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DESCRIPTION

MODIFIED TAMAVIDIN

TECHNICAL FIELD

[O001]  This application clatms 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

{00031 Avidin is a hasic glveoprotein derived from egg white and strongly hinds 10 hiotin
(vitamin M} Streptavidin is an avidin-like protein derived from Actinomycefes
(Streptomyees ovidiniiy and has a near-neutral isoelectric point and does not have a sugar
chain.  Both proteins formy tetramers, and the molecular weights thercof are about 60 kia.
The tetramer is formed by weak bonds between dimers, while the dimers arc composed of
strongly bonded monomers.  Avidin and streptavidin have the property that one monomer
thereof binds to one biotin molecule.  Avidin and streptavidin cach have significantly high
affinity (Kd = 10 “to 107" M) 1o biotin. and the affinity is one of the most strong
interactions hetween two biomolecules.  Accordinglv, avidin/streptavidin-biotin interaction
has been widely used in the fields of biochemistry. melecular biology. and medicine.
(00041 Biotin has a small molecular weight of 244 and is stable to a change in pH and heat
and, thercfore. is commonly used for fabeling substances.  In a method of biotinviation.
chemically maodified biotin is bound 10 a functional group of o target compound.  Such
hiotinvlating reagents are commuercially available and can be used (0 bintinvlate compounds
such as protein and nucleic acid.  In one of the methads of hiotinvlation of proteins. a fusion
protein of 4 target protein and a sequence that can be biotinviated by hiotin ligase in a Hving
hody is expressed as a recombinant protein, and the resulting fusion protein can be
biotinylated by the biotin ligase in 4 host cell.

TOO0OS] The present inventors have discovered tamavidin T and tamavidin 2. which are novel



avidin-tike bigtin-binding proteins. in an edible mushroom, Prenrotus cornucopiac
(WO02/072817).  Tamavidin | and tamavidin 2 can be expressed in a large amount in
Escherichia coli.  In particular. tamavidin 7 can be easilv prepared by purification using an
iminobiotin column (WOO2/072817).  Tamavidin 1 and tamaevidin 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-specific binding 15 less than that of avidin,

(006]  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 B5°C, respectively (Takakura et al. 2009 PEBS J 2760 1383-1397).

[0007]  For expanding industrial applications, however, attempts to further enhance the heat
resistance of avidin and streptavidin have been being made.  Rezaik et al,, (1996) reported
streptavidin (Nat. Biotechnol., 14: 1007-1011)  Aiming to strengthen the weak bond
between the dimers of streptavidin, they mutate a hvstidine (His) residue at position 127 inio
cysteine {Cys) through genetic engineenng 10 construct a heat-resistant disulfide-linked
dimer of streptavidin mutants.  The mutant maintained about 707% 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 (3. Biol. Chem. 278: 2479-24&3) reported heat
stabilization of avidin: they have genetically engineered various forms of disulfide bonds

between avidin subumits W increase heat resistance. The restdual biotin-binding activity of
avidin was almost zero after a treatment at 99.9°C for 2 min. while the activity of 1117C
(modificd avidin i which isoleucine at position 117 in avidin 18 replaced with cvsteine) was
a little more than 30%. and the activity of DESCHO6CTH 17C (modified avidin in which

i

aspartic acid residue at position 86 and oleucine residues at positions 106 and 117 in avidin

Lo ¢k

are replaced with cysteine residues. respectivelyvy was a littie fess than 30%.
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[0009] Furthermore, Hytonen 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
AVR4 (protein encoded by Avidin-related gene 4) having higher heat resistance than avidin
was formed to create an avidin mutant ChiAVD (I117Y), which exhibited increased residual
biotin-binding activity of up to 98% after a treatment at 99.9°C for 32 min (residual activity:
4% for 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 E.
coli expression system, whid} 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 into practical
application.
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SUMMARY OF INVENTION
TECHNICAL PROBLEM
f0013] The problem to be solved by the present disclosure is to provide a modified
tamavidin 2 which can be expressed highly in a soluble form in E. 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 to solve the foregoing
problems, have successfully obtained a modified tamavidin 2 which is highly expressed in a
soluble form in E. coli 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
disclosure.
[0015] Specifically, in the present disclosure, a modified biotin-binding protein, which has
increased heat resistance strong enough to maintain the biotin-binding activity after a
treatment at 99.9°C for 32 min, is obtained by replacing the 115th asparagine residue in the
amino acid sequence (SEQ ID NO: 2) of native tamavidin 2 (hereinafter may be referred to as
“TM2” in this specification) with cysteine (SEQ ID NO: 4) This modified tamavidin 2 had
also improved resistance to aprotic polar organic solvent.
[0015a] In an aspect, there is provided a method for separation, concentration, capture,
purification and/or detection of a biotin-linked substance, which comprises the following
steps:

1) contacting a support, to which a modified biotin-binding protein is immobilized,
with a biotin-linked substance, whereby the biotin-linked substance is bound to the support;

2) 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; wherein

the modified biotin-binding protein comprises an amino acid sequence represented
by SEQ ID NO: 2 or an amino acid sequence having an identity of not less than 95% to the
amino acid sequence of SEQ ID NO: 2, and has biotin-binding activity, provided that the
modified biotin-binding protein has an asparagine residue at position 115 of SEQ ID NO: 2
replaced with cysteine, 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.
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[0016] Preferred Embodiments of Present Disclosure

The present disclosure includes the following preferred embodiments.
[Embodiment 1]

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

[Embodiment 2]

The modified biotin-binding protein according to embodiment 1, Wﬁerein the
modified biotin-binding protein maintains the biotin-binding activity of not less than 75%
after a heat treatment of 99.9°C for 30 min, compared with that of before the treatment.
[Embodiment 3]

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

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



binding activity of not less than 50% 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 dimethyl sulfoxide.
[Embodiment 5]

The modified biotin-binding protein according to any one of embodiments 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.

[Embodiment 6]

The modified biotin-binding protein, wherein an asparagine residue at position 115 of SEQ
ID 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 to 6.
[Embodiment 9]

A vector containing the nucleic acid according to embodiment 8.

