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Abstract: The assessment of unregulated level of enzyme
activity is a crucial parameter for early diagnoses in a wide
range of pathologies. In this study, we propose the use of
electron paramagnetic resonance (EPR) as an easy method to
probe carboxylesterase (CE) enzymatic activity in vitro. For
this application, were synthesized two amphiphilic, nitroxide
containing esters, namely Tempo-C12 (T-C12) and Tempo-2-
C12 (T-2-C12). They exhibit low solubility in water and form

stable micelles in which the radicals are EPR almost silent, but
the hydrolysis of the ester bond yields narrows and intense
EPR signals. The intensity of the EPR signals is proportional to
the enzymatic activity. CEs1, CEs2 and esterase from porcine
liver (PLE) were investigated. The obtained results show that
T-C12 and T-2-C12-containing systems display a much higher
selectivity toward the CEs2, with a Limit of Detection of the
same order of those ones obtained with optical methods.

Introduction

Assessment of enzymatic activity in biological fluids is com-
monly pursued by means of spectrofluorimetric assays.[1]

Although EPR is recognized as a modality characterized by a
good sensitivity, it has not yet found widespread application in
the field of enzymatic assays. Only in recent years, its potential
has been exploited in body fluids in assays designed to test the
activity of the following enzymes: elastase,[2,3] alkaline
phosphatase,[4] lipases[5] and cathepsin G.[6] The proposed
approach invariantly relies on the use of nitroxide-containing
substrates that the enzyme transforms into products whose
phosphorous hyperfine constant is different from the parent
species. This frequency-encoding modality allows an unambig-
uous detection of the enzymatic product, but the attainable
sensitivity level appears until now limited.[5,6] We deemed of
interest to investigate alternative routes taking advantage of
the fact that nitroxide radicals are “quenched” when they are
immobilized on nanostructures like proteins,[7] vesicles, micelles
or liposomes[8,9] as a consequence of dipole-dipole interactions
and increasing spin exchange between the closely packed
radical molecules.[10] In alternative, Lu Yu and coworkers[11]

recently observed a significant quenching of the EPR signal

generated by the dipolar interaction with a paramagnetic
center (Gd-complex) linked through a short protease-specific
peptide to the nitroxide radical. Direct detection of caspase-3
activity was possible by analyzing the EPR signal increase upon
specific peptide cleavage. The proposed methodology relies on
the synthesis of nitroxide-containing lipids in which the spacer
between the radical and the aliphatic chain is designed to act
as suitable substrate for the enzyme of interest. Upon the
enzymatic cleavage, the nitroxide radical becomes free in
solution displaying its characteristic triplet pattern in the EPR
spectrum. This procedure was already proposed by Audran
et al.[5] using different shifting nitroxides with ester bonds. We
expect that the proposed “off-on” approach can be of general
applicability upon the proper choice of the spacer whose
cleavage by a specific enzyme yields free nitroxides radicals.
The measurement of their signal intensity reports on the
enzymatic activity. Herein we report a proof-of-concept study
when the proposed methodology is applied to the assessment
of carboxylesterases (CEs) activity. These enzymes, belong to
the serine hydrolase superfamily, catalyze the ester hydrolysis
of a large number of endogenous substrates such as cholesterol
ester, acylcarnitine and many exogenous drugs,[12–15] playing a
key role in both cell metabolism, and activation of xenobiotics,
in particular cancer pro-drugs.[16,17] CEs are up-regulated in
many tumors as pancreatic cancer,[16,18] neuroblastoma,[19] non-
small cell lung cancer,[20] and colorectal cancer tissue.[21,22] Thus,
the detection of CEs in living systems could improve the
diagnosis of the disease, as well as it may provide important
information regarding chemotherapeutic effects of antitumor
ester drugs and pro-drugs. In humans, the most common CEs
are those named CE1 and CE2. CE1 is abundantly expressed in
the liver and adipocyte[17,23] whereas CE2 is expressed mainly in
the small intestine and colon, but also observed in kidney, liver,
heart, brain and testis.[17,24]

Interestingly, a high level of CE1 was found in the blood of
patients with hepatocellular carcinoma (HCC).[25] Moreover, it
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has been recently shown that hepatoma released exosome-like
vesicles contain several metabolic enzymes such as esterases.[26]

This observation opens interesting possibilities for the develop-
ment of an EPR based assay for extracellular esterases including
those ones present inside the microvescicles thus exploring
their role in drug detoxification and tumor promoting proper-
ties. In this study, we synthesized two nitroxide acyl esters
containing a C12 aliphatic chain, namely Tempo-C12 (T-C12),
and Tempo-2-C12 (T-2-C12). These amphiphilic compounds
form, in water, stable aggregates that are almost EPR silent.
Thus, the enzymatic hydrolysis of the ester bonds of T-C12 and
T-2-C12 radicals yield the stable and easily detected 4-hydroxy-
tempo (Tempol) or 4-oxo-tempo (Tempone), respectively (Fig-
ure 1).

