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Introduction

The control of cellular tyrosine phosphorylation levels requires
the precise balance of protein tyrosine kinase (PTK) and phos-
phatase (PTP) activities. Similar to the expression of oncogenic
PTKs,[1] nonspecific inhibition of PTPs results in a massive in-
crease in cellular phosphotyrosine content.[2] The human PTP
superfamily consists of over 100 cysteine-dependent en-
zymes.[3] They contain a range of noncatalytic motifs and do-
mains that typically mediate protein–protein interactions or
target PTPs to particular subcellular compartments.[3] Individual
PTPs play specific roles in cellular signal transduction, including
the regulation of metabolic and mitogenic signaling, cell
ACHTUNGTRENNUNGadhesion and migration, and gene transcription. The mutation
or genetic ablation of PTPs in mice causes generally adverse
phenotypes, often involving immune[4, 5] or neuronal develop-
ment[6, 7] effects. However, one notable exception is PTP1B
(EC 3.1.3.48). Mice lacking this enzyme are healthy and display
resistance to diet-induced diabetes and obesity,[8, 9] this is likely
to be due to its function as a negative modulator of insulin[10]

and leptin[11] signaling. This phenotype generated interest in
PTP1B as a drug target for type II diabetes. Indeed, numerous
small-molecule PTP1B inhibitors with varying specificity and
cell-permeability have been reported.[12, 13]

The PTP catalytic mechanism involves nucleophilic attack by
an anionic cysteine residue on the phosphotyrosyl phosphate
group.[14] This cysteine, part of the PTP signature motif,
HC(X)5R, is situated at the base of a flexible active site pocket.
By crystallography, similar binding interactions have been re-
ported for PTP1B in complex with phosphotyrosine and pep-
tide substrates.[15–17] Specifically, the phenyl ring of the sub-
strate phosphotyrosine forms aromatic–aromatic interactions
with Y46, at one side of the pocket, and F182, which is part of

the flexible WPD loop that closes over substrates upon bind-
ing. In addition, extensive hydrogen bond interactions occur
between the negatively charged phosphate group and resi-
dues within the active site pocket. Rational design and library
screening projects for PTP1B inhibitors have identified several
nonhydrolyzable phosphotyrosine analogs or mimetics, includ-
ing aryl difluoromethylenephosphonates (DFMP)[18] and N-aryl
oxamic acid derivatives.[19] These compounds commonly bear
one or more negative charges, and additional charged moiet-
ies have been included to target a secondary phosphate bind-
ing site unique to PTP1B and the closely related TCPTP.[15] De-
spite achieving excellent (low nanomolar) potency in vitro,[20, 21]

these charged compounds have poor cell permeability and
often require additional strategies, such as prodrug esterifica-
tion[22, 23] or fatty acid conjugation,[24, 25] to improve cellular
ACHTUNGTRENNUNGactivity.

Here, we report an uncharged, bis-aryl thioxothiazolidinone
compound (compound 1) that acts as a competitive PTP inhib-
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itor. We have assessed its specificity in vitro against PTP1B and
a range of other PTPs, and prepared a series of derivatives,
with alterations of four functional groups, to understand the
components of its structure that are critical for activity. These
results are consistent with a model of the PTP1B–inhibitor
complex that we have predicted by using automated docking
software. Finally, we describe two new cell-based PTP inhibitor
assays and show that compound 1 is effective in both systems.
First, it prevents PTP1B-dependent dephosphorylation of the
FLT3-ITD receptor tyrosine kinase (RTK), and second, it sensitiz-
es wild-type (WT), but not PTP1B-null mouse fibroblasts to in-
sulin stimulation. These experiments demonstrate that, unlike
many PTP inhibitors that are effective only in vitro, compound
1 is active in cells, and furthermore, it has a degree of cellular
specificity for PTP1B. Thus, it could be valuable as a chemical
genetic tool to probe cellular PTP function, and it may also
ACHTUNGTRENNUNGaddress the need for uncharged phosphotyrosine mimetics in
drug development.

