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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

RAD: 12­1297­  ­9
DEP: 2020  DIRECCION DE NUEVAS CREACIONES 
TRA: 11  PCT­PATENTE DE INVENCION CAPITULOS I Y II 
ACT: 519   PRESENTACION 

FECHA:  2013­08­13 12:48:01
EVE:  378  FASE NACIONAL INCLUIDO CAPITULO I 
FOLIOS:   16

Como resultado del examen de fondo realizado, con fundamento en el Artículo 45 
de la Decisión 486 de la Comisión de la Comunidad Andina, se comunica:

1. Documentos estudiados  

Descripción: No. 12-001297-00000-0000 04/Enero/2012
Reivindicaciones: No. 12-001297-00000-0000 04/Enero/2012

No. 12-001297-00001-0000 30/Enero/2012
Dibujos: No. 12-001297-00000-0000 04/Enero/2012
Secuencias: No. 12-001297-00000-0000 04/Enero/2012
Prioridad: US 61/220,358

US 61/239,880
US 61/322,102

25/Junio/2009
04/Septiembre/2009
08/Abril/2009

2. Análisis de la Prioridad

Se aceptan las reivindicaciones de prioridad porque ésta solicitud fue presentada 
dentro del plazo establecido (Art. 9 D 486) y su contenido técnico corresponde con 
el de las prioridades reivindicadas.

3.  Objeto de la invención

De acuerdo con lo establecido en el numeral 1.2.2.2 del capítulo primero del Título 
10 de la Circular Única para efectos del examen de patentabilidad, se tendrá en 
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cuenta la tasa pagada por el solicitante al momento de comenzar el examen para 
las reivindicaciones adicionales; esto es que cuando la solicitud contenga más de 
diez (10) reivindicaciones y no se haya pagado la tasa complementaria, sólo se 
estudiarán las cubiertas por la tasa pagada. En el presente caso se estudiará la 
totalidad del capítulo reivindicatorio  No. 12-001297-00001-0000 (reivindicaciones 
1-31).

Título  de  la  solicitud:  “Construcciones  novedosas  de  proteína  del  virus  del 
papiloma humano (HPV) y su uso en la prevención de la enfermedad por HPV”

El problema planteado en esta solicitud consiste en la necesidad de obtener una 
vacuna  más  efectiva  para  la  protección  de  varios  tipos  de  virus  del  papiloma 
humano, útiles para tratar el cáncer.

Para  resolver  este  problema  técnico  la  solicitud  en  estudio  proporciona 
construcciones quiméricas de proteína del virus de papiloma humano (HPV), que 
comprenden proteínas L1 con un péptido L2 de HPV insertado en la proteína L1. 

El objeto de la presente solicitud se relaciona con la Clasificación Internacional de 
Patentes (CIP): A61K  39/12. 

4. Reivindicaciones relativas a un uso (Art 14 D 486)

El uso de las reivindicaciones 19 y 31 no es patentable, de acuerdo con el Art 14. 
No obstante, la reivindicación 31 se encabeza como una composición, se está 
definiendo por su uso y por lo tanto no es patentable de acuerdo con el Art 14. 

5. De la solicitud de patente 

Titulo

El  título  no  corresponde  con  el  objeto  de  la  solicitud  porque  el  uso  de  las 
construcciones no es patentable, por lo cual se  sugiere al solicitante eliminar la 
frase “y su uso en la prevención de la enfermedad por HPV”.

Descripción (Art 28  D 486)

La descripción no divulga el polipéptido en donde el péptido L2 consiste en los 
aminoácidos 17-36 de L2 de HPV tipo 33 y/o en los aminoácidos 56-75 de L2 de 
HPV tipo 58, de manera suficientemente completa para que la persona del oficio 
normalmente versada en la materia pueda ejecutarla ó reproducirla.

Reivindicaciones (Art 30 D 486, Art 22 PCT)

1­ Las  reivindicaciones  14 y  31  indican  el  uso  que  puede  darse  al  producto 
reivindicado, el cual no es una característica técnica que defina a la invención. 
Se sugiere hacer la aclaración respectiva. 

2­ La  reivindicación  20  menciona un  procedimiento  pero  este  no  se  define 
mediante características como alguna etapa ó alguna condición específica en 
que  debiera  realizarse.  Se  sugiere,  entonces,  definir  la  invención  por  sus 
características esenciales, estructurales o funcionales. 

3- El capítulo reivindicatorio no es conciso porque contiene un excesivo número 
de reivindicaciones independientes, lo cual hace difícil definir cuál es el objeto 
que se busca proteger.
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4- Las reivindicaciones 1, 11, 12, 13, 14  no son claras debido a que no se define 
por su estructura la construcción quimérica. Se sugiere definir el polipéptido por 
su estructura,  es decir  por  la  secuencia de aminoácidos,  de acuerdo a los 
polipéptidos que fueron probados y están sustentados en la descripción.

5­ El término “fragmento del mismo” de la reivindicación 1 no es claro y deja duda 
con  respecto  a  las  características  técnicas  a  las  que  se  refiere.  No  se 
encuentra  soporte  de  obtención  o  prueba  de  fragmentos  que  presenten 
actividad. Se sugiere eliminar cualquier referencia a fragmentos. 

6­ El término “al menos” de las reivindicaciones 1, 3-5, 10-14, 21, 23 y 30 no es 
limitativo, porque hace opcional a la característica y no limita el alcance de la 
reivindicación. Se sugiere sustituirlo por un término concreto.

7­ La  composición  inmunogénica  de  las  reivindicaciones  17  y  21  debe  ser 
caracterizada a partir de todos los ingredientes que la conforman, incluyendo la 
estructura de los polipéptidos y las proporciones de los mismos. La definición 
de  los  ingredientes  por  funcionalidad,  tal  como  el  diluyente  o  vehículo,  no 
permite establecer el alcance de la solicitud. 

8- El capsómero reclamado en la reivindicación 15 debe ser definido a partir de su 
estructura y debe estar sustentado en la descripción.

