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(57) ABSTRACT 
A device and method for the rapid on-site detection of inhibi 
tors of enzymes, such as, acetylcholinesterase is described 
where the device contains 2 reaction Zones containing a 
reporter enzyme substrate. One reaction Zone is for the test 
sample while the other is for an onboard negative control. 
Sample and control fluids are preincubated with the enzyme 
in separate reaction containers, then an aliquot of each reac 
tion mixture is added to designated reaction Zones on the test 
device. A purpose-built reader oran illuminating device. Such 
as, containing an incandescent light source, a diode, a UV 
light Source or any other illumination source that is Suitable 
for the reporter or mere visualization is used to determine the 
level of reporter. 
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RAPID TESTS FOR THE DETECTION OF 
INHIBITORS OF ENZYMES AND HUMAN 

EXPOSURE TO THE SAME 

FIELD OF THE INVENTION 

0001. The present invention relates in part to rapid on-site 
detection methods of acetylcholinesterase-inhibiting com 
pounds and the rapid detection of systemic poisoning in indi 
viduals exposed to these inhibitors. The use of pesticides has 
contributed to significant improvement in agricultural effi 
ciency and productivity over the last 60 years and in the 
control and eradication of disease-bearing insects and other 
predators. However, the overuse of Such compounds has led 
to the contamination of soil and, through agricultural runoff, 
drinking water sources. The organophosphate and carbamate 
classes of pesticides are examples of such compounds. These 
pesticides owe their effectiveness to their ability to inhibit the 
neurotransmitter enzyme acetylcholinesterase (AChE). 
which regulates nerve impulses in many life forms, including 
humans. When this enzyme is inhibited by these pesticides, 
the victim begins to Suffer from bradycardia, hypotension, 
hypersecretion, bronchoconstriction, GI tract hypermotility, 
and decreased intraocular pressure. Morbidity progresses to 
death in many cases as exposure levels are increased. Many 
nerve agents used in chemical warfare are also acetylcho 
linesterase inhibitors. Examples of these are Sarin, Soman, 
tabun, VX, VE, VG and VM. Exposure to or ingestion of 
pesticides and related neurotoxins has also been linked to 
chronic illnesses, such as, depression and Parkinson's dis 
ease. The management of worker exposure and of the effects 
on the general population requires methods that provide 
ready detection of Such exposure by testing blood, plasma, 
serum or other biological fluids, or samples for the inhibition 
of the target enzymes. 

BACKGROUND OF THE INVENTION 

0002. The detection of AChE inhibitors has been con 
ducted using colorimetric methods that are based on decrease 
in color development by a primary or secondary Substrate 
after exposure of the enzyme to a liquid sample containing an 
inhibitor. An example of such is the colorimetric method 
commercialized by Abraxis which uses Ellman's color 
reagent as an indicator Substrate. That method tests the activ 
ity of a measured amount of enzyme after it has been exposed 
to a water sample potentially containing an inhibitor. After 
Such exposure, the enzyme is reacted with its primary Sub 
strate acetylthiocholine. Active enzyme will hydrolyze 
acetylthiocholine to thiocholine which in turn reacts with 
dithio-bis-nitrobenzoate to produce an orange-colored prod 
uct, 5-thio-2-nitrobenzoate. 
0003. That method, though widely used, is complex, a 
standard curve is needed, numerous fluid transfer pipetting 
steps are necessary, and a multiplicity of reaction vessels are 
used. In addition, the enzyme is inhibited by many organo 
phosphates in vivo only after the inhibitor undergoes a physi 
ological oxidation (Mahajna and Casida, 1998). Hence, a 
sample pretreatment step using an oxidizing agent, such as, 
bromine or hypochlorite followed by a quencher to neutralize 
excess unreacted oxidizer is required. Only by pre-oxidizing 
the sample can most organophosphates be detected by Such 
methods. 
0004 Although such assays represent the current standard 
in AChE inhibitor detection, Ellman's Reagent-based meth 
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ods are not converted readily to rapid on-site testing because 
of the methodological complexity, the numerous steps and 
reaction vessels required and the need to keep heat-labile 
reagents refrigerated. 
0005. Other methods to detect such inhibitors are labora 
tory-based liquid or gas chromatography methods coupled 
with mass spectrometry which rely on elution profiles for 
identification. 
0006 Rapid methods are also required to determine 
whether an individual has been exposed to neurotoxins to 
administer countermeasures and antidotes in timely fashion. 
Occupational exposure to pesticides, nerve agents and other 
cholinesterase-inhibiting metals is a common risk to indi 
viduals employed in the chemical, agricultural and mining 
industries and in the armed forces. Inhalation and absorption 
through unprotected skin are the most common modes of 
exposure. 
0007 Current methods for determining exposure consist 
of laboratory procedures based on the use of Ellman's 
Reagent. Approved methods include the Michel, micro 
Michel, pH stat, Ellman and micro-Ellman assays, as well as 
certain variations of those assays. 
0008 Hence, there is a need for a simplified and rapid 
point of use assay. The instant invention addresses those 
shortcomings. The assay of interest can be configured to test 
plasma esterase, such as, cholinesterase, activity using, for 
example, plasma or serum obtained via Venipuncture or 
diluted fingerstick blood, or environmental samples. 

