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NOVEL NICOTINE-BINDING ANTIBODIES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application 1s a continuation of U.S. applica-
tion Ser. No. 16/639,050, filed Feb. 13, 2020, which 1s the

U.S. National Stage of International Application PCT/
US2018/046621, which claims priority under 35 U.S.C. §
119(e) to U.S. Provisional Application 62/545,696 filed Aug.
15, 2017, the entire contents of which are incorporated
herein by reference.

GOVERNMENT LICENSE

RIGHTS

[0002] This invention was made with Government support
under National Institutes of Health grant RO1 DAQO38877

awarded by the PHS. The Government has certain rights 1n
the 1nvention.

SEQUENCE LISTING

[0003] The nstant application contains a Sequence Listing
which has been submitted electronically in ASCII format
and 1s hereby incorporated by reference 1n 1ts entirety.

FIELD

[0004] The present disclosure relates generally to the field
of antibody therapeutics, specifically antibodies that bind to
nicotine. The disclosed nicotine-binding antibodies can be
used i methods of aiding smoking cessation and methods of
treating nicotine toxicity, including nicotine poisoning and
nicotine overdose.

BACKGROUND

[0005] The following discussion i1s merely provided to aid
the reader 1n understanding the disclosure and 1s not admut-
ted to describe or constitute prior art thereto.

[0006] Nicotine 1s a bitter-tasting, parasympathomimetic
alkaloid compound that naturally occurs 1n large amounts 1n
the leaves of tobacco plants. Nicotine 1s a nicotinic acetyl-
choline receptor (nAChR) agonist and functions physiologi-
cally as a stimulant. Nicotine 1s both addictive and toxic, and
its 1ngestion and inhalation have been associated with car-
diovascular disease, potential birth defects, and poisoning.
[0007] Smoking 1s a global healthcare problem, largely
due to the addictiveness of nicotine. The World Health
Organization estimates that there are 1.3 billion smokers
worldwide today and nearly five million tobacco-related
deaths each year. If current smoking patterns continue,
smoking will cause some 10 million deaths each year by
2020. According to the U.S. Center for Disease Control
(CDC), tobacco use 1s the single leading preventable cause
of death 1n the U.S., responsible for approximately 438,000
deaths each year. In addition, 1t 1s estimated that smoking
results 1n an annual health-related economic cost of approxi-
mately $157 billion. The CDC estimates that, among the 45
million adult smokers 1n the U.S., 70% want to quit, but less
than five percent of those who try to quit remain smoke-free
after 12 months.

[0008] Addiction to the nicotine in cigarettes and other
tobacco products makes 1t diflicult for individuals to quit
smoking or using tobacco products. Nicotine 1s a small
molecule that upon inhalation or ingestion into the body
quickly passes 1to the bloodstream and subsequently
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reaches the brain by crossing the blood-brain barrier. Once
in the brain, the micotine binds to nicotinic receptors, which
results 1n the release of stimulants, such as dopamine,
activating the reward system and providing the smoker with
a positive and pleasurable re-enforcing experience, which
leads to addiction.

[0009] Nicotine poisoning, which results from ingestion or
inhalation of too much nicotine, 1s another nicotine-related
health problem. The LD., of nicotine 1s 50 mg/kg for rats
and 3 mg/kg for mice. A dose as low as 30-60 mg (0.5-1.0
mg/kg) may be lethal for adult humans, while children may
become 1ll following ingestion of one cigarette, and inges-
tion of more than this may cause a child to become severely
111. On the other hand, some evidence suggests that a lethal
dose may be as high as 500 mg or more (1.0-7.1 mg/kg) for
a human adult. In either case, acute nicotine poisoning
usually occurs 1n children who accidentally chew on nico-
tine gum or patches or ingest the “e-liquid” of electronic
cigarettes. In rare instances, children have also been known
to become 1ill after ingesting cigarettes. There are several
hundred cases of acute nicotine poisoning reported every
month 1 the Unmited States alone.

[0010] Symptoms of nicotine poisoning can include
abdominal cramping, agitation, restlessness, or excitement,
a burning sensation 1n the mouth, headache, vomiting,
muscle twitching, fainting, rapid breathing and heartrate,
and weakness, as well as more serious complications like
convulsions and seizures, coma, and potentially death. The
ultimate outlook for a person depends on the amount of
nicotine at 1ssue and how quickly treatment 1s received. The
faster a person gets medical help, the better the chance for
recovery.

[0011] TTypically, imitial treatment of nicotine poisoning
may include the administration of activated charcoal to try
to reduce gastrointestinal absorption, while additional treat-
ment may address the symptoms that result from nicotine
polsoning.

[0012] Thus, there remains a need for eflective agents,
compositions and methods for aiding smoking cessation and
treating nicotine poisoning.

SUMMARY

[0013] Described herein are antibodies that bind nicotine,
compositions comprising the antibodies, and methods using
them for aiding smoking cessation and treating nicotine
toxicity, including nicotine poisoning and nicotine overdose.
[0014] In one aspect, the present disclosure provides nico-
tine-binding antibodies or nicotine-binding {fragments
thereof, comprising the complementarity determining
regions (CDRs), the variable regions, or the full heavy chain
and light chain of the sequences selected from: the heavy
chain sequence of SEQ ID NO: 1 and the light chain
sequence ol SEQ ID NO: 2; the heavy chain sequence of
SEQ ID NO: 3 and the light chain sequence of SEQ ID NO:

4. the heavy chain sequence of SEQ ID NO: 5 and the light
chain sequence of SEQ ID NO: 6; the heavy chain sequence
of SEQ ID NO: 7 and the light chain sequence of SEQ ID
NO: 8; the heavy chain sequence of SEQ ID NO: 9 and the
light chain sequence of SEQ ID NO: 10; the heavy chain
sequence of SEQ ID NO: 11 and the light chain sequence of
SEQ 1D NO: 12; the heavy chain sequence of SEQ ID NO:

13 and the hght chain sequence of SEQ ID NO: 14; the
heavy chain sequence of SEQ ID NO: 15 and the light cham

sequence of SEQ ID NO: 16; the heavy chain sequence of
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SEQ ID NO: 17 and the light chain sequence of SEQ ID NO:
18; the heavy chain sequence of SEQ ID NO: 19 and the
hgh‘[ chain sequence of SEQ ID NO: 20; the heavy chain
sequence of SEQ ID NO: 21 and the light chain sequence of
SEQ ID NO: 22; the heavy chain sequence of SEQ ID NO:

23 and the hght chain sequence of SEQ ID NO: 24; the
heavy chain sequence of SEQ ID NO: 25 and the light chain
sequence of SEQ ID NO: 26; the heavy chain sequence of
SEQ ID NO: 27 and the light Cham sequence of SEQ ID NO:
28; the heavy chain sequence of SEQ ID NO: 29 and the
hght chain sequence of SEQ ID NO: 30; the heavy chain
sequence of SEQ ID NO: 31 and the light chain sequence of
SEQ 1D NO: 32; the heavy chain sequence of SEQ ID NO:

33 and the llght chain sequence of SEQ ID NO: 34; the
heavy chain sequence of SEQ ID NO: 35 and the light cham
sequence of SEQ ID NO: 36; the heavy chain sequence of
SEQ ID NO: 37 and the light cham sequence of SEQ ID NO:
38; and the heavy chain sequence of SEQ ID NO: 39 and the
hght chain sequence of SEQ ID NO: 40.

[0015] In some embodiments the antibody or fragment
may be an IgG4 or derived from an IgG4, and 1n some
embodiments the antibody or fragment may comprise a
S228P substitution 1n 1ts F¢ domain.

[0016] In some embodiments, the antibody or fragment
may be a long-acting variant, such as an antibody or
fragment that 1s conjugated to polyethylene glycol (“PEG™;
1.¢., the antibody or fragment 1s PEGylated).

[0017] In some embodiments, the antibody or fragment
has a K, for S-(-)-nicotine of less than about 100 nM. For
example, 1n some embodiments, the K,, for S-(-)-nicotine
may be less than about 60 nM, less than about 30 nM, less
than about 10 nM, or less than about 5 nM.

[0018] In some embodiments, the antibody or fragment 1s
substantially not cross-reactive with cotinine or other non-
nicotine molecules. For example, in some embodiments, the
antibody or fragment 1s substantially not cross-reactive with
one or more nicotine-related compounds selected from coti-
nine, nicotinamide, B-nicotinamide adenine dinucleotide
and nornicotine. In some embodiments, the antibody or
fragment 1s substantially not cross-reactive with one or more
smoking-cessation drugs selected from bupropion, vareni-
cline, and cytosine. In some embodiments, the antibody or
fragment 1s substantially not cross-reactive with one more
neurotransmitters selected from acetylcholine chlonde,
3-hydroxytyramine (dopamine), serotonin, and norepineph-
rine.

[0019] In another aspect, the present disclosure provides
pharmaceutical compositions comprising a nicotine-binding,
antibody or nicotine-binding fragment thereol according to
of any one of the embodiments above or disclosed herein
and a pharmaceutically acceptable carrier. In some embodi-
ments, the pharmaceutical composition may be formulated
for 1njection or infusion.

[0020] In another aspect, the present disclosure provides
methods of treating nicotine addiction or facilitating smok-
ing cessation, comprising administering to a mammalian
subject 1n need thereot a therapeutically effective amount of
a micotine-binding antibody or nicotine-binding fragment
thereol according to of any one of the embodiments above
or disclosed herein, or a pharmaceutical composition com-
prising the same. In some embodiments, the therapeutically
cellective amount 1s eflective to reduce plasma levels of
nicotine and/or to reduce levels of nicotine localized in the
brain. In some embodiments, the subject 1s a human. In some
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embodiments, the nicotine addiction 1s associated with the
consumption of a nicotine product selected from tobacco
products and electronic cigarettes. In some embodiments, at
least one symptom of nicotine withdrawal 1s reduced, ame-
liorated, or eliminated.

[0021] In some embodiments, the nicotine-binding anti-
body or nicotine-binding fragment 1s administered a route of
administration selected from the group consisting of intra-
venously, subcutaneously, intramuscularly, intraperitoneally,
orally, nasally, pulmonarily, ocularly, vaginally, or rectally.
[0022] In another aspect, the present disclosure provides
uses ol a micotine-binding antibody or nicotine-binding
fragment thereof according to any one of the embodiments
above or disclosed herein 1n the manufacture of a medica-
ment for the treatment of nicotine addiction or facilitating
smoking cessation.

[0023] In another aspect, the present disclosure provides
nicotine-binding antibodies or nicotine-binding fragments
thereol according to any one of the embodiments above or
disclosed herein, for use in the treatment of nicotine addic-
tion or facilitating smoking cessation.

[0024] In another aspect, the present disclosure provides
methods of treating nicotine overdose or nicotine poisoning,
comprising administering to a mammalian subject 1n need
thereol a therapeutically eflective amount of a nicotine-
binding antibody or nicotine-binding fragment thereof
according to ol any one of the embodiments above or
disclosed herein, or a pharmaceutical composition compris-
ing the same. In some embodiments, the therapeutically
cellective amount 1s eflective to reduce plasma levels of
nicotine and/or to reduce levels of nicotine localized in the
braimn. In some embodiments, the subject 1s a mammal
selected from the group consisting of canines, felines,
equines, bovines, and humans. For examples, 1 some
embodiments, the subject 1s a human child.

[0025] In some embodiments, the antibody or nicotine-
binding fragment 1s administered a route of administration
selected from the group consisting of intravenously, subcu-
taneously, intramuscularly, intraperitoneally, orally, nasally,
pulmonarily, ocularly, vaginally, or rectally.

[0026] In some embodiments, the methods of treating
nicotine poisoning or toxicity may further comprise admin-
istration ol a second compound for treating nicotine over-
dose or nicotine poisoning, such as activated charcoal.
[0027] In another aspect, the present disclosure provides
uses of a micotine-binding antibody or nicotine-binding
fragment thereot according to any one of the embodiments
above or disclosed herein 1n the manufacture of a medica-
ment for the treatment of nicotine overdose or nicotine
polisoning.

[0028] In another aspect, the present disclosure provides
nicotine-binding antibodies or nicotine-binding fragments
thereol according to any one of the embodiments above or
disclosed herein, for use in the treatment of nicotine over-
dose or nicotine poisoning.

[0029] The foregoing general description and following
detailed description are exemplary and explanatory and are
intended to provide further explanation of the mvention.

BRIEF DESCRIPTION OF DRAWINGS

[0030] FIGS. 1A and 1B show the results of a nicotine

pharmacokinetic study in rats. FIG. 1A shows the serum
concentration of nicotine 1n rats that were pre-treated with
the disclosed antibodies as a percent of serum levels in
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control rats that were not treated with antibody. FIG. 1B
shows the concentration of nicotine in the brains of rats that
were pre-treated with the disclosed antibodies as a percent of
the brain levels of control rats that were not treated with
antibody.

[0031] FIGS. 2A and 2B show the results of a dose
response study of exemplary nicotine-binding antibodies in
rats. FIG. 2A shows the serum concentration of nicotine
(ng/ml) of rats that were pre-treated with the disclosed
antibodies at a dose of 10, 20, or 40 mg/kg. FIG. 2B shows
the concentration of nicotine in the brains (ng/g) of rats that
were pre-treated with the disclosed antibodies at the same
doses.

[0032] FIGS. 3A and 3B show the results from a dose
response study of the exemplary nicotine-binding antibodies
in rats. FIG. 3A shows the serum concentration of nicotine
as a percent of serum levels 1n control rats that were not
treated with antibody. FIG. 3B shows the concentration of
nicotine 1n the brain as a percent of brain levels 1n control
rats that were not treated with antibody.

[0033] FIGS. 4A and 4B shows the impact of multiple
doses of nicotine—simulating a heavy smoker—after pre-
treatment with disclosed nicotine-binding antibodies. When
pretreated with 8D1-1g(G4, rats showed an increase 1n serum
nicotine levels after 5 nicotine doses (FIG. 4A) and a
decrease 1n brain nicotine levels (FIG. 4B).

[0034] FIG. 5 shows that treatment with disclosed nico-
tine-binding antibodies reduces nicotine self-administration
in rats. When rats were treated with 8D1-1gG4 the mean
(£SEM) number of self-administered infusions during the
last three sessions before (Baseline) was signmificantly higher
than the number of infusions during antibody treatment at
cach unit nicotine dose.

[0035] FIG. 6 shows the single dose pharmacokinetics of
8D1-1gG4 1n rats when administered at a dose of 20 mg/kg.

[0036] FIG. 7 shows the pharmacokinetics of repeated
dosing of 8D1-1gG4 1n rats over an extended period of time.
Rats were administered a 40 mg/kg dose once per week for
4 weeks.

DETAILED DESCRIPTION

[0037] Described herein are nicotine-binding antibodies,
compositions comprising the antibodies, and methods using
them, including for treating nicotine addiction and facilitat-
ing nicotine cessation (e.g., smoking cessation) and treating
nicotine toxicity, including nicotine poisoning and nicotine
overdose.

I. Definitions

[0038] As used in the description of the mnvention and the
appended claims, the singular forms “a”, “an” and *“the” are
used interchangeably and intended to include the plural
forms as well and fall within each meaning, unless the
context clearly indicates otherwise. Also, as used herein,
“and/or” refers to and encompasses any and all possible
combinations of one or more of the listed items, as well as
the lack of combinations when interpreted in the alternative
(“or”).

[0039] As used herein, the term “about” will be under-
stood by persons of ordinary skill 1n the art and will vary to
some extent depending upon the context 1n which 1t 1s used.

If there are uses of the term which are not clear to persons
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of ordinary skill in the art given the context in which 1t 1s
used, “about” will mean up to plus or minus 10% of the
particular term.

[0040] As used herein, the phrases “therapeutically eflec-
tive amount” and “therapeutic level” mean that drug dosage
or plasma concentration 1n a subject that provides the
specific pharmacological eflect for which the drug 1s admin-
istered 1n a subject 1n need of such treatment, 1.¢. to reduce,
ameliorate, or eliminate the symptoms or eflects of nicotine
poisoning or nicotine overdose, and/or treat nicotine addic-
tion and/or facilitate smoking cessation. It 1s emphasized
that a therapeutically eflective amount or therapeutic level of
a drug will not always be eflective 1n treating the conditions
described herein, even though such dosage 1s deemed to be
a therapeutically effective amount by those of skill 1n the art.
For convenience only, exemplary dosages, drug delivery
amounts, therapeutically eflective amounts, and therapeutic
levels are provided below. Those skilled 1n the art can adjust
such amounts in accordance with standard practices as
needed to treat a specific subject and/or condition. The
therapeutically eflective amount may vary based on the
route of administration and dosage form, the age and weight
of the subject, and/or the subject’s condition, including the
amount of nicotine ingested and/or the subject’s plasma
levels of nicotine at the time of treatment and/or the amount
ol nicotine localized in the brain at the time of treatment.

[0041] The terms “treatment” or “treating” as used herein
with reference to nicotine toxicity, nicotine poisoning, and
nicotine overdose refer to reducing, ameliorating or elimi-
nating one or more symptoms or effects of nicotine and/or
reducing the subject’s plasma levels of nicotine and/or
reducing the amount of nicotine localized in specific tissues
of the subject (e.g., brain/central nervous system, heart and
vasculature, etc.).

[0042] Alternatively, the terms “treatment” or “treating”
as used herein with reference to nicotine addiction or
smoking cessation refers to one or more of: reducing,
ameliorating or eliminating one or more symptoms or effects
ol nicotine withdrawal; reducing the daily number of ciga-
rettes or the daily amount of nicotine consumed by a subject;
and/or reducing the subject’s plasma levels of nicotine
and/or reducing the amount of nicotine localized in specific
tissues of the subject (e.g., brain/central nervous system,
heart and vasculature, etc.).

[0043] The terms “individual,” “subject,” and “patient™
are used interchangeably herein, and refer to any individual
mammal subject, e.g., bovine, canine, feline, equine, or
human.

[0044] As used herein, “child” refers to a human subject
from O through about 18 years of age. A child can be a
subject that begins a course of treatment prior to turning
about 18 years of age, even 11 the subject continues treatment
beyond 18 years of age.

II. Nicotine, Addiction, and Toxicity

[0045] Nicotine 1s a nitrogen-containing chemical made
by several types of plants including tobacco and other
members of the nightshade family. When humans, mammals
and most other types of animals are exposed to nicotine, 1t
increases their heart rate, heart muscle oxygen consumption
rate, and heart stroke volume. The consumption of nicotine
1s also linked to raised alertness, euphoria, and a sensation
of being relaxed. However, nicotine 1s highly addictive.
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[0046] By binding to nicotinic acetylcholine receptors 1n
the brain, nicotine elicits 1ts psychoactive eflects and
increases the levels of several neurotransmitters 1 various
brain structures. Nicotine has a higher athnity for nicotinic
receptors in the brain than those 1n skeletal muscle, though
at toxic doses 1t can induce conftractions and respiratory
paralysis. Nicotine’s selectivity 1s thought to be due to a
particular amino acid diflerence on these receptor subtypes.
The structure of nicotine 1s shown 1n Formula I below.

Formula I

[0047] People who regularly consume nicotine and then
suddenly stop experience withdrawal symptoms, which may
include cravings, a sense of emptiness, anxiety, depression,
moodiness, 1rritability, and inattentiveness. The American
Heart Association says that nicotine (from smoking tobacco)
1s one of the hardest substances to quit, at least as hard as
heroin.

[0048] The methods described herein useful in treating
nicotine addiction and/or facilitating smoking cessation (or
the cessation of use of other tobacco or nicotine products) in
a mammalian subject 1n need thereof, use nicotine-binding
antibodies, which bind nicotine and prevent 1t from inter-
acting with nicotinic acetylcholine receptors.

[0049] Nicotine poisoning or nicotine overdose can occur
when an individual consumes loose tobacco, cigarettes,
nicotine gum, patches, or the “e-liquid” of electronic ciga-
rettes (e.g., the nicotine-containing liquid that i1s used in
clectronic cigarettes and other vaporizing devices). Indeed,
a recent study showed that the incidence of nicotine poi-

soning irom exposure to e-cigarettes increased 1492.9%
between January 2012 and April 2015 (Kamboj et al. PEDI-

ATRICS 137(6): €20160041 (2016)). Although exposure can
occur through inhalation of tobacco smoke (either primary
or second hand), nicotine poisoning or nicotine overdose
more commonly results when a subject (typically a child)
ingests nicotine, for example by chewing or ingesting nico-
tine gum, igesting cigarettes or other tobacco leaf products,
ingesting nicotine patches, or ingesting e-liquid. Addition-
ally, nicotine can be dermally absorbed, and therefore nico-
tine poisoning can result from toxic levels of micotine
coming 1nto direct contact with the skin.

