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These reactions also contribute to the biodegradation of explosives.

Tn our studies [ 1-5, 7] since 1998 we examined the following mechanisms of flavoenzyme-catalyzed
reduction of nitroaromatic explosives:
a) single-electron reduction by flavoenzymes NADPH:eytoch
P-450 reductase, ferredoxin:NADP™ reductase, and others. These reactions follow an oute sphere
clectron-transfer model, i.c., the reactivity increases with an increase in their single-clectron reduction
potential of compounds (E'>, '+, (www.bchilt/potential.pdf), and is relatively insensitive to
their structural pecularities (Fig. ) . Among thje explosives, the typical reactivity order is tetryl

pentryl = TNC > TNBO ~ INT ~ DNBF > NHOH-DNTs ~ NH2-DNTs > NTO ~ ANTA.
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Fig.3 QSAR in the reduction of ArNO, by electrontransferases eytochrome P-450 reductase (P- No,
450R), NO-synthase (aNOS), adrenodoxin reductase/adrenodoxin comples (ADR-ADX). o
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to their streture. In NQO 1-catalyzed reactions, reactivity increases with an increase in the highest w0 i

torsion angle between the nitrogroup(s) and the aromatic ring, and is relatively insensitive to their Van o
der Waals volume (VdWvol). In NR-catalyzed reactions. reactivity decreases after an increase in.
VAWyol above 0.3 mn’. A similar trend is observed in the reactions of E. cloacae PB2 NADPH:PETN .
Fig. 6 Structural formulae of 4

explosives: 2.4

(TINT) (1),

reductase (PETNR), which performs both two-electron reduction of nitrogroup (Seheme 1) or aromatic 24 -
ring (Scheme 2). I *
(pentryl) (3). (Ilprlun (4, tripentryl (5). 22" 447,66 -hexanitro-diphenylamine (hexyl) (6).
We also examined the the mammnalian cell eytotosieity of nitroaromatie explosives. Using two cell lnes, hexy byl (7). 456.7
we found that the eytotoxicity of explosives increases with an inerease in their £%7ar E'7.) . except for the (INC) (9).4

amino- and hydroxylamino- metabolites of TNT. which possess higher than expected cytotoxicity [2, 4].
Typically, the order of eytotoxicity is tetryl, pentryl = TNC > . DI > NTO. ANTA. The protective
effects of anfioxidants show that the main eylotoxicity mechanism id oxidative stress (free radical
formation). Inhibitor of NQO1, diocumarol. shows controversial effects, thus, the role of two-electron
reduction by NQOI in the mammalian cell cytotosicify of nifroaromatic explosives remains further

elucidation.

(tetryl) (2). 2.4,

(TNBO) (8). 136
(DNBF) (10),

5 1.2.4-triazole (ANTA) (11),
and S-nitro-1.2 4-triazol-3-one (NTO) (12).
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Itis important to note that 2¢4¢” reduction being catalyzed by the “oxygen-insensitive’ nifroreductases of
numerous bacteria, microorganisms, and fungi. also make a firststep in the biodegradation of nitroaromatic
explosives in the environment. In parallel, certain nitroreductases reduce the aromatic ring with the
formation of . which further undergo den (Seheme 2).
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