[Embodiment 10]
A method for separation, concentration, capture, purification, and/or detection of the

protein according to any one of embodiments 1 to 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 10
min; and
2) collecting the protein which has not been heat-denatured in step 1) to thereby separate,

concentrate, capture, or purify the protein, and/or detect the protein.

[Embodiment 11]
A method for separation, concentration, capture, purification and/or detection of a
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bintin-linked substance. which comprises the following steps:
1) contactimg the support according (o mode 7 with a biotin-linked substance, whereby
the biotin-linked substance is bound o the support:
2) washing off contaminants which are not bound to the support with a solution
containing 60% to 80% aprotic polar organic solvent; and
R3) collecting the biotin-linked substance which is bound to the support to therehy
separate, concentrate, capture or purify the substance and/or detect the substance.
[Embodiment 12]

The method according to embodiment 11, wherein the aprotic polar organic soivent
is dimethvl sulfoxide.
ADVANTAGEOUS EFFECTS OF INVENTION
[0017] The presentinvention provides modified 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 bigh heat resistance. can be purified by, for example, thermal
purification.  The modified TMZ also exhibits enhanced resistance to aprotic polar organic
solvent.  The modificd TM2 of the present invention having resistance to organic sotvent
can be washed with a solvent such as dimethyl sulfoxide to suppress non-specific adsorption
during the separation and purification of biotin-tinked substances.  Furthermore. the
modified TM2 of the present invention can also be used. for example, in systems for
immobilizing or detecting substances in organic solvents.
BRIEF DESCRIPTION OF DRAWINGS
[0018] Figure 1 1s a graph showing the biotin-binding ability afier heat treatment of the
modified TM2 NTESC of the present invention, TM2. and various avidin-like proteins
{streptavidin, aviding and neutraviding. - The heat treatment was carried out at 99.9°C for 1.
204 1 and 20 min.

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

99.9°C for 32 min of modifted TM2 NTISC of the present invention. TM 2. and various



avidin-like protems (streptaviding avidin, and neutraviding.

Figure 3 is a graph showing the iotin-binding abilitv of modified TM2 N{I5C of
the present invention. TMZ, and various avidin-Tike proteins (streptavidin and avidin) after
being mixed with biotinviated magnetic beads in the presence of dimethvl sulfoxide.  They
were mixed with various concentrations of dimethyt sulfoxide for 30 min,

DESCRIPTION OF EMBODIMENTS

{00191 Preferred embodiments for implementing the present invention will be deseribed
below.

10020]  Tamavidmn

Tamavidim is a novel biotin-binding protein discavered in an edible mushroom,
Basidiomveete, Pleurotus cornucopiae (WOU2072817). This reference states that;

- tamavidin | and famavidin 2 have an amino acid homology of 65.5% and strongly bind to
biotin;

- tamavidin 218 highly expressed inoa soluble fraction of £, coli; and

- culture of E. coli for expressing tamavidin 2 for 4.5 hours gives about 1T myg of a highly pure
recombinant proicin for 50 mi of a culture medium.  This is a significantly high value
compared to those of avidin and streptavidin known as biotin-binding proteins,

(00211 Throughout the specification. the term “tamavidin 27 refers (o tamavidim 2 (TM2) or
a mutant thereot.  The present invention provides modified TM2 that has enhanced heat
resistance hy modifying a specific amino acid residue of TMZ or a mutant thercof,
Throughout the specification, “tamavidin 27 and “TMI7 refer to wild-type TM2 and mutants
cunless specificaily mentioned. However, depending on the context, thev may be
used as general ferms of wild-type TM2, its mutants, and modified TM2 of the present
invention.  In addition, T™M2. which shows biotin-binding atfinitv. may he referred to as
“bhiotin-bindimg protein” throughout the specification.

(0022} Specificallv. TM2 (wild-~type) mav be typicallv a protein comprising the amino acid
sequence represented by SEG D NO: 2 or a protein encoded by nucleic acid including the

eotide sequence represented by SEOQ D NO: T Alternativelv. TM2 may be a protein

f"'(



that 1s a mutant of the proteir comprising the aming acid sequence represented by SEQ 1D
NO: 2 or of the protein encoded by the nucleic acid comprising the nucleotide sequence
represented by SEOQ D NO: T and has biotin-binding activity similar to that of tamavidin 2.
The mutant of TM2 mav 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 1D NO: 2 The substitution may be conservative substitution,  The conservative
substitution refers to the replacement of a specitic amino acid residuce with any residue
having similar physicochemical characieristics,  Nonlimiting examples of the conservative
substitution include substitution between amino acid residues contaning aliphatic groups,
such as mufual substitution among lle. 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.

[(6023] 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 (c.g..
sec Nucleie Acid Rescarch, Vol T3 Noo 20, pp. 6487-65000 1982, the entity thereot is
incorporated theremn by reference) to a DNA encoding a wild-type protein. - Throughout the
specification, the term “one or more amino acids”™ 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 may refer to one or several
4mMIno acids in SOme Cascs.
[(0024] TM2 of the present mvention includes, but not limited (o, a protein compaosed of an
amino acid sequence having deletion, substitution, insertion. and/ur addition of 1 to 10 aming
actds, preferably 9 or ess, 7 or fess, 5 or Tess, 3 or less. 2 or less. more preferably one aming
acid or less tn SEQ D NO: 2 and having biotin-binding activity

(00251 In the presentinvention, for example, tamavidin with high binding and low
nonspecitic binding abthity (WO2010/01885Y5 can be used without Hmitation as a TM2
mutant.  Examples of the wumavidin 2 mutant may be: a biotin-binding protein comprising

an amino acid sequence represented by SEG D NO: 20an amino acid sequence having one to
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several amino acid mutations in the sequence represented by SEQ HY NO: 2, or an amino
acid sequence having an identity of not less than 809% to the scquence represented by SEQ 1D
NO: 20and having g biotin-hinding activity. wherein one or more residue(s) selected from the
group consisting of:

1} an arginine residuc at position 104 of SEQ ID NO» 2;

7y a lysine residue at position 141 of SEQ ID NO: 2;

3Y a lysine residue at position 26 of SEQ 1D NO: 20 and

4y a lysine residue at position 73 of SEQ 1D NO: 2
is replaced with an acidic aming acid residue or 4 neutral amine acid residue.

