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Manual volume electron microscopy (vEM) specimen preparation using chemical fixation, 
staining, and embedding typically takes 4-5 days with one or more days of active “hands-on” 
effort that requires considerable handling of toxic reagents. This slows progress and takes time 
away from imaging, interpretation, analysis, and other more interesting work. Further, the 
tedium and complexity of manual preparation can lead to process inconsistencies which can 
negatively affect the reproducibility of results, including automated image segmentation. 
 
We illustrate how several vEM labs use ASP-1000 and ASP-2000 Automated Specimen 
Processors and mPrep capsules to prepare biological specimens for serial block face-, array 
tomography- and FIB-SEM. Labs using ASPs report "hands-off" specimen prep as quick as 6 
hours (prior to resin curing), with results equivalent or superior to manual prep, while providing 
the staining reproducibility needed for automated segmentation of mitochondria, myelin, 
synapses, and nuclei [1-4] with the safety of reduced reagent handling. ASP applications 
include automated prep of vertebrate and invertebrate tissues [1-4] and cell pellets [4-5]. Other 
labs use mPrep/s specimen capsules, without (or potentially with) ASP automation to improve 
freeze-substitution prep reliability by cutting loss and keeping specimens immersed [6]. We 
will also demonstrate how mPrep-encapsulated specimens can streamline correlative vEM with 
light and X-ray microscopy, and enable automated immunolabeling [7-8]. We gratefully 
acknowledge the contributions of ASP and mPrep capsule collaborators and customers 
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ASP vs. Manual Prep: A) Mouse Tumor, manual bench vs. 
3 ASP protocols, SBF & FIB-SEM imaging. B) Marmoset 
brain array tomography (inset=sections). “The ASP-
2000…delivers on its promise to decrease the time required 
for specimen preparation for vEM, without compromising the 
quality of the specimens and images acquired [2]. Multiscale 
Microscopy Core, Oregon Health & Science University, USA.
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Problem
Manual chemical prep for volume electron 
microscopy (vEM) takes ~4-5 days with ~2 days of 
active “hands-on” effort. This slows progress and 
takes time away from imaging, analysis, publishing, 
and project management. The tedium and 
complexity of manual prep can also lead to process 
inconsistencies which can negatively affect 
reproducibility and image segmentation.

Solution
We show how several labs use mPrep™ ASP™-1000 
& ASP™-2000 Automated Specimen Processors for 
vEM preparation. Labs using ASPs report "hands-off" 
vEM specimen prep as quick as 6 hours (before resin 
curing), with results equivalent or superior to 
manual prep, with staining reproducibility for 
automated segmentation and the safety of reduced 
reagent handling [1-4]. Examples shown include ASP 
prep of vertebrate and invertebrate tissues [1-7] and 
cell pellets [6,8]. Not shown are how mPrep 
capsules improve reliable freeze-substitution [9], 
streamline correlative light and X-ray microscopy, 
automate immunolabeling [10-11], and prepare very 
large tissue specimens and whole coverslips [12]. 

