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Incorporation of desmocollin-2 into the plasma membrane
requires N-glycosylation at multiple sites
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Desmocollin-2 (DSC2) is a desmosomal protein of the cadherin family.
Desmosomes are multiprotein complexes, which are involved in cell adhe-
sion of cardiomyocytes and of keratinocytes. The molecular structure of
the complete extracellular domain (ECD) of DSC2 was recently described,
revealing three disulfide bridges, four N-glycosylation sites, and four
O-mannosylation sites. However, the functional relevance of these post-
translational modifications for the protein trafficking of DSC2 to the
plasma membrane is still unknown. Here, we generated a set of DSC2
mutants, in which we systematically exchanged all N-glycosylation sites, O-
mannosylation sites, and disulfide bridges within the ECD and investigated
the resulting subcellular localization by confocal laser scanning microscopy.
Of note, all single and double N-glycosylation- deficient mutants were effi-
ciently incorporated into the plasma membrane, indicating that the absence
of these glycosylation sites has a minor effect on the protein trafficking of
DSC2. However, the exchange of multiple N-glycosylation sites resulted in
intracellular accumulation. Colocalization analysis using cell compartment
trackers revealed that N-glycosylation- deficient DSC2 mutants were
retained within the Golgi apparatus. In contrast, elimination of the four
O-mannosylation sites or the disulfide bridges in the ECD has no obvious
effect on the intracellular protein processing of DSC2. These experiments
underscore the importance of N-glycosylation at multiple sites of DSC2 for
efficient intracellular transport to the plasma membrane.

Regulation of cell adhesion is highly relevant for cells
exposed to mechanical stress such as cardiomyocytes
during heart contraction or keratinocytes during skin
stretching. Desmosomes are specialized multiprotein
complexes, which mediate cell-cell adhesion [1]. Muta-
tions in genes, encoding desmosomal proteins, cause

Abbreviations

different genetic diseases of the skin and/or the heart
such as striate palmoplantar keratoderma (MIM
#148700) [2], Naxos disease (MIM #601214) [3], Car-
vajal syndrome (MIM #605676) [4], or arrhythmogenic
(right ventricular) cardiomyopathy (ACM;
MIM #609040) [5,6], respectively. ACM is clinically

ACM, arrhythmogenic (right ventricular) cardiomyopathy; DSC2, desmocollin-2; DSG2, desmoglein-2; ECD, extracellular domain; MAF, minor
allele frequency; PG, plakoglobin; PKP2, plakophilin-2; PTM, post-translational modification.
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characterized by right or biventricular dilation and
severe ventricular arrhythmias leading to heart failure
or even sudden cardiac death [7]. Histologically, ACM
is caused by fibrofatty replacement of the myocardial
tissue [8]. About 50% of the ACM patients carry one
or more mutations in genes encoding structural pro-
teins of the cardiac desmosomes [5,9].

The structural proteins forming the desmosomes
belong to three protein families. Desmocollin-2 (DSC2)
and desmoglein-2 (DSG2) are members of the cadherin
superfamily and connect the cardiomyocytes [10]. The
desmosomal cadherins are type I transmembrane pro-
teins and consist of an intracellular C-terminal domain,
a transmembrane domain, and five N-terminal extracel-
lular domains (ECDI-ECDY) [10,11]. The protein—pro-
tein interactions between the desmosomal cadherins are
Ca’"-dependent and are mediated by their first ECDs
[10]. The intracellular cytoplasmic domains are con-
nected to plakophilin-2 (PKP2) and plakoglobin (PG),
which are members of the Armadillo family [12]. PKP2
and PG connect the cadherins to the cytolinker protein
desmoplakin, which mediates the interaction with the
intermediate filament system of the cell [13].

Recently, Harrison et al. [10] determined the molec-
ular structure of the ECDs of different desmosomal
cadherins including DSC2 by X-ray diffraction analy-
sis. This study revealed three different kinds of post-
translational protein modifications (PTMs) within the
ECDs of DSC2. Four N-glycosylation sites at p.N166,
p-N392, p.N546, and p.N629, four O-mannosylation
sites at p.T338, p. T340, p.T558, and p.T560, and three
disulfide bridges at p.C471-C559, p.C585-C671, and
p.C669-C677 are present in the ECDs of DSC2
(Fig. 1A) [10]. O-mannosylations are rare PTMs,
which were initially discovered in yeast [14]. However,
recently several reports identified O-mannosylations
also in different members of the human cadherin fam-
ily [15-19].

