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From bench to bedside

NRFZ2 in non-mammalian
species
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University of Athens, Greece  Prioritize concepts over experiments


anton
Stamp


N
L

X

CcosktE

EURDPFEAN COOPERATION

n
B
0
O

_uL._.
al

)
)

: mﬂw .
e
i

i

-

5
Snnn
e

S
e

g
dlg
L

I

Q75
e,

=

IH SCIENCE & TECHNOLOGY

S

E
Ex.

2ot in the Light of Evoi

Marganucodon

ve

Pikaia gracilens

ngodosius Grygorovych Dobz

n __perspect

ISIMS (the e

Model organ


anton
Stamp


ocoskt

eworeA. comensn BenBedPhar

Bi o/ogical System S e

A constant adaptation of the biosgtiere to all cthier systems of the planet

The most ancient stress is heat — then it:comes oxidative
{butalsc reductive) siress...

The five systems. of Earth (geesphere, biosphere, crycspheie;.hvdrosohere and atmosoherz)
interact to produce the environments we are familiar with.
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Non-mammalian model organisms
(a stable genome)

Although biological activity in @ moge! organism dces not ensure an
effect in humans, many drugs, treatments and cures for human
diseases are developed in part with the guidance of animal models

Commonly used nron-mammalian model organisini:

Yeast (Sacchicromyces cerevisige) Eukaryote - Unicellular
Fly (Drosophila melanogaster)

Nematode worm (Caenorhabditis elegans) Invertebrates
Zebrafish (Danio rerio) Vertebrate

The T4 phage virus, the bacterium Escherichic coli:znd the flowering plant Ar¢hidopsis thali¢ra, will not bz discussed —
mammalian:model organisms-include guinea pigs (Cavia porcellus), the mouse (Meus-musculiss), etc.
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All animal species must cope with oxidative stress generated by theair own
metabolism. They were aisc forced to evolve:detoxifying systems in ¢ase of accidental
encounters with toxic chemicals in the environment. I als ¢

0 J -
JI U Jerced J C O - LG T = U U U ik e - JC -
A car | | arcr s Non-mammalian animals have anti-
RS stress systems analogous to the
' Transzctivation -
PSRN BJecPouL DR | mammalian KEAP1-NRF2 system
NH- coon| Vertebrates have 4 Nrf genes—Nrf1, Nrf2, Nrf3
DLG ETGE St and NF-E2—while lower animals (ascidians, sea
.. .DILWRQDI*DLGVSREV. . .LQLDEEPETGE . .. urchin, octopus, fly and Hydra) seem to have only
oo mel ETCE ot 1 Nrf gene locus, implying the diversification of

Yamamgie:et ai-, (201&}: Ehysiol Rev. 98, 1169-1203.

this proiein family in:vertebrate evolution.

OF the diversified Nrf proteins, oniy vertebiate Nrf2 kas all six Neh dorsains
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NRF2 across evolution T —

ER binding Neh2 Neh4 .-_ Neh3
DLG length ETGE 2l i VFLVPK
Nif2 Mm Nrf2 X ® 47aa © ﬁﬁﬁ_‘
Gg Nrf2 X © 47 aa © @ ,#i:‘ﬁ?“
Xt Nrf2 x @ 47 aa © }i:'g?
sk DrNrf2a x (@) 47 aa © ® - ¢ = T Easgy $14 3 ot
% oriteo . o #m e frialine g g | naty of the domain structure of
Nrf1 Mm Nrf1 ® 47aa © x e et B R .:E' g '-—'3-:::!- transcription factors.
Gg Nrf1 =] 47 aa © A .
e o ®»e o HB vation of the Neh domains was
% Driitra x e ited as follows: [O8LGTT:11)Y
* Driuito R e - 5 conseryeddo, relatively conservedia¥
Nrf3 Mm Nrf3 . \ ] O . ';F_"E:-"' N
XN _;served; X, not conserved.
% Driig e S e s | = . Specific motifs were described as
e m i R ni_ 'I;E'Ei:iﬂ:' (o ) e iy )
e BEAT G oEEE . Ay conserved” only when the
& =2 ===
% Dr N2 e o o sequences were identical to mouse
verebrete N TErmaiiio N D © o o Nrf2. The amino acid lengths between
Nt Sp it o) %ﬁ*:ﬁi'ﬁ% F © o o .
e DLG and ETGE motifs are also shown.
Ob Nrf 59 aa @ 5 ¥ ()] © ©
© © ©
e o o
o e

