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DESCRIPTION

MODIFIED TAMAVIDIN

TECHNICAL FIELD

[0001] This application claims priority of Japanese Patent Application No. 2010-293776
filed on December 28, 2010.

[0002] The present invention relates to a modified tamavidin having increased heat
resistance.

BACKGROUND ART

{0003]  Avidin is a basic glvcoprotein derived from egg white and strongly binds to biotin
{vitaznin H}.  Streptavidin is an avidin-like protein derived from Actinomycetes
(Streptomyvees avidinily and has a near-neutral isoelectric point and does not have a sugar
chain. Both proteins form tetramers, and the molecular weights thereof are about 60 ka.
The tetramer is formed by weak bonds between dimers, while the dimers are composed of
strongly bonded monomers.  Avidin and streptavidin have the property that one monomer
thereot binds 1o one biotin molecute.  Avidin and streptavidin cach have significantly high
affinity (Kd = 1077 to 10" M) to biotin. and the affinity is one of the most strong
interactions between two biomolecules.  Accordingly, avidin/streptavidin-biotin interaction
has been widely used in the fields of biochemistry, molecular biology, and medicine.

[0004]  Biotin has a small molecular weight of 244 and is stable to a change in pH and heat
and, theretfore, is commonly used for labeling substances.  In a method of biotinylation,
chemically modified biotin is bound to a functional group of a target compound.  Such
biotinvlating reagents are commercially avatlable and can be used o biotinvlate compounds
such as protein and nucleic acid.  In one of the methods of biotinvlation of proteins. a fusion
protein of & target protein and a sequence that can be biotinviated by biotin ligase in a living
body is expressed as a recombinant protein, and the resulting fusion protein can be
biotinylated by the biotin ligase in a host cell,

[0005]  The present inventors have discovered tamavidin T and tamavidin 2, which are novel
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avidin-like biotin-binding proteins, in an edible mushroom. Pueurotus cornucopiae
(WOO02/072817).  Tamavidin 1 and tamavidin 2 can be expressed in a large amount in
Escherichia coli.  In particular, tamavidin 2 can be casily prepared by purification using an
iminobiotin column (WOO2/4072817). Tamavidin 1 and tamavidin 2 form tetramers and
form an extremely strong binding with biotin.  Furthermore, tamavidin 2 is an excellent
biotin-binding protein in that the protein exhibit a heat resistance higher than that of avidin or
streptavidin and that the non-specitic binding is less than that of avidin.

[0006]  Avidin, streptavidin, and tamavidin have higher heat resistance than normal protein
and have heat resistance determined by a method using fluorescent hiotin (expressed by a
temperatures at which their activity decreases to one half the initial activity) of 79°C, 74°C,
and 85°C, respectively (Takakura et al. 2009 FEBS J 276: 1383-1397).

f0007]  For expanding industrial applications, however, attempts to further enhance the heat
resistance of avidin and streptavidin have been being made.  Reznik et al., (1990) reported
streptavidin (Nat. Biotechnol,, 14: 1007-1011).  Aiming to strengthen the weak bond
between the dimers of streptavidin, they mutate a hystidine (His) residuc at position 127 into
cysteine (Cys) through genetic engineering to construct a heat-resistant disulfide-linked
dimer of streptavidin mutants.  The mutant maintained about 70% of the original biotin-
binding activity after a heat treatment at 90°C for 10} min, while wild-type streptavidin
maintained about 55% of the original biotin-binding activity after a heat treatment at 70°C
for 10 min.

[0008]  Meanwhile, Nordlund et al. 2003 (J. Biol. Chem. 278: 2479-2483) reported heat
stabilization of avidin; they have genetically engineered various forms of disulfide bonds
between avidin subunits to increase heat resistance.  The residual biotin-binding activily of
avidin was almost zero after a treatment at 99.9°C for 2 min, while the activity of 1117C
(modified avidin in which isoleucine at position 117 in avidin is replaced with cvsteine) was
a Iittle more than 30%. and the activity of DROCHO6CH 17C (maodified avidin in which
aspartic acid residue at position 86 and isoleucine residues at positions 106 and 117 in avidin

are replaced with cysteine residues, respectivelvy was a little less than 50%.
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100091 Furthermore, Hyvtonen et al, (2005}, J. Biol. Chem., 280: 10228-10233 reported heat
stabilization of avidin without the formation of disulfide bonding. A chimera of avidin and
AVRL (protein encoded by Avidin-related gene 4) having higher heat vesistance than avidin
was formed to create an avidin mutant ChiAVD (1117Y), which exhibited increased residual
biotin-binding activity of up to 98% after a treatment at 99.9°C for 32 min {residual activity:
4% tor avidin, 72% for AVR4),
{0010]  Almost all of the heat-resistant avidin mutants are prepared using an insect cell
expression system using baculovirusm. while streptavidin mutants are prepared using an £
coll expression system. which requires a step of solubilization from insoluble inclusion
bodies during the process.  Thus, such proteins as described above. any of which require
considerable costs and efforts for manufacturing them, have not yet been put info practical
application.
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SUMMARY OF INVENTION
TECHNICAL PROBLEM
{0013]  The problem to be solved by the present invention is to provide a modified
tamavidin £ which can be expressed highly in a soluble form in £ coli and has increased heat
resistance which can maintain its protein structure even after being heated at a high

temperature,



SOLUTION TO PROBLEM

{0014} The present inventors, who have diligently studied in order o solve the foregoing
problems, have successtully obtained a maodified tamavidin 2 which 18 highly expressed ina
soluble form in . coll and has increased heat resistance which can maintain its protein
structure even after being heated at a high temperature and have arrived at the present
invention.

{0015]  Specifically. in the present invention, a modified biotin-binding protein, which has
increased heat resistance strong enough to maintain the biotin-binding activity affer a
treatment at 99.9°C for 32 min. is obtained by replacing the 115th asparagine residue in the
amino acid sequence (SEQ 1D NO: 2j of native tamavidin 2 (heremafter may be referred to as
“IM2™ in this specification) with cysteine (SEQ 1D NO: 4y This modified tamavidin 2 had
also improved resistance to aprotic polar organic solvent.

[0016]  Preferred Embodiments of Present Invention

The present invention includes the following preferred embodiments,
[Embodiment 1]

A modified biotin-binding protein comprising an amino acid seguence represented
by SEQ ID NO: 2, an amino acid sequence having one or more amino acid mutations in the
amino acid sequence of SEQ 1D NO: 2, or an amino acid sequence having an identity of not
less than 80% to the amino acid sequence of SEQ 1D NO: 2 and having biotin-binding
activity, wherein an asparagine residue at position 115 of SEQ ID NO: 2 is replaced with
cvsteine.
|Embodiment 2]

The moeditied biotin-binding protein according to embodiment 1, wherein the
modified biotin-binding protein maintains the biotin-binding activity of not less than 73%
after @ heat treatment of 99.9°C for 30 min, compared with that of before the reatment.
[Embodiment 3]

The modified biotin-binding protein according to embodiment 1 or embodimenr 2,

wherein the modified brotin-binding protein muaintains not less than 50% of the biotin-



binding activity of not less than 30 after a treatment in 60% aprotic polar organic solvent
for 30 min, compared with that of before the treatment.
[Embodiment 4}

The modified biotin-binding protein according to embodiment 3, wherein the aprotic
polar organic solvent is dimethvl sulfoxide.
[Embodiment 5]

The modified biotin-binding protein according to any one of embodiments | to 4,
wherein the modified biotin-binding protein comprises an amino acid having an identitv of
not less than 90% to the amino acid sequence of SEQ ID NO: 2.

