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TABLE 1. Some relevent ROS/RENS reactions and interactions™

Spontaneous
0, -+ H" —HOO~
DE + 02 + ZH" —H,0, + 0,
02~ + Fe?* = Fe?* + D b H I
H,0, + Fe?" — Fe*" + OH + ~0H
D + NO — ONOO~
DNDD‘ + H" — ONOOH
ONOOH — OH + NOj
ZNO + O, + HyO — 2NO,,
Enzymatic
S0D
205+ 2H" ——H,0, + 04
CAT

H,O, — 2ZH, 0 + O,

GPX
Hs05 + 2G5H —— GSSG + 2H0

Ty, superoxide; HaOg, hydrogen peroxide: OH, hydroxyl radieal; HOO™, hy-

droperoxyl radical; NO, nitric oxide; ONOO™

, peroxynitrite; NOg, nitrogen diox-

1cde; ONOWIH, ]Jv:lnumtmm acid; SOD, HLl[]E"tUH]ElE" dizsmutaze; CAT, catalaze;
(SH, reduced glutathione: GPX, glutathione peroxidase; GSSG, oxidized gluta-

thione.



Qu’est ce qu’on veut mesurer

Stimulus

Résolution temporelle
Résolution spatiale

Spécificite



* RPE: résonance paramagnétique électronique

* Les techniques utilisant les propriétées spectroscopiques de sondes réagissant avec les ROS et les
RNS / trés répandues parce que facile a mettre en ceuvre:

spectroscopie d’absorption

luminescence (comptage de de photons)

spectroscopie de fluorescence

* Dosage des produits de reaction des ROS et RNS avec les composants cellulaires
(répandues mais destructives)

» Méthodes électrochimigues (électrodes de Clark et microélectrodes)
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Probes/biosensors for the detection of superoxide and hydrogen peroxide.

Probe/biosensor Species detected Cross-reactivity Detection method Recommended Advantages Disadvantages
application
Cytochrome ¢ 0z* Other enzymes Absorbance Extracellular/ & Simple plate reader & Limited mainly to
and reductants membrane assays assay with proper systems with high
50D controls concentrations of O3 *

such as phagocytes

Nitroblue 0z* NO synthase Absorbance Intracellular e Simple and most widely ¢ Limited mainly to
tetrazolium Precipitation Microscopic used test for CGD systems with high
reaction visualization concentrations of 07 *

such as phagocytes
& Cross-reactivity

with NOS
WST1, XTT (soluble O3 * Absorbance Extracellular e Low background, soluble e Limited mainly to
NBT derivative) systems with high

concentrations of 05 *
such as phagocytes

Xylenol orange H,0, Organic peroxides Absorbance Lysates (cells, e Low background e Requires
tissues) homogenization
Aconitase 0;* H,0, Enzymatic/ Cells/lysates & Fast rate of reaction with e Confounded by iron
absorbance 05" availability

Maghzal FRBM 2012¢



Le cas du cytochrome c

Z cytochrome b,
F=

0 cytochrome cl

heme a (Q

http://metallo.scripps.edu
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= Cyte
2 = Cytc + 67 mM dithionite
== Cytc + 67 mM dithionite + poudre dithionite

Absorbance (sans dimension)
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Le cas du nitroblue tetrazolium
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Figure 9 Intracellular ROS detection with NBT is positive for NOX4-

expressing cells
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Luminescence & spectroscopie de
fluorescence



Retour sur le phénomene d’émission
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Les éléments nécessaires
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Le spectrofluorimétre Lampe — lumiére blanche (Xenon)
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Le microscope a fluorescence

Caméra
4

Lampe
Lumiere blanche
(Xenon, Hg, LED)

transmission

Détection
o (camera,
Sélection occulaires)
spectrale
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Le cas confocal

Images plein champ Microscopie confocale

Marquage

membranaire : ; : ‘ 2 2 :

Microscopie plus complexe et donc plus couteuse
Permet de collecter la fluorescence d’un seul plan
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Excitation,

