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ENZYME ASSOCI ATED W TH EQUOL SYNTHESI S

Technical Field

[ 0001]

The present invention relates to a pol ypeptide
having an activity to synthesize di hydrodai dzei n usi ng
dai dzein as a substrate, a polypeptide having an activity
to synt hesi ze tetrahydrodai dzei n usi ng di hydrodai dzei n as
a substrate, and a pol ypeptide having an activity to
synt hesi ze equol using tetrahydrodai dzein as a substrate,
as well as a polynucl eotide that encodes these
pol ypeptides. The invention further relates to processes
for producing di hydrodai dzei n, tetrahydrodai dzein, and
equol using the above pol ypeptides, and a production
apparatus used in the processes. The invention also
provi des techni ques concerning thereto.

Background Art

[ 0002]

| sof | avone derivatives are believed to possess
various physiol ogi cal and pharnacol ogi cal activities. For
this reason, isoflavone derivatives are used as materia
for food and pharmaceuticals. As studies uncover the
functions of isoflavone derivatives, there have been
reports that the estrogen-like activity of isoflavone
derivatives is not, as conventionally believed, due to the
action of the isoflavone derivatives thenselves, but due
to the strong estrogen-like activity found throughout the
body exhi bited by equol, which is absorbed in the
intestines after being released fromvarious kinds of
intestinal bacteria netabolizing (biosynthesizing) the
i sof | avone derivatives to produce equol. In humans, not
all individuals have the ability to produce equol in the
i ntestines, and such an equol -producing ability varies
anong different individuals. For exanple, sone



10

15

20

25

30

35

-2-

i ndi vidual s may have no equol - produci ng bacteria in the
intestines, while others may have such bacteria, but with
only alimted ability to produce equol

[ 0003]

Accordingly, it would be beneficial in countries
wi t h agi ng popul ati ons, such as Japan, to nake effective
use of equol in the body, particularly in consideration of
chroni c disorders such as osteoporosis affecting the
elderly. Gven the fact that equol - produci ng bacteria are
not found in all individuals, there is a need to find an
equol synthesis material which enables efficient
artificial equol production.

[ 0004]

Under these circunstances, it is very inportant, in
terns of providing an equol synthesis material, to
identify and use enzynes involved in the equo
bi osynt heti c pat hway. However, no information is
avai | abl e concerni ng enzynes produci ng or catal yzing sone
of the internediates involved in the biosynthetic pathway.
Accordingly, the identification of enzynmes associated with
the synthesis of such internediates is desired.

Pat ent Docunent 1: JP-A-2006-296434

Di scl osure of Invention
Techni cal Probl em

[ 0005]

It is an object of the present invention to provide
an enzynme associated with the synthesis of di hydrodai dzein
that can be used as a material of equol synthesis.
Specifically, the invention ains to provide a pol ypeptide
having an activity to synthesize di hydrodai dzei n usi ng
dai dzein as a substrate. The invention also ains to
provi de a pol ynucl eoti de that encodes such a pol ypepti de,
and techni ques concerni ng di hydrodai dzei n synthesi s using
such a pol ypepti de.
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[ 0006]

It is another object of the present invention to
provi de an enzyne associated wth the synthesis of
t etrahydr odai dzein that can be used as a material of equol
synthesis. Specifically, the invention ains to provide a
pol ypepti de having an activity to synthesize
t et rahydr odai dzei n usi ng di hydr odai dzein as a substrate.
The invention also ains to provide a pol ynucl eoti de that
encodes such a pol ypepti de, and techni ques concerni ng
t et rahydr odai dzei n synthesis using such a pol ypepti de.

[ 0007]

It is another object of the present invention to
provi de an enzyne associated with equol synthesis.
Specifically, the invention ains to provide a pol ypeptide
having an activity to synthesize equol using
tetrahydrodai dzein as a substrate. The invention also
ainms to provide a polynucl eotide that encodes such a
pol ypepti de, and techni ques concerni ng equol synthesis
usi ng such a pol ypepti de.

[ 0008]

It is another object of the present invention to
provi de a process for producing internedi ates such as
di hydr odai dzei n and tetrahydrodai dzein generated in the
producti on of equal from daidzein, and a process for
produci ng equol using the obtained internedi ates. The
invention also ains to provide a produci ng apparatus for
use in the producti on.

Techni cal Sol ution

[ 0009]

The inventors of the present invention conducted
i ntensive studies to solve the foregoing problens, and
successfully isolated from equol - produci ng intestina
bacteria an enzyne capabl e of synthesizing di hydrodai dzei n,
an enzynme capabl e of synthesi zi ng tetrahydrodai dzein, and
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an enzyne capabl e of synthesizing equol, used as starting
materi al s of equol synthesis, and reveal ed the structures
of these enzynmes. Mreover, the inventors conducted
further studies, and succeeded in the artificia
production of di hydrodai dzein, tetrahydrodai dzein, and
equol, using the above enzynes. The present invention was
acconpl i shed upon further studi es based on these findings.

[0010]

Specifically, in one aspect, the present invention
provi des:

Item Al. A pol ypeptide sel ected from

(Aa) a polypeptide consisting of the am no acid
sequence of SEQ ID NO 1;

(Ab) a polypeptide consisting of the am no acid
sequence of SEQID NO 1 with the substitution, deletion
insertion, and/or addition of one or nore am no acids, and
having an activity to synthesize di hydrodai dzei n usi ng
dai dzein as a substrate; and

(Ac) a pol ypeptide consisting of an am no acid
sequence having 60% or nore identity with the am no acid
sequence of SEQ ID NO 1, and having an activity to
synt hesi ze di hydrodai dzei n usi ng dai dzein as a substrate.
Item A2. A pol ynucl eoti de sel ected from

(Ad) a polynucl eotide consisting of the nucleotide
sequence of SEQ ID NO 4;

(Ae) a polynucleotide that encodes a pol ypeptide
consisting of the am no acid sequence of SEQ ID NGO 1; and

(Af) a polynucl eotide that hybridizes under
stringent conditions with the conplenentary strand of the
pol ynucl eotide (Ad) or (Ae), and that encodes a
pol ypepti de having an activity to synthesize
di hydr odai dzei n usi ng dai dzein as a substrate.

Item A3. An expression vector including the polynucl eotide
of Item A2.
Item A4. A reconbinant cell transformed with the
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expressi on vector of Item A3.
Item A5. A reconbinant cell according to Item A4, wherein
the reconbinant cell is a bacterial prokaryotic cell
Item A6. A reconbinant cell according to Item A5, wherein
t he bacterial prokaryotic cell belongs to the genus
Lact ococcus.
Item A7. A process for producing a pol ypeptide, conprising
culturing the cell of any one of Itens A4 through A6 to
obtain a pol ypeptide having an activity to synthesi ze
di hydr odai dzei n usi ng dai dzein as a substrate.
Item A8. A pol ypeptide obtained by the process of |Item A7.
Item A9. A process for producing di hydrodai dzei n,
conprising having the pol ypeptide of Item Al or A8, and
NADPH and/ or NADH act on dai dzein.
Item A10. A process for produci ng di hydrodai dzei n
conprising having the cell of any one of Itens A4 through
A6 act on daidzein.
Item All. An anti body having affinity to the pol ypeptide
of Item Al, or the pol ypeptide encoded by the
pol ynucl eoti de of |tem A2.
|tem A12. An i nmmunol ogi cal nethod for detecting or
nmeasuring the pol ypeptide of Item Al or the pol ypeptide
encoded by the pol ynucl eoti de of Item A2,

the nmet hod conprising having the anti body of Item
All contact a test sanple.
Item A13. A nmet hod according to Item Al2, wherein the
pol ypeptide to be detected or neasured exists in a
bacterial prokaryotic cell.
|tem Al4. A probe having a nucl eoti de sequence capabl e of
hybri di zi ng under stringent conditions with a
pol ynucl eoti de that encodes the pol ypeptide of Item Al, or
wi th the pol ynucl eotide of Item A2.
Item A15. A prinmer having a nucl eoti de sequence capabl e of
hybri di zi ng under stringent conditions with a
pol ynucl eoti de that encodes the pol ypeptide of Item Al, or
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wi th the pol ynucl eotide of Item A2.
Item A16. A nethod for detecting or neasuring a
pol ynucl eoti de that encodes the pol ypeptide of ItemAl, or
t he polynucl eotide of Item A2, using the probe of Item Al4.
Item A1l7. A method according to Item Al6, wherein the
pol ypeptide to be detected or neasured exists in a
bacterial prokaryotic cell.
Item A18. A nethod according to Item Al6, conprising PCR
anplifying all of or part of a polynucleotide that encodes
t he pol ypeptide of Item Al, or the pol ynucl eotide of Item
A2.
Item A19. A di hydrodai dzei n synthesi zi ng enzyne
conposition, conprising the pol ypeptide of Item Al, or a
pol ypepti de encoded by the pol ynucl eotide of Item A2.
Item A20. A conposition according to Item Al19, further
conpri si ng NADPH and/ or NADH
Item A21. A di hydrodai dzei n synthesis conposition
conpri si ng:

(Al) the polypeptide of Item Al, or a pol ypeptide
encoded by the pol ynucl eoti de of Item A2;

(Ali) NADPH and/or NADH, and

(Alii) daidzein.
ltem A22. A di hydrodai dzei n synthesis conposition
conpri si ng:

(Alv) the cell of any one of Itens A4 through A6;
and

(Aiii) daidzein.
|tem A23. A di hydrodai dzein synthesis kit, conprising:

(Al) the polypeptide of Item Al, or a pol ypeptide
encoded by the pol ynucl eoti de of Item A2;

(Ali) NADPH and/or NADH, and

(Aiii) daidzein.
|tem A24. A di hydrodai dzein synthesis kit, conprising:

(Alv) the cell of any one of Itens A4 through A6;
and
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(Aiii) daidzein.
Item A25. An inmunol ogi cal neasurenent kit for neasuring
t he pol ypeptide of Item Al, or a pol ypepti de encoded by
t he pol ynucl eotide of Item A2,

the kit conprising at |east the anti body of Item All.
Item A26. A PCR kit for detecting a pol ynucl eoti de
encodi ng the pol ynucl eoti de of Item Al, or the
pol ynucl eoti de of of Item A2,

the PCR kit conprising at |least the primer of |tem
Al5.
Item A27. A kit according to Item A26, wherein the kit is
for identifying a cell containing a polynucleotide
encodi ng the pol ypeptide of Item Al, or the polynucl eotide
of Item A2.
Item A28. A PCR kit according to Item A27, wherein the kit
is for PCR
Item A29. A di hydrodai dzei n synt hesi zi ng enzynme, which
consi sts of the polypeptide of Item Al.

Item Bl. A pol ypeptide selected from

(Ba) a pol ypeptide consisting of the amno acid
sequence of SEQ ID NO 7;

(Bb) a pol ypeptide consisting of the amno acid
sequence of SEQID NO 7 with the substitution, deletion,
insertion, and/or addition of one or nore am no acids, and
having an activity to synthesize tetrahydrodai dzei n using
di hydr odai dzein as a substrate; and

(Bc) a pol ypeptide consisting of an am no acid
sequence having 60% or nore identity with the amno acid
sequence of SEQ ID NO 7, and having an activity to
synt hesi ze tetrahydrodai dzei n usi ng di hydrodai dzein as a
substrate.

Item B2. A pol ynucl eotide sel ected from

(Bd) a polynucl eotide consisting of the nucleotide

sequence of SEQ ID NO 10;
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(Be) a polynucleotide that encodes a pol ypeptide
consi sting of the am no acid sequence of SEQ ID NGO 7; and
(Bf) a polynucleotide that hybridizes under
stringent conditions with the conplenentary strand of the
pol ynucl eotide (Bd) or (Be), and that encodes a
pol ypepti de having an activity to synthesize
t et rahydr odai dzei n usi ng di hydr odai dzein as a substrate.
Item B3. An expression vector including the polynucl eotide
of Item B2.
Item B4. A reconbinant cell transformed with the
expressi on vector of Item B3.
Item B5. A reconbinant cell according to Item B4, wherein
the reconbinant cell is a bacterial prokaryotic cell
Item B6. A reconbinant cell according to Item B5, wherein
t he bacterial prokaryotic cell belongs to the genus
Lact ococcus.
Item B7. A process for producing a pol ypeptide, conprising
culturing the cell of any one of Itens B4 through B6 to
obtain a pol ypeptide having an activity to form
t et rahydr odai dzei n usi ng di hydr odai dzein as a substrate.
Item B8. A pol ypeptide obtained by the process of Item B7.
Item B9. A process for producing tetrahydrodai dzein,
conprising having the pol ypeptide of Item Bl or B8, and
NADPH and/ or NADH act on di hydr odai dzei n.
| tem B10. A process for producing tetrahydrodai dzein,
conprising having the cell of any one of Itens B4 through
B6 act on di hydrodai dzei n.
Item B11. An anti body having affinity to the pol ypeptide
of ItemBl, or the polypeptide encoded by the
pol ynucl eoti de of |tem B2.
|tem B12. An i nmmunol ogi cal nethod for detecting or
measuring the pol ypeptide of Item Bl or the pol ypeptide
encoded by the pol ynucl eoti de of Item B2,
the nmet hod conprising having the antibody of Item
Bll contact a test sanple.
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Item B13. A nmethod according to Item B12, wherein the
pol ypeptide to be detected or neasured exists in a
bacterial prokaryotic cell.
|tem B14. A probe having a nucl eoti de sequence capabl e of
hybri di zi ng under stringent conditions with a
pol ynucl eoti de that encodes the pol ypeptide of ItemBl, or
wi th the pol ynucl eotide of Item B2.
Item B15. A prinmer having a nucl eoti de sequence capabl e of
hybri di zi ng under stringent conditions with a
pol ynucl eoti de that encodes the pol ypeptide of ItemBl, or
wi th the pol ynucl eotide of Item B2.
Item B16. A nethod for detecting or neasuring a
pol ynucl eoti de that encodes the pol ypeptide of ItemBl, or
t he pol ynucl eotide of Item B2, using the probe of |Item Bl4.
Item B17. A method according to Item B16, wherein the
pol ypeptide to be detected or neasured exists in a
bacterial prokaryotic cell.
Item B18. A nethod according to Item B16, conprising PCR
anplifying all of or part of a polynucleotide that encodes
t he pol ypeptide of Item Bl, or the polynucleotide of Item
B2.
|tem B19. A tetrahydrodai dzei n synthesi zing enzyne
conposition, conprising the pol ypeptide of ItemBl, or a
pol ypepti de encoded by the pol ynucl eotide of Item B2.
| tem B20. A conposition according to Item B19, further
conpri si ng NADPH and/ or NADH
Item B21. A tetrahydrodai dzein synthesis conposition
conpri si ng:

(Bi) the polypeptide of Item Bl, or a pol ypeptide
encoded by the pol ynucl eoti de of Item B2;

(Bii) NADPH and/or NADH, and

(Biii) dihydrodaidzein.
|tem B22. A tetrahydrodai dzein synthesis conposition
conpri si ng:

(Biv) the cell of any one of Itens B4 through B6;
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and

(Biii) dihydrodai dzein.
|tem B23. A tetrahydrodai dzein synthesis kit, conprising:

(Bi) the polypeptide of Item Bl, or a pol ypeptide
encoded by the pol ynucl eoti de of Item B2,

(Bii) NADPH and/or NADH, and

(Biii) dihydrodaidzein.
|tem B24. A tetrahydrodai dzein synthesis kit, conprising:

(Biv) the cell of any one of Itens B4 through B6;
and

(Biii) dihydrodai dzein.
| tem B25. An i nmunol ogi cal neasurenent kit for neasuring
t he pol ypeptide of Item Bl, or a pol ypepti de encoded by
t he pol ynucl eoti de of Item B2,

the kit conprising at |east the anti body of Item Bll.

Item B26. A PCR kit for detecting a pol ynucl eoti de
encodi ng the pol ypeptide of Item Bl, or the polynucl eotide
of Item B2,

the PCR kit conprising at |least the primer of |tem
B15.
Item B27. A kit according to Item B26, wherein the kit is
for identifying a cell containing the pol ynucl eotide
encodi ng the pol ypeptide of Item Bl, or the polynucl eotide
of Item B2.
Item B28. A PCR kit according to Item B27, wherein the kit
is for PCR
Item B29. A tetrahydrodai dzei n synthesizing enzyne, which
consi sts of the polypeptide of Item Bl

Item Cl. A pol ypeptide selected from

(Ca) a polypeptide consisting of the am no acid
sequence of SEQ ID NO 13;

(Cb) a pol ypeptide consisting of the amno acid
sequence of SEQ ID NO 13 with the substitution, deletion,
insertion, and/or addition of one or nore am no acids, and
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having an activity to synthesize equol using
t etrahydr odai dzein as a substrate; and

(Cc) a polypeptide consisting of an am no acid
sequence having 60% or nore identity with the am no acid
sequence of SEQ ID NO 13, and having an activity to
synt hesi ze equol using tetrahydrodai dzein as a substrate.
Item C2. A pol ynucl eotide sel ected from

(Cd) a polynucl eotide consisting of the nucl eotide
sequence of SEQ ID NO 16

(Ce) a polynucleotide that encodes a pol ypepti de
consi sting of the am no acid sequence of SEQ ID NO 13
and

(Cf) a polynucl eotide that hybridizes under
stringent conditions with the conplenentary strand of the
pol ynucl eotide (Cd) or (Ce), and that encodes a
pol ypepti de having an activity to synthesi ze equol using
t etrahydr odai dzein as a substrate.
Item C3. An expression vector including the polynucl eotide
of Item C2.
ltem C4. A reconbinant cell transforned with the
expressi on vector of Item C3.
Item C5. A reconbinant cell according to Item C4, wherein
the reconbinant cell is a bacterial prokaryotic cell
Item C6. A reconbinant cell according to Item C5, wherein
t he bacterial prokaryotic cell belongs to the genus
Lact ococcus.
Item C7. A process for producing a pol ypeptide, conprising
culturing the cell of any one of Itens C4 through C6 to
obtain a pol ypeptide having an activity to form equo
usi ng tetrahydrodai dzein as a substrate.
Item C8. A pol ypeptide obtained by the process of Item C7.
Item C9. A process for producing equol, conprising having
t he pol ypeptide of Item Cl or C8 act on tetrahydrodai dzei n.
|tem C10. A process for produci ng equol, conprising having
the cell of any one of Items C4 through C6 act on
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t et rahydr odai dzei n.
Item Cl1. An antibody having affinity to the pol ypeptide
of Item Cl, or the polypeptide encoded by the
pol ynucl eoti de of Item C2.
Item C12. An inmmunol ogi cal nethod for detecting or
nmeasuring the pol ypeptide of Item CL or the pol ypeptide
encoded by the pol ynucl eoti de of Item C2,

the nmet hod conprising having the antibody of Item
Cl1l contact a test sanple.
Item C13. A nmethod according to Item Cl2, wherein the
pol ypeptide to be detected or neasured exists in a
bacterial prokaryotic cell.
Item Cl4. A probe having a nucl eoti de sequence capabl e of
hybri di zi ng under stringent conditions with a
pol ynucl eoti de that encodes the pol ypeptide of Item Cl, or
wi th the pol ynucl eotide of Item C2.
Item C15. A prinmer having a nucl eoti de sequence capabl e of
hybri di zi ng under stringent conditions with a
pol ynucl eoti de that encodes the pol ypeptide of Item Cl, or
wi th the pol ynucl eotide of Item C2.
Item C16. A nethod for detecting or neasuring a
pol ynucl eoti de that encodes the pol ypeptide of Item Cl, or
t he polynucl eotide of Item C2, using the probe of Item Cl4.
Item C17. A nmethod according to Item Cl6, wherein the
pol ypeptide to be detected or neasured exists in a
bacterial prokaryotic cell.
Item C18. A nethod according to Item Cl16, conprising PCR
anplifying all of or part of a polynucleotide that encodes
t he pol ypeptide of Item Cl, or the polynucl eotide of Item
C2.
Item C19. An equol synthesizing enzynme conposition,
conprising the polypeptide of Item Cl, or a pol ypeptide
encoded by the pol ynucl eoti de of Item C2.
Item C20. An equol synthesis conposition conprising:

(G) the polypeptide of Item Cl, or a pol ypeptide
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encoded by the pol ynucl eotide of Item C; and

(Gi) tetrahydrodai dzein.
Item C21. An equol synthesis conposition conprising:

(Gii) the cell of any one of Itens C4 through C6;
and

(Gi) tetrahydrodai dzein.
Item C22. An equol synthesis kit conprising:

(G ) the polypeptide of Item Cl, or a pol ypeptide
encoded by the polynucl eotide of Item C2; and

(Gi) tetrahydrodai dzein.
Item C23. An equol synthesis kit conprising:

(Gii) the cell of any one of Itens C4 through C6;
and

(Gi) tetrahydrodai dzein.
Item C24. An inmunol ogi cal neasurenent kit for neasuring
t he pol ypeptide of Item Cl, or a pol ypepti de encoded by
t he pol ynucl eotide of Item C2,

the kit conprising at |east the anti body of Item Cl1.

ltem C25. A PCR kit for detecting a pol ynucl eoti de
encodi ng the pol ypeptide of Item Cl, or the polynucl eotide
of Item C2,

the PCR kit conprising at least the prinmer of Item
C15.
Item C26. A kit according to Item C25, wherein the kit is
for identifying a cell containing a polynucleotide
encodi ng the pol ypeptide of Item Cl, or the polynucl eotide
of Item C2.
Item C27. A kit according to Item C26, wherein the kit is
for PCR
Item C28. An equol synthesizing enzyme, which consists of
t he pol ypeptide of Item Cl.
Item D1. A process for producing tetrahydrodai dzein
conprising the following First Step and Second Step,
First Step conprising a step of having an enzyne
consi sting of one of the following (Aa) to (Ac)
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pol ypepti des, and NADPH and/ or NADH act on dai dzei n,
t her eby produci ng di hydr odai dzei n,

(Aa) a polypeptide consisting of the am no acid
sequence of SEQ ID NO 1;

(Ab) a pol ypeptide consisting of the am no acid
sequence of SEQID NO 1 with the substitution, deletion
insertion, and/or addition of one or nore am no acids, and
having an activity to synthesize di hydrodai dzei n usi ng
dai dzein as a substrate; and

(Ac) a pol ypeptide consisting of an am no acid
sequence having 60% or nore identity with the am no acid
sequence of SEQ ID NO 1, and having an activity to
synt hesi ze di hydrodai dzei n usi ng dai dzein as a substrate,
Second Step conprising a step of having an enzyne
consi sting of one of the following (Ba) to (Bc)
pol ypepti des and NADPH and/ or NADH act on di hydr odai dzei n,
t her eby produci ng tetrahydrodai dzei n,

(Ba) a pol ypeptide conprising the am no acid
sequence of SEQ ID NO 7;

(Bb) a pol ypeptide consisting of the amno acid
sequence of SEQID NO 7 with the substitution, deletion,
insertion, and/or addition of one or nore amno acids, and
having an activity to synthesize tetrahydrodai dzei n using
di hydr odai dzein as a substrate; and

(Bc) a pol ypeptide consisting of an am no acid
sequence having 60% or nore identity with the am no acid
sequence of SEQ ID NO 7, and having an activity to
synt hesi ze tetrahydrodai dzei n usi ng di hydrodai dzein as a
substrate.

Item D2. A product containing tetrahydrodai dzein, produced
by the process according to Item D1.

Item D3. A process for producing equol conprising the

foll owi ng Second Step and Third Step,

Second Step conprising a step of having an enzyne

consi sting of one of the following (Ba) to (Bc)
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pol ypepti des and NADPH and/ or NADH act on di hydr odai dzei n,
t her eby produci ng tetrahydrodai dzei n,

(Ba) a pol ypeptide consisting of the amno acid
sequence of SEQ ID NO 7;

(Bb) a pol ypeptide consisting of the amno acid
sequence of SEQID NO 7 with the substitution, deletion,
insertion, and/or addition of one or nore am no acids, and
having an activity to synthesize tetrahydrodai dzei n using
di hydr odai dzein as a substrate; and

(Bc) a pol ypeptide consisting of an am no acid
sequence having 60% or nore identity with the am no acid
sequence of SEQ ID NO 7, and having an activity to
synt hesi ze tetrahydrodai dzei n usi ng di hydrodai dzein as a
substrat e,

Third Step conprising a step of having an enzyne
consisting of one of the following (Ca) to (Cc)

pol ypeptides to act on tetrahydrodai dzein, thereby
pr oduci ng equol

(Ca) a pol ypeptide consisting of the amno acid
sequence of SEQ ID NO 13;

(Cb) a polypeptide consisting of the am no acid
sequence of SEQ ID NO 13 with the substitution, deletion,
insertion, and/or addition of one or nore am no acids, and
having an activity to synthesize equol using
t etrahydrodai dzein as a substrate; and

(Cc) a polypeptide consisting of an am no acid
sequence having 60% or nore identity with the amno acid
sequence of SEQ ID NO 13, and having an activity to
synt hesi ze equol using tetrahydrodai dzein as a substrate.
Item D4. A product containing equol, produced by the
process according to Item D3.

Item D5. A process for producing equol conprising First
Step through Third Step.

Item D6. A product containing equol, produced by the
process according to Item D5.
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Item D7. An expression vector having at | east one
pol ynucl eoti de sel ected fromthe group consisting of the
followng (Ad) to (Af), (Bd) to (Bf), and (Cd) to (Cf),
(Ad) a polynucl eotide consisting of the nucleotide
sequence of SEQ ID NO 4;
(Ae) a polynucleotide that encodes a pol ypeptide
consisting of the amno acid sequence of SEQ ID NGO 1
(Af) a polynucl eotide that hybridizes under
stringent conditions with the conplenentary strand of the
pol ynucl eotide (Ad) or (Ae), and that encodes a
pol ypepti de having an activity to synthesize
di hydr odai dzei n usi ng dai dzein as a substrate;
(Bd) a polynucl eoti de consisting of the nucleotide
sequence of SEQ ID NO 10;
(Be) a polynucleotide that encodes a pol ypeptide
consisting of the amno acid sequence of SEQ ID NO 7;
(Bf) a polynucleotide that hybridizes under
stringent conditions with the conplenentary strand of the
pol ynucl eotide (Bd) or (Be), and that encodes a
pol ypepti de having an activity to synthesize
t et rahydr odai dzei n using di hydrodai dzein as a substrate;
(Cd) a polynucl eotide consisting of the nucleotide
sequence of SEQ ID NO 16
(Ce) a polynucleotide that encodes a pol ypepti de
consisting of the am no acid sequence of SEQ ID NO 13
and
(Cf) a polynucleotide that hybridi zes under
stringent conditions with the conplenentary strand of the
pol ynucl eotide (Cd) or (Ce), and that encodes a
pol ypepti de having an activity to synthesize equol using
t etrahydr odai dzein as a substrate.
Item D8. A reconbinant cell transformed with the
expression vector of Item?7.
Item D9. A reconbinant cell according to Item 8, wherein
the reconbinant cell is a bacterial prokaryotic cell
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Item D10. A reconbinant cell according to Item9, wherein
the bacterial prokaryotic cell belongs to the genus
Lact ococcus.
Item D11. A process for produci ng di hydrodai dzei n
t et rahydr odai dzei n, and/or equal, conprising at |east two
of the following Fourth Step to Sixth Step,
Fourth Step conprising a step of having a reconbi nant cel
conprising one of the following (Ad) to (Af)
pol ynucl eoti des act on dai dzein, thereby producing
di hydr odai dzei n
(Ad) a polynucl eotide consisting of the nucleotide
sequence of SEQ ID NO 4;
(Ae) a polynucleotide that encodes a pol ypeptide
consisting of the am no acid sequence of SEQID NGO 1; and
(Af) a polynucleotide that hybridizes under
stringent conditions with the conplenentary strand of the
pol ynucl eotide (Ad) or (Ae), and that encodes a
pol ypepti de having an activity to synthesize
di hydr odai dzei n usi ng dai dzein as a substrate,
Fifth Step conprising a step of having a reconbi nant cel
conprising one of the following (Bd) to (Bf)
pol ynucl eoti des act on di hydrodai dzei n, thereby producing
t et rahydr odai dzei n,
(Bd) a polynucl eotide consisting of the nucleotide
sequence of SEQ ID NO 10;
(Be) a polynucleotide that encodes a pol ypeptide
consi sting of the am no acid sequence of SEQ ID NO 7; and
(Bf) a polynucleotide that hybridizes under
stringent conditions with the conplenentary strand of the
pol ynucl eotide (Bd) or (Be), and that encodes a
pol ypepti de having an activity to synthesize
t et rahydr odai dzei n usi ng di hydrodai dzein as a substrate,
Sixth Step conprising a step of having a reconbi nant cel
conprising one of the following (Cd) to (Cf)
pol ynucl eoti des act on tetrahydrodai dzein, thereby
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pr oduci ng equol

(Cd) a polynucleotide consisting of the nucleotide
sequence of SEQ ID NO 16

(Ce) a polynucleotide that encodes a pol ypeptide
consisting of the am no acid sequence of SEQ ID NO 13
and

(Cf) a polynucleotide that hybridi zes under
stringent conditions with the conplenentary strand of the
pol ynucl eotide (Cd) or (Ce), and that encodes a
pol ypepti de having an activity to synthesize equol using
t etrahydr odai dzein as a substrate,
wherein at | east two pol ynucl eotides selected fromthe
group consisting of (Ad) to (Af), (Bd) to (Bf), and (Cd)
to (Cf) may exist in a single reconbi nant cell.
Item D12. A reconbi nant cell according to Item 11, wherein
the reconbinant cell is a bacterial prokaryotic cell
Item D13. A reconbinant cell according to Item 12, wherein
t he bacterial prokaryotic cell belongs to the genus
Lact ococcus.
Item D14. A product containing di hydrodai dzei n,
t et rahydr odai dzei n, and/or equal, produced by any of the
processes according to Itens D11 to D13.
|tem D15. A device for producing di hydrodai dzei n,
t etrahydr odai dzei n, and/or equal, conprising at |east one
of the following First to Third reaction vessels,
First reaction vessel having a reaction nmeans in which an
enzyne consisting of one of (Aa) to (Ac) polypeptides is
i mobi | i zed, the reaction vessel being used for production
of di hydrodai dzein from dai dzei n using the enzyne, the
reacti on means being disposed in a position allow ng
contact w th daidzein;
Second reaction vessel having a reaction neans in which an
enzyme consisting of one of (Ba) to (Bc) polypeptides is
i mobi i zed, the reaction vessel being used for production
of tetrahydrodai dzein from di hydrodai dzei n using the
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enzyne, the reaction neans being disposed in a position
all owi ng contact with di hydrodai dzei n; and

Third reaction vessel having a reaction neans in which an
enzyme consisting of one of (Ca) to (Cc) polypeptides is

i mobi i zed, the reaction vessel being used for production
of equol fromtetrahydrodai dzein using the enzyne, the
reacti on nmeans being disposed in a position allow ng
contact with tetrahydrodai dzein.

Item D16. A device for producing di hydrodai dzei n,

t et rahydr odai dzei n, and/or equal, conprising at |east one
of the following Fourth to Sixth reaction vessels,

Fourth reaction vessel having a reaction neans in which a
reconbi nant cell conprising one of (Ad) to (Af)

pol ynucl eotides is immobilized, the reaction vessel being
used for production of dihydrodaidzein from daidzein using
the reaction neans, the reaction neans being disposed in a
position allow ng contact with dai dzein;

Fifth reaction vessel having a reaction neans in which a
reconbi nant cell conprising one of (Bd) to (Bf)

pol ynucl eotides is imobilized, the reaction vessel being
used for production of tetrahydrodai dzein from

di hydr odai dzei n using the reaction nmeans, the reaction
means bei ng di sposed in a position allow ng contact with
di hydr odai dzei n; and

Si xth reaction vessel having a reaction neans in which a
reconbi nant cell conprising one of (Cd) to (Cf)

pol ynucl eotides is immobilized, the reaction vessel being
used for production of equol fromtetrahydrodai dzein using
the reacti on neans, the reaction neans being disposed in a
position allow ng contact with tetrahydrodai dzein

Effects of the Invention

[ 0011]

The present invention provides pol ypeptides capabl e
of : (1) synthesizing di hydrodai dzei n usi ng dai dzein as a
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substrate, (2) synthesizing tetrahydrodai dzei n using

di hydr odai dzein as a substrate, and (3) synthesizing equol
usi ng tetrahydrodai dzein as a substrate. Thus, the
present invention is useful for industrial synthesis of

di hydr odai dzei n and/ or tetrahydrodai dzein, which are

i ntermedi ates generated in the production of equol from
dai dzein, as well as industrial equol synthesis. The
present invention will open the door for the industria
producti on of equol, without using the difficult-to-handle
anaerobi c bacterial strains traditionally used for equo
producti on.

Best Mode for Carrying Qut the Invention

[0012]

In the follow ng, all abbreviations used to
represent the nanmes of substances, including am no acids,
pol ypepti des, base sequences, and nucleic acids, follow
t he nonencl ature specified by the 1UPAC I UB (I UPAC- | UB
Conmuni cation on Biol ogi cal Nomenclature, Eur. J. Biochem,
138: 9 (1984)), the Guideline for Drafting Specifications
cont ai ni ng Base Sequence or Am no Acid Sequence (Japan
Patent O fice), and other conventional synbols comonly
used in the field.

[ 0013]

The follow ng describes the present invention in
detail .

A:. D hydrodai dzei n Synt hesi zi ng Enzyne

This section describes a di hydrodai dzein
synt hesi zi ng enzyne (hereinafter also referred to as El
enzyne) in detail. Except as otherw se described, genera
expl anation of the dihydrodai dzein synthesizing enzyne is
applied to a tetrahydrodai dzei n synt hesi zi ng enzyne and
equol synthesi zi ng enzyne, described |ater.

[ 0014]

A-1. Pol ypepti de
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The present invention provides a pol ypeptide
(hereinafter also referred to as "ELl pol ypeptide") for the
synt hesi s of dihydrodai dzein using daidzein as a substrate.
Specifically, the invention provides:

(Aa) a pol ypeptide consisting of the amno acid
sequence of SEQ ID NO 1; for exanple, the range is from1
to 250, preferably 1 to 200, nore preferably 1 to 150,
nore preferably 1 to 100, nore preferably 1 to 50, nore
preferably 1 to 30, nore preferably 1 to 15, nore
preferably 1 to 5, further preferably 1 to 4, even nore
preferably 1 to 3, and particularly preferably 1 or 2.

(Ab) a pol ypeptide consisting of the amno acid
sequence of SEQID NO 1 with the substitution, deletion
insertion, and/or addition of one or nore am no acids, and
having an activity to synthesize di hydrodai dzei n usi ng
dai dzein as a substrate; and

(Ac) a polypeptide consisting of an am no acid
sequence having 60% or nore identity with the amno acid
sequence of SEQ ID NO 1, and having an activity to
synt hesi ze di hydrodai dzei n usi ng dai dzein as a substrate.

[ 0015]

In pol ypeptide (Ab), the range of "one or nbre am no
acids" is not particularly limted as long as the
pol ypeptide has the activity to synthesize di hydrodai dzein
usi ng dai dzein as a substrate. Exanples of (Ab)
pol ypeptide includes a pol ypeptide consisting of the
am no acid sequence of SEQ ID NO 2 and a pol ypepti de
consisting of the amno acid sequence of SEQID NO 3
Conpared wth the amno acid sequence of SEQ ID NO 1, the
am no acid sequence of SEQ ID NO 2 contains three
substituted am no acids. Conpared with the am no acid
sequence of SEQID NO 1, the amno acid sequence of SEQ
ID NO 3 contains ten substituted am no acids. The am no
acid sequence of SEQID NO 2 corresponds to the E1 enzyne
pol ypepti de from Bact eroi des ovatus E-23-15 strain (FERM
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BP-6435). The am no acid sequence of SEQ ID NO 3
corresponds to the E1 enzyme pol ypeptide from
St rept ococcus constel |l atus A6G 225 ( FERM BP-6437).

[ 0016]

Further, the type of amno acid substitution in (Ab)
pol ypeptide is not particularly limted. However, from
t he standpoi nt of preventing phenotypic change in the
pol ypeptide, it is preferable that the substitution be
made bet ween anal ogous ami no aci ds. Anal ogous am no aci ds
may be classified as foll ows.

Aromatic am no acid: Phe, Trp, Tyr

Aliphatic amno acid: Ala, Leu, Ile, Val

Polar am no acid: dn, Asn

Basic am no acid: Lys, Arg, H's

Acidic amno acid: Qu, Asp

Am no acids with a hydroxyl group: Ser, Thr

Amino acids with a short side chain: Ay, A a, Ser
Thr, Met

[ 0017]

In (Ab) polypeptide, it is preferable that the am no
acid substitution, deletion, insertion, or addition occur
in regions where the am no acid change does not have |arge
effects on the higher-order structures of the pol ypeptide,
or where the change does not adversely affect the active
center of the dihydrodai dzein synthesi zing enzyne.
Exanpl es of such regions include | ow conserved regi ons
anong the am no aci d sequences of SEQ ID NGs: 1, 2, and 3,
and vicinities thereof, and the NNterm nal region or C
termnal region. Specific exanples include |eucine at
position 45, asparagine at position 80, valine at position
167, aspartic acid at position 231, isoleucine at position
233, arginine at position 435, aspartic acid at position
459, valine at position 462, arginine at position 528,
serine at position 540, isoleucine at position 639, in the
am no acid sequence of SEQ ID NO 1, and adjacent regions
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of these am no acids. The "adjacent region" neans regions
wher e the di hydrodai dzei n synt hesi zi ng enzyne activity is
not affected. Exanples includes those within five am no
acids fromone of the exenplified am no acids, preferably
those within four amno acids fromone of the exenplified
am no acids, nore preferably those within three am no
acids fromone of the exenplified am no acids, even nore
preferably those within two am no acids fromone of the
exenplified am no acids, particularly preferably those

Wi thin one amno acid fromone of the exenplified am no
aci ds.

[ 0018]

In the amno acid sequence of SEQ ID NGO 1, the
sequence of the amno acids at positions 112 to 116 is
considered to correspond to the NADPH binding domain. As
long as functions of the NADPH domain are not inhibited,

there may be substitution, deletion, insertion, or
addition of amno acid in the sequence of the five am no
aci ds. In said sequence, the nunber of nutated am no

acids is preferably not nore than three, nore preferably
not nore than two, and even nore preferably one. Most
preferred is no mutation in the amno acid sequence.
Particul arly, there is preferably no substitution,
deletion, insertion, or addition of the amno acids at
positions 112, 115, and 116.

[ 0019]

H stidine at position 260 in the am no acid sequence
of SEQID NO 1 is also considered to be associated with
the proton relay site. Accordingly, as long as functions
of proton relay site are not inhibited, said histidine my
be replaced by another amno acid, but is preferably not
repl aced.

[ 0020]

In the amno acid sequence of SEQID NO 1, the
sequence of the am no acids at positions 343 to 363 is
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considered to correspond to the Fe-S cluster notif. As

I ong as functions of the notif are not inhibited, there
may be substitution, deletion, insertion, or addition of
an arbitrary amno acid in the sequence. It is however
preferred that cysteines at positions 343, 346, 350, and
363 are not nutated. Wen the sequence has one or nore
am no acid substitutions at positions other than said
three amno acids, it is preferred that the nunber of
substituted amno acids is preferably not nore than four,
nore preferably not nore than three, even nore preferably
not nore than two, and particularly preferably one. Most
preferred is no amno acid substitution, deletion
insertion, or addition in the sequence.

[ 0021]

In the amno acid sequence of SEQID NO 1, the
sequence of the amno acids at positions 390 to 413 is
consi dered to correspond to the FAD bi ndi ng domnai n.
Accordingly, as long as functions of the domain are not
i nhibited, there may be substitution, deletion, insertion,
or addition of an arbitrary amno acid in the sequence.
It is however preferred that glycines at positions 390,
392, and 395 are not nutated. Wen the sequence has one
or nore am no acid substitutions, deletions, insertions,
or additions, the nunmber of nutated amno acids is
preferably not nore than four, nore preferably not nore
than three, even nore preferably not nore than two, and
particularly preferably one. Mst preferred is no
mutation in the am no aci d sequence.

[ 0022]

In the amno acid sequence of SEQID NO 1, the
sequence of the am no acids at positions 512 to 540 is
al so considered to correspond to the FAD bi ndi ng donai n.
Accordingly, as long as functions of the domain are not
i nhibited, there may be substitution, deletion, insertion,
or addition of an arbitrary amno acid in the sequence.
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It is however preferred that glycines at positions 512,
514, and 517 are not nutated. Wen the sequence has one
or nore amno acid substitutions, deletions, insertions,
or additions, the nunmber of nutated amno acids is
preferably not nore than four, nore preferably not nore
than three, even nore preferably not nore than two, and
particularly preferably one. Mst preferred is no
mutation in the am no aci d sequence.

[ 0023]

An alignnment, which indicates the regions of am no
aci d sequences with possible functions as descri bed above,
is shown in Fig. 27.

