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A new method for cryoEM sample preparation

Bridget Carragher

http://nramm.nysbc.org


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

(cryoEM) for structural biology. 

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)

Specimen preparation Image acquisition Data processing

Investigation of the structure, function and dynamics of 
molecular machines

!
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Simons Electron Microscopy Center Electron Microscopes 
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Human protein complex(~300kDa)

Vignesh Kasinath and Eva Nogales, UCB

What happens to samples during vitrification?
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~3µl

<3nl

<0.001%

>99.999%

>100,000 potential imaging targets; 
most of them are not usable.

Graphics courtesy Gabe Lander
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time:  
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Ice thickness 
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Ice thickness 
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Nanowires can be grown on copper grids using a simple chemical treatment
 Ivan 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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A Streamlined and Automated CryoEM Pipeline

Automated 
data collection

0

(Patterned Spotiton grid)

Automated 
data pre-processing

~3 5
Processing Refinement

9

133 images
112  MotionCor2 images 

27,324 particles

15,835 particles 2.8 Å (FSC0.143) 
9,721 particles 

Timeline (hours)

Ed Eng Venkat DandeyHui Wei



Peter Kwong 
VRC, NIH

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.



Mature, ligand-
free, closed, pre-

fusion Env 

M48U1+two-17b-
bound, open Env 

CD4/co-receptor-bound, 
pre-fusion, open Env 

CD4 binding Co-receptor binding Fusion and entry 

Viral membrane 

Post-fusion 
Env 

HIV-1 Entry Pathway 

Submitted to 
Nat Struct Mol 

Biol 

CD4 

Single CD4-bound, 
closed Env 

Single CD4-bound, 
partially open Env 

Wang et al, PNAS 2016 
Acharya et al. 2013 Structure 
Acharya et al. 2013 J Virol 
Acharya et al. 2014 J Virol 

Kwon, Pancera, Acharya, 
Georgiev et al, NSMB 2015 
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Cryo-EM maps of HIV-1 Env complexed with FP-directed antibodies 
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Priyamvada Acharya 
Embedded Post Doc. Peter Kwong 

VRC, NIH
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Cryo-EM maps of HIV-1 Env complexed with FP-directed antibodies 
(3 maps within 24 hours)

Priyamvada Acharya 
Embedded Post Doc.

Dmitry LyumkisYong Zi Tan

Peter Kwong 
VRC, NIH

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
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Defining HIV Entry Pathway for Vaccine Design

Cryo-EM maps of HIV-1 Env complexed with FP-directed antibodies 
(3 maps within 24 hours)

Priyamvada Acharya 
Embedded Post Doc. Peter Kwong 

VRC, NIH

25 of 28 vitrified “squares” 
suitable for data collection

20 minutes between grid 
atlas acquired and first high 

magnification image 
acquired from a queue of 

50 images
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Many more users 
Dynamic and heterogeneous particle populations (~millions of particles) 

Drug target screening?

Automated 
data collection

0
Automated 

data pre-processing
Processing Refinement

1
<3 Å

Timeline (hours)
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Support: NIH NIGMSNational Resource for Automated Molecular Microscopy 
http://nramm.nysbc.org
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