wo 2016/028712 A1 | ]I NF T 0V 0 0RO

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/028712 Al

25 February 2016 (25.02.2016) WIPOI|PCT

(51) International Patent Classification: 3369 (US). GLOBAL BIODIAGNOSTICS CORP.
GOIN 33/53 (2006.01) GOIN 33/573 (2006.01) [US/US]; 3000 S. 31st Street, Suite 408, Temple, TX
GOIN 33/569 (2006.01) 76502 (US).

(21) International Application Number: (72) Inventor; and

PCT/US2015/045572 (71) Applicant : CIRILLO, Jeffrey D. [US/US]; ¢/o The

(22) International Filing Date: ;l;gia?F?(S;%E%V}eéglt(%ssg.swm’ 3369 TAMU, College Sta

17 August 2015 (17.08.2015) ’
. . (72) Inventor: NORMAN, Michael T.; c/o Global Biodia-

(25) Filing Language: English gnostics Corp., 3000 S. 315t Street, Suite 408, Temple, TX

(26) Publication Language: English 76502 (US).

(30) Priority Data: (74) Agent: NOWAK, Thomas S.; Christensen O'Connor
62/038,736 18 August 2014 (18.08.2014) UsS Johnson Kindness PLLC, 1201 Third Avenue, Suite 3600,
62/134,332 17 March 2015 (17.03.2015) Us Seattle, WA 98101 (US).

(63) Related by continuation (CON) or continuation-in-part (81) Designated States (unless otherwise indicated, for every
(CIP) to earlier applications: kind of national protection available): AE, AG, AL, AM,
us 62/038,736 (CON) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
Filed on 18 August 2014 (18.08.2014) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
us 62/134,332 (CON) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
Filed on 17 March 2015 (17.03.2015) HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,

(71) Applicants: THE TEXAS A&M UNIVERSITY SYS- MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,

TEM [US/US]; 3369 TAMU, College Station, TX 77843-

PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,

[Continued on next page]

(54) Title: BETA LACTAMASE AS BIOMARKER FOR THE SPECIFIC DETECTION OF TUBERCULOSIS-COMPLEX BAC-
TERIA

Abs (486 nm)

T
20

0 10 30
TIME (MIN)
18
187 ¥ =0.6283x + 0.4852
16 R =0.9979
T 14|
§ 12
¥ 10
N
S
B 6
3 4
2]
0 ; ; : ; T )
[ 5 10 15 20 25 30
BlaC CONCENTRATION (nM)

FIG. 1B

(57) Abstract: The present disclosure provides meth-
ods, reagents, systems, and devices that target P
lactamase as a biomarker for the sensitive and specit-
ic detection of tuberculosis-complex bacteria. Spe-
cifically, the present disclosure relates to methods
and compositions for the detection of specific p-
lactamase protein and nucleic acid sequences to in-
dicate the presence of tuberculosis-complex bacteria.



WO 2016/02871:2 A1 W00 0O A

SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW. GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).

(84) Designated States (unless otherwise indicated, for every Published:
kind of regional protection available): ARIPO (BW, GH, __ P .
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, with international search report (Art. 21(3))
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, — before the expiration of the time limit for amending the
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, claims and to be republished in the event of receipt of
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, amendments (Rule 48.2(h))
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, __ ;s sequence listing part of description (Rule 5.2(a))



WO 2016/028712 PCT/US2015/045572

(v

16

[
W

26

A
A

BETA LACTAMASE AS BIOMARKER FOR THE SPECIFIC DETECTION OF
TUBERCULOSIS-COMPLEX BACTERIA

CROSS-REFERENCES TO RELATED APPLICATIONS
This agpplication claims the benefit of U, Provisional Application
No. 62/638,736 filed August 18, 2014, and U.S. Provisional Application No. 62/134332,

filed March 17, 2015, cach of which 1s incorporated hervein by reference in its entirety.

STATEMENT REGARDING SEQUENCE LISTING
The sequence listing associated with this application is provided in text format in
lieu of a paper copy and is hereby incorporated by reference into the specification. The
name of the text file containing the sequence listing is 54434 SE(Q ST25.4xt The text
file is 16KB; was created on August 17, 2015; and is being submitted via EFS-Web with

the fiting of the specification.

BACKGROUNE

Tuberculosis (TB) is one of the most important infectious diseases in humans and
aninials worldwide. The World Health Organization currently estimates that roughly
one-third of the world's population is infected with tuberculosis (TB), caused by the
Mycobacterium tbevculosis (Mib), 1In the year 2011 alone, 8.7 nmullion people fell i
with TB and another 1.4 million died. While the risk of developing symptoms from the
latent condition is only 10%, this number increases greatly if the individual is also
mfected with an inwnune compromising disease such as HIV. TB is a treatable and
curable discase, typically combated with a six-month course of antimicrobial drugs, and
the use of these treatments has significantly decreased the mortality rate for TB over the
last quarter century. Despite this, multi-drug resistant TB strains gencrate concern among
medical cxperts and demand the need for the devclopment of new antimicrobial
strategies. One mmportant component to treatment strategies is the implementation of
effective and accurate diagnosis and tracking of infections, including latent infections.
Such diagnostic strategies could dramatically enhance the ability to detect infection and

potentially prevent transmission, thus reducing the overall incidence of TR,
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Early diagnosis is critical to the prevention and control of tuberculosis due to its
airborne fransmission. Standard diagnostic methods, such as an acid-fast stain on smears
from sputam, do not become positive until after transmission can occur, allowing spread
of disease. (Cuolture-based techniques are more sensitive, but take weeks to obtain results,
due to the exiremely slow growth rate of TB bacteria. Thus, clinical diagnosis and
disease conirol would be greatly facilitated by methods that can detect tubercle bacteria in
a sensitive, rapid, specific and quantitative manner during disease.

In addition fo this, the current vaccine, Mycobacterium bovis Bacillus Calmette
Guerin (BCG), displays variable efficacy (0-80%) depending on the population being
vaccinated.  Currently, researchers typically rely on animnal studies to help assess the
effectiveness of new therapeutic agents. These studies employ sacrifice at discrete time
points, tissue homogenization, and colony growth. These factors combine to greatly limit
ternporal and spatial resolution of the bacteria n tissue. Thus, the development of an
experimental technique that could provide rapid feedback regarding the efficacy of a
therapeutic agent in an animal model of a respiratory infection could greatly benefit the
development of such vaceines.

Despite the advances in the development of diagnostic techniques for the
diagnosis and monitoring of TB infections, a need remains for sensitive, rapid, and
specific diagnostic reagents and methods that facilitate the rapid detection of tuberculosis.

The present invention soeks to fulfill this need and provides further related advantages.

SUMMARY

This summary is provided to introduce a selection of concepts in a simplified
form that are further described below in the Detailed Description. This sununary is not
intended to dentify key features of the claimed subject matter, nor is it intended to be
used as an aid in determining the scope of the claimed subject matter,
binds to a B-lactamase (BlaC), or a portion thereof, of a tuberculosis-complex bacteria.

In some embodiments, the BlaC has an amino acid scquence with at least 95%
identity to the sequence set forth in SEQ 1D NOG:2. In some embodiments, the BlaC has
an amino acid sequence set forth in SEQ ID NG:2Z. In some embodiments, the affinity

reagent is capable of specifically binding to a portion of BlaC.
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In some embodiments, the affinity reagent is an antibody, an enzyme subsirate, a
modified enzyme substrate, and the like. In some embodiments, the affinity reagentis a
polyclonal or monoclonal antibody.

Tn some embodiments, the tuberculosis-complex bacteria are from one or more of
the species selected from the group consisting off  Mycobacterium tubercuiosis,
Mycobacterium  bovis,  Mycobacterium  bovis-Bacillus  Calmetie-Guérin  (BCG),
Mycobacterium  africanum,  Mycobacterium  wmicroti,  Mycobacterium  caneltii,
Mycobacterium pinnipedii, and Mycobacterium mungi.

In another aspect, the disclosure provides a method of detecting the presence of
tuberculosis-complex bacteria in a biological sarnple, the method comprising 1)
contacting the sample with an affinity reagent that specifically binds to a B-lactamase
(BlaC) of a tuberculosis-complex bacterium, and 2} detecting the formation of a complex
between the BlaC and the atfinity reagent. The formation of a complex is indicative of
the presence of tuberculosis-complex bacteria in the sample.

In some embodiments, the BlaC has an amino acid sequence with at least 95%
identity to the sequence set forth in SEQ ID NOG:2Z. In some embodiments, the BlaC has
an amino acid sequence set forth in SEQ 1D NO:2. In some embodiments, the atfinity
reagent is capable of specifically binding to a portion of the Bla(l.

In some embodiments, the affinity reagent comprises a detectable label. In some
cmbodiments, the method further comprises contacting the biological sample with an
immobilized BlaC protein or affinity reagent. In some embodiments, the affinity reagent
is attached to a substrate. Tn some embodiments, the formation of a complex between the
BlaC and the affinity rcagent is detected by further contacting the complex with a second
affinity reagent that contains a detectable label and that specifically binds to the complex.

In some embodiments, the biological sample is obtained from a subject suspected
of having tuberculosis-complex bacteria, and wherein the presence of
tuberciosis-complex bacteria in the bislogical sample is indicative of a tuberculosis
mfoction in the sobject. In some embodiments, the biological sample comprises blood,
serum, sputum, saliva, breath, feces, urine, spinal fluid, mucus, tissue sample, and the
like. In some embodiments, the subject is a mammal, such as a human,

In another aspect, the disclosure provides a method of detecting the presence of
tuberculosis-complex bacteria in a biological sample obtained from a subject, the method

comprising determining the presence or amount of anti-B-lactamase (BlaC) antibody in a
£ £ ! J 3
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biological sample, wherein the presence or amount of anti-BlaC antibody iu the
biological sample is indicative of the presence of tuberculosis-complex bacteria in the
subject.

Tn some erbodiments, the presence of anti-BlaC antibody in the biological
sample is determined by an assay comprising the following steps:

{a) contacting the biological sample with at least one polypeptide with an
amine acid sequence that has at least 90% sequence identity fo any six or more
contiguous amino acids of SEQ D NO:Z; and

(b} detecting the formation of a complex between the antibody in the sample
and the polypeptide,

In some embodiments, the method further comprises comparing the determined
amount of anti-BlaC antibody to a reference standard, where an amount of anti-BlaC
antibody detected i the biclogical sample greater than the reference standard is
indicative of the presence of tuberculosis-complex bacteria in the subject. In some
embodiments, the reference standard is an analogous biological sample from a subject
that does not have tuberculosis-cormplex bacteria.

In ancther aspect, the present disclosure provides a mcthod for detecting the
presence of tuberculosis-complex bacteria in a test sample, the method comprising:

{a) contacting the sample with a polymucleotide probe with a detectable label
capable of specifically hybridizing to a target region of a nucleic acid molecule that
encodes a P-lactamase (BlaC) with an amino acid sequence set forth in SEQ 1D NO:2,
and

{b) detecting the hybridization of the probe to the nucleic acid molecule
encoding Bial, wherein detected hybridization is indicative of the presence of
tuberculosia-complex bacteria in the test sarple.

In some embodiments, the polynucleotide probe has a polynucleotide sequence
selected from the group consisting of SEQ D NO:3,4,5,6,7, 8,9, 10, and 11,

Tn some emnbodirnents, the method further comprises contacting the sample witha
forward polynucleotide primer and a reverse primer to form a reaction mixture, wherein
each primer capable of specifically hybridizing to a different portion of the target region,
and subjecting the reaction mixture to amplification conditions suitable to amplity at least
a portion of the target region. In some embodiments, the forward primer has a

polymucleotide sequence selected from the group consisting of SEQ ID NO:12, i3, 14,

4.
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15,16, 17,18, 19, and 20. In some erbodiments, the reverse primer has a polynucleotide
sequence selected from the group consisting of SEQ 1D NO:214, 22, 23, 24, 25, 26, 27, 28,
and 29. In some embodiments, the test sample is obtained from a subject suspected of
having tuberculosis-complex bacteria, and wherein the presence of tuberculosis-complex
bacteria in the biological sample is indicative of a tuberculosis infection in the subject.

In ancther aspect, the present disclosure provides a method for determining the
presence of tuberculosis cormnplex bacteria in a test sarnple, the method comprising the
steps of

(3) contacting the test sample with a composition comprising at least one
primer pair comprising a forward and reverse primer capable of specifically hybridizing
to a target region of tuberculosis complex AlaC gene, to form a reaction mixiure;

{b) subjecting said reaction mixture to amplification conditions suitable to
amiplify at least a portion of the target region; and
() detecting amplification of the at least a portion of the target region,
wherein amplitication of the at least a portion of the target region is indicative of the
presence of tubereulosis cornplex bacteria in a test sample.

In some embodiments, the primor pair is sciected from the group consisting of
SEQ ID NOS:12 and 21, SEQ ID NOS:13 and 22, SEQ ID NOS:i4 and 23, SEQ ID
NOS:18 and 24, SEQ ID NOS:16 and 25, SEQ 1D NOS: 17 and 26, SEQ ID NOS:18 and
27, SEQ 1D NOS:19 and 28, and SE( 1D NOS:20 and 29.

In another aspect, the present disclosure provides a method for monitoring the
cfficacy of treatment of a tuberculosis mfection, comprising:

{(a) determining the presence or amount of BlaC protein, nucleic acid
encoding Bla( protein, or anti-BlaC antibodies in a biological sampie obtained from a
subject recetving treatment for tuberculosis according to any one of Claims 1-40; and

(b} comparing the amount of BlaC protein, nucleic acid encoding BlaC
protein, or anti-BlaC antibodies in the biclogical sample as determined in step (a) to a
reference standard, thereby determining the efficacy of treatient.

In some embodiments, the reference standard in step (b} is the amount of BlaC
protein, npucleic acid encoding BlaC protein, or anti-BlaC antibodies determined in an
analogous biological sample obtained from the subject at or after diagnosis with the
tuberculosis infection but prior fo the obtaining of the biclogical sample from the subject

in step (a), whereby a lower amount of anti-BlaC antibodies in the biological sample
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determined in step {a) compared to the biological sample in step (b) is indicative of a
positive response to the treatment.

In another aspect, the present disclosure provides an isolated polynucieic acid
molecule comprising a detectable label, wherein the polynucleic acid molecule has a
polynucleotide sequence set forth in a sequence selected from the group consisting of
SEQ 1D NOS:3-29, or homologs thereot.

In another aspect, the present disclosure provides a kit comprising in one or more
containers DNA polymerase enzryme, deoxymucleoside triphosphates, buffer solution, and
an isolated polynucleic acid molecule comprising a detectable label, as described herein.
In some embodiments, the kit comprises a polynucleotide primer pair selected from the
group consisting of SEQ 1D NOS:12 and 21, SEQ D NOS:13 and 22, SEQ ID NOS:14
and 23, SEC ID NOS:15 and 24, SEQ 1D NOS: 16 and 25, SEQ 1B NOS: 17 and 26, SEQ
D NOS: 18 and 27, SEQ ID NOS:19 and 28, and SEQ D NOS:20 and 29, or homologs

thereof.

DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advantages of this invention will
become more readily appreciated as the same become better understood by reference to
the following detailed description, when taken in conjunction with the accompanying
drawings, wherein:

FIGURE 1A graphically illustrates the hydrolysis of nitrocefin by BlaC over time.
Hydrolyzed nitrocefin products demonstrate a maximum absorption at 485 nm. The
formation of the hydrolyzed product was monitored by absorbance at 486 nm (Ause) as a
function of time using difference concenirations of puritied BlaC enzyme (concentrations
indicated with arrows).

FIGURE IB graphically illustrates the enzyme activity of BlaC as a function of
enzyme concentration. The observed rate of change at Agg was converted fo umits of
enzyme activity {(uM product formed per minute} using the molar extinction coctficient
of the hydrolyzed product of BlaC f-lactamase activity, which exhibits maximum
absorption at 485 nm.

FIGURE 2 graphically illustrates a standard plot of BlaC in sputum as determined
using ELISA. Absorbance at 413 nm demonsirated a linear increase with the increase in

BlaC concentration in sputum. The standard deviations and p-values are indicated,

5m



WO 2016/028712 PCT/US2015/045572

(v

10

5g

Gt

FIGURE 3 graphically illustrates the detection of BlaC in M bovis (BCG)
bacterial difutions in sputum using ELISA. The absorbance values {at 415 nnyy for
various CFU/well are indicated at the top of the bars,

FIGURE 4 is a force tree illustrating the phylogenctic relationships of
Mycobacterium species based on the nucleotide sequences of f-lactamase.  The
sequences were compared between species in the TB-complex, and the most closely
related Mycobacierium species that is not in the TB-complex, i.e., Mycobacierium
marvinum. The phylogenctic tree was gencrated by ClustalW2 (EMBL) using the nearest
neighbor method and demonstrates that #/aC is highly conserved in the TB-complex.
Mycobacterium marinum, which is not a member of the complex, is separated from the
complex by two nodes {phylogenetic distance).

FIGURE S illustrates an amino acid sequence alignment of Blal protein from
several TB-complex speciea. The BlaC protein 1n the TB-complex is highly conserved
(100% identityy. The three signature motifs arc shown in green ("Motif 1"}, red
("Motif 11"} and blue ("Mouit HI").  The illustrated amino acid sequence for
M. tuberculosis BlaC protemn, and the identical consensus sequence for the BlaC protein
of the indicated TB-complex bacteria, is set forth herein as SEQ 1D NO:2,

FIGURE 6 illustrates an amino acid sequence alignment of Blal of
M. tuberculosis with that of other pathogenic bacteria that are not part of the TB complex.
The BlaC protein of M tubercuiosis displays low similarity to the other -lactamases.
Sequence identifiers for each amino acid sequence are indicated in the figure. The
sequences for the three signature motifs (ie., I, 1L and 1) of the M twbercuiosiz BlaC
sequence are indicated.

FIGURE 7 illustrates a sequence alignment of the B-lactamase gene from various
relevant pathogenic bacteria, including M tuberculosis. The alignment demonstrates that
the blaC gene of M wuberculosis (sct forth herein as SEQ ID NO:1) has low similarity
with other §-lactamase genes.

FIGURE § graphically illustrates the amplification plots of representative 10 ng
{upper line after round 35} and 50 ng (lower line after round 35) samples of template.

FIGURE 9 provides illustrative test strips run using the wet method using Goat
anti-BlaC as an immobilized capture antibody and RabMab 22-12 as a gold conjugated
detection antibody., From left o right: running buffer as negative control, 50 ng/mi, and

3 ng/ml BlaC. 0.5 mg/mt Donkey anti-Goat, Goat anti-Rabbit, Goat anti-Mouse, or
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combinations of these conirol capture antibodies were striped on a control time (CL) to
indicate that binding conditions were proper.

FIGURE 10 provides iilustrative test strips run uvsing the wet method using
RabMab 20-8 as an wwnobihized capture antibody and RabMab 27-11 as a gold
conjugated detection antibody. From left to right: running butfer as negative control,
50 ng/ml, and 3 ng/ml BlaC. 0.5 mg/mi Donkey anti-Goat, Goat anti-Rabbit, Goat anti-
Mouse, or cormnbinations of these control capture antibodies were striped on a control line
(CL} to indicate that binding conditions were proper.

FIGURE 11A graphically ilhustrates the Axxin readings of BlaC as determined
from S pm filtered and spiked sputurm.

FIGURE 1B graphically illustrates the Axxin readings of BlaC as determuned
from 0.2 um filtered and spiked sputum.

FIGURE 12 graphically tllustrates the Axxin readings of BlaC present in saliva
sample.

FIGURE 13 graphically illustrates an exemplary primer pair, namely Mouse anti-
BlaC HI mAb as capture antibody and purified anti-BlaC rabbit (polyclonaly IgG as
detection antibody, that successfully detected the presence of BlaC from the Sauton's
medium supernatant from a culture of varyving densities of Mycobacterium tuberculosis.
Samples of PBS buffer and Sauton's mediurn only were used as controls.

FIGURE 14 graphically illustrates the lack of cross reactivity between the
disclosed anti-BlaC reagents and related, non TB-complex § lactamase proteins.

FIGURE 15 graphically illustrates the amount of non TB-complex § lactamase

proteins required to produce an equivalent signal to 5 ng/mi. BlaC.

DETAILED DESCRIPTION

The present disclosure generally relates to the specific detection of
tubercuiosis-complex bacteria using B-lactamase as a biomarker. Specifically, the present
disclosure relates to methods and compositions for the detection of specific B-lactarnase
protein and nucleic acid sequences to indicate the presence of tuberculosis-complex
bacteria.

As used herein, the term "tuberculosis-complex bacteria” vefers to bactena from
any species of a closely related group of Mycobacierium that can cause tuberculosis {TB).

The tuberculosis complex, or TB-complex, can include bacteria from at least the
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tollowing recognized species: Mycobacterium  wwberculosis (Mib), Mycobacterium
africanum, Mycobacterium bovis, Mycobacterium bovis Bacillus Calmette Guerin (BCG),
Mycobacterium wmicroti, Mycobacterium caneitii, Mycobacterium  pinnipedii, and
Mycobacterium mungi. These and other mycobacteria specics are generally considered to
be Gram-positive. However, because they lack the typical outer cell membrane, they do
not retain the crystal violet Gram stain very well. Because they can be imaged with an
acid-fast technigue, they are often referred to as acid-fast Gram positive.

As used herein, the term "fuberculosis” ("TB") refers to the common, and often
lethal, disease. TB is currently in the top-ten causes of death for humans worldwide. A
TH infection is generally classified as being cither latent or active. Latent TB occurs
when the bacteria are present in the body, but in an inactive state. The nactivity might be
the result of immune mechanisms that prevent bacterial growth and spreading.  For
example, scar tissue or fibrosis can form around the TB bacteria to isolate the bacteria
and to prevent the infection from spreading. Latent infections typically present no
symptoms and are not contagious. In contrast, active TB is contagious and is the
condition that is associated with various symptoms. Active TB can atfect almost any
tissue or organ in the body, but the most common site of disease is in the lungs. With
reference to lung infections, when the bacteria multiply, they can cause pneutnonia along
with chest pain, coughing up blood, and a prolonged cough. TB is infectious because
TB-complex bacteria can be passed through the air in water droplets when subjects with
active infections cough, sneceze, or otherwise ¢ject tluids into the air. Additionally, lymph
nodes near the heart and lungs often become enlarged duning infection. The disease can
progress, causing pneumonia and damage to kidnoys, bones, and the meninges that line
the spinal cord and brain. Classic symptoms of active TB infections include wnexplained
weight loss, tiredness, fatigue, shortness of breath, fever, night sweats, chills, and a loss
of appetite. Symptoms specific to the lungs inchide coughing that lasts for 3 or more
weeks, coughing up blood, chest pain, and pain with breathing or coughing. Various
antibiotics are used to treat TB intections, depending on whether the infection 1s latent or
active. Because treatments tend to require prolonged administration of antibiotics, many
patients do not complete the entire course, which can lead to antibiotic resistance and
disease management challenges.

As used herein, the term "B-lactamase” refers to an enzyme produced by various

bacteria known to confer resistance to certain B-lactam antibiotics, such as penicillins,

G
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cephamycins, and some carbapenems. B-lactamases are known to be secreted, and in
some gram-negative bacteria an increase in secreted levels occurs when antibiotics are in
the environment. [-lactamases are classified based on the amino acid {and encoding

nucleic acid) sequences of the enzymes.  Currently, four classes (A-D) have been

(v

characterized. TB-complex bacteria naturally express i-lactamase (BiaC) that belongs to

"class A" of the B-lactamase family.

The present disclosure is based, in part, on the discovery that unhke various other
bacteria, the blaC gene is constitutively expressed at high levels by TB-complex bacteria
under almost all growth conditions. The BlaC protein specifically localizes on the
16 surface of the bacteria and is also constitutively secreted under various growth conditions.

As described in more detat! below, comparative analyses revealed numerous differences
between the BlaC amino acid sequence, and their encoding nucleic acid blaC sequence,
of TB-complex bacteria and the P-lactamase sequences from other, non-TB-complex
bacteria (i.¢., other bacteria, oven including mycobacterial species that do not cause

15 tuberculosis in humans or animals). Thus, reagents and methods that specifically detect
BlaC protein or &laC nucleic acid sequences from the TB-complex bacteria have utility
for the specific and sensitive detection and diagnosis of TB-complex bacteria.

Accordingly, in one aspect, the present disclosure provides an affinity reagent that
specifically binds to a B-lactamase (BlaC) of a TB-complex bacterium,

20 As used herein, the term "specifically binds" refers to the ability of the affinity
reagent to bind to the BlaC protein, without significant binding to other molecules, such
as P-lactamase (Bla) protein of non-TB-complex bacteria, under standard conditions
known in the art. The affinity reagent can bind to other peptides, polypeptides or
proteins, but with lower affinity as determined by, e.g., immunocassays, BlAcore, or other

25 assays known in the art.  Affinity reagents preferably do not cross-react with other

proteins, such as f-lactamasc (Bla) protein of non-TB-complex bacteria. For example,

the affinity reagent preferably binds to the BlaC protfein in a manner that is detectable
over background binding.

As used herein, the term "aftinity reagent” refers to any mwolecule having an

(o8]
o

ability to bind to a specific molecule with a specific affinity {i.e., detectable over
hackground). More specifically, in the context of the present disclosure, the term

generally refers to a molecuie having the ability to specifically bind to g P-lactamase

10-
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(BlaC) of a TB-complex bacterium. The affinity reagent can be an antibody, an enzyme
substrate, a modified enzyme substrate, and the like.

In some embodiments, the affinity reagent is an antibody. As used herein, the
term "antibody” encompasses antibodies and antibody fragments thereof, derived from
any antibody-producing mammal {e.g., mouse, rat, rabbit, and primate including human),
that specifically bind to a polypeptide target of interest, such as BlaC, or portions thereof.
Exemplary antibodies include polyclonal, monoclonal and recombinant antibodics;
multispecific antibodies {ec.g., bispecific antibodies); humanized antibodics; murine
antibodies; chimeric, mouse-uman, mouse-primate, primate-human  monocional
auntibodies; and anti-idiotype antibodies, and may be any intact molecule or fragment
thereof.

An antibody fragment is a portion derived from or related to a full-length
antibody, preferably including the antigen binding or variable region thereof. THustrative
examples of antibody fragments useful in the present disclosure include Fab, Fab', Flab),,
F(ab)y and Fv fragments, scFv fragments, diabodies, linear antibodies, single-chain
antibody molecules, multispecific antibodies formed from antibody fragments, and the
like. A "single-chain Fv" or "scFv" antibody fragment comprises the Vyy and Vy
domains of an antibody, wherein these domains are present in a single polypeptide chain.
The Fv polypeptide can further comprise a polypeptide linker between the Vi and Vi
domains, which enables the scFv to form the desired structure for antigen binding.
Antibody fragments can be produced recombinantly, or through enzymatic digestion.

Antibodies can be finther modified to suit various uses. For example, a "chimeric
antibody" is a recombinant protein that contains the varisble domains and
complementarity-determining regions (CDRs) derived from a non-human species {(e.g.,
rodent} antibody, while the remainder of the antibody molecule is derived from a human
antibody. A "humanized antibody" is a chimeric antibody that comprises a minimal
sequence that conforms to specific complementarity-determining regions derived from
non-human immumoglobuhin that is transplanted nto a human antibody framework.
Humanized antibodies are typically recombinant proteins in which only the antibody
complementarity-determining regions (CDRs) are of non-human origin.