Nevertheless, the functional impact of these PTMs on
the localization of DSC2 is widely unknown. Therefore,
we generated a set of different single and multiple DSC2
mutants, which were deficient for single or multiple
PTMs (Fig. 1B-E). We investigated the localization of
wild-type and mutant DSC2 at the plasma membrane
by confocal microscopy. These experiments revealed
that multiple N-glycosylation- deficient DSC2 mutants
were intracellularly retained within the Golgi apparatus
and were less efficiently incorporated into the plasma
membrane. However, genetic deletion of the disulfide
bridges or O-mannosylation sites had no obvious effect
on the DSC2 localization. Our study highlights the rele-
vance of multiple N-glycosylations for an efficient traf-
ficking of DSC2 to the plasma membrane.

Post-translational modifications of desmocollin-2

Materials and methods

Plasmid generation

The cDNA of DSC2 (NM_024422.4) was fused via poly-
merase chain reaction (PCR) at the 5-end with a Xhol and
at the 3’-end with an Agel restriction site (Fig. S1) and was
afterward cloned into pEYFP-N1 (Clontech, Mountain
View, CA, USA). Missense mutations were inserted using
the QuikChange Lightning Site-Directed Mutagenesis Kit
(Agilent Technologies, Santa Clara, CA, USA) using
appropriate primers (Table S1). The protein coding regions
of all generated plasmids were verified by Sanger sequenc-
ing (Macrogen, Amsterdam, the Netherlands). Information
about the generated plasmids is summarized in Table S1.

Cell culture

HT1080 cells were cultured under standard conditions
(37 °C, 5% CO,, humidified incubator) in Dulbecco’s mod-
ified Eagle’s medium (DMEM, 4.5 g-.L~! glucose, supple-
mented with penicillin and streptomycin and 10% FBS)
[20]. HL-1 cardiomyocytes were cultured as previously
described.

Cell transfection and nucleofection

HT1080 cells were transfected using Lipofectamine 3000
(Life Technologies, Carlsbad, CA, USA) according to the
manufacturer’s instructions. For imaging, cells were cul-
tured in Lab-Tek II Chambers (Thermo Fisher Scientific,
Waltham, MA, USA). Forty eight hours after transfection,
the cells were washed twice with PBS and were fixed with
Roth-Histofix 4% (Carl Roth, Karlsruhe, Germany) for
10 min at room temperature (RT).

Briefly, HL-1 cardiomyocytes were incubated with tryp-
sin/EDTA for 4 min at 37 °C, washed with PBS, and cen-
trifuged for 5 min at 200 g. Afterward, HL-1 cells were
transfected via nucleofection using the 4D-Nucleofector in
combination with the Primary P3 Transfection Kit (Lonza,
Cologne, Germany). Thirty micro gram of plasmid DNA
was used for nucleofection. After nucleofection, the cells
were incubated for 10 min at 37 °C and were cultured
afterward in Claycomb medium under standard conditions
in Lab-Tek II Chambers. Forty eight hours after nucleofec-
tion, the cells were fixed, stained, and analyzed by confocal
microscopy.

Immunocytochemistry

After fixation with 4% PFA, the cells were permeabilized
using 0.1% Triton X-100 (5 min, RT) and were incubated
with rabbit anti-DSG2 antibodies (Abcam, Cambridge,
UK, #ab150372, 1:100) for 1 h at RT. Afterward, the
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cells were washed several times with PBS and were incu-
bated with secondary anti-rabbit IgG antibodies conjugated
with Alexa 647 (Abcam, #ab150075, 1 : 100). After several
additional washing steps with PBS, the cells were embedded
in Vectashield Antifade Mounting Medium (Vector Labo-
ratories, Burlingame, CA, USA) and were analyzed using
confocal microscopy. F-actin was costained with phalloidin
conjugated to Texas Red according to the manufacturer’s
instructions (Thermo Fisher Scientific, #17471).

