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ABSTRACT: Oxidative stress and inflammation are intrinsically linked to each other in addition they are implicated in the evolution
and progression of non-communicable diseases (NCD). Large amounts of reactive oxygen species (ROS) are generated as part of the
immune response towards NCD. Among all the ROS species, peroxynitrite (ONOQ) has the shortest half-life with < 20 ms under
typical physiological conditions. Hence, detecting ONOO" and studying its generation in vitro allows for a better understanding of
inflammatory processes. We demonstrate that peroxyresorufin-1 (PR1) is a selective and sensitive ONOO- fluorescence based sensor
in J774.2 macrophages. PR1 was able to detect changes in ONOO" production upon investigation of different factors: enhanced
generation of ONOO" through LPS and IFN-y as well as diminished ONOO" production with the introduction of superoxide scaven-
gers and nitric oxide synthase inhibitors. Our study validates PR1 as an effective tool for the detection of ONOO" in J774.2 murine

macrophages and should allow for further elucidation of ROS biology and chemistry.

In recent years, growing evidence has linked non-communi-
cable diseases (NCD) with inflammation. Changes in mitochon-
drial function, oxidative stress and inflammation interchangea-
bly undermine disease progression of NCD. It is not clear
whether inflammation and oxidative stress are at the origin or
constitute consequences of cellular pathology of NCD. Never-
theless, they significantly contribute to the pathogenesis of
NCD?! Inflammation is the host’s immune response towards
harmful stimuli (e.g. pathogens, dead cells, irritants) or injury.
The innate immune system, that includes macrophages, has
evolved to recognise and respond to pathogen-associated mo-
lecular patterns (PAMPs) including endotoxins and danger-as-
sociated molecular patterns (DAMPs) such as ATP.2 As part of
the host-defence mechanism, macrophages generate nitric ox-
ide (NO) which readily reacts with superoxide (O,) to produce
ONOO- which contributes to tumour cell apoptosis.® Indeed,
ONOO- is considered a powerful oxidant in a range of NCDs
including arthritis, neurodegenerative diseases and systemic lu-
pus erythematous.*® The role of ONOO™ in NCD is largely eval-
uated on the presence of biomarkers such as 3-nitrotyrosine as
opposed to direct measurements of ONOO". Due to the com-
plexity of ROS biology and chemistry, it is essential to develop
new selective fluorescence based probes® to validate signalling
pathways leading to ONOO" formation and use as new thera-
peutic probes to measure ONOO- as a biomarker of disease. The
main challenges of current probes include specificity issues and
lack of subcellular localization. Many of the current evaluation

methods used for molecular fluorescence based sensors use ex-
ogenous ROS addition to a variety of cell lines and hence this
does not allow for a true representation and understanding of
the underlying biological processes. In 2005, Chang and co-
workers identified peroxyresorufin-1 (PR1) as a fluorescence
based sensor for H,0,.” Cell based studies were limited to char-
acterizing the response of PR1-loaded HEK?293 cell line to the
addition of exogenous H,0O,.” As boronic esters are excellent
sensing groups for ONOO", we hypothesize that the Chang
probe PR1 is a potential tool to detect endogenous ONOO" in
innate immune cells. We herein report PR1 as a new red fluo-
rescence-based tool to detect endogenous cellular ONOO" for-
mation with an improved synthesis method of PR1, and the
demonstration that PR1 has higher selectivity and sensitivity to-
wards ONOO" than H,0..

EXPERIMENTAL SECTION

Materials and Reagents. Unless stated otherwise, reagents
and solvents were sourced from commercial suppliers, specifi-
cally: Biotium, Cayman Chemicals, Fisher Scientific, and
Sigma Aldrich and were used directly as received. J774.2 mac-
rophages (ECACC 85011428) were purchased from the Euro-
pean Collection of Authenticated Cell Cultures.