Production of antibodies can be accomplished using any technique cornmonly
known in the art. For example, the production of a polyclonal antibody described herein

can be gencrated by administering an imumunogen containing the target antigen, such as
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BlaC or a fragment thereof, to an antibody-producing animal. For example, the target
antigen can be administered to a mammal (e.g., a rat, a mouse, a rabbit, a chicken, cattie,
a monkey, a pig, a horse, a sheep, a goat, a dog, a cat, a guinea pig, a hamster) or a bird
{e.g., a chicken) so as to induee production of a serum containing an antigen-specific
polyclonal antibody. The target antigen can be administered in combination with other
components known to facilitate induction of a B-cell response, such as any appropriate
adjuvant known in the art. For example, as described below in more detail below,
recombinant BlaC was administered to rabbits to obtain a population of polyclonal
antibodies that were demonstrated as useful reagents in the detection of BlaC (and TB-
bacteria expressing BlaC) in sputum. Furthermore, the polyclonal antibody veagent can
be turther processed to remove any antibody members that have unacceptable affinity for
non-BlaC antigen. For example, to ensure specificity of a polyclonal antibody reagent for
BlaC over any particular P-lactamase protein(s) from non-TB complex bacienia, the
polyclonal antibody can be contacted to immobilized {-lactamasc protein(s) under
conditions that permit binding. In this way, antibodies from the polycional reagent that
bind can be removed from the reagent when the unbound antibodies are collected. The
resulting polyclonal antibody reagent will exhibit enhanced specificity for BlaC and are
useful for detection of BlaC and/or TB-complex bacteria. Many approaches for
adsorption of polyclonal antibody reagents to reduce cross-reactivity exist, are familiar to
persons of ordinary skill in the art, and are encompassed by the present disclosure.
Monoclonal antibodies can be prepared using a wide variety of technigues known
in the art including the use of hybridoma, recombinant, and phage display techuologies,
or a combination thereof. For example, monoclonal antibodies can be produced using
hybridoma techniques including those known in the art and taught, for example, in
Harlow ¢t al., Antibodies: A Laboratory Manual, (Cold Spring Harbor Laboratory Press,
2nd ed. 1988); Hammerling et al., in: Monoclonal Antibodies and T-Cell Hybridomas
563-681 (Elsevier, N.Y., 1981}, incorporated herein by reference in their entireties. The
term "monoclonal antibody” refers to an antibody that is derived from a single clong,
including any cukaryotic, prokaryotic, or phage clone, and not the method by which it is
produced. Methods for producing and screening for specific antibodics using hybridoma
technology are routine and well known in the art.  An illustrative strategy for producing

monocclonal antibodies is described below.
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Antibody fragments that recognize specific epitopes can be generated by any
technique known to those of skill in the art. For exaraple, Fab and F(ab'"y, fragments of
the invention can be produced by proteolytic cleavage of immunoglobulin molecules,
using enrymes such as papain (to produce Fab fragments) or pepsin {to produce F(ab'),
fragments). F(ab'), fragments contain the variable region, the light chain constant region
and the CHI domain of the heavy chain. Further, the antibodies of the present invention
can also be generated using various phage display methods known in the art.

In some embodiments, the BlaC protein comprises af feast 5, 6, 7, 8,9, 10, 11, 12,
13, 14, 15,16, 17, 18, 19,20, 21, 22, 23, 24, 25, or more consecutive amino acid residues
with a sequence that is at least 95%, 96%, 97%, 98%, or 99% identical to a sequence
fragment of the amino acid sequence set forth in SEQ ID NO:2. In some embodiments,
the BlaC protein has an amino acid sequence that is at least 95%, 96%, 97%, 98%, or
99% identical o the amino acid sequence set forth in SEQ ID NO:2. As used herein, the
terms indicating "percent identity” or "percent identical” refer to the percentage of amino
acid residues in a polypeptide sequence that are identical with the nucleic acid sequence
or amino acid sequence of a specified molecule, after aligning the sequences to achieve
the maximum percent identity. For example, the Vector NTI Advance™ 9.0 may be used
for sequence aligniment. An exemplary Bla( is provided in the GenBank database under
accession mumber WP_003410677.1. In some embodiments, the BlaC protein comprises
an aming acid sequence set forth in SEQ 1D NO:2, or & fragment thercof with at least 5,
6,7,8, 9, 10, 11, 12, 13, 14, 13, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 or tnore amino
acids. In some cmbodiments, the fragment comprises amino acids corresponding o
amino acids within positions 75-87 of SEQ D NOG:2, within amino acids at positions 142
to 144 of SEQ ID NG:2, and/or within amino acids at positions 249 to 252 of SEQ ID
NG:2. Such regions are known to participate in structural motits that are important for
enzymatic activity (see FIGURE 5).

In some embodiments, the affinity reagent is capable of specifically binding to the
BlaC protein or any antigenic fragment or portion thereof. Awntigenic fragments can be
predicted using known methods.

In some embodiments, the affinity reagent is detectably labeled to facilitate
detection of complex formation between the target BlaC protein, or a fragment thereof]

and the affinity reagent. The detectable labels are described in more detail below.
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The atfinity reagents described above are useful for the specific capture and/or
detection of BlaC protein to indicate the presence of TB-complex bacteria. Accordingly,
in one aspect, the present disclosure provides a method of detecting the presence of
tuberculosis-complex bacteria i a sample, comprising contacting the sample with an
affinity reagent described herein. As described, the affinity reagent specifically binds to a
BlaC protein of a TB-complex bacterium, or a fragment thereof. The method further
comprises detecting the formation of a complex between the BlaC protein and the affinity
reagent, wherein the formation of a complex is indicative of the presence of tuberculosis
complex bacteria in the sample.

According to this aspect, the detection of a complex between the BlaC protein and
the affinity reagent can be performed according to any known assay format for this
purpose. Such assays for the detection and/or quantification of the BlaC protein typically
involve incubation of the sample that potentially contains the target BlaC protein with the
affinity reagent, and detection via the formation of a complex between the affinity reagent
and the target BlaC protein. In various embodiments, either the components of the
biological sample (including the target BlaC protein) or the affimity reagents are
immobilized. In some embodiments, either the affinity reagent or some component of
target BlaC protein is modified in a manner that it provides a detectable signal.
Exemplary techuiques include imnmunoassays, such as fn sifn hybridization, western blots,
immunoprecipifation followed by SDS-PAGE electrophoresis, immunocytochemistry,
ELISA, and the like, some of which are described in more detail below,

Immunoassays encompassed by the present disclosure can be organized in a
number of different formats recognized in the art.  For example, in competitive
tmmunoassays, unlabeled analyte from a bioclogical sample competes with a labeled
version of the analyie, such as BlaC protein, for binding to an affinity reagent. The
amount of labeled, unbound analyte s then measured. The more unlabeled analyte in the
biclogical sample results in more labeled analyte that is displaced or competed off of the
atfinity reagent. Thus, the amount of labeled, anbound analyte that can be rinsed away is
proportional to the amount of unlabeled analyte present in the biological sample. In a
variation of this embodiment, the amount of labeled, bound analyte is measured, which is
tnversely proportional to the amount of unlabeled analvie present in the biological
sample. In some embodiments, the affinity reagent is immobilized to facilitate the rinsing

of the reagent, without losing the bound analytes.
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Some formats are non-competitive. Tn one example, in sity hybridization utilizes
a combination of immunofluorescence and microscopy techniques. A labeled affinity
reagent can be employed on a biological or histological sample obtained from a subject.
The atfinity reagent is preferably applied by overlaying the labeled affinity reagent onto
the biological sample and allowing the affinity reagent to contact any target Bla( protein
that may be present. The sample is visualized under the appropriate microscopy
conditions to visualize the atfinity reageut through its detectable label. Through this
technigue, it is possible to determine not only the presence of the BlaC protein, but also
its distribution within the sample. A wide variety of well-known histological methods can
be utihized in order to achieve such i siti detection.

In another exemplary non-competitive immunoassay, the biological sample can be
brought in contact with, and immobilized onto, a solid phase support or a carrier, such as
nitrocellolose, a plastic well, beads, magnetic particles, and the like. The solid phase
support or carrier is capable of immobilizing cells, cell particies or soluble proteins. The
solid phase support or carrier can then be washed with suitable buffers followed by
treatment with the detectably labeled affinity reagent. The solid phase support or carrier
can then be washed with the buffer a second time to remove unbound affinity reagent,
The amount of bound label on sohd phase support or carrier can then be detected by
conventional means and is directly proportional to the amount of the target analvte, such
as Bia( protein.

The term "solid phase support or carrier” is intended to mean any support or
carrier capable of binding a cell or protein such as BlaC, or an affinity reagent. Well-
known supports or carriers include glass, polystyrene, polypropylene, polycthyiene,
dextran, nylon, amylases, natural and modified celluloses, polyacrylamides, gabbros, and
maguetite. A substrate that acts as a carrier can be either sohible to some extent or
insoluble for the purposes of the present invention. The support or carrier material can
have virtually any possible structural configuration to conform to any assay format so
long as the coupled target or affinity veagent is capable of binding to the corresponding
affinity reagent or target molecule, respectively.  Thus, the support or carrier
configuration can be substantially spherical, as in a bead or magnetic particle, or
cyhindrical, as in the inside surface of a test tube, or well in a multi-well plate.
Alternatively, the surface can be flat such as a sheet, test strip, etc., that would be

appropriate in a lateral flow assay format. Those skilled in the art will recognize that
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many other suitable carriers are available for binding affinity reagents or the target BlaC
protein {or cells displaying the BlaC protein}, or will be able to ascertain the same by use
of routine experimentation.

In some embodiments, the target protein/eell or affinity reagent is iramobilized
directly to the solid phase support or carrier according to standard protocols in the art. In
other embodiments, the target protein/cell or affinity reagent is ndirectly immobilized on
the solid phase support or carrier. For example, as described in more detail below,
antibodies can be "captured" and imumobilized by protein A/G that is bound to the solid
support. Sometime it is preferable to utilize known blocking reagents to prevent spurious
or elevated background binding.

For example, an illustrative format for the detection of BiaC in sputum is provided
in the Snap Valve™ {(Medical Packaging Corporation, CA, USA) that imcorporates a
flocked swab in a lateral flow device. The device can contain a matrix that can allow
migration of the biological sample, including the target BlaC, past a region with
immobilized atfinity reagent. Detection of binding can be visualized as a result of any of
the assay formats described herein, such as sandwich assays, competitive assays, and the
like.

In some embodiments, the target protein/cell or affinity reagent is conjugated onto
a particle, such as a bead or magnetic particle, to facilitate collection or tmrnobilization
for further analysis.

Ancther exemplary non-competitive iminunocassay format is referred to as a
"sandwich” assay. In a sandwich assay, one affinity reagent is typically immobilized on a
solid support or carricr. The biological sample is captured by the immobilized affinity
reagent (thus, also referred to as the "capture reagent”). A second affinity reagent {(alsc
referred to as the "detection reagent™) that is detectably labeled is also added. The
capture affinity reagent can be the same as the detection affinity reagent. For example, as
described below, the same polyclonal antibody population can be used for both the
mmmobilization/capture and for the labeled detection of the target BlaC protein. In other
embodiments, the capture affinity reagent can be different from the detection affinity
reagent.

As used herein, the termn "labeled” can refer to direct labeling of the affinity
reagent or target BlaC protein via, ¢.g., coupling a detectable substance to the affinity

reagent or target protein. The ferm can also refer to indirect labeling of the affinity
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reagent by reactivity with another affinity reagent that is directly labeled. For example,
an antibody aftinity reagent specific for Bla(C protein can itself be specifically bound by a
second antibody that is detectably labeled.

In some embodiments, the detectable label comprises the coupling of an enzyme
that is capable of producing a detectable signal when it acts upon a specitic substrate,
Some embodiments of enzyme-based immunocassays are referred to as enzyme linked
trnunosorbent assays (ELISAs) and are well-known i the art. See e.g, Voller, A,
"The Enzyme Linked Immunosorbent Assay (ELISA)" 1978, Diagnostic Horizons 2:1-7,
Microbiological Associates Quarterly Publication, Walkersville, MD; Voller, A. et al,,
1978, J. Clin. Pathol 31:507-5320; Buter, 1E., 1981, Merh. Enzymol 73:482- 523;
Maggio, E. {ed.}, 1980, Enzyme Immunoassay, CRC Press, Boca Raton, FL; Ishikawa, E.
et al,, {eds.}), 1981, Enzyme Immunocassay, Kgaku Shoin, Tokyoe). The enzyme which is
bound to the antibody will react with an appropriate substrate, preferably a chromogenic
substrate, in such a manner as to produce a chemical moiety which can be detected, for
example, by spectrophotometric, tluorimetric or by visual means. Enzymes which can be
used to detectably label the antibody include, but are wnot limited to, malate
dehydrogenase, staphyviococcal wnuclease, delta-5-steroid isomerase, yeast alcohol
dehydrogenase, alpha-glycerophosphate, dehydrogenase, triose phosphate isomerase,
horseradish  peroxidase, alkaline phosphatase, asparaginase, ghicose oxidase, beta-
galactosidase, ribomuclease, urease, caialase, glucose-6-phosphate dehydrogenase,
ghucoamylase and acetylcholinesterase. The substrates for these ilustrative enzymes are
commonly known in the art.  The detection can be accomplished by colorimetric methods
which employ a chromogenic substrate for the cnzyme. Detection can also be
accomplished by visual comparison of the extent of enzymatic reaction of a substrate in
comparison with stmilarly prepared standards.

An exemplary protocol for a sandwich ELISA format in a multi-well plate is as
follows: 1} coat plate with anti-BlaC capture antibody; 2} block {and optionally preserve
and dry) the coated plate; 3) add biclogical sample in buffer to the plate and incubate for
approximately 30 minutes; 4) wash; 5} add anti-BlaC-HRP affinity rcagent to plate; 6}
wash; 7) add HRP substrate to plate and incubate for approximately 15 minutes; and 8)
add stop solution and read signal to determine amount of bound target BlaC on the plate.
It will be readily recognized that various alterations to the above protocol can be made.

One variation in the assay format inchides pre-incubating the detection affinity reagent

e
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and biological sample before adding to the plate.  Other variations are known and
commercially available. For instance, one iHustrative assay format is the Simoa™ assay
(Quanterix, MA, USA), which incorporates the ELISA approach on a nanoscale using

atfinity reagents attached to paramagnetic particles. The particles are then loaded

(v

individually into fomtoliter-scale wells and read for signal.

In other embodiments, the target protein or affinity reagent can be directly
coupled to detectable moieties. For example, in a radiotvmuncassay (RIA) the target
protein or affinity reagent can be radioactively labeled, allowing detection of the target
protein through any of the deseribed formats, The radioactive isotope {(e.g.,, 1251, 1311,
16 3S8S or 3H) can be detected by such means as the vse of a gamma counter or a

scintillation counter or by autoradiography.

In other embodiments, the target BlaC protein or atfinity reagent is coupled to a
fluorescent compound. When the fluorescently Iabeled antibody is exposed to light of the
proper wavelength, its presence can then be detected due to fluorescence, A non-limiting,

15 iHustrative list of fluorescent compounds imcludes fluorescein isothiocyanate, rhodamine,
phycoerythrin, phycocyanin, allophyvcocyanin, o-phthaldehyde and fluorescamune.

In other embodiments, the target BlaC protein or affinity reagent is coupled to a
fluorescence emitting metal such as 152Eu, or others of the lanthanide series. These
metals can be attached to the antibody using such metal chelating groups as

20 diethylenetriaminepentacetic acid (DTPA) or ethylencdiaminctetraacetic acid (EDTA).

In other embodiments, the target BlaC protein or affinity reagent is conjugated to
a chemiluminescent compound. The presence of the chemiluminescent-tagged target
BlaC protein or affinity reagent is then determined by detecting the presence of
fuminescence that arises during the cowrse of a chemical reaction. IHustrative, non-

25 limiting examples of particularly useful chemthuminescent labeling compounds are
tuminol, isoluminol, theromatic acridinium ester, imidazole, acridinium salt and oxalate
cster,

Tn other ernbodimnents, the target BlaC protein or atfinity reagent is conjugated to

a bioluminescent compound. Bioluminescence is a type of chemiluminescence found in

(o8]
o

biological systemms in which a catalytic protein increases the efficiency of the
chemniluminescent reaction. The presence of a bicluminescent protein is determined by
detecting the presence of luminescence. Important bioluminescent compounds for

purposes of labeling are luciferin, luciferase and aequorin, The protein can also be
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detected by monitoring its catalytic activity (such as in ELISA), if the protein 15 an
enzyme. The protein can also be detected using coupled enzymatic assays.

In other embodiments, the atfinity reagent contains a fluorescent protein domain.
Such fluorescent protein domais are known in the art, and mclude GFP, diTomato, and
mCherry.  The affinity reagent with a fluorescent protein domain can be produced
according to any commonly known techniques, such as the recombinant expression of a
fusion protein that includes the fluorescent domain.

According to this aspect of the disclosure, the presence of Bla(C in the biological
sample, as determined according to any recognized method including those described
above, is indicative of a TB-complex bacteriumn in the sample. As used herein, the term
"sample" refers to any sample that can harbor bacteria or bacterial secretions, and can
include fluids, pharmaceutical compositions, or consumable products, which could
potentially be contaminated with mycobacteria. In some embodiments, the sample is a
biological sample, such as comprising nutrients and/or media sufficient to support
sustenance or growth of living mycobacteria. In some embodiments, the biological
sarnple is a tissue culture sample.

In a further aspect of the disclosure, the sample is a biological sample obtained
from a subject. According to this aspect, the presence of BlaC in the biological sample
obtained from a subject, as determined according to any recognized method incloding
those described above, is indicative of a tuberculosis infection in the subject,

As used herein, the term "subject” refers to any animal that can harbor a
tuberculosis imfection by any of the described bacteria in the TB-complex. In some
embodiments, the subject is a vertebrate animal. In some embodiments, the subject is a
mammal. In some embodiments the subgect is a human.

Suitable biological samples mclude sputum, plewral fluid, spinal fhud, blood,
urine, saliva, stool/feces, mucus, tissue biopsics, tissue homogenates, directly in live
animals or human patients, or a sample obtained by swabbing an arca of interest on a
subject.  For example, illustrative examples of BlaC and/or bacteria expressing BlaC
detection using the disclosed reagents were performed in sputum and saliva samples, as
described in more detail below.

In another aspect, the disclosure provides a method for detecting the presence or
amount of anti-B-lactamase (Bla(C) antibody in a biclogical sample obtained from a

subject. A determined presence of anti-B-lactamase (BlaC) antibody in the sample is
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indicative of the presence of BlaC in the subject, and hence, 15 indicative of a TB-
complex bacterial infection in the subject. In some embodiments, such an assay can
incorporate the use of the antigen/epitope unique to BlaC over somewhat similar

B-lactamase antigens.  For example, as well-understood in the art, such BlaC

(v

antigen/epitopes can be immobilized to a solid substrate whereby the antigen/epitopes are
contacted with the biological sample. Binding of any antibody from the sample can be
detected, for example, using a labeled antibody specific for antibodies from the subject.

It will be recognized that the subject's antibody can form a complex with antigenic
fragments of the BlaC protein.  Antigenic portions will typically comprise at least six
16 amino acids of the BlaC protein. Specifically, the antigenic portions typically comprise

the amino acids that are exposed to the exterior environment of the expressed protein,
uch that they are accessible to the B-cells of the subject's immune system. Accordingly,
in some embodiments, the method comprises (a) contacting the biological sample with at
least one polypeptide with an amino acid sequence that has at least 90% sequence identity
15 to any six or more amino acids of SEQ ID N(O:2Z; and (b) detecting the formation of a
complex between the antibody in the sample and the polypeptide. In some embodiments,
the at least one polypeptide has an amino acid sequence with at least 90% sequence
identity to at least six to 20, or more amino acids of SEQ ID NOG:Z. In further
embodiments, the amino acids are contiguous. I will also be appreciated that the
20 polypeptide will preferably have a unique sequence, or a low sequence identity to other
bacterial (-lactamases, so as to avoid forming a complex under the standard conditions.
In some embodiments, the polypeptide, or fragmeut thereof, comprises amino acids
corresponding to amino acids within positions 75 to 87 of SEQ 1D NO:2, within amino
acids at positions 142 to 144 of SEQ D N{O:2, and/or within amino acids at positions 249
25 10 252 of SEQ ID N(O:2. Such regions are known to participate in struchural motifs that
are important for the unique enzymatic activity of BlaC (see FIGURE 5).

Detection of a complex between the antibody and the polypeptide can be

accomnplished with any method known in the art for this purpose, imcluding those

described herein above. For cxample, antibodies in the biological sample can be

(o8]
o

timmobilized on a substrate and BlaC (or BlaC fragment) with a detectable label attached
thereto can be added. Conversely, the BlaC (or BlaC fragment) can be mmmobilized on
the substrate and the biological sample contacted thereto. A detection atfinity reagent

specific for human antibodies can be applied after a wash cycle. The retention of a
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detectable signal after a wash cyele is indicative that the subject has produced an
anti-fi-lactamase antibody.

In some embodiments, the method further comprises comparing a determined
amount of anti-BlaC antibody {(by virtue of detectable signal intensity) o a reference
standard to establish the level of binding with respect to background signal. An amount
of anti-BlaC antibody detected in the biological sample greater than the reference
standard is indicative of the presence or relative amount of tuberculosis-complex bacteria
in the subject. 1t is preferred that the reference standard is a biological sample-type that is
the same as the biological sample obtained from the subject.

Tn another aspect, the present disclosure provides an assay kit comprising the
affinity reagent described herein.  In some embodiments, the assay kit also includes
buffers and requisite reagenis as described herein to analyze a biological sample for the
presence of BlaC. In some embodiments, the kit includes a device that provides a solid
support. In some embodiments, the kit can comprise a lateral flow device. In some
embodiments, the kit can comprise an ELISA format plate.

As described herein, the £laC gene encoding the P-lactamase in the TB-complex
bacteria of M. fuberculosis has unique domains that are dissimilar to the homologous hla
genes encoding B-lactamase in other pathogenic bacteria, including non TB-complex
bacteria in the genus Mvcobacteria,  Accordingly, in another aspect, the present
disclosure provides a method for presence of TB-complex bacteria in a test sample by
virtue of the detection of the unique, TB-complex specific B-lactamase sequence at the
nucleic acid level.

In one embodiment, the method comprises contacting the sample with a
polymacleotide probe capable of specifically hybridizing to a target region of a nucleic
acid molecule that encodes a P-lactarnase (BlaC) with an amino acid sequence set forth in
SEQ 1D NO:2. The method further comprises detecting the hybridization of the probe to
the macleic acid molecule encoding BlaC, wherein detected hybridization s indicative of
the presence of tuberculosis complex bacteria in the test sample. In some embodiments,
the probe comprises a detectable label

As used herein, the terms "nucleic acid, polymucleic acid, or polynucleotide” refer
to a deoxyribonucleotide polymer {i.e., DNA) or ribonucleotide polymer (1.e., RNA) in
etther single- or double-stranded form. Unless otherwise limited, encompasses known

analogs of natural nucleotides that hybridize to nucleic acids in a manner similar to
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naturally occurring  wucleotides, such as peptide nucleic  acids (PNAs) and
phosphorothicate DNA. Unless otherwise indicated, a particular nucleic acid sequence
inchudes the complementary sequence thereof. Nucleotides inchude, but are not limited
to, ATP, dATP, CTP, dCTP, GTP, dGTP, UTP, TTP, dUTP, 5-methyl-CTP, S-methyl-
dCTP, 1TP, dITP, 2-aminc-adencsine-TP, 2-amino-deoxyadenosing-TP, 2-thiothymidine
triphosphate, pyrrolo-pyrimidine triphosphate, and 2-thiocytidine, as well as the
alphathiotriphosphates for all of the above, and 2-O-methyl-ribonucleotide triphosphates
for all the above bases. Modified bases include, but are not limited to, 5-Br-UTP, 5-Br-
dUTP, 5-F-UTP, 5-F-dUTP, 5-propynyt dCTP, and 5-propynyt-dUTP.

As used herein, the term "polynucieotide probe™ refers to 8 nucleie acid with a
plurality of nucleotide subunits in a contiguous polymer chain. The term "capable of
specifically hybridizing" with respect to the polynuclestide probe refers to the ability of
the polynucleotide probe, by virtue of its nucleotide scquence, to form and maintain
non-covalent bonds between the mucleotides of opposing polymer strands. For example,
in DNA the pyrimidines base structures thymine (T) and cytosine (C} typically pair with
the purine base structures adenine (A} and guanine (), respectively. 1t is recognized that
some mismatch in sequence between the probe and the template polynucleic probe is
permitted.  However, the sequences must be sufficiently complementary to permit
hybridization ("annealing”) under standard conditions. Standard hybridization conditions
are known in the art. Thus, the torm "specifically hybridize"” as used herein refers to the
ability of a nucieic acid to hybridize detectably and specifically to a second nucleic acid.
Polynucleotides specifically hybridize with target nucleic acid strands under standard
hybnidization and wash conditions that minimize appreciable amounts of detectable
binding to non-specitic nucleic acids (i.e., without corresponding sequence stintlarity).

In this aspect, the probe specifically hybridizes to a target region of a nucleic acid
molecule that encodes a B-lactamase (BlaC) with an amino acid sequence set forth in
SEQ ID NO:2. Skilled artisans knowing the redundancy of the genetic code will
understand the scope of nucleic acids {e.g., DNA and RNA molecules) that can encode
the amino acid sequence in SEQ D NO:Z. In one embodiment, the nucleic acid molecule
that encodes a f-lactamase (BlaC) is set forth in SEQ 1D NO: 1L

In some embodiments, the target region is at least 10 contiguous nucleotides of

the encoding macleic acid.
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It will be appreciated that the sequence of the target region will have low
sequence identity with any nucleic acid sequence appearing in non-TB-complex bacteria.

As used herein with respect o nucleic acid molecules, the term "sequence identity” or
"percent identical” is the percentage of nucleic acid residues n a candidate nucleie acid
molecule sequence that are identical with a subject nucleic acid molecule sequence (such
as the nucleic acid molecule sequence set forth in SEQ 1D NG:2), after aligning the
sequences to achieve the maximurmn percent identity, and not considering any mucleie acid
residue substifutions as part of the sequence identity, No gaps are introduced into the
candidate nucleic acid sequence in order to achieve the best alignment. Nucleic acid
sequence identity can be determined in the following manner. The subject polynucleotide
molecule sequence is used to search a nucleic acid sequence database, such ag the
Genbank database, using the program BLASTN version 2.1 (based on Altschul etal,,
Nucleic Acids Research 25:3389-3402 {1997)). The program is used in the ungapped
mode. Default filtering is used to remove sequence homologics due to regions of low
complexity as defined in Wootton, JC., and 5. Federhen, Methods in
Enzymology 266:554-571 (1996). The default parameters of BLASTN are utilized. I
will be appreciated that "low sequence identity” will result in a failure of the probe to
hybridize under standard conditions with the non-target region of the nucleic acid from
non-TB-complex sources.

