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Low-temperature resin embedding of the whole

brain for various precise structures dissection

Jiaojiao Tian,"* Yingying Chen," Tao Jiang,* Xueyan Jia,® Hui Gong, " and Xiangning Li"-#35*

SUMMARY

Resin embedding combined with ultra-thin sectioning has been widely used in
microscopic and electron imaging to acquire precise structural information of bio-
logical tissues. However, the existing embedding method was detrimental to
quenchable fluorescent signals of precise structures and pH-insensitive fluores-
cent dyes. Here, we developed a low-temperature chemical polymerization
method named HM20-T to maintain weak signals of various precise structures
and to decrease background fluorescence. The fluorescence preservation ratio
of green fluorescent protein (GFP) tagged presynaptic elements and tdTomato
labeled axons doubled. The HM20-T method was suitable for a variety of fluores-
cent dyes, such as DyLight 488 conjugated Lycopersicon esculentum lectin. More-
over, the brains also retained immunoreactivity after embedding. In summary,
the HM20-T method was suitable for the characterization of multi-color labeled
precise structures, which would contribute to the acquisition of complete
morphology of various biological tissues and to the investigation of composition
and circuit connection in the whole brain.

INTRODUCTION

The brain is the most complex biological organ in higher animals, containing various types of neurons,
glial cells, and blood vessels. Dissection of complete structures in the nervous system is the cornerstone
of understanding the organization and functions of the brain. With the development in tracer and imag-
ing technologies, the whole-brain view or the ultrastructure information has been investigated in
different models. The neural circuits consist of different types of neurons, which transmit the information
by long-range axons to their targeting areas in the whole brain. Axons have multiple orders of branches
with different diameters."? With viral tracing, different types of fluorescent proteins and fluorescent dyes
were used to label axons and other precise structures with various fluorescence intensity. Adeno-asso-
ciated virus (AAV)® or rotavirus® carrying fluorescent proteins and neural tracer dyes, such as green fluo-
rescence protein (GFP),>¢ red fluorescence protein (RFP), blue fluorescence protein (BFP), cholera toxin
subunit (CTB),” Fluoro-Gold,” and phaseolus vulgaris agglutinin (PHAL),® are used for precise structures
of output and input neural circuits studies. Moreover, vascular fine structures were marked by fluores-
cence dyes through caudal vein or cardiac perfusion, such as lectin series” and fluorescein isothiocya-
nate (FITC).'” In addition, staining and observation of pathological features such as amyloid-B plaque
labeled by immunostaining or fluorescein probe contribute to understanding the pathogenesis of Alz-
heimer's disease (AD)."" Therefore, to better understand the interaction of the various components of
the brain, we should acquire the fluorescent signals of multiple fine structures with sub-micron
resolution.

Resin embedding combined with ultra-thin sectioning of fluorescent micro-optical section tomography
(fMOST) has been widely used to acquire information of fine structures of biological tissues.'””'> HM20
resin embedding is suitable for long-term imaging of fine structures, but the polymerization temperature
of the existing embedding methods was mostly higher than 50°C."® In embedding procedures, fluores-
cence was significantly quenched, and the fluorescence of GFP could be recovered by adjusting the pH
value, but it was difficult to recover the fluorescence of fine structures and some pH-insensitive fluoro-
phores after embedding. In addition, high polymerization temperature caused increased autofluorescence
of biological tissues,'”"'® which limited application of such methods in fine structures with weak signals.
Here, we developed a low-temperature polymerization method, which could retain multi-color labeled
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Figure 1. The factors affecting on fluorescent signals of precise structures

(A) Pipeline for resin embedding method.

(B) The effect of different temperatures on the fluorescent signals of SypEGFP and tdTomato. The white arrows showed
the comparison of the same signal before and after different temperatures treatment.

(C) Quantitative analysis of the preservation ratio of signal-to-background ratio at different temperatures. (EGFP: 52°C,
n=3;40°C,n=5;25°C,n=3;4°C,n=3;-20°C, n=3.tdTomato: 52°C, n = 3;40°C,n=5;25°C,n=3;4°C,n=4,-20°C,n =
4. Each n value represents an independent experiment). Data presented as mean + SEM. Raw data were shown in
Table S1. Scale bar: (B) 10 um.

