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HCV NS3 RECOMBINANT ANTIGENS AND MUTANTS THEREOF FOR IMPROVED
ANTIBODY DETECTION

RELATED APPLICATIONS

[0001] The present application is filed as a PCT patent application claiming the benefit

of priority of U.S. Provisional Patent Application No. 61/784,822, which was filed March

14 , 201 3 , and U.S. Provisional Patent Application No. 61/784,822, which was filed

March 14 , 201 3 . The entire text of the aforementioned applications is incorporated

herein by reference in its entirety.

FIELD OF THE INVENTION

[0002] The present disclosure relates to polypeptides, including fusions thereof,

nucleic acids, vectors, host cells, immunodiagnostic reagents, kits, and immunoassays

for use detecting the presence of HCV antibodies.

BACKGROUND OF THE INVENTION

[0003] According to WHO statistics, as many as 170 million people worldwide are

infected by hepatitis C virus (HCV), a viral infection of the liver. 75 to 85% of persons

infected with HCV progress to chronic infection, approximately 20% of these cases

develop complications of chronic hepatitis C, including cirrhosis of the liver or

hepatocellular carcinoma after 20 years of infection. The current recommended

treatment for HCV infections is a combination of interferon and ribavirin drugs, however

the treatment is not effective in all cases and liver transplantation is indicated in

hepatitis C-related end-stage liver disease. At present, there is no vaccine available to

prevent HCV infection, therefore all precautions to avoid infection must be taken.

[0004] Thus, patient care, as well as the prevention of transmission of Hepatitis C

Virus (HCV) by blood and blood products or by close personal contact requires extreme

vigilance using sensitive detection assays. This creates a need for specific methods for

screening and identifying carriers of HCV and HCV-contaminated blood or blood

products. Serological determination of HCV exposure relies on the detection of anti-

HCV antibodies present in human blood plasma or sera. These anti-HCV antibodies are



directed against a number of distinct structural and non-structural proteins encoded by

the virus.

[0005] The HCV virus is a (+) sense single-stranded enveloped RNA virus in the

Hepacivirus genus of the Flaviviridae family. The viral genome is approximately 10 kb in

length and encodes a 301 1 amino acid polyprotein precursor. The HCV genome has a

large single open reading frame (ORF) coding for a unique polyprotein. This polyprotein

is co- and post-translationally processed by cellular and viral proteases into three

structural proteins, i.e., core, E 1 and E2 and at least six non-structural NS2, NS3,

NS4A, NS4B, NS5A and NS5B proteins. (Choo et al., Science 244: 359-362 ( 1989)).

[0006] There are commercially available assays that determine whether a subject has

been exposed to HCV. These serological assays typically use an indirect format in

which anti-HCV antibodies are captured by recombinant HCV antigens present on a

solid phase, followed by detection of the anti-HCV antibody by a labeled anti-human

antibody conjugate. While some of the antigenic regions of HCV have been identified,

peptides and recombinant proteins from these regions exhibit a variable degree of

sensitivity and selectivity in detection and diagnosis of HCV carriers.

[0007] For example, HC43 is one such recombinant protein used for the detection of

HCV antibodies in human serum or plasma. HC43 contains the C33 region of the NS3

protein (HCV-1 amino acids 1192-1 457) and the core or nucleocapsid structural protein

(HCV-1 amino acids 1- 150). HC43 is expressed in E. coli as a fusion protein by using a

plasmid (pKRR826) containing the pL promoter of bacteriophage lambda (described in

U.S. Pat. No. 6,846,905), utilizing a codon-optimized sequence from the HCV H strain

(i.e., HCV-1 ; Ogata et al., PNAS USA 88: 3392-3396 ( 1991 )). Two non-HCV coding

amino acids separate the NS3 and core sequences. There are commercially marketed

anti-HCV assays using such a fusion protein. The expression of this fusion protein in E.

coli via a temperature inducible system results in the formation of insoluble inclusion

bodies. These must be solubilized with urea, reductant and SDS in order to obtain

pure, monomer protein for use in the immunoassay (as solid phase antibody capture

reagent). Derivatives of this protein (e.g. 9MB31 ) disclosed in US patents owned by



Abbott comprise truncated core protein sequences and are expressed in temperature

inducible systems yielding protein that is insoluble.

[0008] Another such recombinant protein used for the detection of anti-HCV antibodies

is C 100. This recombinant protein is derived from the NS3 and NS4 regions of the HCV

genome (HCV amino acids 1569-1 931 ) , and is expressed in yeast with an N-terminal

superoxide dismutase (SOD) fusion of 527 amino acids (see, e.g., U.S. Pat. No.

5,350,671 ) . Although 363 amino acids of the HCV genome are present in the

recombinant protein, studies have demonstrated that the majority of antibody binding

occurs in two smaller regions within the NS4 region. The first region is the 5-1 - 1 region,

which comprises HCV amino acids 1691 - 1733, and the second is the C 100 region

made up of HCV amino acids 1921 - 1940.

[0009] Other NS3 helicase constructs used for immunoassay development have been

described by Jin and Petersen (Archives or Bioch Biophys, 1995, 323:47-53; Sallberg et

al., 1996, J Gen Virol, 77:2721 -2728; Chien et al. 1998, Hepatology, 28:21 9-224) but

these constructs encompass residues 1207-1 6 12 and do not included the full length

helicase ( 1 207-1 657). In addition, the aforementioned proteins are again expressed in

insoluble form and purified under denaturing conditions and require protein refolding

techniques in order to regain enzymatic activity, prior to their use in immunoassays.

[0010] Many HCV diagnostic assays make use of an NS3 antigen, in different forms.

HCV NS3 is a multifunctional protein, containing a serine protease domain within its N-

terminal third and an NTPase/helicase domain within its C-terminal two-thirds.

Polynucleotide-stimulated NTPase activity, capable of hydrolyzing all NTPs and dNTPs,

has been shown, while RNA helicase activity, requiring ATP and a divalent ion, has also

been identified: the NS3 C-terminal domain is capable of unwinding RNA-RNA, RNA-

DNA and DNA-DNA substrates in a 3'-5' direction.

[001 1] Crystal structure analysis of the HCV NS3 helicase has shown that this enzyme

is composed of three domains. Domain I (approximately residues 18 1-326 of NS3) and

Domain I I (approximately residues 327-481 of NS3) have little sequence identity, but

share similarities in structure being composed of a large central β-sheet flanked by -

helices, and are homologous in structure to the central region of the RecA protein.



Domain III (approximately residues 482-631 of NS3) is mostly a-helical and contains

part of the single-stranded nucleic acid binding site. Domains I and III share a more

extensive interface than either share with Domain II. Therefore, Domains I and III form a

rigid unit, whereas Domain I I is connected to Domains I and III by solvent-exposed

polypeptide segments capable of supporting large scale, relative rotations of Domain II.

In particular, an unusual molecular feature is a long antiparallel β-Ιοορ that extends from

the central β-sheet of Domain I I to Domain III where the end of the loop becomes an

integral part of the domain III structure. Thus, similar to other helicases, domain motions

are characteristic for the activity of the HCV helicase (see Gu & Rice, PNAS, 201 0 ,

107:521 -528 and references therein).

[0012] While there are some commercially available assays for serological

determination of HCV infection using NS3 antigens these assays still need improvement

to allow their use for detection earlier within the HCV infection window. Thus, there

remains a need for additional assays having increased sensitivity by reducing the HCV

antibody seroconversion window. The present invention addresses this need by

providing improved sensitivity of anti-NS3 detection in such serological assays.

BRIEF SUMMARY OF THE INVENTION

[0013] In preferred embodiments, the present invention is directed to a recombinant

HCV NS3 antigen comprising a NS3 helicase sequence that comprises each of

domains I , I I and III of said helicase, wherein said antigen has increased

immunoreactivity against HCV antibodies from serum as compared to C33 antigen,

wherein said recombinant HCV NS3 antigen comprises one or more of the

characteristics selected from the group consisting of:

diminished ATP-binding activity as compared to the ATP-binding activity of

wild-type NS3 helicase

diminished ATPase activity as compared to wild-type NS3 as compared to

the ATP-binding activity of wild-type NS3 helicase, and

increased redox stability as compared to the redox stability of wild-type

NS3 helicase.



[0014] Particularly preferred antigens of the invention further comprises addition of at

least one cysteine residue in the C-terminus end of said NS3 helicase. In the context of

the present invention, the wild-type HCV NS3 comprises a sequence of SEQ ID NO: 87

and wherein the recombinant antigen of the invention comprises at least one mutation

as compared to the sequence of SEQ ID NO:87. More particularly, the mutation

comprises a mutation of one or more of the cysteine residues of said SEQ ID NO:87 to

any other amino acid. More specifically, the mutation comprises a mutation of said one

or more cysteine residues to corresponding serine residues. In more particular

embodiments, the mutation comprises one or more of the mutations of the cysteine

residues from Domain III of HCV NS3 helicase. Even more specifically, in preferred

embodiments, the cysteine residue mutation comprises a mutation of one or more of the

cysteine residues selected from the group consisting C292, C368, C374, C499, and

C525 of SEQ ID NO:87. In some antigens of the invention, the HCV NS3 mutant is one

in which at least two of said cysteine residues are replaced by corresponding serine

residues.

[0015] In another aspect of the invention, the HCV NS3 antigen further comprises

addition of at least one cysteine residue at the C-terminus end of said NS3 helicase. In

certain specific embodiments, the HCV NS3 antigen comprises two additional cysteine

residues at the C-terminus end of said NS3 helicase. In additional embodiments, the

NS3 antigen comprises a mutation that diminishes ATP binding or diminishes ATPase

activity is a replacement of one or more of the amino acid residues selected from the

group consisting of K21 0 , S21 1, T21 2 , Y241 , D290, E291 , H293, T41 9 , Q460, R464,

R467 and W501 of SEQ ID NO:87 with any other amino acid residue. Exemplary

mutations include but are not limited to a mutation selected from the group consisting of

K21 0N, S21 1A , T21 2E, Y241 S, D290N, E291 Q , H293A, T41 9G, Q460H, R464A,

R467K and W501 A as compared to SEQ ID NO:87.

[0016] In any of the embodiments in which the mutation comprises a mutation of K21 0 ,

S21 1, T21 2 , Y241 , D290, E291 , H293, T41 9 , Q460, R464, R467 and W501 of SEQ ID

NO:87 with another amino acid, the antigen may further comprise a mutation of one or

more of the cysteine residues of SEQ ID NO:87 to any other amino acid. More

specifically, the one of more mutation of one or more of the cysteine residues of said



SEQ ID NO:87 comprises a mutation of one or more of the cysteine residues selected

from the group consisting C292, C368, C374, C499, and C525 of SEQ ID NO:87. The

antigen may advantageously further comprise addition of at least one additional

cysteine residue at the C-terminus end of said NS3 helicase. For example, such an

additional cysteine residue may be introduced by addition of a cysteine residue at the C-

terminus end of said NS3 helicase comprises addition of a sequence selected from the

group consisting of GGCSGGA, DECHSTD, and SKKKCDE to the C-terminus end of

said NS3 helicase. In other specific embodiments, the antigen may comprise two

additional cysteine residues. In specific embodiments, the two additional cysteine

residues are introduced by addition of a sequence selected from the group consisting of

GSGSGHHHHHHHHGGCSGGARSGC; GSGSGHHHHHHHHDECHSTDRSGC; and

GSGCGHHHHHHHHGGCSGGA. Other exemplary additional cysteine residues are

introduced by a C-terminal sequence comprising GSGSGHHHHHHHHGGCSGGA,

GSGSGHHHHHHHHDECHSTD, GSGSGHHHHHHHHSKKKCDE, and

GSGSGHHHHHHHHSKKKCDERSGC.

[0017] In further embodiments, the C-terminus sequence may be modified by

conjugation to a signal generating moiety.

[0018] In still additional embodiments, the antigen may further comprise a histidine

tag. More specifically, the histidine tag may be located between the C-terminus of SEQ

ID NO:87 and the N-terminus of said added sequence.

[0019] Any of the preferred antigens of the present invention may be biotinylated.

Preferably, the biotinylation is at the N-terminus or alternatively at the C-terminus of said

antigen. In alternative embodiments, the biotinylation is site-specific biotinylation.

[0020] A further aspect of the invention relates to an isolated nucleic acid encoding a

recombinant HCV antigen of the present invention. In addition the invention further

comprises an expression vector comprising such an isolated nucleic acid. Additionally,

the invention comprises a host cell transformed or transfected with such an expression

vector, for examples the host cell may be an E. coli cell.

[0021] The invention further is related to an immunodiagnostic reagent, one or more of

them comprising the recombinant HCV antigens of the present invention. In some



embodiments, the immunodiagnostic reagent may further comprise a solid support. For

example, the solid support may be a microparticle and the recombinant antigen is

coated on said microparticle.

[0022] In additional embodiments, the recombinant antigen may be detectably labeled

with, but not limited to, a colorimetric, chemiluminescent or fluorescent label.

[0023] Any one or more of the antigens of the present invention may be provided in a

kit comprising an immunodiagnostic reagent and further comprising an additional

isolated HCV antigen comprising an epitope that is immunoreactive with an anti-HCV

antibody. In exemplary embodiments, the additional HCV antigen is an HCV core

antigen. In specific embodiments, kits comprise a recombinant HCV NS3 antigen of the

invention and an additional HCV antigen co-coated on the same solid phase. In other

embodiments, the recombinant HCV NS3 antigen of the invention and the core antigen

are coated on the separate solid phases.

[0024] Kits of the invention preferably further comprise antibodies for detection of

human antibodies. Additionally, kits may further comprise anti-HCV antibodies,

optionally comprising a detectable label.

[0025] Also contemplated by the present invention is an immunoassay method of

determining the presence of anti-HCV antibodies in a test sample, comprising

contacting said test sample with an immunodiagnostic agent of the invention under

conditions to allow a complex to form between said recombinant HCV NS3 antigen and

said anti-HCV antibodies in said test sample, and detecting the presence of said

complex, wherein presence of said complex is indicative of anti-HCV antibodies in said

test sample. In preferred embodiments, the detection of the complex formation is

detected by determining binding of labeled (for example, fluorescently labeled) anti-

human antibodies to the complex. In specific embodiments the fluorescent label

preferably is acridinium.

[0026] In preferred embodiments, the recombinant HCV NS3 antigen is coated on

microparticles.



[0027] In the immunoassays of the invention, the method may further comprise

assaying the test sample to determine the presence of antibodies against HCV core

antigen. In the immunoassays of the invention, the antigens of the present invention as

well as additional antigens, such as e.g., core antigens are co-coated onto the same

microparticle or alternatively such antigens may be coated on separate microparticles.

[0028] Any of the immunoassays of the invention may be used on test samples

wherein the test sample is obtained from a patient and the method further comprises

diagnosing, prognosticating, or assessing the efficacy of a therapeutic/prophylactic

treatment of the patient, wherein, if the method further comprises assessing the efficacy

of a therapeutic/prophylactic treatment of the patient, the method optionally further

comprises modifying the therapeutic/prophylactic treatment of the patient as needed to

improve efficacy.

[0029] Any of the immunoassays employing the antigens of the invention may readily

be adapted for use in an automated system or a semi-automated system.

[0030] In preferred embodiments, the present invention also relates to recombinant

HCV NS3 antigen comprising a NS3 helicase sequence that comprises each of

Domains I , I I and III of said helicase, wherein said antigen has increased

immunoreactivity against HCV antibodies from serum as compared to C33 antigen,

wherein said recombinant HCV NS3 antigen comprises increased redox stability as

compared to the redox stability of wild-type NS3 helicase.

[0031] In yet another embodiment a preferred antigen is a recombinant HCV NS3

antigen comprising a NS3 helicase sequence that comprises each of Domains I and I I

of said helicase, wherein said antigen has increased immunoreactivity against HCV

antibodies from serum as compared to C33 antigen, and wherein said recombinant

HCV NS3 antigen comprises increased redox stability as compared to the redox stability

of wild-type NS3 helicase.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

[0032] Figure 1 shows the position of HCV NS3 recombinant antigens of the present

invention.



DETAILED DESCRIPTION OF THE INVENTION

[0033] As discussed above, there is a need to produce additional reagents for

sensitive serological assays that may be used for the detecting HCV infection of a

sample. The present invention describes recombinant antigens comprised of sequences

encoded by the helicase of HCV1 NS3 and methods for expression in E. coli in soluble

form. The antigens contain polyhistidine tags at their C-termini to facilitate purification

via immobilized affinity metal chromatography.

[0034] In particular embodiments, the present invention creates specific mutants of

HCV1 NS3 that possess amino acid sequences at either the N-terminus or the C-

terminus that are targets for covalent attachment of biotin via an enzymatic process.

The in vivo biotinylation of these tags occurs inside the cell wherein a biotin ligase

enzyme is coexpressed and biotin is added to the culture medium. In this manner the

antigens of the invention may be bound to a solid support, precipitated or otherwise

monitored through the use of an avidin (or streptavidin, neutravidin, anti-biotin antibody

or biotin-binding fragment thereof, or any biotin capture moeity) interaction with the

biotin.

[0035] In additional embodiments, mutants of the NS3 gene were created in which the

cysteine codons were replaced by serine codons either singly or in combination. The

creation of cysteine-serine mutants allows for resistance of the antigen to oxidation

thereby preserving epitope presentation and hence immunoreactivity.

[0036] In addition, at least one of these Cys-to-Ser mutations and other mutants are

created that disrupt the ability of full length helicase enzyme (HCV amino acid 1207-

1657) to bind nucleotide triphosphates (e.g. ATP) thereby maintaining the protein in an

open or extended conformation (see Gu & Rice, PNAS, 201 0 , 107:521 -528 and

references therein); some of these mutants demonstrate enhanced immunoreactivity as

compared to the wild type full length helicase. Without being bound to a particular

theory or mechanism of action, it is possible that by solvent exposure which produces

the extended conformation of the helicase yields a more immunoreactive protein.

Hence, by modification of the cysteine residues to serine residues or via other

mutations, the helicase may be produced in the more immunoreactive extended



conformation which better presents the epitopes for binding to the antibodies within the

sample being assayed.

[0037] In addition, the present invention contemplates an additional series of mutants

that comprise short amino acid tag sequences containing one or more cysteine residues

added to the C-terminus of the full-length helicase protein. An addition of at least one

such additional cysteine residue at the C-terminal end of the antigen allows for

conjugation of signal-generating moieties in a site-specific or site-preferential fashion. It

has been found that surprisingly, the addition of amino acid tag sequences that

comprise two cysteine residues results in enhanced post-purification stability of the

recombinant antigen. The antigen produced with such additional cysteine residues is

advantageously a protein that is essentially monomeric and possesses thiols for

subsequent conjugation to a signal generating moiety. In this manner, the antigens can

be directly labeled with the signal generating moiety, using well known techniques, such

as maleimide chemistry. The additional sites for signal-generating moieties created by

the presence of the extra accessible cysteine residues allow an increased signal to be

generated from the antigen. Moreover, the inclusion of these highly solvent exposed

cysteine-containing sequence tags at the C-terminus of the the helicase allows for site-

specific labeling thereby avoiding labeling at other sites that may possess critical

epitopes which could be rendered immunologically inert by the non-specific labeling.

The particularly preferred tags that include a His-tag for use in introduction of the two

additional cysteine residues are: GSGSGHHHHHHHHGGCSGGARSGC ;

GSGSGHHHHHHHHDECHSTDRSGC; and GSGCGHHHHHHHHGGCSGGA.

[0038] It is noted that purified recombinant proteins for use as antigens in the present

invention are labeled with acridinium or via acridinylated-BSA using a heterobifunctional

linker containing a maleimide and NHS active groups. In order to achieve high

conjugation reaction efficiency, the purified NS3 antigen proteins must be chemically

reduced and desalted prior to conjugation. In size exclusion chromatography studies it

was seen that the compositions of the invention having the additional cysteine residues

at the C-terminus have a low degree of aggregation (or multimerization) as compared to

HCV NS3h constructs possessing a single cysteine in the C-terminal tag. This absence

of oligomers (multimers or aggregates) is advantageous for maximum sensitivity (no



masked epitopes) and specificity (lesser nonspecific binding) and stability (no time-

dependent multimerization, oligomerization, aggregation). Without being bound to a

particular theory or mechanism of action, it is possible that the introduction of the

terminal thiols of the cysteine side chains within the C-terminal tag allow for formation of

an intrachain disulfide bond thereby protecting each thiol from oxidation (i.e. reaction

with molecular oxygen). This disulfide bond is readily reduced prior to oxidation, thereby

rendering the thiols available for labeling using for example direct leabeling techniques

such as maleimide chemistry.

[0039] Unlike all previous assays describing the use of NS3-based antigens, the NS3

antigens described herein are site-specifically biotin labeled, soluble, and monomeric

and exhibit reduced oxidation sensitivity yet retains sufficient immunoreactivity to be

used in antibody detection assays. Furthermore, the present invention comprises the

entire helicase protein region encoded by the C-terminal portion of NS3. This is the first

demonstration of the use of the full-length soluble helicase protein for antibody detection

for improved seroconversion sensitivity. These NS3 antigens described herein and their

soluble expression and purification in the absence of chaotropes or detergents allows

for efficient and well controlled conjugation. These antigens are then amenable for use

in highly potent (i.e. sensitive) immunoassays for detection of antibodies directed to

HCV NS3 helicase by using the full length helicase protein as described below.

[0040] The expressed antigens were purified in a two-step process using IMAC and

ion exchange chromatography. Due to the soluble expression of the majority of the

NS3 proteins and mutants, denaturing conditions (e.g. use of urea, SDS or the like)

were not required. In addition, it was discovered that immunoreactivity of the antigens

containing cysteine residues could be preserved by inclusion of divalent cation chelator

(EDTA or DTPA) during purification and storage of the protein.. Without being bound to

a particular theory or mechanism of action, it is demonstrated that the antigens of the

present invention are more readily detected (i.e., are more immunoreactive) by

antibodies in the test sample than the C33 antigen. It is believed that this increased

immunoreactivity of the antigens of the present invention is due to their solubility and/or

to their modifications/mutations herein. For example, the mutations of the present

invention produce one or more of the following characteristics in the antigens which



render the antigens more immunoreactive: (a) presence of cysteine to serine mutations

in the helicase domain allows resistance of the antigen to oxidation thereby preserving

epitope presentation and hence immunoreactivity; (b) addition of domains to expand the

inventory of epitopes; and (c) enhancement of existing epitope recognition. Mutation of

other cysteine residues that are not specific for immunoreactivity helps restrict site-

specific modification of the protein via chemical conjugation using maleimide reagents.

[0041] Definitions

[0042] The present invention provides reagents for the detection of anti-HCV

antibodies in a test sample. Throughout the specification certain terms are frequently

used and as such the following section provides additional definitions of those terms.

