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ABSTRACT 

A method is disclosed for making a conjugate of tWo 
molecules using a hydraZide thiol linker. In a particular 
Working embodiment, an Fc-speci?c antibody-enzyme con 
jugate is made using the method and demonstrated to 
provide exceptional staining sensitivity and speci?city in 
immunohistochemical and in situ hybridization assays. 
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MOLECULAR CONJUGATE 

RELATED APPLICATION DATA 

[0001] This claims the bene?t of US. Provisional Patent 
Application No. 60/739,794, ?led Nov. 23, 2005, Which 
application is incorporated by reference herein. 

FIELD 

[0002] The present invention relates to molecular conju 
gates, linkers for making such conjugates, methods for 
making the conjugates and the linkers, and methods of using 
the conjugates. More particularly, the present invention 
relates to Fc-speci?c antibody conjugates, hydraZide thiol 
linkers for preparing Fc-speci?c conjugates, methods for 
making Fc-speci?c conjugates, and methods of using Fc 
speci?c antibody conjugates. 

BACKGROUND 

[0003] AWide variety of methods have been developed for 
linking molecules together to form conjugates. Of particular 
interest are biomolecular conjugates that are typically pre 
pared to combine the functionalities of the joined molecules 
into one construct. One type of biomolecular conjugate 
combines a biomolecule that speci?cally binds to another 
molecule (such as a nucleic acid, an antibody, a lectin or an 
avidin) and a detectable label (such as a ?uorescent label, 
?uorescent nanoparticle or an enzyme). 

[0004] Conjugates of antibodies and detectable labels 
(antibody conjugates) can be used in immunoassays for 
detecting speci?c target molecules in biological samples. 
The antibody portion of such conjugates speci?cally binds to 
a target in the sample and the detectable label is utiliZed to 
provide a detectable signal that indicates the presence/and or 
location of the target. One type of conjugate that has become 
Widely used, especially for immunohistochemical analysis, 
is a conjugate of an antibody and an enZyme (antibody 
enZyme conjugate). A detectable signal is generated by 
adding a substrate to the sample under conditions Where the 
enZyme portion of the antibody-enZyme conjugate converts 
the substrate to a detectable product (such as a colored, 
di?‘erent-colored or ?uorescent product) at the site Where the 
antibody portion is bound to its target. 

[0005] Antibody conjugates are typically prepared using 
coupling reagents that are characteriZed by having at least 
tWo reactive groups, one of Which is reacted With a func 
tional group on the antibody and the other of Which is 
reacted With a functional group on the detectable label. 
HoWever, coupling can lead to inactivation of either or both 
of the antibody and the detectable label. In particular, 
coupling can deactivate antibody-enZyme conjugates 
through steric effects or because the coupling reagents react 
With functional groups located on portions of the antibody 
and/or enZyme that are critical for their speci?city and/or 
catalytic activity. Furthermore, some coupling schemes lead 
to conjugates that have reduced Water solubility. 

[0006] Coupling schemes that can provide antibody-en 
Zyme conjugates With reduced impairment of antibody 
speci?city and/or enZyme activity are desirable and enable 
greater sensitivities to be achieved in immunochemical 
assays such as immunohistochemical assays. Greater sensi 
tivity is of particular importance for automated processes 
Where additional ampli?cation steps are undesirable. 
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SUMMARY 

[0007] A molecular conjugate that includes a hydraZide 
thiol linker is disclosed. In one embodiment, an antibody 
detectable label conjugate is provided including a hydraZide 
thiol linker covalently bonded to the Fc portion of the 
antibody. The Fc-speci?c conjugate of this embodiment 
provides improved detection sensitivity, thereby making 
immunohistochemical detection of a target molecule more 
amenable to automation and high-throughput applications. 

[0008] Also disclosed is a method for preparing a conju 
gate using a hydraZide thiol linker. In one embodiment, a 
protecting group for a thiol group of the linker is not needed 
because the linker is reacted With a ?rst molecule under 
conditions Where the thiol group is substantially present in 
its neutral acid form and thus substantially unreactive. 
Under such conditions, a covalent bond can be formed 
betWeen a hydraZide group of the linker compound and a 
?rst molecule While substantially preserving the thiol group 
for subsequent reaction With a thiol-reactive group of a 
second molecule. 

[0009] HydraZide thiol linkers and methods for making 
hydraZide thiol linkers also are disclosed. In addition, meth 
ods are described for using a disclosed conjugate to detect a 
target molecule in a sample such as a tissue section or 
cytology sample. The methods of detecting a target molecule 
can be readily automated due to the improved sensitivity 
exhibited by the disclosed conjugates. In certain embodi 
ments, multiplexed assays using the disclosed conjugates are 
provided, for example, multiplexed assays employing dis 
closed antibody conjugates having ?uorescent molecules or 
?uorescent nanoparticles as the detectable label. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a series of images shoWing staining 
patterns for detection of Kappa in tonsil tissue using a 
disclosed Fc-speci?c antibody-alkaline phosphatase conju 
gate and using a streptavidin-alkaline phosphatase conju 
gate. 

