
T
H

E
 S

C
R

IP
P

S
 R

E
S

E
A

R
C

H
 IN

S
TITU

TE

National Resource for Automated Molecular Microscopy
http://nramm.scripps.edu

Automated Molecular
Microscopy

Bridget Carragher

November 2007



National Resource for Automated Molecular Microscopy

The overall mission of NRAMM is to develop, test and apply technology
aimed towards automating and streamlining cryo-electron microscopy

(cryoEM) for structural biology.

Automation goals
Facilitate the process
Increase throughput
Optimize resolution

Expand the possibilities
Open the technology to wider audience
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Cryo-electron microscopy:  structure of macromolecular machines



Automated Pipeline for Molecular Microscopy

processingdata collectionspec. screening refinementspec. prep.

Adapted from a slide courtesy of: Peter Kuhn, Scripps-PARC Institute for Advanced Biomedical Sciences, TSRI



Step 1:  Freezing EM specimens

Gatan Solarus Plasma Cleaner

FEI Vitrobot
http://cimbio.scripps.edu/misc/documentation/protocol/freeze.php



Automated temperature control of liquid ethane



heater

Automated temperature control of liquid ethane



Limits to throughput:  specimen distribution

Vitreous ice across Quantifoil grids



Alternative technique for making a holey carbon film
(C-Flats).

• Use a silicon-nitride template with regularly spaced wells. Developed by the
Protochips Co.  We are currently working with a template similar to the R2/4 from
Quantifoil, but many different geometries are possible.

• Make a carbon replica of the template using Victawet as a releasing agent.

a b c

Quispe, J., et al. (2006). A New Holey Carbon Film for Cryo Electron Microscopy.
Microscopy and Microanalysis..

http://www.protochips.com/



Vitreous ice across C-Flats



Step 2: Automated data acquisition using Leginon

Suloway et al. (2005) J. Struct. Biol. 151, 41

Multiscale Imaging

Automated microscope control

©2005 Google, Map data ©2005 NAVTEQTM, Tele Atlas

©2005 Google, Map data ©2005
NAVTEQTM, Tele Atlas



Step 3: Particle selection



Roseman (2004) JSB, 145, 91
Zhu et al.  (2004) IEEE, 22, 1053 

Automated particle selection with Selexon

• ~95% accurate for GroEL
• runs concurrently with data collection
• integrated with database



Automated particle selection with DogPicker

GroEL



Automated particle selection with DogPicker

Virus like particles



Defocus –300nm Defocus –2000 nm

Step 4: CTF correction



Mallick et al., (2005)  "ACE: Automated CTF Estimation", Ultramicroscopy,104, 8-29.



Automated CTF estimation

 Mallick et al. (2005) Ultramicroscopy,104

• fitness factor >0.8 ~100% accurate for GroEL
• runs concurrently with data collection
• integrated with database



Initial 3D model

CTF corrected images

Selected 
particles

Alignment 
Classification

Projections

Iterate Final 3D model

Step 5: Refinement and reconstruction

EMAN, Spider, Imagic, Frealign,  etc.



Automated Pipeline for Molecular Microscopy

processingdata collectionspec. screening refinementspec. prep.

HBV



 









HBV
COPII

GroELP22
HPV

DNA

Ribosome

LCP

CNVQbeta

3D maps

But what about the initial model?



Initial 3D model

CTF corrected images

Selected 
particles

Alignment 
Classification

Projections

Iterate Final 3D model

Step 5: Refinement and reconstruction

EMAN, Spider, Imagic, Frealign, etc.



0°

Random Conical Recontruction (RCT)

0◦ tilt 50◦ tilt

Or better yet:  Orthogonal Tilt Reconstruction (OTR) 
Leschziner and Nogales.  J Struct Biol. 2006 Mar;153(3):284-99. 



Automated Random Conical Tilt Data Collection

Large image variations
  • Non-planar foreground / background variations
  • Mechanical stage instabilities

0° +60°



Leginon:  Automated OTR for stained grids

-45°

+45°

-45°

+45°

-45°

+45°

370 tilt pairs in 8 hours (1 pair every 1.8 minutes)



Leginon: Automated OTR for vitreous ice grids (GroEL)

-45° +45°

-45° +45°

57 tilt pairs in 2 hours (1 pair every 2.2 minutes)



Leginon Tomography Application:  

Christian Suloway, Jensen Lab, Caltech; 
Shawn Zheng, Agard Lab, UCSF 



Leginon/UCSFTomo Application:  

Tomography node released in Leginon 1.3 (November 2006)



Automated Pipeline for Molecular Microscopy
Results
 

Automation goals
Facilitate the process
Increase throughput
Optimize resolution

Expand the possibilities
Open the technology to wider audience
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Automated pipeline case study #1

 Virus particles as platforms for display

Gabe Lander, Erica Strable, MG Finn



Hepatitis B virus Gabe Lander, Erica Strable, MG Finn



 

Case Study #2:
The Structure of Intact Bacteriophage

Gabe Lander, Jack Johnson, TSRI;
Sherwood Casjens, University of Utah; Peter Prevelige, University of Alabama, Birmingham.

Infects Salmonella

Capsid T=7 icosahedral
lattice

~55->65 nm diameter

Multi-stage maturation from
procapsid to mature
capsid -

Packages a ~43.5 kb
dsDNA genome, but its
wild type nucleotide
sequence is only 41.7
kb. Termination of
packaging is not
triggered by sequence.



Lander, G. C., Tang, L., Gilcrease, E. B., Privelige, P., Poliakov, A., Potter, C. S., Carragher, B., and Johnson, J.
E. (2006). A protein sensor for head full viral chromosome  packaging is activated by spooled dsDNA.  Science.
312, 1791.

4,899 images; 25,793 particles



A challenge for higher throughputs:  multiple states

Lander, G. C., Tang, L., Gilcrease, E. B., Privelige, P., Poliakov, A., Potter, C. S., Carragher, B., and Johnson, J.
E. (2006). A protein sensor for head full viral chromosome  packaging is activated by spooled dsDNA.  Science.
In Press.



What about contamination during long data acquisitions?

Cheng, A., et al.
(2006) JSB, 154,
303-311.



Case Study #3
GroEL as a testbed



Throughput:
# grids: 1
# squares: 32
# holes: 318
# defocus pairs: 552
Duration: 26 hrs
# particles found: ~280,000

Automated throughput for single particles (GroEL)

0.05 µm
200nm



Leginon Database: Images and Acquisition Parameters



Resolution vs. Ice thickness
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Stagg, et al.   “Automated CryoEM Data Acquisition and Analysis of 284,742 Particles of GroEL” 
J. Struct. Biol.  Journal of Structural Biology 155, 470-481.
. 
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Resolution vs. number of particles



0.08 nm/pix

~80 particles/image

0.2nm/pix

~500 particles/image



Resolution as a function of number of particles

48,650 particles

2300 particles
8.9 Å

5.7 Å



Resolution as a function of mag, KeV, dose…
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