Results

Identification of compound 1

Compound 1 was identified as a PTP1B inhibitor by in vitro
screening of a chemical library at Kinetek Pharmaceuticals
(Vancouver, Canada). Preliminary results from our laboratory
suggested that compound 1, which was unique among the
molecules identified in this screen increased the insulin sensi-
tivity of cultured cells (data not shown). We therefore under-
took a detailed characterization of its in vitro potency and spe-
cificity, the critical components of its structure, and its cellular
activity.

Enzyme kinetic analysis

Compound 1 is soluble in organic solvents including DMSO,
but it precipitates in aqueous buffers containing as little as
10 mm NaCl. It is soluble in biological buffers, including 50 mm

TRIS, HEPES and PIPES. Therefore, the enzyme kinetic charac-
terization was conducted in the absence of NaCl by using GST-
tagged human PTP1B catalytic domain with p-nitrophenyl
phosphate (pNPP) as a substrate. Compound 1 exhibited a
competitive pattern of inhibition (Figure 1), suggesting that it
binds the PTP1B active site, with a Ki of (1.8�0.2) mm. It is
ACHTUNGTRENNUNGimportant to note that ionic strength significantly affects the
measured kinetic constants of PTP inhibitors. Inhibitor assays
are generally performed in the presence of NaCl, so it is not
possible to directly compare the in vitro potency of compound
1 to other published inhibitors. Recently, a series of small-mol-
ecule inhibitors were shown to form aggregates in solution

that nonselectively sequester and inhibit a broad range of en-
zymes.[26] One of these compounds, reported as a gyrase inhib-
itor,[27] has a structural scaffold similar to compound 1. Thus,
the IC50 of compound 1 was measured in the presence of
0.01 % Triton X-100, which should disrupt the aggregate–
enzyme interaction,[26] but no effect on activity was detected
(data not shown).

Specificity of inhibition

The PTP superfamily can be divided into two broad classes:
classical PTPs act on phosphotyrosine residues, while dual-spe-
cificity PTPs may target other substrates, including phospho-
serine, phosphothreonine, and phospholipids. Classical PTPs
can be further classified as nontransmembrane or receptor-like
enzymes.[3, 28] To assess the specificity of compound 1, we puri-
fied the catalytic domains of several nontransmembrane
(TCPTP, SHP1, PEP and PTP-BAS) and receptor-like PTPs (HePTP,
LAR, PTP-m, PTP-s and PTP-a) as well as the dual-specificity
PTP, MKPX as GST fusion proteins (for sequence details, see
Table S1 in the Supporting Information). Individual PTPs display
catalytic activity that is uniquely pH-dependent: PTPs are gen-
erally most active at pH 5–6, but only certain PTPs retain signif-
icant activity at pH 7 and higher.[29] For physiological relevance,
IC50 values were calculated at pH 7.0 for PTPs active at this pH,
and otherwise at pH 6.0. Compound 1 was similarly active
against PTP1B and other nontransmembrane PTPs (IC50=3.7–
5.2 mm, Table 1). It was modestly less active against HePTP
(IC50=9.3 mm), a cytoplasmic PTP that is classified as receptor-
like, based on its homology to transmembrane PTPs.[28] For
other receptor-like PTPs, compound 1 was approximately four-
fold selective against PTP-m (IC50=17 mm) and several-fold se-
lective against LAR and PTP-s. MKPX was also poorly inhibited
by compound 1 (IC50>50 mm). The inhibition of PTP-a was
tested by using the fluorescent substrate DIFMUP because this
enzyme was insufficiently active against pNPP.[30] Using this
substrate, compound 1 was shown to be a weak inhibitor of
PTP-a (IC50>100 mm) compared to PTP1B (IC50=11 mm). Thus,

Figure 1. Lineweaver–Burk plot of the competitive inhibition of PTP1B by
compound 1. Reaction rates for hydrolysis of pNPP by PTP1B were measured
at the indicated pNPP concentrations. (*), control, no addition of compound
1; (!), 1.2 mm ; (~), 3.7 mm ; (&) 11 mm.
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among the enzymes tested, compound 1 is selective for non-
transmembrane PTPs over other PTP subtypes.

