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Title of Doctoral Dissertation

Synthesis of Chiral Sphingolipids and their Stereochemical Effects on Induction of Neurite Outgrowth and
Sphingomyelin Synthase Activity
(FTNAT 4 v ARFEDOERE OB K DM RER NA T ¢ o TI =) AR
PEADENTHOUNT)

Sphingolipids are essential components of cell membrane having significant structural and
functional roles in the cells. They are first discovered from the brain extract in 1870s. Sphingolipids
are named after the mythological Sphinx because of their enigmatic nature. They are known to
protect cell surface by forming plasma membrane lipid bilayer. They contain backbone of
sphingoid bases, derivative of amino alcohol sphingosine, sphinganine or phytosphingosine.
Sphingolipids help to define the structural properties of membranes and lipoproteins and also have
important roles in cell signaling, cell—cell interaction, cell recognition, and help to regulate cell
growth and differentiation. Sphingolipids are important biomolecules and they are chiral. Chirality
of sphingolipids are very important because they play very crucial role in the biological system.
Most of the drugs are chiral. Naturally the stereochemistry of most common sphingolipid ceramide
has D-erythro stereochemistry. So, the Chirality of sphingolipids play very crucial role in the drug
discovery because one enantiomer of drug may be a useful medicine for a disease, but another
isomer may be inactive or may be toxic to that disease.

Sphingolipids, ceramide and ganglioside GM3 have attracted intense research interest in drug
discovery due to their role in metabolic disorders. Recent study revealed that, sphingolipid
metabolizing enzymes such as sphingomyelin synthase (SMS) and GM3 synthase are potential
drug target to cure metabolic disorders. The deficiency of SMS has been reported to control the
development of obesity, fatty liver and type 2 diabetes, since then researchers are trying to establish
selective and potent SMS inhibitors for the therapeutic application of metabolic disorders. On the
other hand, gangliosides play an important role in the case induction of neurite out growth. This
phenomenon is very important for the recovery of nervous system after injury.

Initial goal of our study was to discover the stereochemical effects of chiral ganglioside GM3 on
induction of neurite outgrowth. To synthesize the stereoisomers of GM3, initially, we succeeded in
synthesizing and purifying all stereoisomers of sphingosine. Further by using these isomers and
sialyllactose we succeeded the synthesis of four stereoisomers of GM3 and performed the cell viability
assay. Two different concentrations (10 uM and 40uM) of GM3 isomers are used to perform the neurite
outgrowth assay with or without NGF in PC12 cells. Neurite outgrowth activity was measured by staining
with Coomassie brilliant blue (CBB) and fluorescence imaging with an inverted microscope and
fluorescence microscopy. All four isomers are enhancing the neurite outgrowth in the presence of
NGF and without NGF. Surprisingly, L-erythro GM3 inducing more neurite outgrowth as
compared to other three isomers.


https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/lipoproteins
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Fig.1. (@) Chiral GM3 induce neurite outgrowth (b) Neurite outgrowth CBB staining assay of chiral GM3s 10 uM

Further study was continued to understand the effect of sphingolipid chirality on sphingomyelin
synthase activity. Successfully synthesized 128 unique stereoisomers of ceramides by efficient
solid-phase synthesis. Further experiment was performed to discover the stereochemical effects of
these chiral ceramide on sphingomyelin synthase activity. The cell-based assay of sphingomyelin
synthase inhibition in the presence of chiral ceramide suggested that these ceramides have good
inhibitory activities (ICso = 0.2 ~ 1 pM) for sphingomyelin synthases 1 and 2. Furthermore,
according to heatmap analysis of ICso values, we confirmed that most of the unnatural (L)-threo
stereoisomer ceramide derivatives showed strong inhibitory activities towards SMS1 and SMS2
respectively compared to the inhibitory activities of other stereoisomers.
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Fig.2. (c) Unnatural stereoisomer (L)-threo ceramides possesses a highest potential for inhibition of lipid
metabolizing enzyme (SMS) comparing to other stereoisomers including natural one. (d) Heatmap analysis
of ICso values of each of the four unique chiral ceramides for SMS1 and SMS2

In conclusion, synthesis the four stereoisomers of chiral GM3 and chiral ceramide library was
successfully completed. Stereochemical study of four GM3 isomers described that they are
inducing the neurite outgrowth and L-eryhtro induces more as compared to the other three isomers.
On the other hand, stereochemical effects of chiral ceramide on sphingomyelin synthase activity
suggested that, these ceramides show excellent inhibitory activity on SMS1 and 2, especially the
unnatural L-threo ceramide derivatives showed strong inhibitory activities towards SMS1 and
SMS2 respectively compared to the inhibitory activities of other stereoisomers. In the future, these
chiral GM3 and chiral ceramides are better therapeutic target for metabolic disorder and nervous
system injuries.