Confocal microscopy

HT1080 cells were grown in Lab-Tek II Chamber Slides
(Thermo Fisher Scientific) and were directly used for
microscopy. Twenty four hours after transfection, the cells
were washed with PBS and then fixed. The TCS SP§ system
(Leica Microsystems, Wetzlar, Germany), equipped with a
HC PL API C52 (63x/1.30) glycerin objective, HyD hybrid
detectors, and Application Suite X software, was used for
confocal microscopy. EYFP was excited at 488 nm, and
the emission was detected between 493 and 560 nm. Alexa
647 was excited at 638 nm, and the emission was detected
between 643 and 775 nm. Texas Red was excited at
552 nm, and the emission was detected between 557 and
750 nm. In multichannel experiments, the fluorescence dyes
were sequentially imaged.

Colocalization and cell compartment analysis

Cell compartment trackers were used according to the man-
ufacturer’s instructions (Life Technologies). TagRFP was
excited at 552 nm, and the emission was detected in the
range between 557 and 781 nm. EYFP was excited at
488 nm, and the emission was detected between 493 and
547 nm. The different channels were sequentially imaged.
Colocalization analysis was performed using Leica Applica-
tion Suite X software (Leica Microsystems).

Western blot analysis

Transfected cells were harvested 48 h after transfection,
were washed twice with PBS, and were immediately frozen
in liquid nitrogen. The cells were lysed using RIPA buffer
(10 mm Tris/HCI, 1 mm EDTA, 0,5 mm EGTA, 1% Triton
X-100, 0,1% SDS, 0,1% sodium deoxycholate, 140 mm
NaCl, 1 mm PMSF) supplemented with proteinase

Post-translational modifications of desmocollin-2

inhibitors (Sigma-Aldrich, St. Louis, MO, USA). Three
cycles of freezing in liquid nitrogen and thawing were used
for cell lysis. Protein concentrations were determined using
the Pierce 660 nm Protein Assay (Thermo Fisher Scientific)
according to the manufacturer’s instructions. Mini-PRO-
TEAN 4-20% TGX gels (Bio-Rad, Hercules, CA, USA)
were used for sodium dodecyl sulfate—polyacrylamide elec-
trophoresis (SDS/PAGE). Proteins were blotted using the
Trans-Blot Turbo Transfer System (Bio-Rad). Homogenous
protein transfer on the membranes was verified by Ponceau
S staining. After blocking with 5% fat dried milk in Tris-
buffered saline supplemented with 0.1% Tween-20 (TBST)
for 1 h at RT, the membranes were incubated with primary
antibodies at 4 °C overnight. Anti-EYFP (Chromotek, Pla-
negg-Martinsried #PABGI1, 1 :1000) and anti-GAPDH
(Abcam, #AB9485, 1 : 1000) antibodies were used in com-
bination with secondary antibodies conjugated with horse-
radish peroxidase (GE Healthcare Life Sciences, Pittsburgh,
PN, USA #NA934VS, 1 : 1000). The WesternBright Quan-
tum Detection Kit (Advanstar, Santa Monica, CA, USA)
was used in combination with the Multilmage Light Cabi-
net (Alpha Innotech Corporation, San Leandro, CA, USA)
for visualization of the luminescence signals.

In silico analysis

We used the molecular structures of the ECD fragments of
DSC2 (5J5) and SERP, https://www.rcsb.org/), which were
recently reported by Harrison et al. [10] for in silico analysis
using PyYMOL 2.1.1 (Schrodinger, Cambridge, MA, USA).

Statistical analysis

Each transfection experiment was performed in triplicate or
more, and about twenty transfected cells were analyzed per
experiment. Western blot analysis was repeated twice of
two independent transfection experiments revealing compa-
rable results. Data were presented as mean + standard
deviation (SD). Nonparametric Kruskal-Wallis test was
performed using GRAPHPAD PRISM Vv5.00 (GraphPad Soft-
ware, San Diego, CA, USA). P-values < 0.05 were consid-
ered as significant.

