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57 ABSTRACT

Embodiments of the invention provide for compositions
comprising purified polypeptides such as purified Con-
canavalin A (ConA) mutants. In addition, embodiments
provide for polypeptides and nucleic acids encoding those
polypeptides, such as mutant ConA with reduced dimer-
dimer interactions compared to wild type ConA. Some
embodiments also provide for sensors comprising the
polypeptides disclosed herein. The embodiments also pro-
vide an improved method of producing recombinant mutant
ConA.
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DESIGN AND CONSTRUCTION OF DIMERIC
CONCANAVALIN A MUTANTS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation-in-part of U.S,
application Ser. No. 11/363,373 entitled “Methods of
Expressing, Purifying and Characterizing Concanavalin A,
Mutants Thereof, and Sensors Including the Same” filed
Feb. 24, 2006, which claims priority to U.S. Provisional
Patent Application Ser. No. 60/655,756 filed on Feb. 24,
2005,which are herein incorporated by reference in their
entirety.

FIELD OF THE INVENTION

[0002] This invention relates to dimeric mutant Con-
canavalin A constructs and methods of expressing, purifying
and characterizing the constructs. The invention also
includes sensors incorporating purified Concanavalin A
mutants.

BACKGROUND OF THE INVENTION

[0003] Lectins are a family of carbohydrate binding pro-
teins found both in prokarvotes and eukaryotes including:
classical lectins, which are plant derived; and carbohydrate
binding proteins derived from animals. Studies have iden-
tified the structure of lectin genes in soybeans, French beans
and peas, as well as other sources. Concanavalin A (ConA),
refers to a family of tetrameric plant lectins composed of
four 26 kDa monomeric subunits that recognize and bind to
carbohydrates. Purified ConA from jack beans (Canavalia
ensiformis) is commonly used as a molecular probe for the
investigation of glycoproteins. It specifically binds D-man-
nose and D-glucose with high affinity, and also binds pro-
teins independent of glycosylation state.

[0004] ConA is initially synthesized as a precursor protein
(pre-pro ConA) that undergoes multiple post-translational
modifications required for activation (Sheldon, P. S. et al.,
Biochem J, 1996. 320 (Pt 3): 865-70; Carrington, D. M., A.
Auffret, and D. E. Hanke, Nature, 1985. 313(5997): 64-7).
In the plant, these modifications include removal of the
signal peptide, deglycosylation, proteolytic cleavage, trans-
position and re-ligation (transpeptidation) of the N- and
C-terminal halves to generate the mature 26 kDa ConA
monomer. Monomeric ConA assembles into tetramers
through a dimer intermediate in a pH dependent manner.
Analyses of commercially available sources of ConA puri-
fled from jack bean meal reveal the presence of other
contaminating protein bands (e.g., 14 kDa and 12 kDa) as
determined by SDS-PAGE, presumably resulting from
incomplete ligation of the processed peptide fragments. The
incompletely processed fragments are still capable of assem-
bling into functional tetramers with other fragments or with
full-length monomers. As a result, purified commercial
natural ConA tetramers include both full length and frag-
mented ConA monomers.

[0005] ConA’s ability to specifically bind D-mannose and
D-glucose with high-affinity makes it useful as a tool for
determining the blood and tissue glucose levels in patients
with diabetes. In particular, ConA can be useful in the design
and manufacture of devices for the measurement of glucose
in biological fluids, particularly blood.
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[0006] However, currently available ConA tetramers are
difficult to produce in commercial quantities, with sufficient
purity and with the consistency desired for either a human
diagnostic product or a reliable research tool. Accordingly,
there exists a need in the art for the construction of stable
ConA mutants with increased solubility and reduced
valency.

SUMMARY OF THE INVENTION

[0007] Embodiments of the invention provide for compo-
sitions comprising purified polypeptides such as purified
Concanavalin A (ConA) mutants. In addition, embodiments
provide for polypeptides and nucleic acids encoding those
polypeptides, such as mutant ConA with reduced dimer-
dimer interactions compared to wild type ConA. Some
embodiments also provide for sensors comprising the
polypeptides disclosed herein. The embodiments also pro-
vide an improved method of producing recombinant mutant
ConA.

[0008] In one aspect, an exemplary embodiment is
directed to a purified mutant Concanavalin A (ConA) protein
including the amino acid sequence of SEQ ID NO: 16. The
sequence can include a substitution at amino acid residue 58,
and a substitution at one or more of amino acid residue 1118,
amino acid residue 121, and amino acid residue 192. The
purified mutant Con A can have reduced dimer-dimer affinity
compared to a corresponding wild type ConA protein. Puri-
fied mutant ConA proteins can include at least two, three, or
four substitutions.

[0009] In some embodiments, an amino acid residue
selected from the group consisting of asparagine, cysteine,
proline, glutamine, tyrosine, and glycine is substituted for an
amino acid residue at one or more of positions 58, 118, 121,
and 192 of SEQ ID NO: 16. In an exemplary embodiment,
an asparagine is substituted for the aspartic acid residue at
position 58, a cysteine is substituted for the asparagine
residue at position 118, a cysteine is substituted for the
histidine residue at position 121, and/or a glutamine is
substituted for the glutamic acid residue at position 192 of
SEQ ID NO: 16. In other embodiments, at least one of the
substitutions replaces a naturally occurring amino acid resi-
due with cysteine. The purified mutant ConA protein can be
substantially a dimer.

[0010] The purified mutant ConA protein can be at least
about 95% pure. In exemplary embodiments, the purified
mutant ConA protein is at least about 97% pure. The purified
mutant ConA protein can be greater than about 95% by
weight of the total protein of the composition. In some
embodiments, the purified mutant ConA protein can have a
purity greater than about 95% as determined by relative peak
area integration, or preferably a purity greater than about
97% as determined by relative peak area integration. The
purified mutant ConA can retain biological activity, such as
carbohydrate binding.

[0011] In some embodiments, the purified mutant ConA
protein can also include a label. The label can be a detectable
label such as, for example, a radioactive label (e.g., a
radioisotope). a fluorescent label, an enzyme (e.g., an
enzyme, the activity of which results in a change in a
detectable signal such as a change in color or emission, for
instance fluorescence), a proximity-based signal generating
label (e.g., a FRET component), a homogeneous time
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resolved fluorescence (HTRF) component, a luminescent
oxygen channeling assay (LOCI) component, biotin, avidin,
or another functionally similar substance, an antibody (e.g.,
a primary or a secondary antibody), or a portion thereof
(e.g., an antigen binding portion of an antibody).

[0012] In another aspect, an exemplary embodiment
includes a device capable of sensing a change in an amount
of an analyte (i.e., carbohydrate). The device includes a
purified mutant ConA protein as disclosed in the present
application. The sensors can include a donor, and an accep-
tor, with the mutant ConA protein labeled with at least one
of the donor and the acceptor. In one embodiment, the sensor
can include a fluorescent acceptor conjugated to a glycosy-
lated substrate. In another embodiment, the sensor can
include a fluorescent donor conjugated to a glycosylated
substrate. At least a portion of the device can be implantable.

[0013] Additional aspects of the invention provide for
purified, isolated nucleic acid sequences encoding mutant
forms of wild-type Concanavalin A (ConA), where the
mutant ConA proteins have reduced dimer-dimer affinity
compared to wild-type ConA. The isolated nucleic acid
sequences can include SEQ ID NO: 5, 7, 9, 11, 13, 17, 19,
21, 23 and 25 or a degenerate coding sequence, or a
sequence complementary to either of these, or fragment
thereof. Further embodiments encompass isolated nucleic
acid sequences encoding a mutant ConA operatively linked
to a promoter. A host cell that contains the nucleic acid
operatively linked to a promoter and expressing the encoded
protein, can also be included. Isolated nucleic acid
sequences can encode mutant ConA polypeptides having the
amino acid sequences set forth in SEQ ID NOS: 6, 8, 10, 12,
14, 18, 20, 22, 24, and 26, and biologically active variants
thereof. Such mutant ConA polypeptides have reduced
dimer-dimer affinity.

[0014] In another aspect, an exemplary embodiment is
directed to a method of evaluating a carbohydrate in a
sample. The sample can be contacted with a specific binding
pair that can include a purified mutant ConA protein and a
glycoconjugate comprising a carbohydrate moiety. The puri-
fied mutant ConA and glycoconjugate can reversibly bind to
each other. The extent to which carbohydrate present in the
sample displaces glycoconjugate bound to the purified
mutant ConA, and reversibly binds to the purified mutant
ConA, can be determined subsequently. At least one of the
purified mutant ConA protein and the glycoconjugate can
have a detectable label.

[0015] The methods can be carried out with a sample
obtained from the body of a subject (e.g., it can be a sample
of urine, blood; plasma, or saliva, homogenized cells, a cell
extract or an intracellular, extracellular or interstitial fluid).
The sample can also be a cellular homogenate or extract. The
carbohydrate of interest within such samples (i.e., the ana-
lyte) can be a monosaccharide, a disaccharide, a polysac-
charide, glucose, a carbohydrate that is a component of
another molecule or a supramolecular structure (e.g., a
macromolecule), or combination thereof. For example, the
analyte can be the carbohydrate moiety of a glycoprotein.
The glycoconjugate can include, but is not limited to, one or
more glycosylated serum albumin molecules, preferably of
human or bovine origin, that are capable of binding to a
purified mutant ConA with reduced dimer-dimer affinity.
Such glycoconjugates can be useful in methods carried out
in vivo or ex vivo.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a table of ConA mutants constructed and
purified, indicating the mutations and the quarternary struc-
ture of the purified polypeptide (tetramer (T), dimer (D), or
mixed tetramer/dimer (M));

[0017] FIG. 2 shows a full alignment of six Caravalia sp.
(ensiformis, brasiliensis, gladiata, virosa, maritima and
lineata) using CLUSTAL W (1.83);

[0018] FIG. 3 shows an alignment of differing amino acids
at positions 21, 70, 129, 151, 155, 168, 202, and 208
between six Canavalia sp. (ensiformis, brasiliensis, gladi-
ata, virosa, maritima and lineata) and two modifications of
Canavalia ensiformis (mConA and the stable dimer pET32);

[0019] FIG. 4 shows an alignment comparing the dimer
mutant ConA (pET32) with other Canavalia sp. at the
substitution positions (amino acids 58, 118, 121, and 192);

[0020] FIG. 5is a depiction of the structure of ConA when
mutations are introduced at positions 58, 118, 121, and 192
showing a stable mutant ConA dimer with mutations D58N,
N118C, H121C, and E192Q;

[0021] FIG. 6 is a graphical depiction of the SEC-MALS
(size-exclusion chromatography equipped with multiangle
light scattering) characterization showing that pET32, the
quad mutant ConA (D58N, N118C, H121C, and E192Q), is
a stable dimer of high purity (/|98%);

[0022] FIG. 7 is a graphical depiction of the SEC-MALS
characterization showing that the quint mutant ConA,
pET32F, (DS8N, N118C, H121C, L142F and E192Q) is a
stable dimer of high purity (~98%);

[0023] FIG. 8 is a representative graphical depiction of the
SEC-MALS characterization of the ConA mutants (pET26,
pET29, pET31, pET33) showing that pET26, a triple mutant
ConA (G58N, N118C, E192Q), forms a stable dimer, but
purifies as a mixture of dimer/tetramer with approximately
50-80% dimer;

[0024] FIG. 9 shows an alignment of ConA residues for
glucose binding and/or metal coordination (residues 14, 99,
100, 208, and 228);

[0025] FIG. 10 is a fluorescence emission spectra showing
the FRET response upon the addition of glucose to the
purified dimer mutant ConA labeled with Cy3.5b, combined
with Alexa-labeled Human Serum Albumin (HSA), where
the boxes show the FRET spectra before addition of glucose,
and the circles show the response to glucose addition;

[0026] FIG. 11 is a time-based ratio scan of the ratio of the
fluorescence intensities at 600 and 700 nm for the purified
dimer mutant ConA, labeled with Cy3.5b (donor) combined
with Alexa-labeled HSA (acceptor);

[0027] FIG. 12 is a graph of the results of a competition
binding assay, showing that the affinity of dimer ConA
mutant (K,~21 nM) is lower than a ConA tetramer (K;~9.1
nM) by approximately two-fold;

[0028] FIG. 13 is a fluorescence emission spectra showing
the ~262% FRET response to the addition of 500 mg/dL
glucose to sensors made with Cy3.5-labeled pET32 dimer
mutant ConA (donor) and Alexa647-labeled superoxide dis-
mutase (SOD) (acceptor) at a ratio of 6 uM/24 uM; and
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[0029] FIG. 14 is a fluorescence emission spectra showing
the ~266% FRET response to the addition of 500 mg/dL
glucose to sensors made with Cy3.5-labeled pET32 dimer
mutant ConA (donor) and Cy5.5-labeled superoxide dismu-
tase (SOD) (acceptor).

DETAILED DESCRIPTION OF THE
INVENTION

Definitions

[0030] Various terms relating to the biological molecules
of the present invention are used throughout the specifica-
tion and claims.

[0031] “Isolated” means altered “by the hand of man”
from the natural state. If an “isolated” composition or
substance occurs in nature, it has been changed or removed
from its original environment, or both. For example, a
polynucleotide or a polypeptide naturally present in a living
animal is not “isolated,” but the same polynucleotide or
polypeptide separated from the coexisting materials of its
natural state is “isolated,” as the term is employed herein.

[0032] “Nucleotide sequence” or “polynucleotide,” as
used interchangeably herein refers to any polyribonucleotide
or polydeoxyribonucleotide of at least 180 nucleotides in
length. “Polynucleotides” include, without limitation,
single- and double-stranded DNA, DNA that is a mixture of
single- and double-stranded regions, single- and double-
stranded RNA, and RNA that is a mixture of single- and
double-stranded regions, hybrid molecules comprising DNA
and RNA that may be single-stranded or, more typically,
double-stranded or a mixture of single- and double-stranded
regions. In addition, “polynucleotide” refers to triple-
stranded regions comprising RNA or DNA or both RNA and
DNA. For example, in some embodiments, the invention
provides isolated nucleic acids that encode mutant ConA
proteins with reduced dimer-dimer affinity when compared
to wild-type ConA. The nucleic acids can include: (A)
contiguous nucleotides 193-290 of SEQ ID NOS: 5,7, 9, 11,
and 13, or nucleotides 172-269 of SEQ ID NOS: 17, 19, 21,
23, and 25 such as, but not limited to, plus strand RNAs
(e.g., mRNAs) and cDNAs; or (B) a nucleotide sequence
complementary to contignous nucleotides 193-290 of SEQ
IDNOS: 5,7, 9,11, and 13, or nucleotides 172-269 of SEQ
ID NOS: 17, 19, 21, 23, and 25, such as, but not limited to,
minus strand RNAs (e.g., genomic or cloned RNAs) and
¢DNAs; or (C) fragments of (A) or (B), such fragments
being at least about 180 nucleotides long beginning from
about position 193 of SEQ ID NOS: 5, 7, 9, 11, and 13, or
from about position 172 of SEQ ID NOS: 17, 19, 21, 23, and
25. Nucleic acid positions 193-195 of SEQ IDNOS: 5, 7, 9,
11, and 13 encode amino acid 58, which has been mutated
as described in the present application. In some exemplary
embodiments, the fragment spans the glucose binding site,
or are at least about 642 nucleotides long, encoding for
amino acid residues 14 to 228 of SEQ ID NOS: 16, 18, 20,
22, 24, or 26. It is understood by the skilled artisan that
embodiments of the present invention encompass nucleic
acids, i.e., RNAs, in which uracil residues (“U”) replace the
thymine residues (“T”) (e.g., in SEQ ID NOS: 5,7, 9, 11, 13,
15,17, 19, 21, 23, and 25).

[0033] The term polynucleotide also includes DNAs or
RNAs containing one or more modified bases and DNAs or
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RNAs with backbones modified for stability or for other
reasons. “Modified” bases include, for example, locked
nucleic acids (LNAs), tritylated bases and unusual bases
such as inosine. A variety of modifications can been made to
DNA and RNA; thus, “polynucleotide” embraces chemi-
cally, enzymatically or metabolically modified forms of
polynucleotides as typically found in nature, as well as the
chemical forms of DNA and RNA characteristic of viruses
and cells. “Polynucleotide” also embraces relatively short
polynucleotides, often referred to as oligonucleotides.

[0034] The term “protein” refers to a polymer of amino
acids of any length, i.e., a polypeptide, and does not refer to
a specific length of the product; thus, “polypeptides”, “pep-
tides”, and “oligopeptides”, are included within the defini-
tion of “protein”, and such terms are used interchangeably
herein with “protein”. The term “protein” also includes
post-expression modifications of the polypeptide, for
example, glycosylations, acetylations, phosphorylations and
the like. Included within the definition of “protein” are, for
example, polypeptides containing one or more analogs of an
amino acid (including, for example, unnatural amino acids,
etc.), polypeptides with substituted linkages, as well as other
modifications known in the art, both naturally occurring and
non-naturally occurring. Methods of inserting analogs of
amino acids into a peptide sequence are known in the art. A
mutant ConA protein refers to a chain of amino acids of any
length, regardless of post-translational modifications, as
long as the protein is biologically active (e.g., can bind a
glycoconjugate).

[0035] “Variant” as the term is used herein, is a protein
that differs from a reference protein (i.e. a mutant ConA
protein consistent with embodiments of the present inven-
tion), but retains essential properties (i.e., biological activ-
ity), and at least one substitution at amino acid residue 58,
amino acid residue 118, amino acid residue 121, and amino
acid residue 192, wherein the substituted amino acid residue
1s replaced with a non-native amino acid at that position. In
some examples, the substituted amino acid residue is
selected from the group of asparagine, cysteine, proline,
glutamine, serine, tyrosine, and glycine. A typical variant of
a polynucleotide differs in nucleotide sequence from
another, reference polynucleotide. Changes in the nucleotide
sequence of the variant may or may not alter the amino acid
sequence of a polypeptide encoded by the reference poly-
nucleotide. Nucleotide changes may result in amino acid
substitutions, additions, deletions, fusions and truncations in
the polypeptide encoded by the reference sequence, as
discussed below. Generally, differences are limited so that
the sequences of the reference polypeptide and the variant
are closely similar overall and, in many regions, identical.

[0036] A variant and reference protein may differ in amino
acid sequence by one or more substitutions, additions, and
deletions in any combination. A substituted or inserted
amino acid residue may or may not be one encoded by the
genetic code. A variant of a protein may be naturally
occurring such as an allelic variant, or it may be a variant
that is not known to occur naturally. Non-naturally occurring
variants of polynucleotides and polypeptides may be made
by mutagenesis techniques or by direct synthesis. For
instance, a conservative amino acid substitution may be
made with respect to the amino acid sequence encoding the
polypeptide.
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[0037] Variant proteins encompassed by the present appli-
cation are biologically active, that is they continue to possess
the desired biological activity of the native protein, as
described herein. The term “variant” includes any polypep-
tide having an amino acid residue sequence substantially
identical to a sequence specifically shown herein in which
one or more residues have been conservatively substituted
with a functionally similar residue, and which displays the
ability to mimic the biological activity of a mutant ConA
protein, such as for example, reduced dimer-dimer affinity
when compared to wild-type ConA and/or binding to gly-
coconjugates. “Biological activity,” as used herein refers to
the ability of the protein to bind glycoconjugates, as can be
tested by methods known to one skilled in the art, such as,
but not limited to, BIAcore or isothermal titration calorim-
etry (ITC) using glucose as the ligand. Variants may result
from, for example, genetic polymorphism or from human
manipulation. Biologically active variants of a mutant ConA
protein of the invention will have at least about 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
more sequence identity to the amino acid sequence for the
mutant ConA protein as determined by sequence alignment
programs and parameters described elsewhere herein. A
biologically active variant of a protein consistent with an
embodiment of the invention may differ from that protein by
as few as 1-15 amino acid residues, as few as 1-10, such as
6-10, as few as 5, as few as 4, 3, 2, or even 1 amino acid
residue.

[0038] The term “mutant”, as used herein, refers to an
amino acid sequence that is altered by one or more amino
acids. The mutant can have “conservative” changes, wherein
a substituted amino acid has similar structural or chemical
properties, “non-conservative” changes, or “silent” changes,
or a combination thereof. Families of amino acid residues
having similar side chains have been defined in the art.
These families include amino acids with basic side chains
(e.g., lysine, arginine, histidine), acidic side chains (e.g.,
aspartic acid, glutamic acid), uncharged polar side chains
(e.g., glycine, asparagine, glutamine, serine, threonine,
tyrosine, cysteine), nonpolar side chains (e.g., alanine,
valine, leucine, isoleucine, proline, phenylalanine, methion-
ine, tryptophan), beta-branched side chains (e.g.. threonine,
valine, isoleucine) and aromatic side chains (e.g., tyrosine,
phenylalanine, tryptophan, histidine). In some embodi-
ments, a mutant can have “nonconservative” changes, e.g.,
replacement of a leucine with a methionine. The term mutant
is also intended to include minor variations such as amino
acid deletions or insertions, or both, that do not disrupt the
biological activity (i.e., glycoconjugate binding) of the pro-
tein.

[0039] The term “substitution”, as used herein, refers to
the replacement of one or more amino acids or nucleotides
by different amino acids or nucleotides, respectively. The
term “substitution” also includes the use of a chemically
derivatized residue in place of a non-derivatized residue,
provided that such polypeptide displays the requisite bio-
logical activity.