9- La partícula  parecida  a virus  reclamada en la  reivindicación  16  debe estar 
definida a partir de su estructura y estar sustentada en la descripción.

10­El método de la reivindicación 30 menciona un procedimiento pero este no se 
define  mediante  características  como  alguna  etapa  ó  alguna  condición 
específica en que debiera realizarse. Se sugiere, entonces, definir la invención 
por sus características esenciales, estructurales o funcionales. Adicionalmente, 
el  método está  caracterizado a  partir  de  un  producto.  El  método debe  ser 
definido por sus etapas y no por las características del producto a obtener. 

Se requiere al solicitante hacer las aclaraciones necesarias. 

6. Unidad de invención (Art 25 D 486)

La solicitud no cumple con el requisito de unidad de invención porque se refiere a 
2, grupos inventivos. Los constructos de proteínas que comprenden un epítopo L2 
insertado en una proteína L1, así como epítopos L2 y su uso en la prevención del 
virus del papiloma humano son conocidos en los documentos WO2003/097673 y 
WO2009/059325,  los  cuales  divulgan  proteínas  quiméricas  comprendiendo  un 
epítopo L2 del HPV tipo 16 insertado en la proteína L1 y composiciones peptídicas 
de HPV L2. El concepto común inventivo, constructos de proteínas en el que el 
epítopo L2 es insertado en la proteína L1, no cumple con el requisito de novedad 
y/o nivel inventivo de acuerdo con los documentos D1 y WO2009/059325 (Análisis 
de patentabilidad para el grupo 1).

Los grupos inventivos están definidos por las siguientes características esenciales:

1° Reivindicaciones 1-20, 23 (completas); 24-31 (parcial). Un polipéptido L1 del 
virus del papiloma humano tipo 18 que comprende cuando menos un péptido que 
comprende un epítopo de un polipéptido L2 insertado dentro del polipéptido HPV 
L1.
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2°  Reivindicaciones  21  y  22  (completas);  24-31  (parcial).  Una  composición 
inmunogénica que comprende una partícula parecida a virus que comprende un 
polipéptido  L1  del  virus  del  papiloma humano y  cuando menos un polipéptido 
quimérico que comprende un polipéptido L1 del virus del papiloma humano que 
comprende un epítopo de un polipéptido L2 insertado dentro del polipéptido HPV 
L1. 

Se le sugiere al solicitante restringir la materia a patentar en un solo concepto 
común inventivo especificando el avance tecnológico sobre el estado de la técnica. 
Esto se logra entre otras formas definiendo las características esenciales de la 
invención  y mostrando las otras características particulares como dependientes, 
pero  sin  perjuicio  de  la  concisión  de  las  nuevas  reivindicaciones  tanto 
independientes como dependientes.

El solicitante también puede realizar una o más de las divisionales de acuerdo a 
los grupos de conceptos técnicos inventivos presentados en esta solicitud, esto 
claro, sin ampliar el objeto inicial de la invención.

7.  Determinación del Estado de la Técnica

El estado de la técnica se determinó con base en la fecha de presentación de la 
solicitud  de  prioridad:  Junio  25  de  2009,  y  se  encontraron  los  siguientes 
documentos que anticipan el objeto de esta solicitud:

Ítem Documento Título Fecha de Publicación

D1 WO2003097673

“Chimeric human papillomavirus 16 l1 
proteins comprising an l2 

peptide,virus-like particles prepared 
therefrom and a method for preparing 

the particles.”

27/11/2003

D2

Bishop et al., 2007. 
Journal of 

BiologicalChemistry. Vol. 
282. No. 43. Págs. 

31803-31811

“Crystal structure of four types of 
human papillomavirus L1 capsid 

proteins: understanding the specificity 
of neutralizing monoclonal antibodies”

26/Oct/2007

El documento D11 divulga proteínas quiméricas que comprenden un epítopo L2 del 
virus del papiloma humano tipo 16 insertado dentro del polipéptido L1 y su uso en 
la prevención de la infección del virus del papiloma humano (Resumen). 

El documento D22 divulga el alineamiento de las proteínas L1 de la cápside del 
virus del papiloma humano de los tipos 16, 35, 11 y 18, en donde se indican los 
cinco bucles de las partículas de la superficie del virus (Resumen). 

8. Examen de Patentabilidad(Art 14 D486)

Nivel inventivo (Art18 D486)

La reivindicación 1 consiste en “un polipéptido L1 del virus del papiloma humano 
tipo 18 o fragmento del  mismo que comprende cuando menos un péptido que 
comprende un epítopo de un polipéptido L2 insertado dentro del polipéptido HPV 
L1”. 

Comparación de las características técnicas esenciales, con las del estado de la técnica:

Características esenciales D1 D2
Polioéptido L1 del HPV tipo 18 Polipéptido L2 del HPV tipo 

16 insertado dentro del 
polipéptido L1 (Resumen)

Alineamiento proteínas 
del HPV tipo 16 y 18 
entre otras (Resumen)

1.http://patentscope.wipo.int/search/en/WO2003097673

2. http://www.ncbi.nlm.nih.gov/pubmed/17804402
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Epítopo de un polipéptido L2 insertado 
dentro del polipéptido HPV L1

Los documentos D1 y D2 se consideran el  estado de la  técnica cercano a la 
invención  definida  en  la  reivindicación  1.  El  documento  D1  divulga  proteínas 
quiméricas que comprenden un epítopo L2 del virus del papiloma humano tipo 16 
insertado dentro del polipéptido L1 y su uso en la prevención de la infección del 
virus del papiloma humano (Resumen). 

El documento D2 divulga  el alineamiento de las proteínas L1 de la cápside del 
virus del papiloma humano de los tipos 16, 35, 11 y 18, en donde se indican los 
cinco bucles de las partículas de la superficie del virus (Resumen).
 
La diferencia entre la invención, definida en la reivindicación 1 y el polipéptido L1 
de D1 consiste en que el epítopo L2 es insertado en la proteína L1 del virus del 
papiloma humano tipo 18. 

Esta diferencia no parece conceder un efecto técnico inesperado o una ventaja al 
polipéptido reclamado en esta solicitud. 

