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Como resultado del examen de fondo, realizado con fundamento en el articulo 45 de
la Decision 486 de la Comision de la Comunidad Andina, se le comunica:

1. Documentos estudiados

Descripcion: Folios: 85 a 149 04/03/2008
Reivindicaciones: Folios: 150 a 156 04/03/2008
Figuras: Folios: 157 a 159 04/03/2008
Prigridad: US 60/705,808 04/08/2005

2. Analisis de la Prioridad

Se acepta la reivindicacion de Prioridad porque esta solicitud fue presentada dentro
del plazo establecido (Art. 9 D 486) y su contenido técnico carresponde con el de las
prioridades reivindicadas.

3. Objeto de la invencion

Titulo de ta solicitud: “Virus de influenza modificado para control y
mejoramiento de la eficacia de la vacuna”.

El objeto de la presente solicitud es suministrar un grupo de subtipos de virus de
influenza gue presentan incremento de la antigenicidad y/o la inmunogenicidad.

El problema planteado en esta solicitud es la necesidad de tener vacunas para los
virus de influenza emergentes.
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Para solucionar este problema técnic:o la solicitud en estudio suministra una
molecula de hemaglutinina modificada del virus de influenza, haciéndola mas
antigénica respecto a anticuerpos especificos.

El objeto de la solicitud definida anterior;mente se clasifico en fa IPC: AB1K 39/145.
4. Excepcion a la Patentabilidad (Art|20 D 486 literal d)

El objeto de las reivindicaciones 23 a 27 es un método de diagndstico aplicado a
humano y animales, y no es patentable;de acuerdo con el Art citado.

Para que dicho método sea aceptado d(lbe referirse explicitamente a un método in-
vifro, e indicar cada uno de sus etapas con los elementos involucrados y 10s
procesos realizados, de manera que sea evidente que se realiza in-vitro.
5. Reivindicaciones relativas a un us;o 0 a un segundo uso (Art 14y 21 D 486)
El uso de las reivindicaciones 14, 34 a 37 no es patentable, de acuerdo con el Art 14.
6. De la solicitud de Patente _

{
Reivindicaciones (articulo 30 D 486) |

El capitulo reivindicatorio presentado carece de claridad y concisiéon por cuanto:

1) Varias reivindicaciones se refieren al resultado a alcanzar con la invencion, pero
no se indica como se logra dichd resultado definiendo especificamente el
producto modificade o indicando el método para prepararlo (reivindicaciones 1-3,
17-25, 28, 31); ‘

2) La molécula de hemaglutinina (HA) del virus de influenza de la reivindicacion 1
debe ser definida indicando la secuencia de la misma y la modificacion especifica
que contiene (identificacion de la systitucion realizada y la posicién de esta);

3) Se recomienda definir el origen del virus de influenza, indicando el serotipo y la
variante y evitando especificario a partir de la variante que no es su origen. Lo
anterior, puesto que la definicién de| la reivindicacién 3 ademas de no ser clara,
da lugar a multiples opciones de varlantes las cuales no tienen sustento en la
descripcion. Se recomienda en su Iugar incluir la informacion de la reivindicacion
By7,

4) El sistema de genética inversa de !a reivindicacién 11 debe ser definido a partir
de cada uno de los elementos que Io componen, identificaAndolos ademas por sus
respectivas secuencias;

I

5) El método para hacer el virus de la re|V|nd|ca<:|on 16 debe ser definido por cada
una de las etapas que permiten obtener el virus modificado, indicando las
secuencias de todos los elementos involucrados, el tipo de vector empleado,
entre otras. Lo mismo aplica para Ia reivindicacion 19;

6) Hay multiples reivindicaciones independientes que se refieren a2 un método, pero
que no definen dicho método por I?s etapas del mismo sino por el resultado a
alcanzar o el uso que se le va a dar al método. Se recomienda eliminar dichas

|
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reivindicaciones puesto que no aportan caracteristicas técnicas de la invencion
(reivindicaciones 17, 19, 20, 23, entre otras);

7) Elvirus para vacuna de influenza de la reivindicacion 28 debe ser definido por el
numero de depdsito del mismo o identificandolo de manera precisa, resaltando
las modificaciones exactas que contiene;

8) El acido nucléico de la reivindicacion 29 y 30 debe ser definido a partir de su
secuencia nuclestida (SEQ 1D N°);

De esta manera, el capitulo reivindicatorio presentado no cumple con los requisitos
establecidos en el art. 30 de la Decision 486.

7. Determinacién del Estado de la Técnica

Para determinar el estado de la técnica se ha tenido en cuenta la fecha de
presentacion de la solicitud prioritaria reivindicada con la solicitud: 04/08/2005.

Teniendo en cuenta la fecha indicada se realizo busqueda en el estado de la técnica
de documentos relacionados con la solicitud, encontrandose los siguientes
documentos relevantes a la misma:

o I ] . Fecha de
N ! Documento i Titulo prioridad
! t"Hemaglutinin of swine influenza virds: A single
D1 ?;tgoeégi;ggoso amino acid change pleiotropically affects viral Nov 1983
o antigenicity and replication” _ P
Gambaryan A_, "Receptor specificity of influenza viruses from
D2 | gt.al. Virology, vol | birds and mammals: New data on involvement of | March, 2005
334: 276-283 the inner fragments of the carbohydrate chain”
Hoffman et.al “ , .
D3 PNAS. vol 97: A DNIA transfecgton ?ystem for genergtuoﬂn of Mayo, 2000
| 6108-6113 influenza A virus from eight plasmids

Resumen de los documentos citados:

D1: Se divulga la secuencia completa del gen de la hemaglutinina H1 de un mutante
de alta produccién (H) de la cepa A/NJ/11/76(H1N1) del virus de la influenza porcina
en estudios de reagrupamiento viral teniendo este gen (resumen, folio 169).

D2: Se divulga las propiedades de union al receptor de aislados del virus de
influenza de aves y mamiferos usando conjugados poliméricos de sialo-
oligosacaridos modificados (resumen, folio 172);

D3: Se ha desarrollado un sistema de transfeccién de ocho plasmidos para el
rescate de virus de influenza A infecciosos de cDNA clonado (resumen, folic 173).

8. Analisis de patentabilidad (articufo 14 D486)
Nivel inventivo (articulo 18 D486)

La reivindicacién 1 de la solicitud reclama una molécula de hemaglutinina (HA) del
virus de influenza que contiene una sustitucién de un aminoacido en el sitio de
fijacion en el receptor que hace a la molécula de HA mas antigénica respecto a
anticuerpos especificos que la molécula carente de sustitucién del aminoacido en el
sitio de fijacion de su receptor.
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Eldocumento D1 divulga la secuencia de nucledtidos de hemaglutinina obtenida del
virus de influenza porcina de la cepa A/NJM 1/76(H1N1) (resumen). Este documento
revela las mutaciones en ia secuencia qIUe presentan los virus de influenza tipoHy
tipo L, que representan fenotipos de aita y baja productividad, respectivamente
(resumen).

Comparacién de las caracteristicas técnicas esenciales. con las del Estado de la Técnica:

ro- — T - m— —

___ Caracteristicas esenciales | D1 ]
Molécula de hemaglutinina (HA) del - | Molécula de hemaglutinina (HA) del }
virus de influenza . i virus de influenza (resumen)
contiene una sustitucién de un ;| Revela varias sustituciones de

aminoacido en el sitio de fijacion en &l .[ aminoacido, una de gllas en la posicion
receptor, que hace a la molécula de HA | 155 (Gly por Glu) adyacente al sitio de
mas antigénica respecto a anticuerpos , . unién del receptor por la que afecta la
especificos que la molécula carente dey  replicacion det virus (resumen). Sugiere
sustitucion del aminoacido en el sitio de | que sustitucidn cambia la antigenicidad
quacmn de su receptor l (Pag 7000 col izq ultimg parr.) |

Este documento identifica el cambio de un aminoacido ubicado en el residuo 155
(aminoacido 158 en la estructura HA 'de Wiley), cambio de Gly a Glu como el
responsable del cambio de fenotipo del virus de tipo H a tipo L y adyacente al sitio de
union del receptor, por lo que dicha sustitucién puede repercutir sobre la replicacién
del virus (resumen). Ademas, se divulgan otras sustituciones conocidas para este
virus gue involucran aminoacidos en otras posiciones (Tabla 2, Fig 4).

