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Solicitante . BOEHRINGER INGELHEIM VETMEDICA, INC

Fecha de solicitud: 30 de julio de 2007.

1. Yo, Luz Clemencia DE PAEZ, en mi condicién de apoderada de la sociedad solicitante
de la patente de la referencia, me refiero al oficio No. 23764 notificado por fijacion en lista
del 31 de diciembre de 2013.

2. Mediante memorial radicado el dia 26 de marzo de 2014, solicité plazo de treinta (30)
dias para atender el oficio No. 23764.

3. Mediante oficio No. 23764 se puso en conocimiento del solicitante el informe que
contiene las observaciones hechas por su Despacho sobre la presente solicitud de

patente. Las observaciones realizadas en el oficio son las siguientes:

3.1 Pliego reivindicatorio

De manera resumida, el Examinador ha expuesto lo siguiente:

“EXCELENCIA LEGAL EN UN MUNDO SIN FRONTERAS”
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Reivindicacion 1: debe definir las caracteristicas esenciales que contribuyen a la

obtencién de una composicion inmunogénica que es efectiva en reducir la
severidad de sintomas clinicos asociados con la infeccion PCV2.

e  Se sugiere incluir el listado de secuencias con el fin de suportar el polipéptido de
la reivindicacién 1.

¢ Reivindicacion 4. Debe reemplazar la expresion “BEI” por su denominacion
comun.

e Reivindicacion 3: debe definir el vector recombinante por la secuencia
recombinante que contiene.

e Reivindicaciéon 6: debe limitarse a la materia debidamente soportada en la

descripcion.

Existe falta de concision a lo largo del pliego reivindicatorio.

3.2 Nivel inventivo

De acuerdo con el Examinador, las ensefanzas de los documentos US6497883
(D1) y “FENAUX M. ET AL, Journal of Clinical Microbiology, Vol.38, No. 7, Pags. 2494-
2503” (D2) afectan el nivel inventivo de las reivindicaciones 1 a 8 de la presente solicitud

de patente.

4. Respuesta a las objeciones

De este modo y con el objeto de atender las objeciones arriba mencionadas, se

desea presentar las siguientes modificaciones, aclaraciones y argumentos:

4.1 Modificacion de una solicitud en tramite

De acuerdo con el articulo 34 de la Decision 486 de la Comision de la
Comunidad Andina, donde se establece que la modificaciéon de una solicitud es posible en
cualquier momento del tramite mientras no implique una ampliacién de Ia solicitud inicial,

me permito presentar un nuevo pliego reivindicatorio conformado por 7 reivindicaciones.
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Asi, siguiendo las amables sugerencias del Examinador se ha modificado el
pliego reivindicatorio limitando el alcance del mismo a aquella materia debidamente
soportada en la descripciéon. En particular, (i) la reivindicaciéon 1 ha sido modificada
definiendo los elementos que hacen parte de la composicion y que permiten que la misma
sea efectiva para reducir la severidad de sintomas clinicos asociados con la infeccion
PCV2, (ii) se presenta anexo al presente memorial el listado de secuencias en forma
separada de la descripcion en formato fisico y digital, (iii) se ha remplazado la expresién
BEI por “etilenimina binaria” y (iv) la reivindicacion 3 ha sido eliminada del pliego

reivindicatorio.

Con respecto a los términos objetados: “portadores adyuvante”, “medio”,
“‘inactivadotes viricos”, “diluyentes”, “agentes isoténicos”, “agentes inmunomoduladores”,
“antibiéticos”, mi representada desea poner de presente que dichos términos se encuentra
definidos de forma clara y precisa en la descripcion de la presente solicitud y por lo tanto,
el alcance del pliego reivindicatorio también se encuentra claramente definido. Lo
anterior, si se tiene en cuenta que de conformidad con lo sefialado en el articulo 51 de la
Decisidon 486 la descripcion de una solicitud sirve para interpretar las reivindicaciones: “E/
alcance de la proteccion conferida por la patente estara determinado por el tenor de las
reivindicaciones. La descripcion y los dibujos, o en su caso, el material biolégico
depositado, serviran para interpretarlas”. De modo que, la objecion formulada a este

respecto se debe tener por superada.

Por lo anterior, el pliego reivindicatorio cumple con los requerimientos de
claridad, concisién y soporte establecidos en el Articulo 30 de la Decision 486.
Igualmente, define un Unico concepto comun inventivo, por lo que las objeciones

formuladas por el Examinador en este sentido se ven superadas.

4.2 Arqumentos a favor de la patentabilidad de la solicitud

De acuerdo con el articulo 18 de la Decision 486 sefala lo siguiente:

“Articulo 18.- Se considerard que una invencion tiene nivel inventivo, si

para una persona del oficio normalmente versada en la materia técnica
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correspondiente, esa invencién no hubiese resultado obvia ni se hubiese

derivado de manera evidente del estado de la técnica.”

Una invencidn se considerara inventiva si la misma no hubiese resultado obvia a
partir del arte previo para una persona del oficio normalmente versada en la materia. Esto
a su vez implica que el Examinador a cargo de esta evaluacion debe colocarse en el
momento exacto en el que el inventor buscaba resolver el problema técnico contemplado
en la solicitud y para el cual poseia la literatura y el conocimiento disponibles en dicho

momento.

Siguiendo entonces los lineamientos de la Jurisprudencia aplicable al analisis del
nivel inventivo de una solicitud de patente, se considera que una anterioridad o una
combinacion de dos anterioridades puede afectar dicho requerimiento de patentabilidad, si
una persona medianamente versada en la materia encuentra ensefianzas o sugerencias
claras que, a partir de un conocimiento medio en dicho campo, le permitan llegar de
manera obvia a la invencién reivindicada. Adicionalmente se considera que una mejora

sustancial, un efecto inesperado o una ventaja con respecto al arte previo es un indicio de

nivel inventivo, por cuanto aporta un salto tecnolégico en la regla técnica.

A este respecto, respetuosamente manifestamos nuestro desacuerdo con el
andlisis llevado a cabo por el Examinador y con las conclusiones del mismo y solicitamos
atentamente la reconsideracion de las razones por las cuales se objeta el nivel inventivo,

con base en la siguiente informacién:

De acuerdo con el Examinador, el documento D1 divulga una composicién
inmunogénica que comprende, proteina ORFs seleccionada del grupo que comprende
1,2,3,4,5,6,7,8,9,10,11,12 y 13 de circovirus porcina tipo Il y también divulga que la
composicion comprende un vector virico baculovirs recombinante. Sin embargo, luego de
revisar el documento D1, mi representada desea poner de presente que en contraste con
lo afirmado por el Examinador, en D1 no existe ensefianza o sugerencia alguna en
relaciéon con un vector virico baculovirus recombinante o un virus PRRS (ver documento

D1 anexo al presente memorial).
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En efecto, el documento D1 en la columna 1, lineas 31-54 revela que la

invencion alli divulgada se refiere a:

“La presente invencion se refiere a vectores, tales como vectores recombinantes; por
ejemplo, los virus recombinantes, tales como virus de la viruela , por ejemplo , virus de la
viruela modificado y a métodos para fabricar y usar la misma . En algunas formas de
realizacion, la invencioén se refiere a los virus de la viruela aviar recombinante, tales como
los virus de la viruela del canario , por efemplo , ALVAC . La invencion se refiere ademas
a tales vectores , por ejemplo , poxvirus , que expresan productos génicos , por ejemplo ,
antigeno (s ), ORF (s ), y/o epitopo ( s ) de interés de la misma, de circovirus porcino
tipo 2 (PCV2 ), a composiciones inmunoldgicas o vacunas . La invencion todavia se
refiere ademas a tales vectores , por ejemplo , virus de la viruela, que inducen una
respuesta inmune dirigida a o contra productos génicos PCV y / o PCV2 ; y , a
ventajosamente , dichas composiciones que son composiciones inmunolbgicas ,
inmunogénicas o de vacuna y / o conferir inmunidad protectora contra la infeccion por
PCV2 . La invencion todavia se refiere ademas a los usos de y métodos para preparar y
usar tales vectores y composiciones, asi como intermedios de los mismos, y dichos
intermedios. Y, la invencién se refiere a los productos de los mismos, por ejemplo , a partir
de los usos y métodos que implican la recombinante de la invencion o virus de la viruela ,

tales como anticuerpos de expresion”,

De tal manera que, D1 se refiere a un campo técnico distinto al de la presente
invencion, toda vez que en dicho documento no ensefia o sugiere sub-unidades de
vacunas proteicas. Asimismo, a diferencia de la presente solicitud, en los ejemplos de D1
Unicamente se usa y menciona un virus (in vivo ) atenuado de viruela recombinante (
ALVAC ) que contiene el PCV2 ORF2 y ORF1 insertado en el locus C6 de ALVAC, en una

orientacion de cabeza a cabeza ( ver Ejemplos 6, 8y 9 de D1).
En cuanto al virus ALVAC se describe adicionalmente en el Ejemplo 1 de D1:

“El virus de la viruela del canario parental (cepa Rentschler ) es una cepa de vacuna para
canarios. La cepa de vacuna se obtuvo a partir un tipo aislado y atenuada a través de mas
de 200 pases seriados en fibroblastos de embrion de pollo salvaje. Una semilla viral se

sometio a cuatro purificaciones en placa sucesivas bajo agar y un clon de placa se
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amplificé a través de cinco pasajes adicionales, tras lo cual se utilizo el virus de reserva
como virus parental en pruebas de recombinacion in vitro. La placa purificada aislado se
designa ALVAC . El ALVAC se depositd el 14 de noviembre 1996 , en los términos del
Tratado de Budapest en la American Type Culture Collection , ATCC namero de acceso
VR -2547".

A este respecto, vale la pena resaltar que la diferencia entre las vacunas de
vectores de virus recombinantes de D1 y la subunidad de vacunas de la presente
invencion es fundamental : En comparacion con el uso de virus vivo atenuado, que
generalmente tiene la ventaja de una eficacia superior pero la desventaja de que puede
cambiar o mutar ( y por lo tanto el virus ALVAC utilizado de acuerdo a D1 tendria por lo
menos el potencial de volver a una forma virulenta y causar enfermedad en aves) , la
ventaja de una vacuna de subunidad es que se basa en una (0 mas ) proteina ( s ) que no
es / son capaz de replicar o mutar. Ademas, debido a que las vacunas de subunidades
contienen sélo el antigeno esencial ( s ) y no todas las otras moléculas que componen el
microbio ( en particular, que no contiene un viral activo del genoma ) , las posibilidades de

reacciones adversas a la vacuna son menores.

Sin embargo, una desventaja clave de vacunas de subunidades es por lo general
que tienen que ser administras al menos dos veces 'y que requieren adyuvantes fuertes
que a menudo inducen reacciones tisulares. En consecuencia, fue un hallazgo
sorprendente de acuerdo con la presente invencion que la composicién inmunogénica
como se reivindica permita la vacunacién segura y eficaz con una sola dosis (ver pagina
41, linea 24 hasta pagina 42, linea 4 de la solicitud internacional).

Con respecto al documento D2, mi representada desea poner de presente que
dicho documento no ensefia la secuencia SEQ ID NO: 6. En su lugar, D2 sélo se refiere a
la caracterizacién genética de PCV2, en el que "Para determinar el grado de
heterogeneidad genética de PCV-2 aislados, se amplifico el genoma completo de seis
PCV-2 aislados de diferentes regiones de América del Norte por PCR y se secuenciaron "
y "Analisis filogenéticos y de secuencias confirmaron que existen dos genotipos distintos
de PCV: genotipo no patégeno PCV-1 y genotipo PMWS asociado PCV-2 " (vver
Resumen de D2).
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Por lo tanto, a partir de las ensefianzas de los documentos D1 y/o D2 por si
solos o combinados, no se derivaria de manera obvia u evidente la materia de invencién
objeto de proteccion y recitada en el nuevo pliego reivindicatorio, toda vez que dichos
documentos no ensefian ni sugieren como un todo las caracteristicas técnicas esenciales
de la reivindicaciéon 1. Es decir, dichos documentos no ensefian ni sugieren por si solos o

combinados:

Una composicién inmunogénica que comprende la proteina baculovirus

ORF2 de PCV?2 expresada de forma recombinante y un adyuvante,

en donde dicha proteina ORF2 de PCV2 es:

(i) un polipéptido que comprende la secuencia SEQ ID
NO:6; o ’
(ii) un polipéptido que se codifica por un ADN _que

comprende SEQ ID NO:4: y

en donde el adyuvante seleccionado del grupo que consiste de polimeros

de acido acrilico que se reticulan con éteres de polialquenilo de azicares o

polialcoholes.

De otro lado, el efecto técnico inesperado que provee el método reivindicado se

demuestra con los ejemplos de la descripcién y particularmente con el ejemplo 1, tabla 1.

Por consiguiente, el método reivindicado cumple con los requerimientos de

patentabilidad del articulo 18 de la Decisién 486.
4.3 Conclusion

Con las modificaciones y los argumentos aca presentados, se superan las
objeciones formuladas por el Examinador en el oficio 23764.

5. Puesto que se ha dado respuesta a todas las objeciones formuladas por el
Examinador, se solicita atentamente proceder al otorgamiento de la solicitud de patente

para la reivindicacion 1. En este sentido, respetuosamente recordamos al Examinador que
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la patente no podra ser negada con base en objeciones diferentes a las expuestas en la
accion oficial No. 23764, toda vez que al no haber sido trasladadas a mi representada,
dicha decision violaria tanto el tenor literal del articulo 45 de la Decisién 486 como el
derecho constitucional al debido proceso. En esté evento, y con base en el inciso 2 del
articulo 45, respetuosamente solicitamos al Examinador expedir una nueva accién oficial
que permita a mi representada contra argumentar las mismas o modificar la solicitud con

el fin de cumplir los requisitos de patentabilidad.
6. Anexos

-Nuevo pliego reivindicatorio conformado por 7 reivindicaciones.
-Listado de secuencias en formato fisico y digital.
-Documento D1: US6497883B1

Seior Director,
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REIVINDICACIONES

1. Una composicién inmunogénica CARACTERIZADA PORQUE
comprende la proteina ORF2 de PCV2 expresada de forma recombinante y

un adyuvante,

en donde dicha proteina ORF2 de PCV2 es:

(i) un polipéptido que comprende la secuencia de SEQ
ID NO:5, SEQ ID NO:6, SEQ ID NO:9, SEQ ID NO:10 0o SEQ ID
NO:11: 0

(ii) un polipéptido que se codifica por un ADN que

comprende la secuencia ID NO:3 0 SEQ ID NO:4; y
en donde el adyuvante seleccionado del grupo que consiste de polimeros
de acido acrilico que se reticulan con éteres de polialquenilo de azdcares o

polialcoholes.

2. La composicién inmunogénica de la reivindicacién 1, en donde dicha
composicion adicional comprende un vector virico inactivo y sobrenadante

de cultivo celular.

3. La composicion inmunogénica de la reivindicacion 2 o 3, en donde dicha

composicién comprende etilenimina binaria.

4. La composicion inmunogénica de la reivindicacion 3, en donde dicha

composicion comprende tiosulfato de sodio.

5. La composicién inmunogénica de acuerdo con cualquiera de las
reivindicaciones 1 a 4, en donde dicha composicion comprende un
ingrediente adicional seleccionado del grupo que consiste de portadores,
adyuvantes, medio, inactivadores viricos, diluyentes, agentes isotonicos,

agentes inmunomoduladores, antibiéticos y combinaciones de estos.

6. La composicion inmunogénica de la reivindicaciéon 5, en donde dicha
composicidn comprende una sal farmacéuticamente aceptable,

preferiblemente solucion salina.



7. Un kit que comprende i) un contenedor conteniendo al menos una
dosis de la composicién inmunogénica de cualquiera de las reivindicaciones
1 a 6, y i) un contenedor conteniendo una composicion inmunogénica
comprendiendo el virus vivo PRRS modificado (MLV PRRS) y un manual
de instruccion, incluyendo la informacidbn para administrar ambas

composiciones farmacéuticas.

MGM\MGM\ID-264771\WPC15149
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34816-CIP1.ST25
SEQUENCE LISTING

<110> Roof, Mike
Eichmeyer, Mark
Nitzel, Greg
Schaeffer, Merrill
Hayes, Phillip

<120> PCV2 IMMUNOGENIC COMPOSITIONS AND METHODS OF PRODUCING SUCH
COMPOSITIONS

<130> 34816-CIP1

<140> UNKNOWN
<141> 2005-01-10

<150> Unknown
<151> 2004-12-30

<160> 11
<170> PatentIn version 3.3

<210> 1

<211> 8

<212> DNA

<213> Artificial

<220>
<223> This is a modified Kozak's sequence.

<400> 1
ccgccatg 8

<210> 2

<211> 6

<212> DNA

<213> Artificial

<220> L .
<223> This is a recombinant Eco R1 sequence.

<400> 2
gaattc ' 6

<210> 3

<211> 713

<212> DNA

<213> Porcine circovirus

<400> 3
cagctatgac gtatccaagg aggcgttacc gcagaagaag acaccgcccc cgcagccatce 60

ttggccagat cctccgeege cgeccetgge tcgtccacce ccgccaccge taccgttgga 120
gaaggaaaaa tggcatcttc aacacccgcc tctcccgcac cttcggatat actgtggaga 180
aggaaaaatg gcatcttcaa cacccgcctc tcccgcacct tcggatatac tgtgacgact 240
ttgttccecc gggagggggy accaacaaaa tctctatacc ctttgaatac tacagaataa 300

Page 1
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gaaaggttaa
gctccactge
acccatatgt
gttacttcac
aaaggaatca
gcactgcgtt
tacaattcag
<210> 4

<211> 713
<212> DNA
<213>

<400> 4
ccgccatgac

ttggecagat
gaaggaaaaa
ctaccacagt
ttgttcccec
gaaaggttaa
gctecactge
acccatatgt
gttacttcac
aaaggaatca
gcactgcgtt
tacaattcag
<210> 5

<211> 233
S8 o
<400> 5

ggttgaattc
tgttattcta
aaactactcc
acccaaacct
gctttggctg
cgaaaacagt

agaatttaat

gtatccaagg
cctecgeege
tggcatcttc
cacaacgccc
99g9agg99g99
ggttgaattc
tgttattcta
aaactactcc
acccaaacct
gctttggctg
cgaaaacagt

agaatttaat

tggcectgct
gatgataact
tccecgecata
gttcttgact
aggctacaaa
aaatacgacc

cttaaagacc

Porcine circovirus

aggcgttacc
cgcccetgge
aacacccgec
tcctgggegg
accaacaaaa
tggccctget
gatgataéct
tcccgecata
gttcttgact
aggctacaaa
aaatacgacc

cttaaagacc

Porcine circovirus

34816-CIP1.5T25

cccccatcac
ttgtaacaaa
caatccccca
ccactattga
cctctagaaa
aggactacaa

ccccacttaa

gcagaagaag
tcgtecacce
tctcecgeac
tggacatgat
tctectatace
cccccatcac
ttgtaacaaa
caatccccca
ccactattga
cctctagaaa
aggactacaa

ccccacttga

?et Thr Tyr Pro érg Arg Arg Tyr Arg égg Arg

Ser His Leu ggy GIn Ile Leu Arg ggg Arg Pro

Arg His égg Tyr Arg Trp Arg ﬁsg Lys Asn Gly

Page

ccagggtgat
ggccacagcec
acccttctec
ttacttccaa
tgtggaccac
tatccgtgta

accctaaatg

acaccgcccc
ccgecaccgce
cttcggatat
gagatttaat
ctttgaatac
ccagggtgat
ggccacagcec
acccttctec
ttacttccaa
tgtggaccac
tatccgtgta

accctaagaa

PCT/US2005/047596

aggggagtgg 360
ctaacctatg 420
taccactccc 480
ccaaataaca 540
Qtaggcctcg 600
accatgtatg 660
aat 713
cgcagccatc 60
taccgttgga 120
actgtcaagg i80
attgacgact 240
tacagaataa 300
aggggagtgg 360
ctaacctatg 420
taccdctccc 480
ccaaataaca 540
gtaggcctcg 600
accatgtatg 660
ttc 713

Arg His Arg Pro Arg
15

Trp Leu gg1 His Pro

ITle Phe Asn Thr Arg
45

2



Leu
Pro
65

Pro
Arg
Gln
Phe
ser
145
‘Phe
AsSn
val

GIn

Asn
225

WO 2006/072065

ser Arg
50

Ser Trp
Pro Gly
Ile Arg
Gly Asp
115
val Thr
130
Ser Arg
Thr Pro
Asn Lys
Asp His
195

Asp Tyr
210

Leu Lys

<210> 6
<211> 233
<212> PRT

<213>

<400> 6

Thr

Ala

Gly

Lys

100

Arg

Lys

His

Lys

Asn

Asp

phe

val

Gly

85

val

Gly

Ala

Thr

Pro

165

Asn

Gly

Ile

Pro

Gly

Asp

70

Thr

Lys

val

Thr

Ile

150

val

Gln

Leu

Arg

Pro
230

TYr
55

Met
Ash
val

Gly

Pro
Leu
Leu
Gly
val

215

Leu

Porcine circovirus

?et Thr Tyr Pro ?rg Arg Arg

Ser His Leu ggy Gln Ile Leu

Thr

Met

Lys

Glu

ser

120

Leu

GlIn

Asp

Trp

Thr

200

Thr

Lys

Tyr

Arg

34816-CIP1.5T25

val Lys Ala Thr Thr
60

Arg

Ile

Phe

105

Thr

Thr

Pro

Ser

Leu

185

Ala

Met

Pro

Phe

Ser

90

Trp

Ala

Tyr

Phe

Thr

170

Arg

Phe

Tyr

Asn

75

Ile

Pro

val

Asp

ser

155

Ile

Leu

Glu

val

Ile

Pro

Cys

Ile

Pro

140

Tyr

Asp

Gln

Asn

Gln
220

Asp

Phe

ser

Leu
125

Tyr

His

Tyr

Thr

ser

205

Phe

val

Asp

Glu

Pro

110

Asp

val

Ser

Phe

ser

190

Lys

Arg

Thr

Phe

Tyr

Ile

Asp

Asn

Arg

GIn

175

Arg

Tyr

Glu

Thr

val

80

Tyr

Thr

Asn

Tyr

Tyr

160

Pro

Asn

Asp

Phe

Arg Arg Arg Arg His Arg Pro Arg
J 10g 15

Arg Arg Pro Trp Leu Vval His Pro
25 30

Page
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Arg

Leu

Pro

65

Pro

Arg

Gin

Phe

Ser

145

Phe

Asn

val

Gln

Asn
225

WO 2006/072065

His

Ser

50

Ser

Pro

Ile

Gly

val

130

ser

Thr

Asn

Asp

Asp
210

.lLeu

<210>
<211>
<212>

<213>

<220>

<223>

Arg
35

Arg
Trp

Gly

Arg

Arg

Pro

Lys

His

195

Tyr

Lys

7
756
DNA

Tyr

Thr

Ala

Gly

Lys

100

Arg

Lys

His

Lys

Asn

Asp

Arg

Phe

val

Gly

85

val

Gly

Ala

Thr

Pro

165

Asn

Gly

Ile

Pro

Artificial

Trp

Gly

Asp

70

Thr

Lys

val

Thr

Ile

150

val

GIn

Leu

Arg

Pro
230

Arg

Tyr

55

Met

Asn

val

Gly

Ala

135

Pro

Leu

Leu

Gly

val
215

Leu

Arg

40

Thr

Met

Lys

Glu

Ser

120

Leu

GlIn

Asp

Trp

Thr

200

Thr

Glu

34816-CIP1.ST25

Lys Asn Gly Ile Phe
45

val

Arg

Ile

Phe

105

Thr

Thr

Pro

Ser

Leu

185

Ala

Met

Pro

Lys
Phe
ser
90

Trp
Ala
Tyr
Phe
Thr
170
Arg

Phe

TYyr

Ala

Asn

75

Ile

Pro

val

Asp

Ser

155

Ile

Leu

Glu

val

Thr

60

Ile

Pro

cys

Ile

Pro

140

Tyr

Asp

Gln

Asn

Gin
220

Thr

Asp

Phe

ser

Leu

125

Tyr

His

Tyr

Thr

ser

205

Phe

Asn

val

Asp

Glu

Pro

110

Asp

val

Ser

Phe

ser

190

Lys

Arg

Thr

Thr

Phe

TYyr

95

Ile

ASp

Asn

Arg

Gln

175

Arg

Tyr

Glu

Arg
Thr
val
80

Tyr
Thr
Asn
Tyr
Tyr
160
Pro
Asn

Asp

Phe

PCT/US2005/047596

This sequence is from porcine circovirus type 2, open reading

frame 2, together with a portion from the pGEM T-easy vector.

Page
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<400> 7
gcgaccgead

caccgeeccc
cgccaccget
ttcggatata
agatttaata
tttgaatact
cagggtgata
gccacagcecce
cccttetect
tacttccaac
gtggaccacg
atccgtgtaa
ccctaagaat
S
<212>
<213>

<220>
<223>

DNA

gaattcgatc
gcagccatct
accgttggag
ctgtcaaggc
ttgacgactt
acagaataag
ggggagtagg
taacctatga
accactcccg
caaataacaa
taggcctcgg
ccatgtatgt

tctatcacta

8
10387

Artificial

cgccatgacyg
tggccagatce
aaggaaaaat
taccacagtc
tgttcceceg
aaaggttaag
ctccactgct
cccatatgta
ttacttcaca
aaggaatcag
cactgcgttc
acaattcaga

gtgaattcgce

34816-CIP1.5T25

tatccaagga
ctcecgecgec
ggcatcttca
acaacgccct
ggagggggga
gttgaattct
gttattctag
aactactcct
cccaaacctg
ctttggctga
gaaaacagta
gaatttaatc
ggccgce

ggcgttaccg
gceccctgget
acacccgect

cctgggeggt
ccaacaaaat

ggccctgcetce
atgataactt
cccgecatac
ttcttgactc
ggctacaaac
aatacgacca

ttaaagaccc

PCT/US2005/047596

cagaagaaga
cgtccacccc
ctcccgeacc
ggacatgatg
ctctataccc
ccccatcacc
tgtaacaaag
aatcccccaa
cactattgat
ctctagaaat
ggactacaat

cccacttgaa

This is the porcine circovirus type 2, ORF2 construct, which

includes baculovirus and pGEM T-easy coding sequences.

<400> 8
aagctttact

gaaagcacgt
ataaaagatt
gtgactagcg
ggagcaataa
gcgggectgt
gttcaagaat
ggcgtgcact
cacaccctgg
aaaattgaaa
tttaacaaat
tgcttcgett
gattaggccg

cgtaaagcga
gtaaaatgtt
ctaatctgat
aagaagatgt
tcgatttaac
tatacaaaaa
ttattgacac
gcacacacgg
gtattgcgcec
gacaaaatta
actttatcct
gctccgttta
gatattctcc

gttgaaggat
tcccgegegt
atgttttaaa
gtggaccgca
caacacgtct
aattcaagta
ggtaaaagaa
tattaatcgc
gcaggaagcc
cgttcaagat
attttcaaat
gcttgtagec

accacaatgt

catatttagt
tggcacaact
acacctttge
gaacagatag
aaatattatg
cctggecaga
tttacagaaa
accggttaca
atagatagat
ttattaattt
tgttgcgett
gatcagtggc
tggcaacgtt

tgcgtttatg
atttacaatg
ggcccgagtt
taaaacaaaa
atggtgtgca
ctttgeccgec
agtgtcccgg
tggtgtgcag
tcgaaaaagc
aattaatatt
cttccagega
gttgttccaa
gatgttacgt

page 5

agataagatt
cggccaagtt
gtttgcgtac
ccctagtatt
ttttttgcgg

tgaaagcata

catgttggtg
atatttaatg
cagaggtcac
atttgcattc
accaaaacta
tcgacggtag
ttatgctttt

60
120
180
240
300
360
420
480
540
600
660
720
756

60
120
180
240
300
360
420
480
540
600
660
720
780
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ggttttccac
cgcacaacac
ccaccacttt
tcttttgeat
tgacctgcaa
actcttgttt
tgtgctcggt
gtttgatcgc
gccattcttg
cggatttagt
cgctgttaga
tgtctacatg
ccttggccac
cttctccaaa

tttgcaacaa

tatgggggaa
ggcgcaageg
tacagttttg
atgacgccta
cttccteegt
cgacgcacaa
ggcaatattg
cgttgggcat
tagtgcgatt
atcgagtcaa
gcgegtattt
aataatatat
acgactatga
atctgtgcac
tgaccecegt

atgtcggtga

gtacgtcttt
cggatgtttg
ggcaactaaa
ggtttcctgg
atctttggec
tttaacaagt
gaatgtcgca
gggatcgtac
taattctatg
aatgagcact
ggtagggccc
aacacgtata
gaaccggacc
fttaaattct
ctattgtttt
catgcgecgce
gctaaaacgt
atttgcatat
caactccccg
gtggccgaac
gtatctgtac
gcaaattcga
gtacgtccga
aaaacgttgt
gtgatcaaag
taacaaacta
tatgtatcgc
tagagatcaa
gegttecggce
agtgacaacg

cgttaaaact

tggccggtaa
cgcttgtecg
tcggtgacct
aagccggtgt
tcgatctgcet
tccteggttt
atcagcttag
ttgccggtge
gcgtaaggea
gtatgcgget
ccattttgga
gctttatcac
tgttggtecgc
ccaattttaa
ttaacgcaaa
tacaacactc
gttgcgegtt
taacggcgat
cccgegttga
acgtcgageg
accgaatgat
aaatatatac
acgttgattt
acatcctcge
tgtggaataa
gccatcttgt
acgtcaagaa
ataaagcgcg
acgagctttyg
atcacgccca

attaagccat

34816-CIP1.ST25

tagccgtaaa
cggggtattg
gcgegtettt
acatgcggtt
tgtccttgat
tttgcgecac
tcaccaactg
agagcacttg
atttggactt
gcaaatacag
tggtctgetc
aaactgtata
gctctageac
cgcgagcecat
ctaaacttat
gtcgttatga
caacgcggea
tttttaaatt
ctcgetgeac
ggtggtcgat
cgtcgggega
agttgggttg
gcatgcaagc
ttttaatcat
tgttttcttt
aagttagttt
ttaacaatgc
aattaaatag
attgtaataa
aaagaactgc
ccaatcgacc

Page

cgtagtgccg
aaccgcgcga
tttctgcatt
tagatcagtc
ggcaacgatg
caccgettge
tttgctctee
aggaattact
cataatcagc
cgggtegecc
aaataacgat
ttttaaactg
gtaccgcagg
tttgatacac
tgtggtaage
acgcagacgg
aacatcgcaa
atcttattta
ctcgagcagt
gaccagcggc
aggcacgtcg
tttgcgcata
cgaaattaaa
gccgtcgatt
gtattcccga
catttaatgc
gcccgttgte
cttgcgacgc
gtttrtacga
cgactacaaa
gttagtcgaa
6
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tcgegegtcea 840
tccgacaaat 900
atttcgtctt 960
atgacgcgcg 1020
cgttcaataa 1080
agcgegtttg 1140
tccteecegtt 1200
tcttctaaaa 1260
tgaatcacgc 1320
cttttcacga 1380
ttgtatttat 1440
ttagcgacgt 1500
ttgaacgtat 1560
gtgtgtcgat 1620
aataattaaa 1680
cgcecggtecte 1740
aagccaatag 1800
ataaatagtt 1860
tcgttgacge 1920
gtgccgcacg 1980
gcctccaagt 2040
tctatcgtgg 2100
tcattgcgat 2160
aaatcgcgca 2220
gtcaagcgca 2280
aactttatcc 2340
gcatctcaac 2400
aacgtgcacg 2460
agcgatgaca 2520
attaccgagt 2580
tcaggaccge 2640
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tggtgcgaga
agagcgtcat
aaattgaccc
ggactgcgat
aattttaaéa
aatgtcgtcg
aacgatttga
aactgttaca
gctctgacgc
atcaaatccc
ctctgtcegt
aaacaattat
catttgtagt
aatcattttc
tagacgcett
aattaacata
tgtcataaat
tgtaatttac
aatttatata
acgcagcttc
ccaaaatgtt
ctgcgagcag
atcacaaact
gataaccatc
aaacctataa
cagcggccgﬁ
gacaccgccc
ccegecaccyg
ccttcggata
tgagatttaa
cctttgaata
cccagggtga

agccgcgaag
gtttagacaa
taactccata
tgtacatgct
aacgcagcaa
acatgctgaa
aagaaaacaa
ttgcaaacgt
atttctacaa
aagatgtgta
ttgctggcaa
aaatgctaaa
attatctata
aaatgattca
gtcgtcttct
gttattatcg
atatatgtct
aacagtgcta
atcaatgaat
ttctagttca
gtacgaaccg
ttgtttgttg
ggaaatgtct
tcgcaaataa
atattccgga
gggaattcga
ccgcagecat
ctaccgttgg
tactgtcaag
tattgacgac
ctacagaata

taggggagtg

tatggcgaat
gaaagctaca
cacggtattc
gttaacggct
gagaaacatt
caacaagatt
tgtaccgegce
ggtttegtgt
ccacgactcc
taaaccacca
ctgcaagggt
tttgtttttt
attgaaaacg
cagttaattt
tcttegtatt
tatccatata
tttttaatgg
ttttctggta
ttgggatcgt
attacaccat
ttaaacaaaa
ttaaaaataa
atcaatatat
ataagtattt
ttattcatac
tccgecatga
cttggccaga
agaaggaaaa
gctaccacag
trtgttcccc
agaaaggtta
ggctccactg

»

