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ENZYME DETECTION TECHNIQUE 

BACKGROUND OF THE INVENTION 

[0001] One of the most common bacterial infections is that 
of the urinary tract. Patients Who need rapid diagnosis of 
urinary tract infections (UTIs) include premature neWborn 
infants, prepubertal girls and young boys, sexually active 
Women, elderly males and females, pre-operative patients, 
patients With chronic disease, patients With neurological dis 
orders, patients With genitourinary congenital disorders 
including urethral valves and re?ux, patients With sickle cell 
disease, patients With renal disease and polycystic kidney 
disease, patients having undergone renal transplantation and 
pregnant patients. The diagnosis of UTI in the elderly and in 
infants, in particular, is dif?cult because of different signs and 
symptoms and the inability to communicate. 
[0002] One technique for diagnosing UTI involves measur 
ing the level of pyuria (the presence of leukocytes in the 
urine). Leukocytes are normally present in urine, and careful 
studies have established that the threshold limit for pathologi 
cal pyuria is about l><l04 leukocytes per milliliter of uncen 
trifuged urine. Pyuria correlates closely With acute symptom 
atic infection, and its presence may thus Warrant further study 
of urine specimens in Which microorganism counts are less 
than accepted threshold levels. Several methods have been 
developed for assessment of pyuria. One such method 
involves the detection of leukocyte esterase, Which is an 
enZyme released by White blood cells. For example, dipsticks 
based on leukocyte esterase have been developed that contain 
an area predisposed With reagents. The test sample is spotted 
onto the area so that the enZyme reacts With the reagents, 
thereby inducing a color change. Unfortunately, such test 
methods generally require that a controlled reading WindoW. 
HoWever, it is not alWays feasible to carefully monitor testing, 
particularly in consumer-based applications. 
[0003] As such, a need currently exists for an improved 
technique for detecting an enZyme in a test sample. 

SUMMARY OF THE INVENTION 

[0004] In accordance With one embodiment of the present 
invention, a diagnostic test kit for detecting the presence or 
absence of an enZyme (e.g., leukocyte esterase) Within a test 
sample is disclosed. The test kit comprises a substrate that is 
capable of being cleaved in the presence of the enZyme to 
release a nucleophilic aromatic compound. The kit also com 
prises a lateral ?oW device that comprises a chromatographic 
medium. The chromatographic medium de?nes a detection 
Zone Within Which is contained a ?rst reagent (e. g., diaZonium 
ion) that is capable of reacting With the nucleophilic aromatic 
compound to form a second reagent (e.g., aromatic aZo com 
pound). The second reagent exhibits a color that is different 
than the color of the ?rst reagent. The lateral ?oW device also 
includes an absorbent material that receives the test sample 
after ?oWing through the chromatographic medium. 
[0005] Other features and aspects of the present invention 
are discussed in greater detail beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] A full and enabling disclosure of the present inven 
tion, including the best mode thereof, directed to one of 
ordinary skill in the art, is set forth more particularly in the 
remainder of the speci?cation, Which makes reference to the 
appended FIGURE in Which: 
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[0007] FIG. 1 is a perspective vieW of one embodiment of a 
lateral ?oW device that may be used in the present invention. 
[0008] Repeat use of reference characters in the present 
speci?cation and draWings is intended to represent same or 
analogous features or elements of the invention. 

DETAILED DESCRIPTION OF 
REPRESENTATIVE EMBODIMENTS 

De?nitions 

[0009] As used herein, the term “test sample” generally 
refers to any material suspected of containing an enZyme. The 
test sample may be derived from any biological source, such 
as a physiological ?uid, including, blood, interstitial ?uid, 
saliva, ocular lens ?uid, cerebral spinal ?uid, sWeat, urine, 
milk, ascites ?uid, mucous, nasal ?uid, sputum, synovial 
?uid, peritoneal ?uid, vaginal ?uid, menses, amniotic ?uid, 
semen, and so forth. Besides physiological ?uids, other liquid 
samples may be used such as Water, food products, and so 
forth, for the performance of environmental or food produc 
tion assays. In addition, a solid material suspected of contain 
ing the enZyme may be used as the test sample. The test 
sample may be used directly as obtained from the biological 
source or folloWing a pretreatment to modify the character of 
the sample. For example, such pretreatment may include pre 
paring plasma from blood, diluting viscous ?uids, and so 
forth. Methods of pretreatment may also involve ?ltration, 
precipitation, dilution, distillation, mixing, concentration, 
inactivation of interfering components, the addition of 
reagents, lysing, etc. Moreover, it may also be bene?cial to 
modify a solid test sample to form a liquid medium or to 
release the enZyme. 

DETAILED DESCRIPTION 

[0010] Reference noW Will be made in detail to various 
embodiments of the invention, one or more examples of 
Which are set forth beloW. Each example is provided by Way 
of explanation of the invention, not limitation of the inven 
tion. In fact, it Will be apparent to those skilled in the art that 
various modi?cations and variations may be made in the 
present invention Without departing from the scope or spirit of 
the invention. For instance, features illustrated or described as 
part of one embodiment, may be used on another embodiment 
to yield a still further embodiment. Thus, it is intended that the 
present invention covers such modi?cations and variations as 
come Within the scope of the appended claims and their 
equivalents. 
[0011] In general, the present invention is directed to a 
device for detecting the presence of an enZyme in a test 
sample. Various types of enZymes may be detected using the 
technique of the present invention, such as transferases, 
hydrolases, lyases, and so forth. In some embodiments, the 
enZyme of interest is a “hydrolase” or “hydrolytic enZyme”, 
Which refers to enZymes that catalyZe hydrolytic reactions. 
Examples of hydrolytic enZymes include, but are not limited 
to, proteases (e.g., serine proteases, such as chymotrypsin, 
trypsin, elastase, and PSA; aspartic proteases, such as pepsin; 
thiol proteases, such as prohorrnone thiol proteases; metallo 
proteases; acid proteases; and alkaline proteases), peptidases 
(e.g., metallopeptidases or dipeptidylpeptidase I, II, or IV), 
lipases, nucleases, homo- or hetero-oligosaccharidases, 
homo- or hetero-polysaccharidases, phosphatases, sulfatases, 
neuraminidases, and esterases (e.g., acetylcholinesterase, 
acetylesterase, butyrylcholinesterase, cholesterol esterase, 
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esterase, pectinesterase, phosphodiesterase, leukocyte 
esterase, etc.). In one particular embodiment, leukocyte 
esterase is detected to assist in the diagnosis of urinary tract 
infection. 