mPrep™ ASP™-1000 & ASP™-2000 processors are 
purpose-built to meet the demanding workflow 
needs of small and large EM labs, for nearly any 
specimen preparation task. ASPs are built for 
reactive EM reagents: OsO4, RuO4, TCH, solvents, 
and resins, unlike lab robots meant for aqueous 
biology applications.  ASP durability has been proven 
over nearly a decade. 
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B-Cell Pellets: Splenic mouse B-Cells were pelleted, enrobed in low melting agarose, 
and ASP-1000 processed for serial block face vEM. A) Serial block face volume image of 
pellet. B) Individual B-cell, C) Segmentation and analysis. Mitochondria = green, 
Nucleus = Purple. 3DEM Ultrastructural Core, Cleveland Clinic [6,8].
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Specimen Prep Time & Effort: Typical process 
times and cumulative hands-on effort for manual & 
ASP prep for TEM & vEM, from primary aldehyde 
fixative rinse-out to 100% resin infiltration. 
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ASP™-1000 & ASP™-2000 Automated Specimen Processors. A) Purpose-built robot & pump deliver reagents to specimens in capsules on 8-channel head (circled) (B) from reagents in 
microplates. Arrows show two 0-100°C controlled reagent plates on ASP-2000. C) Intuitive user-modifiable & sharable protocols. ). D-E) Bi-directional microfluidic flow for uniform rapid 
reagent infiltration. F-G) Mixing mode options: Aspirate-Dispense (F) for any number of cycles (control settings) provides very rapid prep for robust specimens. Aspirate-Mix-Dispense (G) for 
multiple specimens per capsule, several stacked capsules, and delicate specimens. ASPs prepare up to 128 TEM specimens in ~3 hrs, or 32 vEM specimens in ~6-8 hrs [1-6].
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Purpose-built Specimen and Grid Capsules for most Workflows. A) mPrep/s (specimen) capsules entrap tissue, agar-enrobed specimens, pellets, organoids, etc. with mPrep/s 
screens placed with an insertion tool (not shown) or using Workstation (B-C). Workstation optionally orient s specimens by B) entrapping between capsule bottom and screen, or C) by 
pinching the back of long specimens, e.g. nerve fibers, cell culture substrates). Or: D) Entrap several specimens. E) Planar specimens, such as cells on coverslips. F) High-throughput 
prep with 2 to 8 specimens in each capsule capped with a second capsule. Also used to trap high-pressure frozen specimens/planchets for cryo freeze-substitution [9]. G) Specimens 
entrapped/oriented with screens for embedding & sectioning in capsule. H) Remove specimens for flat embedding. I) TEM grids in mPrep/g capsules, such as for immunogold labeling 
[10-11]. J) Specimens larger than ~4 x 9 mm, e.g. large tissue specimens and whole coverslips are processed in 24-well plates using pipetting reagent delivery & agitation [12].
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Heart right ventricle from neonate ICU model: vEM from control ‘normoxic’ FiO2 
neonate and ‘hyperoxic’ ICU rat pups. A) vEM 25 μm3 cubes. B) Single slice vEMs with 
segmented mitochondria. C) 3D-rendered mitochondrial shapes differ between 
normoxic & hyperoxic. ASP prep 7.5 hr before resin curing from perfusion-fixed rats [5]. 
U. Wisconsin, Microscopy Innovations, ThermoFisher.

Peripheral Nerves: A) Three nerves oriented in mPrep/s 
capsule with fiduciary thread (arrow), then ASP-prepared 
for vEM including B) resin embedding in capsule (arrow). C) 
1 μm sections mounted & UrAc-Pb stained on coverslips & 
arrayed on copper tape. D-E) BS-SEM images & auto-
segmented axons for G-Ratio measurement [1,6].
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A 15x15x40μm

Axon & myelin nerve analysis after toxic demyelination. A) vEM stack from mouse 
corpus callosum. B) Intact axon (green) followed for ~40 μm by digitally reslicing vEM 
block. Arrows: Node of Ranvier paranodes. C) Axon (green) with isolated myelin 
internode (arrows=heminodes). D-G) Paranodal structures at higher magnification. D-E) 
Axon resliced transversely to measure axon diameter & thickness. Box in E: Plane of 
magenta line in D. F) Axon containing membranous debris (yellow asterisk). G) Reslicing 
transversely at magenta line shows distended ~2.5 μm diameter axon (cyan arrow) 
compared with 1 μm in (D). Ratio of external myelin diameter (green arrow) to axon 
diameter (G-ratio) is 0.85, compared with 0.71 in (C). This high G-ratio might suggest 
remyelination, but vEM analysis indicates pathologically swollen axon accumulating 
disrupted mitochondria and other organelles typical of impaired axonal transport. 
Benson E & Kidd G. 3DEM Ultrastructural Imaging Core, Cleveland Clinic, unpublished.
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C

55x36x60μm 59x38x60μm Planaria: A) SBF slice of dividing cell (blue outline), 
chromosomes (green) surrounding muscle (pink outlines). 
Inset = 3D model [4]. B) Muscle fibers (white), nuclei (grey) 
[3]. Stowers Institute Medical Res. Kansas City, MO, USA.

Zebrafish Lateral Line: A) Transverse SBF slice shows 
apical part of a pair of neuromast ionocytes (white square) 
and cells (red nuclei). B) High mag (white square) shows 
microvilli (red arrowhead) and apical crypt of ionocyte pair 
exposed to neuromast outside. C) 3D microvilli model (red 
arrowheads) containing Notch cell crypt [7]. Stowers Inst. 
Pontificia U. Ecuador, U. Massachusetts, Virginia Tech.
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were similar between the groups and the small and large cells in the HFD group. A 3D
analysis of individual mitochondria indicated that the mitochondrial size and shape were
also similar between the groups (Figure 5G–I). Spherical mitochondria made up <10% of
the mitochondria in the lean and obese groups, indicating that the results were not due to
artifactual fragmentation in the tissue culture or fixation.