SUMMARY OF THE INVENTION 

0009. To overcome the shortcomings in the art of detecting 
esterase, such as, cholinesterase, Such as, acetylcholinest 
erase (AChE) inhibitors, the instant invention relates to a 
simplified self-calibrated rapid test employing a modular 
device, referred to as a ticket, containing two reaction Zones in 
the form of wells that hold dry absorbent pads coated with a 
substrate of the enzyme, where the substrate can be a reporter 
(herein identified also as a substrate reporter or a reporter 
Substrate). Such as, a primary fluorogenic enzyme Substrate. 
In addition, the test uses two separate reagent containers, both 
containing a fixed uniform amount of enzyme. To one con 
tainer is added a uniform Volume of a negative control fluid, 
Such as, water, sample; in the other container is added the 
same uniform Volume of an unknown fluid. Such as, water, 
sample. The fluid sample can be, for example, a body fluid, 
such as, blood, which may be separated, treated or diluted, for 
example, or an environmental fluid sample, such as, water, 
which can be any water for human consumption, such as, 
processed drinking water, Source water from natural and man 
made or artificial bodies of water, such as, ponds and wells; 
lakes, rivers, oceans, water-based or water/organic washes or 
extracts of edible products, such as, fruits, vegetables, pro 
duce, meats and seafood, a dissolved or soluble sample of a 
wipe, Swipe or an extract from a sampling of a Suspected 
contaminated Surface. A wash of an edible product comprises 
a liquid exposed to an edible product. A wipe or Swipe com 
prises an absorptive or adsorptive material exposed to a Sur 
face, which absorptive or adsorptive material is exposed or 
Suspended in a liquid and that liquid is used in a device and 
method of interest. The liquids dissolve any dried reagents or 
dilute any liquid reagents in each container. After gentle mix 
ing, both containers are allowed to stand for a sufficient 
period of time so as to allow any inhibitors in the test sample 
to interact with and to deactivate the enzyme. A measured and 
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uniformaliquot of each reaction mixture is then added to one 
of the two wells on the ticket. The ticket will have one well 
labeled for the control sample, such as, a water, and the other 
labeled for the test sample. Given a sufficient amount of time, 
the active enzyme in each mixture will react with the dried 
Substrate in the well to generate a fluorescent signal. A com 
parison of the fluorescence generated in the test well with that 
generated in the control well determines the presence or 
absence of an inhibitor. In the case of an inhibitor present in 
the test sample, the test well will show measurably less fluo 
rescence than does the control well. In the case of no inhibitor 
in the test sample, both wells will show the same level of 
fluorescence within a statistically established variation range. 
The fluorescence can be measured, for example, using a pur 
pose-designed handheld reader with onboard algorithms that 
can calculate and display, for example, a ratio of the signal in 
the test well to the signal in the control well. Such an algo 
rithm can use any channel of measured fluorescence (red, 
green, blue, hue, luminescence, Saturation) that quantitatively 
represents the difference between the two wells. Alterna 
tively, a handheld fluorescence flashlight holding light emit 
ting diodes (LEDs) in the appropriate wavelength, can also be 
used to visually determine a difference between the two 
wells. 

0010. The requirement to oxidize the sample to detect 
organophosphates that are inhibitory only in vivo can be 
overcome by using a separate enzyme whose mode of activity 
is similar to AChE and can be inhibited by organophosphates 
without oxidation. Such an enzyme, for example, is carboxy 
lesterase (CE), which is inhibited by unoxidized organophos 
phates. Both AChE and CE react with the same substrates. 
0.011 Hence, the materials and methods of interest can 
relate to a modular test device for the detection of inhibitors of 
an enzyme comprising two reaction Zones; 1) each reaction 
Zone comprising a porous matrix comprises an immobilized 
Substrate; 2) separate from the device, two reaction containers 
contain an enzyme in a measured and uniform amount; 3) a 
test sample fluid potentially containing an enzyme inhibitoris 
added in a measured uniform Volume to one of the two reac 
tion containers, and the same measured uniform Volume of a 
negative control fluid is added to the other reaction container, 
then the containers are mixed to create a homogeneous reac 
tion mixture in each container, and optionally allowing each 
container to incubate for a sufficient amount of time to allow 
any inhibitor to interact with the enzyme; 4) a measured and 
uniform aliquot of each reaction mixture from 3) then is 
added to separate reaction Zones on the test device and the 
enzyme contained in each reaction mixture is allowed to 
interact with the substrate contained in each reaction Zone; 5) 
the enzyme in each reaction mixture reacts with the Substrate 
in each reaction Zone to generate a measurable signal. Such as, 
fluorescence or color; 6) wherein, a test sample containing 
inhibitor generates a lower or different signal on its test Zone 
as compared to the signal of the control fluid; and 7) the test 
device then is read, for example, visually or in a reader to 
measure the reporter, for example, fluorescence or color, gen 
erated in each reaction Zone; 8) wherein the reader candisplay 
a metric, such as, a positive or negative result based on a 
statistically determined ratio value cutoff, or a transformed 
metric, such as, the ratio value defined as the measured signal 
of the test reaction Zone divided by the measured signal of the 
negative control fluid reaction Zone; or 9) alternatively, using 
a flashlight or other illumination device. Such as, an incan 
descent light Source, a diode, a UV light source or any other 
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illumination source that is suitable for the reporter used, 
generating illumination at specific wavelengths tuned to 
detect the reporter to enable human visualization of results on 
the test device. The reaction containers are separate from the 
modular test device, or ticket, which in turn, can be separate 
from the reader, although the ticket and the reader can be 
configured so that the ticket can be inserted into in whole or in 
part into the reader to enable the reader to detect reporter in 
the reaction Zones. The test can be conducted with concur 
rently tested control samples, one or plural control samples, 
and which can comprise a negative control which would yield 
high levels of reporter as the enzyme would be free to act on 
the Substrate; or can comprise a positive control which would 
yield low levels of reporter as the inhibitor would prevent 
enzymic activity on the reporter Substrate, and so on. For 
example, plural wells can be configured to provide a titration 
to provide a more quantitative determination. 
0012. In other embodiments, the disclosure can relate in 
part to a device comprising an enzyme from the esterase 
family, including acetylcholinesterase, butylcholinesterase, 
carboxylesterase, among others. 
0013 Also, the disclosure can relate in part to a device 
comprising N-methylindoxyl acetate (NMI) as a fluorogenic 
Substrate for esterases. 
0014. The disclosure can relate in part to a device for rapid, 
on-site detection of potentially harmful inhibitors of acetyl 
cholinesterase including organophosphate, organothiophos 
phates and organophosponate pesticides and toxicants, car 
bamate pesticides, nerve agents, among others. 
0015 The disclosure can relate in part to a device specifi 
cally for the detection of acetylcholinesterase inhibitors of the 
organophosphate, organothiophosphate and organophospho 
nate classes, which device does not require oxidation of the 
test sample. In embodiments, a device comprises a carboxy 
lesterase (CE) in place of or in addition to an acetylcholinest 
erase. Thus, the reaction containers do not contain an oxidiz 
ing agent, that is, the reactions containers are free of any 
oxidizing agent, and there is no need for oxidation of any 
inhibitor prior to assay. 
0016. The disclosure can relate in part to a system which 
combines two enzymes in order to detect all acetylcholinest 
erase inhibitors without the need to oxidize the sample. An 
enzyme Such as AChE reacts strongly with non-organothio 
phosphate inhibitors such as carbamate pesticides, but reacts 
weakly with non-oxidized organothiophosphates. Enzymes 
Such as CE do react strongly with organothiophosphates, but 
react weakly with carbamates. The detection system dis 
closed can therefore comprise two sets of enzyme reagents, 
one using, for example, an esterase which may require an 
oxidized inhibitor, such as, AChE, and the other enzyme 
being one which does not require an oxidized inhibitor. Such 
as, CE. Both sets of reagents are reacted with control and test 
fluid. Such as, water, Samples as previously described. Each 
enzyme will then use tickets that contain the same reporter, 
Such as, a fluorogenic primary Substrate. The assay can com 
prise one ticket for each enzyme, or each well can comprise 
both enzymes. Alternatively, a modular device can be config 
ured to comprise more than two wells so that individual 
enzymes can be sited in individual wells in a single test 
device. A positive result with one or both enzymes indicates 
the presence of a cholinesterase inhibitor. 
0017. The instant invention allows the detection of inhibi 
tors, including those that belong to both the organophosphate 
and carbamate classes of compounds, in a simplified manner, 
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without the required oxidation and quenching steps associ 
ated with many organophosphates and without the need to set 
up standard curves. Consequently, there are fewer reagents 
and vessels, as well as steps to practice the method, and the 
time to result is significantly reduced. 
0018. The instant invention can be applied to the detection 
of inhibitors of any enzyme. It is not limited to fluorescence as 
the measured signal, but can also use colorimetric Substrates 
or reaction partners as appropriate. 
0019. The time to result using the instant invention can be 
shortened, for example, by heating the reaction vials contain 
ing the enzyme and the test or control samples and/or the test 
tickets following addition of the reaction mixtures. Heat 
Sources can comprise, among others, water baths, incubators, 
heating blocks, ovens, exothermic reactions and other heat 
energy generators. Other means for accelerating reaction 
kinetics include incorporating reagents in the reaction mix 
ture that facilitate or to accelerate reaction kinetics, that is, 
reaction between any inhibitor and the enzyme. Such as, water 
soluble polymers such as polyethylene glycol (PEG), poly 
ethyleneoxide (PEO), poly(vinylalcohol), poly(vinylpyrroli 
done), polyoxazoline, polymethyloxazoline, polyethylox 
aZoline, salts and other Solutes that can increase liquid phase 
activity of reactive molecules. 
0020. To overcome the limitations in the art of measuring 
the depression of cholinesterase activity in exposed individu 
als, the instant invention can also be used to determine 
whether enzyme, such as, cholinesterase, activity in an indi 
vidual has been lowered due to exposure to inhibiting com 
pounds. Using the test ticket previously described to com 
prise two reaction Zones holding dried pads containing a 
reporter, Such as, a fluorogenic or a chromogenic Substrate, a 
rapid method to determine if an individual has been exposed 
to a neurotoxin is described comprising adding a body fluid, 
Such as, plasma, saliva, serum, tears and so on, which may be 
separated or diluted, a tissue or cell wash or medium, Such as, 
a tissue culture medium, a tissue storage medium and so on, or 
diluted whole blood in one reaction Zone and comparing the 
signal developed thereinto that developed in the other control 
reaction Zone to which has been added the a sample, such as, 
plasma, serum, or whole blood of the individual collected 
prior to potential exposure, or a standard negative control 
Solution. The control can be an enzyme. Such as, a cholinest 
erase, at a concentration that will generate signal correspond 
ing to the lower limit of the normal range of total cholinest 
erase activity in humans. 
0021. In embodiments, the device and method of interest 
can comprise direct addition of a sample and a control sample 
each to a well of a device of interest without or in the absence 
of mixing in a separate reaction vessel or container. The 
samples comprise an experimental sample Suspected of expo 
Sure to an inhibitor and the control comprises a sample prior 
to exposure to an inhibitor, a known positive control or a 
known negative control. The sample can be a biological fluid 
obtained from an animal or a human, an environmental 
sample, Such as, a water sample, and so on. 

