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Therapeutic inhibition of protein tyrosine phosphatase activity is a compelling yet challenging approach
to the treatment of human disease. Toward this end, a library of 40 gold complexes with the general
formula R;P—Au—Cl was screened to identify novel inhibitors of PTP activity. The most promising
inhibitor obtained for the lymphoid tyrosine phosphatase LYP, (2-pyridine)(Ph,)P—Au—Cl, is one of
the most potent and selective LYP inhibitors identified to date with an ICsy of 1.5 + 0.3 uM, 10-fold
selectivity for LYP over PTP-PEST, HePTP, and CD45 in vitro, and activity in cellular studies as well.

Introduction

Reversible tyrosine phosphorylation results from the balan-
ced action of protein tyrosine kinases (PTKs“) and protein
tyrosine phosphatases (PTPs) and plays a fundamental role
in cellular signaling pathways, controlling many aspects of
human physiology from cell growth and differentiation to
metabolism and immunology.'> Recent findings have ignited
significant interest in PTPs as therapeutic targets. For exam-
ple, PTP1B inhibitors are highly sought after for the treatment
of obesity and type 2 diabetes®* and the lymphoid tyrosine
phosphatase (LYP) has recently been identified as a promising
new drug target in autoimmunity.” ? However, PTP inhibi-
tors have yet to reach the clinic due in large part to the
difficulty of achieving selectivity for the PTP of interest.'’
This difficulty stems from the highly conserved nature of the
PTP phosphotyrosine binding pocket.'''> Adding to the
challenge, many therapeutically relevant PTPs have human
homologues whose inhibition would be detrimental; for ex-
ample, the catalytic domains of PTP1B and LYP exhibit over
70% sequence identity with those of TCPTP and PTP-PEST,
respectively.

PTPIB is arguably the most actively sought after PTP as a
therapeutic target. Many potent PTP1B inhibitors have been
developed over the past 10 years including benzofuran and
benzothiophene biphenyls'® as well as trans-f-nitrostyrene
derivatives among others, which can be found in recent
reviews.'>!® Achieving selective inhibition of PTP1B over the
highly similar TCPTP has been met with some success,'”'®
however, this success has not yet reached the clinic. The
PTPIB inhibitor ertiprotafib was a promising drug candi-
date," but the compound did not make it past phase Il clinical
trials due to poor efficacy and undesired side effects.”” On the
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other hand, the therapeutic inhibition of LYP has only begun
to be explored, and only a few LYP inhibitors have been
developed.?'?* An inhibitor with modest selectivity for LYP
over PTP1B has been reported, but selectivity for LYP over
the highly homologous PTP-PEST was not discussed.”® An-
other recent paper reported a potent submicromolar inhibi-
tor of LYP, but no selectivity information was published
for this compound.?? Research conducted in our lab indicated
that Au(I)— N-heterocyclic carbene complexes were relatively
potent inhibitors of both LYP and PTP-PEST.*!

Gold(I) complexes have long been used to treat the auto-
immune disorder rheumatoid arthritis®* ¢ and have been
shown to inhibit the activity of PTPs including both LYP and
PTP1B.2"* PTPs contain a catalytically essential cysteine
residue in the active site with a lowered pK, value.”® This
cysteine is a likely target of the gold drugs due to the thio-
philicity of Au(I).>* Au(I) has been shown to be a com-
petitive, reversible inhibitor of PTP activity, presumably due
to reversible binding of Au(I) to the active site cysteine
residue.?"*” Although no PTP—Au(I) structures are available,
there is structural precedent for the coordination of Au(I) to
nucleophilic cysteine residues in enzyme active sites.’*!
Because of the ability of Au(I) compounds to inhibit PTP
activity, the relevance of Au(I) in the treatment of autoimmu-
nity and the importance of PTP activity in autoimmunity,*
we reasoned that a library of Au(I)-based compounds would
be an appropriate starting place for the development of PTP-
selective inhibitors. To this end, we designed a library of 40
potential inhibitors, all with the general molecular formula
PR;—Au—Cl (Figure 1). This library of gold compounds was
derived from the antiarthritic drug auranofin. Here we des-
cribe a comparative screen of this Au(I) compound library
for novel PTP inhibitors using both a traditional PTP sub-
strate (difluoromethylumbelliferyl phosphate, DIFMUP)*?
and fluorogenic, peptide-based PTP substrates designed in
our laboratory. Interestingly, while some of the hits exhibited
similar potencies and selectivities with both substrates, others
showed notable differences. This was true of inhibition of all
of the PTPs tested. From these screens, we were able to
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Figure 1. Chemical structures of the phosphine ligands included in the library of Au(I) complexes with the general formula R;P—Au—CI.

