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Understanding
Biochemistry of Plant Resilience

Despite their sessile lifestyle, plants and fungi are no helpless victims of their
fate. In the course of evolution, they have developed the ability to produce a
variety of bioactive compounds that enable them to communicate with their
environment and to defend themselves against pathogens or cope with diffe-
rent stresses. Research at the IPB focuses on a comprehensive molecular un-
derstanding of plants’ adaptive and developmental processes. The knowledge
gained paves the way to a plant-based bioeconomy: it facilitates sustainable
crop production, innovative biotechnology, and drug development to improve
the nutrition and health of humans, animals, and plants. We conduct research
in four departments.

Prof. Alain Tissier

Department Cell and Metabolic Biology

In our department, we aim at elucidating the biosynthesis of specia-
lized plant metabolites, and at understanding the role they play in
the life of plants. This can be in the defense against aggressors, but
also in attracting beneficial partners or during development.

Prof. Steffen Abel Program Center for Plant Metabolomics
Department Molecular Signal Processing and Computational Biochemistry

Major areas of interconnected research activities comprise the per- As a new interdisciplinary research program, the Pro-
ception of abiotic and biotic cues, the action and integration of che- gram Center MetaCom combines the capacities of
mical mediators, and the coordination of metabolic and cellular high-performance analytical equipment at the insti-
processes during adaptive plant development. tute and its expertise in the fields of natural product
chemistry, metabolomics, and chemo- and bioinfor-
matics. The program aims to achieve a comprehen-
sive chemical understanding of plant resilience. With
MetaCom, the IPB intends to become an international
reference center for specialized natural products and
thus make a visible contribution to solving current
challenges such as climate change and food security.

Prof. Ludger Wessjohann

Department Bioorganic Chemistry

Our primary goal is the development of new bioactive compounds
and biocatalysts, inspired by the research of natural substances and
processes. Such bioactives are used e.g. as active principles in me-
dicines, for a healthier nutrition or for crop protection.

Prof. Tina Romeis,
Department Biochemistry of Plant Interactions

We investigate interactions in, of, and with plants, which guarantee
the survival, growth, and yield of plants even under unfavourable en-
vironmental conditions or infestation by pathogenic microorganisms
or herbivores.
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New fluorescence sensor shows
CDPK activation in real-time
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Department Biochemistry of Plant Interactions

New fluorescence sensor
shows CDPK activation in real-time

lants respond to pathogen attack,

drought, nutrient deficiency, and many

other challenges with a pronounced
change in their intracellular calcium concentra-
tions. This early stress signal activates calcium
dependent protein kinases (CDPKs), which ini-
tiate defense cascades by phosphorylating
their target proteins, leading to rapid
adaptation to the changing en-
vironmental conditions. In
this process, depending on

different enzymes in seve-

ral signaling pathways, real-time calcium de-
coding in plant
cells.”

thus enabling the plant to
specifically respond to the
prevailing stress in each case.
One of the most exciting questi-
ons in this field is, which molecular
mechanisms differentially activate the members
of the CDPK family to initiate stress-specific sig-
naling cascades. Similarly interesting is the
question of how the enzymes are inactivated
after the stress has subsided.

The first step for the CDPK kinase activity is a
conformational change of the enzyme caused by
calcium binding. We developed a FRET-based re-
porter that visualizes the calcium-dependent
conformational changes in CDPK during its acti-
vation. To do this, we fitted two Arabidopsis

,,CPKaleon is

the stimulus and type of a pOWGI’fU' ap-
stress, CDPKs coordinate proach fOI’ visualizing

CDPKs, namely the highly calcium-sensitive
AtCPK21 and the rather calcium-insensitive
AtCPK23 with the reporter.

FRET measurements in tobacco and Arabidopsis
recorded in vivo conformational activation and,
after calcium signal decline, inactivation of
CDPKs. In Arabidopsis, we focused
on the guard cells, whereas in
tobacco, we mainly observed
growing pollen tubes, in
which simultaneous im-
aged a strong calcium
fluctuation occurs. Here,
accordingly, only the high-
ly calcium-sensitive CPK21-
FRET responded in an oscil-
latory manner to the intracellu-
lar calcium fluctuation, while the
less sensitive CPK23-FRET showed no
changes in the fluorescence signal. In Arabidop-
sis stomatal guard cells, CPK21-FRET also res-
ponded to early calcium surges triggered by
abscisic acid or by the flagellin peptide flg22.
This suggests the involvement of AtCPK21 in pa-
thogen defense.

With this study, we demonstrate that CDPK iso-
forms respond differently to calcium signals,
which in tissues with pronounced calcium
fluctuation leads to the activation of only the
highly sensitive CDPKs and thus influences the
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direction of the signal cascade. In addition, for
Arabidopsis guard cells, we make initial state-
ments about the type of stress that had trigge-
red AtCPK21 activation. Based on these data,

tude of plant developmental and stress respon-
ses. The CDPK fluorescence sensor, named
CPKaleon, will be used in the future to elucidate
the function of additional CDPK isoforms in va-

Xanthomonas effector protein

manipulates plant microtubules

CDPK-FRET is a powerful approach for tackling rious signaling pathways.
real-time live-cell calcium decoding in a multi-

Original Publication:

Anja Liese, Bernadette Eichstadt, Sarah Lederer, Philipp Schulz, Jan Oehlschlager, Su-
sanne Matschi, José A Feijo, Waltraud X Schulze, Kai R Konrad & Tina Romeis. Imaging
of plant calcium-sensor kinase conformation monitors real time calcium-dependent
decoding in planta. Plant Cell 2024, DOI: 10.1093/plcell/koad196.

