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ABSTRACT

The aim of this study was to identify genes that are specifically expressed in pancreatic islet B-cells
(hereafter referred to as B-cells). Large-scale complementary DNA-sequencing analysis was per-
formed for 3,429 expressed sequence tags derived from murine MIN6 -cells, through homology
comparisons using the GenBank database. Three individual ESTs were found to code for protease
serine S1 family member 53 (Prss53). Prss53 mRNA is processed into both a short and long form,
which encode 482 and 552 amino acids, respectively. Transient overexpression of myc-tagged
Prss53 in COS-7 cells showed that Prss53 was strongly associated with the luminal surfaces of
organellar membranes and that it underwent signal peptide cleavage and N-glycosylation.
Immunoelectron microscopy and western blotting revealed that Prss53 localized to mitochondria
in MING6 cells. Short hairpin RNA-mediated Prss53 knockdown resulted in Ppargcia downregulation
and Ucp2 and Glut2 upregulation. JC-1 staining revealed that the mitochondria were depolarized in
Prss53-knockdown MIN6 cells; however, no change was observed in glucose-stimulated insulin
secretion. Our results suggest that mitochondrial Prss53 expression plays an important role in
maintaining the health of B-cells.
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Introducti
ntroduction under several pathological or physiological con-

ditions, such as normal cells versus tumor
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cells, caloric restriction,"" or cells exposed to

glucose concentrations.'”>  Moreover,

Pancreatic islet B-cells (hereafter referred to as
B-cells) are highly differentiated cells with cell-

specific gene functions that contribute to phy-  various

siological homeostasis in the body." Besides the
genes encoding insulin, amylin, or PDX-1, sev-
eral genes have been recently reported to be
expressed predominantly or preferentially in
pancreatic islets or pB-cells.”> However, most
genes responsible for the molecular basis of -
cell functions remain unidentified. We generated
a complementary DNA (cDNA) library and
determined the expression profile of MING6
cells, one of the best-studied B-cell lines.>” In
general, gene-expression differences have been
determined using oligonucleotide microarrays
to detect mRNA levels in cells® or tissues,” or

large-scale cDNA-sequencing analysis is advan-
tageous for generating a catalog of expressed
genes in target cells or tissues,''* and a pool
of unknown expressed sequence tags (ESTs)
obtained from such profiling would provide
a source of novel genes.'>"°

Expression profiling in target cells or tissues of
interest, based on the GenBank database, is useful
for predicting target-specific gene expression,
which can be experimentally confirmed. The pri-
mary purpose of this study was to discover novel -
cell-specific genes. We sequenced 3429 EST clones
derived from a MIN6 cDNA library and
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categorized them against the EST database  quantitative reverse transcription polymerase chain
(dbEST). Consistent with the in-silico predictions  reaction (qQRT-PCR) analyses revealed that Prss53
for B-cell-specific ESTs, expression of the protease ~ was expressed specifically in MING cells and pancrea-
serine S1 family member 53 (Prss53) gene was tic islets (Figure 1(b,c)). Additionally, Prss53 expres-
confirmed to be limited to MING cells or pancreatic ~ sion was downregulated in obese and diabetic KK-Ay
islets. mice, when compared with KK mice (Figure 1(d)).

Results Characterization of Prss53 isoforms

The estimated molecular masses of the short iso-
form (482 amino acids) and long isoform (552
Random sequencing yielded 3492 clones, among  amino acids) of Prss53 were 51.5 and 59.0 kDa,
which 438 (12.8%) were poorly characterized in silico. respectively (Figure 1(e), SIC). Alignment of the
For these 438 clones, the dbEST contained 13 EST long Prss53 isoform with other known proteins
entries from pancreatic islet libraries. Of these, nine revealed the presence of repeated catalytic triad
ESTs were derived from more than four tissue  (His, Asp, and Ser) motifs, which are observed in
libraries, whereas the remaining four ESTs were  serine proteases (Figures SIC and S2C). This long
derived from only two or three tissue libraries, includ-  Prss53 isoform contained nine conserved Cys resi-
ing pancreatic islet libraries. Among the four ESTs,  due repeats (Figure S2C). The short Prss53 isoform
three clones encoded overlapping sequences of the  Jacked exon 10, which encodes the second Ser resi-
Prss53 gene (Figure 1(a)). Northern blotting and  due in the active site. RT-PCR analysis using
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Figure 1. Detection of upregulated Prss53 expression in MIN6 cells. a. Scheme for detecting Prss53 upregulation using random cDNA
sequencing. Of the 3429 clones identified in silico, we focused on three common Prss53-encoding clones. b. Northern blotting analysis
of Prss53 expression in MIN6 cells and mouse pancreatic islets. 28S and 18S ribosomal RNAs were approximately 5 kb and 2 kb in size. c.
gRT-PCR analysis of C57BL/6 J mouse tissues. d. Prss53 expression in islets obtained from KK and KK-Ay mice. Data were plotted using
GraphPad Prism software. e. Schematic illustration of murine Prss53 isoforms, comprised of 482 or 552 amino acids. Repeated triads,
characteristic of serine proteases (the first unit: His”’, Asp'?® 224, 382 and Ser*”’). N-glycosylation

