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Abstract

Claudins provide tight junction barrier selectivity. The human CLDN5 gene contains a high-
frequency single-nucleotide polymorphism (rs885985), where the G allele encodes for glutamine
(Q) and the A allele encodes for an amber stop codon. Thus, these different CLDON5 alleles define
nested open reading frames (ORFs) encoding claudin-5 proteins that are 303 or 218 amino acids in
length. Interestingly, human claudin-16 and claudin-23 also have long ORFs. The long form of
claudin-5 contrasts with the majority of claudin-5 proteins in the National Center for
Biotechnology Information protein database, which are less than 220 amino acids in length.
Screening of genotyped human lung tissue by immunoblot revealed only the 218—amino acid form
of claudin-5 protein; the long-form claudin-5 protein was not detected. Moreover, when forcibly
expressed in transfected cells, the long form of human claudin-5 was retained in intracellular
compartments and did not localize to the plasma membrane, in contrast to the 218-amino acid
form, which localized to intercellular junctions. This suggests that the 303—amino acid claudin-5
protein is rarely expressed, and, if so, is predicted to adversely affect cell function. Potential roles
for upstream ORFs in regulating claudin-5 expression are also discussed.
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Introduction

Tight junctions enable epithelial barriers to form by regulating the paracellular space
between cells in direct contact.1:2 Although a multitude of proteins are required to form fully
functional tight junctions, claudin family transmembrane proteins provide the structural
basis to control paracellular ion and solute flux through tight junctional barriers.34 There are
roughly two dozen different claudins, which differ in permeability as well as compatibility
of interaction.3: By expressing multiple different claudin proteins, a tissue can fine-tune
barrier function to match the permeability requirements for specific organs.-8

Claudins span the bilayer four times, with both the N- and C-termini oriented towards the
cytoplasm and two extracellular domains that interact with adjacent claudins on neighboring
cells to form paracellular channels.®-11 By and large, each claudin mRNA contains an
intron-less open reading frame (ORF). However there are some exceptions. For instance,
there are two human claudin-18 splice variants, one expressed predominantly in the lung and
the other expressed as a stomach-specific isoform.6:12.13 There are also two classes of
claudin-10 splice variants that differ in permselectivity, with claudin-10b being more
chloride permeable than claudin-10a, along with several subvariants that do not form tight
junctions.1#15 There is also a claudin-7 splice variant with a C-terminal tail truncation.16 In
addition to differential splicing, single-nucleotide polymorphisms (SNPs) have the potential
to alter claudin structure and function and thus harbor the potential to be unrecognized
disease modifiers.1”18 However, SNPs in general tend to have a low frequency of
penetrance.

Claudin-5 is prominently expressed by the vascular endothelium and plays critical roles in
the blood-brain barrier and pulmonary endothelial barrier as well as acting as a modulator
for epithelial function.5:19-20 |n investigating the amino acid sequence of human claudin-5 in
the National Center for Biotechnology Information (NCBI) database, we found that there
were two ORFs represented, one 303—-amino acid ORF and a second nested ORF that codes
for 218 amino acids. The longer gene product was surprising, since claudin-5 proteins
produced by most other species are ~ 218 amino acids in length. In fact, the average size of a
human claudin ORF reflects a gene product that is typically ~ 220 amino acids, although two
notable exceptions are claudin-16 (305 amino acids)?122 and claudin-23 (292 amino acids).
Moreover, in both the NCBI and Uniprot databases, there are two entries for human
claudin-5 protein that reflect gene products that are 218 and 303 amino acids in length,
respectively. Given these apparent discrepancies, we further examined the human CLDN5
coding sequence and found a documented SNP with near-Mendelian penetrance in the
general population, doSNP cluster ID rs885985. The rs885985 A allele of CLDN5 contains
a nonsense codon and thus only codes for the 218—amino acid claudin-5 ORF; however, the
G allele contains an overlapping ORF that could theoretically encode for both the 303- and
218-amino acid gene products. Thus, we examined human lung tissue by immunoblot to
measure the size(s) of claudin-5 protein produced. Regardless of genotype, only the 218-
amino acid claudin-5 was detectable. This has implications for other mammalian CLDN5
genes present in the NCBI database where ORFs were adjusted to encode for 303—-amino
acid gene products. Moreover, a synthetic 303—amino acid form of human claudin-5 was not
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properly processed by transfected human cell lines and did not localize to sites of cell—cell
junctions. These data suggest that normal human claudin-5 is 218 amino acids in length and
that upstream start codons in claudin-5 are more likely to have a role in regulating gene
expression.23 Furthermore, we hypothesize that any conditions where the 303—amino acid
form of claudin-5 is expressed may have pathological consequences.