El  problema  técnico  objetivo  de  esta  solicitud  consiste  en  cómo  obtener 
polipéptidos  quiméricos  del  virus  del  papiloma  humano  alternativos  a  los 
divulgados en el documento D1.

Sin embargo, la utilización de proteínas quiméricas del virus del papiloma humano, 
ya está divulgado en el documento D1, que se refiere a proteínas quiméricas que 
comprenden un epítopo L2 del virus del papiloma humano tipo 16 insertado dentro 
del polipéptido L1 (Resumen). 

En  consecuencia,  la  persona  del  oficio  normalmente  versada  en  la  materia, 
sustutuiría la secuencia L1 del virus del papiloma humano tipo 16 de la proteína 
quimérica L1 del virus del papiloma humano del documento D1 con una proteína 
L1  del virus del papiloma humano tipo 18,  teniendo en cuenta las proteínas L1 de 
la cápside divulgadas en el documento D2, en la que se divulga la estructura de 
las  proteínas  L1  del  virus  del  tipo  18  y  16,  para  llegar  así  al  objeto  de  la 
reivindicación 1 de la solicitud. Por lo cual se considera obvia.

Conclusión:
La reivindicación 1 cumple el requisito de novedad (Art. 16), pero no cumple con el 
requisito de nivel inventivo (Art. 18). 

Las reivindicaciones dependientes 2-20, 23, 24-30 no mencionan características 
inventivas adicionales a la reivindicación 1 por lo cual no cumplen con el requisito 
de nivel inventivo (Art. 18).

9. Conclusión

Los requisitos de Patentabilidad de la presente solicitud están afectados así:

Ítem Documento Reivindicaciones afectadas Requisito que afecta
D1 WO2003097673 1-20, 23, 24-30 Nivel inventivo

D2

Bishop et al., 2007. 
Journal of Biological 

Chemistry. Vol. 282. No. 
43. Págs. 31803-31811

1-20, 23, 24-30 Nivel inventivo



En cumplimiento  del  artículo  45  de  la  Decisión  486  de  la  Comisión  de  la  Comunidad 
Andina,  se  le  indica  que  debe  dar  respuesta  dentro  del  término  de  sesenta  (60)  días 
contados a partir de la fecha de notificación de la presente comunicación. En caso de no 
dar  respuesta al  presente requerimiento,  o  si  a  pesar  de  la  respuesta  subsistieran  los 
impedimentos para la concesión, se denegará la patente.

Se invita al solicitante se sirva indicar, si así lo considera, su renuncia al término faltante de 
sesenta (60) días  para dar respuesta a este requerimiento y presentarla por escrito.

Finalmente, se le recuerda al solicitante que si como respuesta a este requerimiento llegara 
a modificar el capítulo reivindicatorio y éste contenga más de diez (10) reivindicaciones, no 
pagará  la  tasa  de  modificación  voluntaria  pero  sí  la  correspondiente  al  pago  por 
reivindicación adicional.

Notifíquese el  presente oficio  conforme a lo dispuesto en el  numeral  5.2,  literal  e),  del 
capítulo quinto del título primero de la Circular Única No. 10 de 2001. 

El anterior requerimiento fue notificado por fijación en lista, de fecha  2013-08-20

Elaboró: Lina Maria Lizaraso Trespalacios
Revisó: Jeny Paola Villate Becerra
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Crystal Structures of Four Types of Human Papillomavirus L1
Capsid Proteins
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Brooke Bishop‡§1, Jhimli Dasgupta‡1, Michael Klein‡, Robert L. Garcea¶, Neil D. Christensen�, Rui Zhao§,
and Xiaojiang S. Chen‡2

From the ‡Department of Molecular and Computational Biology, University of Southern California, Los Angeles, California 90089,
the Departments of §Biochemistry and Molecular Genetics and ¶Pediatric Hematology-Oncology, University of Colorado Health
Sciences Center, Aurora, Colorado 80045, the �Jake Gittlen Cancer Research Foundation, Department of Pathology, Microbiology,
and Immunology, Penn State College of Medicine, Hershey, Pennsylvania 17033

Human papillomaviruses (HPVs) are known etiologic agents
of cervical cancer. Vaccines that contain virus-like particles
(VLPs) made of L1 capsid protein from several high risk HPV
types have proven to be effective againstHPV infections. Raising
high levels of neutralizing antibodies against each HPV type is
believed to be the primary mechanism of protection, gained by
vaccination. Antibodies elicited by a particular HPV type are
highly specific to that particular HPV type and show little or no
cross-reactivity between HPV types. With an intention to
understand the interplay between the L1 structure of different
HPV types and the type specificity of neutralizing antibodies, we
have prepared the L1 pentamers of four different HPV types,
HPV11, HPV16, HPV18, and HPV35. The pentamers only bind
the type-specific neutralizing monoclonal antibodies (NmAbs)
that are raised against the VLP of the corresponding HPV type,
implying that the surface loop structures of the pentamers from
each type aredistinctive and functionally active asVLPs in terms
of antibody binding. We have determined the crystal structures
of all four L1 pentamers, and their comparisons revealed char-
acteristic conformational differences of the surface loops that
contain theknownepitopes for theNmAbs.On thebasis of these
distinct surface loop structures, we have provided a molecular
explanation for the type specificity of NmAbs against HPV
infection.

