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Barrier tissues isolate organisms from their surrounding environment, and
maintaining barrier integrity is essential for survival. In mature roots and
stems of many seed plants, the periderm, outer bark, acts as a barrier
against water loss and pathogen infection. To ensure the integrity of the
periderm, which is susceptible to injury, its regeneration occurs upon
wounding and has been documented for over a century. However, the
regeneration mechanisms have remained largely unknown, despite its importance
for plant survival. In this seminar, I will present our findings
demonstrating that periderm integrity in Arabidopsis roots is monitored by
diffusion of the gases: ethylene and oxygen. Upon injury, ethylene leaks out
through the wound and oxygen enters, resulting in attenuation of ethylene and
hypoxia signaling. This transient shift in signaling level promotes periderm
regeneration in the root. Once regeneration is complete and barrier integrity
is restored, pre—-injury levels of ethylene and hypoxia signhaling are
regained. Thus, we propose that gas diffusion is used to monitor and restore
the periderm integrity. Furthermore, I will discuss the potential roles of
the gas diffusion—mediated mechanism in the other biological contexts
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# /3 : Type One Protein Phosphatases regulate ethylene signaling by
dephosphorylation of EIN2 in Arabidopsis

BEEL -

Type One Protein Phosphatases (TOPPs) are a family of phosphatases that catalyze
nearly one third protein dephosphorylation processes in eukaryote, but their
roles in plant are very poorly understood because of their functional redundancy.
After more than a decade of works, we have uncovered that TOPPs regulate plant
growth, pavement cell morphogenesis, light response, seed germination, immunity
and cell autophagy.

Recently, we found that TOPPs are involved in ethylene signaling which regulates
many aspects of plant growth and development. EIN2 plays a central role in
ethylene signaling. It has long been believed that dephosphorylation of EIN2
is crucial for its function, however, the phosphatases still remain to be
identified. Here, we found that ethylene induces the expression of TOPP4 and

TOPP5, and that loss function of TOPP1, TOPP4 and TOPP5 resulted in
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insensitivity of seedling to ethylene and decreased EIN2 abundance. Furthermore,
TOPPs physically interact with EIN2 and directly dephosphorylate EIN2 at the
S655 site, which promotes EIN2 stability and nuclear—accumulation of Carboxyl
end of EIN2 (EIN2-C), and thus ultimately activates ethylene signaling.
Genetically, TOPPs act upstream of EIN2 in the ethylene signaling pathway
Importantly, dephosphorylation of EIN2 promoted plant tolerance to salinity
stress. Collectively, our study identified TOPPs as the first phosphatase that
mediates EIN2 dephosphorylation, providing new insights into ethylene signaling
and salinity stress adaptation.

[1] Wang et al., Plant Cell (2022)

[2] Zhang et al., Plant Physiology (2020)
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{#& : Opantimirs: A Class of Antagonizing microRNAs that Upregulate Opal and
Improve Mitochondrial Myopathies

L

Distorted mitochondrial cristae shape 1is a pathological hallmark of
mitochondrial myopathies. Genetic overexpression of the master cristae shape
regulator Optic atrophy 1 (OPAl) in models of mitochondrial myopathies
ameliorates mitochondrial and muscle function and prolongs lifespan but
translating this proof of principle approach into a pharmacological therapy to
modulate OPAl levels remains a challenge. Here we report that antagonising
microRNAs (miRNAs) that regulate OPAl expression levels ameliorates
mitochondrial ultrastructure and function in mitochondrial myopathies. We
identified that mammalian OPAl is regulated by miRNAs of the 148/152-3p family
and by miR-128-3p. Moreover, these OPAl-specific miRNAs (Opantimirs) are

increased in mitochondrial myopathies characterised by complex IV deficiency,



both in human patient cell lines and a mitochondrial myopathy mouse model,
where levels of these miRNAs appear under the control of endoplasmic reticulum
stress pathways. Treating complex IV-deficient patient cell lines with
Opantimirs increased OPAl levels and restored mitochondrial morphology and
ultrastructure. Furthermore, intramuscular injection of Opantimirs ameliorated
mitochondrial function and ultrastructure and counteracted muscle atrophy in
vivo. Collectively, our results nominate OPAl-regulating miRNAs as therapeutic

targets in mitochondrial myopathies.
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1#7E : The Phloem Nexus of Root Growth

The evolution of a vascular distribution network enabled plants to conquer land
and was an important driver of cellular specialization and body plan expansion.

