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® ANEXOS

Comprobante de pago de la tasa.

Poderes, si fuere el caso.

Pruebas de los fundamentos de la oposicion.

Documentos que acrediten el legitimo interés, si fuere el caso.

Documento que acredita la existencia y representacion legal de las partes, cuando sean
personas juricicas.
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Instrucciones para el diigenciamiento del presenie formulario, verreversode esta pagina.
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Derecho de la Competencia, Propiedad

Optimum Industrial y Comercio Exterior

Senor Jefe,
DIRECCION DE NUEVAS CREACIONES
Superintendencia de Industria y Comercio

E. S. D.

Referencia : Expediente N° 10 23191

Asunto : Oposicion a la solicitud de patente de Invencion titulada
“METODOS Y TRATAMIENTO PARA LA
DEPENDENCIA, MEDIANTE LA ADMINISTRACION DE
UN AGENTE PSICOESTIMULANTE, UN OPIODE Y

OTROS”
Solicitante : SYNOSIA THERAPEUTICS.
Opositora : PROCAPS S.A.

Publicada en la Gaceta de la Propiedad Industrial
'N° 626 del 22 de marzo de 2011

Yo, ELIANA ISAURA MORENO BOHORQUEZ, abogada en ejercicio, identificada
como aparece al pie de su firma, con tarjeta profesional No. 83823 del Consejo
Superior de la Judicatura, en mi condicién de apoderada de la sociedad PROCAPS
S.A. Conformada bajo las leyes de la Republica de Colombia y domiciliada en la
ciudad de Barranquilla, Colombia, atentamente maniﬁesté que estando dentro del
término de ley y por orden expresa de mi representada, presento oposicion a la
concesion del registro de la Patente de Invencion titulada “METODOS Y
TRATAMIENTO PARA LA  DEPENDENCIA, MEDIANTE LA
ADMINISTRACION DE UN AGENTE PSICOESTIMULANTE, UN OPIODE Y

Carrera 13 N° 11995, Of. 104 Tel. (571)2 1312 13- 62050 21 - Fax. (571) 6 1219 79
E-mail: negocios@optimum-co.com - www.optimum-co.com
Bogota Colombia



Derecho de la Competencia, Propiedad
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OTROS”, cuyos titulares son SYNOSIA THERAPEUTICS, y pido a Usted declarar

fundada esta oposicion y en consecuencia negar el registro de la patente solicitada.

1. INTERES PARA ACTUAR

Conforme a lo dispuesto en el articulo 42 de la Decision 486 de 2000 de la
CAN, estando dentro del término estipulado por la ley, manifiesto el legitimo interés
de nuestra representada para oponerse al registro de la patente de la referencia,
atendiendo a que la solicitud pretendida no cumple con los requisitos dispuestos en la
ley como se analizara mas adelante y de ser concedida afectaria directamente la
comercializacion de algunos productos de mi representada, que contienen, en
particular NEPICASTAT. Por lo tanto, solicito respetuosamente a ese Despacho se
sirva tener en cuenta la presente oposicion dentro del tramite administrativo que se

surte en esta Superintendencia.

2. FUNDAMENTOS DE HECHOS

2.1. La solicitud objeto de la presente fue presentada el 26 de febrero de 2010
reivindicando prioridad bajo la solicitud US20070935323 del 2007-08-06; y fue
publicada en Colombia, en la Gaceta de la Propiedad Industrial N° 626 del 22 de
marzo de 2011, cuya publicacién internacional corresponde a la WO 2009021055
del 2009-02-12.

2.2.La solicitud colombiana 10 23191 objeto de la presente oposicion se refiere a

métodos para tratar pacientes que sufren de, o son susceptibles a, al menos un
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Derecho de la Competencia, Propiedad

Optimum Industrial y Comercio Exterior

sintoma de abuso, dependencia o abstinencia de al menos una sustancia con el
Compuesto A (NEPICASTAT). También se proporcionan métodos para tratar en
pacientes al menos una fase de dependencia de al menos una sustancia y métodos

para tratar en pacientes al menos una fase de dependencia de cocaina.

2.3.En primera instancia, se debe advertir que en el capitulo reivindicatorio de la

solicitud objeto de la presente oposicion, se hace referencia a los métodos de

‘ tratamiento, no sélo a una composicion como tal o a un método de fabricacion
mediante la cual se obtenga un producto tangible y segtin la legislacion, decision

486 de la Comunidad Andina de Naciones, Articulo 14.- “Los Paises Miembros

otorgardn patentes para las invenciones, sean de producto o de procedimiento (...)”, los usos

no estan contemplados como patentables; y, Articulo 20.- “No serdn patentables {...)

d) los métodos terapéuticos o quirirgicos para el tratamiento humano o animal, asi como los

métodos de diagnéstico aplicados a los seres humanos o a animales”. Solo serin

patentables los productos o procedimientos. Por lo tanto a luz de la norma, dicha

materia referente a métodos de tratamiento no seria patentable.

. 2.4.Con base en el articulo 14 de la Decision 486 de la CAN que consagra: “Los paises
miembros otorgardn patentes para las invenciones, sean de producto o procedimiento, en
todos los campos de la tecnologia, siempre que sean nuevas, tengan nivel inventivo y sean
susceptibles de aplicacion industrial”, tenemos que las invenciones objetd de patente
deben ser nuevas y tener nivel inventivo. Bien, pues antes de la fecha de prioridad
de esta solicitud se encuentran los siguientes documentos que afectan Ia

patentabilidad de la presente solicitud:

e D1: US 2003040015 publicada el 27 de febrero de 2003.
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2.5. Ahora bien, el documento D1, se refiere a métodos para determinar si un
compuesto es un inhibidor de la dopamina beta-hidroxilasa y revela, de manera
particular en los parrafos 004 a 008 un método para el tratamiento de adiccion a
las drogas comprendiendo el administrar al paciente una cantidad terapéutica
efectiva de un compuesto inhibidor de la dopamina beta-hidroxilasa como

NEPICASTAT.

2.6. En consecuencia y de acuerdo a lo descrito anteriormente, se deriva que la
solicitud colombiana 10 23191 no puede pretender un monopolio por patente
toda vez que lo que pretende no cumple con dos de los tres requisitos necesarios

para su proteccion.

2.7. Que por consiguiente, respecto a la solicitud pretendida se tiene que:

2.7.1. CARENCIA DE NOVEDAD: Segtn la decision 486 de la Comunidad

Andina de Naciones, Articulo 16.- “Una invencion se considerard nueva cuando no
estd comprendida en el estado de la técnica. El estado de la técnica comprenderd todo lo
que haya sido accesible al publico por una descripcion escrita u oral, utilizacion,
comercializacion o cualquier otro medio antes de la fecha de presentacion de la solicitud
de patente o, en su caso, de la prioridad reconocida.”. A la fecha de prioridad, 06 de
agosto de 2007 ya era conocido, pues como se demostrd, eran parte del arte
anterior con base en el documento D1, métodos para tratar pacientes que
sufren de, o son susceptibles a, al menos un sintoma de abusq, dependencia o
abstinencia de al menos una sustancia con el Compuesto A (NEPICASTAT);

sobre lo cual busca proteccion en el capitulo reivindicatorio.
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2.7.2. CARENCIA DE APLICACION INDUSTRIAL La Decision 486 de la CAN

consagra en su articulo 14 lo siguiente: “Los paises miembros otorgardn patentes
para las invenciones, sean de producto o procedimiento, en todos los campos de la
tecnologia, siempre que sean nuevas, tengan nivel inventivo y sean susceptibles de
aplicacion industrial”. La presente solicitud carece de aplicacion Industrial ya que
como se demostrd anteriormente, en el capitulo reivindicatorio se reclaman
usos y estos no son aplicables industrialmente porque primero no se obtiene un
producto o proceso; y segundo no es reproducible o repetible a escala
industrial. Por lo tanto, el objeto de la presente invencion referido a los

métodos de tratamiento, no cumple con el requisito de la aplicacion industrial.

2.8. Dado lo anterior, es posible deducir que la solicitud y lo reivindicado no es objeto
de patentabilidad pues es contrario a lo que dicta la Decision 486 de la Comunidad
Andina de Naciones, Articulo 14.- “Los Paises Miembros otorgardn patentes para las
invenciones, sean de producto o de procedimiento, en todos los campos de la tecnologia,
siempre que sean nuevas, tengan nivel inventivo y sean susceptibles de aplicacion industrial.”.

La solicitud pretendida no cumple con dos de los tres requisitos de patentabilidad.

2.9.Por todo lo anterior, atentamente solicito a usted que se sirva declarar fundada
la presente oposicion y en consecuencia negar el registro a la solicitud de patente
titulada “METODOS Y TRATAMIENTO PARA LA DEPENDENCIA,
MEDIANTE LA ADMINISTRACION DE UN AGENTE
PSICOESTIMULANTE, UN OPIODE Y OTROS, cuyo titular es SYNOSIA
THERAPEUTICS, solicitud Colombiana que aparecié publicada en la Gaceta de
la Propiedad Industrial N° 626 del 22 de marzo de 2011.
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3. PRUEBAS

De conformidad con lo dispuesto por las normas vigentes, solicito a usted tener

como prueba en este asunto los siguientes:

e DI: US 2003040015 publicada el 27 de febrero de 2003.

4. FUNDAMENTO DE DERECHO
Fundamento esta observacion en las normas legales siguientes:
4.1.  Numeral 1 del articulo 586 del Codigo de Comercio.
4.2.  Articulo 42 de la Decision 486 de 1a Comision del Acuerdo de Cartagena.
4.3.  En las demds normas concordantes.

5. ANEXOS
Para los efectos correspondientes anexo al presente escrito los siguientes documentos:
1. Poder para actuar en el presente.

Documento que acredita al representante legal de PROCAPS S.A.

Recibo de caja del respectivo pago de tasa.

Bl

Copias de los documentos:

e DI: US 2003040015 publicada el 27 de febrero de 2003.
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6. NOTIFICACIONES

Para efectos de notificaciones que por disposicion del articulo 50 del Decreto
01 de 1984 debe hacer su Despacho, informo que mi representada y la suscrita
recibiremos notificaciones en la Secretaria de su Despacho o en mis oficinas situadas

en la Carrera 13 Ne 119-95, Of. 104 de esta ciudad de Bogota.

Senior Superintendente,

e b

J
ELIANA ISAURA MORENO BOHORQUEZ
C.C. 51’975.664 de Bogota
T.P.A. 83823 del C.S. dela].
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PROCAPS

PODER ESPECIAL

Yo, WALTER TANAKA TATEKAWA, mayor de edad y vecino de la ciudad de
Barranquilla (Colombia), identificado como aparece al pie de mi firma, quien en el
presente documento actia en calidad de Representante Legal de la sociedad PROCAPS

S.A. sociedad legalmente constituida y domiciliada en la ciudad de Barranquilla
(Colombia), por el presente documento otorgo a la doctora ELIANA ISAURA‘;
MORENO BOHORQUEZ, abogada en ejercicio, 1dent1ﬁcada como ‘aparece. alpie-de. .
su firma, con tarjeta profesional No. 83823 del C.S. de la J., poder espemal amplio 'y’ .
suficiente, para formular oposiciones u observaciones a la solicitud de ‘patente No:'10 - +
023.191, titulada “METODO Y TRATAMIENTO PARA LA DEPENDENCIA,
MEDIANTE LA ADMINISTRACION DE UN AGENTE PSICOESTIMULANTE,

UN OPIOIDE Y OTROS”, cuyo titular es SYNOSIA' THERAPEUTICS INC
publicada en la gaceta No. 626 del 22 de marzo de 2011. .o

+

t

Nuestro apoderado queda facultado, de manera expresa, para realizar todo tipo de actos
necesarios para llevar a cabo el tramite de la oposicién, incluyendo, sin limitacion,
preparar y presentar solicitudes, hacer declaraciones, pagar tasas, contribuciones e
impuestos, recabar los titulos o certificados. Asimismo quedan autorizados para
impugnar administrativamente todo lo que fuere resuelto en el expediente a que se hace
expresa referencia en el presente poder, con todas las facultades generales y especificas
que fuera requerido para ella.

De la misma manera, ademas de las facultades que le confiere la naturaleza del presente

- mandato, se encuentran facultados para recibir, desistir, transigir, sustituir, y reasumir el
presente poder, incoar acciones, interponer recursos y demas facultades conferidas por la
ley.

Dado y Firmado en Barranquilla (Colombia) a los 8 dias del mes de Junio de 2011.

W\
m&)@“‘ c
C.C.N°16'251.923 —»~ @a@“‘
NIT: 890.106.527-5 LRy
Representante Legal ?ROCP‘
Acepto:

O ~e820 e P

ELIANA ISAURA MORENO BOHORQUEZ
C.C. 51°975.664 de Bogota
T.P.A. 83823 del C.S. de la J.

CALLE 80 No. 78B-201- A.A. 50330 P.B.X.:(575) 3530783 - 3789000 - 3719900 - 3507900 -. FAX:(575) 3730815 - 3730813 - 3730247 - 3730818
BARRANQUILLA - COLOMBIA + NIT.: 890.106.527-5
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CAMARA D E COMERCTIO

CAMARA pe D E BARRAN: QUILLA

COMERCIO 03*********************************************
DE BARRANQUILLA . i

CERTIFICADO DE EXISTENCIA Y REPRESENTACION LEGAL O DE INSCRIPCION DE
DOCUMENTOS . 1

PROCAPS S .. == === == == oo o oo e
NIT: 890.106.527-5.

