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Summary. Elevated levels of glutathione S-transferases (GSTs) are
among the factors associated with an increased resistance of tumors to a
variety of antineoplastic drugs. Hence a major advancement to overcome
GST-mediated detoxification of antineoplastic drugs is the development of
GST inhibitors. Two such agents have been synthesized and tested on the
human Alpha, Mu and Pi GST classes, which are the most representative
targets for inhibitor design. The novel fluorescent glutathione S-conjugate
L-y-glutamyl-(S-9-fluorenylmethyl)-L-cysteinyl-glycine (4) has been
found to be a highly potent inhibitor of human GSTAIl-1 in vitro
(IC50=0.11 £ 0.01 uM). The peptide is also able to inhibit GSTP1-1
and GSTM2-2 isoenzymes efficiently. The backbone-modified analog
L-y-(y-oxa)glutamyl-(S-9-fluorenylmethyl)-L-cysteinyl-glycine (6), con-
taining an urethanic junction as isosteric replacement of the y-glutamyl-
cysteine peptide bond, has been developed as y-glutamyl transpeptidase-
resistant mimic of 4 and evaluated in the same inhibition tests. The
pseudopeptide 6 was shown to inhibit the GSTA1-1 protein, albeit to a
lesser extent than the lead compound, with no effect on the activity of the
isoenzymes belonging to the Mu and Pi classes. The comparative loss in
biological activity consequent to the isosteric change confirms that the -
glutamyl moiety plays an important role in modulating the affinity of the
ligands addressed to interact with GSH-dependent proteins. The new
specific inhibitors may have a potential in counteracting tumor-protective
effects depending upon GSTA1-1 activity.
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Abbreviations follow the recommendations of the TUPAC TUB Commission
on Biochemical Nomenclature as given in Eur J Biochem (1984) 138: 9-37.
The following additional abbreviations are used: Boc, tert-butyloxycarbonyl;
t-Bu, fert-butyl; DCC, dicyclohexylcarbodiimide; DCM, dichloromethane;
Fm, fluorenylmethyl; HOBt, N-hydroxybenzotriazole; NMM, N-methylmor-
pholine; Np, p-nitrophenyl; TFA, trifluoroacetic acid; THF, tetrahydrofuran

Introduction

Many different mechanisms are involved in protecting
cellular components against cytotoxic and genotoxic com-

pounds (Lang and Pelkonen, 1999). A central role in
detoxification and metabolism is played by glutathione
(7-Glu-Cys-Gly), through maintenance of the thiol-disul-
fide status of cellular proteins, synthesis and transport of
endogenous substrates, and protection against electrophil-
ic and oxidizing agents (Pompella et al., 2003; Davies
et al., 2001). In cellular detoxification, reduced glu-
tathione (GSH) is conjugated with reactive species
through catalysis by the major phase II detoxifying
enzymes glutathione S-transferases (GSTs, EC 2.5.1.18)
(Hayes et al., 2005; Salinas and Wong, 1999; Oakley et al.,
1997; Wilce and Parker, 1994), producing the more
hydrophilic GSH conjugates.

Consistent with its deactivation function, this GSH-
dependent metabolic system is supposed to have a role
in reducing the effectiveness of drug treatments, and
particularly anticancer chemotherapy. A typical adaptive
response to drug-induced cellular stress is de facto re-
presented by an alteration in the levels and distri-
bution of GSH and associated proteins, notably GSTs
belonging to class Alpha, Mu and Pi (O’Brien and Tew,
1996).

With this premise, the approach of GST inhibition in
order to potentiate conventional chemotherapy (Schultz
et al., 1997) appears challenging. In that respect, the
development of S-conjugates of glutathione as natural
modulators of these cytoprotective pathways represents
a pertinent area of investigation (Burg et al., 2002;
Morgan et al., 1996). The expediency of these agents lies
in the fact that they target the GST active site with great
affinity, despite their therapeutic potential is limited by
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sensitivity to y-glutamyl transpeptidase (7-GT)-mediated
degradation.

