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(57) ABSTRACT 

Disclosed herein are novel coatings and paints comprising a 
biomolecule composition, Wherein the biomolecule compo 
sition comprises a phosphoric triester hydrolase. Also dis 
closed herein are methods of detoxi?cation of a surface 
contaminated With an organophosphorus compound by con 
tacting the surface With such a coating or paint. Also 
disclosed herein are novel coating and paint components 
derived from microorganisms. 



US 2004/0109853 A1 

BIOLOGICAL ACTIVE COATING COMPONENTS, 
COATINGS, AND COATED SURFACES 

[0001] This application claims the bene?t of Provisional 
Patent Application Entitled “Bioactive Protein Paint Addi 
tive, Paint, and Painted Various,” Ser. No. 60/409,102, ?led 
Sep. 9, 2002, incorporated herein in its entirety by reference. 

BACKGROUND OF THE INVENTION 

[0002] A. Field of the Invention 

[0003] The present invention relates generally to the ?eld 
of biological molecules as components of coatings confer 
ring an activity or other advantage to the coating proteina 
ceous molecule related to the biological molecule. More 
speci?cally, the present invention relates to proteins as such 
components of coatings. In one speci?c regard, the present 
invention relates to protein compositions capable of orga 
nophosphorus detoxi?cation, and methods of reducing orga 
nophosphorus compounds on surfaces. More speci?cally, 
the present invention relates to coatings such as paints that 
degrade organophosphorus compounds such as pesticides 
and chemical Warfare agents. The present invention further 
relates to paint and coating compositions and methods of 
their use to detoxify organophosphorus chemical Warfare 
agents. 

[0004] B. Description of the Related Art 

[0005] Organophosphorus compounds (“organophosphate 
compounds” or “OP compounds”) and organosulfur (“OS”) 
compounds are used extensively as insecticides and are 
highly toxic to many organisms, including humans. OP 
compounds function as nerve agents. The primary effects of 
exposure to these agents are very similar, including inhibi 
tion of acetylcholinesterase and butyrylcholinesterase, With 
the subsequent breakdoWn of the normal operation of the 
autonomic and central nervous systems (Gallo and LaWryk, 
1991). 
[0006] Over 40 million kilograms of OP pesticides are 
used in the United States annually (Mulchandani, A. et al., 
1999a). The number of people accidentally poisoned by OP 
pesticides has been estimated to be upWards of 500,000 
persons a year (LeJeune, K. E. et al., 1998). Depending on 
the toxicity to the organism (e.g., humans), repeated, pro 
longed and/or loW-dose exposure to an OP compound can 
cause neurotoxicity and delayed cholinergic toxicity. High 
dose exposure can produces a fatal response (Tuovinen, K. 
et al., 1994). 

[0007] Arguably of greater danger to humans, hoWever, is 
the fact that some of the most toxic OP compounds are used 
as chemical Warfare agents (“CW ”). Chemical Warfare 
agents are classi?ed into G agents, such as GD (“soman”), 
GB (“sarin”), GF (“cyclosarin”) and GA (“tabun”), and the 
methyl phosphonothioates, commonly knoWn as V agents, 
such as VX and Russian VX (“R-VX” or “VR”). The most 
important CWAs are as folloWs: tabun (O-methyl dimethy 
lamidophosphorylcyanide), Which is the easiest to manufac 
ture; sarin (“isopropyl methylphosphono?uoridate”), Which 
is a volatile substance mainly taken up through inhalation; 
soman (“pinacolyl methylphosphono?uoridate”), a moder 
ately volatile substance that can be taken up by inhalation or 
skin contact; cyclosarin (“cyclohexyl methylphosphonof 
luoridate”), a substance With loW volatility that is taken up 
through skin contact and inhalation of the substance as a gas 
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or aerosol; and VX (“O-ethyl S-diisopropylaminomethyl 
methylphosphonothioate”) and its isomeric analog R-VX 
[“O-isobutyl S-(2-diethylamino)-methylphosphonothioate, 
R-VX or VR”], both of Which can remain on material, 
equipment and terrain for long periods, such as Weeks, With 
R-VX being an especially persistent substance. All CWAs 
are colorless liquids With volatility varying from VX to 
sarin. VX is an involatile oil-like liquid, While sarin is a 
Water-like, easily volatiliZed liquid. By addition of a thick 
ener (e.g., a variety of carbon polymers), soman or other 
more volatile agents may be made to be less volatile and 
more persistent. 

[0008] The CWAs are extremely toxic and have a rapid 
effect. Such agents enter the body through any of the 
folloWing manners: inhalation, direct contact to the skin 
With a gas or With a contaminated surface, or through 
ingestion of contaminated food or drink. The poisoning 
effect takes longer When the agents enter through the skin, 
but is much faster When they are inhaled because of the rapid 
diffusion in the blood from the lungs. These toxins are 
fat-soluble and can penetrate the skin, but take longer to 
reach the deep blood vessels. Because of this, the ?rst 
symptoms may not appear for 20-30 minutes after initial 
contact With a contaminated surface. This increases the 
danger for personnel entering a contaminated area, because 
the contamination may not be detected for 30 minutes or 
more (depending on concentrations) after the contaminated 
area is entered. 

[0009] The ?rst and most important method of protection 
from nerve agents is to prevent exposure. For military 
personnel and other ?rst responders, masks and full body 
protective gear are available, but this equipment has certain 
draWbacks. Impermeable suits and even some air permeable 
suits are bulky and hot. The equipment inhibits free move 
ment and tasks are harder and take longer to complete. In 
addition to those factors, hard physical Work in these suits 
this may cause heat stress or even collapse. There may also 
be long delays before decontamination can be completed so 
the protective gear must be Worn for long periods. This 
makes for a marginally acceptable ?rst defense against a 
chemical Warfare agent attack. Decontamination is also 
time-consuming so the equipment must often be destroyed 
and neW equipment provided. It is also dif?cult to provide 
everyone With such protective equipment in the general 
population, and the effectiveness of such equipment dimin 
ishes during use. Tasks requiring detailed Work using ?ngers 
and hands such as keystrokes on a keyboard, or pushing 
buttons on phones or equipment can be severely hampered 
by such bulky protective gear. 

[0010] In addition to direct contact With a gaseous agent 
during an attack, surfaces that are exposed to the gas retain 
their toxicity for long periods of time. The OP nerve agents 
are soluble in materials such as paint, plastics, and rubber, 
alloWing agents to remain in those materials and be released 
over long time periods. Nerve agents With thickening agents 
are even more persistent and dif?cult to decontaminate from 
a painted surface such as a Wall, vehicle, or even a computer 
keyboard. It is understood that on painted metal surfaces, 
soman may persist for from one to ?ve days, and that the less 
volatile VX may persist for 12 to 15 days. Under certain 
environmental conditions, OP compounds have been shoWn 
to persist inde?nitely. On surfaces that are convoluted such 
as the surface of a military vehicle, the hidden surfaces that 
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are less exposed to the environment can be especially 
dif?cult to decontaminate. Decontamination also requires 
detection, Which is often not possible, and so resources and 
time may be Wasted treating uncontaminated surfaces. 

[0011] Historically, most approaches to chemical agent 
decontamination have focused on the treatment of surfaces 
after chemical exposure, Whether real or merely suspected, 
has occurred. There are several current methods of decon 
tamination of surfaces. One method is post-exposure Wash 
ing With hot Water With or Without addition of detergents or 
organic solvents, such as caustic solutions (e.g., DS2, 
bleach) or foams (e.g., Eco, Sandia, Decon Green). Addi 
tional types of methods are anapplication of use of intensive 
heat and carbon dioxide applied for sustained periods, and 
incorporation of oxidiZing materials (e.g., TiO2 and porphy 
rins) into coatings that, When exposed to sustained high 
levels of UV light, degrade chemical agents (Buchanan, J. H. 
et al., 1989; Fox, M. A., 1983). Chemical agent resistant 
coatings (“CARCs”) have been developed to Withstand 
repeated decontamination efforts With such caustiZe and 
organic solvents. HoWever, the resulting “decontaminated” 
materials are often still contaminated. Moreover, many 
decontamination procedures aerosoliZe contaminants on sur 
faces to be cleaned. In addition, it is often hard to clean 
certain kinds of surfaces such as those With rough texture, or 
With deep crevasses and other hard to reach areas that must 
often “self-decontaminate.” 

[0012] Although each of these approaches can be effective 
under speci?c conditions, a number of additional limitations 
exist. Caustic solutions degrade surfaces, create personnel 
handling and environmental risks, and require transport and 
mixing logistics. Additionally, alkaline solutions, such as a 
bleaching agent, is both relatively sloW in chemically 
degrading VX OPs and can produce decontamination prod 
ucts nearly as toxic as the OP itself (Yang, Y.-C. et al., 1990). 
While foams may have both non-speci?c biocidal and 
chemical decontamination properties, they require transport 
and mixing logistics, may have personnel handling and 
environmental risks, and are not effective on sensitive elec 
tronic equipment or interior spaces. CARCs have been 
shoWn to become porous after sustained UV light exposure 
that can create a sponge effect that may actually trap 
chemical agents and delay decontamination. Moreover, 
these approaches are not Well suited for decontamination of 
convoluted surfaces. Decontamination With heat and carbon 
dioxide presents logistical requirements and does not alloW 
rapid reclamation of equipment. UV-based approaches can 
be costly and have logistical requirements, including access 
to UV-generating equipment and poWer, as Well as the 
production of toxic byproducts of degradation (Yang, Y.-C. 
et al., 1992; Buchanan, J. H. et al., 1989; Fox, M. A., 1983). 

[0013] One attempted solution to the problem of surface 
contamination has been to provide paints With shedding 
(“chalking”) properties such as an acrylic surface that may 
shed, or at least not be penetrated by a CWA, making 
decontamination easier. This has been unsatisfactory solu 
tion, hoWever, because the area remains contaminated and 
there is no Way to knoW if the surface is or is not poisonous. 
In addition, shedding coatings over existing painted surfaces 
require additional materials and labor over a single coating. 
Shedding may or may not occur over timeframes necessary 
to protect personnel from residual nerve agents on contami 
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nated surfaces, and in many instances may require Washing 
despite the shedding characteristic. 

[0014] Various enZymes have been identi?ed that detoxify 
OP compounds, such as organophosphorus hydrolase 
(“OPH”), organophosphorus acid anhydrolase (“OPAA”), 
and DFPase, Which detoxi?es 0,0-diisopropyl phosphorof 
luoridate (“DFP”). A number of civilian (e.g., Texas A&M 
University, private sector), and military laboratories [e.g., 
the Army research facilities at EdgeWood (SBCCOM)] have 
Worked on enZyme-based detection or decontamination sys 
tems for OP compounds. Various approaches taken in such 
laboratories include dispersion systems or immobiliZation 
systems of one or more OP degrading enZymes for use in 
detection or decontamination of OP compounds, as Well as 
for convenience of handling of the enZyme preparation. 

[0015] Sensors of OP compounds using an OP compound 
degrading enZyme have been described primarily for the 
detection of OP pesticides. OP compound sensors have been 
described that detect pH changes upon OP compound deg 
radation using recombinant Escherichia coli cells express 
ing OPH cryoimmobiliZed in poly(vinyl)alcohol gel spheres 
(Rainina, E. I. et al., 1996). Endogenously expressed OPH 
from Whole Flavobacterium sp. cells or cell membranes 
have been described as immobiliZed to glass membrane 
using poly(carbamoyl sulfonate) and poly(ethyleneimine) to 
produce a sensor of pH changes due to OP compound 
degradation (Gaberlein, S. et al., 2000a). OP compound 
sensors have been described that detect pH changes upon OP 
compound degradation using recombinant Escherichia coli 
cells, expressing OPH cytosolically or at the cell surface, 
that Were ?xed behind a polycarbonate membrane (Mul 
chandani, A. et al., 1998a; Mulchandani, A. et al., 1998b). 
An OP compound sensor has been described that detects 
optical changes upon OP compound degradation using 
recombinant Escherichia coli cells, expressing OPH at the 
cell surface, that Were admixed in loW melting point agarose 
and applied to membrane that Was affixed to a ?ber optic 

sensor (Mulchandani, A. et al., 1998c). 

[0016] An OP compound sensor has been described that 
detects pH changes upon OP compound degradation using 
puri?ed OPH chemically cross-linked With bovine serum 
albumin by glutaraldehyde on an electrode’s glass mem 
brane and covered With a dialysis membrane (Mulchandani, 
P. et al., 1999). Such chemically cross-linked OPH has been 
placed on a nylon membrane, and the membrane af?xed to 
a ?ber optic sensor to detect optical changes upon OP 
compound degradation (Mulchandani, A. et al., 1999a). 
Puri?ed OPH has been immobiliZed by glutaraldehyde to 
glass-beads having aminopropyl groups in the construction 
of an OP compound degradation sensor (Mulchandani, P. et 
al., 2001a). An OP compound sensor has been described that 
detects optical changes upon OP compound degradation 
using recombinant Moraxella sp. cells, expressing OPH at 
the cell surface, that Were admixed in 75% (W/W) graphite 
poWder and 25% (W/W) mineral oil and placed into an 
electrode cavity (Mulchandani, P. et al., 2001b). Puri?ed 
OPH Was attached to silica beads by glutaraldehyde or 
N-y-maleimidobutyryloZy succinimide ester linkages, and 
the beads placed as a layer on a glass slide to construct a 
sensor (Singh, A. K. et al., 1999). Puri?ed OPH has been 
labeled With ?uorescein isothiocyanate and absorbed to 
poly(methyl methacrylate) beads that Were placed on a 
nylon membrane to construct a sensor that detects OP 
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compound cleavage by decreased ?uorescence (Rogers, K. 
R. et al., 1999). Puri?ed OPH has been immobilized by 
placement Within a poly(carbamoyl sulfonate) prepolymer 
that Was alloWed to polymerize on a heat-sealing ?lm in the 
construction of a sensor (Gaberlein, S. et al., 2000b). A 
puri?ed fusion protein comprising OPH and a FLAG 
octapeptide sequence Was immobilized to magnetic particles 
(Wang, J. et al., 2001). Additional sensors using OPH have 
been described (Mulchandani, A. et al., 2001). 

[0017] Different OP compound degrading enzyme com 
positions have been described, primarily for the detoxi?ca 
tion of OP pesticides (Chen, W. and Mulchandani, A., 1998; 
LeJeune, K. E. et al., 1998a). Aparathion hydrolase enzyme 
degrading cell extract has been immobilized onto silica 
beads and porous glass (Munnecke, D. M., 1979; Munnecke, 
D. M., 1978). OPH has also been immobilized onto porous 
glass and silica beads (CaldWell, S. R. and Raushel, F. M., 
1991b). Puri?ed OPH has been mixed With ?re ?ghting 
foams in an attempt to create a readily dispersible decon 
tamination composition (LeJeune, K. E., and Russell, A. J ., 
1999; LeJeune, K. E. et al., 1998b). Puri?ed OPH has been 
incorporated into micelles in an OP compound degradation 
device (Komives, C. et al., 1994). Puri?ed OPH has been 
encapsulated in a liposome for use in OP compound degra 
dation (Pei, L. et al., 1994; Petrikovics, I. et al., 1999). OPH 
enzyme supported by glass Wool in a biphasic solvent and 
gas phase reactor for OP compound detoxi?cation has been 
described (Yang, F. et al., 1995). Puri?ed OPH has also been 
immobilized onto trityl agarose and nylon (Caldwell, S. R. 
and Raushel, F. M., 1991a). Recombinant Escherichia coli 
cells co-expressing OPH and a surface expressed cellulose 
binding domain have been immobilized to cellulose sup 
ports (Wang, A. A. et al., 2002). Partly puri?ed OPH, 
acetylcholinesterase or butyrylcholinesterase has been 
incorporated into polyurethane foam sponges (Havens, P. L. 
and Rase, H. F., 1993; Gordon, R. K. et al., 1999). Partly 
puri?ed or puri?ed OPH has been incorporated into solid 
polyurethane foam (LeJeune, K. E. and Russell, A. J ., 1996; 
LeJeune, K. E. et al., 1997; LeJeune, K. E. et al., 1999). 
Recombinant Escherichia coli cells expressing OPH have 
been immobilized in a poly(vinylalcohol) cryogel (Hong, M. 
S. et al., 1998; Efremenko, E. N. et al., 2002; Kim, J.-W. et 
al., 2002). Puri?ed OPH has been immobilized in polyeth 
ylene glycol hydrogels (Andreopoulos, F. M. et al., 1999). 
Recombinant Escherichia coli expressing OPH at the cell 
surface has been immobilized to polypropylene fabric by 
absorption of the cells to the fabric (Mulchandani, A. et al., 
1999b). Puri?ed OPH Was immobilized to mesoporous silica 
by Tris-(methoxy)carboxylethylsilane or Tris-(meth 
oxy)aminopropylsilane (Lei, C. et al., 2002). A fusion pro 
tein comprising OPH and a cellulose-binding domain has 
been immobilized to cellulose supports (Richins, R. D. et al., 
2000). Sonicated Escherichia coli cells expressing a fusion 
protein comprising OPH, a green ?uorescent protein, and a 
polyhistidine sequence as an af?nity tag, have been attached 
to a nickel-iminodiacetic acid-agarose bead resin (Wu, C.-F. 
et al., 2002). A fusion protein comprising OPH and a 
polyhistidine sequence as an af?nity tag has been attached to 
a chitosan ?lm (Chen, T. et al., 2001). A puri?ed fusion 
protein comprising an elastin-like polypeptide and OPH has 
shoWn to reversibly bind to the hydrophobic surface of 
polystyrene plates at temperatures above 37° C. (Shimazu, 
M. et al., 2002). 
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[0018] In addition to OPH, other OP compound enzyme 
compositions have been described. Puri?ed OPAA has been 
encapsulated in a liposome for use in OP compound degra 
dation (Petrikovics, I. et al., 2000a; Petrikovics, I. et al., 
2000b). Puri?ed OPAA has been mixed With ?re ?ghting 
foams, detergents, and a skin care lotion in an attempt to 
create a readily dispersible decontamination composition 
(Cheng, T.-C. et al., 1999). Puri?ed squid-type DFPase has 
been encapsulated in erythrocytes for use in OP compound 
degradation (McGuinn, W. D. et al., 1993). Puri?ed squid 
type DFPase has been coupled to agarose beads (Hoskin, F. 
C. G. and Roush, A. H., 1982). Puri?ed squid-type DFPase 
has also been incorporated into a polyurethane matrix 
(Drevon, G. F. et al., 2002; Drevon, G. F. et al., 2001; 
Drevon, G. F. and Russell, A. J., 2000). 

