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Antibodies having speci?c binding for the parent THC (A9 
THC) and its major metabolites are provided Which present a 
signi?cant increase in sensitivity of immunoassays such as 
lateral ?oW immunoassays and ELISA for THC. The present 
invention also provides a rabbit hybridoma producing the 
antibody as a monoclonal antibody, a recombinant antibody, 
further molecularly engineered recombinant antibodies 
against parent Ag-THC and its metabolites and cell lines 
producing the recombinant antibodies. The invention also 
provides applications of the antibody in immunoassays, par 
ticularly lateral ?oW immunoassays, speci?cally applications 
in detecting THC in body ?uids, particularly saliva, and kits 
for determining the presence of THC. 
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ANTIBODY AND IMMUNOASSAYS FOR 
DETERMINING THE PRESENCE OF 
DELTA9-TETRAHYDROCANNABINOL 

FIELD OF THE INVENTION 

[0001] This invention relates generally to immunoassays 
for drugs of abuse and the like. 

BACKGROUND OF THE INVENTION 

[0002] Marijuana is a member of the hemp family and is 
known to contain signi?cant amounts of cannabinoids. In 
particular, the most important cannabinoid is A9 -Tetrahydro 
cannabinol (Ag-THC), the major physiologically active con 
stituent of marijuana. Ag-THC is a controlled substance 
because it has both sedative and depressant-like effects on the 
cardiovascular and central nervous systems, as opposed to 
cannabidiol, a non-psychoactive constituent of marijuana. 
Through smoking marijuana, Ag-THC is rapidly absorbed 
from the lungs into the blood stream and metaboliZed through 
11-norA9-THC to a series of polar metabolites With 11-nor 
Ag-THC-carboxylic acid as the primary metabolite. 
[0003] Due to the common abuse of cannabinoids, there is 
a need for non-invasive and rapid tests to detect the presence 
of these controlled drugs in biological specimens. Currently, 
cannabinoids in biological samples can be detected by a num 
ber of techniques such as thin layer chromatography (TLC), 
gas chromatography/mass spectrometry (GC/MS), radioim 
munoassay, enZyme immunoassay or continuous ?oW dis 
placement immunoassay (US. Pat. No. 6,686,208). Depend 
ing upon assay sensitivity, cannabinoid metabolites may be 
detected in the urine for up to 10 days in occasional smokers 
and 36 days in chronic smokers. See US. Pat. No. 5,264,373. 
[0004] Tetrahydrocannabinol, the active ingredient in the 
marijuana plant (cannabis sativa), is detectable in saliva 
shortly after use. The detection of the drug in saliva is thought 
to be primarily due to the direct exposure of the drug to the 
mouth (oral and smoking administrations) and the subsequent 
sequestering of the drug in the buccal cavity. The non-me 
taboliZed drug, Ag-THC is the main form of THC present in 
the marijuana smoker’s oral ?uid sample. Thus the presence 
of Ag-THC in oral ?uids is an excellent indicator of recent 
marijuana consumption and may indicate that the person is 
under the drug’s in?uence. Detection of the parent THC 
therefore is of great interest for road side testing by laW 
enforcement, on-site testing in Work places and many other 
circumstances. 
[0005] Previous studies have shoWn a time WindoW of 
detection for THC in saliva of up to 14 hours after drug use. In 
recent years, there have been efforts to utiliZe saliva for drug 
monitoring for the presence of Ag-THC, for pharmacokinetic 
studies or for the management of patients in chronic drug 
therapy. Although saliva testing does not quantify the blood 
concentration of the drug, saliva testing is of particular inter 
est since the presence of Ag-THC in the saliva is indicative of 
recent smoking of cannabinoids. The concentration of 
Ag-THC in the blood is usually much higher than the drug 
concentration in saliva. 
[0006] The use of saliva THC assays and procedures hoW 
ever are still problematic. Due to the short detectable time 
WindoW of the parent THC in the oral ?uid, loW quantity, the 
loW THC solubility and “stickiness” in aqueous solution, and 
sensitivity limitations of currently available murine anti-THC 
antibodies, current lateral ?oW immunoassays for parent 
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THC can not meet the expected sensitivity requirement rec 
ommended by the Substance Abuse and Mental Health Ser 
vices Administration (SAMHSA). 
[0007] For example, the THC assay contained Within the 
Oral Fluid Drug Screen Device (ORATECT® II, Branan 
Medical Corp., Irvine, Calif.) is purported to detect the pres 
ence of THC-COOH. HoWever, this assay requires the pres 
ence of the THC metabolite THC-COOH, and does not detect 
the parent Ag-THC molecule With a high sensitivity. 
[0008] The THC “One Step Marijuana Test Strip” (Bio 
merica, Inc. Newport Beach, Calif.) is reported to be a rapid 
chromatographic immunoassay for the detection of 11-nor 
9-THC-9 COOH in human urine at a cut-off concentration of 
50 ng/mL. HoWever, this assay system cannot be used to 
detect the parent Ag-THC molecule in saliva and requires 
urine collection and testing. 
[0009] A ?uorescence immunoassay has been reported for 
the detection and quantitation of tetrahydrocannabinols in 
oral ?uids for use in testing for marijuana abuse. The loWer 
detection limits Were reported to be 1.5 ng/mL for (1)-, 
9-THC and 5.5 ng/mL for (1)9-Carboxy-11-nor-, 9-THC and 
to require a total assay reaction time of less than 10 minutes. 
HoWever, ?uorescence detection is required for this assay, 
necessitating the use of expensive equipment and limiting the 
availability and Widespread usage of this assay. 
[0010] The use of a continuous ?oW displacement immu 
noassay technology (US. Pat. No. 5,183,740 to Ligler) has 
been demonstrated for detection of controlled drugs in saliva 
and urine. See also US. Pat. No. 6,686,208 to Wang. HoW 
ever, this assay procedure requires the use of a tracer molecule 
capable of binding to the same antigen or ligand binding 
site(s) of an antibody or receptor to Ag-THC or its metabo 
lites, to compete With Ag-THC or its metabolites in an immu 
noassay, and the binding a?inity of the antibody to the tracer 
molecules must be loWer than the binding a?inity of the 
antibody to the analyte to facilitate effective displacement. 
Using a Ag-THC-based or Ag-THC-analog based tracers is 
problematic because the Ag-THC analyte does not effectively 
displace the Ag-THC-based or Ag-THC-analog based tracer. 
This results in a loWer sensitivity of the assay. 
[0011] There exist more sensitive immunoassay methods 
such as ELISA, hoWever, there is a great need in the art for 
more sensitive assays and assay systems for ascertaining the 
presence ofAg-THC that are inexpensive to prepare, purchase 
and operate, that operate in a noninvasive manner and that are 
easy to use for persons unskilled in laboratory assay proce 
dures. To satisfy this need, more sensitive and speci?c anti 
bodies for use in detecting Ag-THC are required for use in 
lateral ?oW immunoassays. In particular, there is a need for a 
test comprising a sensitive and speci?c antibody having bind 
ing a?inity for the parent Ag-THC molecule, in order to detect 
the presence of the parent Ag-THC molecule in saliva. 
[0012] These and other de?ciencies in the art are addressed 
by the invention described beloW. 

SUMMARY OF THE INVENTION 

[0013] Accordingly, it is a primary object of the invention 
to address the aforementioned need in the art by providing an 
antibody having speci?c binding for THC and its metabolites, 
Wherein said antibody comprises CDR amino acid sequences 
selected from the group consisting of L1: QASQS 
VYNNNQLS (SEQ ID NO:1); L2: GTSNLAS (SEQ ID 
NO:2); L3: QGGYTSGDGIA (SEQ ID NO:3); H1: GFSL 
SNYVLA (SEQ ID NO:4); H2: TIVSGTTYYASW (SEQ ID 
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NO:5); H3: GLPHYITGDI (SEQ ID NO:6) or homologous 
amino acid sequences having at least 85% homology thereto. 
In certain embodiments, the amino acid sequence for the light 
chain variable region comprises the sequence: 

QVLTQTPSPVSAAVGGTVTINCQASQS 
VYNNNQLSWYQQKPGQPPKLLIYGTSNLASG VPSR 
FKGSGSGTQFTLTISSVQCDDAATYYC 
QGGYTSGDGIAFGGGTEVVVK (SEQ ID NO:7), or 
homologous amino acid sequences having at least 85% 
homology thereto. In certain other embodiments, the amino 
acid sequence for the heavy chain variable region comprises 
the sequence: 

QSVEESGGRLVTPGTPLTLTCTVSGFSL 
SNYVLAWVRQAPGKGLEWIGTIVSGTTYYAS 
WAKGRFTISKTSTTVHLKITSPTTED 
TATYFCVRGLPHYITGDIWGPGTLVTVSLG (SEQ ID 
NO:8), or homologous amino acid sequences having at least 
85% homology thereto. 

[0014] In certain preferred embodiments, the antibody is a 
monoclonal antibody produced by a hybridoma. In additional 
preferred embodiments, the antibody is a recombinant anti 
body produced by a host cell. In a preferred embodiment, the 
antibody is a rabbit antibody. 

[0015] In additional aspects, a host cell line is provided that 
expresses an antibody having speci?c binding for Ag-THC 
and its metabolites, Wherein said antibody comprises CDR 
amino acid sequences selected from the group consisting of 
L1: QASQSVYNNNQLS (SEQ ID NO:1); L2: GTSNLAS 
(SEQ ID NO:2); L3: QGGYTSGDGIA (SEQ ID NO:3); Hl: 
GFSLSNYVLA (SEQ ID NO:4); H2: TIVSGTTYYASW 
(SEQ ID NO:5); H3: GLPHYITGDI (SEQ ID NO:6) or 
homologous amino acid sequences having at least 85% 
homology thereto. The host cell can be any cell capable of 
expressing antibody. In a preferred embodiment, the host cell 
is a HEK 293 cell. 

[0016] In an additional aspect, an immunoassay for detect 
ing the presence of THC and its metabolites in a sample is 
provided. Preferably the immunoassay utiliZes an antibody 
having speci?c binding for THC and its metabolites, Wherein 
said antibody comprises CDR amino acid sequences selected 
from the group consisting of L1 : QASQSVYNNNQLS (SEQ 
ID NO:1); L2: GTSNLAS (SEQ ID NO:2); L3: QGGYTS 
GDGIA (SEQ ID NO:3); Hl: GFSLSNYVLA (SEQ ID 
NO:4); H2: TIVSGTTYYASW (SEQ ID NO:5); H3: 
GLPHYITGDI (SEQ ID NO:6) or homologous amino acid 
sequences having at least 85% homology thereto. In a pre 
ferred embodiment, the antibody is labeled or conjugated to a 
solid support such as microparticles or a solid surface. In a 

particularly preferred embodiment, the immunoassay is a 
lateral ?oW immunoassay strip for detecting the presence of 
THC and/or its metabolites in a ?uid sample. 

[0017] In yet another aspect, a method is provided for 
detecting the presence of THC in a sample, comprising the 
steps of: (1) providing a lateral ?oW immunoassay system 
comprising an antibody having speci?c binding for Ag-THC; 
(2) contacting said lateral ?oW immunoassay system With a 
sample (e.g., an extract or sample of saliva obtained from an 
individual) to be tested for the presence of Ag-THC in saliva; 
(3) performing the lateral ?oW immunoassay; (4) determining 
Whether the immunoassay is positive or negative for the pres 
ence of Ag-THC in the sample. 
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[0018] In an additional aspect, a kit is provided for testing 
for the presence of THC in saliva, comprising a lateral ?oW 
immunoassay strip for THC, and instructions for performing 
the test. 