. and Ser*®*; the second unit: His**', Asp
were observed at N'%® and N°*. A hydrophobic region is represented within the black box at the NH,-terminus.



primers that target full-length Prss53 revealed
a short isoform (1730 bp) and a long isoform
(1947 bp): the expression level of the long isoform
was higher than that of the short isoform
(Figure S1A).

Typical consensus sites for N-glycosylation, i.e.,
the Asn-X-(Thr/Ser) motif, were detected at N'®°
and N°* in the long Prss53 isoform, whereas only
one N-glycosylation site (N'*°) was detected in the
short Prss53 isoform. Signal P (http://www.cbs.dtu.
dk/services/SignalP/), a program developed by
Nielsen et al.,”’ was used to predict the presence
of a cleavage site for the signal peptide between Ala
(A)" and Ala (A)'® for mouse Prss53, or Gly (G)"°
and Gln (Q)* for human Prss53 (Figure S2B). the
presence of a cleavage site for the signal peptide
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between Ala (A)'” and Ala (A)'® for mouse Prss53,
or Gly ()" and Gln (Q)*° for human Prss53
(Figure S2B).

Exogeneous Prss53-expression analysis

A myc-tagged variant of Prss53 was confirmed to
have a higher molecular weight than wild-type (non-
tagged) Prss53 (Figure 2(a)). After transfecting COS-
7 cells with the myc-Prss53 expression plasmid, both
the short and long isoforms of Prss53 were only
detected in cell extracts and not in the culture med-
ium, indicating that Prss53 was not secreted
(Figure 2(b)). Further, Prss53-expressing COS-7
cells were incubated with tunicamycin (Tunica; an
inhibitor of N-glycosylation) or phenyl-N-acetyl-a-
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methionine. Both the short (51.5 kDa) and long (59.0 kDa) isoforms of Prss53 were synthesized with (myc-tag) or without (No tag)
a myc-epitope tag. b. Myc-tagged Prss53 expression was examined in COS7 cell protein extract (CP) or culture supernatant medium
(SN). IVT Prss53 was loaded as a size marker. c. Prss53-expressed-COS7 cells with tunicamycin (Tunica) or phenyl-N-acetyl-a-
p-galactosaminide (GalNac). IVT Prss53 was loaded as a size marker. d. Subcellular fractionation of Prss53-expressing COS7 cells.
PNS; post-nuclear supernatant, Mm; plasma membrane fraction, Cy; cytosolic fraction, Org; organellar fraction. e. The pellet (P) and
supernatant (S) of the Org fraction were resuspended in a homogenizing buffer without Triton X-100 and diluted 50-100-fold in 1 M
NaCl or 100 mM Na,COs, after which they were incubated on ice or 30 min. f. After mixing the Org fraction with Triton X-114, it was
separated into an aqueous layer (Aqg) and a detergent layer (De). g. Protease K-protection assay. The Org fraction was incubated with or
without proteinase K (Pro K), in the presence of absence of Triton X-100 (TX100). The open and closed arrowheads indicate the short
and long isoforms of Prss53, respectively. Nonspecific bands were observed at 50 kDa. The results of western blotting analysis with an
anti-myc tag antibody are shown.
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D-galactosaminide (GalNAg; an inhibitor of mucin-
like O-glycosylation). Only tunicamycin treatment
decreased the size of both the short and long iso-
forms of Prss53 (Figure 2(c)). Furthermore, proteins
treated with tunicamycin were smaller than those
translated in vitro. The decreased molecular weights
of the Prss53 isoforms in COS-7 cells after tunica-
mycin treatment, compared to those of Prss53 trans-
lated in vitro (Figure 2(c)), suggests that the signal
peptide (amino acids 1-23; calculated molecular
weight = 2.5 kDa) was cleaved during co-
translation. The two N-glycosylation sites (N166
and N545, molecular weight of each
N-glycosylation group = 2-3 kDa; Figure 1(e)) for
the Prss53 long form, after release of the signal pep-
tide (2.5 kDa) in COS-7 cells, might account for the
larger molecular weight (the net result is an increase
of about 2.5 kDa) of this protein compared to the
in vitro-translated (IVT) proteins (Figure 2(b)). In
contrast, preventing N-glycosylation at one site
(N166) in the short Prss53 isoform, whose signal
peptide (2.5 kDa) is released in cells, made its size
apparently the same as that synthesized in vitro
(Figure 2(b)). Centrifugally fractionated lysates
from myc-Prss53-expressing COS-7 cells were used
to analyze the interaction of Prss53 with organellar
(Org) membranes. The Org fraction mainly com-
prised organellar membranes from the rough and
smooth endoplasmic reticulum, Golgi apparatus,
and mitochondria.