BRIEF DESCRIPTION OF THE FIGURES 

0022. The following descriptions of the figures relate to 
non-limiting examples that depict various embodiments 
exemplifying the present invention. 
0023 FIG. 1 depicts the test procedure for the detection of 
enzyme inhibitors, for example, a water sample. In this case, 
the enzyme is acetylcholinesterase. A fixed uniform Volume 
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of an unknown water sample to be tested is used to reconsti 
tute a reagent bottle containing the enzyme. The control nega 
tive water is added using the same fixed Volume to another 
reagent bottle containing enzyme. After mixing and an incu 
bation period, a fixed uniform aliquot of each reaction mix 
ture is added to its designated well, labeled C for control, T for 
test sample. After allowing a sufficient amount of time for the 
enzyme in each reaction mixture to react with the Substrate in 
the wells, the fluorescence generated is measured on the 
handheld reader. 
0024 FIG. 2 shows the components of a rapid test system 
for the detection of enzyme inhibitors. The black ticket (1) 
contains two wells each containing dried Substrate. Two 
reagent vials are provided each containing the same amount 
oflyophilized enzyme. One reagent vial will be reconstituted 
by the negative control water in the bottle provided (3), the 
other vial will be reconstituted by the test sample. The fluo 
rescence developed on the ticket is measured on the handheld 
reader (4). 
0025 FIG. 3 shows an example of a test device with two 
wells functioning as reaction Zones. Each well contains discs 
of the porous matrix which have been treated with an enzyme 
Substrate or an indicator member of a reaction pair. 
0026 FIG. 4 shows an example of a test device composed 
of a top piece (left), labeled with, “T” for the test or experi 
mental sample and, “C.” for the control sample, and a bottom 
piece (right) containing two cylindrical wells functioning as 
reaction Zones containing porous pads treated with enzyme 
substrate or a reagent. Once the top piece is assembled onto 
the bottom piece, the test device will look like that shown in 
FIG. 3. 