[Embodiment 6]

The modificd biotin-binding protein, wherein an asparagine residue at position 115
of SEQ D NO: 2 is replaced with cysteine (TM2 N115C).
[Embodiment 7}

A support to which the protein according to any one of embodiments 1 to 6 is
immobilized.
[Embodiment 8]

A nucleic acid encoding the protein according to any one of embodiments 1 1o 6.
[Embodiment 9]

A vector containing the nucleic acid according to embodiment 8.

[Embodiment 0]

A method for separation, concentration, capture, purification, and/or detection of the
protein according to any one of embodiments 1 1o 6. which comprises the following steps:
1) heat-treating a sample containing the protein at a temperature of at least 90°C for at
least H) min; and
23 collecting the protein which has not been heat-denatured in step 1) 10 thereby
separate. concentrate, capture, or purify the protein, and/or detect the substance.
[Embodiment 1]

A method for separation. cencentration, capture, purification and/or detection of a
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biotin-linked substance, which comprises the following steps:
1y contacting the support according to mode 7 with a biotin-linked substance, wherehy
the biotin-linked substance is bound to the support:
2 washing otf contaminants which are not bound to the support with a solution
containing 60% to 80% aprotic polar organic solvent; and
3) collecting the biotin-linked substance which 15 bound to the support to thereby
separate, concentrate, capture or purtfy the substance and/or detect the substance.
[Embodiment 12]

The method according to embodiment 11, wherein the aprotic polar organic solvent
is dimethyl suifoxide.
ADVANTAGEOUS EFFECTS OF INVENTION
[0017] The present invention provides modificd TM2 that can be highly expressed in £. coli
in a soluble form and exhibits enhanced heat resistance which can maintain its protein
structure even after being heated at a high temperature.  The modified TM2 of the present
invention, which has high heat resistance. can be purified by, for example, thermal
purification.  The modified TM2 also exhibits enhanced resistance to aprotic polar organic
solvent.  The moditied TM2 of the present invention having resistance to organic solvent
can be washed with a solvent such as dimethyl sulfoxide to suppress non-specific adsorption
during the separation and purification of biotin-linked substances.  Furthermore, the
modified TM2 of the present invention can also be used. for example, in svstems for
immobilizing or detecting substances in organic solvents.
BRIEF DESCRIPTION OF DRAWINGS
[0018] Figure 1is a graph showing the biotin-binding ability after heat treatment of the
modified TM2 N115C of the present invention, TM2, and various avidin-like proteins
(streptavidin, avidin, and neutravidin).  The heat treatment was carried out at 99.9°C for 1,
2.4, 10 and 20 min.

Figure 2 is a graph showing the biotin-hinding ability after a heat treatment at

59.9°C for 32 min of modified TM2 N1I15C of the present invention, TM2, and various
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avidin-like proteins {streptavidin, avidin, and neutraviding.

Figure 3 is a graph showing the biotin-binding ability of modified TM2 N115C of
the present invention, TM2, and various avidin-like proteins (streptavidin and avidin) after
being mixed with biotinviated magnetic beads in the presence of dimethyl sulfoxide.  They
were mixed with various concentrations of dimethvl sulfoxide for 30 min.

DESCRIPTION OF EMBODIMENTS

[0019]  Preferred embodiments for implementing the present invention will be described
below.

(0020} Tamavidin

Tamavidin is a novel biotin-hinding protein discovered in an edible mushroom,
Basidiomycete, Plewrotus cornucopioe (WOQO2/072817).  This reference states that:

- tamavidin | and tamavidin 2 have an amino acid homology of 63.5% and strongly bind to
biotin;

- tamavidin 2 is highly expressed in a soluble fraction of E. coli; and

- culture of E. coli for expressing tamavidin 2 for 4.5 hours gives about T mg of a highly pure
recombinant protetn for 50 mL of a culture medium.  This 1s a significantly high value
compared 10 those of avidin and streptavidin known as biotin-binding proteins.

[O0211  Throughout the specification, the term “tamavidin 27 refers (o tamavidin 2 (TM2) or
a mutant thercof.  The present invention provides modified T™M2 that has enhanced heat
resistance by moditying a specific amino acid residue of TM2 or a mutant thereof,
Throughout the specification, “tamavidin 27 and “TM27 refer to wild-type TM2 and mutants
thereof, unless specifically mentioned.  However, depending on the context, they may be
used as general terms of wild-type TMZ, its mutants, and modified TM2 of the present
invention.  In addition, TM2. which shows biotin-binding affinitv. mayv be referred to ag
“biotin-binding protein” throughout the specification.

[0022]  Specitically, TM2 (wild-tvpe) may be typically a protein comprising the amine acid
sequence represented by SEQ 1D NO: 2 or a protein encoded by a nucleic acid including the

nucieotide sequence represented by SEQ 1D NO: 1. Alternativelyv. TM2 may be a protein
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that is a mutant of the protemn comprising the amino acid sequence represented by SEQ 1D
NO: 2 or of the protein encoded by the nucleic acid comprising the nucleotide sequence
represented by SEQ D NO: T and has biotin-binding activity similar to that of tamavidin 2.
The mutant of TM2 may be a protein comprising an amino acid sequence having deletion,
substitution, insertion, and/or addition of one or more amino acids in the amino acid sequence
of SEQ ID NO: 2. The substitution may be conservative substitution.  The conservative
substitution refers to the replacement of a specific amino acid residue with anv residue
having similar physicochemical characteristics.  Nonlimiting examples of the conservative
substitution include substitution between amino acid residues containing aliphatic groups,
such as mutual substitution among Ile, Val, Leu, and Ala, and substitution between polar
residues, such as mutual substitution between Lys and Arg, between Glu and Asp, and
between Gln and Asn.

[0023]  The mutant by deletion, substitution, insertion, and/or addition of an amino acid or
amino acids can be prepared by a known technique such as site-directed mutagenesis (e.g.,
see Nucleic Acid Research, Vol. 10, No. 20, pp. 6487-6500, 1982, the entity thereof is
incorporated therein by reference) to a DNA encoding a wild-type protein.  Throughout the
specification, the term “one or more amino actds’” refers to an amino acid or amino acids that
may be deleted, substituted, inserted, and/or added by site-directed mutagenesis.  In
addition, the term “one or more amino acids™ in this specification mav refer to one or several
amino acids in some cases.

[0024] TM2 of the present invention includes, but not limited 1o, a protein composed of an
amino acid sequence having deletion, substitution, insertion, and/or addition of 1 to 10 amino
acids, preferably Y or less, 7 or fess, 5 or less, 3 or fess, 2 or less, more preferably one amino
acid or less in SEQ 1D NO: 2 and having biotin-binding activity.

