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Tyrosine nitration, a post-translational modification (PTM) that
takes place under nitrosative stress conditions, occurs through
a non-enzymatic peroxynitrite-mediated reaction. Although
protein nitration has long been considered an irreversible PTM
involved in nitrosative stress-associated diseases, it has also
been suggested to be a regulatory mechanism of signal
transduction. Therefore, the development of tools that help to
understand this protein modification is of great interest. Herein,
we explore a TbIII-chelating metallopeptide to monitor tyrosine

nitration. The luminescence of this probe decreases significantly
between its non-nitrated and nitrated states, and this reduction
in the luminescence intensity is directly related to the degree of
tyrosine nitration after treatment with peroxynitrite. Remark-
ably, the luminescence intensity changes after nitration are not
affected in the presence of complex biological media, which
makes it a promising tool for understanding this protein
modification.

Introduction

Many proteins undergo a variety of covalent modifications,
known as post-translational modifications (PTM), after being
synthesized by the ribosomes. These modifications are usually
enzymatic, such as phosphorylation, which is a highly important
reversible mechanism involved in most cell-signaling pathways.
Other types of PTMs, such as tyrosine nitration, cysteine S-
nitrosylation, and glutathionylation, occur as consequence of
oxidative and nitrosative stress.[1,2] Tyrosine nitration has been
proposed to occur non-enzymatically in biological systems,
through a stepwise pathway with peroxynitrite-derived radicals
that promote the oxidation of tyrosine to its corresponding
tyrosyl radical, which upon combination with nitrogen dioxide
radical (*NO2), also produced through the decay pathways of
ONOO�, leads to the formation of 3-nitrotyrosine (3-nTyr).[3–5]

Although low levels of protein tyrosine nitration are
detected under basal conditions, there is a significant increase
in nitroxidative stress-associated diseases, such as neurodege-
nerative, inflammatory and cardiovascular conditions.[6,7] In
these circumstances, nitration of protein tyrosine residues can
induce different effects on protein function.[1,3,4,6,7] For example,
nitration of glutathione reductase residues Tyr106 and Tyr114
promotes a loss of function by reducing its activity due to the

decreased binding affinity for its substrate.[8,9] The opposite
effect is observed in cytochrome c,[10] protein kinase Cɛ,[11] or α-
synuclein,[12] among others, which after nitration would show a
new or increased function associated with a significant bio-
logical effect. In the case of α-synuclein, nitrated monomers
and dimers have been described to accelerate the rate of fibril
formation, and thus may induce the formation of intracytoplas-
mic inclusions characteristic of Parkinson’s disease and other
synucleinopathies. However, even though protein nitration has
long been considered as an irreversible PTM, it has also been
suggested that it could be a regulatory mechanism of signal
transduction,[13] similar to protein phosphorylation/dephosphor-
ylation, because of the precedents reporting the reversibility of
this protein modification by showing denitrase activity.[14–19]

Usually, protein tyrosine nitration/denitration has been identi-
fied by using anti-tyrosine antibodies or mass-
spectrometry.[14,16–19] Nevertheless, these methods have some
limitations, for example, not suitable for live-cellular imaging.
An interesting alternative is the use of luminescent probes to
study the species involved in this protein modification.

In contrast to organic fluorophores, luminescent lanthanide
ion complexes show unique photophysical properties that
make them very interesting for biosensing/bioimaging, such as
narrow emission bands, long lifetimes, which offer the
possibility of removing the autofluorescence signal of biological
media by carrying out time-resolved luminescence assays, and
large Stokes shifts that facilitate the elimination of self-
quenching processes.[20,21] Indeed, there are precedents of
lanthanide-based probes designed to detect ONOO� using
different sensing mechanisms.[22–25] However, developing sen-
sors for the specific detection of the end nitrated/denitrated
products would be a valuable tool for understanding this PTM.

