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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




Cryo-electron microscopy: structure of macromolecular machines

Automated CTF Estimation




Automated Pipeline for Molecular Microscopy

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

S00um

FEI Vitrobot

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




Automated temperature control of liquid ethane




Automated temperature control of liquid ethane

Date: 2007-03-06
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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.

— 188nm

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

http://www.protochips.com/







Step 2: Automated data acquisition using Leginon
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Step 3: Particle selection

200K




Automated particle selection with Selexon

d

» ~95% accurate for GroEL
* runs concurrently with data collection

o | i Roseman (2004) JSB, 145, 91
mtegrated with database Zhu et al. (2004) IEEE, 22, 1053




Automated particle selection with DogPicker
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Automated particle selection with DogPicker

Virus like particles




Step 4: CTF correction

Defocus —300nm Defocus —2000 nm




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




Automated CTF estimation
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» fitness factor >0.8 ~100% accurate for GroEL
* runs concurrently with data collection

: mtegrated with database Mallick et al. (2005) Ultramicroscopy,104




Step 5: Refinement and reconstruction

Projections

Initial 3D model

lterate Final 3D model

\ W 4

Alignment
Classification

Selecte
particles

CTF corrected images

EMAN, Spider, Imagic, Frealign, etc.




Automated Pipeline for Molecular Microscopy
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Appion Data Processing

Username: Password:

Log In |

Project: Lander - P22
Session: _
Image Path: /ami/datall/leginon/07oct 18c/rawdata

Action Results New run

Template Picking
Particle Selection 1 completed DoG Picking
Manually Edit Picking

CTF Estimation 1 completed ACE Estimation
Micrograph Assessment All 657 completed Re-Assess Images

Crud Finding

Region Mask Creation none Manual Masking

Stacks 3 completed Stack creation
Reference-free Classification 1 completed Ref-free Classification

Reference-based Alignment none Ref-based Alignment

O
O
o
o
O
O
o
O

EMAN Reconstruction

Reconstructions 1 uploaded Upload Reconstruction

Pipeline tools:
) Templates 2 available Upload template
i) Initial Models 3 available Upload model




Create an Image Stack

logged in ag bearr [Log Cut]

Project: NRAMM - GroEL 100K
Session: GroEL 58X, Box 3, Slot 3

Stack File Name: |start.hed

Box Size (Unbinned, in pixels)

Stack Run Name: |stack14
Filter Values:

5 Low Pass
600  High Pass
1 Binning

Stack Description:

| ACE Confidence Cutoff
Output Directory: Use Values Abuve:ID.E (between 0.0 - 1.0)
fami/datal5/appion/07jul25b/stacks/

I Particle Correlation Cutoff

Particles: I lowerthresh (48,037 prtls) | (between 0.0-1.0)
Use Values Above:|.5

Use Values Below:| 1.0

Mo Mask Assessed for this Session

Density:

I Invert image density Defocal pairs:

| Calculate shifts for defocal pairs

Defocus Limits

-6.2e-07 Minimum
-3.%9e-06 Maximum

" Mormalize Stack Particles
e Phaseflip Images

I Use Inspected Images
I” Commit to Database

File Format: Limit # of particles tﬂ:l

Iimagic =

Cenerate Make Stack Command




[Logout boarr][bearr Prefs][summary] [processing] [make jpgs]

| all = | 07jul25b - GroEL 5X, Box 3, Slot 3 =l

Select MRAMM - GroEL 100K project

00014gr_23sq_v04_10hl_3en.mrc * View 1 @5 & |rrfee - [B + moe[ = % Main View @[5 i | sce B 1o fem
00014gr_23sq_v04_10hl_2en.mrc w - w
00014gr_23sq_v04_Shl_3en.mrc [en ACE varams. o 15 ||[en | [ — |5 hide
00014gr_23sq_v04_Shl_2en.mrc defo I—L .B5E um mag: 100000 defocus: -1.740 um pixelsize: 0.082 E— |
00014gr_23sq_v04_8hI_3en.mrc conf | 9raph2 | _update ||'4:08362 || 07juizsb, 00014gr 000235q v04 00010h 0003 Ltmelrun2 i~ update

00014gr_23sq_v04_8hl_2en.mrc
00014gr_23sq_v04_7hl_3en.mrc
00014gr_23sq_v04_7hl_2en.mrc

