Predicted values are calculated with the aliphatic amino acid parameters (Eq. 2). Open circles are used for residues that are apparently not involved in intramolecular hydrogen bonding. Solid circles are used for residues forming a single backbone-backbone hydrogen bond. The solid line is along the diagonal.
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Supplemental Figure 2b. BPW91/6-31G(d) versus RHF/6-31G(d) hydrogen bond geometry-relaxed 115N(D) values for ubiquitin aliphatic amino acids I3, V5, I13, L15, V17, I23, V26, A28, I30, I44, L50, L56, I61, L67, L69, and V70. The pairwise rmsd is 0.006 ppm. The BPW91 values are systematically 0.008 ppm larger than the RHF values. Adding 0.008 ppm to the RHF values decreases the pairwise rmsd to 0.003 ppm.

Supplemental Table 1. XPLOR, RHF/6-31G, and BPW91/6-31G(d)a relaxed ubiquitin hydrogen bonding geometries and RHF and MP2/6-311G(d,p) hydrogen bonding energies in the relaxed geometries.
	Amino acid
	H-bonded to
	_______AN-H···O______
	________RH···O______
	RN···O
	E Hydrogen Bond

	N-H
	O=C
	XPLOR (deg)
	RHF/

6-31G (deg)
	BPW91/6-31G(d)
	XPLOR

(Å)
	RHF/

6-31G

(Å)
	BPW91/6-31G(d)
	X-RAY

(Å)
	RHF/

6-31G

(kcal)

