
Purification of the fractions of sulfated galactan (SG 1 and SG 2) from C. isthmocladum by 
ion-exchange chromatography (A) and electrophoretic analysis by agarose gel (B) and 
polyacrylamide gel (C). 
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1D1H NMR spectra at 400 MHz of the native SG 1 (A), native SG 2 (C) from C. isthmocladum, 
and the desulfated derivatives of SG 1 (B) and SG 2 (D). 
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Strips of the anomeric regions (expansions from 5.1 to 4.5 ppm) from the COSY (A and C) 
and TOCSY (B and D) spectra of the desulfated galactan 2 (A and B) and the native SG 2 

(C and D) from C. isthmocladum. 

NMR STRUCTURAL NMR STRUCTURAL DETERMINATIONDETERMINATION OF A GREEN ALGA SGOF A GREEN ALGA SG

COSYCOSY TOCSY TOCSY

NativeDesulfated

Eduardo H C Farias et al. Glycobiology 2008;18:250-259



1H/13C DEPT-HSQC spectra of the native SG 2 (A) and its desulfated derivative (B). 
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1H/13C HSQC (A) and HMBC (B) spectra of the methyl region of the pyruvate group from 
the native SG 2. 
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Proposed structures of the components found in the sulfated galactan from the green
alga C. isthmocladum.
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NMR structure characterization of a new red algal SG (Acanthophora muscoides)
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Structural composition of SGs from Acanthophora muscoides and Botriocladia occidentalis
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13C DEPT:  A way of sorting out the # of 
Hs attached to a C

- DEPT is "Distortionless Enhancement by
Polarization Transfer" and is used as a means
for editing spectra.

- Three DEPT spectra are available for analyses
and are termed DEPT-45, DEPT-90 and DEPT-and are termed DEPT-45, DEPT-90 and DEPT-
135 (the number indicates the flip angle of the
editing proton pulse in the sequence).

- For most practical purposes, DEPT-135 covers all
signals.

- No solvent peaks observed in DEPT.



13C DEPT pulse sequence



Spectral assignments for ipsenol
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HSQC vs edited HSQC spectra



Counterion effects (Na+
, Ca2+, Li+)

RingRing andand chainchain conformationsconformations andand dynamics dynamics ofof nativenative SF, SG SF, SG 
andand derivedderived oligosaccharidesoligosaccharides

Paulo A.G. Soares et al. Biopolymers 2016;105:840-851
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ProteinProtein--sulfatedsulfated glycanglycan interactionsinteractions

Chemical shift perturbation of fondaparinux on 15N-labeled hBD6 

©2014 by American Society for Biochemistry and Molecular Biology

Viviane S. De Paula et al. J. Biol. Chem. 2014;289:22969-22979



ProteinProtein--sulfatedsulfated glycanglycan interactionsinteractions

NMR-restrained HADDOCK models for the ternary complex 15N-hBD6:fondaparinux 

Viviane S. De Paula et al. J. Biol. Chem. 2014;289:22969-22979

©2014 by American Society for Biochemistry and Molecular Biology



DEFENSINS

hBD6-fondaparinux-hBD6

de Paula et al. JBC 2014
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2D 13C-13C INADEQUATE (Incredible Natural 
Abundance DoublE QUAntum Transfer Experiment)



2D 13C-13C INADEQUATE (Incredible Natural 
Abundance DoublE QUAntum Transfer Experiment)

- C-C correlation experiment.

- Relies on two neighboring 13C.

- Chance of 13C-13C = 1/10.000.

- Double quantum dimension (f2) VS Single- Double quantum dimension (f2) VS Single
Quantum Dimension (f1).

- For proper acquisition, it needs signal/noise of
25/1 with 1 transient 13C NMR experiment to get
spectrum in 24 h.

- Assuming a compound of 150 Da, needs 700 mg
in 0.7 mL solvent (~ 6M).



Structural characterization of a hyaluronidase
inhibitor derived from marine Streptomyces



Structural characterization of a hyaluronidase
inhibitor derived from marine Streptomyces



Structural characterization of a hyaluronidase
inhibitor derived from marine Streptomyces

DQ

SQ

13C-13C couplings observed in 2D INADEQUATE (a,b) and 13C (c) NMR spectra of [1,2-13C2]acetate-labeled 2. The coupling of C-
1″/C-5″ and C-3″/C-4″ were only observed in the 13C NMR spectrum (c). (a) Optimized for 1Jcc = 50 Hz; (b) Optimized for 1Jcc = 35 
Hz; (c) 13C NMR spectra; (d) Observed in 2D INADEQUATE.



13C assignments of 
hyaluronidase inhibitor



Sensitivity in 
NMR


