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Supplementary Figure S 1.  (A) Tissue omics workflow 1.  Fresh frozen brain tissue was 
cryosectioned and mounted on microscope slides.  A 5 mm diameter droplet of enzyme solution 
was applied to the tissue surface.  The slides were transferred to a humidified chamber and 
allowed to digest.  The digestion products were extracted by pipetting.  The digestion products 
were cleaned and then analyzed using LC-MS.  The process was repeated for three 
glycosidases (hyaluronidase, chondroitinases, heparin lyases) and trypsin.  Abbreviations: HA, 
hyaluronan; CS, chondroitin sulfate; HS, heparan sulfate; LC-MS, liquid chromatography-mass 
spectrometry; HILIC, hydrophilic interaction chromatography. 
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Supplementary Figure S 1B. Photographic images of the brain tissue blocks used in the aging 

and PD study, mounted on cryotome chucks.  The 5 mm diameter grey matter areas to which 

enzyme digestion solution was applied on tissue slices prepared from these tissue blocks are 

marked with blue circles. 

Cohort 1 
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Supplemental Figure 1B (continued) Cohort 2 
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Supplementary Figure S 2. Biosynthesis of heparan sulfate (HS)2.  Chains are biosynthesized 

by a series of enzymes in the endoplasmic reticulum and Golgi apparatus.  The mature chains 

have a structure consisting of domains of high, low, and intermediate degree of sulfation.  The 

structures and patterns of these domains varies in a spatially and temporally regulated manner3. 
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Supplementary Figure S 3. Nomenclature of HS disaccharides 
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Supplementary Figure S 4. Nomenclature of CS disaccharides 
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Supplementary Figure S 5. GSEA of differentially expressed proteins young versus aged rat 

striatum from previously published data4. (A) Bar plot showing enriched gene sets. 
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Supplementary Figure S 5. GSEA of differentially expressed proteins young versus aged rat 

striatum from previously published data4.  (B) Volcano plot showing most enriched molecular 

functions. 
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Supplementary Figure S 6. GSEA of differentially expressed proteins in young versus aged rat 

substantia nigra from previously published data4. (A) Bar plot showing enriched gene sets. 
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Supplementary Figure S 6. GSEA of differentially expressed proteins in young versus aged rat 

substantia nigra from previously published data4. (B) Volcano plot showing most enriched 

molecular functions. 
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Supplementary Figure S 7. Comparison of PNN-associated protein abundances in young vs 

aged rat brain (A) striatum (STR) and (B) substantia nigra (SN) from previously published data4. 
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Supplementary Figure S 8. GSEA of differentially expressed human proteins young (<60 years) 

versus aged (>60 years). (A) Volcano plot showing most enriched molecular functions 
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Supplementary Figure S 8.  GSEA of differentially expressed human proteins young (<60 years) 
versus aged (>60 years). (B) Directed acyclic graph of GO terms. 
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Supplementary Figure S 9. GSEA of differentially expressed human prefrontal cortex grey 

matter proteins observed in both cohort 1 and cohort, Aged (>60 years) versus PD,  

(A) plot of differential abundance t-values for the two cohorts. 
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Supplementary Figure S 9. GSEA of differentially expressed human prefrontal cortex grey  

matter proteins observed in both cohort 1 and cohort 2, Aged (>60 years) versus PD, 

(B) principal component analysis of cohort 1 and cohort 2 
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Supplementary Figure S 9. GSEA of differentially expressed human prefrontal cortex grey  

matter proteins observed in both cohort 1 and cohort 2, Aged (>60 years) versus PD.   

(C) Volcano plot showing most enriched molecular functions  
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Supplementary Figure S 9. GSEA of differentially expressed human prefrontal cortex grey  
matter proteins observed in both cohort 1 and cohort 2, Aged (>60 years) versus PD.   

(D) Directed acyclic graph of GO terms  
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Supplementary Figure S 10. Differential abundance t values for annexins in the human aged vs 

PD cohorts 1 and 2. Negative values are enriched in PD. 
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Supplementary Tables 

Supplementary Table S 1A. Clinical data for control specimens. 
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Supplementary Table S 1B.  Clinical data for Parkinson’s Disease specimens.
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Supplementary Table S 2A. Proteins from the organic acid binding gene set enriched in aged rat 

striatum from previously published data4. 
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Supplementary Table S 2B. Proteins from the structural constituent of ribosome gene set 

enriched in aged rat substantia nigra from previously published data4.
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Supplementary Table S 3. Proteins from the human magnesium ion binding gene set enriched 

in aged human prefrontal cortex. 

 

 

 

  



Raghunathan et al. Supplementary Figures p. 25 
 

Supplementary Table S 4A. Proteins from the extracellular matrix structural component gene set 

enriched in human prefrontal cortex comparing unaffected aged versus PD specimens. 
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Supplementary Table S 4B.  Proteins from the organic acid binding gene set enriched in human 

prefrontal cortex comparing unaffected aged versus PD specimens. 
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Supplementary Table S 5. Proteins from the glycosaminoglycan binding gene set enriched in 

prefrontal cortex comparing unaffected aged versus PD specimens. 
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Supplementary Table S 6. Proteins from the monovalent inorganic cation transmembrane 

transporter activity gene set enriched in prefrontal cortex comparing unaffected aged versus PD 

specimens. 
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Supplementary Table S 7. Proteins from the active transmembrane transporter activity gene set 
negatively enriched in prefrontal cortex comparing unaffected aged versus PD specimens. 

 

  

ID: GO:0022804; Name: active transmembrane transporter activity
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490 ATP2B1 ATPase plasma membrane Ca2+ transporting 1 490 ‐1.4004

491 ATP2B2 ATPase plasma membrane Ca2+ transporting 2 491 ‐1.4387

492 ATP2B3 ATPase plasma membrane Ca2+ transporting 3 492 ‐2.0022

493 ATP2B4 ATPase plasma membrane Ca2+ transporting 4 493 ‐2.1314

506 ATP5F1B ATP synthase F1 subunit beta 506 ‐1.941

509 ATP5F1C ATP synthase F1 subunit gamma 509 ‐2.1328

51382 ATP6V1D ATPase H+ transporting V1 subunit D 51382 ‐1.0793

515 ATP5PB ATP synthase peripheral stalk‐membrane subunit b 515 ‐1.54

51606 ATP6V1H ATPase H+ transporting V1 subunit H 51606 ‐1.4659

523 ATP6V1A ATPase H+ transporting V1 subunit A 523 ‐3.1106

5250 SLC25A3 solute carrier family 25 member 3 5250 ‐2.0836

526 ATP6V1B2 ATPase H+ transporting V1 subunit B2 526 ‐1.1876

528 ATP6V1C1 ATPase H+ transporting V1 subunit C1 528 ‐1.5198

529 ATP6V1E1 ATPase H+ transporting V1 subunit E1 529 ‐2.0498
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57030 SLC17A7 solute carrier family 17 member 7 57030 ‐1.641
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6506 SLC1A2 solute carrier family 1 member 2 6506 ‐2.3548

6507 SLC1A3 solute carrier family 1 member 3 6507 ‐1.887
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8671 SLC4A4 solute carrier family 4 member 4 8671 ‐2.3251

9114 ATP6V0D1 ATPase H+ transporting V0 subunit d1 9114 ‐1.7036

9296 ATP6V1F ATPase H+ transporting V1 subunit F 9296 ‐1.2432
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