D1 también menciona que el virus de irLﬂuenza B tiene variabilidad antigenica, con
diferente tropismo sobre la célula huésped (pag. 7000 col der). Este documento
también realiza las pruebas de inhibicion de hemaglutmma con los virus que
presentan la sustitucion en HA, mostrando que al usar estos virus se incrementa la
sensibilidad del ensayo (pag. 7000 col |zq tabla 2).

La diferencia entre |la materia reclamada y D1, es que la modificacion de un
aminoécido en la solicitud provoca que la HA sea mas antigénica, mientras que en
D1 este cambio se reporta como una Ha de un virus de baja productividad.

El efecto que produce esta diferencia; no resulia aparente puesto que en ambos
casos lo que se obtiene es una molécula Ha que no se une a su receptor y un virus
de menor capacidad infectiva.

El problema tecnico objetive a resolver es obtener un virus de influenza que sea mas
antigénico a partir de la variacidn de Ia HA.

|
Sin embargo, a partir de la informaciéfh divulgada en D1 resultaba evidente que el
virus obtenido con la sustitucion en el residuo 155 (aminoacido 158 en la estructura
HA de Wiley), cambio de Gly a Glu era de fenotipo del virus de tipo L. Ademas que
dicho virus tenia una capacidad dlsmmunda para replicarse y D1 indicaba que esto
podria estar asociado a un cambio antlgenlco (Pag. 7000 col izg, ultimo parr). De
esta manera, a partir de la informacidn dlvulgada en D1 resultaba cbvio desarrollar el
virus de influenza que tenia una mayor antigenicidad y una menor capacidad
infectiva. :

El documento D1 contiene la mformac!ton necesaria para que la persona dei oficio
normalmente versada en la materia pudlera desarrollar la molecula reclamada en la
reivindicacion 1, 20 a 22 de la sollcftud por lo gque carece de nivel inventivo e
incumple el articulo 18 de la D486. f

!

\

I
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Las reivindicaciones dependientes 2 a 6 reclaman que la sustitucion de aminoacido
ocurre en la posicion 223, en la HA de un virus H5 que no sea aislado de humano y
en donde dicha sustitucién altera un sitio de glicosilacion.

£l documento D2 divulga que el cambio en la estructura de HA, especificamente
alrededor del aminoacido 222 del HA del virus de influenza podria dar lugar a una
interaccidn favorable o a una interferencia estérica con la unién al receptor y cambio
en la composicidon del loop 210-230, resultando en un efecto sobre la capacidad de
union al receptor entre las cepas de influenza (Pag. 280 col der).

D2 también divulga que la molécula de HA no se origina en el aislado de virus del
humano (Pag. 280 col der) y es un virus del subtipo H5 (Pag. 227 col. der).
Adicionalmente, D2 ensefia que el cambio en la regién de glicosilacidn de la
molécula HA en el mismo loop 210-230 podia cambiar la capacidad de unidn del
virus al receptor (Pag. 280 col der).

De esta manera, a partir de la informacién divulgada en D1 y D2, 1a persona del
oficio podia desarrollar la invencién tal como es reclamada en las reivindicaciones 1-
9 de la solicitud, por lo gue la misma carece de nivel inventivo.

La reivindicacion 10 de la solicitud reclama un virus recombinante de influenza que
contiene la molécula HA del virus de influenza de la reivindicaciéon 1.

La reivindicacion 11 de la solicitud reclama un sistema de genética inversa para
hacer un virus que contiene la molécula HA del virus de influenza de la reivindicacion
1.

El documento D3 ensefa un virus de influenza recombinante y un sistema de
genética inversa para hacer el virus (Pag. 1608 col der. dltimo parr). Este sistema
usa un vector recombinante (Pag. 6109 col. izq) el cual codifica proteinas
estructurales con sustituciones (Pag. 6112).

D3 ensenfia el uso del virus H5N1 de los virus de influenza A (Pag. 6111 col izq). De
esta manera, a partir de la informacion divulgada en D1 sobre las sustituciones en
HA del virus de influenza y su efecto sobre la union al receptor y la informacién de
D3 sobre la obtencidn de un virus recombinante y el sistema de genética inversa, la
persona del oficio normalmente versada en la materia podia llevar a cabo la
invencion tal como es reclamada.

Puesto que las reivindicaciones dependientes no mencionan caracteristicas
inventivas, dichas reivindicaciones no se considera que superen la objecién de nivel
inventivo planteada con las anterioridades mencionadas.

9. Conclusién

Los requisitos de patentabilidad de la presente solicitud estan afectados asi:

item Documento Reivindicaciones Requisito que afecta :

afectadas ‘

p1 | Both etal Pr;ggé vol 80; 6996- a7 Nivel inventivo {

o2 | ST S e | wwmenvo |
D3 ; Haffman g;ggg?ﬁs vol 97: 10-19 | Nivel inventivo
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En cumplimiento del articulo 45 de la Decision 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuésta dentro dei término de 80 dias contados
a partir de la fecha de notificacion de la presente comunicacion. En caso de no dar
respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran los
impedimentos para la concesién, se denegara la patente.

|
Se invita al solicitante se sirva indicar, ;si asi lo considera, su renuncia al término
faltante para dar respuesta a este requér!mlento y presentarla por escrito

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

| @

v ——3BSUS FERNEL GARCIA GARCIA |
Director de Nuevas Creaciones (E}

El anterior requerimiento fue notificado por fijacion en lista, de fecha

8

Elabord: N.Lamprea :
Revisd: Consuele Leguizamén [}9/ ‘
|
I
1

Aprobd; Jesis F. Garcia
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Proc. Natl, Acod. Sel. USA
Vol. 80, pp. 69967000, November 1083
Medical Sciences

" Hemagglutinin of swine influenza virus: A single amino acid
change pleiotropically affects viral antigenicity

and replication

(antigenic variation/point mutstion /micleotide sequence fviral genetics /virulence)

GERALD W. Botn™, CHENG'HuASHI*, AND EDWIN D. KiLBoURNE?

*Molecular and Cellular Bio
*Department of Microbiology,

Contributed by Edwin D. Kilhourne, August 8, 1983

ABSTRACT  The complete mucleotide sequence has been ob-
tained of the H1 hemagghutinin (HA) gene of a high-yielding (H)
mutant of the A/NJ/11/76(E1N1) strain of swine influenza virus
in studias of & viral reassortant (X-33a) bearing this gene. This
determination has permitted comparison with human influenza
HINI prototype viruses A/WSN /33 and A/PR/8/M, with which
80% and 94% amino acid homology was found between HAL and
HAS, respectively. Partial sequences have been determined for
other viral reassortants containing either H or L {low-yjelding

- phenotype) genes-derived from A/NJ/11/76. Sequence of the HAL
region of an L mutant prototype was virtually completed and dif-
fered from that of the H mutant by only four amino acid changes.
Sequence analysis of four other viruses was restricted to regions
of the HA with which monoclonal antibodies capsble of distin-
guishing L and B mutants arc presumed to react. Therefore,
changes in these sequences are relevant to changes in viral phe-
notype. Change at residue 155 from Gly to Glu is associated with
change from L to H HA phenotype. This site, structurzlly equiv-
alent to amino acid 158 on the Wiley et ol. HA model (Wiley, D.
C., Wilson, 1. A. & Skehel, ). J. (1881) Nature (London) 289, 373~
378] is near the tp of the HA monomer adjacent to the proposed
receptor binding site and therefore credibly could influence both
viral antigenicity and replication. Because both L. 2nd H variants
exist in nature and because revertants may be selected in the lab-
oratory &5 replication variants in the absence of immunoselection,
these studies provide cvidence for fortuitous antigenic change in
association with change in biological function, which is determined
by a single base change.

Hemagglutinin (HA) L and H mutants of contemporary strains
of swine influenza virus differ pleiotropically in their capacity
to replicate in chicken embryos, Madin-Darby canine kidney
cells (MDCK cells), and the respiratory tract of swine (1-3).
Although antigenically identical in tests with conventional poly-
clonal antibodies (1), these mutants can be distinguished with
certain cross-absorbed heterotypic antisera or with monoclona]
antihodies (4). The L. and H mutants have been intensively
studied because {i) they are commonly found in field isolates
from swine as dimorphic variants, in which one may be de-
tected in primary passage in the absence of the other (2), or in
early passage isolates from humans (1, 2) or turkeys {unpub-
lished data); {ii} genetic evidence suggests that the variants re-
flect point mutations in the HA gene (1); and ({if) it has seemed
important to identify a mutational site that concomitantly in-
fluences both the antigenicity of virus and replication in its nat-
ural host.