00014gr_23sq_v04_6hl_3en.mrc i1 i K ;
00014gr_23sq_v04_6hl_2en.mrc Pli— e S
00014gr_23sg_v04_5hl_3en.mrc L e T e
00014gr_23sq_v04_5hl_2en.mrc b e ——— I Y 1
00014gr_23sq_v03_4hi_v13_3en.mr I | b I
00014gr_23sgq_v03_4hl_v13_2Zen.mr ] I s
00014gr_23sq_v02_3hl_v01_3en.mr S e ,
00014gr_23sg_v02_3hl_v01_2en.mr gl %
00014gr_23sg_v02_2hl_3en.mrc sl WM N T el NV T T
00014gr_23sq_v02_2hl_2en.mrc g i i T
00010gr_22sq_v02_26hl_3en.mrc -
00010gr_22sq_v02_26hl_2en.mrc * View 3 B G & [T el [P o [ S
00010gr_22sq_v02_25hl_3en.mrc
00010gr_22sg_v02_25hl_2en.mrc | fe | [ — |
00010gr_22sq_v02_23hl_3en.mrc mag: 50000 defocus: -2.000 um pixelsize: 0.
00010gr_22sq_v02_23hl_2en.mrc dose: 43.2 eJAZ
00010gr_22sq_v02_22hl_3en.mrc 07jul2sb_00014gr_00023sg_v04_00010h!_0

00010gr_22sq_v02_22hl_2en.mrc
00010gr_22sq_v02_21hl_3en.mrc
00010gr_22sq_v02_21hl_2en.mrc
00010gr_22sq_v02_19hl_3en.mrc
00010gr_22sq_v02_19hl_2en.mrc
00010gr_22sq_v02_18hl_3en.mrc
00010gr_22sq_v02_18hl_2en.mrc
00010gr_22sq_v02_17hl_3en.mrc
00010gr_22sq_v02_17hl_2en.mrc
00010gr_22sq_v02_16hl_3en.mrc
00010gr_22sg_v02_16hl_2en.mrc
00010gr_22sq_v02_15hl_3en.mrc
00010gr_22sq_v02_15hl_2en.mrc
00010gr_22sq_v02_14hl_3en.mrc
00010gr_22sq_v02_14hl_2en.mrc

[T




Reconstruction Report Page

Iogged in as bearr [Log Out]

Run Description:

Stack: /ami/data15/appion/07jul25b/stacks/stack 1/start.hed

Reconstruction path: /ami/data15/appion/07jul25b/refinellogsplit/ rund 3720/
Particles: 43720

Initial Medel: fami‘datal3/appion/06jul12a/refine/logsplit2/run100/threed.0a.mrc

Compare |terations: I Eulers | Iteration 1: I 1 ~| iteration 2: I 1 -+
download: | compare |

iteration | ang incr  resolution  fsc classes distr | # particles density

1 5 8.62 classes.limg g, l“i?;ii gz;’]ﬂ] threed. 1a.mrc
2 5 7.75 classes.2.img 61 l'i?géz gzg]d] threed.2a.mrc
3 5 6.80 classes.3img g, lfg?‘;g gz;’]ﬂ] threed.3a.mrc
4 5 6.78 classes.4.img 61 lfg?gg gzg]d] threed.da.mrc

snapshot




But what about the initial model?




Step 5: Refinement and reconstruction

Projections

Initial 3D model

lterate Final 3D model

\ W 4

Alignment
Classification

Selecte
particles

CTF corrected images

EMAN, Spider, Imagic, Frealign, etc.




Random Conical Recontruction (RCT)

b 5o N\ 1/

b
o]

Or better yet: Orthogonal Tilt Reconstruction (OTR)

Leschziner and Nogales. J Struct Biol. 2006 Mar;153(3):284-99.
D




Automated Random Conical Tilt Data Collection

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




Leginon: Automated OTR for stained grids

S0 it ST , : S St
- (P : TR )

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




Leginon: Automated OTR for vitreous ice grids (GroEL)

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




Leginon Tomography Application:
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An immature HIV from an
IMOD reconstruction (32
central slices averaged).

Leginon will record tilt series for each target, adjusting for
specimen drift, beam intensity changes, and energy filter drift.

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




©) Tomography - Mozilla Firefox
File Edit View Go Bookmarks Tcols Help

p = ,
<,%_| B - @ (%] @ I\ | http://calisto/cbem tomo/index.php?sessionld=177&tiltSeriesId=869

Summary
Session I 060ct27a - Mature HIV with Env ~ I

Tiit Series #71 #53 #55 #48 #40 5 #20 #28 #35

1.10/27/06 15:2208 06 5200 30 2 L0° . . . o
2.10/27/06 15:36:05 20 >0 %60 . 50 20 . s 0 &0

