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1. Interproton distances :
NOE ∝ R−6

2. Dihedral angles :
J-coupling and Karplus equations

3. Chemical Shift Index (CSI) :
Chemical shift of Hα , Cα , Cβ , CO

4. Hydrogen bonding :
Amide proton exchange rates
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1. Spin system identification :
DQF-COSY and TOCSY experiments

2. Sequence-specific assignment :
NOESY experiment

**For protein < 10 kDa, 2D homonuclear
experiments may be sufficient for resolving 
overlapping NMR resonances.

1. Spin system identification :
DQF-COSY and TOCSY experiments

2. Sequence-specific assignment :
NOESY experiment

**For protein < 10 kDa, 2D homonuclear
experiments may be sufficient for resolving 
overlapping NMR resonances.

DQF-COSY : Double-Quantum 
Filter-Correlation Spectroscopy

TOCSY : Total Correlation Spectroscopy

NOESY : Nuclear Overhauser Effect 
Spectroscopy
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Fig 5-19 胜肽Den7 TOCSY光譜圖, pH 5.0的50mM phosphate buffer 
300μL及30μL D2O,298K的條件下測得

CIEAKLTDTTTES (13-mer peptide)



Fig 5-17 胜肽Den7 DQF-COSY光譜圖, pH 5.0的50mM phosphate 
buffer 300μL及30μL D2O,298K的條件下測得
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Fig 5-18 胜肽Den7 NOESY光譜圖, pH 5.0的50mM phosphate buffer 
300μL及30μL D2O,298K,mixing time為450ms的條件下測得

CIEAKLTDTTTES (13-mer peptide)
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Spin-spin coupling constants in 
peptides

Spin-spin coupling constants, like chemical 
shifts, depend on chemical environment and 
are therefore of great use in structure 
determination. 



Protein in solution 
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Sample preparation :
protein isolation

purification, 
characterization,
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The flowchart of the protein structure 
determination from NMR data
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Extraction of Structural 
information
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Calculation of initial structure
using distance geometry

Calculation of initial structure
using distance geometry

Structure refinement using
molecular dynamics simulation

Structure refinement using
molecular dynamics simulation

Distances between
protons (NOE), 
Dihedral angles 

(J coupling), 
Amide-proton 

Exchange rate, 
Chemical shifts index
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Dihedral angles 
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Exchange rate, 
Chemical shifts index

Final 3D 
structures
Final 3D 
structures
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(f) CBCA(CO)NH : 
Hα(i-1) Cα(i-1)

Hβ(i-1) Cβ(i-1)

C'(i-1) N(i)     HN(i)



(h) HN(CA)HA : HN(i)     N(i)  Cα(i) Hα(i)
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(i) TOCSY-HSQC : Hγ(i)       Hβ(i)      Hα(i)
HΝ(i)      N(i)
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(j) HCCH-TOCSY : Hα(i)     Cα(i)
Hβ(i) Cβ(i)
Hγ(i) Cγ(i)
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Three-dimensional CBCA(CO)NH Spectrum

N 15

H 1
 C 13



ω2 (13C), ω3 (1H) projection of
three-dimensional CBCA(CO)NH spectrum
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Solid-state NMR application II

- macromolecules

(a) α-Spectrim SH3 domain



Pauli et al., ChemBioChem., (2001), 2, 272-281
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Glu (132)
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Gly (121)
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Lys (138)
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Asn (71)
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(1978) 

(dioxane)

Spera
(1991) 
(TSP)
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β Strand
(DDS)

Helix
(DDS)

Residuee

type

α-13C Chemical Shift Values Categorized 
According to Secondary Structural Assignmenta-d

a Experimentally measured random coil values from Richarz and Wuthrich and from Spear 
and Bax are included for comparison. Data are given in ppm.
b The compounds (DDS, TMS, or dioxane) used in referencing the data are shown at the top 
of each column.
c To adjust DSS values to “old” dioxane standard, substract 1.5 ppm.
d To adjust DSS values to TSP, add 0.1 ppm.
e Total number of residues observed is given in parentheses. The data cover a grand total of 
1572 amino acids.
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15N1-13C2-13CN-1Hα-1HbResidue

Random Coil Chemical Shifts for Backbone 
Atoms in Peptides and Proteinsa

a Proton and carbon shifts are relative to DDS, nitrogen shifts are relative to 
NH3. Data are given in ppm.
b α-1H shifts were measured using the hexapeptide GGXAGG in 1M urea at 
25C.

Wishart and Skyes, Methods Enzymol. (1994), 239 ,363-392. 
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Chemical shifts











Determination of rotational orientation of 
the helix, ρ























Structural information deduced from 
solid state NMR spectroscopy 

• Secondary shifts are strongly correlated with 
peptide or protein backbone conformation. In 
particular, values for β-strand segments are 
characteristically negative for 13Cα and 13CO sites 
and positive for 13Cβ sites. 