In recent years we have been actively pursuing novel
strategies for the structural modification of the GSH
molecule, addressed to enhance both metabolic stabil-
ity and affinity to GST binding sites through the attribu-
tion of specific chemical and conformational properties
(Cacciatore et al., 2003; Paglialunga Paradisi et al.,
2003; Calcagni et al., 1996, 1995; Luisi et al., 1993).
As an extension in this field, we are presently interested
in targeting GST with novel GSH conjugates and their
isosteres at the ~v-glutamyl-cysteine amide bond, which
may have potential as -GT resistant drugs.

It came to our attention that comparatively few studies
are focused on the Alpha class GSTs, in spite of the many
lines of evidence implicating these proteins in multidrug
resistance and pressing towards the need for selective
Alpha inhibitors. Augmented levels of class Alpha GSTs
represent in fact a specific mechanism whereby cells
acquire resistance to alkylating agents, which are primary
drugs in the treatment of hormone-dependent cancers
(Fotouhi-Ardakani et al., 1998; Morel et al., 1994; Lewis
et al., 1988). Alkylating agents and particularly polifunc-
tional nitrogen mustards are known to undergo sequencial
biotrasformation leading to different cytotoxic species.
Quite interestingly, often Alpha isozymes can selectively
inactivate these toxicants even up to the ultimate metabo-
lites (Dirven et al., 1994; Bolton et al., 1991).

In order to develop GST inhibitors addressed to the
Alpha class, we played on structural features of the hydro-
phobic binding pocket (H site) of this protein, which is
reported to be more lipophilic in character compared to
that of Mu or Pi class GSTs (Salinas and Wong, 1999;
Koehler et al., 1997). Accordingly, the new GSH conju-
gate L-y-glutamyl-(S-9-fluorenylmethyl)-L-cysteinyl-gly-
cine (4) and its analog L-v-(y-oxa)glutamyl-(S-9-fluore-
nylmethyl)-L-cysteinyl-glycine (6), both characterized by
the presence of a fluorenylmethyl group as cysteine
S-derivatizing moiety, were designed as potential
GSTAI1-1 inhibitors. The insertion of this large aromatic
substituent is expected to complement the GSTA1-1 cav-
ity better than the other more polar H sites, drastically
increasing the affinity towards this isoform and isoenzy-
matic selectivity. Again, an attractive feature of this group
lies in its fluorescent properties, to profit by for easier
monitoring in biological tests. In the backbone-modified
analog 6 the original approach of introducing an urethanic
OCONH fragment as -GT resistant surrogate of the ~-
glutamyl CONH junction (Calcagni et al., 1996) has been
considered to confer metabolic stability, which is a desir-

able pre-requisite for in vivo application of peptidic inhib-
itors. From a formal point of view, the new pseudopeptide
incorporates an L-y-oxaglutamic acid (Glo) residue as
Glu substitution. This chemical modification deserves
investigation since, even though the resulting pseudopep-
tide backbone of the conjugate still approximates the GSH
structure, it is supposed to indroduce unique conforma-
tional and biochemical consequences at the level of the -
Glu subsite, the most demanding recognition zone in most
of the GSH-dependent proteins (Burg and Mulder, 2002;
Adang et al., 1988).

Synthesis, characterization and biological evaluation of
H-Glu[-Cys(Fm)-Gly-OH]-OH (4) and H-Glo[-Cys(Fm)-
Gly-OH]J-OH (6) on catalytic activity of the major classes
of human GSTs are reported herein.