Synthesis of 3,7-dibromo-10H-phenoxazine. Phenoxazine
(2 g, 7.38 mmol) was dissolved in chloroform (150 mL). NBS
(2.63 g, 14.76 mmol) was slowly added to the mixture, which
was left to stir at RT for 2 h. The mixture was quenched with



water. After separation of phases, the organic layer was washed
with water (3 x 100 mL) and brine (1 x 100 mL), dried over
MgSO,, filtered and evaporated in vacuo. FC (SiOy; petroleum
ether/EtOAc 80:20) gave 3,7-dibromo-10H-phenoxazine (2 g,
80 %) as a blue solid. *H NMR (500 MHz, DMSO-dq): § = 6.96
—6.85 (m, 2 H, ArH), 6.71 — 6.63 (m, 3 H, ArH), 6.06 — 5.91
(m, 2 H, ArH); m.p. 125 - 128 °C; IR (ATR): v = 3393 cm'* (w,
N-H); HR-ESI-MS: m/z (%): 363.1144 (([M + Na]*, calcd for
C12H;°Br¥1BrNONa*: 363.1104).

Synthesis of PR1. 3,7-dibromo-10H-phenoxazine (2.7 g,
7.92 mmol), bis(pinacolato)diboron (6.04 g, 23.76 mmol) and
KOAC (4.66g, 47.52 mmol) were dissolved in DMF (100 mL),
degased under argon and treated with [PdClx(dppf)] (579 mg,
0.792 mmol). The mixture was refluxed at 90 °C for 3 h, and
cooled to RT after completion. After separation of the phases,
the aqueous layer was washed with EtOAc (3 x 60 mL). The
combined organic layers were washed with water (3 x 60 mL),
dried over MgSOy, filtered and evaporated in vacuo. FC (SiO;
petroleum ether/EtOAc 80:20) gave 3,7-bis(4,4,5,5-tetrame-
thyl-1,3,2-dioxaborolan-2-yl)-10H-phenoxazine PR1 (2.42 g,
70 %) as a dark red solid. *H NMR (500 MHz, DMSO-dg): § =
8.70 (s, 1 H, N-H), 7.04 (dd, J = 7.7 Hz, 1.3 Hz, 2 H, ArH), 6.75
(d, J=7.7Hz, 2 H, ArH), 6.43 (d, J = 1.3 Hz, 2 H, ArH), 1.25
(s, 24 H); m.p. 214-217 °C; IR (ATR): v = 3404 cm™* (w, N-H);
FTMS + p APCI corona MS: m/z (%): 436.2462 ([M + HT*,
calcd for C4H3,B:NOs*: 436.2462).

Fluorescence measurements. Fluorescence measurements
were performed on a BMG Labtech CLARIOstar® using
Greiner bio-one microplates, 96 well, PS, f-bottom (chimney
well), black walled. Data were collected via the BMG Labtech
Clariostar data analysis software package MARS. All solvents
used in fluorescence measurements were HPLC or fluorescence
grade and the water was de-ionised. All pH measurements taken
during fluorescence/absorption experiments were recorded on a
Hanna Instruments HI 9321 Microprocessor pH meter which
was routinely calibrated using Fisher Chemicals standard buffer
solutions (pH 4.0 - phthalate, 7.0 — phosphate, and 10.0 - bo-
rate). UV-Vis measurements were performed on a Perkin-Elmer
Lambda20 Spectrophotometer, utilising Starna Silica (quartz)
cuvette with 10 mm path lengths, two faces polished. Data was
collected via the Perkin-Elmer UVWinlab software package.
Phosphate buffered saline (PBS) was freshly prepared from 52
% methanol in water with KCI (10 mM), KH,PO, (2.752 mM)
and Na;HPO, (2.757 mM). The PBS buffer was adjusted to pH
8.2 with 1 M HCI (ag). ONOO" stock solutions were freshly
prepared each time prior to usage. A solution of 3 M NaOH was
cooled to 0 °C to which simultaneously 0.7 M H,0,, 0.6 M
NaNO; and 0.6 M HCI were added. The ONOO" solution was
analyzed spectrophotometrically whereby the concentration of
ONOO" was estimated through € = 1670 £+ 50 cm™' M! at 302
nm in 0.1 M NaOH (aq.). Hydrogen peroxide (H20-) is com-
mercially available whereby the concentration of H,O, was de-
termined through spectrophotometrical analysis with € = 43.6
cm™ M™! at 240 nm. Sodium hypochlorite (NaOCI) is commer-
cially available whereby the concentration of "OCI was deter-
mined through spectrophotometrical analysis with € =250 cm™
M at 292 nm. 'O, was generated by the reaction of H,O, (1
mM) with NaCIO (1 mM). H,O, was slowly added to ag.
NaOCl and stirred for 2 min. ROO¢ was generated from 2, 2'-
azobis (2-amidinopropane) dihydrochloride. AAPH (2,2°-azo-
bis (2-amidinopropane) dihydrochloride, 10 M) was added in
de-ionized water, and then stirred at 37 °C for 30 min. O," was

