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Figure S1. Differences in characteristics between cultures from three donors. There were differences between the three 
batches of cells in their pigmentation (A) and maximal transepithelial electrical resistance (TEER) (B); each point is an 
average +/-SEM from triplicate measurements from each of three donors.). Apical and basal zinc supplementation for 4 
weeks significantly increased TEER values (C); the samples from the three donors represent replicates, plotted as values 
normalised to 100% at day 4; control (●), zinc apical supplementation (■), and zinc basal supplementation (▲). Scale bar 
represents 100 µm. Experimental workflow for downstream analysis (D). * represents p-value < 0.05, two-way ANOVA. 
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Figure S2. Changes in transcriptome and proteome following zinc supplementation. Comparison 
of cellular gene expressional after apical (A), or basal (B) zinc supplementation compared to un-
treated controls. Red dots represent significantly upregulated while blue dot represents signifi-
cantly downregulated genes (adjusted p-value <0.05). Blue line indicates log2 fold change: 1 and -
1. Analysis of the cellular proteome following apical (C) or basal (D) zinc supplementation. When 
changes in secreted proteins were analysed we found significant changes in both the apical (E,F) 
and basal (G,H) secretomes following apical (E,G) or basal (F,H) supplementation with zinc. In C–
H, open black circles represent no change while red dots show significant significance B changes 
(adjusted p-value < 0.05). 
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Table S1. The top five hits of DAVID analysis in response to zinc supplementation. 

Zinc Apical Supplementation  Zinc Basal Supplementation 
Category/Term Count p-value Benjamini–Hochberg Term Count p-value Benjamini–Hochberg 

Biological process    Biological process    

GO:0030049~muscle 
filament sliding 12 0 0.003 

GO:0030198~extracel-
lular matrix organi-

zation 
14 0 0.0735 

GO:0051603~proteol-
ysis involved in cel-
lular protein cata-

bolic process 

13 0 0.0027 
GO:0030334~regula-
tion of cell migration 9 0 0.0386 

GO:0001501~skeletal 
system development 21 0 0.0075 

GO:0033627~cell ad-
hesion mediated by 

integrin 
5 0.0001 0.0617 

GO:0030198~extracel-
lular matrix organi-

zation 
25 0 0.0153 

GO:2000427~positive 
regulation of apop-
totic cell clearance 

4 0.0002 0.0752 

GO:0090090~negative 
regulation of canoni-

cal Wnt signaling 
pathway 

22 0 0.0187 

GO:0051603~proteol-
ysis involved in cel-
lular protein cata-

bolic process 

7 0.0002 0.0621 

Cellular component    Cellular component    
GO:0070062~extracel-

lular exosome 232 0 0 
GO:0070062~extracel-

lular exosome 120 0 0 

GO:0031012~extracel-
lular matrix 48 0 0 

GO:0031012~extracel-
lular matrix 29 0 0 

GO:0005615~extracel-
lular space 

119 0 0 GO:0005615~extracel-
lular space 

60 0 0 

GO:0005925~focal ad-
hesion 49 0 0 GO:0005925~focal ad-

hesion 28 0 0 

GO:0005578~protein-
aceous extracellular 

matrix 
38 0 0 GO:0043209~myelin 

sheath 17 0 0 
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Molecular function    Molecular function    
GO:0003779~actin 