0027 FIG. 5 shows an example of a test device composed 
ofa top piece (left) and a bottom piece (right) containing a test 
strip to which are attached two pads treated with enzyme 
Substrate or a reagent. These two pads function as reaction 
Zones. Once the top piece is assembled onto the bottom piece, 
the test device will look like that shown in FIG. 3. 
0028 FIG. 6 provides examples of images oftest results as 
captured by the reader. The top strip is an example of a 
positive test result. The bottom Strip is an example of a nega 
tive test result. 
(0029 FIG. 7 depicts the use of an LED flashlight instead 
of a handheld reader to determine results from the test. 

0030 FIG. 8 shows typical results under the illumination 
of an LED. 

DETAILED DESCRIPTION OF THE INVENTION 

0031. The instant invention can be applied to the detection 
ofan inhibitor of an enzyme and to the detection of a chemical 
that on exposure to a reaction partner can generate a measur 
able signal Such as color, fluorescence or luminescence. The 
instant invention relates to a rapid test for discerning exposure 
to inhibitors of an enzyme. Such as, esterase. Such as, cho 
linesterase, Such as, acetylcholinesterase-inhibiting com 
pounds. 
0032. A key feature of the invention is the immobilization 
of the Substrate on a porous matrix in a reaction Zone to which 
a reaction mixture of the enzyme and test sample Suspected of 
containing an inhibitor is added as the last fluid transfer step. 
By placing the enzyme in a reaction container outside of the 
test device, a non-obvious improvement in sensitivity is 
attained by the ability of the sample to inhibit the enzyme 
before the initiation of the substrate reaction. 
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0033 For the purposes of non-limiting description of the 
invention, a detailed description of the rapid test foresterases 
is provided. Esterases are essential for normal nervous system 
function. Some toxins act by inhibiting esterase activity. Such 
as, cholinesterase, such as, acetylcholinesterase activity. 
Depressed AChE activity causes, for example, aberrant Syn 
apse function. Thus, acetylcholinesterase (AChE) is an 
enzyme that degrades (through its hydrolytic activity) the 
neurotransmitter, acetylcholine, producing choline and an 
acetate group. AChE can be found at neuromuscular junctions 
and cholinergic nervous system, where AChE activity serves 
to terminate synaptic transmission. AChE is found in all ani 
mal species. As a reagent, AChE can be obtained and purified 
from any of several sources such as insects, eels, cows, and 
pigs. AChE also is available in recombinant form. The fol 
lowing examples exemplify the use of AChE inhibitors. 
0034 Carboxylesterase (CE) belongs to the family of car 
boxylic ester hydrolases which are widely found in nature. 
The enzyme catalyzes the hydrolytic cleavage of the ester 
bond in a carboxylic ester to forman alcohol and a carboxylic 
acid. This is the exact same hydrolysis reaction catalyzed by 
AChE when it reacts specifically with acetylcholine. As a 
reagent, CE can be isolated from many sources such as bacilli, 
rabbits, and pigs. 
0035. Both AChE and CE have common substrates, one of 
which is N-methylindoxyl acetate (NMI), which when hydro 
lyzed, produces acetic acid and N-methyl-3-hydroxyindole, 
which emits fluorescence on exposure to UV radiation at 380 