identify Au(I)-based inhibitors with some selectivity for either
LYP, PTPIB, and TCPTP. In addition, the most potent and
selective LYP inhibitors in vitro were also validated as potent
and selective LYP inhibitors in T cells.

Results and Discussion

Commercially available phosphine ligands were chosen
such that we could achieve a diverse set of compounds with
varying charge, electronic, and steric properties (Figure 1). The
PR;—Au(I)—Cl compounds were initially synthesized in paral-
lel in a similar fashion to a previously published procedure for
individual compounds™ and tested as isolated without further
purification. For the screening, both the traditional fluoro-
genic PTP substrate DIFMUP and the peptide substrates
Ac-ARLIEDNE-(pCAP)-TAREG-NH, (peptide 1, used for
LYP and PTP-PEST) and Ac-DIDE-(pCAP)-LAA-NH,
(peptide 2, used for PTP1B and TCPTP) were used. It has been
proposed that substrates such as peptides displaying extended
interactions with the enzyme outside the active site would be
optimal substrates for PTP inhibitor screening.'? The sequence
of peptide 1 is based on the sequence surrounding the reversibly
phosphorylated tyrosine residue 394 in Lck, a known substrate
of LYP that may also be turned over by PTP-PEST in vitro.>*
The sequence of peptide 2 is derived from the sequence sur-
rounding tyrosine 992 in the EGF receptor, a known substrate
of PTP1B and TCPTP, and has previously been validated as
a substrate of TCPTP in our laboratory.*® In both cases, the
central phosphotyrosine residue is replaced with the fluoro-
genic phosphotyrosine mimic, phosphocoumaryl amino pro-
pionic acid (pCAP), which we have previously shown to be an

excellent substrate of PTPs with kinetic parameters very similar
to those of phosphotyrosine.*’

The objectives of this study were two-fold: first, to identify
gold-based, PTP-selective inhibitors, and second, to investi-
gate potential differences between the fluorogenic peptide-
based assay and the small-molecule fluorogenic assay in
inhibitor screening. A screening for LYP inhibition by the
library of gold compounds using DiIFMUP and peptide 1 can
be seen in Figure 2A, where approximately 40% of all com-
pounds tested inhibited LYP activity by more than 60%.
Because the library of inhibitors was relatively small, a second
comparative screen for PTP-PEST inhibition was carried out
and graphed next to the LYP screening results (selected
inhibitors are shown in Figures 2B and 2C, full results can
be found in Figure S1 in the Supporting Information). While
many compounds inhibit both LYP and PTP-PEST equally
(Supporting Information Figure S1), several of the hits shown
in Figure 2B,C demonstrate significant LYP selective inhibi-
tion. Complexes 13, 17, and 34 were found to be more potent
inhibitors of LYP than PTP-PEST regardless of the substrate
used, while other complexes such as 12 and 25 demonstrated
substrate-dependent inhibition differences and appear LYP-
selective when DiIFMUP is used in the assay but not when the
peptide is used. Finally, compound 39 appears LYP selective
with peptide 1 but not with DIFMUP (Figure 2B,C) as it seems
to inhibit LYP more potently with peptide substrate
(Figure 2A). One clear pattern observed is that gold inhibitors
with negatively charged sulfates on their phosphine ligands
such as 12, 18, and 34 were good inhibitors of PTP activity,
which is not surprising considering the many previously
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Figure 2. Results of the comparative library screens with all potential inhibitors at a nominal concentration of 5 uM. (A) Screening for LYP
inhibition using the substrate DiIFMUP (gray) and peptide 1 (black). (B) Selected hits from a DiFM UP-based screen for LYP (striped) and PTP-
PEST (shaded) inhibitors. (C) Selected hits from a peptide 1-based screen for LYP (striped) and PTP-PEST (shaded) inhibitors. (D) Selected
hits from a PTP1B inhibitor screen using the substrates DIFMUP (gray) and peptide 2 (black). (E) Selected hits from a TCPTP inhibitor screen

using the substrates DiIFMUP (gray) and peptide 2 (black).