100261 More preferably. the bictin-binding proteinray be selected from the group
consisting of:

a biotin-binding protein (RIG4E-K141E) in which the arginine residue at position
164 of SEQ 1D NG: 2 1s replaced with glatamic acid residue. and a lvsine residue at position
141 is replaced with a glutamic acid residue;

a biotin-binding protein (DA0N-R 104K} in which the aspartic acid residue at
position 40 of SEQ 1D NO: 2 is replaced with asparagine residue. aud an arginine residue at
position 104 is replaced with a glutamic acid residue:

a biotin-binding protein (D40N-K141E} in which the aspurtic acid residue at
position 40 of SEQ 113 NO: 2 is replaced with asparagine residue. and the lysine residue at
pasition 141 1s replaced with glutamic acid residue: and

a biotin-hinding protein (DAON-RI04E-K141E) in which the aspartic acid residue at

position 40 of SEQ 1D NO: 2 s replaced with asparagine residue. the arginine residue at

position 104 is replaced with glutamic acid residue. and the fysine residue at position 141 is
replaced with glutamic acid residuc.

[0O27] The site-directed mutagenesis can be performed, for example, with a svathetic
oligonucleatide primer that is complementary to a single-strand phage DNA to he mutated,
except for a specific mismatch. e, a desired mutation.  Specificallv. the synthetic

oligonucieatide is used as a primer to synthesize a strand complementary to the phage. and a
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host cell is transformed with the resulling double-strand DNA. The fransformed hacterial
culture is plated on agar to form plaques from phage-containing single cells.  As a resuli. in
theary. 30% of the new colonies contain phages having the mutation i & single strand. while
the remaining S0% have the original sequence.  The resulting plaques are hyhridized with a
svnthetic probe labeled by kinase treatment at a temperature that allows for hvbridization
with DNA completely identical to one having the above desired mutation. but not with DNA
having the original strand.  Subsequently, the plagues hvbridized with the probe are picked
and cultured o collect the DNA.

(00281 Examples of the method of introducing deletion. substitution. insertion and/or
addition of one or more armino acids i 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 method that mvolves selective cleavage of the gene. removal, substitution,
insertion or addition of the sclected nucleotide, and then ligation of the cleaved fragments, in
addition to the above-described site-directed mutagenesis,.

{00297 The TMZ2 mutant may 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, 98% or more, or 99% or more, and more preferably 9929 or more amino acid jdentity
1w the amino acid scquence of SEQ 1D NO: 2 and having a biotin-binding activity similar to
that of TM2.

{00301 The percent identity between two amino acid sequences may be determined by
visual inspection and mathematical caleulation.  Alernatively, the percent identity between

two protein sequences may be determined through comparison of sequence information using

a GAP computer program available from the University of Wisconsin Genetics Computer
Group (UWGCG) based on the algorithm by Needieman. S0 B, and Wunsch, C. 1. (7. Mol
Biol. 48: $483-433, 1970y Preferred default parameters of the GAP program mclude: (1)
seoring matrix: blosum6? as deseribed in Henikoffl S0 and Henikoff. 1. G (Proc. Natl, Acad.

Scic USAL 89 10975- 10919, 1992y (2 12 gap weights: (31 4

o

r;cf

ap length weightsnund (4) no

penalty for terminal gaps.



[0G31]  Anv other program used by those skilled in the art mayv also be ased for comparison
of the sequences.  The percent Wentity can be determined by, for example. comparison with
A

g a BEAST program described i Altschul et al., (Nucl, Acids

[=

the sequence information usin
Res., 25 pp. 33893402, 1997).  This prograny is availabic from the website of National
Center for Biotechnology Information (NCBI) or DNA Data Bank of Japan (DDBJ) on the
Internet.  The conditions (parameters) for identity scarch by the BLAST program are
described in detail on these sites.  Although these parameters can be partially modified it
necessary. search is generally carried out with the default values.  Alternativelv. the percent
identity between two amino acid sequences mav be determined using a program such as
netic informuation processing software GENETY X Ver. 7 (available from Genetyx
Corporation) or FASTA algorithm, whercin 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 caleutation or preferably through comparison of sequence
information using a compufer program. A typical preferred computer program is a version
10.0 program “GAFP”, Wisconsin package of Genetics Computer Group (GCG, Madison,
Wisconsin} (Devereux, ot ab, (1984, Nuch Acids Res. 2: 3873, The use of the "GAP”
pragram enables comparison between two amino acid sequences and comparison between 4
nucleotide sequence and an amino acid seauence. in addition to comparison of two nucleotide
sequences.  The preferred default parameters for the “GAP” program include: (1) the GCG

implementation of a2 unary comparison mafrix (containing a value ~17 for identities or “07 for

non-identities) for nucleotides, and the weighted amine acid comparison matrix of Gribskov
and Burgess. Nucl. Acids Res. 14 0745, [986, as described In Schwartz and DayhofT, eds..
“Atlas of Polypeptide Sequence and Structure,” National Biomedical Rescarch Foundation.

pp. 353-358. 1979, or other comparable comparison matrices: (2) a penalty “3G7 for each gap

for amine acids and an additional penalty 717 for cach svmbol in cach gap, or a penalty 507

T

for cach gap for nucleotide sequences und an additional penaley 737 for each svmbol in cach

vap: {3) no penalty for end gaps: and (43 no maximum penalty for long gaps. Other
gap 1.2 I 4 2



seguence comparison programs uscd by those skilfed in the art can also be used. For