In this context, peptide-based luminescent probes are very
appealing because they can easily mimic the natural substrates
involved in nitration and denitration processes. Zondlo’s group
has reported an encoded protein-based probe that is respon-
sive to tyrosine nitration, providing a novel approach to
understanding this protein modification.[25] However, this turn-
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off probe is based on an EF-hand metal-binding motif with
moderate TbIII binding affinities on its nitrated/non-nitrated
states (micromolar range), and shows only a modest decrease
in the luminescence response, roughly three times, after
nitration. Herein, we describe a novel strategy for monitoring
nitration states using a synthetic TbIII peptide complex that
exhibits a large luminescence change, approximately 40-fold,
between its nitrated and non-nitrated states. Importantly, its
luminescence decreases after treatment with ONOO� and the
difference in luminescence intensity between the nitrated and
non-nitrated states it is not affected by the presence of complex
biological media.

Results and Discussion

As starting point for our design, we selected the peptide
sequence from Gly36 to Thr44 of α-synuclein (GVLYVGSKT) that
has been found nitrated both in vitro[26] and in vivo.[27] At the N-
terminus of this peptide, we included a Glu residue and
attached to its side chain a DO3A macrocyclic derivative, which
is known to form thermodynamically and kinetically stable
complexes with lanthanide ions.[28–30] We also added a Pro
residue between the Glu and the Gly residues to induce a β-
turn that should favor the organization of the TbIII complex
closer to the Tyr antenna (PY[Tb], Scheme 1).[31–35] Thus, our
sensing mechanism relies on the irreversible modification of the
Tyr antenna after reacting with ONOO� yielding PnY[Tb],[21]

where the excited 3-nTyr residue deactivates in a femtosecond
timescale through a conical intersection,[36] therefore switching
off the luminescence of the metallopeptide.

Peptides PY and PnY were synthesized by solid phase
peptide synthesis following standard Fmoc/tBu protocols. The
Glu residue was introduced in the peptide sequences protected
on its side chain with an allyl group, which was selectively
removed by Pd catalysis,[32] and then the DO3A ethylamino
derivative 3 was coupled to the deprotected carboxylic acid
side chains of PY and PnY. The resulting peptides PY and PnY
were deprotected and cleaved from the solid support and
purified by reversed-phase HPLC.

As expected, the appearance of the characteristic emission
bands of TbIII ions at 488, 544, 586 and 620 nm (for the

transitions 5D4!
7FJ, J=6, 5, 4, 3) after excitation of the Tyr

antenna at 260 nm, confirmed that PY is able to coordinate this
metal ion when incubated in HEPES buffer (10 mM HEPES,
100 mM NaCl, pH 7.5) in an equimolar mixture with TbCl3
(Figure 1A and Figure S5 in the Supporting Information). On the
other hand, the luminescence spectrum of the equimolar
mixture of the nitrated peptide PnY with TbCl3 showed a
significant decrease of the TbIII emission (�40 times). Addition-
ally, ESI-MS spectra of both PY and PnY mixtures with TbCl3
confirmed the formation of the corresponding terbium peptide
complexes, PY[Tb] and PnY[Tb] (Figure S3), thus demonstrating
that the decrease in the emission intensity of the PnY and TbCl3
mixture is due to the 3-nTyr chromophore and not to a
difference in binding affinity of the peptide for the TbIII ion.

We measured the luminescence lifetime of PY[Tb] and
PnY[Tb] in water and D2O and fitted the emission decays to a
single exponential (Figure S6 and Table S1). PY[Tb] showed a
long lifetime in water (1.54 ms) that increased in D2O (3.23 ms).
These lifetime values allowed us to calculate the inner-sphere
water molecules coordinated to the metal ion (q),[37] which for
PY[Tb] was estimated to be q�1.4. This value is in good
agreement with those reported for similar DO3A-based lantha-
nide complexes and is compatible with the coordination of the
Glu side chain carbonyl to the metal center (Scheme 1).[32,38] The
lifetime values obtained for PnY[Tb] (1.61 ms in water and
2.10 ms in D2O) allowed us to estimate the number of water
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Scheme 1. Peptide sequences and proposed coordination of TbIII in PY[Tb]
and PnY[Tb].