Table 1. 1Cs, Data for Hits from the LYP/PTP-PEST Screen in uM

LYP LYP PEST PEST HePTP CD45
compd phosphine (DIFMUP) (peptide 1) (DIFMUP) (peptide 1) (DiIFMUP) (DiIFMUP)
12 P(Ph),(m-SO;H-Ph) 2.0+0.1 1.9+0.2 70£2 4.0+0.2 40+ 1 >170
13 P(Me),(Ph) 3.54+0.3 2.0+0.3 70£2 30+ 2 > 50 > 100
17 P(Ph),(2-pyridine) 5.0+0.2 1.5+0.3 76 £3 4343 3542 > 150
18 P(p-SO3H-Ph),(Ph) 2.0+0.1 0.85+£0.05 3941 1042 16+2 2641
25 P(cy)s 25+1 61+1 45+1 >80 20 £2 >70
28 P(EtCN),(Ph) 3.540.1 2.5+0.6 >80 33+1 > 50 >70
34 P(p-SO3H-Ph); 1.5+0.1 0.75+0.15 15+1 32402 13+£3 23+1
39 P(Et); 33+3 26+2 > 150 93+9 120£5 33+3

reported anionic PTP inhibitors. ' Notably, in the absence of
Au(I), none of the phosphine ligands inhibited LYP activity
up to 100 uM.

Comparative screens for PTP1B and TCPTP inhibitors
yielded considerably fewer hits than the LYP/PTP-PEST
screens (see Figure S2 in the Supporting Information for full
details). Compound 18 appears to be slightly TCPTP selective
with peptide 2 (Figure 2D,E), selectivity that would not have
been observed in a DIFMUP-only screen. Also, comparing
substrate screens with PTP1B as seen in Figure 1D, com-
pound 19 appears to inhibit PTP1B better with peptide 2
than with DiIFMUP, while the reverse seems to be true for
compound 40.

Several of the most interesting hits from our initial screens
were purified, characterized, and carried forward into second-
ary dose—response screens and counterscreened against other
PTPs to obtain data on selectivity. As seen in Table 1, several
compounds including 13, 17, 18, 28, 34, and 39, were selective

for LYP over the ~70% identical PTP-PEST in vitro, confirm-
ing the results from the library screen. These compounds, with
the exception of 39, were low «M inhibitors of LYP with both
substrates and were also selective for LYP over HePTP and
CD45, two other PTPs involved in T-cell receptor signaling.*®
Compound 25 exhibited a similar trend to that seen in the
original screening, inhibiting LYP activity slightly better with
DiFMUP compared to peptide 1 substrate as well as exhibiting
modest selectivity over PTP-PEST, but was not selective when
counterscreened against HePTP. The ICs, data for compound
12 also mirror the trend seen in the initial screen, displaying
35-fold selectivity for LYP over PTP-PEST with DiFMUP
but only 2-fold selectivity with peptide 1 as the substrate.
Compound 39 was found to be a moderately potent inhibitor
that is nearly 4-fold selective for LYP over PTP-PEST with
peptide 1 as the substrate but also showed significant inhibition
of CD45. The secondary screening of PTP1B and TCPTP hits is
shown in Table 2. Compounds 18 and 40 showed no significant
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Table 2. 1Csy Data for Hits from the PTP1B/TCPTP Screen in uM
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compd phosphine PTPIB (DiFMUP) PTP1B (peptide 2) TCPTP (DiFMUP) TCPTP (peptide 2)
18 P(p-SO;H-Ph),(Ph) 161 15+1 161 7.5£0.3
19 P(2-furyl)s 0.33+0.02 0.204+0.02 24402 22403
40 P(FsPh); 7.5+£0.2 54403 6.7+£0.2 57+1