The publication costs of this article were defrayed in part by page charge
payment. This article must therefore be hereby marked “advertise-
ment” in accordance with 18 U.5.C. $1734 solely to indicate this fact.

Unit, Commonweslth Scientific and Industris] Ressarch
ount Sinai School of Médicine of the City University of New York, New York, NY 10029
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Fio. 1. Genealogy of reassortant viruses on which nucleotide se-
quence analysis of the HA gene has been performed (numbered, double-
underlined viruses). The details of pamsage history are shown in Table
1. All reassortants are definitively derived from uncloned A/NJ/11/
76(H1IN1) swine influenza virus and A/PR/8/34(HIN1). PRS gb, an-
tibody to PR8 virus; SW/CAM sb, antibody to A/SW/CAM/3%HIN1)
virus, PR8/HK &b, antibody to reassortant of PRS and Hong Kong
(H8N2) viruses containing PRE HA and Hoog Kong neuraminidase. X-
63 viruses (L phenotype) are on the right and X-53a (H phenotype) are
on the left. Repeatod reassortiment with PRS virus has yielded viruses
(designated by PR8 suffix) containing &ll PR genes, except for that
coding for the {swine) HA. When not specified (i.e., MDCK cells) pas-
rage has been in chicken embryos,

MATERIALS AND METHODS

Viruses, The derivation and properties of the basic reassort-
ant viruses X-53 and X-53a used in the present experiments have
been presented in detail (1). These viruses were derived from
genetic reassortment of the A/PR/8/34 (HIN]) thereafter re-
ferred to as PRB} and A/NJ/11/76 (HIN1) {swine) influenza
viruses. X-53 (L phenotype) and X-53a (H phenotype) viruses

Abbreviations: HA, hemagglutinin: HI, hemagglutination-inhibition.



Medical Scicnees: Both et al. ]

Proc. Natl. Acad. Sci. USA 80 (1983) 6997

Table 1. Detailed passage history of viruses on which nucleotide sequence analysis of portions of the HA gene was performed
Immediate :
Virus antecedent” | Pussage historytst
1 X-53a EEE X-63act) EEEEE ~ RNA
(1)
2 X-53 EEEEEE X-53ChxPR8 E E E — X53(c)-PR8 E E — RNA
M P E 12 P (P
3 X-53alcl) x PRB EEEE-X 53&(::1] PRR EEEEEEE E E X.53a(c))-PR8(H) E — RNA
(1) (P){P) (P} ' (P) (3)
4 X-53(cl} EEEMMMME X.53(chLp — RNA
{4)
%)
5 X.53(ch MMEMEE X- 5 (c2)x PR8 E E — X-53(ch(2)PR3(2) MMMMME X-53{ci-PRB(2i
® P pét
|
RNA
8 X-53(cl)-PRS(2)-pdt MMEEMME x 53(ci)-PR8(2)-pét-H? E — RNA
(8} (6}

Note: x PR8 indicates reassortment with A/PR/8/34 virus durmg dua] infectior of chicken embrya allantoic sac.

*See Fig. 1.

' The letter E designates a single passage in the ailantoic sac of the chicken embryo.

1P designales passage with antibody to the PR8 (A/PR/8/34) virug HA.

¥The letter M designaltes s single passage in MDCK cells, }

have only HA and neuraminidase genes from the swine mﬂd
enza virus parent {1, 5). In other reassortants (X-53-PR8 and }k
53a-PR8} the swine influcnza virus HA RNA has been segre-
gated into viruses deriving all other RNAs from A/ PR/S/?A
virus. The genealogy or derivation from the above viruses of
viruses with different biologic characteristics or passage history
is shown in Fig. §. The details of passage of the six viruses uf
which the HA RNAs were subjected to nucleatide sequence
analysis are presented in Table 1. These viruses will be iden-
tified helow by the numerical designations shown in Tables 1
and 2 and in Fig. 1.

Antibody Preparations and Antigenic Analysis. The nanuje
of antibody preparations employed and the methods for vtra]
antigenic analyses have been described (4).

Plaquing and Plaque Inhibiton. Plaguing and plaque mhi
bition of viruses was carried out in MDCK cells with trypsis.
containing minimal essential medium by methods previously
described (6, 7).

Definition of Viral Phenotype. Criteria for the definition of
the antigenic and biologic phenotypes of the mutant virusés

have been presented in earlier papers (1, 4). In bricf, reassort-
ant viruses of L phenotype are relatively low viclding in chicken
embryos {HA titers < 1:2,048} and produce small plaques (1-
3 mm in diameter) in MDCK cells. The H phenotype is the
reciprocal; though the plague sizes ovetlap, the mean plagque
size is greater with H reassortants. Verv few L and H mutant
viruses have been studied in swine, but L viruses are more in-
fectious for swine than H mutants by a factor of at least 1,000-
fold {2). Antigenic phenotype is defined with monoclonal an-
tibodies, as indicated in Table 2 and specifically described in
ref. 4.

Cloning and Nucleotide Sequence Analysis of Swine Influ.
enza HA Genes. A DNA copy of the HA gene for virus | was
synthesized and cloned as described (8). This was subjected to
sequence analysis either directly () or by the "dideoxy” method
{10) after subcloning fragments into the bacteriophage M13 mp7.1
{I1). The cloned HA gene was also digested with suitable re-
striction .endonucleases to generate DNA fragments that were
used as primers for cDNA synthesis by reverse transeriptase by
using genomic RNA from viruses 1-6 as template (12}. By the

Table 2. Summary of representative reassortant viruses on whil_h nucleotide sequence analysis of HA RNA has boen carried out

Virus log 2 HI titers with a.ntib@dy Antigenic  Biologic HA residue in H1 antigenic regions
Number Name SW/CAM*® 9C8' PRS/HK®, Sa-13¢ phenotype phenotype 153% 1559 159 228 84
I X-53elc <1 1 g2 1 H H Lys Glu Pro Ser
2 X-53(c)-PRB 2 6 <l 4 L L Glu Gly Pro Asn (Lys— Asn)
3 X-53alcl)-PRE(H) <1 1 <l |, <1 Noonl, H Lys Glu Thr Asn
‘ Noo-H

4 X-53(-Lp 6 ) <l 1 L Lee Lya Gly Pro Asm
5 X-53(cl}-PR8(2}pdt 5 7 <l | <1 L L Lys Gly Pro Asn

(recloned)
6 X-83(c1)-FRB(2)-p4t-H? <1 1 — 7 H H Lys Glu Pro Asno

(L to H revertant)

HI, kemagglutination-inhibition,
* Polyclonal antibody (rabbit serum).
* X-53-PRB monoclonal antibody (mouse ascites fluid). .
#Monoctonal antibody {mause ascites fluid),
YH! antigenic region Sb.
TH1 antigenic region Sa.
! Structurally equivalent to residue 158 in H3 model.

** Large plaque L mutant not yet tested in swine for definitive bmphenotype

l
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61
121
181
241
301
561
41
481
BLEE
£01
E6l
Fai
FEL
Eds,
SBL
gel
1821
18b1
1441
1281
1261
1321
1381
1441
1504
1361
1621
1681
1741

-~URGAARCRA
GCACUGURARA
UACCAAUGRA
CARCUUURLCY
RUCARUARGUC
AARARGCAGCCH
CRGGUUCULUY
CRGUUCUGCA
CucuRLUCULY
CUUULICRAUA
uusguccacy
LALICAUUCCH
ULIGARRUAGARC
HUUUGGACAU
GGCRCCCULUG
AALRCCAGRU
AGUUGCULCR
CocuGtuuGa
UUUUGRUGRL
ARCUGGUAGGU
AURGGRUUUG
GURGARAGCUG
RUUGGGECCRC
CRACUGCUCU
UGRULUCGRUY
UGGGUUUCLC
CCCCAGUUUR
UGUURCRULC
URUARCAURGU
CUUCRUUUCG
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AGGGUGUUUL
GACCCAUURG
CUGGCGRCRG
CCRAUCUAULCY
CCRAUUUUUGA
UUUCCARAULUY
ACRUUCGAGY
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UUUUCCARGU
ACAGRRAUUUA
GCRAURVCCUG
GUCCRUCCCC
GGGRCAULCC
UCUCCRAUUG
GGUGUUUGACL
CCAGARRCCUL
RAUGUUARUULG
CouCucACCy
CCUACHRRAARA
GGRUGRUGRA
CUGRGCUUUG
UUUGCUCCRG
GRACUUGUCU
CUCRGCUCUU
GUUUCCRCRRA
RARRAAGCCURC
CRUAGULLCE
UUUUCURGURA
GUGUCUGCAU
GUGGCUUUUA

