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The overall mission of NRAMM is to develop, test and apply
technology for automating and streamlining cryo-electron microscopy
(cryoEM) for structural biology.

Specimen preparation Image acquisition Data processing
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



EM Automation:
Investigating structure and dynamics of molecular machines



Core Technologies: A Streamlined and Automated TEM Pipeline
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Current CryoTEM Specimen Preparation
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>100,000 potential targets
for imaging; most of them are
not usable.



A New Approach to Specimen Preparation:

O

Current method: Proposed picoliter sample dispensing:
1 sample per grid I 10x 9 samples per grid

3ul I 1000x 30 pL
10% usable area | 10x 100% usable area

Inkjet dispensing New substrates



Spotiton v0.75

(Engineering Arts custom made, automated, three inkjet heads 24 um nozzle, 32 pL drops)
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Sample volume can be precisely controlled

1 droplet (32 pl) 1000 droplets (32 nl)

30 um 500 um

Dispense tip front view Grid-tip positioning



Spotiton v0.75 in action.



Stability of particles dispensed using inkjet

TMV Microtubules GroEL

500 nm 200 nm

Lipid nanotubes Antibody-labeled QDots CNV

200 nm 200 nm




Applying specimens to microfabricated grid substrates
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Challenge is to spreafl the specimen gve into a thin layer

| M view of drop dispense 1 vigw of vitrified samPAg

20nm thick SiO2
100 x 350 um window

Plasma cleaned
72pL (2 drops)
0.5mg/mL TMV

Current status
Spotiton inkjet dispensing system fairly robust. Now refining for v1.0.

Capable of producing thin ice with well preserved specimens

Now focusing on even drop spreading and wetability of substrates



A different application for specimen preparation automation:
Screening and rapid characterization

baculovirus
nanodiscs arrestin CD4-gp120

GPCR-arrestin fusion complex

MsbA Novel detergents




Typhon (The Concept)




Sample can be precisely targeted and the grid is a very
large space
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Typhon v0.5

Scienion sciFLEXARRAYER S3, 8 inkjet heads, ~100 pl drops

Humidity
Pump_) Chamber
System
Inkjet
heads

Grid Holder



Typhon v0.5 in action



Typhon v0.5

Microtitre Plate Direct Transfer to EM Grid

Microtiter plate Video LM

80 mm 3 mm 1 mm



Typhon v0.5

Application: Screening of nano particles (John Nolan group, Scintillon Inst.)

Gold nanorods LM EM Atlas

1 mm



Semi-automated multiscale imaging

Atlas Spot tracking Sample Targeting

62,000X 21,000X Targeting x 96!



Typhon v0.5

High magnification thumbnail images of 96 individual samples



Examples of high magnification image of two samples
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Suitable resolution and detail for downstream analysis in CellProfiler
Distribution of sizes and shapes can be accurately determined
10-20 images of each sample have enough particles for statistical characterization




Typhon v0.5 Status

Flexible system based on commercially available liquid handler

Capable of placing 96 samples on a single grid and acquiring high
magnification images in 24 hours

Focus is now on optimizing process and adapting for negative
staining of proteins



Negative Staining of Proteins

[Slide 8 or 9 movie]

100 mesh Cu grid

Carbon on Formvar

Protocol: 1.8nL
sample followed by
1.8nL 2% UF



CPMV 0.65mg/mL
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