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Research Missions at NCMI: CryoEM

* Develop Cryo-Electron Microscopy for structure
determination of molecular machines without crystals
at atomic resolution; and of frozen, hydrated cells/
organelles at molecular resolution

« Collaborate with biological investigators on projects to
drive the technology

« Share our experimental and computational
methodologies and facilities freely with the global
academic community

* Provide training of cryoEM methodologies



Initial Justifications in Establishing NCMI

* Chiu, W. and Jeng, T.W. (1980). Electron diffraction
study of crotoxin complex at 1.6 A. In Electron
Microscopy of Molecular Dimensions, Eds. W.

Baumeister and W. Vogell, Springer Verlag, Berlin, pp.
137-142.

* Jeng, TW, Chiu, W, Zemlin, F, & Zeitler, E (1984)

Electron imaging of crotoxin complex thin crystal at 3.5
A. J Mol Biol 175(1):93-97.

 Cohen, HA, Schmid, MF, & Chiu, W (1984) Estimates of
validity of projection approximation for three-

dimensional reconstructions at high resolution.
Ultramicroscopy 14(3):219-226.



Technology Research Development
(TRD) in Data Collection

Brink, J & Chiu, W (1994) Applications of a slow-scan CCD camera in
protein electron crystallography. JSB 113(1):23-34.

Sherman, MB & Chiu, W (1997) Reliability of phases retrieved from
400-kV spot-scan images of purple membranes acquired on a slow-
scan CCD camera. J Microsc 188(Pt 3):285-289.

Booth, CR, Jiang, W, Baker, ML, Zhou, HZ, Ludtke, SJ, & Chiu, W
(2004) A 9A single particle reconstruction from CCD captured images
on a 200kV electron cryomicroscope. JSB 147(2):116-127

Bammes, BE, Rochat, RH, Jakana, J, Chen, DH, & Chiu, W (2012)

Direct electron detection yields cryo-EM reconstructions at
resolutions beyond 3/4 Nyquist frequency. JSB 177(3):589-601.



TRD in Image Processing Software

Zhou, ZH, Chiu, W, Haskell, K, Spears, H, Jr., Jakana, J, Rixon, FJ, &
Scott, LR (1998) Refinement of herpesvirus B-capsid structure on
parallel supercomputers. Biophys J 74(1):576-588.

Ludtke, SJ, Baldwin, PR, & Chiu, W (1999) EMAN: semiautomated
software for high-resolution single-particle reconstructions. JSB
128(1):82-97.

Ludtke, SJ, Nason, L, Tu, H, Peng, L, & Chiu, W (2003) Object oriented
database and electronic notebook for transmission electron
microscopy. Microscopy and Microanalysis 9:556-565.

Liu, X, Jiang, W, Jakana, J, & Chiu, W (2007) Averaging tens to
hundreds of icosahedral particle images to resolve protein secondary

structure elements using a Multi-Path Simulated Annealing
optimization algorithm JSB 160(1):11-27.

Schmid, MF & Booth, CR (2008) Methods for aligning and for
averaging 3D volumes with missing data. JSB 161(3):243-248.



TRD in Map-Based Modeling

Jiang, W, Baker, ML, Ludtke, SJ, & Chiu, W (2001) Bridging the
information gap: computational tools for intermediate resolution
structure interpretation. J Mol Biol 308(5):1033-1044.

Baker, ML, Zhang, J, Ludtke, SJ, & Chiu, W (2010) Cryo-EM of
macromolecular assemblies at near-atomic resolution. Nature
protocols 5(10):1697-1708.

Baker, ML, Baker, MR, Hryc, CF, Ju, T, & Chiu, W (2012) Gorgon and
pathwalking: macromolecular modeling tools for subnanometer
resolution density maps. Biopolymers 97(9):655-668.

Wang, Z, Hryc, CF, Bammes, B, Afonine, PV, Jakana, J, Chen, DH,
Liu, X, Baker, ML, Kao, C, Ludtke, SJ, Schmid, MF, Adams, PD, &
Chiu, W (2014) An atomic model of brome mosaic virus using
direct electron detection and real-space optimization. Nat
Commun 5:4808.



Difficult and Novel Structural Projects

Orlova, EV, Serysheva, Il, van Heel, M, Hamilton, SL, & Chiu, W (1996) Two
structural configurations of the skeletal muscle calcium release channel. Nat
Struct Biol 3(6):547-552.

Zhou, ZH, Dougherty, M, Jakana, J, He, J, Rixon, FJ, & Chiu, W (2000) Seeing the
herpesvirus capsid at 8.5 A. Science 288(5467):877-880.

Schmid, MF, Sherman, MB, Matsudaira, P, & Chiu, W (2004) Structure of the
acrosomal bundle. Nature 431(7004):104-107.

Jiang, W, Chang, J, Jakana, J, Weigele, P, King, J, & Chiu, W (2006) Structure of
epsilon15 bacteriophage reveals genome organization and DNA packaging/
injection apparatus. Nature 439(7076):612-616.