UUCUCAUGUC
RGCACAUCCA
UGRRURAGRARU
ccocucucuy
CGCUcCUCCAU
CUUUGGCRUU
CCGUGGRAAUC
ARAUAULCHG
GGUUGRRAUUC
CUUUGUYRAGU
RUCCCUGUUC
CCUCRAURRA
UURGUCCUGU
UGACUGGRUG
RCUUCGUGUU
URUUCAUUGE
UGUCUCCAGG
UGGGUCUUGEC
CRURGGCRUC
UGCCCCRURG
GGURUGAARUU
CAURARGGGCR
UGGGGRAUARY
CAUARUUGRU
UGURARGACCH
CGGCARLGUU
cauuRUGUCU
CUGUAUCRRC
vuGuGaCUGeC
uuuucccrLuG
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UCUGARRAUCC
RARACUGAUU
CGCCAARRUC
UARGCLUUGAU
GCAUGURUCA
GuUCCUURGC
CRGAGUUCULY
RAARACCRUCA
uuunAcccacy
GAUCCCGUCA
ARUUCUGRUGG
RCCAGCRAUG
RGCCRUUECUC
URURUUCUGA
ACARAUCRUGR
GARAGCAURAY
FUCURUUAGU
uGLuALUUCU
UGCARUUUUGGE
CRCRAGGACY
uucuuuuuuc
UGCUGCEGUCL
CUCGRAUCUU
GRARUCUCCU
UGAGCUURCU
ACAUUURCCC
GUCUUCARGA
AGUBUCACUU
RARUGUACAU
cuvuuccu

UAGUUUURAR
GCCLECAGGE
UGGURRRUUC
UCUUCUGAGY
UCACARULUGU
UGGCUUCUURA
UCAUUULICCA
UCRRCCUUUU
GCCGUGRRUUY
RUGGCAUUUU
UGRURACCAY
GCUCLRARLCA
ARUDUUGUGC
ARUGGGAGGL
ACUGGUGCAL
CUUGGURCCH
GUCCARGURRU
GGCUUGRRCUY
UAGRGACLUL
uccuuceccuy
ACCAGCCRUA
RCACCUCUGU
UCARARUGAUG
GGGURACAUG
GUGAGUAGUR
RAGUGCRAUG
AGRULARCAG
GARUUAUUUG
RACAAGRCUA

URCAUAUUCU
RGRCCAARCAG
UUGUUGACUC
ARCUVUGGGUR
GAURAGARAULC
CUUUCUCRUA
RUAGAACCARA
VGUUURRALU
GCGUGUICRAY
GueuGcuctu
RLCCRUCCARUC
GACCUCUAGA
UUUUGACAUAR
UGGUGUUURAY
CCCARAUURAL
CURGRUUUCC
AGCUCAUCCU
UUCUGUUARURA
GUUGRUCRGU
URVUGUURRC
UUARAUUUCU
UVUGUUUCRUG
ARCACUGRGCU
UCCCRUUGUC
AUUCACAUUC
GGGLURUCCC
AGUGUGUUAC
CARUGRAURACC
AUVAGURUUGC

1. 2. Nucleotide sequence of the HA gene of awine influenza virus strain A/NJ /11776 (H mutant) from reassortant virus X-53a.

use of dideoxynucleoside triphosphates (10), sequence infor-
mation from the same region of the HA gene was obtained and
compered for the various mutants.

RESULTS

Sequence of the H-Phenotype Swine Influenza Virus HA
Gene. The complete nucleotide sequence was determined for
the HA gene of H-phenotype virus | (Fig. 2} by the strategy
shown in Fig. 3. Swine influenza HA has been grouped with
human isolates such as A/PR/8/34 and A/WSN /33 in the H]
subtype (13). There is approximately 80% and 94% amine acid
homalogy in HAL and HAZ, respectively, between virus 1 and
these strains. The differences among them are summarized in
Fig. 4. The nucleotide and inferred amino acid sequences of
the H-phenotvpe virus 1 provide the basis for comparison with
other viruses with different antigenic and biological pheno-
types.

Sequence Analysis of HA RNAs from Qther Related Viral
Reassortants. Considering the available information on the
structure, function, and antigenic regions of the influenza HA

and the conserved nature and primarily structural role of HA2
{16), we concentrated our sequence analysis efforts on the HAl
region of the L phenatype HA RNAs. To compare HAs of the
L and H phenotypes, partial nucleotide sequences for the HA
genes of viruses 2-6 were determined indirectly by using primer
DDINA fragments from the cloned virus 1 (12}. The sequence of
the HAI region of the gene of L-prototype virus 2 was virtually
completed, except for nucleotides 1-65, 235-303, 800-850, and
1,048-1,061, which encode amino acids =1 to =11 (in the sig-
nal peptide), 51-74, 239-266. and 322-326, respectively. Com-
parison of the nuclentide sequences encoding HAL for viruses
1 and 2 revealed point mutations at bases 335 (A — C), 540 (A
— G), 547 {A = G), and 766 {C — A), resulting in changes at
amino acid residues 84, 153, 155, and 228, respectively (Table
2). Determination of the nucleotide sequences encoding these
residues in other closely related L-phenotype viruses 4 and 3
showed no differences among them with respect to residues
153 {Lys) or 228 (Asn). Therefore, Interest focused on amino
acid 155 as the probable determinant of L or H viral pheno-
type. All viruses of L phenotype had Gly at this site and the

[ e ——
. p — + - « a 8 —
S 10 15
- . A T R e
»> — o i ——— S
- * « . — —

F1c. 3. Sirate

for determining the nucleotide sequence of the cloned DNA copy of the swine influenza HA gene. The numbers refer 1o the

nucleo_tides x 167°. The sequence was determined either by copying cDNA from swine influenza genome RNA (0) (12), by the method of Maxam
and Giibert () (3), or by the didecay method (10) after subcloning fragments into bacteriophage M13 mp7.1 (@) (11).
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1
Fic. 4. Summary of amine acid differences in HA1 between A/WSN/33 {14), A/PR/8/34 (Cambridge) (15), and A/NJ/11/76 (X53a) by using
the single-letter amino acid code (12). Boxed residues indicate potentia! sites for carbohydrate attachment. The NHy-terminal residue of mature
HA ia circled. Antigenic regmns defined for A/PR/8/34 (Mt. Sinai) {17) are indicated: &, Sa; ®, 5b; 5, Cb: », Cay; and 0, CA,. A/NJ /11/76 (X53a)
aleo differs from A/WSN/33 in HAZ2 at residues 39 (WSN X63g; K~ R), 46 (N— I}, 72 (N — H}, 77 M— D113 (L8, 123(K— R), 127 (N
-+ R, MEIN—-D), 147(E—"T), 153 (R — K), 172 (K — E), 181 (Mf-& 7,182(G—> R),and 183 (V— D).

two H-phenotype viruses had Glu.

Our attention was further directed to this site by parallel
studies with monoclonal antibodies to the Sa antigenic site of
A/PR/8/34 virus, in which it was found that L and H phei
notypes could be antigenically distinguished (4). [Due to thé
conservation of key residues among influenza virus suhtype%
{16}, amina acid 155 of swine influenza virus HA is structurally
equivalent to residue 158 in H3 subtype viruses and lies within
the H1 Sa antigenic site {17).] The conclusion that aming acid
153 is indeed (%e relevant residue is reinforced by phenotypié
and biological comparison of viruses 5 and 6, Virus 3 was cloned
by five successive plagque-to-plague passages in MDCK cellt
(Table 1). After additional MDCK and chicken embryo pas:
sages, virus 6 emerged as a large plaque-forming (biologic) mui
tant of H antigenic phenotype. Corres;xmdmg to this changé
in antigenic and biologic phenotype, amino acid 155 changed
from Gly to Glu (Table 2}, as a result of a point mutation (C —*
A) at nucleotide 547.