Fluoreszenzsensor macht Stressreaktion sichtbar

Pflanzen reagieren auf den Befall von Krankheits-
erregern, Trockenheit, Nahrstoffmangel und viele
weitere Herausforderungen mit einer starken Ver-
anderung ihrer intrazellularen Kalzium-Konzentra-
tionen. Dieses friihe Stresssignal aktiviert Kalzium-
abhangige Proteinkinasen (CDPKs), die durch
Phosphorylierung ihrer Zielproteine Abwehrkas-
kaden initiieren, was zu einer schnellen Anpas-
sung an die veranderten Umweltbedingungen
fiihrt. Dabei koordinieren CDPKs je nach Stimulus
und Art des Stresses unterschiedliche Enzyme in
verschiedenen Signalwegen, mit denen die Pflan-

ze ganz gezielt auf den jeweils vorherrschenden

Stress reagiert. Eine der spannendsten Fragen auf
diesem Gebiet ist, durch welche molekularen Me-
chanismen die Mitglieder der CDPK-Familie diffe-

renziert aktiviert werden, sodass sie die stress-
spezifischen Signalkaskaden in Gang setzen kén-
nen. Erste Voraussetzung fir die Kinase-Aktivitat
der CDPK ist eine durch die Bindung von Kalzium
hervorgerufene Konformationsanderung des En-
zyms. Wir haben jiingst einen fluoreszenzbasier-
ten Sensor entwickelt, mit dem man die Kalzium-
abhangigen Konformationsanderungen der CDPK
wahrend ihrer Aktivierung, in Echtzeit, sichtbar
machen kann. Der CPKaleon getaufte CDPK-Fluo-
reszenzsensor ist demnach ein leistungsfahiges
Tool zur Entschliisselung der Kalzium-Signalwege
in lebenden Zellen bei einer Vielzahl von pflanzli-
chen Stressreaktionen. Er kann kiinftig genutzt
werden, um die Funktion weiterer CDPKs in ver-
schiedenen Signalwegen aufzuklaren.




Xanthomonas effector protein
manipulates plant microtubules

anthomonas, as plant pathogenic bacteria, course in interaction with its host plant species. Elu-
cause enormous damage to crops and or-  cidating the diverse biochemical activities of T3Es
namentals. They infect more than 400 within plant cells has been the focus of plant re-
plant species, including wheat and rice, white cab-  search for the past 25 years. Some effector proteins
bage, walnuts, lemons, cotton and soybeans, as  can activate transcription in the host cell, others are
well as begonias, geraniums and hyacinths. Over able to phosphorylate or ubiquitinate host proteins;
the course of evolution, these pathogens have however, for many of the T3Es discovered so far,
developed numerous strategies to it is still unknown what they do and
successfully infect and colonize which plant signaling pathway

different plant species. We have they interfere with.

»Studying an
effector protein in
the context of a genus
can provide important
insights into its locali-
zation and acti-

vity.”

taken a closer look at one of

these infection strategies Although T3E arsenals are

and gathered new insights often diverse in structure
into this particular mecha- and action from pathovar to
nism of disease develop- pathovar, some T3Es with
ment. conserved structural traits

are present in most sequen-

In general, Xanthomonas bac- ced Xanthomonas strains. These

teria gain access to plant tissue include Xanthomonas outer protein
through wounds or stomata and, depen- L (XopL), which is an ancestral effector
ding on the pathogen type, grow either in the vas-  contributing to the virulence of several Xanthomo-
cular tracts or in the intercellular space between nas strains infecting different plant species. XopLs
the leaf mesophyll cells. The bacteria inject type Il exhibit a conserved leucine-rich region and an E3
effector proteins (T3Es) directly into the cytosol of  ligase activity. Despite these conserved character-
plant cells via needle-like structures of the istics, we have new evidence to suggest functional
type lll secretion system. Here, the effector pro-  variation exists between the XopLs of different Xant-
teins suppress the plant basal immune response. homonas species. Expression of XopL proteins in
This leads to necrotic spots of dead tissue and tobacco plants revealed two major findings: XopLs
overall wilting and rotting of leaves and stems in  differ in their ability to induce plant cell death, and
susceptible plants. the in planta localization of XopL proteins is not
conserved between Xanthomonas species. Our
Each bacterial strain or pathovar has evolved its study revealed that microtubules or their associa-

own arsenal of different effector proteins over the ted proteins, are probably targets for the XopL li-
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Xanthomonas outer protein L
(XopL), a bacterial-derived ef-
fector protein mimics plant
enzymatic and microtubule
(MT) binding activities.

A: Effector proteins, including
XopL, are secreted from Xantho-
monads directly into plant cells,
where they interact with and ma-
nipulate the microtubules (MT).
Confocal images of Agrobacte-
rium- mediated expression of
fluorescently labeled XopL in a
leaf cell of the model species N.
benthamiana depicts the localiza-
tion of XopL from X. euvesicatoria
(Xe) to MTs, nucleus and cytosol
(visible in magenta; chloroplasts
in yellow).

B: As is the case for eukaryotic
proteins, XopL requires a proline
rich region as well as a stretch of
basic amino acids for binding;
features that are conserved
among XopL homologs from
many sequenced Xanthomonas
strains including the rice patho-
gen X. oryzae oryzae (Xoo) and ci-
trus pathogen X. citri citri (Xac).
Modified from Ortmann et al.,
PLOS Pathog., 2023.

Department Biochemistry of Plant Interactions
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gase from three out of the four Xanthomonas spe-
cies tested.

