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Abstract
Substantial evidence suggests that transient production of reactive oxygen species (ROS) such as
hydrogen peroxide (H2O2) is an important signaling event triggered by the activation of various
cell surface receptors. Major targets of H2O2 include protein tyrosine phosphatases (PTPs).
Oxidation of the active site Cys by H2O2 abrogates PTP catalytic activity, thereby potentially
furnishing a mechanism to ensure optimal tyrosine phosphorylation in response to a variety of
physiological stimuli. Unfortunately, H2O2 is poorly reactive in chemical terms and the second
order rate constants for the H2O2-mediated PTP inactivation are ~10 M−1s−1, which is too slow to
be compatible with the transient signaling events occurring at the physiological concentrations of
H2O2. We find that hydroxyl radical is produced from H2O2 solutions in the absence of metal
chelating agent by the Fenton reaction. We show that hydroxyl radical is capable of inactivating
the PTPs and the inactivation is active site directed, through oxidation of the catalytic Cys to
sulfenic acid, which can be reduced by low molecular weight thiols. We also show that hydroxyl
radical is a kinetically more efficient oxidant than H2O2 for inactivating the PTPs. The second-
order rate constants for the hydroxyl radical-mediated PTP inactivation are at least 2–3 orders of
magnitude higher than those mediated by H2O2 under the same conditions. Thus, hydroxyl radical
generated in vivo may serve as a more physiologically relevant oxidizing agent for PTP
inactivation.
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1. Introduction
Protein tyrosine phosphorylation plays a central role in many cellular processes ranging
from growth and metabolism to adhesion and differentiation [1]. Major insights into tyrosine
phosphorylation mediated cellular events have been derived from studies of protein tyrosine
kinases (PTKs). This is due in part to the fact that many transmembrane receptors for
peptide hormones and growth factors possess intrinsic PTK activity. Receptors for cytokines
lack intrinsic kinase activity but associate with non-receptor PTKs inside the cell.
Consequently it is common to view signaling pathways as cascades of reactions emanating
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from the PTKs. However, protein tyrosine phosphorylation is a dynamic process controlled
by two opposing biochemical reactions catalyzed by PTK and protein tyrosine phosphatases
(PTP) [2]. Not surprisingly, disturbance of the normal balance between PTK and PTP
activity leads to aberrant tyrosine phosphorylation, which has been linked to a variety of
human diseases. Given the reversible nature of protein tyrosine phosphorylation,
illumination of the regulatory mechanisms for PTP function is a prerequisite to gaining a
complete understanding of the physiological consequences of tyrosine phosphorylation and
how such signaling events are abrogated in pathological conditions.

An emerging layer of regulation of the PTP activity is reversible inactivation through
stimulus-mediated oxidation. Although initially viewed as toxic byproducts, reactive oxygen
species (ROS) such as hydrogen peroxide (H2O2) are increasingly recognized as important
regulators of cellular and physiological processes [3,4]. For example, stimulation of cognate
cell surface receptors with ligands as diverse as insulin [5], EGF [6], PDGF [7] or TGF-β [8]
induces a burst of intracellular production of H2O2 immediately after ligand binding.
Importantly, it appears that H2O2 production is required for ligand-mediated PTK activation
and tyrosine phosphorylation. A major proposed mechanism by which the ligand-induced
H2O2 regulates the tyrosine phosphorylation-dependent signaling is through transient
oxidation and inactivation of the PTPs [9–13].

