[ = spl9sBasictp23 HUMAN MRTPVVMT LEGMVLAPCGLLLNLTGTLAPGWRLVKGF
[ = splyzossictois Mouse - MSVAVETFGFFMSALGLLMLGLTLSNSYWRVSTVH
[ 3 sp|P57739|CLD2 HUMAN ASLGLQLVEY ILGLLGLLGTLVAMLLPSWKTSSYV
(0 = splqeTagicLoig Mouse MANSGLQLLGYFLALG VGI IASTAL KQSSYA
[ = splogsasaicLosHuvan. MASTGLELLGMTILAV L GTLVSCALPLWKVTAF
[ = splo14493icLos HUMAN MASMG L MG | ALAV L AVMLCCALPMWRVTAF
[ = sple9zocylcloamouse - MSMGLE I TEGTSILAV L CTIVCCA MWRV S A F
[ = splo1sss1jclo3HUMAN - MSMGLE I TGTALAV L GTIVCCA MWRVSAF

Q96B33:Chain

[J) = splQ96B33|CLD23_HUMAN \
[ = splQ9z0s5|CLD15_ MOUSE T
] % sp|P57739|CLD2_ HUMAN

) ® sp|Q9ET38|CLD19_MOUSE
[ % sp|095484|CLD9_HUMAN
[J % sp|014493|CLD4_HUMAN
[ 3 splQ9Z0G9|CLD3_MOUSE

[J % spl015551|CLD3_ HUMAN

Q96B33:Chain
[ % splQ96B33|CLD23 HUMAN AATV L FVLAGLS117
[ # splQ9Z0S5|CLD15_MOUSE LLGFLGL AKLLA1A120
[ # splP57739|CLD2_HUMAN AISSLAC DRVAVAG121
] # splQ9ET38|CLD19_MOUSE GFVAM S Al SG122
[] % spl095484|CLD9_HUMAN ALLGL A VLTA121
[J % spl014493|CLD4_ HUMAN | VAALGV AKTMI VA121
[ % splQ9Z0G9|CLD3_MOUSE LLAAFGL| A T1VA120
[ # spl015551|CLD3_HUMAN LLAAFGL A V A 120

Q96B33:Chain
[ % splQ96B33|CLD23 HUMAN GLLGLIPVSWYNHFLGDRDVLPAPASPVTVQVSY 158
[ # splQ9Z0S5|CLD15_MOUSE GACGMVA I SWYAVNITTDFFNPLYA-GTKYELGP 160
[ # splP57739|CLD2_ HUMAN GLLGFIPVAWNLHGILRDFYSPLVPDSMKFE |GE 162
(] % splQ9ET38|CLD19_MOUSE GLCTLTAVS ATLVTQEFFNPSTPVNARYEFGP 163
[ % sp|095484|CLD9_HUMAN GILVLIPVCWTAHA QDFYNPLVAEALKRELGA162
[ % 5p|014493|CLD4_ HUMAN GLMVIVPVSWTAHN QDFYNPLVASGQKREMGA 162
[ = splQ920G9|CLD3_MOUSE ALLTLVPVSWSANT RDFYNPLVPEAQKREMGA 161
[ % sp|015551|CLD3_HUMAN ALLTLV SWSANT RDEYNPVVPEAQKREMGA 161

Q96B33:Chain
[ = splagsaiclo2a HumaN SIEVLGY LGSCLL L FSLALSFAPWCDERCRRRRKGPSAG199
[ = splqozossicLpis.mouse. ALY L SASLLS | ICVFSTCCCSSKEEPAT - - -RA-GL 197
0 = spips77asicloziuman. ALY LG I ISSLFSL IAGI ILCFSCSSQRNRSNYY - - - - - - - D 196
[ = splqoeT3s|cLD19 Mouse AL F V ASAGLAM SFLCCTCPEPERANSIP - - - - - - . Q197
[J = splogsasaicog HUMAN - SILY L AAAALLM GLLCCTCPPPQVERPRGPRLGY - S |202
[ = splotaagsicLoavuman SILY VEGWAASGILIL L GLLCCN RT-DKPYSA--KY-SA199
[ = splq9zocsicLoamouse: GILY VEGWAAAALQL ALLCCS RD - - KYAPTKILY-SA199
[ = splo1ss51/cLD3 HUMAN - GIL Y V AAAA E ALECCSCPPRE -KKYTATKVVY - SA200