[0050] Nicotine poisoning can produce neurological
symptoms (convulsions, coma, depression, confusion, faint-
ing, headache), cardiovascular symptoms (rapid heartbeat,
high blood pressure), respiratory symptoms (difficulty
breathing, rapid breathing), gastrointestinal symptoms (in-
creased salivation, abdominal cramps, vomiting), and mus-
culoskeletal symptoms (Muscular twitching, weakness), as
well as death.

[0051] The methods described herein for treating nicotine
toxicity, including nicotine poisoning and nicotine overdose,
use an antibody that binds nicotine, thereby sequestering it
and preventing the nicotine from binding a cognate receptor
or crossing the blood-brain barrier. In some embodiments, a
pharmaceutical composition comprising such an antibody 1s
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administered 1n a therapeutically eflective amount, such as
an amount eflective to reduce plasma levels of nicotine
and/or to reduce levels of nicotine localized 1n the brain.

III. Nicotine-Binding Antibodies

[0052] In some embodiments, the disclosed methods com-
prise administering to a mammalian subject 1n need thereof
a therapeutically eflective amount of a nicotine-binding
antibody, a nicotine-binding fragment thereof, a related
construct capable of binding nicotine, or a pharmaceutical
composition comprising the same. For convenience, these
agents are referred to collectively herein as “nicotine-bind-
ing antibodies.”

[0053] Anti-nicotine antibodies have been previously
developed, primarnly for the purpose of facilitating smoking
cessation. See, e.g., WO 2002/058635; WO 2000/032239;
WO 2003/082329; U.S. Patent Application Publication
2006/111271; U.S. Pat. Nos. 8,344,111; 8,232,072; 6,232,
082; 7,547,712; 7,446,205; and Carrera et al., “Investiga-
tions using immunization to attenuate the psychoactive
cllects of micotine,” Bioorg Med Chem 12(3):563-70 (2004).
These patents, applications, and non-patent literature are
incorporated by reference herein to the extent that they relate
to anti-nicotine antibodies and related constructs including
nicotine-binding antibody fragments. However, the antibod-
1ies disclosed herein are novel, and may be used not only for
facilitating smoking cessation, but also for treating nicotine
toxicity.

[0054] Nicotine 1s a small, haptenic molecule and typi-
cally 1s coupled to an immunogenic carrier, such as an
immunogenic protein, to elicit an immune response and
induce the production of nicotine-binding antibodies. Gen-

eral techniques for making antibodies can be employed. See,
¢.g., Kohler and Milstein, Fur J. Immunol., 5. 511-319

(1976); Harlow and Lane (eds.), ANTIBODIES: A LABO-
RATORY MANUAL, CSH Press (1988); C. A. Janeway et
al. (eds.), IMMUNOBIOLOGY, 5th Ed., Garland Publish-
ing, New York, N.Y. (2001).

[0055] Anti-nicotine antibodies useful i the methods
described herein can be obtained by any means, imncluding
via 1n vitro sources (€.g., a hybridoma or a cell line produc-
ing an antibody recombinantly) and in vivo sources (e.g.,
rodents, rabbits, humans, etc.). Human, partially humamzed,
fully humanized, and chimeric antibodies can be made by
methods known 1n the art, such as using a transgenic animal
(e.g., a mouse) wherein one or more endogenous ImMmMunNo-
globulin genes are replaced with one or more human 1mmu-
noglobulin genes. Examples of transgenic mice wherein
endogenous antibody genes are ellectively replaced with

human antibody genes include, but are not limited to, the
HUMAB-MOUSE™, the Kirin TC MOUSE™, and the

KM-MOUSE™ (see, e.g., Lonberg, Nat. Biotechnol., 23(9):
1117-25 (2005), and Lonberg, Handb. Exp. Pharmacol., 181:
69-97 (2008)).

[0056] Nicotine-binding antibodies used in the methods
disclosed herein generally will be monoclonal and/or recom-
binant. Monoclonal antibodies (mAbs) may obtained by
methods known 1n the art, for example, by fusing antibody-
producing cells with 1mmortalized cells to obtain a
hybridoma, and/or by generating mAbs from mRNA
extracted from bone marrow, B cells, and/or spleen cells of
immunized animals using combinatorial antibody library
technology and/or by 1solating monoclonal antibodies from
serum from subjects immunized with a nicotine antigen.
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Recombinant antibodies may be obtamned by methods
known 1n the art, for example, using phage display tech-

nologies, yeast surface display technologies (Chao et al.,
Nat. Protoc., 1(2): 755-68 (2006)), mammalian cell surface

display technologies (Beerli et al., PNAS, 103(38): 14336-
41 (2008), and/or expressing or co-expressing antibody
polypeptides. Other techniques for making antibodies are
known 1n the art, and can be used to obtain antibodies used
in the methods described herein.

[0057] Typically, an antibody consists of four polypep-
tides: two 1dentical copies of a heavy (H) chain polypeptide
and two copies of a light (L) chain polypeptide. Typically,
cach heavy chain contains one N-terminal variable (V)
region and three C-terminal constant (C,1 C,2 and C,3)
regions, and each light chain contains one N-terminal vari-
able (V) region and one C-terminal constant (C;) region.
The vaniable regions of each pair of light and heavy chains
form the antigen binding site of an antibody.

[0058] The terms “antibody fragment”™ and “nicotine-bind-
ing fragment,” as used herein, refer to one or more portions
of a nicotine-binding antibody that exhibits the ability to
bind nicotine. Examples of binding fragments include (1)
Fab fragments (monovalent fragments consisting of the V,,
V., C; and C,,, domains); (11) F(ab")2 fragments (bivalent
fragment comprising two Fab fragments linked by a disul-
fide bridge at the hinge region); (111) Fd fragments (com-
prising the V. and C,,, domains); (1v) Fv fragments (com-
prising the V, and V,, domains of a single arm of an
antibody), (v) dAb fragments (comprising a V., domain);
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and (vi1) 1solated complementarity determining regions
(CDR), e.g., V,,CDR3. Other examples include single chain

Fv (scFv) constructs. See e.g., Bird et al., Science, 242:423-
26 (1988); Huston et al., Proc. Natl. Acad. Sci. USA,

85:5879-83 (1988). Other examples include nicotine-bind-
ing domain immunoglobulin fusion proteins comprising (1)
a nicotine-binding domain polypeptide (such as a heavy
chain variable region, a light chain variable region, or a
heavy chain variable region fused to a light chain variable
region via a linker peptide) fused to an immunoglobulin
hinge region polypeptide, (11) an immunoglobulin heavy
chain C,,, constant region fused to the hinge region, and (111)
an immunoglobulin heavy chain C,,; constant region fused
to the C,,, constant region, where the hinge region may be
modified by replacing one or more cysteine residues with,

for example, serine residues, to prevent dimerization. See,
e.g., U.S. Patent Application 2003/0118592; U.S. Patent

Application U.S. 2003/0133939.

[0059] Insome embodiments, a nicotine-binding antibody
as disclosed herein 1s a human IgG1l antibody or a human
IgG4 antibody. In some embodiments, the nicotine-binding
antibody 1s mammalian, human, humanized, or chimeric.
[0060] In some embodiments, nicotine-binding antibodies
as disclosed herein comprise one or more mutations that
make the antibody more suitable 1n a therapeutic context.
[0061] Heavy and light chain sequences of exemplary
novel IgG1 nicotine-binding antibodies are disclosed in
Table 1 below. Heavy and light chain sequences of exem-
plary novel IgG4 nicotine-binding antibodies are disclosed

in Table 2 below.

TABLE 1

Heavy and Light Chain Sequences of IgGl Nicotine-Binding Antibodies

Antibody
Chain

Amino Acid Sequence

SEQ
ID NO:

8D1 QVRLOESGPGLVKPSGTLSLTCAVSGGSIYSSNWWITWVROQPPGKGLE 1

Heavy

WVGEIHIRGTTYYNPSLNSRVTISLDKSNNOVSLRLTSVTAADSAVY

YCVSQEVGGPDLWGOGTLVTVSSASTKGPSVEPLAPSSKSTSGGTAAL
GCLVKDYFPEPVIVSWNSGALTSGVHITFPAVLOSSGLYSLSSWITVRPSSSLG

TOTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVELEP

PKPKDTEMISRTPEVICVWVDVSHEDPEVKENWYVDGVEVHNAKTKPRE

EQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPR

EPOQVYTLPPSRDELTKNOQVSLTCLVKGEFYPSDIAVEWESNGOPENNYKTTPE

PVLDSDGSFFLYSKLTVDKSRWOOCGNVESCSVMHEALHNHY TOQRKSLSLSP

GK

8D1 NEFMLTOQPHSVSESPGKTVTISCTRSGGSIATYYVOWYQORPGSAPTN 2

Light

VIYRKYDORPSGVPDRESGSIDSSSNSASLTISGLKTEDEADYYCQSYDN

NIQVEGGGYKLYVLGQOPKAAPSVILFPPSSEELOANKATLVCLISDEY PG

AVIVAWKADGS PVKAGVETTKPSKOSNNKYAASSY LS LTPEQOWKSHRS YSC

OVIHEGSTVEKTVAPTECS

12F5 QLOLOESGPGLVKPSETLSLICTVSGGSIRKNNEWWAWI ROAPGKGL 3

Heavy

EWIGSLSYTGRTVYNPSLKSRVTISTDTSETQEFSLKVNSVTAADTAVY

YCARLSPFVGAAWWFDPWGOGTLVITVSSASTKGPSVEPLAPSSKSTS

GGTAALGCLVEKDYFPEPVIVSWNSGALTSGVHTFPAVLOSSGLYSLSSWT

VESSSLGIOTYICUNVNHKPSNTKVDKKVEPKSCDKTHICPPCPAPELLGG

PSVFPLEFPPKPKDTEMISRTPEVTCVWVDVSHEDPEVKENWYVDGVEVHNA

KITKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISK

AKGOPREPOVYTLPPSRDELTEKNQVSLTCLVKGFYPSDIAVEWESNGOPE

NNYKTTPPVLDSDGSFEFLYSKLTVDKSRWOOCGNVESCSVMEEALANHY T

ORSLSLSPGK

12Fb5 EVVLTQSPGTLSLSPGERATLSCRASQSVSSRY LAWY QQKPGQAPRL 4

Light

LIYGASSRAIGTPDRESGSGSGTIDETLTISRLEPEDEFAVYYCOOYAYSP

PAITYGGGYKVEIKRIVAAPSVEFIFPPSDEQLKSGTASVVCLLNNEFYPREA

KVOWKVDNALOSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYAC

EVITHOGLSS PVTKSEFNRGEC
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TABLE 1-continued

Heavy and Light Chain Sequencesg of IgGl Nicotine-Binding Antibodies

Antibody SEQ
Chain Amino Acid Sequence ID NO:
TA8 QLOLOESGPGLLKPSETLSLTCTVSGGSVI TS PDWWAWLROQSPGKGL 5

Heavy

TAS
Light

5D1
Heavy

5D1
Light

5G4

Heavy

5G4
Light

5H1
Heavy

5H1
Light

1524
Heavy

EWIGSVSYTGRTVYNPSLKSRVTISLDTSKNHLSLRMTSATAADTAVE
YCARLTPIDRFSADYYVLDIWGOQGATVITVSSASTKGPSVEFPLAPSSKST
SGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLOSSGLYSLSSW
TVEPSSSLEGTOTYTONVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLG
GPSVEFLEFPPKPKDTEMISRTPEVICVVVDVSHEDPEVKENWYVDGVEVHN
AKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTIS
KAKGQPREPOVYTLPPSRDELTEKNQVSLTCLVKGFYPSDIAVEWESNGQP
ENNYKTTPPVLDSDGSEFFLYSKLTVDEKSRWOOCGNVESCSVMHEALANHY T
ORSLSLSPGK

EIVMTOQSPATLSVSPGERATLSCRASQS ISSNLAWFOQHKPGOAPRLLIFE
RSSTRATGTPPREFSGSGSGTEFTLTISSLOSEDFAVYFCQHYSYWPPL I
TYGGGYYAPEAKRTVAAPSVEIFPPSDEQLKSGTASVVCLLNNEYPREAKVO
WKVDNALQSGNSQESVITEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTH
OGLSSPVIKSENRGEC

QLOLRESGPGLVKPSETLSLTCSVSGGSISSSSYYWGWIRQPPGKGLE
WIGSIYYTGRTYYNPSLESRVTISVDTSKNQESLKLSSVTAADTAVYY
CAGLHYSWSALGGYYFYGMDVWGOGTTVITVSSASTKGPSVEPLAPS
SKSTSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLOSSGLYSL
SSWIVPSSSLGTOTYICNVNHRKPSNTRKVDKKVEPKSCDKTHTCPPCPAPE
LLGGPSVFLEFPPKPKDTLMISRTPEVTICVVVDVSHEDPEVKENWYVDGVE
VHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY KCKVSNKALPAPIE
KITISKAKGOPREPOVYTLPPSRDELTEKNOVSLTCLVKGEYPSDIAVEWESN
GOPENNYKTTPPVLDSDGSFELYSKLTVDKSRWOOCGNVESCSVMHEALH
NHYTQOKSLSLSPGK

EIVLTOQSPGTLSLSPGERATLSCRASQSVSSRDLVWYQOQKPGOQAPRLL T
YGASTRATGIPDRESGSGSGIDEFTLTISRLEPEDFAVYYCQRKYGSSPP
RITYGPGYKNDIKRITVAAPSVEFIFPPSDEQLKSGTASVVCLLNNFYPREAK
VOWKVDNALOSGNSQESVIEQDSKDSTYSLSSTLTLSKADYEKHKVYACEV
THOGLSSPVTKSEFNRGEC

QLOLOESGPGLVKPSETLSLTCSVSGGSISSSSYYWGWSROSPGKGLE
WIASIYYSGSTYYNPSLKSRVTIFIDTSKNQESLKLSSVTAADTAIYYC
ARVGTSAMSRAFDMWGOGTMV ITVSSASTKGPSVEPLAPSSKSTSGGET
AALGCLVKDYFPEPVIVSWNSGALTSGVHT FPAVLOSSGLYSLSSWI'VESS
SLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVE
LEPPKPKDTEMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKP
REEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGO
PREPQVYTLPPSRDELTKNQVSLTCLVKGEFYPSDIAVEWESNGOPENNYKT
TPPVLDSDGSFFLYSKLTVDRKSREWOOGNVESCSVMHEALEANHYTQRKSLS L
SPGK

DIVMTQSPLSLPVTPGEPASISCRSSQSLLOSNGYNY LDWY LOKPGQS
POLLIYLGSNRASGVPDRFSGSGSGTDFTLKISKVEAEDVGVYEFCMQ
ALOIPWTEFGOGYKVEIKRTVAAPSVEIFPPSDEQLKSGTASVVCLLNNEY
PREAKVOWKVDNALOSGNSQESVIEQDSKDSTYSLSSTLTLSKADYEKHK
VYACEVTHQGLSS PVTKSEFNRGEC

QVOQLOESGPGLVKPSETLSLTCTVSGGS ISRRNDYWAWIROSPGKDL
EWIGTISFSGSTEFYNPSLKSRVTISADTEFNNHEFSLRLDAVAAADTAVY
YCARLSPEVGAAWWFDPWGPGTLVTVSSASTKGPSVEFPLAPSSKSTSG
GTrAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLOSSGLYSLSSWTV
PSSSLGTOTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGEPS
VELEPPKPKDTLMISRTPEVICVVVDVSHEDPEVEKENWYVDGVEVHNAKT
KPREEQYNSTYRVVSVLITVLHQDWLNGKEYKCKVSNKALPAPTEKTISKAK
GOPREPOVYTLPPSRDELTENQVSLTCLVKGEFYPSDIAVENESNGOPENN
YKTTPPVLDSDGSFFLYSKLTVDRKSRWOOCGNVESCSVMEEALENHYTOKS
LSLSPGK

EIVLTOSPGTLSLSPGERATLSCRASOSLESNYLGWYQOKPGOAPRLLI
YGASNRATGIPDRESGSGSGTDFTLTISRLEPEDEGVYYCQRYGRSPP
AILTFGGGYKVEIKRITVAAPSVEIFPPSDEQLKSGTASVVCLLNNFYPREAK
VOWKVDNALOSGNSQESVIEQDSKDSTYSLSSTLTLSKADYEKHKVYACEV
THOGLSSPVITKSENRGEC

QLOLOESGPGLVKPSETLSLTCTASGGSITNNIDYWVWIRQPPGRGLE
WIGTIYYSGSTEFYNPSLKSRVTISVDTSNNQESLNLNSMSAADTAVYY

CARLRYYYDSNGYLPYWIDSWGOGTLVITVSSASTKGPSVEPLAPSSKS
TSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHTEFPAVLOSSGLYSLSSV

10

11

12

13
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TABLE 1-continued

Heavy and Light Chain Sequences of IgGl Nicotine-Binding Antibodies

Antibody

Chain

1524
Light

2E11
Heavy

2E11
Light

13F7
Heavy

13F7
Light

8H5
Heavy

8Hb
Light

Heavy and light chain complementarity determining reglons

Amino Acid Sequence

VIVPSSSLCGTOTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLG
GPSVFLFPPKPKDTEMISRTPEVICVVVDVSHEDPEVKEFNWYVDGVEVHN

AKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTIS
KAKGOPREPOVYTLPPSRDELTEKNOQVSLTCLVKGEFYPSDIAVEWESNGOP

ENNYKTTPPVLDSDGSFEFLYSKLTVDKSEWOOGNVESCS VMHEALHNHY T

QKSLSLSPGK

EIVLTQSPGTLSLSPGERATLSCRASQSISSSYLGWYQQKPGOQAPRLLI
YGASSRATGIPDRESGSGSGTDFTLTISSLEPEDFAVYFCQLYRRSPPR
LTEFGGGTKVEIKRTVAAPSVEIFPPSDEQLKSGTASVVCLLNNFYPREAKV
OWKVDNALQOSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVT
HOGLSS PVTKSENRGEC

QLOLOESGPGLVKPSESLSLTCTVSGGSIISNDYYWAWIROQSPGKGLE
WIGSINYRGSTEFYSPSLNSRVITSVDTSKNQFFLKLTSVTAADTAMYFE
CTRLHGRYRGVGRLAFDYWGOGTLVIVSSASTRKGPSVEFPLAPSSKST
SGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLOSSGLYSLSSW
TVEPSSSLEGTOTYTIONVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLG
GPSVFLEFPPKPKDTEMISRTPEVICVVVDVSHEDPEVEKENWYVDGVEVHN
AKTKPREEQYNSTYRVVSVLTVLHDDWLNGKEYKCKVSNKALPAPTIEKTIS
KAKGOPREPOVYTLPPSRDELTEKNQVSLTCLVKGEYPSDIAVEWESNGOP
ENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOOGNVESCS VMHEALHNHY T
QKSLSLSPGK

DIOMTQSPSTLSASVGDIVITITCRASQS IGDWLAWYQQKPGKAPKLLI
YRKASNLESGVPSRESGSGSGTREFTLTISSLOSDDEFATYYCQOQYDSYSV
TEFGOQGTKVEIKRTVAAPSVEFIFPPSDEQLKSGTASVVCLLNNEYPREAKVD
WEKVDNALQSGNSQESVITEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTH
OGLSSPVIKSENRGEC

QVOLOEAGPGLVKPSETLSLTCTVSGGS INTRNY YWGWVRQPPGKG
LEWIASVYYTGSTEFYDPSLRSRVTISIDTPRNQESLRVSSVDAGDMGY
YYCVRLDGGYNNGYY YYGMDVWGOGTSVIVSSASTKGPSVEFPLAPS
SKSTSGCGTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLOSSGLYSL
SSWIVPSSSLGTOTYIUNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPE
LLGGPSVEFLEFPPKPKDTLMISRTPEVTICVVVDVSHEDPEVEKENWYVDGVE
VHNAKTKPREEQYNSTYRVVSVLTVLHODDWLNGKEYKCKVSNKALPAPTE
KIISKAKGOPREPOQVYTLPPSRDELTKNQVSLTCLVKGEYPSDIAVEWESN
GOPENNYKTTPPVLDSDGSFELYSKLTVDKSRWOOCGNVESCSVMHEALH
NHYTQOKSLSLSPGK

GVOMTQSPSTLSASVGERVIVTCRASRPISNWLSWYQOQKPGRAPKLL
IYGTSTLESGVPSRESGSGSGTEFTLTITNLQPDDFATYYCQEHNLYTL
TEGPGTKVEIKRTVAAPSVEIFPPSDEQLKSGTASVVCLLNNEFYPREAKVQ
WEKVDNALOSGNSQESVIEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTH
OGLSSPVTKSEFNRGEC

QLOLOESGPGLVKPSETLSLSCAVSGASIRSNTYYWGWIRQPPGRGLE
WIGSISHRGDAHYSPSLKSPVTISVDTSKNEEFSLKATSVTAADTAVYY
CVSLAYSFSWNTYYFYGMDVWGHGITVIVSSASTKGPSVEPLAPSSKS
TSGGTAALGCLVKDYFPEPVTIVSWNSGALTSGVHTEFPAVLOSSGLYSLSSV
VIVPSSSLGTOTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLG
GPSVEFLEFPPRKPKDTEMISRTPEVICVVVDVSHEDPEVEKENWYVDGVEVHN
AKTKPREEQYNSTYRVVSVLTVLHDDWLNGKEYKCKVSNKALPAPTIEKTIS
KAKGOPREPOVYTLPPSRDELTEKNOQVSLTCLVKGEFYPSDIAVEWESNGOP
ENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOOGNVESCS VMHEALHNHY T
OKSLSLSPGK

DIVLTQSPGTLSLSPGEGATLSCRASQSVNSGY LAWY QOKPGOQPPRLL
VEAASSRATGIADRFRGSGSGTDFTLTITRLEPEDEFAVYYCOLYGHSP
ARITFGOGTRLETKRTVAAPSVEFIFPPSDEQLKSGTASVVCLLNNEY PREA
KVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYAC
EVIHQGLSSPVIKSFNRGE(C

CDR annotation was made according to IMGT numbering.
Constant reglong are denoted 1n 1talicized, underlined text.

