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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 Has Cryo-EM Achieved ?

* What are the funding opportunities ?

* What are the trends in biomedicine ?

* A technology easily practiced by biologists

* Cryo-EM technology development



Electron Cryomicroscopy
Achievements

. 2-dimensional monolayer protein crystals: 3.7-3.0 A
polypeptide traced

+ Helical arrays: 9 - 4 A
Fold recognized

. Single particles: 9-5.5 A
a helices and 8 sheets visualized

- Subcellular assemblies : 50 - 20 A
identify components and domains




Future of Cryo-EM

* What Has Cryo-EM Achieved ?
* What are the funding opportunities ?

- What are the trends in biomedicine ?

* A technology easily practiced by biologists

* Cryo-EM technology development



P Overview

Soon after becoming the
Directar of the Mational
Institutes of Health (MIH),
in May 2002, Elias A
Zerhouni, M.D. convened a
series of meetings to
chart a “roadmap” for
medical research in the
215t century. Mare...

P Press Release

P Press Briefing Video

b Science Magazine Aricle

* NIH Roadmap Initiatives

# Grants and Funding
Qpporunities

New Pathways to Discovery

b Building Blocks, Biological Pathways, and Metwarks

b Molecular Libraries and lmaaging

b Structural Biology

b Bioinformatics and Computational Biology

b Manomedicine

Research Teams of the Future

k Hioh-Risk Eesearch
k Interdisciplinary Eesearch

F Public-Private Partnerships

Re-engineering the Clinical Research Enterprise

b Ee-engineering the Clinical Research Enterprise




1999 Protein Structure Initiative (PSI)

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

New York Structural Genomics Center
~60 Structures Solved

~2500 Models

~457 of All Structures at X9A/B

Goal: 100-200 structures/yr.
Steve Almo



2003 Protein Structure
Initiative

Phase IT: Membrane Proteins



g,
3“"@‘@ NlH Roadmap ACCELERATING MEDICAL DISCOVERY TO IMPROVE HEALTH
* e

P Home Page

Structural Biology

Structural Biology GRANTS AND FUNDING OPPORTUNITIES
P Overview
M Implementation Group Request for Applications (RFA's)
Members

P Centers for Innovation in Membrane Protein Production

P Grants and Funding
Opportunities



How to Study Membrane Protein
Structure by Cryo-EM

* Membrane protein purification

» 2-D crystal
» Helical array

» Single particle
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Future Challenges in 2-D
crystal and Helical Array

* Making the suitable crystal
+ Solve structure beyond 3 A

» Hybrid of Fourier averaging and
single particle approach

* User friendly software



Single
Particles
Image

I. Serysheva



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

news feature

The soclety of proteins

Having realized that proteins usually do their jobs by combining to form
transient complexes, biologists are queling up to study these structures
using a powerful electron-microscopy technique. Alison Abbott reports.




Workshop

Structural Proteomics of
Biological Complexes

April 7-8, 2003

http://ncmi.bcm.tmc.edu/events
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NIH Workshop on Structural

Meeting Review

Proteomics of Biological Complexes

Amdre| Sall’

Departmernts of Blophammaceutical Sdancas
and Pharmaceutical Chamistry and

Calfomia Instihute for Quantitatise
Blomedica FHesearch

Unlversity of Calfarnla, San Franclsco

San Franclsco, Calffarnia 84143

Summary

Fecantly, some 50 hlckglsts and aofflclak from gow-
ernment fundlng agencles met at the WNIH campus In
Bethesda, MO o explere the Interdlsclplinary sclanca
and organizatlon of the emarging Tkeld of structural

protecmics. Structural proteamics alms o dlscower

mast macromolecular complexas and charactarnze
thalr three-dimenskanal structures and  Tunctiznal
machanl=ms In space and Ume. The gaal =eams daunt-
Ing, but the consensus was that the prize woukd e
commensurate with the eftort Inwested, glven the lm-
portance of molezular machines and functional net-
wWiorks In hloloagy and medlzing, dentiflzatlon of as-

samblies and ranslent complex es comblned with thelr

stnuctural and Tunctlonal charaz enzation @il alkys us
to understand, contnol, design, and changs the fundc-
tlening of larger ik lcal systams as well as to con-
tribute o drug target discovery, lemsd discovery, and
lead optimizatken for treatment of human dlsease.

