g —— =T

%

) 1.
ndustria
o CSUPERIN

DELEGATURA DE PROPIEDAD INDUSTRIAL
DIVISION DE NUEVASeEREACIONES

Bcitup DE PATENTESE
INVENCION

vQTITULO: PARTICULAS DE NUCLEO DIVIDIDO PARA LA PRESENTACION DE

RS

MOLECULAS EXTRANAS, ESPECIALMENTE PARA APLICACIONES EN
VACUNAS, Y METODOS PARA PRODUCIRLAS

SOLIC!ITANTE: UNIVERSITATSKLINIKUM FREIBURG

DIRECCION: Hugstetter Strs. 49, 79106 Freiburg

APODERADO:_J. IAN RAISBECK

BX  _07 Abril de 2009

{

pve



OLARTERAISBFECK . A

OLARTE RAISBECK MOURE SUPER NT\;NDENCIA DE INDUSTRIAY COMERCIO

JIREEH) M
e - il ll\lii\llil&ll!\lilli

' Fecha: 2009 04 07 16 48 37 Dep. 070 NUECREACIO‘II\HI
Industria y C ] e e CPATENTEIVIl o+ Eve:.379.FASENACIONALY
DAUS m&y omerclo ¢ act 411 PRESENTAC!ON Folios: "262
SUPERINTENDENCIA, Vo ) e G e LS

PR

PETITORIO - FORMULARIO UNICO DE SOLICITUD
PATENTE PCT
ENTRADA EN FASE NACIONAL P2009/000043

SOLICITUD DE:

O

x | Patente de Invencién. Patente de Modelo de Utilidad.

>< Ca'pltquI @?\\g Z.€6) ,Em

[
@ Nombre: UNIVERSITATSKLINIKUM IDENTIFICACION
> FREIBURG
. SOLICITANTE Direccién: Hugstetter Str. 49, 79106 Freiburg C.C. NIT
Sl 71
(71) Nacionalidad o Domicilio:_Alemana C.E. Otro
Lugar de Constitucion: Alemania
. Cual
Teléfono: Fax:
E-mail: Nimero
IDENTIFICACION
Nombre: J. IAN RAISBECK
C.C.| x NIT

REPRESENTANTE Direccién: Worlq Trade Center, Torre A, Calle
(o) APODERADO 100 No. 8A-37 Piso 10. C.E. Otro
Teléfono: 601-7700 Fax: 601-7799 Cual
E-mail: ofﬂce@olartera|sbeck.com Ndmero 79.376.996 B3

TP_135.799

Nombre: 1) Michael NASSAL; 2) Claudia SKAMEL, 3) Andreas WALKER,

Direccién:_1) Sonnhalde 7, 79232 March Alemania; 2) Seilerweg 1, 79108
INVENTOR (ES)- Freiburg, Alemania; 3) Wentzinger Strasse 32, 79106 Freiburg Alemania

(72) Nacionalidad o Domicilio:_Alemana
@ PCT (86)
Solicitud Internacional No. PCT/EP2007/006190 Fecha Julio 12, 2007
Publicacién Internacional No. WO 2008/028535 Fecha Marzo 13, 2008

Titulo (54)_PARTICULAS DE NUCLEO DIVIDIDO PARA LA PRESENTACION
@ DE MOLECULAS EXTRANAS, ESPECIALMENTE PARA APLICACIONES EN
VACUNAS, Y METODO PARA PRODUCIRLAS =~~~ ===

Clasificacion Internacional (51) C07K 14/02, C12N 15/62, A61K 39/00, C12N 7/04

(33) Pais de Origen | (32) Fecha | (31) Numero de Solicitud }
Prioridad EP Septiembre 8, 2006 - 06018847.1

SI| X | NO

@ Comprobante de pago No. 09-25654 Fecha Abril 1 de 2009




ANEXOS
Comprobante de pago de la tasa de presentacion de la solicitud.

Documento que acredita la existencia y representacion legal cuando el solicitante sea persona
juridica.

Poderes, si fuere el caso. Adjunto copia simple. Ver Expediente No.

Documento de cesion del inventor al solicitante o a su causante.
Declaraciones.
Copia de la solicitud internacional. (Resumen, descripcion, reivindicaciones, dibujos).

Traduccién de la solicitud internacional al castellano. (Resumen, descripcion, reivindicaciones,
dibujos).

Copia del examen preliminar internacional efectuado por la Autoridad Internacional de Examen
Preliminar (IPEA). (IPRP)

Traduccidon del examen preliminar internacional efectuado por la IPEA.
De ser el caso, copia del contrato de acceso.

De ser el caso, documento que acredite la licencia o autorizacidon de uso de conocimientos
tradicionales de las comunidades indigenas.

De ser el caso, certificado de deposito del material biolégico.

Arte final 12 x 12.

De ser el caso, informacién sobre otras solicitudes de patente o titulos obtenidos en el extranjero
por el mismo titular o su causante, relacionadas parcial o totalmente con la invencion de esta
solicitud.

De ser el caso, modificaciones efectuadas a la solicitud internacional.

Otros. BuUsqueda Internacional.

OO O0OUOOORE HE00 O0RHS

!
]
B

FIGURA CARACTERISTICA:

4 )

®

{
]
| :
)
!

| @ Solicito la concesién de la patente, _ @
! NOMBRE:_J. IAN RAISBECK FIRMA: /ﬂ\(\l_'M 0

C.C.79.376.996 Bta T.P. 135.799

Instrucciones para el diligenciamiento del presente formulario, ver reverso de esta pagina.



SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

RERRIIIY

35922- -00000-0000
Fecha: 2009-04-(}7 16:48:37  Dep. 2020 NUECREACIONt
Tra. 11 PATENTEIYH Eve: 379 FASENACIONALH
Act. 411 PRESENTACION  Folios: 262

i LRdE s

i

ol
e
Al
]
”
[

[
i,
[n
==

el
R
Jodd:
el
a
.
=
b2
o
-
T
g
tnit-
e
Lett
kg




7028535 A1 I O 0 R S

(12) NACH DEM VERTRAG UBER DIE INTERNATIONALE ZUSAMMENARBEIT AUF DEM GEBIET DES
PATENTWESENS (PCT) VEROFFENTLICHTE INTERNATIONALE ANMELDUNG

(19) Weltorganisation fiir geistiges Eigentum
Internationales Biiro

(43) Internationales Veroffentlichungsdatum
13. Miérz 2008 (13.03.2008)

/]‘\\
AIPOT) |

O 0T 000 O R Y

(10) Internationale Verdiffentlichungsnummer

WO 2008/028535 Al

(51) Internationale Patentklassifikation:
CO7K 14/02 (2006.01) A61K 39/00 (2006.01)
CI2N 15/62 (2006.01) CI2N 7/04 (2006.01)

(21) Internationales Aktenzeichen: PCT/EP2007/006190

(22) Internationales Anmeldedatum:
12. Juli 2007 (12.07.2007)

Deutsch
Deutsch

(25) Einreichungssprache:
(26) Veroffentlichungssprache:

(30) Angaben zur Prioritit:
06018847.1 8. September 2006 (08.09.2006) EP

(71) Anmelder (fiir alle Bestimmungsstaaten mit Ausnahme
vorn US): UNIVERSITATSKLINIKUM FREIBURG
[DE/DE]; Hugstetter Str. 49, 79106 Freiburg (DE).

(72) Ertinder; und

(75) Erfinder/Anmelder (nur fiir US): NASSAL, Michael
[DE/DE]; Sonnhalde 7, 79232 March (DE). SKAMEL,
Claudia [DE/DE]; Seilerweg 1, 79108 Freiburg (DE).

(74

(81

(84

WALKER, Andreas [DE/DE]; Wentzinger Strasse 32,
79106 Freiburg (DE).

Anwiilte: KELLER, Giinter usw.; Lederer & Keller,
Prinzregentenstr. 16, 80538 Miinchen (DE).

Bestimmungsstaaten (soweit nicht anders angegeben, fiir
Jjede verfiigbare nationale Schutzrechtsart): AE, AG, AL,
AM, AT, AU,AZ,BA, BB, BG,BH, BR, BW,BY, BZ, CA,
CH, CNﬁ, CU,CZ,DE, DK, DM, DO, DZ, EC, EE,
EG, ES, H, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
IL, IN, IS, Jp, KE, KG, KM, KN, KP, KR, KZ, LA, LC,
LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,
SY, TJ, T™M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, M, ZW.

Bestimmungsstaaten (soweit nicht anders angegeben, fir
Jjede verfiigbare regionale Schutzrechtsart): ARTPO (BW,
GH, GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

[Fortsetzung auf der ndchsten Seite]

(54) Title: SPLIT-CORE-PARTICLES FOR THE PRESENTATION OF FOREIGN MOLECULES, ESPECIALLY FOR VAC-
CINE APPLICATIONS, AND METHOD FOR THEIR PRODUCTION

(54) Bezeichnung: SPLIT-CORE-PARTIKEL FUR DIE PRASENTATION VON FREMDMOLEKULEN, INSBESONDERE
FUR IMPFSTOFFARTWENDUNGEN UND VERFAHREN ZU DEREN HERSTELLUNG
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Prinzip des split-Core-Systems

Principle of the split-core system

o (57) Abstract: Disclosed are split-core carrier substances which, as separate polypeptides, have the core N domain and the core
C domain of the core protein of a hepatitis B virus and at least one foreign molecule against which an immune response is to be
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induced. According to the invention, the foreign molecule, especially the heterologous foreign amino acid sequence, is fused to the

“C terminus of the core N domain or to the N terminus of the core C domain and the core protein can form capsid-like particles. The

invention also relates to the associated production method.

[Fortsetzung auf der néiichsten Seite]
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(57) Zusammenfassung: Offenbart werden Split-Core-Trigerstoffe, die als getrennte Polypeptide die Core N- und die Core C-Do-
méne des Core-Proteins eines Hepatitis B Virus und wenigstens ein Fremdmolekiil, gegen das eine Immunantwort induziert wer-
den soll, aufweisen, wobei das Fremdmolekiil, inshesondere die heterologe Fremdaminosduresequenz an den C-Terminus der Core
N-Domine oder an den N-Terminus der Core C-Domiine fusioniert sind und das Core-Protein capsid-like-particles bilden kann, so-
wie Verfahren zu deren Herstellung.
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WO 2008/028535 PCT/EP2007/006190

Split-Core-Partikel fiir die Prisentation von Fremdmolekiilen, insbesondere fiir
Impfstoffanwendungen und Verfahren zu deren Herstellung

Gegenstand der vorliegenden Erfindung sind neue Trager fur Impfstoffe, aber auch fir
andere Molekile, auf der Grundlage des Core-Antigens des Hepatitis B-Virus. In das Core-
Antigen des Hepatitis-Virus werden fremde Aminoséuresequenzen eingebaut, die von
Krankheitserregern stammen kénnen. Gegen diese Proteinsequenzen sollen durch den
Impfstoff Antikdrper gebildet werden, wobei schiitzende oder neutralisierende Antikérper
bevorzugt sind. Durch die erfindungsgemaRen Partikel kann auch die zelluldre
Immunantwort (T-Zellen) stimuliert werden. Das Core-Protein von Hepatitis B hat die
Eigenschaft, dass sich mehrere Kopien zu sogenannten capsid-like particles
zusammenfugen konnen. Diese capsid-like particles (CLP) eignen sich besonders fir die
Herstellung von Impfstoffen, da sie das !mmunsysiein siimuiieren und so zu einer
gesteigerten Antikrperproduktion fihren. Der Ausdruck "Impfstoff' ist in der vorliegenden
Anmeldung bevorzugt ais Tragersystem zu verstehen, das sowoh! humorale wie auch

zellulare Immunantworten hervorrufen kann.

Kapside von Hepatitis B Viren sind ikosahedral symmetrische Nanopartikel (Durchmesser
ca. 30 nm), die aus 180 bzw. 240 Kopien des viralen Core-Proteins bestehen. Das Core-
Protein wird als HBcAg bezeichnet. Sie kénnen als partikuldrer Trager fur Fremdmolekile
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dienen; die bevorzugte Anwendung ist die als immunverstarkender Antigen-Trager fur
Impfstoffe. Durch geeignete Modifikation des Cofe-Proteins kénnen die Fremdmolekile auf
 der Partikel-Oberflache (bei Bedarf auch im Inneren) prasentiert werden. Fir die
Oberflachenexposition ist die Verkniupfung des Fremdmolekuls mit zentral in der AS-
Sequenz des Core-Proteins gelegenen AS-Resten (Bereich der AS ca. 73-94) optimal,
welche das immundominante B-Zellepitop "c/e1" enthalten und in der 3D-Struktur am

starksten auf der Partikeloberflache exponiert sind (AS bedeutet Aminosaure).

Die WO 01/77158 beschreibt Hepatitis B-Core-Antigen-Fusibnsproteine, wobei heterologe
Epitope bevorzugt in den Bereich zwischen den Positionen 61 und 90 eingesetzt werden. Die
US 2003/0198649 beschreibt Hepatitis B-Virus Core-Antigen-Partikel, bei der die
Immunogene Uber Ligandenstrukturen mit dem Hepatitis B-Virus (HBV) Core-Protein
verbunden sind. Kratz et al. [PNAS (1999), 1915-1920] beschreiben die Prasentation von
GFP (Green Fiuorescent Protein) auf der Oberfliche des Coreproteins von HBV. Dabei
wurden die Aminoséuren 79 und 80 des Core-Proteins durch die 238 Aminoséure lange

Sequenz von GFP ersetzt.

Nassal et al. [Eur.J.immunol. (2005), S. 655-665] beschreiben ein Fusionsprodukt des
gesamten OspA-Proteins von Borrelia burgdorferi und des Hepatitis B-Virus-Kapsidproteins.
Auch hier wurden die Aminoséduren 79 und 80 durch die Aminoséuren 18 bis 273 von OspA
ersetzt, wobei allerdings zwischen Core-Protein und OspA Linkersequenzen eingebaut
wurden. Skamel et al. (Journal of Biological Chemistry, 2006, Seiten 17474-17481)
beschreiben die Présentatioﬁ des'kompletten OspC-Proteins von Borrelia burgdorferi mit
Hilfe von Hepatitis B-Virus-Kapsid-ahnlichen Partikeln. Bei den aus dem Stand der Technik
bekannten Lésungen hat sich aber herausgestellt, dass die veranderten Coreproteine nicht
mehr in gewunschter Weise zur Bildung von Kapsid-ahnlichen Partikeln (CLPs) neigen und,

dass daher die Immunantwort nicht mehr zufriedenstellend stimuliert wird.

Bei einer genetischen Insertionen von Fremdmolekiillen auf Peptid- bzw. Proteinbasis in das
&-riotein bedeuiel dies, dass die Fremdsequenz sowohl Uber ihren N- wie ihren C-
Terminus mit dem Core-Protein verbunden sind. Es wurde nun gefunden, dass die
beidseitige Verknupfung die Art und Auswahl geeigneter Fremdsequenzen drastisch

einschrankt.

Das hier beschriebene "split-Core-System" hebt diese Einschrankungen auf, indem das
Core-Protein in zwei separaten Teilen erzeugt wird, die sich Uiberraschenderweise spontan

zusammenfinden und vergleichbar der kontinuierlichen Proteinkette Kapsidpartikel bilden.

9 
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Fremdmolekule kénnen entweder an das N-terminale ("coreN") oder das C-terminale
("coreC") Fragment fusioniert werden und sind dadurch nur noch Uber ein Ende mit dem
Tragerprotein verknupft. Die strukturellen Einschrénkungen der beidseitigen Verknipfung bei
der Insertion von Fremdsequenzen in die kontinuierliche Peptidkette des Core-Proteins fallen

damit weitestgehend weg.

Das e‘rfindungsgeméﬁe Split-Core-System erlaubt daher:

(i) Die Prasentation von Fremdmoleklilen, die aufgrund ihrer Gré3e und/oder Struktur im
konventionellen kontinuierlichen Core-Protein-Kontext nicht, oder nur sehr schiecht,

prasentiert werden kénnen;
(i) Die Prasentation von heterodimeren Fremdproteinen;

(iii) Die Prasentation von interaktionsfahigen Fremdmolekulen in einer flexiblen, gut
zugéanglichen Form, welche die Interaktion mit den gewlnschten

Partnermolekilen wésentlich erleichtert;

(iv) Die Prasentation zusétzlicher Fremdmolekile Gber die im split-Core, nicht aber im
herkémmlichen - kontinuierlichen  Core-System, vorhandenen  zusétzlichen

oberflachenexponierten N- und C-Termini.

Hepatitis B Viren (HBVs) sind umhtilite Viren. Das innere Nukleokapsid wird auch als
Corepartikel ("core") bezeichnet; serologisch ist es als Hepatitis B core antigen (HBcAg)
definiert. Cores bestehen aus 180 bzw. 240 Kopien des 183-185 AS langen Core-Proteins
(abhangig vom HBV Subtyp). Das Core-Protein kann heterolog (in Bakterien, Hefe,
eukaryonten Zellen) exprimiert werden; dabei bilden sich spontan "capsid-like particles"
(=CLPs). Da sie weder das Virusgenom noch die duflere Hille enthalten, sind sie nicht
infektiés. Solche CLPs lassen sich auch von den ndher verwandten Sauger-HBVs (z.B.
Waldmurmeltier = woodchuck; Erdhérnchen = grounds squirrel; und weitere) sowie den
entfernter verwandten Vogel-HBVs (z.B. Ente = duck; Reiher = heron; und weitere)
erhalten. Grundsétzlich kénnen erfindungsgemaR alle HBV Sequenzen eingesetzt
werden, bevorzugt sind allerdings die Sequenzen von HBVs, die Menschen infizieren

kénnen.

%
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. Die Aminosduresequenz bzw. Nucleotidsequenz des HBV-Core-Proteins ist bekannt
[Galibert et al., Nature (1979), S. 646-650; Nassal, Gene (1988), Seiten 279-294 oder
WO 01/77158], auf diese Veréffentlichungen wird Bezug genommen. Bevorzugt
eingesetzt wird die Core-Protein-Sequenz des Subtyps ayw, es kdénnen aber auch
Varianten, Modifikationen der HBV-Sequenz ebenso verwendet werden, wie die Sequenz
von anderen Sauger-HBVs oder Vogel-HBVs. Die Sequenzen sind in den offentlich

zuganglichen Genbanken gespeichert.

Neben dem humanpathogenen Hepatitis B Virus (HBV im engen Sinn) gibt es eine Reihe
verwandter, tier-spezifischer Hepatitis B Viren, z.B. das HBV des Nordamerikanischen
Waldmurmeltiers (Englisch: woodchuck; zool. Marmota monax; woodchuck hepatitis B virus
= WHYV), das HBV des kalifornischen Erdhérnchens (Englisch: Californi'a ground squirrel;

zool. Spermophilus beecheyi; ground squirrel hepatitis B virus = GSHV), sowie weitere.

Diese Viren besitzen eine dhnliche genetische Struktur wie das humane HBV, weisen aber
distinkte Unterschiede in ihrer Nukleotid- und damit Aminosaure-Sequenz ihrer Proteine auf.

Die Verwendung von humanem HBV Core als Impfstoff-Trager unterliegt zwei moglichen

Einschrankungen:

1. Personen mit einer chronischen HBV-Infektion sind partiell tolerant gegen HBV-Antigene
(diese fehlende Immunantwort ist mitverantwortlich fir die Persistenz der Infektion). Core
wirkt auch als T-Zell-abhangiges Antigen. T-Zell-Epitope in der Sequenz des Coreproteins
sind daher an der starken immunogenitat von Impfstoffen auf HBV Core-CLP-Basis beteiligt.
In chronisch HBV-Infizierten wirde dies moglicherweise aufgrund ihrer T-Zell-Toleranz
gegen HBV Core nicht zum Tragen kommen. Eine solche Toleranz besteht jedoch nicht
~ gegen Core von WHV und anderen Tier-HBVs (vgl. Billaud JN, et al. Advantages to the use
of rodent hepadnavirus core proteins as vaccine platforms. Vaccine. 2007 Feb

19;25(9):1593-606). Firr diesen speziellen Kreis von potentiellen Imgpfingen kénnte daher die

Verwendung eines Tier-HBV Coreproteins als Trager von Vorteil sein.