By comparative sequence analyses of the different
XopL proteins, we could pinpoint a proline-rich and

a-helical region as the structures responsible
for microtubule binding of the E3 ligases, and to
link microtubule binding and cell death phenoty-
pes. It is not yet clear exactly how these XopL-mi-

Original Publication:

crotubule interactions lead to the initiation of plant
cell death. Microtubules are thought to play a role
in signal transduction of plant immune responses
and also in autophagic degradation and disposal
processes. Here we demonstrated in an exemplary
way that studying an effector protein in the context
of a genus rather than a single species can provide
important insights into its localization and activity.

Simon Ortmann, Jolina Marx, Christina Lampe, Vinzenz Handrick, Tim-Martin Ehnert,
Sarah Zinecker, Matthias Reimers, Ulla Bonas & Jessica Lee Erickson. A conserved mi-
crotubule-binding region in Xanthomonas XopL is indispensable for induced plant cell

death reactions. PLOS Pathogens 2023, DOI: 10.1371/journal.ppat.1011263

Xanthomonas-Effektorprotein manipuliert Mikrotubuli

Xanthomonaden verursachen als pflanzenpatho-
gene Bakterien enorme Schaden im Kultur- und
Zierpflanzenanbau. Sie befallen mehr als 400 Pflan-
zenarten, darunter Weizen und Reis, Baumwolle
und Sojabohnen. Die Erreger infizieren die Pflan-
zen liber Wunden und durch Spaltéffnungen und
vermehren sich in den Leitbahnen oder im Inter-
zellularraum zwischen den Mesophyllzellen der
Blatter. Uber nadelartige Strukturen des Typ-IlI-
Sekretionssystems injizieren sie zudem Typ-III-Ef-
fektorproteine (T3Es) direkt ins Innere der
Pflanzenzellen. Hier unterdriicken die Effektorpro-
teine die basale Immunreaktion. Das fiihrt bei
empfindlichen Pflanzen zu nekrotischen Flecken,

zu Welke und Faule von Blattern und Stangeln.

Jeder Bakterienstamm oder Pathovar verfiigt da-
bei Giber sein ganz eigenes Arsenal an verschiede-

nen Effektorproteinen. Die vielfaltigen Aktivitaten
der T3Es innerhalb der Pflanzenzellen stehen seit
25 Jahren im Fokus der Pflanzenforschung. Von
vielen der bisher gefundenen T3Es weil3 man noch
nicht, welchen pflanzlichen Signalweg sie storen.

Trotz ihrer Vielfalt in Struktur und Wirkung gibt es
einige T3Es mit konservierten strukturellen Merk-
malen, wie z.B. das Xanthomonas Outerprotein L
(XopL), das zur Virulenz verschiedener Xanthomo-
nas-Pathovare beitragt. Dennoch haben wir bei
den XopLs verschiedener Xanthomonas-Arten Un-
terschiede in Funktion und Lokalisierung innerhalb
der Pflanzenzelle gefunden. Als ein mégliches Ziel-
protein fiir XopL konnten wir die Mikrotubuli des
pflanzlichen Zytoskeletts identifizieren. Mikrotu-
buli spielen vermutlich eine Rolle bei der Signal-
libertragung pflanzlicher Immunreaktionen.

New adjuvants with

multicomponent reaction




New adjuvants

with multicomponent reaction

he production of effective adjuvants plays
Tan important role in the development of

new vaccines. These vaccine boosters en-
able a strong and targeted immune response
that protects against emerging viruses and

multidrug-resistant bacteria. Togeth-
er with Cuban partners, we have

created a library of new adju- .The deve-
lopment of muco-
sal adjuvants is of
particular interest for
future vaccine
production.”

vants and potential precur-
sor molecules. To do this,
we diversified the phyto-
ceramide a-galactosylce-
ramide (a-GalCer), which

is already used as a vaccine
booster, with various func-
tional side chains via multi-
component reaction. The range
of molecules attached to a-GalCer in-
cludes both hydrophobic and hydrophilic moie-
ties, as well as reactive groups such as amines
and aldehydes, which can be used for further
modifications. What is unique about the new ad-
juvants is that, for the first time, the side chains
were attached to the main a-GalCer molecule at
the amide linkage - a position that previously had
not been used for derivatization. Finally, we ob-
tained more than 20 a-GalCer derivatives, whose
vaccine-enhancing effect we extensively inves-
tigated together with partners from the Helm-
holtz Centre for Infection Research in
Braunschweig, Germany.
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All compounds were tested in cell-based studies
and in mice for induction of both the cellular
non-specific immune response by natural killer
cells and the humoral immune response with the
production of specific antibodies by acti-
vated B lymphocytes. Both pathways

rely on the activation of various

T helper cells, to whose re-
ceptors the potential adju-
vants must bind in order to
elicit an effective immune
response. Among the a-
GalCer compounds pro-
duced, derivatives were
found that enhanced either
the cellular or the humoral
pathway, or both. Adjuvants that
stimulate both immune pathways are
currently in demand because they can be used

to cover a broader vaccine spectrum. In addi-
tion, we analyzed all compounds for their effi-
cacy when administered intramuscularly or
nasally. Here, too, promising candidates emerg-
ed that showed good and in some cases even
better efficacy than the basic adjuvant a-GalCer,
especially when administered through the nasal
mucosa.