In some embodiments, the polynucicotide probe comprises a polynucleotide
sequence selected from the group consisting of SEQ ID N3, 4,5, 6,7, 8,9, 10, and 11
In some embodiments, the polymucleotide probe encompasses homologs of the
polynucieotides selected from the group consisting of SEQ 1D N(G:3, 4, 5, 6,7, 8, 9, 10,
and 11. As used herein, the term "homologs” refers to nucleie acids having one or more
alterations in the primary sequence set forth in any one of SEQ ID N(O:3, 4,5,6,7,8, 9,
0, and 1, that docs not destroy the ability of the polynucleotide to specifically hybridize
with a target sequence, as described above. A pritnary sequence can be altered, for
example, by the insertion, addition, deletion or substitution of one or more of the
nucleotides. Thus, in some embodiments, the polynuclectide probe comprises a
polymucleotide sequence that is at least about 90%, 95%, or 99% identical to a sequence
selected from the group consisting of SEQ D NG:3,4,5, 6,7, 8,9, 10, and 11,

Detection of hybridization of the probe to the mucleic acid molecule encoding

Bla(C can be accomplished through any commonly known technique. For example, the

..A;...
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probe may be configured to emit a detectable signal only upon specific binding to the
nucleic acid target sequence. In one illustrative probe configuration, known as a
molecular beacon probe, the probe maintains a hairpin/loop shape. The internal loop
domnain comprises the sequence that is complementary to the target wnucleic acid
sequence. The stem of the hairpin structure is formed by complementary oligonuclestide
sequences that are at the 5' and 3' end of the linear probe sequence. A fluorophore is
covalently attached to the end of one of the stern oligonucleotide sequences, whereas a
quencher dye is covalently attached to the end of the other stem oligonucleotide. When
in the intact hairpin configuration, the probe docs not emit a detectable signal because of
the close proximity of the quencher and fluorophore. However, when anuealing to the
target sequence, the probe lincarizes permitting a sufficient distance to form between the
fluorophore and quencher dyes, thus allowing a detectable signal. Such a probe can be
incorporated  into  extension or amphfication-based assays, such as PCR-based
amplification assays, as described in more detail below,

In another embodiment of this aspect, the disclosure provides a method for
deterrnining the presence of tuberculosis-complex bacteria i a test sample, which
generally comprises the following steps: (a) contacting the test sample with a composition
comprising at least one primer pair comprising a forward and reverse primer capable of
specifically hybridizing to a target region of tuberculosis-complex HlaC gene, to form a
reaction mixture; {b) subjecting said reaction mixture fo amplification conditions suitable
to amplity at least a portion of the target region; and (¢} detecting amplification of the at
least a portion of the target region, wherein amplification of the at least a portion of the
target region is indicative of the presence of tuberculosis-complex bacteria in a test
sample.

As used herein, the term "primer” means a polynucleotide which can serve to
initiate a nucleic acid chain extension reaction. Typically, primers have a length of 5 to
about 50 nucleotides, aithough primers can be longer than 50 nuclestides. Accordingly,
i some embodiments, additional conditions and reagents are provided to facilitate the
extension reaction using the probe as a primer. In some embodiments, the probe is one of
a primer pair, such as used in the polymerase chain reaction. When employed as part of a
primer pair, the probe can facilitate suceessive rounds of extension of the nucleic acid
molecule sequence. Each successive round produced an increase of template nucleic acid

template, thus leading to the amplification of the sequence. In such embodiments, a

24
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detectable label can include moteties or chenucals that are not linked to the probe. For
example, dyes such as cthidium bromide or SYBR green intercalate in double stranded
DNA and can serve as an indicator of successtul amplification.

It will be appreciated that certain selection criteria are preferably employed when
selecting primers {and optional probes). For example, for primer pairs for use in the
amplification reactions, the primers are selected such that the likelihood of forming 3
duplexes is minimized, and such that the melting ternperatures (T are sufficiently
similar to optimize anncaling to the target sequence and minimize the amount of non-
specific annealing. In this context, the polynucieotides according to the present invention
are provided in combinations that can be used as primners in amplification reactions to
specifically amplify target nucleic acid sequences. Furthermore, it will be appreciated
that to specifically hybridize with the target region of the mucleic acid molecule, the
sequence identity with other non-TB-complex bla gene sequences will be low.

In some embodiments, the forward primer has a polymicleotide sequence selected
from the group consisting of SEQ 1D NO:2, 13, 14, 15, 16, 17, 1§, 19, 20, and any
homologue thereof. Thus, in some embodiments, the polynueleotide probe comptises a
polymucleotide sequence that is at least 90% identical to a sequence selected from the
group consisting of SEQ 1D NO:12, 13, 14, 15, 16, 17, 18, 19, and 20.

In some crnbodiments, the reverse primer has a polynucleotide sequence selected
from the group consisting of SEQ 112 NO:21, 22, 23, 24, 28, 26, 27, 28, 29, and any
homeologue thereof. Thus, in some embodiments, the polynucleotide probe comprises a
polynucleotide sequence that is at least 90% identical to a sequence selected from the
group consisting of SEQ 1D NO:21, 22, 23, 24, 25, 26, 27, 28, and 29,

In some embodiments, the primer pair has sequences selected from the group
consisting of SEQ ID NOS:12 and 21 (or homologs thereot), SEQ 1D NOS: 13 and 22 {or
homeologs thercot), SEQ 1D NOS:14 and 23 {or homologs thereot), SEQ 1D NOS: 15 and
24 (or homologs thereof), SEQ 1D NOS:16 and 25 (or homologs thereof), SEQ 1D
NOS:17 and 26 {or homologs thereof), SEQ D NOS:18 and 27 {or homologs thereot),
SEQ 1D NOS:19 and 28 {(or homologs thereof), and SEQ ID NOS:20 and 29 (or
homologs thereot).

Extension and amplification procedures are well-known in the art and include, but
are not limited to, polymerase chain reaction (FCR)}, TMA, roliing circle amplification,

nucleic acid sequence based amplification (NASBA), and strand displacement

5.
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amplification (SDA).  One skilled in the art will understand that for use in certain
amplification techniques the primers may need to be modified, for example, for SDA the
primer comprises additional nucleotides near its §' end that constitute a recognition site

for a restriction endonuclease. Similarly, for NASBA the primer comprises additional

(v

nucleotides near the 5" end that constitute an RNA polymerase promoter. Polynucleotides
thus modified are considered to be within the scope of the present invention.

MNucleic acid amplification reagents include reagents, which are well known and
may include, but are not limited to, an enzyme having at lcast polymerase activity,
enzyme cofactors such as magnesium or manganese; salts; nicotinamide adenine
16 dinucleotide (NAD); and deoxynuclectide triphosphates (dNTPs) such as for example

deoxyadenine triphosphate, deoxyguanine triphosphate, deoxycytosine triphosphate and
deoxythymine triphosphate.

Amplification conditions are conditions that generally promote ammealing and

extension of one or more farget nucleic acid sequences. It is well known that such

15  annealing is dependent in a rather predictable manner on several parameters, including

temperature, fonic strength, sequence length, complementarity, and G:C content of the

sequences. For example, lowering the temperature in the environment of complementary

nucleic acid sequences promotes annealing.  For any given set of sequences, melt

ternperature, or Trn, can be estimated by any of several known methods.  Typically,

20 diagnostic applications utilize hybridization temperatures that are about 10°C (e.g., 2°C to

I8°C}) below the melt temperature. lonic strength or "salt” concentration also impacts the

melt temperature, since small cations tend to stabilize the formation of duplexes by

negating the negative charge on the phosphodiester backbone,  Typical salt

concentrations depend on the nature and valency of the cation but are readily understood

25 by those skilled in the art. Similarly, high G:C content and increased sequence length are

also known to stabilize duplex formation because G:C pairings involve 3 hydrogen bonds

where AT pairs have just two, and because longer sequences have more hydrogen bonds

holding the sequences together. Thus, a high G:C content and longer sequence lengths

impact the hybridization conditions by elevating the melt temperature.

L
jos)

Specific amplicons produced by amplitication of target mucleic acid sequences
using the polymucleotides of the present invention, as described above, can be detected by
a variety of methods known in the art. For example, one or more of the primers used in

the amphification reactions may be labeled such that an amplicon can be directly detected

26-
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by conventional techuiques during or subsequent to the amplification reaction. In another
cmbodiment, total amplified product can be ascertained by inclusion of specific dyes,
such as SYBR green, or an antibody that specifically detects the amplified nucleic acid

sequence. In yet another embodiment, a third polynucleotide distinet {rom the prirner

(v

sequences that has been labeled and is complementary to a region of the amplified
sequence, can be added during or afier the amplitication reaction is complete. This third
polymicleotide can be the probe as described above.

As indicated, the amplification products produced as described above can be
detected during or subsequently to the amplification of the target sequence. Methods for
16 detecting the amplification of a target sequence during amplification are outlined above,

and described, for example, in U8, Patent No. 5,210,015, Gel clectrophoresis can be

employed to detect the products of an amplification reaction after its completion.

Alternatively, amplification products are hybridized to probes, then separated from other

reaction components and detected using microparticles and labeled probes. However, it

15 will be readily appreciated both amplification and detection of target mucleic acid

sequences can also take place concurrently in a single unopened reaction vessel. This

type of procedure allows "real-time” monitoring of the amplification reaction, "end-point”
monitoring, and can avoid contamination by reducing the handling steps.

For embodiments in which both amplification with polynucleotide primers and

20 distinct detection probes are included concurrently during the amplification reaction, the

polymucleotide probe preferably possesses certain properties.  For example, since the

probe will be present during the amphfication reaction, it should not interfere with the

progress of this reaction and should also be stable under the reaction conditions. In

addition, for real-time monitoring of reactions, the probe should be capable of binding its

25 target sequence under the conditions of the amplification reaction and o emit a signal

only upon binding this target sequence. Examples of probe molecules that are

particularly well-suited to this type of procedure imclude molecular beacon probes and

probes comprising a {fluorophore covalently attached to the 5" end of the probe and a

guencher at the 3' end (e.g., TagMan® probes),

(o8]
o

The present invention, therefore, contemplates the use of the polynucleotides as
TagMan® probes as demonstrated below and ilhustrated in FIGURE 12, As is known in
the art, TagMan® probes are dual-labeled fluorogenic nucleic acid probes composed of a

polymucleotide complementary to the target sequence that is labeled at the 5 termimus

~}
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with a fluorophore and at the 3' terminus with a quencher. TagMan® probes are typically
used as real-time probes in amplification reactions. In the free probe, the close proximity
of the fluorophore and the quencher ensures that the flusrophore is internally quenched.

During the extension phase of the amplification veaction, the probe is cleaved by the §

(v

nuclease activity of the polymerase and the fluorophore is released. The released
fluorophore can then fluoresce and thus produces a detectable signal.

The term "detectable label” as used herein with reference o polymucleic acids
refers to a molecule or moiety having a property or characteristic which is capable of
detection and, optionally, of quantitation. Similar to labels described above in the context
16 of detectably labeled proteins, a label can be directly detectable, as with, for example

{and without limitation), radioisotopes, fluorophores, chemiluminophores, enzymes,
colloidal particies, fluorescent microparticles and the like; or a label may be indirectly
detectable, as with, for example, specific binding members. Tt will be understood that
directly detectable labels may require additional components such as, for example,
15 substrates, triggering reagents, quenching moieties, light, and the like to enable detection
and/or quantitation of the label. When indirectly detectable labels are used, they are
typically used in combination with a "conjugate.” A conjugate is typically a specific
binding member that has been attached or coupled to a directly detectable label. Methods
of labeling nucleic acid sequences are well known i the art (see, for example, Ausubel
20 etal (1997 & updates), Current Protocols in Molecular Biology, Wiley & Sons, New
York). For example, coupling chemistries for synthesizing a conjugate are well known in
the art and can imchude, for exarple, any chemical means and/or physical means that does
not destroy the specific binding property of the specific binding member or the detectable
property of the label.
25 Suitable fluorophores quenchers for use with various embodiments of
polymucleotides of the present invention can be readily determined by one skilled in the
art (see also Tvagi et al., Nawwre Bivtechnol., 16:49-53 (1998); Marras et al., Genei. Anal.
Riomolec. Eng., 14:151-156 (1999)). Many fluorophores and quenchers are available

commercially, for example from Molecular Probes (Eugene, Oreg.) or Biosearch

(o8]
o

Technologies, Inc. (Novate, Calif). Examples of fluorophores that can be used in the
present nvention inchude, but are not hmited to, fluorescein and fluorescein derivatives
such as carboxy fluorescein (FAM®), a dihalo-(Cl to U8)dialkoxycarboxythuorescein, 5-

(2'-amimoethylDaminonaphthalene-i-sulphonic acid (EDANS), coumarin and coumarin

28
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derivatives, Luciter yellow, Texas red, tetramethyvirhodamme, tetrachloro-6-
carboxyfluoroscein, S-carboxyrhodamine, cyanine dyes and the like. Quenchers include,
but are not limted to, DABCYL, 4'-(4-dimethylaminophenviazoibenzoic acid
(BABSYL), 4-dimethylaminophenylazophenyl-4-dimethylaminophenylazophenyl-4'-
maleimide (DABMI), tetramethylrhodamine, carboxytetramethyithodamine (TAMRA),
dihydrocyclopyrroloindole tripeptide minor groover binder (MGB®) dyes and the like.

In some embodiments that combine the use of primers and probes, the primer
pair/probe combination has sequences selected from the group consisting of SEQ 1D
NOS:3, 12, and 21 {or homologs thereof), SEQ ID NOS:4, i3, and 22 {or homologs
thereof), SEQ D NOS:5, 14, and 23 {or homologs thereof), SEQ 1D NOS:6, 15, and 24
{or homologs thereof), SEQ 1D NOS!7, 16, and 25 {or homologs thercof), SEQ 1D
NOS:8, 17, and 26 {or homologs thereof), SEQ 1D NS89, 18, and 27 (or homologs
thereof), SEQ 1D NOS: 10, 19, and 28 (or homologs thereof), and SEQ ID NOS:11, 20,
and 29 {or homologs thereof). Such combinations of primer pair/probes are set forth
below in Tables | and 2.

Any polynucleotide according to the present invention can be prepared by
conventional technigues well known to those skilled in the art. For example, the
polymacleotides can be prepared using conventional solid-phase synthesis using
commercially available equipment, such as that available from Applied Biosystems USA
Inc. (Foster City, Calif), DuPont (Wilmington, Del), or Milligen (Bedford, Mass.).
Moditied polynucleotides, such as phosphorothioates and alkylated derivatives, can also
be readily prepared by similar methods known in the art. Sce, for example, U.S. Patent
Nos, 5,464,746; 5,424,414; and 4,948,882,

In some embodiments, the test sample is obtained from a subject, as described
above. Iu these embodiments, the presence of TB-complex bacteria in the test sample 1s
indicative of 3 TB-complex bacterium in the subject. The subject can be a human or
animal suspected of having a latent or active TB infection. Alternatively, the subject can
be a laboratory model for infection with TB and TB-complex bacteria. Thus, the method
is usetul for studying the progression and transmission of TB-complex bacteria.

In other embodiments, the test sample is from a culture, such as tissue or cell
culture. The disclosed method is useful for establishing contamination, or for monitoring

the in vitro culturing of the TH-complex bacteria.



i

3

L3

WO 2016/028712 PCT/US2015/045572

(v

0

g

)

In another aspect, the present disclosure provides a method for monitoring the
cfficacy of treatment of a tuberculosis infection. The method comprises {a) determining
the presence or amount of BlaC protein, nucleie acid encoding Bla( protein, or anti-BlaC
antibodies in a biological sample obtained from a subject receiving treatment for
tuberculosis according to the above descriptions; and (b} comparing the amount of BlaC
protein, nucleic acid encoding BlaC protein, or anti-BlaC antibodies in the biological
sample as determined 1o step (a) to a reference standard.

In some embodiments, the refercnce standard in step (b) is the amount of BlaC
protein, nucleic acid encoding BlaC protein, or anti-BlaC antibodies determined in an
analogous biological sampie obtained from the subject at or after diagnosis with the
tuberculosis infection but prior to the obtaining of the biological sample from the subject
in step (a). A lower amount of anti-BlaC antibodies in the biological sample determined
in step {a) compared to the biological sample in step (b) is indicative of a positive
response to the freatment. In some embodiments, the reference standard is determined
from a biclogical sample obtained from the subject at or prior to the commencement of
treatment for the tuberculosis infection.

It will be appreciated that the applicable subjects and biclogical samples described
above are equally applicable to the present aspects of the mnvention directed to detection
of blaC sequence.

In another aspect, the present disclosure provides an isolated polymucleic acid
with a detectable label covalently coupled thereto, wherein the isolated polynucleic acid
is capable of hybridizing (o a target region of a blaC gene encoding the amino acid
sequence sct forth in SEQ D NO:2. In some cmbodiments, the isolated polynucieic acid
comprises a nucleic acid sequence set forth in any one of SEQ 1D NOS:3-29, or a
homolog or variant thereot with about at least 90%, 95%, 96%, 97%, 98%, or 99%
sequence identity thereto.

In some embodiments, the isolated polynuclestide further comprises a quencher
motety covalently coupled thereto.

In another aspect, the present disclosure provides a kit that comprises at [cast one
of the isolated polynucleic acid molecules described immediately above. In some
embodiments, the kit further comprises additional reagents to facilitate hybridization of
the isolated polynucieic acid molecules to the target region of a Ala( gene encoding the

amino acid sequence set forth m SEQ ID NO:2, as described herein.  In some
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cembodiments, the kit includes primer oligonucieotides, as described herein, that are
capable of amplifying a portion of the #laC gene encoding the amino acid sequence set
forth in SEQ 1D NO:2 under the conditions described herein.

Tn conclusion, the compositions, methods and systerns described herein are useful
to detect and monitor TB-bacteria. Many illustrative embodiments have been described,
but the disclosure is not so limited. It will be appreciated by persons of skill in the art
that many of the compounds, reagents, methods, systerns, and kits described and
contemplated herein can be incorporated with a variety of commonly recognized assay
formats and their integral components, such as microfluidic systems, mass spectrometry
systerns, nanoparticle systems, microscopy systems, and the ke, For example,
microfluidics systems can be used to trap the protein and facilitate detection with
antibodies or probes, mass spectroscopy, or other detection methods. Nanoparticle or
nanopore systerns can be developed using murror thin films or particles that can be made
to specifically detect proteins with structural and electrostatic properties similar to BlaC
followed by mass spectroscopy, colorimetric, electronic or antibody-based detection of
the protein. Microscopy could be used in comnbination with antibodies against BlaC to
detect individual or clumps of bacteria augmenting smear microscopy already used and
enhancing detection or fmproving specificity of current tests. These approaches can be
used i combination with fluorescent or colorimetric antibody methods to detect the
protein or intact bacteria in samples on slides, Magnetic bead separation can be used to
allow more sensitive detection of BlaC in nearly any clinical material. Detection can be
performed using FACS, microscopy, plate reader, M5, and the like.

Similarly, the described nucleic acid-based methods reagents can be developed
and incorporated into a variety of known DNA or RNA analysis systems, such as gRT-
PCR assays, molecular beacon assays, solid support systerss, nanoparticles or thin films
that carry at least a portion of the specific primers. Other strategics can be incorporated
into a test systermn, imcluding RNA primers, antibodies directed against nucleotide
complexes, and hybridization complexes that produce colorimetric, fluorescent or
fuminescent output. Microfluidics systems can be used fo trap the specific DNA or RNA
for blaC and detection could be through PCR-like systems, hybridization to indicator
probes or other automated strategies, nchuding imaging techmiques, FISH, scanning-
tunneling microscopy, and eclectronic detection of hybridization.  Magnetic bead

separation could be used to improve yields of the target and increase the sensitivity of
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PCR, gRT-PCR or other detection methods.  Detection of the 5laC sequence can be
accomplished using FACS, microscopy, plate reader, M8, and the like. An RNA-based
test could have the advantage that it would allow measurement of viability due to the
hatf-hte of the blaC RNA wanscript, which could be applied to evaluate therapeutic
cuicome and as the basis of a drug-susceptibility test (DST),

Unless specifically defined herein, all terms used herein have the same meaning
as they would to one skilled in the art of the present invention. Practitioners are
particularly directed to Sambrook etal, (1989} Molecular Cloning: A Laboratory
Manual, 2d ed., Cold Spring Harbor Press, Plainsview, New York; and Ausubei et al,,
Curvent Profocols in Molecular Biology, John Wiley & Sons, New York (1999} for
definitions and terms of art.

The use of the term "or" in the claims is used to mean "and/or” unless explicitly
indicated to refer to alternatives only or the alternatives are mutually exclasive, although
the disclosure supports a definition that refers to only alternatives and "and/or."

£

Following long-standing patent law, the words "a" and "an,” when used in
conjunction with the word "comprising” in the claims or specification, denotes one or
more, unless specifically noted.

Unless the context clearly requires otherwise, throughout the description and the

§8 0N

claims, the words "comprise,” "comprising,” and the like, are to be construed in an
inclusive sense as opposed to an exclusive or exhaustive sense; that is to indicate, in the
sense of "inchiding, but not himited t0." Words using the singular or phural number also

mehide the plural and singular number, respectively.  Additionally, the words "heremn,”

)

"above,” and "below," and words of similar import, when used in this application, shall
refer to this application as a wheole and not to any particular portions of the application.
Disclosed are materials, compostitions, and components that can be used for, can
be used in conjunction with, can be used in preparation for, or are products of the
disclosed methods and compositions. It is understood that, when combinations, subsets,
nteractions, groups, ctc., of these materials are disclosed, each of various fndividual and
collective combinations is specifically contemplated, oven though specific reference to
each and every single combination and permutation of these compounds may not be
exphicitly disclosed. This concept apphies to all aspects of this disclosure including, but
not limited to, steps in the deseribed methods. Thus, specific elements of any foregoing

embodiments can be combined or substituted for elements in other embodiments. For
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example, it there are a variety of additional steps that can be performed, it 1s understood
that cach of these additional steps can be performed with any specific method steps or
combination of method steps of the disclosed methods, and that each such combination or

subset of combinations is specifically conternplated and should be considered disclosed.

5 Additionally, it is understood that the embodiments described herein can be implemented
using any suitabie material such as those described elsewhere herein or as known in the
art.

Publications cited herein and the subject matier for which they are cited are
hereby specifically tncorporated by reference in their entiretics.
10 The following disclosures provide illustrations of various aspects of the present

disclosure. These disclosures are Hlustrative only and are understood to not be limiting to
the spirit and scope of the disclosure.
L The following disclosure describes a study demounstrating the specific and
sensitive detection of Mycobacterium tuberculosis PB-lactamase (BlaC) and TB complex
15 bacteria cxpressing P-lactamase protein in biological samples using antibody-based
mmmune-assay techniques.

B-lactamase (BlaC) protein generation

Escherichia coli harboring an expression plasmid for Mycobacierium tuberculosis
B-lactamase (BlaC) was cloned from M. tubercudosis genomic DNA. The gene, as set
20 forth Gene 1D 888742 of GenBank genome accession no. NC 0009623, was amplitied
using the polymerase chain reaction under normal conditions (see description of the
original cloning of the gene in Wang, F. et al,, "Crystal stracture and activity studies of
the Mycobacterium tuberculosis B-lactamase reveal its critical role in resistance fo -
lactam antibiotics,” Antimicrobial Agents and Chemotherapy 30(8y:2762-2771 (2006},
25 incorporated herein by reference m its entirety).  The amplified dlaC gene was
subsequently inserted into the pETZ8b vector using Ndel and HindHI restriction sites.
The resultant plasmid was transtormed into £ coli BL21 strain. The transformed E. coli

cells were validated and used for expression and purification of BlaC.

The £ cofi strain was cultured in Luna-Bertani-Miller (LB) media (BD

(o8]
o

Biosciences, California, USA) containing 50 gg/mi of kanamycin, at 37°C to obtain an
optical density {ODyg0) of 0.6, Expression of BlaC was then induced by the addition of
isopropyl B-D-thiogalactopyranoside (IPTG, Gold Biotechnology, MO, USA} at 4°C for

16 h. The cells were then harvested by centrifugation at 10,000 ¢ and 4°C for 10 minutes.

i

43

(]
i



WO 2016/028712 PCT/US2015/045572

(v

10

5g

Gt

The pellets were re-suspended in 25 mM Tris-HC! (pH 8.0) and lysed using three
repetitive cyeles of freeze-thaw followed by the addition of 2.5 unit/m! of benzonase
(Novagen®, Darmstadt, Germany). The lysate was loaded onto a His-prep' " column
(GE Health Care, Buckinghamshire, UK}, purification of BlaC was camied out according
to the previously described protocol (Wang, F. ot al, "Crystal structure and activity
studices of the Mycobactertum tuberculosis B-lactamase reveal its critical role in resistance
to P-lactarn antibiotics," Antimicrobial Agents and Chemotherapy SHE)2762-2771
(2006), incorporated herein by reference in ifs entirety), using the AKTA pure system
(GE Health Care, Buckinghamshire, UK}, Purified BlaC concentration of 4 mg/mi was
finally achieved by dialysis with Spectra/Por® dialysis tubes {Spectrum Labs, TX, USA).

To validate the expression of BlaC from £. cofi and the quality of the purified
protein, samples were collected at various stages during the purification and run on 3 12%
SDS-polyacrylamide gel. It was observed that the amount of BlaC in the F. ¢ofi culture
increased substantially following IPTG induction. Further, it is illustrated that upon lysis
of the cells, maximal protein was retained in sohution and not in the cell debyris.

Characterization of recombinant B-lactamase (BlaC

As described, the purified BlaC protein was run on a 12% SDS-PAGE to check
for purity and molecular weight. A single band was observed corresponding to molecular
weight 32 kDa, indicating successful purification of the protein, The f-lactamase activity
of BlaC was measured using nitrocefin (Calbiochem, MA, USA}) as the substrate, When
nitrocefin is hydrolyzed by P-lactamase, a hyvdrolyzed product is produced with a
maximum absorption at 485 nm. Accordingly, the formation of the hydrolyzed product
was monitored by absorbance at 486 nam (Ause} as an indicator of cnzyme activity.
Varying concentrations of the purified protein (0.25 to 25 nM) were added to 1X MES
buffer in a 96 well plate, and the assay was initiated by the addition of SO0 pM nitrocefin,
The enzyme activity was monitored in EnVision® Multilabel reader (Perkin Flmer, MA,
USA} with intermitient shaking for a period of 30 mimutes. The resulting absorbance of
hydrolysis product resulting from the varying concentrations of purified protein over time
is itlustrated in FIGURE [A. This demonstrates that enzyme activity is proportional to
the concentration of the concentration of the purified protein.

The observed rate of change i Ayss was converted to units of enzyme activity
(uM product formed per minute} by using the molar extinction coefficient of the

hydrolyzed product (20,500 M cm™) and the path length of 0.29 cm.  As illustrated in

A4
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FIGURE 1B, the enzyme activity was found to increase linearly as a function of enzyme
concentration (R = 0.99), as expected. The purified BlaC was found to have an activity
of 797 = 114 U/uM.

Generation of anti-B-lactamase (B1aC) antibody

Antibody against purified protein was raised in rabbit (Bio Synthesis Inc., TX,
USA). Briefly the rabbits were immunized with purified protein and a total of
[00-150 mi of serum were collected with five boosts and four bleeds. Eighth and 10th
week bleeds were tested by ELISA and used for further experiments, as described below.

Western blot analvsis

To determine whether the antibodies generated using the recombinant BlaC
protein could detect the protein in a biologically-relevant environment, a western blot
analysis was conducted.

1} Sample preparation

BlaC protein dilutions were made in phosphate buffered saline (PBS, pH 7.4}
50 ubL of the diluted protein was added to 450 pbL. of sputum sample and mixed by
pipetting. 5060 uL of Transport Stabilization Solution {TSS), which privnarily comprises
MES buffer at pH 6.0, was added to the sample and further mixed to attain the best
possible homogeneity. To each sample, 250 pL. of Blue Sepharose™ 6 Fast Flow
(Cibacron Blue) (washed and re-suspended i IXMES) (GE Health Care,
Buckinghamshire, UK) was added and mixed again to obtain optimal albumin removal.
Various BlaC concentrations from 4 to 4000 ng were loaded onto the gels.