[ 0024]

The substitution, deletion, insertion or addition of
one or several amino acids in a specific amno acid
sequence i s possible by known techni ques.

[ 0025]

In (Ac) polypeptide, the am no acid sequence has,
for exanple, 60%or nore identity with the am no acid
sequence of SEQID NO 1. It is preferable, however, that
the am no acid sequence have generally 80% or nore,
preferably 85% or nore, nore preferably 90% or nore
further preferably 95% or nore, even nore preferably 98%
or nore, and particularly preferably 99% or nore identity
with the amno acid sequence of SEQ ID NO 1.

[ 0026]

Specifically, (Ac) polypeptide may be a pol ypepti de
consisting of the am no acid sequence of SEQID NGO 2 or a
pol ypepti de consisting of the amno acid sequence of SEQ
ID NO 3. The amno acid identity between the am no acid
sequence of SEQID NO 1 and the am no acid sequence of
SEQIDNO 2 is 99.5% (Blast2). The amno acid identity
bet ween the ami no acid sequence of SEQ ID NO 1 and the
am no acid sequence of SEQID NO 3 is 98.6% (Bl ast 2).
Accordingly, in a preferred enbodi nrent of the invention,
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(Ac) pol ypeptide conprises an am no acid sequence having
98.6% or nore, and nore preferably 99.5% identity to the
am no acid sequence of SEQ ID NO 1.

[ 0027]

The identity of the am no acid sequence can be
cal cul ated using analysis tools such as, for exanple,
FASTA, BLAST, PSI-BLAST, SSEARCH, or other kinds of
software avail able either comrercially or through
tel ecommunication lines (the Internet). Specifically, a
BLAST query is generally perfornmed under the foll ow ng
initial conditions to calculate the identity (% of the
am no aci d sequence.

Advanced BLAST 2. 1:

Program bl astp

Expect val ue: 10

Filters: all OFF

Mat ri x: BLOSUMG2

Gap exi stence cost: 11 (default)

Per residue gap cost: 1 (default)

Lanbda ratio: 0.85 (default)

O her paraneters (default)

[ 0028]

Regar di ng pol ypeptides (Ab) and (Ac), the activity
to synt hesi ze di hydrodai dzei n usi ng dai dzein as a
substrate can be confirned as follows. First, a
pol ypeptide of interest is added to a substrate solution

of the conposition below at a concentration of 0.001 ng/ni.

The solution is then incubated at 37°C for 2 hours to
check for the presence or absence of di hydrodaidzein in
the solution. The presence of dihydrodaidzein in the
solution after incubation is used as an indicator of the

pol ypeptide's activity to synthesize di hydrodai dzei n using

dai dzein as a substrate.
[ 0029]
Conposition of Substrate Sol ution
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.1 M pot assi um phosphate buffer

nM PVSBF ( phenyl net hyl sul fonyl fl uori de)
nmM di t hi ot hrei t ol

nmM sodi um hydrosul fite

mM NADPH or NADH

40 uM dai dzein

pH 7.0

[ 0030]

Enzynme Property

Since E1 pol ypeptide has an enzyne activity to
synt hesi ze di hydrodai dzei n usi ng dai dzein as a substrate,
El polypeptide is also referred to as E1 enzyne. El
enzynme is activated by the presence of a reducing agent
such as Na,S;O, and netal ions such as Fe?* and M?*. In
addition, El1 enzyne requires NADPH or NADH as a coenzyne.
The optimal tenperature of El enzyne is in the vicinity of
30°C, and the optimal pHis 7.0. E1 enzynme can not only
synt hesi ze di hydrodai dzei n usi ng dai dzein as a substrate,
but al so synt hesi ze dai dzein from di hydrodai dzein, as a
reverse reaction

[ 0031]

E1l pol ypepti de can be produced by genetic
engi neering techniques to be described |ater, or by
isolation and purification from m croorgani sns capabl e of
producing it. Further, comon chem cal synthesis nethods
may be used to produce El1 pol ypepti de, based on the
information of the amno acid sequence of SEQID NGO 1, 2,
or 3. Such chem cal synthesis nethods include comon
I i qui d- phase or solid-phase peptide synthesis nethods.

[ 0032]

The follow ng describes a nmethod for the isolation
and purification of El pol ypeptide froma m croorgani sm
capabl e of producing E1 pol ypeptide. First, the cells of
a m croorgani sm capabl e of producing E1 pol ypeptide are
di srupted to obtain a crude extract of the m croorgani sm

N O N - O
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Here, the cells can be disrupted by nethods used in conmon
cell -disruption processes, such as disruption using a
French press, a cell mll, and other disrupters, and
sonication in a hypotonic solution. The crude extract nay
be suppl enmented wth an appropriate buffer. Wen El
pol ypeptide is anaerobically conditioned, it is desirable
to add a suitable reducing agent to the crude extract to
keep the El1 pol ypeptide active. To inprove purity, the
crude extract may be further purified by processes such as
amoni um sul fate precipitation, organic solvent
precipitation using ethanol or the |ike, and isoelectric
precipitation. A fraction containing E1 pol ypeptide can
t hen be obtai ned by subjecting the crude extract to
processes such as ion-exchange chromat ography, ge
filtration chromat ography, hydrophobic chronmatography,
various types of affinity chronatography, reverse-phase
chr omat ogr aphy, and hydroxyapatite col unm chr omat ogr aphy.
These chromat ography processes may use an open col unm, or
HPLC may be used, as required. The purity of the fraction
i ncluding E1 pol ypeptide can be easily estinmated by
vi sual i zati on through el ectrophoresis, and particularly,
t hrough SDS- PAGE. Confirmation of E1l pol ypeptide is also
possi bl e by analysis of the am no acid sequence, nass
spectronmetry using a nass spectronmeter such as MALDI - TOF
M5, ESI Q TOF M5, and MALDI Q TOF Ms, and peptide nmass
fingerprinting, for exanple.

[ 0033]

Here, the m croorgani smcapabl e of producing El
pol ypeptide is preferably cultured in a nmedi um contai ni ng
a desired amount of daidzein (e.g., but not limted to, a
medi um contai ning at |east 0.01 pg/nL of daidzein) in
ternms of efficient production of El pol ypepti de.

[ 0034]

E1l pol ypepti de may be nononeric, or dineric or
polyneric, as long as it can synthesize di hydrodai dzei n.
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Further, to inprove stability and other characteristics,
E1l pol ypeptide may be nodified as required, by adding
pol yet hyl ene gl ycol or a sugar chain.

[ 0035]

E1l pol ypepti de can serve as a catal yst that converts
dai dzein (a substrate) into di hydrodai dzei n.

D hydrodai dzein is further converted to equol by

t et rahydr odai dzei n synt hesi ze enzyne and equol synthesi ze
enzynme as described below . Equol is believed to exhibit
various physiological activities in the body. In this
respect, E1 pol ypeptide, capable of providing the nmateri al
for equol synthesis, is considered inportant.

[ 0036]

A-2. Pol ynucl eoti de

The present invention also provides a pol ynucl eoti de
(hereinafter also referred to as "E1 pol ynucl eoti de") that
encodes a pol ypeptide having an activity to synthesize
di hydr odai dzei n usi ng dai dzein as a substrate.
Specifically, the invention provides:

(Ad) a polynucl eoti de consisting of the nucleotide
sequence of SEQ ID NO 4;

(Ae) a polynucleotide that encodes a pol ypepti de
consisting of the am no acid sequence of SEQ ID NO 1; and

(Af) a polynucleotide that hybridi zes under
stringent conditions with the conplenentary strand of the
pol ynucl eotide (Ad) or (Ae), and that encodes a
pol ypepti de having an activity to synthesize
di hydr odai dzei n usi ng dai dzein as a substrate.

[0037]

The am no aci d sequence of SEQ ID NO 1 corresponds
to the am no acid sequence encoded by the nucleotide
sequence of SEQID NO 4. The am no acid sequence of SEQ
ID NO 2 corresponds to the am no acid sequence encoded by
t he nucl eoti de sequence of SEQ ID NO 5. The amno acid
sequence of SEQ ID NO 3 corresponds to the am no acid
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sequence encoded by the nucl eoti de sequence of SEQ I D NO
6.

[ 0038]

Regar di ng pol ynucl eoti de (Af), the phrase
"hybridi zes under stringent conditions" describes
hybri di zati on between two pol ynucl eoti de fragnents under
ordi nary hybridization conditions as descri bed by Sanbrook
et al. in Mdlecular doning: A laboratory Manual (1989),
Col d Spring Harbor Laboratory Press, New York, USA. Mire
specifically, "stringent conditions" means hybridization
in 6.0 x SSC at about 45°C, and washing with 2.0 x SSC at
50°C. Exanples of (Af) polynucl eotide include the
nucl eoti de sequence of SEQ ID NO 5 and the nucl eotide
sequence of SEQ ID NO 6.

[ 0039]

The "pol ynucl eotide that hybridi zes under stringent
condi tions” generally has above a certain |evel of
identity with the nucl eotide sequence of the
pol ynucl eoti de used as a probe. The identity is, for
exanpl e, 60%or nore, preferably 70% or nore, nore
preferably 80% or nore, further preferably 90% or nore,
even nore preferably 95% or nore, and particularly
preferably 98% or nore. The identity of the nucleotide
sequence can be cal cul ated using anal ysis tools such as,
for exanple, FASTA, BLAST, PSI-BLAST, SSEARCH, or other
ki nds of software available either conmmercially or through
tel econmuni cation lines (the Internet). Specifically, a
BLAST query is generally perforned under the follow ng
initial conditions to calculate the identity (% of the
nucl eoti de sequence.

Advanced BLAST 2. 1:

Program bl astn

Paranmeters: default

[ 0040]

The base sequence honol ogy between the nucl eoti de
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sequence of SEQ ID NO 4 and the nucl eoti de sequence of
SEQIDNO 5 is 99.6% (Blast2). The base sequence

honol ogy between the nucl eoti de sequence of SEQ ID NO 4
and the nucl eoti de sequence of SEQID NO 6 is 97.6%
(Blast2). Accordingly, in a preferred enbodi nent of the

i nvention, a polynucleotide (Af) conprises a base seqnece
havi ng 97. 6% honol ogy, and nore preferably 99. 6% honol ogy
to the base sequence of SEQ ID NO 4.

[ 0041]

Regar di ng pol ynucl eotide (Af), the "activity to
synt hesi ze di hydrodai dzei n usi ng dai dzein as a substrate”
can be confirnmed by the nmethod used for pol ypeptides (Ab)
and (Ac).

[ 0042]

E1l pol ynucl eoti de can be produced or obtai ned by
chem cal DNA synt hesis nethods, based on the sequence
information of SEQ ID NGs: 4, 5, and 6. Cenerally, El
pol ynucl eoti de can be easily produced or obtained by
common geneti c engi neering techni ques (see, for exanple,
Mol ecul ar d oning 2d Ed, Cold Spring Harbor Lab. Press
(1989); and Zoku Sei kagaku Ji kken Kouza, Gene Kennkyu- hou
I, 1'l, I'll, the Japanese Bi ochem cal Society (1986)).

[0043]

An exanpl e of such chem cal DNA synthesis nethods is
a solid-phase synthesis method using the phosphoramdite
nmet hod, which may enpl oy an aut osynt hesi zer.

[ 0044]

In a specific exanple of conmon genetic engi neering
techniques, a cDNA library is prepared by an ordinary
nmet hod froma suitable source expressing E1 pol ynucl eoti de,
and the library is screened for desired clones using a
suitabl e probe or anti body specific to E1 pol ynucl eoti de
(see, for exanple, Proc. Natl. Acad. Sci., USA., 78, 6613
(1981); Science, 222, 778 (1983)).

[ 0045]
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The cDNA source is not particularly limted as |ong
as it is an organi smexpressing E1 pol ynucl eoti de.

Speci fic exanpl es include m croorgani sns capabl e of
produci ng equol, preferably lactic acid bacteria, bacteria
bel oi nging to the genera Bacteroides and Streptococcus
capabl e of producing equol, nore preferably Lactococcus
garvi eae, Bacteroides ovatus and Streptococcus
constel | atus capabl e of produci ng equol, further
preferably fecal Lactococcus garvi eae capabl e of producing
equol, and particularly preferably Lactococcus 20-92
strain, Bacteroides ovatus E-23-15 strain, Streptococcus
constel |l atus A6G 225 ( FERM BP-10036, FERM BP-6435, and
FERM BP- 6437, respectively; deposited with the

I nternational Patent O gani sm Depositary, Nationa
Institute of Advanced Industrial Science and Technol ogy,
1-1-1 Hi gashi, Tsukuba, |baraki, Japan), strains of feca
Lact ococcus garvi eae capabl e of produci ng equol .

[ 0046]

Ordi nary nmet hods can be used for procedures
including the separation of total RNA the separation and
purification of nRNA, and the preparation and cl oni ng of
cDNA. The net hod of screening the cDNA library for a
pol ynucl eoti de of the present invention is not
particularly limted, and an ordinary nmethod can be used.
For exanpl e, polypeptides produced from cDNA may be
screened for by selecting correspondi ng cDNA cl ones by an
i mmunol ogi cal screening using a pol ypeptide-specific
anti body. Further, the screening may be nade by
hybri di zati on techni ques such as pl aque hybridi zati on and
col ony hybridi zati on, which use probes that specifically
bind to target nucl eotide sequences. Further, a
conbi nation of these different techni ques may be used.

[ 0047]

Cenerally, the probe may be, for exanple, chemcally
synt hesi zed DNA obt ai ned based on informati on concerning



10

15

20

25

30

35

- 33-

t he nucl eoti de sequence of E1 pol ynucl eotide (e.g., the
nucl eoti de sequence of SEQID NO 4, 5, or 6). Further
the probe used for screening may be a sense priner and/or
an antisense prinmer designed based on the information of
t he base sequence of a pol ynucl eoti de of the present

i nventi on.

[ 0048]

E1l pol ynucl eoti de can be suitably obtained by the
PCR net hod (Sci ence, 130, 1350 (1985)), or by variants of
the PCR nethod, such as a DNA or RNA anplification nethod.
Any difficulty in screening the library for full-Ilength
cDNA can be circunvented by using suitable techniques such
as the RACE nethod (Rapid anplification of cDNA ends,
Experinental Medicine, 12(6), 35 (1994)); and particularly
the 5 -RACE nethod (M A Frohman, et al., Proc. Natl. Acad.
Sci., USA , 8, 8998 (1988)). The Race nethod and the 5 -
RACE net hod are useful for obtaining El pol ypeptide from
eukar yot e.

[ 0049]

The prinmers used for the PCR nethod can be
appropriately designed based on the sequence infornation
of E1 pol ynucl eotide. Such primers can be synthesized by
an ordinary nethod. As noted above, the isolation and
purification of anplified DNA or RNA fragnents can be
perfornmed by an ordinary nmethod such as gel
el ectrophoresi s and hybri di zati on.

[ 0050]

E1l pol ynucl eoti de readily enabl es nmass, stable
producti on of the pol ynucl eoti de product (the pol ypeptide),
usi ng conmon geneti c engi neering techni ques. The
successful isolation of E1 polynucl eotide by the present
invention will open the door for the industrial production
of equol, wi thout using the difficult-to-handl e anaerobic
bacterial strains traditionally used for equol production.

[ 0051]
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A- 3. Expression Vector

An expression vector of the present invention is not
particularly limted as long as it includes El1
pol ynucl eoti de and i s capabl e of expressing E1
pol ynucl eotide. GCenerally, it is appropriately selected
according to the type of host cell

[ 0052]

When the host cell is a prokaryotic cell, the
expression vector may be, for exanple, an expression
pl asm d vector, replicable in the host cell, prepared by

addi ng pronoters and a SD ( Shi ne-Dal garno) base sequence
upstream of the polynucl eotide to cause expression of the
pol ynucl eotide. A specific exanple is an expression
plasmd using a P. pronoter, a T7 pronoter, and a | ac
pronmoter. O her exanples of preferable bacterial
expressi on vectors include plasmd pKK233-2 and plasm d
pKK233-3 using a tac pronoter or trc pronoter. These are
non-limting exanpl es, and other known bacterial strains
and vectors may be used, as well.

[ 0053]

Wien the host cell is a eukaryotic cell, the
expressi on vector may generally include pronoters upstream
of the polynucleotide to be expressed, and other specific
sequences including an RNA splice site, a polyadenylation
site, and a transcription term nation sequence. The
expression vector may further include a replication origin.
There are a nunber of well-known eukaryotic vectors useful
for the insertion of the pol ynucl eotide. Exanples of such
sui tabl e eukaryotic vectors include pCD and pCW. O her
exanpl es i nclude pMsSG and pSVL, which make use of MMIV or
SV40 | ate pronoter as required. These are non-limting
exanpl es, and various known eukaryotes and vectors can be
used, as well.

[ 0054]

A-4. Reconbi nant Cel
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The present invention provides a reconbi nant cell
(transformant) transfornmed with an expression vector
i ncluding E1 pol ynucl eoti de.

[ 0055]

The host cell used for the reconbinant cell nmay be a
prokaryotic cell or a eukaryotic cell

[ 0056]

Sui t abl e exanpl es of a prokaryotic host cell
i ncl ude: bacterial prokaryotic cells of genus Lactococcus,
such as lactic acid bacteria; and bacterial prokaryotic
cells such as, for exanple, Escherichia coli, Streptonyces,
Bacillus subtilis, Streptococcus, and Staphyl ococcus,
whi ch can grow under aerobic conditions.

[ 0057]

Exanpl es of a eukaryotic host cell include:
eukaryotic m croorgani sns such as yeast and Aspergill us;
insect cells such as Drosophila S2 and Spodoptera Sf9; and
animal and plant cells such as L cells, CHO cells, COS
cells, HeLa cells, Cl127 cells, BALB/c3T3 cells (including
nmut ant strains | acking di hydrofol ate reductase or
t hym di ne ki nase), BHK21 cells, HEK293 cells, Bowes
nmel anoma cells, and oocytes.

[ 0058]
The met hod used to introduce the expression vector
into the host cell is not particularly limted, and a

vari ety of comon nethods can be used. For exanple, the
expressi on vector can be introduced into the host cell
according to the nethods of many standard | aboratory
manual s, including, for exanple, Davis et al., Basic

Met hods in Mol ecul ar Biol ogy, 1986, and Sanbrook et al.,
Mol ecul ar d oni ng: A Laboratory Manual, 2nd Ed., Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.
1989. Specific exanpl es include cal ci um phosphate
transfection, DEAE-dextran nedi ated transfection,
transvection, mcroinjection, cationic |lipid-nediated
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transfection, electroporation, transduction, scrape
| oading, ballistic introduction, and infection.

[ 0059]

Because the reconbi nant cell is capable of producing
E1l pol ypeptide (a di hydrodai dzei n-converting enzyne), it
can be used to produce a di hydrodai dzei n-converting enzyne.
The reconbi nant cell can al so be used to produce
di hydrodai dzein in a cell form

[ 0060]

A-5. Pol ypepti de Production Usi ng Reconbi nant Cell

E1l pol ypepti de can be produced by culturing a
reconbi nant cell into which E1 polynucleotide is
i ntroduced and col |l ecting E1 pol ypeptide fromthe cell and
cul ture.

[ 0061]

The culture may be subcul ture or batch cul ture using
a suitable nmediumfor the host. The cells may be cul tured
until an adequate quantity of E1 pol ypeptide is obtained,
using the level of El pol ypeptide inside and outside of
t he reconbi nant cells as an index.

[ 0062]

The cul ture nedium can be appropriately sel ected
from common nedia according to the type of host cell used.
The culture may be incubated under suitable growth
conditions for the host cell

[ 0063]

The resulting E1 pol ypeptide may be optionally
separated and purified by various kinds of separation
techni ques utilizing the physical and chem cal properties
of E1 pol ypeptide (see, for exanple, Biochenm stry Data
Book Il, pp. 1175-1259, 1st ed., 1st print, June 23, 1980,
Tokyo Kagaku Dozin Co., Ltd.; Biochemstry, 25(25), 8274
(1986); and Eur. J. Biochem, 163, 313 (1987)).
Specifically, E1 polypeptide may be separated and purifi ed,
for exanple, as in the "nmethod for isolation and
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purification of E1 pol ypeptide from m croorgani sns capabl e
of produci ng E1 pol ypepti de" described in Section A1
under the headi ng "Pol ypeptide".

[ 0064]

A-6. Di hydrodai dzein Production Using E1 Pol ypepti de

The present invention provides a process for
pr oduci ng di hydrodai dzei n using E1 pol ypeptide. In the
produci ng process, daidzein can be converted into
di hydr odai dzei n by having E1 pol ypepti de act on dai dzein
in the presence of NADPH and/or NADH. Preferably, daidzein
can be converted into di hydrodai dzein by having E1
pol ypepti de act on daidzein in the presence of NADPH.

[ 0065]

Si nce the di hydrodai dzei n synt hesi zi ng enzyne
activity of El polypeptide is activated by the presence of
Mh?* and Fe?", El peptide is preferably to have El
pol ypeptide act on on daidzein in the presence of M?*
and/ or Fe?*. The concentration of M? and/or Fe® in the
reaction solution is not particularly limted as |long as
the enzynme activity of E1 pol ypeptide can be acti vated.
The concentration of Fe?" is preferably 2mM and nore, nore
preferably 2mMto 100mM nore preferably 10mMto 40
mM The concentration of Mi?+ is preferably 0.2 pM and
nore, nore preferably, nore preferably 0.2uMto 100 nM and
even nore preferably 1.0pMto 40nM

[ 0066]

The reaction used in the produci ng process may be
perforned in a suitable buffer. Exanples of such suitable
buffers include phosphate buffer, carbonate buffer,
acetate buffer, Tris buffer, and borate buffer. The pH
condition of the reaction can be suitably selected so as
not to inactivate the desired enzyne activity of El
pol ypepti de. For exanple, the reaction nmay be perforned
in a pHrange of preferably 5.0 to 10.0, and nore
preferably 6.0 to 8.0.
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[ 0067]

In the reaction, an appropriate anount of protease
i nhi bitor such as PMSF or EDTA nay be added as required.
Further, considering that the pol ypeptide derives from
anaerobi ¢ bacteria, an appropriate anount of reducing
agent, such as DTT, 2Mg, DET, and Na,S;0, nay be added as
wel | .

[ 0068]

The reaction used in the producing process is
perfornmed under such conditions that, for exanple, each
conponent is added in a mediumin the concentration ranges
shown below at the start of reaction so as to prepare a
m xure. The mi xture is incubated for 0.5 to 10 hours,
preferably 1 to 6 hours, and nore preferably 2 to 4 hours
at tenperatures of 20 to 45°C, preferably 25 to 40°C, and
nore preferably 30 to 38°C. The initial concentration of
each conponents are as foll ows:

t he pol ypeptide content is 0.0001 to 1.0 wei ght%
preferably 0.001 to 0.1 weight% and nore preferably 0.001
to 0.01 weight%

t he daidzein content is 0.0001 to 10.0 weight% preferably
0.001 to 1.0 weight% and nore preferably 0.001 to 0.1

wei ght %

t he NADPH and/ or NADH content is 0.01 to 5 weight%
preferably 0.05 to 1 weight% and nore preferably 0.1 to
0.5 wei ght %

[ 0069]

The present invention also provides a nateri al
m xture for the synthesis of dihydrodai dzein, specifically,
a conposition for synthesizing dihydrodai dzei n incl udi ng
(Ai) E1 polypeptide, (Ai) NADPH and/or NADH, and (Aiii)
dai dzein. Additionally, the present invention provides a
material mxture for the synthesis of dihydrodai dzein,
specifically a di hydrodai dzein synthesis nateri al
conposition including (Ai) E1 pol ypeptide, (A i) NADPH
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and/ or NADH, (Aiii) daidzein, and (Aiv) M? and/or Fe?,
By i ncubating the conposition under the above-nentioned
conditions, the daidzein contained in the conposition can
be converted to di hydrodai dzein. The synthesis nateri al
conposition corresponds to the above-nentioned materi a
m xture used to initiate the reaction to produce
di hydrodai dzein. Further, the concentrations of El
pol ypepti de, NADPH and/or NADH, and daidzein in the
conposi tion, and ot her conponents that can be added to the
synthesis starting-material conposition are essentially as
in the reaction system (a mxture of starting naterials at
the start of reaction) used in the above-nentioned
pr oduci ng process.

[0070]

The present invention also provides a kit for
synt hesi zi ng di hydr odai dzein, specifically, a
di hydr odai dzein synthesis kit including (A) El
pol ypeptide, (Aii) NADPH and/or NADH, and (Aiii) daidzein.
Additionally, the present invention provides a kit for
synt hesi zi ng di hydrodai dzein, specifically a
di hydr odai dzein synthesis kit including (A) El
pol ypeptide, (A i) NADPH and/or NADH, (Aiii) daidzein, and
(Aiv) M?* and/or Fe?. The conponents may optionally be
stored separately in the synthesis kit so as to
conveniently enabl e di hydrodai dzein synthesis from
dai dzei n under the foregoing conditions. The synthesis
kit may further include a buffer as required. The
synthesis kit may al so i nclude any necessary tools or
operation manual s that hel p perform di hydrodai dzein
synt hesi s.

[ 0071]
A-7. Di hydrodai dzei n Synt hesi zi ng Enzyne Conposition

The present invention also provides a
di hydr odai dzei n synt hesi zi ng enzyme conposition including
E1l pol ypeptide. The enzynme conposition can be suitably
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used as a di hydrodai dzei n synt hesi zi ng enzyne in the
produci ng process of dihydrodai dzein using E1 pol ypepti de.

[0072]

The enzyne conposition may be a crude purified El1
pol ypepti de, or the enzynme conposition may be a crude
purified or purified ELl pol ypeptide fornulated with a
sui tabl e support.

[0073]

The proportion of E1l pol ypeptide in the enzyne
conposition is not particularly limted as |long as the
conposition can be used as a di hydrodai dzei n synt hesi zi ng
enzyne in the produci ng process of dihydrodai dzein.
Specifically, the E1l pol ypeptide content is, for exanple,
0.001 to 20.0 weight% preferably 0.005 to 5.0 wei ght%
and nore preferably 0.01 to 1.0 weight% wth respect to
the total of the enzyme conposition.

[ 0074]

The enzyme conposition may include NADPH and/ or NADH
whi ch act as a coenzyne of E1 pol ypeptide. Wen contai ned
in the enzyne conposition, the proportion of NADPH and/ or
NADH, though not particularly limted, is 0.0005 to 25.0
wei ght % preferably 0.005 to 5.0 weight% and nore
preferably 0.01 to 2.5 weight% wth respect to the tota
of the enzyme conposition.

[ 0075]

Moreover, in a preferable enbodi nent, the enzyne
conposition may include M?* and/or Fe?. Wen cont ai ned
in the enzyme conposition, the proportion of M?" and/or
Fe?* is not particularly linmited as long as the

di hydr odai dzei n synt hesi zi ng enzynme activity of E1

pol ypeptide can be activated. The proportion of Fe* is
preferably 2mM or nore, nore preferably 2mMto 100nM and
even nore preferably 10nMto 40mMwi th respect to the
total of the conposition. The proportion of M? is
preferably 0.2uM or nore, nore preferably 0.2uMto 100nM
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and even nore preferably 1.0pMto 40nMw th respect to the
total of the conposition.

[ 0076]

To inprove the stability of the pol ypeptide, the
enzyne conposition may further include antioxidants such
as sulfite, ascorbic acid, a-tocopherol, and cysteine, in
addition to E1 polypeptide. Further, to ensure the
preservability of the enzyne conposition, the enzyne
conposition may include preservatives such as p-
hydr oxybenzoat es, chl orobutanol, benzyl al cohol, 2-
phenyl et hyl al cohol, dehydroacetic acid, and sorbic acid,
as required.

[0077]

A-8. Produci ng Process of D hydrodai dzein Usi ng
Reconbi nant Cel |

The present invention provides a produci ng process
of di hydrodai dzei n using reconbi nant cells including El1
pol ynucl eotide. Specifically, in the producing process,
dai dzein is converted into dihydrodai dzein by having the
reconbi nant cell act on dai dzein

[ 0078]

The reaction used in the producing process is
performed in conditions that allow the reconbinant cell to
survive, and daidzein to be converted into di hydrodai dzein.

[ 0079]

Specifically, appropriate anmounts of reconbi nant
cells and dai dzein are added and cultured in a nedi umt hat
allows for growh of the reconbi nant cells.

[ 0080]

The medi um used in the producing process is suitably
sel ected fromvarious kinds of conventional nedia
according to the type of the cell used as the host
reconbi nant cel |

[ 0081]

The medi um may be suppl enmented with appropriate
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anounts of protease inhibitors such as PVMSF and EDTA, as
required. Further, considering that the pol ypeptide
derives from anaerobic bacteria, appropriate anounts of
reduci ng agents such as DIT, 2Mg, DET, and Na,S;O, may al so
be added. Wen using the reconbinant cell, the nedi um may
be suppl enmrented with NADPH and/ or NADH as required, though
it is not essential. Mreover, the nedium may be

suppl enented with Mi?* and/ or Fe?'

[ 0082]

Specifically, the producing process is perforned as
follows. First, the reconbinant cells are inoculated in
medi um containing 0.001 to 1 weight% preferably 0.01 to 1
wei ght % and nore preferably 0.01 to 0.5 wei ght % of
dai dzein, and the culture is incubated under perm ssive
tenperature conditions for 6 to 30 hours, preferably 7 to
24 hours, and nore preferably 7 to 18 hours.

[ 0083]

The present invention also provides a nmateri al
m xture for synthesizing dihydrodai dzein, specifically, a
di hydr odai dzei n synthesis material conposition containing
(Aiv) the reconbinant cell and (Aiii) daidzein. By
culturing the synthesis material conposition under the
above- nenti oned conditions, the di hydrodai dzein in the
conposition can be converted to di hydrodai dzein. The
conposition corresponds to the above-nentioned starting
material mxture used to initiate the reaction to produce
di hydrodai dzein. Further, the concentrations of the
reconbi nant cell and daidzein in the conposition, and
ot her conponents that can be added to the synthesis
starting-material conposition, are essentially as in the
conditions used in the foregoi ng produci ng process.

[ 0084]

The present invention also provides a kit for
synt hesi zi ng di hydr odai dzein, specifically, a
di hydr odai dzei n synthesis kit including (Aiv) the
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reconbi nant cell and (A ii) daidzein. Additionally, the
present invention provides a kit for synthesizing

di hydr odai dzei n, specifically a di hydrodai dzein synthesis
kit including (Aiv) the reconbinant cell, (Aiii) daidzein,
and (Aiv) M?" and/or Fe?. The synthesis kit may include
t he reconbi nant cell and dai dzein separately as required,
so as to conveniently enabl e di hydrodai dzein synthesis
from dai dzei n under the above-nentioned conditions. The
synthesis kit may further include a buffer or a nmedium as
required. The synthesis kit may al so i nclude any
necessary tools or operation manuals that help perform

di hydr odai dzei n synt hesi s.

[ 0085]

The reconbinant cells included in the synthesis kit
may be preserved therein by known nethods. There are a
nunmber of known reconbi nant cell preservation techni ques.
For exanple, there is a nethod in which the reconbi nant
cells are preserved at 4 to 25°C after being treated with
a lyophilizer to evacuate the anpul e storing the
reconbi nant cells in a solvent such as di nethyl fornmam de.
Anot her exanple is a liquid nitrogen nethod, in which the
cells are suspended in a preserving nedi um suppl enent ed
with 10% gl ycerol, which is then stored in a specific
anpul e and kept in aliquid nitrogen tank (at -150 to -
196°C) .

[ 0086]

A-9. Antibody Having Affinity to the Pol ypeptide

The present invention also provides an antibody (an
| gG anti body) having affinity to E1 pol ypepti de.

[ 0087]

The nonocl onal anti body can be prepared by an
ordinary nethod. Specifically, the nethod described by
Harl ow, H and Lane, D. in Antibody: Laboratory Mnual
Col d Spring Harbor Lab., New York, pp. 139-240 (1988) can
be used.
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[ 0088]

The pol ycl onal anti body can al so be prepared by an
ordinary nethod. Specifically, the nethod described in,
for exanple, Cell Engineering Experinent Protocol,
Departnment of Oncol ogy, The Institute of Medical Science,
The University of Tokyo, 1992, pp. 155-173, can be used.

[ 0089]

The pol ycl onal 1gG anti body and nonocl onal 119G
anti body can be purified by conmon net hods, such as a
sul furic acid ammoni um preci pitation nethod, and protein A
chr omat ogr aphy.

[ 0090]

A-10. I nmunol ogi cal Method for the Detection or
Measur enent of the Pol ypepti de

The present invention also provides an i mmunol ogi cal
nmet hod for detecting or neasuring E1 pol ypeptide using the
anti body. Specifically, the i mmunol ogical nethod is
perfornmed by having the antibody contact a test sanple.
More specifically, the polypeptide in the test sanple can
be detected or neasured as follows. First, the antibody
is made to contact a test sanple to check for the presence
of E1 polypeptide in the test sanple. If present, the
anti body specifically binds to E1 pol ypeptide. Then, the
anti body bound to E1 pol ypeptide is detected and
optional ly quantified.

[ 0091]

Here, the test sanple is a sanple used for the
detection or measurenent of E1 pol ypeptide. Because El
pol ypeptide is expected to exist in bacterial prokaryotic
cells, the immnol ogical nethod is suitable for the
detection and neasurenent of E1 pol ypeptide residing in
bacterial prokaryotic cells. 1In the detection and
measur ement of E1 pol ypeptide in the cell, the test sanple
can be prepared fromdisrupted cells, or cells subjected
to protein purification after disruption.
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[0092]

Techni ques to detect or measure a target pol ypeptide
by the i mmunol ogi cal nethod using the anti body are known,
and it would be obvious for the skilled artisan to
appropriately set various conditions suitable for the
i mrunol ogi cal nethod. For exanple, nethods such as
radi oi mmunoassay and ELI SA nmay be used under appropriately
set conditions.

[ 0093]

The present invention also provides an i mmunol ogi cal
detection kit including the antibody, used for the
detection or measurenent of E1 pol ypeptide. The detection
kit may al so include a standard E1 pol ypepti de, as
required. The detection kit may further include, as
required, additional reagents that facilitate the easy
detection of El1 pol ypepti de under the foregoing conditions.
The detection kit may al so include any necessary tools or
operation manuals that facilitate easy E1 pol ypeptide
det ecti on.

[ 0094]

A-11. Method for Detection or Measurenent of
Pol ynucl eoti de that Encodes the Pol ypepti de

The present invention also provides a nethod for
detecting or measuring El polynucl eotide. Specifically,
the nethod is performed by causing an E1 pol ynucl eoti de-
bi ndi ng probe to contact a test sanple. To be nore
speci fic, E1 polynucleotide in the test sanple can be
detected or neasured as follows. First, the probe is nade
to contact a test sanple to hybridize with the test sanple
whi ch occurs when E1 polynucleotide is present in the test
sanple. Then, the presence or absence of the double
strand is detected, and the double strand, if present, is
optional ly quantified.

[ 0095]

Here, the test sanple is a sanple used for the
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detection or neasurenent of E1 polynucl eotide. Because El
pol ynucl eotide is expected to exist in bacterial
prokaryotic cells, the nethod is suitable for the

det ecti on and neasurenent of E1l pol ynucl eotide residing in
bacterial prokaryotic cells. 1In the detection and

nmeasur ement of E1 pol ynucleotide in the cell, the test
sanpl e can be prepared fromdisrupted cells, or cells
subjected to nucleic acid purification after disruption.

[ 0096]

The probe used in the nmethod has a nucl eoti de
sequence that can hybridize with the pol ynucl eoti de under
stringent conditions. As used herein, "stringent
condi tions" describe, for exanple, conditions comon to
probes and prinmers, and specifically, conditions described
in the above Section A-2.

[ 0097]

The probe may be chemically synthesized based on
i nformation concerning the nucl eoti de sequence of El
pol ynucl eotide (e.g., the nucl eotide sequence of SEQ ID
NO 4, 5, or 6), or may be a previously produced El1
pol ynucl eotide or a fragnment of E1 pol ynucl eotide. The
probe may be | abel ed or unl abel ed, though | abel ed probes
are generally used. Further, when the probe is used as a
PCR prinmer (a sense primer or an antisense priner), the
probe length is, for exanple, about 10 to 40 nucl eoti des,
and preferably about 20 to 30 nucl eoti des.

[ 0098]

Exanpl es of nmethods to specifically detect the
pol ynucl eoti de i ncl ude: plaque hybridization, col ony
hybri di zati on, Southern blotting, Northern blot, and the
PCR nethod. Fromthe standpoint of sensitivity, a PCR
nmet hod that uses the probes as priners to anplify part of
or all of E1l polynucleotide is preferably used.

[ 0099]

The PCR net hod may be, for exanple, RT-PCR nethod,
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or various types of variant nethods used in the art. The
PCR net hod can be used to assay the presence and the
quantity of E1 pol ynucl eoti de. Exanples of such PCR

nmet hods include a conpetitive assay such as MSSA
(Kinoshita, M, et al., CCA 228, 83-90 (1994)), and the
PCR- SSCP net hod, which is a known nethod of detecting

mut ati ons based on changes in nobility of single-stranded
DNA due to different higher-order structures (Oita, M,
et al., Genomcs, 5, 874-879 (1989)).

[0100]

The present invention also provides a kit for
detecting or measuring El pol ynucl eotide, specifically an
E1l pol ynucl eoti de detection kit including the probe. For
ease of E1 pol ynucl eoti de detection under the above-
menti oned conditions, the detection kit may include
additional reagents or the like as required, in addition
to the probe. Further, the detection kit can be used to
identify cells containing E1 pol ynucl eotide. Fromthe
st andpoi nt of enabling accurate detection, the detection
kit may preferably be provided as a kit for performng
det ection using PCR

[ 0101]

B. Tetrahydrodai dzei n Synt hesi zi ng Enzyne
B-1. Pol ypepti de

The present invention provides a pol ypeptide
(hereinafter also referred to as "E2 pol ypeptide") for the
synt hesi s of tetrahydrodai dzei n using di hydrodai dzein as a
substrate. Specifically, the invention provides:

(Ba) a polypeptide consisting of the am no acid
sequence of SEQ ID NO 7;

(Bb) a polypeptide consisting of the am no acid
sequence of SEQID NO 7 with the substitution, deletion,
insertion, and/or addition of one or nore amno acids, and
having an activity to synthesize tetrahydrodai dzei n using
di hydr odai dzein as a substrate; and
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(Bc) a polypeptide consisting of an amno acid
sequence having 60% or nore identity with the am no acid
sequence of SEQ ID NO 7, and having an activity to
synt hesi ze tetrahydrodai dzei n usi ng di hydrodai dzein as a
substrate.

[0102]

I n pol ypeptide (Bb), the range of "one or nore am no
acids" is not particularly limted as long as the
pol ypepti de has the activity to synthesize
t etrahydr odai dzei n usi ng di hydr odai dzein as a substrate.
For exanple, the range is from1l to 50, preferably 1 to 30,
nore preferably 1 to 15, nore preferably 1 to 5, further
preferably 1 to 4, even nore preferably 1 to 3, and
particularly preferably 1 or 2.

[ 0103]

Exanpl es of (Bb) pol ypeptide includes a pol ypeptide
consi sting of the am no acid sequence of SEQ ID NGO 8 and
a pol ypeptide consisting of the am no acid sequence of SEQ
ID NO 9. Conpared with the am no acid sequence of SEQ ID
NO 7, the amno acid sequence of SEQ ID NO 8 contains
two substituted am no acids and an am no acid sequence
having 24 am no acids at the N termnus. Conpared with
the am no acid sequence of SEQID NO 7, the amno acid
sequence of SEQ ID NO 9 contains 20 substituted am no
acids and loses 1 amno acid. The am no acid sequence of
SEQ ID NO 8 corresponds to the E2 enzyne pol ypeptide from
Bact er oi des ovatus E-23-15 strain (FERM BP-6435). The
am no acid sequence of SEQ ID NO 9 corresponds to the E2
enzyme pol ypeptide from Streptococcus constel |l atus A6G 225
( FERM BP- 6437) .