[0019] Additional objects, advantages and novel features of 
the invention Will be set forth in part in the description Which 
folloWs, and in part Will become apparent to those skilled in 
the art upon examination of the folloWing, or may be learned 
by practice of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

I. De?nitions and OvervieW 

[0020] Before the present invention is described in detail, it 
is to be understood that unless otherWise indicated this inven 
tion is not limited to speci?c amino acid sequences, conjuga 
tion methods, materials and test systems, or the like, as such 
may vary. It is also to be understood that the terminology used 
herein is for the purpose of describing particular embodi 
ments only and is not intended to limit the scope of the present 
invention. 

[0021] It must be noted that as used herein and in the 
claims, the singular forms “a,” “an ” and “the” include plural 
referents unless the context clearly dictates otherWise. Thus, 
for example, reference to “a particle” includes tWo or more 
particles; reference to “an antibody” includes tWo or more 

antibodies, and so forth. 

[0022] Where a range of values is provided, it is understood 
that each intervening value, to the tenth of the unit of the loWer 
limit unless the context clearly dictates otherWise, betWeen 
the upper and loWer limit of that range, and any other stated or 
intervening value in that stated range, is encompassed Within 
the invention. The upper and loWer limits of these smaller 
ranges may independently be included in the smaller ranges, 
and are also encompassed Within the invention, subject to any 
speci?cally excluded limit in the stated range. Where the 
stated range includes one or both of the limits, ranges exclud 
ing either or both of those included limits are also included in 
the invention. 

[0023] The term “speci?c binding” refers to a binding a?in 
ity of an antibody to THC or its metabolites and analogs of at 
least 106 M“, more preferably betWeen about 107 and about 
1011 M_l, or typically betWeen about 108 and 1010 M_l. 
[0024] The term “THC” refers to tetrahydrocannabinols in 
general, and more particularly, to the parent molecule com 
monly found in marijuana, Ag-THC. 
[0025] The term “antibody” is used in its broadest sense 
and includes the antibody classes such as IgG (and its sub 
classes IgG1, IgG2, etc.), IgA, IgD, IgE, IgM, as Well as Fab, 
Fab2, Fv, diabodies, and other forms of antibody variants, 
constructs and fragments knoWn in the art. 

[0026] The present invention provides an isolated antibody 
having speci?c binding for the parent THC (Ag-THC) and/or 
its major metabolites, Which is a signi?cant advance over the 
performance of other antibodies knoWn in the art Which are 
not suf?ciently sensitive for the parent Ag-THC. Exhaustive 
testing Was performed on additional murine anti-THC anti 
bodies using ELISA assays but none of the murine antibodies 
provided satisfactory performance or binding characteristics 
for Ag-THC. 
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[0027] The antibodies described herein present a signi? 
cant increase in sensitivity of immunoassays such as lateral 
?oW immunoassays and ELISA for THC and alloW the deter 
mination of the presence of Ag-THC as Well as its metabolites 
With higher sensitivity than previously possible. The superior 
performance characteristics are demonstrated in Example 4. 
[0028] The present invention also provides a hybridoma 
cell clone producing the antibody as a monoclonal antibody, 
a recombinant antibody, further molecularly engineered 
recombinant antibodies and host cells producing the recom 
binant antibodies. The invention also provides methods of 
using the antibody in immunochemical applications and 
immunoassays, particularly lateral ?oW immunoassays, and 
methods for detecting THC in body ?uids, particularly saliva, 
and kits for determining the presence of THC. 
[0029] The invention is described in more detail beloW With 
respect to each of these embodiments. 

II. Antibodies 

[0030] The present invention provides high sensitivity anti 
THC antibodies having antigen binding regions for detecting 
the presence of THC and its analogs in body ?uids. Any 
antibody having the requisite sensitivity and binding a?inity 
can be utiliZed. Preferred antibodies include rabbit mono 
clonal antibodies. Particularly preferred antibodies include 
CDR sequences as follows: L11 QASQSVYNNNQLS (SEQ 
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ID N011); L2: GTSNLAS (SEQ ID N012); L31 QGGYTS 
GDGIA (SEQ ID N013); H11 GFSLSNYVLA (SEQ ID 
N014); H21 TIVSGTTYYASW (SEQ ID N015); H31 
GLPHYITGDI (SEQ ID N016). In addition, preferred anti 
bodies comprise the amino acid sequence for the light chain 
variable region: 
QVLTQTPSPVSAAVGGTVTINC 
g 2AS§ ZSVYNNNN? ZLSWYQQKPGQPPKLLIY 
GTSNLASG VPSRFKGSGSGTQFTLTISSVQCD 
DAATYYCEZGGYTSGDGIAFGGGTEVVVK (SEQ ID 
N017), and the heavy chain variable region: 
QSVEESGGRLVTPGTPLTLTCTVS 
GFSLSNYVLAWVRQAPGKGLEWIG 
TIVSGTTYYASWAKGRFTISKTSTTVHLKITSPTTED 
TATYFCVRGLPHYITGDIWGPGTLVTVSLG (SEQ ID 
N018), With the CDR sequences (SEQ ID NOS1 1-6) indi 
cated by underlining. 
[0031] Conservative amino acid substitutions of these 
sequences are also encompassed Within the scope of the anti 
THC antibodies. Conservative amino acid substitutions are 
Well knoWn to those of skill in the art, and are generally 
de?ned as amino acid replacements that preserve the struc 
ture and functional properties of proteins. For example, the 
PAM250 and Blosum 45 similarity matrices can be utiliZed to 
determine Which amino acids are most likely to be acceptable 
substitutions to an existing sequence Without causing loss of 
native structure and function of the protein. 

PAM 250 Amino Acid Similarity Matrix 

2<we~§<wwmo2moa>wwmo l b) l N O L 

2 

l 3 

0 0 4 

0 0 3 4 

0 0 2 l 2 

0 —l 2 2 l 4 

—l —l l l 2 3 6 

—l 0 0 0 l l 0 5 

—3 —3 —4 —4 —2 —4 0 —4 —5 —2 —2 —l —l 7 l0 

—6 —5 —7 —7 —4 —5 —3 —3 2 —6 —4 —5 —2 0 0 17 

A T D E N Q H K R V M I L F Y W 
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The PAM 250 matrix above is arranged such that similar 
amino acids are close to each other, therefore regions along 
the diagonal of the matrix contain only positive scores. These 
regions provide an objective basis for de?ning conservative 
substitutions, i.e., amino acids that replace each other more 
frequently than Would be expected from random replace 
ments are shoWn on the diagonal. The variation in the diago 
nal terms of the matrix re?ects both hoW often an amino acid 
is found in protein sequences and hoW often it is observed to 
be replaced by other amino acids. Thus rare amino acids 
Which are replaced infrequently have the highest scores. 
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or in part, by a nucleic acid sequence Which hybridiZes at 25° 
C. to 350 C. beloW critical melting temperature (Tm), to any 
portion of the nucleic acid sequence encoding SEQ ID NOS: 
1-6, or speci?cally to the nucleic acid sequences encoding the 
six CDR amino acid sequences, as shoWn beloW: 

CDR-Ll: 

(SEQ ID NO: 
CAG GCC AGT CAA AGT GTT TAT AAT AAC AAC CAA TTA 

TCC; 

9) 

Blosum 45 Amino Acid Similarity Matrix 

G 7 
P -2 9 
D -1 -1 7 
E -2 0 2 6 
N 0 -2 2 0 6 
H -2 -2 0 0 1 10 
Q -2 -1 0 2 0 1 6 
K -2 -1 0 1 0 -1 1 5 
R-2-2-1000137 
S0-1001-10-1-14 
T-2-1-1-10-2-1-1-125 
A0-1-2-1-1-2-1-1-2105 
M-2-2-3-2-200-1-1-2-1-16 
v-3-3-3-3-3-3-3-2-2-10015 
1-4-2-4-3-2-3-2-3-3-2-1-1235 
L—3—3—3—2—3—2—2—3—2—3—1—12125 

C -3 -4 -3 -3 -2 -3 -3 -3 -3 -1 -1 -1 -2 -1 -3 -2 -2 -3 -5 12 

GPDENHQKRSTAMVILFYWC 

[0032] For a discussion of Widely used matrices (including _ Cont inued 
both PAM and Blosum matrices), see the folloWing refer 
ences: generally: “Amino acid substitution matrices from an CDR-L2: (SEQ ID NO_ 10) 

information theoretic perspective,” Altschul, S. F. (1991) GGT ACA Tcc AAT CTG GCA TCT; 
Journal ofMolecular Biology 219, 555-665; PAM matrices 
for proteins: “A model of evolutionary change in proteins,” CDR'LBZ (SEQ ID NO_ 11) 
Dayhoff, M. O., SchWartZ, R. M., Orcutt, B. C. (1978) In CAA GGC GGT TAT ACT AGT GGT GAT GGT AAT GGT; 
“Atlas of Protein Sequence and Structure” 5(3) M. O. Day 
hoff (ed.), pp. 345-352, National Biomedical Research Foun- CDR-H1 = 

dation, Washington; PAM matrices for nucleic acids: GGA TTC Tcc CTC AGT AAC TAT GTA TTG GSEQ ID NO: 12) 
“Improved Sensitivity of Nucleic Acid Database Search ' 
Using Application-Speci?c Scoring Matrices,” States, D. 1., CDR-H2 I 
Gish, W., Altschul, S. F. (1991) Methods: A companion to (SEQ ID NO: 13) 
Methods in Enzymology 3(1), 66-77; Blosum (Block sums) ACC ATT GTT AGC GGT ACC ACA TAC TAC GCG AGT TGG’ 

matrices: “Amino acid substitution matrices from protein CDR_H3: 
blocks,” StevenHenikoff andJorjaG. Henikoff,(1992)Proc. (SEQ ID NO: 14) 
Natl. Acad. Sci. USA 89 (Biochemistry), 10915-10919; Com 
parison of Amino Acid substitution matrices With visual rep 
resentation of the differences: 

“A Structural Basis of Sequence Comparisons: An evaluation 
of scoring methodologies,” (1993) M. S. Johnson and J. P. 
Overington, Journal of MolecularBiology 233, 716-738; and 
“Performance Evaluation of Amino Acid Substitution Matri 
ces” (1993) Steven Henikoff and J orja G. Henikoff, Proteins: 
Structure, Function, and Genetics 17, 49-61. 
[0033] The present invention also includes amino acid 
sequences Which are homologous to SEQ ID NOS: 1-6, and 
the fragments above. As used herein, “homologous amino 
acid sequence” is any polypeptide Which is encoded, in Whole 

GGT TTG CCT CAT TAT ATT ACT GGG GAC ATC. 