[0019] US. Patent Publication No. US 2002/0106361 A1 
discusses a marine anti-fungal enzyme for use in a marine 
coating. HoWever, the substrate for the enzyme Was incor 
porated into the marine coating, and the enzyme Was in a 
marine environment as the organism from Which it Was 
obtained. Immobilized enzymes in an latex are discussed in 
the April, 2002 edition of “Emulsion Polymer Technolo 
gies,” by the Paint Research Association Website http:// 
WWW.pra.org.uk/publications/emulsion/emulsion high 
lights-2002.htm. 

[0020] HoWever, to date, there has been limited success in 
using these and other approaches to harness the potential of 
these enzymes in systems that can be readily and cost 
effectively used in ?eld-based military or civilian applica 
tions. Thus, despite the current understanding of the various 
OP compound degrading compositions and techniques, 
Whether based on caustic chemicals or enzymes, there is a 
clear and present need for compositions and methods that 
can readily be used in OP compound degradation. This is 
particularly true for the detoxi?cation of OP chemical War 
fare agents. In particular, compositions and methods are 
needed that Will detoxify surfaces contaminated With OP 
compounds. 

SUMMARY OF THE INVENTION 

[0021] The present invention provides compositions and 
methods for their use as components of surface treatments 
such as coatings. More speci?cally, the present invention 
provides compositions and methods for incorporating bio 
logical molecules into coatings in a manner to retain bio 
logical activity conferred by such biological molecule. 

[0022] The present invention provides compositions and 
methods capable of effective decontamination of OP com 
pounds, as Well as prophalactic protection of buildings, 
equipment, and personel that contact such objects, from OP 
compounds, including CWAs. As they relate to detoxi?ca 
tion of OPs, the compositions and methods disclosed herein 
differ substantially from prior efforts, Which focus on enzy 
matic detoxi?cation of chemical compounds by application 
of a decontamination composition or method to the site of 
contamination after contact With the chemical compound. 
The preferred embodiments of the present invention repre 
sent a paradigm shift in chemical decontamination. They 
demonstrate usable compositions and methods for prophy 
lactic protection of a site prior to contact With a chemical by 
prior application of a protective coating comprising an 
enzyme composition of the present invention. While pro 
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phylactic treatment With the coatings of the invention are a 
preferred embodiment, such a coating can also be used to 
coat a surface after contamination occurs. A preferred coat 
ing comprises a paint. Speci?cally, a paint comprising a 
preferred enZyme composition of the present invention 
degrades an organophosphorus compound, including a 
chemical Warfare agent, into a signi?cantly less toxic com 
pound. Another preferred coating comprises a clear coat, a 
textile treatment, a Wax, elastomer, or a sealant. 

[0023] Further, the present disclosure is the ?rst compo 
sition of Which Applicant is aWare that comprises a bioactive 
molecule such as an enZyme composition that retains activ 
ity after being admixed With paint. In addition, it still retains 
activity after the paint is applied to a surface, and renders the 
surface bioactive. 

[0024] In light of these and additional disclosures herein, 
it is noW possible to produce paints and other coatings that 
detoxify chemical compounds for extended periods. 
Remarkably, a preferred enZyme composition of the present 
invention remained stable in the coating for an extended 
period of time (e.g., months) at ambient conditions. It is 
contemplated that the extended period of activity may 
further comprise time periods in excess of a year. In par 
ticular, stabiliZed embodiments of the enZyme composition 
are designed to enhance the life time of the biomolecule 
composition in a coating and on a surface. In a preferred 
embodiment, the invention comprises at least one polymer 
based compound that provides prophylactic protection and 
continuous detoxi?cation of an organophosphorus nerve 
agent. 

[0025] In certain embodiments, it is contemplated that the 
compositions and methods of the present invention may be 
used to produce self-decontaminating surfaces that remain 
active for extended periods. In a speci?c aspect, it is 
contemplated that such a self-decontaminating surface Will 
not need additional decontamination compositions or meth 
ods to effect decontamination, thereby minimiZing logistical 
requirement. In a particular aspect, it is contemplated that 
the compositions and methods of the present invention may 
be easily applied in advance of, during or after exposure to 
a chemical compound. In another preferred aspect, the 
compositions and methods of the present invention Will be 
used in conjunction With existing other decontamination 
compositions and methods. In a preferred facet, the compo 
sitions and methods of the present invention are applied in 
advance of, during or after a ?eld-based military operation 
to protect troops against a chemical Warfare agent. 

[0026] A recombinant phosphoric triester hydrolase may 
be produced using speci?c expression vectors in a variety of 
host cells. In the practice of the present invention, any of the 
described cells, nucleic acid sequences, genes, gene frag 
ments, vectors and transcriptional or translational signals 
may be used, or any others that are knoWn in the art. In 
preferred facets, the enZyme is groWn in bacterial, fungal, 
plant (e.g., corn), or insect cells. In preferred embodiments, 
an expression vector includes an opd DNA fragment in the 
correct orientation and reading frame With respect to the 
promoter sequence to alloW translation of the opd gene or 
gene fragment. In a speci?c aspect, the expression vector 
produces heterologous expression of the opd gene or gene 
fragment. In particularly preferred embodiments of the com 
position, the enZyme is an OPH enZyme. In other preferred 
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embodiments the enZyme is an OPAA enZyme. In other 
preferred embodiments, the enZyme is a DFPase. Examples 
of the cloning and expression of exemplary opd gene and 
gene fragments are described (McDaniel, S. et al., 1988; 
McDaniel, 1985; Wild, J. R. et al., 1986; each incorporated 
herein in its entirety by reference). 

[0027] In general embodiments, a biomolecule of the 
present invention refers to a compound comprising one or 
more chemical moieties normally produced by a living 
organism such as an amino acid, a nucleic acid, a sugar, a 
lipid, or a combination thereof. The invention provides a 
coating comprising a biomolecule composition, Wherein the 
biomolecule composition comprises an active biomolecule. 
A biomolecule typically has a function in or upon a living 
organism, such as binding another molecule, catalyZing a 
chemical reaction, or a combination thereof. Speci?c 
examples of such activity by a biomolecule include an 
antibody binding an antigen, a cell receptor binding a ligand, 
an enZyme binding a substrate, a transport protein may bind 
a ligand, etc. In some aspects, binding a ligand may be a 
desired activity such as, for example, to sequester an undes 
ired molecule, such as a toxin, to the biomolecule. Often, a 
biomolecule’s activity further comprises a speci?c chemical 
reaction in addition to a physical/chemical af?nity for 
another molecule. For example, an enZyme may accelerate 
a chemical reaction upon the bound substrate, a cell receptor 
may change conformation and/or become enZymatically 
active or inactive toWard a second substrate, a transport 
protein may mitigate the movement of a molecule, etc. In 
another example, a biomolecule may comprise a ligand that 
induces or inhibits such activity in an enZyme, a cell 
receptor, a transport protein, and the like. 

[0028] An “active biomolecule” refers to biomolecule that 
retains these types of properties in a coating of the present 
invention. The ability to confer bioactivity to a coating 
provides numerous uses in addition to the preferred bioac 
tivity of detoxi?cation of OP compounds. 

[0029] Further, disclosed herein is the discovery that an 
active biomolecule may function in a coating in environ 
ments differing from the native environment of the organism 
from Which it Was obtained or derived. For example, an 
active biomolecule may retain activity in a coating under 
conditions of temperature, salinity, pH, moisture, or a com 
bination thereof that differ from the organism’s native envi 
ronment. 

[0030] The ability of a biomolecule to retain its function as 
an active biomolecule in a composition of the present 
invention, particularly a coating, may be detected and mea 
sured by any technique knoWn to one of ordinary skill the 
art, including the various assays described herein. 

[0031] A further disclosure of the present invention is the 
preparation of an active biomolecule With a limited number 
of processing and/or puri?cation steps from other cellular 
molecules of the organism in Which it Was produced. Typi 
cally, the organism is a microorganism. The combination of 
an active biomolecule and such cellular molecules is knoWn 
herein as a “biomolecule composition.” It is contemplated 
that the inclusion of such cellular molecules may provide a 
protective or stabiliZing effect for the activity of the active 
biomolecule. An example Would be the protective encapsu 
lation of an active biomolecule by a cell Wall and/or cell 
membrane of the organism. Such additional cellular mol 
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ecules contribute to the particulate nature of a biomolecule 
composition, Which may grant utility for such material as a 
particulate component of a coating or paint, such as a 
pigment, an dispersant, a rheological agent, or a combina 
tion thereof. 

[0032] The invention provides various additional embodi 
ments. In general embodiments, a biomolecular composition 
comprises 0.001% to 40% of the coating composition by 
Weight or volume, including all intermediate ranges and 
combinations thereof. In other embodiments, the biomol 
ecule composition comprises a microorganism based par 
ticulate material. In some aspects, the microorganism based 
particulate material comprises a Whole cell material. In 
alternative aspects, the microorganism based particulate 
material is a cell fragment microorganism based particulate 
material. In certain aspects, the active biomolecule com 
prises 0.001% to 40% of the coating composition by Weight 
or volume, including all intermediate ranges and combina 
tions thereof. 

[0033] In certain embodiments, the active biomolecule 
comprises a proteinaceous molecule. In some aspects, a 
proteinaceous molecule comprises a peptide, a polypeptide, 
a protein, or a combination thereof. In speci?c aspects, the 
proteinaceous molecule comprises an enZyme, an antibody, 
a receptor, a transport protein, a structural protein, or a 
combination thereof. In other embodiments, the proteina 
ceous molecule binds a ligand, contacts a living organism, or 
a combination thereof. In particular aspects, the proteina 
ceous molecule binds a ligand. The ligand may comprise an 
antigen, a substrate, an inhibitor, or a combination thereof. 
In certain preferred facets, the ligand comprises a chemical 
toXic to humans, such as, for eXample, an organophosphorus 
compound. In further aspects, the proteinaceous molecule 
contacts a living organism. In particular facets, the proteina 
ceous molecule comprises a ligand capable of binding to an 
active biomolecule of the living organism. In speci?c facets, 
the active biomolecule of the living organism comprises a 
receptor, an enZyme, a transport protein, or a combination 
thereof. 

[0034] In certain embodiments, the active biomolecule 
comprises a combination of active biomolecules. The com 
bination of biomolecules may be of the same type, such as 
a combination of enZymes. The combination may be of 
different biomolecules or may be of different types of 
biomolecules such as a receptor ligand and an enZyme, a 
receptor and an antibody, an enZyme and an combination of 
antibodies, etc. All iterations of active biomolecules may be 
selected to confer to a coating a combination of bioactivities 
as desired. In general embodiments, a composition of the 
present invention may comprise 1 to 100 or more different 
selected biomolecules of interest, including all intermediate 
ranges and combinations thereof. 

[0035] In some embodiments, the proteinaceous molecule 
comprises an enZyme. In particular embodiments, the 
enZyme comprises an oXidoreductase, a transferase, a hydro 
lase, a lyase, an isomerase, a ligase, or a combination 
thereof. In certain aspects, the enZyme comprises a hydro 
lase. In further aspects, the hydrolase comprises an esterase. 
In speci?c aspects, the esterase comprises a phosphoric 
triester hydrolase. The phosphoric triester hydrolase may 
comprise, for eXample, an aryldialkylphosphatase, a diiso 
propyl-?uorophosphatase, or a combination thereof. 
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[0036] In one preferred embodiment, the combination of 
biomolecules comprises a combination of phosphoric tri 
ester hydrolases. The combination of phosphoric triester 
hydrolases may be of the similar types, such as, for eXample, 
an organophosphorus hydrolase that possesses an enZymatic 
activity superior in, for example, binding af?nity and/or rate 
of substrate cleavage in combination With one or more 
additional an organophosphorus hydrolases, each With a 
different enZymatic activity relative to the substrate. The 
combination of phosphoric triester hydrolases may comprise 
phosphoric triester hydrolases of different types, such as, for 
eXample, a MaZur-type DFPase and an aryldialkylphos 
phatase, or an OPAA and a human paraoXonase, or an 

organophosphorus hydrolase, a human paraoXonase and an 
animal carboXylase, etc. All iterations of selection of phos 
phoric triester hydrolases are contemplated to produce a 
coating With a combination of phosphoric triester hydrolase 
activities as desired. 

[0037] In certain embodiments, the phosphoric triester 
hydrolase comprises an aryldialkylphosphatase. In some 
aspects, the aryldialkylphosphatase comprises an organo 
phosphorus hydrolase, a human paraoXonase, an animal 
carboXylase, or a functional equivalent thereof. In additional 
aspects, the aryldialkylphosphatase comprises an organo 
phosphorus hydrolase or a functional equivalent thereof. In 
speci?c aspects, the organophosphorus hydrolase comprises 
an Agrobacterium radiobacter P230 organophosphate 
hydrolase, a Flavobacterium balustinum parathion hydro 
lase, a Pseudomonas diminuta phosphodiesterase, a Fla 
vobacterium sp opd gene product, a Flavobacterium sp. 
parathion hydrolase opd gene product, or a functional 
equivalent thereof. In certain facets, the organophosphorus 
hydrolase comprises a functional equivalent of Agrobacte 
rium radiobacter P230 organophosphate hydrolase, a Fla 
vobacterium balustinum parathion hydrolase, a Pseudomo 
nas diminuta phosphodiesterase, a Flavobacterium sp opd 
gene product, or a Flavobacterium sp. parathion hydrolase 
opd gene product. In particular facets, the functional equiva 
lent is a structural analog, a sequence analog, or a combi 
nation thereof. In speci?c facets, the functional equivalent is 
a structural analog. In further facets, the structural analog 
comprises a C02", Fez", Cu2+, Mn2+, Cd2+ or Ni2+ at the 
enZyme active site. In other facets, the functional equivalent 
is a sequence analog. In other facets, the functional equiva 
lent is a structural analog. In particular facets, the sequence 
analog is an alteration in sequence length. In speci?c facets, 
the sequence analog lacks a leader peptide sequence, the 
sequence analog comprises a fusion protein, or a combina 
tion thereof. 