23 Bretection

Ten ul of the BlaC samples (in sputum} were mixed with 10 pbL of the loading
dve, heated at 95°C for 5 minutes and loaded onto 12% SDS poly-acrylamide gels.
400 ng of BlaC (in PBS) was also loaded as a positive control.  The gels were run in
duplicates at a voliage of 150V until proper separation of the ladder was visually
achieved. OUme of the two gels was coomassie stained to visually gauge protein levels and
migration.  The other gel was wansferred to a pre-treated PVDF membrane.
Pre-trecatment involved submersion in 100% methano! for 5 minutes or until the
membrane was transhucent, followed by equilibration in the transfer buffer (3.03 g of Tris
base, 14.4 g Glycine, 200 ml Methanol, and 800 ml ddH-O) until the membrane no

longer tloated on the surface. The transferred membrane was inuncrsed in blocking
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bufter (5 g non-fat nulk in 100 md of PBS buffer) and blocked overnight at 4°C on a
shaking platform,

After overnight blocking, the blot was immersed in primnary antibody (i.e., the
polyclonal anti-BlaC antibody from rabbit) diluted 1:5000 in privnary antibody dihition
buffer (i.e., wash buffer; 0.5 ml Tween 20 and 1000 ml PBS buffer). The blot was
incubated for | hour at 37°C on a shaking platform. Incubation with primary antibody
was followed by washes with wash buffer (0.5 ml Tween 20 and 1000 mi PBS buffer) at
room temperature for 10 minutes on a shaking platform. The washing step was repeated
three times for a toial of four washes. After the washes, the blot was mmmersed in
secondary antibody (HRP-comjugated anti-rabbit IgG) diluted 1:10,000 in blocking
buffer. The blot was incubated for [ hour at 37°C on a shaking platform. The blot was
then washed again as described above, The blot was processed with SperSignal® West
Pico Chemi-luminescent kit (Thermoscientific, IL, USA)} according to the manufacturer's
instructions and imaged after a 2 minute exposure.

Results: The western blot analysis demonstrated that Blal concentrations of
400 ng and above in sputum could be detected using the rabbit anti-BlaC antibodies (not
shown). The concentration threshold for detection could be atiributed to the complexity
of the sputum matrix obscuring detection of lower BlaC concentrations.

Enzyme-linked tmmunosorbent assav {(ELISA)

It is demonstrated above that western blot analysis using the generated antibodics
can detect BlaC protein in a biological sample (i.c., sputum). To demonstrate the broader
applicability of the anti-BlaC antibedies in other detection assays, an ELISA approach
was explored.

One hundred pb of protein A/G (ProSpec, Ness-Ziona, Israel) (16 pg/mtb in
coating buffer: 1.59 g Na,C0,, 2.93 ¢ NaHCO;, 0.1 g Thimerosal, fill to {000 mi with
ddH,O) was dispensed in 96 well plates. The plates were incubated at 4°C overnighton a
shaking platform. After the overnight incubation, the wells were washed with 200 yuL of
wash buffer (0.5% BSA and 0.05% Tween 20 in X PBS) at room termperature on a
shaking platform for 5 minutes. The wash was repeated twice for a total of three washes,
The wells were then blocked using the blocking buffer containing BSA (3% BSA in 1X
PBS) for | hour at 37°C on a shaking platform.

BlaC samples were processed similar to the western samples with the exception

that primary anttbody (i.c., the rabbit polyclonal anti-BlaC antibody) was added at a

36



WO 2016/028712 PCT/US2015/045572

(¥4

10

(o8]
o)

concentration of 12500 into the sputum to facilitate primary antibody binding with BlaC.
The sample was incubated for 1 hour. 00 uL of sputum sample was dispensed info cach
well and incubated for | hour at 37°C on a shaking platform. For bacterial samples, BCG
was incubated in 10 mi M-CADC-Tw at 37°C, 5% CO, uniil an 0D of 4.5 was
achicved. Appropriate volume of this culture was centrifuged and the pellet was
re-suspended in 7HS (BD Biosciences, California, USA).  Bacterial suspension was
further dituted in 7HY media and mstead of adding puritied BlaC, bacterial dilutions were
added to the sputum and incubated for 4 hours. The samples were processed here after as
in siep 4.

After incubation with sputurn samples, the wells were washed with wash buffer as
described above and re-blocked with non-specific mouse 1gG diluted 1:5000 in blocking
buffer to saturate the unbound protein A/G. The blocking was carried out for | hour at
37°C on a shaking platform. After blocking, the wells were washed as deseribed above.
A 1:5000 dilution of primary antibody {i.c., the rabbit polyclonal anti-BlaC antibody) was
added to the wells in wash sohution. The wells were incubated for | hour at 37°C on a
shaking platform.

After incubation with primary antibody, the wells were washed as in step 1.
100 ul. of secondary antibody (i.e., horscradish peroxidase (HRP}-conjugated goat
anti-rabbit 1g() diluted in wash buffer was dispensed in cach well. The wells were
incubated for 1 hour at 37°C on a shaking platform. The wells were washed again as
describe above and 100 pul of 2, 2%-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid)
(ABTS) sohution in citrate buffer was added to each well to serve as the HRP substrate.
The plate was observed for development of color. Once discernible color was observed
in the negative control (t.e., a well with no blocking butfer or secondary antibody) the
reaction was stopped using 5% SDS. The formation of reduced ABTS as a measure of
the amount HRP-labeled secondary antibody was read at 415 nm after approximately
incubating for 5-10 minutes in EnVision® Multilabel reader {Perkin Elmer, MA, USA}

Statistical analysis and data plotting was performed using Excel (Microsoft Corp.,
WA, USA}. Standard deviations and p-values were calculated.

Results: A standard plot of HRP activity was generated using BlaC dilutions in
sputum.  As tllustrated in FIGURE 2, the absorbance at 415 nm (i.c., indicating reduced
ABTRS)Y was found to lincarly increase with the increase in BlaC concentration in sputum

(R*=0.87). The threshold for detection of BlaC in sputum was calculated at 0.04 ng,

i
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beyond which the detection was not lincar and, hence, the absorption values were not
included in the standard curve calculation,

Western blot analvsis using bacteria

It 1s demonstrated above that standard western blot techniques using anti-BlaC
antibodies can detect the presence of BlaC in biological samples (iec., sputum).
Accordingly, a preliminary assay was performed to ascertain whether whole bacteria are
similarly detectable with the same reagents and techniques.

A preliminary western blot was carried out with bacteria (i.e., M bovis (BCG))
difuted in sputum using the gencral protocol described above., BlaC from bacterial
dilutions could not be detected in the preliminary western blots, suggesting that the
amount or specific configuration of BlaC in live bacteria is not readily detectable by this
basic method. The inability to detect BlaC from sputum sample by simple western blot
analysis could largely be due to the fact that BlaC is associated with the bacterial cells,
and a preliminary bacterial fysis might be required to obtain a more reliable estimate of
Bla(C presence. Prospective experiments will examine lysed cells to better localize the
protein under these conditions. The ntensity and duration of lysis will be standardized.
Additionally the shortest incubation period of the bacteria in sputun: resulting in relisble
BlaC detection will be established. This refined assay will facilitate better understanding
of BlaC production i sputum and the utility of western blot analysis to detect
tuberculosis in infected patients.

FELISA analvsis using bacteria

It is demonstrated above that ELISA techniques using anti-BlaC antibodies can
detect the presence of BlaC in biological samples (ie, sputum). Accordingly, a
prehiminary ELISA was performed to ascertain whether whole bacteria are similarly
detectable with similar reagents and techniques.

A series of dilutions of bacteria (i.e., M bovis (BCG)) were generated in sputum
and assayed according to the general protocol described above. The absorbance values
(i.c., indicating reduced ABTS and, thus, the presence of HRP-labeled secondary
antibody) tor the various bacterial concentrations sputum are illustrated in FIGURE 3. A
significant increase in signal was observed that correlated well with bacterial numbers.
This correlation indicates the ability to detect whole bacteria in sputum using this method.
Ultimately, the present results demonstrate that the amount of BlaC was increasing with

the increase in CFU, as expected.
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However, it 1s noted that the levels of bacterial BlaC detected by ELISA were low
suggesting that the amount of BlaC produced less than the amount tested above to
generate the standard curve. Thus, the present resulis were not extrapolated directly onto
the current standard curve (as described above and Hustrated in FIGURE 2).

Surprisingly, the 10 CFU/well dilution of M bovis (BCG) gave an unexpectedly
high absorbance reading. This result is consistent with the inventor's observations that
fevels of BlaC activity are higher than expected when at low concentrations, such as
10 CFU of M bovis (BCG) or Mib, These observations were measured using custom
Bla(C substrates. Overall, this s an approximately 100-tbld increase in BlaC activity
above the expected level for this concentration, which is highly significant. Without
being bound to any particular theory, these observations suggest that some aspect of the
sputum environment increases the measurable BlaC activity, possibly as a result of
increased expression, transport, activity or release of the protein. Al of these possibihities
warrant further investigation to better control for expression and perhaps increase the
sensitivity of BlaC diagnostic sirategies.

Conclusion

It is demonstrated that BlaC protein is detectible in sputum samples using
antibodies generated against recombinant BlaC in rabbits.  The antibodies were
demonstrated as useful diagnostic reagents when used in both western blot analyses of
sputum samples {incorporating the protein), and ELISA-based analyses of sputum

samples {incorporating the protein or bacterial cultures).

I The following describes an analysis of the f-lactamase DNA and protein
sequences and the design of a specific and sensittve detection assay of
tuberculosis-complex bacteria using P-lactarmase nucleic acid as a biomarker.

Background

A key first step in the development of specific and sensitive detection techniques
for any pathogen is identifying umique aspects (e.g., sequences) that can reliably
differentiate between the target pathogen and non-target organisms. Additionally, an
ideal sequence target will be reliably expressed under a variety of conditions such as to
provide ample nucleic acid terplate for sensitive detection at all stages of infection.

As described herein, the blaC gene of tuberculosis-complex bacteria is

demonstrated to contain specific sequence domains that are not present in any other
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bacterial species. These unique domains present the opportunity to generate very specific
probes. Furthermore, there is extensive evidence that dlaC is constitutively expressed in
tuberciosis-complex bacteria under nearly any condition at high levels, which makes it
likely that detection reageunts specific to the blaC RNA transcript will be highly sensitive
and applicable to nearly any condition in visre and during infections. Expanding upon
published and available microarray and genomic data, analysis of the DNA and RNA
sequences demonstrated that various sequences could be used for sensitive and specific
reagents for tuberculosis-complex organisms. For example, TagMan® and molecular
beacon probes are appropriate approaches for design of probes for this purpose.
However, it will be understood that nearly any nucleotide recogmition method could be
used in a similar manner using the regions identified herein,

Mycobacterivm  fuberculosis (Mth}y BlaC is a naturally occurring class-A
B-lactamase (Flores, AR., et. al, "Genetic analysis of the P-lactamases of
Mycobacterium tuberculosis and Mycobacterium smegmatis and susceptibility to -
lactamm antibictics,” Microbiology 151{2)521-532 (2005), incorporated herein by
reference in s entivety). BlaC is present in Mib and all other tuberculosis-complex
bacteria. The protein consists of 307 amino acids with a molecular weight of ~32 kDa.
BlaC confers lactam antibiotic resistance to Mitb via hydrolysis of P-lactam antibiotics.
As described below, use of the d/aC RNA transeript is demonstrated as usefil a tool for
Mtb diagnosts. The RNA transcript can be amplified using reverse transcription, trapped,
or directly amplified using vartous RNA-RNA amplification systems, and the like.
Moreover, the described approaches could also be applied with very little modification to
detecting blaC in the Mib chromosomal DNA. The primary modification to the
methodology for chromosomal detection is that DNA would be isolated and directly
amplified or trapped for detection rather than RNA. Morcover, the described technigues
can be applied to other bacteria from the TB-complex.

Constifutive expression can help ensure that dlaC-detection is always sensitive
and quantifiable, especially in the conditions mimicking the host environment prevalent
during infoction and latency in humans or animals. Numercus microarray data accessed
from available TB databases (NCBI-GEQ, ctc.) demonstrate that the dla(C gene is
expressed constitutively when in intracellular environments, during growth in lab, and
during infections, with no significant difference found between samples collected at 4 hand

24 h post-infection (Fontan, P., et al., "Global transcriptional profile of Mycobacterium

-40-
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tuberculosts during THP-1 human macrophage infection” fnfecrion and Immuniiy
76(2y:747-725 (2008}, incorporated herein by reference in its entircty), under gerobic
conditions (Voskutl etal, "The response of mycobacterium fuberculosis to reactive

8

oxygen and nitrogen species,” Front. Microbiol. 2:1-12 (2011}, mcorporated herein by
reference in its entirety), or during an oxidative stress response (Rodriguez, G.M., et al,,
"ideR, an essential gene in Mvcobacierium tuberculosis: role of 1deR in iron-dependent
gene expression, tron metabolism, and oxidative stress response,” Infection and Immunity
70(7%:3371-3381 (2002}, mcorporated hercin by reference in its cntirety). Although none
of these previous studies spectfically examined #laC according to the present evaluation
of these data, these observations indicate that dlaC transcription is constitutive and the
gene is a valuable target for development of new methods for diagnosis of TB-complex
bacteria. Furthermore, the dlaC gene is constitutively expressed 28 d post infection in
experiments performed on BALB/c and SCID mice (Talaat, A M., et al., "The Temporal
expression profile of Mycobacterium tuberculosis infection in mice,” Proceedings of the
National Academy of Sciences of the United Siates of America 101{13%:4602-4607
(2004)) and at least 30 d post-inoculation v a Wayne model depicting non-replicating
persistence (Voskuil, MLL, etal,, "Mycobacterium iuberculosis gene expression during
adaptation to stationary phase and low-oxygen dormancy,” Tuberculosis 84{3%:218-227
{2004), incorporated herein by reference in s entirety) making it constitutively expressed
under conditions commonly encountered by these bacteria,

Accordingly, the amino acid sequences of the BlaC protein were compared among
members of the TB-complex. The BlaC amuno acid sequence from Mitb was also
compared against B-lactamases trom other relevant pathogenic bacteria that are not part
of the TB-complex. Simtlarly, the Mtb 6/aC gene sequence was compared with the §-
lactarnase gene sequences from other relevant pathogenie bacteria that are not part of the
TB-complex. Based on these comparisons, specific sequences that differentiated Mitb and
the TB-complex bacteria from other relevant pathogenic bacteria were identified and
vartous detection reagents directed to the sequences were designed.

Demonstration of BlaC speciiicity

The amino acid sequences of P-lactamases (BlaC) from bacteria belonging to the
TB-complex, namely, M tubercidosis, M bovis, M. bovis (BCG), M caneittii and
M. africanum, as well as B-lactamases (Bla) other pathogenic bacteria were obtained from

the NCBI database and aligned using ClustalW2,

3

a multiple sequence alignment tool
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tfrom the European Molecular Biology Lab (EMBL). The B-lactamase (BlaC) protein
showed [00% alignment identity within the TB-complex, mdicating a high level of
conservation. FIGURE 4 illustrates the relationship of P-lactamase nucleotide sequence
between the species within the TB-complex and the most closely related Myveobacterium
that is not within the TC-complex, t.e., Mvcobacterium marinum. This comparison
demonstrates that the M marinum P-lactamase has a two node distance from the
TB-complex, suggesting that even the mycobacterial most closely related to the TB-
complex species has §-lactamase that is not closely related to TB-complex blal
sequence.  Thus, strategies to differentiate Bla (B-lactamase from non-TB-complex
species) from BlaC (P-lactamase from TB-complex species) should be possible at the
activity, protein and nucleotide level, FIGURE 5 illustrates an alignment demonstrating
that Blal amino acid sequence is highly conserved (with 100% identity} in all
TB-complex bacteria (this consensus sequence is set forth in SEQ ID NO:2). Three
motits (1, 1, and 1) that are known to be important for enzymatic activity are indicated
in the alignment.

In order to determine which sequences, if any, are unique to the TB-complex
BlaC, the BiaC protein sequence from Mth was compare to the Bla protein sequences
from various other bacteria using a multipie sequence alignment. This analysis, as
tHustrated 1n FIGURE 6, revealed low similarity at the protein level among the compared
specics., Even in comparison to other mycobacterial specics, low sequence similarity was
observed throughout the entire BlaC amino acid sequence. This suggests that specific
detection of TB-complex by virtue of unique BlaC and/or blac sequence is possible, even
in the presence of numerous natural flora and other pathogens. The motifs that are
conserved within the TB-complex bacteria and are necessary for the unique enzymatic
activity are indicated in FIGURE 6. The motif regions display the lowest amino acid
similarity among the compared bacteria; there appears to be no sequenced Bla that is
closely related to that present in TB-complex. In particular, even the active site of BlaC
contains several glveine residues that are not present in any other bacterial species,
indicating that even the active site sequences within the gene could be used as highly
specific probes for TB-complex bacteria in clinical or environmental samples. In
particular, all three TB-complex BlaC motifs (4, I, and [T} are part of the active site, as
described in more detail in Wang, ¥, ot al,, "Crystal structure and activity studies of the

Mycobacterium tuberculosis P-lactamase reveal its critical role in resistance to B-lactam
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antibiotics,”  Antimicrobial  Agents  and  Chemotherapy  SO(832762-2771  (2006),
incorporated hercin by reference in its entirety. Briefly, the following discussion makes
reference to residues as numbered in the Wang reference with an indication of the
corresponding residue in SEQ D NG:2, as disclosed herein. In all class A B-lactamases
like BlaC, hydrolysis of the B-lactam substrates is achieved by a nmucleophilic attack
initiated by active-site serine residue Ser70 (corresponding to the serine at position 84 of
SEQ 1D NO:2). It has been proposed that Glul 66 (corresponding to the ghitamic acid at
position [82 of SE( ID NOG:2}, a general base in the active site, is the sering70-activating
residue. Glul6é (corresponding to the glutamic acid at position 182 of SEQ 1D NO:2)
has been established as being critical for the deacylation of the acyl-enzyme intermediate.
Ser70 (corresponding to the sering at position 84 of SEQ ID NO:2) and Lys73
{corresponding to the serine at position 87 of SEQ 1D NG:2), located on g-helix HZ in the
center of the active site are, also crucial and completely conserved in all class A §-
lactamases. These residues are surrounded by other important residues on f-strand B3
(Lys234, Thr235, and Thr237: corresponding to the lysine, threonine, and threonine at
positions 250, 251, and 253, respectively, of SEQ ID NO:2) and the loop region between
HS and H6 (Seri30 and Gly13Z; corresponding to the serine and glycine at positions 142
and 144, respectively, of SEQ ID NOG:2}, as well as the O loop (Ghul66; corresponding to
the ghitarnic acid at position 182 of SEQ 1D N(:2). These ecight residues are all involved
in direct hvdrogen bonding interactions with f-lactam substrates. Two bound water
molecules, WAT36 and WATES, are also highly conserved in the structures of alf class A
B-lactamases determined to date. Use of active site probes may have some advantage
because divergence in this sequence would potentially impact activity and would be
selected against evolutionarily, making the probe effective under most conditions.

Upon the discovery that there were numerous sequences within BlaC that diverge
from the sequences of other Bla proteins, polynucieic acid primers were considered for
use in a detection system that would specifically target TB-complex sequence. To this
eud, specitic details regarding the nucleotide sequences of blaC gene were sought. As an
initial step in this process, an alignment was generated comparing the nucleotide
sequences of the bla( gene from TB-complex bacteria with the sequences of the bl gene
from a diverse set of organisms, inchiding other Mycobacteria sp.  As ilhustrated in
FIGURE 7, similar results were obtained with the nucleotide sequence as those using the

protein sequence. Specifically, while conserved regions were identified that could not be
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used for design of probes, several regions of laC are unique to the TB-complex gene and
are not present in any other bacterial species. These observations demonstrate that the
design of probes specific for TB-complex is possible, which probes can be used to
evahiate the presence of these bacteria in nearly any clinical or environmental sample.
The preferred parameters of probe design are that the probes are sensitive, specitfic and
conserved throughout all TB-complex bacteria.

Desion of #laC-specific TagMan® probes

One emboediment of a PCR-based detection assay incorporates a TagMan® probe,
wherein the probe contains a fluorophore and a quencher configured such that when the
probe is intact, no detectable signal is observed.  As 1s well-understood n the art, the
probe is designed to hybridize to a portion of the target. The probe is cleaved when
primers are extended from either side of the target region, thus releasing the tluorophore
from proximity of the quencher and resulting in detectable signal. Exemplary primer
couples and probes were designed using Eurofing MWG Operon (AL, USA) software.
Four primers and their respective probes were selected based on nBLAST analyses,
absence of secondary structure, melting termp (T and length of the amplicon (Table 1),
Primer probe sets with a T, difference of more than 10°C were not considered. Al
probes, when subjected to BLAST, showed homology to the TB complex with very low
expected vahie (E-valoes), suggesting that the probability of their binding to any other

bacterial DNA is highly unlikely.
Table I: Exemnplary TagMan prirner and probe combinations designed for specific

detection of TB-complex 5iaC. The corresponding sequence identifier numbers (e,

SE( ID NG are indicaied in parentheses.
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Forward primer

Reverse primer

TagMan® probe

GACGAACGOGATACCACAAC

ATCCAATCGOTGAGCAGTGL

TTIGCCCAGAACAAGCTECTG

(12) 20 CAACACCA (3)

21 CATTCTGCTCCACGTTCAAG | ATCGACCGAATGTCGTOAC | TTTOTUCAGATGCUTCAGIG
(13} (22) GGTTTTGGT (4)

3| COAACGGGATACCATAACAL | ATCUAATCGOTGAGCAGTGC | TTHCCGAGAACAAGCTGCTG
(14) (23) CAACACCA (5)

41 CATTCTGOTCCACGTICAAGS | TCOACCOGAATGTCGTCACTG | ATCAGTTTOTCCAGATOCGT
(15 (24) GAGCGGOTTTT (6)

Desien of molecular beacon probes

Another embodiment of a PCR-based detection assay incorporates a molecular
beacon probe.  As is wellundersiood 1o the art, the molecular beacon probe contains a
hatrpin configuration with a loop comprising the probe sequence that is corplementary o
the target nucleic acid sequence. The stem of the hairpin structure is formed by
complementary oligonuclestide sequences that are at the §' and 3’ end of the Hnear
sequence. A fluorophore s covalently attached to the end of one of the stem
oligonucleotides, whereas a quencher dye is covalently attached to the end of the other
stem oligonucleotide. When in the initial bairpin configuration, the probe does not emit a
detectable signal. However, when anncaling to the farget sequence, the probe linearizes
permitting a sufficient distance to form between the tluorophore and quencher dyes, thus
allowing a detectable signal. Such a probe can be incorporated into PCR-based

amplification assays.  Exeroplary molecular beacon probes were designed using

Beaconllesigner'™ 8.0 (Premier Biosoft, CA, USA). Because the use of beacon probes
can also be mcorporated into PCR-based assays, amplification probes were also designed
fn conjunction with specific beacon probes (1.e., with forward and reverse primers that
anneal 53' and 3' to the annealing sitc of the beacon probe}. The program facilitates
optimal primer and beacon probe design with the annealing temperature of the beacon
being at least 9°C above the Ty, of the primers. Five primer and beacon probe sets were

identified (Table 2). The beacons for cach set were subjected to nBLAST. The beacon
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showing the lowest E-value is mdicated {(with *) in the table and will be the probe of
2 } I

choice for this approach.

Table 2: Exemplary molecular beacon primers and probes designed for specitic

detection of TB-complex blal,

The corresponding sequence identifier numbers (i.e.,

5 SE() ID NO:) are indicated in parentheses,
Forward prirper Reverse pruner Probe
1 { CATCTGGACAA | ATAGCGTATCG | CGCGATCCCAGTGACGACATTCGGTGATCGCG (7)
({6} (25
21 TICGCATICTG | ACTGGTGTAGG | COCGATCGCTCACGCATCTGGACAAGATCGOG (8)
a7 (26)
3 | TCGCATTICTG TGTCGTCACT CGCGATCCTCACGCATCTGGACAAACGATCGCG™ (9)
(183 (27
4 | TICGCATICTG | ACTGGTGTAGG | COCGATCCAAAACCCGCTCACGCATGATCGCG (18)
{19} (28}
S {ATACCACAALCA | GCCATCCAAT COCGATCGAACAAGUTGCTGCAACAGATCGOG (1D
(20} (2%
Primers generated in this method, such as the disclosed privners, are extremely
spectfic for TB-complex blaC nucleic acids, and arc useful for cither RNA or DNA
[0 amplification and/or detection. In some detection strategics, RNA can be amplified
without PCR. Moreover, both DNA and ¢DNA may be amplified randomly prior to PCR
to increase sensitivity.,  Additional validation of these primer sets can juvolve
cexamination of their conservation in all TB-complex bacteria and particularly the
numerous TB strains that have been sequenced to ensure that the final probe is specific,
15 sensitive and highly conserved. With all three of these characteristics, a probe based on

this strategy would be applicable to all conditions. In contrast, without all three of these
characteristics, a probe based on this strategy would not be generally applicable to all

conditions.
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I The following describes the successful use of nucleic acid primers and
probes directed to the f-lactamase nucleic acid sequence to specifically detect the
presence of tuberculosis-complex bacteria,

Background

As deseribed above in part {1, f-lactamase (BlaC) can be a useful biomarker for

(v

tuberculosis-complex bacteria.  As further described, in sifico analysis of all available
B-lactamase sequences demonstrated that P-lactamases are conserved in TB-complex
bacteria, yot are unique as compared to all other non-TB-complex sequences, including
cukaryotes and prokaryotes. Accordingly, the present discussion validates the concept

16 that TB-complex bacteria can be specifically detected by virtue of the unigue nucleic acid
seguence.

Method and resulis

BeaconDiesign 8.0 was used to design optimal primer and beacon sets with the
annealing temperature of the beacon being at least 9 °C above the Ty, of the primers. Five
15 primer and beacon sets were identified (see Table 2, above). The beacon for each set was
subjected to nBLAST, that includes alf eukaryotes and prokaryotes currently sequenced
for a total of over 20 million sequences and >50 billion nucleotides as of Nov. 11, 2013
(not shown}. The beacon probe showing the lowest E-vahie and maximum query
coverage is SEQ D NO:9 (Table 2, row 3}, which was used in conjunction with the
20 primers with sequences sot forth in SEQ D NOS: 18 and 27, as the probe of choice due
to its lowest similarity to non-mycobacterial sequences. Thus, probe 3 (set forth in SEQ
ID NO:9) was the best of the five beacons designed using the BeacouDesign software and
was selected in conjunction with the corresponding primers (see Table 2, row 3} for
synthesis, characterization, and validation in detection assays using chromosomal DNA
25 from humans, Mth and various bacterial pathogens, including M marinum, M
avium, Pseudomonas, Staphylococcus, and others. The selected probe and primer set

were ordered from Integrated DNA technologies and used for the real-time experiments.
Mycobacterial DNA was extracted from BCG cultured in 100ml M-OADC-Tw

media at 37 °C until an ODgeo of 0.8 was achieved. The cells were pelicted out by

(o8]
o

centrifugation at 3500 rpm for 15 min and re-suspended in minimal amount of saline
solution {0.9%). Cell lysis was achieved by addition of 500 uL. of acid washed beads in
750 pL of TE buffer per 250 uL of re-suspended pellet, followed by vortexing, Lysed

cells were centrifuged at 10,000 rpm for 10 min and the supernatant was collected.