Among the plant vascular tissues, the phloem is particularly intriguing because



of its complex functionality. The conducting phloem channels are called sieve
tubes and transport nutrients as well as developmental signals. They are formed
from interconnected individual sieve element cells, which represent a peculiar
between—life—and-death state because they lack numerous organelles including
the nucleus. Together with their neighboring companion cells, they form a
functional unit that sustains phloem sap loading, transport and unloading. The
unique developmental trajectory of sieve elements is laid out along a
spatiotemporal gradient in the root meristem of Arabidopsis thaliana seedlings,
where it is amenable to non—-invasive investigation. Genetic, transcriptomic
and cell biological analyses have revealed key steps in sieve element
development at single—cell resolution. My lab has characterized a cell
biological network that guides sieve element differentiation through the
interplay between controlled auxin transport and receptor kinase signaling
pathways. Key players in this network constitute a molecular rheostat that
finetunes trans—cellular auxin flux and maintains its pronounced own polarity
through a self-reinforcing mechanism. Its assembly is antagonized by the
autocrine action of receptor kinase pathways. Their peptide ligands also act
in a paracrine manner to safe—guard the phloem lineage by maintaining the
developmental plasticity of neighboring cell files. Moreover, quantitative
fine—tuning of antagonistic receptor kinase pathways is required to initiate
the phloem lineage before transition toward differentiation. I will attempt to
synthesize how this highly dosage—-sensitive network guides the development of
sieve elements from the inception of their precursors towards differentiation.
HEEAN A RS (WEW/ERABNIES - Z0%) | bk EE (R0 i i AE A 2E
= - HiR

% 541 BAEMRIFEL I —
202449 H 24 3 (k) 13:30~
AT D403

A ExoR MhRE Jek

PR« BERS A A (SRR R R =2 & A 7 MRS - 00
S5 AAH

B
G

1 LA I m AV ) A ROTERE



WL

M BRI, 3~4 B ZEICHAELRY KT XA T v 7 RBFEZ T, (KN TH
FHEEA I bR WAL & L CRIBN TR Y, Haff B2 T 7 2E7 10D 1 DTh
5. B =7 LR —2 KT 5 K )2, £TORE EEMINE, BRI EET
D E eI & v PER S 4, e RGO TERE EZ R L T D, ZALE TOWFSE
BCRIZE Y, IBEMo B CERESLZ 0 bERIE, Wnt 27 F L, Notch &7 )b,
BUP & 7 F AN LT A=A L (= F) IZXo THEHMEICHIE S TS Z &7
HOMNIR-TE . ZOREMM=y FICL DHEEEOERMEN, ~ ) V1%
AW 8 LR Mla o RHIM 3 otk &iE (AW /4 R) OBFFEIZ RN o7,
DA NTT 7 A4 REEBETERE LSERLTRBY, WEH (ES) M/ AN T248
PE#E (iPS) MUAR-CHLEkER ML AN FF S H CHM b OMEE 2 ETlcay ha—u (BEHig
fEDWEIEAL) T 5 Z & T, ZNE N Ol Fr BRI 2B EMEMIa 2 3583 5 7210 Tldke <,
ARRN LRI CSEEEEZ A D Z & b ARETH D720, H, i, BB, WSR2 & o
AEPIRERE A ML 5 Z E R HIR D W X 3IRILA N ) A REEERIL, & MZEBITD
e okt 2 7p e MEB A “dish |7 THYRT A HEINE LTRETERZED T
W5, BRI, BEBENDEBER LAV ) A Rk, ZOREOFK L 725861
DERERIEREHEFF LT EEEETHZENARETH LD, TN OB RRED
IR Lo RBUL A dish ETHBLICTED. Lado TREN D EHEFER LA
AR, BEILICBEISNLIERNROGEOHEIMHENT L LA TE, “M
BMLIER" AT D ETH REFWRY — IR D, EBICANT ) A NI, Hidhd
{57 BB B CRISPR/Cas9 Z W BIn IR A EGE 5 2 & T, HAERSEIZRE D
THHT /2B &RV,