Results

The impact of the PTMs on protein localization of
DSC2 is currently unknown. Therefore, we started our

Fig. 1. Structural overview about the ECD of DSC2. (A) Molecular structures of the EC1 (5J5J) and EC2-5 fragments of DSC2 (5ERP,
https://www.rcsb.org) [10]. The sugar residues of the N-glycosylation sites are shown in dark blue, and the mannose residues of the O-
mannosylation sites are shown in light blue. The protein backbone is colored in green, Ca®* ions are shown in orange, and cysteine residues
forming disulfide bridges are labeled yellow. (B-E) Schematic overviews about the generated DSC2 constructs. N-glycosylation sites are
shown in red, and O-mannosylation sites are labeled in blue. Disulfide bridges are indicated by yellow and red lines. (B) DSC2 wild-type
construct. (C) N-glycosylation- deficient DSC2 constructs. (D) O-mannosylation- deficient constructs. (E) Disulfide bridge-deficient DSC2

constructs.
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Fig. 2. Cellular localization of N-
glycosylation- deficient DSC2 mutants. (A)
Representative fluorescence images and
corresponding magnifications of
transfected HT1080 cells expressing wild-
type DSC2-eYFP or N-glycosylation-
deficient mutants are shown (green).
Endogenous DSG2 was stained using anti-
DSG2 antibodies and is shown in red.
Scale bars represent 50 pm.

(B) Quantitative analysis of transfected
cells with DSC2 membrane localization.
Nonparametric Kruskal-Wallis test was
used for statistical analysis. ***P < 0.001;
n = 6. Error bars indicate mean =+ SD.

(C) Representative fluorescence images of
transfected HL-1 cells expressing wild-
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analysis by systematically subsidizing the four aspara-
gine residues at p.N166, p.N392, p.N546, and p.N629
against glutamine residues to generate single N-glyco-
sylation- deficient DSC2 mutants (Fig. 2). Analysis of
transiently transfected HT1080 and HL-1 cells using
confocal microscopy revealed that all DSC2 single
mutants deficient for one specific N-glycosylation site
were colocalized together with the endogenous DSG?2
at the plasma membrane comparable to the wild-type
form (Fig. 2A-C), indicating that the absence of one
N-glycosylation can be compensated. Therefore, we
generated systematically multiple N-glycosylation- defi-
cient mutants. Whereas the three different double
mutants with two deficient N-glycosylation sites were
correspondingly localized at the plasma membrane
(Fig. 2A—C), the simultaneous deletion of three or four
N-glycosylation sites caused an intracellular accumula-
tion of DSC2 in vesicular structures (Fig. 2A-C) in
nearly all transfected cells (Fig. 2A—C). These experi-
ments indicate that multiple N-glycosylation sites are
necessary for an efficient protein transport to the
plasma membrane. Western blot analysis demonstrated
a significant different molecular mass of the N-glycosy-
lation- deficient mutant in comparison with the wild-
type form (Fig. S3).

In the next steps, we deleted sequentially the four O-
mannosylation sites of DSC2 by changing threonine to
valine to investigate the impact of these PTMs on
DSC2 trafficking. The four O-mannosylation- deficient
mutants (p.T338V, p. T340V, p.T558V, and p.T560V)
were mainly incorporated into the plasma membrane
comparable to the wild-type DSC2 (Fig. 3). Interest-
ingly, also the double, triple, and quadruple O-manno-
sylation- deficient mutants were mainly colocalized
with endogenous DSG2 at the plasma membrane in
both cell lines (Fig. 3). Of note, even deletion of all
four O-mannosylation sites caused in contrast to the
quadruple N-glycosylation- deficient mutants no intra-
cellular accumulation in the majority of transfected
cells (Fig. 3). These results indicate that the four O-
mannosylation sites of DSC2 are not mandatory for
an efficient transport to the plasma membrane.

Desmocollin-2 carries in addition also three disulfide
bridges (p.C471-C559, p.C585-C671, and p.C669-
C677) localized in the ECD4 and ECDS5. To evaluate
the impact of these PTMs, we generated double DSC2
mutants exchanging both cysteine residues against ala-
nine residues. However, these three disulfide bridge-
deficient DSC2 mutants were not obviously differently
localized in comparison with the wild-type form in
transfected HT1080 and HL-1 cells (Fig. 4A-C) indi-
cating no or only a minor influence on the protein
processing of DSC2.

Post-translational modifications of desmocollin-2

As predicted, the combined deletions of N-glycosyla-
tion and O-mannosylation sites caused the same DSC2
accumulation within the intracellular vesicular struc-
tures (Fig. S2). To investigate in which cell compart-
ment the DSC2 mutants were retained, we used
different cell compartment trackers and investigated
the colocalization of wild-type and mutant DSC2 with
these markers. These experiments revealed that the
mutant DSC2 molecules were mainly retained within
the Golgi apparatus (Fig. 5).

