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A. Personal Statement 

I am an Assistant Professor of Cell Biology & Physiology at Washington University in St. Louis, specializing in 
cryo-electron microscopy (cryo-EM) to study protein assemblies and membrane complexes in their native 
environments. This proposal focuses on resolving the high-resolution structure of flat amyloid fibrils, a structurally 
diverse and disease-relevant subset of fibrils, to uncover their spatial organization, molecular interactions, and 
roles in amyloid-driven diseases. My research aims to elucidate how the structural and spatial properties of 
amyloid fibrils contribute to their pathogenicity and to generate insights that inform therapeutic strategies for 
conditions such as Alzheimer’s disease and cerebral amyloid angiopathy (CAA). I have extensive research 
experience in the beta-amyloid field, including work on CAA-related amyloid fibril structures. My previous studies 
employed cryo-EM to resolve the structures of fibrils derived from patient tissues, shedding light on their 
polymorphic nature and pathological relevance. These efforts provided critical insights into how fibril structure 
relates to disease progression and severity. During my Ph.D. with Dr. Joachim Frank at Columbia University, I 
contributed to advancing cryo-EM methodologies, and during my postdoctoral training with Dr. Rod MacKinnon, 
I developed approaches to study complex protein assemblies directly within native environments. This 
combination of experience has equipped me to tackle challenging structural biology questions, including the 
characterization of non-helical flat amyloid fibrils. This proposal employs advanced cryo-EM workflows and the 
Chameleon system to overcome orientation bias, a significant challenge in studying flat fibrils using traditional 
blotting methods. By leveraging these cutting-edge tools, we aim to achieve high-resolution structural 
reconstructions of flat amyloid fibrils and uncover their mechanistic roles in disease pathology. This study builds 
on my prior work and expands our understanding of the structural underpinnings of amyloid-related diseases. 
With access to state-of-the-art resources at Washington University and NCCAT’s advanced cryo-EM facility, and 
a lab uniquely equipped to address these questions, I am well-positioned to lead this project. The insights gained 
will deepen our understanding of amyloid fibrils in the context of Alzheimer’s disease and CAA, advancing the 
development of innovative therapeutic approaches and contributing to the broader field of amyloid research. 
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B. Positions, Scientific Appointments, and Honors 

Positions and Scientific Appointments 
10/2024 -  Assistant Professor, Department of Cell Biology & Physiology, Washington University, St. Louis, MO 

Honors 
2019   Titus M. Coan Prize for Excellence in Research (Basic Cell and Molecular Biology) 
2019   Best Poster Award The 7th International Ion Channel Conference 
2018   COMPPÅ Symposium Fisher Award 