[0040] “Chemical derivative™ refers to a subject polypep-
tide having one or more residues chemically derivatized by
reaction of a functional side group. Such derivatized mol-
ecules include, for example, those molecules in which free
amino groups have been derivatized to form amine hydro-
chlorides, p-toluene sulfonyl groups, carbobenzoxy groups,
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t-butyloxycarbonyl groups, chloroacetyl groups or formyl
groups. Free carboxyl groups may be derivatized to form
salts, methyl and ethyl esters or other types of esters or
hydrazides. Free hydroxyl groups may be derivatized to
form O-acyl or O-alkyl derivatives. The imidazole nitrogen
of histidine may be derivatized to form N-im-benzylhisti-
dine. Also included as chemical derivatives are those pep-
tides which contain one or more naturally occurring amino
acid derivatives of the twenty standard amino acids. For
example, 4-hydroxyproline may be substituted for proline;
5-hydroxylysine may be substituted for lysine; 3-methylhis-
tidine may be substituted for histidine; homoserine may be
substituted for serine; and omithine may be substituted for
lysine. The polypeptide also includes any polypeptide hav-
ing one or more additions and/or deletions of residues,
relative to the sequence of an inventive polypeptide whose
sequence is shown herein, so long as the requisite biological
activity is maintained.

[0041] The term “substantially the same” when referring
to nucleic acid or amino acid sequences, refers to nucleic
acid or amino acid sequences having sequence variations
that do not materially affect the nature of the protein (i.e., the
structure, stability characteristics, substrate specificity and/
or biological activity of the protein). With particular refer-
ence to nucleic acid sequences, the term “substantially the
same” is intended to refer to the coding region and to
conserved sequences governing expression, and refers pri-
marily to degenerate codons encoding the same amino acid,
or alternate codons encoding conservative substitute amino
acids in the encoded polypeptide. With reference to amino
acid sequences, the term “substantially the same” refers
generally to conservative substitutions and/or variations in
regions of the polypeptide not involved in determination of
structure or function.

[0042] Some embodiments of the present invention
encompass a polypeptide having substantially the same
amino acid sequence set forth in SEQ ID NO: 6, SEQ 1D
NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14,
SEQ ID NO: 16, SEQ ID NO: 18, SEQ ID NO: 20, SEQ ID
NO: 22, SEQ ID NO: 24 or SEQ ID NO: 26. As employed
herein, the term “substantially the same amino acid
sequence” refers to amino acid sequences having at least
about 80%, still more preferably about 90% amino acid
identity with respect to a reference amino acid sequence;
with greater than about 95% amino acid sequence identity
being especially preferred. A “substantially the same amino
acid sequence” encodes for a mutant ConA protein that
retains biological activity, and reduced dimer-dimer affinity.
It is recognized, however, that polypeptide containing less
than the described levels of sequence identity arising as
splice variants or that are modified by conservative amino
acid substitutions are also encompassed within the scope of
the present invention. The degree of sequence homology is
determined by conducting an amino acid sequence similarity
search of a protein data base, such as the database of the
National Center for Biotechnology Information (NCBI),
using a computerized algorithm, such as PowerBLAST,
QBLAST, PSI-BLAST, PHI-BLAST, gapped or ungapped
BLAST, or the “Align” program through the Baylor College
of Medicine server. (E.g., Altchul, S. F., et al., Gapped
BLAST and PSI-BLAST: a new generation of protein data-
base search programs, Nucleic Acids Res. 25(17):3389-402
[1997]; Zhang, J., & Madden, T. L., PowerBLAST: a new
network BLAST application for interactive or automated
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sequence analysis and annotation, Genome Res. 7(6):649-
56 [1997]; Madden, T. L., et al., Applications of network
BLAST server, Methods Enzymol. 266:131-41 [1996]; Alts-
chul, S. F., et al., Basic local alignment search tool, J. Mol.
Biol. 215(3):403-10 [1990]). Preferably, an NCBI BLAST
program can be used to determine the degree of sequence
homology between the sequences.

[0043] With respect to single-stranded nucleic acid mol-
ecules, the term “specifically hybridizing” refers to the
association between two single-stranded nucleic acid mol-
ecules of sufficient complementary sequence to permit such
hybridization under pre-determined conditions generally
used in the art (sometimes termed “substantially comple-
mentary”). In particular, the term refers to hybridization of
an oligonucleotide with a substantially complementary
sequence contained within a single-stranded DNA or RNA
molecule, to the substantial exclusion of hybridization of the
oligonucleotide with single-stranded nucleic acids of non-
complementary sequence.

[0044] With respect to oligonucleotide constructs, but not
limited thereto, the term “specifically hybridizing” refers to
the association between two single-stranded nucleotide mol-
ecules of sufficiently complementary sequence to permit
such hybridization under pre-determined conditions gener-
ally used in the art (sometimes termed “substantially
complementary”). In particular, the term refers to hybrid-
ization of an oligonucleotide construct with a substantially
complementary sequence contained within a single-stranded
DNA or RNA molecule consistent with an embodiment of
the invention, to the substantial exclusion of hybridization of
the oligonucleotide with single-stranded nucleic acids of
non-complementary sequence.

[0045] A “coding sequence” or “coding region” refers to a
nucleic acid molecule having sequence information neces-
sary to produce a gene product, when the sequence is
expressed.

[0046] The term “operably linked” or “operably inserted”
means that the regulatory sequences necessary for expres-
sion of the coding sequence are placed in a nucleic acid
molecule in the appropriate positions relative to the coding
sequence so as to enable expression of the coding sequence.
This same definition is sometimes applied to the arrange-
ment of other transcription control elements (e.g., enhancers
and regulators) in an expression vector.

[0047] Transcriptional and translational control sequences
are DNA regulatory sequences, such as promoters, enhanc-
ers, polyadenylation signals, terminators, and the like, that
provide for the expression of a coding sequence in a host
cell.

[0048] The terms “promoter”, “promoter region” or “pro-
moter sequence” refer generally to transcriptional regulatory
regions of a gene, which may be found at the 5' or 3' side of
the coding region, or within the coding region, or within
introns. Typically, a promoter is a DNA regulatory region
capable of binding RNA polymerase in a cell and initiating
transcription of a downstream (3' direction) coding
sequence. The typical 5' promoter sequence is bounded at its
3' terminus by the transcription initiation site and extends
upstream (5' direction) to include the minimum number of
bases or elements necessary to initiate transcription at levels
detectable above background. Within the promoter sequence

Sep. 6, 2007

is a transcription initiation site (conveniently defined by
mapping with nuclease S1), as well as protein binding
domains (consensus sequences) responsible for the binding
of RNA polymerase.

[0049] The term “nucleic acid construct” or “DNA con-
struct” is sometimes used to refer to a coding sequence or
sequences operably linked to appropriate regulatory
sequences and inserted into a vector for transforming a cell,
in vitro or in vivo. This term may be used interchangeably
with the term “transforming DNA”. Such a nucleic acid
construct may contain a coding sequence for a gene product
of interest, along with a selectable marker gene and/or a
reporter gene.

[0050] A “heterologous™ region of a nucleic acid construct
is an identifiable segment (or segments) of the nucleic acid
molecule within a larger molecule that is not found in
association with the larger molecule in nature. Thus, when
the heterologous region encodes a mammalian gene, the
gene will usually be flanked by DNA that does not flank the
mammalian genomic DNA in the genome of the source
organism. In another example, a heterologous region is a
construct where the coding sequence itself is not found in
nature (e.g., a cDNA where the genomic coding sequence
contains introns, or synthetic sequences having codons
different than the native gene). Allelic variations or natu-
rally-occurring mutational events do not give rise to a
heterologous region of DNA as defined herein.

[0051] The term “DNA construct”, as defined above, is
also used to refer to a heterologous region, particularly one
constructed for use in transformation of a cell. A cell has
been “transformed” or “transfected” or “transduced” by
exogenous or heterologous DNA when such DNA has been
introduced inside the cell. The transforming DNA may or
may not be integrated (covalently linked) into the genome of
the cell. In prokaryotes, yeast, and mammalian cells for
example, the transforming DNA may be maintained on an
episomal element such as a plasmid. With respect to eukary-
otic cells, a stably transformed cell is one in which the
transforming DNA has become integrated into a chromo-
some so that it is inherited by daughter cells through
chromosome replication. This stability is demonstrated by
the ability of the eukaryotic cell to establish cell lines or
clones comprised of a population of daughter cells contain-
ing the transforming DNA.

[0052] As used herein, the terms “recombinant polynucle-
otide” and “polynucleotide construct” are used interchange-
ably to refer to linear or circular, purified or isolated poly-
nucleotides that have been artificially designed, and which
comprise at least two nucleotide sequences that are not
found as contiguous nucleotide sequences in their initial
natural environment.

[0053] The term “recombinant polypeptide” is used herein
to refer to polypeptides that have been artificially designed,
and which comprise at least two polypeptide sequences that
are not found as contiguous polypeptide sequences in their
initial natural environment, or to refer to polypeptides which
have been expressed from a recombinant polynucleotide.

[0054] As used herein, the terms “vector” and “vehicle”
are used interchangeably in reference to nucleic acid mol-
ecules that transfer DNA segment(s) from one cell to
another.
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[0055] The term “expression vector” as used herein refers
to a recombinant DNA molecule containing a desired coding
sequence and appropriate nucleic acid sequences necessary
for the expression of the operably linked coding sequence in
a particular host organism. Nucleic acid sequences neces-
sary for expression in prokaryotes include a promoter,
optionally an operator sequence, a ribosome binding site and
possibly other sequences. Eukaryotic cells are known to
utilize promoters, enhancers, and termination and polyade-
nylation signals.

[0056] The term “mConA” refers to a mutant Concanava-
lin A comprising the nucleic acid and polypeptide sequence
of SEQ ID NO: 1 and 2, respectively, containing a D58G
mutation which converts this region of ConA from C.
ensiformis (amino acids VDKRL) into the sequence found in
C. gladiata (amino acids VGKRL).

[0057] The term “wild type ConA” refers to either the
nucleic acid sequence or the polypeptide sequence of any
mature form of native Concanavalin A. In some embodi-
ments, it refers to recombinant Concanavalin A derived from
C. ensiformis or C. gladiata, the polypeptide sequences of
which are shown in SEQ ID NO: 3 and SEQ ID NO: 4
respectively. The term “gConA” refers to recombinant wild
type Concanavalin A comprising the polypeptide sequence
of SEQ ID NO:4 derived from C. gladiata.

[0058] As used herein, the term “substantially a dimer” is
intended to mean that the purified protein is at least 50%
dimer, preferably about 60% dimer, more preferably 70%,
80%, 90%, 95%, 96%, 97% or 98%. The percent dimer can
be measured by a number of methods known in the art. For
example, the percent dimer of the purified mutant ConA can
be determined using SEC-MALS (size-exclusion chroma-
tography equipped with multiangle light scattering).

[0059] The term “glycoconjugate”, as used herein, refers
to a conjugate that binds specifically and reversibly to a
mutant ConA consistent with embodiments of the present
invention. A glycoconjugate includes a carbohydrate, a label
moiety, and preferably, a carrier molecule. Non-limiting
examples of suitable carbohydrates include glucose, fruc-
tose, sucrose, mannose, monosaccharides, and oligosaccha-
rides. The carbohydrate should be the same as the analyte
carbohydrate to be detected in a sample. The analyte car-
bohydrate should competitively inhibit binding of the gly-
coconjugate to the mutant ConA. The label can be, for
example, a FRET component, a HTRF component, a LOCI
component or other functionally similar substances.

[0060] In FRET-based applications the label is a FRET
component. In some embodiments, the carbohydrate and the
FRET component are both bound to a carrier molecule. The
carrier molecule is nonreactive with substances found in the
sample, provides a site at which a carbohydrate can be
bound, and provides a site at which a FRET component can
be bound. The carrier molecule should not interfere with the
binding between the conjugated carbohydrate and the
reduced valency mutant Con A. Suitable carriers include
proteins, such as bovine, or human serum albumin, f-lac-
toglobulin, superoxide dismutase (SOD), immunoglobulins,
antibodies, glycoproteins or glycolipids containing the car-
bohydrate moiety recognized by the mutant ConA protein,
and synthetic polymers to which the carbohydrate is
covalently coupled. Methods of coupling FRET components
1o carrier molecules are known to those skilled in the art and
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incorporated herein by reference (Hermanson, 1996, Bio-
conjugate Techniques, Academic Press, Inc).

[0061] A FRET component can be either a donor or an
acceptor of energy. If the energy absorbing FRET donor is
coupled to the glycoconjugate, then the energy absorbing
FRET acceptor is coupled to the mutant ConA. If the energy
absorbing FRET acceptor is coupled to the glycoconjugate,
then the energy absorbing FRET donor is coupled to the
mutant ConA.

[0062] The term “implantable” refers to a device that is
intended for both short-term (i.e., a few days but less than
one month) and long-term implantation within the body of
a subject, (i.e., implantation for periods of one month or
longer). Implantable devices can be placed either subcuta-
neously or in a blood vessel. As used herein, the term
implantable also refers to percutaneous devices. For
example, implantable percutaneous sensors can be needle-
like or can be inserted through a needle and are designed to
operate for a few days and be replaced by the subject.

[0063] The term “subject” as used herein refers to any
living organism capable of eliciting an immune response.
The term subject includes, but is not limited to, humans,
nonhuman primates such as chimpanzees and other apes and
monkey species; farm animals such as cattle, sheep, pigs,
goats and horses; domestic mammals such as dogs and cats;
laboratory animals including rodents such as mice, rats and
guinea pigs, and the like. The term does not denote a
particular age or sex. Thus, adult and newborn subjects, as
well as fetuses, are intended to be covered.

[0064] Certain exemplary embodiments will now be
described to provide an overall understanding of the prin-
ciples of the structure, function, manufacture, and use of the
compositions and methods disclosed herein. One or more
features of these embodiments are illustrated in the accom-
panying figures. Those of ordinary skill in the art will
understand that the compositions and methods specifically
described herein and illustrated in the accompanying figures
are non-limiting exemplary embodiments and that the scope
of the present invention is defined solely by the claims. The
features illustrated or described in connection with one
exemplary embodiment may be combined with the features
of other embodiments. Such modifications and variations are
intended to be included within the scope of the present
invention.

Polypeptides and Nucleic Acids

[0065] The scope of the present invention includes both
polypeptides and nucleic acids encoding said polypeptides.

1. Nucleic Acids

[0066] In one aspect, the invention relates to isolated
nucleic acids that encode mutant ConA proteins with
reduced dimer-dimer affinity compared to wild-type ConA.
The reduction in dimer-dimer affinity can be shown by any
method known in the art for determining oligomeric struc-
ture, including, but not limited to, SEC-MALS, comparison
of amount of tetramer versus dimer purified from an affinity
column, sedimentation analysis using an analytical ultracen-
trifuge, native electrophoresis, electron microscopy and
X-ray crystallography.

[0067] SEQ ID NOS: 5,7, 9, 11, 13, 17, 19, 21, 23, and
25 are mutant nucleic acid sequences of ConA, encoding for
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mutant ConA polypeptides with the following substitution
mutations:

SEQ ID NOS: 5 and 17
SEQ ID NOS: 7 and 19
SEQ ID NOS: 9 and 21
SEQ ID NOS: 11 and 23
SEQ ID NOS: 13 and 25

pET26 (D8N, N118C, E192Q)
pET 29 (D58P, N118C, E192C)

pET 31 (DS8N, N118C, HI121Y, E192Q)
pET 32 (D58N, N118C, H121C, E192Q)
pET 33 (D58N, N118C, H121P, E192Q)

The sequences shown in SEQ ID NOS: 5,7, 9, 11, 13 were
engineered to include the 21 nucleic acids (atggctaccgtageg-
caaget SEQ ID NO: 27) secretion signal sequence from the
E. coli outer membrane protein (ompA) at the 5' end of the
ConA coding sequence. The sequence encodes for the amino
acids: MATVAQA (SEQ ID NO: 28). The nucleic acids and
polypeptides consistent with embodiments of the invention
are intended to include both nucleic acids and polypeptides
with and without this secretion signal sequence.

[0068] The differences between mutant nucleic acid mol-
ecules and corresponding wild-type nucleic acid molecules
are due to substitution of a native amino acid; and in
addition, can be due to degeneracy of genetic codons. An
isolated nucleic acid containing such a mutant nucleic acid
sequence can be used to clone and express the mutant ConA
in a host cell. A nucleic acid variant can possess the codons
preferred by a particular prokaryotic or eukaryotic host. The
codons may be selected to increase the rate at which
expression of a polypeptide occurs in the prokaryotic or
eukaryotic host in accordance with the frequency with which
the codons are utilized by the host. The mutant nucleic acid
can further include such variations as nucleotide substitu-
tions, deletions, inversions, or insertions on the wild-type
DNA as long as the glycoconjugate binding site of the
encoded protein is preserved (as discussed below).

[0069] The above-described mutant DNA can be prepared
using site-directed mutagenesis, which introduces specific
nucleotide substitutions (i.e., mutations) at defined locations
in a nucleic acid sequence. See, for example, Zoller and
Smith (1983) Meth. Enzymol. 100: 468; and Molecular
Cloning, A Laboratory Manual (1989) Sambrook, Fritsch
and Maniatis, Cold Spring Harbor, N.Y., chapter 15. Alter-
natively, the mutant DNA may be synthesized, in whole or
in part, using chemical methods well known in the art. See
Caruthers et al. (1980) Nucl. Acids Res. Symp. Ser. 215 223,
and Horn et al. (1980) Nucl Acids Res. Symp. Ser. 225 232,
In particular, multiple mutations can be introduced through
various methods based on, e.g., polymerase chain reaction
(PCR), ligase chain reaction (LCR), or overlap extension
polymerase chain reaction. See Ge and Rudolph (1997)
BioTechniques 22: 28 30.

[0070] The mutant nucleic acid can encode a polypeptide
having an amino acid sequence set forth in SEQ ID NOS: 2,
0, 8, 10, 12, 14, 18, 20, 22, 24, or 26. Alternatively, it can
encode a polypeptide variant having an amino acid sequence
that is 80% identical to, or differs by less than 24 amino acid
residues from SEQ ID NOS: 2, 6, 8, 10, 12, 14, or 16. If
alignment is needed for this comparison, the sequences can
be aligned for maximum homology. The polypeptide variant
is correlated with at least one biological activity of a
polypeptide encoded by SEQ ID NOS: 2, 6, 8, 10, 12, 14, 16,
18, 20, 22, 24, or 26, e.g., glycoconjugate binding. A
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polypeptide variant may have ‘“conservative” changes,
wherein a substituted amino acid has similar structural or
chemical properties. Families of amino acid residues having
similar side chains have been defined in the art. These
families include amino acids with basic side chains (e.g.,
lysine, arginine, histidine), acidic side chains (e.g., aspartic
acid, glutamic acid), uncharged polar side chains (e.g.,
glycine, asparagine, glutamine, serine, threonine, tyrosine,
cysteine), nonpolar side chains (e.g., alanine, valine, leucine,
isoleucine, proline, phenylalanine, methionine, tryptophan),
beta-branched side chains (e.g., threonine, valine, isoleu-
cine) and aromatic side chains (e.g., tyrosine, phenylalanine,
tryptophan, histidine). In some embodiments, a polypeptide
variant may have “nonconservative” changes, e.g., replace-
ment of a leucine with a methionine. Further, a polypeptide
variant may also include amino acid deletions or insertions,
or both. Guidance in determining which amino acid residues
may be substituted, inserted, or deleted without abolishing
the biological activity may be found using computer pro-
grams, for example DNASTAR software, to ensure that
amino acids needed for glucose binding are not disrupted.

[0071] Site-directed mutagenesis can be used to change
one or more DNA residues that may result in a silent
mutation, a conservative mutation, or a nonconservative
mutation. Included within the scope of the invention are
nucleic acid sequences that are at least about 80% identical
to SEQ IDNOS: 5,7, 9, 11, 13, 17, 19, 21, 23, or 25 over
their entire length to a nucleic acid sequence encoding the
polypeptide having the amino acid sequences set out herein,
and nucleic acid sequences which are complementary to
such nucleic acid sequences. Alternatively, highly preferred
are nucleic acid sequences that comprise a region that is at
least about 85% identical, more highly preferred are nucleic
acid sequences that comprise a region that is at least about
90% identical, and among these preferred nucleic acid
sequences, those with at least about 95% are especially
preferred. Furthermore, those with at least about 97% iden-
tity are highly preferred among those with at least about
95%, and among these those with at least about 98% and at
least about 99% are particularly highly preferred, with at
least about 99% being the most preferred. The nucleic acid
sequences which hybridize to the hereinabove described
nucleic acid sequences in a preferred embodiment encode
polypeptides which retain substantially the same biological
activity as the polypeptide characterized by the mutant
ConA amino acid sequences set forth herein. Preferred
embodiments in this respect, moreover, are nucleic acid
sequences that encode polypeptides that retain substantially
the same biological function or activity as the mature
polypeptide encoded by the DNA of SEQ ID NOS: 5, 7, 9,
11, 13, 17, 19, 21, 23, and 25. Embodiments of the present
invention further relate to nucleic acid sequences that
hybridize to the herein above-described sequences. In this
regard, the embodiments especially relate to nucleic acid
sequences that hybridize under stringent conditions to the
herein above-described nucleic acid sequences. As herein
used, the term “stringent conditions” means hybridization
will occur only if there is at least about 95% and preferably
at least about 97% identity between the sequences.