Q96B33:Chain I

[ = spla9eeasicLb2s HUMAN PRRSSVST IQVEWPEPDLAPAITKYYSDGQHRPPPAQHRKPK240
[ = splqozossicoismouse PYKPSTVV IPR - - - - - - @ 2 o 0 o o - - - AT - o e e e e e e - SD - 212
O s splp57739iclb2 HUMAN. AYQAQPLATRS - - @ @ @ e e 0 v v o o oo . SP-ccccoaonnn. RP G212
[ asploeT3siclD19MOUSE PYRSGPSTAAR - - -« = &« o @ 0 v v o oo . EP--cccco.o... VVK213
[ = splo9s48aicLDy HUMAN P SRSG - - - - - Accoecoooeoeeeeeaa SGeooonensea LDK213
[0 55pl014493[CLDAHUMAN AR S AAASN - = = o o o o c et e e e e e e e e ma e e em = m === 207
[ % splQ9z0G9|CLD3_MOUSE RSTGPGTGTG - = = @ @ e e e e e o a oo o TA- -« c e e oo YDR215
[ % spl015551|CLD3 HUMAN RSTGPGASLG - = = = = = = = = = = = - - - TG- = m e e e e = - YDR216

[ = splQ9éB33|cLD23 HUMAN P K P T.GF PMPRPRPKAYTNSVDVLDGEGWESQDAPSCSTHP281
[ 5 splQ9z0s5|CLD15_MOUSE DI SFGKYGKNAYV|- - c s e o e e e e e e e e e e e e e e 227
[ # splP57739|CLD2_HUMAN KSEFNSYSLIGYVls = = s 2 s ucsnsecananesssenss 230
[C] % sp|Q9ET38|CLD19_MOUSE KGPLGWlo wom im i om0 om0 w8 ) w0 e ) w0 w0 w0 224
DOaspio95484ICtDIHUMAN RD =il = « = « « = o o o a o a 5 6 & s s a0« = acseesscesssssse 217
[J #5pl014493ICLDAHUMAN = = =« Y M= = - @ & o o e e e e e e e e e et e e e e e e emanee.. 209
[0 #5plQ9z0GIICLD3MOUSE KD = YM = = = = = o & o o e e e e e e e e et e e e mememmmme. 219
Oasplo15sSUCIDIHUMAN KD «ifilll = = = « « = o o « « « « 2 @ o a s a0 o s ccseessesessass 220

[J = splqoeBasicLp23 HuMAN CDSSLPCDSD L 292
O % 5plQ9Z0S5|CLDI5MOUSE = = = = = = = = = = = 227
O % spIP57739ICLD2HUMAN = = = = = = = = = = = 230
[0 % spIQIET3BICLDIIMOUSE = = = = = = = = = = = 224
[] % sp|O95484|CLD9 HUMAN = = = = = = = = = = = 217
[J % spl014493|CLDA HUMAN = = = = = = = = = = = 209
[ % splQ9ZOGYICLD3 MOUSE = = = = = = = = = = = 219
[ % 5pl015554|CLD3 HUMAN = = = = = = = = = = = 220

Q96B33:Chain

Supplementary Fig. 1: Multiple sequence alignment of CLDN23 and some classic and non-classical
claudins. Sequence alignment of multiple CLDN family members with human CLDN23. The sequence
alignment was determined using https://uniprot.org/align.
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Supplementary Fig. 2: Specificity of a homemade anti-CLDN23 antibody. Specificity of the mouse
antibodies against CLDN2, CLDN3, and CLDN4, and our in-house rabbit anti-CLDN23 antibody was tested
using Hela cells expressing each individual CLDN. Cell lysates were immunoblotted with the mouse
antibodies against CLDN2, CLDN3, and CLDN4, as well as rabbit antibody against CLDN23. No
cross-reactivity was detected between antibodies against CLDN2, CLDN3, CLDN4, and CLDN23 in lysates
of HelLa cells expressing individual CLDNs. Calnexin was used as loading control. Immunoblot images are

representative of two independent experiments.
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Supplementary Fig. 3: CLDN23 is upregulated during intestinal epithelial cell differentiation and TJ
maturation. (a) Schematic of in vitro model of IEC differentiation and maturation of TJs. (b) Upper panel,
representative Immunoblot image of CLDN23 protein expression in cell lysates from SKCO15 and T84 cells
that formed confluent and differentiated for nine days in culture. CLDN23 up-regulation increased expression
of barrier-forming CLDN3 and CLDN4 and a down-regulated channel-forming CLDN2 in both IEC lines. Lower
panel shows densitometric analysis of the Immunoblots. Data are mean = SD from three independent
densitometric analyses. CDX2 and Calnexin were used as |IEC differentiation marker and loading control
respectively. (¢) RTqQPCR analysis of expression of CLDN2, CLDN3, CLDN4, and CLDN23 as well as
differentiation marker CDX2 in both SKCO15 and T84 IEC monolayers allowed to differentiate for nine days
in culture. The relative mRNA expression was calculated by the 222t method and normalized to the
housekeeping gene TATA box-binding protein (TBP). Results show the mean + SD and are representative of
two independent experiments, each one assayed in two technical replicates.
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Supplementary Fig. 4: Intestinal epithelial cell lines with stable overexpression or silencing of CLDN23.
Representative confocal images of either (a) SKCO15 control and CLDN23 overexpressing monolayers, (b)
T84 control (NS) and KD (shRNA1 and shRNA2) IECs and (c) murine colonoid co-cultures derived from
tamoxifen treated Cldn23FREC and Cldn23" mice stained with anti-CLDN23 (green) and anti-CLDN4 (magenta),
with DAPI (blue) as a nuclear counterstain. Scale bar: 20um. CLDN23 expression at cell-cell contacts and
cytoplasm is indicated by arrows and arrowheads, respectively.
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Supplementary Fig. 5: Loss of CLDN23 in IECs did not alter intestinal mucosal architecture. (a) Schematic of
the generation of the IEC-specific Cldn23 knockout mice. Cldn23" mice were crossed with Villin-CreERT2
mice to generate Cldn23ER2EC mice. Cre+ mice were then injected with tamoxifen intraperitoneally for 5 days
and rested for 3 weeks to attain deletion of CLDN23 in IECs. Schematic created with BioRender.com. (b)
Hematoxylin-Eosin (H&E) staining of sections of Swiss roll mounts of the entire colon in Cldn23ERAEC gnd
control littermates Cldn23" treated with tamoxifen for 5 days and analyzed 21 days after the last injection.
Images are representative of two independent experiments. Scale bar is 60um.
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Supplementary Fig. 6: Loss of CLDN23 in colon-derived organoids results in reduced epithelial barrier
function. TEER of colon-derived organoids from Cldn23fR4EC and control Cldn23" mice was measured for 2
days in monolayers cultured in differentiation media. Data are mean + SD and represent three independent
experiments, each with at least two technical replicates. ***p<0.001; two-way ANOVA with Tukey’s posttest.
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Percent Identity Matrix