Virus 3 (non-L, non-H antigenically} was selected with PRB[
HK antiserum from H reassortant X-53a(el)-PR8 (Fig. 1). It |§
nonreactive with antibodies specific for either L or H mutants!
Its biologic phenatype must be-provisionally defined as H on
the basis of its vield in chicken embryos and large plaque size;
but it has not yet been administered to swine. Like viruses o"
H phenotype, it has Clu at position 155, but, unlike H viruse$
} and 6 {and indeed all of the other viruses studied}, as a resul
of a C — A mutation at nucleotide 558, it has Thr rather thad
Pro at nearby position 159. The change here at this “anchor res-
idue” (16) might weli influence the binding of antibody to the
region containing residue 155,

: 1

{

DISCUSSION

The Swine Influenza Virus {(X53a) HA Sequence, The com-
plete nucleotide sequence for the H-phenotype swine influenza
virus (X-33a) has been determined (Fig. 2}. The inferred amino
acid sequence revealed, as expected, a high degree of homol.
ogy with the HA proteins of other H1 subtype viruses. The swine
HA gene encodes a signal sequence of 17 amino acids and HAI
and HAZ2 regions of 326 and 222 amino acids, respectively; a
single Arg residue links HA] and HA2. In comparing the HA
amino acid sequences for A/WSN /33, A/PR/8/34, and X-53a,
all classified as members of the H1 subtype, it is evident that
in HA1 amino acid changes are widely scattered, making the
significance of many differences difficult to assess (Fig. 4).
However, two features are worth comment: {i} there are notable
clusters of amino acid differences, particularly between X-53a
and the other viruses, in and adjacent to the regions corre-
sponding to the known antigenic sites of the H1 HA molecule
{(17)—in particular, the Ca2, Cb, and Sb sites; (i} compared
with A/WSN/33, the swine HA has lost three carhohydrate
attachment sites (at Asn residues 56, 127, and 269) and gained
one {at Asn residue 287). Moreover. the Hsw HA retains no
attachment sites where the presence of carbohydrate could po-
tentially mask proposed antigenic regions {16, 17). This may
explain the drift in the amino acid sequence of the Hsw HA,
compared with those of A/WSN/33 and A/PR/B/M in the re-
gion of residues 127-142 and 267-272 (Fig. 4). The latter re-
gion, which retains a carbohydrate site in A/PR/8/34 and did
not change in laboratory-selected variants (17), is structurally
Eeqt;ivalent to H3 residues 268-274—i.e., the C antigenic site
16).
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Comparison of L and H Phenotype HAs. Our comparison
of nucleotide sequences for the HAI regions of L and H phe-
notype reassortants 1 and 2 has demonstrated few differences.
It is notable that two of the four differences found are within
an antigenic region defined for the closely related PRS virus
and that monoclonal antibodies to this (Sa) region can distin-
guish between the L and H mutants. When virus 6, the H re-
vertant of L phenotype virus 3, was studied by sequence anal-
ysis of the viral RNA through the Sa region, only a single deduced
amino acid change was found at position 135, although the re-
vertant virus 6 had changed both in biologic and antigenic phe-
notype. It is significant that this revertant emerged as a high-
vielding (biclogic phenotype) variant in MDCK cells and was
not selected with antibody.

These data, together with those obtained from study of the
other reassortants, indicate that Cly at position 155 predicts L
phenotype and Glu predicts H phenotype. An exception is vi-
rus 3, which has lost reactivity with H-reactive antibody during
anti-H immunoselection, but which retains Glu at position 155.
However, the Pro to Thr change at neighboring residve 159
might alter antibody binding to the Sa site without affecting
whatever function of Glu determines biologic phenotype.

The large plagque L variant, virus 4, was selected for se-
fuence analysis with the expectation that its changed biologic
phenotype might reflect mutation of other viral genes as has
heen observed with other large plaque mutants of other vi-
ruses. Tn this case, the retention of Gly at position 135 can be
correlated with its retained L, antigenic phenotype.

Biological Implications of the Mutation. Mutation at residue
135 {corresponding to position 158 on the Wiley et ol. H3 HA
model (16)] is at a credible site to influence viral biologic ac-
tivity. This residue is ncar the tip of the HA monomer im-
mediately adjacent to the propesed receptor binding site. Two
functions have been unequivocally ascribed to the HA molecule
that could be expected to significantly influence viral repli-
cation: (i) attachment to cellular receptors and (ii) mediation of
infection of the cell after posttranslational modification of the
HA by cellular proteases (18). In view of the evidence that the
key mutation is at a site at or ncar the receptor pocket at the
top of the HA spike, it seems unlikely that the mutants differ
with respect to the second function and probable that the mu-
tation influences cellular attachment in some way. {We have
found no difference in the cleavage of HA or protease suscep-
tibility of L and H prototypes.} Accordingly, we have studied
the absorption kinetics of L and H reassortants in MDCK cell
monolayers (in which replication differences are manifest) but
have not found significant differences (data not shown). In studies
of attachment of the virus to receptors of erythrocytes of a va-
riety of species we have found differences in hemagglutination
pattern only with sheep erythrocytes, L mutants bind with
slightly greater avidity to sheep erythrocytes, as reflected by
slower elution of virus and disagglutination of cells under con-
ditions in which neuraminidase activity is absent or abolished.

The present experiments provide biochemical confirmation
of previously presented genetic evidence (1) that change in viral
replicative capacity or virulence (plaque size) may coinciden.
tally be associated with antigenic change related to a single mu-
tation. By inference, minor antigenie variation as defined by
highly specific (monoclonal) antibody is not necessarily selected
for as a reciprocal of modulation by host antibody but can be

Proc. Natl. Acad, Sci. USA 80 (1983)

driven by primary selection for changes in the HA that affect
its biological function. It should be stressed that H mutants arise
in the absence of immunoselection in host systems favoring their
replication, in which case the coincident minor antigenic change
appears to be essentially fortuitous (18). Minor antigenic vari-
ation oceurs also in A/NWS/33 (HIN1) HA mutants selected
for different trypsin sensitivity (20). Additional evidence for
nonimmunologic selection of antigenic variants comes from re-
cent studies of influenza B-virus subpopulations in which an-
tigenicity varies with different host cell tropisms (21). Indeed,
the phenomenon may be a general one. Pathogenicity of fixed
rabies virus strains for adult mice depends on the presence of
an antigenic determinant on the viral glveoprotein (22), whereas
HA antigenic variants of reovirus type 3 are changed in neu-
rovirulence (23).

It is not surprising that changes affecting viral replication and
virulence might occur at antigenic sites, because such sites must
be at the exterior of the molecule in accessible locations for in-
teraction with host cells.

We are indebted to Ms. B, A, Pokomy for skilled technical assis-
tance. This work was supported, in part, by U.S. Public Health Service
Grant A1-09304.
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Abstract

We studied receptor-binding  propertics of influenza virus isolates from birds and mammals using polymere canjugates ot
siatoolivnsaccharides terminated with common NewdAca2-3Gal3 frapment but differing by the structure of the inner pan of carbohydraie
chain. Viruses 1solated from distinet avian apecies differed by their recognition of the mner patt of ohgosacchande recepior. Thuck viruses
displayed high atfTinity for weeptors having #1-3 rather than 234 linkage berween SenSAca2-1Gal-disaccharide and penuliimate N-
acetvlhexnsamine residue. lrucose and sulfate substiruents at this residue had neganve and low effect, respectively. on saceharide binding w
duck viruses, By coniradl, guil vivuses preferentially bound (o receptors bearing fucose at N-acelylglucosamine residue. whereas chicken and  *
mammalian viruses demaonstrated increased affiniy fur oligosaceharides that harbored sulfo group at position & of (B1=4)-linked GleNAc.
These data suggest that although all avian intfluenza viruses preferentially bind to NeuSAca2-3Gal-terminated receptors, the fing receptor
speciticity of the viruses varies depending on the avian species. Further studies are required o desermine whether obsery ed host-dependent
differenves in the recepior specificinge of avian viruses can affect their ability w infect hamans,

& 2005 Published by Elsevier Inc.

fovworde Influenza vinus; Hemaggluumin: Recepror speetfiaity: Sizlvioligosacchendes: Glieepalymers

Introduction O-acewvlated sialic acid (Herrler et al, 1983) THuman
influenza B viruses and HI subtype inflnenza A viruses

Uil recently, the receplor specificity of influenza do not bind J-O-aceivlated sialic acid (Neud SAc.),
viruses has been mainiy  defined in terms  of iheir whereas 4-O-acerviation does put affect bindmg of H2
recognition of sioliv ackd species (NeuSAc. Neu3Ge, and HY subtype viruses  (Matrosovich ot al, 1992y
Neud SAcs, et and the type of glycosidic linkage Equine H3INS viruses. in conmast 10 closely relmed duck

between sialic acd and penultimate galactose (a2-3 or

w2-0) In conmast o otype A and B influenza viruses,
which bind to NeuSAc¢/Ge. influgnza C virus binds o 9-

* LCorresponding awhor Fax: =7 03 330 85 92,
E-tcal aeldves<, bovined corbiibehou (N Boving,