Figure 1. A) Luminescence spectra of 10 μM PY[Tb] (solid line) and PnY[Tb]
(dashed line) in 10 mM HEPES, 100 mM NaCl, pH 7.5, λex=260 nm. B) UV-vis
titration of 30 μM PnY in 10 mM HEPES, 100 mM NaCl, pH 7.5, with increasing
concentrations of TbCl3.
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molecules coordinated to the metal center, q�0.4, suggesting
the displacement of a water molecule from the coordination
sphere of the TbIII ion by the 3-nTyr residue. The electron-
withdrawing nitro group reduces the pKa value of the Tyr
residue to �6.74,[39] making it a better donor for the metal
center and thus facilitating its coordination to the TbIII ion as a
bidentate ligand (Scheme 1).[25,40] The UV-vis titration of PnY in
HEPES buffer with increasing concentrations of TbCl3 showed
an increase and a red-shift of the 3-nTyr bands at 284 and
428 nm, associated to the anionic form of the 3-nTyr residue,[39]

up to the addition of 1 equivalent of TbIII (Figures 1B and S9),
also indicating the coordination of the chromophore 3-nTyr to
the metal center.

To better understand the coordination sphere of PnY[Tb] we
studied its EuIII analogs. Peptides PY and PnY in HEPES buffer
were mixed with 1 equivalent of EuCl3 and the mixtures were
analyzed by ESI-MS, showing the formation of the correspond-
ing PY[Eu] and PnY[Eu] complexes (Figure S4). As the solutions
of PY[Eu] and PnY[Eu] in HEPES buffer were not luminescent,
and considering that the DO3A derivative 3 does not satisfy all
the available coordination positions of the metal center, as
observed for PY[Tb], we decided to use an external coordinating
antenna to fulfill the coordination sphere of EuIII. For this
purpose, we selected the bidentate ligand 4,4,4-trifluoro-1-(2-
naphthyl)-1,3-butanedione (TNB), which has been previously
reported to efficiently coordinate and sensitize DO3A-based
macrocyclic EuIII complexes (Scheme 2).[32,41] The luminescence
titration of a 2.5 μM PY[Eu] solution in HEPES buffer with
increasing concentrations of TNB showed the increase of the
EuIII characteristic emission bands at 595, 615, 654 and 691 nm
(for the transitions 5D0!

7FJ, J=1, 2, 3, 4), corroborating the
formation of the PY[Eu] ·TNB complex with a KD1�2.1 μM
(Figures 2A and S10). We evaluated the stability of the
PY[Eu] ·TNB complex in HEPES buffer and observed that the
luminescence of the complex does not change for at least 30 h
(Figure S11). PY[Eu] ·TNB has a shorter lifetime in water than
PY[Tb], which slightly increases in D2O (0.87 and 1.16 ms,
respectively, Figure S12 and Table S2). These values allowed us
to calculate the number of water molecules coordinated to
EuIII,[42] which turned out to be q�0, thus confirming the
coordination of the external antenna to the EuIII ion. As
expected, the luminescence spectrum of a 10 μM PnY[Eu] and
10 μM TNB mixture in HEPES buffer showed a much weaker

emission intensity, of about 20 times, compared to PY[Eu] ·TNB
(Figure 2A). Furthermore, the lifetime measurements of PnY[Eu]
in the presence of TNB, both in water and D2O (0.70 and
0.84 ms, respectively) could be fitted to a two-phase exponen-
tial decay, one of them associated to the free TNB in solution
and the other one to PnY[Eu] (Figure S12 and Table S2). These
data allowed us to estimate the number of water molecules
coordinated to the EuIII complex, which resulted to be q�0,
confirming the displacement of the TNB antenna from the EuIII

coordination sphere by the 3-nTyr residue, and thus the
decrease in the luminescence intensity. These results were
further corroborated by UV-vis spectroscopy. The UV-vis
titration of a 30 μM PY and 30 μM TNB mixture in HEPES buffer
showed a decrease, a redshift, and a broadening of the TNB
absorption band at 330 nm[41] with increasing concentrations of
EuCl3 (Figures 2B and S13), clearly indicating the coordination
of the antenna to the metal ion and the formation of the
PY[Eu] ·TNB complex.

