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Supplementary Table 1. Summary of differentially expressed proteins (DEPs) in the Center and Penumbra groups compared to the Control following mmWave DE exposure. Listed proteins meet the threshold of adjusted p < 0.05 and log₂ fold change ≥ 1 or ≤ –1 (≥2-fold increase or ≤0.5-fold decrease). Table includes UniProt accession, protein description, p-value, –log₂(p-value), fold change, log₂ fold change, and direction of regulation.
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Supplementary Figure S1. Uncropped Western blot membranes and Coomassie-stained SDS-PAGE gels supporting data in Figure 4. Top left and top center panels: Coomassie-stained 4–20% Tris-Glycine SDS-PAGE gels confirming equal protein loading across Control, Center, and Penumbra groups. Top right panel: Western blot for β-actin (42 kDa), used as a loading control in all blots. Bottom left panel: Full Western blot showing αII-spectrin (260 kDa) and its proteolytic fragments at 150/145 and 120 kDa, with β-actin loading control below. Bottom right panel: Full Western blot for vimentin (54 kDa) and its cleavage product (VBDP, 45 kDa). MWM: Molecular Weight Marker. Red boxes indicate the regions shown in the central figure. Blots were developed using alkaline phosphatase-conjugated secondary antibodies and BCIP/NBT substrate.
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Supplementary Figure S2. Global distribution and multivariate separation of proteomic profiles across the Center, Penumbra, and Control groups. (A) Raincloud plots displaying the distribution of log₂-transformed LFQ intensity values for individual biological replicates across each condition. Each line combines kernel density estimation, jittered raw data points, and boxplot overlays to visualize the spread of intensity and replicate consistency. (B) Principal component analysis (PCA) scores plot showing clear group separation along PC1 (21.3%) and PC2 (7.8%). Colored ellipses represent 95% confidence intervals around each group centroid (Control: red, Center: green, Penumbra: blue). (C) Three-dimensional PCA plot mapping sample distributions across the first three components (PC1 = 21.3%, PC2 = 7.8%, PC3 = 11.9%) to capture spatial proteome-wide variance. All analyses were performed using log₂-transformed, normalized LFQ intensities. Missing values were imputed from a left-shifted normal distribution (width = 0.3, downshift = 1.8). PCA was computed via singular value decomposition on the covariance matrix.
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Supplementary Table 1.   Center vs. Control and Penumbra vs. control   differential proteins with significant p-value and fold cahnge > 2 fold or < 0.5. 

Center vs. Control

Accession Description

pval Log 2 pValue Fold Change Log2 Fold Change

Direction

Q80ZM8 Cardiolipin synthase (CMP-forming) OS=Mus musculus OX=10090 GN=Crls1 PE=1 SV=1 0.0041 7.91 4.16 2.06 Increased

P28738 Kinesin heavy chain isoform 5C OS=Mus musculus OX=10090 GN=Kif5c PE=1 SV=3 0.0059 7.41 2.27 1.18 Increased

Q9ER38 Torsin-3A OS=Mus musculus OX=10090 GN=Tor3a PE=1 SV=2 0.0045 7.81 2.10 1.07 Increased

Q8QZY1 Eukaryotic translation initiation factor 3 subunit L OS=Mus musculus OX=10090 GN=Eif3l PE=1 SV=1 0.0081 6.95 0.46 -1.11 decreased

Q1HFZ0 RNA cytosine C(5)-methyltransferase NSUN2 OS=Mus musculus OX=10090 GN=Nsun2 PE=1 SV=2 0.0089 6.81 0.45 -1.17 decreased

Q8BI84 Transport and Golgi organization protein 1 homolog OS=Mus musculus OX=10090 GN=Mia3 PE=1 SV=2 0.0107 6.54 0.37 -1.44 decreased

Q9DCL9 Bifunctional phosphoribosylaminoimidazole carboxylase/phosphoribosylaminoimidazole succinocarboxamide synthetase OS=Mus musculus OX=10090 GN=Paics PE=1 SV=4 0.0444 4.49 0.32 -1.64 decreased