2. Aufgrund seiner auflergewohnlich starken Immunogenitat ruft Core bei allen HBV-
infizierten, ob akut oder chronisch, eine starke anti-Core B-Zellantwort hervor (anti-HBcAg);
ausgeheilte Infektionen sind zusatzlich durch das Auftreten von Antikérpern gegen die HBV
Huliproteine (anti-HBsAg) charakterisiert. Derzeitige prophylaktische Impfstoffe gegen die
HBV-Infektion basieren ausschliellich auf dem HBV Hullprotein (HBsAg). Erfolgreiche
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Impfung bewirkt daher - so wie Uberstandende Infektion - das Auftreten von'anti-HBsAg. In
einigen Fallen ist es von diagnostischem Interesse, ob eine Person mit anti-HBsAg dies
durch Infektion, oder durch HBsAg-Impfung, erhalten hat - dies ldsst sich durch den

Nachweis von anti-HBcAg unterscheiden, welches nur nach Infektion auftritt.

Ein Impfstoff auf Basis von humanem HBV-Core wiirde neben der erwiinschten Antwort
gegen das inserierte Fremdprotein auch eine geWisse anti-Core (anti-HBcAg)-Antwort
hervorrufen. Dies wirde bei gleichzeitiger Anwesenheit von anti-HBsAg die Unterscheidung

HBV-Infektion vs. HBsAg-Impfung erschweren.

Im split-Core-System ist die Entstehung von anti-HBcAg bereits minimiert, da das
Hauptepitop, namlich c/e1, physikalisch getrennt vorliegt und somit von der Uberwiegenden
Anzahl von anti-HBcAg Antikdrpern nicht mehr erkennbar ist. Eine Rest-anti-HBcAg Antwort
gegen andere Sequenzbereiche des Coreproteins ist jedoch vorhanden. Dies lasst sich
durch Verwendung eines Nicht-human-HBV-Coreproteins, bevorzugt des WHV-

Coreproteins, als Tragerbasis verhindern bzw weiter vermindern.

Der wesentliche Bestandteil des erfindungsgeméaRen Split-Core-Tragersystems ist einerseits
das Core-Protein eines Hepatitis B-Virus und andererseits das Fremdmolekill, gegen das

eine Immunantwort hervorgerufen werden soll.

Das Core-Protein wird in der breitesten Ausfiihrungsform von einem beliebigen Hepatitis B-
Virus abgeleitet. Es sind verschiedene Hepatitis B-Viren bekannt. Bevorzugt eingesetzt
werden erfindungsgemaR solche Sequenzen, die von Hepatitis B-Viren abgeleitet sind, die
aus Saugetieren isoliert wurden und fur diese spezifisch sind. Besonders bevorzugt wird
humanes HBV eingesetzt. Daneben konnen aber auch solche Hepatitis B-Viren die Sequenz
des Core-Proteins liefern, die von anderen Tieren, beispielsweise Végeln, wie Enten oder

Reihern, herstammen.

Die andere Komponente, namlich das Fremdmolekll, gegen das eine Immunantwort
hervorgerufen werden soll, kann prinzipiell jedes beliebige Molekill sein. Bevorzugt handeit
es sich hierbei um Proteinsequenzen und besonders bevorzugt um solche
Proteinsequenzen, die auf den Oberflachen von Krankheitserregern gefunden werden und,
die m_it dem Immunsystem in Kontakt treten. Wenn das Immunsystem Antikérper gegen

derar{ige Oberflachenstrukturen von Krankheitserregern ausbilden kann, werden die
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Krankheitserreger nach Kontakt mit den einzelnen Komponenten des Immunsystem des
geimpften Patienten inaktiviert, wobei der eingedrungene Krankheitserreger in der Regel

zerstort wird.

Wenn man die in Datenbanken verfigbaren Sequenzen des woodchuck Hepatitis B-Virus
(WHV) mit der Aminosdure des Coreproteins von HBV (Subtyp ayw) vergleicht, stelit man
fest, dass eine Identitat von etwa 60 % vorliegt. Die Sequeniunterschiede sind im Bereich
der Aminoséurepositionen zwischen 66 und 94 besonders ausgepréagt, wobei diese Sequenz
das cl/el-Epitop und im erfindungsgemédRen HBV-Split-Core-System die Trennstelle
zwischen N-terminalem Bereich und C-terminalem Bereich des Coréproteins enthalt. Diese
Trennstelle liegt in einer besonders bevorzugten Ausfihrungsform zwischen Aminosaure 79
und 81.

Far die Herstellung von erfindungsgeméaflen WHV-Split-Core-Tragersystemen wurde die
Coreprotein-Sequenz des WHV-Coreproteins zwischen der Position 79 (kodiert fur
Aminosdure Glu) und der Position 80 (kodiert fir die Aminosdure Glutamin) auf
Nucleinsdure-Ebene getrennt. Auf Nucleotidebene wurde an den Carboxyterminus des N-
terminalen Coreprotein-Segments von WHV (kurz als WcoreN bezeichnet) eine Sequenz
kodierende  BamHI-Schnittstelle  angefuhrt. Daran schloR sich eine zweite
Ribosomenbindungsstelle sowie eine Schnittstelle fiir die Restriktionsendonuclease Nde1
an, welche wiederum mit dem Startkodon des WHYV coreC (WcoreC)-Segmentes uberlappt.
Diese Anordnung ist identisch mit der bevorzugten Anordnung in den entsprechenden HBV-
Split-Core-Konstrukten. Somit koénnen Insertionen direkt mit Hilfe eines BamHI-Nde1-
Verdaus von einem in das andere System transferiert werden. Im vorliegend beschriebenen
Fall enthalt WcoreN durch die eingefuhrte BamHI-Schnittstelle einen konservativen

Austausch, namlich E79D, und zusatzlich ein P als C-terminale Aminosaure. Dies ist

unschadlich far die Partikelbildungsfahigkeit und das C-terminale Prolin; erhdht aufgrund

seiner Protease-Resistenz die Stabilitat des Split-Proteins. Analog HBV Split-Core enthélt
WocoreC ein zusétzliches Start-Methionin, in diesem Falt vor Q8C, bai HBV vor 581, Dieses
WHV-Split-Core-Konstrukt bildete ebenso gut Partikel wie das entsprechende HBV-Split-

Core-Konstrukt.

In einer weiteren Ausfihrungsform der vorliegenden Erfindung kénnen auch der C-terminale
Bereich und der N-terminale Bereich des Coreproteins von unterschiedlichen Hepatitis B-
Viren herstammen. Das erfindungsgemafe Hybrid-Split-Core-Tragersystem weist in diesem

Fall im wesentlichen drei Komponenten auf, den N-terminalen Bereich des Coreproteins von
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einem Hepatitis B-Virus, beispielsweise einem humanen Hepatitis B-Virus, das
Fremdmolekll, gegen das eine Immunantwort hervorgerufen werden kann und den C-
terminalen Bereich des Coreproteins, das von einem anderen Hepatitis B-Virus herstammt,
beispielsweise von dem WHV. Auch von einem solchen Hybrid-Split-Core-Konstrukt wurden
prob!émlos Partikel gebildet. Da sich die Aminosaure-Sequenzen der Coreproteine aus
unterschiedlichen Hepatitis B-Viren unterscheiden, unterscheiden sich auch die B- und T-
Zellepitope. Somit kann durch das Hybrid-Split-Core-System die Immunantwort gegen den

partikuldren Trager gezielt beeinflusst werden.

Far die Herstellung von bevorzugten erfindungsgemafen Hybrid-Split-Core-Tragersystemen
wurde die Coreprotein-Sequenz des WHV-Coreproteins zwischen der Position 79 (kodiert fur
Aminosdure Glu) und der Position 80 (kodiert fur die Aminosédure Glutamin) auf
Nucleinsdure-Ebene getrennt. Auf Nucleotidebene wurde an den Carboxyterminus des N-
terminalen Coreproteins von WHYV (kurz als W-Core-N bezeichnet) eine Sequenz kodierende
BamHI-Schnittstelle angefihrt. Daran schlo sich eine zweite Ribosomenbindungsstelle
sowie eine Schnittstelle fur die Restriktionsendonuclease Nde1 an, welche wiederum mit
dem Startkodon des WHV coreC (WcoreC)-Segmentes Uberlappt. Diese Anordnung ist
identisch mit der bevorzugten Anordnung in den entsprechenden HBV-Split-Core-
Konstrukten. Somit kénnen Insertionen direkt mit Hilfe eines BamHI-Nde1-Verdaus von
einem in das andere System transferiert werden. Im vorliegend beschriebenen Fall enthalt
WecoreN durch die eingefihrte BamHI-Schnittstelle einen konservativen Austausch, namlich
E79D, und zusatziich ein P als C-terminale Aminosdure. Dies ist unschadlich fur die
Partikelbildungsfahigkeit und das C-terminale Prolin, erhéht aufgrund seiner Protease-
Resistenz die Stabilitat des Split-Proteins. Analog HBV Split-Core enthalt WcoreC ein
zusatzliches Start-Methionin, in diesem Fall vor Q80, bei HBV vor S81. Bei diesem Konstrukt

konnte Partikel problemios gebildet werden.

Naturliches HBcAg wie auch rekombinante HBV CLPs sind hochimmunogen (T-Zell-
unabhingig und T Zell-abhangiges Antigen). Weseniiich dafur ist die symmetrische,
multimere partikuldre Struktur des Corepartikels. Diese lasst sich in konventioneller "negati\}é
stain" Elektronenmikroskopie und auch Kryo-Elektronenmikroskopie darstellen. Biochemisch
lasst sich die partikulare Natur nachweisen durch Sedimentation in Sucrosegradienten
(Sedimentationskoeffizient je nach Variante 60 - 80 S; zum Vergleich: i6sliche monomere
Proteine ca. 1-5 S; eukaryonte ribosomale Untereinheiten 40S+ 60S). AuBerdem haben die
Partikel ein distinktes Laufverhalten bei der nativen Gelelektrophorese in Agarosegelen, das

sich von den nicht-partikutarer Formen unterscheidet. Dadurch ist feststellbar, ob sich CLP

F7,
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bilden kénnen, oder ob die Proteine ohne die CLP-Struktur vorliegen.

Das Core-Protein von HBV weist 183 oder 185 Aminosauren (das von WHV 187
Aminosauren) auf und besteht aus zwei Doménen: die ersten ca. 140 AS sind notwendig und
hinreichend fur das Assembly zu CLPs ("Assemblydomane"); die C-terminale Region ist
reich an basischen AS und bindet Nukleinsduren. Eine C-terminal verkurzte Core-Protein-
Variante (AS1-149) wurde in den urspringlichen E. coli Expressionssystemen wesentlich
besser exprimiert als das Volllangenprotein. CLPs aus Core-Protein 1-149, d.h. ohne
Nukleinsaure-Bindungsdoméne wurden daher fur mittel- und hochauflésende EM-
Strukturuntersuchungen benutzt. So konnte die Kristallstruktur der CLPs und des Proteins
bestimmt werden. Wie biochemisch vorhergesagt, bildet das Core-Protein sehr stabile,

symmetrische Dimere, die sich zu CLPs aus 90 oder 120 Dimeren zusammenlagern.

Die Corepartikel besitzen auffallige "spikes”; jedes Dimer bildet einen spike, der strukturell
aus einem 4-Helixblinde!l besteht, zu dem jedes Monomer 2 lange, zentral in der AS-
Sequenz gelegene a-Helices beitragt. Die spike-Spitzen umfassen die Aminoséauren (AS) in
der Region von AS 74-85. Diese Region tragt auch das immundominante B-Zell-Epitop des
HBcAg (c/e1-Epitop), seine besonders hohe Immunogenitdt erklart sich sich aus der

Oberflachen-Exposition dieser Reste.

Figur 1 zeigt die Core-Protein-Struktur schematisch. Auf der linken Seite der Figur 1 ist die
Primarsequenz des HBV-Core-Proteins dargestellt. Das Gesamtprotein besteht aus 183 AS
(in einigen HBV Subtypen 185 AS); nur die N-terminalen ca. 140 AS werden zur CLP-
Bildung benétigt (Assembly-Doméne); eine bevorzugte C-terminale AS-Position ist 149; an
diese und jede folgende AS, bis AS183, kann ein His-tag fusioniert werden, ohne die CLP zu
storen. Das c/e1-Epitop liegt im Bereich der AS 78 - 83, und bildet einen Teil des Loops
zwischen den zentralen a-Helices (links unten). Die Helices selbst kénnen verklrzt werden;
minimal benétigt werden wahrscheinlich in coreN die AS-Reste bis Pos. Gly73, in coreC die
Reste ab AS Gly94. Die rechte Seite der Fig. 1 zeigt eine schematische Darstellung eines
Core-Frotein-Dimers. Nur die beiden zentralen Helices pro Monomer sind gezeigt. Das

c/e Epitop ist auf der Partikeloberflache.

Fir eine erfolgreiche Partikelbildung muss die Core AS-Sequenz mindestens Pos. 140
enthalten, vorzugsweise mindestens Pos. 149, kann sich aber auch weiter erstrecken bis
zur C-terminalen AS 183 bzw. 185, je nach HBV Subtyp. Die AS-Sequenz nach Pos. 140,
besser 149, kann durch Fremdsequenzen ersetzt werden, diese Fremdsequenzen befinden

sich dann Ublicherweise im Inneren der CLPs. Gegen solche Fremdaminosauren werden
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nicht in erster Linie Antikdrper gebildet, sie konnen aber andere Funktionen erfillen.

Aufgrund der auBergewohnlich hohen immunogenitat des HBcAg sind rekombinante
HBV CLPs attraktiv fur die Verwendung als Immunogenitats-steigernder Tréger

("carrier") fur Fremdantigene.

Ein alternativer Losungsweg ist die chemische Kopplung von Fremdmolekilen an
vorgeformte CLPs. Bei der vorliegenden Erfindung liegt eine genetische Fusion von Fremd-
AS-Sequenzen an das Core-Protein vor. Hierbei stellte sich die Region des c/e1-Epitops
noch vor der réntgenkristallographischen Strukturaufkidrung anhand empirischer Versuche
als bgstgeeignet fur die Induktion potenter B-Zellantworten heraus. Anhand der Struktur ist
heute klar, dass solche Fusionen Insertionen in die Schieife ("loop") zwischen den
zentralen Helices darstellen. Da dieser /loop per se keine strukturgebende Funktion hat,
kann die 3D-Struktur des Core-Proteins bei Insertion von Fremdsequenzen zumindest
grundsatzlich erhalten bleiben. Abhéngig von der inserierten Fremdsequenz kénnen einige
derartige Fusionsproteine weiterhin reguldre CLPs bilden, jedoch ist dies nicht immer
gewahrleistet, weil die Fremdaminosduresequenz die Formung der Struktur des
Fusionsproteins negativ beeintrachtigen kann. Die partikuidre Struktur ihrerseits ist

essentiell fur hohe Immunogenitat.

Es wurden schon eine Vielzah! von Fremdsequenzen in das Core-Protein inseriert, z.T.
auch die erhdhte Immunogenitat experimentell nachgewiesen [Ulrich et al., Adv. Virus Res.
(1998), S. 141-182]. Da viele Versuche zur Insertion von langeren Fremdsequenzen mit

mehr als ca. 40 AS aber scheiterten (keine Partikelbildung mehr), nahm man an, es gebe

eine natlrlich begrenzte Aufnahme-Kapazitat fur Fremdsequenzen fir bis zu 40 AS bzw. in-

einem speziellen Fall bis zu 120 AS.

Es wurde gefunden, dal Fremdaminosduresequenzen, die am C- und N-Terminus mit
dem Core-Protein fusioniert sind, nur dann Partikel ausbilden, wenn mindestens zwei

essentielle Kriterien erfillt sind:

(i) Die 3D-Struktur des Fremdproteins muss so geartet sein, dass sein N- und C-
Terminus zur rdumlichen Lage der Verknipfungspunkte im Core-Protein (C-
Terminus des N-terminalen Coreanteils, d.h. Core-AS ca. 1- bis ca. 78 [coreN];
N-Terminus des C-terminalen Coreanteils, d.h. Core-AS ca. 80 bis 149 oder

. 183 [coreC])) passen
(ii) falls das Fremdprotein selbst homomere Interaktionen eingeht (Dimere, .

Trimere, etc) muss die Struktur dieser Homo-Oligomere ebenfalls zur Struktur

Iy
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der beiden Core-Protein-Anteile passen

Gut geeignet fur die Prasentation in vorbekannten Fusionsproteinen sind daher
Fremdproteine, deren N- und C-Terminus in der nativen 3D-Struktur nahe beieinander
liegen. GFP erfullt beide dieser Voraussetzungen, viele andere Proteine aber nicht; ein
Beispiel hierfur ist das outer surface protein A (OspA) des Lyme-Borreliose Erreger
Borrelia burgdorferi, dessen N- und C-Terminus auf entgegengesetzten Seiten der

langgestreckten 3D-Struktur liegen.

Die Insertion von OspA oder ahnlich ungunstig strukturierten anderen Proteinen fuhrt zu
Spannungen im Fusionsprotein. Entweder bleibt das Fremdprotein korrekt gefaltet und
verhindert die Anndherung der beiden Core-Proteinanteile, so dass deren Faltung und
nachfolgende Dimerisierung und Partikelbildung verhindert wird; oder die Faltung des Core-
Protein-Anteils beeintrachtigt die Faltung des Fremdproteins, so dass dieses entweder nicht
mehr nativ vorliegt (> veradnderte Antigenitat), oder - falls massiv missgefaltet - zur

Aggregation fahrt.

Im Fall von OspA konnte dieses Problem nur partiell durch Benutzung sehr langer
Verbindungssequenzen ("Linker") umgangen werden. Gerade fiir Vakzine-Anwendungen
stellen diese Linkersequenzen ein potentielles Problem dar, da sie unerwiinschte eigene
Antigenitédt besitzen konnten, die zu schéadlichen Kreuzreaktionen, bspw. mit
korpereigenen Antigenen, filhren kénnen. AuRerdem waren entsprechende Protein-

Praparationen nur sehr begrenzt zur Bildung regulérer CLPs in der Lage.

Aufgrund der dimeren Struktur des Coreprotein-Trégers und der geometrisch begrenzten
Oberflache der Tragerpartikel konnte bei sehr groen oder stark von einer globuldren
Struktur abweichenden Fremdproteinen zusatzlich generelle sterische Hinderung ein
Problem darstellen (der auf der "Kugeloberfliche" der CLPs verfigbare Raum ist
vegrenzi). Die iviaximaigroide des Fremdproteins hangt von mehreren Faktoren ab. Mit
dem erfindungsgeméaRen Verfahren gelang schon die Prasentation eines ca. 320 AS

umfassenden Fremdproteins (CSP).

Gegenstand der vorliegenden Erfindung ist daher ein Split-Core-Impfstoff, der als getrennte
Polypeptide die Core N- und die Core C-Doméne des Core-Proteins eines Hepatitis B Virus
und wenigstens eine Fremdaminosduresequenz, gegen die eine humorale sowie

gegebenenfalls zefluldre Immunantwort hervorgerufen werden soll, aufweist, wobei die

(v
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Fremdaminosauresequenz an den C-Terminus der Core N-Domane oder an den N-Terminus
der Core C-Doméne fusioniert ist und das Core-Protein capsid-like-particles binden kann.

Bevorzugt werden durch das Trégersystem neutralisierende Antikérper hervorgerufen.

Wesentlich bei dem erfindungsgemaRen Split-Core-Impfstoff ist, dass das Core-Protein am
c/e1 Epitop, also etwa zwischen den Aminoséduren 73 und 94 unterbrochen, also getrennt ist.
Die Fremdaminosauresequenz kann nun an das C-terminale Ende des Core N-Bereichs
anfusioniert sein. In diesem Falle beginnt dés N-terminale Ende des Core C-Teiles mit
derjenigen Aminoséaure, bei der das Core N-Protein getrennt wurde. Es ist auch méglich,
dass ein Teil des c/e1 Epitops deletiert ist, dass also eine oder mehrere Aminosduren aus
dem Bereich zwischen Aminosaure 73 und 94 entfernt wurden. Alternativ hierzu ist maéglich,
dass die Fremdaminosauresequenz, gegen die Antikdrper gebildet werden sollen, an das N-
terminale Ende des Core C-Bereichs anfusioniert ist. In diesem Falle endet der C-terminale
Bereich von Core N an der Aminosaure, bei der das Core-Protein unterbrochen wurde. Ein
wesentlicher Effekt, den der Split-Core-Impfstoff beibehalten mu®, ist, dass die Split-Core-
Impfstoffpartikel, die anfusionierte Fremdaminosauresequenzen tragen, dennoch die core-
capsid-like particles bilden kénnen. Dies wird entweder im Saccharose-Gradienten oder in
der nativen Agarose-Gelelektrophorese Uberpriift. Auch eine Uberprifung mit Hilfe des

Elektronehmikroskops ist méglich.

