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2. Brief summary

Despite advances in prevention and treatment, bacterial infections remain a global public health
challenge largely due to the emergence of antibiotic resistance. Thus, there is a critical need for
the identification, validation and molecular understanding of new targets for antimicrobial design. To
combat the development of antibiotic resistance, a recognised strategy for antimicrobial design is to
target virulence factors that are essential for infection. Pathogenic bacteria rely upon scavenging
nutrients from their host. This requires that the nutrients be transported across the bacterial cell
membrane, a semi-permeable barrier that separates the bacterial cell from its

environment. Transport is a tightly controlled process, mediated by specialised transporter proteins
embedded within the membrane. We aim to unravel how a transporter protein embedded in the
membrane of Haemophilus influenzae imports a simple sugar into the cell. H. influenzae is an
antimicrobial resistant pathogenic bacterium responsible for a range of illnesses in Canterbury and
New Zealand. An inability to import this sugar decreases H. influenzae virulence, but the molecular
details of how this transporter works are not known. We have made significant advancements
towards understanding the structure and function of this transporter at a molecular level. Such
information is crucial for the future development of novel antimicrobials that target this virulence
factor.
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Unravelling the molecular details of a bacterial sialic acid membrane transporter to
inform antimicrobial development.

The overarching focus of this project was to unravel the molecular details of the
Haemophilus influenzae sialic acid transporter, which belongs to the poorly understood
tripartite ATP-independent periplasmic (TRAP) transporter family.

H. influenzae is a human pathogen listed by the World Health Organization in 2017 as a
priority for the development of new antimicrobials. The H. influenzae TRAP transporter has
a demonstrated role in virulence”?, and is essential for sialic acid uptake. Sialic acids are
nine-carbon sugars found at the terminus of glycoconjugates decorating eukaryotic cell
surfaces. In human mucus-rich environments such as the respiratory or gastrointestinal
tracts, sialic acid-coated glycoconjugates are highly abundant?. As a Gram-negative human
mucosal pathogen and common inhabitant of the respiratory tract, H. influenzae scavenges,
imports (via a TRAP transporter) and then utilises human-derived sialic acids®.

TRAP transporter systems (Figure 1) are made up of a soluble sialic acid-scavenging protein
that scavenges sialic acids with high affinity and delivers them to the membrane®’, and a
membrane-embedded protein that imports sialic acids into the bacterial cell” 2.

There are currently no molecular data to describe how the TRAP transporter family
functions. We aim to determine, for the first time, how a TRAP transporter works. Our
specific objectives and results to date are outlined in detail below. This type of information
will inform design of new antimicrobials against pathogens that use TRAP transporters
during infection. These are not likely to be toxic to humans as TRAP transporters are unique
to prokaryotes® °.

Objective 1) How does the sialic acid-scavenging protein interact with the membrane-
embedded protein to deliver sialic acid?

To characterise the interaction between the sialic acid-scavenging protein and the
membrane-embedded protein we proposed to use analytical ultracentrifugation (AUC) to
assess whether an interaction occurs, and verify these results with microscale
thermophoresis.

In addition, we aimed to computationally build a de novo model of the membrane-embedded
component and dock it with the sialic acid-scavenging protein structure to predict interacting
residues. We next proposed to further test this using mutagenesis studies in combination
with proteoliposome transport assays and in vivo complementation assays.

Results: Using AUC we have demonstrated that the membrane-embedded component and
sialic acid-scavenging protein of the H. influenzae TRAP system interact in the presence of
sialic acid. To do this, we fluorescently labeled the sialic acid-scavenging protein (FITC) and
monitored sedimentation at 495nm (Figure 1A, purple line), resulting in a single peak at 2.2
S. When the unlabelled membrane-embedded component is titrated into the solution, a
second peak at 4.9 S develops (Figure 1A, blue line), consistent with the formation of the
entire TRAP complex. This confirms that our recombinant H. influenzae TRAP system is
functional, as it is capable of forming a complex in the presence of sialic acid.