The term "antibody" (Ab) and "antibodies" (Abs) refer to monoclonal antibodies (mAb

(singular) or mAbs (plural)), polyclonal antibodies (pAbs (plural)), multispecific

antibodies, human antibodies, humanized antibodies (fully or partially humanized; a

polypeptide comprising a modified variable region of a human antibody wherein a

portion of the variable region has been substituted by the corresponding sequence from

a non-human sequence and wherein the modified variable region is linked to at least

part of the constant region of a human antibody), animal antibodies (such as, but not

limited to, a bird (for example, a duck or a goose), a shark, a whale, and a mammal,

including a non-primate (for example, a cow, a pig, a camel, a llama, a horse, a goat, a

rabbit, a sheep, a hamster, a guinea pig, a cat, a dog, a rat, a mouse, etc.) or a non-

human primate (for example, a monkey, a chimpanzee, etc.), recombinant antibodies,

chimeric antibodies (cAb; a polypeptide comprising all or a part of the heavy and light

chain variable regions of an antibody from one host species linked to at least part of the

antibody constant regions from another host species), single chain antibodies, single

domain antibodies, Fab fragments, F(ab') fragments, Fab'-SH fragments, F(ab')2

fragments, Fd fragments, Fv fragments, single-chain Fv fragments ("scFv"), disulfide-

linked Fv fragments ("sdFv"), dAb fragments, diabodies, an isolated complementarity

determining region (CDR), and anti-idiotypic ("anti-Id") antibodies, bifunctional or dual-

domain antibodies (e.g., dual variable domain antibodies, or DVD-lgGs), and

functionally active, epitope-binding fragments (or antigenically reactive fragments) of

any of the above. In particular, antibodies include immunoglobulin molecules and



immunologically active (or antigenically reactive) fragments of immunoglobulin

molecules, namely, molecules that contain an analyte-binding site as further described

in (n) herein, and variants as further described in (ac) herein Immunoglobulin molecules

can be of any type (for example, IgG, IgE, IgM, IgD, IgA and IgY), class (for example,

lgG1 , lgG2, lgG3, lgG4, lgA1 and lgA2), or subclass. An antibody, whose affinity

(namely, KD, kd or ka) has been increased or improved via the screening of a

combinatory antibody library that has been prepared using bio-display, is referred to as

an "affinity maturated antibody." For simplicity sake, an antibody against an analyte is

frequently referred to herein as being either an "anti-analyte antibody" or merely an

"analyte antibody" (e.g., an anti-HCV antibody or an HCV antibody). A variant of an

antibody is as described in (x) herein.

[0043] In the present invention the assay "component," "components," and "at least

one component," refer generally to a capture antibody, a detection or conjugate

antibody, a control, a calibrator, a series of calibrators, a sensitivity panel, a container, a

buffer, a diluent, a salt, an enzyme, a co-factor for an enzyme, a detection reagent, a

pretreatment reagent/solution, a substrate (e.g., as a solution), a stop solution, and the

like that can be included in a kit for assay of a test sample, such as a patient urine,

serum or plasma sample, in accordance with the methods described herein and other

methods known in the art. Thus, in the context of the present disclosure, "at least one

component," "component," and "components" can include a polypeptide as described

herein, which is optionally immobilized on a solid support. Some components can be in

solution or lyophilized for reconstitution for use in an assay.

[0044] In conducting the assays of the present invention, it may be useful to use a

control. "Control" refers to a composition known to not contain anti-HCV antibody

("negative control") or to contain anti-HCV antibody ("positive control"). A positive

control can comprise a known concentration of anti-HCV antibody. "Control," "positive

control," and "calibrator" may be used interchangeably herein to refer to a composition

comprising a known concentration of anti-HCV antibody. A "positive control" can be

used to establish assay performance characteristics and is a useful indicator of the

integrity of reagents (e.g., analytes).



[0045] The NS3 antigens of the present invention are useful in serological assays for

the detection of anti-HCV antibodies in a test sample because such antibodies

recognize epitopes contained within the NS3 antigens of the present invention.

"Epitope," "epitopes" and "epitopes of interest" refer to a site(s) on any molecule (in this

case the NS3 antigens described herein) that is recognized and can bind to a

complementary site on a specific binding partner, such as an antibody or antigenically

reactive fragment thereof. An epitope consists of the precise amino acid residues of a

region of an antigen (or fragment thereof) known to bind to the complementary site on

the specific binding partner. An antigenic fragment can contain more than one epitope.

[0046] In the assays that are described herein, one or other component of the assay

may comprise a detectable label. The terms "label" and "detectable label" mean a

moiety attached to a specific binding partner, such as an antibody or an analyte, to

render the reaction between members of a specific binding pair, such as an antibody

and an analyte, detectable, and the specific binding partner, e.g., antibody or analyte,

so labeled is referred to as "detectably labeled." A label can produce a signal that is

detectable by visual or instrumental means. Various labels include signal-producing

substances, such as chromogens, fluorescent compounds, chemiluminescent

compounds, radioactive compounds, and the like. Representative examples of labels

include moieties that produce light, e.g., acridinium compounds, and moieties that

produce fluorescence, e.g., fluorescein. Other labels are described herein. In this

regard, the moiety itself may not be detectably labeled but may become detectable

upon reaction with yet another moiety. Use of "detectably labeled" is intended to

encompass the latter type of detectable labeling.

[0047] "Linking sequence" refers to a natural or artificial polypeptide sequence that is

connected to one or more polypeptide sequences of interest (e.g., full-length,

fragments, etc.). The term "connected" refers to the joining of the linking sequence to

the polypeptide sequence of interest. Such polypeptide sequences are preferably joined

by one or more peptide bonds. Linking sequences can have a length of from about 4 to

about 50 amino acids. Preferably, the length of the linking sequence is from about 6 to

about 30 amino acids. Natural linking sequences can be modified by amino acid

substitutions, additions, or deletions to create artificial linking sequences. Exemplary



linking sequences include, but are not limited to: (i) Histidine residues (His tags), such

as a 6xHis tag, which contains six histidine residues, are useful as linking sequences to

facilitate the isolation and purification of polypeptides and antibodies of interest (ii)

Enterokinase cleavage sites, like His tags, are used in the isolation and purification of

proteins and antibodies of interest. Often, enterokinase cleavage sites are used

together with His tags in the isolation and purification of proteins and antibodies of

interest. Various enterokinase cleavage sites are known in the art. (iii) Miscellaneous

sequences can be used to link or connect the light and/or heavy chain variable regions

of single chain variable region fragments. Examples of other linking sequences can be

found in Bird et al., Science 242: 423-426 ( 1988); Huston et al., PNAS USA 85: 5879-

5883 ( 1 988); and McCafferty et al., Nature 348: 552-554 ( 1 990). Linking sequences

also can be modified for additional functions, such as attachment of drugs or attachment

to solid supports. In the context of the present disclosure, an mAb, for example, can

contain a linking sequence, such as a His tag, an enterokinase cleavage site, or both.

[0048] "Patient" and "subject" may be used interchangeably herein to refer to an

animal, such as a bird (e.g., a duck or a goose), a shark, a whale, and a mammal,

including a non-primate (for example, a cow, a pig, a camel, a llama, a horse, a goat, a

rabbit, a sheep, a hamster, a guinea pig, a cat, a dog, a rat, and a mouse) and a

primate (for example, a monkey, a chimpanzee, and a human). Preferably, the patient

or subject is a human, such as a human at risk for HCV infection or a human infected

with HCV.

[0049] In analysis of the results of the immunoassays described herein it may be

useful to include certain levels of detection as cutoff levels. "Predetermined cutoff" and

"predetermined level" refer generally to an assay cutoff value that is used to assess

diagnostic/prognostic/therapeutic efficacy results by comparing the assay results

against the predetermined cutoff/level, where the predetermined cutoff/level already has

been linked or associated with various clinical parameters (e.g., severity of disease,

progression/nonprogression/improvement, etc.). While the present disclosure may

provide exemplary predetermined levels, it is well-known that cutoff values may vary

depending on the nature of the immunoassay (e.g., antibodies employed, etc.). It further

is well within the ordinary skill of one in the art to adapt the disclosure herein for other



immunoassays to obtain immunoassay-specific cutoff values for those other

immunoassays based on this disclosure. Whereas the precise value of the

predetermined cutoff/level may vary between assays, the correlations as described

herein should be generally applicable.

[0050] As described below, it may be desirable in some embodiments of the invention

to provide a pretreatment of the test sample. "Pretreatment reagent," e.g., lysis,

precipitation and/or solubilization reagent, as used in a diagnostic assay as described

herein is one that lyses any cells and/or solubilizes any analyte that is/are present in a

test sample. Pretreatment is not necessary for all samples, as described further herein.

Among other things, solubilizing the analyte (i.e., anti-HCV antibody) entails release of

the analyte from any endogenous binding proteins present in the sample. A

pretreatment reagent may be homogeneous (not requiring a separation step) or

heterogeneous (requiring a separation step). With use of a heterogeneous pretreatment

reagent there is removal of any precipitated analyte binding proteins from the test

sample prior to proceeding to the next step of the assay. The pretreatment reagent

optionally can comprise: (a) one or more solvents and salt, (b) one or more solvents,

salt and detergent, (c) detergent, (d) detergent and salt, or (e) any reagent or

combination of reagents appropriate for cell lysis and/or solubilization of analyte.

[0051] The assays also may be subject to rigorous quality control. "Quality control

reagents" in the context of immunoassays and kits described herein, include, but are not

limited to, calibrators, controls, and sensitivity panels. A "calibrator" or "standard"

typically is used (e.g., one or more, such as a plurality) in order to establish calibration

(standard) curves for interpolation of the concentration of an analyte, such as an

antibody or an analyte. Alternatively, a single calibrator, which is near a predetermined

positive/negative cutoff, can be used. Multiple calibrators (i.e., more than one calibrator

or a varying amount of calibrator(s)) can be used in conjunction so as to comprise a

"sensitivity panel."

[0052] The terms "sample," "test sample," and "patient sample" may be used

interchangeably herein. The sample, such as a sample of urine, serum, plasma,

amniotic fluid, cerebrospinal fluid, placental cells or tissue, endothelial cells, leukocytes,



or monocytes, can be used directly as obtained from a patient or can be pre-treated,

such as by filtration, distillation, extraction, concentration, centrifugation, inactivation of

interfering components, addition of reagents, and the like, to modify the character of the

sample in some manner as discussed herein or otherwise as is known in the art.

Preferably, the sample is urine, serum or plasma.

[0053] In some assays, it may be desirable to provide calibration of the assay. "Series

of calibrating compositions" refers to a plurality of compositions comprising a known

concentration of anti-HCV antibody, wherein each of the compositions differs from the

other compositions in the series by the concentration of anti-HCV antibody.

[0054] Throughout the present specification, it is noted that the NS3 antigens and/or

other reagents may be bound to a solid support or solid phase, both of which terms are

used interchangeably. The term "solid phase" refers to any material that is insoluble, or

can be made insoluble by a subsequent reaction. The solid phase can be chosen for its

intrinsic ability to attract and immobilize a capture agent. Alternatively, the solid phase

can have affixed thereto a linking agent that has the ability to attract and immobilize the

capture agent. The linking agent can, for example, include a charged substance that is

oppositely charged with respect to the capture agent itself or to a charged substance

conjugated to the capture agent. In general, the linking agent can be any binding

partner (preferably specific) that is immobilized on (attached to) the solid phase and that

has the ability to immobilize the capture agent through a binding reaction. The linking

agent enables the indirect binding of the capture agent to a solid phase material before

the performance of the assay or during the performance of the assay. The solid phase

can, for example, be plastic, derivatized plastic, magnetic or non-magnetic metal, glass

or silicon, including, for example, a test tube, microtiter well, sheet, bead, microparticle,

chip, and other configurations known to those of ordinary skill in the art.

[0055] In certain descriptions of the assays described herein it may be useful to refer

to either the NS3 antigen or the HCV antibody as a specific binding partner. "Specific

binding partner" is a member of a specific binding pair. A specific binding pair comprises

two different molecules, which specifically bind to each other through chemical or

physical means. Therefore, in addition to antigen and antibody specific binding pairs of



common immunoassays, other specific binding pairs can include biotin and avidin (or

streptavidin), carbohydrates and lectins, complementary nucleotide sequences, effector

and receptor molecules, cofactors and enzymes, enzyme inhibitors and enzymes, and

the like. Furthermore, specific binding pairs can include members that are analogs of

the original specific binding members, for example, an analyte-analog. Immunoreactive

specific binding members include antigens, antigen fragments, and antibodies, including

monoclonal and polyclonal antibodies as well as complexes, fragments, and variants

(including fragments of variants) thereof, whether isolated or recombinantly produced.

The term "specific" and "specificity" in the context of an interaction between members of

a specific binding pair (e.g., an antigen (or fragment thereof) and an antibody (or

antigenically reactive fragment thereof)) refer to the selective reactivity of the

interaction. The phrase "specifically binds to" and analogous phrases refer to the ability

of antibodies (or antigenically reactive fragments thereof) to bind specifically to a given

antigen (or a fragment thereof) and not bind specifically to other entities.

[0056] Antigens of the Present Invention

[0057] The HCV NS3 protein and mutants thereof to be described herein refers

principally to two main proteins, the first corresponds to amino acids 1192-1 457 per the

HCV polyprotein numbering of P26664 (Genbank, reproduced herein as SEQ ID NO:88;

Choo et al., PNAS 1991 ;) also known as C33 (as described originally by Chiron) or as

"9NB49H". The second main NS3 protein corresponds to amino acids 1192-1 657 also

known as NS3 helicase or "NS3h".

[0058] The C33 antigen has previously been used in commercial immunoassays.

However, it has been recognized that the C33 antigen is thermally instable. This

thermal instability is thought to be due to the fact that the C33 antigen undergoes

protein degradation, aggregation (in solution and/or on the beads) and conformational

changes or combinations of all three. Hence, C33 is not adequate as an antigen for

immunoassays designed to determine the presence of NS3-binding antibodies in a test

sample. The antigens of the present invention have an increased stability and

immunoreactivity to antibodies in a test sample as compared to C33, and hence

produce a more sensitive assay.



[0059] Variants of the C33 and the NS3 helicase proteins were created in which the N-

termini or C-termini sequences were modified. In some embodiments, antigens were

created that included cysteine to serine mutations. These mutations allowed for

increased resistance of the antigen to oxidation thereby preserving epitope presentation

and hence immunoreactivity. Furthermore, at least some of the cysteine to serine

substituted mutants, and other non-cysteine mutants, disrupt the ability of full length

helicase enzyme (HCV aa1 192-1 657) to bind nucleotide triphosphates (e.g. ATP). This

maintains the protein in an open or extended conformation (see Gu & Rice, PNAS,

201 0 , 107:521 -528 and references therein) and is shown in the present invention to

produce enhanced immunoreactivity.

[0060] Additionally, the antigens of the invention were further modified to encode

biotinylation tags (bt) at either the carboxy or the amino terminus. These tags were

designated as "Cbt" or "Nbt" wherein the tags are located at the C-terminus or N-

terminus respectively. For production purposes, the recombinant proteins were

expressed in E. coli BL2L(DE3) cells via an IPTG induction system at 25 °C. In situ

biotinylation at the Cbt or Nbt tags is accomplished by co-transformation of the

BL21 (DE3) cells with the HCV NS3 expression plasmid and a second plasmid

containing the BirA gene which encodes the biotin ligase enzyme from E. coli (Weiss et

al. ( 1 994) Protein Expression & Purif, 14:751 -755; Schatz et al. ( 1 993) Biotechnology,

11 : 1 138-1 143). Final purification of the NS3 proteins is performed in the presence of

divalent cation chelators that are shown to prevent metal-catalyzed oxidation and

aggregation of the protein. Protein stability is significantly improved when EDTA or

related divalent cation chelator is added to the buffers used during purification and to

the final storage buffer or buffers used in the immunoassay.

[0061] The biotinylation is one method used for the capture of molecules of interest in

the assays of the present invention. As noted herein throughout the methods of the

invention typically are immunoassay methods. In exemplary embodiments, such

methods include methods for isolating a molecule of interest (such as for example a

specific antibody that is present in a test sample, or a specific antigen that may be

present in the test sample). In order to facilitate such isolation, the molecule of interest

comprises or is attracted to a purification tag that contacts a tag binding partner. The



association of the purification tag and the tag binding partner thus may be used to

separate the molecule of interest from a mixture of molecules. Purification tags can

comprise moieties with the same or similar structures. In certain embodiments, the

tagging moiety of an affinity tag can be associated with a functional tag directly by a

single bond or via a linkage of stable chemical bonds, in linear, branched or cyclic

arrangements, optionally including single, double, triple bond, aromatic carbon-carbon

bonds, as well as carbon-nitrogen bonds, nitrogen-nitrogen bonds, carbon-oxygen

bonds, carbon-sulfur bonds, phosphorus-oxygen bonds, phosphorus-nitrogen bonds,

and any combination thereof. In certain embodiments, the association between the

tagging moiety and functional tag comprises ether, thioether, carboxamide,

sulfonamide, urea or urethane moieties. In preferred embodiments, the linkage

comprises a polyalkylene chain, i.e., a linear or branched arrangement of carbon-carbon

bonds. In other embodiments, the linkage comprises a polyalkylene oxide chain,

including a polyethylene glycol moiety. Examples, of affinity tags include, but are not

limited to, biotin, digoxigenin (Dig), dinitrophenol (DNP), zinc fingers, fluorinated

polymers, and polypeptide sequences such as polyhistidine motifs.

[0062] The affinity tags are in some embodiments advantageously used to isolate the

molecule of interest by relying on the binding or attraction of the affinity tag and a

functional group that is attracted to or binds the affinity tag. In some embodiments, solid

substrates having an affinity for the tag in that the solid substrate is derivatized with the

tag binding partner. In some embodiments, the binding partner may be immobilized on

an affinity substrate. The term "affinity substrate" can refer to an immobile matrix or

support bound to a binding partner that is capable of forming a strong and preferably

reversible interaction with the purification tag of a molecule. An affinity substrate can

include a resin, a bead, a particle, a membrane, a gel. The binding partner recognizes

or binds to the purification tag specifically. Specific binding partners will depend on the

affinity tag, but include charged moieties and one member of a binding pair such as

receptor-ligand, antibody-antigen, carbohydrate-lectin, and biotin-streptavidin (or avidin,

neutravidin or an anti-biotin antibody).

[0063] The following Table 1 shows exemplary modified NS3h antigens of the present

invention:



[0064] Table 1:

Antigen Antigen Sequence

designat

K21 0N avdfipven lettmrspvf dnssppvvp qsfqvahlha ptgsgNstkv

paayaaqgyk vlvlnpsvaa tlgfgaymsk ahgidpnirt

gvrtittgsp itystygkfl adggcsggay diiicdechs

tdatsilgig tvldqaetag arlvvlatat ppgsvtvphp

nieevalstt geipfygkai plevikggrh lifchskkkc

delaaklval ginavayyrg ldvsviptsg dvvvvatdal

mtgytgdfds vidcntcvtq tvdfsldptf tietitlpqd

avsrtqrrgr tgrgkpgiyr fvapgerpsg mfdssvlcec

ydagcawyel tpaettvrlr aymntpglpv cqdhlefweg

vftglthida hflsqtkqsg enlpylvayq atvcaraqap

ppswdqmwkc lirlkptlhg ptpllyrlga vqneitlthp

vtkyimtcms adlevvt

B S21 1A avdfipven lettmrspvf dnssppvvp qsfqvahlha ptgsgkAtkv

paayaaqgyk vlvlnpsvaa tlgfgaymsk ahgidpnirt

gvrtittgsp itystygkfl adggcsggay diiicdechs

tdatsilgig tvldqaetag arlvvlatat ppgsvtvphp

nieevalstt geipfygkai plevikggrh lifchskkkc

delaaklval ginavayyrg ldvsviptsg dvvvvatdal

mtgytgdfds vidcntcvtq tvdfsldptf tietitlpqd

avsrtqrrgr tgrgkpgiyr fvapgerpsg mfdssvlcec

ydagcawyel tpaettvrlr aymntpglpv cqdhlefweg

vftglthida hflsqtkqsg enlpylvayq atvcaraqap

ppswdqmwkc lirlkptlhg ptpllyrlga vqneitlthp

vtkyimtcms adlevvt

T21 2E avdfipven lettmrspvf dnssppvvp qsfqvahlha ptgsgksEkv

paayaaqgyk vlvlnpsvaa tlgfgaymsk ahgidpnirt

gvrtittgsp itystygkfl adggcsggay diiicdechs

tdatsilgig tvldqaetag arlvvlatat ppgsvtvphp

nieevalstt geipfygkai plevikggrh lifchskkkc

delaaklval ginavayyrg ldvsviptsg dvvvvatdal

mtgytgdfds vidcntcvtq tvdfsldptf tietitlpqd

avsrtqrrgr tgrgkpgiyr fvapgerpsg mfdssvlcec

ydagcawyel tpaettvrlr aymntpglpv cqdhlefweg

vftglthida hflsqtkqsg enlpylvayq atvcaraqap

ppswdqmwkc lirlkptlhg ptpllyrlga vqneitlthp

vtkyimtcms adlevvt

Y241S avdfipven lettmrspvf tdnssppvvp qsfqvahlha ptgsgkstkv

paayaaqgyk vlvlnpsvaa tlgfgaSmsk ahgidpnirt



gvrtittgsp itystygkf 1 adggcsggay diiicdechs

tdatsilgig tvldqaetag arlvvlatat ppgsvtvphp

nieevalstt geipfygkai plevikggrh . lifchskkkc

delaaklval ginavayyrg ldvsviptsg dvvvvatdal

mtgytgdf ds vidcntcvtq tvdfsldptf tietitlpqd

avsrtqrrgr tgrgkpgiyr fvapgerpsg mfdssvlcec

ydagcawyel tpaettvr lr aymntpglpv cqdhlef weg

vftglthida hflsqtkqsg enlpylvayq atvcaraqap

ppswdqmwkc lirlkptlhg ptpllyrlga vqneitlthp

vtkyimtcms adlevvt

D290N avdfipven lettmrspvf dnssppvvp qsfqvahlha ptgsgkstkv

paayaaqgyk vlvlnpsvaa tlgfgaymsk ahgidpnirt

gvrtittgsp itystygkfl adggcsggay diiiciVechs

tdatsilgig tvldqaetag arlvvlatat ppgsvtvphp

nieevalstt geipfygkai plevikggrh lifchskkkc

delaaklval ginavayyrg ldvsviptsg dvvvvatdal

mtgytgdfds vidcntcvtq tvdfsldptf tietitlpqd

avsrtqrrgr tgrgkpgiyr fvapgerpsg mfdssvlcec

ydagcawyel tpaettvrlr aymntpglpv cqdhlefweg

vftglthida hflsqtkqsg enlpylvayq atvcaraqap

ppswdqmwkc lirlkptlhg ptpllyrlga vqneitlthp

vtkyimtcms adlevvt

E291Q avdfipven lettmrspvf tdnssppvvp qsfqvahlha ptgsgkstkv

paayaaqgyk vlvlnpsvaa tlgfgaymsk ahgidpnirt

gvrtittgsp itystygkfl adggcsggay diiicdQgchs

tdatsilgig tvldqaetag arlvvlatat ppgsvtvphp

nieevalstt geipfygkai plevikggrh lifchskkkc

delaaklval ginavayyrg ldvsviptsg dvvvvatdal

mtgytgdfds vidcntcvtq tvdfsldptf tietitlpqd

avsrtqrrgr tgrgkpgiyr fvapgerpsg mfdssvlcec

ydagcawyel tpaettvrlr aymntpglpv cqdhlefweg

vftglthida hflsqtkqsg enlpylvayq atvcaraqap

ppswdqmwkc lirlkptlhg ptpllyrlga vqneitlthp

vtkyimtcms adlevvt

H293A avdfipven lettmrspvf tdnssppvvp qsfqvahlha ptgsgkstkv

paayaaqgyk vlvlnpsvaa tlgfgaymsk ahgidpnirt

gvrtittgsp itystygkfl adggcsggay diiicdecAs

tdatsilgig tvldqaetag arlvvlatat ppgsvtvphp

nieevalstt geipfygkai plevikggrh lifchskkkc

delaaklval ginavayyrg ldvsviptsg dvvvvatdal

mtgytgdfds vidcntcvtq tvdfsldptf tietitlpqd



avsrtqrrgr tgrgkpgiyr fvapgerpsg mfdssvlcec

ydagcawyel tpaettvrlr aymntpglpv cqdhlefweg

vftglthida hflsqtkqsg enlpylvayq atvcaraqap

ppswdqmwkc lirlkptlhg ptpllyrlga vqneitlthp

vtkyimtcms adlevvt

T41 9G I avdfipven lettmrspvf tdnssppvvp qsfqvahlha ptgsgkstkv

paayaaqgyk vlvlnpsvaa tlgfgaymsk ahgidpnirt

gvrtittgsp itystygkfl adggcsggay diiicdechs

tdatsilgig tvldqaetag arlvvlatat ppgsvtvphp

nieevalstt geipfygkai plevikggrh lifchskkkc

delaaklval ginavayyrg ldvsviptsg dvvvvatdal

mtgyGgdfds vidcntcvtq tvdfsldptf tietitlpqd

avsrtqrrgr tgrgkpgiyr fvapgerpsg mfdssvlcec

ydagcawyel tpaettvrlr aymntpglpv cqdhlefweg

vftglthida hflsqtkqsg enlpylvayq atvcaraqap

ppswdqmwkc lirlkptlhg ptpllyrlga vqneitlthp

vtkyimtcms adlevvt

Q460H Iavdfipven lettmrspvf tdnssppvvp qsfqvahlha ptgsgkstkv

paayaaqgyk vlvlnpsvaa tlgfgaymsk ahgidpnirt

gvrtittgsp itystygkfl adggcsggay diiicdechs

tdatsilgig tvldqaetag arlvvlatat ppgsvtvphp

nieevalstt geipfygkai plevikggrh lifchskkkc

delaaklval ginavayyrg ldvsviptsg dvvvvatdal

mtgytgdfds vidcntcvtq tvdfsldptf tietitlpqd

avsrtHrrgr tgrgkpgiyr fvapgerpsg mfdssvlcec

ydagcawyel tpaettvrlr aymntpglpv cqdhlefweg

vftglthida hflsqtkqsg enlpylvayq atvcaraqap

ppswdqmwkc lirlkptlhg ptpllyrlga vqneitlthp

vtkyimtcms adlevvt

R464A Iavdfipven lettmrspvf tdnssppvvp qsfqvahlha ptgsgkstkv

paayaaqgyk vlvlnpsvaa tlgfgaymsk ahgidpnirt

gvrtittgsp itystygkfl adggcsggay diiicdechs

tdatsilgig tvldqaetag arlvvlatat ppgsvtvphp

nieevalstt geipfygkai plevikggrh lifchskkkc

delaaklval ginavayyrg ldvsviptsg dvvvvatdal

mtgytgdfds vidcntcvtq tvdfsldptf tietitlpqd

avsrtqrrgA tgrgkpgiyr fvapgerpsg mfdssvlcec

ydagcawyel tpaettvrlr aymntpglpv cqdhlefweg

vftglthida hflsqtkqsg enlpylvayq atvcaraqap

ppswdqmwkc lirlkptlhg ptpllyrlga vqneitlthp

vtkyimtcms adlevvt



κ R467K avdfipven lettmrspvf tdnssppvvp qsfqvahlha ptgsgkstkv

paayaaqgyk vlvlnpsvaa tlgfgaymsk ahgidpnirt

gvrtittgsp itystygkfl adggcsggay diiicdechs

tdatsilgig tvldqaetag arlvvlatat ppgsvtvphp

nieevalstt geipfygkai plevikggrh lifchskkkc

delaaklval ginavayyrg ldvsviptsg dvvvvatdal

mtgytgdfds vidcntcvtq tvdfsldptf tietitlpqd

avsrtqrrgr tgKgkpgiyr fvapgerpsg mfdssvlcec

ydagcawyel tpaettvrlr aymntpglpv cqdhlefweg

vftglthida hflsqtkqsg enlpylvayq atvcaraqap

ppswdqmwkc lirlkptlhg ptpllyrlga vqneitlthp

vtkyimtcms adlevvt

L W501A avdfipven lettmrspvf tdnssppvvp qsfqvahlha ptgsgkstkv

paayaaqgyk vlvlnpsvaa tlgfgaymsk ahgidpnirt

gvrtittgsp itystygkfl adggcsggay diiicdechs

tdatsilgig tvldqaetag arlvvlatat ppgsvtvphp

nieevalstt geipfygkai plevikggrh lifchskkkc

delaaklval ginavayyrg ldvsviptsg dvvvvatdal

mtgytgdfds vidcntcvtq tvdfsldptf tietitlpqd

avsrtqrrgr tgrgkpgiyr fvapgerpsg mfdssvlcec

ydagcaAyel tpaettvrlr aymntpglpv cqdhlefweg

vftglthida hflsqtkqsg enlpylvayq atvcaraqap

ppswdqmwkc lirlkptlhg ptpllyrlga vqneitlthp

vtkyimtcms adlevvt

M Any combination of two mutations selected from the group

consisting of K21 0N, S21 1A, T21 2E, Y241S, D290N, E291Q, H293A,

T41 9G, Q460H, R464A, R467K and W501 A

N Any combination of three mutations selected from the group

consisting of K21 0N, S21 1A, T21 2E, Y241S, D290N, E291Q, H293A,

T41 9G, Q460H, R464A, R467K and W501 A

0 Any combination of four mutations selected from the group

consisting of K21 0N, S21 1A, T21 2E, Y241S, D290N, E291Q, H293A,

T41 9G, Q460H, R464A, R467K and W501 A

P Any combination of five mutations selected from the group

consisting of K21 0N, S21 1A, T21 2E, Y241S, D290N, E291Q, H293A,

T41 9G, Q460H, R464A, R467K and W501 A

Q Any combination of six mutations selected from the group

consisting of K21 0N, S21 1A, T21 2E, Y241S, D290N, E291Q, H293A,

T41 9G, Q460H, R464A, R467K and W501 A

R Any combination of seven mutations selected from the group

consisting of K21 0N, S21 1A, T21 2E, Y241S, D290N, E291Q, H293A,



T41 9G, Q460H, R464A, R467K and W501 A

Any combination of eight mutations selected from the group

consisting of K21 0N, S21 1A, T21 2E, Y241S, D290N, E291Q, H293A,

T41 9G, Q460H, R464A, R467K and W501 A

Any combination of nine mutations selected from the group

consisting of K21 0N, S21 1A, T21 2E, Y241S, D290N, E291Q, H293A,

T41 9G, Q460H, R464A, R467K and W501 A

Any combination of ten mutations selected from the group

consisting of K21 0N, S21 1A, T21 2E, Y241S, D290N, E291Q, H293A,

T41 9G, Q460H, R464A, R467K and W501 A

Any combination of eleven mutations selected from the group

consisting of K21 0N, S21 1A, T21 2E, Y241S, D290N, E291Q, H293A,

T41 9G, Q460H, R464A, R467K and W501 A

Any combination of twelve mutations selected from the group

consisting of K21 0N, S21 1A, T21 2E, Y241S, D290N, E291Q, H293A,

T41 9G, Q460H, R464A, R467K and W501 A

avdfipven lettmrspvf tdnssppvvp qsfqvahlha ptgsgkstkv paayaaqgyk

vlvlnpsvaa tlgfgaymsk ahgidpnirt gvrtittgsp itystygkfl

adggcsggay diiicdechs tdatsilgig tvldqaetag arlvvlatat ppgsvtvphp

nieevalstt geipfygkai plevikggrh lifchskkkc delaaklval

ginavayyrg ldvsviptsg dvvvvatdal mtgytgdfds vidcntcvtq tvdfsldptf

tietitlpqd avsrtqrrgr tgrgkpgiyr fvapgerpsg mfdssvlcec ydagSawyel

tpaettvrlr aymntpglpv cqdhlefweg vftglthida hflsqtkqsg enlpylvayq

atvcaraqap ppswdqmwkc lirlkptlhg ptpllyrlga vqneitlthp vtkyimtcms

adlevvt

avdfipven lettmrspvf tdnssppvvp qsfqvahlha ptgsgkstkv paayaaqgyk

vlvlnpsvaa tlgfgaymsk ahgidpnirt gvrtittgsp itystygkfl

adggcsggay diiicdechs tdatsilgig tvldqaetag arlvvlatat ppgsvtvphp

nieevalstt geipfygkai plevikggrh lifchskkkc delaaklval

ginavayyrg ldvsviptsg dvvvvatdal mtgytgdfds vidcntcvtq tvdfsldptf

tietitlpqd avsrtqrrgr tgrgkpgiyr fvapgerpsg mfdssvlcec ydagcawyel

tpaettvrlr aymntpglpv Sqdhlefweg vftglthida hflsqtkqsg enlpylvayq

atvcaraqap ppswdqmwkc lirlkptlhg ptpllyrlga vqneitlthp vtkyimtcms

adlevvt

avdfipven lettmrspvf tdnssppvvp qsfqvahlha ptgsgkstkv paayaaqgyk

vlvlnpsvaa tlgfgaymsk ahgidpnirt gvrtittgsp itystygkfl

adggcsggay diiicdeShs tdatsilgig tvldqaetag arlvvlatat ppgsvtvphp

nieevalstt geipfygkai plevikggrh lifchskkkc delaaklval

ginavayyrg ldvsviptsg dvvvvatdal mtgytgdfds vidcntcvtq tvdfsldptf



tietitlpqd avsrtqrrgr tgrgkpgiyr fvapgerpsg mfdssvlcec ydagcawyel

tpaettvrlr aymntpglpv cqdhlefweg vftglthida hflsqtkqsg enlpylvayq

atvcaraqap ppswdqmwkc lirlkptlhg ptpllyrlga vqneitlthp vtkyimtcms

adlevvt

A l I avdfipven lettmrspvf tdnssppvvp qsfqvahlha ptgsgkstkv paayaaqgyk

vlvlnpsvaa tlgfgaymsk ahgidpnirt gvrtittgsp itystygkfl

adggcsggay diiicdechs tdatsilgig tvldqaetag arlvvlatat ppgsvtvphp

nieevalstt geipfygkai plevikggrh lifShskkkc delaaklval

ginavayyrg ldvsviptsg dvvvvatdal mtgytgdfds vidcntcvtq tvdfsldptf

tietitlpqd avsrtqrrgr tgrgkpgiyr fvapgerpsg mfdssvlcec ydagcawyel

tpaettvrlr aymntpglpv cqdhlefweg vftglthida hflsqtkqsg enlpylvayq

atvcaraqap ppswdqmwkc lirlkptlhg ptpllyrlga vqneitlthp vtkyimtcms

adlevvt

A2 I avdfipven lettmrspvf tdnssppvvp qsfqvahlha ptgsgkstkv paayaaqgyk

vlvlnpsvaa tlgfgaymsk ahgidpnirt gvrtittgsp itystygkfl

adggcsggay diiicdechs tdatsilgig tvldqaetag arlvvlatat ppgsvtvphp

nieevalstt geipfygkai plevikggrh lifchskkkS delaaklval

ginavayyrg ldvsviptsg dvvvvatdal mtgytgdfds vidcntcvtq tvdfsldptf

tietitlpqd avsrtqrrgr tgrgkpgiyr fvapgerpsg mfdssvlcec ydagcawyel

tpaettvrlr aymntpglpv cqdhlefweg vftglthida hflsqtkqsg enlpylvayq

atvcaraqap ppswdqmwkc lirlkptlhg ptpllyrlga vqneitlthp vtkyimtcms

adlevvt

A3 Any combination of mutations of any of A-W in combination with

one, two, three, four or five of the mutations shown in X , Y , Z ,

Al, and A2.

[0065] Production of HCV NS3 Antigens

[0066] The NS3 antigen molecules of the present invention are generally produced

recombinantly. The recombinant production of various HCV antigens has been

described. See, e.g., Houghton et al., U.S. Pat. No. 5,350,671 ; Chien et al., J.

Gastroent. Hepatol. ( 1 993) 8:S33-39; Chien et al., International Publication No. WO

93/00365; Chien, D. Y., International Publication No. WO 94/01 778. Given that the

present invention describes specific NS3 antigens for use in HCV detection assays and

given that techniques for recombinant production of HCV antigens are known to those

of skill in the art, such techniques may now be used to advantageously produce

antigens for improved immunoassays.



[0067] Simply by way of providing a general description for such recombinant

production, the skilled person would understand that polynucleotides encoding NS3

HCV antigens for use with the present invention can be made using standard

techniques of molecular biology. For example, polynucleotide sequences coding for the

above-described molecules can be obtained using recombinant methods, such as by

screening cDNA and genomic libraries from cells expressing the gene, or by deriving

the gene from a vector known to include the same. Furthermore, the desired gene can

be isolated directly from viral nucleic acid molecules, using techniques described in the

art, such as in Houghton et al., U.S. Pat. No. 5,350,671 . The gene of interest can also

be produced synthetically, rather than cloned. The molecules can be designed with

appropriate codons for the particular sequence. The complete sequence is then

assembled from overlapping oligonucleotides prepared by standard methods and

assembled into a complete coding sequence. See, e.g., Edge ( 1 981 ) Nature 292:756;

Nambair et al. ( 1984) Science 223:1 299; and Jay et al. ( 1984) J. Biol. Chem. 259:631 1.

[0068] Thus, particular nucleotide sequences can be obtained from vectors harboring

the desired sequences (including the mutations that are described herein) or

synthesized completely or in part using various oligonucleotide synthesis techniques

known in the art, such as site-directed mutagenesis and polymerase chain reaction

(PCR) techniques where appropriate. See, e.g., Sambrook, supra; see also, Jayaraman

et al. ( 1 991 ) Proc. Natl. Acad. Sci. USA 88:4084-4088. Additionally, oligonucleotide

directed synthesis (Jones et al. ( 1 986) Nature 54:75-82), oligonucleotide directed

mutagenesis of pre-existing nucleotide regions (Riechmann et al. ( 1 988) Nature

332:323-327 and Verhoeyen et al. ( 1 988) Science 239:1 534-1 536), and enzymatic

filling-in of gapped oligonucleotides using T4 DNA polymerase (Queen et al. ( 1 989)

Proc. Natl. Acad. Sci. USA 86:1 0029-1 0033) can be used under the invention to provide

molecules having altered or enhanced antibody-binding capabilities, and/or reduced

immunogenicity.

[0069] Once coding sequences have been prepared or isolated, such sequences can

be cloned into any suitable vector or replicon. Numerous cloning vectors are known to

those of skill in the art, and the selection of an appropriate cloning vector is a matter of

choice. Suitable vectors include, but are not limited to, plasmids, phages, transposons,



cosmids, chromosomes or viruses which are capable of replication when associated

with the proper control elements.

[0070] The coding sequence is then placed under the control of suitable control

elements, depending on the system to be used for expression. Thus, the coding

sequence can be placed under the control of a promoter, ribosome binding site (for

bacterial expression) and, optionally, an operator, so that the DNA sequence of interest

is transcribed into RNA by a suitable transformant. The coding sequence may or may

not contain a signal peptide or leader sequence which can later be removed by the host

in post-translational processing. See, e.g., U.S. Pat. Nos. 4,431 ,739; 4,425,437;

4,338,397.

[0071] In addition to control sequences, it may be desirable to add regulatory

sequences which allow for regulation of the expression of the sequences relative to the

growth of the host cell. Regulatory sequences are known to those of skill in the art, and

examples include those which cause the expression of a gene to be turned on or off in

response to a chemical or physical stimulus, including the presence of a regulatory

compound. Other types of regulatory elements may also be present in the vector. For

example, enhancer elements may be used herein to increase expression levels of the

constructs. Examples include the SV40 early gene enhancer (Dijkema et al. ( 1 985)

EMBO J. 4:761 ) , the enhancer/promoter derived from the long terminal repeat (LTR) of

the Rous Sarcoma Virus (Gorman et al. ( 1982) Proc. Natl. Acad. Sci. USA 79:6777) and

elements derived from human CMV (Boshart et al. ( 1985) Cell 4 1 :521 ) , such as

elements included in the CMV intron A sequence (U.S. Pat. No. 5,688,688). The

expression cassette may further include an origin of replication for autonomous

replication in a suitable host cell, one or more selectable markers, one or more

restriction sites, a potential for high copy number and a strong promoter.

[0072] An expression vector is constructed so that the particular coding sequence is

located in the vector with the appropriate regulatory sequences, the positioning and

orientation of the coding sequence with respect to the control sequences being such

that the coding sequence is transcribed under the "control" of the control sequences

(i.e., RNA polymerase which binds to the DNA molecule at the control sequences



transcribes the coding sequence). Modification of the sequences encoding the molecule

of interest may be desirable to achieve this end. For example, in some cases it may be

necessary to modify the sequence so that it can be attached to the control sequences in

the appropriate orientation; i.e., to maintain the reading frame. The control sequences

and other regulatory sequences may be ligated to the coding sequence prior to insertion

into a vector. Alternatively, the coding sequence can be cloned directly into an

expression vector which already contains the control sequences and an appropriate

restriction site.

[0073] The molecules can be expressed in a wide variety of systems, including insect,

mammalian, bacterial, viral and yeast expression systems, all well known in the art.

[0074] For example, insect cell expression systems, such as baculovirus systems, are

known to those of skill in the art and described in, e.g., Summers and Smith, Texas

Agricultural Experiment Station Bulletin No. 1555 ( 1987). Materials and methods for

baculovirus/insect cell expression systems are commercially available in kit form from,

inter alia, Invitrogen, San Diego Calif. ("MaxBac" kit). Similarly, bacterial and

mammalian cell expression systems are well known in the art and described in, e.g.,

Sambrook et al., supra. Yeast expression systems are also known in the art and

described in, e.g., Yeast Genetic Engineering (Barr et al., eds., 1989) Butterworths,

London.

[0075] A number of appropriate host cells for use with the above systems are also

known. For example, mammalian cell lines are known in the art and include

immortalized cell lines available from the American Type Culture Collection (ATCC),

such as, but not limited to, Chinese hamster ovary (CHO) cells, HeLa cells, baby

hamster kidney (BHK) cells, monkey kidney cells (COS), human embryonic kidney cells,

human hepatocellular carcinoma cells (e.g., Hep G2), Madin-Darby bovine kidney

("MDBK") cells, as well as others. Similarly, bacterial hosts such as E. coli, Bacillus

subtilis, and Streptococcus spp., will find use with the present expression constructs.

Yeast hosts useful in the present invention include inter alia, Saccharomyces

cerevisiae, Candida albicans, Candida maltosa, Hansenula polymorpha, Kluyveromyces

fragilis, Kluyveromyces lactis, Pichia guillerimondii, Pichia pastoris,



Schizosaccharomyces pombe and Yarrowia lipolytica. Insect cells for use with

baculovirus expression vectors include, inter alia, Aedes aegypti, Autographa

califormica, Bombyx mori, Drosophila melanogaster, Spodoptera frugiperda, and

Trichoplusia ni.

[0076] Nucleic acid molecules comprising nucleotide sequences that encode the NS3

antigens of the present invention can be stably integrated into a host cell genome or

maintained on a stable episomal element in a suitable host cell using various gene

delivery techniques well known in the art. See, e.g., U.S. Pat. No. 5,399,346.

[0077] Depending on the expression system and host selected, the molecules are

produced by growing host cells transformed by an expression vector described above

under conditions whereby the protein is expressed. The expressed protein is then

isolated from the host cells and purified. If the expression system secretes the protein

into growth media, the product can be purified directly from the media. If it is not

secreted, it can be isolated from cell lysates. The selection of the appropriate growth

conditions and recovery methods are within the skill of the art.

[0078] Immunodiagnostic Reagents

[0079] In particular embodiments, the NS3 antigens described above are

contemplated for use as immunodiagnostic reagents. It is shown herein that the

antigens of the present invention have increased stability, and increased

immunoreactivity with NS3 antibodies as compared to C33 antigen. Immunodiagnostic

reagents of the invention will be comprised of the above-described antigen polypeptides

comprising an epitope that is immunoreactive with an antibody that specifically binds to

the NS3 region of HCV either alone or in combination with other isolated or purified

polypeptides comprising one or more epitopes that is immunoreactive with an antibody

that specifically binds to another portion of HCV including but not limited to the NS3

region of HCV, the core antigen of HCV, the NS4 region of HCV or combinations

thereof. The polypeptides of which the immunodiagnostic reagent is comprised can be,

but need not necessarily be, coated on a solid support such as for example, a

microparticle, (e.g., magnetic particle), bead, test tube, microtiter plate, cuvette,

membrane, scaffolding molecule, film, filter paper, disc or chip. In this regard, where the



immunodiagnostic reagent comprises the NS3 antigens of the present invention in

combination with additional antigens, the antigens of the present invention and the

additional antigens can be co-coated on the same solid support or can be on separate

solid supports (the terms "solid support" and "solid phase" are used interchangeably

herein). When the antigens are co-coated on the same solid support, preferably the

NS3 antigens of the present invention and the additional antigens are co-coated in a

ratio of about 1:2 to about 1:6, wherein, when the NS3 antigens of the present invention

and the additional antigens are co-coated on the same solid support in a ratio of about

1:2, the concentration of the NS3 antigens of the present invention is at least about 40

g/mL and the concentration of the additional antigens is at least about 80 g/mL.

[0080] Notably, the immunodiagnostic reagent will include the antigens of the invention

labeled with a detectable label or labeled with a specific partner that allows capture or

detection. For example, the labels may be a detectable label, such as a fluorophore,

radioactive moiety, enzyme, biotin/avidin label, chromophore, chemiluminescent label,

or the like. Such labels are described in further detail infra.

[0081] Kits

[0082] Still further provided is a kit comprising an immunodiagnostic reagent

comprising an antigen of the present invention and instructions for the use of the

immunodiagnostic reagent in an immunoassay for the detection of anti-HCV antibodies.

For example, the kit can comprise instructions for assaying the test sample for anti-HCV

antibody by immunoassay. While preferred embodiments employ chemiluminescent

microparticle immunoassays for assaying the test sample, it should be understood that

the antigens of the present invention may be used in any other immunoassay known to

those of skill in the art for determining the presence of HCV antibodies in a test sample.

The instructions can be in paper form or computer-readable form, such as a disk, CD,

DVD, or the like. Alternatively or additionally, the kit can comprise a calibrator or control,

e.g., purified, and optionally lyophilized, anti-HCV antibody, and/or at least one

container (e.g., tube, microtiter plates or strips, which can be already coated with an

immunodiagnostic reagent) for conducting the assay, and/or a buffer, such as an assay

buffer or a wash buffer, either one of which can be provided as a concentrated solution,



a substrate solution for the detectable label (e.g., an enzymatic label), or a stop solution.

Preferably, the kit comprises all components, i.e., reagents, standards, buffers, diluents,

etc., which are necessary to perform the assay. The instructions also can include

instructions for generating a standard curve or a reference standard for purposes of

quantifying anti-HCV antibody.