[ 0104]

In (Bb) polypeptide, the am no acid substitution,
del etion, insertion, or addition can be nade as in the
am no acid substitution, deletion, insertion, or addition
in ELl pol ypeptide described in Section A-1. It is
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preferable that the am no acid substitution, deletion,
insertion, or addition in polypeptide (Bb) is in regions
where the am no acid change does not have |arge effects on
t he hi gher-order structures of the pol ypeptide, or where
t he change does not adversely affect the active center of
t he tetrahydrodai dzei n synt hesi zi ng enzyne. Exanpl es of
such regions include | ow conserved regi ons anong the am no
acid sequences of SEQID NGs: 7, 8, and 9, and vicinities
thereof, and the N-termnal region or Ctermnal region.
Speci fic exanples include valine at position 7, proline at
position 8, valine at position 26, |eucine at position 36,
arginine at position 46, aspartic acid at position 94,
glutamc acid at position 101, glycine at position 126,
i sol euci ne at position 137, glutam ne at position 156,
| ysine at position 157, aspartic acid at position 159,
al anine at positions 160 and 171, cysteine at position 185,
serine at position 221, alanine at position 233, valine
at position 241, serine at position 258, isoleucine at
position 266, and valine at position 286, in the am no
aci d sequence of SEQ ID NGO 7; and adjacent regions of
these am no acids. The "adjacent region" neans regions
where the tetrahydrodai dzei n synt hesi zi ng enzyne activity
is not affected. Exanples of said regions includes am no
acids within five amno acids fromone of the exenplified
am no acids, preferably those within four am no acids from
one of the ecenplified am no acids, nore preferably those
Wi thin three amno acids fromone of the exenplified am no
acids, even nore preferably those within two am no acids
fromone of the exenplified amno acids, and particularly
preferably one amno acid fromone of the exenplified
am no aci ds.

[ 0105]

In the amno acid sequence of SEQID NO 7, the
sequence of the am no acids at positions 38 to 45 is
considered to correspond to the NADPH bi ndi ng domai n.
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Accordingly, as long as functions of the domain are not

i nhibited, there may be substitution, deletion, insertion,
or addition of an arbitrary amno acid in the sequence.

It is however preferred that threonine at position 38,

gl ycine at position 39, glycine at position 43, and
glycine at position 45 are not nutated. Wen the sequence
contains one or nore amno acid substitutions, deletions,
insertions, or additions, the nunber of nutated am no
acids is preferably not nore than four, nore preferably
not nore than three, even nore preferably not nore than
two, and nost preferably one.

[0106]

In the am no acid sequence of SEQID NO 7, the
sequence of the am no acids at positions 115 to 118 is
considered to correspond to the notif highly conserved
anong SDR fam |ly. Wen the sequence contains one or nore
am no acid substitutions, deletions, insertions, or
additions in the sequence, the nunber of nutated am no
acids is preferably not nore than three, nore preferably
not nore than two, and even nore preferably one. Mbst
preferred is no mutation in the sequence.

[ 0107]

In the amno acid sequence of SEQID NO 7, serine
at position 168, histidine at position 182, and |ysine at
position 186 are considered to be associated with the
activity center of E2 enzyme. Accordingly, as long as the
enzyme activity is not inhibited, the three am no acids

may be substituted by other arbitrary amno acids. It is
however preferred that these am no acids are not nutat ed.
[0108]

In the amno acid sequence of SEQID NO 7, the
sequence of the am no acids at positions 212 to 217 is
consi dered to be associated with binding to cofactors.
Accordingly, as long as the function is not inhibited,
there may be substitution, deletion, insertion, or
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addition of an arbitrary amno acid in the sequence. It
is however preferred that proline at position 212, glycine
at position 213, and threonine at position 217 are not
nmut at ed. When the sequence contains one or nore am no
acid substitutions, deletions, insertions, or additions,
t he nunber of nutated am no acids is preferably not nore
than three, nore preferably not nore than two, and even
nore preferably one. Particularly preferred is no
nmutation in the sequence. An alignnent, which indicates
the regions of am no acid sequences wth possible
functions as descri bed above, is shown in Fig. 28.

[0109]

In pol ypeptide (Bc), the am no acid sequence has,
for exanple, 60%or nore identity with the amno acid
sequence of SEQID NO 7. It is preferable, however, that
the am no acid sequence have generally 80% or nore,
preferably 85% or nore, nore preferably 90% or nore
further preferably 95% or nore, even nore preferably 98%
or nore, and particularly preferably 99% or nore identity
with the amno acid sequence of SEQ ID NO 7.

[0110]

Specifically, (Bc) polypeptide may be a pol ypepti de
consisting of the am no acid sequence of SEQID NO 8 or a
pol ypepti de consisting of the am no acid sequence of SEQ
ID NO 9. The identity between the amno acid sequence of
SEQID NO 7 and the amno acid sequence of SEQ 1D NO 8
is 99.3% (Blast2). The identity between the am no acid
sequence of SEQ ID NO 7 and the am no aci d sequence of
SEQIDNO 9is 93.0%(Blast 2). Accordingly, in a
preferred enbodi mrent of the invention, (Bc) polypeptide
conprises an am no acid sequence having 93.0% or nore, and
nore preferably 99.3% identity to the am no acid sequence
of SEQID NGO 7.

[0111]

Regar di ng pol ypepti des (Bb) and (Bc), the activity
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to synt hesi ze tetrahydrodai dzei n usi ng di hydrodai dzei n as
a substrate can be confirned as follows. First, a
pol ypeptide of interest is added to a substrate solution
of the conposition below at a concentration of 0.001 ng/ni.
The solution is then incubated at 37°C for 2 hours to
check for the presence or absence of tetrahydrodaidzein in
the solution. The presence of tetrahydrodaidzein in the
solution after incubation is used as an indicator of the
pol ypeptide's activity to synthesize tetrahydrodai dzein
usi ng di hydrodai dzein as a substrate.

[0112]
Conposition of Substrate Sol ution

0.1 M pot assi um phosphate buffer (pH 7.0)

1 nmM PVBF (phenyl net hyl sul fonyl fl uori de)

2 MMdithiothreito
5 mM sodi um hydrosul fite
2
2

nM NADPH
mM NADH

40 uM di hydr odai dzei n

[0113]

Enzyne Property

Since E2 pol ypeptide has an enzyne activity to
synt hesi ze tetrahydrodai dzei n usi ng di hydrodai dzein as a
substrate, E2 polypeptide is also referred to as E2 enzyne.
E2 enzynme requires NADPH or NADH as a coenzyne. The
optimal tenperature of E2 enzyne is in the vicinity of
37°C, and the optimal pHis 4.5. E2 enzynme can not only
synt hesi ze tetrahydrodai dzei n usi ng di hydrodai dzein as a
substrate, but al so synthesize di hydrodai dzein from
t etrahydr odai dzein, as a reverse reaction.

[0114]

Simlarly to E1 pol ypeptide, E2 pol ypeptide can be
produced by genetic engineering techniques based on the
informati on of the nucl eotide sequence of SEQ ID NO 10,
11, or 12. Further, common chem cal synthesis nethods nmay
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be used to produce E2 pol ypepti de, based on the
information of the am no acid sequence of SEQID NGO 7, 8,
or 9. E2 polypeptide can al so be produced by isolation
and purification from m croorgani sns capabl e of producing
it. These nethods can be perfornmed according to the
description in the foregoing Section A-1l.

[ 0115]

The m croorgani sm capabl e of produci ng E2
pol ypeptide may be cultured in a nediumcontaining a
desired anount of dihydrodai dzein, and additionally,
dai dzein. E2 pol ypeptide can al so be produced in this way
in mcroorgani sns capabl e of produci ng E2 pol ypepti de.

[0116]

E2 pol ypepti de may be nononeric, or dineric or
polyneric, as long as it can synthesize tetrahydrodai dzein.
Further, to inprove stability and other characteristics,
E2 pol ypeptide may be nodified as required, by adding
pol yet hyl ene gl ycol or a sugar chain.

[0117]

E2 pol ypepti de can serve as a catal yst that converts
di hydr odai dzein (a substrate) into tetrahydrodai dzein.
Tetrahydr odai dzein is further converted into equol by
equol synthesi ze enzyne as descri bed bel ow. Equol is
believed to exhibit various physiological activities in
the body. In this respect, E2 polypeptide, capable of
providing a starting material of equol synthesis, is
considered inportant. The present invention therefore
provi des a tetrahydrodai dzei n synthesi zing enzyne
i ncluding any of pol ypeptides (Ba) through (Bc).

[ 0118]

B- 2. Pol ynucl eoti de

The present invention also provides a polynucl eotide
(hereinafter also referred to as "E2 pol ynucl eoti de") that
encodes a pol ypepti de having an activity to synthesize
t et rahydr odai dzei n usi ng di hydr odai dzein as a substrate.
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Specifically, the invention provides:

(Bd) a polynucl eotide consisting of the nucleotide
sequence of SEQ ID NO 10;

(Be) a polynucl eotide that encodes a pol ypepti de
consisting of the am no acid sequence of SEQ ID NO 7; and

(Bf) a polynucleotide that hybridizes under
stringent conditions with the conplenentary strand of the
pol ynucl eotide (Bd) or (Be), and that encodes a
pol ypepti de having an activity to synthesize
t etrahydr odai dzei n usi ng di hydr odai dzein as a substrate.

[0119]

The am no aci d sequence of SEQ ID NO 7 corresponds
to the amno acid sequence encoded by the nucl eotide
sequence of SEQ ID NO 10. The am no acid sequence of SEQ
ID NO 8 corresponds to the am no acid sequence encoded by
t he nucl eoti de sequence of SEQ ID NO 11. The am no acid
sequence of SEQ ID NO 9 corresponds to the am no acid
sequence encoded by the nucl eoti de sequence of SEQ ID NO
12.

[ 0120]

Regar di ng pol ynucl eotide (Bf), the phrase
"hybridi zes under stringent conditions” is synonynous wth
the phrase "hybridi zes under stringent conditions” in
Section A-2. Exanples of polynucleotide (Bf) include the
nucl eoti de sequence of SEQ ID NO 11 and the nucl eoti de
sequence of SEQ ID NO 12. The base sequence honol ogy
bet ween the nucl eotide sequence of SEQ ID NO 10 and the
nucl eoti de sequence of SEQID NO 11 is 99.7% (Bl ast 2).
The base sequence honol ogy between the nucl eoti de sequence
of SEQ ID NO 10 and the nucl eotide sequence of SEQ I D NO
12 is 91.0% (Blast2). Accordingly, in a preferred
enbodi nent of the invention, a polynucleotide (Bf)
conpri ses a base segnece having 91. 0% honol ogy, and nore
preferably 99. 7% honol ogy to the base sequence of SEQ I D
NO 10.
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[0121]

Regar di ng pol ynucl eotide (Bf), the "activity to
synt hesi ze tetrahydrodai dzei n usi ng di hydrodai dzein as a
substrate” can be confirmed by the same nethod used for
pol ypepti des (Bb) and (Bc).

[0122]

E2 pol ynucl eoti de can be produced or obtai ned by
chem cal synthesis nethods or genetic engineering
t echni ques, based on the sequence information of SEQ ID
NO 10, 11, or 12. Specifically, the nethods described
for E1 pol ynucleotide in Section A-2 can be enpl oyed. The
met hod may be nodified or changed, as required.

[0123]

The cDNA source of E2 pol ynucl eotide is not
particularly limted as long as it is a m croorgani sm
expressi ng E2 pol ynucl eotide. Specific exanples include
m croor gani sns capabl e of produci ng equol, preferably
|l actic acid bacteria, bacteria beloinging to the genera
Bact er oi des and Streptococcus capabl e of produci ng equol,
nore preferably Lactococcus garvi eae, Bacteroi des ovatus
and Streptococcus constel |l atus capabl e of produci ng equol,
further preferably fecal Lactococcus garvi eae capabl e of
produci ng equol, and particularly preferably Lactococcus
20-92 strain, Bacteroides ovatus E-23-15 strain,
Streptococcus constel |l atus A6G 225 ( FERM BP-10036, FERM
BP- 6435, and FERM BP-6437, respectively; deposited with
the International Patent O gani sm Depositary, Nationa
Institute of Advanced Industrial Science and Technol ogy,
1-1-1 Hi gashi, Tsukuba, |baraki, Japan), strains of feca
Lact ococcus garvi eae capabl e of produci ng equol .

[ 0124]

Expressi on of E2 pol ynucl eoti de using conmon genetic
engi neering techniques readily enabl es nass, stable
producti on of the pol ynucl eoti de product (the pol ypeptide).
The successful isolation of E2 polynucl eotide by the
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present invention will open the door for the industria
producti on of equol, without using the difficult-to-handle
anaerobi c bacterial strains traditionally used for equo
producti on.

[ 0125]
B- 3. Expressi on Vector

An expression vector of the present invention is not
particularly limted as long as it includes E2
pol ynucl eoti de and is capabl e of expressing E2
pol ynucl eotide. GCenerally, it is appropriately selected
according to the type of host cell, simlar to the
expressi on vector including E1 polynucl eotide.
Specifically, the host cell described in Section A-3 may
be used.

[ 0126]
B- 4. Reconbi nant Cel

The present invention provides a reconbi nant cell
(transformant) transfornmed with an expression vector
i ncluding E2 pol ynucl eotide. The host cell used for the
reconbi nant cell may be those described in Section A-4,
Wi thout limtation. Further, the expression vector may be
introduced into the host cell by the nethod described in
Section A-4.

[0127]

Because the reconbi nant cell is capable of producing
E2 pol ypeptide (a tetrahydrodai dzei n-converting enzyne),
it can be used to produce a tetrahydrodai dzei n-converting
enzynme. The reconbinant cell can al so be used to produce
tetrahydrodai dzein in a cell form

[ 0128]
B-5. Pol ypepti de Producti on Usi hg Reconbi nant Cell

E2 pol ypepti de can be produced by culturing a
reconbi nant cell into which E2 polynucleotide is
i ntroduced and col |l ecting E2 pol ypeptide fromthe cell and
culture. The reconbinant cells can be cul tured accordi ng
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to the description of Section A-5.

[ 0129]

B-6. Tetrahydrodai dzei n Production Using E2 Pol ypepti de

The present invention provides a process for
produci ng tetrahydrodai dzein using E2 pol ypeptide. 1In the
produci ng process, dihydrodai dzein can be converted into
t et rahydr odai dzei n by having E2 pol ypeptide act on
di hydrodai dzein in the presence of NADPH and/ or NADH

[ 0130]

The reaction used in the produci ng process may be
perforned in a suitable buffer such as one described in
Section A-6.

[ 0131]

The reaction used in the producing process is
perfornmed under such conditions that, for exanple, each
conponent is added in a nmediumin the concentration ranges
shown below at the start of reaction so as to prepare a
m xture. The m xture is incubated for 0.5 to 10 hours,
preferably 1 to 6 hours, and nore preferably 2 to 4 hours
at tenperatures that do not alter or inactivate the
starting materials, including the E2 pol ypepti de and
di hydr odai dzei n, and the product, including
t etrahydrodai dzein. The reaction tenperature i s not
particularly imted. For exanple, when the reaction
tenperature is 0°C or |less, the reaction uses, for exanple,
a buffer that does not freeze at such reaction
tenperatures. The reaction tenperature is, for exanple,
preferably 0 to 45°C, and nore preferably 0 to 37°C
Regar di ng tetrahydrodai dzein, the conpound exists either
inacis formor a trans form However, the formation of
cis- and trans-configurations can be controlled by varying
reaction conditions such as reaction tenperature and
reaction tinme. For exanple, a mxture of cis- and trans-
t etrahydr odai dzei ns can be produced by setting the
reaction tenperature at 0°C, or the reaction may be
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controlled to favor the trans formby setting the reaction
tenperature at 37°C

[ 0132]

The concentration of each conponent in the above
produci ng process are as foll ows.

[ 0133]

The E2 pol ypeptide content is 0.0001 to 1.0 wei ght%
preferably 0.001 to 0.1 weight% and nore preferably 0.001
to 0.01 weight%

t he di hydrodai dzein content is 0.0001 to 10.0 wei ght%
preferably 0.001 to 1.0 weight% and nore preferably 0.001
to 0.1 weight% and

t he NADPH and/ or NADH content is 0.01 to 5 weight%
preferably 0.05 to 1 weight% and nore preferably 0.1 to
0.5 wei ght %

[ 0134]

The present invention also provides a nateri al
m xture for the synthesis of tetrahydrodai dzein,
specifically, a tetrahydrodai dzein synthesis nmateria
conposition including (Bi) E2 pol ypeptide, (Bii) NADPH
and/ or NADH, and (Biii) dihydrodai dzein. By incubating
t he conposition under the above-nentioned conditions, the
di hydr odai dzein contained in the synthesis starting-
mat eri al conposition can be converted to
t et rahydr odai dzein. The conposition corresponds to the
above-nentioned starting material m xture used to initiate
the reaction to produce tetrahydrodaidzein. Further, the
concentrations of E2 pol ypepti de, NADPH and/or NADH, and
di hydrodai dzein in the conposition, and other conponents
that can be added to the synthesis starting-nmateri al
conposition are essentially as in the reaction system (a
starting material mxture at the start of reaction) used
in the above-nenti oned produci ng process.

[0135]

The present invention also provides a kit for
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synt hesi zi ng tetrahydrodai dzein, specifically, a

t etrahydr odai dzein synthesis kit including (Bi) E2

pol ypeptide, (Bii) NADPH and/or NADH, and (Biii)

di hydr odai dzein. The synthesis kit may include the
conponents in conpartnents as required, so as to
conveniently enabl e tetrahydrodai dzein synthesis from

di hydr odai dzei n under the foregoing conditions. The
synthesis kit may further include a buffer as required.
The synthesis kit may al so include any necessary tools or
operation manual s that hel p performtetrahydrodai dzein

synt hesi s.
[0136]

B- 7. Tetrahydrodai dzei n Synt hesi zi ng Enzynme Conposition

The present invention also provides a
t etrahydr odai dzei n synt hesi zi ng enzyne conposition
i ncluding E2 pol ypeptide. The enzyne conposition can be
suitably used as a tetrahydrodai dzei n synt hesi zi ng enzyne
in the produci ng process of tetrahydrodai dzein using E2

pol ypepti de.
[0137]

The enzynme conposition may be a crude purified E2
pol ypepti de, or the enzyne conposition nmay be a crude
purified or purified E2 pol ypeptide fornulated wth a
sui tabl e support. The support does not have any adverse
effect on the activity of E2 polypeptide, and is used in a

sui tabl e anount .
[ 0138]

The proportion of E2 pol ypeptide in the enzyne
conposition is not particularly limted as |long as the
conposition can be used as a tetrahydrodai dzein
synt hesi zi ng enzyne in the produci ng process of

t etrahydrodai dzein. Specifically,

the E2 pol ypepti de

content is, for exanple, 0.001 to 20.0 weight% preferably
0.005 to 5.0 weight% and nore preferably 0.01 to 1.0

weight% with respect to the tota

of the enzyne
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conposi tion.

[ 0139]

The enzyme conposition may include NADPH and/ or NADH
whi ch act as a coenzyne of E2 pol ypeptide. Wen contai ned
in the enzyne conposition, the proportion of NADPH and/ or
NADH, though not particularly limted, is 0.005 to 50.0
wei ght% preferably 0.05 to 10.0 weight% and nore
preferably 0.1 to 5.0 weight% w th respect to the total
of the enzyme conposition.

[ 0140]

To inprove the stability of the pol ypeptide and/ or
to ensure the preservability of the enzyne conposition
t he enzyme conposition may further include various
anti oxi dants and preservatives described in Section A7,
in addition to E2 pol ypepti de.

[0141]

B- 8. Produci ng Process of Tetrahydrodai dzein Usi ng
Reconbi nant Cel |

The present invention provides a produci ng process
of tetrahydrodai dzein using reconbinant cells including E2
pol ynucl eotide. Specifically, in the producing process,

di hydrodai dzein is converterd into tetrahydrodai dzei n by
havi ng the reconbi nant cell act on di hydrodai dzei n.

[0142]

The reaction used in the producing process is
perforned in conditions that allow the reconbinant cell to
survive, and di hydrodai dzein to be converted into
t et r ahydr odai dzei n.

[0143]

Specifically, appropriate anmounts of reconbi nant
cells and di hydrodai dzein are added and cultured in a
mediumthat allows for growh of the reconbinant cells.

[ 0144]

The nmedi um used in the producing process is suitably
sel ected fromvarious kinds of conventional nedia
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according to the type of the cell used as the host
reconbi nant cell

[ 0145]

The medi um may be suppl emented with appropriate
anounts of protease inhibitors such as PVMSF and EDTA, as
required. Further, considering that the pol ypeptide
derives from anaerobic bacteria, appropriate anounts of
reduci ng agents such as DIT, 2Mg, DET, and Na,S;0O, may al so
be added. Wen using the reconbinant cell, the nedi um nmay
be suppl emrented with NADPH and/ or NADH as required, though
it is not essential.

[ 0146]

Specifically, the producing process is perforned as
follows. First, the reconbinant cells are inoculated in
medi um containing 0.001 to 1 weight% preferably 0.01 to
0.5 weight% and nore preferably 0.01 to 0.1 wei ght % of
di hydr odai dzein, and the culture is incubated under
perm ssive tenperature conditions for 7 to 30 hours,
preferably 15 to 24 hours, and nore preferably 17 to 20
hours. Here, the perm ssive tenperature conditions are
not particularly limted, and are essentially as in the
foregoi ng Section B-6 under the heading
"Tet rahydr odai dzei n Production Using E2 Pol ypeptide".

[0147]

The present invention also provides a nmateri al
m xture for synthesizing tetrahydrodai dzein, specifically,
a tetrahydrodai dzein synthesis material conposition
containing (Biv) the reconbinant cell and (Biii)

di hydr odai dzein. By culturing the conposition under the
above- nenti oned conditions, the dihydrodai dzein in the
conposition can be converted to tetrahydrodai dzein. The
conposition corresponds to the foregoing starting materia
m xture used to initiate the reaction to produce

t et rahydrodai dzein. Further, the concentrations of the
reconbi nant cell and di hydrodai dzein in the synthesis
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starting-material conposition, and other conponents that
can be added to the synthesis starting-naterial
conposition, are essentially as in the conditions used in
t he foregoing produci ng process.

[ 0148]

The present invention also provides a kit for
synt hesi zi ng tetrahydrodai dzein, specifically, a
t etrahydr odai dzein synthesis kit including (Biv) the
reconbi nant cell and (Biii) dihydrodaidzein. The
synthesis kit may include the reconbinant cell and
di hydr odai dzei n separately as required, so as to
conveniently enabl e tetrahydrodai dzein synthesis from
di hydr odai dzei n under the above-nentioned conditions. The
synthesis kit may further include a buffer or a medium as
required. The synthesis kit may al so i nclude any
necessary tools or operation manuals that help perform
t etrahydr odai dzei n synt hesi s.

[ 0149]

The reconbinant cells included in the synthesis kit
may be preserved therein by known nethods. There are a
nunber of known reconbi nant cell preservation techni ques.
For exanple, there is a nethod in which the reconbi nant
cells are preserved at 4 to 25°C after being treated with
a lyophilizer to evacuate the anpul e storing the
reconbi nant cells in a solvent such as di nethyl formam de.
Anot her exanple is a liquid nitrogen nethod, in which the
cells are suspended in a preserving nedi um suppl enent ed
with 10% gl ycerol, which is then stored in a specific
anpul e and kept in aliquid nitrogen tank (at -150 to -
196°C) .

[ 0150]
B-9. Antibody Having Affinity to the Pol ypeptide

The present invention also provides an antibody (an
| gG anti body) having affinity to E2 pol ypepti de.

[ 0151]
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The nonocl onal anti body and pol ycl onal anti body can
be prepared by an ordinary nmethod. Specifically, these
anti bodi es can be prepared by the nethod described in
Section A-9.

[ 0152]

B- 10. | nmunol ogi cal Method for the Detection or
Measur enent of the Pol ypeptide

The present invention also provides an i mmunol ogi cal
nmet hod for detecting or neasuring E2 pol ypeptide using the
anti body. Specifically, the immunol ogi cal nethod can be
perforned according to the nmethod described in Section A
10.

[ 0153]

The present invention also provides an i mmunol ogi cal
detection kit including the antibody, used for the
detection or measurenent of E2 pol ypeptide. The detection
kit may al so include a standard E2 pol ypepti de, as
required. The detection kit may further include, as
required, additional reagents that facilitate the easy
detection of E2 pol ypepti de under the foregoing conditions.
The detection kit may al so include any necessary tools or
operation manuals that facilitate easy E2 pol ypeptide
det ecti on.

[ 0154]

B-11. Method for Detection or Measurenent of
Pol ynucl eoti de that Encodes the Pol ypepti de

The present invention also provides a nethod for
detecting or measuring E2 polynucl eotide. Specifically,
the nethod is perfornmed by having an E2 pol ynucl eoti de-
bi ndi ng probe contact a test sanple, according to the
met hod described in Section A-11.

[ 0155]

The present invention also provides a kit for
detecting or neasuring E2 polynucl eotide, specifically an
E2 pol ynucl eoti de detection kit including the probe. For
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ease of E2 pol ynucl eoti de detection under the foregoing
conditions, the detection kit nmay include additiona
reagents or the like as required, in addition to the probe.
Further, the detection kit can be used to identify cells
contai ning E2 pol ynucl eotide. Fromthe standpoint of
enabl ing accurate detection, the detection kit may
preferably be provided as a kit for perform ng detection
usi ng PCR

[ 0156]
C. Equol Synthesi zi ng Enzyne
C- 1. Pol ypepti de

The present invention provides a pol ypeptide
(hereinafter also referred to as "E3 pol ypeptide") for the
synt hesi s of equol using tetrahydrodai dzein as a substrate.
Specifically, the invention provides:

(Ca) a polypeptide consisting of the amno acid
sequence of SEQ ID NO 13;

(Cb) a polypeptide consisting of the amno acid
sequence of SEQ ID NO 13 with the substitution, deletion,
insertion, and/or addition of one or nore amno acids, and
having an activity to synthesize equol using
t etrahydr odai dzein as a substrate; and

(Cc) a polypeptide consisting of an am no acid
sequence having 60% or nore identity with the am no acid
sequence of SEQ ID NO 13, and having an activity to
synt hesi ze equol using tetrahydrodai dzein as a substrate.

[ 0157]

In polypeptide (Cb), the range of "one or nbre am no
acids" is not particularly limted as long as the
pol ypeptide has the activity to synthesize equol using
t et rahydrodai dzein as a substrate. For exanple, the range
is froml to 200, preferably 1 to 150, nore preferably 1
to 100, nore preferably 1 to 50, nore preferably 1 to 45,
nore preferably 1 to 40, nore preferably 1 to 30, nore
preferably 1 to 15, nore preferably 1 to 5, further
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preferably 1 to 4, even nore preferably 1 to 3, and
particularly preferably 1 or 2.

[ 0158]

Exanpl es of (Cb) pol ypeptide includes a pol ypeptide
consisting of the am no acid sequence of SEQ ID NO 14 or
a pol ypeptide consisting of the amno acid sequence of SEQ
ID NO 15. Conpared with the am no acid sequence of SEQ
ID NO 13, the am no acid sequence of SEQ ID NO 14
contains two substituted am no acids. Conpared with the
am no acid sequence of SEQ ID NO 13, the am no acid
sequence of SEQ ID NO 15 contains 42 substituted am no
acids and one additional amno acid (glutamc acid) at the
C termnus. The am no acid sequence of SEQ ID NO 14
corresponds to the E3 enzynme pol ypepti de from Bact eroi des
ovatus E-23-15 strain (FERM BP-6435). The am no acid
sequence of SEQ ID NO 15 corresponds to the E3 enzyne
pol ypeptide from Streptococcus constel |l atus A6G 225 ( FERM
BP- 6437) .

[ 0159]

In (Cb) polypeptide, “the am no acid substitution,
del etion, insertion, or addition” can be made as in the
am no acid substitution, deletion, insertion, or addition
in E1 pol ypeptide described in Section A-1. It is
preferable that the ami no acid substitution, deletion,
insertion, or addition in polypeptide (Cb) is in regions
where the am no aci d change does not have | arge effects on
t he hi gher-order structures of the pol ypeptide, or where
t he change does not affect the active center of the equo
synt hesi zi ng enzyne. Exanples of such regions include
| ow conserved regi ons anong the am no acid sequences of
SEQ ID NGs: 13, 14, and 15, and vicinities thereof, and
the NNtermnal region or CGtermnal region. Specific
exanpl es include glutamc acid at position 3, arginine at
position 28, glutamc acid at position 29, arginine at
position 32, asparagine at position 61, isoleucine at
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position 80, asparagine at position 92, aspartic acid at
position 112, alanine at position 119, asparagi ne at
position 129, aspartic acid at position 172, al anine at
position 174, serine at position 204, glutamc acid at
position 206, threonine at position 223, valine at
position 230, proline at position 244, thyrosin at
position 246, threonine at position 280, arginine at
position 282, alanine at position 285, valine at position
307, alanine at position 322, glutam c acid at position
347, glycine at position 359, serine at position 360,

al anine at position 366, |eucine at position 367,

i sol euci ne at position 368, valine at position 372,
aspartic acid at position 373, threonine at position 374,
al anine at position 377, alanine at position 380, aspartic
acid at position 381, glutam ne at position 399, proline
at position 403, nethionine at position 404, valine at
position 405, glutamc acid at position 406, glycine at
position 407, arginine at position 426, valine at position
434, al anine at position 436, thyrosin at position 438,
and al anine at position 440, in the am no acid sequence of
SEQ ID NO 13; and adjacent regions of these am no aci ds.
The "adj acent regi on" nmeans regi ons where the equol

synt hesi zi ng enzynme activity is not affected. Exanples of
said regions includes amno acids within five am no acids
fromone of the exenplified amno acids, preferably those
within four am no acids fromone of the ecenplified am no
acids, nore preferably those within three am no acids from
one of the exenplified am no acids, even nore preferably
those within two am no acids fromone of the exenplified
am no acids, and particularly preferably one am no acid
fromone of the exenplified amno acids. Preferable
exanpl es of the regions with |ow preservability and their
vicinities include the region corresponding to positions
25 to 35, the region corresponding to positions 170 to 177,
the region corresponding to positions 201 to 208, the
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region corresponding to positions 242 to 248, the region
corresponding to positions 276 to 289, the region
corresponding to positions 355 to 385, the region
corresponding to positions 396 to 409, and the region
corresponding to positions 431 to 443, in the amno acid
sequence of SEQ ID NO 13.

[ 0160]

In the amno acid sequence of SEQ ID NO 13, the
sequence ranging fromthe amno acid at position 14 to the
amno acid at position 19 is considered to correspond to
t he FAD bi ndi ng domain. Accordingly, as |ong as functions
of the domain are not inhibited, there may be substitution,
deletion, insertion, or addition of an arbitrary am no
acid in the sequence. It is however preferred that
gl ycine at position 14, glycine at position 16, and
gl ycine at position 19 are not nutated. In the amno acid
substitution, deletion, insertion, or addition in the
sequence, the nunber of nmutated amno acids is preferably
not nore than 3, nore preferably not nore than 2, even
nore preferably 1. Most preferred is no nutation in the
sequence.

[0161]

Fig. 29 shows an alignnent of the am no acid
sequences of SEQ ID Nos. 13, 14 and 15.
[ 0162]

In (Cc) polypeptide, the ami no acid sequence has,
for exanple, 60%or nore identity with the amno acid
sequence of SEQID NO 13. It is preferable that the
am no acid sequence have generally 80% or nore, preferably
85% or nore, nore preferably 90% or nore, further
preferably 95% or nore, even nore preferably 98% or nore,
and particularly preferably 99% or nore identity with the
am no acid sequence of SEQ ID NO 13.

[ 0163]
Specifically, (Cc) polypeptide may be a pol ypepti de



-68-

consisting of the am no acid sequence of SEQ ID NO 14 or
a pol ypeptide consisting of the amno acid sequence of SEQ
ID NO 15. The amno acid identity between the amno acid
sequence of SEQ ID NO 13 and the am no acid sequence of
SEQIDNO 14 is 99.6% (Blast2). The amno acid identity
bet ween the ami no acid sequence of SEQ ID NO 13 and the
am no acid sequence of SEQID NO 15 is 90.9% (Bl ast 2).
Accordingly, in a preferred enbodi nent of the invention,
(Bc) pol ypeptide conprises an am no acid sequence havi ng
90.9% or nore, and nore preferably 99.6% identity to the
am no acid sequence of SEQ ID NO 13.

[ 0164]

Regar di ng pol ypeptides (Cb) and (Cc), the activity
to synthesize equol using tetrahydrodai dzein as a
substrate can be confirned as follows. First, a
pol ypeptide of interest is added to a substrate solution
of the conposition below at a concentration of 0.001 ng/ni.
The solution is then incubated at 37°C for 2 hours to
check for the presence or absence of equol in the solution
The presence of equol in the solution after incubation is
used as an indicator of the polypeptide's activity to
synt hesi ze equol using tetrahydrodai dzein as a substrate.

[ 0165]
Conposition of Substrate Sol ution

0.1 M pot assi um phosphate buffer (pH 7.0)

1 nM PVBF (phenyl net hyl sul fonyl fl uori de)

2 mMMdithiothreitol

5 mM sodi um Sodi um hydrosul fite

40 uM di hydr odai dzei n

[ 0166]
Enzyne Property

Si nce E3 pol ypeptide has an enzyne activity to
synt hesi ze equol using tetrahydrodai dzein as a substrate,
E3 pol ypeptide is also referred to as E3 enzyne. The
optimal tenperature of E3 enzyne is in the vicinity of
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about 23 to 37°C, and the optimal pHis 4.5 E3 enzyne can
al so synt hesi ze tetrahydrodai dzein from equol .

[0167]

Simlarly to E1 pol ypepti de and E2 pol ypepti de, E3
pol ypepti de can be produced by genetic engi neering
t echni ques based on the information of the nucleotide
sequence of SEQ ID NO 16, 17, or 18. Further, conmmon
chem cal synthesis nethods may be used to produce E3
pol ypepti de, based on the information of the am no acid
sequence of SEQ ID NO 13, 14, or 15. E3 polypeptide can
al so be produced by isolation and purification from
m croorgani sns capabl e of producing it. These methods can
be performed according to the description in the foregoing
Section A-1.

[0168]

The m croorgani sm capabl e of produci ng E3
pol ypeptide may be cultured in a nmediumcontaining a
desired anmount of tetrahydrodai dzein. E3 pol ypeptide can
al so be produced in this way in mcroorgani sns capabl e of
produci ng E3 pol ypepti de.

[0169]

E2 pol ypepti de may be nononeric, or dineric or
polynmeric, as long as it can synthesize tetrahydrodai dzein.
Further, to inprove stability and other characteristics,
E3 pol ypeptide may be nodified as required, by adding
pol yet hyl ene gl ycol or a sugar chain.

[0170]

E3 pol ypepti de can serve as a catal yst that converts
t et rahydrodai dzein (a substrate) into equol. Equol is
believed to exhibit various physiological activities in
the body. In this respect, E3 polypeptide, capable of
provi ding equol, is considered inportant. The present
i nvention therefore provides a equol synthesizing enzyne
i ncluding any of pol ypeptides (Ca) through (Cc).

[0171]
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C- 2. Pol ynucl eoti de

The present invention also provides a pol ynucl eoti de
(hereinafter also referred to as "E3 pol ynucl eoti de") that
encodes a pol ypeptide having an activity to synthesize
equol using tetrahydrodai dzein as a substrate.
Specifically, the invention provides:

(Cd) a polynucl eotide consisting of the nucl eotide
sequence of SEQ ID NO 16

(Ce) a polynucleotide that encodes a pol ypeptide
consisting of the am no acid sequence of SEQ ID NO 13
and

(Cf) a polynucl eotide that hybridizes under
stringent conditions with the conplenentary strand of the
pol ynucl eotide (Cd) or (Ce), and that encodes a
pol ypepti de having an activity to synthesize equol using
t etrahydr odai dzein as a substrate.

[0172]

The am no aci d sequence of SEQ ID NO 13 corresponds
to the amno acid sequence encoded by the nucl eotide
sequence of SEQ ID NO 16. The am no acid sequence of SEQ
ID NO 14 corresponds to the am no acid sequence encoded
by the nucl eotide sequence of SEQ ID NO 17. The am no
aci d sequence of SEQ ID NGO 15 corresponds to the am no
aci d sequence encoded by the nucl eoti de sequence of SEQ ID
NO 18.

[ 0173]

Regar di ng pol ynucl eotide (Cf), the phrase
"hybridi zes under stringent conditions” is synonynous wth
the phrase "hybridi zes under stringent conditions” in
Section A-2. Exanples of polynucleotide (Cf) include the
nucl eoti de sequence of SEQ ID NO 17 and the nucl eoti de
sequence of SEQ ID NO 18. The base sequence honol ogy
bet ween the nucl eoti de sequence of SEQ ID NO 16 and the
nucl eoti de sequence of SEQ ID NO 17 is 99.8% (Bl ast 2).
The honol ogy between the nucl eoti de sequence of SEQ I D NO
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16 and the nucl eoti de sequence of SEQID NO 18 is 85.2%
(Blast2). Accordingly, in a preferred enbodi nent of the

i nvention, a polynucleotide (Cf) conprises a base segnece
havi ng 85. 2% honol ogy, and nore preferably 99. 8% honol ogy
to the base sequence of SEQID NO 16

[0174]

Regar di ng pol ynucl eotide (Cf), the "activity to
synt hesi ze equol using tetrahydrodai dzein as a substrate”
can be confirmed by the same nmethod used for pol ypeptides
(Cb) and (Cc).

[0175]

E3 pol ynucl eoti de can be produced or obtai ned by
chem cal DNA synthesis nethods or genetic engineering
t echni ques, based on the sequence information of SEQ ID
NO 16, 17 or 18. Specifically, the nmethod described for
E1l polynucleotide in Section A-2 can be enpl oyed.

[0176]

The cDNA source of E3 pol ynucl eotide is not
particularly limted as long as it is a m croorgani sm
expressi ng E3 pol ynucl eotide. Specific exanples include
m cr oor gani sns capabl e of producing equol, preferably
| actic acid bacteria , bacteria beloinging to the genera
Bact eroi des and Streptococcus capabl e of produci ng equol,
nore preferably Lactococcus garvi eae, Bacteroi des ovat us,
and Streptococcus constel | atus capabl e of produci ng equol,
further preferably fecal Lactococcus garvi eae and
particularly preferably Lactococcus 20-92 strain,
Bact eroi des ovatus E-23-15 strain, Streptococcus
constel | atus A6G 225 (FERM BP-10036, FERM BP- 6435, and
FERM BP- 6437, respectively; deposited with the
I nternational Patent Organi sm Depositary, Nationa
Institute of Advanced I ndustrial Science and Technol ogy,
1-1-1 Higashi, Tsukuba, Ibaraki, Japan), strains of feca
Lact ococcus garvi eae capabl e of produci ng equol .

[0177]
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Expressi on of E3 pol ynucl eoti de usi ng conmon genetic
engi neering techniques readily enabl es nass, stable
producti on of the pol ynucl eoti de product (the pol ypeptide).
The successful isolation of E3 polynucl eotide by the
present invention will open the door for the industria
producti on of equol, without using the difficult-to-handle
anaerobi c bacterial strains traditionally used for equo
pr oducti on.

[0178]

C- 3. Expression Vector

An expression vector of the present invention is not
particularly limted as long as it includes E3
pol ynucl eoti de and i s capabl e of expressing E3
pol ynucl eotide. GCenerally, it is appropriately selected
according to the type of host cell, simlar to the
expressi on vector including E1 polynucl eotide.
Specifically, the host cell described in Section A-3 may
be used.

[0179]

C 4. Reconbi nant Cel

The present invention provides a reconbi nant cell
(transformant) transfornmed with an expression vector
i ncluding E3 pol ynucl eotide. The host cell used for the
reconbi nant cell may be any of those described in Section
A-4. Further, the expression vector nmay be introduced
into the host cell by the nethod described in Section A-4.

[0180]

Because the reconbi nant cell is capable of producing
E3 pol ypepti de (an equol -converting enzyne), it can be
used to produce an equol -converting enzyne. The
reconbi nant cell can al so be used to produce equol in a
cell form

[ 0181]

C-5. Pol ypeptide Producti on Usi ng Reconbi nant Cell

E3 pol ypepti de can be produced by culturing a
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reconbi nant cell into which E3 E3 pol ynucl eotide is
i ntroduced, and collecting E3 pol ypeptide fromthe cel
and culture. The reconbinant cells can be cultured
according to the description of Section A-5.

[ 0182]
C-6. Equol Production Using E3 Pol ypepti de

The present invention provides a process for
pr oduci ng equol using E3 polypeptide. In the producing
process, tetrahydrodai dzein can be converted into equol by
havi ng E3 pol ypepti de act on tetrahydrodai dzei n.

[ 0183]

The reaction used in the produci ng process may be
perforned in a suitable buffer. Specifically, the buffers
described in Section A-6 can be used.