Human papillomaviruses (HPVs)3 are a family of double-
stranded DNA viruses that infect epithelial cells in a tissue-
specific manner. Some low risk human papillomaviruses such

as types 6 and 11 cause benign condylomas, whereas the other
types such as HPV16, 18, 31, 33, 35, and 45 are associated with
the development of the cervical cancer. Two of these HPV
types, HPV16 and HPV18, account for 60–70% of all cervical
cancer cases worldwide (1, 2). Papillomavirus capsids contain
two virally encoded proteins L1 and L2, synthesized late in
the infection cycle, which encapsidate the histone-associ-
ated, closed circular double-stranded DNA minichromo-
some (3). The viral capsid is primarily composed of 72 pen-
tamers (capsomeres) of the L1 protein, in association with 12
or more copies of the L2 protein. The major late protein L1
pentamers have the intrinsic property of self-assembly into
empty capsids, referred to as virus like particles (VLPs)
(4–8). VLPs are structurally and immunologically similar to
infectious viruses, as determined by electron microscopy
and their ability to bind conformation-dependent mono-
clonal antibodies (mAbs) (4).
High levels of neutralizing antibodies can be generated

after immunization with HPV VLP (9). These neutralizing
antibodies to L1 are highly type-specific (10). Sequence anal-
yses of various human papillomaviruses show a high degree
of homology between the major capsid proteins (L1s) of dif-
ferent papillomaviruses (see Fig. 1). Despite the similarity,
type-specific antibody responses have been well docu-
mented in studies of genital HPV infections as well as animal
model immunization studies.
Both linear and conformational epitopes have been identified

on the surface of HPV L1 VLPs (11), and it is now well estab-
lished that conformational epitopes are responsible for the
activity of neutralizing antibody (12–14). The structure of the
HPV16 T � 1 particle (VLP) was solved by Chen et al. (15), and
from this structure it was suggested that the loops extending
toward the outer surface of the capsomere contained the type-
specific epitope(s). However, most of the HPV neutralization
epitopes are conformation-dependent, and their surface local-
izations on VLPs as well as their amino acid compositions have
not been identified. The identification of such epitopes has
been done primarily bymeasuring the reactivity of themAbs to
the VLPs either after the site-directed mutagenesis of L1 or
after the insertion of foreign peptides within the different
hypervariable loops of the L1 protein (16, 17). For example,
such studies suggested that an epitope composed of the FG
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AI048747 (to X. S. C.), CA37667 (to R. L. G.), and CA47622 (to N. D. C.). The
costs of publication of this article were defrayed in part by the payment of
page charges. This article must therefore be hereby marked “advertise-
ment” in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

□S The on-line version of this article (available at http://www.jbc.org) contains
supplemental Fig. S1.
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and HI loops is immunodominant for HPV16 (18), whereas
mAb binding studies for HPV6 and HPV11 have indicated
that the BC, DE, and HI loops are important for these two types
(19, 20).
mAb binding studies with VLPs suggest that the conforma-

tion of the surface loops play important roles in determining the
type specificity of neutralizing mAbs (NmAbs) for different
HPV types. To understand the interplay between type specific-
ity of NmAbs and the conformation of the L1 surface loops at
the molecular level, we have determined the L1 pentameric
structures of four different HPV types HPV11, HPV16, HPV18,
andHPV35. The preservation of the distinctive surface features
of these pentamers unique to each type are shown by the effi-
cient binding of the type-specific NmAbs raised against the
VLPs of the corresponding HPV type. We also show that
although HPV16 L1 crystal structure from the free pentamer
has the same surface loop disposition as that in the previously
determined T� 1 particle structure, the L1 of HPV16 and each
of the other types have distinct features on their pentameric
surface, unique to each HPV type, that rationalize the type
specificity of the NmAbs at the atomic level.

EXPERIMENTAL PROCEDURES

Cloning and Deletion—The full-length L1 clones of HPV11,
HPV16, HPV18, and HPV35 in pGEX-2T were used as parent
clones for generating the mutants. The L1 proteins were
expressed as GST-L1 fusions in this Escherichia coli expression
vector. Standard PCRwith pairs of forward and reverse primers
were used to amplify the clone, except for the regions to be
deleted. TheN-terminal 9 residues, C-terminal 31 residues, and
helix 4 (residues 404–436) in HPV16 L1 are known to be
required for particle assembly (15, 21). Equivalent residues on
other HPV types are also deleted to prevent particle assembly.
The PCR fragment with a new unique restriction site incorpo-
rated into both primers was digested with a unique enzyme for
ligation. All of the deletion clones were confirmed by DNA
sequencing.
Protein Purification—The protein expression and purifica-

tion of all L1 deletion mutants was carried out essentially as
described previously (15, 21, 22). Briefly, 0.2 mM isopropyl-�-

D-thiogalactopyranoside was use to induce protein expression
overnight at room temperature. After cell lysis by sonication in
buffer L (50mMTris-HCl, pH 8.0, 0.2 MNaCl, 1 mM dithiothre-
itol (DTT), 1mMEDTA, 10mMphenylmethylsulfonyl fluoride),
urea (ultrapure grade) was slowly added to the lysate to a final
concentration of 3.0 M. The mixture was incubated at room
temperature for 1 h with gentle shaking, and then dialyzed
against three changes of buffer over 18 h.After centrifugation at
25,000 � g for 75 min, the supernatant was passed through a
glutathione affinity column to bind GST-L1 fusion proteins.
The column was washed with 10� bed volumes of buffer L to
wash away contaminating proteins. L1 was then cleaved from
the GST fusion using thrombin (Sigma; T6634) in an approxi-
mate ratio of 100 �g of GST-L1 to 1 NIH unit of enzyme. The
digestion was carried out at 4 °C overnight. L1 pentamers were
further purified by Superdex-200 (60/16 column) size exclusion
chromatography.
Crystallization and Data Collection—Purified L1 pentamers

of HPV11, 16, 18, and 35 were concentrated to 10–16mg/ml in
a buffer containing 20 mM Tris, pH 8.0, 50 mMNaCl, and 1 mM