4
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RNAseA was added to the supernatant to a final concentration of 0.1 mg/mL followed by
incubation at 37°C for 1 hr in order fo chiminate RNA contamination from the
supernatant. Equal volumes of phenol-chloroform-isoamyl alcohol was added to the
supernatant aud incubated for four minutes with gentle rocking followed by
cemtrifugation at 10,000 rpm tor 10 min. The supernatant was collected and DNA was
precipitated by adding 3 M Na{Ac in the ratio of 1:10 and two volumes of cold ethanol.
The precipitated DNA was then pelleted out by high speed centrifugation (13,000 rpm)
followed by 70 % cthanol washes. The DNA pellet was dissolved in TE and stored at
4°C for further use. DNA concentration and gquality of the extracted DNA was
determined.

The concentration of extracted Mycobacterial IINA was estimated to be 455
ng/ul. 1:10 dilution of this sample was loaded onto an agarose gel to visually establish
DNA quality (not shown).

Molecular Beacon real-time PCR was carried out using the sclected sef of primers
and probe {see Table 2, row 33 The PUR reaction contaimed 10 to 100 ng of BCG DNA,
7 mmol/L final concentration of MgCl,, 200 pmol/L concentration of dNTP, 2.5 U of taq
DNA polymerase, 0.2 pmol/L final concentrations of the primer pair and 0.2 pymol/L final
concentration of the beacon. The PCR was performed on the Applied Biosystem, step
one real-time PCR system, using the following cycling conditions: 95°C for 3 min,
followed by 50 cyeles of 94°C for 20 s, 42°C for 20 s, and 72°C for 20 5. Each sample
was loaded as duplicates for technical controls.

Real-time amplification using the beacon was carried out and the results are

ummarized in Table 3. A minimum of 10 ng of DNA per well was detected, which was
the genomic equivalent of 2 x 100 Mycobacterium cells. Representative amplification

plot for 10 ng and 50 ng DNA per well have been shown in FIGURE &

Table 3: Cycle number at which detection was possible for various concentrations of

DNA

DNA concentration (ng) Cyele namber”
16 354004

56 3703

180 NDP
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Number of cycles at which the fluorescence generated by the cleavage of the beacon hairpin due to
amphification by the prmer set was detectable above the background.

PNt detected

Additionally, RNA was extracted and cDNA was synthesized from various
bacterial samples including MRSA, £ coli, Saimonella, Mycobacterium smegmatis,
Pseudomonas PAOT and Bacillus. Briefly, the bacterial cells were lysed using TRIzol
reagent (Invitrogen). RNA samples were freated with RNase-free DNase I (Promega},
followed by purification using the RNeasy Mini Kit (Qtagen). The conceniration of RNA
was estimated using a NanoDrop ND-1000 spectrophotometer (version 3.1.0; Thermo
Fisher Scientitic), Reverse-transcription reactions on total RNA were performed using
the First Strand ¢cDNA Synthesis Kit (Invitrogen} with random decamers.

Real-time PCR was carried out using the synthesized ¢DNA and the designed
Beacon. No signal was observed with ¢cDNA corresponding to the various bacteria {(not
shown), suggesting that the designed probes as expected were specific for the
mycobacterial complex.

To further improve the threshold for detection (e.g., to facilitate rehiable and
specific detection of lower amounts of TB-complex bacteria in a sample), bacterial
genomic DNA yields can be enhanced through achieving enbauced bacterial cell lysis.
Furthermore, an improved detection threshold can be achieved through enhanced DNA
isolation and purification techniques. This is a useful improvement and consideration the
observation that DNA concentrations higher than 50 ng did not give provide signal (not
shown). This result implied that there was a considersble amount of impurity in the
extracted DNA sample and at higher concentrations these impurities inhibited the real-
tirne PCR assay.

Conclusion

it is demonstrated that nucleic acid probes and primers designed to hybridize to
unique sequences of consensus Hlae from TB-complex bacteria facilitates the PCR-based
specific detection of TB-complex bacteria and does not cross-react with other,

non-TB-complex bacteria.

-49.
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IV.  The following describes the generation and purification of goat polvelonal
antibodies that bind to BlaC protein. The polyclonal antibodies were analyzed for utility
as either a capture or detection reagent in a lateral flow detection platform.

Antibody production

Polyclonal Goat anti-BlaC (PAC 8577} was custom made by Pacific Immunology.
Briefly, pre-immune serum was first collected and then 200 yg of BlaC antigen and
200 ug of Complete Fraund's Adjuvant were injected into a goat host. Five subsequent
boosts of 100 g of antigen and 100 ug of Incomplete Freund's Adjuvant took place over
the next six months.  About two months from the initial imymunization, the first
production bleed cornmenced, collecting approximately 300 mi of serum. An ELISA was
performed on the first bleed with a titer of ~1:500,000. The subsequent production bleeds
cecurred about every two weeks thereafter. The second production bleed produced a
serum vohiroe of 329 mi. The third production bleed produced a serum volume of 250ml.
The serum was split into two batches and affinity purified separately to ensure isolation
of all the specific antibody from the serum. Approximately 16.1 mg of affinity puritied
autibody were obtained and the ELISA results showed a titer of ~1:500,000. The fourth
production bleed produced a serum volume of volume of 290 ml. The fifth production
bleed {performed after a four-week mterval) produced a serum volume of 3180 ml. This
bleed was also affinity purified, following the same procedure described above.
Approximately 15.4 mg of purified antibody was obtained and the ELISA results showed
a titer of ~1:500,000. The sixth production bleed produced a serum volume of 292 mi.
This bleed was also affinity purified, using BlaC immobilized on an affinity support
column., Approximately [4.4 mg of purified antibody was obtained and the ELISA
results showed a titer of ~1:500,000.

Affinity purification referred to above was generally conducted by chemically
immobilizing BlaC antigens on an affinity support column. When the goat serum was
passed over the columm, goat anti-BlaC antibodies bound to the BlaC antigens. The
support was washed with additional buffer to rernove non-bound components, Finally,
chution buffer was added to remove goat anti-BlaC from the immobilized BlaC on the

uppott, resulting m the releasing of goat anti-BlaC antibodies in its purified form from
the original serum.

ELISA titer results represent a relative measurement of the quantity of peptide-

specific antibody present in serum samples. Titer was determined by diluting the serum

50



WO 2016/028712 PCT/US2015/045572

(v

10

5g

Gt

samples until the antibody level gave values on the plate reader approaching background
levels. Titer of 1:500,000 means this is the dilution that gives a reading of approximately
8.1 O.B. above background.

Lateral flow assay

A preliminary BlaC Lateral Flow Assay was performed using the polyclonal Goat
anti-Bla( antibody 0.7 mg/ml (PAC 8577} as both capture antibody on the test line and
label antibody in the gold conjugate. The test line was siriped at 0.5 mg/ml oun
nitrocellulose membranes. The Goat anti-BlaC antibody was conjugated to 40 nm
colloidal gold particles at 6 ug per 1 mi of gold. Buffers and blocking agents were
optinuzed for the detection of BlaC spiked i a buffer solotion. At this scale, the limit of
detection was [0ng/mi of BlaC at 15min. The preliminary lateral flow assay
demonstrates excellent sensitivity, cstablishing that that the goat polyclonal antibody
reagent can be useful in capture and detection of BlaC. Ideally, the polyelonal reagent is
paired with another polyclonal antibody or specific monoclonal anti-BlaC antibody o

provide excellent specificity and sensitivity in an immunoassay.

V. The following is an overview describing the successtid production and
analysis of monoclonal antibodies from rabbit ("RabMAbB®R"} that specifically bind to the
active BlaC enzyme of TB-complex bacteria.

Overview

Active and inactive forms of BlaC protein antigens were recombimantly produced
as described above and contained His-tags to facilitate isolation/purification. The active
form of BlaC is also referred to herein as KES-1A antigen, whereas the inactive antigen,
referred to herein as KES-1B, is a BlaC preparation with a high proportion of enzyme
demonstrating diminished enzymatic activity). KES-1B and an irrelevant His-tagged
protein, referred to herein as KES-1C antigen, were used for counterscreening.

Two, 3-month old New Zealand White rabbits were subiject to a pre-immunization
bleed (5 mL) onc day prior to impunization. The rabbits were imynunized using a
customized protocol of four subcutancous injections and two production bleeds per
rabbit. The first immunization included the KES-1A antigen aliquot (0.4 mg) combined
with Complete Freund's Adpivant (CFA). The subsequent injections included 0.2 mg

KES-1A with incomplete Freund's Adjuvant {IFA} at 3, 5, and 7 weeks afier the initial
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injection. The production bleeds were performed just before the last injection and at two
months after the initial injection.

Serum obtained from the production bleeds were screened by ELISA to establish
titers against the KES-1A (active BlaC), KES-IB (inactive BlaC), and KES-iC
(irrelevant protein) antigens using Abcam standard protocols.  The immunization

produced good antibody titers (not shown} for the immunogen was 1:64,000. The cross-

indicating minimal reactivity with the His-tag, and an overall lower titer against the
"inactive” BlaC (his-tagged).

The rabbit with higher anti-BlaC titer was selected for splencctomy and
monoclonal development. The rabbit was subject to a final mumunogen boost and the
spleen was harvested and splenocytes were isolated using standard protocols four days
thereafter. Two hondred million lymphocyte cells were fused with 100 million fusion
partner cells on two separate days and plated on twenty 96-well plates on each day. The
plates were kept in tissue culture incubators under standard conditions. Cell growth was
examined 2-3 weeks after fusion and {usion efficiency (calculated as the total number of
wells containing hybridoma cell colonies divided by the fotal number of wells examined)
was analyzed. A minimum of two plates were examined per fusion.

After fusion, all multiclone supernatants were screened by standard ELISA for
reactivity with the BlaC protein (KES-1A} antigen. For cach ELISA screen, antigens
were coated at 50 ng per well, and the original rabbit bleed at 1:10,000 dilution was used
as a positive control. A total of 29 ELISA positive multiclones were identitied and then
expanded to 2Z4-well plates. A confirming screen was subsequently performed for all
positive multiclones using the BlaC protein antigen (KES-1A), the inactive BlaC (KES-
B), and the irrelevant his-tagged protein antigen (KES-1C), as described above., Fifteen
multiclones were determined to show reactivity with the BlaC protein (KES-1A}) antigen,
and therefore were confirmed positive.

After the multiclone supernatant evaloation, three clones (i.e., 20, 22 and 27) were
selected for subcloning. Subcloning was performed by limited cell dilution method,
where cells were seeded into 96-well plates at a concentration of 1 cell/well, with a total
of three 96-well plates per multiclone.  All sobclones were screened again by ELISA
against the BlaC protein antigen. For each multiclone, 12 positive subclones were

selected and expanded into 24-well plates. A subclone confirming ELISA screen was

R
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performed using the BlaC protem (KES-1A) antigen, the inactive BlaC (KES-1B)
antigen, and the irrelevant his-tagged protein (KES-1C) antigen on the 12 positive
subclone supernatants per multiclone (36 subclones total). The IgG concentration of the
36 subclone supernatants was ueasured by ELISA as well. All 36 subclone supernatants
showed positive reactivity towards the BlaC protein antigen.

A competition ELISA was performed to better simulate antibody binding under
similar conditions as during the lateral flow assay. For the competition ELISA, the plate
was coated with the BlaC protein (KES-1 A} antigen, and was run using a standard ELISA
protocol except the subclone superpatants were incubated with either PBS, or the antigen
for 1 hour in solution before being added to the antigen-coated plate. This is to better
simulate how the antibody would bind the antigen in solufion in a lateral flow assay.
Subelones from parental clones 27 and 22 showed decreased binding fo the plate when
incubated with the BlaC protein (KES-1A) antigen in sohution first, which indicates that
these clones bind strongly to the antigen in solution. Subclones (e.g., 20-8, 22-12, and
27-11) were selected to be expanded and frozen according to the protocols described
below.

The hybridoma complete growth medium imcluded RPMI 1640 medium with 0.05
mM Z-mercaptosthanol, Abcam Media Supplement A (catalog number abl38912),
containing antibiotic/antimycotic/Gentamicin}, and 10% fetal bovine serum.

Hybrodima propagation was performed by centrifugation with subsequent
resuspension in hybridoma complete growth medium. New cultures were established at
8.1 milhion cells/ml and maintained between 0.1 — 1 million cells/mi.  Medium was
changed every 3 to 6 days. Subclones were screened and determined to be negative for
Mycoplasma.

Hybridoma cells were frozen in 80% FBS and 10% DMSO.

Monoclonal antibody production is performed by expanding the selected
subclones and harvesting supernatants, as is commonly performed in the art. Purified
monoclonal antibodies can be tested for IgG concentration, specific activity by ELISA,
and purity by SDS-PAGE.

Conclusion

RabMAbs® were successfully generated against the BlaC protein. Further efforts
include production of purified antibodies and screening for specific detection of BlaC

protein  from TB-complex bacteria as compared to the BlaC protein from

h
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anon-TB-complex bacteria, the characterization of the specific epifope counferring specific
recognition, and the implementation of the monoclonal antibodies in detection assay

formats.

VI.  The following is an overview describing the successtul production and
analysis of monoclonal antibodies from Mouse that specifically bind to the active BlaC
enzyme of TB-complex bacteria.

Monoclonal antibodies were produced in mice that specifically bind to BlaC as
compared to an frrelevant protein (TEMI)  The antibodies were generated and were
screened by ELISA according to the sarne gencral strategies described above in Part V for
Three ciones (i.e., 31A, Gl and H1) produced ample amounts of antibody that exhibited
no cross-reactivity with the irrelevant TEM1 antigen, even with TEM1 at double
concentration (1.0 pg /mi) when compare to BlaC 0.5 ug /mi antigen.

Accordingly, Mouse monoclonal antibodics were successfully produced that
specifically bind to BlaC. Further efforts include production of purified antibodies and
screening for specific detection of BlaC protein from TB-complex bacteria as compared
to the BlaC protein from non-TB-complex bacteria, the characterization of the specific
epitope conferring specific recognition, and the nmplementation of the monoclonal

antibodies in detection assay formats.

Vil.  The following describes the successful detection of Blal present in
spuburn using a lateral flow assay format incorporating the rabbit-derived monoclonal
antibodies described above.

Methods

The lateral tlow assay components were prepated and assembled according to the
following procedures.

Nitrocellulose Membrane Preparation: Test and control lines were sprayed on
Sartorius CN 95; 30 yom with 1.0 mg/m] antibody (Mouse anti-BlaC -1, RabMab 20-8,
RabMab 22-12 or RabMab 27-11} or 0.5 mg/ml Goat anti-BlaC as the test line and
(.5 mg/mL of Goat anti-Mouse, Goat anti-Rabbit, Donkey anti-Goat or the combmation
of three as the control line. Striping Bufter is IX PBS pH 7.4; 0.2 % Sucrose. The test
line and controd line were sprayed 7 mm apart using the Biodot sprayer. The test line was

11 mm from the botiom of the membrane. Membranes were striped af a rate of 1.0
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ul/em. The membranes were dried at 37°C for 1.0 hour and stored in a desiceated foil
pouch. Striped membranes were kept desiceated overnight before blocking.

Antibody Gold Conjugation Protocol: Using Slide A-Lyzer 10000 MWCQO
RabMab 20-8 and Mouse anti-BlaC H-1 were dialyzed in 10 oM Potassium Phosphate
pH 7.4 overnight.  After dislyzing, the final concentration of RabMab 20-8 was 1.0
mg/mi, and Mouse anti-BlaC H-1 was 0.715 mg/ml. Amicon Ultra-0.5 Centrifugal Filter
devices were used to concentrate and dialyze Goat anti-BlaC, RabMab 22-12 and
RabMab 27-11. The final concentration of Goat anti-BlaC was 13.68 mg/mi; RabMab
22-12 had the concentration of 4.48 mg/ml, and RabMab 27-11 had 3.84 mg/ml.

Colloidal Gold Solution, at roorn temnperature, was adjusted to desirable pH for
cach antibody (pH 7.6 for RabMab 22-12, 8.0 for Goat anti-Bla(C, 8.4 for RabMab 20-§,
8.6 for RabMab 27-11 and Mouse anti-BlaC) with fresh made 0.1M K,CO4. Then, the
dialyzed antibodies were added to colloidal gold solution with vortexing. The solution
was incubated for 30 minutes on a rofator at room temperature. The conjugate was
blocked with 16 ul {for every 1wl of OB 2 colloidal gold) of Conjugate Blocking Buffer
(25 mM Borate Buffer; 6% BSA; 0.2% Bioterge; 0.3% Sucrose) on a rotator at room
tenmperature for {0 minutes. The gold conjugate was centrifuged at 12000 RPM, 4°C for
26 minutes and the supermatant discarded. The conjugate pellet was re-suspended with
(.2l (for every Imi of OD 2 colloidal gold) Conjugate Re-suspension Buffer (25 mM
Borate Buffer; 1.2% BSA; 0.04% Bioterge; 0.06% Sucrose). Conjugate Blocking Buffer
and Conjugate Re-suspension Buffer with pH 7.8 were added to gold conjugate solution
pH 7.6 and &.0; those with pH 8.6 were added to gold solution pH 8.6, OD of gold
conjugate was checked using a spectrophotometer and adjusted to 10-12. The gold
conjugate was stored at 4°C until use.

Membrane blocking: Striped membranve CN 95 was placed iuto Lateral Flow
Blocking solution (25 mM KP04; 0.2% Casein; 0.5% Boric Acid; 0.02% Sucrose; 0.1%
Surfactant 10-G; 0.5% PVA) with the orientation of the test line at the bottom of the
nitrocellutose and the control Hne on the top of the nitrocellulose. The blocking solution
was allowed to wick up fo the top of the membrane. The membrane was removed from
the blocking solution and placed in a finger rack to dry at 37°C for 1 hour. Blocked
mernbranes were placed in a desiceated plastic bag and store in a dry room.

Glass fiber blocking: 300 mam Millipore G041 glass fibers were saturated with LF

blocking buffer using a P-1000 pipette. After 15 minutes, the fibers were transferred to a

h
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paper towel. After one minute, the fibers were place on the finger rack to dry at 37°C for
an hour. Blocked glass fibers were put in a plastic bag with desiccators and store in a dry
o0

Gold Conjugate Pad Preparation (for dried conjugate pad testing method): The
OD (10 to 12) gold conjugate was prepared by adding 10% Sucrose and 5% Trehalose to
the conjugate. The gold conjugate was dispensed by pipetting at the rate of 1 pl/mm on
4 mm assembled test sirips. The test sirips were dried at 37°C for 1 hour, packed in a
desiccated foil pouch, and stored in a dry room.

Test Strip Lamination: Striped nitroceliulose membrane was laminated onto vinyl
backing card. The wick pad was placed ou the top portion of backing overlapping the
membrane by 2nun. The 10mm conjugate pad was overlapped onto the membrane by
Zmun. The sample pad was placed on top of the conjugate pad with a 15mm overlap from
the bottom of backing card.

Test Strip Cutting: Assembled cards were cut into 4mm strips using Biodot
CM4300 cutter.

The BlaC lateral flow assay was tested according to the following procedures.

General assay testing: 70 gl of running buffer (negative controfy or diluted
sample in running buffer (positive control) was pipetied into sample pad. The running
butter contained 1x PBS; 0.05% BSA; 0.1% Triton X-100; 0.2% Tween-20. The test line
intensity after the 15th minute was obscrved and evaluated.

Wet testing method: 3 pL of gold conjugate and 30 ul of sample or buffer
(negative control) was pipetted into a well of a micro plate and mixed. Test strips that did
not have conjugate and sample pads were allowed to sit in the well for |5 nunutes. The
'est line intensity was observed and evaluated.

Dried down conjugate method: Pipetted 4 pL of gold conjugate onto conjugate
pad of each strip. Dried the strips at 37°°C for | hour.

Antibody pairing: Each antibody was striped on UN95 membrane and gold
conjugation was performed. Fach antibody was experimented {paired) against itself and
other antibodics using the generated membranes and gold conjugates.

Resulis

To determine optimal pH for the new anti-BlaC RabMADb® antibodies, the gold
conjugation protocol was performed using a pH range of colioidal gold from 7.2 10 9.0,

with 0.2 of mcrement. For each pH gold conjugate solution, the concentration of
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antibodies was dug/ml. 3.0 pl of cach final gold conjugate solution was spotted on
G041 glass fiber and dried at 37°C for 30 minutes.

Genperally, the optimal pH of a gold conjugate would be the lowest pH that, after
drying, exhibits the best cherry red color on the glass fiber. This indicates there is little to
no aggregation of the gold-antibody conjugate. The optimal pH of the various antibodies
were observed to be pH &4 (RabMab 20-8), pH 7.6 (RabMab 22-12), and pH 8.6
{RabMab 27-11).

Antibody pairs were screened among Goat anti-BlaC, Mouse anti-BlaC HI,
RabMab 20-8, RabMab 22-12, RabMab 27-11, to determine which pair(s) yield(s) useful
signal intensities. All pair combinations were perforroed, such that cach pair member
served as a detection antibody (i.¢., gold-conjugated) and a capture antibody (striped on a
"test Hne” (TL). The gold conjugation protocol described above was performed to
prepare cach antibody. The captare antibodies were striped on CN95 membrane. For
control, 0.5 mg/ml Donkey anti-Goat, Goat anti-Rabbit, Goat anti-Mouse, or
combinations of these control capture antibodies were striped on a control line {(CL).
Mernbranes were blocked and BlaC was applied in the wet testing method {described
abovel.

Fifteen pairs of antibodies yield chserved signals on test lines (TL). Criteria of
determining good pair(s) of antibodies included: negative coutrol stays negative (no TL
observed); 50 ng/mi and 3 ng/md BlaC have strong signal intensities. A pair of Goat
anti-BiaC as a capture and RabMab 22-12 as a conjugate meets the criteria.  Sce
FIGURE 9. Ags illostrated in FIGURE 9, the negative control remained negative (left
strip), the signal intensity of 50 ng/ml BlaC (middle strip, lower band} is 7 and that of
3 ng/ml BlaC is shadow {(right strip, lower band). Ancther pair of antibodies matching
the criteria is RabMab 20-8 3s 3 capture and RabMab 27-11 as a conjugate. Sce
FIGURE 10, which also iHustrates no lines for the negative control, the 50 ng/ml BlaC is
7 of the signal intensity (middle strip, lower band), and 3 ng/ml BlaC shows shadows of
that signal (right strip, lower band).

(General observations include that the strips had pinkish backgrounds with some
exhibiting aggregation at the bottorn.  This was attributed to the wet method not
containing S% Trehalose and 10% Sucrose to stabilize and flow smoothly on test strips.

For negative control, weak test line signals (the intensity from +/- to VF) were

observed on some sirips.  Furthermore, test strips without conjugate and sample pads do

i
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not eliminate non-specific binding very well; as a result, some feint signals were
observed.
Suboptimal coloring was also observed in some cases where bold red lines at the

control line (CL) position were not observed because antibodies in the gold-conjugate

(v

solutions were not compatible or did not bind well to antibodies at test line (TL) position.
For example, where the RabMab 22-12 antibody served as the gold conjugate and was
paired with Goat anti-Rabbit antibody was striped on the on control line (CL), the
positive control signal was weak. Although these two antibodies are compatible binding
partners, they did not bind well together as would be expected. Tn other combinations,
16 the gold-conjugated antibody {e.g., Goat anti-BlaC) was paived with an incompatible
antibody on the control line (CL), such as Goat anti-Rabbit (instead of the conirol
Donkey anti-Goat). Because these were not compatible antibodies, a CL signal was not a
bold red line. However, in cases using Mouse anti-BlaC H-1, and the three RabMab

antibodies, optimal control coloring was observed because the control lines consisted of

15 both Goat anti-Mouse and Goat anti-Rabbit antibodies.

L3

Cross reactivity to other B-lactarnase (Bla) proteins was evaluated for RabMab 22-

12 and RabMab 27-11 (serving as the gold-conjugated detection antibody). RabMab 22-

12 was paired with goat anti-BlaC as the capture antibody and RabMab 27-11 was paired

with RabMab 20-8 as the capture antibody and the test ve {TL). Gold conjugation,

0  membrane striping, blocking, and dried down testing were performed as described above
using BlaC and five difference $-lactamase (Bla) proteins (at | yg/mli and 500 ng/ml).

Only BlaC-positive control samnples yielded positive results at test hine (TL)

pogitions, while the other §-lactamase samples did not produce positive signals (not

shown)., Therefore, no cross activity occurred between the two antibody pairs {Goat

anti-BlaC/RabMab 22-12 and RabMab 20-&RabMab 27-11} and four different B-

lactamases {AG Scientific LN: 1163, AG Scientitic EN: 2467, Novus Biological and

OXA-48}.
It is noted that the gold conjugate solutions for dried down conjugate method

consisted of 5% Trehalose and 10% Sucrose. As a result, the conjugates stabifized and

fae

flowed smoothly on test strips. Thus, all strips had clear backgrounds, and did not exhibit
any precipitated particles during test runming. Tn addition, the control lines {CL) of test
strips for pairing of Goat anti-BlaC {capture} and RabMab 22-12 (conjugated detection)

antibodies were bold red Imes. However, the control lines from the pairing of RabMab

n
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20-8 (capture) and RabMab 27-11 {(conjugated detection) antibodies were fade red lines
because RabMab 27-11 did not bind well with Goat anti-Rabbit antibody used at the
control line (CL). A weak control line notwithstanding, the red control line indicates the
strip works properly.

The negative control samples remained negative because the test strips were
assembled with conjugate and sample pads such that non-specific binding was not
observed.

Signal intensity was assessed for chosen antibody pairs with a series of BlaC
concentrations.  Gold conjugation, siriping blocking, and dried down testing method
protocols were generally followed as described above for increasing concentrations of
BlaC.

The pairing of RabMab 20-8 (capture} and RabMab 27-11 (conjugated detection}
antibodies detected the presence of BlaC at the concentration of 9ng/inl (not shown). The
pairing of Goat anti-BlaC (capture} and RabMab 22-12 (conjugated detection) antibodics
detected the presence of BlaC at the concentration of 3ng/ml

It is noted that the gold conjugate solutions for dried down conjugate method
consisted of 5% Trehalose and 10% Sucrose. As a result, the conjugates stabifized and
flowed smoothly on test strips. Thus, all strips had clear backgrounds, and did not exhibit
any precipitated particles during test running. In addition, the control lines of test strips
from the pairing of Goat anti-BlaC {capture) and RabMab 22-12 were bold red lines.
However, the control lines from the pairing of RabMab 20-8 (capture) and RabMab 27-11
(conjugated detection) were faded red lines becmise RabMab 27-11 did not bind well
with Goat anti-Rabbit antibody, which was striped at the control line (CL). A weak
control line notwithstanding, the red control line indicates the strip works properly.

MNegative control samples remained negative because test strips were assernbled
with conjugate and sample pads, such that non-specific binding was not observed.

DHscussion

Regarding antibody pair screening, the two best antibody pairs from a fotal 25
pairs were Goat anti-BlaC as a capture reagent paired with RabMab 22-12 as a conjugated
detection reagent, and RabMab 20-8 as a capture reagent paired with RabMab 27-11 as a
conjugated detection reagent. RabMab 2(-8, RabMab 22-12, RabMab 27-11 and Mouse
anti-BlaC H-1 did not pair to themselves. RabMab 22-12 did not pair well with RabMab

27-11, RabMab 22-12 and RabMab 27-11 {(as capture antibodies) did not pair well with
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Mouse anti-BlaC H-1 and RabMab 20-8 {(as conjugated detection antibodies),
respectively.