[0012] The technique of the present invention employs a 
variety of reagents for detecting the presence of the enZyme. 
One such reagent is a substrate that is chemically acted upon 
or “cleaved” by the enZyme of interest to release a product. 
When detecting leukocyte esterase, for example, the substrate 
may be an ester that is catalytically hydrolyZed in the pres 
ence of leukocyte esterase to yield an aromatic compound. 
The aromatic esters may include, for instance, indoxyl esters 
having the folloWing general formula: 

[0013] Wherein, R may be substituted or unsubstituted, and 
may be an alkyl group, an alkyoxy group, a hydroxyalkyl 
group, an alkylene group, a fatty acid group, and so forth. In 
addition, the aromatic rings may also be substituted or unsub 
stituted. Speci?c examples include, for instance, indoxyl 
acetate, indoxyl butyrate, indoxyl laureate, indoxyl stearate, 
indoxyl ester of a N-blocked amino acid or peptide and thio 
indoxyl analogs thereof, and N-Tosyl-L-alanine 3-indoxyl 
ester. Such indoxyl esters are hydrolyZed by the leukocyte 
esterase to form a benZopyrrole, such as indoxyl, Which has 
the folloWing structure: 

OH 

[0014] Lactate esters may also be used in the present inven 
tion, such as described in US. Pat. Nos. 5,464,739 to 
Johnson, et al. and 5,663,044 to Noffsinger, et al., Which are 
incorporated herein in their entirety by reference thereto for 
all purposes. Lactate esters are generally hydrolyZed by the 
leukocyte esterase to provide a hydroxy-pyrrole compound. 
Other suitable ester substrates include thiaZole esters, pyrrole 
esters, thiophene esters, naphthyl esters, phenoxyl esters, 
quinolinyl esters, such as described in US. Pat. Nos. 5,750, 
359 to Huh, et al; 4,657,855 to Corey, et al.; and Japanese 
Publication No. 03210193 to KaWanishi, et al., Which are 
incorporated herein in their entirety by reference thereto for 
all purposes. 

[0015] Still other suitable substrates for hydrolytic 
enZymes include, for instance, amides, peptides, ethers, or 
other chemical compounds having an enZymatically-hydro 
lyZable bond. Speci?c types of substrates may include pro 
teins or glycoproteins, peptides, nucleic acids (e.g., DNA and 
RNA), carbohydrates, lipids, esters, derivatives thereof, and 
so forth. For instance, some suitable substrates for peptidases 
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and/or proteases may include peptides, proteins, and/or gly 
coproteins, such as casein (e.g., [3-casein, aZocasein, etc.), 
albumin (e.g., bovine serum albumin), hemoglobin, myoglo 
bin, keratin, gelatin, insulin, proteoglycan, ?bronectin, lami 
nin, collagen, elastin, and so forth. Still other suitable sub 
strates are described in US. Pat. Nos. 4,748,116 to 

Simonsson, et al.; 5,786,137 to Diamond, et al.; 6,197,537 to 
Rao, et al.; and 6,235,464 to Henderson, et al.; 6,485,926 to 
Nemori, et al., Which are incorporated herein in their entirety 
by reference thereto for all purposes. 
[0016] If desired, the rate of the enzyme-catalyzed reaction 
may be selectively controlled using techniques knoWn in the 
art, such as controlling the temperature, pH, substrate con 
centration, the presence of accelerators, the presence of 
inhibitors (competitive (binds to enzyme), uncompetitive 
(binds to enzyme-substrate complex), or noncompetitive 
(binds to enZyme and/ or enzyme-substrate complex)), and so 
forth. These factors may be selectively controlled as desired 
to increase or decrease the reaction time. For example, an 
accelerator may be employed to enhance enzymatic activity. 
Suitable accelerators for hydrolytic esterases may include, 
for instance, pyridine, imidaZole and their derivatives, metal 
complexes, and alcohols. Particularly useful alcohols are lin 
ear alcohols having 1 to 15 carbon atoms, such as decanol, 
undecanol and dodecanol. Other examples of suitable accel 
erators are described in US. Pat. Nos. 4,657,855 to Corey, et 
al. and 4,299,917 to Berger, et al., Which are incorporated 
herein in their entirety by reference thereto for all purposes. 
The pH may also be selectively controlled to enhance enZyme 
activity and to inhibited unWanted side reactions. For 
instance, many ester substrates are unstable in highly basic or 
highly acidic conditions due to their tendency to hydrolyZe. 
Thus, the pH is typically maintained at a relatively neutral 
level, such as from about 6 to about 9, and in some embodi 
ments, about 7. Some biologically compatible buffers that 
may be used to maintain the desired pH include borate buff 
ers, phosphate-buffered saline (PBS), 2-(N-morpholino) 
ethane sulfonic acid (“MES”), tris-hydroxymethylami 
nomethane (“Tris”), citrate buffers, and so forth. 
[0017] Regardless of the manner in Which the reaction is 
conducted, an aromatic compound is released through cleav 
age of the substrate that is capable of inducing a color change 
in the presence of certain reagents. The released aromatic 
compound is a nucleophile in that it contains a group that is 
electron rich (e.g., amine) and that may form bonds With 
electron de?cient groups. For example, indoxyl esters are 
hydrolyZed by the leukocyte esterase to form indoxyl. 
lndoxyl contains an electron-rich, aromatic ring system that is 
capable of undergoing electrophilic attack by a diaZonium ion 
having the generic formula: 

