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1  SupplementaryTables
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Supplementary Table 6(Supplementarxcel file)
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Supplementary Table 8(Supplementary Excel file)
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Supplementary Table 9

Functional groups for statistically significant GO termstfaG-S/T-c/p-H-c-X2 -motifs-containing
proteins

Functional group GO terms
description

nervous systerdevelopment; multicellular organism developme
anatomical structure  development; anatomical  strug
morphogenesis; developmental process; cell morphoge
cellular component morphogenesis; cytoskeleton organiza
system development; organellganization
GO terms related to | onecarbon metabolic process; leukotriene D4 metabolic pro
metabolic and leukotriene D4 biosynthetic process
biosynthesis

GO terms related to
organs development,
organization and
morphogenesis

Supplementary Table 10

Functional groups for statistically significant GO termsXe+S/T-c/p-H-c-X2 -motifs-containing
proteins

Functional
group GO terms
description

regulation of transcription by RNA polymerase II; regulation of macromole
biosynthetic process; regulation of cellular macromolecule biosynthetic pr¢
regulation of RNA metabolic process; regulation of nucleic -tedplated
transcription; regulatin of RNA biosynthetic process; regulation

transcription, DNAtemplated; regulation of nucleobasentaining compoun
metabolic process; regulation of cellular biosynthetic process; regulati
biosynthetic process; regulation of cellular processjobioal regulation;
regulation of cellular metabolic process; regulation of biological proc
regulation of primary metabolic process; regulation of gene expres
regulation of nitrogen compound metabolic process; regulation
macromolecule metaboljrocess; regulation of nervous system developn
regulation of cell development; regulation of metabolic process; regulati
neurogenesis; regulation of small GTPase mediated signal transdy
regulation of GTPase activity; regulation of cellu@mponent organizatior
positive regulation of RNA metabolic process; positive regulation of R
biosynthetic process; positive regulation of transcription, BEisifplated;
positive regulation of nucleic actgmplated transcription; positive regulati
of nervous system development; regulation of developmental prg
regulation of cell morphogenesis; positive regulation of GTPase act
regulation of multicellular organismal development; positive regulation of
development; regulation of neuron ction development; positive regulati
of nucleobaseontaining compound metabolic process; regulation of

GO terms
related to
regulation of
biological
processes
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protein signal transduction; positive regulation of macromolecule biosyn|
process; regulation of multicellular organismal process; posiéigalation of
transcription by RNA polymerase IlI; regulation of neuron differentiat
regulation of cell differentiation; regulation of anatomical struci
morphogenesis; positive regulation of neurogenesis; positive regulati
developmental processositive regulation of cellular metabolic proce
positive regulation of macromolecule metabolic process; positive regulat
cellular component organization; regulation of Rho protein signal transdu
regulation of cell projection organizatiomegulation of plasma membrat
bounded cell projection organization; positive regulation of cell differentia
regulation of organelle organization; regulation of axonogenesis; po
regulation of nitrogen compound metabolic process;

nervous system development; regulation of nervous system develof
neurogenesis; generation of neurons; regulation of neurogenesis; |
development; neuron projection morphogenesis; neuron differentiation; pg

GO terms reguation of nervous system development; neuron projection developmer
related to morphogenesis involved in neuron differentiation; axon development; c
nervous nervous system development; synapse organization; regulation of 1
system projection development; axonogersediead development; brain developme

development | neuron projection guidance; axon guidance; regulation of neg
differentiation; neuron projection extension; positive regulation
neurogenesis; synapse assembly; forebrain development; synaptic transr
glutamatergic; regulation of axonogenesis

regulation of transcription by RNA polymerase llI; transcription by R
GO terms polymerase II; regulation of nucleic adieimplated transcription; regulation

related to transcriptiol, DNA-templated; nucleic acittmplated transcription
transcription | transcription, DNAtemplated; positive regulation of transcription, DN
and gene templated; positive regulation of nucleic at&nplated transcription; positiy

expression | regulation of transcription by RNA polymerasé& Fegulation of gene
expression; gene expression




Supplementary Table 11
Selected human proteins related to immune system containing-agdisted cleavage motifs.