Materials and methods

Amino acid derivatives were purchased from Sigma-Aldrich and Bachem.
Bicinchoninic acid (BCA) Protein Assay Reagent was obtained from
Pierce, Rockford, IL. Melting points were determined on a Biichi B-450
apparatus and are uncorrected. TLC was performed on Merck 60 F,sy
plates developed with the following solvents: (A) chloroform/methanol
(99:1); (B) chloroform/methanol (98:2); (C) 1-butanol/acetic acid/water
(2:1:1). Optical rotations were taken at 20°C with a Perkin-Elmer 241
polarimeter. UV measurements were conducted on a Kontron double-
beam Uvikon 940 apparatus thermostated at 25°C. Elemental analyses
(C, H, N and S) were performed on a Carlo Erba 1106 Analyzer and were
within +0.4% of the theoretical values. IR spectra were recorded employ-
ing a Perkin-Elmer FTIR 1600 spectrophotometer. 'H and '*C NMR
experiments were performed on a Varian VXR 300 MHz instrument (6
expressed in ppm). The mass spectra of 4 and 6 were obtained in electro-
spray (ES) conditions by a LCQ (Finnigan, S. Jose, CA, USA) instrument.
A 60 uM solution of the sample in methanol/water (1:1) was directly
injected at the flow rate of 5 ul/min.

Peptide synthesis

Boc-Cys(Fm)-Gly-OBu' (1). Boc-Cys(Fm)-OH (2.74 g, 6.87 mmol) was
suspended in THF (15 ml) and HOBt (0.93 g, 6.87 mmol) was added with
stirring. The solution was cooled to 0°C and an ice-cold solution contain-
ing HCI - H-Gly-OBu' (1.15 g, 6.87 mmol) and NMM (0.69 g, 6.87 mmol)
in THF (15 ml) was added, followed by portionwise addition of a solution
of DCC (1.41g, 6.87 mmol) in THF (7ml). After 5h at 0°C and 16h at
5°C, the reaction mixture was filtered and the resulting solution evaporated
under vacuum. The residue was taken up in AcOEt and the organic layer
washed with 1N KHSO,, saturated aqueous NaHCO; and H,O. The
residue obtained after drying and evaporation was chromatographed
on silica gel using a CHCl;/MeOH (99:1) mixture as eluent, to give 1
(3.31g, 94%) as a white solid (m.p. 115-116°C, MeOH). R(A)=0.7;
[a]p=—8.3° (c=1, CHCl3); IR (KBr) vpyax: 3375, 3250, 3030, 1750,
1700, 1655, 1570, 1500cm™"; "H NMR (CDCls): § 1.45 (18H, s, CHj),
2.8 (1H, m, Cys -CHp), 3.0 (1H, m, Cys 3-CH,), 3.15-3.3 (2H, m, Fm
CH,), 3.85 (2H, m, Gly CH,), 4.15 (1H, m, Fm CH), 4.25 (1H, m, Cys a-
CH), 5.4 (I1H, br d, Cys NH), 6.65 (1H, br t, Gly NH), 7.25-7.4 (4H, m,
ArH), 7.65-7.8 (4H, m, ArH). Anal. (C;5H36N,05S).

HCI - H-Cys(Fm)-Gly-OBu' (2). To a solution of HCl 4M in dioxane
(100 ml) stirred at ice bath temperature, a solution of protected dipeptide 1
(3.11g, 6.06 mmol) in dioxane (5ml) was added under argon. After 1h
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under stirring at room temperature, the solvent was removed and the
residue repeatedly washed with diethyl ether to give 2.64g (97%) of
compound 2 as a white solid. The product could be used in the subsequent
reaction without further purification.

Boc-Glu[-Cys(Fm)-Gly-OBu']-OBi’  (3). Boc-Glu-OBu' (0.46g,
1.51 mmol) was suspended in THF (4.5 ml) and HOBt (0.20 g, 1.51 mmol)
was added with stirring at 0°C. An ice-cold solution of the hydrochloride 2
(0.68 g, 1.51 mmol) and NMM (0.15g, 1.51 mmol) in THF (3ml) was
added, followed by chilled portions of a solution of DCC (0.31g,
1.51 mmol) in THF (2 ml). The mixture was stirred 5h at 0°C and refrig-
erated overnight. The solid was removed by filtration, the filtrate evapo-
rated to dryness and the residue taken up in AcOEt. The organic layer was
washed with 1 N KHSO,, saturated aqueous NaHCO; and H,O. Drying
and evaporation followed by purification of the resulting crude material
on a silica gel column developed with CHCl;/MeOH (98:2) afforded
protected tripeptide 3 as a white foam (0.77g, 73%). R{(B)=0.35;
[a]lp=—6.8° (c=1, CHCl;); IR (KBr) vp.: 3320, 3030, 1735, 1720,
1650, 1600, 1525cm™'; "H NMR (CDCls): 6 1.4 (27H, s, CH3), 1.8 (2H,
m, Glu 3-CH,), 1.9 (1H, m, Glu 7-CHg), 2.2 (1H, m, Glu v-CH,), 2.8
(1H, m, Cys $-CHp), 3.0 (1H, m, Cys -CH,), 3.2-3.35 (2H, m, Fm
CH,), 3.8 (2H, m, Gly CH,), 4.15 (1H, m, Fm CH), 4.2 (1H, m, Cys a-
CH), 4.5 (1H, m, Glu a-CH), 5.2 (1H, br d, Cys NH), 6.7 (1H, br t, Gly
NH), 6.8 (1H, br d, Glu NH), 7.25-7.4 (4H, m, ArH), 7.65-7.8 (4H, m,
ArH). Anal. (C37Hs51N;05S).