[0018] The diaZonium ion may be ZWitterionic in that the 
counterion of the diaZonium moiety is covalently bound to the 
ring system. The ring system of the diaZonium ion may be 
substituted or unsubstituted. The ion may be provided by a 
variety of suitable diaZonium salts, such as diaZonium chlo 
rides, diaZonium acid sulphates, diaZonium alkyl sulphates, 
diaZonium ?uoborates, diaZonium benZenesulphonates, dia 
Zonium acid 1,5-naphthalenedisulphonates, and so forth. 
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Speci?c examples of diaZonium salts are 1-diaZo-2-naphthol 
4-sulfonate; 1-diaZophenyl-3-carbonate; 4-diaZo -3 -hydroxy 
1 -naphthylsulfonate (DNSA); 4-diaZo-3-hydroxy-7-nitro-1 - 
naphthylsulfonate (NDNSA); 4-diaZo-3 -hydroxy-1 ,7 
naphthyldisulfonate; 2-methoxy-4-(N-morpholinyl)benZene 
diaZonium chloride; 4-diaZo -3 -hydroxy-7-bromo- 1 -naphth 
ylsulfonate; and 4-diaZo-3-hydroxy-7-[1,oxopropyl]-1 
naphthylsulfonate. One particularly desired diaZonium salt is 
5 -chloro -2 -methoxybenZenediaZonium chloride, Which has a 
yellow color and is classi?ed under the name “DiaZo Red RC” 
or “Fast Red RC.” More speci?cally, “Fast Red RC” has the 
following structure: 

ocH3 

[0019] Other suitable diaZonium salts are classi?ed by the 
common names “Fast Red B” and “Fast Blue B.” Still other 
suitable diaZonium salts may be described in Us. Pat. Nos. 
4,637,979 to Skjold, et al.; 4,806,423 to Hugh, et al.; and 
4,814,271 to Hugl, et al., Which are incorporated herein in 
their entirety by reference thereto for all purposes. 

[0020] As indicated above, the nucleophilic aromatic com 
pounds released by the hydrolysis of the substrate are capable 
of undergoing electrophilic attack by a reagent (e.g., diaZo 
nium ion). This reaction is often referred to as “coupling” and 
results in the formation of another reagent having a different 
color. For example, diaZonium ions may react With aromatic 
compounds to form an aromatic aZo compound having the 
generic formula, RiN:NiR', Wherein “R” and “R'” are 
aryl groups. Without intending to be limited by theory, it is 
believed that this reaction induces either a shift of the absorp 
tion maxima toWards the red end of the spectrum (“batho 
chromic shift”) or toWards the blue end of the spectrum 
(“hypsochromic shift”). The type of absorption shift depends 
on the nature of the resulting aZo molecule and Whether it 
functions as an electron acceptor (oxidizing agent), in Which 
a hypsochromic shift results, or Whether it functions as an 
electron donor (reducing agent), in Which a bathochromic 
shift results. Regardless, the absorption shift provides a color 
difference that is detectable, either visually or through instru 
mentation, to indicate the presence of leukocyte esterase or 
other enZymes Within the test sample. For example, prior to 
contact With an infected test sample, the diaZonium ion may 
be colorless or it may possess a certain color. HoWever, after 
contacting the test sample and reacting With an aromatic 
compound released by hydrolysis of the substrate, an aro 
matic aZo compound Will form that exhibits a color that is 
different than the initial color of the diaZonium ion. Exem 
plary aromatic aZo compounds that may be formed include 
dimethyldiaZene, diphenydiaZene, 1-naphthyl-2-naphthyl 
diaZene, 3-chlorophenyl-4-chlorophenyl diaZene, methylvi 
nyl diaZene, and 2-naphthylphenyl diaZene. In one particular 
embodiment, for instance, “Fast Red RC” (yelloW), a diaZo 
nium ion, may react With indoxyl to form an aromatic aZo 
compound that is red and has the folloWing general structure 
(may be substituted or unsubstituted): 
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[0021] As a result of the color change, the presence of an 
enZyme (e.g., leukocyte esterase) in a test sample may be 
readily detected. The extent of the color change may be selec 
tively controlled in accordance With the present invention to 
limit “false positives.” More speci?cally, a small and perhaps 
normal amount of enZyme Within a test sample may hydro 
lyZe a substrate to release a nucelophilic aromatic compound. 
In some cases, hoWever, the released aromatic compound 
may undergo an oxidation reaction if left in air or other 
oxidiZing environment for too great a period of time. For 
example, indoxyl may be oxidiZed to form indigo, Which is 
blue and has the folloWing structure: 