Structural analysis of inhibitory activity

Previously, a series of azolidinedione derivatives were reported
to have PTP1B inhibitory activity in vitro, and antihyperglyce-
mic properties in murine models of diabetes.[31] These com-
pounds generally consisted of a singly substituted azolidine-
dione ring, an aliphatic spacer, and one or more aromatic
groups. However, a detailed enzyme kinetic analysis of these
inhibitors was not performed. Since compound 1 contains a
similar thioxothiazolidinone ring that is doubly substituted, we
prepared compound 2, which lacks the additional chlorophen-
yl substituent. The IC50 value of compound 2 for PTP1B ((55�
5) mm) was more than tenfold higher than compound 1, indi-
cating that the chlorophenyl substituent is essential, and that
the binding mode of compound 1 is likely to be distinct from
the previously reported compounds. Substitution of this ring is
also required for activity: removal of the chloro substituent
(compound 3, Table 2) increases the IC50 to over 100 mm. How-

ever, the position of the substitution is not critical, since a p-
chlorophenyl derivative (compound 4, Table 2) was as potent
as compound 1 (m-chlorophenyl). Furthermore, derivatives
bearing substituents of different hydrophobicity and electro-
ACHTUNGTRENNUNGnegativity at these two positions retain considerable activity
(compounds 5–12, Table 2). In particular, a range of substitu-
ents were well tolerated at the para position: derivatives bear-
ing methyl, methoxy, and nitro groups gave IC50 values of less
than 10 mm. Therefore, while a 2’ or 3’ substituent is required,
derivatives with a variety of functional groups at these posi-
tions remain active.

The trisubstituted phenyl ring contains hydrogen bond ac-
ceptors that could mediate the active site interactions found in
most PTP1B–substrate and PTP1B–inhibitor complexes. Remov-
al of the methoxy or nitro groups from this ring (compounds
13 and 14) reduced potency considerably (IC50>40 mm,
Table 3). Derivation of the methoxy to a hydroxyl group (com-

pound 15) resulted in only a modest loss of activity, while a di-
methoxy derivative lacking the nitro group (compound 16) did
not show significant inhibition of PTP1B at 100 mm. Interesting-
ly, the derivative in which the nitro group was replaced with a
bioisosteric carboxyl group (compound 17) had only slightly
reduced activity compared to compound 1. However, replace-
ment with a methylene phosphonate group (compound 18) at
this position resulted in a dramatic loss of activity.

Table 2. Chemical structures and IC50 values of monosubstituted ring
ACHTUNGTRENNUNGderivatives for PTP1B

No. R1 R2 IC50 [mm] (PTP1B)

3 H H >100
4 H Cl 5.4�0.8
5 F H 12�1
6 CH3 H 29�3
7 OCH3 H 16�1
8 H OH 29�1
9 H CH3 8.8�0.1
10 H OCH3 6.3�0.3
11 H NO2 7�1
12 Cl Cl 7.0�0.7

Table 3. Chemical structures and IC50 values of trisubstituted ring deriva-
tives for PTP1B.

No. R1 IC50 [mm] (PTP1B)

13 68�6

14 44�6

15 18.1�0.4

16 NI[a]

17 7.3�0.5

18 >100

[a] NI, no inhibition.