The PTPs constitute a large family of enzymes (>100) that parallel PTKs in their structural
diversity and complexity [14]. Unlike protein kinases, where tyrosine specific and serine/
threonine specific kinases share sequence identity, the PTPs show no sequence similarity
with serine/threonine phosphatases, or the broad specificity phosphatases such as acid or
alkaline phosphatases. The hallmark that defines the PTP superfamily is the active site
sequence (I/V) HCXAGXGR (S/T), the PTP signature motif. Extensive mechanistic studies
have established that members of the PTP family utilize a common mechanism for substrate
turnover [15]. A key feature in the PTP catalytic mechanism is utilization of the active site
cysteine as the attacking nucleophile to form a thiophosphoryl enzyme intermediate, which
is hydrolyzed in the dephosphorylation reaction. Due to the highly positively charged
environment in the PTP active site, the sulfhydryl group of this Cys residue has an
extremely low pKa (~5) [16,17] in comparison to the typical pKa for a Cys residue in
proteins (~8.5). Thus at physiological conditions, the side chain of the PTP active site Cys
exists as the thiolate anion, which not only enhances its nucleophilicity but also renders it
susceptible to oxidation. Biochemical studies indicate that upon exposure to H2O2, the
catalytic Cys is converted into the sulfenic acid form (Cys-SOH), effectively inactivating the
PTPs because the oxidized Cys can no longer function as a nucleophile [9,11,18]. This
offers a biochemical basis for why ROS generation enhances growth factor-induced tyrosine
phosphorylation. The sulfenic acid can be reduced back to the thiolate form through the
action of cellular thiols [19], leading to the restoration of PTP activity. Thus, oxidation of
the catalytic Cys by ROS is reversible and represents a dynamic mechanism of PTP
regulation.

H2O2, being produced in cells downstream of many surface receptors, is thought to be the
major ROS for the reversible oxidation of sulfhydryl groups inside the cell. Indeed, the
majority of studies examining PTP redox regulation have been performed with H2O2.
However, although H2O2 is capable of oxidizing the PTPs, H2O2 is poorly reactive in
chemical terms [20]. The rate constants measured for H2O2-mediated PTP inactivation are
in the range of 10–20 M−1s−1 [9,21], indicating that the loss of PTP activity will be a very
slow process (t1/2 > 10 h) at the physiological concentrations of H2O2 thought to exist
during signaling events (0.1–1 μM) [22,23]. Paradoxically, ROS-mediated PTP inactivation
during signaling events typically occurs rapidly (2–5 min) which coincides with the transient
increase in H2O2 concentration upon growth factor stimulation [5,7,10,13]. The kinetic
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discrepancy between the observed robust PTP inactivation during cellular signaling events
and the apparent sluggish activity of H2O2 toward the PTPs in the test tube may be
reconciled if H2O2 undergoes spontaneous or enzymatic conversion to more reactive
oxidizing agents that can mediate rapid intracellular PTP inactivation [22–24]. In this study
we provide evidence that hydroxyl radical may serve as the more physiologically relevant
oxidizing agent for PTP inactivation.

2. Materials and Methods
2.1. Materials

Catalase (from bovine liver), superoxide dismutase (from E. coli.), glutathione (GSH, 98%
purity), and 30% H2O2 solution were from Sigma; 4-chloro-7-nitrobenzo-2-oxa-1,3-diazole
(NBD-Cl, 98% purity), 5,5-Dimethyl-1-pyrroline N-oxide (DMPO, 97% purity) were
Aldrich products; and DTT was from LabScientific Inc. FeCl2 and MnCl2 were obtained
from Sigma-Aldrich.

2.2. Inactivation assay
All PTP inactivation reactions were measured continually by following the change of optical
density at 405 nm at 25°C. The reaction was initiated by adding enzyme to the 1 ml reaction
system in a cuvette: 50 mM 3,3-dimethylglutarate (pH 6.0), 20 mM p-nitrophenyl phosphate
(pNPP), H2O2 of different concentrations, with or without 1 mM EDTA. The final enzyme
concentrations were 10 nM for PTP1B, 80 nM for VHR, 32 nM for PTPα, 40 nM for
HePTP, and 30 nM for CD45. The observed first-order inactivation rate constant k, was
obtained by fitting the data to Abs = (Amp)e−kt + B, where Abs is absorbance at 405 nm,
Amp is the change in absorbance, k is the first-order rate constant, t is time, and B is the
starting absorption [9]. The second-order rate constant for the inactivation in the presence of
EDTA, was obtained by plotting the first-order rate constant versus H2O2 concentration; the
second-order rate constant for the inactivation in the absence of EDTA, was derived from
fitting the first order rate constant to the Michaelis-Menton formulation.