Association of Prss53 with organellar membranes

The Org fraction of myc-Prss53-expressing COS-7
cells was treated with Na,COj3, which disrupts vesicles,
resulting in the release of soluble or peripheral pro-
teins, where the membrane proteins remained bound
to the membrane. Prss53 was detected in the pellet
fraction after extraction with sodium chloride (con-
trol) or Na,COj; (Figure 2(e)), indicating that Prss53 is
a peripheral protein associated with organellar mem-
branes. Next, the transmembrane-spanning region of
Prss53 was examined using a phase-separation
method with Triton X-114. myc-tagged Prss53 parti-
tioned completely into the aqueous supernatant, indi-
cating that Prss53 was not expressed as
a transmembrane protein, despite the prediction
made by the TMpred program (Figure 2(f)).

Furthermore, the location of Prss53 (inside or outside
the membrane) was examined by performing protei-
nase K-protection assays. In the absence of Triton
X-100, proteinase K did not digest myc-tagged
Prss53. However, treatment with Triton X-100 pro-
moted proteinase K-mediated digestion of myc-
tagged Prss53 (Figure 2(f)), indicating that Prss53
was bound to the membrane. Thus, Prss53 is
a peripheral protein associated with the luminal sur-
face that is not integrated into the membrane and is
associated with some organelles.

Mitochondrial localization of the Prss53 protein

Prss53 expression was detected in insulin-positive cells
(Figure 3(ab)) from mouse pancreatic tissues.
Transmission electron microscopy analysis of MIN6
cells revealed that Prss53 was localized to mitochon-
dria (Figure 3(c)). Western blotting analysis revealed
that Prss53 separated into the mitochondrial fraction
of MING cells (Figure 3(d)).

Effect of Prss53 knockdown in MING cells

Lentiviral short-hairpin RNA (shRNA)-mediated
Prss53 knockdown was performed in MING6 cells
to examine the function of Prss53. When testing
different shRNAs against the Prss53 gene, the
most effective shRNA was found to be #KDI1
(Figures S3). Prss53 knockdown did not affect
the expression levels of various genes, including
Ins2 (an insulin-coding gene) and PdxlI.
Decreased Ppargcla/Pgcla  expression and
increased Ucp2 and Glut2 expression occurred
after Prss53 knockdown in MIN6 cells
(Figure 4(a,b)). These results suggest that mito-
chondrial dysfunction occurred in Prss53-
knockdown MING6 cells. Staining with the dye,
5,5',6,6'-tetrachloro-1,1',3,3'-tetraethyl  benzimi-
dazole carbocyanine iodide (JC-1), an indicator
used to study mitochondrial-membrane poten-
tials, revealed that mitochondrial depolarization
decreased in Prss53-knockdown MING6 cells
(Figure 4(c,d)), suggesting that the health of
the cells became poor following Prss53 knock-
down. However, glucose-stimulated insulin
secretion (GSIS) was not affected in these cells
(Figure 4(e)).
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Figure 3. Mitochondrial localization of Prss53 in MIN6 cells. a. Representative immunostaining images of Prss53 and insulin in tissues
from C57BL/6 mice. b. Overlapping fluorescence images of Prss53 (green) and insulin (red), a marker of pancreatic B-cells. c.
Transmission-immunoelectron micrographs. Localization to mitochondria (M) was determined based on the localization of gold
particles. d. Subcellular fractionation for subsequent western blotting analysis with antibodies against Prss53, Vdac1 (a mitochondrial

marker), and Actb (a cytosolic marker).