[0011] FIG. 2 is a series of images shoWing staining 
patterns for detection of Lambda in tonsil tissue using a 
disclosed Fc-speci?c antibody-alkaline phosphatase conju 
gate and using a streptavidin-alkaline phosphatase conju 
gate. 

[0012] FIG. 3 is a series of images shoWing staining 
patterns for detection of CMV in lung tissue using a dis 
closed Fc-speci?c antibody-alkaline phosphatase conjugate 
and using a streptavidin-alkaline phosphatase conjugate. 

[0013] FIG. 4 is a series of images shoWing staining 
patterns for detection of EBER in spleen tissue using a 
disclosed Fc-speci?c antibody-alkaline phosphatase conju 
gate and using a streptavidin-alkaline phosphatase conju 
gate. 

[0014] FIG. 5 is a series of images shoWing staining 
patterns for detection of HPV in CaSki xenograft tissue 
using a disclosed Fc-speci?c antibody-alkaline phosphatase 
conjugate and using a streptavidin-alkaline phosphatase 
conjugate. 

[0015] FIG. 6 is a series of images shoWing staining 
patterns for detection of HPV in HeLa xenograft tissue using 
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a disclosed Fc-speci?c antibody-alkaline phosphatase con 
jugate and using a streptavidin-alkaline phosphatase conju 
gate. 

[0016] FIG. 7 is a pair of images showing staining patterns 
for detection of HPV in SiHa xenograft tissue using a 
disclosed Fc-speci?c antibody-alkaline phosphatase conju 
gate and using a streptavidin-alkaline phosphatase conju 
gate. 

[0017] FIG. 8 is a series of images shoWing staining 
patterns for detection of HPV in cytology samples using a 
disclosed Fc-speci?c antibody-alkaline phosphatase conju 
gate and using a streptavidin-alkaline phosphatase conju 
gate. 

[0018] FIG. 9 is a pair of images shoWing staining patterns 
for detection of actin in muscle tissue using a disclosed 
Fc-speci?c antibody-alkaline phosphatase conjugate and 
using a streptavidin-alkaline phosphatase conjugate. 

[0019] FIG. 10 is a series ofimages shoWing a comparison 
of the sensitivity of disclosed antibody-enzyme conjugates 
With each other and With antibody-body enZyme conjugates 
prepared by other methods. 

DETAILED DESCRIPTION OF SEVERAL 
ILLUSTRATIVE EMBODIMENTS 

[0020] Further aspects of the invention are illustrated by 
the folloWing non-limiting descriptions and examples, 
Which proceed With respect to the abbreviations and terms 
beloW. 

I. Abbreviations 

[0021] Abiantibody 
[0022] (Ab-AP)iantibody-alkaline phosphatase conju 
gate 

[0023] APialkaline phosphatase 

[0024] BSAibovine serum albumin 

[0025] CMV4cytomegalovirus 
[0026] EBERiEpstein-Barr virus early RNA 

[0027] DLidetectable label 

[0028] Fcifragment crystalliZable 
[0029] HRPihorseradish peroxidase 

[0030] IHCiimmunohistochemistry 
[0031] ISHiin situ hybridiZation 

[0032] MALimaleimide 

[0033] MBCHimercaptobutyric acid carbohydraZide 

[0034] MBHimercaptobutyric acid hydraZide 

[0035] NHSiN-hydroxy-succinimide 
[0036] PEGipolyethylene glycol 
[0037] SBMispeci?c binding molecule 

II. Terms 

[0038] The terms “a,”“an” and “the” include both singular 
and plural referents unless the context clearly indicates 
otherWise. 
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[0039] The term “amination” as used herein refers to 
reaction of a carbonyl group of an aldehyde or a ketone With 
an amine group, Wherein an amine-containing compound 
such as an amine or a hydraZide reacts With the aldehyde or 
ketone to ?rst form a Shilf base that can then reversibly 
rearrange to a more stable form, or optionally be reduced to 
prevent reversal of the reaction. “Reductive amination” 
conditions include addition of a reducing agent, more typi 
cally addition of a mild reducing agent such as sodium 
cyanoborohydride or one of its co-geners, for example, 
sodium triacetoxyborohydride. Other mild reducing agents 
that can be employed include various amine boranes. 