Materials and methods

Sequence acquisition and analysis

The human CLDNS5 sequence (Chromosome 22 — NC_000022.1, Gene ID: 7122) came from
the National Institutes of Health, United States National Library of Medicine, (NCBI)
database (https://www.ncbi.nlm.nih.gov/gene/7122). Predicted human protein sequence
NP_003268.2 corresponds to the 303—amino acid claudin-5 ORF and was used for an NCBI
Basic Local Alignment Tool (BLASTp) homology search (https://blast.ncbi.nlm.nih.gov/).
The rs885985 SNP alleles, G and A, were identified from the human CLDN5 sequence, as
annotated in dbSNP Geneview database Build 149 (https://www.ncbi.nlm.nih.gov/SNP/
snp_ref.cgi?locusld=7122). All databases were accessed on February 14, 2017.

Claudin-5 cDNA constructs, cell transfection, and immunofluorescence

Untagged human claudin-5 (218-amino acid ORF) in pcDNA3.1 and N-terminal YFP—
tagged human claudin-5 in pEYFP C1 using a CMV promoter were produced as previously
described.2425 Human claudin-5 (303-amino acid ORF; G allele) was obtained from
Origene (SC325743, transcript version 1 in a pcmv6-XL4 vector). The claudin-5 insert was
polymerase chain reaction (PCR) amplified using the primers 5’-
GATTGGCTCTCGAGCGATGACCGGCG-3” and 5'-
CGTGCCCAAGCTTCTCAGACGTAGTTC-3" and inserted into pcDNA3.1 or pYFP C1
using Hind/ll and Xbal. Plasmid sequences were verified by sequencing (Eurofins MWG).

Hel a cells or Caco?2 cells were maintained in Dulbecco’s modified Eagle media (DMEM,;
Sigma) containing 10% FBS, 0.25 pg/mL amphotericin B (ThermoFisher), 100 U/mL
penicillin, and 10 mg/mL streptomycin (Sigma). For transfection, cells were plated on rat
tail collagen type I-coated glass coverslips, Transwells, or tissue culture plastic (100-mm
dish). When cells were 80-90% confluent, the media was replaced with Opti-Mem. Cells
were transiently transfected with the different claudin-5 cDNAs using XtremeGene HP
DNA-transfection reagent (Roche). Expression of the different claudin-5 constructs was
analyzed 48 h after transfection by immunofluorescence or immunoblot.

For immunofluorescence microscopy, cells transduced with YFP-tagged claudin-5 were
washed three times with Dulbecco’s phosphate-buffered saline containing Ca2* and Mg?*
(DPBS++), fixed with 1:1 methanol/acetone for 2 min at room temperature, and then washed
again three times with DPBS++ and mounted in Mowiol on a glass slide. Fluorescence
images were taken using an Olympus 1X70 microscope with a U-MWIBA filter pack
(BP460-490, DM505, BA515-550). Minimum and maximum intensities were adjusted for
images in parallel so that the intensity scale remained linear to maximize dynamic range.
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Genotyping and immunoblot

Results

De-identified tissue from posttransplant human donor lungs was collected by the Emory
Transplant Center under an Institutional Review Board—approved tissue-acquisition protocol.

Genotyping was designed and performed on lung tissue samples by the GenoTyping Center
of America (Ellsworth, ME). SNP rs885985 was detected using SYBR Green melting-curve
analysis followed by gel electrophoresis. The locus was amplified using SYBR Green PCR
Mix (primers: 5"-GTCACGATGTTGTGGTCCAG-3" and 5’-
CAAGAGCCGTTGTTTCCCTA-3"). The reaction was run on a Roche LightCycler 480
with conditions suggested for SYBR Green amplification. The PCR product was digested
overnight with Avrll, and products were resolved by electrophoresis on a 2% agarose gel.
The A allele had expected band sizes of 269 and 166 bp. The G allele had an expected band
size of 439 bp. Heterozygous samples had 439-, 269-, and 166-bp bands. All genotypes were
detectable.