A. Jurkat TAg cells B. Primary Mouse Thymocytes
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Figure 3. Intracellular inhibition of LYP by gold complexes. (A) Top panels: anti-pLck(Tyr394) immunoblots of lysates of Jurkat TAg cells
treated with 50 uM of complexes 17 and 34 and 25 uM of complex 39 (lanes 3 and 4 in each panel) or untreated (lanes 1 and 2 in each panel) and
either left unstimulated (lanes 1 and 3 in each panel) or stimulated (lanes 2 and 4 in each panel) with C305 antibodies for 2 min. Middle panels:
anti-pLck(Tyr505) blots of the same samples. Bottom panels: anti-Lck blot of the same samples. Arrows indicate the position of Lck (56 KDa)
in each panel. (B) Top panel: anti-pLck(Tyr394) immunoblot of lysates of mouse thymocytes treated with 50 uM of compound 17 (lanes 3 and 4
in each panel) or untreated (lanes 1 and 2 in each panel) and either left unstimulated (lanes 1 and 3 in each panel) or stimulated (lanes 2 and 4 in
each panel) with biotinylated anti-CD3 and anti-CD4, followed by cross-linking with streptavidin for 1.5 min. Middle panel: anti-
pLck(Tyr505) blot of the same sample. Bottom panel: anti-Lck blot of the same sample.

selectivity with DIFMUP as the substrate, but are approxi-
mately 2-fold selective for TCPTP and 10-fold selective for
PTPI1B, respectively, with peptide 2 as the substrate. In addi-
tion, compound 19 is selective for PTP1B with both substrates.
Although interesting differences in inhibitory potency were
observed with PTP1B and TCPTP and the two substrates,
other more potent PTP1B inhibitors have been reported in the
literature'>'® and the inhibitors obtained in this study were not
of sufficient potency to warrant further investigation.
To date, there have been few LYP inhibitors reporte
and although some exhibit moderate selectivity for LYP over
other PTPs, no inhibitor with selectivity for LYP over the
highly homologous PTP-PEST has been reported. Gold(I)
compounds are competitive, reversible inhibitors of PTP
activity*"?” and are likely to interact directly with cysteine
residue(s) in the active site. To more fully characterize the
biological relevance of Au(I)-mediated PTP inhibition, three
representative compounds from the library of Au(I) phos-
phine compounds were chosen for further investigation in
cellular inhibition studies. Compound 17 showed consider-
able potency and was one of the most selective inhibitors
identified with approximately 10-fold selectivity for LYP over
PTP-PEST, HePTP, and CD45 in vitro. Compound 34 was
the most potent LYP inhibitor identified, and compound 39
would not have been identified as a hit in a conventional,
DiFMUP-only screen but is a moderately potent LYP inhi-
bitor when the more biologically relevant peptide 1 is used as
the substrate. These compounds were introduced into cell-
based LYP inhibition screens in the Jurkat T antigen (JTAg)
human T cell line. Early stage T cell receptor (TCR) signaling
involves the negative regulation of the kinase Lck by dephos-
phorylation at position Y394 by LYP as well as its activa-
tion by dephosphorylation at Y505 by CD45.>>* Therefore,
the inhibition of cellular LYP and CD45 activity can be

d’21723

monitored by following the phosphorylation at these two sites
on Lck as previously described.”’ Figure 3A shows the
Western blot results of cells incubated in the presence and
absence of inhibitor, with and without TCR stimulation. It is
clear from these blots that in the TCR stimulated cells (lanes 2
and 4), an increase in phosphorylation at Y394 is seen in the
presence of compounds 17 and 39 (lane 4), demonstrating
their ability to inhibit LYP activity in cells. There is no change
in phosphorylation levels at position Y505 of Lck in the
presence of 17, but there is an increase in this band when 39
is used, supporting the in vitro data which indicate that 17
does not significantly inhibit CD45 activity but 39 does.
Compound 34 has little effect on the phosphorylation levels
of Lck in cells, likely because it does not appreciably penetrate
the cells due to its negative charge. As seen in Figure 3B,
compound 17 appears to inhibit LYP activity and not CD45
activity in primary mouse thymocytes as well. The data in
Figure 3 clearly demonstrate significant, selective inhibition of
LYP activity in both cultured and primary T cells, confirming
the selective inhibition of LYP activity by compound 17.