34816-CIP1.5T25

gcatcgtata
tatttaattg
tacaatggcg
ccgcccacta
tgtatgaaag
aatatgcctc
ggcggtatgt
gccaagtgtg
aagtgtgtgg
aactgccaaa
ctcaatccta
attaacgata
cgtagttata
gcgacaatat
ccttctcttt
tgtatctatc
ggtgtatagt
gticttcgga
cggtttrtgta
tttttagcag
acagttcacc
cagccattgt
agttgctgat
tactgttttc
cgtcccacca
cgtatccaag
tcctecgeeg
atggcatctt
tcacaacgcc
€gggaggggd
aggttgaatt
ctgttattct

acgtgtggag
atcccgatga
gggttttggt
ttaatgaaat
aatgcgtaga
cgtgtataaa
acaggaagag
aaaaccgatg
gtgaagtcat
aaatgaaaac
tttgtaatta
caaaccaaac
atcgctgagg
aattttattt
ttcattttte
gtatagagta
accgctgege
gtgtgttgct
caatatgttg
caccggatta
tcccttttct
aatgagacgc
atcatggaga
gtaacagttt
tcgggcgegg
gaggcgttac
ccgccectgg
caacacccgc
ctcctgggcg
gaccaacaaa
ctggcectge

agatgataac

Page 7
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tccgctcatt 2700
ttttattgat 2760
caaaatttcc 2820
taaaaattcc 2880
aggaaagaaa 2940
aaaaatattg 3000
gtttatacta 3060
tttaatcaag 3120
gcatctttta 3180
tgtcgacaag 3240
ttgaataata 3300
gcaacaagaa 3360
taatatttaa 3420
tcacataaac 3480
tcctcataaa 3540
aattttttgt 3600
atagtttttc 3660
ttaattatta 3720
ccggcatagt 3780
acataacttt 3840
atactattgt 3900
acaaactaat 3960
taattaaaat 4020
tgtaataaaa 4080
atcagatctg 4140
cgcagaagaa 4200
ctcgtccacc 4260
ctctcecegeca 4320
gtggacatga 4380
atctctatac 4440
tcccccatca 4500
tttgtaacaa 4560
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aggccacagce
aacccttecte
attacttcca
atgtggacca
atatccgtgt
aaccctaaga
ggtacccggg
atccgtaatg
tacagggaaa
gtgatggatg
ttcctggecce
atcgtcgage
ggcggceggcet
atcgatcgtg
gctgaagagg
ccagacgcac
atttattaag
aataattcat
tcagegtctt
cgattagttt
tcgctcaacg
gtttgtgttt
tttctttcat
tggacatatt
ccctegtegt
attgtgtcgg
gattgcgggc
acgttagaaa
ggcggtggtg
ggaggcggag
‘ttaggcaaca

cctaacctat
ctaccactcc
accaaataac
cgtaggcctc
aaccatgtat
attctatcac
atcctttcct
ttaaacccga
cttggacccg
ttttccttgt
aacacgctct
cttcatgggt
gcccaataat
tcatctggga
aggaaattct
ctctgttcac
cgctagattc
taaatttata
tatatctgaa
caaacaaggag
ccacaaaact
tgttttgtaa
cactgtcgtt
taacatcgyg
tagaagttgc
ctaacacgtc
gtttttgggc
gcgatggtge
gagctgatga
gcggaggtgg
cagtcggcac

gacccatatg
cgttacttca
aaaaggaatc
ggcactgegt
gtacaattca
tagtgaattc
gggacccggc
cacgatgaag
cttcatggaa
tgtcaacatg
gcgttgegac
gggcagcaac
gaaccttcac
gaacttctac
ccttgaagtt
tggtccggceg
tgtgcgttgt
atctttaggg
tttaaatatt
ttgtttttcc
tgccaaatct
taaaggttcg
agtgtacaat
cgtgttaget
ttccgaagac
cgcgatcaaa
gggtttcaat
aggcggtggt
taaatctacc
tggcggtgat
ctcaactatt

34816-CIP1.ST25

taaactactc
cacccaaacc
agctttgget
tcgaaaacag
gagaatttaa
gcggecgecg
aagaaccaaa
cttgtegttg
gacagcttcc
cgtcccacta
cccgactatg
aacgagtacc
tctgagtaca
aagcccatcg
tccctggtgt
tattaaaaca
tgatttacag
tggtatgtta
aaatcctcaa
gaaccgatgg
tgtagcagca
acgtcgttca
tgactcgacg
ttattaggcc
gattttgcca
tttgtagttg
ctaactgtgc
aacatttcag
atcggtggag
gcagacggcg
gtactggttt

Page

ctcccgecat
tgttcttgac
gaggctacaa
taaatacgac
tcttaaagac
gccgetecag
aactcactct
gatggaaagg
ccattgttaa
gacccaaccg
tacctcatga
gcatcagect
ccaactcgtt
tttacatcgg
tcaaagtaaa
cgatacattg
acaattgttg
gagcgaaaat
tagatttgta
ctggactatc
atctagcttt
aaatattatg
taaacacgtt
gattatcgtc
tagccacacg
agctttttgg
ccgattttaa
acggcaaatc
gcgcaggcag
gtttaggctc
cgggcgeegt
8
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acaatccccc 4620
tccactattg 4680
acctctagaa 4740
caggactaca 4800
cccccacttg 4860
aattctagaa 4920
cttcaaggaa 4980
aaaagagttc 5040
cgaccaagaa 5100
ttgttacaaa 5160
cgtgattagg 5220
ggctaagaag 5280
cgaacagttc 5340
taccgactct 5400
ggagtttgca 5460
ttattagtac 5520
tacgtatttt 5580
caaatgattt 5640
aaataggttt 5700
taatggattt 5760
gtcgatattc 5820
cgcttttgta 5880
aaataaagct 5940
gtcgtcccaa 6000
acgcctatta 6060
aattatttct 6120
ttcagacaac 6180
tactaatggc 6240
ggctggcgge 6300
aaatgtctct 6360
ttttggtttg 6420
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accggtctga gacgagtgeg atttttttcg

tcgtctaaag
gacatcgatg
ggcggcggtg
accggcgeag
ggtggtggca
gtaatttcgc
ttgtaaagag
cagcattgta
aaacgtcgtt
tgtcgtaaat
gatgcgcatc
tacgattcgt
actgcaaaaa
ttttatcgca
ttaacgctga
tctattttaa
ccgatttatt
ttattagaca
acataaaact
acggattgtg
gtccggaaaa
aacatacaag
gctcacaatt
atgagtgagc
cctgtegtge
tgggcgctct
agcggtatca
aggaaagaac
gctggegttt
tcagaggtgg
cctegtgege

gtgcagcggg
gtggtggtgg
ccgeeggtat
gcgecgetgyg
attcaatatt
tatcgtttac
attgtctcaa
gtggcgagac
ggcaagcttt
gttgtttttg
aattttgttg
catggccacc
cgtcaaaact
caagcccact
cgaaataaaa
tcacggttcc
tgaaacacta
gctgtgtgaa
cgaaaatgtc
caaacacgaa
aattcgacac
ttgctaacgt
ccacacaaca
taactcacat
cagctgcatt
tcecgettect
gctcactcaa
atgtgagcaa
ttccataggc
cgaaacccga

tctectgttc

ttgaggttcc
tggtggaggc
aatttgttct
ctgcacaacg
ataattggaa
cgtgccgata
gctcgecegea
acttcgctgt
aaaatattta
ataatttgcg
ttcctattat
acaaatgcta
cggtataaaa
agcaaattgt
gttcaccagt
atcaacaacc
caaattaaag
gcgetcaacyg
ttatatttcg
aactcactta
acaactatgc
aatcatggtc
tacgagcegg
taattgcgtt
aatgaatcgg
cgctcactga
aggcggtaat
aaggccagca
tcegeccccee
caggactata

cgaccctgcc

34816-CIP1.ST25

tttctaatag
gtcggcattg
gctggaatgt
ggtttagttt
gaaggtcgtc
tacaaatcgt
tttaacaacc
cgccgataac
cgtcgacgta
daagaacatc
cttccgeagt
tgaataaata
cgctgcaaac
taatcaaégg
atttgcagaa
taatgagcga
aagtgatcgt
gcgagcttte
atttgcacaa
aagcacttga
gcgtgcacga
acgtttcgtt
atagctgttt
aagcataaag
gcgctcactg
ccaacgcgeg
ctcgetgege
acggttatcc
aaaggccagg
tgacgagcat
aagataccag

gcttaccgga

cttccaacaa
gtggagcggg
taggcacggg
gttcgcgeac
fgcttcgagg
aaaaatctgce
gctcaatgta
aagccttttc
catgtatgct
tctgttcage
atcgacacgt
agattgtaca
gctggtacaa
gegetttgge
aacaatttcg
ccacccaaat
gatggactac
gfaccaactt
gcacaatttc
tcgegtgtat
cggcacgttg
tgactggtac
cctgtgtgaa
tgtaaagcct
ceccgetttee
gggagaggcg
tecggtegttc
acagaatcag
aaccgtaaaa
cacaaaaatc
gcgtttcccc
tacctgtccg

Page 9
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ttgttgtctg 6480
cggcaattca 6540
agaaggtggt 6600
gattgtgggc 6660
cagcgcttgg 6720
tataagcatt 6780
agcaattgta 6840
atttttacta 6900
ttgttgtcaa 6960
accactgtgt 7020
tcaaaaaatt 7080
gattcatatc 7140
ttttacgaaa 7200
aaaatatcta 7260
gcgcacaatt - 7320
tttataaaaa 7380
attgactgtc 7440
gttagcaata 7500
atacacaacg 7560
gtttgcgatt 7620
gagtatttta 7680
gcggcgtgtt 7740
attgttatcc 7800
ggggtgccta 7860
agtcgggaaa 7920
gtttgcgtat 7980
ggctgcggcg 8040
gggataacgc 8100
aggccgegtt 8160
gacgctcaag 8220
ctggaagctc 8280
cctttctecce 8340
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ttcgggaagce
cgttegetee
atccggtaac
agccactggt
gtggtggcct
gccagttacc
tagcggtggt
agatcctttg
gattttggtc
aagttttaaa
aatcagtgag
ccececgtcgtg
gataccgcga
aagggccgag
ttgccgggaa

tgctacagge

ccaacgatca
cggtcctecg
agcactgcat
gtactcaacc
gtcaatacgg
acgttcttcg
acccactcgt
agcaaaaaca
aatactcata
gagcggatac
tccccgaaaa
aaataggcgt
ctgacacatg
acaagcccgt

ggcatcagag

gtggcgettt
aagctgggcet
tatcgtcttg
aacaggatta
aactacggct
ttcggaaaaa
trttttgttt
atcftttcta
atgagattat
tcaatctaaa
gcacctatct
tagataacta
gacccacgct
cgcagaagtg
gctagagtaa
atcgtggtgt
aggcgagtta
atcgttgtca
aattctctta
aagtcattct
gataataccg
gggcgaaaac
gcacccaact
ggaaggcaaa
ctcttccttt
atatttgaat
gtgccacctg
atcacgaggc
cagctcccgg
cagggcgcegt
cagattgtac

ctcatagctc
gtgtgcacga
agtccaaccc
gcagagcgag
acactagaag
gagttggtag
gcaagcagca
cggggtctga
caaaaaggat
gtatatatga
cagcgatctg
cgatacggga
caccggctcc
gtcctgcaac
gtagttcgece
cacgctegtc
catgatcccc
gaagtaagtt
ctgtcatgcc
gagaatagtg
cgccacatag
tctcaaggat
gatcttcagc
atgccgcaaa
ttcaatatta
gtatttagaa
acgtctaaga
cctttegtct
agacggtcac
cagcgggtgt
tgagagtgca
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acgctgtagg
accccecgtt
ggtaagacac
gtatgtaggc
gacagtattt
ctcttgatcc
gattacgcgce
cgctcagtgg
cttcacctag
gtaaacttgg
tctatttegt
gggcttacca
agatttatca
tttatccgee
agttaatagt
gtttggtatg
catgttgtgce
ggccgcagtg
atccgtaaga
tatgcggcga
cagaacttta
cttaccgctg
atcttttact
aaagggaata
ttgaagcatt
aaataaacaa
aaccattatt
cgcgecgtttce
agcttgtctg
tggcgggtgt
ccatatgcgg

tatctcagtt
cagcccgacc
gacttatcgc
ggtgctacag
ggtatctgcg
ggcaaacaaa
agaaaaaaag
aacgaaaact
atccttttaa
tctgacagtt
tcatccatag
tctggeccca
gcaataaacc
tccatccagt
ttgcgcaacg

gcttcattca

aaaaaagcgg

ttatcactca
tgcttttctg
ccgagttgcet
aaagtgctca
ttgagatcca
ttcaccagcg
agggcgacac
tatcagggtt
ataggggttc
atcatgacat
ggtgatgacg
taagcggatg
cggggctggce
tgtgaaatac
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cggtgtaggt 8400
gctgcgcectt 8460
cactggcagc 8520
agttcttgaa 8580
ctctgctgaa 8640
ccaccgctgg 8700
gatctcaaga 8760
cacgttaagg 8820
attaaaaatg 8880
accaatgctt 8940
ttgcctgact 9000
gtgctgcaat 9060
agccagccgg 9120
ctattaattg 9180
ttgttgccat 9240
gctccggttc 9300
ttagctectt 9360
tggttatgac 9420
tgactggtga 9480
cttgcccgge 9540
tcattggaaa 9600
gttcgatgta 9660
tttctgggtg 9720
ggaaatgttg 9780
attgtctcat 9840
cgcgcacatt 9900
taacctataa 9960
gtgaaaacct 10020
ccgggagcag 10080
ttaactatgc 10140
cgcacagatg 10200
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Cgtaaggaga aaataccgca tcaggcgcca ttcgeccattc aggctgcgea actgttggga 10260

agggcgatcg gtdcgggect cttcgcetatt acgccagctg gcgaaagggg gatgtgectge 10320
aaggcgatta agttgggtaa cgccagggtt ttcccagtca cgacgttgta aaacgacggc 10380
cagtgcc ’ 10387
<210> 9

<211> 20

<212> PRT

<213> Porcine circovirus

<400> 9

ier TYyr Pro Arg ?rg Arg Tyr Arg Arg ﬁgg Arg His His Pro ;go Ser

His Leu Gly GIn
20

<210> 10

<211> 19

<212> PRT

<213> Porcine circovirus
<400> 10

Pro Arg His His Tyr Arg Pro Arg Arg Lys Asn Gly Ile Phe Asn Thr
1 5 10 15
Thr Leu ser

<210> 11

<211> 233

<212> PRT

<213> Artificial
<220>

<223> This is an amino acid sequence for porcine circovirus type 2,
open reading frame 2.

<400> 11

Met Thr Tyr Pro Arg Arg Arg Tyr Arg Arg Arg Arg His Arg Pro Arg

1 5 10 15

ser His Leu Gly GIn ITe Leu Arg Arg Arg Pro Trp Leu Val His Pro
20 25 30

Arg His Agg Tyr Arg Trp Arg 259 Lys Asn Gly Ile Z?e Asn Thr Arg
3

Leu ser Arg Thr Phe Gly Tyr Thr val Lys A1a:EPr Thr val Arg Thr
Page



Pro

65

Pro

Arg

Gln

Phe

Ser

145

Phe

Asn

val

GIn

Asnh
225

WO 2006/072065

50

Ser Trp Ala

Pro Gly Gly

Ile
Gly
val
130
Ser
Thr
Asn
Asp
AS

210

Leu

Lys
Asp
115
Thr
Arg
Pro
Lys

His
195

p Tyr

Lys

Lys

100

Arg

Lys

His

Lys

Asn

Asp

val

Gly

85

val

Gly

Ala

Thr

Pro

165

Asn

Gly

Ile

Pro

Asp

70

Thr

Lys

val

Thr

Ile

150

val

Gln

Leu

Arg

Pro
230

55

Met
Asn
val
cly
%
Pro
Leu
Leu
Gly
val

215

Leu

34816~CIPL.ST25
60

Met Arg Phe

Lys

Glu

ser

120

Leu

GIn

Asp

Trp

Thr

200

Thr

Lys

Itle

Phe

105

Thr

Thr

Pro

ser

Leu

185

Ala

Met

Pro

ser

90

Trp

Ala

Tyr

Phe

Thr

170

Arg

Phe

Tyr

Asn Ile Asp
75

Ile

Pro

val

Asp

Ser

155

Ile

Leu

Glu

val

Pro

Cys

Ile

Pro

140

Tyr

Asp

Gln

Asn

Gln
220

Page 12

Phe

ser

Leu

125

Tyr

His

Tyr

Thr

ser

205

Phe

Asp Phe

Glu Tyr
95

Pro Ile

110

Asp Asp

val Asn

Ser Arg

Phe GlIn
175

Ser(Arg
190

Ile Tyr

Arg Glu

val
80

Tyr
Thr
AsSn
Tyr
Tyr
160
Pro
Asn

Asp

Phe

PCT/US2005/047596
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Hindill (1) FIG' 1A

3 ARGCTTCTATCARARGTCTTAATGAGTTAGETGTAGATAGTATAGATATTACTACAAAGGTATTCATATT
71 TCCTATCAATTCTAARAGTAGATGATATTAATAACTCARAGATGATGATAGTAGATARTAGATACGCTCAT

141 ATARTGACTGCRAATTTGGACGGTTCACATTTTAATCATCACGCGTTCATAAGTTTCAACTGCATAGATC

211 ARARTCTCACTAAARAGATAGCCGATCTATTTGAGAGAGATTGGACATCTAACTACGCTARAGAAATTAC

281 AGTTATARATAATACATARTGGATTTTGTTATCATCAGTTATATTTAACATARGTACAATARAARGTATT

351 ARATAAAAATACTTACTTACGAAAAAATGTCATTATTACAAAARCTATATTTTACAGAACAATCTATAGT

1*MetSer LeuLeuGl nLysLeuTyrPheThr Gl uGl nSer | | eVs

421 AGAG’I‘CC’I’I‘TAAGAGTTATAAMAAAAGATAACCATAA'I’GTAATA’I“I‘TACCACATCAGATGATGATACT
15% | GluSer PhelysSer TyrAsnLeulLysAspAsnHisAsnValllePheTht The SerAspAspAspTht

491 G'I".I‘GTAGTAATAAA'PGAAGATAATGTAC’PG'ITATCTACAAGA’I'PATTATCA’I'I‘I’GATAAAA’I‘I‘CTG’I‘TTT
39% Vel VaiVal |l eAsnGl uAspAsnVal Leul.euSer Thr ArglLeuleuSet PheAsplLysiieLeuPheP

561 TTAACTCCTTTAATAACGGTTTATCRAAATACGAAACTATTAGTGATACAKTATTAGATATAGATACTCA
62" heAsnSer PheAsnAsnGlyLeuSer LysTyrGl uThr ¢ leSerAspThrt 11eLeuAspl | eAspThr Hi

631 TAA'ITA'I‘TATA'I'ACCTAGTTCITCﬂ'C’HTGiTAGATA‘ITCTAAAAAAAAGAGCGIGTGATTTAGAATTA
850 sAsnTyrTyrlleProSer Ser Ser Ser LeuLeuAsplleLeuLysLysArgAl aCysAspLeuGluLleu

701 GAAGATCI'AAA’I‘I‘ATGCGT'I‘AATAGGRGACAATAGTAACITATA’I‘I‘ATAAPGATA’IGACI‘PACATGAATA
109» Gl uAspLeuAsnTyrAlalLeul | oGl yAspAsnSerAsnLeuTyrTyrLysAspMet Thr TyrMetAsnA

771 ATTGGTTATTTACTARAGGATTATTAGATTACAAGT T TGTATTAT TGCGCGATCTAGATARARTGTTACAA
132¥ snTrpLeuPheThrLysGlylLeuleuAspTyrLysPhaVal LeuLeuArgAspValAspLysCysTyrly

Nrul (880) Ndel (901)
841 ACAGTATAATAARAAGAATACTATARTAGATATAATACATCGOGATAACAGACAGTATAACATATGGGTT

155% sGinTyrAsnLysLysAsnThr | l el eAsp! lelleHisArgAspAsnArgGinTyrAsniieT rpVal

911 AAAAATGWATAGAATACIWCIGGCTATATAMAWACATGATCTMGCCGCPGCTGAAG
179» LysAsnVal 1 1 eGl uTyrCysSer ProGiyTyril eLeuT tpl.euHi sAspLeuLysAl aAl aAl aGl UA

981 ATGATTGG’I‘I‘AAGATACGATAACCGTATAAACGAA'ITATC'I‘GCGGATAAA’ITATACAC‘I‘I‘TCGAG’I‘ICAT
202" spAspTrpLeuArgTyrAspAsnArglieAsnGl uleuSer Al 8AsplysleuTyrThr PheGl uPhel |

1051 AGTTATATTAGAARATAATATAAAACATTTACGAGTAGGTACAATAATTGTACATCCAARCARGATAATA
225% eVe! l{eleuGl uAsnAsnlielysHisLeuArgVal Gl yThritellevalHisProAsnlysiiaille

1121 GCTAATGGTACATCI‘AATAATATACH‘ACTGA'I'I'I‘I‘CTATC‘I'IACGTAGMGAACTAATATA‘ICA‘ICATA
249PAl aAsnGl yThr SerAsnAsnileLeuThrAspPheleuSer TyrValGluGluleul leTyrHisHisA

EcoRl (1223)
1191 ATTCATCTATAATATTGGCCGGATATTTTTTAGRATTCTTTGAGACCACTATT TTATCAGAATTTATTTC
2727 snSer Ser-1 | el | eLeuAl aGly TyrPheLeuGl uPhePheGl uThr Thr | | eLeuSer Gl uPhal | eSe

1261 'I'I‘CATC‘I“I‘CI‘GAA'IGGGTAATGAATAGHAACPGTPTAGTACACCI’GAMACAGGGTATGAAGCPATA@C
295P ¢ Ser Ser Ser Gl uT rpVatMetAsnSerAsnCysLeuVal Hi sleuLysThr GlyTyrGl uAl el leLeu

1331 MTGATGCTAGMTAWCAAGCTCTACPMAAGCMWAT@AMMGACAAAW
319® PheAspAl aSer LeuPhePheGl nLeuSer Thr LysSerAsnTyrvaiLysTyrTepThe LysLysThrl

1401 TGCAGTATMGAAWAMGACGGTAMCAGITAGCAAMTMATMHAAGAMGATMCAGGT
342% euGl nTyrLysAsnPhePhelysAspGl yLysGl nLeuAlalysTyri{ellelysLysAspSer GinVa
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FIG. 1B

1473 GATAGATAGAGTA’I‘G'I’TA'I'PTACA\.GCAGCTGTA'I‘ATAATC‘ACGTAAC'ITAC‘ITAATGGATACG'.P'I‘TAAA
365" 1 11 eAspArgVal CysTyrLeuHisAl aAl aVaITyrAanisVaIThrTereuMetAspThr Phelys

154} ATTCCTGGTT TTGATT T TARATTCTCCGGARTGATAGATATACTACTCTTTCGARTATTGCATAAGGATA
389% 1 1eP1oGlyPheAspPhelysPheSer Gi yMet | | eAsplleleuleuPheGiylleleuHi sLysAspA

1611 A’I‘GAGAATA'I‘A’I’I"I‘I‘A’I‘CCGAAACGTG'I'I"I‘CTGTAACI‘AATATAATATCAGAATCTATCTA’I‘GCAGA’I’I’T
412Y snGl uAsnl lePheTyrPtoLysArgVal Ser ValThrAsn!lelleSer Gi uSer | leTyrAl aAspPh

1661 'I‘I‘AC‘I'I'I‘ATATCAGATGTTAATAAATTCAGTAAAAAGATAGAATATAAAACTATG’I’I‘PC CTATACTCGCA
43%) eTyrPhetl | eSerAspValAsnLysPheSer LyslystieGluTyrLysThiMetPheProl | eLeuAl a

1751 GAAAACTAC‘I‘ATCCAAAAGGAAGGCCCH\TI‘ITACACATACATCTAACGAAGA’IUITCTGTCTATCTGTT
459> GluAsnTyrTyrProlysGl yArgProTyrPheThr Hl s Thr SerAsnGl uAspleuleuSer | [ eCysL

18231 'I‘ATGCGAAGTAACAGT'I'I‘GTAAAGATATAAAAAATCCATI‘ATTATA’I'I’CTAAAAAGGATATA‘I‘CAGCAAA
48Z» auCysGluval Thr Val CysLysAsplielLysAsnP roleulLeuTyrSer LysLysAsp!leSerAlaly

1891 ACGA’I'I‘CATAGGTPTATTTAGATCI‘GTCGATATAAATACGGCPGITGAGITAAGAGGATATAAAATMGA
505) sArgPhel | eGlyLeuPheThr Ser ValAspl | eAsnThr AlaVal G uleuArgGlyTyrLys!ieArg

1961 GTAATAGGATGT'I"I‘AGAATGGCCI‘GAAAAGATAAAAATATPPAA’I"I‘CTAATCCTACATACA’I‘TAGA‘I‘TAT
529} Val | 1 eGlyCysLeuGl uT rpP1oGl uLys| lelys!iePheAsnSerAsnProThr Tyrl| eArgleul

2031 TACTAACAGAAAGACG’I"I‘I‘AGATATI‘CrACATICCI‘ATCTGCPrAAMTrAATATAACAGAGGATA'.I‘AGC
552" euLeuTht Gl uArgArgLeuAspl | eLeuHi sSer TyrleuleuLysPheAsnlleThr Gl UAsSpIl | eAl

210 TACCAGAGATGGAG’ICAGAAATAA‘I'I‘TACC'I‘ATAA’I'I'I‘CTI'I‘I‘A’PCGTCAG’I‘I‘ATTGTAGA‘I‘CG‘I‘ATAC'I‘
575F aThr AtgAspGlyValArgAsnAsnLeuProllel | eSer Phel | eValSerTyrCysArgSer TyrThr

Ndel (2189)
2171 TATAAA’I‘TACTAAA‘I'I‘GCCATATGTACAA’I‘TCGTGTAAGATAACAAAG'I‘GTAAATATAATCAGGTAA’I‘A’I‘
599* TytLyslLeuleuAsnCysHi sMet TyrAsnSet CysLys!|leThrLysCysLysTyrAsnGinVal!leT

2241 ATAATCC'I‘ATA‘I‘AGGAGTATATATAA’I'I’GAAAAAGTAAAATATAAATCATATAATAATGAAAcG AAATAT
622» ytAsnProllees s

2311 CAGTAATAGACAGGAACTGGCAGATTCH‘CITCPAATGAAGTAAGTACTGCDAAATCPCCAAAA!TAGAT

2381 AAARATGATACAGCAAATACAG CI'I‘CATI’CAACGAMTACCI‘I'ITAA’I'I‘I'I‘TTCAGACACACCITATTAC

2451 AAACTAACPAAGTCAGATGATGAGAAAGTAAATATAAATITAAC’ITATGGGTATAATATAATAAAGA’I‘I‘C

2521 ATGATATI‘AATAA'I'ITACI'PAACGATGETAATAGAC’ITAWCCATCAACCCCIT@\AACCTTTCTGGATA

2591 'I"I‘ATAAAATACCAG‘ITAATGATATTAAAATAGATIGITTAAGAGATGTAMTAMTATI'I‘GGAGG'I‘AAAG

2661 GATATAARATTAGTCTAT C‘I"ITCACATGGAAATGAATITACCTAATATTAATAAETATGATAGGAATITI‘I‘

2731 TAGGA'I"I'PACAGC'I‘G‘I‘I‘ATATG‘PA’I’CAACAATACAGGCAGATCTATGG'I"I‘ATGGI‘AAAACAC‘I’GTAACGG

2801 GAAGCAGCA’I‘TCTATGGTAACTGGCCrATG’I'PTAATAGCCAGATCA‘I'I'ITACTCPATAAACA'I“ITTACCA

BamH! (2880)

2871 CAAATAATAGGATCCIT.‘PAGATAITTAATATTATATCPAACAACAACAMMAMAACGAMATGGC

2541 CAGAAGTAT’I‘ITCTACTAATMAGATAAAGATAGTCTATCI‘PATCTACAAGATATGAAAGAAGATMCA

Hindlil (3058)
3011 TTTAGTAGTAGCTACTAATATGGARAGRARTGTATACAAAARCGTGGAAGCT T TTATATTAAATAGCATA
3081

T'I'ACTAGAAGATI'I‘AAAATCTAGACTTAGTATAACAAAACAG‘J‘TAAATGCCARTA'I'CGA'I'I‘CI‘ATA’I'I"I‘C
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FIG. 1C

3151 A’I‘CATAACAGTAGTACAT'I‘AAT(.‘AG'IGATATACTGAAACGATCI‘ACAGACI’CAACTATGCAAGGAATAAG

3227 CAATATG CCARTTATGTCTAATATTTTAACTTTAGAACTARRAC GTTCTACCAATACTAAAAATAGGATA

3291 CGTGATAGGCTG’I‘I‘AAAAGCTGCAATAAATAGTAAGGATGTAGAAGAAATAWI’I‘GI‘PCTATACC’I’PCGG

336) AGGAARAGAAC TTTAGAACAAC’ITAAG’I'I‘I‘AATCAAAC’I’I‘GTA’I’ITATGAACACTATMAAAAA’ITATGGA
3431 AGATACAAGTAAAAGAAT GGATG'I‘I‘GMTGTCGTAG’I‘I“I‘AGAACATAAC'IATACGGCTAAC'I"I‘ATATAAA
3501 GTG'I‘ACGGACAAAACGAATATATGA’I'I‘ACI‘TATATACI’AGCTC‘I‘CATAAG’].‘AGGA'I'I‘AA’I‘AATA'I'I‘ATAG

3571 AAAC’I"I"I‘AAAATATAATCTGGTGGGGCTAGACGAATCTACAATACGTAATATAAA‘I’I‘ATATAATI'PCACA

3641 AAGAACAAAAAAAAATCAAGTTECTAATACCITATAGATAAACTATATI'ITTPACCACTGA
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FIG. 2

Kpnl (653)

R BamHI (1184)

C6 ri
pJP102 right arm ¥
(5376 bp)

Sacl (3167)

Notl (3159)
Smal (2296)

Sall (2756)

EcoRl (2363)
Ndel (2472)

Smal (2762)  Stul {2641)
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Kenl (1) FIG. 3A

GGTACCTTCATAAATACARGTTTGATTAAACT TAAGTTGTTCTARAGTICTTTCCTCCGAAGGTATAGAR

71 CAAAGTATTTC'I'TCTACA"I‘CCI'TACTAITTATI’GCAGCITI'PAACAGCCI‘ATCACGTATCCTATI'I'PPAG

14). TATTGGTAGAACGTTTTAGTTCTARAGTTAAAATATTAGACATAATTGGCATATTGC I TATTCCTTGCAT

211 AGTTGAGTCTGTAGATCGTTTCAGTATATCACTGATTAATGTACTACTG T TATGATGAAATATAGAATCG

2 Bl ATATTGGCATTTAACT GTTTTGTTATACTAAGTCTAGATTTTAAATCTTCTAGTAATATGCTATTTARTA

35) TARAAGCTTCCACGTTTTTGTATACATT TCTTTCCATATTAGTAGCTACTACTAAATGATTATCTTCTTT

421 CATATCTTGTAGATAAGATAGACTATCTTTATCTTTATTAGTAGAAAATACTTCTGGCCATACATCGTTA

BamHl {532)
491 AA'I'I'I“'I“I'I'I‘G'I'PGTI‘G'I'PAGATATAATATTAAATATCTAGAGGATCC'I‘ATI‘A'I‘I‘I‘G’I‘GGTAAAATGTTTA

561 TAGAGTAAAAT GATCTGGCTA'I'I‘AAACATAGGCCAGTI‘ACCATAGAATG CTGCTTCCCGTTACAGTGTTT

63: TACCATARCCATAGATCTGCCTGTATTGTTGATACATATARCAGCTGTAAAT CCTAAAAARTTCCTATCA

701 TAA'I‘I‘A'I'I‘AATA’ITAGGTAATI‘CA‘I‘I'I‘CCATGTGAAAGATAGACTAA’ITITATN&'CC’I‘I“I‘ACCPCCAAAT

7. AATTA'ITTACATCTCTTAAACAATCPATI'I'I‘AATATCATTAACPGGTATI‘ITATAATATCCAGAAAGGTT

84) TGAAGGGGTTGATGGAATAAGTCTATTAACATCGTTARGTAAATTATTAATATCATGAATCTTTATTATA

811 TTATACCCATAAGTTARATTTATATTTACTTTCTCATCATCTGACTTAGTTACTTTGTAATAAGGTGTGT

981 CTGAAAAAATTARAAGGTAATTCGTTGAATGAAGCTGTATTTGCTGTATCATTTTTATCTAATTTTGCGAG

1051 ATTTAGCAGTACTTACTTCATTAGAAGAAGAATCTGCCAGTTCCTGTCTATTACTGATATTTCGTTTCAT

EcoRI {1
1121 TATTATATGATTTATATTTTACTTTTTCAATTATATATACTCATTTGACTAGTTAATCAATARAAAGAAT

1191 'I‘CCTGCAGCCCIGCAGCTAAWAAWAAGCTACAAATAGI‘I‘I‘CGETTTCACCPIGTCTAATMCPAATPA

BamHl (1266)
ATTAAGGATCCCCCAGCTTCTTTATTCTATACTTAAAAAGTGAARATAAATACAAAGGTTCTTGAGGGTT

EcoRV (1378)

Nrul (1374)
1331 G‘I‘GT’I‘AAA’I‘TGAAAGCGAGAAA’I‘AATCATAAA’ITA‘I‘ITCA’I'PATCGCGATATCCGTTAAGI‘I'I‘GTATCGT

1261

1401 AATGACGTA‘I’CCAAGGAGGCGTTACCGCAGAAGAAGACACCGCCCCCGCAGCCATC‘I'I’GGCCAGATCCI‘C
1»MetThr TyrProArgArgArgTyrArgArgArgArgHi sArgProArgSerHisLeuGlyGinllelLeu

1471 CGCCGCCGCCCCTGGCTCGTCCACCCCCGCCACCGCTACCG'I‘I‘GGAGAAGGAAAAA'I‘GGCATCTTCAACA
24YArgArgArgProTrpleuVal Hi sProArgHi sArgTyrArgT tpArgArglysAsnGl yilePheAsnT

1541 CCCGCCTCTCC CGCI-\CC'I‘TCGGATATACTGTCAAGCGTACCACAGTCACAACGCCC‘I‘CC’I‘GGGCGGTGGA
47" hrArgLeuSer ArgThr PheGly TyrThr ValLysArgThr Thr Val Thr Thr P roSer T rpAlaValAs

Smal (1644)
1611 CATGA'I‘GAGATTTAAAAWGACGACHTGTTCCCCCGGGAGGGGGGACCAACAAAATCI‘CPATACCCITT
70 pMetMetArgPhelys | [ eAspAspPheVal ProProGl yGlyGiyThrAsnLys!(eSer(|eProPhe
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FIG. 3B

EcoR! (1711)
1681 GAATACTACAGAATAAGARAGGTTAAGCTTGAATTCTGGCCCTGCTCCCCCATCACCCAGGGTCGATAGGS

94» GluTyrTyrArglleArglysVallysVal Gl uPheT tpProCysSet Prol | eThr Gl nGl yAspArgG

Ndel
1751 GAGTGGGCTCCACTGCTGTTATTCTAGATGATARCTTTGTAACAAAGGCCACAGCCCTAACCTATGACCC

117% lyval GlySer Thr AlaVal { | el euAspAspAsnPheVval The LysAlaThr AlaLeuThr TyrAspPr