[ 0184]

The reaction used in the producing process is
perfornmed under such conditions that, for exanple, each
conponent is added in a nmediumin the concentration rages
descri bed below at the start of reaction so as to prepare
a mxure. The mxture is incubated for 0.5 to 10 hours,
preferably 1 to 6 hours, and nore preferably 2 to 4 hours
at tenperatures that do not alter or inactivate the
starting materials, including the E3 pol ypeptide and
t etrahydr odai dzein, and the product, including equol. The
reaction tenperature is not particularly limted. For
exanpl e, when the reaction tenperature is 0°C or less, the
reaction uses, for exanple, a buffer that does not freeze
at such reaction tenperatures. The reaction tenperature
is, for exanple, preferably O to 45°C, and nore preferably
0 to 37°C

[ 0185]

The E3 pol ypeptide content is 0.0001 to 1.0 wei ght%
preferably 0.001 to 0.1 weight% and nore preferably 0.001
to 0.01 weight% and
t he tetrahydrodai dzein content is 0.0001 to 10.0 wei ght%
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preferably 0.001 to 1.0 weight% and nore preferably 0.001
to 0.1 weight%

[ 0186]

The present invention also provides a nateri al
m xture for the synthesis of equol, specifically, an equo
synthesis material conposition including (G) E3
pol ypeptide, (C i) tetrahydrodaidzein. By incubating the
conposi tion under the foregoing conditions, the
t etrahydr odai dzein contained in the conposition can be
converted to equol. The conposition corresponds to the
foregoing starting material mxture used to initiate the
reaction to produce equol. Further, the concentrations of
E3 pol ypepti de, and tetrahydrodai dzein in the conposition,
and ot her conponents that can be added to the conposition
are essentially as in the reaction system (a starting
material mxture at the start of reaction) used in the
f oregoi ng produci ng process.

[ 0187]

The present invention also provides a kit for
synt hesi zi ng equol, specifically, an equol synthesis kit
including (C) E3 polypeptide and (Cii) tetrahydrodai dzein.
The synthesis kit may include the conponents in
conpartnents as required, so as to conveniently enable
equol synthesis fromtetrahydrodai dzei n under the
foregoing conditions. The synthesis kit may further
include a buffer as required. The synthesis kit may al so
i ncl ude any necessary tools or operation manuals that help
per f orm equol synthesis.

[0188]
C-7. Equol Synthesizing Enzyne Conposition

The present invention also provides an equo
synt hesi zi ng enzyne conposition including E3 pol ypepti de.
The enzyme conposition can be suitably used as an equol
synt hesi zing enzyne in the produci ng process of equo
usi ng E3 pol ypepti de.
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The enzyne
pol ypepti de, or t
purified or purif
sui tabl e support.
effect on the act
sui tabl e anount .

[ 0190]

The proport

-75-

conposition may be a crude purified E3
he enzyme conposition nmay be a crude
i ed E3 polypeptide fornmulated with a
The support does not have any adverse
ivity of E3 polypeptide, and is used in a

ion of E3 polypeptide in the enzyne

conposition is not particularly limted as |long as the
conposition can be used as an equol synthesizing enzyne in
t he producing process of equol. Specifically, the E3

pol ypeptide content is, for exanple, 0.001 to 20.0 wei ght%

preferably 0.005

to 5.0 weight% and nore preferably 0.01

to 1.0 weight% with respect to the total of the enzyne

conposi tion.
[0191]
To i nprove

the stability of the pol ypepti de and/ or

to ensure the preservability of the enzyne conposition
t he enzyme conposition may further include various

anti oxi dants and

preservatives described in Section A7,

in addition to E3 pol ypepti de.

[ 0192]

C-8. Producing Process of Equol Using Reconbi nant Cel |

The present

i nvention provides a produci ng process

of equol wusing reconbinant cells including E3

pol ynucl eot i de.
t et rahydr odai dze
reconbi nant cel

[ 0193]

Specifically, in the produci ng process,
n is converted into equol by having the
act on tetrahydrodai dzein to convert.

The reaction used in the producing process is
perfornmed in an environnment that allows the reconbi nant

cell to survive
i nto equol.
[ 0194]

and tetrahydrodai dzein to be converted
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Specifically, appropriate anounts of reconbi nant
cells and tetrahydrodai dzein are added and cultured in a
mediumthat allows for growh of the reconbinant cells.

[ 0195]

The nmedi um used in the producing process is suitably
sel ected fromvarious kinds of conventional nedia
according to the type of the cell used as the host
reconbi nant cel |

[ 0196]

The medi um may be suppl enmented with appropriate
anounts of protease inhibitors such as PVMBF and EDTA, as
required. Further, considering that the pol ypeptide
derives from anaerobi c bacteria, appropriate amounts of
reduci ng agents such as DIT, 2Mg, DET, and Na,S;O, may al so
be added. Wen using the reconbinant cell, the nedi um may
be suppl enented with NADPH and/ or NADH as required, though
it is not essential.

[ 0197]

Specifically, the producing process is perforned as
follows. First, the reconbinant cells are inoculated in
medi um containing 0.001 to 1 weight% preferably 0.01 to
0.5 weight% and nore preferably 0.01 to 0.1 wei ght % of
t etrahydr odai dzein, and the culture is incubated under
perm ssive tenperature conditions for 7 to 30 hours,
preferably 15 to 24 hours, and nore preferably 17 to 20
hours. Here, the perm ssive tenperature conditions are
not particularly limted, and are essentially as in the
foregoi ng Section C-6.

[0198]

The present invention also provides a nateri al
m xture for synthesizing equol, specifically, a equo
synthesis material conposition containing (Cii) the
reconbi nant cell and (Ci) tetrahydrodai dzein. By
culturing the conposition under the foregoing conditions,

t he tetrahydrodai dzein in the conposition can be converted
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to equol. The conposition corresponds to the foregoing
starting material mxture used to initiate the reaction to
produce equol. Further, the concentrations of the
reconbi nant cell and tetrahydrodaidzein in the conposition
and ot her conponents that can be added to the conposition,
are essentially as in the conditions used in the foregoing
produci ng process.

[0199]

The present invention also provides a kit for
synt hesi zi ng equol, specifically, an equol synthesis kit
including (Cii) the reconbinant cell and (G i)
tetrahydrodai dzein. The synthesis kit may include the
reconbi nant cell and tetrahydrodai dzein in conpartnents as
required, so as to conveniently enable equol synthesis
from di hydr odai dzei n under the foregoing conditions. The
synthesis kit may further include a buffer or a medium as
required. The synthesis kit may al so i nclude any
necessary tools or operation manuals that help perform
equol synthesi s.

[ 0200]

The reconbinant cells included in the synthesis kit
may be preserved therein by known nethods. There are a
nunmber of known reconbi nant cell preservation techni ques.
For exanple, there is a nethod in which the reconbi nant
cells are preserved at 4 to 25°C after being treated with
a lyophilizer to evacuate the anpul e storing the
reconbi nant cells in a solvent such as di nethyl f ormam de.
Anot her exanple is a liquid nitrogen nethod, in which the
cells are suspended in a preserving nedi um suppl enent ed
with 10% gl ycerol, which is then stored in a specific
anpul e and kept in aliquid nitrogen tank (at -150 to -
196°C) .

[ 0201]
C-9. Antibody Having Affinity to the Pol ypeptide

The present invention also provides an antibody (an
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| gG anti body) having affinity to E3 pol ypepti de.

[ 0202]

The nonocl onal anti body and pol ycl onal anti body can
be prepared by an ordinary nmethod. Specifically, these
anti bodi es can be produced by the nethods described in
Section A-9.

[0203]
C-10. I munol ogi cal Method for the Detection or
Measur enent of the Pol ypeptide

The present invention also provides an i mmunol ogi cal
nmet hod for detecting or neasuring E3 pol ypeptide using the
anti body. Specifically, the immunol ogi cal nethod can be
perfornmed according to the nmethod described in Section A
10.

[ 0204]

The present invention also provides an i mmunol ogi cal
detection kit including the antibody, used for the
detection or nmeasurenent of E3 pol ypeptide. The detection
kit may al so include a standard E3 pol ypepti de, as
required. The detection kit may further include, as
required, additional reagents that facilitate the easy
detection of E3 pol ypepti de under the foregoing conditions.
The detection kit may al so include any necessary tools or
operation manuals that facilitate easy E3 pol ypeptide
det ecti on.

[ 0205]

C-11. Method for Detection or Measurenent of
Pol ynucl eoti de that Encodes the Pol ypepti de

The present invention also provides a nethod for
detecting or measuring E3 polynucl eotide. Specifically,
the nethod is perfornmed by causing an E3 pol ynucl eoti de-
bi ndi ng probe to contact a test sanple, according to the
nmet hod described in Section A-11.

[ 0206]

The present invention also provides a kit for
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detecting or neasuring E3 polynucleotide, specifically an
E3 pol ynucl eoti de detection kit including the probe. For
ease of E3 pol ynucl eoti de detection under the foregoing
conditions, the detection kit nmay include additiona
reagents or the like as required, in addition to the probe.
Further, the detection kit can be used to identify cells
contai ni ng E3 pol ynucl eotide. Fromthe standpoint of
enabl i ng accurate detection, the detection kit may
preferably be provided as a kit for perform ng detection
usi ng PCR

[ 0207]
D. Process for producing equol using E1 - E3 enzynes, or
i nternedi ate of those
D-1-1. Process for producing tetrahydrodai dzein conpri sing
First Step and Second Step

The present invention provides a process for
produci ng tetrahydrodai dzein conprising the foll ow ng
First Step and Second Step (hereinafter, this process is
occasionally referred to as "First Production Method").
First Step produces di hydrodai dzein from dai dzein. Second
St ep produces tetrahydrodai dzein from di hydrodai dzei n.

[ 0208]

First Step conprises a step of causing an enzyne
consi sting of one of the following (Aa) to (Ac)
pol ypepti des, and NADPH and/or NADH to act on dai dzei n,
t her eby produci ng di hydr odai dzei n.
(Aa) a polypeptide consisting of the am no acid sequence
of SEQID NGO 1.
(Ab) a pol ypeptide consisting of the am no acid sequence
of SEQIDNO 1 with the substitution, deletion, insertion
and/ or addition of one or nore am no acids, and having an
activity to synthesize di hydrodai dzein using dai dzein as a
substrate.
(Ac) a pol ypeptide consisting of an am no acid sequence
havi ng 60% or nore identity with the amno acid sequence
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of SEQID NO 1, and having an activity to synthesize
di hydr odai dzei n usi ng dai dzein as a substrate.

[ 0209]

Second Step conprises a step of having an enzyne
consisting of one of the followng (Ba) to (Bc)
pol ypepti des, and NADPH and/or NADH act on di hydrodai dzei n,
t her eby producing tetrahydrodai dzei n.
(Ba) a pol ypeptide consisting of the amno acid sequence
of SEQID NGO 7.
(Bb) a pol ypeptide consisting of the amno acid sequence
of SEQID NO 7 with the substitution, deletion, insertion,
and/ or addition of one or nore am no acids, and having an
activity to synthesize tetrahydrodai dzei n using
di hydrodai dzei n as a substrate.
(Bc) a pol ypeptide consisting of an am no acid sequence
having 60% or nore identity with the amno acid sequence
of SEQID NO 7, and having an activity to synthesize
t et rahydr odai dzei n usi ng di hydr odai dzein as a substrate.

[ 0210]

First Production Method of the present invention
enabl es production of tetrahydrodai dzein from
di hydr odai dzei n, and equol fromtetrahydrodai dzein.

[0211]
First Step

In First Step, daidzein is converted into
di hydr odai dzei n by havi ng an enzynme consisting of E1l
pol ypepti de act on daidzein in the presence of NADPH
and/or NADH. The reaction in First Step is perforned
t hrough i ncubation in a solution containing an enzyne
consi sting of E1l pol ypeptide, daidzein, and NADPH and/ or
NADH at tenperatures that do not alter or inactivate the
starting materials, including the polypeptide and dai dzei n,
and the product, including dihydrodaidzein; namely the
conditions detailed in the foregoing section A-6.

[0212]
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Wien First Step and the | ater-described Second Step
are perforned under the same conditions, the reaction is
perfornmed under such conditions that the conponents
satisfy the concentration ranges as shown below in a
reaction systemat the start of reaction (in a m xture of
starting materials at the start of reaction), and that the
m xture is incubated for 0.5 to 10 hours, preferably 1 to
6 hours, and nore preferably 2 to 4 hours, at 15 to 45°C,
preferably 25 to 40°C, and nore preferably 30 to 38°C.
Wth this arrangenent, both First and Second Step are
efficiently carried out. The content of the enzyne
consisting of E1l polypeptide is 0.0001 to 1.0 wei ght%
preferably 0.001 to 0.1 weight% and nore preferably 0.001
to 0.01 weight% The dai dzein content is 0.0001 to 10.0
wei ght% preferably 0.001 to 1.0 weight% and nore
preferably 0.001 to 0.1 weight% The NADPH and/ or NADH
content is 0.01 to 5 weight% preferably 0.05 to 1 weight%
and nore preferably 0.1 to 0.5 wei ght%

[ 0213]

The source of daidzein used as a substrate in First
Step is not limted. For exanple, comercially-avail abl e
dai dzei ns or dai dzei ns produced or synthesized through
appropri ate nmethods nay be used.

[ 0214]

Further, for exanple, a dihydrodai dzein synthesis
mat eri al conposition containing (Ai) an enzyne consi sting
of E1 pol ypeptide; (A i) NADPH and/or NADH, and (Aii)
dai dzein may be used as the m xture of starting materials
in the production of dihydrodaidzein in First Step. By
i ncubating the conposition under the foregoing conditions,
the daidzein in the conposition is converted into
di hydr odai dzein. The conposition is specifically
described in the foregoing sections A-6 and A-7.

[ 0215]
Second Step
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I n Second Step, dihydrodaidzein is converted into
t etrahydr odai dzei n by having an enzyne consi sting of E2
pol ypepti de act on di hydrodai dzein in the presence of
NADPH and/ or NADH.

[ 0216]

The reaction in Second Step is perfornmed through
i ncubation in a solution containing an enzyne consi sting
of E2 pol ypeptide, dihydrodai dzein, and NADPH and/ or NADH
at tenperatures that do not alter or inactivate the
starting materials, including the enzyne consisting of the
pol ypepti de E2 and di hydr odai dzein, and the product,

i ncludi ng tetrahydrodai dzein; nanely the conditions
detailed in the foregoing section B-6.

[0217]

Regar di ng tetrahydrodai dzein, the conmpound exists
either in acis formor a trans form The formation of
cis- and trans-configurations can be controlled by varying
reaction conditions such as reaction tenperature and
reaction tinme. For exanple, a mxture of cis- and trans-

t etrahydr odai dzei ns can be produced by setting the
reaction tenperature at 0°C, or the reaction may be
controlled to favor the trans formby setting the reaction
tenperature at 37°C.

[ 0218]

Wien First Step and Second Step are perforned under
the same conditions, the reaction is perforned through
i ncubati on under the aforenenti oned conditions for
carrying out First Step and Second Step under the sane
conditions, that are detailed in the foregoing explanation
of First Step. Wth this arrangenent, both First and
Second Step are efficiently carried out. In this case,
the contents of the enzyne consisting of E2 pol ypepti de,

di hydr odai dzei n, and NADPH and/ or NADH are adjusted as
fol | ows:
the content of the enzyne consisting of E2 pol ypeptide is
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0.0001 to 1.0 weight% preferably 0.001 to 0.1 wei ght%
and nore preferably 0.001 to 0.01 wei ght %

t he di hydrodai dzein content is 0.0001 to 10.0 wei ght%
preferably 0.001 to 1.0 weight% and nore preferably 0.001
to 0.1 weight% and

t he NADPH and/ or NADH content is 0.01 to 5 weight%
preferably 0.05 to 1 weight% and nore preferably 0.1 to
0.5 wei ght %

[ 0219]

However, when being perforned in the presence of the
enzynme consisting of El pol ypeptide or the enzyne
consisting of E2 polypeptide, First Step and Second Step
require use of NADPH to increase efficiency in the
di hydr odai dzei n produci ng reaction. The concentration of
NADPH i s determ ned based on the aforenentioned conditions
for carrying out First Step and Second Step under the sane
conditions, that are detailed in the foregoing explanation
of First Step. The concentration of NADH, which is used
with NADPH, is 0.01 to 5 wt% preferably 0.05 to 1 w%
nore preferably 0.1 to 0.5 wm %

[ 0220]

The source of di hydrodai dzein used as a substrate in
Second Step is not limted.

[ 0221]

For exanpl e, the di hydrodai dzein produced in First
Step fromdai dzein nmay be used as a substrate for Second
Step. The di hydrodaidzein is used either in the form of
t he solution containing dihydrodai dzein as produced in
First Step, or in a roughly-refined state or properly
refined state.

[ 0222]

Conmrer ci al | y-avai | abl e di hydr odai dzei ns or
di hydr odai dzei ns synt hesi zed t hrough appropri ate nethods
may al so be used.

[ 0223]
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Further, a tetrahydrodai dzein synthesis materi al
conposition containing (Bi) an enzyme consisting of E2
pol ypeptide; (Bii) NADPH and/or NADH and (Biii)

di hydr odai dzein may be used as the m xture of starting
materials in the production of tetrahydrodaidzein in
Second Step. By incubating the conposition under the
foregoi ng conditions, the dihydrodai dzein in the
conposition is converted into tetrahydrodai dzein. The
synthesi s conposition is specifically described in the
foregoing sections A-6 and A-7.

[ 0224]

In Second Step, it is preferable to use
di hydr odai dzei n, produced in First Step using daidzein as
a substrate; however, commercially-avail abl e
di hydr odai dzei n, the synthesis starting-materi al
conposition, the enzynme conposition etc. nmay be mxed with
t he di hydrodai dzein produced in First Step.

[ 0225]

E1l pol ypepti de and E2 pol ypepti de

First Production Method of the present invention
uses the enzyne consisting of E1 pol ypepti de as detail ed
in the foregoing section A-1, and the enzynme consisting of
E2 pol ypeptide as detailed in the foregoing section B-1

[ 0226]

D-1-2. Product containing tetrahydrodai dzein, produced by
Fi rst Production Method

The present invention provides a product containing
t etrahydr odai dzei n, produced by the foregoi ng process
conprising First Step and Second Step (First Production
Met hod) .

[ 0227]

As described above, First Production Method of the
present invention enabl es production of dihydrodaidzein
from dai dzein, and tetrahydrodai dzein from di hydr odai dzei n.

[ 0228]
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Accordingly, the product produced by First
Producti on Met hod of the present invention contains not
only tetrahydrodai dzein, but al so di hydrodai dzei n and/ or
dai dzei n.

[ 0229]

The product of the present invention rmay be used in
the formof the solution as produced in First Production
Met hod, or may be a tetrahydrodai dzein product obtai ned by
roughly or properly refining the solution

[ 0230]

The product of the present invention may be
i ncorporated in foods, drinks, or makeup product materials,
medi ci nal products etc., or nay be used as a substrate.

[ 0231]

D-1-3. Equol production process conprising Second Step and
Third Step

The present invention provides a process for
pr oduci ng equol conprising the follow ng Second Step and
Third Step (hereinafter, this process is occasionally
referred to as "Second Production Method"). Second Step
produces tetrahydrodai dzein from di hydrodai dzein. Third
St ep produces equol fromtetrahydrodai dzei n.

[ 0232]

Second Step conprises a step of having an enzyne
consisting of one of the followng (Ba) to (Bc)
pol ypepti des, and NADPH and/or NADH act on di hydrodai dzei n,
t her eby producing tetrahydrodai dzei n.

(Ba) a pol ypeptide consisting of the amno acid sequence

of SEQID NGO 7.

(Bb) a pol ypeptide consisting of the amno acid sequence

of SEQID NGO 7 with the substitution, deletion, insertion,
and/ or addition of one or nore am no acids, and having an
activity to synthesize tetrahydrodai dzei n using

di hydrodai dzei n as a substrate.

(Bc) a pol ypeptide consisting of an am no acid sequence
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having 60% or nore identity with the amno acid sequence
of SEQID NO 7, and having an activity to synthesize
t et rahydr odai dzei n usi ng di hydr odai dzein as a substrate.

[ 0233]

Third Step conprises a step of having an enzyne
consisting of one of the following (Ca) to (Cc)
pol ypepti des act on tetrahydrodai dzein, thereby producing
equol .

(Ca) a polypeptide consisting of the amno acid sequence
of SEQID NGO 13.

(Cb) a polypeptide consisting of the amno acid sequence
of SEQID NGO 13 with the substitution, deletion
insertion, and/or addition of one or nore am no acids, and
having an activity to synthesize equol using

t etrahydr odai dzein as a substrate.

(Cc) a polypeptide consisting of an am no acid sequence
having 60% or nore identity with the amno acid sequence
of SEQID NO 13, and having an activity to synthesize
equol using tetrahydrodai dzein as a substrate.

[ 0234]

Second Production Method of the present invention
enabl es production of equol fromtetrahydrodai dzein, and
equol fromtetrahydrodai dzein.

Second Step

Second Step of Second Production Method of the
present invention is the sanme as Second Step of First
Producti on Met hod.

[ 0235]

When Second Step and the | ater-described Third Step
are perforned under the same conditions, the reaction is
perfornmed under such conditions that the conponents
satisfy the concentration ranges below in a reaction
systemat the start of reaction (in a mxture of starting
materials at the start of reaction), and that the m xture
is incubated for 0.5 to 10 hours, preferably 1 to 6 hours,
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and nore preferably 2 to 4 hours, at 15 to 45 °C
preferably 25 to 40 °C, and nore preferably 30 to 38 °C
Wth this arrangenent, both First and Second Step are
efficiently carried out.
The content of the enzyne consisting of E2 polypeptide is
0.0001 to 1.0 weight% preferably 0.001 to 0.1 wei ght%
and nore preferably 0.001 to 0.01 weight% The
di hydr odai dzein content is 0.0001 to 10.0 wei ght %
preferably 0.001 to 1.0 weight% and nore preferably 0.001
to 0.1 weight% The NADPH and/or NADH content is 0.01 to
5 weight% preferably 0.05 to 1 weight% and nore
preferably 0.1 to 0.5 wei ght %

[ 0236]
Third Step

Third Step causes an enzyne consisting of E3
pol ypeptide to act on tetrahydrodai dzein, thereby
converting tetrahydrodai dzein into equol.

[ 0237]

The reaction in Third Step is perforned through
i ncubation in a solution containing an enzyne consi sting
of E3 pol ypepti de, and tetrahydrodai dzein at tenperatures
that do not alter or inactivate the starting materials,
i ncl uding the enzynme consisting of the pol ypepti de E3 and
t etrahydr odai dzein, and the product, including equol;
nanely the conditions detailed in the foregoing section A-
6.

[ 0238]

When Second Step and Third Step are perforned under
the sanme conditions, the reaction is perforned through
i ncubati on under the aforenentioned conditions for
carrying out Second Step and Third Step under the sane
conditions, that are detailed in the foregoing explanation
of Second Step. Wth this arrangenent, both Second and
Third Step are efficiently carried out. In this case, the
contents of the enzynme consisting of E3 pol ypepti de,
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t et rahydr odai dzei n, and NADPH and/ or NADH are adjusted as
fol | ows:

the content of the enzyne consisting of E3 pol ypeptide is
0.0001 to 1.0 weight% preferably 0.001 to 0.1 wei ght%
and nore preferably 0.001 to 0.01 wei ght%

t he tetrahydrodai dzein content is 0.0001 to 10.0 wei ght%
preferably 0.001 to 1.0 weight% and nore preferably 0.001
to 0.1 weight% and

t he NADPH and/ or NADH content is 0.01 to 5 weight%
preferably 0.05 to 1 weight% and nore preferably 0.1 to
0.5 wei ght %

[ 0239]

The source of tetrahydrodai dzein used as a substrate
in Third Step is also not [imted.

[ 0240]

For exanple, the tetrahydrodai dzein produced in
Second Step from di hydrodai dzein may be used as a
substrate for Third Step. The tetrahydrodai dzein is used
either in the formof the solution containing
t etrahydr odai dzein as produced in Second Step, or in a
roughly-refined state or properly refined state.

[ 0241]

Conmer ci al | y-avai | abl e tetrahydr odai dzei ns or
t et rahydr odai dzei ns synt hesi zed t hrough appropri ate
met hods may al so be used.

[ 0242]

Further, a tetrahydrodai dzein synthesis materi al
conposition containing (C) an enzynme consisting of E3
pol ypeptide; and (C i) tetrahydrodai dzein nmay be used as
the m xture of starting materials in the production of
tetrahydrodai dzein in Third Step. By incubating the
conposi tion under the foregoing conditions, the
t etrahydrodai dzein in the conposition is converted into
equol . The conposition is specifically described in the
foregoi ng sections CG6 and C 7.
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[ 0243]

In Third Step, it is preferable to use
t etrahydr odai dzei n, produced in Second Step using
di hydr odai dzein as a substrate; however, conmercially-
avai | abl e tetrahydrodai dzein, the synthesis starting-
mat eri al conposition, the enzyne conposition etc. may be
m xed with the tetrahydrodai dzein produced in Second Step.

[ 0244]

E2 pol ypepti de and E3 pol ypepti de

Second Production Method of the present invention
uses an enzyme consisting of E2 pol ypeptide described in
the foregoing section B-1, and an enzyne consisting of E3
pol ypepti de described in the foregoing section C1

[ 0245]

D-1-4. Product containing equol, produced by Second
Pr oducti on Met hod

The present invention provides a product containing
equol , produced by the foregoing process conprising Second
Step and Third Step (Second Production Met hod).

[ 0246]

As descri bed above, Second Production Method of the
present invention enables production of tetrahydrodai dzein
from di hydr odai dzei n, and equol fromtetrahydrodai dzei n.

[ 0247]

Accordi ngly, the product produced by Second
Producti on Met hod of the present invention contains not
only equol, but also tetrahydrodai dzein and/ or
di hydr odai dzei n

[ 0248]

The product of the present invention rmay be used in
the formof the solution as produced in Second Production
Met hod, or may be an equol product obtained by roughly or
properly refining the sol ution.

[ 0249]

The product of the present invention may be
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i ncorporated in foods, drinks, nmakeup product naterials,
medi ci nal products etc., or nmay be used as a substrate.

[ 0250]
D-1-5. Equol production nethod conprising First Step to
Third Step

The present invention provides an equol production
met hod conprising First Step, Second Step and Third Step
(hereinafter, this process is occasionally referred to as
"Third Production Method").

[ 0251]

Third Producti on Method of the present invention
enabl es production of di hydrodai dzein from dai dzei n,
t etrahydr odai dzei n from di hydr odai dzei n, and equol from
t et rahydr odai dzei n.

[ 0252]
First Step

In First Step of Third Producti on Met hod of the
present invention, daidzein is converted into
di hydr odai dzei n by havi ng an enzynme consisting of E1l
pol ypepti de act on daidzein in the presence of NADPH
and/or NADH First Step of Third Production Method of the
present invention is the sanme as the aforenentioned First
St ep.

[ 0253]

Wien First Step and Second Step are perforned under
the same conditions, when First Step and Third Step are
perfornmed under the sanme conditions, or when First Step

through Third Step are perfornmed under the same conditions,

the reaction is performed through incubation under the
af orenmenti oned conditions/concentrations for carrying out
First Step and Second Step under the sanme conditions, that
are detailed in the foregoing explanation of First Step.
Wth this arrangenent, both First and Second Step are
efficiently carried out.

[ 0254]
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Second Step

In Second Step of Third Production Method of the
present invention, dihydrodaidzein is converted into
t etrahydr odai dzei n by having an enzyne consi sting of E2
pol ypepti de act on di hydrodai dzein in the presence of
NADPH and/or NADH.  Second Step of Third Production Method
of the present invention is the sane as the aforenentioned
Second Step.

[ 0255]

When First Step and Second Step are perforned under
the same conditions, or when First Step through Third Step
are performed under the sanme conditions, the reaction is
perforned through i ncubation under the aforenentioned
condi tions/concentrations for carrying out First Step and
Second Step under the same conditions, that are detailed
in the foregoing explanation of Second Step. Wth this
arrangenent, both First and Second Step are efficiently
carried out.

[ 0256]

Further, when First Step and Second Step are
perfornmed in the presence of the enzyne consisting of El
pol ypepti de and the enzyne consisting of E2 pol ypepti de,
or when First Step through Third Step are performed in the
presence of the enzyme consisting of E1 pol ypeptide, the
enzyne consi sting of E2 polypeptide, and the enzyne
consi sting of E3 polypeptide, the reaction is perforned
t hrough the incubation in the presence of the enzyne
consi sting of El pol ypeptide and the enzyne consisting of
E2 pol ypepti de, under the aforenentioned
condi ti ons/concentrations, that is detailed in the
expl anation of Second Step, for exanple.

[ 0257]

When Second Step and Third Step are perforned under
the sanme conditions, the reaction is perforned through
i ncubati on under the aforenentioned




10

15

20

25

30

35

-92-

condi ti ons/concentrations for carrying out Second Step and
Third Step under the sane conditions, that are detailed in
the foregoi ng expl anation of Second Step. Wth this
arrangenent, both Second and Third Step are efficiently
carried out.

[ 0258]

Third Step

In Third Step of Third Producti on Method of the
present invention, tetrahydrodai dzein is converted into
equol by having an enzyne consisting of E3 pol ypeptide act
on tetrahydrodai dzein in the presence of NADPH and/ or NADH
t hereby converting tetrahydrodai dzein into equol. Third
Step of Third Production Method of the present invention
is the sanme as the aforenentioned Third Step

[ 0259]

When First Step and Third Step are perfornmed under
the same conditions, or when First Step through Third Step
are performed under the sanme conditions, the reaction is
perforned through i ncubation under the aforenentioned
conditions for carrying out First Step and Second Step
under the sanme conditions, that are detailed in the
foregoi ng explanation of First Step. Wth this
arrangenent, both First and Second Step are efficiently
carried out. In this case, the contents of the enzyne
consi sting of E3 pol ypeptide, tetrahydrodai dzein, and
NADPH and/or NADH are adjusted as foll ows:
the content of the enzyne consisting of E3 pol ypeptide is
0.0001 to 1.0 weight% preferably 0.001 to 0.1 wei ght%
and nore preferably 0.001 to 0.01 wei ght%

t he tetrahydrodai dzein content is 0.0001 to 10.0 wei ght%
preferably 0.001 to 1.0 weight% and nore preferably 0.001
to 0.1 weight% and

t he NADPH and/ or NADH content is 0.01 to 5 weight%
preferably 0.05 to 1 weight% and nore preferably 0.1 to
0.5 wei ght %
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[ 0260]

However, when being perforned in the presence of the
enzyne consi sting of ELl pol ypeptide and the enzyne
consi sting of E3 polypeptide, First Step and Third Step
require use of NADPH to increase efficiency in the
di hydr odai dzei n produci ng reaction using the enzyne
consisting of El polypeptide. Simlarly, when being
perfornmed in the presence of the enzyne consisting of El
pol ypepti de, the enzyne consisting of E2 pol ypeptide, and
the enzynme consisting of E3 pol ypeptide, First Step
through Third Step require use of NADPH to increase
efficiency in the dihydrodai dzein produci ng reaction using
t he enzyme consisting of E1 pol ypeptide. In this case,
the concentration of NADPH is determ ned based on the
af orenmenti oned conditions for carrying out First Step and
Second Step under the sanme conditions, that are detailed
in the foregoing explanation of First Step. The
concentration of NADH, which is used with NADPH, is
det erm ned based on the aforenentioned conditions for
carrying out reaction in the presence of the enzyne
consi sting of El polypeptide, the enzyne consisting of E2
pol ypeptide, that are detailed in the foregoing
expl anation of Second Step, and the aforenentioned
conditions for carrying out Second Step and Third Step
under the sanme conditions, that are detailed in the
f oregoi ng expl anati on of Second Step.

[ 0261]
El to E3 pol ypeptides

Third Production Method of the present invention
uses the enzyne consisting of El pol ypeptide, the enzyne
consi sting of E2 polypeptide, and the enzyme consisting of
E3 pol ypeptide. The peptides E1 to E 3 are sane as those
descri bed above.

[ 0262]
D-1-6. Equol containing product, produced by Third
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Pr oducti on Met hod

The present invention provides a product containing
equol , produced by the foregoing process conprising First
Step through Third Step (Third Producti on Method).

[ 0263]

As described above, Third Production Method of the
present invention enables production of dihydrodaidzein
from dai dzei n, tetrahydrodai dzein from di hydrodai dzei n
and equol fromtetrahydrodai dzein.

[ 0264]

Accordi ngly, the product produced by Third
Producti on Met hod of the present invention contains not
only equol, but also tetrahydrodai dzein, dihydrodai dzein
and/ or dai dzei n.

[ 0265]

The product of the present invention may be used in
the formof the solution as produced in Third Production
Met hod, or may be a tetrahydrodai dzein product obtai ned by
roughly or properly refining the solution

[ 0266]

The product of the present invention nmay be
i ncorporated in foods, drinks, or makeup product material s,
medi ci nal products etc., or may be used as a substrate.

[ 0267]

D-1-7. Process for producing di hydrodai dzei n,
t etrahydr odai dzei n and/ or equol, conprising at |east two
of Fourth Step to Sixth Step

The present invention provides a process for
pr oduci ng di hydrodai dzei n, tetrahydrodai dzein, and/or
equal, conprising at |east two of the foll owing Fourth
Step to Sixth Step (hereinafter, this process is
occasionally referred to as "Fourth Production Method").
Fourth Step produces di hydrodai dzein from daidzein. Fifth
St ep produces tetrahydrodai dzein from di hydrodai dzei n, and
Si xth Step produces equol fromtetrahydrodai dzein
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[ 0268]

Fourth Step conprises a step of having a reconbi nant
cell consisting of one of the followng (Ad) to (Af)
pol ynucl eoti des act on dai dzein, thereby producing
di hydr odai dzei n
(Ad) a polynucl eotide consisting of the nucleotide
sequence of SEQ ID NO 4;
(Ae) a polynucl eotide that encodes a pol ypeptide
consi sting of the am no acid sequence of SEQ ID NGO 1; and
(Af) a polynucl eotide that hybridizes under stringent
conditions with the conpl enmentary strand of the
pol ynucl eotide (Ad) or (Ae), and that encodes a
pol ypepti de having an activity to synthesize
di hydr odai dzei n usi ng dai dzein as a substrate.

[ 0269]

Fifth Step conprises a step of having a reconbi nant
cell consisting of one of the following (Bd) to (Bf)
pol ynucl eoti des act on di hydrodai dzei n, thereby producing
t et rahydr odai dzei n.
(Bd) a polynucl eotide consisting of the nucleotide
sequence of SEQ ID NO 10;
(Be) a polynucleotide that encodes a pol ypeptide
consisting of the am no acid sequence of SEQ ID NO 7; and
(Bf) a polynucleotide that hybridizes under stringent
conditions wwth the conpl enentary strand of the
pol ynucl eotide (Bd) or (Be), and that encodes a
pol ypepti de having an activity to synthesize
t et rahydr odai dzei n usi ng di hydr odai dzein as a substrate.

[ 0270]

Sixth Step conprises a step of having a reconbi nant
cell consisting of one of the following (Cd) to (Cf)
pol ynucl eotides to act on tetrahydrodai dzein, thereby
pr oduci ng equol .
(Cd) a polynucl eotide consisting of the nucl eotide
sequence of SEQ ID NO 16
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(Ce) a polynucleotide that encodes a pol ypepti de

consi sting of the am no acid sequence of SEQ ID NO 13
and

(Cf) a polynucleotide that hybridi zes under stringent
conditions wwth the conpl enentary strand of the

pol ynucl eotide (Cd) or (Ce), and that encodes a

pol ypepti de having an activity to synthesi ze equol using
t etrahydrodai dzein as a substrate.

[0271]

Fourth Production Method of the present invention
produces di hydrodai dzei n, tetrahydrodai dzein and/or equo
by appropriately conbining Fourth to Sixth Steps.

[0272]

Fourth Production Method of the present invention
conprises at least two of Fourth Step, Fifth Step and
Si xth Step.

[ 0273]

For exanple, a Fourth Production Method of the
present invention that conprises Fourth Step and Fifth
Step and does not conprise Sixth Step produces
di hydr odai dzei n from dai dzein, and tetrahydrodai dzein from
di hydr odai dzei n

[ 0274]

For exanple, a Fourth Production Method of the
present invention that conprises Fifth Step and Sixth Step
and does not conprise Fourth Step produces
t et rahydr odai dzei n from di hydr odai dzei n, and equol from
t et r ahydr odai dzei n.

[ 0275]

And, for example, a Fourth Production Method of the
present invention that conprises all of Fourth Step, Fifth
Step and Sixth Step produces di hydrodai dzein from dai dzei n,
t etrahydr odai dzei n from di hydr odai dzei n, and equol from
t et rahydr odai dzei n.

[ 0276]
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Each reconbi nant cell used for Fourth Production
Met hod of the present invention may contain one or nore
pol ynucl eoti des sel ected fromthe group consisting of (Ad)
to (Af), (Bd) to (Bf) and (Cd) to (Cf).

[0277]

For exanple, when the cell contains two
pol ynucl eoti des: a pol ynucl eoti des selected fromthe group
consisting of (Ad) to (Af), and a pol ynucl eoti des sel ect ed
fromthe group consisting of (Bd) to (Bf), Fourth Step and
Fifth Step can be carried out with this cell, i.e., Fourth
Step and Fifth Step can be carried out with one kind of
reconbi nant cel |

[ 0278]

Simlarly, when the cell contains three
pol ynucl eoti des: a pol ynucl eoti des sel ected fromthe group
consisting of (Ad) to (Af), a polynucleotides sel ected
fromthe group consisting of (Bd) to (Bf), and a
pol ynucl eoti des selected fromthe group consisting of (Cd)
to (Cf), Fourth Step to Sixth Step can be carried out with

this cell, i.e., Fourth Step to Sixth Step can be carried
out with one kind of reconbinant cell
[ 0279]

In Fourth Production Method of the present invention,
Fourth Step to Sixth Step may al so be carried out using a
reconbi nant cell containing two pol ynucl eotides: a
pol ynucl eoti de sel ected fromthe group consisting of (Ad)
to (Af), a polynucleotide selected fromthe group
consisting of (Bd) to (Bf); and another reconbi nant cel
contai ning a pol ynucl eoti des selected fromthe group
consisting of (Cd) to (Cf).

[ 0280]

Simlarly, I'n Fourth Production Method of the
present invention, Fourth Step to Sixth Step may al so be
carried out using a reconbinant cell containing two
pol ynucl eoti des: a pol ynucl eoti de sel ected fromthe group
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consisting of (Ad) to (Af), a polynucleotide selected from
the group consisting of (Cd) to (Cf); and anot her

reconbi nant cell containing a polynucleotides sel ected
fromthe group consisting of (Bd) to (Bf).

[ 0281]

Fourth Step

Fourth Step causes a reconbi nant cell having the El1
pol ynucl eotide as detailed in the section A-2 to act on
dai dzei n, thereby converting daidzein into di hydrodai dzein.

[ 0282]

The reaction in Fourth Step may be carried out under
the sanme conditions as those of First Step. Mire
specifically, the reconbinant cell is inoculated in the
culture nmediumcontaining 0.001 to 1 w% preferably 0.01
to 1 ww% nore preferably 0.01 to 0.5 wt % of dai dzein, and
i ncubated for 6 to 30 hours, preferably 7 to 24 hours,
nore preferably 7 to 18 hours at a tenperature allow ng
the cell growh. The tenperature is not |imted, and may
be the tenperature adopted in First Step.

[ 0283]

Reconbi nant cell used in Fourth Step

Any reconbi nant cell may be used in Fourth Step as
|l ong as the cell contains El1 pol ynucl eotide and is capable
of expressing El pol ynucl eoti de. Reconbinant cells
detailed in the section A-4 can be used in the step

[ 0284]

Producti on of enzyne consisting of E1 pol ypepti de usi ng
reconbi nant cell having E1 pol ynucl eoti de

The enzyme consisting of E1 pol ypepti de may be
produced by culturing the reconbinant cell after E2
pol ynucl eoti de introduction and by collecting E1
pol ypeptide fromthe cell culture. WMre specifically, El
pol ypepti de can be produced by culturing the reconbi nant
cell under the conditions detailed in the section A-5.

[ 0285]
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Fifth Step

Fifth Step causes a reconbi nant cell having the E2
pol ynucl eotide as detailed in the section B-2 to act on
di hydr odai dzei n, thereby converting di hydrodai dzein into
t et rahydr odai dzei n.

[ 0286]

The reaction in Fifth Step may be carried out under
the sanme conditions as those of Second Step. More
specifically, the reconbinant cell is inoculated in the
cul ture nmediumcontaining 0.001 to 1 w% preferably 0.01
to 0.5 wt% nore preferably 0.01 to 0.1 wt % of dai dzei n,
and i ncubated for 7 to 30 hours, preferably 15 to 24 hours,
nore preferably 17 to 20 hours at a tenperature allow ng
the cell growh. The tenperature is not |imted, and may
be the tenperature adopted in Second Step

[ 0287]
Reconbi nant cell used in Fifth Step

Any reconbinant cell may be used in Fifth Step as
long as the cell contains E2 pol ynucl eotide described in
B-2 section and is capable of expressing E2 pol ynucl eoti de.
One exanple is a reconbinant cell detailed in the section
B- 4.

[ 0288]

Producti on of enzyne consisting of E2 pol ypepti de using
reconbi nant cell having E2 pol ynucl eoti de

The enzyme consisting of E2 pol ypeptide may be
produced by culturing the reconbinant cell after E2
pol ynucl eoti de introduction and by collecting E2
pol ypeptide fromthe cells and/or cul ture.

