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My lab develops tools to observe macromolecular complexes in their natural environment,
the cell. Our ultimate goal is to unveil the structural dynamics of these complexes while
they perform their function within the molecular networks in which they operate. We
combine cell biology and electron microscopy to generate data, and we use image process-
ing and physical modeling to understand these data. We apply our technologies to study
biological processes in three areas: (1) unveiling the mechanism of cellular processes in
bacteria, with a focus on how infection by jumbo phage results in formation of a nucleus-
like compartments and a cytoskeleton, not seen before in prokaryotes; (2) the structure and
function of LRRK?2 in Parkinsons Disease, and (3) the molecular architecture of the nuclear
periphery, including the structural dynamics of the nuclear pore and LINC complexes.
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Speaker, SACNAS Pathways to Success Seminar, Northwestern University
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Total citations: 29,226, Publications: 62; H-index: 44; I-index: 64; Publications with over 100
citations: 28 (Google Scholar, 1/2025).
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Biomolecular Condensates using Cryo-Electron Tomography. bioRxiv, 2024.
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A.]. Giraldez', E. Villa'. ExoSloNano: Multi-Modal Nanogold Tags for identification
of Macromolecules in Live Cells and Cryo-Electron Tomograms. bioRxiv, 2024.

B. Raveh, R. Eliasian, S. Rashkovits, D. Russel, R. Hayama, S. E. Sparks, D. Singh,
R. Lim, E. Villa, M. P. Rout, D. Cowburn, A. Sali. Integrative spatiotemporal map of
nucleocytoplasmic transport. bioRxiv, 2024.
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ing phage infection. bioRxiv, 2023.
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A. Prichard, A. Sy, J. Mayer, E. Villa, J. Pogliano. Erwinia phage Asesino is a nucleus-
forming phage that lacks PhuZ. Scientific Reports, 2025.

S. Chen, T. Basiashvili, J. Hutchings, M. Sanz Murillo, A. Villagran Suarez, J. Alegrio
Louro, A. E. Leschziner', E. Villa'. Cryo-electron tomography reveals the microtubule-
bound form of inactive LRRK?2. eLife, 2024.
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Z. Li, T. van Eeuwen, K. Molloy, Y. Shi, J. Wang, Q. Guo, B.T. Chait, J. Fernandez-
Martinez’, M.P. Routf, A. Salif, E. VillaT,. The Molecular Architecture of the Nuclear
Basket. Cell, 2024.

J. Hutchings and E. Villa. Expanding insights from in situ cryo-EM. bf Current Opin-
ion in Structural Biology, 2024.

E.A. Birkholz*, CJ. Morgan*, T.G. Laughlin, RK. Lau, A. Prichard, S. Rangaraja,
G.N. Meza, J. Lee, E.G. Armbruster, S. Suslov, K. Pogliano, ]J.R. Meyer, E. Villaf, K.D.
Corbett', J. Poglianof. A mobile intron facilitates interference competition between
co-infecting viruses. Science, 2024.
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Chaikeeratisak, B.A. Adler, B.F. Cress, ]J.A. Doudna, K. Pogliano, E. Villa, K.D. Cor-
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by nucleus-forming phage. PNAS, 2024.
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cleus protein interaction network. Nature Structure Molecular Biology, 2023.
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raphy. Annual Reviews of Biophysics, 2023.
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T. Pau, G. Prasad, K. Saam, M. Sandhu, A.]. Sarabia, S. Schumaker, A. Sonin, A.
Uyeno, A. Zhao, K.D. Corbett, K. Pogliano, J. Meyer, ]. H. Grose, E. Villa, R. Dutton, J.
Pogliano. Identifying the core genome of the nucleus-forming bacteriophage family
and characterization of Erwinia phage RAY. Cell Reports, 2023.
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A.S. Holehouse, A. Gitler', L. Shapiro’. The material properties of a bacterial-derived
biomolecular condensate tune biological function in natural and synthetic systems.
Nature Communications, 2022.

E.A. Birkholz, T.G. Laughlin, S. Suslov, E. Armbruster, J. Lee, J. Wittmann, K. D. Cor-
bett, E. VillaT, J. PoglianoT. A Cytoskeletal Vortex Drives Phage Nucleus Rotation
During Jumbo Phage Replication in E. coli. Cell Reports, 2022.