[0040] The term “antibody” collectively refers to an 
immunoglobulin or immunoglobulin-like molecule (includ 
ing IgA, IgD, IgE, IgG and IgM, and similar molecules 
produced during an immune response in any organism, for 
example, in mammals such as humans, goats, rabbits and 
mice), or a fragment thereof, that speci?cally binds to a 
target (or a group of highly similar targets) to the substantial 
exclusion of binding to other molecules. In some embodi 
ments, an antibody speci?cally binds to a target With a 
binding constant that is at least 103 M-1 greater, 104 M-1 
greater or 105 M'1 greater than a binding constant for other 
molecules in a sample. In other embodiments, an antibody 
has a Kd value for binding to an antigenic determinant (such 
as a hapten or epitope) that is on the order of 10-6 M or 
loWer, such as 10'9 M or loWer, or even 10'12 M or loWer. 
Kd values can, for example, be determined by competitive 
ELISA (enzyme-linked immunosorbent assay) or using a 
surface-plasmon resonance device such as the Biacore T100, 
Which is available from Biacore, Inc., PiscataWay, N.J. 
Antibody fragments include proteolytic antibody fragments 
[such as F(ab')2 fragments, Fab' fragments, Fab'-SH frag 
ments and Fab fragments as are knoWn in the art], recom 
binant antibody fragments (such as sFv fragments, dsFv 
fragments, bispeci?c sFv fragments, bispeci?c dsFv frag 
ments, diabodies, and triabodies as are knoWn in the art), and 
camelid antibodies (see, for example, US. Pat. Nos. 6,015, 
695; 6,005,079; 5,874,541; 5,840,526; 5,800,988; and 
5,759,808). Antibodies include both monoclonal and poly 
clonal antibody preparations. Although an antibody of a 
disclosed conjugate can speci?cally bind any particular 
molecule or any particular group of highly similar mol 
ecules, in particular embodiments, the antibody comprises 
an anti-hapten antibody (Which can, for example, be used to 
detect a hapten-labeled probe sequence directed to a nucleic 
acid sequence of interest). In particular embodiments, the 
antibody comprises an anti-antibody antibody that can be 
used as a secondary antibody in an immunoassay. For 
example, the antibody can comprise an anti-IgG antibody 
such as an anti-mouse IgG antibody, an anti-rabbit IgG 
antibody or an anti-goat IgG antibody. 

[0041] The phrase “conditions Where a thiol group of a 
hydraZide thiol linker is substantially present in its neutral 
acid form” refers to conditions, such as conditions of pH, 
Wherein less than about 1% of the thiol group (iSH; the 
protonated neutral acid form) of the linker is present in its 
conjugate base form (iSi; unprotonated, negatively 
charged form). For example, under such conditions less than 
about 0.1%, less than about 0.01%, or even less than about 
0.001% of the linker can be in the conjugate base form. 
Conditions Where the thiol group of the hydraZide thiol 
linker compound is substantially present in its neutral acid 
form include a pH of less than about 7, for example, a pH 
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of less than about 6 such as a pH of less than about 5.5. In 
particular embodiments, such conditions include a range of 
pHs, for example, from a pH of about 3 to a pH of about 7, 
from a pH of about 4 to a pH of about 7, from a pH of about 
4 to a pH of about 6, from a pH of about 4.5 to a pH of about 
5.5, or any sub-range of each of these ranges. In other 
embodiments, the upper limit of the pH range in Which a 
thiol group of a particular linker is substantially present in its 
neutral acid form (less than 1% of the thiol group being 
present as the conjugate base form) can be higher than 7, 
such as a pH of 8. One of ordinary skill in the art can readily 
determine an upper limit to the pH range in Which a given 
thiol group Will be substantially present in the neutral acid 
form using the Henderson-Hasselbach equation and a pKa 
value for a thiol group of the linker. In yet other embodi 
ments, a thiol group of a particular linker can be substan 
tially present in its neutral acid form in a solvent system for 
Which an accurate pH cannot be determined, and one of 
ordinary skill in the art Will recogniZe that solvent systems 
that are less polar than Water may help keep the thiol group 
in its neutral acid form at higher apparent pHs. Alternatively, 
an experimental determination of Whether under particular 
conditions a thiol group of a linker is substantially present in 
its neutral acid form can be made by determining Whether 
the thiol Will reduce a disul?de bond present in another 
molecule. For example, a determination can be made of the 
number of free thiol groups (for example, using Ellman’s 
reagent) introduced into a molecule having disul?des (such 
as an irnmunoglobulin) by contact With the linker under the 
particular conditions of pH (or estimated pH for non 
aqueous systems). Addition of an excess of the hydraZide 
thiol linker (such as a 50-fold excess or more) over a period 
of time (such as an hour or more) can be folloWed by the 
determination of the average number of free thiols intro 
duced into the molecule. If free thiols are generated to a 
substantial degree (such as greater than an average of tWo 
thiols introduced per immunoglobulin molecule), it shoWs 
that the thiol of the linker is not substantially present in it 
neutral acid form under the tested conditions. For example, 
at a pH of about 7, a one hundred-fold excess of the linker 
MBH relative to an immunoglobulin Will produce an aver 
age of about 2 thiols per immunoglobulin molecule. At a 
loWer pH of 5, a thousand-fold excess of the MBH linker 
Will produce, on average, substantially less than 1 thiol per 
immunoglobulin in 24 hours. These results demonstrate that 
for the linker MBH, the thiol group is substantially present 
in its neutral acid form at a pH of about 7 or loWer, since as 
pH is loWered, the equilibrium betWeen the neutral acid form 
and its conjugate base is shifted more toWards the neutral 
acid form. 