Discussion

Desmosomes are cell-cell junctions, which received
medical attention because mutations in genes encoding
desmosomal structural proteins cause severe diseases of
the heart [5,6,21] and/or of the skin [22]. The main func-
tion of the desmosomes is to provide cell—cell adhesion,
which is important for tissue integrity [23]. Especially,
cells exposed to nanomechanical stress such as car-
diomyocytes during the contraction cycle or epithelial
cells during skin stretching express therefore desmoso-
mal proteins. While the structural composition and
structure of the desmosomes have been investigated
since many years, the cellular regulation and dynamic
assembly of desmosomes are poorly understood.

Human-induced pluripotent stem cells (hiPSCs) can
be differentiated into cardiomyocytes [24]. However,
because genome-editing approaches of hiPSC-derived
cardiomyocytes to introduce missense variants are still
challenging, we used HT1080 cells and in addition the
cardiac cell line HL-1 [25,26]. The transfection efficiency
of HT1080 cells was in our experiments between 5%
and 10% and of HL-1 cells about 2%. HT1080 cells
express endogenous DSG2 but do not express endoge-
nously DSC2 [26] and are therefore an appropriate
model to investigate DSC2 mutants without interfer-
ences of the endogenous protein. In addition, we verified
our findings using the cardiac HL-1 cell line.

Recently, Harrison et al. [10] determined the molec-
ular structure of the complete ECDs of DSC2 and
DSG2 by X-ray diffraction. Four different N-glycosy-
lation sites, four O-mannosylation sites, and three
disulfide bridges were found in the ECD of DSC2 [10].
However, the relevance of these PTMs for the protein
processing of the desmosomal cadherins is currently
unknown. Therefore, we addressed in this study the
question which of these PTMs are mandatory for an
efficient incorporation of DSC2 into the plasma mem-
brane. To our surprise, genetic deletion of single iso-
lated N-glycosylations, O-mannosylations sites, or
disulfide bridges had no or only a minor effect on the
protein transport of DSC2 to the plasma membrane,

FEBS Open Bio 9 (2019) 996-1007 © 2019 The Authors. Published by FEBS Press and John Wiley & Sons Ltd. 1001



A. Brodehl et al.

Post-translational modifications of desmocollin-2

HL-1
D5C2

HT1080

F-actin

Overlay

D5C2 D5G2

Overlay

DSC2 D5G2

Overlay

p ._ > ) I - " 9 3 I

no9sLd AoveLd nogsyd ngssLd AD9sLd Aogsrd

-AggeLd -ABSSLd -AopELd -AopELd ‘AgssLd
AEELd -AgeELd -AoveLd

-ngeeLd

A8SSLd-ADFELd-ABEEL

A09SLd-AgsSLd
-AOvELd-ngeELd

A09SL'A-AOPELd-ABEELD

Aoverd-ageend A095Ld-AgssLd

ASgELd AovELd AgssLd AogsLd

LLMMUMIMIMD

_l

770/

T

KX
o

ot

——

100

(%) uonezjeso] sueIqWBW ZISA YNM

s||90 pajoajsuel) jo abejuadiag

50 4
0

FEBS Open Bio 9 (2019) 996-1007 © 2019 The Authors. Published by FEBS Press and John Wiley & Sons Ltd.

1002



A. Brodehl et al.

indicating that deficiency of single PTMs can be com-
pensated. Remarkably, the O-mannosylations and
disulfide bridges do not play a prominent role for the
intracellular transport of DSC2. However, we cannot
exclude that the adhesive properties of DSC2 were
altered by these PTMs.

Several DSC2 missense [27], nonsense [28], frame-
shift [5,29], or splice site mutations [21,30] were asso-
ciated with ACM in humans (ARVC Database,
http://www.arvcdatabase.info; [31]). However, the
clinical relevance of DSC2 missense mutations is
under controversial debate because in most cases the
evidence for their pathogenicity is still missing. To
the best of our knowledge, no knock-in mouse model
mimicking human ACM is available for DSC2 muta-
tions. Only a transgenic mouse model with a cardiac-
specific overexpression of human wild-type DSC2 was
reported [32]. These transgenic mice developed biven-
tricular cardiomyopathy associated with severe fibro-
sis, inflammatory remodeling, and calcification [32].