[0034] A homologous amino acid sequence can be one that 
differs from an amino acid sequence shoWn in SEQ ID NOS: 
1-6 by one or more conservative amino acid substitutions. 
Homologous amino acid sequences include sequences that 
are identical or substantially identical to SEQ ID NOS: 1-6. 
By “amino acid sequence substantially identical” is meant a 
sequence that is at least 85%, preferably 90%, more prefer 
ably 95%, most preferably 97%-99% identical to an amino 
acid sequence of reference and that preferably differs from 
the sequence of reference by a majority of conservative amino 
acid substitutions. Conservative amino acid substitutions are 
substitutions among amino acids of the same class. These 
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classes include, for example, amino acids having uncharged 
polar side chains, such as asparagines (N), glutamine (Q), 
serine (S), threonine (T), and tyrosine (Y); amino acids hav 
ing basic side chains, such as lysine (K), arginine (R), and 
histidine (H); amino acids having acidic side chains, such as 
aspartic acid (D) and glutamic acid (E); and amino acids 
having nonpolar side chains, such as glycine (G), alanine (A), 
valine (V), leucine (L), isoleucine (I), praline (P), phenylala 
nine (F), methionine (M), tryptophan (W), and cysteine (C). 
Homology can be measured using sequence analysis softWare 
such as SequenceAnalysis Software Package of the Genetics 
Computer Group, University of Wisconsin Biotechnology 
Center, 1710 University Avenue, Madison, Wis. 53705. 
Amino acid sequences are aligned to maximize identity. Gaps 
can be arti?cially introduced into the sequence to attain 
proper alignment. Once the optimal alignment has been set 
up, the degree of homology is established by recording all of 
the positions in Which the amino acids of both sequences are 
identical, relative to the total number of positions. 
[0035] Homologous polynucleotide sequences are de?ned 
in a similar Way. Preferably, a homologous sequence is one 
that is at least 45%, more preferably 50%, 55%, 60%, 65%, 
70%, 75%, 80%, and even more preferably 85%, 87%, 90%, 
93%, 96% and most preferably 99% identical to a nucleotide 
sequence encoding amino acid sequences SEQ ID NOS: 1 -6. 
[0036] In designing antigen binding regions (i.e., comple 
mentarity determining regions), typically, conservative 
amino acid substitutions are made such that the structure, 
hydrophobicity, charge, etc. of a particular amino acid or 
amino acid sequence is unchanged or changed only mini 
mally. The objective is to maintain antigen binding a?inity, 
but alloW for maturation or adjustment of the binding a?inity 
to identify additional amino acid sequences that provide use 
ful binding characteristics to a given antigen. Conservative 
amino acid substitutions thus involve replacing one or more 
amino acids at a time With amino acids of the same type, i.e., 
amino acids having charged (basic or acidic) or uncharged 
polar side chains, or nonpolar side chains, for example, sub 
stitution of an uncharged amino acid such as asparagine (N), 
With another uncharged amino acid such as glutamine (Q), 
serine (S), threonine (T), or tyrosine (Y; substitution of a basic 
amino acid such as lysine (K), With another basic amino acid 
such as arginine (R) or histidine (H); substitution of an acidic 
amino acid such as aspartic acid (D), With another acidic 
amino acid such as glutamic acid (E); or substitution of a 
nonpolar amino acid such as glycine (G) With another non 
polar amino acid such as alanine (A), valine (V), leucine (L), 
isoleucine (I), methionine (M), proline (P), phenylalanine 
(F), tryptophan (W), or cysteine (C). Thus, conservative 
amino acid sequence substitutions are Within the scope of the 
appended claims, so long as the overall sequence remains at 
least 85% homologous to each of SEQ ID NOS: 1-6. For 
example, such substitutions give rise to additional preferred 
CDR sequences, such as the folloWing variations in L1, L2, 
L3, H1, H2, and H3: 
[0037] L1: QATQSVYNNNQLS (SEQ ID NO:15), 
QASQSVYNNNQLT (SEQ ID NO:16), 
QASQTVYNNNQLS (SEQ ID NO:17), 
QASQSAYNNNQLS (SEQ ID NO:18), QVSQS 
VYNNNQLS (SEQ ID NO:19), QASQSVYNNNQIS (SEQ 
ID N020), QASQSVFNNNQLS (SEQ ID N021), 
QASQSVYNNNQLS (SEQ ID N022), and the like; 
[0038] L2: GTSNLAS (SEQ ID NO:23), GSSNLAS (SEQ 
ID N024), GTSNLAT (SEQ ID N025), GTSNIAS (SEQ 
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ID NO:26), GTSNLVS (SEQ ID NO:27), GTSNLAS (SEQ 
ID NO:28), GSSNIAS (SEQ ID NO:29), GTTNLVS (SEQ 
ID NO:30), and the like; 
[0039] L3: QGGYTSGDGIA (SEQ ID NO:31); QGAYTS 
GDGIA (SEQ ID NO:32); QGGYSSGDGIA (SEQ ID 
NO:33); QGGYTSGEGIA (SEQ ID NO:34); QGGYTS 
GDGLA (SEQ ID NO:35); QGGYTSGDGIV (SEQ ID 
NO:36); QGGFTSGDGIA (SEQ ID NO:37); QGGYTTGE 
GIA (SEQ ID NO:38), and the like; 
[0040] H1: GFSLSNYVLA (SEQ ID NO:39), GYSL 
SNYVLA (SEQ ID NO:40), GFTLSNYVLA (SEQ ID 
NO:41), GFSLTNYVLA (SEQ ID NO:42), GFSLSNFVLA 
(SEQ ID NO:43), GFSLSNYVIA (SEQ ID NO:44), GFSL 
SNYVLV (SEQ ID NO:45), and the like; 
[0041] H2: TIVSGTTYYASW (SEQ ID NO:46), TLVS 
GTTYYASW (SEQ ID NO:47), TIVSGTSYYASW (SEQ ID 
NO:48), TIVSGTTYYVSW (SEQ ID NO:49), TIVSGTTF 
YASW (SEQ ID NO:50), TIVSGSTYYATW (SEQ ID 
NO:51), and the like; 
[0042] H3: GLPHFITGDI (SEQ ID NO:52), GIPHYIT 
GDI (SEQ ID NO:53), GLPHYITGDL (SEQ ID NO:54), 
GLPHYLTGDI (SEQ ID NO:55), GLPHYITGEI (SEQ ID 
NO:56), GLPNYITGDI (SEQ ID NO:57), GLPHFITGEI 
(SEQ ID NO:58), and the like. 
[0043] These and other conservative amino acid substitu 
tions are contemplated, as Well as combinations thereof. In 
general such substitutions include no more than about 5% 
changes from the preferred sequences, preferably no more 
than about 10% changes and most preferably, no more than 
about 15% changes in the preferred sequences. Such 
sequences are 95%, 90% and 85% homologous, respectively, 
With the preferred CDR sequences. 
[0044] In addition, each CDR sequence can be substituted 
independently, such that one CDR sequence can remain 
unsubstituted While one or more of the other CDR sequences 
can have one or more amino acid substitutions, as desired. 
One skilled in the art can easily envision acceptable substitu 
tions and using recombinant methodologies, prepare and test 
the resulting antibody variants for binding to THC. In this 
manner, variants and improvements on the preferred CDR 
sequences disclosed above can be prepared, enabling the 
practice of the full scope of the invention. 
[0045] In an additional embodiment, there is provided an 
antibody that speci?cally binds to THC and has CDR1 in the 
VL region (VL/CDRl) comprising the amino acid sequence of 
QXl XZQX3 X4X5NNNQX6X7 (SEQ IDNO:59)Wherein 
Xl canbe G,AorV; X2 is S orT; X3 is S orT; X4 is M, L, I, 
orV; X5 isY, or F; X6 is L, I; X7 is S orT. 
[0046] In an additional embodiment, there is provided an 
antibody that speci?cally binds to THC and has CDR2 in the 
VL region (VL/CDR2) comprising the amino acid sequence of 
G X1 X2 X3 X4 X5 X6 (SEQ ID NO:60), Wherein X1, X2, X3 
and X6 can be T, Y, S, Q or N; and X4 and X5 can be G, A, V, 
L, I, M,P,F,WorC. 
[0047] In an additional embodiment, there is provided an 
antibody that speci?cally binds to THC and has CDR3 in the 
VL region (VL/CDR3) comprising the amino acid sequence of 
Q X1 X2 X3 X4 X5 X6 X7 X8 X9 X10, (SEQ ID NO:61), 
WhereinXl, X2, X6 and X8, X9 and X10 can be G, A,V, L, I, M, 
P, F, W or C; X3, X4 and X5 can be T,Y, S, Q or N; X7 can be 
D or E. 

[0048] In an additional embodiment, there is provided an 
antibody that speci?cally binds to THC and has CDR1 in the 
VH region (V H/CDRl) comprising the amino acid sequence 
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of X1 X2 X3 X4 X5 X6 X7 X8 X9 X10, (SEQ ID NO:62), 
wherein X1, X4, X8, X9 and X10 can be G, A, V, L, M or I; X2 
and X7 can be P, W orY; X3, and X5 can be T, Y, or S; and X6 
can be N or Q. 

[0049] In an additional embodiment, there is provided an 
antibody that speci?cally binds to THC and has CDR2 in the 
VH region (V H/CDR2) comprising the amino acid sequence 
of X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12, (SEQ ID 
NO: 63), Wherein X1, X4, X6, X7 and X1 1 can be T, S orY; X2, 
X3 orXlo, canbeG,A,V, L, MorI;X5 canbe G,V,A, Lor 
I, X8 and X9 can be P orY, and X12 can be W,Y or F. 
[0050] In an additional embodiment, there is provided an 
antibody that speci?cally binds to THC and has CDR3 in the 
VH region (V H/CDR3) comprising the amino acid sequence 
ofXl X2 P X3 X4 X5 X6 X7 X8 X9, (SEQ ID NO:64), Wherein 
X1, X2, X5 X7 and X9 can be G, L, M, I, V, orA, X6 can be T, 
S orY, X8 can be D or E, X3 can be H, K or R, X4 can beY or 
F. 
[0051] The anti-THC antibodies may be synthesiZed or 
expressed in cells of any organism, including but not limited 
to bacteria, yeast, plant, insect, and mammal. Particular types 
of cells include, but are not limited to, Drosophila melano 
gaster cells, Saccharomyces cerevisiae and other yeasts, E. 
coli, Bacillus subtilis, SE9 cells, C129 cells, 293 cells, Neu 
rospora, BHK, CHO, COS, and HeLa cells, ?broblasts, 
SchWanoma cell lines, immortalized mammalian myeloid 
and lymphoid cell lines, Jurkat cells, mast cells and other 
endocrine and exocrine cells, and neuronal cells. Examples of 
mammalian cells include, but are not limited to, tumor cells of 
all types (particularly melanoma, myeloid leukemia, carcino 
mas of the lung, breast, ovaries, colon, kidney, prostate, pan 
creas and testes), cardiomyocytes, endothelial cells, epithe 
lial cells, lymphocytes (T-cell and B cell), mast cells, 
eosinophils, vascular intimal cells, hepatocytes, leukocytes 
including mononuclear leukocytes, stem cells such as hae 
mopoetic, neural, skin, lung, kidney, liver and myocyte stem 
cells, osteoclasts, chondrocytes and other connective tissue 
cells, keratinocytes, melanocytes, liver cells, kidney cells, 
and adipocytes. 
[0052] The anti-THC antibodies can be puri?ed or isolated 
after expression according to methods knoWn to those skilled 
in the art. Examples of puri?cation methods include electro 
phoretic, molecular, immunological and chromatographic 
techniques, including ion exchange, hydrophobic, a?inity, 
and reverse-phase HPLC chromatography, and chromatofo 
cusing, and the like. The degree of puri?cation necessary Will 
vary depending on the contaminants present With the antibod 
ies. In some instances no puri?cation Will be necessary. 