[0042] A “conjugate” refers to tWo or more molecules 
(and/or materials such as nanoparticles) that are covalently 
linked into a larger construct. In some embodiments, a 
conjugate includes one or more biomolecules (such as 
peptides, nucleic acids, proteins, enZymes, sugars, polysac 
charides, lipids, glycoproteins, and lipoproteins) covalently 
linked to one or more other molecules, such as one or more 

other biomolecules. In other embodiments, a conjugate 
includes one or more speci?c-binding molecules (such as 
antibodies and nucleic acid sequences) covalently linked to 
one or more detectable labels (such as ?uorescent molecules, 
?uorescent nanoparticles, haptens, enZymes and combina 
tions thereof). 
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[0043] A “detectable label” is a molecule or material that 
can produce a detectable (such as visually, electronically or 
otherWise) signal that indicating the presence and/or con 
centration of the label in a sample. When conjugated to a 
speci?c binding molecule, the detectable label can be used 
to locate and/or quantify the target to Which the speci?c 
binding molecule is directed. Thereby, the presence and/or 
concentration of the target in a sample can be detected by 
detecting the signal produced by the detectable label. A 
detectable label can be detected directly or indirectly, and 
several different detectable labels conjugated to different 
speci?c-binding molecules can be used in combination to 
detect one or more targets. For example, a ?rst detectable 
label such as a hapten conjugated to a nucleic acid probe or 
antibody speci?c to a target can be detected indirectly 
through the use of a second detectable label that is conju 
gated to a molecule that speci?cally binds the ?rst detectable 
label. Multiple detectable labels that can be separately 
detected can be conjugated to different speci?c binding 
molecules that speci?cally bind different targets to provide 
a multiplexed assay that can provide simultaneous detection 
of the multiple targets in a sample. A detectable signal can 
be generated by any knoWn or yet to be discovered mecha 
nism including absorption, emission and/or scattering of a 
photon (including radio frequency, microWave frequency, 
infrared frequency, visible frequency and ultra-violet fre 
quency photons). Detectable labels include colored, ?uores 
cent, phosphorescent and luminescent molecules and mate 
rials, catalysts (such as enzymes) that convert one substance 
into another substance to provide a detectable di?ference 
(such as by converting a colorless substance into a colored 
substance or vice versa, or by producing a precipitate or 
increasing sample turbidity), haptens that can be detected 
through antibody-hapten binding interactions using addi 
tional detectably labeled antibody conjugates, and paramag 
netic and magnetic molecules or materials. Particular 
examples of detectable labels include enZymes such as 
horseradish peroxidase, alkaline phosphatase, acid phos 
phatase, glucose oxidase, [3-galactosidase, [3-glucuronidase 
or [3-lactamase; ?uorescent molecules such as ?uoresceins, 
coumarins, BODIPY dyes, resoru?ns, and rhodamines 
(many additional examples of ?uorescent molecules can be 
found in The HandbookiA Guide to Fluorescent Probes 
and Labeling Technologies, Molecular Probes, Eugene, 
Oreg.); nanoparticles such as quantum dots (obtained, for 
example; from QuantumDot Corp, Invitrogen Nanocrystal 
Technologies, HayWard, Calif.; see also, U.S. Pat. Nos. 
6,815,064, 6,682,596 and 6,649,138, each of Which patents 
is incorporated by reference herein); metal chelates such as 
DOTA and DPTA chelates of radioactive or paramagnetic 
metal ions like Gd“; and liposomes, for example, liposomes 
containing trapped ?uorescent molecules. Where the detect 
able label includes an enZyme, a detectable substrate such as 
a chromogen, a ?uorogenic compound, or a luminogenic 
compound can be used in combination With the enZyme to 
generate a detectable signal (A Wide variety of such com 
pounds are commercially available, for example, from Invit 
rogen Corporation, Eugene Oreg.). Particular examples of 
chromogenic compounds include diaminobenZidine (DAB), 
4-nitrophenylphospate (pNPP), fast red, bromochloroin 
dolyl phosphate (BCIP), nitro blue tetraZolium (NBT), 
BCIP/NBT, fast red, AP Orange, AP blue, tetramethylben 
Zidine (TMB), 2,2'-aZino-di-[3-ethylbenZothiaZoline sulpho 
nate] (ABTS), o-dianisidine, 4-chloronaphthol (4-CN), 
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nitrophenyl-[3-D-galactopyranoside (ONPG), o-phenylene 
diamine (OPD), 5-bromo-4-chloro-3-indolyl-[3-galactopyra 
noside (X-Gal), methylumbelliferyl-[3-D-galactopyranoside 
(MU-Gal), p-nitrophenyl-0t-D-galactopyranoside (PNP), 
5-bromo-4-chloro-3-indolyl-[3-D-glucuronide Qi-Gluc), 
3-amino-9-ethyl carbazol (AEC), fuchsin, iodonitrotetrazo 
lium (INT), tetrazolium blue and tetrazolium violet. Alter 
natively, an enzyme can be used in a metallographic detec 
tion scheme. Metallographic detection methods include 
using an enzyme such as alkaline phosphatase in combina 
tion With a Water-soluble metal ion and a redox-inactive 
substrate of the enzyme. The substrate is converted to a 
redox-active agent by the enzyme, and the redox-active 
agent reduces the metal ion, causing it to form a detectable 
precipitate. (See, for example, co-pending US. patent appli 
cation Ser. No. 11/015,646, ?led Dec. 20, 2004, PCT Pub 
lication No. 2005/003777 and US. Patent Application Pub 
lication No. 2004/0265922; each of Which is incorporated by 
reference herein). Metallographic detection methods include 
using an oxido-reductase enzyme (such as horseradish per 
oxidase) along With a Water soluble metal ion, an oxidizing 
agent and a reducing agent, again to for form a detectable 
precipitate. (See, for example, US. Pat. No. 6,670,113, 
Which is incorporated by reference herein). Haptens are 
small molecules that are speci?cally bound by antibodies, 
although by themselves they Will not elicit an immune 
response in an animal and must ?rst be attached to a larger 
carrier molecule such as a protein or a poly-nucleic acid to 
generate an immune response. Examples of haptens include 
di-nitrophenol, biotin, digoxigenin, and ?uorescein. Addi 
tional examples of oxazole, pyrazole, thiazole, nitroaryl, 
benzofuran, triperpene, urea, thiourea, rotenoid, coumarin 
and cyclolignan haptens are disclosed in co-pending US. 
Provisional Patent Application No., 60/856133, ?led Nov. 1, 
2006, Which is incorporated by reference herein. 