binding 33 0 0.0021 
GO:0005178~integrin 

binding 11 0 0.0075 

GO:0005509~calcium 
ion binding 61 0 0.0034 

GO:0001948~glyco-
protein binding 8 0.0001 0.0326 

GO:0001948~glyco-
protein binding 

14 0 0.0024 

GO:0098641~cad-
herin binding in-

volved in cell-cell ad-
hesion 

16 0.0002 0.0306 

GO:0005200~struc-
tural constituent of 

cytoskeleton 
16 0.0002 0.04 

GO:0004298~threo-
nine-type endopepti-

dase activity 
5 0.0004 0.051 

GO:0008083~growth 
factor activity 

20 0.0002 0.036 GO:0051015~actin fil-
ament binding 

10 0.0005 0.0499 

INTERPRO domain    INTERPRO domain    
IPR013098:Immuno-

globulin I-set 25 0 0 
IPR001781:Zinc fin-

ger, LIM type 8 0.0002 0.1089 

IPR009030:Insulin-
like growth factor 

binding protein, N-
terminal 

20 0 0.0125 
IPR001353:Pro-

teasome, subunit al-
pha/beta 

5 0.0002 0.0731 

IPR000867:Insulin-
like growth factor-

binding protein, 
IGFBP 

8 0 0.0086 
IPR003096:Smooth 
muscle protein/cal-

ponin 
4 0.0006 0.1373 

IPR024079:Metallo-
peptidase, catalytic 

domain 
14 0.0001 0.0246 

IPR016050:Pro-
teasome, beta-type 
subunit, conserved 

site 

4 0.0008 0.1358 

IPR001353:Pro-
teasome, subunit al-

pha/beta 
7 0.0001 0.0401 

IPR024079:Metallo-
peptidase, catalytic 

domain 
7 0.002 0.2475 

KEGG_PATHWAY    KEGG_PATHWAY    
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hsa04978:Mineral ab-
sorption 

12 0 0.0038 
hsa04141:Protein pro-
cessing in endoplas-

mic reticulum 
12 0.0008 0.1423 

hsa04145:Phagosome 20 0.0004 0.0526 hsa04145:Phagosome 11 0.0012 0.1044 
hsa04350:TGF-beta 
signaling pathway 

12 0.0053 0.3585 hsa04978:Mineral ab-
sorption 

6 0.0022 0.1251 

hsa03050:Proteasome 8 0.0086 0.4214 
hsa05410:Hyper-

trophic cardiomyo-
pathy (HCM) 

7 0.0058 0.2364 

hsa04670:Leukocyte 
transendothelial mi-

gration 
14 0.0089 0.3623 hsa05414:Dilated car-

diomyopathy 
7 0.0083 0.2655 

Table S2. The top five hits of IPA analysis in response to zinc supplementation. 

Zinc Apical Supplementation Zinc Basal Supplementation 
Canonical Pathways p-value Overlap Canonical Pathways p-value Overlap 

ILK Signaling 6.00E-07 13.5% 25/185 
Huntington’s Disease Sig-

naling 4.48E-06 6.4% 15/234 

Axonal Guidance Signaling 1.80E-06 9.4% 44/467 Unfolded Protein Response 2.27E-05 12.7% 7/55 
Hepatic Fibrosis/Hepatic 
Stellate Cell Activation 

5.33E-06 12.6% 23/182 Epithelial Adherens Junction 
Signaling 

1.28E-04 6.7% 10/150 

Epithelial Adherens Junction 
Signaling 5.33E-06 13.3% 20/150 

Antigen Presentation Path-
way 2.97E-04 13.2% 5/38 

Actin Cytoskeleton Signal-
ing 2.38E-05 11.3% 24/213 

Protein Ubiquitination Path-
way 3.25E-04 4.9% 13/268 

Upstream Regulators p-value Predicted activation Upstream Regulators p-value Predicted Activation 
IgG 1.17E-08  MRTFB 5.96E-07  
FSH 1.06E-06  TP63 1.88E-06  

MRTFB 3.47E-06 Activated FSH 2.66E-06  
TEAD1 3.65E-06  TEAD2 2.39E-05  
TEAD4 3.65E-06  TEAD3 2.79E-05  

Diseases and Disorders p-value range # Molecules Diseases and Disorders p-value range # Molecules 
Neurological Disease 7.89E-04–4.57E-18 315 Endocrine System Disorders 6.67E-04–1.30E-11 235 
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Cancer 7.89E-04–4.69E-15 862 Organismal Injury and Ab-
normalities 7.23E-04–1.30E-11 312 

Organismal Injury and Ab-
normalities 7.89E-04–4.69E-15 873 Hereditary Disorder 7.23E-04–1.58E-10 95 