0 

N 

N 

l 
H O 

[0022] The resulting blue color of indigo may indicate a 
“false positive” or at the very least, adversely affect the ability 
to semi-quantitatively or quantitatively determine the pres 
ence of the enZyme. Thus, the present inventor has discovered 
a technique for reducing the problem of such “false posi 
tives.” Instead of simply measuring the results after a certain 
period of time, the desired reaction time may be achieved by 
selectively controlling the medium in Which the reaction 
occurs. That is, the reaction medium is chromatographic in 
nature such that the enZyme and substrate are alloWed to How 
in a consistent and controllable manner. While ?oWing 
through the medium, the enZyme and substrate react to 
release an aromatic product that subsequently couples With a 
diaZonium ion to form an aromatic aZo compound. The aro 
matic aZo compound is immobiliZed Within a discrete detec 
tion region for analysis. Due to the nature of the controlled 
?uid ?oW, any unreacted substrate travels to the end of the 
reaction medium so that it is unable to adversely interfere 
With observance of the aromatic aZo compound in the detec 
tion region. Thus, to the extent that subsequent oxidation of 
aromatic compounds that are not captured at the detection 
region, the resulting color change Will not occur Within the 
detection region. 
[0023] Various embodiments for accomplishing the detec 
tion of the enZyme using ?uid ?oW control techniques Will 
noW be described in more detail. Referring to FIG. 1, for 
instance, one embodiment of a lateral ?oW device 20 that may 
be formed according to the present invention Will noW be 
described in more detail. As shoWn, the device 20 contains a 
chromatographic medium 23 optionally supported by a rigid 
support material 21. In general, the chromatographic medium 
23 may be made from any of a variety of materials through 
Which the test sample is capable of passing. For example, the 
chromatographic medium 23 may be a porous membrane 
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formed from synthetic or naturally occurring materials, such 
as polysaccharides (e.g., cellulose materials such as paper and 
cellulose derivatives, such as cellulose acetate and nitrocel 
lulose); polyether sulfone; polyethylene; nylon; polyvi 
nylidene ?uoride (PVDF); polyester; polypropylene; silica; 
inorganic materials, such as deactivated alumina, diatoma 
ceous earth, MgSO4, or other inorganic ?nely divided mate 
rial uniformly dispersed in a porous polymer matrix, With 
polymers such as vinyl chloride, vinyl chloride-propylene 
copolymer, and vinyl chloride-vinyl acetate copolymer; 
cloth, both naturally occurring (e.g., cotton) and synthetic 
(e. g., nylon or rayon); porous gels, such as silica gel, agarose, 
dextran, and gelatin; polymeric ?lms, such as polyacryla 
mide; and so forth. In one particular embodiment, the chro 
matographic medium 23 is formed from nitrocellulose and/or 
polyether sulfone materials. It should be understood that the 
term “nitrocellulose” refers to nitric acid esters of cellulose, 
Which may be nitrocellulose alone, or a mixed ester of nitric 
acid and other acids, such as aliphatic carboxylic acids having 
from 1 to 7 carbon atoms. 

[0024] The siZe and shape of the chromatographic medium 
23 may generally vary as is readily recogniZed by those 
skilled in the art. For instance, a porous membrane strip may 
have a length of from about 10 to about 100 millimeters, in 
some embodiments from about 20 to about 80 millimeters, 
and in some embodiments, from about 40 to about 60 milli 
meters. The Width of the membrane strip may also range from 
about 0.5 to about 20 millimeters, in some embodiments from 
about 1 to about 15 millimeters, and in some embodiments, 
from about 2 to about 10 millimeters. Likewise, the thickness 
of the membrane strip is generally small enough to alloW 
transmission-based detection. For example, the membrane 
strip may have a thickness less than about 500 micrometers, in 
some embodiments less than about 250 micrometers, and in 
some embodiments, less than about 150 micrometers. 

[0025] As stated above, the support 21 carries the chro 
matographic medium 23. For example, the support 21 may be 
positioned directly adjacent to the chromatographic medium 
23 as shoWn in FIG. 1, or one or more intervening layers may 
be positioned betWeen the chromatographic medium 23 and 
the support 21. Regardless, the support 21 may generally be 
formed from any material able to carry the chromatographic 
medium 23. The support 21 may be formed from a material 
that is transmissive to light, such as transparent or optically 
diffuse (e. g., translucent) materials. Also, it is generally 
desired that the support 21 is liquid-impermeable so that ?uid 
?oWing through the medium 23 does not leak through the 
support 21. Examples of suitable materials for the support 
include, but are not limited to, glass; polymeric materials, 
such as polystyrene, polypropylene, polyester (e. g., Mylar® 
?lm), polybutadiene, polyvinylchloride, polyamide, polycar 
bonate, epoxides, methacrylates, and polymelamine; and so 
forth. To provide a su?icient structural backing for the chro 
matographic medium 23, the support 21 is generally selected 
to have a certain minimum thickness. LikeWise, the thickness 
of the support 21 is typically not so large as to adversely affect 
its optical properties. Thus, for example, the support 21 may 
have a thickness that ranges from about 100 to about 5,000 
micrometers, in some embodiments from about 150 to about 
2,000 micrometers, and in some embodiments, from about 
250 to about 1,000 micrometers. For instance, one suitable 
membrane strip having a thickness of about 125 micrometers 
may be obtained from Millipore Corp. of Bedford, Mass. 
under the name “SHF180UB25.” 
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[0026] As is Well knoWn the art, the chromatographic 
medium 23 may be cast onto the support 21, Wherein the 
resulting laminate may be die-cut to the desired siZe and 
shape. Alternatively, the chromatographic medium 23 may 
simply be laminated to the support 21 With, for example, an 
adhesive. In some embodiments, a nitrocellulose or nylon 
porous membrane is adhered to a Mylar® ?lm. An adhesive is 
used to bind the porous membrane to the Mylar® ?lm, such as 
a pressure-sensitive adhesive. Laminate structures of this type 
are believed to be commercially available from Millipore 
Corp. of Bedford, Mass. Still other examples of suitable lami 
nate device structures are described in US. Pat. No. 5,075, 
077 to Durley, Ill., et al., Which is incorporated herein in its 
entirety by reference thereto for all purposes. 
[0027] The device 20 also contains an absorbent material 
28 that is positioned adjacent to the medium 23. The absor 
bent material 28 assists in promoting capillary action and 
?uid ?oW through the medium 23. In addition, the absorbent 
material 28 receives ?uid that has migrated through the entire 
chromatographic medium 23 and thus draWs any unreacted 
components aWay from the detection region to help reduce 
the likelihood of “false positives.” Some suitable absorbent 
materials that may be used in the present invention include, 
but are not limited to, nitrocellulose, cellulosic materials, 
porous polyethylene pads, glass ?ber ?lterpaper, and so forth. 
The absorbent material may be Wet or dry prior to being 
incorporated into the device. Pre-Wetting may facilitate cap 
illary ?oW for some ?uids, but is not typically required. Also, 
as is Well knoWn in the art, the absorbent material may be 
treated With a surfactant to assist the Wicking process. 