=
i
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payashi-(20T7Y: Molecllds- 27,435
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KEAP1 across evolution S——

. s, o :- . : ; ; ?*—‘ :
Keagil Fe ad:complex ﬁgﬁ? a brac (BTB),
intarve: ind double glyeine repeat (BGR) domains, all of which

e ’ ]

E Tt
are impt ?1*::;_?‘ ' inab BTB is the essential
regiGn:isk
i 0 Libiguitinate Nrf2, and Ser!® in this domain is reported to be
IuEICIMOf note, this serine, including the surrounding

amino acids, is highlycoriserved in both vertebrates ané: intigrtebrates)

= .
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KEAP1 across evolution b=

e

Cysteine (mouse) 23 38 77 151 171 196 226 241 244 057 273 288 2097 319 368 365 406 434 480 513 518 583 613 622 5as
Vertebrate Mm Keap1 O O O 0 O 0 Of3EEeE O Q0 O O O O#Hxxsl: O O O O O O ;8EG A summa ry of the
Keap! Gg Keapt x O 00000880000 x ga® o x 000 G Ccysteineresidues of
Ac Keap1 x O O 0O O O O O L) © O O x O O O O FEEFO Keap]__ The conservation
Xt Keap1 X O O 0O O O O O e % (5 e i O O QO % (Er X x Of each Cysteine iS
—hlid *x © 000 O O O fmeriO 070 O O Ohfgasd.x O Ok x ~  jndicated asfollowsm
Actinopterygii| DrKeap1b % x O OO0 O 0O O Qg O x x x QO QO Offmafex-iragd) O O
Keap1b 1 i ; e
OfKeap1b O Qb inds O O O OJiirDEd Fiem A .
0 OB a B ik gl conserved but cysteine
TnKeapib x O QuesgsGmsfsnSlanGhsssk O x O O O O @esEEEs0 O x (e x x . g -
exists within three amino
Vertebrate XtKeapia ¥ | QuslErses O O O O tEEsxasx O O x XAl O x  ox | @EEEnx O .
Keapia I 5 ey ) g =l [3: x: not conserved.
LcKeapla x XEEEON O O O O O SHiriscifsewmeciciesim S giiey R x  x _
DrKeapla % * ey O O O O 0O % SETENGOTE T T () (O x S 3¢ s RASERE () x X Sensor CyStelnes are
OlKeapia X }iGLerEy (O O O O QetEianesE O O o x O O o xoxox A o x O O x  x Shaded In rEd' and
Tn Keapia i x OO B0 OO i 00 x OO0 x x x Ao x OO x x Cysteineresidues
Invertebrate  Ci Keap1 x O O O 5 A 0 0 O x 0 a x x x x x x 0 x x conserved among Kelch
KeapT Sp Keap1 x x O A O x x O 0O x x OO0 x x x x O O.x x 00 x x.  familyproteinsin mice are
Ob Keap x x O A OO0 OO % x OO 000 x O x Ox % 0 o % = shadedinorange.
Dm Keapd # X UMD EEEC)T RS . e x LGES ) GEeX ¥EEx  GEew CUrEnx % ®xONA e o®

Fuse and #gpayashi-i2017). Molecules 22, 43¢;
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Yeast (NRF2)

Stressors H H Stressors
Oxidization S
Yap1
Cytosol
Nucleus Crm1
S— S5
Yap1 Yand Homodimer
QY TTacicTAR PR
YRE

Fuse and.Kobayashi (22L%). Molecules2Z; 436.

Regulatery:méchanisms of the transcription factor-
based exidative strass response in etkaryetes. The
activationn mechanism of Yapl in 5. cerevisiae
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_____ i - Yap famsi proteins are a well-
sudmd group of transcrlptlon fac:t rs that cenfer protection
against oxidative and chemical stress. The Yap family consists of
eight paralogs of basic leucine zipper {bZip)-type transcription
factors, ¥ap1-8. Of these memiers, Yapl is the major isoform that
confers p?otectlon agamst xc:iat;ve stress Unlike Nrf2 in

sequences it LsNA Yap respaﬁse element (YRE), and activate the
transcriptiors ftargtr—‘-na

