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Referencia: Expediente No. 06.009.419
Solicitud de Patente de Invencién titulada: “Polipéptidos cristalinos del

receptor 2 del factor de necrosis de tumor”

Solicitante: Amgen Inc.

RESPUESTA AL AUTO NOTIFICADO POR FIJACION EN LISTA NO. 11
DEL 14 DE ENERO DE 2011, OFICIO NO. 0627 (EXAMEN DE FONDO)

ALVARO CORREA ORDONEZ, mayor de edad y vecino de Bogota D.C., identificado tal como
aparece al pie de mi firma, en mi cardcter de apoderado de la sociedad en referencia, doy

respuesta al auto emanado.por ese Despacho dentro del término de prérroga solicitado en mi

memorial 06-009419-00011-0000 del 8 de Abril de 2011:
1. Objeciones del Examinador

1.1 Claridad de la solicitud

Su Despacho enuncia en forma resumida “que no se describe las caracteristicas técnicas
del cristal. Se establece también que en la descripcion imicamente se dan formas de
realizacion de los cristales, pero no se evidencian las ventajas comparativas, ni el efecto
técnico que resuelve el problema de estabilidad de los compuestos reivindicados, y que el
capitulo reivindicqtorio presenta falta de suficiencia en la descripcién, por cuanto no existe

informacion para que un técnico versado en la materia pueda llevar a cabo la invencion.
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Se menciona ademas, “que las reivindicaciones de proceso tampoco describen las
caracteristicas técnicas del mismo....Tampoco existen datos comparativos (lales como
DSC)que permitan determinar las propiedades de los compuestos con relacion a otros en

Jorma nativa.

Con relacion a las reivindicaciones 21 y 23 se establece que no esta correctamente definidas
dado que caracterizan el cristal y la composicién por su proceso y no por las caracteristicas

técnicas.

En referencia a la reivindicacion 22 se menciona que no define la composicién conforme a
sus caracteristicas técnicas, es necesario tener en cuenta que una composicion presenta mas

de un compuesto.

Por nltimo, su Despacho objeta las reivindicaciones 24 a 27 relacionada con el uso de los

compuestos reivindicados para la preparacion del medicamento.
1.2 Novedad

El Examinador plantea que, después de realizada la busqueda de anterioridades, encontrd

documentos que afectan la novedad de las reivindicaciones 1 a 23 de la presente solicitud.

Menciona los documentos D1 (WO 02/072636), D2 (Jen y Merkle) y D3 (Yang et al,) como

documentos relacionados con la solicitud.

Sin embargo, el Examinador considera que solo el documento D1 (WO 02/072636) afecta la

novedad de la presente solicitud por cuanto:

“D1 enseiia una forma de realizar cristales de anticuerpos y fragmentos de los mismos.
Dicha metodologia, incluye cristales de etanercept sus formas de realizacion que incluyen
las sales presentes en la solicitud y agentes buffer.

Los elementos caracteristicos de las composiciones reivindicadas, ya eran conocidos como
se observa en DI, la forma de realizar los cristales y las posibles sales para su
preparacion asi como también los resultados esperados. Por tal razén los compuestos

reivindicados no pueden ser considerados novedosos”.
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2. Respuesta a las observaciones del examinador.

2.1 Modificacion

Con el fin de atender a las observaciones del examinador y de conformidad con el articulo
34 de la Decision 486, que permite al solicitante modificar la solicitud en cualquier
momento del tramite sin que se amplie el alcance de la invencion inicialmente presentada,

me permito presentar un nuevo pliego reivindicatorio conformado por 19 reivindicaciones.

En particular, se modificd las reivindicaciones independientes 1 y 6 al incluirse que el

etanercept esta en la forma de una barra o de una aguja.
Por otro lado, se cancelaron las reivindicaciones 2,y 21 a 27.

2.2 Claridad de la solicitud

Como se menciond anteriormente, con el fin de atender a las observaciones de su Despacho

se presenta un pliego reivindicatorio modificado.

Por otro lado, mi representada argumenta que una persona medianamente versada en la
materia seria capaz de llevar a cabo la invencion tal como se reivindica. Por favor, ndtese
que las reivindicaciones modificadas se relacionan con cristales de etanercept en la forma de

barra o agujas (Por favor, ejemplos 1y 2 de la descripcion) y métodos para fabricarlos.

Aquellos medianamente versados en el campo de cristalizacidn y basados en la descripcién
de la solicitud, al menos en la pagina 16, linea 29- pagina 17, linea 17 del texto en inglés y
en las paginas 43 y 44 y ejemplos 1 y 2 del texto en espafiol serian capaces sin ninguna
ambigiiedad de entender la caracteristica de una forma de cristal de etanercept (en forma

cristalina) e identificarla utilizando tecnologia cominmente disponible.
2.2 Novedad:

La novedad de una solicitud estd legalmente definida en el Articulo 16 de la Decision 486
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asi: “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 piiblico
por ama descripcion escrita u oral, utilizacion, comercializacion o cualquier ofro medio
antes de la fecha de presentacion de la solicitud de patente o, en su caso de la prioridad

reconocida...”’

En virtud de la anterior definicion, consideramos que el documento D1 no constituye

documento del arte previo que afecte la novedad de la presente solicitud por las siguientes

razones:

En primer lugar, las reivindicaciones modificadas que se presentan junto con este escrito
son novedosas con respecto a D1 ya que D1 no revela cristales de Etanercept. El
voluminoso documento D1 (que trata la cristalizacion, y la estabilizacién del cristal de

rituximab y trastuzumab) menciona etanercept solamente en tres oportunidades:

En la Pagina 19 (lineas 3-7): “dntibodies which may be crystallized according to the present
invention incluye, for example, Abciximab, Palivizumab, Murumonab-CD3, Gemtuzumab,
Trastuzumab, Basilivimab, Daclizumab, Etanercept and Ibritumomab tiuxetan”. El

subrayado fuera de texto.

En espaiiol: “Anticuerpos que pueden’ cristalizarse de acuerdo a la presente invencion,
incluyen, (por ejemplo, Abciximab, Palivizumab, Murumonab-CD3, Gemtuzumab,
Trastuzumab, Basiliximab, Daclizumab, Etlanercept y Ibritumomab tiuxetan). Subrayado

fuera de texto.

En la pagina 99 (lineas 2-27): "Such antibodies include, but are not limited to,
commercially availahle antibodies, including, but not limited to: (1) Abciximab (ReoPro)
(antiGPYBllla receptor; for the treatment of cardiovascular disease) (Centocor, Leiden,
The Netherlands); [. ..] (8) Etanercept (ENBREL"J (inflammatory disease) (Immunex,
Seattle WA, (9) Ibritumomab tiuxetan (Zevalin TM) (radioimmunotherapy for cancer)

(IDEC Pharmaceuticals, San Diego, CA)." El subrayado fuera de texto.

En espaiiol:

“Tales anticuerpos incliuyen pero no estdn limitados a, anticuerpos disponibles
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comercialmente, incluyendo, pero no limitado a: (I) Abciximab (ReoPro) (antiGPI/Bllla
receptor; para el tratamiento de enfermedad cardiovascular) (Centocor, Leiden, The
Netherlands); [. ..] (8) Etanercept (ENBREL"J (enfermedad inflamatoria) (Immunex,
Seattle, WA, (9) Ibritumomab tiuxetan (Zevalin TM) (radioinmunoterapia para el cdncer)

(IDEC Pharmaceuticals, San Diego, CA).". Subrayado fuera de texto.

En la reivindicacion 14 @ “The crystal according to anyone of claims 1, 2 or 3, wherein the
antibody is selected from the group conmsisting of: Abciximab, Palivizumab, Murumonab-
CD3, Gemtuzumab, Trastuzumab, Basiliximab, Daclizumab, Etanercept, and Ibritumomab

tiuxetan. ". Subrayado fuera de texto.

En espafiol.

Reivindicacion 14: “El cristal de acuerdo a cualquiera de las reivindicaciones 1,2 0 3 en
donde el anticuerpo se selecciona del grupo que consiste de: Abciximab, Palivizumab,
Murumonab-CD3, Gemtuzumab, Trastuzumab, Basiliximab, Daclizumab, Etanercept, and

Ibritumomab tiuxetan. " Subrayado fuera de texto.

Sin embargo, debe notarse que el Etanercept no es un anticuerpo. La molécula es una
£0, q ! p
proteina de fusién que comprende el receptor TNF unida al fragmento Fc de IgG1. Por lo

tanto, la revelacion de D1 con respecto al etanercept y a sus cristales es claramente erréneo.

Al parecer, el etanercep fue incluido erroneamente en la lista de anticuerpos arriba citada
debido de alguna forma a sus usos terapéuticos similares, la persona medianamente versada

en la materia puede darse cuenta de esto.

Por favor, nétese ademds que estructuralmente, la proteina de fusién de Etanercept es
esencialmente diferente a las estructuras de cualquiera de los anteriores anticuerpos, que,
excepto por una parte del F'c potencialmente similar, no tiene nada en comin con el

Etanercept.

Por lo tanto, D1 debe descartarse como anterioridad para evaluar la novedad de la materia

objeto de las reivindicaciones modificadas de 1a solicitud en estudio.
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2.3 Nivel inventivo

El nivel inventivo de una solicitud se encuentra definido en el Articulo 18 de la Decisién
486 y se establece cuando “si para una persona del oficio normalmente versada en la
materia técnica correspondiente, esa invencion no hubiese resultado obvia ni se hubiese

derivado de manera evidente del estado de la técnica’.

Aunque su Despacho no efectiio observaciones con respecto al requisito de nivel inventivo,

mi representada presenta los siguientes argumentos con el fin de agilizar el tramite de la

solicitud en estudio.

Las presentes reivindicaciones son inventivas con relacién a los documentos D1, D2 y/o D3.

D2 y/o D3 no remedian las deficiencias de D1.

D2 es una publicacién cientifica, en la cual se discuten las ventajas de cristales de proteina y

se revela la posible utilidad de la cristalizacion en la formulacion de proteinas terapéuticas.

Especificamente, como se indicé en la parte de la introduccién de la presente solicitud, se
afirma, que cristales de proteina han mejorado el manejo de la estabilidad fisica y las
propiedades de liberacién sostenidas liberadas. Sin embargo, no se hace ninguna mencion

de etanercept en D2,

Ademds, se menciona especificamente que:

“good crystal drug candidates should have sufficient physical robustness that allows
handling as a solid dosage form”.
En espafiol: “buenos candidatos de cristales de fiarmacos deberian tener suficiente robustez
fisica que permita su manipulacion a una dosificacion en forma sélida”
Y que esto generalmente no es el caso con cristales de proteina fragiles (por favor, ver

pagina 1486, columna derecha, al comienzo del segundo parrafo.