SEQ
ID NO:

14

15

1o

17

18

19

20

(CDRs) are shown 1n bold, underlined text.
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Heavy and Light Chain Seg

TABLE 2

uencesg of IgG4 Nicotine-Binding Antibodies

Antibody
Chain

Amino Acid Sequence

SEQ
ID NO:

5G4-1gG4
Heavy

5G4-IgG4
Light

TA8-1gG4
Heavy

7A8-IgG4
Light

12F5-19gG4
Heavy

12F5-1g9G4
Light

8D1-IgG4

Heavy

8D1-IgG4

Light

5D1-1IgG4
Heavy

QLOLOESGPGLVKPSETLSLTCSVSGGESISSSSYYWGWSROSPGKGLE
WIASIYYSGSTYYNPSLKSRVTIFIDTSKNQESLKLSSVTAADTAIYYC
ARVGTSAMSRAFDMWGOGTMV IVSSASTKGPSVEPLAPCSRSTSESTA
ALGCLVKDYFPEPVIVSWNSGALTSGVHTEFPAVLOSSGLYSLSSVVTVPSSS
LGTKTYTCONVDHKPSNTKVDKRVESKYGPPCPPCPAPEFLGGPSVELEPP
KPKDTEMISRTPEVICVVVDVSOEDPEVOFNWYVDGVEVHNAKTKPREE
CFNSTYRVVSVLTVLHODWLNGKEYKCKVSNKGLPSSIEKTISKAKGOPRE
POVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQOPENNYKTTPE
PVLDSDGSFFLYSRLETVDKSRWOEGNVESCSVMHEALHNHY TOKSLSLS L
GK

DIVMTQSPLSLPVTPGEPASISCRSSQSLLOSNGYNYLDWYLOQKPGOS
POLLIYLGSNRASGVPDREFSGSGSGTDFTLKISKVEAEDVGVYEFCMQ
ALOIPYWIFGOGYKVEIKRTVAAPSVEIFPPSDEQLKSGTASVVCLLNNEY
PREAKVOWKVDNALQSGNSQESVIEQDSKDSTYSLSSTLTLSKADYEKHK
VYACEVTHQOGLSSPVITKSEFNRGEC

QLOLOESGPGLLKPSETLSLTCTVSGGSVTTSPDWWAWLROSPGKGL
EWIGSVSYTGRTVYNPSLKSRVTISLDTSKNHLSLRMTSATAADTAVE
YCARLTPIDRFSADYYVLDIWGOGATVIVSSASTKGPSVEFPLAPCSRS
TSESTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLOSSGLYSLSSVV
TVEPSSSLGTKTYTONVDHKPSNTKVDRKRVESKYGPPCPPCPAPEFLGGPSV
FLEPPKPKDTEMISRTPEVICVVVDVSQEDPEVOFNWYVDGVEVHNAKT
KPREEQENSTYRVVSVLTVLHODWLNGKEY KCKVSNKGLPSSIEKTISKAK
GOPREPOVYTLPPSQEEMTKNOQVSLTCLVKGFYPSDIAVEWESNGOPENN
YKTTPPVLDSDGSFFLYSRELTVDKSRWOEGNVESCSVMHEALHNREYTQOKS
LSLSLGK

EIVMTQSPATLSVSPGERATLSCRASQS ISSNLAWEFQHKPGOQAPRLLIFE
RSSTRATGTPPRESGSGSGTEFTLTISSLOSEDFAVYFCOHYSYWPPLL
TEFGOQGTRLEIKRTVAAPSVEFIFPPSDEQLKSGTASVVCLLNNFYPREAKVY
WKVDNALOSGNSQESVIEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTH
OGLSSPVTKSEFNRGEC

QLOLOESGPGLVKPSETLSLICTVSGGS IRKNNEWWAWI ROQAPGKGL
EWIGSLSYTGRTVYNPSLKSRVTISTDTSETQFSLKVNSVTAADTAVY
YCARLSPEFVGAAWWFDPWGOQGTLVTVSSASTKGPSVEFPLAPCSRSTS
ESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTV
PSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFLGGPSVEL
FPPKPKDTEMISRTPEVTICVVVDVSQEDPEVOENWY VDGVEVHNAKTKE
REEQFNSTYRVVSVLTVLHQDWLNGKEY KCKVSNKGLPSS I EKTISKAKGY
PREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNY K
I'TPPVLDSDGSFFLYSRLTVDRKSREWOEGNVESCSVMHEALENHYTQOKSLS
LSLGK

EVVLTQSPGTLSLSPGERATLSCRASQSVSSRYLAWYQOQKPGOQAPRL
LIYGASSRAIGTPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQOQYAYSP
PAITHFGGGYKVEIKRTVAAPSVEIFPPSDEQLKSGTASVVCLLNNFYPREA
KVOWKVDNALQOSGNSQESVIEQDSKDSTYSLSSTLTLSKADYEKHKVYAC
EVITHQGLSSPVIKSFNRGE(C

QVRLOESGPGLVKPSGTLSLTCAVSGGES IY SSNWWITWVROQPPGKGLE
WVGEIHIRGTTYYNPSLNSRVTISLDKSNNQVSLRLTSVTAADSAVY
YCVSQEVGGPDLWGOGTLVIVSSASTRGPSVEPLAPCSRSTSESTAALG
CLVKDYFPEPVIVSWNSGALTSGVHTEFPAVLOSSGLYSLSSVVTVPSSSLGT
KI'YTONVDHKPSNTKVDEKRVESKYGPPCPPCPAPEFLGGPSVELEPPKEPK
DILMISRTPEVICVVVDVSQEDPEVOFNWYVDGVEVEANAKTKPREEQEN
STYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSS I EKTISKAKGQOPREPQV
YTLPPSQOEEMTEKNQVSLTCLVKGEYPSDIAVEWESNGOPENNYKTTPPVL
DSDGSEFFLYSRLTVDKSRWOEGNVESCSVMEEALANHYTORKSLSLSLGK

NFMLTOQPHSVSESPGKTVTISCTRSGGSIATYYVOWYQORPGSAPTN
VIYRYDORPSGVPDRESGSIDSSSNSASLTISGLKTEDEADYYCQOSYDN
NIQVEGGGTKLTVLGOPKAAPSVILEPPSSERLOANKATLVCLISDEYPG
AVIVAWKADGSPVKAGVETTKPSKOSNNKYAASSYLSLTPEQWKSHRSYSC
OVITHEGSTVERKTVAPTECS

QLOLRESGPGLVKPSETLSLTCSVSGGESISSSSYYWGWIRQPPGKGLE
WIGSIYYTGRTYYNPSLESRVTISVDTSKNQESLKLSSVTAADTAVYY
CAGLHYSWSALGGYYFYGMDVWGOGTTVIVSSASTKGPSVEPLAPC

SRSTSESTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLOSSGLYSLS
SVVITVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFRLGG

21

22

23

24

25

26

277

28

29
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Heavy and Light Chain Seg

TABLE 2-continued

uencesg of IgG4 Nicotine-Binding Antibodies

Antibody
Chain

Amino Acid Sequence

SEQ
ID NO:

5D1-IgG4
Light

S5H1-IgG4
Heavy

5H1-IgG4
Light

1524 -1gG4
Heavy

1524 -1g9G4
Light

2E11-1gG4
Heavy

2E11-1gG4
Light

13F7-1gG4
Heavy

PSVELEPPKPKDTLMISRTPEVICVVVDVSQOEDPEVOFNWYVDGVEVHNA
KITKPREEQEFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISK
AKGOPREPOVYTLPPSQEEMTENOQVSLTCLVKGEYPSDIAVEWESNGOPE
NNYKTTPPVLDSDGSFFLYSRLTVDEKSRWOEGNVESCSVMAHEALANRYTQ
KSLSLSLGK

EIVLTOSPGTLSLSPGERATLSCRASQSVSSRDLVWYQQKPGOQAPRLLIT
YGASTRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQRKYGSSPP
RITFGPGTKVDIKRTVAAPSVEFIFPPSDEQLKSGTASVVCLLNNEYPREAK
VOWKVDNALOSGNSQESVTIEQDS KDSTYSLSSTLTLSKADYEKHKVYACEV
THOGLSSPVTKSEFNRGEC

QVOLOESGPGLVKPSETLSLTCTVSGGSISRRNDYWAWIROQSPGKDL
EWIGTISFSGSTEFYNPSLKSRVTISADTEFNNHEFSLRLDAVAAADTAVY
YCARLSPEFVGAAWWFDPWGPGTLVTVSSASTKGPSVFPLAPCSRSTSE
STAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVP
SSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPERLGGEPSVELE
PPKPRKDTLMISRTPEVICVVVDVSQEDPEVOFNWYVDGVEVHNAKTKER
EEQFNSTYRVVSVLTVLHDDWLNGKEYKCKVSNKGLPSSTERKTISKAKGOP
REPOVYTLPPSQEEMTKNQVSLTCLVKGEFYPSDIAVEWESNGOQPENNYKT
TPPVLDSDGSFFLYSRLTVDKSRWOEGNVESCSVMHEALHANHY TOKS LS L
SLGK

EIVLTOSPGTLSLSPGERATLSCRASQOSLSSNYLGWYQQKPGQAPRLLIT
YGASNRATGIPDRESGSGSGTDFTLTISRLEPEDEFGVYYCQRYGRSPP
AITYGGGTKVEIKRTVAAPSVEFIFPPSDEQLKSGTASVVCLLNNEYPREAK
VOWKVDNALOSGNSQESVIEQDSKDSTYSLSSTLTLSKADYREKHKVYACEV
THOGLSSPVIKSENRGEC

QLOLOESGPGLVKPSETLSLTCTASGGSITNNIDYWVWIRQPPGRGLE
WIGTIYYSGSTEFYNPSLKSRVTISVDTSNNQESLNLNSMSAADTAVYY
CARLRYYYDSNGYLPYWIDSWGOGTLVIVSSASTKGPSVEPLAPCSKE
STSESTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLOSSGLYSLSSV
VIVPSSSLGTRKTYTUNVDHKPSNTKVDKRVESKYGPPCPPCPAPERFLGGPS
VELEPPKPRDTEMISRTPEVICVVVDVSQEDPEVOFNWYVDGVEVHNAKT
KPREEQFNSTYRVVSVLITVLHQDWLNGKEYKCKVSNKGLPSSTIEKTISKAK
GOPREPOVYTLPPSQEEMTENQVSLTCLVKGEYPSDIAVENESNGOPENN
YKTTPPVLDSDGSFFLYSRLTVDREKSREWOEGNVESCSVMHEALHANHYTQOKS
LSLSLGK

EIVLTOSPGTLSLSPGERATLSCRASOSISSSYLGWYQOKPGOAPRLILI
YGASSRATGIPDREFSGSGSGTDFTLTISSLEPEDFAVYFCQLYRRSPPR
LTFGGGGTKVEIKRTIVAAPSVEIFPPSDEQLKSGTASVVCLLNNEYPREAKV
OWKVDNALOSGNSQOESVTEQDSKDS TYSLSSTLTLSKADYEKHKVYACEVT
HOGLSSPVITKSENRGEC

QLOLOESGPGLVKPSESLSLTCTVSGGSIISNDY YWAWIRQOSPGKGLE
WIGSINYRGSTEFYSPSLNSRVITTSVDTSKNQFFLKLTSVTAADTAMYFE
CTRLHGRYRGVGRLAFDYWGOGTLVIVSSASTKGPSVEPLAPCSRST
SESTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVT
VEPSSSLGTRKTYTONVDHKPSNTKVDEKRVESKYGPPCPPCPAPEFLGGPSV
FLEPPKPKDTEMISRTPEVICVVVDVSOQEDPEVOEFNWY VDGVEVHNAKT
KPREEQFNSTYRVVSVLTVLHODWLNGKEYKCKVSNKGLPSSTEKTISKAK
GOPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGOPENN
YKTTPPVLDSDGSFFLYSRLTVDKSRWOEGNVESCSVMHEALHNEYTQOKS
LSLSLGK

DIOMTQSPSTLSASVGDIVTITCRASQS IGDWLAWYQOKPGKAPKLLI
YRKASNLESGVPSRESGSGSGTEFTLTISSLOSDDEFATYYCQQYDSYSV
THFGOGTKVEIKGTVAAPSVEIFPPSDEQLKSGTASVVCLLNNFYPREAKVQ
WKVDNALOSGNSQESVIEQDSKDSTYSLSSTLTLSKADYEKAHKVYACEVTH
OGLSSPVIKSENRGEC

QVOLOEAGPGLVKPSETLSLTCTVSGGSINTRNY YWGWVRQPPGKG
LEWIASVYYTGSTEFYDPSLRSRVTISIDTPRNQESLRVSSVDAGDMGY
YYCVRLDGGYNNGYYYYGMDVWGOGTSVITVSSASTKGPSVFPLAP
CSRSTSESTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLOSSGLYSL
SSWIVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPERLG
GPSVFLEFPPKPKDTLMISRTPEVICVVVDVSQEDPEVOFNWYVDGVEVHN
AKTKPREEQFNSTYRVVSVLTVLHDDWLNGRKEYKCKVSNKGLPSSITEKTIS

KAKGOPREPOVYTLPPSQOEEMTENQVSLTCLVKGEYPSDIAVEWESNGOP
ENNYKTTPPVLDSDGSEFEFLYSRLTVDKSRWOEGNVESCSVMAEALANHYT
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TABLE 2-continued

Mar. 23, 2023

Heavy and Light Chain Sequences of IgG4 Nicotine-Binding Antibodies

Antibody

Chain Amino Acid Sequence

OKSLSLSLGK

13F7-1gG4
Light

SEQ
ID NO:

GVOMTQSPSTLSASVGERVIVTCRASRPISNWLSWYQOKPGRAPKLL 38
IYGTSTLESGVPSRESGSGSGTEFTLTITNLOPDDEFATYYCQEHANLYTI

THFGPGTKVEIKRTVAAPSVEIFPPSDEQLKSGTASVVCLLNNEFYPREAKVQ

WKVDNALOSGNSQESVIEQDSKDSTYSLSSTLTLSKADYEKAHKVYACEVTH

OGLSSPVTKSEFNRGEC

8H5-IgG4
Heavy

QLOLOESGPGLVKPSETLSLSCAVSGASIRENTYYWGWIROPPGRGLE 39
WIGSISHRGDAHYSPSLKSPVTISVDTSKNEEFSLKATSVTAADTAVYY

CVSLAYSFSWNTYYFYGMDVWGHGI TVITVSSASTKGPSVEPLAPCSKR

STSESTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLOSSGLYSLSSV

VIVESSSLGTKTYTUONVDHKPSNTKVDKRVESKYGPPCPPCPAPEEFLGGPS

VELEPPRKPRKDTEMISRTPEVICVVVDVSQEDPEVOEFNWYVDGVEVHNAKT

KPREEQFNSTYRVVSVLTVLHOQDWLNGKEYKCKVSNKGLPSSTIEKTISKAK

GOPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGOPENN

YKTTPPVLDSDGSEFFLYSRLTVDKSRWOEGNVESCSVMHEALANHYTQKS

LSLSLGK

8H5- IgG4
Light

DIVLTQSPGTLSLSPGEGATLSCRASQSVNSGYLAWYQOKPGQPPRLL 40
VEAASSRATGIADREFRGSGSGTDFTLTITRLEPEDEFAVYYCQLYGHSP

ARITFGOGTRLETKRIVAAPSVEIFPPSDEQLKSGTASVVCLLNNEYPREA

KVOWKVDNALQSGNSQESVIEQDSKDSTYSLSSTLTLSKADYERKHKVYAC

EVIHOGLSSPVIKSFNRGEC

Heavy and light chalin complementarity determining regilons (CDRe) are shown 1n bold, underlined text.

CDR annotation was made according to IMGT numbering.
Constant reglions are denoted 1n 1talicized, underlined text.

[0062] Also encompassed by the present disclosure are
nicotine-binding antibodies and nicotine-binding fragments
thereof comprising the same CDR sequences and/or the
same framework region sequences and/or the same variable
region sequences as one or more of the novel antibodies
disclosed 1n Tables 1 and 2. In this regard, although the novel
nicotine-binding antibodies disclosed 1n Tables 1 and 2 are
IgG1l and IgG4 antibodies, respectively, other nicotine-
binding antibodies within the scope of this disclosure may
be 1gG2, 1gG3, IgAl, IgA2, IgE, IgH, or IgM, for example.
[0063] Human immunoglobulin IgG4 antibodies are good
candidates for antibody-based therapy when, as here,
reduced eflector functions are desirable. However, 1gG4
antibodies are dynamic molecules able to undergo a process
known as Fab arm exchange (FAE). See, e.g., Labrijn et al.,

Therapeutic IgG4 antibodies engage in Fab-arm exchange
with endogenous human IgG4 in vivo, NATURE BIOTECH

2°7(8): 767-71 (2009). This results in functionally monova-
lent, bispecific antibodies (bsAbs) with unknown specificity
and hence, potentially, reduced therapeutic etlicacy. FAE can
be prevented by introducing a S228P mutation into the hinge
region of the antibody. Thus, i some embodiments, a
nicotine-binding antibody as disclosed herein comprises a
S228P substitution. The novel antibodies disclosed 1n Table
2 comprise such a S228P substitution. In other embodi-
ments, a nicotine-binding antibody as disclosed herein does
not comprise a S228P substitution.

[0064] In some embodiments, a nicotine-binding antibody
as disclosed herein comprises one or more additional or
alternative substitutions, insertions, or deletions beyond the
alorementioned S228P substitution. For example, 1n some
embodiments, a nicotine-binding antibody of the present

disclosure comprises heavy and light chains with at least
about 85%., about 86%, about 87%, about 88%, about 89%,

about 90%, about 91%, about 92%, about 93%, about 94%,

about 95%., about 96%, about 97%, about 98%, about 99%,
or about 100% 1dentity to one or more of the heavy and light
chain sequences disclosed i Tables 1 and 2, respectively. In
some embodiments, a nicotine-binding antibody of the pres-
ent disclosure comprises heavy and light chains with at least
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% 1dentity to one or more
of the heavy and light chain sequences disclosed in Tables
1 and 2, respectively.