Instead of using microscale thermophoresis to measure the binding affinity of this interaction,
we will continue using AUC experiments to determine the dissociation constant (Kp), and
rate constants (k.n, Kof) Of this interaction. We have chosen to further characterise this





interaction using AUC because it is more feasible than microscale thermophoresis with a
three-component system (sialic acid, substrate-scavenging protein, and membrane-
embedded component).

Due to the size of the H. influenzae TRAP membrane-embedded component (~65 kDa) we
were unable to build an accurate de novo model. Instead, we built a de novo model of the
Vibrio vulnificus TRAP system, where the membrane-embedded component is comprised of
two domains (these are fused as one domain in the H. influenzae TRAP system). Our de
novo models have excellent geometry and are stable during preliminary molecular
dynamics simulations, indicating that they are of high quality.

Te-Rina King-Hudson (Honours student) solved the structure of the V. vulnificus sialic acid-
scavenging protein as part of her Honours project, and we were able to dock this with our de
novo model of the membrane-embedded component to predict how they interact (Figure
1B). This analysis generated a panel of residues on the outward-facing surface of the
membrane-embedded component that we hypothesise to form an interaction with the sialic
acid-scavenging protein (Figure 1C). Te-Rina King-Hudson will test the effect of these
residues on transport function as part of her future PhD project using mutagenesis and our
now established in vivo complementation assay (Figure 1D), and proteoliposome transport
assay (Figure 1E).
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Figure 1 | A) Sedimentation velocity studies by AUC of the H. influenzae TRAP shows formation of
the full complex (scavenging protein and membrane-embedded protein, blue line) in the presence of
sialic acid. B) A de novo model of the V. vulnificus membrane-embedded protein (blue) with the
scavenging protein structure (red) docked. C) The arrows indicate residue pairs that are predicted to
form an interaction between these two proteins. D) E. coli AnanT (the native sialic acid transporter,
NanT, has been knocked out) is complemented by the V. vulnificus TRAP (E. coli AnanT pVvTRAP)
when grown on sialic acid. E) Proteoliposome assay showing that H. influenzae TRAP (HiITRAP)
transports *H-sialic acid only in the presence of scavenging protein, Na* & membrane potential (Ay).





Objective 2) What are the structural determinants of sialic acid translocation across the
membrane?

To answer this question, we proposed to take three complementary approaches towards
solving the structure of the H. influenzae TRAP transporter. This is an ambitious and long-
term goal, but we have made significant advancements using a combination of single
particle cryo electron microscopy (cryo-EM) and X-ray crystallography.

Results: We have successfully incorporated the H. influenzae TRAP into nanodiscs, and
collected exciting preliminary single particle cryo-EM data that we were able to extract initial
two-dimensional class averages for (Figure 2A). To increase our chance of success in
determining a TRAP structure, we also screened Photobacterium profundum and V.
vulnificus TRAP systems solubilised in amphipols and detergent for structure determination
by cryo-EM. Excitingly, we also have encouraging 2D class averages for the V. vulnificus
TRAP in L-MNG detergent (Fig 2B) and the P. profundum TRAP in amphipol A8-35 (Fig 2C).
The particles are ~80x50 A, which is what we expect given the size of these transporters
and our de novo model.

After extensive crystallisation screening of the H. influenzae TRAP membrane-embedded
component we were unable to obtain crystals that diffract beyond ~20 A (Figure 2D).
Instead, we have been focusing on the P. profundum TRAP for crystallisation studies.
Preliminary crystals for P. profundum TRAP diffract to 8 A (Figure 2E), and although they
require further optimisation this is a very promising lead. Furthermore, we explored lipidic
cubic phase crystallisation for both of these proteins, but with little success.
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Figure 2 | Preliminary cryo-EM data and 2D classifications for A) H. influenzae TRAP in nanodiscs,
and B) V. vulnificus TRAP in L-MNG micelles, and C) P. profundum TRAP in amphipol A8-35. D)
Crystals of the H. influenzae TRAP. E) Crystal and diffraction data to 8 A for the P. profundum TRAP.
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