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Supplementary Table S1 Data collection and refinement statistics 

 Native 
T4L-claudin-4 
•SeMet C-CPE 

(BL41XU) 

Native 
T4L-claudin-4 
•SeMet C-CPE 
(BL32XU27, 28) 

SeMet 
T4L-claudin-4 
•SeMet C-CPE 

(BL32XU) 
Data collection    
Space group P43 P43 P43212 
No. crystals 1 1 1 
Cell dimensions    

a, b, c (Å) 105.9, 105.9, 244.3 105.7, 105.7, 244.2 98.4, 98.4, 244.6 
α, β, γ (°)  90, 90, 90 90, 90, 90 90, 90, 90 

Resolution (Å) 50-3.35 (3.44-3.35)* 50-4.20 (4.31-4.20) 50-4.20 (4.45-4.19) 
Rmeas 0.161 (2.657) 0.201 (1.398) 0.215 (1.355) 
I/σI 6.63 (0.48) 6.90 (1.44) 8.49 (1.84) 
Completeness (%) 99.6 (98.8) 99.8 (98.5) 99.7 (98.5) 
Redundancy 4.55 (4.18) 6.05 (5.80) 8.37 (8.25) 
CC* ** 0.999 (0.485)   
    
Refinement    
Resolution (Å) 48.59-3.50   
No. reflections 33738   
Rwork/Rfree 0.29 / 0.31   
No. atoms    

Protein 14200   
Ligand/ion 0   
Water 0   

B-factors    
Protein 99.91   
Ligand/ion 0   
Water 0   

R.m.s. deviations    
Bond lengths (Å) 0.005   
Bond angles (º) 1.172   

*Highest resolution shell is shown in parentheses.  

**CC* was calculated with the program Calculate CC* in the PHENIX suite26. 
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Supplementary Figure S1 | Crystal packing. (a) Crystal packing of the T4L-claudin-4•C-CPE Supplementary Figure S1 | Crystal packing. (a) Crystal packing of the T4L-claudin-4•C-CPE 

complex in space group P43, as displayed on the a–b plane. (b) Overview of the T4L-claudin-4•C-

CPE complex. Claudin-4 and C-CPE are colored as in Fig. 1, and T4L is colored gray.
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Supplementary Figure S2 | Comparison between the P43212 crystal structure of the SeMet-

T4L-claudin-4•SeMet-C-CPE complex and the P43 crystal of the T4L-claudin-4•C-CPE 

complex. (a, b) Overview of the asymmetric unit of the P43212 crystal of the SeMet-T4L-claudin-
4•SeMet-C-CPE complex (a) and the P43 crystal of the T4L-claudin-4•C-CPE complex (b), with 
2Fo-Fc maps at 4.2 Å and 3.5 Å, respectively. (c, d) The β4–α2 loop in the P43212 crystal (c) and 
the P43 crystal (d) with 2Fo-Fc map. The 2Fo-Fc maps are contoured at 1.5 σ.
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Modeled regions Cα RMSD (Å)

Complex T4 lysozyme Claudin-4 C-CPE Claudin-4 C-CPE
C-CPE

(vs 3AM2)

I N1002–Y1161
G5–V100, 

D110–S184
A203–F319 – – 0.53

II G998–G1163 M1–S184 E196–F319 0.42 0.45 0.48

III N1002–Y1161
M1–V100, 

D110–S184
I199–F319 0.31 0.37 0.54

IV G998–G1163
M4–V99, 

K114–S184
E196–F319 0.44 0.47 0.48

Supplementary Figure S3 | Four complexes of T4L-human claudin-4•C-CPE in the 

asymmetric unit of the P4
3

crystal. (a) The asymmetric unit of the P4
3

crystal of the T4L-claudin-
4•C-CPE complex contains four complexes: I (pink), II (green), III (orange), and IV (dark blue). (b)
The temperature factors of the Cα atoms, ranging from 46 Å2 (blue) to 207 Å2 (red), on the four 
complexes in the asymmetric unit of the P4