The experiments were supported by modelling
approaches. These virtual analyses provided ini-
tial insights into the relationship between the

Multicomponent
a-GalCer library

Department Bioorganic Chemistry

PEGs, lipids, fluorescent dye,
alkyl chains, conjugation handles

unexplored chemical space

Discovery of po-
tent adjuvants

Improved antigen-specific
T cell proliferation

Enhanced humoral and cel-
lular responses in pa-
rental and mucosal
vaccines

intramuscular or
al immunization with




structure of each derivative and its effect, laying
the foundation for knowledge-based access to
even better products. With our study in Ange-
wandte Chemie, we have identified a new diver-
sification hotspot of a-GalCer that is ideally
suited for conjugation with other side chains and

Original Publication:

therefore has great potential to greatly expand
the spectrum of future vaccine boosters. Given
the great potential of mucosal vaccines, the de-
velopment of mucosal adjuvants is of particular
interest for future vaccine production.

Yanira Méndez, Aldrin V Vasco, Thomas Ebensen, Kai Schulze, Mohammad Yousefi,
Mehdi Davari, Ludger A Wessjohann, Carlos A Guzman, Daniel Garcia Rivera & Bernhard
Westermann. Diversification of a Novel a-Galactosyl Ceramide Hotspot Boosts the Ad-
juvant Properties in Parenteral and Mucosal Vaccines. Angew Chem Int Ed 2023, DOI:

10.1002/anie.202310983.

Neue Adjuvantien mit Multikomponentenreaktion

Die Erzeugung von effizienten Adjuvantien nimmt
im Rahmen der Entwicklung neuer Impfstoffe
einen zunehmend hohen Stellenwert ein. Die
Impfverstarker ermdglichen eine starke und ziel-
gerichtete Immunantwort gegen neu auftretende
Viren und multiresistente Bakterien. Wir haben ge-
meinsam mit unseren kubanischen Partnern eine
Bibliothek mit neuen Adjuvantien und potentiellen
Vorlaufermolekiilen hergestellt. Dafilir wurde das
bereits als Impfverstéarker eingesetzte Phytocera-
mid a-Galactosylceramid (a-GalCer) mittels Multi-
komponentenreaktion mit verschiedenen funktio-
nalen Seitenketten versehen. Auf diesem Weg ent-
standen mehr als 20 a-GalCer-Derivate, deren
impfverstarkende Wirkung wir in Kooperation mit
dem Helmholtz-Zentrum fiir Infektionsforschung
einer ausgiebigen Priifung unterzogen.

Alle Verbindungen wurden in zellbasierten Unter-

suchungen und auch in Mausen auf die Ausl6-

sung von sowohl der zellularen unspezifischen
Immunantwort als auch der humoralen Immunre-
aktion mit der Produktion von spezifischen Anti-
koérpern getestet. Es fanden sich Derivate, die
entweder den zelluldaren oder den humoralen
oder beide Wege verstarkten. Darliber hinaus ha-
ben wir alle Verbindungen auf ihre Wirksamkeit
bei intramuskularer oder nasaler Applikation ge-
testet. Auch hier fanden sich aussichtsreiche
Kandidaten, die vor allem bei der Applizierung
liber die Nasenschleimhaute gute und zum Teil
sogar bessere Wirkungen zeigten als das Grund-
Adjuvans a-GalCer.

Durch molekulare Dockingstudien konnten erste
Erkenntnisse (iber den Zusammenhang zwischen
der Struktur der Derivate und ihrer Wirkung ge-
wonnen und damit der Grundstein fiir einen wis-
sensbasierten Zugang zu noch besseren Produk-
ten gelegt werden.

The biochemistry of pungency
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The biochemistry of pungency

iperine, the pungent principle of black tential aromatic precursors. Results: The charac-
pepper (Piper nigrum), was identified 200  teristic methylenedioxy bridge formation in the
years ago, but the key enzy- aromatic moiety of piperine is based
mes and reaction steps of its bio- on specific oxygenation of feru-

synthesis remained obscure Acyltransfe- peric acid rather than ferupe-
until recently. With the iden- i _ rine. The product of the
tification of three consecu- rases will Oﬂ:er enzymatic catalysis was

identified as piperic acid.
The enzyme is highly
active in unripe black pep-
per fruits.

tive biosynthetic steps, we new ways to pro-
have made a significant

contribution to the eluci- dUCG a Wlde range Of

dation of piperine pro- bioactive com-
duction in the pepper plant.
Using a combination of RNA pOUﬂdS.

sequencing and LC-MS-based peroyl coenzyme A (CoA) by a
analysis of substrate and product pro- more substrate tolerant piperoyl CoA
files, we identified a cytochrome P450 enzyme ligase then delivers the substrate of piperine
that catalyzes the con- version of feruperic acid  synthase (PS). This acyltransferase links precur-
to piperic acid. The corresponding gene encod-  sors derived from two different pathways, pipe-
ing CYP719A37 was expressed in yeast and tes- royl-CoA from phenylalanine and piperidine
ted for substrate specificity with various po- derived from lysine to the pungent alkaloid pi-
perine. The enzyme and its
products, mainly piperine
were found to accumulate

Activation of piperic acid to pi-

Cross-section

of a 60-day-old in specialized cells of the

perisperm of pepper fruits.

peppercorn. ] i

. Amazingly, the berries con-
Accumulation oI |
of piperine tain piperine in molar con-

centrations. Piperine and
related piperamides have
also been found in the cor-

(blue fluores-
cence) in spe-
cialized cells of
the perisperm
(core of the
pepper fruit).

tex of root cells in similar
concentrations. Piperami-
des may serve the plant as
a defense against biotic
stressors.
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Department Cell and Metabolic Biology

In addition to PS we identified a closely related vestigate the substrate specificity and additional
acyltransferase termed piper-amide synthase enzymatic properties.