We chose chemical polymerization method with low activation energy for embedding to reduce the
polymerization temperature needed. However, this method had not yet been performed on large-volume
tissue, not even on the whole mouse brain because it was difficult to maintain the integrity of large tissue
samples.'”??In this study, we screened a variety of methods for the most suitable temperature for polymer-
ization and chose the chemical polymerization method for its low polymerization temperature. We used a
polymerization accelerator and screened for the optimal concentration, which could embed the whole
brain stably in two days, improving the signal-to-background ratio. In addition, by using this embedding
method, we were able to visualize the fine structures of boutons, amyloid-B plaque, and blood vessels.
Moreover, this optimized method also was capable of immunoreactivity. Therefore, the embedding
method could satisfy the requirement of simultaneous acquisition of multiple fine structures information
of the complete biological tissue in neurobiology research and assist the comprehensive and accurate
analysis of the structure and function of the nervous system.

RESULTS

Low-temperature increased signal-to-background ratio of precise structures

Resin embedding steps included perfusion, rinse, alcohol dehydration, resin penetration, and polymeriza-
tion (Figure 1A). After perfusion, the brains were post-fixed, rinsed, dehydrated with different concentra-
tions of alcohol to remove water, infiltrated into the resin with different concentrations to replace the
alcohol, and finally polymerized in an oven. Based on previous research, we found that the temperature
during sample preparation affected fluorescence intensity, especially of the signals of precise structures.
However, the existing HM20 resin embedding methods used heating polymerization method with the poly-
merization temperature around 52°C, which weakens the signal of boutons labeled by GFP or RFP.

Therefore, to explore the effect of different polymerization temperatures on the fluorescent signals of pre-
cise structure, we tested five groups of temperatures (52°C, 40°C, 25°C, 4°C, and —20°C). We injected the
AAV2/9-hSyn-flex-tdTomato-T2A-synaptophysin-EGFP-WPRE-pA virus into mice to label weak signals of
presynaptic elements with EGFP and axon fibers with tdTomato. The samples were sliced to 70 um, and
adjacent brain slices were imaged before processing. Then, the brain slices were placed in different tem-
peratures for 48 h. Last, brain slices were taken out and imaged at the same position with the same param-
eters. As shown in Figure 1B, the presynaptic elements and tdTomato fluorescent proteins were severely
quenched and the background fluorescent signals could were significantly increased in the 52°C and
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Figure 2. Established HM20-T resin embedding method

(A) Principle of redox reactions system. The main principle of this reaction was the reaction of DMT with BPO, which
promoted the release of free radicals from BPO and then initiated the polymerization of monomers and crosslinkers.
(B) Polymerization state of the resin embedding sample at different concentrations of DMT and BPO.

(C) Schematic diagram illustrating the procedure for whole-brain resin embedding. We added 0.7% DMT in polymer
solution and embedded samples at —20°C.

40°C groups. In the 25°C groups, the fluorescent signals of the presynaptic elements were well preserved,
but the signals of axons were indistinguishable from the background. However, in the 4°C or —20°C groups,
the SypEGFP and axons signals were still visible, and the level of background fluorescence were not
changed after treatment. In the 52°C, 40°C, 25°C, 4°C, and —20°C groups, the signal-to-background ratio
of the SypEGFP groups were 39.47 + 4.00%, 53.72 + 3.86%, 83.89 + 4.80%, 92.15 + 3.79%, and 94.13 +
4.21%, respectively (Figure 1C and Table S1). The signal-to-background ratio in the tdTomato groups were
44.73 £ 6.32%,49.49 £+ 2.60%, 69.34 + 4.29%,98.89 + 4.67%, and 101.96 + 5.23%, respectively (Figure 1C
and Table S1). In conclusion, lower polymerization temperature during the resin embedding preserved
more fluorescent signals of GFP and tdTomato. The polymerization temperature was preferably 4°C
—20°C.