generated from KO, (1 eq) and 18-crown-6 (2.5 eq) dissolved
in DMSO. HO-was generated by Fenton reaction: ferrous chlo-
ride (1 M) was added in the presence of 10 eq of H,O, (37.0
wt%). Fluorescence titrations of ROS/RNS were carried out at
25 °C in PBS buffer pH 8.2. Different concentrations of
ROS/RNS were prepared accordingly and investigated with the
sensor at a concentration of 500 nM.

Cell culture. Cells are stored at -196 °C under liquid nitrogen
until required. Cells are warmed up in a water bath (37 °C) for
2 min. The cell liquid was transferred into a falcon tube, to
which media (5 mL) was added. The cell suspension centri-
fuged at 300 RCF for 5 minutes at 22 °C. After removal of the
supernatant, fresh media (1 mL) was added and the cells were
re-suspended and incubated at 37 °C with 5 % CO,. J774.2 mu-
rine macrophages were grown in culture media consisting of
Dulbecco’s Modified Eagle’s Medium/F12 (DMEM/F12) +
GlutaMAX (Thermo Fisher Scientific, 31331-028) supple-
mented with heat inactivated Fetal Bovine Serum (FBS) (10 %
v/v) (Thermo Fisher Scientific), and penicillin/streptomycin (1
% v/v) (Thermo Fisher Scientific). During cell passaging (every
two days), media was removed, new media added and cells
were detached with a cell scrapper and transferred to a new flask
according to the protocol provided by the European Collection
of Authenticated Cell Cultures.

Confocal microscopy. J774.2 macrophages were plated in
an 8-well chambered cover-glass with #1.5 high performance
cover glass (Cellvis, USA) at a cell density of 5 x 10* cells per
well in culture media (300 uL per well) and incubated at 37°C
for 16 h, in 5% CO.. Subsequent incubation of E. Coli 055: B5
LPS (1 pg/ml, (Sigma Aldrich) and recombinant murine E. Coli
IFN-y (50 ng/ml) (PeproTech, USA) for 4 h at 37 °C. The cul-
ture media was removed, cells were washed three times with
PBS (PBS was freshly prepared from milli-q water with NaCl
(0.14 M), KCI (2.68 mM), Na;HPO4 (10.14 mM), KHzPO4
(1.76 mM), CaCl,2H,0 (0.90 mM) and MgCl,-6H,O (0.49
mM). The PBS buffer was adjusted to pH 7.4 with ag. HCI)),
the PR1 dye (final concentration: 15 uM) and MitoView Green
(final concentration: 200 nM) (Biotium, USA) in a probenecid
(1 mM) (Sigma Aldrich) and Opti-MEM (Thermo Fisher Sci-
entific) were added where indicated to the cells. The J774.2
macrophages were incubated with PR1 for 30 min at 37 °C, 5
% CO,. The Opti-MEM-dye media was removed, cells were
washed three times with PBS and replaced with a recording so-
lution containing probenecid (ImM) in PBS for confocal mi-
croscopy. Where specified, the ONOO" donor SIN-1 (Cayman
Chemical, final concentration: 15 uM) was also injected after
10 min of recording. Fluorescence microscopy images were
captured on a Zeiss LSM880 using 8 well chambered cover
glass with #1.5 high performance cover glass (Cellvis, USA).
Images were captured at different magnifications with the fol-
lowing parameters: MitoView Green dex = 490 nm, Aem = 523
nm and PR1 Aex = 572 nm, Aem = 583 nm. Processing and anal-
ysis of confocal microscopy images were performed with Image
J (NIH, Version 1.52d).

Plate Reader Recordings. Cells were plated in a Greiner
bio-one black 96-well plate at a cell density of 5 x 10* cells per
well in culture media (200 pL per well) and incubated for 24 h,
followed by incubation with LPS (100 ng/ml), IFN-y (50 ng/ml)
or both combined for 4 h at 37 °C, 5 % CO,. PR1 (final concen-
tration: 15 uM) was added with probenecid (ImM) in Opti-
MEM to the cells and incubated for 30 min at 37 °C, 5 % CO..
PR1 containing OptiMEM was removed, cells were washed



three times with PBS and subsequently replaced with a solution
of probenecid in PBS (1 mM) for fluorescence measurements.
Fluorescence intensity recordings were performed for 30 min at
37 °C.