[0065] In some embodiments, the antibodies disclosed
herein bind nicotine with a high aflinity. As shown in Table
3 below, the novel antibodies of Tables 1 and 2 can bind to
free S-nicotine with a K, 1in the nanomolar range. The K,
values reported below were determined by Surface Plasmon
Resonance Biosensor. Other methodology for determining

binding aflinity also can be used, such as equilibrium
dialysis.
TABLE 3
Nicotine Binding Affinity

Antibody K, (nM) (S-Nicotine; 25° C.)

8D1 5

12F5 29

7AR 30

5D1 30

5G4 31

5HI 37

15A4 40

2E11 61

13F7 62
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TABLE 3-continued

Nicotine Binding Affinity

Antibody Ky (nM) (S-Nicotine; 25° C.)
8HS 67
5G4 1gG4 31
7AR 1gG4 30
12F5 1gG4 20
8D1 [gG4 5

[0066] Thus, in some embodiments, the nicotine-binding
antibodies or fragments thereof disclosed herein have a K,
of less than 100 nM. For example, 1n some embodiment, the
nicotine-binding antibodies or fragments thereof have a K,
for nicotine of less than about 1.5x1077, less than about
1.0x1077, less than about 0.5x1077, less than about 9.5x10"
s, less than about 9.0x107°, less than about 8.5x107°, less
than about 8.0x107%, less than about 7.5x107%, less than
about 7.0x107°, less than about 6.5x107°, less than about
6.0x107%, less than about 5.5x107°, less than about 5.0x10"
s, less than about 4.5x107°, less than about 4.0x107°, less
than about 3.5x107%, less than about 3.0x107%, less than
about 2.5x107%, less than about 2.0x107%, less than about
1.5%107%, less than about 1.0x107%, less than about 0.5x10™
s, less than about 9.5x107°, less than about 9.0x107°, less
than about 8.5x107°, less than about 8.0x107", less than
about 7.5x1077, less than about 7.0x107°, less than about
6.5x107°, less than about 6.0x107°, less than about 5.5x10"
o, less than about 5.0x1077, less than about 4.5x1077, less
than about 4.0x107", less than about 3.5x107", less than
about 3.0x1077, less than about 2.5x107°, less than about
2.0x1077, less than about 1.5x107°, less than about 1.0x10"
o, less than about 0.5x1077, less than about 9.5x107'°, less
than about 9.0x107'°, less than about 8.5x107'°, or less than
about 8.0x107'° M. In some embodiment, the nicotine-
binding antibodies or fragments therecof have a K, for
nicotine of less than 1.5x1077, less than 1.0x107", less than

0.5x1077, less than 9.5x107%, less than 9.0x107%, less than
8.5x107%, less than 8.0x107%, less than 7.5x107%, less than
7.0x107°, less than 6.5x107%, less than 6.0x107%, less than
5.5%x107%, less than 5.0x107%, less than 4.5x107%, less than
4.0x107%, less than 3.5x107°, less than 3.0x107%, less than
2.5x107%, less than 2.0x107%, less than 1.5x107%, less than
1.0x107°, less than 0.5x107°, less than 9.5x1077, less than
9.0x107°, less than 8.5x1077, less than 8.0x107", less than
7.5x107°, less than 7.0x1077, less than 6.5x1077, less than
6.0x107°, less than 5.5x1077, less than 5.0x107°, less than
4.5%x1077, less than 4.0x107", less than 3.5x1077, less than
3.0x1077, less than 2.5x1077, less than 2.0x1077, less than
1.5x1077, less than 1.0x107°, less than 0.5x107°, less than
9.5x107'°, less than 9.0x107'°, less than 8.5x107'°, or less
than 8.0x107'° M.

[0067] In some embodiments, the disclosed nicotine-bind-
ing antibodies or fragments thereol have a K, for nicotine
between 100 nM and 0.01 nM, between 90 nM and 0.05 nM,
between 80 nM and 0.1 nM, between 70 nM and 0.5 nM,
between 70 nM and 1.0 nM, between 60 nM and 30 nM, or
any value 1n between. For example, 1n some embodiments,
the disclosed micotine-binding antibodies or fragments

11
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thereof have a K, for micotine of less than 100 nM, less than
60 nM, less than 30 nM, less than 10 nM, less than 5 nM.,
or less than 1 nM.

[0068] Nicotine has two enantiomers: S-(-)-nicotine and
R-(+)-nicotine, with the S-enantiomer known to be the most
physiologically active. In some embodiments, the disclosed
nicotine-binding antibodies exhibit selectivity for one enan-
tiomer over the other. For instance, 1n some embodiments, a
nicotine-binding antibody selectively binds to S-(-)-nicotine
with a higher aflinity than it binds to R-(+)-nicotine, while
in some embodiments a nicotine-binding antibody may bind
S-(—)-nicotine and substantially not bind to R-(+)-nicotine.

For example, 8D1-1gG4 and 12F5-1gG4 preferentially bind
to S-(-)-nicotine. In this regard, 8D1-IgG4 has a K, for
R-(+)-nicotine of 92 nM and 12F5-IgG4 has a K, for
R-(+)-nicotine of 1.2 uM. These disclosed antibodies exhibit
greater binding afhnity and selectivity for S-(-)-nicotine
than has previously been reported for previously described
nicotine-binding antibodies, such as the Nic12 mAb, which
1s disclosed 1in U.S. Pat. No. 8,344,111 and Tars et al., J. Mol.
Bio., 415: 118-127 (2012).

[0069] Alternatively, in some embodiments, a nicotine-
binding antibody may selectively bind to R-(+)-nicotine
with a higher athinity than 1t binds to S-(-)-nicotine, while in
some embodiments a nicotine-binding antibody may bind to
R-(+)-nicotine and substantially not bind to S-(-)-nicotine.

[0070] Insome embodiments, a nicotine-binding antibody
may bind to both enantiomers of nicotine with comparable
aflinity.

[0071] Insome embodiments, the disclosed nicotine-bind-
ing antibodies have a strong binding afhinity for nicotine
(one or both enantiomers) and a comparatively weak binding
alhinity for other molecules that may be present in a subject
being treated, including molecules that are chemically-
and/or structurally-related to micotine, metabolites or
byproducts of nicotine (e.g., cotinine), molecules that are
ligands of or that bind to nicotinic receptors, drugs (e.g.,
small molecule drugs) used to aid smoking cessation (e.g.,
bupropion, varenicline, and cytisine) and/or treat nicotine
addiction and/or nicotine toxicity, and/or other endogenous
or exogenous molecules that may be present 1n a subject’s
blood, including neurotransmitters and other molecules that
may be administered to diagnose or treat a condition 1n the
subject or to maintain or support normal physiology. In other
words, 1n some embodiments, the disclosed nicotine-binding
antibodies do not cross-react with molecules that are not
nicotine, 1.e., “off-target compounds”.

[0072] ION The percent of cross reactivity (% cross reac-
tivity to mADb (ICsy, nvicosine ICs0, compouna »100%)) of the
disclosed antibodies against several exemplary molecules 1s
shown 1n Table 4 below. Of these, cotinine, nicotinamide,
B-nicotinamide adenine dinucleotide, and nornicotine are
nicotine-related molecules; bupropion, varenicline and
cytisine are smoking-cessation drugs, and acetylcholine
chloride, 3-hydroxytyramine (dopamine), serotomin, and
norepinephrine are neurotransmitters. A cross-reactivity of
less than 0.1%, less than 0.05%, less than 0.01%, or less than
0.005%, or less than 0.001%, or less than 0.0005%, or less
than 0.0001% 1s considered to be substantially not cross-
reactive.
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TABLE 4

Cross Reactivity of Exemplary Antibodies

12

Compound 8D1 12F5 TAY
S-Nicotine aflinity K, (nM) 5 29 30
S-Nicotine 100 100 100
Cotinine NCR* NCR 0.0938
Acetylcholine Chloride NCR NCR NCR
Nicotinamide NCR NCR NCR
3-Hydroxytyramine HCI 0.0003 NCR NCR
(Dopamine HCI)

Serotonin Hydrochloride NCR NCR NCR
(+/—)-Norepinephrine (+)- 0.0005 0.0296 0.0020
Bitartrate Salt

Normicotine NCR NCR 0.0558
Bupropion NCR NCR NCR
Cytisine 0.0001 NCR NCR
Varenicline tartrate 0.0002 NCR NCR
B-Nicotinamide Adenine 0.0002 NCR 0.0036

Dinucleotide

*NCR = no cross reactivity detected

5G4

31
100

0.0352
NCR
0.0004
NCR

NCR
0.0015

0.1971
0.0106
NCR

0.0018
0.0037
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Values are shown as percent of cross reactivity, which was calculated using the equation: (ICs, Nicotine/

1Cs50, Compound x 100%)

[0073] Binding afhinity for nicotine over cotinine 1s par-
ticularly advantageous because cotinine 1s the major human
metabolite of nicotine and has a longer half-life than nico-
tine, so 1t often accumulates at high concentrations relative
to nicotine 1n smokers and other individuals who consume
nicotine-based products. Indeed, this 1s a reason that cotinine
1s used for testing to determine if someone 1s a smoker.
Given the high levels of circulating cotinine found 1in
individuals that consume nicotine-based products (e.g., ciga-
rettes, e-cigarettes, smokeless tobacco, etc.), a nicotine-
binding antibody that also exhibits substantial binding athin-
ity for cotinine would be less eflective for treating nicotine
poisoning or facilitating smoking cessation, since the anti-
body would bind to cotinine as well as nicotine, limiting its
cllicacy at binding (and sequestering) nicotine. Thus, the
binding selectivity of the specific antibodies disclosed herein
1s a significant advantageous property that supports their
ellicacy in clinical applications.

[0074] Binding athnity for nicotine over bupropion,
varenicline and/or cytisine also 1s advantageous because
those drugs are commonly used for smoking cessation. The
binding selectivity of the specific antibodies disclosed herein
and their lack of binding athimity for bupropion, varenicline
and cytisine 1indicates that they could be used 1n combination
with bupropion, varenicline and/or cysteine, since the anti-
bodies would not bind those drugs. Thus, 1n some embodi-
ments, the methods disclosed herein include administering
an antibody as disclosed herein that does not exhibit binding
allinity to bupropion, varenicline and/or cytisine (such as
any ol the antibodies set forth 1n the Table 4) 1n a combi-
nation therapy with a smoking cessation drug (such as
bupropion, varenicline and/or cytisine), wherein the anti-
bodies and drugs may be administered substantially simul-
taneously or sequentially 1n any order. Such embodiments
may be particularly advantageous 1n methods for facilitating,
smoking cessation, quitting smoking (or quitting using other
nicotine products), maintaining abstinence from smoking (or
use of other nicotine products), or decreasing consumption
ol nicotine products.

[0075] The data shown 1n Table 4 also indicate that the
disclosed antibodies do not bind to neurotransmitters. This

type of binding selectivity 1s advantageous because 1t 1ndi-

"

cates that the disclosed antibodies are not likely to interfere
with normal brain physiology/pharmacology.

[0076] In some embodiments, the nicotine-binding anti-
body or fragment 1s a long-acting variant that has been
modified 1 order to extend its half-life in vivo (after
administration). Various techniques are known 1in the art for
extending the circulating half-life of peptides, such as anti-
bodies. For example, in some embodiments the antibody
carries mutations in the Fc¢ region with enhanced FcRn-
mediated recycling such as “YTE” (M232Y/S254T/T256E),
see e.g., Dall’Acqua et al., J Biol Chem., 281:23514-24
(2006), or “Xtend” Fc domain mutations from Xencor (US
2014/0056879 Al). In other embodiments, the antibody or
fragment thereot 1s conjugated to polyethylene glycol (PEG;
1.e., the antibody 1s PEGylated) or a similar polymer that
prolongs half-life. In some embodiments, the antibody 1s
fused to an albumin-binding peptide, an albumin-binding
protein domain, human serum albumin, or an inert polypep-
tide. Exemplary mert polypeptides that have been used to
increase the circulating half-life of peptides include, but are
not limited to, XTEN® (also known as recombinant PEG or
“rPEG”™), a homo-amino acid polymer (HAP; HAPylation),
a proline-alanine serine polymer (PAS; PASylation), or an
clastin-like peptide (ELP; ELPylation). As used herein,
“fused to” includes genetic fusion, directly or through a
linker, resulting 1n a single polypeptide containing multiple
domains, unless otherwise specified.

[0077] The nicotine-binding antibody or a nicotine-bind-
ing fragment thereof can be formulated in a pharmaceutical
composition suitable for administration to the target subject
by the intended route of administration, as discussed 1n more
detail below.

IV. Pharmaceutical Compositions

[0078] Pharmaceutical compositions suitable for use in the
methods described herein can include the disclosed nicotine-
binding antibodies or fragments thereof and a pharmaceu-
tically acceptable carrier or diluent.

[0079] The composition may be formulated for intrave-
nous, subcutaneous, intraperitoneal, intramuscular, oral,
nasal, pulmonary, ocular, vaginal, or rectal administration.
In some embodiments, nicotine-binding antibodies are for-
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mulated for intravenous, subcutaneous, intraperitoneal, or
intramuscular administration, such as 1n a solution, suspen-
sion, emulsion, liposome formulation, etc. The pharmaceu-
tical composition can be formulated to be an 1mmediate-
release  composition, sustained-release  composition,
delayed-release composition, etc., using techniques known
in the art.

[0080] Pharmacologically acceptable carriers for various
dosage forms are known 1n the art. For example, excipients,
lubricants, binders, and disintegrants for solid preparations
are known; solvents, solubilizing agents, suspending agents,
1sotonicity agents, bulflers, and soothing agents for liquid
preparations are known. In some embodiments, the pharma-
ceutical compositions include one or more additional com-
ponents, such as one or more preservatives, antioxidants,
colorants, sweeteming/flavoring agents, adsorbing agents,
wetting agents and the like.

[0081] In some embodiments, the disclosed nicotine-bind-
ing antibodies or fragments thereol may be formulated for
administration by injection or infusion. In some embodi-
ments, the nicotine-binding antibody or fragment thereof 1s
formulated for administration by a non-oral route since
nicotine poisoning may induce vomiting, thus limiting the
cllectiveness of oral administration for that particular indi-
cation.

V. Methods Of Treating Nicotine Poisoning

[0082] As noted above, in some aspects the methods of
treating nicotine overdose or nicotine poisoning described
herein comprise administering to a mammalian subject in
need thereof a nicotine-binding antibody or nicotine-binding
fragment thereof as disclosed herein, or a pharmaceutical
composition comprising the same. In some embodiments,
the methods comprise administering a nicotine-binding anti-
body or nicotine-binding fragment thereof to a subject that
has mgested or consumed a toxic amount of nicotine. In
some embodiments, the methods may comprise administer-
ing both a nicotine-binding antibody or nicotine-binding
fragment thereof and another compound that 1s useful for
treating nicotine poisoning, such as activated charcoal. In
such embodiments, the antibody or fragment and the second
compound (e.g., activated charcoal) can be administered
sequentially or simultaneously, from the same or different
compositions. Thus, the treatment may include administer-
ing activated charcoal and/or other supportive treatments to
address the symptoms and/or eflects ol nicotine poisoning.
[0083] In some embodiments, the therapeutically effective
amount of the nicotine-binding antibody or fragment thereof
1s eflective to reduce plasma levels of nicotine, and/or to
reduce levels of nicotine localized in the brain, and/or to
reduce, ameliorate, or eliminate one or more symptoms or
cllects of micotine poisoning or overdose. The specific
amount administered may depend on one or more of the age
and/or weight of the subject, the amount of nicotine believed
to have been ingested, and/or the subject’s plasma level of
nicotine at the time of treatment, and/or the subject’s brain
level of nicotine at the time of treatment.

[0084] In some embodiments, the nicotine-binding anti-
body 1s administered at a dose of from about 50 to about
1000 mg/kg, about 150 mg/kg to about 850 mg/kg, about
250 mg/kg to about 750 mg/kg, about 350 mg/kg to about
650 mg/kg, or about 450 mg/kg to about 350 mg/kg. In some
embodiments, the nicotine-binding antibody 1s administered
at a dose of from 30 to 1000 mg/kg, 150 mg/kg to 850
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mg/kg, 250 mg/kg to 750 mg/kg, 350 mg/kg to 650 mg/kg,
or 450 mg/kg to 550 mg/kg. In some embodiments, the

nicotine-binding antibody 1s administered at a dose of about
50 mg/kg, about 100 mg/kg, about 150 mg/kg, about 200

mg/kg, about 250 mg/kg, about 300 mgke, about 350
mg/kg, about 400 mg/kg, about 450 mg/kg, about 500
mg/kg, about 550 mg/kg, about 600, about 650 mg/kg, about
700 mg/kg, about 750 mg/kg, about 800 mg/kg, about 850
mg/kg, about 900 mg/kg, about 950 mg/kg, or about 1000
mg/kg. In some embodiments, the nicotine-binding antibody
1s administered at a dose of 50 mg/kg, 100 mg/kg, 150
mg/kg, 200 mg/kg, 250 mg/kg, 300 mg/kg, 350 mg/kg, 400
mg/kg, 450 mg/kg, 500 mg/kg, 550 mg/kg, 600, 650 mg/kg,
700 mg/kg, 750 mg/kg, 800 mg/kg, 850 mg/kg, 900 mg/kg,
950 mg/kg, or 1000 mg/kg. In some embodiments, the
nicotine-binding antibody 1s administered at a dose of about
3000 mg, about 3500 mg, about 4000 mg, about 4500 mg,
about 5000 mg, about 5500 mg, about 6000, about 6500 mg,
about 7000 mg, about 7500 mg, about 8000 mg, about 8500
mg, about 9000 mg, about 9500 mg, about 10000 mg, about
10500 mg, about 11000 mg, about 11500 mg, or about
12000 mg. In some embodiments, the nicotine-binding
antibody 1s administered at a dose of 3000 mg, 3500 mg,
4000 mg, 4500 mg, 5000 mg, 5500 mg, 6000, 6500 mg,
7000 mg, 7500 mg, 3000 mg, 8500 mg, Y000 mg, 9500 mg,
10000 mg, 10500 mg, 11000 mg, 11500 mg, or 12000 mg.
In some embodiments, the nicotine-binding antibody 1is
administered at a dose of up to about 10 g. When other
antibody-related constructs are used, such as antibody frag-
ments, they can be used at comparable doses adjusted for
their different molecular weights and/or binding aflimities.
For example, the dose of a fragment can be chosen to
achieve comparable C___ and/or AUC parameters as the
corresponding full-length antibody, or to achieve binding of
a comparable amount of nicotine.

[0085] In some embodiments, the nicotine-binding anti-
body 1s administered as a dose based on the molar ratio of
antibody to nicotine. For instance, in some embodiments,
the ratio of antibody:nicotine 1s 10:1, 9:1, 8:1, 7:1, 6:1, 5:1,
4:1,3:1,2:1,1:1,1:2, 1:3, 1:4, 1:5, 1:6, 1:7, 1:8, 1:9, or 1:10.
The disclosed nicotine-binding antibodies possess two nico-
tine binding sites per antibody, while a Fab of the disclosed
nicotine-binding antibodies may only have one micotine
binding site. Accordingly, the dose may be adjusted based on
the number of nicotine binding sites per molecule. For
example, 11 one assumes that the MW for a full length
antibody 1s 150 KD and 50 KD for a Fab, then an “equimolar
dose amount” adjusted for the number of nicotine binding
sites would be equivalent to a 50% higher dose amount (1n
mg/kg) for the tull length antibody versus the Fab. These
amounts are based on the assumption that the pharmacoki-
netic profile 1s substantially the same between the full-length
antibody and the Fab; 11 that 1s not the case, those of ordinary
skill 1n the art can adjust the amounts as needed 1n the event
that the pharmacokinetic profiles are different.

