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Abstract: A comparative kinetic study of the rat-liver glutathione S-transferase catalysed dehalogenation
of fluoro- and chloroaromatic compounds showed no significant decrease of the F/Cl mobility ratio on
going from substrates that carry an ortho-nitro group to those which lack nitro groups near the reaction
centre. This suggests a so far unrecognized activity of S-transferases in providing “solvation” for the leaving

halide anion at the hydrophobic reaction cenire. © 1998 Elsevier Science Lid. Ali rights reserved.

Glutathione S-transferases are a family of enzymes occurring as dimeric proteins that play two vital roles:
detoxification of organisms and cellular translocation of material. Thus, they freed plants from herbicides' and
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llCl'DlLlUC, an dn[ULydIllIl, ora XCI]UDIULIL while the mechanism of transiocation of dIlUlULydIllIlb resembies that
of herbicides.” These conciusions were based on a series of experimental studies (comprising protein encoding by
dedicated genes,’ Michaelis-Menten kinetics,” and X-ray diffraction analysis for glutathione-substrate conjugates
within glutathione S-transferases™) as well as on theoretical calculations for model reactions.®

Important mechanistic aspects of the detoxification processes induced by glutathione S-transferases are still
unclear, however, which limits our possibilities of intervention in maintaining or restoring their full potential in
the liver, which, at present high level of environmental pollution, represents our primary guard. A case in point
is the glutathione S-transferase catalysed dehalogenation of haloaromatics, where kinetic studies with ortho-nitro
substituted substrates showed the relative leaving-group mobility order F > Cl = Br = L.” This is the order always

(9]

observed for ortho-nitro-activated nucleophilic aromatic substitution occurring by the addition-elimination
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exemplified by the dehalogenation of 4-halo

NI R P e Y P T [ T N T,
MOroocnzoyi-L.oA UC[ld.IUgCIldth wnicn was

interpreted in the framework of the SyAr mechanisms, generically assuming the leaving-group release in a slow
step,™ or suggesting, by a faulty reasoning, that this may simply be due to a rapid formation of the intermediate.™
Radical mechanisms have been alternatively taken into consideration.” What has never been questioned is why
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examined in processes catalysed by glutathione S-transferases possess an ortho-nitro group, which may represent

an intramolecular catalytic centre.* By examining aromatic substrates which lack nitro groups in the vicinity of
the reaction centre we obtained resuits that offer new clues as to the function of the active centre of the enzyme.
As substrates we chose 1-fluoro- 1 and 1-chloro-4,7-dinitronaphthalene 2,*® which, although lacking an
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1 X=F 4 X=F, Y=NO,
2 ¥X=C1l 5 X=C1l, Y=NO,
3 X=GS 6 X=Br, Y=NO,
7 X=GS, Y=NO,
8 X=F, Y=CF,
9 X=C1l, Y=CF,
10 X=GS Y=CPF
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ortho-nitro group, are highly activated, thus allowing determination of the kinetics of halogen replacement under
mild conditions. For comparison, the reactions of the ortho-nitro substituted substrates 4-6 and 8-9 were selected.

Products 3, 7 and 10 were prepared by non-enzymatic reactions”® and were fully characterized.” Rat-liver
glutathione S-transferase (EC 2.5.1.18) was purchased from SIGMA as a lyophilized, purified powder;'*!! Ellman-
standardized'? glutathione solutions in 0.1M potassium phosphate buffer at pH 6.5 were prepared under N, just

before use. Pseudo-first-order kinetics were run by adding to 2 ml of these glutathione solutions containing enzyme

107°M (assayed spectrophotometrically® at A = 280 nm) 20-50 x 10 * ml aliquots of either the benzene substrate
.-. LY N onliitinm2d ~e tha mamhthalama cithotrata tha lattar im TYAMQN far onlithilito ranonng? (tho ctarting with
11 I lqkll‘l SUHIULIULL Ul I 11 puuuucuc SUUSLLALL, LT 1allll 111 L/LIVIO\J 1UL DUL Ulllly 1TAdULIy L UiUd D Lill will

g IO PRS- B WACH IR W SUNNE RN Lo P T BTSRRI ( Vo RIS

initial concenirations lU M glll[d[ﬂl()ﬂc ang iU I bLIDb[I'cl[C) in a thermostatied cuvette at 25°C under magﬁellb
stirring. The reaction progress was monitored by the UV absorption increase at 380, 340 and 365 nm resulting
from formation of the products 3," 7 or 10, respectively. The electrical signal corresponding to the UV absorption
was sampled every 0.1 s (f, = 10 Hz) during 300 s."* The kinetic data were elaborated'® by the Lineweaver-Burk
linear version of the Michaelis-Menten equation. That the nature of the products under kinetic condition was the
same (3, 7, and 10) as under preparative conditions was confirmed by HPLC analysis™'® for reactions carried out
in flasks;'’ this also allowed to grossly confirm the kinetic data obtained by UV analysis.