3
crystal of the T4L-claudin-4•C-CPE complex. (c) 

Comparison of the structural models between the four independent complexes in the P4
3

crystal of 
the T4L-claudin-4•C-CPE complex. The root-mean-square deviations of the Cα atoms were 
calculated by the program PyMOL.
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Supplementary Figure S4 | Comparison of the four structures of human claudin-4 in the 

asymmetric unit.  (a) The overall structures of human claudin-4 from the four complexes with 

color-coded temperature factors of the Cα atoms, determined in the same manner as in 

Supplementary Fig. S3b. (b, c) Comparison of the extracellular region (b) and the β4-α2 loop (c) of 

each complex, colored in the same manner as in Supplementary Fig. S3a.
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Supplementary Figure S5 | Comparison between the C-CPE structures. (a) Superimposition of 

the structures of the four independent C-CPE molecules, colored in the same manner as in 

Supplementary Fig. S3a, in the P4
3

crystal of the T4L-claudin-4•C-CPE complex. (b)

Superimposition of the structure of C-CPE in complex I with T4L-claudin-4 (pink) on that of C-CPE 

(residues 205–319) in the full-length, free form of CPE (PDB: 3AM2) 17 (gray).
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Human claudin-4
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13

Human claudin-5
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13
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13

Human claudin-7
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13

Human claudin-8

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M A T H A L E I A G L F L

13

Human claudin-9

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M A S T G L E L L G M T L

13

Human claudin-10a

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M S R A Q I W A L V S

11

Human claudin-10b

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M A S T A S E I I A F M V

13

Human claudin-11

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M V A T C L Q V V G F V T

13

Human claudin-12

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M G C R D V H A A T V L S F L C

16

Mouse claudin-13

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M V V S K Q E A I S F S V

13

Human claudin-14

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M A S T A V Q L L G F L L

13

Human claudin-15

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M S M A V E T F G F F M

12

Human claudin-16

M T S R T P L L V T A C L Y Y S Y C N S R H L Q Q G V R K S K R P V F S H C Q V P E T Q K T D T R H L S G A R A G V C P C C H P D G L L A T M R D L L Q Y I A C F F

82

Human claudin-17

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M A F Y P L Q I A G L V L

13

Human claudin-18

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M S T T T C Q V V A F L L

13

Human claudin-19

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M A N S G L Q L L G Y F L

13

Human claudin-20

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M A S A G L Q L L A F I L

13

Human claudin-22

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M A L V F R T V A Q L A G V S L

16

Human claudin-23

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M R T P V V M T L G M V L

13

Human claudin-24

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M A L I F R T A M Q S V G L L L

16

Human claudin-25

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M A W S F R A K V Q L G G L L L

16

Human claudin-1

A F L G W I G A I V S T A L P Q W R I Y S Y A G D N I V - - - - T A Q A M Y E G L W M S C V S Q S - T G Q I Q C K V F D S L L N L - S S T - - - L Q A T R A L M V V

86

Human claudin-2

G L L G L L G T L V A M L L P S W K T S S Y V G A S I V - - - - T A V G F S K G L W M E C A T H S - T G I T Q C D I Y S T L L G L - P A D - - - I Q A A Q A M M V T

86

Human claudin-3

A V L G W L G T I V C C A L P M W R V S A F I G S N I I - - - - T S Q N I W E G L W M N C V V Q S - T G Q M Q C K V Y D S L L A L - P Q D - - - L Q A A R A L I V V

85

Human claudin-4

A V L G W L A V M L C C A L P M W R V T A F I G S N I V - - - - T S Q T I W E G L W M N C V V Q S - T G Q M Q C K V Y D S L L A L - P Q D - - - L Q A A R A L V I I