182) ATATGTAARCTACTCCTCCCGCCATACAATCCCCCAACCCTTCTCCTACCACTCCCGTTACTTCACACCC
140? oTyrValAsnTyrSer SerArgHisThr | | eProGinProPheSer TyrHisSerArgTyrPheThr Pro

1891 AAACCTG’I‘I‘CTTGACTCCACTM*?GA‘ITACWCCAACCAAATAACAANAGGAATCAGCI‘ITGGCTGAGAC
164" LysPioVal LeuAspSer Thr | 1 eAspTytPheGl nProAsnAsnlysArgAsnGl nLeuT rpleuArgl

Bl (1989)
1961 TACARRCCTCTGGAAATGTGGACCACGTAGGCCTCOGECGCTGCGTTCGAARACAGTAAATACGACCAGGA
187 au@Gl nThr Sef GlyAsnValAspHisVal Gl yLeuGl yAl aAl.aPheGl uAsnSer LysTyrAspGl nAs

2031 CTACAATATCCGTGTAACCATGTATGTACAATTCAGAGAATTTARTCTTARAGACCCCCCACTTAARCCC
210% pTyrAsnileArgVal ThrMet TyrVa) GinPheArgGl uPheAsnleulysAspProProLeulysPro

Smal (2110)
Sall (2104)

2101 TARGTCGACCCCGGETT T TTATAGCTAATTAGTCAT T TT TCGTAAGTAAGTAT T TTTATTTAATACTTT

2171 TTATTGTACTTATGTTARATATAACTGATGATAACARAATCCATTATGTATTATT TATAACTGTAATTTC

2241 TTTAGCGTAGTTAGATGTCCAATCTCTCTCAARTACATCGGCTATCTTITTAGTGAGATTTITGATCTATG

2311 CAGTTGAAACTTATGAACGCGTGATGATTARRATGTGAACCGTCCARATITGCAGTCATTATATGAGCGT

2381 ATC'I‘A’I'I‘A’I‘CI‘ACTATCA'ICATC’I'I’I‘GAGT?A’ITMTATCATCTACI‘ITAG AATTGATAGGAAATATGAA

Sacl (2515

Noti (2507)
2451 TACCTTTGTAGTAATATCTATACTATCTACACCTARCTCATTAAGACTTITGATAGGCGGCCCCGAGCTC
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FIG. 4

Kpnl (653)

R _BamHi (1184

C6 right arm

pJP105
(5618 bp)

EcoR| (1839)
BamHl (1918)
Nrul (2026)

EcoRV (2030)
Sacl (3410) Sacl (2153)
Notl (3402)
Bell (2320)
Sacl (2376)

Smal (3005) Ndel (2979) EcoRV (2748) Ngol (2671)
Sall {2999)
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FIG. 5

Kpnt (653)

BamHI (1184)

Cé6 right arm \

pJdP107
(6465 bp)

wl (1958)
del (2127)
Sacl (4256 QR C6 left arm
N':ﬁ: §4248; Hé promoter EcoRl (2236)
H6 promoter Smal (2303)
PCV2 orf 1
EcoRV (2568)
Smal (3851) aR L rul {28573)
Sall (3845)
Nde! (3825) BamH! (2764)

Ncol (3517) Secl (2699)

EcoRV (3594) Sacl (3222) EcoRV (2876) Nrul (2872)
Bell (3166)
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Kpal (1) FIG. 6A

GGTACCT'ICATAAATACAAG'I’I’I‘GA’I‘I‘AAAC’I‘I‘AAGTTG'I'I‘CTAAAG'I'I'C’I'I'ICCI‘CCGAAGGTATAGAA

71 CARRGTATTTCTTCTACATCCTTACTATTTATTGCAGCTTTTAACAGCCTATCACGTATCCTATTTTTAG

14]  TATTGGTAGAACGTTTTAGTTCTAAAGTTARAATATTAGACATAATTGGCATATIGCTTATTCCTTGCAT

211 AGTTGAGTCTGTAGATCGTTICAGTATATCACTGATTAATGTACTACTGTTATGATGAAATATAGAATCG

281l ATATTGGCATTTAACTGTTTTGTTATACTAAGTCTAGATTTTAAATCTICTAGTAATATGCTATTTAATA

351 TARRAGCTTCCACGTTTTTGTATACATTTCTTTCCATATTAGTAGCTACTACTAAATGATTATCTTCTTT

421 CATATCTTGTAGATAAGATAGACTATCTTTATCTTTATTAGTAGAAAATACTTCTGGCCATACATCGTTA

BamHI (532)
491 AATTTT T TTGTTGTTGTTAGATATAATATTAAATATCTAGAGGATCCTAT TATTTGTGGTAAAATGTTTA

561 TAGAGTARAATGATCTGGCTATTAAACATAGGCCAGTTACCATAGARTGCTGCTTCCCGTTACAGTGTTT

63 TACCATAACCATAGATCTGCCTGTATTGTTGATACATATAACAGCTGTAAATCETARAAAATTCCTATCA

701 TAATTATTAATATTAGGTAATTCATITCCATGTGARAGATAGACTAATTTTATATCCTTTACCTCCAAAT

771 MwAmACAmAMCAATCTAMMTAMTrMCPGGTAﬂTTATAATmCAGMGGTT

841 TGAAGGGGTTGATGGAATAAGTCTATTAACATCGTTARGTAAATTATTAATATCATGAATCTTTATTATA

911 TTATACCCATAAGTTAAATTTATATT TACTTTCTCATCATCTGACT TAGT T AGT TTGTAATAAGGTGTGT

981 CTGAAAARATTAARAGETAATTCGTTGAATGAAGCTGTATTTGCTGTATCAT T T T TATCTAATTTTGGAG

1051 ATTTAGCAGTACTTACTTCATTAGARGAAGARTCTGCCAGTTCCTGTCTATTACTGATATTTCGTTTCAT

1121 TATTATATGATT TATATTTTACTTTTTCAATTATATATACTCATTTGACTAGT TAATCAATAAAAAGAAT

1191 'I'I‘CGACPTAGGGTITAAGTGGGGGGTCHTAAGATTAAANCTCTGAAETGTACATACATGGITACACGG

2334ProlysLeuProProAspLysiLeuAsnPheGl uArgPheGinVal TyrMet Thr ValA rg!

Stul (1306)
1261 A‘I‘ATTGTAGTCCTGGTCGPANTACNTITICGAACGCAGCGCCGAGG&TAC@GGTCCACAEWCCAG

21241 eAsnTyrAspGl nAspT yrLysSerAsnGl uPheAl aAl aGl yLeuGl yvalHisAspValAsnGlySe

1331 AGMGTAGT@CAGCCAMGCPGAWWHGGAA@MWAATAGTGGAGTCAAG
1834¢ Thr GinLevArglLeuTrpLeudl nAsnArglysAsnAsnProGl nPheTyrAsplleThr SerAspleu

1401 MCAGMGGGKGNAAGIMCGGGAGTGGTAGGAGAAGGGNGGGGGATMATGGCGGGMGAGPAG
1664Vsl ProLysProThr PheTyrArgSer HisTyrSer PheProGinProl i eThr Hi sArgSer Ser TyrA

Ndel (1475)

4N MACATATGGGICATAGGMAGGGHGPGGCCPHGMACMAGMATCAMAGAATMCAGCAGTGG
1424¢snVaiTyrProAspTyrThy LeuAl aThr Al sLysThr Val PheAsnAspAspleul levalAl aThr Se

EcoR! (1584)
1541 AGCCCACTCCCCTATCACC CTGGGTGATGGGGGAGCAGGGCCAGAA‘ITCAACC‘ITAACCITPCITA'ITCT
1194

1GlyValGlyArgAspGiyGInTht | | eProSer CysProT rpPheGl uVal LysVailysArglieArg

Smal (1651)
1611 GIAGTATTCAAAGGGTATAGAGATTTTGITGGTCCCOCCTCCCOGEEGAACARAGTCGTCAATTTTAAAT

964 Ty TyrGluPheProileSer | | eLysAsnThr Gl yGI yGI yProProVal PheAspAspl! | elysPheA
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FIG. 6B

1681 CTCATCATGTCCACCGCCCAGGAGGGCGTTGTGACTGTGGTACGCTTGACAGTATATCCGARGGTGCGRS
7241 gMeiMetAspValAlaT rpSer ProTht Thr Vai Thr Thr ArglysVal Thr TyrGl yPheThr ArgSe

1751 AGAGGCGGGTGTTGRAGATGCCATTTTTCCTTCTCCARCGGETAGCGGTGGCGEEEETGGACGAGCCAGGS
494rLeuArgThrAsnPhel l eGlyAsnLysArgArgT tpArgTyrAsgHisArgProHisValleuT tpPro

1821 GCGGCGGCGGAGGATCTGGCCAAGATGGCTGCGEGEEGCGETGTCTTCTTCTGCGGTAACGCCTCCTTGGA
264A1gATgATgleul l eGl nGlyl euHisSer ArgProArgHi sArgAtgArgArgTyrArgArgArgProT

Nrul (1821)
EcoRV (1917)

1891 TACGTCATTACGATACARACTTARCGGATATCCCGATAATGAAATAATTTATGATTATTTCTCGCTTTCA
24y Thriet

1861 ATTTAACACAACCCTCAAGAACCTTTGTATTTATTTTCACTITTTAAGTATAGAATAAAGAAGCTGGGGS

2031 ATCAATTCCTGCAGCCCTGCAGCTAATTAATTAAGCTACAAATAGT T TCGTTITCACCTTGTCTARTAAC

BamHl (2112)
2101 TAATTAATTAAGGATCCCCCAGCTTCTTTATTCTATACTTAAARAGTGARARTARATACARACGTTCTTG

EcoRV (2224)
Nrul (2220)

2171 AGGGTTGTGTTARATTGAARGCGAGAAATAATCATAAAT TATTTCATTATCGCGATATCCETTAAGTTTG
2241 TATCGTARTGCC CAGCAAGAAGARTGGAAGAAGCGGACCCCAACCACATARAAGGTGGGTGTTCACGCTG
1P Me1ProSerLysLysAsnGlyA rgSer Gl yProGl nProHI sLysArgT rpVal PheThr Leu

Sacl (2347)
2311 AATAATCCTTCCGAAGACGAGCGCARGAAAATACGGGAGCTCCCARTCTCCCTAT I TGATTATTTTATTG

22Y AsnAsnProSer Gl uAspGl uArglyslys! leArgGluLeuProl | eSer LeuPheAspTytPhelleV

2381 TTGGCGAGGAGGGTMTGAGGMGGACGMCACCPCACQCCAGGGGWGCTAATTHGTGMGARGCA
45% al Gl yG1 uGl uGl yAsnGl UGl uGl yA rgThr ProHi sLeuGl nGl yPheA! aAsnPheVal LysLysG!

Bell (2514).
24581 MCFHTMTMAGTGMGIGG!AHHGG@GCCCGCPGCCACANGAGAPAGCCAMGGAA@GATCAG
68» nThr PheAsnLysVallysTrpTyrLeuGl yAl aArgCysHisileGluLysAl alysGlyThrAspGln

Sacl (2570)
2521 CAGAATARAGAATATTGCAGTARAGARGGCARCTTACTTATTGAATGTGGAGCTCCTCGATCTCARGGAC

92% Gl nAsnlLysGl uTyrCysSerLysGluGl yAsnLeuLeul | eGl uCysGlyAlaProArgSer Gl nGl yG

2591 AACGGAGNAC@GTCPA@GGWGTACCETGHGGAGAGCGGGAMGIGACCGNCCAGAGCA
115% I nArgSerAspleuSer Thr Al aVal Ser Thr LeuLeuGl uSer Gl ySet LeuVal Thr ValAl aGl uGl

2661 GCACCCTGTAACGNTGTCAGAMMCGGGGGCIGGMGAAQTPTGAMGNAGCGGGAAMTGCAG
138" nHisProVal Thr PheVaiArgAsnPheArgGl yleuAl aGluleuleulysVal Ser Gl yLysMetGlin

2731 MGCGPGAMGAAGACCAATGTACACGTCATTGNGGGCCACCPGGGPGPGGTMMGCAMW
162? LysArgAspT rpLysThrAsnValHisVal ileVal GlyProProGl yCysGl yLysSer LysT rpAl aA

' . Ncol (2865

2801 @MTWGCAGACCCGGMACCACATACNGMACCACWAGAMCAAGTGGQGGGANG&TACCATGG
185P 1 aAsnPheAl aAspPtoGi uThr Thr Ty T rpLysP toProArgAsnLysT rpT tpAspGly Ty rHi sGI
2871 mmmcrcmmammacmmsmcreccmcmmmmmmr
208k yGluGi uVal Vai Val | | eAspAspPheTyrGl yTrpLeuProT IpAspAsplLouleuArgleuCysAsp

EcoRV (2942)

2941 CGATATCCAﬂGAmAGAGACTAMGMGGAAUGPACWGGCOCGCAGTAWﬂACCA
232PA1gTyrProteuThr Vai Gi uThr LysGlyGlyThr Vail ProPheleuAl aArgSer { lelLeullieTht S
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FIG. 6C

3011 GCAATCAGACCCCGTTGGAATGGTACTCCTCARCTGCTGTCCCAGCTGTAGAAGCTCTCTATCGGAGGAT
2559 et AsnGl nThr ProLeuGluT epTyrSer Ser Thr AlaVal ProAl aVai Gl uAl aleuT yrArgArgll

3081 TACTTCCTTGGTATTTTGGAAGARTGCTACRGARCAATCCACGGAGGAAGGGGGCCAGTTCGTCACCCTT
27a* eThr Ser LeuVal PheT tplLysAsnAl aThi Gl uGl nSer Thr Gl uGl uGlyGlyGl nPheVai Thr Leu

Smal {3199)
Ndel (3173) Sall (3193)
3151 TCCCCCCCATGCCCTGAATTTCCATATGAAATAAATTACTGAGTCGACCCCGGGTTTTTATAGCTAATTA
302" Ser ProP1oCysProGl uPheProTyrGlul i eAsnTyr

3221 GTCATTTTITCGTAAGTAAGTATTTTTATITAATACTTTTTATTGTACTTATGTTAAATATAACTGATGA

329 1; TAACAAAATCCATTATGTATTATTTATAACTGTAATTTCTTTAGCGTAGTTAGATGTCCAATCTCTCTCA

3361, AATACATCGGCTATCTTTTTAGTGAGATTTTGATCTATGCAGTTGARACTTATGAACGCGTGATGATTAR

3431 ARTGTGAACCGTCCAAATTTGCAGTCATTATATGAGCCTATCTATTATCTACTATCATCATCTTTGAGTT

3501 APTAATATCATCTACTTTAGAATTGATAGEGAAATATGAATACCTTTGTAGTAATATCTATACTATCTACA

Sacl (3604)

Noll (3506)
3571 CCTAACTCATTAAGACTTTTGATAGGCGGCCGCGAGCTC
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PORCINE CIRCOVIRUS RECOMBINANT
POXVIRUS VACCINE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority from U.S. application Ser.
No. 60/138,478, filed Jun. 10, 1999. Reference is made to
WO-A-99 18214, 1998, French applications Nos. 97/12382,
98/00873, 98/03707, filed Oct. 3, 1997, Jan. 22, 1998, and

Mar. 20, 1998, and W099/29717. Each of the aforemen- 1

tioned U.S., PCT and French applications, and each docu-
ment cited in the text and the record or prosecution of each
of the aforementioned U.S., PCT and French applications
(“application cited documents™) and each document refer-
enced or cited in each of the application cited documents, is
hereby incorporated herein by reference; and, technology in
each of the aforementioned U.S., PCT and French
applications, and each document cited in the text and the
record or prosecution of each of the aforementioned U.S.,
PCT and French applications can be used in the practice of
this invention.

Several publications are referenced in this application.
Full citation to these documents is found at the end of the
specification preceding the claims, and/or where the docu-
ment is cited. These documents pertain to the field of this
invention; and, each of the documents cited or referenced in
this application (“herein cited documents”) and each docu-
ment cited or referenced in herein cited documents are
hereby incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to vectors, such as recom-
binant vectors; for instance, recombinant viruses, such as
poxviruses, e.g., modified poxviruses and to methods of
making and using the same. In some embodiments, the
invention relates to recombinant avipox viruses, such as
canarypox viruses, ¢.g., ALVAC. The invention further
relates to such vectors, e.g., poxviruses, that express gene
products, e.g., antigen(s), ORF(s), and/or epitope(s) of inter-
est therefrom, of porcine circovirus 2 (PCV2); to immuno-
logical compositions or vaccines. The invention yet further
relates to such vectors, e.g., poxviruses, that induce an
immune response directed to or against PCV2 gene products
and/or PCV2; and, to advantageously, such compositions
that are immunological, immunogenic or vaccine composi-
tions and/or confer protective immunity against infection by
PCV2. The invention yet further relates to the uses of and
methods for making and using such vectors and
compositions, as well as intermediates thereof, and said
intermediates. And, the invention relates to the products
therefrom, e.g., from the uses and methods involving the
inventive recombinant or poxvirus, such as antibodies from
expression.

BACKGROUND OF THE INVENTION

Postweaning multisystemic wasting syndrome (PMWS)
is a recently recognized disease of young pigs. PMWS is
characterized clinically by progressive weight loss and other
symptoms such as tachypnea, dyspnea and jaundice.
Pathologically, lymphocytic and granulomatous infiltrates,
lymphadenopathy, and, more rarely, lymphocytic and granu-
lomatous hepatitis and nephritis have been observed (Clark,
1997; Harding, 1997).

This disease has been described in different European
countries as well as in North America. Treatment and
prevention of this disease are not currently available.
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2

Several lines of evidence point to porcine circovirus as the
etiologic agent of PMWS (Ellis et al., 1998). Circoviruses
have been recovered from pigs with PMWS, and antibodies
to porcine circovirus have been demonstrated in pigs with
the disease.

Circoviruses are single stranded circular DNA viruses
found in a range of animal and plant species. Porcine
circovirus was originally isolated as a contaminant from a
continuous pig kidney cell line. The cell culture isolate has

0 been designated PK-15 (Meechan et al., 1997). More

recently, porcine circovirus obtained from pigs with PMWS
has been compared to PK-15. Such viruses differ substan-
tially from PK-15 at the nucleotide and protein sequence
level, and have been designated PCV2 (Meehan et al., 1998;
Hamel et al., 1998).

As many as thirteen open reading frames (ORFs) have
been identified in the PCV2 genome (COL1 to COL13 in the
French patent application 98 03707). Four of these ORFs
share substantial homology with analogous ORFs within the
genome of PK-15. ORF1 (Meehan et al., 1998; correspond-
ing to COL4 in the French patent application 98 03707),
comprising nt 398-1342 (GenBank accession number
AF055392), has the potential to encode a protein with a
predicted molecular weight of 37.7 kD. ORF2 (Mechan et
al., 1998; corresponding to COL13 in the French patent
application 98 03707), comprising nt 1381-1768 joined to
1-314 (GenBank accession number AF055392), may encode
a protein with a predicted molecular weight of 27.8 kD.
ORF3 (Mechan et al., 1998; corresponding to COL7 in the
French patent application 98 03707), comprising nt 1018-
704 (GenBank accession number AF055392), may encode a
protein with a predicted molecular weight of 11.9 kD. ORF4
(Meehan et al., 1998; corresponding to COL10 in the French
patent application 98 03707), comprising nt 912-733
(GenBank accession number AF055392), may encode a
protein with a predicted molecular weight of 6.5 kD.

ORF1 of PCV2 is highly homologous (86% identity) to
the ORF1 of the PK-15 isolate (Meehan et al., 1998). The
ORF1 protein of PK-15 has been partially characterized
(Meehan et al., 1997; Mankertz et al., 1998a). It is known to
be essential for virus replication, and is probably involved in
the viral DNA replication.

Protein sequence identity between the respective ORF2s
was lower (66% identity) than that of the ORF1s but each of
the ORF2s shared a highly conserved basic N-terminal
region, similar to that observed in the N-terminal region of
the major structural protein of the avian circovirus chicken
anemia virus (CAV) (Meehan et al., 1998). Recently, Man-
kertz et al. (1998b) has suggested that the ORF2 of the
PK-15 isolate (designated ORF 1 in Mankertz et al., 1998b)
codes for a capsid protein.

Greater differences were observed between the respective
ORF3s and ORF4s of the PK-15 isolate and PCV2. In each
case, there was a deletion of the C-terminal region of PCV2
ORF4 and ORF3 compared to the corresponding ORFs
present in the genome of the PK-15 isolate. The highest
protein sequence homology was observed at the N-terminal
regions of both ORF3 and ORF4 (Meehan et al., 1998).

The transcription analysis of the genome of PCV2 has not
been published yet. Recent data obtained with the PK-15
isolate indicated that the ORF2 transcript is spliced
(Mankertz et al., 1998b).

Vaccinia virus has been used successfully to immunize
against smallpox, culminating in the worldwide eradication
of smallpox in 1980. With the eradication of smallpox, a new
role for poxviruses became important, that of a genetically
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engineered vector for the expression of foreign genes
(Panicali and Paoletti, 1982; Paoletti et al., 1984). Genes
encoding heterologous antigens have been expressed in
vaccinia, often resulting in protective immunity against
challenge by the corresponding pathogen (reviewed in Tarta-
glia et al., 1990). A highly attenuated strain of vaccines,
designated MVA, has also been used as a vector for
poxvirus-based vaccines. Use of MVA is described in U.S.
Pat. No. 5,185,146.

Two additional vaccine vector systems involve the use of
naturally host-restricted poxviruses, avipox viruses. Both
fowlpoxvirus (FPV; Taylor et al. 1988a, b) and canarypox-
virus (CPV; Taylor et al., 1991 & 1992) have been engi-
neered to express foreign gene products. Fowlpox virus
(FPV) is the prototypic virus of the Avipox genus of the
Poxvirus family. The virus causes an economically impor-
tant disease of poultry which has been well controlled since
the 1920’s by the use of live attenuated vaccines. Replica-
tion of the avipox viruses is limited to avian species
(Matthews, 1982) and there are no reports in the literature of
avipoxvirus causing a productive infection in any non-avian
species including man. This host restriction provides an
inherent safety barrier to transmission of the virus to other
species and makes use of avipoxvirus based vaccine vectors
in veterinary and human applications an attractive proposi-
tion.

FPV has been used advantageously as a vector expressing
antigens from poultry pathogens. The hemagglutinin protein
of a virulent avian influenza virus was expressed in an FPV
recombinant (Taylor et al., 1988c). After inoculation of the
recombinant into chickens and turkeys, an immune response
was induced which was protective against either a homolo-
gous or a heterologous virulent influenza virus challenge
(Taylor et al., 1988¢c). FPV recombinants expressing the
surface glycoproteins of Newcastle Disease Virus have also
been developed (Taylor et al,, 1990; Edbauer et al., 1990).

Other attenuated poxvirus vectors have been prepared by
genetic modifications of wild type strains of virus. The
NYVAC vector, derived by deletion of specific virulence and
host-range genes from the Copenhagen strain of vaccinia
(Tartaglia et al., 1992) has proven useful as a recombinant
vector in eliciting a protective immune response against an
expressed foreign antigen.

Another engineered poxvirus vector is ALVAC, derived
from canarypox virus (ALVAC was deposited with Ameri-
can Type Culture Collection, P.O. Box 1549, Manassas, Va.
20108, USA, under the terms of the Budapest Treaty on Nowv.
14,1996, and is designated as Accession Number VR-2547).
ALVAC does not productively replicate in non-avian hosts,
a characteristic thought to improve its safety profile (Taylor
et al., 1991 & 1992). Both ALVAC and NYVAC are BSL-1
vectors.

One approach to the development of a subunit PCV2
vaccine is the use of live viral vectors to express relevant
PCV2 ORFs. Recombinant poxviruses can be constructed in
two steps known in the art and analogous to the methods for
creating synthetic recombinants of poxviruses such as the
vaccinia virus and avipox virus described in U.S. Pat. Nos.
4,769,330, 4,722,848; 4,603,112; 5,110,587; 5,174,993;
5,494,807, and 5,505,941, the disclosures of which are
incorporated herein by reference. It can thus be appreciated
that provision of a PCV2 recombinant poxvirus, and of
compositions and products therefrom particularly ALVAC
based PCV2 recombinants and compositions and products
therefrom, especially such recombinants containing ORFs 1
and/or 2 of PCV2, and compositions and products therefrom
would be a highly desirable advance over the current state of
technology.
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OBJECTS AND SUMMARY OF THE
INVENTION

It is therefore an object of this invention to provide
compositions and methods for treatment and prophylaxis of
infection with PCV2. It is also an object to provide a means
to treat or prevent PMWS.

In one aspect, the present invention relates to an antigenic,
immunological, immunogenic, or vaccine composition or a
therapeutic composition for inducing an antigenic, immu-
nogenic or immunological response in a host animal inocu-
lated with the composition. The composition advanta-
geously includes a carrier or diluent and a recombinant
virus, such as a recombinant poxvirus. The recombinant
virus or poxvirus contains and expresses an €Xogenous
nucleic acid molecule encoding an ORF, antigen,
immunogen, or epitope of interest from PCV2, or a protein
that elicits an immunological response against PCV2 or
conditions caused by PCV2, such as PMWS. For instance,
the recombinant virus can be a modified recombinant virus
or poxvirus; for example, such a virus or poxvirus that has
inactivated therein virus-encoded genetic functions, e.g.,
nonessential virus-encoded genetic functions, so that the
recombinant virus has attenuated virulence and enhanced
safety. And, the invention further provides the viruses used
in the composition, as well as methods for making and uses
of the composition and virus.

The virus used in the composition according to the present
Invention is advantageously a poxvirus, particularly a vac-
cinia virus or an avipox virus, such as fowlpox virus or
canarypox virus and more advantageously, ALVAC. The
modified recombinant virus can include, e.g., within a
non-essential region of the virus genome, a heterologous
DNA sequence which encodes an antigenic protein, e.g.,
derived from PCV2 ORFs, e.g., PCV2 ORF 1 and/or 2.

In yet another aspect, the present invention relates to an
immunogenic composition containing a modified recombi-
nant virus having inactivated nonessential virus-encoded
genetic functions so that the recombinant virus has attenu-
ated virulence and enhanced safety. The modified recombi-
nant virus includes, e.g., within a non-essential region of the
virus genome, a heterologous DNA sequence which encodes
an antigenic protein (e.g., derived from PCV2 ORFs, espe-
cially ORFS 1 and/or 2) wherein the composition, when
administered to a host, is capable of inducing an immuno-
logical response specific to the antigen.

In a still further aspect, the present invention relates to a
modified recombinant virus having nonessential virus-
encoded genetic functions inactivated therein so that the
virus has attenuated virulence, and wherein the modified
recombinant virus further contains DNA from a heterolo-
gous source, e.g., in a nonessential region of the virus
genome. The DNA can code for PCV2 genes such as any or
all of PCV2 ORF1, ORF2, ORF3, or ORF4 (Mechan et al.,
1998), or epitope(s) of interest therefrom. The genetic func-
tions can be inactivated by deleting an open reading frame
encoding a virulénce factor or by utilizing naturally host-
restricted viruses. The virus used according to the present
invention is advantageously a poxvirus, €.g., a vaccinia virus
or an avipox virus, such as fowlpox virus or canarypox virus.

Advantageously, the open reading frame that is deleted
from the poxvirus or virus geneome is selected from the
group consisting of J2R, B13R+B14R, A26L., AS6R, C7L~
K1L, and I4L (by the terminology reported in Goebel et al.,
1990); and, the combination thereof. In this respect, the open
reading frame comprises a thymidine kinase gene, a hem-
orrhagic region, an A type inclusion body region, a hemag-
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glutinin gene, a host range gene region or a large subunit,
ribonucleotide reductase; or, the combination thereof.

A suitable modified Copenhagen strain of vaccinia virus
is identified as NYVAC (Tartaglia et al., 1992), or a vaccinia
virus from which has been deleted J2R, B13R+B14R, A26L,,
AS56R, C7L~K11 and 14L or a thymidine kinase gene, a
hemorrhagic region, an A type inclusion body region, a
hemagglutinin gene, a host range region, and a large subunit,
ribonucleotide reductase (See also U.S. Pat. Nos. 5,364,773,
5,494,807, and 5,762,938, with respect to NYVAC and
vectors having additional deletions or inactivations from
those of NYVAC that are also useful in the practice of this
invention).

Preferably, the poxvirus vector is an ALVAC or, a canary-
pox virus which was attenuated, for instance, through more
than 200 serial passages on chick embryo fibroblasts
(Rentschler vaccine strain), a master seed therefrom was
subjected to four successive plague purifications under agar
from which a plague clone was amplified through five
additional passages. (See also U.S. Pat. Nos. 5,756,103 and
5,766,599 with respect to ALVAC and TROVAC (an attenu-
ated fowlpox virus useful in the practice of this invention);
and U.S. Pat. Nos. 6,004,777, 5,990,091, 5,770,212, 6,033,
904, 5,869,312, 5,382,425, and WO 95/30018, with respect
to vectors that also can be used in the practice of this
invention, such as vectors having enhanced expression,
vectors having functions deleted therefrom and vectors
useful with respect to porcine hosts (for instance, vectors
useful with porcine hosts can include a poxvirus, including
a vaccinia virus, an avipox virus, a canarypox virus, and a
swinepox virus), as well as with respect to terms used and
teachings herein such as “immunogenic composition”,
“immunological composition”, “vaccine”, and “epitope of
interest”, and dosages, routes of administration,
formulations, adjuvants, and uses for recombinant viruses
and expression products therefrom).

The invention in yet a further aspect relates to the product
of expression of the inventive recombinant poxvirus and
uses therefor, such as to form antigenic, immunological or
vaccine compositions for treatment, prevention, diagnosis or
testing; and, to DNA from the recombinant poxvirus which
is useful in constructing DNA probes and PCR primers.

These and other embodiments are disclosed or are obvi-
ous from and encompassed by the following detailed
description.

BRIEF DESCRIPTION OF THE DRAWINGS

A Dbetter understanding of the present invention will be
had by referring to the accompanying drawings, incorpo-
rated herein by reference, in which:

FIG. 1 (SEQ ID NOS:1 and 2) shows the nucleotide
sequence of a 3.7 kilobase pair fragment of ALVAC DNA
containing the C6 open reading frame.

FIG. 2 shows the map of pJP102 donor plasmid.

FIG. 3 (SEQ ID NOS:8 9 and 10) shows the nucleotide
sequence of the 2.5 kilobase pair fragment from pJP 102
donor plasmid from the Kpnl (position 653) to the Sacl
(position 3166) restriction sites.

FIG. 4 shows the map of pJP105 donor plasmid.

FIG. 5 shows the map of pJP107 donor plasmid.

FIG. 6 (SEQ ID NOs: 14 and 15) shows the nucleotide
sequence of the 3.6 kilobase pair fragment from pJP107
donor plasmid from the Kpnl (position 653) to the Sacl
(position 4255) restriction sites.

DETAILED DESCRIPTION

In one aspect, the present invention relates to a recombi-
nant virus, such as a recombinant poxvirus, containing
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therein a DNA sequence from PCV2, e.g., in a non-essential
region of the poxvirus genome. The poxvirus is advanta-
geously an avipox virus, such as fowlpox virus, especially
an attenuated fowlpox virus, or a canarypox virus, especially
an attenuated canarypox virus, such as ALVAC.

According to the present invention, the recombinant pox-
virus expresses gene products of the foreign PCV2 gene.
Specific ORFs of PCV?2 are inserted into the poxvirus vector,
and the resulting recombinant poxvirus is used to infect an
animal. Expression in the animal of PCV2 gene products
results in an immune response in the animal to PCV2. Thus,
the recombinant poxvirus of the present invention may be
used in an immunological composition or vaccine to provide
a means to induce an immune response which may, but need
not be, protective.

The administration procedure for recombinant poxvirus-
PCV2 or expression product thereof, compositions of the
invention such as immunological, antigenic or vaccine com-
positions or therapeutic compositions, can be via a
parenteral route (intradermal, intramuscular or
subcutaneous). Such an administration enables a systemic
immune response, or humoral or cell-mediated responses.

More generally, the inventive poxvirus-PCV2
recombinants, antigenic, immunological or vaccine
poxvirus-PCV2 compositions or therapeutic compositions
can be prepared in accordance with standard techniques well
known to those skilled in the pharmaceutical or veterinary
art. Such compositions can be administered in dosages and
by techniques well known to those skilled in the medical or
veterinary arts taking into consideration such factors as the
age, sex, weight, species and condition of the particular
patient, and the route of administration. The compositions
can be administered alone, or can be co-administered or
sequentially administered with compositions, e.g., with -
“other” immunological, antigenic or vaccine or therapeutic
compositions thereby providing multivalent or “cocktail” or
combination compositions of the invention and methods
employing them. Again, the ingredients and manner
(sequential or co-administration) of administration, as well
as dosages can be determined taking into consideration such
factors as the age, sex, weight, species and condition of the
particular patient, and, the route of administration. In this
regard, reference is made to U.S. Pat. No. 5,843,456, incor-
porated herein by reference, and directed to rabies compo-
sitions and combination compositions and uses thereof.

Examples of compositions of the invention include liquid
preparations for orifice, e.g., oral, nasal, anal, vaginal,
peroral, intragastric, etc., administration such as
suspensions, syrups or elixirs; and, preparations for
parenteral, subcutaneous, intradermal, intramuscular or
intravenous administration (e.g., injectable administration)
such as sterile suspensions or emulsions. In such composi-
tions the recombinant poxvirus or antigens may be in
admixture with a suitable carrier, diluent, or excipient such
as sterile water, physiological saline, glucose or the like. The
compositions can also be lyophilized. The compositions can
contain auxiliary substances such as wetting or emulsifying
agents, pH buffering agents, adjuvants, gelling or viscosity
enhancing additives, preservatives, flavoring agents, colors,
and the like, depending upon the route of administration and
the preparation desired. Standard texts, such as “REMING-
TON’S PHARMACEUTICAL SCIENCE”, 17th edition,
1985, incorporated herein by reference, may be consulted to
prepare suitable preparations, without undue experimenta-
tion. Suitable dosages can also be based upon the Examples
below.

The compositions can contain at least one adjuvant com-
pound chosen from the polymers of acrylic or methacrylic
acid and the copolymers of maleic anhydride and alkenyl
derivative.