Results and Discussion

Synthesis and characterization of the EPR nitroxide probes

The esterification reaction of tempo derivatives with lauroyl
chloride was carried out in a one-step[9] reaction using pyridine
as a base and in a two-step process,[4] through enolate
formation, using lithium diisopropyl amide (LDA) as a strong
base to obtain compound T-C12 and T-2-C12, respectively
(Scheme 1). The compounds were obtained in good/moderate
yields after purification by silica gel chromatography (74% and
60% respectively).

T-C12 and T-2-C12 form stable aggregates when 50 μL of
their acetonitrile solution were diluted in 950 μL of HEPES-
Buffered saline at pH 7.4. Dynamic Light Scattering (DLS)
measurements showed an average diameter of 202.07�
3.62 nm (DPI 0.032�0.015) and 193.60�7.23 nm (DPI 0.025�
0.019) for T-C12 and T-2-C12 respectively (Figure S1). The
relatively large size of these aggregates may be accounted in
terms of the formation of multimicellar aggregates[27,28] as the
consequence of the low hydrophilicity of the neutral nitroxide
groups. This hypothesis was confirmed by the observation of

smaller sizes upon sonication (58 nm and 52 nm, for T-C12 and
T-2-C12 respectively) (Figure S1). However, after 1.5 h the size of
the micelles returned to ca. the original value of the non-
sonicated ones. Additionally, the zeta potential (ζ) was meas-
ured for both the micellar aggregates (T-C12= +26.7�8.2 mV
and T-2-C12= +19.2�3.8 mV). The positive value is probably
due to the presence of a small % of the oxoammonium cations
and provide the system with a sufficient stability. The radicals in
the micellar aggregates are almost EPR silent showing only a
low intensity and broad EPR signal (Figure S2, line width peak
to peak 28.7 and 23.9 MHz for T-C12 and T-2-C12, respectively)
over all the investigated concentration range (from 10 μM to
500 μM) compared to the signal expected by the free nitroxides
(Figure 2A, 2B).

The long-term micellar aggregates stability was assessed in
HEPES-Buffered saline at 4 and 25 °C. After 5 days the EPR
spectra of the micelles does not exhibit any triplet peaks,
associated to the micelle disaggregation or radical hydrolysis
(Figure S3). Control samples containing the 4-hydroxy-tempo
and 4-oxo-tempo alone left under the same conditions
confirmed the maintenance of the radical redox state (Fig-
ure S4).

Figure 1. Chemical structure of Tempo-C12 (T-C12) and Tempo-2-C12 (T-2-C12); graphic representation of the micelles obtained with the two compounds and
release of the radicals in presence of the CE.

Scheme 1. Synthesis of Tempo-C12 (T-C12) and Tempo-2-C12 (T-2-C12).
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Enzymatic hydrolysis by esterases

The ability of T-C12 and T-2-C12 micelles to act as a substrate
for esterases was tested, at first, with Porcine Liver Esterase
(PLE). Figure 3 shows that starting from an almost completely
silent EPR response at t=0, then PLE catalyzed the hydrolysis of
T-C12 and T-2-C12 yielding a narrow EPR triplet signal due to
the release of the nitroxide radicals from the micelles, whose
intensity is proportional to the PLE hydrolytic activity. Upon
comparing the enzymatic hydrolysis of the two micelles, at the
same enzyme (PLE) concentration, the EPR signal observed after
the hydrolysis of T-2-C12 was significantly higher (Figure 4A).

