Spatially resolved proteomlcs via tissue expansion
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The importance of spatial proteomics in medicine
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Microsampling techniques for spatial proteomics
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Spatial proteomics
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Expansion microscopy TECHNOLOGYTO Nature (2018)
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In optical microscopy, fine structural details are resolved by using refraction to magnify Thoughtleadersevsaltha chiiologiss cnd wpics iy i
images of a specimen. We discovered that by synthesizing a swellable polymer network transformlife-science msearchintheyearahead,.
within a specimen, it can be physically expanded, resulting in physical magnification.

By covalently anchoring specific labels located within the specimen directly to the polymer
network, labels spaced closer than the optical diffraction limit can be isotropically
separated and optically resolved, a process we call expansion microscopy (ExM). Thus,
this process can be used to perform scalable superresolution microscopy with
diffraction-limited microscopes. We demonstrate ExM with apparent ~70-nanometer
lateral resolution in both cultured cells and brain tissue, performing three-color
superresolution imaging of ~107 cubic micrometers of the mouse hippocampus with a
conventional confocal microscope.
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The Internet of Things has transformed many aspects of our lives and is now. along with other breakout technologies. poised to transform life-science research.
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diaPASEF: parallel accumulation-serial
fragmentation combined with data-independent
acquisition
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ProteomEx

ProteomEXx = Proteomics + Expansion

We describe a spatially resolved proteomics method based on the combination of tissue expansion with
mass spectrometry-based proteomics. ProteomEx enables quantitative profiling of the spatial variability of
the proteome in mammalian tissues at ~160 um lateral resolution, equivalent to the tissue volume of 0.61 nL,

using manual microsampling without the need for custom or special equipment.
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ProteomEx workflow development and optimization
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1) an optimized hydrogel with enhanced expansion factor and mechanical stability; ii) reversible protein
anchoring to polymer network; iii) isotropic expansion of sample; iv) sample staining; v) sample microdissection;
vi) in-gel digestion and peptide extraction

WESTLAKE UNIVERSITY



ProteomEx workflow development and optimization

B
Day 1 Day 2
Protein Monomer solution Gelation Homo- Staining and 7 =~ In-gel digestion and Data
anchoring incubation 3.5 h/0.1 h genization expansion _Imaging .MICI'G.— peptide extraction acquisition
12 h/0.1h 12 h/0.1 h 3h/0.1h 10h/1h 0.5h0.5h glgﬁgtﬂ 15h/1.1h 2.0 h/0.5h

While it takes about 58 hours to process fixed samples, the required hands-on time is only 5 h, i.e., less than
10% of total duration.
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ProteomEx vaclidation and chtgracterization
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Explored the volume-dependent limit of tissue

microsampling using ProteomEx approach
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Biopsy punches Tmm 2Z2mm 3mm 4mm 5mm
Lateral resolution 160 pm 320 um 480 um 640 um 800 um
Tissue volume 0O6nL 24nL 54nL 96nL 15.0nL
# peptides 2987 15,705 23,898 35,160 37,071
# proteins 928 3044 4203 5058 9105
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To assess the applicablility of ProteomEx to
varlous mammalian tlssues
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ProteomEXx: Staining
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For the 2.52 nL volume of the immunostained tissue, we identified 7000 peptides corresponding

to 2000 proteins for three replicates.
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To explore the limits of lateral spatial resolution
and tissue volume
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The pre-expansion radius of 125 um

The pre-expansion volume of tissues was 0.37 nL, equivalent to approximately 160 cells
identified and quantified more than 3000 peptides, and 1000 proteins
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Proteomic profiling of normal and pathogenic
brain tissue with subregion precision

A
Experimental animal groups Sample acquisition MS data acquisition and analysis
~330 pm diameter
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(A) Study design of proteomic analysis of the wild-type and AD mouse model representing (1) experimental animal groups
(n=3 mice per group), (2) sample acquisition, (3) MS data acquisition and analysis. Brain subregions selected namely,
primary visual cortex (V1, n=3 punches per slice per mouse), hippocampal field CA1 (CAl, n=3 punches per slice per
mouse), hippocampal field CA3 (CA3, n=3 punches per slice from per mouse), dentate gyrus (DG, n=1 punch per slice per
mouse), and medial geniculate complex (MGC, n=2 punches per slice per mouse). Created with Biorender.com.
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Proteomic profiling of normal and pathogenic
brain tissue with subregion precision
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(B) t-SNE plot showing the sample clusters based on the prototype (n=3 mice per group). (C) Number of differentially
expressed proteins in mouse brain. (D) Venn and upset diagrams showing the DEP overlaps for selected regions.
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Proteomic profiling of normal and pathogenic
brain tissue with subregion precision
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(E) Representative spatial proteomic maps of syntaxin binding protein 2 (STXBP2) in old WT
and old AD brain slices. The a/b/c in the punches represents biological replicates from the
same brain region. (F) Pathway enrichment of 198 DEPs in CA1 and Sanky plot exhibiting the
correlation between enriched pathways and proteins. (G) The hierarchical clustering heatmap
showing the z-score scaled Pearson correlation coefficients between two samples labeled by
subregions of hippocampus and mouse group. The Pearson correlation coefficients were
estimated by the abundance expression of 101 proteins.
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ProteomEXx: discussion and limitation

v" We could achieve the lateral resolution of about 160 um, which corresponds to ~262 cells or 0.61 nL tissue
volume before expansion. The ProteomEx protocol is robust, cheap, easy to use, and can be readily

deployed in a regular lab using commercially available reagents and common supplies.

v' Enabling the handling of submillimeter gel pieces, for example, by employing robotics or microfluidics, can

further improve the spatial resolution of ProteomEXx.
v' Since ProteomEx resembles protein-retention expansion microscopy, it can be combined with super-

resolution microscopy of cellular structures and DNA and RNA fluorescence in situ hybridization enabling a

spatially resolved multi-omics approach.
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