[0028] To initiate the detection of the enzyme Within the 
test sample, a user may directly apply the test sample to a 
portion of the chromatographic medium 23 through Which it 
may then travel in the direction illustrated by arroW “L” in 
FIG. 1. Alternatively, the test sample may ?rst be applied to a 
sample application Zone 24 that is in ?uid communication 
With the chromatographic medium 23. The sample applica 
tion Zone 24 may be formed on the medium 23 . Alternatively, 
as shoWn in FIG. 1, the sample application Zone 24 may be 
formed by a separate material, such as a pad. Some suitable 
materials that may be used to form such sample pads include, 
but are not limited to, nitrocellulose, cellulose, porous poly 
ethylene pads, and glass ?ber ?lter paper. If desired, the 
sample application Zone 24 may also contain one or more 
pretreatment reagents, either diffusively or non-diffusively 
attached thereto. In the illustrated embodiment, the test 
sample travels from the sample application Zone 24 to a 
reagent Zone 22 that is in communication With the sample 
application Zone 24. As described above, the reagent Zone 22 
may be formed on the medium 23. Alternatively, as shoWn in 
FIG. 1, the reagent Zone 22 is formed from a separate material 
or pad. Such a reagent pad may be formed from any material 
through Which the test sample is capable of passing, such as 
glass ?bers. To facilitate detection of the enZyme in the man 
ner described above, a substrate is employed. In some 
embodiments, the substrate may be mixed With the test 
sample prior to application to the device 20. Alternatively, the 
substrate may be diffusively immobilized on the device 20 
prior to application of the test sample. Such pre-application 
provides a variety of bene?ts, including the elimination of the 
need for a subsequent user to handle and mix the reagents 
With the test sample or a diluent. This is particularly useful in 
point-of-care applications When the user is not generally a 
trained lab technician or medical professional. The substrate 
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may be disposed downstream from the sample application 
zone 24. In this manner, the test sample is capable of mixing 
With the enzyme upon application. Alternatively, the substrate 
may be positioned upstream from the sample application 
zone 24. For instance, a diluent may be employed to induce 
mixing betWeen the substrate and test sample. 
[0029] If desired, the pH may be maintained at a relatively 
neutral level to facilitate the desired enzyme-catalyzed reac 
tion, such as described above. To accomplish the desired pH 
level, a buffer may be mixed With the substrate prior to appli 
cation to the device 20, mixed With the test sample, or both. 
Alternatively, the buffer may be separately applied to the 
lateral ?oW device 20 so that it is capable of mixing With the 
reagents upon application to the test sample. 
[0030] Referring again to FIG. 1, the lateral ?oW device 20 
includes a detection zone 31 Within Which is immobilized a 
diazonium ion, such as described above. The diazonium ion 
may be applied directly to the medium 23 or ?rst formed into 
a solution prior to application. Various solvents may be uti 
lized to form the solution, such as, but not limited to, aceto 
nitrile, dimethylsulfoxide (DMSO), ethyl alcohol, dimethyl 
formamide (DMF), and other polar organic solvents. For 
instance, the amount of a diazonium salt in the solution may 
range from about 0.001 to about 100 milligrams per milliliter 
of solvent, and in some embodiments, from about 0.1 to about 
10 milligrams per milliliter of solvent. In one particular 
embodiment, the detection zone 31 is de?ned by the chro 
matographic medium 23 and formed by coating a solution 
thereon using Well-known techniques and then dried. The 
diazonium ion concentration may be selectively controlled to 
provide the desired level of detection sensitivity. 
[0031] Typically, it is desired that the diazonium ion be 
applied in a manner so that it does not substantially diffuse 
through the matrix of the chromatographic medium 23 (i.e., 
non-diffusively immobilized). This enables a user to readily 
detect the change in color that occurs upon reaction of the 
diazonium ion With a nucleophilic aromatic compound. The 
diazonium ion may form an ionic and/ or covalent bond With 
functional groups present on the surface of the chromato 
graphic medium 23 so that it remains immobilized thereon. 
For instance, particles, such as described beloW, may facili 
tate the immobilization of the diazonium ion at the detection 
zone 31. Namely, the diazonium ion may be coated onto 
particles, Which are then immobilized on the chromato 
graphic medium 23 of the device 20. In this manner, the 
diazonium ion is able to readily contact nucleophilic aromatic 
compounds ?oWing through the medium 23. 
[0032] One bene?t of the lateral ?oW device of the present 
invention is its ability to readily incorporate one or more 
additional reagent zones to facilitate the above-described 
enzyme-catalyzed reaction. For example, referring again to 
FIG. 1, one such zone is a quenching zone 35. The quenching 
zone 35 is con?gured to remove compounds from the test 
sample that Would otherWise interfere With the accuracy of 
the detection system. For example, contaminants Within the 
test sample (e. g., phenolics, bilirubin, urobilinogen, etc.) may 
react With the diazonium ion Within the detection zone 31 and 
form an aromatic azo compound, thereby producing a “false 
negative” result. Thus, the quenching zone 35 may contain a 
quenching agent, such as a diazonium ion, that is capable of 
reacting With the reaction contaminants. The quenching agent 
may be the same or different than the detection agent used 
Within the detection zone 31. Typically, the quenching agent 
is non-diffusively immobilized Within the quenching zone 35 
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in the manner described above so that it does not ?oW through 
the medium 23 and interfere With testing. The location of the 
quenching zone 35 may vary, but is typically positioned 
upstream from the detection zone 31 and the location at Which 
the substrate is applied to avoid interference With enzyme 
detection. For example, in the illustrated embodiment, the 
quenching zone 35 is positioned betWeen the sample appli 
cation zone 24 and the reagent zone 22. Alternatively, the 
quenching zone 35 may be positioned upstream from the 
sample application zone 24. 
[0033] Another zone that may be employed in the lateral 
?oW device 20 for improving detection accuracy is a control 
zone 32. The control zone 32 gives a signal to the user that the 
test is performing properly. More speci?cally, control 
reagents may be employed that ?oW through the chromato 
graphic medium 23 upon contact With a su?icient volume of 
the test sample. These control reagents may then be observed, 
either visually or With an instrument, Within the control zone 
32. The control reagents generally contain a detectable sub 
stance, such as luminescent compounds (e. g., ?uorescent, 
phosphorescent, etc.); radioactive compounds; visual com 
pounds (e.g., colored dye or metallic substance, such as gold); 
liposomes or other vesicles containing signal-producing sub 
stances; enzymes and/or substrates, and so forth. Other suit 
able detectable substances may be described in Us. Pat. Nos. 
5,670,381 to Jou, et al. and 5,252,459 to Tarcha, et al., Which 
are incorporated herein in their entirety by reference thereto 
for all purposes. 

