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Transmossion Electron Microscope

Short wavelength
High cross section

Destroys specimen

Low contrast, high
noise

No genetically
engineerable markers

Thin specimens only
(<500 nm]
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Specimen preparation

Cryo-Electron Microscopy
Fixation using amorphous ice

Thin ice sheet (900 nm)] in
holey carbon on copper grid
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oingle-particle method

Tripeptidyl-peptidase Il
(TPP 1)

courtesy of B. Rockel, Martinsried
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oingle particle stack
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Typically several 1000
to 50000 individual
Images

Problems:
Automatic selection

of particles
Alignment
Classification
Angular assignment
3D reconstruction
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Classification and iterative refinement

* 9 @ % % e o 3 % Classify images

Assign angles

%%Q ¢ 3 s i a [ 4 3D reconstruction
e fJfTceay
Hnaww

Tuesday, 19 May 2009



High-resolution structures

* High resolution single particle averaging

reached 4A
how much longer till atomic resolution?

Ludtke et al, Structure 2008
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Electron tomography
* 3D reconstruction by taking a series of images
from different angles

* Difficulty:

Nanometer accuracy

°* Problems:

Limited tilt range

<>

Imperfections of the tilt
<>
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Cytoskeleton

Cytoskeleton of Spiroplasma melliferum
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Viruses

HIV Vaccinia H. simplex

projection

slice

3D
segmentation

Grinewald & Czyrklaff,
Curr. Opin. Microbiol., 2006
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3D averaging: The Nuclear Pore
Complex

Matching

Nuclear pore complex

Aligning

Averaging

cytoplasmic filaments
cytoplasmic ring
lumenal spoke ring
nuclear ring

50 nm

nuclear basket

80 nm

distal ring

Beck et al., Science, 2004

30 reconstruction
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Macromolecular crowding
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“Visual proteomics”
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The Electron Microscopy Data Bank

* contains EM-derived density maps
* complementary to coordinate sets In
* established 2002 @ EBI (Kim Henrick]

* web-based submission and retrieval

* hand-curated (R. Newman

a bit like Ebay - and you won't make any monery, either

Tuesday, 19 May 2009



EMBL - EBI

* (utstation of European Molecular Biology Laboratory

European inter-governmental organization with 20
members

* provides bioinformatics research and services
* EMDB is part of the Protein Databank in Europe

wwPDB worldwide repository for

protein structures ("PDB” coordinate
files) since 1973

EMDB operated jointly with Rutgers
University under an NIH grant

* Joint BBSRC grant between EBI and
Dundee to develop EMDB using
OME technology In
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EMDep deposition system

* B600 entries, current rate approx. 195-20/month

* Contents of an entry:
Metadata (XML header] — experimental metadata/procedure

Map (any format, converted to CCP4 /MRC]
Additional files EmDep Deposition Tool

EmDep Deposition Tool

Dwporstion reforesce

1002

itrification
Sample Details italls of Me vitification |

@ Vtiwsaten
@ 'mincen to EnDey
@ (8 Cepostion Sample Details

@ 1o & futher
P W 4 Setect sguregation alate | SR PARTICLL

Sarpie Detots
o W 4 Loty e 0f 5aghe

@ Savpe Corganents

@ Lamrertisl Detain
g Eoter the sbgemen state of e -

/ Lovder U raavdeor of sepee
N components n e Sampte

N ot of e samphe
Lafer Drecrwicnl mutecular seagiil of
F 4 )
Y De sanghe

Tuesday, 19 May 2009



EMDB search system

home > search > EmSearch EMDB Search Tool Contact EmDep

m Results

I EMDB titde
I~ Sample Name
I” Aggregation Type
I Resolution
Sample Name: [virus I Resolution Method
I” Microscope Type
I Reconstruction Software
Aggregation Type [An',' Type i I~ Interpro 1D
rGOID
- (* n_lf B |
Date: | Release | From | [—IP-EIB: D:)E .
I~ Model PDB ID
Start search I~ Pubmed 1D

Results per 55—
page | “° =
Start search | Reset form |

New search

Citation Abstract: |

Resolution: high: | low: |

primary developers: Sameer Velankar
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EMDB search system