86

Human claudin-5

C L V G W G G L I L A C G L P M W Q V T A F L D H N I V - - - - T A Q T T W K G L W M S C V V Q S - T G H M Q C K V Y D S V L A L - S T E - - - V Q A A R A L T V S

86

Human claudin-6

T L L G W V N G L V S C A L P M W K V T A F I G N S I V - - - - V A Q V V W E G L W M S C V V Q S - T G Q M Q C K V Y D S L L A L - P Q D - - - L Q A A R A L C V I

86

Human claudin-7

A L L G W V G L V A C T A I P Q W Q M S S Y A G D N I I - - - - T A Q A M Y K G L W M D C V T Q S - T G M M S C K M Y D S V L A L - S A A - - - L Q A T R A L M V V

86

Human claudin-8

G G V G M V G T V A V T V M P Q W R V S A F I E N N I V - - - - V F E N F W E G L W M N C V R Q A - N I R M Q C K I Y D S L L A L - S P D - - - L Q A A R G L M C A

86

Human claudin-9

A V L G W L G T L V S C A L P L W K V T A F I G N S I V - - - - V A Q V V W E G L W M S C V V Q S - T G Q M Q C K V Y D S L L A L - P Q D - - - L Q A A R A L C V I

86

Human claudin-10a

G V G G F G A L V A A T T S N E W K V T T - R A S S V I - - - - T A T W V Y Q G L W M N C A G N A - L G S F H C R P H F T I F K V - A G Y - - - I Q A C R G L M I A

83

Human claudin-10b

S I S G W V L V S S T L P T D Y W K V S T - I D G T V I - - - - T T A T Y W A N L W K A C V T D S - T G V S N C K D F P S M L A L - D G Y - - - I Q A C R G L M I A

85

Human claudin-11

S F V G W I G V I V T T S T N D W V V T C - - G Y T I P T C R K L D E L G S K G L W A D C V M - A - T G L Y H C K P L V D I L I L - P G Y - - - V Q A C R A L M I A

87

Human claudin-12

G I A S V A G L F A G T L L P N W R K L R L I T F N R N - - - E K N L T V Y T G L W V K C A R Y - - D G S S D C L M Y D T T W Y S - S V D Q L D L R V L Q F A L P L

92

Mouse claudin-13

T S L G W V G A I V S C V L P V W R V T - F P D D E T D - - - - P D A T I W E G L W H I C Q V R E - N R W I Q C T L Y D T R I L V - A Q D - - - I K V S R V F M V I

85

Human claudin-14

S F L G M V G T L I T T I L P H W R R T A H V G T N I L - - - - T A V S Y L K G L W M E C V W H S - T G I Y Q C Q I Y R S L L A L - P Q D - - - L Q A A R A L M V I

86

Human claudin-15

A T V G L L M L G V T L P N S Y W R V S T - V H G N V I - - - - T T N T I F E N L W F S C A T D S - L G V Y N C W E F P S M L A L - S G Y - - - I Q A C R A L M I T

84

Human claudin-16

A F F S A G F L I V A T W T D C W M V N A - - D D S - L - - - - E V S T K C R G L W W E C V T N A F D G I R T C D E Y D S I L A E H P L K - - - L V V T R A L M I T

154

Human claudin-17

G F L G M V G T L A T T L L P Q W R V S A F V G S N I I - - - - V F E R L W E G L W M N C I R Q A - R V R L Q C K F Y S S L L A L - P P A - - - L E T A R A L M C V

86

Human claudin-18

S I L G L A G C I A A T G M D M W S T Q D - L Y D N P V - - - - T S V F Q Y E G L W R S C V R Q S - S G F T E C R P Y F T I L G L - P A M - - - L Q A V R A L M I V

85

Human claudin-19

A L G G W V G I I A S T A L P Q W K Q S S Y A G D A I I - - - - T A V G L Y E G L W M S C A S Q S - T G Q V Q C K L Y D S L L A L - D G H - - - I Q S A R A L M V V