0036. To detect potentially harmful compounds that can 
inhibit AChE, a test procedure involves exposing a measured 
limiting amount of AChE to the sample that potentially con 
tains the inhibitor. Inhibitor molecules in the sample can 
interact with the active sites of the enzyme and deactivate the 
enzyme. Subsequent reaction with a substrate reporter will 
show reduced enzyme activity (for example, lower fluores 
cence signal) when compared to a non-inhibited enzyme. 
0037 For the purposes of the invention as relating to 
esterases, such as, AChE, inhibitors can be classified as car 
bamates, organophosphates, organothiophosphates, organo 
phosphonates, their derivatives and other compounds that can 
attach themselves to the serine hydroxyl group of the active 
site on acetylcholinesterase. That reaction blocks the neu 
rotransmitter, acetylcholine, from interacting with the 
enzyme and resulting in cholinergic hyperactivity and loss of 
neurotransmitter control of the nervous system. 
0038 Most of the compounds that inhibit AChE do so 
without the need for metabolic transformation or chemical 
change. Certain organophosphates, however, do not exhibit 
inhibitory activity in vitro but do so in vivo only after a 
physiological oxidation of the phosphate moiety has 
occurred, such as, with organothiophosphates that require the 
thiophosphate group to undergo in vivo oxidation to a phos 
phate group. An example is methamidophos which is not 
detectable by such methods unless oxidized. Test methods 
have therefore always required a sample preparation step 
involving oxidation with a follow-on quenching of the unused 
oxidizing agent. Hence, the invention relates in part to a 
method that obviates the need for oxidation and quenching. 
Thus, the reactions vessels or containers do not contain or are 
free of an oxidizing agent so that incubating the sample and 
the enzyme occurs in the absence of an oxidizing agent. 
0039. The invention can comprise a system or testing sys 
tem for detection of enzyme inhibitors comprising, in part, a 
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device of such dimensions as to be handheld, which device 
contains two separate and exclusive reaction Zones each con 
taining a porous matrix that can absorb fluid. The same 
porous matrix is used for both reaction Zones. The porous 
matrix is treated with a solution of the substrate such that on 
drying, Substrate molecules are non-covalently attached to 
the porous matrix, that is, the Substrate is immobilized on or 
affixed to the porous matrix. Enzyme substrates of interest are 
those that serve a reporter function and in some embodiments, 
the reporter is one which can be readily detected by a device 
or by mere visual inspection, which can be, for example, 
fluorogenic Substrates that yield a fluorescence that can be 
visualized with the unaided eye, such as, NMI, chromogenic 
substrates that yield a detectable or visible color, or lumino 
genic Substrates. Reaction Zones will contain such porous 
matrices that have been uniformly treated with substrate such 
that one reaction Zone is similar to the other in terms of the 
total amount of dry Substrate contained. Examples of porous 
matrices include membranes, celluloses, glass fibers, cotton, 
nylon, composites and spun polymers, among others. Hence, 
an aliquot of a sample is added to the enzyme solution and 
then an aliquot of that solution is added to the reaction Zone 
comprising the immobilized substrate of the ticket. 
0040. One reaction Zone is designated for the test sample 
while the other is specified for a negative control. The Zones 
can be labeled accordingly on the test device. 
0041. The test device is of such size and proportion as to 
compatibly fit in receptacle in a purpose-built reader which 
detects the reporter. The reader can be of such size and pro 
portions as to be handheld. The test device can be inserted into 
a designated receptacle in this reader Such that the test Zones 
are efficiently exposed to light Sources at the excitation wave 
length of the product of the enzyme-substrate reaction and a 
camera or similar light or signal-gathering device that can 
measure the intensity of the emitted signal. An alternative 
design can use a chromogenic Substrate that can be measured 
at the wavelength maximum of the enzyme-substrate reaction 
product. 
0042 Hence, the invention can relate in part to a test 
system for detecting enzyme inhibitors comprising: a) a 
device comprising two reaction Zones, each reaction Zone 
comprising a porous matrix comprising an immobilized Sub 
strate of said enzyme, wherein said Substrate is a reporter for 
activity of said enzyme; b) separate from the device, a reac 
tion container comprising said enzyme, and c) separate from 
the device, a reader that detects said substrate. 
0043. In some circumstances, the test system can relate to 
one where the enzyme comprises an esterase. Examples of 
esterases include acetylcholinesterase, butylcholinesterase or 
carboxylesterase. In some embodiments, the test system is 
one where the substrate comprises an N-methylindoxyl 
acetate (NMI). In certain embodiments, the test system 
detects inhibitors such as, an organophosphate, an organ 
othiophosphate, an organophosphonate or a carbamate. Other 
inhibitors include a pesticide, a toxicant or a nerve agent. 
Advantageously, the test system of interest does not require 
oxidation of a test sample. 
0044 Hence, the invention can relate in part to a method 
for detecting an inhibitor of an enzyme comprising: a) adding 
an aliquot of a sample to a reaction container comprising said 
enzyme, and in a separate second reaction container, adding a 
control sample to the second reaction container comprising 
said enzyme and incubating said reaction containers; b) add 
ing an aliquot from each reaction container to a unique reac 
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tion Zone comprising a porous matrix comprising a substrate 
of said enzyme of a device, said Substrate is a reporter, c) 
following incubating said device, exposing said reactions 
Zones to a device that detects said reporter, and d) obtaining a 
value comprising the amount of reporter comprising a reac 
tion Zone, where an inhibitor is correlated with a lower 
amount of reporter. The data obtained from the reader can be 
assessed in a qualitative manner, that is, a visual inspection 
reveals an observable difference between a positive sample 
and a negative sample. In other embodiments, the signal 
obtained by the reader relating to the amount of reporter in a 
reaction Zone is digitized and that data is processed to yield a 
quantitative value or can be processed to yield a metric, for 
example a normalized value that accounts for background 
levels and so on, as known in the art. Thus, in Some embodi 
ments, the data manipulation is one where the value from the 
sample is divided by the value of the background or of a 
negative control to yield a ratio or index, thus the reader 
obtained value is compared to a statistically determined ratio 
value cutoff, which can be a population mean value or a 
historical value determined by collating historical data, for 
determining or distinguishing a positive result from a nega 
tive result. 
004.5 FIGS. 3, 4, 5 provide further exemplifications of the 
test device via non-limiting examples. FIG. 3 presents one 
example of a test device referred to as a, “ticket with the 2 
reaction Zones comprising 2 wells into which fluid can be 
added. FIG. 4 depicts one non-limiting example of a ticket 
assembly comprising a top and bottom piece. The top piece 
contains two openings and the bottom piece holds two porous 
discs treated with an enzyme substrate or a member of a 
reaction pair in 2 cylindrical wells. FIG. 5 presents another 
non-limiting example wherein the top piece of the ticket is 
similar to that shown in FIG. 4 and the bottom piece holds in 
place a longitudinal test strip to which two porous pads are 
attached. These porous pads are treated with an enzyme Sub 
strate or a member of a reaction pair. Upon assembly of the 
top piece onto the bottom piece, these two pads will be posi 
tioned directly under the two openings in top piece and will 
function as the reaction Zones. 

0046. In addition to the test device and reader just 
described, the instant invention can comprise two separate 
containers with a limited and uniform amount of enzyme in 
each. The enzyme can be provided to the user in these con 
tainers in either liquid solution or as a dry reagent. Dry 
reagent can be prepared using lyophilization methods as 
required. The enzyme reagents are kept sealed in protective 
containers until a test is commenced. 