(1042-A822°% « sce front matter o 2003 Published by Elsevier Ine.
doi 10 G641 virel. 2003,02.003

viruses. lost the ability to bind 1o Neud SAc. (Marraso-
vich et al.. 1998). The ability to recognize N-glveolyl form
of sialic acid {NeudGe} was reported for a number of H2
subtype viruses from humans, ducks. pigs and horses raising
a hypothesis that this abilitv is adaptive (Ito et al., 2080;
Masuda et al.. 1999: Matrosovich et al.. 1997 Suzuks et al.,
1997},
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acetylhexosanvne, 6-0-5u-3'SLN, 6-0-Su-5igTF, 6-0-So-
Sial.e® and 6-03-Su-Sial.e®. Presence of sulfate typically did
not affect the binding of gull and duck viruses. However, in
the case of clicken, swine. equine and seal viruses sulfate al
thiz position increazed the binding affinity. Tu particular. the
atlinity ol chicken HS sviruses and equine H3 virus for 6-0-
Su-¥51N was drasteally increnxed comparing 10 ¥ SN,
HT viruses from chicken and seal, as well as all swine
viruses displaved an enhanced affinity for 6-0-Su-Sialc”,
which is the analeg ol 6-0-Su-3'SLN  with additional
fucose, In the model of putative disposition of sulfo analogs
in the RBS of H3 virus (Fig 1), the sulfo group of 6-0-Su-
Siale® is located closely to positively charged Lys193,
whereas in case ot 6-03-5u-5iale". it is divecied towards the
solutdon, Our data suggest that RBS of chicken viruses

A Camburan eral. ¢ f'."r'n)pg'. 334 1203 276083

supports the energetically favorable interaction berween 193
aming acid and negatively charged sulfo group of 6-03-Su-
Siale™ and 6-0-Su-3'SLXN.

U Fueo-substiteent

l cither

Most duck viruses bound Sial et fram 3 1o 20 omes
weaker than 3'SLN. In contrast. all tested gufl viuses off
Ha, H5. He. HIS and HI4 subtvpes demonstrared allinny
for Sial.e® not lower than that for 3'SLNX. On the moded ot
Ha-Sial.e® comples (Fig 1) muiely
relatively close to the amino acid conseqguently tine
changes m the HA structure in this vegion could head o
favorable mtcractions or stene interforence. A
comparative analysis of six sequenced HA H13 viuses

fucose localed

317

+ and other subtvpe vinses showed presence of substantial

differences i the composition of amine acids of the regron
of 210-230 loop in HIF vimuses. in position 222, in all
viruses isolated trom ducks, there is a bulky anmne acid,
whereas in HA H13 it is subsututed by Olv. The HONS
virnsg GullzAstrakhan 16586 alse has small amine acid Ala
at 222 position. Hd duck viruses display maximal atfimts
for S1aTF and decreased affinity tor fucosylated sialasace
charides. A1 e sume tme. H4 pull viruses isolatad in
2000-2002 have high sffinity for Siale® The H4NO vipus
Tem/Burvatiya:- 190100 revealed replacement 20058er + Pro
1in companson to HANG duck viruses. Serd0s is located
" between constant for ali subtypes Arg220 and Pro221 of the
adjacent monamer of a hemagghuinin, hence replacement
Ser—Tro ¢can st the 222 aminoe acid. High affiniy of alt
guil viruses and low affinity of all duck viruses for Sale®
streagly sugeest that duck virus HA adapts (o recognize the
Ctucosylated receptor after the vius mumsmission wand
sereudaton mogulls.

Our date demonstrate

‘ ciear distinenions iy the reeeptor
ispct‘iﬂcily of infiuenza viroses from ducks, gells, and
Cterrestrizl poulty (g 2y Although all avime viruses
{recognize e same terminal NeuSAce 2-3Ga motit v iruses
vof distinet bird species evolve to additonat recogninon of
more distant parts of the oligosaccharide recepior. Thus.
i duck viruses preferentially bind to sialosaccharndes with -3
|bond between NeuSAca2-3Cial and penultimate carbuhy-
drate residue: most of these viruses have maximal atfinny
{for NeuSAca2-3Galp1-3GalNAce. We huve demonsiraied
Yearlier thut duck viruses bind strongly to gangliosde GDTa
twhich camics the same trisaccharide moicty as well s
oostruciurally pot vet defined  gangliosides from duck
"mtestine (Gambarvan et al L 20022, 2002b: Matrasa wh el
al.. 1997y, One can speculate that ganglivsides wath termmal
NeuSAcal2-3Gal ) -3GalNAc moieties serve as functional
ireceptors of influenza viruses in duck intestinal tssues,

' Receptor speciicity of chicken vinises ditlered from that
of refated duck viruses. Most duck H3 viruses bound to -
SiaGalNAce almnst as well as o 3-8iaGal. Clucken 113N
viruses isolated in Hong Kong in 1997 have markedly
:dccrcascd atfinity to 3-SiGalNAcn, a findig suugesting
ithe different positon ol pgalactose in RBS of duch and

|
|
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We have developed an eight-plasmid DNA transfection system for
the rescue of infectious influenza A virus from cloned ¢DNA. in this
plasmid-based expression system, viral cDNA is inserted between
the RNA polymerase | (pol l) promoter and terminator sequences.
This entire pol{ transcription unit is flanked by an RNA polymerase
i (pol 1} promoter and a polyadenylation site, The orientation of
the two transcription units allows the synthesis of negative-sense
viral RNA and positive-sense mRNA from one viral cDNA template.
This pol [-pol Il system starts with the initiation of transcription of
the two cellular RNA polymerase enzymes from their own pro-
moters, presumably in different compartments of the nucleus. The
interaction of all molecules derived from the cellular and viral
transcription and translation machinery results in the generation of
Infectious influenza A virus. The utility of this system is proved by
the recovery of the two influenza A viruses: A/WSN/33 (H1N1) and
A Teal HK/W312/97 {HEN1). Seventy-two hours after the trans-
fection of eight expression plasmids into cocultured 293T and
MDCK cells, the virus yield in the supernatant of the transfected
cells was between 2 x 105 and 2 x 107 infectious viruses per
milliliter. We also used this eight-plasmid system for the genera-
tion of single and quadruple reassortant viruses between A/Teal/
HK *W312 97 {H6N1) and A WSN-33 {H1N1), Because the pol I-pal
Il system facilitates the design and recovery of both recombinant
and reassortant influenza A viruses, it may alse be applicable to the
recovery of other RNA viruses entirely from cloned ¢DNA,

I nfluenza A virus, 2 member of the fanuly Orthomyxeviridae, is
a negative-sense RIVA virus with a segmented genome. Iis
geneie composition allows this virug to evolve by reassoriment
of gene sepments from different straing, Of the |5 hemagglutinin
(HA) and 9 neuraminidase (NA) subtypes circulating in aguatic
birds, only the HINT. H2NZ, and H3N?2 subtypes are known to
have caused paademics in humans (1), There is evidence that
pigs van serve as an intermediate host (mixing vessel”™) for the
generation ol new straing that are pathogenic in humang (2. The
H5N1 influenza A autbreak in Hong Kong in 1997 showed ihat
highty pathogenic mfluenyia A vireses can also be (ransmiied
divevtly from avian species 1o humans (3-01 The potentiat of
mituenza A virases tooavnerate aew pathogenic straing trom a
vasi number of circulating ~tains i the nawral reservoir indi-
cates that diseuse control requires monitering these viruses and
developmg mproved antiviral therapios and vacomes,