residues in !'3;, utermmus tha‘@t function as sensors. Under
unstressed {reduced) conditions, Yapl localizes in the cytosol by

the action of exportin.chromosomal maintenance 1 (Crm1), and
the transcriptional activation is inhibited. When exposed to

oxidative stress, the cysteine residues of Yap1l, however, are
oxidized with the assistance of glutathione peroxidase 3 (Gpx3), a
thiol peroxidase, and an intramolecular disulfide bond is formed.
In this structure, Crim1 cannet.apprcach the nuclear export signal
(NE&E region-of Yapl, resultmg in the nuciear retentien.of Yap1
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Nematode worm (Caenorhabditis elegans) Wssss=is Benecl

{ J r A
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C. elegans is unsegmented, vermiform; and pilateraily symmetiical it nias a cuticle, four main
epidermal cords, and & fluid-filled pseu'i“:roelom It also has some of the same organ systems as
larger animals. Like ail nematedes, jf'__

elegans neurons ﬁntdm dendri tes Whlch exter d frorn the LeII to receivé ﬂeurottansmltters and a
process:that extends to the nerve ring (the "brain') for-a synaptic connection between fnieurons.
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Nematode worm (NRF2)

Stressors p38

Induction of P

phosphorylation | Skn-1 Stressars

Inhibiticria:
Cytosol ubiquitination ?
Nucleus
i Proleasomal
\!r degradation
Skii-1 . Monomer
S wwiRTCAT
Skn-1 binding

Fuse and Kobayashi (2027).-MoteCules-2
Regulatory-mechanisms of thefranscription factor-
based oxidative stressirésporise in eukaryotes. The

activation.miechanism of Skn-1 systemn inC. eleqais.

Z,:436.
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mduub!ea:'cafense function to I\irfzg*iamely protection against
chemzﬁai stresses Uniquely, Skin-1 ST ERee speC|f|c DNA

domaln, whtch is important 'fé?é’ dimerization with small Mafs

in mammals. Although-the transcriptional activity of Skn-1
seems to be reguiated at the protein level, C. elegans does not
have an authentic ortholog ¢f Xeapl. Instead, in C. elegans,

D ALE:FERFEZET DrOTE IR o .:-ol A D °
E’ﬁ!f' S el gatayray: Divedo 2 UDIC ation C
NS oJJAM R E et ik e 1. It remains unclear how Skn-1

escapes this negative regulation in stressed situations.
Phosphorylation-based regulation has also been described in

BenBedPhar
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Nematode worm ( NRF2 ) | ESEGSRE |

TORC1 siress response

TORC2 detoxification . :
\ l //éﬁ fedox halafiea egulatory mechanism
TIF iffer ¥that of the mammal Nrf2
ie target genes of Skn-1 are
TEF —— CSKN 1/Nr mmu-b proteasome subumnits - G EETE LR LRI FNETWTMEIETL NN 3 7).

proteasome M lipid metabolism The geneaexpressions of phase |, Il and
\ - mitochondrial function Il detexifying enzymes, antioxidant
ER stress proteins and proteasome subunits are
lipids f T iy reguiateain a Skn-1-dependent manner.
xenobiotics - ROS e;:(torlgac%?ITj?dr Thisimplies that Keap1-Nrf2/CncC and
matrix Skn-1 stem from the same ancestral

1 KeitriElackwell et al. (2015). Free Radic Biol Med. 88, 290-301. 5y5tem, Whlle In C' elegans; aun Iq ue
regulatory mechanism was evolved.

Complexity of SKN-1 functionsRLa | directly or indirectly controls
genesinvalved in a wide variety of biologicalptocesses (blue arrows),
overlapping subsets of which may be up-regulated by different stresses
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Nematode worm (NRF2)

: O
DAF-2
insulin/IGF-1 signaling
m ROS, pathogens
':SC-KJ“} /xenobiotics,
----- o electrophiles?