The observed behavior can be accounted in terms of some
specificity associated to the mixture of esterases present in PLE
as well as a contribution that may arise from the narrower
peaks of the more rigid product 4-oxo-tempo (Figure S5, line
width peak to peak 5.37 and 4.31 MHz for 4-hydroxy-tempo and
4-oxo-tempo, respectively).[29] Interestingly, the EPR signal
observed 24 h after enzymatic hydrolysis remained the same
observed after 3 h, thus confirming the high stability of the
nitroxide radicals (Figure S6). The enzymatic assay was then
carried out in the presence of human carboxylesterases CE1 s

and CE2 s, respectively. The obtained results showed that T-C12
is selectively hydrolyzed only by CEs2 (Figure 4B) whereas T-2-
C12 is hydrolyzed by both enzymes with CEs2 displaying a
much higher efficiency (Figure 4B). This is likely due to the fact
that the preferred substrates for CEs1 are systems with smaller
alcohol-derived groups, with low steric hindrance, and bulky
acyl groups.[17] Other hydrolases and proteins such as HSA, BSA,
Human Serum, Lysozyme, Trypsin, Protease and Phospholipase
A2 (PLA2) were also investigated without observing any
detectable hydrolyzing capacity on the two compounds
considered in this work (Figure 5).

Enzymatic kinetics

To study the enzymatic kinetics CEs1 and CEs2 were incubated
with the two EPR-responsive probes at different concentration.
The plot of the EPR signal intensities showed a sigmoidal shape,
so they fitted better with the Hill equation instead of the
hyperbolic plot of the Michaelis-Menten equation, showing that

Figure 2. EPR intensity of T-C12 (A) and T-2-C12 (B) micelles at different
concentration compared to their corresponding 4-hydroxy-tempo and 4-
oxo-tempo radicals.

Figure 3. Stack-plots reporting on the time evolution of EPR spectra of T-C12
500 μM (A) and T-2-C12 (B) containing micelles (500 μM in terms of
monomer concentration) in HEPES-Buffered saline aqueous solution upon
incubation at 37 °C with PLE 61 nM from 0 to 200 minutes.
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the enzyme has an allosteric site (Figure 6).[30] The Hill
coefficient values obtained from the fitting procedure resulted
to be >1 to indicate a positive cooperativity in the presence of
the substrates (Figure S7-S9). The kinetic constants listed in the
Table 1 show that T-2-C12 has a slightly lower affinity (Km)

(� 23%) towards CEs2 in respect to CEs1, but the turnover
number (kcat) and the catalytic efficiency (kcat/Km) are signifi-
cantly higher for CEs2 (+100%). Moreover, T-C12 displayed
both a slightly higher affinity for CEs2 with respect to the T-2-
C12 (+25%) and a higher kcat and catalytic efficiency (+19%)
for this enzyme, which is probably due to the higher selectivity
of T-C12.

Figure 4. A) EPR signal intensity of T-C12 500 μM (gray curve) and T-2-C12
500 μM (black curve) incubated with PLE 61 nM from 0 to 200 minutes; B)
EPR signal intensity of T-C12 200 μM (gray curve) and T-2-C12 200 μM (black
curve) incubated with CEs1 and CEs2 83 nM at 37 °C from 0 to 240 minutes.

Figure 5. Selectivity assays of T-C12 and T-2-C12 200 μM with HSA, BSA,
Lysozyme, Trypsin, Protease and PLA2 83 nM and Human serum (0.01%
dilution in HEPES-Buffered saline aqueous solution) incubated for 3 h at
37 °C.

Figure 6. Enzymatic Kinetics of CEs2 83 nM with T-2-C12 incubated for 3 h at
37 °C. Figure 6A shows the results fitted with the Michaelis-Menten equation
and the Lineweaver–Burk plot, Figure 6B the fitting with the Hill equation.

Table 1. Kinetic constants calculated from the fitting of T-C12 and T-2-C12
with CEs1 and CEs2.

Enzyme Vmax

[μMmin� 1]
Km

[μM]
kcat

[min� 1]
kcat/Km

[M� 1min� 1]

T-2-C12+CEs1 0.18�0.012 36.92�4.92 2.17�0.14 5.88×104

T-2-C12+CEs2 0.36�0.023 48.07�4.29 4.34�0.28 9.03×104

T-C12+CEs2 0.43�0.03 38.31�5.13 5.18�0.36 1.35×105
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Limit of detection (LoD)