[00251  In the present invention, for example, tamavidin with high binding and low
nonspecific binding ability (WO2010/018859) can be used without limitation as a TM2
mutant.  Examples of the tamavidin 2 mutant may be: a biotin-binding protein comprising

an amino acid sequence represented by SEQ HD) NO- 2, an amino acid sequence having one to
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several amino acid mutations in the sequence represented by SEQ ID NO: 2. or an amino
acid sequence having an identity of not less than 80% to the sequence represented by SEQ 1D
NQO: 2, and having a biotin-hinding activity, wherein one or more residue(s) selected from the
group consisting of:

b)an arginine residue at position 104 of SEQ 1D NO- 2;

2} a lysine residue at position 141 of SEQ ID NO: 2;

3} a lysine residue at position 26 of SEQ 1D NO: 2; and

4) a lvsine residue at position 73 of SEQ ID NO: 2
is replaced with an acidic amino acid residue or a neutral amino acid residuc,

[06026] More preferably, the biotin-binding proteinmay be selected from the group
consisting of:

a biotin-binding protein (R104E-K141LE) in which the arginine residue at position
104 of SEQ 1D NO: 2 is replaced with glutamic acid residue. and a lysine residue at position
141 1s replaced with a glutamic acid residue;

a biotin-binding protein (D40N-R104E) in which the aspartic acid residue at
position 40 of SEQ 1D NO: 2 is replaced with asparagine residue, and an arginine residue at
position 104 is replaced with a glutamic acid residue:

a biotin-binding protein (D40ON-K141E) in which the aspartic acid residue at
position 40 of SEQ I NO: 2 is replaced with asparagine residue, and the lvsine residue at
position 141 1s replaced with glutamic acid residue; and

a biotin-binding protein (D4ON-R104E-K141E) in which the aspartic acid residue at
position 40 of SEQ 1D NO: 2 is replaced with asparagine residuce, the arginine residue at
position 104 is replaced with glutamic acid residue. and the lvsine residue at position 141 is
replaced with glutamic acid residue.

[0027]  The site~directed mutagenesis can be pertormed, for example, with a syanthetic
oligonucleotide primer that is complementary to a single-strand phage DNA 10 be mutated,
except for a specific mismatch. f.e., a desired mutation.  Specifically, the synthetic

ohigonucleotide 1s used as a primer o synthesize a strand complementary to the phage, and a
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host cell 1s transformed with the resulting double-strand DNA.  The transformed bacterial
culture 1s plated on agar to form plagues from phage-containing single cells.  As a result, in
theory, 50% of the new colomies contain phages having the mutation in a single strand, while
the remaining 50% have the original sequence.  The resulting plaques are hvbridized with a
synthetic probe labeled by kinase treatment at a temperature that allows for hybridization
with DNA completely identical to one having the above desired mutation, but not with DNA
having the original strand.  Subsequently, the plaques hvbridized with the probe are picked
and cultured to coliect the DNA.

(00281 Lxampies of the method of introducing deletion, substitution, insertion and/or
addition of one or more amino acids in the amino acid sequence of a biologically active
peptide while retaining its activity, include a method that involves treating the gene with a
mutagen and a mcthod that involves selective cleavage of the gene, removal, substitution,
insertion or addition of the selected nucleotide, and then ligation of the cleaved fragments, in
addition to the above-described site-directed mutagenests,.

[6029} The TM2 mutant mav aiso be a protein comprising an amino acid sequence having
at least 80%, preferably 85% or more, Y0% or more, 95% or more. 96% or more, 97% or
more, Y3% or more, or Y9% or more, and more preferably 99.2% or more amino acid identity
to the amino acid sequence of SEQ 1D NO: 2 and having a biotin-binding activity similar to
that of TM2.

{0030]  The percent identity between two amino acid sequences may be defermined by
visual inspection and mathematical calculation.  Alternatively, the percent identity between
two protein sequences may be determined through comparison of sequence information using
a GAP computer program avallable from the University of Wisconsin Genetics Computer
Group (UWGCG) based on the algorithm by Needleman, S, B, and Wunsch, C. D. (J. Mol
Biol,, 48: 443-453, 1970}, Preferred defauit parameters of the GAP program include: (1)
scoring matrix: blosum62 as described in Hentkoff, S.and Henikoff. ). G.. (Proc. Natl. Acad.
Sci. USAL 891 H0915-10919, 1992y (2) 12 gap weights: (3¥ 4 gap length weights: and (4) no

penalty for terminal gaps.
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[0031] Any other program used by those skilled i the art may also be used for comparison
of the sequences.  The percent identity can be determined by, for example, comparison with
the sequence information using a BLAST program described in Altschul et. al., (Nucl. Acids
Res., 25, pp. 3389-3402, 1997).  This program is available from the website of National
Center for Biotechnology Information (NCBI) or DNA Data Bank of Japan (DDBI) on the
Internet.  The conditions (parameters) for identity search by the BLAST program are
described in detail on these sites.  Although these parameters can be partialiv modified if
necessary, search is generally carried out with the default values.  Alternatively. the percent
identity between two amino acid sequences may be determined using a program such as
genetic information processing software GENETYX Ver. 7 (available from Genetyx
Corporation} or FASTA algorithm, wherein search may be carried out with the default
values.

{0032] The percent identity between two nucleotide sequences can be determined by visual
inspection and mathematical calculation or preferably through comparison of sequence
information using a computer program. A typical preferred computer program is a version
FO.0 program “GAFP”, Wisconsin package of Genetics Computer Group (GCG, Madison,
Wisconsin} (Devereux. et al., (1984), Nucl. Acids Res., 12: 387).  The use of the “GAP”
program enables comparison between two amino acid sequences and comparison between
nucleotide sequence and an amine acid sequence, i addition to comparison of two nucteotide
sequences.  The preferred default parameters for the “GAP” program include: (1) the GCG
implementation of a upary comparison matrix (containing a value 17 for identities or “0” for
non-identities) for nucleotides, and the weighted amino acid comparison matrix of Gribskov
and Burgess, Nucl. Acids Res., 14: 6745, 1986, as described in Schwartz and Davhoff, cds.,
“Atlas of Polypeptide Sequence and Structure,” National Biomedical Rescarch Foundation,
pp. 353-338, 1979, or other comparabie comparison matrices: (2) a penalty 307 for each gap
for amino acids and an additional penalty “17 for each svmbol in cach gap, or a penalty =507
for cach gap for nucleotide sequences and an additional penalty =37 for each symbol in cach

oap: {3} no penalty for end eaps: and (4) no maximum penalty for lope gaps,  Other
gay i ) 24p . ] k 1

,,,,,
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sequence comparison programs uscd by those skilled in the art can also be used.  For
example, the BLASTN program, version 2.2.7, which 1s available via the National Library of
Medicine (US) website: httpr//www . nebinim onih.gov/blast/bl2seqg/bls. himl, or the UW-
BLAST 2.0 algorithm can be used.  Setting of the standard default parameters for the UW-
BLAST 2.0 15 described at the following Internet site: http://blast.wustl.edu.  In addition, the
BLAST algorithm uses the BLOSUMO62 amino acid scoring matrix, and optional parameters
that can be used are as follows: (A) inclusion of a filter to mask segments of the query
sequence having low compositional complexity (determined by the SEG program of Wootton
and Federhen (Computers and Chemistry, 1993); also see Wootton and Federhen, 1996,
“Analysis of compositionally biased regions in sequence databases,” Methods Enzyvmol.,
2661 544-71) or segments consisting of short-periodicity internal repeats (determined by the
XNU program of Claverie and States (Computers and Chemistry, 1993}, and (B) a statistical
significance threshold for reporting matches against database sequences or E-score {the
expected probability of matches being found merely by chance. in accordance with the
statistical model {Kariin and Altschul. 1990): if the statistical significance ascribed to a match
is greater than the E-score threshold, the match is not reported. ); preferred E-score threshold
values are 0.5, or in order of increasing preference, 0.25, 0.1, 0.05, 0.01, 0.001, 0.0001, ie-5,
le-103, Te-15, 1e-20, 1e-25, le-3{), 1e-40, 1e-50, 12-75, ar 1e-100.