(PAS), in unripe black pepper fruits. This enzyme

links a large variety of CoA esters to aliphaticand  The study of these acyltransferases will provide
aromatic amines with high efficiency combined the opportunity to produce a large number of
with loose substrate specificity. In addition tothe  medically relevant piperine and piperamide ana-
identification, a detailed expression analysisand logs by enzymatic synthesis or biotechnological
kinetic characterization of the piperine and pi- means in bacteria or yeast. The lessons learned
peramide synthases was performed, reve-
aling a wealth of unique features.

will be useful for

the design of

In addition to our investiga-
tion of Piper nigrum we in-
vestigated the enzymat- . .
ic activity of capsai- .,

cin synthase (CS) - OH
that has been des- [ %
cribed by genetics ‘ H:N o il

from chili pepper, # 0

Capsicum spec., & w
although its enzy-
matic activity and
catalytic proper-
ties remained en-
igmatic for de-
cades. Comparable
to PS and PAS, this '\
acyltransferase cata-
lyzes the reaction of 8-me-
thyl-6-nonenoyl-CoA and va-
nilloyl amine to the pungent cap-
saicin. Using the knowledge that was
gained from our study of piperine synthase,
we succeeded in expressing capsaicin synthase
in bacteria and for the first time were able to in-

step in the
biosynthesis of
capsaicin in hot chillies
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Multicolor pigments

enzymes with desired properties. Such optimi- petrochemical synthesis, biocatalysis can pro-
zed enzymes can be used to produce new bio- duce desired substances without the use of
actives. Biocatalytic syntheses like these toxic catalysts and solvents or the formation of
represent a promising field of research with con-  harmful by-products.

in tobacco leaves

siderable future potential. As an alternative to

Original Publications:

Arianne Schnabel, Benedikt Athmer, Kerstin Manke, Frank Schumacher, Fernando Cotin-
guiba & Thomas Vogt. Identification and characterization of piperine synthase from black
pepper, Piper nigrum L. Communications Biology 2021, DOI: 10.1038/s42003-021-01967-9

Raika Milde, Arianne Schnabel, Toni Ditfe, Wolfgang Hoehenwarter, Carsten Proksch, Bern-
hard Westermann & Thomas Vogt. Chemical synthesis of trans 8-methyl-6-nonenoyl-CoA
and functional expression unravel capsaicin synthase activity encoded by the Pun1 Locus.
Molecules 2022, DOI: 10.3390/molecules27206878

Die Biochemie der Schirfe

Piperin ist die Hauptsubstanz, die den Friichten
des schwarzen Pfeffers (Piper nigrum) zu ihrer
charakteristischen Scharfe verhilft. Die wichtigs-
ten Enzyme und Reaktionsschritte der Piperin-
Biosynthese lagen bis vor kurzem noch im Dun-
keln. Wir haben in den letzten Jahren entschei-
dend zur Aufklarung der Piperinproduktion in der
Pfefferpflanze beigetragen.

Mit einer Kombination aus RNA-Sequenzierung
und massenspektrometrischen Methoden fanden
wir zunachst ein Cytochrom P450-Enzym, das die
Umwandlung von Feruperin zu Piperinsaure kata-
lysiert. Mit der Entdeckung einer, die Carbonsaure
aktivierenden CoA Ligase und der Piperinsynthase
ist uns dann die Aufklarung des finalen Schritts der
Piperinbiosynthese gelungen. Die Piperinsynthase

20

katalysiert die Bildung einer Amidbindung, von Pi-
peroyl-CoA und Piperidin zum Piperin. Das Enzym
und sein Produkt reichern sich in groBen Mengen
im Kern der Pfefferfriichte zum Schutz des Em-
bryos an. Piperin findet sich aber auch in der Wur-
zel, wo es wie in den Friichten vermutlich zur
Abwehr von FraB3feinden dient.

Erstmals konnten wir auch die enzymatische Akti-
vitat der lange gesuchten Capsaicinsynthase aus
der Chilischote Capsicum spec. beschreiben. Wie
die Piperinsynthase beim Piperin, katalysiert diese
Acyltransferase analog den letzten Reaktions-
schritt der Biosynthese, ausgehendend vom Vanil-
lylamin und einem aliphatischen CoA-Ester zum
Scharfstoff Capsaicin.




Multicolor pigments in tobacco leaves

ransient expression of biosynthetic enzymes  while at the same time inactivating other genes

in the leaves of Nicotiana benthamiana is a that could hinder the production of certain antho-

very efficient and currently popular way to  cyanins. Using this platform, we were able to obtain
produce complex secondary metabolites quickly the basic anthocyanins pelargonidin 3-O-gluco-
and in sufficient quantities. In recent years, this to-  side, cyanidin 3-O-glucoside and delphinidin 3-O-
bacco expression platform has contributed to the  glucoside in just a few days and in large quantities,
rapid elucidation of several biosynthetic path- as well as their rhamnosylated derivatives pe-
largonidin-3-O-rutinoside, cyanidin-3-
has greatly accelerated the growth O-rutinoside and delphinidin-3-O-
of knowledge in this field. Ho- "The new ex- rutinoside.
wever, thl? does not include pression platform
anthocyanins, whose expres- . .
sion in Nicotiana benthami- makes It pOSSIbIe to
ana works poorly and has so elucidate the biosyn-
far only been successful in thetic pathways Of
complex antho-

cyanins.”