3

Medicine (US) websiter http:/rwww nebinim.nih.gov/blastblZseq/bis.htmi, or the UW-
BULAST 2.0 algorithm can be used.  Setting of the standard default parameters for the UW-
BLAST 2.0 1s described at the following Internet site: http://blastowustledu.  In addition, the
BLAST algorithm uses the BLOSUMOG2 amino acid scoring matrix, and optional purameters
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 brased regions in sequence databases.” Methods Enzymol..
266: 544-71} or segments consisting of short-periodicity internal repeats (determined by the
XU 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 (Karlin and Altschul, 1990} 1f the statistical signiticance 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 n order of mereasing preference, 6.25, 0.1, 0.05. 0.01, 0.001, 0.0001, 1e-5.
tee 10, le-15, 1e-200 Te-250 Te-30), Te-40. 1e-30. 1e-75, or le-108.
{00331 The TM2 mutant may also be a protein encoded by a nucleic acid comprising a
nucleotide sequence which bybridizese with the complementary strand of the micleotide
sequence of SEQ 1D NO: | under stringent conditions and having hinding activity similar to
that of TM2.
[G034]  As used herein. the werm “under stringent conditions™ refers w that hybridization
occurs under moderately or highlv stringent conditions.  Specificatly. moderately stringent
conditions can be readily determined by those having ordinary skill i the art, e.g.. on the
basis of the length of DNAL The basic conditions are set forth by Sambrook. ¢t al..
Muoiecular Cloning: A Laboratory Manual. 3rd edition, chapter 6. Cold Spring Harbor

Laboratory Press, 2001 and include the use of a prewashing solution of 3xSSC. 6.5% SDS.



and 1O mM EDTA (pH 8.0V, hyvbridization conditions of about 50% formamide. 2xS5C 10
OxSSCL preferably Sx8SC 10 6XSSC and G.5% DS at about 42°C (or other similar
hvhridization solutions. such as Stark’s solution. it about 30% formamide at about 42°C
and washing conditions of. for exarnple. about 307C to 68°C. 0.1 10 6%8SC, and (.19 SDS.
Preferably. moderately stringent conditions include hybridization conditions (and washing
conditions} at about 507C. 6x8SC. and 0.5% SDS. Highly stringent conditions can alsu be
readily determined by those skilled in the art. c.g., on the basis of the length of DNA.
[0035)  In general. such highly stringent conditions mclude hvbridization at higher
temperatures and/or lower salt concentrations than the moderately stringent conditions (for
exarple, hybridization in the presence of about 0.5% of SDS at about 65°C. with 6xS8C ¢
0.2x58C. preferably 6x55C, more preferably 2x8SC, more preferably 0.2xSSC or 0.1%8SC)
and/or washing, and also include the hybridization conditions defined above with washing at
about 65°C to 6B7C, 0.2x5SC or D.IxSS5C, und 0.19% SDS. With regard to the buffer
solution for use 1o hybridization and washing, SSPE (1xSSPE: .15 M NaCl, 10 mM
NaH-POy, and 1.25 mM EDTA pH 7.4 can be substituted for SSC {(1=SSC 0015 M Na(l
and 15 mM sodium citrate.  The washing 18 performed for about 15 min to 1 hour after
completion of the byhridization.

[0036) A commercially available hybridization kit including a probe that is not a
radicactive substance can also be used.  Specifically, hvbridization with an ECL direct
labeling & detection svstem (manufactured by Amersham) is available.  For example.
stringent hvbridization is performed vsing the hybridization buffer included in the kit 1o
which a blocking reagent and NaClare added in concentrations of 5% (w/vyand 0.5 M,
respectively. under the following conditions: at 42°C for 4 hours and washing twice in ().4%
SDS, 0.5xS8C at 55°C for 20 min and ance in 2xSSC at room temperature for 5 min.
{0037} The biotin-binding activity of a TM2 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 assav svstem utilizing a property

that the fluorescent mtensity of fhuorescent 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-hinding
activity of a mutant protein aiso can be evaluated using a sensor that can measure the hinding
between the protein and biotin, such as a biosensor. e.g., BlAcore, hased on a surface
plasmon resonagce principle.  Alternatively. the activity can also be evaluated by other
methods. e.g.. a method usimg HABA (2-(47-Hydroxvazobenzene) Benzoic Acidyor a

method using biotinvlated HRP (horse radish peroxidase).

[0038] Modified tamavidin of the present invention having improved heat resi

The modified TM2 of the present invention is a protein comprising an amino acid

sequence represented by SEQ ID NO: 2, an amino acid sequence having one or more aminG
acid mutations in the sequence represented by SEQ 1D NO: 2, or an amino acid sequence
having an identity of not less than 80% to the sequence of SEQ 1D NO: 2, and maintaining
the structure of protein, preferably having bition-binding activity, wherein an agparagine
residue at position 115 of SEOQ ID NO 2 is replaced with cysteine.
[0039]  Furthermore, the modified TM2 of the present invention is characterized in that the
amino acid residue corresponding to asparagine residue at position 115 of SEQ ID 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.
00411 A gene was prepared by designing a mutant in which N11S of tamavidin 2 was
repluced with cysteine (Cys). This gene was inserted into an expression vector, and was
expressed in £, coli. The expressed mutant {TM2 N1TISC) as soluble protein was expressed
at & high level, ke tamavidin 2 (TM2). Purification by affinity chromatography on
iminobiotin agarose was conducted o give about 14 mg of TM2 NTISC from 300 mi. of
culture micdium.
(004217 The prepared modified tamavidin 2 was analvsed as follows,

[0043]  The biotin-binding activity of the purified TM2 N115C was determined by BlAcore

o)

{the analvser for interactions of biological samplesy. The results demonstrated that the TM2

N115C had a significantly strong biotin-binding activity at the same level as the T™M?2



Furthermore, the THM2 NI M2 avidin, neutravidin, and streptavidin were treated at
99.9°C for 30 10 32 min, were immobilized on g microplate. and were reacted with the

biotinylated Horse Radish Peroxidase (MRPY to determine their FIRP activity,  The results
showed that, while almost no activity was detected for avidin, neutraviding and streptavidin,

TM2 retained 12% of its 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 aciivity
v ) p g k

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
{Nordland et al.. (2003} 1. Biol. Chem., 278: 2479-2483). and that the activity of the H127C
mutant of streptavidin is reduced to 20% at 95°C for 10 min (Revnik et al. (1996}, Nat.
Biotechnol. [14: 1007-1011y. This heat resistance is comparable to that of the above-
deseribed avidin mutant. ChiAVD (1117Y) constructed by chimerization of avidin (Hytonen
et ab., (2005), J. Biol. Chem., 280: 10228-10233).