RENUEVE SU MATRICULA MERCANTIL ANTES DEL 31 DE MARZO DE 2011. SI NO
ESTA AL DIA EN ANOS ANTERIORES, ACOJASE A LOS BENEFICIOS
TEMPORALES DE LA LEY DE FORMALIZACION. ‘PREGUNTE POR ELLOS!. -

MAS INFORMACION “EN NUESTRA LINEA DE ATENCION AL CLIENTE: 3617555

EL SUSCRITO SECRETARIO DE LA CAMARA DE COMERCIO DE BARRANQUILLA, CON
FUNDAMENTO EN LAS INSCRIPCIONES DEL REGISTRO MERCANTIL

CERTIFICA |

I
Que por Escritura Pablica No. 1,190 del 22 de Julio de 1976,
otorgada en la ©Notaria Tercera de Barranquilla, inscrito(as) en
esta Camara de Comercio, el 28 de Julio de 1976 bajo el No. 6,070
del libro respectivo, fue constituida la 5001edad —————————————————————

limitada denominada "PRODUCTORA DE CAPSULAS DE GELATINAS LIMITADA
"PROCAPS LIMITADA" . -~-~---~----~=- PR T —Emmmme e et

[}
e
- CERTIFICA 4

Que por Escritura Piblica No. 1,307 del '28 de Junio de 1979,
otorgada en la Notaria Tercera de Barranquilla, inscrito(as) en
esta Camara de Comercio, el 23 de Julio de 1979 bajo el No. 10,039
del libro respectivo, la sociedad antes mencionada--------------------
se transformo en sociedad anonima bajo la denominacion social de
"PRODUCTORA DE CAPSULAS DE GELATINA S.A." P%OCAPS S.AM". - -

CERTIFTICA i

Que por Escritura Pablica No. 3,810 del: 31 de Dic/bre de 1980,
otorgada en la Notaria Primera de - Barranquilla, inscrito{(as) en
esta Camara de Comercio, el 30 de Enero de 1981 bajo el No. 12,705
del libro respectivo, la sociedad antes mencionada-------------————-——-
se transformo en sociedad de responsabllldad limitada bajo al razon
social de "PRODUCTORA DE CAPSULAS DE GELATINA LIMITADA "PROCAPS LI -
MITAD AN | ——mmm s e s e e e e e e - -

CERTIFICA

Que por Escritura Piablica No. 3,755 del} 10 de Nov/bre de 1983,
otorgada en la Notaria Unica de Soledad, inscrito(as) en esta
Cémara de Comercio, el 22 de Nov/bre de 1983 bajo el No. 17,922 del
libro respectivo, la sociedad antes mencionada-------------------=-==-_

se transformo en sociedad anonima bajo la denominacion social de

Khkkkkhkddd O O N T I N U A **kdkdkdsss
|

i
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CERTIFICADO DE EXISTENCIA Y REPRESENTACION LEGAL O DE INSCRIPCION DE
DOCUMENTOS .

DR AT Gl

FINVUIL_AD O O, ﬂ

NIT: 890.106.527-5.

"PRODUCTORA DE CAPSULAS DE GELATINA S.A. "PROCAPS S.A.".

CERTIFILCA
Que por Escritura Pablica No. 3,615 del 06 de Dic/bre de 1996,
otorgada en la Notaria 2a. de Barranquilla, inscrito(as) en esta
Camara de Comercio, el 20 de Dic/bre de 1996 bajo el No. 67,218 del

libro respectivo, la sociedad antes mencionada-=--------==-----—-——-——---
cambio de razon social, por la denominacion LABORATORIOS PROCAPS S.A

R TIFTICA

No. 3,775 del 18 de Dic/bre de 1996,

de Barranquilla, inscrito(as) en esta
de Enero de 1997 bajo el No. 67,704 del
antes’ menc1onada—;——————--——-——————-——4—

Escritura Plblica

otorgada en la Notaria 2a.
Camara de Comercio, el 23
libro respectivo, la sociedad

Que ﬂbr

cambio de ‘'razon social, por la denominacion PROCAPS S.A. -~---------
CERTIVFICA
Que dicha sociedad ha sido reformada por las siguientes escrituras
y/o documentos privados: ' ’ '
Numero aaaa/mm/dd Notaria No. Insc o Reg aaaa/mm/dd
39 1979/01/18 Notarla 3a. . de Barranquilla.- , 9,452 1979/01/24
.7.992 1981/04/30 -Notaria la. ,de- ‘Barranquilla’’ 13 112.- 1981/05/06
1,464 1982/08/27/ Notarla Unlca,def501edad"”{3 #15,533 1982/09/08
2,744 1983/08/18° \Notarla Unica-de:Soledad: v ./ 17,416 1983/08/26
3,826 1984/07/16 --Notaria Unlcaade?Soledad ( §“r119 554 1984/07/27
3,835 1985/08/26_ Notaria Unicd de’Soledad” - =~ 22,230 1985/09/04
2,260. 1986/09/10  Notaria Unica de Soledad. . 24,995 1986/09/15
1,849 1989/07/11 Notaria 2a. de Barranquilla. 33,909 1989/07/13
444 1990/02/21 Notaria 2a. de Barranquilla. 36,101 1990/03/16
3,090 1991/12/17 Notaria 2a. de Barranquilla 43,993 1992/01/28
,..269 1993/02/01 Notaria 2a. de Barranquilla 48,428 = 1993/02/16
2,342 1993/07/28 Notaria 2a. de:Barranquilla 50,5827 1993/08/10
3,652 1993/11/09 Notaria 2a. de Barranquilla 51,798 1993/11/22
3,615 1996/12/06 Notaria 2a. de Barranquilla 67,218 1996/12/20
89 1997/01/16 Notaria 2a. de Barranquilla 67,704 1997/01/23
2,070-+1997/07/17- Notaria 2a. de Barranquilla .70, 627 1997/07/31
2,281° 1997/08/04 Notaria 2a. de Barranquilla 70,813 1997/08/14
765 1999/04/22 Notaria 3a. de Barranquilla 80,628 1999/04/23
459 2001/02/21 Notaria 2a. de Barranquilla 91,502 2001/02/23
2,608 2001/10/05 Notaria 2a. de Barranquilla. 95,771 ,, 2001/11/08
21,730 2004707/29 Notaria 2. de:Barranquilla =~ 112,999 - 2004/08/26
"~ 416 2005/03/03 Notaria 2. de Barranquilla 116,364 2005/03/10
1,613 2005/07/28 Notaria 2. de Barranquilla 119,322 2005/08/18
710 2009/05/05 Notaria 3 a. de Barranquilla 150,130 2009/06/30
1,054. 2009/06/25 Notaria 3 a. de Barranquilla 150,130 2009/06/30
CERTIPFICA
Que de escritura(s) -la sociedad

acuerdo

con laﬁs)

arriba- citada(s),.

‘K‘x‘xwrr‘x;‘x"xw C"O™N 'l".j_ N"U A ***-t*.******
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CAMARA D E COMERCTIO
D E BARRANQUTITLLA
COMERCIO 03***********************"**********************
DE BARRANQUILLA

CERTIFICADO DE EXISTENCIA Y REPRESENTACION LEGAL O DE INSCRIPCION DE
DOCUMENTOS .

PROCAPS 8. . - == - - o mm oo oo m oo oo
NIT: 890.106.527-5. , )

se rige por las siguientes disposiciones:
DENOMINACION O RAZON SOCIAL: {

PROCAPS S A, — - - s o mmm s o oo -
SIGLA: PROCAPS. | :

DOMICILIO PRINCIPAL: Barranqu1lla

'NIT No: 890.106.527-5.

MATRICULA MERCANTIL: 24,802. !

CERTIFICA

Direccion para notificaciones judiciales:
CL 80 No 78 B - 201.
De la ciudad de Barranquilla.

P i '
Correo electrdnico: mlozada@procaps.com. Co
Pagina Web: |

Telefono: o S - - 3719272
CERTIFICA ..

DURACION: El1 término de duracién dé;‘la_édéiedad se £ijé hasta el

18 de Agosto de 2073.. L e

CERTIFICA ‘
OBJETO SOCIAL: El objeto principal de lai sociedad sera: a) La
fabicacion, importacion y comercializacion .de alimentos procesados
y -~ suplementos dietarios. Db)lLa fabricacionf de capsulas y otros
productos similares a partir de materiales tales como gelatinas u
otros de distinta naturaleza, que puedan ser utilizados como
envases o recipientes de productos y sustancias quimicas,

farmaceuticas, alimenticias y cosmeticas, para uso y consumo humano
y veterinario. c) La investigacion, desarrollo Y fabricacion de toda

clase de productos y sustancias quimicas, farmaceuticas,
alimenticias y cosmeticas para uso y consumo humano, animal vy
vegetal. d) La compra y venta de materias primas, insumos y

productos intermedios necesarios para los + procesos de fabricacion
de sustancias quimicas, farmaceuticas, alimen ticias 'y cosmeticas,

asi como la comercializacion interna y externa de los productos
terminados. e) La compra, venta, importacion, exportacion vy
distribucion de toda clase de elementos Iinstrumentales y equipos
medicos, quirurgicos, odontologicos y hospitalarios para la salud
humana y animal. f) La compra, venta, éxportacion, fabricacion,
importacion, distribucion de dulces, confites, galletas vy todo
tipo de golosinas o alimentos para el consumo humano. g) Actuar
como representante o agente de personas |naturales y Jjuridicas,
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nacionales Yy extranjeras en la realizacion de operaciones o

transacciones relacionadas con la industria farmaceutica y en
especial con cualqulera de las actividades descritas en los
literales a), b), <), d)’ y e) antes descritos. h) Prestar los

servicios de asesorias y consultoria en las areas administrativas,
de mercadeo, analisis <c¢linico, asistencia tecnica, investigacion,

costos Yy produccion, exportaciones, importaciones, ventas,
relacionadas’  con iguales o .-Similares -actividades- a las que
constituyen el objeto de PROCAPS S.A., asi‘como los de publicidad y
promocion de productos quimicos, alimenticios, cosmeticos vy
farmaceuticos para uso humano, animal o industrial. i) Adquirir,
operar,. ,administrar y explotar, a cualquier titulo, empresa o
establecimientos ; dedicados - a -la ~ investigacion, desarrollo,
fabricacion e comercializacion = de productos quimicos,
farmaceuticos, alimenticios, hospitalarios o cosmeticos. En

desarrollo de su objeto principal, la sociedad podra tomar interes
social como. accionista, socio o~ fundador. de empresas que tengan
igual o similar objeto comprar, vender;” importar y exportar
magquinarias, 1insumos Yy repuestos requeridos para el desarrollo de
sus actividades; tomar dinero en prestamo, financiar y garantizar
las operaciones comerciales que celebre con terceros relativas a su
objeto;- celebrar Yy ejecutar todo.’ tipo de ﬂactos y contratos
necesarios para desarrollar sus “operaciones; girar, aceptar,
otorgar y protestar todo tipo de titulos valores e instrumentos
negociables, comprarp,,yender Y \constltulr\.gravamenes sobre bienes
muebles e inmuebles,” de51gnar representantes ‘apoderados en el pals
y en el exterloryxy,; en general”ereallzar cualquler acto o negocio
que sea necesario, _o- convenlente«\para elx\desarrollo de su objeto
social y para la““mejor, protecc1on§degsuS41ntereses corporativos o
la de sus soc1os La 7 sociedad podra garantlzar el cumpllmlento de
sus obligaciones:: adquiridas - por terceros O por 8us socios, ‘para lo
cual ' podra inclusive constituir gravamenes reales sobre sus bienes
de cualquier naturaleza.------------- oo .

- CERTLFICA

CAPITAL B ) Nro Acciones ( valor Accidén
Autorizado
SH*k kAL A%%D,000,000,000 **k***kxxxnrx*k, 000,000 *****************1 000 -

Suscrito oy . . i
$**********1 298, 000 000 *************1 298 000 *****************1 000

Pagado
Skkkkkkktk*] 298,000,000 ***kk*kkkkk%x] 298,000 khkhkkkkkkkkkkkkk*x] 000

CERTIFICA

ADMINISTRACION: La direccion y administracion de la sociedad corres-
pondera a la Asamblea General de Accionistas, a la Junta Directiva,

al Presidente, al Vicepresidente y a un' Gerente General. Corresponde
a la . Junta Directiva 1las.siguientes funciones y atribuciones entre
otras: Autorizar cualquier acto o contrato cuya cuantia sea superior
al equivalente en pesos Colombianos a doscientos cincuenta mil dola-
res de los _Estados Unidos de America (US$250.000), liquidados a la

b
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tasa de cambio representatlva del mercado v1gente el dia en que se
surta la transacion. Cuando se trate de operaciones en virtud de
las cuales 1la sociedad garantice obllga01ones de terceros o de los
socios, se requerira gque la operacion sea aprobada con el voto de
por lo menos 2/3 partes de los 1ntegrantes de la Junta Directiva.