Faor influenza A virus, reverse-genencs svstems have allowed
the mampulation of the viral genome (7. &), Unlike posilive-
strand vireses {Le. poliovirus). the negative-sense viral RNAs
(vVRNAz) of mfluenza A viruses are not infeetious, Only vRNA
molecules encapsidated with the four viral polymerase complex
proteins (PBL PB2. PA. nuclevprotein) are able to initiate a viral
replication and transcription cyele. After the ribonucleoproteins
(RNPs) penetrare the cell nucleus. the associated proieins begin
to transcribe the (—pwRNAs inte mRNAs and { +)cRNAs. These
¢RNAs serve as templates for the synthesis of vRNAs. The first
reverse-geneties system Lo be developed for influenza A viros
was the RNT-transfvction methaod (9. 10y, Aflter {n viro tran-
scrpiion of virus-like vRRNA by T2 or T7 RNA polvmerase and
61DB-6113  PNAS  May 23, 2000
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reconstitution of viral ribonucleoprolein (VRNP) molecules.
genetically altered RNP segments were mtroduced into eukary-
eiic cells by transfection. Infection with influenza helper virus
resulied in the generation of viruses possessing a gene derived
fraom cloned ¢DNA. The establishment of the RNA polymerise
[ (pol D-driven synthesis of vVRNA molecnles i vivo allowed the
intracetlular production of RNP complexes (110 1o thie evslem,
virus-like ¢DYNA was mserted between the pol T promuter and
terminator sequences (12), Unlike the mRNA tronscripts svn-
thesized by RNA polymerase H (pol 1), pol -generated RNAs
lack both o 57 cap and o 37 poh(A1 tail, Funcional vRND
melecnles could be peneraied cither by intechion with helper
vires or by entranslection of protein eapression plasmids enod-
ing PB1. PB2. PA. or nucleoprotemns (11, 13-131. Recent studies
demonstrated that the plasmid-driven expression ot all eight
vRINAs fromy a pol | promoter and the coexpression of the
polvmerase complex proteins result in the tormation of infec-
tious influenza A virus (16, 17). Beeause the generaiion o
influenza A virus entirely from plasmids requires no infection
with helper virus, no selection ssstem is needed: therefore, all
gene segmenis can he manipulated without technical limitations,
Previously. we esiablished a new transeription svstem that allows
the recovery of infectious virus if the PB1 ¢DNA is inverted
between a pol Epromoter and @ pol IT promoter (ref. 18, Fig. 1.
Catransfection of a pol I-pal I promoter PBL construct with
plasmids expressing vRNA and viral proteins resulted in the
production of virus,

Here, we describe a plasmid-based transrection system for the
rescue of influenza A virus emtiredy from cloned ¢cONA, Unlike
cstablished plasmid-based svstems. this svstem for the generu-
tion of influenza A virus consists of the construction and

transtection uf only eight plasmids, each containing one copy ol

Ihe viral cDNA. This reverse-genclics svstem reduces the num-
ber of plasmids required for the recovery ol influenza A viruses
and allows the generation of reassoriant viruses.

Materials and Metheds

Cloning of Plasmids. The plasmicl plIW2IHNS (Fig, 34) is derived
fram pIIWIZ {18} This cloning vecter contains 223 bp of 1he
human pol I promaoter and 33 bp of the murine ernunior
seyuence separated by twe Bam B sites. The pol [ promater and
terminator clements are tanked by a troncued immedinie—
eurly promoter o1 the human cvtomegalovirus (staring approx-
iaiely 350 bp upstrean ol the transeription start site as lound
i peDNAS Tnvitrogen) and by the polvadenviation signal of the

abbreviatons: HA, hemagglutinin; MDCK cells, Madin-Darby carine k drey cells; 4,
neuraminidase, NS, aonstruttural; M, matrix, ol b RRA polymerose § pel [, R&A polymar-
ase lI; RNP, ribonucieoprotein; RT-PCR. reverse transcriptase- PCR vRNA, voral ®NA
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Fig. t.  Schematic reprasentation of the pol I-pol Il transcription system for
synthesis of vRNA and mRNA, The cDNA of each of the eight influenza virus
segments is inserted between the pol | promoter (py.} and the pol | terminator
(v} This pol L transcriptian unit s flanked by the pol Il promoter {p- CMvV) of the
human cytomegalovirus and the pelvadenylation signal (aBGH) of the gene
encoding bavine growth hormone. After transfection of the eight expresyion
plasmids, two types of molecules are synthesized. From the human pal |
promoter, negative-sense vRNA is synthesized by celivlar pol I. The synthe-
sized VRNA contans the noncoding regions {NCR) at the 5" and 3 ends,
Transcr phian by por b vielas mRNAs witn S cap structures and 37 poiyiA) tails:
these mRNAs are translatea intoviral proteins. The ATG of the viral cDNA isthe
Hrst ATG downstream of the pol Il transcription start site.

gene entoding bowise growin hormone. The eight plasnuids
contaring the cDNA b the virus A/WSNI5 {HIND
PHWLOST-PRID pHW IS2-PRIL pHIWIERR-PA, pHWISI-HA,
pHWL S NP pHWLSa-NA pHWIBRT-M. and pHWISE-NGS (NS,
were constructed by inserting Apal=Sofl fragments (with viral
¢DNA and pol T prometer and terminator sequenees) of the
plasiids pPoll-WSN-PB2, pPoll- WEN-PBL. pPoll-WSN-PA,
PPOIE-WSNNPD pPall-WSEN-HA. pPoll-WSN-NA (16).
pHWI27-M. and pHWI28-NS (18} into the Apal-Sall vector
fragment of pHW2IN00, The cight plasmids containing the ¢cDNA
of A/Teal /HK/W312/97 (HOND (pHW241-PB2, pHW242-
PRI pHW2IA-PA pHWZIA-HA pHW245.NP, pHW246-NA,
pHWIA7-M. and pHWIIR-NS) were constructed by reverse
transcriptase-PCR {(RT-PCR) amplitication of the viral RNA,
The primers used in the PCR reaction conlained segment-
specific sequentes at their 3 ends und BsinBLor Bsal restriction
site seguences ot their 5 oendse After digestion of the PCR
products with BunBLor Bl the sragments were cloned into the
vector pHEW I (Frg. 34). The sequences of the nrimers we
used are available on request. Toe ensure that the vired cDNAs
derived trom RT-FOR amplitication in the expression plasmids
did et have onwanted mutations. the inserted cDNAs were
seutienved

Viruses and Cell Culture, Tntluenza viruses A/WEN 33 (HINTY
and A Teal 'HRK/AWAL2 07 (HANT ) were propagated in 10-dav-
Sl oeges, Mudin=Dwrby conine Ridney (MDCK) cells were
maintained m MENM contwning (07% FBS. 293T human embry-
onie Kidney ceils were cultured i Qpti-MEM 1 {Life Technosl-
- gien. Guithersbureg MD) contaming 3% FBS. For the rans-
oottt aaperiiients, siy-weldl tssue vulture plates were used, The
day before transtecaen. continent 293T and MDCK cells ina 75
<’ tlask were trypsinized, und 1078 of cach cell line was mixed
S ml OptiMEN B3 mlof this cell suspension was seeded inio
ane welb of o sewell pliate, The cocultured MDCR and 293T
cell (0.2 = 8 <0 vells per well cachy were used for the
transtection esperinzents. Trans[T LT-1 (Panvera, Madison, WI)

Hoffman~ af ar,

vowas used accerding te the manulacturer’s instruciions to irdns-

tect the cells, Briefly, 2 plof Trags [T LT-1 per ! opg ot DNA was

mixed. incubated at room temperaturee for 45 min. and added

the ceils, Six hours fater, the DN A-manstecnon mixture wos
|oreplaced by Opt-MEM L Thirts hours efter transfectien, 1l
ol Opti-MENM T contiining TPCK-trvpan was wdded 1 the cells;
this addition resulted v a final concentration of TRPCK-trypain
of 0.5 pg/ml in the cell supernatant. The virus fiter ot tae vl
supernarant was determmed by titration of the supernat 2t -n
MDCK cells.

RNA lsolation and RT-PCR. Viral RNA was isolated from virus
partictes with the RNeasv-Kit (Qiagen. Valencia. CA). which
was used according 1o the manulacturer’s instructois. For
characterization of recombinant influenza viruses. the Access
RT-PCR kit (Promega) was used aceording to the protogol
provided. The following primers were used m the RE-POR
experinments: Bm-NS#1 (5-TAT TCG TCT CAG GGA GCA
AAA GCA GGG TG-3") and Bm-NS#2 (3-ATA TCG TCT
CCOT ATT AGT AGA AACAAG GGT GTTTT-3). RT-PCR
experiments were pertormed by using the PTC-200 DNA enpine
(MJ Research. Watertown, MA), The amplificaiion program
started with 1 evele at 48°C for 45 min and 1 eyele ar w48 tor
2 min. These eycles were followed by 40 eveles ot 93°C for Z0see,
52°C for M sec.and 72°C for 40 seer the program ended with one
cycle at 72°C for 5 min. The PCR products were anayvzed
agarose gel electrophotesis and ~eguenced w:th the orimer
Bm-N5#1. The Center tor Biotechneiogy at 8t Jude Claldren s
Rescarch Hospiial determined the sequence b twmpiate DNA
by using rhedamine or dRhadamine dve-termmator awle ¢
guenving ready reaction Kits with AmphTag DNA pefymerase
Fs [Perkin-Eimer/Applicd Biosvstems (1PE ABH] and s
thetic eiiganucicetidey, Samples were subjectod fo slecitophore-
sis, derection, und analysis on PEOABE model 373 rade, 373
Stretch, or muedel 377 DNA seyuencers,