H-Glu[-Cys(Fm)-Gly-OH]-OH (4). The protected tripeptide 3 (0.61 g,
0.87 mmol) was treated with TFA 50% in DCM (8 ml) at room tempera-
ture. After 1 h 30 min the solution was evaporated under reduced pressure
below 40°C and the residue triturated with portions of fresh diethyl ether
to give the corresponding trifluoroacetate in 75% yield as a white solid.

The salt (0.39 g, 0.65 mmol) was dissolved in a water/methanol (1:1)
mixture (2ml) and the resulting solution treated with 0.1 M sodium
phosphate buffer pH 7. The concentrated solution was subjected to
column chromatography on Sephadex-LH-20 using H,O as eluent to
afford the tripeptide 4 (0.25g, 79%) as a white solid (m.p. 181°C dec.,
MeOH/AcOE). R/ (C) = 0.45; [a]p = —7.0° (c = 1, H,0); IR (KBr) vy
3500-3295 br, 1630-1620, 1605, 1525 cm™~"; "TH NMR (D,0): 6 1.85 (2H,
m, Glu $-CHyp), 2.2 (2H, m, Glu y-CH,), 2.35 (1H, m, Cys $-CHp), 2.6
(1H, m, Cys 3-CH,), 3.25 (2H, m, Fm CH,), 3.5 (3H, m, Gly CH, and Fm
CH), 4.1 (2H, m Cys and Glu a-CH), 7.15-7.3 (4H, m, ArH), 7.4 (2H, m,
ArH), 7.65 (2H, m, ArH). '*C NMR (D,0): § 26.36 (Glu Cf), 31.46 (Glu
Cv), 35.25 (Cys Cf3), 36.98 (Fm CHy), 43.51 (Gly Cw), 46.31 (Fm CH),
53.09 (Glu Ca), 54.18 (Cys Ca), 119.87, 124.70, 127.18, 127.60, 140.79,
145.53 (aromatics), 164.95, 174.08, 174.39 and 176.14 (CO). MS (n/z):
484 (M-H"). Anal. (Cy4H»7N306S).

Boc-Glo[-Cys(Fm)-Gly-OBu']-OBu' (5). To a stirred solution containing
the hydrochloride 2 (1.82 g, 4.05 mmol) and NMM (0.41 g, 4.05 mmol) in
dioxane (10ml) Boc-Glo(ONp)-OBu' (Calcagni et al., 1996) (1.73 g,
4.05 mmol) in dioxane (8 ml) was added. The mixture was warmed to
80°C and left to stir for 23 h. The formed precipitate was removed by
filtration and the solution evaporated in vacuo to give an oily residue
which was taken up in CHCl3. The organic layer was washed with 1N
KHSO,, saturated aqueous Na,CO; and H,O, dried and filtered. The
filtrate was concentrated under reduced pressure, and the solution eluted
from a silica gel column using a CHCl;/MeOH (98:2) mixture as eluent,
to give the protected tripeptide 5 as a white foam (1.67g, 59%).
R(B)=04; [alp=+5.6° (c=1, CHCL); IR (KBr) vma: 3400 br,
3100, 1735, 1705, 1660, 1540cm™"'; '"H NMR (CDCls): § 1.4 (27H, s,
CH3), 2.65 (1H, m, Cys $-CHpg), 2.9 (1H, m, Cys 8-CH,), 3.05-3.2 (2H,
m, Fm CH,), 3.8 (2H, m, Gly CH,), 4.0-4.4 (5H, m, Fm CH, Cys and Glo
«a-CH, Glo (3-CH,), 5.3 (1H, br d, Cys NH), 5.65 (1H, br d, Glo NH), 6.6
(1H, br t, Gly NH), 7.2-7.35 (4H, m, ArH), 7.5-7.65 (4H, m, ArH). Anal.
(C36H49N300S).