[00331 The TM2 mutant may also be a protein encoded by a nucleic acid comprising a
nucleotide sequence which hybridizese with the complementary strand of the nucleotide
sequence of SEQ 1D NO: [ under stringent conditions and having binding activity similar to
that of TM2.

10034]  As used herein, the term “under stringent conditions” refers to that hybridization
occurs under moderately or highly stringent conditions.  Specifically. moderately stringent
conditions can be readily determined by those having ordinary skill in the art, e.g.. on the
basis of the length of DNA.  The basic conditions arc set forth by Sambrook., et al,,

Moilecuiar Cloning: A Laboratory Manual, 3rd edition. chapter 6. Cold Spring Harbor
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and 1.0 mM EDTA (pH 8.0}, hvbridization conditions of about 30% formamide. 2xSSC 1o
6xSSC. preferably SxSSC to 6xS8C. and 0.5% SDS at about 42°C (or other similar
hybridization solutions, such as Stark’s solution, in about 50% formamide at about 42°C),
and washing conditions of, for example. about 30°C (o 68°C, 6.1 to 6xSSC, and 0.1% SDS.
Preterably. moderately stringent conditions include hybridization conditions (and washing
conditions} at about S07C, 6xSSC, and 0.5% SDS.  Highly stringent conditions can also be
readity determined by those skilled in the art. e.g.. on the basis of the length of DNA,

[0035}  In general, such highly stringent conditions include hvbridization at higher
temperatures and/or lower salt concentrations than the moderately stringent conditions (for
example, hybridization in the presence of about (.5% of SDS at about 65°C, with 6xSSC 1o
(1.2xS8SC, preferably 6x58C. more preferably 2xSSC. more preferably 0.2xSSC or 0.1x8SC)
and/or washing, and also include the hybridization conditions defined above with washing at
about 65°C to 68°C, 0.2xSSC or 0.1xS8SC, and 0.1% SDS.  With regard to the buffer
solution for use 1a hybridization and washing, SSPE (IxSSPE: (.15 M NaCl, 10 mM
NaH-POy, and 1.25 mM EDTA; pH 7.4) can be substituted for SSC (1xS8C: .15 M Na(l
and 15 mM sodwum citrate}.  The washing is performed for about 15 min to 1 hour after
completion of the hybridization.

[0036] A commercially available hybridization kit including a probe that is not a
radivactive substance can also be used.  Specifically, hybridization with an ECL direct
labeling & detection system (manufactured by Amersham)is available.  For example,
stringent hvbridization is performed using the hybridization buffer included in the kit to
which a blocking reagent and NaCl are added in concentrations of 3% (w/v) and 0.5 M.,
respectively, under the following conditions: at 42°C for 4 hours and washing twice in 0.4%
SBS, 0.3xSSC at 35°C for 20 min and once in 2xSSC at room temperature for 5 min.
[6037]  The biotin-binding activity of 2 TMZ mutant can be determined by anv known
method., e.g.. the fluorescent biotin-based process as described in Kada, et al., (Biochim.
Biophys. Acta, 14270 33-43 (1999)).  This process is an assay system utilizing a property

that the tluorescent intensity of {luorescent biotin is quenched by binding of the fluorescent
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biotin to the biotin-binding site of a biotin-binding protein.  Alternatively, the biotin-binding
activity of a mutant protemn also can be evaluated using a sensor that can measure the binding
between the protein and biotin, such as a biosensor, e.g., BlAcore, based on a surface
plasmon resonance principle.  Alternatively, the activity can also be evaluated by other
methods, e.g.. a method using HABA (2-(4"-Hydroxvazobenzene) Benzoic Acidy or a
method using biotinviated HRP (horse radish peroxidase).

[0038]) Moditied tamavidin of the present invention having improved heat resistance

The modified TM2 of the present invention is a protein comprising an amino acid
sequence represented by SEQ D NO: 2, an amino acid sequence having one or more amino
acid mutations in the sequence represented by SEQ D NO: 2, or an amino acid sequence
having an identity of not less than 80% t the sequence of SEQ 1D NO: 2, and maintaining
the structure of proten, preferably having bition-binding activity, wherein an asparagine
residue at position 115 of SEQ ID NO 2 1s replaced with cysteine.

[0039] Furthermore. the modified TM2 of the present invention is characterized in that the
aming acid residue corresponding to asparagine residue at position 115 of SEQ 1D NO: 2 in
wild-type TM2 or a mutant TM2 is replaced with cysteine.

(0040]  The heat resistant modified tamavidin 2 of the present invention was prepared as
follows.

[0041] A gene was prepared by designing a mutant in which N115 of tamavidin 2 was
replaced with cysteine (Cys).  This gene was inserted into an expression vector, and was
expressed in £ coli. The expressed mutant (TM2 N115C) as soluble protein was expressed
at a high level, like tamavidin 2 (TM2}.  Purification by affinity chromatography on
iminobiotin agarose was conducted to give about 14 mg of T™M2Z N1TISC from 300 mL of
culture medium.

(00421 The prepared modified tamavidin 2 was analvsed as follows.

[0043] The biotin-binding activity of the puritied TM2 N115C was determined by BlAcore
{the analyser for interactions of biological samples).  The results demonstrated that the TM2

N115C had a signtiicantly strong biotin-hinding activity at the same fevel as the TM2.
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Furthermore, the TM2 NT15C, TMZ, avidin, neutravidin, and streptavidin were treated at
99.97C for 30 to 32 min, were immobilized on a microplate, and were reacted with the
biotinyiated Horse Radish Peroxidase (HRP) to determine their HRP activity,  The resulis
showed that. while almost no activity was detected for avidin, neutravidin, and streptavidin,
TM2 retained 12% of is initial biotin-binding activity, and further TM2 N115C had the
almost full activity (92% to 100%). It is surprising that the TM2 N115C retains the activity
almost completely after being treated at 99.9°C for about 30 min, considering the reports that
the 1117C mutant of avidin loses the activity completely after a treatment at 99.9°C for 5 min
(Nordlund et al., (2003}, I Biol. Chem.. 278: 2475-2483), and that the activity of the H127C
mutant of streptavidin is reduced to 20% at 95°C for 10 min (Rernik et al., (1990}, Nat.
Biotechnol. ,14; 1007-1011).  This heat resistance is comparable to that of the above-
described avidin mutant, CiiAVD (1117Y) constructed by chimerization of avidin (Hytonen
et al., (2005), 1. Biol. Chem., 280: 10228-10233).