LASER, Source
de lumiére

ponctuelle, une
seule direction

Focus en 1 point (pixel)

Dichroic mirror
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LASER =

Déplacement du point de
focusen XetY

excitation

Focus en 1 point (pixel)

Dichroic mirror

Détecteur: photomultiplicateur

VVV VVVYVYyYVYYVYYYY v

1 pas = le déplacement de 1 pix
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Objectif

Volume Excité

excitation
Pinhole = trou
Fluorescence
Détecteur: photomultiplicateur Pas de lumiére sur le détecteur

Seule la lumiére (fluorescence) qui vient du plan focal est détectée
— Sectionnement en Z
Des photons sont émis et non détectés.
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Le cytometre
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Les sondes luminescentes

= Tres sensible,
» Sur des populations de cellules: production moyenne
= Ajouter une peroxydase

= Permet de voir la production a I'instant t

Probe/biosensor Species detected Cross-reactivity Detection method Recommended Advantages Disadvantages
application
Lucigenin 0;"* Luminescence Extracellular e Selective for 05 * e MADPH artifacts
e Redox cycling
e Cell-impermeable
L-012 0;"* ONDOO ™ Luminescence Membrane assays, e 100 :x more sensitive e MADPH artifacts
cells, in vivo than lucigenin e Cross-reactivity
e No redox cycling with ONOO-
MCLA 0;"* Luminescence Cells, membrane e High sensitivity and O3 * e Cell impermeable
assays selectivity e Autooxidation
Luminol 0z* HOO Luminescence Cells e Cell-permeable e Redox cycling
H:0; NO
ONOO~

Maghzal FRBM 2012



Chemiluminescence

Oxidation du luminol en presence de peroxidase

Mesure des ROS présent a I'instant t
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Fig. 2. Light-emitting characteristics of luminol and isoluminol. Neu-
trophils { 10° cells) were mixed with 56 uM isoluminol in KRG and
prewarmed for 5 min in the Biolumat at 37°C with 4 U HRP (V),
50 U SOD and 2000 U catalase (@) or without any further additive
(O). Then PMA (50 nM final concentration) was added and the
light emission was recorded continuously. The inset shows the same
type of experiment, but with luminol instead of isoluminol; a system
without additive () and with addition of SOD and catalase (®).
Here only every fifth measuring point is shown for clarity.

Lundquist FRBM 1995
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Les sondes fluorescentes redox
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probe
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Fig 3. Strucures of commonly employed cocidant-sensitive fluorescent and chemiluminescent probes. [a) DO, (b)) dilyd rorhod amine; () Amplex red; [d) hydrosthidine
{ ) ludgenin; [f) luminal; (g) MOLA [lucilerin analogue, 2-Methyl-G- 4 -methmosp hemyl ) imi daen| 1, 2-zjpyrain-3 [TH)-one ). For [a)=(d) the left hand mlumn shows the strucure
af the reduced [non-fluoresent) probe, the rght mlumn the flugresoentoxidation poduct Far (d) the middle structure i the non-specific product, sthidium and the right hand
stmucture i of 2<hydrmoyethid fum, which requires supetocd e for formation. With all thess probes, product formation is 2mul S-shep reaction sequence. Far the d'lﬂ'nﬁ.u'rmﬂmt
jprobes (e=g) only the strudures of the reduce fomms are shown. These are modised by mubtistep radial reactions o give unsable peroodes that decompose to e

Winterbourne BBA 2014



Les sondes fluorescentes « non-redox »

oxidant Oxidised
blocker
\ locked probe —_—

Mon-fluorescent

Free
probe

V

Fluorescent = 7

OH 0 0 Aﬁ{}\
+2 B—OH
—_ LT
H,0
‘ COH + NO," or OH-

non-fluorescent fluorescent

Fig. 5. Mechanism of fluorescence release from boronate probes. Reaction of PF1 {developed by Chang and coworkers [68]) with hydrogen peroxide or peroxynitrite is shown.