2.3. NBD-Cl modification of PTP1B
10 μM PTP1B in 50 mM 3,3-dimethylglutarate buffer (pH 6.0) was firstly treated with 1
mM DTT to fully reduce all cysteine residues. The DTT was then removed by Amicon ultra
PL-10 (Molecular weight cut-off is 10,000, from Amersham Pharmacia). H2O2 was added to
the final concentration of 300 μM for the oxidation of PTP1B in the presence of 1 mM
EDTA and 30 μM for the oxidation of PTP1B in the absence of EDTA. After 15 min, 100
units of catalase were added to eliminate the residual H2O2. After 3 min catalase treatment,
NBD-Cl was added to a final concentration of 0.6 mM. The modification reactions were
then allowed to proceed at room temperature for 30 min. The samples were then spinned
with Amicon ultra PL-10 with multiple changes of the 50 mM 3,3-dimethylglutarate buffer
(pH 6.0) to remove the residual NBD-Cl. Finally, the sample with a final volume of 0.5 ml
was scanned by UV spectrometer [9]

2.4. EPR measurements
The following buffer solutions were freshly made: 50 mM 3,3-dimethylglutarate pH 6.0,
without EDTA; 50 mM 3,3-dimethylglutarate pH 6.0, 1 mM EDTA; 20 mM PBS, pH 6.0,
without EDTA; 20 mM PBS, pH 6.0, 1 mM EDTA. A stock of 5,5-Dimethyl-1-pyrroline N-
oxide (DMPO) was prepared in water (880 mM). DMPO was added to an appropriate buffer
with or without 100 μM H2O2 to a final concentration of 88 mM. 50 μl of the incubation
mixture was immediately sealed in a capillary tube before the EPR measurement. EPR
spectra were obtained with a Bruker 200D X-band spectrometer with ESP 300 upgrade and
VT 4111 temperature controller. Instrumental settings were as follows: temperature, 25°C;
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microwave power, 20 mW; microwave frequency, 9.514 GHz; modulation amplitude, 1.011
G, and receiver gain, 1.60×105.

3. Results and discussion
The term ROS encompasses many species including H2O2, superoxide anion radical, lipid
peroxides, nitric oxide and hydroxyl radical. In addition to H2O2, it has been shown that
treatment of various PTPs with superoxide radical anion [11], nitric oxide [25], and lipid
peroxides [26] all lead to the oxidation of the active site Cys. The majority of studies have
analyzed the effects of H2O2 since it is produced upon activation of many cell surface
receptors. However, the concept that H2O2 is the most relevant oxidant for the PTPs has
been recently challenged based upon kinetic considerations of H2O2 reactivity. Thus, the
exact identity of the oxidants which directly mediate PTP oxidation is not known. Although
H2O2 is not active, it can be readily converted to much more reactive hydroxyl radical
(•OH), either by exposure to UV light or by reduced (lower oxidation states) transition metal
ions through the Fenton reaction [20,27]. In the following we provide evidence that
hydroxyl radical (•OH) is highly reactive with the PTP and may serve as a physiologically
relevant PTP oxidant.

3.1. PTPs can be more rapidly inactivated by H2O2 in the absence of EDTA
The potential for hydroxyl radical as a physiological oxidant for the PTPs has not been
considered. This may have stemmed from the fact that in kinetic studies it is a common
practice to include EDTA or other chelating agents in the assay buffers in order to protect
the active site thiols of the PTPs from reacting with heavy metals as well as metal ion-
catalyzed oxidation by molecular O2. We hypothesized that in the absence of EDTA, the
rate of H2O2-mediated PTP inactivation may be accelerated due to hydroxyl radical
production from H2O2 in the presence of trace amount of free transition metal ions. To test
this hypothesis, we initially focused our study on the prototypic member of the PTP family
PTP1B [28], which plays important roles in inhibiting insulin and leptin signaling and
promoting HER2-mediated breast tumorigenesis [29]. We first determined the effect of
H2O2 on the PTP1B-catalyzed hydrolysis of p-nitrophenyl phosphate (pNPP) at 25 °C in 50
mM 3,3-dimethylglutarate pH 6.0 buffer containing 1 mM EDTA. Inactivation of PTP1B
was monitored continuously by the formation of p-nitrophenolate absorbance at 405 nm in a
UV-visible spectrophotometer. As expected, we found that H2O2 can inactivate PTP1B in a
time- and concentration-dependent first order process (Figure 1A). From the linear
relationship of the pseudo-first-order rate constant and H2O2 concentration (Figure 1B), the
second order rate constant was calculated to be 11.6 ± 0.7 M−1s−1, a value similar to those
previously determined for the PTPs including PTP1B [9,21].