Table 1. PTP selectivity of compound 1[a]

Enzyme Class[b] IC50 [mm]
pH 6.0 pH 7.0

PTP1B NT 4.3�0.2 4.1�0.4
TCPTP NT 5.3�0.1
SHP1 NT 3.9�0.6
PTP-BAS NT 3.7�0.1
HePTP RL 9.3�0.6
PEP NT 4.5�0.5
PTP-s RL NI[c]

LAR RL >50
PTP-m RL 17�2
MKPX DS >50

[a] Includes enzymes tested by using pNPP. [b] NT, nontransmembrane;
RL, receptor-like; DS, dual-specificity. [c] NI, no inhibition.
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The effect of alterations in the central linker structure be-
tween the two substituted phenyl rings was also investigated
(data not shown). Replacement of the extracyclic sulfur of the
thioxothiazolidinone ring with oxygen had little effect. Howev-
er, linkers consisting of various five-, or six-membered rings,
such as imidazolidinedione and tetrahydropyridine, resulted in
dramatically decreased activity (no inhibition at 50 mm). Thus,
the thioxothiazolidinone core is also an important structural
component of compound 1.

Computer modeling of the PTP1B–inhibitor interaction

To provide a structural explanation for the activities of the in-
hibitor derivatives, we used Autodock[32] to predict the binding
mode of compound 1 to PTP1B. To evaluate a range of poten-
tial docking solutions, twenty-five independent docking runs
were performed. The results were grouped into several clusters
based on root-mean-square deviation (data not shown). The
best-scoring conformations from the two lowest-energy clus-
ters (models A and B) each had a calculated docked energy of
�10.3 kcal mol�1. In both conformations, the trisubstituted
phenyl ring was situated in the active site pocket with the
nitro group in a position similar to the active-site phosphate
group in published PTP1B–substrate complexes.[15–17] As shown
in Figure 2 A for model A, the nitro group oxygens are able to

form hydrogen bonds to the side chain of R221, and the main-
chain nitrogens of S216 and A217. The hydroxyl and methoxy
groups of the trisubstituted ring form van der Waals contacts
with residues of the active site pocket (Figure 2 B). Outside the
active site, model A extends to the secondary phosphate bind-
ing site, the chloro group forming favorable van der Waals in-
teractions with R24 (Figure 2 B). In model B, the inhibitor is in
an alternative orientation with the chloro group in the vicinity
of K120 and S118 (not shown). As we have shown, the inhibito-
ry activity of compound 1 requires the chloro substituent, or
another functional group at the 2’ or 3’ position of this ring.
Thus, the contribution of this substituent to the docked
energy of model A suggests that this is more likely to be the
correct model. However, we do not dismiss model B as it was

recently shown that substituted phenyl groups can bind PTP1B
near K120.[33] Furthermore, neither model fully explains the
preference for particular substituents on the monosubstituted
ring.

Cellular activity of compound 1

A recent study investigated the role of tyrosine phosphoryla-
tion in the cell-surface maturation of RTKs.[34] The processing of
the FLT3 RTK was presented as a model system. This receptor
is detectable as immature (small) and mature (large) glyco-
forms localized to the endoplasmic reticulum (ER) and plasma
membrane, respectively, which can be distinguished by SDS-
PAGE. A leukemogenic mutant of the receptor, FLT3-ITD, un-
dergoes constitutive tyrosine phosphorylation and is largely
ACHTUNGTRENNUNGretained in its immature form in the ER. Importantly, this phos-
phorylation is nearly completely eliminated by PTP1B overex-
pression. Therefore, we evaluated this system as a means to
test the cellular activity of PTP1B inhibitors.

As reported, tyrosine phosphorylation of FLT3-ITD was dra-
matically decreased by coexpression of WT PTP1B in 293T cells
(Figure 3 A). To confirm that PTP1B catalytic activity is required
for this effect, we also coexpressed inactive PTP1B, which was
mutated at the catalytic cysteine residue (C215S). This mutant
enzyme has a dominant negative effect: phosphorylation is in-

creased compared to cells expressing the receptor
alone, and as a result, the smaller, immature form
ACHTUNGTRENNUNGaccumulates. FLT3-ITD-mediated signaling was also
ACHTUNGTRENNUNGaffected: activation of Erk, a downstream effector of
FLT3,[35] was decreased by overexpression of WT, but
not inactive PTP1B. Overexpressed, untagged PTP1B
was detected as a doublet by immunoblot, perhaps
due to post-translational processing.[36]

