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Abstract 

   Fusion with two different starch binding domains (SBDs) of carbohydrate binding module 

family 20 (CBM20) conferred the psychrophilic α-amylase Alteromonas haloplanctis A23 

(AHA) with enhanced activity towards starch granules. The SBD from either Aspergillus niger 

glucoamylase (SBDGA) or Arabidopsis thaliana phosphoglucan, water dikinase (SBDGWD3) 

was C-terminally merged via a 10-residue designed peptide linker to AHA. While the two AHA 

fusions, AHA-SBDGA and AHA-SBDGWD3, essentially maintained the activity towards 

different soluble α-glucan polysaccharides and cyclodextrins, they displayed up to 3-fold 

increased activity for a range of different starch granules.  The interfacial catalysis was 

analyzed towards waxy maize starch (WMS), normal maize starch (NMS) and three maize 

starches with increasing amylose contents (G-50, G-80, AE) by using a combined conventional 

and inverse Michaelis-Menten approach. Generally, the SBD-fusion resulted in reduced convKm 

and increased convkcat values and up to 3-fold increase in convkcat/
convKm compared to AHA. 

Depending on the starch type, the invKm increased up to 3-fold, while the invkcat increased by 

4−10 fold. Remarkably, the density of binding sites and attack sites of AHA-SBDGA and AHA-

SBDGWD3, although decreasing 2−3 fold from the WMS through the AE starch granules, overall 

the density of binding sites was 3−7 fold and of attack sites 2−5 higher, than for AHA. The 

relationship between convkcat, 
invkcat and ∆∆G° (Relative standard free energy of enzyme-

substrate binding) showed that kcat is negatively correlated with ∆∆G°, which means that the 

degradation of the starch granules by AHA and the SBD-fusions are adsorption limited 

reactions according to the Sabatier principle. 
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