[0086] In some embodiments, the method comprises
administering a single dose of a pharmaceutical composition
comprising a nicotine-binding antibody or nicotine-binding
fragment thereof, or a single dose of a pharmaceutical
composition comprising a nicotine-binding antibody or
nicotine-binding fragment thereof and another compound. In
other embodiments, the method comprises administering
repeated doses of the pharmaceutical composition(s) until
the symptoms or eflects of nicotine poisoning or nicotine
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overdose are reduced, ameliorated, or eliminated. For
instance, a subject with nicotine poisonming or overdose may
be evaluated for the presence and/or severity of signs and
symptoms associated with nicotine poisoning, including, but
not limited to, seizures, coma, shortness of breath, and
increased heart rate, and treated with one or more pharma-
ceutical composition(s) as described herein until one or
more of the signs/symptoms 1s reduced, ameliorated, or
climinated after treatment. In some embodiments, samples
are taken to monitor nicotine levels 1n the subject’s plasma
or brain. In some embodiments, treatment 1s repeated with
additional doses of the pharmaceutical composition(s) 1f
signs/symptoms/etlects persist and/or if nicotine plasma or
brain levels remain elevated, and can be continued (re-
peated) until one or more symptoms or etlects of nicotine
poisoning or nicotine overdose are reduced, ameliorated, or
climinated, and/or until plasma levels and/or brain levels are
reduced.

[0087] Insome embodiments, treating a subject with nico-
tine poisoning or overdose may comprise extracorporeal
detoxification of the subject’s blood. For instance, the dis-
closed nicotine-binding antibodies or nicotine-binding frag-
ments thereol can be attached to an aflinity column through
which the subject’s blood can be circulated. This process can
remove circulating nicotine from the subject’s blood.

V1. Methods of Aiding 1n Smoking Cessation

[0088] As noted above, the antibodies described herein are
useful 1 methods of treating nicotine addiction and/or
facilitating smoking cessation (or the cessation of use of
other nicotine products) in a mammalian subject 1n need
thereol. In some embodiments, the subject 1s a human
subject addicted to micotine or desiring to quit smoking (or
quit using other nicotine products) or maintain abstinence
from smoking or consumption of other nicotine products.
[0089] As disclosed in the Examples section below, 1n
some embodiments, the disclosed nicotine-binding antibod-
ies or micotine-binding fragments thereof attenuate nico-
tine’s eflects and do not induce withdrawal symptoms at
predicted therapeutic doses, and have been demonstrated to
aid 1n smoking cessation and the maintenance of abstinence
in pre-clinical studies. The results have been noteworthy, as
the negative aflective consequences of early nicotine with-
drawal are recognized as significant contributors to relapse
to tobacco smoking during quit attempts, and the mainte-
nance of compulsive nicotine use. In addition, the enhance-
ment by nicotine of the reward value of other environmental
rewarding stimuli 1s considered critical 1n the maintenance
ol nicotine dependence. Thus, blockade of nicotine-induced
reward enhancement without inducing strong withdrawal
cllects are desirable properties of nicotine-binding antibod-
ies and nicotine-binding fragments thereof as a putative
anti-smoking medications that may play an important role 1n
preventing relapse within the quit process and in the main-
tenance of abstinence.

[0090] Furthermore, the ligand-binding approach of the
disclosed nicotine-binding antibodies and nicotine-binding
fragments thereol 1s complementary to the pharmacody-
namic mechanisms of non-nicotine pharmacotherapies, such
as varenicline and bupropion. Without being bound by
theory, the mechanism of the disclosed antibodies and
fragments may be that when a smoker quits and then slips or
relapses, the attenuation of nicotine’s reinforcing eflects
helps to prevent resumption of regular smoking. Further, in
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clinical tnials, a greater number of quit attempts per subject
were made in the high antibody group, as compared to
placebo, consistent with this postulated relapse-prevention
mechanism.

[0091] The methods generally involve administering a
therapeutically effective amount of a nicotine-binding anti-
body or nicotine-binding fragment thereof as described
herein (or a pharmaceutical composition comprising the
same) to the subject. However, in some embodiments, the
methods comprise administering a nucleic acid encoding the
nicotine-binding antibody in a construct that expresses the
antibody 1n vivo. For example, in such embodiments, the
nucleic acid can be provided in a suitable vector, such as an
adeno-associated virus (AAV) gene transier vector. Other
exemplary vectors that are suitable for use 1n such methods
are known 1n the art. See, e.g., Lukashev and Zamyatnin,
Biochem., 81(7). 700-8 (2016)). Exemplary vectors may
include one or more enhancers (e.g., a cytomegalovirus
(CMV) enhancer), promoters (e.g., chicken p-actin pro-
moter), and/or other elements enhancing the properties of
the expression cassette. Methods of making suitable vectors
and general methods of using expression vectors 1 vivo are
known 1n the art. See, e.g., (see Hicks et al., Sci. Transl.

Med., 4(140): 140ra87 (2012)).

[0092] In some embodiments, a subject in need of treat-
ment for nicotine addiction or facilitation of smoking ces-
sation 1s a human subject who consumes nicotine products,
such as smoking tobacco, chewing tobacco, electronic ciga-
rettes, and/or other nicotine delivery devices. Such a subject
may or may not be physically addicted to nicotine and/or
psychologically addicted to consuming nicotine products.
Typical subjects 1n need of smoking cessation treatment
smoke or use tobacco or other nicotine products daily, such
as smoking at least 1 or more cigarettes a day, such as at least
about 5, at least about 10, at least about 15, at least about 20
or more, cigarettes per day, including fewer than 10, 10-20,
20-30, 30-40, or 40 or more (or the equivalent use of other
tobacco or nicotine products).

[0093] In some embodiments, a therapeutically effective
amount of a nicotine-binding antibody 1s an amount eflec-
tive to reduce plasma levels of nicotine, to reduce levels of
nicotine localized in the brain, or both.

[0094] Nicotine exerts many of its significant eflects after
it crosses the blood brain barrier. In some embodiments, the
methods and uses described herein reduce or prevent nico-
tine from crossing the blood-brain-barrier. Thus, 1n some
embodiments, administration of a nicotine-binding antibody
as described herein binds up or sequesters nicotine circulat-
ing 1n the bloodstream of the subject, thereby reducing or
preventing the nicotine from crossing the blood-brain-bar-
rier. Thus, 1n some embodiments, the methods described
herein reduce or prevent the physiological and psychological
cllects of nicotine that originate in the brain. Because the
subject will experience a lessening or cessation of these
effects, he/she will lose the desire to consume nicotine
products. Additionally or alternatively, the disclosed nico-
tine-binding antibody may exert an eflect by aflecting the
ability of nicotine to stimulate the peripheral nervous sys-
tem

[0095] The specific amount of a nicotine-binding antibody
or nicotine-binding fragment thereof that is administered
may depend on one or more of the age and/or weight of the
subject, the amount of nicotine routinely consumed (e.g.,
smoked, chewed. or mnhaled), and/or the level of nicotine 1n
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the subject’s brain or plasma at the time of treatment. For
instance, 1 some embodiments, the nicotine-binding anti-
body 1s administered at a dose of from about 50 to about
1000 mg/kg, about 150 mg/kg to about 850 mg/kg, about
250 mg/kg to about 750 mg/kg, about 350 mg/kg to about
650 mg/kg, or about 450 mg/kg to about 550 mg/kg. In some
embodiments, the nicotine-binding antibody 1s administered
at a dose of from 350 to 1000 mg/kg, 150 mg/kg to 850
mg/kg, 250 mg/kg to 750 mg/kg, 350 mg/kg to 650 mg/kg,
or 450 mg/kg to 3550 mg/kg. In some embodiments, the
nicotine-binding antibody 1s administered at a dose of about
50 mg/kg, about 100 mg/kg, about 150 mg/kg, about 200
mg/kg, about 250 mg/kg, about 300 mgkeg, about 350
mg/kg, about 400 mg/keg, about 450 mgkg, about 500
mg/kg, about 550 mg/kg, about 600, about 650 mg/kg, about
700 mg/kg, about 750 mg/kg, about 800 mg/kg, about 850
mg/kg, about 900 mg/kg, about 950 mg/kg, or about 1000
mg/kg. In some embodiments, the nicotine-binding antibody
1s administered at a dose of 50 mg/kg, 100 mg/kg, 150
mg/kg, 200 mg/kg, 250 mg/ke, 300 mg/kg, 350 mg/kg, 400
mg/kg, 450 mg/kg, 500 mg/kg, 550 mg/kg, 600, 650 mg/kg,
700 mg/ke, 750 mg/kg, 800 mg/kg, 850 mg/kg, 900 mg/kg,
950 mg/kg, or 1000 mg/kg. In some embodiments, the

nicotine-binding antibody 1s administered at a dose of about
3000 mg, about 3500 mg, about 4000 mg, about 4500 mg,

about 5000 mg, about 5500 mg, about 6000, about 6500 mg,
about 7000 mg, about 7500 mg, about 8000 mg, about 8500
mg, about 9000 mg, about 9500 mg, about 10000 mg, about
10500 mg, about 11000 mg, about 11500 mg, or about
12000 mg. In some embodiments, the nicotine-binding

antibody 1s administered at a dose of 3000 mg, 3500 mg,
4000 mg, 4500 mg, 5000 mg, 5500 mg, 6000, 6500 mg,

7000 mg, 7500 mg, 3000 mg, 3500 mg, Y000 mg, 9500 mg,
10000 mg, 10500 mg, 11000 mg, 11500 mg, or 12000 mg.
In some embodiments, the nicotine-binding antibody 1is
administered at a dose of up to about 10 g. When other
antibody-related constructs are used, such as antibody frag-
ments, they can be used at comparable doses adjusted for
their different molecular weights and/or binding aflinities.
For example, the dose of a fragment can be chosen to
achieve comparable Cmax and/or AUC parameters as the
corresponding full-length antibody, or to achieve binding of
a comparable amount of nicotine.

[0096] In some embodiments, the methods comprise
administering a single dose of a nicotine-binding antibody(s)
or nicotine-binding fragment(s) thereof (or composition
comprising the same). In some embodiments, the method
comprises administering repeated doses, such as for a pre-
determined period of time of until the symptoms or effects
of nicotine addiction are reduced, ameliorated, or eliminated
or until the subject has ceased smoking or otherwise con-
suming nicotine. In some embodiments, treatment 1s
repeated with additional doses of the vanant(s) 1f signs/
symptoms/ellects persist or 1f the subject continues to have
nicotine cravings or experiences them anew.

[0097] In some embodiments, the methods comprise
administering a nicotine-binding antibody(s) or nicotine-
binding fragment(s) thereol (or composition comprising the
same) three or more times a day, twice a day, or once a day.
In some embodiments, the methods comprise administering
a nicotine-binding antibody(s) or nicotine-binding fragment
(s) thereof (or composition comprising the same) once every
other day, three times a week, twice a week, once a week,
once every other week, once every three weeks, once a
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month, or less frequently. In such embodiments, the nico-
tine-degrading enzyme variant may be a long-acting nico-
tine-binding antibody as described above.

[0098] In some embodiments, treatment may continue for

1,2,3,4,5,6,7,8,9,10, 11,12, 13, 14, 15,16, 17, 18, 19,
20, or 21 or more days; 1, 2,3, 4, 5, 6,7, 8,9, 10, 11, 12,
13, 14, 15, 16, 17, or 18 orweeks months or 1, 2, 3, 4 3,
6,7,8,9,10, 11, or 12 or more months; or 1, 2, or 3 or more
years or until the subject no long experiences nicotine
cravings or other nicotine withdrawal symptoms, or has
ceased smoking or using other tobacco products.

[0099] As noted above, 1n some embodiments, the meth-
ods disclosed herein include administering an antibody as
disclosed herein that does not exhibit binding athnity to
smoking cessation drug (such as bupropion, varenicline
and/or cytisine) 1n a combination therapy with a smoking
cessation drug (such as bupropion, varenicline and/or
cytisine, respectively), wherein the antibodies and drugs
may be administered substantially simultaneously or
sequentially 1n any order. Such embodiments may be par-
ticularly advantageous 1n methods for facilitating smoking
cessation, quitting smoking (or quitting using other nicotine
products), maintaining abstinence from smoking (or use of
other nicotine products), or decreasing consumption of
nicotine products. One skilled 1n the art will readily appre-
ciate that the present disclosure 1s well adapted to carry out
the objects and obtain the ends and advantages mentioned,
as well as those inherent therein. Modifications therein and
other uses will occur to those skilled in the art. These
modifications are encompassed within the spirit of the
disclosure.

[0100] The following examples 1llustrate the invention. It
should be understood, however, that the invention 1s not to
be limited to the specific conditions or details described in
these examples. All printed publications referenced herein
are specifically incorporated by reference.

EXAMPLES

Example 1—Treatment of a Pediatric Patient with
an Anti-Nicotine Antibody

[0101] This example illustrates methods using anti-nico-
tine antibodies in the treatment of nicotine poisoning or
nicotine overdose.

[0102] A child known to have or suspected of having
ingested nicotine 1s administered a therapeutically effective
amount of a pharmaceutical composition comprising a nico-
tine-binding antibody, by intravenous, intramuscular, or
subcutaneous injection. The child 1s evaluated for the pres-
ence and/or severity of signs and symptoms associated with
nicotine poisoning, including, but not limited to, seizures,
coma, shortness of breath, and increased heart rate, and the
child 1s treated until one or more signs/symptoms 1s reduced,
ameliorated, or eliminated. Optionally, another dose of the
pharmaceutical composition 1s administered 11 signs/symp-

toms persist and/or 1f nicotine plasma levels remain
clevated.

Example 2—Treating Nicotine Addiction And/Or
Facilitating Smoking Cessation

[0103] This example illustrates methods of using a variant
as described herein to treat nicotine addiction and/or facili-

tate smoking cessation 1n a human adult.
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[0104] An adult human subject who regularly smokes
cigarettes but wishes to quit 1s administered a therapeutically
ellective amount of a pharmaceutical compositions compris-
ing a nicotine-binding antibody (e.g., the antibodies dis-
closed 1n Tables 1 and 2, or a long-acting version thereot) by
intravenous, intramuscular, or subcutaneous injection. The
subject 1s evaluated for levels of nicotine circulating 1in
plasma, as well as for the presence and/or severity of signs
and symptoms associated with nicotine withdrawal, such as
headache, 1rritability, anxiety, and sleeplessness, as well as
the number of cigarettes smoked 1n a given day. The subject
1s treated with repeated administrations of the antibody until
levels of nicotine circulating in plasma reach a target (re-
duced) level, and/or until one or more signs/symptoms of
nicotine withdrawal are reduced, ameliorated, or eliminated,
and/or until the subject has reduced the level of consumption
ol nicotine products (e.g., 1s smoking fewer cigarettes per
day), and/or until the subject has ceased consumption of
nicotine products (e.g., has quit smoking).

Example 3—In Vivo Kinetic Studies

[0105] A single dose nicotine pharmacokinetic study was
carried out in rats (N=8). Rats were pre-treated with 20
mg/kg of 5G4 1gG4, 7TA8 1gG4, 12F5 IgG4, or 8D1 IgG4,
and then 0.03 mg/kg of nicotine was administered intrave-
nously. The nicotine dose was administered 1n less than 10
seconds (1t takes roughly 10 minutes to smoke a cigarette.
Three minutes later, animals were sacrificed and the amount
of micotine 1n their blood and brains was quantified.
[0106] FIGS. 1A and 1B show the blood and brain con-
centrations, respectively, as a percent of levels 1n control rats
not pre-treated with antibody. Each antibody reduced the
levels of nicotine 1n the brain compared to control animals
that were not pre-treated with antibody. For example, the
8D1 Ig(G4 antibody produced an 80% decrease 1n the level
of nicotine localized in the brain.
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levels of nicotine 1n the brain, a 40 mg/kg dose of the 8D1
IgG4 antibody decreased the amount of nicotine localized 1n

the brain by more than 95%. FIGS. 3A and 3B show the

same data, but as a percentage of levels 1n control rats not
pre-treated with antibody.

[0109] The 0.03 mg/kg dose of nicotine 1s equivalent to 2
cigarettes (mg/kg basis) and was administered as a rapid
bolus (10s) 1n contrast to 5-10 minutes to smoke one
cigarette. Serum levels of antibody were measured using
ELISA and rats that had less than 5 ng/ml serum antibody
level (due to incomplete administration) were excluded from
the analyses. The excluded animals had an average serum
antibody level of 0.73 ng/ml., while the rats included in the
analysis had an average serum antibody level of 302 ug/mlL..
Compared to a control serum level of 21 ng/mlL nicotine,
single doses of 10, 20, and 40 mg/kg 8D1-1gG4 produced
serum nicotine levels of 226, 331, and 470 ng/mL., corre-
sponding respectively to 11-, 17-, and 22-fold of the control
level (p=0.0057 by one-way ANOVA with Bonferroni cor-
rection for multiple comparisons). Compared to a control
brain level of 139 ng/g nicotine, single doses of 10, 20, and
40 mg/kg 8D1-1gG4 produced brain nicotine levels of 68,

22, and 4 ng/g, corresponding respectively to 49%, 16%, and
3% of the control level (p=0.0045).

Example 5—Accelerated Stability Study

[0110] To determine the relative stability of exemplary
nicotine-binding antibodies, antibodies 8D1-I1gG4 and 12F5
IgG4 were formulated 1n phosphate bufler saline (PBS) at a
concentration of approximately 10 mg/ml and incubated at
40° C. or 5° C. Samples were taken after 2 weeks and 4
weeks for analysis by Size Exclusion Chromatography and
functional assay (direct binding to nicotine conjugate). The
results of the stability studies are shown 1n Table 35 below.

TABLE 5

Stabilityv of Exemplary Nicotine-Binding Antibodies

Sample ID

12F5-1g(G4

RD1-1gG4

Example 4—In Vivo Dose-Response Studies

[0107] A single dose nicotine dose-response study was
carried out 1n rats (N=8). Rats were used since their nicotine
metabolism 1s generally similar to humans in rate and range
of metabolites. Rats were pre-treated with 10, 20, or 40
mg/kg of 12F5 IgG4 or 8D1 IgG4. Subsequently, 0.03
mg/kg of nicotine was administered intravenously in less
than 10 seconds. Three minutes later, the animals were
sacrificed and the amount of nicotine in their serum and
brains was quantified.

[0108] FIGS. 2A and 2B show the serum and brain con-
centrations, respectively. While both antibodies reduced the

Stability Storage Main Peak % %
time point condition Area Aggregates  Fragments
2 week 5° C. 461,532 0 0
40° C. 523,855 1.2 0
4 week 5° C. 524,356 0 0
40° C. 611,147 2.7 0
2 week 5° C. 500,715 0.98 0
40° C. 523,434 2.9 0
4 week 5° C. 476,309 0 0
40° C. 586,613 4.0 0
[0111] Owverall, stability of the nicotine-binding antibodies

was acceptable, with a similar amount of monomer loss at
week 4 for both antibodies that were tested. The functional
(ELISA) assays showed identical functional binding to a
nicotine-conjugate aiter 2 weeks storage.

Example 6—In Vivo Study of Acute Heavy
Smoking,

[0112] To test the eflects of 8D1-IgG4 in a simulated

scenario of acute heavy smoking, rats (N=10; 5 male and 3
temale SD rats) pre-treated with 8D1-Ig(G4 or control IgG,
received a series of 5 repeated intravenous nicotine doses
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spaced 10 minutes apart (FIG. 4). Total serum nicotine
increased as a function of accumulated nicotine dosing, and
in an 8D1-1gG4 dose-dependent manner (FI1G. 4A). After the
fifth nicotine dose, brain nicotine levels were reduced by
more than 90% at the 80 mg/kg 8D1-IgG4 dose level, and
by a more moderate 51% at the 40 mg/kg dose level,
compared to control IgG (FIG. 4B). Compared to an average
control serum level of 60 ng/mL nicotine following the 5%
nicotine dose, single doses of 40 and 80 mg/kg 8D1-1g(G4
produced total serum nicotine levels of 1130 and 1987
ng/ml. (<2% {ree nicotine, see below), corresponding
respectively to 19 and 33-fold of the control level (p<0.0001
by one-way ANOVA with Bonferroni’s correction). Com-
pared to an average control brain level of 298 ng/g nicotine
following the 57 nicotine dose, single doses of 40 and 80
mg/kg 8D1-1gG4 produced brain levels of 146 and 23 ng/g,
corresponding respectively to 49% and 8% of the control
level (p=0.0006 by one-way ANOVA with Bonferroni’s
correction). These data indicate 8D1-I1gG4 1s well main-
tained at nicotine dosing rates simulating very heavy smok-
ing (10 cigarettes over 40 minutes).