La sociedad tendra un Presidente , quien ejercera la representa-
cion legal de la sociedad vy tendra las siguientes atribu-
ciones entre otras: Ejecutar 1las dec1s1ones de la Asamblea
General de Accionistas y de la Junta Directiva. Ejercer la Represen-
tacion Legal de la sociedad en todos los adctos y contratos que se
requieran para el desarrollo del objeto soqial, de conformidad con
lo previsto en 1las 1leyes y en los presentes estatutos. Constituir
apoderados judiciales y extrajudiciales, recibir notificaciones,
absolver interrogatorios de parte, confesdr obligaciones de 1la
sociedad, tramnsigir, disistir y allanar a la sociedad en cualquier
asunto judicial. Aprobar. -y celebrar en nombre de la socieda todo
acto o contrato cuya :cuantia sea 1gua1 oglnferlor al equivalente
en pesos colombianos a doscientos 01ncuenta mil dolares de los
Estados Unidos de BAmerica (US8$250. 000) a lquldadOS a 1la tasa de
cambio representativa del mercado. v1gente 'el dia en que se surta
la transacion o celebracion del “acto.. Las demas funciones que le
correspondan como Representante Legal por idisposicion de la ley,
de estos estatutos o de la Junta Directiva.,El Presidente tendra un
suplente, designado por la Junta Dlrectlva quien reemplazara al
Presidente en sus faltas temporales, absolutas o meramente acciden-
tales, con entidades facultades y sin quei sea necesario para ello
acreditar 1la ausencia del principal. La sociedad tendra un Vicepre-
sidente designado por 1la Junta Directiva, quien tambien ejercera la
representacion 1legal de 1la sociedad, pudiendo ejercerla conjunta o
separadamente con el Presidente. El vicepresidente tendra las
siguentes facultades entre otras. Ejecutar dentro de su competencia
las decisiones de 1la Asamblea General de Accionistas, de la Junta
Directiva y del Presidente. Ejercer la representacion legal de la
sociedad en todos 1los actos y contratos que se requieran para el
desarrollo del objeto social, de conformidqd,con lo previsto en las
leyes y en'los presentes estatutos. Constituir apoderados judiciales
y extrajudiciales, recdibir notificaciones,{absolver interrogatorios
de parte, confesar obligaciones de la sociedad, transigir, desistir
y allanar a 1la sociedad en cualquier asunto judicial. Aprobar y
celebrar en nombre de la sociedad todo. acto o contrato cuya cuantia
sea igual o inferior al equivalente en peésos colombianos a ciento
cincuenta mil dolares de los Estados Unidos|de America (US$150.000),
liquidados a la tasa de cambio representativa del mercado vigente
el dia en que se surta la aprobacion o celebracion del acto, siempre
que no se trate de enajenar bienes inmuebles 0 cualquier otro activo
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fijo de 1la sociedad, inclusive de naturaleza muebles, acciones,
cuotas o partes de interes inversiones y todo tipo de derechos
de 1la: sociedad, r o de constituir gravamenes sobre cualquiera de los
anteriores, facultades que : radican -exclusiva y @ privativamente en
cabeza del Presidente. Las demas funciones que le corresponda como
Representante 1legal por disposicion de 1la ley, de estos estatutos
o de 1la Junta Directiva. El Vicepresidente tendra (1) suplente,
designado por la Junra Directiva, quien lo reemplazara conjunta’ o
separadamente en sus faltas temporales, "~ absolutas o meramente
accidentales, con identicas facultades y sin que sea necesario para
ello acreditar 1la ausencia del principal. La sociedad tendra un (1)
Gerente. General, ..con su respectivo Suplente, designados por la Junta
Directiva. E1 Suplente reemplazara al:Gerente General, en sus faltas
temporales, absolutas o meramente accidentales, quien junto con el
gerente general, llevaran la representacion legal de la sociedad,
con identicas facultades, pudiendolas ejercer conjunta o separada-
mente con el Presidente y Vicepresidente, con identicas facultades
que el Gerente General y sin que sea necesario para ello acreditar
-la ausencia del titular. El Gerente General tendra las siguientes
facultades entre otras: Ejercer la representacion legal de la socie-
dad, en todos 1los actos Y- contratos que se requieran para el desa-
rrollo’ ' del objeto social, ™ de conformidad con. lo previsto en las
leyes 'y en los presentes estatutos. Aprobar y celebrar en nombre de
la sociedad todo acto. - o contrato cuya cuantia sea igual o inferior
al equivalente en pesos Colomb1anos~a Clncuenta Mil dolares de los
Estados Unidos de, Amerlca (US$50:. '000);, llquldados a‘--la tasa de
cambio representatlva del mercado v1gente ‘el-dia en que se surta‘la
aprobacion o celebracion del” acto; ~-siempre ‘que:no.-se trate de enaje-
nar a cualquier tltulo blenes 1nmueb1es o} cualquler otro activo fijo
de la_ sociedad, 1nclus1ve de- naturaleza mueble acciones, cuotas o
partes ~de 1nteres, "inversiones y todo tipo de derechos de la socie-
dad ©  de constituir gravamenes sobre cualquiera de las anteriores
facultades que radican exclusiva y privativamente en cabeza del
Presidente. = - emom o -

CERTIFTICA

Que segun Acta No. 116 del 27 de Junio de 1997 correspondiente a
la Asamblea de Accionistas en Barranquilla, de la sociedad: i
PROCAPS" S.A.----i------o-- g-—————--—-—————----—————--——————-:: ——————
cuya -‘parte pertinente se “‘inscribid “én esta Camara de Comercio, el
15 de Agosto de 1997 bajo el No. 70,838 del libro respectivo,
y segin Acta No. 127 del 22 de Marzo de 2000 correspondiente a
la Asamblea de Acc1onlstas en Barranqullla de la sociedad: c
PROCAPS S. A —————————— e e i e R
cuya parte pertlnente se 1nscr1blo en esta Camara de Comercio, el
29 de Mayo de 2000 bajo el No. 87,250 del libro respectivo, fueron
hechos los 51gu1entes nombramlentos

CLASE:v s JUNTA DIRECTIVA

Principales

1. Minski Gontovnik Ruben - - CC.*****xx7, 6,463,982
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2. Minski Gontovnik Meyer ? CC.*x*x%%%x%7 461,324

3. Minski Gontovnik Jose I CC.xx**x%x**x8 671,834
Suplentes :

1. Minski Zirberblum Elliot ! CC.*¥***x%x%x72° 219,541

2. Minski Deitel Daniel | JkEkdkkkkkkkkkkkkk

3. Minski Sharon . PA.*990,212,082, 805

CERTIFICA |

Que segln Acta No. 116 del 27 de Junio de 1997 correspondiente a
la Asamblea de Accionistas en Barranquilla, 'de la sociedad: PROCAPS
S.A. cuya parte pertinente se inscribid en eésta Camara de Comercio,
el 15 de Agosto de 1997 bajo el No. 70,838 del libro respectivo,
fueron hechos los 81gu1entes nombramientos: }

Cargo/Nombre ! Identificacién
Presidente. - ) T TR PR :

Minski Gontovnik Ruben : - TCCLHkkkkkkkT 463,982

Suplente del Presidente - -

Minski Minski Abraham CC.***kxx%4%+802 575

R S =

Vicepresidente : : g A,

Minski Gontovnik Meyer CC.*¥**x*kx*x7 461,324
Suplente del vicepresidente | i

Minski Gontovnik Jose i CC.**x*x**k*x%8 671,834

CERTIFICA

Que seglin Acta No. 11 del 01 de Febrero de 2001 correspondiente a
la Junta Directiva en Barranquilla, de la sociedad: PROCAPS S.A.
cuya parte pertinente se inscribid en esta Camara de Comercio, el
12 de Febrero de 2001 bajo el No. 91,273 del. libro respectlvo
fueron hechos los siguientes nombramientos:

Cargo/Nombre ‘ Identificacién
Gerente General. i

Uribe Ochoa Guillermo Luis CC.***x*x%70,6073,754

1
:
CERTIFICA !

Que seglin Acta No. 406 del 02 de Sep/bre de 2004 correspondiente a
la Junta Directiva en Barranquilla, de 1a sociedad: PROCAPS S.A.
cuya parte pertinente se inscribié en esta Camara de Comercio, el
09 de Sep/bre de 2004 bajo el No. 113, 263 del libro respectivo,
fueron hechos los siguienteg nombramientos:

- Cargo/Nombre ‘ Identificacidn
Suplente del Gerente. P : '
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Tanaka Tatekawa Walter CC.**x%xxx]6, 6,251,923
C ElR TITF I‘C A

Que segun Acta No. 124 del 29 de Marzo de 1999 correspondiente a
la Asamblea de Accionistas en Barranquilla, de la sociedad: PROCAPS
S.A. <cuya parte pertinente se inscribidé en esta Camara de Comercio,

el 04 de .Agosto de 21999 bajo-el No. 82,226 del llbro respectlvo,
‘fueron hechos los siguientes nombramientos: -~

Cargo/Nombre Ident1f1cac1on
Revisor Fiscal Ppal.

Vargas Pertuz Ana Isabel E CC.******k32,696,645
| C E RTIFTICA

Que segin Acta No. 151 del 31 de Marzo de 2009 correspondiente a
la. Asamblea;” de Accionistas en Barranguilla,.de la socie€édad: PROCAPS
'S.A. cuya .-parte pertinente se inscribid en esta Camara de Comercio,
el 30 de Julio de 2009 bajo el No. 151,129 del libro respectivo,
fueron hechos los siguientes nombramientos:

Cargo/Nombre ) Identificacidn
Suplente del Revisor Fiscal. . L b -
Duarte Diaz Dbavid - ’ CCC.***x**%x73 115,965

j_CERT\IFICAM- o

. /f</ e - SR 3

Que por Escrltura,fPubllca No 2 784,"del N7 de ch/bre de 2007
otorgada en la - Notarla 2 /a de Barranqullla Cuya parte pertinente
se 1inscribid en 'esta Camara (de’ Comerc1q j=el, 20 de Dic/bre de 2007
bajo el No. 3,492- del libtro respectlvo“—iiﬂl——:fﬂ= ————————————————————
y las =~ inscripciocnes ‘3. 492- 1, 3.493, 3.494, 3.495,53.496, 3.497, -
3.498,  3.499, 3.500, 3.501; 3.502, 3.503, 3.504, 3.505, 3.506, -----
3.507, Consta que RUBEN MINSKI GONTOVNIK, C.C. No. 7.463.982, ------
obrando como Presidente y Representante Legal de la sociedad C.I.
NATURMEGA S.A., que obrando en su condicion.de Presidente y ----- --
Representante Legaql ‘de la soc1edad PROCAPS.S.A., el presidente -+--
debidamente facultado por 1los Estatutos 8001a1es Yy por el Maximo
Organo Social, otorga los siguientes poderes: Otorgar poder --------
general, ampllo y suficiente a los doctores JOSEFINA DEL CARMEN ----:
MIELES - BUELVAS CC.No.33.138:497; a MARCELA CARVAJALINO PAGANO ——————
CC.N0222.579.748; - CRISTINA'¥VIOLI FRANCESCHINI CC.No.22.463.716, con
las facultades que se transcriben a continuacion: a.- Para que -----
representen a 1la sociedad PROCAPS S.A, ante todo tipo de -----------
autoridades administrativas y jurisdiccionales, en asuntos de ------
naturaleza ..civil, laboral, comercial, penal, aduanera cambiaria,
tributaria, - p011c1va, 1adm1n1strat1va y fiscal. b.- Contestar y -----
presentar demandas, reguerimientos, recursos, pedlr y aportar ------
pruebas, recibir, notificarse, ejercer la accion de tutela, --------
tramitar incidente de desacato, comparecer en los procesos que -----
cursen- contra la sociedad, allanarse en nombre de la sociedad en
los asuntos que sean necesarios, transigir, desistir, sustituir,
renunciar y reasumir el poder. c¢.- La facultad expresa de ----------
conciliar, por tanto pueden llegar a acuerdos conciliatorios, ------
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transaccionales, judiciales o extrajudiciales o extrajudiciales,
cualquiera que sea su cuantia, para 1lo cual las apoderadas deben
aportar la autorizacion simple vy escrita del Representante legal

de 1la sociedad. d.- Podran presentar solicitudes de devolucion y/o
compensacion de - impuestos, ventas y rentas, recibir los pagos por
las devoluciones y adelantar todo tramite o proceso administrativo
ante la DIAN, de tal forma que en ningun momento quede sin ---------
representacion 1legal de la sociedad. PODERES1ESPECIALES a.- Se ----
confiere poder especial amplio vy suf1c1ente a las personas que se
determinan seguidamente, que conforman el grupo A y B, para, para
que conjuntamente suscriban contratos de suministros de mercancias
y servicios con entidades oficiales, hasta la suma de OCHOCIENTOS
MIL DOLARES DE LOS ESTADOS UNIDOS DE AMERICA '(US800.000.00), -------
liquidados a 1la tasa representativa del mercado vigente en el dia
que se realice la respectiva transaccion.; Grupo A. WALTER NANAKA
TATEKAWA CC.No.16.251.923, CLAUDIA TANGARIFE CASTILLO -------------
CC.N0.41.660.293, CARMEN' ALICIA FLOREZ .CcC. Nof22 434 044,  IVAN ------
VILLAREAL CAMACHO - CC.N0.91.201.749, CARMEN. ALICIA HERRERA -------~---
DIAZGRANADOS CC.No.22.377.540, DAVID ANTONIO(CHARRIS GIRALDO -------
CC.No.19.341.274, RICARDO DORADO. HURTADO CC No.79.715.772, JATME
FORERO LLINAS CC.No.19.300.593. b.-"Se.‘confiére poder espec1al —————
amplio 'y suficiente al senor WILLIAM ALBERTO' BARROS CERRA ----------
CC.No.8.715.941, para dque en nombre y representacion de PROCAPS ----
S.A., suscriban declaraciones cambiarias, aduaneras y tributarias a
que este obligada la sociedad, en el giro normal de sus negocios y
operaciones sociales, por tanto quedan facultados para flrmarlas
como tambien 1los demas documentos relac1onados con ellas, ----------
notificarse, aportar y solicitar las pruebas que sean necesarias.
-Otorgar poder especial amplio y suf1c1ente al senor MARLON -----
TATIS PAREDES CC.No.72.176.874 y al senor WILLIAM ALBERTO BARROS
CERRA CC.No.8.715.941, para que en nombre y'representac1on de ------
PROCANPS S.A., suscriban las declaraciones, reportes vy cualquier
documento relacionado con los tramites o registros de Comercio -----
Exterior y o cualquier entidad del Estado que haga sus veces: d)
Otorgar poder especial amplio y suficiente a la doctora CARMEN -----