Established low-temperature resin embedding method

To reduce the polymerization temperature to 4°C or —20°C, we chose chemical polymerization instead of heat
polymerization. In previous resin embedding methods, benzoyl peroxide (BPO) and N, N-Dimethylaniline
(DMA) were used as initiator and accelerator (called redox system) and polymerization temperatures at
—20°C-4°C.%%?? Considering the volume of the whole brain, the chemical polymerization method was unsuit-
able for embedding the whole brain or larger tissues during two days. Here, we tried to replace DMA with N,
N-Dimethyl-p-toluidine (DMT), which has lower activation energy, higher the reaction rate, and shorter induc-
tion period (Table 52).2*?* DMT combined with BPO is expected to embed the whole brain samples at low
temperature. We also tested polymerization effect at —20°C according to most of the studies.

Moreover, the ratio of initiator and accelerator for resin polymerization was an important factor affecting ag-
gregation. With BPO as the initiator and DMT as the accelerator to release free radicals, the reaction of resin
monomer and crosslinker could be initiated during polymerization (Figure 2A). Therefore, we tested the poly-
merization effect with different concentrations of BPO and DMT at —20°C (Table 1). When the concentration of
BPO was over 1%, the resin was over-polymerized (Figure 2B). When BPO was 0.8% and DMT was over 0.5%,
the resin was also over-polymerized (Figure 2B). When BPO was under 0.6%, the resin could not polymerize in
two days. As shown in Table 1, the best concentration of BPO was 0.6%.

Moreover, to obtain the datasets with high resolution, especially on the z axis, we sectioned the sample
with a diamond knife.'*'* During whole brain imaging, the samples were continuously immersed in water
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Table 1. Screening the concentration of DMT and BPO

BPO DMT 0.40% 0.60% 0.80% 1% 1.20%
0.40% X X I I #
0.50% X I I # N/A
0.60% X I # # N/A
0.70% X I # # N/A
0.80% X I # # N/A

The optimal concentration of DMT and BPO (X represents the resin un-polymerization during two days. ¥ represents the
resin polymerization during two days. # represents the resin over-polymerization. N/A represents that the experiment was
not performed.).

environment for more than ten days, so we needed to keep the embedded samples with consistent hard-
ness over 15 consecutive days. When the concentration of DMT was 0.5% or 0.6%, the resin hardness was
too low to meet the requirement of whole-brain imaging for long-time sectioning (Table 2). The 0.6% BPO
combined with 0.7% DMT was the optimal concentration for whole-brain embedding and could keep the
structure over ten days. We used this concentration to conduct different sets of experiments with more than
ahundred brain samples. The success rate of embedding was over 98%. These results showed that our opti-
mized method called HM20-T was stable and reproducible. In conclusion, the steps of the HM20-T embed-
ding method included phosphate buffered saline (PBS) rinsing, ethanol dehydration, resin penetration, and
resin polymerization containing 0.7% DMT at —20°C (Figure 2C).

Precise structures labeled by fluorescent protein were well preserved in HM20-T method

To confirm whether the HM20-T embedding method was suitable for brain samples with GFP fluorescent
signals, we quantified the preservation rate of fluorescence and compared the number of labeled presyn-
aptic elements before and after embedding (Figure 3A). Compared with the HM20 method, our method
had increased the fluorescence preservation rate from 38.61 + 2.44% to 82.54 + 1.41% (unpaired t-test,
p < 0.0001) (Figure 3B and Table S3), and the presynaptic elements preservation rate increased from
52.82 + 2.30% to 95.52 + 0.61% (unpaired t-test, p < 0.0001) (Figure 3C and Table S4). These results re-
vealed that presynaptic elements signals labeled by EGFP could be well preserved in the HM20-T method.

To test the effect on RFP fluorescent proteins, we quantitatively analyzed the preservation of RFP fluores-
cent proteins using the HM20-T method. With VIP-ires-Cre;Ai14 mice expressing tdTomato in the VIP
positive neurons, we tested the fluorescence preservation rate of different embedding methods
(Figures 3D-3H). The result showed that the HM20-T method could significantly improve the signal-to-
background ratio of fluorescent signals (Figures 3E and 3F, and Table S5), whereas the preservation of
tdTomato increased by 1-fold (from 38.61 + 2.44% to 83.09 + 1.10%, Figures 3E and 3H, and Table Sé).
The precise structures, including thin axons and boutons, were well preserved after HM20-T embedding
(Figure 3G). These results demonstrated that the HM20-T method was suitable for imaging precise struc-
tures labeled by multiple fluorescent proteins simultaneously, including both EGFP and tdTomato.