Ademds, en el resumen concluyente de D2 (pagina 1487), se establece especificamente que
del planteamiento revelado en D2 no puede ser posible para todos los candidatos de proteina
porque los cristales robustos y estables fisicamente puede ser evasivos. Por lo tanto, cada
proteina individual debe ser examinada separadamente. Aunque la persona medianamente

versada en la materia pueda haber entendido que la cristalizacién puede ser posible para
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algunas proteinas, no habria ninguna indicacién que fuera posible para Etanercept.

Lo anteriormente expuesto aplica para D3. Dicho documento describe la cristalizacion de
tres anticuerpos monoclonales, rituximab, trastuzumab y infliximab. En dicho documento se
desarrolld exitosamente un nuevo proceso para la prbduccién de lotes grandes de
anticuerpos monoclonales de anticuerpos, y uno de los anticuerpos cristalizados producidos,
infliximab, se conoce que es un inhibidor TNF. Sin embargo, el hecho de que tanto el
etanercept y el infliximab son inhibidores TNI* no habrian sido considerados relevantes para

una persona medianamente versada en la materia en el contexto de cristalizacién.

-La persona medianamente versada en la materia al leer D3 en el contexto de los otros
documentos arriba discutidos no habria tenido ninguna indicacién de hasta donde el proceso
del documento D3 podria aplicarse exitosamente al etanercept. La (nica similitud
estructural entre el infliximab y el etanercept son que ambas proteinas tienen de alguna

manera un tamafio similar y comprenden una regién Fe.

Sin embargo, las secuencias de los aminoacidos son considerablemente diferentes. Tal como
. . . .y \ 1 | . . , .

se evidencia en la publicacion de Longenecker (ver copia adjunta), ain cambios en

pequefios aminodcidos pueden ser decisivos con respecto a la posibilidad para formar

cristales.

Al considerar las principales diferencias estructurales entre el etanercept y el infliximab, es
evidente que el éxito de la cristalizacion del infliximab no habria sido un valor previsible

para la pregunta si la cristalizacion seria posible para etanercept.

Ademas, el patron de la glicosilacion en el etanercept es bastante diferente del encontrado
en un anticuerpo por lo que es altamente incierto si una proteina tal como el etanercept
podria del todo cristalizarse. Se evidencia el hecho de que las diferencias en el patron de
glicosilacién  de las proteinas pueda dramaticamente afectar la posibilidad para obtener

cristales de proteina. Por favor, ver el documento de White? et al que se anexa junto con este

' Protein crystallization by rational mutagenesis of surface residues: Lys to Ala mutations promote
crystallization of RhoGD], Longenecker et al.

* Biological activity, membrana-targeting modification, and crystallization of soluble human decay
accelerating factor expressed in E. coli, Jennifer White et al, 2004,
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escrito. (ver lo que se establece en la pagina 2407, columna derecha, segundo parrafo).

Por iltimo, no hay ninguna sugerencia en D3 para aplicar el proceso revelado alli a otros
tipos de polipéptidos. Por lo tanto, D3 no proporcionaria ninguna motivacién a la persona
medianamente versada en la técnica ni mucho menos de una expectativa razonable del éxito

con relacion a la cristalizacion de etanercept.

Por lo anteriormente expuesto, no habria sido obvio para una persona medianamente
versada en la materia intentar cristalizar el etanercept. Ademas, la persona versada no habria

tenido una expectativa razonable de lograr obtener una composicién de etanercept mejorado

por cristalizacion.

En este orden de ideas, tenemos que la invencion propuesta por el solicitante cumple con los
requisitos de patentabilidad y de esta manera es susceptible de ostentar el titulo de patente

de invencion.
3. Solicitudes concedidas en otros paises para esta misma invencion.

A manera informativa, pongo en conocimiento del Examinador que la patente US 7,276,477
equivalente a la presente solicitud colombiana ha sido otorgada. Afn cuando entiendo que
esta decision de ninguna manera obligan al Despacho para decidir de igual forma, considero
que por tratarse de una pregunta factica la determinacion de la existencia de novedad, nivel
inventivo y aplicacion industrial, las decisiones de otras oficinas de patentes constituyen un

antecedente persuasivo en la materia.
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En virtud de lo anterior, solicito que se acepten las razones expuestas en el presente
documento y en consecuencia, se otorgue el privilegio de patente de invencién para el

invento que se tramita en este expediente.

Atentamente,

>

'ALVARO CORREA ORDONEZ
C.C.N0.79.143.366 de Usaquén
T.P.20.281

Anexos:

e Capitulo reivindicatorio modificado conformado por 19
reivindicaciones.

¢ Copia de la caratula y reivindicaciones de la Patente US 7,276,477.

e Articulo: “Protein crystallization by racional mutagenesis of surface
residues: Lys to Ala mutations promote crystallization of RhoGDI”

¢ Articulo: “Biological activity, membrane-targeting modification,
and crystallization of soluble human decay accelerating factor
expressed in E. coli.

BOGMGT/BOGDMS-695970-V 1-P2006_000002-0720.DOC



REIVINDICACIONES

Un cristal de etanercept, en donde el cristal esta

en la forma de una barra o de una aguja.

Un cristal de etanercept como se describe en la
reivindicacién 1, en donde el cristal tiene una
longitud méxiima de entre 0.05 milimetros y 1.5

milimetros.

Un cristal de etanercept como se describe en la
reivindicacidén 1, en donde el cristal tiene una
longitud maxima de entre 0.05 milimetros y 0.3

milimetros.

Un cristal de etanercept como se describe en la
reivindicécién-l, en donde el cristal comprende una
sai seleccionada del grupo gque consiste de acetato
de amonio, fosfato de amoﬁio, sulfato de amonio,
hidrogeno fosfato di-amonio, cloruro de 1litio,
sulfato de 1litio, sulfato de magnesio, cloruro de

potasio, - citrato de potasio, fosfato de potasio,



acetato de sodio, cloruro de sodio, citrato. de

sodio, fosfato de sodio, y sulfato de sodio.

Un cristal de etanercept como se describe en la
reivindicacién 1, en donde el cristal comprende una
sal seleccionada del grupo que consiste de acetato
de amonio, fosfato de amonio, hidrogenfosfato

diamonio, y cloruro de sodio.

Un método para fabricar un cristal de etanercept en
la forma de una barra o de una aguja, en donde el
método comprende combinér una solucidn de
polipéptido de etanercept con un amortiguador de

cristalizacidédn que comprende una sal.

El método de la reivindicacién 6, en donde 1la
combinacién se coloca en equilibrio de vapor con un

reservorio de amortiguador de cristalizacién.

El método de la reivindicacién 6, en donde el
amortiguador de cristalizacién tiene un pH entre 4.0

y 10.5.

i



10.

11.

12.

1 métodq de la reivindicacién 6, en donde la sal se
selecciona. a partir del grupo dque consiste de
acetato de amonio, qufato de amonio, sulfato de
amonio, hidrogenfosfato diamonio, cloruro de litio,
sulfato de 1litio, sulfato de magnesio, cloruro de
potasio, citrato de potasio, fosfato' de potasio,
acetato de sodio, cloruro de sodio, citrato de

sodio, fosfato de sodio, y sulfato de sodio.

El "método de la reivindicacién 6, en donde 1la
concentracioén de sal en el amortiguador  de

cristalizacidén estd entre 0.04M y 1.2M.

El método de la reivindicacién 6, en donde el
amortiguador de cristalizacién incluye ademds 2-
metil-2,4~-pentanediol . (MPD) .o polietilenglicol

(PEG) .

El método de la reivindicacién 6, que comprende
ademas remover una porcién del amortiguador de
cristalizacidén después de que se han formado los

i

cristales.

I
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13.

14.

15.

16.

17.

18.

19,

El método de la reivindicacioén 12, en donde 1la
porcion del amortiguador de cristalizacién se

remueve mediante centrifugacién.

El método de la reivindicacién 12, en donde los

cristales se colocan en una solucién que contiene un

aditivo orgénico.

El método de la reivindicacién 12, que comprende

ademas la adicién de un excipiente.

El método de la reivindicacién 15 en donde el
excipiente se selecciona a partir del grupo que

consiste de sucrosa trehalosa, o sorbitol.

El método de 1la reivindicacién 14 en donde el

aditivo organico es etanol o isopropanol.

El método de la reivindicacién 6, que comprende

ademas secar los cristales que se han formado.

El método de la reivindicacién 18 en donde los

cristales se secan mediante exposicién al aire, o



mediante  exposicién  a

exposicidén a gas nitrégeno.

MGT/BOGDMS-696636-V1-P2006_000002-0720.D0C

un

vacio,

O

mediante

IS
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~continued

Pro Glu Pro Ser Thr Ala Pro Ser Thr Ser Phe Leu Leu
210 215 220

Pro Ser Pro Pro Ala Glu Gly Ser Thr Gly Asp Glu Pro
225 230 235

Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu
245 250

Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
260 265

Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
275 280 285

Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly
290 295 o0

His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn
305 . 310 315

Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp
325 330

Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro
340 345

Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu
355 360 365

Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met 'Thr Lys Asn
370 375 380

Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile
385 390 395

Trp GlurSer Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr
405 410

Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
420 425

Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys
435 440 445

His Glu Ala Leu Hie Asn His Tyr Thr Gln Lys Ser Leu
450 455 460

Pro Gly Lys
465

Pro

Lys

Leun

Thr

270

Val

Val

Ser

Leu

Ala

350

Pro

Gln

Ala

Thr

Leu

430

Ser

Ser

Met Gly
Ser Cys
240

Leu Gly
255

Leu Met
Ser His
Glu Val
Thr 'Pyr

320

Asn Gly

0335

Pro Ile

Gln val

Val Ser

Val Glu

400

Pro Pro

415

Thr Vval

Val Met

Leu Ser

What is claimed is:

1. A crystal of etanercept in the form of a needle or a rod.

2. Acryslal of etanercept as in claim 1, wherein the crystal
is in the form of a rod. )

3. Acrystal of clancreept as in claim 1, wherein the crystal
has a maximum length of between 0.5 millimeters and 1.5
millimeters.