[0038] In certain embodiments, the organophosphorus 
hydrolase comprises a Pseudomonas diminuta phosphotris 
terase, or a functional equivalent thereof. In some aspects, 
the organophosphorus hydrolase comprises a Pseudomonas 
diminuta phosphotristerase. In other embodiments, a pre 
ferred organophosphorus hydrolase comprises a Pseudomo 
nas diminuta phosphotristerase functional equivalent. In 
certain aspects the Pseudomonas diminuta phosphotristerase 
functional equivalent comprises a sequence analog, a struc 
tural analog, or a combination thereof. In particular facets, 
the Pseudomonas diminuta phosphodiesterase functional 
equivalent comprises a sequence analog. In some facets, the 
sequence analog comprises an amino acid substitution. In 
speci?c facets, the sequence analog comprises H55 C, H57C, 
C59A, G60A, S61A, 1106A, I106G, W131A, W131F, 
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[0039] In additional embodiments, the aryldialkylphos 
phatase comprises a paraoXonase, such as, for example, a 
human paraoXonase or a functional equivalent thereof. In 
some aspects, the human paraoXonase comprises an HPON1 
gene product or a functional equivalent thereof. In certain 
facets, the human paraoXonase comprises a HPON1 gene 
product functional equivalent. In speci?c facets, the HPON1 
gene product functional equivalent comprises a sequence 
analog. In particular facets, the sequence analog comprises 
an amino acid substitution. In further facets, the sequence 
analog is E32A, E48A, E52A, D53A, D88A, D107A, 
H114N, D121A, H133N, H154N, H160N, W193A, W193F, 
W201A, W201F, H242N, H245N, H250N, W253A, W253F, 
D273A, W280A, W280F, H284N, H347N or a combination 
thereof. 

[0040] In further embodiments, the aryldialkylphos 
phatase comprises an animal carboXylase. In particular 
aspects, the animal carboXylase comprises an insect car 
boXylase or a functional equivalent thereof. In additional 
aspects, the insect carboXylase comprises a Plodia inter 
punctella carboXylase, Chrysomya putoria carboXylase, 
Lucilia cuprina carboXylase, Musca domestica carboXylase 
carboXylase, or a functional equivalent thereof. 

[0041] In other embodiments, the phosphoric triester 
hydrolase comprises a diisopropyl-?uorophosphatase. In 
some aspects, the diisopropyl-?uorophosphatase comprises 
an organophosphorus acid anhydrolase, a squid-type 
DFPase, a MaZur-type DFPase, or a functional equivalent 
thereof. In further aspects, the diisopropyl-?uorophos 
phatase comprises an organophosphorus acid anhydrolase or 
a functional equivalent thereof. In additional aspects, the 
organophosphorus acid anhydrolase comprises an Altermo 
nas organophosphorus acid anhydrolase, a prolidase, or a 
functional equivalent thereof. In some facets, the organo 
phosphorus acid anhydrolase comprises an Altermonas 
organophosphorus acid anhydrolase or a functional equiva 
lent thereof. In particular facets, the Altermonas organo 
phosphorus acid anhydrolase comprises an Alteromonas sp 
JD6.5 organophosphorus acid anhydrolase, an Alteromonas 
haloplanktis organophosphorus acid anhydrolase, an Alter 
monas undina organophosphorus acid anhydrolase, or a 
functional equivalent thereof. In additional facets, the orga 
nophosphorus acid anhydrolase comprises a prolidase or a 
functional equivalent thereof. In speci?c facets, the proli 
dase comprises a human prolidase, a Mus musculus proli 
dase, a Lactobacillus helveticus prolidase, an Escherichia 
coli prolidase, an Escherichia coli aminopeptidase P, or a 
functional equivalent thereof. 
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[0042] In certain embodiments, the diisopropyl-?uoro 
phosphatase comprises a squid-type DFPase, or a functional 
equivalent thereof. In some aspects, the squid-type DFPase 
comprises a Loligo vulgaris DFPase, a Loligo pealei 
DFPase, a Loligo opalescens DFPase, or a functional 
equivalent thereof. In speci?c aspects, the squid-type 
DFPase comprises a Loligo vulgaris DFPase, or a functional 
equivalent thereof. In some facets, the squid-type DFPase 
comprises aLoligo vulgaris DFPase, or a functional equiva 
lent thereof. In additional facets, the squid-type DFPase 
comprises a Loligo vulgaris DFPase functional equivalent. 
In particular facets, the Loligo vulgaris DFPase functional 
equivalent comprises a sequence analog. In continuing fac 
ets, the sequence analog. comprises an amino acid substi 
tution. In some facets, the sequence analog is H181N, 
H224N, H274N, H219N, H248N, or H287N. In other facets, 
the sequence analog is an alteration in sequence length. In 
speci?c facets, the sequence analog is a fusion protein. 

[0043] In other embodiments, the diisopropyl-?uorophos 
phatase comprises a MaZur-type DFPase, or a functional 
equivalent thereof. In some aspects, the MaZur-type DFPase 
comprises a mouse liver DFPase, a hog kidney DFPase, a 
Bacillus stearothermophilus strain OT DFPase, an Escheri 
chia c0li DFPase, or a functional equivalent thereof. 

[0044] In additional embodiments, the phosphoric triester 
hydrolase comprises a Plesiomonas sp. strain M6 mpd gene 
product, a Xanthomonas sp. phosphoric triester hydrolase, a 
Tetrahymena phosphoric triester hydrolase, or a functional 
equivalent thereof. 

[0045] In other embodiments, the coating is 5 um to 1500 
um thick upon the surface, including all intermediate ranges 
and combinations thereof. In some aspects, the coating is 15 
um to 500 um thick upon the surface, including all inter 
mediate ranges and combinations thereof. In particular 
aspects, the coating comprises a multicoat system. In an 
additional aspect, the multicoat system comprises 2 to 10 
layers. In a particular facet, one layer of the multicoat system 
comprises the biomolecular composition. In a further aspect, 
a plurality of layers of the multicoat system comprises the 
biomolecular composition. In some facets, each layer of the 
multicoat system is a coating 15 um to 500 um thick, 
including all intermediate ranges and combinations thereof. 
In other facets, each layer of the multicoat system is a 
coating 15 um to 150 um thick, including all intermediate 
ranges and combinations thereof. In particular aspects, the 
multicoat system comprises a sealer, a Water repellent, a 
primer, an undercoat, a topcoat, or a combination thereof. In 
speci?c facets, the multicoat system comprises a topcoat. In 
particular facets, the topcoat comprises the biomolecular 
composition. 

[0046] In some embodiments, the coating comprises a 
paint. In other embodiments, the coating comprises a clear 
coating. In some aspects, the clear coating comprises a 
lacquer, a varnish, a shellac, a stain, a Water repellent 
coating, or a combination thereof. In general aspects, the 
coating comprises a binder, a liquid component, a colorant, 
an additive, or a combination thereof. In some facets, the 
coating comprises a buffer. In particular aspects, the buffer 
comprises a bicarbonate. 

[0047] In certain embodiments, the coating undergoes ?lm 
formation. In general aspects, ?lm formation occurs at 
ambient conditions, baking conditions, or a combination 
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thereof. In particular aspects, ?lm formation occurs at bak 
ing conditions. In other aspects, baking conditions is 
betWeen 40° C. and 110° C., including all intermediate 
ranges and combinations thereof. Examples of speci?c inter 
mediate ranges for baking conditions include 40° C. and 50° 
C., or 40° C. and 65° C. In general aspects, the coating 
comprises a volatile component and a non-volatile compo 
nent. In general facets, the coating undergoes ?lm formation 
by loss of part of the volatile component. In other facets, the 
volatile component comprises a volatile liquid component. 
In particular facets, the volatile liquid component comprises 
a solvent, a thinner, a diluent, or a combination thereof. In 
other aspects, the non-volatile component comprises a 
binder, a colorant, a plasticiZer, a coating additive, a bio 
molecular composition of the present invention, or a com 
bination thereof. In certain aspects, ?lm formation occurs by 
crosslinking of a binder. In some facets, ?lm formation 
occurs by crosslinking of a plurality of binders. In further 
facets, ?lm formation occurs by irradiating the coating. In 
some facets, the coating produces a self-cleaning ?lm upon 
?lm formation. 

[0048] In certain alternative embodiments, the coating is a 
non-?lm forming coating. In particular aspects, the non-?lm 
forming coating comprises a non-?lm formating binder. In 
some aspects, the non-?lm forming coating comprises a 
coating component in a concentration that is insuf?cient to 
produce a solid ?lm. In some facets, the coating component 
comprises a binder that contributes to thermoplastic ?lm 
formation, thermosetting ?lm formation, or a combination 
thereof. In particular facets, the coating component com 
prises a binder, catalyst, initiator, or combination thereof. 
Though the concentration Which is insuf?cient for a coating 
component to produce ?lm formation in a coating may be 
empirically determined by an assay, such as those described 
herein for ?lm formation, such an insuf?cient concentration 
may easily achieved by selection of a concentration of 0%, 
Wherein the coating lacks the ?lm-forming component. 

[0049] In other alterative embodiments, the coating pro 
duces a temporary ?lm. In speci?c aspects, the temporary 
?lm has a poor resistance to a coating remover. In particular 
facets, the temporary ?lm has a poor scrub resistance, a poor 
solvent resistance, a poor Water resistance, a poor Weather 
ing property, a poor adhesion property, or a combination 
thereof. Apoor resistance and/or poor quality property for a 
coating can be empirically determined by assays described 
herein. 

[0050] In general embodiments, the coating comprises an 
architectural coating, an industrial coating, a speci?cation 
coating, or a combination thereof. In additional aspects, the 
coating comprises an architectural coating. In particular 
aspects, the architectural coating comprises a Wood coating, 
a masonry coating, an artist’s coating, or a combination 
thereof. In some facets, the architectural coating has a pot 
life of at least 12 months at ambient conditions. In general 
aspects, the architectural coating undergoes ?lm formation 
at ambient conditions. In other aspects, the coating com 
prises an industrial coating. In further aspects, the industrial 
coating comprises an automotive coating, a can coating, 
sealant coating, a marine coating, or a combination thereof. 
In particular facets, the industrial coating undergoes ?lm 
formation at baking conditions. In additional aspects, the 
coating comprises a speci?cation coating. In particular fac 
ets, the speci?cation coating comprises a camou?age coat 
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ing, a pipeline coating, traf?c marker coating, aircraft coat 
ing, a nuclear poWer plant coating, or a combination thereof. 
In particular facets, the speci?cation coating comprises a 
camou?age coating. In speci?c facets, the camou?age coat 
ing comprises a camou?age pigment. 

[0051] In many embodiments, a coating comprises a 
Water-borne coating, a solvent borne coating, or a poWder 
coating. In particular aspects, the coating comprises a Water 
borne coating. In certain facets, the Water-borne coating is a 
lateX coating. In additional facets, the Water-borne coating 
has a density of 1.20 kg/L to 1.50 kg/L, including all 
intermediate ranges and combinations thereof. In other 
aspects, the coating comprises a solvent-borne coating. In 
further facets, the solvent-borne coating has a density of 
0.90 kg/L to 1.2 kg/L, including all intermediate ranges and 
combinations thereof. 

[0052] In general embodiments, the coating has a viscosity 
during application of 72 Ku to 95 Ku, including all inter 
mediate ranges and combinations thereof. In further aspects, 
the coating has a viscosity prior to application of 100 P to 
1000 P, including all intermediate ranges and combinations 
thereof. In particular aspects, the coating has a viscosity 
during application of 0.5 P to 2.5 P, including all interme 
diate ranges and combinations thereof. In other aspects, the 
coating has a viscosity of 100 P to 1000 P, including all 
intermediate ranges and combinations thereof, upon a sur 
face immediately after application. 

[0053] In many embodiments, the coating comprises a 
binder. In many aspects, the binder comprises a thermoplas 
tic binder, a thermosetting binder, or a combination thereof. 
In certain aspects, the coating comprises a thermoplastic 
binder. In particular facets, such a coating produces a ?lm by 
thermoplastic ?lm formation. In other aspects, the coating 
comprises a thermosetting binder. In further facets, such a 
coating produces a ?lm by thermosetting ?lm formation. 

[0054] In some embodiments, the binder comprises an 
oil-based binder. In particular aspects, the oil-based binder 
comprises an oil, an alkyd, an oleoresinous binder, a fatty 
acid epoXide ester, or a combination thereof. In further 
facets, such an oil-based binder coating produces a layer 15 
um to 25 pm thick upon the vertical surface, including all 
intermediate ranges and combinations thereof, or 15 um to 
40 pm thick upon the horiZontal surface, including all 
intermediate ranges and combinations thereof. In further 
aspects, the binder comprises an oil. In other aspects, the 
binder comprises an alkyd. In speci?c aspects, the binder 
comprises an oleoresinous binder. In some aspects, the 
binder comprises a fatty acid epoXide ester. 

[0055] In other embodiments, the binder comprises a 
polyester resin. In certain aspects, polyester resin comprises 
a hydroXy-terminated polyester. In other aspects, the poly 
ester resin comprises a carboXylic acid-terminated polyester. 
In additional facets, the coating comprises a polyester resin 
and a urethane, an amino resin, or a combination thereof. 

[0056] In some embodiments, the binder comprises a 
modi?ed cellulose. In certain aspects, the modi?ed cellulose 
comprises a cellulose ester, a nitrocellulose or a combination 
thereof. In certain facets, the modi?ed cellulose comprises a 
cellulose ester. In other facets, the modi?ed cellulose com 
prises a nitrocellulose. In further aspects, the coating com 
prises a modi?ed cellulose and an amino binder, an acrylic 
binder, urethane binder, or a combination thereof. 
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[0057] In additional embodiments, the binder comprises a 
polyamide. In speci?c aspects, the coating comprises a 
polyamide and an epoxide. 

[0058] In certain embodiments, the binder comprises an 
amino resin. In some aspects, the coating comprises an 
amino resin and an acrylic binder, an alkyd resin, a polyester 
binder, or a combination thereof. 

[0059] In additional embodiments, the binder comprises 
an urethane binder. In particular aspects, the coating com 
prises an urethane binder and a polyol, an amine, an epoxide, 
a silicone, a vinyl, a phenolic, a triacrylate, or a combination 
thereof. 

[0060] In some embodiments, the binder comprises a 
phenolic resin. In further aspects, the coating comprises a 
phenolic resin and an alkyd resin, an amino resin, a bloWn 
oil, an epoxy resin, a polyamide, a polyvinyl resin, or a 
combination thereof. 

[0061] In other embodiments, the binder comprises an 
epoxy resin. In additional aspects, the coating comprises an 
epoxy resin and an amino resin, a phenolic resin, a polya 
mide, a ketimine, an aliphatic amine, or a combination 
thereof. In particular facets, the epoxy resin comprises a 
cycloaliphatic epoxy binder. In further facets, the coating 
comprises cycloaliphatic epoxy binder and a polyol. 

[0062] In additional embodiments, the binder comprises a 
polyhydroxyether binder. In further aspects, the coating 
comprises a polyhydroxyether binder and an epoxide, a 
polyurethane comprising an isocyanate moiety, an amino 
resin, or a combination thereof. 

[0063] In further embodiments, the binder comprises an 
acrylic resin. In additional aspects, the coating comprises an 
acrylic resin and an epoxide, a polyurethane comprising an 
isocyanate moiety, an amino resin, or a combination thereof. 

[0064] In some embodiments, the binder comprises a 
polyvinyl binder. In further embodiments, the coating com 
prises a polyvinyl binder and an alkyd, an urethane, an 
amino-resin, or a combination thereof. 

[0065] In certain embodiments, the binder comprises a 
rubber resin. In some aspects, the rubber resin comprises a 
chlorinated rubber resin, a synthetic rubber resin, or a 
combination thereof. In additional facets, the coating com 
prises a rubber resin and an acrylic resin, an alkyd resin, a 
bituminous resin, or a combination thereof. 

[0066] In speci?c embodiments, the binder comprises a 
bituminous binder. In additional aspects, the coating com 
prises a bituminous binder and an epoxy resin. 

[0067] In further embodiments, the binder comprises a 
polysul?de binder. In speci?c aspects, the coating comprises 
a polysul?de binder and a peroxide, a binder comprising an 
isocyanate moiety, or a combination thereof. 

[0068] In additional embodiments, the binder comprises a 
silicone binder. In further aspects, the coating comprises a 
silicone binder and an organic binder. 

[0069] In many embodiments, the coating comprises a 
liquid component. In general aspects, the liquid component 
comprises a solvent, a thinner, a diluent, a plasticiZer, or a 
combination thereof. In other aspects, the liquid component 
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comprises a liquid organic compound, an inorganic com 
pound, Water, or a combination thereof. 