[ 0289]

The same manners and conditions as those in the
section "Production of enzyne consisting of El pol ypeptide
usi ng reconbi nant cell having E1 pol ynucl eoti de” may be
used for incubation of reconbinant cell supplied wth E2
pol ynucl eotide, culture nedium and isolation/purification
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of E2 pol ypepti de.
[ 0290]
Si xth Step

Si xth Step causes a reconbi nant cell having the E3
pol ynucl eotide as detailed in the section G2 to act on
t etrahydr odai dzei n, thereby converting tetrahydrodai dzein
i nto equol.

[ 0291]

The reaction in Sixth Step may be carried out under
the sanme conditions as those of Third Step. Mire
specifically, the reconbinant cell is inoculated in the
cul ture nmediumcontaining 0.001 to 1 w% preferably 0.01
to 0.5 wt% nore preferably 0.01 to 0.1 wt % of
t etrahydr odai dzein, and incubated for 7 to 30 hours,
preferably 15 to 24 hours, nore preferably 17 to 20 hours
at a tenperature allowing the cell growh. The
tenperature is not limted, and may be the tenperature
adopted in Third Step.

[ 0292]

The source of tetrahydrodai dzein used as a substrate
in Sixth Step is also not [imted.

[ 0293]

For exanple, the tetrahydrodai dzein produced in
Fifth Step from di hydrodai dzein may be used as a substrate
for Sixth Step. The tetrahydrodaidzein is used either in
the formof the solution containing tetrahydrodai dzein as
produced in Fifth Step, or in a roughly-refined state or
properly refined state.

[ 0294]

Conmrer ci al | y-avai | abl e tetrahydr odai dzei ns or
t et rahydr odai dzei ns synt hesi zed t hrough appropri ate
met hods may al so be used.

[ 0295]

Further, a tetrahydrodai dzein synthesis materi al
conposi tion containing reconbinant cells containing E3
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pol ynucl eoti de; and tetrahydrodai dzein may be used as the
m xture of starting materials in the production of

t et rahydrodai dzein in
conposi tion under the
t et rahydrodai dzein in

Sixth Step. By incubating the
foregoi ng conditions, the
the conposition is converted into

equol. The sane conditions and restrictions as above are
applied to determ ne the concentrati ons of the reconbi nant
cells and tetrahydrodai dzein in the conposition, other

i ngredients added to the conposition, reaction condition

etc.
[ 0296]

In Sixth Step, it is preferable to use
t etrahydr odai dzein, produced in Fifth Step using
di hydr odai dzein as a substrate; however, conmercially-
avai | abl e tetrahydrodai dzein, the synthesis starting-

mat eri al conposition

t he enzyne conposition etc. may be

m xed with the tetrahydrodai dzein produced in Fifth Step

[ 0297]
Reconbi nant cell used

in Sixth Step

Any reconbi nant

cell may be used in Sixth Step as

long as the cell contains E3 pol ynucl eoti de described in
the G2 section and is capabl e of expressing E3

pol ynucl eotide. One exanple is a reconbi nant cell
detailed in the section C4.

[ 0298]

Producti on of enzyne consisting of E3 pol ypepti de using

reconbi nant cell having E3 pol ynucl eoti de

The enzyme consisting of E3 pol ypeptide may be

produced by culturing

the reconbi nant cell after E3

pol ynucl eoti de introduction and by collecting E3
pol ypeptide fromthe cells and/or cul ture.

[ 0299]

The sane manners and conditions as those in the
section "Production of enzyne consisting of El pol ypeptide

usi ng reconbi nant cell

havi ng E1 pol ynucl eoti de" nay be
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used for incubation of reconbinant cell supplied wth E3
pol ynucl eoti de, culture nedium and isolation/purification
of E3 pol ypepti de.

[ 0300]

El to E3 pol ynucl eoti des

Fourth Production Method of the present invention
uses at |east one of E1l to E3 pol ynucl eotides, that are
detailed in the foregoing sections A-2, B-2 and C 2,
respectively.

[ 0301]
D-1-8. Product containing dihydrodai dzein,
t et rahydr odai dzei n and/ or equol, produced by Fourth
Pr oducti on Met hod

The present invention provides a product containing
di hydr odai dzei n, tetrahydrodai dzein and/or equol, produced
by the foregoing Fourth Production Method.

[ 0302]

As descri bed above, Fourth Production Method of the
present invention enables production of dihydrodaidzein,

t etrahydr odai dzei n, and/or equol by appropriately
conbi ning Fourth to Sixth Steps.

[ 0303]

Accordi ngly, the product produced by Fourth
Producti on Met hod of the present invention contains
di hydr odai dzei n, tetrahydrodai dzein, and/or equol.

[ 0304]

The product of the present invention may be used in
the formof the solution as produced in Fourth Production
Met hod, or may be a di hydrodai dzei n product, a
t etrahydr odai dzei n product or an equol product obtained by
roughly or properly purifying the solution.

[ 0305]

The product of the present invention may be
i ncorporated in foods, drinks, or makeup product materials,
medi ci nal products etc., or nmay be used as a substrate.
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[ 0306]
D I1-1. A device for producing di hydrodai dzei n,
t et rahydr odai dzei n and/ or equol, provided with at | east
one of First Reaction Vessel to Third Reaction Vessel

The present invention provides a device for
pr oduci ng di hydr odai dzei n, tetrahydrodai dzei n and/ or equol,
provided with at | east one of the followi ng First Reaction
Vessel to Third Reaction Vessel (hereinafter, this device
is occasionally referred to as "First Production Device").
Fi rst Reaction Vesse

First Reaction Vessel is a reaction vessel having a
reaction nmeans (hereinafter, this neans is occasionally
referred to as "reaction nmeans 1") in which an enzyne
consisting of one of (Aa) to (Ac) pol ypeptides (E1
pol ypeptides) is imobilized. This reaction vessel is
used for production of dihydrodaidzein from dai dzein using
the polypeptide. In this reaction vessel, the reaction
means i s disposed in a position allowi ng contact with
dai dzei n.
Second Reaction Vessel

Second Reaction Vessel is a reaction vessel having a
reaction nmeans (hereinafter, this neans is occasionally
referred to as "reaction neans 2") in which an enzyne
consi sting of one of (Ba) to (Bc) polypeptides (E2
pol ypeptides) is imobilized. This reaction vessel is
used for production of tetrahydrodai dzein from
di hydr odai dzei n using the pol ypeptide. In the reaction
vessel, the reaction nmeans is disposed in a position
all owm ng contact with di hydrodai dzei n.
Third Reaction Vessel

Third Reaction Vessel is a reaction vessel having a
reaction nmeans (hereinafter, this neans is occasionally
referred to as "reaction nmeans 3") in which an enzyne
consisting of one of (Ca) to (Cc) polypeptides (E3
pol ypeptides) is imobilized. This reaction vessel is
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used for production of equol fromtetrahydrodai dzein using
t he pol ypeptide. In the reaction vessel, the reaction
means i s disposed in a position allowi ng contact with

t et rahydr odai dzei n.

[ 0307]

First Production Device of the present invention
enabl es production of di hydrodai dzei n, tetrahydrodai dzein
and/ or equol by appropriately conbining First through
Third Reaction Vessels.

[ 0308]

First Production Device of the present invention has
at | east one of First Reaction Vessel, Second Reaction
Vessel and Third Reaction Vessel.

[ 0309]

For exanple, when First Production Device of the
present invention has First Reaction Vessel, and does not
have Second Reaction Vessel and Third Reaction Vessel,
First Production Device of the present invention enables
producti on of dihydrodai dzein from dai dzei n.

[ 0310]

For exanpl e, when First Production Device of the
present invention has Second Reaction Vessel, and does not
have First Reaction Vessel and Third Reaction Vessel,
First Production Device of the present invention enables
producti on of tetrahydrodai dzein from di hydrodai dzei n.

[ 0311]

For exanple, when First Production Device of the
present invention has Third Reaction Vessel, and does not
have First Reaction Vessel and Second Reaction Vessel,
First Production Device of the present invention enables
producti on of equol fromtetrahydrodai dzein.

[ 0312]

For exanple, when First Production Device of the
present invention has First Reaction Vessel and Second
Reaction Vessel, and does not have Third Reaction Vessel
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First Production Device of the present invention enables
producti on of dihydrodai dzein from dai dzein, and
t et rahydr odai dzei n from di hydr odai dzei n.

[ 0313]

For exanple, when First Production Device of the
present invention has Second Reaction Vessel and Third
Reaction Vessel, and does not have First Reaction Vessel,
First Production Device of the present invention enables
producti on of tetrahydrodai dzein from di hydrodai dzei n, and
equol fromtetrahydrodai dzein.

[ 0314]

For exanpl e, when First Production Device of the
present invention has First Reaction Vessel, Second
Reaction Vessel, and Third Reaction Vessel, First
Producti on Device of the present invention enabl es
production of dihydrodai dzein from dai dzein,

t etrahydr odai dzei n from di hydr odai dzei n, and equol from
t et rahydr odai dzei n.

[ 0315]

In First Production Device of the present invention,
a single reaction vessel may have two of the reaction
means 1 to 3.

[ 0316]

For exanple, when reaction nmeans 1 and 2 are
provided in a single reaction vessel, the respective
reactions perfornmed in First Reaction Vessel and Second
Reacti on Vessel nmay be perforned in a reaction vessel.
Further, for exanple, when the reaction neans 1 through 3
are provided in a single reaction vessel, the respective
reactions performed in First to Third Reaction Vessel s nmay
be perfornmed in a reaction vessel.

[ 0317]

| nsofar as the desired effect is ensured, the way of
nmounting of these reaction nmeans to the reaction vessel is
not |imted.
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[ 0318]

Further, when First Production Device of the present
i nvention has at |east two of the reaction neans 1 to 3
and plural different reaction vessels, the reaction
vessel s are connected via a supply neans.

[ 0319]

For exanple, when First Production Device of the
present invention has First Reaction Vessel and Second
Reaction Vessel, and does not have Third Reaction Vessel
in which First Reaction Vessel and Second Reaction Vessel
are independent units and First Reaction Vessel and
Second Reaction Vessel contain the reaction neans 1 and 2,
respectively; the First Reaction Vessel and Second
Reaction Vessel are connected via a supply neans for
suppl yi ng a di hydrodai dzei n product, produced in First
Reaction Vessel, to Second Reaction Vessel.

[ 0320]

Further, for exanple, when First Production Device
of the present invention conprises the reaction neans 1
and 2 in a reaction vessel, and the reaction neans 3 in
anot her reaction vessel; the reaction vessel containing
the reaction neans 1 and 2 and the reaction vessel
containing the reaction means 3 are connected via a supply
nmeans for supplying a product, produced in the reaction
vessel containing the reaction neans 1 and 2, to the
reacti on vessel containing the reaction nmeans 3.

[ 0321]

The product nay be a form of solution as produced,
or may be a di hydrodai dzei n product etc. obtained by
roughly or properly purifying the solution.

[ 0322]

Reacti on Vessel

The shapes, sizes, materials etc. of the First
Reaction Vessel to Third Reaction Vessel provided in First
Producti on Device of the present invention are not limted,
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gi ven that each vessel is capable of containing a reaction
means, and appropriately produci ng di hydrodai dzei n,
t et rahydr odai dzei n and/ or equol .
[ 0323]
Reacti on Means

The reaction neans 1 to 3 to be used in First
Production Device of the present invention are not limted
as long as they each contain an respective i nmobilized
enzynme, and is capable of appropriately producing
di hydr odai dzei n, tetrahydrodai dzein and/ or equol .

[ 0324]

The respective enzyne immobilized in each reaction
means may be roughly or properly (purely) purified.
| mobi |i zation of the enzyne consi sting of one of the
pol ypeptides in the reaction nmeans is carried out using a
known net hod.

[ 0325]

For exanple, when the enzyne is immobilized in a
carrier, the carrier is not Iimted as long as the desired
activity of the enzynme can be exhi bited. Exanples of the
carrier include a carrier having a functional group
bondabl e with the enzynme through coval ent bond, such as
am no groups, carboxyl groups, or hydroxyl groups; and a
carrier connectable with the enzynme consisting of the
pol ypeptide via a linker. The shape of the carrier is not
limted. The carrier, functioning group, and |inker etc.
are appropriately selected according to the adopted known
techni que for imobilizing an enzynme in the carrier. The
i mobi i zation of the enzynme consisting of the polypeptide
in the carrier is also carried out using a known net hod.

[ 0326]

Suppl y Means

The supply nmeans provided in First Production Device
of the present inventionis not [imted as long as it is
capabl e of connecting plural different reaction vessels
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used in First Production Device of the present invention,
and capabl e of producing di hydrodai dzei n,
t etrahydr odai dzei n and/ or equol in First Production Device
of the present invention. The supply neans is realized by
an appropriate neans according to a suitable known
t echnol ogy.

[ 0327]
El to E3 pol ypepti de

El to E3 pol ypeptides used in First Production
Devi ce of the present invention are the sane as those
above.

[ 0328]
Producti on of di hydrodai dzein in First Reaction Vessel

First Reaction Vessel causes an enzyne consi sting of
E1l pol ypeptide immobilized in the reaction neans 1 to act
on daidzein in the presence of NADPH and/ or NADH, thereby
converting daidzein into di hydrodai dzein. The enzyne
consi sting of E1l polypeptide nmay be imobilized in the
reacti on nmeans together with NADPH and/ or NADH t hat serves
as a coenzyne of the enzyne consisting of E1l pol ypepti de.
The reaction in First Reaction Vessel is carried out
according to the nethod detailed in the foregoing
expl anation of "First Step"

[ 0329]
Producti on of tetrahydrodai dzein in Second Reaction Vessel

Second Reaction Vessel causes an enzyne consi sting
of E2 pol ypeptide imobilized in the reaction neans 2 to
act on di hydrodai dzein in the presence of NADPH and/ or
NADH, thereby converting di hydrodai dzein into
t etrahydrodai dzein. The enzynme consisting of E2
pol ypepti de may be i mobilized in the reaction neans
together with NADPH and/or NADH t hat serves as a coenzyne
of the enzyme consisting of E2 pol ypeptide. The reaction
in Second Reaction Vessel is carried out according to the
nmet hod detailed in the foregoi ng expl anati on of "Second
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St ep".

[ 0330]
Producti on of equol in Third Reaction Vessel

Third Reaction Vessel causes an enzyne consisting of
E3 pol ypeptide imobilized in the reaction neans 3 to act
on tetrahydrodai dzein, thereby converting
t etrahydrodai dzein into equol. The reaction in Third
Reaction Vessel is carried out according to the nethod
detailed in the foregoi ng explanation of "Third Step".

[ 0331]
D I1-2. A device for producing di hydrodai dzei n,
t et rahydr odai dzei n and/ or equol, conprising at | east one
of Fourth to Sixth Reaction Vessels

The present invention provides a device for
pr oduci ng di hydr odai dzei n, tetrahydrodai dzei n and/ or equol,
conprising at |east one of the followng Fourth to Sixth
Reacti on Vessels (hereinafter, this device is occasionally
referred to as "Second Production Device").
Fourth Reaction Vessel

Fourth Reaction Vessel is a reaction vessel having a
reaction nmeans (hereinafter, this neans is occasionally
referred to as "reaction nmeans 4") in which a reconbi nant
cell consisting of one of (Ad) to (Af) polynucl eotides (E1
pol ynucl eotides) is immobilized. This reaction vessel is
used for production of dihydrodaidzein from dai dzein using
the polynucleotide. In this reaction vessel, the reaction
means is disposed in a position allowi ng contact with
dai dzei n.
Fifth Reacti on Vesse

Fifth Reaction Vessel is a reaction vessel having a
reaction nmeans (hereinafter, this neans is occasionally
referred to as "reaction nmeans 5") in which a reconbi nant
cell consisting of one of (Bd) to (Bf) polynucl eotides (E2
pol ynucl eotides) is imobilized. This reaction vessel is
used for production of tetrahydrodai dzein from
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di hydr odai dzei n using the polynucleotide. In the reaction
vessel, the reaction nmeans is disposed in a position
all ow ng contact with di hydrodai dzei n.

Si xth Reaction Vesse

Si xth Reaction Vessel is a reaction vessel having a
reaction nmeans (hereinafter, this neans is occasionally
referred to as "reaction nmeans 6") in which a reconbi nant
cell consisting of one of (Cd) to (Cf) pol ynucl eotides (E3
pol ynucl eotides) is immobilized. This reaction vessel is
used for production of equol fromtetrahydrodai dzein using
t he polynucleotide. In the reaction vessel, the reaction
means i s disposed in a position allowi ng contact with
t et r ahydr odai dzei n.

[ 0332]

Second Production Device of the present invention
enabl es production of di hydrodai dzein, tetrahydrodai dzein
and/ or equol by appropriately conbining Fourth through
Si xth Reaction Vessels.

[ 0333]

Second Production Device of the present invention
has at | east one of Fourth Reaction Vessel, Fifth Reaction
Vessel and Sixth Reaction Vessel.

[ 0334]

For exanpl e, when Second Production Device of the
present invention has Fourth Reaction Vessel, and does not
have Fifth Reaction Vessel and Sixth Reaction Vessel,
Second Production Device of the present invention enables
producti on of dihydrodai dzein from dai dzei n.

[ 0335]

For exanpl e, when Second Production Device of the
present invention has Fifth Reaction Vessel, and does not
have Fourth Reaction Vessel and Sixth Reaction Vessel,
Second Production Device of the present invention enables
producti on of tetrahydrodai dzein from di hydrodai dzei n.

[ 0336]
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For exanpl e, when Second Production Device of the
present invention has Sixth Reaction Vessel, and does not
have Fourth Reaction Vessel and Fifth Reaction Vessel,
Second Production Device of the present invention enables
producti on of equol fromtetrahydrodai dzein.

[ 0337]

For exanpl e, when Second Production Device of the
present invention has Fourth Reaction Vessel and Fifth
Reaction Vessel, and does not have Sixth Reaction Vessel
Second Production Device of the present invention enables
producti on of dihydrodai dzein from dai dzein, and
t et rahydr odai dzei n from di hydr odai dzei n.

[ 0338]

For exanpl e, when Second Production Device of the
present invention has Fifth Reaction Vessel and Sixth
Reaction Vessel, and does not have Fourth Reaction Vessel,
Second Production Device of the present invention enables
production of tetrahydrodai dzein from di hydrodai dzein, and
equol fromtetrahydrodai dzein.

[ 0339]

For exanpl e, when Second Production Device of the
present invention has Fourth Reaction Vessel, Fifth
Reaction Vessel, and Sixth Reaction Vessel, Second
Producti on Device of the present invention enabl es
production of di hydrodai dzein from dai dzein,

t etrahydr odai dzei n from di hydr odai dzei n, and equol from
t et rahydr odai dzei n.

[ 0340]

I n Second Production Device of the present invention,
a single reaction vessel may have two of the reaction
neans 4 to 6.

[ 0341]

For exanple, when reaction nmeans 4 and 5 are
provided in a single reaction vessel, the respective
reactions performed in Fourth Reaction Vessel and Fifth
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Reacti on Vessel nmay be perforned in a reaction vessel.
Further, for exanple, when the reaction neans 4 through 6
are provided in a single reaction vessel, the respective
reactions performed in Fourth to Sixth Reaction Vessels
may be perforned in a reaction vessel

[ 0342]

I nsofar as the desired effect is ensured, the way of
nmounting of these reaction nmeans to the reaction vessel is
not |imted.

[ 0343]

Further, when Second Production Device of the
present invention has at |least two of the reaction neans 4
to 6 and plural different reaction vessels, the reaction
vessel s are connected via a supply neans.

[ 0344]

For exanpl e, when Second Production Device of the
present invention has Fourth Reaction Vessel and Fifth
Reaction Vessel, and does not have Sixth Reaction Vessel
in which Fourth Reaction Vessel and Fifth Reaction Vesse
are independent units and Fourth Reaction Vessel and
Fifth Reaction Vessel contain the reaction neans 4 and 5,
respectively; the Fourth Reaction Vessel and Fifth
Reaction Vessel are connected via a supply neans for
suppl yi ng a di hydrodai dzei n product, produced in Fourth
Reaction Vessel, to Fifth Reaction Vessel

[ 0345]

Further, for exanple, when Second Production Device
of the present invention conprises the reaction nmeans 4
and 5 in a reaction vessel, and the reaction neans 6 in
anot her reaction vessel; the reaction vessel containing
the reaction nmeans 4 and 5 and the reaction vessel
containing the reaction nmeans 6 are connected via a supply
nmeans for supplying a product, produced in the reaction
vessel containing the reaction neans 4 and 5, to the
reacti on vessel containing the reaction neans 6.
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[ 0346]

The product nay be a form of solution as produced,
or may be a di hydrodai dzei n product etc. obtained by
roughly or properly purifying the solution.

[ 0347]
Reacti on Vessel

The shapes, sizes, materials etc. of the Fourth
Reaction Vessel to Sixth Reaction Vessel provided in
Second Production Device of the present invention are not
limted, given that each vessel is capable of containing a
reacti on means, and appropriately producing
di hydr odai dzei n, tetrahydrodai dzein and/ or equol .

[ 0348]
Reacti on Means

The reaction neans 4 to 6 to be used in Second
Production Device of the present invention are not limted
as long as they each contain a respective inmobilized
reconbi nant cell, and is capable of appropriately
pr oduci ng di hydr odai dzei n, tetrahydrodai dzei n and/ or equol.

[ 0349]

| mobi | i zation of the reconbinant cell in the
reaction nmeans is not limted as long as the desired
activity of the reconbinant cell can be exhibited, and
carried out using a known nmethod. The reconbi nant cell
may be incubated or incubatable in the reaction neans.
The conditions for the incubation of the reconbinant cells
are determ ned according to the foregoi ng expl anati ons of
"Fourth Step", "Fifth Step”, and "Si xth Step".

[ 0350]
Supply Means

The supply neans provided in Second Production
Devi ce of the present invention is not limted as |long as
it is capable of connecting plural different reaction
vessel s used in Second Production Device of the present
i nvention, and capabl e of produci ng di hydrodai dzei n,
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t etrahydr odai dzei n and/ or equol in Second Production
Devi ce of the present invention. The supply neans is
realized by an appropriate nmeans according to a suitable
known technol ogy.

[ 0351]
Reconbi nant Cell s

The reconbi nant cells used in Second Production
Devi ce of the present invention are the sane as those
detailed in the foregoi ng sections "Reconbi nant cells used
in Fourth Step", "Reconbinant cell used in Fifth Step”
and "Reconbi nant cell used in Sixth Step"

[ 0352]
El to E3 pol ypeptide

El to E3 pol ynucl eotides used in Second Production
Devi ce of the present invention are the sane as those
above.

[ 0353]
Producti on of di hydrodai dzein in Fourth Reacti on Vessel

Fourth Reaction Vessel converts daidzein into
di hydr odai dzei n using a reconbi nant cell consisting of El
pol ynucl eotide i mobilized in the reaction neans 4. The
reaction in Fourth Reaction Vessel is carried out
according to the nethod detailed in the foregoing
expl anation of "Fourth Step".

[ 0354]
Producti on of tetrahydrodaidzein in Fifth Reacti on Vesse

Fifth Reaction Vessel converts di hydrodai dzein into
t etrahydr odai dzei n using a reconbi nant cell consisting of
E2 pol ynucl eotide i mobilized in the reaction neans 5.
The reaction in Fifth Reaction Vessel is carried out
according to the nethod detailed in the foregoing
expl anation of "Fifth Step”

[ 0355]
Producti on of equol in Sixth Reaction Vessel

Si xth Reaction Vessel converts tetrahydrodai dzein
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into equol using a reconbinant cell consisting of E3
pol ynucl eotide i mmobilized in the reaction neans 6. The
reaction in Sixth Reaction Vessel is carried out according
to the nethod detailed in the foregoing explanation of
"Sixth Step”

[ 0356]
D-11-3. Device for produci ng di hydrodai dzei n,
t et rahydr odai dzei n and/ or equol, conprising at | east one
of First to Third Reaction Vessels, and at | east one of
Fourth to Sixth Reaction Vessels

The present invention provides a device for
pr oduci ng di hydr odai dzei n, tetrahydrodai dzein and/ or equol,
conprising at |east one of First to Third Reaction Vessel s,
and at |east one of Fourth to Sixth Reaction Vessels
(hereinafter, this device is occasionally referred to as
"Third Production Device").

[ 0357]

The conbi nations of the reaction vessels, reaction
means in Third Production Device are nade according to
those of the foregoing First and Second Production Devices.
The reaction vessels, reaction neans, polynucleoti des,
reconbi nant cells, and the reaction processes in the
reaction vessels in Third Production Device are the sane
as those for the foregoing First and Second Production
Devi ces.

[ 0358]
Exanpl es
Exanple A
Ref erence Exanple Al

A Lactococcus 20-92 strain (FERM BP-10036) was
i nocul ated in a daidzein-containing anplification liquid
medi um (a nodi fied GAM broth medi um (Ni ssui Pharnaceuti ca
Co. Ltd.) in which daidzein was added in an anmount of 10
pg/ mL), and the culture was incubated at 37°C for
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appropriate hours from7 to 18 hours under anaerobic
conditions (BBL Gas Pack systens). After incubation, the
cells were collected by centrifugati on and cryogenically
preserved to be used in the Exanpl es bel ow.

[ 0359]
Exanpl e Al: Confirmati on of D hydrodai dzei n Bi osynt hesi s
Activity in Centrifuged Supernatant of D srupted Cel
Material, and Confirnmati on of NADPH Dependency

The frozen cells (67nL bottle x 2) were thawed, and
centrifuged at 4°C at 8,000rpmfor 10 mi nutes. The pellet
was used in the test below. First, the pellet was
suspended in 2 m of a 0.1 M phosphat e-pot assi um sol ution
contai ning 1nM PVBF (Wako Pure Chem cal Industries, Ltd.),
2mM DTT (Wako Pure Chem cal Industries, Ltd.) and 5nmM
sodi um hydrosul fite (Wako Pure Chem cal Industries, Ltd.).
The suspension was supplied to two 2m tubes with screw
caps (Assist) and pre-supplenented with 0. 1nM
zirconial/silica beads (Bi oSpec Products, Inc.). The cells
were di srupted using FastPrep® FP100A ( Ther mo ELECTRON
CORPORATI ON) (6500rpm 10 seconds, ice cooling x8). The
resulting liquid was centrifuged to obtain supernatant.
The suspension of disrupted cell was centrifuged at about
10,000 rpmat 4 °C for 10 mnutes to obtain a supernatant,
which was then diluted to 4.5nL with 0.1 M potassium
phosphat e sol uti on containing 1nM PVSF, 2nM DTT and 5niv
sodi um hydrosul fite. This was used as an enzyne source.

[ 0360]

An enzyne reaction mxture of the conposition bel ow
was prepared, and the m xture was incubated at 37°C for 2
hour. After incubation, 3 nL of ethyl acetate was added
to the enzyne reaction mxture for extraction. After
drying, the extract was di ssolved by the nobile phase
(eluent). The dissolved product was anal yzed by HPLC. As
t he standard solution for HPLC anal ysis, a m xed sol ution
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of daidzein (2 ug/mL; Funakoshi Corporation), equol (2
ug/mL; Funakoshi Corporation), dihydrodaidzein (2 ug/mL;
Toronto Research Chemcals Inc.) was used.
Conposition of Enzyne Reaction M xture

Super natant of disrupted cells (enzyne source): 250 ul
Sterilized water, NADH (100m\V) or NADPH (100mM): 5 u

D hydrodaidzein (1 ng/m): 10

0.1 M pot assi um phosphate buffer pH 7/1nM DTT/ 5mM

sodi umhydrosul fite: 735 pl

Tot al : 1, 000 ul
[ 0361]

The results are shown in FIG 1. The results
confirmed the presence of di hydrodai dzei n bi osynthesis
activity in the centrifuged supernatant of the disrupted
cell material. It was also confirned that the conversion
of daidzein into di hydrodai dzein is dependent on the
coenzynme NADH

[ 0362]
Exanpl e A2: Purification of Di hydrodai dzein Synt hesi zi ng

Enzyne

Lact ococcus 20-92 strain cells were incubated for
18 hours in a nodified GAM broth nedi um (N ssu
Phar maceutical Co. Ltd.), 67 ml per incubation bottle.

The cultured cells fromnine such bottles were centrifuged,

and suspended in a 0.1 M potassi um phosphate buffer (pH 7)

containing 2nM DTT(1, 4-Dithiothreitol, Merck), 5mM sodi um

hydrosul fite (Wako Pure Chem cal Industries, Ltd.) and
protei nase inhibitor (conplete proteinase inhibitor
cocktail EDTA-free, Roche D agnostics). The suspension
was supplied to three 2m tubes with screw caps (Assist)
t hat each previously contain 0.1nM zirconia/silica beads
(Bi oSpec Products, Inc.). The cells were disrupted using
Fast Prep® FP100A (Thermo ELECTRON CORPCRATI ON) (6500r pm
20 seconds x 4). The resulting liquid was centrifuged to
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obtai n supernatant. Lactococcus 20-92 strain cells were

i ncubated for 18 hours in the sane |iquid medium 200 n
per incubation bottle. The cultured cells fromeight such
bottles were centrifuged to obtain supernatant equival ent
to eight bottles.

[ 0363]

Purification was perfornmed using a 0.1 M potassi um
phosphate buffer (pH 7.0) ("Buffer A", hereinafter)
contai ning 1nM PVMBF (phenyl net hyl sul fonyl fluoride, Sigma
Al drich), 2nmM DTT and 5nM sodi um hydrosulfite. The
di srupted supernatant of the cells were mxed with Buffer
A containing the sanme quantity of 2 M amoni um sul f at e,
and placed in mcro bio spin colums (x11, Bio-Red
Laboratories, Inc.) filled wth Butyl Sepharose 4 Fast
Fl ow (the gel was about 0.3 m per bottle, CGE Healthcare)
and equilibrated with Buffer A containing 1 M anmmoni um
sulfate. After being washed with Buffer A containing 1 M
amoni um sul fate and subsequent two-tines rinsing with
0.75 m of Buffer A containing 0.5 M ammoni um sul f at e,
0.75 m and then 0.5 m of Buffer A were added to elute a
fraction having a di hydrodai dzein synthesis activity.
Herei nafter, the eluate obtained by adding 0.75 m of
Buffer Ais referred to as an eluate |, and the eluate
obtai ned by adding 0.5 ml of Buffer Ais referred to as an
eluate |1.

[ 0364]

0.3 mM and 0.2 m of Buffer A containing 3.4M
ammoni um sul fate were added to the eluate I (with 0.75 ni
of Buffer A) and the eluate Il (with 0.5 m of Buffer A,
respectively. Then, the two eluates were m xed to be
subj ected to HPLC usi ng TSKgel Ether-5PW colum (TCOSCH)
equilibrated with an eluent containing 1 M amoni um
sulfate. 0.5 m of the m xed solution was poured to the
colum 2 to 9 tines, foll owed by washing at a fl ow rate of
0.1 mM/mn using an eluent containing 1 M anmoni um sul fate
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(Eluent B). Thereafter, the mxture ratio of Eluent B to
El uent A was changed using a program so that the
concentration of amoniumsulfate |inearly goes down to OM
(Eluent A in 15 mnutes. The enzymatic activity was seen
in the elution position of about 0.6 Mto 0.35M amoni um
sulfate, and the total eluate was about 3.5 m. The
followi ng shows the conditions in the HPLC. 280 nm
protei n absorption was observed.

Col um: TSKgel Et her-5PW

Flow Rate: 0.05 to 0.1 mi/mn on sanple supply, 0.1 m/mn
on el ution

El uent A: 0.1 M pot assi um phosphate buffer (pH 7.0)/2nM
DTT/ 2. 5nM sodi um hydr osul fite/ 1% 2- pr opanol

El uent B: Eluent A containing 1M amoni um sul fate

[ 0365]

The eluate of the elution position where the
enzymatic activity was seen was diluted with Buffer A and
the diluted |iquid was subjected to mcro bio spin colum
filled with 2'5 ADP Sepharose 4B (GE Heal thcare; the ge
was about 0.3 m per bottle), equilibrated with Buffer A
After washing the colum with Buffer A the fraction
havi ng t he di hydrodai dzein synthesis activity was el uted
wth 0.7 m, and then 0.6 ml of pH 7.5 Buffer A
conposition liquid containing 20nV NADPH

[ 0366]

The obt ai ned el uate was subjected to HPLC using a
Mono Q column (CGE Healthcare) equilibrated with Eluent C
(pH 7.5). Eluent C was supplied to the columm at a flow
rate = 0.1 mM/mn. After washing, the mxture ratio of
Eluent Cto Eluent D was changed to carry out a program
for linearly turning it into 0.65 M Nad for 32.5 mnutes.
The followi ng shows the conditions in the HPLC. 280 nm
protei n absorption was observed.
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colum: Mono Q PC 1.6/5

Eluent C. 0.1 M potassi um phosphate buffer pH 7.5/ 3nM
DTT/ 2. 5nM sodi um hydrosul fite/ 1% 2- pr opanol

El uent D. Eluent C containing 1M NaC

The enzymatic activity was observed in 0.4 to 0.46 M
NaC fraction (fraction No. 28 to 30).

[ 0367]

Fig. 2 shows the result of Mono Q HPLC and the
enzymatic activity. Fig. 3 shows the result of SDS-PAGE
for the fractions No. 27 to 31. According to these
results, a 70kDa band was observed in the fraction having
a di hydrodai dzei n synthesis activity under reducing
condi ti on.

[ 0368]
Exanpl e A3: Determ nation of N termnus amno acid
sequence

30pul of 0.1 %trifluoroacetic acid (TFA) was added
to 70ul of fraction, No. 29 having a di hydrodai dzein
synthesis activity obtained by the Mono Q HPLC (100ul in
total).

[ 0369]

A PVDF nenbrane of ProSorb cartridge (Applied
Bi osystens Japan) was noi stened with 10ul nethanol, and
the foregoing mxed liquid was added. After absorbing
water using a ProSorb filter (Applied Biosystens Japan),
t he nenbrane was dried, and then cut off using a nenbrane
punch (Applied Bi osystens Japan). The nenbrane was washed
five times wth 20 % net hanol, and dried. The nenbrane
was subjected to N term nus am no acid sequence anal ysis
using a protein sequencer (Applied Biosystens, Procise
494cLC), thereby finding a continuous am no acid sequence
having the follow ng 22 residues.
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Met Lys Asn Lys Phe Tyr Pro Lys Thr Phe Qu Arg Ay Tyr
Ile Ay Asn Leu Au Val Qu Asn (SEQ ID NO 19)

[ 0370]
Exanpl e A4: Determ nation of Am no Acid Sequence

The enzyne protein exhibiting a di hydrodai dzein
synthesis activity was fragnented using a digest enzyne
into a peptide. The internal am no acid sequence was
found by anal yzing the am no acid sequence in the N
term nus of the peptide.

[ 0371]
(1) Preparation of sanple

Lact ococcus 20-92 strain cells were incubated for 18
hours in a nodified GAM broth medi um (N ssu
Phar maceutical Co. Ltd.), 200 m per culture bottle.
Three strains of the cultured cells were centrifuged and
suspended in a 0.1 M potassi um phosphate buffer (pH 7.0)
containing 2nM DTT (1, 4-Dithiothreitol, Merck), 5nM
sodi um hydrosul fite (Wako Pure Chem cal Industries, Ltd.)
and proteinase inhibitor (conplete proteinase inhibitor
cocktail EDTA-free, Roche D agnostics). The suspension
was then transferred to a 2nm tube (Assist) that has a
screw cap and contains 0.1nM zirconi a/silica beads
(Bi oSpec Products, Inc.). The cells were disrupted using
Fast Prep® FP100A (Thermo ELECTRON CORPCRATI ON) (6500r pm
20 seconds x4). The resulting liquid was centrifuged to
obt ai n super nat ant.

[ 0372]

A 0.1 M potassi um phosphate buffer (pH 7) ("Buffer
A", hereinafter) containing 1nM PVSF ( phenyl net hyl sul f onyl
fluoride, Sigma Aldrich), 2nM DTT and 5nmM sodi um
hydrosulfite was used in the follow ng process. The
di srupted supernatant of the cells were mxed with Buffer
A containing the equivalent quantity of 2 M amoni um
sul fate, and placed in mcro bio spin colums (x3, Bio-Red
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Laboratories, Inc.) filled wth Butyl Sepharose 4 Fast

Fl ow (the gel was about 0.3 m per bottle, CE Healthcare),
equilibrated with Buffer A containing 1 M anmmoni um sul f ate.
After being washed with Buffer A containing 1 M ammoni um
sul fate and subsequent two-tinmes rinsing with 0.75 m of
Buffer A containing 0.5 Mamoniumsul fate, 0.75 m of
Buffer A were added twice to elute a fraction having a

di hydr odai dzei n synthesis activity.

[ 0373]

A mcro bio spin colum filled with 2'5" ADP
Sepharose 4B was equilibrated with Buffer A and then
1.5m of the solution eluted earlier was added. After
five times of washing with 0.75 m of Buffer A, elution
was carried out using 0.75 m, and then 0.45 m of Buffer
A cont ai ning 20mM NADPH. The el uates were m xed and
desal inated and concentrated to 5 pl in a mcro
centrifugation concentration tube (NANOSEP 10K OVEGA, Pal
Li fe Sci ences).

[ 0374]

The concentrated solution was m xed with a doubl e-
concentrated SDS- PAGE sanpl e buffer containing 2-
mer capt oet hanol ; and the m xture was heated for seven
m nutes at 90 °C before being subjected to SDS- PAGE
according to Laemmuli method. The SuperSep HG 10-20 %
(Wako Pure Chem cal Industries, Ltd.) was used as an
el ectrophoresis gel plate. After staining with Coll oida
Blue (I nvitrogen) and subsequent decoloring with MI1li-Q
wat er, a 70kDa el ectrophoresis band was excised. As a
control, an equinolar and equival ent-si zed gel was cut out
fromthe sanme portion into a strip in the no-protein
el ectrophoresi s area, and processed in the sane nanner
An anot her group of cells was processed in the sanme manner
and the cells were transferred to a PVDF nenbrane after
SDS- PAGE. then, a band in the sane position was subjected
to Ntermnus amno acid sequence analysis so as to
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confirm consi stency wth the sequence of the fraction
No.29 in the Mono Q HPLC.

[ 0375]
(2) Ceneration of reduced carboxam denet hyl and enzyne
di gesti on

The excised gels were cut into pieces, decol ored
using a 50 % acetonitrile aqueous sol ution, dehydrated by
acetonitrile, and dried with a centrifugal thickener
(Speedvac A160, Savant). After 100mM amoni um
hydr ogencar bonat e aqueous sol ution contai ni ng 55nM of DTT
was added, reduction was perforned for an hour at 56 °C
After renmoving a DIT solution, a 100nmM anmoni um
hydr ogencar bonat e aqueous sol uti on contai ni ng 100mM of
i odoacet am de was added, and the m xture bl ocked by |i ght
was gently shaken for 30 m nutes to generate
car boxam denet hyl . After renoving the reaction reagent,
the gel was washed sequentially with a 50 % acetonitrile
aqueous solution, acetonitrile, a 100nM anmoni um
hydr ogencar bonat e aqueous sol ution, and acetonitrile,
before being dried by a centrifugal thickener. 20mM Tris-
HCL buffer (pH 9) containing 2 pg Achronobacter protease
(Wako Pure Chemical Industries, Ltd.) and 0.02 % Tween 20
was added, and digestion was perforned at 37 °C for seven
hours. The centrifuged supernatant was transferred to
anot her tube, and the gel was m xed with 60 % acetonitrile
- 0.1 % TFA aqueous solution and heated at 30 °C for 20
m nutes. The heated m xture was bol texed for 10 m nutes x
three times to obtain peptide fragnents. The supernatant
was collected to be filtered using Utrafree-MC (0.22um
Am con), followed by centrifugal concentration

[ 0376]
(3) Peptide Mappi ng

Thr ough reverse phase HPLC, the peptide resulted
fromthe enzyne digestion was isol ated.
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Col um: pRPC C2/Cl18 SC2.1/10 (CGE Heal thcare Bi o Sci ence)
Flow Rate: 0.1 m/mn
El uent E: 0.05 % TFA
Eluent F: 90 % acetonitrile/0.04 % TFA
Elute Program O mnute: 5 %

3 mnutes: 5 %

43 m nutes: 65 %

48 m nutes: 100 %

68 m nutes: 100 %
Fraction: 30ul
Det ection: 215 nm

For exanple, "0 mnute 5 %B8" denotes usage of an
el uent containing Eluent E and Eluent F in an anount of
95% and 5% respectively, at the time O in the elution

[0377]
(4) Internal am no acid sequence anal ysis

In conparison with the control chromatogram an
enzymne-protei n-derived peptide peak exhibiting
di hydr odai dzei n synthesis activity was sel ected, and N
term nus am no acid sequence anal ysis was perfornmed using
a protein sequencer (Applied Biosystens, Procise 492HT).
After the separation using reverse phase HPLC was start ed,
the elution was started at 20.6 mnutes. The follow ng
shows the am no acid sequence (Peptide 1, hereinafter) of
t he peak of the elution.