Bei der Fremdaminosauresequenz, gegen die Antikorper gebildet werden sollen, handelt es
sich bevorzugt um Sequenzen, die von Oberflachenstrukturen von Mikroorganismen
herstammen. Derartige Mikroorganismen rufen (iblicherweise Erkrankungen beim Menschen
hervor. Wenn gegen diese Strukturen neutralisierende Antikérper gebildet werden kénnen,
fuhrt dies dazu, dass die Immunabwehr eingedrungene Mikroorganismen sehr schnell
beseitigen kann. Ein Bakterium, bei dem die Impfstoffentwicklung schon relativ weit
fortgeschritten ist, ist Borrelia burgdorferi, der Erreger der Lyme Disease. Bevorzugt
eingesetzt werden im Rahmen der Erfindung als Fremdaminosduresequenzen die
Oberflachenproteine OspA und QenC  von  Borrglia  burgdoiten.  Bei den
Fremdaminosaduresequenzen kann es sich aber auch um andere Sequenzen handeln, die
von pathogenen Organismen herstammen. Ein derartiges Beispiel ist der Malaria-Erreger

Plasmodium falciparum.

Bei weiteren Fremdaminosauresequenzen, gegen die Antikorper gebildet werden kénnen,
handelt es sich um Sequenzen, die von Viren herstammen. Bevorzugt werden solche

Aminoséuresequenzen eingesetzt, die von Proteinen von Viren herstammen, die mit dem

02
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Immunsystem des Wirtsorganismus in Kontakt kommen. In erster Linie handelt es sich
hierbei um Oberfiachenproteine, da diese in der Regel zuerst mit dem Immunsystem des
Wirtsorganismus in Kontakt treten. Alternativ hierzu kann es sich aber auch um .Proteine
handeln, die im Verlauf des viralen Lebenszyklusses freigesetzt werden. Dabei kann es sich,
je nach Virustyp, beispielsweise um Core-Proteine oder Nucleocapsidproteine eines Virus

handeln.

Mit dem vorliegenden Split-Core-Impfstoff konnen aber nicht nur Antikérper gegen

kérperfremde Aminosduresequenzen erzeugt werden, sondern auch Antikérper gegen

unerwinschte kérpereigene Strukturen, wie beispielsweise Tumormarker: Tumorzellen

exprimieren haufig andere Oberflichenmarker als gesunde Zellen. Wenn also derartige
korpereigene Aminosduresequenzen im SplithQre-lmpfstoff prasentiert werden, wird die
Bildung einer Immunantwort angeregt, so dass der Korper in verstarktem Ausmal Antikérper
gegen die Tumorzellen bildet. Durch diese Antikorper kdnnen die Tumorzellen leicht von der
Immunabwehr erkannt und schliefllich eliminiert werden. Durch das erfindungsgemaRe
Trégersystem kann aber auch die zelluldre Immunantwort angeregt werden, was zu einer

verbesserten Wirksamkeit fuhren kann.

Gegenstand der vorliegenden Anmeldung ist auch ein Verfahren zur Herstellung eines
Impfstoffes gegen eine heterologe Proteinsequenz. Der Split-Core-Impfstoff besteht aus zwei
Teilen des Core-Antigens eines Hepatitis B-Virus, wobei entweder an die Core N-Region die
heterologe Proteinsequenz anfusioniert ist, oder an das C-terminale Ende der heterologen
Proteinsequenz das Core C-Protein anfusioniert ist. Diejenige Position in der
Aminosaurekette, an der die beiden Doménen voneinander getrennt sind, befindet sich
zwischen Position 73 und Position 94. Einzelne Aminoséuren dieser Aminoséaureregion, die

das c/e1 Epitop darstellen, konnen deletiert sein.

Das erfindungsgemaRe Verfahren kann grundsatzlich auf zwei verschiedene Arten

idam Taila Aas nbimmna  ala mee ~e
[AS L2} ) 1 (W16 (-1 ' ] "
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Q.

Polypeptidkette exprimiert werden, wird erfindungsgemaR eine Erkennungssequenz fur eine
Protease an der vorgesehenen Position eingebaut. Dadurch kann das Polypeptid nach
Expression durch die Protease in zwei definierte Teile gespalten werden. Bei dieser
Ausfihrungsform ist es auch moglich, diejenige Protease, die an der vorgesehen
Schnittstelle schneidet, mitzuexprimieren. Die hierfir kodierende Gensequenz kann sich

entweder auf demselben Vektor oder auf einem separaten Vektor befinden.

7
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In einer anderen, bevorzugten Ausfuhrungsform werden die beiden oben erwéhnten
Polypeptide aber mit einem speziellen Vektor exprimiert. Bevorzugt eingesetzt wird ein
sogenannter bicistronischer Vektor. Dies bedeutet, dass der eine Teil des Split-Coré-
Impfstoffes als Polypeptidkette exprimiert wird und; dass sich am C-Terminus ein Stopkodon
befindet. Kurz danach konnen aber die Ribosomen wieder ansetzen und das zweite
Polypeptid exprimieren. Dadurch wird gewahrleistet, dass sich die beiden Teile des Split-
Core-Impfstoffes in etwa gleicher Menge bilden und es missen keine Vorsichtsmalnahmen
getroffen werden, damit der Wirtsorganismus nicht einen der Vektoren verliert, was dazu
fuhren wirde, dass nur noch ein Teil des Split-Core-Impfstoffes bereitgestellt wird.

Der Ausdruck "Fusionsprotein”" oder "anfusioniert” bedeutet, dass zwei unterschiedliche
Proteine oder Polypeptide Uber eine Peptidbindung miteinander verbunden sind. Solche
Fusionsproteine entstehen durch Expression der dafur kodierenden, hintereinander

geschalteten Nucleinsauresequenzen.

Es wurde im Rahmen der Erfindung gefunden, daR sich als proteinchemisches
Hauptproblem fir eine breitere Verwendbarkeit des HBV-CLP Tragersystems (spezifisch
als Impfstoff-Carrier, generell fur die Prasentation von Fremdmolekulen) die beidseitige
Verknupfung des inserierten Fremdproteins Uber N- und C-Terminus darstellt. Lalt sich
eine der beiden kovalenten Bindungen (auf der N-oder der C-terminalen Seite des Inserts)
I6sen, und kommt es trotzdem zur Partikelbildung, weil sich die getrennten Core-Protein-
Anteile ("split-core") finden und korrekt falten, erhdht sich die Anzahl und Art der
inserierbaren Fremdproteine drastisch. Dies ist ein wesentlicher Aspekt der vorliegenden
Erfindung.

Figur 2 zeigt schematisch, dass die Insertion eines Fremdproteins mit ungunstiger 3D-
Struktur (z.B. OspA) die Bildung der Partikel-bildungskompetenten Struktur des Core-
Protein-Tragers verhindern kann (oberer Weg); alternativ kann die Ausbildung der korrekten
3N-Strukture dee  Core-Protein-Tragers die Formation der nativen 3D-Struktur des
Fremdproteins verhindern (unterer Weg). Dies wiirde die Bindung der gewunschten
Antikdrper unglnstig beeinflussen. Diese sterische Problematik wird aufgehoben, wenn eine
der beiden kovalenten Verknupfungen zwischen Fremdprotein-insert und Trager (auf der C-
terminalen oder der N-terminalen Insert-Seite) gelést wird (Pfeil). Eine Moglichkeit der
Realisierung ist die nachtragliche Spaltung eines kontinuierlichen Fusionsproteins; dies
erfordert die zusétzliche Einflihrung einer Schnittstelle fur eine spezifische Protease.

Bevorzugt werden daher die beiden Ffagmente von vornherein als separate Entitaten

Iy
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exprimiert.

Durch die erfindungsgemafe Losung werden noch weitere Konsequenzen bewirkt:

(i) da das clet Epitop auf der Partikeloberfliche liegt, entstehen auf ebendieser
Oberflache neue N-und C-Termini, die weiter derivatisiert werden kénnen. Z.B. kann
an das coreN-Fragment ein Fremdmolekil X, und an das coreC-Fragment ein
Fremdmolekil Y fusioniert werden. Eine mogliche Anwendung ist die Prasentation
von heterodimeren Fremdmolekulen. Hierbei muR allerdings beachtet werden, dass
keine sterische Hinderung der beiden anfusionierten Teile auftreten darf.

(i) spezifische Teilregionen einer inserieten Fremdsequenz, z.B. ein besonders
wichtiges Epitop konnen je nach VerknUpfung uber N- oder C-Terminus zur

" Partikeloberflache hin, oder von ihr weg, orientiert werden. Ein Beispiel ist das sog.
LA2-Epitop von B. burgdorferi OspA, das nachgewiesenermaflen im C-terminalen

- Bereich liegt. Antikérper, die dieses Epitop erkennen, sind neutralisierend.

Dies ist auch wichtig fur die Insertion von Fremdsequenzen, die ihrerseits weitere
Interaktions-Oberflachen darbieten (fir die Anheftung dritter Molekiile; siehe Beispiele). Da
nur einseitig verknlpft, wird der interaktionsfahigen Fremdsequenz keine artifizielle 3D-
Struktur aufgezwungen; stattdessen ist sie, je nach Art flexibel oder kann ihre korrekte 3D-
Struktur ungestort einnehmen. Damit werden Interaktionen mit dem Interaktionspartner

wesentlich erleichtert.

Gegenstand der vorliegenden Erfindung sind auch Arzneimittel, insbesondere Impfstoffe, die

capsid-ahnliche Partikel enthalten, welche auf dem Split-Core-System basieren.

Die erfindungsgeméRen Arzneimittel beinhalten die erfindungsgemaBen Capsid-ahnlichen
Partikel, wobei die Arzneimittel bevorzugt einen positiven Einflu auf das Immunsystem
aufweisen. Ublicherweise wird durch' das erfindungegemsie Spit-Core-Tragersysiem dem
Immunsystem eine Fremdaminosduresequenz dargeboten, gegen die das Immunsystem
Antikorper, bevorzugt neutralisierende Antikérper, produziert. Diese Antikérper wirken dann
malgeblich bei der Bekdmpfung des in den Kérper eingedrungenen Mikroorganismus oder
des Virus mit, oder sie helfen bei der spezifischen Zerstérung von unerwlnschten

Tumorzellen mit.

In einer weiteren Ausfuhrungsform kann das erfindungsgemafe Split-Core-Tragersystem als
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diagnostisches und/oder analytisches Mittel eingesetzt werden. In den Beispielen 12 und 13
sind derartige Anwendungen naher erldutert. Bei derartigen Mitteln kénnen beispielsweise
selbstfluoreszierende, Antikérper bindende Partikel zugéanglich gemacht werden, die
ihrerseits Antigen binden und dieses per Fluoreszenz sichtbar machen. In einer weiteren
Ausfuhrungsform kénnen die erfindungsgeméafien Split-Core-Tragersysteme
Peptidsequenzen beinhaiten, die spezifisch bestimmte Metallionen/Lantanide binden. Wenn
derartige Peptide in das Split-Core-System inkorporiert werden, werden Partikel
bereitgestellt, die pro einzelnem Partikel viele derartige Reporteratome/lonen enthalten und

besser nachweisbar sind.

Beispiel 1
Wildtyp-Core-Protein mit inserierter TEV-Protease Erkennungssequenz

In das c/e1 Epitop von wt-Coreprotein 1-149 wurde eine Erkennungssequenz fir die
tobacco-etchvirus (TEV) Protease eingefiihrt (Ersatz der AS P79+A80 durch GGGGT-
ENLYFQGT-GGGG; G-Reste als Linker, um Zugéanglichkeit der Erkennungssequenz fir die
Protease zu gewahrleisten). Das rekombinant exprimierte Protein formte Partikel. Diese
wurden mit TEV Protease inkubiert, der Erfolg der Spaltungsreaktion durch SDS-PAGE
uberprift. Der Protease-Verdau-Ansatz wurde anschlie®end durch einen Sucrosegradienten
sedimentiert. Es kam zur praktisch volisténdigen Spaltung an der erwarteten Position, da 2
nahezu gleich groRe Fragmente entstanden. Trotz Spaltung sedimentierte das Protein im
Gradienten etwa an dieselbe Position wie ungespaltenes wt-Core-Protein 1-149.
Vergleichbare Ergebnisse wurden mit einem Fusionsprotein auf Basis des Volllangen-Core-

Proteins 1-183 erhalten.
Beispiel 2

Core-Protein-Varianten mit gréBeren inserierten Fremdsequenzen

Als Beispiel fur ein Fusionsprotein mit moderat groRer Insertion wurde in das c/e1-Epitop die
Sequenz fur ein artifizielles Peptid "ACID" (flankiert von Gly-reichen Linkern; gesamt 65 AS)
inseriert, welches mit einem komplementiren Peptid "BASE" interagieren kann
[O'Shea et al., Curr.Biol. (1993), 658-667); daran anschlieRend die TEV-protease-
Erkennungssequenz '
GGGGSGGGVEDGGGGSGGGGT-AQLEKELQALEKENAQLEWELQALEKELAQTG-
ENLYFQGTGGGG.

0
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Das Fusionsprotein bildete CLP.s‘ Diese wurden isoliert und wie oben mit TEV-Protease
inkubiert. Auch hier kam es zu spezifischer Spaitung, die Partikel blieben aber intakt. In
diesem Fall sind die TEV-Spaltf[agmente unterschiediich groR und daher im SDS-Gel direkt
zu unterscheiden. Trotz Spaltung ko-sedimentieren die Fragmente in die CLP-spezifischge__n

Gradienten-Fraktionen.

Dieses Beispiel zeigt, dass sich auch CLPs aus Core-Protein mit einem inserierten 65 AS
Peptid (Linker + ACID + TEV-Schnittstelle) spezifisch spalten lassen, die partikulare

Struktur bleibt trotzdem erhalten.

Beispiel 3

Als weiteres Beispiel ist ein entsprechender Versuch mit einem Core-Protein gezeigt, das die
AS Sequenz 18-273 des Borrelia burgdorferi OspA Proteins enthalt. Das entsprechende
Protein ohne TEV-Spaltstelle ist in Nassal et al., 2005 beschrieben; nur ein Bruchteil davon
bildete regulére Partikel, was sich auch in einer breiten Verteilung im Sucrosegradienten
gezeigt hatte. Der nicht geschnittene Impfstoff ist also als solcher nur bedingt iu
gebrauchen. Da zudem sehr lange Extra-Linkersequenzen mit eigenem, unerwlnschten
Antigenpotential notwendig waren, um wenigstens einen kleinen Anteil der Praparation in
CLP-Form zu erhalten, ware dieser nicht geschnittene .Impfstoff nicht im

Menschen/medizinisch anwendbar.

Nach Einflhrung einer TEV-Spaltstelle wurde das Fusionsprotein wie in Beispiel 2 mit TEV-
Protease behandelt, dann im Sucrosegradienten sedimentiert. Auch hier kam es zur
spezifischen Spaltung, allerdings nicht vollstéandig (vermutlich durch sterische Hinderung via
OspA schlechtere Zugéanglichkeit der TEV-Schnittstelle); Zuordnung der Fragmente mittels
monoklonaler Antikorper, die spezifisch den N-terminalen bzw. C-terminalen Coreanteil
erkennen; der a-coreN Antikérper reagiert demzufolge mit dem ungespaltenen
Fusionsprotein sowie mit dem N-terminalen Spaltfragment. Trotzdem zeigte das partiell
gespaltene Material ein Partikel-typisches Laufverhalten.Diese Daten deuteten darauf hin,
dass durch Offnen einer der beiden Verbindungen zwischen inserietem Fremdprotein und

Coretrager die Partikelbildung deutlich verbessert werden konnte.

Das Beispiel belegt, dass sich auch ein Corefusionsprotein mit einer groBen Fremdprotein-
Insertion (255 AS OspA + Linker + TEV-Schnittstelle) spezifisch spalten &Rt (wenn auch

weniger effizient). Wahrend das zuvor beschriebene kontinuierliche coreOspA
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Fusionsprotein sich breit Uber den Gradienten verteilt (Nassal et al., 2005), reichert sich das
(partiell) gespaltene Fusionsprotein distinkt in partikeltypischen Gradientenfraktionen an.

Dies ist ein Indiz fur verbesserte Partikelbildungseffizienz durch die Spaltung.

In einem weiteren Versuch konnte gezeigt werden, dass (von einem kompatiblen Plasmid)
ko-ex"primierte TEV-Protease zur Spaltung von TEV-Schnittstellen tragenden Corefusions-
Proteinen fuhn, teilweise effizienter als durch nachtrégliche in vitro Spaltung moglich. Auch
far die schon in den Bakterien gespaltenen Fusionsproteine konnte Partikelbildung via
Sucrosegradienten-Sedimentation nachgewiesen werden.

Die Beispiele 1 bis 3 zeigten, dass vorgeformte CLPs nach Spaltung im Bereich des
c/elEpitops intakt bleiben. Dies ist strukturell damit zu erklaren, dass die
Verbindungsschleife zwischen den spike-bildenden Helices keine per se strukturgebende
Rolle hat, konnte so aber nicht erwartet werden. Dies fihrte zu der bevorzugteren
Ausfihrungsform, bei der, statt nachtréglicher Spaltung der kontinuierlichen Proteinkette
die coreN und coreC-Teile direkt als separate Proteinfragmente exprimiert werden, wobei
sie sich offensichtlich spontan zusammenfinden und Partike! bilden. Ein solcher Ansatz

hat m_indestens drei wesentliche Vorteile:

(i) Vereinfachung: der zusétzliche Spaltungsschritt ‘mit TEV-(oder einer anderen)
Protease ist nicht mehr notwendig

(ii) keine zuséatzliche Peptidsequenz im Fusionsprotein fur die spezifische Protease-
Erkennung notwendig

(i) eine - wenn auch nur partielle - Partikelbildung mit sterisch ungtinstigem
Fremdprotein wie OspA erforderte sehr lange Linkersequenzen; diese sind
verzichtbar, wenn sterische Hinderungen durch die nicht mehr beidseitig

notwendige Verknupfung mit dem Core-Tragerprotein vermieden wirden.

Die Punkte (i} und (iii) sind besonders fir Vakzineanwendungen bedeutsam, da jegliche

hhavram tmvmmicimalamicnmbccc I amnamiimmmn - Ll wm a Vo
FIVQISHT HITHDUNIVIVYIDWVIIGHE NVTIDTYUCHILTIT 1UIiSh nat i

(neue Epitope durch die Zusatzsequenzen, moglicherweise Kreuzreaktionen mit

kérpereigenen Epitopen)
Beispiel 4

- Expressionkonstrukte zur annidhernd dquimolaren Expression von coreN und
coreC Fragmenten
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In der kontinuierlichen Peptidkette liegen die spateren Spaltprodukte zwangslaufig .in
aquimolaren Mengen vor. Bei separater Expression sollten die beiden Teile daher fir eine
effiziente Zusammenlagerung ebenfalls in anndhernd &quimolaren Mengen entstehen. In
ersten Versuchen wurden zwei separate, kompatible Plasmide zur Expression der beiden

Tragerprotein-Teile eingesetzt, alierdings mit malkigem Erfolg.

In bevorzugter Ausfilhrungsform werden bicistronische Vektoren eingesetzt, die zudem den
Vorteil bieten, dass auf Selektion mit einem weiteren Antibiotikum (fur den Erhalt des

ansonsten notwendigen zweiten Plasmids) verzichtet werden kann.

Typ1 Konstrukte enthalten hinter einem gemeinsamen Promotor (hier T7 Phagen RNA
Polymerase Promotor) zwei Expressionskassetten mit jeweils einer vorgeschalteten
Ribosomen-Bindungsstelle (ribosome binding site, RBS; "Shine-Dalgarno-Sequenz”). In
den hier realiserten Vektoren wird die Translation des coreN Fragments durch ein
artifizielles Stop-Codon nach AS Prolin 79 (P79) beendet, die Translationsinitiation des 2. |
Fragmentes durch ein artifizielles Start-Codon vor AS Serin81 (S81) ermdéglicht. Eine
solche Operonstruktur ist in Bakterien haufig zu finden ("polycistronische mRNAs",
Ribosomen kénnen relativ unabhangig an jede RBS auf der mRNA binden und die
Translation des 3" gelegenen Gens initiieren). In den realisierten Konstrukten ist die
zweite RBS eine exakte Kopie der ersten RBS, die aus dem originalen pET-Vektoren
stammt; andere RBS-Sequenzen sind mit Siéherheit ebenfalls moglich. Das ATG
Startcodon des 2. Cistrons ist Teil einer Nde-Schnittstelle (CATATG) fur das leichte

Einklonieren von Fremdsequenzen.