[0070] In some embodiments, the liquid component com 
prises a liquid organic compound. In certain aspects, the 
liquid organic compound comprises a hydrocarbon, an oxy 
genated compound, a chlorinated hydrocarbon, a nitrated 
hydrocarbon, a miscellaneous organic liquid component, a 
plasticiZer, or a combination thereof. 

[0071] In particular embodiments, the liquid organic com 
pound comprises a hydrocarbon. In certain aspects, the 
hydrocarbon comprises an aliphatic hydrocarbon, a 
cycloaliphatic hydrocarbon, a terpene, an aromatic hydro 
carbon, or a combination thereof. In additional facets, the 
hydrocarbon comprises an aliphatic hydrocarbon. In further 
facets, the aliphatic hydrocarbon comprises a petroleum 
ether, pentane, hexane, heptane, isododecane, a kerosene, a 
mineral spirit, a VMP naphtha or a combination thereof. In 
other aspects, the hydrocarbon comprises a cycloaliphatic 
hydrocarbon. In some facets, the cycloaliphatic hydrocarbon 
comprises cyclohexane, methylcyclohexane, ethylcyclohex 
ane, tetrahydronaphthalene, decahydronaphthalene, or a 
combination thereof. In other aspects, the hydrocarbon com 
prises a terpene. In additional facets, the terpene comprises 
Wood terpentine oil, pine oil, ot-pinene, [3-pinene, dipentene, 
D-limonene, or a combination thereof. In particular aspects, 
the hydrocarbon comprises an aromatic hydrocarbon. In 
some facets, the aromatic hydrocarbon comprises benZene, 
toluene, ethylbenZene, xylene, cumene, a type I high ?ash 
aromatic naphtha, a type II high ?ash aromatic naphtha, 
mesitylene, pseudocumene, cymol, styrene, or a combina 
tion thereof. 

[0072] In other embodiments, the liquid organic com 
pound comprises an oxygenated solvent. In certain aspects, 
the oxygenated solvent comprises an alcohol, an ester, a 
glycol ether, a ketone, an ether, or a combination thereof. In 
some aspects, the oxygenated solvent comprises an alcohol. 
In further aspects, the alcohol comprises methanol, ethanol, 
propanol, isopropanol, l-butanol, isobutanol, 2-butanol, 
tert-butanol, amyl alcohol, isoamyl alcohol, hexanol, meth 
ylisobutylcarbinol, 2-ethylbutanol, isooctyl alcohol, 2-eth 
ylhexanol, isodecanol, cylcohexanol, methylcyclohexanol, 
trimethylcyclohexanol, benZyl alcohol, methylbenZyl alco 
hol, furfuryl alcohol, tetrahydrofurfuryl alcohol, diacetone 
alcohol, trimethylcyclohexanol, or a combination thereof. In 
other aspects, the oxygenated solvent comprises an ester. In 
particular facets, the ester comprises methyl formate, ethyl 
formate, butyl formate, isobutyl formate, methyl acetate, 
ethyl acetate, propyl acetate, isopropyl acetate, butyl acetate, 
isobutyl acetate, sec-butyl acetate, amyl acetate, isoamyl 
acetate, hexyl acetate, cyclohexyl acetate, benZyl acetate, 
methyl glycol acetate, ethyl glycol acetate, butyl glycol 
acetate, ethyl diglycol acetate, butyl diglycol acetate, 
l-methoxypropyl acetate, ethoxypropyl acetate, 3-methoxy 
butyl acetate, ethyl 3-ethoxypropionate, isobutyl isobu 
tyrate, ethyl lactate, butyl lactate, butyl glycolate, dimethyl 
adipate, glutarate, succinate, ethylene carbonate, propylene 
carbonate, butyrolactone, or a combination thereof. In cer 
tain aspects, the oxygenated solvent comprises a glycol 
ether. In other facets, the glycol ether comprises methyl 
glycol, ethyl glycol, propyl glycol, isopropyl glycol, butyl 
glycol, methyl diglycol, ethyl diglycol, butyl diglycol, ethyl 
triglycol, butyl triglycol, diethylene glycol dimethyl ether, 
methoxypropanol, isobutoxypropanol, isobutyl glycol, pro 
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pylene glycol monoethyl ether, 1-isopropoxy-2-propanol, 
propylene glycol mono-n-propyl ether, propylene glycol 
n-butyl ether, methyl dipropylene glycol, methoxybutanol, 
or a combination thereof. In speci?c aspects, the oxygenated 
solvent comprises a ketone. In some facets, the ketone 
comprises acetone, methyl ethyl ketone, methyl propyl 
ketone, methyl isopropyl ketone, methyl butyl ketone, 
methyl isobutyl ketone, methyl amyl ketone, methyl isoamyl 
ketone, diethyl ketone, ethyl amyl ketone, dipropyl ketone, 
diisopropyl ketone, cyclohexanone, methylcylcohexanone, 
trimethylcyclohexanone, mesityl oxide, diisobutyl ketone, 
isophorone, or a combination thereof. In particular aspects, 
the oxygenated solvent comprises an ether. In additional 
facets, the ether comprises diethyl ether, diisopropyl ether, 
dibutyl ether, di-sec-butyl ether, methyl tert-butyl ether, 
tetrahydrofuran, 1,4-dioxane, metadioxane, or a combina 
tion thereof. 

[0073] In some embodiments, the liquid organic com 
pound comprises a chlorinated hydrocarbon. In speci?c 
aspects, the chlorinated hydrocarbon comprises methylene 
chloride, trichloromethane, tetrachloromethane, ethyl chlo 
ride, isopropyl chloride, 1,2-dichloroethane, 1,1,1-trichloro 
ethane, trichloroethylene, 1,1,2,2-tetrachlorethane, 1,2 
dichloroethylene, perchloroethylene, 1,2-dichloropropane, 
chlorobenZene, or a combination thereof. 

[0074] In further embodiments, the liquid organic com 
pound comprises a nitrated hydrocarbon. In speci?c aspects, 
the nitrated hydrocarbon comprises a nitroparaf?n, N-me 
thyl-2-pyrrolidone, or a combination thereof. 

[0075] In additional embodiments, the liquid organic com 
pound comprises a miscellaneous organic liquid. In some 
aspects, the miscellaneous organic liquid comprises carbon 
dioxide, acetic acid, methylal, dimethylacetal, N,N-dimeth 
ylformamide, N,N-dimethylacetamide, dimethylsulfoxide, 
tetramethylene su?one, carbon disul?de, 2-nitropropane, 
N-methylpyrrolidone, hexamethylphosphoric triamide, 1,3 
dimethyl-2-imidaZolidinone, or a combination thereof. 

[0076] In speci?c embodiments, the liquid organic com 
pound comprises a plasticiZer. In general facets, the plasti 
ciZer comprises an adipate, an aZelate, a citrate, a chlorinated 
plasticiZer, an epoxide, a phosphate, a sebacate, a phthalate, 
a polyester, a trimellitate, or a combination thereof. 

[0077] In other embodiments, the liquid component com 
prises an inorganic compound. In speci?c aspects, the inor 
ganic compound comprises ammonia, hydrogen cyanide, 
hydrogen ?uoride, hydrogen cyanide, sulfur dioxide, or a 
combination thereof. 

[0078] In many embodiments, the liquid component com 
prises Water. In particular aspects, the liquid component 
comprising Water further comprises methanol, ethanol, pro 
panol, isopropyl alcohol, tert-butanol, ethylene glycol, 
methyl glycol, ethyl glycol, propyl glycol, butyl glycol, 
ethyl diglycol, methoxypropanol, methyldipropylene glycol, 
dioxane, tetrahydorfuran, acetone, diacetone alcohol, dim 
ethylformamide, dimethyl sulfoxide, ethylbenZene, tetra 
chloroethylene, p-xylene, toluene, diisobutyl ketone, tri 
cholorethylene, trimethylcyclohexanol, cyclohexyl acetate, 
dibutyl ether, trimethylcyclohexanone, 1,1,1-tricholoroet 
hane, hexane, hexanol, isobutyl acetate, butyl acetate, iso 
phorone, nitropropane, butyl glycol acetate, 2-nitropropane, 
methylene chloride, methyl isobutyl ketone, cyclohexanone, 
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isopropyl acetate, methylbenZyl alcohol, cyclohexanol, 
nitroethane, methyl tert-butyl ether, ethyl acetate, diethyl 
ether, butanol, butyl glycolate, isobutanol, 2-butanol, pro 
pylene carbonate, ethyl glycol acetate, methyl acetate, 
methyl ethyl ketone, or a combination thereof. 

[0079] In general embodiments, the coating comprises a 
colorant. In some aspects, the colorant comprises a pigment, 
a dye, a pH indicator, or a combination thereof. In speci?c 
aspects, the colorant comprises a pigment. In some aspects, 
the biomolecule composition comprises 0.001% to 100% of 
the pigment, including all intermediate ranges and combi 
nations thereof. In particular facets, the pigment volume 
concentration of the coating is 20% to 60%, including all 
intermediate ranges and combinations thereof. In other 
aspects, the pigment comprises a corrosion resistance pig 
ment, a camou?age pigment, a color property pigment, an 
extender pigment, or a combination thereof. In particular 
aspects, the pigment comprises a corrosion resistance pig 
ment. In some facets, the corrosion resistance pigment 
comprises aluminum ?ake, aluminum triphosphate, alumi 
num Zinc phosphate, ammonium chromate, barium borosili 
cate, barium chromate, barium metaborate, basic calcium 
Zinc molybdate, basic carbonate White lead, basic lead 
silicate, basic lead silicochromate, basic lead silicosulfate, 
basic Zinc molybdate, basic Zinc molybdate-phosphate, 
basic Zinc molybdenum phosphate, basic Zinc phosphate 
hydrate, bronZe ?ake, calcium barium phosphosilicate, cal 
cium borosilicate, calcium chromate, calcium plumbate, 
calcium strontium phosphosilicate, calcium strontium Zinc 
phosphosilicate, dibasic lead phosphite, lead chromosilicate, 
lead cyanamide, lead suboxide, lead sulfate, mica, mica 
ceous iron oxide, red lead, steel ?ake, strontium borosilicate, 
strontium chromate, tribasic lead phophosilicate, Zinc 
borate, Zinc borosilicate, Zinc chromate, Zinc dust, Zinc 
hydroxy phosphite, Zinc molybdate, Zinc oxide, Zinc phos 
phate, Zinc potassium chromate, Zinc silicophosphate 
hydrate, Zinc tetraoxylchromate, or a combination thereof. 
In speci?c facets, the coating comprising the corrosion 
resistance pigment is a metal surface coating, a primer, or a 
combination thereof. In other aspects, the pigment com 
prises a camou?age pigment. In speci?c facets, the camou 
?age pigment comprises an anthraquinone black, a chro 
mium oxide green, or a combination thereof. In some 
aspects, the pH indicator is a colorimetric or a ?uorimetric 
indicator. Examples of colorimetric include AliZarin, 
AliZarin S, Brilliant YelloW, Lacmoid, Neutral Red, Rosolic 
Red, or a combination thereof. In speci?c instances, the 
colorimetric indicator is a pH indicator that undergoes a 
color change betWeen pH 8 to pH 9. For example the 
folloWing ?uorimetric indicators are SNARE-1, BCECF, 
HPTS, Fluroescein, or a combination thereof. In certain 
embodiments, the ?uorescence indicator have reduced ?uo 
rescence at a loWer pH. In speci?c instances, the ?uorimetric 
indicator is a pH indicator that undergoes a ?uorescence 
change betWeen pH 8 to pH 9. Additional pH indicators are 
described, for example, in “Using Acid-Base Indicators to 
Visually Estimate the Ph of Solutions” by Marcia L. Gillette, 
Chemical Education Resources, Incorporated, 1995. 

[0080] In further embodiments, the pigment comprises a 
color property pigment. In additional aspects, the color 
property pigment comprises a black pigment, a broWn 
pigment, a White pigment, a pearlescent pigment, a violet 
pigment, a blue pigment, a green pigment, a yelloW pigment, 
an orange pigment, a red pigment, a metallic pigment, or a 
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combination thereof. In particular facets, the color property 
pigment comprises aniline black, anthraquinone black, car 
bon black; copper carbonate, graphite, iron oxide, mica 
ceous iron oxide, manganese dioxide, aZo condensation, 
benZimidaZolone, iron oxide, metal complex broWn, anti 
mony oxide, basic lead carbonate, lithopone, titanium diox 
ide, White lead, Zinc oxide, Zinc sulphide, titanium dioxide 
and ferric oxide covered mica, bismuth oxychloride crystal, 
dioxanine violet, carbaZol Blue, carbaZole Blue, cobalt blue, 
copper phthalocyanine, dioxanine Blue, indanthrone, phtha 
locyanin blue, Prussian blue, ultramarine, chrome green, 
chromium oxide green, halogenated copper phthalocyanine, 
hydrated chromium oxide, phthalocyanine green, anthrapy 
rimidine, arylamide yelloW, barium chromate, benZimida 
Zolone yelloW, bismuth vanadate, cadmium sul?de yelloW, 
complex inorganic color pigment, diarylide yelloW, disaZo 
condensation, ?avanthrone, isoindoline, isoindolinone, lead 
chromate, nickel aZo yelloW, organic metal complex, 
quinophthalone, yelloW iron oxide, yelloW oxide, Zinc chro 
mate, perinone orange, pyraZolone orange, anthraquinone, 
benZimidaZolone, BON arylamide, cadmium red, cadmium 
selenide, chrome red, dibromanthrone, diketopyrrolo-pyr 
role pigment, disaZo condensation pigment, lead molybdate, 
perylene, pyranthrone, quinacridone, quinophthalone, red 
iron oxide, red lead, toluidine red, tonor pigment, [3-naphthol 
red, aluminum ?ake, aluminum non-lea?ng, gold bronZe 
?ake, Zinc dust, stainless steel ?ake, nickel ?ake, nickel 
poWder, or a combination thereof. 

[0081] In general embodiments, the pigment comprises an 
extender pigment. In some aspects, the extender pigment 
comprises a barium sulphate, a calcium carbonate, a kaolin, 
a calcium sulphate, a silicate, a silica, an alumina trihydrate, 
or a combination thereof. 

[0082] In general embodiments, the coating comprises an 
additive. In some aspects, the additive comprises 0.001% to 
20.0% by Weight, including all intermediate ranges and 
combinations thereof, of the coating. In speci?c facets, the 
additive comprises an accelerator, an adhesion promoter, an 
antifoamer, anti-insect additive, an antioxidant, an antiskin 
ning agent, a buffer, a catalyst, a coalescing agent, a corro 
sion inhibitor, a defoamer, a dehydrator, a dispersant, a drier, 
electrical additive, an emulsi?er, a ?ller, a ?ame/?re retar 
dant, a ?atting agent, a ?oW control agent, a gloss aid, a 
leveling agent, a marproo?ng agent, a preservative, a sili 
cone additive, a slip agent, a surfactant, a light stabiliZer, a 
Theological control agent, a Wetting additive, or a combi 
nation thereof. In additional aspects, the additive comprises 
a preservative. In speci?c aspects, the preservative com 
prises an in-can preservative, an in-?lm preservative, or a 
combination thereof. In general aspects, the preservative 
comprises a biocide. In particular facets, the biocide com 
prises a bactericide, a fungicide, an algaecide, or a combi 
nation thereof. In other aspects, the additive comprises a 
Wetting additive, a dispersant, or a combination thereof. In 
further aspects, the additive comprises an anti-foamer, a 
defoamer, or a combination thereof. In additional aspects, 
the additive comprises a rheological control agent. In par 
ticular facets, the Theological control agent comprises a 
thickener, a viscosi?er, or a combination thereof. In speci?c 
aspects, the additive comprises a corrosion inhibitor. In 
some facets, the corrosion inhibitor comprises an in-can 
corrosion inhibitor, a ?ash corrosion inhibitor, or a combi 
nation thereof. In particular aspects, the additive comprises 
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a light stabiliZer. In speci?c facets, the light stabiliZer 
comprises a UV absorber, a radical scavenger, or a combi 
nation thereof. 