Phe Asp Qu Pro Val Tyr Pro A n Ala Qu (SEQ ID NO 20)

The foll owi ng shows the am no acid sequence (Peptide
2, hereinafter) of the peak of the elution which was
started at 22.1 m nutes.

Ala Ser Arg Met Val Met Asp Ala Val Hs GQu Ay Tyr lle
Ala dy (SEQ ID NO 21)
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The peak of the elution which was started at 26.6
m nutes was a peptide that was nonspecifically severed;
however, as shown below, its Nterm nus had gl ycine that
is the 13th residue fromthe N termnus of said enzyne
protein (the follow ng am no acid sequence is called
Peptide 3, hereinafter).

Ay Tyr Ile Ay Asn Leu Gu Val Gu Asn Arg Ala Ile Arg
Met Pro Met (SEQ ID NO 22)

Figure 4 shows the result of peptide mapping in
Exanmpl e A4, and ami no aci d sequences corresponding to the
respective peaks.

Peak 1 (20.6 m nutes)
Peak 2 (22.1 m nutes)
Peak 3 (26.6 m nutes)

[ 0378]
Exanpl e A5: Anplification of di hydrodai dzein synthesis
enzyne gene fromN term nus and partial am no acid
sequences of purified pol ypeptide

Based on the N terminus and partial amno acid
sequences obtained in Exanples A3 and A4, a degenerati ve-
primer was designed and created. Using the genone DNA of
Lact ococcus 20-92 strain as a tenplate, anplification of
t he gene whi ch encodes the di hydrodai dzein synt hesi s
enzyne was attenpted by way of degenerative-PCR

[ 0379]
(1) Purification of genone DNA from Lactococcus 20-92
strain

Lact ococcus 20-92 strain incubated in a 40nL
nodi fied GAM broth cul ture nmedi um (N ssui Pharmaceuti ca
Co. Ltd.) under an anaerobic condition was centrifuged for
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ten mnutes, at 5000rpm 4 °C. The culture nmedi um was
renoved by decantation, and the bacteria cells were
collected. The cells were immedi ately suspended in a 11nL
of Bl solution (containing 200ug/ nL RNase) in the Q AGEN
Genom ¢ DNA Buffer Set (Q agen), and incubated for 16
hours at 37 °C after m xed with 300uL of Lysozyne sol ution
(100nmg/ ML), and 500puL of Q AGEN Proteinase K solution
(Qagen). Then, after mxed with 4nL of B2 solution and
several tines of end-over-end m xing, three hours

i ncubation was perfornmed at 50 °C

[ 0380]

The culture was centrifuged for ten mnutes at
5000rpm 4 °C. The supernatant was poured in a Q AGEN
CGenomc-tip 500/ G (Q agen) colum equilibrated with a QBT
solution so that the genone DNA was adhered to the col um.
After washing the colum twice with 30nL of a QC sol ution,
t he genome DNA was el uted fromthe colum using 15nL of
QF; then 10.5nL of isopropanol was added to salt out the
DNA. The precipitated thread-1ike genonme DNA was pl aced
in a 1.5nL mcrotube, washed with 75% et hanol, and dried
by air, before being dissolved in 250uL of a TE sol ution
(0.4pg/ puL). The concentration of the genome DNA sol ution
t hus obt ai ned was neasured, and the solution was then
adjusted to 40ng/ pyL by adding a TE solution. This DNA
solution was used as a tenplate of PCR

[ 0381]

(2) Design and Production of Degenerative-priner

In the designing of degenerative-prinmer, to reduce
t he nunber of degeneracy, the nost frequent codon in each
am no acid was used for the sequence on the 5 end
according to the codon usage information (Codon Usage
Dat abase http://ww. kazusa. or.j p/ codon/) of Lactococcus
garvi eae. Further, a m xed base was used for the sequence
of 3" end to avoid msmatch with the di hydrodai dzein
synt hesi s enzyne gene.
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[ 0382]

The foll owi ng degenerative-priner was desi gned and
created based on the N term nus sequence:
MKNKFYPKTFERGY! GNLEVEN det erm ned i n Exanple A3, to be
used for degenerative-PCR

El- N-term nus- 31: TGAAGAATAANTTNTAYCCNAARACNTTYGA (SEQ I D
NO 23)

(In SEQID NO 23, "N' in the 11th and 14th positions
represent inosine, and "N' in the 20th and 26th positions
represent adeni ne, guani ne, cytosine or thymne.)

El- N-ter m nus- 37: TGAAGAATAANTTNTAYCCNAARACNTTYGARRGNGG
(SEQ ID NO 24)

(In SEQID NO 24, "N' in the 11th, 14th, 20th and 26th
positions represent inosine, and "N' in the 35th position
represents adeni ne, guanine, cytosine or thymne.)

E1- N-ter mi nus- F32: ATGAAGAATAAGTTTTAYCCNAARACNTTYCGA ( SEQ
I D NO 25)

(In SEQID NO 25, "N' in the 21st and 27th positions
represents adeni ne, guani ne, cytosine or thymne.)

[ 0383]

Further, the foll ow ng degenerative-priner was
desi gned and created based on the internal sequence
Peptide 2: ASRWNMDAVHEGYI AG determ ned in Exanple A4, to
be used for degenerative-PCR

El-internal - RP1l: CCTGCAATATAACCTTCATGTACNGCRTCCATNACCAT
(SEQ ID NO 26)

(In SEQID NO 26, "N' in the 24th and 33rd positions
represent adeni ne, guani ne, cytosine or thymne.)

[ 0384]
The all oligo DNAs used as the priners of the
present Exanpl e were produced by Sigma-Aldrich Japan K K
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[ 0385]
(3) Amplification of dihydrodai dzein synthesis enzyne
gene t hrough Degenerative- PCR

Usi ng the produced degenerati ve-priner,
anplification of dihydrodai dzein synthesis enzyne gene by
way of Degenerative-PCR was attenpted.

The follow ngs are the conbinations of the
degenerative-priners used in the degenerative-PCR

(i) El-N-termnus-31 and El-internal -RP1
(ii) El-N-term nus-37 and El-internal -RP1
(ii1) El-N-term nus-F32 and El-internal - RP1

In the anplification of dihydrodai dzein synthesis
enzynme gene through degenerative-PCR, Ex-Taq DNA
pol ynerase (Takara Bio Inc.) was used. The anplification
program was: 95 °C, 2min (95 °C, 45sec; 38 °Cto 54 °C
30sec; 72 °C, 2mn) x 50 cycles, and 72 °C, 3mn. 1In
consi deration of msmatch with the genome DNA of the
degenerative-priner, the annealing was perforned in 5
stages, beginning at 38 °C, with a 4 °C-tenperature
i ncrease before each additional stage, until 54 °C. After
the PCR reaction, 1/10 of 10xDye was added to the PCR
product. 6uL of the product was subjected to
el ectrophoresis using 0.8% of agarose gel. In the agarose
el ectrophoresis in the present Exanple, the col oring was
performed using ethidium bromide; and A/StyI (Nippongene
Co. Ltd.) and 100bp | adder (Toyobo Co. Ltd.) were used as
nol ecul ar wei ght markers.

[ 0386]

Figure 5 shows the result of el ectrophoresis of
degenerative- PCR product. For the conbination (E1-N
term nus-F32 and El-internal -RP1) of the degenerative-
primer (iii) in (3) of the present Exanple, about 1.9kb
anplification was observed in the DNA fragnment in any of
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t he annealing tenperatures. The nost significant increase
was observed when the annealing tenperature was 54 °C.

[ 0387]

(4) Determ nation of base sequence of anplified DNA
f ragnent

The anplified DNA fragnment of about 1.9kb (annealing
tenperature = 54 °C) was excised fromthe agarose gel, and
purified using a Gel-Extraction kit (Q agen). The
purified DNA fragnent was inserted to a pT7-Blue d oning
Vector (Novagen) to determ ne the base sequence.

[ 0388]

The obt ai ned DNA base sequence was assayed usi ng DNA
sequence assenbl e sof t ware SEQUENCHER ( Gene Codes I nc,
USA), with the result that the DNA fragnent contained the
base sequences corresponding to the am no acid sequences
of Peptides 1 and 3 found in Exanple A4.

[ 0389]
Exanpl e A6: Determ nation of entire base sequence of
di hydr odai dzei n synt hesi s enzyne gene

To determ ne the sequences of 5 end and 3' end of
the 1.9kb di hydrodai dzei n synthesis enzyne gene obtai ned
in Exanple A5 so as to determne the entire base sequences,
rapid anmplification of cDNA term nus sequence (5 -, 3'-
RACE) was perfornmed using the genonme DNA |ibrary of the
Lact ococcus 20-92 strain as a tenpl ate.

[ 0390]
(1) Production of genone DNA |ibrary

The genone DNA of the Lactococcus 20-92 strain
purified in Exanple A5 was fragnmented through 16 hours
digestion at 37 °C, using restriction endonucl ease (BanH ,
EcoRI, Hndlll, Kpnl, Pstl, Sacl, Sall, Sau3Al, Xhol
products of Takara Bio Inc.). After processing wth
phenol /chl orof orm the fragnment was purified by ethano
sedi mentation. The purified genonme DNA fragnments were
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ligated with pUCl9 cloning vectors, which were previously
exci sed by corresponding restriction endonucl ease and
dephosphoryl ated by Shrinp Al kaline Phosphat ase (Takara
Bio Inc.), using a TaKaRa Ligation kit var.2.1 (Takara Bio
Inc.), thereby producing a genone DNA |ibrary.

[ 0391]

(2) Rapid anplification of cDNA term nus sequence (5'-
RACE, 3' - RACE)

The genone DNA |ibrary (ligation reaction |iquid)
was diluted 20-fold with sterilized water. Amplification
of the sequences of 5 end and 3' end of the
di hydr odai dzei n synthesis enzyne gene by way of rapid
anplification of cDNA term nus sequences (5'-RACE, 3' -
RACE) was attenpted using a 1 p L tenplate.

[ 0392]

(2-1) Priner
The followi ngs are the conbinations of priners used
for 5 -RACE, 3'-RACE, respectively.
[ 0393]
(2-1-1) 5'-RACE
First-PCR El1-RACE-N-P1 and pUC19-FP-1, E1-RACE-N-P1 and
pUCL9- RP- 1
Nest ed- PCR E1- RACE-N-P2 and pUC19- FP-2, E1- RACE-N- P2 and
pUCL19- RP- 2

[ 0394]
(2-1-2) 3'-RACE
First-PCR E1l- RACE-RP2-1 and pUC19- FP-1, E1-RACE-RP2-1 and
pUC19- RP- 1
Nest ed- PCR  El1- RACE- RP2-2 and pUCL9- FP- 2, E1- RACE- RP2-2
and pUC19- RP-2

[ 0395]

(2-1-3) Sequence of the priner used

The follow ngs are the sequences of prinmers used for

5' -RACE, 3'-RACE, respectively.
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Primers for Vector:

pUC19- FP- 1: ACACAGGAAACAGCTATGACCATGATTACG (SEQ I D NGO 27)
pUCL9- RP- 1: AGCTGECGAAAGGGEGATGTGCTGCAAGEC (SEQ ID NO  28)
pUC19- FP- 2: ATGATTACGCCAAGCTTGCATGCCTGCAGG (SEQ I D NGO 29)
pUCL9- RP- 2: CCAGTCACGACGITGTAAAACGACGECCAG (SEQ ID NO  30)

Prinmers for Di hydrodai dzein synthesis enzyne gene
E1l- RACE- N- P1: ATGCGGATCGCTCGGITCTCGACCTCTAGGITAC (SEQ I D

NO  31)

El- RACE- RP2- 1: ATCGAGGAGAAGTGCGAGGACGTCAGGGTCATC (SEQ I D
NO  32)

E1- RACE- N P2: TTCTCGACCTCTAGGTTACCGATGTAGCCGC (SEQ | D NO
33)

E1- RACE- RP2- 2: ACGTCAGGGTCATCGGCATCGGOGACTGCAAG (SEQ I D
NO  34)

[ 0396]

The all oligo DNAs used as the priners in the
present Exanpl e were produced by Sigma-Aldrich Japan K K

[ 0397]

(2-2) Amplification of the sequences of 5 end and 3' end
of the di hydrodai dzein synthesis enzyne gene using 5 - RACE
and 3' - RACE

Ex- Tag DNA pol ynerase (Takara Bio Inc.) was used for
5'-RACE, 3'-RACE. First-PCR and Nested- PCR were perforned
using the sanme anplification program 95 °C 2min, (95 °C
45sec, 60 °C 30sec, 72 °C 1mn) x 30cycles, 72 °C 3mn.

In First-PCR, 1pL (40ng) of the genome DNA dilution liquid
prepared in the aforenentioned manner was used as a
tenplate. In Nested-PCR, 0.5uL of First-PCR product was
used.

[ 0398]

After the Nested-PCR reaction, 1/10 of 10xday was
added to the PCR product, and 5uL of the m xture was
subj ected to el ectrophoresis with 0.8% agarose gel. The
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observed anplification of the DNA fragnent was about 1.2kb
(Sacl) and about 1.0 kb (Sau3Al) in 5 -RACE, and about
0. 6kb (Sacl) and 0.3kb (Kpnl) in 3'-RACE

[ 0399]

In the agarose el ectrophoresis in the present
Exanmpl e, the col oring was performed using ethidi um brom de
(Nippongene Co. Ltd.); and A/StyIl (Nippongene Co. Ltd.)
and 100bp | adder (Toyobo Co. Ltd.) were used as nol ecul ar
wei ght markers.

[ 0400]

The anplified DNA fragnments were excised fromthe
agarose gel, and purified using a Gel-Extraction kit
(Q agen). The base sequences of the purified DNA
fragnents were determ ned by the direct sequence using the
primers used for the anplification, with the result that
t he sequence of di hydrodai dzein synthesis enzyne gene was
observed in those DNA fragnments of about 1.2kb(Sacl) and
about 1.0 kb(Sau3Al) in 5 -RACE, and that of about
0. 6kb(Sacl) in 3'-RACE

[ 0401]

(3) Determnation of entire base sequence of
di hydr odai dzei n synthesi s enzyne gene

The DNA base sequence obtai ned by the degenerative-
PCR in Exanple A5 and the rapid anplification of the cDNA
term nus sequence in (2) of the present Exanple was
subj ected to assenbl e assay usi ng DNA sequence assenbl e
sof t ware SEQUENCHER (Gene Codes Inc, USA). As a result,

t he genome structure of 3548bp in the vicinity of the

di hydr odai dzei n synthesis enzyne gene was found. This
reveal ed that the di hydrodai dzein synthesis enzyne gene
was a pol ypeptide consisting of 1935 nucl eoti des and 644
am no aci ds.

[ 0402]

The entire am no acid sequences found by the base
sequences, and the partial am no acid sequences found by
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t he am no-aci d sequence were collated, with the result
that the all partial am no acid sequences found by the
am no-aci d sequence attributed to the entire amno acid
sequences found by the base sequences.

[ 0403]
(4) Confirmation of base sequence in the coating region

In the sequence obtained in (3) of the present
Exanpl e, many portions were observed with the cl ones
havi ng i nconsi stent bases caused by incorporation error of
t he bases of DNA pol ynerase upon PCR anplification.
Therefore, using the first strand cDNA as a tenplate, the
regi on (2368bp) containing the coding region of the
di hydr odai dzei n synthesis enzyne gene was anplified
t hrough PCR using Easy-A®Hi gh-Fidelity PCR O oning Enzyne
(Stratagene), that is H gh-Fidelity DNA-Pol ynmerase.

The follow ngs are the anplification prinmers used
above.

E1- conf - NP: TGCCGGTGCAATGGCTGACATCATGTTCAACCTG (SEQ | D NO
35)
E1- conf - CP: TCCTCCATCGTTCCTCCAAT CAGTAAGACACGCG (SEQ | D NO
36)

The obt ai ned DNA fragnent was purified using a Cel -
Extraction kit (Q agen), and the confirmation and final
determ nation of the sequence was done using direct
sequence.

[ 0404]
Exanpl e A7: 1 nduction of expression of dihydrodai dzein
synthesi s enzyne gene by addi ng daidzein to anplification

culture solution

As shown in Exanple Al, when daidzein, that is a
substrate, is added to the anplification culture solution
of Lactococcus 20-92 strain, the cultured cells exhibit a
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di hydr odai dzei n synthesis activity. This |leads to an
assunption that the addition of daidzein to the
anplification culture solution induces transcription of
di hydr odai dzei n synt hesis enzyne gene, and further induces
translation into protein. The follow ng test was
perforned based on this assunption. Two sanples of
Lact ococcus 20-92 strain-derived cDNA were incubated in a
cul ture nmedi um cont ai ni ng daidzein and in a culture nmedi um
wi th no dai dzein; they were subjected to RT-PCR so as to
find out whether the expression of dihydrodaidzein
synthesi s enzyne gene was i nduced by the daidzein addition
into the anplification culture solution

[ 0405]
(1) Extraction of entire DNA from Lact ococcus 20-92
strain and purification of the DNA

Extraction of the entire DNA from Lactococcus 20-92
strain, and purification were carried out in the foll ow ng
manner .

[ 0406]

Seal ed Lactococcus 20-92 strain kept at 4°C was
i ncubated for eight hours in a nodified GAM broth culture
medi um that contains 10ng/L dai dzei n (Funakoshi Co.
Ltd.) or no daidzein, at 37°C under an anaerobic condition.
25nL of the culture solution was transferred to a 50nL
tube, and centrifuged for ten mnutes at 3500rpm 4°C.
The cul ture nedi um was renoved by decantation and cells
were collected. The collected cells were i mediately
frozen by liquid nitrogen. Then, the entire RNA was
extracted and purified using 1nL of TRl zol solution
(I'nvitrogen) according to the instruction. The purified
entire RNA was processed by DNase |I (lInvitrogen) to renove
t he genome DNA, and used for synthesis of first-strand
CcDNA.

[ 0407]
(2) Synthesis of first-strand cDNA fromthe entire RNA
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From 2ug of the entire RNA thus processed by DNasel
the first-strand cDNA (reverse transcription) was
synt hesi zed using SuperScript® First-Strand Synthesis
System for RT-PCR (Invitrogen). The synthesis of the
first-strand cDNA was carried out using Random Hexaner m X
as an extension priner according to the instruction.
Further, to confirmthat the entire RNA processed by DNase
| used for the first-strand cDNA synthesis did not contain
genone DNA, another reaction was perforned at the sane
time without reverse transcription. The final reaction
liquid was used as a tenplate for RT-PCR

[ 0408]
The followi ngs are the four kinds of final reaction
i quids thus prepared.
1. Reverse transcription product of the entire RNA derived
frombacteria cells incubated in a nmedi um cont ai ni ng
dai dzein (DZN(+) RT(+))
2. Reverse transcription product of the entire RNA derived
frombacteria cells incubated in a mediumw th no dai dzein
(DZN(-) RT(+))
3. Non-reverse transcription product of the entire RNA
derived frombacteria cells incubated in a nedium
contai ni ng dai dzein (DZN(+)RT(-))
4. Non-reverse transcription product of the entire RNA
derived frombacteria cells incubated in a mediumw th no
dai dzein (DZN(-)RT(-))

[ 0409]
(3) Confirmation of expression of dihydrodai dzein
synthesi s enzyne gene usi ng RT-PCR

The di hydrodai dzei n synthesi s enzyne gene was
anplified through RT-PCR using the four final reaction
products as detailed in (2) of the present Exanple as
tenpl ates. The expression anbunts were conpared with each
other. As a control, another RT-PCR was perforned at the
same tinme using the 16S-ri bosone RNA sequence as a contro
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gene.
[ 0410]
The follow ngs are anplification conditions in RT-
PCR and a priner sequence for each gene anplification.
Ex- Taqg DNA pol ynerase (Takara Bio Inc.) was used for RT-
PCR.  The anplification programwas: 95°C 2mn, (95°C
30sec, 56°C 20sec, 72°C 30sec) x30cycles, 72°C 2mn. As a
tenplate, 1pL of each final reaction liquid as in (2) of
t he present Exanpl e was used.
[0411]
The followi ng shows a priner sequence used for the
RT- PCR of the present Exanple and the size of DNA fragnent
to be anplified.
di hydr odai dzei n synt hesi s enzyne: 239bp
El- FP: CTACATCGGTAACCTAGAGGTCG (SEQ I D NO  37)
El- RP: CCGTGCTGCTTGATGGICTTTGC (SEQ I D NO 38)
16S-ri bosonme RNA sequence: 326bp
Gar - 16S- Ri bo- FP: TGCGTAGATATATGGAGGAAC (SEQ I D NO  39)
Gar - 16S- Ri bo- RP: CTTATCTCTAAGGATAGCACG (SEQ I D NGO 40)

[0412]

The prinmer used for the anplification of 16S-
ri bosonme RNA sequence was created based on the sequence of
Lact ococcus garvieae strain FLGL2 16S ri bosonmal RNA gene,
partial sequence (Accesion No. AF352163-66) in the DNA
dat abase (GenBank) provided by National Center of
Bi ot echnol ogy Information: http://ww.ncbi.nl mnih.gov/

[0413]

1/ 10 of 10xday was added to the PCR product, and 5uL
of the m xture was subjected to el ectrophoresis with 1.5%
agarose gel. The anplification of each DNA fragnent was
observed.

[ 0414]

In the agarose el ectrophoresis in the present
Exanmpl e, the col oring was performed using ethidi um brom de
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(Ni ppongene Co. Ltd.); and A/Styl (N ppongene Co. Ltd.)
and 100bp | adder (Toyobo Co. Ltd.) were used as nol ecul ar
wei ght mar kers.

[ 0415]

Figure 6 shows the results.

[ 0416]

As evident fromthe result of the anplification of
di hydr odai dzei n synthesis enzyne gene through RT-PCR
ef ficient expression of gene was observed only in the
reverse transcription product of the entire RNA derived
frombacteria cells incubated in a mediumw th dai dzei n.
The sane | evel of expression was observed in the
anplification of 16S-ri bosome RNA sequence used as a
control, regardl ess of incorporation of daidzein. Further
since both the di hydrodai dzei n synthesis enzyne gene and
the 16S-ri bosone RNA sequence were not anplified in the
non-reverse transcription product, it was confirned that
the entire RNA processed by DNase | used for the synthesis
of first-strand cDNA did not contain genone DNA. These
results showed that the addition of daidzein to the nmedi um
i nduced the expression of nRNA of di hydrodai dzein
synt hesi s enzyne gene.

[0417]
Exanpl e A8: Expression of Reconbi nant E1 Pol ypepti de Using
Escherichia coli, and Confirmation of D hydrodai dzein

Synthesis Activity

The pET system a reconbi nant protein expression
system using Escherichia coli, was used to express E1
pol ypeptide, and its di hydrodai dzein synthesis activity
was confirmed.

[ 0418]
(1) Preparation of E1 Pol ypepti de Expressi on Vector

To prepare an E1 pol ypepti de expressi on vector
(pET21-E1-H s), the DNA in the open reading franme region
of E1 nucl eotide was anplified by PCR
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[ 0419]

The followi ng anplification prinmers were prepared
based on the E1 nucl eotide sequence determ ned i n Exanpl e
AG.
exp. E1l pet F Nde: AGCTCATATGAAGAACAAGITCTATCCGAA (SEQ I D
NO 41)
exp. El pet H s: AATCGAATTCCTACAGGTTGCAGCCAGCGATGT (SEQ ID
NO 42)

For insertion into pET21la (Novagen), the
anplification primers exp.El pet F Nde and exp.El pet H's
were designed to include Ndel and EcoRI restriction
sequences, respectively.

[ 0420]

A PCR reaction was perforned using 25 uL of a
reaction mxture containing the priners, 5 pnol each; dNTP,
5 nnol each; genomi ¢ DNA of Lactococcus 20-92 strain
purified in Exanple A5, 40 ng; 10 x buffer for KOD plus
DNA pol ynerase (Toyobo Co., Ltd.), 2.5 uL; KOD Pl us DNA
pol ynerase, 0.3 U (Toyobo Co., Ltd.). Amplification
program 95°C for 3 mn, (94°C for 30 sec, 60°C for 30 sec,
68°C for 2 mn) x 30 cycles, 68°C for 7 mn. PCR device:
GeneAnpPCR System 9700 (Applied Biosystens). Analyzing a
part of the PCR reaction m xture by agarose ge
el ectrophoresis detected a band of an expected size. The
entire PCR product was collected by a Q AGEN PCR
Purification kit (Q agen).

[ 0421]

The DNA fragnents so collected were cut with
restriction enzymes Ndel and EcoRl, and subjected to
agarose gel el ectrophoresis. Then, a portion containing
the target band was excised, and purified and collected
with a Qagen Gel Extraction kit (Q agen). After
collection, the DNA fragnments were ligated at 16°C
overnight with pET2la digested wth Ndel and EcoRl, using
a DNA Ligation Kit ver.2.1 (Takara Bio Inc.). The ligated
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reaction m xture was then used to transform Escherichia
coli JML09 strain (Takara Bio Inc.).

[ 0422]

The transformant was cultivated at 37°C overni ght on
a LB nediumagar (A BCO plate containing anpicillin (50
ug/ m.). The resulting single colonies were cultured
overnight in a 3 nL LB nedium (G BCO contai ni ng
anpicillin (50 pg/m). Then, plasm d DNA was extracted
using a plasmd auto extractor Pl-100 ( KURABO .

[ 0423]

The base sequence of the inserted DNA in the plasmd
was sequenced by the dye termnator nethod. This
confirmed the successful insertion of ELl pol ynucl eoti de,
as intended. Thus, pET21-El-H s was obtained. In this
exanpl e, the DNA sequence was determ ned usi ng DNA
sequencer ABI 3700 (Applied Biosystens).

[ 0424]

(2) Preparation of Reconbi nant, and Expression and
Confirmati on of Reconbi nant E1 Pol ypeptide in Escherichia

coli

Reconbi nant E1 pol ypepti de-expressing plasmd pET21-
El-H s and plasm d pET21la (negative control) were used to
transform Escherichia coli BL21 (DE3) strain (Novagen).
To obtain single colonies, the transformants were
cultivated overnight at 37°C on a LB nedium agar plate
containing anpicillin (50 ug/mn).

[ 0425]

Each E. coli BL21 (DE3) transformant was cul tured
overnight at 37°Cin a 3 nL liquid LB nmedi um cont ai ni ng
anpicillin (50 pug/m.). Then, 0.5 nL of the culture was
precul tured for 3 hours (until OD at 630 nm becane about
0.4) by adding 50 nL of liquid LB nedium containing the
sane concentration of anpicillin. After adjusting the
final concentration to 1 nM by adding I PTG (i sopropyl - -
t hi ogal act opyr anosi de; Wako Pure Chemi cal Industries,
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Ltd.), the culture was further incubated at 37°C for 4
hour s.

[ 0426]

After incubation, the cells were collected by
centrifugation (6,000 rpm 4°C, 15 mn) using an Avanti
HP25 (Beckman Coulter). The subsequent procedures were
perforned on ice. After renoving the supernatant (the
medi um), the cells were suspended in 1 nL of 0.1 M
pot assi um phosphate buffer (pH 7.0; KPB-PDH) containing 1
mM PVBF, 2 mM DTT, and 5 nmM sodi um hydrosulfite. The cel
suspensi on was then placed in a 2 nL assist tube charged
with 0.7 nL zirconia-silica beads (Bi oSpec Products, Inc.)
and 400 uL KPB-PDH. The cells were then disrupted by two
repeated cycles of a 20-second, 6,500 rpmtreatnent and 3-
m nute ice-cooling, using a FastPrep® (Therno El ectron
Corporation). As a result, a suspension of disrupted
cell s was obt ai ned.

[ 0427]

The expression of reconbi nant E1 pol ypeptide in E.
coli was confirmed by SDS-pol yacryl am de-ge
el ectrophoresi s (SDS- PACE) .

[ 0428]

2.5 pubL of 5 x sanple buffer (125 nmM Tris-HO (pH
6. 5)/25% gl ycer ol / 5% SDS/ 5% 2- nmer capt oet hanol / BPB 0. 5%
was added to 10 pL of the disrupted cell suspension.
After heat-denaturing at 98°C for 5 mnutes, the
suspensi on was ice-cooled, and 5 uL was el ectrophorased by
SDS- PAGE. SDS- PAGE was perfornmed with a comercially
avai | abl e gel plate (SuperSep® 5-20% Wako Pure Chenica
| ndustries, Ltd.), and Quick CBB (Wako Pure Chenica
| ndustries, Ltd.) for staining. Prestained XL-Ladder
Broad range (Apro Science) was used as a nol ecul ar wei ght
mar ker .

[ 0429]

The results of SDS-PAGE are shown in FIG 7. A
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reconbi nant E1 pol ypeptide with a nol ecul ar wei ght of
about 70 kDa was confirned in the disrupted cel
suspensi on derived from pET21-El-H s transfornmant.

[ 0430]

(3) Confirmation of D hydrodai dzein Synthesis Activity of
E1l Pol ypepti de obtai ned from Reconbi nant

The di srupted cell suspension obtained in (2) of
this Exanpl e was used as an enzynme source to neasure the
conversion activity fromdaidzein to di hydrodai dzein. As
aresult, the activity was confirmed in the expressed
reconbi nant E1 pol ypepti de.

[ 0431]

In this exanple, the nmeasurenent of conversion
activity fromdaidzein to di hydrodai dzein was perforned as
fol | ows.

[ 0432]

An enzyne reaction m xture of the conposition bel ow
was prepared, and the m xture was incubated at 37°C for 2
hour s.

Conposi tion of Enzyne Reaction M xture
Di srupted cell suspension (enzyne source): 100 p

NADH (100 nM): 20 p
NADPH (100 mV): 20 p
Dai dzein (2 nmg/m): 5 ul
KPB- PDH: 855 ul
Tot al : 1, 000 ul

After incubation, 3 nL of ethyl acetate was added to
the enzynme reaction mxture for extraction. After drying,
t he extract was dissolved by the nobil e phase (eluent).
The di ssol ved product was anal yzed by HPLC to neasure the
contents of daidzein and di hydrodai dzein in the enzyne
reaction m xture.

[ 0433]

The results of HPLC anal ysis are shown in FIG 8.

In the disrupted cell suspension derived fromplasmd
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pPET21- E1l-H s transformant expressing the reconbi nant El
pol ypepti de, the daidzein (substrate) added to the enzyne
reaction mxture was converted to di hydrodai dzei n wher eas
di hydr odai dzei n was not detected in the enzynme reaction
m xture in pET2la transformant (negative control).

[ 0434]

These results show that reconbi nant E1 pol ypepti de
has the activity to synthesize di hydrodai dzein from
dai dzei n.

[ 0435]
Exanple B
Ref erence Exanple Bl

Synt hesi s of cis-tetrahydrodai dzein and trans-
t et rahydr odai dzei n

C s-tetrahydrodai dzein and trans-tetrahydrodai dzein
wer e produced according to the reaction flow bel ow. The
conpounds are designated as foll ows.

Conpound 1 (daidzein): 4',7-dihydroxy isoflavone
Conpound 2: 4',7-di acetoxy isoflavone

Compound 3: 4',7-di acetoxy isofl avan-4-one
Conpound 4: cis-4',7-diacetoxy isoflavan-4-ol
Conpound 5: trans-4',7-di acetoxy isoflavan-4-ol
Conpound 6: cis-tetrahydrodai dzein

Conpound 7: trans-tetrahydrodai dzein
[ 0436
Formula 1
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[ 0437]

Synt hesi s of Conpound 2

0.76 nL (8.0 mmol ) of acetic anhydride was added to
a pyridine (5 nL) solution containing 500 ng (1.97 mmuol)
of daidzein (Compound 1), and the m xture was stirred at
60°C for 2 hours. After adding a m nute anount of
nmet hanol, the reaction m xture was transferred into 3 N
hydrochl oric acid. After dilution with water, the
resulting solid precipitate was filtered out and rinsed
with water. The solid was then air-dried at room
tenperature to obtain 609 ng of a white, powdery Conpound
2 (1.80 nmol, 91%yield).
Conpound 2: H NWVR (250 MHz, CDd3) & (ppm): 2.33 (3H, s),
2.37 (3H, s), 7.13-7.22 (3H, m, 7.32 (1H, d, J = 2.3 Hz),
7.54-7.63 (2H, m, 8.01 (1H, s), 8.33 (1H, d, J = 8.8 Hz).

[ 0438]
Synt hesi s of Conpound 3

A nmethanol (6 nL)-ethyl acetate (6 nmL) suspension
containing 400 nmg (1.18 mol ) of Conpound 2 and 150 ng of
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10% pal | adi um car bon (hydrous, about 50 wt% was stirred
at roomtenperature for 2 hours under a hydrogen

at nosphere. The reaction mxture was filtered with Celite,
and the residues were washed with ethyl acetate. The
resi dues obtai ned by concentrating the filtrate were
purified by silica gel colum chromatography (silica gel
di chl or onet hane/ et hyl acetate = 100/0 - 19/1) to obtain
312 ng of a white, powdery Conpound 3 (0.917 mmol, 78%
yi el d).

Conpound 3: 'H NVR (250 MHz, CDO3) & (ppm: 2.29 (3H, s),
2.32 (3H, s), 3.93-4.04 (1H, m, 4.60-4.75 (2H, ), 6.76-
6.84 (2H, m), 7.04-7.13 (2H, ), 7.27-7.35 (2H, M, 7.93-
8.01 (1H, m.

[ 0439]
Synt hesi s of Conpound 4 and Conpound 5

11 mg (0.29 mmol ) of sodi um borohydri de was added to
a nmethanol (1 nlL)-dichloronmethane (1 nL) solution
containing 100 mg (0.294 mmol) of Conpound 3 at 0°C
After stirring the reaction mxture at 0°C for 30 m nutes,
2 nL of 1 N hydrochloric acid and 50 nL of water were
successi vel y added, followed by extraction with ethyl
acetate. The organic |ayer was successively washed with
sat urat ed sodi um bi carbonate water and saturated brine,
foll owed by drying with anhydrous sodium sulfate. The
solvent was distilled away, and the resulting residues
were purified by silica gel columm chromatography (silica
gel : dichl oronet hane/ ethyl acetate = 19/1 - 3/1). The
resulting diastereoner m xture was purified by nmedi um
pressure col unm chr omat ography (Yamazen, U tra Pack SI-
40B. n-hexane/ ethyl acetate = 3/2) to obtain 44 ng of a
col orl ess, acicular Conmpound 4 (0.13 mmol, 44%yield), and
26 ng of a colorless, acicular Conmpound 5 (75 mmol), 26%
yi el d).
Conpound 4: *H NWR (250 MHz, CDCl3) & (ppm: 1.80 (1H, d, J
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= 4.0 Hz), 2.30 (3H, s), 2.31 (3H, s), 3.32 (1H td, J =
3.5, 11.5 Hz), 4.32 (1H, ddd, J = 1.3, 3.5, 10.5 Hz), 4.59
(1H, dd, J = 10.5, 11.5 Hz), 4.76-4.83 (1H, n), 6.64-6.73
(2H, m, 7.06-7.14 (2H, nm), 7.27-7.35 (3H, m.

Conpound 5: *H NWVR (250 MHz, CDOl3) & (ppm: 2.02 (1H, d, J
= 5.5 Hz), 2.29 (3H, s), 2.30 (3H, s), 3.11-3.24 (1H, m,
4.26 (1H, dd, J = 9.0, 11.3 Hz), 4.37 (1H, dd, J = 3.8,
11.3 Hz), 4.92 (1H, dd, J = 5.5, 7.8 Hz), 6.62 (1H, d, J =
2.3 Hz), 6.72 (1H, dd, J = 2.3, 8.5 Hz), 7.04-7.12 (2H, m,
7.21-7.30 (2H, m), 7.47 (1H d, J = 8.5 Hz).

[ 0440]
Synt hesi s of Conpound 6

55 ng (1.0 mmol ) of sodi um net hoxi de was added to a
met hanol (4 nmL) solution containing 116 ng (0.339 nmol ) of
Conmpound 4, and the m xture was stirred at room
tenperature for 2 hours. The reaction m xture was
neutral i zed by adding an ion-exchange resin (DOMNEX 50 x 8W
ammoniumforn). After filtering out the resin, the solid
obt ai ned by concentrating the filtrate was washed wth
met hanol to obtain 62 ng of a white, powdery conpound 6
(0.24 mmol, 71%yield).
Conpound 6: H NVR (250 MHz, DVBO-dg) & (ppm): 3.03 (1H, td,
J =3.3, 12.0 Hz), 4.00-4.15 (1H, n), 4.31-4.51 (2H, m
including 4.39, dd, J = 10.3, 12.0 Hz), 4.96 (1H, d, J =
5.8 Hz), 6.18 (1H, d, J = 2.3 Hz), 6.32 (1H, dd, J = 2.3,
8.3 Hz), 6.69 (2H, d, J =8.5 Hz), 7.00 (1H, d, J =8.3
Hz), 7.09 (2H, d, J= 8.5 Hz), 9.19 (1H br s), 9.31 (1H
br s).

[ 0441]
Synt hesi s of Conpound 7

0.73 nL (0.73 mmol) of 1 N sodi um hydroxi de was
added to a nethanol (2 nL) suspension containing 84 ng
(0.25 mmol ) of Conpound 5, and the mixture was stirred at
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roomtenperature for 2.5 hours. Then, saturated amoni um
chloride water was added to the reaction m xture, followed
by extraction wth ethyl acetate. The organic |ayer was
successi vely washed with saturated sodi um bi carbonat e

wat er and saturated saline, followed by drying with
anhydrous sodiumsulfate. By distilling away the sol vent,
64 ng of a white, powdery Conmpound 7 (0.25 nmol,
gquantitative yield) was obtained.

Conpound 7: 'H NVR (250 MHz, DMBO-dg) & (ppm): 2.82-2.96
(1H, m, 4.04-4.22 (2H, m, 4.60 (1H t, J = 7.0 Hz), 5.18
(1H, d, J =7.0 Hz), 6.14 (1H, d, J = 2.3 Hz), 6.34 (1H,
dd, J= 2.3, 85 Hz), 6.67 (2H, d, J = 8.5 Hz), 7.04 (2H, d,
J =85 H), 7.16 (1H d, J = 8.5 Hz), 9.21 (1H, s), 9.28
(1H, s).

[ 0442]
Ref erence Exanple B2

A Lactococcus 20-92 strain (FERM BP-10036) was
i noculated in a dai dzein-containing anplification liquid
medi um and the culture was incubated at 37°C for 7 to 24
hours under anaerobic conditions. After incubation, the
cells were collected and cryogenically preserved to be
used in the Exanpl es bel ow.

[ 0443]
Exanpl e B1l: Confirmati on of Tetrahydrodai dzein Production
The foll owi ng experinents were conducted to confirm
t hat tetrahydrodai dzein is the internedi ate of equo
bi osynt hesi s.
[ 0444]
(1) Preparation of Disrupted Cell Material
The Lactococcus 20-92 strain cells preserved at -
80°C were quickly thawed. The cells were suspended by
tappi ng, and centrifuged at 4°C (8,000 rpm x 5 mn) using
a centrifuge VG960 (Taitec). After renoving the
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supernatant, 0.1 M potassi um phosphate buffer/1 niv PMSF
(phenyl met hanesul fonyl fluoride)/2 nM DTT
(dithiothreitol)/5 nM sodi um hydrosulfite (pH 7.0) were
added to obtain a cell suspension. The cell suspension
was placed in a 2 ml tube prepared to include zirconia-
silica beads (about 0.8 nmL, 0.1 nm 1 |b; Wkenyaku Co.,
Ltd.), and the tube was charged with 0.1 M potassium
phosphate solution/1 mM PVBF/ 2 nM DTT/5 nM sodi um
hydrosulfite (pH 7.0) to fill the tube al nost conpletely.
For disruption, the tube was cl osed and kept on ice, where
a cycle of 6,500 rpmx 20 sec centrifugation and ice-
cooling was repeated four times using FastPrep® FP100A
(Therno El ectron Corporation). The resulting disrupted
cell material was used as an enzynme source in an enzyne
reacti on.

[ 0445]
(2) Enzyne Reaction

A 1 nL enzyne reaction m xture of the conposition
bel ow, containing 0.1 nm of the disrupted cell materi al
obtained in (1) was prepared, and the m xture was
i ncubated at 37°C for 2 hours. After incubation, 3 nL of
ethyl acetate was added to the resulting enzyne reaction
product for extraction. The product was dried to prepare
a sanple for HPLC anal ysi s.