Finally, we asked whether compound 1 could in-
crease FLT3-ITD phosphorylation in this system.
Indeed, treatment of cotransfected cells with com-
pound 1 resulted in a clear increase in phosphoryla-
tion of the smaller glycoform, with a maximal effect
at 50 mm following a 3 h incubation (Figure 3 B).
Compound 1 significantly increased basal activation
of Erk in nontransfected 293T cells (data not shown);
therefore, its effect on FLT3-ITD-mediated Erk activa-
tion could not be assessed. As an indicator of cellu-

lar specificity, we evaluated the phosphotyrosine profiles of
ACHTUNGTRENNUNGcotransfected cells treated with compound 1 or sodium ortho-
ACHTUNGTRENNUNGvanadate (SOV), a nonspecific PTP inhibitor (Figure 3 C). Com-
pound 1 has little effect compared to SOV, which induces a
pronounced increase in overall phosphotyrosine content.

We next evaluated the effect of compound 1 on the insulin
sensitivity of immortalized mouse embryonic fibroblasts
(MEFs). It was recently reported that PTP1B regulates insulin
signaling in this cell type.[37] After pretreatment with com-
pound 1, cells were stimulated with insulin for the indicated
times, and Akt activation was assessed by immunoblot and
quantified (Figure 4 A). In WT MEFs, compound 1 significantly
increased the amount of phosphorylated Akt after insulin stim-
ulation. Because of low expression levels, insulin receptor

Figure 2. Model of a compound 1–PTP1B complex. Automated docking was performed
using Autodock software. A) Predicted binding mode of compound 1 in the PTP1B active
site pocket (model A). Dashed green lines indicate hydrogen bonding. B) Surface repre-
sentation of the PTP1B active site in complex with compound 1. Surface is colored by
electrostatic potential (positive potentials are in blue, negative in red). The figure was
generated by using DS Visualizer (Accelrys).
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phosphorylation could not be accurately quantified. Similar
ACHTUNGTRENNUNGexperiments were then performed in parallel with PTP1B-null
MEFs. At a concentration of 25 mm, compound 1 ACHTUNGTRENNUNGincreased in-
sulin-induced Akt activation in WT, but not PTP1B-null MEFs
(Figure 4 B). This result shows that the insulin-sensitizing effect

of compound
1 in WT MEFs
is due to inhib-
ition of PTP1B.

Figure 4. Compound 1 sensitizes WT, but not PTP1B-null MEFs to insulin-
induced Akt activation. A) WT MEFs were deprived of serum and pretreated
for 3 h with 0, 25 or 50 mm compound 1 prior to stimulation with 10 nm in-
sulin for the indicated times. Total lysates were analyzed by immunoblotting
for active, phosphorylated Akt (P-Akt), and membranes were then stripped
and reprobed for total Akt. Band intensity was quantified by densitometry,
and for each experiment, P-Akt/Akt ratios were normalized to the value for
the 5 min stimulation in the absence of inhibitor. Values correspond to
mean� standard error of the mean for three independent experiments. Stat-
istical analysis was performed with a two-tailed, unpaired, Student’s t test.
Compared to untreated cells, *P<0.05. B) As above, except WT and PTP1B-
null MEFs were treated with 0 or 25 mm compound 1.

Figure 3. A FLT3-ITD/PTP1B coexpression system as an assay for cell-active PTP inhibitors. A) FLT3-ITD (HA-tagged) was transiently co-
ACHTUNGTRENNUNGexpressed with either the indicated amount of WT, or with catalytically inactive (C215S) PTP1B in 293T cells. After serum deprivation,
ACHTUNGTRENNUNGlysates were analyzed by immunoblotting with the indicated antibodies. Filled arrowheads indicate the position of the large glycoform
of FLT3-ITD, while empty arrowheads point to the small glycoform. B) FLT3-ITD/WT PTP1B-coexpressing 293T cells were used to test the
cellular activity of compound 1. Cells were deprived of serum and treated with the indicated final concentrations of compound 1.
C) Phosphotyrosine profile of inhibitor-treated cells. Cells were transfected as above and either left untreated (cont), or treated with
50 mm compound 1, or with 50 mm SOV, followed by lysis and analysis by immunoblotting using antiphosphotyrosine antibodies.
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Discussion