Conclusions

The promise of PTP-targeted therapeutics has yet to be
fulfilled due in part to significant challenges in obtaining
selective PTP inhibitors as the catalytic domains of this family
of enzymes contain high degree of similarity. The data pre-
sented here indicate that there may be an advantage to using
peptide-based substrates in PTP inhibitor screens. In addi-
tion, several LYP-selective inhibitors were identified from a
library of Au(I)—phosphine complexes. Interestingly, several
of these inhibitors showed significant selectivity for LYP
over the highly homologous PTP-PEST, something that had
not been reported to date. Structural characterization of the
Au(l)—LYP adduct is underway to provide more insight into



6916 Journal of Medicinal Chemistry, 2009, Vol. 52, No. 21

this selectivity. One of the best LYP inhibitors, compound 17,
also demonstrated potency and selectivity in both JTAg cells
as well as primary mouse thymocytes. The leads and informa-
tion gained through this study should aid in the further
development of LYP-selective inhibitors for therapeutic
application.

Experimental Section

General Considerations. All reagents were obtained from
commercial sources and used without further purification. The
library of Au(I)—phosphine complexes was synthesized using a
FlexChem Synthesis System with a 48-well polypropylene block
(SciGene). The pCAP residue and pCAP-containing 1peptides
were synthesized as described previously.>” All '"H and *'P NMR
spectra were recorded on a Mercury 400 MHz spectrometer. 'H
NMR spectra were referenced to residual solvent peaks or TMS
(0.00 ppm), and *'P NMR spectra were referenced to an 85%
phosphoric acid external standard (0.00 ppm). Column chro-
matography was performed on EMD silica gel (60—200 mesh).
Thin layer chromatography was performed on EMD silica gel
60 aluminum precoated plates (0.2 mm thickness). The com-
pounds tested in cells (17, 34, and 39) were all greater than 95%
pure as evidenced by elemental analysis (Atlantic Microlab,
Norcross, GA, compounds 17 and 34) or certified by the
supplier (Sigma Aldrich, compound 39). The catalytic domains
of human recombinant CD45, TCPTP, and PTP1B were ob-
tained from Biomol. The modified pBAD plasmid encoding the
catalytic domain of HePTP (aa 44—339) in frame with a non-
cleavable 6xHis tag was a kind gift of Lutz Tautz.®’ cDNA
fragments encoding the catalytic domains of LYP (aa 2—309)
and PTP-PEST (aa 2—323) were cloned between the BamH1
and the Xhol sites of the pET28a plasmid (Novagen) in frame
with a cleavable N-terminal 6xHis-tag. Recombinant proteins
were purified from lysates of IPTG-induced Escherichia coli
BL21 cells by affinity chromatography on Ni-nitrilotriacetic
acid columns. 6xHisHePTP was eluted using 250 mM imidazole.
Untagged LYP and PTP-PEST were eluted by incubating
columns with thrombin, followed by removal of thrombin from
the protein preparation by a second chromatography step on
benzamidine columns. Fluorescence data were collected on a
Molecular Devices Spectramax M5 multimode plate reader with
excitation and emission at 360 and 455 nm, respectively.