Name Function
FOXP 3 FOX protein family
TNFA, TNFB Tumor necrosi$actor
superfamily

IL1B, IL3, IL4, IL5, IL6, IL13, IL15, IL16, IL17F, IL23A, IL24,
IL27A, IL27B, IL28A, 1L29, IL32, IL33, IL36B, IL37

ILIR1, IL1R2, IL2RB, IL2RA, IL3RA, IL4RA, IL5RA, IL6RA,
IL7RA, IL23R, IL31R

TLR1, TLR2, TLR3, TLR4, TLRS, TLR6, TLR7, TLR8, TLRY9,

Interleukins

Interleukin receptors

Toll-like receptors

TLR10
CD1A, CD1B, CD1C, CD1E, CD2, CD6, CD7, CD8B, CD11A, Cluster of
CD19, CD27, CD28, CD34, CD38, CD44, CD80, CD81, CD86, differentiation

CD109, CD158, D166, D177, CD180, CD181, D248, CD302 proteins




Supplementary Table 12
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Full list of proteins substantially deviated from Poisson distributions in quantitative analysis of

occurrence of hydrolytic motifs per protein compared with the expected frequencies of amino acids.

Results forX1-S/T-c/p-H-c-X2 -motifs-containing proteins

UniProt AC Protein length | Motifs number | Protein name
AOAO0G2JRJ6 | 6464 186 Mucin-4
AOA0G2JRY3 | 6450 186 Mucin-4

P20930 4061 169 Filaggrin

Q9UKN1 5478 150 Mucin-12
AOA0G2JM16 | 5314 117 Mucin-4

Q8WXI7 14507 85 Mucin-16

Q86YZ3 2850 85 Hornerin

Q5D862 2391 73 Filaggrin-2
Q8Wz4212 35991 68 Isoform 12 of Titin
Q8Wz428 34475 67 Isoform 8 of Titin
D3DPGO 34942 66 Titin, isoform CRA _a
Q8wWz4213 34484 66 Isoform 13 of Titin
Q8wz42 34350 66 Titin

Q8Wz427 33615 65 Isoform 7 of Titin
Q8Wz425 32900 65 Isoform 5 of Titin
Q8wWz424 33445 64 Isoform 4 of Titin
Q8wz4211 33423 64 Isoform 11 of Titin
Q8Wz429 27118 49 Isoform 9 of Titin
Q8wWz4210 27051 49 Isoform 10 of Titin
Q8wWz423 26926 48 Isoform 3 of Titin
A7Y9J9 6207 47 Mucin 5AC, oligomeric mucus/gdébrming
Q9HC84 5762 45 Mucin-5B

Q02505 3323 43 Mucin-3A

Q025055 3265 43 Isoform 5 of MuciR3A
Q2LD37 5005 35 Transmembranprotein KIAA1109
Q6W4X9 2439 35 Mucin-6




Supplementary Table 13

Full list of proteins substantially deviated from Poisson distributions in quantitative analysis of
occurrence of hydrolytic motifs per protein compared with the expected frequencies of amino acids.

Results for th&-S/T-c/p-H-c-X2 -motifs-containing protms.

UniProt AC | Protein length | Motifs number Protein name

P20930 4061 67 Filaggrin

Q86YZ3 2850 34 Hornerin

Q5D862 2391 24 Filaggrin-2

Q9UKN1 5478 22 Mucin-12

A7Y9J9 6207 21 Mucin 5AC, oligomeric mucus/gdbrming
Q9HC84 5762 21 Mucin-5B

Supplementary Table 14

Selected human proteins relatedkévatinocyte differentiation

UniProt AC Protein length | Motifs number Protein name

P20930 4061 169 Filaggrin

Q5D862 2391 73 Filaggrin-2

Q86YZ3 2850 85 Hornerin

P04264 644 1 Keratin, type llcytoskeletal 1
P13645 584 1 Keratin, type | cytoskeletal 10
PO7476 585 0 Involucrin

P23490 312 0 Loricrin

Q07283 1943 0 Trichohyalin

P19957 117 0 Elafin
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Supplementary Table b

Sequences of synthesiseé@mino acid long filaggrin oligopeptides (FPs, FLP) and hydrolysis
products (HPs). Acdenotes the Nerminal acetylation, anghm the Cterminal amidation of the
peptide chain. Cleavage motifs in bold.

