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CAVELIER ABQGADOS COLO-17511-841-001-8 ID-1706849
(T PETITORIO
Indllstria y C()Inercio SUPERINTENDENCIA DE IHDUSTRIA v COMERCIO
SUPERINTENDENC A IIIIIIIIIIIIIIIIIIIII_I_!!IIIIIIIIIII .

Fechia, 2010-08-11 1£:25:37  Dep. 2020 DIR.HUEVASCR
Tra. 11 PATENTEIH Eve: 278 FASENACIOHALI
Act 411 PRESENTACIOH Folinz. 182

FORMULARIO UNICO DE SOLICITUD DE PATENTE

PCT
ENTRADA EN FASE NACIONAL
@ SOLICITUD DE:
Patents de Invencian, [ Patente de Madzla de Utilidad,
Capitulo 1. ] Capltuln Il.
Naormbre: SUNTORY HOLDINGS LIMITED
Q"-n:h:«'iarl wn tlfunh y sriztente bajo |3'% .
(71) Direccian: 1-40, Dojimahama 2-chiome, C.C. NIT
Kita-ku, Osaka-shi CE 1 Otro ]
Osaka 530-5203, o
Japén Cual
Numero
Daornicilio; Qsaka,
Japon
Marilbra: LLUZ CLEMENCIA DE FAEZ IDENTIFICACION
Dirsscion: Carrera 42, Ho. 72-25 e NIT ]
Teléfono: 347 36 11
REPRESENTANTE| " 11 56 50 CE. [] oo [l
O APODERADO E-rmail: clientes@cavalier.com Cual
Carnicilic: Bogota, Colombia, HNamers  SE.455. 344 TP 23.655
1. Eiichiro ONO 2. Akio NOGUCHI
@ cf/o SUNTOR Y HOLDING S LIMITED, clo SUHTORY HOLDIWGS LIMITED,
Fessarch Centar, 1-1-1, Wakayaradai, Fezearch Center, 1-1-1, Wakayamadai,
Shimarnota-cho, Mishima-gun Shimarmota-cho, Mishima-gun
INVENTOR (E ! gun, ! gun,
(7(2)) (ES) Ozaka 618-8503, Dzaka 618-3602,
Japdén Japén
3. Yuko FUKUI 4. Masako MIZUTANI
c/o SUHTOR Y HOLDINGS LIMITED, Glo SUNTOR Y HOLDIEE LIMITED,
Fazearch Canter, 1-1-1, Wal ayamadai, Fegsarch Center, 1-1-1, Wakayamadai,
Shimamota-cho, Mishima-gun, Shirmamoto-cho, Mishimea-gun,
Ozaba 618-8R03, Qizaba 513-8503,
Japdn Japdn

'@ PCT (86)
rAnic % 2O0E/MOETES Fecha: 28 de

Solicitud Internacional No. PCT/JP200S/0ET7E15 aeptiembre de 2008
Publicacion Intermacional Mo, WO 2009/047202 A1 Facha: 16 de abril de 2000

Titulo (54) -
@ UDP-GLUCURONIL TRANSFERASA Y POLINUCLEOTIDO QUE CODIFICA LA
MISMA

@ Clasificacion Internacional (51) C12N 015/000

Prioridad | (52) Pais de Origen (3I) Fecha (1) Ndmera de Solicitud
JP 12 de octubre de 2007 2007-237050
X JF 2U00/7-26 /7020
silE noll JP 17 dle marzo de 7005 005037135

g



CAVELIER AROGADOS COLO-17511-841-001-5 10-170649

Comprobante de pago No.: 10-4,301 Fecha: 12 de enero d= 2010
Comprobante de pago No.: 10-34,501 Fecha: 04 dz mayo de 2010

K OO0 O000 EEONE H EHERE a|@

Anexos:

Comprobants dz pago de [a tasa de presentacidn de la solizitud por $ 554.000.00.,

Comprobants de page por 7 reivindicacionss adicionales después de la décima raivindicacin
par 31E2.000.00.

3

Documento que acradita la eviztencia y representacidn legal cuandao el solicitants sea parsona
juridica.

Podaeres, si fuers &l caso.

CE»
[%1]

Documeanto de cesidn del inventor al salicitants ¢ a su causante.

Declaraciones.

Caopia de la solicitud intzrnacional. (P2zuman, descripeién, reivindicaciones, dibujos)

Traduccién de la salicitud internacional al castzllana,  (Pesumen, descripcidn, reivindicaciones,
dibujos)

Copia del examen preliminar sfectuada por la IPEA.

Trachucciin del examen preliminar sfzctuade paor la IPEA.

De ser el caso, copia del contrate de acceso.

De zer &l caso, do -uumentc» aque acredite 1a licencia o autarizacidn de uso de conocimientos
traclicionales de las comunidadss indigenas.

De ser el cazo, cartificads de depdzito del material bioldgico.

Arte final 12x12

De ser el caso, informacidn sobre otras salicitudes de patente o titulos obtenidos en el

evtranjere por < misma titular o su causantes, relacionadas parcial o totalmente con la invensién
de esta solicitud.

Otras: VER HOJA DE DOCUMERHTOS AHE X GS
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@ FIGURA CARACTERISTICA

@ Salicito ta concesidn de la patents,

NOMBRE: LUZ CLEMEMCIA DE PAEZ

- L ()
FIRMA : “v/c . '.Zg:"l Vo Ry N "é'/”;"‘-':g-

S
oz, 2B ARG 344 de Usaquén TP, 225655




CAVELIER AROGADOS COLO-17511-841-001-& ID-170649 (7L

DOCUMENTOS ANEXOS

= L : e g
1. Publicacion Internacional WO 2009/04 7292 Al
Descripcién:
Paginas 30 =n el idioma original
Paginas 51 en espafiol

Reivindicaciones: Namero (s) 17

Figuras: Nimera (3) 8

|

=

Forma PCT/ISA/210. Informe de Blsqueda Intarnacional.

"

1

Listado de Secusncias.

v

¥
2

B
(el

Forma PCT/IB/306. Notificacian de la inscripeidn del cambia de nombre dzl solicitante

SUNTORY LIMITED por SUNTORY HOLDINGS LIMITED

5. Extracta de publicacian.

NO SE REALIZARON MODIFICACIONES EN LA FASE
INTERNACIONAL
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SPECIFIC POWER-OF-ATTORNEY

Y (nozotros), abajo firmads (s)/1 (we), the undersignsd

SUNTORY HOLDINGS LIMITED

domiciliado (s) en/of

1-40, Dojimahama 2-chome, Kita-ku, Ocaka-
shi, Osaka 530-8203, Japan

por ¢l presents nombramo: a- Luz Clemencia de Pacz T.P.AL 23.555,
Hidia Ocoric T.P.A. Mo, 73.366, Occar Correa TP.A 71.027, Edaa
Sarmiento T.P.A. Ho. 85.794 and Jorgz Chivarro T.P.A. 1o, 40.190,
domiciliados =n 1a Carrera 4a 1° 72-35, Rogoid, Colombia, como
nuectroz apoderads?, ¢l primero comio principal y loz demds como
cuplentzs, en su orden, para precentar la solicitud de fac: nacional en
Colombia Jde Ja coliciud PCT/JP2003/067515  denominada UDP
TUCOEDHIL TRANSFERASA W POLITUCLESTIDOS QUE LA
ODITICALN y para continuar con <1 irdmite de 25tz azunto hacta cu
culminacién, incluyendo la facultad de presentar y levar hasia 2u
culminacién una accidn ds nulidad contra la deciciin que ponga fin al
trémiitc administrative dz 1a solicitud de patsits,
Loc apoderadoc quodan facultados para sustituir zote mandate,
trancigir, conciliar, admitir loz hechos del proceso, desistir, cancelar,

rzcilbir, renunciar, y ratificar lo2 actoc ds aganics oficiczos.

Dado y firmado hoy/Given and Signed thiz

en/in Qsaka, Japan

We hereby appoint Luz Climencia de Pdsz T.P.A. 23,555, Hidia
ocorio TPA. oo 73366, Occar Corza T.P.A 71.027, Edna
Sarmiznio T.P.A. Ho, 65794 and Jorgs Chavarrs T.P.A. 1o, 40.190,
domicilzd ai Carrera da H° 72 25, Bogoid, Colombia, as our attornsys,
the former as principal and the laters as altzrnates, in the arder of thzir
appeintment, 1o fil: the national application in Colembia for the PCT
patent applicaiion Mo, IP200E/067¢13 nam:ly UDP-GLUCUROITYL
TRANSFEPASE ANMD POLYNUCLEOTIDE ENCODING THE
SAME and io continue with the procecution of thiz matter until its
complztion, including the power 1o fils and procecut: until a final
decizion ic rzachzd in the nollily action filed againet the dzcizicn

finalizing th: adminictrative procesding of the paient application.

The ailorneys may substitute thic Powar of Attcrnzy, compromise,
conciliats, admit the facts of the cage, deeict, canczl, reosive, rosign,

and ratify acis dore by representative: withoui a power of attorney.

H&y(/{.' 2,3 , 20/ 0

por/by

Fazushi Takemoto, Execulive Genzral Manager Inicllectual Property Department

Firma/Signatur:

/<. /Z LGTT(_;
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CERTIFICACION NOTARIAL (SOCIEDAD)

El infraserito Hotario Certifica: Que la firma que anteceds de

[

es auténtica; que el signatario deszmpefia actualmente 21 cargo

de

u Tleets -'.{ngs

NOTARIAL CERTITICATION :(COMPANY.)

The undersignad Holary certifies: Thai the przezding signaturs
of

Kazushi Takemoto

ic anthentic, ihat the signatory currenily acts in the position of
Executiue General Manager Intellactual
roperty Depariment

de la compaiia

]

cocizdad que actualmente existz y 2213 organizada de acuerdo a

las leyes de

qus la direccidn de dicha compaiia es

3

ue =l signatario tizn: facnliad para olovzar este dacuments.
r—3 o

Todos 1oz hachos anteriores 12 constan por haber sxaminada los
documentos respeclivos y de todo elle da fe.
Dado y firmado en

/q‘/‘
o
_ S

i/

TADAHIKOQ MITSUDA, NOT.

of the company

SUNTORY HOLDINGS LIMITED,

a company currently existing and organized undzr the faws of
Japan,

that the address is

1-40, Dojimahama 2-chomsz, Kita-ku, Ozaka-shi, Osaka 530-
8203, Japan,

and ihat the signatory has the power (o grant this documant,

The Hotary Public is awarz and atlzsts 1o the above facts upon
examination of the corrzsponding documenis.

Givan and zigned in__ Toliyo, Japan

On_ April 14, 2010

74 ToKYo LEcaL Asras BuReAr

This public document

o ® N
o
<

APOSTILLE
(Convention de La Haye du 5 octobre 1961)

1. Country: ....covvevirineecreniininnien

............................

has been signed by ............

.........................................

3. acting in the capacity of ......

........................................

bears the seal/stamp of .......

........................................

...........................................................................

NOTARY |

2-2-3, UCHISAIWAICHO
N JeRranA-KU ,7

NQJ[OKYO JAPAN

o]
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Notary

TADAHIKO MITSUDA
alk HA

MECEBRR SEADEA ARV TR0, s, B OMWEN,
L REEM D,
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APOSTILLE
(Convention de La Haye du 5 octobre 1961)

1. Country: JAPAN

This public docurment

has been signed by TADAHIZO MITSUDA

acting in the capacity of Motary of the Tolzye Legal Affairs Bureau

bears the ezal/siamp of  TADAHIKO MITSUDA, NOTARY
Certified

5. at Tokyo o APR 14200

7. by the Ministry of Foreign Affairs

8. 10-N9 001595

9. Seal/stamp: 10. Signature

[\/\/ /? é‘f{ o

Kazutoyo OYAERE
For the Minister for Forsign Affairs
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TRADUCCTAON QFICIAL 132/2010 DE UN DOCUMENTO EN INGLES Y EN

POR  EDUARDO CALADO NOGUERA,
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w
o
3
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OFPICIAL AUTORIZADO POR RESOLUCION 541 DEL 27 DE FEBRERO DE

1976, POR EL CUAL SUNTORY HOLDINGS LIMITED, DOMICILIADA EN 1-

40, DOJIMAHAM

=

\ 2-CHOME, KITA-KU, OSAKA-SHI, OSAKA 5320-8203,

JAPON OTORGA PODER ESPECIAL A LUZ CLEMENCIA DE PAEZ, TPA
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______ LA CODIFICAN Y PARA CONTINUAR CON EL

TRAMITE DE ESTE ASUNTO HASTA SU CULMINACION, INCLUYENDO LA

IINACION  UNA

DADO Y FIRMADO HOY 23 DE MARZO DE 2010 EN OSAKA, JAPON POR

KAZUSHI TAKEMOTO, GERENTE GENERAL EJECUTIVO DEL DEPARTAMENTO

FAZUSHI TAIEMOTO es auténtica; que el signatario desempeiia

organizada de acuerdo con las leyes del JAPON, que la

fg;[u.gm Ao Ct/ﬂ'ﬁfwﬁfu q’l .

Balsardo Calado Noguera
TRADUCTOR OFICIAL
Inghés - Espafiol - Laglés
Res. 541 Febrero de 1976
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KITA-KU, OSAKA-SHI, OSAIA 520-8202, Japén v que
tiene facultad para otorgar este documento.

Todos los hechos antericores le constan por haber examinado
los documentos respectivos y de todo elle da fe. Dado y

firmado en Tokio, Japén el 14 de akril de 2010.

(CONVENCION DE LA HAYA DEL 5 DE OCTUBRE DE 1961)
1. PAIS: JAPON

2. Este documento pubklico ha side firmado por TADAHIKO

ASUNTOS JURIDICOS DE TOKIO

4, lleva el sello/estampilla de TADAHIKO MITSUDA, NOTARIO
CERTIFICADO

5. En TOKIO 6. el 14 de abril de 2010

8. 10 No. 001595

9. Sello/estampilla: MINISTERIO DE RELACIONES EXTERIORES,
JAPON

10. Pirma: RKAZUTOYOQO OYABE, a nombre del Ministro de
Relaciones Exteriores

ECN\ECN\ID-170393\WPCL002G

COL0O-17511-841-001-8

Bogotéd, 4 de mayo de 2010.

&i ‘4"%@‘3 OJ\_,QA,?@{; /_1\ .

Béuardo Calado Noguera
TRADUCTOR OFICIAE/3
Ingks - Bspafiol - Inglés
Bcs. 541 Febrero de 1976
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' CESION ASSIGNMENT

Y, (nocotros) abajo finmads (2)

I (wz), the undarsigned

1- Eiichiro ONO

2- Akio NOGUCHI

3- Yuko FUKUI

4- Masako MIZUTANI

dorniciliado(s) en

of

c¢/o SUNTORY HOLDINGS LIMITED, Research
Center, 1-1-1, Wakayamadai, Shimamoto-cho,
Mishima-gun, Osaka £18-8503 Japan

declaro(unoc) bajo juramento ser Gnico(t) y verdadero(s) inventor(zc

ctate(z) undar caih to b sole and true inventor(s) of the invention:

UDP-GLUCURONYL TRANSFERASE AND
POLYNUCZLEOTIDE ENCODING THE SAME

slaro(amoc) aci mizmo que cedo(emoc) y trancficro(erimos), sin

limitacién, a favor de la sociedad

state ac well, that accign, without racervations or limitations in favor
of

SUNTORY HOLDINGS LIMITED

conctituida y sxictents de conformidad con las leye: de

a corporation conclitulzd and exicting in conformity with the laws of

Japan

domiciliada en

domiciled in

1-40, Dojimahama 2-chome, Kita-ku, Osaka-shi,
Osaka 530-8203 Japan

todos los dercchos inherzatze a dicha invencidn y que la ciiada
Compaiiia qu:da facultada para colicitar ¢n cu nombre la patente

diz invencidn correspondicnts 2n la Pepiblica de Colombia.

all rights inherent o caid invention and that the above montioned
company hercby iz enabled 1o apply, in itz nams, for the

comzcponding patznt invention, in the Pepublic of Colombia

L v

Dado y firmado hoj/Given and signed this Liew %, 2e\D

en/in Osaka, Japan

porby  Eiichiro ONO

PN
(

Firma/Signature e
T

c\/\l VO OV\O

Dadw y firmado hoy/Given and cignzd thic MCW ‘.LS ( (0

en/fin Osaka, Japan

‘porby  Akio NOGUCHI

Firma/Signature

A\Qo

A/oguclﬁ
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Dado y firmado hioy/Jiven and cignad this Hlay, 18 . 2ot O seesee * e o
enfin - Osaka, Japan ot
porby  Yuko FUKUI
Firma/Signature

Dado y firmado hioy/Given and cignzd thic

Osaka, Japan

en/in

/\aw@o F‘—ltﬁ“f":

&, wolo

ATy I
1

por/by

Masako MIZUTANI

Firma/Signature / /2\ ~ ’
e S g
7

CERTIFICACION NOTARIAL (INDIVIDUO)

oz diaz del sz d=

NOTARIAL CERTIFICATION (INDIVIDUAL)

On this day of

-

d=20 _ Ante mi, Holaric Piblico de

20 before me, L&I@lmy Pub]i.;":/of

comparecis(eron)
personalments

personally A

appcarsd

Eiichiro ONO

\\
/\
Akio NOGUCHI / \

Yuko FUKUI /

Masako MIZUT/&NI

a quien(e?) doy £z de conocer y me concia que es(son) la(s)

perzona(z)  firmante(c) Jdel Jdocumento  que  precade,

quizn(es) tizne(n) capacidad l2gal para otorgarls

y

To m: known, lz{nd Enown to me 1o be the person(s) whao
O

cxsculed tha 5 rzgoing document, and who haz(havz) lzgal

i
capacity o execuie it

NOTARIO PUBLICO-NOTARY

PuBLIC
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Registration No. (‘Bé ,20 [0

NOTARIAL CERTIFICATE

I, the undersigned Notary, do hercby certify that Tomako NUMAMO, an
agent of Eiichiro OMNMO, Aliio NOGUCHI, Yuko FUKUI and Masako MIZUTAMI whao
have been authorized (o sign the attached document has stated in my presence that
Eiichiro ONO, Akio NOGUCHI, Yul:o FUKUI and Masako MIZUTANT acknowledged
themselves to have signed the attached document, and that their signaturez are true and

genuine.

Dated: on this 14" day of April, 2010.

7 TOKYO LEGAL AFFMRS BURFAU
L NOTARY )

\ 2-2-2, UCHISAIWAICHO

u—ll‘wUA KU
e V0 JAPAN

&M / o
( ~l?'/1:;ﬂi‘.f;" ( thL~\. RN
TADAHIKO MITbUDA

NOTARY

.-

»I’
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Notary

TADAHIKO MITSTDA
Al B
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APOSTILLE

(Convention de La Haye du 5 actobre 1961)

1. Country: JAPAN
This public document
2. hasheen signed by TADAMHIKO MITSUDA
acting in the capacity of Motary of the Tolzyo Legal Affairs Burean
4. Dears the seal/stamp of TADAHIKO MITSUDA, NOTARY
Certified

¢

5. at Tokyo 6. APR 14 2010
7. by the Ministry of Foreign Affairs

8. 10-NC 001597

9. Seal/stamp: 10. Signature

/A(\.\

Tarutoyvo OYAERE
For the Minister for Foreign Affairs




registrado ante el Ministerio de Relaciones Exteriores de Colombia

A continuacidén se traducen los sellos y legalizaciones de un
documento de cesidn mediante el cuwal 1. Eiichiro ONO; 2. Akio
NQGUCHT 2. Yuko FUKUI; 4. Masako MIZUTANI, domiciliadoes en c/o
SUNTORY HOLDINGS LIMITED, Research Center, 1-1-1, Wakayamadai,

Shimamoto-cho, Mishima-gun, Osaka 618-8503, Japdn, declaran bajo
juramento ser Unicos y verdaderos inventores de la invencidn: “UDP-
GLUCURONIL TRANSFERASA Y FPOLINUCLEQOTIDO QUE CODIFICA LA MISMAY vy
declaran asi mismo que ceden y transfieren, sin limitacidén, a favor

de SUNTORY HOLDINGS LIMITED, uina sociedad constituida y existente

de conformidad con las leyes de Japdn, domiciliada en 1-40,
Dojimahama 2-chome, Kita-ku, Osaka-shi, Osaka 530-8202, Japdn,
todos los derechos inherentes a dicha invencidn y gque la citada

compainia queda facultada para scolicitar en su nombre la patente

correspondiente en la Republica de Colombia.

firnado en Osaka, Japdn el

Firma Firma Ilegible

Dado y Zirmado en Osaka, Japdn el 28 de marzo de 2010 por Akio
NOGUCHI.
Firma Firma Ilegible

Dade v firmado er 1 28 de marzo de 2010 por Yuko

O
U
[81]
v
Gy
)]
k)
O
n

FUKUI.

Firma Firma ITlegible //Tj/i:f;t3 \/é\! Cjﬁkiglz.
TRADUCTOR E INTERPRETE OFICIAL
ESPARIOL - INGLES  INGLES  ESPAROL
PES. 0001 DE ENERO) 4 DE 1999
MINISTERIO DE JusTICIAT




.
Dade v firmadoe en Osaka, Japdn el & de abril de 2010 por Maszaka
MIZUTANT.
Firma Firma Ilegible
Registro No. 626 de 2010
CERTIFICADO NOTARIAL
Yo, el suscrito Notario, por 21 presente certifico gue Tomoko

NUMANO, agentes ds Biichiri ONO,

MIZUTANI, quienes estén autorizados para firmar el adjunto
docunento, ha declarado en mi presencia gue Eiichiro ONO, Akio
NOGUCHI, ¥Yuko FURKUI y Masako MIZUTANI reconocieron €llos mismos

y verdaderas.

Fechado: hoy 14 de abril de 2010.

gl

Firma ilegible

TADAHIKO MITSUDA

Asuntos Legales de Tokio
NOTARIO

2-2-2 UCHISAIWAICHO,

CHIYODA-KU,

TOKIO, JAPON

(Anexo)

=

EXTO EN JAPONES

APOSTILLA

(Convention de La Haye du 5 octubre 1961)

1. Pais: JAPON T >
/ [ /L’ J/Vé’
__DIEGOF. VARGAS Z.
Este documento publico

TRADUCTOR E INTERFRETE OFiCIAL
SPAROL - 1MGLES — IMGLES - ESPARNOL
RES. 0001 OE EMNERO 4 BE 1999
MINISTERIO DE JUSTICIA
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ha sido firmado por TADAHIKO MITSUDA
actuando en calidad de Notario de la Oficina de Asuntos Legales de Tokio
lleva el sello/estampilla de TADAHIKO MITSUDA, NOTARIO
Certificado
en Tokio 6 APR 14 2010
por el Ministerio de Relaciones Exteriores
No. 001597
Sello/estampilla 10 Firma
Qv.e\-Ac'O"
Q . .
L) Q& Firma Ilegible
& m
E 3 Kazutoyo OYABE
Z 2 el Ministre de Relaciones Exteriores
% )
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DESCRIPTION

UDP-GLUCURONYL TRAMSFERASE AMD POLYIMUCLEQTIDE ENCODING
THE SAME

FIELD OF THE INVENTION
The present invention relates tc 2a UDP-glucuronosyliransfezrase, a
polyrucleatide encoding the same, 1 vector containing the came, a transformant, and

SO on.

BACKGROUND OF THE INVEMTION

Polyphenolic plant secondary metabolites including flavonoids and lignans
with a rich dietary experience have attracied attention as functional materials cver
the years due o their functional properties represented by their antiozidative
aciivities, and are already commercially available as health foads.  For example,
quercetin (davonoid), OTPP (avanoid), sesamin (lignan), ete. are reprasentative
materials for healih foods.

The biosynthetic pathway of flavoncids in plant celle has been studied zince
cld times. Blo_,yntlmlc enzymes that catalyze the metabolic pathway and zenes
encoding the enzymes are isolaied, leading to a better understanding of their
molecular mechanisms.

On the other hand, knowledge is insufficient on how the plant secaondary
metabolites would be metabolized to exhibit their functions, after thetr in vivo
uptake.

It is :nown that glycosylation of plant secondary metabolites is generally
catalyzed by an enzyime belonging to the superfamily called
UDP-glycosyliransferase (UGT), irrespective of types of sugars (glncose, rhamncse
ghucuronic acid, galactose, etc.).  Further in the studies of sesamin, the sc—«:ondmy

metabolites are shown to be present in vivo as glucuronides via catechol metabalites.
It is thus considered that the glucuronides would play a part in developing the in vivo
functions of plant secondary metabolites.

It is confirmed that four monoglucuronides are present as the metabolites of
quercetin in mammals (Q-3-GleA, Q-7-GleA, Q-3'-GleA and Q-4'-GleA) (Literature
1: Day, AJ et al. Free Radic. Res. 35, 941-952, 2001, Literature 2: Moon, I H. et al.
Free Radical Biology & Medicine 30, 1274-1285, 2001, Literature 3: OLeary, K. A
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et al. Biochemical Pharmacolagy 63, 479-491, 2003, and Literature 4: van der
Waoude, H. et al. Chem. Res. Toxicol. 17, 1520-1530, 2004); in crder to understand
these functions in viva it is necessary to obtain a sufficient amount of compounds to
examine their activities. However, any appropriate UDP-glucuronosyltransferace
showing a broad substrate epecificity is unlnown so far, and it waz actually
impossible to chemically synthesize a binding site-specific reaction product.

The radiz of Labiatae Scutellaria baicalensis is called slullcap or "wogon”
in Japanege, and it iz l.nown that 7-glucuronides of highly anticxidative flavones are
accumulated therein.  According to the borderline of pharmaceuticals to
non-pharmaceuticals, the radiz of Sentellaria baicalensis is classified into the
pharmaceuticals (Literature 5 Gao, Z. ¢t al. Biochimica et Biophysica Acta 1472,
643-650. 1999).  To date, Sh7GAT is purified from Labiatae Scutellaria baicalensis
as flavone 7-glucuronosyltransferase; this enzyme acts only on flavones with
substituents such as hydroxyl group at the ortho pasition of the 7-OH flavones
(baicalein, scutellarein, ete.) but does not act on apigenin and luteolin which are the
major flavones and firther not on quercetin which is one of flavonols (Literature 6:
Nagashina S. et al., Phytochemistry 53, 533-538,2000). A gene corresponding to
this Sb7GAT is registered in GenBanl: (Accessicm Mo, AB042277) but its function
remains unconfirmed.

On the other hand, it is nown that flavene 7-glucuranides which are more
diverze than slullcap or "wogon" are accumulated in Perilla frutescens a red-leaf
variety with a dietary experience (Literature 7: Yamazalzi, M. et al. Pl’lytc.chemistly
62, 987-998. 2003),

Literatures:
1. Day, A. J. et al., Free Radic. Res., 35, 941-952, 2001
‘Moon, J. H. et al., Free Radical Biology & Medicine, 30, 1274-1285, 2001
. O'Leary, K. A. et al, Biochemical Pharmacology, 65, 479-491, 2003
4. van der Woude, H. 2t al., Chem. Rea. Toxiesl., 17, 1520-1530, 2004
5. Gao, Z. ¢t al., Biochemica ef Biophysica Acta, 1472, 643-650, 1992
6. Nagashima S. et al., Phytochemistry, 53, 533-538, 2000.
7. Yamazald, M. ei al., Phytochemistry, 62, 927-098, 2003
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DISCLOSURE OF THE INVENTION
PROBLEMS TO BEE SOLVED BY THE INVEMTION
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Under these circumstances, it has been desired to identify a novel
UDP-glucuronosyliransferase having a broader eubstrate specificity and a gene

encoding the same.

MEANS OF SOLVING THE PROBLEM

The present invention has been made in view of the foregoing circumstances

and provides the following UDP-glucuronosyltransferazez and polynuclectides
encoding the 2ame, ag well az vectors bearing the same, transformants, and sc on.

(1) A polynucleatide of any one of (a) through () below:

(a) a polynucleatide comprising a polynucleotide consisting of one
nucleotide zequence selected from the group consisting of the nucleotide sequence at
positions 1 to 1359 in the nucleoiide sequence represented by SEQ ID MO: 4, the
nucleatide sequence at positions 1 6o 1365 in the nucleotide sequence represented by
SEQ ID NO: 10, the nucleotide sequence al pasitions 1 to 1371 in the nucleatide
sequence represented by SEQ ID 110: 12, and the nucleotide sequence at positions 1
to 1371 in the miclentide zequence reprezented by SEQ ID NO: 2

(b) a polynucleotide comprising a polynucleatide enco-:lmg a protein having
one amine acid sequence selected from the group consisting of SEQ ID MOs: 5, 11,
13 and 23;

congisting of an amino acid sequence with deletion, substitution, inzertion and/or
addition of 1 to 15 amine acids in one amino acid sequence selected from the group
consisting of SEQ ID MQs: 5, 11, 13 and 23, and having a
UDP-glucuronosyltransferase activity;

(d) a polymicleatide comprising a palynueleatide encoding a protein having
an amino acid sequence having a homalagy of at least $0% to one amino acid
sequence selected from the group consisting of SEQ ID MOs: S, 11, 13 and 23 and
having a UDP-glucuronosyltransferase activity,

(¢) a polynualeatide comprizing & polyrucleotide encading a protein that
hybridizes wnder siringent condiiions with a polynucleatide consisting of 2
nuclectide sequence complementary to one nucleotide sequence zelected from the
group consisting of the nucleotide sequence at positions 1 to 1359 in the nucleatide
sequence represented by SEQ ID NO: 4, the nucleotide sequence at positions 1 to
13635 in the nucleniide zequence represented by SEQ ID MO: 10, the nucleotide

sequence at positions 1 to 1371 in the nucleotide sequence represented by SEQ ID
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NO: 12, and the nucleotide sequence at lzujsiticms 1 to 1371 in the nucleatide
sequence represented by SEQ ID NO: 22 and has a UDP-glucuranasyltransferase
activity; and,

() a polynucleatide comprising a polynuclentide encoding a protein that
hybridizes under siringent conditions with a polynucleotide conzizting of a
nucleotide sequence complementary to the nucleatide sequence of a palynucleatide
encoding a protein consisting of one amino acid sequence selected from the group
consisting of SEQ ID NOs: 5, 11, 13 and 23, and has a UDP-glucuronosyltransferase
activity.

(2) The polynuclentide according to (1) above, which is any one of (g)
through (j) below:

(g) a polynuclectide comprising a polynucleotide encoding a protéin
consisting of an amine acid sequence with deletion, substitution, inserticon and/or
addition of not greater than 10 aming acids (i.e. 0-10 aming acids) in one amino acid
sequence selected from the group consisting of SEQ ID MOs: 8, 11, 13 and 23, and
having a UDP-glucuronosyltransferase activity;

(h) a polynucleotide comprising a polynucleotide encoding a pratein having
an amino acid sequence having a homology of at least 90%% to one amina acid
sequence selected from the group consisting of SEQ ID MOs: 5, 11, 13 and 23, and
having a UDP-glucuronasyltransferase activity,

(i) a polynuclentide comprising a polynucleotide encoding a protein that
hybridizes under high stringent conditions with a polynucleatide conzizting of a
nuclectide sequence complementary to one nucleotide sequence selected from the
group consisting of the nuclentide sequence at positions 1 to 1359 in the nucleatide
sequence represented by SEQ ID WO 4, the nucleotide sequence at positions 1
1365 in the nucleatide sequence represented by SEQ ID MNO: 10, the micleatide
sequence at positions 1 (o 1371 in ithe nucleotide sequence represented by SEQ 1D
NO: 12, and the micleniide sequence at positions 1 to 1371 in the nucleatide
sequence represented by SEQ ID WO 22, and has a UDP-glucuronasyliransferase
activity; and,

() a polynuclesiide comprising 2 polynucleotide encoding a protzin that
hybridizes under high stringent conditions with a polynucleotide consisting of a
nuclestide sequence complementary io the micleatide sequence of a polynucleotide
encoding a protein consisting of one amino acid sequence selected from the group

snsisting of SEQ ID 10s: 5, 11, 13 and 23, and has a UDP-glucuronosyliransferas
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(3) The polynucleotide according to (1) above, which comprises a
polymucleotide consisting of the nucleotide sequence at pasitions 1 to 1359 in the
nucleotide sequence represented by SEQ ID NO: 4.

(1) The polynucleotide according to (1) above, which comprises a
polynucleotide consisting of the nucleatide sequence at positions 1 t0 1365 in the
nucleotide sequence represented by SEQ ID NO: 10.

(5) The polynuclesiide according to (1) above, which comprises a
palynucleotide consisting of the nuclectide sequence at positions 1o 1371 in the
mcleatide sequence represented by SEQ ID NO: 12,

(6) The polynuecleotide according to (1) above, which comprises a
polynucleotide consisting of the nuclentide sequence at positionz 1 to 1371 in the
nuclentide sequence represented by SEQ ID NO: 22

(7) The polynucleotide according to (1) above, which comprises a
polynuclestide encoding the protein consisting of the amino acid sequence
represented by SEQ ID NO: 5.

(8) The polynucleotide according to (1) above, which comprises a
polynuclectide encoding the protein consisting of the amino acid sequence
represented by SEQ ID NO: 11.

(9) The polynuclestide according to (1) above, which comprises a
pelynucleciide encading the protein consisting of the aming acid sequence
represented by SEQ ID NO: 13.

(10) The polynuclentide according to (1) above, which comprises a
polymuclentide encading the protein consisting of the amino acid zequence

represented by SEQ ID NO: 23.

(11)  The polynucleoiide aceording io any one of (1) to (10) above, which
is a DNA.

(12) A protein encoded by the polynuclectide according to any ane of (1)
to (11) above.

(13) A vector comprising the polynucleoiide according to any cne of (1) to
(11) above.

(14) A transformant, wherein the polynuclectide according to any one of
(1) to (11) above is introduced.

(15) A transformant, wherein the vector according to (12) above 1s

introduced.

22
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(16) A methad for producing ihe protein of claim 12, which comprises
using the transformant according to (14) or (15) above.

(17) A methad for producing a glucuronide, which corprises forming the
glyeuronide from UDP-glucuronic acid and a flavonoid using the protein according

to (12) above as a catalyst.

ADVANTAGEQUS EFFECT OF THE INVENTION

The polynucleatide of the present invention is useful for the production of a
novel UDP-glucuronosyliransferase by introducing the polynucleotide into, e.g., a
wransformant.  In a preferred embodiment of the invention, the
UDP-glucuronosyliransferase has a broad substrate specificity and an activity of

glucuronidation of diverse glycosyl acceptor substrates.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows alignmenis of the amino acid sequences of AmUGTcg10
derived from Antirthinum majus, SIUGT derived from Scutellaria lagteviolacea v.
yal:uzimensis, PAUGTS0 derived from Perilla frutescens a red-leaf variety and
Sb7GAT derived from Scutellaria baicalensis.

FIG. 2 shows the rezults of analysis on the specificity of glycosyl acceptor
substrates for PUGTSO0.

FIG. 2 shows the rezults of analysis on the specificity of glycozyl acezptar
substrates for SIUGT.

FIG. 4 shows the results of analysis on the specificity of glyeosyl acceptor
substrates for AmUGTegl0.

FIG. 5 showe the resulis of analysis on the specificity of glycosyl acceptor
substrates for SILIGT23,

FIG. & shows the results of LC-MS analyzis n the products in the reaction
solution of SIUGT and SC1, wherein the arrows denote the praducts.

FIG. 7 shows the reailiz of MS analysis on the products in the reaction of
SC1 and SIUGT1.

FIG. & shows the resultz of LC analyziz on the producis in the reaction of

quercetin and SIUGT1.

Sequence Listing Free Text:
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SEQIDNO: 1
SEQ ID NO:.
SEQ ID NQ: &

SEQ ID NO: 7

SEQIDNO: &

SEQIDNOQ: 9

SEQ ID NO: 14
SEQ ID NO: 15
SEQ ID NO: 16
SEQ ID NO: 17
SEQ ID NO: 18
SEQ ID NO: 19
SEQ ID NO: 20
SEQ ID NO: 21
SEQ ID NO: 24
SEQ ID NOQ: 25

Q]

synthetic DNA
synthetic DNA
synthetic DNA
syithetic DNA
aynthetic DNA
synthetic DNA
synthetic DNA
synthetic DNA
synthetic DNA
synthetic DNA
synthetic DNA
synthetic DNA
synthetic DNA
synthetic DNA
synthetic DNA
synthetic DNA

2

BEST MODE FOR CARRYING OUT THE INVENTION
Hereinafter, the UDP-glucuronosyliransferases of the invention, the
polynucleatide encoding the same, the vector bearing the same, the tranzformant and

so on are described in detail.