P11031 Activated RNA polymerase II transcriptional coactivator p15 OS=Mus musculus OX=10090 GN=Sub1 PE=1 SV=3 0.0051 7.61 0.30 -1.75 decreased

Q9DD03 Ras-related protein Rab-13 OS=Mus musculus OX=10090 GN=Rab13 PE=1 SV=1 0.0012 9.74 0.19 -2.40 decreased

O08539 Myc box-dependent-interacting protein 1 OS=Mus musculus OX=10090 GN=Bin1 PE=1 SV=1 0.0328 4.93 0.16 -2.64 decreased

Q9DCB1 High mobility group nucleosome-binding domain-containing protein 3 OS=Mus musculus OX=10090 GN=Hmgn3 PE=1 SV=1 0.0064 7.29 0.13 -2.92 decreased

Q61166 Microtubule-associated protein RP/EB family member 1 OS=Mus musculus OX=10090 GN=Mapre1 PE=1 SV=3 0.0500 4.32 0.08 -3.72 decreased

Penumbra vs. Control

Accession Description pval Log 2 pValue fold_change Log2 Fold Change

Direction

Q8BG81

Polymerase delta-interacting protein 3 OS=Mus musculus OX=10090 GN=Poldip3 PE=1 SV=1 0.0174 5.85 4.78 2.26 Increased

P26350

Prothymosin alpha OS=Mus musculus OX=10090 GN=Ptma PE=1 SV=2 0.0154 6.02 3.62 1.86 Increased

O55128

Histone deacetylase complex subunit SAP18 OS=Mus musculus OX=10090 GN=Sap18 PE=1 SV=1 0.0300 5.06 2.88 1.52 Increased

Q6P5H2

Nestin OS=Mus musculus OX=10090 GN=Nes PE=1 SV=1 0.0008 10.28 2.69 1.43 Increased

Q641P0

Actin-related protein 3B OS=Mus musculus OX=10090 GN=Actr3b PE=1 SV=1 0.0409 4.61 2.03 1.02 decreased

Q8QZY1

Eukaryotic translation initiation factor 3 subunit L OS=Mus musculus OX=10090 GN=Eif3l PE=1 SV=1 0.0032 8.27 0.47 -1.10 decreased

P70195

Proteasome subunit beta type-7 OS=Mus musculus OX=10090 GN=Psmb7 PE=1 SV=1 0.0306 5.03 0.46 -1.11 decreased

Q923D5

WW domain-binding protein 11 OS=Mus musculus OX=10090 GN=Wbp11 PE=1 SV=2 0.0326 4.94 0.42 -1.26 decreased

Q9JLV1

BAG family molecular chaperone regulator 3 OS=Mus musculus OX=10090 GN=Bag3 PE=1 SV=2 0.0442 4.50 0.42 -1.27 decreased

P61089

Ubiquitin-conjugating enzyme E2 N OS=Mus musculus OX=10090 GN=Ube2n PE=1 SV=1 0.0072 7.12 0.37 -1.44 decreased

Q9DD03

Ras-related protein Rab-13 OS=Mus musculus OX=10090 GN=Rab13 PE=1 SV=1 0.0028 8.47 0.33 -1.61 decreased

O70480

Vesicle-associated membrane protein 4 OS=Mus musculus OX=10090 GN=Vamp4 PE=1 SV=1 0.0342 4.87 0.32 -1.64 decreased

P11031

Activated RNA polymerase II transcriptional coactivator p15 OS=Mus musculus OX=10090 GN=Sub1 PE=1 SV=3 0.0043 7.87 0.27 -1.88 decreased

P62307

Small nuclear ribonucleoprotein F OS=Mus musculus OX=10090 GN=Snrpf PE=1 SV=1 0.0092 6.76 0.26 -1.93 decreased
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