H-Glo[-Cys(Fm)-Gly-OH]-OH (6). The tripeptide derivative 5 (1.52 g,
2.17 mmol) was deprotected by treatment with TFA 40% in DCM (21 ml)
at room temperature in 2h 30 min. Solvent removal under vacuum below
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40°C, followed by trituration of the oily material with anhydrous ethyl
ether afforded the trifluoroacetate in 84% yield as a white powder, which
was used without further purification.

The salt (1.1 g, 1.82mmol) was dissolved in a water/methanol (1:1)
mixture (4ml) and the pH of the resulting solution adjusted to 7.0 by
NMM. The concentrated solution was applied on a Sephadex LH-20
column eluted with a water/methanol (2:1) mixture, and the ninhydrin
positive fractions were combined to give the final compound 6 as a pure
amorphous solid (0.30g, 42%). R(C)=0.55; [a]p=+13.2° (c=0.25,
H,0); IR (KBr) vpay: 3320 br, 3030, 1700, 1690-1610, 1530cm™"; 'H
NMR (D,0): 6 2.4 (1H, m, Cys 5-CHp), 2.6 (1H, m, Cys 5-CH,), 3.25
(2H, m, Fm CH,), 3.5 (3H, m, Gly CH, and Fm CH), 3.9 (2H, m, Glo
(-CH,), 4.2 (2H, m, Cys and Glo a-CH), 7.15-7.3 (4H, m, ArH), 7.5 (2H,
m, ArH), 7.65 (2H, m, ArH). '*C NMR (D,0): 6 34.11 (Cys Cf3), 35.11
(Fm CH,), 43.35 (Gly Ca), 46.55 (Fm CH), 54.02 (Glo C), 54.59 (Cys
Ca), 67.92 (Glo CB), 120.20, 124.81, 127.68, 128.03, 141.18, 145.65
(aromatics), 156.84 (OCONH), 174.08, 176.22 and 176.74 (CO). MS
(m/z): 486 (M7H+) Anal. (C23H25N307S).

Biological assays

Human GSTAI-1, GSTM2-2, and GSTPI-1 were expressed in
Escherichia coli and purified as previously described (Lo Bello et al.,
1995). Enzymatic experiments concerning the in vitro inhibitory activity
of the synthesized compounds were performed at 25°C in 1ml (final
volume) of 0.1 M potassium phosphate buffer pH 6.5 containing 1 mM
GSH, 1 mM I-chloro-2,5-dinitrobenzene (CDNB) as acceptor substrate
and variable amounts of inhibitor 4 or 6. Enzymatic activities were deter-
mined spectrophotometrically by measuring the change in absorbance at
340 nm due to the GS-DNB conjugate formation (g340=9.6mM ' cm™'),
and normalized for the rate of reaction obtained in the absence of inhibitor.
One unit of GST activity is defined as the amount of enzyme that catalyses
the formation of 1 pumol of conjugate per minute at 25°C. Protein con-
centrations were determined by using the bicinchoninic acid (BCA)
method.