ways of complex natural products and

In general, compound pro-
duction in Nicotiana bentha-
miana is based on cloning
the required biosynthetic

the production of delphini- genes into an expression

din 3-O-rutinoside, which is vector controlled by the ro-

considered a precursor for some bust constitutive 35S promoter

but not all complex anthocyanins. of the cauliflower mosaic virus. After

The production of other anthocyanins, infiltration of the construct into the to-
however, would require the repression of certain bacco leaves by agrobacteria, the introduced
endogenous flavonoid biosynthetic genes with si- genes are transiently expressed. In this process, se-
multaneous transient expression of other genes. veral genes can be simultaneously transferred into

the plant using different agrobacterial strains and
We have now developed an N. benthamiana ex- transcribed there. This method enables the eluci-
pression platform that allows the production of any  dation of entire metabolic pathways, even if the
desired basic anthocyanin by infiltrating a few gene  exact sequence of the successive enzymatic reac-
constructs. For the synthesis of more complex ant-  tions is not known. The new expression platform
hocyanins, species-specific biosynthetic genes can  now makes it possible to elucidate the biosynthetic
also be introduced into the tobacco leaves. Our pathways of complex anthocyanins and provides a
strategy is based on the overexpression of certain  possible strategy for the rapid and high-yield pro-
anthocyanin biosynthesis genes that are insuffi- duction of these compounds and their non-natural
ciently or not at all expressed in N. benthamiana, derivatives.
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Nicotiana bentha-
miana wildtype leaf
infiltrated with
combinations of
Agrobacterium
strains containing
constructs for bio-
synthesis of pelar-
gonidin-3-O-rutino
side (left), cyani-
din-3-O-rutinoside
(center) and del-
phinidin-3-O-ruti-
noside (right).

Structure of antho-
cyanins pelargoni-
din-3-O-glucoside
(R1=R2=H), cyani-
din-3-O-glucoside
(R1=0OH, R2=H) and
delphinidin-3-O-
glucoside (R1=0H,
R2=0H) shown on
the left, and of
their rutinoside de-
rivatives on the
right.

Department Cell and Metabolic Biology




Anthocyanins are water-soluble pigments that
occur in the majority of higher plants and give ma-
ny flowers and fruits their beautiful red, purple, or
blue colors. They are produced in the cytosol by
several enzymatic reactions from the precursor
molecule phenylalanine and are stored in the va-
cuole. The first colored and stable products are the
basic compounds pelargonidin 3-O-glucoside, cya-

nidin 3-O-glucoside, and delphinidin 3-O-glucoside.
In many plants, these basic anthocyanins undergo
further modifications, such as glycosylation, acyla-
tion, and methylation, which affect the color and
stability of the pigments. Anthocyanins are used as
food coloring for confectionery, jam, canned fruit,
and baking products. The colors show antioxida-
tive, anti-inflammatory, and vasoprotective effects.

Ferrooxidase arms plants

against phosphate deficiency

Original Publication:

Ramona Gritzner, Kristin Konig, Claudia Horn, Carola Engler, Annegret Laub, Thomas
Vogt & Sylvestre Marillonnet. A transient expression tool box for anthocyanin biosyn-
thesis in Nicotiana benthamiana. Plant Biotechnology Journal 2023 Doi:10.1111/pbi.14261

Multicolor-Pigmentproduktion in Tabakbléttern

Ein sehr effizienter und zurzeit gern beschrittener

Weg, komplexe Farb- und Naturstoffe schnell und
in groBen Mengen herzustellen, ist ihre Produktion
in den Blattern der Tabak-Art Nicotiana bentha-
miana. Das gilt jedoch nicht fiir Anthocyane, deren
Erzeugung in N. benthamiana schlecht funktio-
niert und bisher nur fiir die Herstellung der Vorlau-
fersubstanz Delphinidin-3-O-Rutinosid erfolgreich
war.

Wir haben jlingst eine Methode entwickelt, mit der
man in N. benthamiana jedes gewlinschte Antho-
cyanin durch Infiltration von wenigen Biosynthe-
segenen herstellen kann. Unsere Strategie beruht
auf der Uberproduktion von verschiedenen Vor-
laufermolekiilen, die in N. benthamiana nur unzu-
reichend oder gar nicht hergestellt werden, wah-

rend gleichzeitig andere Gene inaktiviert werden,
die die Produktion von bestimmten Anthocyanen
behindern kénnten. Mit Hilfe dieser Produktions-
plattform ist es uns gelungen, die Basisanthocya-
nine Pelargonidin-, Cyanidin- und Delphinidin-3-
O-Glucosid in wenigen Tagen und in groBen Men-
gen zu gewinnen.

Anthocyane sind wasserlosliche Pigmente, die in
allen héheren Pflanzen vorkommen und vielen
Bliiten und Friichten eine intensive dunkelrote,
violette oder blaue Farbung verleihen. Die Verbin-
dungen werden als Lebensmittelfarbstoff fiir die
Farbung von SiiBwaren, Marmelade, Obstkonser-
ven und Backmitteln verwendet. Anthocyane wir-
ken antioxidativ, entziindungshemmend und ge-
faBschiitzend.




Ferrooxidase arms plants
against phosphate deficiency

hosphate (Pi) plays a central role in the
energy metabolism of all living organisms
and ensures the stability of genetic mate-
rial. However, this essential macronutrient is not
always readily available to plants, as it
forms poorly soluble complexes
with its antagonistic counter-

part, iron, in the soil, which ,,The acquisi-

makes it difficult to absorb

phosphate via roots. In tion Of baCteriaI LPR1
phosphate-poor and often may have enormously

iron-rich soils, plants are
therefore forced to adapt,
which they usually do by
stopping the vertical growth
of their primary roots and for-

promoted t

ming more lateral roots instead.
This increase in root surface area, espe-
cially in the phosphate-rich upper soil layers,
leads to increased uptake of the coveted macro-
nutrient. The research group Nutrient Sensing
investigates the molecular mechanisms under-
lying this adaptation of root architecture to
phosphate deficiency and examines how plants
recognize the external Pi status.

