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Abstract The catalytic activity of hexahistidine-tagged or-
ganophosphorus hydrolase (His6-OPH) in hydrolytic reac-
tions of methylphosphonic acid (MPA) and its monoesters
and diesters being decomposition products of R-VXwas dem-
onstrated for the first time. The catalytic constants of enzyme
in such reactions were determined. The mechanism of C–P
bond cleavage in the MPA by His6-OPH was proposed. Such
reaction was estimated to be carried out with the soluble and
nanocapsulated forms of His6-OPH. His6-OPH was demon-
strated to be capable of degrading the key organophosphorus
components of reaction masses (RMs) that are produced by
the chemical detoxification of R-VX and RMs are multi-
substrate mixtures for this enzyme. The kinetic model describ-
ing the behaviour of His6-OPH in RMs was proposed and was
shown to adequately fit experimental points during degrada-
tion of the real samples of RMs.
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Introduction

Phosphonates are a class of organophosphorus compounds
(OPCs) with a C–P bond that is quite resistant to chemical
hydrolysis and thermal degradation (Freedman and Doak
1 9 5 7 ) . P h o s p h o n a t e s i n c l u d e b i o g e n i c ( 2 -
aminoethylphosphonic acid (Horiguchi and Kandatsu 1959),
a lafosfa l in and fosfomycin (Hi lderbrand 1983) ,
methylphosphonic acid (MPA) (Metcalf et al. 2012), etc.)
and anthropogenic compounds. The latter includes organo-
phosphorus chemical warfare agents (OP CWAs) classified
as nerve agents (VX, R-VX, sarin, soman, etc.) (Munro
et al. 1999). Their detoxification yields less toxic MPA esters,
which are resistant to decomposition even in soils, where they
can be found after decades at depths over 1 m (Small 1984).

According to the Organisation for the Prohibition of
Chemical Weapons (OPCW) (Organisation for the
Prohibition of Chemical Weapons 2014), over 78 % of
Category 1 CWAs had been destroyed by 2014, including
90 and 78 % of the stockpile in USA and Russia, accordingly.
The remaining CWAs are scheduled for disposal by the end of
2023 and 2015 in USA and Russia, respectively. In Russia, the
remaining CWAs mostly include OP nerve agents. R-VX, the
most toxic of these, makes up a half of the stockpile. So, the
lethal doses are 0.14, 0.05 and 0.008 mg/kg for soman, sarin
and VX, respectively (Gupta 2009).

The method employed in Russia for the chemical destruc-
tion of R-VX stockpiles involves injecting 3–7 % (v/v) aque-
ous acid or base solution as hydrolysing agent into a piece of
munitions containing up to 90–93 % (v/v) OP CWA without
removing the CWA from munitions and allowing the reaction
to proceed over 80 to 100 days (Utkin et al. 2009). The
resulting reaction masses (RMs) containing a variety of
p h o s p h on a t e s ( 0 . 1 w t .% R -VX , 2 w t .% O ,O
′-(diisobutyl)methylphosphonate (DIBEMPA), 54.4 wt.%
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