In addition, we tested commonly used YFP and mRuby fluorescent proteins using HM20-T method. As shown
in Figure S1, this method well preserved fluorescent signals and precise structures. Combined with Thy-YFP
mice and fMOST system, we could observe the morphology of neurons and axons in different coronal regions

Table 2. Water resistance test of DMT in different concentrations

Time DMT 1 day 3 days 5 days 10 days 15 days
0.5% 78 76 76 74 74
0.6% 80 80 78 78 78
0.7% 86 86 84 84 84
0.8% 86 86 86 84 84

Detection of hardness in water with different concentrations of DMT during 15 days. With an increase of DMT concentration,
the higher hardness of the resin, the better the water resistance.
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Figure 3. The fine structures labeled by EGFP and tdTomato could be well preserved in the HM20-T method
(A) Presynaptic elements were embedded in HM20 and HM20-T methods. The solid white arrow represented that the
presynaptic elements were preserved after embedding. The white hollow arrow represented that the presynaptic
elements were quenched after embedding.

(B) Comparison of fluorescence preservation in HM20 and HM20-T embedding methods. (n =16 independent
experiments for each group). Data presented as mean + SEM. Statistical analysis was performed by unpaired t-test,
*xxxp < 0.0001.

(C) Quantitative analysis of presynaptic elements preservation of virus-labeled samples before and after embedding

(n =14 independent experiments for each group). Data presented as mean & SEM. Statistical analysis was performed by
unpaired t-test, ****p < 0.0001.

(D) Fluorescence comparison of tdTomato in HM20 and HM20-T embedding methods.

(E) Enlarged images from (D).

(F) Fluorescence intensity plots for the lines labeled in (e1) and (e2).

(G) Fine structures were well embedded in the HM20-T method. (g1) and (g2) Enlarged images from (G).

(H) Quantitative analysis of fluorescence preservation of tdTomato before and after embedding (n = 14 independent
experiments for HM20 method; n = 9 independent experiments for HM20-T). Data presented as mean + SEM. Statistical
analysis was performed by unpaired t-test, ****p < 0.0001. Raw data were shown in Tables S3-S6. Scale bars: (A, E, and G)
5 um; (D) 20 pm.

of mice (Figure STA). The enlarged view showed that the cell body, axons, and dendrites of a single neuron
could be observed (Figure S1B). We labeled PV neurons in basal forebrain by mRuby protein. After embed-
ding, both neurons and axons could be clearly obtained by the imaging system (Figure S1C). The fluorescence
preservation rate of YFP was 86.44 4+ 3.11%, and mRuby was 82.23 + 2.81% (Figure S1D). These results indi-
cated that HM20-T is suitable for a variety of commonly used fluorescent proteins.

The HM20-T method was compatible with fluorescent dyes or probes

Fluorescent dyes or probes are also widely used when labeling various biological tissues. To test whether
the HM20-T method could preserve fine structures labeled with fluorescent dyes or fluorescent probes, we
embedded brain samples with multiple fluorescent dyes or fluorescent probes, such as DyLight 488 conju-
gated lycopersicon esculentum lectin (LEL-DyLight 488), DANIR-8C, and Fluoro-Gold. LEL-DyLight 488
labeled blood vessels by tail vein labeling, DANIR-8C labeled amyloid-B plaque in five familial Alzheimer's
disease mutations mice (5XFAD), and Fluoro-Gold labeled input neurons (Figures 4A and 4B). We

¢ CellP’ress

OPEN ACCESS

iScience 26, 106705, May 19, 2023 5




¢ CellPress

OPEN ACCESS

A B
Fluoro-Gold

Perfusion DANIR-8C staining

Q

v}
m

Fluoro-Gold

Fluorescence perservation(%)

Neuron

0
DyLight 488 8C Fluoro-Gold

Figure 4. HM20-T was compatible with multiple fluorescent dyes or fluorescent probes

(A) Flow chart of vascular labeling and amyloid-B plaque staining.