[0053] Also according to any of the embodiments 
described above, the anti-THC antibodies can be screened for 
a desired function, preferably a biological function such as 
their binding to THC or particular metabolites or analogs 
thereof. Screening assays are Well knoWn to those skilled in 
the art of immunoassays and immunochemistry, and include 
Without limitation, ELISAs, ?oW cytometry, immunodiffu 
sion precipitation assays, and the like. 
[0054] The anti-THC antibodies can be used as a?inity 
puri?cation agents. In this process, the antibodies are immo 
biliZed on a solid phase such a Sephadex resin or ?lter paper, 
using methods Well knoWn in the art. The immobiliZed anti 
body is contacted With a sample containing THC or metabo 
lites or analogs thereof, and thereafter the support is Washed 
With a suitable solvent that Will remove substantially all the 
material in the sample except the THC, Which is bound to the 
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immobiliZed antibody. Finally, the support is Washed With 
another suitable solvent, such as glycine buffer, pH 5.0, that 
Will release the THC from the antibody. 
[0055] Anti-THC antibodies can also be useful in diagnos 
tic assays for THC or its metabolites, e.g., detecting its pres 
ence in speci?c cells, tissues, or body ?uids, such as saliva, 
serum or urine. Such diagnostic methods are useful in detect 
ing and managing THC abuse, or dosing, such as When per 
forming pharmacokinetic studies. 
[0056] For diagnostic applications, the THC binding anti 
body can be labeled With a detectable moiety. For example, 
the antibody can be labeled With a radioisotope, such as 35S, 
14C, 125I, 3H, and 131I, and the like, using techniques such as 
those described in Current Protocols in Immunology, Vol 
umes l and 2, Coligen et al., Ed., Wiley-Interscience, NeW 
York, N.Y., Pubs. (1991). for example. Radioactive labeling 
can be measured using scintillation counting, for example. 
[0057] The THC binding antibody can also be conjugated 
With a ?uorescent label such as, Without limitation, rare earth 
chelates (e.g., europium chelates), ?uorescein and its deriva 
tives, rhodamine and its derivatives, dansyl, Lissamine, phy 
coerythrin and Texas Red. The ?uorescent labels can be con 
jugated to the antibody using techniques disclosed in Current 
Protocols in Immunology, supra, for example. Fluorescence 
can be quanti?ed using a ?uorimeter or UV/vis spectropho 
tometer using the knoWn extinction coe?icient of the ?uores 
cent label. 

[0058] The THC binding antibody can be labeled With vari 
ous enzyme-substrate labels such as those disclosed in US. 
Pat. No. 4,275,149. The enZyme generally catalyZes a chemi 
cal alteration of a chromogenic substrate Which can be mea 
sured using various techniques, typically optical absorption. 
For example, the enZyme may catalyZe a color change in a 
substrate, Which can be measured spectrophotometrically. 
Alternatively, the enZyme may alter the ?uorescence or 
chemiluminescence of the substrate. The labeled anti-THC 
antibodies can be used for immunohistochemistry as Well. 

[0059] The THC binding antibody can be labeled With vari 
ous particles such as that are not limited to any particular 
materials, and can comprise metals such as colloidal gold, 
natural polymers such as latex (e.g., latex particle, latex 
microparticle), polymer microspheres or microbeads, quan 
tum dots, magnetic particles, glass beads, and the like. Pref 
erably, the particles are detectable and can be easily visual 
iZed by eye or using an instrument, for example, by being 
colored. 
[0060] A?inity maturation experiments can be performed 
in silico or in vitro, to optimiZe the CDR amino acid 
sequences to increase the binding a?inity for THC or a spe 
ci?c metabolite or analog of THC. Af?nity maturation tech 
niques are knoWn in the art and include the methods taught, 
for example, in US. Patent Application Publication Nos. 
2004/0133357 and 2003/0022240. In addition to, or as an 
alternative to a?inity maturation of the CDR sequences, the 
frameWork regions of the THC binding antibodies described 
herein can be subjected to mutagenesis and/or amino acid 
substitution, making conservative amino acid substitutions, 
or nonconservative amino acid substitutions, according to 
theoretical predictions based on protein structural databases, 
protein modeling and force ?eld calculations, and the like. 
For example, energy scoring functions utiliZing electrostatic 
interactions, van der Waals interactions, electrostatic solva 
tion energy, solvent-accessible surface solvation energy, and 
conformational entropy can be incorporated into the a?inity 
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maturation methods. Force ?elds such as the Amber force 
?eld, Charmm force ?elds, the Discover cvff force ?elds, the 
ECEPP force ?elds, the GROMOS force ?elds, the OPLS 
force ?elds, the MMFF94 force ?eld, the Tripos force ?eld, 
the MM3 force ?eld, the Dreiding force ?eld, and UNRES 
force ?eld, and other knoWledge-based statistical force ?eld 
(mean ?eld) and structure-based thermodynamic potential 
functions can also be helpful in providing guidance for amino 
acid substitutions to optimiZe or provide selectivity betWeen 
the parent Ag-THC molecule and THC metabolites or ana 
logs, etc. 

III. Analytes 

[0061] Analytes to be measured using the present immu 
noassays include Ag-THC and its metabolites, analogs, pre 
cursors and derivatives, and the like, Without limitation. Pref 
erably, the anti-THC antibodies bind Ag-THC With highest 
a?inity and thereby provide a more sensitive assay for 
A9 -THC, Which can be present in unmetaboliZed form in body 
?uid (e.g, serum, saliva), in contrast to other THC assays 
Which measure THC metabolites in urine or serum. In another 

preferred embodiment, the anti-THC antibodies bind 
Ag-THC-COOH. Preferably, the anti-THC antibodies also 
bind to protein-conjugated THC or protein conjugated THC 
metabolites With high af?nity. 

IV. Obtaining Saliva Samples for Testing 

[0062] There are several problems associated With obtain 
ing samples for drug testing from subjects, including privacy 
issues associated With sample collection, maintenance of 
sample chain of custody, prevention of sample adulteration 
by the subject, and facilitating more rapid turn around time on 
sample analyses. Drug testing protocols utiliZing urine 
samples present invasion of privacy issues. For example, With 
urine samples, it is necessary to observe the individual pro 
viding the sample to maintain the chain of custody and elimi 
nate the possibility of sample sWitching or adulteration. Urine 
samples are also not a good indicator of the current level of 
intoxication since many drug metabolites continue to be 
excreted into urine for days or Weeks after the drugs are 
initially taken. While blood samples do not suffer from these 
problems, collecting blood is an invasive procedure requiring 
special facilities and trained personnel that may not alWays be 
available When the need arises. It is necessary for laW enforce 
ment personnel to maintain strict chain of custody for all 
samples collected to ensure that mishandling or deliberate 
tampering do not occur. A break or even a perceived break in 
the chain of custody can result in evidence being dismissed 
outright or given little Weight. 
[0063] The assays utiliZing the anti-THC antibodies 
described herein solve these problems in several Ways. First, 
integration of the antibody into the drug test makes identi? 
cation of the sample donor integral to the test and eliminates 
the need for complex chain of custody procedures. Second, a 
saliva-based drug test is better than a urine test for determin 
ing recent THC use because the non-metabolized drug, 
Ag-THC, is the main form of THC present in the marijuana 
smoker’s oral ?uid sample. Thus the presence of Ag-THC in 
oral ?uids is an excellent indicator of recent marijuana con 
sumption and may indicate that the person is under the drug’s 
in?uence. In addition, drug levels in saliva can be readily 
correlated With drug levels in blood, therefore providing a 
better indicator of current drug use. Saliva samples from a 
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subject can also be collected easily in vieW of a laW enforce 
ment o?icer Without invasion of privacy and Without using 
invasive methods. Finally, the present tests are easy to use and 
can be quickly performed by laW enforcement or other per 
sonnel on site. 
[0064] Accordingly, saliva samples can be conveniently 
collected and transferred to the testing device or assay using 
one of the embodiments of the devices disclosed for ?uid 
collection and testing in US. Pat. No. 6,468,474 to Bachand, 
Which discloses a saliva testing and con?rmation device that 
generally includes an expresser cup adapted to receive and 
compress a foam collection sWab pressed into the cup. The 
sWab includes a sponge or foam portion capable of absorbing 
a ?uid specimen such as saliva, and a generally rigid handle 
for facilitating manipulation thereof. The device also includes 
a testing and con?rmation platform integral With the 
expresser cup. A channel or groove in the cup is provided for 
directing a ?oW of expressed ?uid from the expresser into 
both a test Well and a con?rmation Well . A lateral ?oW reagent 
test strip, in ?uid communication With the test Well may be 
encased in the platform and partially revealed for analysis of 
test results. The con?rmation Well includes a ?uid tight cap 
having a tamper evident seal. 
[0065] Additional ?uid collection devices are disclosed in 
US. Ser. No. 10/942,493, published as US. Patent Applica 
tion Publication No. 2006/0057027 by Hudak, et al. Brie?y, 
the ?uid collection and testing devices include a collection 
vial having a bottom and an open top along With an expresser 
siZed for insertion into the vial open end. The expresser 
includes a ribbed base enabling ?uid to pass therethrough and 
a support member holds the expresser Within the collection 
vial With the ribbed base in a spaced apart relationship With 
the vial bottom. A ?uid collector includes an absorbent mem 
ber capturing a ?uid and the absorbent member is siZed for 
insertion into the expresser and is compressible against the 
ribbed base for releasing captured ?uid through the ribbed 
base and into the vial bottom. A catch mechanism is provided 
for latching the ?uid collector to the expresser after insertion 
into the expresser for enabling simultaneous removal of the 
expresser and the ?uid collector from the collection vial. 

V. Assays 
[0066] The THC binding antibodies described herein can 
be used in any diagnostic or analytic assay to determine the 
presence of THC or its analogs, metabolites, etc. There are 
many types of immunoassays and immunochemical applica 
tions knoWn in the art, including, but not limited to, ELISAs, 
Western blotting, immunohistochemical assays, radioimmu 
noassays, ?uorescence immunoassays, immunocytochemi 
cal assays, immunoaf?nity chromatography, immunoprecipi 
tation, ?oW cytometry, and the like. Any of these assay format 
and detection schemes can be performed using the anti-THC 
antibodies described herein. Preferred assays using the anti 
THC antibodies of the invention include, Without limitation, 
ELISAs, histoimmunochemical assays, lateral ?oW immu 
noassays, continuous ?oW displacement assays, and the like, 
as discussed further beloW. The assays can be used in com 
petitive or noncompetitive manners and With any number of 
detection aids such as conjugating the anti-THC antibodies or 
THC or THC analogs to labels, enZymes, or particles, or the 
like, as Will be readily understood by one skilled in the art. 