[0083] Any antibodies, which are provided in the kit, such as anti-lgG antibodies and

anti-lgM antibodies, can incorporate a detectable label, such as a fluorophore,

radioactive moiety, enzyme, biotin/avidin label, chromophore, chemiluminescent label,

or the like, or the kit can include reagents for labeling the antibodies or reagents for

detecting the antibodies (e.g., detection antibodies) and/or for labeling the analytes or

reagents for detecting the analyte. The antibodies, calibrators and/or controls can be

provided in separate containers or pre-dispensed into an appropriate assay format, for

example, into microtiter plates.

[0084] Optionally, the kit includes quality control components (for example, sensitivity

panels, calibrators, and positive controls). Preparation of quality control reagents is well-

known in the art and is described on insert sheets for a variety of immunodiagnostic

products. Sensitivity panel members optionally are used to establish assay performance

characteristics, and further optionally are useful indicators of the integrity of the

immunoassay kit reagents, and the standardization of assays.

[0085] The kit can also optionally include other reagents required to conduct a

diagnostic assay or facilitate quality control evaluations, such as buffers, salts,

enzymes, enzyme co-factors, substrates, detection reagents, and the like. Other

components, such as buffers and solutions for the isolation and/or treatment of a test

sample (e.g., pretreatment reagents), also can be included in the kit. The kit can

additionally include one or more other controls. One or more of the components of the

kit can be lyophilized, in which case the kit can further comprise reagents suitable for

the reconstitution of the lyophilized components.

[0086] The various components of the kit optionally are provided in suitable containers

as necessary, e.g., a microtiter plate. The kit can further include containers for holding

or storing a sample (e.g., a container or cartridge for a sample). Where appropriate, the



kit optionally also can contain reaction vessels, mixing vessels, and other components

that facilitate the preparation of reagents or the test sample. The kit can also include

one or more instrument for assisting with obtaining a test sample, such as a syringe,

pipette, forceps, measured spoon, or the like.

[0087] If the detectable label is at least one acridinium compound, the kit can comprise

at least one acridinium-9-carboxamide, at least one acridinium-9-carboxylate aryl ester,

or any combination thereof. If the detectable label is at least one acridinium compound,

the kit also can comprise a source of hydrogen peroxide, such as a buffer, solution,

and/or at least one basic solution. It should be understood that in the immunodiagnostic

reagent the NS3 antigens of the invention may be detectably labeled, the additional

antigens also may be detectably labeled and any antibodies provided in kit for use along

with such reagents also may be detectably labeled.

[0088] If desired, the kit can contain a solid support phase, such as a magnetic

particle, bead, test tube, microtiter plate, cuvette, membrane, scaffolding molecule, film,

filter paper, disc or chip.

[0089] Method of Determining the Presence, Amount or Concentration of anti-

HCV Antibodies in a Test Sample

[0090] The present disclosure provides a method for determining the presence,

amount or concentration of anti-HCV antibodies in a test sample. Any suitable assay

known in the art can be used in such a method as long as such an assay uses one or

more of the NS3 antigens of the present invention. Examples include, but are not limited

to, immunoassay, such as sandwich immunoassay (e.g., monoclonal-polyclonal

sandwich immunoassays, including radioisotope detection (radioimmunoassay (RIA))

and enzyme detection (enzyme immunoassay (EIA) or enzyme-linked immunosorbent

assay (ELISA) (e.g., Quantikine ELISA assays, R&D Systems, Minneapolis, Minn.)),

competitive inhibition immunoassay (e.g., forward and reverse), fluorescence

polarization immunoassay (FPIA), enzyme multiplied immunoassay technique (EMIT),

bioluminescence resonance energy transfer (BRET), and homogeneous

chemiluminescent assay, etc.



[0091] In specific embodiment of the immunoassays, the recombinant NS3 antigens

may be used as capture reagents (e.g., by using reagents in which the amino - or

carboxy-terminal of the antigen comprises a biotin tag) or as a detection (conjugate)

reagents in which the antigens of the invention are either directly or indirectly detectably

labeled, e,g, with acridinium. Indirect labeling requires the use of for example,

acridinylated BSA (or similar detectable moiety) covalently coupled to the free thiol of

unpaired cysteine residues within the NS3 protein via SMCC-type linker. To facilitate

such indirect labeling certain of the antigens of the present invention have been further

modified to include additional cysteine residues at the C-terminus. In additional

embodiments, the inventors have found that inclusion of two cysteine residues at the C-

terminus of the helicase antigen can facilitate direct labeling of the antigen.

[0092] Typically, immunoassays are performed in 1-step or 2-step format. Solid phase

reagents for capture of immune complexes formed in solution in the 1-step assay

include anti-biotin monoclonal antibody, streptavidin or neutravidin or other biotin

binding moeities.

[0093] In a SELDI-based immunoassay, a capture reagent that specifically binds anti-

HCV-antibody is attached to the surface of a mass spectrometry probe, such as a pre-

activated protein chip array. The anti-HCV antibody is then specifically captured on the

biochip (in the present invention, such capture may be accomplished using one or more

of the antigens of the present invention), and the captured anti-HCV antibody is

detected by mass spectrometry. Alternatively, the anti-HCV antibody can be eluted from

the capture reagent and detected by traditional MALDI (matrix-assisted laser

desorption/ionization) or by SELDI.

[0094] A chemiluminescent microparticle immunoassay, in particular one employing

the ARCHITECT® automated analyzer (Abbott Laboratories, Abbott Park, III.), is an

example of a preferred immunoassay in which the antigens of the present invention may

readily be employed. An agglutination assay, such as a passive hemagglutination

assay, also can be used. In an agglutination assay an antigen-antibody reaction is

detected by agglutination or clumping. In a passive hemagglutination assay,



erythrocytes are coated with the antigen and the coated erythrocytes are used in the

agglutination assay.

[0095] Methods well-known in the art for collecting, handling and processing urine,

blood, serum and plasma, and other body fluids, are used in the practice of the present

disclosure, for instance, when the polypeptides according to the present disclosure are

employed as immunodiagnostic reagents and/or in an anti-HCV antibody immunoassay

kit. The test sample can comprise further moieties in addition to the polypeptide of

interest, such as antibodies, antigens, haptens, hormones, drugs, enzymes, receptors,

proteins, peptides, polypeptides, oligonucleotides or polynucleotides. For example, the

sample can be a whole blood sample obtained from a subject. It can be necessary or

desired that a test sample, particularly whole blood, be treated prior to immunoassay as

described herein, e.g., with a pretreatment reagent. Even in cases where pretreatment

is not necessary (e.g., most urine samples), pretreatment optionally can be done for

mere convenience (e.g., as part of a regimen on a commercial platform).

[0096] The pretreatment reagent can be any reagent appropriate for use with the

immunoassay and kits of the invention. The pretreatment optionally comprises: (a) one

or more solvents (e.g., methanol and ethylene glycol) and salt, (b) one or more solvents,

salt and detergent, (c) detergent, or (d) detergent and salt. Pretreatment reagents are

known in the art, and such pretreatment can be employed, e.g., as used for assays on

Abbott TDx, AxSYM®, and ARCHITECT® analyzers (Abbott Laboratories, Abbott Park,

III.), as described in the literature (see, e.g., Yatscoff et al., Abbott TDx Monoclonal

Antibody Assay Evaluated for Measuring Cyclosporine in Whole Blood, Clin. Chem. 36:

1969-1 973 ( 1 990), and Wallemacq et al., Evaluation of the New AxSYM Cyclosporine

Assay: Comparison with TDx Monoclonal Whole Blood and EMIT Cyclosporine Assays,

Clin. Chem. 45: 432-435 ( 1999)), and/or as commercially available. Additionally,

pretreatment can be done as described in Abbott's U.S. Pat. No. 5,1 35,875, European

Pat. Pub. No. 0 471 293, U.S. Provisional Pat. App. 60/878,01 7 , filed Dec. 29, 2006,

and U.S. Pat. App. Pub. No. 2008/0020401 (incorporated by reference in its entirety for

its teachings regarding pretreatment). The pretreatment reagent can be a

heterogeneous agent or a homogeneous agent.



[0097] With use of a pretreatment reagent the assay is rendered more sensitive by

disruption of preformed/preexisting immune complexes or viral particles in the test

sample. Such a pretreatment step comprises removing any interfering analyte binding

protein by addition of the pretreatment agent to the test sample. In such an assay, the

supernatant of the mixture absent any binding protein is used in the assay, proceeding

directly to the antibody capture step.

[0098] In some other embodiments, use of the pretreatment does not require such a

separation step. The entire mixture of test sample and pretreatment reagent are

contacted with a labeled specific binding partner for anti-HCV antibody, such as an

antigen of the present invention that has been labeled. The pretreatment reagent

employed for such an assay typically is diluted in the pretreated test sample mixture,

either before or during capture by the first specific binding partner. Despite such dilution,

a certain amount of the pretreatment reagent (for example, 5 M methanol and/or 0.6

methylene glycol) is still present (or remains) in the test sample mixture during capture.

[0099] In a heterogeneous format, after the test sample is obtained from a subject, a

first mixture is prepared. The mixture contains the test sample being assessed for anti-

HCV antibodies and a first specific binding partner, wherein the first specific binding

partner and any anti-HCV antibodies contained in the test sample form a first specific

binding partner-anti-HCV antibody complex. Preferably, the first specific binding partner

is an NS3 antigen of the present invention, preferably any one or more of the antigens

shown in Table 1 and in the Examples herein above.

[00100] The order in which the test sample and the first specific binding partner are

added to form the mixture is not critical. Preferably, the first specific binding partner is

immobilized on a solid phase. The solid phase used in the immunoassay (for the first

specific binding partner and, optionally, the second specific binding partner) can be any

solid phase known in the art, such as, but not limited to, a magnetic particle, a bead, a

test tube, a microtiter plate, a cuvette, a membrane, a scaffolding molecule, a film, a

filter paper, a disc and a chip.

[00101] After the mixture containing the first specific binding partner-anti-HCV antibody

complex is formed, any unbound anti-HCV antibody is removed from the complex using



any technique known in the art. For example, the unbound anti-HCV antibody can be

removed by washing. Desirably, however, the first specific binding partner is present in

excess of any anti-HCV antibody present in the test sample, such that all anti-HCV

antibody that is present in the test sample is bound by the first specific binding partner.

[00102] After any unbound anti-HCV antibody is removed, a second specific binding

partner is added to the mixture to form a first specific binding partner-anti-HCV

antibody-second specific binding partner complex. The second specific binding partner

is preferably a combination of an anti-lgG antibody and an anti-lgM antibody. Moreover,

also preferably, the second specific binding partner is labeled with or contains a

detectable label as described above.

[00103] Any suitable detectable label as is known in the art can be used. For example,

the detectable label can be a radioactive label (such as 3H, 25 l , 35S, 4C, 32P, and 33 P),

an enzymatic label (such as horseradish peroxidase, alkaline peroxidase, glucose 6-

phosphate dehydrogenase, and the like), a chemiluminescent label (such as acridinium

esters, thioesters, or sulfonamides; luminol, isoluminol, phenanthridinium esters, and

the like), a fluorescent label (such as fluorescein (e.g., 5-fluorescein, 6-

carboxyfluorescein, 3'6-carboxyfluorescein, 5(6)-carboxyfluorescein, 6-hexachloro-

fluorescein, 6-tetrachlorofluorescein, fluorescein isothiocyanate, and the like)),

rhodamine, phycobiliproteins, R-phycoerythrin, quantum dots (e.g., zinc sulfide-capped

cadmium selenide), a thermometric label, or an immuno-polymerase chain reaction

label. An introduction to labels, labeling procedures and detection of labels is found in

Polak and Van Noorden, Introduction to Immunocytochemistry, 2.sup.nd ed., Springer

Verlag, N.Y. ( 1997), and in Haugland, Handbook of Fluorescent Probes and Research

Chemicals ( 1 996), which is a combined handbook and catalogue published by

Molecular Probes, Inc., Eugene, Oreg. A fluorescent label can be used in FPIA (see,

e.g., U.S. Pat. Nos. 5,593,896, 5,573,904, 5,496,925, 5,359,093, and 5,352,803, which

are hereby incorporated by reference in their entireties). An acridinium compound can

be used as a detectable label in a homogeneous chemiluminescent assay (see, e.g.,

Adamczyk et al., Bioorg. Med. Chem. Lett. 16 : 1324-1 328 (2006); Adamczyk et al.,

Bioorg. Med. Chem. Lett. 4 : 231 3-231 7 (2004); Adamczyk et al., Biorg. Med. Chem.

Lett. 14 : 391 7-3921 (2004); and Adamczyk et al., Org. Lett. 5 : 3779-3782 (2003)).



[00104] A preferred acridinium compound is an acridinium-9-carboxamide. Methods for

preparing acridinium 9-carboxamides are described in Mattingly, J. Biolumin.

Chemilumin. 6 : 107-1 14 ( 1 991 ) ; Adamczyk et al., J. Org. Chem. 63: 5636-5639 ( 1 998);

Adamczyk et al., Tetrahedron 55: 10899-1 091 4 ( 1999); Adamczyk et al., Org. Lett. 1:

779-781 ( 1999); Adamczyk et al., Bioconjugate Chem. 11: 7 14-724 (2000); Mattingly et

al., In Luminescence Biotechnology: Instruments and Applications; Dyke, K. V. Ed.;

CRC Press: Boca Raton, pp. 77-1 05 (2002); Adamczyk et al., Org. Lett. 5 : 3779-3782

(2003); and U.S. Pat. Nos. 5,468,646, 5,543,524 and 5,783,699 (each of which is

incorporated herein by reference in its entirety for its teachings regarding same).

[00105] Another preferred acridinium compound is an acridinium-9-carboxylate aryl

ester. An example of an acridinium-9-carboxylate aryl ester of formula I I is 10-methyl-9-

(phenoxycarbonyl)acridinium fluorosulfonate (available from Cayman Chemical, Ann

Arbor, Mich.). Methods for preparing acridinium 9-carboxylate aryl esters are described

in McCapra et al., Photochem. Photobiol. 4 : 1111-21 ( 1965); Razavi et al.,

Luminescence 15 : 245-249 (2000); Razavi et al., Luminescence 15 : 239-244 (2000);

and U.S. Pat. No. 5,241 ,070 (each of which is incorporated herein by reference in its

entirety for its teachings regarding same). Such acridinium-9-carboxylate aryl esters are

efficient chemiluminescent indicators for hydrogen peroxide produced in the oxidation of

an analyte by at least one oxidase in terms of the intensity of the signal and/or the

rapidity of the signal. The course of the chemiluminescent emission for the acridinium-9-

carboxylate aryl ester is completed rapidly, i.e., in under 1 second, while the acridinium-

9-carboxamide chemiluminescent emission extends over 2 seconds. Acridinium-9-

carboxylate aryl ester, however, loses its chemiluminescent properties in the presence

of protein. Therefore, its use requires the absence of protein during signal generation

and detection. Methods for separating or removing proteins in the sample are well-

known to those skilled in the art and include, but are not limited to, ultrafiltration,

extraction, precipitation, dialysis, chromatography, and/or digestion (see, e.g., Wells,

High Throughput Bioanalytical Sample Preparation. Methods and Automation

Strategies, Elsevier (2003)). The amount of protein removed or separated from the test

sample can be about 40%, about 45%, about 50%, about 55%, about 60%, about 65%,

about 70%, about 75%, about 80%, about 85%, about 90%, or about 95%. Further



details regarding acridinium-9-carboxylate aryl ester and its use are set forth in U.S.

patent application Ser. No. 11/697,835, filed Apr. 9 , 2007, and published on Oct. 9 ,

2008, as U.S. Pat. App. Pub. No. 2008/0248493. Acridinium-9-carboxylate aryl esters

can be dissolved in any suitable solvent, such as degassed anhydrous N,N-

dimethylformamide (DMF) or aqueous sodium cholate.

[00106] Chemiluminescent assays can be performed in accordance with the methods

described in Adamczyk et al., Anal. Chim. Acta 579(1 ) : 6 1-67 (2006). While any suitable

assay format can be used, a microplate chemiluminometer (Mithras LB-940, Berthold

Technologies U.S.A., LLC, Oak Ridge, Tenn.) enables the assay of multiple samples of

small volumes rapidly. The chemiluminometer can be equipped with multiple reagent

injectors using 96-well black polystyrene microplates (Costar #3792). Each sample can

be added into a separate well, followed by the simultaneous/sequential addition of other

reagents as determined by the type of assay employed. Desirably, the formation of

pseudobases in neutral or basic solutions employing an acridinium aryl ester is avoided,

such as by acidification. The chemiluminescent response is then recorded well-by-well.

In this regard, the time for recording the chemiluminescent response will depend, in

part, on the delay between the addition of the reagents and the particular acridinium

employed.

[00107] The order in which the test sample and the specific binding partner(s) are

added to form the mixture for chemiluminescent assay is not critical. If the first specific

binding partner is detectably labeled with an acridinium compound, detectably labeled

first specific binding partner-anti-HCV antibody complexes form. Alternatively, if a

second specific binding partner is used and the second specific binding partner is

detectably labeled with an acridinium compound, detectably labeled first specific binding

partner-anti-HCV antibody-second specific binding partner complexes form. Any

unbound specific binding partner, whether labeled or unlabeled, can be removed from

the mixture using any technique known in the art, such as washing.

[00108] Hydrogen peroxide can be generated in situ in the mixture or provided or

supplied to the mixture before, simultaneously with, or after the addition of an above-



described acridinium compound. Hydrogen peroxide can be generated in situ in a

number of ways such as would be apparent to one skilled in the art.

[00109] Alternatively, a source of hydrogen peroxide can be simply added to the

mixture. For example, the source of the hydrogen peroxide can be one or more buffers

or other solutions that are known to contain hydrogen peroxide. In this regard, a solution

of hydrogen peroxide can simply be added.

[001 10] Upon the simultaneous or subsequent addition of at least one basic solution to

the sample, a detectable signal, namely, a chemiluminescent signal, indicative of the

presence of anti-HCV antibody is generated. The basic solution contains at least one

base and has a pH greater than or equal to 10 , preferably, greater than or equal to 12 .

Examples of basic solutions include, but are not limited to, sodium hydroxide, potassium

hydroxide, calcium hydroxide, ammonium hydroxide, magnesium hydroxide, sodium

carbonate, sodium bicarbonate, calcium hydroxide, calcium carbonate, and calcium

bicarbonate. The amount of basic solution added to the sample depends on the

concentration of the basic solution. Based on the concentration of the basic solution

used, one skilled in the art can easily determine the amount of basic solution to add to

the sample.

[001 11] The chemiluminescent signal that is generated can be detected using routine

techniques known to those skilled in the art. Based on the intensity of the signal

generated, the amount of anti-HCV antibody in the sample can be quantified.

Specifically, the amount of anti-HCV antibody in the sample is proportional to the

intensity of the signal generated. The amount of anti-HCV antibody present can be

quantified by comparing the amount of light generated to a standard curve for anti-HCV

antibody or by comparison to a reference standard. The standard curve can be

generated using serial dilutions or solutions of known concentrations of anti-HCV

antibody by mass spectroscopy, gravimetric methods, and other techniques known in

the art.

[001 12] Anti-HCV antibody immunoassays can be conducted using any suitable format

known in the art. Generally speaking, a sample being tested for (for example, suspected

of containing) anti-HCV antibodies can be contacted with a capture antigen and at least



one detection antibody (which can be a second detection antibody or a third detection

antibody), such as labeled anti-IgG and anti-IgM antibodies, either simultaneously or

sequentially and in any order. For example, the test sample can be first contacted with

at least one capture antigen and then (sequentially) with at least one detection antibody.

Alternatively, the test sample can be first contacted with at least one detection antibody

and then (sequentially) with at least one capture antibody. In yet another alternative, the

test sample can be contacted simultaneously with a capture antigen and a detection

antibody.

[001 13] In the sandwich assay format, a sample suspected of containing anti-HCV

antibodies (or a fragment thereof) is first brought into contact with an at least one first

capture antigen under conditions that allow the formation of a first capture antigen/anti-

HCV antibody complex. If more than one capture antigen is used, multiple first capture

antigen/anti-HCV antibody complexes are formed. In a sandwich assay, the antigen(s),

preferably, the at least one capture antigen, is/are used in molar excess amounts of the

maximum amount of anti-HCV antibodies expected in the test sample. For example,

from about 5 g to about 1 mg of antigen per ml_ of buffer (e.g., microparticle coating

buffer) can be used.

[00114] Competitive inhibition immunoassays, which are often used to measure small

analytes, comprise sequential and classic formats. In a sequential competitive inhibition

immunoassay a capture antigen (i.e., a polypeptide, and preferably a pair of

polypeptides, as described herein) to an antibody of interest (i.e., an anti-HCV antibody)

is coated onto a well of a microtiter plate. When the sample containing the antibody of

interest is added to the well, the antibody of interest binds to the capture antigen. After

washing, a known amount of labeled (e.g., biotin or horseradish peroxidase (HRP))

antibody is added to the well. A substrate for an enzymatic label is necessary to

generate a signal. An example of a suitable substrate for HRP is 3 ,3',5,5'-

tetramethylbenzidine (TMB). After washing, the signal generated by the labeled

antibody is measured and is inversely proportional to the amount of antibody in the

sample. In a classic competitive inhibition immunoassay antigen for an antibody of

interest is coated onto a well of a microtiter plate. However, unlike the sequential



competitive inhibition immunoassay, the sample containing the antibody of interest (i.e.,

an anti-HCV antibody) and the labeled antibody are added to the well at the same. Any

antibody in the sample competes with labeled antibody for binding to the capture

antigen. After washing, the signal generated by the labeled analyte is measured and is

inversely proportional to the amount of analyte in the sample.

[001 15] Optionally, prior to contacting the test sample with the at least one capture

antigen (for example, the first capture antigen), the at least one capture antigen can be

bound to a solid support, which facilitates the separation of the first antigen/anti-HCV

antibody complex from the test sample. The substrate to which the capture antigen is

bound can be any suitable solid support or solid phase that facilitates separation of the

capture antigen-anti-HCV antibody complex from the sample. Examples include a well

of a plate, such as a microtiter plate, a test tube, a porous gel (e.g., silica gel, agarose,

dextran, or gelatin), a polymeric film (e.g., polyacrylamide), beads (e.g., polystyrene

beads or magnetic beads), a strip of a filter/membrane (e.g., nitrocellulose or nylon),

microparticles (e.g., latex particles, magnetizable microparticles (e.g., microparticles

having ferric oxide or chromium oxide cores and homo- or hetero-polymeric coats and

radii of about 1- 10 microns). The substrate can comprise a suitable porous material with

a suitable surface affinity to bind antigens and sufficient porosity to allow access by

detection antibodies. A microporous material is generally preferred, although a

gelatinous material in a hydrated state can be used. Such porous substrates are

preferably in the form of sheets having a thickness of about 0.01 to about 0.5 mm,

preferably about 0.1 mm. While the pore size may vary quite a bit, preferably the pore

size is from about 0.025 to about 15 microns, more preferably from about 0.1 5 to about

15 microns. The surface of such substrates can be activated by chemical processes

that cause covalent linkage of an antibody to the substrate. Irreversible binding,

generally by adsorption through hydrophobic forces, of the antigen to the substrate

results; alternatively, a chemical coupling agent or other means can be used to bind

covalently the antigen to the substrate, provided that such binding does not interfere

with the ability of the antigen to bind to anti-HCV antibodies.