DTT. Crystallization trials were performed using the crystalli-
zation screens of Nextal Biotechnologies. Diffraction quality
crystals were obtained by the hanging drop vapor diffusion
method incubated at 18 °C for 7–10 days. HPV16 L1 was crys-
tallized in a precipitant containing 25% polyethylene glycol
1000, 0.1 M MES, pH 6.5, and 0.1 M potassium thiocyanate.
HPV18was crystallized in the precipitant having 0.15 M sodium
acetate, pH 4.6, 15% polyethylene glycol 4000, 0.16 M ammo-
nium sulfate, 10 mM DTT, 10% glycerol, and 2.5% 1,6-hex-
anediol. HPV11 was crystallized in the precipitant containing
0.08 M MOPS, pH 6.5, 19% polyethylene glycol 4000, 0.4 M

ammonium sulfate, 10 mMDTT, 10% glycerol, and 5% 1,6-hex-
anediol. HPV35 was crystallized in a precipitant containing
0.08 M sodium citrate, pH 5.6, 6% polyethylene glycol 6000,
0.45 M ammonium sulfate, 10 mMDTT, 10% glycerol. All of the
crystals were flash frozen with a prior soaking in cryo-protect-
ant containing the precipitant and 20% (v/v) glycerol.
Diffraction data for HPV11, 16, 18, and 35 L1 mutants were

collected up to the resolutions of 3.2, 3.7, 3.4, and 3.5Å at syn-

TABLE 1
Data collection and refinement statistics

Data sets HPV11 HPV16 HPV18 HPV35
Crystal cell parameters
Space group C2 P212121 P1 P21Cell dimensions
a, b, c (Å) 115.6, 159.8, 158.2 105, 159.1, 413.7 81.1, 105, 235.7 150.4, 176.6, 197.1
� (°) 101.8 87.5, 85.6, 68.1 92.11

Data collection statistics
Resolution range (Å) 51.6–3.2 (3.31–3.2) 50–3.7 (3.83–3.7) 49.9–3.4 (3.52–3.4) 50–3.3 (3.38–3.3)
Observations 145132 154538 350632 742968
Unique reflections 45624 60322 98881 119918
Average redundancy 3.18 2.56 3.55 6.19
Completeness (%) 98.3 (99.5) 80.4 (73.7) 99.8 (99.8) 94.0 (90.0)
Rsym (%, last bin) 19.2 (33.6) 11.6 (17.8) 19.6 (38.2) 18.9 (43.0)
I/� (last bin) 5.5 (2.9) 2.7 (2.2) 4.4 (2.4) 2.6 (1.7)

Refinement statistics
Rcryst (%) 25.8 24.7 25.24 29.5
Rfree (%) 28.2 29.6 27.73 32.1
Root mean square deviation
Bond length (Å) 0.010 0.012 0.010 0.009
Bond angle (°) 1.32 1.59 1.48 1.30
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chrotron beamlines of the Advanced Light Source (Berkeley).
The datawere processed usingHKL2000. The data statistics are
given in Table 1.
Structure Determination and Refinement—L1 pentamer

structures of all four types were solved by Molecular Replace-
ment using MOLREP of CCP4 suite. The pentameric model
obtained from HPV16 L1 T � 1 structure (Protein Data Bank
code 1DZL) was used as a searchmodel, yielding three pentam-
ers in the asymmetric unit forHPV16,HPV18, andHPV35with
space group P212121, P1, and P21, respectively. HPV11 L1 crys-

tallized in the space group C2 with
one pentamer in the asymmetric
unit. The structures were refined by
alternating cycles of model rebuild-
ing and refinement using O, CNS,
and REFMAC. With three pentam-
ers in one asymmetric unit for
HPV16, HPV18, and HPV35, we
used 15-fold noncrystallographic
symmetry at early stage of refine-
ment, whereas 5-fold noncrystallo-
graphic symmetry was used for
HPV11. Cycles of positional refine-
ment combined with simulated
annealing refinement produced
good Rfree value for all the four
structures (Table 1). The final struc-
tures of each types have been vali-
dated by using omit map in CNS,
which produced excellent electron
density maps for the L1 pentamers
of each type.
Selected mAb Binding to L1

Pentamers—Various mAbs detect-
ing type-specific conformational
and cross-reactive linear epitopes of
HPV11, 16, and 18 were tested
by enzyme-linked immunosorbent
assay for reactivity to pentamers.
The mAbs used in this study were
derived from mice immunized with
HPV16 and HPV18 L1 VLP anti-
gens (18, 23) or HPV11 virions (10).
All of the mAbs recognize L1
epitopes that are either conforma-
tional or linear, and the binding and
neutralization properties of these
mAbs have been described previ-
ously (23).
Both intact pentamers (attached

to enzyme-linked immunosorbent
assay plate wells at 1 �g/well in
phosphate-buffered saline, pH 7.0)
and denatured pentamers (attached
at 1 �g/well in alkaline buffer, pH
9.5, containing dithiothreitol) were
tested in duplicate. Each mAb
supernatant was tested at dilutions

of 1:50, and means (�S.D.) of optical densities calculated as
previously described (23). Additional experiments were set up
to compare binding of mAbs to pentamers versus baculovirus-
derived L1 VLPs.

RESULTS

Protein Expression, Purification, Crystallization, and
Structure Determination—The constructs of the major cap-
sid protein L1 of HPV11, 16, 18, and 35, all of which have
deletions of 9 residues at the N terminus, 31 residues at the C

FIGURE 1. Sequence alignment of L1 from the HPV types HPV11, HPV16, HPV18, and HPV35. The residues
conserved across four HPV types are shown in capital letters, whereas the nonconserved residues are given in
lowercase letters. The residues identical among three HPV types are shown in gray shading. The �-sheets are
shown as arrows. The �-helices are marked as thick bars. The five loops displayed on the surface of the virus
particle are marked and labeled. The regions in between the marks (�) at the N terminus, C terminus, and helix
4 are deleted in our constructs.

FIGURE 2. A, the crystal structure of HPV16 L1 pentamer, where each monomer is shown in different color to
show the intertwining of the surface loops. B, superposition of HPV16 L1 pentamer (violet) on the pentamer
taken from T � 1 particle assembly of HPV16 (brown).
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terminus, and the helix 4 (�4; residues 404–436, HPV16 L1
numbering) (Fig. 1), were expressed as GST fusion proteins
in E. coli. The �4 and the N terminus of L1 have been impli-
cated in VLP formation (15), and the truncation of these
motifs produced only pentamers of L1 that could not assem-
ble in VLP (21). The assembly-deficient pentamers of these
four types were crystallized into four different space groups
(Table 1).