86

Human claudin-20

A L S G V S G V L T A T L L P N W K V N V D V D S N I I - - - - T A I V Q L H G L W M D C T W Y S - T G M F S C A L K H S I L S L - P I H - - - V Q A A R A T M V L

86

Human claudin-22

S L L G W V L S C L T N Y L P H W K N L N - L D L N - - - - - - E M E N W T M G L W Q T C V I Q E - E V G M Q C K D F D S F L A L - P A E - - - L R V S R I L M F L

86

Human claudin-23

A P C G L L L N L T G T L A P G W R L V K - G F L N Q P - - - - V D V E L Y Q G L W D M C R E Q S - S R E R E C G Q T D Q W G Y F E A Q P - - - V L V A R A L M V T

86

Human claudin-24

S L L G W I L S I I T T Y L P H W K N L N - L D L N - - - - - - E M E N W T M G L W Q T C V I Q E - E V G M Q C K D F D S F L A L - P A E - - - L R V S R I L M F L

86

Human claudin-25

S L L G W V C S C V T T I L P Q W K T L N - L E L N - - - - - - E M E T W I M G I W E V C V D R E - E V A T V C K A F E S F L S L - P Q E - - - L Q V A R I L M V A

86

Human claudin-1

G I L L G V I A I F V A T V G M K C M K C L E D D E V Q K - - - - - - - - M R M A V I G G A I F L L A G L A I L V A T A W Y G N R I V Q E F Y D P M T - - - - - - -

153

Human claudin-2

S S A I S S L A C I I S V V G M R C T V F C Q E - S R A K - - - - - - - - D R V A V A G G V F F I L G G L L G F I P V A W N L H G I L R D F Y S P L V - - - - - - -

152

Human claudin-3

A I L L A A F G L L V A L V G A Q C T N C V Q D - D T A K - - - - - - - - A K I T I V A G V L F L L A A L L T L V P V S W S A N T I I R D F Y N P V V - - - - - - -

151

Human claudin-4

S I I V A A L G V L L S V V G G K C T N C L E D - E S A K - - - - - - - - A K T M I V A G V V F L L A G L M V I V P V S W T A H N I I Q D F Y N P L V - - - - - - -

152

Human claudin-5

A V L L A F V A L F V T L A G A Q C T T C V A P - G P A K - - - - - - - - A R V A L T G G V L Y L F C G L L A L V P L C W F A N I V V R E F Y D P S V - - - - - - -

152

Human claudin-6

A L L V A L F G L L V Y L A G A K C T T C V E E - K D S K - - - - - - - - A R L V L T S G I V F V I S G V L T L I P V C W T A H A I I R D F Y N P L V - - - - - - -

152

Human claudin-7

S L V L G F L A M F V A T M G M K C T R C G G D D K V K K - - - - - - - - A R I A M G G G I I F I V A G L A A L V A C S W Y G H Q I V T D F Y N P L I - - - - - - -

153

Human claudin-8

A S V M S F L A F M M A I L G M K C T R C T G D N E K V K - - - - - - - - A H I L L T A G I I F I I T G M V V L I P V S W V A N A I I R D F Y N S I V - - - - - - -

153

Human claudin-9

A L L L A L L G L L V A I T G A Q C T T C V E D - E G A K - - - - - - - - A R I V L T A G V I L L L A G I L V L I P V C W T A H A I I Q D F Y N P L V - - - - - - -

152

Human claudin-10a

A V S L G F F G S I F A L F G M K C T K V G G S D K - A K - - - - - - - - A K I A C L A G I V F I L S G L C S M T G C S L Y A N K I T T E F F D P L F - - - - - - -

149

Human claudin-10b

A V S L G F F G S I F A L F G M K C T K V G G S D K - A K - - - - - - - - A K I A C L A G I V F I L S G L C S M T G C S L Y A N K I T T E F F D P L F - - - - - - -