There is compelling evidence that PTP1B directly regulates in-
sulin signaling in vivo. First, the increased insulin sensitivity of
PTP1B-null mice correlates with increased IR tyrosine phos-
phorylation.[8] Furthermore, re-expression in the liver of null
mice[38] and overexpression in the muscle of WT mice[39] de-
creases both insulin sensitivity and phosphorylation of the IR
and downstream signaling components. Finally, treatment of
adult, diabetic mice with antisense oligonucleotides that target
PTP1B in fat and liver has essentially the opposite effect.[40, 41]

The insulin sensitivity of cultured cells treated with PTP1B in-
hibitors has been used to model their potential in vivo effects.
Cell types include mouse and rat myocytes as well as chinese
hamster ovary (CHO) cells expressing human IR. While PTP1B
overexpression in these cell lines can cause insulin resist-
ance,[42, 43] there is little evidence from knockdown studies to
confirm that inhibiting endogenous PTP1B mimics the effect
that is seen in vivo.

Here, we have employed a FLT3-ITD/PTP1B-coexpression
system to demonstrate that a novel PTP inhibitor, compound 1
is active in cells. We believe that this approach presents advan-
tages over existing methods; specifically, the exquisite sensitiv-
ity of FLT3-ITD phosphorylation to PTP1B catalytic activity
allows a clear assessment of cellular activity. Compound 1
caused a clear increase in phosphorylation of the small glyco-
form of FLT3 at concentrations as low as 10 mm. While several
reported PTP1B inhibitors are more active than compound 1 in
vitro, they generally display comparable, or less activity in
living cells.[23, 43–46] For example, Combs et al.[47] very recently
described a series of benzimidazole sulfonamide PTP1B inhibi-
tors with low nanomolar potency in vitro; however, a concen-
tration of 80 mm was required to induce a significant effect in
cultured cells.

To confirm its cellular activity in an alternative model
system, we showed that compound 1 sensitizes WT, but not
PTP1B-null MEFs to insulin stimulation. The absence of an
effect in cells lacking PTP1B implies that compound 1 has a
degree of specificity at the cellular level. Specifically, it sug-
gests that other PTPs that regulate IR signaling (e.g. , LAR and
PTP-a)[48] are not affected; this is in agreement with our in
vitro selectivity results. This cellular specificity is further exem-
plified by the lack of gross changes in phosphotyrosine con-
tent in FLT3/PTP1B-expressing cells treated with compound 1.

Our results suggest that future development of this class of
compounds should be focused on optimizing the structure of
the second aryl group (the chloro-substituted phenyl group of
compound 1). This group, which likely extends away from the
PTP active site pocket, can be substituted with a variety of
functional groups while retaining inhibitory activity. To improve
potency and specificity for PTP1B, small-molecule inhibitors
have previously been modified to target the secondary phos-
phate binding site or the nonconserved, charged residues, R47
and D48, near the active site.[20, 21, 49] For potential therapeutic
PTP1B inhibitors, specificity against TCPTP is considered to be
important because of the immune phenotype of TCPTP-null
mice.[5] To this end, Asante-Appiah et al. recently demonstrated

that L119 is a selectivity determinant between PTP1B and
TCPTP that can be targeted by active-site-binding com-
pounds.[33]

Conclusions

We have reported a novel, uncharged thioxothiazolidinone
compound that acts as a competitive inhibitor of a subset of
PTPs and exhibits promising potency in two cell-based assays.
There has been considerable commercial interest in the devel-
opment of drugs that target PTP1B for the treatment of type II
diabetes. However, other PTPs, some of which are inhibited by
compound 1 are also emerging as therapeutic targets.[13] We
believe that this compound could be a starting point for the
development of specific inhibitors that target these enzymes,
or it could prove useful as a chemical genetic tool to investi-
gate cellular PTP function.