Typ2 Konstrukte ("stop/start") enthalten keine separate zweite RBS; stattdessen Uberlap;;t
mit dem Stopcodon des upstream Gens (NNN TGA) ein Inititionscodon fur das downstream
Gen (NNA TGA) in einem um 1 verschobenen Leseraster. In diesem Fall kénnen Ribosomen
nach Ablesen des ersten Gens direkt am ATG des zweiten Gens re-initiileren; eine solche
Ancrdnung criaubt die Koexpression zweier Gene; ahnliche Stop-Start Arrangements finden
sich in einigen Bakteriophagen. Sie st éuch in einigen eukaryonten non-LTR
Retrotransposons verwirklicht (Verbindung ORF1/ORF2). Anhand der bekannten Sequenzen
z.B. im E. coli Trp Operon sollten andere Kombinationen von nahe benachbarten, oder

iiberlappenden Stop-/Startcodons (z.B. TAA TG, TGA TG, etc.) ahnlich geeignet sein.

Bevorzugte Expressionsvektoren sind schematisch in Fig. 3 dargestelit.
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Oben: Typ 1 Konstrukte. Ein Promotor, z.B. fiir T7 RNA Polymerase, fihrt -zur Transkription
einer  bi-cistronischen mRNA (fur effiziente Termination kann 3'-seitig eine
Terminatorsequenz eingefigt sein). Das erste Cistron kodiert die HBV Coreprotein-AS-
Sequenz 1-79. Eine vorgeschaltete Ribosomen-bindungsstelte (RBS1) ermdéglicht die
Translationsinitiation (kleine und grofle Ribosomen-Untereinheit als Ovale dargestellt). Am
3-Ende des Codons fur P79 folgt ein Stop-Codon. Am 5'-Ende des zweiten Cistrons liegt
eine weitere RBS (RBS2) fiir die Translationsinitiation des coreC-Fragments. Dieses verfugt

dazu Uber ein eigenes Initiationscodon (ATG). Im gezeigten Beispiel beginnt die

coreC-Sequenz mit AlaB0; sie kann sich bis AS-Position 140, besser 149, oder bis zum
authentischen Ende bei Pos. 183 erstrecken. Die AS-Sequenz ab Pos. 140, besser 149,

kann auch durch Fremdsequenzen ersetzt werden.

Unten: Typ2 Konstrukte. Diese enthalten nur eine RBS vor dem ersten Cistron. Die
Translation des coreC-Fragments erfolgt durch Re-Initiation, indem das artifizielle Startcodon
von coreC (ATG) mit dem Stop-Codon von coreN (TGA) wie gezeigt uberlappt. im Bespiel

beginnt die coreC-Sequenz mit Ser81.

Die AS 77, 78 und 79 des Core-Proteins sind Glutamat (E; Codons: GAA, GAG), Aspartat -
(D; Codons: GAC oder GAT), AS 79 Prolin (P; Codons: CCN). In den realisierten Typ 1
Konstrukten wurde fur die AS-Sequenz EDP die Nukleotid-Sequenz GAG_GAT CCN
gewahlt, wodurch eine Schnittstelle fiur BamH| entsteht (GGATCC); durch diesen singuléren
BamHI Schnitt ist eine simple Einklonierung von unterschiedlichen coreN- und coreC-
kodierenden DNA-Fragementen moglich. Das Nucleotid N im Prolin Codon CCN ist nicht
festgelegt; das Stop-Codon kann TAA, TAG, oder TGA sein.

In Typ 2 Konstrukten lautet die' Sequenz bis zum Ende des ersten Gens G GAT CCa TGA.
Auch hier ist eine BamHI Schnittstelle (unterstrichen) fir das Einklonieren unterschiedlicher
coreN bzw. coreC kodierender DNA-Fragmente vorhanden. Fur P79 muss in den realisierten
Typ2-Konstrukten das Codon CCa sein, das Stop-Codon muss TGA (> CCa TGA) sein, um
das Entstehen eines Gberlappenden ATG Initiationscodons fir das zweite Gen zu erlauben.
Das Codon fir die erste AS des zweiten Gens nach dem ATG-Startcodon muss mit A
beginnen. Alternative Stop/Start Nt-Folgen waren TGA TG oder TAA TG wie im E. coli Trp
Operon zwischen TrpE und TrpD oder auch TrpB und TrpA [Das and Yanofsky (1989), Nucl.
Acids Res., S. 9333-9340; Oppenheim and Yanofsky (1980), Génetics, S. 785-795).

In den realisierten Vektoren (pET28a2-xxx) beruht das Grundgerist auf dem kommerziellen
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Vektor pET-28, bei dem jedoch das Kanamycin-Resistenzgen gegen dasjenige fur Ampicillin-
Resistenz ausgetauscht wurde. Mit Sicherheit sind jedoch andere Vektor-Grundgeriste
ebenfalls anwendbar (verschiedene replication oris, verschiedene Resistenzgene,
verschiedene Promotoren, verschiedene RBS). Essentiell ist die bicistronische Anordnung
der Gene fur coreN und coreC, entweder durch 2 separate RBS, oder durch Stop/Start
Anordnung. In eigenen Versuchen liessen sich mehrere split-Core Proteine von Typ1 wie
von Typ 2-Konstrukten exprimieren. Fur Typ 2 (Stop/Start) Konstrukte war dies jedoch in

einer geringeren Anzahl von Konstrukten der Fall. Ausserdem ist die mégliche
Sequenzvariabilitdt bei Typ2-Konstrukten geringer (s.0.). Typ1 Konstrukte sind daher breiter

anwendbar.

Als C-terminale AS des coreN-Anteils wurde P79 gewéhit, da Prolin besonders Protease-
resistent ist und somit eine Degradation des Fragments minimiert wird. Aufgrund der
bekannten 3D-Struktur sowie beschriebener Deletionsvarianten in dieser zentralen Region

|asst sich aber annehmen, dass

() das Ende des coreN Fragments im Bereich der AS ca. ab Pos. 72 - 74, besonders
Gly73
{ii) der Beginn des coreC Fragments im Bereich der AS ca. ab Pos. 78-86,

moglicherweise bis Gly94 liegen kénnte, 6hne dass wesentlich andere Ergebnisse als
mit den hier gewahliten Grenzen (coreN Ende bei P79, coreC Start bei S81, mit
vorgeschaltetem Start-ATG) erhalten wiirden.

Fur die Expression in eukaryonten Zellen sind die beschriebenen Konstrukte aufgrund des
unterschiediichen Transkriptions- und Translations-Mechanismus so nicht anwendbar; statt
des prokaryonten Promotors muf} ein eukaryonter Promoter verwendet werden (2. B. CMV-iC
und viele andere), sowie ein Poly-Adenylierungssignal (z.B. aus SV40 Virus, oder viele

andere) nach dem Ende des/der offenenen Leseraster(s) eingefuhrt werden.

Eine anndhernd gleiche Expression von coreN und coreC in Eukaryonten kann erreicht

werden durch:

(1) Ko-Transfektion zweier Plasmide (je eines fur coreN, eines fir coreC);

7



WO 2008/028535 PCT/EP2007/006190
21

(ii) Transfektion eines Plasmids mit 2 unabhéngigen Expressions-Kassetten;

(iii) Transfektion eines Plasmids mit funktionell bicistronischer mRNA: z.B. kénnte das
zweite Gen durch eine vorgeschaltete “internal ribosome entry site" (IRES)
exprimiert werden;

(iv) Mdéglicherweise ist auch ein Typ2-Vektor-artige Stop-/Start Anordnung in

Eukaryonten funktionell.

Beispiel §

Separate Expression von wt-coreN und coreC Fragmenten filhrt zur Bildung
intakter CLPs

Mittels Expressionsvektoren auf Typ1-Basis (Fig. 3) wurde Wildtyp-Core-Protein in zwei
Teilen in E. coli BL21 Zellen exprimiert, einmal auf Basis der AS 1-149, einmal AS 1-183.
Beide erwarteten Fragmente wurden gebildet und lagerten sich zu intakten CLPs
zusammen. Dies wurde mit Sucrose-Gradienten sowie nativ-Agarosegel-Elektrophorese
na'chgewiesen. Als direkter Beweis fur die Bildung von CLPs wurde ein
elektronenmikroskopischer Vergleich (negative staining) von Partikeln aus kontinuierlicher -
AS 1-183 Kette mit C-terminalem His6-tag vs. Partikeln aus dem entsprechenden split-
Core-System durchgefuhrt. Bei dieser Auflésung waren keine Unterschiede detektierbar.

Wt-HBV-CLPs sind sehr robust und besténdig gegen Harnstoff in molaren Konzentrationen:;
CLPs aus C-terminal trunkiertem Core-Protein 1-149 lassen sich durch 3-5 M Harnstoff in
Dimere dissoziieren und durch Anderung der Pufferbedingungen (Entfernen des Harnstoffs,
neutraler pH, erhéhte Salzkonzentration) in vitro wieder zu CLPs reassoziieren. Eine
vergleichende Untersuchung zur Stabilitit der CLPs aus split-Core zeigte eine dhnlich hohe
Stapiiitat der split-Core CLPs. Dies zeigt die hohe Affinitat der coreN und coreC-Anteile

zueinander, und ist wichtig fur die Verwendung als Tragersystem fir Fremdmolekiile.
Beispiel 6

Separate Expression von Fremdprotein-fusionierten-coreN und wt-coreC Fragmenten
sowie vice versa, fiihrt zur Bildung intakter CLPs
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Zum Nachweis der grundsatzlichen Eignung des split-core-Systems fur die CLP-Bildung und
Prasentation von Fremdproteinen wurde als Modell GFP entweder an coreN oder an coreC
fusioniert; fir das coreN-Konstrukt wurde entweder ein Typ1 (zweite RBS) oder Typ2
(Stop/Start) Vektor benutzt. Alle Konstrukte fihrten zur Expression grun fluoreszierender

Proteine, die laut Sedimentation in Sucrosegradienten Partikel bildeten.

Zum weiteren Nachweis der physikalischen Assoziation der jeweiligen coreN und coreC
Fragmente wurden Aliquots der Gradientenfraktionen der Elektrophoresé in nativen
Agarosegelen unterzogen. Dabei bleiben Partikel erhalten, ebenso der GFP-Chromophor.
In den Fraktionen fand sich sowohl bei GFP an coreN, wie GFP an coreC, eine distinkte, -
grin fluoreszierende Bande; nicht assembliertes GFP Fusionsprotein verblieb in den
oberen Gradientenfraktionen, und zeigte ein anderes Laufverhalten sowie eine diffusere
Verteilung (schnellere Diffusion im Gel aufgrund der wesentlich kieineren Struktur im
Vergleich zum Partikel aus 180 oder 240 Untereinheiten). Sowohl fir GFP an coreN wie
an coreC liel sich mit dem a-coreC Antikérper in der grun fluoreszierenden (dito GFP

enthaitenden) Bande auch coreC nachweisen.

Dieses Beispiel zeigt zweierlei, ndmlich

(i) Im split-core-System kann ein Fremdprotein von ca. 240 AS, hier GFP, sowohl an
coreN wie an coreC fusioniert werden, ohne die CLP-Bildung zu stéren.
(i) Sowohl Typ1 wie Typ2 split-Core-Vektoren sind fiir die Ko-Expression von coreN und

coreC mit anfusionierter Fremdsequenz geeignet.
Beispiel 7

CLP-Prasentation von medizinisch relevanten Fremdproteinen im splitcore-System,
die konventionell nicht, oder nur sehr eingeschrénkt, méglich ist

Borrelia bufgdorfori OspA

Wie eingangs dargelegt, fihrt die im bisherigen System erforderliche beidseitige
Verknipfung des inserierten Fremdproteins mit dem Trégerprotein zu starken topologischen
Einschrankungen. Wahrend GFP eine natiirliche "Passform" hat, trifft dies fir OspA nicht zu.
Als Prazedenz-Fall fir ein unglnstig strukturiertes Fremdprotein wurde daher OspA im split-

Core-System eingesetzt, und entweder an coreN oder coreC fusioniert. Im Gegensatz zum



WO 2008/028535 _ PCT/EP2007/006190

23

friheren kontinuierlichen Konstrukt [beschrieben in Nassal et al., 2005] mit breiter Verteilung
im Gradienten reicherten sich beide Fusionsproteine distinkt in den Partikel-typischen
Fraktionen an. Eine Elektroﬁenmikroskopie-Analyse zeigte eine drastisch verbesserte CLP-
Bildungseffizienz verglichen zum alten, kontinuierlichen Konstrukt, sowoh! bei Fusion von

OspA an coreN wie an coreC.

Dieses Beispiel belegt, daf

(i) das split-core-System die CLP-Prasentation von Fremdproteinen erlaubt, deren
Struktur im herkémmlichen kontinuierlichen Core-System mit der CLP-Bildung
interferiert,

(ii) im split-Core-System effiziente CLP-Bildung durch Fusion des Fremdproteins sowohl

an coreN wie auch coreC mdglich ist.

In analoger Weise lieR sich auch Borrelia burgdorferi OspC erfolgreich im

erfindungsgemaéfen Split-Core-System prasentieren.

Beispiel 8

Circumsporozoiten-Protein des Malaria-Erregers Plasmodium falciparum

Ein weiteres unter Vakzine-Gesichtspunkten hochrelevantes Pathogenprotein ist das
Circumsporozoiten-Protein (CSP) des Malaria-Erregers Plasmodium falciparum. CSP (hier
verwendete Form: 319 AS Gesamtlange) enthalt eine ca. 110 AS lange
Wiederholungssequenz der Tetrapeptid-Motive NANP/NVDP. Die Struktur von CSP ist nicht
bekannt; die C-terminale ca. 50 AS Domane mit 4 Cys-Resten hat wahrscheinlich (aufgrund
Sequenz-Homologie) eine ahnliche Faltung wie Thrombospondin Typ1 repeats. Die repeat-
Sequenz ist immunogen, méglicherweise enthalten aber auch die anderen Regionen von
CSP wichtige Epitope. Im konventionellen kontinuierlichen Coresystem konnte das
Volllangen-CSP nicht in CLP-Form prapariert werden. Dagegen war dies sehr wohl mit dem
split-Core-System méglich. Eindeutige Daten liegen derzeit fiir die Fusion von CSP an coreN
vor; bei Koexpression mit coreC (sowohl als 149 wie als 183-Konstrukt) bilden sich effizient

partikuldre Strukturen.
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Es wurde eine Serie von Konstrukten (sowohi auf Basis von core 1-149 wie 1-183)
hergestellt, die entweder nur die repeat-Sequenz, oder trunkiertes CSP ohne Cys-reiche
Doméne jeweils im kontinuierlichen oder split-Core-System enthalten; dazu komplettes
CSP fusioniert an coreN. Die CLP-Praparationen wurden in einer vergleichenden
Immunogenitats-Studie in Mausen eingesetzt, die aber noch nicht abgeéchlossen werden
konnte. Die bisherigen Daten zeigen, dass der im Split-Core-System hergestellte Impfstoff
Uberlegene Eigenschaften aufweist. Dies ist darauf zuriickzufuhren, dass das komplette
CSP ausschlieBlich bei Anwendung des erfindungsgemafien Tragersystems die Fahigkeit
zur CLP-Bildung aufweist. Bei anderen Systemen entstehen dagegen keine CLPs. Daher
dirften mit Hilfe des erfindungsgémélsen Tragersystems hergestellte CSP-Impfstoffe eine
Uberlegene Immunogenitat aufweisen und insbesondere neutralisierende Antikérper

induzieren.

Beispiel 9

Split-Core-CLPs als Trédger fiir Fremdproteine verstirken die B-Zell-Antwort
gegen das Fremdprotein

In einer Immunogenitatsstudie in Mausen werden 5 core-OspA-Konstrukte aus dem split-
Core-System vergleichend untersucht mit nicht an Core fusioniertem, lipidiertem OspA

(LipOspA); dieses ist die Basis der kommerziellen Lymerix-Vakzine, daher der derzeitige

"Goldstandard" fir einen Lyme-Krankheits-Impfstoff. Der Lipidanteil in LipOspA (Tris-

Palmitoyl-Cystein-(Pam3-Cys)) ist essentiell fur dessen relativ hohe immunogenitat, nicht
lipidiertes OspA ist nur sehr schwach immunogen (vgl. Nassal et al, 2005). Drei der core-
OspA-Konstrukte enthalten Volllangen-OspA (AS 18-273), zwei weitere verkirztes OspA
(beginnend bei AS 185, bis AS 273).

6 Gruppen von je 5 BALR/c Mausen wurden dazu mit je 10 pg Antigen 4-mal immunisiert
(Tag 0, 14, 29, 49):

Gruppe 1: LipOspA
Gruppe 2: Volllangen-OspA (AS 18-273) an coreN, coreC von Core-AS 81 bis 183

Gruppe 3: Volllangen-OspA (AS 18-273) an coreN, coreC von Core-AS 81 bis 149
Gruppe 4: Verkurztes OspA (AS 185-273) an coreN, coreC von Core-AS 81 bis 183

4
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Gruppe 5: Verkirztes OspA (AS 185-273) an coreN, coreC von Core-AS 81 bis 149
Gruppe 6: Volllangen-OspA (AS 18-273) an coreC bis Core-AS 183, corelN von AS 1-79

-Zur Bestimmung der induzierten Antikérper wurde Blut entnommen an Tag -1 (= 1 Tag vor
der ersten Immunisierung; = Praéimmunserum}, sowie an den Tagen 8, 26, 36 und 57. Mittels
ELISA wurden bestimmt: die Kinetik der Bildung OspA-spezifischer Antikérper; der jeweilige
Anteil LA2-aquivalenter Antikorper, wobei LA2 ein monoklonaler, bekannt neutralisierender
Antikdrper ist, der ein komplexes konformationelles Epitop aus diskontinuierlichen AS-
Sequenzen downstream von AS 185 von OspA erkennt.

Die Ergebnisse dieses Versuches sind in Fig. 4 detailliert dargestelit.

Fig. 4A zeigt die Kinetik der Induktion von Gesamt-anti-OspA Antikérper (in ug spezifischen
Ak pro ml Serum). Bereits nach der zweiten Immunisierung enthalten die Seren aus Mausen
immunisiert mit den Volllangen OspA split-Core Konstrukten nachweisbare und mit den
durch LipOspA hervorgerufenen vergleichbafe anti-OspA Titer. Nach der 3. und 4.
Immunisierung Ubersteigen die anti-OspA Titer in den split-Core VoIlIéngen-Os;SA
immunisierten Mausen deutlich diejenigen der mit LipOspA immunisierten Mause; besonders
hoch sind die Titer nach Immunisierung mit OspA18-273 an coreC (Gruppe 6). Verkurztes
OspA185-273 ruft im Kontext von core149 (Gruppe 5) und core183 (Gruppe 4) nur eine

wesentlich geringere OspA-spezifische Antwort hervor.

Fig. 4B vergleicht direkt die Gesamt-anti-OspA Ak-Titer mit denjenigen, die gegen das
bekannt neutralisierende LA2-Epitop im C-terminalen Bereich von OspA gerichtet sind.
Volllangen-OspA an coreN, sowohl im Kontext von core149 wie core183 (Gruppe 2 bzw. 3)
induzieren hohere anti-LA2-aquivalente Ak-Titer als LipOspA, Volllangen-OspA an coreC
deutlich niedrigere. Eine Untersuchung zum jeweiligen Gehalt an neutralisierenden Ak
(Protektion gegen challenge mit dem B.burgdorferi Erreger) wird weiterhin durchgefuhrt.

Das Beispiel zeigt, dass split-Core CLPs spezifische Antikérper gegen das préasentierte
Volllangen-OspA Fremdprotein induzieren, wobei die Titer héher sind als mit dem etablierten
lipidierten LipOspA, bei dem der Lipidanteil wesentlich fur die Immunogenitét ist. Der
unterschiedliche Anteit LA2-aquivalenter Ak nach Immunisierung mit OspA an coreN
(ca. 30 %) vs. OspA an coreC (< 5 %) zeigt, dass die Art der Verknipfung die Art der

entstehenden Ak beeinflusst; siehe dazu Beispiel 10.

Beispiel 10

¥
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Gezielte Induktion regionsspezifischer Antikorper gegen ein Fremdprotein durch
alternative Fusion entweder an coreN oder an coreC

Bei Proteinen, deren N- und C-Terminus nicht unmittelbar benachbart sind wie in GFP,
fuhrt die Fusion an coreN zu einer anderen Orientierung relativ zur Partikeloberflache als
die Fusion an coreC (coreN: C-Terminus des Fremdprotein "out": coreC: N-Terminus des
Fremdproteins "out"). Es ist zu erwarten, dass bei Verwendung als B-Zell-Vakzine die
jeweils am weitesten. ins Losungsmittel ragenden Proteinanteile die stirkste
Antikérperantwort hervorrufen. Somit lassen sich unterschiedliche regionsspezifische
Antikérper induzieren, indem das Fremdprotein entweder an coreN (C-terminale Seite des
Fremdproteins "out”) oder an coreC fusioniert wird (N-terminale Seite des Fremdproteins

"out").

