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C. Contribution to Science

Graduate Career | Microtubules (MTs) are highly conserved, cytoskeletal polymers that are involved in virtually every
cellular process, ranging from cell division to cell growth to intracellular trafficking. How cells “read and write” unique
microtubule populations, or decode the “tubulin code”, remains mysterious. My graduate work explored the molecular
mechanisms cells employ to regulate these vital filaments as well as their implications in disease. While it is known that
aK40 acetylation is associated with more stable MTs, it is not clear whether the relationship between this chemical
modification and stability is causative. To tackle this controversy, | applied a reductionist approach to tease out the direct
effects of this modification on MT structure by using cryo-electron microscopy to visualize acetylated and deacetylated



MTs under the mentorship of my doctoral advisor Dr. Eva Nogales. | showed that acetylation changes the
conformational ensemble of the intraluminal aK40 loop in a-tubulin and may serve as an evolutionarily conserved
‘electrostatic switch’ to regulate MT stability*. Due to the high flexibility of the loop, unlocking the effects of this
modification required an exciting hybrid EM-MD approach, designed in collaboration with Dr. James Fraser at UCSF and

Dr. Massiliano Bonomi at the University of Cambridge.
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1. Eshun-Wilson, L., Zhang R, Portran D, Toso D, Nachury M, Bonomi M, Fraser JS, Nogales E. Structural
insights into the effects of a-tubulin acetylation on microtubule structure and properties. UCB, Berkeley, CA.
Proceedings of the National Academy of Sciences (2019) 116 (21) 10366-10371. Cited by 218.

At this point, | became very interested in conformational
heterogeneity and plasticity in the MT lattice. For example, the structure
and mechanics of the lattice are not only dependent on the modification
state of each tubulin, but on the modification states of its neighbors,
including the combination of isotypes, interacting drugs or enzymes,
local mechanical strain, packing defects and solvent conditions of its
neighbors as well. | started to appreciate the MT as an allosteric
macromolecular machine that interprets multifaceted inputs and reacts
by transforming its conformation, stiffness, and dynamics. This
appreciation launched an exploratory project into the complex world of
structural microtubule-associated proteins, or MAPs that can remodel
MT macromolecular assemblies, from MT bundles to molecular motor
interaction sites. These MAPs share a MT-binding domain (MTBD) and
a flexible projection domain, that can extend far from the MT surface.
However, it is unclear whether the MTBD or the projection domain is
responsible for this activity. in collaboration with Dr. Ahmet Yildez, |
employed cryo-EM and single-molecule biophysics, | discovered the
first structure for MAP7 and provide a framework for how it regulates
other MAPs and intracellular molecular motors, such as kinesin and
dynein (Fig. 2). Foremost, | show how MAP7 regulates tau, an essential
MAP for neuronal development and when misregulated forms paired
helical filaments, the hallmark of a class of neurological diseases known
as tauopathies that includes Alzheimer’s.
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Figure 2. Panels A-D highlight the first structure
of MAP7, providing mechanistic and atomic
insight into its function for the first time.
Published in Science (2022).
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Postdoctoral work: Mitochondrial dysfunction contributes to organismal aging and underlies the pathogenesis of
etiologically diverse age-associated diseases, including the most common inherited atrophy: dominant optic nerve
atrophy. Imbalances in the activity of inner mitochondrial membrane proteases that acutely manage mitochondrial stress
are pathologically implicated in the mitochondrial dysfunction associated with these conditions. Here, we integrate
structural biology and cell-based assays to understand the critical decision-making process of YME1L, a quality control
inner mitochondrial membrane protease that regulates optic atrophy factor 1 (OPA1), to define the molecular mechanism
by which this protease processes OPA1 in response to cellular stress.

During my first year in the Lander lab, | learned and applied cutting edge cryo-electron (cryo-EM) image analysis
software and neural-network algorithms to discover new states within functional landscape of yeast YME1 (Fig. 3).
Indeed, these conformations have never been observed among any of the members of the structurally conserved family
of AAA+ proteins. These conformers profoundly reshape our understanding of the YME1 substrate decision-making and
present a new organization of the highly conserved AAA+ module, with far-reaching implications across the AAA+ field.
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5. Eshun-Wilson, L. Lander, G. Uncovering the molecular mechanisms of stress. Invited Speaker, Rising Stars
Seminar Series, University of Utah, Salt Lake City, UT. March 2021.
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molecular machines. University of Massachusetts Chan Medical School. Worcester, MA. March 2022.
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Building upon my knowledge of 3D visualization software and
membrane biology, | collaborated with the Andrew Ward lab at Scripps
to tackle one of the most challenging structures | have encountered:
the full-length, membrane-extracted Hepatitis C virus (HCV) E1E2
glycoprotein complex. Using cryoEM, we solved the fully assembled
E1E2 heterodimer in complex with three broadly neutralizing
antibodies: AR4A, AT12009 and IGH505, elucidating how the two
glycoprotein subunits interact and providing a molecular description of
three key neutralizing epitopes (Fig. 4). Our manuscript directly
challenges existing controversies regarding stabilization for | Eigyre 4. First structure of the membrane extracted, full-
the E1E2 interface. We f|nd that the E1E2 interface iS |ength Hepatms C virus (HCV) E1E2 g|ycoprotein
stabilized by glycans and hydrophobic interaction and AR4A | complex bound to three broadly neutralizing antibodies.
is essential in stabilizing the E1E2 complex in a metastable,




pre-fusion state of the protein. Our cryo-EM structure revealed the distribution of N-linked glycosylation sites only across
one side of E1E2 and the presence of a rare N-glycosylation sequon: NXV. Moreover, given that antibodies bind to this
side of E1E2, we refer to this as the neutralizing face of the glycoprotein and propose structural evidence that supports
the assertion that HCV can form an oligomer. Overall, our cryoEM study provides a full molecular description of
full-length E1E2, including three novel bNAb epitopes, and provides a long sought-after blueprint for the design
of a new generation of HCV glycoprotein immunogens and anti-viral drugs.
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