[0072] The nucleic acids may be maintained as DNA in
any convenient cloning vector. Clones can be maintained,
for example, in a plasmid cloning/expression vector,
examples of which are included below, the plasmid being
propagated in a suitable host cell.
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11. Proteins and Polypeptides

[0073] Recombinant proteins and polypeptides within the
scope of the present invention, may be prepared in a variety
of ways, according to known methods. For example a cDNA
or gene encoding for the protein of an embodiment of the
invention may be cloned into an appropriate transcription
vector. A host cell may be transformed with the transcription
vector and the protein expressed either intracellularly or
extracellularly. In some aspects of the invention, the protein
is expressed intracellularly, inclusion bodies are formed, the
inclusion bodies and the protein of the invention are solu-
bilized and the protein of interest is purified from solution.

[0074] Polypeptides can contain amino acids other than
the 20 amino acids commonly referred to as the 20 naturally-
occurring amino acids. Further, many amino acids, including
the terminal amino acids, may be modified by natural
processes, such as processing and other post-translational
modifications, or by chemical modification, such as fluores-
cent labeling, using techniques well known in the art.
Common modifications that occur naturally in polypeptides
are described in basic texts, detailed monographs, and the
research literature, and they are well known to those of
skilled in the art.

[0075] Wild-type ConA purified from natural sources does
not consist of identical subunits. While the monomers of
wild-type ConA purified from natural sources are structur-
ally identical, the primary structure may either be contigu-
ous or fragmented (14kd and 11kd fragments) due to incom-
plete transpeptidation. The monomeric subunits of both
wild-type ConA purified from natural sources and wild-type
ConA produced recombinantly associate into tetramers at
physiological pH. Each monomeric subunit is approximately
27 kDa in mass and contains one carbohydrate binding site.
Accordingly, tetrameric ConA is capable of binding four
carbohydrate molecules. The number of carbohydrate bind-
ing sites also can be referred to as valency. Thus, tetrameric
ConA has a valency of four. The mutant ConA proteins of
the present invention are composed of mutated monomeric
subunits that associate into dimers at physiological pH (See,
FIG. 1).

[0076] Three-dimensional crystallographic studies of
ConA have demonstrated that in dimeric ConA, one mono-
meric subunit is paired across a two fold axis of symmetry
with the second monomeric subunit, and that these dimers in
turn are paired across 222 (D,) points of symmetry to form
tetramers (Becker et al., (1975), J. Biol. Chem. 250:1513-
1524; Reeke et al., J. Biol. Chem. (1975), 250:1525-1546).
Although crystal structure information suggests that certain
amino acids may play a role in dimer-dimer association, the
specific combination of residues that needed to be mutated
and the identity of the mutations were not obvious in light
of the information. As shown in FIG. 1, at least three amino
acids had to be mutated to specific amino acids in order to
produce a polypeptide with reduced dimer-dimer affinity
compared to wild-type ConA, that is stable, soluble, and
retains a biological activity (i.e., the ability to bind glyco-
conjugates) of wild-type ConA. While reduced valency
ConA dimers have been produced through chemical modi-
fication (i.e., succinylation of tetrameric ConA), reduced
valency ConA has not been produced through recombinant
methods prior to this invention. Furthermore, none of the
previous studies addressed large-scale purification of exog-
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enously expressed ConA, or even appreciated the in vitro
application issues with tetrameric ConA, such as the diffi-
culty in purification. The use of the lower valency ConA
mutants of the present invention reduces protein precipita-
tion in the presence of a bacterial host contaminant.

[0077] As shown in FIG. 1, a variety of mutants were
constructed and purified and tested for quarternary structure
(tetramer (T), dimer (D), or mixed tetramer/dimer (M)). The
following exemplary sequences produced stable proteins
with reduced dimer-dimer affinity:

SEQ ID NOS: 6 and 18
SEQ ID NOS: 8 and 20
SEQ ID NOS: 10 and 22
SEQ ID NOS: 12 and 24
SEQ ID NOS: 14 and 26

pET26 (D38N, N118C, E192Q)
pET 29 (D38P, N118C, E192C)
pET 31 (D38N, N118C, H121Y, B192Q)
pET 32 (D38N, N118C, H121C, E192Q)
pET 33 (D38N, N118C, H121P, E192Q)

The sequences shown in SEQ ID NOS: 6, 8, 10, 12, and 14
were engineered to include the seven amino acids secretion
signal sequence from the E. coli outer membrane protein
(ompA).

[0078] As shown in the alignment of the amino acid
sequence of the ConA polypeptide from six Canavalia sp.
(ensiformis, brasiliensis, gladiata, virosa, maritima and
lineata), which have the same tertiary and quaternary struc-
ture, using CLUSTAL W (1.83), the sequence is well con-
served and differs only at eight positions, specifically amino
acids at positions 21, 70, 129, 151, 155, 168, 202, and 208
(See, FIGS. 2 and 3). Accordingly, as shown in SEQ ID NO:
16, these eight amino acid positions can be substituted
without affecting the biological activity of the protein. In
some embodiments, the purified mutant ConA protein com-
prises the amino acid sequence of SEQ ID NO: 16 with a
substitution at amino acid residue 58 and a substitution of at
least one of amino acid residue 118, amino acid residue 121,
and amino acid residue 192. Positions 21, 70, 129, 151, 155,
168, 202, and 208 of SEQ ID NO: 16 can be any amino acid
residue. In an exemplary embodiment, position 21 of SEQ
ID NO: 16 is selected from the group consisting of serine
and asparagine; position 70 of SEQ ID NO: 16 is selected
from the group consisting of alanine and glycine; position
129 of SEQ ID NO: 16 is selected from the group consisting
of methionine and valine; position 151 of SEQ ID NO: 16
is selected from the group consisting of aspartic acid and
glutamic acid; position 155 of SEQ ID NO: 16 is selected
from the group consisting of glutamic acid and arginine;
position 168 of SEQ ID NO: 16 is selected from the group
consisting of serine and asparagine; position 202 of SEQ 1D
NO: 16 is selected from the group consisting of serine and
proline; position 208 of SEQ ID NO: 16 is selected from the
group consisting of aspartic acid and cysteine.

[0079] FIG. 4 shows an alignment comparing the dimer
mutant ConA (pET32) with other Canavalia sp. at the
substitution positions (amino acids 58, 118, 121, and 192).
The mutations at amino acids 58, 118, 121, and 192 are
capable of disrupting the dimer-dimer interactions. All four
of these amino acids contribute to a number of bonding
interactions between the dimers, such as protein-protein
H-bonds, H-bonds via water, and Van der Walls contacts.
These four amino acids contribute approximately 64.5% of
the total number of interactions necessary for tetrameriza-
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tion. FIG. 5 is a depiction of the structure of ConA when
mutations are introduced at positions 58, 118, 121, and 192.
The structural depiction shows that a stable mutant ConA
dimer is produced with mutations D58N, N118C, H121C,
and E192Q.

[0080] Polypeptides within the scope of the present inven-
tion include a polypeptide having the amino acid sequence
set forth in SEQ ID NOS: 2, 6, 8, 10, 12, 14, 16, 18, 20, 22,
24, or 26 (in particular, the mature polypeptide, e.g.. residues
1 t0 235 of SEQ ID NO: 24) as well as polypeptides which
have at least about 80% identity (e.g., at least about 90%,
95%, or 99% identity) to the amino acid sequence set forth
in SEQ ID NOS: 2, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, or
26. Polypeptides of the invention also include fragments of
the amino acid sequence set forth in SEQ ID NOS: 2, 6, §,
10, 12, 14, or 16, or fragments having at least about 80%
sequence identity to the amino acid sequence set forth in
SEQ ID NOS:2, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, or 26;
where such fragments are at least 60 amino acids in length
and span at least two of amino acid residues at wild-type
positions 58, 118, 121, and 192. It is important to note that
SEQIDNOS: 2,6, 8, 10, 12, and 14 contain the seven amino
acid (MATVAQA, needs sequence identifier) secretion sig-
nal sequence from the E. coli outer membrane protein
(ompA) at the N-terminal end of the ConA mutant protein.
Thus, wild-type positions 58, 118, 121, 192 correspond to
amino acids 65, 125, 128, and 199 of SEQ ID NOS: 2, 6, 8,
10, 12, and 14. Polypeptides within the scope of this
invention are intended to include polypeptides with and
without this secretion signal sequence. Preferred in this
aspect of the invention are fragments having structural or
functional attributes of the polypeptide characterized by the
sequences of SEQ ID NOS: 2, 6, 8, 10, 12, 14, 16, 18, 20,
22, 24, and 26.

[0081] An exemplary mutant of ConA (pET32) was pro-
duced wherein the amino acids at wild-type positions 58,
118, 121, and 192 were mutated as follows: DS8N, N118C,
HI21C, E192Q. The full length mutant ConA (pET32)
polypeptide sequence is depicted in SEQ 1D NO: 12, and an
exemplary nucleic acid sequence coding for this mutant
ConA polypeptide is depicted in SEQ ID NO: 11. While
these sequences contain the seven amino acid (MATVAQA,
needs sequence identifier) secretion signal sequence from
the E. coli outer membrane protein (ompA) at the N-terminal
end of the ConA mutant protein, this sequence is not
necessarily present in all embodiments of the invention. The
mutations at positions 58, 118, 121, and 192 produced a
highly pure (>98%) stable dimer. A mutant ConA protein
that includes these four amino acid mutations can have
improved ConA performance in both dye labeling and FRET
reactions. In addition, such a mutant ConA protein can result
in reduced precipitation during purification and conjugation
to Cy dyes.

[0082] A residue that is replaced renders both the order
and number of the remaining amino acids the same as the
polypeptide before the residue was replaced. A residue may
be replaced with a conservative or non-conservative residue.
A residue that is deleted does not disturb the order of the
remaining amino acids, but reduces the number of residues
of the polypeptide by one. A residue that is modified is one
that is chemically altered; this change does not alter the
order or number of remaining amino acids in the polypep-
tide.
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[0083] Proteins consistent with embodiments of the inven-
tion can be isolated or purified by a variety of known
biochemical means, including, for example, by recombinant
expression systems described herein, precipitation, gel fil-
tration, ion-exchange, reverse-phase, and affinity chroma-
tography, electrophoresis, and the like. Other well-known
methods are described in Deutscher et al., Guide to Protein
Purification: Methods in Enzymology Vol. 182, (Academic
Press, [1990]).

[0084] Isolated mutant ConA proteins can also be chemi-
cally synthesized. For example, synthetic polypeptides can
be produced using Applied Biosystems, Inc. Model 430A or
431 A automatic peptide synthesizer (Foster City, Calif.)
employing the chemistry provided by the manufacturer and
the amino acid sequences provided herein.

[0085] The mutant ConA proteins can be recombinantly
produced, for example, using eukaryotic or prokaryotic cells
genetically modified to express mutant ConA protein-encod-
ing polynucleotides in accordance with the teachings
described herein. Recombinant methods and expression
systems are well known, as described, for example, in
Sambrook et al., supra., 1989. An example of a method for
preparing a mutant ConA protein is to express nucleic acids
encoding the mutant ConA protein of interest in a suitable
host cell that contains the expression vector and recovering
the expressed polypeptide, as discussed above. A suitable
host cell can include, for example, a bacterial cell, a yeast
cell, an insect cell, an amphibian cell (i.e., oocyte), or a

mammalian cell
[0086] “Recombinant host cells”, “host cells”, “cells”,
“cell lines”, “cell cultures”, and other such terms denoting
prokaryotic or eukaryotic cell lines cultured as unicellular or
monolayer entities, refer to cells which can be, or have been,
used as recipients for a recombinant expression vector or
other foreign nucleic acids, such as DNA or RNA, and
include the progeny of the original cell which has been
transfected. It is understood that the progeny of a single
parental cell may not necessarily be completely identical in
morphology or in genomic or total DNA complement as the
original parent, due to natural, accidental, or deliberate
mutation.

[0087] Alternatively, a cell free system may be used for
protein production. A cDNA or gene, for example, may be
cloned into an appropriate in vitro transcription vector, such
as pSP64 or pSP65 for in vitro transcription, followed by
cell-free translation in a suvitable cell-free translation system,
such as wheat germ or rabbit reticulocytes. In vitro tran-
scription and translation systems are commercially avail-
able, e.g., from Promega Biotech, Madison, Wis. or BRL,
Rockville, Md.

ITI. Characterization of Mutant Concanavalin A (ConA)

[0088] In particular, an embodiment of the invention
includes polypeptides comprising one or more mutants of
Concanavalin A (ConA) having reduced dimer-dimer affin-
ity compared to a corresponding wild type ConA protein,
and nucleic acids encoding such polypeptides. A particular
embodiment of the invention includes mutations to the
sequence encoding naturally occurring ConA that change
one or more amino acids. These mutations result in a protein
with improved characteristics, including reduced dimer-
dimer affinity. Reduction in dimer-dimer affinity results in
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reduced precipitation during purification, increased solubil-
ity (i.e., less prone to aggregation), improved stability, lower
toxicity due to reduced crosslinking capabilities, increased
conjugation to Cy dyes, and improved brightness. Lower
affinity glucose binding protein would require higher con-
centrations to achieve optimal dynamic range, which would
result in higher brightness. Since dimeric mutant ConA has
slightly lower affinity for glucose binding (ECs,, Tetramer=
0.11 uM (K;~9.1 nM), ECs,, Dimer =0.26 pM (K;~21 nM);
See FIG. 12), the use of dimeric mutant ConA polypeptides
consistent with embodiments of the present invention allows
for higher concentrations and therefore greater brightness. In
addition, improved brightness can also be achieved with the
dimeric mutant ConA constructs described herein since they
can be labeled to higher dye levels without detrimental
effects on glucose binding.

[0089] Since ConA polypeptides are subunits of a multi-
meric molecule, i.e., a tetramer formed from two associated
dimers, mutations in a ConA polypeptide can alter the ability
of the ConA polypeptide to assemble into tetramers. For
example, ConA polypeptide can be modified such that
subunits do not assemble into tetramers, but rather are
present as monomers, dimers, or trimers. The nucleic acid
encoding the ConA polypeptide can be mutagenized at
residues important in monomer-monomer interactions to
produce a monomer which does not assemble into dimers, or
tetramers. For example, one or more of amino acid positions
58,118, 121, and 192 can be mutagenized. The nucleic acid
encoding the ConA polypeptide also can be mutagenized at
residues important in dimer-dimer interactions to produce
dimers which do not assemble into tetramers.

[0090] In addition, the mutant ConA polypeptides can
have reduced valency, which results in simpler binding
relationships, and therefore a simpler overall sensor system.
Mutant ConA polypeptides having reduced valency refers to
ligands which have been genetically engineered to have less
than the normal valency, i.e., a valency less than 4. Thus,
mutant ConA polypeptides consistent with an embodiment
of the present invention can be designed to have as few
carbohydrate binding sites as desired, preferably three or
fewer and, preferably, a single carbohydrate binding site. For
example, the reduced valency mutant ConA polypeptides
can have a single carbohydrate binding site and be a mono-
meric molecule, e.g., a monomeric mutant ConA polypep-
tide. The mutant ConA polypeptides can have at least one
and preferably two fewer carbohydrate binding sites than the
naturally occurring multimeric molecule.

[0091] Mutant ConA polypeptides consistent with an
embodiment of the present invention can be one member of
the specific binding pair and can interact with the carbohy-
drate coupled to the glycoconjugate, the second member of
the specific binding pair. The reduced mutant ConA
polypeptides can be coupled to a proximity based signal
generating label moiety (e.g., to an energy absorbing FRET
component). The energy absorbing FRET component may
either be a donor or an acceptor of energy. If the energy
absorbing FRET donor is coupled to the mutant ConA
polypeptides, then the energy absorbing FRET acceptor is
coupled to the glycoconjugate. If the energy absorbing
FRET acceptor is coupled to the mutant ConA polypeptides,
then the energy absorbing FRET donor is coupled to the
glycoconjugate.
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[0092] Interaction between the mutant ConA polypeptides
and the glycoconjugate brings the energy absorbing FRET
components together permitting non-radiative energy trans-
fer and FRET. In the presence of carbohydrate in the sample,
there is competition between the glycoconjugate and the
carbohydrate for binding to the mutant ConA polypeptides.
As the binding site (or sites) on the mutant ConA polypep-
tides become occupied by carbohydrate molecules, glyco-
conjugate molecules are displaced or prevented from bind-
ing. This prevents the energy absorbing FRET components
from moving together and failure to promote the energy
transfer between the components.

a) Glycoconjugate Binding Site

[0093] Embodiments of the invention comprise mutants of
ConA that result in reduced dimer-dimer affinity while
retaining its biological activity (i.e., glycoconjugate bind-
ing). ConA proteins bind glycoconjugates through a com-
plex system involving O or N-glycosylation. For example,
mannose molecules are bound to ConA in a pocket com-
posed of two metal ions, an asparagines, aspartic acid,
alanine and several water molecules (See, Ramachandraiah,
G., et al. Proteins: Strucure, Function, and Genetics 39:
358-364 (2000)). FIG. 9 shows an alignment of ConA
residues for glucose binding and/or metal coordination (resi-
dues 14, 99, 100, 208, and 228). Accordingly, these positions
can be conserved in the construction of mutant ConA
polypeptides in order to retain biological activity.

b) Production and Purification of Mutant ConA Proteins

[0094] The scope of the present invention also includes an
improved process for producing and purifying mutant
ConA, and in particular ConA of relatively high purity.
Historically, purifying ConA from natural sources has been
difficult, resulting in a number of problems. These problems
include the production of a composition that contains both
full length and fragmented ConA.

[0095] An exemplary embodiment is directed to a method
of producing a recombinant mutant ConA by inducing
expression of the mutant ConA in a bacterial cell culture that
has been transformed by a vector containing a encoding the
mutant ConA polypeptide of interest. The induction and
presence of the ompA signal sequence ofacilitates the for-
mation of inclusion bodies. The cells of the bacterial culture
are then lysed to release an insoluble inclusion body frac-
tion. The inclusion body fraction is then purified and the
inclusion bodies are solubilized (e.g., using guanidine
hydrochloride followed by sonication) so that the mutant
ConA of interest is present in solution. The mutant ConA is
then denatured and subsequently allowed to re-fold in solu-
tion. The solution is then purified to recover the mutant
ConA of interest.

[0096] By way of example, the exemplary process can
include using vectors having an antibiotic resistance gene
coupled to a promoter and a nucleic acid encoding a mutant
ConA polypeptide. Antibiotic resistance genes include, for
example, ampicillin, kanamycin, and tetracycline.

[0097] The transformed bacterial cells can be induced
either in the presence or absence of antibiotic. For example,
the transformed bacterial cell culture can be induced with
isopropyl p-D-thiogalactopyranoside (IPTG) in the absence
of kanamycin.
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[0098] Solution purification can be performed by a num-
ber of different methods, including but not limited to, affinity
chromatography and size-exclusion chromatography. In one
example, affinity chromatography alone is used to purify the
solution. In another example, both affinity chromatography
and size-exclusion chromatography are used.

[0099] The production process can be useful for producing
a mutant ConA of the present application. This production
and purification process results in highly purified protein,
particularly highly purified recombinant protein including,
e.g., mutant ConA protein having a purity of at least about
05%, at least about 96%, at least about 97%, at least about
98%, and at least about 99%.

[0100] The approximately 52 kDa purified mutant dimeric
ConA protein described herein is preferably substantially
free of contaminants including e.g., contaminants having
molecular weights from about 10 kDa to about 20 kDa, from
about 30 kDa to 40 kDa, or combinations thereof. The
purification method described herein has produced ConA of
sufficient purity, e.g., mutant ConA having a level of con-
taminants of less than about 5%, less than about 4%, less
than about 3%, less than about 2%, and less than about 1%,
as characterized by SEC-MALS.

IV. Sensors

[0101] Other exemplary embodiments of the invention
include sensors having a purified mutant ConA as described
herein. The sensors are capable of detecting the presence of
an analyte. The sensors can include a reagent suitable for
detecting the analyte in a liquid, e.g., body fluid such as
blood or interstitial fluid. Useful reagents include, e.g.,
energy absorbing reagents, including light absorbing and
sound absorbing reagents), x-ray reagents, spin resonance
reagents, nuclear magnetic resonance reagents, and combi-
nations thereof.

[0102] A useful class of reagents for detecting analyte
includes fluorescence reagents, i.e., reagents that include a
fluorophore or a compound labeled with a fluorophore. The
fluorescence reagent can reversibly bind to the analyte, and
the fluorescence behavior of the reagent can change when
analyte binding occurs.

[0103] Changes in fluorescence associated with the pres-
ence of the analyte may be measured in several ways. These
changes include changes in the excited state lifetime of, or
fluorescence intensity emitted by, the fluorophore (or com-
ponent labeled with the fluorophore). Such changes also
include changes in the excitation or emission spectrum of
the fluorophore (or component labeled with the fluoro-
phore). Changes in the excitation or emission spectrum, in
turn, may be ascertained by measuring (a) the appearance or
disappearance of emission peaks, (b) the ratio of the signal
observed at two or more emission wavelengths, (c) the
appearance or disappearance of excitation peaks, (d) the
ratio of the signal observed at two or more excitation
wavelengths or (e) changes in fluorescence polarization.