151

Human claudin-11

A S V L G L P A I L L L L T V L P C I R M G Q E P G V A K - - - - - - - - Y R R A Q L A G V L L I L L A L C A L V A T I W F P V C A H R - - - - - - - - - - - - - -

147

Human claudin-12

S M L I A M G A L L L C L I G M C N T A F R S S V P N I K L A K C L V N S A G C H L V A G L L F F L A G T V S L S P S I W V I - - - - - - F Y N I H L - - - - - - -

161

Mouse claudin-13

C T I G T W L G L L L C V L G D W R I N C F M N - F T I E - - - - - - - - E N L L K V A G G M F L S V G L L M L V P L S W V T H N I I H G F F N P L L - - - - - - -

151

V1 region

V2 region

α1 β1 β2 β3 β4 α2

α1

α2 α3

Mouse claudin-13

C T I G T W L G L L L C V L G D W R I N C F M N - F T I E - - - - - - - - E N L L K V A G G M F L S V G L L M L V P L S W V T H N I I H G F F N P L L - - - - - - -

151

Human claudin-14

S C L L S G I A C A C A V I G M K C T R C A K G - T P A K - - - - - - - - T T F A I L G G T L F I L A G L L C M V A V S W T T N D V V Q N F Y N P L L - - - - - - -

152

Human claudin-15

A I L L G F L G L L L G I A G L R C T N I G G L E L S R K - - - - - - - - A K L A A T A G A L H I L A G I C G M V A I S W Y A F N I T R D F F D P L Y - - - - - - -

151

Human claudin-16

A D I L A G F G F L T L L L G L D C V K F L P D E P Y I K - - - - - - - - V R I C F V A G A T L L I A G T P G I I G S V W Y A V D V Y V E R S T L V L H - - - - - -

222

Human claudin-17

A V A L S L I A L L I G I C G M K Q V Q C T G S N E R A K - - - - - - - - A Y L L G T S G V L F I L T G I F V L I P V S W T A N I I I R D F Y N P A I - - - - - - -

153

Human claudin-18

G I V L G A I G L L V S I F A L K C I R I G S M E D S A K - - - - - - - - A N M T L T S G I M F I V S G L C A I A G V S V F A N M L V T N F W M S T A N M Y T G M G

159

Human claudin-19

A V L L G F V A M V L S V V G M K C T R V G D S N P I A K - - - - - - - - G R V A I A G G A L F I L A G L C T L T A V S W Y A T L V T Q E F F N P S T - - - - - - -

153

Human claudin-20

A C V L S A L G I C T S T V G M K C T R L G G D - R E T K - - - - - - - - S H A S F A G G V C F M S A G I S S L I S T V W Y T K E I I A N F L D L T V - - - - - - -

152

Human claudin-22

S N G L G F L G L L V S G F G L D C L R I G E S Q R D L K - - - - - - - - R R L L I L G G I L S W A S G V T A L V P V S W V A H K T V Q E F W D E N V - - - - - - -

153

Human claudin-23

S L A A T V L G L L L A S L G V R C W Q D - - - - - E P N - - - - - - - - F V L A G L S G V V L F V A G L L G L I P V S W Y N H F L G D R D V L P A P - - - - - - -

147

Human claudin-24

S N G L G F L G L L V S G F G L D C L R I G E S Q R D L K - - - - - - - - R R L L I L G G I L S W A S G I T A L V P V S W V A H K T V Q E F W D E N V - - - - - - -

153

Human claudin-25

S H G L G L L G L L L C S F G S E C F Q F H R I R W V F K - - - - - - - - R R L G L L G R T L E A S A S A T T L L P V S W V A H A T I Q D F W D D S I - - - - - - -

153

Human claudin-1

- - - - P V N A R Y E F G Q A L F T G W A A A S L C L L G G A L L C C S C P R K T T - - - S Y P - - - - T P - R P Y P K P A P S - - - - - - - - - - - - - - - - - -