A. General Considerations of Immunoassays 

[0067] The most common type of immunoassay is competi 
tive and non-competitive heterogeneous assays, such as 
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enZyme-linked immunosorbent assays (ELISA). In a non 
competitive ELISA, unlabeled antigen is bound to a solid 
support or reaction vessel, such as the surface of a microtiter 
plate or biochip. Biological sample is combined With antigens 
bound to the reaction vessel, and antibodies (primary anti 
bodies) in the biological sample are alloWed to bind to the 
antigens, thus forming the immune complexes. After the 
immune complexes have formed, excess biological sample is 
removed and the vessel is Washed to remove nonspeci?cally 
bound antibodies. The immune complexes are then reacted 
With an appropriate enZyme-labeled anti-immunoglobulin 
(secondary antibody). The secondary antibody reacts With 
antibodies in the immune complexes, not With other antigens 
bound to the vessel. Secondary antibodies speci?c forbinding 
antibodies of different species, including humans, are Well 
knoWn in the art and are commercially available, such as from 
Sigma Chemical Co. (St. Louis, Mo.) and Santa CruZ Bio 
technology (Santa Cruz, Calif.). After a second Wash step, the 
enZyme substrate is added. The enZyme linked to the second 
ary antibody catalyZes a reaction that converts the substrate 
into a detectable product. When excess antigen is present, the 
amount of product is directly proportional to the amount of 
primary antibodies present in the biological sample. Prefer 
ably, the product is ?uorescent or luminescent, Which can be 
measured using technology and equipment Well knoWn in the 
art. It is also possible to use reaction schemes that result in a 
colored product, Which can be measured spectrophotometri 
cally. 
[0068] SandWich or capture assays can also be used to 
identify and quantify immune complexes. SandWich assays 
are a mirror image of non-competitive ELISAs in that anti 
bodies are bound to the solid phase and antigen in the bio 
logical sample is measured. These assays are particularly 
useful in detecting antigens, having multiple epitopes, that 
are present at loW concentrations. This technique requires 
excess antibody to be attached to a solid phase, such as the 
biochip. The bound antibody is then incubated With the bio 
logical samples, and the antigens in the sample are alloWed to 
form immune complexes With the bound antibody. The 
immune complex is incubated With an enZyme-linked sec 
ondary antibody, Which recogniZes the same or a different 
epitope on the antigen as the primary antibody. Hence, 
enZyme activity is directly proportional to the amount of 
antigen in the biological sample. D. M. Kemeny & S. J. 
Challacombe, ELISA and Other Solid Phase Immunoassays 
(1988). 
[0069] Typical enZymes that can be linked to secondary 
antibodies include horseradish peroxidase, glucose oxidase, 
glucose-6-phosphate dehydrogenase, alkaline phosphatase, 
.beta.-galactosidase, and urease. Secondary antigen-speci?c 
antibodies linked to various enZymes are commercially avail 
able from, for example, Sigma Chemical Co. and Amersham 
Life Sciences (Arlington Heights, Ill.). 
[0070] Competitive ELISAs are similar to noncompetitive 
ELISAs except that enZyme linked antibodies compete With 
unlabeled antibodies in the biological sample for limited anti 
gen binding sites. Brie?y, a limited number of antigens are 
bound to the solid support. Biological sample and enzyme 
labeled antibodies are added to the solid support. Antigen 
speci?c antibodies in the biological sample compete With 
enZyme-labeled antibodies for the limited number of antigens 
bound to the solid support. After immune complexes have 
formed, nonspeci?cally bound antibodies are removed by 
Washing, enZyme substrate is added, and the enZyme activity 
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is measured. No secondary antibody is required. Because the 
assay is competitive, enZyme activity is inversely propor 
tional to the amount of antibodies in the biological sample. 
[0071] An alternative competitive ELISA can also be used. 
In this alternative embodiment, limited amounts of antibodies 
from the biological sample are bound to the surface of the 
solid support as described herein. Labeled and unlabeled 
antigens are then brought into contact With the solids support 
such that the labeled and unlabeled antigens compete With 
each other for binding to the antibodies on the surface of the 
solid support. After immune complexes have formed, non 
speci?cally bound antigens are removed by Washing. The 
immune complexes are detected by incubation With an 
enZyme-linked secondary antibody, Which recogniZes the 
same or a different epitope on the antigen as the primary 
antibody, as described above. The activity of the enZyme is 
then assayed, Which yields a signal that is inversely propor 
tional to the amount of antigen present. 
[0072] Homogeneous immunoassays can also be used 
When utiliZing the anti-THC antibodies of the present inven 
tion. Homogeneous immunoassays may be preferred for 
detection of loW molecular Weight compounds, such as hor 
mones, therapeutic drugs, and illegal drugs that cannot be 
analyZed by other methods, or compounds found in high 
concentration. 

[0073] In homogeneous techniques, bound or unbound 
antigens are enZyme-linked. When antibodies in the biologi 
cal sample bind to the enZyme-linked antigen, steric hin 
drances inhibit the enzyme activity. Free antigens (i.e., not 
enzyme-linked) compete With the enZyme-linked antigen for 
limited antibody binding sites. Thus, enZyme activity is 
directly proportional to the concentration of antigen in the 
biological sample. EnZymes useful in homogeneous immu 
noassays include lysoZyme, neuraminidase, trypsin, papain, 
bromelain, glucose-6-phosphate dehydrogenase, and .beta. 
galactosidase. T. Persoon, Immunochemical Assays in the 
Clinical Laboratory, 5 Clinical Laboratory Science 31 (1992). 
Enzyme-linked antigens are commercially available or can be 
linked using various chemicals Well knoWn in the art, includ 
ing glutaraldehyde and maleimide derivatives. 
[0074] Fluorescent immunoassays can also be used When 
utiliZing the Anti-THC antibodies of the present invention. 
Fluorescent immunoassays are similar to ELISAs except the 
enZyme is substituted for ?uorescent compounds called ?uo 
rophores or ?uorochromes. These compounds have the abil 
ity to absorb energy from incident light and emit the energy as 
light of a longer Wavelength and loWer energy. Fluorescein 
and rhodamine, usually in the form of isothiocyanates that 
can be readily coupled to antigens and antibodies, are most 
commonly used in the art. D. P. Stites et al., Basic and Clinical 
Immunology (1994). Fluorescein absorbs light of490 to 495 
nm in Wavelength and emits light at 520 nm in Wavelength. 
Tetramethylrhodamine absorbs light of 550 nm in Wavelength 
and emits light of 580 nm in Wavelength. Illustrative ?uores 
cence-based detection methods include ELF-97 alkaline 
phosphatase substrate (Molecular Probes Inc., Eugene, 
Oreg.); PBXLl and PBXL-3 (phycobilisomes conjugated to 
streptavidin) (Martek Biosciences Corp., Columbia, Md.); 
FITC and Texas Red labeled goat anti-human IgG (Jackson 
ImmunoResearch Laboratories, Inc., West Grove, Pa.); and 
B-Phycoerythrin and R-Phycoerythrin conjugated to strepta 
vidin (Molecular Probes Inc.). ELF-97 is a non?uorescent 
chemical that is digested by alkaline phosphatase to form a 
?uorescent molecule. Because of turn over of the alkaline 
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phosphatase, use of the ELF-97 substrate results in signal 
ampli?cation. Fluorescent molecules attached to secondary 
antibodies do not exhibit this ampli?cation. 
[0075] Phycobiliproteins isolated from algae, porphyrins, 
and chlorophylls, Which all ?uoresce at about 600 nm, are 
also being used in the art. I. Hemmila, Fluoroimmunoassays 
and lmmuno?uorometric Assays, 31 Clin. Chem. 359 (1985); 
US. Pat. No. 4,542,104. Phycobiliproteins and derivatives 
thereof are commercially available under the names R-phy 
coerythrin (PE) and Quantum RedTM from, for example, 
Sigma Chemical Co. In addition, Cy-conjugated secondary 
antibodies and antigens are useful in immunoassays and are 
commercially available. Cy-3, for example, is maximally 
excited at 554 nm and emits light of betWeen 568 and 574 nm. 
Cy-3 is more hydrophilic than other ?uorophores and thus has 
less of a tendency to bind nonspeci?cally or aggregate. Cy 
conjugated compounds are commercially available from 
Amersham Life Sciences. 
[0076] Illustrative luminescence-based detection methods 
include CSPD and CDP star alkaline phosphatase substrates 
(Roche Molecular Biochemicals); and SuperSignal®. horse 
radish peroxidase substrate (Pierce Chemical Co., Rockford, 
Ill.). Chemiluminescence, electroluminescence, and electro 
chemiluminescenc-e (ECL) detection methods are also 
attractive means for quantifying antigens and antibodies in a 
biological sample. Luminescent compounds have the ability 
to absorb energy, Which is released in the form of visible light 
upon excitation. In chemiluminescence, the excitation source 
is a chemical reaction; in electroluminescence the excitation 
source is an electric ?eld; and in ECL an electric ?eld induces 
a luminescent chemical reaction. Molecules used With ECL 
detection methods generally comprise an organic ligand and 
a transition metal. The organic ligand forms a chelate With 
one or more transition metal atoms forming an organometal 
lic complex. Various organometallic and transition metal 
organic ligand complexes have been used as ECL labels for 
detecting and quantifying analytes in biological samples. Due 
to their thermal, chemical, and photochemical stability, their 
intense emissions and long emission lifetimes, ruthenium, 
osmium, rhenium, iridium, and rhodium transition metals are 
favored in the art. The types of organic ligands are numerous 
and include anthracene and polypyridyl molecules and het 
erocyclic organic compounds. For example, bipyridyl, 
bipyraZyl, terpyridyl, and phenanthrolyl, and derivatives 
thereof, are common organic ligands in the art. A common 
organometallic complex used in the art includes tris-bipyri 
dine ruthenium (II), commercially available from IGEN, Inc. 
(Rockville, Md.) and Sigma Chemical Co. 
[0077] Advantageously, ECL can be performed under 
aqueous conditions and under physiological pH, thus mini 
miZing biological sample handling. J. K. Leland et al., Elec 
trogenerated Chemiluminescence: An Oxidative-Reduction 
Type ECL Reactions Sequence Using Triprophyl Amine, 137 
J. Electrochemical Soc. 3127-3131 (1990); WO 90/05296; 
US. Pat. No. 5,541,113. Moreover, the luminescence of these 
compounds may be enhanced by the addition of various 
cofactors, such as amines. 
[0078] In practice, a tris-bipyridine ruthenium (II) com 
plex, for example, may be attached to a secondary antibody 
using strategies Well knoWn in the art, including attachment to 
lysine amino groups, cysteine suithydryl groups, and histi 
dine imidaZole groups. In a typical ELISA immunoassay, 
secondary antibodies Would recogniZe ISAs bound to anti 
gens, but not unbound antigens. After Washing nonspeci?c 
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binding complexes, the tris-bipyridine ruthenium (II) com 
plex Would be excited by chemical, photochemical, and elec 
trochemical excitation means, such as by applying current to 
the biochip. E. g., WO 86/02734. The excitation Would result 
in a double oxidation reaction of the tris-bipyridine ruthe 
nium (II) complex, resulting in luminescence that could be 
detected by, for example, a photomultiplier tube. Instruments 
for detecting luminescence are Well knoWn in the art and are 
commercially available, for example, from IGEN, Inc. Solid 
state color detection circuitry can also be used to monitor the 
color reactions on the biochip and, on command, compare the 
color patterns before and after the sample application. A color 
camera image can also be used and the pixel information 
analyZed to obtain the same information. 
[0079] Still another detection method involves detection 
using a surface plasmon resonance (SPR) chip. The surface of 
the chip is scanned before and after sample application and a 
comparison is made. The SPR chip relies on the refraction of 
light When the molecules of interest are exposed to a light 
source. Each molecule has its oWn refraction index by Which 
it can be identi?ed. This method requires precise positioning 
and control circuitry to scan the chip accurately. 
[0080] Yet another method involves a ?uid rinse of the 
biochip With a ?uorescing reagent. The locations that com 
bine With the biological sample Will ?uoresce and can be 
detected With a charge-coupled device (CCD) array. The out 
put of such a CCD array is analyZed to determine the unique 
pattern associated With each sample. This approach avoids the 
problems associated With scanning technologies. Speed is not 
a factor With any of the methods since the chemical combin 
ing of sample and reference takes only a feW minutes to occur. 
[0081] Moreover, array scanners are commercially avail 
able, such as from Genetic MicroSystems. The GMS 418 
Array Scanner uses laser optics to rapidly move a focused 
beam of light over the biochip. This system uses a dual 
Wavelength system including high-poWered, solid-state 
lasers that generate high excitation energy to alloW for 
reduced excitation time. At a scanning speed of 30 HZ, the 
GMS 418 can scan a 22.times.75-mm slide With 10-.mu.m 
resolution in about 4 minutes. 
[0082] SoftWare for image analysis obtained With an array 
scanner is readily available. Available softWare packages 
include ImaGene (BioDiscovery, Los Angeles, Calif.); 
ScanAlyZe (available at no charge; developed by Mike Eisen, 
Stanford University); DeArray (developed by Yidong Chen 
and Jeff Trent of the National Institutes of Health; used With 
IP Lab from Scanalytics, Fairfax, Va.); PathWays (Research 
Genetics, Huntsville, Ala.); GEM tools (Incyte Pharmaceuti 
cals, Inc., Palo Alto, Calif.); and Imaging Research (Amer 
sham Pharmacia Biotech, Inc., PiscataWay, N.J.). 