Winterbourne BBA 2014
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C2955

C13293

TED

Product Hame

4-[[S-acridinecarbonylamino)-2,2 & B-tetramethylpiperidin-1-o:xyl, free
radical [TEMPO-9-4C)

3 pearminophenyl) fluorescein (APF) *3 mb solution in DiF*
Amplex® Red Hydrogen Peroxide/Peroxidase "~ 1 REMN cmmn i *
Amplex® Red reagent

Amplex:® Red reagent *packaged for high-thr
Amplex® Red Harthine Karthine Oxidaze As:
Amplex® UtraRed reagent

anthracene-3 10-diprogionic acid, disodium

Unit Size

Smy

470 0L

A L

Price Per Unit (US Dollars) T

100.00

F17.00

Am nn

236035

D163

dibydrocalcein, AM *zpecial packaging®
dibydroethidium (hydroethidine)

dibydroethidium (hydroethidine) *special packaging®

20 x50 py
25 myg

10 %1 mg

18.2 Generating and Detecting Reactive Oxygen Species

http://probes.invitrogen.com/servlets/pricelist?id=29072

[ £ E)-3 5-his-(4-phenyl-1,3-butadienyl)-4 4-di
sindacene (BODIPY & BESIETE)

S-{and-6)-carboxy-2' 7'-dichlorodibydrofluore
HDCFDA) *mixed izomers*

2;::;3%5:-2 J-dichlorodinydrofluorescein discetate, dijacetoxymethyl Smyg  200.00 HAE004 3-{-hydrooppheny!) fluarescain (HPF) *5 mh salution in DMF*
S-{and-6)-carboxy-2' 7'-difluorodihydrofluorescein diacetate (carboxy- Smg  149.00 H747E brypericin
HDFFDA) *mixed isomers® [36007 Image-iT™ LIVE Green Reactive Oxygen Species Detection Kit *far
5. 2-carboxyphenyl)-5-hydroxy-1 42,2 5, 5-4etramethyl 1 -axypyrrolidin Smg 100,00 micrascopy”
3-ylimethy)-3-phenyl-2-pyrrolin-d-one, potassium salt (proxyl LESES lucigenin (bis- Mmethylacridinium nitrate) *high purity*
fluorescamine)
i ) o L8455 luminial (3-aminophthalhycrazide)
S-{and-6)-chloromethyl-2' 7'-dichlorodibydrofluorescein diacetate, acetyl  20x 30pg 20200
ester (CM-HDCFDA) *mixed isomers® *special packaging® MESS malachite green isothiocyanate
coelenterazine 250pg 19500 m24574 merocyanine 540
coumarin-3-carboxylic acid, succinimidyl ester (SECCA) 25mg  106.00 My913 trans1 -[2'-methoxyvinypyrens
2' F-dichlorodibyedrofluorescein discetste (2,7 -dichlorofluorescin 100 mg 83.00  M23300 2-methryl-G-(d-methoxyphenyl)-3 7-dibvdroimidazo[1 2-a)pyrazin-3-one,
diacetate; HDCFDA) heddrachlarice (MCLA)
> Pldichlorodihydrofluorescein diacetate, succinimidyl ester 5 mg 98.00  M3G00S MitoSCR™ Red mitochondrial superoxide indicstor *for live-cell imaging®
[OxyBURST® Green HDCFDA, SE) i i i
7s11 MitoTracker® Crange Ch-H TMRosz *special packaging®
P00 B-phycoerythrin *4 mginlL* UamL 14300 @@ Add To Order
P&t R-phrycoerythrin *4 mghnl* 05ml 14300 o) Add To Order
P44 TED A-pyrenebutanol 100my 23000 ) Add To Order
14060 RedoxSensor™ Red CC-1 *special packaging® 10x50pg 14500 b Add To Order
R14000 rose bengal discetate Smg 97.00 ) Add To Order
Sa6002 Singlet Oxygen Sensar Green *special packaging® 10x100pg  147.00 b Add To Order
»E493 HTT (2, 3-his-[ 2-methoxy-4-nitro-3- sulfophenyl)-2 Atetrazolium-3- 100 mg §3.00 ) Add To Order
carboxanilide])
33857 MEW  Fen™ hyeloperoxidaze (MPO) ELISA Kit *200 assays* Tkit  409.00 ) Add To Order

