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Research Mission at NCMI
http://ncmi.bcm.tmc.edu

Development of Experimental and 
Computational Infrastructure for
Near Atomic Resolution Structure 
Determination of Large Macromolecular 
Machines without Crystals by Electron 
Cryomicroscopy



Future of Cryo-EM

• What are the trends in biomedicine ?

• What Has Cryo-EM Achieved ?

• What are the funding opportunities ?

• A technology easily practiced by biologists

• What Has Cryo-EM Achieved ?

• Cryo-EM technology development



• Single particles: 9 – 5.5 Å
α helices and ß sheets visualized 

Electron Cryomicroscopy
Achievements

• 2-dimensional monolayer protein crystals: 3.7-3.0 Å 
polypeptide traced 

• Helical arrays: 9 - 4 Å
Fold recognized

• Subcellular assemblies : 50 - 20 Å 
identify components and domains
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1999 Protein Structure Initiative (PSI)

9 National Centers with the mission to solve 
10,000 structures in the next 10 years

Steve Almo

New York Structural Genomics Center

~60 Structures Solved

~2500 Models

~45% of All Structures at X9A/B

Goal: 100-200 structures/yr.



2003 Protein Structure 
Initiative 

Phase II: Membrane Proteins





How to Study Membrane Protein
Structure by Cryo-EM

• Membrane protein purification

• 2-D crystal

• Helical array

• Single particle



Ren & Mitra

EDP of 2-D 
crystal



Future Challenges in 2-D 
crystal and Helical Array

• Making the suitable crystal
• Solve structure beyond 3 Å
• Hybrid of Fourier averaging and 

single particle approach
• User friendly software



1.2 µm1.2 µm
500 Å

I. Serysheva

Single
Particles
Image



Challenges in Single Particle

• Structurally homogenous specimen
• More powerful algorithms to sort out 

heterogeneous structures
• Large data set is required
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Biological Complexes



Workshop

Structural Proteomics of 
Biological Complexes

April 7-8, 2003

http://ncmi.bcm.tmc.edu/events





Why study large complexes?

• Proteins typically function in association with other 
proteins.

• Protein complexes are important for virtually every 
biological process and most diseases.

• Genome sequences identify tens of thousands of 
genes: linking these to 200-300 core biological 
processes will make their study manageable.

• Recently developed and/or improved technologies and 
methodologies make studies of large complexes more 
feasible and informative. 

David Drubin



Challenges in Studying 
Complexes

• Complex purification

• Stability of complex

• Structure mining

• Flexibility of protein components

• Structure mining



Example 1

Rice Dwarf Virus

Hong Zhou (UTHSC)
Matthew Baker

Wen Jiang
Joanita Jakana
Mat Dougherty



Outer capsid
700 Å in diameter

780 copies P8 (46kDa)
4 1/3 distinct trimers/a.u.

Inner capsid 
540 Å in diameter

120 copies P3 (114kDa)
2 structural isoforms/a.u.

6.8Å Structure of Rice Dwarf Virus 
(26 MDa protein mass)



Rice Dwarf Virus Outer Shell Protein P8



3-D Cryo-EM 
structures at      

7-9 Å

AIRS (Analyze Intermediate Resolution 
Structure)

Helix & sheet 
identification

X-ray 
structures of       

domains

Secondary 
structure 
prediction

Structure
prediction

Fold 
recognition

Primary sequence 

Pseudo-Atomic 
model
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Assignment of Sequences to Helices



Predicted Fold Matches with  P8 Upper Domain 

Sequence

Putative fold

Threading Foldhunter



Model Building
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Nakagawa et al Structure 2003 Zhou et al NSB, 2001



Example 2

Acrosomal Bundle

Michael Schmid
Misha Sherman
Joanita Jakana

Matthew Dougherty
Paul Matsudaira (MIT) 



Cryo-image

Bundle twist

1 x 4 unit cells
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Bundle Schematic View

Real space filament packing Diffraction space



Image and Computed Diffraction along a Bundle



Validation of the Initial 9.5 Å Map





Actin molecular adaptation to helix distortion
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High Throughput Activities at 
NCMI: “James-SAVR Project”

Christopher Booth
Wen Jiang

Matthew Baker
Mike Marsh

Steve Ludtke



JEOL 2010F FasTEM + 
Gatan 4kX4k CCD

Gatan 
Cryo-Holder

Field 
Emission 
Gun

Gatan 
Ultrascan 4k
CCD Controller

FasTEM
ComputerHigh 

Resolution 
Polepiece

Motorized 
Stage



JEOL Automated Microscope 
Expert System (JAMES)

2010F
Microscope

2010F
Microscope

Gatan 
Ultrascan

4000

Gatan 
Ultrascan

4000

FasTEM 
Software
FasTEM 
Software

Gatan Digital 
Micrograph

Gatan Digital 
Micrograph

Microscope Control ApplicationMicroscope Control Application

NCMI DatabaseNCMI Database



1/8.6 A

1/8.6 A

500 A

CCD Image of CPV Power Spectrum

C. Booth



Virus Reconstruction

Initia
l model

Reconstruction

Model re-
projection

CTF fitting

Initial center / orientation
Box particles

Refine center 

/ orientation

W. Jiang



SAVR: Semi-Automated Virus 
Reconstruction

CTF fitting

Refine center / 
orientation

Initial model

ReconstructionModel re-
projection

Initial center / 
orientation

SAVR



9 Å Structure of CPV

Done < 2weeks



Alpha Helices in CSP-A
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Future Instrumentation

• Higher spatial coherence
• Choose an optimal cryo-specimen 

temperature 
• Energy filter
• Large CCD 
• Complete automation for data collection



Future Cyber-infrastructure

• Better algorithms
• Easy-to-use database
• Visualization/animation software
• A unified type of image processing 

environment
• Direct deposit to PDB
• Easily connect to other structure 

analysis programs



Future Specimen Prep 
Developments

• Automated freezing apparatus
• Grid type
• Grid treatment
• Filter paper



When Does The Future End ?

• No more this type of wonderful 
workshop is needed

• Every biologist is a microscopist