US 6,497,883 Bl

7

The preferred adjuvant compounds are the polymers of
acrylic or methacrylic acid which are cross-linked, espe-
cially with polyalkenyl ethers of sugars or polyalcohols.
These compounds are known by the term carbomer
(Phameuropa Vol. 8, No. 2, June 1996). Persons skilled in
the art can also refer to U.S. Pat. No. 2,909,462
(incorporated herein by reference) which describes such
acrylic polymers cross-linked with a polyhydroxylated com-
pound having at least 3 hydroxyl groups, preferably not
more than 8, the hydrogen atoms of at least three hydroxyls
being replaced by unsaturated aliphatic radicals having at
least 2 carbon atoms. The preferred radicals are those
containing from 2 to 4 carbon atoms, e.g. vinyls, allyls and
other ethylenically unsaturated groups. The unsaturated
radicals may themselves contain other substituents, such as
methyl. The products sold under the name Carbopol® (BF
Goodrich, Ohio, USA) are particularly appropriate. They are
cross-linked with an allyl sucrose or with allyl pentaeryth-
ritol. Among then, there may be mentioned Carbopol® 974P,
934P and 971P.

Among the copolymers of maleic anhydride and alkenyl
derivative, the copolymers EMA® (Monsanto) which are
copolymers of maleic anhydride and ethylene, linear or
cross-linked, for example cross-linked with divinyl ether,
are preferred. Reference may be made to J. Fields et al,,
Nature, 186: 778-780, 4 June 1960, incorporated herein by
reference.

From the point of view of their structure, the polymers of
acrylic or methacrylic acid and the copolymers EMA® are
preferably formed of basic units of the following formula:

Ry Ry

COOH COOH

in which:
R, and R,, which are identical or different, represent H or

3

x=0or 1, preferably x=1

y=1 or 2, with x+y=2

For the copolymers EMA®, x=0 and y=2. For the
carbomers, x=y=1.

The dissolution of these polymers in water leads to an acid
solution which will be neutralized, preferably to physiologi-
cal pH, in order to give the adjuvant solution into which the
vaccine itself will be incorporated. The carboxyl groups of
the polymer are then partly in COO~ form.

Preferably, a solution of adjuvant according to the
invention, especially of carbomer, is prepared in distilled
water, preferably in the presence of sodium chloride, the
solution obtained being at acidic pH. This stock solution is
diluted by adding it to the desired quantity (for obtaining the
desired final concentration), or a substantial part thereof, of
water charged with NaCl, preferably physiological saline
(NaCL 9 g/1) a1l at once in several portions with concomitant
or subsequent neutralization (pH 7.3 to 7.4), preferably with
NaOH. This solution at physiological pH will be used as it
is for mixing with the vaccine, which may be especially
stored in freeze-dried, liquid or frozen form.

The polymer concentration in the final vaccine composi-
tion will be 0.01% to 2% w/v, more particularly 0.06 to 1%
w/v, preferably 0.1 to 0.6% w/v. The immunological com-
positions according to the invention may be associated to at
least one live attenuated, inactivated, or sub-unit vaccine, or
recombinant vaccine (e.g. poxvirus as vector or DNA
plasmid) expressing at least one immunogen from another
pig pathogen.
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The invention encompasses vectors encoding and
expressing equivalent nucleotide sequences, that is to say
the sequences which change neither the functionality or the
strain specificity (say strain of type 1 and strain of type 2) of
the gene considered or those of the polypeptides encoded by
this gene. The sequences differing through the degeneracy of
the code are, of course, included.

The PCV-2 sequences used in the examples are derived
from Mechan et al. (Strain Imp.1010; ORF1 nucleotides
398-1342; ORF2 nucleotides 1381-314; and correspond
respectively to ORF4 and ORF13 in U.S. application Ser.
No. 09/161,092 of Sep. 25 1998 and to COL4 and COL13
in WO-A-9918214). Other PCV-2 strains and their
sequences have been published in W0-A-9918214 and are
called Imp1008, Imp999, Impl1011-48285 and Impl1011-
48121, as well as in A.L. Hamel et al. J. Virol. June 1998,
vol 72, 6: 5262-5267 (GenBank AF027217) and in L
Morozov et al. J. Clinical Microb. September 1998 vol. 36,
9: 2535-2541, as well as GenBank AF086834, AF086835
and AF086836, and give access to equivalent ORF
sequences. These sequences, or ORFs therefrom, or regions
thereof encoding an antigen or epitope of interest can also be
used in the practice of this invention.

The invention also encompasses the equivalent sequences
to those used herein and in documents cited herein; for
instance, sequences that are capable of hybridizing to the
nucleotide sequence under high stringency conditions (see,
e.g., Sambrook et al. (1989). Among the equivalent
sequences, there may also be mentioned the gene fragments
conserving the immunogenicity of the complete sequence,
e.g., an epitope of interest.

The homology of the whole genome between PCV types
1 and 2 is about 75%. For ORF1, it is about 86%, and for
ORF2, about 66%. On the contrary, homologics between
genomes and between ORFs within type 2 are generally
above 95%.

Also, equivalent sequences useful in the practice of this
present invention, for ORF1, are those sequences having an
homology equal or greater than 88%, advantageously 90%
or greater, preferably 92% or 95% or greater with ORF1 of
strain Imp1010, and for ORF2, are those sequences having
an homology equal or greater than 80%, advantageously
85% or greater, preferably 90% or 95% or greater with
OREF?2 of strain Imp1010.

ORF1 and ORF2 according to Meehan 1998 has the
potential to encode proteins with predicted molecular
weights of 37.7 kD and 27.8 kD respectively. ORF3 and
ORF4 (according to Meehan et al. 1998, correspond to
ORF7 and ORF10 respectively in WO-A-9918214) has the
potential to encode proteins with predicted molecular
weights of 11.9 and 6.5 kD respectively. The sequence of
these ORFs is also available in Genbank AF 055392. They
can also be incorporated in plasmids and be used in accor-
dance with the invention alone or in combination, e.g. with
ORF1 and/or ORF2.

The other ORFs 1-3 and 5, 6, 8-9, 11-12 disclosed in
U.S. application Ser. No. 09/161,092 of Sep. 25 1998 (COLs
1-3 and 5, 6, 8-9, 11-12 in WO-A-9918214), or region(s)
thereof encoding an antigen or epitope of interest, may be
used in the practice of this invention, e.g., alone or in
combination or otherwise with each other or with the ORFs
1 and 2 or region(s) thereof encoding antigen(s) or epitope
(s).

This invention also encompasses the use of equivalent
sequences; for instance, from ORFs of various PCV-2 strains
cited herein. For homology, one can determine that there are
equivalent sequences which come from a PCV strain having



US 6,497,883 Bl

9

an ORF2 and/or an ORF1 which have an homology as
defined above with the corresponding ORF of strain 1010.

For ORF3 according to Meehan, an equivalent sequence
has homology thereto that is advantageously, for instance,
equal or greater than 80%, for example 85% or greater,
preferably 90% or 95% or greater with ORF3 of strain
ImplO10. For ORF4 according to Meehan 1998, advanta-
geously an equivalent sequence has homology that is equal
or greater than 86%, advantageously 90% or greater, pref-
erably than 95% or greater with ORF4 of strain Imp1010.

From the genomic nucleotide sequence, ¢.g. those dis-
closed in WO-A-99 18214, it is routine art to determine the
ORFs using a standard software, such as MacVector®. Also,
alignment of genomes with that of strain 1010 and compari-
son with strain 1010 ORFs allows the one skilled in the art
to readily determine the ORFs of the genome of another
strain (e.g. other strains disclosed in WO-A-99 18214 or in
other herein cited documents).

Using software or making sequence alignment is not
undue experimentation and provides direct access to equiva-
lent ORFs or nucleic acid molecules.

Nucleotide sequence homology can be determined using
the “Align” program of Myers and Miller, (“Optimal Align-
ments in Linear Space”, CABIOS 4, 11-17, 1988, incorpo-
rated herein by reference) and available at NCBI. Alterna-
tively or additionally, the term “homology” or “identity”, for
instance, with respect to a nucleotide or amino acid
sequence, can indicate a quantitative measure of homology
between two sequences. The percent sequence homology
can be calculated as (N, N,,)* 100N, wherein N ;- is the
total number of non-identical residues in the two sequences
when aligned and wherein N, is the number of residues in
one of the sequences. Hence, the DNA sequence AGT-
CAGTC will have a sequence similarity of 75% with the
sequence AATCAATC (N, =8; N ;,=2).

Alternatively or additionally, “homology” or “identity”
with respect to sequences can refer to the number of posi-
tions with identical nucleotides or amino acids divided by
the number of nucleotides or amino acids in the shorter of
the two sequences wherein alignment of the two sequences
can be determined in accordance with the Wilbur and
Lipman algorithm (Wilbur and Lipman, 1983 PNAS USA
80:726, incorporated herein by reference), for instance,
using a window size of 20 nucleotides, a word length of 4
nucleotides, and a gap penalty of 4, and computer-assisted
analysis and interpretation of the sequence data including
alignment can be conveniently performed using commer-
cially available programs (e.g., Intelligenetics™ Suite, Intel-
ligenetics Inc. CA).. When RNA sequences are said to be
similar, or have a degree of sequence identity or homology
with DNA sequences, thymidine (T) in the DNA sequence is
considered equal to uracil (U) in the RNA sequence.

RNA sequences within the scope of the invention can be
derived from DNA sequences, by thymidine (T) in the DNA
sequence being considered equal to uracil (U) in RNA
sequences.

Additionally or alternatively, amino acid sequence simi-
larity or identity or homology can be determined using the
BlastP program (Altschul et al, Nucl. Acids Res. 25,
3389-3402, incorporated herein by reference) and available
at NCBI. The following references (each incorporated
herein by reference) provide algorithms for comparing the
relative identity or homology of amino acid residues of two
proteins, and additionally or alternatively with respect to the
foregoing, the teachings in these references can be used for
determining percent homology or identity: Needleman S B
and Wunsch C D, “A general method applicable to the
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search for similarities in the amino acid sequences of two
proteins,” J. Mol. Biol. 48:444-453 (1970); Smith T F and
Waterman M S, “Comparison of Bio-sequences,” Advarnces
in Applied Mathematics 2:482-489 (1981); Smith T F,
Waterman M S and Sadler J R, “Statistical characterization
of nucleic acid sequence functional domains,” Nucleic Acids
Res., 11:2205-2220 (1983); Feng D F and Dolittle R F,
“Progressive sequence alignment as a prerequisite to correct
phylogenetic trees,” J. of Molec. Evol., 25:351-360 (1987);
Higgins D G and Sharp P M, “Fast and sensitive multiple
sequence alignment on a microcomputer,” CABIOS, 5:
151-153 (1989); Thompson I D, Higgins D G and Gibson
T J, “ClusterW: improving the sensitivity of progressive
multiple sequence alignment through sequence weighing,
positions-specific gap penalties and weight matrix choice,

‘Nucleic Acid Res., 22:4673-480 (1994); and, Devereux 1,

Haeberlie P and Smithies O, “A comprehensive set of
sequence analysis program for the VAX,” Nucl. Acids Res.,
12: 387-395 (1984). A

This invention not only allows for administration to adult
pigs, but also to the young and to gestating females; in the
latter case, this makes it possible, in particular, to confer
passive immunity onto the newborns (maternal antibodies).
Preferably, female pigs are inoculated prior to breeding;
and/or prior to serving, and/or during gestation.
Advantageously, at least one inoculation is done before
serving and it is preferably followed by an inoculation to be
performed during gestation, e.g., at about mid-gestation (at
about 6-8 weeks of gestation) and/or at the end of gestation
(at about 11-13 weeks of gestation). Thus, an advantageous
regimen is an inoculation before mating and/o serving and a
booster inoculation during gestation. Thereafter, there can be
reinoculation before each serving and/or during gestation at
about mid-gestation and/or at the end of gestation.
Preferably, reinoculations are during gestation. Male pigs
also can be inoculated, e.g., prior to mating.

Piglets, such as piglets from vaccinated females (e.g.,
inoculated as herein discussed), are inoculated within the
first weeks of life, e.g., inoculation at one and/or two and/or
three and/or four and/or five weeks of life. Preferably, piglets
are first inoculated within the first week of life or within the
third week of life (e.g., at the time of weaning).
Advantageously, such piglets are then boosted two to four
weeks later.

The present invention is additionally described by the
following illustrative, non-limiting Examples.

EXAMPLES

The invention in a preferred embodiment is directed to
recombinant poxviruses containing therein a DNA sequence
from PCV2 in a nonessential region of the poxvirus genome.
The recombinant poxviruses express gene products of the
foreign PCV2 gene. In particular, ORF2 and ORF1 genes
encoding PCV2 proteins were isolated, characterized and
inserted into ALVAC (canarypox vector) recombinants. The
molecular biology techniques used are the ones described by
Sambrook et al. (1989).

Cell Lines and Virus Strains. The strain of PCV2 desig-
nated Imp.1010-Stoon has been previously described
(Meehan et al., 1998). It was isolated from mesenteric lymph
node tissues from a diseased pig originating from Canada.
Cloning of the PCV2 genome was described by Meehan et
al. (1998). Plasmid pGem?7Z-Imp1010-Stoon-EcoRI No. 14
contains the PCV2 genome as an EcoRI fragment inserted
into the EcoRI site of plasmid pGem-7Z (Promega,
Madison, Wis.). The complete nucleotide sequence of the
Imp.1010-Stoon PCV?2 strain has been determined by Mee-
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han et al. (1998) and is available under the GenBank
accession number AF055392.

The parental canarypox virus (Rentschler strain) is a
vaccinal strain for canaries. The vaccine strain was obtained
from a wild type isolate and attenuated through more than
200 serial passages on chick embryo fibroblasts. A master
viral seed was subjected to four successive plaque purifica-
tions under agar and one plaque clone was amplified through
five additional passages after which the stock virus was used
as the parental virus in in vitro recombination tests. The
plaque purified canarypox isolate is designated ALVAC.
ALVAC was deposited Nov. 14, 1996 under the terms of the
Budapest Treaty at the American Type Culture Collection,
ATCC accession number VR-2547.

The generation of poxvirus recombinants involves differ-
ent steps: (1) construction of an insertion plasmid containing
sequences (“arms”) flanking the insertion locus within the
poxvirus genome, and multiple cloning site (MCS) localized
between the two flanking arms (e.g., see Example 1); (2)
construction of donor plasmids consisting of an insertion
plasmid into the MCS of which a foreign gene expression
cassette has been inserted (e.g. see Examples 2 to 5); (3) in
vitro recombination in cell culture between the arms of the
donor plasmid and the genome of the parental poxvirus
allowing the insertion of the foreign gene expression cas-
sette into the appropriate locus of the poxvirus genome, and
plaque purification of the recombinant virus (e.g. see
Example 6).

PCV2 recombinant immunogens may be used in associa-
tion with PCV1 immunogens, for immunization of animals
against PMWS. In a least preferred approach, PCV1 immu-
nogens may be used without PCV2 immunogens.

Example 1
Construction of Canarypox Insertion Plasmid at C6 Locus

FIG. 1(SEQID NO:1)is the sequence of a 3.7 kb segment
of canarypox DNA. Analysis of the sequence revealed an
ORF designated C6L initiated at position 377 and terminated
at position 2254. The following describes a C6 insertion
plasmid constructed by deleting the C6 ORF and replacing
it with a multiple cloning site (MCS) flanked by transcrip-
tional and translational termination signals. A 380 bp PCR
fragment was amplified from genomic canarypox DNA
using oligonucleotide primers C6A1 (SEQ ID NO:2) and
C6B1 (SEQ ID NO:3). A 1155 bp PCR fragment was
amplified from genomic canarypox DNA using oligonucle-
otide primers C6C1 (SEQ ID NO:4) and C6D1 (SEQ ID
NO:5). The 380 bp and 1155 bp fragments were fused
together by adding them together as template and amplifying
a 1613 bp PCR fragment using oligonucleotide primers
C6Al (SEQ ID NO:2) and C6D1 (SEQ ID NO:5). This
fragment was digested with Sacl and Kpnl, and ligated into
pBluescript SK+ (Stratagene, La Jolla, Calif., USA) digested
with Sacl/Kpnl. The resulting plasmid, pC6L was confirmed
by DNA sequence analysis. It consists of 370 bp of canary-
pox DNA upstream of C6 (“C6 left arm”), vaccinia early
termination signal, translation stop codons in six reading
frames, an MCS containing Smal, Pstl, Xhol and EcoRI
sites, vaccinia early termination signal, translation stop
codons in six reading frames and 1156 bp of downstream
canary pox sequence (“C6 right arm”).

Plasmid pJP099 was derived from pC6L by ligating a
cassette containing the vaccinia H6 promoter (described in
Taylor et al. (1988c), Guo et al. (1989), and Perkus et al.
(1989)) coupled to a foreign gene into the Smal/EcoRI sites
of pC6L. This plasmid pJP099 contains a unique EcoRV site
and a unique Nrul site located at the 3' end of the H6
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promoter, and a unique Sall site located between the STOP

codon of the foreign gene and the C6 left arm. The ~4.5 kb

EcoRV/Sall or Nrul/Sall fragment from pJP099 contains

therefore the plasmid sequence (pBluescript SK+;

Stratagene, La Jolla, Calif., USA), the 2 C6 arms and the 5'

end of the H6 promoter until the EcoRV or Nrul site.

Sequences of the Primers

Primer C6A1 (SEQ ID NO:3)

ATCATCGAGCTCGCGGCCGCCTATCAAAAGTCTT-
AATGAGTT

Primer C6B1 (SEQ ID NO:4)

GAATTCCTCGAGCTGCAGCCCGGGTTTTTATAG-
CTAATTAGTCATTTTTTCGTAAGTA AGTATTTT-
TATTTAA

Primer C6C1 (SEQ ID NO:5)

CCCGGGCTGCAGCTCGAGGAATTCTTTT-
TATTGATTAACTAGTCAAATGAGTATATA TAAT-
TGAAAAAGTAA

Primer C6D1 (SEQ ID NO:6)

GATGATGGTACCTTCATAAATACAAGTTTGATTAAA-
CTTAAGTTG

Example 2
Construction of ALVACC Donor Plasmid for PCV2 ORF2

Plasmid pGem7Z-Imp1010-Stoon-EcoRI No. 14, con-:
taining the PCV2 genome as an EcoRI fragment in plasmid
pGem-7Z, was digested with EcoRI, and a 1768 bp fragment
was isolated and ligated.

In order to insert PCV2 ORF 2 into an appropriate
ALVAC insertion vector: Primers JP760 (SEQ ID NO:6) and
JP773 (SEQ ID NO:7) were used to amplify PCV2 ORF 2
from the 1768 bp ligated EcoRI fragment (see above)
resulting in PCR J1304. Primer JP760 (SEQ ID NO:7)
contains the 3' end of the H6 promoter from EcoRV and the
5" end of PCV2 ORF 2. Primer JP773 (SEQ ID NO:8)
contains the 3' end of PCV2 ORF 2 followed by a Sall site.
The product of PCR J1304 was then digested with EcoRV/
Sall and cloned as a ~750 bp fragment into a ~4.5 kb
EcoRVISall fragment from pJP099 (sece above in Example
1). The resulting plasmid was confirmed by sequence analy-:
sis and designated pJP102 (see the map of pJP102 in FIG.
2 and the sequence (SEQ ID NO:9) in FIG. 3). The sequence
of ORF 2 matches sequence available in GenBank, Acces-
sion Number AF055392. The donor plasmid pJP102
(linearized with NotI) was used in an in vitro recombination
(IVR) test to generate ALVAC recombinant vCP1614 (see
Example 6).

Sequence of the Primers
JP760 (SEQ ID NO:7)
CAT-CAT-CAT-GAT-ATC-CGT-TAA-GTT-TGT-ATC-

GTA-ATG-ACG-TAT-CCA-AGG-AGG-CG
JP773 (SEQ ID NO:8)
TAC-TAC-TAC-GTC-GAC-TTA-GGG-TTT-AAG-TGG-

GGG-GTC

Example 3

Construction of an ALVACC Donor Plasmid for PCV2 ORF2
and ORF1

PCV2 ORF1 was amplified by PCR using primers JP774
(SEQ ID NO:9) and JP775 (SEQ ID NO:10) on plasmid
pGem7Z-Imp1010-Stoon-EcoRI No. 14 resulting in PCR
J1311. Primer JP774 (SEQ ID NO:10) contains the 3' end of
the H6 promoter from Nrul and the 5' end of PCV2 ORF1.
Primer JP775 (SEQ ID NO:11) contains the 3' end of PCV2
ORF1 followed by a Sall site. The product of PCR J1311 (~1
Kb) was cloned into pCR2.1 (Invitrogen, Carlsbad, Calif.).
The resulting plasmid was confirmed by sequence analysis
and designated pJP104. The sequence of ORF1 matches
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sequence available in GenBank, Accession Number
AF055392. A ~970 bp NrullSall fragment was isolated from
pIP104 and cloned into a ~4.5 kb Nrul/Sall fragment from
pJP099 (see Example 1), resulting in a plasmid which was
confirmed by restriction analysis and designated pJP105 (see
FIG. 4). The donor plasmid pJP105 could be used in an in
vitro recombination test (described in Example 6) to gener-
ate ALVAC recombinant expressing the PCV2 ORF1.

A ~838 bp BamHI/Sall from pJP102 (see Example 2) was
blunted using the Klenow fragment of DNA polymerase,
and was cloned into the Klenow-blunted EcoRI site of
pJP105. Clones were checked for orientation of insert by
restriction analysis and a head-to-head orientation was cho-
sen. This plasmid was confirmed by sequence analysis and
designated pJP107 (see the map of pJP107 in FIG. 5 and the
sequence (SEQ ID NO:11) in FIG. 6). The donor plasmid
pIP107 (linearized with Notl) was used in an in vitro
recombination 5 (IVR) test to generate the ALVAC recom-
binant vCP1615 (see Example 6).

Sequence of the Primers
JP774 (SEQ ID NO:7)
CAT-CAT-CAT-TCG-CGA-TAT-CCG-TTA-AGT-TTG-

TAT-CGT-AAT-GCC-CAG-CAA-GAA-GAA-TGG
IP775 (SEQ ID NO:12)
TAC-TAC-TAC-GTC-GAC-TCA-GTA-ATT-TAT-TTC-

ATA-TGG

Example 4
Construction of ALVACC Donor Plasmid for PCV1 RF2

Plasmid pPCV1 (B. Meehan et al. J. Gen. Virol. 1997. 78.
221-227), containing the PCV1 genome as a Pstl fragment
in plasmid pGem-7Z, was used as a template to amplify the
PCV1 ORF2.

In order to insert PCV2 ORF 2 into an appropriate
ALVAC insertion vector: Primers JP787 (SEQ ID NO:16)
and JP788 (SEQ ID NO:17) were used to amplify PCV1
ORF 2 from plasmid pPCV1 (see above) resulting in PCR
J1315. Primer JP787 (SEQ ID NO:16) contains the 3' end of
the H6 promoter from EcoRV and ORF 2 followed by a Sall
site. The product of PCR J1315 was then digested with
EcoRV/Sall and cloned as a ~750 bp fragment into a ~4.5 kb
EcoRV/Sall fragment from pJP099 (see above in Example
1). The resulting plasmid was confirmed by sequence analy-
sis and designated pJP113. The sequence of ORF 2 matches
sequence available in GenBank, Accession Number
U49186. The donor plasmid pJP113 (linearized with NotI)
was used in an in vitro recombination (IVR) test to generate
ALVAC recombinant vCP1621 (see Example 7).
Sequence of the Primers
JP787 (SEQ ID NO:17)
CAT-CAT-CAT-GAT-ATC-CGT-TAA-GTT-TGT-ATC-

GTA-ATG-ACG-TGG-CCA-AGG-AGG-CG
JP788 (SEQ ID NO:13)
TAC-TAC-TAC-GTC-GAC-TTA-TTT-ATT-TAG-AGG-

GTC-TTT-TAG-G

Example 5
Construction of an ALVACC Donor Plasmid for PCV1 RF2
and ORF1

Plasmid pPCV1 (see Example 4 above), containing the
PCV1 genome as a Pstl fragment in plasmid pGem-7Z, was
digested with Pstl, and a 1759 bp fragment was isolated and
ligated.

Primers JP789 (SEQ ID NO:14) and JP790 (SEQ ID
NO:15) were used to amplify PCV1 ORF1 from the 1759 bp
ligated Pstl fragment (see above), resulting in PCR J1316.
Primer JP789 (SEQ ID NO:14) contains the 3' end of the H6
promoter from Nrul and the 5' end of PCV1 ORF1. Primer
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JP790 (SEQ ID NO:15) contains the 3' end of PCV1 ORF1
followed by a Sall site. The product of PCR J1316 (~1 Kb)
was cloned into pCR2.1 (Invitrogen, Carlsbad, Calif.). The
resulting plasmid was confirmed by sequence analysis and
designated pJP114. The sequence of ORF1 matches
sequence available in GenBank, Accession Number
U49186. A ~970 bp Nrul/Sall fragment was isolated from
pJP114 and cloned into a ~4.5 kb Nrul/Sall fragment from
pIP099 (see Example 1), resulting in a plasmid which was
confirmed by restriction analysis and designated pJP115.
The donor plasmid pJP115 could be used in an in vitro
recombination test (described in Example 7) to generate
ALVAC recombinant expressing the PCV1 ORF1.

A ~838 bp BamHI/Sall from pJP113 (see Example 4) was
blunted using the Klenow fragment of DNA polymerase,
and was cloned into the Klenow-blunted EcoRI site of
pJP115. Clones were checked for orientation of insert by
restriction analysis and a head-to-head orientation was cho-
sen. This plasmid was confirmed by sequence analysis and
designated pJP117. The donor plasmid pJP117 (linearized
with Notl) was used in an in vitro recombination (IVR) test
to generate the ALVAC recombinant vCP1622 (see Example
.

Sequence of the Primers
JP789 (SEQ ID NO:18)
CAT-CAT-CAT-TCG-CGA-TAT-CCG-TTA-AGT-TTG-

TAT-CGT-AAT-GCC-AAG-CAA-GAA-AAG-CGG
JP790 (SEQ ID NO:19)
TAC-TAC-TAC-GTC-GAC-TCA-GTA-ATT-TAT-TTT-

ATA-TGG

Example 6
Generation of ALVAC-PCV2 RECOMBINANTS

Plasmids pJP102 (see Example 2 and FIG. 2) and pJP107
(see Example 3 and FIG. 5) were linearized with Notl and
transfected into ALVAC infected primary CEF cells by using
the calcium phosphate precipitation method previously
described (Panicali and Paoletti, 1982; Piccini et al., 1987).
Positive plaques were selected on the basis of hybridization
to specific PCV2 radiolabeled probes and subjected to four
sequential rounds of plaque purification until a pure popu-
lation was achieved. One representative plaque from each
IVR was then amplified and the resulting ALVAC recom-
binants were designated vCP1614 and vCP1615. The
vCP1614 virus is the result of recombination events between
ALVAC and the donor plasmid pJP102, and it contains the
PCV2 ORF2 inserted into the ALVAC C6 locus. The
vCP1615 virus is the result of recombination events between
ALVAC and the donor plasmid pJP107, and it contains the
PCV2 ORF2 and ORF1 inserted into the ALVAC C6 locus
in a head-to-head orientation.

In a similar fashion, a recombinant ALVAC expressing
only PCV2 ORF1 can be generated using the donor plasmid
pJP105 described in Example 3.

Immunofluorescence. In order to determine if the PCV2
proteins were expressed in ALVAC recombinant infected
Vero cells, immunofluorescence (IF) analysis was per-
formed. Infected Vero cells were washed with PBS 24 hrs
after infection (m.o.i. of approx. 10) and fixed with 95% cold
aceton for 3 minutes at room temperature. Five monoclonal
antibody (MADb) preparations (hybridoma supernatant) spe-
cific for PCV2 ORF1 (PCV2 199 1D3GA & PCV2 210
7G5GD) or ORF2 (PCV2 190 4C7CF, PCV2 190 2B1BC &
PCV2 190 3A8BC) were used as the first antibody. These
specific monoclonal antibodies were obtained from Merial-
Lyon. Monoclonal antibodies can also be obtained following
the teachings of documents cited herein, ¢.g. WO-A-99
18214, 1998, French applications Nos. 97/12382, 98/00873,
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98/03707, filed Oct. 3, 1997, Jan. 22, 1998, and Mar. 20,
1998, and W(Q99/29717, incorporated herein by reference.
The IF reaction was performed as described by Taylor et al.
(1990).

PCV2 specific immunofluorescence with the three ORF2-
specific antibodies could be detected in cells infected with
vCP1614 and cells infected with vCP1615. PCV2 specific
immunofluorescence with the two ORF1 -specific antibodies
could be detected in cells infected with vCP1615 only. These
results indicated that, as expected, vCP1614 expresses only
ORF2, whereas vCP1615 expresses both ORF1 and ORF2.
No fluorescence was detected in parental ALVAC infected
Vero cells, nor in uninfected Vero cells.

Example 7
Generation of ALVAC-PCV1 Recombinants

Plasmids pJP113 (see Example 4) and pJP117 (see
Example 5) were linearized with Notl and transfected into
ALVAC infected primary CEF cells by using the calcium
phosphate precipitation method previously described
(Panicali and Paoletti, 1982; Piccini et al., 1987). Positive
plaques were selected on the basis of hybridization to
specific PCV1 radiolabeled probes and subjected to four
sequential rounds of plaque purification until a pure popu-
lation was achieved. One representative plaque from each
[VR was then amplified and the resulting ALVAC recom-
binants were designated vCP1621 and vCP1622. The
vCP1621 virus is the result of recombination events between
ALVAC and the donor plasmid pJP113, and it contains the
PCV1 ORF2 inserted into the ALVAC C6 locus. The
vCP1622 virus is the result of recombination events between
ALVAC and the donor plasmid pJP117, and it contains the
PCV1 ORF2 and ORF1 inserted into the ALVAC C6 locus
in a head-to-head orientation.

In a similar fashion, a recombinant ALVAC expressing
only PCV1 ORF1 can be generated using the donor plasmid
pIP115 described in Example 5.

Immunofluorescence. In order to determine if the PCV1
proteins were expressed in ALVAC recombinant infected
Vero cells, immunofluorescence (IF) analysis was per-
formed. Infected Vero cells were washed with PBS 24 hrs
after infection (m.o.1. of approx. 10) and fixed with 95% cold
aceton efor 3 minutes at room temperature. A specific
anti-PCV1 pig polyclonal serum (Allan G. et al. Vet. Micro-
biol. 1999. 66: 115-123) was used as the first antibody. The
IF reaction was performed as described by Taylor et al.
(1990).

PCV1 specific immunofluorescence could be detected in
cells infected with vCP1621 and cells infected with
vCP1622. These results indicated that, as expected,
vCP1621 and vCP1622 express PCV1-specific products. No
fluorescence was detected with a PCV2-specific pig poly-
clonal serum in cells infected with vCP1621 and in cells
infected with vCP1622. No fluorescence was detected in
parental ALVAC infected Vero cells, nor in uninfected Vero
cells.

Example 8

Formulation of Recombinant Canarypox Viruses with Car-
bopol™ 974P

For the preparation of vaccines, recombinant canarypox
viruses vCP1614 and vCP1615 (Example 6) can be mixed
with solutions of carbomer. In the same fashion, recombi-
nant canarypox viruses vCP1621 and vCP1622 (Example 7)
can be mixed with solutions of carbomer. The carbomer
component used for vaccination of pigs according to the
present invention is the Carbopol™ 974P manufactured by
the company BF Goodrich (molecular weight of # 3,000,
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000). A 1.5 % Carbopol™ 974P stock solution is first
prepared in distilled water containing 1 g/l of sodium

chloride. This stock solution is then used for manufacturing

a 4 mg/ml Carbopol™ 974P solution in physiological water.
The stock solution is mixed with the required volume of
physiological water, either in one step or in several succes-
sive steps, adjusting the pH value at each step with a 1N (or
more concentrated) sodium hydroxide solution to get a final
pH value of 7.3-7.4. This final Carbopol™ 974P solution is
a ready-to-use solution for reconstituting a lyophilized
recombinant virus or for diluting a concentrated recombi-
nant virus stock. For example, to get a final viral suspension
containing 10°8 pfu per dose of 2 ml, one can dilute 0,1 ml
of a 10°9 pfU/ml stock solution into 1,9 ml of the above
Carbopol™ 974P 4 mg/ml ready-to-use solution. In the
same fashion, Carbopol™ 974P 2 mg/ml ready-to-use solu-
tions can also be prepared.

Example 9
Immunization of Pigs and Subsequent Challenge
9.1. Immunization of 1 Day-Old Piglets
Groups of piglets, caesarian-derived at Day 0, are placed
into isolators. The piglets are vaccinated by intramuscular
route at Day 2 with various vaccine solutions. Vaccine viral
suspensions are prepared by dilution of recombinant viruses

stocks in sterile physiological water (NaCl 0.9 %). Suitable -

ranges for viral suspensions can be determined empiracally,

but will generally range from 10° to 10'°, and preferably

about 10*°, pfu/dose. Vaccine solutions can also be prepared

by mixing the recombinant virus suspension with a solution

of Carbopol™ 974P, as described in Example 8.

Piglets are vaccinated either with:

Recombinant virus vCP1614 (Example 2);

Recombinant virus vCP1615 (Example 3);

Recombinant virus vCP1614 mixed with Carbopol (4 mg/ml
solution); or

Recombinant virus vCP1615 mixed with Carbopol (4 mg/ml.

solution).

The viral suspensions contain 10® plaque forming units
(pfu) per dose. Each viral suspension is injected by intra-
muscular route under a volume of 1 ml. The intramuscular
injection is administered into the muscles of the neck.

Two injections of viral suspensions are administered at

Day 2 and Day 14 of the experiment. A challenge is done on:
Day 21 by an oronasal administration of a viral suspension:
prepared from a culture of PCV-2 virulent strain. After.

challenge, piglets are monitored during 3 weeks for clinical

signs specific of the post-weaning multisystemic syndrome.

The following signs are scored:

Rectal temperature: daily monitoring for 2 weeks post-
challenge, then 2 measures of rectal temperature during
the third week.

Weight: piglets are weighed right before the challenge, and
then weekly during the first 3 weeks post-challenge.

Blood samples are taken at Day 2, day 14, Day 21, Day 28,
Day 35 and Day 42 of the experiment in order to monitor
viremia levels and anti-PCV-2 specific antibody titers.

Necropsies: at Day 42, all surviving piglets are humanely
euthanized and necropsied to look for specific PWMS
macroscopic lesions. Tissue samples are prepared from
liver, lymph nodes, spleen, kidneys and thymus in order
to look for specific histological lesions.

9.2. Immunization OF 5-7 Week-01d Piglets
5-7 week-old piglets, free of anti-PCV-2 specific maternal

antibodies, are vaccinated by intramuscular route with vari-

ous vaccine solutions. Vaccine viral suspensions are pre-
pared by dilution of recombinant viruses stocks in sterile
physiological water (NaCl 0.9%). Vaccine solutions can also
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be prepared by mixing the recombinant virus suspension

with a solution of Carbopol™ 974P, as described in Example

8.