[0104] The reagent can be selected to exhibit non-radiative
fluorescence resonance energy transfer (FRET), which can
be used to determine the occurrence and extent of binding
between members of a specific binding pair.

[0105] Examples of FRET, FRET-based sensors, their use
and method of manufacture, are described in U.S. Pat. Nos.
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6,844,166, 6,040,194 and U.S. Publ. No. 2005-0095174,
filed Oct. 31, 2003 which are hereby incorporated by refer-
ence in their entirety. Examples of other sensors are also
described in U.S. Pat. Nos. 6,319,540, 6,383,767, 6,850,786,
and 5,342,789, which are also hereby incorporated by ref-
erence.

[0106] The sensor can be capable of detecting the analyte
based on nonradiative fluorescence resonance energy trans-
fer. In some embodiments, the fluorescence reagent includes
an energy acceptor and an energy donor. The fluorescence
reagent can comprise a mutant ConA taught by the present
application as a glucose binding protein and a glycosylated
substrate. In some embodiments, the glycosylated substrate
includes human serum albumin.

[0107] Sensors consistent with embodiments of the inven-
tion can be implantable. An implantable sensor may be
provided with a selectively permeable membrane that per-
mits the analyte (but not fluorescence reagent) to diffuse into
and out of the sensor. In another embodiment, at least some
of the components of the fluorescence reagent are immobi-
lized within the sensor (e.g., on a substrate or within the
pores of a porous matrix). For example, in the case of an
analogue labeled with a donor and a ligand labeled with
acceptor, one (or both) materials can be immobilized. In
another embodiment, at least some of the components of the
fluorescence reagent are freely mobile (i.e., not immobi-
lized) within the sensor.

[0108] Specific binding pairs destined for implantation
within a subject can be encapsulated (e.g., in a microcap-
sule). The encapsulation can substantially isolate the pair
from the subject’s immune system. For example, a specific
binding pair can be encapsulated in a hydrogel core (e.g., an
alginate or agarose core that is surrounded by an immu-
noisolating membrane such as a polyamino acid membrane
(e.g., a polylysine membrane)). Composite microcapsules
such as those described in PCT/US96/03 135 are particularly
useful with the sensors and methods described herein. Other
commonly used membranes for implantable biosensors
include, but are not limited to, polyurethane, cellulose
acetate, polypropylene, silicone rubber, and Nafion.

[0109] Insome embodiments, the sensor can be used with
an implantable or externally wearable infusion pump. The
infusion pump may be controlled by a remote circuit via a
receiver in the pump, or may be manually controlled using
sensor information as a guideline. The infusion pump may
be implantable or may be worn externally by the patient.
These pumps can be designed with appropriate circuitry to
receive and respond to output from a glucose sensor con-
sistent with an embodiment of the present invention.

[0110] In preferred embodiments, the specific binding pair
is 1lluminated, and the energy transfer is monitored (e.g.,
through the subject’s skin). Energy transfer can be between
the first and second energy absorbing FRET components
described below. For example, one or more of the mutant
ConA proteins of the present invention can be conjugated
with fluorophores (such as, for example, -NHS and male-
imide-based Cy3.5b and Alexa-568) and paired with a
fluorescently-labeled, glycosylated protein (such as, for
example, HSA) or a peptide. The paired complex can then
be encapsulated within, for example, an alginate/poly-1.-
lysine-based bead.

[0111] Sensors consistent with embodiments of the present
invention include, but are not limited to, sensors made with
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conjugated pairs of mutant ConA described herein and
Human Serum Albumin (“HSA™); conjugated pairs of
mutant ConA and superoxide dismutase (SOD); and conju-
gated pairs of mutant ConA and BSA. Fither the mutant
ConA or the glycoconjugate, or both, are labeled. Examples
of labels include, but are not limited to, a detectable label
such as, for example, a radioactive label (e.g., a radioiso-
tope), a fluorescent label (e.g., free fluorophores can be
coupled via free COOH-groups), succinimidyl (NHS-)
esters, amines from lysine residues, or thiols from cysteine
residues, maleimides and cyanine dyes suitable for coupling
1o thiol containing groups such as those contained in cys-
teine residues), an enzyme (e.g., an enzyme the activity of
which results in a change in a detectable signal, e.g., a
change in color or emission, e.g., fluorescence), a proximity-
based signal generating label (e.g., a FRET component), a
homogeneous time resolved fluorescence (HTRF) compo-
nent, a luminescent oxygen channeling assay (LOCI) com-
ponent, biotin, avidin, or another functionally similar sub-
stance, an antibody (e.g, a primary or a secondary
antibody), or a portion thereof (e.g., an antigen binding
portion of an antibody).

[0112] Suitable energy absorbing FRET components
include fluorophores (e.g., NDB, dansyl, pyrene, anthracene,
rhodamine, fluorescein and indocarbocyanine, and their
derivatives). Dyes useful as energy absorbing FRET donor/
acceptor pairs include indocarbocyanine/indocarbocyanine,
(e.g., fluoresceino/rhodamine, NBD N-(7-nitrobenz-2-oxa-
1,3-diazol-3-yl)/rhodamine, fluorescein/eosin, fluorescein/
erythrosin, dansyl/rhodamine, acridine orange/rhodamine,
pyrene/fluorescein,  7-amino-actinomycin-D/fluorescein,
7-aminoactinomycin-D/R-phycoerythrin,  fluorescein/R-
phycoerythrin, ethidium monoazide/fluorescein, and
ethidium monoazide/R-phycoerythrin. In some exemplary
embodiments, the dye is selected from the group consisting
of the Cy family of dyes (Amersham BioSciences), such as
Cy 3.5 and Cy 5.5, and the Alexa family of dyes (Molecular
Probes), such as Alexa 647 and Alexa 568. Many of these
dyes are commercially available or can be synthesized using
methods known to those of ordinary skill in the art.

[0113] The sensors can be used to detect a wide range of
physiological analyte concentrations (e.g., concentrations
ranging from 0.5 to 18 mg/ml in the case of glucose).

[0114] In another aspect, an embodiment of the invention
features a method for evaluating a carbohydrate in a sample
that is carried out by first contacting the sample with a
specific binding pair that includes a first binding member
and a second binding member. The first binding member
includes a mutant ConA as taught in the present application
coupled to a first energy absorbing FRET component, and
the second binding member including a glycoconjugate that
further includes a carbohydrate and a second energy absorb-
ing FRET component. The excited state energy level of the
first energy absorbing FRET component overlaps with the
excited state energy level of the second energy absorbing
FRET component, and the mutant ConA and the glycocon-
Jjugate can reversibly bind to each other such that carbohy-
drate present in the sample can displace the glycoconjugate
and reversibly bind to the mutant ConA. The extent to which
non-radiative fluorescence resonance energy transfer occurs
between the first energy absorbing FRET component and the
second energy absorbing FRET component is then evalu-
ated. This evaluation reflects the presence of carbohydrate in
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the sample and correlates with its amount. The evaluation
can be made in the presence of the glycoconjugate displaced
by the carbohydrate and the mutant ConA reversibly bound
to the carbohydrate.

[0115] Energy transfer can be evaluated in numerous
ways. For example, it can be evaluated by measuring one or
more of: donor quenching, donor lifetime (e.g., a decrease in
donor excited lifetime), sensitized acceptor emission, or
fluorescence depolarization. It can also be measured by
determining the ratio of two parameters, such as the ratio of:
a donor parameter to an acceptor parameter (e.g., the ratio of
donor to acceptor fluorescence, or depolarization of fluores-
cence relative to excitation); a donor parameter to a donor
parameter (e.g., the ratio of donor to donor fluorescence, or
depolarization of fluorescence relative to excitation); an
acceptor parameter to an acceptor parameter (e.g., the ratio
of acceptor fluorescence or depolarization of fluorescence
relative to excitation). For example, (and regardless of
whether the method is carried out ex vivo, or in vivo) the
evaluation can include measuring energy transfer as a func-
tion of fluorescence intensities of the first energy absorbing
FRET component and the second energy absorbing FRET
component. The evaluation can also include a comparison
between the extent to which non-radiative fluorescence
resonance energy transfer occurs between the first and
second energy absorbing FRET components and a FRET
value obtained from a calibration step.

[0116] In the event the detectable label is a homogeneous
time resolved fluorescence (HTRF) component, the evalu-
ation will include measuring energy transfer as a function of
fluorescence intensities of a first and second energy absorb-
ing HTRF component. Similarly, in the event the detectable
label is a luminescent oxygen channeling assay (LOCI)
component, the evaluation will include measuring energy
transfer as a function of the photochemical reaction of a first
energy absorbing LOCI component and a second chemilu-
minescence-producing LOCI component.

[0117] In exemplary embodiments, either the first or sec-
ond energy absorbing FRET component is a fluorophore
(e.g., fluorescein, rhodamine, BODIPY, a cyanine dyes, or a
phycobiliprotein). For example, a mutant ConA as described
herein can be labeled with a fluorophore, and the glycocon-
jugate can be labeled with a fluorophore in the non-radiative
fluorescence resonance energy transfer process. A mutant
ConA can also be labeled with a fluorophore that is the
acceptor and the glycoconjugate can be labeled with a
fluorophore that is the donor in the non-radiative fluores-
cence resonance energy transfer process. For example, the
first member of a specific binding pair can be fluorophore-
labeled mutant ConA, and the second member of the specific
binding pair can be fluorophore-labeled glycosylated serum
albumin that binds to mutant ConA. Here, the non-radiative
fluorescence resonance energy transfer can be determined by
measuring the ratio of the light emissions attributable to the
two fluorophores.

[0118] Another aspect of the invention includes an in vivo
method for evaluating a carbohydrate (e.g., glucose) in a
subject. The method can be carried out by placing a first
binding member and a second binding member (ie., a
sensor) in contact with the carbohydrate in the body fluids of
the subject (e.g., the sensor can be introduced into an organ
or vessel where it would be exposed to glucose). Once in
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place, the presence and/or amount of the carbohydrate can
be monitored without further invasive procedures. For
example, a sensor can be placed in, on, or under the subject’s
skin and glucose can be evaluated by illuminating the sensor
at the excitation wavelength of, e.g., an energy absorbing
FRET donor. Energy transfer between two energy absorbing
FRET components can be detected by a fluorimeter (e.g., a
filter based or a monochromater based fluorimeter) that
measures, for example, the ratio of fluorescence intensities
at the two emission maxima wavelengths of the energy
absorbing FRET components, or the quenching of the
energy absorbing donor fluorescence at its emission maxi-
mum as a function of glucose concentration.

[0119] The first binding member can include a mutant
ConA as described herein coupled to a first energy absorbing
FRET component, and the second binding member can
include a glycoconjugate that includes a carbohydrate and a
second energy absorbing FRET component. The excited
state energy levels of the first and second energy absorbing
FRET components can overlap, and the mutant ConA and
the glycoconjugate can reversibly bind one another (in
which case, carbohydrate present in the sample would
displace the glycoconjugate and reversibly bind to the
mutant ConA). The extent or degree to which non-radiative
fluorescence energy is transferred between the first and
second energy absorbing FRET components can then be
measured or monitored non-invasively.

[0120] As with methods carried out ex vivo, energy trans-
fer can, for example, be evaluated by measuring one or more
of: donor quenching, donor lifetime (e.g., a decrease in
donor excited lifetime), sensitized acceptor emission, or
fluorescence depolarization. It can also be measured by
determining the ratio of two parameters, such as the ratio of:
a donor parameter to an acceptor parameter (e.g., the ratio of
donor to acceptor fluorescence, or depolarization of fluores-
cence relative to excitation); a donor parameter to a donor
parameter (e.g., the ratio of donor to donor fluorescence, or
depolarization of fluorescence relative to excitation); an
acceptor parameter to an acceptor parameter (e.g., the ratio
of acceptor to acceptor fluorescence, or depolarization of
fluorescence relative to excitation).

[0121] Preferably, the sensor is positioned to evaluate a
carbohydrate analyte (such as monosaccharides, disaccha-
rides, a polysaccharide, glucose, a carbohydrate that is a
component of another molecule or a supramolecular struc-
ture (e.g., a macromolecule), or combination thereof) in the
subject’s subcutaneous body fluid, intracutaneous body
fluid, or blood.

[0122] In another aspect, the invention features a sensor
for non-invasively monitoring a carbohydrate (e.g., glucose)
in a subject (i.e., the subject’s skin does not have to be
punctured each time a glucose level is obtained). The sensor
can also be used to evaluate carbohydrates ex vivo (e.g., in
a blood sample obtained from a subject). The sensor
includes a specific binding pair that includes a first binding
member and a second binding member, the first binding
member including a mutant ConA of the present invention
coupled to a first energy absorbing FRET component, and
the second binding member including a glycoconjugate that
includes a carbohydrate and a second energy absorbing
FRET component. The excited state energy levels of the first
and second energy absorbing FRET components overlap and
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the mutant ConA of the present invention and the glycocon-
jugate reversibly bind one another. Thus, carbohydrate
present in the sample can displace the glycoconjugate and
reversibly bind to the mutant ConA of the present invention.
Energy transfer can be evaluated as described above.

[0123] In vivo methods can be modified to provide posi-
tive feedback. For example, when glucose is monitored and
found to be above an acceptable range, insulin can be
administered (e.g., by an implanted pump) to lower the high
level. In contrast, when glucose is below an acceptable
range, a signal or alarm can be triggered to alert the subject
(who can then ingest food or drink to raise the low level).

[0124] An energy absorbing FRET component, as used
herein, is a substance that can either be a donor or an
acceptor in the process of non-radiative energy transfer.
Both the donor and the acceptor absorb energy. The function
of the donor is to absorb energy at a first wavelength and
transmit the absorbed energy via non-radiative energy trans-
fer to the acceptor molecule. The function of the acceptor is
to absorb the transmitted energy from the donor. The
absorbed energy can be dissipated in a number of ways, for
example, by emission of the energy at a second wavelength,
dissipation as heat energy, or transfer of energy to the
surroundings. Absorption by the acceptor can be measured
by an acceptor parameter, e.g., sensitized acceptor emission
or a donor parameter, e.g. donor fluorescence quenching.
Requirements of the energy absorbing FRET components
are that there is sufficient energy state overlap between the
two in order for non-radiative energy transfer to occur.
Furthermore, non-radiative energy transfer occurs only if the
two are in close proximity (half energy transfer between a
single donor and acceptor molecule occurs when the inter-
molecular distance is R,).

[0125] An “energy absorbing FRET donor” is a substance
that absorbs energy at a first wavelength. The absorbed
energy creates an excited state in the donor. The donor can
leave the excited state by emitting energy at an emission
wavelength, by dissipating the energy in the form of heat, or
by transmitting the absorbed energy via non-radiative
energy transfer to an energy absorbing FRET acceptor.
Accordingly, an “energy absorbing FRET acceptor” is a
substance that absorbs the non-radiative energy transferred
from the energy absorbing FRET donor. The absorbed
energy creates an excited state in the acceptor, which the
acceptor can leave by emitting the absorbed energy at a
second wavelength, dissipating energy as heat, or transfer-
ring energy to its surroundings.

[0126] A first component “specifically binds™ a second
when the first component binds the second with a substan-
tially higher affinity (e.g., with 50% greater affinity) than it
binds a related component or moiety.

[0127] An interaction is “reversible” if it can proceed in
either direction. A reversible reaction can consist, for
example, of a forward reaction in which a glycoconjugate
binds to a mutant ConA as taught herein and a reverse
reaction in which the glycoconjugate is released from the
mutant ConA. Reversible reactions should occur under the
conditions (e.g., physiological conditions) in which a car-
bohydrate is evaluated.

[0128] One skilled in the art will appreciate further fea-
tures and advantages of the invention based on the above-
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described embodiments. Accordingly, the invention is not to
be limited by what has been particularly shown and
described, nor by the examples set forth below, except as
indicated by the appended claims. All publications and
references cited herein are expressly incorporated herein by
reference in their entirety.

EXAMPLES

1. Expression and Purification of Recombinant Mutant ConA
A. Cloning Mature Mutant ConA Coding Region

[0129] Due to the post-translational modifications neces-
sary for producing “mature” ConA, cloning the DNA coding
region for “mature” ConA is challenging. ConA maturation
requires a series of proteolytic digestions followed by
transpeptidation of the N-terminal and C-terminal halves of
a non-functional precursor (pre-pro-ConA) (Carrington, D.
M., et al. Polypeptide ligation occurs during post-transla-
tional modification of concanavalin A. Nature, 1985.
313(5997): p. 64-7). From a cloning perspective, the result
is a primary amino acid sequence that does not correspond
to the predicted amino acid sequence derived from the
genomic ConA coding region. This prevents direct cloning
of the “mature” ConA coding region from natural DNA
sources.

[0130] In lieu of directly cloning the “mature” ConA
coding region suitable for expression, the “mature” ConA
DNA sequence was assembled based on genomic, precursor
DNA sequences. Construction of the mature ConA coding
region required isolating and rearranging those sections of
preConA DNA which code for the mature ConA primary
amino acid sequence. SEQ ID NOS: 3 and 4, respectively
show the corresponding amino acid sequence of mature C.
ensiformis (AA seq from Carrington, et al.) and amino acid
sequence of mature C. gladiata (AA seq from Yamauchi, et
al. FEBS Lett. 260:127 1990). The two deduced “mature”
ConA DNA sequences were used to design and construct
recombinant ConA expression systems.

B. Construction of ConA ¢cDNA
1. Gene Synthesis Technology

[0131] Due to the extensive DNA rearrangement required
to design a mature ConA coding region, there were a limited
number of methods to construct a “mature” ConA cDNA for
bacterial expression. One method utilized gene synthesis
technology in which single nucleotides were ligated chemi-
cally according to a predesigned DNA sequence. This pro-
cedure was analogous to methods used in the synthesis of
oligonucleotides. There were several benefits in using gene
synthesis as a means for cONA construction. First, the ease
in which coding regions for chimeric proteins (e.g. mature
ConA) could be synthesized. Second, coding regions could
be optimized for codon usage in any host expression system
to maximize recombinant protein expression. Finally,
restriction sites could be engineered anywhere for future
cloning purposes.

[0132] Gene synthesis of mature ConA was performed by
the company GeneArt (Germany). Several modifications
were made to the ConA coding region. First, the synthesized
ConA gene was optimized for codon usage in FE. coll.
Second, Ncol and BamHI restriction sites were engineered
at 5" and 3' ends, respectively, for cloning into the bacterial
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expression vector pET1 Sb. Finally, the secretion signal
sequence from the . coli outer membrane protein (ompA)
was engineered at the 5' end of the ConA coding sequence.

il. cDNA Cloning from Jack Bean

[0133] Another method for constructing a mature ConA
c¢DNA, was through direct cloning of the precursor ConA
coding region from Canavalia ensiformis beans (jack
beans). This was a multistep cloning process requiring the
synthesis of pre-ConA cDNA from isolated jack bean RNA,
cloning of preConA c¢DNA, and genetic rearrangement of
the pre-ConA coding region by PCR to generate the mature
ConA coding region. The result would be a single cDNA
clone that codes for mature ConA identical to that obtained
with gene synthesis.

(a) Synthesis and Purification of Jack Bean Total RNA and
cDNA

[0134] Mature ConA cDNA was synthesized from total
jack bean ¢cDNA derived from purified RNA. Immature jack
beans (0.5 kg) were harvested from ~6 week old Canavalia
ensiformis plants (Plantwise Enterprises). The beans were
rapidly frozen in liquid nitrogen, to preserve the beans and
eliminate all RNase activity, and stored at -80° C. A single
jack bean (~1.8g) was crushed using a pre-chilled mortar
and pestle pre-treated with RNAZap from Ambion. A 1 ml
pipette tip was used to scoop ~%5 of the crushed meal and
transferred to a sterile microfuge tube (~250 ul in volume).
Total RNA was isolated from the meal using RNAqueous
total RNA isolation kit and Plant Isolation Aid (Ambion)
according to manufacturers conditions. Approximately 50
ug of total jack bean RNA was isolated by this method.

(b) Isolation and Cloning of Precursor ConA ¢cDNA (Pre-Pro
ConA)

[0135] Next, pre-ConA ¢cDNA was purified and cloned
into a conventional sequencing vector. An aliquot of purified
total RNA (4 ug) was first reverse transcribed with MMLV
reverse transcriptase using Retroscript (Ambion) to generate
an aliquot of total jack bean cDNA. Gene specific isolation
of the pre-pro ConA cDNA was then achieved by poly-
merase chain reaction (PCR). Three gene specific forward
primers and one reverse primer, based on the pre-pro ConA
sequence (Genbank), were designed using the Primer Pre-
mier software suite (Biosoft International) (Table. 1). Three
PCR reactions using each primer pair and 5ul of total cDNA
were set up using an Eppendorf Mastercycler and employing
the Touchdown PCR conditions outlined in Table. 2. PCR
reaction efficiencies were assessed by agarose gel electro-
phoresis. PCR products corresponding to the correct
approximate molecular weight of pre-pro ConA cDNA
(~950 bp) were band purified by preparative gel electro-
phoresis and isolated using Zymoclean (Zymo Research).
Gel purified PCR products were cloned into the sequencing
vector pCR2.1 using TOPO TA cloning kit for sequencing
(Invitrogen).