For immunoblot, total lung tissue was resuspended in 100 L buffer per 100 mg in RIPA
buffer (Cell Signaling). The tissue was minced using a tissue homogenizer and incubated on
ice for 30 min before samples were sonicated for 3 x 15-s pulses. Debris was pelleted by
centrifugation for 10 min at 13,200 x g at 4 °C. Protein concentration of the supernatant was
determined by bicinchoninic acid (BCA) assay (ThermoFisher Pierce #23225). Reducing
SDS sample buffer (10% glycerol, 1.25% SDS, 50 mM Tris pH 6.7, 8.3 mg/mL
dithiothreitol (DTT)) was added to the supernatant. HeL a cells transfected with either the
303-or 218-amino acid form of untagged human claudin-5 and solubilized in reducing SDS
sample buffer were used as standards. Protein samples were heated for 10 min at 65 °C and
then resolved by SDS-PAGE using 4-20% Mini-PROTEAN TGX stain-free gradient SDS
polyacrylamide gels, transferred to nitrocellulose membranes (BioRad, Hercules, CA), and
immunostained using primary mouse anti-claudin-5 (4C3C2, ThermoFisher #35-2500) in
combination with Goat anti-mouse 1gG IRDye680RD (Licor #92668070). For band
detection, fluorescence imaging was performed using the Odyssey Classic imager (LI-COR)
and analyzed with Image Studio (LI-COR).

Two common CLDNS5 alleles encode different predicted ORFs

As shown in Figure 1A, SNP rs885985 within the human CLDN5 gene encodes a missense
mutation, where the G allele is glutamine (Q) and the A allele is an amber (TAG) stop
codon. The full predicted ORF for claudin-5 in the G allele is thus a gene product of 303
amino acids that also encodes a 218-amino acid protein (Fig. 1B). By contrast, the stop
codon in the A allele means that it only supports the 218—amino acid version of claudin-5.

The penetrance of both the G and A alleles is extremely high, with net frequencies of G =
0.5032 and A = 0.4968 in the general population, as sampled in the 1000genomes project
database (Table 1).28 Interestingly, different subpopulations differ in the relative frequency
of the G and A alleles; African populations tended to have higher G allele frequency,
whereas Indian populations tended to favor the A allele (Table 1). Whether this is linked to
any physiologic consequence in either of these subpopulations remains to be determined.
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Homology with CLDNS5 in other species

The 303-amino acid ORF of human CLDN5 was surprising considering that, as of February,
2017, of the 276 claudin-5 protein sequences in the NCBI protein database, 215 of these are
220 amino acids or shorter in length. Given this, we performed a BLAST search to identify
OREFs present in CLDNS5 genes in other species that were recognized using the human 303-
amino acid claudin-5 sequence (Fig. 2).27

A BLASTp homology search using human CLDN5 sequence revealed eight hits in the 303-
amino acid size range. These were chimpanzee (Pan troglodytes, XP_009436065.1), rhesus
macaque (Macaca mulatta, XP_015005195.1), crab-eating macaque (Macaca fascicularis,
XP_005596069.1), olive baboon (Papio Anubis, XP_017800620.1), black-capped squirrel
monkey (Saimiri boliviensis, XP_003942723.1), common marmoset ( Callithrix jacchus,
XP_002743588.1), Weddell seal (Leptonychotes weddellii, XP_006752396.1), and Pacific
walrus (Odobenus rosmarus divergens, XP_004417759.1). Sequence alignments between
the human and chimpanzee claudin-5 proteins and representative mRNAs are shown in
Figures S1 and S2, respectively. While these predicted peptide sequences are based on
mMRNA and expressed sequence tag (EST) data, all contain codon corrections that have not
been experimentally validated. Of note were amber mutations that were presumed to encode
for amino acids as opposed to acting as bona fide stop codons.