Interestingly, there is only one report describing a puta-
tive ACM-associated DSC2 missense mutation affecting a
PTM site [33]. Barahona-Dussault et al. [33] identified the
DSC2 missense variant (p.T340A) affecting the second O-
mannosylation site within the second ECD in a patient
with ACM. However, this patient carries also a second
pathogenic frameshift mutation in PKP2 (p.V837fsX930)
complicating the clinical and genetic interpretation of
DSC2-p.T340A. In addition, this variant and a second
variant at the same position (p.T340N) are also present in
control individuals (minor allele frequency, MAF;
p.T340A = 0.00003612; p.T340N = 0.00005288; Genome
Aggregation Database (gnomAD), http://gnomad.b
roadinstitute.org/, June 2018) [34]. Therefore, the patho-
genic impact of DSC2-p.T340A is questionable. This is in
good agreement with our functional data demonstrating
no obvious effect for single O-mannosylation-deficient
mutants. Interestingly, the gnomAD contains also rare
variants of some further PTM sites affecting the disulfide
bridges or the O-mannosylation s in the fourth and fifth
ECDs (MAF: p.C471Y and p.C471S = 4.067 x 10°°;
p.C559Y = 4.082 x 107% p.C671Y =8.15 x 107 p.T
560M = 1.633 x 10~°; and p.TS60A = 8.159 x 10~ °). In
spite of this, we could not find obvious effects on the

Post-translational modifications of desmocollin-2

localization of the single mutants missing the correspond-
ing PTMs.

To investigate whether the PTMs might have a
cooperative impact for the trafficking and localization
of DSC2, we generated a set of multiple N-glycosyla-
tion and O-mannosylation- deficient mutants. These
experiments revealed that obviously multiple N-glyco-
sylation- deficient mutants but not multiple O-manno-
sylation- deficient mutants were retained in the Golgi
apparatus demonstrating the cooperative relevance of
these PTMs for DSC2 processing. However, we have
not investigated the cellular half-life of different DSC2
mutants in comparison with the wild-type DSC2,
which is beyond the scope of this manuscript. Whereas
N-glycosylations are found in many human proteins,
there are currently only some human proteins known,
which carry O-mannosylations at specific serine or
threonine residues. However, in the last decade it was
shown that especially members of the cadherin family
carry O-mannosylations [15,17-19]. Remarkably, Lar-
sen et al. [15] recently demonstrated using a CRISPR/
Cas9 genetic dissection approach that the TMTCI-4
gene family encodes O-mannosyltransferases mediating
the modification of the cadherin superfamily including
DSC2.

In summary, we have investigated in this study the
impact of all different known PTMs (N-glycosylation,
O-mannosylation, and disulfide bridges) within the
ECDs of DSC2 on protein trafficking and incorpora-
tion into the plasma membrane. Our study demon-
strates that absence of single PTMs can be tolerated,
whereas multiple deletions of N-glycosylations lead to
an intracellular retention within the Golgi apparatus
highlighting the relevance of these PTMs for protein
processing of DSC2 (Fig. 5C).

Acknowledgements

We thank Prof. Dr. Thomas Dierks (University of
Bielefeld, Faculty of Chemistry, Germany) for provid-
ing HT1080 cells and Dr. William Claycomb (LSU
Health Sciences Center, New Orleans, LA, USA) for
providing HL-1 cells. The authors would like to thank
the gnomAD and the groups that provided exome and

Fig. 3. Cellular localization of O-mannosylation- deficient DSC2 mutants. (A) Representative fluorescence images of transfected HT1080
cells expressing wild-type DSC2-eYFP or O-mannosylation- deficient mutants are shown (green). Endogenous desmoglein-2 is shown in red.
Scale bars represent 50 um. (B) Quantification of transfected HT1080 cells with DSC2 membrane localization revealed no significant
differences between wild-type and disulfide bridge-deficient DSC2 mutants. Nonparametric Kruskal-\Wallis test was used for statistical
analysis. n= 3. Error bars indicate mean + SD. (C) Representative fluorescence images of transfected HL-1 cells expressing wild-type
DSC2-eYFP (green) and disulfide bridge-deficient mutants are shown. Endogenous F-actin is labeled with phalloidin conjugated with Texas

Red (red). Scale bars represent 10 um.