TABLE 1

Pre-pro ConA PCR primers

Direction Name Sequence

Sense 5'preConAl 5'ATTGTAGCAAGCAGCACTACS3'

SEQ ID NO:29
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TABLE l-continued

Pre-pro Con2A PCR primers

Direction Name Sequence

Sense 5'preConA2 5'TAGCAAGCAGCACTACTAGTG3'

SEQ ID NO:30
Sense 5'preConA3 5 'GCAAGCAGCACTACTAGTGA3'

SEQ ID NO:31
Anti- 3'preConA 5'GAGATTATTATGGTACATGGATGAS3 '
sense SEQ ID NO:32
[0136]

TABLE 2

Pre-pro ConA PCR conditions

Stage Temperature Time (minutes) # of cycles
Initial denature 94° C. 2.0 1
Denature 94° C. 0.5 5
Annealing 51° C. 0.5 5
Extension 72° C. 1.0 5
Denature 94° C. 0.3 5
Annealing 48° C. 0.5 5
Extension 72° C. 1.0 5
Denature 94° C. 0.5 25
Annealing 45° C. 0.3 25
Extension 72° C. 1.0 25
Extension 72° C. 5.0 1
Hold 4° C. overnight 1

(¢) Verification of Pre-Pro ConA cDNA Sequence

[0137] Next, DNA sequencing analysis was employed to
ensure the cloned PCR products corresponded to the pub-
lished pre-pro ConA sequence. Two independent clones
containing the PCR product were isolated and analyzed by
DNA PCR cycle sequencing (University of Massachusetts
Medical School Nucleic Acid Facility). Two sequencing
primers (M13 universal and M13 reverse) were used in
separate sequencing reactions to sequence the entire cloned
DNA. DNA sequence data from the reactions were received
as ABI (Applied Biosystems) chromatograms and analyzed
using the Sequencher software suite (Gene Codes Corpora-
tion). The DNA sequence of the cloned PCR products
completely matched the Genbank published sequence using
the BLAST DNA alignment algorithm (NCBI).

ii. “Mature ” ConA cDNA Synthesis by SOE PCR

[0138] With the pre-pro ConA ¢DNA cloned, the mature
ConA coding region was generated using a specific PCR
method known as gene splicing overlap extension (SOE
PCR). SOE PCR is a PCR procedure used for the creation
of novel genes including chimeric proteins (Warrens, A. N.,
et al. Gene, 1997. 186(1): p. 29-35). With SOE PCR, PCR
primers were specifically designed to unique regions of a
target sequence to add, delete, or rearrange any portion of
the DNA. This type of genetic rearrangement required two
sequential PCR reactions and four PCR primers, two of
which were almost completely complementary. The first
series of PCR reactions produced DNA products that were
complementary within a specific region that creates the

15
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chimera. To endfill the uncomplemented regions, the
annealed PCR products were used as the template for the
second PCR reaction to complete the final chimeric product.

[0139] To use SOE PCR for synthesizing mature ConA
¢DNA, the mature DNA sequence was compared to the
pre-pro ConA sequence to devise a PCR primer strategy. As
stated above, one of the primary modifications of preConA
maturation is a transpeptidation reaction which entails the
switching and re-ligation of the C-terminal and N-terminal
halves of the protein. The initial strategy was to deduce those
regions of pre-pro ConA involved in the transpeptidation
reaction at the DNA level. The coding region from B1 to B2
is the N-terminal half while the sequence from Al to A2
represents the C-terminal half. Four PCR primers were
design using Primer Premier that are complementary to
those regions involved in the transpeptidation reaction
(Table. 3). One primer pair was directed towards the N-ter-
minal half of mature ConA (ConAptl (C and D)) while the
second primer pair generated the C-terminal half (ConApt2
(A and B)). The overlapping primers (ConAptl(D) and
ConApt2(A), Table 3) facilitated the synthesis of the final
mature ConA product by mimicking the transpeptidation
reaction at the DNA level.

TABLE 3

Primer palr sequences for ConA SOE
PCR (1°" round)

Direction Name Sequence

Sense ConAptl(C) 5'GCCGATACTATTGTTGCTGTTGAATTG
GAT3'
SEQ ID NO:33
Anti- ConAptl(D) 5'GAAATGGAGTGCATTTGTCTCATGTGT
Sense TGAATTGCTCTTCAACTTAGAAGTAARAG
Acca3’
SEQ ID NO:34
Sense ConApt2(A) 5'TGGTCTTTACTTCTAAGTTGAAGAGCA
ATTCAACACATGAGACAAATGCACTCCAT
TTC3'
SEQ ID NO:35
Anti- ConApt2(B) 5'TCAATTTGCATCAGGGAAGAGTCCAAG
Sense GAGCCT3'
SEQ ID NO:36
[0140] The conditions used for SOE PCR of the mature

ConA ¢DNA are outlined above. Purified pCR2.1-preConA
was used as the template in the first series of PCR reactions.
The PCR products (~350 bp each) from each reaction were
purified by agarose gel electrophoresis and extracted using
Zymoclean (Zymo Research). The second PCR reaction
(primers ConAptl(C) and ConApt2(B) plus the annealed
PCR product as template) resulted in a ~700 base pair
product, approximately the predicted size for mature ConA
¢DNA. The PCR product was purified by agarose gel
electrophoresis, extracted using Zymoclean (Zymo
Research) and cloned into the pCR2.1 sequencing vector
(TOPO TA cloning kit for sequencing, Invitrogen). Confir-
mation of successful mature ConA c¢cDNA synthesis was
determined by DNA PCR cycle sequencing (University of
Massachusetts Medical School Nucleic Acid Facility). Two
sequencing primers (M13 universal and M13 reverse) were
used in separate sequencing reactions to sequerce the entire
cloned DNA. DNA sequence data from the reactions were
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received as ABI (Applied Biosystems) chromatograms and
analyzed using Sequencher software suite (Gene Codes
Corporation). The DNA sequence of the cloned PCR prod-
ucts completely match the mature ConA sequence defined in
herein using the BLAST2 DNA alignment algorithm.

TABLE 4

Primer pair sequences for mutant ConZA SOE

Direc-
tion Mutation Sequence
Sense Asp/ 5'cacatcatctataactctgttTGTaagaga
Gly58—*Cys ctaagtgctgttgtttcttatcctaacget3'
SEQ ID NO:37
Anti- Asp/ 5'agcgttaggataagaaacaacagcacttag

Sense Gly58—*Cys tctcttACRaacagagttatagatgatgtg3’
SEQ ID NO:38

Sense Asp/ 5'cacatcatctataacteotgttCCTaagaga
Gly58—*Pro ctaagtgctgttgtttettatcctaacget3’
SEQ ID NO:39

Anti- Asp/ 5'agcgttaggataagaaacaacagcacttag
Sense Gly58—*Pro tctcttRGGaacagagttatagatgatgtg3'
SEQ ID NO:40

Sense Asp/ 5'cacatcatctataactctgttAATaagaga
Gly58—*Asn ctaagtgetgttgtttettatectaacget3’
SEQ ID NO:41

Anti- Asp/ 5'agcgttaggataagaaacaacagcacttag
Sense Gly58—*Asn tctcttATTaacagagttatagatgatgtg3'
SEQ ID NO:42

Sense Glul92—>+*Gln5'tctgctgtggtggeccagetttCAAgetace
tttacatttctcataaaatcacccgactet3’
SEQ ID NO:43

Anti- Glul92—*Glnb5'agagtcgggtgattttatgagaaatgtaaa
Sense ggtagceTTGaaagctggocaccacagcagal'
SEQ ID NO:44

Sense Glul92—+*Pro5'tctgctgtggtggccagetttCCAgetace
tttacatttctcataaaatcacccgactet3’
SEQ ID NO:45

Anti- Glul92—*Pro5'agagtcgggtgattttatgagaaatgtaaa
Sense ggtageT@Gaaagctggecaccacageagal'’
SEQ ID NO:46

Sense Glul92—=*Cys5'tctgctgtggtggecagetttT@Tgctace
tttacatttotcataaaatcaccegactet3’
SEQ ID NO:47

Anti- Glul92—»*Cys5'agagtcgggtgattttatgagaaatgtaaa
Sense ggtagcACAaaagctggccaccacagcagas'
SEQ ID NO:48

Sense Asnll8—*Cys5'TCATGGTCTTTTACTTCTAGTTGAAGAGC
TGTTCAACACATGAGACAAATGCACTCCAT3'
SEQ ID NO:49

Anti- BAsnll8—+*Cys5'ATGGAGTGCATTTGTCTCATGTGTTGAACA
Sense GCTCTTCAACTTAGAAGTARAAGACCATGAS3'
SEQ ID NO:50

Sense Hisl21-—»*Tyr5'acttctaagttgaagagctgttcaacaTAT
gagacaaatgcactccatttcatgttcaac3’
SEQ ID NO:51

Anti- Hisl21—*Tyr5'gttgaacatgaaatggagtgcatttgtcte
Sense ATAtgttgaacagctcttcaacttagaagt3’
SEQ ID NO:52
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TABLE 4-continued
Primer pair sequences for mutant ConA SOE
Direc-—
tion Mutation Sequence

Sense Hisl21-—»*Cysb'acttctaagttgaagagctgttcaacaTGT
gagacaaatgcactccatttcatgttcaac3’
SEQ ID NO:53

Anti- Hisl21—»*Cys5'gttgaacatgaaatggagtgcatttgtcte
Sense ACAtgttgaacagctcttcaacttagaagt3’
SEQ ID NO:54

Sense Hisl21-—»s*Prob5'acttctaagttgaagagctgttcaacaCCT
gagacaaatgcactccattteatgtteaac3’
SEQ ID NO:55

Anti- Hisl21—»*Pro5'gttgaacatgaaatggagtgcatttgtcte
Sense AGGtgttgaacagctcttcaacttagaagt3’
SEQ ID NO:56

iv. Mutant ConA c¢DNA Synthesis by SOE PCR

[0141] Similar conditions were used for SOE PCR of the
mutant ConA ¢cDNA. Table 4 contains a list of primer pairs
used to make the mutant ConA’s. Additional mutations were
added to previously constructed plasmids. For example, the
double mutants were built off single mutants, the triple
mutants were built off of double mutants, and the quad
mutants were built off of the triple mutants.

C. Expression of Mutant ConA Proteins
1. Selection of Bacterial Expression System

[0142] Any suitable expression system can be used. Use-
ful expression systems include e.g., cell free translation
systems, as well as, cell based translation systems (e.g.,
mammalian, yeast, insect, bacterial). Bacterial expression
systems provide for both soluble and insoluble expression.
A specific example of a suitable expression system includes
an E. coli based system, which directs the expressed proteins
into inclusion bodies. Inclusion bodies can be utilized for the
enrichment of expressed recombinant protein. By using
specific growth conditions and expression system compo-
nents that force synthesized recombinant proteins into inclu-
sion bodies, the recombinant protein of interest was easily
harvested by simple, centrifugal fractionation procedures.

[0143] To ensure the production of inclusion bodies com-
posed solely of insoluble mutant ConA, the secretion signal
sequence of the E. coli outer membrane protein (ompA) was
used to facilitate mutant ConA enrichment. The ompA DNA
signal sequence was ligated to the 5' end of the mature
mutant ConA sequence by both gene synthesis and DNA
recombinant technology to facilitate mutant ConA purifica-
tion.

[0144] The pET15b vector, which contains an ampicillin
resistance gene was predominantly used for the cloning and
expression of wild-type ConA (gConA). Mutant ConA pro-
teins, more fully described below, were cloned and
expressed using the pET24b plasmid, which carries a kana-
mycin resistance gene.
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ii. Bacterial Expression Conditions
(a) Selection of E. coli Strain

[0145] Two common E. coli strains for T7 RNA poly-
merase-based expression systems, BL21(DE3) and
BL21(DE3)pLys were used. Expression of ConA using
BL21(DE3) and BL21(DE3)pLys strains of F. coli were
compared to optimize for levels of expression. Small-scale
bacterial expression (<50 ml) was used to express ConA in
BL-21 (negative control), BL21(DE3) and BL21(DE3)pLys.
Isolated inclusion bodies were resuspended in SDS sample
buffer and boiled at 95° C. for 5 minutes and analyzed on
SDS-PAGE. Ten pl of sample extract was loaded in each gel
well. Since expression levels of ConA were highest in
BL21(DE3), this bacterial strain was selected for subsequent
expression of mutant ConAs.

(b) Specific Induction of ConA Expression in DE3

[0146] Two BL21(DE3) clones expressing rConA were
selected to characterize specific induction by isopropyl
B-D-thiogalactopyranoside (IPTG). Small-scale bacterial
expression (<50 ml) was used to express mutant ConA in
wo BL21(DE3) clones, DE3-1 and DE3-2. Isolated inclu-
sion bodies were resuspended in SDS sample buffer and
boiled at 95° C. for 5 minutes and analyzed on SDS-PAGE.
Since both DE3-1 and DE3-2 exhibited IPTG dependent
induction of mutant ConA expression, both clones were used
for subsequent expression of wild-type recombinant ConA
from C. ensiformis.

(c) Effect of Temperature on Mutant ConA Expression

[0147] Localization of recombinant ConA in soluble and
insoluble (inclusion bodies) fractions during expression in
E. coli is dependent on temperature (Min, W., Emulation of
the Post-translational Processing of Concanavalin A by
Recombinant DNA Manipulations, in School of Biological
Sciences. 1992, University College of Swansea: Swansea. p.
255). To select the optimal temperature for mutant ConA
expression, small-scale bacterial cultures (<50 ml) were
induced at two temperatures, 30° C. and 37° C. Subsequent
purification efforts utilized 37° C. for bacterial growth and
induction, and focused on proper refolding and affinity
purification of expressed mutant ConA.

D. Production and Purification of Recombinant Mutant
ConA

1. Preparation of Induction Cultures

[0148] Two induction cultures were grown over a 48-hour
period. The first culture consisted of the inoculation of single
25 ml 2XYT/Kanamycin culture with either a single bacte-
rial colony (BL21(DE3)) containing a plasmid containing,
for example, SEQ ID NOS: 5, 7, 9, 11, 13, 15, 17, 19, 21,
23, or 25 or directly from frozen bacterial glycerol stock
containing the plasmid was shaken overnight at 37° C. in an
incubator.

ii. Induction

[0149] To induce expression of mutant ConA, 6 ml of
overnight culture was used to inoculate 1 L of 2xYT/
Kanamyein culture (IL per 2 L flask-4 L total) pre-warmed
37° C. The culture then grows for 1.75 hours at 37° C. in a
shaking incubator (300 rpm). For maximal protein expres-
sion, bacterial cultures were induced during the logarithmic
phase of the growth cycle. The optical density of the culture
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at 600 nm was determined with a spectrophotometer. Typi-
cally, optical density of a logarithmically growing culture is
between 0.6 and 0.8. Once the culture has reached the
appropriate optical density, 119 mg of isopropyl f-D-thioga-
lactopyranoside per liter of log phase culture was added to
a final concentration of 0.5 mM. The induced culture incu-
bates at 37° C. in shaking incubator for additional 3 hours.
At the end of the induction period, the culture was centri-
fuged and the bacterial pellets stored overnight at -80° C.

ili. Inclusion Body Purification

[0150] The frozen bacterial pellets were resuspended in
400 ml of ConA lysis buffer (20 mM MOPS, 1M NaCl, 5
mM EDTA, 0.5% Triton X-100, 0.01% sodium azide, 1
mg/ml lysozyme) to release the inclusion bodies. 25 ml of
the resuspended pellet was aliquoted into eight 35 ml Oak
Ridge tubes. To shear residual chromosomal DNA and lyse
any remaining intact cells, lysates were sonicated for 1 min.
The insoluble protein fraction was subsequently isolated by
centrifuging the lysates at high speeds (17,500 rpm) at 4° C.
for 20 minutes.

[0151] To further purify the inclusion body fraction, the
insoluble pellet underwent several washing steps to remove
any contaminating soluble proteins and other cellular debris.
Inclusion body pellets were resuspended in 100 ml of ConA
lysis buffer (without lysozyme/DNasel) via brief sonication
(30 sec). The resuspended pellets were centrifuged at 17,500
rpm at 4° C. This process was repeated 2x more with ConA
lysis buffer (3x total). To remove detergent from the inclu-
sion body pellet, the pellet was washed with 100 ml of Con
A wash buffer (ConA lysis buffer without Triton X-100).
Finally, to prepare for the denaturation/renaturation step of
the purification procedure, EDTA was removed to allow the
refolded rConA to coordinate Mn>* and Ca>* for proper
function. To achieve this, the inclusion body pellet was
washed a final time in ConA storage buffer (20 mM MOPS,
IM NaCl, 1 mM manganese chloride, 1 mM Calcium
chloride, pH 7.0). The purified inclusion body pellets were
frozen in liquid nitrogen and stored at —80° C.

1v. Denaturation/Renaturation Recombinant Mutant ConA

[0152] Purified inclusion bodies were thoroughly solubi-
lized and mutant ConA was allowed to refold slowly.
Inclusion body pellets were solubilized and mutant ConA
denatured by adding 20 ml ConA denaturing buffer (con-
taining 6M guanidine hydrochloride) per liter of culture
followed by brief (10-20 sec.) sonication. The partially
solubilized pellets were incubated overnight at 4° C. with
slow rotation. At this point, the suspension was centrifuged
at 17,500 rpm for 20 minutes at 4° C. to remove any
insoluble material.

[0153] To initiate refolding of mutant ConA, the superna-
tant was slowly diluted 30-fold at 4° C. overnight using a
syringe pump. The flow rate from the syringe pump was
about 100 pl per minute with gentle stirring to allow
thorough mixing of denatured mutant ConA in the dilution
buffer to ensure proper refolding and the formation of intact
tetramers.

v. Affinity Purification

[0154] The clarified protein solution was loaded onto a 40
ml Sephadex G75 column pre-equilibrated with ConA met-
als buffer at a flow rate of approximately 2.25 ml/min. The
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column was immediately washed 2x with 400 ml ConA
metals buffer. Bound protein was eluted three times by
resuspending the matrix in 100 ml ConA elution buffer (total
volume—40 ml, 30 ml, 30 ml) containing 20 mM methyl
a-D-mannopyranoside. The protein concentration of the
pooled eluate was calculated (see below) and stored at 4° C.

1I. Purification of Natural ConA

[0155] Wild-type ConA was purified from natural sources
using a modification of the method of Cunningham, et. al. A
10 mg/ml solution of natural ConA was re-suspended in 1%
ammonium bicarbonate, pH 8.0 at 37° C. for 18 hours. The
suspension was centrifuged at 12 k rpm and supernatant
loaded on 1 ml Sephadex G-75 column. Twenty (20)ul from
each stage was run on 10% Bis-Tris acrylamide gel and
stained with colloidal blue (Simply Blue, Invitrogen). This
method resulted in enrichment for homotetrameric ConA in
the purified supernatant. This differential precipitation tech-
nique resulted in ~93.5% pure homotetrameric ConA when
combined with a Sephadex G-75 affinity chromatography
step to ensure purification of active ConA tetramer.

[0156] Purification of full-length, wild-type natural ConA
monomers was also accomplished through the complete
denaturation and reassembly of wild-type natural ConA
homotetramers using size exclusion chromatography.
Extremely harsh biochemical conditions are necessary for
the disassembly and denaturation of ConA tetramers (Avet,
H. E. and T. Schilz, Int J Pept Protein Res, 1984.24(6): p.
569-79; Auer, H. E. and T. Schilz,. Int J Pept Protein Res,
1984. 24(5): p. 462-71; Huet, M., Eur J Biochem, 1975.
59(2): p. 627-32). ConA tetramers assemble in a pH depen-
dent manner, forming stable tetramers between pH 7.0-7.5.
Multimeric complexes consisting of high molecular weight
aggregates occur at pH’s greater than 7.5. Supernatant from
NH,HCO, precipitation was dialyzed against 8M Urea
denaturing buffer, and the eluent concentrated to a final
volume of 5 ml. The linear ConA polypeptide chains were
purified to near homogeneity by size exclusion chromatog-
raphy (Abe, Y., M. Iwabuchi, and S. 1. Ishii, Biochem
Biophys Res Commun, 1971. 45(5): p. 1271-8.).

[0157] Two (2) ml of concentrate was loaded on a
Sephacryl S-100 column pre-equilibrated with 8M Urea
denaturing buffer. Fractions corresponding to ConA 26 kDa
polypeptide were collected and pooled (50-fractions, 1
ml/each, flow rate of 0.5 ml/mi n). The pooled fractions
revealed a 1.7 fold enrichment representing 90% of the total
protein as shown by SDS-PAGE analysis. The remaining
protein represents the 12 kDa fragment.

[0158] To reassemble ConA tetramers, denatured samples
were diluted 30 fold in renaturation buffer (pH7.0 with Mn*
and Ca®) and purified by affinity chromatography (Sepha-
dex G-75). Tetramers purified by this protocol were com-
posed solely of 26 kDa monomer with no detectable levels
of contaminating protein bands as demonstrated by gel
electrophoresis.

[0159] This method was not only applicable to the puri-
fication of wild-type ConA but may be used, generally, to
purify lectins from various sources, including Concanavalin
A from recombinant sources.
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1II. Protein Characterization

A. Concentration Determination and Purity Analysis

. UV Analysis

[0160] Two analytical assays were conducted to determine
the protein concentration, percentage yield, and purity of the
purified material, for the mutant ConA dimers. To monitor
the purification process, aliquots were removed at all stages
of purification starting at the inclusion body purification
steps. To determine the protein concentration of the mutant
ConA eluates, the absorbance of undiluted eluate at wave-
length 280 nm was determined using a spectrophotometer.
The values generated were used to calculate the concentra-

tion using the extinction coefficient for ConA. (OD,g,
~1.14=1 mg/ml ConA).