4. Acrystal of etanercept as in claim 1, wherein the crystal
has a maximum length of between 0.05 millimelers and 0.3
millimeters.

5. A crystal ol etanercept as in claim 1, wherein the crystal

50

comprises a salt selected from the group consisting of

ammonium acetate, ammonium phosphale, ammeonium sul-
fate, di-ammonium hydrogen phosphate, lithium chloride,
tithium sullate, magnesium sulfate, potassium chloride,
potassium cilrate, potassium phosphate, sodium acelale,
sodium chloride, sodium citrate, sodium phosphale, and
sodium sulfate.

6. A crystal of etanercept as in claim 1, wherein the crystal
comprises ammonium acetate, ammonium phosphate, di-
ammonium hydrogen phosphale, and sodium chloride.

0]
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7. Amethod of making a ctystal of etanercep!, wherein the
method comprises combining a solution of elanercept
polypeplide with a crystallization buller comprising a salt.

8. The method of claim 7, wherein the combination is
placed in vapor equilibrinm with a reservoir ol crystalliza-
tion buffer.

9. The method of claim 7, wherein the crystallization
bulfer Las a pI1 between 4.0 and 10.5.

10. The method of cluim 7, wherein the salt is selected
from (he group consisting ofammonium acetate, ammonium
phosphate, ammonium sulfate, di-ammonium hydrogen
phospliate, lithium chloride, lithium sulfate, magnesium
sullite, potassium chloride, potassinm cilrate, potassium
phosphate, sodium acetate, sodium chloride, sodium citrate,
sodium phosphate, and sodium sulfate.

11. The method of claim 7, wherein the concentration of

saltin the crys(allization bufler is between 0.04M and 1.2M.

12. The method of claim 7, wherein the crystallization
bufler further includes 2-melhyl-2,4-pentanediol (MIPD) or
polyethylene glycol (PIEG).

E}
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13. The method of claim 7, further comprising remaving
at least a portion of the crystallization buller after crystals
have formed.

4. The method of claim 13 wherein (he portion of
crystallization buller is removed by centrilugation.

15. The method of claim 13, wherein (he cryslals arc
placed in a solution containing an organic additive.

16. “Ihe method of claim 13, further comprising (he
addition of an excipient.

17. The method of claim 16 -wherein the excipient is
sclected from the group consisting of sucrose, trehalose, or
sorbitol.

18. The method of claim 15 wherein the organic additive
is elhanol or isopropanol.

19. The method of claim 7, frther comprising drying,
crystals that have formed.

20. The method of claim 19 wherein the crystals are dried
by exposure to air, or by exposure to a vacuum, or by
exposure to nitrogen gas.

21. An etancreept crystal produced by the method of ¢laim
7.

22. A method of making a crystal of etanercepl, wherein
the method comprises combining a solution of elanercept
polypeptide with co-solute means,

23. The method of claim 22 wherein the solution of
ctancrcept polypeptide is further combined with erystalliza-
tion bullering means. .

24. A composition comprising an elanercept crystal of
claim 1.

0
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25. A method comprising administering (o a subject an
ellective amount of the crystalline etanercept of claim §.

26. The method of claim 25 wherein the subject has a
condition characterized by excessive TNF-alpha levels.

27. The method of ¢laim 26 wherein the administration of
crystalline etanercept reduces levels of TNF-alpha in the
serum or lissues of the subject.

28. The methad of claim 26 wherein the subject has
theumatoid arthritis, psoriatic arthritis, psoriasis, or anky-
losing spondylitis.

29. A composition comprising clanercept in crystalline
form and an ingredient sefected from the group consisting
of: acidilying means, active ingredients, propellant means,
apgregation inhibiting means, densturant means, slkalizing
means, anticaking means, anlifoaming means, antioxidant
means, formulation bullering meaus, chelating means, cuat -
ing means, coloring means, complex-forming means, des-
sicating means, filtering means, Navoring means, moisture-
refaining means, ointment riveans, plasticizing means, carricr
means, pieserving means, solubilizing means, stabilizing
meuns, means for dissolving, adsorbing meuns, stillening
means, supposilory means, viscosily-increasing means,
sweelening means, fablet binding means, diluent means,
tablet disintegrant means, lubricating means, tonicity modi-
[ying means, vehicle means, water-repelling means, and
sustained-release means.
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A6 K135, 138,141A;L106F
aitant, 10s0; 266 K113A""
mutant, 100; AGB KH!A

“ mutant, lflJ

laper rcpolts rhe 1esults of expenmenls withian mnpoitanﬂ
cy(oqol.c regu]ator of (‘ll’ases, human Rho(.le A \vluch

Carrespondence e-mll: 2sd4n@viiginia:ed

and multlple mutakmns were: iuuoduced fitto ‘two dlrferenti
variants of RhoGDI, NA"S and N_A66 m wlnch lhe first 233

to -wild- type NA21 am] NA66:
it 1ystalhzc, Tour ‘crystal’ sm)clures,
were solved (the mp]e'mutantc NA23K135,138,141A “and’
NA66:135,18, 141A and: two single rutatits NAGS; !(113A.f'
antl NA66 K141A) and in’three cases the crystal contacs. of
the ncw Iattlces were fouml plemscly at. the snes of mutations.

proteins ablhly 10 _myslalhzc. .

nlrudm tionw

samples dally (Stevens 0()0) Howeve( {he: ef[e(tweness of
~cryslalllzahon expcnments.ls nm dlreclly pmportmnnl lo

w]nlee o'lher prmems have nevcr et cryslalhzed
huse protmns h'\ve smface pmperllcs 1hat arc‘ 'ol'
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::‘re_seari:‘l ;:pa'f)ersi

as 1972 St was. proposed tha
“canniof” be - grown homologous: proteins ron mlm spccnes
-8 should be con51dered (Campbell rn

7 of such: p1olem engmeexmg 1o promo
work of Lawson and colleagues who

. subshlullons in thymxdylale sﬁfnlh'\S

: :crystalllzatmn of the pro(em (McLh _

structural “characterization :of: the - obése : profein”.eptin

100 (Zhang ecal, 1997) was p hle" bcca'use' l'he \\’1'00—'4.1, .

as Sufféred. fmm the: hck of‘a Fational appronch mutalmns :

ere clemly lemgmzcd asa means to ch'mgc protei

“bility, but'no ralmnal protocol \v‘ns ever dcmgncd o Cryst;
Rinew pmlem by sur[ace mula;,euesns We” hypolhcsnzed llmt
ullage ésis of. sm[ace re51dues such as Lys and Glu lo Ala or

: 1997; Keep ‘¢t al.,
.‘: 997) "Tull lcnglh prolcm and. N

el cry's:alliye(i"'qxi'cl
“has been rcpm ted
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ablé 1
- Primersiused i

fraction’ was recovered by ccnlnfugatmn
‘GST usion” proloms \vere Jsolated l)y
bmdmg ' ;
‘colimns .(Phamnma) pre eqmllbraled
‘wuh 35100 ml 0[‘ buﬂ'er A =The . soluble

Mutation’; Primer.sequence

GC}SGICG'I'rJ
TACCGG |

' GdAGG‘GT‘G'I‘GC}\d-‘

£
CCGAGAGATAGTGagCOGCAT GgéGTACATCCAGE
GGCOTCAAIATG AEGAGTGACTACATGG TAGG
CGGGCGACCIGG AGAGCTICyetigeG :
CAUIRCTITGTGCTGreGGAGGGT &
CCAGCATACGTACAGGReAGGCGTE
GACTGACTACATGG ..

"Kt)s %, 1()5A _

,K135..138_,141A

“K98.99,105,113A ;

 K98.99.105,141 A

i to’s 4 glulatluone Scph'
column 16 remove uricui’ protem as well as/the’ mnlammanng

GST. |ag This: procedure removed ove .90"/ 'of‘.lhe CSI
ein;

‘emoved by passing tlie; punred plolem through A mini: spm

column (Qlagen) ¥ W ea’h'alyz'ed by SDS-‘-‘I’A'GE
Laémmli: biffer syslem
fo(em cmxccmmuom Werc mcasu:cd usmg thes Bmdford o
ssay:(BloP\ad)

- ind- a pGE,\ pecilic:
v ‘pumer (S' CACCGICATCA(‘CGAA \CGCGCGA(‘GC 3!

(Hampton
}d wnh 2 ;(l

ontému{g 0.5 ml preulntant Th 'concentratmn of (hc pmtem
amples vanc(l bel\vu.n 7

,prolocol Ims been used lhroughout modxl
. to ncduce the c05t l’nmers w' :

‘esis of lhe plasnnds c'lrrymg the tnple n
.reachon ‘A complete list of pnmers ai

Expressxon of Iusnon prOlem
SUXLA Blue ciltures in’ Ll:l-;meditim"inc'
2 ODggo ofO 4-0.6, prrmsnon was their nd
7 of IPTG: (final concentration: 500 i),
- foran;- additional 4livat 3101’ Cell
. ,cenln[ugahon resuspcndcd in: buff
".v_;'ss 300 ms. NaC; ~5 ml pe

)eamhne Ml at the EMBL Outstauou Hamburg f'xcmly on a '
ingle-chip MAR : Reséarch -CCD’ .
rocessed withithe DENZO/SCALEI’ACK scl o( programs
Otwinowski & Minor;1997). Data‘for (he A66 mple niutant
\'erc sumlarly rollcued'fmm a smgle cryslal a( bcamlu

‘/\c(a Cryst. (2001); 057, 679-688'
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llus obtamed in

cluding :dat
elween dmln and 2 78 2072, 66 or 2 85 A for:each. mutaiit, respectively.

1I; the nuinbers’ correspond 16 the ;
solution niimber ; in lhe Hampton ‘Research  Screens (componems ‘noted

_low)? The bold numbers iflustrate condluons whlch ynclded cryst'\ls used in
X-ray’ (h(frmnon studies. : :

PGSTGDI AZ3N - Crystals

Ditfraction:. cs'n e

4 9nm132‘
32
16and 17 .
4and3‘2
15
41;

.+ No. unique g
"Completcncss' (%)--99.6:.

lo(l) " :

. sym1(/° .

