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Novel Functionalized Lectins Engineered by Affinity-Guided DMAP Chemistry
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Among a vast number of proteins, there are two significant and interesting groups: lectin
and glycoprotein. By simple definitions, lectins are sugar-binding proteins, which were first
discovered in plants and later found generally in other bioorganisms, and glycoproteins are
proteins posttranslationally modified with oligosaccharide. Many profound biological events are
initiated and mediated through lectin-glycoprotein interactions. To study the biological
significance of glycoproteins, lectin engineering by using novel protein engineering methods

undoubtedly is an attractive approach.

In chapter 1, the invention of a novel *F-modified lectin biosensor (**F-biosensor) for
specific detection and imaging of glycoproteins will be introduced. Construction of this novel
biosensor was achieved by using the affinity-guided DMAP strategy previously invented in our
lab. Exploiting the large chemical shift anisotropy property of *°F nuclei, glycoproteins detected
by '°F-biosensor were signatured by broadened peaks in °F NMR, thereby distinguishing the
lectin-binding glycoproteins from non lectin-binding glycoproteins. This *°F-biosensor also
successfully discerned glycoproteins from small molecule saccharides. Such signal on/off

switching was further applied to glycoprotein imaging in *°F MRI.

In chapter 2, a revolutionary protein engineering method will be introduced. Lectins were
converted into “enzymes” by incorporating a catalytic DMAP group to their glycan-recognition

sites. Construction of this novel lectin catalyst was accomplished in two steps. An azide handle




was first introduced to lectin by affinity-guided DMAP chemistry, followed by the attachment of
a DMAP catalytic group through click-chemistry. Two types of lectin catalysts, wheat germ
agglutinin (WGA) and Congerin 1l (Congll), were successfully constructed. Glycoproteins those
bind to lectin catalyst specifically were successfully labeled upon the addition of acyl donors in
test-tube. This protein engineering method could be extended to study other protein-protein

interaction pairs.

In chapter 3, selective labeling of mammalian cell-surface glycoproteins by using lectin
catalysts will be discussed. Despite of the importance, very few cell-surface glycoprotein-labeling
methods have been reported so far. In this study, accomplishment of selective cell-surface
glycoprotein-labeling was confirmed by both confocal microscopy imaging and western blot
analysis. Difference in labeled glycoprotein species was observed on both 1D and 2D western
blot between cell lines and applied lectin catalysts. Few representative labeled glycoproteins were
identified by mass analysis and antibody detection. This novel glycoprotein labeling method is

indeed powerful and greatly expected to improve our perceptions of glycome.
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