(B) Schematic diagram of injection Fluoro-Gold.

(C) The three-dimensional image of the amyloid-B around blood vessel. (c1) Enlarged image from (C).

(D) Fluoro-Gold signals after embedding.

(E) The preservation ratio of fluorescent dyes and probes after embedding (n = 9 independent experiments for LEL-
DyLight 488; n = 6 independent experiments for DANIR-8C; n = 6 independent experiments for Fluoro-Gold). Data
presented as mean + SEM. Raw data were shown in Table S7. Scale bars: (C, D) 20 um; (c1) 10 pm.

observed that the amyloid- in close proximity to blood vessel (Figure 4C). After embedding, input neurons
labeled by Fluoro-Gold can be clearly indentified (Figure 4D). As shown in Figure 4E and Table S7, the fluo-
rescence preservation rates of LEL-DyLight 488, DANIR-8C, and Fluoro-Gold were 82.55 + 2.41%, 76.93 +
2.99%, and 94.06 + 4.12%, respectively. Simultaneous acquisition of blood vessels, amyloid-B plaque, and
neurons was beneficial for studying their interactions in Alzheimer's disease. These data confirmed that the
HM20-T method was suitable for simultaneous acquisition of fluorescent protein and fluorescent dyes or
probes.

Acquisition of the long-rang projection axons and boutons in the whole brain

To demonstrate HM20-T resin method imaging quality in the whole brain, we injected AAV sparsely labeled
virus in the basal forebrain of PV-ires-cre transgenic mice. Here, we selected the anterior and medial part of
the basal forebrain, the medial septum nucleus (MS) and the diagonal band nucleus (VDB), which partici-
pated in complex functions through abundant connections with the downstream areas. We acquired the
axon projection in the whole brain. As shown in Figure 5A, we found that axon projections of MS/VDB
were distributed in hippocampal region (HIP) and retrohippocampal region (RHP). By zooming in MS,
CA1, and CA3, we clearly observed axon structures near the injection site and distal terminals, such as bou-
tons. These results indicated that the quality of fluorescent signals was stable during whole-brain imaging.
Furthermore, axons and terminals in presubiculum (PRE) were clearly discernible in three dimensions (3D)
(Figure 5B). As shown in Figures 5C and 5D, our results showed that we could trace the axon with brighter
fluorescence to weak terminals signals and indicated that axons and terminals of different levels could be
well preservation and reconstructed. Quantitative analysis of axon gray values of different segments
demonstrated that HM20-T could obtain fluorescent information in multi-level branches (Figure 5E and
Table S8). At the same time, swollen axon terminals revealed that full morphology and precise structure
of neurons were preserved in HM20-T method. In summary, HM20-T method provided a powerful tool
for neuronal reconstruction and neural circuit analysis.

Immunoreactivity was retained in the HM20-T resin embedding method

Low-temperature facilitated preservation of immunoreactivity of biological samples. To determine if
biological tissues remained immunoreactive after resin embedding, we tested antibodies forimmunoreac-
tivity. Thy1-GFP samples were slice to 10 pm semi-thin sections by fMOST system and we incubated sec-
tions with antibody directed against GFP (Figure 6A). After staining with anti-GFP antibodies, immunoflu-
orescentsignals accumulated in soma and axon. In addition, tubulin is a cytoskeletal protein involved in cell
movement, material transport, and other activities, mainly composed of alpha-Tubulin and beta-Tubulin.
Beta lll-Tubulin mainly existed in neurons and was one of the neuronal markers. We observed that the
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Figure 5. Axon projection pattern of PV neurons after 3D reconstruction in the whole brain
(A) Long projection axon terminals from basal forebrain.
(B) 3D view of all the axon reconstruction in PRE.

(C) Projection distribution of a single axon in B (yellow arrows represent axon direction).

(D) Cropped image of the axon in (C).