ALICIA HERRERA DIAZGRANADOS, CC.No.22.377. %40 y al doctor WALTER
TANAKA TATEKAWA, CC.NO.16.251.923, para que 'en nombre Y ----—m—--- -
representacion de PROCAPS S.A.; endosen los titulos valores de la

sociedad hasta por la suma de UN MIL MILLONES DE PESOS -------------
(1.000.000.000.00). M.L. CUARTO: EI representante legal de la -------

sociedad PROCAPS S.A.; doctor RUBEN MINSKI GONTOVNIK, manifiesta
que la presente reforma fue aprobada por la Asamblea General -------
Extraordinaria de Accionista de PROCAPS S.A., con observancia de

las disposiciones legales y estatutarias.-—L————-———-——-————-————-—j
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CERTIFICA

Que por Escritura Pablica No. 1,933 del 16 de Sep/bre de 2008,
otorgada en la . Notaria 2. a. de Barranquilla cuya parte pertinente
se inscribié en esta Camara de Comercio, el 06 de Octubre de 2008
bajo el No. 3,748 del libro respectivo,--------------~-“~c--ce—-——-_
Consta que el sefior RUBEN MINSKI GONTOVNIK, C.C. No. 7.463.982, que
comparece en su COHdlClOH de Pre81dente Yy Representante Legal de Ta
Sociedad PROCAPS S.A., confiere por medio de este instrumento ------
publico Poder especial Amplio y Suficiente a la doctora MILENA -----
ESCAFFI PARDO, C.C. No. 32.758.420, para que en nombre y -----------
representacion de. PROCAPS S A. suscriba declaraciones camblarlas,
aduaneras y tributarias a .que este obllgada la sociedad en el giro
normal de sus negocios y operaciones sociales, por tanto queda -----
facultada para firmar, como tambien los demas documentos -----------
relacionados con ellas, notificarse, aportar y solicitar las ------ -
pruebas due. -sean necesarlas Bt it Dt --

CERTTIVFICA

Que por Documento Privado .del 09 de Abril de 2010, otorgado en
Barranquilla inscrito en ésta Camara.de Comercio; el 20 de Abril de
2010 bajo el Nro 4,201 del libro respectivo,------=-----~ccoc—___
Consta dque el sefior RUBEN MINSKI GONTOVNIK, C.C. No. 7.463.982, ----
quien obra en el caracter de Presidente; y/o Representante legal de
la sociedad.: PROCAPS S.A7, que por: medlo de este ‘instrumento --------=
publico, otorga Poder Espe01al Amplio "y, Suf1c1ente a la Doctora -=-+-
MONICA DE HART . DE OCHOBR, 1dent1f1cada ‘con: C C: 'No. 32.676.025, para
que en nombre y representac1on defla 5001edad ' Endose las Facturas
Nacionales e Internacionales hasta por la suma’ de UN MIL MILLONES DE
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METHODS AND REAGENTS FOR IDENTIFYING
COMPOUNDS AND MUTATIONS THAT
MODULATE DOPAMINE BETA-HYDROXYLASE
ACTIVITY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims benefit from ﬁrovisional
application 60/274,095 filed Mar. 7, 2001, herein incorpo-
rated by reference.

STATEMENT AS TO FEDERALLY SPONSORED
RESEARCH

[0002] This work was supported in part by the National
Institutes of Health (MH48866, HL56693, NS33460,

(P50)NS39793, and RRO0095) and NASA (NAS9 194983)..

The government may have certain rights to this invention.

BACKGROUND OF THE INVENTION

[0003] This invention relates to the fields of drug discov-
ery and disease diagnosis.

[0004] Norepinephrine (NE) is a key neurotransmitter in
both the central and peripheral nervous systems. It is the
principal sympathetic neurotransmitter, and an important
modulator of diverse neuronal functions in the central ner-

vous system regulating mood, attention, drug addiction,

arousal, and cardiovascular function. ‘Approximately ten
percent of all prescriptions written in the United States are
for drugs targeting NE or its receptors; these include anti-
hypertensive agents, antiarrhythmic drugs, and antidepres-
sants. NE is synthesized by dopamine §-hydroxylase (DBH)
that catalyzes oxidative hydroxylation of dopamine to NE.
DBH is unique among the catecholamine-synthesizing
enzymes by virtue of its almost exclusive localization in the
chromaffin granules of the adrenal medulla and the large
dense-core synaptic vesicles of noradrenergic neurons.
Vesicular DBH occurs in both a soluble and a membrane-
bound form and soluble DBH is releascd into the synaptic
cleft during vesicular exocytosis. Such synaptic release is
presumably a major source of the enzyme present in blood
and cerebrospinal fluid (CSF). Levels of DBH protein in the
plasma and CSF are under strong genetic control. Linkage
and association studies have established the DBH locus as
the major gene controlling DBH levels in body fluids.

[0005] Given the fundamental role of NE in central and
peripheral nervous system function, it was of great surprise
and interest when adult patients lacking NE were described.
Biochemically, these patients display characteristic pertur-
bations in NE metabolism: undetectable levels of NE and its
metabolites and approximately ten-fold elevation of plasma
dopamine levels, suggestive of a metabolic block in the final
step of NE synthesis. Consistent with this, DBH protein is
undetectable in these patients by enzyme assay of plasma, by
radicimmunoassay of DBH protein in the cerebrospinal
fluid, or by immunocytochemical examination of sympa-
thetic fibers. These NE deficient patients exhibit profound
deficits in autonomic and cardiovascular function, but appar-
cntly only subtle signs, if any, of CNS dysfunction.

[0006] The important role that NE plays in cardiovascular
and sympathetic nervous system function makes NE an
attractive therapeutic target for the treatment of disorders
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characterized by sympathetic nervous system dysfunction.
Recently, pre-clinical and clinical studies have demonstrated
that chronic sympathetic activation in congestive heart fail-
ure (CHF) is a mal(fidaptive response that accelerates the
progressive worsening of the disease. Consequently, thera-
peutic interventions that inhibit sympathetic nerve function
are likely to favorably alter the natural course of the discase.

[0007] CHF develops in approximately 465,000 people
per year in the US. In men and women with CHE, the 5-year
survival rates are 25% and 38%, respectively, according to
the Framingham study. In the US, CHF is the most common
discharge diaguosis‘ for Medicare patients. It is estimated
that approximately $10 billion in health care costs are spent
annually in the US for the treatment of CHF. These figures
indicate the staggering economic impact of this disease on
society. Recent clinical studies with carvedilol, a $-adreno-
ceptor blocker, reduced mortality and the risk of death and
hospitalization in CHF paticnts. Unfortunately, the thera-
peutic value of B-blockers is limited by their propensity to
cause acute hemodynamic deterioration. This deterioration
is caused by B-blockers abrupt inhibition of sympathetic
nerve function. Thus, although the introduction of B-block-
ers represents an important advance in the treatment of CHF,
a less abrupt means of modulating the sympathetic nervous
system would be h‘ighly desirable.

[0008] Inhibitors of NE biosynthesis represent a promis-
ing alternative to f-blockers. DBH inhibitors can directly
modulate sympathetic nerve function by inhibiting the bio-
synthesis of NE via inhibition of DBH. DBH inhibitors
provide several important therapeutic advantages over cur-
rently available th;erapies; first, DBH inhibitors could be
expected to produce gradual modulation of sympathetic
nerve function, in contrast to the abrupt blockade induced by
B-blockers, thus eliminating the need for dose-titration;
second, low doses of DBH inhibitors could preferentially
inhibit NE release i 1n the heart since the storage pool of NE
in this organ is select1ve1y depleted in CHF; finally, inhibi-
tion of DBH could augment levels of dopamine. This could
have a beneficial effect on renal function in CHF. Previously
described DBH inhibitors include disulfuram, FLA-63,
SCH-10595, fusaric acid, BRL 8242, SK&F 102698, and
Nepicastat (RS-25560-197). The clinical development and
therapeutic utility| of some of these compounds has been
hampered by their,low potency, lack of selectivity for DBH,
and toxic side effects. Thus it would be desirable to develop

more potent and sl‘elective DBH inhibitors.

SUMMARY OF THE INVENTION

[0009] Here We‘! report the identification of seven novel
variants including four potentially pathogenic mutations in
the human DBH gene (SEQ ID NO:37) from analysis of two
unrelated patlems and their families. Both panems are
compound heterozygotes for variants affectmg expression of
DBH protcm We have shown that in these patients NE
deficiency is an [autosomal recessive disorder that likely
resulted from hcllcrogcncous molecular lesions in DBH.

[0010] In afirstlaspect, the invention features a method for
determining whether a compound is a potentially useful
DBH inhibitor by contacting the compound with a region of
a DBH polypeptide that includes an amino acid that corre-
sponds to amino| acid position 87, 100, or 331 of human
DBH (SEQ ID NO:35) and determining whether the com-
pound binds to the DBH polypeptide region.

i
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[0011] In asecond aspect, the invention features 2 method
for determining whether a compound is a potentially useful
DBH inhibitor by contacting a compound with a region of a
DBH polypeptide that includes an amino acid that corre-
sponds to amino acid position 87, 100, or 331 of human
DBH (SEQ ID NO:35) and detecting DBH biological activ-
ity (¢.g., NE biosynthesis).

[0012] In a preferred embodiment of the second aspect of
the invention, the method for determining whether a candi-
date compound inhibits DBH biological activity involves
detecting NE biosynthesis.

[0013] In other preferred embodiments of both aspects, the
DBH polypeptide contacted with the candidate compound is
of mammalian, most preferably human, origin. DBH
polypeptides are preferably at least 90% identical to SEQ ID
NO:35, more preferably 95%, 97%, 98%, or 99% identical
to SEQ ID NO:35. Exemplary polypeptides that can be
employed in the contacting step of either the first or second
aspect are those that include one of the following sequences:
SEQ ID Nos: 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, or
49.

[0014] Compounds identified using methods of the instant
inventions are potentially useful for the treatment of a
patient with congestive heart failure, or chronic activation of
sympathctic nerve function.

[0015] Further, compounds of the invention that inhibit
DBH biological activity can increase dopamine levels, and
thus can improve renal function in a patient with congestive
heart failure.

[0016] The invention also features isolated polypeptide
regions that include the sequence of one of the SEQ ID NOs:
38, 42, or 46.

[0017] The invention also features a method for determin-
ing the nucleic acid sequence of a DBH polynucleotide
obtained from a patient, by detecting a change in a poly-
nucleotide sequence at the consensus donor site located
between the first exon and first intron, or in a polynucleotide
that encodes a region of the polypeptide of SEQ ID NO: 35
that consists of either amino acid position 87, amino acid
position 100, or amino acid position 331. A change in a DBH
polynucleotide sequence derived from the patient identifies
that patient as carrying a mutation in a DBH nucleic acid
sequence. Such patients may be at increased risk of having
a pregnancy that results in miscarriage, still birth, or fetal or
neonatal death. Such patients may also be at increased risk
of having noradrenergic disease, depression, dementia, bipo-
lar disorder, schizophrenia, or attention deficit/hyperactivity
disorder.

[0018] By “polypeptide” is meant any chain of amino
acids, regardless of length or post-translational modification
(for example, glycosylation or phosphorylation).

[0019] By an “isolated polypeptide” is meant a polypep-
tide that has been separated from components that naturally
accompany it. Typically, the polypeptide is isolated when it
is at least 60%, by weight, free from the proteins and
naturally-occurring organic molecules with which it is natu-
rally associated. Preferably, the preparation is at least 75%,
more preferably at least 90%, and most preferably at least
99%, by weight, a polypeptide of the invention. An isolated
polypeptide of the invention may be obtained, for example,
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by extraction from Ia natural source; by expression of a
recombinant nucleic acid encoding such a polypeptide; or by
chemically synthesizing the protein. Purity can be measured
by any appropriate method, for example, column chroma-
tography, polyacrylamlde gel electrophoresis, or by HPLC
analysis.

[0020] By “substamially identical” is meant a polypeptide
or nucleic acid molecule exhibiting at least 90% identity to
a reference amino acid sequence (for example, any one of
the amino acid sequences described herein) or nucleic acid
sequence (for example, any one of the nucleic acid
sequences described herein). Preferably, such a sequence is
at least 95%, more preferably 97%, and most preferably
98% or even 99% 1dent1ca1 at the amino acid level or nucleic
acid to the sequence used for comparison.