0" and ONOO" scavenger study. Cells were plated in a
black 96-well plate at a cell density of 5 x 10 cells per well in
culture media (200 pL per well) and incubated for 24 h, fol-
lowed by LPS (100 ng/ml) or LPS (100 ng/ml) and IFN-y (50
ng/ml) for 4 h at 37 °C, 5 % CO,. The culture media was re-
moved, cells were washed three times with PBS. The scavenger
(ebselen, uric acid or n-acetyl-L-cysteine at the indicated con-
centrations (Sigma Aldrich)) was added in Opti-MEM and in-
cubated for 1 h at 37 °C, 5 % CO,. After 30 min of incubation
with the scavenger, PR1 (final concentration: 15 uM) in Opti-
MEM was added to the cells and the cells with the dye incu-
bated for the remaining 30 min at 37 °C, 5 % CO,. The solutions
were removed, cells were washed three times with PBS and re-
placed with a solution of probenecid in PBS (1 mM) for fluo-
rescence measurements. Fluorescence intensity recordings were
performed for 30 min at 37 °C.

Ebselen study. Cells were plated in a black 96-well plate at
a cell density of 5 x 10* cells per well in culture media (200 pL
per well) and incubated for 24 h, followed by LPS (100 ng/ml)
for4 hat 37 °C, 5 % CO,. The culture media was removed, cells
were washed three times with PBS. Ebselen (final concentra-
tions: 0.1, 0.25, 0.5, 0.75, 1 mM) in Opti-MEM was incubated
for 1h at 37 °C, 5 % CO,. After 30 min of incubation with eb-
selen, the dye (final concentration: 15 uM) in Opti-MEM was
added to the cells and the cells with the dye incubated for the
remaining 30 min at 37 °C, 5 % CO,. The solutions were re-
moved, cells were washed three times with PBS and subse-
quently dispensed in a solution of PBS for fluorescence meas-
urements. Fluorescence intensity recordings were performed
for 30 min at 37 °C.

NOS inhibitor study. Cells were plated in a black 96-well
plate at a cell density of 5 x 10* cells per well in culture media
(200 pL per well) and incubated for 24 h, followed by LPS (100
ng/ml) or LPS with IFN-y (50 ng/ml) and NO scavengers (N°-
methyl-L-arginine acetate, Ny-nitro-L-arginine, at the indicated
concentrations, (Sigma Aldrich)) for 4 h at 37 °C, 5 % CO,. The
culture media was removed, cells were washed three times with
PBS. The PR1 dye (final concentration: 15 uM) in Opti-MEM
was added to the cells and the cells with the dye incubated for
30 min at 37 °C, 5 % CO,. The solutions were removed, cells
were washed three times with PBS and subsequently replaced
in a solution of PBS for fluorescence measurements. Fluores-
cence intensity recordings were performed for 30 min at 37 °C.

Statistical analysis. One-way analysis of variance was used
for statistical analysis. The Newman-Keuls post-test was used
for multiple comparisons. The results are expressed as the mean
+ SEM. The differences were considered statistically significant
when P values were less than 0.05. GraphPad PRISM was used
for statistical analysis.

RESULTS AND DISCUSSION
Peroxyresorufin-1: synthesis and selectivity studies

The Chang synthesis of PR1 (a) involved a low yielding bro-
mination step where HBr generated a significant number of side
products.” The subsequent Miyaura borylation reaction gave
PR1. The overall yield of the two-step process was a low 7 %.
The initial bromination step was re-evaluated and using NBS as
a brominating agent resulted in an increased yield of 56 %

(Scheme 1). With an improved synthesis of PR1, fluorescence
studies were performed to assess its selectivity towards differ-
ent types of ROS. Chang and co-workers reported high selec-
tivity and sensitivity towards H,O, over other ROS with an en-
hanced fluorescence of over 1000-fold. However, boronic es-
ters are highly effective sensing groups for ONOO". Their reac-
tivity towards ONOO" is a million times faster than with H,0,.®

@E 10— " ES L A3 o Q/J%

DMF
PR1

0 —a— el B e
Scheme 1: Synthesis of PR1 — a) Procedure developed by Chang et
al.11 b) Procedure developed in this report.

