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Single Cell Proteomic Discovery : Comparing the Proteome of Astrocytes in the Cortex and 
Hippocampus of Mouse Cerebrum

Microscoop®：A Novel Platform for Spatial Proteomic Profiling via Machine 
Learning-Guided Microscopic Photolabeling

STEP 2. Samples were incubated with photoactivatable biotin probes. 
Photolabeling at subcellular ROIs were performed with two-photon 
illumination of the Microscoop® system.
STEP 3. Biotinylated proteins were purified by affinity pulldown and 
analyzed by LC-MS/MS. 
STEP 4. Hypothesis-free protein biomarkers were identified with 
proteomic analysis.

Fig. 1 | 
STEP 1. Regions of interest (ROIs) in cells or tissue 
samples were marked by immuno-fluorescence staining. 
Fluorescence images were acquired and segmented using 
conventional image processing steps.

Introduction

Astrocytes are a type of glial cells within the central nervous system. They participate in 
neurogenesis, synaptogenesis, regulation of blood–brain barrier permeability, and 
maintaining extracellular homeostasis. Notably, different populations of astrocytes 
located in specific brain regions show unique morphological and functional traits; 
however, the proteomic differences among these region-specific astrocytes remain poorly 
understood. In this study, we used optoproteomics, an advanced technology combining 
microscopy-guided automated photo-biotinylation, purification, and mass spectrometry, 
to isolate and identify proteins in cortical and hippocampal astrocytes from the mouse 
brain, aiming to find proteins unique to these two brain regions. Astrocytes in mouse brain 
cryosections were immunostained with an antibody against glial fibrillary acidic protein 
(GFAP) and targeted with two-photon illumination, which effectively activated proprietary 
photosensitive biotin-based probes in the medium, triggering high-precision protein 
biotinylation. This cycle operated automatically across thousands of fields of view, 
ensuring enough biotinylation of proteins for subsequent pulldown and proteomic analysis 
via LC-MS/MS. Known astrocyte markers, including GFAP, LAMC3, and PARK7, were 
identified in the proteomes. Comparative analysis revealed several candidates enriched 
specifically in either the cortex or hippocampus, some of which have not been reported 
before; these were further validated through immunofluorescence. The results showed 
that at least PLEKHB1 and SYBP3 colocalized with GFAP in cortical astrocytes but were 
nearly absent in hippocampal astrocytes. In contrast, the hippocampal-enriched 
candidate MINK1 was confirmed in hippocampal astrocytes and absent in cortical 
astrocytes. Overall, optoproteomics enables the discovery of new, region-specific 
astrocyte markers and generates testable hypotheses for further functional studies of 
these regionally unique proteins.

Precise Biotinylation of Astrocytes in Mouse Brain Regions

Fig. 3 | Astrocytes were stained with GFAP 
(glial fibrillary acidic protein) antibody in 
coronal sections of the C57BL/6 mouse 
brain (Green). The tissue sections were 
blocked using Synlight-Rich  kits, then 
incubated with a photo-activatable probe. 
A modified Otsu thresholding method was 
first applied to identify GFAP-positive 
astrocytes for photolabeling. Photolabeling 
was then performed on approximately 
3000 astrocytes per cortex or 
hippocampus region with Microscoop® to 
ensure the collection of enough 
biotinylated proteins for mass 
spectrometry analysis. Confocal imaging 
confirmed the accuracy of biotinylated 
photolabeling on astrocytes (Red). Merged 
images indicate precise labeling. Note that 
the morphology of astrocytes varies 
significantly between cortical and 
hippocampal regions. 

Known Astrocyte Proteins Identified by Microscoop®

Fig. 4 | Microscoop® photolabeled biotinylation enhances protein isolation from cortical and hippocampal astrocytes. The spatial proteomic results demonstrated that, in comparison 
with 352 known astrocyte markers, 94 corresponded in the cortical region (27%) and 71 in the hippocampal region (20%). In the volcano plot of the cortical region, well-established 
astrocyte markers (blue) and cortical-associated astrocyte markers previously reported in the literature (red) were identified, with yellow highlights indicating proteins specifically 
enriched in cortical astrocytes. In the volcano plot of the hippocampal region, well-established astrocyte markers (blue) and hippocampal-associated astrocyte markers previously 
reported (green) were identified, with blue highlights indicating proteins specifically enriched in hippocampal astrocytes. The findings suggest that Microscoop® technology effectively 
facilitates the analysis of proteomic differences between cortical and hippocampal astrocytes.

Top 20 Abundant Region-Specific Protein Candidates

Fig. 5 | Comparative analysis of cortical and hippocampal proteomic datasets, volcano plots based on fold change ratios revealed distinct clustering of region-specific markers. From 
this analysis, we identified the top 20 novel candidate proteins, a subset of which were selected for antibody validation using immunostaining.

Fig. 6 | Immunostaining results showed that cortical-specific candidates, such as LAMC3, CST3, PLEKHB1, and STXBP3, were exclusively expressed in 
cortical astrocytes, with IF signals co-localized with GFAP-positive astrocytes. In contrast, this co-localization was not seen in the hippocampal region. 
Conversely, hippocampal-specific candidates, including MINK1 and PARK7, were selectively expressed in hippocampal astrocytes, with antibody signals 
overlapping with GFAP staining primarily in hippocampus-localized astrocytes and not in cortical astrocytes. These imaging results confirm that the 
Microscoop® platform successfully identified novel proteins specific to cortical and hippocampal astrocytes, respectively.
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Validation of Region-Specific Protein Candidates in Cortical and Hippocampal Astrocytes
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This study employed the Microscoop® technology to investigate single-cell proteomics, focusing on astrocytes 
as the target cell type. The main goal was to characterize proteomic differences across different regions of the 
mouse brain, enabling more detailed analysis of single-cell differentiation. We successfully identified unique 
proteomic profiles between cortical and hippocampal astrocytes and confirmed the spatial distribution of 
selected candidate proteins through fluorescence staining, showing co-localization with GFAP-positive 
astrocytes. These results validate the regional specificity of the proteins identified. Looking ahead, the use of 
the Microscoop® platform offers great potential for discovering additional functional proteins, which could 
improve the accuracy of both diagnostic and therapeutic strategies.
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