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The World Health Organization
(WHO) states that the current clini-
cal pipeline of antibacterial agents
is insufficient to tackle the chal-
lenge of increasing emergence and
spread of antimicrobial resistance
[1]. Many pharmaceutical com-
panies have abandoned research
on new antibiotics leading to a
shortage of new drugs available [2].
Making matters worse, antibiotics
are excessively used as human ther-
apeutics and for livestock farming,
thus facilitating and accelerating
the development of bacterial re-
sistances against existing drugs.

Antimicrobial peptides (AMPs) are
found in all five kingdoms of live.
They offer an alternative to classical
antibiotic substances by selectively
acting upon the negatively charged
bacterial membranes, while the un-
charged cell membranes of plants
and animals remain unaffected [3].
So far, only a few AMPs such as
vancomycin or polymyxin B are
used in human therapy. AMP’s oral
bioavailability is typically limited
due to low stability and poor pene-
tration of the intestinal mucosa.
Furthermore, regulatory agencies
struggle with guidelines defining
the minimum purity for peptide

therapeutics [4]. D-amino acid con-
taining peptides, however, offer a
promising approach to overcome
some of the drawbacks of AMPs
[5]. In various studies, which com-
pared D-amino acid containing
AMPs with their all L-counterparts,
D-amino acid containing AMPs
have shown higher protease stabi-
lity while maintaining or increasing
their antimicrobial activity without
exhibiting toxicity against mamma-
lian cells [6, 7].

Radical S-adenosylmethionine
(rSAM) enzymes create a radical
species by cleaving S-adenosyl-
methionine (SAM) reductively,
which enables them to catalyze a
wide range of different reactions,
such as epimerisations [8]. The
first rSAM enzyme capable of
selectively inverting the stereo-
configuration of amino acids in
peptides, called PoyD, has been
described in 2012 [9]. Later,
OspD, AvpD and PlpD [10], as
well as YydG [11] have been
added to the rSAM epimerase
family. The proposed reaction
mechanism of rSAM epimerases
works as follows: SAM is cleaved
reductively by a [4Fe — 4S] iron-
sulfur cluster resulting into a ra-
dical 5’-deoxyadeonsine species,
which then abstracts the Cg-hy-
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drogen atom from an amino acid
in the peptide substrate. A solvent
derived thiol hydrogen atom, pro-
vided from a cysteine residue,
guenches the radical species ste-
reoselectively resulting in the for-
mation of a D-amino acid [11]. In
my thesis, the rSAM epimerase
YydG was expressed as a Strep-
tag fusion protein in E. coli. In vivo
YydG epimerizes one valine and
one isoleucine residue in YydF
[11]. The activity of YydG was ve-
rified by in vitro reactions with a
truncated version of its native sub-
strate, called YydFcore. To allow
for analysis by LC-MS, the epime-
rized peptide was digested with
trypsin resulting in three short
peptides.

YydG was then tested upon addi-
tional substrates, including anti-
microbial peptides. Notably, the
enzyme was able to epimerize sev-
eral non-native peptides and their
modified analogues. Analysis of
the epimerization pattern gave first
insights into the mechanism at the
basis of the enzymatic epimeriza-
tion reaction, i.e., which amino
acid sequence in the peptide might
define the epimerization site.
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Figure 1: Schematic representation of the epimerization of peptide
YydFcore with the epimerase YydG and subsequent digestion with
trypsin for LC-MS analysis. The epimerized residues are colored in red,
the three resulting peptides after trypsin digest are colored in yellow.

Since the conformational change
of a single or two amino acids in
a peptide often only has a low
impact on the analyzable charac-
teristics of the molecule, analysis
of epimerase products is delicate.
To overcome this problem, the in
vitro reactions with YydG were
performed in buffer that was pre-
pared with deuterated water. As
the hydrogen atom which is do-
nated by the enzyme to form the
D-configured amino acid is ulti-
mately derived from solvent, these
experiments allowed for the in-

corporation of a deuterium atom
into the peptide. Utilizing MALDI-
TOF-MS, the isotopic shift of a
deuterium incorporation can be
observed in this way confirming
the epimerization reaction. To
pinpoint the exact epimerization
site, epimerized peptides were
subjected to LC-qTOF analysis,
which allowed to determine the
epimerization site by investiga-
tion of b- and y-ions of the pep-
tides.Overall, only selected pep-
tides were epimerized by YydG
possibly indicating that certain
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Figure 2: MALDI-TOF-MS spectra of two peptides. Left: Non-epimerized reference peptide.
Right: Peptide epimerized in deuterated buffer, resulting in an observable mass shift.
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peptide sequence motifs are cru-
cial for epimerization by YydG.
Using this knowledge, further
studies will aim to investigate if
additional non-native peptides
can be epimerized by YydG.
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