[0044] The term “Fc-speci?c conjugate” as used herein 
refers to a conjugate of an immunoglobulin (or fragment 
thereof) in Which a second molecule (such as a detectable 
label) is covalently bonded to the glycosylated portion of the 
immunoglobulin (or a fragment of an immunoglobulin that 
retains the glycosylated portion). The glycosylated portion 
of an immunoglobulin is found in the Fc-region, Which is a 
region of an immunoglobulin that is located on the heavy 
chains of the immunoglobulin at positions outside of the 
portion of the immunoglobulin that is responsible for the 
speci?c binding activity of the immunoglobulin. 

[0045] The term “hydrazide group” refers to a hydrazide 
group (iCOiNHiNHz); a carbohydrazide group 
(iNHiNHiCOiNHiNHQ; a semicarbazide group 
(iNH4COiNHiNH2); a thiosemicarbazide group 
(iNH4CSiNHiNH2); a thiocarbazide group (iNHi 
NHiCSiNHiNHZ); a carbonic acid dihydrazine group 
(iNH4COiNHiNHiCOiNHiNH2) or a sulfur 
containing derivative thereof; or a hydrazine carboxylate 
group (iO4COiNHiNH2) or a sulfur-containing 
derivative thereof. 

[0046] The term “hydrazide-reactive group” refers to a 
group of atoms that can react With and form a covalent bond 
to a hydrazide group. Aldehyde and ketone groups are 
examples of hydrazide-reactive groups. Hydrazide-reactive 
groups can be an intrinsic part of a molecule or can be 
introduced to a molecule. One method for introducing an 
aldehyde group (a hydrazide-reactive group) into polysac 
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charides and glycoproteins (including antibodies) is by 
oxidation such as periodate-mediated oxidation of vicinal 
diols. In addition, double bonds in unsaturated fatty acids 
and ceramides can be converted to diols by osmium tetrox 
ide and then oxidized by periodate to aldehydes. Further 
more, N-terminal serine and threonine residues of peptides 
and proteins can be selectively oxidized by periodate to 
aldehyde groups, permitting selective modi?cation of cer 
tain proteins such as corticotrophin and [3-lactamase. Modi 
?cation of periodate-oxidized antibodies does not typically 
inactivate the antibody. Varying the concentration of sodium 
periodate during the oxidation reaction gives some speci 
?city With regard to the types of sugar residues that are 
modi?ed. For example, sodium periodate at a concentration 
of 1 mM at 00 C. typically cleaves only at the adjacent 
hydroxyls betWeen carbon atoms 7, 8 and 9 of sialic acid 
residues. Oxidizing polysaccharides using 10 mM or greater 
concentrations of sodium periodate results in oxidation of 
sugar residues other than sialic acid, thereby creating many 
aldehydes on a given polysaccharide. A suitable general 
protocol is described by Hermanson, “Bioconjugate Tech 
niques,” Academic Press, San Diego, 1996, ISBN 0-12 
342336-8, Which is incorporated by reference herein. 
Another method for introducing aldehydes into biomol 
ecules is through the use of speci?c sugar oxidases, for 
example, galactose oxidase, Which is an enzyme that oxi 
dizes terminal galactose residues to aldehydes, particularly 
in glycoproteins. When galactose residues are penultimate to 
sialic acid residues, neuramidase can be used to remove the 
sialic acid residue and expose galactose as the terminal 
residue. A protocol for using a combination of neuramidase 
and galactose oxidase to oxidize galactose residues to pro 
vide a reactive aldehyde group is provided in Hermanson, 
“Bioconjugate Techniques,” Academic Press, San Diego, 
1996, ISBN 0-12-342336-8, Which is incorporated by ref 
erence herein. Aldehydes also can be introduced to a mol 
ecule by reacting an amine group of a molecule With an 
NHS-aldehyde such as succinimidyl p-formylbenzoate 
(SFB) or succinimidylp-formylphenoxyacetate (SFPA) 
(Invitrogen Corp., Eugene, Oreg.). Alternatively, bis-alde 
hyde compounds such as glutaraldehyde can be used to 
modify an amine group to provide an aldehyde group. 
Again, suitable protocols are provided in Hermanson, “Bio 
conjugate Techniques,” Academic Press, San Diego, 1996, 
ISBN 0-12-342336-8, Which is incorporated by reference 
herein. 