470 pL
1 mg
1 kit

10 myg
25y
10 myg
25 miy
1 mg

Smg

10 = 50 pyg

20 x50 pg

23200
137.00
180,00
i
a0
i
a0
i
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Le cas du DCFH2 et de ses variantes...
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NO," H
P-Cpd | as: 6o
P-Cpd Il ( ) C |
1 '/h HGO, GSH -=C-
% E NO,~ |
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58| P FE{III} GS.-.SG- &’
: CFHYDCF- (Gsn  \\.0

G5’ GSSG

>C ) K /GEH
0, GSH

CO.~ light
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HCO,-
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P- Gpd I DCF{_ﬂ )— products

P-Fe(lll) phenoxyl radical

Fig. 4. Complexities of the mechanism of oxidaton of reduced fluorescein dyes such as

DCFHz and potential interacting pathways. P, peroxidase-like catalysts that act wia
Compounds 1 and 1.

Reprinted with permission from Wardman [12].

Winterbourn BBA 2013
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FITC
5/6-Fluorescein-isothincyanate
MW 389.38

MHS-Fluorescein
MW 47339

Réactions de couplages sonde fluorescente / protéine

Fluorescein-5-Maleimide
MW 427 36

o] O o]
//N o g v —_— I qws
+ -0 =C = L] Protein —NH —C —¢ 4
Q W 3_4 — '
— O N - OH
Protein — NH, NHS-ester 0
—
S
AL r— [ AL
+ S=C=N— 2 —_— Protein —NH —C —=NH — 4
Gas' — W'
(a) Isothiocyanate
-,/.'O P — 0
+ | N— 4 — Protein —S & v
W —— N 4
O ‘I‘"
— o
Protein — gH Maleimide
—
0 @)
I e, S— ™
+ l=C=Caf 4 — Protein —S-C-C — 4
YT —Hl e — '
(b) lodoacetyl derivative

Figure 4.5 Coupling chemistry for the attachment of fluorescent labels: (a) amine- and (b)
thiol-reactive functional groups.

Fluorescence Microscopy, U Nienhaus, Wiley-VCH, chp4
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Pénétration dans les cellules

cl Non polaire,
COCH.OCCH. protection avec 2’7’-dihydrodichlorofluorescein diacétate

ﬂ 0 des gpes esters

CHg,COCH20(|3|

] 0O

|

. .

s Membrane cellulaire

L

|

\ 4

ESTER ases

On dose alors la quantité de sonde oxydée dans le cytoplasme

DCFH2 DCF
NON FLUORESCENT FLUORESCENT

v
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Levure
= constant size
MM

Elaboration d'objets phagocytables

O‘E‘GH::, — Step 2- hydrolyse des esters (hydroxylamine1,5M)

et le succinimidyl ester

‘ O ‘ ‘
Cl

H c— NH-levure

O

. o
oxydation
—

Non fluorescent fluorescent
AVANT oxydation APRES oxydation

— Step 1- réaction entre les groupes amine de la levure

Zl
ﬁ-NH-Ievure
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Visualisation de la production de O,¢- / La reconnaissance: comment ¢a marche?

2) Englobement

Membrane de neutrophile

5) Destruction
OH*, 0,",
H,0, , ClO -

“ »
4um

= taille +/- constante
S5um

Anticorps qui se fixe sur la levure et
qui vont étre reconnus par des
récepteurs a la surface du
neutrophile

Anticorps secondaire
marqué sonde fluo verte
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excitation emission
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https://www.youtube.com/watch?v=0pAg9huGzAM DCFH2-yeast

I | ROS
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Fluorescence intensity (a.u.)
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Le cas des boronates et de H202

Solving the
Selectivity Problem

RO ROOH
~OClI H,0, O3
HO» O,

102

Boronate Reactvitly

fegyaltetvel

©*“© S

Lippert Acc. Chem. Res. 2011

>y\c\) 9/€<
B O B
o~ ~0
|O |O H-0-
Q i
O
PF1

Recognition
(difficult for small, reactive molecules)