Discussion

In this study, we identified a prominently expressed
gene (Prss53) in MING6 cells and murine islets.
Prss53 was not annotated before this study was
started. In 2006, Santiago et al. reported a unique
protein with tandem serine-protease domains
within the same polypeptide chain, which was
named POLYSERASE-3.>> Waanders et al. per-
formed direct proteomic analysis of single pancrea-
tic islets and demonstrated the expression of the
hypothetical POLYSERASE-3 protein in mice.**
Furthermore, because the amino acid sequences
around these active sites have been confirmed to
be moderately similar to those of clan A, the S1
family of serine proteases,”> POLYSERASE-3 was
also termed PRSS53. Tonne et al. demonstrated that
Prss53 was expressed in wild-type islets and that
Prss53 expression was downregulated in a mouse
model of streptozotocin-induced type-1 diabetes
(T1D), indicating that Prss53 may serve a role in -
cell function.*® We showed that Prss53 expression
was downregulated in KK-Ay mice (Figure 1(d)),

which have been used to model T2D and obesity.
These results suggest that correlations exist
between Prss53-expression levels and the etiologies
of acute T1D and chronic T2D.

Prss53 expression (at least that of the long form)
was detected in the mitochondria of murine p-cells.
Because Prss53 shares high homology with other
serine proteases, few sites could be selected as candi-
date epitope sequences for producing a polyclonal
antibody (Figure S2C). Hence, the custom generated
anti-Prss53 antibody only detected the long form of
Prss53. The shRNA-mediated knockdown of Prss53
resulted in mitochondrial dysfunction as evidenced
by changes in the fluorescence of the JC-1 dye,
a mitochondrial indicator, and gene expression dif-
ferences (Figure 4(c,d)). Prss53 knockdown did not
affect Ins2 expression or that of its transcription
factor PdxI, an essential protein for B-cells.'”*” In
contrast, Prss53 knockdown  downregulated
Ppargcla/Pgcla expression and upregulated Ucp2
and Glut2 expression (Figure 4(a,b)). Ppargcla/
Pgcla is a transcriptional co-activator that interacts
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Figure 4. Effect of Prss53 knockdown on MING6 cells. a. Cells were transduced with a lentivirus to knock down Prss53 expression. qRT-
PCR analysis revealed that Prss53 expression was successfully knocked down in MING cells (#KD1), compared with that in the negative
control (NC) cells (n = 4). b. Western blot analysis was performed using Image)J software.?” The numbers shown represent the signal
intensities of the target proteins, normalized to that of B-actin. c. Mitochondrial-membrane potential assessments with JC-1 staining.
Red: green ratios were calculated using a microplate reader. d. Fluorescence images with taken after JC-1 dye staining were obtained
by fluorescence microscopy. e. GSIS in MIN6 cells. Values are shown as fold-changes relative to control conditions. AU, arbitrary units.

*P < .05 versus NC.

with various transcription factors to regulate fatty
acid metabolism, mitochondrial proteins, and anti-
oxidant defense responses.'®*® Nuclear respiratory
factor 1 (NFR1) is coactivated by PGCla, which in
turns activates mRNA expression of the transcrip-
tion factor A, mitochondrial (TFAM) gene, thus
inducing mitochondrial DNA (mtDNA)
synthesis.”” The expression levels of PGCla and
NEFR1 were significantly reduced in old animals,
indicating that mitochondrial biogenesis was
impaired.® TFAM is a protein that maintains the
integrity of mtDNA, and alterations in TFAM
expression have been associated with mitochondrial
damage.”’ Ppargcla/Pgcla and Nrfl expression
decreased in Prss53-knockdown MIN6 cells,
although no direct transcriptional decrease in Tfam
expression was observed (Figure 4(a) and S3D).
Pgcla expression was downregulated in the islets of
patients with T2D and correlated with decreased

insulin secretion,” and glucocorticoid-mediated
Pgcla overexpression in the fetal stage impairs
adult P-cell function by downregulating Pdx-I
expression.”” These findings indicate that the func-
tions of Pgcla and its homolog Pgclf in islets are
not fully understood. In this study, knocking down
Prss53 expression slightly upregulated Ppargclf/
Pgc1fB expression in MING6 cells (Figure 4(a) and
S3C). Thus, Pgclp might serve a compensatory role
in MING6 cells. Glucose triggers insulin secretion by
being metabolized to ATP within the p-cells.
MtDNA depletion in B-cells has been shown to
impair the GSIS response, emphasizing a critical
role for mitochondria in insulin secretion.”®**~**
Alterations in biochemical pathways that link glu-
cose uptake with ATP generation could thus alter the
GSIS response. Loss of GLUT2, a major glucose
transporter in rodent islet B-cells,” reduces glucose
uptake and ATP production.”® Furthermore, Glut2