[0047] The term “hydrazide thiol linker” refers to a mol 
ecule including one or more hydrazide groups and one or 
more thiol groups (iSH) joined covalently through one or 
more linking atoms. The hydrazide group(s) and thiol 
group(s) of a hydrazide thiol linker can be joined through 
one or more of various groups of atoms including methylene 
groups (iCHZi), branched alkylene groups, additional 
hydrazide groups, aromatic groups, heteroaromatic groups, 
alicyclic groups, polyalkylene glycol groups (such as eth 
ylene oxide groups; iO4CH24CH2i), amide groups 
(iCONHi), amine groups (iNHi), ether groups 
(iOi), and combinations thereof. A “PEG-based 
hydrazide thiol linker” refers to a linker including 1 or more 
ethylene glycol groups as part of its structure. A “multifunc 
tional hydrazide thiol linker” refers to a branched linker 
having at least one hydrazide group, at least one thiol group, 
and at least one additional reactive group, such as an 
additional hydrazide group, an additional thiol group, or any 
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other group useful for preparing molecular conjugates. In 
some embodiments, a PEG-based hydraZide thiol linker 
comprises a discrete PEG (dPEG) linker, Which can be made 
from dPEG starting materials such as those disclosed in US. 
Patent Application Publication No. 20060020134, and can 
be purchased from Quanta Biodesign (Powell, Ohio). 
Examples of additional reactive groups that can be included 
in a polyfunctional hydraZide-thiol linker include maleimide 
groups and active esters, such as N-hydroxysuccinimide 
esters, and hydroxy groups (40H). Additional examples of 
reactive groups can be found in Hemanson, “Bioconjugate 
Techniques,” Academic Press, San Diego, 1996, ISBN 0-12 
342336-8, Which is incorporated by reference herein. 

[0048] The term “sample” refers to any liquid, semi-solid 
or solid substance (or material) in or on Which a target can 
be present. In particular, a sample can be a biological sample 
or a sample obtained from a biological material. Examples 
of biological samples include tissue samples and cytology 
samples. 

[0049] The term “speci?c binding molecule” refers to a 
molecule that speci?cally binds to a second molecule. “Spe 
ci?cally binds” means that the speci?c-binding molecule 
binds to the second molecule to the substantial exclusion of 
other molecules that are present in a sample (for example, 
the binding constant of the speci?c-binding molecule is at 
least 102 M“1 greater, 103 M“1 greater, 104 M“1 greater or 
10 M“1 greater than a binding constant for other molecules 
in the sample). Examples of speci?c binding molecules 
include nucleic acids, receptors, antibodies, enZymes, lectins 
and avidins. Examples of speci?c-binding interactions in 
Which speci?c binding molecules can participate include 
formation of duplexes and triplexes of nucleic acid 
sequences, receptor-ligand interactions (such as folate-folate 
receptor interactions), antibody-antigen interactions, 
enZyme-substrate interactions, lectin-sugar reactions and 
avidin-biotin interactions (such as streptavidin-biotin inter 
actions). 
[0050] The term “target” refers to any molecule for Which 
the presence, location and/or concentration is or can be 
determined. Examples of target molecules include proteins, 
nucleic acid sequences, and haptens, such as haptens 
covalently bonded to nucleic acid sequences or proteins. 
Target molecules are typically detected using one or more 
conjugates of a speci?c binding molecule and a detectable 
label. 

[0051] The term “thiol-reactive group” refers to an atom 
or atoms that can react With and form a covalent bond With 
a thiol group. A thiol reactive group can be an intrinsic part 
of a molecule or can be introduced to the molecule through 
reaction With one or more other molecules. Examples of 
thiol-reactive groups include non-polymeriZable Michael 
acceptors, haloacetyl groups (such as bromoacetyl and 
iodoacetyl groups), alkyl halides, maleimides, aZiridines, 
acryloyl groups, vinyl sulfones, benZoquinones, aromatic 
groups that can undergo nucleophilic substitution such as 
?uorobenZene groups (such as tetra and penta?uorobenZene 
groups), and disul?de groups such as pyridyl disul?de 
groups and thiols activated With Ellman’s reagent. Addi 
tional examples of each of these types of groups Will be 
apparent to those skilled in the art. Further examples and 
information regarding reaction conditions and methods for 
exchanging one type of reactive group for another to add a 
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thiol-reactive group are provided in Hermanson, “Biocon 
jugate Techniques,” Academic Press, San Diego, 1996, 
ISBN 0-12-342336-8, Which is incorporated by reference 
herein. In a particular embodiment, a heterobifunctional 
linker molecule is attached to a molecule to introduce a 
thiol-reactive group. For example, a linker having a male 
imide group and an N-Hyroxysuccinimide (NHS) group can 
be attached to an amine group on a molecule through the 
NHS group, thereby providing the molecule With a thiol 
reactive maleimide group that can be reacted With a thiol 
group on another molecule (such as one introduced using a 
hydraZide thiol linker and the disclosed method) to form a 
conjugate. 
III. OvervieW 

