OO ~NOOAPWN =

Journal of Investigative Dermatology

simulations consisted of an initial minimization of water molecules followed by 100 ps

of MD with the protein restrained. Following positional restraints MD, all restraints on

the protein were removed and MD continued for a further 50 ns. Coordinates were

archived throughout the simulation at 100 ps intervals.

Cell culture and plasmid transfection, HaCaT immortalized keratinocytes and Hel.a

cells were maintained in Dulbecco’s modified Eagle’s medium (GIBCO, Grand Island,

NY, USA) supplemented with 10% (v/v) fetal bovine serum. Normal human epidermal

keratinocytes (NHEK) from neonatal foreskin (NHEK: L.onza, Allendale, NJ, USA)

were cultured in keratinocyte growth medium (KGM: Lonza). Three different

transfections (K14WT, K14A413P and K14A413T) into HaCaT cells or HeLa cells (2

ug of plasmid in 6-well dishes) were performed using Lipofectamine LTX (Invitrogen)

according to the manufacturer’s instructions. Three different plasmids (K14WT,

K14A413P and K14A413T) were transfected respectively into NHEK (5 ug of plasmid

in_6-well dishes) with electroporation using Amaxa Nucleofector apparatus (Amaxa,

Cologne, Germany). Also, three different transfections into HaCaT cells, including

K14A413P alone (2 pg of plasmid in 6-well dishes), a combination of equal amounts of

K14A413P (1 pg) and K14WT (1 pg) (K14A413P/K14WT), and a combination of equal
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amounts of K14A413P (1 pe) and K14A413T (1 pg) (K14A413P/K14A413T) were

performed using Lipofectamine LTX (Invitrogen).

Immunoblot analysis. At 24 h after transfection, HaCaT cells were lysed in Laemmli

buffer (consisting of 62.5 mM Tris-HCI (pH 6.8), 3% SDS, 5% mercaptoethanol) on ice

for 10 min, cell debris was removed by centrifugation at 14,000 rpm for 5 min, and

supernatant was collected. Supernatants were electrophoresed on a NuPAGE 4-12%

bis-Tris gel (Invitrogen) and transferred to a PVDF membrane. The membrane was

incubated with horseradish peroxidase (HRP) conjugated anti-V5 antibody (Invitrogen)

for one hour at room temperature, and the blots were detected using the ECL Plus

Detection Kit (GE Healthcare).

Confocal laser analysis. At 24 h after transfection, the cells were washed with

phosphate-buffered saline and fixed with methanol. A FITC-conjugated anti-V5

antibody (Invitrogen) was used to detect transfected cells. All cells were observed using

a confocal laser scanning microscope (Olympus Fluoview FV300). The cells with

keratin aggregates were counted in five different areas, two from each experimental

replicate (a mean of 42 cells from each replicate) as described previously (Yasukawa ef
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al., 2002), and the results obtained from the ten counts were expressed as the mean *

SEM.

Ethics. The medical ethics committee of Hokkaido University Graduate School of

Medicine approved all studies. The study was conducted according to the Declaration of

Helsinki Principles. Participants or their legal guardians gave written informed consent.
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Figure legends

Figure 1. Clinical and ultrastructural features of a family with epidermolysis
bullosa simplex
(a) Blisters and erosions are seen in the proband’s right sole (arrows). (b) Toenail

deformities are observed in the proband. (c) Ultrastructural features of the proband

lesional skin sample show basal cell cytolysis (bar: 5 um). No apparent keratin clumps

are seen. (d) Pedigree of the proband’s family. Affected individuals are indicated by

black fill. The proband is indicated by an arrow.

Figure 2. KRT14 mutation analysis

(a) The proband (III-2) is heterozygous for ¢.1237G>C (p.Ala413Pro) in KRTI14 (an

arrow). (b) 2 out of 100 normal controls are heterozygous for ¢.1237G>A (p.Ala413Thr)

(an arrow). (c) 1 out of 100 normal controls is homozygous for c¢.1237G>A

(p.Ala413Thr) (an arrow). (d) The proband’s uncle (II-3) is compound heterozygous for

¢.1237G>C (p.Ala413Pro) and ¢.1237G>A (p.Ala413Thr) (an arrow). (e) The wild-type

sequence. (f) Mutant-allele specific amplification shows that affected family members

(Fig. 1d) harbor ¢.1237G>C (p.Ala413Pro).