' cmr#@ p38

destabilization \®
XEP-
DDB-1 (w"”" UPR

—||SKN1

Gor)

mTORC1
translation
E3I|gase / ? t &S\_}
proteasome ’/ \
CGK_J;
M B4 | “bacterial lipids K
miRNAs | mir-241 | signals >

{msz\WTDﬁhﬁ

@ 038 (:; gnkaown sites

%

l Ve DI

Serl2  Ser164 Ser430 .
:::.o o o o \?FE > KN-1a

Berdss saib22 923 aa

\ 7

E 3
GSK-

@ additionaf-sites

Blackwell et al. (2015). Free Radic Biol Med. 88, 290-301.
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hage been found to regmate SKN 1 dlrectly at
the positions indicated. 35:'\ 1 also

shown as V‘-.hlte ovals aiw nhlblt SKN-1, but it
is unknown whetherthey act directly or
indirectly. Numberingis‘according to positions
within SKN-1a isoform.

Mammalian Gsk-3 and p38 are also known

to be involved in Nrf2 regulation; therefore,

this phosphciylation-tsased regulation may
be conservad from an ancesiralsystem.

BenBedPhar
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The fly (Drosophila melanogaster) e

Genes & Mutrition

ASSOCIATE EDITOR: ERIC L. BARKER

Open Access

Human Disease Models in Drosophila iteleanozaster Nutrigenamicsias a ol to study the )]

and the Role of the Fly in Therapeutlc Brug Discovery completely sequea‘red and annotated genome impact of-diat on aging and age-related o
- Udsi Bhan Pandey and CharksD. Nichol : - ~ disgases: the Drosoph:!a approach
Departmets of Genetice (U.8.P.) and Pharmacoiogy v Expetmens b Soba Mo Bty Mealth Sciences Encodes for 14 Ggu genes s P Troucsior”

-~ 75% of diseasé-#élated genes in humans have f.ﬁctlonal orthologs in the fly
- Overall ideintity st the nucleotide level or praiein sequence between fly and
rrammalisiusuaiiy approximately 40% ksiwean homologs; however, in
conserved functioraidomains, it can ke 83 t590% or higher

- Very rapid life cycie

- Multiple model organisms {embryo, the larva, the pupa, and the adult)

- The adult fly is a very:sgphisticated and complex organism not unlike higher
organisms. The adult:fix kas'structures that perform the equivalent functions of
the mammalian heart; iung, kidney, gut, and reproductive tract.

- The braiiviof the aduli fiyis.quite remarkabiz. More than 100,000 neurons form
discreet circuits and neuropil that mediate:complex behaviors, including
circadian rhythms, sleep, Ieariing and memory, courtship, feeding, aggression,
grooming, and flight navigation.

- The response of flies to many drugs that act within the CNS is similar to the
effects observed in mammalian systems

- Advanced “high tech” genetics — molecular “tools”

-_Minimal genetic reduiidancy

::Althogigh there:gre many differences between flies:and humans, the degree:of
conhserved bioiogy and physiolggy pasition D. melarniagaster as-an extremely
vaiuaigie tool in the drug discgvery pracess.
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A representation of Cap’n’collar transcriation
factors found in humans and Drasaphila

The fly homolog of Nrf2 was discovered as'an important
Human Nrf family protein in the development of the cranial portion (labral and
mandinidar structure) of larvae. Eecause of its unique
expression:pattern, this gerie was named (CNC).
Despite highlv.conserved armino acid sequences with Nrf2, the
anti-stressfunction.of €nc was not described until the
discovery of the transcript variant, (€[ oW Tle NoleTI T R\
terminal doms fﬁé homo gokis to Nrf2 eI eRIZE
demonstratad to have an afiti-stress function in adult flies. In
a1 addition the activity of CneC was regulated at the protein level
by the direct interaction with JCElJ, and heterodimerization
with Drosophila small Maf protein, \WEI&s), was also
demonstrated. PUERELEF-CUER I R I\A S ({1 K311 11 F1 & 1]
WX\ s AL NG EINInELS. Phase | and Il enzymes, antioxidant
proteins and prot&asome-subunitsare shown to be under the
regulation of £nct. These anaiegies suggest that.the Keapl-
ey I B < M R . | CneC system in Diosopnila.exicived from a:common.ancestral
e — — weesYstem with the niammalian Keapi-Nrf2 system.

Sykiotis. and Bohmariae (2010)::5ci:Signal.z 3(112); re3.
Pitoniak and Bohifann (2015). Firee Radic: Blul Med. 88, 302-313.