The limits of detection were estimated by adding to T-C12 and
T-2-C12 containing micelles solutions, different concentrations
of PLE or CEs and measuring the EPR signal intensities upon
time. The observed signal intensities displayed a linear increase
(Figure 7).The explored range of concentrations was 0–0.013 U/
mL for the T-C12 and 0–0.0032 U/mL for T-2-C12, with PLE and
0–2.49 U/mL with CEs, respectively. The LoD was calculated
using the Equation LoD ¼ 3s

m where σ is the SD of the blank and

m is the slope of linear fitting of data in the linear range
(Figure S10-S13). The detection limits obtained (Table 2) with
PLE were 2.33×10� 5 U/mL and 8.00×10� 5 U/mL, while with
CEs2 were 7.06×10� 2 U/mL and 2.04×10� 2 U/mL for T-C12 and
T-2-C12, respectively (Figure 7). The obtained results are of the
same order of magnitude of those ones achievable with optical
methods[31–34] (Table S1) thus confirming the high performance
of EPR as a highly sensitive technique for the development of
competitive enzymatic assays.

Conclusions

The results reported in this study demonstrated that EPR
detection of stable radicals is an easy and reliable method that
reaches the same performance of fluorescent probes without
any interference coming from the background. Tempo- based
radicals can be easily functionalized with aliphatic chains
through, for example, the insertion of esters, phosphoesters, or
amidic bond that can be the substrate of different classes of
enzymes that act as biomarkers for the early detection of
different pathologies or as reporters of therapeutic treatments.
One of the advantages of these EPR probes relies also in their
easy preparation and purification when compared to the
related shifting nitroxide compounds. The “off-on” transition
makes the methodology extremely sensitive and quantitative
avoiding the use of complex ratiometric corrections to eliminate
the contribution arising from the not hydrolyzed probes. In fact,
the obtained sensitivity (8.00×10� 5 U/mL) is of the same order
of magnitude of the values achieved with optical methods and
is significantly enhanced with respect the use of shifting
nitroxides, labeled with fatty acids, that split the EPR signal in 6
instead of 3.[5] Finally, the method has the potential to be
translated to in vivo applications via OMRI (Overhauser Mag-
netic Resonance Imaging) protocols.[2–6,35–37] For this application,
the use of probes characterized by narrow EPR signals is crucial
to provide high sensitivity and specificity in the polarization
transfer from electrons to water protons. Although, the stability
and efficacy of T-C12 and T-2-C12 under in vivo conditions have
not yet been assessed, they can be certainly improved by the
substitution of the 6-membered ring nitroxides with the more
stable 5-membered proxyl derivatives. This would give the
chance for the in vivo detection of specific enzymatic activities
by OMRI using these Off/On probes.

Experimental Section

Materials and instrumentation

All the compounds were purchased at Sigma-Aldrich, Human serum
(Seronorm Human) from Sero, all the solvent from VWR. The
characterization by HPLC-UV-MS(ESI+) was done on a Waters
system (3100 Mass Detector, 2525 quaternary pump, 2767 sample
manager, 2996 PDA detector). HPLC-HRMS(ESI+) used for further
characterization was a Thermo Fisher system (Thermo Dionex 3000,
Thermo Orbitrap Fusion). 1H NMR and 13 C NMR on NMR Bruker
Avance 600 MHz spectrometer. EPR spectra were acquired with

Figure 7. Linear regression of EPR signal intensity after 3 h of incubation at
different enzyme concentrations in HEPES buffer. A) T-C12 200 μM and T-2-
C12 200 μM with CEs2 (gray lines) and CEs1 (black line); B) T-C12 200 μM
(black line) and T-2-C12 200 μM (gray lines) with PLE.

Table 2. LoD results obtained with T-C12 and T-2-C12 micelles with PLE
and CEs.

Probe Method LoD [U/mL]
CEs1 CEs2 PLE

EPR / 7.06×10� 2 2.33×10� 4

EPR 5.73×10� 2 2.04×10� 2 8.00×10� 5
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Adani EPR spectrometer Spinscan×(9.2–9.55 GHz) using as param-
eters: center field=336.50 mT, sweep width=8 mT, sweep time=

30 s, modulation amplitude=150 uT, attenuation=20 dB, temper-
ature= 25 °C. All the enzymatic incubation were done in Starlab
Thermomixer-Mixer HC at 37 °C and 400 rpm. For the sonication of
the micelles the Sonicator Bandelin Sonoplus HD 2070 was used.
The dimensions were determined using dynamic light-scattering
(Malvern ZS Nanosizer, UK) and reported as number-weighted
average size.