Piglets are vaccinated either with:

Recombinant virus vCP1614 (Example 2);

Recombinant virus vCP1615 (Example 3);

Recombinant virus vCP1614 mixed with Carbopol (4 mg/ml
solution); or

Recombinant virus vCP1615 mixed with Carbopol (4 mg/ml
solution).

The viral suspensions contain 10® plaque forming units
(pfu) per dose. Each viral suspension is injected by intra-
muscular route under a volume of 2 ml. The intramuscular
injection is administered into the muscles of the neck. Two
injections of the viral suspensions are administered at Day O
and Day 21 of the experiment. A challenge is done at Day
35 by an oronasal administration of a viral suspension
prepared from a culture of PCV-2 virulent strain. After
challenge, piglets are monitored during 8 weeks for clinical
signs specific of the post-weaning multisystemic syndrome.

10

15

The clinical monitoring is identical to the one described in

Example 9.1. except that total duration of monitoring is 8
weeks instead of 3 weeks.

Necropsies are done throughout the experiment for piglets
dying from the challenge and at the end of the experiment
(Day 97) for all surviving piglets. Tissue samples are the
same as described in Example 9.1.

9.3. Immunization of Newborn Piglets

Groups of 3 or 4 piglets, caesarian-delivered day Oare
placed into isolators. Day 2 the piglets are vaccinated with
108 pfu of vCP1614, vCP1615 or parental ALVAC vector in
1 ml of PBS by intramuscular route on the side of the neck.
A second injection of vaccine or placebo is administered at
day 14. Vaccination with ALVAC recombinant is well tol-
erated by piglets and no evidence of adverse reaction to
vaccination is noted. The piglets are challenged day 21 by
oronasal administration of a PCV-2 viral suspension, 1 ml in
each nostril. Day 45 necropsies are performed and samples
of tissues are collected for virus isolation. Necropsy results:
PMWS is characterized generally by lymphadenopathy and

more rarely by hepatitis or nephritis. So the gross findings
in lymph nodes are scored for each piglet in the following
manner: O=no visible enlargement of lymph nodes;
1=mild lymph nodes enlargement, restricted to bronchial
lymph nodes; 2=moderate lymph nodes enlargement,
restricted to bronchial lymph nodes; 3=severe lymph
nodes enlargement, extended to bronchial, submandib-
ullar prescapular and inguinal lymph nodes.

Groups

vCP 1614

mean
standard deviation
vCP 1615

mean
standard deviation
Controls

mean
standard deviation

Bronchial lymphadenopathy for PCV-2 is a prominent gross
finding. A significant reduction of the lymph nodes lesion in
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relation to control group is observed after immunization
with vCP 1614 and vCP1615 (p=0.05).

Having thus described in detail preferred embodiments of
the present invention, it is to be understood that the inven-
tion defined by the appended claims is not to be limited to
particular details set forth in the above description as many
apparent variations thereof are possible without departing
from the spirit or scope of the present invention.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 19

<210> SEQ ID NO 1

<211> LENGTH: 3701

<212> TYPE: DNA

<213> ORGANISM: Canarypox virus
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (377)..(2251)

<400> SEQUENCE: 1

aagcttctat caaaagtctt aatgagttag gtgtagatag tatagatatt actacaaagg 60
tattcatatt tcctatcaat tctaaagtag atgatattaa taactcaaag atgatgatag 120
tagataatag atacgctcat ataatgactg caaatttgga cggttcacat tttaatcatc 180
acgcgttcat aagtttcaac tgcatagatc aaaatctcac taaaaagata gccgatgtat 240

ttgagagaga ttggacatct aactacgcta aagaaattac agttataaat aatacataat 300

ggattttgtt atcatcagtt atatttaaca taagtacaat aaaaagtatt aaataaaaat 360

acttacttac gaaaaa atg tca tta tta caa aaa cta tat ttt aca gaa caa 412
Met Ser Leu Leu Gln Lys Leu Tyr Phe Thr Glu Gln
1 5 10
tct ata gta gag tcc ttt aag agt tat aat tta aaa gat aac cat aat 460
Ser Ile Val Glu Ser Phe Lys Ser Tyr Asn Leu Lys Asp Asn His Asn
15 20 25
gta ata ttt acc aca tca gat gat gat act gtt gta gta ata aat gaa 508
vVal Ile Phe Thr Thr Ser Asp Asp Asp Thr Val Val val Ile Asn Glu
30 35 40

gat aat gta ctg tta tct aca aga tta tta tca ttt gat aaa att ctg 556
Asp Asn Val Leu Leu Ser Thr Arg Leu Leu Ser Phe Asp Lys Ile Leu

45 50 55 60
ttt ttt aac tcc ttt aat aac ggt tta tca aaa tac gaa act att agt 604
Phe Phe Asn Ser Phe Asn Asn Gly Leu Ser Lys Tyr Glu Thr Ile Ser

65 70 75
gat aca ata tta gat ata gat act cat aat tat tat ata cct agt tct 652
Asp Thr Ile Leu Asp Ile Asp Thr His Asn Tyr Tyr Ile Pro Ser Ser
80 85 90
tct tct ttg tta gat att cta aaa aaa aga gcg tgt gat tta gaa tta 700
Ser Ser Leu Leu Asp Ile Leu Lys Lys Arg Ala Cys Asp Leu Glu Leu
95 100 105
gaa gat cta aat tat gecg tta ata gga gac aat agt aac tta tat tat 748
Glu Asp Leu Asn Tyr Ala Leu Ile Gly Asp Asn Ser Asn Leu Tyr Tyr
110 115 120

aaa gat atg act tac atg aat aat tgg tta ttt act aaa gga tta tta 796
Lys Asp Met Thr Tyr Met Asn Asn Trp Leu Phe Thr Lys Gly Leu Leu

125 130 135 140
gat tac aag ttt gta tta ttg cgc gat gta gat aaa tgt tac aaa cag 844
Asp Tyr Lys Phe Val Leu Leu Arg Asp Val Asp Lys Cys Tyr Lys Gln

145 150 155

tat aat aasa aag aat act ata ata gat ata ata cat cgc gat aac aga 892

Tyr Asn Lys Lys Asn Thr Ile Ile Asp Ile Ile His Arg Asp Asn Arg
160 165 170
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-continued

22

cag
Gln

tat
Tyr

tta
Leu
205

act
Thr

gta
Val

tct
Ser

tat
Tyr

ttt
Phe
285

gta
Val

ata
Ile

tat
Tyr

aaa
Lys

gtg
val
365

act
Thr

tcc
Ser

gag
Glu

gaa
Glu

agt
Ser
445

tac

Tyr

ctt
Leu

tat
Tyr

ata
Ile
190

aga
Arg

ttec
Phe

ggt
Gly

aat
Asn

cat
His
270

gag
Glu

atg
Met

cte
Leu

gta
val

gac
Asp
350

ata
Ile

tac
Tyr

g9a
Gly

aat
Asn

tct
Ser
430

aaa

Lys

tat
Tyr

ctg
Leu

aac
Asn
175

tta
Leu

tac
Tyr

gag
Glu

aca
Thr

aat
Asn
255

cat
His

acc
Thr

aat
Asn

ttt
Phe

aaa
Lys
335

ggt
Gly

gat
Asp

tta
Leu

atg
Met

ata
Ile
415

atc

Ile

aag
Lys

cca
Pro

tet
Ser

ata
Ile

tgg
Trp

gat
Asp

tte
Phe

ata
Ile
240

ata
Ile

aat
Asn

act
Thr

agt
Ser

gat
Asp
320

tat
Tyr

aaa
Lys

aga
Arg

atg
Met

ata
Ile
400

ttt
Phe

tat
Tyr

ata
Ile

aaa
Lys

atc
Ile

tgg
Trp

tta
Leu

aac
Asn

ata
Ile
225

att
Ile

ctt
Leu

tca
Ser

att
Ile

aac
Asn
305

gct
Ala

tgg
Trp

cag
Gln

gta
Val

gat
Asp
385

gat
Asp

tat
Tyr

gca
Ala

gaa
Glu

gga
Gly
465

tgt
Cys

gtt
val

cat
His

cgt
Arg
210

gtt
val

gta
Val

act
Thr

tct
Ser

tta
Leu
290

tgt
Cys

agt
Ser

aca
Thr

tta
Leu

tgt
Cys
370

acg
Thr

ata
Ile

ccg
Pro

gat
Asp

tat
Tyr
450

agg
Arg

tta
Leu

aaa
Lys

gat
Asp
195

ata
Ile

ata
Ile

cat
His

gat
Asp

ata
Ile
275

tca
Ser

tta
Leu

tta
Leu

aag
Lys

gca
Ala
355

tat
Tyr

ttt
Phe

cta
Leu

aaa
Lys

ttt
Phe
435

aaa

Lys

cce
Pro

tge
Cys

aat
Asn
180

cta
Leu

aac
Asn

tta
Leu

cca
Pro

ttt
Phe
260

ata
Ile

gaa
Glu

gta
val

ttt
Phe

aaa
Lys
340

aaa
Lys

tta
Leu

aaa
Lys

ctg
Leu

cgt
Arg
420

tac

Tyr

act
Thr

tat
Tyr

gaa
Glu

gtt
val

aaa
Lys

gaa
Glu

gaa
Glu

aac
Asn
245

cta

Leu’

ttg
Leu

ttt
Phe

cac
His

tte
Phe
325

act
Thr

tat
Tyr

cac
His

att
Ile

ttt
Phe
405

gtt
val

ttt
Phe

atg
Met

ttt
Phe

gta
Vval

ata
Ile

gce
Ala

tta
Leu

aat
Asn
230

aag
Lys

tct
Ser

gce
Ala

att
Ile

ctyg
Leu
310

caa
Gln

ttg
Leu

ata
Ile

gca
Ala

cct
Pro
390

99a
Gly

tct
Ser

ata
Ile

ttt
Phe

aca
Thr
470

aca
Thr

gaa
Glu

gct
Ala

tct
Ser
215

aat
Asn

ata
Ile

tac
Tyr

gga
Gly

tct
Ser
295

aaa
Lys

cte
Leu

cag
Gln

att
Ile

gct
Ala
375

ggt
Gly

ata
Ile

gta
val

tca
Ser

cct
Pro
455

cat

His

gtt
Val

tac
Tyr

gct
Ala
200

gcg
Ala

ata
Ile

ata
Ile

gta
Val

tat
Tyr
280

tca
Ser

aca
Thr

tct
Ser

tat
Tyr

aag
Lys
360

gta
Val

ttt
Phe

ttg
Leu

act
Thr

gat
Asp
440

ata
Ile

aca
Thr

tgt
Cys

tgt
Cys
185

gaa
Glu

gat
Asp

aaa
Lys

gct
Ala

gaa
Glu
265

ttt
Phe

tet
Ser

999
Gly

act
Thr

aag
Lys
345

aaa
Lys

tat
Tyr

gat
Asp

cat
His

aat
Asn
425

gtt
val

ctec
Leu

tct
Ser

aaa
Lys

tect
Ser

gat
Asp

aaa
Lys

cat
His

aat
Asn
250

gaa
Glu

tta
Leu

tect
Ser

tat
Tyr

aaa
Lys
330

aac
Asn

gat
Asp

aat
Asn

ttt
Phe

aag
Lys
410

ata
Ile

aat
Asn

gca
Ala

aac
Asn

gat
Asp

cct
Pro

gat
Asp

tta
Leu

tta
Leu
235

ggt
Gly

cta
Leu

gaa
Glu

gaa
Glu

gaa
Glu
315

agc
Ser

ttt
Phe

agt
Ser

cac
His

aaa
Lys
395

gat
Asp

ata
Ile

aaa
Lys

gaa
Glu

gaa
Glu
475

ata
Ile

ggc
Gly

tgg
Trp

tac
Tyr
220

cga
Arg

aca
Thr

ata
Ile

tte
Phe

tgg
Trp
300

gct
Ala

aat
Asn

ttt
Phe

cag
Gln

gta
Val
380

tte
Phe

aat
Asn

tca
Ser

ttc
Phe

aac
Asn
460

gat
Asp

aaa
Lys

1036

1084

1132

1180

1228

1276

1324

1372

1420

1468

1516

1564

1612

1660

1708

1756

1804

1852
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-continued
480 485 490
aat cca tta tta tat tct aaa aag gat ata tca gca aaa cga ttc ata 1900
Asn Pro Leu Leu Tyr Ser Lys Lys Asp Ile Ser Ala Lys Arg Phe Ile
495 500 505
ggt tta ttt aca tct gtc gat ata aat acg gct gtt gag tta aga gga 1948
Gly Leu Phe Thr Ser Val Asp Ile Asn Thr Ala Val Glu Leu Arg Gly
510 515 520

tat aaa ata aga gta ata gga tgt tta gaa tgg cct gaa aag ata aaa 1996
Tyr Lys Ile Arg Val Ile Gly Cys Leu Glu Trp Pro Glu Lys Ile Lys

525 530 535 540

ata ttt aat tct aat cct aca tac att aga tta tta cta aca gaa aga 2044
Ile Phe Asn Ser Asn Pro Thr Tyr Ile Arg Leu Leu Leu Thr Glu Arg

545 550 555
cgt tta gat att cta cat tcc tat ctg ctt aaa ttt aat ata aca gag 2092
Arg Leu Asp Ile Leu His Ser Tyr Leu Leu Lys Phe Asn Ile Thr Glu
560 565 ’ 570
gat ata gct acc aga gat gga gtc aga aat aat tta cct ata att tct 2140
Asp Ile Ala Thr Arg Asp Gly Val Arg Asn Asn Leu Pro Ile Ile Ser
575 580 585
ttt atc gtc agt tat tgt aga tcg tat act tat aaa tta cta aat tgc 2188
Phe Ile Val Ser Tyr Cys Arg Ser Tyr Thr Tyr Lys Leu Leu Asn Cys
590 595 600

cat atg tac aat tcg tgt aag ata aca aag tgt aaa tat aat cag gta 2236
His Met Tyr Asn Ser Cys Lys Ile Thr Lys Cys Lys Tyr Asn Gln Val

605 610 615 620

ata tat aat cct ata taggagtata tataattgaa aaagtaaaat ataaatcata 2291
Ile Tyr Asn Pro Ile

625

taataatgaa acgaaatatc agtaatagac aggaactggc agattcttct tctaatgaag 2351
taagtactgc taaatctcca aaattagata aaaatgatac agcaaataca gecttcattca 2411
acgaattacc ttttaatttt ttcagacaca ccttattaca aactaactaa gtcagatgat 2471
gagaaagtaa atataaattt aacttatggg tataatataa taaagattca tgatattaat 2531
aatttactta acgatgttaa tagacttatt ccatcaacce cttcaaacct ttctggatat 2591
tataaaatac cagttaatga tattaaaata gattgtttaa gagatgtaaa taattatttg 2651
gaggtaaagg atataaaatt agtctatctt tcacatggaa atgaattacc taatattaat 2711
aattatgata ggaatttttt aggatttaca gctgttatat gtatcaacaa tacaggcaga 2771
tctatggtta tggtaaaaca ctgtaacggg aagcagcatt ctatggtaac tggcctatgt 2831
ttaatagcca gatcatttta ctctataaac attttaccac aaataatagg atcctctaga 2891
tatttaatat tatatctaac aacaacaaaa aaatttaacg atgtatggcc agaagtattt 2951
tctactaata aagataaaga tagtctatct tatctacaag atatgaaaga agataatcat 3011
ttagtagtag ctactaatat ggaaagaaat gtatacaaaa acgtggaagc ttttatatta 3071
aatagcatat tactagaaga tttaaaatct agacttagta taacaaaaca gttaaatgcce 3131
aatatcgatt ctatatttca tcataacagt agtacattaa tcagtgatat actgaaacga 3191
tctacagact caactatgca aggaataagc aatatgccaa ttatgtctaa tattttaact 3251
ttagaactaa aacgttctac caatactaaa aataggatac gtgataggct gttaaaagct 3311
gcaataaata gtaaggatgt agaagaaata ctttgttcta taccttcgga ggaaagaact 3371
ttagaacaac ttaagtttaa tcaaacttgt atttatgaac actataaaaa aattatggaa 3431
gatacaagta aaagaatgga tgttgaatgt cgtagtttag aacataacta tacggctaac 3491
ttatataaag tgtacggaca aaacgaatat atgattactt atatactagc tctcataagt 3551
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26

aggattaata atattataga aactttaaaa tataatctgg tggggctaga cgaatctaca

atacgtaata taaattatat aatttcacaa agaacaaaaa aaaatcaagt ttctaatacc

ttatagataa actatatttt ttaccactga

<210>
<211>
<212>
<213>

<400>

Met Ser Leu Leu

1

Ser

Thr

Leu

Phe

65

Asp

Asp

Tyr

Tyr

val

145

Asn

Trp

Leu

Asn

Ile

225

Ile

Leu

Ser

Ile

Asn

305

Ala

Trp

Phe

Ser

Ser

50

Asn

Ile

Ile

Ala

Met

130

Leu

Thr

Vval

His

Arg

210

vVal

val

Thr

Ser

Leu

290

Cys

Ser

Thr

Lys

Asp

35

Thr

Asn

Asp

Leu

Leu

115

Asn

Leu

Ile

Lys

Asp

195

Ile

Ile

His

Asp

Ile

275

Ser

Leu

Leu

Lys

Ser
20

Asp

Gly

Thr

Lys

100

Ile

Asn

Arg

Ile

Asn

180

Leu

Asn

Leu

Pro

Phe

260

Ile

Glu

val

Phe

Lys

SEQ ID NO 2
LENGTH:
TYPE: PRT
ORGANISM: Canarypox virus

625

SEQUENCE: 2

Gln

5

Tyr

Asp

Leu

Leu

His

85

Lys

Gly

Trp

Asp

Asp

165

val

Lys

Glu

Glu

Asn

245

Leu

Leu

Phe

His

Phe

325

Thr

Lys

Asn

Thr

Leu

Ser

70

Asn

Arg

Asp

Leu

val

150

Ile

Ile

Ala

Leu

Asn

230

Lys

Ser

Ala

Ile

Leu

310

Gln

Leu

Leu

Leu

Val

Ser

Lys

Tyr

Ala

Asn

Phe

135

Asp

Ile

Glu

Ala

Ser

215

Asn

Ile

Tyr

Gly

Ser

295

Lys

Leu

Gln

Tyx

Lys

Val

40

Phe

Tyr

Tyr

Cys

Ser

120

Thr

Lys

His

Tyr

Ala

200

Ala

Ile

Ile

Val

Tyr

280

Ser

Thr

Ser

Tyr

Phe

Asp

25

Val

Asp

Glu

Ile

Asp

105

Asn

Lys

Cys

Arg

Cys

185

Glu

Asp

Lys

Ala

Glu

265

Phe

Ser

Gly

Thr

Lys

Thr

Asn

Ile

Lys

Thr

Pro

90

Leu

Leu

Gly

Tyr

Asp

170

Ser

Asp

Lys

His

Asn

250

Glu

Leu

Ser

Tyr

Lys

330

Asn

Glu

His

Asn

Ile

Ile

Ser

Glu

Tyr

Leu

Lys

155

Asn

Pro

Asp

Leu

Leu

235

Gly

Leu

Glu

Glu

Glu

315

Ser

Phe

Gln

Asn

Glu

Leu

60

Ser

Ser

Leu

Tyr

Leu

140

Gln

Arg

Gly

Trp

Tyr

220

Arg

Thr

Ile

Phe

Trp

300

Ala

Asn

Phe

Ser

Val

Asp

45

Phe

Asp

Ser

Glu

Lys

125

Asp

Tyr

Gln

Tyr

Leu

205

Thr

Val

Ser

Tyr

Phe

285

val

Ile

Tyr

Lys

Ile

Ile

30

Asn

Phe

Thr

Ser

Asp

110

Asp

Tyr

Asn

Tyr

Ile

130

Arg

Phe

Gly

Asn

His

270

Glu

Met

Leu

Val

Asp

val

15

Phe

Val

Asn

Ile

Leu

95

Leu

Met

Lys

Lys

Asn

175

Leu

Tyr

Glu

Thr

Asn

255

His

Thr

Asn

Phe

Lys

335

Gly

Glu

Thr

Leu

Ser

Leu

80

Leu

Asn

Thr

Phe

Lys

160

Ile

Trp

Asp

Phe

Ile

240

Ile

Asn

Thr

Ser

Asp

320

Tyr

Lys

3611

3671

3701
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340

Gln Leu Ala Lys

355

Val Cys Tyr Leu
370

Asp Thr Phe Lys

385

Asp Ile Leu Leu

Tyr Pro Lys Arg

420

Ala Asp Phe Tyr

435

Glu Tyr Lys Thr
450

Gly Arg Pro Tyr

465

Cys Leu Cys Glu

Tyr Ser Lys Lys

500

Ser Val Asp Ile

515

Val Ile Gly Cys
530

Asn Pro Thr Tyr

545

Leu His Ser Tyr

Arg Asp Gly Val

580

Tyr Cys Arg Ser

595

Ser Cys Lys Ile
610

Ile
625

<210>
<211>
<212>
<213>

<400>

SEQ ID NO

LENGTH: 42

TYPE: DNA

Tyr

His

Ile

Phe

405

Val

Phe

Met

Phe

vVal

485

Asp

Asn

Leu

Ile

Leu

565

Arg

Tyxr

Thr

3

Ile

Ala

Pro

390

Gly

Ser

Ile

Phe

Thr

470

Thr

Ile

Thr

Glu

Arg

550

Leu

Asn

Thr

Lys

Ile

Ala

375

Gly

Ile

val

Ser

Pro

455

His

val

Ser

Ala

Trp

535

Leu

Lys

Asn

Tyr

Cys
615

Lys

360

Val

Phe

Leu

Thr

Asp

440

Ile

Thr

Cys

Ala

Val

520

Pro

Leu

Phe

Leu

Lys

600

Lys

ORGANISM: Canarypox virus

SEQUENCE :

3

345

Lys
Tyr
Asp
His
Asn
425
val
Leu
Ser
Lys
Lys
505
Glu
Glu
Leu
Asn
Pro
585

Leu

Tyr

Asp

Asn

Phe

Lys

410

Ile

Asn

Ala

Asn

Asp

490

Arg

Leu

Lys

Thr

Ile

570

Ile

Leu

Asn

Ser

His

Lys

395

Asp

Ile

Lys

Glu

Glu

475

Ile

Phe

Arg

Ile

Glu

555

Thr

Ile

Asn

Gln

Gln

val

380

Phe

Asn

Ser

Phe

Asn

460

Asp

Lys

Ile

Gly

Lys

540

Arg

Glu

Ser

Cys

Val
620

atcatcgage tcgeggeccge ctatcaaaag tcttaatgag tt

<210>
<211>
<212>
<213>

<400>

gaattcctcg agctgcagcc cgggttttta tagctaatta gtcatttttt cgtaagtaag

SEQ ID NO

LENGTH: 73

TYPE: DNA

ORGANISM: Canarypox virus

SEQUENCE:

tatttttatt taa

4

4

Val

365

Thr

Ser

Glu

Glu

Ser

445

Tyr

Leu

Asn

Gly

Tyr

525

Ile

Arg

Asp

Phe

His

605

Ile

350

Ile

Tyr

Gly

Asn

Ser

430

Lys

Tyr

Leu

Pro

Leu

510

Lys

Phe

Leu

Ile

Ile

590

Met

Tyr

Asp

Leu

Met

Ile

415

Ile

Lys

Pro

Ser

Leu

495

Phe

Ile

Asn

Asp

Ala

575

val

Tyr

Asn

Arg

Met

Ile

400

Phe

Tyr

Ile

Lys

Ile

480

Leu

Thr

Arg

Ser

Ile

560

Thr

Ser

Asn

Pro

42

60

73
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~continued

30

<210> SEQ ID NO 5

<211> LENGTH: 72

<212> TYPE: DNA

<213> ORGANISM: Canarypox virus

<400> SEQUENCE: 5

ccegggctge agotcgagga attcttttta ttgattaact agtcaaatga gtatatataa
ttgaaaaagt aa

<210> SEQ ID NO 6

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Canarypox virus

<400> SEQUENCE: 6

gatgatggta ccttcataaa tacaagtttg attaaactta agttg

<210> SEQ ID NO 7

<211> LENGTH: 53

<212> TYPE: DNA

<213> ORGANISM: Canarypox virus

<400> SEQUENCE: 7

catcatcatg atatccgtta agtttgtatc gtaatgacgt atccaaggag gcg

<210> SEQ ID NO 8

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: ALVAC

<400> SEQUENCE: 8

tactactacg tcgacttagg gtttaagtgg ggggtce

<210> SEQ ID NO 9

<211> LENGTH: 2520

<212> TYPE: DNA

<213> ORGANISM: ALVAC

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1402)..(2100)

<400> SEQUENCE: 9

ggtaccttca taaatacaag tttgattaaa cttaagttgt tctaaagttc tttccteccga
aggtatagaa caaagtattt cttctacatc cttactattt attgcagectt ttaacagect
atcacgtatc ctatttttag tattggtaga acgtttitagt tctaaagtta aaatattaga
cataattggc atattgctta ttccttgcat agttgagtet gtagatcgtt tcagtatatce
actgattaat gtactactgt tatgatgaaa tatagaatcg atattggcat ttaactgttt
tgttatacta agtctagatt ttaaatcttc tagtaatatg ctatttaata taaaagcttc
cacgtttttg tatacatttc tttccatatt agtagctact actaaatgat tatcttettt
catatcttgt agataagata gactatcttt atctttatta gtagaaaata cttctggcca
tacatcgtta aatttttttg ttgttgttag atataatatt aaatatctag aggatcctat
tatttgtggt aaaatgttta tagagtaaaa tgatctggct attaaacata ggccagttac
catagaatgc tgcttcccgt tacagtgttt taccataacc atagatctge ctgtattgtt
gatacatata acagctgtaa atcctaaaaa attcctatca taattattaa tattaggtaa

ttcatttcca tgtgaaagat agactaattt tatatccttt acctccaaat aattatttac

atctcttaaa caatctattt taatatcatt aactggtatt ttataatatc cagaaaggtt

60

72

45

53

36

60

120

180

240

300

660

720

780
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tgaaggggtt

ctttattata ttatacccat

tagtttgtaa taaggtgtgt

ttgctgtatce
aatctgccag
actttttcaa
ctgcagctaa
attaaggatc
cttgagggtt

atccgttaag

aga aga cac
Arg Arg His

cce tgg ctce
Pro Trp Leu

gge ate ttc
Gly Ile Phe
45

cgt acc aca
Arg Thr Thr
60

aaa att gac
Lys Ile Asp
75

ata ccc ttt
Ile Pro Phe

cece tge tece
Pro Cys Ser

gtt att cta
Val Ile Leu
125

gac cca tat
Asp Pro Tyr
140

tcc tac cac
Ser Tyr His
155

att gat tac
Ile Asp Tyr

cta caa acc
Leu Gln Thr

gaa aac agt
Glu Asn Ser
205

gta caa ttc
Val Gln Phe
220

gatggaataa

atttttatect
ttecctgtcta
ttatatatac
ttaattaagc
ccccagcttce

gtgttaaatt

tttgtatcgt a

cge
Arg

gtc
Val
30

aac
Asn

gtc
vVal

gac
Asp

gaa
Glu

cce
Pro
110

gat
Asp

gta
Val

tcc
Ser

ttc
Phe

tct
Ser
190

aaa

Lys

aga
Arg

cece
Pro

cac
Eis

acc
Thr

aca
Thr

ttt
Phe

tac
Tyr
95

atc
Ile

gat
Asp

aac
Asn

cgt
Arg

caa
Gln
175

gga
Gly

tac
Tyr

gaa
Glu

cge
Arg

ccc
Pro

cge
Arg

acg
Thr

gtt
vVal

tac
Tyr

acc
Thr

aac
Asn

tac
Tyr

tac
Tyr
160

cca

Pro

aat
Asn

gac
Asp

ttt
Phe

atg
Met
1

agc
Ser

cgc
Arg

cte
Leu

cce
Pro
65

cce
Pro

aga
Arg

cag
Gln

ttt
Phe

tcc
Ser
145

tte
Phe

aat
Asn

gtg
Val

cag
Gln

aat
Asn
225

gtctattaac
aagttaaatt
ctgaaaaaat
aattttggag
ttactgatat
tcatttgact
tacaaatagt

tttattctat

gaaagcgaga

acg
Thr

cat
His

cac
His

tcc
Ser

tce
Ser

ccg
Pro

ata
Ile

ggt
Gly

gta
Val
130

tcc
Ser

aca
Thr

aac
Asn

gac
Asp

gac
Asp
210

ctt
Leu

atcgttaagt

tatatttact

taaaaggtaa

atttagcagt

ttegttteat

agttaatcaa

ttcgttttca

acttaaaaag

aataatcata

tat
Tyr

ctt
Leu

cge
Arg
35

cgc
Arg

tgg
Trp

gga
Gly

aga
Arg

gat
Asp
115

aca
Thr

cgc
Arg

ccc
Pro

aaa
Lys

cac
His
195
tac

Tyr

aaa
Lys

cca

agg

Pro Arg

ggc
Gly
20

tac

Tyr

acc
Thr

gcg
Ala

999
Gly

aag
Lys
100

agg

aag
Lys

cat
His

aaa
Lys
agg
180
gta

Val

aat
Asn

gac
Asp

5

cag
Gln

cgt
Arg

tte
Phe

gtg
Val

999
Gly
85

gtt
val

g99a
Gly

gcc
Ala

aca
Thr

cct
Pro
165

aat

Asn

ggc
Gly

atc
Ile

cce
Pro

aaattattaa tatcatgaat

ttctecatcat ctgacttagt

ttcgttgaat gaagctgtat

acttacttca ttagaagaag

tattatatga tttatatttt

taaaaagaat tcctgcagce

ccttgtctaa taactaatta

tgaaaataaa tacaaaggtt

aattatttca ttatcgcgat

agg cgt
Arg Arg

atc ctc
Ile Leu

tgg aga
Trp Arg

gga tat
Gly Tyr
55

gac atg
Asp Met
70

acc aac
Thr Asn

aag gtt
Lys Val

gtg ggc
val Gly

aca gcc
Thr Ala
135

atc ccc
Ile Pro
150

gtt ctt
val Leu

cag ctt
Gln Leu

cte gge
Leu Gly

cgt gta
Arg Val
215

cca ctt
Pro Leu
230

tac cgc aga
Tyr Arg Arg
10

cgc cgc cgc
Arg Arg Arg
25

agg aaa aat
Arg Lys Asn
40

act gtc aag
Thr Val Lys

atg aga ttt
Met Arg Phe

aaa atc tct
Lys Ile Ser
90

gaa ttc tgg
Glu Phe Trp
105

tce act gct
Ser Thr Ala
120

cta acc tat
Leu Thr Tyr

caa ccc tte
Gln Pro Phe

gac tcc act
Bsp Ser Thr
170

tgg ctg aga
Trp Leu Arg
185

gct gcg ttce
Ala Ala Phe
200

acc atg tat
Thr Met Tyr

aaa ccc
Lys Pro

g00

1020

1080

1140

1200

1260

1320

1380

1431

1479

1527

1575

1623

1671

1719

1767

1815

1863

1911

1959

2007

2055

2100
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34

taagtcgace ccgggttttt
ttaatacttt ttattgtact
ttatttataa ctgtaatttc
gctatctttt tagtgagatt
aaatgtgaac cgtccaaatt
atctttgagt tattaatatc

gtaatatcta tactatctac

<210> SEQ ID NO
<211> LENGTH: 23
<212> TYPE: PRT

10
3

<213> ORGANISM: ALVAC

<400> SEQUENCE:

Met Thr Tyr Pro
i

Ser His Leu Gly
20

Arg His Arg Tyr
35

Leu Ser Arg Thr
50

Pro Ser Trp Ala
65

Pro Pro Gly Gly
Arg Ile Arg Lys
100

Gln Gly Asp Arg
115

Phe Val Thr Lys
130

Ser Ser Arg His
145

Phe Thr Pro Lys
Asn Asn Lys Arg
180

Val Asp His Val
195

Gln Asp Tyr Asn
210

Asn Leu Lys Asp
225

<210> SEQ ID NO
<211> LENGTH: 57
<212> TYPE: DNA

10

Arg

Gln

Arg

Phe

Val

Gly

85

val

Gly

Ala

Thr

Pro

165

Asn

Gly

Ile

Pro

11

Arg

Ile

Trp

Gly

Asp

70

Thr

Lys

val

Thr

Ile

150

val

Gln

Leu

Arg

Pro
230

<213> ORGANISM: ALVAC

<400> SEQUENCE:

11

Arg

Leu

Arg

Tyr

55

Met

Asn

Val

Gly

Ala

135

Pro

Leu

Leu

Gly

val

215

Leu

atagctaatt
tatgttaaat
tttagcgtag
ttgatctatg
tgcagtcatt
atctacttta

acctaactca

Tyr

Arg

Arg

40

Thr

Met

Lys

Glu

Ser

120

Leu

Gln

Asp

Trp

Ala

200

Thr

Lys

agtcattttt

ataactgatg

ttagatgtcc

cagttgaaac

atatgagcgt

gaattgatag

ttaagacttt

Arg

Arg

25

Lys

val

Arg

Ile

Phe

105

Thr

Thr

Pro

Ser

Leu

185

Ala

Met

Pro

Arg

10

Arg

Asn

Lys

Phe

Ser

Trp

Ala

Tyr

Phe

Thr

170

Arg

Phe

Tyr

Arg

Pro

Gly

Arg

Lys

75

Ile

Pro

Val

Asp

Ser

155

Ile

Leu

Glu

Val

tcgtaagtaa gtatttttat

ataacaaaat

aatctctctc

ttatgaacge

atctattatc

gaaatatgaa

tgataggcgg

Arg

Trp

Ile

Thr

Ile

Pro

Cys

Ile

Pro

140

Tyr

Asp

Gln

Asn

Gln
220

Leu

Phe

45

Thr

Asp

Phe

Ser

Leu

125

Tyr

His

Tyr

Thr

Ser

205

Phe

Arg

Val

30

Asn

val

Asp

Glu

Pro

110

Asp

Val

Ser

Phe

Ser

190

Lys

ccattatgta
aaatacatcg
gtgatgatta
tactatcatc
tacctttgta

cecgegagcete

Pro Arg

His Pro

Thr Arg

Thr Thr

Phe Vval

80

Tyr Tyr
95

Ile Thr

Asp Asn

Asn Tyr

Arg Tyr

160
Gln Pro
175
Gly Asn

Tyr Asp

Glu Phe

catcatcatt cgcgatatcc gttaagtttg tatcgtaatg cccagcaaga agaatgg

<210> SEQ ID NO

12

2160

2220

2280

2340

2400

2460

2520

57
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-continued
<211> LENGTH: 36
<212> TYPE: DNA
<213> ORGANISM: ALVAC
<400> SEQUENCE: 12
tactactacg tcgactcagt aatttatttc atatgg 36
<210> SEQ ID NO 13
<211> LENGTH: 3609
<212> TYPE: DNA
<213> ORGANISM: ALVAC
<400> SEQUENCE: 13
ggtaccttca taaatacaag tttgattaaa cttaagttgt tctaaagttc tttccteccga 60
aggtatagaa caaagtatit cttctacatc cttactattt attgcagctt ttaacagect 120
atcacgtatc ctatttttag tattggtaga acgttttagt tctaaagtta aaatattaga 180
cataattggc atattgctta tteccttgcat agttgagtct gtagatcgtt tcagtatatce 240
actgattaat gtactactgt tatgatgaaa tatagaatcg atattggcat ttaactgttt 300
tgttatacta agtctagatt ttaaatcttc tagtaatatg ctatttaata taaaagctte 360
cacgtttttg tatacatttc tttccatatt agtagctact actaaatgat tatcttettt 420
catatcttgt agataagata gactatcttt atctttatta gtagaaaata cttctggcca 480
tacatcgtta aatttttttg ttgttgttag atataatatt aaatatctag aggatcctat 540
tatttgtggt asaatgttta tagagtaaaa tgatctggct attaaacata ggccagttac 600
catagaatgc tgcttcccgt tacagtgttt téccataacc atagatctgce ctgtattgtt 660
gatacatata acagctgtaa atcctaaaaa attcctatca taattattaa tattaggtaa 720
ttcatttcca tgtgaaagat agactaattt tatatccttt acctccaaat aattatttac 780
atctcttaaa caatctattt taatatcatt aactggtatt ttataatatc cagaaaggtt 840
tgaaggggtt gatggaataa gtctattaac atcgttaagt aaattattaa tatcatgaat 900
ctttattata ttatacccat aagttaaatt tatatttact ttctcatcat ctgacttagt 960
tagtttgtaa taaggtgtgt ctgaaaaaat taaaaggtaa ttcgttgaat gaagctgtat 1020
ttgctgtatc atttttatct aattttggag atttagcagt acttacttca ttagaagaag 1080
aatctgccag ttcctgtcta ttactgatat ttcgtttcat tattatatga tttatatttt 1140
actttttcaa ttatatatac tcatttgact agttaatcaa taaaaagaat ttcgacttag 1200
ggtttaagtg gggggtcttt aagattaaat tctctgaatt gtacatacat ggttacacgg 1260
atattgtagt cctggtcgta tttactgttt tcgaacgcag cgccgaggce tacgtggtcec 1320
acatttccag aggtttgtag tctcégccaa agctgattce ttttgttatt tggttggaag 1380
taatcaatag tggagtcaag aacaggtttg ggtgtgaagt aacgggagtg gtaggagaag 1440
ggttggggga ttgtatggeg ggaggagtag tttacatatg ggtcataggt tagggctgtg 1500
gcctttgtta caaagttatc atctagaata acagcagtgg agcccactcc cctatcaccce 1560
tgggtgatgg gggagcaggg ccagaattca accttaacct ttcttattct gtagtattca 1620
aagggtatag agattttgtt ggtccccect ceccgggggaa caaagtcgtce aattttaaat 1680
ctcatcatgt ccaccgccca ggagggegtt gtgactgtgg tacgcttgac agtatatccg 1740
aaggtgcggg agaggcgggt gttgaagatg ccatttttee ttctccaacg gtagecggtgg 1800
cgggggtgga cgagccaggg gcggcggcgg aggatctgge caagatggct gcgggggcygg 1860
tgtcttcttc tgeggtaacyg cctcettgga tacgtcatta cgatacaaac ttaacggata 1920
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38

—-continued
tcgcgataat gaaataattt atgattattt ctcgectttca atttaacaca accctcaaga 1980
acctttgtat ttattttcac ttttteagta tagaataaag aagctggggg atcaattcet 2040
gcagccctgc agctaattaa ttaagctaca aatagtttceg ttttcacctt gtctaataac 2100
taattaatta aggatccccc agettcttta ttctatactt aaaaagtgaa aataaataca 2160
aaggttcttg agggttgtgt taaattgaaa gcgagaaata atcataaatt atttcattat 2220
cgcgatatcc gttaagtttg tatcgtaatg cccagcaaga agaatggaag aageggacce 2280
caaccacata aaaggtgggt gttcacgctg aataatcctt ccgaagacga gcgcaagaaa 2340
atacgggagc tcccaatctc cctatttgat tattttattg ttggcgagga gggtaatgag 2400
gaaggacgaa cacctcacct ccaggggttc gctaattttg tgaagaagca aacttttaat 2460
aaagtgaagt ggtatttggg tgcccgectge cacatcgaga aagccaaagg aactgatcag 2520
cagaataaag aatattgcag taaagaaggc aacttactta ttgaatgtgg agctcctcga 2580
tctcaaggac aacggagtga cctgtctact gctgtgagta ccttgttgga gagcgggagt 2640
ctggtgaccg ttgcagagca gcaccctgta acgtttgtca gaaatttccg cgggctgget 2700
gaacttttga aagtgagcgg gaaaatgcag aagcgtgatt ggaagaccaa tgtacacgtc 2760
attgtggggc cacctgggtg tggtaaaagc aaatgggctg ctaattttge agacccggaa 2820
accacatact ggaaaccacc tagaaacaag tggtgggatg gttaccatgg tgaagaagtg 2880
gttgttattg atgactttta tggctggetg ccgtgggatg atctactgag actgtgtgat 2940
cgatatccat tgactgtaga gactaaaggt ggaactgtac cttttttgge ccgcagtatt 3000
ctgattacca gcaatcagac cccgttggaa tggtactcct caactgetgt cccagctgta 3060
gaagctctct atcggaggat tacttccttg gtattttgga agaatgctac agaacaatcc 3120
acggaggaag ggggccagtt cgtcaccctt tccccecccat geccctgaatt tcecatatgaa 3180
ataaattact gagtcgaccc cgggttttta tagctaatta gtcatttttt cgtaagtaag 3240
tatttttatt taatactttt tattgtactt atgttaaata taactgatga taacaaaatc 3300
cattatgtat tatttataac tgtaatttct ttagcgtagt tagatgtcca atctctctca 3360
aatacatcgg ctatcttttt agtgagattt tgatctatgc agttgaaact tatgaacgceg 3420
tgatgattaa aatgtgaacc gtccaaattt gcagtcatta tatgagcgta tctattatcet 3480
actatcatca tctttgagtt attaatatca tctactttag aattgatagg aaatatgaat - 3540
acctttgtag taatatctat actatctaca cctaactcat taagactttt gataggcgge 3600
cgcgagcte 3609
<210> SEQ ID NO 14
<211> LENGTH: 236
<212> TYPE: PRT
<213> ORGANISM: ALVAC
<400> SEQUENCE: 14
Pro Lys Leu Pro Pro Asp Lys Leu Asn Phe Glu Arg Phe Gln Val Tyr
1 5 10 15
Met Thr Val Arg Ile Asn Tyr Asp Gln Asp Tyr Lys Ser Asn Glu Phe
20 25 30
Ala Ala Tyr Leu Tyr Val His Asp Val His Asp Val Asn Tyr Ser Thr
35 40 45
Gln Leu Arg Leu Trp Leu Gln Asn Arg Lys Asn Asn Pro Gln Phe Tyr

50

55

60
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40

Asp

65

Tyr

Pro

Ile

Cys

Pro

145

Ile

Thr

Ile

Trp

Arg
225

<210>
<211>
<212>
<213>

<400>

Ile

Ser

Asp

Val

Pro

130

Ile

Lys

Arg

Gly

Pro

210

Arg

Thr

Phe

Tyr

Ala

115

Trp

Ser

Phe

Lys

Asn

195

Arg

Arg

Ser

Pro

Thr

100

Thr

Phe

Ile

Val
180
Lys

Arg

Arg

SEQUENCE :

Met Pro Ser Lys

1

Trp

Arg

Gly

val

65

Cys

Cys

Glin

Ser

Arg

145

Gln

Gly

Thr

vVal

Glu

Asn

50

Lys

His

Ser

Gly

Gly

130

Asn

Lys

Cys

Tyr

Phe

Leu

Glu

Lys

Ile

Lys

Gln

115

Ser

Phe

Gly

Trp
195

Thr

20

Pro

Glu

Gln

Glu

Glu

100

Arg

Leu

Asp

Lys
180

Lys

Rep

Gln

€5

Leu

Ser

Glu

Lys

Met

165

Thr

Arg

Arg

Tyr

SEQ ID NO 15
LENGTH :
TYPE: PRT
ORGANISM: ALVAC

314

15
Lys
5
Leu
Ile
Gly
Thr
Lys
85
Gly
Ser
val
Gly
Trp
165

Ser

Pro

Leu

Pro

Ala

Gly

val

Gln

150

Met

Tyr

Arg

Leu

Arg
230

Gln

Asn

Ser

Arg

Phe

70

Ala

Asn

Asp

Thr

Leu

150

Lys

Lys

Pro

Val
Ile
Thr
val
Lys
135
Thr
Asp
Gly
Trp
Ile

215

Arg

Gly
Asn
Leu
Thr

55
Asn
Lys
Leu
Leu
val
135
Ala
Thr

Trp

Arg

Pro

Thr

Ala

Gly

120

val

Gly

Val

Phe

Arg

200

Gln

Arg

Arg

Pro

Phe

Pro

Lys

Gly

Leu

Ser

120

Ala

Glu

Asn

Ala

Asn
200

Lys

Hig

Lys

105

Arg

Lys

Gly

Ala

Thr

i85

Tyr

Gly

Pro

Ser

Ser

25

Asp

His

Val

Thr

Ile

105

Thr

Glu

Leu

Val

Ala

185

Lys

Pro

Arg

90

Thr

Asp

Arg

Gly

Trp

170

Arg

Arg

Leu

Tyr

Gly

10

Glu

Tyr

Leu

Lys

Asp

90

Glu

Ala

Gln

Leu

His

170

Asn

Trp

Thr

75

Ser

vVal

Gly

Ile

Pro

155

Ser

Ser

His

His

Thr
235

Pro

Asp

Phe

Gln

Arg

75

Gln

Cys

val

His

Lys

155

Val

Phe

Trp

Phe Tyr Arg Ser

Ser

Phe

Gln

Arg

140

Pro

Pro

Leu

Arg

Ser

220

Met

Gln

Glu

Ile

Gly

60

Tyr

Gln

Gly

Ser

Pro

140

Val

Ile

Ala

Asp

Tyr

Gln

Thr

125

Tyr

vVal

Thr

Arg

Pro

205

Arg

Pro

Arg

val

45

Phe

Leu

Asn

Ala

Thr

125

val

Ser

Val

Asp

Gly
205

Gln
Asp
110
Ile
Tyr
Phe
Thr
Thr
190

His

Pro

His

Lys

30

Gly

Ala

Gly

Lys

Pro

110

Leu

Thr

Gly

Gly

Pro

190

Tyr

Val

95

Asp

Pro

Glu

Asp

Val

175

Asn

vVal

Arg

Lys

15

Lys

Glu

Asn

Ala

Glu

95

Arg

Leu

Phe

Lys

Pro

175

Glu

His

His

80

Tyr

Leu

Ser

Phe

Asp

160

Thr

Phe

Leu

His

Arg

Ile

Glu

Phe

Arg

80

Tyr

Ser

Glu

val

Met

160

Pro

Thr

Gly
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42

~continued

Glu Glu val val Ile Phe Leu Pro

210

val Asp

215

Asp Tyr Gly Trp

220

Leu Thr Val Glu

235

Asp Leu Leu Leu Pro

225

Arg Cys

230

Asp Arg Tyr

Thr val Phe Ala Ser Ile Leu Ile Thr

250

Pro Leu

245

Gly Gly Arg

Thr Ala Val Ala

270

Gln Thr Glu Ser Pro

265

Leu Ser

260

Pro Trp Tyr

Ala Ile Thr Ser Leu Val Phe Asn

280

Leu Tyr

275

Arg Arg Trp Lys

285

Thr
300

Gln
290

Glu Ser Thr Glu Glu Gly Gln Phe Val Leu Ser

295

Gly

Cys Pro Glu Phe Pro Glu Ile Asn

305

Tyr
310

Tyr

<210>
<211>
<212>
<213>

SEQ ID NO 16
LENGTH: 53
TYPE: DNA
ORGANISM: ALVAC
<400>

SEQUENCE: 16

catcatcatg atatccgtta agtttgtatc gtaatgacgt ggccaaggag gcg

<210>
<211>
212>
<213>

SEQ ID NO 17
LENGTH: 40
TYPE: DNA
ORGANISM: ALVAC

<400> SEQUENCE: 17

tactactacg tcgacttatt tatttagagg gtcttttagg

<210> SEQ ID NO 18
<211> LENGTH: 57
<212> TYPE: DNA

<213> ORGANISM: ALVAC

<400> SEQUENCE: 18

catcatcatt cgcgatatcc gttaagtttg tatcgtaatg ccaagcaaga aaagcgg

<210>
<211>
<212>
<213>

SEQ ID NO 19
LENGTH: 36
TYPE: DNA
ORGANISM: ALVAC

<400> SEQUENCE: 19

tactactacg tcgactcagt aatttatttt atatgg

Trp Asn

Thr Lys

240

Ser Asn

255

val Glu

Ala Thr

Pro Pro

53

40

57

36

What is claimed is:

1. A recombinant poxvirus comprising an isolated DNA
molecule selected from the group consisting of ORFs 1 to 13
of porcine circovirus type II, wherein the poxvirus is:

ALVA C, or

a poxvirus having all the identifying characteristics of 60

ALVAC.

2. The recombinant poxvirus of claim 1 wherein the
recombinant poxvirus is a recombinant ALVAC canarypox
VIrus.

3. The recombinant poxvirus of claim 2 wherein the 65
isolated DNA molecule is in the C6 locus of the ALVAC
canarypox virus genome.

55

4. The recombinant poxvirus of claim 1 wherein the
isolated DNA molecule comprises PCV2 ORF1, PCV2
ORF2, or PCV2 ORF1 and PCV2 ORF2.

5. The recombinant poxvirus of claim 4 wherein the
isolated DNA molecule is in the C6 locus of the ALVAC
canarypox virus genome.

6. An immunological composition comprising the recom-
binant poxvirus of any one of claims 1 t0 3,4 or 5, and a
carrier.

7. The immunological composition of claim 6, which
contains an adjuvant.

8. The immunological composition of claim 7, wherein
the adjuvant is a carbomer.
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9. A method of expressing a porcine circovirus ORF in a
cell cultured in vitro comprising introducing into the cell the
recombinant poxvirus as claimed in any one of claims 1 to
3, 4 or 5 under conditions which allow expression of the
isolated DNA molecule by the recombinant poxvirus.

10. A method for inducing an immunological response
against porcine circovirus in a host capable of an immuno-
logical response against porcine circovirus comprising
administering to the host the recombinant poxvirus of any
one of claims 1 to 3,4 or 5.

11. The method of claim 10 wherein the recombinant
poxvirus is administered with an adjuvant.

12. The method of claim 11 wherein the adjuvant is a
carbomer.

13. An immunological composition comprising a recom-
binant avipox virus comprising an isolated DNA molecule
selected from the group consisting of ORFs 1 to 13 of
porcine circovirus type II, and a carbomer adjuvant.

14. The immunological composition of claim 13 wherein
the isolated DNA molecule encodes PCV2 ORF1, PCV2
ORF2, or PCV2 ORF1 and PCV2 ORF2.

15. The immunological composition of any one of claim
13 or 14 wherein the avipox virus is a canarypox virus.

16. A recombinant avipox virus comprising an isolated
DNA molecule comprising porcine circovirus type II
(PCV2) open reading frames 1 and 2 (ORFs 1 and 2).

17. The recombinant avipox virus of claim 16 which is a
recombinant canarypox virus.

10

15

20

25

44

18. An immunological composition comprising the
recombinant avipox virus of any one of claim 16 or 17 and
a carrier.

19. A method of expressing a gene product in a cell
cultured in vitro comprising introducing into the cell the
recombinant avipox virus as claimed in any one of claim 16
or 17 under conditions which allow expression of the
isolated DNA molecule by the recombinant avipox virus.

20. A method for inducing an immunological response
against porcine circovirus in a host capable of an immuno-
logical response against porcine circovirus comprising
administering to the host the recombinant avipox virus:of
any of claim 16 or 17.

21. A method for inducing an immunological response
against porcine circovirus in a host capable of an immuno-
logical response against porcine circovirus comprising
administering to the host the composition of any one of
claim 13 or 14.

22. A method for inducing an immunological response
against porcine circovirus in a host capable of an immupo-
logical response against porcine circovirus comprising
administering to the host the composition of claim 15.

23. The method of claim 10 wherein the host is a porcine.

24. The method of claim 20 wherein the host is a porcine.

25. The method of claim 21 wherein the host is a porcine.

26. The method of claim 22 wherein the host is a porcine.

L ¥ ok %
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Postweaning multisystemic wasting syndrome (PMWS) is an emerging disease in swine. Increasing evidence
indicates that a variant strain of porcine circovirus (PCV), designated type 2 PCV (PCV-2), is responsible for
PMWS. To determine the extent of genetic heterogeneity of PCV-2 isolates, the complete genomes of six PCV-2
isolates from different regions of North America were amplified by PCR and sequenced. Sequence and phyle-
genetic analyses confirmed that two distinct genotypes of PCV exist: nonpathogenic genotype PCV-1 and PMWS-
associated genotype PCV-2. However, within the PCV-2 genotype, several minor branches that have been
identified appear to be associated with geographic origins. The genomic sequences of two French PCV-2 iso-
lates diverge the most from those of other PCV-2 isolates and form a distinct branch. Other minor but distin-
guishable branches have also been identified for a Taiwan PCV-2 isolate and two of the Canadian PCV-2
isolates. All the U.S. PCV-2 isolates are closely related, but the Canadian isolates vary, to some extent, in their
genomic sequences. The data from this study indicate that although the genome of PCV-2 is generally stable
among different isolates, PCV-2 isolates from different geographic regions vary in their genomic sequences.
This variation may have important implications for PCV-2 diagnosis and research. On the basis of genetic
analyses of available PCV strains, a universal PCR-restriction fragment length polymorphism (PCR-RFLP)
assay was developed to detect and differentiate between infections with PCV-1 and PCV-2. This PCR-RFLP
assay should be useful for studying the pathogenesis of PCV-2, for detecting PCV-2 infection in pigs from

different geographic regions, and for screening donor pigs for use in xenotransplantation.

Porcine circovirus (PCV) was originally isolated as a non-
cytopathic contaminant of the porcine kidney cell line PK15
(50). PCV is a small nonenveloped virus that contains a single-
stranded circular DNA genome of about 1.76 kb (50). On the
basis of its morphology and genomic organization, PCV was
classified as a member of Circoviridae family (30, 36), which
consists of two other animal circoviruses, chicken anemia vi-
rus (CAYV) and psittacine beak-and-feather disease virus, and
three plant circoviruses, banana bunchy top virus, coconut fo-
liar decay virus, and subterranean clover stunt virus. Members
of the three recognized animal circoviruses, PCV, CAV, and
psittacine beak-and-feather disease virus, do not share nucle-
otide sequence homology or antigenic determinants with each
other (8, 54). More recently, a human circovirus, designated
TT virus (TTV), was identified from individuals with posttrans-
fusion hepatitis (38, 43). The human TTYV is similar to the
circovirus CAV in its genomic organization (38). Although
antibodies to PCV were found in various animal species in-
cluding humans, mice, cattle, and pigs (11, 12, 22, 23, 41, 52,

* Corresponding author. Mailing address: Center for Molecular
Medicine and Infectious Diseases, Virginia Polytechnic Institute and
State University, 1410 Price’s Fork Rd., Blacksburg, VA 24061-0342.
Phone: (540) 231-6912. Fax: (540) 231-3426. E-mail: xjmeng@vt.edu.
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53), little is known regarding the pathogenesis of PCV in these
animal species. Experimental infection of pigs with the PK15-
derived PCV did not produce clinical disease, and thus, this
virus is not considered pathogenic for pigs (1, 51).

Postweaning multisystemic wasting syndrome (PMWS) is an
emerging disease in pigs first described in 1991 (10, 20). The
disease occurs in swine herds that are usually in good health
and has a low rate of morbidity but causes a relatively high case
fatality rate among 5- to 12-week-old pigs (6, 10). Clinically,
PMWS is characterized by progressive weight loss, dyspnea,
tachypnea, anemia, diarrhea, and jaundice. In an acute out-
break, the mortality rate associated with PMWS may peak at
about 10% and can reach up to 50% in some cases (6, 20, 21).
The microscopic lesions of PMWS include those associated
with granulomatous interstitial pneumonia, lymphadenopathy,
hepatitis, nephritis, and pancreatitis (20, 21). PMWS has now
been recognized in pigs in Canada and most of the United
States (2, 3, 6, 13, 18, 26, 27, 37, 39, 40), many European
countries (4, 6, 24, 32, 48, 49), and some countries in Asia (6,
44) and has the potential to have a serious economic impact on
the swine industry worldwide.

The etiology of PMWS is rather complicated, but it is be-
lieved that a variant strain of PCV, designated type 2 PCV
(PCV-2), is responsible for PMWS in pigs (2, 3, 4, 6,13, 18, 37,
39). The- nonpathogenic PK15-derived PCV has been desig-
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nated PCV-1 to distinguish it from the PMWS-associated
PCV, PCV-2 (2, 3). PCV-2 was isolated from pigs with clinical
and pathological findings consistent with PMWS (2, 3, 4, 6, 13,
19, 27, 39, 40). PCV-2 DNA and antigen were detected in
various tissues and organs from pigs with natural cases of
PMWS (19, 27, 32, 37, 39, 40, 46). The complete genome of
PCV-2 has been determined, and surprisingly, nonpathogenic
PCV-1 and PMWS-associated PCV-2 are found to share only
about 75% nucleotide sequence identity (18, 37, 39). Seven
open reading frames (ORFs) have been identified for PCV-1
(31, 33, 36), whereas 6 or 11 ORFs have been identified for
PCV-2 (18, 37, 39). Although PMWS has been reported in
most of the United States, only a few PCV-2 isolates from the
United States have been genetically characterized (37, 39). On
the basis of the nucleotide sequences of the U.S. and other
PCV-2 isolates sequenced thus far, it appears that there exists
only one genotype of PCV-2 worldwide (19, 37, 39). Neverthe-
less, the value of diagnosing PCV-2 infections and studying the
pathogenesis of PCV-2 by PCR and other molecular ap-
proaches will depend on knowledge of the extent of genetic
variation among PCV-2 isolates from different geographic re-
gions. In addition, the development of an effective vaccine
against PMWS also requires a better understanding of the
extent of genetic variation among PCV-2 isolates. In this study,
we genetically characterized six PCV-2 isolates from pigs with
confirmed PMWS in different geographic regions of North
America. The extent of genetic variation among these six
PCV-2 isolates and all other known PCV isolates (both PCV-1
and PCV-2) was analyzed. On the basis of the data generated
from this study, we further developed a universal PCR-restric-
tion fragment length polymorphism (PCR-RFLP) assay to de-
tect and differentiate between infections with PCV-1 and
PCV-2 in pigs from different geographic regions.

MATERIALS AND METHODS

Sample sources. Various tissue samples (liver, spleen, tonsil, lymph nodes,
etc.) were collected from pigs with PMWS as confirmed by immunohistochem-
istry (IHC) (data not shown). The tissues were stored at —80°C until use. The
complete PCV-2 genome was amplified, sequenced, and characterized from
tissue samples from six selected pigs with PMWS that originated from different
geographic regions of North America: two from Utah, one from Missouri, one
from Iowa, one from Illinois, and one from Canada (Table 1). The isolates from
these six pigs with PMWS, along with those from four more pigs with PMWS
(Table 1) from Towa, were also characterized by PCR-RFLP analyses.

Isolation of DNA from tissues. DNA was extracted from various tissue samples
with the QIAamp DNA Mini kit (Qiagen, Inc., Valencia, Calif.) according to the
protocol supplied by the manufacturer. For each DNA extraction, 25 mg of tissue
sample was used. The resulting DNA was eluted in DNase-, RNase-, and pro-
teinase-free water (Eppendorf 5 Primer, Inc., Boulder, Colo.).

PCR amplification of the complete genome of PCV-2. Two sets of PCR primers
were designed on the basis of the published PCV-2 sequence. These primers
amplify two overlapping fragments that represent the entire genome of PCV-2
(Fig. 1). The first set of primers, CV1 and CV2 (Table 2), amplifies a 989-bp
fragment, and the second set of primers, CV3 and CV4 (Table 2), amplifies a
1,092-bp fragment. The extracted DNA was amplified by PCR with AmpliTaq
Gold polymerase (Perkin-Elmer, Norwalk, Conn.). The PCR consisted of 35
cycles of denaturation at 94°C for 1 min, annealing at 55°C for 1 min, and
extension at 72°C for 3 min, followed by a terminal extension at 72°C for 7 min.

Nucleotide seq ing and seq and phylogenetic analyses. The PCR
products of the expected sizes were purified by electrophoresis on a 1% agarose
gel, followed by extraction with a Geneclean Kit (Bio 101, Inc., La Jolla, Calif.).
Both strands were sequenced with a variety of sequencing primers (Table 2) with
an ABI automated DNA sequencer at the Virginia Polytechnic Institute and
State University DNA Sequencing Facility. The sequences of the primers used to
sequence the complete genome of PCV-2 are listed in Table 2, and their relative
positions in the circular genome are indicated in Fig. 1. The sequences were
compiled and analyzed with the MacVector program (Oxford Molecular Ltd.,
Beaverton, Oreg.). The percentages of sequence identity among different PCV
isolates were determined with the Clustal alignment program in the MacVector
package. Sequence alignments were performed with the ALIGN program in the
MacVector package. Phylogenetic analyses were conducted with the aid of the
PAUP program (from David L. Swofford, Smithsonian Institution, Washington,
D.C.,, and distributed by Sinauer Associates, Inc., Sunderland, Mass.). The
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branch-and-bound searching and midpoint rooting options were used to produce
a consensus tree.

Development of a PCR-RFLP assay. A PCR-RFLP assay was developed to
differentiate between strains of PCV-1 and PCV-2 infecting the pigs. Briefly, the
complete sequences of the six PCV-2 isolates from this study and the complete
sequences of all other PCV sequences available in GenBank (those of both
PCV-1 and PCV-2) were aligned with the Clustal program (data not shown). On
the basis of this alignment, a set of conserved PCR primers (primers MCV1 and
MCV?2; Table 2) was designed to amplify a fragment of 243 bp from samples that
contained either PCV-1 or PCV-2, or both. The sequences of the two PCR
primers chosen from the sequences of PCV-1 and PCV-2 isolates are identical
for all known PCV-1 and PCV-2 isolates including the six PCV-2 isolates se-
quenced in this study (Fig. 2). The PCR consisted of 37 cycles of denaturation at
94°C for 1 min, annealing at 56°C for 1 min, and extension at 72°C for 1.5 min.
The amplified PCR products were subsequently digested with a unique restric-
tion enzyme, Ncol, which is present in all PCV-2 isolates but not in PCV-1
isolates (Fig. 2). The digested PCR products are separated on a 2% agarose gel
for RFLP analysis.

Nucleotide e accession bers. The complete genomic sequences of
the six PCV-2 isolates reported in this paper have been deposited with the
GenBank database under accession numbers AF264038, AF264039, AF264040,
AF264041, AF264042, and AF264043.

RESULTS

Genetic characterization of PCV-2 isolates from pigs with
PMWS in different geographic regions. To determine the ex-
tent of genetic heterogeneity among PCV-2 isolates, the com-
plete genome of PCV-2 was amplified and sequenced from one
pig with PMWS in Canada (isolate 34464) and five pigs with
PMWS in the United States: two from Utah (isolates 26606
and 26607), one from Missouri (isolate 40856), one from Jowa
(isolate 40895), and one from Illinois (isolate 10489). The pigs
with PMWS included in this study possessed clinical signs
consistent with PMWS (Table 1) and were confirmed to be
positive for PCV-2 antigen by IHC (data not shown). All six
pigs with PMWS included in the study were negative for swine
influenza virus, but four of the six pigs were found to be
positive for porcine reproductive and respiratory syndrome
virus (PRRSV) antigen (Table 1).

The lengths of the genomic DNAs of the PCV-1 isolates
ranged from 1,758 to 1,760 bp. Sequence analyses of the com-
plete genomes of six PCV-2 isolates from this study showed
that, like all other PCV-2 isolates, the complete genome of
each of the six PCV-2 isolates is 1,768 bp in length. All the
PCV-2 isolates sequenced are closely related to each other,
displaying 95 to 99% nucleotide sequence identities (Table 3).
Two French PCV-2 isolates, isolates AF055393 and AF(055394,
displayed the most sequence divergence from the other PCV-2
isolates, with the identities ranging from 95 to 96%. Similarly,
the four PCV-1 isolates sequenced thus far (isolates AF071879,
Y09921, U49186, and AF012107) are closely related to each
other, and their entire genomes share 98 to 99% nucleotide
sequence identity (Table 3). Moreover, the nucleotide se-
quence identity between the entire genomes of PCV-1 and
PCV-2 is only about 75 to 77%.

ORF2 of PCV is believed to code for the putative capsid
protein (31, 33, 42). Sequence analysis indicated that the
OREF?2 genes of PCV-1 isolates encode a protein of 230 to 231
amino acid residues, whereas the ORF2 genes of PCV-2 iso-
lates encodes a protein of 233 amino acid residues (Fig. 3).
Pairwise sequence comparisons revealed that the ORFE2 genes
of all PCV-2 isolates shared 91 to 100% nucleotide sequence
identity and 90 to 100% amino acid sequence identity (Table
3). The two French isolates, isolates AF055393 and AF055394,
have only about 90 to 93% nucleotide sequence identity with
the other PCV-2 isolates (Table 3). The ORF2 genes of the
four PCV-1 isolates share 97 to 99% nucleotide sequence
identity and 94 to 98% amino acid sequence identity. Between
the ORF2 genes of PCV-1 and PCV-2 isolates, there exists
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TABLE 1. PCV isolates used in this study as well as those reported previously
T Isolate Geographic IHC ISH" of Clinical Histopathological Reference or
ype no. location PRRSV PCY PCV sign(s)® lesions® source
PCV-2 266067 Utah + ND* + Resp Pneumonia, lymphoid This study
depletion, enteritis
26607¢ Utah + ND + Resp, diarrhea Pneumonia, enteritis, This study
hepatitis, nephritis
408567 Missouri + + ND Resp, wasting Pneumonia, lymphoid This study
depletion, hepatitis,
nephritis
408957 Towa - + ND Resp, wasting Pneumonia, lymphoid This study
depletion
34464¢ Canada + + ND Resp Pneumonia This study
104897 Illinois - + ND Resp, wasting Pneumonia, lymphoid This study
depletion
38835 Towa + + ND Resp Pneumonia, lymphoid This study
depletion
36688 Iowa + + ND Resp, wasting, Pneumonia, lymphoid This study
dermatitis depletion, nephritis,
dermatitis
40860 Towa + + ND Resp Pneumonia This study
40887 fowa + + ND Resp Pneumonia This study
AF055391 California 37
AF027217 California 19
AF109397 France” 29, GenBank
AJ223185 Towa 39
AF055394 France 37
AF085695 Canada GenBank
AF086836 Canada GenBank
AF086835 Canada GenBank
AF086834 Canada GenBank
AF112862 Canada GenBank
AF166528 Taiwan GenBank
AF109399 Canada GenBank
AF109398 Canada GenBank
AF117753 Canada GenBank
AF055393 France 37
AF055392 Canada 37
PCV-1 AF071879 PK15 celt 42
Y09921 Germany 31
U49186 Ireland 36
AF012107 France 31

7 ISH, in situ hybridization.

® Clinical signs: Resp, respiratory disease; wasting, anorexia and weight loss.
 Histopathological lesions: pneumonia, interstitial pneumonia.

4 PCV-2 isolates sequenced in this study.

“ ND, not determined.

/Bovine isolate.

only 65 to 67% nucleotide sequence identity and 63 to 68%
amino acid sequence identity (Table 3). However, sequence
analysis revealed that the N-terminal region of ORF2 is very
rich in basic amino acid residues (arginine and lysine) and is
highly conserved among PCV isolates, both PCV-1 and PCV-2
isolates (Fig. 3).

Phylogenetic analysis of PCV-1 and PCV-2 isolates from
different geographic regions worldwide. To gain a better un-
derstanding of the genetic relationship and evolution of PCV,
phylogenetic analyses were performed on the basis of the com-
plete genomic sequences of 26 PCV isolates (both PCV-1 and
PCV-2) worldwide, including the six North American PCV-2
isolates sequenced in this study (Fig. 4). These sequences ei-
ther were published (18, 19, 31, 32, 33, 36, 37, 39, 41, 42, 54) or
are available in GenBank (Table 1). Phylogenetic analysis con-
firmed that two distinct genotypes of PCV exist: PCV-1 and
PCV-2 (Fig. 4). All 22 PCV-2 isolates are clustered together
and form one distinct branch. Similarly, all four PCV-1 isolates
are closely related and form another branch. Within the major

genotype of PCV-2, a few minor branches were identified, and
some of these minor branches appear to be associated with the
geographic origins of the isolates. All the PCV-2 isolates that
were from different geographic regions of the United States
and that were sequenced in this study are grouped closely with
other U.S. and most of the Canadian PCV-2 isolates (Fig. 4).
Canadian isolate 34464, sequenced in this study, is closely
related to another Canadian isolate, 109399, but is less related
to the U.S. and other Canadian isolates. Two other Canadian
isolates, AF109398 and AF117753, form a distinguishable
branch and are distantly related to other Canadian and U.S.
isolates. An isolate of PCV-2 from Taiwan, AF166526, is clus-
tered with the North American PCV-2 isolates but forms a
single minor branch. The two French isolates of PCV-2,
AF055393 and AF055394, are closely related to each other but
diverge the most from North American PCV-2 isolates. Inter-
estingly, a bovine isolate of circovirus is most closely related to
the U.S. isolates of PCV-2.
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FIG. 1. Genome organization of PCV-2. The origin of replication (0), the
putative capsid gene (ORF2), the PCR-RFLP fragment, and the two overlapping
PCR fragments used to determine the complete genome of PCV-2 are indicated
in the circular map. The relative positions of the oligonucleotide primers used in
this study are indicated by arrows with respective numbers: 1, CV1; 2, CV2; 3,
CV3; 4, CV4; 5, CV1-1; 6, CV1-2; 7, CV2-1; 8, CV2-2; 9, CV3-1; 10, CV3-2; 11,
CV4-1; 12, CV4-2; 13, MCV1; 14, MCV2. The sequences and designations of
these primers are listed in Table 2.