All of the MRNASs mentioned above that encode for a putative 303—amino acid ORF also
contain an AUG initiation codon and a continuous ORF needed to produce the more
typically sized 218-amino acid claudin-5 protein. The olive baboon, black-capped squirrel
monkey, and common marmoset mMRNAs lack the AUG start codon necessary to initiate
translation for a 303—amino acid gene product. Additionally, chimpanzee, rhesus macaque,
crab-eating macaque, olive baboon, Weddell seal, and Pacific walrus claudin-5 sequences
contain an amber stop codon upstream of the AUG start site that could be used to encode for
a more commonly sized 218-amino acid claudin-5 gene product. The only other
homologous ORF approaching 303 amino acids in this BLAST search (Fig. 2) was from the
gray mouse lemur (Microcebus murinus, XP_012632046.1). This ORF contains a predicted
sequence that encodes for a 218—-amino acid version of claudin-5 that is 91.7% identical to
human claudin-5. However, the upstream predicted peptide motif for the gray mouse lemur
shows considerable divergence from the comparable human sequence (< 55% similarity, <
30% identity).

The gorilla CLDN5 gene (Gorilla gorilla gorilla, XP_004063074.1) unequivocally encodes
for a 218-amino acid form of claudin-5, as it lacks an AUG site with the ability to encode
for a 303—-amino acid ORF and also has an amber stop codon upstream of the AUG initiation
site for the 218—amino acid form of claudin-5 (Figs. S1 and S2). This length is consistent
with the CLDNS5 gene products found in ~ 75% of the other species represented in the NCBI
database, including rodent and canine claudin-5 as well those found in several non-
mammalian genomes (Fig. 2).
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Both the G and A alleles of human CLDNS5 produce a 218-amino acid protein

We then examined de-identified, posttransplant human lung tissue and a human colon cancer
cell line (Caco2) by immunoblot to determine whether one or both isoforms of claudin-5
protein were expressed. HeLa cells, which we previously established to be claudin null 24
were transfected with cDNAs coding for either the 303—amino acid form or the 218-amino
acid form of human claudin-5 using the cytomegalovirus (CMV) promoter as a strong driver
of transcription and used as standards. As shown in Figure 3A, human lung and Caco?2 cells
both only showed expression of the 218—amino acid form of claudin-5.

To determine whether tissues of different genotypes produced differently sized claudin-5
proteins, we examined claudin-5 protein present in four different human lung tissues that
were representative of G/G, A/A and G/A genotypes by immunoblot (Fig. 3B and 3C). As
shown in Figure 3C, all three different genotypes were represented in this set of samples.
Despite the differences in genotype, all four tissues only exhibited the 218-amino acid form
of human claudin-5. Although this does not rule out the possibility that the longer form of
human claudin-5 may be expressed under certain circumstances, it demonstrates that the
218-amino acid form of claudin-5 is most likely to be expressed under normal conditions,
with the caveat that we examined a relatively limited set of tissues in this study. Moreover,
an analysis of the regions surrounding the two initiation codons for Kozak sequences?8:2
(using http://www.chs.dtu.dk/services/NetStart/) revealed that the initiation codon for the
218-amino acid protein (CCUCUAGCCAUGGGGUCC,; score = 0.762) was a stronger
initiation sequence than that of the 303 —amino acid protein (UGCGGCACGAUGACCCGC;
score = 0.649),30 consistent with it being more likely to be used to initiate translation. These
sites are highly conserved among human, chimpanzee, and gorilla claudin-5 mRNAs,
although the gorilla mRNA lacks the upstream AUG and instead has an ACG sequence (Fig.
S2).

The long form of claudin-5 is not transported to the plasma membrane

Since we were able to force expression of the long form of human claudin-5 in claudin-null
HeLa cells2* with the CMV promoter, we examined the intracellular distribution of this
protein by fluorescence microscopy. As shown in Figure 4A and as previously described,24
the 218-amino acid form of claudin-5 was transported to the plasma membrane of HeLa
cells and enriched at sites of cell-cell contact. By contrast, the 303—amino acid form was not
and was instead retained in intracellular compartments. On the basis of nuclear envelope
labeling, this most likely included the endoplasmic reticulum, suggesting improper
processing of the long form of claudin-5. Although this could potentially be due to
overexpression, HelLa cells transfected with the 218—-amino acid form of claudin-5 expressed
3.1+ 0.5 fold (7= 3) more claudin-5 protein than HeLa cells transfected with the 303—
amino acid form of claudin-5, suggesting that mistargeting of the long form was not the
result of overexpression.