All four L1 pentamer structures
were solved by Molecular Replace-
ment using the coordinates of an L1
pentamer taken from the T� 1 par-
ticle structure of HPV16 L1 as a
search model (Protein Data Bank
code 1DZL (15)). The L1 pentamers
of each HPV type had a different
crystal packing, forming head-head,
tail-tail, or side-side interactions
between pentamers (supplemental
Fig. S1). The L1 pentamer struc-
tures of HPV11, HPV16, HPV18,
and HPV35 were refined to 3.2, 3.7,
3.4, and 3.3Å, respectively (Table 1).
The electron density maps are all
very well featured, because of
the powerful phase improvement
method of 5–15-fold noncrystallo-
graphic symmetry averaging used
here, which allow us to confidently
locate the residues not only at the
core regions but also at the surface
loops, even at these resolutions.
Excellent side chain electron den-
sity maps have been produced pre-
viously by multi-fold noncrystallo-
graphic symmetry averaging at 4.7
Å for P97 protein (24) and at 3.5 Å
for our previous L1 structure in T1
papillomavirus particle in which the
density map at 4.5 Å had the quality
comparablewith those near 3.0Å (15).

Overall Pentamer Structure—L1 pentamer structures of
all four HPV types grossly resemble the pentamer structure
of T � 1 HPV16 L1. The HPV16 L1 free pentamer structure
is shown in Fig. 2A as a representative of the four pentamer
structures. In brief, five monomers are assembled in sym-
metrical manner to form the pentamer with a hollow chan-
nel at the center through a 5-fold central axis. The backbones
of the polypeptide chain of the adjacent subunit interact

FIGURE 3. Comparison of HPV11 L1 pentamer (green) with HPV16 L1 pentamer (brown). A, overall super-
position of HPV11 L1 pentamer on that of HPV16. The boxed areas indicate locations of B–D. B, HI and BC loops
are shorter in HPV11 compared with HPV16. C, the structural difference of DE loop between HPV11 and HPV16.
D, the EF loop of HPV11 is similar in conformation to that of HPV16.

TABLE 2
Binding results of NmAbs with the assembly-deficient L1 pentamers
The optical density reading reflecting significant binding between the mAbs and the free pentamers are underlined.

Neutralizing mAbs
(epitope type)

Optical densities
35 Pentamer 11 Pentamer 16 Pentamer 18 Pentamer

Mean � S.D.
H11.B2 (Conf.)a 0.002 (0.001) 1.112 (0.050) 0.000 (0.000) 0.001 (0.001)
H11.F1 (Conf.) 0.691 (0.080)
H6.C6 (Linear)b 0.002 (0.001)
H16.V5 (Conf.) 0.000 (0.001) 0.002 (0.001) 0.554 (0.057) 0.002 (0.001)
H16.6F (Conf.) 0.282 (0.004)
H16.D9 (Linear) 0.147 (0.005) 0.075 (0.002)
H16.J4 (Linear) 0.113 (0.010) 0.001 (0.000) 0.262 (0.006) 0.004 (0.001)
H18.J4 (Conf.) 0.002 (0.000) 0.001 (0.000) 0.001 (0.000) 0.558 (0.057)
H18.K2 (Conf.) 0.127 (0.026)
H18.F8 (Conf.) 1.423 (0.047)
H18.L9 (Linear) 0.332 (0.007)

a Conformational epitope.
b Linear epitope.
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directly, and the surface loops show elaborate intertwining
between the individual monomers.
BC, DE, EF, FG, and HI are the five loops displayed on the

surface of the pentamer (Fig. 2A). Thus, these five loops con-
stitute the part of the viral surface that can be recognized as
conformational epitopes of HPV. The overall arrangements
of these surface loops are grossly similar for all four HPV
types. Briefly, the HI loop of one monomer inserts between
the FG and EF loops of its clockwise (surface view) neighbor
and reaches far enough to contact the FG loop of the next
neighbor (Fig. 2A). The BC and EF loops from two neighbor-
ing monomers are juxtaposed on the outer rim of the penta-
mer (Fig. 2A). The DE loop encircles the exposed surface
around the rim of the central hollow channel. The FG loop
can be divided into early and late regions; the early region
(residues 264–278, HPV16 numbering) decorates the base of
the juxtaposed BC and EF loops, whereas the late region
(residues 279–288, HPV16 numbering) inserts between the
DE and HI loops (Fig. 2A).
Free Pentamer Structure versus the T � 1 Particle Pentamer

for HPV16—To examine whether the assembly-deficient L1
pentamer has the same structure as the pentamer capable of
assembly into T � 1 particles, we determined the structure of

HPV16 L1 as free pentamers and
compared it with the pentamer
structure in the T � 1 particle (Fig.
2B). Superimposition of the core
�-sheets of the free pentamer struc-
ture on the pentamer of T � 1 par-
ticle revealed essentially identical
conformation (root mean square
deviation, 0.32 Å) not only for the
core structure but also for the five
surface loops (Fig. 2B), which
were not used for the superposition,
demonstrating that neither the
internal deletion of helix 4 (�4) of L1
nor the different crystal packing
changed the �-sheet core and more
importantly the surface loop struc-
ture of HPV16 L1 pentamer. This
result suggests that the loop struc-
tures are tightly anchored on to the
surface of L1 pentamer, and their
conformations are stably main-
tained as free pentamers in solu-
tion as well as in different crystal
packing. The conformational in-
tegrity and stability of the assem-
bly-deficient pentamers were also
confirmed by their ability to bind a
battery of NmAbs, raised against
VLPs.
Binding of Free Pentamers with