We then studied the effect of H2O2 on PTP1B-catalyzed pNPP hydrolysis in the same buffer
without EDTA. Incubation of H2O2 with PTP1B resulted in a time- and concentration-
dependent loss of PTP activity at much lower H2O2 concentrations in the absence of EDTA
(Figure 2A). This result indicated that, in the absence of EDTA, H2O2 is a significantly
more efficient inactivator of PTP1B. Interestingly, unlike the reaction in the presence of
EDTA, analysis of the pseudo-first-order rate constant as a function of H2O2 concentration
showed that the H2O2-mediated PTP1B inactivation displayed saturation kinetics (Figure
2B), yielding values for the equilibrium binding constant KI and the inactivation rate
constant ki of 6.0 ± 0.4 μM and 4.04 ± 0.12 × 10−3 s−1, respectively. Thus the second-order
rate constant for the H2O2-mediated PTP1B inactivation in the absence of EDTA is 674 ±
41 M−1s−1, which is nearly sixty fold higher than that in the presence of EDTA.

In order to determine whether the heightened H2O2 reactivity observed in the absence of
EDTA was unique to PTP1B, we also examined the ability of H2O2 to inactivate several
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other PTP family members including the cytosolic HePTP, the receptor-like PTPs, CD45
and PTPα, and the dual specificity phosphatase VHR. Similar to PTP1B, the inactivation of
HePTP, CD45, PTPα, and VHR by H2O2 in the presence of EDTA occurred with a second-
order rate constant of 2.8 ± 0.3 M−1s−1, 4.7 ± 0.2 M−1s−1, 6.0 ± 0.6 M−1s−1, and 3.1 ± 0.4
M−1s−1, respectively, while in the absence of EDTA, the second order rate constants for
H2O2-mediated inactivation of HePTP, CD45, PTPα, and VHR were 973 ± 90 M−1s−1,
1,530 ± 232 M−1s−1, 152 ± 15 M−1s−1, and 212 ± 29 M−1s−1 (Table 1). Taken together, the
results show that H2O2 is 2 to 3 orders of magnitude more reactive toward the PTPs in the
absence of EDTA.

3.2. Hydroxyl radical is responsible for the increased reactivity of H2O2 with the PTPs in
the absence of EDTA

There should be no free transition metal ions in the presence of the chelator EDTA.
Consequently, the observed rates for H2O2-mediated PTP inactivation in the presence of
EDTA are intrinsic to H2O2. We speculated that the increased rate of PTP inactivation by
H2O2 in the absence of EDTA might be due to the highly reactive hydroxyl radical
generated by Fenton chemistry catalyzed by the trace amount of transition metals in the
solution. If this were the case, then a further increase in the rate of H2O2-mediated PTP
inactivation could be observed upon introduction of free Fe2+ to the reaction in the absence
of EDTA. Indeed, as shown in Figure 3, addition of Fe2+ (10 nM) to the reaction further
increased the H2O2-mediated PTPB inactivation. Like Fe2+, Mn2+ ion (10 nM) can also
increase the H2O2 mediated PTP1B inactivation (data not shown). However, neither Fe2+

(10 nM) nor Mn2+ (10 nM) by itself affected PTP1B activity. Furthermore, PTP1B can be
reactivated by DTT, but not EDTA, after it was completely inactivated in the presence of
both Fe2+ and H2O2 (Figure 4). The results suggested that the increased inactivation was not
caused by metal ion itself, but by metal ion mediated change of oxidation mechanism, likely
the production of hydroxyl radicals.