[0083] In some embodiments, the coating is a multi-pack 
coating. In particular aspects, the coating is stored in a tWo 
to ?ve containers prior to application to the surface. In 
speci?c aspects, 0.001% to 100% of the biomolecular com 
position, including all intermediate ranges and combinations 
thereof, is stored in a container of a multipack coating, and 
at least one additional coating component is stored in 
another container of a multipack coating. In some aspects, 
the container comprising the biomolecular composition fur 
ther comprises an additional coating component. In particu 
lar facets, the additional coating component comprises a 
preservative, a Wetting agent, a dispersing agent, a buffer, a 
liquid component, a rheological modi?er, or a combination 
thereof. In speci?c facets, the additional coating component 
comprises glycerol. 
[0084] The invention provides a method of detoxi?cation 
of a surface contaminated With an organophosphorus com 
pound, comprising the step of: contacting a surface con 
taminated With an organophosphorous compound With a 
coating comprising a biomolecule composition, Wherein the 
biomolecule composition comprises a phosphoric triester 
hydrolase. In some aspects, the method further comprises 
the step of contacting the surface With a caustic agent; a 
decontaminating foam, a combination of baking condition 
heat and carbon dioxide, or a combination thereof. 

[0085] The invention provides a method of detoxi?cation 
of an organophosphorus compound, comprising the step of: 
contacting an organophosphorous compound With a coating 
comprising a biomolecule composition, Wherein the biomol 
ecule composition comprises a phosphoric triester hydro 
lase. In some aspects, the method further comprises the step 
of contacting the organophosphorus compound With a caus 
tic agent; a decontaminating foam, a combination of baking 
condition heat and carbon dioxide, or a combination thereof. 

[0086] The invention provides methods of reducing the 
concentration of an organophosphorus compound upon a 
surface, comprising the steps of: applying to the surface a 
coating comprising a biomolecule composition, Wherein the 
biomolecule composition comprises a phosphoric triester 
hydrolase, and contacting the surface With an organophos 
phorus compound. In some aspects, the method further 
comprises the step of contacting the surface With a caustic 
agent; a decontaminating foam, a combination of baking 
condition heat and carbon dioxide, or a combination thereof. 

[0087] In certain embodiments, the organophosphorus 
compound comprises a chemical Warfare agent. In some 
aspects, the chemical Warfare agent comprises a persistent 
agent. In additional aspects, the chemical Warfare agent 
comprises a G-agent, a V agent, or a combination thereof. In 
particular facets, the G-agent comprises soman, sarin, 
cyclosarin, tabun, or a combination thereof. In further facets, 
the V-agent comprises VX, Russian VX, or a combination 
thereof. In other facets, the organophosphorus compound 
comprises a pesticide. In particular facets, the pesticide 
comprises a persistent organophosphorous compound. In 
general facets, the pesticide comprises bromophos-ethyl, 
chlorpyrifos, chlorfenvinphos, chlorothiophos, chlorpyrifos 
methyl, coumaphos, crotoxyphos, crufomate, cyanophos, 
diaZinon, dichlofenthion, dichlorvos, dursban, EPN, ethop 
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rop, ethyl-parathion, etrimifos, famphur, fensulfothion, 
fenthion, fenthrothion, isofenphos, jodfenphos, leptophos 
oXon, malathion, malaoXon, methyl-parathion, mevinphos, 
paraoXon, parathion, parathion-methyl, pirimiphos-ethyl, 
pirimiphos-methyl, pyraZophos, quinalphos, ronnel, sulfo 
pros, sulfotepp, trichloronate, or a combination thereof. 

[0088] The invention provides a coating or a paint com 
prising, in various aspects, 0.001% to 40% by Weight or 
volume a biomolecule composition, including all interme 
diate ranges and combinations thereof, Wherein the biomol 
ecule composition comprises an active biomolecule. The 
invention provides a coating or a paint comprising a bio 
molecule composition that comprise, in various aspects, a 
proteinaceous molecule that binds a ligand, an enZyme, a 
phosphoric triester hydrolase, an organophosphorus hydro 
lase, an organophosphorus hydrolase and a buffer, or a 
combination thereof. The invention further provides a coat 
ing or a paint comprising, in various further aspects, a 
microorganism based particulate material, a Whole cell 
material, or a combination thereof, Wherein the material 
comprises an active biomolecule, an enZyme, a phosphoric 
triester hydrolase, an organophosphorus hydrolase, an orga 
nophosphorus hydrolase and a buffer, or a combination 
thereof. The invention speci?cally provides a coating or 
paint comprising 0.001% to 40% by Weight or volume, 
including all intermediate ranges and combinations thereof, 
a microorganism based particulate material, a Whole cell 
material, or a combination thereof, Wherein the material 
comprises an active biomolecule. 

[0089] The invention provides a coating or paint, the 
improvement comprising inclusion of a biomolecule com 
position, Wherein the biomolecule composition comprises an 
active biomolecule. 

[0090] The invention provides a coating or paint, the 
improvement comprising inclusion of 0.001% to 40% by 
Weight or volume a biomolecule composition, Wherein the 
biomolecule composition comprises an active biomolecule, 
a proteinaceous molecule that binds a ligand, an enZyme, a 
phosphoric triester hydrolase, an organophosphorus hydro 
lase, an organophosphorus hydrolase and a buffer, or any 
combination thereof. 

[0091] The invention provides a coating or paint, the 
improvement comprising inclusion of a microorganism 
based particulate material, Wherein the microorganism based 
particulate material that comprises an active biomolecule. 

[0092] The invention provides a coating or paint, the 
improvement comprising inclusion of a Whole cell particu 
late material, Wherein the particulate material comprises an 
active biomolecule. 

[0093] The invention provides a coating or paint, the 
improvement comprising inclusion of 0.001% to 40% by 
Weight or volume of a Whole cell particulate material, 
including all intermediate ranges and combinations thereof, 
Wherein the Whole cell particulate material comprises an 
active biomolecule. 

[0094] The invention provides a coating or paint, the 
improvement comprising inclusion of a Whole cell particu 
late material, Wherein the particulate material comprises an 
enzyme. 

[0095] The invention provides a coating or paint, the 
improvement comprising inclusion of a Whole cell particu 
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late material, Wherein the particulate material comprises a 
phosphoric triester hydrolase. 
[0096] The invention provides a coating or paint, the 
improvement comprising inclusion of a Whole cell particu 
late material, Wherein the particulate material comprises an 
organophosphorus hydrolase. 
[0097] The invention provides a coating or paint, the 
improvement comprising inclusion of a Whole cell particu 
late material, Wherein the particulate material comprises an 
organophosphorus hydrolase and a buffer. 

[0098] The invention provides a Water-borne or a solvent 
borne coating or paint comprising a biomolecule composi 
tion, Wherein the biomolecule composition comprises an 
active biomolecule. 

[0099] The invention provides a lateX or oil-based coating 
or paint comprising a Whole cell particulate material, 
Wherein the Whole cell particulate material comprises a 
phosphoric triester hydrolase. In certain aspect the coating or 
paint comprises a buffer. 

[0100] The invention provides a lateX or oil-based coating 
or paint comprising a Whole cell particulate material and a 
buffer, Wherein the Whole cell particulate material comprises 
a phosphoric triester hydrolase. In speci?c aspects, the 
coating or paint comprises 0.001% to 40% by Weight or 
volume, including all intermediate ranges and combinations 
thereof, of a Whole cell particulate material, Wherein the 
Whole cell particulate material comprises a phosphoric tri 
ester hydrolase. In certain aspects the coating or paint is a 
multipack coating. In some facets, one container of the 
multipack coating comprises 0.001% to 40%, by Weight or 
volume of the coating or paint, including all intermediate 
ranges and combinations thereof, the Whole cell particulate 
material. In certain aspects, the container comprising the 
Whole cell particulate material further comprises a preser 
vative, a Wetting agent, a dispersing agent, the buffer, a 
liquid component, a rheological modi?er, or a combination 
thereof. 

[0101] The invention provides a tWo-pack a lateX or 
oil-based coating or paint, Wherein one container comprises 
100 parts by volume coating or paint, Wherein a second 
container comprises 3 parts by volume of a biomolecular 
composition comprising a Whole cell particulate material, 
Wherein the Whole cell particulate material comprises an 
organophosphorus hydrolase, and Wherein each part of the 
biomolecular composition comprises 1 mg of Whole cell 
particulate material and 50% glycerol and/or a buffer, and 
Wherein the buffer comprises ammonium bicarbonate, a 
monobasic buffer, a dibasic phosphate buffer, TriZma base, 
a 5 ZWitterionic buffer, or a combination thereof. 

[0102] The invention also provides a non-?lm forming 
coating comprising a biomolecule composition, Wherein the 
biomolecule composition comprises an active biomolecule. 

[0103] The invention provides an elastomer comprising a 
biomolecule composition, Wherein the biomolecule compo 
sition comprises an active biomolecule. 

[0104] The invention provided a ?ller comprising a bio 
molecule composition, Wherein the biomolecule composi 
tion comprises an active biomolecule. 

[0105] The invention provides an adhesive comprising a 
biomolecule composition, Wherein the biomolecule compo 
sition comprises an active biomolecule. 



US 2004/0109853 A1 

[0106] The invention provides a sealant comprising a 
biomolecule composition, Wherein the biomolecule compo 
sition comprises an active biomolecule. 

[0107] The invention provides a material applied to a 
textile, comprising a biomolecule composition, Wherein the 
biomolecule composition comprises an active biomolecule. 

[0108] The invention provides a Wax comprising a bio 
molecule composition, Wherein the biomolecule composi 
tion comprises an active biomolecule. 

[0109] The invention provides a surface treatment com 
prising a biomolecule composition, Wherein the biomolecule 
composition comprises an active biomolecule. In certain 
embodiments, the surface treatment is a coating, a paint, a 
non-?lm forming coating, an elastomer, an adhesive, an 
sealant, a material applied to a textile, or a Wax. In other 
aspects, the surface treatment comprises a pH indicator. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0110] One skilled in the art Will readily appreciate that the 
present invention is Well adapted to carry out the objects and 
obtain the ends and advantages mentioned as Well as those 
inherent therein. It should be understood, hoWever, that the 
enZyme compositions, enZymes, microorganism-based par 
ticulate materials, compounds, coatings, paints, ?lms, meth 
ods, procedures, and techniques described herein are pres 
ently representative of preferred embodiments. These 
techniques are intended to be exemplary, are given by Way 
of illustration only, and are not intended as limitations on the 
scope. Other objects, features, and advantages of the present 
invention Will be readily apparent to one skilled in the art 
from the folloWing detailed description; speci?c examples 
and claims; and various changes, substitutions, other uses 
and modi?cations that may be made to the invention dis 
closed herein Without departing from the scope and spirit of 
the invention or as de?ned by the scope of the appended 
claims. 

[0111] As used herein other than the claims, the terms 
“a,”“an,”“the,” and “said” means one or more. As used 
herein in the claim(s), When used in conjunction With the 
Words “comprises” or “comprising,” the Words “a,”“an, 
”“the,” or “said” may mean one or more than one. As used 

herein “another” may mean at least a second or more. 

[0112] All patents and publications mentioned in this 
speci?cation are indicative of the levels of those skilled in 
the art to Which the invention pertains. All patents and 
publications so referenced are herein incorporated by refer 
ence to the same extent as if each individual publication Was 
speci?cally and individually indicated to be incorporated by 
reference. 

[0113] As Would be knoWn to one of ordinary skill in the 
art, many variations of nomenclature are commonly used to 
refer to a speci?c chemical composition. Accordingly, sev 
eral common alternative names may be provided herein in 
quotations and parentheses/brackets, or other grammatical 
technique, adjacent to a chemical composition’s preferred 
designation When referred to herein. Additionally, many 
chemical compositions referred to herein are further identi 
?ed by a Chemical Abstracts Service registration number. As 
Would be knoWn to those of ordinary skill in the art, the 
Chemical Abstracts Service provides a unique numeric 
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designation, denoted herein as “CAS No.,” for speci?c 
chemicals and some chemical mixtures, Which unambigu 
ously identi?es a chemical composition’s molecular struc 
ture. 

[0114] In various embodiments described herein, exem 
plary values are speci?ed as a range. Examples of such 
ranges cited herein include, for example, a siZe of a bio 
molecule, a tempature for groWth and/or preparation of a 
microorganism, a chemical moiety’s content in a coating 
component, a coating component’s content in a coating 
composition and/or ?lm, a coating component’s mass, a 
glass transition temperature (“Tg”), a temperature for a 
chemical reaction (e.g., ?lm formation, chemical modi?ca 
tion of a coating component), the thickness of a coating 
and/or ?lm upon a surface, etc. It Will be understood that 
herein the phrase “including all intermediate ranges and 
combinations thereof associated With a given range is all 
integers and sub-ranges comprised Within a cited range. For 
example, citation of a range “0.03% to 0.07%, including all 
intermediate ranges and combinations thereof is speci?c 
values Within the sited range, such as, for example, 0.03%, 
0.04%, 0.05%, 0.06%, and 0.07%, as Well as various com 
binations of such speci?c values, such as, for example, 
0.03%, 0.06% and 0.07%, 0.04% and 0.06%, or 0.05% and 
0.07%, as Well as sub-ranges such as 0.03% to 0.05%, 0.04% 
to 0.07%, or 0.04% to 0.06%, etc. Additionally, example 12 
provides additional descriptions of speci?c numeric values 
Within a cited range. 

[0115] A. Biomolecules 

[0116] As used herein, a “biomolecule composition” of the 
present invention refers to a composition comprising a 
biomolecule. As used herein, a “biomolecule” refers to a 
compound comprising of one or more chemical moieties 
typically synthesiZed in living organisms, including but not 
limited to, an amino acid, a nucleotide, a polysaccharide or 
simple sugar, a lipid, or a combination thereof. A preferred 
biomolecule of the present invention comprises a proteina 
ceous molecule. As used herein a “proteinaceous molecule” 
comprises a polymer formed from amino acids, such as a 
peptide or a polypeptide. Examples of proteinaceous mol 
ecules include an enZyme, an antibody, a receptor, a trans 
port protein, structural protein, or a combination thereof. 
Examples of a peptide include inhibitory peptides of 3-15 
amino acids. 

[0117] In addition to the sources described herein for 
biomolecules, reagents, living cells, etc., one of ordinary 
skill in the art may obtain such materials and/or chemical 
formulas thereof for use in the present invention from 
convenient source such as a public database, a biological 
depository, and/or a commercial vendor. For example, vari 
ous nucleotide sequences, including those that encode amino 
acid sequences, may be obtained at a public database, such 
as the EntreZ Nucleotides database found at: http://WW 
W.ncbi.nlm.nih.gov/entreZ/query.fcgi?db=Nucleotide, Which 
includes sequences from other databases including Gen 
Bank, RefSeq, and PDB. In another example, various amino 
acid sequences may be obtained at a public database, such 
as the EntreZ databank found at: http://WWW.ncbi.nlm.nih 
.gov/entreZ/query.fcgi?db=Protein, Which includes 
sequences from other databases including SWissProt, PIR, 
PRF, PDB, GenBank, and RefSeq. Additional examples of 
such databases are listed at: http://WWW.rcsb.org/pdb/ 
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links.html#Databases, and numerous nucleic acid sequences 
and/or encoded amino acid sequences can be obtained from 
such sources. In a further example, biological materials that 
comprise, or are capable of comprising such biomolecules 
(including living cells), may be obtained from a depository 
such as the American Type Culture Collection (“ATCC”), 
PO. Box 1549 Manassas, Va. 20108, USA. In an additional 
example, biomolecules, chemical reagents, biological mate 
rials, and equipment may be obtained, as is Well knoWn to 
those of ordinary skill in the art, from commercial vendors 
such as Amersham Biosciences®, 800 Centennial Avenue, 
PO. Box 1327, Piscataway, NJ. 08855-1327 USA; BD 
Biosciences®, including Clontech®, Discovery LabWare®, 
Immunocytometry Systemse and Pharmingene, 1020 East 
MeadoW Circle, Palo Alto, Calif. 94303-4230 USA; Invit 
rogen, 1600 Faraday Avenue, PO Box 6482, Carlsbad, Calif. 
92008 USA; NeW England Biolabs®, 32 ToZer Road, Bev 
erly, Mass. 01915-5599 USA; Merck®, One Merck Drive, 
PO. Box 100, Whitehouse Station, NJ. 08889-0100 USA; 
Novagene®, 441 Charmany Dr., Madison, Wis. 53719-1234 
USA; Promega®, 2800 Woods HolloW Road, Madison Wis. 
53711 USA; P?Zer®, including Pharmacia®, 235 East 42nd 
Street, NeW York, NY. 10017 USA; Quiagen®, 28159 
Avenue Stanford, Valencia, Calif. 91355 USA; Sigma-Ald 
rich®, including Sigma, Aldrich, Fluka, Supelco and Sigma 
Aldrich Fine Chemicals, PO Box 14508, Saint Louis, Mo. 
63178 USA; Stratagene®, 11011 N. Torrey Pines Road, La 
Jolla, Calif. 92037 USA, etc. 