The kinetic data for the benzene derivatives 5, 6, 8 and 9 (Table) conform to published values for a variety
of glutathlone S-transferases;” comparing these data with those for the naphthalene compound% (1 and 2) it is seen

cant decrease of the F/C1 mobility ratio on
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ortho-nitro group and 3.4 without) and the (k/K,)"/(k/K )"~ ratio (4.8 with ortho-nitro group and 0.8 without ).
These observations can be interpreted in the light of the recognized role of glutathione S-transferases to provide
a hydrophobic environment where a molecule of water is allowed to enter as a reactant:> our view is that an
ortho-nitro group may exert catalytic assistance to the removal of a proton from the nucleophile® - a thiol proton
in the glutathione S-transferase reactions®'® - thus masking the intrinsic mobility order F << Cl = Br = I in SyAr.*"
Since, as seen above, in the glutathione S-transferase processes fluorine is a good leaving group even in absence
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able. Kinetic data for glutathione S-transferase catalysed dehalogenation of nitro- (and trifluoromethyl) activated
haloaromatic compounds
X, C1 X
k, Kn k/Kp k., k/K,,)
1
) M) | omtgt (/K™
DNN? DNB® DNN* | DNB TNB®
1-fluoro-4, 7-dinitronaphthalene? 1551 | 35010 | (4.220.2)10° 34 0.8
ey
{-chloro-4,7-dinitronaphthalene’ | 4.4204 | 8123 | (52:03)10" 1.0 1.0
2
1-ﬂuoro-2,4-dinitrol:»e:nzene‘:l 4) 19+2 92+4 (2.020. l)l()5 3.7 4.8
1-chloro-2,4-dinitrobenzene® (5) | 5.120.5 | 1205 | (4.220.2)10° 1.0 1.0
1-bromo-2,4-dinitrobenzene? 6) 7.6x0.6 1506 (5.1::0.2)1()4 1.5 1.2
1-fluoro-4-trifluoromethyl-2-nitro (1.01£0.06)10° 9.0
benzene® (8)
1-chioro-4-trifinoromethyl-2-nitro {i.12+0.00)1 0 i.0
benzene® (9)
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“Data at a single concentration, 4x1073 M, which only allows the value of k /K to be determined.

of the potential assistance of an nitro group placed near the reaction centre, we suggest that these enzymes, while
assisting deprotonation of glutathione SH or stabilisation of glutathione S','* are able to provide “solvation” for

the leaving group at the hydrophobic reaction centre. This should hold for all enzymes in this family and not only
for the SIGMA preparation of glutathione S-transferase” since the kinetic properties of the subunits are additive,
i.e. they act independently, as if the units were joined from the side opposite to the glutathione and substrate
binding sites.?

We thank Mr A. Sterni for running the mass spectra, and MURST (Progetti 40%) and CNR, Roma, for financial

support.
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7: UV (MeOH), A, (€) 340 (10500), 262 nm (6500). 'H NMR (CD,0D) &, 8.99 (d, J;; 2.5, 3-H); 8.49 (dd, J; , 9.0,
(three s, C-1, C-2, C4), 145.67, 146.09, 53.84 (d, C-7), 53.60 (d, C-2)), 41.80 (t, C-10"), 34.99 (1, CH,S), 32.39 (t,

and 6-H); 3.69 and 3.37 ((dd, J 13.9, 5.1) and (dd, J 13.9, 9.0), resp., H,-CS); 4.05 (1, J,., 6.9, 2'-H); 2.19 (n, 3-H,);

C-10), 34.83 (t, CH,S), 32.33 (t, C-4", 26.97 (t, C-3"),. FAB-MS (glycerol, H") m/z 497 (MH*, 2%).
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