Figure 4. Volume EM provides a 3D profiling of the changes in B cell mitochondria. For each
embedded B cell pellet, a stack of approximately 300–500 images was generated at 60–70 nm steps with
5 nm pixels (A). At least six cells were chosen that lay wholly within each stack, and a substack was
generated for each cell (B). They were then used to assess fractional volumes (C), the characteristics
of the mitochondria making up the cell network (D), and the cristae ultrastructure (E,F), as explained
in detail in Section 2.
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Figure 5. HFD-induced obesity increases the mitochondrial volume of activated B cells. B cells illus-
trated from lean mice (A,D,G); cell volume: ~800 µm3 and from HFD fed mice (B,E,H); ~800 µm3;
(C,F,I); ~1300 µm3. (A–C) EM Image slices from the perinuclear cytoplasm indicating mitochondria
(m) distribution. (D–F) Higher-magnification 3D projections of slices covering a 1 µm depth. Mito-
chondria from each cell consistently had regions of intact cristae (C) and regions lacking cristae (*).
(G–I) Three-dimensional models from reconstructed cells illustrating the size and shape of mito-
chondria (green) adjacent to the nucleus (purple). (J) Average mitochondrial volume in the lean and
obese groups’ B cells (* p < 0.033, t-test, n = 4–5 animals). (K) Scatter plots and regression lines for
mitochondrial versus cell volume (K, (lean group; slope = 0.048, adjusted R2 = 0.81, p < 3.9 × 10−8;
HFD group; slope = 0.0599, adjusted R2 = 0.926, p < 1.04 × 10−14)). (L) Scatter plots and regression
lines for mitochondrial membranes (matrix excluded) versus cell volume (lean group: slope = 0.009,
adjusted R2 = 0.654, p < 9.7 × 10−6; HFD group: slope = 0.0135, adjusted R2 = 0.939, p < 1.08 × 10−15).
Scale bars: 1 µm.

FIG. 7

Marmoset brain tissue processed with the ASP-2000 ethanolic UA protocol was imaged using
an array tomography workflow. Scale bar¼10μm.

FIG. 8

Ultrastructure and contrast comparison for mouse tumor samples between the bench
(A, A0, B), ASP-2000 (ASP) (C, C0, D), ASP-2000 with ethanolic UA (ASP+EtOHUA) (E, E0, F),
and faster ASP-2000 with ethanolic UA (fast ASP+EtOH UA) (G, G0, H) protocols. SBF-SEM
images: A, A0, C, C0, E, E0, G, G0, and FIB-SEM images: B, D, F, H. Scale bar¼50μm for
(A, C, E, G) and scale bar¼10μm for (A0, B, C0, D, E0, F, G0, H).
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FIG. 6

Marmoset brain tissue processed with the ASP-2000 ethanolic UA protocol visualized in
the Thermo Scientific Maps™ array tomography workflow. The software automatically
localized each individual section and the user later defined the specific region of interest for
the image acquisition. Scale bar¼1mm.
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FIG. 7

Marmoset brain tissue processed with the ASP-2000 ethanolic UA protocol was imaged using
an array tomography workflow. Scale bar¼10μm.

FIG. 8

Ultrastructure and contrast comparison for mouse tumor samples between the bench
(A, A0, B), ASP-2000 (ASP) (C, C0, D), ASP-2000 with ethanolic UA (ASP+EtOHUA) (E, E0, F),
and faster ASP-2000 with ethanolic UA (fast ASP+EtOH UA) (G, G0, H) protocols. SBF-SEM
images: A, A0, C, C0, E, E0, G, G0, and FIB-SEM images: B, D, F, H. Scale bar¼50μm for
(A, C, E, G) and scale bar¼10μm for (A0, B, C0, D, E0, F, G0, H).
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Automated Heavy Metal Tissue Staining for Serial Block Face Imaging

Melainia McClain1*, Morgan Harwood1 and Stephanie H. Nowotarski1,2

1. Stowers Institute for Medical Research, Kansas City, MO, USA 
2. Howard Hughes Medical Institute, Chevy Chase, MD, USA

Introduction
Electron microscopy techniques for obtaining three-dimensional information are providing new insights into the ultrastructure of many tissue types. Many of these techniques involve long incubations in 
heavy metals before embedding in resin. Here we show one way to automate these long staining and processing protocols by using the ASP-1000 sample processing robot developed by Microscopy 
Innovations. Using the ASP-1000 with a plate position heating feature, we show it’s potential to effectively stain samples for serial block face imaging of the flatworm S. mediterranea. With alterations 
for different sample types and different staining needs, the ASP-1000 could free up specialist time and provide greater consistency between samples and runs, as well as faster turnaround time.