Since Hela cells are claudin-null, it was possible that the long form of claudin-5 might be
properly transported in epithelial cells expressing other claudins and producing fully formed,
native tight junctions. To distinguish the transfected claudin-5 construct from endogenous
claudin-5, we used N-terminally tagged versions of the 218- and 303-amino acid forms of
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claudin-5, since we had previously shown that EYFP—claudin-5 (218 amino acids) was
properly transported to the plasma membrane of transfected HeL a cells and that the tag does
not interfere with tight junction localization.2* When transfected into either human Caco2
intestinal epithelial cells (Fig. 4C) or human bronchiolar epithelial (HBE) cells (Fig. 4E), the
218-amino acid form of EYFP-claudin-5 showed junctional localization. By contrast, the
303-amino acid form of EYFP—claudin-5 was retained in intracellular compartments in both
cell lines (Fig. 4D and 4F), despite that fact that both Caco2 and HBE cells express
endogenous claudins, including claudin-5, that are properly trafficked to tight junctions.3!
Taken together, these results are consistent with the 218-amino acid form of human
claudin-5 being normally expressed in healthy human cells.

Discussion

In this study, we found that, while two different human CLDN5 genotypes encode for two
different gene products, only one gene product was expressed in the samples we examined.
A human claudin-5 that is 218 amino acids in size is consistent with the vast majority of
other claudin-5 proteins found in the protein database, most notably the gorilla CLDN5
gene, which is incapable of producing a long version of claudin-5. Our data also suggest that
other long-form claudin-5 ORFs present in the database for other species owing to the
database curation of stop codons into amino acid—coding codons either represent bona fide
alleles or may be improperly represented in the database. Whether this is the case will
require higher-quality sequencing of multiple different individuals from each species.

Although we did not detect any endogenous long claudin-5 proteins in the samples we
examined, we were able to induce synthesis of this protein using a CMV-based cDNA
construct. Among the ramifications for this finding, it means that caution should be used in
obtaining cDNAs from different sources and that it is critical to ensure which isoform is
being expressed, particularly since the long form of claudin-5 is not properly processed
when expressed by transfected cells.

In our analysis of human claudin gene products, claudin-16 and claudin-23 are the only
claudins besides claudin-5 that have an ORF able to support production of an atypically long
protein and that also contain an in-frame internal AUG site with the capacity to produce a
more standard-sized claudin protein (Table 2). Claudin-16 has been studied in considerable
detail, and it was found that endogenous claudin-16 is a 235—-amino acid protein instead of
the full-length 305—amino acid form encoded by the entire ORF.2122 Additionally, there is a
SNP (rs386669518) at amino acid 55 of the long form of claudin-16 expressed at 16.7%
frequency that results in a frame shift leading to a premature translation stop at position
90.22 This is consistent with a lack of selective pressure to maintain the ability to produce
the 305—-amino acid version of claudin-16. Less is known about claudin-23; however, it has
an ORF that could support a protein that is 292 amino acids long. However, by immunoblot,
the claudin-23 protein is more consistent with a 213-amino acid gene product.32

When expressed by transfected cells, the long form of claudin-16 is not properly trafficked
to tight junctions.2! This is reminiscent of what we observed for claudin-5. However, in
contrast to claudin-5, which we found was largely retained in the endoplasmic reticulum,
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claudin-16 appears to accumulate in lysosomes.?! This suggests that claudin-16 is
transported to the cell surface and rapidly internalized, in contrast to claudin-5, which
appears unlikely to exit the secretory compartment. Whether the long form of claudin-5 is
transported to the cell surface remains to be determined, although it clearly is impaired in
comparison with the 218-amino acid form. The inability of the long form of claudin-5 to be
properly processed raises the intriguing hypothesis that there may be situations where the
303-amino acid form of claudin-5 is expressed, leading to pathologic outcomes. For
instance, there are seven SNPs in human claudin-5 mRNA near the start site of the 218—
amino acid form, as well as 24 SNPs upstream from the start site, that might affect the
initiation of translation at that site. There also are nearly four dozen SNPs in the 5
untranslated region (UTR) of human claudin-5. Although most of these SNPs are in the
frequency range of at most 2%, the 5 UTR includes a high-frequency SNP, rs739370 that
has a minor allele frequency of 0.298. However, to date, endogenous expression of the 303—
amino acid form of human claudin-5 has not been detected.