Abbreviation Sequence
Filaggrin | FP-02 Ac-RDSSRHSAS-am
peptides | FP-05 Ac-GDGSRHSGSam
FP-09 Ac-HPRSHHEDR-am
FP-10 Ac-SGGTRHAET-am
FP-11 Ac-QAASSHEQA-am
FP-13 Ac-ADSSRHSGI-am
FP-14 Ac-VRDSGHRGS-am
FLP-01 Ac-YQVSTHEQS-am
Hydrolysis | HP-02 -SHHEQARDS
products | HP-06 -SRHSG
HP-07 -SRHHEASSADS
HP-10 -SSHEQARSSAGERHG
HP-12 -SRHSGIGHGQASSAVRD
HP-13 -SGHRGYSGSQASDNEGHSEDSDTQSV
HP-14 -SAHGQAGSHQQSHQESARGRSGET

Supplementary Table B

The t2(k1) and t2(k2) values for the twestep sequential hydrolysis of filaggnreptides (FPs) and
FLG recombinant domain (FL<G0) at physiological and harsh conditions in the presence?af Ni

pH 7.4, 37 °C pH 8.2, 50 °C

ti2 (K1) t12 (k2) t12 (k) ti2 (K1) t12 (k2) t12 (k)

Peptide [h] [h] [h] [min] [min] [min]

+S.D +S.D. + S.D. + S.D. +S.D. +S.D.
FP-02 42 +3 195+ 2 72 4 35+1.7 38+45 93+9
FP-05 25+15 22514 55.7+15| 105+1 65+45 8235
FP-09 40+ 1 1+£0.2 41 +1 40+ 4.5 11+ 35 62.8+7
FP-10 575+6 37.2+7.7| 106+5.5 33+5.6 | 2185+22| 343+19.2
FP-11 105+ 4 26.8 +3.7| 154.1+8.3| 19.3%x1 136+ 8 173.3+9.4
FP-13 74+1.7 506+4.7| 685+4.2| 265+15 52 +2 97.7+9.3
FP-14 O5+7.7 26.5+65| 1394 +6 196+ 9 2625 +95 777.3+55.6
FLP-01 3308 + 246| 652+ 65 | 3157 +389| 476 +43 | 1234 +44| 21708 £ 205
FLG-10 N/A N/A 3.6+ 0.38 N/A N/A 195+1




Supplementary Table I/

Sequence and physiochemical properties of recombinant filaggrin monomet@ L& ormation on
1999) Nickel binding loci are markeded-
strong (micromolar or stronger) including the 4thg, yellow - intermediate (micro to millimolar),
green- weak (millimolar) ( B a | et al
Mylonas et al., 2002; Kopera et al., 2010)

the base of ExPASKrotParam too(Wilkins etal.,

1995, 1998;

Sunder man

FLG-10 MONOMER AMINOACID SEQUENCE

10 20 30 40 50 60
BEGRTRTSTG RRQGBHERQA R DSSRISASQ EGQDTIRGE® GSSRRGRQGS HYEQSVDRSG
70 80 90 100 110 120
ESESHCHTT SQGRSDASRG QSGSRSASRQ TRNDEQSGDG SRHE ASTQASSRH
130 140 150 160 170 180
SQSGQGQSAG PRTSRNQGSS VSQDSDSQGEEDSERWSGS ASRNRGSAQ EQSHDGSRIA
190 200 210 220 240
TSHEERAGEHESAESSROS  GTHEEINSSG GQAASHEQA RSSAG_QQSADSSF
250 260 270 280 290 300

HSGIGHGQAS SAVADSGIRG SSGSQASDE GHSEDSDIQS VsA [EDEEERRESHIT RG

310
RSAG SINIEEENS

FLG-10 AMINOACID COMPOSITION (number of residues and percentage)

Ala (A) 24 7.7%
Arg (R) 35 11.3%
Asn (N) 4 1.3%
Asp (D) 17 5.5%
Cys(C) 0 0.0%
GIn (Q) 31 10.0%
Glu (E) 16 5.1%
Gly (G) 41 13.2%