‘Beamline .-

In CS] A 20 M ammumum ‘sulfate (AS) 0. M [hs—)lCl pH 85:: O%(WIV) PFG
4000, 0.8 M Tris-HC pH 85,02 M MgCl, hexahydrate: 9, 30% PEG 40()0 0.1 Msodivm
citrate pH 5.6,0.2 Mamn.omum acetate; 15,30% PEG 5000,0.1 M sodiuin cacodylutc pH
6.5,0.2 M AS; 16, 1.5 M lithiuin sulfate monohydlalc, 03 M Na HEPES plj 7.5, 17,30%

PEG 4000, 0,1 M Tris-HCL L pi{ 8.5, 0.2 A1 lifhium sulfate monnhydram 32,20 M'AS; 33,
40 M sodium formate; 39, 2% (i) PEG 400, 2.0 M AS, 0.1 M Na HEPES pH 7541,
10%(x/v) propanol, 20% (/) PEG 4000, 0.3 M Ni HEPES pH 7.5.1n CS2:14, 2.0 M-AS,
0.1 M irisodivm citrate dihydrate pH 5.6, 0:2 M potassiim/sodium tarlyate tetrahiydrate;
, lithiuny sulfate manohydrate, buffer as a'bme 0.5 M AS: 20, 1.6 M magacsium sulfate
heptaydiate, 0.1 Af MES pil 6.5; 23, 10%(v/v) dioxané, buffer as above, 1.6 M AS; 25,
1.8 M AS, 01 M MESpH 6.5, 26' 0% PEG MME 5000, buffer as ‘above; 0.2 M AS; 32,

o Resolutian rnnge (A) 2
CUCRfaclor (%) et 20
Rt (B) 0
Reflections for R,,m :
-Protein atoms :
Sotvent inoleculés:
“Mean B-{actor (A?
Rams.d. bonds (A):
Rim.s.d.angles (%)

% Ry Is cdleulated ‘as the convéntional crystaliogray
.- delected subset of reflections not incorpor

: : faclor xmgmludes using: the pxognan

“ . CCP4'suite (Collaboranve Computat
L 1994)) nysmllognplnc dclall
o ,lab]e 2 '

_ek‘cll()n dcnslly maps and rebmldmg were performed usmg 0
‘(Joucs et al, 991) Solvent ‘was. “ideiitified aulomanu\lly in
-differénce maps'and add(‘d manual]y for- the lower resolution
structures. The solvent stricture for the A6 triplé’ muldnl was
buxll usmg ARP n comuncnon wnh REFAIAC bolh from the

replaccmem calculalloné on dah fro
-.ylclded lwo mdependcnl soluuons

-:smgle amutant:, data. sels ylelded onl
- soluuon but af(er ﬁxmg (lm iitial so

2°¢



osem ch pnpers

'anonale was used in: lhe selccuon of sues in’ parti-
cular, lnple mulanits were desngne(l basedon the | proxnnuy of
elected . Ssitesto-aljow’ mulagemsns ‘using a-.single. set’ of
primers; A]I nitdants gave ‘hits”in either Crystal Screen T ol
five preparalxons (K105A, K127A, K141 A and bolh quadruple
mutants) paveé:three:io five hits: (Flg 2: Table 4) Tt must be
emembered- that! (he “A23 consuucl.comams jdisOrder‘ed
N-téninal fmgmcm ‘Gveri40: xcsulucs lohg. Thus,” 1 leasl in
thie case of RhoGDI, surface enginecring appears lo ou(welgh
the negatlve impact of partial disorder.’ “The “AGG; ‘construct,
containing only.the mununogluhulm like domain; was uséd 1o
'genexale two'single mutants (K113A; K141A) and; wo triple
iutants; ‘both’ amlogous to tliose tested in the A2? constriict.
‘Again; all samples gave hits ii},ihie Hmnplon screens, with the
K98,99,105A tnp]e mutant; Bivitig ‘13 hits in total (lahlc 4):In
pracllcally all “cases ClySl"(”lZﬂ(lOll occulrcd qluckly “Within
hours of’ at most a few days of sutmg-u' ‘thie screens. Cryetals
vere, obtained: flom": viricly. ()f solutiors,
~=but- most ]u!s were' found i’ ‘ammonium
. Sulfate, wullor without additives and witha -
“range: of bufférs, Cryslals also grew! from Sl
PEG of higher molecular weights, lithium
uifate and magnesmm sulfate: ln -onecase,
-erystallization:sivas obsmved
odium’ formale solution.
(‘rystals ('f‘su( _:of’

Mluophotographs of seleclcd cryslals optimized from i
(a) A23°K135,138,141A" triple mutant,; CS1;:4
smutant, €S2, 14, (c) A66'K98,99, IOSA' fip
: '{K98 99,105A. : lnple mutent,; CS1,15."

:_lhe mulanls

ouse l’amlme : \ .
AGGK98,99,105A, shnwv(l large uit. cells '
which were found to be impracti¢al for fast
,mvesl:gatmu by molccuhr—replaccmenl :
“procedures.. lllc rcm'unmg four: c\lnhltcd
“accéptable ' unit cells’ ‘and “were! pmsued
furthér; (Tables 2 and; 3). The choice -was
: somewliat mb'lrary, since prabably:aiy af
the initial ‘hits’ conild have been- opnnuzcd :
“tod yleld large single’. clystals foriXiray -
L diffractions’ “Two crystals “selected for
:slruclure deterniination cunlam lhc tnplc,

“different (,cmstruds

o collect dnta to ~2 ’i A usmg syucluotxon
adiation. It° was subscqucnlly found’that
‘the’ A66:K135,138,141A- mtant crystals
llffracted sngmﬁcanlly -better: when-an ©
' B +:-L196F,  or ll,mally
lesigned to probe the fuucuont\luy t '
1ydrophoblc pocket ‘of RhoGDI

o Y'anlue 3

"AGG: KHS ]38 ]rllA), but lncleascd the .-
»1csoluuon lo 2. o A 'Ihus, the dnscussnon of
Cerystal (,outacls in this form apphes dncclly
a. tlu_ tnple mutanl

ta 23 triple 5 vera nolcc.ules
. are shown from a vicw Iookmg down ‘the Cryslallograpluc tl\reefold axisi’The Jocation:of K2A.:"
" point mutations: are highlighted ‘with’ magenta.balls. (b) .A close{ip view reveals molecula
“interactions between moleculé' A {grey) and molecule B. '(green) of the dsymmetm uml as wel
PRI 1Y another molecule (orange) related by er) stallo raphi

“LActa Crys(.'(ZOOl_);‘DSL-67}»9_—688,'1 . "Longeneclk.e; et'al, s .Cry'stalliz‘a_tion by Suu_a__ce-l ssidiie 'llln.nlagérlggis w
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fairly high ‘reflecied in'a
l11c non- crysla"ogmplu i

ﬁgule 4
. Stereqview of the’ molecular packn

Teminiscent of the pachg of non- Cr) allog

rapli ,
=" this view: does:nat show the: packing of two: ather crysta

L oLaare also in close proxmmy and are appnrem i

: mclmlmg llu, Alal3s
umduced m place 0( a: Iysme (hg 3:1) Ad]accnl to (lus

____and anolhel B mole.cu]c mcdmled by thie epllopc )
g nmla!(,d srtes 138 aml 141"‘ I‘l‘le n.mue o( llns )

crm_mal : frabmcnt
566571 'hi's"g: frag~
h’c ‘"A()G vf(‘:m'\sit'ri’lcl

8 uch :a’ wny ‘that it forms an ‘additional
. strand; along ‘one of lhe' ﬂ_'sheelsv i

enemle crysl:_
: lhoGD[ =i'

“of: 46/\3 Da L assummg
ohe mokwlc) mmally m(hca(ed lhal"two

solutibh was st bjected 1o re’ﬁnéhxeut using
iata to. 20A resoluuon and lhe process

:fauor of 21 6% (2
packmg, (hagram (Fig:




_-’pans 0[ molecule

"]35,‘138,141'7‘!60[)- w

- view is shawn lookmg down the cryslallngr.lpln lh

e hightighted with’ -magenta balls. (b). A close !

imilar to’ lhc chmcn e

mulant in that lhe two

msert the hychophoblc resxdues of the 169-170 loop -
o lhe hy(lmp]mlnc umly of the adjacent molecule (Fig! 5a).
"'Ihe 1est oflhe dlmer is largely free of crystal contacls w1lh lhe

--wnh ()8% exposed

osed and only 6% h\mc(l :
999) In the mse o(

_crotuhule assocmte i
mponam m tlns o,

: 1ke]y i imp. ,1r the’ [ormduun
profein” conmcls Thls is supponed by a

Y



- §tructures.as’a (unclmn of fesidue posnmn l’csnllons of poml mutations

" Irho):-molecule. A% compared with moleculé?

“and. (e) A66 KldlA smglc mutan

1 the mlcridr, onthe surface andat the interface in'oligometic
roteins:. (Conte: ef ‘al: 1999 and has no conform"monal B
ntropy: With the’ excepnon o _the Kl 41A mutant’: the stee-
ural data stron;,ly suppons our, hypolhesw that reducuon of |
urrace__Lonformaumnl -entropy by mulagenesxs can leadto
‘heicréation: of ‘epitopes- llmrmodynanucdlly sm!ah[e for the
otmation of. crystal lattices. In” the twi triple-mittant’ strie-
‘tures, the sites of mutation arg clezuly involved j in-the; erysial
ontacis ind-seem to lic: dnrectly lCSp()llSll)lC Tor the etystal-
lization: habxt'”;f the ‘proteini. The crystal contacts involve -
: umerous interactions: betweeit: mnm -chain atoms, including ..
y(hog,en bon(ls bc,lween maiii- -chain carbonyls and aniides; Tt
is not elear to what extent the K113 A mutation was helpful in
lomolm;, \he R32 crystal {or Althongh residue: 1137is
located.at anintermoleculat (.rys(al ‘contact,” the}; remotely
usnoncd 1(141/\ mittationt leads ot .:;,a similar packmg
rrangement \vnh mmuml changcs 10 accommnda(e the’ Iysme
t posmnn 13 Whilesall K2A mmanls proved more suscep-
hblc lo cryslalh_ 11:011 cf[orls, we il om lhe ulrrcnt ddld

wolvcd in cnyslal comacls "ﬂlere are- Only minor. conforma- :
fonial:clianges in ‘the. side (,hams sunoundmg the mutation
“Sitesiand they, appearifa. be caused by erystal packmg mtcx-
wactions rather-than the mutations thetiiselves.
" A comparison of thé C* ‘coordinates in‘the two nmlecules of B

he triple:A23 mutants, with the search’ modcl [mm thie’ DB -
hows that the: fnean r:m.s. for the C* posmons is about 0. 7 A,
consistént wuh_ itie lmulcd rcsolulmn of:both: X-ray stuidies,
e laxgesl deviation'of riearly2: A is found in the fléxible Ioop e
“that~ -contains residue: 170 a pattern (Imt ‘we ;also” observe in
)lhcr slruclure ,lhe fxagment ontammg thc mutalcd sncs

