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The enzyme family of a-ketogluta-
rate dependent dioxygenases (aK-
GDs) was first described in the late
1960s. Today, over 80 human akK-
GDs have been described and even
more exist in plants and animals.
aKGDs constitute the largest en-
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zyme family known to catalyse oxi-
dation reactions without cont-
aining a Haem-Group [1, 2]. Nota-
bly, the reaction scope of aKGDs is
versatile and includes reactions such
as hydroxylations, epoxidations, ha-
logenations and many more [3].

As the stereo- and regioselective
functionalisation of unactivated
C-H bonds by conventional chemi-
cal reactions remains challenging,
enzymatic approaches have attrac-
ted increasing interest. The diverse
reaction- and substrate scope of
aKGDs makes them ideally suited
candidates as biocatalysts for modi-
fications of sp3 C-atoms in molecu-
les. Currently, biocatalytic reactions
with aKGDs catalysts are usually
monitored by analysis of the subs-
trates and products, for example by
LC- or GC-MS. The diverse substra-
te- and reaction scope requires that
the analysis method must be tailo-
red to each enzyme specifically, a
process which is time-and resource
consuming. However, despite the
broad substrate scope and the ple-
thora of reactions catalysed by aK-
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REACTION SCOPE: Overview of the reaction scope of aKGDs. The colour
of the arrows indicates the substrates for the respective reactions.

Figure adapted from Islam et al [3].

GDs, the general reaction mecha-
nism in aKGDs is conserved and is
coupled to the oxidative decar-
boxylation of the co-substrate
a-ketoglutarate to form succinic
acid in all cases [3].

The co-substrate a-ketoglutarate
is transformed to succinic acid in
equimolar amounts to the main
reaction product and the reaction
can therefore be used to monitor
the enzyme activity. In this way,
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MECHANISM: Consensus mechanism of aKG-dependent hydroxylases. Mechanism and figure adapted from
Islam et al. [3], Peters et al. [4] and Voss et al. [5].
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PRINCIPLE: Schematic representation of a universal screen for aKGDs. Crystal structure from Koketsu et al [6].

the activity measurement of vari-
ous aKGDs can be carried out in-
dependently of their main reac-
tion. In this thesis, the concept of
two different approaches for the
measurement of the side reac-
tions was investigated and their
use for the activity determination
of a set of representative aKGDs
was validated.

The first approach was designed
to directly detect succinate for-
mation by liquid chromatography
coupled to mass spectrometry
(LC-MS), while the second meth-
od was based on an enzymatic
reaction cascade which allowed
to detect succinate formation
photometrically.

A library of 36 diverse aKGDs was
modified by adding a N-terminal
his-tag for enzyme purification.
Soluble expression for 29 of 36
aKGDs was confirmed by SDS-
PAGE. Based on the expression
and substrate availability, four
enzymes were selected and culti-
vated in batches. Initial validation
of the LC-MS method and enzy-
matic assay was done by analysis
of the biotransformation with the
native substrates. For the identi-
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ENZYME: Enzymatic assay to determine the activity of aKGDs. The bio-
catalytic transformation of the main substrate by aKGDs leads intrin-
sically to the formation of succinate (I). Succinate can be converted to
succinyl-CoA by the enzyme succinyl-CoA-synthetase. Thereby, ATP is
transformed to ADP (ll). In a next step, pyruvate kinase transfers a phos-
phate group from phosphoenolpyruvate (PEP) to the formed ADP, under
the release of an equimolar amount of pyruvate (lll). In the last step, the
formed pyruvate is reduced by lactate dehydrogenase. Thereby, NADH
gets oxidized to NAD+ (IV). The decrease of NADH (indicated with a red
arrow) can be measured at 340 nm. Scheme adapted from Luo et al. [7].

\13



A JOUR 2/21

Consulting & Education

fication of potentially active re-
actions, different statistical tests
were conducted. Both methods
were able to detect significant
formation of succinic acid and
thus confirming enzyme activity
of the enzymes towards their
native substrates. Furthermore,
both methods revealed unknown
enzyme-substrate pairs as poten-
tially active.

It is anticipated that with the
conceptional validation of two
methods capable of measuring
aKGD activity independently
from the enzyme’s main reaction,
the screening of diverse aKGDs
libraries can be accelerated. By
optimization of the screening
parameters, such as the LC-MS
method and conditions of the
enzymatic assay, the economics
of the screen could be further
improved. Combining the here-
established high-throughput
screening with in silico approaches
(virtual screening) is expected
to further advance the search for
industrially valuable C-H activa-
tion catalysts.
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