205

Human claudin-2

- - - - P D S M K F E I G E A L Y L G I I S S L F S L I A G I I L C F S C S S Q R N R - S N Y Y - - - - - - - D A Y Q A Q P L A T R S S P R - - - - - - P G Q P P K

216

Human claudin-3

- - - - P E A Q K R E M G A G L Y V G W A A A A L Q L L G G A L L C C S C P P R E K K - - Y T A - - - - T K - V V Y S A P R S T - - - - - - - - - - - - - - - - - -

204

Human claudin-4

- - - - A S G Q K R E M G A S L Y V G W A A S G L L L L G G G L L C C N C P P R T D K - - P Y S - - - - A K - - - Y S A A R S A - - - - - - - - - - - - - - - - - -

203

Human claudin-5

- - - - P V S Q K Y E L G A A L Y I G W A A T A L L M V G G C L L C C G A W V C T G R - P D L S - - - - F P - V K Y S A P R R P - - - - - - - - - - - - - - - - - -

206

Human claudin-6

- - - - A E A Q K R E L G A S L Y L G W A A S G L L L L G G G L L C C T C P S G G S Q - G P S H - - - - Y M - A R Y S T S A P A - - - - - - - - - - - - - - - - - -

206

Human claudin-7

- - - - P T N I K Y E F G P A I F I G W A G S A L V I L G G A L L S C S C P G N E S K - A G Y R - - - - V P - R S Y P K S - - N - - - - - - - - - - - - - - - - - -

205

Human claudin-8

- - - - N V A Q K R E L G E A L Y L G W T T A L V L I V G G A L F C C V F C C N E K S - S S Y R - - - - - - - - - Y S I P S H R T T Q K S Y - - - - - - - - - - - -

209

Human claudin-9

- - - - A E A L K R E L G A S L Y L G W A A A A L L M L G G G L L C C T C P P P Q V E - R P R G - - - - P R - L G Y S I P S R - - - - - - - - - - - - - - - - - - -

205

Human claudin-10a

- - - - - V E Q K Y E L G A A L F I G W A G A S L C I I G G V I F C F S I - - - - - S - D N N K - - - - T P R Y T Y N G A T S V M S S R T K - - - - - - - Y H - - -

206

Human claudin-10b

- - - - - V E Q K Y E L G A A L F I G W A G A S L C I I G G V I F C F S I - - - - - S - D N N K - - - - T P R Y T Y N G A T S V M S S R T K - - - - - - - Y H - - -

208

Human claudin-11

- - - - - E T T I V S F G Y S L Y A G W I G A V L C L V G G C V I L C C A G D A Q A - - - - F G - - - - E N R F Y Y T A G S S S - P T H A K - - - - - - - - - - - -

203

Human claudin-12

- - N K K F E P V F S F D Y A V Y V T I A S A G G L F M T S L I L F I W Y C T C K S L P S P F W - - - - Q - - P L Y S H P P S M H T Y S Q P - - - - - - - Y S A - -

226

Mouse claudin-13

- - - - G F S K K V Q M G S S L S L A W T S S L L L L L G G I L L C V N I P V C R D F - P R C I - - - - - - - - - - E T P S A R - P S G A N - - - - - - - - - - - -

205

Human claudin-14

- - - - P S G M K F E I G Q A L Y L G F I S S S L S L I G G T L L C L S C Q D E A P Y - - - - - - - - - - - - R P Y Q A P P R A T T T T A N - - - T A P A Y Q P P A

215

Human claudin-15

- - - - - P G T K Y E L G P A L Y L G W S A S L I S I L G G L C L C S A C C C G S D E - D P A A - - - - S A R R P Y Q A P V S V M P V A T S - - - - - - - D Q - - -