[0118] In addition to those techniques speci?cally 
described herein, one of ordinary skill in the art may 
manipulate a cell, nucleic acid sequence, amino acid 
sequence, and the like, in light of the present disclosures, 
using standard techniques knoWn in the art [see, for 
example, In “Molecular Cloning” (Sambrook, J., and Rus 
sell, D. W., Eds.) 3rd Edition, Cold Spring Harbor, NY: 
Cold Spring Harbor Laboratory Press, 2001; In “Current 
Protocols in Molecular Biology” (Chanda, V. B. Ed.) John 
Wiley & Sons, 2002; In “Current Protocols in Nucleic Acid 
Chemistry” (Harkins, E. W. Ed.) John Wiley & Sons, 2002; 
In “Current Protocols in Protein Science” (Taylor, G. Ed.) 
John Wiley & Sons, 2002; In “Current Protocols in Cell 
Biology” (Morgan, K. Ed.) John Wiley & Sons, 2002; In 
“Current Protocols in Pharmacology” (Taylor, G. Ed.) John 
Wiley & Sons, 2002; In “Current Protocols in Cytometry” 
(Robinson, J. P. Ed.) John Wiley & Sons, 2002; In “Current 
Protocols in Immunology” (Coico, R. Ed.) John Wiley & 
Sons, 2002]. 
[0119] B. EnZymes 

[0120] The selection of a biomolecule for use in the 
present invention depends on the desired property that is to 
be conferred to a composition of the present invention. A 
preferred biomolecule of the present invention comprises an 
enZyme, as enZymatic activity is a preferred property to be 
conferred to a biomolecule composition, coating and/or 
paint in the present invention. As used herein, the term 
“enzyme” refers to a molecule that possesses the ability to 
accelerate a chemical reaction, and comprises one or more 
chemical moieties typically synthesiZed in living organisms, 
including but not limited to, an amino acid, a nucleotide, a 
polysaccharide or simple sugar, a lipid, or a combination 
thereof. As used herein, the term “bioactive” refers to the 
ability of an enZyme to accelerate a chemical reaction 
differentiating such activity from a like ability of a compo 

Jun. 10, 2004 

sition, and/or a method that does not comprise an enZyme to 
accelerate a chemical reaction. 

[0121] In preferred embodiments, an enZyme comprises a 
proteinaceous molecule. It is contemplated that any pro 
teinaceous molecule that functions as an enZyme, Whether 
identical to the Wild-type amino acid sequence encoded by 
an isolated gene, a functional equivalent of such a sequence, 
or a combination thereof, may be used in the present 
invention. As used herein, a “Wild-type enZyme” refers to an 
amino acid sequence that functions as an enZyme and is 
identical to the sequence encoded by an isolated gene from 
a natural source. As used herein, a “functional equivalent” to 
the Wild-type enZyme is a proteinaceous molecule compris 
ing a sequence and/or a structural analog of a Wild-type 
enZyme’s sequence and/or structure and functions as an 
enZyme. The functional equivalent enZyme may possess 
similar or the same enZymatic properties, such as catalyZing 
chemical reactions of the Wild-type enZyme’s EC classi? 
cation, or may possess other desired enZymatic properties, 
such as catalyZing the desirable chemical reactions of an 
enZyme that is related to the Wild-type enZyme by sequence 
and/or structure. Examples of a functional equivalent of a 
Wild-type enZyme are described herein, and include muta 
tions to a Wild-type enZyme sequence, such as a sequence 
truncation, an amino acid substitution, an amino acid modi 
?cation, a fusion protein, or a combination thereof, Wherein 
the altered sequence functions as an enZyme. 

[0122] In certain embodiments, an enZyme may comprise 
a simple enZyme, a complex enZyme, or a combination 
thereof. As knoWn herein, a “simple enZyme” is an enZyme 
Wherein the chemical properties of moieties found in its 
amino acid sequence is sufficient for producing enZymatic 
activity. As knoWn herein, a “complex enZyme” is an 
enZyme Whose catalytic activity functions only When an 
apo-enZyme is combined With a prosthetic group, a co 
factor, or a combination thereof. An “apo-enZyme” is a 
proteinaceous molecule and is catalytically inactive Without 
the prosthetic group and/or co-factor. As knoWn herein, a 
“prosthetic group” or “co-enzyme” is non-proteinaceous 
molecule that is attached to the apo-enZyme to produce a 
catalytically active complex enZyme. As knoWn herein, a 
“holo-enZyme” is a complex enZyme that comprises an 
apo-enZyme and a co-enZyme. As knoWn herein, a “co 
factor” is a molecule that acts in combination With the 
apo-enZyme to produce a catalytically active complex 
enzyme. In some aspects, a prosthetic group is one or more 
bound metal atoms, a vitamin derivative, or a combination 
thereof. Examples of metal atoms that may be used as a 
prosthetic group and/or a co-factor include Ca, Cd, Co, Cu, 
Fe, Mg, Mn, Ni, Zn, or a combination thereof. Usually the 
metal atom is an ion, such as Ca2+, Cd2+, C02", Cu2+, Fe+2, 
Mg2+, Mn2+, Ni2+, Zn2+, or a combination thereof. As 
knoWn herein, a “metalloenZyme” is a complex enZyme that 
comprises an apo-enZyme and a prosthetic group, Wherein 
the prosthetic group comprises a metal atom. As knoWn 
herein, a “metal activated enZyme” is a complex enZyme that 
comprises an apo-enZyme and a co-factor, Wherein the 
co-factor comprises a metal atom. 

[0123] A chemical that binds a proteinaceous molecule is 
knoWn herein as a “ligand.” As used herein, “bind” or 
“binding” refers to a physical contact betWeen the proteina 
ceous molecule at a speci?c region of the proteinaceous 
molecule and the ligand in a reversible fashion. Examples of 
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binding interactions are Well known in the art, and include 
such interactions as a ligand knoWn as an “antigen” binding 
an antibody, a ligand binding a receptor, and the like. A 
portion of the proteinaceous molecule Wherein substrate 
binding occurs is knoWn herein as a “binding site.” A ligand 
that is acted upon by the enZyme in the accelerated chemical 
reaction is knoWn herein as a “substrate.” A contact betWeen 
the enZyme and a substrate in a fashion suitable for the 
accelerated chemical reaction to proceed is knoWn herein as 
“substrate binding.” Aportion of the enZyme involved in the 
chemical interactions that contributed to the accelerated 
chemical reaction is knoWn herein as an “active site.” 

[0124] A chemical that sloWs or prevents the enZyme from 
conducting the accelerated chemical reaction is knoWn 
herein as an “inhibitor.” Acontact betWeen the enZyme and 
the inhibitor in a fashion suitable for sloWing or preventing 
the accelerated chemical reaction to proceed upon a target 
substrate is knoWn herein as “inhibitor binding.” In some 
embodiments, inhibitor binding occurs at a binding site, an 
active site, or a combination thereof. In some aspects, an 
inhibitor’s binding occurs Without the inhibitor undergoing 
the chemical reaction. In speci?c aspects, the inhibitor may 
also be a substrate such as in the case of an inhibitor that 
precludes the enZyme from catalyZing the chemical reaction 
of a target substrate for the period of time inhibitor binding 
occurs at an active and/or binding site. In other aspects, an 
inhibitor undergoes the chemical reaction at a rate that is 
sloWer relative to a target substrate. 

[0125] In some embodiments, enZymes may be described 
by the classi?cation system of The International Union of 
Biochemistry and Molecular Biology (“IUBMB”). The 
IUBMB classi?es enZymes by the type of reaction catalyZed 
and enumerates each sub-class by a designated enZyme 
commission number (“EC”). The IUBMB classi?cation of 
various enZymes may be obtained using the computeriZed 
database at http:H/WWW.chem.qmW.ac.uk/iubmb/enZyme/. 
Based on these broad categories, an enZyme may comprise 
an oXidoreductase (EC 1), a transferase (EC 2), a hydrolase 
(EC 3), a lyase (EC 4), an isomerase (EC 5), a ligase (EC 6), 
or a combination thereof. Often, an enZyme may be able to 
catalyZe multiple reactions, and thus have multiple EC 
classi?cations. 

[0126] Generally, the chemical reaction catalyZed by an 
enZyme alters a moiety of a substrate. As used herein, a 
“moiety” or “group,” in the conteXt of the ?eld of chemistry, 
refers to a chemical sub-structure that is a part of a larger 
molecule. EXamples of moiety include an acid halide, an 
acid anhydride, an alcohol, an aldehyde, an alkane, an 
alkene, an alkyl halide, an alkyne, an amide, an amine, an 
arene, an aryl halide, a carboXylic acid, an ester, an ether, a 
ketone, a nitrile, a phenol, a sul?de, a sulfonic acid, a thiol, 
etc. 

[0127] An oXidoreductase catalyZes an oXido-reduction of 
a substrate, Wherein the substrate is either a hydrogen donor 
and/or an electron donor. An oXidoreductase is generally 
classi?ed by the substrate moiety that is the donor or 
acceptor. EXamples of oXidoreductases include an oXi 
doreductase that acts on a donor CH—OH moiety, (EC 1.1); 
an donor aldehyde or a donor OX0 moiety, (EC 1.2); a donor 
CH—CH moiety, (EC 1.3); a donor CH—NH2 moiety, (EC 
1.4); a donor CH—NH moiety, (EC 1.5); a donor nicotina 
mide adenine dinucleotide (“NADH”) or a donor nicotina 
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mide adenine dinucleotide phosphate (“NADPH”), (EC 
1.6); a donor nitrogenous compound, (EC 1.7); a donor 
sulfur moiety, (EC 1.8); a donor heme moiety, (EC 1.9); a 
donor diphenol or a related moiety as donor, (EC 1.10); a 
peroXide as an acceptor, (EC 1.11); a donor hydrogen, (EC 
1.12); a single donor With incorporation of molecular oXy 
gen (“oXygenase”), (EC 1.13); a paired donor, With incor 
poration or reduction of molecular oxygen, (EC 1.14); a 
superoXide radical as an acceptor, (EC 1.15); an oXidoreduc 
tase that oXidises a metal ion, (EC 1.16); an oXidoreductase 
that acts on a donor CH2 moiety, (EC 1.17); a donor 
iron-sulfur protein, (EC 1.18); a donor reduced ?avodoXin, 
(EC 1.19); a donor phosphorus or donor arsenic moiety, (EC 
1.20); an oXidoreductase that acts on an X—H and an Y—H 

to form an X-Y bond, (EC 1.21); as Well as a other 
oXidoreductase, (EC 1.97) [Is this the right number?]; or a 
combination thereof. 

[0128] A transferase catalyZes the transfer of a moiety 
from a donor compound to an acceptor compound. A trans 
ferase is generally classi?ed based on the chemical moiety 
transferred. EXamples of transferases include an transferase 
that catalyZes the transfer of a one-carbon moiety, (EC 2.1); 
an aldehyde or a ketonic moiety, (EC 2.2); an acyl moiety, 
(EC 2.3); a glycosyl moiety, (EC 2.4); an alkyl or an aryl 
moiety other than a methyl moiety, (EC 2.5); a nitrogenous 
moiety, (EC 2.6); a phosphorus-containing moiety, (EC 2.7); 
a sulfur-containing moiety, (EC 2.8); a selenium-containing 
moiety, (EC 2.9); or a combination thereof. 

[0129] A hydrolase catalyses the hydrolysis of a chemical 
bond. A hydrolase is generally classi?ed based on the 
chemical bond cleaved or the moiety released or transferred 
by the hydrolysis reaction. EXamples of hydrolases include 
a hydrolase that catalyZes the hydrolysis of an ester bond, 
(EC 3.1); a glycosyl released/transferred moiety, (EC 3.2); 
an ether bond, (EC 3.3); a peptide bond, (EC 3.4); a 
carbon-nitrogen bond, other than a peptide bond, (EC 3.5); 
an acid anhydride, (EC 3.6); a carbon-carbon bond, (EC 
3.7); a halide bond, (EC 3.8); a phosphorus-nitrogen bond, 
(EC 3.9); a sulfur-nitrogen bond, (EC 3.10); a carbon 
phosphorus bond, (EC 3.11); a sulfur-sulfur bond, (EC 
3.12); a carbon-sulfur bond, (EC 3.13); or a combination 
thereof. 

[0130] A lyase catalyZes the cleavage of a chemical bond 
by reactions other than hydrolysis or oxidation. A lyase is 
generally classi?ed based on the chemical bond cleaved. 
EXamples of lyases include a lyase that catalyZes the cleav 
age of a carbon-carbon bond, (EC 4.1); a carbon-oxygen 
bond, (EC 4.2); a carbon-nitrogen bond, (EC 4.3); a carbon 
sulfur bond, (EC 4.4); a carbon-halide bond, (EC 4.5); a 
phosphorus-oxygen bond, (EC 4.6); a other lyase, (EC 4.99) 
[Is this the right number?]; or a combination thereof. 

[0131] An isomerase catalyZes a change Within one mol 
ecule. EXamples of isomerases include a racemase or an 

epimerase, (EC 5.1); a cis-trans-isomerases, (EC 5.2); an 
intramolecular isomerase, (EC 5.3); an intramolecular trans 
ferase, (EC 5.4); an intramolecular lyase, (EC 5.5); a other 
isomerases, (EC 5.99); or a combination thereof. 

[0132] Aligase catalyses the formation of a chemical bond 
betWeen tWo substrates With the hydrolysis of a diphosphate 
bond of a triphosphate such as ATP. A ligase is generally 
classi?ed based on the chemical bond created. EXamples of 
lyases include a ligase that form a carbon-oxygen bond, (EC 
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6.1); a carbon-sulfur bond, (EC 6.2); a carbon-nitrogen 
bond, (EC 6.3); a carbon-carbon bond, (EC 6.4); a phos 
phoric ester bond, (EC 6.5); or a combination thereof. 

[0133] 1. Preferred Enzymes 

[0134] Apreferred enzyme for use in the present invention 
comprises a hydrolase. Apreferred hydrolase comprises an 
esterase. A preferred esterase comprises an esterase that 
catalyzes the hydrolysis of an organophosphorus compound. 
Examples of such preferred esterases are those identi?ed by 
enzyme commission number EC 3.1.8, the phosphoric tri 
ester hydrolases. As used herein, a phosphoric triester hydro 
lase catalyzes the hydrolytic cleavage of an ester from a 
phosphorus moiety. EXamples of a phosphoric triester 
hydrolase include an aryldialkylphosphatase, a diisopropyl 
?uorophosphatase, or a combination thereof. 

[0135] An aryldialkylphosphatase (EC 3.1.8.1) is also 
knoWn by its systemic name “aryltriphosphate dialkylphos 
phohydrolase,” and various enzymes in this category have 
been knoWn in the art by names such as “organophosphate 
hydrolase”; “paraoXonase”; “A-esterase”; “aryltriphos 
phatase”; “organophosphate esterase”; “esterase B1”; 
“esterase E4”; “paraoXon esterase”; “pirimiphos-methy 
loXon esterase”; “OPA anhydrase”; “organophosphorus 
hydrolase”; “phosphotriesterase”; “PTE”; “paraoXon hydro 
lase”; “OPH”; and “organophosphorus acid anhydrase.” An 
aryldialkylphosphatase catalyzes the folloWing reaction: 
aryl dialkyl phosphate+H2O=an aryl alcohol+dialkyl phos 
phate. EXamples of an aryl dialkyl phosphate include an 
organophosphorus compound comprising a phosphonic acid 
ester, a phosphinic acid ester, or a combination thereof. 

[0136] A diisopropyl-?uorophosphatase (EC 3.1.8.2) is 
also knoWn by its systemic name “diisopropyl-?uorophos 
phate ?uorohydrolase,” and various enzymes in this cat 
egory have been knoWn in the art by names such as 
“DFPase”; “tabunase”; “somanase”; “organophosphorus 
acid anhydrolase”; “organophosphate acid anhydrase”; 
“OPA anhydrase”; "diisopropylphospho?uoridase”; “dialky 
l?uorophosphatase”; “diisopropyl phosphoro?uoridate 
hydrolase”; “isopropylphosphoro?uoridase”; and “diisopro 
pyl?uorophosphonate dehalogenase.” A diisopropyl-?uoro 
phosphatase catalyzes the folloWing reaction: diisopropyl 
?uorophosphate+H2O=?uoride+diisopropyl phosphate. 
EXamples of a diisopropyl ?uorophosphates include an 
organophosphorus compound comprising a phosphorus-ha 
lide, a phosphorus-cyanide, or a combination thereof. 