Chen, DH, Song, JL, Chuang, DT, Chiu, W, & Ludtke, SJ (2006) An expanded
conformation of single-ring GroEL-GroES complex encapsulates an 86 kDa
substrate. Structure 14(11):1711-1722.

Cong, Y, Schroder, GF, Meyer, AS, Jakana, J, Ma, B, Dougherty, MT, Schmid, MF,
Reissmann, S, Levitt, M, Ludtke, SL, Frydman, J, & Chiu, W (2012) Symmetry-free
cryo-EM structures of the chaperonin TRiC along its ATPase-driven conformational
cycle. The EMBO journal 31(3):720-730.



Difficult and Novel Structural Projects

Schmid, MF, Hecksel, CW, Rochat, RH, Bhella, D, Chiu, W, & Rixon, FJ
(2012) A tail-like assembly at the portal vertex in intact herpes
simplex type-1 virions. PLoS pathogens 8(10):e1002961.

Dai, W, Fu, C, Raytcheva, D, Flanagan, J, Khant, HA, Liu, X, Rochat, RH,
Haase-Pettingell, C, Piret, J, Ludtke, SJ, Nagayama, K, Schmid, MF,
King, JA, & Chiu, W (2013) Visualizing virus assembly intermediates
inside marine cyanobacteria. Nature 502(7473):707-710.

Shahmoradian, SH, Galaz-Montoya, JG, Schmid, MF, Cong, Y, Ma, B,
Spiess, C, Frydman, J, Ludtke, SJ, & Chiu, W (2013) TRiC's tricks inhibit
huntingtin aggregation. eLife 2:e00710.
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Barker, AK, Ludtke, SJ, Harris, SA, Schmid, MF, Chiu, W, &
Zechiedrich, L (2015) Structural diversity of supercoiled DNA. Nature
communications 6:8440



Backbone Traceable CryoEM Structures

Ludtke, SJ, Baker, ML, Chen, DH, Song, JL, Chuang, DT, & Chiu, W
(2008) De Novo backbone trace of GroEL from single particle
electron cryomicroscopy. Structure 16(3):441-448.

Jiang, W, Baker, ML, Jakana, J, Weigele, PR, King, J, & Chiu, W
(2008) Backbone structure of the infectious epsilon15 virus

capsid revealed by electron cryomicroscopy. Nature 451(7182):
1130-1134.

Zhang, J, Baker, ML, Schroder, GF, Douglas, NR, Reissmann, S,
Jakana, J, Dougherty, M, Fu, CJ, Levitt, M, Ludtke, SJ, Frydman, J,
& Chiu, W (2010) Mechanism of folding chamber closure in a
group Il chaperonin. Nature 463(7279):379-383.

Zhang, R, Hryc, CF, Cong, Y, Liu, X, Jakana, J, Gorchakov, R, Baker,
ML, Weaver, SC, & Chiu, W (2011) 4.4 A cryo-EM structure of an
enveloped alphavirus Venezuelan equine encephalitis virus. The
EMBO journal 30(18):3854-3863.



Electron Cryo-Microscopes at NCMI
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NCMI Collaborative/Service Project Proposal

This page will allow you to propose a research project to be performed at the NCMI.

Search
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The NCMI is equipped with four state of the art intermediate voltage electron cryomicroscopes, sample vitrification robots and a wide range of computational
resources all devoted towards our mission of advancing the technology of electron cryomicroscopy and applying this technology to problems of biological
significance. We have one phase-plate microscope, and 3 of 4 instruments are equipped with a direct-detection CMOS camera. Our projects span a wide
range of topics from macromolecular structural biology, nanobiology, virology, microbiology and cell biology. We have a variety of techniques for examining
specimens ranging in size from 10 nm to a micron with resolutions in some cases at subnanometer details. Available techniques include single particle
reconstruction, tomography, helical reconstruction and 2-D crystallography. We are involved in work ranging from heavily collaborative projects to strictly
service projects. For a collaborative project, our center staff devote significant amounts of effort in carrying out or assisting the projects at one or more phases
in the project pipeline from specimen preparation to structural interpretation. For service projects, the users make use of our experimental facility or software
with minimum assistance beyond initial training from our staff. Center staff are generally co-authors in the publications in collaborative projects whereas co-
authorship is not obligatory for service projects. In either case, NIH support (grant number P41GM103832) must be acknowledged in any publication using the
NCMI facility.

If you have confidentiality concerns, or would like to discuss the general feasibility of your project prior to submitting a proposal, you are welcome to email
Wah Chiu (wah@bcm.edu) or one of the center co-directors.

If you have a proposal you think would be appropriate for the NCMI, please submit detailed information on the form below. Once submitted, your proposal will
be evaluated by the NCMI director and co-directors, and in some cases outside consultants. We will contact you within two weeks with information on how we
can proceed. If the project appears promising we typically begin with an initial set of experiments to assess feasibility.
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