In the same manner as with H,O, the boronate deprotection is
the underlying mechanism of PR1 with ONOO". ONOO" at-
taches to the boronate, generating an intermediate, whereby the
boronate group then easily falls off generating the correspond-
ing alcohol. In the same fashion, the other boronate group is
cleaved. The alcohol group then rearranges to the ketone due to
keto-enol tautomerism, affording, a well-known fluorescence
based dye: resorufin. ROS selectivity studies confirmed PR1’s
ability to also detect ONOO" with an enhanced selectivity over
other ROS (Figure 1 & S4). In comparison to other ROS spe-
cies, the low concentrations (50 uM vs 500 uM and 1 mM) and
fast reaction time of ONOO" confirm PR 1’s ability as a biolog-
ical tool. PR1 reacts much faster with ONOO™ compared to
H,0, which is highly preferential in a biological environment
where targeted detection is key. Subsequent screening of differ-
ent ONOO" concentrations reveals that PR1 turns on at concen-
trations as low as 1 uM for ONOO" (Figure 2 & S-5) and satu-
rates at 50 uM in contrast to H.O, (Figure S-6 & S-7). Hence,
PR1 should allow the study of biological relevant concentra-
tions of ONOO".

0 - — —— — —
ONOO  H.0: 0Cl ROO" 0. 10, OH

Figure 1: Selectivity data for PR1 (500 nM) in the presence of
ONOO" (50 uM), OH" (500 puM), Oz~ (500 uM), 02 (500 pUM)
measured after 5 min. H202 (1 mM), ROO- (500 uM) and -OClI
(500 uM) were measured after 30 min. The data was obtained in
PBS buffer 52 % H20:MeOH, pH = 8.2 at 25 °C at Amax =590 nm
on a BMG LABTECH CLARIOstar® plate reader. Responses are
blank corrected.

Validating PR1 redox sensitivity in J774.2 murine macro-
phages



We then set out to evaluate the generation of ONOO" in J774.2
macrophages under different pro-inflammatory conditions using
PRL.
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Figure 2: Emission spectra for PR1 (500 nM) in the presence of
ONOQOO (0.5, 1,2,3,4,5,6,7,8,9, 10, 20, 50 uM) in PBS buffer
52 % H>0: MeOH, pH =8.2 at 25 °C. Fluorescence intensities were
measured with dex = 550 nm on a BMG Labtech CLARIOstar®
plate reader. Responses are blank corrected.

Validating PR1 redox sensitivity in J774.2 murine macro-
phages

We then set out to evaluate the generation of ONOO" in J774.2
macrophages under different pro-inflammatory conditions using
PR1.

M1 Polarization and PR1 fluorescence in murine macrophages

Macrophages respond to endogenous and exogenous signals by un-
dergoing a phenotypic change called polarization.® Peripheral mac-
rophages respond to an array of stimuli under conditions of injury
and infection that lead to M1 polarization.® Factors that trigger M1

polarization include bacterial LPS and the Thl cytokine IFN-y. A
combination of LPS and IFN-y has previously been used to enhance
the production of ONOO".1%-11 All recordings were performed in the
presence of 1 mM probenecid to reduce the cellular efflux of PR1.%2
Using fluorescence confocal microscopy or a fluorescence plate
reader, we have measured the levels of PR1 fluorescence in J774.2
macrophages primed with LPS, IFN-y or combined priming with
both factors.

First, we have evaluated the PR1 sensitivity and sub-cellular local-
ization in murine macrophages under M1 polarizing conditions
(Figure 3). In a subset of experiments, an ONOO" donor (SIN-1)
was added as a positive control (Figure 3, 3 a—e). We predict that
PR1 will display cytosolic localization without targeting mitochon-
dria where this was tested co-loading PR1 with a mitochondria flu-
orescent label, MitoView Green (Figure 3 3b, d-e). These experi-
ments reveal an increase in PR1 fluorescence upon macrophage
stimulation with LPS and IFN-y where the fluorescence does not
colocalize with MitoGreen fluorescence.

