
 

 

 University of Groningen

The inner workings of a-amino acid ester hydrolases
Barends, Thomas Reinier Maxim

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:
2004

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Barends, T. R. M. (2004). The inner workings of a-amino acid ester hydrolases: ... and crystallization
experiments with an integral membrane transporter. s.n.

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://research.rug.nl/en/publications/8e22a535-3311-473e-9600-5153706f3e6b


Rijksuniversiteit Groningen 
 

The Inner Workings of αααα-Amino Acid Ester 
Hydrolases 

 
...and crystallization experiments with an integral 

membrane transporter 
 

 
Proefschrift 

 
 

ter verkrijging van het doctoraat in de  
Wiskunde en Natuurwetenschappen 

op gezag van de  
Rector Magnificus, dr. F. Zwarts, 
in het openbaar te verdedigen op 

vrijdag 16 april 2004 
om 16:15 uur 

 
 
 
 
 
 
 

door 
 
 

Thomas Reinier Maxim Barends 
geboren op 29 september 1975 

te Enschede 



 

Promotor:    Prof. dr. B.W. Dijkstra 

 

 

 

Beoordelingscommissie: Prof. dr. D.B. Janssen 

Prof. dr. B. Poolman 

Prof. dr. G.T. Robillard

 



 

"Als begrijpen betekent zich ergens een beeld van vormen, zullen we 

ons nooit een beeld kunnen vormen van een happening op een schaal 

van een miljoenste millimeter en met de duur van een miljoenste 

seconde waarvan de acteurs per definitie onzichtbaar zijn. Elke verbale 

beschrijving schiet tekort en de ene is niet beter dan de andere; we 

zullen het dus doen met de volgende." 

 

Primo Levi, Het periodiek systeem, J.M. Meulenhoff b.v., Amsterdam 1993 
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Executive summary 

The present thesis consists of two distinct parts, Part I (Chapters 1-6), and Part II (Chapters 7 and 8). In 

Part I, the structure and function of α-amino acid ester hydrolases (AEHs) are described. These enzymes 

are bacterial esterases constituting an enzyme family which is of potential usefulness in the synthesis of 

antibiotics. Part II describes crystallization experiments with an integral membrane protein and practical 

aspects thereof. 

Chapter 1 will give an overview of the literature on enzymes with a canonical Ser-His-Asp 

catalytic triad, because the AEHs are expected to display such a triad. Thus, this introduction sets the 

stage for the interpretation of the structures of α-amino acid ester hydrolases.  

Chapter 2 describes the crystallization of two AEHs, and gives a first analysis of the crystals 

obtained. Importantly, it describes the crystallization of the selenomethionine-labelled version of one of 

the proteins, which allowed crystal structure elucidation using multiwavelength anomalous dispersion 

(MAD).  

Chapter 3 describes, in detail, the 1.9 Å resolution crystal structure of the AEH from 

Xanthomonas citri. The structure, obtained through MAD, reveals that there is indeed a Ser-His-Asp 

catalytic triad. It is combined with unusual features which explain, amongst other things, the enzyme's 

preference for substrates containing an α-amino group. This allows the structural definition of the AEH 

family. Moreover, the crystal structure shows an interesting oligomeric state. In this state, the enzyme 

forms hollow spheres, with the active sites on the inside. Two narrow entrances to the sphere's interior 

limit access to the active sites to small molecules only. 

Chapter 4 deals with the structure solution process followed with the α-amino acid ester 

hydrolase from Acetobacter turbidans. Because of the high (63%) sequence homology between the 

Xanthomonas and Acetobacter enzymes, the phase problem could in this case be solved using molecular 

replacement. Structure refinement, however, was hampered by an effect known as crystal twinning. Due 

to another crystallographic effect called pseudo-translational symmetry, the twinning was difficult to 

detect. The reasons for this are described, as is the way in which the structure was eventually refined. 
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Chapter 5 then describes the structure of the Acetobacter turbidans enzyme, as well as the 

structures of two mutants. The first mutant, an inactive variant of the enzyme, is complexed with a 

substrate. The second mutant has enhanced biocatalytic features. The differences observed between the 

structures are discussed in terms of catalytic properties. 

Chapter 6 then concludes the first part of the thesis by discussing the AEH enzyme family as 

compared to other proteins in terms of structure and function. Directions for future research, including 

future engineering of the enzymes, are given. 

 

The first chapter of Part II, Chapter 7 describes crystallization experiments with the mannitol 

transporter of Escherichia coli. The crystallization of this enzyme, EIImtl, is expected to be exceedingly 

difficult since it concerns a membrane protein. Therefore, Chapter 7 consists mainly of a theoretical 

discussion of membrane protein crystallization. This overview is intended as a "General Introduction" to 

Part II. Next, protocols and methods for working towards crystallization of this protein are given that are 

based in this theory, while the preliminary crystallization trials are described. 

Finally, Chapter 8 concerns a practical aspect of membrane protein crystallization. Given the 

large number of crystallization trials normally required to crystallize a membrane protein, a quick and 

simple method of setting up crystallizations is required. For one such method, the microbatch-under-oil 

method, the compatibility with detergents, which are normally required for membrane protein 

crystallizations, is discussed. A method to test this compatibility is described and the results of this test 

are given for the common detergent n-dodecyl-β-D-maltopyranoside. 