)bserved dlfferences arc a consequcnc ‘of mumgcnesn )
he: cry‘;nl rontact A compamon of C" coordma(cs 0[ lhe
OA rcsoluuon slructure of !h

" are higblighted with an.asteriski" (a) Dxl’fercncc plols are shown for the
-three molecules in the asymmetric unid of the natlve structiie (l’I)D codé

" (dashed) of the asymmetric unit. “(b)-(e) le{ercncc plots®
. _:compansons between m()lccule ‘A of 1rho. aml the: mutant :striicjure
s reporttedin this’ manuscript; using sohd tines for, moleculé A ahd dashed
lines for molécule B where ‘appropriate. The mulanls are! as fo]lov.s (h
823 triple mutant; (c) A66 triple rinitant,

686

Cr);st'a.lli'zatioh b

Longenecker et al
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'eise'a'rch:ﬁ'papeifs

ionship betwe tlie Lys—-w\]a mutanons and
nhaiced cxyslalllzallon ; the RhoGDI
nutants’ compan,d with- thc w1|d lype :
I’o dale,; site: (hreclcd mutagenesm hias’ “not
:been used wulely o ceithaiice, crystalllzatmn,
'pr()bal)ly owing m the.lack : ‘of establishéed
iprotocols tha( ‘would provnde gmdance to the .
Ztype of mnlatlon that ¢4is | required;; The
appmach we propose is based’ ‘on‘a hypolhesxs
hat residues with high' ‘conformational ei lmpy :
-may lmpede crystalhzauon_ Othei! faclors ay ©
clearly s contribite S0 Vilic enlianced érystal-
A lizabifity of K2A mitants (e:g: temoval of
i indratice, ¢ alteration; of "
"--_clcclloslatlc clnrge the: llydranmn shell etc?),
- biit. whatever::the: rationale, - )
utcome of our sludy i'the dcmonsh ation: of a
causal relallons]up betwecn 1\2/\ ‘mutations T
and cryslalllzqnon 'Io cstablxsh \vhethcr thatis v
:f"ndeed tlie’ case, . we obvmusly need toitest -
< other: _typos {of *“mutations (mvolvmg, for
“.example, Glu ' 'a'h'd'Gln) and’other pro(cm
sys(cms l’lus work lS undex \vay -

o

Y Figure 7 ° - : :

© Similarityof the molecular mleracllons biétween varinus’ clyslal forms:of . RhobD] A
stereoview highlights the propensl(y ‘of RhoGDI to formy’ (hmers, an‘arfangéinent ihat'is
~evident in all ctystal forms: Overlaying the struclures c (races) of ‘one; of ‘the molecnles
“fromi :tlie:.dimer.:shows: the ;relative:: placement: of “the : ‘other - iolecule:” The crysta|s
“represented are,of the wild-type: (black), ), herA23 triple uiiitant {Fed); tic*AG6. quadruple
mutant (cyan) and the 466 K113A smgle mittant (green): ﬂle locauon of sidue 170 is
.lughllghted in lhe allgned molecules with yellow spher Sl o :

B ]'his: me ,' fundcd by - NIH grams L
1[/188()7 aid N$36267. Wewould like to thank
Drs Zbighiew! Dauter,’ Jia' Li- and Yaného -

..DGVLdJleV for help in concclmg X:-ray dll‘frac-
"‘:j tion dala atthe synchrotrm\ l)camlmes We also :

Pnenlheucally we nole that the le(“D[ molecu]cs havc a
__propensity to-form non: crys(alloz,raplnc dimers-iii: which the.
R hydrophoblc cntranccs to 1hc ‘centra (,'mty face vach ()lheri
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Abstract

Decay-accelerating factor (DAF, CD55) is a glycophosphatidyl inositol-auchored glycoprotein that regu-
lates the activily of C3 and L35 convertases. In addition to understanding the mechanism of complement
inhibition by DAT theongh structural studies, there is also an interest in the possible therapeutic potential of
the molecule. In this report we describe the cloning, expression in Escherichia coli, isolation and membrane-
targeting maodification of the four short consensus repeal domaing of soluble liman DA with an addilional
C-terminal cysleine residue Lo permit site-specific modification. The purified refolded recombinant protein
was aclive against both classical and alteenalive pathway assays of complement activation and had similar
biological activity to soluble human DAL expressed in Pichia pastoris. Modification with a membrane-
localizing peptide restored cell binding and gave a Jarge increase in autihemolytic polency. These data
suggested that the recombinant DAL was correctly Tolded and suitable Sor structural stucdics as well as being
the basis for a DATF-derived therapeutic. Crystals of the E. coli-detived protein were obtained and diffracted
10 2.2 A, thus permilting the first detailed X-ray crystallography studies on a functionally active human
complement regubator protein with direet therapeutic potential.

Keywords: complement; decay-aceeleration; membrane anchor; crystalfography

Reprint requests to: Richard A.G. Smith, Adprotech Lid., Chesterlord
Rescarch Park, Little Chesterford, Saffron Walden. Essex CIV10 IXL, UK
e-mail; rasmith@adpro.co.uk; fax: -+ (d4) (0) 179% 532543,

Present address: Solexa Ltd., Saffron Walden, Essex CB IO 1N, UK

Abbreviations: CHAPS, 3-[(3-cholamidopropyl)dimeth ylammonio}- 1-
propanesulfunate; GV, glycophosphatidyl  inasitol;  PpDAF,  Luman
DAF 1 expressed in Pichia pustoris, N glycosylated and with an olign-
histidine tag; EeDAT, nonplycosylated human DAT (-4 expressed in Esclr-
erichia coli; nDAF, human native glycosylated (GPl-anchored ) DAF from
erythrocytes; BeDAL-MP, soluble E. coli human DAT linked through a
C-terminal cysteine 1o the myristoylated peptide ATT542; PCR, polymer-
ase chain reaction; SCR, shoul consensus repeat; TCER, Fris-(2-carboxy-
cthyl) phosphine.

Anticle and publication  are al*Imp://\\-".vw.proiein:;cience.\')rg/cgi/dui/_
FOE110/p3.03455€04.

2406 ’ Protein Svicuce (2004), 13:24006-2415. Published by Cold Spring Narbor 1 aboratory I'rcss

PAT is a GPl-anchored glyeoprotein that regulates comple-
ment activation, preventing the destruction of host tissue. It
is widely distributed in tissue, especially upon endothelial
cells (Nishikawa el al. 1998), but significant variations in
expression have been noted within specific organs such as
the Kidney (Spiller et al. 1999) and in skin (Sayama et al.
1991). DAF plays a role in local conlrol of complement
activation, for example, on melanocytes (Venncker et al.
[998) and on the endometrium (Young et al. 2002).
DAF is a member of the regulators of complement acti-
vation (RCA) gene family of proteins (Hourcade et al.
1989), whicl inhibit (he €3 and C5 convertases, the central

5. Copyright © 2004 The Protein Society
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amplification enzymes of the complement cascade. The )

RCA family includes the fluid phase regulators Factor I
and C4b hinding protein; and the membrane bound proleins

DAF, membrane cofactor protein (MCP or CD46), and

complement receptor type 1 (CRI or CD35). Membrane-
associated DAL prevents the assembly of the C3 converta-
ses C4bla and C3bBb by dissociating C2a and Bb from the
complexes (Medol et al. 1984 Fujita ¢t al. 1987) and scts
only on convertase complexes generated on the same mem-
brane and not extrinsically on convertases assenibled on
target cells (Medof et al. 1984). DAF is normalty expressed
as a glycosylated 70-kDa protein, although an 82-kDa form
has been described (Hensel et al. 20017. The functional sifes
of DAF are contained within four short consensus repeals
(SCRs, also known as complement control protein motifs—
CCls—or sushi domains). DAF is therefore struetirally re-
lated to other complement regulatory proteins such as CR1/
CD35 and MCP/CDA6, which are also composed of SCR
domains; CR1 allotypes have up to 44 such repeats, and
MCP, like DAT, has 4. It has been shown-that ¢lassical and
allernative pathway regulatory activity of DAF is associated
with SCRx 2 awd 3 and SCRs 2, 3, and 4, respectively
(Brodbeck et al. 1996). DAT has an N-linked glycan be-
tween SCRs 1 and 2, but il has been shown (Brodbeck ct al,
2000) that the N glyean is not required for the complement
regilatory  function of DAF. A membrane-proximal
O-linked polysaccharide rich region (S/T vegion) separates
the SCRs from the membrane to which the protein is teth-
ered by a GPI anchor (Medof et al. 1986). It has heen
suggested that the S/T region may be a functional spacer
(Coyne et al. 1992), because deletion mutants (DATASST),
although expressed normally, were nonfunctional. Forms of
DAT with the GPT anchor replaced by an encoded trans-
membrane domain were, however, shown to be active (Lu-
blin and Coyne 1991). Fodor ¢t al. (1995) transfected a
murine fibroblast celt line with CDSY/ DAY chimeric pro-
teins, and found that, nalike CD39, DAL does not have a
requirement o be proximal (o the membrane, The outline
structures of the various forms of DA used in this study are
shown in Figure 1.

Moaoran et al. (1992) engineered soluble and secrctory
forms of DAL lacking GPL anchors. These anchorless forms

of DAF were 50-fold less active than GPT-anchored DAF -

extracted from CIIO cells at inhibiling complement activa-
tion on the cell surface in vitro, and they inhibited fluid
phase activation where the Gll-anchored DAF did not. The
soluble form of DAY was found to inhibit the reversed
passive Arthus reaction in guinea pigs.