[0021] Sequence _‘identity is typically measured using
sequence analysis software (for example, Sequence Analysis
Software Package of the Genetics Computer Group, Uni-
versity of Wisconsin Biotechnology Center, 1710 University
Avenue, Madison, Wis. 53705, BLAST, BESTFIT, GAP, or
PILEUP/PRETTYBOX programs). Such software matches
identical or similar sequences by assigning degrees of
homology to various substitutions, deletions, and/or other
modifications. Conservative substitutions typically include
substitutions within the following groups: glycine, alanine;
valine, isoleucine,| leucine; aspartic acid, glutamic acid,
asparagine, glutamme serine, threonine; lysine, arginine;
and phenylalanine! tyrosine. In an exemplary approach to
determining the degree of identity, a BLAST program may
be used, with a pjrobability score between ¢ and ¢
indicating a closely related sequence.

[0022] By “transformed cell” is meant a cell into which (or
into an ancestor of;[which) has been introduced, by means of
recombinant DNA techniques, a polynucleotide molecule
encoding (as used herein) a polypeptide of the invention.

[0023] By “posi’lioncd for expression” is meant that the .
polynucleotide of the invention (e.g., a DNA molecule) is
positioned ad]aceﬁt to a DNA sequence that directs tran-
scription and tranglation of the sequence (i.e., facilitates the
production of, for example, a recombinant polypepude of
the invention, or an RNA molecute).

[0024] By “binds” is mecant a compound or antibody
which recogmzes‘and binds a polypcpnde of the invention
but which does npt substantially recognize and bind other
molecules, unrelated to the polypeptide of the invention, in
a sample, for example, a biological sample, which naturally
includes a polypeptide of the invention.

[0025] By “deril‘ved from” is meant isolated from or having
the sequence of a naturally-occurring scquence (c.g., a
cDNA, genomic DNA, synthetic, or combination thereof).

[0026] By “a région is meant some part of a whole, for
example, a rcglon of a polypeptide that includes at least 40%
of the length of the full length polypeptide, more preferably
at least 50%, 60%, 70%, 80%, 90%, 92%, 95%, 97%. 98%,
or 99% of the length of the full length polypeptide. The
minimum number of consecutive amino acids that forms a
region is at least, 30 amino acids. Polypeptides that include
amino acids 87-515 and contain the putative catalytic core
domain (Oyarce, J. Biol. Chem. 276:33265) are also
included in the definition of “a region ” Specifically
excluded from this definition of a region is a full-length
DBH polypeptlde (e.g. human DBH, SEQ ID NO: 35).

i
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[0027] By a“DBH polypeptide™ is meant a polypeptide, or
region thereof, having at least 90% amino acid sequence
identity to SEQ ID NO: 35. This region is not required to
have DBH biological activity.

[0028] By a “DBH nucleic acid” is meant a nucleic acid
that encodes a DBH polypeptide.

[0029] The invention provides targets that are useful for
the development of drugs that specifically inhibit DBH
biological activity. A method for developing potent and
specific inhibitors of DBH by targeting functionally impor-
tant regions of the DBH polypeptide provides an improve-
ment over existing therapies. DBH inhibitors can be
expected to produce a gradual modulation in levels of NE,
will preferentially inhibit NE release in the heart, and will be
more selective for DBH than existing drugs. In addition, the
methods of the invention provide a facile means to identify
a mutation in a DBH encoding nucleic acid region. Such
mutations may indicate that the patient has an increased risk
for having a miscarriage, still birth, or fetal or neonatal
death. In addition, such mutations may indicate that the
patient is at increased risk of developing a noradrenergic
disease, depression, dementia, bipolar disorder, schizophre-
nia, or attention deficit/hyperactivity disorder.

[0030] Other features and advantages of the invention will
be apparent from the detailed description, and from the
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1 shows the catecholamine biosynthetic path-
way when DBH activity is deficient. The absence of DBH
enzyme results in greatly elevated levels of dopamine, the
precursor of NE, and its metabolite dihydroxyphenylacetic
acid (DOPAC). NE and subsequent downstream products in
the pathway are undetectable in plasma and CSF. DOPA is
dihydroxyphenlalanine, and DHPG is dihydroxyphenylgly-
col.

[0032] FIG. 2A shows the putative disease-causing muta-
tions in DBH deficient Patient 1.

[0033] FIG. 2B shows a haplotype diagram for Patient 1.
Patient 2’s parents are unaffected. Patient 1 is a compound
heterozygote for mutations IVS14+2T—C and D100E inher-
ited from his mother and father respectively. Open symbols
denote affected, and solid symbols unaffected individuals. In
the haplotype diagrams, letters denote nucleotide positions
as indicated, with numeral “1” representing the wild type,
and “2” the mutant allele. In the electropherograms, the
upper and lower lines of text represent wild type, and the
affecied patient’s sequence, respectively. Exons are depicted
in upper case and introns in lower case type.

[0034] FIG. 2C shows the putative disease-causing muta-
tions in DBH deficient patient 1.

[0035] FIG. 2D shows a haplotype diagram for Patient 2.
Patient 2 is also a compound heterozygote, having inherited
mutation IVS142T—C from her father, and mutations
V87M and D331N (in cis) from her mother. Patient 2’s
parents are unaffected. Open symbols denote affected, and
solid symbols unaffected individuals. In the haplotype dia-
grams, letters denote nucleotide positions as indicated, with
numeral “1” representing the wild type, and “2” the mutant
allele. In the electropherograms, the upper and lower lines of
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text represent wild type, and the affected patient’s sequence,
respectively. Exons ali’e depicted in upper case and introns in
lower case type. |

[0036] FIG. 3A shows analyses of mRNA splicing prod-
ucts from the wild type and mutant constructs. The left hand
side of the panel shoxjvs an RT-PCR analysis of DBH mRNA
from COS-7 cells transfected with a construct containing
either the mutant (lafie 1) or wild-type (lane 2) alleles, using
primers complementary to sequences in exons 1 and 2 (open
arrows). The molecular weight marker is indicated in lane
M. On the right hand side of the panel is a schematic
representation of normal and aberrant splice products. The
IVS142T—C mutati{'on generated both normal and aberrant
transcripts. Open boxes represent exons, dashed and solid
lines indicate spliced and retained intronic sequence, respec-
tively. Exonic sequence is in upper case, intronic sequence
is in lower case, and amino acids are depicted below in bold
face type. The solid arrowheads indicate the position of the
IVS1+42T—C mutation. This analysis demonstrated that the
aberrant transcript used a cryptic donor splice site, and
retained 505 bp of intronic sequence, which contains a
premature stop codon.

[0037] FIG. 3B ‘shows a comparison of the nucleotide
sequences of the splice donor and acceptor sites used in the
normal and aberrant transcripts. Both transcripts from the
mutant allele were isolated and sequenced. The cryptic
donor splice site is indicated in bold. Nucleotide positions of
the G residue of notmal and cryptic splice site are numbered
in relation to the A residue of the start codon. Nucleotide
sequences spliced 'out in normal and mutant alleles are

underlined. |

[0038] FIG. 4 shows an amino acid sequence comparison
of mouse (SEQ ID NOs:23 and 27), rat (SEQ ID NOs: 24
and 28), bovine (SEQ ID NOs: 25 and 29), and human (SEQ
ID NOs: 26 and'30) DBH, D. melanogaster tyramine
B-hydroxylase (TBH) and human peptidyl-glycine amidat-
ing mono-oxygenase (PAM). Human DBH sequence is
indicated in bold. Only the identical amino acids are shown,
whereas gaps are marked with dots and non-conserved
residues are marke;:d with dashed lines.

[0039] FIG. 5 is a table showing the plasma levels of
catecholamines and their metabolites in controls, patients
with autonomic disorders, and patients with DBH defi-
ciency. !

[0040] FIG. 6 is a table showing the sequence variants
identified in DBH" deficient patients.

[0041] FIG.7is a table showing the clinical features of six
reported cases of DBH deficiency.

[0042] FIG. 8 shows the human DBH amino acid
sequence (SEQ ID NO: 35).

f
[0043] FIG. 9 shows the human DBH c¢DNA sequence
(SEQ ID NO: 36).

[0044] FIG. 10; shows the human DBH genomic sequence
(SEQ ID NO: 37).

[0045] FIG. 11 is a table of regions that comprisc an
amino acid corresponding to amino acid position 87, 100, or
331 of SEQ ID NO: 35.
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DETAILED DESCRIPTION OF THE
INVENTION

[0046] Norepinephrine (NE), a key neurotransmitter of the
central and peripheral nervous systems, is synthesized by
dopamine B-hydroxylase (DBH) (FIG. 8, SEQ ID NO:35),
a biosynthetic enzyme encoded by the DBH polynucleotide
sequence (FIG. 10, SEQ ID NO: 36). NE deficiency is a
congenital disorder of unknown etiology, in which patients
suffer profound autonomic failure (FIG. 7). Biochemical
features of the syndrome include undetectable tissue and
circulating levels of NE and epinephrine, elevated levels of
dopamine, and undetectable levels of DBH.

[0047] We have identified seven novel variants including
four potentially pathogenic mutations in human DBH from
the analysis of two unrelated patients and their families.
These patients are compound heterozygotes for variants
affecting expression of DBH protein. Each patient carries
one copy of a T to C transversion in the splice donor site of
DBH intron 1, creating a premature stop codon. In patient 1,
there is a missense mutation in DBH exon 2. Patient 2 carries
missense mutations in exons 1 and 6 residing in cis. We have
shown that in these patients NE deficiency is an autosomal
recessive disorder that likely resulted from heterogeneous
molecular lesions in DBH.

[0048] To explain the genetic basis of NE deficiency, we
hypothesized that it might result from one or more mutations
at the DBH locus, or at loci encoding critical regulators of
DBH expression. The homeodomain transcription factors
Phox2a and Phox2b belong to the latter group of candidate
genes, because they are essential for development of nora-
drenergic neurons (Morin X, et al. Neuron; 18:411, 1997;
Pattyn A, et al. Development; 124:4065, 1997) and for
cell-specific transcription of DBH (Kim H S, et al. J Neu-
rosci, 18:8247, 1998; Yang C, et al. J Neurochem, 71:1813,
1998). To address these possibilities, we designed oligo-
nucleotide primers to amplify all of the exonic, peri-exonic,
and proximal 5' regions of thc human DBH, Phox2a, and
Phox2b genes in DNAs from two previously described cases
of NE deficiency (Robertson D, et al. N Engl J Med,
314:1494, 1986; Biaggioni I, et al. Neurology, 40:370,
1990).

[0049] We identified seven novel variants including four
potentially pathogenic polymorphisms in the DBH gene
from two unrelated DBH deficiency patients. Based on
genetic and functional analyses, we have demonstrated that
NE deficiency is an autosomal recessive disorder resulting
from heterogeneous molecular lesions in DBH. These
results are important not only for clucidating a genetic origin
of DBH deficiency, but also for indicating functionally
relevant regions of the DBH protein. Such regions provide
important therapeutic targets for rational drug design. In
addition, the invention features methods for the identifica-
tion of mutations residing in non-coding or coding regions
of DBH. These mutations can indicate a noradrenergic
disease, specifically DBH-deficiency, also depression,
dementia, bipolar, schizophrenia, stillbirth, or attention defi-
cit/hyperactivity disorder. Single mutations or combination
of mutations identified herein can be used as genetic markers
for noradrenergic-related disease such as congenital heart
failure. These mutations can also be used for the develop-
ment of drugs that modulate sympathetic nerve function, and
for the development of drugs that modulate NE biosynthesis
or inhibit DBH activity.
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[0050] The following examples are for the purposes of
illustrating the invention, and should not be construed as
limiting, therefore. Below we describe the characterization
of mutations in DBH, the biosynthetic enzyme that synthe-
sizes NE from dopamine, and a target for compounds useful
for the treatment of disorders that could benefit from a
decrcase in NE signaling, such as congestive heart failure.

[0051] Clinical and Neurochemical Features of NE-Defi-
cient Patients !

[0052] We collected DNA samples from two patients with
NE deficiency, and, sequenced all exons and exon/intron
junctions of their DBH, Phox2a, and Phox2b genes. Result-
ing novel variants were then examined in the first degree
relatives of the NE deficient patients, healthy European-
American controls, and in patients with autonomic disorders
other than NE deficiency. The first of the two patients was
a 55-year old man with a lifelong history of fainting spells,
ptosis, nasal stuffinéss, and retrograde cjaculation. The scc-
ond was a 48- year‘ old woman with a lifelong history of
orthostatic hypotensmn ptsosis, nasal stuffiness, and a neo-
natal history of delayed eye opening. These patients have
been previously reported (Robertson D, et al. N EnglJ Med;
314:1494, 1986; Biaggioni I, et al. Neurology, 40:370,
1990). The patients were evaluated on the Vanderbilt Gen-
eral Clinical Research Center while in balance on a 150 mEq
sodium and 80 mEq potassium diet one week after discon-
tinuation of medications. Both direct and indircct hemody-
namic monitoring was carried out and a variety of physi-
ological and pharmacological tests were employed.
Catecholamines and their metabolites were analyzed by
radioenzymatic and liquid chromatographic methods as
described previously (Robertson D, et al. N Engl J Med,
314:1494, 1986; O Connor D T, et al. Ciin Sci, 86:149,
1994).