Development of a PCR-RFLP assay to diagnose PCV-2 in-
fection and to differentiate between PCV-1 and PCV-2 infec-
tions. On the basis of the sequence alignments of all PCV-1
and PCV-2 isolates sequenced thus far, a set of consensus PCR
primers was selected from two conserved regions of the PCV
genome to amplify a fragment of 243 bp for both PCV-1 and
PCV-2 isolates (Fig. 5A). To test the feasibility of using these
primers for the detection of both PCV-1 and PCV-2 isolates in
clinical samples, DNA was extracted from tissue samples from
the six pigs with PMWS. The PCV-2 genomic sequences from
these samples have been determined. DNA was also extracted
from tissue samples from four additional pigs with PMWS
from Iowa (Table 1), but the PCV-2 sequences in samples from
these four pigs with PMWS have not been determined. DNA
extracted from the PK15 cell line (ATCC CCL-33) was used as
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the source of PCV-1 DNA. DNA extracted from a sample of
liver tissue collected from a specific-pathogen-free pig was
used as a negative control. We were able to amplify an ex-
pected fragment of the PCV genome from tissue samples from
all 10 pigs with PMWS as well as from the PCV-1-contami-
nated PK15 cells. By using an unique restriction enzyme site
(Ncol) that is present only in the sequences of PCV-2 isolates
(Fig. 2), a PCR-RFLP assay was developed to differentiate
between infections with PCV-1 and PCV-2. After digestion of
the PCR products with Ncol, the resulting RFLP patterns
revealed that all products amplified from PCV-2 isolates pro-
duced two fragments of 168 and 75 bp, whereas the PCR
product amplified from PCV-1 produced only the undigested
fragment of 243 bp (Fig. 5). DNA extracted from a sample that
contained both PCV-2 (from pig 40860) and PCV-1 (PK15
cells) was also subjected to PCR amplification. After digestion
with the Ncol restriction enzyme, the PCR product amplified
from the sample with both PCV-1 and PCV-2 produced three
fragments of 243, 168, and 75 bp, respectively (Fig. 5B). Thus,
this PCR-RFLP assay is able to detect PCV-1 and PCV-2 in
clinical samples with potential dual infection with PCV-1 and
PCV-2.

DISCUSSION

PMWS is a new and unique disease of swine. Since the
first recognition of the disease in 1991 (10, 20), PMWS has
emerged to be an economically important global disease of
swine (2, 3, 4, 6,13, 18, 24, 26, 27, 32, 37, 39, 40, 44, 48, 49). The
clinical and pathological presentations and etiology of PMWS
are very complicated (6, 10, 16, 20, 21, 22, 46, 47). Many known
swine pathogens such as PRRSV, swine influenza virus, hem-
agglutinating encephalomyocarditis virus, the bacterium that
causes porcine proliferative enteropathy, Mycoplasma hyo-
pneumoniae, Haemophilus parasuis, the bacterium that causes
postweaning colibacillosis, etc., could cause postweaning wast-
ing of pigs (21). However, increasingly, data indicate that
PCV-2 is the causative agent of PMWS (2, 3, 4, 6, 13, 18, 37,
39). Experimental inoculation of conventional pigs with ho-
mogenates of tissue from pigs with clinical PMWS produced
PMWS-like lesions, and PCV-2 DNA and antibody to PCV-2
were detected in the inoculated pigs (7). Ellis et al. (14) ex-
perimentally inoculated neonatal gnotobiotic piglets with fil-
tered tissue culture materials and homogenates of tissue from
PMWS-affected pigs. The inoculated gnotobiotic piglets devel-

TABLE 2. Oligonucleotide primers used in the study

Primer Primer sequence Application Position®
Cv1 5'-AGGGCTGTGGCCTTTGTTAC-3’ PCR, Seq” 1336-1355
Ccv2 5'-TCTTCCAATCACGCTTCTGC-3’ PCR, Seq 536-556
Cv3 5'-TGGTGACCGTTGCAGAGCAG-3’ PCR, Seq 452471
Cv4 5'-TGGGCGGTGGACATGATGAG-3’ PCR, Seq 1525-1544
Cv1-1 5'-GAGGATCTGGCCAAGATGGCTG-3 Seq 1674-1695
CV1-2 5'-AGGACGAACACCTCACCTCCAG-3’ Seq 213-234
Cv2-1 5'-GCAGCGGGCACCCAAATACCAC-3' Seq 279-300
Cv22 5'-ACGTATCCAAGGAGGCGTTACC-¥ Seq 1718-1739
CV3-1 5'-AGACTAAAGGTGGAACTGTACC-3’ Seq 770-791
CV3-2 5'-TTGTACATACATGGTTACACGG-3’ Seq 1083-1104
Cv4-1 5'-TGTGGACCACGTAGGCCTCGGC-3’ Seq 1146-1167
Cv4-2 5'-TGGTAATCAGAATACTGCGGGC-3’ Seq 799-820
MCV1 5'-GCTGAACTTTTGAAAGTGAGCGGG-3’ PCR-RFLP 508-531
MCV2 5'-TCACACAGTCTCAGTAGATCATCCCA-3’ PCR-RFLP 724-749

? The relative positions of these oligonucleotide primers are indicated in Fig. 1.

b Seq, primers used for DNA sequencing to determine the complete genome of PCV-2.
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..TAGGGA...C........ G..
.TAGCGA...C........ G..
.. TAGGGA...C........ G..
.TAGCGA.,..C........ G..

J. CLIN. MiCROBIOL.

GCTGAACTTTTGAAAGTGAGCGGGAAAATGCAGAAGCGTGATTGGAAGACCAATGTACACGTCATTGTGGGGCCACCTGGGTGTGGTAAAAGCAAA

*»++4xsxNCcOI site

TGGGCTGCTAATTT TGCAGACCCGGAAACCACATACTGGAAACCACCTAGAAACAAGTGGTGGGATGGTTACCATGGTGAAGAAGTGGTTGTTATT

GATGACTTTTATGGCTGCCTCCCCLGGGATGATCTACTCGAGACTGTGTGA

FIG. 2. Nucleotide sequence alignment of the region amplified in the PCR-RFLP assay. The regions from which the consensus PCR primers (MCV1 and MCV2)
were chosen are underlined. The unique Ncol restriction enzyme site that is present in all PCV-2 isolates is indicated by asterisks. The sequence of PCV-2 isolate 26606
from this study is shown on top, and only differences from that sequence are indicated for the other isolates. The sequences used in the alignment are cited in the text.

oped lesions typical of PMWS, but the study was complicated
by the detection of porcine parvovirus (PPV) in inoculated
piglets. In fact, coinfection with PPV and PCV in pigs with
naturally acquired PMWS has been reported (16). It has also
been shown that PCV-2 alone induced PMWS lesions in co-
lostrum-deprived conventional pigs but that concurrent infec-
tion with PPV increased the severity of the lesions (5, 29),
suggesting that PMWS is a complex disease syndrome and that

multiple factors may be involved in the pathogenesis of
PMWS. It has been suspected that some of the clinical signs
and pathological lesions attributable to PRRSV may actually
be induced by PCV-2 as a result of PCV-2 infection or coin-
fection (15, 27). Synergism between a circovirus (CAV) and a
reovirus was observed following dual infection of chickens by a
natural route (34). In the present study, PCV-2 was readily
detectable from pigs with PMWS in different regions of the
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TABLE 3.

Pairwise comparison of the complete genomic and putative capsid gene (ORF2) sequences of PCV-1 and PCV-2

% Sequence identity”
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26606 9896 99/99 98/95 96/95 99/98 9897 98/96 98/97 98/97 93/93 94/93 97/95 9393 98/95 98/95 98/96 92/92 92/92 9795 9595 98M6 6666 65/64 65/65 65/65
10489 99 9897 99/98 97/97 98/96 9898 99/100 99/98 98/98  94/94 95/95 O8/98 9393 9998 9998 98/98 92/93 92/93 9998 96/98 99/99 67/68 66/66 66/66 66/66
26607 99 9 98/96 96/95 9998 98/97 9897 99/97 9897 9393 04/93 97/95 93/93 98/96 98/96 9897 92/92 92/92 9896 95/95 98/96 66/66 65/64 66/65 66/65
40895 99 99 99 97/97 98/95 98/96 99/98 9897 98/96 94/95 95/95 98/96 93/93 99/99 99/99 9896 92/93 92/93 99/98 96/97 99/99 66/67 66/65 66/66 66/66
34464 98 98 98 98 96/95 96/95 9797 9796 96095 9493 97/97 96/95 9392 97/96 97/96 96/95 92/91 92/91 97/96 96/96 97/97 66/67 65/65 65/66 65/66
40856 99 99 99 98 98 98/97 O98/96 9897 9897 93/93 94/93 97/05 92/92 98/95 98/95 98/96 92/92 92/92 97/95 95095 98/96 66/66 65/63 65/64 65/64
AF085695 98 98 98 98 97 98 09/08 99/99 100/100 94/94 94/93 97/96 93/93 98/96 98/96 99/99 92/93 92/93 98/96 96/96 98/97 66/67 66/65 66/66 66/66
AF086834 98 98 98 98 97 98 99 99/98 99/98 94/94 05/05 08/98 93/93 99/98 99/98 99/98 92/93 93/93 99/98 96/98 99/99 G7/68 66/66 66/66 66/66
AF086835 98 98 98 98 97 98 99 99 99/99  94/95 94/93 08/96 9393 98/97 9897 99/99 93/93 93/93 9897 96/97 98098 GI/67 66/65 66/66 66/66
AF086836 98 98 98 98 97 98 99 93 99 94/94 94/93 97/96 93/93 98/96 O8/96 99/99 02/93 92/93 9896 96/96 98/97 66/67 66/65 66/66 66/66
AF109398 96 96 9 9 9 9 95 95 95 95 93/02 04/94 97/96 94/95 O4/95 94/94 93/93 93/93 95096 93/94 9495 67/67 66/65 66/66 66/66
AF109399 97 97 97 97 98 97 9 9 9 96 96 94/93 03/91 95/94 95004 O04/93 9190 91/90 95/94 94/94 05/95 66/65 65/63 65/63 65/63
AFI11282 98 99 98 99 98 98 98 98 98 97 9% 97 03/02 98/96 98/96 98/96 92/92 92/92 9897 95/96 98/97 67/67 66/65 66/66 66/66
AF117753 9 96 96 96 9 95 95 95 95 95 97 9% 9% 93/93 93/93 93/93 9191 9291 93/93 93/93 93/93 66/66 65/64 65/65 65/65
AF027217 99 99 99 99 98 99 98 98 98 98 9% 97 9 96 99009 98/96 93/93 93/93 99/98 96/97 99/99 66/67 66/65 66/66 66/66
AF055391 99 99 99 99 98 99 98 98 98 98 9% 97 99 9 99 98/96 93/93 93/93 9998 96/97 99/99 66/67 66/65 66/66 66/66
AF055392 99 99 99 99 98 99 99 98 98 98 9% 97 99 96 99 99 03/93 93/93 98/96 96/96 98/97 66/67 66/65 66/66 66/66
AF055393 95 95 95 95 95 95 95 95 95 95 95 95 95 95 96 96 96 99/99 92/93 03/93 92/93 67/68 66/66 66/66 66/66
AF055394 95 96 95 96 95 95 95 95 95 95 95 95 95 95 9% 9 9 99 92/92 93/93 92/93 6768 66/66 66/66 66/66
AF109397 99 99 99 99 98 99 98 98 98 98 97 97 99 9% 99 99 99 95 95 96/07 99/99 67/68 66/66 66/66 66/66
AFI66528 97 97 97 97 97 97 9% 97 9 97 9% 9% 97 95 97 97 97 96 9 97 96/98 66/67 65/65 65/66 65/66
AJ223185 99 99 99 99 98 98 98 98 98 98 9% 97 99 9% 99 99 99 95 95 99 97 66/68 66/66 66/66 66/66
AFOI2107 76 77 16 16 16 16 16 16 716 76 % 16 16 16 16 76 76 77 71 71 16 16 97/95 97/96 97/94
AFO71879 76 76 16 76 16 16 16 75 76 76 7% 76 16 75 76 16 16 76 16 16 76 16 98 99/98  98/95
uslss 76 76 16 76 16 16 16 16 76 76 7% 76 16 75 16 16 16 16 71 16 16 16 98 99 98/96
YO9921 76 6 76 76 76 16 76 16 76 76 7% 76 16 715 6 16 16 76 16 16 76 16 98 99 99

“ The values in the table are percent identity of amino acid or nucleotide sequences. The percent nucleotide sequence identities of the complete genomes are presented in the lower left half. The four PCV-1 isolates
(AF012107, AF071879, U49186, YO9921) are highlighted in boldface type. The nucleotide/amino acid sequence identities of the putative capsid (ORF2) gene are shown at the upper right.
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* - o= * * xkn wE * * REEEE kAKEA KKK * oRAEK EARRE
26606 MTYPRRRYRRRRHRPRSHLGQILRRRPWLLHP-~-RHRYRWRRKNGIFNTRLSRTFGYTVKRTTVTTPSWAVDMMRFKLDD
10489 MTYPRRRYRRRRHRPRSHLGQILRRRPWLVHEP-~RHRYRWRRKNGIFNTRLSRTFGYTVKATTVTTPSWAVDMMRFNIDD
26607 MTY PRRRYRRRRHRPRSELGQILRRRPWLLHP--RHRYRWRRKNGIFNTRLSRTFGYTVKRTTVTTPSWAVDMMRFKLDD
34464 MTYPRRRFRRRRHRPRSHLGQILRRRPWLVHP - -RHRYRWRRKNGIFNARLSRTFGYTVKATTVSTPSWAVDMLRFNLDD
40856 MTYPRRRYRRRRHRPRSHLGQILRRRPWLVHP--RHRYRWRRKNGI FNTRLSRTFGYTVKRTTVTTPSWAVDMMRFKLDD
40895 MTYPRRRYRRRRHR PRSHLGQILRRRPWLVHP--RHRYRWRRKNGIFNTRLSRTFGYTVKATTVRTPSWAVDMMRFNIDD
AFQ027217 MTYPRRRYRRRRHRPRSHLGQILRRRPWLVHP--RHRYRWRRKNGIFNTRLSRTFGYTVKATTVRTPSWAVDMMRFNIDD
AF055391 MTYPRRRYRRRRHRPRSHLGQILRRRPWLVHP--RHRYRWRRKNGI FNTRLSRTFGYTVKATTVRTPSWAVDMMRFNIDD
AF055392 MTYPRRRYRRRRHRPRSHLGQILRRRPWLVHP--RHRYRWRRKNGIFNTRLSRTFGYTVKRTTVTTPSWAVDMMRFKIDD
AF055393 MTYPRRRYRRRRHRPRSHLGQILRRﬁPWLVHP--RHRYRWRRKNGIFNTRLSRTFGYTVKRTTVRTPSWAVDMMRFNIND
AF055394 MTYPRRRYRRRRHRPRSHLGQIQRRRPWLVHP--RHRYRWRRKNGIFNTRLSRTFGYTVKRTTVKTPSWAVDMMRFNIND
AF085695 MTYPRRRYRRRRHRPRSHLGQILRRRPWLVHP--RHRYRWRRKNGIFNTRLSRTFGYTVKRTTVTTPSWAVDMMRFKIDD
AF086834 MTYPRRRYRRRRHRPRSHLGQILRRRPWLVHP--RHRYRWRRKNGIFNTRLSRTFGYTVKATTVTTPSWAVDMMRFNIDD
AF086835 MTYPRRRYRRRRHRPRSHLGQILRRRPWLVHP--RHRYRWRRKNGIFNTRLSRTFGYTVKRTTVTTPSWAVDMMRFKIDD
AF(86836 MTYPRRRYRRRRHRPRSHLGQILRRRPWLVHP--RERYRWRRKNGI FNTRLSRTFGYTVKRTTVITPSWAVDMMRFKIDD
AF109387 MTYPRRRYRRRRTRPRSHLGQILRRRPWLVHP--RHRYRWRRKNGI FNTRLSRTFGYTVKATTVRTPSWAVDMMRFNIDD
AF109398 MTYPRRRYRRRRTRPRSHLGQILRRRPWLVHP~--RHRYRWRRKNGI FNTRLSRTFGYTVKATTVRTPSWAVDMLRFKIDD
AF109399 MTYPRRRFRRRRHRFRSHLGQILRRRPWLVHP~ - RHRYRWKRKNGIFNARLSRTFGYTVKATTVSTPSWAVDMLRFNLDD
AF112862 MTYPRRRYRRRRHRPRSHLGQILRRRPWLVHP--RERYRWRRKNGIFNTRLSRTFGYTVKATTVTTPSWAVDMMRFNIDD
AF117753 MTFPRRRYRRRRHRPRSHLGQILRRRPWFLHP--RERYRWRRKNGIFNTRLSRTFGYTVKATTVRTPSWAVDMLRFKIDD
AF166528 MTYPRRRFRRRRHRPRSHLGQILRRRPWLVHP-~RHRYRWRRKNGIFNTRLSRTFGYTVKATTVRTPSWAVDMMRFNIND
AJ223185 MTYPRRRYRRRRHRPRSHLGQILRRRPWLVHP--RHRYRWRRKNGIFNTRLSRTFGYTVKATTVRTPSWAVDMMRFNIDD
AF012107 MTWPRRRYRRRRTRPRSHLGNILRRRPYLVHPAFRNRYRWRRKTGIFNSRLSREFVLTIRGGHSQ- PSWNVNELRFNIGQ
AF071879 MTWPRRRYRRRRTRPRSHLGNILRRRPYLAHPAFRNRYRWRRKTGIFNSRLSTELVLTIKGGYSQ-PSWNVNYLKFNIGQ
U49186 MTWPRRRYRRRRTRPRSHLGNILRRRPYLAHPAFRNRYRWRRKTGIFNSRLSTEFVLTIKGGYSQ-PSWNVNYLKFNIGQ
Y09921 MTWPRRRYRRRRTRPRSHLGNILRRRPYLAHPAFRNRYRWRRKTGIFNCRLSKEFVITIKGGYSQ-PSWHVNHLRFNIGQ

* ok ok xkAE N x ko % kK (223 wk * wk kAR AAR « * *
26606 FVPPGGGTNKISIPFEYYRIRKVKVEFWPCSPITQGDRGVGSTAVILDDNFVPKAKALTYDPYVNYSSRHTIPQPFSYHS
10489 FVPPGGGTNKISIPFEYYRIRKVKVEFWPCSPITQGDRGVGSTAVILDDNFVTKATALTYDPYVNYSSRHTIPQPFSYHS
26607 FVPPGGGTNKISIPFEYYRIRKVKVEFWPCSPITQGDRGVGSTAVILDDNFVPKATALTYDPYVNYSSRHTIPQPFSYHS
34464 FVPPGGGTNKISIPFEYYRIRKVKVEFWPCSPITQGDRGVGSTAVILDDNFVTKATALTYDPYVNYSSRHTIPQPFSYHS
40856 FVPPGGGTNKISIPFEYYRIRKVKVEFWPCSPITQGDRGVGSTAVILDDNFIPKANALTYDPYVNYSSRHTIPQPFSYHS
40895 FVPPGGGTNKISIPFEYYRIRKVKVEFWPCSPITQGDRGVGSTAVILDDNFVTKATALTYDPYVNYSSRETIPQPFSYHS
AF027217 FVPPGGGTNKISIPFEYYRIRKVKVEFWPCSPITQGDRGVGSTAVILDDNFVTKATALTYDPYVNYSSRHTIPQPFSYHS
AF055391 FVPPGGGTNKISIPFEYYRIKKVKVEFWPCSPITQGDRGVGSTAVILDDNFVTRATALTYDPYVNYSSRHTIPQPFSYHS
AF055392 FVPPGGGTNKISIPFEYYRIRKVKVEFWPCSPITQGDRGVGSTAVILDDNFVTKATALTYDPYVNYSSRHTIPQPFSYHS
AF055393 FLPPGGGSNPRSVPFEYYRIRKVKVEFWPCSPITQGDRGVGSSAVI LDDNFVTKATALTYDPYVNYSSRETITQPFSYHS
AF055394 FLPPGGGSNPRSVPFEYYRIRKVKVEFWPCSPITQGDRGVGSSAVILDDNFVTKATALTYDPYVNYSSRHTITQPFSYHS
AF085695 FVPPGGGTNKISIPFEYYRIRKVKVEFWPCSPITQGDRGVGSTAVILDDNFVTKATALTYDPYVNYSSRHTIPQPFSYHS
AF086834 FVPPGGGTNKISIPFEYYRIRKVKVEFWPCSPITQGDRGVGSTAVILDDNFVTKATALTYDPYVNYSSRHTIPQPFSYHS
AF086835 FVPPGGGTNKISIPFEYYRIRKVKVEFWPCSPITQGDRGVGSTAVILDDNFVTKATALTYDPYVNYSSRETIPQPFSYHS
AF086836 FVPPGGGTNKISIPFEYYRIRKVKVEFWPCSPITQGDRGVGSTAVILDDNFVTKATALTYDPYVNYSSRHTIPQPFSYHS
AF109397 FVPPGGGTNKISIPFEYYRIRKVKVEFWPCSPITQGDRGVGSTAVILDDNFVTKATALTYDPYVNY SSRHTIPQPFSYHS
AF109398 FUPPGGGTNKISIPFEYYRIRKVKVEFWPCSPITQGDRGVGSSAVILDDNFVPKATALTYDPYVNYSSRHTITQPFSYHS
AF109399 FVPPGGGTNKISIPFEYYRIRKVKVEFWPCSPITQGDRGVGSSAIILDDNFVIKATAQTYDPYVNYSSRHTIPQPFSYHS
AF112862 FVPPGGGTNKISVPFEYYRIRKVKVEFWPCSPITOGDRGVGSTAVILDDNFVTKATALTYDPYVNYSSRETIPQPFSYHS
AF117753 FVPPGGGTNKISIPFEYYRIRKVKVEFWPCSPITQGDRGVGSSAVILDDNFFPKSTALTYDPYVNYSSRHTITQPFSYHS
AF166528 FVPPGGGTNKISIPFEYYRIRKVKVEFWPCSPITQRGDRGVGSTAVI LDDNFVTKATALTYDPYVNYSSRETIPQPFSYHS
AJ223185 FVPPGGGTNKISIPFEYYRIRKVKVEFWPCSPITQGDRGVGSTAVILDDNFVTKATALTYDPYVNYSSRHTIPQPFSYHS
AF012107 FLPPSGGTNPLPLPFQYYRIRKAKYEFYPRDPITSNQRGVGSTVVILDANFVTPSTNLAYDPYINYSSRHTIRQPFTYHS
AF071879 FLPPSGGTNPLPLPFQYYRIRKAKYEFYPRDPITSNQRGVGSTVVILDANFVTPSTNLAYDPYINYSSRHTIRQPFTYHS
U49186 FLPPSGGTNPLPLPFQYYRIRKAKYEFYPRDPITSNQRGVGSTVVILDANFVTPSTNLAYDPYINYSSRHTIRQPFTYHS
Y09921 FLPPSGGTNPLPLPFQYYRIRKAKYEFYPRDFITSNERGVGSTVVILDANFVTPSTNLAYDPYINYSSRHTIRQPFTYHS

* A L *x L 2 R A hk kkkk Kk kK kN * dhk Ak

26606 RYFTPKPVLDSTIDYFQPNNKRNQLWLRLQTSRNVDHVGLGTAFENSKYDODYNIRVTMYVQFREFNLKDPPLNP 233
10489 RYFTPKPVLDSTIDYFQPNNKRNQLWLRLQTSRNVDHVGLGTAFENSKYDQDYNIRVTMYVQFREFNLKDPPLKP 233
26607 RYFTPKPVLDSTIDYFQPNNKRNQLWLRLQTSRNVDHVGLGTAFENSKYDQDYNIRVTMYVQFREFNLKDPPLNP 233
34464 RYFTPKPVLDSTIDYFQPNNKRNQLWMRLOTSRNVDHVGLGTAFENSKYDQDYNIRVTMYVQFREFNLKDPPLKP 233
40856 RYFTPKPVLDSTIDYFQPNNKRNQLWLRLQTSRNVDHVGLGTAFENSKYDQDYNIRVTMYVQFREFNLKDPPLNP 233
40895 RYFTPKPVLDSTIDYFQPNNKRNQLWMRLOT SRNVDHVGLGTAFENSIYDQDYNIRVIMYVQFREFNLKDPPLKP 233
AF027217 RYFTPKPVLDSTIDYFQPNNKRTQLWLRLQTSRNVDHVGLGTAFENSIYDODYNIRVIMYVQFREFNLKDPPLKP 233
AF055391 RYFTPKPVLDSTIDYFQPNNKRNQLWLRLQTSRNVDHVGLGTAFENSIYDODYNIRVTNYVQFREFNLKDPPLKP 233
AF055392 RYFTPKPVLDSTIDYFQPNNKRNQLWLRLQTSGNVDHVGLGAAFENSKYDQDYNIRVIMYVQFREFNLKDPPLKP 233
AF055393 RYFTPKPVLDSTIDYFQPNNKRNQLWLRLQTAGNVDHVGLGTAFENSIYDQEYNIRVTMYVQFREFNLKDPPLNP 233
AF055394 RYFTPKPVLDSTIDYFQPNNKRNQLWLRLOTTGNVDHVGLGTAFEN SIYDQEYNIRVIMYVQFREFNLKDPPLNP 233
AF085695 RYFTPKPVLDSTIDYFQPNNKRNQLWLRLQTSGNVDHVGLGTAFENSKYDQDYNIRVTMYVQFREFNLKDPPLEP 233
AF086834 RYFTPKPVLDSTIDYFQPNNKRNQLWLRLQTSRNVDHVGLGTAFENSKYDQDYNIRVTMYVQFREFNLKDPPLKP 233
AF086835 RYFTPKPVLDSTIDYFQOPNNKRNQLWLRLQTSGNVDHVGLGTAFENSKYDQDYNIRVIMNYVQFREFNLKDPPLKP 233
AF086836 RYFTPKPVLDSTIDYFQPNNKRNQLWLRLQTSGNVDHVGLGTAFENSKYDQDYNIRVINYVQFREFNLKDPPLEP 233
AF109397 RXFTPKPVLDSTIDY FQPNNKRNOLWLRLQTSRNVDHVGLGTAFENSKYDQDYNIRVIMNYVQFREFNLKDPPLKP 233
AF109398 RXFTPKPVLDGTIDYFQPNNKRNOLWLRLOTTGNVDHVGLGTAFENSIYDQDYNIRVIMYVQFREFNLKDPPLKP 233
AF109399 RYFTPKPVLDSTIDYFQPNNKRNQLWMRLOTSRNVDHVGLGTAFENSKYDQDYNIRVTMYVOFREFNLKDPPLKP 233
AF112862 RXFTPKPVLDRT IDYFQPNNKKNQLWLRLQTSRNVDHVGLGTAFENSKYDQDYNIRVTMYVQFREFNLKDPPLKP 233
AF117753 : RXFTPKPVLDSTIDYFQOPNNKRNQLWLRLOTTGNVDHVGLGTAFENSIYDODYNIRVTMYVQFREFNLKDPPLKP 233
AF166528 RYFTPKPVLDSTIDYFQPNNKRNQLWLRLQTSANVDHVGLGTAFENSKYDQDYNIRVIMYVQFREFNLKDPPLKP 233
AJ223185 RYFTPKPVLDSTIDYFQPNNKRNQLWLRLQTSRNVDHVGLGTAFENSKYDQDYNIRVIMYVQFREFNLKDPPLKP 233
AF012107 RYFTPKPELDQTIDWFQPNNKRNQLWLHLNTHTNVEHTGLGYALQNATTAQNYVVRLTIYVQFREFILKDPL 231
AFQ071879 RYFTPKPELDQT IDWFHPNNKRNQLWLELNTHTNVEHTGLGYALONAATAQNYVVRLTIYVQFREFILKDL 230
U49186 RYFTPKPELDQTIDWFHPNNKRNQLWLELNTHTNVEHTGLGYALONAATAQNYVVRLTIYVQFREFILKDPL 231
Y09921 RYFTPK PELDOTTEWFHPNNKRNOLWLHLNTHTNVEHTGLGYALONAATAQNYVVRLTI YVQFREFILKDPL 231

FIG. 3. Amino acid sequence alignment of the putative capsid protein (ORF2) of PCV-1 and PCV-2 isolates sequenced thus far. Deletions are indicated by hyphens.
Amino acid sequence differences are indicated with asterisks above the alignment. The sequences used in the alignment are cited in the text.

North America, but PRRSV antigen was also detected in most The extent of genetic variation of PCV-2 isolated from dif-
of the pigs with PMWS (Table 1). The etiological significance ~ ferent geographic regions of the United States is not known
of PCV-2 in PMWS and its interrelationship with PRRSV,  since only a few PCV-2 isolates from the United States have
PPV, or other agents need to be further studied. been genetically characterized (37, 39). In this study, we ge-
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FIG. 4. Phylogenetic tree based on the complete genomic nucleotide se-
quences of all PCV isolates. The tree was constructed with the aid of the PAUP
program. Branch-and-bound searching and midpoint rooting options were used
to produce a consensus tree. A scale bar that represents the numbers of char-
acter-state changes is shown. Branch lengths are proportional to the numbers of
character-state changes. The geographic locations of the isolates are also indi-
cated with the usual state abbreviations and the following country abbreviations:
CAN, Canada; TAI, Taiwan; FR, France; GER, Germany; IRE, Ireland. BOV,
bovine.

netically characterized six North American isolates of PCV-2
(one Canadian isolate and five U.S. isolates) from pigs with
PMWS from different geographic regions. Sequence analysis of
the complete genome and of the putative capsid gene ORF2
indicated that these six North American isolates of PCV-2 are
closely related to other known PCV-2 isolates worldwide. The
putative capsid gene (ORF2) of PCV is highly variable, and the
ORF2 genes of certain PCV-2 isolates share as little as 90%
sequence identity. Despite the overall heterogeneic nature of
ORF2, the N-terminal region of ORF2 among all PCVs is
highly conserved and possesses a high percentage of basic
amino acids, suggesting that the amino-terminal region of the
putative capsid protein may have DNA binding activity and
may be in contact with the PCV DNA in the native virion (42).
Phylogenetic analysis revealed that all PCV-2 isolates se-
quenced thus far form a major genotype, whereas all PCV-1
isolates are closely related and form another genotype. On the
basis of phylogenetic analysis, it is evident that both PCV-1 and
PCV-2 evolved from the same ancestor, but they may have
undergone divergent evolution. Gibbs and Weiller (17) ana-
lyzed the genomes of circoviruses and plant nanoviruses and
showed that circoviruses most likely evolved from a plant
nanovirus. It is believed that the plant nanovirus switched hosts
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to infect a vertebrate and then recombined with a vertebrate-
infecting virus (17). Within the major genotype of PCV-2,
several minor branches were also identified. The two French
PCV-2 isolates (isolates AF055393 and AF(055394) diverge the
most from all other PCV-2 isolates. The clinical significance of
this divergence is not known. LeCann et al. (29) reported that
a PCV-1-like virus was isolated from pigs with wasting disease
in France, but they failed to experimentally reproduce the
disease with this isolate. Phylogenetically, all the U.S. PCV-2
isolates sequenced thus far are closely related. However, ge-
netic variation was observed among the Canadian PCV-2 iso-
lates. Two of the Canadian isolates, isolates AF109398 and
AF117753, form a minor branch that is separate from other
Canadian or U.S. isolates. Two other Canadian isolates (iso-
late 34464, sequenced in this study, and isolate AF109399) also
differ phylogenetically from the U.S. and other Canadian
PCV-2 isolates. A PCV-2 isolate from Taiwan (isolate
AF116528) also forms a distinguishable minor branch. The
origin of the bovine circovirus isolate is not known, but its
close genetic relatedness to PCV-2 suggested that the bovine
circovirus may be of swine origin and that cross-species infec-
tion of PCV between bovines and swine is possible. These data
suggest that although the genome of PCV-2 is relatively stable
in general, minor genetic differences do exist among PCV-2
isolates from different geographic regions. This observed
difference might have important implications for the diag-
nosis of PCV-2 infection by nucleic acid-based assays such
as PCR. Genetic characterization of additional PCV-2 iso-
lates from other geographic regions worldwide is warranted.

Since PCV-1 is nonpathogenic and widespread in pig pop-
ulations (6, 11, 12, 22, 23, 51, 52, 53), a test is needed to
differentiate between infections with PCV-1 and PCV-2. In
addition, since PCV antibody has been detected in humans
(53), a major and growing concern is the inadvertent transmis-
sion of PCV from pig organs to human recipients during
xenotransplantation. In xenotransplantation, there is zero tol-
erance for circovirus infection, regardless of its pathogenic
potential, since nonpathogenic PCV-1 may become pathogenic
in immunocomprised xenograft recipients. Therefore, sensitive
and easy-to-perform assays are needed to screen for both
PCV-1 and PCV-2 infection in xenograft donor pigs. Several
techniques such as PCR (19, 27, 28, 39, 40, 45), IHC (35, 39,
46), and in situ hybridization (9, 35, 39, 46) are available for the
detection of PCV-2 infection; however, the ability of these tests
to detect PCV-2 isolates from different geographic regions is
not known. The data from this study suggest that the genomic
sequences of PCV-2 isolates from different geographic regions
vary to some extent. Thus, a universal and more sensitive PCR
assay that can detect PCV isolates from various geographic
regions is needed. On the basis of genetic analyses of all PCV
isolates, we developed a universal PCR-RFLP assay for the
diagnosis of PCV-2 infection and differentiation between in-
fections with PCV-1 and PCV-2 in pigs. This assay uses a pair
of PCR primers selected from two conserved regions of the
PCV-1 and PCV-2 genomes and a unique Ncol restriction
enzyme site that exists only in PCV-2 isolates. The feasibility of
this PCR-RFLP assay to detect PCV-2 and to differentiate
between PCV-2 and PCV-1 was validated by using clinical
samples from pigs from different geographic regions with con-
firmed cases of PMWS and a sample that intentionally con-
tained both PCV-1 and PCV-2. Our results indicate that this
PCR-RFLP assay is accurate and fast in diagnosing PCV-2
infection in pigs with PMWS from different geographic re-
gions, in differentiating PCV-1 and PCV-2 infections, and in
detecting dual infection with PCV-1 and PCV-2. This universal
PCR-RFLP assay should help clinicians diagnose cases of
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FIG. 5. Detection and differentiation of PCV infections by a PCR-RFLP assay. (A) Results of PCR amplification of a 243-bp fragment from tissue samples that
contained PCV isolates (both PCV-1 and PCV-2) but not from a negative control liver tissue sample (lane 1). (B) Results of RFLP analysis of the PCR products. Lane
L, 50-bp DNA ladder; lane 1, a sample of liver tissue from a control specific-pathogen-free pig; lanes 2 to 11, tissue samples from 10 pigs with PMWS, respectively;
lane 12, PK15 cells containing PCV-1; lane 13, a sample containing both PCV-1 and PCV-2, The expected PCR frugment (A) and three RFLP fragments of 243, 168,

and 75 bp, respectively (B), are indicated with arrows.