KEncouraged by this and by more recent studies (1 larris el
al. 2002) on the biological activity of soluble forms of DAT,
our aim was to express DAF ia Escherichia coli and refold
it to produce an active protein for therapeutic applications
and structural studies. We have described elsewhere a gen-
crab strategy for restoring membrane-binding (unction in

OGN nDAF
DG PPDAF

SCRI scre ) scHa C EcDAF

C oo e EcDAF-MP

Key 1o symbols

C  C-eminal O SCR domain

cystelne HIS Tag
~ Neglycosylation A\ Ser/Thr rich domain
0= O-glycosylation

—> GPlanchor Vbt tt T APT542

Tigure 1. Sunmary of the ddfhain structures and modificaions made 10
the DAF forms used in this study. For definitions of the {orms, see Ab-
breviations, Note that the exact composition of the glycoform carbohydrate
differs between nDAL and PpDALL

recombinant soluble complement regulatory proteius by
modification with synthetic peptide derivatives (Smith and
Smith 2004; Fraser et al. 2002, 2003; Srith 2002). Such a
medification strategy has the advantage that it enables the
large-seale production of soluble proteins derived Trom the
extracellular domains of membrane-bound proteins and
does not require extraction of such proteins from host cell
maembrancs.

This approach has been shown to permit navel therapeu-
tic applications of complement regulators in animal medels
of discase (Dong et al. 1999; Linton ct al. 2000), and one
maodificd agent derived from CR1 has progressed to human
clinical studies (Smith 2002). The purpose of the present
studies was therefore to establish expression and refolding
conditions for large-scale production of DAF derivatives
with therapeutic potential and wility for structural studies.
Large-scale production is facilitated by wiilizing an I, coli
expression systent which, in (bis case, has an added benefit
of not introducing glycosylation into the DAL molccule.
Cilycosylation can complicate ecrystallization and NMR
studics by introducing heterogeneity, and is itself not re-
quired for the functionwof DAF (Brodbeck et al. 2000;
Kuttner-Kondo et al, 2001).

Struetural studies on SCR-containing proteins have been
reported previously (Norman et al, 1991; Barlow et al.
1992; Wiles et al. 1997), but only Jimited information is
available on proteins containing more than two such do-
raains. The pathogen binding domains of DAF (SCRs 3 and
43 have been expressed in the yeast Pichia pastoris and their
strueture determined to 1.7 A (Williams el al. 2003). Addi-
tionally, Ulwinova et al, (2003) have solved the solution
structure of DAF modules 2 and 3 that are necessary and
sufficient to accelerate decay of the classical pathway con-
vertase. ITowever, prior to the present work no high-reso-
Intion structire of 4 multi-SCR buman protein with intact

www.proteinscience.org 2407
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Fipure 2. Expression and refolding of EcDAT. Reducing 4%-12% YAGE
gels. Lane [, MW mackers; lane 2, homogenized cell pellet; lane 3, pellet
wash (PBS/Tween-80); lane o, supernalant alter solubilization; lane 5,
pelict after solubitization; tane 6, pellet after dialysis against 6 M urea, 10
mM HCL; tane 7, supernatant after dialysis; lane 8, solubte produci post-
refold.

complement (classical and alternative) repulatory funclion
had been described.

We demonstrate here (hat il is possible Lo produce recom-
binaut soluble DAR {romy K. coli-derived inclusion bodies,
that the material produced is active in decay-accleration and
hemolylic assays of hoth the classical and allernative path-
ways, that it can be modified in a site-specific fashion Lo
restore membrane binding function with an associated in-
crease in polency, and that it can be erystallized.

-

Resulis

DNA encoding a DAT protein comprising the four extra-
cellutar SCR domains with a C-terminal -cysteine (Fig. 1)
was cloned into a pET-based vector (see Materials and
Methods) and expressed in E. coli. The C-terminal cysteine
was added (o permit site-speeilic terminal localization of a
membrane-targeting peptide. The product was isolated and
solubilized from inclusion body pellets. Using high-pil re-
folding conditions similar to those previousty cmployed for
muli-SCR constructs derived from CRI (Dodd et al. 1993:
Mossakowska et al. 1999), we obtained a soluble protein
that could be isolated in ~80% purity (as assessed by nonre-
ducing SDS-PAGE [Fig. 2, lane 8]) using sivple fractional
precipitation and gel fittration methods,”

For crystallization, detailed assay sludies, and for modi-
Tication, the EcDAL preparation was {urther purified by gel
filration yiclding fractions with differcut. mobilitics on
nonteducing SDS-PAGE gels. Only one fraction had the
same mobility as PpDAF (data not shown), and this was
selected for use in crystallization trials and most assays,
because PpDATT is known to be corcectly folded from stud-
ics with conformationally sensitive antibodies and {rom
NMR studies (Powell el al. 1997). The resulls were cor-

ES

2408  Protein Science, vol. 13

roborated by MALDEI-TOR mass spectrometcy (MS), which
confirmed that the isolated species had the correct molecu-
lar mass as predicted Trorm the arnino acid sequence,

To confer membrane binding, EcDAI" was site-specifi-
cally modified with a synthetic analog of a “rayristoyl-elec-
wostalic switeh” peptide, APTS42 (Smitl and Smith 2001).

This vesulted in approximately 95% conversion (o a sin-
gly modificd species as observed by w gel shilt (Hig. 3)
conficmed by MALDI-TOF MS.

Decay acceleration assays in which the C3 convertases of
cach pathway were assembled from purified components
(see Materials and Methods) were used o check this key
aclivity in EcDAF. Figure 4 shows that (he concentration of
HeDAFE required to reduce C3a production by 50% was
approximaltely 30 nM in classical pathway (Cls triggered)
activation and <10 nM for the alteenative pathway (factor D
triggered). This potency was comparable to or better than
that of reference standards (e.g., SCRe 1-3 of CR1 which
has an 1C5, value of ~100 nM against the classical pathway
and ~20 nM against the alternative pathway-—data not
shown). Under (he conditions of these {luid-phase assays
detergent-solubilized aDAF was only weakly active. Puri-
fied DAL derivatives were also assayed for activity in he-
molytic assays using the classical and altemative pathways
of coruplement activation. In a classical pathway hemolytic
assay the HcDAF preparation was shown 1o he of compa-
rable potency 1o soluble PpIDAFE (Fig. SA).

Figure 5B compares purified EcDAL, (Pl-aschored
nDAT, and EcDAP-MP in a classical palbway antihento-
Iytic assay. ‘The 1Csy of BEcDAR-MDP? was ~0.2 nM in this
assay, approximately 100-fold more potent (han the un-
modificd prolein and significantly more active than detes-
gent-solubilized nDAT, The detergent CITAPS was required

EcDAF-MP

EcDAF treated with
téducing agent

Figure 3. Conjugation of BcDAT with the wembrane-localizing peptida
MP (APT542). Nonreducing 4%-12% PAGE gels. Lane 1, MW niukers;
lane 2; EeDAF reduced with TCEP; fane 3, BeDAF reduced with TCEP
and maodified with MP.
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e Claglnal
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EDAF fid)

Figuve 4, Decay-accelerating activity of TeDAF in fluid-phase assays:
Inhibition of C3a release from the classical pathway (open circles) and
alternalive pathway (fifled squares) convertases. Means 2 S of two sepa-
rate experiments.

to ensure the solubility of nDAF, and the possibility cannot
be ruled out that CITAPS inhibits incorporation of GPI-
anchored profeins into cell membranes and thus causes the
potency of nDAT in this assay to be underestimated.

The effect of CHAPS on EcDAF-MP activity was inves-
tigaled and found to be negligible except al @ concentralion
of <(0.5 nM where a slight polentiating effect was observed
(data not shown). In an alternative pathway bemolytic assay
using a 1 in 8 final dilution of scrum, the 1Cs, of HeDAF
was approximately 800 nM (Tig. SC) and using 1 in 16 final
serum dilution it was lowered to 3040 nM (I4g. SD). Under

A
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2% —
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LU Ly

% inhibition of
lysis
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inhibition of
lysis

.
%

Protein concentralion {(nM)
—0—-EcDAF -g-EcDAF-MP 90— nDAF

both alternative pathway assay conditions, there was no
significant difference in potency between modified and un-
modified forms of FeIDAF, When this assay was repeated in
a “wash” format (i.e., with the target erythrocytes exposed
to agents in the absence of serum, followed by buffer wash-
ing and exposure to diluted serum), FEcDAF-MP was not
able to protect the farget cells (data not shown). However, it
was active if present in the assay mixlure conlinuously (sce
Fig. SCD). -

Binding of EcDAF-MP (o cells could be demonstrated
dircetly under other condilions. Figure 6, A and B, com-
pares Raji cells exposed to BEcDAT-MP with untreated con-
trols nusing immunoflucrescent detection of DATF with mu-
rine antihuman DAF mAB (MBC1) followed by an Alexa-
Fluor-488 conjugated goat antimouse 1pG. Binding of the
maodified protein was clearly evident following washing of
the cells, whereas controls showed much lower background
flnorescence. Figure 6, C and D, compaces binding of
EcDAF-MP and unmodilicd EeDAF to guinea pig erythro-
cytes (which, unlike Raji cells, Jack hiuman DATF). A punc-
tale pattern of distribution suggestive of localization in lipid
rafts (Simons and Tkonen 1997) was observed for KCDAR-
MP but not for the unmaodified protein.

Initial crystallization screening was performed using
commercially available screens, and resulted i smalf crys-
tals in conchition 43 of Crystal Sercen | (Molecular Dimen-
sions Lid, [20% ml'EG4K, 0.2 M ammonium sulphate]).

C
5 100
c B
L2a 5
8% x5 -
E— 0 gw@.—k@uﬂ ~|_nml_|_|||nu|
SO 0 <0 000 10000
Prolein concentration (nM)
-0 EcDAF —f1- EcDAF-MP
D
10

IS S

% inhibition of
lysis

-5 1 10 100 1000 10000

Protein concentration (M)
~6—EcDAF —B— EcDAF-MP

Figure 5. () Comparison of the activity of EcDDAF (1illed circles) and 'pDAT (open triangles) in a classical pathway antihenol ytic
assay. {B) Comparison of EeDAF (open circles) with ECDAF-MP (open squares) and nDAF (open dinmonds) in the classical pathway
antihemolytic assay. () Comparison of EcDAT (open circles) with FeDAF-MI' (open squates) in the aliernalive pathway hemolytic

agsay at 1in & serum ditution, and (D3 1 in 16 serum diluion.
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Figure 6. TeDAF binding (o cells, detected with murine anti-hDAF mAD
and Alexalfuor 488 labeled anti-nip(i Magnificatian x40, (A) Raji cells
{ollowing exposure 1o 1 pM EeDAF-MP; (8) Raji cells + contiol (o agent);
{C) guinea pig erythrocytes + CeDAF-MI; (D) guinza pig eryllwocyles +
EcDAL,

However, several oplimization steps were required before
difllraction quality crystals could be obtained. First, it was

observed that minor ehanges to the chemical composition of

the mother liquor as well as growth at low temperatures
(2°C) favored erystal formation. Second, growth conditions
had Lo be altered o allow eryoprotection {Garman 1999) of
the crystals. A nunber of gryoprotection protocols were
investigated, but the most suceesstul approach was o in-
coarporate glycerol cryoprotectant into the mother liguor and
grow crystals under these conditions. Iowever, high glye-
crol concentrations (>10%) drastically reduced the number
ol crystals oblained. Third, the method of seeding (Stura
1991) allowed for an increase in the frequency of crystal
appearimee as well as timited control over the size of crys-
tals grown (see Fig. 7). 'The crystals belonged to the space
group PL and diffracted to a maximum resolution of 2.2 A,
Table 1 gives unit cell parameters lor three typical crystals
as well as data collection and processing stalistics Tor three
Lypical data sets.

