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   Binding study methodology 
• HGul and HMan in D2O (600 μL, 0.13 M, pD ≈ 1.0) 

were studied by 1H NMR spectroscopy (400 MHz, 

298 K) 

• Aliquots of [Mx+][Cl-]x in D2O (25 μL, 1.55 M) were 

added and changes in 1H NMR chemical shift (Δδ) 

and ratio of α:β anomer (Δ(α:β)) measured 

Results Part I: Δ(α:β) 

• The Δδs for α-HGul (Fig. 5) are indicative of  Ca2+ 

binding to the axial-equatorial-axial (ax-eq-ax) 

arrangement of oxygen atoms (Fig. 6)5 

• Similar Δδ patterns to those for α-HGul are seen 

for Ba2+  and Sr2+, but not Mg2+ or Na+. HMan 

does not show as significant Δδ as HGul with any 

of the metal ions investigated 

• The ax-eq-ax arrangement of oxygen atoms in α-

HGul  is not found in any of the other anomers 

(Fig. 5) and is likely to be important to the Egg-

Box binding of divalent ions and alginate gelling 

HGul 
α:β* = 0.21 
Δ E$ = + 30.0 kJ mol-1 
 

HMan 
α:β* = 3.01 
Δ E$ = + 5.6 kJ mol-1 
 

• The monosaccharides L-guluronic acid (HGul) and D-mannuronic acid (HMan) can be 

prepared from brown seaweed (Fig. 2)3,4  

• HMan and HGul exist as interconverting anomers (α and β). For HGul, the β-anomer is 

favoured over the higher energy α-form, and the vice versa for HMan (Fig. 3)  

• Brown seaweed (kelp) contain alginic acid (a copolymer of α-L-guluronic and β-D-

mannuronic acids). Divalent metal alginates (salts of alginic acid) such as Ca- and Sr-

alginate are used to make gels in the cosmetic, pharmaceutical, and culinary sectors1  

• Alginate gelation is thought to occur when parallel blocks of polymeric α-L-guluronic 

acid residues are cross-linked by divalent metal ions that bind in the anionic cavities 

existing between the chains; an arrangement known as the “Egg-Box” model (Fig. 1)2 

• Despite the model’s popularity, the local coordination environment of metal ions in 

Egg-Box environments is not well understood. Consequently, it is not known why 

some cations (eg. Ca2+) form gels, but others (eg. Mg2+) do not. This work utilises the 

monomeric units of alginic acid to explore Egg-Box coordination in more detail 

 

Error bars on lines omitted for 
clarity. Average error ± 2 % 

Figure 3. The equilibrium between α- and β-anomers of 
L-guluronic and D-mannuronic acids in aqueous solution 
 

*Determined via 1H NMR spectroscopy at 298 K 

$Gas phase calculation via Hartree-Fock 
method: 6-31G(d)  

Figure 2. Monosaccharide  
preparation from seaweed 

Figure 6. a) Ca2+ ion binding to the ax-eq-ax 
arrangement of oxygen atoms in α-guluronic acid, and 
b) the arrangement as it appears in the Egg-Box model   

a) 

b) 

molar equivalents of Mx+ added 

Figure 5.  Δδ 1H NMR shifts (ppm) after addition 
of 4.0 equivalents of Ca2+ to HMan and HGul 
(referenced to δH4 in each case) 

Results Part II: Δδ 

• Ca2+, Sr2+ and Ba2+ ions stabilise α-HGul and β-

HMan (see Fig 4); these are the anomers found 

naturally in the polymeric alginic acid 

• The stabilisation is much more pronounced for 

HGul, despite the higher energetic barrier of the 

conversion from β- to α-anomer (see Fig. 3) 

• Na+ and Mg2+ ions do not show significant 

interactions with either HGul or HMan  

• Ca2+, Sr2+ and Ba2+ (metal ions that form gels with alginates) bind to aqueous monomeric α-HGul but not significantly to β-HGul, 
α-HMan or β-HMan. α-HGul features an ax-eq-ax arrangement of oxygen atoms, providing evidence for the importance of this 
same motif in the Egg-Box model used to explain the gelation of alginates.  

• Na+ and Mg2+ do not interact significantly with HGul or HMan monomers, indicating why alginates do not gel in the presence of 
these ions.  Future work will examine binding of algal saccharides to toxic metals (eg. Cd2+ and Pb2+) for use in water remediation.  
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Figure 4. The change in α:β ratio (Δ(α:β)) of 
L-guluronic and D-mannuronic acids in D2O 

(at pD ≈ 1.0) upon the addition of varying 
quantities of s-Block metal ions (Mx+) 

alginate gel 

Figure 1. Gelation of alginates via Egg-Box binding of divalent metal ions (M2+)  