His (H) 41 13.2%
lle (1) 2 0.6%
Leu (L) 0 0.0%
Lys (K) 0 0.0%
Met (M) 0 0.0%
Phe (F) 0 0.0%
Pro (P) 4 1.3%

Ser (S) 76 24.4%
Thr (T) 13 4.2%
Trp (W) 2 0.6%
Tyr (Y) 1 0.3%
Val (V) 4 1.3%
Pyl (O) 0 0.0%
Sec (U) 0 0.0%
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Supplementary Table B

Sequence and physiochemical
ExPASyProtParantool (Wilkins et al., 1999).

properties

a! L%9 twhe¢O9Lb YLDb! {9 /Ynh laLbh!/L5 {9v! 94

10 20 30 40 50 60
MSKARVYTDV NVLRPKEYWD YEALTVQWGE QDNYEVVRKV GRGKYSEVFE GINVNNNEKC

70 80 20 100 110 120
IIKILKPVKK KKIKREIKIL QNLYGGPNIV KLLDIVRDQH SKTPSLIFEY VNNTDFKVLY

130 140 150 160 170 180
PTLTDYDIRY YIYELLKALD YCHSQGIMHR DVKPHNVMID HELRKLRLID WGLAEFYHPG

190 200 210 220 230 240
KEYNVRVASR YFKGPELLVD LQDYDYSLDM WSLGCMFAGM IFRKEPFFYGHDNHDQLVKI

250 260 270 280 290 300
AKVLGTDGLN VYLNKYRIEL DPQLEALVGR HSRKPWTKFI NADNQHLVSH EAIDFLDKLL

310 320 330 340
RYDHQDRLTA REAMTHPYFQ QVRAAENSTT RALEHHHHHH

CK2U AMI N@GAMPOSITION (number of residues and percentage)

Ala (A) 15 4.4%
Arg (R) 21 6.2%
Asn (N) 18 5.3%
Asp (D) 25 7.4%
Cys (C) 30.9%

GIn (Q) 12 3.5%
Glu (E) 21 6.2%
Gly (G) 16 4.7%

His (H) 19 5.6%
lle (1) 20 5.9%
Leu (L) 35 10.3%
Lys (K) 28 8.2%
Met (M) 7 2.1%
Phe (F) 12 3.5%
Pro (P) 12 3.5%

Ser (S) 11 3.2%
Thr (T) 12 3.5%
Trp (W) 5 1.5%
Tyr (Y) 23 6.8%
Val (V) 25 7.4%
Pyl(O) 0 0.0%

Sec (U) 0 0.0%

of

10

ma i

.



Supplementary Tablel19

P-values for data presented in thepplementary Figure 9 Data from three separate biological
experiments (n=3Bonferrontadjusted significance tests for pairwise comparisons was used to
calculateadjusted pvalue U 0.00833)

untreated untreated untreated nickel nickel peptide

vs nickel vs peptide vs complex vs peptide vs complex vs complex
CD86 P6 P-value 0.56598625 0.95304113 0.46247547 0.58661172 0.90463371 0.48076068
CD86 P7 P-value 0.56598625 0.86211797 0.44782902 0.50421551 0.87309191 0.39641527
CD86 P12 P-value 0.45554238 0.96611841 0.20231835 0.44374509 0.55932974 0.20418122
CD80 P6 P-value 0.38717817 0.94873474 0.38536766 0.35117555 0.95763101 0.35007242
CD80 P7 P-value 0.28899838 0.86351309 0.28496305 0.27727165 0.94222774 0.27397528
CD80 P12 P-value 0.28899838 0.78235834 0.2893318 0.29200703 0.98985682 0.29228077
HLA DR P6 P-value 0.50046395 0.94636669 0.38816146 0.50956378 0.93518638 0.39841649
HLA DR P7 P-value 0.16080601 0.94547333 0.1302133 0.16729864 0.95469328 0.13623613
HLA DR P12 | P-value 0.11089416 0.71865856 0.00784199 0.12231485 0.83629732 0.01087941

