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Resin embedment protocol steps 

Fixation:
• crosslinking of proteins with glutaraldehyde and/or 

formaldehyde in buffer 
• preservation of ultrastructure/antigenicity for 

immunolabeling 
Postfixation/staining 
• OsO4 to stabilize and stain lipids (membranes)
• staining of charged sites (DNA, proteins) with UA    

En bloc stain

Dehydration
• replacement of water with an ascending series of 

ethanol, acetone, or acetonitrile 

Polymerization

Resin (epoxy or acrylic):
• stainability (LM and EM) 
• minimal shrinkage
• hardness/softness for ultramicrotomy 
• preservation of antigenicity for immunolabeling
• stability in the vacuum
• stable when exposed to the electron beam

Chemical fixation Postfixation

Ultramicrotomy
50 – 300 nm

Resin 
infiltration

Dehydration



Sample preparation for SEM

Chemical Fixation

MountingCoatingSEM Critical Point Drying

Postfixation

Dehydration
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Processing protocol steps and time requirements for a standard protocol

3x

≥24 hours

24- 48 hours

1 Day on the bench

Mounting & orientating 
specimens in mold

1/2 day on the bench

≥ 1.5 hours3x

Dehydration

≥ 1.5 hours
3x

Fixation

≥ 1.5 hours

3x

Postfixation

≥ 1.5 hours

3x

En bloc stain



ASP-1000
(Automated Sample Processor)

Speed, adaptability, and 
versatility for automated 

preparation of biological and 
soft matter samples 

0
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ASP-1000: 
automated chemical fixation – dehydration – infiltration





Processor pipette head with 8 
specimens entrapped in 8 
labeled mPrep/s capsules 
(arrow points to one 
specimen). 

Head with 8 mPrep/g capsules 
containing 16 grids (arrow 
points to one grid). 
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ASP-1000: automated sample preparation for TEM

The mPrep ASP-1000 
processes specimens or 
grids mounted on the 
computer-controlled 
pipette “head” (circled) 
that moves them 
between reagents in 
microtiter plates on the 
processor tray. 
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Automated sample prep workflow

1. Set up the protocol 2. Prepare the plates 3. Mount the samples 4. Attach the capsules

5. Run the protocol 6. Polymerization 7. Retrieve the cured blocks



Operator

ASP-1000 Dashboard Control



Developer

ASP-1000 Dashboard Control



ASP-1000 protocol
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Multi-well plate formats
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ASP-1000: automated sample preparation for TEM



Sample mounting for ASP-1000

Accurate orientation. Specimens may 
be oriented using several methods
Efficient workflow. Streamlines 
specimen processing from dissection 
to reagent processing
Reduce handling. Once loaded in 
capsules, specimens are not touched 
again for TEM embedding or SEM 
mounting
Easy dissection. Single focal plane 
keep specimens in focus during 
dissection and when loading 
specimens in capsules
Wet samples. Dissect and load 
specimens wetted by buffers or 
fixatives
Efficient reagent processing. Directly 
load capsules onto pipettor from 
Workstation
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https://www.youtube.com/watch?v=ZG1d1Me70y0



Automated sample preparation for TEM



ASP reagent agitation & mixing

Reagent

[Aspirate - 
Dispense] n

Aspirate - [Mix] n - 
Dispense 

Mix

EmptyFill

Fill Empty

Control settings
• Repeats (n)
• Viscosity 

(speed)
• Volume
• Holds

BioCryo
Electron Microscopy



mPrep system components

Orientation 
Workstation

mPrep/bench – seals capsule 
bottom

Specimen & Grid Holder for CPD and 
Cryo  

mPrep/s capsules mPrep/g capsules mPrep ASP Auto Processor
Device 

Compatibility 
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ASP-1000 workflow

1. Set up the protocol 2. Prepare the plates 3. Mount the samples 4. Attach the capsules

5. Run the protocol 6. Polymerization 7. Retrieve the cured blocks



Automated TEM specimen preparation for clinical pathology  

ARUP Labs: CAP, ISO-15189 & CLIA-certified National Reference Lab
• Up to 128 renal/muscle specimens – 8 pieces/capsule
• Renal, Skeletal and Cardiac Muscle, Nerve, Cilia

8 biopsy segments in each stacked capsule

2 hours: glut rinse–>Os–>Ur->100% resin

An Efficient Clinical TEM Workflow Using Automated 
Specimen Processing
Flint et al., M&M 2024 in press.