A similar effect was observed when we recorded the UV-vis
spectra of a 30 μM PnY solution with increasing concentrations
of EuCl3. As shown in Figures 2C and S14, and as observed for
PnY[Tb], the addition of 1 equivalent of EuCl3 promoted the
redshift of the 3-nTyr absorption bands, pointing towards the
formation of PnY[Eu], where the EuIII ion is coordinated by the
3-nTyr residue. When we compared the UV-vis spectra of 30 μM

Scheme 2. Proposed sensing mechanism for the detection of tyrosine
nitration by displacement of the external antenna from the EuIII coordination
sphere by the 3-nTyr residue after reaction of PY[Eu] ·TNB with ONOO�.

Figure 2. A) Luminescence spectra of 10 μM PY[Eu] ·TNB (solid line) and a
10 μM PnY[Eu] and 10 μM TNB mixture (dashed line) in 10 mM HEPES,
100 mM NaCl, pH 7.5, λex=260 nm. B) UV-vis titration of a 30 μM PY[Eu] and
30 μM TNB mixture in 10 mM HEPES, 100 mM NaCl, pH 7.5, with increasing
concentrations of TbCl3. C) UV-vis titration of 30 μM PnY in 10 mM HEPES,
100 mM NaCl, pH 7.5, with increasing concentrations of EuCl3. D) UV-vis
spectra of a 30 μM PY[Eu] ·TNB solution (solid red line), a 30 μM PnY[Eu]
solution (solid blue line), a 30 μM PY and 30 μM TNB mixture (solid orange
line), and a 30 μM PnY[Eu] and 30 μM TNB mixture (dashed green line) in
10 mM HEPES, 100 mM NaCl, pH 7.5.
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solutions of PY, PY[Eu], and PnY[Eu] in the presence of equimolar
amounts of TNB with a PnY[Eu] solution in HEPES buffer
(Figure 2D and S15), we observed that the absorption band at
330 nm of the PnY[Eu] and TNB mixture spectrum, characteristic
of free TNB in solution, pretty much overlays with the
corresponding band of the PY and TNB mixture spectrum, and
not with the experimental bands recorded for the PY[Eu] ·TNB
complex, where the TNB is coordinated to the EuIII ion. In a
similar way, the absorption band at 428 nm, characteristic of
the anionic form of the 3-nTyr residue, is redshifted almost
10 nm in the PnY[Eu] and TNB mixture spectrum, overlapping
with the corresponding band of the PnY[Eu] complex spectrum.
All together, these results demonstrate that the anionic form of
the 3-nTyr residue of the PnY[Tb] and PnY[Eu] complexes is
coordinated to the metal ions, satisfying all their coordination
positions.

To evaluate the potential luminescent response of the
PY[Tb] probe to protein nitration, we performed a control
experiment in which we recorded the luminescent spectra of
mixtures with different PY[Tb] and PnY[Tb] ratios. As expected,
we observed a lineal response in the decrease of the
luminescence intensity with increasing amounts of PnY[Tb]
(Figure S16). We then assessed the sensitivity of PY[Tb] and
PY[Eu] ·TNB towards protein nitration. Both probes were
incubated in the absence and with different concentrations of
ONOO�, and the conversion to their nitrated states, PnY[Tb] and
PnY[Eu], was analyzed by their luminescent response and
confirmed by reversed-phase HPLC. PY[Tb] exhibited approx-
imately a 14% and a 36% decrease in the luminescence
intensity after treatment with 5 and 10 equiv. of ONOO�,
respectively, which are in agreement with the amounts of
nitrated probe quantified by HPLC (Figure 3). However,
although PY[Eu] ·TNB also showed a decrease of the lumines-
cence with ONOO�, the reduction of the luminescence intensity
was lower than expected according to the extent of nitration
determined by HPLC, probably due to a competing process
between PY[Eu] ·TNB and some unidentified subproduct of the

reaction. Importantly, when we registered the luminescence
spectra of PY[Tb] and the nitrated mixtures in a complex
medium, as it is in the presence of cell extracts (total protein
concentration �63 μg mL�1), we did not observe a significant
effect on the luminescent signal of PY[Tb] and the luminescent
decrease in the nitrated mixture corresponded with the degree
of nitration of the probe (Figure S19). Therefore, these experi-
ments demonstrate the advantages of using luminescent
lanthanide probes, which allow to remove the intrinsic back-
ground signal of complex biological media as shown in
Figure S20.