Next, we quantified PR1 fluorescence in M1 polarized macrophag-
es using a fluorescence plate reader. Using these conditions, 50
ng/ml IFN-y was added with 100 ng/ml LPS to enhance ONOO-
production (Figure 4). A combination of IFN-y and LPS triggered
a robust increase in PR1 fluorescence in macrophages compared to
untreated macrophages (p < 0.001, n=3) (Figure 4). Lower re-
sponses were observed with LPS or IFN-y alone compared to com-
bined treatment with both polarizing factors. Notably, a basal re-
sponse was observed in the absence of polarizing factors that may
reflect a low level of endogenous ROS production converting PR1
into fluorescent resorufin during the loading period.

Figure 3: Confocal microscopy images of J774.2 macrophages incubated in probenecid (1mM): 1a — e: MitoView Green (200 nM); 2a —e:
MitoView Green (200 nM), PRI (15 uM) LPS (1 ug/ml) and IFN-y (50 ng/ml); 3a — e: MitoView Green (200 nM), PRI (15 uM), LPS (1
ug/ml), IFN-y (50 ng/ml) and SIN-1 (15 uM). Channel (a) — Brightfield, channel (b) - Aex= 490 nm, Aem = 523 nm, channel (C) - Aex= 572



nm, Aem = 583 nm, channel (d) — channel (b) and (c) combined, channel (e) — channel (a), (b) and (c) combined. Magnification: x63. Scale

bar: 10 uM. n=3.

Evaluation of PR1 detection of endogenous ONOO" production
in polarized M1 macrophages

Next, we addressed whether detected PR1 fluorescence responses
were due to an increase in ONOO- in the macrophages. A variety
of enzymatic sources generate superoxide anions (O2’) that react
with NO to generate ONOO". Hence by inhibiting the production
of either Oz~ or NO should lead to a decrease in ONOO- production.
First, we tested two Oz scavengers, ebselen® and N-acetyl-L-cys-
teine!* (NAC). These were compared to the action of a ONOO-
scavenger uric acid. These were compared to the action of a ONOO-
scavenger uric acid. Scavengers were initially tested on LPS
primed J774.2 macrophages where cells were exposed for 4 h to
LPS, followed by incubation with the different scavengers (1 mM)
for 1 h and incubation of PR1 (15 uM) for 30 min (Figure 5). Uric
acid, ebselen and NAC decreased PR1 fluorescence compared to
untreated LPS primed macrophages (p<0.01, n=3). Next, we fur-
ther investigated the concentration dependence of the scavenger re-
sponse by measuring response to different concentrations of eb-
selen (0.1 — 1 mM) (Figure 6).
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Figure 4: Rate of PR1 fluorescence in M1 polarized J774.2 macro-
phages. The rate of increase in PR-1 fluorescence intensity com-
pared for unstimulated versus 100 ng/ml LPS, 50 ng/ml IFN-y or
both combined. Recordings were performed in the presence of 1
mM probenecid. Data show mean (n=3) + SEM, ***p < 0.001, *p
< 0.05 with respect to PR1.
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Figure 5: Effectiveness of scavengers in J774.2 macrophages. Dif-
ferent scavengers (ebselen, uric acid, and N-acetyl cysteine, final
concentration: 1 mM) were investigated. Recordings were per-
formed in the presence of 1 mM probenecid. The histogram shows
the fluorescence intensity of PR1 at the time point of 10 min of
recording. The ability of PR1 to detect ONOO- diminishes in the
usage of each scavenger with uric acid showing the most significant
decrease. Data show mean values (n=3) + SEM, **p < 0.01 with
respect to control conditions.

In LPS primed macrophages, 0.25 mM ebselen decreased PR1 flu-
orescence where > 0.5 mM ebselen gave a significant decrease
compared to control LPS primed macrophages without ebselen
(p<0.001, n=3). Of note, background PR1 fluorescence in untreated
macrophages was also partially reduced by 0.5 mM ebselen indi-
cating detection of basal ROS formation. In the presence or ab-
sence of LPS, 0.5 mM ebselen reduces PR1 fluorescence to a com-
parable baseline level.