Professional Societies and Organizations 
2014 -    Biophysical Society 

 
C. Contributions to Science 
1. My early graduate research focused on the aggregation of amyloid-β (Aβ) peptides, a key process in 
Alzheimer’s disease (AD) and cerebral amyloid angiopathy (CAA). Using advanced biophysical techniques, I 
discovered that Aβ initially forms unstructured low-molecular-weight oligomers that stack into more toxic forms, 
leading to protofibril formation. Importantly, I found that curcumin and resveratrol, natural compounds from 
curry and red wine, can bind to these early oligomers, preventing their toxic progression. Additionally, I 
demonstrated that familial mutations in Aβ peptides, linked to early-onset AD and CAA, lead to unique 
structural intermediates and that preexisting amyloid can influence the aggregation of Aβ monomers into 
disease-specific structures. These findings provide crucial insights into the molecular mechanisms of these 
neurodegenerative diseases and suggest new therapeutic targets. My role encompassed designing and 
conducting experiments, as well as interpreting the data to connect these structural changes to disease 
pathology. 
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2. The study of short-lived intermediates in biological processes, such as bacterial translation, has historically 
been limited by the inability to capture these fleeting states at high resolution. In 2014, during my Ph.D. 
research in Joachim Frank’s lab at Columbia University, I focused on optimizing time-resolved cryo-electron 
microscopy (cryo-EM) to overcome this challenge. My work centered on capturing and analyzing intermediate 
states during key stages of bacterial translation, including ribosome recycling, translation initiation, and 
termination. The central findings of my research were the discovery and high-resolution characterization of 
previously unknown intermediate states in these processes. These discoveries provided critical insights into 
the molecular mechanisms of translation and have significant implications for the development of new 
antibiotics. My role involved the technical optimization of the time-resolved cryo-EM method, designing 
experiments, and interpreting the structural data, which collectively advanced the application of this powerful 
technique to broader biological questions. 
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3. The activation mechanisms of Class-C G protein-coupled receptors (GPCRs) have long been a challenging 
area in biomedical research due to their complex structures and roles in various physiological processes. 
During my Ph.D. training, I collaborated with Dr. Qing R. Fan, a leading expert in Class-C GPCRs at Columbia 
University, to address these challenges. My research focused on elucidating the structures of key Class-C 
GPCRs in different functional states. I successfully determined the structure of the human calcium-sensing 
receptor (CaSR) in its active state, uncovering symmetric activation and modulation mechanisms with 
significant implications for calcium-related therapies. Additionally, I characterized the structure of the human 
GABAB receptor in its inactive state, providing crucial insights for the development of drugs aimed at treating 
neurological disorders such as epilepsy and depression. These findings advance our understanding of Class-C 
GPCR activation and regulation, opening new avenues for therapeutic interventions in both calcium-related 
and neurological diseases. My specific role in this work included designing experiments, solving the receptor 
structures, and interpreting the data to reveal the mechanisms underlying their activation and regulation. 
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Conigrave, A. D.; Frank, J.; Clarke, O. B.; Fan, Q. R. Symmetric Activation and Modulation of the 
Human Calcium-Sensing Receptor. Proc. Natl. Acad. Sci. 2021, 118 (51), e2115849118. PMCID: 
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4. The mechanosensitive ion channel Piezo1 plays a vital role in sensing membrane tension, yet 
understanding its structural mechanism in native-like environments has been a challenge. In 2019, I joined Rod 
MacKinnon’s lab to address this problem, leveraging my expertise in cryo-electron microscopy (cryo-EM) to 
study membrane proteins in more native settings. Previous studies showed that Piezo1, when stabilized in 
detergents, exhibited a highly curved structure, but how this related to its function within a natural lipid bilayer 
was unclear. To explore this, I reconstituted Piezo1 into liposomes, which more accurately simulate the native 
lipid bilayer environment. My central finding was that Piezo1 induces tear-drop shapes in spherical liposomes, 
with the surrounding curved membrane exerting forces on the channel. By analyzing vesicles of varying sizes, I 
demonstrated that Piezo1 adopts different shapes based on the membrane forces, allowing for the calculation 
of its stiffness. Using cryogenic electron tomography (cryo-ET), I obtained precise 3D shapes of Piezo1 
vesicles and discovered that Piezo1 is less curved in planar lipid bilayers than in detergent micelles, revealing 
that its rigidity is comparable to that of a free lipid bilayer. These insights provide a crucial framework for 
understanding how proteins deform bilayer membranes and enhance our understanding of Piezo1’s 
mechanosensory function. My specific role involved reconstituting Piezo1 in liposomes, conducting cryo-EM 
and cryo-ET analyses, and interpreting the data to elucidate the structural dynamics of Piezo1 in its native-like 
environment. 
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5.  The formation of membrane microdomains, essential for various cellular processes such as signaling and 
trafficking, has been a complex area of study, particularly in understanding the role of the Flotillin complex. 
Historically, structural characterization of such membrane proteins has been hindered by the need for 
detergents, which can disrupt native protein-lipid interactions. In this study, I aimed to overcome these 
challenges by elucidating the structure of the Flotillin complex within its native membrane environment. 
Utilizing advanced cryo-electron microscopy combined with a novel membrane protein stabilization method, I 
successfully resolved the structure of the Flotillin complex without the use of detergents or overexpression, 
preserving its natural conformation and interactions with the surrounding lipid bilayer. The central finding of this 
research was the detailed architecture of the Flotillin complex, which provided new insights into its role in 
inducing membrane curvature and organizing microdomains. This understanding is crucial for elucidating how 
Flotillin proteins influence processes such as clathrin-independent endocytosis. The ability to study the Flotillin 
complex in its native state represents a significant advancement in membrane biology and paves the way for 
future research into the functional roles of SPFH family proteins and their implications in various cellular 
processes and disease mechanisms. My specific role in this work included designing the experimental 
approach, conducting cryo-EM analysis, and interpreting the data to uncover the structural dynamics of the 
Flotillin complex in its native environment. 

a. Fu, Z.; MacKinnon, R. Structure of the Flotillin Complex in a Native Membrane Environment. Proc. 
Natl. Acad. Sci. 2024, 121 (29), e2409334121. PMCID: PMC11260169 
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