[0044] Throughout the specification, “tamavidin 2 (TM2)7 is as already defined above.
[0045] Such modified TM2 maintains the structure of protein even after the heat treatment.
The modified TM2 of the present invention preferably maintains 75% or more, 80% or more,
maore preferably 85% or more, 90% or more, 92% or more, and most preferably 95% or more
of its biotin-binding activity prior to the treatment.  The temperature of the heat treatment is
at least 907C or more, preferably 93°C or more, 95°C or more, 97°C or more, 98°C or more,
99°C or more, and most preferably 99.9°C. The upper limit of the temperature of the heat
treatment is not over 100°C. The time for the heat treatment is at least 10 min. preferably
20 min or more, 30 min or more, most preferably 32 min.

{0046]  Furthermore, even after the treatment in an aprotic polar organic solvent, such
modified TM2 maintains at fcast 30% of the biotin-biding activity prior to the treatiment.
The concentration of the organic solvent used in the treatment with an aprotic polar organic
sotvent 18 at least 60% or more. preferably 65% or more, 70% or more, 75% or more, and
most preferably 80%.  The upper limit of the concentration of the organic solvent is below

0%, The time for the treatment in the aprotic polar organic solvent is at least [0 min,
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preferably 20 min or more, most preferably 30 min or more. These treatments can be
carricd out at, but not limited to. room temperature (25°C).

{0047]  Examples of the aprotic polar organic solvent used herein may include, but not
fimited to, dimethyi sulfoxide (DMSO), tetrahvdrofuran (THF), acetone, acetonitrile, and
N.N-dimethvlformamide (DMF}.  Particularly preferred aprotic polar solvent is DMSO.
[0048]  As used herein, the phrase “maintaining the structure of protein” after the heat
treatment means that the modified TM2 of the present invention maintains the same protein
conformation with that of the original TM2 even after the heat treatment.  The term “protein
conformation™ refers to secondary or higher protein structure, preferably tertiary or
quaternary structure.

[0049]  As used herein, the phrase “maintaining the biotin-binding activity of at least 50%”
means that the modified TM2 of the present invention maintains the biotin activity, which is
measured after the heat treatment and/or the organic solvent treatment, of at least 50% of the
activity prior to the treatment.  The upper limit of the temperature of the heat treatment is
100°C.

[0050]  Furthermore, preferably the modified TM2 of the present invention, which is a
protein comprising an amino acid sequence having an identity of not less than 90% to the
amino acid sequence represented by SEQ 1D NO: 2 and having a biotin-binding activity, is
characterized in that an asparagine residue at position 115 of SEQ 1D NO: 2 1s replaced with
cysteine.  More preferably, the moditied TM2 of the present invention (TM2 N115C) is
characterized in that an asparagine residue at position 115 of SEQ 1D NO: 2 is replaced with
cysteing (SEQ 1D NO: 4),

(00511 Amine acid residues that are desirably not modified in the modified TM2 of the

aresent invention

The moditication of amino ackd residues in the modified TM2 of the present
irvention should not affect the biotin-binding ability.  In fight of this, it 1s preferred that four
tryptophan residues (W69, WG, W96, and W08} in the amino acid seqguence of SEQ 1D

NO: 2 should not be modified in the mutant of tamavidin 2. although this is nonatributive,
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Alternatively, m the case where these amino acid residues are modified, the amino acids are
preferably replaced with one having a similar property or structure. for example.
phenylalanine (F).  Furthermore, i is desirable that amino acid residues (N14, S18. Y34,
536, 576, T78, and D116} that mayv mteract directly with biotin are also not modified.
Alternatively, in the modification of these amino acid residucs, the amino acids are
preferably replaced with one having a similar property or structure so as to maintain the
binding with biotin.  For example, asparagine (N14} is replaced with glutamine (Q) or
aspartic acid (D), preferably aspartic acid; aspartic acid (D40) is replaced with asparagine
(N); serine (S18, 836, or S76) is replaced with threonine {(T) or tvrosine (Y), preferably
threonine; tyrosine (Y34) is replaced with serine (S), threonine (1), or phenylalanine (F),
preferably phenylalanine; threonine (T78) is replaced with serine (S) or tyrosine (Y.
preferably serine:; and aspartic acid (D116) is replaced with glutamic acid (EY or asparagine
(N}, preferably asparagine.

[D052} Method for modification of aming acid

The modified TMZ of the present invention can be obtained through modification of
amming acid(s} of TM2 by any known method that causes mutation in an amino acid sequence
without apy particular limitation.  Preferably, modification is performed in the nucleotide
sequence of nucleic acid encoding the modified protein of the present invention.

[0053]  For example, in order to modify an amine acid at a specific position of an amino
acid sequence, for example, a method employing PCR can be used (Higucht, et al., (1988),
Nucleic Acid Res., 16: 7351-7367; Ho, et al., (1989}, Gene, 77: 51-59).  Specifically, a
desired mutant can be obtained by PCR using a primer comtaining a mismatch codon for a
target mutation to produce DNA encoding the desired mutant and expressing the DNA.
[0054] A mutant by deletion, substitution. Insertion, and/or addition of amino acid(sy can be
produced by such a known method as implementing site-directed mutagenesis in DNA
encoding a wild-type protein.

(0055 Nucleic acid encoding modified TM2 nrotein

The present invention provides a nucleic acid encoding the modified TM2 protein of
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the present mnvention.  In the nucleotide sequence of such a nucleic acid, the nucleotide
sequence (SEQ 1D NO: 1) encoding wild-type TM2 protein is modified to a nucleotide
sequence encoding the modified amino acids of the modified TM2 protein.  Any modified
nucleotide sequence that encodes the amino acid or amino acids after modification can be
used without limitation.  Examples of the modified nucleotide sequence include nucleic
acids having modified nucleotide sequences for modification of the present invention,
wherein the nucleic acids are those comprising the nucleotide sequence of SEQ 1 NO: 1
(hereinafter referred to as “TM2 gene™) or those which hybridizes with the complementary
strands thereof under stringent conditions and encoding proteins having proper biotin-binding
activity for binding to biotin.

[0056]  Preferably, the nucleic acid of the present invention encodes the amino acid
sequence of SEQ ID NO: 4. More preferably, the nucleic acid of the present invention
includes the nucleotide sequence of SEQ ID NO: 3.

[0057]  Vector containing nucleic acid of the present invention

The present invention provides a vector contamming a nucleic acid encoding a
modified TM2 protein, preferably an expression vector for expressing a modified T™M2
protein.

[00581  The nucleic acid encoding the modified TM2 protein of the present invention is as
described in the section “Nucleic acid encoding modified TM2 protein”™, which can be used
without limitation. 1t is desirable that a promoter functioning in a desired host and a
terminator be placed upstream and downstream. respectively. of the nucleic acid encoding the
modified TM2 protein.

[0059]  The vector of the present invention is preferably an expression vector. The
expression vector includes a unit for replication in a desired host, for example, a replication
origin, and may include a drug-resistant marker gene for selecting a desired host cell, in
addition to an expression unit (promoter. modified TM2-encoding region, and terminator) as
described above.  Anv host can be used without limitation, and preferred is £ coli. The

CXPTESSIon vector ay contain an appropriate expression regulatory svstem such as a lactose



repressor system in £ coll.

