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A new method for cryoEM sample preparation
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NRAMM Workshop
20 October 2017


http://nramm.nysbc.org

technology for automating and streamlining cryo-electron microscopy
(cryoEM) for structural biology.

Specimen preparation Image acquisition Data proessing
Technology enables:
Accessibility
Higher throughputs

“High” resolution structures of “small” / asymmetric / heterogeneous particles
(may need to analyze 1,000,000’s molecules)

Determination of many 3D structures in different states
(may need 100’s of maps)

Investigation of the structure, function and dynamics of
molecular machines
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~250 active users,
~150 Krios users.

~175 Krios projects.
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Frame Movemen " 2
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Timeline (days)

0 ~1/2

Automated Automated
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Processing
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~500 images ~50,000 particles
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Sample courtesy of Yifan Cheng, Kiyoshi Egami, Zanlin Yu
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Sample courtesy of Yifan Cheng, Kiyoshi Egami, Zanlin Yu
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Automated
data collection

~500 images

Timeline (days)

~1/2 ~1

Automated : :
Processing Refinement

data pre-processing

~100 “shiny” images

~50,000 particles ~40,000 particles 2.9 A (FSCo.143)

Sample courtesy of Yifan Cheng, Kiyoshi Egami, Zanlin Yu



Grid preparation is still a challenge
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What happens to samples during vitrification?

A hypothetical scenario during cryoEM grid preparation
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A hypothetical scenario during cryoEM grid preparation
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What happens to samples during vitrification?

A hypothetical scenario during cryoEM grid preparation
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A hypothetical scenario during cryoEM grid preparation
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A hypothetical scenario during cryoEM grid preparation
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What happens to samples during vitrification?

Human protein complex(~300kDa
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Improving Current CryoTEM Grid Preparation Methods

The Spotiton Project
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The Spotiton Project
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New Technologies

Accurate pL dispensing Thin films without blotting

Voltage waveform on dispense head
+ - + - * -
-l JuUuUL

Programmable number of droplets



Piezo Electric Dispensing
Sample volume is precise and controllable

Dispense tip front view
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Required New Technologies

Accurate pL dispensing Thin films without blotting

Voltage waveform on dispense head
+ - + - * -
-l JuUuUL

Programmable number of droplets
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Nanowire grids: seli—blotting
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Nanowires can be grown on copper grids using a simple chemical treatment

lvan Razinkov1, Venkat Dandey1, Hui Wei, Zhening Zhang, David Melnekoff, William J. Rice, Christoph Wigge, Clinton S.
Potter, Bridget Carragher. A new method for vitrifying samples for cryoEM. (2016). JSB (In press).
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Potter, Bridget Carragher. A new method for vitrifying samples for cryoEM. (2016). JSB (In press).
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Nanowire grids: seff-blotting
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Nanowire grids: self-blotting
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Nanowires can be grown on copper grids using a simple chemical treatment

lvan Razinkov1, Venkat Dandey1, Hui Wei, Zhening Zhang, David Melnekoff, William J. Rice, Christoph Wigge, Clinton S.
Potter, Bridget Carragher. A new method for vitrifying samples for cryoEM. (2016). JSB (In press).
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Nanowire grids: self-blotting
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Nanowires can be grown on copper grids using a simple chemical treatment
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Potter, Bridget Carragher. A new method for vitrifying samples for cryoEM. (2016). JSB (In press).
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Nanowire grids: self-blotting
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Copper palladium/rhodium/gold sandwich grids provide one smooth surface
for attachment of the carbon substrate
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Copper palladium/rhodium/gold sandwich grids provide one smooth surface
for attachment of the carbon/gold substrate
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A Streamlined and Automated CryoEM Pipeline
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Defining HIV Entry Pathway for Vaccine Design

Qingbo Liu, Priyamvada Acharya, Michael A. Dolan, Peng Zhang, Christina Guzzo, Jacky Lu, Alice Kwon,
Deepali Gururani, Huiyi Miao, Tatsiana Bylund, Gwo-Yu Chuang, Aliaksandr Druz, Tongqing Zhou, William
Rice, Christoph Wigge, Bridget Carragher, Clinton S. Potter, Peter D. Kwong, Paolo Lusso. Vaccine Elicitation
of Fusion Peptide-Directed Antibodies that Neutralize HIV-1. (2017) NSMB

Priyamvada Acharya
Embedded Post Doc. Peter Kwong

VRC, NIH
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CD4 binding Co-receptor binding Fusion and entry

Viral membrane Submitted to + _ _
Kwon, Pancera, Acharya, Nat Struct Mol M48U1 two 1 7b Wang et al, PNAS 2016

Georgiev et al, NSMB 2015 Biol bound , Open Env Acharya et al. 2013 Structure

. . Acharya et al. 2013 J Virol
Mature, ligand- Single CD4-bound, Acharya et al. 2014 J Virol

free, closed, pre- partially open Env CD4/co-receptor-bound,  Post-fusion

fusion Env re-fusion, open Env Env
Single CD4-bound, P , Op
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Defining HIV Entry Pathway for Vaccine Design

Spotiton grid: 1; # images collected: 150; tilt angle: 40 degrees; time: ~5 hours;
frame alignment (motionscorr2), gctf, particles picked (~40K): during data acquisition
per particle estimation (gctf): ~3 hours; Relion 2d classes: ~4 hours
CryoSparc ab initio: 30 minutes; CryoSparc refinement: 30 minutes

Cryo-EM maps of HIV-1 Env complexed with FP-directed antibodies
Priyamvada Acharya
Embected Post Do (3 maps within 24 hours) VRGN
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Human protein complex(~300kDa); Vignesh Kasinath and Eva Nogales, UCB
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But still many other challenges to address:

A hypothetical scenario during cryoEM grid preparation

50 o. Qs QIO SO

.. ‘

http://weelookang.blogspot.com/2010/06/ejs-open-source-brownian-motion-gas.html
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But still many other challenges to address:

Routine tomography of single particle samples:

Noble AJ, Stagg SM. Automated batch fiducial-less tilt-series alignment in
Appion using Protomo. J Struct Biol. 2015;192(2):270-8. PMCID: 4633401. Alex Noble
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CryoEM: Challenges and Opportunities

Vi

Timeline (hours)

0 1

Automated Automated Processing Refinement
data collection data pre-processing <3A

Many more users
Dynamic and heterogeneous particle populations (~millions of particles)
Drug target screening?
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Simons Electron Microscopy Center

Bill Rice Ed Eng Ashleigh Raczkowski
EM Manager Staff Scientist Senior Technician  Kelsey Jordan
Technician

Yong Zi Tan Micah Rapp Alex Noble
Grad. Student Grad Student Ver;l;astt%z;ncc.iey Post Doc.

Anchi Cheng Sargis Dallakyan Zhening Zhang Carl Negro
Res. Staff Scientist Res. Programmer Res. Scientist Res. Programmer

Research Associate

Alex Wei
Technician

. Crystal Premo
Daija Bobe Admisistrator

Technician

‘

Priyamvada Acharya Julia Brasch
Embedded Post Doc. Embedded Post Doc.

Giovanna Scapin
Embedded Scientist

Clint Potter Bridget Carragher
Director Director

National Resource for Automated Molecular Microscopy
http://nramm.nysbc.org
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