	A28
	24
	150.18
	166.86
	164.89
	2.20
	2.11
	2.09
	3.09
	-7.57

	F4
	65
	165.26
	165.34
	
	1.90
	1.88
	
	2.86
	-8.72

	F45
	48
	164.70
	163.82
	
	2.11
	2.09
	
	3.07
	-6.46

	G10
	7
	154.29
	153.51
	154.40
	2.46
	2.45
	2.42
	3.37
	-5.92

	H68
	44
	172.01
	169.31
	
	1.82
	1.81
	
	2.79
	-9.38

	I3
	15
	165.77
	157.92
	149.55
	2.09
	2.10
	2.12
	3.05
	-7.08

	I13
	5
	168.36
	174.01
	168.53
	1.76
	1.73
	1.71
	2.72
	-8.54

	I23
	54
	156.02
	162.52
	160.29
	1.94
	1.90
	1.88
	2.86
	-5.48

	I30
	26
	151.63
	169.95
	169.66
	2.08
	1.99
	1.96
	2.98
	-8.60

	I44
	68
	160.33
	162.47
	156.98
	1.85
	1.82
	1.82
	2.79
	-7.53

	I61
	56
	164.79
	164.73
	162.41
	2.46
	2.45
	2.43
	3.42
	-6.59

	K6
	67
	168.35
	171.40
	
	1.94
	1.91
	
	2.90
	-13.50

	K27
	23
	165.03
	174.25
	
	2.04
	2.00
	
	3.00
	-13.25

	K29
	25
	154.27
	164.57
	
	2.02
	1.96
	
	2.93
	-13.63

	K33
	29
	145.88
	167.07
	
	2.05
	1.93
	
	2.91
	-12.73

	L15
	3
	167.89
	164.48
	161.38
	2.08
	2.07
	2.06
	3.05
	-5.55

	L50
	43
	171.13
	164.89
	159.70
	1.86
	1.86
	1.85
	2.83
	-7.00

	L56
	21
	151.12
	156.65
	153.20
	2.09
	2.04
	2.04
	2.98
	-9.37

	L67
	4
	159.30
	161.30
	153.57
	1.88
	1.86
	1.87
	2.82
	-8.45

	L69
	6
	172.81
	169.21
	165.16
	1.95
	1.94
	1.93
	2.93
	-7.76

	N60
	57
	161.61
	162.50
	
	1.93
	1.91
	
	2.88
	-6.91

	Q31
	27
	151.71
	168.54
	
	2.03
	1.94
	
	2.93
	-9.06

	Q40
	37
	155.96
	156.05
	
	2.04
	2.02
	
	2.96
	-8.73

	R42
	70
	143.20
	153.06
	
	1.97
	1.89
	
	2.82
	-8.26

	R72
	40
	163.38
	163.36
	
	1.77
	1.75
	
	2.72
	-11.39

	S57
	19
	145.36
	163.42
	
	1.98
	1.87
	
	2.84
	-7.18

	S65
	62
	137.96
	153.21
	
	2.43
	2.31
	
	3.23
	-0.02

	T7
	11
	169.41
	159.04
	
	1.94
	1.96
	
	2.91
	-9.49

	V5
	13
	161.53
	163.97
	163.97
	1.85
	1.82
	1.82
	2.79
	-4.60

	V17
	1
	174.50
	171.55
	171.55
	1.88
	1.86
	1.86
	2.85
	-7.78

	V26
	22
	157.35
	168.93
	168.93
	2.19
	2.13
	2.11
	3.12
	-7.97

	V70
	42
	165.23
	170.98
	170.98
	1.85
	1.82
	1.82
	2.81
	-7.13

	Y59
	55
	148.06
	153.09
	
	2.99
	2.94
	 
	3.86
	-5.04


aOnly calculated for amino acid with aliphatic sidechains.
Supplemental Table 2. Frequency calculations of formamide monomer and dimer.
	Formamide

Monomer
	N-H(trans)

(cm–1)
	N-H(cis)

(cm–1)
	RN-H in monomer pot.
(Å)
	Formamide dimer
	N-H(trans) H-bonded

(cm–1)
	N-H(cis)

(cm–1)
	RN-H in

dimer pot.
(Å)

	N-H (trans)


	
	
	
	
	
	
	

	Exp. Frequenciesa

	3488
	3569
	0.0050
	
	3190
	3330
	

	MP2 Frequencies

	3654
	3801
	0.0050
	
	3570
	3747
	0.0061

	Morse Frequencies


	3584


	-
	0.0061
	
	3434


	-
	0.0071

	Red. masses
	1.05
	1.11
	
	
	1.05
	1.10
	

	Force Constants
	8.23
	9.42
	
	
	7.90
	9.12
	

	N-D (trans)


	
	
	
	
	
	
	

	Exp. Frequenciesb

	2498
	2663
	-
	
	-
	-
	-

	MP2 Frequencies

	2735
	3719
	-
	
	2642
	3714
	-

	Morse Frequencies


	2445
	-
	-
	
	2341
	-
	-

	Red. masses
	2.25
	1.08
	
	
	2.26
	1.08
	

	Force Constants
	9.90
	8.82
	
	
	9.32
	8.79
	


aJ.C.Evans, J.ChemPhys. 1959, 31, 1435. and D.J.Gardiner, A.J.Lees and B.P.Straughan. J.Mol.Struct. 1979, 53, 15.
bM.Räsänen, J.Mol.Struct. 1983, 101, 275 and I.Suzuki, Bull.Chem.Soc.Jap. 1960, 33, 1359.

Supplemental Table 3. Calculated nuclear shielding values per 0.01 Å (in ppm) of ubiquitin using different ab initio methods, different initial situations without and with methyl groupa at peptide fragment (with and without hydrogen bond partner), and different basis sets.
	Method
	GIAO
	B(PW91)/GIAO
	B(PW91)/GIAO
	RHF/GIAO
	RHF/GIAO
	RHF/GIAO
	RHF/GIAO LDB

	Basis set (NMR)
	6-31G
	6-31G(d)
	6-31G(d)
	6-31G
	6-311G
	6-31G(d,p)
	6-311G(d,p)/6-31G

	hydrogen bond.
	
	HCONH2
	HCONH2
	HCONH2
	HCONH2
	HCONH2
	HCONH2

	Geometry
	RHF/6-31G
	BPW91/6-31G(d)a
	BPW91/6-31G(d)