(E) Signal intensity along the white lines in the (D). Medial septum, MS; Field CA1, CAT; Field CA3, CA3. Raw data were shown in Table S8. Scale bars: (A) up,
20 um; down, 10 um; (D) 10 pum.
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Figure 6. Preservation of immunoreactivity of biological tissues using HM20-T method
(A) GFP immunofluorescence in the cerebral cortex of a Thy1-GFP mouse.
(B) Immunochemical staining of beta Ill tubulin after embedding. Scale bars: (A, B) 10 um.

immunofluorescence of beta lll-Tubulin co-localized with DAPI (Figure 6B). The specificity of immunochem-
ical staining by GFP and beta Ill-Tubulin demonstrated that proteins retained immunoreactivity after resin
embedding. HM20-T method was expected to be used for the identification of molecular phenotypes for
samples using fMOST system imaging in the future.

DISCUSSION

In this study, we developed an HM20-T resin embedding method for the acquisition of fluorescent signals
of precise structures. To acquire precise structure information in large-volume sample and maintain their
fluorescent signals, we modified the resin embedding methods to avoid signal quenching by reducing
the polymerization temperature. In this study, we found polymerization temperature of 4°C or —20°C
were suitable for fluorescent preservation of precise structures. Normally, low-temperature polymerization
mainly could be achieved in two ways. One way is UV polymerization, which has poor penetration ability for
thick tissue.”” The other way is catalytic polymerization of redox reaction, which only needs lower activation
energy to initiate reaction polymerization. However, the catalytic polymerization method had not yet been
performed on large-volume samples because of the difficulty of uniform polymerization in deep tissue. In
previous reports, BPO and DMA were used as initiators and accelerators. DMT was more active and hence
more suitable for low-temperature environment than DMA.?® Here, we added DMT as a new polymeriza-
tion accelerator for embedding at —20°C. After extensive testing, we found that 0.6% BPO and 0.7% DMT
were the optimal concentration combination. The success ratio of whole-brain resin embedding was over
98%, which meant that large-volume samples can be stably polymerized at low temperatures. It plays an
important role in large-scale sample preparation and acquisition of sample information. Moreover, the
HM20-T method established in this study is similar to the HM20 method, such as hardness, embedding
time, and cutting thickness (Table 3). During the whole-brain imaging, the HM20-T resin method can be
stably sliced and imaged in an aqueous environment. This method was more applicable to imaging precise
structures labeled by various fluorescent proteins or probes and could be used for the identification of mo-
lecular phenotypes after imaging in the future.

The HM20-T embedding method was compatible with various fine structures labeled by fluorescent protein
and dyes. EGFP labeled presynaptic elements structures could be clearly observed after HM20-T resin
embedding. Fluorescence preservation and number preservation of presynaptic elements were doubled
(Figures 3A=3C). The HM20-T method maintained the fluorescence of boutons labeled by tdTomato and
low background fluorescence for detection of weak signals in large-volume samples. Moreover, the
HM20-T method was also compatible with fluorescent dyes and probes, including LEL-DyLight 488,
DANIR-8C, and Fluoro-Gold. Last, this method might not be limited to fluorescent protein or probes
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Table 3. Detailed parameter comparison between HM20 method and HM20-T method

Embedding time (dehydration/ Cutting Fluorescent
Method Hardness penetration/polymerization) thickness protein/probe Immunochemical staining
HM20 80 HD 10 h/51 h/20 h 1 pm YFP/GFP _
HM20-T 86 HD 10 h/51 h/48 h 1 um YFP/GFP/tdTomato/mRuby/ Compatibility
LEL-DyLight488/DANIR-8C/
Fluoro-Gold

used in this study. There are improved fluorescent proteins with higher fluorescence brightness and stabil-
ity, such as mGreenLantern, mClover3, mNeonGreen, mRuby3, mTagBFP2, and hfYFP.2/~%7 They have
similar excitation properties to conventional fluorescent proteins, such as YFP and mRuby. We think that
HM20-T method is not limited to the fluorescent proteins described in this paper, but also applicable to
some improved fluorescent proteins. In the future, we will perform further experiments to verify this.