Figure 3. Molecular dynamics of the keratin heterodimer
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(a) Sequences of the keratin helix motif and the heptad repeat positions in K5 and K14.

(b-d) Molecular dynamics simulations. The changes in secondary structure due to an

amino acid substitution were visualized through the molecular dynamics. These

simulations were each run for 50.0 ns. Blue indicates the alpha-helix. The native (b) and

p-Ala413Thr (c) peptides retain alpha-helix geometry (blue-colored) throughout the

simulation. In contrast, increased instability in the alpha-helix was observed in the

p-Ala413Pro mutant peptide (d) bound with K5, which is indicated by the appearance of

yellow-colored turn motif (arrow heads). In the p.Ala413Pro peptide (d), the helical

geometry at the C-terminus of both K14 and K5 is substantially compromised

throughout the simulation - K5 is unstructured (coil geometry), and K14 alternates

between coil, bend and turn geometries. (¢) A schematic diagram of K14 structure. Note

that Ala*" is located at the helix termination motif (HTM) of the keratin molecule.

Ala*" corresponds to position 'b' of the heptad repeat (abcdefg), and is conserved

among keratin polypeptides. (f) K14 amino acid sequence alignment shows the level of

. g i " % « 41
conservation in diverse species of the amino acid Ala 2 (red characters).

Figure 4. In vitro assay using HaCaT cells transfected with mutated KRT14 cDNA

(a) Immunoblot analysis reveals that HaCaT cells transfected with either wild-type
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(K14WT) or mutated KRTI14 cDNA (K14A413T and K14A413P) express V5-tagged

K14 molecules. Equal protein loading was confirmed by reprobing with AC15

(anti-beta-actin antibody). (b-d) HaCaT cells transfected with K14WT (b) or K14A413T

(c) or K14A413P (d) (bar: 5 um). To visualize the transfected gene product, cells were

stained with FITC-conjugated anti-V5 antibody. Cells transfected with K14WT and

K14A413T have a normal keratin filament network (b, c¢), whereas significantly more
cells transfected with K14A413P exhibit small ball-like clump formation (d). (e¢) The
percentage of cells showing keratin aggregate formation among transfected cells is
compared. There are significantly more clumps observed in the K14A413P-transfected
cells (49+8%) than in those transfected with either K14WT (17£3%) or K14A413T
(6+4%). Each value shown represents the mean = SEM of ten individual samples. The
statistical significance of the differences between groups is assessed by one-way

ANOVA followed by Tukey’s test (*, p< 0.05).
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Supplementary figure legends

Supplementary Figure 1. In vitro assay using HaCaT cells cotransfected with

K14A413P/K14A413T or K14A413P/K14WT

The percentage of cells showing keratin clumping among transfected HaCaT cells is

compared. Each value shown represents the mean + SEM of ten individual samples.

There is no statistically significant difference in the percentage of clumped cells

between K14A413P/K14A413T (324+5%) and K14A413P/K14WT (30+5%) (Student’s

t-test, p> 0.05). HaCaT cells transfected with K14A413P alone are used as control (the

percentage of clumped cells; 42+6%).

Supplementary Figure 2. In vitro assay using HeLa cells transfected with mutated

KRT14 cDNA

The percentage of cells showing keratin aggregates among transfected Hela cells is

compared. Each value shown represents the mean + SEM of ten individual samples.