+ 2 (-CH3)b
	RHF/6-31G
	RHF/6-31G
	RHF/6-31G
	RHF/6-31G

	A28
	1.29
	1.16
	1.16
	1.02
	1.06
	1.08
	1.06

	G10
	1.17
	1.17
	1.16
	1.04
	1.08
	1.11
	1.08

	G47
	1.16
	1.28
	1.26
	1.16
	1.20
	1.23
	1.20

	I3
	1.06
	1.04
	1.05
	0.90
	0.92
	0.96
	0.93

	I13
	1.16
	0.99
	1.01
	0.76
	0.78
	0.80
	0.78

	I23
	1.27
	1.04
	1.05
	0.92
	0.96
	0.98
	0.96

	I30
	1.33
	1.11
	1.11
	0.99
	1.02
	1.05
	1.03

	I44
	1.18
	1.03
	1.04
	0.90
	0.94
	0.95
	0.94

	I61
	1.27
	1.25
	1.26
	1.11
	1.14
	1.17
	1.15

	L8
	1.29
	1.43
	1.40
	1.29
	1.34
	1.36
	1.34

	L15
	1.14
	1.08
	1.09
	0.95
	0.97
	1.01
	0.98

	L43
	1.23
	1.35
	1.33
	1.23
	1.26
	1.29
	1.27

	L50
	1.23
	1.05
	1.07
	0.91
	0.93
	0.96
	0.94

	L56
	1.27
	1.11
	1.11
	0.97
	1.01
	1.04
	1.02

	L67
	1.19
	1.05
	1.06
	0.90
	0.93
	0.96
	0.94

	L69
	1.25
	1.09
	1.11
	0.95
	0.98
	1.01
	0.98

	V5
	1.23
	1.04
	1.05
	0.91
	0.94
	0.96
	0.94

	V17
	1.04
	0.95
	0.96
	0.83
	0.85
	0.88
	0.85

	V26
	1.32
	1.15
	1.15
	1.02
	1.05
	1.08
	1.06

	V70
	1.19
	1.01
	1.03
	0.89
	0.91
	0.94
	0.92


ab No important changes are seen by adding methyl groups.
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X i H-bond

HN

Random Coil Value

H(D) EFFEKT

ALA

28.0

ala28

A

H1

N

8.02

-0.37100000000000044

39.907

0.6563651315789474

ASN

25.0

asn25

N

H1

N

7.87

-0.8769999999999998

40.057

0.6588322368421053

GLN
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gln31

Q

H1

N

8.54

0.12899999999999956

40.397

0.6644243421052631

ILE

23.0

ile23

I
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N

0.6824013157894737
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30.0

ile30

I
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N

8.24

0.04499999999999993
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0.6595888157894737

VAL

26.0

val26

V
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N

8.04

-0.3960000000000008

39.763

0.6539967105263158

LEU

56.0

leu56

L

H2,T6,T7

N

8.13

-0.29299999999999926

41.527

0.6830098684210527

SER

57.0

ser57

S

H2,T6,T7,T8

N

38.157

0.6275822368421052

TYR

59.0

tyr59

Y

H2,T7,T8

N

7.24

-0.9429999999999996

41.72

0.6861842105263158

GLN

40.0

gln40

Q

S4,T3

N

7.78

-0.6309999999999993

42.543

0.6997203947368421

GLN

41.0

gln41

Q

S4

N

7.41

-1.0009999999999994

40.993

0.6742269736842106

HIS

68.0

his68

H

S3

N

42.597

0.700608552631579

ILE

3.0

ile3

I

S2

N

40.727

0.6698519736842105

ILE

13.0

ile13

I

S1

N

0.7141447368421053

ILE

44.0

ile44

I

S4

N

43.257

0.7114638157894737

LEU

15.0

leu15

L

S1

N

8.67

0.2469999999999999

42.257

0.695016447368421

LEU

50.0

leu50

L

S5

N

8.48

0.057000000000000384

42.577

0.7002796052631579

LEU

67.0

leu67

L

S3

N

9.36

0.9369999999999994

43.287

0.7119572368421053

LEU

69.0

leu69

L

S3

N

8.3

-0.12299999999999933

43.927

0.7224835526315789

PHE

4.0

phe4

F

S2

N

8.57

0.3420000000000005

40.77

0.6705592105263158

PHE

45.0

phe45

F

S4,T4

N

8.82

0.5920000000000005

43.47

0.7149671052631579

SER

65.0

ser65

S

S3,T9

N

7.64

-0.7400000000000011

39.51

0.6498355263157894

THR

7.0

thr7

T

S2,T1

N

8.69

0.45399999999999885

39.55

0.6504934210526315

VAL

5.0

val5

V

S2

N

9.26

0.8239999999999998

43.507

0.7155756578947369

VAL

17.0

val17

V

S1

N

8.85

0.4139999999999997

39.207

0.6448519736842105

VAL

70.0

val70

V

S3

N

9.13

0.6940000000000008

42.33

0.6962171052631579

GLN

2.0

gln2

Q

S2

8.82

0.4090000000000007

44.443

0.7309703947368421

GLN

49.0

gln49

Q

S5

8.54

0.12899999999999956

45.21

0.7435855263157896

LEU

43.0

leu43

L

S4

8.74

0.31700000000000017

44.653

0.7344243421052632

THR

12.0

thr12

T

S1

8.5

0.26399999999999935

43.27

0.7116776315789475

THR

14.0

thr14

T

S1

8.57

0.33399999999999963

43.807

0.7205098684210527

THR

66.0

thr66

T

S3

8.61

0.3739999999999988

44.047

0.7244572368421053

9.44

0.7435855263157896

7.24

0.6275822368421052
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