Example 7—In Vivo Study on Nicotine
Self-Administration

[0113] To assess whether 8D1-IgG4 could reduce seli-
administration, rats were initially trained for nicotine seli-
administration (NSA) using a umt mcotine dose of 0.03
mg/kg under a fixed-ratio (FR) 3 schedule during 2 hour
sessions. After stable NSA was established, the unit dose
was reduced to 0.015 mg/kg, which results in serum nicotine
concentrations more similar to smoking 1n humans. After
NSA stabilized at this unit dose, rats received twice-weekly
1.v. infusions of 160 mg/kg 8D1-1gG4 (N=7) or 160 mg/kg
Gammagard (control mAb, N=7) 30 minutes prior to the
session while rats continued NSA at the 0.015 mg/kg dose
for 10 consecutive sessions. Then, the unit nicotine dose was
reduced to 0.0075 mg/kg for another 10 consecutive ses-
sions while mAb treatment continued. FIG. § shows the
mean (xSEM) number of infusions during the last three
sessions before (Baseline) and during mAb treatment at each
unit nicotine dose. Rats given 8D1-1gG4 exhibited a signifi-
cant decrease 1n NSA at both unit doses compared to their
respective baseline and to control rats. These findings dem-
onstrate that 8D1-IgG4 reduces the reinforcing eflects of
nicotine. Although the dose of 8D1-IgG4 was high, the
ellective dose for smoking cessation 1n humans will likely be
much lower because people will be motivated to quit. As a
point of reference, the potency of varenicline was consid-
erably higher 1n clinical trials for smoking cessation than 1t
was 1n preclinical nicotine self-administration studies in rats.

Rollema, H. et al., Neuropharmacology, 52: 985-994 (2007).

Example 8—In Vivo Pharmacokinetic Studies

[0114] The pharmacokinetics of 8D1-1g(G4 were tested 1n
rats following a single dose (20 mg/kg; FIG. 6) and repeated
doses (40 mg/kg; FIG. 7) of 8D1-1gG4 dosed weekly for 4
weeks 1n rats (N=6). Residual mAb concentrations were
measured at various time points after 1.v. dosing. The ELISA
detection assay employed relies on binding to the nicotine
conjugate 3'Am-S-(-)Nic-polyglutamic acid, and thus
reflects functional mAb levels binding S-(-)-nicotine in
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serum. Parameters estimated by non-compartmental analy-
s1s oI 8D1-1gG4 concentrations include an elimination phase
half-life of 131 h, clearance of 0.10 mL/min/kg, and a
steady-state VD=79.2 ml/kg, respectively. Rodent PK
assays of mAb’s are not always predictive of PK 1n humans
but are often used as a measure of “in vivo fitness” 1n the
lead selection process. While not seen for 8D1-I1gG4, an
abnormally fast antibody clearance can be a sign of
unwanted nonspecific interactions, so these assays are used
to 1dentily antibodies with high nonspecific disposition PK.
At the end of this study, rats were dosed with 0.03 mg/kg 1.v.
nicotine and sacrificed 3 minutes later and samples were
analyzed to assess the amount of unbound nicotine by belore
and after ultrafiltration. All samples had <2% unbound
nicotine (data not shown).

Example 9—In Vivo Toxicity Study

[0115] TTo assess the toxicity of high doses of 8D1-1g(4,
a non-GLP 4-week repeated, high-dose toxicology study of
8D1-1gG4 with and without concurrent administration of
nicotine was conducted 1n rats to evaluate if any significant
toxicity signals were observed. Four groups of 16 rats per
group (8 male and 8 female) were tested: vehicle control,
8D1-1gG4 only, nicotine only, and 8D1-IgG4 plus nico-
tine—the latter to assess the safety of the nicotine:antibody
complex. 8D1-IgG4 was dosed 1.v. once weekly at 200

mg/kg. Nicotine was dosed continuously via infusion pump
into the subcutaneous space (1 mg/kg/day for 28d).

[0116] Assessment of toxicity was based on mortality,
clinical observations, and body weight during the course of
the 28-day study, and at the end of study organ weights,
gross anatomic pathology, hematology, serum clinical chem-
1stry, and coagulation was performed. Histopathology of
selected tissues (heart, liver, lung, kidney, spleen, skeletal
muscle, brain, colon, stomach, ovary, and testis) 1s pending.
Tissues were fixed immediately 1n formalin, and processed
for embedding in paraih

in, staining with H&E, and review by
a veterinary pathologist.

[0117] 8DI1-IgG4 was well-tolerated with no obvious
pathology 1n the treatment groups. All animals received the
tull dose and no mortality was induced 1n any animals. Daily
clinical observations found no observable behavioral
changes or modifications in feeding or grooming i1n any
groups. Body weight was monitored twice weekly for the
duration of the study and no significant differences between
treatment groups was found. At the end of the study animals
were necropsied and major organs (liver, lung, spleen, heart,
kidneys, testis or ovaries) were 1solated and weighed. No
gross pathological findings were noted and no statistically
significant changes in organ weights were found. Blood was
collected, and complete blood count performed to determine
any changes 1n hematological parameters. While occasional
amimals had values outside the normal range (e.g. slightly
decreased lymphocytes or hemoglobin) no significant
changes or trends were found in any group. There was a
trend to have slight polychromasia in some of the animals
that recerved nicotine. Serum clinical chemistry of 23 dii-
ferent analytes and plasma coagulation did not find any
notable changes between treatment groups.
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Sequence total quantity:

SEQ ID NO: 1
FEATURE

SOuUrce

SEQUENCE: 1

QVRLOQESGPG
NPSLNSRVTI
KGPSVFPLAP
SLSSVVTVPS
FLEFPPKPKDT
RVVSVLTVLH
NOQVSLTCLVK
NVEFSCSVMHE

LVKPSGTLSL
SLDKSNNOQVS
SSKSTSGGTA
SSLGTQTYIC
LMISRTPEVT
QDWLNGKEYK
GFYPSDIAVE
ALHNHYTQKS

SEQ ID NO: 2
FEATURE
source

SEQUENCE: 2

NFMLTQPHSV SESPGKTVTI
DRESGSIDSS SNSASLTISG
LFPPSSEELQ ANKATLVCLI
YLSLTPEQWK SHRSYSCQVT

SEQ ID NO: 23
FEATURE
source

SEQUENCE: 3

QLOLOESGPG LVKPSETLSL

YNPSLKSRVT
VSSASTKGPS
QSSGLYSLSS
LGGPSVELEP
QYNSTYRVVS
RDELTEKNQVS

ISTDTSETQF
VEFPLAPSSKS
VVTVPSSSLG
PKPKDTLMIS
VLTVLHQDWL
LTCLVKGFYP

SRWOOGNVES CSVMHEALHN

SEQ ID NO: 4
FEATURE
source

SEQUENCE: 4

EVVLTQSPGT LSLSPGERAT
DRESGSGSGT DETLTISRLE
FPPSDEQLKS GTASVVCLLN
TLTLSKADYE KHKVYACEVT

SEQ ID NO: 5
FEATURE
source

SEQUENCE: b5

QLOLOESGPG LLKPSETLSL
YNPSLKSRVT ISLDTSKNHL
TVIVSSASTK GPSVEFPLAPS
AVLOSSGLYS LSSVVTVPSS
PELLGGPSVE LFPPKPKDTL
REEQYNSTYR VVSVLTVLHQ

18

SEQUENCE LISTING

40
moltype =

AA  length

Location/Qualifiers

1..447
mol type
organism
note =

protein
synthetic

polypeptide

TCAVSGGSIY
LRLTSVTAAD
ALGCLVKDYF
NVNHKPSNTK
CVVVDVSHED
CKVSNKALPA
WESNGOQPENN
LSLSPGK

moltype =

SSNWWTWVRO
SAVYYCVSQOR
PEPVTVSWNS
VDKKVEPKSC
PEVKFNWYVD
PIEKTISKAK
YKTTPPVLDS

AA  length

Location/Qualifiers

1..216
mol type
organism
note =

protein
synthetic

polypeptide

= 447

construct

Description of Artificial Sequence:

PPGKGLEWVG
VGGPDLIWGQG
GALTSGVHTFE
DKTHTCPPCP
GVEVHNAKTK
GOPREPQVYT
DGSFFLYSKL

EIHIRGTTYY
TLVTVSSAST
PAVLOSSGLY
APELLGGPSV
PREEQYNSTY
LPPSRDELTK
TVDKSRWQQG

216

construct

Description of Artificial Sequence:

SCTRSGGSIA TYYVOWYQOR PGSAPTNVIY KYDQRPSGVP
LKTEDEADYY COQSYDNNIQV FGGGTKLTVL GQPKAAPSVT
SDEYPGAVTV AWKADGSPVK AGVETTKPSK QSNNKYAASS
HEGSTVEKTV APTECS

moltype =

AA length

Location/Qualifiers

1..4523
mol type
organism
note =

protein
synthetic

polypeptide

ICTVSGGS IR
SLKVNSVTAA
TSGGETAALGC
TQTYICNVNH
RTPEVTCVVV
NGKEYKCKVS
SDIAVEWESN
HYTOQKSLSLS

moltype =

KNNEWWAWIR
DTAVYYCARL
LVKDYFPEPV
KPSNTKVDKK
DVSHEDPEVK
NKALPAPIEK
GOPENNYKTT
PGK

AA  length

Location/Qualifiers

1..217
mol type
organism
note =

protein
synthetic

polypeptide

= 453

construct

Description of Artificial Sequence:

QAPGKGLEWI GSLSYTGRTV

SPEVGAAWWE
TVSWNSGALT
VEPKSCDKTH
FNWYVDGVEV
TISKAKGQPR
PPVLDSDGSFE

DPWGOQGTLVT
SGVHTFPAVL
TCPPCPAPEL
HNAKTKPREE
EPOQVYTLPPS
FLYSKLTVDK

217

construct

Description of Artificial Sequence:

LSCRASQSVS SRYLAWYQOK PGOQAPRLLIY GASSRAIGTP
PEDFAVYYCQ QYAYSPPAIT FGGGTKVEIK RTVAAPSVEI
NEYPREAKVQ WEKVDNALQSG NSQESVTEQD SKDSTYSLSS
HOGLSSPVTK SEFNRGEC

moltype =

AA  length

Location/Qualifiers

1..456
mol type
organism
note =

protein
synthetic

polypeptide

TCTVSGGSVT
SLRMTSATAA
SKSTSGGTAA
SLGTQTYICN
MISRTPEVTC
DWLNGKEYKC

TSPDWWAWLR
DTAVEFYCARL
LGCLVKDYFEP
VNHKPSNTKV
VVVDVSHEDP
KVSNKALPAP

= 456

construct

Description of Artificial Sequence:

QSPGKGLEWI GSVSYTGRTV
TPIDREFSADY YVLDIWGOGA
EPVITVSWNSG ALTSGVHTEP
DKKVEPKSCD KTHTCPPCPA
EVKFNWYVDG VEVHNAKTKP
IEKTISKAKG QPREPQVYTL

Synthetic

60

120
180
240
300
360
420
447

Synthetic

60

120
180
216

Synthetic

60

120
180
240
300
360
420
453

Synthetic

60

120
180
217

Synthetic

60

120
180
240
300
360

Mar. 23, 2023
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PPSRDELTKN QVSLTCLVKG
VDKSRWQOGN VEFSCSVMHEA

SEQ ID NO: 6
FEATURE
source

SEQUENCE: 6

EIVMTQSPAT LSVSPGERAT
RESGSGSGTE FTLTISSLOS
PPSDEQLKSG TASVVCLLNN
LTLSKADYEK HKVYACEVTH

SEQ ID NO: 7
FEATURE
source

SEQUENCE : 7

QLOLRESGPG LVKPSETLSL
YNPSLESRVT ISVDTSKNQFE
GTTVIVSSAS TKGPSVEPLA
FPAVLOSSGL YSLSSVVTVP
PAPELLGGPS VFLEFPPKPKD
KPREEQYNST YRVVSVLTVL
TLPPSRDELT EKNQVSLTCLVY
LTVDKSRWQQ GNVEFSCSVMH

SEQ ID NO: 8
FEATURE
source

SEQUENCE: 8
EIVLTQSPGT LSLSPGERAT
DRESGSGSGT DETLTISRLE

FPPSDEQLKS GTASVVCLLN
TLTLSKADYE KHKVYACEVT

SEQ ID NO: 9
FEATURE
source

SEQUENCE: ©

QLOLOESGPG LVKPSETLSL
YNPSLKSRVT IFIDTSKNQF
SSASTKGPSYV FPLAPSSKST
SSGLYSLSSV VIVPSSSLGT
GGPSVEFLEFPP KPKDTLMISR
YNSTYRVVSY LTVLHODWLN
DELTKNQVSL TCLVKGEFYPS
RWOOGNVESC SVMHEALHNH

SEQ ID NO: 10
FEATURE
source

SEQUENCE: 10

DIVMTQSPLS LPVTPGEPAS
SGVPDRFSGS GSGTDFTLKI
FIFPPSDEQL KSGTASVVCL
SSTLTLSKAD YEKHKVYACE

19

-continued

FYPSDIAVEW ESNGQPENNY KTTPPVLDSD GSEFFLYSKLT
LHNHYTQKSL SLSPGK

moltype = AA length = 216
Location/Qualifiers

1..216

mol type = proteiln

organism = synthetic construct

note = Description of Artificial Sequence:
polypeptide

LSCRASQSIS SNLAWFQHKP GOQAPRLLIFR SSTRATGTPP
EDFAVYFCQH YSYWPPLITF GOGTRLEIKR TVAAPSVFEIF
FYPREAKVOW KVDNALQSGN SQESVTEQDS KDSTYSLSST
QGLSSPVTKS FNRGEC

moltype = AA length = 458
Location/Qualifiers

1..458

mol type = proteiln

organism = synthetic construct

note = Description of Artificial Sequence:
polypeptide

TCSVSGGES IS SSSYYWGWIR QPPGKGLEWI GSIYYTGRTY
SLKLSSVTAA DTAVYYCAGL HYSWSALGGY YEYGMDVWGO
PSSKSTSGGET AALGCLVKDY FPEPVIVSWN SGALTSGVHT
SSSLGTQTYI CNVNHKPSNT KVDKKVEPKS CDKTHTCPPC
TLMISRTPEYV TCVVVDVSHE DPEVKFNWYV DGVEVHNAKT
HODWLNGKEY KCKVSNKALP APIEKTISKA KGQPREPQVY
KGEFYPSDIAV EWESNGQPEN NYKTTPPVLD SDGSEFLYSK
EALHNHYTQK SLSLSPGK

moltype = AA length = 217
Location/Qualifiers

1..217

mol type = proteiln

organism = synthetic construct

note = Description of Artificial Sequence:
polypeptide

LSCRASQSVS SRDLVWYQOQK PGOQAPRLLIY GASTRATGIP
PEDFAVYYCQ KYGSSPPRIT FGPGTKVDIK RTVAAPSVEI
NEYPREAKVQ WEKVDNALQSG NSQESVTEQD SKDSTYSLSS
HOGLSSPVTK SEFNRGEC

moltype = AA length = 452
Location/Qualifiers

1..452

mol type = proteiln

organism = synthetic construct

note = Description of Artificial Sequence:
polypeptide

TCSVSGGS IS SSSYYWGWSR QSPGKGLEWI ASIYYSGSTY
SLKLSSVTAA DTAIYYCARV GTSAMSRAFD MWGQGTMVTV
SGGTAALGCL VKDYFPEPVT VSWNSGALTS GVHTEPAVLOQ
QTYICNVNHK PSNTKVDKKV EPKSCDKTHT CPPCPAPELL
TPEVTCVVVD VSHEDPEVKE NWYVDGVEVH NAKTKPREEQ
GKEYKCKVSN KALPAPIEKT ISKAKGOPRE POVYTLPPSR
DIAVEWESNG QPENNYKTTP PVLDSDGSFE LYSKLTVDKS
YTQKSLSLSP GK

moltype = AA length = 219
Location/Qualifiers

1..219

mol type = proteiln

organism = synthetic construct

note = Description of Artificial Sequence:
polypeptide

ISCRSSQSLL QSNGYNYLDW YLOQKPGOSPQ LLIYLGSNRA
SKVEAEDVGV YFCMQALQIP WTEFGQGTKVE IKRTVAAPSV
LNNEFYPREAK VOWKVDNALQ SGNSQESVTE QDSKDSTYSL
VTHQGLSSPV TEKSEFNRGEC

420
456

Synthetic

60

120
180
216

Synthetic

60

120
180
240
300
360
420
458

Synthetic

60

120
180
217

Synthetic

60

120
180
240
300
360
420
452

Synthetic

60

120
180
219

Mar. 23, 2023
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20

-continued

SEQ ID NO: 11 moltype = AA length = 453
FEATURE Location/Qualifiers
source 1..453

mol type = proteiln

organism = synthetic construct

note = Description of Artificial Sequence: Synthetic

polypeptide
SEQUENCE: 11
QVQLOESGPG LVEKPSETLSL TCTVSGGSIS RRENDYWAWIR QSPGKDLEWI GTISEFSGSTE 60
YNPSLKSRVT ISADTEFNNHE SLRLDAVAAA DTAVYYCARL SPEVGAAWWE DPWGPGTLVT 120
VSSASTKGPS VEFPLAPSSKS TSGGTAALGC LVKDYFPEPV TVSWNSGALT SGVHTEFPAVL 180
QSSGLYSLSS VVTVPSSSLG TOTYICNVNH KPSNTKVDKK VEPKSCDKTH TCPPCPAPEL 240
LGGPSVEFLEFP PKPKDTLMIS RTPEVTCVVV DVSHEDPEVK FNWYVDGVEYV HNAKTKPREE 300
QYNSTYRVVS VLTVLHOQDWL NGKEYKCKVS NKALPAPIEK TISKAKGOPR EPQVYTLPPS 360
RDELTKNQVS LTCLVKGEFYP SDIAVEWESN GQPENNYKTT PPVLDSDGSFEF FLYSKLTVDK 420
SRWOQOGNVES CSVMHEALHN HYTQKSLSLS PGK 453
SEQ ID NO: 12 moltype = AA length = 217
FEATURE Location/Qualifiers
source 1..217

mol type = proteiln

organism = synthetic construct

note = Description of Artificial Sequence: Synthetic

polypeptide
SEQUENCE: 12
EIVLTQSPGT LSLSPGERAT LSCRASQSLS SNYLGWYQOK PGOQAPRLLIY GASNRATGIP 60
DRESGSGSGT DEFTLTISRLE PEDEGVYYCQ RYGRSPPAIT FGGGTKVEIK RTVAAPSVEI 120
FPPSDEQLKS GTASVVCLLN NFYPREAKVQ WKVDNALQSG NSQESVTEQD SKDSTYSLSS 180
TLTLSKADYE KHKVYACEVT HOGLSSPVTK SEFNRGEC 217
SEQ ID NO: 13 moltype = AA length = 457
FEATURE Location/Qualifiers
source 1..457

mol type = protein

organism = synthetic construct

note = Desgcription of Artificial Sequence: Synthetic

polypeptide
SEQUENCE: 13
QLOLOESGPG LVKPSETLSL TCTASGGSIT NNIDYWVWIR QPPGRGLEWI GTIYYSGSTE 60
YNPSLKSRVT ISVDTSNNQEF SLNLNSMSAA DTAVYYCARL RYYYDSNGYL PYWIDSWGOG 120
TLVIVSSAST KGPSVFPLAP SSKSTSGGTA ALGCLVKDYEF PEPVTVSWNS GALTSGVHTE 180
PAVLOSSGLY SLSSVVITVPS SSLGTOTYIC NVNHKPSNTK VDKKVEPKSC DKTHTCPPCP 240
APELLGGPSY FLFPPKPKDT LMISRTPEVT CVVVDVSHED PEVKFNWYVD GVEVHNAKTK 300
PREEQYNSTY RVVSVLTVLH QDWLNGKEYK CKVSNKALPA PIEKTISKAK GOPREPOVYT 360
LPPSRDELTK NOVSLTCLVK GFYPSDIAVE WESNGOPENN YKTTPPVLDS DGSEFEFLYSKL 420
TVDKSRWOQQG NVFSCSVMHE ALHNHYTOQKS LSLSPGK 457
SEQ ID NO: 14 moltype = AA length = 217
FEATURE Location/Qualifiers
source 1..217

mol type = proteiln

organism = synthetic construct

note = Description of Artificial Sequence: Synthetic

polypeptide
SEQUENCE: 14
EIVLTOSPGT LSLSPGERAT LSCRASQSIS SSYLGWYQOK PGOQAPRLLIY GASSRATGIP 60
DRESGSGSGT DFTLTISSLE PEDFAVYEFCQ LYRRSPPRLT FGGGTKVEIK RTVAAPSVEI 120
FPPSDEQLKS GTASVVCLLN NFYPREAKVQ WKVDNALOSG NSQESVTEQD SKDSTYSLSS 180
TLTLSKADYE KHKVYACEVT HOGLSSPVTK SEFNRGEC 217
SEQ ID NO: 15 moltype = AA length = 455
FEATURE Location/Qualifiers
source 1..455

mol type = protein

organism = synthetic construct

note = Description of Artificial Sequence: Synthetic

polypeptide
SEQUENCE: 15
QLOLOESGPG LVKPSESLSL TCTVSGGSII SNDYYWAWIR QSPGKGLEWI GSINYRGSTE 60
YSPSLNSRVT TSVDTSKNQEF FLKLTSVTAA DTAMYFCTRL HGRYRGVGRL AFDYWGOQGTL 120
VIVSSASTKG PSVEFPLAPSS KSTSGGTAAL GCLVKDYEPE PVITVSWNSGA LTSGVHTEPA 180
VLOSSGLYSL SSVVITVPSSS LGTOQTYICNY NHKPSNTKVD KKVEPKSCDK THTCPPCPAP 240
ELLGGPSVFEFL FPPKPKDTLM ISRTPEVTCYV VVDVSHEDPE VKENWYVDGYV EVHNAKTKPR 300
EEQYNSTYRV VSVLTVLHQD WLNGKEYKCK VSNKALPAPI EKTISKAKGQ PREPOVYTLP 360
PSRDELTKNQ VSLTCLVKGE YPSDIAVEWE SNGOQPENNYK TTPPVLDSDG SEFELYSKLTV 420
DKSRWOOQGNY FSCSVMHEAL HNHYTOQKSLS LSPGK 455
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SEQ ID NO: 16
FEATURE
SOoOurce
SEQUENCE: 16