Regarding cross reactivity, Goat anti-BlaC/RabMab 22-12 and RabMab
20-8/RabMab 27-11 pair did not exhibit any cross activities with B-lactamases from
other, non-TH complex sources {AG Sciontific LN 1163, AG Scientific LN: 2467,
Novus Biological and OXA-48}.

Regarding signal intensity, the pair of RabMab 20-8 and RabMab 22-12 detects
the presence of BlaC at the concentration of 9 ng/ml. The pair of Goat anti-BlaC and
RabMab 27-11 detects the presence of BlaC at the concentration of 3 ng/mi. The test
strip  format demonstrated the capacity for optimization {o produce clear assay
background and minimized {or no) precipitated detection particles,

Accordingly, these results demonsirated the successful development of lateral
tlow assays incorporating pairs of anti-BlaC antibodies that demounstrate accurate and

sensitive detection of BlaC markers in a relevant biological sample.

VIIL.  The following describes an additional embodiment of a lateral tlow assay
that was successful in detecting BlaC in sputum,

Methods

Assay strips were assernbled.  As a prelimivary step, detection reagent was
generated by generating antibody-gold conjugates, as described above, using 6 pg /mb
with the RabMab 27-11 clone at pH 8.6, The conjugate sample was adjusted to an OD of
10 and 10% sucrose and 5% trehalose were added. The gold conjugate was striped onto
G041 10 mum glass fiber conjugate pad (Millipore} and blocked with LF blocking buffer)
at 12 ul/em. The pad was dried at 37°C for | hour and kept desiccated overnight before
use. Membrane striping was performed on ON93 nitrocellulose membrane using Goat
anti-Rabbit (Lampire Biological Labs} and Donkey anti-Goat (Lampire Biological Labs;
LN: 09C21103)} antibodies in a final concentration of 1 mg/mb. Test line was striped with
Goat-antt BlaC at a concentration of | mg/mb (the antibody was concentrated from
0.7 mg/mk to 13.5 mg/mb before striping). The membrane was dried at 37°C for § hour
and kept desiccated overnight before use. The CN95 membrane, wick pad (EMI 30250),
and conjugate pad (G041}, were assembled onto a backing card (G&L; PN: GL-5706S;
LN [100603/1030805) and cut into 4mum wide strips.  Such assemblies {assay strips)

could be used immediately or stored in desiccated environment for long term.
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For sanmple preparation, 50 mL of digestion buffer (0.2 M citrate, 50 oM TCEP,
0.3% fish gelatin, 0.1% Proclin, pH 6.0} was prepared. Specifically, 2.941 g of citric acid
and 0.716 g were added to about 40 mL of DI water and stirred until completely
dissolved. 1.5 mL of 10% fish gelatin and 0.515 mL of Proclin 950 were added to the
solution. The pH was titrated up to 6.0 with {0 N NaOH and S to 50 mL with DI water
and with final pH confirmed at RT.

3 mb of digestion buffer was added to 3 g sputum (1:1 ratio). The sample was
vortexed and allowed to digest for 30 minutes. The sample was filtered through a 5um
filter (Whatman Sum GD/X Filter, Cat # 6870-2550 (25mm diameter)) and filtrate was
collected.

BlaC was spiked in sputum sample at final concentrations of 0.5 ng/mi., | ng/mb.,
Zng/mb, S ng/mb, 10 ng/mib, 20 ng/mL, 50 ng/mL, 100 ng/mL, 200 ng/mi., 500 ng/ml,
and 1000 ng/mL. The remainder of the unspiked sputum filtrate was filtered through a
0.2 um filter {Whatman 0.2 um GID/X Filter, Cat # 6870-1302 (13mm diameter)). The
filtrate was coliected and spiked with BlaC at the concentrations indicated above for the
single-pass filtrate. 100 ol of samples were pipetied onto each well on the S6-microplate
plate. Individual strips were dipped into the sample wells and stopped running after 15
mimutes by removing wick pad, conjugate pad, and sample pad from strips. The strips
were inserted nto an Axxin reader {Axxin, Fairfield, Australia) for quantitation,

The CL and TL intensities from the Axxin quantitation for the 5 ym sputum
filtrate spiked with varying concentrations of BlaC are provided in Table 23. The TL
readings are illustrated graphically m FIGURE 37, The CL aud TL intensities from the
Axxin guantitation for the 0.2 um sputum filtrate spiked with varying concentrations of
BlaC are provided in Table 24,  The TL readings are illustrated graphically in
FIGURE 38.

The intensities of control line (CL) and test line (TL) signals as determined by the
Axxin reader are set forth 1 Tables 4 and 5 for the sputum samples filtered with 5 um
(first pass) and 5 pm followed by 0.2 ym (second pass) membranes, respectively. The TL
intensitics obtained from each filtrate are also graphically illustrated in FIGURES 11A and

1B,
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Table 4: S um sputum filtrate (first pass)

readings

spiked

concentrations of BlaC

with

varying

Conceniration

CL Iateusity

TL Intensity

Negative £2850 472
0.5 ng/mL 12505 4228
1 ng/mb 12813 356
2 ng/ml, 13610 718
S ng/mL 13465 7390
10 ng/mL §34591 1395
20 ng/mL 12033 1718
50 ng/mL 11807 2606
100 ng/ml, 12525 4131
200 ng/ml. 11753 4876
580 ng/ral 3949 4876
1000 ng/mL 10797 5061

Table 5: 0.2 um sputum filtrate {second

pass) readings

spiked

concentrations of BlaC

with  varying

Concentration

CL Intensity

TL Jutensity

Negative 10895 349
0.5 ng/mk 13388 426
f ng/mk 13713 394
2 ng/mL 14015 342
S ng/ml 12332 H8Y
10 ng/mil, 12182 1344
20 ng/ml 11775 2122
50 g/l 18297 2471
{00 ng/mL {1989 4367
200 ng/mL 11991 4835
300 ng/mL 11755 5956

PCT/US2015/045572
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1000 ng/ml, 11074 5456

Both 5um (first pass) and 5um/0.2 um (second pass) spubum filtrates show
similar performance and results for detection of BlaC in the sputum using the test strips
and Axxin reader. Sensitivity was as low as 2 ng/mb of BlaC final concentration in cach

sample, demonstrating the utility of the antibody reagents and test apparatus.

IX.  The following describes an assay demonstrating a successful detection of
BlaC n a saliva sample using the lateral flow assay.

Saliva collection was performed by placing sponge (America Filtrona sponge) in
mouth for ten minutes to absorb saliva. Onee saturated, the sponge was placed in a § mb
syringe, and squeezed to collect saliva in a 2 mL dolphin tube. The saliva was spiked
with BlaC at a range of concentrations. The spiked saliva was ruixed with running buffer
($0mM Tris, 1% Tween-20, pH 7.2} at 11 ratio and vortexed to mix to provide final
concentrations of BlaC of 0.5 ng/mL, 1 ng/mi, 2 ng/mL, 5 ng/ml, 10 ng/ul., 20 ng/mL,
50 ng/ml, 100 ng/ml., 200 ng/ml, 500 ng/ml., and 1000 ng/mL. 100 ul. saliva-bufter
mix was pipetted and run on strips {generated and assembled as described above).
Results were read after 15 minutes using an Axxin reader.

The intensities of control line (CL} and test line {TL} signals as determined by the
Axxin reader are sct forth in Table 6 for the sahiva samples. The TL intensities indicated

in Table 6 are also graphically ilustrated 1o FIGURE 12,

Table 6: intensity readings for saliva spiked

with varying concentrations of BlaC

Concentration CL Intensity TL Intensity
Negative 7483 344
8.5 ng/mL 8463 394
1 ag/mL. 7729 635
2.5 ngiml 7684 505
5 ag/mbL 7601 571
7 ng/mL 7856 563
18 ng/mL 7326 626
12 ng/mL 7308 706
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15 ng/mL 7729 724
20 ng/mL 5918 826
25 ng/mL 7155 F167
30 ng/mL G280 945
38 ng/ml 7338 1173
443 ng/ml. 68172 1172
45 ng/ml 7866 1491
50 ng/mL 7229 1492
75 ng/mL 7406 1628
100 ng/mlL 6385 1572
200 ng/ml, 8014 2199
500 ng/mlL 6225 1943
F000 ng/mL 6524 2229

These results demonstrated that the disclosed anti-BlaC antibodies and non-
optimized lateral flow assay design can be used to suceesstully detect BlaC antigen in

saliva at a concentration at least as low as 0.5 ng/md..

Lh

X. The tollowing describes ELISA assays demonstrating the use of antibody
reagent pairings that successfully detect recombinant and purified wild-type BlaC,
including additional assays to optimize antibody concentrations and other reaction
parameters. The assays also demonstrate lack of cross-reactivity to other antigens (..,
16 have high specificity for BlaC).

General ELISA methods

Coating antibodics were dilated m sodium carbonate butter (0.1 M Sodium
Carbonate pH 9.5) to destred councentration and 100 ull were added to each well on a
polycarbonate plate. The plate was incubated with the antibodies for 2 hours at 37°C or
IS overnight at 4°C. After mcubation, the plate was washed 3x with PBS-Tw (1X PBS +
0. 1% Tween 20, pH 7.4). Antigen was diluted to the desired concentration with 1X PBS
(pH 7.4}, 100 uL of antigen was added to each well and incubated at 37°C for 90 minutes.
After incubation, the plate was washed 3x with PBS3-Tw. The selected detection antibody

dituted with PBS-Tw to desired concentration. 100 ul of the detection antibody was
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added to cach well and incubated for 1 hour at 37°C.  After mncubation, the plates was
washed 3x with PBS-Tw. The HRP-conjugated antibody was diluted to the desired titer
with PBS-Tw. 100wl was added to each well and incubated for 30 minutes at 37°C.
After incubation, the plate was washed 2x with PBS-Tw, then another 2x with PBS.
100 ul of TMB substrate was added to cach well and the plate was incubated in the dark
for 10-15 minutes. 50 ul of IN sulfuric acid was added to stop the reaction. The plate
was read at 450 nm with 630 nm as the reference wavelength.

Y ELISA pairing Mouse anti-BlaC mAb and anti-BlaC goat polyclonal or

anti-BlaC rabbit [eG

An mnitial screen was performed using [0 pg /mbL Mouse anti-BlaC mAb {from
clone G, as described above in part VI as the coating {i.c., capture antibody) and 10 ug
/mL anti-BlaC goat polyclonal (obtained by affinity purification) or 10 ug /mL purified
anti-BiaC rabbit I1gG (polyclonal} as the detection antibody. The bound detection
antibody was monitored using HRP-conjugated Ab at a titer of 1:8000 (rabbit} and
1:4000 (goat). It is noted that the original concentration of HRP-rabbit and HRP-mouse
are twice that of HRP-goat, so titer for rabbit (or mouse) and goat is generally used at 2:1
ratio to adjust for this difference of concentration. BSA was used as a control.
Recombinant BlaC (rBlaC) was produced as described above. Wild type BlaC was
purified from 7HY cultures at 3 pg /mL (as the initial wiBlaC purification). "Sauton"
refers to the supernatant from the growth medium in which M wbercidosis was cultured,
whereas Sauton {Broth (-)) 18 a negative control mediam with no 3 tuberculosis cultured
therem. Any positive or cnhanced signal from the Sauton sample in contrast to the blank
Sauton sample indicates the detection of wild-type Bla(C excreted by the M. suberculosis
grown in the calture.

The results of the ELISA assays are sef forth in Table 7,

Table 7: ELISA using Mouse anti-
BlaC mAb (Gl clone) as capture antibody and
cither anti-BlaC goat polyclonal or purified
anti-BlaC rabbit Ig(G as detection antibody for

various antigens
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Dretection: Detection:
Antigen

Goat pAb Rabhit pAb
0.1% BSA 3.883 G.139
0.1% BSA 4.679 3.139
rBlaC (100ng/mL) {.43 1.493
rBlaC (500ng/mi) 1.951 1.514
wi BlaC (1:10 dilut) 1.263 3.677
wi BlaC (1:100 dilut) 1.382 0.781
Sauton (OD: 1.0) 1.548 {116
Sauton (Broth ()} .926 g.151

These results demonstrate that the combination of Mouse anti-BlaC mAb (Gl
clone) and either anti-BlaC goat polycional or anti-BlaC rabbit IgG antibodies is useful to
detect both recombinant and wild-type BlaC. Furthermore, BlaC is detectable from the
supernatant of M. fubercuiosis, turther indicating the utility of these reagents for the
detection of TB-complex bacteria from a sample.

2y ELISA pairing anti-BlaC rabbit IeG with three Mouse anti-BlaC mAbs

An expanded screen was performed using 10 pg/ml and 20 pg/ml of Mouse
anti-BlaC mAb (from clone G1, HI, and 31A, as described above in part V1i as the
coating ("C" 1.e., capture antibody) and 10 ug/mb purified anti-BlaC rabbit polyclonal
IgG Ab as the detection antibody ("D}, The bound detection antibody was monifored
using HRP-conjugated Ab at a titer of 1:8000 (rabbit). BSA and Sauton (-} were used as
controls, tBlaC, wiBlaC, and Sauton (BlaC+), as described above i part (1), were used
as antigen.

The results of the ELISA assays are sef forth in Table 8,

Table 8: ELISA patring anti-BlaC rabbit 1gG (D) with three Mouse anti-BlaC mAbs (C)

D 10ug/ml | D i0ug/mbl | D 0ug/mb | Do 10ug/ml | D 10ug/ml § D: 10ug/mL
C: Gl C: Hi C:31A C:Gi C: Hi C:31A
10ug/mi 18ug/mlL 10ug/mL 20ug/mi 20ug/mkL 20ugiral,
0.1% BSA 0.905 1.139 0,912 §.946 1.26 0.902
0.1% BSA 3.849 (.93 (8.774 0.893 1.13% 0.863
rRlal,
2ug/mL >3.0 >3.0 3.0 >3.0) >3.0 >3.0
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tBlaC,

Sing/mi, >3.0 >3.0 >3.0 >3.0 >3.0 >3.0
wtBlaC, 1:10

dilut 248 2.938 2.214 2.574 >3.0 2.075
wiBlaC, 1100

dihut 2.434 >34 2.213 2.681 2973 2.161
Sauton {+),

D10 >3.0 >3.0 >3.0 >3 .0 >3.0 »>3.0
Sauton (-},

Broth 1.065 1.225 1.608 1.629 1.576 1.281

These results indicate that all three Mouse monoclonal antibodiss (ie., from
clones G, Hi, and 31A) were cffective in pairing with anti-BlaC rabbit 1gG as a
detection antibody for specitically detecting recombinant and wildtype BlaC as compared

to BSA control. Furthermore, these reagents were effective in detecting BlaC in the

Lh

growth medium from M weberculosis culture,

33y Antibody titer gssav

An antibody titer assay was performed using varying amounts (10 ug/mi,

Sugiml, 2.5 pg/mi, and 1.25 ug/mb) of Mouse anti-BlalC mAb (from clone Gi, as
described above in part Vi) as the coating ("C" ie., capture antibody} and varving

16 amounts {10 ug/mL, 5 pg/mb, and 2.5 ng/mly of purified anti-BlaC rabbit IgG as the
detection antibody ("B"). The bound deicction antibody was monitored vsing HRP-
conjugated Ab at a titer of 1:10,000 (rabbit). BSA and Sauton (-} were used as controls,
rBlaC, wiBla(, and Sauton (BlaC+}, as described above in part (1}, were used as antigen.

The resulis of the ELISA assays are set forth in Table 9.

Table 9: ELISA titer assay using varving amowunts of Mouse anti-BlaC mAb (C) and anti-

Bla( rabbit [gG (D)

0.1% 0.1% rBlaC, rBlal, wiBlaC, ‘;‘«.TEE?:(;\C ! Z“utg;} Sauton
BSA BSA 20ng/ml § S0ng/ml § 1:10 dilut d};l';“ . ()}’ B (-}, Broth
D 10ug/m
C: H0ug/mbL 0.728 0.794 >3.0 >3.0 2.263 2.256 >3.0 0.978
i Sug/ml
C: tougil, (.498 0.502 >3.0 >3.6 1.556 1.616 >3.0 0.605
D: 2.5ug/mL
C: [0ug/mL 0.313 0.319 >3.0 >3.0 1.022 1.00% >3.0 0.361
D: 10ug/;ml
£ Sug/ml, 0.755 0.679 >3.0 >34 2.138 2189 >3.0 0.922
D Sug/ml
C: Sug/mL 0.548 0.412 >3.0 >34 £.308 [.573 >3.0 0.597
i 2. 5ug/rol
C: Sug/mi. 3.305 0.268 >3.0 >3.0 (.968 $.959 >3.0 0.394
D: 10ug/;ml
0 2.50g/ml 0.763 {.654 >34 >34 2189 2.249 >3.0 {.809

o
~~1
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i Sug/ml

C: 2. 5ug/ml 3.443 0.395 >3.0 >3.6 {.33 1.212 >3.0 0.57
13 2 Sug/ml,

C: 2.5ug/mL $.243 0,265 >3.0 >3.0 (.85 $.798 2.854 $.322
D: 10ug/ml

{0 1.25ug/mL 0.582 8.56 >3.0 >3.0 £.368 1601 >3.0 0.727
D: Sug/ml

C: 1.25ug/ml ¢.341 (.294 >34 >34 $5.795 5812 >34 0.471
D: 2.5ug/mL

C: E25ug/mL 0.182 0.178 2.877 >3.0 (.449 0.408 2.189 §.272

These results demonstrate that even at the lowest tested antibody concentrations
for both the capture {coating) and detection antibodies (see column 12), the ELISA assay

was able to specifically detect recombinant and wild-type BlaC.

W

) Antibody titer assay. continued

A further antibody titer assay was performed using varying amounts (0.6 ug/mlL,
0.3 ug/mL, and 0,15 pg/mb) of Mouse anti-BlaC mAb {(from clones G, H1, and 314, as

N
”

described above in part V1) as the coating ("C" i.e., capture antibody) and 2.5 pg/mb of
10 purified anti-BlaC rabbit IgG polyclonal Ab as the detection antibody ("D"). The bound
detection antibody was monitored using HRP-conjugated Ab at a titer of 1:12,000
(rabbit). PBS, BSA and Sauton (-} were used as controls. rBlaC, and Sauton (BlaC+), as
described above i part (1), were used as antigen.
The results of the ELISA assays are set forth in Table 10
5 Table 10: ELISA titer assay using varying amounis of Mouse anti-BlaC mAb (C}

and 2.5 pg/ml of purified anti-BlaC rabbit Ig(G polyclonal Ab as the detection antibody

D)
. T 6.1% 0.1% rBiaC rRBlal” Sauton (+), | Sauton (-),
PBS-T PBS-T B3A BSA Ing/ral. Sng/ml Ch 1.8 Broth

C: 1
0.6ug/mL $.128 0.148 8104 0.098 0.208 .23 1.504 8.155
{:Hi
G.6ug/mL .159 0.164 .134 0.{07 0.288 0.496 1.53 1.156
C31A
§.6ug/mlL 0.161 0.204 0.104 0.092 8.266 0.303 1.461 0.16
C: Gl
8. 3ug/ml, 0.106 0.108 0.088 (.088 .164 0.217 1.843 412
CrEH
0. 3ug/mL 0.135 0.124 0.11 0.097 0.165 0.261 1.68 0.125
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C31A

0. 3ug/mL 0.121 .12 {.085 0.084 (.18 {1,248 1.657 3.147
C Gt

¢.1Sug/ml, .098 0.105 3.075 0.071 .134 (.196 1.526 (.089
CrH

0.1 5ug/mL 0.095 0.1 (0.003 0.073 0171 0.214 1.484 (.203
I 31A

3.1 Sugiml 0.096 {.095 0.067 0.065% .16} 0.209 1.527 .12

[
(v

These results demonstrate that even at the lowest tested antibody concentrations
for both the capture {coating) and detection antibodies (see colurmn 12), the ELISA assay
was able to specifically detect BlaC over blank and irrelevant protein controls.

5y Antibody titer assay, continued

A further antibody fiter assay was performed using varving amounts (0.6 ug/mb
and 0.3 ug/ml) of Mouse anti-BlaC mAb (from clones G, HI, and 31 A, as described
above in part VI} as the coating ("C" ie., capture antibody) and 2.5 pg/ral. of purified
anti-BlaC Goat or rabbit anti-BlaC serum  (polyclonal serom at 8 week post-
immunization} as the detection antibody ("D"}). The bound detection antibody was
monitored using HRP-conjogated Ab at a titer of 1:10,000 (rabbity or 1:5,000 (goat).
PBS, BSA and Sauton () were used as controls. vBlaC, wiBlaC, and Sauton (BlaC+), as
described above in part (1), were used as antigen.

The results of the ELISA assays are set forth in Table 11,

Table 11: ELISA titer assay using varving amounts of Mouse anti-BlaC mAD from clones
G, HE, and 31A {C) and 2.5ug/mL of purified anti-BlaC Goat or rabbit anti-BlaC serum
as the detection antibody (1)
. L 1 085% 0.1% rBlaC rBlaC Sauton: {+}, | Sauton (-}
QL 5 R \ T "/
PES-T | PBS-T BSA BSA 2ng/ml | Sng/ml. {OD 1.0 Broth
D: Goat;
Gl @epyml) | 2416 1 242 | 1513 | 1779 | 2413 | 2444 2,179 2.201
D: Goat;
C: Fi1 (0.6 pg/mL) >3.80 >3.0 2.374 2,443 >3.0 >3.0 >3.0 >~3.0
D Goat;
C:31A (0.6 pg/mb) | 2009 | 2.019 1.351 1.275 1.93¢6 1.909 1.868 1.837
D Goat;
O G (0.3 pg/ml) 1.453 1.352 §.941 0.892 {.292 1.463 1.432 1.247
D: Goat;
CiHI(M3ug/mi)y | 1634 | 1892 | 111t 1.161 1.648 1.814 1.661 1.674
D: Goat;
C: 31A (0.3 pghnl) .05 1.01 $8.701 $4.742 1.638 {238 £.036 {.622
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D: Rab;
C: G (0.6 pg/mL) 0.375 0.362 0.16 (.199 0.402 03.457 0.626 0.357
3 Raby;
O HE (0.6 pg/ol) .397 0.397 0.200 (.188 (1.438 0.647 1.441 (.402
D: Rab;
C:31A (0.6 ug/mL) | 034 {1.309 0.215 0.214 0.411 (.449 {1.629 4.37
D: Rab;
C: G (0.3 pg/mi) 0.358 0.364 0.155 0.165 0.402 0,409 {.553 0,401
D: Rab;
CHE (0.3 pg/mL) 3.461 0.556 3.252 (.224 (1.796 (3.925 0.627 0.652
¥ Raky
£ 31A (03 pgmiy | 0216 (.330 0181 §.151 .378 0.343 (.544 .269

These results demonstrate that some combinations of the capture and detection
antibodies (i.e., anti-BlaC Goat or rabbit anti-BlaC serum), at the lowest tested antibody
concentrations retained the ability to specifically detect BlaC over blank and wrelevant

protein controls.  However, other combinations were unable to rehably provide a

(v

noticeable detectable signal improvement over the controls.

5)Y ELISA assay usinge Mouse anti-BlaC mAb and low HRP titer

An ELISA assay was performed using varying amounts (0,15 pug/ml. and
0.075 ng/mL) of Mouse anti-BlaC mAb (from clones Gi, HI, and 31A, as described
above in part VI} as the coating ("C" ie., capture antibody) and 2.5 pg/ral. of purified
16 anti-BlaC rabbit 1gG polyclonal Ab as the detection antibody ("D"). The bound detection
antibody was monitored using HRP-conjugated Ab at a titer of 1:9,000 (rabbit). PBS,
BSA and Sauton (-} were used as controls. rBlaC, wiBla(, and Sauton (BlaC+), as
deseribed above 1u part (1), were used as antigen.

The results of the ELISA assays are set forth in Table 12,

-3
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Table 12: ELISA titer assay using varying amounts of Mouse anti-BlaC mAb from clones
G1, HL, and 31A (C) and 2.5 pg/mL of purified anti-BlaC rabbit IgG as the detection
antibody (D)

Antigen ¢ Gl C:Hi C: 31A C: 61 C: H1 C:31A
O.ifug/ml | 015 ug/ml | 015 pg/mb | 0.075 pg/mbl | 0.075 ug/ml | 0.075 ug/mL

PBS-T 6.327 0176 0.18 0.176 0.22 0.166

PBS-T 0.183 6157 0.186 0176 6,317 0.204

0.1% BSA 6.141 0.13 6.125 0.144 0.239 0.156

0.1% BSA 0.141 6.124 0.132 0.189 0.162 0.186

rBiaC

Sng/mlL 0.396 0449 0.385 6.193 0.436 0.387

r3ial

Tng/mL 6.296 0.244 06214 0.391 0.241 021

rBiaC

Ing/mL 0.195 6231 0.206 6.245 0321 6.18

Sauton (+),

oD o8 2361 2.737 2743 0.204 2916 2.561

Sauton {(+),

D 0.5 ar ~

DD0.3 or 0.983 {243 1422 2,741 (138 1.096

18/ CFU/m

Sauton (+),

105 CFUfral 0242 0.194 0.199 1.298 0.306 0.151

Sauton (+),

103 CFUfral 0.156 0.172 0.152 0.159 0.196 0.138

Sauton {-),

Broth 6.157 0.168 6.160 0.174 0.158 .15

As tllustrated tn Table 12, the decreasing lovels of BlaC in the Sauton antigen
were still detectable using all of the antibody combinations over the blank Sauton antigen
controb until the antigen-positive Sauton mixture reached 103 CFU/ml.  Furthermore,
these results generally demonstrate that most combinations of the capture and detection
antibodies, even at the lowest tested concentrations, retained the ability to specifically
detect BlaC over blank and frrelevant protein controls.  However, other combinations
were unable to rcliably provide a noticeable detectable signal improvement over the
controls.

7Ty ELISA assav using Mouse anti-BlaC mAb paired with and 2.5 ug/mb

of purified anti-BlaC rabbit 12G

An ELISA assay was performed using varying amounts (0.15 ug/mb and
(0.075 pg/mL) of Mouse anti-BlaC mAb (from clones GI, H1, and 31A, as described
above m part VI} as the coating ("C" i.e., capture antibody) and 2.5 ug/mbL of puritied

anti-BiaC rabbit 1gG polyclonal Ab as the detection antibody ("D"). The bound detection

-3
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antibody was monttored using HRP-conjugated Ab at a titer of 112,000 (rabbit). PBS,
BSA and Sauton (-} were used as controls. rBlal, wiBlaC, and Sawton (BlaC+), as
described above in part (1), were used as antigen.

The results of the ELISA assays are set forth in Table 13.