In addition, the low-temperature resin embedding method preserved antigenic determinants of biological
tissues and was suitable for immunochemical staining after imaging. Immunochemical staining of tubulin
and GFP demonstrated that HM20-T retained immunoreactivity of brain samples, but the results were not
as satisfactory as immunostained fresh brain slices. The reason might be that the HM20 resin was a hydro-
phobicresin and the crosslinking was relatively dense so antibody penetration was hindered. In the future,
we could add other reagents to unravel resin crosslink before immunochemical staining.

In summary, to simultaneous acquire multiple fluorescent labeled samples with precise structures, we
added a new accelerator and selected the optimal concentration during the plastic resin embedding pro-
cess. After resin embedding, the precise structures labeled with fluorescent proteins and fluorescent dyes
could be retained using the HM20-T method. In conclusion, the HM20-T resin embedding method could be
used for various fine structures imaging, which might facilitate our understanding of complex structures
and functions of neural circuits.

Limitations of the study

In the present study, we developed the low-temperature resin embedding method suitable for various pre-
cise structures. However, the current limitation of the study is that the HM20-T method is not used to test
different animal models, such as tree shrew, marmoset, and macaque. In the future, we need to determine
whether the HM20-T method is applicable to non-human brain. These studies contribute to understanding
of the structure and function of the human brain and treating various neurological diseases.
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REAGENT or RESOURCE SOURCE IDENTIFIER
Antibodies

GFP abcam Cat#ab290
Beta Ill Tubulin abcam Cat#ab78078
647 donkey anti Rabbit Invitrogen Cat#A31573
647 donkey anti Mouse Invitrogen Cat#A31571
Bacterial and virus strains

AAV2/9-hSyn-flex-tdTomato-T2A- Shanghai Taitool Cat#S0250
synaptophysin-EGFP-WPRE-pA Bioscience Co., Ltd

Fluoro-Gold Biotium Cat#80023
Chemicals, peptides, and recombinant proteins

HM20 Electron Microscopy Science Cat#14340
PBS Sigma-Aldrich Cat#P3813
PFA Sigma-Aldrich Cat#P6148
DMT aladdin Cat#N 158974
BPO Electron Microscopy Science Cat#18181
AIBN Shanghai Shisi Hewei Chemical Co., Ltd Cat#214-2013
LEL-DyLight 488 Vectro laboratories Cat#DL-1174-1
DAPI ThermoFisher Cat#D1306

Software and algorithms

FlJI
GraphPad Prism 6.01

Open Source Software ImageJ

GraphPad

https://imagej.nih.gov/ij/
https://www.graphpad.com/

RESOURCE AVAILABILITY
Lead contact

Further information and requests for resources and reagents should be directed to and will be fulfilled by
the lead contact, Xiangning Li (lixiangning@mail.hust.edu.cn).

Materials availaility

This study did not generate new unique reagents or materials.

Data and code availability

® The datasets and images generated during this study are available from the lead contact upon request.
® This paper does not report original code.

® Any additional information required to reanalyze the data reported in this paper is available from the
lead contact upon request.

EXPERIMENTAL MODEL AND SUBJECT DETAILS
Animals

All animal experiments were approved by the Animal Ethics Committee of Huazhong University of Science
and Technology. Transgenic animals, expressing Cre under the control of cell-type specific promoters,
mice were purchased from Jackson Laboratory. Transgenic animals included 2-3 months male Thy1-
GFP, Thy1-YFP, PV-ires-cre, 5xFAD-cre, VIP-ires-cre, and Ai14 mice. Two-monthold male C57BL/6J mice
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were purchased from Beijing Huafukang Biotechnology Co., Ltd. VIP-ires-cre; Ai14 were generated by
crossing VIP-ires-cre and Ai14 mice.

METHOD DETAILS

Stereotactic injection of virus

Anterograde tracing was performed using adeno-associated virus (AAV). For polymerization temperature
test, 100 nL AAV2/9-hSyn-flex-tdTomato-T2A-synaptophysin-EGFP-WPRE-pA (1x10'? genome copies
mL™") was injected into the MS/VDB at AP: 0.98 mm, ML: 0 mm, DV: —4.8 mm. AAV2/9-hSyn-flex-
tdTomato-T2A-synaptophysin-EGFP-WPRE-pA purchased from Shanghai Taitool Bioscience Co., Ltd.