Given the potential for expression of a claudin-5 protein prone to misprocessing, we
speculate that there may be human diseases in which the 303—amino acid form of claudin-5
is expressed. Although the long form of claudin-5 is not likely to have a dominant-negative
effect on other claudins,>33 it could still impair barrier function by not being properly
integrated into functional tight junctions. Moreover, high levels of ER-localized misfolded
proteins could render cells susceptible to ER-associated stress and unfolded protein
responses that predispose cells to apoptosis and/or increased sensitivity to proinflammatory
stimuli.34:35

The potential for expression of the long form of claudin-5 may be particularly significant in
individuals with a G/G genotype, which is highly represented in some human
subpopulations (Table 1), and could be relevant to vascular or pulmonary disease in tissues
where claudin-5 is highly expressed. Whether the long form of claudin-5 is associated with
human disease will require screening of larger tissue sample sets by immunoblot to
determine if and when the long form of claudin-5 is expressed. The existence of AUG motifs
inthe 5" untranslated regions of MRNAs is quite common, present in over 50% of human
MRNAs. Some of these AUGs define upstream ORFs (UORFs) that encode for peptides
varying in size from 10 to 100 amino acids.23:36-38 Upstream ORFs have been found to act
as repressors of translation, since ribosomes binding to AUGs in the 5" untranslated region
can stall and prevent access to the primary ORF, thus inhibiting translation. Mutations
affecting UORFs have been implicated in several human diseases, including
craniofrontonasal syndrome,39 cystic fibrosis,*0 and Marie-Unna hereditary hypotrichosis.*1
Of the 22 human claudins, 14 have AUGs that are either in or out of frame with the main
OREF of the gene product that could regulate translation in this manner, although whether
these influence claudin translation remains to be determined. Moreover, only claudin-5,
claudin-16, and, potentially, claudin-23 have upstream AUGSs that are contiguous with the
main ORF and have the potential to produce a larger protein.

Evidence also has emerged that small peptides encoded by uORFs can be produced, are
stable, and have roles in regulating cell function.37:42 Of particular relevance to human
claudin-5, the A allele of rs885985 breaks up the large ORF, resulting in a uUORF that
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encodes for a 36—amino acid peptide. It is tempting to speculate that this peptide may have a
functional role in cells harboring this claudin-5 allele that is lacking in cells with a G/G
genotype. Although this remains to be determined, it seems likely that there are genetic
variations in the upstream regions of claudin mRNAs that will ultimately be linked to human
disease susceptibility.
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Two human claudin-5 alleles encode distinct overlapping open reading frames. (A) SNP
rs885985 has two major alleles, G and A, which encode for glutamine (Q) or a stop signal,
respectively. The A allele has an Avrll site not present in the G allele, which was used for
genotyping (Fig. 3C). (B) Translation of the two ORFs for the G allele (1-303) and the A
allele (1-218; blue). The Q37 codon in the G allele that is replaced with a stop codon in the
A allele is highlighted.
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Putative conserved domains have been detected, click on the image below for detailed results.
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Figure 2.

Annotated screen capture of BLAST search using the 303—amino acid human claudin-5
sequence. The 303—-amino acid sequence in Fig. 1 (accession number NP_003268.2) was
used in a BLASTp search accessed February 14, 2017, and a screen image was saved.
Approximate sizes of putative proteins are indicated on the left. Shown are Blast hits
corresponding to (1) the original human query sequence, (2) chimpanzee (Pan troglodytes,
XP_009436065.1), (3) gorilla (Gorilla gorilla gorilla, XP_004063074.1), (4) a human 218—
amino acid form (Homo sapiens, AAH19290.2/BAD96186.1), (5) mouse (Mus musculus,
NP_038833.2) and 6) (rat (Rattus norvegicus, NP_113889.1). Note that 2 and 3 represent
predicted sequences based on mRNA ORFs.
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Figure 3.
Normal human claudin-5 is 218 amino acids regardless of genotype. (A) Claudin-5