0047. The instant invention can comprise an onboard com 
parator which is the control reaction Zone. The control reac 
tion Zone will contain the fluorescence, color, luminescence 
or other signal associated with a negative sample. The signal 
generated in the test sample reaction Zone is compared to the 
signal at the control reaction Zone. A significant difference in 
signal between these two reaction Zones is evidence of a 
positive result, indicating that the test sample does contain an 
inhibitor at a greater than tolerable level. 
0048. The instant invention can comprise the following 
procedure. A measured and uniform Volume of test sample 
fluid is added to one reagent container containing enzyme. 
The same measured and uniform Volume of a negative fluid 
(control) is added to a second reagent container containing 
enzyme. In the case of enzyme that has been dried in these 
reagent containers, the addition of either test fluid or negative 
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control fluid reconstitutes the enzyme. Thereagent containers 
are then carefully shaken to mix the contents to ensure a 
homogeneous reaction mixture. The reaction mixtures are 
allowed to incubate for a sufficient amount of time to ensure 
that an inhibitor in the sample can react with and deactivate 
the active site of the enzyme. 
0049. After the prescribed inhibition period, the same vol 
ume of aliquot is removed from each of the reaction mixtures 
and transferred to their designated reaction Zones on the test 
device. The enzyme in each reaction mixture then reacts with 
the substrate immobilized in the porous matrix in the test 
Zone. After sufficient amount of time, the device is inserted 
into the reader. An onboard algorithm collects and transforms 
the signal into a ratio of the signal at the test reaction Zone to 
that on the control Zone. 
0050. The signal that is measured by the reader can be 
color, fluorescence or luminescence as determined by the 
enzyme-Substrate reaction. The signal can be parsed into 6 
possible channels, red, green, blue, hue, luminance and Satu 
ration. The numerical values associated with each channel 
can be used to generate a ratio of the test sample signal to the 
negative control signal. A channel or a combination of chan 
nels can be used to calculate a ratio result. The choice of 
channel(s) is dependent on the sensitivity the chosen channel 
(s) confers on the test. 
0051. The fluids that can be tested using the instant inven 
tion can be any liquid sample that can solubilize or Suspend 
inhibitors. Non-limiting examples include water, blood frac 
tions such as serum and plasma, cerebrospinal fluids, amni 
otic fluid, other physiological fluids and various solvents. The 
fluids can also comprise extracts of Solid mixtures or gels to 
which inhibitors have been added, dispersed or encapsulated 
within. Such samples can be made compatible for analysis 
using the instant invention by appropriate extraction and 
clean-up procedures known in the art. 
0.052 A., “reader” or, “reading device,” comprises an elec 
tromechanical device that provides the ability to detect and to 
measure an appropriate signal. Such as fluorescence, light, a 
color, and so on. A reader can comprise a sensing means for 
detecting a signal. Such as a camera, a photomultiplier tube, a 
scanner, and so on. The reader can contain processor-con 
trolled means to manipulate the sensing means, the sample or 
a carrier or holding means of one or more samples to enable 
detecting a plurality of sites or samples at one time or con 
secutively in a defined order. The reader can be configured as 
a component of a robotic system that introduces an article of 
manufacture that carries the sample, or the carrier, into the 
reading device, and then removes the article of manufacture 
when the detecting is completed. Spectrophotometers, fluo 
rimeters, luminometers, and so on are examples of readers or 
reading devices. 
0053. The instant invention as applied to the detection of, 
for example, AChE inhibitors also can comprise the use of a 
test device in which reaction Zones to which, for example, 
N-methylindoxyl acetate (NMI) has been immobilized. 
AChE enzyme is lyophilized in two reagent containers. For 
testing potable water samples, a negative water sample is used 
as the negative control. The test procedure follows the previ 
ously described steps. 
0054 The instant invention as applied to the detection of 
AChE inhibitors, further comprises a second set of reagents 
using a second enzyme, carboxylesterase (CE). CE is simi 
larly lyophilized in two reagent containers. As previously 
described, AChE and CE can react with the same substrates, 
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and in one embodiment for the detection of AChE inhibitors, 
can react with the same fluorogenic substrate, NMI, that is 
contained in the same test device. Whereas AChE is strongly 
reactive with most inhibitors such as organophosphates and 
carbamates but is weakly reactive with unoxidized organ 
othiophosphates, CE can be inhibited by the organothiophos 
phate inhibitors without the need for oxidation and quench 
ing, but is weakly reactive with other AChE inhibitors such as 
carbamates. Thus, by using these two sets of enzyme 
reagents, a test method for the detection of all AChE inhibi 
tors can be produced that requires no oxidation and quench 
ing steps. A positive result with one or both enzymes indicates 
the presence of an inhibitor in the test sample. 
0055. The total amount of time required to obtain a result 
using the instant invention can be shortened by exposing to 
elevated temperatures, for example, by heating the reagent 
containers after the test or control samples have been added to 
dissolve the lyophilized enzymes contained therein and 
mixed, or the device once the reaction mixture is added to the 
device, or by heating both the reagent containers and the 
device The containers holding the reaction mixtures or the 
device can be placed in a heating block, a water bath, an 
incubator, an oven, or be placed in contact with an appropriate 
heat source thereby accelerating the kinetics of reaction via 
the external heat energy applied. Other means to accelerate 
reaction kinetics and thereby to reduce the time to result 
include the addition to the reaction mixtures of a reagent that 
accelerates inhibitor/enzyme reaction kinetics in the reaction 
container. Examples of such reagents include, water soluble 
polymers, such as polyethylene glycol (PEG), polyethyl 
eneoxide (PEO), poly(vinylalcohol), poly(vinylpyrrolidone), 
polyoxazoline, polymethyloxazoline, polyethyloxazoline, 
salts and other solutes that raise the activity of reactive com 
pounds in Solution. 
0056 By using the test device or ticket previously 
described to comprise 2 reaction Zones containing a cho 
linesterase Substrate, a rapid test to determine if esterase 
activity in an individual has been reduced due to exposure to 
and/or ingestion of inhibiting pesticides or nerve agents can 
be conducted. Blood, plasma, serum or other body fluid, 
collected, for example, via fingerstick or Venipuncture from 
an individual (human or animal), or a medium or liquid hold 
ing a tissue sample of a patient is added to the test Zone of the 
ticket while a control sample comprising the individuals 
corresponding blood, plasma or serum obtained prior to 
potential exposure is added to the control Zone. Alternatively, 
a control sample comprising a blood, plasma, serum or solu 
tion comprising cholinesterase activity corresponding to the 
lower limit of the normal range can be added to the control 
Zone. In other embodiments, a known positive sample or a 
known negative sample can be added to the control well of a 
device of interest. After sufficient incubation, the ticket can be 
examined or measured in a reader to determine if the signal 
generated in the test Zone is significantly different from that 
generated in the control Zone, which result indicates that the 
individual has been exposed to unhealthy levels of pesticides 
or nerve agents and is Suffering from systemic cholinesterase 
inhibition. Such results can then be followed up with imme 
diate treatment of the symptoms and the application of an 
antidote. 

0057 This method can be applicable for the detection of 
the inhibition of any endogenous enzyme found in any bio 
logical fluid. 
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0058. It is within the skill of the artisan to determine the 
amount of enzyme to be placed in the reaction container or 
vessel, and the amount of substrate on the porous matrix of the 
test device as a design choice. For example, titration curves 
can be produced to determine the level of enzyme activity that 
can be detected. That can be compared to the anticipated 
enzyme levels found in an individual, or compared to the 
known toxicity levels of certain toxins. Based on those con 
siderations, the amount of enzyme needed per reaction vial to 
obtain the level of sensitivity desired is determined. 
0059 Similarly, and/or based on those considerations, the 
amount of substrate to be immobilized can be determined. 
The amount can take into account any inactivation by the 
immobilization process and may be in excess to ensure the 
likelihood of obtaining a signal at lower levels of uninhibited 
enzyme. 
0060. The substrate can be applied to the porous matrix 
directly or indirectly as known in the art. Hence, a solution of 
Substrate can be applied to the porous matrix and then the 
matrix is dried. A linker or a molecule that binds substrate can 
be applied to the porous matrix, Such as by drying or using a 
chemical process. Such as, derivatizing the matrix to enable 
binding of the linker or binding molecule thereto to yield a 
modified porous matrix, which modified matrix then is 
exposed to the substrate to enable the substrate to be bound by 
the linker or binding molecule. 
0061. As to the enzyme, such are commercially available 
in dry form and thus can be added directly to the reaction 
vessel. Any buffer salts, proteins, stabilizers and the like can 
be added to the container. In embodiments, the enzyme or 
necessary reagent is in liquid form. Thus, the liquid reagent 
and any other reagents as needed are added to the reaction 
vessel. The reaction container is stored under the preferred 
conditions to retain enzyme activity. 
0062. The materials and methods of interest now will be 
exemplified in the following non-limiting examples. 

