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The CusS histidine kinase is a component of the bacterial
two-component signal transduction system CusS-CusR,
engaged in Escherichia coli to prevent the damaging accu-
mulation of copper ions [1]. The CusS, like classical
histidine kinase, is a transmembrane multidomain protein
[2]. It binds copper by the periplasmic sensor domain and
propagates this signal toward the cytoplasmic catalytic
core, through the coordinated conformational change of its
subsequent domains. Then, the kinase core binds ATP,
autophosphorylates its conserved histidine residue and
transmits the y-phosphoryl group to its cognate response
regulator CusR. As a consequence, the response regulator
binds to the target operon, responsible for the synthesis of
copper-efflux pomp and regulates its transcription [3]. A
small amount of copper ions is indispensable for aerobic
cell metabolism. Nonetheless, its excess in the cytoplasm
generates damaging reactive hydroxyl radicals [4]. For that
reason, understanding bacterial copper sensing mecha-
nisms can contribute to reducing bacterial resistance and
developing bactericidal copper-based materials.

Using X-ray crystallography, the crystal structure of
the CusS kinase core was solved at the resolution of 1.4 A.

The cytoplasmic catalytic domains ensemble in a
homodimer structure. The CusS kinase core structure de-
termination allowed us studying intramolecular and
intermolecular interactions crucial for the mechanism of
CusS autophosphorylation. Based on obtained structural
data, conserved catalytic and structural motifs were identi-
fied and described. According to identified conserved mo-
tifs CusS can be classified into the Type I family of
histidine kinases, the most common group of these en-
zymes constituting 72 % of all histidine kinases.
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Figure 1: (A) Protein crystals of CusS kinase obtained by hanging drop vapor diffusion technique. (B) The overall structure of CusS

catalytic kinase core.
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Antimicrobial resistance is on the rise. Thus, there is an ur-
gent need to discover novel antimicrobials and determine
their mechanism of action.

An underexplored class are bacteriocins: Short
ribosomally synthesized and post-translationally modified
peptides (RiPPs) that often show high potency, and low
toxicity. [1, 2]

One subclass requires a glycosylation to show anti-
microbial activity and thus have been termed glycoactive
bacteriocins, Glycocins [3].

Their challenging synthesis, in vitro or in vivo, renders
the elucidation of their mechanism and their broader use
difficult. Reasonable yields of authentic glycocins could
only be obtained by the use of the cognate glycosyl-
transferase that is able to either glycosylate a serine or
threonine, resulting in canonical O-glycosylation or a
cysteine, resulting in a rare type of S-glycosylation. [4-6]

Insights into the function of Glycocin- Glycosyl-
transferases (GGTs) will help to understand the unusual
specificity of these transferases for cysteine and/or serine
and threonine and the high selectivity for its glycosylation
site. Understanding the key elements of the catalytic site
may allow to use the transferases as valuable tools to syn-
thesise glycocins, glycopeptides and neo-glycopeptides in
general. We identified several putative Glycocins and their
cognate GGTs using bioinformatics. The recombinant pro-
duction and purification of five selected GGTs from Bacil-
lus subtilis,  Enterococcus faecalis, Gottfriedia aci-
diceleris, Laceyella sacchari and Streptomyces platensis,
was established.

The GGTs were characterised in regard of the metal ion
dependency and the carbonucleotide specificity.

Using SPPS we synthesised some glycocins and proved
their selective glycosylation by the cognate GGT. To in-
vestigate the molecular determinants for the observed dif-
ferences in specificity in terms of preferred sugars and their
S/O-selectivity, we use X-ray crystallography as method of
choice. For three GGTs crystals could be obtained and the
structure for the BsGGT could be solved to 2.6 A resolu-
tion.
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Figure 1. Crystal structure of the crystallographic dimer of B. subtilis GGT at 2.6 A.
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Most bacteria with sequenced genomes encode p, a
hexameric RNA-dependent ATPase. In many of these spe-
cies, p is essential. p is a paradigmatic transcription termi-
nation factor that defines the ends of 20-30 % of
transcription units in Escherichia coli. Based on this capac-
ity, p also mediates attenuation in 5’-untranslated regions,
limits the extent of antisense transcription, silences foreign
genes and safeguards genomes by restricting R-loops. p ac-
tivity involves conformational transitions between an inac-
tive open-spiral and an active closed-ring state, modulated,
among others, by nucleotide and RNA binding. On RNA
polymerase, p-dependent termination can be counteracted
by various transcription factors [1], but only two known
protein inhibitors target isolated p, including the polarity
suppression protein, Psu, of pirate bacteriophage P4. Pres-
ently, the molecular basis of Psu-mediated n inhibition is
unknown. We elucidated cryogenic electron microscopy
structures of p-Psu complexes, in which multiple Psu
dimers laterally clamp two p spirals, stabilizing them in an
open conformation. Remarkably, Psu increases the helical