FEBS Open Bio 9 (2019) 996-1007 © 2019 The Authors. Published by FEBS Press and John Wiley & Sons Ltd. 1003


http://www.arvcdatabase.info
http://gnomad.broadinstitute.org/
http://gnomad.broadinstitute.org/

Post-translational modifications of desmocollin-2 A. Brodehl et al.

A Overlay DSC2 DSG2 Overlay DSC2 DSG2

.

p.C491A-p.C559A

p.C669A-p.C677A

<
—
~
w0
<

o
<
L
Q0
[¥p]
<

Q

F-actin

p.C491A-p.C559A

p.C585A-p.C671A
p.C669A-p.C677A

()

100 4

Percentage of transfected cells
g

with DSC2 membrane localization (%)

1004 FEBS Open Bio 9 (2019) 996-1007 © 2019 The Authors. Published by FEBS Press and John Wiley & Sons Ltd.



A. Brodehl et al. Post-translational modifications of desmocollin-2

Fig. 4. Cellular localization of disulfide bridge-deficient DSC2 mutants. (A) Representative fluorescence images of transfected HT1080 cells
expressing wild-type DSC2-eYFP or disulfide bridge-deficient mutants are shown (green). Endogenous desmoglein-2 labeled with antibodies
is shown in red. Scale bars represent 50 um. (B) Quantification of transfected HT1080 cells with DSC2 membrane localization revealed no
significant differences between wild-type and disulfide bridge-deficient DSC2 mutants. Nonparametric Kruskal-Wallis test was used for
statistical analysis. n = 3. Error bars indicate mean + SD. (C) Representative fluorescence images of transfected HL-1 cells expressing wild-
type DSC2-eYFP or disulfide bridge-deficient mutants are shown (green). Endogenous F-actin is labeled with phalloidin conjugated with
Texas Red (red). Scale bars represent 10 um.
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Fig. 5. Colocalization analysis of compartment trackers and the N-glycosylation- deficient DSC2 mutants. HT1080 cells were transfected
with (A) wild-type and (B) mutant DSC2-p.N166Q-p.N392Q-p.N546Q-p.N629Q-p.T338V-p.T340-p.T558V-p.T560V constructs. Cell organelles
were stained using compartment trackers. Colocalization of DSC2-eYFP and the compartment trackers were evaluated using Leica
Application Suite X software. Pearson’s correlation of DSC2 mutant: 0.83; overlap coefficient: 0.88; colocalization rate: 85.4%. Scale bars
represent 10 um. (C) Schematic overview. ER, endoplasmic reticulum; G, Golgi apparatus; N, nucleus; PM, plasma membrane. (Images for
ER and G are licenced from shutterstock.de)
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Fig. S1. Overview about the cloning strategy. DSC2a
cDNA was amplified by PCR fusing a Xhol and Agel
restriction site. Afterward the DSC2 cDNA was
inserted into pEYFP-N1 (Clontech). Sequential site
directed mutagenesis was used to insert the mutations.
The protein coding regions of all plasmids were
sequenced (Macrogen).

Fig. S2. (A-D) Schematic overviews about the generated
multiple PTM deficient DSC2 cDNA constructs. N-gly-
cosylation sites are shown in red and O-mannosylation
sites are labeled in blue. Representative fluorescence
images and corresponding magnifications of transfected
HT1080 cells expressing wild-type DSC2-eYFP (green)
and N-glycosylation deficient mutants are shown. (A)
DSC2-p.N166Q-p.T338V-p.T340V-p.N392Q-p.N546Q (B)
DSC2—p.N166Q-p.N392Q-p.N546Q-p.T558V-p.T560V;
(C) DSC2-p.N166Q-p.N392Q-p.N546Q-p.N629Q-p. T338V-
p. T340V (D) p.N166Q-p.N392Q-p.N546Q-p.N629Q-
p-T338V-p. T340V-p. T558V-p. T560V. Scale bars repre-
sent 10 pm.

Fig. S3. (A-F) Electropherograms demonstrating the
replacement of modified amino acids. (G) Western blot
analysis revealed the expression of DSC2-EYFP fusion
constructs in transfected cells. Of note, the molecular
mass of the N-glycosylation deficient construct is sig-
nificant smaller in comparison to the wild-type form.
GAPDH was used as a loading control.

Table S1. Overview about the generated plasmids and
used oligonucleotides (5'-3').
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