[0161] Percentage yield was calculated to determine
amount of recoverable mutant ConA during the purification
procedure. To calculate this value, the concentration of the
eluate was divided by the concentration of the starting
material. After the refolding and clarification steps, the
absorbance of undiluted, refolded mutant ConA at 280 nm
was determined and the concentration of the starting mate-
rial calculated as described above. The percentage yield was
computed by calculating the ratio of the eluate and total
mutant ConA concentrations

ii. SDS PAGE

[0162] As a final analytical step, the purity of mutant
ConA was determined both qualitatively and quantitatively.
Qualitative analysis entailed visualizing the amount of 26
kD mutant ConA monomer present by SDS-PAGE.

[0163] All mutant ConA solutions were diluted in equal
volumes of Sample Buffer (2X). The sample solutions were
then heated for 10+1 minutes at 95+5° C. After cooling to
room temperature, the samples were loaded on the gel.
Analytical tests were conducted using NuPAGE® 10%
Bis-Tris gels in the Xcell SureLock® Mini-Cell. The gels
were loaded with 20 pl of the samples (5 pL of the marker).
The gel rinsing, staining, and destaining steps all required
100 mL of the respective solutions. The gels were scanned
and quantitated using the Bio-Rad Model Gel Doc® EQ
Imaging System.

[0164] The final concentration of the reducing agent in the
sample solution was 1x. The marker used was Invitrogen
Multimark molecular weight markers, that consists of thir-
teen protein bands. The NUPAGE® running buffer with
2-Morpholinoethanesulfonic acid (MES) was used. The gel
was run at a voltage of 200V. The run time was 35 minutes.
In the SDS removal step, 50 of dH,0O was added to the gel
and microwaved for 2.5 minutes. The gel is incubated on an
orbital shaker for one minute. These two steps are repeated
a second time. The protein bands on the gel were stained
with SimplyBlue® SafeStain. 20 ml of SimplyBlue is added
to the gel and microwaved for one minute. For complete
staining, the gel is incubated on an orbital shaker overnight.
De-staining of the gels in water was then performed to
reduce background and bring out the intensity of the bands
of interest.

iii. SEC-MALS

[0165] This method combines separation of proteins using
HPLC size-exclusion chromatography (SEC) with simulta-
neous detection using UV, multi-angle laser light scattering,
and refractive index. A Tosoh TSKgel G2000SWXL, 5 um,
125 A 7.8 mmx30 cm (Tosoh Product number: 08540),
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HPLC column was used. The Mobile Phase Buffer System
(pH 7.0) consisted of: 400 mM NaCl; 20 mM MOPS; 20
mM a-D Methyl Mannopyranoside; 0.1 mM MnCl,; and 0.1
mM CaCl,. The HPLC was run under the following condi-
tions: Temperature: Room Temperature; Flow Rate: 1
ml/min; ConA Concentration: Between 1 mg/ml and 3
mg/ml; sample Injection size: 100 pl

[0166] The following detection equipment was used: a
Hitachi L-4250 UV-Vis Detector with detection performed
at 280 nm; a Wyatt miniDAWN MALS Detector with
detection performed at 685 nm; and a Wyatt OptiLab rEX
Refractive Index Detector with detection at 660 nm or 690
nm

[0167] FIG. 6 is a graphical depiction of the SEC-MALS
(size-exclusion chromatography equipped with multiangle
light scattering) characterization showing that pET32, the
quad mutant ConA (D58N, N118C, H121C, and E192Q) is
a stable dimer of high purity (~98%). The figure depicts both
the UV trace (solid line) with the molar mass overlay
(symbols) to show both purity of the pET 32 mutant ConA
sample as well as the homogenous distribution of dimer
within the primary peak. Peak integration results: 98.99% by
relative peak area integration.

[0168] FIG. 7 is a graphical depiction of the SEC-MALS
characterization showing that the quint mutant ConA
(D58N, N118C, H121C, L142F and E192Q) is a stable
dimer of high purity (~98%). The figure depicts both the UV
trace (solid line) with the molar mass overlay (symbols) to
show both purity of the pET 32 quint mutant ConA sample
as well as the homogenous distribution of dimer within the
primary peak. Peak integration results: 98.42% purity by
relative peak area integration. The L142F mutation was a
PCR or mutation error. This L142F mutation did not effect
the production of dimer.

[0169] FIG. 8 is a representative graphical depiction of the
SEC-MALS characterization of the ConA mutants (pET26,
pET29, pET31, pET33) showing that pET26, a triple mutant
ConA (G58N, N118C, E192Q) forms a dimer, but purifies as
a mixture of dimer/tetramer with approximately 50-80%
dimer. SEC-MALS was used to calculate the percent dimer
purified for the ConA mutants that purified as a mixture of
dimer/tetramer. The ratio of the area under the dimer peak
versus the sum of the areas of all peaks present (total peak
area) was calculated.

B. Functional Characterization of Mutant ConA

[0170] Functional properties of recombinant ConA have
been characterized by Fluorescence Resonance Energy
Transfer (FRET) using a PTI QuantaMaster fluorimeter.
FRET occurs when two dye molecules interact in a distance-
dependent fashion. The excitation energy from one dye (the
donor) is transferred to a second dye molecule (the acceptor)
without photon emission by an electrostatic dipole induced
dipole interaction. This transfer of energy results in emission
of the acceptor dye, which is one useful way to monitor the
interaction of the proteins on which these two dyes reside.

i Affinity of Mutant ConA Using FRET

[0171] Mutant ConA was characterized by FRET. FIG. 12
is a graph of the results of a competition binding assay
showing that the affinity of pET32 dimer ConA mutant
(K;~21 nM) is lower than a ConA tetramer (K,~9.1 nM) by
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~two-fold. Tetrameric ConA was combined with HSA in a
384-well plate. Increasing concentration of competitor
(either unlabeled tetramer or unlabeled dimer) was added in
different wells to determine the amount of binding displaced
(as indicated by changes in the ratio at wavelengths ~600 nm
and ~700 nm). The EC, was calculated using a 4-parameter
logistic equation. K; was estimated based on the concentra-
tion of labeled-tetramer used. The affinity of tetramer for
HSA was determined independently using surface plasmon
resonance.

ii. Dye Conjugations

[0172] Purified mutant ConA can be used in FRET inter-
actions but must first be labeled with a fluorescent dye.
Mutant ConA can be used as both the donor and the acceptor
in FRET reactions, using both the Cy (Amersham) and
Alexa (Molecular Probes) families of dyes. The conjugation
reactions are similar regardless of which dye is used.
Dimeric mutant ConA of the present invention allows for
higher dye concentrations, thus increasing brightness.

[0173] Typically, 0.25 mg of dye was used to label 5 mg
of mutant ConA. Purified wild-type ConA as well as pET 32
quad mutant ConA were used in conjugation reactions.

(a) FRET with Conjugated Mutant ConA

[0174] FRET was used to monitor the interaction of dye-
labeled mutant ConA with dye and sugar-labeled therapeutic
human serum albumin (tHSA). Mutant ConA was labeled
with the donor, Cy3.5b. Therapeutic HSA was labeled with
the acceptor, Alexa 647. Under these conditions, binding of
Cy-labeled mutant ConA to Alexa-HSA when mixed in a
ratio of 13 pM mutant ConA to 20 pM HSA, resulted in
efficient FRET. FIG. 10 is a fluorescence emission spectra
showing the FRET response upon the addition of glucose of
pET32, the purified quad dimer mutant ConA labeled with
Cy3.5b, combined with Alexa-labeled Human Serum Albu-
min (HSA). This figure illustrates the non-radiative transfer
of energy from the donor (peak at ~600 nm) to the acceptor
(peak at ~675 nm) in the presence of 500 mg/dl. glucose
(circles) and with no glucose (squares). The ratio of inten-
sities at wavelengths ~600 nm/675 nm is <1.0 before glu-
cose addition and changes after the addition of glucose.

[0175] FIG. 11 is a time-based ratio scan of pET32, the
purified quad dimer mutant ConA, labeled with Cy3.5b
(donor) combined with Alexa-labeled HSA (acceptor). The
ratio of intensities at ~600 nm/~675 nm is calculated and
displayed over time after the addition of glucose. The
spectra shows about 133% increase in response after the
addition of glucose [(rsyo—r,)/r;)x100=% increase in
response].

(b) Sensors with Conjugated Mutant ConA

[0176] Sensors can be made with conjugated pairs of
mutant ConA proteins of the present invention and HSA
after they have been characterized in solution FRET.
Examples of FRET-based sensors are described in U.S. Pat.
No. 6,040,194, which has been incorporated by reference in
its entirety. FIG. 13 is a fluorescence emission spectra
showing the FRET response to the addition of 500 mg/dL
glucose to sensors made with Cy3.5-labeled pET32 dimer
mutant ConA (donor) and Alexa647-labeled superoxide dis-
mutase (SOD) (acceptor) when mixed at a final concentra-
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tion of 6 UM to 24 pM ratio. An approximately 262%
response was obtained upon the addition of 500 mg/dL
glucose.

[0177] FIG. 14 is a fluorescence emission spectra showing
the ~266% FRET response to the addition of 500 mg/dL

glucose to sensors made with Cy3.5-labeled pET32 dimer
mutant ConA (donor) and Cy5.5-labeled superoxide dismu-
tase (SOD) (acceptor). Sensors made with Cy3.5-labeled
pET32 dimer mutant ConA and Cy5.5-labeled superoxide
dismutase (SOD).

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 56

<210> SEQ ID NO 1

<211> LENGTH: 735

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 1

atggctaccg tagcgcaagc tgctgatacc attgtggcgg tggaactgga tacctatccg 60
aacaccgata ttggcgatcc gagctatccg catattggca tcgatatcaa aagecgtgege 120
agcaaaaaaa ccgcgaaatg gaacatgcag aacggtaaag ttggcaccgce gcacatcatce 180

tataactetg ttggtaagag actaagtget gttgtttett atcctaacge tgactetgec 240

actgtctctt acgacgttga cctcgacaat gtccttcctg aatgggttag agttggcectt 300

tctgcttcaa ccggacttta caaagaaacc aataccattc tctcatggtc ttttacttcet 360

aagttgaaga gcaattcaac acatgagaca aatgcactcc atttcatgtt caaccaattt 420

agcaaagatc agaaggattt gatccttcaa ggtgacgcca caacaggaac agatggtaac 480

ttggaactca caagggtgtce aagtaatggg agtccacagg gaagcagtgt gggecggget 540

ttgttctatg ccccagtcca catttgggaa agttctgectg tggtggcaag ctttgaagcet 600

acctttacat ttctcataaa atcacccgac tectcacccag ctgatggaat tgccttette 660

atttcaaata ttgacagttc catccctagt ggttccactg gaaggctcet tggactcecttce 720

cctgatgcaa attga

<210> SEQ ID NO 2

<211> LENGTH: 244

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 2

Met Ala Thr Val Ala Gln Ala Ala Asp Thr Ile Val Ala
1 5 10

Asp Thr Tyr Pro Asn Thr Asp Ile Gly Asp Pro Ser Tyr

Gly Ile Asp Ile Lys Ser Val Arg Ser Lys Lys Thr Ala
35 40 45

Met Gln Asn Gly Lys Val Gly Thr Ala His Ile Ile Tyr
50 55 60

Gly Lys Arg Leu Ser Ala Val Val Ser Tyr Pro Asn Ala
65 70 75

Thr Val Ser Tyr Asp Val Asp Leu Asp Asn Val Leu Pro
85 90

735

Val Glu Leu
15

Pro His Ile

Lys Trp Asn

Asn Ser Val

Asp Ser Ala
80

Glu Trp Val
95
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-continued

Arg Val Gly Leu Ser Ala Ser Thr Gly Leu Tyr Lys Glu Thr Asn Thr
100 105 110

Ile Leu Ser Trp Ser Phe Thr Ser Lys Leu Lys Ser Asn Ser Thr His
115 120 125

Glu Thr Asn Ala Leu His Phe Met Phe Asn Gln Phe Ser Lys Asp Gln
130 135 140

Lys Asp Leu Ile Leu Gln Gly Asp Ala Thr Thr Gly Thr Asp Gly Asn
145 150 155 160

Leu Glu Leu Thr Arg Val Ser Ser Asn Gly Ser Pro Gln Gly Ser Ser
165 170 175

Val Gly Arg Ala Leu Phe Tyr Ala Pro Val His Ile Trp Glu Ser Ser
180 185 190

Ala Val Vval Ala Ser Phe Glu Ala Thr Phe Thr Phe Leu Ile Lys Ser
195 200 205

Pro Asp Ser His Pro Ala Asp Gly Ile Ala Phe Phe Ile Ser Asn Ile
210 215 220

Asp Ser Ser Ile Pro Ser Gly Ser Thr Gly Arg Leu Leu Gly Leu Phe
225 230 235 240

Pro Asp Ala Asn

<210> SEQ ID NO 3

«211> LENGTH: 237

<212> TYPE: PRT

<213> ORGANISM: Canavalia ensiformis

<400> SEQUENCE: 3

Ala Asp Thr Ile Val Ala Val Glu Leu Asp Thr Tyr Pro Asn Thr Asp
1 5 10 15

Ile Gly Asp Pro Ser Tyr Pro His Ile Gly Ile Asp Ile Lys Ser Val
20 25 30

Arg Ser Lys Lys Thr Ala Lys Trp Asn Met Gln Asn Gly Lys Val Gly
35 40 45

Thr Ala His Ile Ile Tyr Asn Ser Val Asp Lys Arg Leu Ser Ala Val
50 55 60

Val Ser Tyr Pro Asn Ala Asp Ser Ala Thr Val Ser Tyr Asp Val Asp
65 70 75 80

Leu Asp Asn Val Leu Pro Glu Trp Val Arg Val Gly Leu Ser Ala Ser
85 90 95

Thr Gly Leu Tyr Lys Glu Thr Asn Thr Ile Leu Ser Trp Ser Phe Thr
100 105 110

Ser Lys Leu Lys Ser Asn Ser Thr His Glu Thr Asn Ala Leu His Phe
115 120 125

Met Phe Asn Gln Phe Ser Lys Asp Gln Lys Asp Leu Ile Leu Gln Gly
130 135 140

Asp Ala Thr Thr Gly Thr Glu Gly Asn Leu Arg Leu Thr Arg Val Ser
145 150 155 160

Ser Asn Gly Ser Pro Gln Gly Ser Ser Val Gly Arg Ala Leu Phe Tyr
165 170 175

Ala Pro Val His Ile Trp Glu Ser Ser Ala Val Val Ala Ser Phe Glu
180 185 190

Ala Thr Phe Thr Phe Leu Ile Lys Ser Pro Asp Ser His Pro Ala Asp
195 200 205
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-continued

Gly Ile Ala Phe Phe Ile Ser Asn Ile Asp Ser Ser Ile Pro Ser Gly
210 215 220

Ser Thr Gly Arg Leu Leu Gly Leu Phe Pro Asp Ala Asn
225 230 235

<210> SEQ ID NO 4

<211> LENGTH: 237

<212> TYPE: PRT

<213> ORGANISM: Canavalia gladiata

<400> SEQUENCE: 4

Ala Asp Thr Ile Val Ala Val Glu Leu Asp Thr Tyr Pro Asn Thr Asp
1 5 10 15

Ile Gly Asp Pro Asn Tyr Pro His Ile Gly Ile Asp Ile Lys Ser Val
20 25 30

Arg Ser Lys Lys Thr Ala Lys Trp Asn Met Gln Asn Gly Lys Val Gly
35 40 45

Thr Ala His Ile Ile Tyr Asn Ser Val Gly Lys Arg Leu Ser Ala Val

Val Ser Tyr Pro Asn Gly Asp Ser Ala Thr Val Ser Tyr Asp Val Asp
65 70 75 80

Leu Asp Asn Val Leu Pro Glu Trp Val Arg Val Gly Leu Ser Ala Ser
85 90 95

Thr Gly Leu Tyr Lys Glu Thr Asn Thr Ile Leu Ser Trp Ser Phe Thr
100 105 110

Ser Lys Leu Lys Ser Asn Ser Thr His Glu Thr Asn Ala Leu His Phe
115 120 125

Met Phe Asn Gln Phe Ser Lys Asp Gln Lys Asp Leu Ile Leu Gln Gly
130 135 140

Asp Ala Thr Thr Gly Thr Asp Gly Asn Leu Glu Leu Thr Arg Val Ser
145 150 155 160

Ser Asn Gly Ser Pro Gln Gly Ser Ser Val Gly Arg Ala Leu Phe Tyr
165 170 175

Ala Pro Val His Ile Trp Glu Ser Ser Ala Val Val Ala Ser Phe Asp
180 185 190

Ala Thr Phe Thr Phe Leu Ile Lys Ser Pro Asp Ser His Pro Ala Asp
195 200 205

Gly Ile Ala Phe Phe Ile Ser Asn Ile Asp Ser Ser Ile Pro Ser Gly
210 215 220

Ser Thr Gly Arg Leu Leu Gly Leu Phe Pro Asp Ala Asn
225 230 235

<210> SEQ ID NO 5

<211> LENGTH: 735

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 5

atggctaccg tagcgcaagc tgctgatacc attgtggcgg tggaactgga tacctatccg 60
aacaccgata ttggcgatcc gagctatccg catattggca tcgatatcaa aagcgtgege 120
agcaaaaaaa ccgcgaaatg gaacatgcag aacggtaaag ttggcaccge gcacatcatce 180

tataactctg ttaataagag actaagtgct gttgtttctt atcctaacgec tgactctgec 240
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-continued

actgtectett acgacgttga cctcgacaat gtccttecoctg aatgggttag agttggeett 300
tetgettcaa cecggacttta caaagaaacc aataccatte tetcatggte ttttacttet 360
aagttgaaga gctgttcaac acatgagaca aatgcactcc atttcatgtt caaccaattt 420
agcaaagatc agaaggattt gatccttcaa ggtgacgcca caacaggaac agatggtaac 480
ttggaactca caagggtgtc aagtaatggg agtccacagg gaagcadtgt gggccgggct 540

ttgttctatg ccccagtecca catttgggaa agttctgetg tggtggcaag ctttcaaget 600

acctttacat ttctcataaa atcacccgac tctcacccag ctgatggaat tgcettette 660
atttcaaata ttgacagttc catccctagt ggttccactg gaaggctcct tggactcttce 720
cctgatgcaa attga 735

<210> SEQ ID NO 6

<211> LENGTH: 244

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 6

Met Ala Thr val Ala Gln Ala Ala Asp Thr Ile Val Ala Val Glu Leu
1 5 10 15

Asp Thr Tyr Pro Asn Thr Asp Ile Gly Asp Pro Ser Tyr Pro His Ile

Gly Ile Asp Ile Lys Ser Val Arg Ser Lys Lys Thr Ala Lys Trp Asn
35 40 45

Met Gln Asn Gly Lys Val Gly Thr Ala His Ile Ile Tyr Asn Ser Val

Asn Lys Arg Leu Ser Ala Val Val Ser Tyr Pro Asn Ala Asp Ser Ala

65 70 75 80

Thr Val Ser Tyr Asp Val Asp Leu Asp Asn Val Leu Pro Glu Trp Val
85 90 95

Arg Val Gly Leu Ser Ala Ser Thr Gly Leu Tyr Lys Glu Thr Asn Thr
100 105 110

Ile Leu Ser Trp Ser Phe Thr Ser Lys Leu Lys Ser Cys Ser Thr His
115 120 125

Glu Thr Asn Ala Leu His Phe Met Phe Asn Gln Phe Ser Lys Asp Gln
130 135 140

Lys Asp Leu Ile Leu Gln Gly Asp Ala Thr Thr Gly Thr Asp Gly Asn
145 150 155 160

Leu Glu Leu Thr Arg Val Ser Ser Asn Gly Ser Pro Gln Gly Ser Ser
165 170 175

Val Gly Arg Ala Leu Phe Tyr Ala Pro Val His Ile Trp Glu Ser Ser
180 185 190

Ala Val Val Ala Ser Phe Gln Ala Thr Phe Thr Phe Leu Ile Lys Ser
195 200 205

Pro Asp Ser His Pro Ala Asp Gly Ile Ala Phe Phe Ile Ser Asn Ile
210 215 220

Asp Ser Ser Ile Pro Ser Gly Ser Thr Gly Arg Leu Leu Gly Leu Phe
225 230 235 240

Pro Asp Ala Asn
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-continued
<210> SEQ ID NO 7
<211> LENGTH: 735
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: SYNTHETIC
<400> SEQUENCE: 7
atggctaccg tagcgcaagc tgctgatacc attgtggcgg tggaactgga tacctatccg 60
aacaccgata ttggcgatcc gagctatccg catattggca tcgatatcaa aagegtgege 120
agcaaaaaaa ccgcgaaaty gaacatgcag aacggtaaag ttggcaccge geacatcatce 180
tataactctg ttcctaagag actaagtgct gttgtttett atcctaacge tgactcetgec 240
actgtctctt acgacgttga cctcgacaat gtccttccoctg aatgggttag agttggectt 300
tctgcttcaa ccggacttta caaagaaacc aataccattc tctcatggtc ttttacttct 360
aagttgaaga gctgttcaac acatgagaca aatgcactcc atttcatgtt caaccaattt 420
agcaaagatc agaaggattt gatccttcaa ggtgacgcca caacaggaac agatggtaac 480
ttggaactca caagggtgtc aagtaatggg agtccacagg gaagcagtgt gggccggget 540
ttgttctatg ccccagtcca catttgggaa agttctgcetg tggtggcaag ctttcaaget 600
acctttacat ttctcataaa atcacccgac tctcacccag ctgatggaat tgccttettce 660
atttcaaata ttgacagttc catccctagt ggttccactg gaaggctcet tggactette 720
cctgatgeaa attga 735
<210> SEQ ID NO 8
<211> LENGTH: 244
<212> TYPE: PRT
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: SYNTHETIC
<400> SEQUENCE: 8
Met Ala Thr Val Ala Gln Ala Ala Asp Thr Ile Val Ala Val Glu Leu
1 5 10 15
Asp Thr Tyr Pro Asn Thr Asp Ile Gly Asp Pro Ser Tyr Pro His Ile
20 25 30
Gly Ile Asp Ile Lys Ser Val Arg Ser Lys Lys Thr Ala Lys Trp Asn
35 40 45
Met Gln Asn Gly Lys Val Gly Thr Ala His Ile Ile Tyr Asn Ser Val
50 55 60
Pro Lys Arg Leu Ser Ala Val Val Ser Tyr Pro Asn Ala Asp Ser Ala
65 70 75 80
Thr Val Ser Tyr Asp Val Asp Leu Asp Asn Val Leu Pro Glu Trp Val
85 90 95
Arg Val Gly Leu Ser Ala Ser Thr Gly Leu Tyr Lys Glu Thr Asn Thr
100 105 110
Ile Leu Ser Trp Ser Phe Thr Ser Lys Leu Lys Ser Cys Ser Thr His
115 120 125
Glu Thr Asn Ala Leu His Phe Met Phe Asn Gln Phe Ser Lys Asp Gln
130 135 140
Lys Asp Leu Ile Leu Gln Gly Asp Ala Thr Thr Gly Thr Asp Gly Asn
145 150 155 160
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-continued