Au(I)—Phosphine Library Synthesis. The following general
procedure was used in the synthesis of complexes 1—32. An
approximately 80 mg/mL stock solution of aqueous NaAuCly
was prepared. Approximately 15 mL of a 0.325 M aqueous
solution of 2,2’-thiodiethanol was added dropwise over 20 min,
and the yellow solution was allowed to stir at room tempera-
ture until it turned colorless, indicating that all of the Au(III)
was reduced to Au(I). The final concentration of gold(I) was
20 mg/mL. Then, a 0.497 mL (0.05 mmol Au) aliquot of the
Au(I)/2,2'-thiodiethanol solution was added to each well of a
48-well polypropylene FlexChem Synthesis block. Phosphine
ligands (0.05 mmol) dissolved in acetone (1—11, 13—17, 19, and
21—31), distilled water (12, 18, and 32), or chloroform (20) were
then added dropwise to the individual wells while the block was
gently rocking. The synthesis block was then sealed, and the
reactions were allowed to mix at room temperature on a rocking
platform for 18 h with additional random inverting and manual
shaking. Samples were filtered through the medium porosity
frit of the polypropylene block, the wells were washed twice
with acetone, water, or chloroform, and filtered again. The
combined filtrates were diluted to approximately 30 mL with
water and lyophilized to dryness. The complexes were charac-
terized by *'P NMR. A reaction was considered successful if
the *'P NMR revealed complete consumption of the starting
material with a new peak corresponding to the Au(I)—phosphine
complexes appearing downfield relative to the reduced phos-
phine starting material, distinct from that of the oxidized
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phosphine. Approximately 20 mM stock solutions of the com-
plexes were made in DMSO. Other complexes were added to our
library as well. Complexes 33—38 and 40 were previously
synthesized and purified by our lab,*® and complex 39 was
purchased from Aldrich.

Library Screening with LYP and PTP-PEST. All assays were
performed in a buffer containing 50 mM Tris, 100 mM NaCl,
1 mM EDTA, 0.01% Brij 35, 0.1 mM dithiothreitol (DTT)
pH 6.5 buffer. Final enzyme concentrations of 5 nM were
used for both LYP and PTP-PEST with 1.5 uM 6,8-difluoro-
4-methylumbelliferyl phosphate (DiIFMUP) and 30 uM of the
peptide Ac-ARLIEDNE(pCAP)TAREG-NH, (peptide 1) used as
fluorogenic substrates separately. DMSO stock solutions of in-
hibitors and substrates were added such that the final amount of
DMSO was 5% of the total reaction volume. Prior to the reaction,
enzymes were incubated with 0.1 mM DTT for 30 min. Inhibitors
were screened at 5 M in black 96-well plates for 30 min recording
fluorescence at 455 nm every 60 s. Each assay was repeated thrice.

Library Screening with PTP1B and TCPTP. All assays were
performed in a buffer containing 50 mM HEPES, 100 mM
NaCl, | mM EDTA, 0.01% Brij 35, 5uM DTT, pH 7.1 buffer.
Final enzyme concentrations were 0.067 nM for PTPIB and
0.79 nM for TCPTP with 1.5 uM DiFMUP and 60 uM of the
peptide Ac-DIDE(pCAP)LAA-NH, (peptide 2) used as fluoro-
genic substrates separately. Prior to the reaction, enzymes were
incubated with 5 uM DTT for 30 min. All other conditions were
the same as described above.

General Individual Complex Synthesis. To a solution of
0.05 mmol NaAuCl, in 1 mL of distilled water, 0.12 mmol of
2,2'-thiodiethanol was added dropwise in about 1 mL of distilled
water. The reaction was stirred until the solution was colorless.
Next, 0.05 mmol of the phosphine was added dropwise in
acetone or water. The reaction was allowed to stir for 2 h at
room temperature or on ice. The complexes were isolated by
vacuum filtration or purified using column chromatography.

Synthesis of 3-(Diphenylphosphino)benzenesulfonic Acid—
Au(I)—Cl (12). The aqueous reaction mixture containing com-
plex 12 was lyophilized to dryness. Complex 12 was then
purified by column chromatography eluting with 10:1 CHCl;:
MeOH, (31% yield). *'P NMR (162 MHz, D-0) 6 33.58 ppm.
'"H NMR (400 MHz D,0) 6 6.85—7.50 (12, m), 7.64—7.78
(2H, m). The spectral data obtained are in good agreement with
the published data.*!