downregulation inhibits GSIS in genetic- and che-
mical-induced diabetes and in transplanted islets
exposed to chronic hyperglycemia.”® On the other
hand, UCP2 is another mitochondrial protein that
inhibits insulin secretion from B-cells.”’ > The upre-
gulation of Glut2 by Prss53 knockdown may provide
a compensatory mechanism that enables normal
insulin secretion, even in the presence of mitochon-
drial defects with elevated Ucp2. Dysregulated insu-
lin secretion by P-cells and/or lowered insulin
clearance by the liver results in chronically elevated
insulin levels without hypoglycemia in individuals
with obesity and metabolic disorders.*>*' Further
studies are needed to clarify the roles of PRSS53 in f3-
cells.

The murine Prss53 amino acid sequences
exhibited 81.0% and 94.8% homology with
human and rat PRSS53, respectively (Figure
S2B). The high degrees of conservation among
these species indicate the biological importance
of PRSS53. In humans, PRSS53 expression is
upregulated in hair follicles, especially in the
inner root sheath. The Q30R substitution in

PRSS53  affects enzyme processing and
secretion.*” Genes in the associated region of
the single-nucleotide polymorphism

rs10782001 may be responsible for the asso-
ciated signaling.*’ This region includes POL3S
(later as PRSS53), which was strongly associated
with psoriatic arthritis (PsA). Patients with PsA
are seronegative for rheumatoid factors.
Psoriasis was previously reported to be asso-
ciated with obesity and T2D.** A meta-
analysis of observational studies indicated that
the risk for developing T2D in patients with
psoriasis and PsA was 1.76-fold higher than
that in healthy individuals.*> Another meta-
analysis of 22 critically evaluated observational
studies revealed that the risk of developing T2D
in patients with psoriasis was 1.42-fold higher
than that in healthy controls.*® Interestingly,
PRSS53 expression has only been reported in
the skin and has been correlated with inflam-
mation in humans. Tissue-specific expression of
PRSS53 may vary with species.

Mitochondria are involved in energy production
and in various and diverse signaling pathways. The
elucidation of PRSS53 functions might open the
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possibility of developing new therapies for diabetes
and mitochondria-related diseases. Further studies
are needed to clarify the roles of PRSS53 in relation
to mitochondrial functions.

Materials and methods
Cells and animals

MING6 cells were cultured in Dulbecco’s Modified
Eagle Medium (DMEM) (Wako; 044-29765) sup-
plemented with 25 mM glucose and 10% fetal
bovine serum (FBS). aTC1.6, PTC1.6, NIH3T3,
AtT20, and COS7 cells were cultured in DMEM
supplemented with 5.5 mM glucose and 10% FBS.
C57BL/6 J, KK, and KK-Ay mice were obtained
from Clea Japan, Inc. The animal studies were
approved by the Institutional Animal Care and
Use Committee of Tokushima University (approval
number 05323). To isolate murine islets, 0.25 mg/
mL of liberase RI (Roche; 05401020001) was
injected into the pancreatic duct. Each isolated
pancreas was digested at 37°C for 40 min. The
tissues were washed, and the islets were hand-
picked. Total RNA was extracted from the freshly
isolated islets of 10-week-old mice and subjected to
qRT-PCR analysis.

Construction of a cDNA library from MIN6 cells

Total RNA was isolated from cultured MING6 cells
using ISOGEN (Nippon Gene). A cDNA library of
the MING6 cells was constructed using the ATriplEx
phage vector (Clontech). Briefly, first-strand cDNA
was synthesized with oligo (dT) primers (5'-
GTCGACTCTAGATTTTTTTTTTTTTTT-3') con-
taining an Xbal site (underlined). The cDNAs with
a length of >400 base pairs (bp) were cloned into the
EcoRI and Xbal sites of the ATriplEx phage vector.
The EcoRI and Xbal sites of the ATriplEx vector were
flanked by two loxP sites, and MIN6 cDNA were
introduced between the loxP sites. Transducing the
Escherichia coli strain BM25.8 with ATriplEx lysate
resulted in the release and circularization of
pTriplEx, which was catalyzed by BM25.8-derived
Cre recombinase. Colonies of the recombinant
BM25.8 strain were selected for on culture plates
containing ampicillin (50 pg/mL).
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Large-scale cDNA sequencing

Individual pTriplEx clones were randomly selected
and sequenced using a Big Dye Terminator Cycle
Sequencing Kit (Applied Biosystems) for cDNA
screening. Homologies between the sequences in the
5'-end (400-500 bp) and the nucleotide sequences of
known genes and ESTs were examined using the
BLASTN program of the National Center for
Biotechnology Information (http://www.ncbi.nlm.
nih. gov/).