L4

pitch of the spirals, fostering their expansion by further n
subunits up to the nonameric state. Consistent with Psu
trapping ATP analogs at their binding sites on p, ATP sta-
bilizes the p-Psu interaction, and Psu reduces ATP binding
kinetics, thereby inhibiting the p ATPase. Also, fully con-
sistent with the structures, Psu counteracts RNA binding at
the center of the p spirals, which requires ring closure.
Structure-guided exchange of p-Psu contact residues re-
duced complex formation, decreased Psu-mediated p
ATPase inhibition and undermined Psu-mediated inhibi-
tion of p-dependent termination in vivo. Our findings re-
veal that Psu implements a unique mechanism — forced
hyper-oligomerization — to inhibit p, which may inform
the development of novel, p-targeting anti-microbials.

1. Said N, Hilal T, Sunday ND, Khatri A, Biirger J, Mielke T,
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(2021) Steps toward translocation-independent RNA poly-
merase inactivation by terminator ATPase p. Science 371,
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Nucleoside diphosphate kinases (NDPK-C) belong to the
NM23 protein family and catalyze the reversible
phosphorylation of nucleoside diphosphates to nucleoside
triphosphates in a magnesium-dependent manner. The en-
zymes exist as homo- or heteromeric hexamers, the latter
are formed with other isoforms. We described a 1.4A reso-
lution structure of human homo-hexameric NDPK-C
bound to ADP. We also analyzed the structure of NDPK-C
in the presence of GDP, UDP, and cAMP and described the
high-resolution structures of the as-yet unidentified com-

plexes. Both of the partial reactions of the NDPK phospho-
transferase activity require Mg>" ions. We provided the
structural basis by comparing NDPK-C nucleotide com-
plexes in the presence and absence of this ion. To investi-
gate the nucleotide impact on the NDPK-C conformation,
we analyzed a nucleotide-depleted NDPK-C structure and
compared it with the nucleotide bound form. The analysis
revealed a conformational change upon substrate binding
and allowed us to identify flexible regions in the substrate
binding site.
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The eukaryotic translation factor SA (eIF5A) plays a piv-
otal role during translation. It is the only cellular protein
known to undergo hypusination, a unique post-
translational modification of a conserved lysine (Lys50 in
human eIF5A). Hypusination is essential to resolve ribo-
somal stalling during the formation of proline-rich
polypeptides. Recent findings show that the hypusination
of elF5A plays a role in many important cellular processes,
including autophagy, senescence, polyamine homeostasis,
and the determination of helper T cell lineages. Malfunc-
tions of the hypusination pathway, including those caused
by mutations within the pathway encoding genes, are asso-
ciated with such conditions as cancer or neuro-
degeneration. Therefore, hypusination seems as an
attractive molecular target for therapeutic interventions.

Hypusination involves two distinct enzymatic steps.
First, deoxyhypusine synthase (DHS) catalyzes the transfer
of 4-aminobutyl moiety of spermidine to a specific lysine
of eIF5A precursor in an NAD-dependent manner. Subse-
quently deoxyhypusine is further hydroxylated to the ma-
ture form hypusine by second enzyme: deoxyhypusine
hydroxylase (DOHH).