PMWS associated with PCV-2 infection in different geographic
regions of the world and should also be useful for the screening
of xenograft donor pigs to ascertain that they are free of cir-
covirus infection.
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34816~CIP1.ST25
SEQUENCE LISTING

<110> Roof, Mike
Eichmeyer, Mark
Nitzel, Greg
Schaeffer, Merrill
Hayes, Phillip

<120> PCV2 IMMUNOGENIC COMPOSITIONS AND METHODS OF PRODUCING SUCH
COMPOSITIONS

<130> 34816-CIPl

<140> UNKNOWN
<141> 2005-01-10

<150> Unknown
<151> 2004-12-30

<160> 11
<170> PatentIn version 3.3

<210> 1

<211> 8

<212> DNA

<213> Artificial

<220>
<223> This is a modified Kozak's sequence.

<400> 1
ccgccatg 8

<210> 2

<211> 6

<212> DNA

<213> Artificial

<220> .
<223> This is a recombinant Eco R1 sequence.

<400> 2
gaattc 6

<210> 3

<211> 713

<212> DNA

<213> Porcine circovirus

<400> 3
cagctatgac gtatccaagg aggcgttacc gcagaagaag acaccgcccc cgcagccatc 60

ttggccagat cctcecgecge cgeececctgge tegtccacce ccgeccaccge taccgttgga 120
gaaggaaaaa tggcatcttc aacacccgcc tctcccgcac cttcggatat actgtggaga 180
aggaaaaatg gcatcttcaa cacccgcctc tcccgcacct tcggatatac tgtgacgact 240
ttgttcccce gggagggyggyg accaacaaaa tctctatacc ctttgaatac tacagaataa 300
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gaaaggttaa
gctccactgc
acccatatgt
gttacttcac
aaaggaatca
gcactgcgtt
tacaattcag
<210> 4

<211> 713
<212> DNA
<213>

<400> 4
ccgccatgac

ttggccagat
gaaggaaaaa
ctaccacagt
ttgttccecc
gaaaggttaa
gctccactgce
acccatatgt
gttacttcac
aaaggaatca
gcactgcgtt
tacaattcag
<210> 5

51 ey
<213>
<400> 5

ggttgaattc
tgttattcta
aaactactcc
acccaaacct
gctttggctg
cgaaaacagt

agaatttaat

gtatccaagg
cctecgeege
tggcatcttc
cacaacgccc
999agggggg
ggttgaattc
tgttattcta
aaactactcc
acccaaacct
gctttggctg
cgaaaacagt

agaatttaat

tggcectget
gatgataact
tcccgecata
gttcttgact
aggctacaaa
aaatacgacc

Cttaaagacc

Porcine circovirus

aggcgttacc
cgccecctggc
aacacccgcec
tcctgggcgg
accaacaaaa
tggccctgct
gatgataéct
tccecgecata
gttcttgact
aggctacaaa
aaatacgacc

cttaaagacc

Porcine circovirus

34816~CIP1.5T25

ccccecatcac
ttgtaacaaa
caatccccca
ccactattga
cctctagaaa
aggactacaa

ccccacttaa

gcagaagaag
tcgtccaccc
tctcecgeac
‘tggacatgat
tctctatacc
cccccatcac
ttgtaacaaa
caatccccca
ccactattga
cctctagaaa
aggactacaa

ccccacttga

?et Thr Tyr Pro Arg Arg Arg Tyr Arg ﬁgg Arg
5

Ser His Leu Gly Gln Ile Leu Arg égg Arg Pro

20

Arg His Arg Tyr Arg Trp Arg 259 Lys Asn Gly
35
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ccagggtgat
ggccacagcec
acccttctecc
ttacttccaa
tgtggaccac
tatccgtgta

accctaaatg

acaccgcccc
ccgccaccgce
cttcggatat
gagatttaat
ctttgaatac
ccagggtgat
ggccacagcc
acccttctec
ttacttccaa
tgtggaccac
tatccgtgta

accctaagaa

PCT/US2005/047596

aggggagtgg
ctaacctatg
taccactccc
ccaaataaca
gtaggcctcg
accatgtatg

aat

cgcagccatc
taccgttgga
actgtcaagg
attgacgact
tacagaataa
aggggagtgg
ctaacctatg
taccactccc
ccaaataaca
gtaggcctcg
accatgtatg
ttc

Arg His Arg Pro Arg
15

Trp Leu val His Pro
30

Ile phe Asn Thr Arg

2

360
420
480
540
600
660
713

60
120
180
240
300
360
420
480
540
600
660
713



Leu
Pro
65

Pro
Arg
GlIn
Phe
ser
145
Fhe
Asn
val

GIn

Asn
225
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ser

50

Ser

Pro

Ile

Gly

val

130

ser

Thr

Asn

Asp

Asp

210

Leu

<210>
<211>
<212>
<213>

<400>

Arg

Trp

Gly

Arg

Arg

Pro

Lys

His

195

Tyr

Lys

6
233
PRT

Thr

Ala

Gly

Arg

Lys

His

Lys

Asn

Asp

Phe

val

Gly

85

val

Gly

Ala

Thr

Pro

165

Asn

Gly

Ile

Pro

Gly

Asp

70

Thr

Lys

val

Thr

Ile

150

val

GIn

Leu

Arg

Pro
230

Tyr

55

Met

Asn

val

Gly

Ala

Pro

Leu

Leu

Gly

val

215

Leu

Porcine circovirus

6

%et Thr Tyr Pro Arg Arg Arg
5

ser His Leu Gly GIn Ile Leu

20

Thr

Met

Lys

Glu

ser

120

Leu

GlIn

Asp

Trp

Thr

200

Thr

Lys

Tyr

Arg

34816-CIP1.ST25

val Lys Ala Thr Thr
60

Arg

Ile

Phe

105

Thr

Thr

Pro

Ser

Leu

185

Ala

Met

Pro

Phe

ser

90

Trp

Ala

Tyr

Phe

Thr

170

Arg

Phe

Tyr

Asn

75

Ile

Pro

val

Asp

Ser

155

Ile

Leu

Glu

val

Ile

Pro

Cys

Ile

Pro

140

Tyr

Asp

Gln

Asn

Glin
220

Asp

Phe

ser

Leu

125

Tyr

His

TYyr

Thr

ser

205

Phe

val

Asp

Glu

Pro

110

Asp

val

ser

Phe

ser

190

Lys

Arg

Thr

Phe

TYyr

95

Ile

Asp

Asn

Arg

Gln

175

Arg

Tyr

Glu

Thr

val

80

Tyr

Thr

Asn

Tyr

Tyr

160

Pro

Asn

Asp

Phe

Arg Arg Arg Arg His Arg Pro Arg
10 15

Arg Arg Pro Trp Leu val His Pro
25 30
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Arg

Leu

Pro

65

Pro

Arg

Glin

Phe

Ser

145

Phe

Asn

val

GlIn

Asn
225

WO 2006/072065

His
Ser
50

Ser
Pro
Ile
Gly
val
130
Ser
Thr

Asn

Asp

As
210

.Leu

<210>
<211>
<212>
<213>

<220>
<223>

Arg
35

Arg
Trp

Gly

Arg

Arg

Pro

Lys

His
195

p Tyr

Lys

7
756
DNA

Tyr

Thr

Ala

Gly

Lys

100

Arg

Lys

His

Lys

Arg

val

Asn

Asp

Arg

Phe

val

Gly

85

val

Gly

Ala

Thr

Pro

165

Asn

Gly

Ile

Pro

Artificial

Trp

Gly

Asp

70

Thr

Lys

val

Thr

Ile

150

val

GIn

Leu

Arg

Pro
230

Arg

Tyr

Met

Asn

val

Gly

Ala

135

Pro

Leu

Leu

Gly

val

215

Leu

Arg

40

Thr

Met

Lys

Glu

ser

120

Leu

GIn

Asp

Trp

Thr

200

Thr

Glu

34816-CIP1.ST25

Lys Ash Gly Ile Phe
45

val

Arg

Ile

Phe

105

Thr

Thr

Pro

ser

Leu

185

Ala

Met

Pro

Lys

Phe

ser

90

Trp

Ala

Tyr

Phe

Thr

170

Arg

Phe

Tyr

Ala

Asn

75

Ile

Pro

val

Asp

Ser

155

Ile

Leu

Glu

val

Thr

60

Ile

Pro

Cys

Ile

Pro

140

Tyr

Asp

Gln

Asn

Gin
220

Thr

Asp

Phe

Ser

Leu

125

Tyr

His

Tyr

Thr

ser

205

Phe

Asn

val

Asp

Glu

Pro

110

Asp

val

Ser

Phe

ser

190

Lys

Arg

Thr

Thr

Phe

Tyr

95

ITe

Asp

Asn

Arg

Gln

175

Arg

TYyr

Glu

Arg

Thr

val

80

Tyr

Thr

Asn

Tyr

Tyr

160

Pro

Asn

Asp

Phe

PCT/US2005/047596

This sequence is from porcine circovirus type 2, open reading
frame 2, together with a portion from the pGEM T-easy vector.
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<400> 7
gcggccgegy

caccgccecc
cgccaccgcet
ttcggatata
agatttaata
tttgaatact
cagggtgata
gccacagccc
cccttctect
tacttccaac
gtggaccacg
atccgtgtaa
ccctaagaat
<210> 8

<211>
<212>
<213>

<220>
<223>

DNA

gaattcgatc
gcagccatct
accgttggag
ctgtcaaggc
ttgacgactt
acagaataag
ggggagtggg
taacctatga
accactcccg
caaataacaa
taggcctcgg
ccatgtatgt

tctatcacta

10387

Artificial

34816-CIP1.ST25

cgccatgacg tatccaagga ggcgttaccg

tggccagatc
aaggaaaaat
taccacagtc
tgttccccceg
aaaggttaag
ctccactgcet
cccatatgta
ttacttcaca
aaggaatcag
cactgcgttc
acaattcaga

gtgaattcgc

ctccgecgec
ggcatcttca
acaacgccct
ggagggggga
gttgaattct
gttattctag
aactactcct
cccaaacctg
ctttggctga
gaaaacagta

gaatttaatc
ggccgce

gccectgget
acacccgcct
cctgggeggt
ccaacaaaat
ggccctgctc
atgataactt
cccgecatac
ttcttgactc
ggctacaaac
aatacgacca

ttaaagaccc

PCT/US2005/047596

cagaagaaga
cgtccacccc
ctcecegcacc
ggacatgatg
ctctataccc
ccccatcacc
tgtaacaaag
aatcccccaa
cactattgat
ctctagaaat
ggactacaat

cccacttgaa

This is the porcine circovirus type 2, ORF2 construct, which

includes baculovirus and pGEM T-easy coding sequences.

<400> 8
aagctttact

gaaagcacgt
ataaaagatt
gtgactagcg
ggagcaataa
gcgggectgt
gttcaagaat
ggcgtgcact
cacaccctgg
aaaattgaaa
tttaacaaat
tgcttegett
gattaggccg

cgtaaagcga
gtaaaatgtt
ctaatctgat
aagaagatgt
tcgatttaac
tatacaaaaa
ttattgacac
gcacacacgg
gtattgcgcec
gacaaaatta
actttatcct
gctccgttta
gatattctcc

gttgaaggat catatttagt tgcgtttatg

tcccgegegt
atgttttaaa
gtggaccgca
caacacgtct
aattcaagta
ggtaaaagaa
tattaatcgc
gcaggaagcc
cgttcaagat
attttcaaat
gcttgtagcec

accacaatgt

tggcacaact
acacctttgc
gaacagatag
aaatattatg
cctggeccaga
tttacagaaa
accggttaca
atagatagat
ttattaattt
tgttgcgett
gatcagtggc
tggcaacgtt

atttacaatg
ggcccgagtt
taaaacaaaa
atggtgtgca
ctttgccgece
agtgtcccgg
tggtgtgcag
‘tcgaaaaagc
aattaatatt
cttccagcga
gttgttccaa
gatgttacgt
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agataagatt
cggccaagtt
gtttgcgtac
ccctagtatt
ttttttgcagg
tgaaagcata
catgttggtyg
atatttaatg
cagaggtcac
atttgcattc
accaaaacta
tcgacggtag
ttatgctttt

60
120
180
240
300
360
420
480
540
600
660
720
756

60
120
180
240
300
360
420
480
540
600
660
720
780
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ggttttccac
cgcacaacac
ccaccacttt
tcttttgeat
tgacctgcaa
actcttgttt
tgtgctcggt
gtttgatcgc
gccattcttg
cggatttagt
cgctgttaga
tgtctacatg
ccttggecac
cttctccaaa

tttgcaacaa

tatgggggaa
ggcgcaagceg
tacagttttg
atgacgccta
cttccteegt
cgacgcacaa
ggcaatattg
cgttgggcat
tagtgcgatt
atcgagtcaa
gcgcgtattt
aataatatat
acgactatga
atctgtgcac
tgacccccgt

atgtcggtga

gtacgtcttt
cggatgtttg
ggcaactaaa
ggtttcctgg
atctttggec
tttaacaagt
gaatgtcgca
gggatcgtac
taattctatg
aatgagcact
ggtagggccc
aacacgtata
gaaccggacc
tttaaattct
ctattgtttt
catgcgeegce
gctaaaacgt
atttgcatat
caactccccg
gtggccgaac
gtatctgtac
gcaaattcga
gtacgtccga
aaaacgttgt
gtgatcaaag
taacaaacta
tatgtatcgc
tagagatcaa
gcgttecggce
agtgacaacg

cgttaaaact

tggccggtaa
cgcttgtecg
tcggtgacct
aagccggtgt
tcgatctgcet
tceteggttt
atcagcttag
ttgccggtgce
gcgtaaggca
gtatgcggct
ccattttgga
gctttatcac
tgttggtcge
ccaattttaa
ttaacgcaaa
tacaacactc
gttgcgegtt
taacggcgat
cccgegttga
acgtcgagcg
accgaatgat
aaatatatac
acgttgattt
acatcctcgce
tgtggaataa
gccatcttgt
acgtcaagaa
ataaagcgcg
acgagctttg
atcacgccca

attaagccat

34816-CIP1.ST25

tagccgtaaa
cggggtattg
gcgcgtcttt
acatgcggtt
tgtccttgat
tttgcgecac
tcaccaactg
agagcacttg
atttggactt
gcaaatacag
tggtctgctc
aaactgtata
gctctageac
cgcgagecat
ctaaacttat
gtcgttatga
caacgcggca
tttttaaatt
ctcgctgeac
ggtggtcgat
cgtcgggcga
agttgggttg
gcatgcaagc
ttttaatcat
tgttttcttt
aagttagttt
ttaacaatgc
aattaaatag
attgtaataa
aaagaactgc
ccaatcgacc
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cgtagtgccg
aaccgcgcga
tttctgcatt
tagatcagtc
ggcaacgatg
caccgcttge
tttgctctce
aggaattact
cataatcagc
cgggtcgecc
aaataacgat
ttttaaactg
gtaccgcagg
tttgatacac
tgtggtaagc
acgcagacgg
aacatcgcaa
atcttattta
ctcgagcagt
gaccagcggc
aggcacgtcg
tttgcgcata
cgaaattaaa
gccgtcgatt
gtattcccga
catttaatgc
gcecegttgtce
cttgcgacgc
gtttttacga
cgactacaaa
gttagtcgaa
6
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tcgegegtcea
tccgacaaat
atttcgtctt
atgacgcgcg
cgttcaataa
agcgcgtttg
tcctecegtt
tcttctaaaa
tgaatcacgc
cttttcacga
ttgtatttat
ttagcgacgt
ttgaacgtat
gtgtgtcgat
aataattaaa
cgceggtcetce
aagccaatag
ataaatagtt
tcgttgacgce
gtgccgcacg
gcctccaagt
tctatcgtgg
tcattgcgat
aaatcgcgca
gtcaagcgca
aactttatcc
gcatctcaac
aacgtgcacg
agcgatgaca
attaccgagt

tcaggaccgc

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
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tggtgcgaga
agagcgtcat
aaattgaccc
ggactgcgat
aattttaaéa
aatgtcgtcg
aacgatttga
aactgttaca
gctctgacgc
atcaaatccc
ctctgtcegt
aaacaattat
catttgtagt
aatcattttc
tagacgcctt
aattaacata
tgtcataaat
tgtaatttac
aatttatata
acgcagcttc
ccaaaatgtt
ctgcgagcag
atcacaaact
gataaccatc
aaacctataa
cagcggccgc
gacaccgccc
ccecgecaccyg
ccttcggata
tgagatttaa
cctttgaata

cccagggtga

agccgcgaag
gtttagacaa
taactccata
tgtacatgct
aacgcagcaa
acatgctgaa
aagaaaacaa
ttgcaaacgt
atttctacaa
aagatgtgta
ttgctggcaa
aaatgctaaa
attatctata
aaatgattca
gtcgtcttct
gttattatcg
atatatgtct
aacagtgcta
atcaatgaat
ttctagttca
gtacgaaccg
ttgtttgttg
ggaaatgtct
tcgcaaataa
atattccgga
gggaattcga
ccgcagccat
ctaccgttgg
tactgtcaag
tattgacgac
ctacagaata

taggggagtg

tatggcgaat
gaaagctaca
cacggtattc
gttaacggct
gagaaacatt
caacaagatt
tgtaccgecgce
ggtttcgtgt
ccacgactcc
taaaccacca
ctgcaagggt
tttgtttttt
attgaaaacg
cagttaattt
tcttcgtatt
tatccatata
tttttaatgg
ttttctggta
ttgggatcgt
attacaccat
ttaaacaaaa
ttaaaaataa
atcaatatat
ataagtattt
ttattcatac
tccgccatga
cttggccaga
agaaggaaaa
gctaccacag
tttgttcccc
agaaaggtta
ggctccactg

34816-CIP1.ST25

gcatcgtata
tatttaattg
tacaatggcg
ccgcccacta
tgtatgaaag
aatatgcctc
ggcggtatgt
gccaagtgtg
aagtgtgtgg
aactgccaaa
ctcaatccta
attaacgata
cgtagttata
gcgacaatat
ccttctcttt
tgtatctatc
ggtgtatagt
gttcttcgga
cggttttgta
tttttagcag
acagttcacc
cagccattgt
agttgctgat
tactgttttc
cgtcccacca
cgtatccaag
tcctecgecg
atggcatctt
tcacaacgcc
€gggaggagyg
aggttgaatt
ctgttattct

acgtgtggag
atcccgatga
gggttttggt
ttaatgaaat
aatgcgtaga
cgtgtataaa
acaggaagag
aaaaccgatg
gtgaagtcat
aaatgaaaac
tttgtaatta
caaaccaaac
atcgctgagg
aattttattt
ttcatttttc
gtatagagta
accgctgegce
gtgtgttgct
caatatgttg
caccggatta
tcececttttct
aatgagacgc
atcatggaga
gtaacagttt
tcgggcgegy
gaggcgttac
ccgcecectgg
caacacccgc
ctcctgggcy
gaccaacaaa
ctggcectgce

agatgataac
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tccgctceatt
ttttattgat
caaaatttcc
taaaaattcc
aggaaagaaa
aaaaatattg
gtttatacta
tttaatcaag
gcatctttta
tgtcgacaag
ttgaataata
gcaacaagaa
taatatttaa
tcacataaac
tcctcataaa
aattttttgt
atagtttttc
ttaattatta
ccggcatagt
acataacttt
atactattgt
acaaactaat
taattaaaat
tgtaataaaa
atcagatctg
cgcagaagaa
ctcgtccacc
ctctceccgea
gtggacatga
atctctatac
tcccccatca

tttgtaacaa

2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
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aggccacagc
aacccttctc
attacttcca
atgtggacca
atatccgtgt
aaccctaaga
ggtacccggg
atccgtaatg
tacagggaaa
gtgatggatg
ttcctggcecc
atcgtcgage
ggcggeggcet
atcgatcgtg
gctgaagagg
ccagacgcac
atttattaag
aataattcat
tcagcgtctt
cgattagttt
tcgctcaacy
gtttgtgttt
tttctttcat
tggacatatt
ccctegtegt
attgtgtcgg
gattgcggge
acgttagaaa
ggcggtggtg
ggaggcggag
ttaggcaaca

cctaacctat
ctaccactcc
accaaataac
cgtaggcectce
aaccatgtat
attctatcac
atcctttcct
ttaaacccga
cttggacccg
ttttccttgt
aacacgctct
cttcatgggt
gcccaataat
tcatctggga
aggaaattct
ctctgttcac
cgctagattc
taaatttata
tatatctgaa
caaacaaggg
ccacaaaact
tgttttgtaa
cactgtcgtt
taacatcggg
tagaagttgc
ctaacacgtc
gtttttgggc
gcgatggtgce
gagctgatga
gcggaggtgg
cagtcggcac

gacccatatg
cgttacttca
aaaaggaatc
ggcactgcgt
gtacaattca
tagtgaattc
gggacccggce
cacgatgaag
cttcatggaa
tgtcaacatg
gcgttgcgac
gggcagcaac
gaaccttcac
gaacttctac
ccttgaagtt
tggtceggeg
tgtgcgttgt
atctttaggg
tttaaatatt
ttgtttttce
tgccaaatct
taaaggttcg
agtgtacaat
cgtgttagct
ttccgaagac
cgcgatcaaa
gggtttcaat
aggcggtggt
taaatctacc
tggcggtgat

ctcaactatt
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taaactactc
cacccaaacc
agctttggcet
tcgaaaacag
gagaatttaa
gcggccgcecg
aagaaccaaa
cttgtcgttg
gacagcttcc
cgtcccacta
cccgactatg
aacgagtacc
tctgagtaca
aagcccatcg
tccctggtgt
tattaaaaca
tgatttacag
tggtatgtta
aaatcctcaa
gaaccgatgg
tgtagcagca
acgtcgttca
tgactcgacg
ttattaggcc
gattttgcca
tttgtagttg
ctaactgtgc
aacatttcag
atcggtggag
gcagacggcg
gtactggttt
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ctccegecat
tgttcttgac
gaggctacaa
taaatacgac
tcttaaagac
gccgctccag
aactcactct
gatggaaagg
ccattgttaa
gacccaaccg
tacctcatga
gcatcagcct
ccaactcgtt
tttacatcgg
tcaaagtaaa
cgatacattg
acaattgttg
gagcgaaaat
tagatttgta
ctggactatc
atctagcttt
aaatattatg
taaacacgtt
gattatcgtc
tagccacacg
agctttttgg
ccgattttaa
acggcaaatc
gcgeaggegg
gtttaggctc
cgggcgeegt
8
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acaatccccc
tccactattg
acctctagaa
caggactaca
ccceccacttg
aattctagaa
cttcaaggaa
aaaagagttc
cgaccaagaa
ttgttacaaa
cgtgattagg
ggctaagaag
cgaacagttc
taccgactct
ggagtttgca
ttattagtac
tacgtatttt
caaatgattt
aaataggttt
taatggattt
gtcgatattc
cgcttttgta
aaataaagct
gtcgtcccaa
acgcctatta
aattatttct
ttcagacaac
tactaatggc
ggctggegge
aaatgtctct
ttttggtttg

4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
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accggtctga
tcgtctaaag
gacatcgatg
ggcggcggtg
accggcgeag
ggtggtggca
gtaatttcgc
ttgtaaagag
cagcattgta
aaacgtcgtt
tgtcgtaaat
gatgcgcatc
tacgattcgt
actgcaaaaa
ttttatcgca
ttaacgctga
tctattttaa
ccgatttatt
ttattagaca
acataaaact
acggattgtg
gtccggaaaa
aacatacaag
gctcacaatt
atgagtgagc
cctgtegtge
tgggcgetcet
agcggtatca
aggaaagaac
gctggegttt
tcagaggtgg
cctcgtgege

gacgagtgcg
gtgcagcggg
gtggtggtgg
ccgecggtat
gcgccgetgg
attcaatatt
tatcgtttac
attgtctcaa
gtggcgagac
ggcaagcttt
gttgtttttg
aattttgttg
catggccacc
cgtcaaaact
caagcccact
cgaaataaaa
tcacggttcc
tgaaacacta
gctgtgtgaa
cgaaaatgtc
caaacacgaa
aattcgacac
ttgctaacgt
ccacacaaca
taactcacat
cagctgcatt
tcegettect
gctcactcaa
atgtgagcaa
ttccataggc
cgaaacccga

tctcetgttc

atttttttcg
ttgaggttcc
tggtggagge
aatttgttct
ctgcacaacg
ataattggaa
cgtgccgata
gctcgecgea
acttcgctgt
aaaatattta
ataatttgcg
ttcctattat
acaaatgcta
cggtataaaa
agcaaattgt
gttcaccagt
atcaacaacc
caaattaaag
gcgctcaacg
ttatatttcg
aactcactta
acaactatgc
aatcatggtc
tacgagccgg
taattgcgtt
aatgaatcgg
cgctcactga
aggcggtaat
aaggccagca
tcecgeccccce
caggactata

cgaccctgec

34816-C1P1.ST25

tttctaatag
gtcggcattg
gctggaatgt
ggtttagttt
gaaggtcgtc
tacaaatcgt
tttaacaacc
cgccgataac
cgtcgacgta
daagaacatc
cttccgcagt
tgaataaata
cgctgcaaac
taatcaacgg
atttgcagaa
taatgagcga
aagtgatcgt
gcgagcttte
atttgcacaa
aagcacttga
gcgtgcacga
acgtttcgtt
atagctgttt
aagcataaag
gcgctcactg
ccaacgcgcg
ctcgetgege
acggttatcc
aaaggccagg
tgacgagcat
aagataccag

gcttaccgga

cttccaacaa
gtggagcggg
taggcacggg
gttcgcgcac
tgcttcgagy
aaaaatctgc
gctcaatgta
aagccttttc
catgtatgct
tctgttcage
atcgacacgt
agattgtaca
gctggtacaa
gcgctttgge
aacaatttcg
ccacccaaat
gatggactac
gtaccaactt
gcacaatttc
tcgcgtgtat
cggcacgttg
tgactggtac
cctgtgtgaa
tgtaaagcct
ccecgetttec
gggagaggcg
tcggtegttc
acagaatcag
aaccgtaaaa
cacaaaaatc
gcgtttccce
tacctgtccg

Page 9

PCT/US2005/047596

ttgttgtcty
cggcaattca
agaaggtggt
gattgtgggc
cagcgcttgg
tataagcatt
agcaattgta
atttttacta
ttgttgtcaa
accactgtgt
tcaaaaaatt
gattcatatc
ttttacgaaa
aaaatatcta
gcgcacaatt
tttataaaaa
attgactgtc
gttagcaata
atacacaacg
gtttgcgatt
gagtatttta
gcggcgtgtt
attgttatcc
ggggtgccta
agtcgggaaa
gtttgcgtat
ggctgcggcg
gggataacgc
aggccgegtt
gacgctcaag
ctggaagctc

cctttctecce

6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260

© 7320

7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
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ttcgggaagc gtggcgcttt ctcatagctc

cgttcgctce
atccggtaac
agccactggt
gtggtggcct
gccagttacc
tagcggtggt
agatcctttg
gattttggtc
aagttttaaa
aatcagtgag
cccegtegtg
gataccgcga
aagggccgag
ttgccgggaa
tgctacaggce
ccaacgatca
cggtccteceg
agcactgcat
gtactcaacc
gtcaatacgg
acgttcttcg
acccactcgt
agcaaaaaca
aatactcata
gagcggatac
tccccgaaaa
aaataggcgt
ctgacacatg
acaagcccgt

ggcatcagag

aagctgggct
tatcgtcttg
aacaggatta
aactacggct
ttcggaaaaa
ttttttgttt
atcttttcta
atgagattat
tcaatctaaa
gcacctatct
tagataacta
gacccacgct
cgcagaagtg
gctagagtaa
atcgtggtgt
aggcgagtta
atcgttgtca
aattctctta
aagtcattct
gataataccg
gggcgaaaac
gcacccaact
ggaaggcaaa
ctcttccttt
atatttgaat
gtgccacctg
atcacgaggc
cagctcccgg
cagggcgcgt
cagattgtac

gtgtgcacga
agtccaaccc
gcagagcgag
acactagaag
gagttggtag
gcaagcagca
cggggtctga
caaaaaggat
gtatatatga
cagcgatctg
cgatacggga
caccggctcc
gtcctgcaac
gtagttcgcc
cacgctcgtce
catgatcccc
gaagtaagtt
ctgtcatgcc
gagaatagtg
cgccacatag
tctcaaggat
gatcttcagc
atgccgcaaa
ttcaatatta
gtatttagaa
acgtctaaga
cctttegtct
agacggtcac
cagcgggtgt
tgagagtgca
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acgctgtagg
accccecgtt
ggtaagacac
gtatgtaggc
gacagtattt
ctcttgatcc
gattacgcgce
cgctcagtgg
cttcacctag
gtaaacttgg
tctatttcgt
gggcttacca
agatttatca
tttatccgec
agttaatagt
gtttggtatg
catgttgtgc
ggccgcagtg
atccgtaaga
tatgcggcga
cagaacttta
cttaccgctg
atcttttact
aaagggaata
ttgaagcatt
aaataaacaa
aaccattatt
cgcgegtttc
agcttgtctg
tggcgggtgt
ccatatgcgg

tatctcagtt
cagcccgacc
gacttatcgc
ggtgctacag
ggtatctgceg
ggcaaacaaa
agaaaaaaag
aacgaaaact
atccttttaa
tctgacagtt
tcatccatag
tctggeecca
gcaataaacc
tccatccagt
ttgcgcaacg
gcttcattca
aaaaaagcgyg
ttatcactca
tgcttttetg
ccgagttgct
aaagtgctca
ttgagatcca
ttcaccageg
agggcgacac
tatcagggtt
ataggggttc
atcatgacat
ggtgatgacg
taagcggatg
cggggctggc
tgtgaaatac
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cggtgtaggt
gctgcgectt
cactggcagc
agttcttgaa
ctctgctgaa
ccaccgctgg
gatctcaaga
cacgttaagg
attaaaaatg
accaatgctt
ttgcctgact
gtgctgcaat
agccagccgg
ctattaattg
ttgttgccat
gctceggttc
ttagctectt
tggttatggc
tgactggtga
cttgccecgge
tcattggaaa
gttcgatgta
tttctgggtg
ggaaatgttg
attgtctcat
cgcgcacatt
taacctataa
gtgaaaacct
ccgggagcag
ttaactatgc

cgcacagatg

8400
8460
8520
8580
8640
8700
8760
8820
8880
8940
9000
9060
9120
9180
9240
9300
9360
9420
9480
9540
9600
9660
9720
9780
9840
9900
9960
10020
10080
10140
10200
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34816-CIP1.5T25
Cgtaaggaga aaataccgca tcaggcgcca ttcgccattc aggctgcgca actgttggga 10260

agggcgatcg gtgcgggect cttcgctatt acgccagectg gcgaaagggg gatgtgetge 10320
aaggcgatta agttgggtaa cgccagggtt ttcccagtca cgacgttgta aaacgacggc 10380
cagtgcc 10387
<210> 9

<211> 20

<212> PRT

<213> Porcine circovirus

<400> 9

ier Tyr Pro Arg érg Arg Tyr Arg Arg ﬁgg Arg His His Pro Pro Ser
His Leu Gly GIn
20

<210> 10

<211> 19

<212> PRT

<213> Porcine circovirus

<400> 10
Pro Arg His His Tyr Arg Pro Arg Arg Lys Ash Gly Ile Phe Asn Thr
1 5 10 15

Thr Leu Ser

<210> 11

<211> 233

<212> PRT

<213> Artificial

<220>

<223> This is an amino acid sequence for porcine circovirus type 2,
open reading frame 2.

<400> 11

Met Thr Tyr Pro Arg Arg Arg Tyr Arg Arg Arg Arg His Arg Pro Arg
1 5 10 15
Ser His Leu Giy Gln Ile Leu Arg Arg Arg Pro Trp Leu val His Pro
20 25 30
Arg His Arg Tyr Arg Trp Arg 259 Lys Asn Gly Ile de Asn Thr Arg
35

Leu Ser Arg Thr Phe Gly Tyr Thr val Lys Ala Thr Thr val Arg Thr
Page 11



Pro

65

Pro

Arg

Gln

Phe

Ser

145

Phe

Asn

val

GIn

Asn
225

WO 2006/072065

50

Ser Trp Ala val

Pro
Ile
Gly
val
130
Ser
Thr
Asn
Asp
AS

210

Leu

Gly

Lys

Arg

Pro

Lys

His
195

p Tyr

Lys

Gly

Lys

Arg

Lys

His

Lys

Asn

Asp

Gly

85

val

Gly

Ala

Thr

Pro

165

Asn

Gly

Ile

Pro

Asp

70

Thr

Lys

val

Thr

Ile

150

val

Glin

Leu

Arg

Pro
230

55

Met

Asn

val

Gly

Ala

135

Pro

Leu

Leu

Gly

val

215

Leu

Met

Lys

Glu

ser

120

Leu

GlIn

Asp

Trp

Thr

200

Thr

Lys

34816-CIP1.ST25
60

Arg

Ile

Phe

105

Thr

Thr

Pro

ser

Leu

185

Ala

Met

Pro

Phe

ser

90

Trp

Ala

Tyr

Phe

Thr

170

Arg

Phe

Tyr

Asn Ile Asp
75

Ile

Pro

val

Asp

Ser

155

Ile

Leu

Glu

val

Pro

Cys

Ile

Pro

140

Tyr

Asp

Gln

Asn

Gln
220
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Phe

ser

Leu

125

TYyr

His

Tyr

Thr

ser

205

Phe

Asp

Glu

Pro

110

Asp

val

Ser

Phe

ser

190

Ile

Arg

Phe

Tyr

95

Ile

Asp

Asn

Arg

GlIn

175

Arg

Tyr

Glu

val

80

Tyr

Thr

Asn

TYyr

Tyr

160

Pro

Asn

Asp

Phe
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