EMDB Search Tool

AP
Found S5 hits (3 pages) Showing has 1 to 20

Slant 8 neéw search Refing the results of it

earct

Download all results
B B
XM

et

EMDB
Accession code
AY

EMDB title
AY

DNA Packaging i1s Similar in a Filamentous Archaeal Vius and Eukaryolic

Nucleosomes
Structure of Broadhaven virus by cryoelectron microscopy

The PMZ virion has a novel organization with an interna
pentameric receptor binding spikes

membrang and
Structural polymorphism of the major capsid protein of a double stranded

RNA virus, an amphipathic a heltx as a molecular switch

A 9 A Single Particle Reconstruction From CCD Captured Images On A 200

Cryo-EM reconstruction of dengue virus in complex with the carbohydrate
recognition domain of DC-SIGN

CIyo-EM reconstruction of dengue virus in complex with the carbohydrate
recognition domain of DC-SIGN
Distribution and three-dimensional structure of AIDS virus envelope spikes
Neutralization of dengue virus by a serotype cross-reactive antbody
elucidated by cryoeleclron microscopy and x-ray crystallography

Abstract Cryo-glectron microscopy of hepatitis B vinons reveals vasiability in
envelope capsid interactions

Abstract Cryo-electron m vinons revaals vanability in
envelope capsid intaractions

Abstract Cryo-electron microscopy of hepatitis B virions reveals variability in
envelope capsid interactions.
Abstract Cryo-electron m

croscopy of hepatitis B vinons reveals vasiability i
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Resolution
AY

18.004
23.004

13404

15.004

9.004

25.004

0.004

32004

24 DDA

0.004

22.004

22004

Sample Name
AY

Acidianus Filamenous Vieus 1

Broadhaven virus

Bromelamn-treated PMZ virus
chimeric Infectious Bursal Disease Virus capsid

Cytoplasmic Polyhedrosis Virus
Dengue virus complexad with CRD domain of
DC-SIGN

Dengue virus complexed with CRD domain of

DC-SIGN

Envelope Spike on the surface of SIYmac2as
virus with truncated cytoplasmic tall

Fab Fragment of MAD 1A1D-2 complexad wiah
Dengue 2 virus
Hepattis B virus

B virus

Hepattis

Hepattis 8 virus
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Deposition statistics

* about 300 structures now, growing fast
* deposition mandatory iIn major journals
* mostly single-particle structure

* tomograms welcome, but little infrastructure
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Jnline visualization

* Improved visualization tools:
Java applet embedded in page

data dictionary
change:

®contour level
becomes a
mandatory
data item

------

* OpenAstexViewer (now 0/ 5]
* OMERQ visualization server
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Rich data sets

* Submissions consist of

* maps (Increasingly more than onej
* relations between data sets — unexpressed

* XML-based standards for represen-ting
relationships between data:

Subject-predicate-object relationships (RDF
framework]

* Harvesting interface to EM processing software

* WWeb-based visualization for sub-mission and
retrieval, complex sub-missions assembled
iInteractively [AJAX]
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Rich data submissions

TOMOGRAM
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Possible XML representation
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Juality assessment

* (Quality assessment requires
* Should we store original data”? And how much?

* Disk/network limitations can be overcome

* Allows guality assessment, future algorithms? Data
mining”?

USE THE :]  THEN
CRS DATA B i s 2| CAN YoU
BASE TO L B s DATAIS |7] AVERAGE SURE. I CAN
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JA for single particle

* Example: Characterizing classes Shaikh et al., 2008

Tuesday, 19 May 2009



5rid computing for EMDB:
MERQO.grid”

* Data upload/distribution
Background data upload tool
Remote filesystem /image server access
* Distributed computing resources
Access to cloud computing resources

Dynamically instatiated virtual machines
Quality assessment processing

O e
EEO gaOcd
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Conclusions

* Electron Microscopy Is an example of a mature
bioimaging field

Community with similar experimental /computationa
protocols

Many images/data sets combined to yield single result
* \WWhere OME can improve It

Improved user experience
In-house database (EMDB is depository only]

* Future directions with OME

Rich data sets

Quality assessment tools, data set browsing
Grid /cloud computing
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