immunoblot showing (1) HeLa cells transfected with untagged human claudin-5 (303), (2)
Hel a cells transfected with untagged human claudin-5 (218), (3) human lung tissue, and (4)
Caco?2 cells. (B) Immunoblot of HeL a cells transfected with either the 303— or 218-amino
acid form of claudin-5. Lanes 1-4 correspond to total lung samples from different donors
with different genotypes. (C) DNA isolated from the samples in B was amplified by PCR
and analyzed for Avrll cleavage as described in the methods section. Genotypes for the lanes
in B were 1: G/A, 2: G/G, 3: G/A; and 4: A/A. In all cases, only the 218—-amino acid form of
claudin-5 was detected.
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Figure 4.
The long form of claudin-5 is not transported to the plasma membrane. HeLa cells (A,B)

were transfected with untagged variants of either the 218 amino acid form (A) or the 303
amino acid form of claudin-5 (B), then fixed, immunostained using anti-claudin-5 and then
imaged by fluorescence microscopy. Caco?2 cells (C,D) or HBE cells (E,F) were transfected
with N-terminal YFP-tagged variants of either the 218 amino acid form (C,E) or the 303
amino acid form of claudin-5 (D,F), then fixed and imaged by fluorescence microscopy. In
each case, the 218 amino acid form of claudin-5 was transported to the plasma membrane
where it localizes to intercellular junctions (arrowheads). By contrast, the 303 amino acid,
long form of claudin-5 is retained in an intracellular compartment that most likely is the
endoplasmic reticulum, based on nuclear envelope labeling (arrows). Bar, 10 uM.
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Table 2

Upstream AUG codons in human claudin mRNAs

Upstream AUGs

Geneproduct mMRNA Inframe Outof frame Upstream stopinframe

Claudin-1 0 0 y
Claudin-2 1 1 2 y
2 1 7
3 0 2
Claudin-3 0 1
Claudin-4 0 0 y
Claudin-5
Claudin-6 0 0 y
Claudin-7 1 0 0 y
2 1 0 y
31) 0 0 y
Claudin-8 0 y
Claudin-9 1 y
Claudin-10a® a 0 3 y
Claudin-10b b 0 0 y
Claudin-11 1 0 y
2d 2 1 y
Claudin-12 1 1 3 y
2 1 2 y
3 1 2 y
Claudin-14 lla 7 6 y
5/B 2 7 y
¥ 1 3 y
3/5 2 2 y
e 0 1 y
Claudin-15 1 3 5 y
2 0 0 y
Claudin-17 0 0 n
Claudin-18.1 1 0 0 n
Claudin-18.2 2 0 0 n
Claudin-19 1 0 0 n
2 0 0 n
3 0 0 n
Claudin-20 2 4
Claudin-22 2 5
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Upstream AUGS

Geneproduct mMRNA Inframe Outof frame Upstream stop in frame

Claudin-23¢ 5 0 n
Claudin-24 0 0 n

NOTE: Listed are validated mRNAs from the NCBI website as accessed on 2/14/2017 (https://www.ncbi.nlm.nih.gov/gene/). The number of in-
frame and out-of-frame AUG sites upstream of the initiation site used for translation of a 218— to 230—amino acid gene product are listed. Whether
there were any in-frame stop codons between the upstream AUG sites and the site of initiation that would prevent continuous translation is denoted
by “y.” Messenger RNAs containing ORFs with the capacity to produce long claudin gene products are highlighted in blue.
a . . . . .

One human claudin-5 allele encodes for an amino acid, while another is a stop codon.
b, . . .

This transcript produces a tail-truncated gene product.
C, . . .

Includes all splicing isoforms listed in Ref. 15.

a_ . . . ) .
This transcript produces a truncated gene product lacking the first transmembrane domain.

eThe size of the claudin-23 protein has not been rigorously examined, but the 292—-amino acid ORF has several internal start codons, one of which

would encode for a 213-amino acid gene product that is compatible with the size of the protein expressed, as measured by immunoblot.32
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