1. Polynuclectide of the invention

First, the preseat invention provides (a) a polynuclectide (specifically a
DNA, hereinafter sometimes merely refared to az "DMA") comprising a
polynucleotide conzisting of one mucleatide sequence selected from the group
consisting of the nucleotide sequence at positions 1 to 1359 in the nucleotide
sequence represented by SEQ ID NO: 4, the ncleatide sequence at positions 1 0
1365 in the nucleaiide sequence represented by SEQ ID MO: 10, the nucleotide
sequence at positions 1 60 1371 in the nucleatide sequence represented by SEQ ID
MO: 12, and the micleotide sequence at positions 1 to 1371 in the nuclectide
sequence represented by SEQ ID MO: 22: and (b) a polynucleatide comprising a
polynucleatide encoding a protein having one amino acid sequence selected from the
group consisting of SEQ IDNOS: 5,11, 13 and 23, The DMNA targeted in the

present invention is not limited only to the DNA encoding



UDP-zlucuronosyliransferase described above but also includes ather DMAs
encading a protein funciionally equivalent to this protein.  The functionally
equivalent protein is, for example, (¢) a protein consisting of an amind acid sequence
with deletion, substitution, insertion and/or addition of 1 to 15 aming acids in one
aming acid sequence selected from the group consisting of SEQ ID NOz: 5, 11, 13
and 23, and having a UDP-glucuronosyliransferase activity.  Snch a protein
includes a protein consisting of one aming acid sequence selected from the graup
consisting of SEQ ID NOs: 5, 11, 13 and 23 wherein 1 to 15, 110 14, 11013, T 12,
1to11, 1010, 109, 1ws, 17, 1iod (1 toseveral), 1to S, 1t04, Tto3, 102
or 1 amino acid(s) is/are deleted, substituted, inserted and/or added and having the
UDP-glucuronosyliransferage activity.  In general, the number of deletions,
substituticns, insertions, and/or additions ig preferably smaller.  Such prateins
include a proten havmu an amina acid sequence having a homology of
approzimately 0% or higher, $1% or higher, 22% or higher, 23% or higher, 84%% or
higher, 85% or higher, 36% cr higher, $7% or higher, 38% ar higher, 39% or higher,
90% or higher, 91% or higher, 92% or higher, 93% or higher, 94% or higher, 95% or
higher, 9% or higher, 97% or higher, 98% or higher, %9% or higher, 99.1% or

higher, 99.2% or higher, #9.3% or higher, 99.4% or higher, 99.5% or higher, 99.6%

g - -

/

or higher, 99.7% or higher, 99.3% ar higher, or 99.9% or higher, to one aming acid
sequence selected from the group consisting of SEQ ID NQs: 5, 11, 13 and 23, and
having the UDP-glucurconasyltransferase activity.  As the hon'u::logy percentage
described above is higher, the protein is preferred in general.

As used herein, the term "UDP-glucuronoszyltransferaze activity” refers to an
activity of catalyzing the reaction that involves the glucuronidation of hydraozyl
groups in flavonoids, stilbenes, liznans, etc. (glhcuronidation of, .., 2 flavone at the
position 7-OH) to form glucuronides.

The UDP-glucuronosyliransferase activity can be assayed by reacting, for
ezample, UDP-glucuranic acid with a glycosyl acceptor substrate (e.g., a flavone) in
the prezence of an encyme to be assayed and analyzing the reaction product by
HPLC (cf., EXAMPLES described below for more details).

The present invention further includes () a polynuclectide comprising a
polynucleotide encoding a protein that hytridizes under stringent conditions with a
polynuclectide consisting of a micleotide sequence complementary to one miclectide
sequence zelected from the group consisting of the nuclestide sequence at positions 1

to 1359 in the nucleatide sequence represented by SEQ ID NO: 4, the nucleotide



15

20

L8]
D

sequence at positions 1 to 1365 in the nucleotide sequence represented by SEQ ID

NO: 10, the nuclentide sequence at positions 1 to 1371 in the nucleatide aec

(u
s}
ot
o
[}
=
)

e
represented by SEQ ID NO: 12, and the micleotide sequence at pasitions 1 to 1371 in
the nucleotide sequence represented by SEQ ID NO: 22, and has the
UDP-glucurancsyliransferase activity; and (f) a polynucleotide comprising a

polymuclentide encoding a protein that hybridizes vader siringeni conditions with a
polymiclentide consisting of a nuclentide sequence complementary to the nucleatide
sequence of a polynucleotide enco«:ling a protein consisting of one aming acid
sequence selected from the group consisting of SEQ ID NOs: 5, 11, 13 and 23, and
has the UDP-glucuronasyliransferase activity.

As usad herein, the "polynucleatide” refers to a DMNA o RMNA.

As used herein, the term "polynueclentide that hybridizes under stringent
conditions" refers (o, for example, a polynuclectide abtained by colony
hybridization, plaque hybridization, Southern hybridization or the lile, vsing as a
probe all or part of a polynuclentide consisting of a nucleotide sequence
complementary to one nucleotide sequence selected from the group consisting of the
micleotide sequence at positions 1 to 1359 in the micleotide sequence represented by
SEQ ID NO: 4, the nucleotide sequence at positions 1 to 1365 in the micleotide
sequence represented by SEQ ID NO: 10, the nuclentide sequence at positions 1 to
1371 in the nucleotide sequence represented by SEQ ID NO: 12) and the nucleatide
sequence at positions 1 to 1371 in the nucleotide sequence represented by SEQ ID
NO: 22 or a polynucleotide consisting of a nucleotide ser 4.1 ence complementary to
the nuclentide sequence of a polynucleatide encoding one aming acid sequence
selected from the group consisting of SEQ ID NOs: 5, 11, 15 and 23, The
hybridization method may be a method described in, for example, Sambroal: &
Russell, Malecular Cloning: A Laboratory Manmual Vol. 3, Cold Spring Harbaor,
Laboratory Press 2001, Ausubel, Current Protocals in Molecular Biology, John
Wiley & Sans 1987-1997, etc.

Ax used herein, the "stringent conditions" may be any of low-stringent
conditions, medivm-stringent conditions or high-stringeint conditions.  The
"low-stringent conditions" are, for example, 5= SSC, 5 Denhardt's solution, 0.5%
SDS, 50% formainide and 32°C.  The “meclium-stringent conditions" are, for
example, 5% SSC, 53 Denhardt's solution, 0.5% SDS, 50% formamide and 42°C
The "high-stringent conditions" are, for ezample, 52 SSC, 5 Denhardt's solution,

0.5% SDS, 50% formamide and 50°C.  Under these canditions, as the temperature
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is higher, a DNA with higher homology is expected (o be obtained efficiently at
higher temperature, although multiple factars are involved in the hybridization
stringency including temperature, probe concentration, prabe length, 1onic strength,
time, salt concentration and the lile,  Those skilled in the art may realize zimilar
stringency by appropriately selecting these factors.

When a commercially available Lt is used for hybridization, for example,

All:phos Direct Labeling Reagents (manufactured by Amersham Pharmacia) can be

used. In this case, according to the attached protocol, a membrang is incubated with

a labeled probe overnight, the membrane is washed with a primary wash buffer
containing 0.1% (v/v) SDS at 55°C and the hybridized DNA can then be detected.
Other polynuclentides that can be hybridized include DNAs having a
homalogy of approximately é0% or higher, approximately 70% or higher, 71% or
higher, 72% or higher, 73% ar higher, 74% or higher, 75% or higher, 76% or higher,
77% or higher, 78% or higher, 79% or higher, 80% or higher, $1% ar higher, 82% or

higher, $3% or higher, 34% or higher, 85% or higher, 36% or higher, 87% or higher,

$3%% or higher, 9% or higher, 90% or higher, 91% or higher, 92% or higher, 93% or
higher, 94% or higher, 93% or higher, 96% or higher, 97% or higher. 98% or higher,
99% or higher, 99.1% ar higher, 99.2% or higher, ©2.3% ar higher, 99.4% or higher,
99.5% or higher, 99.¢% ar higher, 99.7% or higher, 99.5% or higher or 99.9% or
higher, to a DA encoding one nucleotide sequence selected from the group
consisting of the nucleotide sequence at positions 1 to 1359 in the mcleotide
sequence represented by SEQ ID NO: 4, the micleotide sequence ai positions 1 to
1365 in the nucleatide sequence represented by SEQ ID NO: 10, the nuclentide
sequence at positions 1 to 1371 in the nuclestide sequence represented by SEQ ID
NO: 12 and the nucleatide sequence at positions 1 to 1371 in the nucleotide sequence
represented by SEQ ID MO: 22, ar one aming acid sequence selected from the group
conzisting of SEQ ID NOs: 5, 11, 13 and 23, as calculated by homalogy search
softviare, such as TASTA and BLAST uvsing default parameters

Homology between amino acid sequences or miclectide sequences can be
determined by using algorithm BLAST by Karlin and Altzchul (Proc. Matl. Acad.
Sci. USA, §7: 2264-22a8, 1990; Proc. Matl. Acad. Sci. TTSA, 90: 5873, 1993).
Programs called BLASTM and BLASTX based on BLAST algorithm have been
developed (Alisclul, S. F. et al., J. Mol. Bial,, 215: 403, 1990).  When a micleotide
sequence i3 sequenced using BLASTH, the parameters are, for example, score =100

and word length = 12, When an amino acid sequence is sequenced using BLASTX,
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the parameters are, for example, score = 50 and word length =3, When BLAST
and Gapped BLAST programs are uzed, default parameters for each of the programs
are employed.

The polynucleotide of the invention described above can be acquired by

l:nown genetic engineering means or known synthetic means.

2. Protein of the invention

In a further embodiment, the present invention also provides the protein

ncoded by any one of the polynucleotides (a) through (f) described above.  The

protein of the invention which is preferred is a protein consisting of an amino acid
sequence with deletion, substitution, insertion and/or addition of 1 to 15 aming acids
in one aming acid sequence zelected from the group consisting of SEQ ID NOs: 5,
11, 13 and 23, and having a UDP-glucuronosyltransferase activity.  Such a protein
includes a protein consisting of an amino acid zequence wherein amino acid residues
wiih the number dezcribed above are deleted, substituted, inserted and/or added in
cne amino acid sequence selected from the group consisting of SEQ ID NOs: 5, 11,
13 and 23 and having the UDP-glucuronasyliransferase activity.  The protein alsa
includes a protein having the aming acid sequence having the homology described
above to one aming acid sequence selected from the group consisting of SEQ ID
NOs: 5, 11, 13 and 23 and having the UDP-glucwn:-ru:vs.yll'ransfemse activity.  Theze
proteins may be obtained by using site-directed mutagenesizs described in Sambrool:
& Russell, Molecular Cloning: A Laboratory Manual, Vol 3, Cald Spring Harbaor,
Laboratory Prase 2001, Ausubel, Current Protocols in Molecular Biology, John
Wiley & Sons 1987-1997, Muc. Acidz Res., 10, 3487 (1982), Proc. Mail. Acad. Sci.
USA, 75, 6400 (1652), Gene, 34, 315 (1985), Muc. Acids Res., 13, 4431 (1925),
Proc. Natl. Acad. Sci. USA, 82, 488 (1985), et

The deletion, substitution, insertion and/or addition of one or more amino
acid residues in an amino acid sequence of the protein of the invention means that
one or a plurality of amino acid residnes are deleted, substituted, inserted and/or

added ai one or a plurality of positions in the same amino acid sequence.  Twao or
more types of deletion, substituiion, nsertion and addition may occur concurrently.
E:xamples of amino acid residues which are mutually subatitutable are given
below. Amino acid residues in the same group are nwtually substitutable.
Group A: leucine, isalencine, norlsucine, valing, norvaline, alanine,

-aminobutaneic acid, methionine, o-methylserine, (-butylglycine, t-butylalanine and
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cyclcvhe;-;ylalanine; Group B: aspartic acid, zlutamiz acid, iseaspartic acid,

soglutamic acid, 2-aminoadipic acid and 2-aminosuberic acid, Group C: asparagine
and zlutamine; Group D: lysineg, arginine, ornithine, 2,4-diaminobutanaic actd and
2,3-diaminopropicnic acid; Group E: proline, 3-hydroxyproline and
4-hydroxyproling; Group F: serine, threonine and homoserine; and Group G
phenylalanine and tyrosine.

The protein of the present invention may also be produced by chemical
synthesis methods such as the Fmoc method (fluorenylmethylo=ycarbonyl method)
and the tBoc methad (t-butyloxycarbonyl method).  In addition, peptide
synthesizers available from Advanced ChemTech, Perl:in Elmer, Pharmacia, Protein
Technolagy Instmment, Synthecell-Vega, PerSeptive, Shimadzu Corp., etc. may alao
be used for the chemical synthesis

Herein, the protein of the invention is a UDP-glucuronosyltransferase.  The
term "UUDP-glucuranaosyliransferase” catalyzes the reaction of tranzferring the
glucuronyl group from UDP-glucuronic acid as a glycosyl donor onto a glycosyl
acceptor substrate o form the glucuronide and UDP.  In the present invention, the
glycosyl acceptor substrate is, for example, a flavonoid, a stilbene and a lignan.

The flavonoid includes flavones, flavonols, flavanones, 1soflavones, flavone
C-glycosides, aurones, cateching, and the lille.  Among them, examples of the
flavanes include baicalein, scutellarein, apigenin, lutenlin, tricetin, diosmetin,
chrysceriol, etc. Examples of the flavonols include quercetin, myricetin,
kaempferol, ete.  An example of the flavanones i3 naringenin. - Examples of the
isoflavones are genistein, daidzein and formenonetin, - Examples of the flavone
C-glycosides include vitexin, izovitezin and orientin.  An example of the aurones is
aureusidin.  Examples of the catechins are catechin and epigallocatechin gallate.

The stilbene includes resveratrol and itz glycoside piceid, etc.

The lignan includes (+)-pinoresinol, (--)-piperitol, (+)-sesaminol,
(--)-secaisolariciresinal, (+)-sesamin catechal 1) (SC1), (-)-sesamin catechol 2
(SC2), (+)-episesamin catechol 2 (EC2), matairesinal, etc.

For example, the UDP-glucuronozylivanzferase having the amino acid
sequence of SEQ ID MNO: 5 (PIUGTS0) shows the aciivity when the glycosyl
acceptor substrate iz a flavonaid such as baicalein, apigenin, scutellarein, luteolin,
tricetin, diosmetin, chrysoeriol, quercetin, myricetin, kaempferol, naringénin,
aurcucidin, etc., a stilbene auch as reaveratrol, etc., a lignan such as SC1, etc., and

shows a patent activity as compared to other glyeasyl acceptor substrates, especially
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when the glycosyl acceptor subsirate i3 baicalein, apigenin, scutellarein, luteolin,
tricetin, Jdiosmetin, chrysoeriol, quercetin and aureusidin.

The UDP-glucuronosyliransferase having the amino acid sequence of SEQ
ID MO: 11 (SIUGT) shows the activity when the glycozyl acceptor subsirate is a
flavoncid such as baicalein, apigenin, scutellarein, luteolin, tricetin, diosmetin,
chrysoeriol, quercetin, laempferol, naringenin, genistein, daidzein, fornmnonr:tin,
myriceting ete., a coumaring such as esculetin, etc., a stilbene such as resveratrol, €
a lignan auch as SC1, SC2, EC2, ete., and shows a potent activity as compared to
other glycosyl accepior substrates, especially when the glycosyl accepior substrate is
baicalein and apigenin.

The UDP-glucuronosyliranzferase having the aming acid sequence of SEQ
ID NO: 12 (AmUGTeg10) shows the activity when the glycosyl acceptor substrate 1s
a flavonoid such as baicalein, apigenin, scutellarein, luteolin, tricetin, diosmetin,
chrysoericl, quercetin, kaempleral, naringenin, avrensidin, etc., a stilbene such as
resveratrol, ete., and shows a potent activity as compared (o other glycosyl acceptor
substrates, especially when the glycosyl acceptor substrate is a flavonoid such as
baicalein, apigenin, scutellarein, lntealin, tricetin, diosmetin, chrysoerial,
kaempferol naringenin, ete.

The UDP-glucuroncsyltranaferase having the aming acid sequence of SEQ
ID NOQ: 23 (SiUGT23) shaws the activity when the glycosyl acceptor substrate 1s a
flavonoid such as baicalein, apigenin, sentellarein, luteolin, tricetin, diosmetin,
chrysoeriol, isovitexzin, quercetin, aempfercl, naringenin, aureuzidin, formononetin,
etc., a coumarine such az esculetin, etc., a stilbene such as resveratrol, etc., and
shows a potent activity as cmnpared to other glycosyl acceptor substrates, especially
when the glycosyl acceptor substrate is a flavonoid such as baicalein, scutellarein,

luteolin, tricetin, kaempferal, aureusidin, ete.

3. Vector and transformant bearing the same
In another embodiment, the present invention provides the expression vector
comprising the polynucleotide of the present invention.  The vector of the invention

comprises any one of (a) through (f) dezcribed abave.  Preferably, the 17-:1)1b$Sl¢-n
More preferably, the expreszion vector of the invention comprises a polymu:lec-tide
comprising on pulynm.lwmle selected from the group consisting of a

polynuclestide consisting of the nucleotide sequence at pozitions 1t 1359 in the
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nucleatide sequence represented by SEQ ID NO: 4, a polynucleatide consisting of
the nucleotide zequence at positions 1 to 1365 in the nuclentide zequence represented
by SEQ ID NO: 10, a polynuclectide consisting of the nucleatide sequence at
paositions 1 to 1371 in the nucleotide sequence represented by SEQ ID MO: 12 and a
polynueleotide conzisting of the nucleatide sequence at positiona 1o 1371 in the

nucleotide sequence reprezented by SEQ ID MO: 22, or ane polynuclectide selected

%]

from the group congisting of a polynucleatide encoding a protein conzisting of the
amino acid sequence of SEQ ID MO: 5, a polynucleatide encading a protein
consisting of the amino acid sequence of SEQ ID NO: 11, a polynucleatide encoding
a protein consisting of the amino acid sequence of SEQ IDNO: 13 and a
polynucleatide encoding 3 protein consisting of the amine acid sequence of SEQ ID
NO: 23.

The vector of the invention is generally constructed to contain an &xzpression
cassette comprising (1) a promoter that can be transcribed in a host cell, (i) any of the
polynucleotides deseribed in (a) to (§) above that is linled to the promater, and (iii) a

signal that functions in the host cell with respect to the transcription termination and
polyadenylation of RNA molecule.  The vector thms constructed 1z introduced into a
host cell.  To construct the expression vector, methods using a plasmid, phage or
cosmid are used but are not particularly limited.

Speciﬁc types of the vecior are not particularly limited, and vectors capable

of expressing in a host cell can be suitably selected.  That is, a suitable promoter
sequence may be chosen depending upon the type of the host cell to reliably express
the polynucleatide of the invention, and a vecior obtained by incorporating thig
sequence and the polynucleotide of the present invention into various plasmids or the
lilze may be used as an expression vector.

The expression vector of the present invention contains an ezpression
contral region (for example, a promoter, a terminator, and/or a replication origin,
ctc.) depending on the type of a host to be introduced. A conventional promoter
(for example, tre promoter, (ac promoter, lac promoter, ete.) is used as a promoter for
a bacterial expression vectar.  As a promioter for yeast, there are used, for ezample,
a glyceraldehyde 3-phosphate delydrogenase promoter, PHOS promater, etc.  Asa
promoter for fungi there are used, for example, amylase, trpC, ete.  Additicnally. a
viral promoter (¢.g., SV40 early promoter, SV40 late promoter, etc.) is used as a
promoter for animal-derived host cell.

The expression vector preferably contains at least one selective marlzer.
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The marker available includes an auxotrophic marker (uraS, niaD), a drug-resiztant
marlzer (hygromycin, zeocin), a geneticin-resistant marler (G418r), a
copper-resistant gene (CUP1) (Marin et al., Proc. MNatl. Acad. Sci. USA, §1, 337,
1934), a cerulenin resistant gene (fas2m, PDR4) (Junjt Inoloshi et al., Biochemistry,
64, 660, 1992; and Hussain et al., Gene, 101; 149, 1991), and the lile

The present invention provides the tranaformant in which the polynucleotide
described in any of (a) to () above is introduced.

A method of preparing (method of producing) the ransformant is not
particularly limited and includes, for example, a method which comprises
introducing the recombinant vector into a hoat followed by transformation.  The
host cell used herein is not particularly limited and various lnawn cells may be
preferably used.  Specific examples are bacteria such as Escherichia coli, etc., yeast
(budding yeast Saccharomyces cereviziae, fizzsion yeast Schizazaccharamyces
pombe), nematode (Caenorhabditis eleganz), oocyte of African clawed frog
Xenopus laevis), ete.  Culture media and conditions suitable for the host cells
above are well Lnown in the art.  The organism to be transformed s not particularly
limited, and includes various microorganisms, plants and animals given as examples
of the host cells above.

For transformation of the host cell, there may be used generally known
methods.  For example, meihods that can be used include but not linited to the
electroporation method (Maclznzie D. AL et al., Appl. Environ. Micrabial,, 66,
4a55-46¢1, 2000), the particle delivery method (method described in JPA
2005-257403 "Method of Breeding Lipid-Producing Fungus"), the spheroplazt
method (Proc. Natl. Acad. Sci. USA, 75: 1929 (1978)), the lithium acetate method (J.
Bacteriology, 153: 143 (1923)), and methads described in Proc. Matl. Acad. Sci.
USA, 75: 1929 (197%), Meihods in yeasi genetics, 2000 Edition: A Cold Spring
Harbor Laboratory Course Manual, etc.

4. Method of producing the protein of the invention
L yet another embodiment, the present invention provides a method of
producing the protein of the prezent invention using the transformants dezcribed
above.
Specifically, the protein of the invention may be obtained by isolating and
purifying the protein of the iivention from the culiwre of the transformant described

above.  Asused herein, the culiure refers (o any one of a culture brath, cultured
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bacteria or cultured cells, and the homogenate of culiured bacteria or cultured cells.
Conventional methods may be used to isolate and purify the protein of the invention.

Specifically, when the protein of the invention accumulates within cultured

‘bacteria or within cultured cells, a crude extract of the protein of the invention may

be obtaiued by culturing the bacteria or cells, then dismipting the bacterial or cells
using a conventional technique (e.z., ultrasonication, lysozymes, freezing and
thawing, etc.) and applying a conventiomal method such as centrifugation or
filtration.  When the protein of the invention is accumulated in the culture broth, the
culture supernatant containing the protein of the invention cai be abtained, after
completion of the incubation, by separating the hacteria or cells from the anlture
supernatant in a conventional manner (&.g., centrifugation, filtration, etc.).
Purification of the protein of the invention contained in the extract or culture
supernatant obtained az described above can be performed by a conventional method
of separation and purification.  The separation and purification methods including
ammonium sulfate precipitation, gel filtration chromatography, 1on exchange
chromatography, affinity chromatography, reversed phase high performance liquid
chromatography, dialyzis, and ultrafiliration, etc. may be vsed singly or in a suitable

combination.

5. Method of producing the glucuronide

The present invention further provides a method of praducing the
ghicuronide using the protein of the preseat inveniion.  The protein of the invention
catalyzes the reaction of tranzferring the glucuronic acid from UDP-glucuronic acid
to a glycosyl acceptor subsirate (€., a flavonoid, a atilbene or a lignan) and
therefore, the glucuronide can be produced from the glycosyl acceptor substrate and
UDP-glucuronic acid by using the protein of the invention.  The glycoayl acceptor
substrate is preferably a flavonoid.

The glucuronide can be produced, for example, by preparing a solution
containing 1 mM glycosyl acceptor substrate, 2 mM UDP-zlucuranic acid, S0 mM
calcium phosphate buffer (pH 7.5) and 20 pM of the protein of the invention is
prepared and reacting them at 30°C for 30 minutes.  The glucuronide can be
isolated/purified from this solution by known methods.  Specifically, e.g.,
ammonium sulfate precipitation, gel filiration chromatography, ion exchange
chromatography, affinity chromatography, reversed phasze high performance liquid

chromatography, dialysis, ultrafiltration, etc. can be used alone or in an appropriate
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combination.
The glucuronide thus obtained is useful as a reagent for inspecting the in
vivo functions, an antioxidant, etc. (Gao, Z., Huang, K., Yang, X, and Xu, H. (1999)

Biochimica et Biophysica Acta, 1472, 643-650).

The present invention is described in more details with reference to
EXAMPLES below but is not deemed to be limited thereto.

EXAMPLE 1
1. Outline of EXAMPLE 1

In this EXAMPLE, Sb7GAT homologue gene (SIUGT) was cloned from
Scutellaria lagteviolacea v. yalmsimensziz by PCR and nzing this gene as a probe, it
was attempted to izolate 7-glucuronosyltransferaze of the flavonoid from the cDNA
library of Perilla frutescens a red-leaf variety, which accumulates the 7-glucuronide
of flavonoid.

As a result of screening, PAUGTS0 having an activity to tranzfer the
glucuranic acid to the 7-hydroxy group of a flavone was identified in
glycosyltransferase POJGT derived from Perilla frutescens a red-leaf variety.  This
PfUGTS0 had the glucuronosyl ransfer activity not only to flavones such as
baicalein, sontellarein, apigenin, luteslin, etc. but also to quercetin which 1s a
flavonol.  Accordingly, the use of POUGTS0 enables to glucuronidate the 7-position
of varicus flavonoids including flavones in vivo.

Also, SIUGT derived from Scutellaria lagteviolacea v. yalmsimensis, which
was isolated as a screening probe, showed the glucuronosyl transfer activity to
various flavonaids. Suuphulm ae Antirrhinum majus was also searched for
UGT (UDP- glucuranosylirans [lmsL) highly homologous to PRUGTS0 and SIUGT to
identify AmUGTecgl0 as UGT from Antirrhinum majus.  The AmUGTegl0 protein
expressed in Escherichia coli, which is UGT derived from Antirrhinum majus,
showed the glucuronosyl transfer activity to apigenin, quercetin and naringenin. Tt
was therefore shown that PEUGTS0 from Perilla frutescens a red-leaf variety, SIUGT
from Scutellaria lactevinlacea v. yakusimenszis and AmUGTegl10 from Antirrhinum
majus described above had the activity (o ransfer the 7-glucurcnic acid of
flavonoids.

2. Isclation of glucosyliransferase gene from the Perilla frutescens cDMA library

(1) Preparation of probe
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The molecular biological method nsed in this EXAMPLE was in accordance
with the methad described in Molecular Cloning (Sambrool: et al, Cold Spring
Harbour Laboratory Press, 2001), unless otherwise indicated in detail.

After total RNA wag extracted from the radiz of Sentellaria laeteviolacea v.
yalusimensis using RNeasy Plant Mini Kit (QLAGEN), SuperSecript ™ First-Strand
Synthesis System for RT-PCR (Invitrogen Corp.) was used under the conditions
recommended by the manufacturer to synthesize cDNA from 1 pg of total RNA.
Based on the sequence of Sh7GAT from Scutellaria baicalensis (GenBanl: accession
No. AB042277), primer-Fw (SEQ ID MO: 1) and primer-Rv (SEQ ID MO: 2) were
designed. Using the primers, PCR was performed using as a template cDMA from

Scutellaria lagteviolacea v. yalmsimensis,

SEQ ID NO: 1: SIUGT-Fw: 3“AAACATATGGCGGTGCTGGCGAAGTTC-3' (the
underlined is the Ndel site)

SEQ ID NO: 2: SIUGT-Rv: 5-TTTTGATCATTAATCCCGAGTGGCGTGAAG-3
(the underlined is the Bcll site)

Specifically, the PCR solution (50 pl) was composed of 1 ul of cDMA
(Scutellaria laeteviolacea v. yalmsimensis), 1 = Taq buffer (TaKaRa), 0.2 mM
dNTPs, 0.4 pmol each/pl of the primers (SEQ ID MOz: 1 and 2) and 2.5 of rTag
polymerase. PCR was performed by reacting at 94°C for 3 minutes and then
amplified for 30 cycles with each cycle consisting of reacting at 94°C for a minute,
53°C for a minute and 72°C for 2 minutes.

The amplified fragment was inserted into the multicloning site of
pCR-TOPOII vecior (Invitrogen), and the nucleatide sequence of the inzerted
fragment was determined by the primer wall:ing methad using synthetic
oligonucleotide primer with DMA Sequencer Madel 3100 (Applied Biosystems).
As a result of the analysis on the nucleotide sequence obtained by CLUSTAL-W
Program (MACVECTOR 7.2.2 software, Accerly Corporation), it was confirmeid
that the partial sequence of UGT from Scutellaria lactevialacea v. yalusimenesis
highly hemaologous to Scutellaria baicalenziz was obtained (SEQ ID MO: 3).  This
UGT from Scutellaria laeteviolacea v. yalzimenais was used as a template for the
screening probe in the form of SIUGT partial sequence.

The fragment obtained by RT-PCR was labeled by using the

Mon-Radicisoiope DIG-Hucleic Acid Detection System (Roche Diagnostiss) in
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accordance with the conditions recomimended by the manufacturer.  Specifically,
the PCR solution (50 pl) was composed of 1 pl of each ¢cDNA, 1 % Taq buffer
(TakaRa), 0.2 mM dMTPs, 0.4 pmol each/pl of the primers (SEQ ID NMOs: 1 and 2)
and 2.5U of rTaq polymerase.  PCR was performed by reacting at 94°C for S
minutes and then amplified for 30 cycles with each cycle cansisiing of reacting at
94°C for a minute, 52°C for a minute and 72°C for 2 minutes.  After the SIUGT
fragment was confirmed to be labeled by agarose electropharesis, this DIG-labeled
fragment wa3s used for the following experiment az a probe for hybridization.

(2) Hybridization

Using the SIUGT probe described above, the cDNA library derived from
Perilla frutescens (species: alia-chirimen-jiso or red-leaved perilla)
(Yonelura-Salzalibara, K. et al., Plant Cell Physiol. 41, 495-502. 2000) was screened
by using the Mon-Radioizotope DIG-Mucleic Acid Detection System (Roche
Diagnostics) in accordance with the conditions recommended by the manufacturer.

A hybridization buffer (5 = SSC, 30% formamide, 50 mM sodium lal'ndslallzlte
buffer (pH 7.0), 1% SDS, 2% blocking reagent (Roche), 0.1%% lauroylsarcosine and
80 g/ml galmon zperm DMA) was used for prehybridization at 40°C for an hour, and
the denatured probe vz then added, followed by incubation overnight.  The
membrane was rinzed in 4 » SSC wash buffer containing 1% SDS at 53°C for 30
minutes. Approximately 1 10° pfi plaques were screened to obtain 300 positive
clones.

3) Gene identification

The pasitive clones were purified to a single plague by secondary screening.
Using a primer pair of M13RV and M13M4 (-20), the inserted fragment was
amplified to determine the DNA sequence of the inserted part.  Using the putative
amino acid sequence deduced based on the determined DNA sequence, database
search wag performed by Blast = (o abtain perilla UGT (PFUGTS0) having high
homology to SIUGT and Sh7GAT (SEQ ID NOz: 4 and 5).

The results of analysis on the abtained fall-length POUGTS0, SIUGT and
SL7GAT on the CLUSTAL-W program (MACVECTOR 7.2.2 software, Accerly
Corporation) strongly suggested that both SIUGT and Sb7GAT were incomplete
ORF (open reading frame) missing the 3'- and 5'-regions.  So, rapid amplification of

cDMA end (hereinafter RACE) was conducted using a Gene Racer Kit (Invitrogen),
3'-regions of SIUGT.  For RACE, ihe following primer sets specific to each SIUGT
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SEQ ID NO: 6: GR-SIUGT-Ryv:

5-TGG GAG GCA AAC CAG GGA TCT CGA CAA
SEQ ID NO: 7: SIUGT-nest-Rv:

5'-AAT CAT CCA AAT CTT TAA GGT
SEQ ID NO: 8: GR-SIUGT-Fw:

5'-“AGA AGG GGT GTG TTC TCC GCT GAG CAA
SEQ ID NO: 9: SIUGT-nest-Fw:

5'-GAA CAG CGG TCA CAG ATT TCT

The nuclentide sequences of the respective amplified products were
determined by the primer walliing method using synthetic oligomicleotide primers to
obtain the SIUGT gene including the full-length ORF and the aming acid sequence
(SEQID NOs: 10 and 11).

In addition to Perilla frutescens and Scutellaria laeteviolacea v.
yalmzimensis, 7-glucuronides of apigenin, which is cne of flavones, are reported also
on Scrophulariaceae, Antirrhinun majus (Harborne, J. B, Phytochemistry, 2,
327-334. 1963).  Since the functionally vnlmown Antirrhinum majus
glucosyltransferase AmUGTegzl0 represenied by SEQ ID NOs: 12 and 13, which
were previously isolated, shows a high homology to PUGTS0 and SIUGT isolated in
this EXAMPLE, AmUIGTcgl0 was also a candidate gene for enzyme analysis (Ona,
E. et al., Proc. Natl. Acad. Sci. USA 103, 11075-11050. 2006).

The alignments of AmUIGTegl0 from Antirrhinum majus, SIUGT from
Scutellaria laetevielacea v. yaluzimensis and PEUGTSO0 from Perilla firutescens
abtained abave are shown in FIG. 1. InFIG. 1, Sb7GAT fram Scntellaria
baicalensis is also inchuded.

3. Bxtraction and purification of flavonoids feom the leaves of Perilla frutescens
(1) Purification of scutellarein 7-glucuranide

Afier 144.4 3 of green-leaved perilla (Toyohaszhi Greenhouse Association in
Aichi) corresponding to 200 leaves were ground into powders in liquid nitragen, the
powders were immersed in 1.5 L of 50% CH;CN and 0.1% HCOOH overnight and
then filtered ihrough a celite pad.  The filtrate was concentrated under reduced
pressure. The concentrate was loaded on 600 ml of CHP-20P and stepwise eluted

twice with 300 ml each of water, 10, 20, 30, 40 and 50% CH,CMN/H20O.  Each
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fraction from 10%-2 to 50%-1 in which elution of polyphenols was observed was
concentrated, frozen and dried, which was subjected to HPLC analysis.  The yield
was 10%-2 (12.1 mg), 20%-1 (52.5 mg), 20%-2 (122.4 mg), 30°%-1 (227.5 mg),
30%-2 (262.8 mg), 40%-1 (632.4 mg), 40%-2 (192.0 mg) and 50%-1 (113.2 mg).
Inn the 40%-1 fracticon, rosmarinic acid was contained in a high purity and the other
fractions all contained flavones.  The 30%-2 fraction waz purified by preparatory
HPLC Gelow to give 16 mg of scutellarein 7-glucuraaide.

Conditions for preparatory HPLC

Column: Develosil C-30-UGS, 20 mm x 250 mim

Moving phase: A- 0.1% TFA, B- 0.05% TFA/90% CH;CN

Flow rate: 6 ml/min.

Gradient: B20—B60% (100 min), BG0% iso (20 min)

Detected: A280 nm
(2) Hydralysis of scutellarein 7-glucuronide and purification of aglycone

From scutellarein 7-glucuronide obtained in (1) above, 3 mg was dizzalved
in 100 pL of DMSO and the solution was divided into 15 ml falcon tubes in half.
To each tube 10 mL of HzO, 2.5 mL of 0.2M Na acetate buffer (pHS.0) and 0.8 ml of
[i-glucronidase/arylsulfatase (EC3.2.1.31/EC3.1.6.1, Roche Diagnostics GmbH)
solution were added, followed by incubation at 37°C for 2 hours.  After completion
of the reaction, the solution miziure was loaded onta Sep-Pal:-C18 (20 ¢c).  After
washing with 20 ml of water and then with 20 ral of 10% EtOH to remove salts and
proteins, the aglycone formed was elnted with 40 ml of 30% CH;CN -- 0.05%TFA.
The eluate was concentrated and freeze dried.  This fraction was purified by
preparatory HPLC below to give 0.4 mg of scutellarzin (aglycone).

Conditions for preparatory HPLC

Column: Develasil C-30-1JG5, 20 mm x 250 mim

Meaving phase: A-0.1% TFA, B-0.05% TFA/90%, CH;CN

Flow rate: 6 ml/min.

Gradient: B15—B70% (60 min), B70% iso (10 min)

Detected: A330 nm
4, Expression of recombinant Perilla frutescens glucosyliransferase and its activity
assay
(1) Construction of expression vector

¢DNA3 bearing the full-length ORF of 3 alucosyliransferases of PAUGTS0

from Perilla frutescens, SIUGT from Scutellaria laeteviolacea v. yalmusimensis and
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AmUGTc¢g10 from Antirchinum majus, having a high homology to each other, were
amplified vsing the primer sets specific to the respective genes (PAUGTS0, SEQ ID
MOs: 14-15; SIUGT, SEQ ID NOQs: 16-17; AmUGTcgl0, SEQ ID NOs: 13-19).
cDNAs synthesized using total RMAs extracted from the leaves of Perilla frutescens,
the radi of Scutellaria laeteviolacea v. yalusimensis and the petals of Antirrhinum

majus were uzed as templates, respectively.