Chemistry

The GSH S-derivatives 4 and 6 were synthesized in good
overall yields employing solution phase procedures by
stepwise elongation of the peptide chain in the C-to-N
direction, as outlined in Schemes 1 and 2. A minor prob-
lem associated with the preparation of the target peptides
was the choice of the most convenient synthetic inter-
mediates, since Fmoc as well as methyl ester derivatiza-
tions had to be avoided to ensure N- and C-terminal
deprotection without affecting the base sensitive fluo-
renylmethyl S-protecting group (Bodanszky and Bednarek,
1982). We took note of the report by Hruby et al. (Han
et al., 2001), which describes an efficient method for the
selective removal of the Boc amino protecting group in
peptide #-butyl esters. For the purpose Boc-Cys(Fm)-Gly-
OBu' (1) was chosen as precursor to both tripeptides 4 and
6. Dipeptide 1 was obtained in good yields by DCC/
HOBt mediated condensation of commercially available
Boc-Cys(Fm)-OH with H-Gly-OBu, and then subject-
ed to Boc cleavage by means of HCl 4M in dioxane at
room temperature according to the cited protocol to pro-
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Scheme 1. Reagents and conditions: a) HCI1- H—Gly—OBu‘, DCC, HOBt, NMM, THF, 0°C, 5h and 5°C, 16 h; b) HC1 4 M in dioxane, r.t., 1 h; ¢) Boc-
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MeOH

vide HCIl-H-Cys(Fm)-Gly-OBu' (2). The subsequent
coupling via DCC/HOBt of the hydrochloride 2 with
Boc-Glu-OBu' to furnish the protected tripeptide Boc-
Glu[-Cys(Fm)-Gly-OBu']-OBu" (3) proceeded in good
yields (Scheme 1). The complete removal of N®-Boc
and t-butyl ester groups in the key compound 3 by
acidolysis with TFA 50% in DCM by following well-

established conditions afforded the corresponding tri-
fluoroacetate salt, which was then converted to the fully
deprotected tripeptide H-Glu[-Cys(Fm)-Gly-OH]-OH (4)
by addition of 0.1 M sodium phosphate buffer pH 7.

A simple modification of the aforementioned route
gave access to modified tripeptide 6 (Scheme 2). The
urethanic junction was built up by convenient S-function-

S

oBu' o] y O
Boc—NH/|;( a, Boc-NH P N
N OBu

S

Scheme 2. Reagents and conditions: a) 2, NMM,
dioxane, 80°C, 23 h; b) TFA 40% in DCM, r.t., 2h
30 min; ¢) NMM, H,0/MeOH
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alization of a protected serine residue. Thus acylation of
Boc-Ser-OBu' with p-nitrophenyl chloroformate accord-
ing to the procedure previously reported by us (Calcagni
et al., 1996) gave Boc-Glo(ONp)-OBu' as y-oxa-glutamic
acid (Glo) derivative. The active carbonate was coupled
with HCI - H-Cys(Fm)-Gly-OBu' (2) in the presence
of NMM in dioxane at 80°C for 23h to afford Boc-
Glo[-Cys(Fm)-Gly-OBu']-OBu" (5) in satisfactory yields.
The cleavage in a single step of all the protecting groups
in 5§ by TFA 40% in DCM, followed by treatment of
the resulting trifluoroacetate with NMM in hydro-alco-
holic solution, gave the deblocked pseudotripeptide H-
Glo[-Cys(Fm)-Gly-OH]-OH (6) in acceptable amounts.
The crude peptides 4 and 6 were purified to homogeneity
by gel filtration on a Sephadex LH-20 column and fully
characterized by optical rotation, NMR and FT-IR spec-
troscopy. The structures of the final peptides were con-
firmed by electrospray ionization mass spectrometry.

Results and discussion

The GSH conjugate 4 and its isostere 6 were synthesized
and assayed for their ability to inhibit the GSH conjuga-

tion reaction with CDNB, mediated by human GSTA1-1,
GSTP1-1 and GSTM2-2 isoenzymes. In the case of
H-Glu[Cys(Fm)-Gly-OH]-OH (4) an highly potent inhibi-
tory activity towards GST Al-1 was observed, with an
IC50=0.11 £0.01 uM (Fig. 1, Panel A). The same com-
pound is able to inhibit Mu and Pi isoforms efficiently
(IC50=6.45+0.74uM and 32.85 £ 1.26 uM, respec-
tively) (Fig. 1, Panels B and C). From the data shown,
conjugate 4 appears a far better inhibitor of the Alpha
protein in respect with the other isoenzymes, confirming
the role of the fluorenylmethyl nucleus in modulating the
interaction with the largely hydrophobic cavity typical of
this class. Based on these results, conjugate 4 seemed a
promising starting compound in the development of GSH-
derived selective GST inhibitors.