[0044]1 Throughout the specification. “tamavidin 2 (TM2)7 is as already defined above.
(00451 Such modified TM2 maintains the structure of protein even after the heart treatment.
The modified TM2 of the present invention preferably maintains 75% or more. 80% or more,
muore preferably 85% or more, 90% or more, 92% or more. and most preferablv 95% or more
of its biotin-binding activity prior to the treatment.  The temperature of the heat treatment is
at feast 90°C or more, preferablv 93°C or more, 957C 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 wmperature of the heat
ircatment 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 pre
{00467 Furthermore, even atter the treatment 13 an aprotc polar organic solvent, such

modified TM2 maintains at least 30% of the biotin-binding activity prior to the treatment,
The concentration of the organic solvent used in the treatment with an aprotic polar organic
solvent 1 at least 60% or more, preferably 65% or more, 70% or more. 75% or more, and

most preferablv 807%.  The unper limit of the concentration af the oreanic solvent is below
f 3 P 2

Y%, The time for the treatment in the aprotic polar organic solvent is at least 1 min.
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preferably 20 min or more. most preferably 30 min or more.  These treatments can he
carried vat at. but not hmited to. room temperature (25°C),

[0047]  Ewxamples of the aprotic polar organic solvent used berein mav include, but not
himited to, dimethyl sulfoxide (DMSOY, retrahvdrofuran (THF), acctone. 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 cven afier the heat reatment.  The term “protein
conformation” refers to secondary or higher protein structure, preferably tertiarv or
quaternary structurc.

[0049]  As used herein, the phrase “maintaining the biotin-binding activity of at feast 50%"
means that the modified TM2 of the present invention maintains the biotin activity, which is
measured after the heat treatmment 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
10G°C.

(0050} Furthermaore. preferably the modified TM2 of the present invention, which is a
protein comprising an amino acid sequence having an identity of pot less than 90% o the
aming acid sequence represented by S5EQ 1 NO: 2 and having a bictin-binding activity,
characterized in that an asparagine residue at position 115 of SEQ 1D NO» 2 s replaced with
cysteine,  Maore preferably, the modificd 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
evsteine (SEQ 1D NO: 4,

(O051] Amino acid residues that are desirably not modified in the modified TM2 of the

present mvention

The modification of amine acid residues in the modified TM2 of the present

imvention should not affect the biotin-binding abititv.  In hight of this, it is preferred that {our
tryprophan residues (W64, W80, W96 and W10} in the amino acid sequence of SEQ 1D

NO: 2 should not be modified in the mutant of tamavidin 2. although this is nonatributive.
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Alternatively, in the case where these amino acid residues are modified. the aming acids are
preferably replaced with one having a simiiar property or structure. for example.
nhenvialanine (). Furthermore, i is desirable that amine aoid residues (N4, S18, Y34,
536, 876,178, and D116) that mav nteract direetly with biotin are also not modified.
Alternatively, in the modification of these amine acid residues. the amino acids are
preferably replaced with one having a similar property or structure so as to maintain the
hinding with biotin.  For example, asparagine (N14)1s replaced with glutamme (Q) or
aspartic acid (I}, preferably aspartic acid; aspartic acid (D40) is replaced with asparagine
(NY; serine {518, 836, or $76) is replaced with threonine (T or tyrosine (Y}, preferably
threonine; tvrosine (Y34) is replaced with serine (S}, threonime (T, or phenvialanine (F),

—

preferably phenvlalanine: threonine (178} is replaced with serine (S) or tvrosine (Y.
preferably serine; and aspartic acid (DD 116} is replaced with glutamic acid (E) or asparagiae

(N}, preferably asparagine.

[0052] Method for modification of sming acid

The modifred TM2Z of the present invention can be obtained through modification of
aming acid(s} of TMZ by any known method that causes mutation in an amino acid sequence
without any particular limitation.  Preferably, modification is performed in the nucleotide
sequence of nucleic acid encoding the modified protein of the present invention.
[00531  For example, in order to modifv an amino actd at a specific position of an amino
acid sequence. for example., a method emploving PCR can be used (Higuchi. et al, (1988},
Nucleie Acid Res., 160 7351-7367: Ho. et al, (1989}, Gene, 77: 51-39). Specifically, a
desired mutant can be obtained hy POR using a primer containing ¢ mismatch codon for a
target mutation to produce DNA encoding the desived mutant and expressing the DNA,
[0054] A mutant by deletion, substitution, insertion, and/or addition of amino acid(s} can he

produced by such a known method as implementing site-directed mutagenesis in DNA

encoding a wild-type protein.

The prescut inveation provides a nucleic acid encading the modified TMZ protein of

=
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the present invention.  In the nucleotide sequence of such o nucleic acid, the nucleotide

R

NO: Ty encoding wild-type TM2 protein is modified (o a nucleotide

sequence (SE
sequence encoding the modified amino acids of the modified TM2 protein.  Any modified
nucleotide sequence thai encodes the amimo acid or amino acids after modification can be
used without imitation.  Examples of the modified nucieotide sequence include nucleic
acids having modificd nucleotide sequences for modification of the present invention,
wherein the nucleic acids are those comprising the nucleotide sequence of SEQ 1D NO: 1
(hereinafter referred to as "TM2 gene™) or those which hvhridizes 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 D NGO 4. More preferably, the nucleic acid of the present invention

includes the nucleotide sequence of SEQ 1D NO: 3.

[0057)  Vector containing nucleic acid of the present invention

The present invention provides a vector confainmg a nucleic acid encoding a

modified TMZ protein, preferably an expression vector for expressing 4 modified TM2
protein.

[0058]  The nucleic acid encoding the modified TM2 protein of the present invention 1s as
described in the section "Nucleic acid encoding modified TMZ protein™. which can be used

without mitation. It 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 TMZ prowein.