3. 10/27/06 15:44:43 . B 1 [ e e ik g

1.10/27/06 16:40:37
5. 10/27/06 17:27:35
5.10/27/06 18:24:11
7.10/27/06 19:24:37
8. 10/27/06 202238
9.10/27/06 21:24:15
10.10/27/06 22:25:19 i —T
11.10/27/06 23:3555 . '

12. 10/28/06 00:27:31
13. 10/28/06 01:29:52
14.10/28/06 02:2026
15.10/28/06 03:14:41
16. 10/28/06 04.0655
17.10/28/06 05:11:35
18. 10/28/06 06:02:32
19. 10/28/06 06:53.29
1. 10/28,06 12:46:34
22.10/28/06 13:3810 .
23.10/28/06 14:38:27 . . . . . b
24. 10/28/06 152849 Tilt (degrees)
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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




v: Automated pipeline case study #1
Virus particles as platforms for display
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Gabe Lander, Erica Strable, MG Finn
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Gabe Lander, Erica Strable, MG Finn

Hepatitis B virus




Case Study #2:
The Structure of Intact Bacteriophage

Ogm

e Infects Salmonella
>9p5 \

@gp7. gp16, gp20 ¢ N ¢ Capsid_ T=7 icosahedral
lattice

~55->65 nm diameter

maturation - Multi-stage maturation from
gap3, gp2 package .
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.

Gabe Lander, Jack Johnson, TSRI;
Sherwood Casjens, University of Utah; Peter Prevelige, University of Alabama, Birmingham.
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Privelige, P., Poliakov, A., Potter, C. S., Carragher, B., and Johnson, J.

Lander, G. C., Tang, L., Gilcrease, E. B.,

E. (2006). A protein sensor for heqagg@gaim@rge@;eggc, F&3 ipaEitElegspooled dsDNA. Science.

312, 1791.




A challenge for higher throughputs: multiple states

dsDNA

gp7, gp16, gp20
- gp5 (415 copies)
- gp1 (12 copies)
gp4 (12 copies)

gp10 (6 copies)

gp9 (18 copies)

gp26 (3 copies)

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?

70
d  c=0.13:0.02 ¢ = 0.61+0.06 |c = 1.51+0.04| ¢ = 0.15+0.06
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Cheng, A., et al.
) (2006) JSB, 154,
Time (hr) 303-311.




Case Study #3
GroEL as a testbed




Automated throughput for single particles (GroEL

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




Leginon Database: Images and Acquisition Parameters

i
mag: 120 defocus: 0.0000 pm pixelsize: mag: 62000 defocus: -2.0000 pm pixelsize: 0.1791 nm dose: 10.6336 e /A

§3.0800 nm 04mar1 6a_0036grid_0007sg_0003hale_0002efar.mre
O04mar16a _0036grid.mrc

i Tmage Renort: 0danr07a_00046grid_00019sq_00005hole_00003efar.mrc - Microsoft Internet Explorer

.
%

A0 . 4 Filename: 04api07a_00046grid_000 _00005hole_00003efar.mrc
ll.“.lu[{
F" : Size: 513 kB
Acquired: 2004-08-04 17:44:45
Path: famifdata04/leginonD4api07a/
Session:  04apr)7a- PBCV-1, g/ml, 200k, gfoil R2/4, blot 3.5 secs., good grid
| Instrument: Tecnai 1 - Tecnai F20 and Gatan 4k

[
mag: 5000 defocus: -150.
nx: )

pixelsize: 2.2328 nm imageld: 33287
preset: efar ny:

04mar16a_0036: rid,,20078 | dimx: 512 mode: MRC_MODE_UNSIGNED_SHORT
j (, . : ]
G

dimy: 512 alpha: 890

) binning: 8 beta: 90

high tension: 200000 vV gamma: 90

mag: 62000 amin: 26886

defocus: -1.0000 pm amax: 45680

pixelsize:  0.1791 nm amean: 0.162334442139
xorigin: 2.34128947419E-41
yorigin: 35943.1914062

200 Parent Image Information Image Relations

parentld: grid:

&

parentimage:

parentpreset: hole

parenttype:

parentnumbe

targetx: 388
165
41.078715669086
58.094076824089




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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00rT 100

0.2nm/pix 0.08 nm/pix

~500 particles/image ~80 particles/image




Resolution as a function of number of particles

48,650 particles
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8.9 A

Mumber of Particles




Resolution as a function of mag, KeV, dose...

Resolution (A)
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Imaging Technology Group at TSRI:

Anchi Cheng Teddy Ajero
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Gabriel Lander Craig Yoshioka Pick-Wei Lau Anke Mulder Sunita Nayak Neil Voss
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Christopher Irving Lorraine Lathrop Clint Potter Bridget Carragher Scott Stagg

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