[0052] One of ordinary skill in the art Will recogniZe that 
the disclosed method can be used to join any combination of 
molecules having functional groups that can react With a 
hydraZide thiol linker. The non-limiting description that 
folloWs focuses on antibody conjugates, and more particu 
larly, on antibody-enzyme conjugates, but should not be 
construed as a limitation on the scope of the invention. 
Although the speci?cally disclosed conjugates are antibody 
enZyme conjugates, conjugates betWeen other biomolecules 
(such as nucleic acid sequences) and other detectable labels 
(such as haptens, ?uorescent labels, ?uorescent nanopar 
ticles and ?uorescent proteins, such as green ?uorescent 
protein) are contemplated and fall Within the scope of the 
disclosure. 

[0053] Accordingly, in one aspect, a method is disclosed 
for forming a conjugate of tWo or more molecules. The 
method includes reacting a hydraZide thiol linker With a ?rst 
molecule (such as an antibody) having a hydraZide-reactive 
group (such as an aldehyde) to form a thiolated ?rst mol 
ecule. The reaction is carried out under conditions Where a 
thiol group of the hydraZide thiol linker is substantially 
present in its neutral acid (protonated) form. The thiolated 
?rst molecule can then be reacted With a second molecule 
having a thiol-reactive group (such as a maleimide group 
introduced to the second molecule) to form the conjugate. In 
a particular embodiment, the reaction of the ?rst molecule 
With the linker is carried out at a pH from about pH=4 to 
about pH=7. In other particular embodiments, the hydraZide 
thiol linker can be a PEG-based hydraZide thiol linker, a 
multifunctional hydraZide thiol linker, or a PEG-based mul 
tifunctional hydraZide thiol linker. 

[0054] In another embodiment, the method can be used to 
covalently join a speci?c binding molecule to a detectable 
label. In a more particular embodiment, the method can be 
used to link a ?rst molecule having a glycosylated portion to 
another molecule. In this embodiment, the glycosylated 
portion is ?rst oxidiZed to generate an aldehyde group that 
can be reacted With a hydraZide thiol linker. In an even more 

particular embodiment, the glycosylated ?rst molecule can 
be an antibody that has a glycosylated Fc region. An 
Fc-speci?c thiolated antibody is formed by reaction With a 
hydraZide thiol linker, and the Fc-speci?c thiolated antibody 
can be reacted With a detectable label having a thiol-reactive 
group. 

[0055] In another aspect, a variety of hydraZide thiol 
linkers and methods for making the same are provided as 
outlined in the Synthetic Overview and speci?c Examples 
that folloW. A further aspect is a conjugate prepared With a 
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disclosed linker. In an additional aspect, a kit is disclosed 
that includes a disclosed linker and instructions for perform 
ing the disclosed method for making a conjugate. Also 
disclosed are methods for using disclosed conjugates to 
detect a target in a sample. 

IV. Synthetic Overview 

[0056] A. Preparation of HydraZide thiol Linkers 

[0057] Although any hydraZide thiol linker can be used in 
the disclosed method of making a conjugate, in one embodi 
ment, a hydraZide thiol linker can be provided by reacting a 
thiolactone With hydrazine, carbohydraZide or a dihydraZide 
according to Scheme 1 beloW, Wherein n=1, 2 or 3, R1 is H, 
iCONHNHZ, or 4COiA4CONHNH2, Where A is a 
divalent group having betWeen 1 and 100 carbon atoms that 
can be interrupted by one or more heteroatoms (for example, 
0, N or S), and can be substituted, for example, With one or 
more alkyl, hydroxyl, alkoxy, acyl, carboxy, halogen, sul 
fonate, oxo, phosphonate and/ or amine groups. In more 
particular embodiments, A is a divalent group consisting of 
1-10 methylene groups (iCHZi) and/ or 1-24 ethylene 
oxide (4CHiCH2iOi) groups. In even more particular 
embodiments, A is a divalent group consisting of 1-6 meth 
ylene groups or 4-12 ethylene oxide groups. 

[0058] A Wide variety of hydraZide thiol linkers that can 
be used in the disclosed method also can be provided 
according to scheme 2 beloW. In this scheme, Z is a divalent 
group having from 1 to 100 carbon atoms, Wherein the 
divalent group can be interrupted by one or more heteroa 
toms (for example, 0, N or S), and can be substituted, for 
example, With one or more hydroxyl, alkoxy, acyl, carboxy, 
halogen, sulfonate, oxo, phosphonate and/or amine groups. 
In more particular embodiments, Z is a divalent group 
consisting of 1-10 methylene groups (4CH2i) and/or 1-24 
ethylene oxide (4CH4CH24Oi) groups. In even more 
particular embodiments, Z is a divalent group consisting of 
1-6 methylene groups or 4-12 ethylene oxide groups. R2 is 
H, 4CONHNH2, or iCOiAiCONHNHZ, Where A is a 
divalent group having betWeen 1 and 100 carbon atoms that 
can be interrupted by one or more heteroatoms (for example, 
0, N or S), and can be substituted, for example, With one or 
more alkyl, hydroxyl, alkoxy, acyl, carboxy, halogen, sul 
fonate, oxo, phosphonate and/or amine groups. 