{00591 The vector of the present invention is preferably an expression vector. The
expression vector includes a unit for replication tn a desired host. for example. a replication
addition to an expression unit {(promoter. modified TMZ-encoding region. and terminator) as
described above.  Anv host can be used without limitation, and preferred is £ coli. The

CPTUSSION VECtor nlay contain an appropriate expression regulatory svsteny such as a lactose
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repressor system in £, coli.

(0064

¢ present invention provides a support to which the modified TMZ protein of the
present invention is immobilized.

H006T] Any known material constituting a suppori can be used, and examples thereof
include, but are not hmited to. cellulose, Tetlon (TM), nitrocellulose, highly crosslinked
agarose, dextran, chitosan, polystyrene, polvacryvlamide, polyester. polvcarbonate,

polvarnide. polypropviene, nvion, polyvinvhdene difluoride, latex. silica. glass, glass fiber.
gold, platinum, silver. copper, iron, stainless steel. ferrite. silicon wafer. high density
polvethylene, polvethyleneimine, polviactic acid, resin. polvsaccharides. carbon, and
combinations thereof.  Materials having a certain level of strength and stable composition
with low non-specific binding are preferred.

10062} Examples of the shape of the solid support mclude, but not limited o, beads.
magnetic beads, thin films, microcapiliary tubes. filters. plates, microplates, carbon
nanotubes, and sensor chips. A planar solid support. such as a thin film or a plate, mav be
provided with, for example, pits, groaves, tilter bottoms. as known in the art

[0063]  In one embodiment of the present invention, the beads can have a spherical diameter
in the range of about I5 nm to about [ mm.  In a preferred embodiment, the beads have a
diameter i the range of ahout 50 nm to about 10 wm.  The size of the beads can be selected
depending on specific application.

(60641 The immobilization of the protein to the support is not particularly limited and can

be achieved by a known method for immobilizing 4 protein W a support,  Specific method

for immobilization can be appropriately selected by thase skilled in the art depending on the

tvpe of the support.

(6065] The method for heat purificagon for modified TM2

Furthermore. the present invention provides a method for heat purification of the
modified TMZ protein of the present invention.  The modified TMZ protein of the present

invention has remarkuable heat resistance. which allows it to maintain the oniginal structure
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without denaturation cven if it was subjected to heat freatment under severe comditions
causing denaturation of most proteins. Then, the sample contaiping the modified TM2
protein of the present invention is subjected to heat treatment of at least 90°C for at feast

10 min to collect the infact protein with no denaturation, and thus the protein can be purified.
The method including the heat treatment 1 used for not only the purification of the maodifiec
TM2 protein. but also used for the purpose of separation. concentration. capture. and
detection of the protein.

[0066]  The condition for heat treatment herein 1s 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 Hmited to, pelleting the
denatured protein by centrifugation and collecting the supernatant. filtration, and molecular

sicve chromatography.

[0067} The method ot detecting modified TMZ using an organic solvent

Furthermore, the present mvention provides a method of purifving a hiotin-linked
substance in a systery containing organtc solvent using the modified TM2 of the present
invention having organic selvent resistance.  The method of the present invention includey

the following steps:

1) contacting the modified TMZ-binding support with a biotin-linked substance
whereby the biotin-linked substance is bound to the support:
washing off contaminants which are not hound to the support with a solution

containing 60% to 80% of uprotic polar solvent:

3y collecting the biotin-linked substance which is bound 1o the support.  The method
including the washing process using aprotic polar solvent can be used for the purpose of not

only purification but also scparation. concentration, capture, and detection of the biotn-
linked substance.
[0068] The term “hiotin-linked substance™. as used herein. refers w a substance which is

linked to biotin either directlv or indirectlv,  Direct linking between biotin and a substance
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can be achieved by covalent hbonding.  Indirect linking between biotin and a substance can
be achieved by establishing a further Hnkage between the substance and a ligand covalently
attached to biotin, through covalent bonding. jonic bonding, hydrogen bonding or
hydrophobic interaction.  Specific examples of indirect linking include conjugation of an
antigen molecule using a biotinylated antibody 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
hiotinylated antibody capable of specifically binding the protein antigen.  Antibody
biotinvlation can be achieved. for example, with a kit cornmercially available from Pierce or

other manufacturers.  Then. the modified TM2Z-attached solid support (e.z., magnetic heads’
i Vs &

-,
st
oy

of the present invention is added and mixed.  The complexes of (protein antigen)- (biotin-
modified TM2 of the present invention)-{magnetic bead) are then coagulated with a magnet
and the supernatant is removed, folowed 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 profein antigen.  Thus.
the mcthod 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 8O%. preferably from 63% to 73%. more preferably 70%.
Preferred aprotic polar solvent is dimethyisulfoxide.

[GO71) TM2 NTISC of the present invention, which has high resistance fo
dimethylsulfoxide. can be used for the reaction with such a biotinvlated substunce as a Hpid-
containing one that has Tow water solubility and is only soluble in high-concentration (60% (o
8% dimethylisulfoxide.

EXAMPLES

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

A TM2 N1TSC matant, which was formed by replacing NTES in tamavidin 2 with



cvsteine (Cys), was designed.
[0073] 2. Counstruction of ¢ modified tamavidin 2 gerne and {ts expression in £, coli

2-1. Gene construction

PCR was performed using a plasmid (TM2/pTre9YAY (WONO2/072817). e, a
tamavidin 2 gene mcorporaicd into an expression vector for £, coli {(pTrc99A). as a template.

The sequences of the primers (SEO 1D NG: 5 to SEQ D NO: 8 used are shown in Table 1.