Unfortunately this derivative cannot be used in vivo due
to its v-GT sensitiveness. In the search for a metabolically
stable GST inhibitor, we exploited the chemical strategy
to remove the major site for metabolic attack with the
introduction of a more resistant carbamate junction. This
substitution was investigated for the potential to confer
stability towards y-GT, as well as to produce changes in
the nature of inhibition. In the inhibitory experiments
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Fig. 1. Inhibition of GST activity by H-Glu[-Cys(Fm)-Gly-OH]-OH (4) and H-Glo[-Cys(Fm)-Gly-OH]J-OH (6). Inhibition experiments were per-
formed at 25°C in 0.1 M potassium phosphate buffer pH 6.5 containing 1 mM GSH, 1 mM CDNB and variable amounts of inhibitor 4 or 6. Inhibition
of GSTA1-1, GSTM2-2 and GSTP1-1 activities by compound 4 is reported in panels A—C. Solid line is the best fit of experimental data to a
hyperbolic binding equation which fulfils the ICs, values of 0.11 £ 0.01 uM, 6.45 + 0.74 uM and 32.85 £ 1.26 uM for GSTA1-1 (panel A), GSTM2-
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conducted with GSTP1-1 and GSTM2-2, pseudopeptide
6 shows no appreciable activity, while a residual affinity
for the GSTAIl-1 isozyme 1is conserved (ICsy=
55.03 £4.79 uM) (Fig. 1, Panel D). This change in bio-
logical activity may be reasonably ascribed to a drop in
productive interactions at the level of the +-Glu subsite,
connected with the specific conformational and electronic
properties of the OCONH surrogate. Further studies on
characterization of enzyme inactivation type by com-
pounds 4 and 6 are under way.

Conclusions

The suggestion that the complex detoxifying pathways
involving GSH and glutathione-dependent proteins may
be concerned with anticancer drug resistance has spurred
much interest towards the development of specific mod-
ulators of xenobiotic conjugation and transport, with the
aim to provide increased understanding of resistance
mechanisms and to generate more effective tools for can-
cer treatment.

In this context a novel GSH conjugate and its y-oxa-
glutamyl isostere were synthesized and evaluated as GST
inactivators. The results of this study disclose an impor-
tant lead compound, which is characterized by an extreme-
ly potent and selective inhibitory activity towards human
GSTAI1-1. Further experimentation is necessary to prove
the nature of the binding for this strong inhibitor. The
incorporation of an OCONH unit as isosteric modification
of the native y-glutamyl moiety furnished a y-GT resis-
tant analog which maintains inhibitory activity towards
the GSTAI1-1 isoform, albeit to a weaker extent than the
parent compound, while is devoid of effects on the
remaining isoenzymes. Since our first introduction on
the GSH backbone, this chemical variation at the level
of the y-glutamyl peptide bond has been used extensively
in a variety of GSH-derived compounds in an effort to
confer stability to the resulting pseudopeptides. Invari-
ably, a comparison of the biological activity profile
between the unmodified and the modified peptides has
corroborated the conviction that the affinity of ligands
for GSH-related proteins is essentially governed by the
integrity of the ~-glutamyl moiety. For the case at hand,
the OCONH versus CONH replacement at the Glu-Cys
proteolytic site causes a real reduction of the inhibitory
effect towards all the three considered isoforms, but inter-
estingly the activity on the Alpha class is maintained at a
satisfactory extent and selectivity is conserved.

These derivatives will be worth studying further to
explore their full potential in the treatment of drug resis-

tant tumors, particularly those depending upon GSTAI-1
detoxifying activity.
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