T. G. Laughlin*, A. Deep*, A. M. Prichard, C. Seitz, Y. Gu, E. Enustun, S. Suslov, K.
Khanna, E. A. Birkholz, E. Armbruster, J. A. McCammon, R. E. Amaro, J. PoglianoT,
K. D. Corbett', E. Villa'. Architecture and self-assembly of the jumbo bacteriophage
nuclear shell. Nature, 2022.

K. Khanna and E. Villa. Revealing bacterial cell biology using cryo-electron tomog-
raphy Curr. Opin. Struct. Biol., 2022.

V. Chaikeeratisak, K. Khanna, K.T. Nguyen, M.E. Egan, E. Enustun, E. Armbruster,
K. Pogliano, E. Villaf, J. PoglianoT. Subcellular Organization of Viral Particles During
Maturation of Nucleus-Forming Jumbo Phage. Science Advances, 2022.

C.W. Akey*T, D. Singh*, C. Ouch®, I. Echeverria*, I. Nudelman, ].M. Varberg, Z. Yu, E.
Fang, Y. Shi, ]. Wantg, D. Salzberg, K. Song, C.Xu, ]J.C. Gumbart, S. Suslov, J. Unruh,
S.L. Jaspersen, B.T. Chait, A. Sali, J. Fernandez-Martinez', S.J. Ludkef, E. Villat, M.P.
Rout’. Comprehensive Structure and Functional Adaptations of the Yeast Nuclear
Pore Complex. Cell, 2022.

M. Croxford, M. Elbaum, M. Arigovindan, Z. Kam, D. A. Agard, E. Villa', ]. Sedat'.
Entropy Regularized Deconvolution of Cellular Cryo-Transmission Electron Tomo-

grams. PNAS, 2021.

K. Khanna, J. Lopez-Garrido, J. Sugie, K. PoglianoT, E. Villa'. Asymmetric localiza-
tion of the cell division machinery during Bacillus subtilis sporulation. eLife, 2021.

*Co-first author; TCo-corresponding author
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. Lu*, Q. Ye*, D. Singh, E. Villa, D.W. Cleveland', K. D. Corbett’. The SARS-CoV-2

Nucleocapsid phosphoprotein forms mutually exclusive condensates with RNA and
the membrane-associated M protein. Nature Communications, 2021.

K.T. Nguyen, J. Sugie, K. Khanna, E.E. MacKennon, E.A. Birkholz, J. Lee, C. Beier-
schmitt, E. Villa, J. Pogliano. Selective transport of fluorescent proteins into the phage
nucleus. PLoS One, 2021.

H. Yu, S. Lu, K. Gasior, D. Singh, O. Tapia, S. Vazquez-Sanchez, D. Toprani, M. S.
Beccari, J. R. Yates III, S. Da Cruz, J. M. Newby, M. Larfaga, A. S. Gladfelter, E. Villa,
D. W. Cleveland. TDP-43 and HSP70 phase separate into anisotropic, intranuclear
liquid spherical annuli. Science , 2020.

V. Lam, E. Villa. Practical Approaches for Cryo-FIB Milling and Applications for Cel-
lular Cryo-Electron Tomography. In: Gonen T., Nannenga B.L. (eds) cryoEM. Meth-
ods in Molecular Biology, vol 2215, 2021. Humana, New York, NY.

C. K. Deniston*, J. Salogiannis*, S. Mathea*, D. M. Snead, 1. Lahiri, O. Donosa, R.
Watanabe, J. Bhning, A. K Shiau, S. Knapp, E. Villa, S. L. Reck-Petersont, A. E.
Leschziner!. Parkinsons Disease-linked LRRK?2 structure and model for microtubule
interaction. bioRxiv, 2020. Nature, 2020.

R. Watanabe*, R. Buschauer*, J. Bohning*, M. Audagnotto, K. Lasker, TW. Lu, D.
Boassa, S. Taylor, E. Villa. The in situ structure of Parkinsons disease-linked LRRK2.
Cell, 182, 1508-1518, 2020.

FE. R. Wagner*, R. Watanabe*, R. Schampers, D. Singh, H. Persoon, M. Schaffer, P.
Fruhstorfer, ]. Plitzko, E. Villa. Preparing samples from whole cells using focused-
ion-beam milling for cryo-electron tomography. Nature Protocols, 2020.

K. Thammatinna, M. E. Egan, H. H. Htoo, K. Khanna, J. Sugie, ].F. Nideffer, E. Villa,
A. Tassanakajon, J. Pogliano, P. Nonejuie, V. Chaikeeratisak. A novel vibriophage ex-
hibits inhibitory activity against host protein synthesis machinery. Sci Rep 10, 2347,
2020.