213

Human claudin-16

- - N I F L G I Q Y K F G W S C W L G M A G S L G C F L A G A V L T C C L Y L F K D V - G P E R N Y P Y S L R K A Y S A A G V S M A K S Y S - - - - A P R T E T - -

295

Human claudin-17

- - - - H I G Q K R E L G A A L F L G W A S A A V L F I G G G L L C G F C C C N R K K - Q G Y R - - - - - - - - - Y P V P G Y R V P H T D K - - - - - - - - - - - -

209

Human claudin-18

G M V Q T V Q T R Y T F G A A L F V G W V A G G L T L I G G V M M C I A C R G L A P E - E T N Y - - - - K A - V S Y H A S G H S V A Y K P G - - - - - - G F K A S T

229

Human claudin-19

- - - - P V N A R Y E F G P A L F V G W A S A G L A V L G G S F L C C T C P E P E R P - N S S P - - - - - - - Q P Y R P G P S A - - - - - - - - - - - - - - - - - -

205

Human claudin-20

- - - - P E S N K H E P G G A I Y I G F I S A M L L F I S G M I F C T S C I K R N P E - A R L D - - - - P P - T Q Q P I - - S N T Q - - - - - - - - - - - - - - - -

206

Human claudin-22

- - - P D F V P R W E F G E A L F L G W F A G L S L L L G G C L L H C A A C S S H A P - L A S G - - - - - - - - H Y A V A Q T Q D H H Q E L - - - - - - - - E T - -

213

Human claudin-23

- - - - A S P V T V Q V S Y S L V L G Y L G S C L L L L G G F S L A L S F A P W C D E - R C R R - - - - R R K G P S A G P R R S S V S T I Q V E W P E P D L A P A I

221

Human claudin-24

- - - P D F V P R W E F G E A L F L G W F A G L S L L L G G C L L N C A A C S S H A P - L A L G - - - - - - - - H Y A V A Q M Q T Q C P Y L - - - - - - - - E D - -

213

Human claudin-25

- - - P D I I P R W E F G G A L Y L G W A A G I F L A L G G L L L I F S A C L G K E D - V P F P - - - - - - - - L M A G P T V P L S C A P V - - - - - - - - E E - -

213

Human claudin-1

- - - - - - - - - - - - - - - - - - - - - - - - - - S G K D Y V - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

211 

Human claudin-2

- - - - - - - - - - - - - - - - - - V K S E F N S Y S L T G Y V - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

230 

Human claudin-3

- - - - - - - - - - - - - - - - G P G A S L G T G Y D R K D Y V - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

220 

Human claudin-4

- - - - - - - - - - - - - - - - A A S N - - - - - - - - - - Y V - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

209 

Human claudin-5

- - - - - - - - - - - - - - - - - - - - T A T G D Y D K K N Y V - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

218 

Human claudin-6

- - - - - - - - - - - - - - - - - - I S R G P S E Y P T K N Y V - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

220 

Human claudin-7

- - - - - - - - - - - - - - - - - - - - - - - - - - S S K E Y V - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

211 

Human claudin-8

- - - - - - - - - - - - - - - - H T G K K S P S V Y S R S Q Y V - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

225 

Human claudin-9

- - - - - - - - - - - - - - - - - - - - S G A S G L D K R D Y V - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

217 

Human claudin-10a

- - - - - - - - - - - - G G E D F K T T N P S K Q F D K N A Y V - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

226 

Human claudin-10b

- - - - - - - - - - - - G G E D F K T T N P S K Q F D K N A Y V - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

228 

Human claudin-11

- - - - - - - - - - - - - - - - - - - - S A - - - - - - - - H V - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

207 

Human claudin-12

- - - - - - - - - - - - - - - - - - - - - - R S - - R L S A I E I D I P V V S H T T - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

244 

Mouse claudin-13

- - - - - - - - - - - - - - - - - - - - - - N D T L D V - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

211 

Human claudin-14

A Y K D N R - - - - - - - - A P S V T S A T H S G Y R L N D Y V - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