Synthesis

Tempo-C12 (4-Decanoyloxytempo) (1): In a dried 50 mL round-
bottom flask 4-hydroxy-tempo (2 mmol, 0.34 g) and pyridine
(5.5 mmol, 0.44 mL) were dissolved in 8 mL of anhydrous diethyl
ether (Et2O). The mixture was cooled at 0 °C and lauroyl chloride
(5.5 mmol, 0.44 mL) diluted in anhydrous Et2O was added drop-
wise, the solution was then stirred for 24 h at room temperature.
Afterward the mixture was filtered, concentrated under vacuum
and purified by column chromatography on silica gel (n-hexane/
diethyl ether 8.5 : 1.5), to obtain Tempo-C12 (1) (0.53 g, 74% yield)
as an orange solid. 1H NMR (600 MHz, DMSO-d6, Phenylhydrazine)
δ (ppm): 4.95 (1H, m, J1=4.2 and J2=7.2, CH), 3.92 (1H, s, NOH),
2.25 (2H, t, J= 7.2, CH2CO), 1.97 (2H, dd, J1=1.8, J2=9, CHeq), 1.51
(2H, m, CH2), 1.43 (2H, m, J=12, CHax), 1.25 (16H, s, CH2), 1.09 (6H,
s, CH3), 1.08 (6H, s, CH3), 0.88 (3H, t, CH3). 13 C NMR (150 MHz,
DMSO-d6, Phenylhydrazine) δ (ppm): 172.21, 65.85, 57.71, 43.44,
33.50, 31.85, 31.02, 28.69, 28.66, 28.54, 28.43, 28.32, 28.07, 24.20,
21.82, 20.17, 13.71.

The purity of the isolated compounds (>95%) was determined
with a HPLC-UV-MS (ESI+) analysis using Xterra Phenyl column,
5 μm, 4.6 mm ×150 mm, applying a gradient of CH3CN (0.1% TFA)
in H2O (0.1% TFA) from 50% to 70% in 5 min and from 70% to
100% in 25 min (1 mLmin� 1) (retention time 8.3 min). MS (ESI+):
m/z: calcd for C21H40NO3*: M+ oxoammonium cation 354.3 (obsd.)
354.3 calcd, [M+H]+ *355.3 (obsd) 355.3 calcd, [M+H2]+ 356.4
(obsd) 356.3 calcd, [M-14]+340.3 (obsd) 340.3 calcd. The exact
mass was confirmed with a HRMS: [M+H]+ * 355.3078 (obsd)
355.3081 calcd. See Supporting Information Figure S14 for 1H NMR,
Figure S15 for 13C NMR, Figure S16 for HPLC-UV-ESI-MS and Fig-
ure S17 for HRMS.

Tempo-2-C12 (4-Decanoyloxy-3-en-tempo) (2): In a dried 50 mL
round-bottom flask 4-oxo-tempo (1 mmol, 0.17 g) was dissolved in
THF (6 mL) and cooled at � 78 °C. Lithium diisopropylamide (LDA)
(1.5 mmol, 1.5 mL, 1 M) was added dropwise and the reaction was
stirred for 2 h at � 78 °C. Then lauroyl chloride (2 mmol, 0.45 mL)
was added and the solution was stirred for 1 h at � 78 °C and at
room temperature overnight. The solution was quenched with a
saturated solution of ammonium chloride sat. (10 mL), extracted
with EtOAc (2×5 mL), dried with MgSO4 and concentrated under
vacuum. The crude was then purified by silica gel column
chromatography (n-hexane/ethyl acetate=9 :1) to obtain Tempo-2-
C12 (2) (0.16 g, 57%) as an orange solid. 1H NMR (600 MHz, DMSO-
d6, Phenylhydrazine) δ (ppm): 5.23 (1H, s, CH), 2.36 (2H, t, J=7.2,
CH2CO), 2.13 (2H, s, CH2), 1.55 (2H, m, J=6.6, CH2), 1.26 (16H, m,
CH2), 1.17 (6H, s, CH3), 1.12 (6H, s, CH3), 0.87 (3H, t, J=7.2, CH3).
13 C NMR (150 MHz, DMSO-d6, Phenylhydrazine) δ (ppm): 171.07,
142.19, 116.39, 57.80, 57.06, 40.73, 33.15, 31.03, 28.71, 28.70, 28.55,
28.45, 28.33, 28.06, 24.05, 21.83, 13.65.