11
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Supplementary Table20

P-values for data presented in thepplementary Figure 10 Data from three separate biological
experiments (n=3Bonferrontadjusted significance tests for pairwise comparisons was used to
calculate adjusted-palue U 0.00833)

untreated untreated untreated nickel nickel peptide

vs nickel vs peptide vs complex Vs peptide vs complex vs complex
IFNa2 P6 P-value 0.268469565 | 0.662502014 | 0.394034051 | 0.208658296 | 0.778275578 | 0.337657922
IFNa2 P7 P-value 0.268469565 | 0.566980661 | 0.46846259 0.187113855 | 0.937003226 | 0.381553983
IFNa2 P12 P-value 0.268469565 | 0.674163949 | 0.544092154 | 0.213246395 | 0.583769086 | 0.41783495
IL-10 P6 P-value 0.642005625 | 0.400580786 | 0.630147828 | 0.378177608 | 0.930268725 | 0.429380551
IL-10 P7 P-value 0.642005625 | 0.390366839 | 0.592211532 | 0.373487157 | 0.849769825 | 0.423444262
IL-10 P12 P-value 0.642005625 | 0.928138869 | 0.460440281 | 0.602527403 | 0.404435566 | 0.518346614
IL-1b P6 P-value 0.383078453 | 0.942310103 | 0.527238026 | 0.496844783 | 0.663517858 | 0.598692691
IL-1b P7 P-value 0.383078453 | 0.969056099 | 0.65817998 0.474520615 | 0.621116418 | 0.683047074
IL-1b P12 P-value 0.383078453 | 0.859456471 | 0.297906659 | 0.403994636 | 0.550681516 | 0.344753925
IL-6 P6 P-value 0.371346068 | 0.883028292 | 0.362270735 | 0.384117303 | 0.917594611 | 0.371972687
IL-6 P7 P-value 0.371346068 | 0.985333578 | 0.389858265 | 0.370186849 | 0.669131134 | 0.389209512
IL-6 P12 P-value 0.371346068 | 0.973151892 | 0.670702344 | 0.37478802 0.420146109 | 0.707587727
IL-8 P6 P-value 0.306852867 | 0.981726867 | 0.187435909 | 0.444598346 | 0.657275738 | 0.31112442
IL-8 P7 P-value 0.306852867 | 0.820018074 | 0.182998773 | 0.252611701 | 0.647864683 | 0.162019678
IL-8 P12 P-value 0.306852867 | 0.947296782 | 0.210599787 | 0.273869292 | 0.706766128 | 0.192070194
TNF-a P6 P-value 0.213723977 | 0.439625043 | 0.252107932 | 0.190555823 | 0.929965103 | 0.232019655
TNF-a P7 P-value 0.213723977 | 0.295169557 | 0.335514189 | 0.184491142 | 0.613811153 | 0.318764265
TNF-a P12 P-value 0.213723977 | 0.621953429 | 0.084098384 | 0.195697006 | 0.538427543 | 0.067921175

Supplementary Table21 (Supplementary Excel file)

Analysis of hydrolytic motifs within filaggrinffom various species.
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2  Supplementary Figures
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Supplementary Figure 1. The cell proliferation assay (MTT) fokeratinocytes exposed to Ni(NJ
for 24 h. The SD values are shown.
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FP-02 FP-05 FP-09
Ac-RDSSRHSAS-am Ac-GDGSRHSGS-am Ac-HPRSHHQDR-am

FP-10 FE-11

FP-13
Ac-SGGTRHAET-am Ac-QAASSHEQA-am

Ac-ADSSRHSGT-am

LP-02

FP-14 Ac-YQVSTHEQS-am
Ac-VRDSGHRGS-am

Supplementary Figure 2. Molecular modelling of filaggripeptides (FPs). Atoms are marked in
colours as: cyan (C), red (O), white (H), indigo (N) and magenta (Ni).

14
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Supplementary Figure 3. CD pH titration and UWIS pH titration curves for nickgbeptide
complexes. The pH values marked with colour gradient fitark blue (the lowest pH=3.5) to red
(the highest pH=11.5).