[001 16] Alternatively, the anti-HCV antibody from the test sample can be bound with

microparticles, which have been previously coated with antigen. If desired, one or more



capture reagents, such as a pair of polypeptides as described herein, each of which can

be bound by an anti-HCV antibody, can be attached to solid phases in different physical

or addressable locations (e.g., such as in a biochip configuration (see, e.g., U.S. Pat.

No. 6,225,047, Int'l Pat. App. Pub. No. WO 99/51 773; U.S. Pat. No. 6,329,209; Int'l Pat.

App. Pub. No. WO 00/56934, and U.S. Pat. No. 5,242,828). If the capture reagent is

attached to a mass spectrometry probe as the solid support, the amount of anti-HCV

antibodies bound to the probe can be detected by laser desorption ionization mass

spectrometry. Alternatively, a single column can be packed with different beads, which

are derivatized with the one or more capture reagents, thereby capturing the anti-HCV

antibody in a single place (see, antibody derivatized, bead-based technologies, e.g., the

xMAP technology of Luminex (Austin, Tex.)).

[001 17] After the test sample being assayed for anti-HCV antibodies is brought into

contact with at least one capture antigen (for example, the first capture antigen), the

mixture is incubated in order to allow for the formation of a first antigen (or multiple

antigen)-anti-HCV antibody (or a fragment thereof) complex. The incubation can be

carried out at a pH of from about 4.5 to about 10.0, at a temperature of from about 2 ° C.

to about 45° C , and for a period from at least about one ( 1 ) minute to about eighteen

( 1 8) hours, preferably from about 1 to about 24 minutes, most preferably for about 4 to

about 18 minutes. The immunoassay described herein can be conducted in one step

(meaning the test sample, at least one capture antibody and at least one detection

antibody are all added sequentially or simultaneously to a reaction vessel) or in more

than one step, such as two steps, three steps, etc.

[001 18] After formation of the (first or multiple) capture antigen/anti-HCV antibody

complex, the complex is then contacted with at least one detection antibody (under

conditions which allow for the formation of a (first or multiple) capture antigen/anti-HCV

antibody/second antibody detection complex). The at least one detection antibody can

be the second, third, fourth, etc. antibodies used in the immunoassay. If the capture

antigen/anti-HCV antibody complex is contacted with more than one detection antibody,

then a (first or multiple) capture antigen/anti-HCV antibody/(multiple) detection antibody

complex is formed. As with the capture antigen (e.g., the first capture antigen), when the

at least second (and subsequent) detection antibody is brought into contact with the



capture antigen/anti-HCV antibody complex, a period of incubation under conditions

similar to those described above is required for the formation of the (first or multiple)

capture antigen/anti-HCV antibody/(second or multiple) detection antibody complex.

Preferably, at least one detection antibody contains a detectable label. The detectable

label can be bound to the at least one detection antibody (e.g., the second detection

antibody) prior to, simultaneously with, or after the formation of the (first or multiple)

capture antigen/anti-HCV antibody/(second or multiple) detection antibody complex.

Any detectable label known in the art can be used (see discussion above, including

Polak and Van Noorden ( 1 997) and Haugland ( 1996)).

[001 19] The detectable label can be bound to the antibodies either directly or through a

coupling agent. An example of a coupling agent that can be used is EDAC ( 1 -ethyl-3-(3-

dimethylaminopropyl) carbodiimide, hydrochloride), which is commercially available

from Sigma-Aldrich, St. Louis, Mo. Other coupling agents that can be used are known in

the art. Methods for binding a detectable label to an antibody are known in the art.

Additionally, many detectable labels can be purchased or synthesized that already

contain end groups that facilitate the coupling of the detectable label to the antibody,

such as CPSP-Acridinium Ester (i.e., 9-[N-tosyl-N-(3-carboxypropyl)]-1 0-(3-

sulfopropyl)acridinium carboxamide) or SPSP-Acridinium Ester (i.e., N 10-(3-

sulfopropyl)-N-(3-sulfopropyl)-acridinium-9-carboxamide).

[00120] The (first or multiple) capture antigen/anti-HCV antibody/(second or multiple)

detection antibody complex can be, but does not have to be, separated from the

remainder of the test sample prior to quantification of the label. For example, if the at

least one capture antigen (e.g., the first capture antigen) is bound to a solid support,

such as a well or a bead, separation can be accomplished by removing the fluid (of the

test sample) from contact with the solid support. Alternatively, if the at least first capture

antigen is bound to a solid support, it can be simultaneously contacted with the anti-

HCV antibody-containing sample and the at least one second detection antibody to form

a first (multiple) antigen/anti-HCV antibody/second (multiple) antibody complex, followed

by removal of the fluid (test sample) from contact with the solid support. If the at least

one first capture antigen is not bound to a solid support, then the (first or multiple)

capture antigen/anti-HCV antibody/(second or multiple) detection antibody complex



does not have to be removed from the test sample for quantification of the amount of

the label.

[00121] After formation of the labeled capture antigen/anti-HCV antibody/detection

antibody complex (e.g., the first capture antigen/anti-HCV antibody/second detection

antibody complex), the amount of label in the complex is quantified using techniques

known in the art. For example, if an enzymatic label is used, the labeled complex is

reacted with a substrate for the label that gives a quantifiable reaction such as the

development of color. If the label is a radioactive label, the label is quantified using a

scintillation counter. If the label is a fluorescent label, the label is quantified by

stimulating the label with a light of one color (which is known as the "excitation

wavelength") and detecting another color (which is known as the "emission

wavelength") that is emitted by the label in response to the stimulation. If the label is a

chemiluminescent label, the label is quantified by detecting the light emitted either

visually or by using luminometers, x-ray film, high speed photographic film, a CCD

camera, etc. Once the amount of the label in the complex has been quantified, the

concentration of anti-HCV antibody in the test sample is determined by use of a

standard curve that has been generated using serial dilutions of anti-HCV antibody of

known concentration. Other than using serial dilutions of anti-HCV antibodies, the

standard curve can be generated gravimetrically, by mass spectroscopy and by other

techniques known in the art.

[00122] In a chemiluminescent microparticle assay employing the ARCHITECT®

analyzer, the conjugate diluent pH should be about 6.0+/-0.2, the microparticle coating

buffer should be maintained at room temperature (i.e., at about 17 to about 27° C), the

microparticle coating buffer pH should be about 6.5+/-0.2, and the microparticle diluent

pH should be about 7.8+/-0.2. Solids preferably are less than about 0.2%, such as less

than about 0.1 5%, less than about 0.1 4%, less than about 0.1 3%, less than about

0.1 2%, or less than about 0.1 1% , such as about 0.1 0%.

[00123] FPIAs are based on competitive binding immunoassay principles. A

fluorescently labeled compound, when excited by a linearly polarized light, will emit

fluorescence having a degree of polarization inversely proportional to its rate of rotation.



When a fluorescently labeled tracer-antibody complex is excited by a linearly polarized

light, the emitted light remains highly polarized because the fluorophore is constrained

from rotating between the time light is absorbed and the time light is emitted. When a

"free" tracer compound (i.e., a compound that is not bound to an antibody) is excited by

linearly polarized light, its rotation is much faster than the corresponding tracer-antibody

conjugate produced in a competitive binding immunoassay. FPIAs are advantageous

over RIAs inasmuch as there are no radioactive substances requiring special handling

and disposal. In addition, FPIAs are homogeneous assays that can be easily and

rapidly performed.

[00124] Commercially available anti-HCV antibodies as well as anti-lgG and anti-lgM

antibodies can be used in the methods of assay and kits thereof. Commercially

available antibodies include those available from Abnova (Walnut, Calif., and Taiwan)

and GenWay Biotech, Inc. (San Diego, Calif.). See, also, European Pat. App.

EP2099825 A2 regarding the preparation of anti-HCV antibodies.

[00125] Any suitable control composition can be used in the anti-HCV antibody

immunoassays. The control composition generally comprises anti-HCV antibodies and

any desirable additives.

[00126] Thus, in view of the above, a method of determining the presence, amount, or

concentration of anti-HCV antibodies in a test sample is provided. The method

comprises assaying the test sample for anti-HCV antibodies by an assay:

(i) employing an immunodiagnostic reagent comprising at least an isolated

or purified polypeptide comprising a recombinant NS3 antigen of the present invention,

and at least one detectable label, and comparing a signal generated by the detectable

label as a direct or indirect indication of the presence, amount or concentration of anti-

HCV antibodies in the test sample to a signal generated as a direct or indirect indication

of the presence, amount or concentration of anti-HCV antibodies in a control or

calibrator, which is optionally part of a series of calibrators in which each of the

calibrators differs from the other calibrators in the series by the concentration of anti-

HCV antibodies. The method can comprise the following steps:



(i) contacting the test sample with the immunodiagnostic reagent

comprising one of more recombinant NS3 antigens of the present invention so as to

form first specific binding partner/anti-HCV antibody complex with HCV antibodies that

may be present in the test sample,

(ii) contacting the first specific binding partner/anti-HCV antibody

complexes with at least one detectably labeled second specific binding partner for anti-

HCV antibody (e.g., anti-lgG antibody and anti-lgM antibody or polypeptides as

described herein) so as to form first specific binding partner/anti-HCV antibody/second

specific binding partner complexes, and

(iii) determining the presence, amount or concentration of anti-HCV

antibodies in the test sample by detecting or measuring the signal generated by the

detectable label in the first specific binding partner/anti-HCV antibody/second specific

binding partner complexes formed in (ii).

[00127] Alternatively, the method can comprise the following steps:

(i) contacting the test sample with the immunodiagnostic reagent

comprising one of more recombinant NS3 antigens of the present invention and

simultaneously or sequentially, in either order, contacting the test sample with at least

one detectably labeled second specific binding partner, which can compete with anti-

HCV antibody for binding to the at least one pair of first specific binding partners and

which comprises detectably labeled anti-HCV antibodies, wherein any anti-HCV

antibody present in the test sample and the at least one detectably labeled second

specific binding partner compete with each other to form first specific binding

partner/anti-HCV antibody complexes and first specific binding partner/second specific

binding partner complexes, respectively, and

(ii) determining the presence, amount or concentration of anti-HCV

antibodies in the test sample by detecting or measuring the signal generated by the

detectable label in the first specific binding partner/second specific binding partner

complex formed in (ii), wherein the signal generated by the detectable label in the first

specific binding partner/second specific binding partner complex is inversely

proportional to the amount or concentration of anti-HCV antibodies in the test sample.



The recombinant NS3 antigens of which the immunodiagnostic reagent is comprised

can be coated on microparticles. In this regard, the NS3 antigens of which the

immunodiagnostic reagent is comprised can be co-coated on the same microparticles

as additional HCV antigens. When the polypeptides of which the immunodiagnostic

reagent is comprised are co-coated on the same microparticles (e.g., a microparticle

suspension containing 4% solids (4% weight/volume microparticles or 4 gr

microparticles/1 00 ml_ microparticle suspension)), preferably the polypeptides are co-

coated on the same microparticles in a ratio of about 1:2 to about 1:6, wherein, when

the polypeptides are co-coated on the same microparticles in a ratio of about 1:2, the

concentration of an isolated or purified NS3 antigen of the present invention (e.g., those

described in Table 1) is at least about 40 g/mL and the concentration of the other

isolated or purified polypeptide is at least about 80 g/mL. If the test sample was

obtained from a patient, the method may further comprise diagnosing, prognosticating,

or assessing the efficacy of a therapeutic/prophylactic treatment of the patient. If the

method further comprises assessing the efficacy of a therapeutic/prophylactic treatment

of the patient, the method optionally can further comprise modifying the

therapeutic/prophylactic treatment of the patient as needed to improve efficacy. The

method can be adapted for use in an automated system or a semi-automated system.

[00128] Also, in view of the above, a method of determining the presence, amount, or

concentration of anti-HCV antibodies in a test sample is provided. The method

comprises assaying the test sample for anti-HCV antibodies by an assay:

(i) employing: an immunodiagnostic reagent comprising at least one NS3

antigen of the presented invention at least one detectable label, and

(ii) comparing a signal generated by the detectable label as a direct or

indirect indication of the presence, amount or concentration of anti-HCV antibodies in

the test sample to a signal generated as a direct or indirect indication of the presence,

amount or concentration of anti-HCV antibodies in a control or calibrator, which is

optionally part of a series of calibrators in which each of the calibrators differs from the

other calibrators in the series by the concentration of anti-HCV antibodies. The method

can comprise the following steps:



(i) contacting the test sample with the immunodiagnostic reagent

comprising at least one recombinant NS3 antigen of the present invention so as to form

first specific binding partner/anti-HCV antibody complexes,

(ii) contacting the first specific binding partner/anti-HCV antibody

complexes with at least one detectably labeled second specific binding partner for anti-

HCV antibody (e.g., anti-lgG antibody and anti-lgM antibody or polypeptides as

described herein) so as to form first specific binding partner/anti-HCV antibody/second

specific binding partner complexes, and

(iii) determining the presence, amount or concentration of anti-HCV

antibodies in the test sample by detecting or measuring the signal generated by the

detectable label in the first specific binding partner/anti-HCV antibody/second specific

binding partner complexes formed in (ii). Alternatively, the method can comprise the

following steps:

(i) contacting the test sample with the immunodiagnostic

reagent comprising at least one recombinant NS3 antigen of the present invention and

simultaneously or sequentially, in either order, contacting the test sample with at least

one detectably labeled second specific binding partner, which can compete with anti-

HCV antibody for binding to the at least one pair of first specific binding partners and

which comprises detectably labeled anti-HCV antibodies, wherein any anti-HCV

antibody present in the test sample and the at least one second specific binding partner

compete with each other to form first specific binding partner/anti-HCV antibody

complexes and a first specific binding partner/second specific binding partner

complexes, respectively, and

(ii) determining the presence, amount or concentration of

anti-HCV antibodies in the test sample by detecting or measuring the signal generated

by the detectable label in the first specific binding partner/second specific binding

partner complex formed in (ii), wherein the signal generated by the detectable label in

the first specific binding partner/second specific binding partner complex is inversely

proportional to the amount or concentration of anti-HCV antibodies in the test sample.

The polypeptides of which the immunodiagnostic reagent is comprised can be coated



on microparticles. In this regard, the polypeptides of which the immunodiagnostic

reagent is comprised can be co-coated on the same microparticles. When the

polypeptides of which the immunodiagnostic reagent is comprised are co-coated on the

same microparticles (e.g., a microparticle suspension containing 4% solids (4%

weight/volume microparticles or 4 gr microparticles/1 00 ml_ microparticle suspension)),

preferably the polypeptides are co-coated on the same microparticles in a ratio of about

1:2 to about 1:6, wherein, when the polypeptides are co-coated on the same

microparticles in a ratio of about 1:2, the concentration of an isolated or purified

polypeptide comprising the recombinant NS3 antigen of the present invention is at least

about 40 g/mL and the concentration of the other isolated or purified polypeptide is at

least about 80 g/mL. If the test sample was obtained from a patient, the method can

further comprise diagnosing, prognosticating, or assessing the efficacy of a

therapeutic/prophylactic treatment of the patient. If the method further comprises

assessing the efficacy of a therapeutic/prophylactic treatment of the patient, the method

optionally can further comprise modifying the therapeutic/prophylactic treatment of the

patient as needed to improve efficacy. The method can be adapted for use in an

automated system or a semi-automated system.

[00129] Generally, a predetermined level can be employed as a benchmark against

which to assess results obtained upon assaying a test sample for anti-HCV antibodies.

Generally, in making such a comparison, the predetermined level is obtained by running

a particular assay a sufficient number of times and under appropriate conditions such

that a linkage or association of analyte presence, amount or concentration with a

particular stage or endpoint of a disease, disorder or condition (e.g., preeclampsia or

cardiovascular disease) or with particular indicia can be made. Typically, the

predetermined level is obtained with assays of reference subjects (or populations of

subjects).

[00130] In particular, with respect to a predetermined level as employed for monitoring

disease progression and/or treatment, the amount or concentration of anti-HCV

antibodies may be "unchanged," "favorable" (or "favorably altered"), or "unfavorable" (or

"unfavorably altered"). "Elevated" or "increased" refers to an amount or a concentration



in a test sample that is higher than a typical or normal level or range (e.g.,

predetermined level), or is higher than another reference level or range (e.g., earlier or

baseline sample). The term "lowered" or "reduced" refers to an amount or a

concentration in a test sample that is lower than a typical or normal level or range (e.g.,

predetermined level), or is lower than another reference level or range (e.g., earlier or

baseline sample). The term "altered" refers to an amount or a concentration in a sample

that is altered (increased or decreased) over a typical or normal level or range (e.g.,

predetermined level), or over another reference level or range (e.g., earlier or baseline

sample).

[00131] The typical or normal level or range for anti-HCV antibodies is defined in

accordance with standard practice. Because the levels of anti-HCV antibodies in some

instances will be very low, a so-called altered level or alteration can be considered to

have occurred when there is any net change as compared to the typical or normal level

or range, or reference level or range, that cannot be explained by experimental error or

sample variation. Thus, the level measured in a particular sample will be compared with

the level or range of levels determined in similar samples from a so-called normal

subject. In this context, a "normal subject" is an individual with no detectable hepatitis,

for example, and a "normal" (sometimes termed "control") patient or population is/are

one(s) that exhibit(s) no detectable hepatitis, for example. Furthermore, given that anti-

HCV antibodies are not routinely found at a high level in the majority of the human

population, a "normal subject" can be considered an individual with no substantial

detectable increased or elevated amount or concentration of anti-HCV antibodies, and a

"normal" (sometimes termed "control") patient or population is/are one(s) that exhibit(s)

no substantial detectable increased or elevated amount or concentration of anti-HCV

antibodies. An "apparently normal subject" is one in which anti-HCV antibodies has not

been or is being assessed. The level of an analyte is said to be "elevated" when the

analyte is normally undetectable (e.g., the normal level is zero, or within a range of from

about 25 to about 75 percentiles of normal populations), but is detected in a test

sample, as well as when the analyte is present in the test sample at a higher than

normal level. Thus, inter alia, the disclosure provides a method of screening for a

subject having, or at risk of having, hepatitis, for example, as defined herein.



[00132] Accordingly, the methods described herein also can be used to determine

whether or not a subject has or is at risk of developing hepatitis. Specifically, such a

method can comprise the steps of:

(a) determining the concentration or amount in a test sample from a

subject of anti-HCV antibodies (e.g., using the methods described herein, or methods

known in the art); and

(b) comparing the concentration or amount of anti-HCV antibodies

determined in step (a) with a predetermined level, wherein, if the concentration or

amount of anti-HCV antibodies determined in step (a) is favorable with respect to a

predetermined level, then the subject is determined not to have or be at risk for

hepatitis. However, if the concentration or amount of anti-HCV antibodies determined in

step (a) is unfavorable with respect to the predetermined level, then the subject is

determined to have or be at risk for hepatitis.

[00133] Additionally, provided herein is method of monitoring the progression of disease

in a subject. Optimally the method comprising the steps of:

(a) determining the concentration or amount in a test sample from a

subject of anti-HCV antibodies;

(b) determining the concentration or amount in a later test sample from the

subject of anti-HCV antibodies; and

(c) comparing the concentration or amount of anti-HCV antibodies as

determined in step (b) with the concentration or amount of anti-HCV antibodies

determined in step (a), wherein if the concentration or amount determined in step (b) is

unchanged or is unfavorable when compared to the concentration or amount of anti-

HCV antibodies determined in step (a), then the disease in the subject is determined to

have continued, progressed or worsened. By comparison, if the concentration or

amount of anti-HCV antibodies as determined in step (b) is favorable when compared to

the concentration or amount of anti-HCV antibodies as determined in step (a), then the

disease in the subject is determined to have discontinued, regressed or improved



[00134] Optionally, the method further comprises comparing the concentration or

amount of anti-HCV antibodies as determined in step (b), for example, with a

predetermined level. Further, optionally the method comprises treating the subject with

one or more pharmaceutical compositions for a period of time if the comparison shows

that the concentration or amount of anti-HCV antibodies as determined in step (b), for

example, is unfavorably altered with respect to the predetermined level.

[00135] Still further, the methods can be used to monitor treatment in a subject

receiving treatment with one or more pharmaceutical compositions. Specifically, such

methods involve providing a first test sample from a subject before the subject has been

administered one or more pharmaceutical compositions. Next, the concentration or

amount in a first test sample from a subject of anti-HCV antibodies is determined (e.g.,

using the methods described herein or as known in the art). After the concentration or

amount of anti-HCV antibodies is determined, optionally the concentration or amount of

anti-HCV antibodies is then compared with a predetermined level. If the concentration

or amount of anti-HCV antibodies as determined in the first test sample is lower than the

predetermined level, then the subject is not treated with one or more pharmaceutical

compositions. However, if the concentration or amount of anti-HCV antibodies as

determined in the first test sample is higher than the predetermined level, then the

subject is treated with one or more pharmaceutical compositions for a period of time.

The period of time that the subject is treated with the one or more pharmaceutical

compositions can be determined by one skilled in the art (for example, the period of

time can be from about seven (7) days to about two years, preferably from about

fourteen ( 14) days to about one ( 1 ) year).

[00136] During the course of treatment with the one or more pharmaceutical

compositions, second and subsequent test samples are then obtained from the subject.

The number of test samples and the time in which said test samples are obtained from

the subject are not critical. For example, a second test sample could be obtained seven

(7) days after the subject is first administered the one or more pharmaceutical

compositions, a third test sample could be obtained two (2) weeks after the subject is

first administered the one or more pharmaceutical compositions, a fourth test sample

could be obtained three (3) weeks after the subject is first administered the one or more



pharmaceutical compositions, a fifth test sample could be obtained four (4) weeks after

the subject is first administered the one or more pharmaceutical compositions, etc.

[00137] After each second or subsequent test sample is obtained from the subject, the

concentration or amount of anti-HCV antibodies is determined in the second or

subsequent test sample is determined (e.g., using the methods described herein or as

known in the art). The concentration or amount of anti-HCV antibodies as determined in

each of the second and subsequent test samples is then compared with the

concentration or amount of anti-HCV antibodies as determined in the first test sample

(e.g., the test sample that was originally optionally compared to the predetermined

level). If the concentration or amount of anti-HCV antibodies as determined in step (c) is

favorable when compared to the concentration or amount of anti-HCV antibodies as

determined in step (a), then the disease in the subject is determined to have

discontinued, regressed or improved, and the subject should continue to be

administered the one or pharmaceutical compositions of step (b). However, if the

concentration or amount determined in step (c) is unchanged or is unfavorable when

compared to the concentration or amount of anti-HCV antibodies as determined in step

(a), then the disease in the subject is determined to have continued, progressed or

worsened, and the subject should be treated with a higher concentration of the one or

more pharmaceutical compositions administered to the subject in step (b) or the subject

should be treated with one or more pharmaceutical compositions that are different from

the one or more pharmaceutical compositions administered to the subject in step (b).

Specifically, the subject can be treated with one or more pharmaceutical compositions

that are different from the one or more pharmaceutical compositions that the subject

had previously received to decrease or lower said subject's anti-HCV antibodies level.