Figur 5 zeigt schematisch, wie bei einem Fremdprotein mit gestreckter Struktur, wie hier
OspA, Uber die Fusion an entweder coreN, oder coreC, bestimmt werden kann, welcher Teil
des Molekuls am meisten von der CLP-Oberfliche weg zeigt. Ein gut kartiertes Epitop in
OspA ist LA2 im C-terminalen Bereich, das von einem neutralisierenden monoklonalen
Antikoérper, LA2, erkannt wird. Wie erwartet, induzieren split-Core-OspA CLPs mit OspA an
coreN (daher OspA C-Terminus exponiert) eine starke LA2-dquivalente Antwort, CLPs mit
OspA an coreC nur eine schwache LA2-aquivalente Antwort. Dafir ist die Antwort gegen

andere Bereiche von OspA verstérkt.

Fir OspA als Fremdprotein war zu erwarten, dass eine Fusion an coreN das LA2-Epitop im
C-terminalen OspA Bereich gut zugénglich macht, eine Fusion an coreC dagegen die bislang
immunologisch nicht gut charakterisierte N-terminale OspA Region. Die oben gezeigten
Daten bestatigen eindricklich dieses Konzept (mit OspA an coreC sehr hohe anti-Gesamt-
OspA Titer, aber nur geringe LA2-aquivalente Ak-Titer). ;

Cas spiit-coie-System besitzt also eine hohe immunverstarkende Aktivitat, sowohl bei Fusion

des Fremdproteins an coreN wie an coreC.

Durch Wahl des Verknipfungsortes (coreN vs. coreC) kann die Art/Regionsspezifitat der
induzierten Antikérper gesteuert werden. Fir optimale Impfergebnisse kénnen Mischungen
von  Split-Core-Impfstoffen  eingesetzt werden, bei denen die heterologe

Fremdaminosauresequenz einmal am Core N und einmal am Core C Teil anfusioniert sind,
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s0 dass verschiedene Epitope optimal prasentiert werden.

Beispiel 11

Fusionen mit Bedeutung jenseits von Vakzine-Anwendungen

Neben der direkten Bedeutung als immunverstérkender partikularer Trager fur Peptid- und
hier besonders Protein-Antigen-Vakzine sind eine Vielzahl weiterer Anwendungen fiir eine
solche Trager-Plattform vorstellbar. Immer wird eine groRe Anzah! (180 oder 240)
prasentierter Molekule in eine nahe, symmetrische Nachbarschaft gebracht. Handelt es sich
um interaktionsfahige Fremdmolekile (Vakzine stellt einen Spezialfall dar: Interaktion mit
Antikorpern), so hat der Partikel mit vielen Kopien des Fremdmolekils eine drastisch erhéhte
Aviditat verglichen zum monomeren Fremdmolekul (vgl. natirliche IgM Pentamere; auch
MHC-Tetramere in der Immundiagnostik). Damit solche interaktionsfahigen Fremdmolekule
mit ihren Interaktionspartnern reagieren kénnen, missen sie auf der CLP-Oberfliche
zugénglich sein. Dies ist im split-Core-System wesentlich efleichtert gegenluber dem

konventionellen kontinuierlichen System.

Eine Reihe von Modell-Fremdsequenzen wurde im split-Core-System exprimiert, alle
getesteten Insertionen bildeten CLPs. Fir einige wurde die Interaktionsfahigkeit direkt

nachgewiesen.

Das split-Arrangement macht auf der CLP-Oberfliche neiie Termini firr weiters
Derivatisierung zugénglich. Die Figur 5 zeigt ein split-Core Dimer mit an coreN fusioniertem
ACID-Peptid, welches mit dem komplementaren BASE-Peptid interagieren kann. Wurde das
BASE-Peptid an ein Molekll X fusioniert, bindet X an die ACID-CLPs. Durch die split-
“Anordnung ist ACID flexibel; ACID inseriert im kontinuierlichen Core-System interagiert mit
BASE-Peptid, da sich aber eine starre coiled-coil Doppelhelix zwischen ACID- und BASE-
Peptid ausbildet [O'Shea et al., 1993], wird die Struktur des Core-Trégers instabil, die CLP_s
zerfallen. In der split-Anordnung soliten die CLPs dagegen stabil bleiben. Diese Koppelung
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ist generalisierbar: Statt des ACID-Peptides kann ein anderes interaktionsfahiges Molekii A
an coreN, oder coreC fusioniert sein. Entsprechende CLPs kénnen dann mit B, einem
spezifischen Interaktionspartner von A, interagieren. Solche Interaktionspartner-Paare sind
His6 - Ni-NTA, Biotin-Akzeptor-Peptid - Streptavidin; Z33 - Iimmunglobulin.

Andere Koppelungsmdéglichkeiten sind nachfolgend naher erlutert:

a) His6-tag:

An coreN via Gly2-Linker fusioniert; bildet Partikel, die an Ni2'NTA Agarose binden.
His-tag im Gegensatz zum kontinuierlichen System frei zuganglich. Vergleichbares
Insert (His7) in c/e1 des kontinuierlichen Core-Systems ergab keine nennenswerten

Mengen Protein, weil dort der His6-tag Rest sterisch nicht zuganglich ist.

b) Biotin-Akzeptor (BA)-Peptid:

Biotin-Akzeptor (BA23) ist ein artifizielles 13 AS langes Peptid (GLNDIFEAQKIEWH)),
welches durch die Biotin-Ligase BirA aus E. coli biotinyliert wird. Effiziente Biotinylierung
erfordert freie Zuganglichkeit, diese ist im split-core-System gegeben, im kontinuierlichen
. core-System nicht oder nur eingeschrankt. Das split-Core-BA Fusionprotein bildet CLPs und
wird in E. coli biotinyliert. An das CLP-prasentierte Biotin kann Avidin/Streptavidin bzw. deren
Konjugate gebunden werden.

C) Z 33 Domane aus Protein A

S. aureus Protein A bindet Immunglobuline mit hoher Affinitat (“Protein-A-Sepharose" fur

Immunprézipitation). Protein A besteht aus 5 strukturell dhnlichen Ig-Bindedomanen. Z33 ist
eine einzige solche Doméane mit modifizierter AS-Sequenz; Gesamtiange 33 AS). Z33 hat
immer noch hohe Affinitat zu Ig's (Kd 40 nM). Die Bindung an unterschiedliche Ig's setzt
strukturelle Fiexibilitat voraus, zudem Zuganglichkeit. Die Z33 Sequenz wurde Uber eine

lange Linkersequenz an coreN fusioniert:
GGGGSGGGVEDGGGGSGGGGT-FNMQQQRRFYEALHDPNLNEEQRNAKIKSIREDP.
Im split-core-System  bildeten sich CLPs. Nach Zugabe eines FITC-markierten

Immunglobulins und erneuter Sedimentation konnte ein Anteil der Fluoreszenz in den

Partikel-typischen Gradientenfraktionen nachgewiesen werden. Dies war nicht der Fall, wenn
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statt der Z33-Fusion wt-Core-Protein CLPs eingesetzt wurden.

d) - ACID Peptid Insert

Das ACID-Peptid inseriert in das kontinuierliche core-System interagiert mit dem
komplementdren BASE Peptid ("Peptid-Velcro"= Peptid-Klettverschiuss) via coiled-coil
Formation der Peptide, [O'Shea et al., 1993] unter massiven Verdnderungen der
Corestruktur bis hin zum Zerfall; Ursache ist, dass das ACID Peptid alleine eine flexible
Struktur annimmt, die keinen "Stress" auf die Corestruktur ausiibt. Zugabe des
BASE-Peptides flhrt zur Interaktion mit der ACID-Sequenz, wodurch beide Peptidsequenzen
eine starre helicale coiled-coil Konformation annehmen. Wegen der beidseitigen
Verknupfung entsteht Spannung. Ein nur einseitig fixiertes ACID-Peptid solite spannungsfrei
mit zugesetztem BASE-Peptid, oder BASE-Peptid fusioniert an weitere Partner interagieren
kénnen. Auf jeden Fall bleibt die Partikelstruktur des ACID-Fusionsproteins im
herkémmlichen kontinuierlichen core-System nach Spaltung der C-terminalen Verbindung

zum Core-Trager mittels TEV-Protease erhalten.

Split-Cores mit exponierter ACID-Sequenz kénnen mit Fremdproteinen beladen werden, an
die das komplementdre BASE-Peptid gekoppelt ist. Dies ist eine von mehreren
Maglichkeiten, split-Core CLPs nachtraglich mit Fremdmolekiilen der Wahl zu beladen.

Durch die oben naher erlauterten Kupplungsmechanismen ist es méglich, CLPs mit einem
Teil der Kupplung bereitzustelien. Das an den anderen Teil der Kupplung fusionierte Protein
kann leicht an die CLPs gekoppelt werden. Auf diese Art kénnen beispielsweise nicht
peptidartige Strukturen dem Immunsystem préasentiert werden.

e) Simultane Fusion unterschiedlicher Fremdmolekiile an coreN und coreC

In den bisherigen Beispielen wurde jeweils eine Fremdsequenz an entweder coreN oder
coreC fusioniert. Grundsatzlich kénnen auch zwei unterschiedliche Fremdmolekiile simultan
an coreN und coreC fusioniert werden; dies kénnten bspw. die beiden Untereinheiten eines
heterodimeren Fremdproteins sein. Als Modell wurde ein zweigeteiltes GFP benutzt, wovon
das eine Segment, die ersten 10 der 11 B-Strénge von GFP enthaltend, an coreN und das
zweite Segment, den 11. B-Strang von GFP enthaltend, an coreC fusioniert wurde. Ko-

Expression von einem Typ1-Vektor fuhrte zur Entstehung griin fluoreszierender CLPs. Somit

20\
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hatten sich sowohl die coreN- und coreC-Doménen zu einer assemblierungsfahigen CLP-
Struktur zusammengelagert wie auch die beiden GFP-Teile zu einer korrekten 3D-Struktur

unter Ausbildung des GFP-Chromophors ergénzt.

Das Beispiel zeigt, dass die simultane Fusion unterschiedlicher Fremdsequenzen an coreN
und coreC unter Ausbildung funktioneller Strukturen sowohl des split-Core-Tragers wie auch

der beiden unterschiedlichen an coreN und coreC fusionierten Fremdsequenzen méglich ist.

Beispiel 12

Split-Core-CLPs, welche die GB1-Domine von Protein G auf der Oberfliche

prdasentieren

Als vyeiteres konkretes Beispiel wurde die sog. GB1 Doméane aus dem mit Protein A
funktionell verwandten Streptococcus spp. Immunglobulin-Bindeprotein "Protein G" in das
HBV split-Core System eingefuhrt. Protein G besteht ebenfalls aus mehreren hnlichen
Domanen. Protein G bindet wie Protein A an Immunglobuline, hat jedoch andere Spezifitaten
bez. Speziesherkunft und Subtypen der IgGs. Wegen dieser Komplementaritat zwischen
Protein G und Protein A werden beide als kommerzielle Reagenzien fir immunologische
Nachweise angeboten, die auf der Bindung an unterschiedlichen Immunglobuline beruhen.
Wie Protein A bindet auch Protein G und die von ihm abgeleitete GB1-Domane den
konstanten (Fc) Teil des Antikorpers, der variable, Antigen-erkennende Teil des Antikorpers
bleibt fur die Bindung an das Antigen zuganglich. Somit kann eine Vielzahi unterschiedlicher

Antikorper gebunden werden.

In diesem Beispiel wurde die GB1-Domaéne in das split-core-System eingefiihrt und gezeigt,
dass (i) CLPs gebildet werden und (i), dass diese CLPs - aber nicht Kontroll-CLPs ohne
GB1 - in der Lage sind, unterschicdliche Antikdrper zu binden. |
Analog den zuvor genannten Beispielen wurde die GB1-Doméane genetisch mit coreN bzw.
mit coreC fusioniert und mit den jeweils fehlenden coreC bzw. coreN-Fragmenten ko-

exprimiert.

Die spezifische AS-Sequenz entspricht den AS 229 bis 284 des Protein G Precursor-
Proteins (Swiss Prot Accession: P06654); die 3D-Struktur ist bekannt (PDB Accession:

3¢
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1PGA,; Ref: Gallagher T, Alexander P, Bryan P, Gilliland GL (1994) Two crystal structures of
the B1 immunoglobulin-binding domain of streptococcal protein G and comparison with NMR

Biochemistry 33: 4721-4729)
coreD78-GGGGSGGGGTO-
YKLILNGKTLKGETTTEAVDAATAEKVFKQYANDNGVDGEWTYDDATKTFTVTEQP

Die Verknlpfung an coreN erfolgte Uber einen G4SG4TQ-Linker; die vorletzte AS K wurde
durch D (Kleinschreibung in der Sequenz) ersetzt; der vorhergehende E-Rest ist die letzte in
der Rontgenstruktur sichtbare AS; durch den K>D-Austausch lasst sich auf Nukleotid-Ebene
eine BamHI-Schnittstelle einfuhren (GAg gat cct TAG); diese befindet sich damit an

homologer Position zu den vorbeschriebenen Konstrukten.

Wie in den anderen Beispielen kam es zur effizienten Bildung von Partikeln, nachgewiesen
durch Sucrose-Gradienten-Sedimentation, Laufverhalten im nativen Agarosege!, und durch

Elektronen-Mikroskopie.

Zum Nachweis der Interaktionsfahigkeit der CLP-getragenenen GB1-Doméanen wurden die
Partikel mit Immunglobulinen inkubiert, anschlieRend erneut im Sucrose-Gradienten
sedimentiert; dabei kam es zur eindeutigen Ko-Sedimentation der Antikérper mit den
Partikeln. Zusétzlich lief} sich die 1gG-Bindung dadurch nachweisen, dass das coreN-GB1
Fragment auf Western Blots nach SDS-Gelelektrophorese direkt mit Sekundar-Antikorper-
Konjugaten reagierte. Auch im Kontext der Fusion an coreN war daher das modifizierte GB'1

in der Lage, effizient zu renaturieren und an seinen Liganden, 1gG, zu binden.

Zum Nachweis, dass tatsachlich das Partikel-gebundene GB1 Immunglobulin bindet, wurde
ein Aliquot der entsprechenden Sucrose-Gradientenfraktion mit einem mit 5 nm Gold-
markierten Antikorper inkubiert, ungebundener Antikérper durch erneute Sedimentation im
Sucrosegradienten abgetrennt, und die Partikelfraktion elektronenmikroskopisch analysiert.
Die elektronendichten Gold-Partikel zeigten die Bindung des Antikérpers an intakte CLPs.

Beispiel 13

g4
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Selbst-fluoreszierende GFP- und GFP-Varianten-haltige split-Core-CLPs, welche
interaktionsfihige Fremdmolekiile prisentieren

Beispiel 11 e) erlautert Fusionen mit Bedeutung jenseits von Vakzine-Anwendungen, wobei
ein in zwei Teilen vorliegendes GFP-Molekiil (GFP R1-10 und GFP R11) unter Ausbildung
der nativen GFP-Struktur (grune Fluoreszenz) und unter Bildung von CLPs assoziiert, wenn
GFPR1-10 an coreN, und GFPR11 an coreC fusioniert ist.

Im vorliegenden Beispiel wurden an GFPR11 zusétzliche Fremdsequenzen fusioniert,
namiich die GB1-Domane aus Protein G bzw. die PraS-Domanen der Oberﬂéchenprotéine
des humanen HBV, des Enten-HBV, und des Reiher-HBV. Dies ist nur mdglich, weil durch
die split-Anordnung ein neuer N-Terminus an GFPR11 entsteht, der zudem durch die
- spezifische Orientierung auf den split-Core-CLPs von der CLP-Oberflache nach auflen zeigt.
Die Konstruktion der jeweiligen Expressionsplasmide erfolgte analog den zuvor
beschriebenen Verfahren in split-Core-Vektoren, die fur separate coreN und coreC-
Fragmente kodieren, in diesem Fall bereits verkniipft mit GFPR1-10 an coreN, und GFP311

an coreC.

Anhand der bisherigen Daten war erwartet worden, dass der N-Terminus des GFPR11-
Segments weg von der CLP-Oberflache nach auBen zeigen wirde, und somit die
Anwesenheit einer weiteren Fremddomane nicht grundsatzlich mit der Fahigkeit der‘ coreN
und coreC-Anteile zur Bildung einer Partikel-Struktur, und nicht mit der Fahigkeit der GFPR1-
10 und GFPR11-Anteile zur Bildung der nativen GFP-Struktur interferieren wirde. Das
Ergebnis dieses Beispiels ist in Fig. 7 schematisch dargestellt. In dieser Figur zeigen die

Teilabbildungen A-D folgendes:

A. Grundstruktur der beiden Teile des Fusionsproteins. GFPR1-10 ist an coreN fusioniert,
GFPR11 an coreC. Da GFPR11 einen neuen N-Terminus bereitstellt, kann an diesen eine
weitere Doméne, hier GB1 fusioniert werden. R, Selbst-flucreszierends CLPs enisiehen
durch Interaktion von coreN mit coreC (CLP-Bildung), und von GFPR1-10 mit GFPR11
(Bildung des GFP-Chromophors), wie bereits vorher gezeigt. Zusétzlich prasentieren diese
jedoch GB1 in zugéanglicher Form auf ihrer Oberflaiche. C. An die GB1-Domaénen kénnen
unterschiedliche Antikérper Uber ihren Fc-Teil gebunden werden. D. Uber ihre
unterschiedlichen variablen Teile kénnen die Antikérper ihrerseits mit ihrem spezifischen
Antigen interagieren. Split-Core-G_FP-GB1—CLPs konnen somit den Ublichen Fluoreszenz-

markierten Sekundéarantikérper in der indirekten Immunfluoreszenz ersetzen. Eine
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Anwendung zur Fluoreszenz-Markierung von Tubulin in zwei unterschiedlichen Zellen ist in
Abb. 7 gezeigt. Analog sind andere Anwendungen mdoglich, die auf der Bindung von

Antikérper an Antigen beruhen.

Tatsachlich lieBen sich die weiter modifizierten Fragmente effizient in E. coli ko-exprimieren
und bildeten laut Sedimentation im Sucrose-Gradienten sowie Laufverhalten im nativen
Agarosegel CLPs. .Zusétzlich zeigten diese CLPs die typische GFP-Fluoreszenz, somit
hatten sich auch die GFP-Anteile in korrekter Weise zusammengefunden. Das Beispiel zeigt,
dass auch die GB1-Anteile korrekt gefaltet und auf der CLP-Oberflache zuganglich vorlagen.

Zum Nachweis der Bindungsfahigkeit der selbstfluoreszierenden GB1-prasentierenden CLPs
an Antigen-gebundene Antikérper wurden Hel.a (aus Mensch) bzw. LMH-Zellen (aus Huhn)
permeabilisiert, dann mit einem Maus-Erst-Antikérper gegen Tubulin inkubiert. In einem Fall
wurden die Zellen konventionell mit einem chemisch Fluoreszenz-markierten (Cy2) Zweit-
Antikérper (Ziege-anti-Maus), oder alternativ mit den selbst-fluoreszierenden, GB1-

prasentierenden split-Core CLPs inkubiert, dann gewaschen; schlielich wurden die Zellen

' fluoreszenz-mikroskopisch observiert.

In beidén Fallen wurden vergleichbare Fluoreszenz-Bilder (wie erwartet, cytoplasmatische
Anfarbung unter Aussparung des Zellkerns) erhalten. Somit mussen die GB1-Domanen zur
Bindung an den an Tubulin gebundenen anti-Tubulin-Erst-Antikérper in der Lage gewesen

sein.

Selbstfluoreszierende split-Core CLPs, welche GB1 prasentieren, kénnen somit alternativ zu
konventionellen Fluoreszenz-markierten Sekundér-Antikérper-Konjugaten zum Nachweis
eines Antigen-gebundenen Erst-Antikérpers eingesetzt werden.

Dies belegt, dass die GB1-Domanen nach wie vor in der Lage sind, mit IgG zu interagieren,
sie ‘mussen daher korrekt gefaltet vorliegen. - Zudem belegt es, dass das die
selbstfluoreszierenden. GB1-prasentierenden CLPs  ais genereiies Detektionsreagenz

(vergleichbar einem fluoreszenz-markierten Sekunddrantikérper) eingesetzt werden kénnen.