Experimental Section

Chemistry : Detailed synthetic procedures for compound 1 and its
derivatives are described in the Supporting Information, which also
includes 1H NMR and HRMS-ESI data for all compounds.

Antibodies and reagents. Polyclonal antibodies against phospho-
FLT3 (Y591), phospho-ERK1/2, ERK1/2, phospho-Akt (S473), and Akt
were purchased from Cell Signaling Technology (Danvers, MA). An-
tiphosphotyrosine monoclonal (clone 4G10) and PTP1B polyclonal
(for detection of mouse PTP1B) antibodies were purchased from
Upstate Biotechnology (Lake Placid, NY). PTP1B monoclonal anti-
body (for detection of human PTP1B) was purchased from BD
Transduction Laboratories (San JosO, CA) and actin antibody
(clone C4) was purchased from MP Biochem (Solon, OH). Monoclo-
nal antibody against hemagglutinin (HA, clone 12CA5) was purified
from hybridoma supernatant by MOlanie Chagnon. Gluthatione
ACHTUNGTRENNUNGSepharose 4B was purchased from Amersham Biosciences and
Complete protease inhibitors were purchased from Roche.

Plasmids : Full-length human PTP1B cDNA was amplified by PCR
and cloned between BamHI and EcoRI sites of pcDNA3.1/Zeo to
give pcDNA3.1/Zeo-hPTP1B WT. The pcDNA3.1/Zeo-hPTP1B C215S
construct was generated by site-directed mutagenesis (Quik-
Change site-directed mutagenesis kit, Stratagene). The expression
construct for HA-tagged human FLT3-ITD, pcDNA3.1/Neo-hFLT3-
ITD-HA, has been described previously.[34] For GST fusion con-
structs, PTP sequences were amplified by PCR from cDNA or
IMAGE clones and inserted between the BamHI and EcoRI sites of
pGEX-2Tk (Amersham Biosciences). Insert sequences of all con-
structs were confirmed by DNA sequencing.

Preparation of GST-fusion proteins : A single colony of trans-
formed DH-5a cells was grown overnight at 37 8C in LB medium
that contained ampicillin (100 mg mL�1). This culture was then dilut-
ed by 1:100, and grown to a cell density of 0.6 OD (A600 nm) before
induction with IPTG (1 mm) for 4 h at 37 8C. All purification steps
were conducted at 4 8C and DTT (5 mm) was added to each purifi-
cation buffer. Pelleted bacteria were resuspended in lysis buffer
(20 mm HEPES/KOH pH 8.0, 500 mm NaCl, 0.1 mm EDTA, 1 % Tri-
ton X-100, 1X complete protease inhibitors). Samples were sonicat-
ed on ice (3 Q 30 s), and centrifuged at 12 000g for 10 min at 4 8C.
The supernatant was then incubated with glutathione Sepharose
4B beads for 1 h at 4 8C with rotation. Beads were washed 5 Q
5 min with wash buffer (20 mm HEPES/KOH pH 8.0, 500 mm NaCl,
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0.1 mm EDTA, 0.1 % Triton X-100). Washed beads were resuspended
in elution buffer (50 mm Tris/HCl pH 8.0, 10 mm reduced gluta-
thione) and incubated with rotation for 1 h at 4 8C. Beads were pel-
leted, and supernatants were concentrated using Centricon filters
(Millipore). Four volumes of storage buffer (25 mm HEPES/KOH
pH 8.0, 62.5 % glycerol, 0.1 mm EDTA, 6 mm DTT) were added and
the purified enzyme was stored at �80 8C.