The second-order rate constant for superoxide radical anion-mediated PTP1B inactivation is
334 ± 45 M−1s−1 [11], which is comparable to those determined for H2O2 in the absence of
EDTA. To determine whether superoxide radical anion was involved in PTP1B inactivation
by H2O2 in the absence of EDTA, we included superoxide dismutase in the experiment.
Specifically, 5 μl of a PTP1B stock solution was added to a cuvette containing 1 ml 50 mM
3,3-dimethylglutarate (pH 6.0), 20 mM pNPP, 10 μM H2O2, and 60 units of superoxide
dismutase to initiate the reaction. The final PTP1B concentration was 10 nM; and the
inactivation was measured continually by following the change of optical density change at
405 nm. The first-order rate constant determined in the presence of superoxide dismutase
(2.23 ± 0.04 × 10−3s−1) is indistinguishable to that measured in the absence of superoxide
dismutase (2.21 ± 0.05 ×10−3s−1). This indicated that there is no superoxide radical anion
present in the system.

The hydroxyl radical is highly reactive with a half-life in aqueous solution of less than 1 ns
[30]. To provide direct evidence for the existence of hydroxyl radicals in the H2O2 solution
without EDTA, electron paramagnetic resonance (EPR) spin trapping experiments with 5,5-
dimethyl-1-pyrroline N-oxide (DMPO) were performed. Spin trapping allows the
visualization of transient free radical populations by reacting short-lived radicals with a spin
trap to produce persistent spin adduct radicals [31]. Figure 5 shows the EPR spectra of 88
mM DMPO in 50 mM 3,3-dimethylglutarate (pH 6.0) buffer with or without 100 μM H2O2
in the presence or absence of EDTA. Formation of hydroxyl radical from H2O2 in the
absence of EDTA was supported by the appearance of the typical EPR spectrum of DMPO/
•OH adduct [32]. Similar results were obtained in phosphate buffered saline (data not
shown). The results clearly demonstrate that hydroxyl radical is generated from H2O2
solution in the absence of EDTA.
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3.3. Hydroxyl radical inactivates the PTPs through oxidation of the active site Cys to
sulfenic acid

The results presented above suggest that the observed higher reactivity of H2O2 toward the
PTPs in the absence of EDTA is likely due to the presence of hydroxyl radical. Given the
extremely short half-life of hydroxyl radical and the minute amount of transition metal ions
in the solution, we surmise that the amount of hydroxyl radical produced is unlikely
stoichiometric to the H2O2 concentration. Consequently the apparent second-order rate
constants determined for the H2O2-mediated PTP inactivation in the absence of EDTA
probably represent only the low limits for the hydroxyl radical reaction with the PTPs.
Nonetheless, we proceeded to determine whether the hydroxyl radical-mediated PTP
inactivation is active site directed, reversible, and through the formation of sulfenic acid.
The saturation kinetics for PTP inactivation in the absence of EDTA (Figure 2B) suggest
that hydroxyl radical is an active site-directed affinity agent whose mode of action likely
involves at least two steps: binding to the PTP active site followed by covalent modification
of the active site Cys residue. Further evidence in support of the hydroxyl radical-mediated
PTP inactivation being directed to the active site included that arsenate, a competitive
PTP1B inhibitor [33], was able to protect PTP1B from the H2O2-mediated inactivation in
the absence of EDTA (data not shown).

Mild oxidation of Cys by ROS to sulfenic (S-OH) acid is reversible since it can be readily
reduced back to the sulfhydryl state by free thiols [19]. In contrast, higher oxidation of the
Cys residue to sulfinic (S-O2H) or sulfonic (S-O3H) acid is irreversible. We investigated
whether PTP1B inactivation by hydroxyl radical was reversible. PTP1B was first inactivated
by H2O2 in the absence of EDTA and the excess of H2O2 was removed by the addition of
catalase. Figure 6 shows that both dithiothreitol (DTT) and reduced glutathione (GSH) were
capable of reactivating the completely inactivated PTP1B, although reactivation with DTT
was significantly faster than with GSH. Similarly, when PTP1B was inactivated by
treatment with H2O2 in the presence of EDTA, almost all of the initial activity was
recovered by treatment with DTT or GSH. The thiol-reversible nature of the inactivation
reaction is consistent with the notion that hydroxyl radical inactivates the PTPs by oxidizing
the active site Cys to a sulfenic acid.

