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Abstract

A genetically diverse community of commensal and pathogenic bacteria
thrive in the digestive system and urogenital tracts of animals. Many of
these bacteria forage sialic acid from mucosal cell surfaces. Bacteria have
evolved a system that utilizes host-derived sialic acid either as an alterna-
tive food source (catabolic pathway) or for molecular mimicry to evade the
host’s immune system (sialylation pathway). Their ability to utilize sialic
acid confers a selective advantage by securing an ecological niche for col-
onization and persistence. Sialic acid catabolic and sialylation pathways
are therefore potential targets for the development of novel antimicrobial
therapies.

This thesis presents work aimed at determining X-ray structures of sialic
acid catabolic enzymes and sialic acid transporters. An automated pipeline
was developed to optimize the cloning, expression and purification of en-
zymes involved in the sialic acid catabolic and sialylation pathways. This
led to the large-scale production and purification of Nan kinase from Fu-
sobacterium nucleatum (Fn)NanK, an enzyme that phosphorylates ManNAc
to ManNAC-6-P in the catabolic pathway. The apo structure of FnNanK
was determined at 2.2 A resolution and displays motifs characteristic of the
repressor open reading frame kinase (ROK) superfamily. Despite lacking
a zinc-binding region previously implicated in stabilizing the enzyme’s ac-
tive site, FnNanK conserved all structural features required for enzymatic
activity. A broad-base strategy for the expression, solubilization and purifi-
cation of a sialic acid TRAP transporter orthologues was pursued with the
overriding goal of determining the crystal structure of a sialic acid TRAP
transporter. Different constructs from four orthologues funneled down to
the Pasteurella multocida TRAP transporter yielding crystals which diffracted
to 11 A resolution. New crystallization strategies or other structural ap-
proaches may be necessary to propel this project to structure determination.
Finally, the crystal structure of the sialic acid transporter SiaT from Proteus
mirabilis was determined at 1.9 A with bound substrate. SiaT adopts an
outward-facing conformation that provides novel insight into the alternate
access mechanism employed by transporters with inverted topology. The
crystal structure also reveals a second sodium-binding site that aids sub-
strate binding and stabilizes the outward-facing conformation.
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