
 

 

 University of Groningen

Crystal structure of a substrate-free aspartate transporter
Jensen, Sonja; Guskov, Albert; Rempel, Stephan; Hänelt, Inga; Slotboom, Dirk Jan

Published in:
Nature Structural & Molecular Biology

DOI:
10.1038/nsmb.2663

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2013

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Jensen, S., Guskov, A., Rempel, S., Hänelt, I., & Slotboom, D. J. (2013). Crystal structure of a substrate-
free aspartate transporter. Nature Structural & Molecular Biology, 20(10), 1224-1226.
https://doi.org/10.1038/nsmb.2663

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 25-05-2023

https://doi.org/10.1038/nsmb.2663
https://research.rug.nl/en/publications/74dc6f31-cf0d-49e6-8d0e-92390ec1be94
https://doi.org/10.1038/nsmb.2663


SUPPLEMENTARY INFORMATION 

Crystal structure of a substrate-free aspartate transporter  

 

Sonja Jensen1,3, Albert Guskov1,3, Stephan Rempel1, Inga Hänelt1, Dirk Jan 

Slotboom1,2 

 

 
1 University of Groningen, Groningen Biomolecular Sciences and Biotechnology 

Institute, Groningen, The Netherlands 
2 University of Groningen, Zernike Institute for advanced Materials, Groningen, The 

Netherlands 
3These authors contributed equally 

	  

	  

	  

Corresponding	  author:	  Dirk	  Jan	  Slotboom,	  d.j.slotboom@rug.nl	  

 

 

 

 

 

 

 

 

 

 

 
 
 

Nature Structural and Molecular Biology: doi:10.1038/nsmb.2663



 
 
Supplementary Figure 1.  Sequence alignment of GltTk with GltPh. Identical residues 

indicated in red, except for the residues involved in the binding of aspartate and 

sodium ions, which are shown in blue. Asterisks denote R401 and M314 that undergo 

the most dramatic changes in the substrate-free transporter. The trans membrane 

segments (TMS) and helical hairpins (HP) are numbered and colored as in 

Supplementary Figure 4.  
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Supplementary Figure 2. Transport of aspartate by GltTk. The purified protein 

was reconstituted in proteoliposomes and uptake of L-aspartate was assayed. (a) 

Substrate specificity. The initial uptake rate of radiolabeled L-aspartate (0.23 μM) 

was measured in the absence (left bar) or presence of a 400-fold excess of the 

indicated, unlabeled amino acids. (b) Sodium and pH dependency. Proteoliposomes 

loaded with potassium phosphate buffer (50 mM, pH 7) were assayed for L-aspartate 

uptake using external buffers (50 mM sodium phosphate, left three bars; 50 mM 

TRIS/MES, right three bars) of different pH values. Transport of aspartate was 

dependent on sodium ions but not dependent on a proton gradient. Standard errors of 

the mean from triplicate experiments are shown. For the experiments in the absence 

of sodium ions the error bars are too small to be visible. 
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Supplementary Figure 3. Aspartate binding to GltTk assayed by isothermal 

titration calorimetry. (a) and (b) show titrations of L-aspartate (0.2 nmol per 

addition) to 2.6 or 3.0 nmol GltTk in the absence and presence of  500 mM Na+, 

respectively. The upper panels show the heat added to the cell over time with 

successive additions. The excess heat added per addition was integrated from the 

upper panel and plotted in the lower panel as function of the ratio of the 

concentrations of aspartate and GltTk in the cell. Aspartate binds only if Na+ is 

present. This data shows that purified GltTk is devoid of Na+ and aspartate. 
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Supplementary Figure 4. Crystal structure of GltTk. (a) Left protomer: 

Superposition of GltTk (yellow) with GltPh (Gray, pdb code: 2NWL). RMSDs: overall 

1.31 Å, trimerization domain 0.84 Å, transport domain 1.43 Å, aspartate binding site 

1.79 Å, sodium binding sites 2.72 Å). Right protomer: GltTk colored from blue (N-

terminus) to red (C-terminus), as in Supplementary Fig. 1. Transmembrane segments 

(TMS) and helical hairpins (HP) are labeled. (b) The two HPs occlude the binding site 

in GltTk.  
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Supplementary Figure 5. Interaction network of Arg401 in GltTk. (a) Arg401 

interacts with Asp398 in TMS8 and Val358 in HP2. (b) For comparison the 

equivalent residues in the binding site in GltPh are shown. The three residues directly 

interact with the substrate L-aspartate. Colors as in Figures 1 and 2 of the main text. 
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Supplementary Table 1.  Data collection and refinement statistics  
 GltTK native  
Data collection   
Space group P3221  
Cell dimensions     
    a, b, c (Å) 117.57, 117.57, 309.51  
    α, β, γ  (°)  90.00, 90.00, 120.00  
Resolution (Å) 48.4-3.0(3.1-3.0) *  
Rmeas 0.13 (1.18)  
I / σI 6.11(1.1)  
Completeness (%) 99.8 (99.8)  
Redundancy 7 (7)  
   
Refinement   
Resolution (Å) 3.0  
No. reflections 50526  
Rwork / Rfree (%) 21.2/26.6  
No. atoms   
    Protein 9308  
    PEG 52   
    Water -  
B-factors   
    Protein 96.5  
    PEG 119.9  
    Water -  
R.m.s. deviations   
    Bond lengths (Å) 0.010  
    Bond angles (°) 1.510  
*Values in parentheses are for the highest-resolution shell. 
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Supplementary Table 2. Comparison of B-factors in the GltTk structure 
 B-factors (Å2) 
Chain Arg401 Side Chain Average Side Chain Range in Loops 

A 126.7 98.5 135-199 
B 118.2 101.1 120-205 
C 110.8 95.6 122-206 
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