[00138] Generally, for assays in which repeat testing may be done (e.g., monitoring

disease progression and/or response to treatment), a second or subsequent test

sample is obtained at a period in time after the first test sample has been obtained from

the subject. Specifically, a second test sample from the subject can be obtained

minutes, hours, days, weeks or years after the first test sample has been obtained from

the subject. For example, the second test sample can be obtained from the subject at a

time period of about 1 minute, about 5 minutes, about 10 minutes, about 15 minutes,



about 30 minutes, about 45 minutes, about 60 minutes, about 2 hours, about 3 hours,

about 4 hours, about 5 hours, about 6 hours, about 7 hours, about 8 hours, about 9

hours, about 10 hours, about 11 hours, about 12 hours, about 13 hours, about 14 hours,

about 15 hours, about 16 hours, about 17 hours, about 18 hours, about 19 hours, about

20 hours, about 2 1 hours, about 22 hours, about 23 hours, about 24 hours, about 2

days, about 3 days, about 4 days, about 5 days, about 6 days, about 7 days, about 2

weeks, about 3 weeks, about 4 weeks, about 5 weeks, about 6 weeks, about 7 weeks,

about 8 weeks, about 9 weeks, about 10 weeks, about 11 weeks, about 12 weeks,

about 13 weeks, about 14 weeks, about 15 weeks, about 16 weeks, about 17 weeks,

about 18 weeks, about 19 weeks, about 20 weeks, about 2 1 weeks, about 22 weeks,

about 23 weeks, about 24 weeks, about 25 weeks, about 26 weeks, about 27 weeks,

about 28 weeks, about 29 weeks, about 30 weeks, about 3 1 weeks, about 32 weeks,

about 33 weeks, about 34 weeks, about 35 weeks, about 36 weeks, about 37 weeks,

about 38 weeks, about 39 weeks, about 40 weeks, about 4 1 weeks, about 42 weeks,

about 43 weeks, about 44 weeks, about 45 weeks, about 46 weeks, about 47 weeks,

about 48 weeks, about 49 weeks, about 50 weeks, about 5 1 weeks, about 52 weeks,

about 1.5 years, about 2 years, about 2.5 years, about 3.0 years, about 3.5 years, about

4.0 years, about 4.5 years, about 5.0 years, about 5.5. years, about 6.0 years, about 6.5

years, about 7.0 years, about 7.5 years, about 8.0 years, about 8.5 years, about 9.0

years, about 9.5 years or about 10.0 years after the first test sample from the subject is

obtained. When used to monitor disease progression, the above assay can be used to

monitor the progression of disease in subjects suffering from acute conditions. Acute

conditions, also known as critical care conditions, refer to acute, life-threatening

diseases or other critical medical conditions involving, for example, the cardiovascular

system or excretory system. Typically, critical care conditions refer to those conditions

requiring acute medical intervention in a hospital-based setting (including, but not

limited to, the emergency room, intensive care unit, trauma center, or other emergent

care setting) or administration by a paramedic or other field-based medical personnel.

For critical care conditions, repeat monitoring is generally done within a shorter time

frame, namely, minutes, hours or days (e.g., about 1 minute, about 5 minutes, about 10

minutes, about 15 minutes, about 30 minutes, about 45 minutes, about 60 minutes,



about 2 hours, about 3 hours, about 4 hours, 4 about 5 hours, about 6 hours, about 7

hours, about 8 hours, about 9 hours, about 10 hours, about 11 hours, about 12 hours,

about 13 hours, about 14 hours, about 15 hours, about 16 hours, about 17 hours, about

18 hours, about 19 hours, about 20 hours, about 2 1 hours, about 22 hours, about 23

hours, about 24 hours, about 2 days, about 3 days, about 4 days, about 5 days, about 6

days or about 7 days), and the initial assay likewise is generally done within a shorter

timeframe, e.g., about minutes, hours or days of the onset of the disease or condition.

[00139] The assays also can be used to monitor the progression of disease in subjects

suffering from chronic or non-acute conditions. Non-critical care or, non-acute

conditions, refers to conditions other than acute, life-threatening disease or other critical

medical conditions involving, for example, the cardiovascular system and/or excretory

system. Typically, non-acute conditions include those of longer-term or chronic duration.

For non-acute conditions, repeat monitoring generally is done with a longer timeframe,

e.g., hours, days, weeks, months or years (e.g., about 1 hour, about 2 hours, about 3

hours, about 4 hours, about 5 hours, about 6 hours, about 7 hours, about 8 hours, about

9 hours, about 10 hours, about 11 hours, about 12 hours, about 13 hours, about 14

hours, about 15 hours, about 16 hours, about 17 hours, about 18 hours, about 19 hours,

about 20 hours, about 2 1 hours, about 22 hours, about 23 hours, about 24 hours, about

2 days, about 3 days, about 4 days, about 5 days, about 6 days, about 7 days, about 2

weeks, about 3 weeks, about 4 weeks, about 5 weeks, about 6 weeks, about 7 weeks,

about 8 weeks, about 9 weeks, about 10 weeks, about 11 weeks, about 12 weeks,

about 13 weeks, about 14 weeks, about 15 weeks, about 16 weeks, about 17 weeks,

about 18 weeks, about 19 weeks, about 20 weeks, about 2 1 weeks, about 22 weeks,

about 23 weeks, about 24 weeks, about 25 weeks, about 26 weeks, about 27 weeks,

about 28 weeks, about 29 weeks, about 30 weeks, about 3 1 weeks, about 32 weeks,

about 33 weeks, about 34 weeks, about 35 weeks, about 36 weeks, about 37 weeks,

about 38 weeks, about 39 weeks, about 40 weeks, about 4 1 weeks, about 42 weeks,

about 43 weeks, about 44 weeks, about 45 weeks, about 46 weeks, about 47 weeks,

about 48 weeks, about 49 weeks, about 50 weeks, about 5 1 weeks, about 52 weeks,

about 1.5 years, about 2 years, about 2.5 years, about 3.0 years, about 3.5 years, about

4.0 years, about 4.5 years, about 5.0 years, about 5.5. years, about 6.0 years, about 6.5



years, about 7.0 years, about 7.5 years, about 8.0 years, about 8.5 years, about 9.0

years, about 9.5 years or about 10.0 years), and the initial assay likewise generally is

done within a longer time frame, e.g., about hours, days, months or years of the onset

of the disease or condition.

[00140] Furthermore, the above assays can be performed using a first test sample

obtained from a subject where the first test sample is obtained from one source, such as

urine, serum or plasma. Optionally the above assays can then be repeated using a

second test sample obtained from the subject where the second test sample is obtained

from another source. For example, if the first test sample was obtained from urine, the

second test sample can be obtained from serum or plasma. The results obtained from

the assays using the first test sample and the second test sample can be compared.

The comparison can be used to assess the status of a disease or condition in the

subject.

[00141] Moreover, the present disclosure also relates to methods of determining

whether a subject predisposed to or suffering from hepatitis will benefit from treatment.

In particular, the disclosure relates to HCV companion diagnostic methods and

products. Thus, the method of "monitoring the treatment of disease in a subject" as

described herein further optimally also can encompass selecting or identifying

candidates for therapy.

[00142] Thus, in particular embodiments, the disclosure also provides a method of

determining whether a subject having, or at risk for, hepatitis is a candidate for therapy.

Generally, the subject is one who has experienced some symptom of hepatitis or who

has actually been diagnosed as having, or being at risk for, hepatitis and/or who

demonstrates an unfavorable concentration or amount of anti-HCV antibodies or a

fragment thereof, as described herein.

[00143] The method optionally comprises an assay as described herein, where analyte

is assessed before and following treatment of a subject with one or more

pharmaceutical compositions (e.g., particularly with a pharmaceutical related to a

mechanism of action involving HCV), with immunosuppressive therapy, or by

immunoabsorption therapy, with anti-angiogenic therapy, or where analyte is assessed



following such treatment and the concentration or the amount of analyte is compared

against a predetermined level. An unfavorable concentration of amount of analyte

observed following treatment confirms that the subject will not benefit from receiving

further or continued treatment, whereas a favorable concentration or amount of analyte

observed following treatment confirms that the subject will benefit from receiving further

or continued treatment. This confirmation assists with management of clinical studies,

and provision of improved patient care.

[00144] Adaptation of Kit and Method

[00145] The kit (or components thereof), as well as the method of determining the

concentration of anti-HCV antibodies in a test sample by an immunoassay as described

herein, can be adapted for use in a variety of automated and semi-automated systems

(including those wherein the solid phase comprises a microparticle), as described, e.g.,

in U.S. Pat. Nos. 5,089,424 and 5,006,309, and as commercially marketed, e.g., by

Abbott Laboratories (Abbott Park, III.) as ARCHITECT®.

[00146] Some of the differences between an automated or semi-automated system as

compared to a non-automated system (e.g., ELISA) include the substrate to which the

first specific binding partner (e.g., antigen) is attached (which can impact sandwich

formation and analyte reactivity), and the length and timing of the capture, detection

and/or any optional wash steps. Whereas a non-automated format such as an ELISA

may require a relatively longer incubation time with sample and capture reagent (e.g.,

about 2 hours), an automated or semi-automated format (e.g., ARCHITECT®, Abbott

Laboratories) may have a relatively shorter incubation time (e.g., approximately 18

minutes for ARCHITECT®). Similarly, whereas a non-automated format such as an

ELISA may incubate a detection antibody such as the conjugate reagent for a relatively

longer incubation time (e.g., about 2 hours), an automated or semi-automated format

(e.g., ARCHITECT®) may have a relatively shorter incubation time (e.g., approximately

4 minutes for the ARCHITECT®).

[00147] Other platforms available from Abbott Laboratories include, but are not limited

to, AxSYM®, IMx® (see, e.g., U.S. Pat. No. 5,294,404, which is hereby incorporated by

reference in its entirety), PRISM®, EIA (bead), and Quantum.TM. II, as well as other



platforms. Additionally, the assays, kits and kit components can be employed in other

formats, for example, on electrochemical or other hand-held or point-of-care assay

systems. The present disclosure is, for example, applicable to the commercial Abbott

Point of Care (i-STAT®, Abbott Laboratories) electrochemical immunoassay system that

performs sandwich immunoassays Immunosensors and their methods of manufacture

and operation in single-use test devices are described, for example in, U.S. Pat. No.

5,063,081 , U.S. Pat. App. Pub. No. 2003/01 70881 , U.S. Pat. App. Pub. No.

2004/001 8577, U.S. Pat. App. Pub. No. 2005/0054078, and U.S. Pat. App. Pub. No.

2006/01 601 64, which are incorporated in their entireties by reference for their teachings

regarding same.

[00148] In particular, with regard to the adaptation of an assay to the l-STAT® system,

the following configuration is exemplary. A microfabricated silicon chip is manufactured

with a pair of gold amperometric working electrodes and a silver-silver chloride

reference electrode. On one of the working electrodes, polystyrene beads (0.2 mm

diameter) with immobilized capture antibody are adhered to a polymer coating of

patterned polyvinyl alcohol over the electrode. This chip is assembled into an l-STAT®

cartridge with a fluidics format suitable for immunoassay. On a portion of the wall of the

sample-holding chamber of the cartridge there is a layer comprising the detection

antibody labeled with alkaline phosphatase (or other label). Within the fluid pouch of the

cartridge is an aqueous reagent that includes p-aminophenol phosphate.

[00149] In operation, a sample suspected of containing anti-HCV antibody is added to

the holding chamber of the test cartridge and the cartridge is inserted into the l-STAT®

reader. After the detection antibody has dissolved into the sample, a pump element

within the cartridge forces the sample into a conduit containing the chip. Here it is

oscillated to promote formation of the sandwich between the capture antigen, anti-HCV

antibody, and the labeled detection antibody. In the penultimate step of the assay, fluid

is forced out of the pouch and into the conduit to wash the sample off the chip and into a

waste chamber. In the final step of the assay, the alkaline phosphatase label reacts with

p-aminophenol phosphate to cleave the phosphate group and permit the liberated p-

aminophenol to be electrochemically oxidized at the working electrode. Based on the



measured current, the reader is able to calculate the amount of anti-HCV antibody in the

sample by means of an embedded algorithm and factory-determined calibration curve.

[00150] The methods and kits as described herein encompass other reagents and

methods for carrying out the immunoassay. For instance, encompassed are various

buffers such as are known in the art and/or which can be readily prepared or optimized

to be employed, e.g., for washing, as a conjugate diluent, and/or as a calibrator diluent.

An exemplary conjugate diluent is ARCHITECT® conjugate diluent employed in certain

kits (Abbott Laboratories, Abbott Park, III.) and containing 2-(N-

morpholino)ethanesulfonic acid (MES), a salt, a protein blocker, an antimicrobial agent,

and a detergent. An exemplary calibrator diluent is ARCHITECT® human calibrator

diluent employed in certain kits (Abbott Laboratories, Abbott Park, III.), which comprises

a buffer containing MES, other salt, a protein blocker, and an antimicrobial agent.

Additionally, as described in U.S. Patent Application No. 61/1 42,048 filed Dec. 3 1 , 2008,

and U.S. patent application Ser. No. 12/650,241 , improved signal generation may be

obtained, e.g., in an l-STAT® cartridge format, using a nucleic acid sequence linked to

the signal antibody as a signal amplifier.

[00151] EXAMPLES

[00152] Example 1: Cloning and expression of HCV NS3 9NB49H.

[00153] The nucleotide sequence (Seq ID 1) encoding amino acids 1192-1 457 of HCV

(Seq ID 2) was codon optimized for E. coli expression and cloned into a modified

pET32a vector wherein the sequence encoding a thioredoxin fusion protein was

eliminated, and replaced with Methionine (M). In addition, a carboxy-terminal

hexahistidine tag was included to facilitate purification via immobilized metal affinity

chromatography (IMAC). E. coli BL21 (DE3) cells were transformed with purified plasmid

DNA and transformants screened. The resulting plasmid was designated p9NB49H and

the protein expressed therefrom was designated as 9NB49H.

[00154] Protein expression was achieved by culturing the p9NB49H-transformed E. coli

BL21 (DE3) cells in terrific broth (TB) medium. Cells were grown in shake flasks to an

OD600nm of 0.50 and then induced with 1mM IPTG and grown at 25-37°C for

approximately three hours until an OD600nm of approximately 3.5 was obtained. Cells



were harvested by centrifugation, and suspended in lysis buffer (50 mM KP04, 300 mM

KCI, 5 mM Imidazole, pH 8.0) supplemented with protease inhibitors. The cell

suspension was frozen and thawed, benzonase was added, and the cells were lysed by

sonication on ice. The lysate was divided into soluble and insoluble fractions by

centrifugation. SDS-PAGE revealed that the NS3 9NB49H protein was present in the

soluble fraction. IMAC purification was performed on the lysate soluble fraction using

the Native IMAC Buffer Kit and Profinity IMAC cartridge (BioRad) according to the

manufacture's protocol. Buffer exchange of the purified protein into PBS was

accomplished by a desalting column or by dialysis. All buffers used throughout the

purification procedure contained 20 mM beta-mercaptoethanol ( - ME).

[00155] Example 2 : Cloning and expression of HCV NS3 Nbt-9NB49H.

[00156] The nucleotide sequence encoding the NS3 9NB49H protein described in

Example 1 was subcloned into a modified pET32a plasmid wherein the open reading

frame encodes an amino-terminal biotinylation tag (MSGLNDIFEAQKIEWHE) with a

GSGSNSM- linker sequence upstream of the NS3-encoding sequence followed by a

carboxyl-terminal hexahistidine tag followed by a stop codon. The resulting plasmid was

designated pNbt-9NB49H. The biotinylation tag, described by Beckett et al. (Protein

Science, 8(4):921 -929, 1999) permits site-specific biotin incorporation via a biotin ligase

enzyme encoded by the E. coli BirA gene. E. coli BL21 (DE3) cells were co-transformed

with the pNbt-9NB49H expression plasmid and a second plasmid (pBirAcm) expressing

the biotin ligase under control of an IPTG inducible promoter. Cells were grown in shake

flasks at 37 °C in Terrific Broth with biotin added to 0.050 mM final concentration to an

OD600nm of 0.50 and then induced with 1mM IPTG and grown at 25 °C overnight. Cells

were then collected via centrifugation and resuspended in lysis buffer and sonicated to

disrupt the cells. In some instances, to further ensure a high level of site-specific

biotinylation, ATP and biotin were added to the lysed cells (3mM and 0.25 mM final

concentrations, respectively) and incubated at room temperature for 2 hours.

Recombinant protein was then purified via IMAC as described in Example 1.



[00157] Example 3 : Cloning and expression of HCV NS3 9NB49H-Cbt.

[00158] The nucleotide sequence encoding the NS3 9NB49H protein described in

Example 1, was subcloned into a modified pET32a vector wherein the open reading

frame encodes N-terminal methionine followed by NS3 followed by a GSGSG-linker and

a hexahistidine tag followed by a GG- linker and the biotinylation tag

(GLNDIFEAQKIEWHE) and finally the stop codon. The resulting plasmid was

designated p9NB49H-Cbt. Protein expression and biotinylation was performed as

described in Examples l and 2 .

[00159] Example 4 : Cloning and expression of HCV NS3 9NB49H-Cbt mutants.

[00160] The nucleotide sequence encoding 9NB49H-Cbt described in Example 3 was

site-specifically mutated to substitute cysteine codons with serine codons. Positions

mutated are described in the table below wherein codon (amino acid) number of the

HCV polyprotein sequence is based on that described by Kuiken et al. (Hepatology,

2006, 44(5) : 1 355-1 361 ) . Recombinant protein expression, purification, and biotinylation

were performed as described in Examples 1 and 2 .

[00161] Table 1

Cysteine Cysteine Cysteine Plasmid designation Expressed Seq ID#
Position in HCV Position number in protein (nucleotide, amino
Polyprotein in NS3 9NB49H designation acid)
C 1305 C279 C 1 p9NB49H-Cbt-C1 S 9NB49H-Cbt- 3,4

C 1S
C 13 15 C289 C2 p9NB49H-Cbt-C2S 9NB49H-Cbt- 5,6

C2S
C 13 18 C292 C3 p9NB49H-Cbt-C3S 9NB49H-Cbt- 7,8

C3S
C 1394 C368 C4 p9NB49H-Cbt-C4S 9NB49H-Cbt- 9,1 0

C4S

C 1400 C374 C5 p9NB49H-Cbt-C5S 9NB49H-Cbt- 11, 12
C5S

C 1305, C 13 15 , C279, C 1 , C2, C3 p9NB49H-Cbt-C1 - 9NB49H-Cbt- 13,1 4
C 13 18 C289, 3S C 1-3S

C292
C 1394, C 1400 C368, C4, C5 p9NB49H-Cbt-C4- 9NB49H-Cbt- 15,1 6

C374 5S C4-5S
C 1305, C 13 15 , C279, C 1 , C2, C3, p9NB49H-Cbt-C1 - 9NB49H-Cbt- 17,1 8
C 13 18, C289, C4, C5 5S C 1-5S
C 1394, C 1400 C292,

C368,
C374



[00162] Example 5 : Cloning and expression of HCV NS3h and variants thereof.

[00163] Recombinant HCV NS3 helicase variants were constructed by using the same

amino terminus expressed by p9NB49H (i.e. amino acids 1192-1 2 15 of the HCV

polyprotein) fused to various regions of the HCV NS3 helicase as described in the table

below and as shown in Figure 1. Nucleotide sequences encoding the helicase

constructs were cloned into a modified pET32a vector (minus thioredoxin fusion) with

either a carboxyl-terminal GSGSG-hexahistidine tag as described in Example 1 or a

carboxyl-terminal GSGSG-hexahistidine-GG-biotinylation tag as described in Example

2 . Any construct containing the 3rd domain of the NS3 helicase comprises a carboxyl-

terminal SGSGSG-hexahistidine tag, or a carboxyl-terminal SGSGSG-hexahistidine-

GG-biotinylation tag. Protein expression with or without biotinylation and purification

were performed as described in Examples 1 and 2 .

[00164] Table 2



[00165] Example 6 : Cloning and expression of full-length HCV NS3 helicase

variants.

[00166] The plasmid encoding the full-length NS3h (helicase) protein described in

Example 5 (pNS3h-Cbt) was site-specifically mutagenized using standard methods to

produce mutant clones wherein selected codons were replaced (i.e. substituted) as

described in the table below.

[00167] Table 3

[00168] The resulting constructs possessed a carboxyl-terminal SGSGSG-

hexahistidine-GG-linker-biotinylation tag as described in Example 5 . Protein expression

and biotinylation was performed by co-transformation of E. coli BL21 (DE3) cells with

individual NS3 helicase-Cbt mutant plasmids and pBirAcm as described in Example 3 .

Purification was performed as described in Examples 1 and 2 .



[00169] Example 7 : Cloning and expression of HCV NS3 helicase variants with

modified C-termini.

[00170] The plasmid encoding the full-length NS3h (helicase) protein described in

Example 5 (pNS3h) was modified downstream of the region encoding NS3h (HCV aa

1192-1 657) to include sequences encoding in-frame a SGSGSG-linked octahistidine tag

followed by additional HCV NS3 helicase sequences as described in the table below,

followed by a stop codon.

[00171] Protein expression was performed following transformation of E. coli

BL21 (DE3) cells with the individual modified NS3h plasmids (-XC1 , -XC2, or -XC3) as

described in Example 1. Protein purification of the C-terminally modified NS3h proteins

was performed as described in Example 1.

[00172] Example 8 : Fermentation, Protein Expression and Purification.

[00173] The NS3 recombinant proteins (e.g. 9NB49H or NS3h or variants thereof) were

expressed in E. coli BL21 (DE3) cells cultured in 10L fermenters. An 120ml_ seed

culture grown in a shake flask containing Superbroth (SB) Media (rich media with

glycerol as a carbon source) was used to inoculate a 10L fermenter containing SB

media. Cells were grown at 37°C until an optical density at 600nm of 8-1 2 was reached.

Protein expression was induced by adding isopropyl β-D-l -thiogalactopyranoside

(IPTG) to a final concentration of 1 mM. The culture was then grown an additional 4

hours at 25-37 °C. Cells were then harvested from the fermenter and then passed

through a hollow fiber membrane filter to concentrate the harvest from the starting

volume of 10L to 1-2 liters. The concentrated cells were then pelleted via centrifugation,

the supernatant removed, and the resulting pellets were stored at -80 °C until used for

protein purification.



[00174] In vivo biotinylation of recombinant HCV NS3 proteins containing either an

amino-terminal or carboxyl-terminal biotinylation tag sequence (see Examples 2 and 3)

was achieved by conducting fermentation as described above except that biotin was

added to a final concentration of 0.05mM at the time of induction. The culture was then

grown an additional 4 hours at 25-37 °C and processed as described in the above

paragraph.

[00175] Frozen E. coli cell pellets containing expressed soluble HCV NS3 recombinant

antigens were thawed then resuspended in chilled lysis buffer (40 mM NaP0 , 300 mM

NaCI, 1.5 mM MgCI2, 5% Glycerol, 5 mM beta-mercaptoethanol, pH 7.2) followed by

lysis via continuous flow sonication at 0°C for 45 minutes. After centrifugation to remove

insoluble material, GE nickel sepharose Fast Flow resin was added to the supernatant

and incubated overnight at 2-8°C (shaking at 125 rpm). The resin containing bound

antigen was then washed under mild vacuum with wash buffer (40mM NaP0 , pH 7.2,

500 mM NaCI, 1 mM EDTA, 20 mM imidizole, 5 mM beta-mercaptoethanol) and bound

antigen was eluted using buffer containing 40mM NaP0 4, 150 mM NaCI, 1 mM EDTA,

500 mM imidizole, 10 mM DTT, pH 7.2. The antigen was further purified via anion

exchange chromatography as follows: antigen was bound to a GE Q HP anion

exchange resin in 20 mM Tris pH 8.4, followed by gradient elution with 20 mM Tris, pH

8.4, 1 M NaCI, 5 mM EDTA. The eluted protein was then desalted using a GE

Sephadex G25 column into final buffer containing 10 mM Phosphate, 150 mM NaCI, 5

mM EDTA, pH 7.2. The purified NS3 protein was stored at -70 °C.