EXAMPLES 

Example 1 

Preparation and Treatment of Porous Matrix with 
NMI Substrate 

0063 Filter discs (3/16" diameter) of porous matrix 
Surewick Sample Pad C248 SA3J035V06 (Millipore). were 
punched from sheets using a manual punch and die. An aver 
age weight of 12.92 mg per disc was determined by weighing 
50 filter discs on an analytical balance. Filter discs (25.2g for 
a total of 1950 pads by weight) were placed in a clean 1 liter 
glass beaker. 
0064 N-methyl indoxyl (NMI) acetate (100 mg. Sigma 
Aldrich) was dissolved in 100 mL 200 proof (100%) USP 
ethyl alcohol (Sigma-Aldrich) for a final concentration of 1 
mg/mL and added to the beaker containing the filterpads. The 
filter discs were mixed gently with a spatula for five minutes. 
The discs were then carefully removed from the solution and 
spread out on a polystyrene sheet and dried at 45°C. for two 
hours. The filter discs were then removed from the oven and 
stored in a resealable plastic bag with desiccant. 

Example 2 

Preparation of Lyophilized AChE 
0065 AChE from eel (Sigma-Aldrich) was dissolved to a 
final concentration of 0.32 units/mL in a buffer containing 10 
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mM potassium phosphate, 5% sucrose and 0.5% BSA at 
pH-7.4 and filtered with a 0.22 um filter. Aliquots (0.5 mL) 
were lyophilized in 2 mL amber glass vials from Kimble 
Chase. The vials were sealed with 2 leg butyrate lyophiliza 
tion stoppers and aluminum crimp seals from Wheaton. 

Example 3 

Preparation of Lyophilized Carboxylesterase (CE) 
0066 CE from rabbit liver (Sigma-Aldrich) was dissolved 
to a final concentration of 0.2 units/mL in a buffer containing 
10 mM potassium phosphate, 5% sucrose and 0.5% BSA at 
pH-7.4 and filtered with a 0.22 um filter. Aliquots (0.5 mL) 
were lyophilized in 2 mL amber glass vials from Kimble 
Chase. The vials were sealed with 2 leg butyrate lyophiliza 
tion stoppers and aluminum crimp seals from Wheaton. 

Example 4 

Detection of AChE Inhibitors 

0067. Pairs of NMI substrate discs were placed into each 
of 2 wells in black test devices referred to as, "tickets.” The 
discs contained in the wells comprise the reaction Zones on 
the tickets (FIGS. 3 and 4). One disc was used for a negative 
control sample, the other disc was used for the test sample. 
Stock Solutions (1 mg/mL) of the carbamate pesticides, 
oxamyl and aldicarb (Supelco), were prepared in methanol, 
then serially diluted in purified water. A 1 mL volume of each 
dilution was added to a vial of the lyophilized AChE. As a 
negative control. 1 mL of purified water was added to another 
vial of lyophilized AChE. The vials were stoppered, given a 
brief mix on a vortexer and allowed to incubate for 30 min 
utes. 

0068. After the 30 minute incubation step, 50 uL of the 
negative control reaction mixture was added to the NMI sub 
strate disc marked “C” (for Control) on the ticket. Similarly, 
50LL of the test sample reaction mixture containing pesticide 
was added to the NMI substrate disc marked “T” (for Test) on 
the test device (FIG. 3). 
0069. The tickets were allowed to react for 15 minutes at 
room temperature and then inserted into the handheld fluo 
rescence reader comprised of low light color cameras, 400mm 
UV LED and custom color analysis software (FIG. 2). 
Enzyme inhibition was detected by the difference in the hue 
measurement of the Test Sample compared to the negative 
control (FIG. 4). The reader calculates a ratio of the hue 
measured in the test sample well to the hue measured in the 
negative control well. Based on a statistical calculation of 
total system error, a ratio greater than 1.25 is considered 
positive. 
0070. It was found that inhibition of the enzyme, demon 
strated by the lack of formation of the highly fluorescent 
product, N-methyl-3-hydroxyindole, could be detected visu 
ally under UV flashlight illumination as well. Analysis was 
alternatively performed by visual observation of the ticket 
using a 400nm UV LED flashlight (FIGS. 7 and 8). Visually, 
inhibition was detected directly based on the decrease in 
fluorescence of the test sample compared to the negative 
control. 
0071. In a similar fashion, the organophosphate pesticides 
that may require an oxidation step to be detectable in vitro 
Such as, methyl parathion, fenamiphos and methamidiphos 
were tested using vials containing the lyophilized CE instead 
of AChE. The test procedure when using the lyophilized CE 
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reaction containers was exactly the same as that used with the 
lyophilized AChE reaction containers. There is no sample 
oxidation required. 
0072 Table 1 exemplifies results obtained when testing 
water containing pesticides at an amount that approximates 
the Human Lethal Concentration (HLC) of each. Aldicarb 
and oxamyl are carbamates that react strongly with AChE 
while methyl parathion, fenamiphos and methamidophos are 
organothiophosphate pesticides that, without oxidation, react 
more strongly with CE than with AChE. A positive result with 
either enzyme indicates the presence of an inhibitor in the 
sample 

TABLE 1 

Results using a test sample well:control well hue ratio cutoff of 
1.25 in the rapid test for AChE inhibitors. The data are that of 

the reader. A positive result with at least one enzyme is considered 
a positive result indicating the presence of an inhibitor. 