To furnish further evidence that the hydroxyl radical-mediated PTP1B inactivation resulted
in the formation of a sulfenic acid, we utilized the sulfenic acid-labeling reagent 7-chloro-2-
nitrobenzo-2-oxa-1,3-diazole (NBD-Cl) [9,11,34]. NBD chloride is an electrophilic agent,
which reacts with both sulfenic acids and thiols in proteins. The Cys-S-NBD species absorbs
maximally at 420 nm whereas the Cys-S(O)-NBD (sulfenic acid) species absorbs maximally
at 347 nm, thus enabling clear identification of the two possible adducts. As expected, non-
oxidized PTP1B treated with NBD-Cl yielded an λmax at 425 nm (Figure 7). In contrast,
incubation of NBD-Cl with H2O2 oxidized PTP1B prepared either in the presence or
absence of EDTA gave almost identical spectra with the same λmax at 347 nm (Figure 7).
Taken together, our results are consistent with the conclusion that reaction with hydroxyl
radical oxidizes the PTP active-site thiolates to sulfenic acid.

In summary, we discovered that the H2O2-mediated PTP inactivation proceeded more
rapidly when EDTA was removed from the reaction. We provided kinetic and biophysical
evidence that hydroxyl radical is produced in H2O2 solutions in the absence of metal
chelating agent EDTA by the Fenton reaction. We also showed that hydroxyl radical is
capable of inactivating the PTPs and the inactivation is active site directed, through
oxidation of the catalytic Cys to sulfenic acid, which can be reduced by low molecular
weight thiols. We found that hydroxyl radical is a kinetically more efficient oxidant than
H2O2 for oxidative inhibition of the PTPs. The differences in the observed kinetic
parameters (k2 and KI in Table 1) for the hydroxyl radical-mediated inactivation of PTPs
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may reflect the intrinsic properties of the different phosphatase active sites. In the case of the
receptor-like PTPs, the D2 domain may also influence hydroxyl radical accessibility to the
D1 domain active site thus causing differences in reactivity and affinity as observed for
CD45 and PTPα. The second-order rate constants for the hydroxyl radical-mediated PTP
inactivation are at least 2–3 orders of magnitude higher than those mediated by H2O2 under
the same conditions. Thus the half-life for the hydroxyl radical-mediated PTP inactivation at
the physiological concentration of 1 μM H2O2 will be closer in time scale typical for
signaling events, which occur rapidly (2–5 min) upon growth factor stimulation. Taken
together, the results suggest that hydroxyl radical generated in vivo may serve as a more
physiologically relevant oxidizing agent for PTP inactivation.
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Highlights

ROS are implicated as mediators of cell-signaling responses by targeting the PTPs

The exact identity of the oxidants that inactivate the PTPs is unknown

We show that hydroxyl radical is capable of inactivating the PTPs

We also show that hydroxyl radical is a kinetically more efficient oxidant than H2O2