[0034] If desired, the detectable substances may be dis 
posed on particles (sometimes referred to as “beads” or 
“microbeads”). Among other things, the particles enhance the 
ability of the detectable substance to travel through a chro 
matographic medium. For instance, naturally occurring par 
ticles, such as nuclei, mycoplasma, plasmids, plastids, mam 
malian cells (e.g., erythrocyte ghosts), unicellular 
microorganisms (e.g., bacteria), polysaccharides (e.g., agar 
ose), etc., may be used. Further, synthetic particles may also 
be utilized. For example, in one embodiment, latex micropar 
ticles that are labeled With a ?uorescent or colored dye are 
utilized. Although any synthetic particle may be used in the 
present invention, the particles are typically formed from 
polystyrene, butadiene styrenes, styreneacrylic-vinyl ter 
polymer, polymethylmethacrylate, polyethylmethacrylate, 
styrene-maleic anhydride copolymer, polyvinyl acetate, 
polyvinylpyridine, polydivinylbenzene, polybutylenetereph 
thalate, acrylonitrile, vinylchloride-acrylates, and so forth, or 
an aldehyde, carboxyl, amino, hydroxyl, or hydrazide deriva 
tive thereof. When utilized, the shape of the particles may 
generally vary. In one particular embodiment, for instance, 
the particles are spherical in shape. HoWever, it should be 
understood that other shapes are also contemplated by the 
present invention, such as plates, rods, discs, bars, tubes, 
irregular shapes, etc. In addition, the size of the particles may 
also vary. For instance, the average size (e.g., diameter) of the 
particles may range from about 0.1 nanometers to about 1,000 
microns, in some embodiments, from about 0. 1 nanometers to 
about 100 microns, and in some embodiments, from about 1 
nanometer to about 10 microns. Commercially available 
examples of suitable particles include ?uorescent carboxy 
lated microspheres sold by Molecular Probes, Inc. under the 
trade names “FluoSphere” (Red 580/605) and “Trans?uo 
Sphere” (543/620), as Well as “Texas Red” and 5- and 6-car 
boxytetramethylrhodamine, Which are also sold by Molecu 
lar Probes, Inc. In addition, commercially available examples 
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of suitable colored, latex microparticles include carboxylated 
latex beads sold by Bang’s Laboratory, Inc. 
[0035] The location of the control Zone 32 may vary based 
on the nature of the test being performed. In the illustrated 
embodiment, for example, the control Zone 32 is de?ned by 
the chromatographic medium 23 and positioned doWnstream 
from the detection Zone 31. In such embodiments, the control 
Zone 32 may contain a material that is non-diffusively immo 
biliZed in the manner described above and forms a chemical 
and/or physical bond With the control reagents. When the 
control reagents contain latex particles, for instance, the con 
trol Zone 32 may include a polyelectrolyte that binds to the 
particles. Various polyelectrolytic binding systems are 
described, for instance, in U.S. Patent App. Publication No. 
2003/0124739 to Song, et al., Which is incorporated herein in 
it entirety by reference thereto for all purposes. In alternative 
embodiments, hoWever, the control Zone 32 may simply be 
de?ned by a region of the absorbent material 28 to Which the 
control reagents ?oW after traversing through the chromato 
graphic medium 23. 
[0036] Regardless of the particular control technique 
selected, the application of a suf?cient volume of the test 
sample to the device 20 Will cause a signal to form Within the 
control Zone 32, Whether or not the enZyme is present. Among 
the bene?ts provided by such a control Zone is that the user is 
informed that a suf?cient volume of test sample has been 
added Without requiring careful measurement or calculation. 
This provides the ability to use the lateral ?oW device 20 
Without the need for externally controlling the reaction time, 
test sample volume, etc. 
[0037] In addition to the Zones speci?ed above, the lateral 
?oW device 20 may also include other optional Zones. For 
example, in one embodiment, the lateral ?oW device 20 may 
include an accelerator Zone (not shoWn) in Which is contained 
an accelerator for the enZyme-catalyZed substrate reaction. 
Typically, the accelerator is diffusively immobiliZed Within 
the accelerator Zone in the manner described above so that it 
may ?oW through the medium 23 upon contact With the test 
sample. The location of the accelerator Zone may generally 
vary, so long as it positioned upstream from the detection 
Zone 31. For example, in some embodiments, the accelerator 
Zone may be positioned at a location (e.g., sample application 
Zone 24) that is upstream from the application of the substrate 
(e. g., reagent Zone 24). Due to the separation provided 
betWeen the substrate and accelerator, the likelihood of any 
premature reaction therebetWeen is thus reduced. It should be 
understood, hoWever, that the accelerator may nevertheless 
be combined With the substrate in some applications. 