Northern blotting analysis

Total RNA (20 pg) was subjected to denaturing agar-
ose electrophoresis using a 1% agarose gel and trans-
ferred to a GeneScreen membrane with a pore size of
0.45 pm (NEN Life Science Products). Each insert in
the pTriplEx vector (EcoRI-Xbal fragment) was
labeled with [a-**P] dCTP using a Megaprime labeling
system (GE Healthcare Life Sciences) and used as
a probe. The membrane was hybridized overnight
with the probe at 42°C, washed, and exposed to
Kodak BIOMAX™ MS film at —80°C.

qRT-PCR analysis

Total RNA (500 ng) was subjected to reverse tran-
scription using the PrimeScript RT-PCR Kit (Takara)
and Thunderbird SYBR qPCR Mix (Toyobo).
Quantitative real-time PCR (qPCR) was performed
on an ABI PRISM 7300 instrument (Applied
Biosystems Japan). The qPCR conditions were as fol-
lows: 95°C for 2 min, followed by 40 cycles of 95°C for
15 s and 60°C for 31 s. Relative quantification was
performed by interpolating crossing point data on an
independent standard curve, thereby accounting for
any differences in amplification efficiency. The
sequences of the primers used to amplify Prss53, and
related target genes are shown in Figure S1 and
Supplemental Table 1. Actb expression was detected
as an internal standard.

Western blotting

The cells were washed with ice-cold phosphate-
buffered saline (PBS) and incubated in a buffer
(20 mM Tris-HCI [pH 7.4], 150 mM NaCl, 1%
sodium deoxycholate, 0.1% sodium dodecyl sulfate

[SDS], 1% Nonidet-P40, 2 mM ethylenediaminete-
traacetic acid [EDTA], 10 ug/mL leupeptin, and
1 mM phenylmethyl sulfonyl fluoride [PMSF]) for
30 min on ice. The lysates were passed through
a 21-gauge needle and centrifuged at 4°C and
13,500 x g for 30 min. Each supernatant was used
as a cell lysate. Proteins from the culture medium
were precipitated with cold acetone and resus-
pended in PBS. SDS-polyacrylamide gel electro-
phoresis (SDS-PAGE) was performed with 20 pg
protein following blotting onto an Immobilon-P
membrane with a pore size of 045 pm
(Millipore). After blocking with Tris-buffered sal-
ine containing 5% milk and 0.05% Tween 20 for
1 h, the membranes were incubated with a primary
anti-myc tag antibody (1:1000; New England
Biolabs),  followed by incubation  with
a horseradish peroxidase (HRP)-conjugated anti-
rabbit immunoglobulin G (IgG) secondary anti-
body (1:2000; GE Healthcare). Immunoreactive
bands were visualized using an Enhanced
Chemiluminescence Plus Detection Kit (GE
Healthcare), according to the manufacturer’s
instructions.

Cell-free transcription and translation

Prss53 protein was synthesized in vitro under the
control of the T7 promoter using a transcription-
translation coupled reticulocyte lysate system
(Promega; 14611) with pCR-Blunt II-Prss53
cDNA (including a stop codon) or pcDNA3.1/myc-
His-Prss53 cDNA at 30°C for 60-90 min in the
presence of’”® methionine, following the manufac-
turer’s instructions.

Analysis of glycosylation

COS-7 cells were transfected for 24 h with the
pcDNA3.1/myc-His-Prss53  vector, using the
PolyFect transfection reagent (Qiagen). The growth
medium was replaced with serum-free medium,
and the cells were cultured for an additional 24 h.
The Prss53-expressing COS-7 cells were incubated
for 24 h with the N-glycosylation inhibitor, tunica-
mycin (2.5 pg/mL; Sigma) or the mucin-like
O-glycosylation  inhibitor,  phenyl-N-GalNac
(2 mM; Sigma). Subsequently, total proteins were
extracted from the cells, as described previously.*’


http://www.ncbi.nlm.nih
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Subcellular fractionation

