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Crystal structures reveal the molecular basis of ion-

translocation in sodium/proton antiporters 
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To fully understand the transport mechanism of Na+/H+ exchangers it is 

necessary to firmly establish the global rearrangements required to facilitate 

ion translocation. Currently, two different transport models have been 

proposed. Some reports suggest that structural isomerization is achieved 

through large, elevator-like rearrangements, similar to that seen in the 

structurally unrelated sodium-coupled glutamate transporter homologue 

GltPh. Others have proposed that only small domain movements are required 

for ion exchange and a conventional rocking-bundle model has been proposed 

instead. Here, to resolve these differences we report atomic resolution 

structures of the same Na+/H+ antiporter (NapA from Thermus thermophilus) 

in both outward- and inward-facing conformations. These data combined with 

cross-linking, MD simulations and isothermal calorimetry strongly suggest 

that Na+/H+ antiporters provide alternating access to the ion-binding site 

using elevator-like structural transitions. 
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RESULTS 

Elevator-like movements of NapA can occur in a lipid bilayer
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The inward-facing crystal structure of NapA  
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Outward-facing NapA crystal structure in lipidic mesophase 
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An Elevator alternating-access mechanism for Na+/H+ antiport  
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Figure Legends 

Fig. 1 Disulfide-trapping of NapA in an inward-facing conformation a. 

b. 

c.  d. e.
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Fig. 2 The disulfide-trapped structure of NapA in an inward-facing 

conformation. a. 

 b. 

c. 

d.
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Fig. 3 LCP structure of NapA supports the physiological positioning of the 

outward-facing conformation. a. 
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c

Fig. 4 An elevator-like alternating-access mechanism for Na+/H+ antiport. a. 

b. 

c
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Fig. 5 The cavity closing interactions formed between the Dimer and Core 

domains a

b

c

K

Fig. 6 Schematic illustrating the conceptual differences between “rocking-

bundle” and “elevator” alternating-access mechanisms a

b.
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Table 1 
 

Biochemical characterization of NapA mutants. 

K

 

NapA 
KM (mM) at pH = 8.0 

Na+ Li+ 

WT 

V31C 

I130C 

V31C I130C 

V31C I130C* 

I55C 

V71C L141C 

R133E 

E35R 

R133E E35R 

K344A 
 
* K
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Table 2 Data collection and refinement statistics (molecular replacement)

 LCP V31C I130C 
Data collection 
Space group C 2 2 21 C 2 2 21 
Cell dimensions  
a, b, c (Å) 56.58, 94.09, 147.28 77.71,84.64,201.78 
    α, β, γ  (°) 90, 90, 90 90, 90, 90 
Resolution (Å) 47.04  - 2.3 

(2.382  - 2.3) a
33.64  - 3.7 

(3.832  - 3.7) 
Rmerge 0.182 (1.036) 0.090 (2.788) 
CC 1/2 0.972 (0.735) 0.999 (0.575) 
CC* 0.993 (0.921) 0.999 (0.854) 
I / σI 12.24 (1.65) 13.26 (1.13) 
Completeness (%) 99 (100) 100 (100) 
Redundancy 4.5(4.5) 12.7 (13.3) 

Refinement 
Resolution (Å)   
No. reflections 17750 7386 
Rwork / Rfree 0.206 / 0.218 0.292 / 0.325 
No. atoms   
   Protein 2828 2823 
   Ligand 147 - 
   Water 76 - 
B factors   
Protein 45.5 197 
   Ligand 72.8 - 
   Water 50.4 - 
r.m.s. deviations   
   Bond lengths (Å) 0.005 0.005 
   Bond angles (°) 0.96 0.81 
Number of TLS group - 1 

a Values in parentheses are for highest-resolution shell. 
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ONLINE METHODS 

Materials and Methods: Thermus thermophilus

GSENLYFQ

Protein expression and purification. 

E. 

coli

E. coli

β

g

β



21

Na+/H+  cysteine accessibility. 

Na+/H+ antiport activity
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Isothermal calorimetry. 

  

Crystallization and diffraction
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Structure determination. 

Structure Analysis.  

Molecular dynamics simulations
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Analysis of molecular dynamics simulations
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