[ 0446]
Conposition of enzyne reaction mxture

0.1 M pot assi um phosphate buffer/1 mv PMSF/ 2 niV
DTT/5 mM sodi um hydrosul fite (pH 7.0)

2 nmV NADPH

2 mM NADH

10 pg/ L di hydr odai dzein or tetrahydrodai dzein

[ 0447]
(3) Production of Tetrahydrodai dzein from D hydrodai dzein

by Enzyne Reaction

FIG 9 shows the results of HPLC anal ysis of the
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enzyne reaction product obtained by using dihydrodai dzein
as a substrate and the disrupted cell material as an
enzynme source. FIG 9 also shows the results of HPLC
anal ysis of the tetrahydrodai dzein synthesized in
Ref erence Exanple Bl. The results show that the enzyne
reacti on product obtained by using di hydrodai dzein as a
substrate and the disrupted cell nmaterial as an enzyne
source includes an internmediate having a retention tine
corresponding to the retention tinme of trans-
t etrahydr odai dzein, confirmng the production of trans-
t et r ahydr odai dzei n.

[ 0448]
(4) Production of Equol from Tetrahydrodai dzein by Enzyne
Reacti on

FIG 10 shows the results of HPLC anal ysis of the
enzynme reaction product obtained by using cis-
t etrahydrodai dzein or trans-tetrahydrodai dzein as a
substrate and the disrupted cell material as an enzyne
source. As is clear fromFI G 10, equol was produced from
bot h conmpounds, showi ng that the tetrahydrodaidzein is
used as a substrate in equol biosynthesis, both in cis and
trans forns.

[ 0449]
Exanpl e B2: Confirmati on of Tetrahydrodai dzein
Bi osynthesis Activity in Centrifuged Supernatant of
Di srupted Cell Material, and Confirnmati on of NADH or NADPH
Dependency

The frozen cells were thawed and centrifuged at 4°C
for 15 mnutes (5,000 x G. The pellet was used in the
test below. First, the pellet (wet weight 2.7 g) was
suspended in 10 mM of a 0.1 M phosphat e- potassi um sol ution
containing 1 mM PVMSF and 5 mM sodi um hydrosul fite. After
preheating at 37°C for 5 mnutes, |ysozyne was added in an
anount of 100 ng per gramof the pellet (wet weight) to
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cause a reaction at 37°C for 1.5 hours. Then, an
equi val ent anount of 0.1 M di potassi um phosphate sol ution
was added to the reaction mxture, and the m xture was
vigorously agitated with a vortex m xer after adding
zirconia-silica beads (3 m). The cells were then
di srupted with a sonicator (Branson Sonifier Cel
D sruptor 200) (3 cycles of a 5-mnute sonication and a 2-
mnute rest). The disrupted cell suspension was
centrifuged at about 10,000 x G for 15 mnutes to obtain a
super nat ant, which was then used as an enzyne source.

[ 0450]

An enzyne reaction mxture of the conposition bel ow
was prepared, and was incubated at 37°C for 2 hours.
After incubation, 5 nL of ethyl acetate was added to the
enzyme reaction product for extraction. Then, the product
was dried to prepare a sanple for HPLC anal ysi s.

[ 0451]
Conposi tion of Enzyne Reaction M xture
Centrifuged supernatant of disrupted cells (enzyne

source): 250 pl

NADH (100 mM) or NADPH (100 mM): 20 ul

D hydr odai dzein (1 ng/m): 10 p

0.1 M pot assi um phosphate buffer pH 7/1 mM DIT/5 nM

sodi umhydrosul fite: 720 pl

Tot al : 1, 000 ul
[ 0452]

The results are shown in FIG 11. The results
confirmed the presence of tetrahydrodai dzein bi osynthesis
activity in the centrifuged supernatant of the disrupted
cell material. It was also confirned that the conversion
of di hydrodai dzein into tetrahydrodai dzein is dependent on
t he coenzyme NADH, and nmuch nore strongly on NADPH

[ 0453]
Exanpl e B3: Purification of Tetrahydrodai dzein
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Synt hesi zi ng Enzyne

Lact ococcus 20-92 strain cells were incubated for 20
hours in 67 m of a daidzein-containing anplification
liquid mediumcontained in an incubation bottle. The
cultured cells fromten such bottles were centrifuged and
suspended in a 0.02 M pot assi um phosphate buffer (pH 7;
hereinafter "Buffer A") containing 1 nM PVSF
(phenyl met hyl sul fonyl fluoride) and 4 nM DIT
(dithiothreitol). The cells were disrupted with a French
press (SLMInstrunents Inc.) six tinmes at 1,800 psi, and
the disrupted cell suspension was centrifuged to obtain a
supernatant. Separately, Lactococcus 20-92 strain cells
were incubated for 18 hours in 200 M of a liquid nmedium
contained in an incubation bottle. The cultured cells
fromfive such bottles were simlarly disrupted with a
French press, and a supernatant was obtained after
centrifugation. These supernatants, 38 ml and 47m, were
m xed, and 82 m of the m xture was fed to red-sepharose
(about 7 m) equilibrated with Buffer A. After washing
the red-sepharose with 150 ml of Buffer A the m xture was
eluted with Buffer A containing 10 mM NADPH (20
m/fraction). Each fraction was used as an enzyne source,
and the tetrahydrodai dzei n bi osynthesis activity was
nmeasur ed under the sane conditions as the enzyne reaction
conditions of Exanple B2 (using NADPH as a coenzyne). As
a result, active fractions No: 1 to 5 were obtai ned.

[ 0454]

Fractions No: 1 to 5 having tetrahydrodai dzein
bi osynthesis activity were concentrated by ultrafiltration
using Amicon Utra Centrifugal UFC801024 (MW Cut: 10, 000)
to obtain a concentrate (about 2.1 m). The concentrate
was separated into three portions and fed to HPLC using
TSKgel Phenyl -5PW (Tosoh) after m xi ng each portion with
an equival ent amount of Buffer A containing 3 M ammonium
sulfate. HPLC conditions are as follows. The protein was
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assayed by neasuring absorbance at 280 nm

[ 0455]
Col umm: TSKgel Phenyl - 5PW
Flowrate: 1 m/mn
Fracti on: 2 mM/2 mn/fraction

El uent A 0. 02 M pot assi um phosphate buffer pH 7/1 nV

DTT/ 2.5 mM sodi unmhydrosul fite/ 0.5% i soPrCH

El uent B: El uent A containing 1 M ammoni um sul fate

Elution program tine (mn) (eluent B)/(eluent A +

el uent B)
0
5
25
45

O O

[ 0456]

The results of HPLC reveal ed that the
t etrahydr odai dzein synthesis activity is present over a
wi de range of fractions (fraction No: 15 and subsequent
fractions, a retention tine of 30 m nutes and | onger).
Gven this result, HPLC fraction Nos: 19 to 22 were m xed
and concentrated by ultrafiltration (Amcon Utra
Centrifugal UFC801024; MW Cut: 10,000). From about 130 ul

of the concentrate, 100 pl was fed to gel filtration HPLC
usi ng TSKgel G000SWKL (Tosoh), under the follow ng

condi tions.

[ 0457]
Col umm: TSKgel G2000SWKL
Flowrate: 0.6 m/mn
Fracti on: 1.2 M/2 mn/fraction
El uent : 0. 05 M pot assi um phosphate buffer pH 7/1 nV
DTT/ 2.5 mM sodi um hydrosul fite/ 1% i soPrO4 0.3 M NaC

[ 0458]

FIG 12 shows the results of gel filtration HPLC
FIG 13 shows the results of SDS-PAGE of each fraction
perforned under reduced conditions. The results showed 28
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kDa and 32 kDa bands under reduced conditions in fraction
No: 7, a main fraction of tetrahydrodai dzein synthesis
activity.

[ 0459]

Exanpl e B4: Analysis of Amno Acid Sequence of
Tetr ahydr odai dzei n Synt hesi zi ng Enzyne

The fraction (fraction No. 7) having
t etrahydr odai dzein synthesis activity obtained in Exanple
B3 was used as a sanple for M5 analysis. Mre
specifically, the sanple was separated by SDS- PAGE, and
t he bands were excised. The exci sed bands were reduced by
al kylation within the gel, and digested with trypsin in
the gel. The trypsin-digested peptides were coll ected and
purified for analysis by LC-M5. The data acquired by LG
M5 anal ysis were anal yzed by de novo sequenci ng using the
M5 anal ysis support software PEAKS® (I nfoconm) to cal cul ate
and estimate the am no acid sequences of the peptides.
Specifically, this was performed according to the
pr ocedur es bel ow.

[ 0460]

(1) Experinment Materials

The experinent used the follow ng materials:

Super Sep HG 10/ 20% (Wako Pure Chem cal |ndustries,
Ltd.); Flamngo Gel staining kit (Bio-Rad); TCEP (Tris[2-
car boxyet hyl ] phosphi ne) (Pierce); nol ecul ar wei ght marker
(Apro Science); DIT (Cal biochem); iodoacetam de (Wako Pure
Chem cal Industries, Ltd.); acetonitrile (Kanto Kagaku);
trypsin (Pronmega); TFA (Pierce); ammoni um bi carbonate
(Sigma); ammoniumwater (Merck); formc acid (Kanto
Kagaku); Enpore Cation-SR Disk (Sumtonmo 3M; MnoCap
concentration colum (G Science); MnoCap for Nano Fl ow
0.1 x 150 mm (G- Science); FortisTip (AMR); SpeedVac
Concentrator (SAVANT); HTS-PAL aut osanpler (CTC
Anal ytics); Chorus 220 (CTC Anal ytics); QSTAR Pul sar
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(Appl i ed Bi osystens); and PEAKS® software (Infocomn)

[ 0461]
(2) SDS-Pol yacryl am de CGel El ectrophoresis

1 uyl of 100 mM TCEP was added to 20 ul of the
fraction (fraction No. 7) having tetrahydrodai dzein
synthesis activity obtained in Exanple B3. After
reduction at 70°C for 10 mnutes, the entire sanple was
applied to SuperSep HG and SDS- PAGE was perfornmed by
ordinary nmethod. Follow ng el ectrophoresis, the gel was
stained with Flam ngo Gel staining kit (Bio-Rad) (see FIG
14). Then, bands LGL and L& that appeared after staining
were each cut to a size of about 1 mmf. The excised gels
were washed with 100 nmM ammoni um bi car bonat e sol ution,
dehydrated with acetonitrile, and dried and solidified
wi th a SpeedVac Concentr at or

[ 0462]
(3) Trypsin Digestion in Cel

A DIT solution (1.54 nmg/mM in 100 nM anmmoni um
bi carbonate) was added to the dried gels, and the m xture
was incubated at 55°C for 45 m nutes to cause reducti on.
After discarding DIT solution, an iodoacetam de sol ution
(10.1 ng/mM in 100 nM amoni um bi car bonate) was added, and
the m xture was incubated at roomtenperature for 30
mnutes in the dark. After discarding the solution, the
gel s were successively washed with a 50% acetonitrile
solution, a 100% acetonitrile solution, a 100 nM anmoni um
bi carbonate sol ution, and a 100% acetonitrile sol ution,
followed by drying and solidifying with a SpeedVac
Concentrator. Then, a small anmount of trypsin solution
(12.5 pg/mM in 50 nmM ammoni um bi car bonate) was added to
the dried gels to inpregnate the gels for 45 m nutes on
ice. After inpregnation, the excess trypsin solution was
renoved, and a 50 nmM anmoni um bi car bonat e sol uti on was
added until the gels were inmmersed. Then, a reaction was

perforned at 37°C for 16 hours.
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[ 0463]
(4) Analysis of Am no Acid Sequence by Mass Spectronetry

The trypsin-di gested peptides were coll ected, and
pre-treated by purifying the peptides with a sinple colum
filled with Enpore Cation-SR Disk at the pipette tip. The
trypsi n-di gested peptides were collected by washing with a
0.1% TFA/ 90% acetonitrile solution. In the sinple colum,
the sanple was first treated by an equilibrated, 0.1%
TFA 2% acetonitrile solution. After sanple adsorption
the col um was washed with a 0.1% TFA/ 90% acetonitrile
solution, and the sanple was eluted with a 5% amoni a/ 30%
acetonitrile solution. After elution, the digested
peptides were dried and concentrated with a SpeedVac
Concentrator. The pH of the digested peptide solution was
adjusted to about 3 by adding TFA, and the sanple was set
i n autosanpl er HTS-PAL. The sanple set in HTS- PAL was
then washed in the columm by loading it into a sanple
concentration colum |ocated at the LC- M5 injector valve.
The sanple in the concentration columm was separated with
an anal yti cal colum using nanoHPLC- Chorus 220, and
anal yzed with QSTAR Pulsar i after ionization with
FortisTip set in the analytical colum. The conditions of
LC-Ms analysis are as fol |l ows.

[ 0464]
LC Chorus220

Sol vent A: 0.1%formc acid/ 2% acetonitrile

Solvent B: 0.1%form c acid/ 90% acetonitrile

Flow rate = 300 nl/mn

G adient 5%A - 65% B/ 20 mn

VB

NanoESI Positive node, Information dependent
acquisition node (mz = 400 to 1,400, over 25 counts,
charge state = 2 to 4); 4 experinents/1 cycle: Experinent
1 (TOF-M5, miz = 400 to 1,400, accunulation tinme = 1 sec);
Experinments 2 to 4 (Positive Product lon, nmiz = 100 to
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1,400, accumulation time = 2 sec)

[ 0465]

The data acquired by LC M for each of band LGL and
L& (see FIG 14) was anal yzed by de novo sequenci ng using
PEAKS® software to estimate the am no acid sequences of
t he di gest pepti des.

[ 0466]
Exanpl e B5: Anal ysis of Peripheral Genom c DNA Sequence of

D hydr odai dzei n Synt hesi zi ng (E1) Enzyne Cene
(1) Preparation of Genomic DNA Library for Inverse-PCR

The genom ¢ DNA of Lactococcus 20-92 strain (FERM
BP-10036) purified according to Exanple A5 was di gested
with restriction enzynmes (BanmH, EcoRI, HndlIl, Kpnl
Pstl, Sacl, Sall, Sau3Al, Xhol; all available from Takara
Bio) at 37°C for 16 hours to obtain DNA fragnents. After
phenol -chl oroformtreatnent, the fragnments were purified
by ethanol precipitation. The purified genom c DNA
fragments were self-ligated using TaKaRa Ligation kit ver
2.1 (Takara Bio). Each ligation solution was diluted ten
tinmes with sterilized water to prepare a genom c DNA
library for inverse-PCR

[ 0467]
(2) Inverse-PCR

1 uL (equivalent of 40 ng) of the genom c DNA
library for inverse-PCR obtained in (1) was used as a
tenplate to anplify upstream and downstream regi ons of
genom ¢ DNA near E1 pol ynucl eotide, using inverse-PCR
Fragnents treated with Pstl and Xhol were used as tenplate
DNA for inverse-PCR anplifying the upstreamregi on. For
i nverse-PCR anplifying the downstream region, fragnents
treated with Hndlll, Pstl, Sacl, and Xhol were used as
tenpl ate DNA. TaKaRa LA Taq (Takara Bi o) was used for
inverse-PCR The first PCR was run using 20 uL of a
reaction mxture containing: 1 x PCR buffer (M free);
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priners, 0.5 nMeach; dNTP, 0.5 mM each; Myd,, 2.5 ni
and TaKaRa LA Taq, 0.2 U 1 uL (40 ng) of a diluted
solution of the genomc DNA |library was used as a tenpl ate.
Amplification program 98°C for 1 mn, (95°C for 10 sec,
62°C for 10 sec, 68°C for 10 mn) x 35 cycles, 68°C for 15
m n. The subsequent, nested PCR was run using 0.5 uL of
the first PCR product as a tenplate, and 30 uL of a
reaction mxture containing: 1 x PCR buffer (My?* free);
primers, 0.5 nMeach; dNTP, 0.5 nMeach; Mgd ,, 2.5 nM
and TaKaRa LA Taq, 0.3 U Anplification program 98°C for
1 mn, (95°C for 10 sec, 62°C for 10 sec, 68°C for 10 mn)
x 30 cycles, 68°C for 15 mn.

[ 0468]
(2-1) Primers

The prinmer sets used for inverse-PCR are as foll ows.

[ 0469]
(2-1-1) Upstream side

First-PCR RACE-N-P3-1 and El-Bub-NP1

Nest ed- PCR RACE- N- P3-2 and E1- Bub- N- P2

[ 0470]
(2-1-2) Downstream side

First-PCR RACE-C P3-1 and E1-Bub-C P1

Nest ed- PCR RACE- G- P3-2 and El- Bub-C- P2

[0471]
(2-2) Primer sequences

The sequences of the primers used for anplification
of the upstream and downstream si des by inverse-PCR are as
fol | ows.
Primer sequences for anplification of the upstream side

RACE- N- P3- 1: ATGGAGATAGI GCCGCTGECAAGGCAACGECAC ( SEQ
ID NO 43)

RACE- N- P3- 2: TCAACGAAGACTCGATTTGAGCGAGAGECGAGG ( SEQ
I D NO 44)

El- Bub- N- P1: ACGGIGGAACCGGCATCGTGITCATGGACAAC ( SEQ
I D NO 45)
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El- Bub- N- P2: GCGTGACCCAGITCCACCATGTCGGACTGIC (SEQ I D
NO 46)

Primer sequences for anplification of the downstream side

RACE- G- P3- 1: GACATCCCGT TCGAGCGCAGGATCACCCATGAG ( SEQ
I D NO 47)

RACE- G P3- 2: AGGATCACCCATGAGCGCATCGCTATCATGGAC ( SEQ
I D NO 48)

El- Bub- C- P1: CATCCCTCTTGCAGICGITGTCCAGGAAGICC ( SEQ
ID NO 49)

El- Bub- C- P2: TTGICCAGGAAGT CCATCGCGTACACGACGEAG ( SEQ
I D NO 50)

[0472]

Note that all oligo DNA used as anplification
prinmers in this Exanpl e were synthesized by Sigma-Aldrich
Japan.

[ 0473]

(3) Purification and Base Sequence Determ nation of the
| nver se- PCR Anplified, Peripheral Genom c DNA Fragnents of
Di hydr odai dzei n Synt hesi zi ng Enzyne CGene

10 x day was added to the nested-PCR product
obtained in (2), in an anmount 1/10 the nested-PCR product.
Then, 5 puL was el ectrophorased on 0. 8% agarose gel. This
confirmed anplification of 0.5 kb (Pstl) and 3.5 kb (Xhol)
DNA fragments in the upstreamregion, and 1 kb (H ndlll),
1 kb (Sacl), and 2.5 kb (Xhol) DNA fragnents on the
downstreamregion. In this exanple, the agarose
el ectrophoresi s used ethidi umbrom de (N ppon Gene) for
staining, and A/ Styl (N ppon Gene) and 100 bp | adder
(Toyobo) as nol ecul ar wei ght nmarkers. The anplified DNA
fragments were excised fromthe agarose gel, and purified
using a Q AGEN Cel -Extraction kit (Q agen). The base
sequences of the purified DNA fragnents were then
determ ned by the direct sequence nethod and the wal ki ng
met hod, using the prinmers used for anplification.

[ 0474]
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(4) Analysis of Genone Sequence and Estimation of ORF
(Open Readi ng Frane)

The DNA sequences obtained in (3) were subjected to
assenbly anal ysis using the sequence-assenbl e software
SEQUENCHER (Gene Codes Inc, USA). In addition, estimtion
of ORF was made. The anal ysis determ ned the sequence of
6,685 bp in the peripheral genonme region including E1
enzyne gene. FIG 15 schematically illustrates the
anal yzed peri pheral genome structure including the
di hydr odai dzei n synt hesi zi ng enzyne gene. Estimation of
ORF found three ORFs upstream of E1 enzyne gene (the N
termnus unidentified in one of the ORFs), and one ORF on
t he downstream side. The upstream ORFs were designated US
(upstream) 1, US2, and US3, in this order, away fromthe
di hydr odai dzei n synt hesi zi ng enzynme. The downstream ORF
was designated DS (downstream) 1

[ 0475]
Exanpl e B6: Collation of D gested Peptide Sequences with
CGenone Sequence by LC-MS Anal ysi s

The estinmated am no aci d sequences obtained in
Exanple B4 were collated with the data of the periphera
genom ¢ DNA sequence of di hydrodai dzei n synthesi zi ng (E1)
enzynme gene determined in Exanple B5. As a result, sone
of the sequences prinmarily obtained fromLG& natched the
pol ypepti de sequence inferred fromthe ORF-US2 nucl eoti de
sequence. This suggests the possibility that ORF-US2
pol ypepti de may be the tetrahydrodai dzei n synt hesi zi ng
enzyne. The digested peptide sequences that nmatched the
ORF- US2 pol ypeptide are shown below. FIGS. 16-1, 16-2,
and 16-3 show data obtained by LC M5.

[ 0476]
Table 1

LE | z [ Mass Pepti de Score (% |
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629.348 |2 | 1256.682 | TPGVAASVADEXK (SEQ ID NG 51) 100.0

452.256 |2 | 902,497 MPGAPVECGK (SEQ ID NO. 52) 99. 8

487.847 |2 | 973.680 KXXXTGTTK (SEQ ID NO. 53) 99. 8

654.670 |3 | 1960. 988 glexxch;dV@GSGR (SEQ ID NQ | gq ¢

644.348 |2 | 1286.681 | WKSPEESVGXR (SEQ ID NO. 55) 96.8

449.795 |2 | 897.576 ACEVKVPK (SEQ 1D NO. 56) 74.9
[0477]

In the table above, mz represents the nass-to-
charge ratio, z the nunber of charges, Mass the nmass of
t he peptide, and Peptide the estimted am no acid
sequences. Score represents the percentage accuracy of
t he sequence cal cul ati on perfornmed by PEAKS software (100%
bei ng the nost accurate). Note that since isoleucine (I)
and | eucine (L) have the same nol ecul ar wei ght and are
i ndi stinguishable, they are both denoted by X in the
di gested pepti de sequences matching the ORF-US2
pol ypepti de.

[ 0478]
Exanpl e B7: Synthesis of ORF-US2 Pol ypepti de using
Acel l ul ar Protein-Synthesis System and Confirmation of
Tetrahydr odai dzein Synthesis Activity

ORF- US2 pol ypeptide was synt hesi zed using the
acel lul ar protein-synthesis system (PURESYSTEM Cl assi c |
m ni; Post CGenone Institute Co., Ltd.), and its
t etrahydr odai dzein synthesis activity was confirmed.

[ 0479]
(1) Preparation of Tenpl ate DNA

By a two-step PCR ORF-US2 pol ynucl eotide tenpl ate
DNA was prepared for acellular protein synthesis.

[ 0480]
(1-1) Primers

The prinmers used for PCR to prepare ORF-US2 tenpl ate
DNA are as foll ows.
E2-invitroTS FPL:
ACTTTAAGAAGGAGATATACCAATGGCACAGGAAGTCAAAGTCC (SEQ I D NO
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57)
E2-invitroTS-RP: CTAGACCTCGATCTCGCCCTGCATGCCG (SEQ | D NO
58)
Uni ver sal - Pri ner
GAAATTAATACGACT CACTATAGGEGAGACCACAACGGT TTCCCTCTAGAAATAATTTT
GITTAACTTTAAGAAGGAGATATACCA (SEQ I D NGO 59)

E2-invitroTS-FP1 and E2-invitroTS-RP were
synt hesi zed by Sigma-Aldrich Japan based on the ORF-US2
nucl eoti de sequence determned in Exanple B5. The
uni versal prinmer was obtained fromthe attachnent of
PURESYSTEM O assic Il mni (Post Genone Institute Co.,
Ltd.).

[ 0481]
(1-2) Preparation of Tenplate DNA by Two-Step PCR

The tenpl ate DNA used for the synthesis of ORF-US2
pol ypepti de was prepared by a two-step PCR according to
manuals. In this exanple, the PCR used Easy-A® H gh-
Fidelity PCR C oning Enzyne (DNA pol ynerase, Stratagene),
and GeneAnp PCR System 9700 (PCR device, Applied
Bi osystens).

[ 0482]

In the first PCR, the genom c DNA of Lactococcus 20-
92 strain was used as a tenplate to anplify ORF-US2
nucl eoti de, using the prinmers E2-invitroTS-FP1 and E2-
invitroTS-RP given in (1-1). The resulting PCR product
(ORF-US2 nucl eotide) was used as a tenplate to performthe
second PCR, using the universal primer and E2-invitroTS RP
300 pL (50 pL x 6) of the PCR product was purified using
PCR-Purification kit (Q agen), and used as tenpl ate DNA
(tenpl ate DNA for ORF-US2 pol ypeptide synthesis) to
synt hesi ze ORF-US2 pol ypeptide. The first and second PCR
were perfornmed under the follow ng conditions.

[ 0483]

First PCR A 50 puL reaction m xture containing
anplification priners, 10 pnol each; dNTP, 2.5 pnol each
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Lact ococcus 20-92 strain-derived genom c DNA, 40 ng; Easy-
A buffer (Stratagene); and Easy-A® High-Fidelity PCR

G oning Enzynme, 2U (Stratagene). Anplification program
95°C for 2 mn (95°C for 45 sec, 58°C for 20 sec, 72°C for
1 mn) x 30 cycles, 72°C for 3 mn.

[ 0484]

Second PCR A 50 pL reaction m xture containing
anplification prinmers, 10 pnol each; dNTP, 2.5 pnol each
first PCRreaction mxture, 0.5 uL; Easy-A buffer; and
Easy- A® Hi gh-Fidelity PCR d oni ng Enzynme, 2U.
Amplification program 95°C for 2 mn, (95°C for 45 sec,
45°C for 20 sec, 72°Cfor 1 mn) x 5 cycles, (95°C for 45
sec, 60°C for 20 sec, 72°C for 1 mn) x 25 cycles, 72°C for
3 mn.

[ 0485]

(2) Acellular Protein Synthesis of ORF-US2 Pol ypeptide and
Confirmation of Tetrahydrodai dzein Synthesis Activity

25 pL of solution A and 10 pL of solution B of
PURESYSTEM O assic Il mni, preserved at -80°C, were
thawed on ice and m xed together. Then, 0.6 pug (60 ng/ pL,
10 uL) of ORF-US2 pol ypeptide synthesizing tenpl ate DNA
(including a T7-pronoter sequence and a ri bosonme bi ndi ng
sequence 5' upstream of the start codon) prepared by the
second PCR was added. The total volune was adjusted to 50
uL by adding sterilized water, and the m xture was
i ncubated at 37°C for 90 mnutes to synthesize a target
pol ypeptide. As a positive control of protein synthesis
using this system 0.5 ug (0.2 pg/puL, 2 uL) of
di hydrof ol ate reductase (DHFR) synthesizing tenpl ate DNA
provi ded as an attachnent of PURESYSTEM O assic Il mni,
was used. No tenplate DNA was added in a negative control
and only sterilized water was used. For activity
nmeasuremnment, 40 uL of the reaction m xture was added to an
enzyme reaction buffer of the conposition below, and the
m xture was incubated at 37°C for 6 hours. After reaction
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the enzyme reaction mxture was extracted with 3 nL et hyl
acetate. The extract was dried and dissolved in phoresis
buffer, and tetrahydrodai dzein in the enzynme reaction
m xture was assayed by HPLC anal ysi s.

[ 0486]
Conposition of Enzyne Reaction Buffer

0.1 M pot assi um phosphate buffer/1 mv PMSF/ 2 niv
DTT/5 mM sodi um hydrosulfite (pH 7.0)

2 mM NADPH

2 mv NADH

10 pg/ nL di hydr odai dzei n

Sanpl es with the di hydrofol ate reductase (DHFR)
synt hesi zi ng tenpl ate DNA successfully expressed the
protein fromthe DNA whereas no protein expression was
observed in sanples with no tenplate DNA. These results
suggest that the experinent was indeed appropriate.

[ 0487]

The results are shown in FIG 17. The reaction
m xture expressing ORF-US2 pol ypepti de had a peak for
t etrahydrodai dzein at about a 6.7 mnute position 6 hours
post-reaction, whereas no tetrahydrodai dzein peak was
observed in the reaction mxture with no protein synthesis
(NC) and the reaction m xture expressing di hydrofol ate
reductase (DHFR). Further, while the reaction m xture
expressi ng ORF-US2 pol ypeptide had a reduced | evel of
di hydr odai dzei n (substrate) due to tetrahydrodai dzein
bi osynthesi s, a reduction of dihydrodai dzein was not
observed in the reaction mxture with no protein synthesis
(NC) and the reaction m xture expressing di hydrofol ate
reductase (DHFR). These results show that ORF- US2
pol ypepti de has the activity to synthesize
t etrahydr odai dzein from di hydrodai dzein. It can therefore
be said that ORF-US2 pol ypepti de corresponds to E2
pol ypepti de.
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[ 0488]
Exanpl e B8: Expression of Reconbi nant ORF- US2 Pol ypepti de
Usi ng Escherichia coli, and Confirmati on of

Tetrahydr odai dzein Synthesis Activity

The pET system a reconbi nant protein expression
system using Escherichia coli, was used to express ORF-US2
pol ypeptide, and its tetrahydrodai dzein synthesis activity
was confirmed.

[ 0489]
(1) Preparation of ORF-US2 Pol ypepti de Expressi on Vector

To prepare an ORF-US2 pol ypepti de expression vector
(pET21-US2), the DNA in the open reading franme region of
ORF- US2 pol ypeptide was anplified by PCR

The followi ng anplification prinmers were prepared
based on the ORF-US2 pol ypepti de sequence determned in
Exanpl e BS5.
exp. US2 pet F Nde: TATACATATGGCACAGGAAGICAAAGIC (SEQ I D
NO 60)
exp. US2 pet: AATCGAATTCCTAGACCTCGATCTCGECCCTGC (SEQ I D NO
61)

[ 0490]

For insertion into pET2la (Novagen), the
anplification prinmers exp.US2 pet F Nde and exp. US2 pet
were designed to include Ndel and EcoRl restriction
sequences, respectively.

[ 0491]

A PCR reaction was performed using 25 uL of a
reaction mxture containing the priners, 5 pnol each; dNTP,
5 nnol each; genomi c DNA of Lactococcus 20-92 strain, 40
ng; 10 x buffer for KOD plus DNA pol ynerase (Toyobo), 2.5
uL; KOD- Pl us DNA pol ynerase, 0.3 U (Toyobo).

Amplification program 95°C for 3 mn, (94°C for 30 sec,
60°C for 30 sec, 68°C for 1 min) x 30 cycles, 68°C for 7
mn. PCR device: GeneAnpPCR System 9700 (Applied

Bi osystens). Analyzing a part of the PCR reaction m xture
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by agarose gel el ectrophoresis detected a band of an
expected size. The entire PCR product was collected by a
Q AGEN PCR Purification kit (Q agen).

[ 0492]

The DNA fragnments so collected were cut with
restriction enzynmes Ndel and EcoRI, and subjected to
agarose gel el ectrophoresis. Then, a portion containing
the target band was excised, and purified and collected
with a Qagen Gel Extraction kit (Q agen). After
collection, the DNA fragnments were |ligated at 16°C
overni ght with pET2la digested with Ndel and EcoRl, using
a DNA Ligation Kit ver.2.1 (Takara Bio). The |igated
reaction mxture was then used to transform Escherichia
coli JMLO9 strain (Takara Bio0).

[ 0493]

The transformant was cultivated at 37°C overni ght on
a LB nmediumagar (@ BCO plate containing anpicillin (50
ug/ m). The resulting single colonies were cultured
overnight in a 3 nL LB nedium (A BCO containi ng
anpicillin (50 pg/nm). Then, plasm d DNA was extracted
using a plasmd auto extractor Pl-100 ( KURABO) .

[ 0494]

The base sequence of the inserted DNA in the plasmd
was sequenced by the dye term nator nmethod. This
confirmed the successful insertion of ORF-US2
pol ynucl eotide, as intended. In this exanple, the DNA
sequence was determ ned usi ng DNA sequencer ABI 3700
(Applied Biosystens).

[ 0495]

(2) Expression and Confirmati on of Reconbi nant ORF- US2
Pol ypeptide in Escherichia col

Reconbi nant ORF- US2 pol ypepti de-expressing plasmd
pPpET21- US2 and plasm d pET2la (negative control) were used
to transform Escherichia coli BL21 (DE3) strain (Novagen).
To obtain single colonies, the transformants were
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cultivated overnight at 37°C on a LB nedium agar plate
containing anpicillin (50 ug/mn).

[ 0496]

Each E. coli BL21 (DE3) transformant was cul tured
overnight at 37°Cin a 3 nL liquid LB nmedi um cont ai ni ng
anpicillin (50 pug/m.). Then, 0.5 nL of the culture was
precultured for 3 hours (until OD at 630 nm becane about
0.4) by adding 50 nL of liquid LB nedium containing the
same concentration of anpicillin. After adjusting the
final concentration to 1 nM by adding | PTG (i sopropyl - B-

t hi ogal act opyranosi de; Wako Pure Chemi cal Industries,
Ltd.), the culture was further incubated at 37°C for 4
hour s.

[ 0497]

After incubation, the cells were collected by
centrifugation (6,000 rpm 4°C, 15 mn) using an Avanti
HP25 (Beckman Coulter). The subsequent procedures were
perforned on ice. After renoving the supernatant (the
medi um), the cells were suspended in 1 nL of 0.1 M
pot assi um phosphate buffer (pH 7.0; KPB-PDH) containing 1
mM PVBF, 2 mM DTT, and 5 nmM sodi um hydrosulfite. The cel
suspensi on was then placed in a 2 nL assist tube charged
wth 0.7 nL zirconia-silica beads (Bi oSpec Products, Inc.)
and 400 uL KPB-PDH. The cells were then disrupted by two
repeated cycles of a 20-second, 6,500 rpmtreatnent and 3-
m nute ice-cooling, using a FastPrep® (Therno El ectron
Corporation). As a result, a suspension of disrupted
cells was obt ai ned.

[ 0498]

The expression of reconbi nant ORF-US2 pol ypeptide in
E. coli was confirnmed by SDS-pol yacryl am de-ge
el ectrophoresi s (SDS- PACE) .

[ 0499]

5 uL of 5 x sanple buffer (125 mM Tris-HO (pH
6. 5)/25% gl ycer ol / 5% SDS/ 5% 2- nmer capt oet hanol / BPB 0. 5%
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was added to 20 pL of the disrupted cell suspension.
After heat-denaturing at 98°C for 5 mnutes, the
suspensi on was ice-cool ed, and 10 uL was el ectrophorased
by SDS- PAGE. SDS- PAGE was perforned with a comercially
avai | abl e gel plate (SuperSep® 5-20% Wako Pure Chenica

| ndustries, Ltd.), and Quick CBB (Wako Pure Chenica

| ndustries, Ltd.) for staining. Prestained XL-Ladder
Broad range (Apro Science) was used as a nol ecul ar wei ght
mar ker .

[ 0500]

The results of SDS-PACE are shown in FIG 18. A
reconbi nant pol ypeptide with a nol ecul ar wei ght of about
29 kDa was confirnmed in the disrupted cell suspension
derived from pET21-US2 transformant.

[ 0501]

(3) Confirmation of D hydrodai dzein Synthesis Activity of
Reconbi nant ORF- US2 Pol ypepti de

The di srupted cell suspension obtained in (2) of
this Exanpl e was used as an enzyme source to neasure the
conversion activity from di hydrodai dzein to
tetrahydrodai dzein. As a result, the activity was
confirmed in the expressed reconbi nant ORF-US2 pol ypepti de.

[ 0502]

In this exanple, the measurenent of conversion
activity from di hydrodai dzein to tetrahydrodai dzei n was
perforned as follows.

[ 0503]

An enzyne reaction m xture of the conposition bel ow
was prepared, and the m xture was incubated at 0°C for 2
hour s.

Conposi tion of Enzyne Reaction M xture

Di srupted cell suspension (enzyne source): 100 p

NADH (100 m\) : 20 p

NADPH (100 mV) : 20 p

Di hydr odai dzein (2 nmg/m): 5 ul
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KPB- PDH: 855 ul
Tot al : 1,000 ul
[ 0504]

After incubation, 3 nL of ethyl acetate was added to
the enzynme reaction mxture for extraction. After drying,
the extract was dissolved by the nobil e phase (eluent).
The di ssol ved product was anal yzed by HPLC to neasure the
contents of dihydrodai dzein and cis- and trans-

t etrahydrodai dzeins in the enzyne reaction m xture.

[ 0505]

The results of HPLC analysis are shown in FIG 19.
In the disrupted cell suspension derived fromplasmd
pPET21- US2 transformant expressing the reconbi nant ORF- US2
pol ypepti de, the di hydrodai dzein (substrate) added to the
enzyme reaction mxture was converted to cis-

t etrahydr odai dzein (c-THD) and trans-tetrahydrodai dzein
(t-THD), whereas tetrahydrodai dzein was not detected in
the enzynme reaction mxture in pET21a transformant
(negative control).

[ 0506]

These results show that reconbi nant ORF- US2
pol ypepti de has the activity to synthesize
t etrahydr odai dzein from di hydrodai dzein. It can therefore
be said that reconbi nant ORF-US2 pol ypepti de corresponds
to E2 pol ypepti de.

[ 0507]
Example C
Exanpl e Cl: Confirmati on of Equol Biosynthetic Activity of

Bacterial Cell from Tetrahydrodai dzein

A Lactococcus 20-92 strain (FERM BP-10036) was
inocul ated in a tetrahydrodai dzei n-cont ai ni ng
anplification liquid nedium (a nodified GAM bouill on
medi um (NI SSUI PHARMACEUTI CAL CO., LTD.) to which cis- or
trans-tetrahydrodai dzein (organi call y-synt hesi zed by
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O suka Pharmaceutical Co., Ltd.: see Reference Exanple Bl)

was added in an amount of 10 pg/mL), and the culture was
i ncubated at 37°C for 18 hours under anaerobic conditions
(using BBL Gas Pack systens). After incubation, 1 nL of
the culture was i Mmedi ately placed in a glass centrifuge
tube with cap, and 3 nL of ethyl acetate was added thereto
for extraction. The product was dried to prepare a sanple
for HPLC analysis. As the standard solution for HPLC
analysis, a mixed solution of daidzein (2 ug/mL; Funakoshi
Corporation), equol (2 ug/mL; Funakoshi Corporation),
dihydrodaidzein (2 ug/mL; Trend Research Chemicals Inc.),
ci s-tetrahydrodai dzein and trans-tetrahydrodai dzein (2
ug/mL; both chemically-synthesized by Otsuka
Pharmaceutical Co., Ltd.) was used.

[ 0508]

The results are shown in Fig. 20. Fig. 20 shows
that the Lactococcus 20-92 strain has an activity to
bi osynt hesi ze equol from both cis- and trans-
t etrahydrodai dzeins (Fig. 20, mddle and | ower charts).
Note that in the figures, daidzein is abbreviated as DZN
di hydr odai dzein as DD, cis-tetrahydrodai dzein as c- THD
trans-tetrahydrodai dzein as t-THD, and equol as EQ

[ 0509]
Exanpl e C2: Search and ldentification of Equol
Synt hesi zi ng Enzyne by Reconbi nant Protei n Expression
System usi ng Escherichia col

The pET system (Novagen), a reconbi nant protein
expressi on system using Escherichia coli, was used to
express pol ypepti des each corresponding to three ORF
pol ynucl eoti des (ORF-US3, US1l, and DS1) identified in the
peri pheral genom ¢ DNA sequence of dihydrodai dzein
synt hesi zing (E1) enzynme gene determned in Exanple B5, in
Escherichia coli. The activity to catal yze equol
conversion fromtetrahydrodai dzein was exam ned to search
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equol synthesi zing (E3) enzyne.
[ 0510]
(1) Preparation of ORF Pol ypepti de Expression Vector
To prepare an expression vector of each ORF
pol ypeptide (ORF-US3, USl1l, and DS1), the pol ynucleotide in
t he open readi ng frane regi on of each pol ypepti de was
anplified by PCR and inserted into pET21a vector (Novagen).
[ 0511]
(1-1) Anplification Prinmer
The follow ng anplification prinmers were prepared
based on the peripheral genom c DNA sequence of
di hydr odai dzei n synt hesi zi ng enzyne (El1) determned in
Exanmpl e B5.
ORF- US3 pol ypepti de
exp. US3 F: TATACATATGCCAGAATTCGATGITGAG (SEQ I D NGO 62)
exp. US3 R CCGCAAGCTTCTACATAGTGGAGATCGCGIGG ORF-US (SEQ I D
NO 63)
ORF- US1 pol ypepti de
exp. US1 F: TATACATATGITCAAGGGTCCACAGEEC (SEQ I D NGO 64)
exp. US1 R GCTCGAATTCTTAGIGCTGCTGIGCCTTTTCAG ( SEQ |1 D NGO
65)
ORF- DS1 pol ypepti de
exp. DS1 F: ATATACATATGCAGGATATGGACTTCATGG (SEQ I D NO  66)
exp. DS1 R GCTCGAATTCTCATAGIGACATCAGCGCTCCC (SEQ I D NO
67)

[ 0512]

For insertion into pET21la (Novagen), the
anplification priners exp.US3 F, exp.USl F, and exp.DSl1 F
were designed to include Ndel restriction sequence,
exp.US3 Rto include H ndlll restriction sequence, and
exp. USIR and exp.DS1 R to include EcoRl restriction
sequence.