Synthesis of Dimethylphenylphosphine—Au(I)—Cl (13). The
acetone from the reaction mixture was evaporated and the
aqueous layer extracted 3x with CHCl;. The organic layer
was dried with Na,SO,, filtered, and evaporated. The title
product was then purified using column chromatography, elut-
ing with hexanes:EtOAc at 2:1/1:1 as a whitish oil (86% yield).
3P NMR (162 MHz, CDCl3) 6 4.58 ppm. '"H NMR (400 MHz
CDCl3) 6 1.84—1.86 (3H, s), 1.86—1.88 (3H, s), 7.45—7.59 (3H,
m), 7.70—7.79 (2H, m). The spectral data obtained are in good
agreement with the published data.*?

Synthesis of Diphenyl-2-pyridylphosphine—Au(I)—Cl (17).
Complex 17 was isolated by allowing the acetone to slowly
evaporate at room temperature yielding white/colorless crystals
(75% yield). *'P NMR (162 MHz, CDCl3) 6 32.92 ppm. 'H
NMR (400 MHz CDCl5) 6 7.34—7.42 (1H, m), 7.43—7.57 (6H,
m), 7.64—7.74 (4H, m), 7.76—7.85 (1H, m), 7.95—8.04 (1H, t),
8.76—8.81 (1H, d). Anal. Calcd for C;7H4AuCINP: C,41.19; H,
2.85. Found: C, 41.15; H, 2.82.

Synthesis of 4,4'-(Phenylphosphinidene)bis(benzenesulfonic
Acid)—Au(I)—Cl (18). Complex 18 was synthesized by stirring
0.05 mmol of Au(I)—dimethylsulfide with an equivalent amount
of the phosphine ligand in 20:1 MeOH:DCM at room tempera-
ture for 24 h. Pure product was then obtained after evaporation
of the solvent as a white solid (59% yield). *'P NMR (162 MHz,
methanol-d,) ¢ 33.51 ppm. '"H NMR (400 MHz methanol-d,)
0 7.56—7.68 (9H, m), 7.97—8.02 (4H, dd). The spectral data
obtained are in good agreement with the published data.*!
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Synthesis of Tri-2-furylphosphine—Au(I)—Cl (19). Complex
19 was isolated by rotary evaporation of the acetone from the
reaction mixture and filtering the resulting white solid from
the aqueous solution (41% yield). *'P NMR (162 MHz, CDCls)
0 —29.10 ppm. "H NMR (400 MHz CDCl3) 6 6.52—6.57 (3H,
m), 7.15—7.20 (3H, t), 7.77—7.81 (3H, m). Anal. Calcd for
C,HyAuClO;P: C, 31.02; H, 1.95. Found: C, 31.28; H, 1.92.

Synthesis of Tricyclohexylphosphine—Au(I)—Cl (25). Com-
plex 25 was purified in a similar manner to 13 eluting using
column chromatography with hexanes:EtOAc at 10:1.5 as a
whitish oil (7% yield). *'P NMR (162 MHz, CDCl;) 6 55.06
ppm. '"H NMR (400 MHz CDCl;) 6 1.15—-1.36 (10H, m),
1.37—1.57 (7H, m), 1.67—1.78 (3H, m), 1.79—1.91 (6H, m),
1.92—2.06 (7H, m). The spectral data obtained are in good
agreement with the published data.*’

Synthesis of Bis(2-cyanoethyl)phenylphosphine—Au(I)—Cl
(28). Complex 28 was purified using column chromatography
with hexanes:EtOAc at 1:2 and was isolated as an opaque oil
(86% yield). *'P NMR (162 MHz, CDCl;) 6 30.24 ppm. 'H
NMR (400 MHz CDCl3) 6 2.45—2.81 (8H, m), 7.58—7.72 (3H,
m), 7.79—7.87 (2H m). Anal. Calcd for C;;H;3AuCIN,P: C,
32.13; H, 2.92. Found: C, 32.54; H, 2.98.

Individual Inhibition Assays. LYP/PTP-PEST and PTPI1B/
TCPTP leads were investigated under the same conditions used
in the initial library screens with the exception that the final
concentration of peptide 1 in the reaction mix was 10 M. Final
concentrations were 1 nM for CD45 and HePTP. The concen-
trations of Au(I) complexes ranged from 0.2 to 150 uM, and the
final amount of DMSO was again 5% of the total reaction
volume. Assays were conducted in triplicate following the
fluorescence at 455 nm every 60 s for 30 min.