[00176] Example 9 : Preparation of Acridinium-Bovine Serum Albumin (Acr-BSA).

[00177] A 30% solution (300 mg/mL) of bovine serum albumin (BSA) containing 0.1 %

sodium azide as preservative was purchased from a commercial source (Proliant

Biologicals, Ankeny, IA). One milliliter (300 mg) of the 30% BSA solution was diluted

with 2.0 mL of 0.1 M PBS pH 8.0, transferred to a 0.5-3.0 mL Slide-A-Lyzer dialysis

cassette (ThermoFisher, Waltham, MA) and dialyzed against 0.1 M PBS pH 8.0 (2

exchanges, 600 mL/exchange) overnight at 2-8 °C. The concentration of the dialyzed

BSA solution was 97.1 mg/mL based on UV absorbance at 280 nm. Two hundred

milligrams (2.060 mL, 3.0 umol, 1.0 mol equivalent) of the 97.1 mg/mL BSA solution



was added to an amber glass vial containing 10.1 8 1 mL of 0.1 M PBS pH 8.0. To this

mixture was added 39 mg ( 1 .092 mL, 45 umol, 15.0 mol equivalent) of SPSP-acridinium

active ester in DMF [Ν,Ν-dimethylformamide. The reaction vial was capped; the solution

was mixed by stirring at 350 rpm for 30 min, and then placed at room temperature

overnight (20-26h). After incubation, free acridinium and aggregates were removed

chromatographically (Sephacryl HR S-200 column, GE Healthsciences, PA) using

0.01 M PBS/0.1 % CHAPS pH 6.3 running buffer. Fractions corresponding to monomeric

Acr-BSA conjugate were pooled and characterized by UV spectrophotometry (240-600

nm scan). Absorbance values at 280 nm and 370 nm were used to determine protein

concentration and to calculate incorporation of acridinium per BSA molecule. The

calculated protein concentration was 6.779 mg/mL with an average number of 6.2

acridiniums per BSA molecule.

[00178] Example 10: Preparation of Acridinium-BSA-9NB49H Conjugate.

[00179] Preparation of Maleimide-Activated Acr-BSA. Acr-BSA (Example 8 ; 13.5

milligrams, 202 nmoles, 1.0 mol equivalent) 1.99 mL in PBS/0.1 % CHAPS pH 6.3 was

added to an amber glass vial and treated with 0.254 mL of 0.4M phosphate/8 mM

EDTA/1 .6% CHAPS pH 7.4 to adjust reaction pH to 7.4. To the homogeneous solution

was added 0.040 mL (0.35 mg, 4.0 mole equivalents) of a fresh 0.02M aqueous solution

of Succinimidyl 4-(N maleimidomethyl)-cyclohexane-1 -carboxylate (Sulfo-SMCC,

Pierce Chemical Co., Rockford, III). The reaction vial was capped; the solution was

stirred for 20 min without foaming and then allowed to incubate statically at room

temperature for 60-90 minutes in the dark. The reaction mixture was desalted to remove

unincorporated sulfo-SMCC by applying to a Zeba spin column (Pierce, Rockford, III)

pre-equilibrated with 0.1 M PBS/0.1 % CHAPS/5 mM EDTA pH 6.7. The absorbance of

the eluted Acr-BSA-Mal reagent was measured at 280 and 370 nm to estimate protein

concentration. The calculated protein concentration was 6.28 mg/mL. The Acr-BSA-Mal

was used immediately in the conjugation of HCV NS3 antigen.

[00180] Conjugation of Recombinant 9NB49H to Acr-BSA-Mal. Acr-BSA-Mal (5.6

milligrams, 84 nmoles, 2.0 mole equivalents) in 0.789 mL of 0.1 M PBS/0.1 % CHAPS/5

mM EDTA pH 6.7 was added to a polypropylene tube. To this was added 1.2 mg ( 1 .3



mL, 42 nmoles, 1.0 mol equivalent) of recombinant 9NB49H antigen in 0.01 M PBS/5

mM EDTA pH 7.2. The solution was stirred for 30 min without foaming, and then

allowed to incubate statically at room temperature overnight in dark. The conjugate was

purified either at this stage or after carboxymethylation of 9NB49H free cysteines. In

the case of carboxymethylation, the crude conjugate solution was treated with 0.270 mL

of 0.5M phosphate buffer pH 11.0 to adjust pH to 8.0. The mixture was stirred for 5 min,

then 0.94 mg (0.020 mL, 120 mole equivalents) of a fresh 0.25M iodoacetic (IAA)

solution in 1N NaOH or 0.25M aqueous iodoacetaminde (IAM) was added under mixing

to effect 9NB49H free Cys-carboxymethylation. The mixture was reacted statically at

room temperature and dark for 60 min, and then passed thru a PD1 0 column

equilibrated in 0.01 M PBS/0.1 % CHAPS/5 mM EDTA pH 6.3 (3.0 mL elution volume).

[00181] The Acr-BSA-9NB49H conjugate protein concentration was determined from

the 280nm absorbance of the conjugate after subtracting the 280nm absorbance

contributed by the Acr-BSA. The absorbance of a 1% (w/v) solution of 9NB49H of 0.52

was used to calculate the protein concentration. The 9NB49H concentration calculated

as described was 0.406 mg/mL.

[00182] Example 11: Preparation of Acridinium-BSA-NS3h Conjugate.

[00183] Preparation of (LC)Maleimide-Activated Acr-BSA. Acr-BSA (Example 8 ; 3.0

mg, 0.443 mL, 45 nmol, or 1.0 mol equivalent) in PBS/0.1 % CHAPS pH 6.3 was added

to an amber glass vial and treated with 0.058 ml of 0.4M phosphate/8 mM EDTA/1 .6%

CHAPS pH 7.4 buffer to adjust the reaction pH to 7.4. To the homogeneous solution

was added 0.01 8 mL (0.080 mg, 180 nmoles, 4.0 mol equivalent) of a fresh 0.01 M

solution of Succinimidyl 4-(N-maleimidomethyl)cyclohexane-1 -carboxy-(6-

amidocaproate) (Lon Chain or LC-SMCC, Pierce Chemical Co., Rockford, III) in

dimethylsulfoxide (DMSO, Sigma Aldrich, St Louis, MO). The reaction vial was capped;

the solution was stirred for 20 min without foaming and then allowed to incubate

statically at room temperature for 60 minutes in dark. The reaction mixture was desalted

to remove unincorporated LC-SMCC by applying to a Zeba spin column (Pierce,

Rockford, III) pre-equilibrated with 0.1 M PBS/0.1 % CHAPS/5 mM EDTA pH 6.7. The

absorbance of the eluted Acr-BSA-Mal reagent was measured at 280 and 370 nm to



estimate protein concentration. The calculated protein concentration was 5.25 mg/mL.

The Acr-BSA-(LC)Mal was used immediately in the next conjugation step.

[00184] Conjugation of Recombinant NS3h to Acr-BSA-(LC)Mal. 1.20 ml_ (3.1 2 mg)

of a 2.6 mg/mL solution of NS3h in 0.025M phosphate/0. 25M NaCI/5 mM beta-

mercaptoethanol/5 mM EDTA pH 8.0 was passed through a PD1 0 desalting column to

remove the beta-mercaptoethanol. The NS3h protein was eluted with 2.5 ml_ of 0.01 M

PBS/5 mM EDTA pH 7.2 and the concentration of the eluent was calculated to be 2.9

mg/mL by absorbance at 280 nm. To a polypropylene tube were added 1.56 mg (0.297

mL, 23.4 nmoles, 2.0 mol equivalent) of Acr-BSA-(LC)Mal in 0.1 M PBS/0.1 % CHAPS/5

mM EDTA pH 6.7 followed by 0.60 mg (0.51 8 mL, 11.7 nmoles, 1.0 mol equivalent) of

recombinant NS3h antigen in 0.01 M PBS/5 mM EDTA pH 7.2. The solution was stirred

for 30 min without foaming, and then allowed to incubate statically at room temperature

overnight in dark. To the conjugate solution was added 0.093 mL of 0.5M phosphate

buffer pH 11.0 to adjust mixture pH to 8.0. The mixture was stirred for 5 min, then 0.56

mg (0.01 2 mL, 120 mole equivalent) of a fresh 0.25M iodoacetic (IAA, Thermofisher

Scientific, Waltham, MA) solution in 1N NaOH was added under mixing to effect NS3

free Cys-carboxymethylation. The mixture was reacted statically at room temperature

and dark for 60 min, the final volume adjusted to 1.0 ml with 0.080 mL of 0.01 M

PBS/0.1 % CHAPS/5 mM EDTA pH 6.3 and passed thru a PD1 0 column equilibrated in

0.01 M PBS/0.1 % CHAPS/5 mM EDTA pH 6.3 (2.5 mL elution volume). The desalted

conjugate was next purified by SEC chromatography (TosoHaas G3000SWxl column,

Toso Bioscience LLC, King of Prussia, PA) to remove undesired aggregates. The Acr-

BSA-NS3h conjugate protein concentration was determined from the 280nm

absorbance of the conjugate after subtracting the 280nm absorbance contributed by the

Acr-BSA. The absorbance of a 1% (w/v) solution of NS3h of 0.95 was used to calculate

the protein concentration.

[00185] Example 12: Automated Magnetic Microparticle-Based Immunoassays.

[00186] The HCV NS3-derived proteins were tested for their ability to detect anti-HCV

NS3 antibodies using an automated immunoanalyzer that utilizes paramagnetic

microparticles and chemiluminescent conjugates (ARCHITECT® system; Abbott



Laboratories; see "Bulk Reagent Random-Access Analyzer: ARCHITECT 2000" Frank

A . Quinn, pages 363-367. In The Immunoassay Handbook, Third Edition, edited by

David Ward, Nature Publishing Group, London, UK; U.S. Patent No. 5,795,784 and U.S.

Patent No. 5,856,1 94). Assay formats examined included a 2-step format or a 1-step

format. Assays can generally be described as comprising two formats: 2-step and 1-

step (also described as 'pseudo' 1-step). In the 2-step format, human samples, assay

specific diluent buffer and recombinant antigen coated paramagnetic microparticles are

mixed into a reaction vessel, vortexed, and incubated for 18 min, wherein antibodies

directed against the recombinant antigen are captured by the microparticles. Following

this incubation, the microparticle/immune complexes are sequestered at the side of the

reaction vessel using a magnet and the reaction supernatant is removed. The

microparticles are then washed with water/detergent solution. In the second step,

antibodies from the sample bound to the microparticles are detected by suspension and

incubation (4 min) of the particles in buffer containing acridinium-labeled conjugate. The

conjugate may be an acridinium-labeled antibody directed against human

immunoglobulin(s) or an acridinium-labeled recombinant antigen. Incubation with

conjugate is followed by a second wash step and finally an activation of the acridinium

and simultaneous measurement of light output, which is proportional to the amount of

conjugate bound onto the microparticles.

[00187] In the 1-step format, human samples, recombinant antigen coated

paramagnetic microparticles and an assay specific diluent buffer containing a conjugate

comprised of acridinium-labeled recombinant antigen were mixed into a reaction vessel.

Following an 18-minute incubation, wherein antibodies directed against the recombinant

antigen were simultaneously captured by the magnetic microparticles and bound to the

acridinium-labeled recombinant antigen. Subsequently, the microparticle/immune

complexes were sequestered at the side of the reaction vessel using a magnet and

washed with a water/detergent mixture. Particles were then released from the vessel

wall and suspended in diluent and incubated for 4 minutes. Incubation was followed by

a second wash step and finally an activation of the acridinium and simultaneous

measurement of light output, which was proportional to the amount of conjugate bound

onto the microparticles.



[00188] Biotin-capture immunoassays. Biotin capture mediated immunoassays on

the Architect analyzer used biotinylated NS3 protein (e,g, Nbt or Cbt as described in

Example 2-6, or NS3 protein to which biotin has been coupled by chemical means in a

non-site-specific manner) and a biotin capture protein (e.g. avidin, Streptavidin,

Neutravidin, or anti-biotin antibody) coated paramagnetic particles. In this format,

immune complexes formed between NS3 antibodies present in the sample and biotinyl-

NS3 were captured onto the microparticle surface via the biotin capture protein

immobilized onto the microparticle surface. A conjugate consisting of an acridinylated

NS3 recombinant antigen can be added to the first step or the second step (i.e.

following the capture step) to detect captured anti-NS3. Alternatively, an anti-human

antibody acridinium conjugate can be added to the second step to detect captured anti-

NS3.

[00189] Example 13: Immunoassay Formats.

[00190] The following assay formats were used:

[00191] The following human specimens were used:

[00192] Negative control sample is recalcified nonreactive human plasma (nonreactive

for HBsAg, and negative for anti HCV, HIV-1 RNA or HIV-1 Ag, anti HIV 1/HIV-2 and

anti-HTLV-l/HTLV-ll).

[00193] Positive control sample known as 'Panel B' is a human recalcifed human

plasma sample reactive for a single anti-HCV marker as determined by Chiron RIBA

HCV 3.0 SIA (2+ or greater c33 band intensity and nonreactive for other bands). This



panel is diluted in recalcified nonreactive human plasma (nonreactive for HBsAg, and

negative for anti HCV, HIV-1 RNA or HIV-1 Ag, anti HIV 1/HIV-2 and anti-HTLV-l/HTLV-

II) containing disodium-EDTA and sodium azide.

[00194] A panel of commercially available human blood samples, referred to as

seroconversion panels, was obtained from SeraCare (Gaithersburg, MD) and

Zeptometrix (Franklin, MA). Each seroconversion panel consists of serial blood samples

obtained from an HCV infected individual.

[00195] Assay Format 1: Direct 1-Step. In the first step, 50 uL of human sample, 50

uL of conjugate (acridinium-labeled BSA covalently coupled to recombinant HCV NS3

antigen in a suitable buffer of pH 6.3) and 50 uL of paramagnetic microparticles coated

with an HCV NS3 recombinant antigen in a suitable buffer of pH 6.6 containing reducing

agent where indicated were mixed into a reaction vessel, vortexed, and incubated for 18

min. Following incubation, the microparticles were sequestered at the side of the

reaction vessel using a magnet and the reaction supernatant was removed. The

microparticles were subsequently washed with water/detergent solution. Antibodies

present in the samples and captured on the microparticles were retained during the

washing. In the second step, immediately following washing, 50 uL assay specific wash

buffer was added to the reaction vessel, which was vortexed and then incubated for 4

minutes. Following incubation, the microparticles were sequestered at the side of the

reaction vessel using a magnet and the reaction supernatant removed. The

microparticles were subsequently washed with water/detergent solution. Washed

particles were suspended in a basic-hydrogen peroxide containing solution to activate

the acridinium with simultaneous measurement of light output (in relative light units or

RLU), which is proportional to the amount of conjugate bound onto the microparticles.

[00196] Assay Format 2 : Indirect 2-Step. In the first step, 10 uL sample, 90 uL assay

specific diluent buffer and 50 uL of HCV NS3 coated paramagnetic microparticles

(contained in a sutiable buffer of pH 6.6 containing reducing agent) were mixed into a

reaction vessel, vortexed, and incubated for 18 min. Following this incubation, the

microparticles were sequestered at the side of the reaction vessel using a magnet while

the reaction supernatant was removed. The microparticles were subsequently washed



with water/detergent solution. Antibodies present in the samples and captured on the

microparticles were retained during the washing step(s). In the second step,

immediately following washing, 50 uL acridinium-labeled anti-human IgG ( 1 0 ng/mL)

and IgM ( 1 ng/mL) mouse monoclonal antibodies in conjugate diluent was added to the

reaction vessel, which was vortexed and then allowed to incubate for 4 minutes.

Following incubation, the microparticles were sequestered at the side of the reaction

vessel using a magnet and the reaction supernatant removed. The microparticles were

subsequently washed with water/detergent solution. Washed particles were suspended

in a basic-hydrogen peroxide containing solution to activate the acridinium with

simultaneous measurement of light output (in relative light units or RLU), which is

proportional to the amount of conjugate bound by the microparticles.

[00197] Assay Format 3 : Direct 1-Step/Capture on the Fly. In the first step, 110 uL

human sample, 50 to 90 uL conjugate (biotinylated recombinant HCV NS3 capture

antigen, and acridinium-labeled BSA covalently coupled to recombinant HCV NS3

antigen in a suitable buffer of pH 6.3) and 50 uL of paramagnetic microparticles coated

with streptavidin in particle diluent (a suitable buffer of pH 6.6 containing reducing

agent) were mixed into a reaction vessel, vortexed, and incubated for 18 min. Following

this incubation, the microparticles were sequestered at the side of the reaction vessel

using a magnet while the reaction supernatant was removed. The microparticles were

subsequently washed with water/detergent solution. Antibodies present in the samples

and captured on the microparticles were retained during the washing step(s). In the

second step, immediately following washing, an additional 50 uL assay specific wash

buffer was added to the reaction vessel, which was vortexed and allowed to incubate for

4 minutes. Following incubation, the microparticles were sequestered at the side of the

reaction vessel using a magnet and the reaction supernatant removed. The

microparticles were subsequently washed with water/detergent solution. Washed

particles were suspended in a basic-hydrogen peroxide containing solution to activate

the acridinium with simultaneous measurement of light output (in relative light units or

RLU), which is proportional to the amount of conjugate bound onto the microparticles.

[00198] Assay Format 4 : Direct 2-Step. In the first step, 110 uL of sample, 90 uL

assay specific diluent buffer (pH 8.4), and 50 uL of paramagnetic microparticles with



immobilized HCV NS3 antigen in particle diluent (pH 6.6 with/without reducing agent as

indicated) were mixed into a reaction vessel, vortexed, and incubated for 18 min.

Antigen was immobilized onto particles by (a) covalent coupling using EDAC or (b)

binding to immobilized streptavidin via biotin covalently linked to the antigen. Following

this incubation, the microparticles were sequestered at the side of the reaction vessel

using a magnet while the reaction supernatant was removed. The microparticles were

subsequently washed with water/detergent solution. Antibodies present in the samples

and captured on the microparticles were retained during the washing step(s). In the

second step, immediately following washing, 50 uL acridinium-labeled BSA coupled to

recombinant HCV NS3 antigen in conjugate diluent buffer was added to the reaction

vessel, vortexed and then allowed to incubate for 4 minutes. Following incubation, the

microparticles were sequestered at the side of the reaction vessel using a magnet and

the reaction supernatant removed. The microparticles were subsequently washed with

water/detergent solution. Washed particles were suspended in a basic-hydrogen

peroxide containing solution to activate the acridinium with simultaneous measurement

of light output (in relative light units or RLU), which is proportional to the amount of

conjugate bound onto the microparticles.

[00199] Assay Format 5 : Indirect 2-Step/Capture on the Fly. In the first step, 10 uL

sample, 90 uL specimen diluent buffer containing biotinylated recombinant HCV NS3

antigen, and 50 uL paramagnetic microparticles coated with streptavidin in suitable

buffer of pH 6.6 containing reducing agent were mixed into a reaction vessel, vortexed,

and incubated for 18 min. Following this incubation, the microparticles were

sequestered at the side of the reaction vessel using a magnet while the reaction

supernatant was removed. The microparticles were subsequently washed with

water/detergent solution. Antibodies present in the samples and captured on the

microparticles were retained during the washing step(s). In the second step,

immediately following washing, 50 uL conjugate (acridinium-labeled anti-human IgG ( 10

ng/mL) and acridinium-labeled IgM ( 1 ng/mL) mouse monoclonal antibodies was added

to the reaction vessel, which was vortexed and then incubated for 4 minutes. Following

incubation, the microparticles were sequestered at the side of the reaction vessel using

a magnet and the reaction supernatant removed. The microparticles were subsequently



washed with water/detergent solution. Washed particles were suspended in a basic-

hydrogen peroxide containing solution to activate the acridinium with simultaneous

measurement of light output (in relative light units or RLU), which is proportional to the

amount of conjugate bound onto the microparticles.

[00200] Example 14: Immunoreactivity of 9NB49H and Cys-to-Ser mutants

[00201] The relative immunoreactivity of the 9NB49H recombinant and mutants thereof

was measured in the presence and absence of reducing agents. Assays were

performed using various assay formats as described in Example 13 using a known anti-

HCV NS3 positive plasma pool (Panel B) and an HCV antibody negative normal human

serum. Results shown in the table below are expressed as signal-to-negative ratio

(S/N). Substitution of cysteine 3 with serine improved the sensitivity of assay format 2

compared to the wild-type 9NB49H. Substitution of cysteine 4 with serine improved the

sensitivity in assay format 3 compared to the wild-type 9NB49H. Substitution of

cysteines 1 or 2 with serine had the largest negative impact to sensitivity in all 4 assay

formats. Substitution of cysteine 3 with serine reduced the differences observed

between the presence or absence of reducing agents in assay formats 2 , 3 and 4 .

Assay format 3 (Direct 1-Step/Capture on the Fly) exhibited the greatest overall

sensitivity regardless of the HCV protein used. Substitution of cysteine 3 with serine

reduced the influence of reducing agent in assay format 3 while maintaining sensitivity.



% Difference of Panel B S/N In the
Panel B S/N In the Presence

Absence of
of Reducing Agents

Reducing Agents
Assay Format Assay Format

Protein 1 2 3 4 1 2 3 4
9NB49H-Cbt 304.4 15.2 334.4 170.8 -43% 19% -38% -29%
9NB49H-Cbt-

20.8 4.5 17.2 5.2 - 18% 2% -8% - 12%
C 1-3S
9NB49H-Cbt-

245.8 14.3 322.0 153.2 -40% 6% -39% -30%
C4-5S
9NB49H-Cbt-

26.0 1.1 7.4 4.7 -7% 2% -37% - 13%
C 1-5S
9NB49H-Cbt-

74.7 12.0 2 17 .1 97.8 -34% 0% -63% -59%
C 1S
9NB49H-Cbt-

2 1 .3 4.5 107.8 17.9 -47% 4% -20% - 13%
C2S
9NB49H-Cbt-

184. 1 19.0 3 13.7 104.6 -39% 14% - 14% -5%
C3S
9NB49H-Cbt-

nd 14.3 340.5 145.2 nd 17% -34% -33%
C4S
9NB49H-Cbt-

261 .9 14.8 255.4 108.7 -48% 22% -55% -56%
C5S

nd: not determined
The % difference of Panel B S/N was calculated as:
(Panel B S/N in the absence of reducing agent - Panel B S/N in the presence of reducing agent) x 00

(Panel B S/N in the presence of reducing agent)

[00202] Example 15: Seroconversion Sensitivity of HCV 9NB49H-Cbt vs. 9NB49H-

Cbt-C3S.