[ 0513]
(1-2) Amplification of Each ORF Pol ynucl eoti de

A PCR reaction was performed using 25 uL of a
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reaction mxture containing the priners, 5 pnol each; dNTP,
5 nnol each; genom c DNA of Lactococcus 20-92 strain
purified in Exanple A5, 40 ng; 10 x buffer for KOD pl us
DNA polymerase (Toyobo Co., Ltd.), 2.5 upuL; KOD-Plus DNA
pol ynerase, 0.3 U (Toyobo Co., Ltd.). Anplification
program 95°C for 3 mn, (94°C for 30 sec, 60°C for 30 sec,
68°C for 2 mn) x 30 cycles, 68°C for 7 mn. PCR device:
CGCeneAnp PCR System 9700 (Applied Biosystens). Analyzing a
part of the PCR reaction m xture by agarose ge
el ectrophoresis detected a band of an expected size for
each priner. The entire PCR product was collected by a
Q ACGEN PCR Purification kit (Q agen).

[ 0514]
(1-3) Preparation of ORF Pol ypeptide Expression Vector

The ORF- US3 pol ynucl eotide fragnents collected in
process (1-2) were cut with restriction enzynmes Ndel and
H ndl 11, and ORF-US1 and ORF-DS1 pol ynucl eoti de fragnents
were cut with restriction enzymes Ndel and EcoRl. The
fragments were subjected to agarose gel el ectrophoresis.
Then, a portion containing the target band was exci sed,
and purified and collected with a Q agen Gel Extraction
kit (Qagen). After collection, the pol ynucleotide
fragments were ligated at 16°C overnight with pET2la
di gested with Ndel and H ndlIl or EcoRl, using a DNA
Ligation Kit ver.2.1 (Takara Bio). The ligated reaction
m xture was then used to transform Escherichia coli JMLO9
strain (Takara Bio) by an ordinary nmethod. The obtained
transformant was cultivated at 37°C overnight on a LB
medi um agar (G BCO plate containing anpicillin (50 ug/ni).
The resulting single colonies were cultured overnight in a
3 nL LB nedium (A BCO containing anpicillin (50 pg/m).
Then, plasm d DNA was extracted using a plasmd auto
extractor PI-100 ( KURABO,.

[ 0515]
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The base sequence of the inserted DNA in the plasmd
was sequenced by the dye term nator method. This
confirmed the successful insertion of each pol ynucl eoti de,
as intended. Thus, pET-US3, pET-US1l, and pET-DS1 were
obtained. In this exanple, the DNA sequence was
det er mi ned usi ng DNA sequencer ABI 3700 (Applied
Bi osystens).

[ 0516]

(2) Expression of Each Reconbi nant Pol ypeptide in
Escheri chia col
(2-1) Preparation of Escherichia coli BL21 Transfor mant

Reconbi nant ORF pol ypepti de-expressi ng plasm ds pET-
US3, pET-US1l, pET-DS1, and pET2la (negative control) were
used to transform Escherichia coli BL21 (DE3) strain
(Novagen) by an ordinary nmethod. To obtain single
colonies, the transformants were cul tivated overni ght at
37°C on a LB nedium agar plate containing anpicillin (50
ug/ m) .

[ 0517]

(2-2) Induction of Reconbi nant Pol ypepti de Expression

Each E. coli BL21 (DE3) transformant was cul tured

overnight at 37°Cin a 3 nL liquid LB nmedi um cont ai ni ng
anpicillin (50 pug/m). Then, 0.5 nL of the culture was
precultured for 3 hours (until OD at 630 nm becane about
0.4 to 0.7) by adding 50 nL of liquid LB nedi um cont ai ni ng
the same concentration of anpicillin. After adjusting the
final concentration to 1 nM by adding | PTG (i sopropyl - B-
t hi ogal act opyr anosi de; Wako Pure Chemi cal Industries,
Ltd.), the culture was further incubated at 37°C for 4
hours. Thus, reconbi nant pol ypepti de expression in
Escherichia coli was induced.

[ 0518]

(2-3) Preparation of Disrupted Cell Suspension

After induction of expression in process (2-2), the

cells were collected by centrifugation (6,000 rpm 4°C, 15




10

15

20

25

30

35

-172-

m n) using an Avanti HP25 (Beckman Coulter). The
subsequent procedures were performed on ice. After
renovi ng the supernatant (the nediun), the cells were
suspended in 1 nL of 0.1 M potassium phosphate buffer (pH
7.0; hereinafter abbreviated as KPB-PDH) containing 1 nM
PMSF, 2 mM DIT, and 5 nM sodi um hydrosul fite. The cel
suspensi on was then placed in a 2 nL assist tube charged
with 0.7 nL zirconia-silica beads (Bi oSpec Products, Inc.)
and 400 uL KPB-PDH. The cells were then disrupted by two
repeated cycles of a 20-second, 6,500 rpmtreatnent and 3-
m nute ice-cooling, using a FastPrep® (Therno El ectron
Corporation). As a result, a suspension of disrupted
cell s was obt ai ned.

[ 0519]

(2-4) Confirmation of Reconbi nant Pol ypepti de Expression
by SDS- Pol yacryl am de- Gel El ectrophoresis (SDS- PACGE)

The expression of each reconbi nant ORF pol ypepti de
in E coli was confirmed by SDS-PAGE. 5 pL of 5 x sample
buffer (125 mM Tris-HO (pH 6.5)/25% gl ycerol / 5% SDS/ 5% 2-
mercaptoethanol/BPB 0.5%) was added to 20 uL of the
di srupted cell suspension obtained in process (2-3).

After heat-denaturing at 98°C for 5 mnutes, the
suspensi on was ice-cooled, and 4 uL was el ectrophorased by
SDS- PAGE. SDS- PAGE was perfornmed with a comercially
avai | abl e gel plate (SuperSep® 5-20% Wako Pure Chenica

| ndustries, Ltd.), and Quick CBB (Wako Pure Chenica

| ndustries, Ltd.) for staining. Prestained XL-Ladder
Broad range (Apro Science) was used as a nol ecul ar wei ght
mar ker. The results of SDS-PACE are shown in FIG 21
Expressi on of reconbi nant ORF-US3 and ORF- DS1 pol ypepti des
wi th nol ecul ar wei ghts of about 52 kDa and 50 kDa was
confirmed in the disrupted cell suspensions derived from
pPET- US3 and pET-DS1 transformants, respectively. No
expressi on of reconbi nant ORF-US1l pol ypepti de was observed
in the disrupted cell suspension derived from pET-US1
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transf or nant .

[ 0520]
Exanpl e C3: Measurenent of Equol Synthesis Activity of
Reconbi nant ORF Pol ypepti de

The di srupted cell suspension obtained in Exanple
was used as an enzyne source to neasure the conversion
activity fromtetrahydrodai dzein to equol. 1In this
exanpl e, the measurenent of conversion activity from
t et rahydrodai dzein to equol was perfornmed as foll ows.

[ 0521]

An enzyne reaction m xture of the conposition bel ow
was prepared, and the m xture was incubated at 37°C for 1
hour .
Conposi tion of Enzyne Reaction M xture

Disrupted cell suspension (enzyme source): 100 ul
NADH (100 mM) : 20 pl
NADPH (100 mM) : 20 nl
G s-tetrahydrodaidzein (2 mg/ml) : 5 ul
Trans-tetrahydrodaidzein (2 mg/ml) : 5 ul
KPB-PDH: 850 pnl
Total: 1,000 nl
[ 0522]

After incubation, 3 nL of ethyl acetate was added to
the enzynme reaction mxture for extraction. After drying,
the extract was dissolved by the nobile phase (eluent).
The di ssol ved product was anal yzed by HPLC to neasure the
contents of dihydrodai dzein, cis-tetrahydrodaidzein,
trans-tetrahydrodai dzein, and equol in the enzyne reaction
m xture. As the standard solution for HPLC anal ysis, a
mixed solution of daidzein (2 ug/mL; Funakoshi
Corporation), equol (2 ug/mL; Funakoshi Corporation),
dihydrodaidzein (2 ug/mL; Trend Research Chemicals Inc.),
ci s-tetrahydrodai dzein and trans-tetrahydrodai dzein (2
ug/mL; both chemically-ynthesized by Otsuka Pharmaceutical
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Co., Ltd.) was used.

[ 0523]

As a result of HPLC analysis, in the disrupted cel
suspensi on derived fromplasm d pET-US3 transformant
expressi ng the reconbi nant ORF- US3 pol ypepti de, the
t etrahydr odai dzein added to the enzyne reaction m xture
was converted to equol (Fig. 22). Additionally, the
conversion activity to di hydrodai dzein, which is a
precursor of tetrahydrodai dzein, was confirned during the
equol biosynthetic pathway (Fig. 22). As for pET-USl1 and
pET-DS1 transformants, and pET2la transformant (negative
control), only tetrahydrodai dzein was detected in the
enzynme reaction mxture. Note that in the figures,
aidzein is abbreviated as DZN, dihydrodai dzein as DD, cis-
t etrahydrodai dzein as c-THD, trans-tetrahydrodai dzein as
t-THD, and equol as EQ..

[ 0524]

These results show that ORF- US3 pol ypepti de has the
activity to biosynthesize equol fromtetrahydrodai dzein.
It can therefore be said that reconbi nant ORF- US3
pol ypepti de corresponds to E3 pol ypepti de.

[ 0525]
Exanpl e D
Exanpl e D1: Expression and purification of H s-tagged
reconbi nant equol production related enzyne using
Escheri chia col

Usi ng a pET system (Novagen), which is a reconbi nant
protei n expression system using Escherichia coli, three
equol production related enzynmes with Hi s-tag:
di hydr odai dzei n synthesis enzyne (El), tetrahydrodai dzein
synthesi s enzyne (E2), equol synthesis enzyne (E3), were
expressed, followed by affinity purification using a Hi s-
tagged protein purification (N) col umm.

[ 0526]
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(1) Production of Hi s-tagged enzyne expression vector

To produce expression vectors for the enzynes (E1,
E2, E3), a polynucleotide in each open reading frane
region was anplified by PCR and inserted into a pET2la
vect or ( Novagen).

[ 0527]

(1-1) Amplification priner

Based on the genone sequence in the vicinity of the
di hydr odai dzei n synthesis enzyne (El) found in Exanpl e B5,
the followi ng anplification priners were produced.

H s-tagged E1 enzyne

exp. E1 pet F Nde: AGCTCATATGAAGAACAAGITCTATCCGAA ( Sequence
Nunber : 41)

exp. E1 pet H s: AATCGAATTCGTACAGGT TGCAGCCAGCGATGT ( Sequence
Nunber : 42)

H s-tagged E2 enzyne

exp. US2 pet F Nde: TATACATATGGCACAGGAAGICAAAGIC ( Sequence
Nunber : 60)

exp. E2 pet H s: AATCGAATTCGAGACCTCGATCTCECCCTCGC ( Sequence
Nunber : 68)

H s-tagged E3 enzyne

exp. US3 F:. TATACATATGECAGAATTCGATGITGAG ( Sequence

Nunber : 62)

exp. E3 R Hi s: CCGCAAGCTTGTACATAGTGGAGATCECGT GG ( Sequence
Nunber : 69)

For insertion into pET21la (Novagen), the
anplification primers: exp.El pet F Nde, exp.US2 pet F,
and exp.US3 F were designed to each include a restriction
enzyne Ndel cl eavage site sequence; exp.El pet H s and
exp. E2 pet H s were designed to include a EcoRl cl eavage
site sequence; and exp.E3 R H's was designed to include a
H ndl Il cleavage site sequence.

[ 0528]

(1-2) Anplification of H s-tagged enzyne pol ynucl eoti des

A PCR reaction was performed using 25uL of a
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reaction mxture containing the priners, 5 pnol each; dNTP,
5 nnol each; genom c DNA of Lactococcus 20-92 strain (FERM
BP-10036) purified in Exanple A5, 40 ng; 10xbuffer for
KCOD- pl us DNA pol ynerase (Toyobo), 2.5uL; KOD- Pl us DNA
pol ynerase (Toyobo) 0.3 U, using an anplification program
95°C for 3 mn, (94°C for 30 sec, 60°C for 30 sec, 68°C
for 2 mn) x 30 cycles, 68°C for 7 mn (PCR device:
GeneAmpPCR System 9700 (Applied Biosystens)). Analyzing a
part of the PCR reaction m xture by agarose ge
el ectrophoresis detected a band of an expected size. The
whol e PCR product was collected by Q AGEN PCR Purification
kit (Q agen).

[ 0529]
(1-3) Production of H s-tagged enzyne pol ypepti de
expr essi on vector

The H s-tagged enzynme pol ynucl eoti de fragnents
collected in (1-2) were cut with restriction enzynmes Ndel
and EcoRl, and subjected to agarose gel el ectrophoresis.
Then, a portion containing the target band was exci sed,
and purified and collected with Q agen Gel Extraction kit
(Q agen). After collection, the pol ynucl eotide fragnents
were ligated at 16°C overnight with pET2la digested with
Ndel and EcoRI, using DNA Ligation Kit ver.2.1 (Takara
Bio). Wth the ligated reaction m xture, transformation
of Escherichia coli JMLO9 strain (Takara Bi 0) was
perforned in a general nethod. The transfornmant thus
obt ai ned was cultivated at 37°C overnight on a LB nedi um
agar (@ BCO plate containing anmpicillin (50ug/m.). The
resulting single colonies were cultured overnight in a 3
nL LB nedium (A BCO) containing anpicillin (50ug/m).
Then, plasm d DNA was extracted using plasmd
aut oextractor PI-100 ( KURABO) .

[ 0530]

The base sequence of the inserted DNA in the plasmd
was sequenced by the dye term nator nmethod. This
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confirmed successful insertion of ORF-US2 pol ynucl eoti de
as intended. pET-El-H s, pET-E2-H s, and pET-E3-H s were
obtained. In this exanple, the DNA sequence was
det ermi ned usi ng DNA sequencer ABI 3700 (Applied
Bi osystens).

[ 0531]
(2) Expression and affinity purification of each H s-
t agged reconbi nant enzyne pol ypeptide in Escherichia col
(2-1) Production of Escherichia coliBL21 transfornmant

Using plasmd pET-E1-H s, pET-E2-H's, pET-E3-H s for
expressi ng H s-tagged enzyne pol ypepti de, Escherichia col
BL21(DE3) strains (Novagen) were transfornmed using a
general nethod. The transformants were cultivated at 37°C
overni ght on LB nedium agar (G BCO) plates containing
anpicillin (50ug/m), thereby obtaining single colonies.

[ 0532]
(2-2) Purification of Hi s-tagged reconbinant E1 and E2
enzyne pol ypepti de
(2-2-1) Escherichia coli cultivation and induction of
expressi on of H s-tagged reconbinant E1 and E2 enzyne
pol ypepti des

Each of E. coli BL21 (DE3) transformants,
respectively transfornmed by pET-El-H s and pET-E2-H s, was
cultured overnight at 37°Cin a 10 nL liquid LB medi um
containing anpicillin (50ug/m.). Then, 7.5 nL of the
culture was precultured for 2 hours (until OD at 600 nm
becane about 0.5) by adding 150 niL of l[iquid LB nedi um
contai ning the sane concentration of anpicillin. After
adjusting the final concentration to 0.5 nM by addi ng | PTG
(isopropyl-B-thiogalactopyranoside; Wako Pure Chemical
| ndustries, Ltd.), the culture was further incubated at
30°C for 4 hours while being mldly shaken, thereby
i nduci ng expression of Hi s-tagged reconbi nant E1 and E2
enzyme pol ypeptides in Escherichia coli

[ 0533]
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(2-2-2) Preparation of |ysate

After the expression induction in (2-2), the culture
was centrifuged (6000rpm 4°C, 10 m nutes) using Avanti
HP25 (beckman coulter) to collect cells, thereby obtaining
H s-tagged reconbi nant E1 and E2 enzyne pol ypepti des
expressed in Escherichia coli, respectively in anmounts of
0. 66g and 0. 73g. A Bugbuster protein Extraction solution
(Novagen) was added to the obtained cells in an amount of
15nL per gram (wet weight) of the cell. The m xture was
suspended gently with a pipet, and Lysozyne (SIGVA) and
Benzonase (Novagen) were added to the suspension in the
anmounts of 2000units/nL, and 25units (1pL)/nm,
respectively. Thereafter, the mxture was slowy stirred
wth arotator (RT-50: Taitec) at roomtenperature for 30
m nutes, thereby obtaining a |ysate (Lysate A). Lysate A
was centrifuged (8000rpm 4 °C, 15 minutes) with Avanti
HP25 (beckman coulter) to separate a supernatant (Lysate
B)

[ 0534]
(2-2-3) Affinity purification of H s-tagged El1 and E2
enzyne pol ypepti des

Using H's Gravi Trap (CE Heal thcare Bi oscience) as a
H s-tagged protein purification colum, affinity
purification of the H s-tagged E1 and E2 enzyne
pol ypepti des was performed according to the instruction
manual except for some nodification. More specifically,
Hs GaviTrap was equilibrated with ice-cooled 10nL
bi ndi ng buffer, and the whole Lysate B prepared in (2-2-2)
was poured into the mxture so that the target H s-tagged
El or E2 enzynes were adhered to Hs Gavi Trap by free
fall. Thereafter, Hs GaviTrap was cleaned twice wth
i ce-cool ed 10nL cl eaning buffer, followed by elution of
the target Hi s-tagged E1 and E2 enzynes fromH s G avi Trap
using 3nL elution buffer. DIT (dithiothreitol: Wko Pure
Chem cal Industries, Ltd.) was added to the eluate so that
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the final concentration becane 3mM The m xture was

di vided into 300uL m crotubes. A part of the m crotubes
was exam ned for their E1 enzymatic activities and E2
enzymatic activities in the respective eluates. The

el uate was preserved at 4 °Cuntil it was used for the
enzyne test.

[ 0535]

The conpositions of the binding buffer, the cleaning
buffer, and the elution buffer used for the purification
wer e shown bel ow
bi nding buffer: 20mMM Tris-HO, 20nM | m dazol e (Wako Pure
Chem cal Industries, Ltd.), 0.5M NaC (Wako Pure Cheni ca
| ndustries, Ltd.), 1InMDTT (dithiothreitol: Wako Pure
Chem cal Industries, Ltd.), 1 mM PNSF
(phenyl met hyl sul fonyl fluoride: Wako Pure Chem ca
| ndustries, Ltd.)

Cl eaning Buffer: 20nmM Tris-HO , 60mM I m dazole, 0.5M Nad ,
1mM DTT (dithiothreitol), 1 mM PMSF (phenyl net hyl sul f onyl
fluoride)

El ution Buffer: 20mM Tris-HCO 500mM I m dazol e, 0.5M Nad ,
1mM DTT(dithiothreitol), 1 nmM PVMSF (phenyl met hyl sul f onyl
fl uoride)

[ 0536]

(2-3)Purification of H s-tagged reconbi nant E3 enzyne

pol ypepti de

(2-3-1)Escherichia coli cultivation and induction of
expressi on of H s-tagged reconbi nant E3 enzyne pol ypepti de

The E. coli BL21 (DE3) transformant, transforned by
pET-E3-H s, was cul tured overnight at 37°Cin a 50 nL
liquid LB nmedi umcontaining anpicillin (50ug/ ). Then,
20 nL of the culture was precultured for 3 hours (until OD
at 600 nm becane about 0.4) by adding 1L of liquid LB
medi um cont ai ning the sane concentration of anpicillin
After adjusting the final concentration to 0.5 nM by
adding IPTG (isopropyl-PR-thiogalactopyranoside; Wako Pure
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Chem cal Industries, Ltd.), the culture was further
i ncubated at 37°C for 4 hours while being shaken, thereby
i nduci ng expression of H s-tagged reconbi nant E3 enzyne
pol ypeptide in Escherichia coli. After the expression
i nduction, the culture was centrifuged (6000rpm 4°C, 10
m nut es) using Avanti HP25 (beckman coulter) to coll ect
cells. 0.1 M potassium phosphate buffer containing 1 nM
PMSF (phenyl net hyl sul fonyl fluoride), 2 nM DIT (Wako Pure
Chem cal Industries, Ltd.) and 5 nM sodi unhydrosulfite
(Buffer A, hereinafter: pH 7.0) was added for suspension.
After centrifugation (6000rpm 4 °C, 10 m nutes), the
culture was kept at -80°C.

[ 0537]
(2-3-2) Preparation of |ysate

The cells preserved at -80°C were quickly thawed and
centrifuged (10,000xg 15 mn). The cells were suspended
by adding 25 nL of new Buffer A For disruption, the
cells were then disrupted by three repeated cycles of a
20-second, 6,500 rpmtreatnent and 3-mnute ice cooling,
usi ng Fast Prep® (Therno El ectron Corporation). The
resulting disrupted cell material was centrifuged (10000
Xg, 15 min). The supernatant was separated to obtain a
| ysate.

[ 0538]
(2-3-3) Affinity purification of H s-tagged reconbi nant
E3 enzyne pol ypepti de

4 nL of the lysate obtained in (2-3-3) was supplied
to H sTrap HP (CGE Heal thcare Bi oscience), which is a His-
tag fusion protein purification colum, to purify the H s-
t agged reconbi nant E3 enzyne pol ypepti de under the
purification conditions below The protein was neasured
based on the absorption at 280 nm The fraction using a
fraction collector was started after the absorption at 280
nmin the pass-through fraction decreased to the base |ine.
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[ 0539]
Flow Rate: 1 m/mn
Fraction: 2 m/2 mn/Fraction
El uent A: 0.1 M pot assi um phosphate buffer (pH 7)/0.5 M
NaCl /1 % i soPrCH
El uent B: Eluent A containing 0.5MImdazol e
El uti on Program
Time(mn) (Eluent B)/(El uent A + Eluent B)

0 0. 05
5 0. 05
25 0.5
30 1
35 1
37 0. 05

[ 0540]

E3 synthesis activity was observed in Fractions No.7
to 9. Active fractions obtained by a plurality of
purifications were pooled, mxed with glycerin at a ratio
of 8% kept at -28 °C, and dissolved as required to be
used for experinent.

[ 0541]
Exanpl e D2: Synthesis of Tetrahydrodai dzein from Dai dzein
usi ng H s-tagged Reconbi nant E1 and E2 Enzynes

Using the H s-tagged reconbi nant E1l and E2 enzynes
obtai ned in process (2-2-3) of Exanple D1 as an enzyne
source, an enzyme reaction mxture of the conposition
bel ow was prepared, and was reacted at 37°C for 2 hours to
synt hesi ze tetrahydrodai dzein from dai dzein. Additionally,
reactions using the H s-tagged reconbi nant E1 or E2 enzyne
singly as an enzynme source were conducted at the sane tine.
Conposi tion of Enzyne Reaction M xture

H s-tagged reconbi nant E1 enzyme: 20 ul

H s-tagged reconbi nant E2 enzyne: 20 ul

NADH (100 mV) : 20 pl
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NADPH (100 mV): 20

Dai dzein (2 mg/m): 5 ul

0.1 M pot assi um phosphate buffer pH 7/1 nmM PNBF/ 2 nivi
DTT/5 mM sodi um hydrosul fite: 915 pl

Tot al : 1000 ul

[ 0542]

After incubation, 3 nL of ethyl acetate (Wako Pure
Chem cal Industries, Ltd.) was added to the obtained
enzyme reaction mxture for extraction. After drying, the
extract was dissolved by the nobil e phase (eluent). The
di ssol ved product was anal yzed by HPLC to neasure the
contents of cis- and trans-tetrahydrodai dzeins in the
enzyme reaction m xture.

As the standard solution for HPLC anal ysis, a m xed
solution of daidzein (2 pg/mL; Funakoshi Corporation),
equol (2 ug/mL; Funakoshi Corporation), dihydrodaidzein (2
ung/mL; Trend Research Chemicals Inc.), CiS-
tetrahydrodaidzein (2 ug/mL; Reference Example Bl) and
trans- tetrahydrodaidzein (2 ug/mL; Reference Example Bl)
was used.

FIG 23 shows the results of HPLC anal ysis. Wen
using the mxture of the Hi s-tagged reconbi nant E1 and E2
enzynmes as an enzyme source, cis- and trans-

t etrahydr odai dzeins were confirnmed in the product. Wen
using the Hi s-tagged reconbinant E1 or E2 enzyme singly as
an enzynme source, however, cis- or trans-

t etrahydr odai dzei ns was not confirmed in the product.

[ 0543]
Exanpl e D3: Synthesis of Equol from D hydrodai dzei n usi ng
H s-tagged Reconbi nant E2 and E3 Enzynes

Using the H s-tagged reconbi nant E2 and E3 enzynes
obtai ned in processes (2-2-3) and (2-3-3) of Exanple Dl as
an enzyme source, an enzyne reaction mxture of the
conposi tion bel ow was prepared, and was reacted at 37°C
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for 2 hours to synthesize equol from dihydrodaidzein.
Additionally, reactions using the H s-tagged reconbi nant
El or E2 enzyne singly as an enzyne source were conducted
at the same tine.
Conposi tion of Enzyne Reaction M xture

H s-tagged reconbi nant E2 enzyme: 20 ul

H s-tagged reconbi nant E3 enzyne: 20 ul

NADH (100 mV) : 20

NADPH (100 mV): 20 pl

D hydrodai dzein (2 ng/m): 5 u

0.1 M pot assi um phosphate buffer pH 7/1 nM PNBF/ 2 M
DTT/5 nmM sodi um hydrosul fite: 915 ul

Tot al : 1000 pl

After incubation, 3 nL of ethyl acetate (Wako Pure
Chem cal Industries, Ltd.) was added to the obtained
enzyme reaction mxture for extraction. After drying, the
extract was dissolved by the nobile phase (eluent). The
di ssol ved product was anal yzed by HPLC to neasure the
content of equol in the enzyne reaction m xture.

FIG 24 shows the results of HPLC anal ysis. Wen
using the mxture of the Hi s-tagged reconbi nant E2 and E3
enzynmes as an enzyme source, equol was confirned in the
product. When using the H s-tagged reconbi nant E2 or E3
enzyme singly as an enzyme source, however, equol was not
confirmed in the product.

[ 0544]
Exanpl e D4: Synthesis of Equol from Daidzein using H s-
t agged Reconbi nant E1, E2, and E3 Enzynes

Usi ng the Hi s-tagged reconbi nant E1, E2, and E3
enzynmes obtained in processes (2-2-3) and (2-3-3) of
Exanpl e D1 as an enzyne source, an enzyne reaction m xture
of the conposition bel ow was prepared, and was reacted at

37°C for 2 hours to synthesize equol from daidzein.
Additionally, reactions using the H s-tagged reconbi nant
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El, E2, or E3 enzyne singly as an enzynme source were
conducted at the sane tine.
Conposi tion of Enzyne Reaction M xture

H s-tagged reconbi nant E1 enzyme: 20 ul
H s-tagged reconbi nant E2 enzyne: 20 ul
H s-tagged reconbi nant E3 enzynme: 20 ul

NADH (100 mV) : 20

NADPH (100 mV): 20

D hydr odai dzein (2 nmg/m): 5

0.1 M pot assi um phosphate buffer pH 7/1 mM PNBF/ 2 nivi
DTT/5 mM sodi um hydrosul fite: 895 pul

Tot al : 1000 ul

[ 0545]

After incubation, 3 nL of ethyl acetate (Wako Pure
Chem cal Industries, Ltd.) was added to the obtained
enzyme reaction mxture for extraction. After drying, the
extract was dissolved by the nobile phase (eluent). The
di ssol ved product was anal yzed by HPLC to neasure the
content of equol in the enzyne reaction m xture.

FIG 25 shows the results of HPLC anal ysis. Wen
usi ng the Hi s-tagged reconbi nant E1, E2, or E3 enzyne
singly as an enzyne source, equol was not confirmed in the
product. Wen using the mxture of the H s-tagged
reconbi nant E1, E2, and E3 enzynmes as an enzynme source,
however, equol was confirmed in the product.

[ 0546]
Exanpl e E: Influence of Metal |ons on D hydrodai dzein
Synthesis Activity of H s-tagged Reconbi nant E1 Enzyne

Usi ng the Hi s-tagged reconbi nant E1 enzyne (E1l-His)
expressed in Escherichia coli, purified by N -Sepharose,
as an enzyne source, the influence of netal ions on the
conversion activity fromdaidzein to di hydrodai dzein was
exam ned. Various netals (Md ;2H,0 FeSO,-7H,0O Cad ,-2H:0,
Zn( GHCOO) 2-2H,0, CoSOy-7H,O, MSQ7H0, N SOi-6H,0) wer e
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di ssolved in distilled water to obtain a concentration of
100 MM Using the netal ion solution, an enzyne reaction
m xture of the conposition bel ow was prepared, and was
reacted at 37°C for 2 hours to neasure the activity.
Conposi tion of Enzyne Reaction M xture

H s-tagged reconbi nant E1 enzyme: 20 ul

NADH (100 mV) : 10 ul
NADPH (100 m\V) : 10 p
Dai dzein (1 nmg/m) 10
Metal ion solution: 100 wl
0.2 M KPB- DH: 850 ul
Tot al : 1000 p
[ 0547]

After incubation, 3 nL of ethyl acetate was added to
t he obtai ned enzynme reaction m xture for extraction
After drying, the extract was dissolved by the nobile
phase (eluent). The dissolved product was anal yzed by
HPLC to neasure the contents of daidzein and
di hydrodai dzein in the enzynme reaction mxture. As a
result, it was confirnmed that Mh?* and Fe?' stinulated the
activity (Fig. 26).

Brief Description of the Draw ngs

[ 0548]

FIG 1 shows the results of HPLC analysis in Exanple
Al. Upper three chromatographs: Enzynme reaction products
usi ng no coenzyne (control), and NADH and NADPH as
coenzynes. Bar chart: Peak areas corresponding to
di hydrodai dzein in control (no coenzyne) and in sanples
usi ng NADH and NADPH as coenzynes.

FIG 2 shows the results of Mono Q HPLC i n Exanpl e
A2 (upper part), and the activity of dihydrodai dzein
synt hesi zi ng enzyne of each fraction (lower part). The
enzyne activity is shown as a peak area corresponding to
di hydr odai dzei n usi ng dai dzein as a substrate.
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FIG 3 shows the results of SDS-PAGE in Exanple A2
(left part), and the activity of di hydrodai dzein
synt hesi zi ng enzyne of each fraction (right part). The
enzynme activity is showmn as a peak area corresponding to
di hydr odai dzei n usi ng dai dzein as a substrate. The
Super Sep HG 10-20 % (Wako Pure Chem cal Industries, Ltd.)
was used as an el ectrophoresis gel plate.

FIG 4 shows the results of peptide mapping in
Exanmpl e A4, and ami no aci d sequences of peptides
correspondi ng to peaks. The nunbers next to the arrows ¥
in the upper HPLC anal ysis chart correspond to 1:
FDEPVYPQAE, 2: ASRWNMDAVHEGYI AG and 3: GYI GNLEVENRAI RVPM
respectively.

FIG 5 shows the results of agarose el ectrophoresis
of Denerative-PCR product in Exanple A5. (1) E1-N
termnal -31 and El-internal -RP1, (2) El1-N-term nal -37 and
El-internal -RP1, (3) El-N-term nal -F32 and El-internal -
RP1; marker Ml: A/Styl, M2: 100bp Ladder

FIG 6 shows the results of agarose el ectrophoresis
of RT-PCR product in Exanple A7. Upper part:

D hydr odai dzei n synthase; |ower part: R bosonmal - RNA

FIG 7 shows the results of SDS-PAGE i n Exanpl e A8.

FIG 8 shows the results of HPLC anal ysis in Exanple
A8. Upper part: Control; mddle part: pET-El1-H s; |ower
part: pET21la.

FIG 9 shows the results of HPLC analysis in Exanple
Bl. Upper chart: Cis-tetrahydrodai dzein (REF-000312);

m ddl e chart: Enzyme reaction product using

di hydr odai dzein as a substrate and disrupted cell material
as an enzyne source; |lower chart: Trans-tetrahydrodai dzein
( REF- 000313) .

FIG 10 shows the results of HPLC analysis in
Exanpl e B1. Upper two charts: Enzyne reaction product
usi ng ci s-tetrahydrodai dzei n (REF-000312) as a substrate
and disrupted cell nmaterial as an enzyne source; |ower two



10

15

20

25

30

35

-187-

charts: Enzyne reaction product using trans-
t etrahydr odai dzei n (REF-000313) as a substrate and
di srupted cell material as an enzyne source.

FIG 11 shows the results of HPLC analysis in
Exanpl e B2. Upper three charts: Enzyne reaction products
usi ng no coenzyne (control), and NADH and NADPH as
coenzynes. Bar chart: Peak areas corresponding to
t et rahydrodai dzein in control (no coenzyne) and in sanples
usi ng NADH and NADPH as coenzynes.

FIG 12 shows the results of gel filtration HPLC
anal ysis in Exanple B3. Upper graph: The results for
standard protein; mddle graph: Enzyne activity of each
fraction shown as a peak area corresponding to the product
t et rahydr odai dzei n; | ower graph: Absorption (280 nm
intensity corresponding to the protein of each fraction.

FIG 13 shows the results of SDS-PAGE in Exanpl e B3.

FIG 14 shows the results of SDS-PAGE in Exanple B4.

FIG 15 shows a schematic illustration of a
peri pheral genone structure of di hydrodai dzein
synt hesi zing (E1) enzynme gene determ ned in Exanpl e B5.

FIG 16-1 shows data from LG M5 anal ysis, and an
exanpl e of a di gested-peptide am no acid sequence inferred
fromthe LCGM data in Exanple B6; L, an amno acid
resi due denoted by X in the description. The upper figure
is for peptide TPGVAASVADEXK, and the |lower figure is for
pepti de MPGAPVFGK.

FIG 16-2 shows data from LG M5 anal ysis, and an
exanpl e of a di gested-peptide am no acid sequence inferred
fromthe LGM data in Exanple B6; L, an amno acid
resi due denoted by X in the description. The upper figure
is for peptide KXXXTGITK and the |ower figure is for
pepti de VTQEXXCAHGAFVCGSGR

FIG 16-3 shows data from LC-M5 anal ysis, and an
exanpl e of a di gested-peptide am no acid sequence
(WKSPEESVEQR) inferred fromthe LC-MS data in Exanpl e B6;
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L, an am no acid residue denoted by X in the description
FIG 17 shows the results of HPLC analysis in
Exanpl e B7. Upper left charts: Enzynme reaction product
usi ng di hydrodai dzein as a substrate and an ORF- US2
pol ypepti de-expressing reaction mxture as an enzyne
source (ORF-US2); upper right charts: Enzyme reaction
product using a protein-free reaction m xture as an enzyne
source (NC). Bar chart: Peak areas corresponding to
di hydr odai dzein (DD) and tetrahydrodai dzein (THD) produced
by enzyme reactions in NC (no protein synthesis), and in
sanpl es usi ng DHFR (di hydrof ol ate reduct ase-expressi ng
reaction mxture) and ORF-US2 (ORF-US2 pol ypepti de-
expressing reaction mxture) as an enzyne source.
FIG 18 shows the results of SDS-PAGE in Exanpl e BS.
FIG 19 shows the results of HPLC analysis in
Exanpl e B8. Upper chart: Enzyme reaction product using
di hydr odai dzein as a substrate, and a disrupted cel
suspensi on derived fromreconbi nant ORF- US2 pol ypepti de-
expressing plasmd pET21-US2 transformant as an enzyne
source (pET21-US2); |ower chart: Enzyme reaction product
usi ng di hydrodai dzein as a substrate, and a disrupted cel
suspensi on derived from pET21la transformant (negative
control) as an enzyne source (pET2l1la). Bar chart: Peak
areas corresponding to di hydrodai dzein (DD) and cis- (c-
THD) and trans-tetrahydrodai dzeins (t-THD) produced by
enzynme reactions in sanples using disrupted cel
suspensi ons derived from ORF-US2 pol ypepti de- expressi ng
reaction m xture and pET2la transformant as an enzyne
sour ce.
FIG 20 shows the results of HPLC analysis in
Exanpl e Cl.
FIG 21 shows the results of SDS-PAGE in Exanple C2.
FIG 22 shows the results of HPLC analysis in
Exanpl e C3. Upper part: Standard; mddle part: pET-US3;
| ower part: pET21la.
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FIG 23 shows the results of HPLC analysis in
Exanple D2. First fromthe top: Standard; secand: E1 and
E2; third: El; forth part: E2.

FIG 24 shows the results of HPLC analysis in
Exanple D3. First fromthe top: Standard; secand: E2 and
E3; third: E2; forth: E3.

FIG 25 shows the results of HPLC analysis in
Exanple D4. First fromthe top: Standard; secand: E1l, E2
and E3; third: E1; forth: E2; fifth part: ES.

FIG 26 shows effects of nmetal ions on El1 enzyne
activity.

FIG 27 shows the alignnment of am no acid sequences
of SEQID NGs: 1, 2 and 3.

FIG 28 shows the alignnment of am no acid sequences
of SEQID NGs: 7, 8 and 9.

FIG 29 shows the alignnment of am no acid sequences
of SEQ ID NGs: 13, 14 and 15.

Sequence Listing Free Text

SEQ ID NO 23 is the base sequence of prinmer EL-N
term nal - 31.

SEQ ID NO 24 is the base sequence of prinmer EL-N
term nal - 37.

SEQ ID NO 25 is the base sequence of prinmer EL-N
term nal - F32.

SEQ ID NO 26 is the base sequence of prinmer EIl-
i nt ernal - RP1.

SEQ ID NO 27 is the base sequence of priner pUCL9-

FP- 1.
SEQ ID NO 28 is the base sequence of priner pUCL9-
RP- 1.
SEQ ID NO 29 is the base sequence of priner pUCL9-
FP- 2.

SEQ ID NO 30 is the base sequence of priner pUCL9-
RP- 2.
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SEQ ID NO 37 is the base sequence of priner
SEQ ID NO 38 is the base sequence of priner
SEQ ID NO 39 is the base sequence of

16S- R bo- FP

SEQ ID NO 40 is the base sequence of

16S- Ri bo- RP.

SEQ ID
pet F Nde.

SEQ ID
pet H's

SEQ ID
P3- 1.

SEQ ID
P3- 2.

SEQ ID
N P1.

SEQ ID
N P2.

SEQ ID
P3- 1.

SEQ I D
P3- 2.

SEQ I D

NO

& 6 6 6 & & 5 B

41 is the base sequence of priner
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RACE- N-
RACE- N-
El- Bub-
El- Bub-
RACE- G
RACE- C
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C P1.

SEQ ID NO 50 is the base sequence of priner El-Bub-
C P2.

SEQ ID NO 57 is the base sequence of prinmer E2-
invitroTS- FP.

SEQ ID NO 58 is the base sequence of prinmer E2-
invitroTS-RP.

SEQ ID NO 59 is the base sequence of priner
Uni versal - Pri mer.

SEQ ID NO 60 is the base sequence of priner exp.US2

pet F Nde.

SEQ ID NO 61 is the base sequence of prinmer exp.
US2 pet.

SEQID NO 62 is the base sequence of priner exp.US3
F.

SEQ ID NO 63 is the base sequence of priner exp.US3
R

SEQID NO 64 is the base sequence of priner exp.USl
F.

SEQ ID NO 65 is the base sequence of priner exp.US1l
R

SEQ ID NO 66 is the base sequence of priner exp.DS1
F.

SEQ ID NO 67 is the base sequence of priner exp.DS1
R
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Claims

1. An isolated polypeptide selected from:

(Aa) a polypeptide consisting of the amino acid
sequence of SEQ ID NO: 1;

(Ab) a polypeptide consisting of the amino acid
sequence of SEQ ID NO: 1 with the substitution, deletion,
insertion, and/or addition of 1 to 250 amino acids, and
having an activity to synthesize dihydrodaidzein using
daidzein as a substrate; and

(Ac) a polypeptide consisting of an amino acid
sequence having 60% or more identity with the amino acid
sequence of SEQ ID NO: 1, and having an activity to

synthesize dihydrodaidzein using daidzein as a substrate.

2. A polynucleotide selected from:

(Ad) a polynucleotide consisting of the nucleotide
sequence of SEQ ID NO: 4; and

(Ae) a polynucleotide that encodes a polypeptide of

claim 1.

3. A process for producing dihydrodaidzein, comprising
having the isolated polypeptide of claim 1 and NADPH

and/or NADH act on daidzein.

4. An expression vector including the polynucleotide of
claim 2.
5. A recombinant cell transformed with the expression

vector of claim 3.

6. A process for producing a polypeptide, comprising
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culturing the cell of claim 5 to obtain a polypeptide
having an activity to synthesize dihydrodaidzein using

daidzein as a substrate.

7. A process for producing dihydrodaidzein, comprising

having the cell of claim 5 act on daidzein.

8. An antibody having affinity to the polypeptide of
claim 1.
9. A dihydrodaidzein synthesizing enzyme composition,

comprising the polypeptide of claim 1.

10. A dihydrodaidzein synthesis kit, comprising:
(Ai) the polypeptide of claim 1;
(Aii) NADPH and/or NADH; and

(Al1iil) daidzein.