[0060]  Modifted TM2-immobilized support

The present invention provides a support to which the modifiecd TM2 protemn of the
present invention is immobilized.
[0061]  Any known material constituting a support can be used, and examples thereof
include, but are not limited to. cellulose, Teflon (TM), nitrocellulose, highlv crosslinked
agarose, dextran, chitosan, polystyrene, polyacrylamide, polyester, polycarbonate,
polyamide, polypropylene, nylon, polyvinylidene difluoride, latex, silica. glass, glass fiber,
gold, platinum, silver, copper, iron, stainless steel, ferrite. silicon wafer. high density
polvethylene, polvethyleneimine, polviactic acid, resin. polysaccharides, carbon, and
combinations thereof.  Materials having a certain level of strength and stable composition
with low non-specific binding are preferred.
[0062] Examples of the shape of the solid support include, but not limited to, beads.
magnetic beads, thin films, microcapillary tubes, filters, plates, microplates, carbon
nanotubes, and sensor chips. A planar solid support, such as a thin film or # plate, mav be
provided with, for example, pits, grooves, filter bottoms. as known in the art.
[0063]  1n one embodiment of the present invention, the beads can have a spherical diameter
in the range of about 25 nm to shout | mm.  In a preferred embodiment, the beads have a
diameter i the range of about 50 nm to about 10 um.  The size of the beads can be sefected
depending on specific application.
[0064]  The immebilization of the protein to the support 1s not particularly limited and can
he achieved by a known method for immobilizing a protein to a support,  Specific methad
for immobilization can be appropriately selected by those skilled in the art depending on the

type of the support.

[0065]  The method for heat purification for moditied TM2
Furthermore, the present invention provides a method for heat purification of the
modified TM2Z protemn of the present mvention.  The modified TMZ2 protein of the present

mvention has remarkable heat resistance. which allows it to maintain the original structure
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without denaturation even 1f it was subiected to heat treatment under severe conditions
causing denaturation of most proteins,  Then, the sample containing the modificd TM2
protein of the present invention 18 subjected to heat treatment of at least 90°C for at least

10 min to collect the intact protein with no denaturation, and thus the protein can be purified.
The method including the heat treatment is used for pot only the purification of the modified
TMZ2 protein, but also used for the purpose of separation. concentration, capture, and
detection of the protein.

[0066] The condition for heat treatment herein is at least 90°C at least for 10 min,
preferably for 20 min, more preferably 30 min; preferably 95°C for 30 min, 98°C for 30 min,
99°C for 30 min; especially preferably 99.9°C for 30 min.  Specific examples of the means
for collecting the protein having no denaturation include, but not limited to, pelleting the
denatured protein by centrifugation and collecting the supernatant, filtration, and molecular
sieve chromatography.

[0067]  The method of detecting modified TM2 using an organic solvent

Furthermore, the present mvention provides a method of purifving a biotin-linked
substance in a system containing organic solvent using the modificd TM2 of the present
invention having organic solvent resistance.  The method of the present invention includes
the following steps:

h contacting the modificd TM2-hinding support with a biotin-linked substance
whereby the biotin-linked substance is bound to the support;

2) washing off contamiants which are not bound to the support with a solution
containing 60% to 809% of aprotic polar solvent:

3} collecting the biotin-linked substance which is bound 1o the support.  The method
inciuding the washing process using aprotic polar solvent can be used for the purpose of not
only purtfication but also separation, concentration, capture, and detection of the biotin-
linked substance.

[0068]  The term “biotin-linked substance”. as used herein, refers to a substance which s

linked to biotin either directly or indirectlv.  Direct linking between biotin and a substance
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can be achieved by covalent bonding.  Indirect linking between biotin and a substance can
be achieved by establishing a further linkage between the substance and a ligand covalently
attached to biotin, through covalent bonding, ionic bonding, hydrogen honding or
hydrophobic mteraction.  Specitfic examples of indirect linking include conjugation of an
antigen molecule using a biotinylated antibodv through antigen-antibody reaction,

[0069]  For example, in the case where the desired protein antigen is purified. an analyte
containing the protein antigen is firstly incubated in an appropriate buffer solution with a
biotinylated antibody capable of specifically binding the protein antigen.  Antibodyv
biotinvlation can be achieved, for example, with a kit commercially available from Picrce or
other manufacturers.  Then, the modified TM2-attached solid support (e.g., magnetic beads)

of the present invention is added and mixed.  The complexes of (protein antigen)—(biotin-

and the supernatant is removed. followed by washing with an appropriate buffer solution
containing aprotic polar solvent.  The magnet is then removed and the complexes are
suspended in a desired buffer solution to complete purification of the protein antigen.  Thus,
the method of the present invention enables washing in a buffer solution containing aprotic
polar solvent to allow for effective purification of the protein antigen with reduced
CONtaminants.

[0070] The concentration of aprotic polar solvent in the solution used for washing herein
ranges from at least 60% to 80%, preferably from 635% to 75%. more preferably 70%.
Preferred aprotic polar solvent is dimethvisulfoxide.

[071F TM2 N115C of the present invention, which has high resistance to
dimethvlsulfoxide, can be used for the reaction with such a biotinviated substance as a lipid-
containing one that has low water solubility and is only soluble in high-concentration (60% 1o
807 dimethylsuifoxide,

EXAMPLES

[0072] 1. Design of modified tamavidin 2 directed to the improvement in heat resistance

A TM2 NTI5C matant, which was formed by replacing N115 in tamavidin 2 with
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cystemne (Cys), was designed.
{0731 2. Construction of a modified tamavidin 2 gene and its expression in £ coll

2-1. Gene construction

PCR was performed using a plasmid (TM2/pTre99A) (WOO2/072817), ie., a
tamavidin 2 gene incorporated into an expression vector for £, coli (pTrc99A), as a template.
The sequences of the primers (SEQ 1D NO: 5 to SEQ 1D NO: 8) used are shown in Table 1.
[0074] {Table 1]

[Table 1} Primers for constructing TM2 N113C gene

Name Sequence (5-31) Length

Tm2NtermPci AAA ACATGT CAGACGTTCAATCTTC 2Smer (SEQ ID NO: 5)
Tm2CtermBam  TTT GGATCC TTACTTCAACCTCGGTGCG  28mer (SEQ ID NO- 6)
TM2NIISCFW  CTTGTGGGGtarGATTCGTTT 21mer (SEO 1D NO: 7)
TM2ZNTISCRY  AAACGAATCacaCCCCACAAG Ymer (SEQ 1D NO: §)

Underlined segments indicate restriction enzyme sites, and bold italic segments
indicate the start and stop condons.  Replaced condons are shown in lowercase letters.
[0075] TM2N115C

PCRs were performed, with a plasmid TM2/pTrc99A containing TM2 as 4 template,
and a primer combination of Tm2NtermPci and TM2 N115C RV or a primer combination of
Tm2CtermBam and TM2 N115C FW separately.  The obtained product was subjected o
agarose gel electrophoresis on low melting point agarose and purified from the gel.  The
second PCR (overlapping PCR) was performed with a primer combination of Tm2NtermPci
and Tm2CtermBam using the two puritied PCR products as the templates.  PCR was
performed in 50 pL reaction solution containing plasmid, 10 x PyroBest butfer (TaKaRa)

(5 phy. 2.5 mM dNTPs (4 ully, primers {cach 25 pmoles), PvroBest DNA polymerase
(TaKaRa) (0.5 ply under the following conditions: [ cycle of 967C for 3 min: 15 cycles of
96°C for 1 min, 55°C for I min. and 72°C for I min: and 1 ¢yele of 72°C for 6 min.