Gastrointestinal Disease 7.70E-04–9.48E-14 774 Neurological Disease 6.61E-04–1.58E-10 102 

Cardiovascular Disease 6.50E-04–3.14E-13 203 Skeletal and Muscular Dis-
orders 

7.23E-04–1.58E-10 116 

Molecular and Cellular 
Functions p-value range # Molecules 

Molecular and Cellular 
Functions p-value range # Molecules 

Cellular Movement 4.19E-04–7.88E-19 189 Cellular Movement 2.47E-04–1.06E-09 64 
Molecular Transport 7.25E-04–6.55E-09 108 Protein Synthesis 1.31E-06–6.82E-08 40 

Cellular Assembly and Or-
ganization 

5.34E-04–3.26E-08 105 Cellular Compromise 7.45E-06–2.64E-07 29 

Protein Synthesis 1.12E-05–4.12E-07 81 Molecular Transport 5.71E-04–2.64E-07 44 
Cell Death and Survival 6.87E-04–9.45E-07 132 Cell Death and Survival 4.86E-04–3.59E-07 58 

Physiological System De-
velopment and Function p-value range  

Physiological System De-
velopment and Function p-value range # Molecules 

Cardiovascular System De-
velopment and Function 

6.97E-04–2.19E-10 94 Cardiovascular System De-
velopment and Function 

1.58E-04–1.74E-07 42 

Organismal Development 6.97E-04–2.19E-10 118 Organismal Development 5.68E-04–1.74E-07 41 
Tissue Development 6.97E-04–4.23E-07 132 Organ Morphology 1.20E-04–6.53E-07 9 

Skeletal and Muscular Sys-
tem Development and Func-

tion 
5.80E-04–4.99E-06 31 Tissue Development 5.68E-04–2.49E-04 26 

Tissue Morphology 1.93E-05–1.93E-05 12 Connective Tissue Develop-
ment and Function 

5.68E-04–2.84E-04 19 

Regulator Effect Networks Disease and Functions Consistency Score Regulator Effect Networks disease and functions Consistency Score 

TGFB1 Progressive neurological 
disorder 0 -   

Networks Score  Networks Score  

Cellular Movement, Im-
mune Cell Trafficking 

33  

Amino Acid Metabolism, 
Post-Translational Modifica-

tion, Small Molecule Bio-
chemistry 

41  
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Cell Cycle, Cellular Devel-
opment 33  

Cellular Movement, Cell 
Death and Survival, Cell-To-
Cell Signaling and Interac-

tion 

37  

Cell Death and Survival, 
Molecular Transport 

31  

Cardiovascular System De-
velopment and Function, 

Organ Development, Organ 
Morphology 

32  

Cancer, Organismal Injury 
and Abnormalities, Repro-

ductive System Disease 
31  

Cellular Movement, Cell-To-
Cell Signaling and Interac-

tion 
18  

Cellular Development, Cel-
lular Growth and Prolifera-

tion 
27  

Endocrine System Disorders,
Gastrointestinal Disease, 

Metabolic Disease 
16  
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Figure S3. Overlapping canonical pathways upon zinc apical (A) or basal (B) supplementation. Each pathway is a single 
“node” colored according to significance (the brighter red, the more significant the pathway). Blue lines connect any two 
pathways which have at least three dataset molecules in common. GROUP #1: adhesion to polarity; GROUP #2: protein 
export/import; GROUP #3: extracellular matrix organization, GROUP #4: protein processing, GROUP #5: oxidative stress 
response, GROUP #6: embryonic cell development, GROUP #7: immune response, and GROUP #8: lipid metabolism. 

 
Figure S4. Influence of zinc supplementation culturing condition in retinal pigment epithelial 
cells. Measured and predicted upstream and downstream regulatory effect. Orange lines and ob-
jects: predicted activation; grey lines: not predicted effect; yellow lines: inconsistency with state of 
downstream molecule; light red objects: measured increase; green object: measured decrease; blue 
object: predicted inhibition. Note, this regulatory effect of TGFB1 was only detected upon zinc 
apical supplementation. 