Leu Glu Leu Thr Arg Val Ser Ser Asn Gly Ser Pro Gln Gly Ser Ser
165 170 175

Val Gly Arg Ala Leu Phe Tyr Ala Pro Val His Ile Trp Glu Ser Ser
180 185 190

Ala Val Val Ala Ser Phe Cys Ala Thr Phe Thr Phe Leu Ile Lys Ser
195 200 205

Pro Asp Ser His Pro Ala Asp Gly Ile Ala Phe Phe Ile Ser Asn Ile
210 215 220

Asp Ser Ser Ile Pro Ser Gly Ser Thr Gly Arg Leu Leu Gly Leu Phe
225 230 235 240

Pro Asp Ala Asn

<210> SEQ ID NO 9

<211> LENGTH: 735

<212> TYPE: DNA

<213> ORGANISM: Artificial

«220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 9

atggctaccg tagcgcaagc tgctgatacc attgtggcgg tggaactgga tacctatccg 60
aacaccgata ttggcgatcc gagctatccg catattggca tcgatatcaa aagcgtgege 120
agcaaaaaaa ccgcgaaatg gaacatgcag aacggtaaag ttggcaccgce gcacatcatc 180

tataactctg ttaataagag actaagtgct gttgtttett atcctaacge tgactetgece 240
actgtctctt acgacgttga cctcgacaat gtccttcctg aatgggttag agttggccett 300
tctgcttecaa ccggacttta caaagaaacc aataccattc tctcatggtc ttttacttet 360
aagttgaaga gctgttcaac atatgagaca aatgcactcc atttcatgtt caaccaattt 420
agcaaagatc agaaggattt gatccttcaa ggtgacgcca caacaggaac agatggtaac 480
ttggaactca caagggtgtc aagtaatggg agtccacagg gaagcagtgt gggccggget 540

ttgttctatg ccccagtcca catttgggaa agttctgctg tggtggcaag ctttcaaget 600

acctttacat ttctcataaa atcacccgac tctcacccag ctgatggaat tgccttettce 660
atttcaaata ttgacagttc catccctagt ggttccactg gaaggctcct tggactcttce 720
cctgatgcaa attga 735

<210> SEQ ID NO 10

<211> LENGTH: 244

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 10

Met Ala Thr Val Ala Gln Ala Ala Asp Thr Ile Val Ala Val Glu Leu
1 5 10 15

Asp Thr Tyr Pro Asn Thr Asp Ile Gly Asp Pro Ser Tyr Pro His Ile
Gly Ile Asp Ile Lys Ser Val Arg Ser Lys Lys Thr Ala Lys Trp Asn
35 40 45

Met Gln Asn Gly Lys Val Gly Thr Ala His Ile Ile Tyr Asn Ser Val
50 55 60

Asn Lys Arg Leu Ser Ala Val Val Ser Tyr Pro Asn Ala Asp Ser Ala
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65 70 75 80

Thr Val Ser Tyr Asp Val Asp Leu Asp Asn Val Leu Pro Glu Trp Val
85 90 95

Arg Val Gly Leu Ser Ala Ser Thr Gly Leu Tyr Lys Glu Thr Asn Thr
100 105 110

Ile Leu Ser Trp Ser Phe Thr Ser Lys Leu Lys Ser Cys Ser Thr Tyr
115 120 125

Glu Thr Asn Ala Leu His Phe Met Phe Asn Gln Phe Ser Lys Asp Gln
130 135 140

Lys Asp Leu Ile Leu Gln Gly Asp Ala Thr Thr Gly Thr Asp Gly Asn
145 150 155 160

Leu Glu Leu Thr Arg Val Ser Ser Asn Gly Ser Pro Gln Gly Ser Ser
165 170 175

Val Gly Arg Ala Leu Phe Tyr Ala Pro Val His Ile Trp Glu Ser Ser
180 185 190

Ala Val Val Ala Ser Phe Gln Ala Thr Phe Thr Phe Leu Ile Lys Ser
195 200 205

Pro Asp Ser His Pro Ala Asp Gly Ile Ala Phe Phe Ile Ser Asn Ile
210 215 220

Asp Ser Ser Ile Pro Ser Gly Ser Thr Gly Arg Leu Leu Gly Leu Phe
225 230 235 240

Pro Asp Ala Asn

<210> SEQ ID NO 11

<211> LENGTH: 735

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 11

atggctaccg tagcgcaage tgctgatace attgtggegg tggaactgga tacctatcecg 60
aacaccgata ttggcgatcc gagctatccg catattggca tcgatatcaa aagcgtgege 120
agcaaaaaaa ccgcgaaatg gaacatgcag aacggtaaag ttggcaccgc gcacatcatc 180
tataactctg ttaataagag actaagtgct gttgtttctt atcctaacgc tgactctgcce 240
actgtctctt acgacgttga cctcgacaat gtcettecoctg aatgggttag agttggeett 300
tctgcttcaa ccggacttta caaagaaacc aataccattc tctcatggtc ttttacttcet 360
aagttgaaga gctgttcaac atgtgagaca aatgcactcc atttcatgtt caaccaattt 420
agcaaagatc agaaggattt gatccttcaa ggtgacgcca caacaggaac agatggtaac 480
ttggaactca caagggtgtc aagtaatggg agtccacagg gaagcadtgt gggccgggct 540
ttgttctatg ccccagteca catttgggaa agttctgetg tggtggcaag ctttcaaget 600
acctttacat ttectcataaa atcacccegac tcetcacccag ctgatggaat tgcettette 660
atttcaaata ttgacagttc catccctagt ggttccactg gaaggctcct tggactettce 720
cctgatgcaa attga 735
<210> SEQ ID NO 12

<211> LENGTH: 244

<212> TYPE: PRT

<213> ORGANISM: Artificial
<220> FEATURE:
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<223> OTHER INFORMATION: SYNTHETIC
<400> SEQUENCE: 12

Met Ala Thr Val Ala Gln Ala Ala Asp Thr Ile Val Ala Val Glu Leu
1 5 10 15

Asp Thr Tyr Pro Asn Thr Asp Ile Gly Asp Pro Ser Tyr Pro His Ile
20 25 30

Gly Ile Asp Ile Lys Ser Val Arg Ser Lys Lys Thr Ala Lys Trp Asn
35 40 45

Met Gln Asn Gly Lys Val Gly Thr Ala His Ile Ile Tyr Asn Ser Val

Asn Lys Arg Leu Ser Ala Val Val Ser Tyr Pro Asn Ala Asp Ser Ala

65 70 75 80

Thr Val Ser Tyr Asp Val Asp Leu Asp Asn Val Leu Pro Glu Trp Val

Arg Val Gly Leu Ser Ala Ser Thr Gly Leu Tyr Lys Glu Thr Asn Thr
100 105 110

Ile Leu Ser Trp Ser Phe Thr Ser Lys Leu Lys Ser Cys Ser Thr Cys
115 120 125

Glu Thr Asn Ala Leu His Phe Met Phe Asn Gln Phe Ser Lys Asp Gln
130 135 140

Lys Asp Leu Ile Leu Gln Gly Asp Ala Thr Thr Gly Thr Asp Gly Asn
145 150 155 160

Leu Glu Leu Thr Arg Val Ser Ser Asn Gly Ser Pro Gln Gly Ser Ser
165 170 175

val Gly Arg Ala Leu Phe Tyr Ala Pro Val His Ile Trp Glu Ser Ser
180 185 190

Ala Val Val Ala Ser Phe Gln Ala Thr Phe Thr Phe Leu Ile Lys Ser
195 200 205

Pro Asp Ser His Pro Ala Asp Gly Ile Ala Phe Phe Ile Ser Asn Ile
210 215 220

Asp Ser Ser Ile Pro Ser Gly Ser Thr Gly Arg Leu Leu Gly Leu Phe
225 230 235 240

Pro Asp Ala Asn

«210> SEQ ID NO 13

<211> LENGTH: 735

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 13

atggctaccg tagcgcaagc tgctgatacc attgtggcgg tggaactgga tacctatccg 60
aacaccgata ttggcgatce gagctatceg catattggeca tcgatatcaa aagegtgege 120
agcaaaaaaa ccgcgaaatg gaacatgcag aacggtaaag ttggcaccgc gcacatcatc 180

tataactctg ttaataagag actaagtgct gttgtttctt atcctaacgc tgactctgece 240
actgtctctt acgacgttga cctcgacaat gtccttcctg aatgggttag agttggectt 300
tctgcttcaa ccggacttta caaagaaacc aataccattc tctcatggtc ttttacttct 360
aagttgaaga gctgttcaac acctgagaca aatgcactcc atttcatgtt caaccaattt 420

agcaaagatc agaaggattt gatccttcaa ggtgacgcca caacaggaac agatggtaac 480
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ttggaactca caagggtgtc aagtaatggg agtccacagg gaagcadtgt gggccggget 540

ttgttctatg ccccagteca catttgggaa agttctgetg tggtggecaag ctttcaaget 600

acctttacat ttctcataaa atcacccgac tctcacccag ctgatggaat tgccttettce 660
atttcaaata ttgacagttc catccctagt ggttccactg gaaggctcct tggactecttce 720
cctgatgcaa attga 735

<210> SEQ ID NO 14

<211> LENGTH: 244

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 14

Met Ala Thr Val Ala Gln Ala Ala Asp Thr Ile Val Ala Val Glu Leu
1 5 10 15

Asp Thr Tyr Pro Asn Thr Asp Ile Gly Asp Pro Ser Tyr Pro His Ile
20 25 30

Gly Ile Asp Ile Lys Ser Val Arg Ser Lys Lys Thr Ala Lys Trp Asn
35 40 45

Met Gln Asn Gly Lys Val Gly Thr Ala His Ile Ile Tyr Asn Ser Val
50 55 60

Asn Lys Arg Leu Ser Ala Val Val Ser Tyr Pro Asn Ala Asp Ser Ala
65 70 75 80

Thr Val Ser Tyr Asp Val Asp Leu Asp Asn Val Leu Pro Glu Trp Val
85 90 95

Arg Val Gly Leu Ser Ala Ser Thr Gly Leu Tyr Lys Glu Thr Asn Thr
100 105 110

Ile Leu Ser Trp Ser Phe Thr Ser Lys Leu Lys Ser Cys Ser Thr Pro
115 120 125

Glu Thr Asn Ala Leu His Phe Met Phe Asn Gln Phe Ser Lys Asp Gln
130 135 140

Lys Asp Leu Ile Leu Gln Gly Asp Ala Thr Thr Gly Thr Asp Gly Asn
145 150 155 160

Leu Glu Leu Thr Arg Val Ser Ser Asn Gly Ser Pro Gln Gly Ser Ser
165 170 175

Val Gly Arg Ala Leu Phe Tyr Ala Pro Val His Ile Trp Glu Ser Ser
180 185 190

Ala Val Val Ala Ser Phe Gln Ala Thr Phe Thr Phe Leu Ile Lys Ser
195 200 205

Pro Asp Ser His Pro Ala Asp Gly Ile Ala Phe Phe Ile Ser Asn Ile
210 215 220

Asp Ser Ser Ile Pro Ser Gly Ser Thr Gly Arg Leu Leu Gly Leu Phe
225 230 235 240

Pro Asp Ala Asn

<210> SEQ ID NO 15

<211> LENGTH: 714

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC
<220> FEATURE:
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<221> NAME/KEY: misc_feature

<222> LOCATION: (61)..(63)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (208)..(210)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (385)..(387)

<223> OTHER INFORMATION: n is a, ¢, g, or t
«220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (451)..(453)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (463)..(465)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (502)..(504)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (604)..(606)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (622)..(624)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 15

gctgatacca ttgtggeggt ggaactggat acctatccga acaccgatat tggegatccyg 60
nnntatccge atattggcat cgatatcaaa agcgtgcgca gcaaaaaaac cgcgaaatgg 120
aacatgcaga acggtaaagt tggcaccgcg cacatcatct ataactctgt tgataagaga 180
ctaagtgctg ttgtttctta tcctaacnnn gactctgcca ctgtctctta cgacgttgac 240
ctcgacaatg tccttccetga atgggttaga gttggecttt ctgettcaac cggactttac 300
aaagaaacca ataccattet ctecatggtet tttacttcta agttgaagag caattcaaca 360
catgagacaa atgcactcca tttcnnnttc aaccaattta gcaaagatca gaaggatttg 420
atccttcaag gtgacgccac aacaggaaca nnnggtaact tgnnnctcac aagggtgtca 480
agtaatggga gtccacaggg annnagtgtg ggccgggctt tgttctatge cccagtccac 540
atttgggaaa gttctgetgt ggtggcaage tttgaagcta cctttacatt tctcataaaa 600
tcannngact ctcacccagc tnnnggaatt gccttcttca tttcaaatat tgacagttcc 660

atccctagtg gttccactgg aaggctcctt ggactcttcc ctgatgcaaa ttga 714

<210> SEQ ID NO 16

<211> LENGTH: 237

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (21)..(21)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (70)..(70)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (129)..(129)
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<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (151)..(151)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (155)..(155)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (168)..(168)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (202)..(202)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (208)..(208)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 16

Ala Asp Thr Ile Val Ala Val Glu Leu Asp Thr Tyr Pro Asn Thr Asp
1 5 10 15

Ile Gly Asp Pro Xaa Tyr Pro His Ile Gly Ile Asp Ile Lys Ser Val
20 25 30

Arg Ser Lys Lys Thr Ala Lys Trp Asn Met Gln Asn Gly Lys Val Gly
35 40 45

Thr Ala His Ile Ile Tyr Asn Ser Val Asp Lys Arg Leu Ser Ala Val
50 55 60

Val Ser Tyr Pro Asn Xaa Asp Ser Ala Thr Val Ser Tyr Asp Val Asp
65 70 75 80

Leu Asp Asn Val Leu Pro Glu Trp Val Arg Val Gly Leu Ser Ala Ser
85 90 95

Thr Gly Leu Tyr Lys Glu Thr Asn Thr Ile Leu Ser Trp Ser Phe Thr
100 105 110

Ser Lys Leu Lys Ser Asn Ser Thr His Glu Thr Asn Ala Leu His Phe
115 120 125

Xaa Phe Asn Gln Phe Ser Lys Asp Gln Lys Asp Leu Ile Leu Gln Gly
130 135 140

Asp Ala Thr Thr Gly Thr Xaa Gly Asn Leu Xaa Leu Thr Arg Val Ser
145 150 155 160

Ser Asn Gly Ser Pro Gln Gly Xaa Ser Val Gly Arg Ala Leu Phe Tyr
165 170 175

Ala Pro Val His Ile Trp Glu Ser Ser Ala Val Val Ala Ser Phe Glu
180 185 190

Ala Thr Phe Thr Phe Leu Ile Lys Ser Xaa Asp Ser His Pro Ala Xaa
195 200 205

Gly Ile Ala Phe Phe Ile Ser Asn Ile Asp Ser Ser Ile Pro Ser Gly
210 215 220

Ser Thr Gly Arg Leu Leu Gly Leu Phe Pro Asp Ala Asn
225 230 235

<210> SEQ ID NO 17

<211> LENGTH: 713

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC
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<400> SEQUENCE: 17

ctgataccat tgtggcggtyg gaactggata cctatccgaa caccgatatt ggcgatccga 60
gctatccgca tattggcatc gatatcaaaa gcgtgcgcag caaaaaaacc gcgaaatgga 120
acatgcagaa cggtaaagtt ggcaccgcgc acatcatcta taactctgtt aataagagac 180
taagtgctgt tgtttcttat cctaacgctg actctgccac tgtctcttac gacgttgacc 240
tcgacaatgt ccttecetgaa tgggttagag ttggeccttte tgcttcaacc ggactttaca 300
aagaaaccaa taccattcte tcatggtctt ttacttctaa gttgaagage tgttcaacac 360
atgagacaaa tgcactccat ttcatgttca accaatttag caaagatcag aaggatttga 420
tccttcaagg tgacgccaca acaggaacag atggtaactt ggaactcaca agggtgtcaa 480
gtaatgggag tccacaggga agcagtgtgg gccgggcttt gttctatgcc ccagtccaca 540
tttgggaaag ttctgetgtg gtggcaaget ttcaagctac ctttacattt ctcataaaat 600
cacccgacte tcacccaget gatggaattg ccttettcat ttcaaatatt gacagttceca 660
tccctagtgg ttccactgga aggctecttg gactcttcce tgatgcaaat tga 713
<210> SEQ ID NO 18

<211> LENGTH: 237

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 18

Ala Asp Thr Ile Val Ala Val Glu Leu Asp Thr Tyr Pro Asn Thr Asp
1 5 10 15

Ile Gly Asp Pro Ser Tyr Pro His Ile Gly Ile Asp Ile Lys Ser Val
20 25 30

Arg Ser Lys Lys Thr Ala Lys Trp Asn Met Gln Asn Gly Lys Val Gly
35 40 45

Thr Ala His Ile Ile Tyr Asn Ser Val Asn Lys Arg Leu Ser Ala Val
50 55 60

Val Ser Tyr Pro Asn Ala Asp Ser Ala Thr Val Ser Tyr Asp Val Asp
65 70 75 80

Leu Asp Asn Val Leu Pro Glu Trp Val Arg Val Gly Leu Ser Ala Ser
85 90 95

Thr Gly Leu Tyr Lys Glu Thr Asn Thr Ile Leu Ser Trp Ser Phe Thr
100 105 110

Ser Lys Leu Lys Ser Cys Ser Thr His Glu Thr Asn Ala Leu His Phe
115 120 125

Met Phe Asn Gln Phe Ser Lys Asp Gln Lys Asp Leu Ile Leu Gln Gly
130 135 140

Asp Ala Thr Thr Gly Thr Asp Gly Asn Leu Glu Leu Thr Arg Val Ser
145 150 155 160

Ser Asn Gly Ser Pro Gln Gly Ser Ser Val Gly Arg Ala Leu Phe Tyr
165 170 175

Ala Pro Val His Ile Trp Glu Ser Ser Ala Val Val Ala Ser Phe Gln
180 185 190

Ala Thr Phe Thr Phe Leu Ile Lys Ser Pro Asp Ser His Pro Ala Asp
195 200 205
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Gly Ile Ala Phe Phe Ile Ser Asn Ile Asp Ser Ser Ile Pro Ser Gly
210 215 220

Ser Thr Gly Arg Leu Leu Gly Leu Phe Pro Asp Ala Asn
225 230 235

<210> SEQ ID NO 19

<211> LENGTH: 714

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 19

gctgatacca ttgtggcggt ggaactggat acctatccga acaccgatat tggcgatccg 60
agctatccge atattggcat cgatatcaaa agcgtgcgca gcaaaaaaac cgcgaaatgg 120
aacatgcaga acggtaaagt tggcaccgcg cacatcatct ataactctgt tcctaagaga 180
ctaagtgctg ttgtttctta tcctaacget gactctgcca ctgtctetta cgacgttgac 240
ctcgacaatg tccttcctga atgggttaga gttggecttt ctgcttcaac cggactttac 300
aaagaaacca ataccattct ctcatggtct tttacttcta agttgaagag ctgttcaaca 360
catgagacaa atgcactcca tttcatgttc aaccaattta gcaaagatca gaaggatttg 420
atccttcaag gtgacgccac aacaggaaca gatggtaact tggaactcac aagggtgtca 480
agtaatggga gtccacaggg aagcagtgtg ggcecgggcett tgttctatge cccagteccac 540
atttgggaaa gttctgetgt ggtggcaage tttcaageta cetttacatt tetcataaaa 600
tcacccgact ctcacccage tgatggaatt geccttettca tttcaaatat tgacagttcce 660
atccctagtg gttccactgg aaggctcectt ggactcttcce ctgatgcaaa ttga 714
<210> SEQ ID NO 20