NmAbs Raised against VLPs of Dif-
ferentHPVTypes—The discovery of
no significant differences between
the crystal structures of HPV16 L1

from the free pentamer and the pentamer in the T � 1 particle
demonstrates that the helix 4 deletion, which results in free
pentamers, does not lead to significant conformational
changes. Therefore, it is reasonable to conclude that the surface
loop conformational changes between different HPV L1 pen-
tamers reflect the true structural differences on the viral surface
of these HPV types.
To provide further experimental support for this conclu-

sion, a panel of available NmAbs raised against VLPs was
tested for binding the free pentamers (Table 2). The results
showed that most of the NmAbs with conformational
epitopes had strong type-specific binding with the free pen-
tamer (Table 2), suggesting that the conformations of the
viral surface loops on pentamers are maintained as in the
VLPs. The linear epitope mAbs H6.C6 did not bind the pen-
tamers, H6.C6 is known to be specific to the first 10 amino
acids at the N terminus. Thus, it is expected that this mAb
should not bind the free pentamer of HPV11 that lacks the
first 10 N-terminal residues. H16.J4, a linear epitope mAb of
HPV16, showed some weak cross-type reactivity with
HPV35 L1 (Table 2). However, all the conformational
epitope mAbs reacted only to the corresponding HPV types.
The locations for the conformational epitopes for the

FIGURE 4. Comparison of HPV18 L1 pentamer (cyan) with HPV16 L1 pentamer (brown). A, overall super-
position of HPV18 L1 pentamer on that of HPV16. The boxed areas indicate locations of B–D. B, structural
differences of BC and EF loops between HPV18 and HPV16 L1. In HPV18, Asn58 and Gly57 of the BC loop form
hydrogen bonds with Arg178 and Cys185 of the EF loop, C, HI loop forms hydrogen bonds with EF and FG loops
at backbone level in both HPV18 and HPV16 pentamers (shown for HPV18). D, the structural difference of the
DE loop, resulting in a narrower central channel for HPV18 L1 pentamer having a diameter of 10 Å, whereas this
diameter is 18 Å for HPV16.
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NmAbs are all accessible from the top surface of L1 pentam-
ers for the different HPV types.
Structural Comparison between the L1 Pentamers from

Different HPVs—The surface loops of HPV16, either in free
pentamers or in the HPV16 T � 1 particle, show identical
conformations, which convinced us that the observed loop
conformations in the pentamers are not influenced either by
the crystal packing or the deletion of the residues at the N
and C termini and helix 4. Binding results of the pentamers
with NmAbs (Table 2) further supported the fact that the
surface loops of the free pentamers are functionally as potent
as their corresponding VLPs, and the surface of the free pen-
tamer correctly represents the surface of VLPs or the
capsids.
We have performed a pairwise structural comparison of

HPV11, HPV18, and HPV35 pentamers with the pentamer
taken fromHPV16T� 1 particle by superposition based on the
two core �-sheets from each monomer.
HPV11 versus HPV16 L1 Pentamers—The pentameric

structure of HPV11 L1 was compared with that of HPV16,
and the root mean square deviation of the superposition was
0.38 Å, indicating that the �-sheet core structures are almost
identical for HPV11 and HPV16 (Fig. 3A). However, struc-
tural differences for the loops, located on the pentamer sur-
face, are obvious in the superposition (Fig. 3, B and C). The
BC and HI loops of HPV11 are 3.5 and 2.0 Å shorter than the

corresponding loops of HPV16 L1
(Fig. 3B), which correlates with the
amino acid deletion in these two
loops of HPV11 L1 (Fig. 1). Such
structural differences of the two
loops are expected to exhibit
distinct protein-protein interac-
tion specificity in their antibody
binding.
Structural differences are also

observed in the DE loop (Fig. 3C),
and distinct amino acid sequence
differences between the two types
were observed. For example, the
residues corresponding to Gly133,
Gly134, and Pro136 on the DE loop of
HPV11 L1 are all Ala inHPV16 (Fig.
1). Because Gly and Pro are known
to exert local structural perturba-
tion, because of either the known
flexibility or lack of an amide hydro-
gen, the observed conformational
difference of the DE loop of HPV11
L1 from that of HPV16 L1 is
expected in this case. However, the
EF loop conformation of HPV11 L1
is similar to that of HPV16 L1
(Fig. 3D).
HPV18 Versus HPV16 L1 Pen-

tamers—The �-sheet core of the
HPV18 L1 pentamer superim-
poses well with HPV16 L1, with a

root mean square deviation of 0.47 Å. However, substantial
structural differences were observed for all five surface loops
(Fig. 4). The BC loop of HPV18 L1 shows a drastically differ-
ent conformation, with its tip oriented �13 Å away from the
corresponding loop of HPV16 L1 (Fig. 4B). The deviation of
BC loop of HPV18 starts from Pro53, unique to HPV18,
whereas the deviation ends at Pro63 conserved in all four
types. This conformational shift of the BC loop has been
accommodated through a lateral displacement of the adja-
cent EF loop, moving in a concerted manner in the same
direction, where the residues of the EF loop have been
shifted by �4 Å from that of HPV16 (Fig. 4B). This shift of
BC and EF loops in HPV18 L1 places the two loops in close
contact, allowing the formation of a number of hydrogen
bonding interactions between the residues from the BC and
EF loops (Fig. 4B).
The conformation of theHI loop ofHPV18 L1 is significantly

different from theHI loop of HPV16 L1 (Fig. 4C), whichmay be
the result of the combined effect of an amino acid insertion and
the presence of two Pro residues at successive positions (351
and 353) inHPV18L1 comparedwithHPV16. Interestingly, the
HI loop in HPV11, 16, and 18 forms hydrogen bonds with the
EF on one side and with FG loops on the other side (Fig. 4C),
which may help stabilize the HI loop conformation on the
surface.