Discussion
We have cloned and expressed a recombinant form of (he
four SCRs of humnan DAT? as inclusion bodies in 17, cofi and

then isolated, refolded, and purified it to produce a func-
tional protein that inhibits complement activation in vitro at

2410 Protein Scienee, vol. 13

a potency comparable with soluble DATT expressed in a
etkaryotic system (P. pastoris). 'The ability to produce bio-
togically active nudii-SCR doraing in bacteria was [irst
demonstrated for a 3-SCR fragment of human CR1 (Dodd et
al. 1995) and thea extended 1e a 4-SCR unit from the same
protein (Mossakowska et al. 19993 and a 4-SCR form of rat
Crey (Fraser et al. 2002). The refolding protocol employed
may well be general for multi-SCR profeins bat the practical
timit on the number of SCRs in such constructs has not yet
been determined. In the case of human DAT, the recombi-
nant material deseribed here (EeDAF) was also abie o form
regular crystals that diffracted to 2.2 A, implying that
EcDAF is a homogenous species and is likely to be cor-
rectly folded.

R \'

B

S

Figore 7. Effect ol sceding on DAF crystal growth: (4) erystals grown
from an undiluted seeding stack, () 10-lold diluted stock, (€) 100-fukl
diluted stock. The largest crystal at center of insert (C) is 210 pm in the
lonpaest dimengion.
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‘Tuble L. Data collection and processing paramelers for DAF crysials

Dala set 1

Collection parameters
Detector
Saurce
Oscitlation angle ()

ADSC Qd €D
ESRE beamline 1D 14-2
|

Crystal to detector 220
Exposure lime (sec) 45 .
Wavelength (A) 0.933

Processing parameters

Unit cell parameters® S3E 519, Gt

Space group Pl

Resolution range (outer)  39.5-2.8 (2.9-2.8)
Observed reflections 232,000

Unigue Rellections 14,573
Completeness (outer) 99.0 (98.-)

R erge” (Ot shell) 13.5 (38.8)

{ol {vuter shell) 154(3.5)

Data set 2 Data sel 3
ADSC MAR343
Dareshury beamline 9.6 Inhouse Rigalu RU200IT rotating
1.5 1
200 260/170
90 G00/1200
0.570 1.542

40,7, 55.1, 6L.8. §8.8 46.7, 55.1, 61.6, 88,8

rt

17-2.3 (2.42-2.3)
722,760

23,378

93.5 (93.1) 044 (92.0)
9.6 (36.3) 8.3 (16.4)
63019 6.1 (4.0

“ Dimengions a, b, ¢ given in A, and a. B. y aiven in degrees.

Y Y
)= e 20l = 1)
k R,(———g’::g’——l-'——'—l X 100.

44,',;11’;.;

1, is the weiphled mean measured intensity of the obgervations 1,; in which the intensities of the symmelry related
reflections, which should be the same, are compared. R perge (1) gives an estimate of their disagrecment,

Our resulls are consistent with previous conclusions re-
garding the roles of both the §/T rich membrane-proximal
region (Fodor ot al. 1995) and the N-glycan (Brodbeck et al.
2000), neitber of which appear to be essential for the
complement-regulatory function of nonmembrane bound
DAF. EeDAR was active in both classical and alternative
pathway decay-acceleration and antibemotlytic assays. In
the case of the hemolytic assays, the apparent potency of the
protein was lower against the alternative pathway than the
classical pathway, whereas in (he decay gecleration assay,
the reverse was wrue, This can be attiibuted to the stroug
dependence of the hemolytic assays on serum concentration
(sce Fig. SC,D).

We have also modificd EcDAF by site-specific attach-
ment of a membrane localizing peptide at the C-terminng
and EcDAF-MP also bound to cell surfaces in vitro under
conditions where EcDAF itscll did not bind. Under the as-
say condilions used, the soluble product (EeDA-MIP)Y had
a classical pathway antihemolytic potency apparently
greater than that of native GiPI-anchored DAT, although this
comparison may be affected by the use of detergent to solu-
bilive nDAR, DAF is thus added Lo a growing list of protcins
(including complement regulatory proieins such as CRI
fragments (Smitly and Smith 2001), rat Crry (Fraser et al.
2002), and CD59 (Fraser et al, 2003), to which GP1 anchor-
like membrane localizing properties can be conferred by an
efficient postiranslational modification process using syn-
thetic peptides. We observed that although the attachment
of the membrane-localizing peplide produced a large (>100-
fold) increase in potency against the classical pathway (Fig.

5), no such effect was scen against the alternative pathway.
To establish if this was due to the higher concentrations of
serum used in the allernalive pathway assays preventing
membrane binding, “wash™ experiments were performed in
“which rabbit or guineapig erythrocytes were loaded with
FeDAF-MP in the absence of serum, washed, and then chal-
lenged. The results suggested that under the conditions of
the alternative pathway assay (unlike those of the classical
puthway assay), BcDAF-MP was not able to hind suffi-
ciently strongly to the target eryihirocytes to confer intrinsic
protection against challenge by a relatively high concentra-
tion of serum. Other studies have suggested that the effect of
serurm is largely mediated by albumin and can be civcum-
vented by altering the targeling tail structure (1. Fsser,
L. Tiedler, LR, Betley, T. Dodd, I*.LE. Rowling, G.I". Smith,
R.G. Oldroyd, L. Aflleck, S. Ridley, and R.A.Ci. Smith,
unpubl). The effect of albwoin docs nol appear to abrogite
the activity of membrane-targeted complement regulators
delivered to sites of disease in vivo (Linton ct al. 2000; Pratt
et al. 20031,

DAT has significant™potential as a therapentic agent
(Morian ct al. 1992), and recent studies bave demonstraled
therapeutic utility for DAT fusions with irnmunogtobulin Te
domains (Harris et al. 2002; Yanagawa et al. 2003). How-
ever, exeept in ransgenic systems (Fecke et al. 2002), the
potential for an intrinsically acting membrane bound form
of DAF has not been realized. [n part, this is because of the
difficulties in obtaining sufficient guantitics of DAL for
evaluation, and in part because of the relatively low patency
ol non-GP-anchored forms (Moran ¢l al. 1992; Walter el al.
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1992). The strategy adopied here circumvents these prob-
lems first by providing "for a potentially large-scale and
low-cost production syslem, and second, becanse of the -
creasect potency of the modilied soluble derivatives, In ad-
dition, myristoylated peptide modifications permit transler
of modified materials fron the plasina phase to vascutar
sites invivo (Smith 2002) and the distribution of such maodi-
ficd proteins iu vivo can be manipulated by vorying the
structure of the peptide “tail” (1. EHsser, L. Fiedler, JR.
Belley, I Dadd, P.JE. Rowling, G.P. Smith, R.G. Oklroyd,
L. Affleck, S. Ridicy, and RACGL Smith, unpubl.).

The crystallization of a biologically active four-domain
form of DAY suggests that this material is corvectly folded,
and the colleetion of high-gquality and reproducible dilfrac-
tion data (Table 1) has permitled the determination of an
atomic structure for this protein. ‘This has been extended to
the modeling of the complete extracellular region of the
melecule as well as its interaction with Factor B (Lukacik et
al. 2004). 'Ihe complete structural deseription also sheds
light on the function of the MP targeling peptides. Despite
being much smafler than the combined GPI anchor and S/T
region, the MI? peplide appears 1o be capable of Joculizing
the SCRs of DAL in a funclionally efficient orientation on
the outer cell membrane. Figure 8 compares full-length
DAF (based on the atomic structure including the S/T-rich
region) wilh HeDAT-MP, inewhich that region is replaced
by the MP peptide. Clearly, the region of DAF implicated in
regnlation of the classical pathway convertases (SCRs 2 and
3; Brodbeck et al. 1996) is spaced very differently from the
membrane surlace in the two cases. Although the $/T rich
region may be assumed to be flexible, the small size of the
MP peptide (at least half of which is probably in direct
confact with the membraue), provides a consteaini on the
listance of the C2a component of the classical pathway €3
convertase from cetl surlaces.

In conclusion, the atomic structure of DAL, when com-
bined with the use of membrane-orienting probes, signili-
cantly extends our knowledge of struclure-funclion rela-
tionships that have previously been based solely on partial
structures of soluble fragments (e.g., Uhrinova et al, 2003:
Williams et al. 2003). Derivatives of the FeDAF-MP Ly
also provide powerful tools for probing the biological roles
and therapeutic potential of DAL,

Materials and methods

Proteins and clemicals

GPl-anchored DAF (nDAF) was prepared as previously described
(Morgan 2000). PpDAY was prepared by the method of Powell et
al. (1997). SCR5(1-3) of CR1 were prepared as described by
Mossakowska el al. (1999),

Chemicals and reagents were supplied by Sigma-Aldrich unless
oflierwise stated. B

Phiosphate-bulfeved saline (IDulbeceo A) was Trom Oxoid Lid,
Sodinm chloride and ‘I'ween 20 were fram Merck; BIYPA and wea

2412 Protein S(.ii(‘-llt‘(.’, vol, 13

Figore 8. A comparison of (ull-length DAL (4 l'gh‘{) wilh BE¢DAT-MP* (fefi)
based on the atowic structure fueluding the modsled S/T- rich, rogion
(Lukacil et al, 200-1). In EcDAP-MP, the /T region is replaced by the MP
peptide. The structures are madeled upon a simulated phosphotipid hilaycr.
Both $71" and MP peptides are depicted as maxinually eatended (the latier
is proposed (o he in contact with the bilayer-through the myristoyl group
and’at least the Tiest e lysine vesidues).

were from Prolabo; Movex 4%-12% Bis Tris Nupage gels, and
Mark 12 protein molecular weight standards were from Invitrogen.