V. Chaikeeratisak, K. Khanna, K.T. Nguyen, J. Sugie, M. E. Egan, M. L. Erb, A. Vav-
ilina, P. Nonejuie, E. Nieweglowska, A.F. Brilot, K. Pogliano, D. A. Agard, E. Villat, J.
Pogliano!. Viral Capsid Trafficking along Treadmilling Tubulin Filaments in Bacteria.
Cell, 177,110, 2019.

K. Khanna, J. Lopez-Garrido, Z. Zhao, R. Watanabe, Y. Yuan, K. Poglianof, E. Villa'.
The molecular architecture of engulfment during Bacillus subtilis sporulation. eLife
2019;8:e45257.

J. Lopez-Garrido, N. Ojkic, K. Khanna, ER. Wagner, E. Villa, R.G. Endres, K. Pogliano.
Chromosome Translocation Inflates Bacillus Forespores and Impacts Cellular Mor-
phology. Cell, 172 (4), 758-770. e14, 2018.

V. Chaikeeratisak, K. T. Nguyen, K. Khanna, A. Brilot, M.L. Erb, ].K.C. Coker, A.
Vavilina, R. Buschauer, K. Pogliano, E. Villa, D. Agard, J. Pogliano. Assembly of a
nucleus-like structure during viral replication in Bacteria. Science, 355:194-197, 2017.

T.M. Earnest, R. Watanabe, J. E. Stone, ]J. Mahamid, W. Baumeister, E. Villa, and Z.
Luther-Schulten. Challenges of Integrating Stochastic Dynamics and Cryo-Electron
Tomograms in Whole-Cells Simulations. Klaus Schulten Memorial Issue, J. Phys.
Chem. B.. 121:38713881, 2017.

*Co-first author; TCo-corresponding author
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A. Hyman, J. M. Plitzko and W. Baumeister. Visualizing the molecular sociology at
the HeLa cell nuclear periphery. Science. 351:969-972, 2016.

B. Q. Spring, R. B. Sears, L.Z. Zheng, Z. Mai, R. Watanabe, M. E. Sherwood, D. A.
Schoenfeld, B. W. Pogue, S. P. Pereira, E. Villa, and T. Hasan. A photoactivable multi-
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escape pathways. Nature Nanotechnology.11:378, 2016.
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C.H. Borchers, W. Baumeister, F. Herzog, E. Villa, and P. Cramer. Architecture of
the RNA polymerase II-Mediator core transcription initiation complex. Nature, 518,
2014.

B. D. Engel, M. Schaffer, L. K. Cuellar, E. Villa, ].M. Plitzko, W. Baumeister. Native
architecture of the Chlamydomonas chloroplast revealed by in situ cryo-electron to-
mography eLife, 2014.

E. Villa, K. Lasker. Finding the right fit: chiseling structures out of cryo-electron mi-
croscopy maps. Curr. Opin. Struct. Biol., 25:118-25, 2014.

E. Villa, M. Schaffer, ]. M. Plitzko and W. Baumeister. Opening windows into the cell:
focused-ion-beam milling for cryo-electron tomography. Curr. Opin. in Struct. Biol.,
23,771-777,2013.

M. Jasnin, S. Asano, E. Gouin, R. Hegerl, ].M. Plitzko, E. Villa, et al. Three-dimensional
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of the yeast 265 proteasome. PNAS 109:14870-14875, 2012.
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mann, D.N. Wilson.Promiscuous behaviour of archaeal ribosomal proteins: Implica-
tions for eukaryotic ribosome evolution. NAR 41, 1284-1293, 2013.

A. Rigort, E. Villa, F. Bduerlein, B.D. Engel, and J.M. Plitzko. Integrative Approaches
for Cellular Cryo-electron Tomography: Correlative Imaging and Focused Ion Beam
Micromachining. Met. Cell. Biology, 111, 259281,2012.
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2012.

W. Qiu, N.D. Derr, B.S. Goodman, E. Villa, D. Wu, W. Shih and S.L. Reck-Peterson.
Dynein achieves processive motion using both stochastic and coordinated stepping.
Nat Struct Mol Biol. 19, 193-200, 2012.
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The structure of human Tripeptidyl peptidase II as determined by a hybrid approach.
Structure 20, 593-603, 2012.

*Co-first author; TCo-corresponding author
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