SEQ ID NO: 14; PAUGTS0-fw:
5-AAACATATGGAAGGCGTCATACTTC-3' (the underlingd is the Nidel
site)
SEQ ID NO: 15: PAUGTS0-1v:
S.TTTTGATCATTAATCACGAGTTACGGAATC-3' (the underlined is
the Bcll site)
SEQ ID NO: 16: SIUGT-fw:
5-AAACATATGGAGOIACACGATTGTTATC-3' (the underlined is the
Ndel site)
SEQ ID NO: 17: SIUGT-rv:
5 TTCATATGTCAATCCCTCGTGGCCAGAAG-3' (the underlined is the
Ndel site)
SEQ ID NO: 13: AmUGTcgl0-fw:
5" AAACATATGGAGGACACTATCGTTCTC-3' (the underlined is the
Ndel site)
SEQ ID NO: 19: AmUGTcgl0-rv:
SLTTGGATCCTTAAGAAACCACCATATCAAC-3' (the underlined is the
BamHI site)

PCR (KOD -Plus-, TOYOBO) was carried out, after reacting at 94°C for 2
minutes, by repeating 35 cycles with each cycle consisting of reacting at 94°C for 15
seconds, 50°C for 30 seconds and 58°C for 1.5 minutes.  The amplified DMA
fragmenits were subcloned into pCR-Blunt I-TOPO vector (Zera Blunt TOPO PCR
Cloning Kit, Invitrogen) and the mcleatide sequence was confirmed by an ABI3100
Avant (Applied Biosysiems).  Wiih respeci to PRUGTS0, unmethylated plasmid vras
obtained by transformation of the positive strains obtained.  The plasmids obtained
were digested with Ndel and Bell in the case of PIUGTS0, with Mdel in SIUGT and
with Ndel and BamHI in AmUGTcgl0, respectively.  The resulting DIVA fragments
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of about 1.5 I:b were ligated into pET-15 digested with Mdel and BamHI in the case
of PAUGTS0 and AmUGTcgl0 and with Ndel in the case of SIUGT.
(2) Culture of recombinant Escherichia coli and purification of protein

Ezcherichia coli BL21 (DE3) was transformed with each plasmid obtained
in 4-(1) above.  The transfornmant obtained was shalze cultured overnight at 37°C in
4 ml of LB medium (10 g/l tryptone, 5 g/l yeast extract, 1 2/l NaCl) supplemented
with 50 pg/ml of ampicillin.  The culiure broth, 4 ml, which reached the stationary
phase, was inaculated into SO ml of the medium with the same composition, followed
by shal-e culture at 37°C.  When the cell turbidity (0Dso) reached approximately
0.5, 0.4 mM IPTG (isopropyl-B-thicgalactopyrancside) in a final concentration was
added to the medium, folloved by shalze culture at 22°C for 20 haurs.  All of the
subsequent procedures were performed at 4°C. The transformants cultured were
centrifaged (7,000 = g, 15 mins.) to collect the cells, and 2 ml/g cell of Buffer S(20
mM sadium phosphate buffer (pH 7.4), 20 mM imidazale, 0.5 M MaCl, 14 mM
P-mercaptoethanol) was added (o the cells for suspension.  Subsequently,
ultrasonication was performed (15 secs. = 8) followed by centrifugation (15,000 = g,
10 mins.). To the supernatant abtsined, 0.12% (w/v) polyethyleneiming in a final
concentration was added to suspend the cells, which was then allowed to stand for 30
minutes. The mizture was centrifuged (15,000 = z, 10 minz.) and the supernatant
was recavered as a cmde enzyme solution.  The crude enzyme aolution was applied
to Hiz SpinTrap (GE Healthcare), which had been equilibrated with Buffer S, and
centrifuzed (70 = g, 30 sece).  After washing with &00 pl of Buffer S, the protein
bound to the column was stepwise eluted with 600 pl each of Buffer S containing
100, 200 and 500 mM imidazcle.  The buffer in each fraction eluted was replaced
by 20 mM potassivm phosphate buffer (pH 7.5) containing 14 mM
p-mercaptoethancl, uzing Microcon YM-30 (Amiccar).  As a result of SDS-PAGE
analysis, the protein of expected size waz confirmed in the fractions eluted with 100
mM and 200 mM imidacole.  These fractions were mixed and uzed for analysis.
The objective proteins were not single in these fractions.
(3) Enzyine reaction and conditions for HPLC analysis

Standard reaction conditions are as follows. A reaction solution (2 mM
UDP-glucuronic acid, 100 uM glycosyl acceptor substrate, S0 mM potassinm
phosphate buffer (pH 7.5), enzyme sclution), 50 pl, was prepared and the enzyme
solution was added to initiaie the reaction at 30°C for 30 minntes.  The reaction was

stopped by adding 50 pl of 0.5% TFA in CH;CM and provided for HPLC analysis.
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The conditions for HPLEC are as follows: column, Develosil C30-UG-5 (4.6 % 150
min); eluant A, 0.1% TFA/H;O; eluant B, 0.03% TFA/90% CH;CN; conditions A
for elution (except for avrone, catechin, coumarine and phenylpropanoid), 0 min/5%
B — 18 min/100% elvaint B — 18.1 min/5% B — 25 min/5% B; conditions B for
elution (aurone, catechin, coumarine and phenylpropancid), 0 min/5% B — 20
min/50% elvant B — 20.5 min/5% B — 25 min/5% B; flow rate, 1 ml/min; detection
wavelength: 280 and 390 nm.  Respective characterizations and results are shown
below.

Analysis of slycosyl acceptor substrate specificity

In accordance with the method described above, the specificity of various
glycoayl acceptor substrates was analyzed (FIGS. 2 to 4).

FIG. 2 shows the results of analysis on the specificity of glycosyl acceptor
substrates for PEUGTS0.  In FIG. 2, the relative activity to each substrate is shown,
talzing the activity to scutellarein as 100%.  As a result of the analysis, PIUGTS0
showed the hizhest activity to scutellarein and reacted well with flavones other than
glycozides (baicalein (relative activity to scutellarein, 73%), apigenin (44%), lateolin
(41%), tricetin (87.9%), divsmetin (52%) and chrysoeriol (15%)).  Furthermore,

PfUGTS0 showed the activity also to flavenals (quercc‘tin (’26%), myricetin (9%) and

However, PUGTS0 showed no activity to flavone C-glycosi-:les (vite:{in, isovitexin

and orientin), isoflavones (genistein, daidzein and formononetin), cateching (catechin

and epigallocatechin gallate), conmarines (esculetin and phenylprapanoids

(couiferyl alcohal).  In HPLC, the reaction products of scutellarein, baicalein,

apigenin and quercetin coincided in tenms of retention time with the respective
7-glucuronosylated products.

FIG. 3 shows the results of analysis on the specificity of glycosyl acceptor
substraies for SIUGT.  In FIG. 3, the relative activity to each substrate i3 shown,
talzing the activity to scutellarein ag 100%.  As a result of the analysis, SIUGT
showed the highest activity to scutellarein but lower activities to flavones (apigenin
(3%%), nteolin (0.5%), wicetin (1.1%), diosmetin (0.3%), chrysceriol (0.029%)) ather
than baicalein (relative activity to scutellarein, 63%%).  The activities to flavenols
(quercetin (1%), laempferol (14%)), flavanones (naringenin (6%)), isoflavones
(genistein (1%), daidzein (0.3%) and formononetin (2.08%)) and coumarines
(esculetin (0.3%)) were low.  SIUGT zhowed no activity on flaveme C-glycosides

(viterin, isovitexin and orlentin), aurones (aurensidin, cateching (catechin and
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epigallocatechin gallate) or phenylpropancids (coniferyl alecohol).  In other words, it
was suggested that madification at the ortho-position of the 7 position of flavonoids
would be important for the activity of SIDGT.  In HPLC, the reaction products of
scutellarein, baicalein and apigenin coincided in terms of retention time with the
respective 7-ghucuronosylated products.  On the other hand, pluralities of the
products were detected with quercetin and one of them coincided in terms of
retention time with the 7-glucuronosylated product.

FIG. 4 shows the results of analysis on the specificity of glycosyl acceptor
substrates for AmUGTceg10.  In FIG. 4, the relairve activity to each substrate is
shown, talzing the activity o scutellarein as 100%.  As a result of the analysis,
AmUGTcz10 showed the highest activity to sentellarein and reacted alzo with
flavones other than zlycasides (baicalein (relative activity to scutellarein, 22%),
apigenin (40%), luteolin (34%), tricetin (23.3%), diosmetin (26%) and chrysoeriol
(189%)). AmUGTcglO alao showed the activities o flavonals (quercetin (4%) and
Laenipfercl (25%)), flavanones (naringenin (15%)) and aurones (aureusidin (2%)).
Haowever, AmUGTcz10 zshowed no activity to flavone C-glycosides (vitexin,
izovitexin and orientin), 1zoflavones (zenistein, daidzein and formononetin),

catechins (catechin and epigallocatechin gallats), conmarines (esculetin) and
phenylpropanoids (coniferyl alechaol).  In HPLC, the reaction products of
scutellarein, baicalein, apigenin and quercetin coincided m terms of retention time
with the respective 7-glicuronosylated products.

The foregoing rezults reveal that PAIGTS0 and AmUUGTcgl0 shaw a low
specificity, whereas SIUGT shawed a high specificity, to flavonoids such as
flavemes, etc.  The results further reveal that PIUGTSO0 dertved fram Perilla
frutescens shows a particularly low apecificity, i.e., is an enzyme with a broader
range of substrate specificity.

Analysis of alveozyl donor substrate specificity

Using apigenin as a glycosyl acceptor substrate, apecificity to varions
UDP-activaied glycosyl donors was analyzed.  As a result, PEUGTS0, SIUGT and
AmUGTcz10 showed the activity only 1o UDP-glucurcnic acid but showed no
activity on UDP-glucose and UDP-galactose.

The foregoing results reveal that these encymes are
7-ghicuronosyliransferase highly specific for flavones (flavone
7-glucuronosyltransferase).

Analysis of pH and temperaturs characteriztics
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Temperature stability was analyzed as follows.  An enzyme solution was
treated at 15 to 55°C for an hour and then caoled to 4°C. Using the sample cooled,
the residual activity was determined under standard reaction conditions.  After 167
mM final concentration of a buffer solution (pH 4, 4.5, 5, Acetate-MaOH, pH 5.5, 6,
6.5, 7, 7.5, NMaHPO-MaOH; pH £, 5.5, 9, Tris-HCl) waz added to the enzyme
solution, the miziure was treated at 4°C for an hour and then S00 mM final
concentration of potassinm phosphate buffer (pH 7.5) was added thereto.  Using the

sample treated, the residual activity was determined under standard reaction
conditions.  The reaction was performed under standard reaction conditions where
the reaction temperature was set at 10 to 55°C o analyze the reaction temperature
dependency. Reaction pH dependency was analyzed under standard reaction
conditions using a buffer solution (pH 4, 4.5, 5, Acetate-NaOH, pHL 5.5, 6, 6.5,7,7.5
NaH,PO,-NaOH; pH 8, 8.5, 9, Tris-HCl) in place of potassiom phosphate buffer (pI-I
7.5).  Asaresuli of the foregoing analyses, PUGTS0 was stable at pH ranging from
7 1o 9 and showed the nm:-:iml_lm catalytic activity at pH between 7 and 2 but showed
little activity in an acidic region.  PAUGTS0 was stable at 30°C or lower (an hour,
pH 7.5) and the reaction optiranm temperature was 30°C in the activity assay for 30
minutes. SIUGT was stable at pH ranging from 4.5 to 8 and showed the mazimum
catalytic activity at pH between 7 and 2 but showed little activity in an acidic region.
This enzyme was stable at 40°C or lower (an hour, pH 7.5) and the reaction aptimuim
temperaiure was 35°C in the activity assay for 30 minutes.  AmUGTcg10 was
stable at pH ranging fiom 7.5 60 9.5 and showed the mazimum catalytic activity at
pH between 8.5 and 9.5 but showed litile activity in an acidic region.  This enzyme
was stable at 30°C or lower (an hour, pH 7.5) and the reaction optimum temperature
was 45°C in the activity assay for 30 minuies. These propertics were similar to
known GT involved in plant secondary metabolism.

5. Results

PfUGTS0 derived from Perilla fiutescens, SIJGT derived from Scutellaria
lagteviolacea v. yalmsimensis and AmUGTegz10 derived from Scrophulariaceae,
Antirrhinum majus, which are structurally similar as described above, were
identified.  Glucosyliransferases from PAUGTS0 and AmUGTeg10 had a broad
glycosyl acceptor substrate specificity as compared to Sb7GAT from Scutellaria
baicalensiz and had the 7-glucuronasyl transfer activity of varions flavonoids auch as
flavones, flavoncols, aurones, etc.  On the other hand, SIUGT showed a substrate

specificity similar to Sh7GAT. By using these glucosyltransferases, the 7-position
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of lavonoids can be glucuronidated at a low cost.
Therefore, gluenronides including quercetin 7-glucranide, which are present
in vivo, can be mass-produced in vitro, which enables to azsess their physiolagical

activities.

EXAMPLE 2
1. Outline of EXAMPLE 2

In this EXAMPLE, SiUGT23 highly homologous to SIUGT from
Scutellaria laeteviolacea v. yalsimenziz and AmTIGTegl2 from Antirrhinum majus
was identified from Lamiales Pedaliaceae Sesamum indicum and it was confirmed
that its Escherichia coli expression pratein had the glucuronasyl transfer activity to
scutellarein and luteolin.
2. Tdentification of SIUGT23 gene

Paying attention (o the sequence conservation of 7-glucuronosyltranzferaze
genes (UGT genes) of flavoncids from Scutellaria lacteviolacea v. yaluzimensis and
Antirrhinum majus, genes having a high homology to these genes were searched, and

sesame UGT gene SiUGT23 showing a high homalogy to these UGT genes w

e
[7>]

found also in Lamiales Pedaliaceae Sesamum indicum.  Since SIUGT23 isolated
from the sesame cDNA library had no full-length sequence, the full-length sequen
of SIUGT23 (SEQ ID 1Os: 22 and 23) was determined by the RACE methaod
described in ENAMPLE 1, 2 (3), using the primers of SEQ ID NOs: 20 and 21

described below.

SEQ ID NO: 20: GR-SiUGT23-Rv
5'-GGCCAAACGCGCCGGAGCTGATGTAGA-3'

SEQ ID NO: 21: SiUGT23-nest-Rv
5AGTGGGTATATTCAAGCCTGT-3'

3. Expreszion of SIUGT23 derived from Sesamum indicum and its activity assay
¢DNA containing full-lengih ORF of SiTIGT23 derived from Sesamum
indicum was amplified by a gene-specific primer set (SEQ ID MNOs: 24 and 25).
cDNA synthesized using total RNA extracied from sesame seeds was used as a
template.  SiUJGT23 was incorporated into Eacherichia coli e:~:pression vector as in
UGT of Perilla frutescens, Scutellaria laeteviolacea v. yalusimensis and Antirrhinum

majus in EXAMPLE 1 and recombinant SIUGT23 protein was expressed in the same
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way to assay the enzyme activity.

SEQ ID NO: 24: SiUGT23-fw:
5-CACCATATGGAAGACACCGTTGTCCTCTA-3' (the underlined is the
Ndel site)
SEQ ID NO: SIUGT23-rv:
5-GGATCCTAACATCACTCAAACCCGAGTCA-3' (the underlined is the
BamHI site)

FIG. 5 shows the results of analysis on the specificity of glycosyl acceptor
substrates for SIUGT23.  In FIG. 5, the relative activity to each substrate is shawn,
talzing the activity to scutellarein as 100%.  As a result of the analyziz, SITUGT23
showed the highest activity to scutellarein and reacted also with the following
flavenes (baicalein (relative activity to soutellarein (hereinafter the same), 24%),
apizgenin (7%), luteolin (29%), tricetin (14.0%), diosmetin (49%), chryzoerial (6%)
and izovitexin (0.3%)).  In addition, STUGT23 showed the activities to flavonols
(quercetin (4%) and Laempferol (18%)), flavanones (naringenin (2%)), aurones
(aureusidin (13%)), coumarines (esenletin (0.03%)) and the following isoflavones
(formononetin (0.03%)).  However, SIUGT23 showed no activity to flavane
C-glycazides (vitexin and orientin) other than isovitexin, isoflavenes (geniztein,
Daidzein) other than formononetin, cateching (catechin and epigallocatechin gallate)
and phenylpropanoids (caffeic acid). In HPLC, the reaction producis of
scutellarein, baicalein, apigenin and quercetin coincided in terms of retention time
with the respective 7-glucuronasylated products.

The foregoing results revealed that SIUGT23 from Sesamum indicum was
found to be a 7-glucuronasyliranzferase of flavonoids showing a low specificity for
flavonoids such ag flavones, etc., as in PAGTS0 from Perilla frutescens and

AmUGTcgl0 from Antirrhinum majus.

EXAMPLE 3

' Using recombinant proteins of PEUGTS0 derived from Perilla fiutescens,
SIUGT derived from Scutellaria laeteviolacea v. yalusimensis and AmUGTeg10
derived from Antirrhinum majus as well as recombinant protein of SIUGT23 derived
from Sesamum indicum, the glucuranasyl iransfer activities to stilbenes and liznans,

which are plant polyphenols, were examined. The enzyme reaction was perforimed
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under the same conditions as described above, using resveratrol as a substrate for
stilbenes and as substrates for lignans, (+-)-pinoresingl, (+)-piperitol, (-)-sezaminol,
(+-)-secoisolariciresinol, (+)-sesamin catechol 1 (SC1), (+)-sesamin catechol 2 (SC2)
and (+)-epizesamin catechol 2 (EC2) (Mal:ai M, et al. (2003) 1. Agric Food Chem.
51, 1666-1670).

As a result of the HPLC analysis, the praducts were obtained in all of the
reaction soluticns of PAUGTS0 from Perilla frutescens a red-leaf variety, STUGT
from Scutellaria laeteviolacea v. yalmsimensis, AmUGTcgl0 from Antirrhinum
majus and SiUGT23 from Sesamum indicum (c¢f, FIGS. 2 t0 5).  As for lignans,
new products were obtained when SC1 and SC2 were used as substrates.  Asa
result of the LC-MS analysis on the reaction of SIUGT with SC1 in which the largest
nurbers of the products were obtained, SC1 was eluted at R.T. = 12.3 minutes and
the reaction product was confirmed to be the SC1 monoglucuronide showing R.T. =
10.8 minutes (FIG. ) and nv/z = 5171328 [M-H] (C2;Hz:013, caled. 517.1346, err.
2.5 ppm) (FIG. 7). LC-MS was performed under the following conditions.

Column: Develosil C30-UG3, 3mm x 150 mm

Moving phase: A; H,0, B; CH;CHN, C; 2.5% HCOOH, 0.2 ml/min.
Gradient: B20% — B70% (10 mins.), B70% (5 mins.), C4%
Detected: A280 nm

MS conditions: Q-TOF-Premier (Micromass, Manchester, UK)

V mode, negative, capillary voltage: 2.2KV, cone voltage: 45V

Bazed on the results above, it was confirmed that the glucuronides of
stilbenes and lignanz could be praduced by using PEUGTS0 from Perilla frutescens a
red-leaf variety, SIUGT from Scutellaria laeteviclacea v. yalmsimensis,
AmUGTcgl0 from Antirthinum majus and STUGT23 from Sesamum indicum, in

addition to diverse flavonaoids.

EXAMPLE 4

SIUGT derived from Scutellaria lagteviolacea v. yal:usimc—nzis., when

7-glucummc acid (FIG. 8).
They are characteristic producis that are not found with SITGT23 derived
from Sesarmum indicun, AmUGTegl10 derived from Antirrhinum majus and

PIUGTS0 derived from Perilla fintescens. Az a result of the LC-MS analyzis,
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quercetin diglucuronide showing m/z= 653.1009 [M-HJ (Ca7Hzs010, caled.
£653.0900, err. 2.8ppim), in whick two zlucuronic acidz would be transferred to
quercetin during the retention thue of 7 to 9 minutes, was detected.  During the
retention time of @ to 11 minutes, 3 types of quercetin monoglucuronides showing
/= = 477.06 [M-HJ, in which one glucuronic acid would be transferred to
quercetin, were detected.  The component showing R.T. = 10.12 minutes coincided
with the reaction product with GAT of Perilla frutescens, which was purified and
structurally analyzed, and was found (o be quercetin 7-0O-glucuronide.
Furthermare, the component showing R.T. = 10.34 minutes coincided with the major
flavonol from grape leaves, which was purified and structurally analyzed, and was
found o be quercetin 3-0-glucronide (HMmamouch, M. ¢t al. (1996) Am. J. Enol
Vitic., 47, 186-192).  The component showing R.T. = 11.3 minutes, which 1s the
main reaction prodoct, was found o be quercetin 3'-O-glucronide, after purification
on reversed phaze HPLC and structural analysis by NMR. It was confirmed that the
3 major peals represenied 7-, 3- and 3'-monoglucronides of quercetin, respectively.
The conditions for LC-MS are as follows.

Column: YMC-pack polymer C18, 2 mm x 150 mm, & pm

Maving phase: A; H;0, B; CH;CN, C; 2.5% HCOOH, 0.2 ml/min.

Gradient: B10% — B50% (10 minutes), BS0% (5 minutes), C4%

Detected: A350nm

MS conditions: Q-TOF-Premier (Micromass, Manchester, UK)

V mode, negative, capillary voltage: 3.0 KV, cone voltage: 30V

The foregoing results reveal that a variety of quercetin glucuronides can be
obtained from quercetin by vsing SIUGT from Scutellaria laeteviolacea v.

yakusimensis.

INDUSTRIAL APPLICABILITY

The UDP-glucuronaayliransferase of the present invention haz a broad
substrate specificity and is useful for the production of various glucurenides.  The
glucuronides produced are usefil as reagents for inspecting the in viva finctions,

antioxidants, etc.
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CLAIMS

1. A polynucleotide of any one of (a) through (f) below:

(2) a polynucleotide comprising a polynucleotide consisting of one
nucleotide sequence selected from the group consisting of the nuclectide sequence at
positions 1 o 1359 in the nuclentide sequence represented by SEQ ID NO: 4, the
nucleotide sequence at positions 1t 1365 in the nucleotide sequence represented by
SEQ ID NO: 10, the nucleotide sequense at positicons 1t 1371 in the nucleatide
sequence represented by SEQ ID NO: 12, and the nucleatide sequence at positions 1
0 1371 in the nucleatide sequence represented by SEQ ID NO: 22;

(b) a polynucleotide comprising a palynucleatide encoding a protein having
one amino acid sequence selected from the group consisting of SEQ ID NOs: 5, 11,
13 and 23;

(c) a polynucleatide comprising a polynuclentids encading a protein
consisting of an amino acid sequence with deletion, substitution, insertion and/ar
addition of 1 to 15 amino acids in one amino acid sequence selected from the group
consisting of SEQ ID NOs: §, 11, 13 and 23, and having a
UDP-glucuronosyltransferase activity;

(d) a polynucleotide comprising a polynucleatide encoding a protein having
an amino acid sequence having a homolagy of at least 80% t5 one amino acid
sequence selected from the group consisting of SEQ ID NOs: 5, 11, 13 and 23 and
having a UDP-glucurcnosyliransferase activity,

() a polynuclectide comprising a polynuclentide encading a pratein that
hybridizes under stringent conditions with a pelynucleatide consisting of a
nucleotide sequence complementary to one nucleotide sequence selected from the
group conaisting of the nucleotide sequence at positions 1 to 1359 in the nuclestide
sequence represented by SEQ ID MO 4, the nucleotide zequence at positions 1 o
1365 in the nucleotide sequence represented by SEQ ID NO: 10, the nucleatide
sequence at posiiions 1 (o 1371 in the nucleatide sequence represented by SEQ ID
MO: 12, and the nucleatide sequence at positions 1 to 1371 in the mucleatide
sequence represented by SEQ ID HO: 22, and has a UDP-glucuronosyliransferase
activity; and,

(0 a polynucleatide comprising a polynucleatide encoding a protein that
hybridizes under stringent conditions with a polynucleatide cemaizting of a

nucleatide sequence complementary to the nucleatide sequence of a polynuclentide
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encoding a protein consisting of cne aming acid sequence selected from the group
consisting of SEQ ID MOs: 5, 11, 13 and 23, and has a UDP-glucuranaosyltransferase
activity.

2. The polynuclentide according to claim 1, which is any one of (g)
through (j) below:

(g) a polynuclectids comprising a polynuclectide encading a protein
consisting of an aming acid sequence with deletion, substitution, insertion and/or
addition of not greater than 10 aming acids in one amine acid sequence selected from
the group conzizting of SEQ ID MOs: 5, 11, 13 and 23, and having a
UDP-glucuronasyliransferase activity,

(h) a polynucleotide comprising a polynucleatide encading a protein having
an amino acid sequence having a homology of at least 90% to one amino acid
sequence selected from the group consisting of SEQ ID NOs: 5, 11, 13 and 23, and
having a UDP-glucuronasyliransferase activity;

(i) a polynucleatide comprising a polymicleotide encoding a protein that
hybridizes under high stringent conditions with a polymlc.leotldc consisting of a
nucleotide sequence complementary to one nucleotide sequence selected from the
group consisting of the nucleatide sequence at positions 1 to 1359 in the nucleatide
sequence represented by SEQ ID NO: 4, the nucleatide sequence at positions 1
1365 in the nucleatide sequence represented by SEQ ID NO: 10, the nucleotide
sequence at positions 1 to 1371 in the miclestide sequence represented by SEQ ID
NO: 12, and the nucleatide SLLlUﬁ ce at positions 1 to 1371 in the nucleotide
sequence represented by SEQ ID NO: 22, and has a UDP-glucuronosyliransferase
activity; and,

() a polynucleatide comprising a polynucleatide encading a protein that
hybridizes under high stringent conditions with a polymiclestide cansisting of a
nuclectide sequence complementary to the mcleotide sequence of a polynuclentide
encading a pratein consisting of ene aming acid sequence selected from the group
consisting of SEQ ID MQs: 5, 11, 13 and 23, and has a UDP-glucurcnosyliransferase
activity.

3. The palynucleotide according to claim 1, which comprizes a
polynuclectide consisting of the nucleotide sequence at positions 1 to 1359 in the
nucleotide sequence represented by SEQ ID MO: 4,

4. The polynucleotide according to claim 1, which comiprises a

polynucleotide consisting of the iuclestide sequence at positions 1 to 1365 in the

32



nucleotide sequence representzd by SEQ ID NO: 10,

5. The palynucleotide according to claim 1, which comprises a
palynucleatide consisting of the nucleotide sequence at pasitions 1 to 1371 in the
nucleotide sequence represented by SEQ ID NO: 12,

6. The polynucleotids according to claim 1, which comprises a
polynucleotide consisting of the nucleatide sequence at positions 1 to 1371 1n the
nucleotide sequence represented by SEQ ID NO: 22,

7. The polynucleotide according to claim 1, which comprises a
polynucleotide encoding the protein consisting of the amino acid sequence
represented by SEQ ID NO: 5.

R, The polynucleotide according to claim 1, which comprizes a
polynucleatide encoding the protein consisting of the amino acid sequence
represeited by SEQ ID NO: 11.

9. The polynuclectide according to claim 1, which comprises a
polynuclestide encoding the proiein consisting of the amino acid sequence
represented by SEQ ID NO: 13, '

10.  The polymicleotide according to claim 1, which comprises a
polynucleatide encoding the protein consisting of the aming acid sequence
represented by SEQ ID NO: 23,

11. The polynucleotide according to any one of claims 1 to 10, which is a
DNA.

12. A protein encoded by the polynuclestide according to any one of
claims 1to 11.

13. A vector comprising the polynucleotide according to any one of claims
lto 1l

14. A transformant, wherein the polynucleotide according to any one of
claims 1 to 11 is introduced.

15. A wansformant, wherein the vector according to claim 13 is
introduced.

16. A method for producing the protein of claim 12, which comprises
using the transformant according to claim 14 or 15.

17. A method for producing a glucuronide, which comprises forming the
glucuronide from UDP-zglucuronic acid and a flavonoid nsing the protein according

to claim 12 as a catalyst.
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ABSTRACT

The present invention provides a novel UDP-glucuronosyltransferase and a
pelynucleatide encading the same (for ezample, a palynucleotide comprising a
polynucleatide consisting of one nucleatide sequence selected from the group
consisting of the nuclestide sequence at positions 1 to 1359 in the nucleatide
sequence represented by SEQ ID NO: 4, the nucleatide sequence at positions 1 to
1365 in the nucleotide sequence represented by SEQ ID NO: 10, the nucleotide
sequence at positicns 1 1o 1371 in the nucleatide sequence represented by SEQ ID
NO: 12, and ihe nucleatide sequence at pc»sitions 1 to 1371 in the nuclectide
sequence represented by SEQ ID MNO: 22; or a polynucleotide comprising a
polynuclectide encoding a protein having one amino acid sequence selected from the
group consisting of SEQ IDNOS: 5, 11, 13 and 23), etc.  This provides a novel

UDP-glucuronosyltransferase with a broad substrate speciﬁcity.
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Thr Arg lle Arg Ala Phe Val |1z Asp Phe Phe Cys Asn 3er Ala Phe
100 105 110

Glu Val Ser Thr Ser Leu Ser e Pro Thr Tyr Phe Tyr Val Ser Thr
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115

Gly Ser
130

Thr Val
145

Ala Thr Asp

Pro lle Ile
165

Gly Ser

ser Asn Val
180

Gin Lys Ser

Arg Ala
210

Lys Glu Ala

Thr Pro
225

Pro Val Tyr

Azp Hiz Glu
245

Lys Lys

Ser Val

Val Phe Leu
260

GIn Leu
275

[le

150

Hi

D

Phe

(4]

Leu

Leu
230

120

135

Ala Gly Val Cys |le Phe Leu Tyr Phe Pro

140

Gly Asp Leu Arg Asp Phe

1

55

Ser Ser Asp Leu Pro Gin

170

125

Thr

Lys Hie Met Leu Asp Thr Ser

185

Leu Thr Asn Gly Phe Asp Ala

200

Thr Asn Gly Leu Cys Val

215

Val Gly Pro Leu V
2

.,

al
I
ur)

220

Ala

Cys Leu Lew Trp Leu Azp Arg

250

Cys Phe Gly Arg Arg Gly Leu

265

280

Arg Glu Met Ala Val Ala Leu Glu Arg Ser

Leu Trp Ser Val Arg Asn Pro Pro Glu Asn Arg Ser
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205

Pro

Gly

GIn

Phe

Gly

naL
£Qd

Pro

Thr Asp Glu

Glu Phe Pro
160

Thr Phe Phe

175

Lys Asn Met

190

Met Glu Phe

Asni Pra

Qo

el

Ala
240

Azn

Pro

‘A -
ol

270

Tyr Arg Phe

o

Ala Glu Asp



290 295 300

Pro Asp Leu Asp Glu Leu Leu Pro Glu Gly Phe Leu Glu Arg Thr Lys
305 310 315 320

Asp Ilz Gly Pha Val Val Lys Ser Trp Ala Pro GIn Lyz Glu Val Leu
325 330 335

Ser His Azp Ala Val Ala Gly Phe Val Thr Hiz Cys Gly Arg Ser Ser
340 345 350

I'1e Leu Glu Ala Leu Val Azn Gly Lys Pro Met 1le Gly Trp Pro Met

365 360 365

Tvr Ala Glu GIn Arg Met Asn Lyz Val Phe Mat Val Asp Glu Met Lys
370 375 380

Val Ala Leu Pro Lew Glu Glu Glu Glu Asp Gly Phe Val Thr Ala Val
39 390 395 400

Glu Leu Glu Lys Arg Leu Arg Gin Leu Met Glu Ser Lys Thr Gly Arg
405 410 415

Azp Val Arg Hiz Arg Val Ala Glu Met Lys Ala Ala Ala Thr Ala Ala
420 425 430

Met Gly Glu Asn Gly 2er Ala Val Val Ala Leu Arg Lys Phe [le Asp
435 440 445

Ser Val Thr Arg Asp
450
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gaacagcget cacagattte t

<210>
Q211>
<212

w213

<220>
<2215

222>

<400>
atg gag
Met Glu
1

atg gog

Met Ala

atc ata

[le Ile

gee gte
Ala Val

CCC Ao
Pro Se
65

ctc a
Leu Ser

gC;C; a
Ala Arg

gaz gttt

10
1446
DNA

Scutellaria lasteviolacea v. yakusimenzis

CDS

(1).. (1368

10
2ac
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gtg
Val

C:‘t (¥
Leu
35

e
sl 0.