[0053] Both patiénts experienced severe and reproducible
orthostatic hypotension during the two weeks at the Vander-
bilt General Clinical Research Center. Autonomic function
tests revealed normal sinus arrhythmia, implying intact
parasympathetic innervation of the heart. The expected
blood pressure overshoot during phase IV of the Valsalva
maneuver was absént, but the heart rate increased during the
strain phase (phase II) of the Valsalva maneuver and this
heart rate mcrease[was blocked by alropme but not propra-
nolol, indicating that its origin was in parasympathetic heart
rate control. Theré existed a four-fold hypersensitivity to
intravenous al-a&enorcceptor agonist (phenylephrine) and
a three-fold hypersensitivity to the tachycardic effect of the
f-adrenoreceptor agonist (isoproterenol). The o.,-adrenore-
ceptor agonist clonidine 0.3 mg po produced an increase in
arterial pressure in these patients rather than the expected
decrease. The o, lantagomst yohimbine, 10 mg po had no
effect on blood pressurc or plasma catecholamines. Sympa-
thetic cholinergic function was intact as assessed by the
thermoregulatory sweat test. There was an absent response
to the indirectly actmg sympathomimetic amine, tyramine (8

mg IV). |

[0054]) Plasma ITIE and its metabolite levels were strikingly
abnormal. Plasma NE was below the limits of detection of
the assay as was plasma epinephrine and plasma dihydrox-
yphenylglycol (DHPG). These findings indicate that the
level of NE was:less than 2% of normal and the level of

DHPG was less Ithan 1% of normal. In contrast, plasma
|
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dopamine was approximately ten-fold higher than normal
and its precursor, dopa, was approximately two-fold higher.
The dopamine metabolite, dihydroxyphenylacetic acid
(DOPAC), was also four-fold elevated. Urinary catechola-
mine assay failed to detect NE or epinephrine. Analysis of
plasma failed to detect DBH using either enzymatic or
polyclonal antibody mecthods. Some of these findings are
shown in FIG. 5. In sum, the neurochemical abnormalities
observed in these patients indicate that the final step of NE
biosynthesis is blocked (FIG. 1).

[0055] DBH Genetic Characterization

[0056] DNA samples were obtained from NE deficient
patients and from 88 healthy individuals after informed
consent was obtained. 6,443 bp of the DBH gene was
PCR-amplified, including the proximal 1,468 bp of the 5'
upstream area, all 12 exons (2,744 bp), and 2,182 bp of
intronic sequence spanning a minimum of 49 bp flanking
cach exon. The PCR reactions were performed as follows:
initial denaturation occurred at 94° C. for 2 minutes, fol-
lowed by 35 cycles of denaturation at 94° C. for 30 seconds,
annealing at 55° C. for 30 seconds, and extension at 72° C.
for 1 minute. The PCR products were then subjected to gel
clectrophoresis followed by polyacrylamide gel DNA
extraction. Direct sequencing of the double-stranded PCR
fragments was performed according to the thermal cycle
sequencing protocol (Perkin Elmer). Detailed information
on scquencing analysis of the DBH locus, including PCR
primer sequences, are described in Zabetian et al., AmJ Hum
Genet, 68:515-522, 2001, hereby incoporated by reference.

[0057] Genotypes were determined by restriction frag-
ment length polymorphisms (RFL.Ps). PCR products were
digested with the appropriate restriction enzymes as follows:
V87M—NIla III, IVS1+2T—C—Hph I, D100E—Bsa HI,
1VS34+8C—T—Afl III, D331N—Hinfl, and IVS10+415G—
A—Sex Al For the C-1021T polymorphism, we used the
primer, 5'-AGCAGAATGTCCTGAAGGCAGCTGC-
CCCCAGTCTACTTG-3'(SEQ ID NO: 1), with a single
nucleotide mismatch (underlined) to create an artificial Xcm
I restriction site for genotyping. Digested PCR products
were electrophoresed on 7% acrylamide gels, stained with
ethidium bromide, imaged under UV transillumination, and
photographed for genotype scoring.

[0058] Human DBH c¢DNA (1.8 kb) (FIG. 9) was gener-
ated by RT-PCR from mRNA of human neuroblastoma
SK-N-BE(2)C cells using a sense primer RDBH, 5-TGC-
CCGAATTCGCCATGCGGGAGGCAGCCTTCATGTAC-
3' (SEQ ID NO: 2) and an antisense primer XDBA 5'
TAGGTCTCGAGTCAGCCTTTGCCCCCAC-

CAATGCTG-3' (SEQ ID NO: 3). The plasmid pcDNA-
hDBH was constructed by digesting the cDNA with EcoRI
and Xho I. This fragment was cloned into the mammalian
expression vector pcDNA3.1/zeo (lavitrogen, Carlsbad,
Calif.). The DBH' genomic sequence (SEQ ID NO: 37)
extending from exon 1 to intron 4 (7.2 kb) was amplified
from both NE deficient patients and a healthy control using
the primers RDBH and Ex4R, 5-GACGGTGAAGCTGGG-
GAAAC-3' (SEQID NO: 4). PCR products were completely
digested with Sfil, and partially digested with EcoRl, and
subcloned into the plasmid pcDNA-hDBH. The two result-
ing recombinant plasmids, pcDNA-DBH(E1/E4)-IVS1-wt
and pcDNA-DBH(E1/E4)-IVS1-mut, were confirmed by
sequencing. Human kidney HEK293 and monkey COS-7
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cells were transfectéd using the calcium phosphate copre-
cipitation method as jpreviously described (Kim K S, et al. J
Neurosci, 14:7200, 1994). Poly(A)* RNA was prepared
from each cell line by oligo(dT)-cellulose affinity column
chromatography (Klm C H, et al. J. Biol Chem, 274:6507,
1999), then reverse-transcribed with SUPERSCRIPT II
RNase H-Reverse Transcriptase (Life Technologies, Inc) by
priming with the oligonucleotide 3626DBA, 5'-CAATGAG-
GTAATCCTTGGGGTTCGCAGGTGCCAAAGG-3' (SEQ
ID NO: 5). An aliqliot of the product was subjected to PCR
using the prlmers 183DBH, 5-CCTGGAGCTCTCATG-
GAATGTCAGCTACACCCAGG- 3'(SEQ ID NO: 6) and
3626DBA. The mRNA splicing products from wild-type and
mutant constructs were purified and directly cloned into the
pGEM-T easy vector (Promega). Insert DNAs were isolated
from individual colonies and sequenced.

[0059] In DBH, we found scven novel single nuclcotide
polymorphisms (SNPs) Two of these SNPs, one located
1021 bp upstream of the ATG initiation codon and another
in intron 10, were relatively common (FIG. 6). The remain-
ing 5 SNPs in DBH appeared to be rare (FIG. 6), and were
selected for furlhqr analysis. In contrast, we identified no
mutations in Phox 2a or Phox 2b. Analyses of the candidate
mutations at DBI--I,[for cach paticnt and first degree relatives,
are described beloyv.

[0060] In Patient 1, single copies of four variants (C-1021
T, IVS142T—C, IVS3+8C->T, and IVS10+415G—A) were
found in the non-coding region and one missense mutation
(DlOOE) was found in exon 2. Among the mutations found
in introns, IVS142T—C affects the invariant nucleotide T of
the donor splice ;site GT dinucleotide, and is therefore
expected to lead to aberrant splicing. IVS1+2T—C thus
appears to contribiite directly to the NE deficiency in Patient
1. We isolated plasmid clones containing IVS1+2T—C, and
found that the single copies of both IVS3+8C—T and
C-1021T reside i 1n cis with IVS142T—C (data not shown).
This observation was confirmed by pedigree analysis (FIG.
2). Thus, neither [[VS3+8—T nor C-1021T appcars neces-
sary to explain lack of appropriate gene expression by the
DBH haplotype on which they reside. Analysis of DBH
genotypes in Patient 1 and first-degree relatives established
that IVS10+415G—A also resides on the same chromosome
as IVS142T—C| (data not shown). These findings, that
C-1021T and IVS10+415G—A are both common polymor-
phisms (FIG 6), and that at least one unaffected parent of
each patient is homozygous for each of these variants (data
not shown), indicate that the identified polymorphisms causc
NE deficiency. I contrast, the missense mutation in exon 2
(D100E) resides in trans to IVS1+2T—C, suggesting it
might also contribute to NE deficiency in Patieat 1. Con-
sistent with this possibility, the E allele of D100E was not
found in any of the control samples (FIG. 6). Furthermore,
examination of familial genotypes showed that Patient 1 was
the only first-degree relative in the pedigree that was a
compound hetefozygote for IVS142T—>C and D100E
(FIGS. 2A and B). Thus, in Patient 1, NE deficiency
appeared to result from compound heterozygosity for the
intronic splice-dltering mutation, IVS1421-C, inherited
from heterozygous mother, and the E allele of D100E,
inherited from !heterozygous father. Both parents were
asymptomatic, strougly suggesting that NE deficiency is a
recessive trait mhemed at DBH by Patient 1.

g%
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[0061] Patient 2, like Patient 1, also carried a single copy
of IVS1+2T—C (FIGS. 2C and D). Interestingly, the hap-
lotype containing the shared mutation in the two patients
was identical at C-1021T and at all three intronic mutations
described above, suggesting that a single founder event gave
rise to the mutation. Unlike Patient 1, Patient 2 carried the
wild type D allele at both copics of D100E. However,
sequencing revealed two novel missense mutations: V87TM
in exon 1 and D331N in exon 6. Plasmid cloning and
pedigree analysis demonstrated that the mutations in V§7M
and D331N reside on the same chromosome, in trans to
IVS142T—C (FIG. 2D).

[0062] Functional Analysis of IVS142T—C

[0063] Given that both patients carry 1VS142T—C at a
consensus donor splice site (GT dinucleotide), we propose
that this intronic mutation contributes to NE deficiency by
disrupting appropriate splicing of DBH mRNA. To confirm
this hypothesis, we subcloned a genomic fragment of the
DBH gene encompassing exons 1 to 4 as well as all three
corresponding introns, into the eukaryotic expression vector
pcDNA3.1/zeo. We analyzed the mRNAs resulting from
transient transfection of plasmids, containing the DBH gene
fragment from either the normal or mutant allele, into
COS-7 cells. As expected, RT-PCR analysis showed that the
wild type allele construct generated a properly spliced RNA
product of 311-bp length (FIG. 3A). The mutant construct,
containing the IVS142T—C mutation, generated an 816-bp
transcript that resulted from retention of 505 bp of intronic
sequence, in addition to some normally spliced message
(FIG. 3A). The identities of both the normal and abnormal
trapscripts were verified by sequencing. Thus, the mutation
in the donor splice site at IVS1+2 led to the use of a cryptic
donor splice site (GT) starting at IVS1+506. As a result, the
aberrant transcript contains coding sequence for 39 abnor-
mal amino acids followed by a premature stop codon (FIGS.
3A and B).

[0064] Cross-Species Sequence Comparisons

[0065] We compared published amino acid sequences
among DBH proteins from different mammalian species to
two functionally related proteins: D. melanogaster tyramine
B-hydroxylase (TBH) and human peptidyl-glycine amidat-
ing monooxygenase (PAM) (FIG. 4) (Prigge S T, et al.
Science, 278:1300, 1997, Monastirioti- M, et al. J Neurosci,
16:3900, 1996). All of these enzymes require ascorbic acid
and molecular oxygen for activity and belong to the copper-
binding monooxygenase family. Aspartic acid at position
331, where a missense mutation was found in Patient 2,
resides among two potential active sites of DBH that were
previously identified by mechanism-based inhibitors (Fitz-
patrick P F, et al. Arch Biochem Biophys, 257:231, 1987).
This position was also in the middle of four putative
copper-binding His-His and His-X-His motifs. Aspartic acid
331 is invariant among the six sequences compared. The
existence of a genetic mutation at this amino acid and the
conservation of this residue indicated the function impor-
tance of this amino acid. In addition, the aspartic acid at
amino acid position 100, the site of the missense mutation in
Patient 1, was also invariant among all five protein
sequences. In contrast, valine at amino acid position 87 is
variable, as murine DBH and D. melanogaster TBH contain
different amino acids at this position.

[0066] NE deficiency was simultaneously recognized in
the United States and the Netherlands in the mid-1980’s
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(Robertson D, et al. N Engl.J Med, 314:1494, 1986; Man in
’t Veld A J, et al. Lancet, 1:183, 1987). Affected subjects
displayed profound| orthostatic hypotension. Subscquent
studies suggested that the disorder resulted from a failure to
express sufficient levels of DBH protein. In all NE deficient
patients examined to{' date, NE and its metabolites, epineph-
rine and DHPG, were undetectable, while plasma levels of
dopamine and its metabolites were significantly elevated
(FIG. 5 and FIG. 1). DBH protein was undetectable in these
patients by enzymatic assay (Robertson D, et al. N Engl J
Med, 314:1494, 19_86; Man in ’t Veld A J, et al. Lancet,

" 1:183,1987), radlounmunoassay (O’ Connor, ¢t al. Clin Sci,

86:149, 1994), or immunohistochemistry (Mathias CJ, et al.
QJ Med, 75:617, 1990) The autonomic and biochemical
deficits of NE deficient patients could be successfully treated
with the $-hydroxylated precursor of NE, dihydroxyphe-
nylserine (DOPS) (Biaggioni J, et al. Lancer, 2:1170, 1987).
The work presented herein provided genetic evidence that
NE deficiency results from a failure to appropriately express
DBH protein. This failure results from the presence of rare
mutations at the DBH locus that likely alter DBH protein
expression or structure.