DIOMTQSPST LSASVGDIVT
RESGSGSGTE FTLTISSLOS
SDEQLKSGTA SVVCLLNNEY
LSKADYEKHK VYACEVTHOQG

SEQ ID NO:
FEATURE
source

17

SEQUENCE :

QVOQLOQEAGPG
YDPSLRSRVT
SVIVSSASTEK
AVLOSSGLYS
PELLGGPSVE
REEQYNSTYR
PPSRDELTKN
VDKSRWQOGN

17
LVKPSETLSL
ISIDTPRNQF
GPSVEPLAPS
LSSVVTVPSS
LEPPKPKDTL
VVSVLTVLHOQ
QVSLTCLVEKG
VESCSVMHEA

SEQ ID NO:
FEATURE
source

18

SEQUENCE: 18

GVOMTQSPST LSASVGERVT
RESGSGSGTE FTLTITNLQP
SDEQLKSGTA SVVCLLNNEY
LSKADYEKHK VYACEVTHOQG

SEQ ID NO:
FEATURE
source

19

1%
LVKPSETLSL
ISVDTSKNEF
KGPSVFPLAP
SLSSVVTVPS
FLEFPPKPKDT
RVVSVLTVLH
NQVSLTCLVEK
NVESCSVMHE

SEQUENCE :

QLOLOESGPG
YSPSLKSPVT
ITVTVSSAST
PAVLOSSGLY
APELLGGPSV
PREEQYNSTY
LPPSRDELTK
TVDKSRWOOG

SkEQ ID NO:
FEATURE
source

20

SEQUENCE: 20

DIVLTQSPGT
DRERGSGSGT
FPPSDEQLKS
TLTLSKADYE

SEQ ID NO:
FEATURE

LSLSPGEGAT
DFTLTITRLE
GTASVVCLLN
KHKVYACEVT

21

21

-continued
moltype = AA length = 214
Location/Qualifiers
1..214
mol type = proteiln
organism = synthetic construct
note = Description of Artificial Sequence:

polypeptide

ITCRASQSIG DWLAWYQQKP GKAPKLLIYK ASNLESGVPS
DDFATYYCQQ YDSYSVTFGQ GTKVEIKGTYV AAPSVEIFEFPP
PREAKVOWKY DNALQOSGNSQ ESVTEQDSKD STYSLSSTLT
LSSPVTKSFEFN RGEC

moltype = AA length = 456
Location/Qualifiers

1..45¢6

mol type = proteiln

organism = synthetic construct

note = Description of Artificial Sequence:

polypeptide

TCTVSGGSIN
SLRVSSVDAG
SKSTSGGTAA
SLGTOQTYICN
MISRTPEVTC
DWLNGKEYKC
FYPSDIAVEW
LHNHYTQKSL

TRNYYWGWVR
DMGVYYCVRL
LGCLVKDYFEP
VNHKPSNTKV
VVVDVSHEDP
KVSNKALPAP
ESNGOQPENNY
SLSPGK

QPPGKGLEWI
DGGYNNGYYY
EPVTVSWNSG
DKKVEPKSCD
EVKENWYVDG
IEKTISKAKG
KTTPPVLDSD

ASVYYTGSTE
YGMDVWGOQGT
ALTSGVHTEP
KTHTCPPCPA
VEVHNAKTKP
QPREPOQVYTL
GSFEFLYSKLT

214

moltype = AA length
Location/Qualifiers
1..214

mol type = proteiln
organism = synthetic construct

note = Description of Artificial Sequence:
polypeptide

VICRASRPIS NWLSWYQQKP GRAPKLLIYG TSTLESGVPS
DDFATYYCQE HNLYTITFGP GTKVEIKRTV AAPSVEIFEPP
PREAKVOWKY DNALOSGNSQ ESVTEQDSKD STYSLSSTLT
LSSPVTKSFEFN RGEC

moltype = AA length = 457
Location/Qualifiers

1..457

mol type = proteiln

organism = synthetic construct

note = Description of Artificial Sequence:
polypeptide

SCAVSGAS IR
SLKATSVTAA
SSKSTSGGTA
SSLGTQTYIC
LMISRTPEVT
QDWLNGKEYK
GFYPSDIAVE
ALHNHYTQKS

SNTYYWGWIR
DTAVYYCVSL
ALGCLVKDYF
NVNHKPSNTK
CVVVDVSHED
CKVSNKALPA
WESNGQPENN
LSLSPGK

QPPGRGLEWI GSISHRGDAH
AYSEFSWNTYY FYGMDVWGHG
PEPVTVSWNS GALTSGVHTFE
VDKKVEPKSC DKTHTCPPCP
PEVKFNWYVD GVEVHNAKTK
PIEKTISKAK GQPREPQVYT
YKTTPPVLDS DGSFELYSKL

moltype = AA length = 217
Location/Qualifiers

1..217

mol type = proteiln

organism = synthetic construct

note = Description of Artificial Sequence:

polypeptide

LSCRASOSVN SGYLAWYQOK PGOPPRLLVFE AASSRATGIA
PEDFAVYYCQ LYGHSPARIT FGOQGTRLETK RTVAAPSVEI
NEYPREAKVQ WEKVDNALQOSG NSQESVTEQOD SKDSTYSLSS
HOGLSSPVTK SFEFNRGEC
moltype = AA length = 449
Location/Qualifiers

Synthetic

60

120
180
214

Synthetic

60

120
180
240
300
360
420
456

Synthetic

60

120
180
214

Synthetic

60

120
180
240
300
360
420
457

Synthetic

60

120
180
217

Mar. 23, 2023
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sOouUurce

SEQUENCE :

QLOLOESGPG
YNPSLKSRVT
SSASTKGPSV
SSGLYSLSSV
SVFLFPPKPK
TYRVVSVLTV
TKNQVSLTCL
EGNVESCSVM

SkEQ ID NO:
FEATURE
source

SEQUENCE :

DIVMTQSPLS
SGVPDRESGS
FIFPPSDEQL
SSTLTLSKAD

SEQ ID NO:
FEATURE
source

SEQUENCE :

QLOLOQESGPG
YNPSLKSRVT
TVIVSSASTK
AVLOSSGLYS
LGGPSVFEFLEP
QFNSTYRVVS
QEEMTKNOQVS
SERWOEGNVES

SEQ ID NO:
FEATURE
source

SEQUENCE :

EIVMTQSPAT
RESGSGSGTE
PPSDEQLKSG
LTLSKADYEK

SEQ ID NO:
FEATURE
source

SEQUENCE :

QLOLOQESGPG
YNPSLKSRVT
VSSASTKGPS
QSSGLYSLSS
PSVFLFPPKP
STYRVVSVLT
MTEKNQVSLTC
QEGNVESCSY

SEQ ID NO:

21

LVKPSETLSL
IFIDTSKNQF
FPLAPCSRST
VIVPSSSLGT
DTLMISRTPE
LHODWLNGKE
VKGEFYPSDIA
HEALHNHYTOQ

22

22

LPVTPGEPAS
GSGTDETLKI
KSGTASVVCL
YEKHKVYACE

23

23

LLKPSETLSL
ISLDTSKNHL
GPSVEFPLAPC
LSSVVITVPSS
PKPKDTLMIS
VLTVLHQDWL
LTCLVKGFYP
CSVMHEALHN

24

24

LSVSPGERAT
FTLTISSLOS
TASVVCLLNN
HKVYACEVTH

25

25

LVKPSETLSL
ISTDTSETQF
VEPLAPCSRS
VVTVPSSSLG
KDTLMISRTP
VLHQDWLNGK
LVKGFYPSDI
MHEALHNHYT

26

22

-continued

1..449

mol type = proteiln

organism = synthetic construct

note = Description of Artificial Sequence:

polypeptide
TCSVSGGS IS SSSYYWGWSR QSPGKGLEWI ASIYYSGSTY
SLKLSSVTAA DTAIYYCARV GTSAMSRAFD MWGOGTMVTV
SESTAALGCL VKDYFPEPVT VSWNSGALTS GVHTEFPAVLQ
KTYTCNVDHK PSNTKVDKRV ESKYGPPCPP CPAPEFLGGP
VTCVVVDVSQ EDPEVQEFNWY VDGVEVHNAK TKPREEQEFNS
YKCKVSNKGL PSSIEKTISK AKGOQPREPQV YTLPPSQEEM
VEWESNGOQPE NNYKTTPPVL DSDGSFELYS RLTVDKSRWQ
KSLSLSLGK

moltype = AA length = 219
Location/Qualifiers

1..219

mol type = proteiln

organism = synthetic construct

note = Degcription of Artificial Sequence:

polypeptide

ISCRSSQSLL QSNGYNYLDW YLOQKPGOQSPQ LLIYLGSNRA
SKVEAEDVGY YEFCMQALQIP WITFGQGTKVE IKRTVAAPSVY
LNNEFYPREAK VOWKVDNALQ SGNSQESVTE QDSKDSTYSL
VTHOQGLSSPV TEKSEFNRGEC

moltype = AA length = 453
Location/Qualifiers

1..453

mol type = protein

organism = synthetic construct

note = Description of Artificial Sequence:

polypeptide
TCTVSGGSVT TSPDWWAWLR QSPGKGLEWI GSVSYTGRTV
SLRMTSATAA DTAVEYCARL TPIDREFSADY YVLDIWGOQGA
SRSTSESTAA LGCLVKDYFP EPVIVSWNSG ALTSGVHTEP
SLGTKTYTCN VDHKPSNTKYV DKRVESKYGP PCPPCPAPEF
RTPEVTCVVYV DVSQEDPEVQ FNWYVDGVEV HNAKTKPREE
NGKEYKCKVS NKGLPSSIEK TISKAKGOPR EPQVYTLPPS
SDIAVEWESN GQPENNYKTT PPVLDSDGSEF FLYSRLTVDK
HYTOQKSLSLS LGK

moltype = AA length = 216
Location/Qualifiers

1..216

mol type = proteiln

organism = synthetic construct

note = Description of Artificial Sequence:

polypeptide

LSCRASQSIS SNLAWFQHKP GOQAPRLLIFR SSTRATGTPP
EDFAVYFCOQH YSYWPPLITF GOGTRLEIKR TVAAPSVFEIF
FYPREAKVOW KVDNALQSGN SQESVTEQDS KDSTYSLSST
QGLSSPVTKS FNRGEC

moltype =

AA length

Location/Qualifiers

1..450
mol type
organism

protein
synthetic

= 450

construct

note = Description of Artificial Sequence:
polypeptide

ICTVSGGS IR
SLKVNSVTAA
TSESTAALGC
TKTYTCNVDH
EVTCVVVDVS
EYKCKVSNKG
AVEWESNGQP
QKSLSLSLGK

moltype =

KNNEWWAWIR
DTAVYYCARL
LVKDYFPEPV
KPSNTKVDEKR
QEDPEVQENW
LPSSIEKTIS
ENNYKTTPPV

AA length

QAPGKGLEWI
SPEVGAAWWE
TVSWNSGALT
VESKYGPPCP
YVDGVEVHNA
KAKGOQPREPQ
LDSDGSFFLY

217

GSLSYTGRTV
DPWGOQGTLVT
SGVHTEFPAVL
PCPAPEFLGG
KTKPREEQEN
VYTLPPSQEE
SRLTVDKSRW

Synthetic

60

120
180
240
300
360
420
449

Synthetic

60

120
180
219

Synthetic

60

120
180
240
300
360
420
453

Synthetic

60

120
180
216

Synthetic

60

120
180
240
300
360
420
450

Mar. 23, 2023
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FEATURE
source

SEQUENCE :

EVVLTQSPGT
DRESGSGSGT
FPPSDEQLKS
TLTLSKADYER

SEQ ID NO:
FEATURE
source

SEQUENCE :

QVRLOQESGPG
NPSLNSRVTI
KGPSVFPLAP
SLSSVVTVPS
PPKPKDTLMI
SVLTVLHQDW
SLTCLVKGEY
SCSVMHEALH

SEQ ID NO:
FEATURE
source

SEQUENCE :

NEMLTQPHSV
DRESGSIDSS
LEPPSSEELQ

26

LSLSPGERAT
DFTLTISRLE
GTASVVCLLN
KHKVYACEVT

277

277

LVKPSGTLSL
SLDKSNNOVS
CSRSTSESTA
SSLGTKTYTC
SRTPEVTCVV
LNGKEYKCKV
PSDIAVEWES
NHYTQKSLSL

28

28

SESPGKTVTI
SNSASLTISG
ANKATLVCLI

YLSLTPEQWK SHRSYSCQVT

SEQ ID NO:
FEATURE
source

SEQUENCE :

QLOLRESGPG
YNPSLESRVT
GTTVIVSSAS
FPAVLOQSSGL
EFLGGPSVEL
EEQFNSTYRV
PSQEEMTEKNO
DKSRWQEGNVY

SEQ ID NO:
FEATURE
source

SEQUENCE :

EIVLTQSPGT
DRESGSGSGT
FPPSDEQLKS
TLTLSKADYER

SEQ ID NO:
FEATURE
source

29

29

LVKPSETLSL
ISVDTSKNQF
TKGPSVEFPLA
YSLSSVVTVP
FPPKPKDTLM
VSVLTVLHQD
VSLTCLVKGE
FSCSVMHEAL

30

30

LSLSPGERAT
DFTLTISRLE
GTASVVCLLN
KHKVYACEVT

31

23

-continued

Location/Qualifiers

1..217

mol type = proteiln

organism = synthetic construct

note = Description of Artificial Sequence:

polypeptide

LSCRASQSVS SRYLAWYQQK PGOQAPRLLIY GASSRAIGTP
PEDFAVYYCQ QYAYSPPAIT FGGGTKVEIK RTVAAPSVEI
NEYPREAKVQ WEKVDNALQSG NSQESVTEQD SKDSTYSLSS
HOGLSSPVTK SEFNRGEC

moltype = AA length = 444
Location/Qualifiers

1..444

mol type = proteiln

organism = synthetic construct

note = Description of Artificial Sequence:

polypeptide

PPGKGLEWVG
VGGPDLWGOG
GALTSGVHTE
PPCPPCPAPE
VHNAKTKPRE
REPOVYTLPP
FELYSRLTVD

EIHIRGTTYY
TLVTVSSAST
PAVLOSSGLY
FLGGPSVELF
EQEFNSTYRVV
SQEEMTKNQV
KSRWOEGNVE

TCAVSGGSIY
LRLTSVTAAD
ALGCLVEKDYFE
NVDHKPSNTK
VDVSQEDPEV
SNKGLPSSIE
NGOPENNYKT
SLGK

SSNWWTWVRO
SAVYYCVSQR
PEPVTVSWNS
VDKRVESKYG
QFNWYVDGVE
KTISKAKGQP
TPPVLDSDGS

moltype = AA length 216
Location/Qualifiers

1..216

mol type = proteiln

organism = synthetic construct

note = Description of Artificial Sequence:

polypeptide

SCTRSGGSIA TYYVOWYQOR PGSAPTNVIY KYDQRPSGVP
LKTEDEADYY CQSYDNNIQV FGGGTKLTVL GQPKAAPSVT
SDEYPGAVTV AWKADGSPVK AGVETTKPSK QSNNKYAASS
HEGSTVEKTV APTECS

moltype = AA length = 455
Location/Qualifiers

1..455

mol type = proteiln

organism = synthetic construct

note = Description of Artificial Sequence:

polypeptide

GSIYYTGRTY
YEFYGMDVWGQ
SGALTSGVHT
GPPCPPCPAP
EVHNAKTKPR
PREPOVYTLP
SEFEFLYSRLTV

SSSYYWGWIR
DTAVYYCAGL
AALGCLVEKDY
CNVDHKPSNT
VVDVSQEDPE
VSNKGLPSSI
SNGOQPENNYK
LSLGK

TCSVSGGS IS
SLKLSSVTAA
PCSRSTSEST
SSSLGTKTYT
ISRTPEVTCV
WLNGKEYKCK
YPSDIAVEWE
HNHYTQKSLS

QPPGKGLEWI
HYSWSALGGY
FPEPVTVSWN
KVDKRVESKY
VOQENWYVDGV
EKTISKAKGO
TTPPVLDSDG

moltype = AA length 217

Location/Qualifiers
1. .217

mol type = proteiln

organism = synthetic construct

note = Description of Artificial Sequence:
polypeptide

LSCRASQSVS SRDLVWYQOK PGOQAPRLLIY GASTRATGIP
PEDFAVYYCQ KYGSSPPRIT FGPGTKVDIK RTVAAPSVEI
NEYPREAKVQ WEKVDNALQSG NSQESVTEQD SKDSTYSLSS
HOGLSSPVTK SEFNRGEC

moltype = AA length = 450
Location/Qualifiers

1..450

mol type = proteiln

Synthetic

60

120
180
217

Synthetic

60

120
180
240
300
360
420
444

Synthetic

60

120
180
216

Synthetic

60

120
180
240
300
360
420
455

Synthetic

60

120
180
217
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-continued

organism = synthetic construct

note = Description of Artificial Sequence: Synthetic

polypeptide
SEQUENCE: 31
QVQLOESGPG LVEKPSETLSL TCTVSGGSIS RRNDYWAWIR QSPGKDLEWI GTISEFSGSTE 60
YNPSLKSRVT ISADTEFNNHEF SLRLDAVAAA DTAVYYCARL SPEVGAAWWE DPWGPGTLVT 120
VSSASTKGPS VEFPLAPCSRS TSESTAALGC LVKDYFPEPV TVSWNSGALT SGVHTEFPAVL 180
Q5SSGLYSLSS VVTVPSSSLG TKTYTCNVDH KPSNTKVDKR VESKYGPPCP PCPAPEFLGG 240
PSVEFLFPPKP KDTLMISRTP EVTCVVVDVS QEDPEVOQEFNW YVDGVEVHNA KTKPREEQFN 300
STYRVVSVLT VLHODWLNGK EYKCKVSNKG LPSSIEKTIS KAKGOPREPQ VYTLPPSQEERE 360
MTEKNQVSLTC LVKGEFYPSDI AVEWESNGQP ENNYKTTPPYV LDSDGSFEFLY SRLTVDKSRW 420
QEGNVEFSCSY MHEALHNHYT QKSLSLSLGK 450
SEQ ID NO: 32 moltype = AA length = 217
FEATURE Location/Qualifiers
source 1..217