B. Lateral FloW Immunoassays 

[0083] In a preferred embodiment, the THC binding anti 
body is utiliZed in a lateral ?oW immunoassay. Lateral FloW 
immunoassays are described, for example, in US. Pat. Nos. 
5,770,458 to Klimov, 6,001,658 to Fredrickson and 6,368, 
876 to Huang. Lateral ?oW immunoassay is based on the 
principle of competitive binding. Analytes (e. g., drugs, THC) 
that may be present in the aqueous sample to be tested (e. g., an 
oral ?uid specimen) compete against their respective conju 
gate for binding sites on an antibody having speci?c binding 
activity for the drug that is conjugated to a visible (e.g., 
colored) particle. The particles that canbe used are not limited 
to any particular materials, and can comprise metals such as 
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colloidal gold, natural polymers such as latex (e. g., latex 
particle, latex micropar‘ticle), polymer microspheres or 
microbeads, quantum dots, magnetic particles, glass beads, 
and the like. During testing, a portion of the oral ?uid speci 
men migrates upWard by capillary action. A drug, if present in 
the oral ?uid specimen beloW its cut-off concentration, Will 
not saturate the binding sites of an antibody having speci?c 
binding activity for the drug. The antibody Without bound 
antigen Will then react With the drug-protein conjugate, and a 
visible colored line Will shoW up in the test line region of the 
speci?c drug strip due to the coloredparticle conjugated to the 
antibody. HoWever, in the presence of drug above the cut-off 
concentration in the oral ?uid specimen, the binding sites of 
the antibody Will be saturated and the antibody Will not com 
plex With the drug conjugate and form a visible line in the test 
line region. A drug-positive oral ?uid specimen Will not gen 
erate a colored line in the speci?c test line region of the strip 
because of drug competition, While a drug-negative oral ?uid 
specimen Will generate a line in the test line region because of 
the absence of drug competition. To serve as a procedural 
control, a colored line Will alWays appear at the control line 
region, indicating that proper volume of specimen has been 
added and membrane Wicking has occurred. 
[0084] The lateral immunoassay test typically contains 
membrane strips coated With drug-protein conjugates (puri 
?ed bovine albumin) on the test line, an anti-antibody (e.g., a 
goat polyclonal anti-rabbit or anti-mouse antibody) or anti 
BSA antibody against gold-protein conjugate at the control 
line, and a dye pad Which contains particles, such as colloidal 
gold particles, coated With a monoclonal antibody speci?c to 
the drug to be tested (e.g., Ag-THC or its metabolites). 
[0085] In a particularly preferred embodiment, the anti 
THC antibody is a recombinant rabbit antibody comprising 
CDR amino acid sequences selected from L11 QASQS 
VYNNNQLS (SEQ ID N011); L21 GTSNLAS (SEQ ID 
N012); L31 QGGYTSGDGIA (SEQ ID N013); H11 GFSL 
SNYVLA (SEQ ID N014); H21 TIVSGTTYYASW (SEQ ID 
N015); H31 GLPHYITGDI (SEQ ID N016) and homologous 
amino acid sequences having at least 85% homology thereto. 
A lateral ?oW immunoassay utiliZing this antibody provides a 
much greater sensitivity and speci?city for Ag-THC than 
provided by murine anti-THC antibodies tested, as described 
in Example 4, and is particularly suitable and useful for oral 
?uid testing for the presence of Ag-THC. 
[0086] In an additional preferred embodiment, the anti 
THC antibody comprises the amino acid sequence for the 
light chain variable region: 
QVLTQTPSPVSAAVGGTVTINCQASQS 
VYNNNQLSWYQQKPGQPPKLLIYGTSNLASG VPSR 
FKGSGSGTQFTLTISSVQCDDAATYYC 
QGGYTSGDGIAFGGGTEVVVK (SEQ ID N017), or 
homologous amino acid sequences having at least 85% 
homology thereto. In certain embodiments, the amino acid 
sequence has about 90% or 95%, or even greater homology 
thereto. In additional preferred embodiments, the anti-THC 
antibody comprises the amino acid sequence for the heavy 
chain variable region: 

QSVEESGGRLVTPGTPLTLTCTVSGFSL 
SNYVLAWVRQAPGKGLEWIGTIVSGTTYYAS 
WAKGRFTISKTSTTVHLKITSPTTED 
TATYFCVRGLPHYITGDIWGPGTLVTVSLG (SEQ ID 
N018), or homologous amino acid sequences having at least 
85% homology thereto. In certain embodiments, the amino 
acid sequence has about 90% or 95%, or even greater homol 
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ogy thereto. These sequences depict both the framework 
region sequences and the CDR sequences (indicated With 
underlining) . 

C. Continuous FloW Displacement Cannabinoid Immunoas 
say 

[0087] The anti-THC antibodies described herein can also 
be used in a continuous ?oW displacement immunoassay for 
Ag-THC or its metabolites. In a continuous ?oW displacement 
immunoassay for cannabinoids, the binding kinetics of the 
cannabinoid analyte (e.g., Ag-THC or its metabolites) to the 
antibody play a very important role. To alloW for determina 
tion of the presence of the cannabinoid analyte, a labeled 
tracer compound is alloWed to compete With the cannabinoid 
analyte for binding to the antibody. Preferably, the binding 
kinetics of the antibody to the tracer compound provide a fast 
dissociation rate of the bound tracer from the antibody, 
thereby permitting a rapid binding of the cannabinoid analyte. 
In general, a continuous ?oW displacement cannabinoid 
immunoassay utiliZes an antibody having a high a?inity for 
the cannabinoid analyte and a loWer af?nity for the tracer. The 
a?inity of the antibody for the tracer may be anyWhere 
betWeen 15-100% cross-reactivity. A preferred cannabinoid 
based tracer has about 40-80% cross-reactivity for the anti 
body. 
[0088] A typical continuous ?oW displacement cannab 
inoid immunoassay involves a solid-phase immobiliZed anti 
body to Ag-THC or its metabolites. The antigen binding site 
of the antibody can be exposed to a synthetic labeled tracer to 
form a labeled synthetic tracer-antibody complex such that 
the antigen binding sites of the antibody are saturated With the 
labeled synthetic tracers. When a biological sample suspected 
of containing the analyte Ag-THC is continuously ?oWed past 
the solid-phase immobiliZed antibody-labeled synthetic 
tracer complex, if Ag-THC is present in the sample, the can 
nabinoid analyte binds to the antibody and displaces the 
labeled synthetic tracer. Detection of the labeled tracer doWn 
stream from the binding point indicates the presence and/or 
quantity of the analyte present in the biological sample. See 
US. Pat. No. 5,183,740 to Ligler, Which is incorporated by 
reference herein. 

[0089] The success of developing a continuous ?oW dis 
placement immunoassay is based on the selection of antibody 
and tracer to achieve a fast dissociation rate of the bound 
tracer from the antibody, thereby permitting a rapid binding 
of the analyte. In general, the ideal continuous ?oW displace 
ment immunoassay utiliZes a system Where the antibody has 
a high a?inity for the analyte, and a loWer af?nity for the 
tracer. The af?nity of the antibody for the tracer may be 
anyWhere betWeen 15-100% cross-reactivity. A preferred 
THC-based tracer has about 40-80% cross-reactivity for the 
antibody. In addition, the condition for displacing a tracer 
from the recognition molecule is preferably carried out in 
non-equilibrium condition or kinetic ?oW reaction, such that 
the sample ?oWs past the recognition molecule-tracer com 
plex at a rate Where a stable equilibrium state betWeen the 
recognition molecule, tracer, and analyte has not been 
achieved. 

D. Additional Assay Formats 

[0090] The anti-THC antibodies described herein can also 
be utiliZed in additional useful commercially marketed 
immunoassay formats, for example, the 0nTrak TesTcup, 
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On'Site CupKitTM, On'Site OraLab®, OnTrak TesTstik 
assay systems marketed by Varian, Inc. 

VI. Pharmaceutical Applications and Formulations 

[0091] The anti-THC antibodies described herein can also 
be utilized in pharmaceutical and therapeutic applications, 
for example, to treat overdose of THC or reduce serum con 
centrations of THC. Acceptable carriers, excipients, or stabi 
liZers are nontoxic to recipients at the dosages and concen 
trations employed, and include buffers such as phosphate, 
citrate, and other organic acids; antioxidants including ascor 
bic acid and methionine; preservatives (such as octade 
cyldimethylbenZyl ammonium chloride; hexamethonium 
chloride; benZalkonium chloride, benZethonium chloride; 
phenol, butyl or benZyl alcohol; alkyl parabens such as 
methyl or propyl paraben; catechol; resorcinol; cyclohex 
anol; 3-pentanol; and m-cresol); loW molecular Weight (less 
than about 10 residues) polypeptide; proteins, such as serum 
albumin, gelatin, or immunoglobulins; hydrophilic polymers 
such as polyvinylpyrrolidone; amino acids such as glycine, 
glutamine, asparagine, histidine, arginine, or lysine; 
monosaccharides, disaccharides, and other carbohydrates 
including glucose, mannose, or dextrins; chelating agents 
such as EDTA; sugars such as sucrose, mannitol, trehalose or 
sorbitol; salt-forming counter-ions such as sodium; metal 
complexes (e.g., Zn-protein complexes); and/or non-ionic 
surfactants such as TWEENTM, PLURONICSTM or polyeth 
ylene glycol (PEG). 
[0092] The formulation herein may also contain more than 
one active compound as necessary for the particular indica 
tion being treated, preferably those With complementary 
activities that do not adversely affect each other. For example, 
it may be desirable to further provide an antipsychotic agent. 
Such molecules are suitably present in combination in 
amounts that are effective for the purpose intended. 
[0093] The active ingredients can also be entrapped in 
microcapsule prepared, for example, by coacervation tech 
niques or by interfacial polymerization, for example, 
hydroxymethylcellulose or gelatin-microcapsule and poly 
(methylmethacylate) microcapsule, respectively, in colloidal 
drug delivery systems (for example, liposomes, albumin 
microspheres, microemulsions, nano-par‘ticles and nanocap 
sules) or in macroemulsions. Such techniques are disclosed in 
Remington’s Pharmaceutical Sciences 16th edition, Osol, A. 
Ed. (1980). 
[0094] The formulations to be used for in vivo administra 
tion must be sterile. This is readily accomplished by ?ltration 
through sterile ?ltration membranes. Therapeutic formula 
tions of the antibodies can be prepared for storage by mixing 
the antibodies having the desired degree of purity With 
optional physiologically acceptable carriers, excipients or 
stabiliZers (Remington’s Pharmaceutical Sciences 16th edi 
tion, Osol, A. Ed. (1980)), in the form of lyophiliZed formu 
lations or aqueous solutions. 

