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Resin embedding has been widely applied to fixing biological tissues for sectioning and

imaging, but has long been regarded as incompatible with green fluorescent protein

(GFP) labeled sample because it reduces fluorescence. Recently, it has been reported

that resin-embedded GFP-labeled brain tissue can be imaged with high resolution. In

this protocol, we describe an optimized protocol for resin embedding and chemical

reactivation of fluorescent protein labeledmouse brain, we have usedmice as experiment

model, but the protocol should be applied to other species. This method involves whole

brain embedding and chemical reactivation of the fluorescent signal in resin-embedded

tissue. The whole brain embedding process takes a total of 7 days. The duration

of chemical reactivation is ∼2 min for penetrating 4 µm below the surface in the

resin-embedded brain. This protocol provides an efficient way to prepare fluorescent

protein labeled sample for high-resolution optical imaging. This kind of sample was

demonstrated to be imaged by various optical micro-imaging methods. Fine structures

labeled with GFP across a whole brain can be detected.

Keywords: embedding, chemical reactivation, fluorescent proteins, whole mouse brain, micro-imaging

INTRODUCTION

Resin embedding has been widely applied in light and electron microscopy analysis of biological
samples (Newman et al., 1949; Mikula et al., 2012; Mikula and Denk, 2015). This technique hardens
tissue to facilitate ultra-thin sectioning. Combined with optical imaging techniques, we can acquire
optical images of tissue and then reconstruct the three-dimensional morphology of neurons in a
whole brain at a sub-micron axial resolution (Li et al., 2010; Quan et al., 2016). Aequorea victoria
green fluorescent protein (GFP) can be used to label specific proteins and subcellular compartments
in vivo, which facilitates the study of many aspects of neuroscience (Tsien, 1998; Feng et al., 2000;
Oh et al., 2014). Unfortunately, the procedure for dehydration and resin embedding weakens the
fluorescent signals of GFP (Becker et al., 2012; Ragan et al., 2012), making the signals difficult to
detect.

In recent years, many improvements have been made in the procedure for biological
tissue embedding, such as cryofixation, dehydration, and embedding at low temperatures
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FIGURE 6 | Typical results obtained from CR of neurons and neurites in a resin-embedded thy1-GFPM mouse brain. (A,D,G,J) and (m) are maximum

intensity projections of different coronal plane. (B,C), (E,F), (H,I), (K,L), (N,O) are corresponding magnification of regions indicated in (A,D,G,J,M), respectively. The

projection thicknesses of (A,D,G,J,M) are 50 µm; (B,C,E,F,H,I,K,L,N,O) are 20 µm. Scale bars: (A,D,G,J,M) are 1 mm. (B,C,E,F,H,I,K,L,N,O) are 50 µm. All images

were recorded on a commercial confocal microscope (Zeiss, LSM780).
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FIGURE 7 | Wide-field imaging of CR-enhanced resin-embedded thy1-GFPM mouse brain tissue. (A) Coronal plane of a mouse brain. (B) Layer V pyramidal

neurons in the somatosensory cortex region. (C) Neural fiber tracts in the internal capsule and globus pallidus regions. Int, internal capsule; GP, globus pallidus. (D)

Neurons and axonal collaterals in the amygdaloid nucleus. Scale bars: (A), 0.5 mm; (B–D), 100 µm.

FIGURE 8 | Confocal imaging of neuronal morphology in CR-enhanced

resin-embedded thy1-YFPH mouse brain. (A) A layer V pyramidal cell. (B)

Spine on the apical dendrite of a pyramidal cell in the cortex region. (B) The

white arrows and F indicate the filopodium. (C) Structure of axon branches and

axon terminal boutons on layer 3/4. (D) The white arrows denote junction point

structures. (D) Junction point structure of a dendrite and axon observed under

light microscopy. All images were acquired at a 0.2 × 0.2 × 1 µm3 voxel size

on a commercial confocal microscope (Zeiss, LSM710). Scale bars: (A), 50

µm; (B), (B) green box, (C), (C) green box, 5 µm; (D), 24 × 30 × 14 µm3.

FIGURE 9 | Two-photon fMOST imaging of thy1-YFPH mouse brain. The

inset image indicates the contours of the mouse brain labeled by blue region.

Parts of the cerebral cortex are 3D reconstructed (the white box region inset)

and enlarged. Scale bar: inset, 1mm; the white box region, 1800 × 900 ×

1500 µm3.

brain, this approach can still greatly enhance fluorescence
(Figure 5).

This protocol well preserves the fluorescence signal and neural
details of the whole mouse brain (Figure 6), it can be used
for various optical micro-imaging technologies. Using wide-
field microscopy, we can observe neurons and axonal collaterals
in resin-embedded brains (Figure 7). The fine structures of
neurons, such as spines, boutons, and the junction points
of dendrites and axons, can be observed using confocal
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microscopy (Figure 8). Using two-photon fluorescence micro-
optical sectioning tomography (2 P-fMOST) system, we can
acquire high-resolution imaging data sets of the whole brain
(Figure 9). By combining transgenic and virus labeling, we have
acquired intact three-dimensional structures of specific types of
neurons (Gong et al., 2016).
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