Vasculature labeling

C57BL/6J were anesthetized and injected 0.1 mL LEL-DyLight 488 via the caudal vein. LEL-DyLight 488 was
diluted in 0.01 mol/L PBS buffer to a concentration of 20 pg/mL. After injection, the mice were placed in a
warm environment for 30 minutes to perfusion.

Amyloid-B plaque staining

The staining method refer to previous studies. Donor-acceptor near-infrared 8C (DANIR-8C) was a gift from
Beijing Normal University. The whole staining process including four days: 15% solution for 24 h, 30% so-
lution for 48 h, and 0% solution for 24 h, and 70% ethanol for 6 h in 4°C dark environment. The 15% solution
includes 15% sucrose (wt/vol), 0.01 mol/mL DANIR-8C, 0.1% Triton X-100, and 0.05% sodium azide; The
15% solution includes 30% sucrose (wt/vol), 0.01 mol/mL DANIR-8C, 0.1% Triton X-100, and 0.05% sodium
azide; The 0% solution includes 0% sucrose (wt/vol), 0.01 mol/mL DANIR-8C, 0.1% Triton X-100, and 0.05%
sodium azide.

Tissue preparation

All animals were anesthesia with a 1% solution of sodium pentobarbital and 3% solution of ethyl carbamate
and transcranial perfused with ice-cold 0.01 mol/L PBS (Sigma-Aldrich, cat. no. P3813), then freshly pre-
pared, ice-cold 4% paraformaldehyde (Sigma-Aldrich, cat. no. P6148) in 0.01 mol/L PBS. All samples
were excised and post-fixed with ice-cold 4% paraformaldehyde for 24 h and then sliced into 50 um or
100 um with a vibratome.

Resin embedding

We used 100 um coronal plane brain slices to compare the resin embedding method before and after
optimization. Firstly, these slices were dehydrated in a graded ethanol series (50%, 75%, 95%, and
100%, each step 5 min at 4°C). Secondly, these slices were penetration in a graded HM20 resin series
(50%, 75%, 100% HM20 resin, each step 5 min at 4°C) and 100% HM20 for é h at 4°C. Lastly, some slices
were polymerized by gradient temperature in a vacuum environment, and the polymerization tempera-
ture was 38°C for 12 h, 45°C for 8 h, and 45°C for 12 h. And other slices were embedded in polymeriza-
tion solution containing 0.7% DMT (N, N-Dimethyl-p-toluidine) at —20°C for 24 h. For whole-brain
embedding, the brains were dehydrated in a graded ethanol series (50%, 75%, 95%, 100%, each step
1 h at 4°C) and were penetration in a graded resin series (50%, 75%, 100% HM20 resin, each step 2 h
at 4°C). Lastly, the samples were penetration in 100% HMZ20 solution for 48 h at 4°C, and embedded
in 100% HM20 with 0.7% DMT at —20°C for 48 h. The 100% HM20 solution of the optimized method in-
cludes 62.3 g monomer, 14.9 g crosslinker, and 0.6 g BPO (Benzoyl peroxide). The 50% and 75% HM20
(wt/wt) were prepared from ethanol and HM20. The 100% HM20 solution of theold method includes
82.5 g monomer, 17.5 g crosslinker, and 0.16 g AIBN.

QUANTIFICATION AND STATISTICAL ANALYSIS

Fluorescence intensity quantitative analysis

We imaged the brain slices in the same region before and after embedding with the same parameters,
which did not overburden the fluorescent signal. The fluorescence intensity of fluorescence proteins or
fluorescent dyes were read out by FlJI software. We used the oval tool to read out the mean gray value
of signals before and after embedding. The fluorescence preservation ratio = 1/Ix100% (I: the mean
gray value before embedding; lo: the mean gray value after embedding). Multiple independent samples
were used for statistical analysis.
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Statistics analysis

GraphPad Prism 6.01 was used for statistical analysis. And for all statistical analysis data, significance was
represented as *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001. The unpaired t-test performed
using GraphPad Prism 6.01. And all results were presented as the mean + SEM.
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