Control Studies. Thiodiethanol did not inhibit LYP activity at
a concentration of 150 uM. The phosphine ligands for 12, 13,17,
18, 25, and 28 were tested at 100 #«M, and none were shown to
inhibit LYP or PTP-PEST activity significantly. The ligands for
18, 19, and 40 were tested at 100 uM and did not significantly
inhibit PTP1B or TCPTP activity.

Antibodies. The polyclonal anti-pTyr505-Lck and anti-
pTyrd16-Src (cross-reactive with LckpTyr394) antibodies were
obtained from Cell Signaling Technology, Inc., while the mono-
clonal anti-Lck antibody was from Santa Cruz Biotechnology.
The ECL-Plus chemiluminescence kit was obtained from GE-
Amersham Biosciences.

Cell-Based Assays. Cells and Cell Treatments. Jurkat T leuk-
emia cells expressing SV-40 large T antigen (JTAg)* were kept
at logarithmic growth in RPMI 1640 medium supplemented
with 10% fetal bovine serum, 2 mM L-glutamine, | mM sodium
pyruvate, 10 mM HEPES pH 7.3, 2.5 mg/mL p-glucose, and
100 units/mL of penicillin and 100 ug/mL streptomycin.

Studies with JTAg Cells. Fixed concentrations of inhibitors
(25 or 50 uM) or DMSO (control) were added to 20 x 10° cells
suspended in 800 L. RPMI 1640, and incubated for 1 h at room
temperature. The volume of DM SO added was held constant at
less than 2% of the total volume. JTAg cells preincubated with
DMSO or inhibitor were divided into 400 uL aliquots contain-
ing 10 x 10° cells and stimulated with supernatants of C303
hybridomas*® for 2 min or left untreated. Cells were lysed in
20 mM Tris-HCI pH 7.5, 150 mM NaCl, 5 mM EDTA pH 8.0
containing 1% NP-40, 10 ug/mL aprotinin and leupeptin,
10 ug/mL soybean trypsin inhibitor, 1 mM Na3;VO,, and | mM
phenylmethylsulfonyl fluoride, after which lysates were clarified
by centrifugation at 13200 rpm for 20 min. The total protein
concentration in each cell lysate was determined by the Bradford
protein assay (Bio-Rad) in order to normalize the amount of
protein used in SDS-PAGE.

Studies with Mouse Thymocytes. Thymocytes were isolated
from the homogenized thymi of 6-week old C57BL/6 mice
(Taconic Farms, Inc.) after depletion of red blood cells by
incubating with red blood cell lysis buffer (Sigma) for 1 min at
room temperature. A fixed concentration of complex 17 or
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DMSO (control) was added to 20 x 10° cells suspended in
800 uL RPMI 1640 and incubated for 1 h at room temperature.
The volume of DMSO added was less than 2% of the total
volume. Thymocytes preincubated with DMSO or inhibitor
were divided into 400 uL aliquots containing 10 x 10° cells,
treated with biotinylated CD3 and CD4 antibodies for
30 min, and stimulated with the cross-linker, streptavidin for
1.5 min, or left untreated. Cells were then lysed under identical
conditions as described for JTAg cells, and the total protein
concentration in the lysates determined with the Bradford
protein assay.

SDS-PAGE and Immunoblots. Aliquots of lysates were sus-
pended in SDS sample buffer, heated at 95 °C for 5 min, and the
boiled samples run on 10% SDS-polyacrylamide gels. Proteins
resolved by gel electrophoresis were transferred onto nitrocel-
lulose membranes (Hybond ECL, GE Healthcare), using appro-
priate dilutions per manufacturers instructions of unconjugated
primary antibodies followed by horseradish peroxidase-conju-
gated secondary antibodies (purchased from GE Healthcare).
Blots were developed with the enhanced chemiluminescence detec-
tion system, ECL-Plus, following manufacturers directions.
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