Conclusion

We have developed a small TbIII metallopeptide whose
luminescence intensity is significantly quenched when the Tyr
antenna in the peptide sequence is nitrated. We have
demonstrated that the luminescence decrease of the probe is
correlated with the degree of tyrosine nitration after being
exposed to different concentrations of ONOO�. Importantly, the
luminescence response of the probe is not affected by complex
biological media. Therefore, the probe developed herein
provides a new tool to understand protein tyrosine nitration in
cell lysates and study if this modification could actually be a
regulatory mechanism of signal transduction, as has been
suggested in the literature. Future work in our lab will address
some of the current limitations of the probe, streamlining the
calibration process and extending the excitation wavelength for
cellular imaging.

Experimental Section
General: Amino acid derivatives, as Fmoc amino acids with the
standard side-chain-protecting scheme, and coupling agents were
purchased from Iris Biotech GmbH and NovaBioChem. C-terminal
amide peptides were synthesized on a 0.1 mmol scale using a
0.41 mmol/g loading H-Rink amide ChemMatrix resin from Merck.
DO3AtBu ester 1, precursor of the chelating macrocycle 3, was
purchased from Activate Scientific. Protease inhibitor cocktail was
purchased from Thermo Scientific. All other chemicals were
purchased from Fisher Scientific and Merck. All solvents were
synthesis grade, except for DMF, DIEA, and TFA that were peptide
synthesis grade. Water was purified using a Milli-Q system
(Millipore).

Synthesis of DO3AtBu-NEtNH2 (3): The chelating macrocycle 3 was
synthesized according to the procedures described in the literature
(see the Supporting Information).[43]

Peptide synthesis: Peptides were synthesized using standard Fmoc
solid-phase peptide synthesis procedures using a PS3 automatic
peptide synthesizer from Protein Technologies Inc. Amino acid
couplings were conducted using a fourfold excess and HBTU
(4 equiv.) as activating agent. Each amino acid was activated for
2 min in DIEA/DMF (6 equiv.) before being added onto the resin.
Peptide bond-forming couplings were carried out for 30 min. After
the deprotection of the Fmoc group by treating the resin with a
20% 4-methylpiperidine (4-MP) solution in DMF for 15 min, the
final peptide sequences were acetylated by treatment of the resin
with a mixture of Ac2O (12 equiv.) and DIEA/DMF (0.195 M,