[0137] EXamples of phosphoric triester hydrolases and 
cleaved OP compounds and bond types are shoWn at Table 
1. 

TABLE 1 

Phosphoric Triester Hydrolases 

OP Compound Phosphoryl Bond-Type and 
Phosphoryl Bond Types Cleaved by Enzyme 

Various OP Sarin, VX, 
Pesticides Soman R-VX Tabun 

Enzyme P-C P—O P-F P—S P—CN 

OPHa,b,c,d,e,f,g _ + + + 

Human _ _ + + + — + 

ParaoXonaseh"'J 
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TABLE 1-continued 

Phosphoric Triester Hydrolases 

OP Compound Phosphoryl Bond-Type and 
Phosphoryl Bond Types Cleaved by Enzyme 

Various OP Sarin, VX, 
Pesticides Soman R-VX Tabun 

Enzyme P-C P—O P-F P—S P—CN 

OPAA-Zk'I _ + + _ 

Squid DFPasem — — 

“Dumas, D. P. et al., 1989a; 
bDumas, D. P. et al., 1989b; 
CDumas, D. P. et al., 1990; 
“Dave, K. I. et al., 1993; 
eChae, M. Y. et al., 1994; 
fIai, K. et al., 1995; 
gKolakoWski, J. E. et al., 1997; 
hHassett, C. et al., 1991; 
iJosse, D. et al., 2001; 
JlIosse, D. et al., 1999; 
kDeFrank, J. J. et al. 1993; 
1Cheng, T. -c. et al., 1996; 
mHoskin, F. C. G. and Roush, A. H., 1982. 

[0138] A preferred substrate for a composition of the 
present invention comprises an organophosphorus com 
pound. As used herein, an “organophosphorus compound” is 
a compound comprising a phosphoryl center, and further 
comprises tWo or three ester linkages. In some aspects, the 
type of phosphoester bond and/or additional covalent bond 
at the phosphoryl center classi?es an organophosphorus 
compound. In embodiments Wherein the phosphorus is 
linked to an oXygen by a double bond (P=O), the OP 
compound is knoWn as an “oXon OP compound” or “oXon 
organophosphorus compound.” In embodiments Wherein the 
phosphorus is linked to a sulfur by a double bond (P=S), the 
OP compound is knoWn as a “thion OP compound” or “thion 
organophosphorus compound.” Additional examples of 
bond-type classi?ed OP compounds include a phosphono 
cyanate, Which comprises a P—CN bond; a phosphoroami 
date, Which comprises a P—N bond; a phosphotriester, 
Which comprises a P—O bond; a phosphodiester, Which 
comprises a P—O bond; a phosphono?uoridate, Which 
comprises a P—F bond; and a phosphonothiolate, Which 
comprises a P—S bond. A “dimethyl OP compound” com 
prises tWo methyl moieties covalently bonded to the phos 
phorus atom, such as, for eXample, malathion. A“diethyl OP 
compound” comprises tWo ethoXy moieties covalently 
bonded to the phosphorus atom, such as, for eXample, 
diazinon. 

[0139] In general embodiments, an OP compound com 
prises an organophosphorus nerve agent or an organophos 
phorus pesticide. As used herein, a “nerve agent” is an 
inhibitor of a cholinesterase, including but not limited to, an 
acetyl cholinesterase, a butyl cholinesterase, or a combina 
tion thereof. The toXicity of an OP compound depends on the 
rate of release of its phosphoryl center (e.g., P—C, P—O, 
P—F, P—S, P—CN) from the target enzyme (Millard, C. B. 
et al., 1999). Preferred nerve agents are inhibitors of a 
cholinesterase (e.g., acetyl cholinesterase) Whose catalytic 
activity is often critical for health and survival in animals, 
including humans. 

[0140] Certain OP compounds are so toXic to humans that 
they have been adapted for use as chemical Warfare agents, 
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such as tabun, soman, sarin, cyclosarin, VX, and R-VX. A 
CWA may be in airborne form and such a formulation is 
known herein as an “OP-nerve gas.” Examples of airborne 
forms include a gas, a vapor, an aerosol, a dust, or a 
combination thereof. Examples of an OP compounds that 
may be formulated as an OP nerve gas include tabun, sarin, 
soman, VX, GX, or a combination thereof. 

[0141] In addition to the initial inhalation route of expo 
sure common to such agents, CWAs, especially persistent 
agents such as VX and thickened soman, pose threats 
through dermal absorption [In “Chemical Warfare Agents: 
Toxicity at LoW Levels,” (Satu M. Somani and James A. 
Romano, Jr., Eds.) p. 414, 2001]. As used herein, a “persis 
tent agent” is a CWA formulated to be non-volatile and thus 
remain as a solid or liquid While exposed to the open air for 
more than three hours. Often after release, a persistent agent 
may convert from an airborne dispersal form to a solid or 
liquid residue on a surface, thus providing the opportunity to 
contact the skin of a human. The toxicities for common OP 
chemical Warfare agents after contact With skin are shoWn at 
Table 2. 

TABLE 2 

LD5U Values" of Common Organophosphorus 
Chemical Warfare Agents 

Common OP Estimated human LD5U — percutaneous 
CWA (skin) administration 

Tabun 1000 milligrams (“mg”) 
Sarin 1700 mg 
Soman 100 mg 
VX 10 mg 

*LDSU — the dose need to kill 50% of individuals in a population after 
administration, Wherein the individuals Weigh approximately 70 kg. 

[0142] In some embodiments, an OP compound may be a 
particularly poisonous organophosphorus nerve agent. As 
used herein, a “particularly poisonous” agent is a composi 
tion With a LD5O of 35 mg/kg or less for an organism after 
percutaneous (“skin”) administration of the agent. Examples 
of a particularly poisonous OP nerve agent include tabun, 
sarin, cyclosarin, soman, VX, R-VX, or a combination 
thereof. 

[0143] As used herein, “detoxi?cation,”“detoxify, 
”“detoxi?ed,”“degradation,”“degrade,” and “degraded” 
refers to a chemical reaction of a compound that produces a 
chemical byproduct that is less harmful to the health or 
survival of a target organism contacted With the chemical 
product relative to contact With the parent compound. OP 
compounds may be detoxi?ed using chemical hydrolysis or 
through enZymatic hydrolysis (Yang, Y.-C. et al., 1992; 
Yang, Y.-C. et al., 1996; Yang, Y.-C. et al., 1990; LeJeune, 
K. E. et al., 1998a). In general embodiments, the enZymatic 
hydrolysis is a speci?cally targeted reaction Wherein the OP 
compound is cleaved at the phosphoryl center’s chemical 
bond resulting in predictable byproducts that are acidic in 
nature but benign from a neurotoxicity perspective (Kola 
koWski, J. E. et al., 1997; Rastogi, V. K. et al., 1997; Dumas, 
D. P. et al., 1990; Raveh, L. et al., 1992). By comparison, 
chemical hydrolysis can be much less speci?c, and in the 
case of VX may produce some quantity of byproducts that 
approach the toxicity of the intact agent (Yang, Y.-C. et al., 
1996; Yang, Y.-C. et al., 1990). In preferred facets, an 
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enZyme composition of the present invention degrades a 
CWA, a particularly poisonous organophosphorus nerve 
agent, or a combination thereof into byproduct that is not 
particularly poisonous. 
[0144] Many OP compounds are pesticides that are not 
particularly poisonous to humans, though they do possess 
varying degrees of toxicity to humans and other animals. 
Examples of an OP pesticide include bromophos-ethyl, 
chlorpyrifos, chlorfenvinphos, chlorothiophos, chlorpyrifos 
methyl, coumaphos, crotoxyphos, crufomate, cyanophos, 
diaZinon, dichlofenthion, dichlorvos, dursban, EPN, ethop 
rop, ethyl-parathion, etrimifos, famphur, fensulfothion, 
fenthion, fenthrothion, isofenphos, jodfenphos, leptophos 
oxon, malathion, methyl-parathion, mevinphos, paraoxon, 
parathion, parathion-methyl, pirimiphos-ethyl, pirimiphos 
methyl, pyraZophos, quinalphos, ronnel, sulfopros, sul 
fotepp, trichloronate, or a combination thereof. In some 
embodiments, a composition of the present invention 
degrades a pesticide into a byproduct that is less toxic to an 
organism. In speci?c aspects, the organism is an animal, 
such as a human. 

[0145] a. OPH 

[0146] Organophosphorus hydrolase (E.C.3.1.8.1) has 
been also refered to in that art as “organophosphate-hydro 
lyZing enZyme,’"‘phosphotriesterase,”“PTE,”“organophos 
phate-degrading enZyme,”“OP anhydrolase,”“OP hydrolase, 
”“OP thiolesterase,”“organophosphorus triesterase, 
”“parathion hydrolase,”“paraoxonase,”“DFPase, 
somanase,”“VXase,” and “sarinase.” As used herein, this 

type of enZyme Will be referred to herein as “organophos 
phorus hydrolase” or “OPH.” 

[0147] The initial discovery of OPH Was from tWo bac 
terial strains from the closely related genera: Pseudomonas 
diminuta and Flavobacterium spp. (McDaniel, S. et al., 
1988; Harper, L. et al., 1988), Which encoded identical 
organophosphorus degrading opd genes on large plasmids 
(Genbank accession no. M20392 and Genbank accession no. 
M22863) (copending US. patent application Ser. No. 
07/898,973, incorporated herein in its entirety by reference). 
It is likely that Pseudomonas diminuta Was derived from the 
Flavobacterium spp. Subsequently, other such OPH encod 
ing genes have been discovered. The use of any opd gene or 
their gene product in the described compositions and meth 
ods is contemplated. Examples of opd genes and gene 
products that may be used include the Agrobacterium radio 
bacter P230 organophosphate hydrolase gene, opdA (Gen 
bank accession no. AY043245; EntreZ databank no. 
AAK85308); the Flavobacterium balustinum opd gene for 
parathion hydrolase (Genbank accession no. AJ426431; 
EntreZ databank no. CAD19996); the Pseudomonas 
diminuta phosphodiesterase opd gene (Genbank accession 
no. M20392; EntreZ databank no. AAA98299; Protein Data 
Bank entries 1JGM, 1DPM, 1EYW, 1EZ2, 1HZY, 1IOB, 
1IOD, 1PSC and 1PTA); the Flavobacterium sp opd gene 
(Genbank accession no. M22863; EntreZ databank no. 
AAA24931; ATCC 27551); the Flavobacterium sp. par 
athion hydrolase opd gene (Genbank accession no. M29593; 
EntreZ databank no. AAA24930; ATCC 27551); or a com 
bination thereof (Horne, I. et al., 2002; Somara, S. et al., 
2002; McDaniel, C. S. et al., 1988a; Harper, L. L. et al., 
1988; Mulbry, W. W. and Karns, J. S., 1989). 
[0148] Because OPH possesses the desirable property of 
cleaving a broad range of OP compounds (Table 1), it is the 
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OP detoxifying enzyme that has been most studied and 
characterized, With the enZyme obtained from Pseudomonas 
being the target of focus for most studies. This OPH Was 
initially puri?ed following expression from a recombinant 
baculoviral vector in insect tissue culture of the Fall Army 
Worm, Spodoptera frugipera'a (Dumas, D. P. et al., 1989b). 
Puri?ed enZyme preparations have been shoWn to be able to 
detoxify via hydrolysis a Wide spectrum of structurally 
related insect and mammalian neurotoxins that function as 
acetylcholinesterase inhibitors. Of great interest, this detoxi 
?cation ability included a number of organophosphoro?uo 
ridate nerve agents such as sarin and soman. This Was the 
?rst recombinant DNA construction encoding an enZyme 
capable of degrading these potent nerve gases. This enZyme 
Was capable of degrading the common organophosphorus 
insecticide analog (paraoxon) at rates exceeding 2><107 M-1 
(mole enZyme), Which is equivalent to the most catalytically 
ef?cient enZymes observed in nature. The puri?ed enZyme 
preparations are capable of detoxifying sarin and the less 
toxic model mammalian neurotoxin 0,0-diisopropyl phos 
phoro?uoridate (“DFP”) at the equivalent rates of 50-60 
molecules per molecule of enZyme-dimer per second. In 
addition, the enZyme can hydrolyZe soman and VX at 
approximately 10% and 1% of the rate of sarin, respectively. 
The breadth of substrate utility (e.g., V agents, sarin, soman, 
tabun, cycosarin, OP pesticides) and the ef?ciency for the 
hydrolysis exceeds the knoWn abilities of other prokaryotic 
and eukaryotic organophosphorus acid anydrases, and it is 
clear that this detoxi?cation is due to a single enZyme rather 
than a family of related, substrate-limited proteins. 

[0149] The X-ray crystal structure of Pseudomonas OPH 
has been determined (Benning, M. M. et al., 1994; Benning, 
M. M. et al., 1995; Vanhooke, J. L. et al., 1996). Each OPH 
monomer’s active site binds tWo atoms of Zn“; hoWever, 
OPH is usually prepared Wherein Co2+ replaces Zn2+, Which 
enhances catalytic rates. Examples of the catalytic rates 
(km) and speci?cities (km/Km) for Co2+ substituted OPH 
against various OP compounds are shoWn at Table 3 beloW. 

TABLE 3 

Catalytic Activity of Wild-Type OPH binding Co2+ 

kcm (SE1) keen/Km (Mil SE1) 

OP Pesticide Substrate 

Paraoxon 150003 1.3 x 108 
OP CWA Substrates 

Sarin 56b s X 104 
Soman 5b 1 x 104 
vx 0.3‘) 7.5 X 102 
R-VX 0.5C 105 
Tabun* 77‘‘ 7.6 X 105 

*Wild-type Zn2+ OPH Was used in obtaining these kinetic parameters; 
adiSioudi, B. et al., 1999a; 
bKolakoski J. E. et al., 1997; 
CRastogi, V. K. et al., 1997; 
dRaveh, L. et al., 1992. 

[0150] The phosphoryl center of OP compounds is chiral, 
and Pseudomonas OPH preferentially binds and/or cleaves 
Sp enantiomers over Rp enantiomers of the chiral phosphorus 
in various substrates by a ratio of about 10:1 to about 90:1 
(Chen-Goodspeed, M. et al., 2001a; Hong, S.-B. and 
Raushel, F. M., 1999a; Hong, S.-B. and Raushel, F. M., 
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1999b). CWAs such as VX, sarin, and soman are usually 
prepared and used as a mixture of sterioisomers of varying 
toxicity, With VX and sarin having tWo enantomers each, 
With the chiral center around the phosphorus of the cleavable 
bond. Soman possesses four enantomers, With one chiral 
center based on the phosphorus and an additional chiral 
center based on a pinacolyl moeity [In “Chemical Warfare 
Agents: Toxicity at LoW Levels” (Satu M. Somani and 
James A. Romano, Jr., Eds.) pp 26-29, 2001; Li, W.-S. et al., 
2001; Yang, Y.-C. et al., 1992; Benshop, H. P. et al., 1988]. 
The SP enantiomer of sarin is about 104 times faster in 
inactivating acetylcholinesterase than the RP enantiomer 
(Benschop, H. P. and De Jong, L. P. A. 1988), While the tWo 
Sp enantiomers of soman is about 105 times faster in inac 
tivating acetylcholinesterase than the Rp enantiomers (Li, 
W.-S. et al., 2001; Benschop, H. P. et al., 1984). Wild-type 
organophosphorus hydrolase seems to have greater speci 
?city for the less toxic enantiomers of sarin and soman. OPH 
is about 9-fold faster cleaving an analog of the Rp enanti 
omer of sarin relative to an analog of the Sp enantiomer, and 
about 10-fold faster in cleaving analogs of the Rc enanti 
omers of soman relative to analogs of the Sc enantiomers (Li, 
W.-S. et al., 2001). 