Nrfd 1 72

Nrf2

Nrf3

CnecC 1

CncA e 533

» 305
CncB

Cncl 1133

Cncl 1 inde

CncO 1
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The Nrf2/Keap1 pathway is constitutively active in DIX1-resistant Drosophila

Nrf2/Keapl activation leads to widespread overexpression of detexitication
genes

One or more factors on the third chromosome are sufficient for Nrf2/Keapl
activation

Constitutive activation of Nrf2 may contribuie to acquired inzecticide resistance

Misra et al:{20212). Genes Dev. 25; £796:804:
Misra et al. (2013). Insect-Rigeneny Mol Biol:=43;-11:16-24

The Nrf2/Keapl pathway contributes to the widespread
overexpression of detoxification genes in insacticide-resistant
strains and raises the possibility that:inhibiters of this pathway
could provide effective synergists for insect population control.

ocoskt
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Alterations in Organismal:Piivsiology, Impaired Stress Resistance,
and Accelerated Aging inz Drasophila Flies Adapted to
FMultigenerational Preiegime Instability

Mcria S. Manola (), Bismi-Tsakiri, and Ioannis P. Trougakos

Oxidative Medicine and Cellular Longevity
Volume 2019, Article ID 7823285, 14 pages

Querail, persistent

Lwhich reallocates resources from
growth aﬁﬂ fongevity to somatic preservation and
stress tolerance. Yet, these trade-off adaptations occur
at the cost of accelerated aging and/or reduced
toIerance to additional stress, illustrating
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ANTIOXIDANTS & REDOX SIGNALING
Volume 00, Number 00, 2017

© Mary Ann Liebert, Inc.

DOI: 10.1089/ars.2016.6910
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SCIENTIFIC REPLIRTS

-6-bromo-indirubin-3/-oxime (6BIO),
“aGlycogen synthase kinase-3(3

- inhibitor, activates cytoprotective

- cellular modules and suppresses
- cellular senescence-mediated

- biomolecular damage in human
fibroblasts

¢ Aimilia D. Sklirou?, Nicolas Gaboriaud-Kolar?, Issidora Papassideri, Al
: Skaltsounis® & loannis P. Trougakos!
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Drosophila (NRF2)

Redox Regutation by Keapi and Nrf2 Controls
Intestinal Stem Cell Proliferaticn in Drosophila

Christine E. Hochmuth;:Bergit-Biteau,’ Dirk Bohmann,? and: Hainrich Jasper!*

Department of Biology, Univeisityaf:Rochester, River Campus Box 27821} Rochester, NY 14627, USA

?Department of Biomedical Gergtics Lihiversity of Rochester Medigai- Centér, ;601 Elmwood Avenue, Rochester, MY 14520:2USA
*Correspondence: henri_jasper@urinc:rochester.edu

DOI 10.1016/j.stem.2010.12.006

Cell Sterm Cell 8, 188-199, Februgrg4, 2011

CellRéporis

The Nrf2-Kezi:1 pathway is activaiad by stercic
rrormone signaiing 1o govern neursnal remadeling

Chew et ai., 2021, Cell Reparis 36, 109466
‘:::‘JCB ooy
REPORT
A P13K-calcium-Nox axis primes leukocyte Nrf2 to
boest immune resilience and limit ccliateral damage

Giuliana B-Clementel® anttHelen Weavers!@®

]. Cell Bigl::2023 Vaii222 No. 62202203062
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Zebrafish (Danio rerio)
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Dorsal B
muscles 45 a=r
s Melanocytes
/
i
r— \\

\§
Right testis

(left testis is not shown)

S Anus or
bladeer urogenital pore

White et al. (2013). Nature Rev Cancer 13, 624-636.

Zebrafish anatomy. An aduit zebratishi is shown with the anatomical structures labelled. Zebrafish
share most of their organs witin miammalian counterparts, including the brain, heart, liver, spleen,
pancreas;gallbladder, intestines, kidngy, testis and ovaries. *The kidney is 3iso the:site of haematopoiesis in zebrafish.
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- Zebrafish Nrf2 and Keap1l were first clornied in 2002 and found to be structurally simiiar proteins to their
mammalian counterparts. Dimeric partners of zebrafish NrfZ nave also been identified and revealed to have
conserved small Mafs, MafG (co-ortholog iviafGi and MafG2) and MafK, along with fish-specific MafT (a possible
ortholog of mammalian MafF).