• Multiplicity of chemical shifts was attributed to the 
differences in molecular structure associated with 
the differences in fibril morphology.

• 13C chemical shifts for D23, V24, G25 and G29 are 
inconsistent with expectations for a β-strand. Thus, 
the chemical shift data qualitatively suggest a 
conformation for the structurally ordered part of 
Aβ1-40 consisting of two β-strands that are separated 
by a bend or loop contained within residues 23-29. 
The conformation in the bend segment may vary 
with fibril morphology and fibrillization conditions.





Structural information deduced from 
solid state NMR spectroscopy 

• Secondary shifts ∆δ ≡ δfibril - δcoil are strongly correlated with 
peptide or protein backbone conformation. In particular, values 
for β-strand segments are characteristically negative for 13Cα
and 13CO sites and positive for 13Cβ sites. 

• Multiplicity of chemical shifts was attributed to the differences 
in molecular structure associated with the differences in fibril
morphology.

• 13C chemical shifts for D23, V24, G25 and G29 are inconsistent 
with expectations for a β-strand. Thus, the chemical shift data 
qualitatively suggest a conformation for the structurally ordered 
part of Aβ1-40 consisting of two β-strands that are separated by a 
bend or loop contained within residues 23-29. The conformation 
in the bend segment may vary with fibril morphology and 
fibrillization conditions.

• Linewidths in the 1.5-2.5 ppm range in solid state 13C MAS 
NMR spectra are characteristic of well-structured peptide in 
rigid noncrystalline environments, whereas significantly larger 
linewidths are observed in disordered biopolymers shows that 
the N-terminal segment of Aβ1-40 is disordered in the fibrils.





(c) Distance dNN and torsion angles 
relationship – Ramachandran plot



Structural information deduced from 
solid state NMR spectroscopy 

• Secondary shifts ∆δ ≡ δfibril - δcoil are strongly correlated with 
peptide or protein backbone conformation. In particular, values 
for β-strand segments are characteristically negative for 13Cα
and 13CO sites and positive for 13Cβ sites. 

• Multiplicity of chemical shifts was attributed to the differences 
in molecular structure associated with the differences in fibril
morphology.

• 13C chemical shifts for D23, V24, G25 and G29 are inconsistent 
with expectations for a β-strand. Thus, the chemical shift data 
qualitatively suggest a conformation for the structurally ordered 
part of Aβ1-40 consisting of two β-strands that are separated by a 
bend or loop contained within residues 23-29. The conformation 
in the bend segment may vary with fibril morphology and 
fibrillization conditions.

• Linewidths in the 1.5-2.5 ppm range in solid state 13C MAS 
NMR spectra are characteristic of well-structured peptide in 
rigid noncrystalline environments, whereas significantly larger 
linewidths are observed in disordered biopolymers shows that 
the N-terminal segment of Aβ1-40 is disordered in the fibrils.

• 13C chemical shifts for CO, Cα and Cβ sites and 15N chemical 
shifts for backbone amide were analyzed to predict the backbone 
torsion angles for each residue. Predictions for two different 
choices of chemical shifts values are derived. Both lead to φ = -
135° ± 25° and ψ = 140° ± 20° , consistent with a β-strand 
conformation, for all residues in the 9-21 and 30-36 segments. 
Non-β-strand φ and ψ values occur at D23, G25 and G29.





Structural information deduced from 
solid state NMR spectroscopy 

• Linewidths in the 1.5-2.5 ppm range in solid state 13C MAS 
NMR spectra are characteristic of well-structured peptide in 
rigid noncrystalline environments, whereas significantly larger 
linewidths are observed in disordered biopolymers shows that 
the N-terminal segment of Aβ1-40 is disordered in the fibrils.

• 13C chemical shifts for CO, Cα and Cβ sites and 15N chemical 
shifts for backbone amide were analyzed to predict the backbone 
torsion angles for each residue. Predictions for two different 
choices of chemical shifts values are derived. Both lead to φ = -
135° ± 25° and ψ = 140° ± 20° , consistent with a β-strand 
conformation, for all residues in the 9-21 and 30-36 segments. 
Non-β-strand φ and ψ values occur at D23, G25 and G29.

• In RFDR-CT measurements, the decay of 13C NMR signals from 
the labeled carbonyl sites reflects the strength of 13C-13C dipole-
dipole couplings, which depends primarily on the intramolecular
13C-13C distance and hence the φ angle. In DQCSA 
measurements, the decay of 13C NMR signals from the labeled 
sites reflects the relative orientation of the labeled carbonyl 
groups, which depends on both φ and ψ. The RFDR-CT and 
DQCSA data for different samples are significantly different, 
indicating significant differences in . Qualitatively, this result 
indicates the presence of non-β-strand conformations. 