[0076] The resulting PCR product was cloned into the vector pCR4 Blunt TOPO

Plasmid was introduced into E. coli TB1 by electroporation and the plasmid

{Invitrogen)

DNA was extracted in a usual manner (Sambrook et al., 1989, Molecular Cloning, A



laboratory manual, 2nd edition) to determine the nucieotide sequence of the PCR product
from bath ends.
[0077]  The clone confirmed to contain the desired mutation was digested with Peil and
BamHI and subjected to electrophoresis on low melting point agarose to be purified,  The E.
coll expression vector was prepared by digestion of pTrc99A with restriction enzymes, Neol
and BamHI.  The DNA fragments and the vecor which were treated with the restriction
enzyvmes were ligated with a Ligation kit {Takara).  The ligation product was transformed
into . coli BL21 and clones containing inserted genes were determined by colony PCR to be
used in expression experiments,
[0078]  2-2. E. coli expression

A single colony of £, coli incorporating tamavidin 2 and the tamavidin 2 mutant
prepared as described above was inoculated into a LB medium containing antibiotic
ampicitline (final concentration: 100 ug/ml ), and cultured with shaking at 37°C overnight.
The product was then inoculated mto a LB medium containing ampicilline. and cultured at
37°C for 2 hours, followed by addition of isopropyl-B-D{-}-thiogalactopyvranoside (IPTG) up
to a final concentration of 1 mM to induce expression, and cultured for additional 5 to 6
hours.
[0079]  The cells are then collected by centrifugation. and suspended in 50 mM CAPS
(pH 12) containing 50 mM NaCl.  The suspension was sonicated, followed by
centrifugation, and Z-iminobiotin agarose (SIGMA) was added to the resulting supernatant.
The mixture was adjusted to pH 12 with NaOH. and incubated at room temperature.  The
mixture was packed in an open column and the column was washed well with 10 column
votumes of 30 mM CAPS (pH 12) containing 500 mM NaClL  The protein was then cluted
with 5 column volumes of 50 mM NH,OAc (pH 4}, The eluted fractions were dialyzed in
0.1 M HEPES (pH 7.4) containing 50 mM NaCl to be used in the following analysis.  About
14 mg of the puritied protein TM2 N115C was obtained from 300 ml of the culture medium,
The purity of the resulting TM2 NT1T15C was 95% or more.

[0080] 3. Heat resistance test of modified tamavidin 2
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3-1. Fluorescent biotin assay

The heat resistance of purified TM2 and TM2 NTISC were analysed using their
binding activity to fluorescent biotin.  Specifically, the biotin-binding ability of TM2
N115C at high temperature was compared with that of TM2 based on the property of
fluorescent biotin to lose its fluorescence intensity when bound to a biotin-binding site of a
biotin-binding protein.
[0081] Each purified protein was diluted with 20 mM KPi (pH 7) to have a concentration of
about 0.1 pg / pL and the resulting solutions were heated at room temperature, 50°C, 60°C,
70°C, 80°C, 90°C, and 99°C for 20 min, respectively.  Each solution after the heat treatment
was added in a stepwise manner in a variable amount into 130 gl assav buffer (50 mM
Na-POy4, 100 mM NaCl I mM EDTA (pH 7.5)).  These solutions were cach mixed with
50 pmol fluorescent biotin solution (biotin-4-fluorescein: Molecular probe) and allowed to
react at room temperature for 20) min, followed by measuring the fluorescence intensity at Ex
= 460 mm, and Em = 5325 nm with Infinite M200 (TECAN)Y. Furthermore, for consideration
of the effect of disulfide (5-5) binding, 100 mM DTT was added to the diluted protein
solution foliowed by being left at room temperature for 30 min.  The mixture was then
heated m the steps as described above to determine fluorescent biotin,
[0082]  As aresult, the biotin-binding activity of TM2 to fluorescent biotin declined at
907C, whereas most of the activity of TM2 N115C was maintained at 99.9°C. The
temperature at which the fluorescent intensity is reduced to 50% of that of the unheated
sample was at [east 99.97C for TM2Z N115C vs. 85°C for TM2.  The binding activity of
TM2 NTISC was maintained. although shightlv weakened, after a prolonged heat treatment at
§9.9°C for 6U min, while almost no binding activity of TMZ, avidin. and streptavidin
remained after a heat treatment at 99.9°C for 60 min.
[0083]  The activity of TM2 N115C was found to be weakened after DTT treatment at 90°C
for 20 min.  This indicates that the disulfide bond (5-5) tormed in TM2 N115C by the
newly inseried cysteine residue probabiv contributes to an improvement in heat resistance.

(00841 3-2, Binding assay with biotinylated HRP
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TM2 NITISCUTMZ, avidin, neutravidin, and streptavidin were treated at 99.9°C for |,
2,4, 10, 20, or 32 min, then were immobilized onto a microplate for hydrophobic bonding
(Sumitomo Bakelite Co., Ltd., Type H), and were further reacted with biotinviated
horseradish peroxidase (HRP) (VECTOR) to determine HRP activity,  Figure | shows the
results of the activity of the samples treated at 99.9°C for 1, 2.4, 10, and 20 min.  Figure 2
and Table 2 show the results of the activity of the samples processed at 99.9°C for 32 min.
In Figure 2, white columns represent the results of the unheated samples, and black columns
represent the results of the heat-processed samples.,
[OO85]  The results demonstrate that avidin, neutravidin, and streptavidin has almost no
detective activity after a heat treatment at 99.9°C for 32 min, whereas TM2 maintained 10 to
129% of the initial activity after such a treatment (40% of the mitial activity after a treatment
at 99.9°C for 20 min).  Furthermore TM2 N115C maintained almost full (92% to 100%)
biotin-binding activity even after a treatment at 99.9°C for 30 or 32 min (Table 2).  The heat
resistance of TM2 NTISC is significantly higher than that of the previously reported
technologies; almost complete loss of the activity of the 1117C mutant of avidin after a
treatment at 99.9°C for 5 min (Nordlund et ab., (2003), J. Biol. Cheny., 278 2479-2483), and
a reduction of the activity of the H127C mutant of streptavidin to 20% at 953°C for 10 min
(Reznik et al. (1990}, Nat. Biotechnol., 14: 1007-1011).
[6086] [Table 2]

[ Table 2] Residual activity after heat treatment (Binding activity to biotinylated HRP)

Protein Heat treatment (99.9°C)
Experiment | }\{puunuﬂ 2
Ai%u 0 min After 32 min Jj-ké"Ie::..f") min A After 30 min
VAR o o oo T
TM2 N115C 100% 1G0% G 92%%
Streptavidin 1005 6%
Avidin 1007 3%

Neutravidin OO 3%
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10087} 4. Organic solvent resistance test of modified tamavidine 2

