
�������� ��	
���
��

A structural classification of carbohydrate epimerases: from mechanistic
insights to practical applications

Stevie Van Overtveldt, Tom Verhaeghe, Henk-Jan Joosten, Tom van den
Bergh, Koen Beerens, Tom Desmet

PII: S0734-9750(15)30045-8
DOI: doi: 10.1016/j.biotechadv.2015.10.010
Reference: JBA 6983

To appear in: Biotechnology Advances

Received date: 20 August 2015
Revised date: 15 October 2015
Accepted date: 22 October 2015

Please cite this article as: Van Overtveldt Stevie, Verhaeghe Tom, Joosten Henk-Jan, van
den Bergh Tom, Beerens Koen, Desmet Tom, A structural classification of carbohydrate
epimerases: from mechanistic insights to practical applications, Biotechnology Advances
(2015), doi: 10.1016/j.biotechadv.2015.10.010

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/10.1016/j.biotechadv.2015.10.010
http://dx.doi.org/10.1016/j.biotechadv.2015.10.010


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

 1 

A structural classification of carbohydrate epimerases: from mechanistic 
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Abstract 
In recent years, carbohydrate epimerases have attracted a lot of attention as 
efficient biocatalysts that can convert abundant sugars (e.g. D-fructose) directly into 
rare counterparts (e.g. D-psicose). Despite the increased research activities, no 
review about these enzymes has been published in more than a decade, meaning 
that their full potential is hard to appreciate. Here, we present an overview of all 
known carbohydrate epimerases based on a classification in structural families, 
which links every substrate specificity to a well-defined reaction mechanism. The 
mechanism can even be predicted for enzymes that have not yet been characterized 
or that lack structural information. In this review, the different families are discussed 
in detail, both structurally and mechanistically, with special reference to recent 
examples in the literature. Furthermore, the value of understanding the reaction 
mechanism will be illustrated by making the link to possible application and 
engineering targets. 
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1. Introduction 
Carbohydrates and derivatives exhibit a wide variety of functions that are essential 
for all living organisms. Indeed, they can serve as a source of energy or as structural 
elements, play a part in molecular recognition processes, and can be used as 
precursors for the biosynthesis of other molecules like aromatic amino acids (Trp, 
Phe, Tyr) (Englyst et al., 2007; Stallforth et al., 2009; Beerens et al., 2012; Maeda and 
Dudareva, 2012). Several types of enzymatic reactions are involved in the 
metabolism of carbohydrates, including dehydrogenation, oxidation, reduction, 
acetylation, isomerization, and epimerization. In this review, we will focus on the 
group of enzymes that catalyse an epimerization reaction, which can be defined as 
the inversion of stereochemistry in molecules with more than one chiral center 
(Tanner, 2002) (Figure 1). 
 
Insert Figure 1 

 
In the case of carbohydrate epimerases (CEP, EC 5.1.3), epimerization can 
theoretically occur on every stereocenter of the sugar molecule, although not all of 
these reactions have been observed in nature. Some epimerase members can even 
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