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A Sulfur Mustard (bis-(2-chloroethyl) sulphide, HD), also known as yperite, is one of the most important blister agents.
It could react with a large number of biological molecules with a strong cytotoxicity effect, resulting in blistering, erosion
and necrosis of the skin and various tissues. Recently, several classes of microbial enzymes have been found to be able to
degrade HD with high catalytic activity but no disadvantages of the common chemical decontamination of HD. Haloalkane
dehalogenases (HLDs, EC3.8.1.5) draws great research attention for environmentally friendly decontaminating HD with only
nontoxic thiodiglycol produced. In order to provide theoretical reference basis for enzymatic decontamination of HD, this paper
reviews the observation and evolutionary relationship, structures, substrate specificities, catalytic properties and potential
applications of these HLDs with high catalytic hydrolysis of HD. The analysis shows that these HLDs belonging to the same
subfamily have different substrate specificities but similar spatial structures of the catalytic triad contributing to the common
SN2 nucleophilic substitution reaction mechanism for catalytic hydrolysis of HD. The paper also suggests that the problems on
improving poor stability of HLDs and efficiency of catalytic hydrolysis of HD should be addressed by methods of molecular
biology, genetic engineering and immobilized techniques.
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Table 1 Haloalkane dehalogenases observed in microbes

X 25 % R
EE%ZB% HLDs mﬁl St:l.jflre Reifri?;
Subfamily Organism .
available
DhlA  Xantobacter autotrophicus Yes [17]
HLD-I DhmA Mycobacterium avium No [23]
DmbB  Mycobacterium bovis No [24]
DppA  Plesiocystis pacifica No [30]
LinB  Sphingomonas aucimobilis Yes 1] [19]
DhaA  Rhodococcus rhodochrous Yes 1321 [20]
DbjA  Bradyrhizobium japonicum Yes 1331 [34]
HLD-II DmlA  Mesorhizobium loti No [34]
DmbA  Mycobacterium bovis Yes 1331 [24]
DatA  Agrobacterium tumefaciens No [29]
DmsA Mycobacterium smegmatis No U.D.
DbeA  Bradyrhizobium elkani Yes 1281 [28]
DadA Alcanivorax dieselolei B-5 No [27]
DadB  Alcanivorax dieselolei B-5 No [27]
HLD-IIT DmbC Mycobacterium bovis No [25]
DrbA  Rhodopirellula baltica No [25]
U.D.: R Hip 8.

U.D.: unpublished data.
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Fig. 1 Comparison of evolutionary and substrate specificity relationships
of nine wild-type HLDs "°. (a) The phylogenetic tree shows that the HLDs
are subdivided into three subfamilies: HLD-I, HLD-II and HLD-III. (b) The
dendrogram indicates that the HLDs can be classified into four substrate
specificity groups: SSG-I, SSG-II, SSG-III and SSG-IV.
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Table 2 Kinetics of spontaneous and enzymatic hydrolysis of sulfur
mustard by haloalkane dehalogenases (EC 3.8.1.5) measured at 37 °C and
pH7.5
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Fig. 2 Topology of haloalkane dehalogenases.
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Fig. 3 Crystal structure of LinB and its active site with substrate. (a)
a-helices are in red; f-sheets are in blue; loops are in grey, generated from
pdb file IMJ5. (b) In yellow is the catalytic triad with the nucleophilic
aspartate (D108), the histidine (H272), which activates a water molecule and
its assisting glutamate (E132). The halide-binding trypthophan (W109) and
asparagine (N38) are displayed in green.
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Fig. 4 Proposed catalytic mechanism for DhlA, DhaA and LinB of HLDs.
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