Analoge Konstrukte wurden mit Farbvarianten von GFP erhalten, in welchen bekannte
Mutationen, die das Absorptions- und Emissionsspektrum verandern, durch 'gerichtete
Mutagenese in das vorhandene GFP-Konstrukt eingefithrt wurden. Spezifisch wurden gelb-
fluoreszierende (Yellow fluorescent protein; YFP) und cyan-fluoreszierende (Cyan
fluorescent protein; CFP) Varianten hergestelit. Beide bildeten CLPs, die die jeweils
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typischen Absorptionsspektren zeigten. Somit kénnen GB1-prasentierende split-Core-GFP-
CLPs mit unterschiedlichen Chromophor-Eigenschaften erzeugt werden, die fir Mehrfach-

Immunfluoreszenz-Anwendungen geeignet sind.

Das split-core System erlaubt die Herstellung selbst-fluoreszierender CLPs, welche auf ihrer
Oberflache ein interaktionsfahiges weiteres Fremdmolekil prasentieren. Ist dieses
Fremdmolekil GB1, so ist es weiterhin in der Lage, mit Immunglobulinen spezifisch zu
interagieren, auch wenn diese an ihr Ziel-Antigen gebunden sind. Hieraus ergibt sich eine
neue; uber Vakzine-Anwendungen hinausgehende Anwendungsméglichkeit, namlich der
direkte Nachweis, via Fluoreszenz, von unterschiedlichen Antigenen mittels der
selbstfluoreszierenden CLPs. Besonders geeignet sind solche selbstfluoreszierenden,

interaktionsfahigen Split-Core-CLPs fur diagnostische und analytische Anwendungen.

Selbst-fluoreszierende split-Core-CLPs, welche andere Fremddoménen als GB1-aus

Protein G priasentieren

Die c.g. Ergebnisse zeigen, dass auf split-Core-CLPs, welche zusétzlich ein zweigeteiltes
GFP enthalten, eine weitere Fremddomane, GB1, in funktioneller, d.h. mit dem spezifischen
Liganden IgG interaktionsfahiger, Form prasentiert werden kénnen. Allerdings ist GB1 mit
weniger als 60 AS eine relativ kleine Domane. Um die Generalisierbarkeit nachzuweisen,
wurden homologe Konstrukte hergestelit, in denen GB1 durch die PraS-Domanen der
grofen Hiillproteine der HBVs von Mensch (HBV), Ente (DHBV) und Reiher (HHBV). Diese
Doménen vermitteln die spezifische Bindung der jeweiligen Viren an ihre natirlichen
Zielzellen, d.h. Hepatozyten der entsprechenden Wirtsspezies. Mit 108 AS fiur HBV, und ca.
160 AS fur DHBV und HHBV PraS sind sie deutlich gréRer als GB1 und zudem in ihrer
Sequenz von GB1, aber auch untereinander unterschiedlich.

Alle drei Domé&nen wurden analog GB1 in split-Core-GFP Fusionsproteine inseriert
(vgl. Fig. 7; statt GB1 die entsprechenden PraS-Domanen). Alle 3 bildeten effizient CLPs,
wie durch Sucrose-Gradienten Sedimentation, Laufverhalten in der nativen Agaiose-
Gelelektrophorese, sowie durch Elektronenmikroskopie nachgewiesen wurde; die CLPs
zeigten die typische GFP-Fluoreszenz (d.h. die GFP-Anteile waren zur korrekten 3D-Struktur
von GFP assoziiert); zudem reagierten die HBV-PraS- und DHBV-PraS-CLPs mit
monokionalen Antikérpern gegen HBV-PraS und DHBV-PraS; ein entsprechender Antikc’jrper

gegen das Reiher-Virus-Pras ist derzeit nicht verfugbar.
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Eine weitere Anwendung ist das Aufspiren der zellularen Rezeptoren fur die jeweiligen
Viren. Es ldsst sich annehmen, dass durch die grole Anzahi (240) PraS-Doménen pro
Partikel die CLPs eine enorm gesteigerte Aviditat fur die Rezeptoren besitzen, so dass diese
stabil gebunden und so auch identifiziert werden kénnen. Rezeptor-tragende Zellen wirden
via GFP-Fluoreszenz der CLPs mittels Fluoreszenz-Mikroskopie oder FACS identifiziert:
solubilisierte Rezeptormolekile aus solchen Zellen wirden mit den CLPs inkubiert und
sollten sich bei nachfolgender Sedimentation in Sucrose-Gradienten in den Partikel-

typischen Gradienten-Fraktionen anreichern.
Beispiel 14

Split-CoreOspA CLPs mit OspA an coreN erzeugen héhere, mit OspA an coreC
niedrigere Titer an protektiven anti-OspA Antikérpern als LipOspA

Wie in der Figur 5 gezeigt, lasst sich durch Verkniipfung an entweder coreN oder coreC die
Orientierung eines préasentierten Fremdproteins gezielt beeinflussen. Im Fall von OspA wird
dadurch entweder das C terminal gelegene Epitop des bekannt neutralisierenden
monoklonalen Antikérpers LA-2 besonders gut exponiert (Fusion an coreN) oder stattdessen
der N terminale OspA-Bereich, in dem keine bekannten neutralisierenden Epitope liegen
(Fusion an coreC). Wie in der Figur 4 gezeigt, ergeben beide split-Core-OspA CLPs (dort
Gruppe 2 fir coreN-, und Gruppe 6 fur coreC-Fusion) hohe Gesamt-anti-OspA Antikérper-
Titer, der Anteil LA-2-aquivalenter Antikérper ist jedoch - wie aus der Struktur erwartet - bei

Fusion an coreN wesentlich héher.

Allerdings handelte es sich hierbei um in vitro Daten. Um direkt das protektive Potential der
induzierten Antikérper in vivo zu bestimmen, wurde die Fahigkeit der jeweiligen Immunseren
zur Neutralisation einer artifiziell gesetzten B. burgdorferi Infektion in einem etablierten
Mausmodell erfasst (vgl. Nassal et al., Eurepean. J. Immunol. 2005; S. 655-665). SCID-
Méause wurden mit den entsnrechenden Immunseren i.p. inoRutieit, 2 Stuinden spater érfoigie
s.c. challenge mit je 10%/Maus Spirochaeten. In ungeschitzten Méusen fuhrt dies regelmafig
zur Infektion, die sich in Arthritis-artiger Symptomatik duBert, welche im linken und rechten
Tibiotarsal-Gelenk semiquantitativ erfasst werden kann. Als Negativkontrolle diente eine
Gruppe von 3 Mausen, die lediglich Normal-Maus-Serum erhielten. Als Positivkontrolie
dienten Gruppen von je 6 Mausen, die entweder den gereinigten, bekannt neutralisierenden
monoklonalen Antikérper LA2, oder mit LipOspA induzierte Antikérper erhielten. Die

Testgruppen (ebenfalls je 6 Tiere) erhielten Immunseren, die durch split-CoreOspA mit OspA
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an coreN bzw. dito an coreC erhalten worden waren. Um quantitative Unterschiede zu
erfassen, erfolgte die passive Immunisierung einmal mit 5 pg und einmal mit 1 pg LA2 bzw.
der diesen LA2-Mengen &quivalenten Volumina an Immunseren von LipOspA bzw. split-

Core-OspA mit OspA an coreN vakzinierten Tieren. Die Ergebnisse sind in Fig. 8 dargestelit.

Wegen des geringen Anteils an LA2-adquivalenten Antikérpern in den mittels split-Core-OspA
mit OspA an coreC erhaltenen Immunseren wurden hiervon aquivalente Volumina wie von
split-Core-OspA mit OspA an coreN eingesetzt, ohne Ricksicht auf den LA2 &quivalenten
Titer. Arthritis scores wurden an Tag 13, 17, 21, 28, 35, 45 und 52 bestimmt. Die Ergebnisse

flr Tag 52 in Figur 8 zusammengefasst.

Alle mit Normal-Maus-Serum inokulierten Tiere entwickelten, wie erwartet, Arthritis. Die
Protektion durch den monoklonalen Antikérper LA-2 verringerte sich bei Dosis-Reduzierung
von 5 auf 1 pg von 4/6 auf 1/6 Tiere, durch die LipOspA Immunseren wurden 5/6 Tieren
geschutzt. Passive Immunisierung mit via split-CoreOspA mit OspA an coreN erhaltenen
Immunseren schitzte alle (6/6) Tiere, auch bei der geringen Dosierung, vor Infektion. OspA
an coreC hatte eine deutlich geringere protektive Aktivitat (4/6 Tieren bei der hohen, 1/6

Tieren bei der niedrigen Dosierung).

Split-Core-OspA CLPs mit OspA an coreN fiuhren zu hohen Titern an LA2-aquivalenten
Antikorpern und diese sind in vivo protektiv. Das protektive Potential Ubersteigt dasjenige
von LipOspA-induzierten Antikérpern. Split-Core-OspA-CLPs mit OspA an coreC induzieren
hohe Gesamttiter an anti—OspA-Antikérpérn, diese sind jedoch nur zu einem geringen Anteil

LA-2-aquivalent und besitzen nur ein geringeres neutralisierendes Potential. Fusion eines

Fremdantigens an coreN bewirkt somit eine qualitativ distinkté Immunantwort von der Fusion

an coreC.

Beispiel 156

Cirumsporozoiten-Protein (CSP) des Malaria-Erregers Plasmodium falciparum
Voll-Langen CSP im split-Core-System induziert eine starkere und breitere immunantwort als

die immundominante CSP-repeat-Sequenz im konventionellen, kontinuierlichen Core-

System

gl
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Bisher war gezeigt worden, dass sich das komplette CSP mit einer Lédnge von 319 AS
ausschliefilich im split-Core-System unter CLP-Bildung exprimieren lieR; im konventionellen
kontinuierlichen System war dies nicht moglich. Eine verkiirzte Version ohne die Cystein-
reiche C terminal Doméane (nachfolgend CSPshort) lieR sich zwar im konventionellen
kontinuierlichen System auch darstellen, das Protein zeigte jedoch nach wenigen Tagen eine
ausgeprégte Prazipitationstendenz - im spiit-Core—System trat diese nicht auf, was

uberlegene protein-chemische Eigenschaften belegt.

Eine Besonderheit des CSP ist die Anwesenheit einer mehrfachen Wiederholung der
Tetrapeptid-Motive NANP und NVDP (in der hier benutzten Vollangen-Version 24 NANP und
3 NVbP-Motive); diese sind bekannt immunogen und eine experimentelle VVakzine basierend
auf dem konventionellen kontinuierlichen Core-System ist beschrieben. Fir eine
vergleichende Immunogenitatsstudie wurde daher ein entsprechendes konventionelles
Konstrukt mit der repeat-Sequenz NANPNVDP(NANP);NVDP zwischen Core-AS D78 und
S81 hergestellt, das - wie erwartet, da die Insertion klein ist - CLPs bildete. Dieses diente in
einer Immunogenitétsstudie als Vergleich fir Vollangen-CSP und das C terminal verkirzte
CSPshort. Mause wurden mit jeweils gleichen Mengen der jeweiligen CLPs immunisiert (20
Hg/Maus); nach 2, 4, 6 und 8 Wochen wurden die gebildeten Antikérper-Mengen per ELISA
bestimmt; dann erfolgte eine boost-Immunisierung (analog der ersten), und die Titer wurden
2, 4, und 6 Wochen nach boost erneut bestimmt. Als Testantigene dienten rekombinantes
CSP (als Fusionprotein aus E. coli), NANP und NVDP-Peptide, sowie rekombinantes HBCcAg,
um die B-Zellantwort gegen den Trager zu bestimmen. Die Antigene wurden auf ELISA-
Platten immobilisiert, dann mit 2-fachen Verdiinnungsreihen der Immunseren getestet. Die
groBtmogliche Verdinnung, die ein Gber dem Hintergrund liegendes Signal ergab, ist in der

Figur 9 angegeben.

Hieraus erageben sich die folaanden Schlugsfoloerunnen:

a) B-Zell-Antwort gegen rekombinantes CSP

Alle drei Immunogene ergeben eine &uRerst starke Antwort gegen CSP; fir Voll-Léngen-
CSP liegt diese jedoch noch 4-fach héher (Titer: 1: 12 x 10% vs. 1 : 3 x 10° fur repeat bzw.
verklrztes CSP); dies bedeutet, dass eine 12-Millionen-fache Verdunnung () des

Immunserums noch in der Lage ist, CSP Protein zu erkennen.
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b) B-Zell-Antworten gegen repeat-Peptide NANP und NVDP

Die Antworten gegen das NANP-Peptid sind erwartungsgeman fur alle Konstrukte dhnlich;
Die Antworten gegen das weniger oft im repeat vorhandene NVDP-Peptid sind &hnlich, beim
Voll-Langen-CSP-Konstrukt jedoch schon nach der ersten Immunisierung (ohne boost)
deutlich hoher (Titer 1: 2.5 x 10* vs. 1: 5 x 10°%).

c) B-Zell-Antworten gegen nicht im repeat enthalfene CSP-Sequenzen

Ausschliefilich CSPshort und Voll-L&ngen-CSP induzieren eine Antwort gegen die Peptide
CSP12 (EEPSDKHIEQYLKKIQNSLS; Pos. 246-264 im Voll-Langen split-Core-Konstrukt)
und CSP8 (GNGIQVRIKPGSANKPKDELD; Pos. 274-294 im Voll-Langen split-Core-
Konstrukt). Das Fehlen entéprechender Antworten nach Immunisierung mit dem repeat-
Peptid im kontinuierlichem Core-System ist erwartet, da dort die CSP8 und CSP12
Sequenzen nicht enthalten sind. Die Bedeutung des Ergebnisses liegt darin, dass
insbesondere das Voll-Langen-CSP ausschliellich im split-Core-System hergestellt werden
kann; Mit dem split-Core-System kénnen also zuséatzliche Epitope angesprochen werden, die

zur Schutzwirkung einer Impfung beitragen kénnen.

d) B-Zell-Antworten gegen den Core-Tréger

Sowohl CSPshort wie auch Voll-Ldngen-CSP im split-core-System fuhren zu einer ca. 25-
fach geringeren Antwort gegen den Core-Trager als das repeat-Peptid im kontinuierlichen
System (Titer 1 : 1,25 x 10° vs. 3 x 10°). Da die erwiinschte Antwort gegen das Fremdprotein
mindestens genauso hoch (CSPshort) oder noch hoher (Voll-Ldngen-CSP) ist wie bei
Verwendung des repeat-Peptides im kontinuierlichen Core-System, ist die spezifische
Immunogenitdat bez. der inserierten Fremdsequenz bei Verwendung des verklrzten, und
besonders des Voll-Langen-CSP im split-Core-System wesentlich verbessert. Hinzu kommt,
dass eine starke Antwort gegen den Core-Trager die Differenzial-Diagnostik von anti-HBsAg-
positiven Personen (Infektion vs. anti-HBsAg durch Vakzinierung) erschwert; eine geringe
anti-Core-Trager-Antwort ist daher erwiinscht.

e) Voli-Léngen-CSP im split-Core-System aktiviart T-Zellen

Zum Nachweis der Induktion einer T-Zell-Antwort wurden Milzzellen der jeweilig
immunisierten Mause mit rec. HBcAg bzw. einem bekannten T-Zell-Peptid (HBc 120-140)
oder mit rec. CSP bzw. den CSP-Peptiden NANP und CSP8 stimuliert, dann die IL-2-
Produktion gemessen. Alle Konstrukte fuhrten zum Auftreten von T-Zellen, die durch HBcAg,
HBc120-140, rec. CSP und NANP aktivierbar waren. Ausschliefdlich Milzzelien von mit Voll-
Langen-CSP im split-core-System immunisierten Mausen waren jedoch durch das CSP8

Peptid zur IL-2-Produktion anzuregen.
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Auch auf T-Zell-Ebene fuhrt daher das Voll-Langen-CSP Konstrukt zu einer breiteren
Antwort als das kontinuierliche Nur-repeat-Peptid-Konstrukt.
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Universititsklinikum Freiburg

Patentanspriiche

1. - Split-Core-Tragersystem, das als getrennte Polypeptide die Core N- und die Core C-

Doméne des Core-Proteins eines Hepatitis B-Virus und wenigstens ein Fremdmolekul,
gegen das eine Immunantwort hervorgerufen werden sollen, aufweist, wobei das
Fremdmolekil an den C-Terminus der Core N-Domaéne oder an den N-Terminus der Core C-
Domane fusioniert ist und das Core-Protein capsid-like-particles binden kann und wobei das
Fremdmolekil an eine Aminosaure des Core-Proteins fusioniert ist, die zwischen der

Position 73 und 94 des Core-Proteins liegt.

2. Split-Core-Tragersystem nach Anspruch 1, dadurch gekennzeichnet, dass das

Hepatitis B-Virus fir Sdugetiere spezifisch ist.

3. Split-Core-Tragersystem nach Anspruch 2, dadurch gekennzeichnet, dass das Core-

Protein die Sequenz eines humanen Hepatitis B-Virus aufweist.

4. Split-Core-Tragersystem nach Anspruch 2, dadurch gekennzeichnet, dass das Core-

Protein die Aminosauresequenz des WHV aufweist.

5. Split-Core-Trégersystem nach einem der Anspriche 1 bis 4, dadurch
gekennzeichnet, dass das Fremdmolekiil eine Aminosaduresequenz eines Proteins eines

pathogenen Bakteriums ist.

6. Split-Core-Tragersystem nach einem der Anspriche 1 bis 4, dadurch
gekennzeichnet, dass das Fremdmolekil eine Aminosduresequenz eines Proteins eines

pathogenen Eukaryonten, insbesondere des Malaria-Erregers Plasmodium falciparum ist.

7. Split-Core-Tragersystem nach einem der Anspriche 1 bis 4, dadurch
gekennzeichnet, dass das Fremdmolekll eine Aminosauresequenz eines Proteins eines

Virus ist.
8. Split-Core-Tragersystem nach einem ‘der Anspruche 1 bis 4, dadurch

gekennzeichnet, dass das Fremdmoleklil eine Aminosduresequenz eines Proteins mit

eigenem Pathogenitats-bezogenen Potential, insbesondere ein Tumormarkerprotein, ist.
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9. Split-Core-Tragersystem nach einem der Anspriche 1 bis 4, dadurch

gekennzeichnet, dass das Fremdmolekil ausgewahlt ist aus der Gruppe bestehend aus

a) der Sequenz des Biotin-Akzeptor-Peptides
b) der Sequenz des ACID-Peptides
c) der Sequenz der Z33-Domaéane abgeleitet von Protein A

d) der Sequenz der GB1-Doméne von Protein G.

10. Verfahren zur Herstellung eines Tragers fur Fremdmolekile, insbesondere
Fremdproteine, gegen die eine Immunantwort induziert werden soll, der einerseits eine
Proteinsequenz des Core-Antigens eines Hepatitis B-Virus aufweist und andererseits ein

Fremdmolekill, insbesondere eine heterologe Proteinsequenz,

wobei das Fremdmolekil, insbesondere die heterologe Proteinsequenz nach der Position 73
oder vor der Position 94 der Hepatitis B-Coreregion an die Core N oder die Core C Doméne

anfusioniert wird und,

wobei die Polypeptidkétte des Tragers entweder nach der Doméne Core N oder vor der

Doméne Core C unterbrochen wird, dadurch gekennzeichnet, dass

entweder die Domdne Core N und das Fremdmolekul, insbesondere die heterologe
Proteinsequenz oder die Domane Core C und das Fremdmolekll, insbesondere die

heterologe Proteinsequenz separat als Fusionsproteine exprimiert werden

oder, dass zwischen Core N und Fremdmolekill, insbesondere heterologer Proteinsequenz
oder zwischen Fremdmolekil, insbesondere heterologer Proteinsequenz und Core C eine
Erkennungssequenz fur eine Protease eingeflugt wird und der Split-Core-iImpfstoff nach der
Expression, aber vor der Verwendung mit der Protease in zwei Polypeptide gespalten wird,

und,

dass capsid-like particles gebildet werden.

11. Verfahren nach Anspruch 10, dadurch gekennzeichnet, dass die heterologe
Proteinsequenz nach der Aminosaure 74 oder vor die Aminoséure 85 des Core-Antigens von

Hepatitis B anfusioniert wird.

12. Verfahren nach einem der Anspriche 10-11, dadurch gekennzeichnet, dass die
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heterologe Fremdproteinsequenz wenigstens 40 Aminoséauren lang ist.

