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Abstract of Thesis

Iron acquisition is critical for the survival and pathogenicity of Pectobacterium species, phytopathogens
that inflect host plants. Under iron—-limiting conditions, Pectobacterium ssp. have developed the ferredoxin
uptake system (Fus), consisting of four proteins that collectively import ferredoxin and extract iron for
cellular use. Additionally, Pectobacterium ssp. produce pectocin M (PM) to compete with closely related
bacteria by using its ferredoxin domain to hijack the Fus system for cell entry, where it then exerts it lethal
effects. Despite the importance of these biological functions, the structural details and interaction profiles
of Fus proteins with ferredoxin and PM remain unclear. This thesis addresses these knowledge gaps through
detailed purification, structural characterization, and mechanistic analysis of ferredoxin/PM with key Fus
system components in Pectobacterium ssp. focusing on the TonB-dependent receptor FusA and the TonB-1ike FusB.
First, I established methods for purifying FusA and analyzing its interactions with ferredoxins and pectocin
M1 (PM1). A lack of affinity or the formation of a complexes with low affinity was observed between FusA and
ferredoxins. While FusA:PM1 complex yielded moderate resolution structures insufficient for detailed analysis,
promising interactions between FusA and PM1 were observed, suggesting that PM1 may stabilized FusA folding
under specific conditions.

Second, I delved into the structure of full-length PMI and its interaction with FusA. The crystal structure
of PM1 at 2.04 & resolution revealed a unique domain arrangement, providing insights into its binding and
translocation mechanisms through FusA. Combining structural information of PM1 and FusA with HADDOCK docking
simulation provide a more precise mechanism model for intact PM translocation through FusA lumen involving
domain rearrangement, emphasizing the role of electrostatic surface properties in binding specificity. The
findings in this work advanced the existing model of PM uptake through Fus system and also highlighted the
structural differences and similarities compared with other ferredoxins and PM.

Third, I focused on the role of FusB in facilitating the translocation of ferredoxin and PM. Structural analysis
revealed that FusB forms stable complexes with Arabidopsis thaliana ferredoxin 2 (AtFd2) and PMI in its dimeric
state, and ITC measurements indicated thermodynamically favorable interactions. These findings suggest that
dimeric FusB plays a crucial role in binding and translocating iron—containing proteins through Fus system,
providing new insights into the structure—based mechanisms of ferredoxin and PM uptake through this system.
Collectively, the currently available structural and biological information obtained in this thesis
significantly advance the understanding of importing ferredoxin and PM through Fus system in Pectobacterium
ssp. by providing detailed structural and mechanistic insights into the interactions of these iron—containing
proteins to Fus proteins, FusA and FusB. The purification protocol and the structure determination established
for Fus proteins complexed with ferredoxin/PM lay a strong foundation for future research. The proposed
mechanisms for PM and ferredoxin uptake into the Fus system offer valuable frameworks for further investigation,
underscoring the need for innovative approaches and complementary techniques to overcome existing challenges

These insights may also inform the development of novel antibacterial strategies to combat phytopathogen

infections in crops and ornamental plants
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