[0067] A mutation at a consensus donor splice site, IVS1+
2T-C, likely caused DBH deﬁc1ency in both patients. This
variant lead to abetrant processing of mRNA by disrupting
the consensus sequence at the splice-donor site of intron 1.
However, at least! in vitro, thc mutation allowed some
expression of properly spliced DBH message, consistent
with previous studies showing that conversion of a splice-
donor GT to GC can yield both normal and abnormal splice
products (Aebi M, et al. Cell, 47:555, 1986; Mount S M, et
al. Am J Hum Geniet, 67:788, 2000). Thus, it is not entirely
clear how IVSl+2T—>C led to an apparently complete
absence of DBH in NE deficiency. It is possible that in vivo
processing of the aberrant sequence favored expression of
the abnormal splice product to the exclusion of the normal
splice product. Aliernatively, it is possible that another
variant at DBH, residing in cis to IVS142T—C, is necessary
to produce the NE deficiency phenotype. Interestingly,

single copies of tl?ree other variants residing on noncoding
sequences (-1021C—T, IVS3+8C—T, and IVS10+415G—

A) were found i? the same haplotype containing IVS1+
2T—C in both patients. Among these variants, the most
likely candidate for a “second hit” mechanism is -1021C~—
T, because homozygosity at the T allele was strongly asso-
ciated with very low plasma levels of DBH activity (Zabe-
tian C P, et al. Am J Hum Gener, 68:515, 2001). This
phenotype resulted from low circulating levels of DBH
protein. These observatlons suggested the interesting possi-
b111ty that NE deﬁc1ency arose, in part, through an effect
requiring a specific haplotype, rather than a single variant.

[0068] Comparlson of the DNA sequences of the putative
dlsease-causmg missense mutations to those of DBH from
other species, as; well as those of other copper-dependent
mono- oxygenases showed that both D100E (patient 1) and
D331IN (pauent ‘2) occur at positions with no variations
among all six amino acid sequences of DBH and related
proteins (FIG. 4) In contrast, V87M (patient 2) occurred at
a position with some variation among predicted amino acid
sequences of related proteins. Therefore, D100OE and D331N
are the most likély candidates for pathogenic variants.

[0069] It is possible that the missense mutations identified
in this study affect DBH protein activity or stability. Alter-
|
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natively, it is possible that the identified missense mutations
are pathogenic at the level of splicing, since they all reside
in close proximity to the intron/exon junctions, and could,
therefore, alter the efficiency or accuracy of splicing. Finally,
the structural changes encoded by the putative disease-
causing mutations could lead to improper intracellular pro-
cessing of DBH protein. Altered post-translational process-
ing could lead to a failure in the translocation of DBH into
dense-core vesicles, the normal site of physiological DBH
activity. Such a mechanism would result not only in failure
of the vesicles to convert dopamine to NE, but could also
account for the absence of DBH protein in plasma, CSF, and
sympathetic fibers in NE-deficient patients.

[0070] Only a handful of cases of NE deficiency have been
reported to date, suggesting that it is a rare disorder. How-
ever, the observation that frequent miscarriages and spon-
taneous abortions occurred in mothers of known NE defi-
cicnt patients suggests that NE deficicncy could be a
clinically important cause of undiagnosed fetal and neonatal
death (Man in 't Veld A J, et al. Lancer, 1:183, 1987;
Robertson D, et al. Hypertension, 18:1, 1991). Neonatal
hypotension, hypoglycemia, and hypothermia have all been
observed in NE deficient subjects. Furthermore, targeted
disruption of the DBH gene in mice produced homozygous
(DBH™) embryos that usually die in utero, only approxi-
mately 5% of such mice survived into adulthood (Thomas S
A, et al. Nature, 374:643, 1995; Thomas S A, et al. J
Neurochem, 70:2468, 1998). Treatment with DOPS, a
therapy used in NE deficient patients, rescued homozygous
mouse embryos, demonstrating that NE deficiency caused
the observed mortality. DBH ™~ adult mice exhibited severe
deficits in autonomic function, similar to those observed in
human NE deficiency (Thomas S A, et al. J Neurochem,
70:2468, 1998). To address whether any of the identified
DBH mutations occur at an appreciable frequency in the
European-American population, we determined the DBH
genotype of all candidate mutations in 88 unrelated healthy
European-Americans. We identified two individuals who
were heterozygous for the IVS14+2F—C variant. This fre-
quency suggests that potentially fatal pre- and perinatal NE
deficiency could be more common than has been appreciated
based on the basis of its rarity in adults. Further study of the
population genetics of NE deficiency-producing mutations,
as well as direct surveys for such mutations at autopsy in
unexplained spontancous abortions, stillbirths, and newborn
deaths, may elucidate whether NE deficiency is an epide-
miologically significant cause of fetal and neonatal demise
in humans.

[0071] Insummary, we found seven novel variants includ-
ing four potentially pathogenic mutations in the DBH gene
from two unrelated NE dcficient patients. 1VS1+2T—C
appeared to be a causative mutation in both patients. The
second causative mutation at DBH apparently differed in the
two patients; Patient 1 carried a missense mutation in exon
2, while Patient 2 had two missense mutations in exons 1 and
6. These observations indicate that NE deficiency is a
Mendelian recessive disorder attributable to heterogeneous
mutations at the DBH locus. These four mutations represent
the first known examples of human variants that directly
alter catecholamine biosynthesis.

[0072] DBH mutations described herein are useful for
identifying functionally important regions of the DBH
polypeptide. Such regions include polypeptides shown in
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FIG. 11. These DBH polypeptide regions can be expressed

and used to screen for compounds that bind DBH or inhibit
DBH biological actiyity.

[0073] Polypeptide Expression

[0074] In gcncral polypeptides of the invention, c.g.
regions of DBH, may be produced by transformation of a
suitable host cell with all or part of a polypeptide-encoding
nucleic acid molecule or region thereof in a suitable expres-
sion vehicle. !

[0075] Those skilled in the field of molecular biology will
understand that any‘of a wide variety of expression systems
may be used to provide the recombinant protein. The precise
host cell used is not critical to the invention. A polypeptide
of the invention may be produced in a prokaryotic host (e.g.,
E. coli) or in a eukaryotic host (e.g., Saccharomyces cer-
evisiae, insect cells, e.g., Sf21 cells, or mammalian cells,
e.g., NIH 3T3, HeLa or preferably COS cells). Such cells
are available from a wide range of sources (e.g., the Ameri-
can Type Culture Collectlon, Rockland, Md.; also, see, e.g.,
Ausubel et al., supra). The method of transformatlon or
transfection and the choice of expression vehicle will
depend on the hofst system selected. Transformation and
transfection methods are described, e.g., in Ausubel et al.
(supra); expressmn vehicles may be chosen from those
provided, e.g., in Cloning Vectors: A Laboratory Manual (P.
H. Pouwels et al. ,{1985 Supp. 1987).

[0076] One particular bacterial expression system for
polypeptide produé:tion is the E. coli pET expression system
(Novagen, Inc., Madison, Wis.). According to this expres-
sion system, DNA encoding a polypeptide is inscrted into a
pET vector in an orientation designed to allow expression.
Since the gene encoding such a polypeptide is under the
control of the T7 regulatory signals, expression of the
polypeptide is achieved by inducing the expression of T7
RNA polymerase in the host cell. This is typically achieved
using host strains that express T7 RNA polymerase in
response to- IPTG; induction: Once produced, recombinant
polypeptide is then isolated according to standard methods
known in the aft, for example, those described berein
(Nagatsu T. Mol. Pharmacal 16:529, 1979; Wimalasena, K
et al., Anal. Biochem. 197:353, 1991)

[0077] AnothenI bacterial expression system for polypep-
tide production is the pGEX expression system (Pharmacia).
This system employs a GST gene fusion system which is
designed for higP-lcvel expression of genes or gene frag-
ments as fusion proteins with rapid purification and recovery
of functional gene products. The protein of interest is fused
to the carboxyl terminus of the glutathione S-transferase
protein from Schistosoma japonicum and is readily puriﬁcd
from bacterial lybales by affinity chromatography using
Glutathione bepharose 4B. Fusion proteins can be recovered
under mild conditions by elution with glutathione. Cleavage
of the glutathione S-transferase domain from the fusion
protein is facilitated by the presence of recognition sites for
site-specific proteases upstream of this domain. For
example, proteins expressed in pGEX-2T plasmids may be
cleaved with thrombin; those expressed in pGEX-3X may be
cleaved with factor Xa.

«
[0078] Once the recombinant polypeptide of the invention
is expressed, it 1s isolated, ¢.g., using affinity chromatogra-
phy. In one e‘xample, an antibody (e.g., produced as
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described herein) raised against a polypeptide of the inven-
tion may be attached to a column and used to isolate the
recombinant polypeptide. Lysis and fractionation of
polypeptide-harboring cells prior to affinity chromatography
may be performed by standard methods (see, e.g., Ausubel
et al., supra).

[0079] Once isolated, the recombinant protein can, if
desired, be further purified, ¢.g., by high performance liquid
chromatography (see, e.g., Fisher, Laboratory Techniques In
Biochemistry And Molecular Biology, eds., Work and Bur-
don, Elsevier, 1980).

[0080] Polypeptides of the inveation, particularly short
peptide fragments, can also be produced by chemical syn-
thesis (e.g., by the methods described in Solid Phase Peptide
Synthesis, 2nd ed., 1984 The Pierce Chemical Co., Rock-
ford, I1.). Also included in the invention are polypeptides
which are modified in ways which do not abolish their
pathogenic activity (assayed, for example as described
herein). Such changes may include certain mutations, dele-
tions, insertions, or post-translational modifications, or may
involve the inclusion of any of the polypeptides of the
invention as one component of a larger fusion protein.

[0081] The invention further includes analogs of any natu-
rally-occurring DBH polypeptide of the invention. Analogs
can differ from the naturally-occurring DBH polypeptide by
amino acid sequence differences, by post-translational modi-
fications, or by both. Analogs of the invention will generally
exhibit at least 85%, more preferably 90%, and most pref-
erably 95% or even 99% identity with all or part of a
naturally-occurring amino acid sequence of the invention.
The length of sequence comparison is at least 15 amino acid
residues, preferably at least 25 amino acid residues, and
more preferably more than 35 amino acid residues. Again, in
an exemplary approach to determining the degree of identity,
a BLAST program may be used, with a probability score
between e™> and €% indicating a closely related sequence.
Modifications include in vivo and in vitro chemical deriva-
tization of polypeptides, e.g., acetylation, carboxylation,
phosphorylation, or glycosylation; such modifications may
occur during polypeptide synthesis or processing or follow-
ing treatment with isolated modifying enzymes. Analogs can
also differ from the naturally-occurring polypeptides of the
invention by alterations in primary sequence. These include
genetic variants, both natural and induced (for example,
resulting from random mutagenesis by irradiation or expo-
sure to ethanemethylsulfate or by site-specific mutagenesis
as described in Sambrook, Fritsch and Maniatis, Molecular
Cloning: A Laboratory Manual (2d ed.), CSH Press, 1989,
or Ausubel et al., supra). Also included are cyclized pep-
tides, molecules, and analogs which contain residues other
than L-amino acids, e.g., D-amino acids or non-naturally
occurring or synthetic amino acids, e.g., § or y amino acids.

[0082] Methods useful for producing full-length polypep-
tides, may also be used to produce a fragment of the DBH
polypeptides of the invention. As used herein, the term
“fragment,” means at least 5, preferably at least 20 contigu-
ous amino acids, preferably at least 30 contiguous amino
acids, more preferably at least 50 contiguous amino acids,
and most preferably at least 60 to 80 or more contiguous
amino acids. DBH fragments can be generated by methods
known to those skilled in the art or may result from normal
protein processing (e.g., removal.of amino acids from the
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nascent polypeptide, that are not required for biological
activity or removal.of amino acids by alternative mRNA
splicing or alternative protein processing events). The afore-
mentioned general techniques of polypeptide expression and
purification can also be used to produce and isolate useful
peptide fragments or analogs (described herein).

[0083] DBH Polypeptide Regions

[0084] Mutations!described herein identify functionally
important regions 6f the DBH polypeptide. Such regions
include the polypeptides shown in FIG. 11. The minimum
number of consecutive amino acids that forms a region is
desirably at least 10 amino acids. ADBH polypeptide region
can include amino acids 87-515 of SEQ ID NO:35 and the
putative catalytic core domain (Oyarce, J. Biol. Chem.
276:33265, incorporated herein by reference).
|

[0085] Screening Assays

[0086] Candidaté compounds may be screened for those
that specifically bind to and inhibit DBH. The efficacy of
such a candidate compound is dependent upon its ability to
interact with a region of the DBH polypeptide. Such an
Interaction can bé readily assayed using any number of
standard binding techniques and functional assays (e.g.,
those described in Ausubel et al., supra). For example, a
candidate compound may be tested in vitro for intcraction
and binding withi a polypeptide of the invention and its
ability to modulat‘e DBH may be assayed by any standard
assays (c.g., thosc described herein, for example, Nagatsu T.
Mol. Pharmacol, [16:529, 1979 and Wimalasena, K et al.,
Anal. Biochem. 197:353, 1991).

[0087} Methods for detecting binding of a candidate com-
pound to DBH will be known to those of skill in the art.
Binding may be; detected either directly or indirectly. If
desirable, various labels can be used as means for detecting
binding of DBH! to a candidate compound. DBH can be
directly or indirectly detectably labeled, for example, with a
radioisotope, a fluorescent compound, a bioluminescent
compound, a chemiluminescent compound, a metal chelator
or an enzyme. Those of ordinary skill in the art will know of
other suitable labels or will be able to ascertain such, using
routine experimentation.