Figure 3. A) Normalized emission intensity at 544 nm of a 2.5 μM PY[Tb]
solution (control sample) and 2.5 μM solutions of the corresponding reaction
mixtures of PY[Tb] with 5 and 10 equiv. of ONOO� in 10 mM HEPES, 100 mM
NaCl, pH 7.5, λex=260 nm. B) HPLC chromatograms at 220 nm of the PY
control sample (red) and the reaction mixtures of PY with 5 (light purple) and
10 equiv. (dark blue) of ONOO�, where the peak at tR �9.0 min corresponds
to PY and the peak at tR �9.7 min corresponds to PnY. Considering the
integrated peak areas, the PY conversion to PnY was estimated to be 15.5%
and 28.0% with 5 and 10 equiv. of ONOO�, respectively.
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10 equiv.) for 45 min. After filtration, the resins were washed with
DMF and CH2Cl2. The side chain of the N-terminal Glu(All) residue
was selectively deprotected by treating the resin with a mixture of
Pd(OAc)2 (0.3 equiv.), PPh3 (1.5 equiv.), N-methylmorpholine (NMM,
10 equiv.), and PhSiH3 (10 equiv.) in CH2Cl2 overnight. After
filtration, the resulting resin was washed with DMF (2×5 min), N,N-
diethyldithiocarbamate (DEDTC, 25 mg in 5 mL DMF, 10 min), and
CH2Cl2 (2×5 min), and dried under a N2 current. A solution of HBTU
(1 equiv.) in DMF was mixed with DIEA/DMF (0.195 M, 4 equiv.) and
the mixture was added to the resins (0.03 mmol) and mixed for
2 min before adding DO3AtBu-NEtNH2 (3; 2 equiv.) over the resins.
The mixture was left stirring under N2 for 1 h. After filtration, the
resins were washed with DMF and CH2Cl2. The cleavage/depro-
tection step was performed adding a TFA cleavage cocktail (2.5%
H2O, 2.5% triisopropysilane (TIS) and 95% TFA) to the resin-bound
peptides, and the mixtures were left stirring for 5.5 h. After
precipitation of the TFA filtrates in cold Et2O, the peptides were
dissolved in 1 :1 MeCN/H2O. The purification of the peptides was
performed in an Agilent 1200 series using an Aeris semipreparative
column from Phenomenex (peptide XB�C18 stationary phase,
5 μm, 100 Å pore size, 250×10 mm). The methods used for semi-
preparative HPLC were 15!36.5% MeCN, 0.1% TFA/H2O, 0.1% TFA
over 16 min for PY and 15!35% MeCN, 0.1% TFA/H2O, 0.1% TFA
over 24 min for PnY. Reversed-phase HPLC and electrospray
ionization mass spectrometry (ESI/MS) analyses were performed
using a liquid chromatograph mass spectrometer system, Thermo
Scientific UltiMate 3000 connected to a photo-diode array detector
and a single quadrupole mass spectrometer Thermo Scientific MSQ
Plus or a Bruker Elute UHPLC connected to a high-resolution TIMS-
QTOF Bruker Daltonics timsTOF Pro with a Bruker Daltonics
CaptiveSpray ion source, using an Aeris analytical column (peptide
XB�C18 stationary phase, 3.6 μm, 100 Å pore size, 150×2.1 mm) or
a Luna analytical column (Omega Polar C18 stationary phase, 3 μm,
100 Å pore size, 150×2.1 mm), both from Phenomenex. The
standard method used for analytical HPLC was 5!95% MeCN,
0.04% TFA/H2O, 0.04% TFA over 23 min.
PY: HPLC: retention time (tR)=10.5 min. ESI-MS (m/z) calculated for
C70H116N18O22: 1561.8584 [MH]+; found 781.4329 [M+2H]2+,
521.2917 [M+3H]3+ (1.7 mg, 4% yield for a 0.03 mmol scale).
PnY: HPLC: tR=11.2 min. ESI-MS (m/z) calculated for C70H115N19O24:
1606.8435 [MH]+; found 803.9255 [M+2H]2+, 536.2861 [M+3H]3+

(1.8 mg, 4% yield for a 0.03 mmol scale).

Luminescence assays: Time-gated emission measurements were
made with a FluoroMax Plus-P Spectrofluorometer from Horiba
Scientific equipped with an R928P photon counting emission
detector, in the phosphorescence mode using a xenon flash lamp.
All measurements were made with a Hellma Semi-Micro cuvette
(114F-10-40, 10 mm light path) at 25 °C, using the following
settings: excitation wavelength 260 nm; excitation slit width
10.0 nm, emission slit width 3.0 nm; increment 2.0 nm; time
between flashes 0.061 s; initial delay 0.2 ms; sample window 0.02 s;
flash count 0.01 s; HV detector voltage 950 V. The emission spectra
for TbIII and EuIII complexes were recorded from 450 to 600 nm and
550 to 750 nm, respectively.

Lifetime experiments: Lifetime experiments were measured on the
same instrument and cuvette as for the luminescence assays, using
the following settings: excitation wavelength 260 nm; emission
wavelength 544 or 615 nm for TbIII and EuIII complexes, respectively;
excitation and emission slit width 6.0 nm; measurement range
22.0 ms; HV detector voltage 950 V; peak preset 10000 counts. The
measurements were recorded using a 475 nm long-pass filter to
avoid interference from harmonic doubling.