The purity of the isolated compounds (>95%) was determined
with a HPLC-UV-MS (ESI+) analysis using Xterra Phenyl column,
5 μm, 4.6 mm×150 mm, applying a gradient of CH3CN (0.1% TFA)
in H2O (0.1% TFA) from 50% to 70% in 5 min and from 70% to
100% in 25 min (1 mL min-1) (retention time 8.41 min). MS (ESI+):

m/z: calcd for calcd for C21H38NO3*: M+ oxoammonium cation
352.3 (obsd.) 352.3 calcd, [M+H]+ * 353.3 (obsd) 355.3 calcd, [M+

H2]+ 354.3 (obsd) 354.3 calcd, [M-14]+338.3 (obsd) 338.3 calcd.
The exact mass was confirmed with a HRMS: [M+H]+ * 353.2928
(obsd) 353.2924 calcd. See Supporting Information Figure S18 for
1H NMR, Figure S19 for 13 C NMR, Figure S20 for HPLC-UV-ESI-MS
and Figure S21 for HRMS.

Preparation of the micelles: The micelles were obtained by
dissolving T-C12 or T-2-C12 in acetonitrile at different concentration
from 200 μM to 20 mM. Then 50 μL of these solutions were added
to 950 μL of HEPES-Buffered saline (pH 7.4, 3.8 mM of HEPES,
0.15 M of NaCl) and vortexed. Prior the DLS measurements the
solutions were sonicated for 5 min, 2 cycle (0.2 sec. on and 0.8 sec.
off) at 70% of power and during sonication the solutions were
cooled with ice.

Enzyme hydrolysis and selectivity assay: To assess enzymatic
activities 50 μL of T-C12 or T-2-C12 10 mM was dissolved in 940 μL
of HEPES-Buffered saline aqueous solution, then was added 10 μL
of PLE 6.1 μM. The solution obtained, with micelles at 500 μM and
PLE 61 nM, were incubated for 200 min at 37 °C. The assay with the
CEs was done in the same way but with a final concentration of
200 μM for the micelles and 83 nM for CEs1 and CEs2. During the
incubations, 30 μL of the hydrolyzed mixtures was subtracted from
the solutions at different times (from 0 to 200 min) for the EPR
acquisition. The selectivity assay was done by incubating T-C12 or
T-2-C12 200 μM in HEPES-Buffered saline aqueous solution with
CEs1, CEs2, PLE, HAS, BSA, Lysozyme, Trypsin, Protease, PLA2 at
83 nM and Human Serum diluted with HEPES-Buffered saline at
0.01%. After 3 h little aliquot was subtracted from the solutions for
the EPR acquisition. Each experiment was repeated three times and
the data are presented as mean �SD.

LOD measurements: The limits of detections were estimated by
incubating at 37 °C T-C12 and T-2-C12 200 μM micelles and the
enzymes for 3 and 6 h. The range of concentration investigated
with PLE is 0–0.013 U/mL for the T-C12 and 0–0.0032 U/mL for T-2-
C12, while with CEs 0–2.49 U/mL for both micelles. After incubation
time a small aliquot was subtracted for the EPR measurement. Each
experiment was repeated three times. From the EPR intensities
obtained were calculated the mean �SD, the linear regression of
each enzyme and the slope was used to calculate the LOD using
the Equation LOD=3σ/m. The deviation standard of the blank was
obtained by measuring 5 different solutions of T-C12 and T-2-C12
200 μM in HEPES-Buffered saline after incubation for 3 and 6 h.

Michaelis-Menten enzyme kinetics assays: The assay was con-
ducted with fixed CEs1 and CEs2 concentration of 83 nM and a
concentration range of T-C12 and T-2-C12 micelles from 0 to
400 μM. After 3 h an aliquot was taken for the EPR measurement
and each experiment was repeated three times. The mean of the
EPR intensities were converted to rates of product formation in
minutes (μM min� 1) calculated with a calibration curve of the two
products (4-hydroxy-tempo and 4-oxo-tempo). The nonlinear
regression analysis and the Equation kinetic parameters were
calculated with OriginPro 2018. The fitting models used are the
Michaelis-Menten Equation V ¼ Vmax S½ �

Kmþ S½ � and for the Hill Equation
V ¼ Vmaxx

n

knþxn . For the linearization of the Michaelis-Menten was used
the Lineweaver-Burk Equation.
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