[ % sp|Q96B33|CLD23_HUMAN lIolird 22.97% 24.00% 25.23% | 33.49%| 28.43% 25.23% 24.65%

[ % sp|Q9Z0S5|CLD15_MOUSE  22.97%

27.35% 34.10% 34.62% 37.07% 35.07% 34.91%

[] % sp|P57739|CLD2_HUMAN 24.00% 27.35% pllend 38.57% 38.86% | 39.51%| 37.56% 36.45%

[] % sp|Q9ET38|CLD19_ MOUSE  25.23% 34.10% 38.57% plulo74 45.50% 42.93% 45.07% 44.86%

[] % sp|095484|CLD9_ HUMAN  33.49% 34.62% 38.86% 45.50% plXv[0)7] |6

[] % sp|O014493|CLD4_ HUMAN  28.43% 37.07% 39.51% 42.93% 100.00%|69.08%

69.71%

[ % sp|Q9Z0G9|CLD3_MOUSE ~ 25.23% 35.07% 37.56% 45.07% 69.08% 100.00%) 91.32%

100.00%

[] % sp|O15551|CLD3_HUMAN  24.65% 34.91% 36.45% 44.86% 69.71% | 91.32%

Supplementary Fig. 7: Identity matrix for homology modeling of claudins studied in this work and the crystal
structures used for modeling for their respective 3D structures. Identity matrix across modeled sequences and
the respective crystal structures used to model CLDN2, CLDN3, CLDN4, and CLDN23 structures are
highlighted with a green box. Claudin-23 has 33.49% identity with hClaudin-9 crystal structure. Claudin-2 —
39.5% identity with hClaudin-4 crystal structure. Claudin-3 — 91.3% identity with mClaudin-3 crystal structure.
The identity matrix was determined using https://uniprot.org/align.
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Supplementary Fig. 8: Coulombic and Lennard Jones interaction energies for heterotypic and homotypic
CLDN pairs. The values were computed for the computationally relaxed structures shown in Figure 8 (e-h).
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Supplementary Fig. 9: Trans interactions between CLDN23 and CLDN4 in HelLa cell co-cultures are not
detected by proximity ligation assay. HelLa cells expressing CLDN4 (green) were co-cultured with HelLa cells
expressing CLDN23 (magenta). The association in trans between CLDN4 and CLDN23 was investigated by
in situ proximity ligation assay (PLA, red), employing a rabbit antibody against the cytosolic tail of CLDN23 and
mouse antibody against the cytosolic tail of CLDN4. Scale bar is 20um.
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Supplementary Fig. 10: Specific association between CLDN23 and CLDN3 or CLDN4 is only detected in
CLDNZ23-overexpressing SKCO15 cells. Representative confocal images show PLA signals at cell-cell
contacts (arrow, magenta) with CLDN3 and CLDN4 in CLDN23-positive cells (green) in comparison to the
surrounding un-transfected cells (asterisk). Scale bar: 20pum.
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Supplementary Fig. 11. CLDN23 decreases paracellular permeability of Na*, Li* and CI ions in SKCO15
cells overexpressing CLDN23. TEER and ion flux assays were performed in model epithelial SKCO15 control
and CLDN23 overexpressing cells by EVOM epithelial voltohmeter (left) and Ussing chamber (right).
Representative graphs of TEER and individual P _,, P ., and P_permeability in IEC monolayers cultured for

5 days. Data are mean + SD and represent one experiment, each with at least 10 technical replicates. **p<
0.01, ***p=<0.001, ****p<0.0001; two-tailed Student’s t test.
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