[0095] Sustained-release preparations comprising the anti 
bodies can be prepared. Suitable examples of sustained-re 
lease preparations include semipermeable matrices of solid 
hydrophobic polymers containing the antibodies, Which 
matrices are in the form of shaped articles, e.g., ?lms, or 
microcapsule. Examples of sustained-release matrices 
include polyesters, hydrogels (for example, poly(2-hydroxy 
ethyl-1S methacrylate), or poly(vinylalcohol)), polylactides 
(US. Pat. No. 3,773,919), copolymers of L-glutamic acid and 
ethyl-L-glutamate, non-degradable ethylene-vinyl acetate, 
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degradable lactic acid-glycolic acid copolymers such as the 
LUPRON DEPOTTM (injectable microspheres composed of 
lactic acid-glycolic acid copolymer and leuprolide acetate), 
and poly-D-(—)-3-hydroxybutyric acid. While polymers such 
as ethylene-vinyl acetate and lactic acid-glycolic acid enable 
release of molecules for over 100 days, certain hydrogels 
release proteins for shorter time periods. When encapsulated 
antibodies remain in the body for a long time, they may 
denature or aggregate as a result of exposure to moisture at 
370 C., resulting in a loss of biological activity and possible 
changes in immunogenicity. Rational strategies can be 
devised for stabiliZation depending on the mechanism 
involved. For example, if the aggregation mechanism is dis 
covered to be intermolecular S-S bond formation through 
thio-disul?de interchange, stabiliZation may be achieved by 
modifying sulfhydryl residues, lyophiliZing from acidic solu 
tions, controlling moisture content, using appropriate addi 
tives, and developing speci?c polymer matrix compositions. 
[0096] For use in humans, humaniZation of the rabbit anti 
THC antibody is required, and can be accomplished using 
methods such as those described in US. Pat. Nos. 6,800,738 
to Carter, and 6,719,971. CDR repair can be effected if bind 
ing a?inity and/or speci?city is compromised utiliZing, for 
example, the methods described in US. Patent Application 
Publication No. 20060122377, all of Which are incorporated 
by reference herein in their entireties. 
[0097] The antibodies can be administered to the patient by 
a variety of different means and Will vary depending upon the 
intended application. As one skilled in the art Would recog 
niZe, administration of the therapeutic compositions can be 
carried out in various fashions, and more typically by 
parenteral injection into body cavity or vessel, e.g., intraperi 
toneal, intravenous, intralymphatic, intratumoral, intramus 
cular, interstitial, intraarterial, subcutaneous, intralesional, 
intraocular, intrasynovial, intraarticular. HoWever, other 
methods of administration can be utiliZed for particular pur 
poses, for example, via topical administration, including, but 
not limited to, dermal, ocular and rectal; transdermal, via 
passive or active means, e.g., using a patch, a carrier, or 
iontophoresis; transmucosal, e.g., sublingual, buccal, rectal, 
vaginal, or transurethral; oral, e.g., gastric or duodenal; via 
inhalation, e.g., pulmonary or nasal inhalation, using e.g., a 
nebuliZer. 
[0098] Depending on the THC concentration in serum or 
other body ?uids, about 1 ug/kg to about 50 mg/kg (e.g., 
0.1-20 mg/kg, 0.5-15 mg/Kg, and 1-10 mg/kg) of antibody is 
an initial candidate dosage for administration to the patient, 
Whether, for example, by one or more separate administra 
tions, or by continuous infusion. A typical daily or Weekly 
dosage might range from about 1 ug/kg to about 20 mg/kg or 
more, depending on the factors mentioned above. For 
repeated administrations over several days or longer, depend 
ing on the condition, the treatment is repeated until the THC 
levels have been reduced to a desired level. HoWever, other 
dosage regimens may be useful. The progress of this therapy 
is easily monitored by conventional techniques and assays, 
including, for example, immunoassays of THC and/or its 
metabolites in urine or saliva. 
[0099] It is to be understood that While the invention has 
been described in conjunction With the preferred speci?c 
embodiments thereof, that the description above as Well as the 
examples that folloW are intended to illustrate and not limit 
the scope of the invention. The practice of the present inven 
tion Will employ, unless otherWise indicated, conventional 
techniques of immunochemistry, organic chemistry, polymer 
chemistry, biochemistry and the like, Which are Within the 
skill of the art. Other aspects, advantages and modi?cations 
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Within the scope of the invention Will be apparent to those 
skilled in the art to Which the invention pertains. Such tech 
niques are explained fully in the literature. 
[0100] In the following examples, efforts have been made 
to ensure accuracy With respect to numbers used (e.g., 
amounts, temperature, etc.) but some experimental error and 
deviation should be accounted for. Unless indicated other 
Wise, temperature is in degrees ° C. and pressure is at or near 
atmospheric. 

Example 1 

Preparation of a Rabbit Monoclonal Antibody Hav 
ing Speci?c Binding for THC 

[0101] An antibody having speci?c binding for THC Was 
prepared by the folloWing procedures: 

Immunization 

[0102] NeW Zealand White rabbits Were immunized. Rab 
bits Were injected subcutaneously With 0.4 mg of THC-KLH 
in complete Freund’s adjuvant. After the initial immuniza 
tion, animals Were boosted 5 more times every 21 days in the 
same manner With incomplete Freund’s adj uvant and the sera 
tested by immunoassay and immunohistochemical staining. 
The rabbit With the best titer in the immunoassay and IHC 
(immunohistochemistry) Was selected for a ?nal intravenous 
boost of 0.4 mg of THC-KLH in saline, four days before 
removal of the spleen. 

Hybridization, Fusion 

[0103] Fusions Were performed using conventional meth 
odology: 1.5-3><108 lymphocytes from an immunized rabbit 
and the fusion partner (240E-W) Were fused at a ratio of 2:1 
With PEG 4000 at 370 C. in serum-free medium. The cells 
Were distributed in 96-Well cell culture plates at approxi 
mately 1><105 lymphocytes per Well in medium With 15% 
FBS (or FCS), and after 48 hr HAT medium Was added. 
Medium Was changed 2-3 times before screening. Hybri 
doma colonies Were ready for screening in 3-5 Weeks. Super 
natants Were tested for the presence of antibody, speci?c for 
the immunogen, by ELISA. Immunohistochemistry Was used 
as a secondary screening assay. The hybridomas Were sub 
cloned by limit dilution. For feeder cells, the fusion partner 
240E-W at 2><104 cells per Well Was used. 

ELISA 

[0104] ELISA Was performed in 96-Well micro-titer plates 
that had been coated overnight With immunogen at 1 .0 ug/ml, 
plates Were then saturated With 2% BSA, folloWed by incu 
bation With the antibody-containing supernatant for 1 hr at 
room temperature. After Washing With PBS-TWeen, alkaline 
phosphatase conjugated goat anti-rabbit immunoglobulin 
(IgG) Was added and incubation continued for another hour; 
plates Were Washed again and developed in the presence of 
P-NPP (para-nitrophenyl phosphate). Color Was read at 405 
nm With a plate reader (Multiskan MCC/340 from Fisher 
Scienti?c). 

Antibody Puri?cation 

[0105] Tissue culture supernatants containing rabbit mono 
clonal antibody against ER Were incubated With Protein A 
immobilized on a column. The column Was Washed exten 

sively With PBS to remove nonspeci?c binding proteins until 
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the OD 280 Was less than 0.01. The rabbit IgGs Were eluted 
With 0.2 M, pH 2.5 citrate. The eluates Was dialyzed against 
PBS overnight at 40 C. (28). 

Antibody Af?nity Assay 
[0106] ELISA Was performed to determine antibody af?ni 
ties. 96-Well micro-titer plates Was coated overnight With the 
THC conjugated BSA or a human recombinant protein 
(1-300aa) at 1.0 (Kg/ml, respectively. The plates Were satu 
rated With 2% BSA, folloWed by incubation With the antibody 
serially diluted (200 nM, 100 nM, 50 nM, 25 nM, 12.5 nM, 
6.25 nM, 3.125 nM, 1.56 nM, 0.78 nM, 0.39 nM, and 0.2 nM). 
ER clone SP1 Was incubated With the Wells coated With the 
BSA conjugated ER peptide and clone 1D5 Was incubated 
With Wells coated With ER alpha recombinant protein. 
Samples Were in duplicate. After Washing With PBS-TWeen, 
HRP-conjugated goat anti-rabbit and mouse IgGs (Spring 
Bioscience Corporation, CA) Were added. The plates Were 
Washed again, and Were developed With TMB solution for 15 
minutes. The reaction Was stopped by adding 0.5N H2SO4. 
Optical density (OD) Was measured at 450 nm. 

Example 2 

cDNA Cloning from Rabbit Hybridoma and Recom 
binant Antibody Expression 

[0107] mRNA Was isolated from rabbit hybridomas by 
using Qiagen TurboCapture mRNA kit. cDNA Was made 
directly in the TurboCapture tube by solid phase synthesis. 
Rabbit IgG cDNAs Were ampli?ed With heavy or light chain 
speci?c primers by PCR. For L chain, the PCR product Was 
sequenced and a consensus sequence Was found from three 
independent mRNA and PCR reactions. To make an expres 
sion construct, the PCR product Was digested With restriction 
enzymes and cloned into an expression vector. A cDNA clone 
With the consensus PCR sequence Was selected for expres 
sion. For H chain, only the variable region (VH) Was ampli?ed 
and the PCR product Was digested With the fusion partner VH 
speci?c restriction enzyme. Rabbit B-cell VH cDNA Was 
puri?ed and recovered from an agarose gel. In order to iden 
tify a desired cDNA clone, the puri?ed VH product Was 
cloned into pCR 2.1-TOPO vector (Invitrogen) and cDNA 
clones Were screened. Then, the VH cDNA in the desired 
clone Was subcloned into an expression vector With rabbit 
IgG heavy chain constant region (CH). To express recombi 
nant antibody, both light and heavy chain expression con 
structs Were transfected into HEK 293 by using 293 fectin 
(Invitrogen) as a vehicle. Supernatant containing recombi 
nant antibody transiently expressed from the cells Were har 
vested after 5-day transfection. 
[0108] The nucleotide and amino acid sequences for the 
THC binding antibody variable regions of the light chain (VL) 
and the variable region of the heavy chain (VH) are depicted 
beloW: 

VL Nucleotide Sequence: 

[01 09] 

(SEQ ID NO: 65) 
CAA GTG CTG ACC CAG ACT CCA TCC CCC GTG TCT GCA 

GCT GTG GGA GGC ACA GTC ACC ATC AAT TGC CAG GCC 

AGT CAA AGT GTT TAT AAT AAC AAC CAA TTA TCC TGG 
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—continued 
TAT cAG cAG AAA ccA GGG cAG CCT ccc AAG CTC CTG 

ATC TAT GGT ACA TCC AAT CTG GCA TCT GGG GTC CCA 

TCG CGG TTC AAA GGC AGT GGA TCT GGG ACA CAG TTC 

ACT CTC ACC ATC AGC AGC GTG CAG TGT GAC GAT GCT 

GCC ACT TAC TAC TGT CAA GGC GGT TAT ACT AGT GGT 

GAT GGT ATT GCT TTC GGC GGA GGG ACC GAG GTG GTC 

GTC AAA 

VL Amino Acid Sequence: 

[0110] 

GTSNLASGVPSRFKGSGSGTQFTLTISSVQCDDAATYYCQGGTYSGDGIA 

VH Nucleotide Sequence: 

[0111] 

(SEQ ID NO: 66) 
cAG TCG GTG GAG GAG TCC GGG GGT CGC CTG GTC AcG 

CCT GGG ACA CCC CTG ACA CTC ACC TGC ACA GTC TCT 

GGA TTC TCC CTC AGT AAC TAT GTA TTG GCC TGG GTC 

CGC CAG GCT CCA GGG AAG GGG CTG GAG TGG ATC GGA 

ACC ATT GTT AGC GGT ACC ACA TAC TAC GCG AGT TGG 

GCG AAA GGC CGA TTC ACC ATC TCC AAA ACC TCG ACC 

ACG GTG CAT CTG AAA ATC ACC AGT CCG ACA ACC GAG 

GAC ACG GCC ACC TAT TTC TGT GTC AGA GGT TTG CCT 

CAT TAT ATT ACT GGG GAC ATC TGG GGC CCA GGC ACC 

CTG GTC ACC GTC TCC TTA GGG 

VH Amino Acid Sequence: 

[01 12] 

(SEQ ID NO: 8) 
QSVEESGGRLVTPGTPLTLTCTVSGFSLSNYVLAWVRQAPGLGLEWIGTI 

VSGTTYYASWAKGRFTISKTSTTVHLKITSPTTEDTATYFCVRGLPHYIT 
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Example 3 

Design of a Lateral FloW Immunoassay System 
Using a Rabbit Monoclonal Antibody for the Detec 

tion of THC in Saliva 

[0113] Antibodies to be utiliZed in lateral ?oW immunoas 
say systems Were conjugated to particles that can be visual 
iZed. Conjugation conditions Were tested for each antibody 
lot, and monobasic/dibasic phosphate buffer pH Was adjusted 
to optimiZe the conjugation, Which Was typically betWeen pH 
6.5 and 8.5. Antibody Was diluted to 0.1 mg/ml using 
monobasic/dibasic phosphate buffer at room temperature and 
mixed With gold particles (30 nm) in the proportion 20 [1.1 
antibody per 1 mL gold for 5 minutes. 10% BSA Was added to 
create a 1:10 dilution BSA: total volume Gold solution, and 
mixing Was continued for ?ve (5) minutes. The sample Was 
centrifuged at 10,000 rpm at 40 C. for forty (40) minutes, and 
the supernatant removed to achieve a ?nal suspension at 10% 
(W/W) gold. The gold conjugated antibodies are then utiliZed 
in the lateral ?oW immunoassay system, such as the system 
sold under the tradename OraLab®. 