239 

Human claudin-15

- - - - - - - - - - - - E G D - - - - - S S F G K Y G R N A Y V - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

228 

Human claudin-16

- - - - - - - - A K M Y A V D T - - - - - - - - - - - - - - R V - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

305 

Human claudin-17

- - - - - - - - - - - - - - - - R R N T T M L S K - T S T S Y V - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

224 

Human claudin-18

G F G S N T K N K K I Y D G G A R T E D E V Q S Y P S K H D Y V - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

261 

Human claudin-19

- - - - - - - - - - - - - - - - - - - - - - - - - - A A R E P V V K L P A S A K G P L G V - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

224 

Human claudin-20

- - - - - - - - - - - - - - - - - - - L E N N S T H N L K D Y V - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

219 

Human claudin-22

- - - - - - - - - - - - - - - - - R N T N L K H - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

220 

Human claudin-23

- - - - - - - - - K Y Y S D G Q H R P P P A Q H R K P K P K P K V G F P M P R P R P K A Y T N S V D V L D G E G W E S Q D A P S C S T H P C D S S L P C D S D L

292 

Human claudin-24

- - - - - - - - - - - - - - - - - G T A D P Q V - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

220 

Human claudin-25

- - - - - - - - - - - - - - - - - S D G S F H L M L R P R N L V I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

229 

V2 region α4

β5



Supplementary Figure S6 | Sequence alignment of human claudins. The identical residues, 

highly conserved residues, and homologous residues are boxed in red, orange and blue, 

respectively. The alignment was generated with Clustal Omega. The secondary structure elements 

of human claudin-4 are indicated above the sequences.
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Supplementary Figure S7 | A model of the human claudin-4•full-length CPE complex. (a) The 

human claudin-4•C-CPE complex determined in this study. Human claudin-4 and C-CPE are 

colored  gray and purple, respectively. (b) The model of the human claudin-4•full-length CPE 

complex, generated by the superimposition of the full-length CPE (PDB: 3AM2, ref.17) onto the C-

CPE in the present structure. The full-length CPE is rainbow colored. 



Supplementary Figure S8 | Selenomethionine positions in the P43212 crystal structure of the 

SeMet-T4L-claudin-4•SeMet-C-CPE complex. The asymmetric unit of the P43212 crystal, 

composed of two SeMet-T4L-claudin-4•SeMet-C-CPE complexes, is represented in a stereoview. 

In complex I, T4L-claudin-4 and C-CPE are colored green and purple, respectively. In complex II, In complex I, T4L-claudin-4 and C-CPE are colored green and purple, respectively. In complex II, 

T4L-claudin-4 and C-CPE are colored blue and pink, respectively. Anomalous difference densities, 

contoured at 4 σ,  are shown in red. Selenomethionines are represented by yellow sticks.
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Supplementary Figure S9 | Size-exclusion chromatography analysis of the claudin-4 

mutants and the C-CPE mutants that appear in Fig. 4i-j. (a, c) The Superdex 200 10/300 

column (GE Healthcare) elution profiles of (a) the human claudin-4 mutants and (c) the GST-

tagged C-CPE mutants. The protein samples were produced by the E. coli cell-free protein 

synthesis method, and purified by tag-affinity chromatography with the N11 tag at the N-terminus of 

the proteins. (b, d) The SDS-PAGE gel images of the peak fractions indicated by the black arrows 

in (a) and (c). In (b) and (d), 0.9 μg and 0.5 μg of protein were fractionated in each lane. SDS-

PAGE gels were stained with Coomassie Brilliant Blue.
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Supplementary Figure S10 | SDS-PAGE gel images of the pull-down assay in Fig. 4i-j. An 

equal volume of each eluate was applied to the well, and fractionated by SDS-PAGE with a 10–

20% gradient gel. SDS-PAGE gels were stained with Coomassie Brilliant Blue.
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