[0074] |Table 1]

mI .um*mm
T CRGACGTOAR T TC ™ S (SEO ID NO: 5
Tm2CtermBam ) CCTTACTTCAACCTCGGTGOG 28mer (SEQ 1D KOk ¢
TM2 NTISC FW CTTGTGGGGIGATTCGTTT 2imer (SEOQ 1D NG

& Ay
et

73
TM2N1ISCRY AAACGAAT CacaCCCCACAAG Jimer (SEO 1D NO: &)

Underlined segments indicate restriction enzyme sites, and bold italic scgments
mdicate the start and stop condons.  Replaced condons are shown in lowercase feiters.
00751 IM2 NLISC
PCRs were performed. with a plasmid TM2/pTrc99A containming TM2 as a4 remplate.
and a primer combination of Tm2NtermPci and TM2 NT1SC RV or a primer combination of
Tm2CtermBam and TM2 N1ISC FW separately.  The obtained product was subjected to
agarose gel electrophoresis on low melfing point agarose and purified from the gel. The
secomd PCR (overlapping PCRY was performed with a primer combination of Tm2NtermPei
and Tm2ClermBam using the twa purified PCR products as the templates. PCR was
performed in 50 plh. reaction solution containing plasmid, 1 x PvroBest buffer (TaKaRaj
(5 pEy. 2.5 mM dNTPs (4 gL} primers {cach 25 pmolesh PvroBest DNA polywerase
(TaKaRay (0.5 pl) under the following conditions: T ovele of 967C for 3 min: 15 eveles of
967C for 1 min, S5°Cfor | mincand 72°C for § min: and 1 eyele of 729C for 6 min.
[0076]  The resulting PCR product was cloned into the vector pCRA Blunt TOPO
(Invitrogen).  Plasmid was introduced into £ coli TBI by electroporation and the plasmid

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



laboratory manual, 2nd edition) to determine the nucleotide sequence of the PCR product
from both ends.
{0771 The clone confirmed to contain the desired mutation was digested with Peil and
BamHI and subjected to clecuophoresis on low melting point agarose to be purified.  The £
coli expression vector was prepared by digestion of pTrc99A with restriction enzvmes, Neol
and BamHI. The DNA fragments and the vecor which were treated with the restriction
enzymes were Higated with a Ligation kit (Takara).  The ligation product was transformed
into £. coli BL21 and clones containing inserted genes were determined by colony PCR 1o be
used 11 eXpression expernments,
[GO78]  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 antbiotic
ampicilline (final concentration: 100 pg/ml.), and cultured with shaking at 37°C overnight.
The product was then inoculated info 2 LB medium contaming ampicilline. and cultured at
37°C for 2 hours, followed by addition of isopropvl-B-D(-j-thiogalactopvranoside (IPTG up
t a final copcentration of T mM to induce expression. and cultared for additional 5 to 6
hours.
(00791 The cells are then collected by contrifugation. and suspended in 50 mM CAPS
{(pH 12} containing 50 mM NaCL  The suspension was sonicated. folfowed by
centrifugation, and 2-iminobiotin agarose (STGMA) was added to the resulting supernatant.
The mixture was adjusted o pH 12 with NaOH. and incubated at room temperature.  The
mixture was packed in an open column and (he column was washed well with 10 column
volumes of 50 mM CAPS (pH 12} containing 500 mM NaCl. The protein was then eluted
with 5 column volumes of 50 mM NHLOAc (pH 4y The eluted fractions were dialyvzed in
0.1 M HEPES (pH 7.4) containing 30 mM NaCl to be used in the following analysis.  About
L mg of the purified protein TM2 NTESC was obtained from 300 ml. of the culture medium,
The purity of the resulting TM2 NTISC was 95% or maore.

[00K0O] 3. Heut resistance test of modified tamavidin 2
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-1. Fluorescent bhiotin assay
The heat resistance of purified TM2 and TMZ N1ISC were analvsed using their

hinding 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 x biotin-binding site of a
hiotin-binding protein.
[0081]  Each purified protein was diluted with 20 mM KPi (pH 7) to bave a concentration of
about 0.1 pg / gl and the resulting solutions were heated at room temperature. SO°C, 60°C.
70°C, 80°C.90°C. and 99°C for 20 min, respectively,  Fach solution after the heat treatrent
was added in a stepwise manner in a variable amount into 150 U assay buffer (530 mM

Na-POyg 100 mM NaClL T 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 femperature for 20 min, followed by measuring the fluorescence intensity at Ex
= 460 i, and Em = 525 nm with Infinite M2Z00 (TECAN)Y.  Furthermore, for consideration
of the effect of disulfide (5-5) binding. 00 mM DTT was added to the diluted protein
sofution followed by being left at room temperature for 30 min.  The mixture was then

heated n the steps as deseribed above to determine fluorescent biotin.
(0082} As a result, the hiotin-binding activity of TM2 to fluorescent biotin declined at
G0°C. whereas most of the activity of TM2 N1TSC 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 feast 99.9%C for TM2 NTISC ve 85°C for TM2. The binding activity of
TM2 NEISC was maintained. although shightly weakened. after a prolonged heat freatment at

99 .9°C for 60 min, while almost no binding activity of TM2. avidin, and streptavidin
remained after a heat treatment a1 99.97°C for 60 min.

00831 The activity of TM2 N115C was found o be weakened after DTT treamment at 90°C
for 20 min, This indicates thut the disulfide bond (S-S) formed in TM2Z N1ISC by the
newly inseried cvsteine residue probably contributes to an improvement in heat resistance.

(00841 3-2. Binding assay with blotinylated HURP



[
LA

e

M2 NLTSC, TM2, avidin, neutravidin, and streptavidin were freated at 99.9°C for |

204010, 200 or 32 min, then were immaobilized onto a microplate for hydrophobic bonding

(Sumitome Bakelite Co. Lid., Type H). and were further reacted with biotinvlated
horseradish peroxidase (HRP) (VECTOR) to determine HRP sctivitv. Figure 1 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 resulis of the heat-processed samples.

[O0BS]  The results demonsirate that aviding neutravidin, and streptavidin has almost no
detective activity after a heat freatment at 99.9°C for 32 min, whereas TM2 mamtained 10 to
124 of the initial activity affer such a treatment (40% of the mitial activity after a treatment
at 99.9°C for 20 niny. Furthermore TMZ N1TISC maintained almost full (927% 1o 1009%)
biotin-binding activity even after a treatment 4t 99.9°C for 30 or 32 min (Table 2}, The heat
resistance of TM2 NTLSC is significantly higher than that of the previously reported
technologics: almost complete loss of the activity of the ITH7C mutant of avidin after 4
treatment at 99.9°C for S min (Nordlund et al., (20033, J. Biol. Chem., 278: 2479-24K83), and
a reduction of the activity of the HI27C mutant of streptavidin to 20%% at Y5°C for 10 min
{Reznik et al. (1996), Nat. Biotechnol.. 14: 1007-1011).