AREI T T, AR INETICE ML CTE AT /A RO PoC ML ZEFAINT D Z
EC, AT A REEREOFERIEC OV TR 5.
HEEANSL DI A B

FNTT A RED by 77 =20 SRS & T, BB 45 L7 3556
ZfaVET,
HEGA B s FRPRSeR AR R Ml e E - %)

FE 540 AEYHFELZF—

HEF : 202449 A 20 H (4) 13:30~
BT : D403

A HE B oAk



g« SCERNL KR PG AT e R - Bax

S AT
B IR A R LRSS L I VKRR R LRSS
HEEE

B ORI T/ N Re S DI 728 & OB/ NSE BMEE L, Al OMREZ o L
TV 5, /NG E OFFERITHIN OFEITNS U TR ICHIE STl 0 . LB
IR MR B 72 T RSB R 2T SN D, 20 K ) i/ R E DR RO
FHETHERE LA S BRI RERE T S - OISO TH 0 | MR OEICRE b
% BB T H 2 23 LS ORI/ NS B DR RO IZ DV TiT E - 72
SHFFENRHEA TWIRIN o T, FRFRE L U R AmSENrZER) 13 2 ORI RIS
BT CHLY $02x  /NEAR O AFEAE B O R EIHEE T b 2 /Mak R b L R RE D5y 1B % B
SIMI LTz, FOREICLY ., HELIZTIAD—ERLTL—r 2L—F (B4 41EM)
RESKODEEZE L T\D, KT —TiE, FRIFFERICER L CEBICERICHED
S TERERE ORI B/AMBE A b U A JSE ORISR0 FEIE S %58~ R L DRFFEA KA
NN D TR Z B L CTW R TS E - TWD, E72, SEE A B L
7o ANVURA N L R SEDFEIZ DN T HIR 5,

HEEA - AR ES (PR AR RS eGSR E - BuR)

5 539 MAYHFEELIF—

HIRF : 2024429 H 6 H (&) 13:30~

B BLEATSER B30S

A B AR A

FTIE « 553 BRI BAEER AL oy 7B F) - GEhl

FEKSE . AAGE

B (K= 2 N RNA-Seq ZBRflE L 72 7 — & BRENH A=)

R

AMITEIR R FAE T H D REFICBIZRT 5 2 13, AMBIREHEMT 5 5 X CTEHET
HbH, LML, EEOAEESITIIRA O /N2 0 EERZENGLTFET D720, Ry
fROFEEE L 72> TN D, T D=, —fRAI7Z2 RNA-Seq 12 & 5 "R Cid, REA D
FERE L COBRGFRALGHZMZDZENTETH, TORFEN o) | TPk
INCAEL DO I8 Z EFE L, £z, EERENBEERSGA L, BRI S
WEETH 5, MA T, RNA-Seq [ E—KHNCEHLTFMDB 00D ERTFIETH Y | KRS
filtT 2 FEfii s 2 ~— RWEmV, £ ZC, FAl%, 2E o RNA filiti% & RNA-Seq 74 75



U — L ZBI%E L, RNA-Seq DK R Mb - A Z2—T"w MuICHRER L TE 72
(Kamitani et al., Sci. Rep., 2019, Ujibe et al., bio—protocol, 2021), FDHEHE,
Bk, B+ HOBEMA T, FHAETH > THLERNTEERIED RNA-Seq D F i % F
BLTWD, 2N 0N W RWRBETNET T 7 4 v a O E A XD
RIFEEDIFE AL LT 5 2 & T, B ORBBEBRE T L 13825 17
— A MNSEMBRERD ] LW IRV RNA-Seq 72 5 TIXT 70 —F 2N 5, BE
FHEIEERENKE D720 BREFEINC AT — 2 v TR BB R ORI IE S
ICRE RN ZRET DN RFETH Y | Rx R Z INE S & 5 ARt &2 e T
5o E1m. BARTOLZGTAr—F 7 )7 single cell RNA-Seq P2l 72 28] kT > A
7 U7 R —=LHMIZOWT BN L, 7 — X BBV P OB A IR LT,
HEEANDL DT A b