Pro

¥l Ry
- Leu
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Asn

ate
[ e

tat

acg

Thr

[ t G
L
20

ata

I l&

tao
Ser

aca

Thr

ot
Pro

aza
Arz
100

A0S

Glu Val Ser Thr

att gtt ate taec acc acg
[12 Val Vle Tyr Thr Thr
5 10

oo aag tte ate age aaa
Ala Lys Phe |le Ser Lys
25

age ace goo goc gaa toa
Ser Thr Ala Ala Glu Ser
40

ate ace tac cac oge ote
Ile Thr Tyr His Arg Leu
h5
aag gac cgo gtg gag ote
Lys Asp Arg Val Glu Leu
70

aat ote cgo ottt goee otg
Asn Lzu Arg Leu Ala Leu
85 90

goc the gte ate gas tte
Ala Phe Val lle Asp Phe
105

ago otc agt ata oco act

Ser Leu !
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oog

Pra

Cac

Hiz

gog

Ala

e
[

Pro

tto
Phe
75

Cad

Gin

ttoc t

Phe

tte
Phe

)
zag

Glu

Cac

His

goc
Ala

cto
Leaw
60

ttc
Fhe

CaG

His

GGG

Pra
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Ala
45

(A

Pro

zag

Glu

ate
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G A0

sh

tas

- Tyr

L8 &ac
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30
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Ser
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Glu

Asn
15

2t

Val

ate
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[ le
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Leu
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Ala
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tte

Phe 3

a46e

Thr

DHM
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Ala
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96
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£ga

Gly 3

ace
Thr
145

get
Gly

cgl ¢

Arg

a got
g Ala

210

CGt
Pro

g00

» Ala

c
o
£l

[T <
<o

] th

Ala

115

5OLen

" Pra

oot
Pro

ot
Pro

Gog

Pro

Gly

L aag ¢

aca
Thr

2aa

g Glu

gtt
Val

O

Ala

g

Gly

™ g7
06

Ala

tac
Tyr

zaa
Glu
245

agt gtg
Ser Val

cte t

Lau

cte as

Leu

aca

Thr

ott
Leu
150

tac

tac
Tyr

tto
Phe

ata
lle

tte
Phe

230

gag

Glu

g tog

‘o Ser Val Arg Asn

:te
Leu
135

aaa
Lys

too

. 0
] |

cag

Gin

st
Leu

gto
Val
215

ate
e

cat
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tte
Phe

gag

Glu

zat

ASD

cte
Leu

age

Oy
il

ftt
Val
200
2ac

Asn

ggo

Gly

gaa 1y

Glu

otl
Leu

acg
Thr

280

GEa

sty cac

Leu His

ttz gat
Leu Asp

gat ate
Asp 1le
170

tot gtt
Qer Val
185

aat gge
Asn Gly

reo cla

Gly Leu

cca olo

Pro Leu

o o
< Uy
£ or
- -
Do CI ol
= -

tge ttt
Cys Phe
265
£og

g
Ala Va

ads G5d
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o sad

z Gln
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bttt

ap Phe
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Phe

tgc

Cy=

gt
Val

nn
235

sto aga

Arg

Gly

o0
soz

s
[

GGg

gtt

<

‘o Val

ate

||t';'

gtt
Val
220

zza

Gly

tea

Trp

125

ans

Thr

gto

Val

ctt
Leu

£dg

Glu

Gtg
Lau

aaa
Lys
190

eocto

Lewu
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gto

sp Val

gat
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—
<

oIy (]

[\ ]
~
<

tte sag aac

Leu Glu Asn
28h

gag ate atg

Pro Pro Glu [le

Met

gat
Asp

ate

[ e

ctt
Leu
175

aas

Azn

gag
Glu

Z80 COg
Gly Pro

gat

Asp

aca
Thr

255

sty

Val

Dooug

[T IR <]

aag
Lys

Glu

ool
Pro
160

acg

Thr

ctg

Leu

tte
Phe

gCC
Ala
240

cag

GlIn

432

420

576

(24

672
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teo
Ser
305

Trp

£aa
Glu

20
e,

acyg

a acs

s Thr

b=

g Cog

Pro
370

ats
Met

oy
by}
L]

Thr Ala

aﬂ'

A

ttt
Phe

EEE &

Gly

gaa

Ala

aag gat
[

2 Asp

v cte ast

Leu Sar

340

3> Leo att

- Ser e

355

sty gac

Val Asp

cag ¢tp oo

=

GIn Val

el ]

zot gag

Ala Glu

o0
(=)
D]
t@
<o
e

—
<
D]
-
=

gog pte
Ala Val
435

Lol goo

1 Leu Ala

Cosan ote

o Asp Leu

) > T
RS = 0@
[y [N KRR o1
-
<

Gac gas

:
Hiz Asp

teg gaa

Ser Glu

¢ Zag
a

a Glu

ctg zaz
Leu Glu
405

gty agg
t

Val Ar

acg

g
Thr G

acg age

Thr Arg

N
Llom]
(53]

=]
—

> Gl

gt tte

Phe

th

[
el

ey
Gly

cag
GIn
375

g GG

Pra

jxX]

r-
< o
@

Gaa o

GIn

aat

Azn

gat
Asp
455

[ Zag o

Glu

stg

=

Val

—=

< g5
PR
— (2

L << ug
S — o

gza
Gly
440

tzateatata ctote

ot ceo g

Leu Pra G

3145

aag tog

» Lys Ser

gg tte
ly Phe

PerpOu <}
— g

< Uy

aat ora
sn Arg

=

gag 20g

Glu Ala

395

—
1

p

=

oy oo
o
o

get saa
Gly Glu

o tog ata

‘~- -
Ser Leu

attcataaaa gtatttttaa gacaagtitt tegtgagagaa

b=
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¢ Tty ate zag

gag cgo ttt oty
Glu Gly Phe Leu

tgr got ceg cag
Trie Ala Pro Gln

355

otn act o

=

ac tet
Val Thr H
3

Cys

gte cog ate ate
Val Pro Mat lle
365

aca gte ttg gteg ¢

Thr Val Leu Val
380

gegg tto
y Gly Phe

Eag
Glu

[ep ]
— g
[ el

—
]

Leu Met Glu

— T
[ 5 B SN V11

L= <r]

|_
Bel}
<}

Ttz aaa tgo t
Leu Lys Cys
430

(]
g

agt gat ttt aaa
Ser Asp Phe Lys
445

catet cogtaattza

taagttaate a

gag
Glu
320

aag
Lys

— g

N ]

[« p 1]

— (g

< (g

[ep N}

T OO0

- Ala

aag
Lys
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<210>
211>
212>

212>

<400>

11

455

PRT

Soeutellaria lasteviolacea v. yakusimensis

11

Met Glu Asp Thr 1le Val 1le Tyr Thr Thr Pro Glu His Leu Asn

1

Met Ala

e Ile

Ala Val
a0

Pro Ser

65

Leu Ser

Ala Arg

Glu Val

Gly Ser
130

5 10

Val Leu Ala Lyz Phe Ile Ser Lys Hiz His Pro
20 25

Leu Ile Ser Thr Ala Ala Glu Ser Ala Ala Ala
35 40 45

Pro Ser Ile Thr Tyr Hiz Arg Leu Pro Leu Pra
55 60

Leu Thr Lys Asp Arg Val Glu Leu Phe Phe Glu
10 75

Azn Pro Azn Leu Arg Leu Ala Lsu GIn Glu 1le
85 90

[le Arg Ala Phe Val Ile Asp Phe Phe Cys Asn
100 105

Ser Thr Ser Leu Ser lle Pra Thr Phe Tyr Tyr
115 120 125

Pro Thr Ala Thr Leu Val Leu His Phe Gln Thr
135 140
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15

Ser Val
30

Ser e

Glu [le

Leu Pra

Ser Gln

95

Ala Ala
110

Phe Ser

Leu Asp

Thr

Pro

Ala

Pro

Arg

80

Lys

Phe



Thr Ile Pro Gly Asp Leu Lys
145 150

Gly Leu Pra Pro lle Tyr Ser
165

Arg GlIn Ser Leu Val Tyr Gln
180

Arg Lys Ser Ala Gly Phe Leu
195

Arg Ala Lys Glu Ala Ile Val
210 215

Thr Pro Pro Val Tyr Phe lle

1y Y
25 220

Lyz Ala Gly Gly Giu Glu His
245

Ser Val lle Phe
260

Pro Ser Ly

el

Sar Ala Glu Gin Leu Lys Glu
275

Hiz Arg Phe Leu Trp Ser Val
290 295

Ser Asp Glu Pro Asp Lsu Agp
305 310

Asp Leu Asp Asp Phe Val Glu
155

Leu Asp [le Pro Val Ala Leu
170

Ser Ser Val Asp lle Ser Lys

185 190

Val Az Gly Phe Asp Ala Leu
200 205

Asn Gly Leu Cys Val Pro Asn
220

Gly Pro Leu Val Gly Azp Val

I
AN 4

Glu Cys Leu Arg Trp Leu Asp
250

Len Cys Phe Gly Arz Arg Gly
265 270

Thr Ala Val Ala Leu Glu Asn

280 29

Arg Asn Pro Pro Glu 1le Met
300

Glu Leu Leu Fro Glu Gly Phe
315
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Ile Pro
160

Leu Thr
175

Azn Leu

Glu Phe

Gly Pro

Azp Ala

240

Thr Gln
255

Val Phe

Ser Gly

Lys Asn

Leu Glu
320

13



Arg Thr Lys Asp Arg Gly Phe Val 1le Lys Ser Trp Ala Pro Gin Lys

325 330 33

Glu Val Leu Ser Hiz Asp Ser Val Gly Gly Phe Val Thr Hiz Cys Gly
340 345 350

rolle Ser Glu Gly Val Trp Phe Gly Val Pro Met lle Gly
3h5 360 365

Trp Pro Val Asp Ala Glu GIn Lys Leu Asn Arg Thr Val Leu Val Glu
370 375 380

Glu Met Gin Val Ala Leu Pro Met Glu Glu Ala Glu Gly Gly Phe Val

385 390 395 400

Thr Ala Ala Glu Leu Glu Lys Arg Val Arg Glu Leu Met Glu Ser Lys
405 410 415

Val Gly Lys Ala Val Arz Gln Arg Val Gly Glu Leu Lys Cys Ser Ala
420 425 | 430

Arg Ala Ala Val Thr Gly Azn Gly Ser Ser Leu Ser Asp Phe Lys Lys
435 440 445

Phe Leu Leu Ala Thr Arg Asp
450 455

210> 12

Q211> 1374

<212> DNA

215> Antirrhinum majus

<220>
<221> (DS
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222> (1)..(1374)

<400> 12
atg gag zac

Mat Glu Asp

atg cta cta
Met Leu Leu

glte goe att
Val Ala lle
35

gao gtg gog
Azp Val Ala
50

teg gat ota
Ser Asp Leu
65

cta cat aat
Leu His Asn

tea aaa
Ser Lys

<< 0T

al

gag gttt tog
Glu Val Ser
115

gEG goT ttt pg

Gly Ala Phe
130

ant gte gaa
Thr Val Glu
145

ast
Thr

CtC
Lau
20

ate 3

| le

LRI

Ala

RS

Thr

GGt
Pro

Arg
100

act
Thr

2273
e

o
< Uz

aaa

Lys

o
iy

ase

Ser

cla
LEU

ga

Asp

aaa cte
Lyz Leu

Tacs Too

= Thr Ala

tot tat
et Tyr
55

7]

aasc coa
Asn Pro
70

tte ot

=

Leu Len

ttt gtz
Phe Val

ato got
Ile Gly
150

tty too

tac got

Tyr Ala

ate aac
[le Asn
25

Coa qac
Pra Asn
40

Gag Gaa

Gin Gln

ate gag

Ile Gl

gaa gcg

Glu Ala

- >
D ]

Phé Leu

gaa olg

Glu Leu

tox zat

tea
n_ .
I |

10

aaa
Lys

835

Ala

' t o
Leu

CtG
Leu

b
Leu
90

tto
Phe

coact
o Thr

g oaat

His

aas
Asn

ttt «
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GaG

aaa

tto
Phe
75

gaa
Glu

ttt
Phe

tac
Tyr

ttt
Phs

gag cas ctt
GIn His Leu

Cac Goo aca
His Pra Thr
30

L tes
roSer

=

m
£ L0 oo
4.5 IROOCRN 1]
‘A

s ge act o

s Pro Ala Thr

tte gaa ate
Phe Glu |le

faa otg tea
Glu Leu Ser

ge aat oo
z

s Asn Prao

tte tat gte

Phe Tyr Val 3

125
ccg aca ate
Prao Thr e
140

ate ttg gag

spolle Leu Glu

aaa got atg

aas
Azn
15

ate

e
zte

Val

Goa o

Pro

ota
Leu
95

gCa

Ala

ago

sl

gaa

Asp

ate

[le

tta

a¥h)
g00

Ala

oot

Pro

Lo o] g
[ B S (-}
ot

aaa
Lys

ttt
Phe

1171
D]

€Y o
T

gad

Glu

Prg
160

ttt

96

144
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an
U

29
S em

480

35



Gga

act
Thr
225

-
acg

Thr

cag
GIn

ttc
Phe

gae
Gly

gl 4

Ala
210

[

aaa
Lys

GCa

Pro

(97
= O

s
Dl

CaAc
His
290

tat

st Tyr

—
X Cs
- <

o

g aag

Pro

Pro Pro Val
165

ast aac act
Ser Azn Thr

1580

a gog aaa ggg
Ala Lys Gly

195

Leu

tac aag
Tyr Lys

ate
e

» ote

Leu

5 tta

Pro Val Phe Leu

230
ace aca aac gaa
Thr Thr Asn Glu

gac aga age
Asp Arg Ser
260

goa gav caa
Ala Asp Gln
275

agg tte otg

Arg Phe Leu

aac act

g
Azn Thr Asp
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!
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gag gtz ote

ote

Val

tte

E=J
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N
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cag

Gln
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oo

-
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ged
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tte
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ttt

s Pha
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g aac

Asn

» aat
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Glu

SO S o o
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e
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170

g60

Ala
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a tot
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[
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fte
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Val
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tte
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att ¢
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s G0A

s Pro

ot
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ate aag
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Lys
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Thr

gan
Asp
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s Val
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g2a

Gly

X1
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ey

Gly
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Leu
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agt
Ser
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o
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A tto

Met
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Lys
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atg

Met

aat
Azn

a asec
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otg
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- g

> o

< 0 Uy
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Trp
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GIn Lys Glu

tet zoz agzz
Cyes Gly Arg
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atc gpg tag
Ile Gly Trp
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Val
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voJ
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Glu Glu

ttc
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gty go

Val

adag
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¢ e+

gog ot

Ala Ala

gag
Glu
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caa cgo ttt

Val
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Ala
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Gly
420
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Glu
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g dagg
Arg Ala

Arg
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Lye
440
gtg att

gat ate

GIn Arg Phe Val Asp Met Val Val Ser
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0
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Val Ala lle lle Ser

35

Asp Val Ala Ala lle

&0

Ser Asp Leu Thr Lys

65

Lew Hiz Azn Pro Asn

Ser Lys Val Arg Ala

100

Glu Val Ser Thr Ser

115

Gly Ala Phe Gly Leu

130

Thr Val Glu Lys Asp

145

Gly Cys Pro Pro Val

Argz Lyz Ser Azn Thr

180

Arg Arg Ala Lys Gly

25
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Thr Ala Pro Asn Ala Ala Ala Ser Ser

40

ar Tyr GIn Gln
b5

Asn Proo 1
70

Glu

1

Leu Leu Glu Ala

Phe Val e Agp
105

Leu Asn |le Pra
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Cye Gly Phe Lau
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Ile Gly Glu Leu
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Leu Ser Ser Asp

Tyr Lys Hiz Phe
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[le Val Val A:n

Leu
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Leu
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Phe

Thr

Fhe
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Leu
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Lys Pro Ala Thr
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Glu Glu Leu Ser

> Azn Pro
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195 200 205

Arg Ala Lyz Glu Ala Leu Val Azn Asn Leu Cys Val Fro Azn Ser Pro
210 215 220

Thr Prao Pro Val Phe Leu Val Gly Pro Leu Val Gly Ala Ser Thr Thr

225 220 225 240

Thr Lys Thr Thr Asn Glu GIn Hiz Glu Cys Leu Lys Trp Leu Asp Val
245 250 2h5

Gln Pro Asp Arg Ser Val Ils Phe Leu Cys Phe Gly Arg Arg Gly Leu
260 265 270

Phe Ser Ala Asp GIn Leu Lys Glu 1le Ala e Gly Leu Glu Azn Ser
n

au
275 25 25

Gly Hig Arg Phe Leu Trp Ser Val Arg Cys Pro Pra Ser Lys Pro Aén
290 295 300

Ser Tyr Asn Thr Asp Pro Asp Leu Asp Glu Leu Leu Pro Glu Gly Phe
305 310 315 320

Leu Ser Arg Thr Glu Thr Arg Gly Phe Val [le Lys Ser Trp Ala Pra
325 330 235

Gln Lys Glu Val Leu Ser Hiz Gly Ala Val Gly Gly Fhe Val Thr His
340 345 350

Cys Gly Arg Ser Ser lle Leu Glu Ala Val Ser Phe Gly Val Pro Met
35h 360 365

[1e Gly Trp Pra Ve Tyr Ala Glu GIn Arg Met Azn Arg Val Phe Mat

20/29



370 375 380

Val Glu Glu Mzt Lys Val Ala Leu GIn Leu Asp Glu Val Glu Glu Gly

385 390 395

2]

Phe Val Ala Ala Val Glu Leu Glu Lys Arg Val Lys
405 410

Ser Lys Asn Gly Arg Ala Val Arg GlIn Arg Val Ly
420 425

£

Glu

Glu

400

Leu Met ASD
415

Mzt Lys Val
430

Ala Ala Glu Val Ala Val Glu Lys Gly Gly Ser Ser Val Val Ala Leu

435 440

GIn Arg Phe Val Asp Met Val Val Ser
450 455

210> 14
Q11> 25
<212> DNA

{2137 Artificial sequence

220>
<2253>  synthetic DNA

<400> 14

aaacatatges aaggogtcat acttc

<210> 15
211> 30
<212> DNA

215> Artificial sequence

<220>
223> synthetic DNA

<400> 15

21/29

445

[Res
[4g |



ttttegatcat taatcacgag ttacggaate

210> 16

Q11> 21

<212> DNA

{2135 Artificial sequence

220>
223> synthetic DNA

<400> 16
aaacatatgg aggacacgat tgttate

210> 17
211> 29
<212> DNA

213> Artificial sequence

220>
{223% synthetic DNA

<400> 17
tteatatgte aatceoetogt ggecagaag

210> 18

211> 21

<212> DNA

213> Artificial sequence

<220>
223> synthetic DNA

<400> 18
aaacatatgg agzacastat cgttete

210> 19

211> 24

<212> DNA

213> Artificial sequence

22/29



<220>
<223> synthetic DNA

<400> 19
ttegatectt aagaaaccae catatcaac 29

210> 20

Q11> 27

<212> DNA

218> Artificial sequence

220>
223 synthetic DNA

<400> 20

goeoaaacge gocgragoty atgtaga 21
Q210> 21

211> 21

<212> DNA

<213> Artificial sequence

<220>

223> synthstic DNA

<400> 21

agtpeetata tteaagecty t 21

210> 22
211> 1433
<212> DNA

<213% Sesamum indicum

<220>
<221> (DS
<22y (.. 314

<400> 22
atg gaa gas ace ztt gtc oo tac act tog eca zag cac ttg aat tee 48

M=t Glu Asp Thr Val Val Leu Tyr Thr Ser Ala Glu His Leu Asn Ser

23/29



atg tta
Met Leu

cto cta
Leu Leu

acc gtg
Thr Val

50

coe aac ti;

Pro Asn

clte aac
Leu Asn

gEC g6
Gly Ala
130

aco gtt
Thr Val
145

gzo toe

Gly Cys

czt aag

Arg Lys

gtg
Val

atc
[ e
35

o 1_
Pra

aa

Azn

a atec
g lle

ttt
Phe

oot
Pro

DR

Pra

agt

g
S
L]

otg
Leu
20

att
Lau

)+
&
i)

1)

aco

Thr

od

Pro

aaa
Lyz
100

and

tr Thr

Too
c,:::l-'

Gly

g2a

Gly

[

Prao

aat

L6 ]

SGG add

Ala Lys

tge too
Cyz Ser

3 ale act

“|le Thr

ace aat
Thr Asn
10

£
—

n Val

co > o

D 0]

goa ttt
Ala Phe

geo ttg
Gly Lau

ctt tee
Leu Cys

gac ott
Asp Leu
150

gttt cac
Val His
165

ate tac

Ser Asn e Tyr

gtt @

Tt
Phe

GO
Pro
135

ot

Ala

tea

Lar

aaad

att age

I

[

a Fro

40

Ga

His

ctt
Leu

Goadaa

s Lys

att
[le

ata
I e
120

Tttt
Phe

-
gac

Azp

tca

Dl

cat

gaa

Glu

800

Ala

gat
Asp
105

ST

Ut

Pro

cte
Leu

tto
Leu

sat

Asp

ttt

Lyz Hig Phe

10

aaa

P Ly::;

too

o
h

¥ )

Y Y Y
s ot

Leu

w t g
Leu

ctt
Leu
90

tto
Phe

actk

Thr

aat
Asn

aat
Asn

tte
Fhe
170

atg

cat

Hiz

PO

Ala

coda

Pro

tta
Leu
75

sadd

Gln

.t.t ':: |-

Phe

tac

Tyr

tte
Phe

gat
Asp

155

[

Fra

gac

tat
Tyr

> iy
D)

| a

[ t
Pro
60

tte
Phe

T
gag

Glu

GG
Pra
140

tit
Phe

gag

Glu

POd

GO0

Pro

ot
Ala
45

(MM

Pro

Faa
Glu

atc

I

> aat
s Asn

tas
Tyr
125

act

Thr

gto

Val

g l':t a

Rla

g5a

too
o o
ol

30

tog

Ser

GGa
Pro
110

atc ¢

Hle S

ate

e G

gaa a

Glu

aga

M=t Aep Ala Ala Arg

24/29

ate

[ e

gho

Val

ott
Leu

ool

Pro

iGGag

~ Gln

95

ztt
Val

g att
tlle

175

T
aac

Asn

GGG

Pro

ga

Ala

[ L':t
Pra

ogt
Arg
80

aag
Lys

ttt
Phe

¢ o+
[ CeC

gaa

Glu

cct
Pro
160

cat
His

atg
Mt

96

144

240

anag
Ut

nn

DU

430

e



goa
Ala

07
ot

I o
=
o=

and
Thr
225

aac

Azn

o0

Pro

£5a
Ala
305

gag
Glu

acg

Thr G

gat

aaa
Lyz

got
Ala
210

GoE o0

Pro

aac |

Acn

b=

- Val

— Ly

< g

A aces

er Thr
1

gad

Glu

gttt
Val

- v
1.)‘3‘.!

Cya

age 2

-
ol

260

cag

GlIn

ctt -

Leu

—_—
=]

[=p 11=]
=

aaa

Lys

cte
Leu
340

&6 toa

- O - e
el

gEa

Gly

20438

Ala

Las

Tyr

ata
e

245

Va

gaa
Asp
a2h

azt

el

att
| e

aAdo

Asn

cte
Leu

tte

Leu
230

Gag

Gln

s Too

0

QNI |

zac
Az
310

agg

Arg

Cac

cte

Leu

cte

Leu

ata
| e

215

gtt
Val G

cat o

.
Hiz

tte
Phe

a gaa

= Glu

gte

Val
295

tte

Leu

Tat

=

iz Azp

gada

Glu

185

gta aac
Val Azn
200

aac gst
Azn Gly

atg gez
Met Ala

280

Gec agt

Arg Der

gat gag

Azp Glu

o tte ata

Phe |le

teg otg

oer Val

345

I
gz gty

Ala Val

s ocle

g5a

Ala

tte

=

Len

tta
LC‘; L

b=3

3 Leu

250

> tto
2 Phe

ot
Leu

(RO |

Pra

stg
LS

Lau

att
bl
330

— Yy
< o+

PrpO (]

teg

LEr
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ett

Val

235

aag t

Lys

£56

Gly

ggt

Gly

(I

Pro G

ota
Leu
315

aag

—ug

b~ 1]

o i

oty gow

Leu

< gy
£ g

s oto

sp Ala Leu

205

gaa aat a

Glu Asn @

285

aag cag

Lyz GIn

@Y T
aas ggt

,.
= uy

oty aog

Var Pro Met

o Gy

gy g2 ttg
Gly
270

aca
Thr
350

ttt
Phe

coa

Pro

et
Arg
240

wag

- GIn

ttt
Phe

I
- Gly

tca

[
wel

cte
Leu

320

y Gadg

o Gln

ato

e

624

672

120

162

&16

264

[ ]
py
o

960

1003

1056

1104



gz

Gly

—
~1 = Uy
[ re BN V1~1

Lo

gag gaa
Glu Glu

20
Jo

gty acg g

Val Thr

cag acg
GIn Thr

gzt go
Ala Al

g
a

> s

aat tte

Asn Phe
450

aag
Lys

gtt
Val

a aga

Arg
420

tac gog

u Tyr Alé

 snm o
sty gog ¢

Val Ala
290

zag tty
Glu Leu
405

got

Ala

<T G
£
——

360

gag oag a

Glu Gln A

Leu Pra L

gag aag o

Glu Lys A

GZA Cac ¢

Arg Hic A

gty cgg aag

Val Arg

top otg
Ser Val

act egr g
Thr Arg V
455

o a4 o
gw ate

rg Mat

cea tta gag

e Glu

a gte
g Val
410

ga gtz

rg Val

— (7
=]
[ I
Dy']
- g

tt tea
al

aat cg

Asn Ar

gag
Glu
295

aga
Arg

acs

Thr

tog

.
acg

Thr

vag

Gln

24

Glu

ota

.I:.t g
Leu

gtg

S

445

tte
Phe

gat

Asp

g atg

Met

aaa
Lys
430

atg

Met

Y
Gly

gan
AGI)
415

age

Ser

< Uy
A
— g

tta
Leu
400

toe

Ser

acg ttg caa

- Ser Leu Val Ala

Leu

GlIn

steatgttat tactocaast

aataaaattt aattaccgts taaqaaaaaa aaaaaaaaa

210>
Q211>
212>

213>

<400>

Met Glu Asp Thr Val Val Leu Tyr Thr

1

Met Leu Val Leu Ala Lys Phe lle Ser

23
457
PRT

Sesamum incicum

23

20

5

2

10

5

26/29

Lys His Tyr Pro

15

Ser Ala Glu His Leu Asn Ser

Ser e Pra

30

1152

1200

1296

1344

1594

1433

35



Leu Leu

Thr Val
50

Pro Asn
65

Leu Acn

Ser Arg

Glu Val

Gly Ala

130

Thr Val
145

Gly Cys

Arg Lys

R Al

[le Leu Cys Ser Ala Pro Glu Ser Ala Ala Ala Ser

35

40

45

Pro Ser 1le Thr Tyr His Arg Leu Pro Pro Pro Ala

Leu Thr Thr Asn
70

Asn Pro Azn Val
85

[le Lys Ala Phe
100

Ser Thr Gly Leu
115

Phe Gly Leu Cys

Pro Gly Asp Leu
150

Pro Prio Val Hiz
165

Ser Asn e Tyr
180

195

ab

Pro Leu Glu Leu Leu
75

Ser Lyz Ala Leu GIn
20

Val |l& Asp Phe Phe
105

Asn Ile Pro Thr Tyr
120

Pro Phe Leu Asn Phe
135

sp
5—

uf

Ala Asp Leu Asn A
1

o |

cer Ser Asp Phe Pro
170

Lys Hiz Phe Met Asp

185

200

27/29

60

Phe Glu Ile

Glu Ile Ser

Cys Asn Pro
110

Phe Tyr [le
125

Prao Thr fle
140

Phe Val Glu

Glu Ala Met

Ala Ala Arg

190

; Ser Thr Gly Aan Leu Val Asn Ala Phe Asp Ala Leu

205

Val

Leu

Pro

Gin

95

Val

Glu

Qlu

Ala

Pro

Arg

80

Phe

(e
o
-~

Glu

s Pro

160

Hig

Mat



Arg Ala Lys Glu
210

Thr Pro Pro Val
225

Azn Asn Gly Cyz

Pro Ser Lyz Ser

(4]
[t

- Val Glu GIn
275

Tyr Arz Phe Leu
290

Ala Ala Ala Glu
305

Glu Arg Thr Lys A

Thr Glu Val Leu S
340

Gly Arg Ser Der

355

Gly Trp Pro Leu
370

Ala Leu lle Asn Gly Leu Cys

Tyr

245

Val

Trp

Pra

||F5

Tyr

215

Leu Val Gly Pro Leu Val

)y
230

: Gln Hiz

fle FPhe

=1 Lys Glu

Glu

Leu

Cys Leu Lys

Cys Phe Gly
265

Mat Ala Leu Gly

a9
LO

Ser Val Arg Ser Pro Pro

295

Azp Leu
310

Arg Gly

" Hizs Asp

Leu Glu

Asp

Pha

Ser

Ala
360

Glu Leu Leu
315

[le 1le Lyz

Ja0

Val Gly Gly
345

Val Ser Leu

Ala Glu Gln ArgvMet Asn

3715

Ile Pro Asn Ala Pro
220

Gly Azp Ser Asn Arg
240

Trp Leu Asp Ser Gln

Arg Arg Gly Lsu Phe
270

Leu Glu Asn Ser Gly
2385

Gly Lys Gln Asn Ser
300

Pro Lys Gly Phe Lau
320

Ser Trp Ala Pro Gin

aNn
I

Phe Val Thr Hiz Cys
350

Gly Val Pro Mst Ile
3

|
6

ol

Arg Val Phe Met Val
380

Y4




s

Glu Glu Met Lys Val Ala Leu Pro Leu Glu Glu Thr Ala Asp Gly Leu
385 390 395 400

Val Thr Ala Val Glu Leu Glu Lys Arg Val Arg Gln Leu Met Asp Ser
405 410 415

GIn Thr Gly Arg Ala Val Arg His Arg Val Thr Glu Leu Lys Ser Ser
420 425 430

Ala Ala Ala Ala Val Arg Lys Asn Gly Ser Ser Leu Val Ala Leu Gin
35 440 445

Asn Phe |le Ala 3er Val Thr Arg Val

450 455
210> 24
211> 29
<212> DNA
{2135 Artificial sequence
<2200
223> eynthetic DNA
<400> 24
caccatatger aaracacegt totocteta 29
210> 25

Q211> 29
<212> DNA
213> Artificial sequence

<
<223> synthaetic DNA

<400> 24
geatoctaac atcactcaaa coogagtea , 29

29/29




A

DESCRIPCION

UDE-SLUCTEONTIL TEANUSFEPASA )y EOLINCLESTILO AUE

k

CODIFICA LA MISMA

CAMFO DE LA INVENCION

invencidn ce reficre 3 una JDP~

1l

La prez=zent

a

glumuronosiltranzferasa, wun polimmclestids que codifica la

mizma, un vectsor Jques contiens la misma, un fransformador, sto.

ANTECEDENTES DE LA INVENCISN

Los metakolitos secundarics de laz plantas polifendlicas

quz  incluyen loz flavoncidez y 1o

O]

lignanoz, oon abundante

eXperisncia alimenticia, han llamade 1a atencidén como

in

matzriales funcicnales durante afics debido a lazg propisdades
funcicnales representadas Lo sas actividades SO
anticxzidantez, vy ya& e3tén Jdigponibles comercialmente  como

alimentos =aludakles. For &jemplo, suercetina (flavonoide),

OTPEF (flavonoide), sesamdin (lignano), etc zon materiales

(1

representativos de alimentos saludables.

La traysctoria de la biczintesis de loz flavonoides 2n las

P}
(T

lulaz de laz plantaz sge ha estudiads deesds tiempoz antiguos.

han aizlad:s las encimas biogsintetizadaz que catalizan la

7}
i

‘_J
1
if

traysctoria metabélica y los genes que oodificsn laz encimasz,
1o cuzl ha llevade a un major snhendimiento de suz mecanizmos

moleculares.

insuficients el conocimiento scobre oSmo

@
]
[

For otra parts,
l:= metabolitos secundarios de la= plantzas Ferian

metabolizados, para mostrar su funcicnamiento después ds su



20

25

i)

=z sabe  gque  la glicosilaciin de 1oz metabolito
secundarios de la planta gJ2neralmsnts =g zcatalicada pox una
enzima que pertensce a la  superfamiliaz  denominada UDP-
Jlicoziltransferasa (U3T), irrespectivamentes de los tipos de
azicarss  (ylucoza, ramncga, acido  glucurdnico,  Jalactosza,
zto.) . Adicionalments, en log estudiocs: sobre la s=23amin, 22 hz

moctrads que los metabolitos secundarics estadn presentes

|
)

vivo coms Jlucurdnidos via metabolitos del cat=ool. Por oezo

in
O

conaidera  que  los glucurédnidos ftendrian una parte en el

o
il

11s in vive d=  log metabolitos

o
g
-
r
in
]
o
]
P
[}
=
¢
131

<
s

rr:

(8]

¥y}

secundarics o

)
1l
=
o
),
gl
=
o
o]
ot
0
)

ha confirmads  qus cuatre  monglucurénidos =3tan

(]
1Y

4l

presentss oome metabolitos de la quercetina en mamiferos (Q-2-
31ch, O=7=31ch, 0=2'=31lcA and D-41'-31lcA) (Feferencia 1: Day, Al

et al. Free Fadiec. Bes. 285, 241-952, 2001, Peferencia 2: Moon,

2001, Fzferencia 2 N'Leary, . A. =zt al. PBiochemical
FParmzaoiology 65, 173-421, 2002, y Feferencis 4: van Jder Woade,
H. et al., ¢Chem. Fes, Toxicol, 17, 1520-1520, I004); rpara
entendsr estas funcicones in viveo, ez necergarico obtener una
cantidad guficiente Jd= compusstos paARra examinay EARES]
actividades=s. ZSin emkargo, ain =& desconoce alguns UDP-

Jlucuronosiltransferssa apropiada que  muestre  unz amplia

gazpecificidad de sustrato, vy fue realments imposible sinteticar

Wb

por via quimica un producto para la reaccifn de fijacidn en

La raiz- de la Lakiatae CScoutellarisz hkaicalensis z2e llama

0



g
th

@)
N

=

Vi
g
)
)
ay
{a

]
=
(YU
R
o
g
—t
_-l
/]

=zcutelaria o "wogon" en Japonés, v

\-P‘
R
I}
X
-
ey
f11
o
r?
@
1]

acumilan  7-glucurénidos de flaveonas altamente  an
Dz zouesrde a los limites entre firmacos y no-farmacos, la raisz
de la Scutellaria hkaicalensis sstid clacificada entre los

farmacoz (Peferencia S: Gao, S. et al. Fiaochimica <t Biophysica

o

Acta 1472, &43-450, 199%), A 1a fzcha, la Sb7GAT se purifica a
partir Jde  la Laliatas Ffcoutellaria kaicalenzisz como -
glucuronosiltransferaza de flavona; <=3ta encima actda zolamente

sohre flav-onzas oon sustituyentes talezs  como el JLURD

)]
=
3
o
~J
=2
]

hidrozils  en la posicidén orto de laz f£L
(baicaleina, ezcutelareina, <tc.) pero no actia  sgohre 1la
apigenina vy la lutesclina que =zon las flavonas principales v
tampoos echre 1a quercstina que es unc de 1oz flavonoles
(Fefersncia &: lNagashim: 2. et 3l., Phytochemistry 53, 533-538,
Z000) . Un gen corrsspondiente a esta SETGAT =z2td regiztrado en

Genkbank (Acceszszion o, ABOLZZT77) pero zu funcidn permaneces gin

confirmar.

Por otra parte, 22 zabe Jque 7-glucurénidos de flavona que

son mAs diversce ogque 1oz ds escutelaria o "wogon" 2e acumulan

11}

|_.J
ar
s
]
|a}
].J
J—
|._J
i)
I=h
[
=
ot
iy
D0
¥}
)
a
i
-
=
pu}
U-

varizdad Jde= hojzs roja, oon

experiencia =n distética (Peferencia 7: Yamazaki, M. =t al.
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2. Moonm, J. H., et al., Free Radical Eiclogy & Medicine, 20,

yi]
o
W
‘._l

. 2'Leary, Y. A, , EBiochemical Farmacology, €65, 479-
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o
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4, van Jder Wouds, H. =t al., Chem. Fes., Tozicol., 17, 1520-
1530, 2004
5. Gao, 2. 2t al., Biochemdica =t Bicphysica 2cta, 1472, 642-
6. Nagashimz 2. et al., rFhytochemistry, 53, 5332-5Z8, Z000.
7. Yamazaki, M. =t al., Phytochemistry, 62, 957-9%%3, 20023

DIVOLGACIGON DE LA INVENCION

FEOELEMAS A 3EF. FESUELTOS FOF. LA INVEHCION

Bajo =stas cdrcunstancias, ha sido deszezble ddentificar

a oon egpecificidad de

[y}

unza nueva UDP-glucuroncsiltranzfera:

.u

to mas amgplia 7 oun o gen que codifigqus la mizma.