mol type = proteiln

organism = synthetic construct

note = Description of Artificial Sequence: Synthetic

polypeptide
SEQUENCE: 32
EIVLTQSPGT LSLSPGERAT LSCRASQSLS SNYLGWYQOK PGOQAPRLLIY GASNRATGIP 60
DRESGSGSGT DEFTLTISRLE PEDEGVYYCQ RYGRSPPAIT FGGGTKVEIK RTVAAPSVEIL 120
FPPSDEQLKS GTASVVCLLN NFYPREAKVQ WKVDNALQSG NSQESVTEQD SKDSTYSLSS 180
TLTLSKADYE KHKVYACEVT HOQGLSSPVTK SEFNRGEC 217
SEQ ID NO: 33 moltype = AA length = 454
FEATURE Location/Qualifiers
source 1..454

mol type = proteiln

organism = synthetic construct

note = Description of Artificial Sequence: Synthetic

polypeptide
SEQUENCE: 33
QLOLOESGPG LVKPSETLSL TCTASGGSIT NNIDYWVWIR QPPGRGLEWI GTIYYSGSTE 60
YNPSLKSRVT ISVDTSNNQEF SLNLNSMSAA DTAVYYCARL RYYYDSNGYL PYWIDSWGOG 120
TLVIVSSAST KGPSVFPLAP CSRSTSESTA ALGCLVKDYEF PEPVTVSWNS GALTSGVHTE 180
PAVLOSSGLY SLSSVVITVPS SSLGTKTYTC NVDHKPSNTK VDKRVESKYG PPCPPCPAPE 240
FLGGPSVEFLE PPKPKDTLMI SRTPEVTCVV VDVSQEDPEV QFNWYVDGVE VHNAKTKPRE 3200
EQFNSTYRVV SVLTVLHODW LNGKEYKCKVY SNKGLPSSIE KTISKAKGOQP REPQVYTLPP 360
SQEEMTEKNQV SLTCLVEKGEFY PSDIAVEWES NGOQPENNYKT TPPVLDSDGS FELYSRLTVD 420
KSRWOQEGNVE SCSVMHEALH NHYTQKSLSL SLGK 454
SEQ ID NO: 34 moltype = AA length = 217
FEATURE Location/Qualifiers
source 1..217

mol type = protein

organism = synthetic construct

note = Desgcription of Artificial Sequence: Synthetic

polypeptide
SEQUENCE: 34
EIVLTQSPGT LSLSPGERAT LSCRASQSIS SSYLGWYQOQK PGOQAPRLLIY GASSRATGIP 60
DRESGSGSGT DEFTLTISSLE PEDFAVYEFCQ LYRRSPPRLT FGGGTKVEIK RTVAAPSVEI 120
FPPSDEQLKS GTASVVCLLN NFYPREAKVQ WKVDNALQSG NSQESVTEQD SKDSTYSLSS 180
TLTLSKADYE KHKVYACEVT HOGLSSPVTK SEFNRGEC 217
SEQ ID NO: 35 moltype = AA length = 452
FEATURE Location/Qualifiers
source 1..452

mol type = proteiln

organism = synthetic construct

note = Desgcription of Artificial Sequence: Synthetic

polypeptide
SEQUENCE : 35
QLOLOESGPG LVKPSESLSL TCTVSGGSII SNDYYWAWIR QSPGKGLEWI GSINYRGSTE 60
YSPSLNSRVT TSVDTSKNQEF FLKLTSVTAA DTAMYFCTRL HGRYRGVGRL AFDYWGOGTL 120
VIVSSASTKG PSVEFPLAPCS RSTSESTAAL GCLVKDYEFPE PVTVSWNSGA LTSGVHTEFPA 180
VLOSSGLYSL SSVVTVPSSS LGTKTYTCNYV DHKPSNTKVD KRVESKYGPP CPPCPAPEFL 240
GGPSVFLFPP KPKDTLMISR TPEVTCVVVD VSQEDPEVQEF NWYVDGVEVH NAKTKPREEQ 300
FNSTYRVVSYV LTVLHOQDWLN GKEYKCKVSN KGLPSSIEKT ISKAKGOPRE POVYTLPPSQ 360
EEMTKNOQVSL TCLVKGEYPS DIAVEWESNG QPENNYKTTP PVLDSDGSEFE LYSRLTVDKS 420
RWOQEGNVESC SVMHEALHNH YTOQKSLSLSL GK 452
SEQ ID NO: 36 moltype = AA length = 214
FEATURE Location/Qualifiers
source 1..214
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-continued

mol type = proteiln

organism = synthetic construct

note = Description of Artificial Sequence: Synthetic

polypeptide
SEQUENCE: 36
DIOMTQSPST LSASVGDIVT ITCRASQSIG DWLAWYQOKP GKAPKLLIYK ASNLESGVPS 60
RESGSGSGTE FTLTISSLOQS DDFATYYCQQ YDSYSVIEFGQ GTKVEIKGTV AAPSVEFIFPP 120
SDEQLKSGTA SVVCLLNNEY PREAKVOWKY DNALQSGNSQ ESVTEQDSKD STYSLSSTLT 180
LSKADYEKHK VYACEVTHQG LSSPVTKSEFN RGEC 214
SEQ ID NO: 37 moltype = AA length = 453
FEATURE Location/Qualifiers
source 1..453

mol type = protein

organism = synthetic construct

note = Description of Artificial Sequence: Synthetic

polypeptide
SEQUENCE: 37
QVQLOEAGPG LVEKPSETLSL TCTVSGGSIN TRNYYWGWVRE QPPGKGLEWI ASVYYTGSTE 60
YDPSLRSRVT ISIDTPRNQEF SLRVSSVDAG DMGVYYCVRL DGGYNNGYYY YGMDVWGQGT 120
SVIVSSASTK GPSVEFPLAPC SRSTSESTAA LGCLVEKDYEFP EPVIVSWNSG ALTSGVHTEFP 180
AVLOSSGLYS LSSVVTVPSS SLGTKTYTCN VDHKPSNTKV DKRVESKYGP PCPPCPAPEEF 240
LGGPSVEFLEFP PKPKDTLMIS RTPEVTCVVV DVSQEDPEVQ FNWYVDGVEYV HNAKTKPREE 300
QFNSTYRVVS VLTVLHOQDWL NGKEYKCKVS NKGLPSSIEK TISKAKGOPR EPQVYTLPPS 360
QEEMTKNQVS LTCLVKGEFYP SDIAVEWESN GOQPENNYKTT PPVLDSDGSEF FLYSRLTVDK 420
SERWOQEGNVES CSVMHEALHN HYTQKSLSLS LGK 453
SEQ ID NO: 38 moltype = AA length = 214
FEATURE Location/Qualifiers
source 1..214

mol type = proteiln

organism = synthetic construct

note = Description of Artificial Sequence: Synthetic

polypeptide
SEQUENCE: 38
GVOMTOSPST LSASVGERVT VTCRASRPIS NWLSWYQOKP GRAPKLLIYG TSTLESGVPS 60
RESGSGSGTE FTLTITNLQP DDFATYYCQE HNLYTITEFGP GTKVEIKRTV AAPSVEFIFPP 120
SDEQLKSGTA SVVCLLNNEY PREAKVOWKY DNALQSGNSQ ESVTEQDSKD STYSLSSTLT 180
LSKADYEKHK VYACEVTHQG LSSPVTKSEFN RGEC 214
SEQ ID NO: 39 moltype = AA length = 454
FEATURE Location/Qualifiers
source 1..454

mol type = proteiln

organism = synthetic construct

note = Desgcription of Artificial Sequence: Synthetic

polypeptide
SEQUENCE: 39
QLOLOESGPG LVKPSETLSL SCAVSGASIR SNTYYWGWIR QPPGRGLEWI GSISHRGDAH 60
YSPSLKSPVT ISVDTSKNEEF SLKATSVTAA DTAVYYCVSL AYSESWNTYY EFYGMDVWGHG 120
ITVIVSSAST KGPSVFPLAP CSRSTSESTA ALGCLVKDYE PEPVTVSWNS GALTSGVHTE 180
PAVLOSSGLY SLSSVVTVPS SSLGTKTYTC NVDHKPSNTK VDKRVESKYG PPCPPCPAPE 240
FLGGPSVEFLE PPKPKDTLMI SRTPEVTCVV VDVSQEDPEV QFNWYVDGVE VHNAKTKPRE 300
EQFNSTYRVV SVLTVLHODW LNGKEYKCKVY SNKGLPSSIE KTISKAKGOQP REPQVYTLPP 360
SQEEMTEKNQV SLTCLVKGEY PSDIAVEWES NGOQPENNYKT TPPVLDSDGS FELYSRLTVD 420
KSRWOQEGNVE SCSVMHEALH NHYTQKSLSL SLGK 454
SEQ ID NO: 40 moltype = AA length = 217
FEATURE Location/Qualifiers
source 1..217

mol type = proteiln

organism = synthetic construct

note = Desgcription of Artificial Sequence: Synthetic

polypeptide
SEQUENCE: 40
DIVLTQSPGT LSLSPGEGAT LSCRASQSVN SGYLAWYQQK PGOPPRLLVE AASSRATGIA 60
DRFRGSGSGT DEFTLTITRLE PEDFAVYYCQ LYGHSPARIT FGOQGTRLETK RTVAAPSVEI 120
FPPSDEQLKS GTASVVCLLN NEFYPREAKVQ WKVDNALQSG NSQESVTEQD SKDSTYSLSS 180
TLTLSKADYE KHKVYACEVT HOGLSSPVTK SEFNRGEC 217
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2. The nicotine-binding antibody or nicotine-binding frag-
ment thereol according to claim 1, wherein:

a. the heavy chain sequence has at least about 98%

1. A nicotine-binding antibody or nicotine-binding frag-
ment thereol, comprising a heavy chain sequence and a light
chain sequence selected from:

a. a heavy chain sequence with at least about 95% 1dentity
to SEQ ID NO: 1 and a light chain sequence with at
least about 95% identity to of SEQ ID NO: 2;

b. a heavy chain sequence with at least about 95% 1dentity
to SEQ ID NO: 3 and a light chain sequence with at
least about 95% identity to SEQ 1D NO: 4;

c. a heavy chain sequence with at least about 95% 1dentity
to SEQ ID NO: 5 and a light chain sequence with at
least about 95% 1dentity to SEQ 1D NO: 6;

d. a heavy chain sequence with at least about 95% 1dentity
to SEQ ID NO: 7 and a light chain sequence with at
least about 95% 1dentity to SEQ 1D NO: §;

¢. a heavy chain sequence with at least about 95% 1dentity
to SEQ ID NO: 9 and a light chain sequence with at
least about 95% 1dentity to SEQ ID NO: 10;

f. a heavy chain sequence with at least about 95% 1dentity
to SEQ ID NO: 11 and a light chain sequence with at
least about 95% 1dentity to SEQ 1D NO: 12;

g. a heavy chain sequence with at least about 95% 1dentity

to SEQ ID NO: 13 and a light chain sequence with at
least about 95% 1dentity to SEQ 1D NO: 14;

h. a heavy chain sequence with at least about 95% i1dentity
to SEQ ID NO: 15 and a light chain sequence with at
least about 95% identity to SEQ ID NO: 16;

1. a heavy chain sequence with at least about 95% 1dentity
to SEQ ID NO: 17 and a light chain sequence with at

least about 95% 1dentity to SEQ ID NO: 18;

1. a heavy chain sequence with at least about 95% i1dentity
to SEQ ID NO: 19 and a light chain sequence with at

least about 95% identity to SEQ 1D NO: 20

k. a heavy chain sequence with at least about 95% 1dentity
to SEQ ID NO: 21 and a light chain sequence with at

least about 95% 1dentity to of SEQ ID NO: 22;

1. a heavy chain sequence with at least about 95% 1dentity
to SEQ ID NO: 23 and a light chain sequence with at

least about 95% identity to SEQ 1D NO: 24;

m. a heavy chain sequence with at least about 95%
identity to SEQ ID NO: 25 and a light chain sequence
with at least about 95% i1dentity to SEQ ID NO: 26;

n. a heavy chain sequence with at least about 95% i1dentity
to SEQ ID NO: 27 and a light chain sequence with at
least about 95% 1dentity to SEQ 1D NO: 28;

0. a heavy chain sequence with at least about 95% 1dentity
to SEQ ID NO: 29 and a light chain sequence with at
least about 95% identity to SEQ 1D NO: 30;

p. a heavy chain sequence with at least about 95% i1dentity
to SEQ ID NO: 31 and a light chain sequence with at
least about 95% 1dentity to SEQ 1D NO: 32;

g. a heavy chain sequence with at least about 95% 1dentity
to SEQ ID NO: 33 and a light chain sequence with at
least about 95% identity to SEQ 1D NO: 34;

r. a heavy chain sequence with at least about 95% i1dentity
to SEQ ID NO: 35 and a light chain sequence with at

least about 95% 1dentity to SEQ 1D NO: 36;

s. a heavy chain sequence with at least about 95% i1dentity
to SEQ ID NO: 37 and a light chain sequence with at

least about 95% identity to SEQ ID NO: 38; and

t. a heavy chain sequence with at least about 95% i1dentity
to SEQ ID NO: 39 and a light chain sequence with at

least about 95% 1dentity to SEQ 1D NO: 40.

identity to SEQ ID NO: 1 and the light chain sequence
has at least about 98% 1dentity to SEQ ID NO: 2;

b. the heavy chain sequence has at least about 98%
identity to SEQ ID NO: 3 and the light chain sequence
has at least about 98% identity to SEQ ID NO: 4;

c. the heavy chain sequence has at least about 98%
identity to SEQ ID NO: 5 and the light chain sequence
has at least about 98% 1dentity to SEQ ID NO: 6;

d. the heavy chain sequence has at least about 98%
identity to SEQ ID NO: 7 and the light chain sequence

has at least about 98% identity to SEQ ID NO: §;

¢. the heavy chain sequence has at least about 98%
identity to SEQ ID NO: 9 and the light chain sequence
has at least about 98% 1dentity to SEQ ID NO: 10;

f. the heavy chain sequence has at least about 98%
identity to SEQ ID NO: 11 and the light chain sequence
has at least about 98% identity to SEQ ID NO: 12;

g. the heavy chain sequence has at least about 98%
identity to SEQ ID NO: 13 and the light chain sequence
has at least about 98% identity to SEQ ID NO: 14;

h. the heavy chain sequence has at least about 98%
identity to SEQ ID NO: 15 and the light chain sequence
has at least about 98% identity to SEQ ID NO: 16;

1. the heavy chain sequence has at least about 98% i1dentity
to SEQ ID NO: 17 and the light chain sequence has at
least about 98% 1dentity to SEQ ID NO: 18;

1. the heavy chain sequence has at least about 98% i1dentity
to SEQ ID NO: 19 and the light chain sequence has at
least about 98% 1dentity to SEQ ID NO: 20;

k. a heavy chain sequence with at least about 98% i1dentity
to SEQ ID NO: 21 and a light chain sequence with at
least about 98% 1dentity to of SEQ ID NO: 22;

1. a heavy chain sequence with at least about 98% i1dentity
to SEQ ID NO: 23 and a light chain sequence with at

least about 98% 1dentity to SEQ ID NO: 24;

m. a heavy chain sequence with at least about 98%
identity to SEQ ID NO: 25 and a light chain sequence
with at least about 98% 1dentity to SEQ ID NO: 26;

n. a heavy chain sequence with at least about 98% 1dentity
to SEQ ID NO: 27 and a light chain sequence with at

least about 98% 1dentity to SEQ ID NO: 28;

0. a heavy chain sequence with at least about 98% i1dentity
to SEQ ID NO: 29 and a light chain sequence with at

least about 98% 1dentity to SEQ ID NO: 30;

p. a heavy chain sequence with at least about 98% i1dentity
to SEQ ID NO: 31 and a light chain sequence with at

least about 98% 1dentity to SEQ ID NO: 32;

g. a heavy chain sequence with at least about 98% 1dentity
to SEQ ID NO: 33 and a light chain sequence with at

least about 98% 1dentity to SEQ ID NO: 34;

r. a heavy chain sequence with at least about 98% i1dentity
to SEQ ID NO: 35 and a light chain sequence with at

least about 98% 1dentity to SEQ ID NO: 36;

s. a heavy chain sequence with at least about 98% 1dentity
to SEQ ID NO: 37 and a light chain sequence with at

least about 98% 1dentity to SEQ ID NO: 38; or

t. a heavy chain sequence with at least about 98% i1dentity
to SEQ ID NO: 39 and a light chain sequence with at

least about 98% 1dentity to SEQ ID NO: 40; and
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wherein nicotine-binding antibody or nicotine-binding
fragment thereof has a K,, for S-(-)-nicotine of less
than about 100 nM.

3. The nicotine-binding antibody or micotine-binding frag-
ment thereotl according to claim 2, wherein the nicotine-
binding antibody or nicotine-binding fragment thereof has a
K, for S-(-)-nicotine between 90 nM and 0.05 nM.

4. The nicotine-binding antibody or nicotine-binding frag-
ment thereof according to claim 3, wherein the antibody or
fragment 1s an IgG4.

5. The nicotine-binding antibody or nicotine-binding frag-
ment thereof according to claim 4, wherein the antibody or
fragment comprises the substitution S228P.

6. The nicotine-binding antibody or nicotine-binding frag-
ment thereof according to claim 3, wherein the antibody or
fragment 1s a long-acting variant.

7. The nicotine-binding antibody or micotine-binding frag-
ment thereol according to claim 6, wherein the antibody or
fragment 1s PEGylated.

8. The nicotine-binding antibody or nicotine-binding frag-
ment thereof according to claim 1, wherein the antibody or
fragment has a K, for S-(-)-nicotine of less than about 100
nM.

9. The nicotine-binding antibody or nicotine-binding frag-
ment thereof according to claim 1, wherein the antibody or
fragment has a K, for S-(-)-nicotine of less than about 60
nM.

10. The micotine-binding antibody or nicotine-binding
fragment thereof according to claim 1, wherein the antibody
or fragment has a K, for S-(-)-nicotine of less than about 30
nM.

11. The nicotine-binding antibody or nicotine-binding
fragment thereof according to claim 1, wherein the antibody

or fragment has a K, for S-(-)-nicotine of less than about 10
nM.
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12. The nicotine-binding antibody or nicotine-binding
fragment thereol according to claim 1, wherein the antibody

or fragment has a K, for S-(-)-nicotine of less than about 5
nM.

13. The nicotine-binding antibody or nicotine-binding
fragment thereol according to claim 1, wherein the antibody
or fragment 1s substantially not cross-reactive with cotinine.

14. The nicotine-binding antibody or nicotine-binding
fragment thereof according to claim 3, wherein the antibody
or fragment 1s substantially not cross-reactive with one or
more nicotine-related compounds selected from cotinine,

nicotinamide, B-nicotinamide adenine dinucleotide and nor-
nicotine.

15. A pharmaceutical composition comprising a nicotine-
binding antibody or nicotine-binding fragment thereof
according to claim 3 and a pharmaceutically acceptable
carrier.

16. The pharmaceutical composition according to claim
15, wherein the composition 1s formulated for injection or
infusion.

17. A method of treating nicotine addiction or facilitating
smoking cessation, comprising administering to a human
subject in need thereot a therapeutically effective amount of
a nicotine-binding antibody or nicotine-binding fragment
thereol according to claim 3.

18. A method of treating nicotine overdose or nicotine
poisoning, comprising administering to a mammalian sub-
ject 1n need thereotf a therapeutically effective amount of a
nicotine-binding antibody or nicotine-binding fragment
thereol according to claim 3.

19. The method of claim 18, wherein the subject 1s a
human child.
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