pcDNA3.1/myc-His-Prss53-expressing COS-7 cells
were washed thrice with PBS and scraped into
a homogenizing buffer (10 mM Tris-HCI [pH 7.4],
0.25 M sucrose, 2 mM EDTA, and 1 mM PMSEF).
Next, the cells were homogenized using a Dounce
homogenizer with 12 strokes of an A-type pestle.
The homogenate was centrifuged at 1000 x g for
10 min to remove the nuclei and large cell fragments.
The post-nuclear supernatant (PNS) was subjected
to centrifugation at 105,000 x g for 60 min to obtain
a membrane fraction (pellet; Mm) and a cytosolic
fraction (supernatant; Cy). Additionally, the PNS
was centrifuged at 10,000 x g for 12 min. The result-
ing supernatant was centrifuged at 105,000 x g for
60 min to obtain the Org fraction as a pellet. The Mm
and Org fractions were resuspended in
a homogenizing buffer containing 0.5% Triton
X-100, and the homogenate was subjected to western
blotting analysis. The Org fraction was used for
further analysis.

Carbonate extraction

The Org fraction was resuspended in a homogenizing
buffer (without Triton X-100), diluted 50-100-fold
with 1 M NaCl or 100 mM Na,COj3 (pH 11.5), and
incubated for 30 min on ice.* The suspension was
centrifuged at 105,000 x g and 4°C for 60 min. The
supernatant was concentrated to a volume of 5 pL
using an Ultrafree-0.5 centrifugal filter (Millipore) at
12,000 x g for 40 min. The pellets were gently rinsed
once with ice-cold water. The samples were resus-
pended in an SDS-containing sample buffer.

Protease-protection assay

The volume of the Org fraction (7 pL) was brought
up to 11 pL in a buffer containing 50 mM Tris-HCI
(pH 7.4), 100 mM NaCl, and 0.25 M sucrose. The
sample was incubated on ice in the presence or
absence of proteinase K (100 pg/mL) for 60 min.
For pretreatment, Triton X-100 was added (final
concentration of 1%) before adding proteinase
K. The samples were directly mixed with SDS sam-
ple buffer.
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Phase separation in Triton X-114

The phase-separation method used in this study
was described previously.****" Briefly, the Org
fraction was incubated in 100 pL of buffer
(10 mM Tris-HCl [pH 7.4], 150 mM NaCl,
and 1% Triton X-114) at 0°C for 15 min. The
insoluble material was removed by centrifuga-
tion at 3000 x g for 5 min. The supernatant was
layered onto 150 pL of a mixture comprising
a sucrose cushion (6%), 10 mM Tris-HCI (pH
7.4), 150 mM NaCl, and 0.06% Triton X-114.
The sample was incubated at 30°C for 5 min
and centrifuged at 1000 x ¢ and room tempera-
ture (approximately 22°C) for 3 min.

Immunohistochemical and immunofluorescence
analyses

A customized rabbit polyclonal anti-Prss53 anti-
body was synthesized by Immuno-Biological
Laboratories Co., using a VYFAEEPEPEAETGSC
peptide. The murine pancreas was fixed in 4%
paraformaldehyde (PFA), embedded in paraffin,
permeabilized with methanol containing 0.3%
hydrogen peroxide for 10 min, and incubated with
the anti-Prss53 antibody and an anti-goat IgG anti-
body (1:200; negative control; Santa Cruz
Biotechnology) at 37°C for 2 h. Next, the samples
were incubated with Histofine Simple Stain MAX
PO (Multi) or Histofine Simple Stain MAX PO (G)
(Nichirei Co.) for 30 min, followed by incubation
with the chromogen, 3, 3’-diaminobenzidine for
15 min. The nuclei were counterstained with
Mayer’s hematoxylin. For immunofluorescence
analysis, the permeabilized sections were incubated
with anti-Prss53 (rabbit IgG, 1:50) or anti-insulin
(guinea pig IgG; 1:50) antibodies from Sigma. The
sections were subsequently incubated with
a mixture of Alexa Fluor 488-labeled anti-rabbit
IgG donkey serum and Alexa Fluor 546-labeled
anti-guinea pig IgG donkey serum (1:200;
Molecular Probes, Inc.) at 37°C for 1.5 h. The sec-
tions were observed under a laser-scanning confo-
cal microscope (LSM510; Zeiss). Negative-control
samples were incubated with nonimmune normal
sera, instead of primary antibodies.
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Immunoelectron microscopy

MING cell pellets were fixed in PBS containing 4%
PFA for 30 min at 4°C and then incubated in PBS
containing 30% sucrose solution for 30 min at room
temperature. Next, the cells were transferred to 20%
polyvinylpyrrolidone and rapidly frozen in Reichert
KF-80 using liquid propane (—80°C), which was
cooled with liquid nitrogen. The specimens were
trimmed at —70°C, and frozen ultrathin sections
were prepared using an ultramicrotome (Leica EM
UC6/FC6, Leica) at —120°C.>* The ultrathin sections
were incubated with primary antibodies for 2 h. The
samples were then incubated with antibodies conju-
gated with 5 nm gold particles (GE Healthcare) for 2 h.
Electron micrographs were captured at 40 kV using
a Hi-7100 electron microscope (Hitachi Co., Ltd.).