tlonal characterization of complexes I= kel o play a
L 2] lITIFIl:lITEI'I't ralain structural FITIZITEIIZI.I'I'Ih:S. than strus-
tural l;E'l'Il:l.I'I'I|I35..

kientification and Characterizatlon
of Macramalacular Complexas
Cawid Drubin {Barkaley) resteswad the motivation of call
bicloglsts for describing the structures andmechanisms
of macomolecular compla e, He suggestad that pro-
tains and thelr assoclated complexes be catagorized on
the basls of thar Involvement In core biclogleal pro-
cesses, such @ themalmtanance of chromosome struc-
ture nudeosameas), epllcation {DMA polymerasa), tran-
soription (ANA polymerass), nudear transport ruclear
pore complex), protain synthesls ribosome), proten
dagradation (protecsome), metabollsm jaspartate frans-
carbamylass), signal transcuction, chromosome move-
ment, and sagmgation knetochors). Mertts of the ge-
nome-wide versie a mome tagetad approach wera
dscussad, baandng eMficlency, blas, and qualty. Ha
suggested that Interactions cbeerved by proteomlcs
should be walldatad by Indepandant means, such as
microscopy with grean flucmscence protein. He also
highlighted the power of emerging chemical genomlcs
approaches, which utlizetalor made palrs of small mol-
acule Inhibitors and signaling molecules, to parsa tha
confributions of Indivaual signaling pathways to com-
plex blologial processes,

Jack Groenblatt (Universtty of Toranto) describad a



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 1o 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
» Flexibility of protein components

* Structure mining



Example 1

Rice Dwarf Virus

Hong Zhou (UTHSC)
Matthew Baker
Wen Jiang
Joanita Jakana
Mat Dougherty



6.8A Structure of Rice Dwarf Virus
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QOuter apsid Tnner éapsid
700 A in diameter 540 A in diameter
780 copies P8 (46kDa) 120 copies P3 (114kDa)

4 1/3 distinct trimers/a.u. 2 structural isoforms/a.u.
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Rice Dwarf Virus Outer Shell Protein P8



AIRS (Analyze Intermediate Resolution

Structure)
3-D Cryo-EM X-ray Primary sequence
structures at structures of
7-9 A domains / l \
Helix cé( sheet Secondary Fold Structure
identification structure recognition | | prediction
prediction

Pseudo-Atomic

model




Assignment of Sequences to Helices




Predicted Fold Matches with P8 Upper Domain

Threading
Sequence >

Putative fold




Model Building

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)
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Bundle Schematic View
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Validation of the Initial 9.5 A Map

acrosomal bundle






Actin molecular adaptation to helix distortion

tilt and rotation

found by foldhunter



Future of Cryo-EM

* What Has Cryo-EM Achieved ?
* What are the funding opportunities ?

- What are the trends in biomedicine ?

* A technology easily practiced by biologists

* Cryo-EM technology development



news feature

=

At CIMBio (main picture) . Ron Milligan hopes that cryo-electron microscopy can be automated.




High Throughput Activities at
NCMI: "James-SAVR Project”

Christopher Booth
Wen Jiang
Matthew Baker
Mike Marsh
Steve Ludtke



JEOL 2010F FasTEM +
Gatan 4kX4k CCD

Field
Emission
Gun

Motorized
Stage

High
Resolution
Polepiece

Gatan

~ _+Cryo-Holder

Gatan
Ultrascan 4k
CCD Controller

FasTEM

f] Computer



JEOL Automated Microscope
Expert System (JAMES)

@ \ NCMI Database
JEOL

FasTEM
Software

1

2010F
Microscope

@ Microscope Control Application

Gatan Digital
Micrograph

|
I
|
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Gatan
Ultrascan
4000



CCD Image of CPV  Power Spectrum
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Virus Reconstruction




SAVR: Semi-Automated Virus
Reconstruction




9 A Structure of CPV




Alpha Helices in CSP-A
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Future of Cryo-EM
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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 o PDB

» Easily connect to other structure
analysis programs



Future Specimen Prep
Developments

* Automated freezing apparatus
* Grid type

* 6rid treatment

* Filter paper



When Does The Future End ?

* No more this type of wonderful
workshop is needed

* Every biologist is a microscopist