[0088] The DBH/candidate compound complex may be
purified using u}’ethods known to those of skill in the art.
Such methods may include contacting DBH with a suitable
antibody, a size' selection, or chromatographic separation.
The candidate compound can then be separated from the
purified complex and identified using standard methods

.
known to one of skill in the art.

\
[0089] In one example, a candidate compound that binds
to a DBH polypeptide region may be identified using a
chromatography-based technique. For example, a recombi-
nant polypeptide of the invention may be purified by stan-
dard techniques from cells engineered to express the
polypeptide (e.g., those described above) and may be immo-
bilized on a column. A solution of candidate compounds is
then passed thrpugh the column, and a compound specific
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for a region of the DBH polypeptide is identified on the basis
of its ability to bind to a region of the polypeptide and be
immobilized on the column. To isolate the compound, the
column is washed to remove non-specifically bound mol-
ecules, and the compound of interest is then released from
the column and collected. Compounds isolated by this
method (or any other appropriate method) may, if desired, be
further purified (e.g., by high performance liquid chroma-
tography). In addition, these candidate compounds may be
tested for their ability to inhibit DBH biological activity
using a standard enzyme assay, for example, Nagatsu T. Mol
Pharmacol, 16:529, 1979 and Wimalasena, K et al., Anal
Biochem 197:353, 1991. Compounds isolated by this
approach may also be used, for example, as therapeutics to
treat disease. Compounds that bind to a DBH polypeptides
with an affinity constant less than or equal to 10 mM are
considered particularly useful in the invention.

[0090] Test Compounds and Extracts

[0091] In general, compounds capable of inhibiting
enzyme activity are identified from large libraries of both
natural product or synthetic (or semi-synthetic) extracts or
chemical libraries according to methods known in the art.
Those skilled in the field of drug discovery and development
will understand that the precise source of test extracts or
compounds is not critical (o the screening procedure(s) of
the invention. Accordingly, virtually any number of chemi-
cal extracts or compounds can be screened using the meth-
ods described herein. Examples of such extracts or com-
pounds include, but are not limited to, plant-, fungal-,
prokaryotic- or animal-based extracts, fermentation broths,
and synthetic compounds, as well as modification of existing
compounds. Numerous methods are also available for gen-
erating random or directed synthesis (e.g., semi-synthesis or
total synthesis) of any number of chemical compounds,
including, but not limited to, saccharide-, lipid-, peptide-,
and nucleic acid-based compounds. Synthetic compound
libraries are commercially available from Brandon Associ-
ates (Merrimack, N.H.) and Aldrich Chemical (Milwaukee,
Wis.). Alternatively, libraries of natural compounds in the
form of bacterial, fungal, plant, and animal extracts are
commercially available from a number of sources, including
Biotics (Sussex, UK), Xenova (Slough, UK), Harbor Branch
Oceangraphics Institute (Ft. Pierce, Fla.), and PharmaMar,
US.A. (Cambridge, Mass.). In addition, natural and syn-
thetically produced librarics are produced, if desired,
according to methods known in the art, e.g., by standard
extraction and fractionation methods. Furthermore, if
desired, any library or compound is readily modified using
standard chemical, physical, or biochemical methods.

[0092] When a crude extract is found to have a DBH
inhibitory, or a binding activity, further fractionation of the
positive lead extract is necessary to isolate chemical con-
stituents responsible for the observed effect. Thus, the goal
of the extraction, fractionation, and purification process is
the careful characterization and identification of a chemical
entity within the crude extract having anti-pathogenic activ-
ity. Methods of fractionation and purification of such het-
erogenous extracts are known in the art. If desired, com-
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pounds shown to be useful for inhibiting DBH biological
activity may be chemically modified according to methods
known in the art. |

[0093] Pharmaceutical Therapeutics

[0094] The invent[ion provides a simple means for identi-
fying compounds (including peptides, small molecule
inhibitors, and mimé:lics) capable of inhibiting the activity of
DBH. Accordingly} a chemical entity discovered to have
medicinal value using the methods described herein are
useful as either drugs or as information for structural modi-
fication of existing DBH inhibitory compounds, e.g., by
rational drug desig‘h.

[0095] For therapeutic uses, the compositions or agents
identified using the methods disclosed herein may be admin-
istered systemically, for example, formulated in a pharma-
ceutically-acceptallgle buffer such as physiological saline.
Treatment may be accomplished directly, e.g., by treating
the animal with antagonists that disrupt, suppress, attenuate,
or ncutralize the |DBH polypeptide. Preferable routes of
administration incJude, for example, subcutaneous, intrave-
nous, interperitoneally, intramuscular, or intradermal injec-

. eq | . . .
tions that provide continuous, sustained levels of the drug in

“the patient. Treatinent of human patients or other animals

will be carried out using a therapeutically effective amount
of an anti-pathogenic agent in a physiologically-acceptable
carrier. Suitable ce.rriers and their formulation are described,
for example, in Remington’s Pharmaceutical Sciences by E.
W. Martin. The :imount of the anti-pathogenic agent to be
administered varies depending upon the manner of admin-
istration, the age and body weight of the patient, and with the
type of disease and extensiveness of the disease. Generally,
amounts will be in the range of those used for other agents
used in the treatment of other microbial diseases, although
in certain instances lower amounts will be needed because of
the increased specificity of the compound. A compound is
administered at a dosage that inhibits DBH enzyme activity.
For example, for systemic administration a compound is
administered ty;?ically in the range of 0.1 ng-10 g/kg body

weight.
[

[0096] All publications mentioned in this specification are
herein incorporated by reference to the same extent as if
each independent publication was specifically and individu-
ally indicated tQI be incorporated by reference.

!
[0097] Other ‘Embodiments

[0098] While|the invention has been described in connec-
tion with specific embodiments thereof, it will be understood
that it is capable of further modifications. This application is
intended to coVer any variations, uses, or adaptations fol-
lowing, in general, the principles of the invention and
including such departures from the present disclosure within
known or customary practice within the art to which the
invention pcrtfains and may bec applicd to thc csscntial
features hereinbefore set forth.

1
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-continued I

<223> OTHER INFORMATION: Xaa at position 11 can be Aspartic Acid,

Glutamic Acid, or can be a conservative substitution for
either Aspartic Acid or Glutamic Acid or can be absent.

<400> SEQUENCE: 47

His Asn Pro Leu Val Ile Glu Gly Arg Asn Xaa Ser Ser Gly Ile Arg
15

1 5 10

Leu Tyr Tyr Thr Ala
20

<210> SEQ ID NO 48

<211> LENGTH: 31

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: VARIANT
<222> LOCATION: 16

<223> OTHER INFORMATION: Xaa at position 16 can be Aspartic acid, i
Glutamic Acid or can be a conservative substitution for
either Aspartic Acid or Glutamic Acid or can be absent. i

<400> SEQUENCE: 48

Leu Glu Val His Tyr His Asn Pro Leu Val Ile Glu Gly Arg Asn Xaa

1 5 10

Ser Ser Gly Ile Arg Leu Tyr Tyr Thr Ala Lys Leu Arg Arg Phe

20 25 30

<210> SEQ ID NO 49

<211> LENGTH: 41

<212> TYPE: PRT

<213> ORGANISM: Home sapiens
<220> FEATURE:

<221> NAME/KEY: VARIANT
<222> LOCATION: 21

<223> OTHER INFORMATION: Xaa at position 21 can be Aspartic Acid,
Glutamic Acid or can be a conservative substitution for
either Aspartic Acid or Glutamic Acid or can be absent.

<400> SEQUENCE: 49

15 |

Ser Arg Tyr Leu Arg Leu Glu Val His Tyr His Asn Pro Leu Val Ile

1 5 io0

15

Glu Gly Arg Asn Xaa Ser Ser Gly Ile Arg Leu Tyr Tyr Thr Ala Lys i

20 25

Leu Arg Arg Phe Asn Ala Gly Ile Met
35 40

30

What is claimed is:
1. A method for determining whether a compound is a
potentially useful dopamine @-hydroxylase inhibitor by

a. contacting said compound with a dopamine B-hydroxy-
lase polypeptide region that comprises an amino acid
corresponding to amino acid position 87, amino acid
position 100, or amino acid position 331 of SEQ ID
NQO:35; and

b. detecting binding of said compound to said region,
wherein binding indicates that said compound is poten-
tially an inhibitor of dopamine B-hydroxylase.

2. The method of claim 1, wherein said amino acid

corresponding to amino acid position 87 is methionine,
valine, isoleucine, or leucine.

[

|

3. The method of claim 1, wherein said amino acid
corresponding to amino acid position 100 is glutamic acid,
aspartic acid, asparagine, or glutamine.

4. The method of claim 1, wherein said amino acid
corresponding to amino acid position 331 is aspartic acid,
glutamic acid, _lclsparagine, or glutamine.

5. The methdd of claim 1, wherein said region comprises
5-20 amino acids on either side of an amino acid corre-
sponding to amino acid position 87, 100, or 331 of SEQ ID
NO: 35. !

6. A method for determing whether a compound is a
potentially useful dopamine $-hydroxylase inhibitor by

a. contacting said compound with a dopamine f3-hydroxy-

lase polypeptide region that comprises an amino acid
corresponding to amino acid position 87, amino acid
position 100, or amino acid position 331 of SEQ ID
NO:35; a‘nd

|

I
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b. detecting dopamine f-hydroxylase biological activity,
wherein binding indicates that said compound is poten-
tially an inhibitor of dopamine $-hydroxylase.

7. The method of claim 6, wherein said amino acid
corresponding to amino acid position 87 is methionine,
valine, isoleucine, or leucine.

8. The mecthod of claim 6, whercin said amino acid
corresponding to amino acid position 100 is glutamic acid,
aspartic acid, asparagine, or glutamine.

9. The method of claim 6, wherein said amino acid
corresponding to amino acid position 331 is aspartic acid,
glutamic acid, asparagine, or glutamine.

10. The method of claim 6, wherein said region comprises
5-20 amino acids on either side of an amino acid corre-
sponding to amino acid position 87, 100, or 331.

11. The method.of claim. 6, wherein said DBH biological
activity is norepinephrine biosynthesis.

12. The method of claim 1, wherein said candidate
compound is useful for the treatment of a patient with
congestive heart failure, or chronic activation of sympathetic
nerve function.

13. The method of claim 6, wherein said candidate
compound is useful for the treatment of a patient with
congestive heart failure, or chronic activation of sympathetic
nerve function.

14. The method of claim 1, wherein said inhibitor
increases dopamine levels.

15. The method of claim 6, wherein said inhibitor
increases dopamine levels.

16. The method of claim 14, wherein said increase in
dopamine levels benefits renal function in a patient with
congestive heart failure.
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17. The method of claim 15, wherein said increase in
dopamine levels benefits renal function in a patient with
congestive heart failure.

18. An isolated polypeptide region comprising the
sequence of SEQ ID NO:38, 42, or 46.

19. A method for determining whether a patient has an
increased risk of miscarriage, still birth, or fetal or nconatal
death, said method comprising determining whether a
dopamine ﬁ-hydro%(ylase polynucleotide sequence of said
patient has a mutation at the consensus donor site between
the first exon and 'first intron, or in a polynucleotide that
encodes a region comprising either aspartic acid at amino
acid position 100, aspartic acid at amino acid position 331,
or valine at aminb acid position 87, wherein a mutation
indicates that said patient has an increased risk for having a
miscarriage, still birth, or fctal or neonatal death..

20. A method for determining whether a patient has an
increased risk of rioradrenergic disease, depression, demen-
tia, bipolar disorder, schizophrenia, or attention deficit/
hyperactivity disqrder, said method comprising determining
whether a dopamipe -hydroxylase polynucleotide sequence
of said patient has a mutation at the consensus donor site
between the first éxon and first intron, or in a polynucleotide

that encodes a fragment comprising either aspartic acid at
amino acid position 100, aspartic acid at amino acid position
331, or valine at amino acid position 87, wherein a mutation
indicates that said patient has an increased risk for having
noradrenergic disease, depression, dementia, bipolar disor-
der, schizophrenia, or attention deficit/hyperactivity disor-
der. \

!
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NOTA: Dentro del plazo de los seis (6) meses siguientes a partir de la fecha de publicacion
en la gaceta de Propiedad Industrial, debera solicitaf y cancelar el examen de
patentabilidad so pena de que la solicitud caiga en abandono, de acuerdo con lo
establecido en el Articulo 44 de la Decisién 486/2000. i
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ASUNTO: Radicacion PCT N° 10-2319,‘1
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Con fundamento en lo previsto por el articulo 43 de la Décisién 486 de la Comisién de
la Comunidad Andina, se le comunica que la oposicién presentada por la doctora
Eliana Isaura Moreno Bohorquez, en su calidad de apoderada de PROCAPS SA.,

retne los requisitos formales exigidos por la ley al momento de su presentacion.
i

En cumplimiento de lo dispuesto en la citada norma, fse le concede el término de
sesenta (60) dias habiles siguientes a la fecha de notificacion del presente oficio, para

que haga valer sus argumentaciones y presente pruesz’as.

i
Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del
capitulo quinto del titulo primero de la Circular Unica N° 10 de 2001.

2020103
I

I Sede Centro: Carrera 13 No. 27-00 Pisos 2, 5, 7y 10
Sede CAN: Av. Carrera 50 No. 27-55, Int. 2.
Conmutadores: 5870000 y 5880234
Fax: 5870284 Linea 018000-910165
Web: www.sic.gov.co e-mail: info@sic.qov.co
Bogota D.C. - Colombia