PTP assays : Assays buffers at pH 7.0 and 6.0 were prepared using
HEPES (50 mm) and PIPES (50 mm), respectively. DTT (3 mm final)
and BSA (0.1 mg mL�1) were added to all buffers. Assays were con-
ducted at 25 8C in 96-well plates (Falcon) in a volume of 100 mL.
ACHTUNGTRENNUNGReaction rates were determined using a Varioskan plate reader
(Thermo Electron). Using pNPP as a substrate, absorbance was
monitored at 405 nm. For assays at pH 7.0, absorbance was mea-
sured every 30 s over 10 min, and the reaction rates were calculat-
ed by linear regression. Because the p-nitrophenol product does
not absorb strongly at pH 6.0, the reactions at this pH were
ACHTUNGTRENNUNGstopped at 15 min by the addition of 1m NaOH (100 mL). Using
DIFMUP as a substrate (PTP-a only), fluorescent excitation was con-
ducted at 358 nm and emission was measured at 455 nm every
30 s over 10 min.[30] For each enzyme, Km values were determined
from reaction rates at various substrate concentrations by nonlin-
ear curve-fitting to the Michaelis–Menten equation using Graphpad
Prism software (see Table S1 ). IC50assays were conducted at sub-
strate concentrations equal to the Km value for each enzyme. All in-
hibitor assays contained 1 % DMSO (final). IC50 values were derived
by fitting data to a sigmoidal dose–response (variable slope) curve
(Prism software). Ki values were calculated essentially as de-
scribed.[50] Briefly, Km(app) and Vmax(app) were calculated at different in-
hibitor concentrations, and the Ki value was estimated by extrapo-
lation of a plot of Km(app)/Vmax(app) versus inhibitor concentration. Ki

and IC50 values are mean� standard error of the mean for at least
three independent experiments.

Automated docking analysis : The binding of compound 1 to
PTP1B was modeled using Autodock software, version 3.0.[32] Auto-
mated docking was performed within a 60 Q 60 Q 60 grid (0.375 R
grid point spacing) centered on the PTP1B active site, using a pub-
lished crystal structure of PTP1B (PDB ID: 1PXH).[20] Protein and
ligand structures were prepared for docking with the AutoDock-
Tools (ADT) user interface, except that the ligand was assigned
Gasteiger partial charges by using DS Visualizer software (Accelrys).
The ligand was kept flexible, and for each docking run, the La-
marckian genetic-algorithm–local-search method was applied for
8000 generations by using the default ADT parameters. Docked
conformations from multiple runs were clustered to a threshold
root-mean-square deviation of 1.5 R with ADT.

Cell culture, inhibitor treatment, lysate preparation, and immu-
noblotting : Cell lines were maintained in Dulbecco’s Modified
Eagle Medium (DMEM) supplemented with 10 % fetal bovine
serum (FBS) and penicillin/streptomycin (Gibco). For FLT3-ITD/
PTP1B expression, 293T cells were plated at 1 Q 106 cells per well in
6-well plates 20 h prior to transfection. Cells were transfected with
FLT3-ITD-HA DNA (0.5 mg) and PTP1B DNA (0.25 mg) using Lipofect-
amine 2000 (Invitrogen) according to the manufacturer’s directions.
For dose–response experiments with PTP1B WT and C215S, the
total transfected DNA was adjusted to 0.75 mg with pcDNA3.1/Zeo
empty vector. Following transfection, cells were serum-starved in
0.1 % FBS DMEM overnight. For inhibitor treatment, the indicated
concentration of compound 1 (1 % DMSO final) or SOV (prepared
in water) was added for 3 h. Cells were lysed and analyzed by
ACHTUNGTRENNUNGimmunoblotting as described previously.[51]

For insulin time–course assays, the previously described[52] WT and
PTP1B-null spontaneously immortalized MEFs were plated at 6 Q
105 cells per well in 12-well plates 48 h before the experiment.
Prior to insulin stimulation, cells were serum-starved for 4 h in
0.1 % FBS DMEM and pretreated with compound 1 (0, 25 or 50 mm,
1 % DMSO final) for an additional 2 h. Human insulin (Humulin R,
Eli Lilly) was then added at 10 nm for the indicated time. Cell
ACHTUNGTRENNUNGlysates were prepared and analyzed as described above. Quantifi-
cation of band intensity was performed by densitometry using
ImageJ software (NIH).
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