Lu

MEDIOS PAFA FESOLVER EL FPROPLEMA

En vizsta Jde lasz anteriores circunstancias ge ha llegads a
la pregsente invencidén y =& proporcionan laz siguientes UDP-
glucuroncosiltransferazas y polimicledtideoz que codifican las
mismag, azi Pndad) | (D vertores que soportan lacs mismas,

transformadores, =tc

(1) Un polinucleitide cualquisra de la (2) a la (f) de

(a) un polinucledtide que comprende un polimacledtido que
consgta d2 una sgzcuencia de nucledtidos seleccionada del grupo

quez consta de la seousnoia de nucledtidoz en las peosiciones 1 a

]
izl
i
-

4

D

13259 en la secuencia de nuclzétides representada por la

Y
|_|
fJ
by}
L)

zcuzncia Jds nucledtidez en laz poficicones 1

,_,
e
)
LN}
U
-
=
1
i
ll

2 la secusnciza de: nacledtidos reprssentada por la SEQ ID Mo:

10, la secusncia de mucledtidos en las posiciones 1 a 13271 én
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1

20

[3®]
LA

5

la zeocuzncia de nucleédtidoz representada por la SEQ ID N 12,

¥ la secuencia de nucledtidos en las posiciones 1 a 1271 2n la

(b) un polinaclsdtide que conprende un polinocleStids gque
codifica wna proteina que tiene una fecuencia de aminoe Acidos
seleccionada 321 grupc que consta Jds las SEQ ID Moe: 5, 11, 13

y 23;

(z) un polinucledtids que conprends un polimaclestide que
codifica  una proteina gque consiste en una fscusncia de
aminodcidosr con =liminacidn, sustitucidn, inzercidén y/o adicidn
of 1 a 15 andncécidos en un fecuencia de amincicidos

gszleccionada A=l grupos que esti constituids per las SEQ ID Nes:

wn

’ 11, 1z

(%]

\% 2z, y que tiens actividad e UDP-

glucuroncsiltransferasa;

(d) un polinucledtido que comprends un polinucledtide que
codifica  una proteina gque tiene una feouencia de amincdoidos
qus tiens homologia de por 1o mencos el 80% con una fecusncia de
aminoidcides zeleccionada A=l grups cme consts 3z los ZEQ ID
Noz: 5, 11, 12 y 22 y que tiene actividad  ds UDP-

Jlucuronosiltransferasa;

() un polinncledtide que comprendes un polinucleditide gque
codifica una proteina gque hibridiza bajo condiciones estrictas
con un polinacledtidos que consta Jde una fecusncia de
racledtidoz complementariaz a wun secusncia Jde nucledtides
seleccicnada del  grupo que consiste en la secusncia de

A=

i
-
l_.l
0
in
il
)
=
A4l
=
¥
l..l
hY

razleiticdos en las posicicones 1 & 135

nucledtidos reprezentada por la SEQ ID No: 4, la zecusncia de

L)
DO
wn
o

rmicledtidos en las posicionss 1 & 12
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nuclesdticdos reprezentada por la secnsncia de

b
b

nuclaitidos en lag posicicones 1 a 1271 en la secusncia de
nucledtidos representads por la EEQ ID Ho: 12, y la zecuencia
de nuclsdtidoz en las posgiciones 1 oa 1271 en la zecuencia de

nucl=dtidos  representada por 1z 2EQ ID Mo IZZ, ¢y tid

eIi
‘U

actividad de UDP-Jglucuronosiltransferasza; v,

(f) un polinacledtide gque comprends un polinncledtids que
codifics una proteina que hibridiza bajo condicicness eztrictas
con un polinucledtids que congiste en una fecusnoian de
mclelftidos complementaria a la secuencia de nucledtidos de un
polinuclsstide que codifica una proteina que oonsistz en una
sezcuencia de amincAcidos selzocionada dsl grupo que consta Jds

1lc actividadt de UDP-

]
]
=
L
1—4
12
—
-y
[
‘
n
-~
|_\
l_\
-
[
(A4
-
i
‘-
-

23, y ti=n

\g

(2) El polinuclsstide de acuerds oon 21 antsrior numeral

(1), &1 cual =g oualquicera de la (g) a la (j) de los que

() un polirmcledtids que comprende un polinucledtids que

I

] A=

-

cuenoi

0¥

codifica una  protein

O

que  congists  en una

amincacidos con 2liminacidén, sustitucidn, insercidén y/o adicién
de no mas de 10 amincicidos (i.e. 0-10 aminoacidog) en una
gecuencia de amincicideos seleccicnada del grups que consta de

N B

loz SED ID MNos: 5, 11, 13 vy 22, y qgue tiene actividad d= UDP-

[A]

glucuronosiltransfer

ffl

‘.'i

-

(k) un polinucledtids que comprends un polinucledtide que
codifica una proteina que tiens una fecusncia de amincacidos
M= tiszne homologia de por 1o menos =1 %02 2on una s=socuencia ds

amincacidoz zeleccionada del grupo e consta de lo= ZEQ O OID

9
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Nos: 5, 11, y 2%, vy e  tisne actividad de UDP-

Ui

glumaroncsiltransferasa;

(1) wn polinucledtids que comprends un polinucledtido que
codifica una proteina que  hibridiza  baje  condicicones  muy
estrictas con un polimacledtids qus consiste en una ssoucencia

dz nucledétidozs complementaria a un secnenciz de macledtidos

l

geleccionads del grupo  Jqus consta de la fecusnciza Jde

rnacledftidos en las poziciones 1 & 1359 en la secuencia de

[y
i=
[ 30
—
i
i
—
)
.
-
I_J
i)
O
1
=
L
-
b
|_i
Qo
=
&

nacleitidoz reprezentadz por la

Y]
=
1
o
)
I
,r_u
21
7]

1265 en la se

o

rmcledtidos en las peoesicicones 1
nuclzétidozs reprezentada por la SEQ ID Ho: 10, la zecuenciz de

rnacledtidoz en laz posicicones 1 1271 en la &seouencia de

o

Ul
=
D
=
7l
[...l
o

micledtidos representada por la SEQ ID M0: 12, v la =

al

il

@

wzledtidos 2n laz posicicones 1 a 1271 a2n la secusncia d=
nucleitidesr  representada por la SEQ ID Neo: 22, vy tiens

actividad A=z UDP-gluonronosiltransferasa; vy,
(3) un polinucledtido que comprende un polinucledtide que
codifica una proteina  que hikridiza kajeo condiciones may

ia

a0

L J

strictas con un polinucledtideo que conziste en una =eouen:

L
I

nucledtidos complazmentaria a la fecusncia de macleftidos de
un polinacledtide que codifica a proteina que consiste =n una
secusncia de amincicidos ssleccionada d=zl Jrups que consta d=s

las ZEQ ID Moeg: 5%, 11, 12 v 22, y tiens una actividad d= UIDP-

(2) Bl polinucledtido de acusrdo con =1 (1) sntericr, Jque

=
i3
[t
3
)
(3
T
o
oo
in
(]
1=
[
)
._
ﬂ
|t

2itids e esti constituide por la
gecuencia de nuclzétidoz en las posiciones 1 oa 1259 en la

secuencia de nucledtidos representada por la TEQ ID Mo 4.
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(4) El polimacledtids de acuerds oon
compreands: un polinucledtids que consiszts en la Fecnencia de
rnucleétidos en laz posicionezs 1 2 1265 en la gecuencia de

nucledtidos representada por la SEQ ID No: 10,

(5) Bl polinucledtide d= acuerdo con el (1) antericr, Jque
comprends un polinucledtide que  estd constituids por la
gecuencia de nucleadtidosz en las posiciones 1 a2 1271 en la

szouencia ds nucledtidos represesntada por la SEQ ID No: 12,

—_
(=)
~

El polirmaclestide de acuerds oorn &l (1) anterior, gue

U

comprends un polinuclsdtido que consicts en la fecusncia de

nucledtidos en laz posiciones 1 oa 1371 en la zecusncia de

H

rnucledtidos representada por la SEQ ID Mo: 22,

(7) El polinucledtide de acuerds con 2l (1) anterior, que

comprends: un polinucledtido que codifica la  proteina que

i
=1
[0

consiste en la secusencia de amincidcidos reprefentada por la

ID No: 5.

(8) El polimucledtide de acusrdo con el (1) antericr, que

comprends un polinucledtids que codifica la proteina que

0
=
1)

consiste en la =2ecnencia de aminoédcidos representadas por la

(2) El polinucledtido de acusrds con el (1) anterior, Jue

comprends: un polimcledtids que codifica la proteina que

=
1]

conziste en la secusncia de amincédcidos representada por la

ID No: 13.

(10) El polimacledtide de acuserds con el (1) anterior,
e comprends un polimcledtide que codifica la proteina que

nciza de amincdcides representada por la FEQ

g
]
o
it
l_' -
07]
ot
g
il
]_J
Y}
G
1
P
o
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ID No: 23.

(11)

anteriorss

(1)

a (10),

El polinucledtide

e

(12)

Una

ot=ina

pr

L=l

0 uj"l 'F'l '.'Cl'-id Fu:;]:

ACUSXAT 2o “ua11u 2r'a

ADN.

el polimicledt

l _ll ) o

acuesrcs con cualqu1~rﬂ

:’j =

1oz

antericres

(12) Wn

con cualquisr

(14)

rolinuclaidtids de acuserds con cualquisra
a (11).

(1%) Un tranzformador, en donde se
acuerdo con =1 (13) anteriosr.

(16) Un métodsn para  producir
reivindicacidén 12, &1 ocual comprende el
d= unerde con las antericres (14) o (15

(17) Tn mé&toda

comprende la

glucurinico y

con =1 (12)

EFECTS VENTAJOSD

In

formaciin
n

anterior

vector

d= 1los ar a

e SOy B L A o

(1)

tranzformador, an

rara producir un

3

del glucur

flzavonoide

coms catalizador.

El polinucl
la produccién
introduccidén del

una modalidad

glucuranoziltransferasza

empleands la

(1)

(11).

Aonde

introduse

A28

a (11).

Jquz comprendes el polinuclesdtide des acusrdo

sz introduce

el

anteriores

=1l vector Jde

proteina de

|—
!

Azl transformador

Jlucurédnids, =1 cual
rénido a partir del Acids UDP-

rotelin d=

acuerdo

DE LA INVENCIAN

efticddy de la presents invencidn =3 Util para

de una nuseva UDP-glucurcnosiltransferasa por

polinacledtids en, =.9., un transformador. En
preferida e 1z invencisn, la Unp-

amplia

cespecificidad de
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y actividad de gluouronidacidén de diverszos sustra

EFEVE DESCEIECION DE LAS GFAFTCAS

e
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FIG. 1 muestrzs alineamientos de

amincdcidos s An0GETogl0 derivados Az Antirrhinum
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SL7GAT derivada de fcutellaria haicalenzis.

FIrs. 2 muest

eepecificidad d= 1o

)]
i
=
i

tratoz  aceptorss de

PfUGTS0.

FIic. 2 muestra 1oz resultados del  anilizid

7]
=
iy
T
=
11}
'
1
T
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T

especificidad  d=s los ceptore

FIG. 4 maestra 1lo3s  resultadoz del andlicsi
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H
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n
g
j
8
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=
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erpecificidad  dz los  sustratoz  aceptor

Fifz. € muestra loz resultados de=l andlizice

lerivadoz de Scutellarizs lasteviolacza v, yakusimensi

=

ariedad de hoja

loz  resultadoz d=l  anilizisz

i~
‘e

Tecusncias

majuz, W

sptorss

de

rxja y

e =)

la

Jlicos=il para

los rezultadoz del  analis=i

=
a1

por LC-MZ de

log productos en la =olucién de reascidn de S10GT

dmnde  laz flechas denotan los productos.

FIG. 7 muestra los resultados Jdel andlizics

productos en la reaccidn Jde 3C1 y S1UGTL.
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Ty

FIG. ® muzstra log reszultadoz del anial

sroductos en la reacoldn Jde gquercetina S10GT1.
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Primerso, la pressnte  invenciin proporoiona (z) urn

polinuclsdtide (sspecificamesntes un ADN, al couwal en adzlante ze

i

referencia algunas veces nada més Jque oom "ADN")  me

L-’*

(3-ha
comprends un polinucledtide gque estd constituids por una
secusncia de nucledtidos  seleccionada del  grupoe que  =sté

tituido por la secvsencia de macleltidos en las posiciones 1
a 1359 en la secuencia Jd= nucledtidor representada por la ZEQ
ID No: 4, la secuencia de nucleitidos en las poficicnes 1 a
1265 en la zecnencia Jde puclediidos represzsntada por la 3EQ ID
No: 10, la zecusncia A2 nucledtideos en las posicicnes 1 a 1371
en la secuzncia de macledtidos representada por la ZEQ ID HNo:
12, v la =zecusncia Jdz nucledtidos en las pogicioness 1 oa 1271 en
la secuencia Jd= nuclzdtidos representada por la SEQ ID o 225
y () un polinucledtide que comprende un polinucledtids que
coldifica una proteinae que tiene un s=scusncia Jd= amincidcidos
geleccionada del grupo que estid constituide por las SEQ ID Hos:
5, 11, 12 y 23. El ADN okjetivo de la prezente invenciin no

eztd limitade zolamente al  ADN que  codific 1 Dpp-

Y
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~
=
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)
o
O
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]
-
(]

Jlucuronosiltransferasa descrita anterio que tambii
incluye ctroes ADN que codifican wna proteina funcionalmente

equivalente a =3tz proteina. La proteina funcicnalmesnte

Ly o]

equivalente ez, por ejemplo, (z) una proteina  que  eztd

congtituida por una secuencia de aminoidcidos con eliminzacidn,

m

stitucidn, inszrcidn y/o adicién de 1 a 15 amincdcidos en una
gzousncia  Jde  amincdcidozs  seleccionada del  grups e e2ti

congtituido por las SEQ ID Wos: 5, 11, 12 y 23, y qus tisne
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actividad de UDP-glucurcnosiltransferaca. Tal proteina incluye

t4 constituida  por  una  secuencia  de

o
O]

una protzi

w
(_»

que o
amincicidos szlaccionada d=l grupo que estid constituide por las

SEQ ID Mosg: 5, 11, 13 y 22 en donde 1 0a 15, 1 5 14, 1 a 13, 1 3

aS 1ad44, 1a 3, 1 a2 ol amincdcido(s) e3/son suprimdde(s),

rie

ﬂn

sustituida(g), inssrtadeo(s) y/o adicicnado(s) y  que ti

el nanero

1]
=
=
(O}
(]
=
\y
|—=

actividad Jd= UDP-glucurcnosiltransferas

¢ eliminaciones, sustitucicones, inssrcionss, y/o adicicnes es

|_I\

nasz incluysn una

Oh

preferiblemente mis pequefio. Talez prote

z

proteina que tiens una fecuencia de amdincicide

riy

Jque tiens una
homeldogia de zprozimadamente el 50% o mis alta, 21 Bl% o més
alta, <1 52% o mas alta, <1 B2% o més alta, <1 84% o mas alta,

el 35% o
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i (P alta, =1 89% o mas alta, =1 90% o mas alta, =1 921% o m

altza, =1 %2% o miz alta, =1 93% o wéds alta, <1 24% o mas alta,
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mas sltz, o 2l 99.9% o mids alta, con una 2Facouencia de

amincicidos zeleccionada del o e eztd constituide por las
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v ooquz tiene la actividad de UDP-

[

glucuronosiltransferaza. Coms <1 porcentaje de homologia
dezzcrito anteriormente e mis alto, esta proteina se prefiere
por 1o general.

Segun =& emplea ajqui, <l términe " actividad de UDP-

T ura actividad A=

il
o

Jlucnroncesiltransferasa”™ s refi

il

0



20

14

n ode la reacceidn que implica ls Jlucuronidacidn de
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g
jm]
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loz grupos hidreozilo en flavoncidess, sstilkencs, lignanos, ete.
(gluouronidacidéin de, e.g., una flavona 2n la posicidén 7-0H)
para formar glucurinidos.

La actividad ds UDP-glucuronoziltranzferaza ruede
analizarse por reaccidn, por ejemplo, de Acido UDP-glucurdénico
oo un sustrate aceptor de glicosil (e.g., una flavona) en

presencis de una enctima a fer prokhada vy oanalizands 21l producto

10

de la reacceidén por HPLC (2f., BJEMPLOS descritos adslante para

La presente invencidin incluyes ademds (2) un polinucledtido
que comprends un polinncledtids que codifica una proteina que
hibridiza kajo condiciones estrictas con un polinucledtide que

constituids sfuln una Fecuencia A= nucleftidos

[

ezt
complementaria a una sscuencia de nucledtidos selesccicnada del
grur< que estd constituido por la secuencia de nuclsétidoz en

las posgicionzas 1 a 1259 en la  =zecusncia  de nucledtidos

H

spresentada por la SEQ ID NO: 4, la secuencia de nucledtidos

vl

p

las paoszicionez 1 a 1265 en la sfzousncia Jde nuclsdtidos

P

1

de nucledtidos

i

representads por la 2EQ ID NoO: 10, la secuenci

i

en las posiciomes 1 a 1271 en la secunencia ds nacledtides
representada por la ERQ O ID WD: 12, v la  secuencia  de
racleétidos en las posiciones 1 a 1271 en la secusncia A=

nacledtides  reprezentads por la 3BEC ID WMo 22, vy tiens

1}

actividad de UDP-glucuronosiltransferasa; Y (£) un

p

polinucledtids que comprends: un polinucledtids que oodifica
una proteina que hibridiza baje condicionez sztrictas con un

polinucledtide Jque  estid constituido por una 2szcuencia de



20

15

nucledtidos complementaria a la zecusncia 4z nucledtidosz de un
polinacledtide oque codifica una proteina gque =std constituida
por un secuencia de aminodcidos seleccionada del grupe que esti

constituide por SEQ ID Nes: 5, 11, 13 y 23, y tiene la
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ADN o ARN.

fegin se emplea aqui, el términs "polinucledtide que
hibridiza bkajo condicicnes  eatrictas 2z  refiere a, por
ejemplo, un polinucledtido obtenids  por hibridacidén  en

colonias, hikridacién =n  placa, hikbridacién  Southern o

'-J
—0
|d
Il
I ' 1]

2y empleands  ooms sonda todo o parte de un
rolinaclestide que =3t constituide por una  fecusncia de
nuclzbtidoz  complesmentziria a un Secusencia  de nucledtidos
czleccionada del grupc Jque estid constitnide por la secuencia de
nuclestidnz en las posiciones 1 a 1359 en la zecuencia d=
nuclzétidos representads por la SEQ ID N0: 4, la zecusncia de

ncledtidos en las zecuencia de

=
[}
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1~
Y]
i
b
jom
L
0]
1=
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=
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)
M
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=
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nmicledtidos representada por la SEQ ID Woh: 10, la secusncia de

uencia de

—
)
)
)
~J
[
Iy
ju]
=
)
(l‘
Q

micledtidos en las posicicnes 1 a
nacleitidoz repressntada por 2EQ ID No: 12, vy la zecuenciza de
nucledtidos en las posiciones 1 = 1371 =2n la seocusncia de
nuzleitidozs representada por la SEQ

polinuclaédtide que td constituido por una  gecunencia d=

1}l
w

nucledtidos complementaria 2 la secusncia de nucledtidos de un
poliraclsatids que  codifica un secusncia de amdincicidos
celeccionada del grupo que =std constituide por las ZEQ ID HOs:

, 11, 13 y 23, El métaods de hikbridaciin pueds ser un mEtodo

103
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n, por  2jenplo,  Sambrook & Fusssll, Molecoular

pu
O
0]
¥
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ot
il

Cloning: A Laboratory Manval Vveol., 2, Cold Spring  Harkor,

abvcratory Press 2001, Auszubsesl, Current FProtocols in Molsoular

Biclogy, John Wilsy & Scons 1987-199%7, =to.

Segin sz emples aqi, las "condicionez estrictasz" pusden

g2y cuzlesjquiera entre condicicnes sstrictes haja, condiciones

)
i

de estrictez media o condiciones d= estrictes alta. L
condiciones de estrictec kaja"™ son, por ejemplo, solucidn de

-~ - 0wy

Denhardi Sz 232, 5=, 3D8 al 0.8%, formamida al 50% y ZZ°C. Las

hj

"copdiciones de estrictez media" son, por 2jemplo, solucidn de
Denhardt 5S¢ 230, 52, 3D al 0.5%, formamida al S0% y 42°C. Las
"condiciones de estrictez alta" =on, por ejempls, solucidn de

Denhardt 52 Z8C, 5=z, 302 al 0.5%, formamida al 50% y 50°C. Bajo
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zztaz condicionessz, a medida que
sspera obhtener mis eficientemsnte un ADN con homslogia més alta
a la temperatura més alta, aungque en la estrictez de 13
hikridacién e  involucran  miltiples factorss incluysndao
temperatura, concentraciin Jde la zonda, longitud de 1z zonda,

fusrza idfnica, tiempo, concentracidén Jds 23l vy =imdilarss.

(n

Miiens=z tienen experisncia 2n la Ecnica  pusden  obtener

f 03
\'T
vi?
i

ictes zimilar por seleccidn adecusda de sstosz factor

Cuando == emplea un equips disponible comercialmente para
la hibridacién, rpuzde wusarse, por <ejemplco, Alkphos Dirsct
Labeling Feajents (producido por  Amsrsham Pharmacia).  En este
cazo, Jde acusrdo con el protocolo anexc, Se incuba una membrana

lava

m

if
T

con una  sonds marcada durantes la noche, la meEmkbrana
con un blifer para lavado primaric que contizpne SDE sl 0.1%

(p./v) a 55°C y entoncez pueds detectarse el ADN hihkridao.
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Otros polinucledtidos que pusden hibridarse incluyen los

ADIl fque tienen un: homologia  aprozimadaments del G0% o mas
alta, aprozimadamente del 702 o méds alta, Jd=l 71% o mé= alts,

del 72% o masr alta, del 73% o maz alta, d=l 74% o mis alta, 75%

I}
=
1
i
]}
=
ot
i}
-
~J
Py
o
=
Al
r

o
[es]
o
[t}
=
Ak
0]

mazs alta, d=1 86% o maz alta, d=1 87% o masz alta, dzl

alta, del 89%% o mas alta, del ™% o miz alta, de=l 21% o mas

mas altz, del 249.6% o mas alta, del 29.7% o ma&s alta, sl 99 3%

o mEs alta o del 292.9% o mas alta, con oun ADT qus codifica una

L_)\

seleccionada  d=l  grupe  que =st3
constituido por la zecusncia de nucledtidos en las
a 1259 en la =ecuencia de nuclzétidoz reprezentada por la SEQ
ID Ma: 4, la secuencia de nucledtidos
1265 en 1z secusncia de mocledtidos
zdtidos en las pozicioness 1 a 1371

Mo: 10, la zecusncia de nuc

en la zecuencia Jd: nucleitidos representada por  SEQ ID Mo 12

[y

nencia de nucledtidos en las posiciconss 1 a 1271 en la

- -
Lol WS

ot
fd

secuencia de nucledtidos representads por la ZEQ ID MHNo: 2, o
una fecusncia Jde amincicidoz zeleccionada del grupos que =sti
constituideo por las SEQ ID Woz: 5, 11, 13 v 23, calcouladzs con
un software para kdsqueda d= homologis, tal como FASTA y BLAST

-

usand> 1oz paranetros preestablecidos.
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La homologia entre zecuencizas de amincidcidoz o seouencias

de nucleiftidos pusdes determinarse empleznde =)l algoritmo BLAST
dz Farlin y Altzchul (Froc. Matl., Acad. 3ci. 034, §7: 2IZ64-
266, 19%); Eroc. HNatl. Acad. Sci. USA, 90: 5873, 195%2)., S& han
dzsarrollads los programs dencominadeos BLASTH y BLAZTY con baze
en ¢l algoritme BLAST (Altzchul, 2. F. =t al., J. Mcl., Biol.,
21%: 0%, 1290). Cuando se esmplea BLASTY para la secusnciacidn
de wuna secuszncia  de macledtidos,  loz parametros fon,  por
ejempls, puntajs = 100 7 longitud de palakbra = 12, Cuando =e

emplza  RBLASTY fpara la secusnciacidn de una  fecuencia  de

i

aminodcidos, log pardmetros 2on, por &jempls, puntaje = 50 y

longitud de palabras = 2. Cuando =2 usfan loz programas PLAST vy

Gapped BLAST, == emplean parametros predeterminados para cada

El pclinucledtide de la invencidén descritoe antericrmente
Fusds ohtenerze por medics conocidos en ingenieria genétic

por medics conocidos para sintesis.
2. Proteina de la invencidén

En una modalidad adicional, la presente inverncid
proporciona la  proteina codificada por cualgquiera de los

polinucleditidozs (a) a (f) descritos antericormente.

—
iy
)
=
O

purt
1

’_l\
o
W

dz 1z invencidn que e prefiere &3 una proteina qus esta

una aecusncia de amincdeides con eliminacidn,

g}
it
=
(%))
[
!_V.
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=
|t
L
fal
yn
~

suztitucidn, insercidén y/o adicién de 1 a 15 amincidcidos en una

ta

ry

szouencia  Jde  amincacidos  selecciomada del  grupe que &
conftituide por las SEQ ID Hos: 5, 11, 12 y 22, v qus tiene

actividad de UDP-glucuroncsiltransferaza. Tal proteina incluye

uns  proteina gque  estid constituida por una sscuencia de
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aminocdcidos ern donds: 1oz reziduos Jde amincdoidos con @l namero
Azzeorits antericrmente 3on eliminados, sustituides, infertadeos
v/ adicionados en una secuencia de amincicidos seleccionada
d=} grupc que =sté constituide por laz SEQ ID Nos: 5, 11, 12 vy

~0

22 vy que tiene la actividad de UDP-glucurcnosiltransferzza. La

proteing incluys también una proteina qus tiens secusncia de

amincicidos que tizne la homologia descrits antericrments con

N

l—l
R
5}
L
fu
o
i
=

una secusncizsz de amincdcidos szleccionad Jgrupo  Jqus ezt

constituido por las SEQ ID HWes: 5, 11, 12 y 22y que tiens 1

31]

actividad de  UDP-glucuroncsiltransferasza. Eztas proteinas

pusden ohtenserse por el =zmples de mutagénesis dirigida al

n
[N
o+
[_'
"l
a
O
l L
i—u‘
I_l
ct
m

zn  Sambrook & Fussell, Molecular Cloning: A

=
a

aboratory Manual, Vsl. 2, Cold Spring Harkoer, Laboratory Preas
2001, Bunsukel, Currsnt Protocols in Molecular Biclogy, John
Wiley & Sons 15%7-1597, Mmc, Acids Fes., 10, ¢4%7 (158Z), Froc.
Hatl. Acad. 3ci. U3a, 75, &409% (19%32), Gens, 34, 315 (1285),

Mic. Acids Fe=z., 13, 4431 (1%rR5), Proc. HNatl., Acsad. Sci. USA,

La eliminacidn, sustituciin, insercidn y/o adicidn de uano
o mis residucs de amincidcidos =i una secuencia de amincacidos
de la proteina de 1la invencién gignifica ¢qus uno o una
pluralida = reziduacsz de= amincdcidos TN eliminados,
sustituidoz, inszrtados y/o adicicnados en una o una pluralidad
de pozicicnzs en la misma secuenciz de aminocdcidos.  Pusden

courrir dof © mas clazes de 2liminacidén, sustitucidén, insercidinm

rf
16}
=
yi]
]
‘—r
(]

y adicién concurren

Ejemplos Jde2 residucs de amincacids que =zon =sustituikles

mutuamente e Jdan a contirmmacibn., Los rezidacs de amincacidos
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en =1 mismos Jrupo son sustituibles muatuamente

Grup.o A: leucing, izzlencina, norlsucing, valina,

~

norvalina, alaningz, Acido  Z2-amincbutancico, metionina, o=

metilserin t-bntilglicina, t-kutilalanina v

g»

ciclohexilalanina; Grups B: acide aspartico, &cido Jlutamico,
dcido izcaspartico, Acido isoglutdmico, Acido Z-amincadipico y
dcido Z-aminozubérico; Srupo C: asparajyina y Jlutamina; Grapo

D: liszina, arginina, ornitina, &cido 2,4-diaminckutancics vy

doide 2, 3-diamincpropionico; Grupo EB: prolina, 3-hidroxiprolina
y 1-hidrecziprolina; Grupo F: serina, treonina y homoserinag; v

Grupo G: fenilalanina y tirosina.

La proteina de la presente invencidén puaesds tambisn ser
producida por mitodos para sintesiz gquimica talsz como el
mitods  Fooc  (mdtodo  del  flucrcenilmetilozicarkbonila) v el
métods tBoc (método Jdel t-hutilcoxicarkeonilo). Adicionalmente,
pusden csmplearass también Fara 1z sintegisz quimica
fintsticadores para péptidos disponiblezs 2n Advanced ChemTech,
Perkin  Elwer, Fharmacia, Protein echnology Instrument,

Syntheosll-Vegsa, Perfeptive, Shimadzu Corp., eto.

l_.J

En  esta proteina de la  invencidén =z wuna UDP-
Jglumaronosziltransferaza. La denominada "TIDP-

glucuronoziltransferasa" cataliza la reaccidin de tranzferencia

it

del grupo Jglucuronils del Acido UDP-glucurdnico como donador de
Jlicogil sobre un sustrats aceptor de glicogil para formar el
Jlucurénids vy UDP. En la presente invencidn, =1 szustrato

ceptor de glicosil  es, por  2jemplo, un flavonoids,  un

0

O
)]

tilkens y un lignano.

El flavoncide incluye flavonas, flavoinoles, flavanonzs,
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arigeninz,

incluyen quercseting, miricetine,

la=

I=h

lava Ejemplos

nonas 3

oy
o

genisteins, formononetina.

glicésidos de incluyen

orientina.  Un ejemplo ds lag auronas

Az las catequ catequina y

El e=2tilkenc

etc.

=1

1l lignans  incluye

=23 lﬁul

For ejempls, la UDP-glucursnos

secuencia Jde amincdcidos

la actividad couands 21 sustratc acept

flavonoide  tal  como  baical

Al
1=
]
-
13t

luteolina, tricetina, dicemesting,

fou
N
I-J
|_|
]
wl
Tt
pu]
l_s
;
fn
s
-
1)

zzoutelsconina, lut=olina, tricetina,

fos

o

[0
i
1
I
ot
o
g

Ejemplos

camferal

siltran

de la SEQ ID N

apigening,

crizcoericl,

un lignano tal
=T
Jlicozil,  espec
baicalesina,

dicesmetina,

luteslina, tricetina,
flavonoles
zjemplo de
Az las

Ejemplos Jde los=
isovitzzina vy
aureuzidina.  Ejemplos

de epigalocatesquina.

su piceido glicézido,

catecol 2

tiene la
s 5 (PEUGTE0D) muestra

or Jde glicozil ez

urensidina, =to., un

comparacién con

ialmente cuando el

apigsznina,

crizceriol,
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La UDP-glucuroncsiltra
amincicideos de la 3EBEQ ID NG: 11 (S103ET) muestrz la actividad
cuands 2l zustrate aczptor d: glicozil ez un flavonoide tal
COoMmT baicalzins, apigznina, szcutslsarsina, luteclina,
tricetina, dicametina, crisoceriol, querczting, camferol,
naringy=nina, Jenisteinzs, Jdaid-oeina, formononetira, miricetina,
eto., urnia cumarina tal coms esculestin, stc., un estilbenc tal
coms reaveratrol, eto., un lignanc tal ooms 3C1, 3CI, EC2,
etc., y muestra una potentz: actividad en comparaciin con otros

sustratos  aceptores de glicozil,  especialmente cuando el

La UDP-jlucurconcsiltransferzza gqus tiens la zecusncia de

aminodcidoz de la SEQ ID HWo: 12 (AmUGTogl0) muestra  la
actividad cuands =1 sustrato  aceptor  de Jlicosil  es un
flavonoide  tal  como  baicaleina, apigenina, escutslsonina,
lutezalinag, tricetina, dicesmetina, crisoericl, quercetina,
camferol, naringsznina, aurensidina, =sto., un estilbeno tal como
rezveratrol, etc., y muestra una  potentes actividad eEn
comparacifn oon otroz sustratos aceptorss  de glicosil,
ezpecialmente cuands el sustrato aceptor Jde glicosil ez un
flavonoide  tal  come baicalsinz,  apigenina, essoutelareina,
lutealinag, tricetina, dicsmetina, crizoericl, camferol,

naringenina, stc.

[4

]

La UDP~glucuronosiltransferasa gque tiene la secusncia de
aminodcidos ds la SEQ ID Mo: 23 (24iUET22) muestra la actividad
cuands el sustrato aceptor de glicosil es un flavoncoide tal
SOOI baicalezina, apigenina, =zzutelareina, Intzoslina,

tricetina, Jdicsmetina, ocriscoeriol, izovitezina, quercstina,
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camfersl, naringenina, aursusidina, formonconetina, eto., una
cumarina  tal come  easculstina, eteo., un estilkent tal  como

una potente  actividad &n

(l)

rezveratrol,  etc., y musstr

+
I~
W
r
[
15}
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Tia
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comparaciing con otros sus ceptores

alm=nts cuvando =1 =sustrato aceptor de glicosil ez un

|_l.

SEpET
flavonoids  tal  como kbaicalzina, esoutelarsina, lut=zolina,
tricetina, camferol, aureusidina, e=tc.

3. Vector y transformador portador del mismo

En otra modalidad, La presents invencién  proporciona el

{—
j0]

vector de expresidén que comprende =l polinuclzdétido de
presentes  invencidn. El wvector de la invencidin comprende
cualquisrs Jde (a) & (£) descritos anteriormente.
Prezferiblemente, =1 vector de exprezidén de 1z invencidn
comprends cualgquiszra de los polimacledtidos (3) a (J). Mi=
preferikblemente, &1 vector de  expresién de la  invencidn
comprends un polinucledtids ques comprends un polinucledtide
seleccionada del Jrupo Jque =sté constituido o un
polinmcledtids qusz estad  constituide por  la  zecusncia de
nucledtidos en las posiciones 1 a 1259 en la zecuencia de
micledtidos reprezentada por la SEQ ID No: 4, un polinucledtido
que esti constituido por la secuenciz de nuclzétidos en las
poeiciones 1 a 1365 =n la secusncia Jds nuclsitideos reprezantada
por lz SEQ ID MNe: 10, un polinuecledtids qus esti constituido
1271 en

Stidos en las posicionszs 1

3
]
H
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la zecuenciza de nucledtidos repressntada por la SEQ ID MNe: 12 vy

i

urn polinuclestids gque estd constituids por =cusncia  de

I_.J
i

1271 en la secusncia  de

it}

micledtidss en las posiciocnes 1

ta

nucledbtidos  representada por  la B ID W oz, o un



10

[xe]
N

24

polinuclaétide zeleccicnads del grups Jque estd constituido por
un  polinucledtids que codifica una  proteina que estA
constituids por la ssouencia de amincicidosz of SEQ ID No: 5, un

ati oconstituida

O

polirmaclesitido gque codifica una proteina gque
por la sfseouencia Jde amincideides de la ZEQ ID No: 11, un
polinucleitids que codifica una proteina que consists en la

seouencia Jds amdncdcidos de la ZEQ ID HNo: 12y uan

-
i)

polinucledtide que codifica una proteina que consiste en

it
(17}
[
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=
1t
1]
2]
|1
|
)
—
=
T
1>
(W]

fzcusncia de amdncdoideo:

El vector de la invencidin ze construys Jeneralmsnte para
que  contenga una casete de expresidén que comprends (1) un
promotor gque pueds transcrikirzs en una coélula huésped,  (1i)
cualgquiers de loz polinucledtideos descritos anteriormente en
(2) a3 (J) que e=zti ligado al promctor, y (iii) una zefial Jque
funciona en la célula huésped con respecto s la terminacidn de
lz transcripcidn v la poliadenilacién de la molicula de APN,
El vector asi construids 2o introduce en una cflula huésped.

Para construir =1 vector Jde sxpresidn,

L

emplean weitodos que

o

uzan un plismids, un fago o un césmido pero no estin limitades

Los tipos ezpecificos de vector no estin limitades en

particular, y pusden seleccionarss  adecundamsante vectorses

ul\

capaces de exprezar en una <é&lula hudesped. Esto ez, pusde
escogerse una secuencia promotora apropiada Jdependiends del
tipe de= la célula huésped para expreszar confiasblemcente el
polinucledtids de la invencidn, y puedsz emplearse ocoms vector

d=z  expresién un vector oktenido por incorpéracidén de  esta

W7}

szouencia y =2l polinuclsétide 4z la pressnte  invencidn en

2
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varics plésmidos o similares.

El vector de expresidn de la presente invencidn contiene
una regién de control de la  expresidn (por  ejemplo,  un
promstor, un terminador, y/o un origen para replicacidn, =tc.)
dependiends del tipo del huésped 3 introducir. Un promotor
convernzional (por =jempls, promotor tre, promctor tas, prometor
laz, etc.) ge emplea coms promotor para un vector de expresidén
bacterianc.,  Como promotor para levadurs, &2 uasan, por ejemplo,
un promotor de gliceraldehido 2-foszfato déhidrogenasa, promotor
PHNS, =tc. Comd promotor para hongos s usa, por sjsmplo,

amilzaza, trpC, etco. Adicicnalmente, & emplen un promotor

¥y

\Y

siae

virzl (2.9., promotor temprans SV4A0,  promotor  tardio 2V40,

z

eta,) coms promotor para células huégsped derivadas de animal.

El wvecotor de expresidén contiense preferiblemente por 1o
menos un marcador selectivo. Bl marcador disponikle incluye un
marcador anmotrifico  (urab, niaD), un marcador registents a
firmacos (higromicina, =Zeocina), un marcador resistente a la

[a]

ntizina (3418r), un gJgen resistentes 3l cobre (COPL)  (Marin et

(U]
i

al., Proc. Natl. Acad. 2ci. USA, &1, 227, 1981), un Jen
registente & la cerulenina (faszlm, FDREL) (Junji Inokoshi et

al., PRicchemisgtry, 64, ¢év0, 19%2; 7 Hussain et al., Gene, 101:

La prezgente invencidén proporciona =1 transformador en =l
cnal e introdace el polimacledtids descrito antericorments =n

cualgquiera de (a) a (j).
El métods de preparacién (métods: de produccidn) del
transformador no esti limditado en particular < incluye, por

ejemplo, un métods que comprernde la introduccién del wvesctor
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rasombinants en un huésped seguida por una transformaciin. La
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cdlulaz conocidas. Ejemplos zsespecificos sonm: hacterias tales

coms. EBEschesrichia  coli, ts., evaduras (levadura gemante

uil

Saccharomycss cerevisias, levadura dz fizidm
Sfchizosaccharomyces ponmbe), newdtodos (Caencorhabditiz =legans),

oocito de la rana Africana con ufias (Yenopns lasevie), =to. Los

v
o

medice oultive o las condiciones  apropiadas paras  las

an

nter célulazs huésped sfon bien conocidos  &n la téconica.

" ’
=t
1
i

£

Bl organisms a transformar no =stéd limitads en particular, e
incluye varios microorganizmos, plantas y animalez mencionados

anteriorments como ejemplos d= células huésped.

Para la transformacién de la cé&lulz huésped, se pusdsn
smplear varic: métodos d: conncimizsnto Jensral. Por o ejemplo,
métodss que pusden emplearze incluyen, perc no est
z: =2l método de =lectroporacién (Mackesnzie D. AL =zt al., 2ppl.
Environ., Micreokicl., oo, Jdo55-d¢dl, Z000), &l método de
liberaciin de particulas (métods descrits en JPA Z005-237403
"Mzthod of Preeding Lipid-Producing Fungus"), =21 métoedo del

to

]
o
[}
]
1
=
m
ot
{_l

ezferopls Acad. Sci. U2A, 75: 1aZ9 (14973)), =1

o
7]

métods del acetzteoe de litio (J. Bacteriology, 153: 182 (1953)),

v mitodos descrito en Froo. Matl. Aead. Sci. UZA, 75: 1aza

ti]

(127%), Methods in yeast genetics, 2000 Edition: B2 Cold Spring
Harbor Laboratory Counrse Manual, eto.
4. Método de produccidén de la proteina de la invencidén

En adn otra modalidad, la pressnte invencidin  proporciona

invencisn

1

un método Jde produccidn Jde la proteina de la present

17
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antericormente.
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EBzpecificamesnts, la proteina Jd= la  invencién puede

chtensrze por  aisla de la proteina d= 1la
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invencidn a partir del oultive Jdel tranzformador descrito

antericrmentes. Segin e emplea aqui, <1 cultivo =& refisre a

"J

cualquisra s=sntre calds de oultive, hacterias cultivadss

z de bacterias cultivadas
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o célulaz cultivadaz. Puedsn emplearse métodog convencionales

vara aiglar y purificar la proteina d= la invencidn.