Hydroxyl radical is a more physiologically relevant oxidant for PTP inactivation.
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Figure 1.
Inactivation kinetics of PTP1B by H2O2 in the presence of EDTA. A. Time and
concentration dependence for the H2O2-mediated PTP1B inactivation. PTP1B inactivation
was measured continually by following the change of optical density at 405 nm at 25°C. The
reaction was initiated by adding PTP1B to the 1 ml reaction system in a cuvette: 50 mM 3,3-
dimethylglutarate (pH 6.0), 20 mM pNPP, 1 mM EDTA. The H2O2 concentrations were 50,
100, 300, 500, 800, and 1,000 μM for the time courses from the top to the bottom. B.
Concentration dependence of the pseudo-first-order rate constant k1 for H2O2-mediated
PTP1B inactivation.
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Figure 2.
Inactivation kinetics of PTP1B by H2O2 in the absence of EDTA. A. Time and
concentration dependence for the H2O2-mediated PTP1B inactivation. PTP1B inactivation
was measured continually by following the change of optical density at 405 nm at 25°C. The
reaction was initiated by adding PTP1B to the 1 ml reaction system in a cuvette: 50 mM 3,3-
dimethylglutarate (pH 6.0), and 20 mM pNPP. The H2O2 concentrations were 5, 10, 20, 30,
40, and 50 μM for the time courses from the top to the bottom. B. Concentration
dependence of the pseudo-first-order rate constant k1 for H2O2-mediated PTP1B
inactivation.
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Figure 3.
Effect of Fe2+ on H2O2 induced PTP1B inactivation in the absence of EDTA. PTP1B was
added to the inactivation system in a 1 ml cuvette which was pre-incubated at 25°C; and the
final concentration of PTP1B was 10 nM. The inactivation system was 50 mM 3,3-
dimethylglutarate (pH 6.0), 20 mM pNPP, and 100 μM H2O2 without (for the upper curve)
or with 10 nM FeCl2 (for the lower curve). The reaction was measured by following the
change of the optical density at 405 nm upon the addition of PTP1B.
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Figure 4.
Recovery of PTP1B activity after it was inactivated by H2O2 in the presence of trace amount
of Fe2+. PTP1B with final concentration of 2 μM was incubated in 100 μl of 50 mM 3,3-
dimethylglutarate buffer (pH 6.0) containing 10 nM FeCl2 50 μM H2O2. When it was
completely inactivated, 5 μl the inactivated PTP1B was added to a cuvette containing 1 ml
50 mM 3,3-dimethylglutarate (pH 6.0), 20 mM pNPP and was pre-incubated at 25°C. The
final concentration of PTP1B was 10 nM. The change of optical density at 405 nm was
measured upon the addition of PTP1B. Three minutes later EDTA was added to the cuvette
with final concentration of 0.5 mM. After continually 2 min measurement, DTT was added
to 1 mM; and the measurement was allowed to proceed for 5 more minutes.
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Figure 5.
EPR spectra of DMPO/OH formed in the solution of H2O2 and DMPO. All measurements
were carried out at 25°C in 50 mM 3,3-dimethylglutarate pH 6.0 and 88 mM DMPO with
either 1 mM EDTA and no H2O2 (trace A); no EDTA and no H2O2 (trace B); 1 mM EDTA
and 100 μM H2O2 (trace C); or no EDTA and 100 μM H2O2 (trace D). Trace E is the
difference spectrum between trace D and C.
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Figure 6.
Hydroxyl radical modified PTP1B can be reactivated by thiols. PTP1B with final
concentration of 2 μM was incubated in 100 μl 50 mM 3,3-dimethylglutarate buffer (pH
6.0) containing 50 μM H2O2. When it was completely inactivated, 5 μl of the inactivated
PTP1B solution was added to the reactivation system in a 1 ml-cuvette which was pre-
incubated at 25°C; and the final concentration of PTP1B was 10 nM. The reactivation
system was 50 mM 3,3-dimethylglutarate buffer (pH 6.0), 20 mM pNPP, and 10 mM DTT
(for the upper curve), or 20 mM GSH (for the lower curve). The reaction was measured by
following the change of optical density at 405 nm upon addition of the enzyme at 25°C.
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Figure 7.
Spectroscopic analysis of NBD-modified PTP1B. 1, spectrum of NBD modified PTP1B
(Cys-S-NBD adduct). 2, spectrum of NBD adduct of PTP1B oxidized by H2O2 in the
absence of EDTA (Cys-S(O)-NBD). 3, spectrum of PTP1B oxidized by H2O2 in the
presence of EDTA (Cys-S(O)-NBD).
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Table 1

Kinetic parameters for the H2O2-mediated PTP inactivation in the presence and absence of EDTA

PTP With EDTA Without EDTA

k2 (M−1s−1) k2 (M−1s−1) Ki (μM)

PTP1B 11.6±0.7 674±41 6.0±0.4

VHR 3.1±0.4 212±29 29.4±4.0

PTPα 6.0±0.6 152±15 196±18

HePTP 2.8±0.3 973±90 7.5±0.7

CD45 4.7±0.2 1530±232 7.4±1.1
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