Table 13: ELISA titer assay using varyving amounts of Mouse anti-BlaC mAb from clones
G, F and 31A (C) and 2.5ug/mL of purified anti-BlaC rabbit [gG as the detection
antibody (D)

Antigen C: Gl CrHi C:31A C: Gt C: Hi C:31A

OASug/ml | ¢.15pug/mb | 015 ug/mL | 0.075 pg/ml | 0075 ug/mL 0.675
yg/ral

PBS-T 0.115 0.152 0.15 0.16 0.152 0.209

PBS-T 0.132 0.151 0.129 0.15 0.165 D164

0.1% BSA 0.086 0.109 0118 0113 0122 0.466

0.1% BSA 0085 06.126 D.ORS 0.13 0164 D152

rBial

Sng/ml, 0.275 6.285 0.275 6247 0.424 0.27

rBiaC

Jng/mL 6216 6.19%. 6173 0181 0.193 0.182

rBial

Ing/mL 0.164 0.47 0.154 6157 .15 0.145

Sauton (+),

O 0.8 1,738 1,561 2.003 2.095% 1.806 7 501

Sautoa (+),

QD05 or - 0761 5.697 4.709 5.922 0.874 0.984

10/ CrUMmt

Sagton {+),

105 CFU/Aml 6.13 62 6.162 0.124 0.284 0.143

Sagton {+),

103 CFUA 0.135 §.131 0.156 §.127 0.247 0121

Sagton {-),

Broth 6.154 0.151 G161 0.149 0.133 0.14

As illustrated in Table 13, the decreasing levels of BlaC in the Sauton antigen
were still detectable using all of the antibody combinations over the blank Sauton antigen
control until the antigen-positive Sauton mixture reached 103 CFU/mi. However, it is
noted that the BlaC antigen was still detectable in the most dilute BlaC-positive Sauton
antigen using the H1 Mouse mAb as the capture reagent. Furthermore, these results
demonstrate that some combinations of the capture and detection antibodies, even at the
fowest tested antibody concentrations, retained the ability to specifically detect BiaC over
blank and frrelevant protein controls.  However, other combinations were unable fo

rehiably provide a noticeable detectable signal improvement over the controls.

-3
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Furthermore, FIGURE 13 graphically illustrates the signal intensity for the Mouse
anti-BlaC Hi mAb in detecting the BlaC present in the negative controls as compared to
the BlaC positive Sauton antigen samples. As indicated in the graph, the combination of
the 1 mAb with the purified anti-BlaC rabbit (polyclonaly TgG detection antibody
provided a good difference between negative conirol and the minimal presence (i.e., 103
CFUY of M tuberculosis in the Sauton's culture medium. This contributes to the other
assay results, which in combination indicate that at least 11 different pairs from three
monoclonal antibodies and four polyclonal antibodies can provide seansitive detection of
wild-type and recombinant BlaC.

&) ELISA assav using Mouse anti-BlaC paired with and 1.0 pug/ml of

affinity purified anti-BlaC Goat polvelonal Ab

An ELISA assay was performed using varying amounts (0.15 ug/mb and
(0.075 pg/mL) of Mouse anti-BlaC mAb (from clones GI, H1, and 31A, as described
above in part VI} as the coating ("C" te., capture antibody) and 1.0 pg/mbL of Goat
affinity purified anti-BlaC {affinity purified) polyclonal antibody as the detection
antibody ("), The bound detection antibody was monitored using HRP-conjugated Ab
at a titer ot {112,000 (rabbit). PBS, BSA and Sauton (-} were used as controls. BlaC,
witBlaC, and Sauton (Bla(U+), as described above in part (1}, were used as antigen.

The resulis of the ELISA assays are set forth in Table 14,

Table 14: ELISA titer assay using varying amounts of Mouse anti-BlaC mAb from clones

G1, I, and 31A (C) and [.Oug/mL of affinity purified anti-BlaC Goat polyclonal as the

detection antibody (B}

Antigen Gl C: H1 C31A C: Gl C: Hi C:31A
015ug/mL | 15 ug/mb | 015 ug/mL | 0.075 yg/mL | 0.075 pg/mbl | 0.075 ng/mL

PBS-T 0.42 0.461 6.332 0327 0.237 0.24¢

PBS-T 0.446 0.482 0.349 6.262 0224 0203

0.1% BSA 034 0.33 0.24 0.6 0.167 0.146

8.1% BSA 0.333 0.33 0.258 5.159 0.182 0.139

rBiaC

[ng/mL 0.587 0.65 .53 0.91 (.481 0.411

yBiaC

Jng/ml. 073 0.869 0.79% 0.644 0.683 0.609

rBial

Sng/ml 0.137 1341 {307 1.19% 1222 [235

Sauton (+),

O 0.8 1.164 1636 1.132 (174 1.088 1,550
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Sauton (-+),

S e
DI 0.5 or 0.71 0.71% 0.77 6.766 0.398 0.628
10/ CFU/Mml
Sauton (+),
165 CEU/mi 0.586 0.384 0311 0.21 0.224 0.18
Sauton (+),
163 CEU/mi 0.365 0.405 03 0.204 0215 0356
Sauton (~),
Broth 0.408 {.414 0,295 0.195 0.196 .17

As tHlustrated in Table 14, the decreasing levels of BlaC in the Santon medium
were still detectable using all of the antibody combinations (with the capture antibody at
0.07Sug/mLy over the blank Sauton antigen control.  Interestingly, when the capture
antibodies were coated at the higher concentration, the lowest Sauton {+) signal was
indistinguishable from the blank Sauton medium. Furthermore, all combinations of the
capture and detection antibodies, even at the lowest tested concentrations, retained the
ability to specitically detect the lowest levels of rBlaC over blank and irrelevant protein
controls.

9y FLISA assav using Mouse anti-BlaC mAb as detection antibodies

paired with various polvclonal antibodies as capture reagent

An ELISA assay was performed using 0.15 pg/ml various anti-BlaC polyelonal
antibodies {i.e., atfinity purified goat, purified goat Ig(, rabbit serum ("A&M"; B-week
post imymunization bleed), and rabbit Abcam) as the coating ("C" 2., capture antibody)
and 2.5 pg/mL of Mousc anti-BlaC mAb {from clones 1, H1, and 31A, as described
above in part V1) as the detection antibody ("D™). The bound detection antibody was
monitored using HRP-conjugated Ab at a titer of 1:12,000 (mouse). PBS, BSA and
Sauton (-} were used as controls. BlaC, wiBlaC, and Sauton (BlaC+), as described
above in part (1), were used as antigen.

The results of the ELISA assays are set forth in Table 15,

&y
>
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Table 13: ELISA titer assay using 2.5ug/ml. of Mouse anti-BlaC mAb from clones G,
Hi, and 31A (D) and 0.15ug/ml of various anti-BlaC polyclonal reagents as the

detection antibody {C)

, o Sauton
J J 0.1% 30.1% rBiaC rBlaC Sauten
SR T SR
PBS-1 PBS-1 BSA BSA Sng/mL 2ng/mL ¢ F)Q’ é)D (-}, Broth

D Goat Aff
C: Gl 0.074 0.086 1.627 1.78 1.912 $.879 {.634 0.071
13 Goat 1g
Gl §.106 0.092 1.768 1.85 1.85 0.953 0.609 0.136
D A&M rab
C: Gl 3.087 0.085 1.617 1.661 1.793 {.885 {.646 0.077
¥ Abcam rab
C: Gl 0.09 0.081 1.668 1.851 2.03 0.939 0.604 0.076
D Goat Aff
C: Hi 0.1074 .12 {1.3499 0,422 1.59% 0.712 3.599 0.172
13 Goat 1g
C:Hi 0.138 0.103 0.364 0.384 1.426 0.64 $.399 0.114
D A&M rab
C: H1 0.1 0,103 {.352 0.381 1.426 .67 0.373 0.109
¥ Abcam rab
C: Hi 0.11 0.099 0.366 .36 1.523 0.729 0.441 .11
D: Goat Aft
C:31A 0.17 0.17 >3.0 >3.0 .68 $.402 0.387 0.181
D Goat 1gG
i 31A $.139 0.135 >3.0 >3.0 (.521 0.353 $.395 0,149
D: A&M rab
C:31A 0.133 0.135 >3.0 >3.0 0.482 0315 0.405 0.127
¥ Abcam rab
i 31A 0.544 0.547 >3.0 >3.0 (.553 $.331 (.495 0.544

As illustrated in Table 13, all assays incorporating a Mouse anti-BlaC monoclonal
antibody as a detection antibody in combination with a polyclonal reagent as the capture
antibody provided significantly higher BlaC signal in the BlaC (+) Sauton's medium and
BlaC antigen groups over the blank Sauton medium and PBS control. This demoustrates,
in connection with the above assays, that the monoclonal antibodies are useful in a
variety of formats including when used as tnmobilized capture reagents or as detection
reagents that can flow across a sirip,

10Y ELISA cross-reactivity assav comparing ELISA detection of BlaC and

non TB-complex B-lactamases

To test the cross reactivity of an assay using effective detection and capture
reagents, the best concentration conditions from part (7), above, were used. Mouse
anti-BlaC monocional antibodies from clones G1, HI, and 31A were used as the coat
(i.c., "capture” {C)) reagent in ranges from 0.15 10 0.075 pg/ml. Punified anti-IgG rabbit

polyvelonal reagent was used as the detection antibody ("D"Y at 2.5 ug/mi. Any bound

~}
(%41
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detection antibody was quantified using HRP-conjugated Ab at a titer of 112,000
(rabbit). Assays were run for TEM-1, a non TB-complex f-lactamase {Texas A&M
University ) produced from E. cofi, a non TB-complex P-lactamase Type Il (Sigma), and a
non TB-complex pP-lactamase Type TV from Entervbacter cloacae (Sigma). Specifically,
the three non TB-complex B-lactamases were each applied at concentrations of 1 ug/mb.,
500 ng/mL, 200 ng/mL, 100 ng/mL, SO ng/mi, 20 ng/mb. 10 ng/mL, and 5 ng/mb.. Tests
were conducted in PBS using the non-optimized ELISA formats otherwise described
above,

The results were compared with the prior results obtained from M. tuberculosis
(i.c., TB complex Bla(C) in equivalent ELISA conditions. No cross reactivity of the assay
{(incorporating Mouse anti-BlaC mAbs and purified rabbit IgG anti-Blac polyclonal
reagent) was observed for any of the non TB-complex B-lactamase. FIGURE 14
graphically tHustrates a representative comparison of signal observed for the different
3-lactamase antigens {or PBS control) when applied at 5 ng/mL. The TB-complex BiaC
provided a signal about four times background signal, whereas the non TB-complex
P-lactamase did not differ from background. Comparison to the non TB-complex
f-lactamases was performed to ascertain likelihood of any false positive signals and, thus,
the utility of a TB diagnostic assay based on the disclosed reagents. However, it is
uncertain which, or how much, if any of the B-lactamases from non TB complex bacteria
might ever be present in the sputum or other biclogical sample obtained from a subjoct
suspected of an infection. Accordingly, to demonstrate the amounts of the tested non
TB-complex P-lactamases needed to equate to a Sng signal of BlaC, the maximum
amount of the non THB-complex B-lactamases that produced an equivalent signal with the
indicated ELISA format are represented graphically in FIGURE 15. 1t is noted that the
signal for B-lactamase Type I represents the maximum amount tested and yet still did not
produce an "equivalent” signal, re-affirming a complete lack of functional cross-
reactivity.

113 ELISA optimization assay: Mouse anti-BlaC mAb (G and amount of

rBlaC antigen
An optimization ELISA was performed using from 2 pg/mbl to 0.075 ug/mbL
Mouse anti-BlaC mAb (from clone G1, as deseribed above in part V1) as the coating ("C"
i.e., capturc antibody) and 2.5 yg/mbL purified rabbit anti-BlaC polyclonal Ab as the

detection anttbody ("D"). The bound detection antibody was monitored using

-
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HRP-conjugated Ab at a titer of 1:12,000 (rabbit). PBS and 0.25 ng/ml to 20 ng/mL
recombinant BlaC, gencrated as described above, were used as antigen. Fach antigen
condition was run in duplicate.

The results of the ELISA optimization assay are set forth in Table 16,

Table 16: ELISA assessing titers of Mouse anti-BlaC mAb from clone G1 () paired with
2.5 pg/mb punified rabbit anti-BlaC polyclonal antibody as the detection antibody (D)

with indicated amounts of rBlaC antigen.

C:lug C: i ug C:osug | C:03ug | COSug | & 075 ug

PBS 0.44 0.4386 0.289 0.333 0.275 0.217

Rl ) . W32 PP i . I
PBS 0.432 0.462 0.343 0.404 5.287 0.245
rRlaC
§.25ng/mL $.473 (3.386 (3.354 0.319 0.282 0.252
rBlaC
0.25ng/mlL 3,435 ¢.417 (0.435 (.33 0.306 .28
rRlal’
0.5n0/ml 4.521 3.467 042 (0.337 0.325 0.278
BlaC
0.5ng/mL 0.56 4.492 (.402 (3.322 0.309 .27
rRlal’
Ing/mL 4.722 3.514 0.406 .34 3.356 0.282
BlaC
ing/mL (3.684 4.571 .44 (3.398 ($.353 {.709
rRlal’
2 Sng/ml $.959 3.872 0.617 .464 0.541 0.408
BlaC
2.5ng/ml 3.914 4.775 {.588 0.464 (.438 {.359
rRlal’
Sng/ml 1.554 1.339 0.962 .742 0.709 0.564
BlaC
Sng/mL 1.532 $.481 4.903 0.720 0.666 {.543
rRlal’
10ug/mL >3 2.638 1.425 (.734 0.466 0.385
BlaC
10ng/mL >3 2.565 1.14 0.801 0.471 {1.345
rRlal’
20ng/mL >3 >3 2.941 2.451 2.434 2.099
rBlaC
20ng/mL >3 >3 >3 2.48 2.307 1.855

Table 16 ilustrates the signal resulting from varying fevels of capture antibody
{Mouse anti-BlaC mAb from clone G1}) and varying amounts of antigen.

123 ELISA optimization assay: Mouse anti-BlaC mAb (H D and amount of

rBlaC antigen

-1
-3
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An optimization ELISA was performed using fom 2 pg/mb to 0.075 yg/ml
Mouse anti-BlaC mAb (from clone G, as described above in part V1) as the coating ("C"
t.e., capture antibody} and 2.5 pg/mL purified rabbit anti-BlaC polyclonal antibody as the
detection antibody ("D}, The bound detection antibody was monitored using FIRP-
conjugated Ab at a titer of 112,000 (rabbit). PBS and 0.25 ng/mbl to 20 ng/mb
recombinant Bla(, generated as described above, were used as antigen. Each antigen
condition was run in daphcate.

oy
I
i

The results of the ELISA optimization assay arc set forth in Table 17,

Table 17: ELISA assessing titers of Mouse anti-BlaC mAb from clone H1 as the capture
antibody {C} paired with 2.5 pg/mL purified rabbit anti-BlaC polyclonal antibody as the

detection antibody (B} with indicated amounts of rBlaC antigen.

2 ug C:1lug C:lopg | C:03ug | COEBSug | €075 ug
PBS 0.59% 0.56 0.456 0.36 0.261 0.244
PBS 0.547 0.516 0.421 0.308 0.295 0,85
rBlaC
0.25ng/mL 4.612 $.539 0.422 $.321 0.329 0.24
rBlaC
0.250g/mL 0,645 4.615 $.4485 (.49 0.356 0.228
rBlaC
0.5ng/mL 0.639 $.593 $.439 §.315 0,308 {.288
rBlaC
0.5ng/mL 0,709 0.601 $.415 0.503 0312 0.293
rBlaC
{ng/mlL 0.738 $.696 0,495 $.335 0,237 6.27
rBlaC
ing/mL 0.704 08.736 §.5303 0.328 0.327 0.282
rBlaC
2.5ng/mL £.072 1.056 8.774 §.348 0,405 {.385
rBlaC
2.5ng/mL 1.08 §.005 §$.757 0.463 0.433 0.394
rBlaC
Sng/mL i.674 1.668 £.177 .77 0,646 {.592
rBlaC
Ano/mL §.789 {.688 1877 3.705 $.629 0.553
rBlaC
](}ng/mL >3 >3 2311 (.893 3,554 3.37
rBlal
{Gng/ml >3 >3 2487 0.732 0.495 0.375
rBlaC
20ng/mb >3 >3 >3 2.428 2.06 1.715
rBlal
20ng/ml. >3 >3 >3 2.606 1.928 1.526

Table |7 illustrates the signal resulting from varying levels of capture antibody

{(Mouse anti-BlaC mAb from clone Hi) and varving amounts of antigen.

-3
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13} ELISA ontimdzation assav: TCEP

An optimization ELISA was performed where the antigen solution was subject to
the treatment with varying amounts of TCEP {(sris(2-carboxyethyhphosphine), which is a
reducing  agent that breaks disultide bond, to determine the effect of such
reduction/denaturization on the ability for the Mouse anti-BlaC mAbs and partner
reagents to detect BlaC. Between 20mM and 40mM TCEP, at varying ng/ml., were
tested. The ELISAs used (.15 yg/mL and .07S5 ug/mL of Mouse anti-BlaC mAb {from
ciones Gi, H1, and 314, as described above in part V1 as the coating ("C" i.¢., capture
antibody} and 2.5 pg/mb purified rabbit anti-BlaC polyclonal antibody as the detection
antibody ("D}, The bound detection antibody was monitored using HRP-conjugated Ab
at a titer ot 1:12,000 (rabbit). PBS and recombinant BlaC, gencrated as described above,
were used as antigen.

The resulis of the ELISA optirnization assay are set forth in Table 18,

Table 18: ELISA assessing titers of TCEP on the ability of Mouse anti-BlaC mAb from
clones G, Hi, and 31A as the capture antibody (C), paired with 2.5 pg/ml purified

rabbit anti-Blal polycional antibody as the detection antibody (D), to detect BlaC

antigen.
C Gt HI T AiA G CHI C31A
0.15pghol | G.15ug/ml | 8.3 3ugAal, | .075ug/ml | B73ue/mb | .G75ug/ml
20mMTCEP | g gag 0.04% 0.052 0.054 0.059 0.054
20mM TCEP
Sngfml 0.088 0.089 0.065 0.074 0.077 0.082
20mM TCED
{nz/ml 0.082 0.109 6.083 0.106 0.091 0.093
20mM TCEP
I0ng/mL 0.102 5.116 0.133 6.124 0.123 0.121
SOmMTCEP | g g3 0.067 0.049 007 0.057 0.074
30mM TCEP
30mM TCEP
{Gng/ml 0.068 0.09 0.087 0.094 0.083 0.094
30mM TCEP
J0ng/mL 0.084 0.082 0.094 0.12 0.1 0.133
ABmMTCEP g4y 0.068 0.049 0.062 0.058 8.079
30N TCEP
Sna/iml 0.056 0.06 0.058 0.071 0.07 0.062
40mM TCEDP
1ng/mL 0.063 0.07 0.063 0.076 0.065 0.073
30mM TCEP
I0ng/mL 0.214 0.093 0.072 0.083 0.075 0122

-3
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Table 18 illustrates the effect of varying amounts of TCEP on the ability of the
Mouse anti-BlaC mAbs to pair with purified rabbit anti-BlaC polyclonal antibody to
detect BlaC.

14y ELISA optimnization assay: DTT

An optimization ELISA was performed where the antigen solution was subject to
the treatment with varying amounts of DTT (dithiothreitol), which is a strong reducing
agent that breaks disulfide bond, to determine the effect of such reduction/denaturization
on the ability for the Mousc anti-BlaC mAbs and partner reagents to detect BlaC.
Between 4.05% and 0.2% DTT, at varving ng/mL, were iested. The ELISAs used
8.15 ng/ml and 0.075 pg/ml of Mouse anti-BlaC mAb (from clones GI, HI, and 31A,
as described above in part V1) as the coating ("C" i.¢., capture antibody) and 2.5 ug/mb
purified rabbit anti-Bla( polyclonal antibody as the detection antibody ("B"}. The bound
detection antibody was monitored using HRP-conjugated Ab at a titer of 112,000
(rabbit), PBS and recombinant BlaC, gencrated as described above, were used as anfigen.

The results of the ELISA optimization assay are set forth in Table 19,

Table 19: ELISA assessing titers of DTT on the ability of Mouse anti-BlaC mAb from
clones 1, HI, and 31A as the capture antibody (), paired with 2.5 pg/mL purified

rabbit anti-BlaC polyclonal antibody as the detection antibody (B), to detect BlaC

antigen.
o c C3iA G C Hl T3A
0.0 5pe/mb | 8 18pe/al | G ESug/el | .073uehal. | .075ug/ml | 875up/mL

8.05% DIT 0.508 0.086 0.06 0.072 0.058 0.063
0.05% DT
Sno/mL 0.066 0.076 0.168 0.074 6.076 0.064
0.05% DTT
10ag/mL 0.062 5.081 0.072 6.098 0.074 0.065
0.05% DT
20ng/ml 0.0t 0.068 5.084 0.08 0.069 0.07
0.1% DTT 0.052 0.057 5.064 0.062 6.061 0.056
0.1% DIT
Sno/mL 0.051 0.072 0.05% 0.069 0.065 0.059
0.1% DTT
10ng/mL 0.054 0.072 0.066 0.065 0.058 0.058
1% DTT
20ng/ml. 0.067 0.074 0.07 0.103 0.075 0072
8.2% DTT 0.047 0.059 0.058 0.064 0.069 0.057
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0.2% DT
Sng/ml 0.052 0.06 8.055 8.066 0.062 0.050
0.2% DTT
10ng/ml 0.054 $.066 8.076 0.062 8.727 0.194
0.2% DT
20ng/ml, 3.06 $8.067 4.072 0.1 0.066 4.074

Table 19 illustrates the effect of varving amounts of DTT on the ability of the
Mouse anti-BlaC mAbs to par with purified rabbit anti-BlaC polyclonal antibody to
detect BlaC.

15y ELISA optirnization assay: purtfication of BlaC by O Column

An optimization ELISA was performed where various amounts of BlaC antigen
purified by (3 column, which is based on ion exchange, were used to determine the effect
of such isolation on the abihity for the Mouse anti-BlaC mAbs and partner reagents {o
detect the rBlaC. The ELISAs used 0.15 pg/ml and 0.075 pg/ml of Mouse anti-BlaC
mAb (from clones G1, Hl, and 314, as described above in part VI as the coating ("C"
i.e., caplure antibody) and 2.5 pg/mL purified rabbit anti-BlaC polyclonal antibody as the
detection antihody ("D"). The bound detection antibody was monitored using HRP-
conjugated Ab at a titer of 1:12,000 (rabbit). PBS and between 10 ng/mL and 500 ng/mbL
¥ column-purified rBlaC were used as antigen.

The resulis of the ELISA optiraization assay are set forth in Table 20,

Table 20: ELISA Q column antigen purification on the ability of Mouse anti-BlaC mAb
from clones G1, HI, and 31A as the capture antibody (C), paired with 2.5 pg/ml purified

rabbit anti-Blal polyclonal antibody as the detection antibody (D), to detect BlaC

antigen.
Gt C:Hi C:31A C: G ¢ HL {U3A
G.45ug/mb | 0.35ug/ml | G Sug/ml | O75ug/ml | 075ug/ml | .075ug/mL

PBS 6.127 0.13 G.138 0.14 0.137 0.156
PBS 0.147 0.129 0.124 0.143 0.194 0.161
BiaC 10ng/mL 0.161 0.163 0.18% 0.141 0.137 0.131
BiaC 10ng/mL 0.168 §.575 0.16 $.149 0.146 0.141
BlaC 20ng/mL 0.166 0.144 0.16 0.155 0.154 0171
BiaC 200/l G211 0,148 G.165 3.146 0.218 0.166
BlaC SOng/mlL $.182 G.31% 3.172 0.232 0.193 0.142
BiaC 50ng/mL 0.529 0.167 0.18 0.168 0.171 0.144

Z



WO 2016/028712 PCT/US2015/045572

16

15

BiaC 100ng/mL 0171 §.165 0.174 .154 0.178 0.207
BiaC 100ng/mL 0.161 0.18 §.197 0.169 0.164 0.149
BiaC 200ng/mL 0.149 0.147 0.274 0.158 0.152 0.141
BlaC 200ng/mL 0.148 0.137 0.15 0.151 0.173 0.304
Blal S00og/ml. $.144 0188 3.162 0.258 §.21 0.151
BlaC 500ng/ml {.166 §.199 0.165 3.176 0.163 .15

Table 20 ilhustrates the effect @ column purification of BlaC protein on the
ability of the Mouse anti-BlaC mAbs to pair with purified rabbit anti-BlaC polyclonal
antibody to detect the rBlaC.

{6 ELISA optindzation assav: purification of BlaC bv phenv! sepharose

An optimization ELISA was performed where various amounts of BlaC antigen
purified by phenyl sepharose, which is based on hydrophobic interactions, were used to
determine the cffect of such isolation on the ability for the Mouse anti-BlaC mAbs and
partner reagents to detect the rBlaC. The ELISAs used 0.15 pg/mb and 8.075 pg/mL of
Mouse anti-BlaC mAb {from clones G1, Hi, and 314, as described above in part V1) as
the coating ("C" ie., capture antibody} and 2.5 pg/mi. purified rabbit anti-BlaC
polyclonal antibody as the detection antibody ("D"). The bound detection antibody was
monttored using HRP-conjugated Ab at a titer of 1:12,000 (rabbit). PBS and between
[0 ng/mb and 500 ng/mL pheny! sepharose-purificd rBlaC were used as antigen.

The results of the ELISA optimization assay are set forth in Table 21,

Table 21: ELISA phenyl sepharose antigen puritication on the ability of Mouse anti-BlaC
mAb from clones G1, H1, and 31A as the capture antibody (), paired with 2.5 pg/mbL
purified rabbit anti-BlaC polyclonal antibody as the detection antibody (D), to detect

BlaC antigen,

C: G Cr Hi C:31A C: Gl C:Hi C:31A
O.15ug/mb | 8.15ugml | O.45ug/ml | .075uginl | .675ug/mL | 075pug/mb
PBS 0,153 (.142 0.179 0.139 0.15 0.121
PBS 0.14 $.134 0.13 0.138 0.135 0.305
BlaC 10ng/mL §.1588 0.164 3.208 0.176 0,18 0.168
BiaC {0oz/mlL §.159 0,143 0.265 3.159 0.167 0.141
BlaC 20ng/mL §.156 0.166 0.144 0.172 0.134 0.156
BlaC 20ng/mL 0,222 0.183 0.217 0.162 0.152 0.186

K3
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BiaC 30ngz/ml §.145 §.139 0.134 0.212 0.134 0.149
BiaC 50ng/mL 0.219 0.257 0.15 0.144 0.166 0.127
BiaC 100ng/mL 0.164 0.173 0.176 $.139 0.194 0.154
BlaC 100ng/mL 0.193 0.218 0.189 0.144 §.16 0128
Blal S00og/ml. §.225 (.346 3,198 0.188 0.145 0.157
BlaC 500ng/ml 0.273 0.67 0.285 3.164 0.183 0.171

Table 21 ilhustrates the effect @ column purification of BlaC protein on the
ability of the Mouse anti-BlaC mAbs to pair with purified rabbit anti-BlaC polyclonal
antibody to detect the rBlaC.

Conclusion

The assays disclosed in this section demonstrate that the antibody reagents
generated as described above are usetul for specifically detecting BlaC, whether
recombinant or wild-type, in biological samples. The assays can be designed with
optimized concentrations and pairing of reagents to promote high sensitivity and
specificity, thus providing improved methods and devices for detecting the presence of
TB-complex bacteria.

While illustrative embodiments have been illustrated and described, it will be
appreciated that various changes can be made therem without departing from the spinit

and scope of the invention.

i
o9}
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CLAIMS
The embodiments of the mvention in which an exclusive property or privilege is

claimed are defined as follows:

I An affinity reagent that specifically binds to a B-lactamase (BlaC) of a

tuberculosis-complex bacteria.

2. The affinity reagent of Claim |, wherein the BlaC has an anuno acid

sequence set forth in SEQ 1D NO:2.

3. The affinity reagent of Claim 2, wherein the affinity reagent is capable of

specifically binding to a portion of BlaC.

4. The affinity reagent of Claim |, wherein the affinity reagent is an

antibody, an enzyme substrate, a modified enzyme substrate, and the like.