Creating Efficient Workflows for EM Labs with Automated 
Specimen Preparation
Goodman et al., Microscopy Today, Jan 2024

BioCryo
Electron Microscopy



Th
e 

pr
ot

oc
ol

 w
ith

ou
t r

es
in

 p
ol

ym
er

iz
at

io
n 

ta
ke

s 4
0 

ho
ur

s 

McClain, Melainia, Morgan Harwood, and Steph Nowotarski. "Automated heavy metal tissue staining for serial block face imaging with the ASP-1000." In Microscopy and 
Microanalysis Conference. 2019.

Automated heavy metal tissue staining for serial block face imaging with the ASP-1000



Automated heavy metal tissue staining for serial block face imaging with the ASP-1000

McClain, Melainia, Morgan Harwood, and Steph Nowotarski. "Automated heavy metal tissue staining for serial block face imaging with the ASP-1000." In Microscopy and 
Microanalysis Conference. 2019.
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“Artificial Intelligence (AI) segmentation enabled with consistent ASP preparation”

vEM – Rat brain cortex 

ASP-1000 prep:
• 7.5 hrs to resin 

curing
• 1 hr hands-on 

effort

Creating Efficient Workflows for EM Labs with Automated Specimen Preparation. Goodman et al., Microscopy Today, Jan 2024
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Benson, Emily, Grahame Kidd, Jay Campbell, and Steven Goodman. "Serial block-face SEM of brain tissue using rapid automated preparation." Microscopy and Microanalysis 26, no. S2 (2020): 
1372-1373.

Automated vs. manual preparation of brain tissue for vSEM  



vEM–Peripheral Nerve Fibers

Embed in 
mPrep/s 
capsule

1 μm sections on coverslips, 
UA-Pb stained, on copper tape

SEM image, auto-segment axons 

Fiduciary thread ASP-1000

Kidd JK & Benson EK
Volume and Large Field of View EM… Preclinical 
Therapeutic Testing
Microscopy Microanalysis 29(1):1083 (2023)

Creating Efficient Workflows for EM Labs with 
Automated Specimen Preparation
Microscopy Today, Jan 2024
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HPF-Freeze Sub: LM-XRM-SBF

Serial Block Face

50 μm 50 μm

Light 
Microscopy

Barley Anther

HPF 
planchets

mPrep/s capsules….
“…loss-less handling of small plant samples 
… buoyant plant specimens remained immersed 
throughout preparation”

A versatile enhanced freeze-substitution protocol for volume electron microscopy. Belanger S, Berensmann H, Baena V, Duncan K, Meyers BC, Narayan K, Czymmek KJ, Frontiers 
Cell & Develop Biology, 10 (2022)
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4 days3 days2 days24 hours

TEM

TEM-
IGL

vEM

Manual – vials and pipettes

Autoprocessor

Manual

Manual – mPrep pipettor

mPrep ASP

mPrep ASP        – pre-embed IGL (immuno gold labeling)

mPrep ASP – post embed IGL

mPrep ASP

SEM Manual – vials and pipettes

mPrep ASP

Manual – mPrep pipettor

Typical durationCumulative hands-on effort Method options

Specimen prep time, effort & methods
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Benefits of automated sample preparation  

Improved consistency
• repeatable, standardized sample prep  minimized variability between samples

Reduced errors
• manual handling errors are eliminated  maximum reliability of results

Enhanced productivity
• high time efficiency and scalability  researchers have more time for other tasks and have more 

samples ready in less time 

Increased safety
• APS is connected to exhaust and manual handling of chemicals is reduced  minimized risk of exposure of 

researchers to toxic chemicals and vapors
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New BioCryo development: ASP protocol for cell monolayers on coverslips 

The sample was provided by Yi Li, Shana Kelley lab, CZI.

TEM image of resin embedded HT29 cells and of a mitochondrion in a 300 nm thick section. The 
sample was processed with the ASP-1000. The image was recorded with the JEOL 3200FS.
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Contact: 
Reiner Bleher, PhD
Research Associate Professor
Department of Materials Science and Engineering
Northwestern University

Core Manager |NUANCE | BioCryo
Office: Hogan Hall 5-156
Ph: 847.467.3540
r-bleher@northwestern.edu

https://nuance.northwestern.edu/facilities/biocryo/index.html

Thank you for your attention!

Questions?
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https://nuance.northwestern.edu/index.html
https://nuance.northwestern.edu/facilities/biocryo/index.html
mailto:r-bleher@northwestern.edu
https://nuance.northwestern.edu/facilities/biocryo/index.html
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