BRI S AT T T U T OFRA - BAEOEY 2 — A2, #HTOLHRIK RNA-Seq
DOHEABHFIELY fLIn, Z Dtk b EWFEE D72 RO T/RY 7 L 7e W5t 2D 53T
WET, NGS DA W29 ) Z LIk AfRICRDZE, ZLTHLMNIRSD
ZEIZOWTORPRIZH HTe h =217 5 L BNET O T, EEROSI &G 7 ikam &
BHELLTHWET

HEEA O 1 GRPRFZER AR H I3 ki S EprseE - 8130

% 538 M4EMEIFEL = F—
HiF 2024429 4 3 H (UK) 16:30~
YpT © A427

H

S

o

: Dr. Benjamin White (Professor)

o
gzl

: National Institutes of Health, USA

s

.
D OeEE

(]
f=11

e
G

1 : Hormonal Mechanisms Underlying a Behavioral Decision in Drosophila
2N

Animals often need to choose between two options, each of which has different

&

costs and benefits. Nervous systems are designed to mediate these choices, but
how they do so is poorly understood. The White lab is studying the mechanisms
underlying a simple choice that fruit flies must make immediately after
metamorphosis. After emergence, they must expand their wings and harden their
exoskeletons in order to survive, but they prefer to do so in open environments

and will choose to delay expansion if confined. In experiments that selectively



activate or suppress different populations of brain cells, Dr. White’ s
laboratory has identified a brain circuit mechanism that relies on positive
feedback to help flies make the decision to expand their wings.
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{#/& : Circadian timing of eclosion behaviour in Drosophila

In most insects, adult emergence (aka as eclosion in holometabolic insects)
is timed to a specific time of the day, likely to optimise survival and
finding of mating partners. In Drosophila, eclosion behaviour occurs in the
early morning and requires time information from the central clock in the
brain, and a peripheral clock in the prothoracic gland (PG) that produce the
steroid hormone ecdysone.

During the last years, our group has systematically analysed the neuronal and
neuroendocrine networks underlying the coupling between the clocks,
neuroendocrine and peripheral sensory neurons and has characterised their
importance for circadian timing of eclosion. Our results showed that even in
quasi—natural environments, a functional clockwork is required for proper
timing of eclosion under temperate conditions. Under constant conditions,
this functional clock requires the peptidergic PTTH neurons that couple the
central and the peripheral PG clock. Using different genetic approaches, we
found that these neurons become active during the later half of pupal
development, and that this activity is required for rhythmic eclosion
behaviour on the population level. PTTH neurons are inhibited by the small

ventral lateral clock neurons (sLNvs) which seem to represent the key input



from the central clock. In addition, we found evidence that clock neurons
provide synaptic— and non—synaptic inputs to the eclosion hormone (EH)
neurons, a set of descending peptidergic neurons that is central to the
neuroendocrine feedback loop that initiates eclosion. The EH neurons receive
further input from peripheral sensory neurons. Yet, our evidence so far
suggests that these clock— and sensory inputs to the EH neurons are not
required for eclosion rhythmicity, but rather may modulate the decision to

initiate eclosion behaviour.
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{E&E: Shift in ribosome structure and function in aged muscles

R

The heterogeneity of ribosomes is thought to reflect their specialized
regulatory function. Using the turquoise killifish, the shortest-living
vertebrate model, we demonstrated age—dependent differences in ribosomal
proteins (RPs) at mRNA and protein expression levels. Additionally, two
specific regions in 18S and 28S rRNAs were distinctly protected by RPs
between young and aged muscle. Visualization of ribosomes confirmed
structural and dynamic differences between young and aged ribosomes in
skeletal muscles. These age—dependent changes in ribosomes had little effect
on the translation of foreign mRNA. However, interaction between Ltnl and
ulL24 in the large subunit was dramatically increased, and receptor—activated
protein C kinase 1 (RACK1) in the small subunit extended in ribosomes from
aged muscle. Taken together, the data strongly suggest that the structure and
function of aged ribosomes shift towards enhanced ribosome—associated quality

control of newly synthesized proteins.