13.-  Verfahren nach Anspruch 10, dadurch gekennzeichnet, dass die heterologe

Fremdproteinsequenz wenigstens 120 Aminos&uren lang ist.

14. Verfahren nach einem der Anspriiche 9-12, dadurch gekennzeichnet, dass zwei
separate Polypeptide mit Hilfe eines bicistronischen Vektors exprimiert werden, wobei das
eine ‘Polypeptid die Core N-Domane und das andere Polypeptid die Core C-Domane
beinﬁaltet und die heterologe Proteinsequenz entweder mit dem C-Terminus der Core N-

Doméane oder mit dem N-Terminus der Core C-Domaéne fusioniert wird.

15. Arzneimittel, das Capsid-ahnliche Partikel aufweist, dadurch gekennzeichnet, dass
diese Partikel ein Split-Core-Tragersystem nach einem der Anspriiche 1 bis 8 aufweisen.

16. Arzneimittel nach Anspruch 14, dadurch gekennzeichnet, dass es sich um einen

impfstoff handelt.

17. Diagnostisches  Mittel, . das Capsid-ahnliche  Partikel aufweist, dadurch
gekennzeichnet, dass diese Partikel ein Split-Core-Tragersystem nach einem der Anspriiche

1 bis 8 aufweisen.
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Kinetik der Induktion OspA-spezifischer Antikérper
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Fig. 5: Prinzip der regionsspezifisch gerichteten Induktion von Antikérpern gegen ein
Fremdprotein im split-Core-System.



WO 2008/028533 PCT/EP2007/006190

6/9

ZZ(__—_—___DZ-Z'\,L’)IC;%
® iy,
BASE

Q
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Arthritis, Tag 52 geschiitzt vor
Infektion
Mausgruppe passivimmunisiert mit | ausgeprigt | Schwach
LA-2, 5 ug 1/6 1/6 4/6
LA-2,1ug 2/6 3/6 1/6
LipOspA, 5 ug 0/6 1/6 5/6
LipOspA, 1 ug 1/6 0/6 5/6
Split-coreOspA an coreN, 5 uyg LA-2 | 0/6 0/6 6/6
dq. Antikdrper
Split-coreOspA an coreN, 1 ug LA-2 | 0/6 0/6 6/6
‘ 4q. Antikérper

' Split-coreOspA an coreC, Vol.. 2/6 0/6 4/6
Aquiv. zu 5 pg LA-2 dq. mit OspA an
coreN
Split-coreOspA an coreC, Vol.. 3/6 2/6 1/6
Aquiv. zu 1 pg LA-2 dq. mit OspA an
coreN
Maus-Normalserum 3/3 0/3 0/3

Figur 8: Protektives Potential unterschiedlicher anti-OspA-Immunuseren gegen

challenge von SCID-M&usen mit B. burgdorferi
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Immuno- Woche | Rec. NANP NVDP Rec. HBc CSP12 CSP8
gen (pbt= CSP Peptid Peptid
post-
boost)
HBc149 wk 8 Nicht 1,25 x 5x10° 6,25 x 10° | Nicht Nicht
CSP- best. 10° best. best.
repeat
kont.
wk 6 3x10° 3x10° 6,25x10° [ 3x 10° 0 0
pb
Split- wk 8 Nicht 1,25 x 50x10° | 1,25x 10° [ Nicht Nicht
Core149- best. 10° best. best.
CSP short
wk 6 3x10° 3x10° 6,25x10° | 1,25x10° [ 2,5x10° [0
pb
Split- wk 8 Nicht 1,25 x 25x10° [25x10° | Nicht Nicht
Core149- best. 10° best. best.
CSP Full-
length
wk 6 12x10° [3x10° 6,25x10° [ 1,25x10° | 2x10° 2,5x10°
pb

Figur 9: B-Zell-Anworten gegen CSP und Core-Triger nach einmaligen bzw.

zweimaliger Immunisierung von B10 Mdusen mit den angegebenen Immunogenen
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Principio del sistema de nucleo dividido

Se describen sustancias portadoras de nlcleo dividido (“split-core”) que, como
polipéptidos separados, tienen el dominio nuclear N y el dominio nuclear C de la
proteina nuclear de un virus de la hepatitis B, y al menos una molécula extraia
contra la cual ha de provocarse una respuesia inmune. De acuerdo con la
invencion, la molécula extrafia, especialmente la secuencia de aminoacidos
extrana heterologa, esta fusionada al extremo C del dominio nuclear N o el
extremo N del dominio nuclear C, y la proteina nuclear puede formar particulas
similares a capsides. La invencién también se relaciona con un método de
produccion asociado.
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PARTICULAS DE NUCLEO DIVIDIDO PARA LA PRESENTACION DE

MOLECULAS EXTRANAS, ESPECIALMENTE PARA APLICACIONES EN

VACUNAS, Y METODO PARA PRODUCIRLAS

La presente invencidn se relaciona con  nuevoes
portadores para vacunas, pero también para otras moléculas,
basados en el antigeno nuclear del virus de la hepatitis B.
En el antigeno nuclear del wvirus de 1la hepatitis se
incorporan secuencias de aminocdcidos extrafias que pueden
provenir de patdgenos. La vacuna ha de permitir Ila
produccién de anticuerpos contra estas secuencias proteicas,
preferiblemente anti;uerpos protectores o neutralizadores.
Las particulas de la invencidén también pueden estimular la
respuesta inmune celular (células T). La proteina nuclear de
la hepatitis B tiene 1la propiedad dJde formar particulas
similares a cépsides al agruparse varias copias. Estas
particulas similares a cépsides (CLP) son particularmente
apropiadas para la produccién de vacunas, debido a que
estimulan el sistema inmune, y en consecuencia, increméntan
la produccién de anticuerpos. En esta solicitud, la
expresidén “vacuna” preferiblemente hace referencia a un
sistema portador que puede provocar respuestas inmunes
humorales y celulares.

Las cépsides de los virus de la hepatitis B son



nanoparticulas de simetria icosaédrica (didmetro:
aproximadamente 30 nm) que consisten en 180 &6 240 copias de
la proteina nuclear viral. La proteina nuclear se denomina
HBcAg. Sirven como portadores particulados para moléculas
extrafias, y preferiblemente se aplican como portadores
antigénicos para vacunas gue potencian la respuesta inmune.
La modificacidén apropiada de 1la proteina nuclear permite
presentar las moléculas extrafias en la superficie de 1la
particula (también dentro de ella, de ser necesario). La
exposicién en la superficie se optimiza al unir la molécula
extrafia a residuos de aa en la secuencia de aa de la
proteina nuclear (una regidén de aproximadamente entre los aa
73 'y 94), que incluye el epitope inmunodominante para
células B “c/el” y tiene 1la mayor exposicién en la
estructura tridimensional de la superficie de la particula
(aa denota aminodcidos).

En WO 01/77158 se describen proteinas de fusidén del
antigeno nuclear de la hepatitis B donde se han insertado
epitopes heterdlogos, preferiblemente en la regidén entre las
posiciones 61 y 90. En US 2003/0198649 se describen
particulas del antigeno nuclear del virus de la hepatitis B
donde 1los inmundgenos estdn conectados con la proteina
nuclear del wvirus de 1la hepatitis B (HBV) a través de
estructuras de unién. Kratz et al. [PNAS (1999), 1915-1920]

describen 1la presentacidén de GFP (proteina fluorescente



verde) en la superficie de la proteina nuclear del HBV. En
este caso, los aminodcidos 79 y 80 de la proteina nuclear
fueron reemplazados por la secuencia de 238 aminodcidos de
la GFP.

Nassal et al. [Bur. J. Inmunol. (2005), pp. 655-665]
describen un producto de fusién de la proteina OspA completa
de Borrelia burgdorferi y la proteina de la cépside del
virus de la hepatitis B. También en este caso, se
reemplazaron los aminodcidos 79 y 80 por los aminodcidos 18
a- 273 de OspA, pero con la incorporacién de secuencias
conectoras entre la proteina nuclear y OspA. Skamel et al.
(Journal of Biological Chemistry, 2006, paginas 17474-17481)
describen la presentacién de la proteina OspC completa de
Borrelia burgdorferi con la ayuda de particulas similares a
cdpsides del virus de la hepatitis B. Sin embargo, se ha
descubierto que las proteinas nucleares modificadas de las
soluciones descriptas en los antecedentes técnicos ya no
tienden a formar particulas similares a cépsides (CLP) de la
manera deseada, por lo que ya no estimulan la respuesta
inmune de modo satisfactorio.

Esto significa que, cuando se 1insertan moléculas
extrafias basadas en péptidos o proteinas en la proteina
nuclear por manipulacidén genética, la secuencia extrafia se
conecta a través de su extremo N y su extremo C a la

proteina nuclear. Recientemente, se ha establecido que la



unidén a ambos lados limita dréAsticamente el tipo y la
seleccidén de secuencias extrafias apropiadas.
El sistema de nlcleo dividido (“split-core-system”) dque
se describe en la presente permite superar estas
limitaciones, ya que permite generar la proteina nuclear en
dos partes separadas, que sorprendentemente se unen de
manera espontdnea y forman particulas de cépside de un modo
similar a la cadena proteica continua. Las moléculas
extrafias pueden fusionarse con el fragmento N-terminal
(“coreN”) o el fragmento C-terminal (“coreC”), por lo que
quedan unidas a la proteina portadora solamente a través de
un extremo. Como resultado, esencialmente se eliminan las
limitaciones estructurales provocadas por la unidén a ambos
lados, relacionadas con la insercidén de secuencias extrafias
en la cadena peptidica continua de la proteina nuclear.
Por consiguiente, el sistema de nicleo dividido de 1la
invencidén permite
(1) presentar moléculas extrafias que, debido a su tamafio
y/0 su estructura, solamente pueden presentarse en
el contexto continuc convencional de la proteina
nuclear con un rendimiento muy bajo, o no pueden
presentarse en lo absoluto;

(ii) presentar proteinas extrafias heterodiméricas;

(1i1) presentar moléculas extrafias interactivas en una

forma flexible y féacilmente accesible, que facilita



sustancialmente 1la interaccién con las moléculas
asociadas deseadas;

{(1iv) presentar moléculas extrafias adicionales a través de
los extremos N y C adicionales expuestos en la
superficie, que estdn presentes en el sistema de
nicleo dividido, pero no en el sistema de nucleo
continuo convencional.

Los virus de 1la hepatitis B (HBV) son virus con
cdpside. La nucleocdpside interna también se conoce como
particula nuclear (“nucleo”), y en términos seroldgicos, se
define como el antigeno nuclear de la hepatitis B (HBCAg).
El nlcleo consiste en 180 & 240 copias de la proteina
nuclear de 183-185 aa (dependiendo del subtipo de HBV). La
proteina nuclear puede expresarse de manera heterdloga (en
bacterias, levaduras, células eucariotas), con la formacidn
espontédnea de “particulas similares a capsides” (CLP). Estas
Ultimas no son infecciosas, ya que no contienen el genoma
viral o la cédpside externa. Estas CLP también pueden
obtenerse a partir de HBV de mamiferos (por ejemplo, de
marmota, ardilla, y otros animales), relacionados méas
estrechamente, y HBV de aves (por ejemplo, pato, garza, Yy
otras), relacionados de manera mas distante. De acuerdo con
la invencién, en principio, es posible emplear cualquier
secuencia de HBV, pero es preferible emplear secuencias de

HBV capaces de infectar seres humanos.
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Se ha descripto 1la secuencia de aminoacidos y la
secuencia de nucledtidos de la proteina nuclear del HBV
[Galibert et al., Nature (1979), pp. 646-650; Nassal, Gene
(1988), paginas 279-294 o WO 01/77158], y puede hacerse
referencia a estas publicaciones. Resulta preferible emplear
la secuencia de la proteina nuclear del subtipo ayw, pero
también es posible usar variantes similares, modificaciones
de secuencias de HBV, tales como secuencias de otros HBV de
mamiferos o HBV de aves. Las secuencias se almacenan en
bibliotecas de genes de acceso publico.

Aparte del virus de la hepatitis B que es patogénico
para el ser humano (HBV en sentido estricto), hay una
cantidad de virus de la Thepatitis B relacionados,
especificos para animales, por ejemplo, el HBV de la marmota
norteamericana {(nombre zooldgico: Marmota monax; virus de la
hepatitis B de la marmota = WHV), el HBV de la ardilla de
California (nombre =zooldgico: Spermophilus beecheyi; virus
de la hepatitis B de la ardilla = GSHV), y otros.

Estos virus poseen una estructura genética similar a la
del HBV humano, pero presentan diferencias caracteristicas
en su secuencia de nucledtidos, y por lo tanto, en 1la
secuencia de aminocacidos de sus proteinas. |

El uso del nlclec del HBV humano como portador de

vacunas tiene dos posibles limitaciones:



1. Los sujetos que sufren una infeccidn crénica de HBV
pueden presentar tolerancia potencial a antigenos del HBV
(esta carencia de respuesta inmune es responsable en parte
de la persistencia de la infeccién). El nicleo también actia
como antigeno dependiente de las células T. Por
consiguiente, los epitopes de las células T en la secuencia
de la proteina nuclear participan en la fuerte
inmunogenicidad de las vacunas basadas en las CLP nucleares
del HBV. Entonces, es posible que dichas vacunas no tengan
efecto alguno sobre los individuos con infecciones crénicas
de HBV, debido a la tolerancia de sus células T al nucleo
del HBV. Sin embargo, no hay una tolerancia de esta Iindole
al nucleo del WHV y los HBV de otros animales (véase Billaud
JN. et al. Advantages to the use of rodent hepadnavirus core
proteins as vaccine platforms. Vaccine. 19 de Febrero de
2007;25(9): 1593-606). Por ende, el uso de una proteina
nuclear de HBV de origen animal como portador puede ser
ventajoso para este grupo particular de sujetos que pueden
ser potencialmente vacunados.

2. Debido a su inmunogenicidad extraordinariamente fuerte,
el nitcleo provoca una fuerte respuesta contra el nicleo en
las células B (anti-HBcAg) en todos 1los sujetos con
infecciones agudas o c¢rbnicas de  HBV. 'Ademés, las
infecciones c¢uradas se caracterizan por la aparicidn de

anticuerpos contra las proteinas nucleares del HBV (anti-
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HBsAg) . Las vacunas profilédcticas actuales contra la
infeccién de HBV se basan exclusivamente en la proteina de
la cépside del HBV (HBsAg). Por lo tanto, una vacunacién
exitosa provoca la aparicidén de anti-HBsAg, al igual qué una
infeccidén que ha sido neutralizada. La determinacién del
origen de la adquisicién de anti-HBsAg por un sujeto, es
decir, por infeccidén o wvacunacidén con HBsAg, resulta de
interés para el diagnéstico en algunos casos, Y puedé
realizarse detectando anti-HBcAg, gue solamente aparece
después de la infecciédn.

Una vacuna basada en el nicleo del HBV humano también
provocaria una determinada respuesta contra el nucleo (anti-
HBcAg), ademés de la respuesta deseada contra la proﬁeina
extrafia insertada. Al haber anti-HBsAg presente al mismo
tiempo, se complicaria atn mds la distincidén entre la
infeccidén de HBV y la vacunacidén con HBsAg.

La produccién de anti-HBcAg ha sido minimizada en el
sistema de nucleo dividido, va que el epitope de mayor
importancia, es decir, c/el, ha sido separadc fisicamente,
por lo que ya no es reconocido por la mayoria de los
anticuerpos anti-HBcAg. Sin embargo, hay una respuesta anti-
HBcAg residual contra otras regiones de la secuencia de la
proteina nuclear. Esta respuesta puede prevenirse o

reducirse aun mas usando la proteina nuclear de un HBV no



humano, preferiblemente la proteina nuclear del WHV, como
base portadora.

Los componentes esenciales del sistema portador dé
nucleo dividido de la invencién son, en primer lugar, la
proteina nuclear de un virus de la hepatitis B, y en segundo
lugar, la molécula extrafia contra la cual se produce una
respuesta inmune.

En su realizacién méds amplia, la proteina nuclear
deriva de cualquier virus de la hepatitis B. Se conocen
diversos virus de 1la hepatitis B. De acuerdo con la
invenqién, es preferible emplear agquellas secuencias gue
derivan de virus de la hepatitis B que han sido aislados de
mamiferos y son especificas de éstos. En particular, es
preferible emplear HBV humano. Sin embargo, ademds de lo
anterior, también es posible que los virus de la hepatitis B
gque provean la secuencia de la proteina nuclear se originen
en otros animales, por ejemplo, aves/ tales como patos o
garzas.

El otro componente, es decir, la molécula extrafia
contra la cual ha de generarse una respuesta inmune, puede
ser en principio cualgquier molécula. En este caso, se
prefiere el uso de secuencias de proteinas, y en particular,
se prefieren aquellas secuencias de proteinas que se hallan
en la superficie de los patdgenos, y que entran en contacto

con el sistema inmune. Si el sistema inmune es capaz de
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producir anticuerpos contra las estructuras superficiales de
estos patdgenos, estas Ultimas son i1nactivadas después del
contacto con los componentes individuales del sistema inmune
del paciente vacunado, donde el invasor patogénico
normalmente es destruido.

Al realizar una comparacién entre las secuencias del
virus de la hepatitis B de la marmota (WHV) disponibles en
bases de datos y los aminocdcidos de la proteina nuclear del
HBV (subtipo ayw), es posible establecer una identidad de
aproximadamente 60%. Las diferencias entre las secuencias
son particularmente prominentes en la regidén entre las
posiciones de aminodcidos 66 y 94, y esta secuencia incluye
el epitope c/el, y en el sistema de nucleo dividido del HBV
de la invencidn, el sitio de divisidn entre la regidn N-
terminal y la regién C-terminal de la proteina nuclear. En
una realizacidn particularmente preferida, este sitio de
divisidén se halla entre los aminoacidos 79 y 81.

Los WHV de los sistemas portadores de nucleo dividido
de la invencidn se prepararon separando la secuencia de la
proteina nuclear del WHV a nivel de los aminodcidos, entre
la posicidn 79 (codifica el aminocdcido Glu) y la posicidn 80
(codifica el aminocdcido glutamina). A nivel de 1los
nucledtidos, se agregd una secuencia que codificaba el sitio
de corte para BamHl en el extremo carboxilo del segmento N-

terminal de la proteina nuclear del WHV (abreviado WcoreN).
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Le siguid un segundo sitio de unidén a ribosomas y un sitio
de corte para la endonucleasa de restriccidn Ndel, gue a su
vez, estaba superpuesto con el coddn de inicio del segmento
coreC del WHV (WcoreC). Esta disposicidén es idéntica a la
disposicidén preferida en las construcciones de nucleo
dividido preferidas del HBV. Esto permite transferir
inserciones directamente de un sistema al otro, con la ayuda
de una digestidén con BamH1l-Ndel. En el caso que se describid
con anterioridad, WcoreN contiene una sustitucidn
conservativa, es decir, E79D, vy ademds, una P como
aminodcido en el extremo C, debido al sitio de corte
introducido para BamHl. Esto no tiene efectos adversos sobre
la capacidad de formar particulas, y la prolina en el
extremo C, debido a su resistencia a la proteasa, incrementa
la estabilidad de la proteina dividida. Al igual que el HBV
de nucleo dividido, WcoreC contiene una metionina de inicio
adicional, en este caso, antes de Q80 (S8l en HBV). Esta
construccidn de nicleo dividido del WHV formd particulas de
manera idéntica a la construccidén de nucleo dividido del HBV
correspondiente.

En otra realizacidn de la presente invencidén, la regidn
C-terminal y la regidén N-terminal de la proteina nuclear
pueden originarse en distintos wvirus de la hepatitis B. En
este caso, el sistema portador hibrido de nicleo dividido de

la invencidén tiene esencialmente tres componentes: la regidn
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N-terminal de la proteina nuclear de un virus d; la
hepatitis B, por ejemplo, un virus de la hepatitis B humano,
la molécula extrafia contra la cual puede provocarse una
respuesta inmune, vy la regidén C-terminal de la proteina
nuclear originada en otro virus de la hepatitis B, por
ejemplo, el WHV. Esta construccidn hibridé de nucleo
dividido también formdé particulas sin problemas. Como las
secuencias de aminodcidos de las proteinas nucleares de
distintos wvirus de la hepatitis B son diferentes, los
epitopes para las células B y T también difieren. Pér lo
tanto, el sistema hibrido de nicleo dividido puede influir
especificamente en la respuesta inmune contra el portador
particulado.

