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 Propositions associated with the PhD thesis 
 

Characterization of 4,6-α-glucanotransferase  
enzymes and their functional role in Lactobacillus reuteri 

 
by Yuxiang Bai 

 

1. “A man has always to be busy with his thoughts if anything is to be accomplished. ” -- Antonie 
van Leeuwenhoek, the Netherlands; “As heaven maintains vigor through movements, a gentle 
man should constantly strive for self-perfection.” – ‘I Ching’, China. 
 

2. The initial discovery of the 4,6-α-glucanotransferase (4,6-α-GTase) gtfB gene was based on its 
high sequence similarity with the glucansucrase gtfA gene in the same genome of Lactobacillus 
reuteri 121 strain. These 4,6-α-GTase and glucansucrase enzymes differ in polysaccharide 
synthesis, using starch and sucrose as substrate respectively, making this an attractive system for 
biochemical and evolutionary research. (This thesis) 

 
3. The full-length 4,6-α-GTase GtfB expressed in Escherichia coli largely accumulates in non-

classical inclusion bodies that display both hydrolysis and transferase activities, producing 
similar isomalto-/malto- polysaccharides (IMMP) as synthesized by the soluble GtfB enzyme. 
Truncation of the N-terminus (1-733 amino acids) of the GtfB enzyme remarkably enhances its 
soluble expression level while retaining full activity. (Chapters 2 and 3) 

 
4. Quantitative assays, including the GOPOD assay that measures glucose release and the amylose-

iodine staining method that determines amylose consumption based on amylose V as substrate, 
allow accurate determination of both hydrolysis and transferase activities of 4,6-α-GTases. 
(Chapter 3) 

 
5. The cell-associated 4,6-α-GTase enzymes play an important role in the formation of IMMP-like 

exopolysaccharides (EPS) by L. reuteri strains grown on maltodextrins or starch. (Chapter 4) 
 

6. In the presence of sucrose and starch, EPS synthesized by L. reuteri strain 35-5 cells results not 
only from the action of the separate glucansucrase GtfA and 4,6-α-GTase GtfB enzymes with 
their preferred substrates sucrose and starch, but also from the cross-reactivity of both enzymes. 
(Chapter 5) 

 
7. Analysis of the crystal structures of the GtfA-ΔN and GtfB-ΔNΔV enzymes and a bioinformatics 

analysis of their phylogenetic positions revealed that glucansucrase has evolved from α-amylase 
enzymes via two evolutionary steps: reaction-specificity variation from degradation to 
polymerization and substrate-specificity variation from starch to sucrose. (Chapter 6) 

 
8. Nature is the best shortcut master, able to design ideal enzymes for catalysis based on existing 

proteins as circumstances change; our pursuit is to elucidate its methods. 
 

9. “The problem is what the problem is” is the focal point of all our problem-solving efforts and the 
real driving force for scientific research. 
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