O O 
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[0059] In some embodiments, a PEG-based hydraZide 
thiol linker that can be used in the disclosed method is 
provided and is prepared according to scheme 3. In scheme 
3, m=2 to 50; R3 is H, iCONHNHZ, or 4COiAi 
CONHNH2, Where A is a divalent group having betWeen 1 
and 100 carbon atoms that can be interrupted by one or more 

heteroatoms (for example, 0, N or S), and can be substi 
tuted, for example, With one or more alkyl, hydroxyl, alkoxy, 
acyl, carboxy, halogen, sulfonate, oxo, phosphonate and/or 
amine groups; and X and Y are independently a bond or a 

divalent group having 1 to 20 carbon atoms. In more 
particular embodiments, A is a divalent group consisting of 
1-10 methylene groups (4CH2i) and/or 1-24 ethylene 
oxide (4CHiCH2iOi) groups. In even more particular 
embodiments, A is a divalent group consisting of 1-6 meth 
ylene groups or 4-12 ethylene oxide groups. The X and Y 
divalent groups can be interrupted by one or more heteroa 

toms (for example, 0, N or S), and can be substituted, for 
example, With one or more alkyl, hydroxyl, alkoxy, acyl, 
carboxy, halogen, sulfonate, oxo, phosphonate and/or amine 
groups. In more particular embodiments, X and Y are 
independently a bond or i(CH2)pi Where p=1 to 3. The 
carbodiimide used in the coupling reaction can be any 
carbodiimide that provides the desired coupling according to 
the scheme. Examples of suitable carbodiimides include 
DCC (N,N'-dicyclohexylcarbodiimide), and DIC (N,N'-di 
isopropylcarbodiimide). In a Working embodiment that is 
discussed beloW, DCC is used to accomplish the coupling. 

Scheme} 

0 O 

H O _ N carbodiimide-mediated coupling 
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-continued 

[0060] In other embodiments, a multifunctional hydraZide 
thiol linker that can be used in the disclosed method is 
provided. Schemes 4a, 4b, 4c, and 4d beloW shoW general 
methods for preparing multifunctional linkers from 
homocysteine, lysine, glutamic acid and homoserine, 
respectively. In Schemes 4a, 4b, 4c and 4d, D is a divalent 
group having from 1 to 100 carbon atoms, Wherein the 
divalent group can be interrupted by one or more heteroa 
toms (for example, 0, N or S), and can be substituted, for 
example, With one or more alkyl, hydroxyl, alkoxy, acyl, 
carboxy, halogen, sulfonate, oxo, phosphonate and/ or amine 
groups. In more particular embodiments, D is a divalent 
group consisting of 1-10 methylene groups (4CH2i) and/ 
or 1-24 ethylene oxide (4CHiCH2iOi) groups. In even 
more particular embodiments, D is a divalent group con 
sisting of 1-6 methylene groups or 4-12 ethylene oxide 
groups. Also in Schemes 4a, 4b, 4c and 4d, R4 is H, 
iCONHNHZ, or 4COiA4CONHNH2, Where A is a 
divalent group having betWeen 1 and 100 carbon atoms that 
can be interrupted by one or more heteroatoms (for example, 
0, N or S), and can be substituted, for example, With one or 
more alkyl, hydroxyl, alkoxy, acyl, carboxy, halogen, sul 
fonate, oxo, phosphonate and/or amine groups. In more 
particular embodiments, A is a divalent group consisting of 
1 -10 methylene groups (iCHZi) and/or 1-24 ethylene 
oxide (4CHiCH2iOi) groups. In even more particular 
embodiments, A is a divalent group consisting of 1-6 meth 
ylene groups or 4-12 ethylene oxide groups. 
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[0061] In other particular embodiments, a PEG-based 
multifunctional hydraZide thiol linker that can be used in the 

0 NHS disclosed method is provided. Schemes 5a, 5b and 5c 
illustrate general synthetic schemes that can be used to 

O H provide such linkers. In these schemes, p=2 to 50 and R5 is 
R4HN\ N H, iCONHNHZ, or iCOiAiCONHNHZ, Where A is a 

g $311 divalent group having betWeen 1 and 100 carbon atoms that 
O can be interrupted by one or more heteroatoms (for example, 

O I|\IH 

O, N or S), and can be substituted, for example, With one or 
more alkyl, hydroxyl, alkoxy, acyl, carboxy, halogen, sul 
fonate, oxo, phosphonate and/or amine groups. In more 
particular embodiments, A is a divalent group consisting of 
1-10 methylene groups (4CH2i) and/or 1-24 ethylene 
oxide (4CHiCH2iOi) groups. In even more particular 
embodiments, A is a divalent group consisting of 1-6 meth 
ylene groups or 4-12 ethylene oxide groups. R7 can be H, 
alkyl or a protecting group. 
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