H-0,

W 29

Reactivity

(selectivity imparted by chemistry)
H20,
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peroxyresorufin 1 (PR1), peroxyfluor 1 (PF1), and peroxyxanthone 1 (PX1)

SNAP peroxy green 2 (SPG2)

Turn-on H,0; probes:

PF1 PRI PX1
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Lippert Acc. Chem. Res. 2011

Targetable and trappable H,0, probes:
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Probes toward and for in vivo H,0, imaging:
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Luciferin

Luciferase
ATP, O,, Mg* AMP, CO,

N N-©
>~ T on
HO S S
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H,0, Detection in Living Mice

A.=590n$m A__=512nm A _=450nm

Images of peroxyresorufin 1 (PR1), Peroxy caged luciferin 1 (PCL-1) detects
peroxyfluor 1 (PF1), and peroxyxanthone 1 H202in vivo using bioluminescence.
(PX1) detecting H202 fluxes in living cells.

Lippert Acc. Chem. Res. 2011
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Possibilités d’adressage dans les cellules vivantes
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Figure 4.6 (a—c) Coupling chemistry for the attachment of fluorescent labels: protein tags
and fusion approaches.

Fluorescence Microscopy, U Nienhaus, Wiley-VCH, chp4
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Images of SNAP peroxy green 2 (SPG2)
to the plasma membrane, mitochondria,
endOpIasmiC rEtiCUIUm, and nUCIGUS. Fluorescence Microscopy, U Nienhaus, Wilex-a/CH, chp4



Mais les boronates réagissent aussi avec HOCI et ONOO-!
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Mais seul CIO- peut hydrolyser la thiolactone! a) Fluorescence spectra changes of FBS with titration of OCI-. (b) Fluorescence
intensity at 523 nm as a function of added OCI-. (c) Fluorescence spectra of FBS
before and after addition of various ROS: OCI- (20 uM), ROOe (1 mM), H202 (100
Xu JACS 2013 HM), 02— (25 puM), *OH (100 uM). tert-butyl hyperoxide (100 uM), ONOO- (22
UM). 41
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Detection of DUOX-dependent HOCI induction in the intestinal epithelia of Drosophila. Nuclear staining of midgut cells was
performed with DAPI (blue). Representative confocal microscopic images of dissected guts from different genotypes in the
presence or absence of oral ingestion of bacterial extract. The genotypes of the flies used in this study were as follows: Cont
(Da-GAL4/+); PLCB—/— (norpA7); DUOX-knockdown (KD) (UAS-DUOX-RNAI/+; Da-GAL4/+); DUOX-KD + DUOX (UAS-DUOX-
RNAI/UAS-DUOX; Da-GAL4/+).



Et I'inventivité des chimistes ne s’arréte pas la! HOCI et ONOO-
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Synthesis of the ROS/RNS sensor. (a, b) Reaction of oxazine 1 with glutaric anhydride to generate the quenched ROS
responsive intermediate with a conjugated handle for attachment to the dextran shell of the iron oxide nanoparticles.
Nanoparticles are dual labeled with Alexa Fluor 488 to monitor particle location. (c, d) Relative fluorescence signal for
each of the reactants and products. (e, f) Blood half-life determination for the free oxazine dye and the ROS/RNS sensor
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In vivo uptake and activation of the MPO sensor occurs in
infarcted heart tissue. Histology of the infarcted tissue obtained
from control C57BL/6 mice or mice 36 h post ligation of the left
descending coronal artery and tail-vein injection of the MPO
sensor 24 h prior to euthanasia. H&E staining and
immunohistochemistry for CD11b immune cells (b), PMN (c),
and MPO (d) are shown compared to fluorescence microscopy
in the AF488/GFP channel (e) and oxazine/Cy5 channel (f).
Arrows indicate areas of probe localization (yellow arrows),
which correspond to areas with MPO and neutrophil staining
(black arrow). The scale bars represent 50 pm.



