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Resonance Assignment 
(~ 14 kDa small protein)

Sidechain NH 
& COOH



2D-NMR Spectrum2D NMR Spectrum

- Diagonal resonances same as in 1D spectrumDiagonal resonances same as in 1D spectrum
- off-diagonal cross peaks are due to
interactions such as NOE or J-coupling
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TOCSY (Spin System Identification) RC-RNase
1. J-Coupling: HN→Hα→Hβ…….2. Identify Spin System(a.a. type)
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Chapter 10    Two Dimensional Heteronuclear  J-correlated Spectroscopy

Advantages of Heteronuclear NMR: There are a number of advantages associated with 
combining information from heteronuclear spins with that from protons in biomolecular combining information from heteronuclear spins with that from protons in biomolecular 
NMR studies, including:
1. The chemical shifts of the heteronuclear spins are more disperse than proton chemical

shifts, thus reducing the overlap of spectral peaks.
2  Th  l ti  ti  f th  h t l  i   b  i  t  i t t th  th    2. The relaxation properties of the heteronuclear spin can be easier to interpret than the   

relaxation of the proton spins, facilitating measurements of protein dynamics.
3. The fixed distance between the proton and the heteronuclear spin facilitates the 

measurement of bond orientations using residual dipolar couplings, providing an important   measurement of bond orientations using residual dipolar couplings, providing an important   
constraint in structure determination.

4. The one-bond coupling between the amide nitrogen and the carbonyl carbon provides a 
means to link amino acid spin-systems, facilitating resonance sequential assignments.

Sensitivity of Heteronuclear NMR: 
The dependence of the sensitivity on γ is due to two factors. First, a lower γ reduces the 

population difference between the ground and excited quantum states by a factor that is population difference between the ground and excited quantum states by a factor that is 
proportional to γ, as indicated by the Boltzmann distribution. Second, the detection of the 
precessing magnetization is more sensitive for higher frequency spins, by a factor of γ3/2. 

In most applications of heteronuclear NMR, the protein or nucleic acid in the sample is 
i h d b  bi th ti  i ti  f 13C l  d 15N i  t   i t i  enriched by biosynthetic incorporation of 13C glucose and 15N ammonium to an isotopic 

enrichment level of 100%. With this level of isotopic enrichment, the sensitivity for 13C is 
32 fold less than protons. The situation is worse for 15N, with a 300 fold reduction in 
sensitivity. Consequently, most heteronuclear NMR experiments are designed to transfer n y. n qu n y, m nu NM p m n gn n f
the intense spin polarization of the proton to the heteronuclear spin. The sensitivity of the 
experiment is increased further by returning the magnetization back to the proton for 
detection at the end of the experiment.



Peptide Plane

R1           R2           R3            R4

i           i+1             i+2             i+3i           i 1             i 2             i 3



10.2 Two Dimensional Heteronuclear NMR Experiments

There are three two-dimensional heteronuclear correlation experiments in common use: 
the heteronuclear multiple quantum coherence (HMQC) experiment [10]  the heteronuclear the heteronuclear multiple quantum coherence (HMQC) experiment [10], the heteronuclear 
single quantum coherence (HSQC) experiment [21], and the refocused- HSQC experiment. 
An example of a two-dimensional 1H-15N HSQC spectrum of a 130 residue protein is shown in 
Fig. 10.1. 

Figure 10.1. Two-dimensional 1H-15N-HSQC 
spectrum. A two-dimensional HSQC spectrum
of a 130 residue protein is represented as a 

 l  Th  d l  dcontour plot. The one-dimensional proton and
nitrogen spectra are shown on the left side and 
top of the plot, respectively. Each crosspeak 
represents a signal from a single  N-H pair  Therepresents a signal from a single  N H pair. The
pairs of peaks  connected by vertical lines indicate NH2  groups from Gln and Asn groups. 
The two  amide protons share the same nitrogen,
consequently both peaks have the same nitrogen 
hif  Th  HMQC i  ld b  l  shift. The HMQC experiment would be almost 

identical in appearance.

Although these three experiments all generate crosspeaks that correlate the proton and 
h t l  h i l hift  th  i t  diff  i  th  t t  f th  d it  t i  heteronuclear chemical shifts, the experiments differ in the state of the density matrix 
that evolves during the t1 (heteronuclear) labeling period. In the case of the HMQC 
experiment a double-quantum state evolves (IxSx), the HSQC experiment evolves as an anti-
phase single-quantum state (IzSx), while in the refocused-HSQC experiment the phase single quantum state (IzSx), while in the refocused HSQC experiment the 
heteronuclear magnetization evolves as pure in-phase magnetization (Sx). Since each of 
these terms relax at different rates, the linewidths of the resonance peaks in the 
heteronuclear dimension differ. 



In the case of proteins, the refocused HSQC experiment produces the narrowest lines, 
followed by the HSQC experiment, and lastly the HMQC experiment. Nevertheless, the 
HMQC experiment can be the most sensitive of the three because it has the fewest 

 f l  number of RF-pulses. 

10.2.1 HMQC Experiment
The RF-pulses of proton (Spin I) and heteronuclei (spin S) can be independently altered, 

h  ll   fl b l   l  f h   d  h  thus allows greater flexibility in manipulation of the spins during the experiment.





10.2.1.1 Analysis of the HMQC Experiment The HMQC sequence can be divided into 
five distinct steps:

A: Initial Density Matrix                    ρ = γHI + γNSA: Initial Density Matrix.                   ρo = γHIz + γNSz

A careful analysis of the evolution of the γNSz throughout this pulse sequence will show that 
this term does not generate any detectable magnetization. The gyromagnetic ratio for 
nitr en  γ  is 1/10 the size f γ  thus the c ntributi n fr m the initial nitr en nitrogen, γN, is 1/10 the size of γH, thus the contribution from the initial nitrogen 
magnetization to the final signal is generally minimal, and will be ignored here.

B: Transfer of Proton Polarization to the Nitrogen.
Th  fi  90 l   h   ill    i i  hiThe first 90◦ pulse on the protons will generate transverse proton magnetization, this
will evolve under heteronuclear J-coupling, as follows:

Consequently the cosine term disappears, ;leaving:
Thi  d it  t i  l  l  d  t  t i  h i l hift b  th  t  This density matrix also evolves due to protein chemical shift because the proton 

magnetization is transverse, giving: 



However, this evolution will be canceled by the symmetrically placed, equivalent delay, on 
the other side of the proton π pulse (see below). Consequently, chemical shift evolution of 
the protons will be ignored in this interval and only the γH2IxSz term will be followed.

The second 90◦ pulse, applied only to the nitrogen spins gives:    ρ3 = γH2IxSy (10.7)
The presence of the Sy term indicates that the nitrogen has become excited. The intensity 
of the excited nitrogen state depends on the initial proton polarization, representing 
t f  f th  t  l i ti  t  th  it  i  N t  th t thi  d t t  transfer of the proton polarization to the nitrogen spin. Note that this product operator 
represents a multiple (double) quantum transition, hence the name of this experiment.

C: Recording the Nitrogen Chemical Shift.C: eco d g e N oge C e c S .





Spin echo sequence:  τ − 180◦ − τ causes magnetization to refocusSpin echo sequence:  τ − 180◦ − τ causes magnetization to refocus

Skip.  Prove this yourselves.







HMQC HSQC

HSQC and HMQC differ in the way the magnetization is transferred between I and S.



1INEPT is an acronym for Insensitive Nuclei Enhanced by Polarization Transfer





















Further analysis is skipped.