16



FP-02
Ac-RDSSRHSAS-am

FP-05
Ac-GDGSRHSGS-am

FP-09
Ac-HPRSHHQDR-am

FP-10
Ac-SGGTRHAET-am

FP-11
Ac-QAASSHEQA-am

FP-13
Ac-ADSSRHSGT-am

FP-14
Ac-VRDSGHRGS-am

LP-02
Ac-YQVSTHEQS-am

MOLAR FRACTION MOLAR FRACTION MOLAR FRACTION MOLAR FRACTION MOLAR FRACTION MOLAR FRACTION
3
» »
. »
»

MOLAR FRACTION

MOLAR FRACTION

1.0

0.8

0.6

04

02

0.0

1.0

08

0.6

04

0.2

0.0

1.0

0.8

06

0.4

0.2

0.0

1.0

08

06

0.4

0.2

0.0

1.0

0.8

0.6

04

0.2

0.0

1.0

08

0.6

0.4

0.2

0.0

pH 8.2 and 50° C

24 6 8 10 1214 16 18 20 22 24

TIME [HOURS]

o]

0 2 4 6 8 101214151820222‘4
TIME [HOURS]

0 2 4 6 8 101214161820222‘4
TIME [HOURS]

2 4 6 8 10 12 14 16 18 20 22 24

TIME [HOURS]

o]

0 2 4 6 B 1012 14 16 18 20 22 24

TIME [HOURS]

0 2 4 6 8 1012 14 16 18 20 22 24

TIME [HOURS]

0 5 10 15202‘5 30 3'5 40 45 50
TIME [HOURS]

0 5 10 15 20 25 30 35 40 45 50 55

TIME [HOURS]

MOLAR FRACTION MOLAR FRACTION MOLAR FRACTION MOLAR FRACTION MOLAR FRACTION MOLAR FRACTION MOLAR FRACTION

MOLAR FRACTION

1.0

08

06

04

0.2

0.0

1.0

0.8

0.6

04

0.2

0.0

1.0

08

0.6

04

0.2

0.0

1.0

[E3

0.6

04

0.2

0.0

1.0

08

0.6

04

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

pH7.4and37°C

TIME [DAYS]
a

A

.

012343567890 101121314
TIME [DAYS]

012345678 91011121314

TIME DAYS

0 2 4 6 8 10 12 14 16 18 20

TIME [DAYS]

0 2 4 6 8 10 12 14 16 18 20

TIME [DAYS]

0 2 4 6 8 10 12 14 16 18 20 22
TIME [DAYS]

o 5 10 15 20 25
TIME [DAYS]

5 0 5 10 15 20 25 30 35 40 45 50 55 60
TIME [DAYS]

17



Supplementary Material

Supplementary Figure 4. Kinetic studies for hydrolysis in the pH 8.2, 50° C and pH 7.4 and 37° C;
green squares (substrate), red circles (intermediate product), indigo trianglesr@fthaits).
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pH7.4and 37°C
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Supplementary Material

Supplementary Figure 5. Curve fitting results for the sum of the substrates (S) and intermediate
products (IP) upon filaggrin peptide (FP) hydrolysis under harsh and physiological conditions (pH
7.4 and 37 °C).
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Supplementary Material

Supplementary Figure 6. (A) A comparison of Ni-assisted hydrolysis rates for filaggrin peptides

(FP) and recombinant filaggrin monomer (F1G) obtained for harsh conditions (pH 8.2 and 50 °C).
(B) A comparison of Ni*-assisted hydrolysis rates for FPs and FLG3 obtained for physiological
conditions (pH 7.4 and 37 °Q)C) The comparison of reaction rate decrease upon switch from harsh
to physiological conditions for the most active model peptides and thelBldemain. The

difference between the peptides and the protein domain indicates higher susceptibility to hydrolysis.
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Supplementary Figure 7. CD and UMVIS pH titration for the FLG hydrolysis products (HPs)
complexed with nickelThe pH values marked wittolor gradient from dark blue (the lowest
pH=3.5) to red (the highest pH=11.5).

Supplementary Figure8. Molecular modelling of the FLG hydrolysis products (HPs) complexed
with nickel. Atoms are marked in colours as: cyan (C), red (O), whitar{éiyjo (N) and magenta

(Ni).
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