Results

Establishment of the pol I-pol Il System for the Generation of
AWSN:33 (HIN1), Because the geneme ol mfluenze A viras
containg efghl segmenis, we reasoned thad the mseriion of ail
cight influenza A eDNAs between o pol I promuoter and a pev
1T promoter should result in the transcription of the eight
VRNAS, all viral mRNAs, and in the syathesis of ail it virn!
proteins (Fig. 1) After assembly of all vRNPr wilh the
Ustructural proteins. infections influenza A virus should then be
formed (Fig. 2%

To test whether we could rescue infectious influenzs A virus
Dwith this cDNAbidizectional transeription sslem. we con-
| structed the cight expression plasmids (pHWISI-PBZ.

pHWIRZ-PBI. pHWIS3-PA, pHWIRLHA, pHWISIS-NP,

pHWIRO-NA, pHWIST-M, and pHWISR-NS) containing the
Jeight cDNAs of A/WSNAY (HINDL We cotrunstecied egnt
Fplasmids (1 pe wf each plasmud) (Table i1 mle trinsents
cocultured 203T-MDCK cells. Both ¢oll boes were coculiured
vinone cell-onlrure well the day hetore transteciion tooensure
conditions for high DDNA rransfection etficreney (263 T (ells
and for repuication efficiency (MDOK celivh of intluenca A
viruses, Abter A8 and T2 ko the MDOK cells snewed nosirase
induced ¢vtapathic ettect. but no cvtopatnic ettec. was
abserved after transfection of seven prsm ds werbent e
PBl-eapression construct ¢ Tubde 11 The siras wter 1 0w
paupernstant of transfected celis was deternuned at duterent
itimcs after rransfection My ntration i MDCK cells, Tweniy-
Sfowr howrs after transtection, e cell supernatant ¢ sntned

I =0 WY siruses per miblditer: 2 107 infectious virases were
chnrr:ned 72 hoarter wansfection (Table 11, The recovered
pviruses were passaged two limes on MDCK cells, To verity tha
the generated virus was the designed ASWSEN-virus, we pie

:
I
L
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5. De la Solicitud de Patente

Reivindicaciones (Art 30 D 486, Art 22 PCT)

Las reivindicaciones 1, 23 y 24 no son claras por que se refieren a un
polinucledtido pero lo caracterizan por la proteina codificada. El solicitante
debe aportar la secuencia exacta del polinuclédtido reclamado. Por otra parte el
solicitante debe aclarar cual es la diferencia entre los polinucleétidos de las
reivindicaciones 23 y 24, ya que tal como estan escritas se refieren alamisma
molécula. Por ultimo, se recuerda al solicitante gue cualquiera de las
macromoléculas mencionadas debe ser caracterizada por su secuencia
completa, la cual ademéas debe ser adjuntada en un listado aparte con su
respectivo SEQ ID NO, y que no se aceptan definiciones indicando
porcentajes de homologia o identidad, puesto que esta definicion no
permite establecer la secuencia aminodacida o nucledtida exacta a la que se
refiere, tal como sucede en las reivindicaciones 25 y 26,

Las reivindicaciones 3 a 6 pretende caracterizar un polinicleotido por su uso,
se recuerda al solicitante que los usos son materia no patentable de acuerdo a
Art 14y 21 D 486.

La reivindicacion 8 no es clara por que no especifica cual es la cantidad
efectiva de la proteina aislada reclamada.

La reivindicacion 9 no es clara por no especifica la estructura de los
promotores y acidos nucleicos codificantes que conforman el cassette de
expresion reclamado.

El solicitante debe especificar cual es la célula reclamada en las
reivindicaciones 10 a 12, suministrando el certificado de depdsito para la cepa,
y cual es el vector especifico reclamado en la reivindicacién 13. Se recuerda al
solicitante gue no es valido reclamar células que hacen parte de un organismo
pluricelular como plantas o animales, ya que ello equivale a pedir proteceion
sobre la planta o animal, materia no patentable bajo Art 15 D 486 literal b,
El'método de la reivindicacién 19 no es claro por que no especifica cuales son
los pasos secuenciales por los cuales las células vegetales transformadas
entran en contacto con el insecto. Si dichos pasos estan relacionados con el
proceso de alimentacion del insecto, el método no es patentable ya que este
€8 un proceso que ocurre de forma natural (el insecto se alimenta de una
planta) y el solicitante no tiene incidencia sobre el. El hecho de que la planta
sea modificada tampoco justifica la patentabilidad del método, ya que
necesariamente involucra el proceso natural de alimentacion del insecto.

La reivindicacion 21 no es clara por que no identifica la estructura de la sonda
que hibridiza con el polinucleétido de interés, ni cual es el método de
deteccion de la hibridacién.

La reivindicacion 22 no es clara por que no identifica inequivocamente el
anticuerpo utilizado en la deteccién del poliniucledtido ni el método de
deteccion de dicha union. Es importante mencionar gue un anticuerpo debe
caracterizarlo a partir de su estructura completa, mencionando las secuencias
que lo conforman en la cadena ligera y cadena pesada, o las secuencias
variables de las cadenas ligera y pesada o las secuencias de los 6 CDR's que
conforman ambas cadenas.

El término: "aproximadamente” utilizado a lo largo del capitulo reivindicatorio
(reivindicaciones 27, 29 y 30), es impreciso, por lo cual no permite distinguir la
invencion del estado de la técnica. Se sugiere sustituirlo por un término
Preciso o un rango concreto

La reivindicacion 28 no es clara, ya que se refiere a un composicion que
comprende un cantidad efectiva de la proteina CryA.105 con SEQ ID NO 2,
donde dicha composicion se selecciona del grupo que consiste en una célula
vegetal, una célula bacteriana, una célula fungica, un coloide, una emulsion,
un recubrimiento para semillas, una carnada y un polvo recubrimiento para
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semillas, una carnada y un polvo, sin embargo los miembros del grupo
mencionado no corresponden a composiciones. El solicitante debe aclarar
cual es el objeto que desea proteger, tanto en esta reivindicacién como en las
dependientes 29 y 30. Por otra parte, la reivindicacion dependiente 29 debe
restringir el rango del contenido de Cry1A.105 en la composicién, ya que el
proporcionado muy amplio (Dos ordenes de magnitud).

- La reivindicacién 32 no es clara por que se refiere a una composicion pero la
caracteriza por la sonda capaz de reconocer el polinucleétido que codifica la
proteina de interés, el solicitante debe caracterizar la composicion por sus
caracteristicas esenciales: componentes {con su respectiva estructura) y
propercicnes. De la misma manera la reivindicacion 33 no es clara por que
pretende caracterizar la composicion por un resultado esperado
correspondiente a su efecto sobre una plaga. '

- Las Reivindicaciones 34 a 36 no son claras porque se refieren a métodos para
el control de una infestacion de insectos lepidopteros en donde el solicitante
no ha realizado ninguna medificacion sobre los insectos, sino sobre el cultivo,
ya que el método se centra en la el control de |a infestacion no es claro cual es
la mano del inventor sobre el método. Se aclara al solicitante que si su
intencién es reclamar ta planta capaz de expresar la proteina insecticida, esta
no es patentable bajo Art 15 D 486 literal b, por otra parte, si la intencién del
solicitante es reclamar el metodo de aspersioén de dicha proteina insecticida,
este tampoco es patentable debido a que se considera un uso (Art 14y 21D
486).

6. Determinacion del Estado de la Técnica

El Estado de la Técnica se determiné con base en la fecha de presentacion de la
solicitud de prioridad: 31/Agosto/2005, y no se encontraron documentos que anticipen
el objeto de esta solicitud.

En cumplimiento del articulo 45 de la Decision 486 de la Comisién de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir de |la fecha de notificacién de la presente comunicacion. En caso de
no dar respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran
los impedimentos para la concesion, se denegara la patente.

Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término
faltante para... y presentarla por escrito

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del
capitulo quinto del titulo primero de {a Circular Unica No. 10 de 2001.

Director de Nuevas Creaciones (E)

El anterior requerimiento fue notificado por fijacion en lista, de fecha

18 JUL. 201

Elaborado por. Sandra Carolina Crespo Cardenas e{

. . . s
Revisado Por: Consuelo Leguizamon Leguizamon

Aprobado por: Jesus Fernel Garcia Garcla
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