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Biochemical and Structural Analysis of Adenylyl Cyclase 5 Requlation by G Protein Subunits

Adenylyl cyclases (ACs) convert ATP into cCAMP, a central second messenger in G protein-coupled receptor
(GPCR) signaling. Dysregulation of cAMP signaling is linked to numerous diseases, including cancer and
cardiovascular disorders. Among the membrane-bound AC isoforms, ACS5 is particularly intriguing because it
integrates signals from multiple heterotrimeric G proteins and serves as a key signaling hub.

Recent cryo-EM studies from our laboratory revealed that AC5 forms homodimers in the absence of Gpy.
Preliminary structural analyses indicate that Gai binds to these homodimers, suggesting that the opposing actions
of GBy and Goi may be mediated through regulation of the monomer—homodimer equilibrium. Understanding
these mechanisms may provide new opportunities for the development of AC5-selective therapeutic modulators.
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Structural and Molecular Determinants of La Crosse Virus Particle Formation and Infectivity

La Crosse virus (LACV), a member of the Orthobunyavirus genus, is a significant cause of encephalitis and
aseptic meningitis in children throughout the Midwestern United States. Despite the public health importance of
bunyaviruses, the molecular mechanisms governing particle assembly and infectivity remain poorly understood.

Our work focuses on defining the structural basis of LACV assembly using cryo-electron tomography. We have
developed purification methods and reconstructed tomograms of individual virions to characterize their structural
organization. In parallel, we are investigating interactions between viral glycoproteins and neutralizing
monoclonal antibodies and have established a system for producing genetically tagged viral glycoproteins in
mammalian cells. Together, these studies aim to reveal the molecular events underlying virion formation and
provide insights that may support future antiviral and vaccine development efforts.
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Identification and Characterization of Kinases of TDP-43 Using Fluorescence Complementation Mass
Spectrometry (FCMS)

TAR DNA-binding protein 43 (TDP-43) is an RNA-binding protein that becomes abnormally phosphorylated,
aggregated, and mislocalized in amyotrophic lateral sclerosis (ALS) and frontotemporal dementia (FTD). While
phosphorylation of C-terminal serine residues is strongly associated with neurotoxicity, the kinases responsible
for these modifications remain incompletely characterized.

To identify kinases that interact with TDP-43 in living cells, we employed fluorescence complementation mass
spectrometry (FCMS). Full-length TDP-43 was fused to one fragment of Venus fluorescent protein, while a
library of more than 500 human kinases was fused to the complementary fragment. Quantitative LC-MS/MS
analysis identified 41 enriched kinases, including known regulators such as CK1 and CK2 as well as candidate
kinases including GSK3a, CDK2, and members of the Eph receptor kinase family. These findings demonstrate
the utility of FCMS for capturing transient kinase-substrate interactions and reveal new candidate regulators of
TDP-43 biology.
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Structural Insights into Contact-Dependent Growth Inhibition in Bacterial Warfare

Contact-dependent growth inhibition (CDI) allows Gram-negative bacteria to suppress neighboring cells through
direct toxin delivery mediated by the CdiA protein. In Escherichia coli EC93, the receptor-binding domain of
CdiA recognizes BamA, an essential component of the B-barrel assembly machinery responsible for outer
membrane protein biogenesis.

Using cryo-electron microscopy, we determined a 3.4 A structure of the CdiA receptor-binding domain in
complex with the BAM complex. The structure reveals interactions with extracellular loops of BamA that
contribute to species-specific targeting. Notably, structural features suggest that the receptor-binding domain may
mimic a BAM substrate and engage in B-augmentation with BamA at the lateral gate. These findings provide
mechanistic insight into receptor recognition and support a model in which CDI proteins exploit BAM machinery
to facilitate toxin translocation.
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Host Membrane Lipids Tune Recruitment and Mobility of the Ebola Virus Matrix Protein VP40

Interactions between the Ebola virus matrix protein VP40 and the host plasma membrane are essential for viral
assembly and budding. While VP40 is known to require anionic membrane lipids for recruitment, the dynamic
mechanisms governing membrane association and higher-order assembly remain poorly understood.

Using an in vitro reconstitution system with endogenous VP40 and supported lipid bilayers that mimic host
plasma membranes, we quantified VP40 membrane interactions with high spatiotemporal resolution imaging.
Our findings suggest that phosphoethanolamine-rich membranes, characteristic of macrophages, may enhance
VP40 recruitment and contribute to Ebola virus tropism. We also observed an unexpected transition from mobile
to immobile VP40 oligomers after membrane association. Ongoing studies aim to determine how these altered
dynamics influence oligomerization and viral assembly. These results provide new insights into Ebola virus
morphogenesis and highlight membrane composition as a potential therapeutic target.
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Tuning Chlorophyll to Pass the Rainbow: Engineering Water-Soluble Chlorophyll Proteins for pH
Sensing and Near-Infrared Absorption

Engineering chlorophyll-binding proteins with customized optical properties has important applications in
bioimaging and phototherapeutics. The water-soluble chlorophyll-binding protein from Lepidium virginicum
(IWSCP) provides an excellent model system for investigating pigment-protein interactions and tuning
chlorophyll photophysics.

We report three strategies for expanding the spectroscopic capabilities of IVWSCP. First, the Q57D mutant
exhibits pH-dependent shifts in chlorophyll absorption through altered protonation behavior. Second, the T52K
mutant preferentially binds a chlorophyll degradation product that displays pH-responsive spectral changes.
Finally, incorporation of bacteriochlorophyll extends absorption into the near-infrared region, producing
wavelengths greater than 775 nm, more than 110 nm beyond the absorption maximum of native IVWSCP.
Together, these findings demonstrate how mutagenesis, environmental modulation, and chromophore substitution
can systematically tune protein absorption properties and establish IVWSCP as a versatile platform for engineering
spectrally customized chlorophyll-binding proteins.