The protein LOW PHOSPHATE ROOT 1 (LPR1),
which the research group identified as a novel
ferro-oxidase, plays a key role in this scenario.
LPR1 binds Fe?* with high specificity and affinity
and oxidizes it to Fe®. This redox cycling of iron
ions in the intercellular spaces of the root tip ge-
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trial colonization
of plants.”

nerates reactive oxygen species, which in turn
lead to sealing callose deposits in the root tip
meristem. As a result, the growth of the primary
root is blocked and there is increased formation
of lateral roots in the upper root area. The
activity and function of LPR1 are de-
termined by the availability of
the Fe substrate in relation to
Pi. Thus, plant adaptation
to phosphate deficiency
occurs via LPRI1-driven
perception of subtle diffe-
rences in external Fe con-
centrations.

he terres-

Interestingly, LPR1 shows
strong similarities to members of
bacterial Fe-oxidizing multicopper fami-
lies. Phylogenetic analyses of multicopper oxi-
dases and LPR1-like enzymes from plants,
animals, bacteria and archaea led to the hypo-
thesis that plant LPR1 may have been transferred
from a soil bacterium to a land plant progenitor
by horizontal gene transfer. This is supported by
the presence of LPR1-related genes in some
algae, which are considered sister clades of land
plants. Presumably, a precursor of the LPR1 fer-
rooxidase evolved during the early bacterial co-
lonization of the mainland. The acquisition of the
bacterial ferrooxidase by embryophyte precur-
sors may have enormously promoted the terres-
trial colonization of plants.
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Career highlights
of young researchers

Original Publication:

Christin Naumann, Marcus Heisters, Wolfgang Brandt, Philipp Janitza, Carolin Alfs,
Nancy Tang, Alicia Toto Nienguesso, Jorg Ziegler, Richard Imre, Karl Mechtler, Yasin
Dagdas, Wolfgang Hoehenwarter, Gary Sawers, Marcel Quint & Steffen Abel. Bacterial-
type ferroxidase tunes iron-dependent phosphate sensing during Arabidopsis root de-
velopment. Current Biology 2022, https://doi.org/10.1016/j.cub.2022.04.005.

Ferrooxidase wappnet Pflanzen gegen Phosphatmangel

Phosphat (Pi) spielt eine zentrale Rolle im Energie-
stoffwechsel aller Lebewesen und sorgt fiir die
Stabilitat der Erbsubstanz. Eine gute Verfligbarkeit
dieses essenziellen Makronahrstoffs ist fiir Pflan-
zen jedoch nicht immer gegeben, da es im Boden
schwer I6sliche Komplexe mit seinem antagonis-
tischen Gegenspieler Eisen (Fe) bildet, was seine
Aufnahme Ulber die Wurzeln erschwert. In phos-
phatarmen und meist eisenreichen Béden sind
Pflanzen daher zur Anpassung gezwungen, die sie
in der Regel bewiltigen, indem sie das Tiefen-
wachstum ihrer Primarwurzeln einstellen und statt-
dessen vermehrt Seitenwurzeln bilden. Diese
VergroBerung der Wurzeloberflache vor allem in
den phosphatreichen oberen Bodenschichten
fihrt zur gesteigerten Aufnahme des begehrten
Makronahrstoffs. Die Arbeitsgruppe Nahrstoffper-
zeption erforscht die molekularen Mechanismen,
die dieser Anpassung der Wurzelarchitektur an
Phosphatmangel zugrunde liegen und geht zu-
dem der Frage nach, wie Pflanzen den externen Pi-
Status erkennen.

Eine Schlisselrolle in diesem Szenario spielt das
Protein LOW PHOSPHATE ROOT 1 (LPR1), das wir
als neuartige Ferrooxidase identifizieren konnten.
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LPR1 bindet mit hoher Spezifitat Fe?* und oxidiert
es zu Fe®'. Durch dieses Redoxcycling der Eisen-
lonen in den Zellzwischenrdumen der Wurzel-
spitze entstehen reaktive Sauerstoffverbindungen,
welche wiederum zu abdichtenden Kallose-Abla-
gerungen im Wurzelspitzenmeristem fiihren. Im
Ergebnis wird das Tiefenwachstum der Primarwur-
zel blockiert und es kommt zur vermehrten Bil-
dung von Seitenwurzeln im oberen Wurzelbereich.
Die Anpassung der Pflanze an Phosphatmangel er-
folgt demnach (iber die LPR1-gesteuerte Wahr-
nehmung von subtilen Unterschieden der exter-
nen Fe-Konzentrationen.

Interessanterweise weist LPR1 groBe Ahnlichkei-
ten zu Vertretern von bakteriellen Fe-oxidierenden
Multikupferfamilien auf. Unsere phylogenetischen
Analysen von Multikupferoxidasen und LPR1-dhn-
lichen Enzymen aus Pflanzen, Tieren, Bakterien
und Archaeen miinden in der Hypothese, dass das
pflanzliche LPR1 durch horizontalen Gentransfer
von einem Bodenbakterium auf einen Vorlaufer
der Landpflanzen tGibertragen worden sein konnte.
Diese Ubernahme der bakteriellen Ferrooxidase
durch Vorlaufer der Landpflanzen hat wahrschein-
lich deren Landgang enorm beférdert.