[0G86] [Table 2]

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

Protein Heat tz ifdlmCP {‘)9 ,C_C“} '
i\pr riment | - “ E mmlmcrf ER
' ’x*tu U min M.L 2 min ﬁs.i' .r(} mm  After 3 wi} min
I"/I J i{}{}“ ‘ i 7" - I()(; ( o '1{}”';
TM2 NTISC HOO% 100% [0, 92%
Streptavidin 0% 6%
Avidin % 30

0% 3%



- 20 -

[OG87] 4. Organic solvent resistance test of modificd tamavidine 2
L1 DMSO resistance fest
Biotinviated magnetic beads were prepared by reacting NHS-PEG =-biotin

(PIERCEY with Dvnabeads M270-Amine (Dynal).
(00881 Each of avidin-like protein solutions of a final concentration of 25 pg/mi (TM2
NTISC. TMZ, 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 dimethv]
sulfoxide (DMSO) of a final concentration of 0%. 20%. 40%. 50%. 60%, 709, 80%. and
90%. This operation immobilized the avidin-like protein on the surface of the magnetic
beads.  The magnetic beads on which the avidin-like protems were immobilized were
washed with 0.2% Tween 20/TBS, and were dispensed i i 96-well plate at an aliquot of
Sub. Biotinylated HRP (VECTOR). which was diluted into 5000-fold with PBS containing

2% BSA, was added into each well in at an aliquot of 200 pl, followed by mixing with
shaking at room temperature for I hour.  The magnetic beads were then washed to detect the
activity of HRP immobilized on the magnetic beads using I-step Ultra TMB-ELISA
(PIERCE)
{0089} Figure 3 shows the results.  Figures 3A, 3B, 3C, and 3D show the results of TM2.
TM2 NI, streptaviding, and avidin, respectively.
(60901 Figure 3 demonstrates that TM2 NT15C maintains the full biotin-binding ability
cven in the presence of 70% DMSO, and still maintains 30% of the initial biotin-binding
ability even in the presence of 8% 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.
[O0UTE 3. Interaction between TM2 NT1TSC and biotin

Analy fiinity for Biotin-1c-BSA

The interaction of TM2 NTISC with biotin was anadvsed using a BlAcore 3000,
Table 3 shows the results of the analvsis of the mteraction of Biotin-L.c-BSA. TM2 NI 15

was found to bave alorost the same level of biotin-broding actvity as TM2 because TM2 has
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an assoctatinn rate constant ka of (1O £ 0.3 < 107 (M7-87), and a dissociation rate constant

kd of <5 % 107°67! (below the detection imit of BlAcore 3000y (Takakura ot ab. (2009).

FEBS 1. 276: 1383-1397).
[0092] [Table 3]

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

h;{mn {!\mi‘ms u.smL Bmwrv)

f’mtcm ka (\,{ 1 kd (S
T\m i \,(Hmcnt
TMZNTISC (71229 }‘q“, Helow detection limit

After heat treatment {907C, 20 min)

T™M?2 8. 4xi0 I
TM2NTI5C 1.0x16° Below detection limit
10093]  Analysis of atfinity for Biotin-Le-BSA of protein after heat treaiment

The test using fluorescent biotin suggests that the fluorescent biotin-binding activity
of TM2 NT15C does not decrease after a heat treatment at 907C for 20 min. whereas the
fluorescent biotin-binding activity of TM2 decreases.  Then the affinity for Biotin-1.c-BSA
of the protein after the heat treatment was determined.  TM2 solution und TM N115C were
cach diluted into about 0.6 mg/mL (20 mM KPi (pH 7). Each solution was heated at 90°C
for 20 min 1o be subjected to centrifugation at {5000 rpm at 4°C for 10 min, The
supernatant was collected and the concentration was determined by Asg, and then the affinity
for Biotin-Le-BSA was analvsed using BlAcore in the same manner as deseribed above.

o~

{0094]  Table 3 shows the anajytica) resulis of the interaction after the treatment at 90°C
with the Biotin-Le-BSA obtained with BlAcore.  TM2 NTISC exhibits no decrease in the
atfinity for biotin even after the freatment st 90°C, whereas TM2 exhibity a decrease in the

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

1. A method for separation, concentration, capture, purification and/or detection of a
biotin-linked substance, which comprises the following steps:

1) contacting a support, to which a modified biotin-binding protein is immobilized,
with a biotin-linked substance, whereby the biotin-linked substance is bound to the support;

2) 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; wherein

the modified biotin-binding protein compﬁses an amino acid sequence represented
by SEQ ID NO: 2 or an amino acid sequence having an identity of not less than 95% to the
amino acid sequence of SEQ ID NO: 2, and has biotin-binding activity, provided that the
modified biotin-binding protein has an asparagine residue at position 115 of SEQ ID NO: 2
replaced with cysteine, 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.

2. The method according to Claim 1, wherein the aprotic polar organic solvent is
dimethyl sulfoxide.
3. The method according to Claim 1 or 2, wherein the modified biotin-binding protein

maintains biotin-binding activity of not less than 50% after a treatment in 60% aprotic polar
organic solvent for 30 min, compared with that of before the treatment.

4. The method according to any one of Claims 1 to 3, wherein the modified biotin-
binding protein comprises an amino acid having an identity of not less than 98% to the amino

acid sequence of SEQ ID NO: 2.
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ABSTRACT
MODIFTED TAMAVIDIN

The present tavention provides modified tamabidin 20 which is « modified biotin-
binding protein comprising an aminoe acid sequence represented by SEQ D NO: 20 an aming
acid sequence having one or more amino acid mutations in the amino acid sequence of SEQ
1D NO: 20 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, whercin an asparagine
residue at position 115 of SEQ 1D NO: 2 is replaced with cysteine. The maodified biotin-

yinding protern has remarkable heat resistance.

(No Suitable Figures)
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