Furthermore, I plan to introduce the turquoise killifish as an effective
screening platform for discovering anti—aging medicine.
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{#&: Knowns and Unknowns in Auxin Signalling

e

The plant hormone auxin is a versatile intercellular signal influencing
virtually all aspects of plant life. It has a unique ability to be directionally
transported within tissues forming local auxin maxima or gradients that are
central to many developmental processes mediated by auxin. One of the key roles
of auxin is adaptation of plant growth to gravity, where shoots bend up and
roots down. This paradox is based on opposite responses of these organs to the
phytohormone auxin, which promotes cell expansion in shoots, while inhibiting
it in roots via an unclear signalling pathway and yet unknown downstream
cellular mechanism.

The well-established canonical auxin signalling involving the TIR1/AFB auxin
receptors, Aux/IAA repressors and ARF transcription factors acts in nucleus
and mediates gene transcription. However, auxin also triggers cellular
responses within seconds or minutes, too fast to rely on transcription. Part
of the rapid responses is mediated by the non—-transcriptional branch of the

TIR1/AFB signalling, while others involve cell surface ABP1-TMK signalling.



Here I will present new and surprising insights into the mechanism of auxin
signalling including an ultrafast auxin—triggered protein phosphorylation
response and previously unsuspected aspects of TIR1/AFB auxin perception and
downstream signalling, which potentially involve cAMP and c¢GMP second
messengers.
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[#H@H: Hormonal regulation of plant development: auxin and cytokinin cross—talk
and beyond

MR

Auxin and cytokinin are key hormonal orchestrators of root system architecture
and its developmental plasticity. In the past, we have identified several
convergence points and pathways that might integrate auxin and cytokinin
hormonal inputs to coordinate root organ development. Intriguingly, some of
these recently identified molecular components seem to exceed their simple
function in the auxin—cytokinin cross—talk, and they provide functional links
with other regulatory pathways, for instance, by a mediating perception of
environmental stimuli, such as abiotic stress, nitrate availability, or by
controlling the subcellular trafficking. Our insights into mechanisms
integrating these auxin and cytokinin regulatory pathways into complex
molecular networks that coordinate plant growth and its flexibility to varying
external inputs will be discussed.

1) Benkova, E. Eva Benkova, Current Biol 34, R3-R5, 2024 (A > % Y =—il%E)
2) Abualia R, Otvés K, Novak 0, Bouguyon E, Domanegg K, Krapp A, Nacry P, Gojon
A, Lacombe B, Benkova E. Molecular framework integrating nitrate sensing in
root and auxin—guided shoot adaptive responses. PNAS 119, e2122460119, 2022
3) Cavallari N, Artner C, Benkova E. Auxin-regulated lateral root organogenesis.
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1EE: Molecular mechanics modulating cell-cell adhesion nanomachineries
MR :

Cells sense their physical surroundings through molecular nanomachines
regulating force transduction and mechanosensing. One of such complexes is
the Adherens Junction (AJ), an adhesion complex mediating cell-cell
interaction. Within AJ, proteins such as a—- and f—catenin, and vinculin
have been shown to form the backbone of the force transduction module as they
sense and bear mechanical forces transmitted between the actin cytoskeleton
and intercellular contacts. While recent milestones defined the nanoscale
architecture and molecular mechanics of this module, the proposed model seems
to well explain the minimal complex for physiological conditions, but it
fails to explain force transduction in transformed cells where, for instance,
parts of the module are mutated or missing. Here we provide experimental and
computational evidence that mechanical modulation is achieved by multistep
molecular switching between vinculin in its closed and open conformations and
its interaction with a— and B -catenin. This generates the graded response
needed in development, tissue homeostasis and, it could also explain the
different phenotypes observed in various cancer cell types that lack

essential proteins of AJ but still can adopt collective mode of invasion.
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