[0151] b. Paraoxonase 

[0152] Human paraoxonase (EC 3.1.8.1), is a calcium 
dependent protein, and is also knoWn as an “arylesterase” or 
aryl-ester hydrolase” (Josse, D. et al., 1999; Vitarius, J. A. 
and Sultanos, L. G., 1995). Examples of the human paraoxo 
nase (“HPON1”) gene and gene products can be accessed at 
(Genbank accession no. M63012; EntreZ databank no. 
MB59538) (Hassett, C. et al., 1991). 
[0153] C. Carboxylases 
[0154] It is contemplated that a carboxylase gene isolated 
from an animal may be used as an organophosphate hydro 
lase in the present invention. As used herein, a “carboxy 
lase” or “ali-esterase” (EC 3.1.1.1) is an enZyme that hydro 
lytically cleaves carboxylic esters (e.g., C—O bonds). As is 
Well knoWn to those of ordinary skill in the art, most genes 
in eukaryatic organisms have multiple alleles Which com 
prise varient nucleotide and/or expressed protein sequences 
for a particular gene. Certain insect species have been 
identi?ed With reduced carboxylase activity and enhanced 
resistance to OP compounds such as malathion or diaZinon. 
Examples of insect species include Plodia interpunctella, 
Chrysomya putoria, Lucilia cuprina, and Musca domestica. 
In particular, an allele of a carboxylase gene possessing 
organophosphate hydrolase (EC 3.1.8.1) activity is thought 
to be responsible for OP compound resistance. Examples of 
such carboxylase genes include alleles isolated from Lucilia 
cuprina (Genbank accession no. U56636; EntreZ databank 
no. AAB67728), Musca domestica (Genbank accession no. 
AF133341; EntreZ databank no. MD29685), or a combina 
tion thereof (Claudianos, C. et al., 1999; Campbell, P. M. et 
al., 1998; NeWcomb, R. D. et al., 1997). Additionally, 
carboxylases or carbamoyl lyases are useful against the 
carbamate nerve agents, and are speci?cally contemplated 
for use in biomolecule composition of the present invention 
for use against such agents. 

[0155] d. OPAAs, Prolidases, Aminopeptideases and 
PepQ 
[0156] Organophosphorus acid anhydrolases 
(E.C.3.1.8.2), knoWn as “OPAAs,” have been isolated from 
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microorganisms and identi?ed as enzymes that detoxify OP 
compounds (Serdar, C. M. and Gibson, D. T., 1985; Mulbry, 
W. W. et al., 1986; DeFrank, J. J. and Cheng, T.-C., 1991). 
The better-characterized OPAAs have been isolated from 
Altermonas species, such as Alteromonas sp JD6.5, Altero 
monas haloplanktis and Altermonas ana'ina (ATCC 29660) 
(Cheng, T.-C. et al., 1996; Cheng, T.-C. et al., 1997; Cheng, 
T. C. et al., 1999; Cheng, T.-C. et al., 1993). Examples of 
OPM genes and gene products that may be used include the 
Alteromonas sp JD6.5 opaA gene, (GeneBank accession no. 
U29240; EntreZ databank no. AAB05590); the Alteromonas 
haloplanktis prolidase gene (GeneBank accession no. 
U56398; EntreZ databank AAA99824; ATCC 23821); or a 
combination thereof (Cheng, T. C. et al., 1996; Cheng, T.-C. 
et al., 1997). The Wild-type encoded OPAA from Alteromo 
nas sp JD6.5 is 517 amino acids, While the Wild-type 
encoded OPAA fromAlteromonas haloplanktis is 440 amino 
acids (Cheng, T. C. et al., 1996; Cheng, T.-C. et al., 1997). 
The Alteromonas OPAAs accelerates the hydrolysis of phos 
photriesters and phospho?uoridates, including cyclosarin, 
sarin and soman (Table 4). 

TABLE 4 

Catalytic Activity of Wild-Type OPAAS 

km (8“) Per 
species OPAA per OP Substrate 

A. sp JD6.5 A. haloplanktis A. undina 

OP Compound Substrate 

DFP 1650“ 575“ 1239“ 
OP CWA Substrates 

Sarin 611“ 257“ 376“ 
Cyclosarin 1650“ 269“ 1586“ 
Soman 3145“ 1389“ 2496“ 
Tabun 85“ 113“ 292“ 

“Cheng, T. C. et al., 1999 

[0157] Similar to OPH, OPAA from Alteromonas sp JD6.5 
(“OPAA-2”) has a general binding and cleavage preference 
up to 112:1 for the Sp enantiomers of various p-nitrophenyl 
phosphotriesters (Hill, C. M. et al., 2000). Additionally, 
OPAA from Alteromonas sp JD6.5 is over 2 fold faster at 
cleaving an Sp enantiomer of a sarin analog, and over 
15-fold faster in cleaving analogs of the Rc enantiomers of 
soman relative to analogs of the Sc enantiomers (Hill, C. M. 
et al., 2001). 
[0158] Additionally, a prolidase (“imidodipeptidase, 
”“proline dipeptidase,”“peptidase D,”“g-peptidase”), PepQ 
and/or aminopeptidase P gene or gene product With OPAA 
activity, or a functional equivalent thereof may be used in 
the present invention. OPAAs possess sequence and struc 
tural similarity to human prolidase, Escherichia coli ami 
nopeptidase P and Escherichia coli PepQ (Cheng, T.-C. et 
al., 1997; Cheng, T.-C. et al., 1996). Aprolidase or a PepQ 
protein (E.C. 3.4.13.9) hydrolyZes a C—N bond of a dipep 
tide With a prolyl residue at the carboxyl-terminus, and 
OPAAs are also classi?ed as prolidases. An aminopeptidase 
P (EC 3.4.11.9) hydrolyZes the C—N amino bond of a 
proline at the penultimate position from the amino terminus 
of an amino acid sequence. Partly puri?ed human and 
porcine prolidase demonstrated the ability to cleave DFP and 
G-type nerve agents (Cheng, T.-C. et. al., 1997). Examples 
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of prolidase genes and gene products include the Mas 
mascalus prolidase gene (GeneBank accession no. D82983; 
EntreZ databank no. BAB11685); the Homo sapien prolidase 
gene (GeneBank accession no. J04605; EntreZ databank 
AAA60064); the Lactobacllas helveticas prolidase 
(“PepQ”) gene (GeneBank accession no. AF012084; EntreZ 
databank MC24966); the Escherichia coli prolidase 
(“pepQ”) gene (GeneBank accession no. X54687; EntreZ 
databank CM38501); the Escherichia coli aminopeptidase P 
(“pepP”) gene (GeneBank accession no. D00398; EntreZ 
databank BM00299; Protein Data Bank entries 1A16, 1AZ9, 
1JAW and 1M35); or a combination thereof (Ishii, T. et al., 
1996; Endo, F. et al., 1989; Nakahigashi, K. and Inokuchi, 
H., 1990; Yoshimoto, T. et al., 1989). 

[0159] 
[0160] As used herein, a “squid-type DFPase” (EC 
3.1.8.2) refers to an enZyme that catalyZes the cleavage of 
both DFP and soman, and is isolated from organisms of the 
Loligo genus. Generally, a squid-type DFPase cleaves DFP 
at a faster rate than soman. Squid-type DFPases include, for 
example, a DFPase from Loligo valgaris, Loligo pealei, 
Loligo opalescens, or a combination thereof (Hoskin, F. C. 
G. et al., 1984; Hoskin, F. C. G. et al., 1993; Garden, J. M. 
et al., 1975). 

[0161] A Well-characterized example of a squid-type 
DFPase includes the DFPase that has been isolated from the 
optical ganglion of Loligo valgaris (Hoskin, F. C. G. et al., 
1984). This squid-type DFPase cleaves a variety of OP 
compounds, including DFP, sarin, cyclosarin, soman, and 
tabun (Hartleib, J. and Ruterjans, H., 2001a). The gene 
encoding this squid-type DFP has been isolated, and can be 
accessed at GeneBank accession no. AX018860 (Interna 
tional patent publication: WO 9943791-A). Further, this 
enZyme’s X-ray crystal structure has been determined (Pro 
tein Data Bank entry 1E1A) (Koepke, J. et al., 2002; Scharff, 
E. I. et al., 2001). This squid-type DFPase binds tWo Ca2+ 
ions, Which are important in catalytic activity and enZyme 
stability (Hartleib, J. et al., 2001). Both the DFPase from 
Loligo vulgaris and Loligo pealei are susceptible to pro 
teolytic cleavage into a 26-kDa and 16 kDa fragments, and 
the fragments from Loligo valgaris are capable of forming 
active enZyme When associated together (Hartleib, J. and 
Ruterjans, H., 2001a). 
[0162] f. MaZur-Type DFPases 

[0163] As used herein, a “MaZur-type DFPase” (EC 
3.1.8.2) refers to an enZyme that catalyZes the cleavage of 
both DFP and soman. Generally, MaZur-type DFPases 
cleaves soman at a faster rate than DFP. Examples of a 
MaZur-type DFPases include the DFPase isolated from 
mouse liver (Billecke, S. S. et al., 1999), Which may be the 
same as the DFPase knoWn as SMP-30 (Fujita, T. et al., 
1996; Billecke, S. S. et al., 1999; Genebank accession no. 
U28937; EntreZ databank MC52721); a DFPase isolated 
from rat liver (Little, J. S. et al., 1989); a DFPase isolated 
from hog kidney; a DFPase isolated from Bacillus stearo 
thermophilas strain OT, a DFPase isolated from Escherichia 
coli (ATCC25922) (Hoskin, F. C. G. et al., 1993; Hoskin, F. 
C. G, 1985); or a combination thereof. 

[0164] g. Other Phosphoric Triester Hydrolases 

[0165] It is contemplated that any phosphoric triester 
hydrolase that is knoWn in the art may be used in preferred 

e. Squid-Type DFPases 
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embodiments of the present invention. An example of an 
additional phosphoric triester hydrolase includes the product 
of the gene, mpd, (GenBank accession number AF338729; 
EntreZ databank AAK14390) isolated from Plesiomonas sp. 
strain M6 (Zhongli, C. et al., 2001). Other examples include 
the phosphoric triester hydrolase identi?ed in a Xanthomo 
nas sp. (Tchelet, R. et al., 1993); Tetrahymena (Landis, W. 
G. et al., 1987); certain plants such as Myriophyllum aquati 
cum, Spiroa'ela origorrhiza L, Eloa'ea Canadensis and Zea 
mays (Gao, J. et al., 2000; EdWards, R. and OWen, W. J., 
1988); and in hen liver and brain (DiaZ-Alejo, N. et al., 
1998). Additional, cholinesterases (e.g., an acetyl cholinest 
erase) With OP degrading activity have been identi?ed in 
insects resistant OP pesticides (see, for example, Baxter, G. 
D. et al., 1998; Baxter, G. D. et al., 2002; Rodrigo, L., et al., 
1997, Vontas, J. G., et al., 2002; Walsh, S. B., et al., 2001; 
Zhu, K. Y., et al., 1995), and are contemplate for use a 
bimolecular composition of the present invention. 

[0166] 2. Functional Equivalents of Wild-Type Enzymes 

[0167] It is possible to optimiZe a proteinaceous molecule 
With a de?ned amino acid sequence and/or length for one or 
more properties. An alteration in a desirable property is 
possible because such molecules can be manipulated, for 
example, by chemical modi?cation, as described herein or as 
Would be knoWn to one of ordinary skill in the art, in light 
of the present disclosures. As used herein “alter” or “alter 
ation” may result in an increase or a decrease in the 
measured value for a particular property. As used herein a 
“property,” in the context of an proteinaceous molecule, 
includes, but is not limited to, a ligand binding property, a 
catalytic property, a stability property, a property related to 
environmental safety, or a combination thereof. Examples of 
a catalytic property that may be altered include a kinetic 
parameter, such as Km, a catalytic rate (kcat) for a substrate, 
an enZyme’s speci?city for a substrate (km/Km), or a 
combination thereof. Examples of a stability property that 
may be altered include thermal stability, half-life of activity, 
stability after exposure to a Weathering condition, or a 
combination thereof. Examples of a property related to 
environmental safety include an alteration in toxicity, anti 
genicity, bio-degradability, or a combination thereof. HoW 
ever, as Would be readily apparent to one of ordinary skill in 
the art, an alteration to increase an enZyme’s catalytic rate 
for a substrate, an enZyme’s speci?city for a substrate, a 
proteinaceous molecule’s thermal stability, a proteinaceous 
molecule’s half-life of activity, or a proteinaceous mol 
ecule’s stability after exposure to a Weathering condition 
may be preferred for some applications, While a decrease in 
toxicity and/or antigenicity for a proteinaceous molecule 
may be preferred in additional applications. An enZyme 
comprising a chemical modi?cation that function as an 
enZyme of the present invention is a “functional equivalent” 
to, and “in accordance” With, an un-modi?ed enZyme. 

[0168] It is also understood by those of skill in the art that 
there is a limit to the number of chemical modi?cations that 
can be made to an enZyme of the present invention before a 
preferred property is undesirably altered. HoWever, in light 
of the disclosures herein of assays for determining Whether 
a composition possesses one or more desirable properties, 
including, for example, a preferred enZymatic activity, a 
stability property, etc., and that Which is knoWn in the art 
regarding such assays, it is Well Within the ability of one of 
ordinary skill in the art to determine Whether a given 
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chemical modi?cation to an enZyme of the present invention 
produces a molecule that still possesses a suitable set of 
properties for use in a particular application. In certain 
aspects, a functional equivalent enZyme comprising a plu 
rality of different chemical modi?cations can be produced in 
accordance With the present invention. 

[0169] It is particularly contemplated that a functional 
equivalent enZyme comprising a structural analog and/or 
sequence analog may possess an enhanced desirable prop 
erty and/or a reduced undesirable property, in comparison to 
the enZyme upon Which it is based. All such functional 
equivalent enZymes described herein, or as Would be knoWn 
to one of ordinary skill in the art in light of the present 
disclosures, are considered part of the present invention. As 
used herein, a “structural analog” refers to one or more 
chemical modi?cations to the peptide backbone or non-side 
chain chemical moieties of a proteinaceous molecule. In 
certain aspects, a subcomponent of an enZyme such as an 
apo-enZyme, a prosthetic group, a co-factor, or a combina 
tion thereof, may be modi?ed to produce a functional 
equivalent structural analog. In particular facets, such an 
enZyme sub-component that does not comprise a proteina 
ceous molecule may be altered to produce a functional 
equivalent structural analog of an enZyme When combined 
With the other sub-components. As used herein, a “sequence 
analog” refers to one or more chemical modi?cations to the 
side chain chemical moieties, also knoWn herein as a “resi 
due” of one or more amino acids that de?ne a proteinaceous 
molecule’s sequence. Often such a “sequence analog” com 
prises an amino acid substitution, Which is generally pro 
duced by recombinant expression of a nucleic acid compris 
ing a genetic mutation to produce a mutation in the 
expressed amino acid sequence. 

[0170] As used herein, an “amino acid may be a common 
or uncommon amino acid. The common amino acids 

include: alanine (Ala, A); arginine (Arg, R); aspartic acid 
(a.k.a. aspartate; Asp, D); asparagine (Asn, N); cysteine 
(Cys, C); glutamic acid (a.k.a. glutamate; Glu, E); glutamine 
(Gln, Q); glycine (Gly, G); histidine (His, H); isoleucine (Ile, 
I); leucine (Leu, L); lysine (Lys, K); methionine (Met, M); 
phenylalanine (Phe, F); proline (Pro, P); serine (Ser, S); 
threonine (Thr, T); tryptophan (Trp, W); tyrosine (Tyr, Y); 
and valine (Val, V). Common amino acids are often bio 
logically produced in the biological synthesis of a peptide or 
a polypeptide. An uncommon amino acid refers to an analog 
of a common amino acid, as Well as a synthetic amino acid 
Whose side chain is chemically unrelated to the side chains 
of the common amino acids. Various uncommon amino 
acids are Well knoWn to those of ordinary skill in the art 
though it is contemplated that in general embodiments, an 
enZyme of the present invention Will be biologically pro 
duced, and thus lack or possess relatively feW uncommon 
amino acids prior to any subsequent non-mutation based 
chemical modi?cations. 

[0171] As is Well knoWn in the art, the side chains of 
amino acids comprise moieties With speci?c chemical and 
physical properties. Certain side chains contribute to a 
ligand binding property, a catalytic property, a stability 
property, a property related to environmental safety, or a 
combination thereof. For example, cysteines can form cova 
lent bonds betWeen different parts of a contiguous amino 
acid sequence, or betWeen non-contiguous amino acid 
sequences to confer enhanced stability to a secondary, 


















































































































































































