Ecpecificamente, cuando la proteina de la invencidn e

acumila entre bacterias cultivadas

it}

o entre célulazs coultivadas,

puzde obtensrzz un  eztracto cruds de la proteina de 1a

;_1
!J.
n
.,

inven cultivands  las  bacteriasz o las  células, con
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convencional (2.9., ultrascnido, lisozimas,
congelamiento vy descongelamizents, etc.) v oaplicande un método
convencional tal ocomo centrifugacidén o filtraciin. Cuande la

proteina de la invencidn se acumula =n =) caldo d=2 cultiveo, =1

'__l

sobrenadante  del  cultive  que  contiene la  proteina de

oL
1

invenciin pueds ohtenerse, dsspuds concluida la incubacidn,
por separacién de las hacteriaz o células del sobrenadante del

cultive Jdr una manera convencional (e.9., centrifugacidn,
filtracidén, etc.).

La purificacidin Jde la proteina Jde la invenciin contenida
en el extracto o el sobrenadante del cultive okbtenids como =2
v anteriormente pusde  =fectuarse  por un  méEtodo
convencional de separaciin y purificacién. Loz métodoas de

geparaciin y purificaciin incluysnds precipitaciin con sulfato

115
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de amonic, cromatografia de filtraciém en gel, cromatogra

intercamkic idnico, cromatografia d afia de

a0
Y
=h
=
-
[
oy
i
9]
&,
5
1Y)
—'-
d

ligquides de  z2lta resclucién en fasze reversa, Jdiflisis, vy
ultrafiltraciin, zte.  puseden  emplearsze =olos o &n una
combinacisn adecuada.
5. Método de producciéﬁ del glucurémnida

La presente invencidn proporciona ademis un métods  ds

produccidn del glucurdénids szmplesndo la proteina de la presentes

s
‘l\

1

iza la reacciin =

].J
,.1
"l
1l
ot
]
l._l

AT SO I

Vi)

1a

3,

ar

i

invenciin., La proteina

‘r
’ o]
i-h
h u
(l'
\ |
1~-
o
jo 3
n
-
1}

Zoido glucurdnico dzl Acido DDP-glucurénico a
un  sustrato aceptor de glicozil  (e.g., un flavonoide, un
estilbens o & lignanc) vy por 1o tanto, =1 glucurdnide pueds

producirse 3 partir del =ustrato aceptor de glicosil vy Acido

fll

UDP~glucurénics  empleande  la proteinag de la  invenciin., E1

sustrato aceptor de glicosil ez preferiblemente un flavoncide.

El glucurinidoe pusds: producirsze, por ejempls, preparando
una scolucidn que contiene 1 mM de sustrato aceptor de glicosil,
Z mM A=z acido UDP-gluourinics, 50 mM de mfer de foszfato de
calcio (pH 7.5%) 7 == preparan 20 uM o d: la proteina de la

o

invencisén y fe dejan reaccionar a Z0°C durante 20 minutos.  EL

gluourénids  pusds  aizlarse/purificarse  a  partir  d= eszta

1]

zolncidn por  métodos conocidoz. Ezpecificamente, e.3.,
precipitacisn COn sulfato  de smonio, cromatografia de
filtracién en g3=l, cromatografia Jde  intercambic idnico,
cromatografia de afinidad, cromatografia de liquidoss d= alta

i4dlisig, ultrafiltracidén, eto.

i
1]
[\
-
(o
<
iy
=
L]
]

-
...‘.
Ll

resolucidén en £

pueden emplesrse =oloz o en una combinacidén adecusda.

El gluourdnids asi okhtenide =5 0til ocome reactive para

7
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inspsocicnar lacs
Huang, .,

Biocphysiza Reota,

29

vivo, un anticxidantes, sto, (Gao

uy

’

Yang, ¥., y ™u, H. (1999) Piochimica et

1472, €42-650).

La prefente invencidén s=se dezcribe mis detalladamente con
refersncia a los EJEMPLOZ a continuacidén  pers no g2 considera
limitada a =llos.

EJEMPLO 1
1. Resumen Jel EJEMPLO 1

En <ste EJEMFLD ze clond por  BCE el gen homélogs Sk7GAT
(21UGT) de la 2Fcutellsria lasteviclacsa v, yakusimenziz oy
nsando este gen como una  sonda, 3e  intentd aislar la  7-
Jlucurcnoziltransferasa  del flavonoide & partir de 1la

d=l

biblicteaca

hoja roja, la

N0 (D]
actividad para t
nna £

A=

hidrozi

glicoziltransferaza

vari=dad dJde=

del

cADN

cual

rezultads

haja  roja. Este

de la Perilla frutescens, una variedad

acumula el 7-glucurénido del flavonoide.

de  tamizads, <1 PEUGTS50, qus tiens  la

ransferir <1 Acic glucurénicos al gmapo 7-
lavona, fus identificads =2n el PfUGT d= la

Pzrilla

tuvo  la

Jlucuronozilo no zolo a las flavonas

coms kaicaleina, ez2outelareina, apigenina,  luteclina, eto.,
sine  también a la guercetina gque ez un flavonol. Por
conziguiente, =1 usc de PEUGTS0 hakilita lz glu-curonidaciin in
vive de varics flavonoides en la pozicién 7, incluyendo las
flavonas.

simismo, el 21UGT derivado de 1= Scutellaria

lazteviclacea v.

vakusimensis

que fus aizlado come una sonda de
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mostrd 1

u

tamiczads,

glucuronosilc & varios

Scrophulariaceas
Jlucuroncesiltransferass)

S10GT para ddentificar =

la gquerceting y a

PEIGTEQ

cj_ =

f1UGT de 1z Scutellaria

AmiIGTogl0 d=l Antirrhin

la actividad

flavonoides,

2. Aiglamients del gen

la vikliocteca Jdzl -BADH de

Preparacidin d=

El métods bioldgico molsaoular usado

acuerds oon 2l métods des

=t al, Cold 3pring

e,

Despmés  de
Scntzllaris

Flant Mini KEit (QIAGEN),

Synthesiz 3Jystem

condicicones recomendadas

cADN a partir d= 1 py

~uencia del

g

flavonoidez.

AmGTcglld expreza

la Perilla frutescens,

nuam

la

crito

Harh:

totalmente <1
lasteviclacea
gz amgled ¢l ZuperScript

prara la

shTGAT d= la

30

actividad de tranzferencia

Tamlbién buzzd en 1a

=
S

majus una nGT {(IDP-

altameniz homdloga del PEUGTS0 v Jde2d

1 AmUGTog10 como OGT del Antirrhinum

1a Ezcherichina

Antirrhinum majus, mostrd la

a Jd=l glucurconosils a la apigenina,

W

Por 1o tantos 22 moztrd

variedad de hojz roja,

1}

yakusimensis

majus anteriormente descritos tLienen

el Acido 7-glucurédnicoe de los

dz 1a

de

\“I‘
=
ut
=
10}
I—h
m
H
) J')
in
¥l
1)

partir

la

soncla

en este EJEMPLD =ztuvo de

en Clonaciéin Moleacula (Zambrook

mr Laboratory Fress, 2001), 2 menos

otro modo

AR

v. yzkusimens

in
.
LY)

FT~FCE  (Invitrogen Corp.)

por el fabricante para sintetizar =1

Adel total Jdsl  2FI.
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ABOIZZTT7 &l SenBAnk), se dizefiaron =l
v =l cekador Bv (FEQ ID WoO: ). Usands 1oz oshadores, ge
rzalizéd la PCR usands oomo patrdn =1 cADN de la Scutellaris

laczteviclacsa v, yakusimensis.

SEQ ID MO: 1: S10ET-Fw: '=BBACATATSCCSITGCTSECSARAGTTC-2" (EL

subrayads ez el sitio NideI)

)

SEQ ID MD: T S1UaT-Fv: 5'-TTTTSATCATTAATCCIGASTIHIETGARG-

w
*
l_l.
l ]

(el subrayado es =1 . BclI)

Especificaments, la solucidn para la PCRO (50 pl) estaka
compuesta por 1 pl  de cBADN (Scutellaria laestevicolacea v

g), 1 = kiafzr d= Tay (TallzFza), 0,2 mM Jde JdNTE=s, 0,4

vakuzimensai

l’a

pmol de cada uno de los cebadores (SEQ ID Hos 1 vy Z2) y 2,50 de

-~

polimerasa rTag. La PCF ze realicd por reaccidn a 94°C Jurante

3 mirutos vy postericr ampliacién z 20 cicles con cada ciclo
c>0 M

consistiendos en la reacoidn a 94°C por un minunto, a S3°C por oun

minuts y a 72°C por 2 minutos.

El fragments aumentads fue  ingertade en el sitic ds
multiclonacidén del vector  pCR-TOROIT (Invitrogen), y 1la
gszcusncia del mncledtids dzl zezgmento insertado e deztermind
por el método del cekador ambulatorico uzands un cehador de
cligonucleédtids sintético con 21 secuenciador para ADN Modslo

iz de

ll!

2100 (Applied Bicsystems). Como un resultads Jdzl anali.

la =

!l'

ouencia del nucledtido okhtenido por el programa CLUSTAL-W

AL

(Frograma de computador MACVECTOR 7.2.2, Accsle ery 2orporation),
ze confirmd gque ze oktuve la seounencia parcial (ZED ID No:2) de
NGT de lz Scutellaria laeteviclacea v. yalusimensis altamentsz

hemsloga la Scutellaria  baicalensis. Esta 06T de  la

s

Scutellaria lasteviclacea v, yakusimensis se uzd como madzlo
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para la sonda de tazmizade en la forma de la zscusncia parcial

S1LUGT.

El fragments <btenido por RT-PCR fue rotulads usands =1
giztems de Deteccidin de Acids DIG-Nucleics Sin Fadicizébtope
(Roche Diagnostics) de acuerds con las condicioness recomendadas
por =1 fabricante. Ezpecificamente, la zolucidn para la PCE (50
pl) estaba compussta de 1 pl de cada cADN, 1 = bafer Tag
(TatlaFz), 0,2 nM4 Jd= AMTPs, 0,4 pmol cada’/pl de loz cebhadores
(2B ID Nos=: 1 y 2) vy 2,50 de paolimeraza rTagq. La PCR se lleve
a cahbo por rezaccién a 24°C durante 5 minutos vy postericor
ampliaciin a 20 ciclos consistiends cada cicleo de la reacoidn a
94°C por un minuto, a S3°C por un minuto Yy oa 72°C por 2
minutcos., Después de que se confirmd =1 fragmento S10GT por
electroforezis en asgarcsa, este fragmentc con rotulacién DIG ze
usd para &l siguiente experimento  como una sonda parz la
hibridacidn.

(2) Hibridacidn

Uzanda 1la  sondz 210GT dezcrita antericormente, 1la
biblioteca dz cADN derivada de la Perills frutzzcenz (especies
aka-chirimen-jizc o perilla de  hojas rojas) (Yonekura-

Takakibara, . et =zl., Plant <Cell Fhysicl. 41, 425-50Z, Z000)

¥

fuse tamizada usands =1 sistema de Deteccidn de Acido DIG-

Micleico Sin PRadicisdtops (Foche Diagnostics) de acusrds con

las condiciones recomendadas por el fakricante.

2]
\L

uzd un  bifer para hibridacidén (&8 = 22C,  20%  de

il

formamida, 50mM de buf=r dz fosfate d= sodio (pH 7,0) 1% d=
SDs, og A= reactive bloqueador (Frooche), 0,1% de

lazrcilzarcossina p 309wl ds ADN Jds esperma Jde 2almdin) para la
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prehibridaciin a 40°C por una hora vy despuis == afiadid la sonda
deznaturalizada seguida por la incubacidén durante la nochs. fe
ernjuayd la membrana =n 4 = =l kafer de lavade 330 que contenia

1% e =2DE a 53°0 durante 30 minutcos. Se cxaminaraon

aprozimadaments 1 = 10° yplacas pfu para obtensr 3200 clones

positivos.,

Loz clones poszitivos fueron purificadss en una s2la placa

b 2

de M13FRV v

e

lfJ

por tamizsds secundaric. Usands un par de ceshad
M1zM4 (20 20y, el fragmento insertads e amplid  para

Aeterminar la secusncia del ADH e la parte inssrtada. Usando

([1
Q-

=

-
13}

la gecuencia putativa d= amincdcidos deducida con khase en

secuzncia del ADN deterwminada, s =fectud unz bdzquada en la

(PEUETS0) Jque tenia zlta homologiz con =1 10T o =1 sh7GAT

(SEQ ID Nos: 4 y b).

Fara  pfOGTH0, S10GT v gL7GAT con =21 programs CLIISTAL-W

(FPrograma de computador MACVECTOR 7.2.2, Acoelery Corporation)

by

fuz una indicacidn firme de qus tanto 1 T10GT  como el sh7GAT

eran Jde OFF incompleto (marco de lectura abiesrto) £zl

+
1t

ndo 1=

L)

it
7]

regyiones 37 0y 5. Agi, sz realizé la ampliacidn ripida deld
extrems dzl cADN  (de aquil en adslants FACE) uzands: un Gene
Pacer Vit (Invitrogsn), de acusrdo con 21 protoccls recomendado
por =l fabricante para ampliar las regiones 57 y 37 del S1U3T.
Para PRACE, e usaron loz giguientes grupcs  de  cebadores

ficos para cada gen S10GT: (SEQ ID Hos: & a 2).

SEQ ID NO: &: SE-S105T-Rv:

121
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5'-TG GAZ SCA ARC CAG GIA TCT CGA CAA

SEQ ID NO: 7: 31UST-nest~Rv

5'-AAT CAT CCA AAT CTT TAA GGT

ID N 8: SR-S1U5T-Fw:

]
=1
o0

5'=-AGA BAGG 33T STG TTC TCC ST SAS CAA

ID HD: 2: 311G T-nest-Fw:

9y
2]
ooy

5'-GAA CAS CG33 TCTA CAGS ATT TCT

Lazs gfecusncias de nucledtidoz d= los respectiveoz productos
ampliados 22 detszrminaron por 2l mitodo del cesbador ambulatorio
ando cebadores de oligonucledédtide sintéticoz para ohtensr el
gen S1lUGT gque incluyes la longitud total d=1 OFF vy la secusncia

de aminodcidos (SEQ ID Nos: 10 y 11).

Adicionalmente a2 la Perilla frutescens vy la Scutellaria

laeteviolacea  v. yakuzimensis, 21 7T-glucurinide de 1la

o
0]

arigenina, la cuzl 23 una d: las flavonas, se reportd también

en  la Scrophularia Antirrhinum majus (Harborne, J. B.

gu
(I.'
sl
10

sl AmGTogld de

=
ju
a0

FPhytochemiztry, 2, 3I27-331. 1383). Pusstc
la glucosiltrasnferasa del Antirrhinuz: majus de desconccida
funcionalidad representads por laz 3EBQ ID los 12 vy 13, que

fueron rreviamente 3izladas, musstra una alta homologia con

]
=
[t

pfsTaS0 vy 3l S1UST aislados en este EJEMELO, =1 AmUsToglo
también un gen candidate para andlisis de enzimas (Ono, E. =t

al., Proc. Natl. Acad, Sci. USA 102, 11075-11080. Z006).

En la FIG. 1 =& muestran log alineamientcos del AmUGTcglQ
de 1z Antirrhinam majus, de2l 10T A= la Scoutellaria
lasteviolacea v. yalsimensis vy del PEUGTS0 de la Perilla

frutescens obtenidas antericrmente. En la FIG. 1, se incluye
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tamkbién =1 SRTGAT de la Scutellaria baicalensis.

m
Ty
[n}
.
o
i

3. ztraccidén vy purificacién de loz flavonoides de 1

de la Perilla frutescens

4]

(1) Purificaciin d=l 7-glucurinidc de la escutelareins

Dz,

ll)

rués de moler hasta polvo =n nitrdgens ligquide 144 g de

0]

Perilla de hcojas verds (Toyohashi Greenhoussz Asscociation en
Aichi), corrszzpondientsz a 200 hojas, loz polvez fusron
inmersos en 1.5 1 de CHaCH al 50% y HOOOH al 0,1% durante la
nache vy luzgo 22 filtraron a través de lechs de Celita. EL
filtrado =2e concentrd a presidén  reducida.  Se  carg

concentrads =n 00 ml de CHP-Z0F vy pzsc 2 pasoc Se zluyd dos

veoes cada una con Z00 ml de agua, CHsCWHRO al 1o, 20, 30, 40 0y

502, Todasz lzs fraccionss =l 10%8-2 3l 50%-1 en laz cuzalssz s=e

shzervéd zlucidén de polifencles ze concentraron, sS& congelaron
Yy 8= Fecarcn, Yy se  scmatieron a  andliszisz por HPLC., R
rendimiznts fue 10%-2 (12,1 wmy), Z0%-1 (52,2 wg), Z0%-2 (1°2,4

my), 30%-1 (27,5 my), 20%-1 (292,8 my), 10%-1 (632,41 mg), d02-

Z (132,00 my) y 50%-1 (115,2 my). La fraccisin 40%-1 contenia
&oido rosmarinico en un estadeo de alta pureza vy todas las otras

fraccicnez contenian flavonas., La fraccidn 20%-2 ze purifico
por HPLC preparativa, ver adelante, para dar 16 my Jde 7=

glucurénido d= la escutelarsina.

Condiciones para HPLC preparativa

Columna: Deve

—
Cy
i
=
|—
l
(e}
!
=
G
(&
-~
<
P.:
1
on
-

Mévil: A- 0.1% TFE, E~ 0.05% TFA/30% CHyoN

Iz}
1)
i
m

de Flujo: 6 ml/min.

=3
m
]
m

Gradiente: BZO-FE60% (100 min), E&O% izo (20 min)
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1=
1]
g

(2) Hidrilisis del 7-glucurdnids Jde acutelarsina y

purificacién de la aglicona

[t
]

lareina obtenids

escut

g

D=l 7-glucurdnids de

ntericrments en (1), se disclvieron 2 mg en 100 pl Jde DM20O vy

[x}]

e Jdividiéd z2 la mitad en tubos PFPalcon d= 15 ml. A cada tubo =e

afer de acetato de Hla 0,2

(%3
1t

afiadieron 10 ml d= H:O, 2,5 ml

ml P-glucuronidasal

o
Y8

(pH 2.0) y

<
-
]

(EC2.2.1.21/EC2.1.6.1, Roche Diagnostics GmbH), seguido por la
incubacién a 37°C por I horas. Dezpudés de  concluida la

reaccisn, la mec-ola de 1z solucidn ge cargd =n Sep-Fak-Clad (20

o). Dzaspuész A=l lzvado con 20 ml de agus y luego con 20 ml de

el
W
)]

EtOH al 10% para remover =al vy proteinas, la aglicona formada

fuz eluida ocon 10 ml d= CH:XN al &0 o+ TFA al 0,05%. 2=

ta fracocién =e

e

concentrd 21 sluato y secd por congelamiento. Es
rurificd por HELC preparativa para dar 0,4 mg de escutelarzina

(aglicona).

Condiciones

L))
Ol
e
-3
Ny
Iz
o}
=
i}
A
I~
O
o]
Ix1]
=
(5}
ot
1=
<
[9)]

Columna: Develosil C-30-0UaE5, 20 mm = 250 mm

Faze MSvil: A- 0.1% TrA, TFA,90% CH;CN

{nxl
[
(=t}
c_n
0\’

Gradient=: BZO-B70% (60 min), B70% izo (10 min)

Detectado: A330 nm

2
[\
}_l
]

4. Expresidn dz la glucosiltransferasa reconbinants

Perilla frutescens y ensayo de su actividad

1724
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Log <BADN gque 1llevan la ORF 3= longitud total de la 3

Jluccziltranzferazas d= la FfUCTE0 de la Perilla frutescens, 1la

21UGT de la Scoutellaria lasteviclacsa v, yakusgimensiz vy la

tiznen una alta

[\

AmUGT-g310 3= la  Antirrhinum majus, Ju
S homologia entre =3, fusron ampliados usands 1oz grupos  de
cebadores especificos para loz respectivos genes (PEDGTS50, SEO
ID Woes: 14-15; 21057, SEQ ID Hoe: 1e6-17; BmUGTogld, SEQ ID lios:

158-19). Los <Al sintetizados usando la totalidad de 1oz AEN

10 fcocutellaria lasteviclacea v. yakusimenziz y los pétalos de la

SEx ID No: 14: PEUSTS0-fw:

n
=
e
1=
12

5'-BAAACATLTSSARGSOSTCATACTTC-2" (=1 subrayads == &1

NdeTI)

15 SEQ ID Na: 15: PEUGTS0-rv: 5'-
TTTTGATCATTAATCACSASGTTALGSAATC-2" (=21 subrayadc ez 2l zitio

BclI)
SED ID No: 16: 310GT-fw:

' -EARCATATGSASSACACGATTSTTAT -3 (

1]
|mt
0}
=
o
Il
[3}]
-3
1
L
]
I
10}
il
|_J

20 sitio NdeI)
SEQ ID No: 17: S1UGT-rv:

SCTT YN =1

5'-TTCATATSTCAATCCITISTSSOIAGARG-3" (&

i
=
L]
=
bay
]
1y
ot
o
L.t'
e
g
5]

sitio Ndel)

SEQ ID No: 18: AmUGToglO-fw:

(A
tAh

W
[
]
=
-
=
I
3
i
[wN
]
[\
if
1
|_l

S -BBBCATATGEASSRCACTATCGTTCTC-2" (

sitio NdeI)
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SEQ ID No: 19: AmUGToglO-rv:

0]
a1}
l.—l

5'-TTGSATCCTTAASAAACCACCATATCARC-2' (=21 asubrayad:s ==
sitio BamHI)

e 1llevé & cabo la FCE (IOD -Flus-, TOYOBD), después de la

24°C por o minutos, por la repeticién de 35 ciclos

Cl

H
(i
W
[y
vl
|t
=
n

s 2

cada un> congistiends ds la reaccidn a 94°C por 15 segundos,

)'r"
Y

(s Y

50°C por 20 segundos s C por 1,5 minuteos. Los fragmentos de
LI anpliades fueron z2ubclonados zn el vector plEF-Blunt IT-TOFRO
(Zzro Blunt TORS PCR Cloning @it, Invitrogen) y la s=cuencia
del rnuclzétide ze confirmd por un BRI 3100 Avant  (Applied
Biczysztemsz). Con respecto al FfUGTED, =ze obtuve 21 plésmido no
metilads  por  la  transformacidin de las  cepas  positivas
chtenidas. Log plismidoz obtenidss fusron sometidos a digestidn
n 2l cass del PEOGTED, ~on Ndel en 2l S10GT

con MNdeI vy BamHI  en el AmUGTeogl0, rezpectivamsnte. Los

fragmentos resultantes de A0 de csrcs de 1,5 kb fueron ligados

en el pET-15% sometido a digestidén con Ndel y BPamHI en el casc

i

d=l EBE£ITE0 vy =1 Amdh3Togld vy oon HdeI en =l cazo dsl S1DET.

(2) Cultive de Escherichia coli recomdyinante v

purificacién Jde la proteina

La Escherichia coli BLZ1 (DE3) z2e& tranaform® con cada
plicsmids  ohtenido  antericrments en 4-(1). El1  transformador

cbtenids se cultivéd en agitacidén durante la noche & 27°C an 4

o

ml Jd= medic LB (10 g3/1 de= triptona, 5 g/1 de extracto Jde

levadura, 1 g1 de NaCl) suplementadc  con 50 pg/ml de

)

UL

zmpicilina. Bl ecaldo del cultive, 4 ml, =1 cunal zalecanczd la fase

¥

iy

stacionaria, fue inocculads con 80 ml del medic oon la mizma

compoasicidn, sgequido por el cultive en agitacidin a 37°C.
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Cuand: 1a turbidec =

Q,5; fiadid a2l medic

iy

11l

aproximadamenta

tiogalactopirandsids) en concentracidn finzl

por el cultiveo =n agitaciin a 2IZ°C por

rocedimisntos subgecusntes Se realizaron

tranzformadores  ocultivados se

lula

gt
Prifiors

o
in
Ul
i

minutoz) para recolectar 1

o)
T
e

kafzr para cilulas £ (kafer de fosfats de
Eara suspenderlaz.
ultrasonicacion (15 gegundos = 8) zsesguida
(15000 = g, 10 minutoz). Al schbrenadante
policstilenimina =1

0,12% (p/v) =n

£lula=, a las cuales,

(‘l\

suzpender las

L

repoar por 20 minutozs., La mezola fue cent

10 minutes) v el sobrenadante fus recuperado

Az entimaz

His SpinTrap (GE Healthcare), que habia
Pafzr &, y centrifugade (70 = g, 30

-~

con 600 pl de kiafer 2, la proteina retenida

3 paso a paso con 600 ul

100, 200 y 500 mM de dimidazcl. E1l

zluida fue reemplazads por bafer de fozfatas

(pH 7,%) que contenia 14 mM A=

Microoon YM=-20 (Amicon).  Como rassultacds

gz confirmd la proteina del tamafio previsto

eluidaz con 100 mM vy 200 mM Jde

fu
il
-

ohjetivo no fueron Unicas en sstas fracciones.

horas.

centrifugaron

aodic

Pp-m=rcaptostancl

Subsecuentemente

V :l_tl—'rl .11 ] &2

ze le=

‘4

“ifugada

como ana

]
@
(O]
o
jmi
o
7

P-mercaptostancl

imidazcl.

(ODgog) alcanzd
[TPG  (izcpropil-P-

0,4 mM, seguido

Todos los

a 4°c. Los

(7000 = g, 15

~

afiadieron 2 ml/g d=

20mM (pH 7,4),

14 mM) a la

0

319

li-

£y

2 res
centrifugacidén

atiadio

concentraciin final para

i

f:]

permiti.
(15000 = g
solucién

3z aplicd  al

cada fraceidn

potaszio 20 mM

nzando

Azl analisiz 2DE-FRGE,

12°¥
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A

Laz condiciones estindar de la reaccidn son

preparsd una solucicon de ide UDP-Jlu

glicosilc 100 uM,

]
(y!
18

A
o
]
=
o
Al

50 mM (pH 7.5), =clucidn Jde

la zclucién de enczimas para

minutos. S suspendid ls reaccidén por la

M ode TEA al 0,5% en di:

CHzCH 7 =ze

s N
f:)

10 pAra

J i

HPLC. Las condicicnes para HPLC =zon

Develozil C20-UG-5 (4,8 = 150 mm); <luyente A, T

eluyente E, TFA al 0.03%/ CH3CIl al 90%;

zlucidén A (excepto  para

fernilpropancide), 0 min/

15.1 min/E a2l 5% - 25 min/%% B; condicicnes

(aurcna, catequina, cumarins y fenilpropanoide),

- 20 min/ esluyents B al 50% - Z0.5 min/EF al 5%
5%; tasa Jde flujo, 1 ml/min; longituad de onda Jde

adelante la:

nim. Se mu=stran mas

D

coms =i

condiciconss
catejquina,
zluyente B

par

como Tigue. Se

curdnico 2 mM,

20 pM, vy ose
. -0
eacciin & 30°C

adicién d= 50

gu.

1 analigis por

Jue:  oolumna,

FA 31 0.1%/H.0

para la
cumarina oy
al 100% -
2lucidn B

a la

0 min/P al

0
7
oo

3

-+ 25 min,/B al

deteccidin: ZEO

ify
=
0
ii}
i
14
9]
ot
|_.I
]
1
Ui

Jlicosilo

De acuerds con 2l método dezcrito anter

s
a

eepacificidad d= varios sustratos

i-ﬂ
0y

zoeptores

La figura =2
eazrecificidad de

PEUGTS0. En la Fig. Z,

iormente

actividad relativa

analizd

=
e

A=l glicosilo

|
v

sohre

Jlicozils para =21

de cada



20

u

sustrato, tomands la actividad a la escutelarsina coms 100%.

1)

N

Como  un resultads dz2l anilisiz, =1 PEUGTS0 mostrd la mas zlta

a
Oi

actividad a la szcutelarsina y reacciond bien con laz flavon

u)
I'l)

diferentes a las glicosidas (baicaleina (actividad relativa
cecutelareina, 73%), apigenina (14%), luteolina (11%),
tricetina (B7.9%), Jdicesmstina (62%) vy criscericla (18%)).
Bdemas, <=1 FFUSTH0 mostrd actividad también a loz flavonole

(quercetina (26%), miricetina (9%) y camferal (2%)) vy a las
flavanonaz (naringenina (2%)) y  (aureusidina  (40%)). Zin

embargo =1 PLOGTS50 no mostrd actividad a los C-glicédzidos de

flavona (vitexina, igovitezina y orientina), a las izoflavonas
(yenisteina, dJdaid-zeina y  formoncnetina), a  las  catequinsas

(catequina y Jalato Jd= epigallocatequinz), a las cumzarinas
(zeculetina) y a loz fenilpropancidss (alcohol coniferilico).
En la HPLC, loz productos de rezccién de la esoutelareina,
baicalzina, apigeninza y quercetinsg ocoincidiscon en términos
dzl tiempo Jde retencidn con los productos 7-3lucurcnosilados

respectivos.

actividad a la esoutzlarzina pero las maes bajasz: actividades a
las flavonas (apigenina (2%), luteclina (0.6%), tricetina

(1.1%), dicsmetina (0.32% crizosriol (0.02%)) Jdifersntez a la

~
-

Laicalzina (actividad relativa a la escutelareina, 62%).

Fueron hajas las actividades a flavonoles (quercetina (1%),

7249
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(genisteina (1%), daidzeins (0.2%) y formononetinzn (0.08%)) vy

ecbre los C-glicésidozs de flavona  (vitexzina, dzcvitexina vy

= catequinas

O

orientina), laz auronas (anrenzidina), 1

catequina v galato de epigalocatequina) o loz fenilpropanoides

i W]

otras palabra

2

(alcohol coniferilico). En g2 indicd e la

-~

modificacidén de la posficién crto de la posicidn 7 de los
flavonoides zeriz importants para lz actividad dzl S10GT. En
la HPLC, 1loz productoz de reaccidén de la  escutelareina,

baicaleina y apigsznina <colncidsn en términcs de tiempos de

retencidén con los respectivos productos 7-glucuroncosilados. Por

I

otrs s d= rroductos oon

LT'
1,

(s
o3
{
ot
it
9]
ot
"
(]
I}

rlurzlidad

z'[l

vl

part

quercetina y uno de ellos coincidid en términos de tiempo de

\dl
|__l

retenciin con products 7-glucuroncsilado.

ecpecificidad de los sustratoz aceptores ds glicosils para =1

O

AmIGTcgl0. En la FIG. 4, =& musstra la actividad relativa para

[}
=
1
¢
7}
Y]
ol
o+
[\l
.
2b
=
\'['
1=

¥
i
]

cada sustrato, tomands 1z actividad oI

(Ts
I—V
)
pnc
v
}—
t_
1]
=
i

100%. Como un resultads d sl AmUGTCglo mostrd la
mizima actividad =z la ezontelarzinag y también reacciond con las

flavonas diferentes a los glicészidos  (kaicaleina (actividad

relativa & escutelareins, 22%), apigenina (40%), luteclina

23%) tricetinag (22.8% Adiosmeting (26% r oriscericla
( ' ' ¥

(18%)). Bl AmliGTogld también mostrd  actividades a  1los
flavonolaes (quercetina (4%) v camferol 28g)), A las

flavanonas (naringeninzs (15%)) y a laszs aurcnas (aurensidina

—
™
N

) ) . 2in embargo, <1 AnIGTogld no mostrd actividad a los C-
’ J

]

130
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glicésidos de flavona (vitexina, iszovitzzina y orientina), a

laz izoflavonas (genizteina, daidseina y formonconetina), a 1

T

2

)

]
1Y
(-*
D
2
o
l_l
fou]
1t
hog
vl
)
-+
o
=
=
|_1
~
[y

y Jalato d= epigallocatequinz), a las

cumarins (esculetina) y a los fenilpropancides  (alcocchol

o
]

-

coniferilico). En la HPLC, 1oz productos ds accidin  de

i~
i

a

ezcutelareina, baicaleina, apigenina y quercetina coincidian en

o+
in

rmincg de tiempo Jd= retzncidén con losg respactivos productos

AmDGTCyl0 muestran una especificidad haja, misntras <1 210GT
moztréd una especificidad alta, a los flavonoidss talss como las
flavonas, stc. Log resultadoz muestran, ademiasz, que <1 PEOGTS0
dezrivads de la Perilla frutescens musstra una  especificidad
particularmente hbaja, i.&., =5 una sncima con un rango més

amplic de especificidad al sustrato.

Br&liziz de sepecificidad del sustratoe donante de glicosgilo

)

gliceosils

gandos la apigenina como un sustrato aceptor d

[t

il

gz anzlizd la especificidad a varios donantes de Jlicosilo coon
activacién UFD. Come resultzado, <21 BEOSTH0, <1 S105 o=l
AmIGT2gl0 mostraron la  actividad =olamente al  Acido UPD-

glucuréinics pers no mostraron actividad sobre UPD-jlucosa y

scbre UPD-galactosa.

i
1]

r

o

sultadoes anteriores revelan que esas enzZimas son -

glucuronosiltranaferasas altamente czpecificas para las

flavonas (7-~glucurconosiltrar

1

sferasa Jde £lavona).

Anidliszis dz las caracteristicaz de pH y d= temperatura

Sz analizé la eztakilidad a la temperatura coms 2igus. Se
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tratéd una sclucidén de enzimasz Az 15 a 55°C durants una hora y

lusgo ze =nfrid a 4°C. Us=ands la musstra enfriada, == detzrmind

la actividad resgidual en condiciones estindar d= reaccidn.

Dezspués, =2 afiadid =3 la zolucidn encimdtica, a concentracisn
final Jde 167 mM, una solucidn bafer (pH 4, 1.5, &, Acetato-
latH; pH 5.5, v, ¢.5%, 7, 7.5, HaH.POy-NalH; pH 5, &.5, %, Tris-
HZ1), la mezcla se tratd a 4°C por una hora y lusgo =ss le
afiadid, a concentracidin final 500 mM, un kafer de fozfato de
potasio (pH 7,5). Uszandos la muestra tratada, se determin® la

actividad recidual en condiciones esténdar de reaccién., La

[

rzaccidn ze =2fectud en condiciones esténdar de reacciing, donde
la temperatura de la reaccidn se fij4 de 10 a &55°C para
analizar la dependsncia de la temperatura ds la reaccidn. La
dependencia del pH de la reaccidn 3¢ analizd en condicionss

uzando una solucién bafer (pH 1, 1.5, 5,

p '
ol
it

i~
(L
wm
Iy
&

|_l
n

jm]

ezt ind;
Acetato-NalH; pH 5.5, o, <.5, 7, 7.5, HaHzBo,~-YNaTH; pH &, 8.5,

9, Triz-HCl) en lugar del bufer de £

'f.'

fato Jd=z potasio (pH 7,35).
Cono resultade de los  antericres andlisis el FPEUGTS0 fue
estable =n el rangs d= 7 a 9 d=l pH v mostrd 1la actividad

catalitica mixima entre 7y 2 del  pH, erd mostrd  poca

temperatura  optima de reaccidén fue 20°CT en =2l =nzayc de
actividad por 30 minutcos. E1 S1UGT fue estakles en 21 rango de
rH de 4,5% a 2 y mostrd actividad catalitica médxima con pH entre
7 v 8 pers moztréd poca actividad en la regidén dcida. Esta
enzima fue estable a (una temperatura d=) 40°C o mas kaja (una
hora, pH 7,5) vy la temperatura &ptima de la reaccién fue 35°C

en <l ensayos de actividad por 20 minutos. E1 AmUSTcogld  fue

132
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estable en =1 rangs d= 7,5 a 2,5 d=l pH vy mostréd la actividad
catalitica mwédzima entre &,5 y 9,5 del pH pero mostrd poca

actividad en la rejyidn Adcida. Esta encima fus estable a (una

o

temperatura des) I0°C o kaja (uvna hors, pH 7,5%) vy 1la

1
=
n
i3]

el
1]
=by

1]
15
p]
a
]
1
-
\l
=}
n
W]
-3
[
MB
(]

temperatura  Sptima de accidn u
actividad por 30 minutoz. Estzs propiesdades fueron similares al
GT conocids involucrads en 21 metakclisms seoundaric de las

plantas.
5. Resultados

Se identificarcon el FEUGCTS) derivado de la  Perilla

=

[y

S1UGT derivado de la Scutellaria laseteviolacea

frutzscens, =1

1 1 Tcgl0 derivado de la Scrophulariaceae,

m
|—I -
D]

v. yalusimen

D]
o

Y

Antirrhinum majus, Jqu= 3on similares estructuralmente cono 32

del PEUGTEO y

|_
|.._l
o
]
i
!