Here, we present the cryoEM structure of the human
elF5SA-DHS complex at 2.8A resolution and a crystal struc-

ture of DHS trapped in the key reaction transition state.
Furthermore, using combined structural biology and bio-
chemical analysis, we show that DHS variants that cause
neurodegeneration influence complex formation and
hypusination efficiency. Hence, our data provide the mo-
lecular basis of deoxyhypusine synthesis and reveal how
clinically-relevant mutations affect this crucial cellular
process.
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2019;104(2):287-298.
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More than ever a sustainable and efficient alternative to tra-
ditional chemical synthesis based on the deployment of
mineral oil is prerequisite in the chemical and pharmaceuti-
cal industry. Enzyme catalysis combines both demands, as
biocatalysts function under mild reaction conditions and
possess excellent selectivity. Particularly plants provide
biosynthetic enzymes with exquisite specificity that facili-
tate complex reactions, like the formation of intricate
terpene carbon skeletons. Single particle analysis of the
structure of such small proteins has a tremendous potential
to increase the rational element of protein engineering and
spark the capability of e.g. Cryo-EM for structure solution
[1]. Cryo-EM already revealed a stunning success in struc-
ture solution of large molecular machines, however a major
challenge for this technique are small proteins, such as a
large amount of biorelevant catalysts are. Small protein
complexes have been only reported to a maximum resolu-
tion of 3.0 A yet [2]. Hence, single particle analysis by
Cryo-EM towards the rapid elucidation of small protein
structures has a vast potential to increase the rational ele-

ment of structural biochemistry and protein engineering in
the future. Here, we present the highest resolution achieved
by Cryo-EM so far. The structure of a ~120 kDa plant
borneol dehydrogenase with outstanding volume clearly
below 2A resolution (Figure 1) [3]. Considering that struc-
tures of homomultimeric plant enzymes are highly un-
der-represented to date and given the molecular weight of
the tetrameric complex, we were able to push the bound-
aries of this rapidly evolving method drastically. Hence,
Cryo-EM is a valuable tool to achieve fast and high-resolu-
tion structure determination for enzymes that proved diffi-
cult to crystallize.

1. Lyumkis, D. (2019) J Biol Chem 294, 5181-5197.

2. Herzik, M.A.; Wu M.; Lander G.C. (2019) Nature 10,
1032.

3. Dimos, N.; Helmer C.P.O.; et al. (2022) Acta Cryst. D
D78, 113-123.

Figure 1: SY'BDHI Cryo-EM structure at 1.88 A. (A) Tetrameric assembly of SY'BDHI. Density of each of the four protomers is shown
in different blue tones. (B) Rotation by 90°, same color-coding as in A. (C) Zoom on C-terminal end of aH with well-depicted den-
sity-hole for aromatic residue F260. (D) Residue R74 in double conformation and water molecule in 2.5 A distance to guanidinium
function. [3]
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Glycogen is the most important short-term reserve of car-
bon and energy, consisting of a.-1,4 linked glucose with a
regular o-1,6 branch every 8-12 residues. Complete degra-
dation of glycogen requires the action of the glycogen
phosphorylase and the glycogen debranching enzyme
(GDE). Human GDE is a multi-domain enzyme with dual
activity, having glucanotransferase and glycosidase activ-
ity. First, GDE transfers a maltosyl/maltotriosyl group
from a branch to a neighbouring linear chain via its
transferase activity. Second, it cleaves the last glucose resi-
due of the remaining branch, thus allowing the glycogen
phosphorylase to hydrolyse the linear part of glycogen [1].
GDE mutations can lead to a rare genetic syndrome, char-
acterised by liver, skeletal muscle and/or heart dys-
functions [1, 2]. Available data on structure and function
are mainly derived from yeast homologs [2, 3], whereas
human GDE (hGDE) is poorly understood on a molecular
level.

Here, we show that 175 kDa hGDE expressed in Esche-
richia coli and purified by liquid chromatography is func-
tional and monomeric. We aim to characterise the function
of its different domains by rational design of protein con-
structs, combined with biochemical assays and structural

analysis, to shed light on the important functional motifs
for efficient catalysis. Our CryoEM structure shows that
the overall architecture of hGDE agrees with the previ-
ously released crystal structure of a characterised yeast
homologue [2]. Additionally, suitable crystallisation con-
ditions were identified by biased hanging-drop
crystallisation experiments, paving the way to an integra-
tive structural analysis of this enzyme. Together, the col-
lected results will provide insights into the catalytic
mechanism and the overall interaction of the enzyme with
its complex, natural substrate. Moreover, the role of dis-
ease-causing mutations will be assessed, paving the way to
a deeper understanding of the clinical features observed in
patients.
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