Isolation of mitochondria

Cytosolic and mitochondrial fractions were pre-
pared using the Mitochondria Isolation Kit
(Thermo Fisher Scientific), following the man-
ufacturer’s instructions. Western blotting was
performed using an antibody against the mito-
chondrial marker Vdacl (1:2000; Calbiochem).

Lentiviral-mediated knockdown of Prss53

Prss53 was knocked down in MIN6 cells using
MISSON lentiviral transduction particles (SHCLNV-
XM_284356, clone ID  TRCN0000032807,
TRC0000032804, TRC0000032805, and TRCO00
00032806, designated here as #KD1, #KD2, #KD3,
and #KD4, respectively; Sigma), following the manu-
facturer’s protocol. Negative-control samples were
transduced with an empty vector-containing virus
(pLKO.1; catalog number, SHC016V; Sigma). The
MING cells were transduced at a multiplicity of infec-
tion of 10 in DMEM supplemented with 25 mM glu-
cose, 10% FBS, and polybrene (8 mg/mL) for 18 h.
Next, the cells were cultured in fresh medium. At
2 days post-transduction, the transduced MING6 cells
were selected by culturing them on a plate containing
puromycin (800 ng/mL) for 2 weeks. For qRT-PCR
analysis, the cells were seeded in 12-well plates and
cultured for 48 h. For western blotting analysis, the

cells were seeded in 60 mm plates and cultured for
24 — 48 h. Primary antibodies were diluted as indicated
in Can Get Signal solution 1 (Toyobo): anti-Prss53
(1:2000), anti-Pgcla (1:2000; Novus Biologicals), anti-
Ucp2 (1:2;000; BioLegend), anti-Glut2 (1:2000; Novus
biologicals) and anti-Actb (1:4000; Sigma). The sam-
ples were then incubated with HRP-conjugated rabbit
anti-donkey IgG or anti-sheep mouse IgG (GE
Healthcare) in Can Get Signal Solution 2.

JC-1 staining

Mitochondrial membrane potentials were
assessed in MING6 cells by performing JC-
l-incorporation assays with the Mitochondrial
Membrane Potential Assay Kit (Cayman
Chemical), a microplate reader, and the JC-1
mitoMP Detection Kit (Dojindo) for fluores-
cence images. Healthy MING6 cells were detected
with a fluorometer using excitation and emis-
sion wavelengths of 560 and 595 nm (red),
respectively, and dead cells were detected
using excitation and emission wavelengths of
485 and 535 nm (green), respectively. The
fluorescence ratio of free JC-1 monomers
(green) to JC-1 aggregates in mitochondria
(red) was measured with a fluorescence plate
reader (Infinite 200 Pro, Tecan), and the fluor-
escence was observed using a BZ-X800 dual-
emission fluorescence microscope (Keyence).

Measuring insulin concentrations

Insulin secretion into the culture medium from MIN6
cells was measured using the Mouse Insulin H-type™
Enzyme-Linked  Immunosorbent  Assay  Kit
(Shibayagi Co., Ltd.), according to the manufacturer’s
protocol. Briefly, MING cells were cultured for 1 —2 h
in Krebs—Ringer bicarbonate (KRB) buffer (129 mM
NaCl, 3.6 mM KCl, 0.5 mM NaH,PO,, 0.5 mM
MgSO,, 1.5 mM CaCl,, 2 mM NaHCO;, 10 mM
HEPES, and 0.1% bovine serum albumin) containing
2.0 mM glucose. Next, the KRB buffer was changed to
a buffer containing the indicated concentration of
glucose (2.0 mM or 20 mM), and the cells were
cultured for 1 h. The KRB buffer was collected and
the insulin concentration was measured.



Statistical analysis

The data are represented as the mean + standard
deviation, where n represents the number of inde-
pendent experiments. The means of different
groups were compared using one-way analysis of
variance. Differences were considered statistically
significant at P< .05.
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