5. The affinity reagent of Claim 4, wherein the antibody is a polycional
auntibody, a monoeclonal antibody, an antigen binding fragment of the antibody, a single
chain antibody, an antigen binding enzymatic digestion product of the antibody, a

chimeric antibody, a humanized antibody, and the like.

6. The affinity reagent of Claim 4, whercin the antibody is a polyclonal
antibody.
7. The affinity reagent of Claim 1, wherein the tuberculosis-complex bacteria

are from onc or more of the species selected from the group conmsisting of:
Mycobacterium  tuberculosis, Mycobacterium bovis, Mycobacterium  bovis-Bacillus
Calmetie-Guerin - (BCG),  Myvcobacterium  africanum,  Mvcobacterium  microti,

Mycobacterium canettii, Mycobacterium pinnipedii, and Mycobacterium mungi.

8. A method of detecting the presence of tuberculosis-complex bacteria in a
biological sample, the method comprising contacting the sample with ap affinity reagent
that specifically binds to a B-lactamase (BlaC) of a tuberculosis-complex bacteria, and
detecting the formation of a complex between the BlaC and the affinity reagent, wherein
the formation of a complex is mdicative of the presence of tuberculosis-complex bacteria

i the sample.
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g. The raecthod of Claim 8, wherein the affinity reagent specitically binds to

BlaC with an amino acid sequence set forth in SEQ 1 NO:2,

10, The method of Claim 9, wherein the affinify reagent specifically binds to a

portion of BlaC.

il The method of Clamm §, wherein the affiuity reagent comprises a

detectable label.

12, The method of Claim 8, wherein the formation of a complex between the
BlaC and the affinity reagent is detected by further comtacting the complex with a second

affinity reagent that contains a detectable label and that specifically binds to the cornplex.

13. The method of Claim &, further comprising contacting the biological

sample with an immobtiized BlaC protein or affinity reagent.

14,  The method of Claim &, whercin the biological sample is obtained froma
subject suspected of having tuberculosis-complex bacteria, and wherein the presence of
tuberculosis-complex bacteria in the hiological sample is indicative of a tuberculosis

infection in the subject.

{5, The method of Claim 14, wherein the biological sample is selected from
the group consisting of blood, serum, sputum, saliva, breath, feces, urine, spinal fluid,

MUCUs oF Hissue sample.

16, The method of Claim 14, wherein the subject is a vertebrate animal.
17. The method of Claim {4, wherein the subject is human.
18. The method of Claim 8, wherein the affinity reagent is an antibody, an

cuzyme subsirate, a modified enzyme substrate, and the tike.

19, The method of Claim 18, wherein the antibody s a polyclonal antibody, a
monoclonal antibody, an antigen binding fragroent of the antibody, a single chain
antibody, an antigen binding enzymatic digestion product of the antibody, a chimeric

antibody, a humanized antibody, and the tike.

<
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20. The method of Claim 8, wherein the tuberculosis-complex bacteria are
from one or more of the species selected from the group consisting oft  Mvcobacterium
tuberculosis, Mycobacterium  bovis, Mycobacterium  bovis-Bacillus  Calmette-Guérin
(BCGY, Mycobacterium africanum, Mvcobacterium microti, Mycobacterium canettii,

Mycobacterium pinnipedii, and Mycobacterium mungi.

21, A method of detecting the presence of fuberculosis-complex bacteria in a
biological sample obtained from a subject, the method comprising determining the
presence or amount of anti-B-lactamase (BiaC) antibody in a biclogical sample, wherein
the presence or amount of anti-BlaC antibody in the biological sample is indicative of the

presence of tuberculosis-complex bacteria in the subject.

22. The method of Claim 21, wherein the presence of anti-BlaC antibody in
the biclogical sample is determined by an assay comprising the steps:

(a) contacting the biclogical sample with at least one polypeptide with
an amino acid sequence that has at least 90% sequence identity to any six or more
configuous anmino acids of SEQ D NOZ; and

{b) detecting the formation of a complex between the antibody in the

sarnple and the polypeptide.

23, The method of Claim 21, further comprising comparing the determined
amount of anti-BlaC antibody to a reference standard, where an amount of anti-BlaC
antibody detected i the bislogical sample greater than the reference standard is

mdicative of the presence of tuberculosis-complex bacteria in the subject.

24, The method of Claim 23, wherein the reference standard is an analogous

biological sample from a subject that does not have tuberculosis-complex bacteria,

25. The method of Claim 21, wherein the tuberculosis-complex bacteria are
from one or more of the species sclected from the group consisting oft Mvcobacterium
tuberculosis, Mycobacterium bovis, Mycohacterium  hovis-Bacillus  Calmette-Guérin
(BCG), Myveobacterium africanum, Mycobacterium microti, Mvcobacterium canettii,

Mycobacterium pinnipedii, and Mycobacterium mungi.

26. The method of Claim 21, wherein the subject is a manmwnal.

-86-
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The method of Claim 21, wherein the subject 1 human,

N

28, The method of Claim 21, wherein the biological sample is selected from
the group consisting of blood, serum, sputum, saliva, breath, feces, uring, spinal fluid,

mucus or tissue sample.

29, The method of Claim 22, wherein the polypeptide is attached to a
substrate.

30, The method of Claim 29, wherein the substrate is a particle, a filter, or a
well.

3 The method of Claim 29, wherein the attachment is through a hinker.

32 A method for detecting the presence of tuberculosis-complex bacteria in a

test samiple, the method comprising:

{a} contacting the sample with a polvnucleotide probe with a
detectable label capable of specitically hybridizing to a target region of a maucleie acid
molecule that encodes a B-lactamase (BlaC) with an amino acid sequence set forth in
SEQ ID NOG:2; and

(b} detecting the hybridization of the probe to the mucleic acid
molecule encoding BlaC, wherein detected hybridization 15 indicative of the presence of

tubercuosis-complex bacteria in the test sample.

33. The method of Claim 32, wherein the polynucleotide probe has a
polynucleotide sequence selected from the group consisting of SEQ ID N(O:3,4, S, 6, 7,
8,9, 10, and 11,

34, The method of Claim 32, further comprising contacting the sample with a
forward polynucleotide primer and a reverse primer to form a reaction mixture, wherein
each primer capable of specifically hybridizing to a different portion of the target region,
and subjecting the reaction mixture to amplification conditions suitable to amplify at least

a portion of the target region.

~~1
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35.  The method of Claim 34, wherein the torward primer has a polynucieotide
sequence selected from the group consisting of SEQ 1D NO:12, 13, 14, 15, 16, 17, 18,19,

and 20.

36, The method of Claim 34, wherein the reverse primer has a polymucleotide
sequence selected from the group consisting of SEQ 11 NO:21, 22, 23, 24, 25, 26, 27, 28,

and 29.

37 The method of Claim 32, wherein the tuberculosis-complex bacteria are
from one or more of the species selected from the group consisting oft Mycobacierium
tuberculosis, Mycobacterium bovis, Mvycobacterium bovis-Bacillus  Calmette-Guérin
(BCGY, Mycobacterium afvicanum, Mycobacterium microti, Mycobacterium canettii,

Mycobacterium pinnipedii, and Mvcobacterivm mungi.

38. The method of Claim 32, wherein the test sample is obtained from a
ubiect suspected of having tuberculosis-complex bactenia, and wherein the presence of
tuberculosis-complex bacteria in the biological sample is mdicative of a tuberculosis

mfection in the subject.
39, The method of Claim 38, wherein the subject is a vertebrate animal.
40.  The method of Claim 38, wherein the subject is human,

41, The method of Claim 38, wherem the test sample is selected from the
group consisting of blood, serum, sputuim, safiva, breath, feces, urine, spinal fluid, mucus

or tissue sample.

42, A method for determining the presence of tuberculosis-complex bacteria
10 a test sample, the method comprising the steps of:

(a) contacting the test sample with a composition comprising at least
one primer patr comprising a forward and reverse primer capable of specitically
hybridizing to a farget region of tuberculosis-complex Ala(C gene, to form 3 reaction
mixture,

{b) subjecting said reaction mixture to amplification conditions

suitable to amplify at least a portion of the target region; and
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{c) detecting amplification of the at least a portion of the target region,
wherein amplitication of the at least a portion of the target region is indicative of the

presence of tuberculosis-complex bacteria in a test sample.

43. The method of Claim 42, wherein the primer pair is selected from the
group consisting of SEQ 1D NOS:12 and 21, SEQ 1D NOS:13 and 22, SEQ 1D NOS: 14
and 23, SEQ 1D NOS:15 and 24, SEQ 1D NOS:16 and 25, SEQ 1D NOS:17 and 26, SEQ
TR NOS: I8 and 27, SEQ ID NOS:18 and 28, and SEQ ID NOS:20 and 28,

44. A method for monitoring the efficacy of treatruent of a tuberculosis
infection, comprising:
{a} determining the presence or amount of BlaC protein, nucleic acid
encoding BlaC protein, or anti-BlaC antibodics i a biological sample obtained from a
subject receiving treatroent for tuberculosis according to any one of Claims 1-40; and
(b} comparing the amount of BlaC protein, nucleic acid encoding BlaC
protemn, or anti-BlaC antibodies in the biclogical sample as determined in step {a) to a

reference standard, thereby determining the efficacy of treatment.

45, The method of Claim 44, wherein the reference standard in step (b) is the
amount of BlaC protein, nucleic acid encoding BlaC protein, or anti-BlaC antibodies
determined in an analogous biological sarnple obtained from the subject at or after
diagnosis with the tuberculosis mfection but prior to the obtaining of the biological
sample from the subject in step (a), whereby a lower amount of anti-BlaC antibodies in
the biclogical sample determined in step (a) compared to the biological sample n step (b}

is indicative of a positive response to the treatment.

46, The method of Claim 44, wherein the reference standard is determined
from a biclogical sample obtained from the subject at or prior to the commencement of

freatment for the tuberculosis infection.

47. An isolated polynucleic acid molecule comprising a detectable label,
wherein the polynucleic acid molecule has a polynuclectide sequence set forth in a

sequence selected from the group consisting of SEQ 1D NOS:3-29, or homologs thereof.
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48, A kit comprising in one or more containers DNA polymerase enzyrae,
deoxyvrucleoside triphosphates, buffer solution, and an isolated polynucleic acid molecule

of Claim 47.

49. The kit of Claim 48, further comprising a polynucleotide primer pair
selected from the group consisting of SEQ 1D NOS: {2 and 21, SEQ D NOS:13 and 22,
SEQ D NOS:{4 and 23, SEQ 1D NOS:15 and 24, SEQ 1D NOS:16 and 25, SEQ D
NOS:17 and 26, SEQ 1D NOS: 18 and 27, SEQ 1D NOS:19 and 28, and SEQ D NOS:20

and 29, or homologs thereof.

-90-
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Detection Reagent:

RabMab 22-12
6pg/ml
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Capture Reagent:
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PAC 8577
0.5mg/ml
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International application No.
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A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - GO1N 33/53, GO1N 33/569, GO1N 33/573 (2015.01)
CPC - GO1N 33/5695, GO1N 33/573, C12Q 1/34

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed b
IPC(8) - GO1N 33/53, GO1N 33/569, GO1N 33/573 (2015.01) ye

CPC - GO1N 33/5695, GO1N 33/573, C12Q 1/34

lassification symbols)

Documentation searched other than mi
CPC - GO1N 33/5091

(keyword limited; terms below)

nimum documentation to the extent that such documents are included in the fields searched

Electronic data base consuited during the international search (name of
PatBase, PubWEST (USPT,PGPB,EPAB,JPAB), Google Scholar

data base and, where practicable, search terms used)

Search terms: tuberculosis, Mycobacteria, Mtb, lactamase, BlaC, detect, presence, diagnose, antibody, polyclonal, primer, probe

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Full=Ambler class A beta-lactamase; Flags: Precursor,
on 21 October 2015). Retrieved from the internet <URL:
http://www.ncbi.nim.nih.gov/protein/61219966> Entire d

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2014/0127712 A1 (CIRILLO et al.) 8 May 2014 (08.05.2014) para {0008], [0012], {0063], 1,4,7, (44-46)/(1,4,7)
-- [0080], [0225), [0249) e
Y : 2-3, (44-46)/(2-3,5-6)
X US 2005/0186197 A1 (PALZKILL et al.) 25 August 2005 (25.08.2005) para [0133] 1,4-6

Y (44-46)/(5-6)

Y POAS5I7, UniProtKB Accession No. POA5I7, RecName: Full=Beta-lactamase; AltName: 2-3, (44-46)/(2-3)

13 November 2013 [online]. [Retrieved

ocument

D Further documents are listed in the continuation of Box C.

]

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L™ document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

8 December 2015 (08.12.2015)

Date of mailing of the international search report

07 JAN 206

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
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Authorized officer:
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PCT OSP: 571-272-7774
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International application No.

PCT/US 15/45572

Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2, D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international ap?lication, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I: Claims 1-7, (44-46) (in part), drawn to an affinity reagent that specifically binds to a beta-lactamase (BlaC) of a tuberculosis-
complex bacteria

Group II: Claims 8-20, (44-46) (in part), drawn to a method of detecting the presence of tuberculosis-complex bacteria by contacting the
sample with an affinity reagent that specifically binds to a beta-lactamase (BlaC)

Group llI: Claims 21-31, (44-46) (in part), drawn to a method of detecting the presence of tuberculosis-complex bacteria by determining
the presence or amount of anti-beta-lactamase (BlaC) antibody in a biological sample

-—--—-—-please see continuation on extra sheet----—--

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, m No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-7, (44-46) (in part)

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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Continuation of:
Box No. IIl Observations where unity of invention is lacking

Group IV+: Claims 32-43, (44-46) (in part), drawn to a method for detecting the presence of tuberculosis-complex bacteria by contacting
the sample with a polynucleotide probe or primer pair. Group IV+ will be searched upon payment of additional fees. The detection
mhethods co':nprising polynucleotide probe or primer pairs may be searched for an additional fee and election as such, for example, to
the extent that

- the polynucleotide probe has a polynucleotide sequence of SEQ ID NO: 3,

- the forward primer has a polynucleotide sequence of SEQ ID NO: 12, and

- the reverse primer has a polynucleotide sequence of SEQ ID NO: 21,

i.e. claims 32-43, (44-46) (in part), limited to SEQ ID NOs: 3, 12, and 21.

Additional probes and primer pairs will be searched upon the payment of additional fees. Applicants must specify the claims that
encompass any additionally elected probes and primer pairs. Failure to clearly identify how any paid additional invention fees are to be
applied to the "+" group(s) will result in only the first claimed invention to be searched. Another exemplary election would be wherein the
polynucleotide probe has a polynucieotide sequence of SEQ ID NO: 4 and the primer pair sequences of SEQ ID NO: 13 and 22, i.e.
claims 32-43, (44-46) (in part), limited to SEQ ID NOs: 4, 13, 22.

Group V+: Claims 47-49, drawn to an isolated polynucleic acid molecule comprising a detectable label. Group V+ will be searched upon
payment of additional fees. The isolated polynucleic acid molecule may be searched for an additional fee and election as such, for
example, to the extent that isolated polynucleic acid molecule encompasses SEQ ID NO: 3, i.e. claims 47-49 limited to SEQ ID NO: 3.
Additional isolated polynucleic acid molecules will be searched upon the payment of additional fees. Applicants must specify the claims
that encompass any additionally elected polynucleic acid molecule(s). Failure to clearly identify how any paid additional invention fees
are to be applied to the "+" group(s) will result in only the first claimed invention to be searched. Another exemplary election would be
an isolated polynucleic acid molecule comprising SEQ ID NO: 4, i.e. claims 47-49, limited to SEQ ID NO: 4.

The inventions listed as Groups |, |, lll, IV+, and V+ do not relate to a single general inventive concept under PCT Rule 13.1 because,
under PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons:
Special Technical Features

Group | requires a composition comprising an affinity reagent that specifically binds to a beta-lactamase (BlaC) of a tuberculosis-
complex bacteria, not required by Groups II, Ili, IV+, and V+.

Group 1l réquires a method comprising contacting a biological sample with an affinity reagent that specifically binds to a B-lactamase
(BlaC), a method step not required by Groups |, Ill, IV+, and V+.

Group Ill requires a method comprising determining the presence or amount of anti-beta-lactamase (BlaC) antibody in a biological
sample, a method step not required by Groups |, Il, IV+, and V.

Group 1V+ requires a method comprising contacting the sample with a polynucleotide probe or primer pair, a method step not required
by Groups |, Il lll, and V+. Further, the technical feature of each of the inventions listed as Group IV+ is the specific probe sequence,
forward primer sequence, and reverse primer sequence recited therein. Each invention requires a probe sequence, forward primer
sequernice, and reverse primer sequenice, rot required by any of the other inventions.

Group V+ requires a composition comprising an isolated polynucleic acid molecule comprising a detectable label, not requireq by
Groups |, ll, lll, and IV+. Further, the technical feature of each of the inventions listed as Group V+ is the speciﬁc polynucleotlde
sequence recited therein. Each invention requires a polynucleotide sequence, not required by any of the other inventions.

Common Technical Features

The feature shared by Groups I-V+ is a beta-lactamase (BlaC) of a tuberculosis-complex bacteria. The feature ;ha(ed by Groups .II-IV+
is a method of detecting presence of tuberculosis-complex bacteria in a biological sample by detection of hybridization of a detection
moeity to a beta-lactamase (BlaC).

Another feature shared by Groups | and Il is an affinity reagent that specifically binds to a B-lactamase (BlaC) of a tuberculosis-complex
bacteria

Another feature shared by Groups I-IV+ is a method for monitoring the efficacy of treatment of a tuberculosis infection as recited in claim
44.

Another feature shared by Group IV+ is the method of claim 42.

------- please see next extra sheet-—-—
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Box No. Il Observations where unity of invention is lacking

However, these shared technical features do not represent a contribution over prior art, because the shared technical features are
taught by US 2014/0127712 A1 to Cirillo et al. (hereinafter ‘Cirillo’).

Cirillo discloses a beta-lactamase (BlaC) of a tuberculosis-complex bacteria and methods of detecting the presence of tuberculosis-
complex bacteria in a biological sample by detecting hybridization of a detection moiety to said beta-lactamase (BlaC) (para [0012] "The
present invention is directed further to a diagnostic method for detecting a mycobacterial infection in a subject. The method comprises
obtaining a biological sample from the subject and contacting the biological sample with a substrate of a mycobacterial beta-lactamase
enzyme”; para [0107] "The systems and methods herein are applicable to bacterial species naturally possessing or acquiring beta-
lactamase activity. Without being limiting, examples of beta-lactamase positive bacterial species are ... Mycobacterium... Particularly
contemplated is the diagnosis, location and quantitation of Mycobacterium, such as, Mycobacterium tuberculosis”; Example 1 "Detection
of Bla [beta-lactamase] in M. tuberculosis in Culture”; para [0122] "Potential fluorogenic substrate compounds and known compounds,
including Nitrocefin (Calbiochem), CENTA Bla substrate (Calbiochem), Fluorocillin Green (Molecular Probes), CCF2-AM (Invitrogen) and
CCF4-AM (Invitrogen), are compared for detection of Bla [beta-lactamase] in Mtb {M. tuberculosis] using whole cells and whole cell
lysates grown to early log-phase. Dilutions are assayed for all of these samples to determine the minimal number of bacteria or amount
of lysate that results in significant signal.”)

Cirillo further discloses an affinity reagent that specifically binds to a B-lactamase (BlaC) of a tuberculosis-complex bacteria (para [0225]
"The M. tuberculosis beta-lactamase (BlaC) enzyme pocket is modeled using small molecules to improve probe design and specificity.
High-throughput screening of small molecules, such as in small molecule libraries, is used to identify compounds that bind the active site
cleft of BlaC and a crystal structure is obtained therefrom. Candidate probes are synthesized and tested in vitro.”; para [0249} "A similar
strategy to that used to develop probes with improved sensitivity is used to develop probes that are selective for the Mtb BlaC over the
beta-lactamases present in other bacterial species”).

Cirillo further discloses [claim 44] a method for monitoring the efficacy of treatment of a tuberculosis infection (para [0012) "monitor
therapeutic efficacy of a treatment regimen administered to the subject upon detection of the mycobacterial infection"), comprising:

(a) determining the presence or amount of BiaC protein, nucleic acid encoding BlaC protein, or anti-BlaC antibodies in a biological
sample obtained from a subject receiving treatment for tuberculosis (para [0012] "The method comprises obtaining a biological sample
from the subject and contacting the biological sample with a substrate of a mycobacterial beta-lactamase enzyme. The biological sample
is imaged to detect a product of beta-lactamase activity on the substrate and a signal intensity is measured at a wavelength emitted by
the product, where a signal intensity greater than a measured control signal indicates the presence of the mycobacterial infection"); and
(b) comparing the amount of BiaC protein, nucleic acid encoding BlaC protein, or anti-BlaC antibodies in the biological sample as
determined in step (a) to a reference standard, thereby determining the efficacy of treatment (para [0012] "where a decrease in the
measured signal compared to control correlates to a positive response to the treatment regimen”).

Cirillo further discloses [claim 42] a method comprising the steps of:

(a) contacting the test sample with a composition comprising at least one primer pair comprising a forward and reverse primer capable of
specifically hybridizing to a target region of tuberculosis-complex blaC (beta-lactamase) gene, to form a reaction mixture (para [0138]
"Bla [beta-lactamase] RNA expressed in vivo is extracted using a standard RNA extraction protocol for tuberculosis (6) and running gRT-
PCR relative to the constitutive control rRNA gene"; para [0123] "primers used for PCR of a region of interest");

(b) subjecting said reaction mixture to amplification conditions suitable to amplify at least a portion of the target region (para [0138]
"running qRT-PCR"); and

(c) detecting amplification of the at least a portion of the target region (para [0138] “These measurements provide a means to evaluate
the levels of expression of Bla [beta-lactamase]").

Cirillo does not expressly teach that the method is for determining the presence of tuberculosis-complex bacteria in a test sample,
wherein amplification of the at least a portion of the target region of beta-lactamase is indicative of the presence of tuberculosis-cornplex
bacteria in a test sample. However, Cirillo does teach that the method can be used to evaluate the levels of expression of beta-
lactamase (para [0138)) and further teaches that assays that detect beta-lactamase activity can be used to diagnose the presence of the
tuberculosis-complex bacteria (para [0012] "The present invention is directed further to a diagnostic method for detecting a
mycobacterial infection in a subject. The method comprises obtaining a biological sample from the subject and contacting the biological
sample with a substrate of a mycobacterial beta-lactamase enzyme"; Example 1 "Detection of Bla [beta-lactamase] in M. tuberculosis in
Culture"). Since the presence of expression of beta-lactamase indicates that the sample has beta-lactamase activity, and beta-
lactamase activity can indicate the presence of tuberculosis-complex bacteria, one of ordinary skill in the art would have found it obvious
to use the amplification method of Cirillo do determining the presence of tuberculosis-complex bacteria in a test sample.

As the technical features were known in the art at the time of the invention, they cannot be considered special technical features that
would otherwise unify the groups.

------- please see next extra sheet-—--
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The feature .shared by Group V+ is an isolated polynucleic acid molecule comprising a detectable label. The feature shared by Groups
IV+ and V+ is a polynuclectide probe with a detectable label.

However, these shared technical features do not represent a contribution over prior art, because the shared technical features are
taught by EP 0,300,923 A1 to Levesque et al. (hereinafter 'Levasque').

Levesque discloses an isolated polynucleic acid molecule comprising a detectable label that can be used as a probe to detect beta-
lactamase (abstract "There is provided a method for assaying the presence of a gene coding for the synthesis of beta-lactamase in a
targeted microorganism. This method comprises depositing and fixing on an inert support a sample containing DNA fragments in
substantially single-stranded form and suspected of coding for the synthesis of beta -lactamase; contacting the fixed single-stranded
genetic material with a labelled probe having a nucleotide sequence of at least about 12 bases at least substantially complementary of a
structural gene coding for the synthesis beta -lactamase, the contacting being under hybridizing conditions at a pre-determined
stringency; and detecting duplex formation on the support by means of the chosen label").

As the technical feature was known in the art at the time of the invention, it cannot be considered a special technical feature that would
otherwise unify the groups.

The feature shared by Group IV+ is the method of claim 32.

However, these shared technical features do not represent a contribution over prior art, because the shared technical features are
taught by Levasque in view of Cirillo and further in view of UniProtKB Accession No POASI7 (hereinafter 'POASI7").

Levasque discloses [claim 32] a method for detecting the presence of a microorganism in a test sample (abstract "There is provided a
method for assaying the presence of a gene coding for the synthesis of beta-lactamase in a targeted microorganism”), the method
comprising:

(a) contacting the sample with a polynucleotide probe with a detectable label capable of specifically hybridizing to a target region of a
nucleic acid molecule that encodes a beta-lactamase (BlaC) (abstract "This method comprises depositing and fixing on an inert support
a sample containing DNA fragments in substantially single-stranded form and suspected of coding for the synthesis of beta -lactamase;
contacting the fixed single-stranded genetic material with a labelled probe having a nucleotide sequence of at least about 12 bases at
least substantially complementary of a structural gene coding for the synthesis beta -lactamase, the contacting being under hybridizing
conditions at a pre-determined stringency"); and

(b) detecting the hybridization of the probe to the nucleic acid molecule encoding BlaC, wherein detected hybridization is indicative of the
presence of the microorganism in the test sample (abstract "assaying the presence of a gene coding for the synthesis of beta-lactamase
in a targeted microorganism ... detecting duplex formation on the support by means of the chosen label").

Levasque does not teach that the microorganism is a tuberculosis-complex bacteria. However, Cirillo discloses that tuberculosis-
complex bacteria comprise beta-lactamase (para [0107] "The systems and methods herein are applicable to bacterial species naturally
possessing or acquiring beta-lactamase activity. Without being limiting, examples of beta-lactamase positive bacterial species are ...
Mycobacterium... Particularly contemplated is the diagnosis, location and quantitation of Mycobacterium, such as, Mycobacterium
tuberculosis”). Since Cirillo further teaches that assays that detect beta-lactamase activity can be used to diagnose the presence of the
tuberculosis-complex bacteria (para [0012] "The present invention is directed further to a diagnostic method for detecting a
mycobacterial infection in a subject. The method comprises obtaining a biological sample from the subject and contacting the biological
sample with a substrate of a mycobacterial beta-lactamase enzyme"; Example 1 "Detection of Bla [beta-lactamase] in M. tuberculosis in
Culture"), one of ordinary skill in the art would have found it obvious that the method of detecting beta-lactamase for detecting a
microorganism, as taught by Levasque, can be used to detect the tuberculosis-complex bacteria of Cirillo.

Levasque and Cirillo do not teach that the beta-lactamase has an amino acid sequence set forth in SEQ ID NO:2. However, a beta-
lactamase from Mycobacterium tuberculosis complex having an amino acid sequence set forth in SEQ ID NO:2 is taught by POASI7
(sequence of POASI7 exhibits 100% identity to claimed SEQ ID NO: 2). Since the sequence of POA5I7 corresponds to the amino acid
sequence from beta-lactamase from Mycobacterium tuberculosis complex, and the method of Levasque and Cirillo is for detection of
beta-lactamase from Mycobacterium tuberculosis complex, one of ordinary skill in the art would have found it obvious that the beta-
lactamase detected using the method of Levasque and Cirillo can have the beta-lactamase sequence of POAS5!7.

As the technical feature was known in the art at the time of the invention, it cannot be considered a special technical feature that would
otherwise unify the groups.

Groups |, 1I, lll, IV+, and V+ therefore lack unity of invention under PCT Rule 13 because they do not share a same or corresponding
special technical feature.

Form PCT/1ISA/210 (extra sheet) (January 2015)
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