Example 4 

Comparison of a Lateral FloW Immunoassay System 
Using a Recombinant Rabbit Monoclonal Antibody 
With a Murine Monoclonal Antibody for the Detec 

tion of THC 

[0114] A murine monoclonal anti-THC antibody used in a 
lateral ?oW immunoassay Was used as a comparator to assess 
the sensitivity of a recombinant rabbit anti-THC antibody in 
the same immunoassay system. The murine anti-THC anti 
body chosen for comparison exhibited a sensitivity higher or 
comparable to other available anti-THC antibodies used in 
lateral ?oW immunoassays. 
[0115] To be directly comparable, both the mouse mono 
clonal anti-THC antibody and the recombinant rabbit anti 
THC antibody Were conjugated to gold particles using the 
same procedures. The conjugation buffer pH Was adjusted to 
assure the best conjugation. All other materials and procedure 
Were identical. Both a murine anti-THC antibody strip and a 
rabbit anti-THC antibody strip Were prepared on the same 
card With the murine antibody strip on the left and rabbit 
antibody strip on the right. 
[0116] Samples Were prepared at the indicated parent THC 
concentrations. TWo (2) mLs of each sample Was placed in the 
collector, and squeeZed into the tube. The cards Were tested 
and read at 10 and 15 minutes respectively (n:3). 

Results 

Ten (10) Minute Color Reading 

[0117] 

Parent THC Concentrations (ng/mL) 

50 100 200 

Ave. Ave. Ave. Ave. 

Recombinant 2.2 2.5 1.8 2.17 0 
rabbit anti 
THC 

0 0.2 0.07 0 0 0 0 0 0 0 0 
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Parent THC Concentrations (ng/rnL) 

0 50 100 200 

Ave. Ave. Ave. Ave. 

Mouse anti- 2.2 2.2 2.0 2.13 1.2 1.7 1.0 1.30 1.0 1.5 1.0 1.17 0.7 1.2 0.5 0.8 
THC 

Fifteen (15) Minute Color Reading 
[0118] 

Parent THC Concentrations (ng/rnL) 

0 50 100 200 

Ave. Ave. Ave. Ave. 

Recombinant 2.5 2.7 2.3 2.50 0 0.2 0.2 0.13 0 0 0 0 0 0 0 0 
rabbit anti 
THC 
Mouse anti- 2.5 2.4 2.5 2.47 1.5 2.2 2.0 1.90 1.2 2.0 1.5 1.57 0.7 1.5 0.5 0.9 
THC 

Conclusion instructed to open the collector bag, place the collector foam 
. . . . . inside his or her mouth for three minutes, and completely 

[0119] The recombmam rabblt ann'THC annbody 15 more saturate the collector foam With saliva. The individual or other 
sensitive than the reference mouse anti-THC antibody. At 50 
ng/mL THC, the reading With the murine anti-THC antibody 
is only slightly decreased, and only at THC concentrations of 
200 ng/mL does the murine anti-THC antibody clearly indi 
cate that THC Was present in the sample solution tested. In 
contrast, the reading for the recombinant rabbit anti-THC 
antibody Was almost completely abolished at a sample con 
centration of 50 ng/mL THC, indicating the presence of THC 
in the sample at the loWest concentration of THC tested. 
Using the recombinant rabbit anti-THC antibody in this test 
system, a sensitivity of 35 ng/mL or loWer is achievable. 

Example 5 

Use of a Lateral FloW Immunoassay System for the 
Detection of THC 

[0120] A lateral ?oW immunoassay system for the detec 
tion of THC is provided to an individual. The individual is 

user is instructed to place the OraLab® cassette (Varian, Inc. 
25200 Commercentre Drive, Lake Forest, Calif.) on a ?at 
surface and lift the con?rmation Well cap to assure unob 
structed saliva ?oW into the Well. The individual then removes 
the collector foam from his or her mouth, places it vertically 
into the sample Well on top of the device, and pushes the 
collector doWnWard While counting sloWly to ?ve until it 
stops. The user is instructed to push the cap doWn ?rmly to 
seal the con?rmation Well after ten minutes have passed, and 
to remove the label covering the results WindoWs and interpret 
the results. When the saliva sample is negative for the pres 
ence of THC, the antibody-gold particles migrate With the 
?uid ?oW by capillary action until they reach the THC loaded 
line, Where they stop and line up to indicate a negative result. 
When the saliva sample is positive for the presence of THC, 
the antibody-gold particles migrate With the ?uid ?oW but do 
not stop at the THC loaded line and instead continue upWards 
to the positive Zone, indicating a positive result. 

SEQUENCE LISTING 

SEQ ID NO 1 
LENGTH: 13 

TYPE: PRT 

ORGANISM: rabbit 

<400> SEQUENCE: l 

Gln Ala Ser Gln Ser Val Tyr Asn Asn Asn Gln Leu Ser 

1 5 l0 
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<400> SEQUENCE: 

ggattctccc tcagtaacta tgtattggcc 

<2lO> SEQ ID NO 
<2ll> LENGTH: 36 

<2l2> TYPE: DNA 

<2l3> ORGANISM: 

<400> SEQUENCE: 

rabbit 

13 

accattgtta gcggtaccac atactacgcg agttgg 36 

<2lO> SEQ ID NO 
<2ll> LENGTH: 30 

<2l2> TYPE: DNA 

<2l3> ORGANISM: 

<400> SEQUENCE: 

rabbit 

ggtttgcctc attatattac tggggacatc 

<2lO> SEQ ID NO 
<2ll> LENGTH: 13 

<2l2> TYPE: PRT 

<2l3> ORGANISM: 

<220> FEATURE: 

<223> OTHER INFORMATION: 

<400> SEQUENCE: 

artificial 

chemically 

Gln Ala Thr Gln Ser Val Tyr Asn Asn 
l 

<2lO> SEQ ID NO 
<2ll> LENGTH: 13 

<2l2> TYPE: PRT 

<2l3> ORGANISM: 

<220> FEATURE: 

<223> OTHER INFORMATION: 

<400> SEQUENCE: 

5 

artificial 

chemically 

Gln Ala Ser Gln Ser Val Tyr Asn Asn 
l 

<2lO> SEQ ID NO 
<2ll> LENGTH: 13 

<2l2> TYPE: PRT 

<2l3> ORGANISM: 

<220> FEATURE: 

<223> OTHER INFORMATION: 

<400> SEQUENCE: 

5 

artificial 

chemically 

Gln Ala Ser Gln Thr Val Tyr Asn Asn 
l 

<2lO> SEQ ID NO 
<2ll> LENGTH: 13 

<2l2> TYPE: PRT 

<2l3> ORGANISM: 

<220> FEATURE: 

<223> OTHER INFORMATION: 

<400> SEQUENCE: 

5 

artificial 

chemically 

Gln Ala Ser Gln Ser Ala Tyr Asn Asn 
l 5 

synthesized 

Asn Gln Leu Ser 

10 

synthesized 

Asn Gln Leu Thr 

10 

synthesized 

Asn Gln Leu Ser 

10 

synthesized 

Asn Gln Leu Ser 

10 
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<2lO> SEQ ID NO 19 
<2ll> LENGTH: 13 

<2l2> TYPE: PRT 

<2l3> ORGANISM: artificial 
<220> FEATURE: 

<223> OTHER INFORMATION: chemically synthesized 

<400> SEQUENCE: l9 

Gln Val Ser Gln Ser Val Tyr Asn Asn Asn Gln Leu Ser 
1 5 l0 

<2lO> SEQ ID NO 20 
<2ll> LENGTH: 13 

<2l2> TYPE: PRT 

<2l3> ORGANISM: artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: chemically synthesized 

<400> SEQUENCE: 2O 

Gln Ala Ser Gln Ser Val Tyr Asn Asn Asn Gln Ile Ser 
1 5 l0 

<2lO> SEQ ID NO 21 
<2ll> LENGTH: 13 

<2l2> TYPE: PRT 

<2l3> ORGANISM: artificial 
<220> FEATURE: 

<223> OTHER INFORMATION: chemically synthesized 

<400> SEQUENCE: 21 

Gln Ala Ser Gln Ser Val Phe Asn Asn Asn Gln Leu Ser 

1 5 l0 

<2lO> SEQ ID NO 22 
<2ll> LENGTH: 13 

<2l2> TYPE: PRT 

<2l3> ORGANISM: artificial 
<220> FEATURE: 

<223> OTHER INFORMATION: chemically synthesized 

<400> SEQUENCE: 22 

Gln Ala Ser Gln Ser Val Tyr Asn Asn Asn Gln Leu Ser 
1 5 l0 

<2lO> SEQ ID NO 23 

<2l3> ORGANISM: artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: chemically synthesized 

<400> SEQUENCE: 23 

Gly Thr Ser Asn Leu Ala Ser 
1 5 

<2lO> SEQ ID NO 24 

<2l3> ORGANISM: artificial 
<220> FEATURE: 

<223> OTHER INFORMATION: chemically synthesized 

<400> SEQUENCE: 24 
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Gly Ser Ser Asn Leu Ala Ser 
1 5 

<2lO> SEQ ID NO 25 

<2l3> ORGANISM: artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: chemically synthesized 

<400> SEQUENCE: 25 

Gly Thr Ser Asn Leu Ala Thr 
l 5 

<2lO> SEQ ID NO 26 

<2l2> TYPE: PRT 

<2l3> ORGANISM: artificial 
<220> FEATURE: 

<223> OTHER INFORMATION: chemically synthesized 

<400> SEQUENCE: 26 

Gly Thr Ser Asn Ile Ala Ser 
1 5 

<2lO> SEQ ID NO 27 

<2l3> ORGANISM: artificial 
<220> FEATURE: 

<223> OTHER INFORMATION: chemically synthesized 

<400> SEQUENCE: 2'7 

Gly Thr Ser Asn Leu Val Ser 
1 5 

<2lO> SEQ ID NO 28 

<2l3> ORGANISM: artificial 
<220> FEATURE: 

<223> OTHER INFORMATION: chemically synthesized 

<400> SEQUENCE: 28 

Gly Thr Ser Asn Leu Ala Ser 
1 5 

<2lO> SEQ ID NO 29 

<2l2> TYPE: PRT 

<2l3> ORGANISM: artificial 
<220> FEATURE: 

<223> OTHER INFORMATION: chemically synthesized 

<400> SEQUENCE: 29 

Gly Ser Ser Asn Ile Ala Ser 
1 5 

<2lO> SEQ ID NO 30 

<2l3> ORGANISM: artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: chemically synthesized 


