AChE CEhue 
Pesticide mg/L hue ratio Result ratio Result 

Aldicarb O.17 1.56 Positive 1.02 Negative 
Oxamyl O.O32 1.61 Positive 1.03 Negative 
Methyl Parathion 33.6 1.62 Positive 2.04 Positive 
Fenamiphos O.S6 0.97 Negative 2.14 Positive 
Methamidophos 1.4 1.27 Positive 2.04 Positive 

Example 5 

Shorter Time to Result with Heating 
0073 Water obtained from reverse osmosis treatment was 
spiked with 0.1 ppm oxamyl, a carbamate pesticide. The 
pesticide-contaminated sample was tested using the proce 
dure described in Example 4. Two sets of two reagent vials 
containing AChE were opened. To the first vial of each set was 
added 1 mL of the test sample containing pesticide. To the 
second vial of each set was added 1 mL of a negative control 
water. All vials were thoroughly mixed. One set of vials was 
placed in a heating block set at 40°C., while the other set of 
vials was allowed to stand at room temperature (21°C.). From 
each set of vials, 50 uL, was sampled at 5, 10, 15, and 20 
minutes and transferred to corresponding reaction Zones in 
test tickets. After 15 minutes incubation, the fluorescence in 
the reaction Zones of each ticket were measured on a reader. 
The results summarized in Table 2 show that heating the 
reaction vials enabled the earlier detection of a positive 
sample. 

TABLE 2 

Effect of Heating on Time of Detection of a Positive Sample 

Heating Time (min) Not Heated Heated 

5 negative positive 
10 negative positive 
15 positive positive 
2O positive positive 

Example 6 

Detection of Cholinesterase Inhibition in Human 
Plasma 

0074 An aliquot of a human plasma pool was spiked with 
10 ppt oxamyl and serially diluted with the same human 
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plasma pool to a final 100 ppm oxamyl concentration. The 
sample was then allowed to incubate overnight (22 hours) at 
room temperature to allow cholinesterase inhibition to take 
place. The spiked sample would represent plasma from an 
individual who had ingested an inhibiting pesticide or nerve 
agent. The spiked sample (50 uL) was then added to the test 
Zone “T” of a ticket (FIG. 3). To the control Zone “C” was 
added the unspiked human plasma pool. For comparison, a 
separate ticket was run using the unspiked pool as both the test 
sample and the control to represent an unexposed individual. 
The results obtained show that the signal developed in the test 
Zone containing the spiked sample was significantly reduced 
compared to the control Zone, resulting in a hue ratio of 3.10, 
while the unspiked sample was negative with a hue ratio of 
1.03. 

0075 All references cited herein are herein incorporated 
by reference in entirety. 
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We claim: 
1. A test system for detecting enzyme inhibitors compris 

ing: 
a) a device comprising two reaction Zones, each reaction 

Zone comprising a porous matrix comprising an immo 
bilized reporter substrate of said enzyme, wherein said 
Substrate is a reporter for activity of said enzyme; and 

b) separate from the device, two reaction containers com 
prising said enzyme, and optionally, 

c) separate from the device, a reader that detects said 
reporter substrate. 

2. The test system of claim 1, wherein said enzyme com 
prises an esterase. 

3. The test system of claim 1, wherein said enzyme com 
prises acetylcholinesterase, butylcholinesterase or carboxy 
lesterase. 

4. The test system of claim 1, wherein said substrate com 
prises an N-methylindoxyl acetate (NMI). 

5. The test system of claim 1, wherein said inhibitor com 
prises an organophosphate, an organothiophosphate, an orga 
nophosphonate or a carbamate. 

6. The test system of claim 1, wherein said inhibitor com 
prises a pesticide, a toxicant or a nerve agent. 

7. The test system of claim 1, where said reaction contain 
ers comprise a liquid sample. 

8. The test system of claim 7, wherein said sample com 
prises a water for human consumption, a source water from 
natural and man-made bodies of water, an ocean, a wash of an 
edible product or a wipe of a surface. 

9. The test system of claim 1, wherein said reaction con 
tainers are free of an oxidizing agent. 

10. The test system of claim 1, wherein said reaction con 
tainers comprise a reagent that accelerates inhibitor/enzyme 
reaction kinetics. 

11. A method for detecting an inhibitor of an enzyme 
comprising: 

a) adding an aliquot of a sample to a reaction container 
comprising said enzyme, adding a control sample to a 
reaction containing comprising said enzyme and incu 
bating said reaction containers; 

b) adding an aliquot from each reaction container to a 
unique reaction Zone comprising a porous matrix com 
prising a Substrate of said enzyme of a device, said 
Substrate comprises a reporter, and 

c) following incubating said device, exposing said reac 
tions Zones to a device that detects said reporter to obtain 
a value comprising the amount of reporter in a reaction 
Zone or visually comparing the reaction Zones, wherein 
an inhibitor is correlated with a lower amount of 
reporter. 

12. The method of claim 11, wherein incubating said 
sample or control with said enzyme is in the absence of an 
oxidizing agent. 

13. The method of claim 11, wherein said device obtained 
value is compared to a statistically determined ratio value 
cutoff determining a positive result from a negative result, 
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said ratio is the measured value of reporter comprising the 
reaction Zone comprising said sample divided by the mea 
Sured value of reporter comprising the reaction Zone compris 
ing said control sample. 

14. The method of claim 11, wherein said device that 
detects said reporter comprises an illuminating device. 

15. The method of claim 11, wherein said reaction contain 
ers of a) comprise a reagent to accelerate reaction kinetics of 
the inhibitor and the enzyme. 

16. The method of claim 11 comprising exposing said 
containers of step a), said device of step b), or both to an 
elevated temperature. 

17. A method for detecting exposure of an enzyme to an 
inhibitor comprising: 

a) adding an aliquot of a sample and of a control sample 
each to a unique reaction Zone, comprising a porous 
matrix comprising a substrate of said enzyme, of a 
device, said substrate comprising a reporter, 

Jan. 2, 2014 

b) following incubating said device, exposing said reaction 
Zones to a device that detects said reporter or visualizing 
said reaction Zones, and 

d) obtaining a value comprising the amount of reporter 
comprising a reaction Zone or visually discerning a dif 
ference in the amount of reporter in said reaction Zones, 

wherein an inhibitor is correlated with a lower amount of 
reporter. 

18. The method of claim 17, wherein said sample, said 
control sample or both comprise a biological fluid of an 
individual. 

19. The method of claim 17, wherein said control sample 
comprises a known negative sample or a known positive 
sample. 

20. The method of claim 17, wherein said control sample 
comprises a biological fluid from said individual prior to 
exposure to an inhibitor. 

k k k k k 