- All of these homologs can function as binding partners of zebrafish NrfZ. The fiinction of the upstream ARE
sequence was shown to be necgassary for the Nrf2-dependent induction of a gene-encoding phase Il enzyme, gstpl.
- The defense function against xenobiotics and oxidative stress was also demoristrated in vivo using Nrf2 mutant

N ICHEIRIE N2 target genes are also const
antioxidant proteins, proteasome subunits and pentose phosphate pathway erizymes are also regulated by the
Nrf2 system in zebrafish.

st genes are also conserved:i Zebrafish

nservedin Tt e Proteins.involved in the detoxification pathway,

Vertebrates have an evolutionarily conserved Keap1-Nrf2 system
@ |n Zebrafish two Keap miclecules: KeaplA (strong CUL3 binding) and
KeaplB (weak CUL3 binding)
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-
Control Controi'i

b -]

| RTA408 | |DMSO|

w

| Brusatol | [ DMSO |

Badenetticet-ai-(2022).“Int J Mol Sci. 24, 6804.

Nrf2/ARE pathway activity increases in

CEERE LA ETR . Representative Z-stack
microscopy acquisition of a 24 hpf transgenic larva  projection of a confocal fluorescence microscopy
treated .with DMSO and the Nrf2 pathway agonist, acquisition of unampiitated and amputated tail fin
RTA-408, for 16 h.{B) Wheie-mount bright field and “of representative 4 dpf and 7-dpf NrfZ/ARE
fluorescance microscopy acquisition of a 24 hipf transgenic fishafterat 24 -h' post ampuiation.{hpal,
transgenic farva treated with DMSO and the:Krf2 showing fluorescent cells migrating along the stump
pathway antagonist, Brusatol, for 16 h. (white arrowheads). Scale bar: 100 m.
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NRF2 across evolution

Genome-wide ChIP and gene expression data were used to
identify direct Nrf2 target genes in Drosophila and humans.
These data allowed the construction of the deegiy conserved
ancient Nrf2 regulatory network-target genes that are conserved
from Drosophila to human. The ancient networiccansists of
canonical antioxidant genes, as well as genes related to
proteasomal pathways and metza:atisa: ard 3 sumber of less
expected genes. We have alsg used enhancer reporter assays
and electrophoretic mobility-shift assays to confirm Nrf2-
mediated regulation of ARE activity at a number of these novel
target genes. Interestingly, the ancient network alsg highlights a
prominent negative feedbaci iscg; this, combined with the

finding that Nrf2-mediated reguiatory cutput is tightly linked to
the quality of the ARE it is targeting, suggests that precise
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Beyond antioxidant genes inn the ancient
NRF2 reguiatory ”‘a& twork
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NRF2 across evolution

SCIENCE ADVANCES | RESEARCH ARTICLE

EVOLUTIONARY BIOLOGY

Molecular evolution of Keap1 was essential for
adaptation of vertebrates to terrestrial iife

Kanae Yumimoto', Shigeaki Sugiyama', Saori Motomura’', Daisuke Takahishi®?;
Keiichi I. Nakayama'*

Yumimoto et al., Sci. Adv. 9, eadg2379 (2023) 19 May 2023

L\ CET VA (strong CUL3 bmdmg)

R of mammalian Ke:dpl

found that replacement c«{ £3IR
with the corresponding region of zebrafish KeapiA
attenuated Nrf2 activity in celis subjected to. stress,
and most mouse neonates harbaring this mutation
were foundtodle on exposure to suniight- IeveI UV
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Days after birth
(A) The mouse fetus is protected from oxidative stress in the womb
but is exposed to high ROS levels after birth as a result of the high
ambient oxygen concentration and UV in sunlight. (B) Kaplan-Meier
survival curves for Wi, KeagI™W7"W:2A and KeapIW>AW2>A mice
exposed to UV-A/B radiaticn.
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Conclusive remarks

- The appearance of O, in earth transformed the
atmosphere for reductive tc axidative.

- ROS posed a risk for the transition of vertebrates from
aquatic to terrestrial life (a key event'in evolutian) since O,
concentrations were higher.on land than in the sea

- Moreover, the devaispment of aerobic respiration,
which produces egnergy far more efficientiv than does
anaerobic respiraticn, is thought to be an adaptation that
allowed organisms tao migrate to and thrive on land.

The evolution of defense mechanisms (like the NRF2/KEAP1 sensor
systert) against ROS has been necessary as organisiis moved onto-{and
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