N-myristoyl GlySerSerLysScrProSceLysLysLysLysLysLysPro-
GiyAspCys-(8-2-thiopyridyl) carboxamide (APT542) wus pre-
pared as previously deseribed (Smith et al. 1998; Smith and Smith
2000). Tris-(2-carboxyelhyl) plosphine (YCEP) was supplied by
Pierce.

Alexa488 conjugated goat antimouse TpG was from Molecular
Probes.

Cells and serwm

Rabbit antibody sensitized sheep erythrocytes were purchased
[rom-Diamedix. Rabbit and guinea pip erylhrocytes in Alsever's
Luffer were purchased from TCS Biologicals. Normsal human se-
rum was prepared from a pool of volunteess by standard methods.
Cloning and expression

The peue encoding the entire human DAF sequence was oblained
by RT-PCR [rom o Iiman heain total RNA preparation (Origene
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Inc.) using primers: (GCATATGACCGTCGUGCGGCCGAGE)
DAE-F and (GGAATTCTAAGTCAGCAAGCCCATGGTTACT)
DAE-R. :

The product of the PCR was T-cloned into the plasmid pUCS7/7t
(MBI Fermentas) and autheniicated by nucleotide sequence analy-
sis.

A [ragment of the full-length gene encompassing the four SCRs
of DAF, along with an N-terminal Met-Gln sddition and a C-
terminal Cys (MQD,5-G,(0) was generated from this plasimid
template by PCR using primers DAFI=IF (GCATATGCAGGAC
TGTOGCCTGCCGCOGGACGTT) and  DAF4R  (GGAATTC
TATCAGCATCCTCTGCATICAGGTGGTGG)  that  incorpo-
raled Ndel and EcoRl siles for subsequent subcloning steps, and
the produet T-cloned, The DAFI-4 DNA fragment was inserted,
and excised from this plasmid using the Nel and EcoRI restriction
sites incorporated into the primers. This was followed by ligation
into the pET-26h(+) vector downstream of the 17 RNA polymer-
ase promoler (Novagen) for expression in I eoli (see helow),

Expression was curried owt i £, cali UTS600 ). A 25-mb
culture in LB-kanamycin was grown overnight at 37°C. Ten mil-
liliters of the vvernight culture was ten transierred into 1 Yiter of
EZMix (Sigma)-kanamycin in a Slculture flask, The cullure was
grown for 75 min (O g, = 0.6) and then induced by adding 1 ml.,
of 1 M IPTG. The induced cullure was grown for a fusther 3 b,
after which it was centrifuged (D000g for 20 min) to obtain hac-
terial pellets.

Isolation of inclusion bodies, refolding and purification

Frozeu cell pellets were resuspended in 20 mM TrisHCL, 1 mM
EDTA (pl1 8.0 {40 L)), and passed through a homogenizer twice
Foulsiflex-CS, Avesting 12 kpsi). The bomogenale was cenltri-
fuged (10.000¢/4°C/30 min) and the supernaiant discarded. The
pellet containing the inclusion bodies was washed twice in PBS/
0.05% {w/v) l'ween 20, centrifuped (10,000g/4°C/30 min) and the
supernatants discarded. The pelfet was resuspended in 8 M urea,
25 mM dithiothreitol. 1 yaM EDTA, 0.1 M Tris (pI1 8.0 [10 ]
to facilitate solubilization. After 2 h (room temperature/gentle stir-
ring) the pH of the solution was adjusted 1o 3.0-4.0 with HICI, and
the solution was centrifuged (10.000g/4°C/30 min) belore dialysis
in 6 Murea, 10 mM HCL (pl 3.0-4.0). After dialysis, the major
confaminant (QmpA) precipitated and was removed by cenliifu-
gation (10,000g/47C{30 min).

Folding of solubilized protein was carried owt in 0.02 M etha-
nolamine, 1 mM EDTA, 0.5 M arginine, 1 mM cysteine, 2 mM
cystine (pH 11.0) vsing rapid dilution (1:50 v/v) with theee addi-
tions ol the same volume over & 32-h perod. Adiditions were
drop-wise with stirring, and then the solntion, which remained
clear, was left static at 4"C, This material was ultrafiltered using an
Amicon YMI0 memisrane (Millipore), the retentate (20 ml.) was
centrifuged (20,0002/4°C/20 min). Soluble EcDAF was bulfer-
exchanged into P8BS using a G25 Sepliadex colmun (G25 Sepha-
dex mediom grade, Amersham Biosciences) by moniforing the
A280 of the cluste and collecting the V, fraction. The resulting
EcDAF preparation was approximately 80% pure, as determined
by SDS-PAGH using staming with Coumassie brilliant blue R250
(Fig. 2, lane 8). -

For crystallization studies, the EcDAF preparation was buffer
exchanged into 50 mM Tris-HCI (pli 7.5), 150 mM NaCl and
urther purified by get Iilteation on (i foad 26760 Superdex S75
(Amersham Biosciences) run at 18°C.

The resuitant preparation was >95% pure as delermined by
SNS-PAGHAIRBR250.

Protein concentrations

Profein concentrations were delermined by quantitative SDS-
PAGE/CBBR2S0 analysis (UVP Gel Documentation System
GDSEONNY and analyzed using GelWorks 11> Analysis software
using an in-house protein standard and/or by A280 readings using
a calculated molar extinclion coefficient of 38,880 M™'em™ for
E¢DAF (Protean) or 36,840 M™ em™ (fvotlarum; Gill and von
Bippel 1980). Concentration of nDAF was delermined by dye
binding assay using BSA as a stundurd (Bradford 1976),

Modification with APT542

EcDA at 2 mp/ml. (71 wM) in PBS Dulbeccos A was treated with
threelold molar excess of TCKP and incubated overnight at room
temperature to cleave the exo-disulfide bonded between C-termi-
ml protein cysteine and cysteine derived from the refold buffer.
DAF was thenincubated with livelold molar excess of the iyris-
loylied peptide APTS42 for 2 I ot rooin temperaiure, In certain
experiments, residual AII'542 was remaved by gel filtration using
"D-10 G25 Sephadex colymns as recommended by the manufac-
turer (Amersham Biosciences).

Assays

For studies of classical pathway activation, seusitized sheep eryth-
roeytes (100 L) were incubated with DAH proteins (50 pl.) and
1 in 100 diluted normal human serum (50 pl.) added for 1 h at
I7°C. Cells were pelleted at 430 vef for 3 min and Jysis was
determined by measuring the O of the supernatant at 410 nm.
The dituent for this assay was: (.1 M TIEPES, 0.15 M NaCl, 0.1%
gelatin (pt 7.4y, CHAPS (3-[(3-ChokunidopropyDdimethylammo-
o]~ -propanesulfonate) (0.05% w/v) was used in the diluent for
assay of nDAF (o retain sofubility. For stadies of alternative path-
way activation, rabbit erythrocytes in Alsever’s bulfer were
washed and diluted 1 in 30 (~5 x 10%ells/ml.), SO jul. of cells
were incubated with DAF proteins (S0 pl.), and 1 in 8 normal
Tman serum (100 L) for 1 1 at 37°C. Cells were pelleted at 430
vef Jor 3 min aud lysis was delermined by measuring optical den-
sity at 410 nm of the supernatant. The alternative pathway diluent
was 0.3 M HEPES, 015 M NaCl, 8 mM EGTA, 5 mM MpCl,,
0.3% pelatin (pl] 7.4). The “wash” variant of this assay (Fraser et
al. 2002) was carried out by preincubation of the cells with varying
concentrations of an agent in the absence of serwm, pelleting, and
resuspension three times in the above bufler, followed by serum
challenge.

Antihemolytic aclivity in hoth assays was expressed as (he con-
centration of the agent piving 50% of the total coll lysis (1Cg,).

Fiuid-phase ussays of decay accleration were perlormed as de-
scribed by Nickells and Atkinson (1997) using purified compo-
nents (Advanced Research Technologies) and C3a irmmunoassay

(Quidel).

Crvstallization and diffraction data collection

A number of crystallization conditions were initially screened by
the sitting drop vapor diffusion method i {inbro plates.

After several rounds of optimization the following protocol was
devised (o reliably obtain diflfraction’ quality erystals: 0.3 L of
well sotution and 0.5 ). (9.6 mghnl.) of prolein were mixed on a
polypropylene microbridge (Harlos 1992). The well solution ¢con-
tained 0.2 M ammaonium sulfate, 20¢% w/v methoxy polyethyl-
eneplycol SO0, 0,1 M sodiwin acetate (pl14.0), 10% glycewl. The
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1 pd deop was allowed o preequilibrate at 2°C in a sealed well of
a Linbro plate for 12 h before seeding (Stura 1991). Sceding was
performed by transferring dilutions of a crushed erystal stock into
precquilibrated drops. Approximately 15 1DAF crystals in a 1l
drop were crushed, and the diop contents were diluted 10-fold and
100-fold. An animal hair liber was used (o transfer the diluted
stocks inlo o precquilibrated drop. This method increased the (re-
quency of crystal appearunce and allowed Tor growth ol farger
crystals. The largest crystals could be abfained by using more
dilute stocks (e.p., 100-fokl). Diffraction quality crystals were ab-
tained by this method in approximately 6 days.

Immediately prior to the diffraction experiment, crystals grown
in the presence of 10% glycerol were transferred o a soluion
replicating molther Hguor conditions but with a lm_hu (16%) glyc-
crol concenlgation. This glycerol concentration was jusi suflicient
to achieve [ull eryoprotection of the crystal. 'The crystals were then
flash frozen in a cold stream gf nitiopen pas at 100 K. X-ray
diffraction data were collected on an ADSC Q4 CCD-based de-
tector af beamline 11314-2 European Synchrotron Radiation Facil-
ity (ESRF), Grenoble, for data set 1; on an ADSC delector at
beamline 9.6, Synchwolron Radiation Souwrce (SRS), Daresbury,
UK for data set 2, and on 2 MAR3S detector ulilizing a Rigaku
RU200{ 1 rotating anode X-ray gencrator for data set 3 (University
of Oxlord).

A muamber of data sets were collected from (hese erystals. Data
sels were integrated and sculed using either the MKL package
(Otwinowski and Minor 1997) or programs MOSFLM and
SCALA available as part of the CCP4 suile of programs (Collabo-
ralive Computational Project 1994),
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