-
(4]
=
1t
=
i
]
£y
vy

dezcribid antericrments. Lazs glucosi

'.-L
‘..J..

Azl Am0GTcgl0 tuvizron una amplia ezpecifici dz  sustrato
aceptor de glicosgils comparadazr con =l ERTGAT de la Scutellaria

baical v tuvieron la actividad Jde traneferencia desl 7-

el

nai

UJ

glucuronosilo de varios flavonoides tales com: lasz flaveonas,
flavonoles, auronas, =tc. Por otra parts, <1 210GT mostrd una
zgpecificidad de sustrato similar al 2R7GAT. Empleando esas
Jlucogiltransferazaz la pozicidén 7 de loz flavonoides pusds zer

glucuronidada a hajo costao.

Por 1o tanto, los Jlucurdnidos incluysnds =1 qusrcstin 7

PN

Jlucurénide, que estén presentes in vivo, pueden ser producidos

_f

masivamente in vitro, 1o cual habilita evaluar 2us actividades

fisiclégicas

EJEMPLO 2

133
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En este EBEJEMPLO 3= identificaron 1 Z2iUaT22 altamente

[

homélogo al 210GT de la  Scutsllaria lasteviclacsa v,
vakusimensziz vy 2} AmIGTogll del Antirrhinum majus 3 partir de
la Lamialesz Pedaliaceas Sezamum indicum vy g2 confirmd que 1la
proteina de exprezidn del Escherichia coli tienms la actividad
de transferzncia d=z1 Jlucuronozilo a lz ezcutelarsdins v oa la

luteolina.
2. Tdentificaciin del gen 3iUGT23

Atendiends cuidadozamente la congervacién de la zecuencia

g
h

A=z 1oz genes de la 7-glucurcnosiliransferasas  (gen GT) de
loz flavonoides de la Scutsllaria lazteviclacea v, yakusimensis

v la Antirrhinum majus, =e buscaron genss qme tuvieran una alta

hemologia a estor genes, y ¢l gen UGT del zézamc 2ilU0GT22 que

mostrd una alta homelogia a escos genszs UGT fue hallads también
en  la Lamialez Pedaliaceas CSefamum  indicum, Pussto que el
SiUGTZE aislade de 1la libreria Jdel cADN del sézams no tuve una
gzcuancia Jde  longitud  completa, la  secuencia  Jde longitad
completa del ZiUGT23 (FEQ ID Nos: 22y 232) 2 determind por el
métods  FACE  descrite en ¢} EJEMFLS 1, 2 (%), uzando laos

cebadores de 13

U]

SEQ ID Moz: 20 y 21 descritas a continuacién.
SEQ ID No: Z0: GRE-3iUGT23-Ryv
5V —GSTCABACGCGCCGEASCTEATSTAGR -3

380 ID HMo: Z1: 3iUGTZ2-nest-Rv

U]

5' -AGTGGETATATTCAAGCCTST-3

. Exprezidén del SiUGT22 derivads del Sesamum indicum y o su

124
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=1 =2ADN que

SiUGT22 dA=zrivads de=l Sezamum
de gen ezpecificcs (SEQ ID

=1

chizm coli

D0 ( (O]

la 2zutellaria lasteviols

r_»

majus en el BIEMFLO 1 vy

expressd en la misma

enzima.

[N}
I
ve

SED ID Nos SiDGTZ3-1
S'-CACCATATG

sitio Ndel)

5 ~GEATCCTARCATCRACTCAAACT

7]
vt
-

BamHI)

La PIG. 5 mmestra

100%,

(et ¢ (Tt
actividad a la eac

gigui

(GZ) = ilzovitexina

(0.3%)).

dzz a loz flav

activida.

(18%)), a las flavanonas

contenia

forma rara

SEBASACACCOSTTSTOCTCTA-2 (21 =

47

=1 OFF d= completa

longitud o

indicum por un Az cebadorses

o 1,1}_‘,-1_;

Hoz: 24 y 25). Se usd como modelo el

ARn

total

il’“_ O I')U]_| &N .31

en =) UGT d= la Perilla frutescens,
~e=zn v, yakusimensis y la Antirrhinum
la proteina recombinante JiUGTIZ =e

enzayar la de

o
o
=
1
N~
3
o
g—"-‘
‘-
I
113]
o
|~

CGAGTCA=-2"' (=1 el

L]
=
i
]
)
3
o
L
(]
o
D]

actividad relativa para

czscutelareina  ocomo

apigenina (7%),

—
[
1o
.
SR
[
S
-

diosmetina (4%), crisoeriol

Adicionalmente, <1 SiUGTIS mostrd

onoides (quercetina (4%) y camferal

T

(naringenina  (2%)), la aUronas

o
)

735
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(zaursnsidina (132%)), 2 laz cumarinas (ezcowletina (0,039
b4

las  sziguientes iscilavonas {(Lowmononsiina (OJ03%)) o Sin.

embargs, <1 SiUGTIE no mostrd zotividad 2 los C-glicdsidos de

rh

lavonaz {vitexzina vy orientina) Jdiferentez a izoviterina,

izoflavonas [(genizteina, Daildsoeina) diferenkte:z a formononeiina,

aplgalocatedgising) v

F"'
o
o

cabegquinas. (categuina 3 Jgalal

“—.’
s

fenilpropancides (acido caféico). En la HPLC los productos de

reacolon de la eszcnbelsreins, d2 la baicaleina, Je la aplgenina

y de la gquercetina coinciden en loz térmdnes del tiempo de
retencidn con los producios 7-glucurcnosiladcs.

Los resuliados anterioress revelaron dune se ancontrd gus &l

%]
A

SLUGTLS del Jesaman indicum ers una 7-glucurondsiltransferasa

de flavoaoides an

A"

\’1

presenta  ane  especificidad baja para

flavonoides tales como las flavonas, eato., <omo en i LG50 de

=

la Peril MuldGTogld de 1z Antirrhinum majus,

I—J
u
[mi]
~
=
.0'
h]
)
T

ens y e

EJEMPLO 3

Usando las proteinas recomwbinantes dz2) PEUGTL0 devivads d2
la FPerillia frutescens, el 3SLUGT Jderivado de la 3Jcutellavia
laeteviolacea v. yakusimensisz vy o el AnUGTogl0 dzrivado Jdel
Zrtirrninmm majus a2l igual que la probeina recombinanbte del
SIUGT2Z  dervivado del  Sezamun indicuam, 3¢ eéxaminaron las
ackividades de ktransferencia Jdel glucursnsilo a loz estilbencs

y ligoancs, los cuales  zon polifesoles de plantas.  Las

reacciones encimibicas se realiztarcn en las mismas condiciones

—
+
S
!
*J!
'Jl
o]
iy
-
).u
;L
—
-
S
i

ginoresincl, (+) -piveritol,

szooisclaricirzsincl, (+)-sesamin catscol 1 (8CI), () -s=saw

».
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(it

cateccl I (202 vy (+)-episssamin catzcol 20O (ESI) (Makad M, et
13) J. Bgric Food Chem. 21, LGéEd-1a70) .

~

Comn raswliado del apidlisis peor HPLC, los productos [usron
clhtanidaz en. todas las solucicnes: de reaccidn. del RENETS0 Jde la.
Perilla fruteascans unz variedad de hoja roja, =1 S1UGT de la
Scutellacia lasteviolacea v. yakusinensiz, el AnUGTogld ds la

al

2otirrhipom majus y 21 S1UGTE3 4z la Sssamum dndicam  (of.,

.

|

=
[y
x]
»

[
pr
El

cuants a. loz ligoanos e obtuvieron nuaevos

C2. Como un

s
=
[
[w
e}
(.
(w3
£

(]
G
=
1S
=
[
<
tiy

4
o
{i
Q1
H

»
jm]
E ]
=g
O
{0
=
0
+
™
it
(na
Ty
i
(o
2
lr__|

o
£

r s
g—)
;__1
[N

res -

=1 aniligiz por LO-MO schre la reaccidn dsl S1UGT

cor SC1 z2n la ousl se abbtavieron las cifras mis grandes para
los produstos e eluyd la. SCL & RLUT. = L2.0 wmimmtoz ¥ e
confived gue =1 producto  de  la  reaccidn srs &l SC1
moncsglusuriénide gue moagiraka F.T. = 10,9 minoiaz (EIG. &) ¥ m/z
= 517.13Z8 [M-H]"™ (CisHas0sz, zlod. 517.134¢, zry. -2.5 ppm)

el -

(EIG. 7

3
g
far

CLC-MS 32 realicd en las siguientes condicionez.
Columna: Develozil C30-UG3, Zmo = 150 mm
Taze mivile X Hod, By OHIM, Tr Z.05% BCOOOH, G2 mil/min.
Gradiesnte: BI0% — B70% (10 mins.), BE70% (5 mins.), C4%

DelLectad AZRED nm

Condicicnes para M3: @Q-ToP-Fremdsy (Microwass, Manchester,

o]
te

UV modo V, negative, veltaje capilar: ZU3IV, woltaje del con

45v

]
Q
=
oy
1Y)
4]
13
i
=
’_J
O
]
e
il
fis
o
’_J
(u
E-_,
ja
o
i

anteriosres, se confirmd gue los
glucurdnidosz de leos estilbenos y lignanos podrian producirss

=

ot 2l uzo Jel. ELUGTSO de la Eerilila frukescens una. variedad de

137
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vatusimensiz, el AmlGTogld de la fotinvhinum majins v 13- S3i06TR3.

de la Sezanum Andicum (of., FLE3., 2 a 9) adewds de divenao

Elavonaides.

Bl S1U3T  Serivade e la Soutellaria lastsviclaces.

vakugimensis, cuando xeacciond con la quencetins (QU) dio

pluralidad. de peadoctas adamdsz Azl dcide T-glucurdnico. (£

Son productos. canactseristicos gqus no 33 encusniian oon

2i0CT23 derivade ds

de L3 Anbicehinum majus v el PEIGTAD Jdewivads Jda la. Banilla.

frutzzcens. Comd  mesultads  del  andlizis por  LC-ME,

diglucurdnide de guercstina gue musstra miz= 652.1009 M-

&1

el

{CirHzs01s, calad, hZ.09%0, =xr, .9 ppm), 20 21 cual se detectd

“a

que  doed Acidos glucurdinico e trangfsririan. s la. guercetina.

durante &) Liempe d2 xatencidén de 7 vy 2 minntos. Dunante

D
as
=
I
=]
-
Al
&1
L2}
(3
]
ir
il
i
s
ar
=
AKX
T
ﬁ'
wr
O
[17]

retanocisa. de

o

tismpo 3

monoglucurdnddss Jds la quarceiina gue musstran m/z o= 177,06

’
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G condiciones estrichas

Qr

oadifivca una proteins gue hidroliza b

con un polinucledétide que estd constituido por unag szeuencia de
nocledStides  conplemsntarniz o ung  zecusncols de nuoledtido

celeccionada del grups gue eshi constituido pox la secuencia de
rcledtides en laz posicionzs 1ooa 1359 en la zecusncia da

z

mizladtides representads por la SEQ ID MNo: 4, ls secuzncia de
nucledticds: aen las posicionss 1 oa 13/A% en la sscnencia de
nucledtidos repressntada por la SEQ ID MNo: 10, la sscucencia de
maelestides an las posicicnes 1 oa 1271 en la szecusncia de
nuclestidos representads por la SEQ ID Mo: 12 y ls secuencia ds

mclestides en Lag poszicionsz 1 oa . 1371 en la secuencia de

o la BEQ ID Neo: I, v tiens

actividad de UPD-glucuronosiltransferasa; v,

(£) un polinuclaitide gue cowprends wn polinpelaétide gue
codifica una probeina gue hibridizs en condicicones sstrichtas

con un polinvclezdtids gue estd constituido por uvna secuencia de

nucladtidos complansntaria a uwna zecusncisa de nucledtidos delun

polinuclediido que codifica uas probteins constiteida por una

s
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cual ez cualguisra de la () a la (J) de loz gque siguen:

codifica wna  proteinza constitnida por una fecnsnoizn de

'

. - - . e s
amincAcidos con supresidn, sustitucido, insercidn v/o adicidin
* Al

no o mayon s 100 aminsdcidos en una secuenaia. de: amino

selaecscionada Jdal grups constituides por las SBEQ ID Mes: 5, 11,
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12 v 22 v que tiene actividad de UPD-glucuroncsiltransfervasa;
(h) an polirucledtide quz conpresnds: un polinucledtids gue

codifica una proteina que tiens una gzcusncis de amincacidos

it

iz Lizhe una bhomologis de por lo mencs A90% con wuna saouencia
de amincdoidos selsccicnads del grupe censtituids por Jaz 3EQ

I o

D]

: 5,11, 1z vy 23y gque tisene una actividad Jd= UORD-

glucuronosiltransferasa;
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L.
~pr?

ur poelinucledtids gue compreands un polinucledtids gue
codifica umes proteina que hibridiza en condiciones eastrictas
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nacledtideos an las posicionez 1 a 1359 :zn la =ecuencia de

rucledtidos vesentada por la SR LD No: 4, 1la zsouencia de

]
I
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"

13

miclzdtidoz an las posicionss 1 a 1365 en la secuencia de

nucledtidss representada por la SEQ ID Meo: 10, la zscusocia Jd2
rucleditidos zn lag posicdiomess 1 a 1371 en la secusncia de
nucledtidos representada por la SEQ ID Mo: 12, y la secuencia

de macledtidos en las posicionzs 1 2 1271 en lza zecusncia de

jmte
i
)
T

una

por la SEQ OID Me: 22, oy otdi

actividad de UPD-glucuroncsiltransferasa; vy,

(3) un polinucledtide que comprands un polinmcledtids gque

Voo
3

codifica una proteina gque hibridiza en condicicnes estrictas
con un polinuclsitidn gus estd conshitulds por una secuencia de

a7

cnencia Jde nucledtidos Jde oun

o

ny g
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Kia &
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nuclsdtidos complamsent:
rolinncledtids gque oodifica una proteina conshituida por una
gecuancila de amincidcidos zelaceionada dzl grupo constituide por

lag 20Q ID N:os: £, 11, 12 y 23, y jus tle2ne unz actividad de
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3. El polinucledtido s amusrds con la ceivindicacidn 1,

cual cowpprends: wun polimacledtido gue estd constituids por

ia de nucledtidos en lag posiciones 1 oa 13259 en

th
O
=
I
]
]

T

secwznclz de nucledtidos representada por ls SEQ ID Mo 4.

4. Bl polinucledtide de acuevds con la reivindicacidn 1,

cual  comprends un polinncledtids gue astd constituido por

secuencia de nucledtides en laz posiciones 1 & 1365 en

sszcuencia de nucledtidoz veprezsentada por SEQ ID Mo: 10.

5. Bl polinucledtids de acuerd:s aon la veivindicacidén 1,

cual comprends un polinacledtide gue esti constituideo por

gesuencia Jde nucledtidos reprezsntada por SEQ LD Mo: 12,

Z ] ‘

6. Bl pcolinucladtido de acuzrds con la veivindicacidn 1,
cual comprends un polinuncledtido gue esti constituido por

secuencisz de nucledtides en las pozicionss 1 2 1372 en

-,

cecnsnola Jde nucleiftidos representada por SEQ ID Mo: 220

acusrde con la reivindicaczidn 1,
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sl comprends un polinucledtids gue codifica la proteins

gstd constituide por la secusncia de amincidcidos reprezent

por la SEQ ID No: 5.

8. El polinucledtids de acuernde con la veivindicacidn 1,

cual comprendes un polinucleditidc gus codifica la proteina

por la 3EQ ID No: 11,

9. El peolinucledtido de acuserdo con la reivindicacién 1,
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el

la
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1=a

la

t4 conztituido por la secuszncia de amincidcides vaprezsntsada
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cual comprends un polinuclsdtids gue codifics la proteina que
gxtd comztituide por lz gecuencia de amincédcidos repressintads

por la SEQ ID No: 13.

10 El polinmzledtids de acuacds con la reivindicacién 1, =l

ne
_i'
'Th
—
t

cnal oconprends un polinmaclsdr gque cwdifica la proteina e

T

stéd constituido por la zecuencia de aminodcidos raprasentada

por la 3EQ ID Neo: 23.
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11. El polinucledfids de acuside con la reivindicacidn
2] cual es ADN.

12, Una proteins el polinuclsaétides de acusedo

con oualoguiera de las reivindicacicones 1 a 11.

13. Un vector gque comprends 2l polimmcledtids de asuerds con

onalouicra Jde las reivindicaciones 1 a 11,
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ormador, &n eloual =& intvoduce el polinucledtido

1z aousvds con cunalguisra Jde laz reivindicacicness 1 a2 11,

15. Un transformador, =n donde se  introduce 2l vecotor Jda

azuerds con la reivindicacidn 13.
l6. In métods para producir la proteina de la reivindicacidn

Y - bt

12, &1 oual comprends &l uso del transformador ds: aouerds ocon

971

14 o 15.

las reivindicaciones

17. un métods para producir un glucurdénids, =1 cual oomprende

la formacisdn del glucurénide a partir del &cide UPD-glucundédnico

y un flavonoide opae usa oo catalizadeor la proteina de acuserdo

con la reivindicaci

én 12.
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RESUMEN

La prezente invencidn progporciona T1A novednea UpD-
glucurcnegiltranzferass y un polinucleétide que codifica la
mizma (por  ejempls,  un polinucledtido que comprends un

polinucleétids que  sgid cocnstituide  por  una  ss2cusncia a2

mycledtidos seleccionada del grupo gus esti conztituids por la

o2
e

cuenaia de nacledtides en lzs posdiciones 1 a 1352 en la

gecuencia de macledtidoie repressntadz por la SEQ O TID No: 4, la

=
i)

gecuencia de nuclasdtidez en lasg posiciconss 1 a 1265 en

-

zeougncia A nuoleitidos represgsntada por la SEQ ID Mo 10,

—
£1)
G 4
X}
~3
-
Al
]
[
AL

szouencia de nucledtidos en lag pogsiciones
secuencia de nueledticdos representada por lz SEQ ID No: 12 v la
seouancia de pucledtidezs en lag posicionszs 1 & 1371 en la

geonencia dz nuelsdtides raprezentada por 1z SEQ O ID MNo: 225 0o

un polimacleadtide que comprends un polinucledtide cus codifica

una  proteina gz tiens una Fecuzncia  de amincidcidos

seleocionada del grupe constitulde por las SEQ ID Nog:

AR
-

.
v
£

7 23y, et Bzt Lroporcions una novedosa UED—~
Jlucurenoziltransfevaza con una  amplia zspecificidad des

sustrato.
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Baicaleina
Escutelareina }
Apigenina g3
Lutzolina B
Tricetina {4
Diosmetina H4
Crisoeriol
Vitexina §
Isovitexina
Orientina R
Camferol
Quercetina
Naringenina.
Auréusidina
Genisteina
Daidzeina
Formononetina
Catequina
Galato de Epigalocatequina
Esculetina
Alcohol Coniferilice
Resveratrol
SC1
SC2
EC2 :
0 20 40 60 80 100 120
Actividad Relativa (%)

icosilo

!

R S R A G B
W
o

Sustrato Aceptor de Gl

¢

b Pt}
<

o

I




4/8 17[7%7

FIGURA 4
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FIGURA 5
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FIGURA 6
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LI1STA DE SECUENCIAS

<110> SUNTORY LIMITED

<120 UDP- glucuronosiltransferasa y polinucleotido que codifica a la
misma

130> PCT08-0058

<150> JP 2007-267050
<151> 2007-10-12

<150> JP 2008-067185
<151> 2008-03-17

<160> 25
<170> Patente en versiin 3.4

210> 1

Q11> 27

212> ADN

{213> Secuencia artificial

{220>
<223> ADN sintético

400> 1
aaacatatgg cputectegge gaagttc 27

> 2

<211> 30

<212> ADN

<213> Secuencia artificial

220>
€223> ADN sintético

<400> 2
ttttgatcat taatcccgag tggegtgaag 30

10> 3

211> 1326

<212> ADN

213> Scutellaria lacteviolacea v. yakusimensis

<400> 3
atggoggtec tggegaagtt catcageaag aaccacccct cogtecccat catcattate 60



agcaacgece
cgeettecce
gapgctoecte
acaagaatca
agcctcaata
ttgtacticg

gtcgacatce

cgegoctatge

gatgtegaca

ccaaglaagsa

cggaatccge
tecogpagat
gtctcageaa
gagclpgttat
tacacaccta
gaaccatcga

ctggttigee

s ttgtttacaa

ttastggott

atttcaaapg

ctgaasyaga sgcggcs

ABCCCAcCEY
cocgagzget:
cagaaggagy
teagtgtoty:
ctpagrttya
gagogrsty:
ACRaRgEces
goautegsyy
gattaa
AL
<211> 1490
212> ADN

213>

<220>

agttgaagaa

tectggagag,

tyuctgpctca

aagugutety:

atecgygecegt

getteptgac

graaggogot

agsatggats’

ceeteccgas
scctaacete
cctegattie
ctactacttc
tegagaccate
seegattcac
gagcteocgte
sgatgsante
cccaactect
cagcgaggag:
cetttgttit
gttpgagaad
ZECgacgEry
agccaagpgal:

cgacteogeta

gtlogpapts”

gatgptagat

gucgzetgar -

gaggcascya

ctogotaaal”

Perilla frutescens

2/23

gtygeggceoa

atgacaacag

ctoactgete

ttctgcaacy

agogeocgyaa

cetettgace

tgcctegata

gacatttoga

gagltitagag

cegptttact

catgagtete

fefagaagey

agtgsecaca

tcogatgage

tcocttecat
accpogtoga
Lgcaacagat
cepcttttpa
clocaascge
ttcaagacct
toocogtgec

agaacctecg

seataggaay

tcatcggegce

tgagatgpet

gtotettote

gstttototy

cgpacetega

caegatitoy: Ltes

ggtgzatice tg:

ccgatpgatcy. g

gatctgcagy

ttgragaaac:

glteacegaac

gattivaaaa:

tggogetgce

cagttagaga.

tpaaactots

aatttottca:

ctcctaccac
pctettette
ctoccagaag
gettecgace
catcctcaco
caatgactat

tttgtcaccy

@

cagategge

ceatagtcaa

attggtogea

tgatacacag

tgctaageag

gtisagteaga.

N

tgagetgety

s ghregchsca:

sty tgggcggage

‘ggacgcggag-

gotgpaggag

zttgatggag.

cgccagegce

cgusactegy:

120

180

240

300

360

420

480

540

600

660

720

780

840

1020

1080

1140

1200,

126Q

1320

1326

755



<221> CDS
222>

(13..

<400> 4
atg gaa gge
Met Giu Aly Val

1

atg
Met

atc
lle

acc
Thr

coct
Pro
65

ctc
Leu

aca
Thr

acc
The
145

gege
Gly

coL
Arg

tta
Leu

aca

Thr

tte
Leu
50

g£ac
Asp

gte
Val

tee
Ser
130

ptt
Val

tece
Ser

ces
Arg

ttg
Leu

atc
He

35

cct
Pro

toa
Ser

aac
Asn

atc

" {le

tog
Ser
115

gec
Ala

gt
Ala

c6C
Pro

agt

Ser

(1362)

gtc

cte
Leu
20

ctt
Leu

tee
Ser

alta
lle

coa
Pro

aga
Arg
100

acc
Thr

gee
Gly

aca
Thr

att
lle

aat
Asn
180

ata
tle

gce
Ala

age
Ser

att

Val

£ac
Asp

atc
fle
165

gtt

ace
Thr

tee
Ser

act
The

' aac

Asn
70

ctt
Lou

1tt
Phe

cte

© Leu

tee
Cys

atc

e

150

Cat

His

tte

ctt

1 Leu

ttc
Phe

gee
Ala

tat
Tyr
55

ccg

Pro

CEC
Arg

gty
Val

agc
Ser

atc
lle
135

gea
Gly

tca
Ser

aag

Val Phe Lys

tac
Tyr

atc
| le

gac
Asp
40

cge
Arg

3/23

teca
Ser

geo
Ala
25

tac

Tyr

CRC
Arg

gtc gas

Val

gte
Val

att
lie

ata
ile
120

tte

Phe

gac
Asp

tcg
Ser

cac
His

£ce
Ala

gat
Asp
105

cce
Pro

cte
Leu

Tty

teog
Ser
10

aaa
Lys

tca
Ser

cte
Leu

ace
Ala

ctc
Leu
90

tte

Phe

act
Thr

tat
Tyr

Leu Ar

gat
Asp

atg
Met
185

ttg
Leu
170

.t;t g
Leu

got
Ata

cao
His

gee
Ala

CCE
Pro

tte
Phe
75

gaa

Glu

tte
Phe

tac
Tyr

tte
Phe

zat
Asp
155

cca

Pro

gac
Asp

g2ag

cac

ttg

Glu His Leu

cat
His

gce
Ala

cce
Pro
60

tte
Phe

gaa
Giu

tec
Cys

ttc
Phe

cee
Pro
140

1ttt
Phe

CCC
Pro

gee
Ala
45

pte
Val

gaa
Glu

atc
le

tac
Tyr
125

acc
Thr

ctt
Leu

ctt
Leu

tce
Ser

tce
Ser
30

tee
Ser

geg
Ala

atc
tle

toe
Ser

tce
Ser
110

gtc
Val

ace
Thr

gaa
Glu

aca

Thr

aaa
Lys
190

aac
Asn
15

atc
{le

ata
e

cot
Pro

agc
Ser

gat
Asp

tte
Phe

ttt
Phe
175

aac
Asn

tece
Ser

cee
Pro

: tCo
al Ser

cee
Pro

cet
Arg
80

aaa
Lys

ttt

a Phe

acc
Thr

gag
Glu

cot

Pro
160

tte
Phe

48

144

192

240

288

29
(WlV]

384

480

528



cag aaa tct
Gin Lys Ser

195

aga got aag
Arg Ala Lys

210

act osg ccr
Thr Pro Pro

225

aaa aaa gac
Lys Lys Asp

age
Ser

cag
Gin

ctg
Leu

cct
Pro
305

gat
Asp

agt
Ser

att
lle

tac
Tyr

gta

gtg
Val

tts
Leu

tgg
Trp
290

gat

Asp

ata
e

cat
His

ctg
Leu

gog
Ala
370

gag

gt
Val

aga
Arg
275

teg
Ser

tte
Leu

g8g
Gly

pac
Asp

gaa
Glu
355

gag
Glu

ctg

Val Ala Leu

tct
Ser

gaa
Glu

gtt

cas
His

tte
Phe
260

Bgag
Ghu

gtg
Val

gac
Asp

g ttt

Phe

8cg
Ala
340

Gin

CCo

Pro

geg
Gly

get
Ala

tac
Tyr

fgag
Glu
245

ctt

Leu

atg
Met

688 ¢

Aryg

gag
Glu

gtg
Val
325

gty
Val

oty

Leu

agg
Arg

tig
Leu

ate
Ile

cta
Leu

tta
Leu
230

tgc
Cys

tgt
Cys

goo
Afa

ate
Val

atg
Met

gag

4/23

ctc aca aat
Leu Thr Asn

act:

200

aac

8gc¢

Thr Asn Gly

215

gtt
Val

¢ty

ges

Gly

ctg

cca
Pro

tag

Leu Leu Trp

tte
Phe

gtt
Val

¢GE
Pro
295

tte
Leu

aag
Lys

g2c¢

8¢
Gly

get
Ala
280

ccg
Pro

cct
Pro

tcg
Ser

tte

aza
Arg
265

cla
Leu

gaa
Glu

tag
Trp

sty

Gly Phe Val

345

aat ggs aaa
Asn Gly Lys

360

aac aag gta
Asn Lys Val

375

gag gag gag
Glu Glu Glu Glu Asp Gly Phe Val Thr Ala Val

gga

cte
Leu

cta
Leu

ctyg
Leu
250

agg

Arg

gag
Glu

aat
Asn

330

act
Thr

ttc gac goct atg
Gly Phe Asp Ala Met

tac
Cys

gtt
Val
235

gac

Asp

zet
Gly

aga
Arg

cgt
Arg

ttt
Phe
315

g cct

Pro

atg

gtt
Val
220

gaos

Ala

aga
Arg

ttg
Leu

agt
Ser

teg
Ser
300

ctg
Leu

cag
Gin

tgt
Cys

ate
He

stg

Phe Met Val

380

gat ggg tte

205

cCC aac
Pro Asn

gga agc
Gly Ser

cag cca
Gin Pro

ttt teo
Phe Ser
270

ges tac
Gly Tyr
285

ccy gcg
Pro Ala

gag aga
Glu Arg

aag gag
Lys Glu

8Eg agy «

Gly Arg

got tgz
Gly Trp
365

gac gaa
Asp Glu

gtz acg

gag
Glu

gga
Gly

aac
Asn

agt
Ser

255

gge
Gly

aga
Arg

gaa
Glu

act
Thr

cca
Pro

atg
Met

gog

ttc
Phe

got
Ala
240

aaa

Lys

aag
Lys

ttt
Phe

gac
Asp

aaa
Lys
320

ctg
Leu

tcg
Ser

atg
Met

aag
Lys

gtc

624

672

120

168

816

864

912

960

1008

1056

1104

1152

1200

157
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385 390 395 400

gag ttg gag aag cgg ctg aga cag tlg atg gag tcc aag aca ggg aga
Glu Leu Glu Lys Arg Leu Arg GIn Leu Met Glu Ser Lys Thr Gly Arg
405 410 415

gat gtt cgc cac cgt gtl goc gaa atg aaa poc get gec acy gog gog
Asp Val Arg His Arg Val Ala Glu Met Lys Ala Ala Ala Thr Ala Ala
420 425 430

atg gga gag aat ggt teg geg gtg ottt gct ttg czg aag ttoc att gat
Met Gly Glu Asn Gly Ser Ala Val Val Ala Leu Arg Lys Phe tle Asp
435 440 445

tec gta act cgt gat taa aggattitac atatgtcget tattaattaa
Ser Val Thr Arg Asp
450

tatagtatgt aacttapttg ttatttcggy aaatctaccc aagtcattga gttcaataat
caaatetice ftatgggetat gecasattaa aaataaaa

210> 5

<211> 453

<212> PRT

213> Perilla frutescens

<400> 5

Met Glu Gly Val 1le Leu Leu Tyr Ser Ser Ata Glu His Leu Asn Ser
1 5 10 15

Met Leu Leu Leu Ala Thr Phe lle Ala Lys His His Pro Ser lle Pro
20 25 30

Ile Thr lle Leu Ser Ser Ala Asp Tyr Ser Ala Ata Ala Ser Val Ser
35 40 45

Thr Leu Pro Seir lle Thr Tyr Arg Arg Leu Pro Pro Val Ala ll¢ Pro
50 55 60

Pro Asp Ser lte Lys Asn Pro Val Gtu Ala Phe Phe Glu lie Pro Arg
65 70 75 80

Leu Gin Asn Pro Asn Leu Arg Val Ala Leu Glu Glu lle Ser Gin Lys
85 30 95

Thr Arg lle Arg Ala Phe Val lle Asp Phe Phe Asn Ser Ala Phe
100 105 110

<9
<
177

1248

1296

1344

1392

1452

1490



Glu Val Ser Thr
115

Gly Ser Ala Gly
130

Thr Val Ata Thr
145

Gly Ser Pro lle
Arg Arg Ser Asn
180

GIn Lys Ser Ser
195

Arg Ala Lys Glu
210

Thr Pro Pro Val
225

Lys Lys Asp His
Ser Val Val Phe
260

Gin Leu Arg Glu
275

lLeu Trp Ser Val
290

Pro Asp Leu Asp
305

Asp lle Gly Phe
Ser His Asp Ala
340

Leu Glu Ala
355

bl

Tyr Ala Giu GIn

370

-

6/23

Ser Leu Ser lle Pro Thr Tyr

Val Cys

Asp lle
150

lle His
165
Val Phe

Gly lle

Ala Leu

120

lle Phe Leu Tyr
135

Gly Asp Leu Arg
Ser Sar Asp Leu
170

Lys Higs Met Leu
185

Leu Thr Asn Gly
200

Thr Asn Gly Leu
215

Phe

Asp

155

Pro

Asp

Phe

Cys

Tyr Leu Val Gly Pro Leu Val

230

Glu Cy
245

0n

Leu Cys

Met Ala

Arg Asn

Glu Leu

310
Val Val
325
Val Ala

Leu Val

Arg Met

Leu Leu Trp Leu
250

Phas Gly Arg Arg
265

Val Ala Leu Glu
280

Pro Pro Glu Asn
295

Leu Pro Glu Gly
Lys Ser Trp Ala
330

Gly Phe Val Thr
345

Acn Gly Lys Pro
360

235

Asp

Gly

Arg

Arg

Phe

315

Pro

His

Met

Phe Tyr Val Ser
125

Pro Thr Thr Asgp
140

Phe Leu Glu Phe
Gin Leu Thr Phe
175

Thr Ser Lys Asn
190

Asp Ala Met Glu
205

Val Pro Asn Gly
220

Ala Gly Ser Asn
Arg Gin Pro Ser
255

Leu Phe Ser Gly
270

Ser Gly Tyr Arg
285

Ser Pro Ata Glu
300

Leu Glu Arg Thr
Gin Lys Glu Val
335

Cys Gly Arg Ser
350

e Gly Trp Pro
365

Thr

Glu

Pro

160

Phe

Met

Phe

Pro

Ala

240

Lys

Lys

Phe

Asp

Lys

320

Leu

Ser

Met

Asn Lys Val Phe Met Val Asp Glu Met Lys

375

380

759



7123

Val Ala Leu Pro Leu Glu Glu Glu Glu Asp Gly Phe Val Thr Ata Val
385 390 395 400

Glu Leu Blu Lys Arg Leu Arg Gin Leu Met Glu Ser Lys Thr Gly Arg
405 410 415

Asp Val Arg His Arg Val Ala Glu Met Lys Ala Ala Ala Thr Ala Ala
420 425 430

Met Gly Glu Asn Gly Ser Ala Val Val Ala Leu Arg Lys Phe lle Asp
435 440 445

Ser Val Thr Arg Asp
450

10> 6

Q211> 27

<212> ADN

{213> Secuencia artificial

{220>
<223> ADN sintético

<400> 6
tgggaggecaa accagyggate tcgacaa

210> 7

Q211> 21

<212> ADN

{213> Secuencia artificial

<220>
223> ADN sintético

<400> 7
aatcatccaa atctttaagg t

<210> 8

211> 27

<212> ADN

<213> Secuencia artificial

<2200
£223> ADN sintitico

<400> 8
agaagggeteg tgttotecge tgageaa

210> 9
211> 2

21

21

27

160



<12
213>

<220>

ADN

Secuencia artificial

<223> ADN sintético

<400>

9

gaacageggt cacagattte t

<210>
211>
212>
213

<220>
<221>
<222>

<400>
atg gag
Met Glu
i

atg gz
Met Ala

ats ata
lle lle

gee gte
Ala Val
50

GGG agc
Pro Ser
65

ctec age
Leu Ser

goc aga
Ala Arg

gag gtt
Glu Val

10
1446
ADN

8/23

Scuteltaria laeteviolacea v.