<211> LENGTH: 237

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 20

Ala Asp Thr Ile Val Ala Val Glu Leu Asp Thr Tyr Pro Asn Thr Asp
1 5 10 15

Ile Gly Asp Pro Ser Tyr Pro His Ile Gly Ile Asp Ile Lys Ser Val
20 25 30

Arg Ser Lys Lys Thr Ala Lys Trp Asn Met Gln Asn Gly Lys Val Gly
35 40 45

Thr Ala His Ile Ile Tyr Asn Ser Val Pro Lys Arg Leu Ser Ala Val
50 55 60

Val Ser Tyr Pro Asn Ala Asp Ser Ala Thr Val Ser Tyr Asp Val Asp
65 70 75 80

Leu Asp Asn Val Leu Pro Glu Trp Val Arg Val Gly Leu Ser Ala Ser
85 90 95

Thr Gly Leu Tyr Lys Glu Thr Asn Thr Ile Leu Ser Trp Ser Phe Thr
100 105 110

Ser Lys Leu Lys Ser Cys Ser Thr His Glu Thr Asn Ala Leu His Phe
115 120 125

Met Phe Asn Gln Phe Ser Lys Asp Gln Lys Asp Leu Ile Leu Gln Gly
130 135 140
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Asp Ala Thr Thr Gly Thr Asp Gly Asn Leu Glu Leu Thr Arg Val Ser
145 150 155 160

Ser Asn Gly Ser Pro Gln Gly Ser Ser Val Gly Arg Ala Leu Phe Tyr
165 170 175

Ala Pro Val His Ile Trp Glu Ser Ser Ala Val Val Ala Ser Phe Cys
180 185 190

Ala Thr Phe Thr Phe Leu Ile Lys Ser Pro Asp Ser His Pro Ala Asp
195 200 205

Gly Ile Ala Phe Phe Ile Ser Asn Ile Asp Ser Ser Ile Pro Ser Gly
210 215 220

Ser Thr Gly Arg Leu Leu Gly Leu Phe Pro Asp Ala Asn
225 230 235

<210> SEQ ID NO 21

<211> LENGTH: 714

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 21

gctgatacca ttgtggcggt ggaactggat acctatccga acaccgatat tggcgatccg 60
agctatccge atattggcat cgatatcaaa agcgtgcgca gcaaaaaaac cgcgaaatgg 120
aacatgcaga acggtaaagt tggcaccgeg cacatcatct ataactctgt taataagaga 180
ctaagtgctg ttgtttctta tcctaacgct gactctgcca ctgtctctta cgacgttgac 240
ctcgacaatg tecttecctga atgggttaga gttggecttt ctgcttcaac cggactttac 300
aaagaaacca ataccattct ctcatggtct tttacttcta agttgaagag ctgttcaaca 360
tatgagacaa atgcactcca tttcatgttc aaccaattta gcaaagatca gaaggatttg 420
atccttcaag gtgacgccac aacaggaaca gatggtaact tggaactcac aagggtgtca 480
agtaatggga gtccacaggg aagcagtgtg ggccgggctt tgttctatgc cccagtccac 540
atttgggaaa gttctgctgt ggtggcaagc tttcaagcta cctttacatt tctcataaaa 600
tcacccgact ctcacccage tgatggaatt gccttettca tttcaaatat tgacagttcc 660
atccctagtg gttccactgg aaggctcett ggactettce ctgatgcaaa ttga 714
<210> SEQ ID NO 22

<211> LENGTH: 237

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 22

Ala Asp Thr Ile Val Ala Val Glu Leu Asp Thr Tyr Pro Asn Thr Asp
1 5 10 15

Ile Gly Asp Pro Ser Tyr Pro His Ile Gly Ile Asp Ile Lys Ser Val
20 25 30

Arg Ser Lys Lys Thr Ala Lys Trp Asn Met Gln Asn Gly Lys Val Gly
35 40 45

Thr Ala His Ile Ile Tyr Asn Ser Val Asn Lys Arg Leu Ser Ala Val
50 55 60

Val Ser Tyr Pro Asn Ala Asp Ser Ala Thr Val Ser Tyr Asp Val Asp
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65 70 75 80

Leu Asp Asn Val Leu Pro Glu Trp Val Arg Val Gly Leu Ser Ala Ser
85 90 95

Thr Gly Leu Tyr Lys Glu Thr Asn Thr Ile Leu Ser Trp Ser Phe Thr
100 105 110

Ser Lys Leu Lys Ser Cys Ser Thr Tyr Glu Thr Asn Ala Leu His Phe
115 120 125

Met Phe Asn Gln Phe Ser Lys Asp Gln Lys Asp Leu Ile Leu Gln Gly
130 135 140

Asp Ala Thr Thr Gly Thr Asp Gly Asn Leu Glu Leu Thr Arg Val Ser
145 150 155 160

Ser Asn Gly Ser Pro Gln Gly Ser Ser Val Gly Arg Ala Leu Phe Tyr
165 170 175

Ala Pro Val His Ile Trp Glu Ser Ser Ala Val Val Ala Ser Phe Gln
180 185 190

Ala Thr Phe Thr Phe Leu Ile Lys Ser Pro Asp Ser His Pro Ala Asp
195 200 205

Gly Ile Ala Phe Phe Ile Ser Asn Ile Asp Ser Ser Ile Pro Ser Gly
210 215 220

Ser Thr Gly Arg Leu Leu Gly Leu Phe Pro Asp Ala Asn
225 230 235

<210> SEQ ID NO 23

<211> LENGTH: 714

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 23

gctgatacca ttgtggcggt ggaactggat acctatccga acaccgatat tggegatccg 60
agctatcege atattggeat cgatatcaaa agegtgegea gcaaaaaaac cgcgaaatgqg 120
aacatgcaga acggtaaagt tggcaccgcg cacatcatct ataactctgt taataagaga 180
ctaagtgctg ttgtttctta tcctaacgct gactctgcca ctgtctctta cgacgttgac 240
ctcgacaatg tccttecctga atgggttaga gttggecttt ctgcttcaac cggactttac 300
aaagaaacca ataccattct ctcatggtct tttacttcta agttgaagag ctgttcaaca 360
tgtgagacaa atgcactcca tttcatgttc aaccaattta gcaaagatca gaaggatttg 420
atccttcaag gtgacgccac aacaggaaca gatggtaact tggaactcac aagggtgtca 480
agtaatggga gtccacaggg aagcagtgtg ggccgggctt tgttctatge cccagtccac 540
atttgggaaa gttctgctgt ggtggcaagc tttcaagcta cctttacatt tctcataaaa 600
tcacccgact ctcacccage tgatggaatt gecettettca tttcaaatat tgacagttce 660
atccctagtg gttccactgg aaggetectt ggactettece ctgatgecaaa ttga 714
<210> SEQ ID NO 24

<211> LENGTH: 237

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 24
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Ala Asp Thr Ile Val Ala Val Glu Leu Asp Thr Tyr Pro Asn Thr Asp
1 5 10 15

Ile Gly Asp Pro Ser Tyr Pro His Ile Gly Ile Asp Ile Lys Ser Val
20 25 30

Arg Ser Lys Lys Thr Ala Lys Trp Asn Met Gln Asn Gly Lys Val Gly
35 40 45

Thr Ala His Ile Ile Tyr Asn Ser Val Asn Lys Arg Leu Ser Ala Val

Val Ser Tyr Pro Asn Ala Asp Ser Ala Thr Val Ser Tyr Asp Val Asp

65 70 75 80

Leu Asp Asn Val Leu Pro Glu Trp Val Arg Val Gly Leu Ser Ala Ser

Thr Gly Leu Tyr Lys Glu Thr Asn Thr Ile Leu Ser Trp Ser Phe Thr
100 105 110

Ser Lys Leu Lys Ser Cys Ser Thr Cys Glu Thr Asn Ala Leu His Phe
115 120 125

Met Phe Asn Gln Phe Ser Lys Asp Gln Lys Asp Leu Ile Leu Gln Gly
130 135 140

Asp Ala Thr Thr Gly Thr Asp Gly Asn Leu Glu Leu Thr Arg Val Ser
145 150 155 160

Ser Asn Gly Ser Pro Gln Gly Ser Ser Val Gly Arg Ala Leu Phe Tyr
165 170 175

Ala Pro Val His Ile Trp Glu Ser Ser Ala Val Val Ala Ser Phe Gln
180 185 190

Ala Thr Phe Thr Phe Leu Ile Lys Ser Pro Asp Ser His Pro Ala Asp
195 200 205

Gly Ile Ala Phe Phe Ile Ser Asn Ile Asp Ser Ser Ile Pro Ser Gly
210 215 220

Ser Thr Gly Arg Leu Leu Gly Leu Phe Pro Asp Ala Asn
225 230 235

<210> SEQ ID NO 25

<211> LENGTH: 714

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 25

gctgatacca ttgtggcggt ggaactggat acctatccga acaccgatat tggcgatccg 60
agctatccge atattggcat cgatatcaaa agcgtgcgca gcaaaaaaac cgcgaaatgg 120
aacatgcaga acggtaaagt tggcaccgcg cacatcatct ataactctgt taataagaga 180
ctaagtgctg ttgtttctta tcctaacgct gactctgcca ctgtctctta cgacgttgac 240
ctcgacaatg teettcetga atgggttaga gttggecttt ctgettcaac cggactttac 300
aaagaaacca ataccattct ctcatggtct tttacttcta agttgaagag ctgttcaaca 360
cctgagacaa atgcactcca tttcatgttc aaccaattta gcaaagatca gaaggatttg 420
atccttcaag gtgacgccac aacaggaaca gatggtaact tggaactcac aagggtgtca 480
agtaatggga gtccacaggg aagcagtgtg ggccgggctt tgttctatge cccagtccac 540

atttgggaaa gttctgetgt ggtggcaagc tttcaagcta cctttacatt tcectcataaaa 600

tcacccgact ctcacccagc tgatggaatt gccttcecttca tttcaaatat tgacagttcc 660
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atccctagtg gttccactgg aaggctcett ggactettce ctgatgcaaa ttga 714

<210> SEQ ID NO 26

<211> LENGTH: 237

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 26

Ala Asp Thr Ile Val Ala Val Glu Leu Asp Thr Tyr Pro Asn Thr Asp
1 5 10 15

Ile Gly Asp Pro Ser Tyr Pro His Ile Gly Ile Asp Ile Lys Ser Val
20 25 30

Arg Ser Lys Lys Thr Ala Lys Trp Asn Met Gln Asn Gly Lys Val Gly
35 40 45

Thr Ala His Ile Ile Tyr Asn Ser Val Asn Lys Arg Leu Ser Ala Val
50 55 60

Val Ser Tyr Pro Asn Ala Asp Ser Ala Thr Val Ser Tyr Asp Val Asp
65 70 75 80

Leu Asp Asn Val Leu Pro Glu Trp Val Arg Val Gly Leu Ser Ala Ser

Thr Gly Leu Tyr Lys Glu Thr Asn Thr Ile Leu Ser Trp Ser Phe Thr
100 105 110

Ser Lys Leu Lys Ser Cys Ser Thr Pro Glu Thr Asn Ala Leu His Phe
115 120 125

Met Phe Asn Gln Phe Ser Lys Asp Gln Lys Asp Leu Ile Leu Gln Gly
130 135 140

Asp Ala Thr Thr Gly Thr Asp Gly Asn Leu Glu Leu Thr Arg Val Ser
145 150 155 160

Ser Asn Gly Ser Pro Gln Gly Ser Ser Val Gly Arg Ala Leu Phe Tyr
165 170 175

Ala Pro Val His Ile Trp Glu Ser Ser Ala Val Val Ala Ser Phe Gln
180 185 190

Ala Thr Phe Thr Phe Leu Ile Lys Ser Pro Asp Ser His Pro Ala Asp
195 200 205

Gly Ile Ala Phe Phe Ile Ser Asn Ile Asp Ser Ser Ile Pro Ser Gly
210 215 220

Ser Thr Gly Arg Leu Leu Gly Leu Phe Pro Asp Ala Asn
225 230 235

<210> SEQ ID NO 27

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 27

atggctaccg tagcgcaagc t 21

<210> SEQ ID NO 28

«211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial
<220> FEATURE:
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<223> OTHER INFORMATION: SYNTHETIC
<400> SEQUENCE: 28

Met Ala Thr Val Ala Gln Ala
1 5

<210> SEQ ID NO 29

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 29

attgtagcaa gcagcactac

<210> SEQ ID NO 30

«<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 30

tagcaagcag cactactagt g

«210> SEQ ID NO 31

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 31

gcaagcagca ctactagtga

<210> SEQ ID NO 32

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 32

gagattatta tggtacatgg atga

<210> SEQ ID NO 33

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 33

gccgatacta ttgttgectgt tgaattggat

<210> SEQ ID NO 34

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial

«220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 34

20

21

20

24

30
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gaaatggagt gcatttgtct catgtgttga attgctcttc aacttagaag taaaagacca

<210> SEQ ID NO 35

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 35

tggtectttta cttctaagtt gaagagcaat tcaacacatg agacaaatgc actccattte

<210> SEQ ID NO 36

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

«223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 36

tcaatttgca tcagggaaga gtccaaggag cct

<210> SEQ ID NO 37

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial

«220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 37

cacatcatct ataactctgt ttgtaagaga ctaagtgctg ttgtttctta tcctaacget

<210> SEQ ID NO 38

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 38

agcgttagga taagaaacaa cagcacttag tctcttacaa acagagttat agatgatgtg

«210> SEQ ID NO 39

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 39

cacatcatct ataactctgt tcctaagaga ctaagtgctg ttgtttctta tcctaacget
<210> SEQ ID NO 40

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 40

agcgttagga taagaaacaa cagcacttag tctettagga acagagttat agatgatgtg

60

60

33

60

60

60

60
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<210> SEQ ID NO 41

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 41

cacatcatct ataactctgt taataagaga ctaagtgctg ttgtttctta tcctaacgect

<210> SEQ ID NO 42

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 42

agcgttagga taagaaacaa cagcacttag tctcettatta acagagttat agatgatgtg

<210> SEQ ID NO 43

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 43

tetgetgtgg tggeccagett tcaagetace tttacattte tcataaaatc acccgactet

<210> SEQ ID NO 44

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 44

agagtcgggt gattttatga gaaatgtaaa ggtagcttga aagctggcca ccacagcaga

<210> SEQ ID NO 45

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial

«220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 45

tctgetgtgg tggccagett tccagectacc tttacattte tcataaaatc acccgactct

<210> SEQ ID NO 46

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 46

agagtcgggt gattttatga gaaatgtaaa ggtagctgga aagctggcca ccacagcaga
<210> SEQ ID NO 47

<211> LENGTH: 60

<212> TYPE: DNA
<213> ORGANISM: Artificial

60

60

60

60
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<220> FEATURE:
<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 47

tctgetgtgg tggccagett ttgtgectacc tttacatttc tcataaaatc acccgactct

<210> SEQ ID NO 48

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 48

agagtcgggt gattttatga gaaatgtaaa ggtagcacaa aagctggcca ccacagcaga

<210> SEQ ID NO 49

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 49

tcatggtectt ttacttctaa gttgaagagc tgttcaacac atgagacaaa tgcactccat

«210> SEQ ID NO 50

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 50

atggagtgca tttgtctcat gtgttgaaca gctcttcaac ttagaagtaa aagaccatga

<210> SEQ ID NO 51

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 51

acttctaagt tgaagagctg ttcaacatat gagacaaatg cactccattt catgttcaac

<210> SEQ ID NO 52

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 52

gttgaacatg aaatggagtg catttgtctc atatgttgaa cagctcttca acttagaagt

<210> SEQ ID NO 53

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial

«220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 53

60

60

60

60

60

60
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acttctaagt tgaagagctg ttcaacatgt gagacaaatg cactccattt catgttcaac 60

<210> SEQ ID NO 54

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 54

gttgaacatg aaatggagtg catttgtctc acatgttgaa cagctcttca acttagaagt 60

<210> SEQ ID NO 55

<211> LENGTH: 59

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

«223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 55

acttctaagt tgaagagctg ttcaacacct gagacaaatg cactccattt catgttcaa 59

<210> SEQ ID NO 56

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial

«220> FEATURE:

<223> OTHER INFORMATION: SYNTHETIC

<400> SEQUENCE: 56

gttgaacatg aaatggagtg catttgtctc aggtgttgaa cagctcttca acttagaagt 60

1. A purified mutant Concanavalin A (ConA) protein
comprising the amino acid sequence of SEQ ID NO: 16,
wherein said sequence comprises a substitution at amino
acid residue 58 and a substitution at one or more of amino
acid residue 118, amino acid residue 121, and amino acid
residue 192, said purified mutant Con A having reduced
dimer-dimer affinity compared to a corresponding wild type
ConA protein.

2. The purified mutant ConA protein of claim 1, wherein
an amino acid residue selected from the group consisting of
asparagine, cysteine, proline, and glycine is substituted for
the aspartic acid residue at position 58 of SEQ ID NO: 16.

3. The purified mutant ConA protein of claim 2, wherein
an asparagine is substituted for the aspartic acid residue at
position 58 of SEQ ID NO: 16.

4. The purified mutant ConA protein of claim 1, wherein
an amino acid residue selected from the group of asparagine,
cysteine, proline, glutamine, tyrosine, and glycine is substi-
tuted for the amino acid residue at one or more of position
118, 121, and 192 of SEQ ID NO: 16.

5. The purified mutant ConA protein of claim 1, wherein
at least one of said substitutions replaces a naturally occur-
ring amino acid residue with cysteine.

6. The purified mutant ConA protein of claim 1, wherein
the protein comprises at least three substitutions.

7. The purified mutant ConA protein of claim 1, wherein
the protein comprises at least four substitutions.

8. The purified mutant ConA protein of claim 1, said
protein comprising a substitution at amino acid residue 58,
amino acid residue 118, amino acid residue 121, and amino
acid residue 192 of SEQ ID NO: 16.

9. The purified mutant ConA protein of claim 8, wherein
a cysteine is substituted for the asparagine residue at posi-
tion 118, a cysteine is substituted for the histidine residue at
position 121, and a glutamine is substituted for the glutamic
acid residue at position 192 of SEQ ID NO: 16.

10. The purified mutant ConA protein of claim 9, wherein
an asparagine is substituted for the aspartic acid residue at
position 58 of SEQ ID NO: 16.

11. The purified mutant ConA protein of claim 1, wherein
the protein is substantially a dimer.

12. The purified mutant ConA protein of claim 1, wherein
the protein is at least about 95% pure.

13. The purified mutant ConA protein of claim 1, wherein
the protein exhibits glycoconjugate binding.

14. The purified mutant ConA protein of claim 1, wherein
the protein further comprises a detectable label.

15. The purified mutant ConA protein of claim 14,
wherein the label is selected from the group consisting of a
radioactive label, a fluorescent label, an enzyme, a proxim-
ity-based signal generating label moiety, a homogeneous
time resolved fluorescence (HTRF) component, and a lumi-
nescent oxygen channeling assay (LOCI) component.

16. A device capable of sensing a change in an amount of
an analyte, the device comprising the purified mutant ConA
protein of claim 1.
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17. The device of claim 16, wherein at least a portion of
the device is implantable.

18. The device of claim 16, wherein fluorescence can be
used to detect the change in the amount of the analyte.

19. The device of claim 16, wherein the analyte comprises
a carbohydrate selected from the group consisting of
monosaccharides, disaccharides, polysaccharides or a com-
bination thereof.

20. The device of claim 19, wherein the carbohydrate
comprises glucose.

21. A purified mutant Concanavalin A (Con A) molecule,
wherein the molecule comprises a polypeptide having an
amino acid sequence selected from the group consisting of
SEQ ID NOs: 6, 8, 10, 12, 14, 18, 20, 22, 24, and 26, or
biologically active variants thereof.

22. A purified, isolated nucleic acid selected from the
group consisting of SEQ IDNOs: 5,7, 9, 11, 13, 17,19, 21,
23, and 25.

23. A method of evaluating a carbohydrate in a sample
comprising:

contacting the sample with a specific binding pair that
comprises

Sep. 6, 2007

(i) the purified mutant ConA protein of claim 1, and

(i) a glycoconjugate, wherein the purified mutant
ConA and glycoconjugate reversibly bind to each
other; and

determining the extent to which carbohydrate present in
the sample displaces glycoconjugate bound to the puri-
fied mutant ConA and reversibly binds to the purified
mutant ConA.

24. The method of claim 23, wherein at least one of the
purified mutant ConA protein and the glycoconjugate has a
detectable label.

25. The method of claim 23, wherein the sample is
selected from the group consisting of urine, blood, plasma,
saliva, intracellular fluid, interstitial fluid, homogenized
cells, and a cell extract.

26. The method of claim 23, wherein the glycoconjugate
comprises a carbohydrate selected from the group consisting
of monosaccharides, disaccharides, polysaccharides or a
combination thereof.

27. The method of claim 26, wherein the carbohydrate
comprises glucose.
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