There are significantly more keratin _clumped cells observed in the

K14A413P-transfected Hela cells (77+7%) than in those transfected with either

K14WT (14+4%) or K14A413T (10+4%). The statistical significance of the differences

between groups is assessed by one-way ANOVA followed by Tukey’s test (*, p< 0.05).
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10 Supplementary Figure 3. In vitro assay using normal human epidermal

13 keratinocytes transfected with mutated KRT14 cDNA

16 Normal human epidermal keratinocytes (NHEK) transfected with K14WT (a) or

19 K14A413T (b) or K14A413P (c) (bar: 5 uym). No keratin aggregates were observed in

22 any of the groups.
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Figure 1. Clinical and ultrastructural features of a family with epidermolysis bullosa simplex
(a) Blisters and erosions are seen in the proband’s right sole (arrows). (b) Toenail deformities are
observed in the proband. (c) Ultrastructural features of the proband lesional skin sample show basal
cell cytolysis (bar: 5 um). No apparent keratin clumps are seen. (d) Pedigree of the proband’s
family. Affected individuals are indicated by black fill. The proband is indicated by an arrow.
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Figure 2. KRT14 mutation analysis

(a) The proband (III-2) is heterozygous for ¢.1237G>C (p.Ala413Pro) in KRT14 (an arrow). (b) 2
out of 100 normal controls are heterozygous for c.1237G>A (p.Ala413Thr) (an arrow). (c) 1 out of

100 normal controls is homozygous for c.1237G>A (p.Ala413Thr) (an arrow). (d) The proband’s
uncle (II-3) is compound heterozygous for ¢.1237G>C (p.Ala413Pro) and c.1237G>A (p.Ala413Thr)
(an arrow). (e) The wild-type sequence. (f) Mutant-allele specific amplification shows that affected

family members (Fig. 1d) harbor ¢.1237G>C (p.Ala413Pro).
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Figure 3. Molecular dynamics of the keratin heterodimer
(a) Sequences of the keratin helix motif and the heptad repeat positions in K5 and K14. (b-d)
Molecular dynamics simulations. The changes in secondary structure due to an amino acid
substitution were visualized through the molecular dynamics. These simulations were each run for
50.0 ns. Blue indicates the alpha-helix. The native (b) and p.Ala413Thr (c) peptides retain alpha-
helix geometry (blue-colored) throughout the simulation. In contrast, increased instability in the
alpha-helix was observed in the p.Ala413Pro mutant peptide (d) bound with K5, which is indicated
by the appearance of yellow-colored turn motif (arrow heads). In the p.Ala413Pro peptide (d), the
helical geometry at the C-terminus of both K14 and K5 is substantially compromised throughout the
simulation - K5 is unstructured (coil geometry), and K14 alternates between coil, bend and turn
geometries. (e) A schematic diagram of K14 structure. Note that Ala413 is located at the helix
termination motif (HTM) of the keratin molecule. Ala413 corresponds to position 'b' of the heptad
repeat (abcdefg), and is conserved among keratin polypeptides. (f) K14 amino acid sequence
alignment shows the level of conservation in diverse species of the amino acid Ala413 (red
characters).
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Figure 4. In vitro assay using HaCaT cells transfected with mutated KRT14 cDNA
(a) Immunoblot analysis reveals that HaCaT cells transfected with either wild-type (K14WT) or
mutated KRT14 cDNA (K14A413T and K14A413P) express V5-tagged K14 molecules. Equal protein
loading was confirmed by reprobing with AC15 (anti-beta-actin antibody). (b-d) HaCaT cells
transfected with K14WT (b) or K14A413T (c) or K14A413P (d) (bar: 5 ym). To visualize the
transfected gene product, cells were stained with FITC-conjugated anti-V5 antibody. Cells
transfected with K14WT and K14A413T have a normal keratin filament network (b, c), whereas
significantly more cells transfected with K14A413P exhibit small ball-like clump formation (d). (e)
The percentage of cells showing keratin aggregate formation among transfected cells is compared.
There are significantly more clumps observed in the K14A413P-transfected cells (49+£8%) than in
those transfected with either K14WT (17+£3%) or K14A413T (6+4%). Each value shown represents
the mean * SEM of ten individual samples. The statistical significance of the differences between
groups is assessed by one-way ANOVA followed by Tukey’s test (*, p< 0.05).
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