ERC Consolidator Grant
for Debora Gasperini

Department Molecular Signal Processing

Katharina Biirstenbinder advanced to
Professor at the University of Marburg

PB group leader Debora Gasperini has been

awarded the European Research Council

(ERC) consolidator grant in 2023,
worth nearly €2 million, over a
period of five years. Dr Gaspe-
rini is one of 321 elite re-
searchers across all
scientific disciplines to be-
nefit from funding of €657
million from this ERC grant,
which is part of the EU's
Horizon Europe program.

The awarded project is named ME-
CHANOQOJAS, and aims to investigate bio-
physical signals governing the production of the
plant hormone jasmonate (JA). JA is synthesized
from polyunsaturated fatty acids residing in
plant-specific plastidial membranes, and is es-
sential to protect plants against numerous biotic
and abiotic challenges including insect herbi-
vory and temperature extremes. Despite the vital
roles of JA in sustaining plant fitness and alt-
hough its biosynthesis and perception are well
characterized, it is still unknown how damage
signals are transmitted to plastids to initiate phy-
tohormone production and what is the nature of
the transmitted signal(s). MECHANOJAS intends
to fill this critical gap in knowledge by using
high-risk, high-gain interdisciplinary aproaches,
and provide the basis for future opportunities in
improving plant health under changing environ-
ments.
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ERC Consolidator grants are designed to assist
excellent scientists who have 7 to 12 years expe-
rience after their PhDs, to pursue their
most promising ideas. Grant win-
ners will carry out their projects
at universities and research
centres in 18 EU Member
States. The grants will cre-
ate around 1950 jobs for
postdoctoral fellows, PhD
students, and other staff at
the host institutions.

ERC Consolidator Grant
fiir Debora Gasperini

Debora Gasperini, Leiterin der Forschungs-
gruppe Jasmonate-Signaling, hat den ERC Con-
solidator Grant erhalten. Sie liberzeugte in ei-
nem mehrstufigen Auswahlverfahren mitihrem
Forschungsvorhaben "MECHANOJAS". Darin
will sie biophysikalische Ausléser fiir die Pro-
duktion des Pflanzenhormons Jasmonat unter-
suchen und so zum besseren Verstandnis
pflanzlicher Abwehr- und Anpassungsprozesse
beitragen. Die renommierte Férderlinie des Eu-
ropaischen Forschungsrates unterstitzt exzel-
lente Wissenschaftler, sich als filhrende Koépfe
auf ihrem Gebiet zu etablieren. Mit der ERC-For-
derung von bis zu 2 Mio. Euro kann Debora Gas-
perini ihre eigene unabhangige Forschung
vorantreiben.

atharina Birstenbinder took up a profes-
sorship in cell biology at the University of
Marburg in November 2023.
This marks the end of a very suc-
cessful and remarkably dedi-
cated time at IPB for the
head of the Cellular Coordi-
nation group. Her IPB pe-
riod started in 2010, when
the PhD graduate of Kiel
University moved to the
department Molecular Sig-
nal Processing, where she laid
the foundation for her current
research. In particular, she is focu-
sing on the characterization of IQD pro-
teins, a protein family that is apparently involved
in numerous plant growth and development pro-
cesses, but their specific task in the cellular fra-
mework was yet to be discovered. Elucidating
the function of these poorly studied proteins
was a stated goal of Dr. Blrstenbinder, which
she pursued successfully. Some of the IQDs play
a major role in cell division and control the shape
of leaf epidermal cells. The absence of these
IQDs in mutant plants results in abnormally for-
med cells. This deviation from the norm in cell
architecture initially was a subjective impression
and could only be proven by laborious measu-
rements of single cells including their lobes and
gaps. A time-intensive task and not objective
enough, Dr. Blrstenbinder found. Thus, together
with MLU scientists, she developed PaceQuant -
an open-source program that automatically re-
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cords and evaluates the specific parameters of
a hundred epidermal cells simultaneously.

Based on her excellent research
results, K. BUrstenbinder was
2022 included in Academia-
Net - an expert database for
outstanding female scien-
tists. In addition to her
scientific milestones, she
has been Speaker of the
Scientific Institute Council
was also readily engaged in
teaching courses for both ba-
chelor's and master's students.

Katharina Biirstenbinder ist Professorin
an der Universitit Marburg

Katharina Burstenbinder hat im November 2023
eine Professur fiir Zellbiologie an der Universitat
Marburg angetreten. Die Leiterin der Arbeitsgrup-
pe Zellulare Koordination kam 2010 ans IPB, wo sie
sich mit der Charakterisierung der bisher wenig
erforschten IQD-Proteine befasste, die an zahlrei-
chen pflanzlichen Wachstums- und Entwicklungs-
prozessen beteiligt sind. Fiir ihre ausgezeichneten
Forschungsergebnisse wurde Frau Biirstenbinder
2022 ins AcademiaNet - eine Expertendatenbank
fiir herausragende Wissenschaftlerinnen - aufge-
nommen. lhr Engagement am Institut erfolgte auf
zahlreichen Ebenen. Sie war Sprecherin der Wis-
senschaftlichen Institutsrats und hat sich aktiv an
Lehrveranstaltungen fiir Bachelor- und Masterstu-
denten beteiligt.
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Ein vom Pflanzenpathogen Xanthomonas abgesondertes Effektorprotein (gelb) lagert sich
an das Mikrotubulinetzwerk der Pflanzenzelle an und zerstort es. Die Chloroplasten sind in
magenta eingefarbt. Foto: Jessica Erickson, IPB
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