[0038] The detection Zone 31, quenching Zone 35, control 
Zone 32, accelerator Zone, and any other Zone employed in the 
lateral ?oW device 20 may generally provide any number of 
distinct detection regions so that a user may better determine 
the concentration of the enZyme Within the test sample. Each 
region may contain the same or different materials. For 
example, the Zones may include tWo or more distinct regions 
(e.g., lines, dots, etc.). The regions may be disposed in the 
form of lines in a direction that is substantially perpendicular 
to the How of the test sample through the device 20. Likewise, 
in some embodiments, the regions may be disposed in the 
form of lines in a direction that is substantially parallel to the 
How of the test sample through the device 20. 
[0039] One particular embodiment of a method for detect 
ing the presence of leukocyte esterase Within a test sample 
using the device 20 of FIG. 1 Will noW be described in more 
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detail. Initially, a test sample containing leukocyte esterase is 
applied to the sample application Zone 24 and travels in the 
direction “L” to the reagent Zone 22. At the reagent Zone 22, 
the esterase is able to mix With and begin to initiate the 
catalytic reaction. As the mixture ?oWs through the device 20, 
the esterase hydrolyzes the ester bonds of the substrate and 
releases nucleophilic aromatic compounds. The aromatic 
compounds then How to the detection Zone 31 Where they 
react With a diaZonium ion to form a colored aZo compound. 

After the reaction, the detection Zone 31 changes color. Thus, 
the color or color intensity of the detection Zone 31 may be 
determined, either visually or With instrumentation. If 
desired, the intensity of the color at the detection Zone 31 may 
be measured to quantitatively or semi-quantitatively deter 
mine the level of enZyme present in the test sample. The 
intensity of the color at the detection Zone 31 is typically 
directly proportional to enZyme concentration. The intensity 
of the detection signal “IS” produced at the detection Zone 31 
may also be compared to a predetermined detection curve 
developed for a plurality of knoWn enZyme concentrations. To 
determine the quantity of enZyme in an unknoWn test sample, 
the signal may simply be converted to enZyme concentration 
according to the detection curve. Regardless, the esterase and 
any unreacted substrate and/ or aromatic compounds then 
travel past the detection Zone 3 1 until they reach the absorbent 
material 28. In some cases, the aromatic compounds Will 
oxidiZe over a period of time in air to form colored com 
pounds. HoWever, because such colored compounds are not 
located at the detection region 31, they generally do not 
interfere With the detection accuracy. 

[0040] The present invention provides a relatively simple, 
compact and cost-ef?cient device for accurately detecting the 
presence of certain enZymes (e.g., leukocyte esterase) Within 
a test sample (e. g., urine). The test result may be visible so that 
it is readily observed by the person performing the test in a 
prompt manner and under test conditions conducive to highly 
reliable and consistent test results. The test is also less time 
dependent. 
[0041] The present invention may be better understood 
With reference to the folloWing example. 

Example 

[0042] The ability to detect leukocyte esterase in accor 
dance With the present invention Was demonstrated. Initially, 
an HF12002 nitrocellulose membrane laminated to a support 
card (Millipore, Inc.) Was provided as the chromatographic 
medium. To form a detection Zone, DiaZo Red DC (DR) Was 
initially striped by hand onto the membrane. The DiaZo Red 
DC Was in the form of a solution containing Water and 
approximately 15 Wt. % dimethylformamide (“DMF”). The 
membrane Was then dried at 37° C. for tWo hours. A reagent 
pad Was then fabricated from a glass ?ber pad having a length 
of l 5 centimeters (Millipore Inc.). More speci?cally, the pad 
Was soaked With 15 milliliters of a mixture containing (i) 1 wt. 
% TWeen 20 (available from Sigma-Aldrich Chemical Co.) in 
20 millimolar Tris buffer (pH:7.4); (ii) 0.5 milliliters of a 
solution containing 20 Wt. % sucrose; and (iii) 0.2 milliliters 
of indoxyl acetate (0.1 molar in DMF). The glass ?ber pad 
Was then dried at 37° C. for tWo hours and laminated on one 
side of the membrane. A cellulose pad Was laminated to the 
other side of the membrane card to provide an absorbent or 
Wicking pad. A sample application pad Was then laminated to 



US 2009/0181416 Al 

the glass ?ber pad to provide a sample application Zone. The 
fully assembled card Was cut into 4-millimeter Wide strip 
devices. 
[0043] To test the device, a control sample (in Tris buffer, 
pH:7.4, 20 millimolar) and a positive esterase sample (10 
micrograms per milliliter, in Tris buffer, pH:7.4, 20 millimo 
lar) Were prepared. The esterase Was derived from porcine 
liver crude and obtained from Sigma-Aldrich Chemical Co. 
of St. Louis, Mo. 150 microliters of each sample Were then 
applied to the sample application Zone of tWo separate 
devices. After approximately 15 minutes, each sample Was 
visually observed. For the control sample, the detection Zone 
remained yelloW; hoWever, for the positive esterase sample, 
the detection Zone Was red. 

[0044] While the invention has been described in detail 
With respect to the speci?c embodiments thereof, it Will be 
appreciated that those skilled in the art, upon attaining an 
understanding of the foregoing, may readily conceive of alter 
ations to, variations of, and equivalents to these embodi 
ments. Accordingly, the scope of the present invention should 
be assessed as that of the appended claims and any equiva 
lents thereto. 