CDS

(1).. (1368)

10
gac
Asp

g atg

Val

cte
Leu
35

ces
Pro

ctg
Leu

aan
Asn

ate

e

tect
Ser

acg
Thr

cto
Leu
20

atc
He

tee
Ser

aca

Thr

cct
Pro

aga
Arg
100

acc
Thr

att
tie
5

2ce

Ala

agec
Ser

ats
lle

aag
Lys

aat
Asn
85

gec

Ala

agce
Ser

gtt
Val

atc
{le

tte
Phe

gce
Ala

tac
Tyr
55

cgce
Arg

Ser

tac

ate
ile

gco
Ala
40

cas

His

ata

ace
Thr

age
Ser
25

gaa
Glu

5 gag

Glu

-_— 3
G

o

> e

gas
Asp
105

GGG

yakusimensis

acg
Thr
10

aaa

Lys

tca
Ser

cte
Leu

ctc
Leu

ctg
Leu
90

Lt
Phe

act

lle Pro Thr

2oC

Pro

tte
Phe
715

caa
Gin

tte
Phe

tte
Phe

gag
Glu

cac
His

tte
Phe

gag
Glu

toe
Cys

tac
Tyr

cac
His

gce
Ala
45

e
LGOS

Pro

gag
Glu

atc
e

aac
Asn

tac
Tyr

ctg aac
l.eu Asn
15

tce gte
Ser Val

tec ate
Ser lle

gag atec
Glu lle

ctec cct
Leu Pro

tce cag
Ser Gin
95

goa got
Ata Ala
110

ttc agc
Phe Ser

acce
Thr

ceo
Pro

goe

Ala

aot

Pro

cgt
Arg
80

aaa
Lys

ttt
Phe

tot
Ser

767

48

96
144
192
240
288
326

384
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115 120 125

gga tog coe aca gee ace cte gtt ctg cac ttc caa acc ctt gat gag 432
Gly Ser Pro Thr Ala Thr Leu Val Leu His Phe Gin Thr Leu Asp Glu
130 135 140

acc atc cot ggt gac ctt aaa gat tig gat gat ttt glc gag atc cot 480
Thr 1le Pro Gly Asp Leu Lys Asp Leu Asp Asp Phe Val Glu lle Pro
145 150 155 160

ggt ttg cct cecc att tac tec ctg gat atec cot gtt gol otg ctt acsg 528
Gly Leu Pro Pro lle Tyr Ser Leu Asp lle Pro Val Ala Leu Leu Thr
165 170 175

cet cag age ctt gtt tac cag age tot gtt gac atc tcg aaa aac ctg 576
Arg Gln Ser Leu Val Tyr Gln Ser Ser Val Asp lle Ser Lys Asn Leu
180 185 190

cgc aaa tca gea gge tte ctt gtt aat gge ttc gat goc ctc gag tte 624
Arg Lys Ser Ala Gly Phe Leu Val Asn Gly Phe Asp Ala Leu Glu Phe
195 200 205

aga gct aag gaa goc ata gtc aac ggo cte tge gtt coc aat ggc ceg 672
Arg Ala Lys Glu Ala lle Val Asn Gly Leu Cys Val Pro Asn Gly Pro
210 215 220

act cct cecg gtt tac ttec atc gpgc cca ctc gte sga gat gtc gat gec 720
Thr Pro Pro Val Tyr Phe lle Gly Pro Leu Val Gly Asp Val Asp Ala
225 230 235 240

aaa gec ggc ggc gaa gag cat gaa tet ctc aga tgg ctt gat aca cag 768
Lys Ala Gly Gly Glu Glu His Glu Cys Leu Arg Trp Leu Asp Thr Gin
245 250 255

cca agt aag agt gtg ate ttc ectt tge ttt pgc aga agg got gty tte 816
Pro Ser Lys Ser Val lle Phe Leu Cys Phe Gly Arg Arg Gly Val Phe
260 265 270

toc got gag caa ctg aag ¢ g cg tty gag aac agec gst 864
Ser Ala Glu GIn Leu Lys Glu Thr Al la Leu Glu Asn Ser Gly
275 280 285

cac aga ttt ctg tge teg gtg cga aac cca ccg gag atc atzg asg aac 912
His Arg Phe Leu Trp Ser Val Arg Asn Pro Pro Glu 1le Met Lys Asn
290 295 300

tcc gat gag ccg gac ctg gat gag ctg ctg ccc gag ggg ttt ctg gag 960
Ser Asp Glu Pro Asp Leu Asp Glu Leu Leu Pro Glu Gly Phe Leu Glu
305 310 315 320

aga acc aag pat cgg ¢ggt ttc gtg atc aag topg tgg get cog cag aag 1008

763



Arg Thr Lys Asp Arg Gly Phe

325

gag gtg ctg apt cac
Glu Val Leu Ser His
340

cgg age tee att top
Arg Ser Ser lle Ser
355

tgg ccg gtg gac geg
Trp Pro Val Asp Ala
370

gaa aty cag gtg pgcg
Glu Met Gin Val Ala
385

acg gog got gag ctg
Thr Ala Ala Glu Leu
405

gtg gag aag geg gtg
Val Gly Lys Ala Val
420

agg goa geg gty acg

Arg Ala Ala Val Thr Gly Asn

435

ttt ottt ctg gec acg

Phe Leu Leu Ala Thr Arg Asp

450

10/23

Val lle Lys Ser
330

stg ggg geg tte
Val Gly Gly Phe
345

gtg tgg ttt geg
Val Trp Phe Gly
360

aag ttg aat cga
Lys Leu Asn Arg

atg gag gag geg
Met Glu Glu Ala
395

cga gtt aga gag
Arg Val Arg Glu
410

cga gtc got gaa
Arg Val Gly Glu
425

gga tcc teg cta
Gly Ser Ser Leu
440

Trp Ala Pro Gln Lys
335

gtc act cac tgt gsz
Val Thr His Cys Gly
350

stg ccg atg atc gegs
Val Pro Met tle Gly
365

aca gtg ttg gtg gag
Thr Val Leu Val Glu
380

gag ggt pap ttec gty
Glu Gly Gly Phe Val
400

ttg atg gag tcg aag
Leu Met Glu Ser Lys
415

ttg aaa tgo teog goe
Leu Lys Cys Ser Ala
430

agt gat ttt aasa aag
Ser Asp Phe Lys Lys
445

tgatcatata ctctccatct coglcattga

attcataaaa gtatttttaa gacaagtitt tgltgapagaa taagttaats a

<210> 11
<211> 455
<212> PRT

213> Scutellaria laeteviolacea v. yakusimensis

<400> 11

Met Glu Asp Thr 1le Val Ile Tyr Thr Thr Pro Glu His Leu Asn Thr

1 5

10

15

Met Ala Val Lau Ala Lys Phe lle Ser Lys His His Pro Ser Val Pro

20

25

30

Ile tle Leu Ile Ser Thr Ala Ala Glu Ser Ala Ala Ala Ser tie Ala

1056

1104

1152

1200

1248

1296

1344

1395

1446

763



35

Ala Val Pro Ser lle Thr Tyr

50

95

Pro Ser Leu Thr Lys Asp Arg

65

70

Lou Ser Asn Pro Asn Leu Arg

85

Ala Arg lls Arg Ala Phe Val

Glu Val Ser
115

Gly Ser Pro
130

Thy lle Pro
145

Gly Leu Pro

Arg Gin Ser

Arg Lys Ser

195

Arg Ala Lys
210

Thr Pro Pro
225

Lys Ala Gly
Pro Ser Lys
Ser Ala Glu

275

His Arg Phe
290

Ser Asp Glu
305

100

Thr Ser Leu

Thr Ala Thr

Gly Asp Leu

150

Pro lle Tyr
165

Leu Val Tyr
180

Ala Gly Phe

Glu Ata lle

Val Tyr Phe

230

Gly Glu Glu
245

Ser Val tile

260

Gin Leu Lys

Leu Trp Ser

Pro Asp Leu
310

Ser

Lau

135

Lys

Ser

Gin

Leu

Val
215

Ile

His
Phe

Glu

Val

295

Asp

11/23

40

His Arg Leu Pro Leu

60

Val Glu Leu Phe Phe

Leu Ala Lau
90

tte Asp Phe
105

e Pro Thr
120

Val Leu His

Asp Leu Asp

e
170

Leu Asp
Ser Ser Val
185

Val Asn Gly
200

Asn Gly Leu

Gly Pro Leu

Glu Cys Leu
250

15

Gin

Pha

Phe

Phe

Asp

155

Pro

Asp

Phe

Cys

Val

235

Arg

Glu

Cys

Tyr

Gin

140

Phe

Val

Ie

Asp

Val

220

Gly

Trp

Leu Cys Phe 6ly Arg

265

Thr Ala Val
280

Ala

Leu

Arg Asn Pro Pro Glu

Glu Leu Leu

300

45

Pro

Glu

lle

Asn

Tyr

125

Thr

Val

Ata

Ala
205

Pro

Asp

Leu
Arg
Glu
285

tle

Glu lle Pro
Leu Pro Arg
80

Ser Gin Lys
95

Ata Ala Phe
110

Phe Ser Ser

Leu Asp Glu
Glu tle Pro
160

leu Lau Thr
175

- Lys Asn Leu

190

Leu Glu Phe

Asn Gly Pro

Val Asp Ala

240

Asp Thr GIn

255
Gly Val
2170

Phe

Asn Ser Gly

Met Lys Asn

Preo Glu Gly Phe Leu Glu

315

320

7644
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Arg Thr Lys Asp Arg Gly Phe Val lle
325

Glu Val Leu Ser His Asp Ser Val Gly
340 345

Arg Ser Ser lle Ser Glu Gly Val Trp
355 360

Trp Pro Val Asp Ata Glu Gin Lys Leu
370 375

Glu Met Gin Val Ala Leu Pro Met Glu
385 390

Thr Ala Ala Gtu Leu Glu Lys Arg Val
405

Val Gly Lys Ala Val Arg Gln Arg Val
420 425

Arg Ala Ata Val Thr Gly Asn Gly Ser
435 440

Phe Leu Leu Ala Thr Arz Asp
450 455

Q210> 12

211> 1374

<212> ADN

213> Antirrhinum majus

<220>
<221> CDS
222> (1).. (1374)

<400> 12

aty gag gac act atc gtt ctc tac got
Met Giu Asp Thr lie Val Leu Tyr Ala
1 5

atg cta cta ctc ggc aaa cte atc aac
Met Leu Leu Leu Gly Lys Leu lle Asn
20 25

gtc goe att atc age ace gec cea aac
Val Ala lle lle Ser Thr Ala Pro Asn
35 40

gac gtg pep gee ata tet tat cag caa

Lys Ser Trp Ala Pro GIn
330 335

fily Phe Val Thr His Cys
350

Phe Gly Val Pro Met lle
365

Asn Arg Thr Val Leu Val
380

Glu Ala Glu Gly Gly Phe
395

Arg Glu Leu Met Glu Ser
410 415

Gly Glu Leu Lys Cys Ser
430

Ser Leu Ser Asp Phe Lys
445

tca gca gag cac ctt aac
Ser Ala Glu His Leu Asn
10 15

aaa cac cac coc aca ate

Lys His His Pro Thr lle
30

goc goc got ast tee gto

Ala Ala Ala Ser Ser Val

45

ctc aaa ccg gotc act cte

Lys

Gty

Gly

Glu

Val

400

Lys

tce
Ser

tco
Ser

cct

48

96

144

192

105



Asp Val Ala
50

tog gat cta
Ser Asp Leu
65

cta cat aat
Leu His Asn

tca aaa gta
Ser Lys Val

gag gtt tcg
Glu Val Ser

gec pog ttt
Gly Ala Phe
130

act gte gaa
Thr Val Glu
145

gzt tgc ece
Gly Cys Pro

cgs aag agt
Arg Lys Ser

agy aga gog
Arg Arg Ala
195

cga got sas
Arg Ala Lys
210

act cco cca
Thr Pro Pro
225

acg aaa acc
Thr Lys Thr

Ala tla Ser Tyr

55

acc aaa aac cca
Thr Lys Asn Pro

70

cect aac tig cte
Pro Asn Leu Leu

agg gca ttt gtg

85

D2

Arg Ala Phe Val

100

act
Thr

g88

Gly

asa
Lys

ccg

Pro

aac
Asn
180

aaa
Lys

gaa
Glu

gtt
Val

aca
Thr

age
Ser

cta
Leu

gac
Asp

gtt

Val
165

act
Thr

838
Gly

gee
Ala

ttc
Phe

aac
Asn
245

ttg aac
Leu Asn

tuc geg
Cys Gly
135

atc ggt
tte Gly
150

ttg too
Leu Ser

tac aag
Tyr Lys

atc gtg
lle Val

cte gte
Leu Val
215

tta gtc
Leu Val
230

Zaa cag
Glu GIn

13/23

Gin GIn Leu Lys

atc gag cte tte
e Glu Leu Phe
75

gaa gog oty gaa
Glu Ala Leu Glu
90

ata gat ttc Lttt
lie Asp Phe Phe
109

ata ccc act tac
lle Pro Thr Tyr
120

ttc tlg cat ttt

Phe Leu His Phe |

gaa ctg aac gat
Glu Leu Asn Asp
155

tog gat ttt cog
Ser Asp Phe Pro
170

cat ttt tta gac
His Phe Leu Asp
185

gtg aac goo tte
Val Asn Ala Phe
200

aac aat ctg tge
Asn Asn Leu Cys

ggc cca tty gto
Gly Pro Leu Val

cac gaa tge ttg
His Glu Cys Leu
250

Pro
60

tte

Phe

gaa
BGlu

tte
Phe

aaa
Lys

acg
Thr

gav
Asp

gta
Val
220

gga
Gly

aaa

Ala

gaa

Glu

cts
Leu

aat
Asn

tat
Tyr
125

aca
Thr

ttz
Leu

gzt
Gly

gca
Ala

tzg

Thr Leu

atc cca
ile Pro

atc agc
Val Ser

atc gac
Ite Asp

agc aca
Ser Thr

ctg gac

Pro

cgt

Arg
80

aaa

ttt
Phe

agc
Ser

gaa
Glu

cog
Pro

160
ttt
Phe

atg
Met

g tic

Phe

cca

-~ Pro

act
Thr
240

gtg

Lys Trp Leu Asp Val

255

240

288

336

432

480

528

576

524

612

720

168

756
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cag cca gac aga agc gtg atc ttc tta tgt ttc gst agg agr get ttg 816
Gin Pro Asp Arg Ser Val lle Phe Leu Cys Phe Gly Arg Arg Gly Leu
260 265 210

tts tec gea gac caa ttg aag gaa atc gea att ggt clg sag aac agc 864
Phe Ser Ala Asp Gln Leu Lys Glu lle Ala lle Gly Leu Glu Asn Ser
215 280 285

gge cac agg ttoc ctg tgg toc gbg cgt tgo cca cca agt aag cct aac 912
Gly His Arg Phe Leu Trp Ser Val Arg Cys Pro Pro Ser Lys Pro Asn
290 295 300

tct tat aac act gat ooy gac clg pac gag cte ctg ccc gag ggg ttt 960
Ser Tyr Asn Thr Asp Pro Asp Leu Asp Glu Leu Leu Pro Glu Gly Phe
305 310 3i5 320

tte toc agg ace gag acc cgg ggt tte gtg atc aag teg tge geg oot 1008
Leu Ser Arg Thr Glu Thr Arg Gly Phe Val lle Lys Ser Trp Ala Pro
325 330 335

cap aag pag gtz ctg agc cat guc geg gtt gea gge tte stg acg cac 1056
Gin Lys Glu Val Leu Ser His Giy Ala Val Gly Gly Phe Val Thr His
340 345 350

tegt gpg agg agt tog ata ttg gaa geg gtg tog ttt goo gstg cog atg 1104
Cys Gly Arg Ser Ser lie Leu Glu Ala Val Ser Phe Gly Val Pro Met
355 360 365

atc ggg tgg cog ata tac geg gag cag agy atg aat agg gtg tto atg 1152
1le Gly Trp Pro lle Tyr Ala Glu GIn Arg Met Asn Arg Val Phe Met
370 375 380

gte gag gag atg aag ptg gog ttg cay ttz gat gag glg gag gaa ggg 1200
Val Glu Glu Met Lys Val Ala Leu Gin Leu Asp Glu Val Glu Glu Gly
385 390 395 400

tte gt gog geg stg gaa tty gas aag aga gtg aag gag tig atg gat 1248
Phe Val Ala Ala Val Glu Leu Glu Lys Arg Val Lys Glu Leu Met Asp
405 410 415

tcg aag aat ggg aga geg gtt ageg cag aga gty aag gag atg aaa gtg 1296
Ser Lys Asn Gly Arg Ala Val Arg Gin Arg Val Lys Glu Met Lys Val
420 425 430

pog got cag gtg gog gttt paa aag get pgt teg tea gtt gty gog ttg 1344
Ala Ala Glu Val Ala Val Glu Lys Gly Gly Ser Ser Val Val Ala Leu
435 440 445

caa cgc ttt gtt gat atg gtz stt tet tea 1374
Gin Arg Phe Val Asp Met Val Val Ser
450 455



<210
211>
212>
213>

<400>

Met Glu Asp Thr

1
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13
457
PRT
Antirrhinum majus

13

5 10

lte Val Leu Tyr Ala Ser Ala Glu His Leu Asn Ser

15

Met Leu Leu Leu Gly Lys Leu Ile Asn Lys His His Pro Thr 1le Ser

20 25

30

Val Ala lle tle Ser Thre Ala Pro Asn Ata Ala Ala Ser Ser Val Ala

Asp Val Ala Al
50

Ser Asp Leu Thr

65

35 40

a

55

10

lle Ser Tyr Gln Gln Leu Lys Pro Ala Thr

45

Leu Pro

60

Lys Asn Pro ltle Glu Leu Phe Phe Glu tle Pro Arg

75 80

Leu His Asn Pro Asn Leu Leu Glu Ala Leu Glu Glu Leu Ser Leu Lys

85 90

95

Ser Lys Val Arg Ala Phe Val! lle Asp Phe Phe Cys Asn Pro Ala Phe

Glu Val Ser Thr Ser Leu Asn lle Pro Thr

100 105

115 120

110

Tyr Phe Tyr Val Ser Ser
125

Gly Ala Phe Gly Leu Cys Gly Phe Leu His Phe Pro Thr lle Asp Glu
130 135

Thr Val Glu Lys Asp lle Gly Glu Leu Asn

145

Gly Cys Pro Pro Val Leu Sar Ser Asp Phe
165 170
Arg Lys Ser Asn Thr Tyr Lys His Phe Leu

Arg Arg Ata Lys Bly lte Val Val Asn Ala

Arg Ala Lys Glu Ala Leu

150

180 185

195 200

210 215

Thr Pro Pro Val Phe Leu Val Gly Pro Leu

Val Asn Asn Leu

140

Asp lle Leu Glu Ile Pro
155 160

Pro Lys Gly Met Phe Phe
175

Asp Thr Ala Lys Asn Met
190

Phz Asp Ala Met Glu Phe
205

Cys Val Pro Asn Ser Pro
220

Val Gly Ala Ser Thr Thr

168



225

Thr Lys Thr Thr

Gln Pro Asp Arg
260

Phe Ser Ala Asp
275

Gly His Arg Phe
290

Ser Tyr Asn Thr
305

Leu Ser Arg Thr
GIn Lys Glu Val
340

Cys Gly Arg Ser
355

tle Gly Trp Pro
370

Val Glu Glu Met
385

Phe Val Ala Ala

Ser Lys Asn Gly

420

Ata Ala Glu Val
435

o

Gin Arg Phe Val
450

<210> 14
Q211> 25
<212> ADN

230

Asn Glu Gin
245

Ser Val lle

Gin Leu Lys

Leu Trp Ser
295

Asp Pro Asp
310

Glu Thr Arg
325

Leu Ser His

Ser lte Leu

Tyr Ala
375

[}

Lys Val Ala
390

Val Glu Leu
405

Arg Ala Val

Ala Val Glu

Asp Met Val
455

<213> Secuencia artificial

<220>

16/23

235

His Glu Cys Leu
250

Phe Lleu Cys Phe
265

Glu tie Ala lle
280

Val Arg Cys Pro
Leu Asp Glu Leu
315

Gly Phe Val lle
330

Gly Ala Val Gly
345

Hlu Ala Val Ser
360

Giu GIn Arg Met
Leu Gin Leu Asp
395

Glu Lys Arg Val
410

Arg Gin Arg Val
425

Lys Gly Gly Ser
440

Val Ser

240

Lys Trp Leu Asp Val

255

Gly Arg Arg Gly leu

270

Gly Leu Glu Asn Ser

285

Pro Ser Lys Pro Asn

Leu Pro Glu Gly Phe

320

Lys Ser Trp Ala Pro

335

Gly Phe Val Thr His

350

Phae Gly Val Pro Met

365

Asn Arg Val Phe Met

Glu Val Glu Glu Gly

400

Lys Glu Leu Met Asp

415

Lys 6lu Met Lys Val

430

Ser Val Val Ala Leu

445

169
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(223> ADN sintético

- <400> 14
aaacatatgg aaggcgtcat actte

210> 15

<2t11> 30

<212> ADN

<213> Secuencia artificial

<220>
<223> ADN sintitico

<400> 15
ttttgatcat taatcacgag ttacggaate

Q210> 16
211> 27
<212> ADN
<213> Secuencia artificial

<220>
£223> ADN sintético

<400> 16
aaacatatgg aggacacgat tgttatc

<210> 17

Q211> 29

<212> ADN

{213> Seccuencia artificial

220>
<223> ADN sintético

<400> 17
ttcatatgte aatccctcgt ggccagaag

<210> 18

Q211> 27

<212> ADN

213> Secuencia artificial

<220>
<223> ADN sintético

<4060> 18
anacatatgg aggacactat cgttctce

25

30

27

29

217

770
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210> 19

211> 29

<212> ADN

<213> Secuencia artificial

220>
<223> ADN sintético

<400> 19
ttggatcectt aagaaaccac catatcaac

<210> 20

211> 27

<212> ADN

<213> Secuencia artificial

<220>
<223> ADN sintético

<400> 20
ggccaaacgc gocgeagetey atgtaga

210> 21

Q211> 2

<212> ADN

213> Secuencia artificial

{2200
<223> ADN sintético

<400> 21
agtgpgtata ttcaagecctg t

210> 22

<211> 1433

<212> ADN

<213> Sesamum indicum

<220>
<221> CDS
<222> (1)..(1374)

<4000 22

ateg gaa gac acc gtt gltc ctc tac act teg gea gag cac tlg aat tcoc
Met Gilu Asp Thr Val Val Leu Tyr Thr Ser Ala Glu His Leu Asn Ser
1 5 10 15

atg tta gtg cteg goc aaa tte att age aaa cat tat ccc tee atc coe
Met Leu Val Leu Ala Lys Phe lle Ser Lys His Tyr Pro Ser lle Pro
20 25 30

29

27

21

48

a6

1777



ctec
Leu

ace
Thr

GGG
Pro
05

cte
Leu

tca
Ser

gaa
Glu

gee
Gly

acc
Thr
145

BEC
Gly

cet
Arg

ECa

Ala

age
Arg

aca

Thr

gte
Val
50

aac
Asn

aac
Asn

g2CE
Ala
130

gtt
Val

aag
Lys

daa

Lys

got
Ala
210

CCg
Pro

atc
fle

35

ot
Pro

ttg
Leu

aac
Asn

atc
lle

: GCa

Pro

agt
Ser

Toa
Ser
195

aag
Lys

cot

ctt
Leu

tce
Ser

ace
Thr

gec
Gly

sea

Gly

GG
Pro

aat
Asn
180

aco

Thr

gaa
Glu

gtt

Pro Val

tge
Cys

atc
le

ace
Thr

tce
Ser

act
Thr

aat
Asnh
70

ettt
Val

ttt
Phe

Egc LLg

r Gly

ctt
Leu

goca
Ala

tac
Tyr

tzo
Cys

ctt
Leu
150

cac
His

tac

ges
gec

Ala

tac
Tyr
55

cet

Pro

age
Ser

aat

Asn

cCC

Ala

tca
Ser

cee
Pro
40

cac
His

ottt
Leu

aaa
Lys

; att

lle

gac

Asp

tca
Ser
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gag
Glu

gaa
Glu

gce
Ala

Asp
105

cCo

> Pro

. ot

Leu

ttg
Leu

ttt

s Phe

185

asc
Asn

get
Gly

(o1 o]
Pro

tce
Ser

gt
Leu

cto
Leu

ctt
Leu

F tte

Phe

act
Thr

aat
Asn

L tte

Phe
170

gea

Ala

tig
Leu

tta
Leu

gio

Ala

GCa

Pro

tta
Leu
75

caa
Gin

ttc
Phe

tac
Tyr

. tic

Phe

gat
Asp
155

CCo
Pro

| gac

Asp

ttt
Phe

tec
Cys

gttt
Val

(AW
Ala

sot
Pro

ttc
Phe

tge
Cys

1tic
Phe

cce
Pro
140

ttt
Phe

Zag

Glu

gce
Ala

gat

got
Ala
45

coe
Pro

azt
Asn

tac
Tyr
tZ5

act

Thr

gte
Val

get
Ala

Zca

Ala

tce g
Ser V

got
Ala

7aa
Glu

atg &

Met

aga
Arg
190

ctec

a Leu

cot

e Pro

i vk [

Gin

gag
Glu

. ECB

Ala

ttt
Phe

> tee
- Ser

¢aa
Glu

cct
Pro
160

cat
His

tht
Phe

cCa
Pro

: cgt

Arg

144

240

[
[«
[<>]

336

384

480

o
n
L=

576

624

672

720

7L



225

E<L-Ix

Asn

[
Lol
o

Pro

tcoe
Ser

tat
Tyr

gea
Ala
305

gag
Glu

acg
Thr

gag
Glu
385

gtg
Val

cag
Gin

gct

AAD EHG.

Asn Gly

&
1]
<O

ama
Lys

172
©
=<

gttt gaa
Val Glu
275

aga ttt
Arg Phe
290

ECE gCg

Ala Ala

aga act
Arg Thr

gaa gty
Glu Val

agg age
Arg Ser

tge cog
Trp Pro
370

gaa atg
Glu Met

acg geg
Thr Ala

acy gHa

Thr Gly

geg ger

toc. &

Cys

ago
Ser

260

cag

Gin

ctt
Leu

gag
Glu

clg
Leu
340

tca
Ser

ttg
Leu

Val

Bga
Arg
420

geg

ctt
Leu

teg
Trp

cca
Pro

gac
Asp
325

agt

Ser

att
lle

tac
Tyr

 gtg

Val

Eag
Glu
405

got
Ala

a3
-+
D]

daa
Lys

tee
Ser

gac
Asp
310

cat

1 His

gte
Val
295

tty
Leu

. g0

Gly

c ogat +
s Asp

tg gas

goe

390

ete
Val

cgg

Glu

gag
Glu
375

cte
Leu

aag

cEC
Arg

gat

Asp

& cac
' His

aat
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tgc
Cys

Ser

iia
Leu

cga
Arg

- CGa

Pro

cte
Leu

teg
Ser

 alg
¥ Met

o) 19
[~

gte
Val
410

gte
Val

tog

oaon 5

Lo T

Gly

o get <

Gly

ccr
Pro

cta
Leu

acc
Thr

teg

rge
Gly
300

CCa

Pro

s toa

Ser

tte
Phe

v ett

Leu

Lys

aag
Lys

teg
Trp

gtg
Val

eg etg

. CER

Arg
380

acg
Thr

cta

Val
365

ottt
Val

ttg
Leu

ttg

=

Leu

gat
Asp

cag
Gin

get
Gly

geg
Ala

AGH
Thr

350

oY
Pro

tog

age
Ser

aat
Asn

tte
Phe

ccg
Pro
335

atg
Met

; atg

Met

gee

Gly

gad

- Asp

415

agc
Ser

tte

240

cag

Gin

caa

816

864

960

1002

1056

1104

1152

1200

1296

1344

773
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Ala Ala Ala Ala Val Arg Lvs Asn Gly Ser Ser Leu Val Ala Leu Gin

435 440 445
aat ttc att gog teg gty act opy gtt tea gtgatettat tactccaagt 1394
Asn Phe |le Ala Ser Val Thr Arg Val
450 455
aatanaattt aasttaccgte tanasaszsss sszasaaaan 1433
210> 23
<211> 457

<212> PRT
£213> Sesamum indicum

400> 23

Met Glu Asp Thr Val Val Leu Tyr Thr Ser Ala Glu His Leu Asn Ser
1 5 10 15

]

Mot Leu Val Lou Ala Lys Phe tle Sar Lys His Tyr Pra Ser lla Pro
20 25 30

Leu Leu lle Leu Cys Ser Ala Pro Glu Ser Ala Ala Ala Ser Val Ala
35 40 45

@

The Vat Pra Ser lla Thr Tyr His Arg Leu Pro Pro Pro Ala Leu Pro
50 55 60

Pro Asn Leu Thr Thr Asn Pro Leu Glu Leu Leu Phe Glu lle Pro Arg
65 70 75 80

Leu Asn Asn Pro Asn Val Ser Lys Ata Leu Gin Glu tie Ser Gln Lys
85 90 95

Ser Arg tle Lys Ala Phe Val lle Asp Phe Phe Cys Asn Pro Val Phe
100 105 110

Glu Val Ser Thr fily Leu Asn lle Pro Thr Tyr Phe Tyr lle Sar Ser
115 120 125

Gly Ala Phe Gly Leu Cys Pro Phe Leu Asn Phe Pro Thr lle Glu Glu
130 135 140

The Val Pro Gly Asp Leu Ala Asp Leu Asn Asp Phe Val Glu tle Pro
145 150 155 160

Gly Cys Pro Pro Val His Ser Ser Asp Phe Pro Glu Ala Met lle His
165 170 175

Arg Lys Ser Asn tle Tyr Lys His Phe Mat Asp Ala Ala Arg Asn Mot



Ala Lys Ser
195

Arg Ala Lys
210

Thr Pro Pra
225

Asn Asn Gly

Pra Ser Lys

Ser Val Glu

275

Tyr Arg Phe
290

Ala Ala Ala
305

Glu Arg Thr

Thr Glu Val

Gly Arg Ser

355

Gly Trp Pro
370

Glu Glu Met
385

Val Thr Ala

Glin Thr Gly

>
2y

435

2223

185

190

Thr Gly Asn Leu Val Asn Ala Phe Asp Ala Leu Glu Phe

200

205

Glu Ala Leu e Asn Gly Leu Cys lle Pro

215

220

Val Tyr Leu Val Gly Pro Leu Val Gly Asp

230

Cy

%3

245

Ser Val lle Phe Leu Cys Phe

260

235

lte Gin His Glu Oys Leu Lys Trp Leu

250

265

Gin Leu Lys Glu Met Ala Leu Gly Leu Glu

280

285

Leu Trp Ser Val Arg Ser Pro Pro Gly Lys

295

300

Glu Pro Asp Leu Asp Glu Leu Leu Pro Lys

310

315

Lys Asp Arg Gly Phe lle lle Lys Ser Trp

325

330

Leu Ser His Asp Ser Val Gly Gly Phe Val

340

345

Ser lle Leu Glu Ala Val Ser Lou 8ly Val

360

365

Leu Tyr Ala Glu Gln Arg Met Asn Arg Val

375

380

Lys Val Ala Leu Pro Leu Glu Glu Thr Ala

390

395

Gly Arg Arg

Asn Ala Pro
Ser Asn Arg
240

Asp Ser GIn
255

Gly Leu Phe
270

Asn Ser Gly

Gin Asn Ser

Gly Phe Leu

320

Ata Pro Gin
335

Thr His Cys
350

Pro Mat lle

Phe Met Vat

Asp Gly Leu
400

Val Glu Leu GBlu Lys Arg Val Arg GIn Leu Met Asp Ser

405

410

415

Arg Ala Val Arg His Arg Val Thr GQlu Leu Lys Ser Ser

420

440

425

445

Asn Phe lle Ala Ser Val Thr Arg Val

430

Ala Ala Ala Val Arg Lys Asn Gly Ser Ser Leu Val Ata Leu Gln

135



450

L2
211>
212>
<213>

{2200
<223>

<400>

455
24
29
ADN
Secuencia artificial

ADN sintético

24

caccatatgg aagacaccegt tgtcctcta

<210>
211>
(4 ¥
<213>

<220>
223>

<400>

25
29
ADN

Secuencia artificial

ADN sintético

25

geatcctaac atcactcaaa cccepagtca

R

2

s

29

29

16



INTERNATIONAL SEARCH REPORT

International application No.

C12N15/09, Cl2P7/62

PCT/JP2008/067613
A, CLASSIFICATION O CUBJECT MATTER
Cl2NIR/00(2006.0L)1, CO7H1I7/07(2006.01)1 ZN1/15(2006.01)3i, C12N1/19
(2006.01)4, C12N1/21(2006.01)1i, CI12ZNE/10 ( 006.01)1, CI2N9/10(2006.01)1,
012N15/é9(2006.01)i, £12P7/62(2006.01) i
According io Internaiional Paient Classification (TPC) or i¢ boils naiional classiificaiion and IPC
B. TIELDS SEARCHED
Minimum documentation searched (claccification eyzien followed by classilication symbols)
C12N15/00, CO7HL7/07, <C12N1/15, CQ12N1/1%, <12N1/21, <L2N5/10, CL2ZN9/10,

Docuineniation cearched other ihan minbmum documeniaiion o e ericnt thai cuch docurments are included ia ihe fields cearched

BIUGT“/MFﬂTTNE/WPIDS(STN),

Electronic data bace consulted during the international seaich (name of dala bace and, wheie piacticable, scarch terme used)
GenBank /EMBEL/DDBJ/Ganz3aq,

SwigsFrot/PIR/Genel3ag, J3TPlus/JMEDELUs/JST7580(JhireamIl)
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2BR042277, <htip://www.nchbi.nlwm.nih.gov/entrez/
viewer.fcgi?37359709:0LD16: 5174645, (02-0ct-2003
uploadsd [retrisved on 08-0ct-2002], NAGASHIMA
2., et al., Definition: Scutellaria baicalensis
UBGAT-I wmRNA for UDP-glucurconate:baicalein 7-0-
glucurcnosyltransfevrases, complete cds

A NAGASHIMA &., et al., Purxification and 1-17
characiterization of UDP-glucuronate: baicalein
7-0-glucuronasylivengferage from Scutsllaria
baicalengis Georgi. cell suspension cultures.,
Phytochemistry, 2000, vol., 53, no. 5, p. 533-
538
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D Sz pateni family aniex.

* Special categories of cited documents:

“A"  docurnent defining the general siais of the arl which is not considered o
be of particular relevance

“E”  earlier application or patent but published on or after the international filing
date

“I” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than the

priority date claimed

later document published after the international filing date or priority
dat and not in conilict with the application but cited to undersiand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an invontive
step when the document is taken alone

document. of particular relevance; the claimed invention cannot be
constdered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the sarne patent family

Daie of ihe acival completion of the iniernational search
09 October, 2008 (09.10.08)

Daie of mailing of ihe iniernaiional sear
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MNaine and mailing address of (he ISA/
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Box No. IT Observations where certain claims were found unsearchiable (Continuation of item 2 of first sheet)

Thic international zearch r2poit hac not been ectabliched ki recpect of ceriain elaime under Aiticle 17(2)(a) for ihe following rzazons:
I D Claims Nos.:

becavse they relate to subject matler nol required (o be sezrched by this Anihority, namely:

2. D Claims Nos.:

becauge they relate to parts of the international application thai do not comply with ihe prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependeni claims and are noi drafied in accordance wiih ihe second and third sentences of Pule 6.4(a).

Box Ma. 1T Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This Inierna’ional Searching Authoricy fouad uw]llyl» inventions in ihis iniernational application, az follows:
The matter common o claims 1-17 is

a “upp- g'lucu-ronyT cransferage in the
Lamialzz”, howzver, Documznt 1 (Dag il nlis )
ARQO12277, <hicp://www.nchbi.nlm.nd -/'~ wer
16:517464d», 02-0ct-2003 uploadad 03-0ct
spacific ami 0o acid se':fu.':nce of gl fa =
gcutellari nzig of the Lami ti
encodi herefors £a
of tha e “UDP-g X=1
ot a feature 2

Ac ali required edditional szarch fees weic timely paid b/ tha applicait, this iniemational cearch report covers all zearchable
claims.

A all scarchable claims could be searched without effort justifying addiiional feec, this Authority did not invite payment of
additional fees.

Ac only come of the required additional search feec were timely paid by the applicant, thiz international cearch report covers
only those claime for which feez were paid, specifically claims Mos.:

4. |:| Mo requirad additional zcaich fees were iimely puid by the applicani.  Consequeally, this internalional search report is

resiricted io ihe inveniion iirsi meniioned in ihe claing; it is covered by claims Mos.:

p " . . .
Remark on Protest D The additional search fees were accompanied by ihe applicant’s prolest and, where applicable,
ihe paymeiat of a proiest fee.
I:l The additional sarch foez veere accompanicd by ihe applicant’s protesi but the applicable proicsi

fee was not paid wilkin the time limit specified in the inviiation.

[__—] Mo protesi accompanied ihe pavieni of addiiional scarch fees.
Form PCT/ISA/210 (continuvation of iiist sheei (2)) (April 2007)
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Date of mailing (day/month/year)
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Applicant's or agent's file reference
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Intermational applicaiion No.

PCTAIR2003/Q67612

Iniernational filing daie (day/monih/year)

29 September 2002 (29.09.2003)

1.
B the applicant

The following indications appeared on record conceming:

[ the inventor

[ the agent [0 the common representative

MName: and Address

SLINTORY LIMITED

1-40, Dajimahama 2-choms, Fita-ku, Ssaba-shi, Osaka

Siale of Nationality Slate of Pesidence
JP JP

‘Telephone No.

5308202

Japan
Facsimile No.
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the person
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SUNTORY HOLDINGS LIMITED JP JP
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5308203
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Ii-mail address

[] Notifications by c-mail authorized
3. Yurther observations, if necessary:
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B  the receiving Office
[J the International Seasching Auihoriiy

[ the Auihoriiy(ies) speciiied for supplemeniary seaich

the International Preliminary Exarnining Authority
the designaied Oilices concerned
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other: .

OO0

The Iniemational Bureau of WIPO
34, chemin des Colombettes
1211 Geneva 20, Swaizerland

Facsimile Mo. 41 22 332 00 00

Auihorized officer

Kunz Akiko
e-mail pt07.pet@wipo.int
Telephons Mo. 441 22 338 74 07
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