Having shown that we can impact Oz production in J774.2 macro-
phages and hence, limit ONOO" formation, we then evaluated NO
production. As NO is the other key component for ONOO" for-
mation, inhibiting nitric oxide synthase, a family of enzymes (NOS
1-3) that produces NO from L-arginine, should limit ONOO- for-
mation. In order to reduce NO production, we used 0.1 — 2 mM NC¢-
methyl-L-arginine-acetate!>*” and Nw-nitro-L-arginine.'>*” Both
NOS inhibitors reduced PR1 fluorescence in LPS primed macro-
phages confirming the contribution of NO in the endogenous signal
detected by PR1 as expected for the ONOO- detection (Figure 7).
A comparable sensitivity to both inhibitors was observed. A partial
reduction of PR1 fluorescence was also observed in untreated mac-
rophages indicating a basal ONOO- formation. Overall, we con-
clude that PR1 detects ONOO- formation in LPS primed macro-
phages.
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Figure 6: Effect of ebselen concentration on the scavenging of Oz
consequently, limiting the ability of ONOO" production. Different
ebselen concentrations (0.1, 0.25, 0.5, 0.75, 1 mM) were investi-
gated. Increasing concentrations of ebselen impact the production
of Oz less Oz available, therefore less ONOO- produced. Hence,
the ability of PR1 to detect ONOO" diminishes in fluorescence sig-
nal due to less ONOO- being produced in J774.2 macrophages.
Data show mean values (n=3) = SEM, ***p < 0.001 with respect to
the PR1 and LPS treated group.

We next evaluated the ROS scavenger and NOS inhibitor sensitiv-
ity of PR1 fluorescence in M1 polarized macrophages (LPS and
IFN-y for 4 h). In these experiments, J774.2 macrophages were in-
cubated with LPS (100 ng/ml), IFN-y (50 ng/ml), NOS inhibitors
(500 uM) - NC-methyl-L-arginine-acetate (NO1) and Nw-nitro-L-
arginine (NO2) — for 4 h. After LPS, IFN-y and NOS inhibitors
treatment, uric acid (500 M) and ebselen (500 pM) were incubated
for 1 h. PR1 (15 uM) was incubated for 30 min and after washing
with PBS, the fluorescence intensity of PR1 was recorded. A time
point of 4 min was used to evaluate the ability of PR1 to detect
ONOO-" under the chosen conditions (Figure 8). Upon treatment of
LPS and IFN-y, high fluorescence intensity of PR1 was observed
as expected when compared to control conditions. Upon introduc-
tion of NOS inhibitors, Oz and ONOO" scavengers, the fluores-
cence signal of PR1 diminishes as expected.
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Figure 7: Effect of N®-methyl-L-arginine-acetate and Nw-nitro-L-
arginine, competitive inhibitors of NOS, on the inhibition of the
catalytic production of NO from L-arginine in J774.2 macrophages.
Different N©-methyl-L-arginine-acetate and Nw-nitro-L-arginine
concentrations (0.1, 0.25, 0.5, 0.75, 1, 2 mM) were investigated.
Increasing concentrations of both NOS inhibitors impact towards a
greater extent the catalytic production of NO. Less NO is readily
available to react with Oz to form ONOO". Consequently, PR1 de-
tects less ONOO- due to the diminishing fluorescence signal. Data
show mean values (n=3) + SEM, ***p < 0.001, * p < 0.05 with
respect to the PR1 and LPS treated group.
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Figure 8: LPS and IFN-y induced ONOO" production quenched by
inhibitors and scavengers. The fluorescence signal of PR1 is
quenched with the introduction of NOS inhibitors (N®-methyl-L-
arginine-acetate (NO1) and Nw-nitro-L-arginine (NO2)) and scav-
engers (ebselen and uric acid (UA)), which impact Oz and NO pro-
duction. Data show mean values (n=3) £ SEM, ***p < 0.001 with
respect to PR1, LPS and IFN-y treated group.

CONCLUSIONS

A detailed investigation of a selective and sensitive peroxynitrite
sensor in J774.2 macrophages has been undertaken. We have es-
tablished an improved synthetic route to PR1.” and demonstrated
that PR1 has greater selectivity for ONOO- compared to H202. ROS
selectivity studies confirmed high selectivity and sensitivity to
ONOO" compared to a variety of other biologically important ROS.
Importantly, we have shown that PR1 detects endogenous ONOO"
using a combination of scavengers and NOS inhibitors in LPS-

primed and M1 polarized macrophages. Moreover, live imaging of
PR1 fluorescence confirmed the cellular localisation of PR1 in po-
larized J774.2 macrophages. In summary we have identified PR1
as a new fluorescence tool to detect endogenous ONOO- generation
that can be used for future studies to understand signalling path-
ways and the development of new diagnostic tools. Further work
will focus on enhancing targeted organelle ROS detection in J774.2
macrophages.
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