What is claimed is: 
1. A diagnostic test kit for detecting the presence or 

absence of an enzyme Within a test sample, the test kit com 
prising: 

a substrate that is capable of being cleaved in the presence 
of the enZyme to release a nucleophilic aromatic com 
pound; and 

a lateral ?oW device that comprises: 
a chromatographic medium de?ning a detection Zone 

Within Which is contained a ?rst reagent, the ?rst 
reagent being capable of reacting With the nucleo 
philic aromatic compound to form a second reagent, 
the second reagent exhibiting a color that is different 
than the color of the ?rst reagent; and 

an absorbent material that receives the test sample after 
?oWing through the chromatographic medium. 

2. The diagnostic test kit of claim 1, Wherein the enZyme is 
an esterase. 

3. The diagnostic test kit of claim 2, Wherein the esterase is 
leukocyte esterase. 

4. The diagnostic test kit of claim 2, Wherein the substrate 
is an aromatic ester. 

5. The diagnostic test kit of claim 4, Wherein the substrate 
is an indoxyl ester, lactate ester, thiaZole ester, pyrrole ester, 
thiophene ester, naphthyl ester, phenoxyl ester, or quinolinyl 
ester. 

6. The diagnostic test kit of claim 1, Wherein the nucleo 
philic aromatic compound is a benZopyrrole. 

7. The diagnostic test kit of claim 1, Wherein the ?rst 
reagent is a diaZonium ion. 

8. The diagnostic test kit of claim 7, Wherein the diaZonium 
ion is provided by a salt selected from the group consisting of 
diaZonium chlorides, diaZonium acid sulphates, diaZonium 
alkyl sulphates, diaZonium ?uoborates, diaZonium benZene 
sulphonates, and diaZonium acid 1,5-naphthalenedisulpho 
nates. 

9. The diagnostic test kit of claim 7, Wherein the second 
reagent is an aromatic aZo compound. 

10. The diagnostic test kit of claim 1, Wherein the chro 
matographic medium is a porous membrane. 

11. The diagnostic test kit of claim 1, Wherein the substrate 
is disposed on the lateral ?oW assay device. 
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12. The diagnostic test kit of claim 11, Wherein the lateral 
?oW assay device further comprises a reagent Zone Within 
Which is contained the substrate. 

13. The diagnostic test kit of claim 12, further comprising 
a sample application Zone that is located upstream from the 
reagent Zone. 

14. The diagnostic test kit of claim 1, Wherein the lateral 
?oW device comprises a quenching Zone located upstream 
from the detection Zone. 

15. The diagnostic test kit of claim 14, Wherein the quench 
ing Zone contains an agent capable of reacting With a con 
taminant in the test sample. 

16. The diagnostic test kit of claim 1, Wherein the lateral 
?oW device comprises a control Zone that is capable of sig 
naling the presence of the test sample. 

17. The diagnostic test kit of claim 16, further comprising 
a control reagent that is capable being detected Within the 
control Zone. 

18. The diagnostic test kit of claim 1, Wherein the test kit 
further comprises an accelerator for the substrate. 

19. The diagnostic test kit of claim 18, Wherein the accel 
erator is contained Within an accelerator Zone located 
upstream from the detection Zone. 

20. The diagnostic test kit of claim 1, Wherein the test 
sample is urine. 

21. A diagnostic test kit for detecting the presence or 
absence of leukocyte esterase Within urine, the test kit com 
prising: 

an aromatic ester substrate that is capable of being hydro 
lyZed in the presence of leukocyte esterase to release a 
nucleophilic aromatic compound; and 

a lateral ?oW device that comprises: 

a porous membrane de?ning a detection Zone Within 
Which is contained a diaZonium ion, the diaZonium 
ion being capable of reacting With the nucleophilic 
aromatic compound to form an aromatic aZo com 
pound, the aromatic aZo compound exhibiting a color 
that is different than the color of the diaZonium ion; 
and 

an absorbent material that receives the urine after ?oW 
ing through the porous membrane. 

22. The diagnostic test kit of claim 21, Wherein the sub 
strate is an indoxyl ester, lactate ester, thiaZole ester, pyrrole 
ester, thiophene ester, naphthyl ester, phenoxyl ester, or 
quinolinyl ester. 

23. The diagnostic test kit of claim 21, Wherein the nucleo 
philic aromatic compound is a benZopyrrole. 

24. The diagnostic test kit of claim 21, Wherein the diaZo 
nium ion is provided by a salt selected from the group con 
sisting of diaZonium chlorides, diaZonium acid sulphates, 
diaZonium alkyl sulphates, diaZonium ?uoborates, diaZo 
nium benZenesulphonates, and diaZonium acid 1,5-naphtha 
lenedisulphonates. 

25. The diagnostic test kit of claim 21, Wherein the sub 
strate is disposed on the lateral ?oW assay device. 

26. The diagnostic test kit of claim 25, Wherein the lateral 
?oW assay device further comprises a reagent Zone Within 
Which the substrate is disposed. 

27. The diagnostic test kit of claim 26, further comprising 
a sample application Zone that is positioned upstream from 
the reagent Zone. 
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28. The diagnostic test kit of claim 21, wherein the lateral 
?oW device comprises a quenching Zone located upstream 
from the detection Zone. 

29. The diagnostic test kit of claim 21, Wherein the lateral 
?oW device comprises a control Zone that is capable of sig 
naling the presence of the urine. 
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30. The diagnostic test kit of claim 21, Wherein the test kit 
further comprises an accelerator for the substrate, the accel 
erator being contained Within an accelerator Zone located 
upstream from the detection Zone. 

* * * * * 


