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Project Purpose: 

To synthesize and characterize new potential Natural Killer T cell ligands to help pinpoint 

the identity of the endogenous ligand and to elucidate structure-activity relationships between 

the ligand and its receptor. 

Project Importance: 

Glycolipids interact with natural killer T cells (NKT cells) via the CD1 D receptor, a 
major histocompatibility complex-like molecule, which triggers responses from NKT cells 
as the bridge between the adaptive and the innate immunities. Glycolipids have been 
thought to exist endogenously only in beta configurations in mammals, yet recent studies 
indicate that alpha glycolipids exist in mammals and interact with NKT cells, which 
suggests the presence of unknown glycolipid biosynthesis pathways. Whether these 
alpha glycolipids are synthesized by an unfaithful enzyme or undergo a novel biosynthetic 
pathway has not yet been determined. We previously observed that some glycolipid 
species undergo a cyclization reaction in acidic environments, and it is possible that this 
reaction occurs in the acidic lysosome. We are synthesizing twelve new variants of 
glycolipid that will be used to determine how cyclization impacts NKT cell stimulation and 
if cyclized glycolipids are part of the repertoire of endogenous glycolipids. 

Project Overview: 

Due to purification limitations in isolating natural biochemical products, we will 
utilize synthetic chemistry to produce twelve new glycolipid species. Some variants of 
these molecules have already been shown to stimulate NKT cells (Kain, 2014 ), but further 
testing is required to determine the range of endogenously produced glycolipids. In the 
lab we have observed that some of these glycolipids will curiously undergo cyclization 
into three and five member rings in the presence of an acid. It is possible that the 
biosynthetic pathway passes through the lysosome, which degrades endocytosed foreign 
material in antigen presenting cells (Brennan, 2011 ). Therefore, we hypothesize that the 
endogenous ligand could be a cyclized variant. To test our hypothesis, I will synthesize 
twelve cyclized glycolipid variants divided into 3 structural groups. 










