
Heteronuclear Single Quantum 
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Insensitive nuclei 
enhanced by 
polarization 
transfer (INEPT)



HSQC coherence transfer pathway



Heteronuclear Multiple Quantum 
Corehence/Correlation (HMQC)



HMQC coherence transfer pathway

Necessity of gradient pulses to simplify spectral complexity 



Why HMQC? Why HSQC?



HMQC vs HSQC 2D NMR
1H-13C HMQC / HSQC spectra of menthol at 300 MHz



The role of decoupling in HSQC spectra
1H-13C HSQC spectra of benzene



Decoupling elements in gHSQC pulse sequence

GARP = Globally-optimized Alternating-phase Rectangular Pulses
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HSQC method in biomolecular NMR and small 
organic molecules



(A) Purification and (B and C) electrophoretic mobility of the SG from the egg
jelly of sea urchin Glyptocidaris crenularis.
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1D 1H NMR spectra at 400 MHz of the (A) native β-SG from G. crenularis and (B)
its desulfated derivative.
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 two anomeric signals (A e B) with 1:1 ratio belong to the
β-configuration (δ below 5.0 ppm) in the native compound

 just a single anomeric signal (B) at the desulfated
derivative

 (A)-sulfated galactose

 (B)-non-sulfated galactose
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2D homonuclear 1H-1H NMR spectra at 400 MHz (anomeric region) of the (A-C)
native β-SG from G. crenularis and (D and F) its desulfated derivative.
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2D heteronuclear 1H-13C HSQC spectra at 400 MHz of the (A) native β-SG from
G. crenularis and (B) its desulfated derivative.
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1515NN--NMR NMR CHARACTERIZATIONCHARACTERIZATION OF GLYCOSAMINOGLYCANS (GAGs)OF GLYCOSAMINOGLYCANS (GAGs)

NMR characterization of GAGs is largely based on 1H- and/or 13C-resonances and
analysis by 15N is quite rare.

DISADVANTAGES OF 15N-NMR (poorly sensitive):

- very low natural abundance (0.37%)

-very low magnetic susceptibility (ΔE=γђB0 modulated by the low negative gyromagnetic ratio
value of 15N)

Hence, 15N-isotope labeling techniques are considerably required, although some
analyses (industrial sources) still work at natural abundance!

Table of some nuclei properties important for NMR detection.

Nuclide Spin Natural 
abundance

Gyromagnetic ratio γ 
[107 rad T-1 s-1]

NMR Frequency 
(at 18.8 Tesla)

Proton (1H) ½ 99.985 26.7522 799.734 (1)

Carbon-12 (12C) 0 98.9 - -

Carbon-13 (13C) ½ 1.108 6.7283 201.133 (1/3.976)

Nitrogen-14 (14N) 1 99.63 1.9338 57.820 (1/13.831)

Nitrogen-15 (15N) ½ 0.37 -2.7126 81.093 (1/9.861)



(A) CS-A (B) CS-C (C) OSCS (E) HS(D) DS

4S (65%) 4S (<5%)
di-4,6S 
(>75%)

6S (35%) 6S (>95%)

N-acetyl

4S (≥90%)

118.0

118.5

119.0

119.5

120.0

120.5

121.0

121.5

122.0

122.5

123.0

123.5

1
5N

–ch
em

ica
l sh

ift (pp
m

)

(A) CS-A (B) CS-C (C) OSCS (E) HS(D) DS

4S (65%) 4S (<5%)
di-4,6S 
(>75%)

6S (35%) 6S (>95%)

N-acetyl

4S (≥90%)

118.0

118.5

119.0

119.5

120.0

120.5

121.0

121.5

122.0

122.5

123.0

123.5

1
5N

–ch
em

ica
l sh

ift (pp
m

)

4S

6S

1515NN--HSQC spectra of native GAGs HSQC spectra of native GAGs –– at natural abundanceat natural abundance!!

Galactosaminoglycans - GalNAc Glycosaminoglycan - GlcNAc
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2) Amide 15N-resonaces of 4-sulfated GalNAc units 
are more upfield than 6-sulfated units

1) The standard GAGs show amide proton resonances in 
distinct regions of the 1H-15N HSQC spectra

upfield downfield
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1515NN--HSQC spectra of CS disaccharidesHSQC spectra of CS disaccharides
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Sequencing of CS oligosaccharides by Sequencing of CS oligosaccharides by 1515NN--HSQCHSQC
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1515NN--11H assignment of NH assignment of N--acetylated acetylated glucosaminesglucosamines in in HepHep/HS/HS

(A) CHO HS (B) UFH ↓[GlcUA] (C) HS - ↑[GlcUA]
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spectrum showing their respective amide 1H-15N cross-peaks.
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CYTOSOL

Trafficking of UDPTrafficking of UDP--hexoseshexoses into GOLGI for GAG biosynthesisinto GOLGI for GAG biosynthesis
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GAG biosynthesis in GOLGI apparatusGAG biosynthesis in GOLGI apparatus

GOLGI APPARATUS 1. chain initiation

2. chain elongation

3. chain 
modification

transferases

sulfotransferases



1515NN--gHSQC spectra of cellular gHSQC spectra of cellular 1515NN--labeled GAGs incubated 24 h with labeled GAGs incubated 24 h with 
1515NN--GlnGln
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(B)

(A)

(B)

(A)

IsotopomericIsotopomeric MS analysis of the endothelial pure MS analysis of the endothelial pure ΔΔC4S C4S dimersdimers incubated incubated 
24h with 24h with 1515NN--Gln  Gln  

real spectrum

simulated spectrum

Natural abundance

8% 15N-incorporation

(C)(C)
10% 15N-incorporation
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