The decay data of the emission intensity were fit to a single or
double exponential decay based on the function [Eq. (1)]:

I tð Þ ¼
X2

i¼1

Aiexp �t=tið Þ (1)

where I(t) is the intensity of phosphorescence at time t after the
excitation pulse, Ai is the pre-exponential factor, and τ is the
luminescence lifetime. By measuring the luminescence decay (τ) in
both H2O and D2O solutions, the number of water molecules (q) can
be estimated from Equation (2):

q ¼ A 1=tH2O � 1=tD2O � B þ CnO¼CNH

� �
(2)

where A=5 ms, B=0.06 ms�1, and C=0 for TbIII,[32,37] and A=

1.11 ms, B=0.3 ms�1, C=0.075 ms�1 and nO=CNH=1 (the number of
amide N�H oscillators) for EuIII.[37,42]

UV-vis spectroscopy: UV measurements were performed on a Jasco
V-750 Spectrometer, using a standard 10 mm light pass Hellma
Semi-Micro cuvette (114-10-40) at 25 °C, using the following
settings: UV/Vis bandwidth 5.0 nm, UV/Vis response 0.06 s; data
interval 0.5 nm; scan mode continuous, scan speed 200 nm/min.
Concentrations were determined using the following molar
extinction coefficients: 1405 M�1cm�1 for Tyr at 274 nm in 0.1 M
phosphate buffer pH 7.0,[44] 2200 M�1cm�1 for 3-nTyr at 381 nm in
water,[39] and 1670 M�1cm�1 for ONOO� at 302 nm in 1.2 M NaOH.[45]

Preparation of cell lysates: Asynchronously growing HEK293T cells
were lysed in HEPES lysis buffer (50 mM HEPES, 150 mM NaCl,
10 mM EDTA, 1% NP40 and protease inhibitor cocktail, pH 7.4).
Lysates were cleared by centrifugation and protein content in the
supernatant was measured by the Bradford method.[46] Protein
extracts were stored at �20 °C until used in the assays.
PY nitration experiments: PY nitration experiments were conducted
following procedures described in the literature.[25] To 250 μL of a
100 μM solution of PY in nitration buffer (100 mM K2HPO4, 25 mM
NaHCO3, 0.2 mM EDTA, pH 7.5), 1.65 μL (5 equiv.) or 3.3 μL
(10 equiv.) of a 74.4 mM stock solution of ONOO� were rapidly
added, followed by the addition of 1 or 2 μL of 1 M HCl,
respectively, and the final solution was subjected to vigorous
vortexing for 60 s in darkness. Afterwards, reactions were quenched
by adding 5 μL of a 100 mM solution of dithiothreitol, DTT, followed
by vigorous vortexing for 5 min. Control samples were prepared by
adding ONOO� and DTT to the nitration buffer before the addition
of PY. Sample mixtures were eluted by reversed-phase HPLC, in
order to remove salts and nitration byproducts (Agilent 1200 series
using a Poroshell 120 EC�C18 analytical column, 4 μm, 120 Å pore
size, 100×4.6 mm from Agilent), and the eluted fractions were
collected and freeze-dried. Samples were dissolved in 260 μL of
HEPES buffer and analyzed by RP-HPLC and UV-vis (see the
Supporting Information). Peptide concentrations were determined
by the extrapolation of the integrated peak areas from calibration
curves of PY and PnY (see the Supporting Information). 1 mL of
control or reaction mixtures solutions were prepared in HEPES
buffer with a 2.5 μM total peptide concentration. To these solutions,
TbCl3 or EuCl3 and TNB were added up to a 2.5 μM concentration
and the final solutions were shaken for 2 h. The PY conversion to
PnY was calculated by considering the PnY concentration obtained
in the reaction divided by the total peptide concentration in the
mixtures. Time-gated emission measurements were made in a
Varian Cary Eclipse Fluorescence Spectrophotometer, in the
phosphorescence mode with a Hellma Semi-Micro cuvette (114F-
10-40, 10 mm light path) at room temperature, using the following
settings: excitation wavelength 260 nm; excitation slit width
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20.0 nm, emission slit width 10.0 nm for TbIII complexes or
excitation slit width 5.0 nm, emission slit width 5.0 nm for EuIII

complexes; increment 2.0 nm; gate time 5 ms; total decay time
0.02 s; delay time 0.2 ms; PMT detector voltage 1000 V.
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