[00203] As shown in Example 14 , Assay Format 3 (Direct 1-Step/Capture on the Fly)

exhibited the greatest overall sensitivity as measured by S/N value obtained by testing

an HCV antibody positive plasma pool. In addition, the 9NB49H mutant wherein the 3rd

cysteine residue was substituted with serine demonstrated the greatest resistance to

reducing agent. The relative sensitivity of the wild type and C3S mutant was determined

by using the Direct 1-Step/Capture on the Fly assay method (Format 3) and testing

seroconversion panels from human individuals infected with HCV (Panels 9 19 and

6228). A S/N of 10.0 was used as a cutoff for positivity; hence, samples with S/N>1 0.0

are considered to be reactive, samples with S/N<1 0.0 are considered to be non-

reactive. Seropositive samples from each seroconversion panel are indicated by a (+)

and nonreactive by (-). Panel B was used as a positive control. Results are shown in the



table below. The 9NB49H-C3S-Cbt protein resulted in generally higher S/N values and

also detected additional panel members as positive compared to the wild type protein.

[00204] Example 6 : Seroconversion Sensitivity of the NS3h Domain Variants

[00205] To identify domains of the HCV NS3 helicase protein (NS3h) contributing to

immunoreactivity among HCV infected individuals, a collection of recombinant proteins

was made as described in Example 5 . These site-specifically biotinylated proteins were

used in Assay Format 5 (Indirect 2-Step/Capture on the Fly, Example 13) to measure

their immunoreactivity by using an HCV positive control human plasma pool (Panel B)

and a set of seroconversion panels from human individuals infected with HCV (Panels

6224, 6228 and 9044). A S/N of 10.0 was used as a cutoff for positivity; hence, samples

with S/N>1 0.0 are considered to be reactive, samples with S/N<1 0.0 are considered to

be non-reactive. Panel B was used as a positive control. Results expressed as S/N

ratios are shown in the table below. NS3h-Cbt-C3S resulted in the greatest

seroconversion sensitivity (most reactive bleeds) followed by the NS3h-Cbt protein.

NS3h-Cbt-C3S resulted in 2-1 5 fold greater S/N, depending on the panel member, as



compared to 9NB49H-Cbt. NS3h-Cbt resulted in 3-1 0 fold greater S/N, depending on

the panel member, as compared to 9NB49H-Cbt. The NS3h-d1 -Cbt antigen exhibited 2-

fold greater S/N, depending on the panel member, as compared to 9NB49H-Cbt despite

the fact the 9NB49H is inclusive of the region expressed as d 1-Cbt.

ARCHITECT
Panel Bleed NS3h-Cbt Domain Variant

Anti-HCVMember Date
(LN 6C37) 9NB49H-Cbt d 1-Cbt d2-Cbt d2ext d 1d2ext NS3h NS3h-C3S

Panel B N/A 47.8 5.7 7.5 1.7 1.7 5.6 25.9 35.3
6224- 28-Oct-96
0 1

1. 1 0.9 0.9 0.9 0.8 0.8 0.9 1.0

6224-
3 1-Oct-96

02 1. 1 0.6 0.7 0.7 0.7 0.6 0.7 0.7
6224-

4-Nov-96
03 1.5 0.7 0.7 0.7 0.7 0.7 1.9 2.4
6224- 8-Nov-96
04 2.6 0.8 0.8 0.7 0.7 0.8 8.2 12.0
6224- 16-Nov-96
05 30.3 2.8 4.9 0.7 0.7 3.3 24.6 33.0
6224-

19-Nov-96
06 5 1 .6 4.8 8.3 0.6 0.7 5.2 29.6 39.9

6228- 20-Nov-96
0 1 0.7 0.9 1.0 1.0 1.0 1.0 1.0 0.9
6228- 22-Nov-96
02 0.6 0.8 0.9 0.9 0.9 0.9 1.0 1.0

6228-
27-Nov-96

03 0.9 1.0 1.0 1.0 1.0 1.0 1.1 1.0

6228- 29-Nov-96
04 0.6 0.9 0.9 0.9 0.9 0.9 0.9 0.8
6228- 4-Dec-96
05 0.8 1.0 1.0 1. 1 1. 1 1. 1 1.1 1.0

6228-
6-Dec-96

06 0.6 0.9 1.0 0.9 0.9 1.0 1.0 0.9
6228- 11-Dec-96
07 1.7 1.0 1.1 1.0 1.0 1. 1 1.4 1.5

6228- 14-Dec-96
08 1.7 1.0 1.0 1.0 1.0 1.0 1.3 1.6

6228-
18-Dec-96

09 17.6 1.9 3.2 1. 1 1. 1 1.9 8.4 12.9
6228-

2 1-Dec-96
10 63.2 4.7 10.2 1.0 1.0 4.1 23.8 34.4

6228- 26-Dec-9611 90.1 6.2 15.2 1.2 1. 1 6.1 3 1 .9 42.4
6228-

28-Dec-96
12 96.2 7 .1 16.5 1.0 1.0 7.4 32.0 42. 1

9044- 14-Apr-97
0 1 1.0 1.8 1.8 1.8 1.8 1.9 1.9 1.8

9044- 18-Apr-97
02 0.9 1.7 1.6 1.6 1.7 1.6 1.7 1.5

9044-
1-May-97

03 1. 1 1.7 1.9 1.9 1.8 1.9 2.0 2 .1
9044- 5-May-97
04 12.2 2.4 3.3 1.8 1.9 2.5 11.8 17.7

9044- 9-May-97
05 68.5 6.3 13.9 n/a 2.7 6.6 29.3 39.3
9044-

13-May-97
06 102.8 11.5 22.4 3.0 3.3 14.0 36.3 49.7



[00206] Example 17: Relative Immunoreactivity of 9NB49H, NS3h and NS3h-C3S

[00207] To identify which combinations of NS3 protein provided the highest antibody

detection assay sensitivity, various combinations of HCV NS3 recombinant proteins

were examined by using Assay Format 3 (Direct 1-Step/Capture on the Fly, Example

13). HCV NS3 proteins were labeled with Acr-BSA (acridinium-labeled BSA) and/or

used as site-specifically biotinylated capture proteins (i.e. possessing C-terminally

biotinylated tags or Cbt). The latter were examined at three different concentrations.

HCV positive control human plasma pool (Panel B) was used as a positive control and a

normal human plasma pool known to be negative for HCV antibodies was used as the

negative control. Results are shown in the table below and are expressed in relative

light units (RLU). All combinations of HCV NS3 proteins detected antibodies present in

the positive control sample, however, the combination of NS3h-Cbt and Acr-BSA-NS3h

exhibited the highest sensitivity.



[00208] Example 18: Seroconversion Sensitivity of 9NB49H, NS3h and NS3h-C3S.

[00209] The various combinations of NS3 recombinant antigens were examined for

their ability to detect antibodies among individual serum samples from a set of

seroconversion panels from HCV infected individuals. Data was generated by using

Assay Format 3 (Direct 1-step/Capture-on-the Fly, Example 13). An S/N of 10.0 was

used as a cutoff for positivity; hence, samples with S/N>1 0.0 are considered to be

reactive, samples with S/N<1 0.0 are considered to be non-reactive. Panel B was used

as a positive control. Results expressed as S/N ratios are shown in the table below. The

assay using Acr-BSA-NS3h and NS3h-Cbt resulted in the greatest seroconversion

sensitivity, i.e. most reactive panel members detected with the highest S/N value.

Bleed ARCHITECT Acr-BSA-9N B49H Acr-BSA-NS3h
Panel Date Anti-HCV 9NB49H- NS3h- NS3h-Cbt- 9NB49H NS3h- NS3h-Cbt-Member (LN 6C37)

Cbt Cbt C3S - Cbt Cbt C3S
PNLB N/A 47.8 159.3 235.6 174. 1 10.4 261 .9 19 1 .8

28-Oct-
6224-01 1.1 0.9 1.0 1.0 1.0 1. 1 1. 1

96
3 1-Oct-

6224-02 1.1 1.6 1.5 1.0 1.2 1. 1 1. 1
96

6224-03 4-Nov-96 1.5 1.2 1.1 1. 1 1.2 1.9 2.2
6224-04 8-Nov-96 2.6 5.7 6 .1 5.6 1.4 25.5 25.1

16-Nov-
6224-05 30.3 40.3 50.2 32.4 3.1 379.9 279. 1

96
19-Nov-

6224-06 5 1 .6 36.5 5 1 .0 3 1 .7 3.4 450.0 322.2
96
20-Nov-

6228-01 0.7 1. 1 1.0 0.9 1.2 1.0 1. 1
96
22-Nov-

6228-02 0.6 1.3 1.0 1.0 1.3 1. 1 1.2
96
27-Nov-

6228-03 0.9 0.9 1.1 1.0 1.3 1.0 1. 1
96
29-Nov-

6228-04 0.6 1.0 1.1 1.0 1. 1 1.0 1.0
96

6228-05 4-Dec-96 0.8 0.9 1.1 0.9 1.3 1.0 1. 1

6228-06 6-Dec-96 0.6 1. 1 1.0 1.0 1.2 1.0 1. 1

11-Dec-
6228-07 1.7 1. 1 1.1 1.0 1. 1 1.2 1.2

96
14-Dec-

6228-08 1.7 1. 1 1.1 1. 1 1.2 1.4 1.3
96
18-Dec-

6228-09 17.6 11.5 17.3 12.8 5.5 4 1 . 1 34.6
96
2 1-Dec-

6228-1 0 63.2 11.8 37.2 29.2 9.0 253.8 183.9
96
26-Dec-

6228-1 1 90. 1 10.8 42.6 32.5 8.8 303.9 2 12.2
96
28-Dec-

6228-1 2 96.2 11.6 46.5 32.7 8.9 337.7 245.4
96



14-Apr-
9044-01 1.0 1. 1 1.0 1.0 1.2 1. 1 1.0

97
18-Apr-

9044-02 0.9 1. 1 1.1 1.0 1.3 1. 1 1. 1
97
1-May-

9044-03 1.1 1.4 1.5 1.3 1.3 1. 1 1. 1
97
5-May-

9044-04 12.2 14.3 8.8 6.2 5.6 2 1 .5 20.1
97
19-May-

9044-05 68.5 90.1 59.8 44.1 25.4 261 .0 189.5
97
13-May-

9044-06 102.8 149.0 104.6 65.3 40.1 331 .0 238.2
97

[00210] Example 19: Relative immunoreactivity of NS3h variants.

[0021 1] To compare the relative immunoreactivity of the NS3h variants described in

Example 6 for human anti-NS3 antibodies, the following method was used to control for

potential differences in streptavidin microparticle capture of biotinylated NS3 proteins.

The method uses Assay Format 5 as described in Example 13 wherein the purified NS3

recombinant antigens to be tested were diluted in specimen diluent buffer to the same

protein concentration prior to testing. The same set of diluted antigens are tested in two

assays, both using Assay Format 5 , in which the NS3 protein captured by the

streptavidin microparticle in the first assay step is tested/interrogated by (a) anti-HCV

NS3 positive human plasma pool known to contain antibodies directed to NS3 (i.e.

Panel B, as described in Example 14) and (b) an anti-NS3 mouse monoclonal antibody

directed against an amino-terminal linear epitope whose sequence is present and

conserved among the NS3 recombinant proteins and variants thereof (i.e. 9NB49H and

NS3h). The amount of anti-NS3 human antibody bound was determined by using an

acridinylated anti-Human IgG conjugate. The amount of anti-NS3 monoclonal antibody

bound to the particle was determined by the same assay format but, the anti-human IgG

conjugate was replaced with an anti-mouse polyclonal antibody raised in goat and

labeled with acridinium. The ratio of RLU's between the two assays provides a means

for normalization of the anti-NS3 human antibody immunoreactivity relative to the

amount of NS3 recombinant antigen on the paramagnetic microparticles. Normalized

immunoreactivity is calculated by dividing the RLU's from the anti-Human assay by 33 x

Iog1 0 of the RLU's from the anti-mouse assay. This transformation of the data allowed

for a direct linear correlation between the two assays to be established.



[00212] Results of an experiment using 150 ng/mL of each recombinant protein are

shown in the table below. Normalized results are shown relative to either 9NB49H or

NS3h. All NS3h variants exhibit higher reactivity for Panel B compared to 9NB49H.

Some NS3h variants exhibit greater relative immunoreactivity compared to the wild type

NS3h suggesting that certain mutations to residues known to be involved in ATPase or

ATP binding can result in an NS3h with greater immunoreactivity. Mutation of Cys1 4 to

Ser, either alone or in combination with another mutation, results in a much lower

immunoreactivity of NS3h.

[00213] Example 20: Relative Sensitivity of the Direct vs. Indirect Labeling of the

NS3h Protein.

[00214] NS3h recombinant antigen was labeled Indirectly', i.e. via conjugation of

acridinium-labeled-BSA to cysteinyl-thiol as described in Example 11 or 'directly' by

using acridinium-maleimide as described in Example 11.

[00215] Data was generated by using Assay Format 5 (Direct 2-step/Capture-on-the

Fly) as described in Example 13 . An S/N of 10.0 was used as a cutoff for positivity;



hence, samples with S/N>1 0.0 are considered to be reactive, samples with S/N<1 0.0

are considered to be non-reactive. Panel B was used as a positive control. Results are

shown in the table below.

[00216] Use of the direct labeling method results in conjugate with greatly reduced

ability to detect HCV NS3 antibodies as compared to the indirectly labeled NS3h

conjugate.

Labeling Method Direct Indirect
Negative Control RLUs 5474.7 477.0
Panel B RLUs 3266.7 3091 20.0
Panel B S/N 0.6 648.1



Claims

1. A recombinant HCV NS3 antigen comprising a NS3 helicase sequence

that comprises each of domains I , I I and III of said helicase, wherein said antigen has

increased immunoreactivity against HCV antibodies from test sample as compared to

C33 antigen, wherein said recombinant HCV NS3 antigen comprises one or more of the

characteristics selected from the group consisting of:

diminished ATP-binding activity as compared to the ATP-binding activity of

wild-type NS3 helicase

diminished ATPase activity as compared to wild-type NS3 as compared to

the ATP-binding activity of wild-type NS3 helicase, and

increased redox stability as compared to the redox stability of wild-type

NS3 helicase.

2 . The recombinant HCV NS3 antigen of claim 1, wherein said antigen

further comprises addition of at least one cysteine residue in the C-terminus end of said

NS3 helicase.

3 . The recombinant HCV NS3 antigen of claim 2 , wherein said antigen

comprises addition of two cysteine residues in the C-terminus end of said NS3 helicase.

4 . The recombinant HCV NS3 antigen of claim 1, wherein said wild-type

HCV NS3 comprises a sequence of SEQ ID NO: 87 and wherein said antigen

comprises at least one mutation as compared to the sequence of SEQ ID NO:87.

5 . The recombinant HCV NS3 antigen of claim 4 , wherein said mutation

comprises a mutation of one or more of the cysteine residues of said SEQ ID NO:87 to

any other amino acid.

6 . The recombinant HCV NS3 antigen of claim 4 , wherein said mutation

comprises a mutation of said one or more cysteine residues to corresponding serine

residues.



7 . The recombinant HCV NS3 antigen of claim 6 , wherein said mutation

comprises one or more of the mutations of the cysteine residues from domain III of HCV

NS3 helicase.

8 . The recombinant HCV NS3 antigen of claim 5 , wherein said cysteine

residue mutation comprises a mutation of one or more of the cysteine residues selected

from the group consisting C292, C368, C374, C499, and C525 of SEQ ID NO:87.

9 . The recombinant HCV NS3 antigen of claim 5 , wherein said antigen is an

HCV NS3 mutant in which at least two of said cysteine residues are replaced by

corresponding serine residues.

10 . The recombinant HCV NS3 antigen of claim 5 , wherein said antigen

further comprises addition of at least one cysteine residue at the C-terminus end of said

NS3 helicase.

11. The recombinant HCV NS3 antigen of claim 4 , wherein said mutation that

diminishes ATP binding or diminishes ATPase activity is a replacement of one or more

of the amino acid residues selected from the group consisting of K21 0 , S21 1, T21 2 ,

Y241 , D290, E291 , H293, T41 9 , Q460, R464, R467 and W501 of SEQ ID NO:87 with

any other amino acid residue.

12 . The recombinant HCV NS3 antigen of claim 11, wherein said mutation is

selected from the group consisting of K21 0N, S21 1A , T21 2E, Y241 S, D290N, E291 Q ,

H293A, T41 9G, Q460H, R464A, R467K and W501 A as compared to SEQ ID NO:87.

13 . The recombinant HCV NS3 antigen of claim 11, wherein said antigen

further comprises a mutation of one or more of the cysteine residues of said SEQ ID

NO:87 to any other amino acid.

14 . The recombinant HCV NS3 antigen of claim 13 , wherein said mutation of

one or more of the cysteine residues of said SEQ ID NO:87 comprises a mutation of

one or more of the cysteine residues selected from the group consisting C292, C368,

C374, C499, and C525 of SEQ ID NO:87.



15 . The recombinant HCV NS3 antigen of claim 11, wherein said antigen

further comprises addition of at least one cysteine residue at the C-terminus end of said

NS3 helicase.

16 . The recombinant HCV NS3 antigen of claim 14, wherein said antigen

further comprises addition of at least one cysteine residue at the C-terminus end of said

NS3 helicase.

17 . The recombinant HCV NS3 antigen of claim 15 , wherein said addition of a

cysteine residue at the C-terminus end of said NS3 helicase comprises addition of a

sequence selected from the group consisting of GGCSGGA, DECHSTD, and

SKKKCDE to the C-terminus end of said NS3 helicase.

18 . The recombinant HCV NS3 antigen of claim 16 , wherein said addition of a

cysteine residue at the C-terminus end of said NS3 helicase comprises addition of a

sequence selected from the group consisting of GGCSGGA, DECHSTD, and

SKKKCDE to the C-terminus end of said NS3 helicase.

19 . The recombinant HCV NS3 antigen of claim 15 , wherein said addition of at

least one cysteine residue at the C-terminus end of said NS3 helicase comprises

addition of a sequence selected from the group consisting of

GSGSGHHHHHHHHGGCSGGARSGC; GSGSGHHHHHHHHDECHSTDRSGC; and

GSGCGHHHHHHHHGGCSGGA.

20. The recombinant HCV NS3 antigen of claim 16 , wherein said addition of at

least one cysteine residue at the C-terminus end of said NS3 helicase comprises

addition of a sequence selected from the group consisting of

GSGSGHHHHHHHHGGCSGGARSGC; GSGSGHHHHHHHHDECHSTDRSGC; and

GSGCGHHHHHHHHGGCSGGA.

2 1 . The recombinant HCV NS3 antigen of any one of claims 18 , 19 or 20,

wherein said C-terminus sequence is modified by conjugation to a signal generating

moiety.



22. The recombinant HCV NS3 antigen of claim 15 , wherein said antigen

further comprises a histidine tag.

23. The recombinant claim 16 , wherein said antigen further comprises a

histidine tag.

24. The recombinant HCV NS3 antigen of claim 22, wherein said histidine tag

is located between the C-terminus of SEQ ID NO:87 and the N-terminus of said added

sequence.

25. The recombinant HCV NS3 antigen of claim 23, wherein said histidine tag

is located between the C-terminus of SEQ ID NO:87 and the N-terminus of said added

sequence.

26. The recombinant HCV NS3 antigen of any of claims 1-25 wherein said

antigen is biotinylated.

27. The recombinant HCV NS3 antigen of claim 26 wherein said biotinylation

is at the N-terminus of said antigen.

28. The recombinant HCV NS3 antigen of claim 26 wherein said biotinylation

is at the C-terminus of said antigen.

29. The recombinant HCV NS3 antigen of claim 26 wherein said biotinylation

is site-specific biotinylation.

30. An isolated nucleic acid encoding a recombinant HCV antigen of any of

claims 1-29.

3 1 . An expression vector comprising an isolated nucleic acid of claim 30.

32. A host cell transformed or transfected with an expression vector of claim

3 1 .

33. The host cell of claim 32, wherein said host cell is an E.coli cell.



34. An immunodiagnostic reagent comprising the recombinant HCV antigen of

any of claims 1-29.

35. The immunodiagnostic reagent of claim 34, further comprising a solid

support.

36. The immunodiagnostic reagent of claim 34 wherein said solid support is a

microparticle and said recombinant antigen is bound to said microparticle.

37. The immunodiagnostic reagent of claim 34 wherein said recombinant

antigen is detectably labeled with a fluorescent label.

38. A kit comprising an immunodiagnostic reagent of claim 34 and further

comprising an additional isolated HCV antigen comprising an epitope that is

immunoreactive with an anti-HCV antibody.

39. The kit of claim 38 wherein said additional HCV antigen is an HCV core

antigen.

40. The kit of claim 38 wherein said recombinant HCV NS3 antigen and said

additional HCV antigen are co-coated on the same solid phase.

4 1 . The kit of claim 38 wherein said recombinant HCV NS3 antigen and said

core antigen are coated on the separate solid phases.

42. The kit of claim 4 1 further comprising antibodies for detection of human

antibodies.

43. The kit of claim 4 1 further comprising anti-HCV antibodies, optionally

comprising a detectable label.

44. An immunoassay method of determining the presence of anti-HCV

antibodies in a test sample, comprising contacting said test sample with an

immunodiagnostic agent of claim 34 under conditions to allow a complex to from

between said recombinant HCV NS3 antigen and said anti-HCV antibodies in said test



sample, and detecting the presence of said complex, wherein presence of said complex

is indicative of anti-HCV antibodies in said test sample.

45. The immunoassay method of claim 44 wherein said detection of said

complex formation is detected by determining binding of labeled anti-human antibodies

to said complex.

46. The immunoassay method of claim 45 wherein said labeled anti-human

antibodies are labeled with a fluorescent label.

47. The immunoassay method of claim 45 wherein said labeled anti-human

antibodies are labeled with acridinium.

48. The immunoassay method of claim 44, wherein the recombinant HCV

NS3 antigen is coated on microparticles.

49. The immunoassay method of claim 44 wherein said method further

comprises assaying said test sample to determine the presence of antibodies against

HCV core antigen.

50. The immunoassay method of claim 49 wherein said recombinant HCV

NS3 antigen and said HCV core antigen are co-coated on the same microparticle.

5 1 . The immunoassay method of claim 49 wherein said recombinant HCV

NS3 antigen and said HCV core antigen are coated on the separate microparticles.

52. The immunoassay method of claim 49, wherein the test sample was

obtained from a patient and the method further comprises diagnosing, prognosticating,

or assessing the efficacy of a therapeutic/prophylactic treatment of the patient, wherein,

if the method further comprises assessing the efficacy of a therapeutic/prophylactic

treatment of the patient, the method optionally further comprises modifying the

therapeutic/prophylactic treatment of the patient as needed to improve efficacy.

53. The immunoassay method of claim 49, wherein the method is adapted for

use in an automated system or a semi-automated system.



54. A recombinant HCV NS3 antigen comprising a NS3 helicase sequence

that comprises each of domains I , I I and III of said helicase, wherein said antigen has

increased immunoreactivity against HCV antibodies from serum as compared to C33

antigen, wherein said recombinant HCV NS3 antigen comprises increased redox

stability as compared to the redox stability of wild-type NS3 helicase.

55. A recombinant HCV NS3 antigen comprising a NS3 helicase sequence

that comprises each of domains I and I I of said helicase, wherein said antigen has

increased immunoreactivity against HCV antibodies from serum as compared to C33

antigen, and wherein said recombinant HCV NS3 antigen comprises increased redox

stability as compared to the redox stability of wild-type NS3 helicase.
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