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Tight junctions are essential for maintaining 
biological compartments in an organism

(Claude and Goodenough, 1973)

(Tsukita et al., 2001)



Tight junctions are the gatekeepers of the 
paracellular space

Tight junctions form a selective 

barrier regulating paracellular 

transport of water and solute 

across epithelial and 

endothelial cells.

(Chalcroft and Bullivant, 1970; Tang and 

Goodenough, 2003; Anderson and Van 

Itallie, 2009; Furuse, 2010; Lingaraju et 

al., 2015; Zihni et al., 2016; Odenwald 

and Turner, 2017)
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Tight 

Junction



(Otani and Furuse, 2020)

Claudins are the backbone of tight junctions and 
determine their permeability
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Tetrameric Pore of 
Claudin-15



How do claudins polymerize to form strands?
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Claudin-15 is a size and charge selective paracellular channel
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Site of claudin-15 selectivity filter at D55

Front View, Surf Representation Front View, NewCartoon Representation Side View



Using MD to investigate ion channels
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(DeMarco et al., 2019)



Generating the reduced model
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341K atoms 

59K atoms 



Full and reduced models demonstrate congruence
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Reduced Model (59,000 atoms) at 153mM X+

Full Model (341,000 atoms) at 213mM X+



Claudin-15 selectivity filter is negatively charged 
tetrameric cage
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The selectivity profile of claudin-15
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D55E mutation alters claudin-15 selectivity profile
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D55N mutation alters claudin-15 selectivity profile
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Comparing in silico with in vitro selectivity profiles
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Claudin-15 pore radius calculations 
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WT Claudin-15

ravg = 3.88 Å



Mutation to binding site reduces pore radius
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ravg = 3.51 Åravg = 3.88 Å ravg =  3.77Å

WT D55N D55E



Interactions of cations with pore-lining residues
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Interactions of cations with pore-lining residues of D55 mutants
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D55E

D55N



Occupancy of claudin-15 channel by cations
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Using the TACC 
Analysis Portal 
(TAP) to 
visualize Na+ 

interactions with 
the claudin-15 
binding site



Ion diffusion is driven by charge and volume of pore
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Mutagenesis of pore-lining residues



Probing pore-lining residues in parallel
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Single 
Mutants

Double 
Mutants

Triple Mutants

A53E/R
D55E/K/N
D64K
E46K/R
F65E/R
L57R/
L69E/R
N61D/E/R
R30E/N
S51E/R
V59E/R
W63D/E/R

D55N-E46R
D55N-L57R
D55N-L69R
D55N-N61R
E46R-L57R
L69R-L57R
L69R-E46R
R30E-F65R

D55N-E46R-L57R
D55N-L69R-E46R
D55N-L69R-L57R
E46K-D55K-D64K



Claudin-15 Mutants: Single Channel Conductance Normalized to Ion Concentration
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Computational and scientific visualization workflow
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Big picture goals
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● Scientific Goals

○ Characterize roles of pore-lining residues in claudin-15 ion conduction

○ Engineer claudin-15 channel with selectivity reversal

○ Screening for small molecule inhibitors in silico

● Computational Goals

○ Integrate elements of automation

○ Improve quality and efficiency of visualization workflows 



Challenges and limitations
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Conclusion
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• We have determined the charge and selectivity of the claudin-15 pore.

• The reduced model reliably reflects experimental permeability profiles, 
allowing us to conduct scanning mutagenesis on claudin-15.
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