FIGURE 5. Comparison of HPV35 L1 pentamer (violet) with HPV16 L1 pentamer (brown). A, overall
superposition of HPV35 L1 pentamer on that of HPV16. The boxed areas indicate locations of B–D.
B, structural differences in DE and FG loops between HPV35 and HPV16. C, structural differences in BC and
EF loops between HPV35 and HPV16. D, subtle difference in conformation between the HI loops of HPV16
and HPV35 L1.
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The DE loop is located on the inner channel ridge of the L1
pentamer. The diameter of the pentamer channel is �18 Å
for HPV16 L1, but it narrows down to 10 Å in HPV18 L1 (Fig.
4D). This narrowing of the pentameric channel in HPV18 L1
is caused by the shifting of DE loop toward the channel cen-
ter. The residue His133 located at the narrowest point of the
channel is protruding into the channel space (Fig. 4D).
HPV35 Versus HPV16 L1 Pentamers—The superposition

of HPV35 L1 over the � sheet core of HPV16 L1 produced a
root mean square deviation of 0.38 Å, indicating a very
similar core structure (Fig. 5A). However, the superposition
reveals different structural features for the surface loops.
The FG loop of HPV35 has a two-residue deletion compared
with HPV16 (as well as HPV11 and HPV18) (Fig. 1), which
results in the structural difference of this loop (Fig. 5B). The
region of the DE loop in proximity of the FG loop also
shows a structural change compared with HPV16. It appears
that the 133–141 region of the DE loop of HPV35 L1 moves
toward the FG loop (Fig. 5B). Structural differences are
observed for both the BC and EF loops between HPV 35 and
HPV16 (Fig. 5C). Subtle but significant conformational
changes are observed for the HI loop. In addition to the
conformational difference, the orientation of different

amino acid side chains on the tip
of HI loop accounts for the major
differences between these two
HPV types (Fig. 5D).

DISCUSSION

In this study, we have determined
the crystal structures of L1 pentam-
ers of four different HPV types
(among which HPV11, HPV18, and
HPV35 L1 structures were deter-
mined for the first time), to eluci-
date their detailed structural fea-
tures at the capsid surface that
control their specific pathogenicity
and antigenic property. We have
observed that although the �-sheet
core structures of the L1 pentamers
of the four HPV types are nearly
identical, the loop structures on the
pentamer surfaces display signifi-
cant conformational differences
(Figs. 3–5). The high type specificity
of the conformational epitope
NmAbs we tested here supportively
suggests that a few angstrom shift of
the surface loop or a few substitu-
tions of the surface loop residues
can lead to changes of the viral sur-
face antigen determinants in elicit-
ing different antibodies, as well as to
the disruption of binding with a
mAb that recognizes the same loca-
tion on the pentamer surface of
another HPV type.

Pairwise comparisons reveal that the extent of conforma-
tional changes for a particular loop is different for different
pairs. The loops with a few insertions or deletions of amino
acids expectedly showed moderate spatial shifts (of �4 Å), but
the extent and the direction of large structural differences (that
range up to 7–15 Å), as observed in HPV18 and HPV35, were
not predictable from their primary sequences. The conforma-
tional differences of the surface loops can also be visualized in
the surface representation of the pentamer structures in Fig. 6.
Because most of the known epitopes for the available NmAbs
are located on the surface loops, the distinct structural features
of these surface loops might be expected to form distinct sur-
face conformational epitopes.
Aminor structural difference of the epitope loop, with a spa-

tial shift of �2 Å, is found to be sufficient to disrupt the anti-
body-epitope binding. Such a disruption of antibody binding is
further amplified by the substitution of one ormore residues on
the loops from different HPV types. This change is evident in
the structural differences in the DE loop between HPV11 and
HPV16, where a combination of the structural shift of the DE
loop (Fig. 3)with a three-residue substitution fromGly-Gly-Pro
in HPV11 to Ala-Ala-Ala in HPV16 produced a rather distinct
structural feature for the DE loop (Figs. 3 and 6), abrogating the

FIGURE 6. Surface representation of L1 pentamers from four HPV types. The surface loops are colored
differently on the surface: BC (orange), DE (violet), EF (yellow), FG (green), and HI (slate). A, HPV11; B, HPV35;
C, HPV16; D, HPV18 L1. The distinct structural features can be observed for the surface loops among the four
HPV types. Neutralizing epitopes are shown schematically on HPV11 and HPV16 pentamers. Black square,
H11.F1 and H11.G5; orange square, H11.H3; red ellipse, H16.V5 and H16.E70.
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binding of HPV11 DE loop specific NmAbs, H11.F1, and
H11.G5 to HPV16.
This finding implies that antibody binding is very precise

in HPVs, and perturbation of a small part of the binding
interface by replacing amino acid side chains or by shifting
the loop position by only 1–2 Å at the binding interface
appears to be significant in determining the binding by the
NmAbs. Comparison of the pentameric surfaces of all four
types (Fig. 7) reveals even more interesting features com-
pared with the pairwise comparisons. For example, Fig. 7A
shows that the DE loop of HPV11 that contains the epitope
for H11.F1 is conformationally far apart from HPV18 and
HPV35, which correlates with our mAb binding study (Table
2) and convincingly rules out the possibility of any cross-
reactivity at this site.
Similarly, FG loop of HPV35 posses a distinguished confor-

mation comparedwith the FG loop ofHPV16, which contains a
known epitope forHPV16.E70 (Fig. 7A). Rather, the orientation
of the late region of FG loop coupled with the orientation of
adjacent DE loop form a distinct structural feature. The dis-
tance between these loops widely vary in the four HPV types
being the maximum (�15 Å) in HPV18 and the minimum (�7
Å) in HPV35. A notable conformational difference is also
observed at the tip of the HI loop of the four types (Fig. 7C) that
contains a known epitope for NmAb H11.H3. These phenom-
ena may collectively explain why no cross-reactivity between
HPV types is observed for the NmAbs with conformational
epitopes on the viral surface.

However, there are parts on the
pentamer surface area, such as the
base of the HI loop and the early
region of the FG loop (Fig. 7D),
which have essentially identical
structures among the different
types. If epitopes in these areas
can elicit antibody production as
strong antigen determinants, these
epitopes are expected to be cross-
reactive between types and offer
cross-protection as vaccine. None-
theless, no cross-reactive NmAbs
with conformational epitopes have
been identified yet, which may sug-
gest that these “common” epitopes
may not have strong antigenicity
or may be sterically inaccessible.
In conclusion, despite the high
sequence homology of L1 proteins
between different types and the
overall structural conservation of L1
pentamers, the detailed loop struc-
tures on the pentamer (and thus
viral) surface are largely different
because of their different amino
acid composition and insertions/
deletions, which not only change
the surface epitope composition
and conformation but also affect the

viral surface antigenicity, providing a molecular rationalization
for the type specificity of NmAbs.
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