4-1. DMSO resistance test

Biotinylated magnetic beads were prepared by reacting NHS-PEG»-biotin
(PIERCE with Divnabeads M270-Amine (Dynal).
[0088] Each of avidin-like protein solutions of a final concentration of 25 pg/ml (TM2
N115C, T™M2, avidin, neutravidin, and streptaviding and the biotinviated magnetic beads were
mixed by inversion for 30 min at room temperature (25°C) in the presence of dimethy!
sulfoxide (DMSO) of a final concentration of 0%, 20%, 40%. 50%. 60%, 70%. 809%. and
90%. This aperation immobilized the avidin-like protein on the surface of the magnetic
beads.  The magnetic beads on which the avidin-like proteins were immobilized were
washed with 0.2% Tween 20/TBS, and were dispensed in a 96-well plate at an aliquot of
5 ul.  Biotinylated HRP (VECTOR), which was diluted into S000-fold with PBS containing
2% BSA, was added into each well in at an aliquot of 200 uL, followed by mixing with
shaking at room temperature for 1 hour. The magnetic beads were then washed to detect the
activity of HRP immobilized on the magnetic beads using [-step Ultra TMB-ELISA
(PIERCE)
[0089] Figure 3 shows the results.  Figures 3A, 3B, 3C, and 3D show the resuits of TMZ2.
TM2 NLTISC, streptavidin, and avidin. respectively.
[6090] Figure 3 demonstrates that TM2 N115C maintains the full biotin-binding ability
even in the presence of 70% DMSO, and still maintains 50% of the initial biotin-binding
abilitv even in the presence of 80% DMSO, whereas wild-type tamavidin (TM2} and avidin
lost most of the biotin-binding ability in the presence of 60% DMSO and streptavidin lost
most of the biotin-binding ability in the presence of 40% DMSO.
[0091] 5. Interaction between TM2 NT15C and biotin

Analvsis of atfinity for Biotin-Le-BSA

The mteraction of TM2 N1T13C with biotin was analvsed using a BlAcore 3000,
Table 3 shows the results of the analvsis of the interaction of Biotin-Le-BSA. TM2 NLISC

was found 1o have almost the same fevel of biotin-binding activity as TM2 because TM?2 has
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an association rate constant ka of (1.0 £ 0.3} x 10" (MA-S‘E}_, and a dissociation rate constant

kd of <5 x 10°S ! (below the detection limit of BlAcore 3006y (Takakura et al, (2009).

FEBS 1, 276: 1383-1397)

-

[0092] [Table 3]

{Table 3] Binding rate constant (ka) and dissociation rate constant (kd) of the proteins to

Protein kd (S%}

No heat treatment

TM2 N115C (7.1+2.9)x10° Below detection limit
After heat treatment (90°C, 20 min)

™2 8.4x 10" 1.5%107

TM2N115C 1.0x10° Below detection limit

[0093]  Analysis of affinity for Biotin-Lc-BSA of protein after heat treatment

The test using fluorescent biotin suggests that the fluorescent biotin-binding activity
of TM2 N115C does not decrease after 4 heat treatment at 90°C for 20 min, whereas the
fluorescent biotin-binding activity of TM2 decreases.  Then the affinity for Biotin-Lc-BSA
of the protein after the heat treatment was determined.  TMZ solution and TM N115C were
each diluted into about (L6 mg/ml. (20 mM KPi (pH 7). Each solution was heated at 90°C
for 20 min to be subjected to centrifugation at 15000 rpm at 4°C for 10 min.  The
supernatant was collected and the concentration was determined by Azgy, and then the affinity
for Biotin-Loc-BSA was analysed using BIAcore in the same manner as deseribed above,
[0094]  Table 3 shows the analvtical results of the interaction after the treatment at 90°C
with the Biotin-Le-BSA obtained with BlAcore.  TM2 N115C exhibits no decrease in the
affinity for biotin even after the treatment at 90°C. whereas TM2 exhubits a decrease in the

affinity for biotin after the treatment at 90°C.
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CLAIMS

1. A maodified biotin-binding protein comprising an amino acid scquence represented
by SEQ 1D NO: 20 an aminoe acid sequence having one or more amino acid mutations in the
amino acid sequence of SEQ D NO: 2, or an amino acid sequence having an identity of not
less than 8% to the amino acid sequence of SEQ 1D NO: 2 and having biotin-binding
activity, wherein an asparagine residue at position 115 of SEQ ID NO: 2 is replaced with
cvsteine,

2. The moditied biotin-binding protein according to Claim 1. wherein the modified
biotin-binding protein maintains biotin-binding activity of not less than 75% after a heat
treatment at 99.9°C for 30 min, compared with that of before the treatment.

3. The modified biotin-binding protein according to Claim 1 or Claim 2, wherein the
modified biotin-binding protein maintains biotin-binding activity of not less than 50% afier a
treatment in 60% aprotic polar organic solvent for 30 min, compared with that of before the
treatment.

4. The modified biotin-binding protein according to Claim 3, wheretn the aprotic polar
organic solvent is dimethyi sulfoxide.

5. The modified biotin-binding protein according to any one of Claims 1 to 4, wherein
the modified biotin-binding protein comprises an amino acid having an identity of not less
than 90% to the amino acid sequence of SEQ ID NO: 2.

6. The modified biotin-binding protein. wherein an asparagine residue at position 115

of SEQ 1D NO: 2 is replaced with cvsteine (TM2 N115C).

7. A support Lo which the protein according to any one of Claims 1 to 6 is immobilized.
3. A nucleic acid encoding the protein according to any one of Claims 1 to 6.

4. A vector containing the nuclete acid sccording to Claim 8.

10. A method for separation, concentration. capture, purification, and/or detection of the

protein according to any one of Claims | to 6, which comprises the following steps:

Ly heat-treating a sample containing the protein at a temperature of at least 90°C for
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at teast 10 min; and

2} collecting the protein which does pot receive heat-denature in step 1) to thereby
separate, concentrate, capture, or purify the protein, and/or detect the substance.
11 A method for separation, concentration, capture, purification and/or detection of a
biotin-tinked substance, which comprises the following steps:

1} contacting the support according to Claim 7 with a biotin-linked substance,
whereby the biotin-linked substance s bound to the support:

2y washing off contaminants which are not bound to the support with a solution
containing 60% to 80% of aprotic polar organic solvent; and

3} collecting the biotin-linked substance which is bound to the support to thereby
separate. concentrate, capture or purify the substance and/or detect the substance.
12. The method according to Claim 11, wherein the aprotic polar organic solvent is

dimethyl sulfoxide.



SEQUENCE LESTING
<110 JAPAN TOBACCO INC.
120> HModified Tamavidin
<130> FAO3IGZ-1T161

<50y P 207G-253776
CI81>  2016-12-28

<160 8

CALIPI

(220> 426

(212> DNA

213> Pleurotus cornucopiae

220y

ity LDS

cpezy o (i), (426)
223y

L4067 1

atp tca gac gtt cas tct tea cte ace ggpa

Met Ser Asp Val Gin Ser Ser Leu Thr Gly
1 5 1

act tgg tac aat gaa cic 48
The Trp Tyr Asn Glu Leu
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