Image stacks from samples processed with the ASP-1000 have performed similarly to bench 
processed samples (Fig. 3), with good contrast and cutting properties. Ultrastructure preservation 
is good, and cellular components are visible for 3D modelling (Fig. 2). By moving the sample 
processing protocol to an automated platform, we have shortened the overall processing time by 
two days. We have traded almost five days of specialist time manually pipetting at the bench for 
one half day of plate preparation and sample loading, enabling specialists to concentrate on other 
tasks while the robot works at all hours of the day. 

Conclusion
The ASP-1000 robot setup includes preparing plates with the reagents and placing in the 
appropriate positions for the program to incubate the samples in the proper order, and loading 
mPrep/s capsules with samples onto the pipetting arm (Figure 1). Incubations with acetone or 
ethanol are covered with pierceable aluminum plate covers using a 4s3 plate sealer from 4titude® 
Ltd., and heated steps are covered with 4titude X-Pierce sealing films to prevent evaporation. 
Staining schedules were inspired by published protocols and adapted to optimize both membrane 
and chromosome staining  [2,3]. Constant agitation was used on all steps. Samples were either 
embedded directly onto a sample pin with 2 part silver conductive epoxy and cured at 60°C for 48 
hours, or flat embedded at 60°C for 48 hours and mounted on sample pins with the silver epoxy 
after curing. Sample pins were faced and trimmed with a diamond trim tool from Diatome and 
serial block face imaging was performed on a Zeiss Merlin with the Gatan 3View 2XP system at 2.5 
kV in high resolution mode with an I Probe setting of 167 pA. Images were taken at 10 nm pixel 
size with a section thickness of 50 nm and pixel dwell time of 2 us, using the Zeiss Focal Charge 
Compensator at 30% nitrogen gas to reduce sample charging. Stacks were aligned and modeled 
with IMOD [2].

Experiment

References:

[1] Microscopy Innovations.com, https://microscopyinnovations.com/asp-1000-2/
[2] Yunfeng Hua, Philip Laserstein, Moritz Helmstaedter, Large-volume en-bloc staining for electron
microscopy-based connectomics, Nature Communications [Online] 6 7923 (2015),  https://www.nature.com/articles/ncomms8923 (accessed 
[3] Deerinck, T.J., et al, NCMIR methods for 3D EM: A new protocol for preparation of biological specimens for serial block face scanning electron 
microscopy, Microscopy, (2010), pg: 6-8
[4] Kremer J.R., D.N. Mastronarde and J.R. McIntosh Computer visualization of three-dimensional image data using IMOD, J. Struct. Biol. 116
(1996) p. 71-76.
[6] The authors acknowledge funding from the Stowers Institute for Medical Research, and HHMI.

Figure 2. (A) Image of a slice from a serial block face volume processed on the ASP-1000 robot showing a dividing cell 
outlined in blue, chromosomes outlined in green, and surrounding muscles outlined in pink. (B) 3D mesh showing the model 
created by tracing from the image volume. Scale bar in both images is 2 um.

A B

with the ASP-1000

* Corresponding author: mel@stowers.org

Figure 1. (A) Processing steps and (B) set up for S. 
mediterranea samples processed on the ASP-1000. Tray 
positions for 100% resin steps were left uncovered and 
filled close to the time for those steps, while the 
program was running,.

A B

Figure 3. Images (A) and (B) from serial block face volumes processed on the bench using protocol [2] for (A) and [3] with 
extended staining times for (B). Image (C) from ASP-1000 robot protocol shows equivalent staining and ultrastructure 
preservation. Inserts show close-ups of the staining in each image. Scale bar is 2 um.

A B C
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created by tracing from the image volume. Scale bar in both images is 2 um.
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Figure 1. (A) Processing steps and (B) set up for S. 
mediterranea samples processed on the ASP-1000. Tray 
positions for 100% resin steps were left uncovered and 
filled close to the time for those steps, while the 
program was running,.
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Figure 3. Images (A) and (B) from serial block face volumes processed on the bench using protocol [2] for (A) and [3] with 
extended staining times for (B). Image (C) from ASP-1000 robot protocol shows equivalent staining and ultrastructure 
preservation. Inserts show close-ups of the staining in each image. Scale bar is 2 um.

A B C

A B Ventral

Dorsal

B

A B C