Los sistemas portadores hibridos de nlUcleo dividido
preferidos de 1la invencidén se prepararon separando la
secuencia de la proteina nuclear del WHV a nivel de 1los
dcidos nucleicos, entre la posicidn 79 (codifica. el
aminoédcido Glu) y la posicién 80 (codifica el aminoéacido
glutamina). A nivel de los nucleétidos, se agregd una
secuencia que codificaba un sitio de corte para BamHl en el
extremo carboxilo del segmento N-terminal de 1la proteina
nuclear del WHV (abreviado WcoreN). Le siguid un segundo
sitio de unidén a ribosomas y un sitio de corte para la
endonucleasa de restriccidén Ndel, que a su vez, estaba

superpuesto con el coddén de inicio del segmento coreC del

el
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WHV (WcoreC). Esta disposicién es idéntica a la disposicidn
preferida en las construcciones de nlucleo dividido
preferidas del HBV. Esto permite transferir inserciones
directamente de un sistema al otro, con la ayuda de una
digestidén con BamH1l-Ndel. En el caso que se describid con
anterioridad, WcoreN contiene una sustitucidn conservativa,
es decir, E79D, vy ademds, una P como aminodcido en el
extremo C, debido al sitio de corte introducido para BamHIl.
Esto no tiene efectos adversos sobre la capacidad de formar
particulas, y la prolina en el extremo C, debido a su
resistencia a la proteasa, incrementa la estabilidad de la
proteina dividida. Al igual que el HBV de nucleo dividido,
WcoreC contiene una metionina de inicio adicional, en este
caso, antes de Q80 (S81 en HBV). Esta construccidén fue capaz
de formar particulas sin problemas.

El HBcAg natural y las CLP recombinantes del HBV son
altamente inmunogénicos (se trata de antigenos
independientes de las c¢élulas T y dependientes de las
células T) . La estructura particulada simétrica y
multimérica de la particula nuclear es esencial en este
caso. Dicha estructura puede observarse por microscopia
electrénica de coloracidén negativa convencional, y también
por microscopia electrdnica con congelamiento. La naturaleza
particulada puede detectarse por medios bioquimicos, por

sedimentacidén en gradientes de sacarosa (coeficiente de
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sedimentacidn: 60-80 S, dependiendo de la variante;
comparese con los coeficientes de las proteinas monoméricas
solubles: aproximadamente 1-5 S o las subunidades de los
ribosomas eucariotas: 40S + 60S). Ademds, las particulas
tienen un comportamiento migratorio distintivo en 1la
electroforesis en gel nativo, en geles de agarosa, dJue es
diferente del de las formas no particuladas. Esto posibilita
determinar si pueden formarse las CLP o si hay proteinas
presentes sin la estructura de las CLP.

La proteina nuclear del HBV tiene 183 & 185 aminodcidos
(la proteina del WHV tiene 187 aminodcidog) y consiste en
dos dominios: los primeros 140 aa, aproximadamente, son
necesarios y suficientes para el ensamblaje de las CLP
(dominio de ensamblaje); la regidn del extremo C es rica en
aa basicos y se une a los acidos nucleicos. Una variante de
la proteina nuclear con un corte en el extremo C (aa 1-149)
se expresd en los sistemas de expresidn originales en E.
coli de una manera sustancialmente mejor gue la proteina
completa. Por lo tanto, las CLP de la proteina nuclear 1-
149, es decir, sin el dominio de unidén a aminodcidos, fueron
utilizadas para realizar estudios de EM estructural de
resolucidén media alta. De esta manera, fue posible
determinar la estructura de las CLP y la proteina. Como se

ha predicho en términos bioquimicos, la proteina nuclear
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forma dimeros simétricos muy estables, los cuales se
ensamblan para producir CLP que comprenden 90 é 120 dimeros.

Las particulas nucleares tienen prolongaciones
(“spikes”) conspicuas; cada dimero forma una prolongacidn
cuya estructura consiste en un haz de 4 hélices, donde cada
monémero provee dos hélices o en el centro de la secuencia
de aa. Los extremos de 1la prolongacidén comprenden los
aminodcidos (aa) en la regidén de los aa 74-85. Esta regidn
también contiene el epitope inmunodominante para células B
de HBcAg (epitope c/el), v su inmunogenicidad
particularmente elevada puede explicarse debido a la
exposicidn de estos residuos en la superficie.

En la figura 1 se ilustra un diagrama de la estructura
de la proteina nuclear. La secuencia primaria de la proteina
nuclear del HBV se ilustra en el lado izquierdo de la figura
1. La proteina completa consiste en 183 aa (185 aa en
alguncs subtipos del HBV); solamente los 140 aa del extremo
N, aproximadamente, son necesarios para la formacidén de las
CLP (dominio de ensamblaje); una posicidén de aa preferida en
el extremo C es 149; puede fusionarse una marca His en esta
posicidén, y con cualquier aa subsiguiente, hasta el aa, 183,
gin alterar las CLP. El epitope c¢/el estd localizade en la
regién los aa 78-83, y forma parte del rizo entre las
hélices o centrales (parte inferior izquierda). Las hélices

mismas pueden estar cortadas, y es probable que los residuos
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de aa hasta la posicién Gly73 en el ntdcleo N y los residuos
desde el aa Gly94 hacia delante en coreC sean los minimos
necesarios. En el lado derecho de la figura 1 se ilustra una
representacién diagramatica de una proteina nuclear
dimérica. Solamente sé ilustran las dos hélices centrales de
cada mondmero. El1 epitope c¢/el estd localizado en la
superficie de la particula.

Para que sea posible formar particulas con éxito, la
secuencia de aa del nlicleo debe incluir al menos la posicidn
140, preferiblemente al menos la posicidn 149, pero también
debe extenderse més alld, hasta los aa 183 & 185 en el
extremo C, dependiendo del subtipo de HBV. La secuencia de
aa después de la posicidén 140, o mejor, 149, puede
reemplazarse por secuencias extraflas, que luego quedan
localizadas usualmente dentro de las CLP. En principio, no
se producen anticuerpos contra estos aminodcidos extrafios,
pero éstos pueden tener otras funciones.

Debido a la inmunogenicidad extraordinariamente elevada
de HBcAg, las CLP recombinantes del HBV son atractivas para
usar como portadecres potenciadores de la inmunogenicidad
para antigenos extrafios.

Una solucidn alternativa es la unidén gquimica de
moléculas extrafias a CLP formadas con antelacién. En la

presente invencidén se provee una fusidn genética de

secuencias de aa extrafias con la proteina nuclear. Sobre la
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base de evaluaciones empiricas, la regidn del epitope c/el
que se provee en la presente era la més apropiada .para
inducir respuestas potentes en las células B, lo que se
establecidé incluso antes de que se resolviera la estructura
por cristalografia de rayos X. Ahora, sobre la base de dicha
estructura, estd claro que estas fusiones representan
inserciones en el rizo entre las hélices centrales. Como
este rizo no tiene una funcidn estructural per se, al menos
en principio, la estructura tridimensional de la proteina
nuclear puede retenerse insertando secuencias extrafias.
Dependiendo de la secuencia extrafla insertada, algunéé de
estas proteinas de fusidén puede continuar formando CLP
regulares, aungue esto no estéd siempre garantizado, ya dque
la secuencia de aminodcidos extrafia puede tener un efecto
adverso sobre la formacidén de la estructura de la proteina
de fusidn. Por su parte, la estructura particulada es
esencial para obtener una inmunogenicidad elevada.

Con anterioridad, se han insertado miltiples secuencias
extrafias en la proteina nuclear, y en algunos casos, también
se ha detectado una inmunogenicidad incrementada por medios
experimentales [Ulrich et al., Adv. Virus Res. (1998), pp.
141-182]. Sin embargo, como muchos intentos de insertar
secuencias extrafias relativamente largas, con mds de
aproximadamente 40 aa, han fallado (ya ﬁo se formaban

particulas), se asumidé que habia una capacidad de recibir
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secuencias extrafias de hasta 40 aa, o0 en un caso especial,

hasta 120 aa, limitada de manera natural.

Se establecidé que las secuencias de aminoécidos
extrafias fusionadas en el extremo C y el extremo N dé la
proteina nuclear solamente formaban particulas si se
cumplian al menos dos criterios esenciales:

(1) la estructura 3D de la proteina extrafia debe ser tal
gque su extremo N y su extremo C se ajusten con la
posicidn espacial de los puntos de unidn en la proteina
nuclear {(extremo C de la porcidén N-terminal del nﬁcleo;
es decir, los aa nucleares entre aproximadamente 1 vy
aproximadamente 78 [coreN]; extremo N de la porcidén C-
terminal del nucleo, es decir, los aa nucleares entre
aproximadamente 80 y 149 & 183 ({coreC]);

(ii) si la ©proteina extrafia propiamente dicha produce
interacciones homoméricas {dimeros, trimeros,
etcétera), la estructura de estos homo-oligdmeros debe
ajustarse igualmente con la estructura de las dos
porciones de la proteina nuclear.

En consecuencia, las proteinas extrafias cuyos extremos
N v C se hallan muy préximos en la estructura tridimensional
nativa son apropiadas para la presentacidén en las proteinas
de fusidén descriptas con anterioridad. GFP cumple ambos
regquerimientos, pero muchas otras proteinas no lo hacen; un

ejemplo de estas Ultimas es la proteina de la superficie
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externa A (OspA) del patdgeno causante de la enfermedad de
Lyme, Borrelia burgdorferi, cuyos extremos N y C se hallan
en extrvemos opuestos de la estructura tridimensional larga.

La insercién de OspA u otras proteinas con una
estructura desfavorable similar resulta en tensiones en la
proteina de fusidn. Puede suceder qﬁe la proteina extrafia
permanezca plegada correctamente e impida que se aproximen
las dos porciones de la proteina nuclear, lo que evitarié su
plegamiento y la dimerizacidén subsiguiente, y por 1o tanté,
la formacidén de particulas; o puede suceder que el
plegamiento de la porcidn de la proteina nuclear altere el
plegamiento de la proteina extrafia, que ya no sea nativa (>
antigenicidad alterada), e} de haber un plegamiento
incorrecto masivo, se produzca una agregaciédn.

En el caso de OspA, este problema fue solucionado
solamente de manera parcial al utilizar secuencias
conectoras muy largas. Estas secuencias conectoras
representan un problema potencial, especialmente para las
aplicaciones en vacunas, vya que podrian presentar una
antigenicidad propia indeseable, que posiblemente resultaria
en reacciones cruzadas dafiinas, por ejemplo, con antigenos
enddgenocs. Més aun, las proteinas de proteinas
correspondientes solamente presentaron una capacidad muy

limitada de formar CLP regulares.
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Ademéds, el impedimento estérico general podria ser un
problema con las proteinas extrafias muy grandes o las
proteinas extrafilas gque tuvieran una estructura gue se
desviara en gran medida de 1la globular, debido a 1la
estructura dimérica de la proteina nuclear portadora y la
superficie geométricamente limitada de 1las particulas
portadoras (el espacio disponible en 1la “superficie
esférica” de las CLP es limitado). El tamafio mdximo de la
proteina extrafia depende de diversos factores. Con el método
de la invencidén, ha sido posible presentar una proteina
extrafia de aproximadamente 320 aa (CSP).

En consecuencia, la presente invencidén se relaciona con
una vacuna de nucleo dividido gque tiene polipéptidos
separados, el dominio nuclear N y el dominio nuclear C de la
proteina nuclear de un virus de la hepatitis B, y al menos
una secuencia de aminodcidos extrafia contra la cual puede
provocarse una respuesta humoral, y cuando sea apropiado,
una respuesta inmune celular, donde dicha secuencia de
aminodcidos extrafia estd fusionada al extremo C del dominio
nuclear N o el extremo N del dominio nuclear C, y donde la
proteina nuclear es capaz de unirse a particulas similares a
capsides. Se prefiere un sistema portador gque provoca la
produccidn de anticuerpos neutralizadores.

Es esencial que la proteina nuclear en la vacuna de

niucleo dividido de la invencidn esté interrumpida, es decir,
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separada, en el epitope c/el, vale decir, aproximadamente
entre los aminodcidos 73 y 94. Luego, la secuencia de
aminodcidos extrafia puede fusionarse con el extremo C de la
regién nuclear N. En este caso, el extremo N de la parte
nuclear C comienza en el aminodcido donde se separd la
proteina nuclear N. También es posible suprimir parte del
epitope c/el, es decir, eliminar uno o mas aminodcidos de la
regién entre los amincdcidos 73 y 94. Como alternativa, es
posible producir la secuencia de aminodcidos extrafia contra
la cual han de generarse anticuerpos fusionada al extremo N
de la regidén nuclear C. En este caso, la regidén C-terminal
del nicleo N termina en el aminocdcido donde se ha
interrumpido la proteina nuclear. Es necesario gue la vacuna
de nucleo dividido retenga un efecto sustancial, es decir,
gque las particulas de la vacuna de niucleo dividido que
contengan las secuencias de aminocdcidos extrafias fusionadas
aun puedan formar las particulas nucleares similares a
cédpsides. Esto puede evaluarse en un gradiente de sacarosa o
una electroforesis en un gel de agarosa nativa. También es
posible realizar una prueba con la ayuda de un microscopio
electrdnico.

La secuencia de aminodcidos extrafia contra la cual han
de producirse anticuerpos preferiblemente es una secuencia
que se origina en estructuras superficiales de

microorganismos. Estos microorganismos usualmente provocan
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enfermedades en los seres humanos. Si es posible producir
anticuerpos neutralizadores contra estas estructuras, es
posible que la defensa inmune pueda eliminar los
microorganismos invasores muy réapidamente. Una bacteria para
la cual se ha avanzado en el desarrollo de una vacuna es
Borrelia burgdorferi, el patdgeno causante de la enfermedad
de Lyme. Las secuenciasb de aminoédcidos extrafias que
preferiblemente se emplean dentro del alcance de la
invencién son las proteinas superficiales de Borrelia
burgdorferi OspA y OspC. Sin embargo, las secuencias de
aminocdcidos extrafias también pueden ser otras secuencias que
se originen en organismos patogénicos. Un ejemplo de dichas
secuencias es el patdgeno de la malaria, Plasmodium
falciparum.

Otras secuencias de aminodcidos extrafias contra las dque
pueden producirse anticuerpos son secuencias gue se originan
en virus. Se prefiere el uso de aquellas secuencias de
aminodcidos que se originan en proteinas de virus que entran
en contacto con el sistema inmune del organismo huésped.
Estas proteinas son primariamente proteinas superficiales,
yva que éstas usualmente son las primeras gue entran en
contacto en el sistema inmune del organismo huésped. Sin
embargo, como alternativa, también pueden ser proteinas que

sean liberadas durante el ciclo vital del wvirus. Dependiendo
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del tipo de virus, pueden ser, por ejemplo, proteinas
nucleares virales o proteinas de la nucleocépside.

Sin embargo, la presente vacuna de nlUcleo dividido
puede usarse para generar no solamente anticuerpos contra
secuencias de aminoacidos exdgenas, sino también anticuerpos
contra estructuras enddgenas indeseables, tales como, por
ejemplo, marcadores tumorales. En 1las c¢élulas tumorales
frecuentemente se expresan marcadores superficiales
diferentes de los presentes en las células saludables. Por
consiguiente, si estas secuencias de aminodcidos enddgenas
se presentan en la vacuna de nucleo dividido, se
desencadenard una respuesta inmune gue provocarda que el
cuerpo produzca cada vez mas anticuerpos contra dichas
células tumorales. Estos anticuerpos permiten que la defensa
inmune reconozca rapidamente y finalmente elimine las
células tumorales. Sin embargo, el sistema portador de la
invencidén también puede inducir una respuesta inmune
celular, gue puede mejorar la eficiencia.

Esta solicitud también se relacibna con un método para
preparar una vacuna contra una secuencia proteica
heterdloga. La vacuna de nucleo dividido consiste en dos
partes del antigeno nuclear de un virus de la hepatitis B,
donde la secuencia proteica heterdloga estd fusionada a la
regién nuclear N, o donde 1la proteina nuclear C estéd

fusionada al extremo C de la secuencia proteica heterdloga.
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La posicidén en la cadena de aminocdcidos donde se separan los
dos dominios estd localizada entre la posicién 73 y la
posicidén 94. Los aminodcidos individuales de esta regidn de
aminodcidos que representan el epitope c¢/el pueden ser
eliminados.

En principio, el método de la invencidén puede llevarse
a cabo de dos maneras diferentes. Si las dos partes del
antigeno de nucleo dividido solamente se exXpresan como una
Unica cadena polipeptidica, se inserta una secuencia de
reconocimiento para una proteasa de acuerdo con la invencién
en la posicién deseada. Esto permite que el polipéptido
expresado sea cortado por la proteasa en dos partes
definidas. En esta realizacién, también es posible
coexpresar la proteasa que ha de realizar el corte en el
sitio de corte deseado. La secuencia genética gque la
codifica puede estar localizada en el mismo vector o en un
vector separado.

Sin embargo, en otra realizacidén preferida, los dos
polipéptidos mencionados con anterioridad se expresan usando
un vector especial. Se prefiere el uso de un vector
“bicistrdnico”. Esto significa que una parte de la vacuna de
nicleo dividido se expresa como una cadena polipeptidica vy
gue hay un coddn de detencidn en el extremo C. Sin embargo,
poco después, los ribosomas pueden unirse nuevamente para

que se exprese el segundo polipéptido. Esto permite asegurar

AV
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que ambas partes de la vacuna de nucleo dividido sean
producidas en cantidades aproximadamente iguales, y no es
necesario procurar que el organismo huésped no pierda alguno
de los vectores, lo gue podria resultar en la produccidn de
solamente una parte de la vacuna de nucleo dividido.

La expresién “proteina de fusidén” o “fusionados” denota
gue dos proteinas_o polipéptidos diferentes estén conectados
uno con otro a través de un enlace peptidico. Estas
proteinas de fusidn se producen expresando las secuencias de
dcidos nucleicos que las codifican, que estédn conectadas en
serie.

En la presente invencidén, se descubrid que la unidn de
la proteina extrafia insertada en ambos extremos, a través de
sus extremos N y C, era el problema proteico-gquimico
principal que limitaba la utilidad del sistema portador de
HBV~-CLP (especificamente Como portadoxr para vacunas,
generalmente para la presentacidén de moléculas extrafias). La
cantidad vy el tipo de proteinas extrafias gque pueden
insertarse aumenta drdsticamente si es posible disolver uno
de los dos enlaces covalentes (en los extremos N o C del
inserto) vy aun se forman particulas, debido a que las
porciones separadas de la proteina nuclear (de nucleo

dividido) se encuentran y se pliegan correctamente. Este es

un aspecto esencial de la presente invenciédn.
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En el diagrama de la figura 2 se ilustra gque 1la
insercién de una proteina extrafia con una estructura
tridimensional desfavorable (por ejemplo, OspA) puede
prevenir la formacién de una estructura de 1la proteina
nuclear portadora que sea competente para la formacidn de
particulas (via superior). Comoc alternativa, la formacidn de
la estructura tridimensional correcta de la proteina nuclear
portadora puede prevenir la formacidn de la estructura
tridimensional nativa de la proteina extrafia (via inferior).
Esto tendria un efecto adverso sobre la unidén de los
anticuerpos deseados. Este problema estérico se elimina si
se disuelve cualquiera de los dos enlaces covalentes
(flecha) entre la proteina extrafia inseftada v el portador
(en el extremo C o el extremo N del inserto). Una maneré
para lograr esto comprende el corte subsiguiente de una
proteina de fusidn continua, para 1lo cual es necesario
introducir un sitio de fusidén adicional para una proteasa
especifica. Entonces, es preferible expresar los dos
fragmentos como entidades separadas desde el principio.

La solucidén de acuerdc con la invencidén tiene otras
consecuencias:

(1) como el epitope c/el estd localizado en la superficie
de la particula, se forman nuevos extremos N y C en
esta superficie, los cuales pueden someterse a una

derivatizacidén adicional. Por ejemplo, una molécula

b
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extrafia X puede fusionarse al fragmento coreN, y una

molécula extrafia Y puede fusionarse al fragmento coreC.

Una aplicacidén posible es la presentacidn de moléculas

extrafias heterodiméricas. Sin embargo, en este caso es

necesario tener en cuenta que las dos partes unidas en
la fusidn no produzcan un impedimento estérico.

(ii) las subregiones especificas de una secuencia extrafia
insertada, por ejemplo, un epitope particularmente
importante, podrédn orientarse hacia la superficie de la
particula o hacia el exterior, dependiendo de la unién
a través del extremo N o el extremo C. Un ejemplo es el
“epitope LA2” de OspA de B. burgdorferi, del que se ha
descubierto que estd localizado en la regidn C-
terminal. Los anticuerpos gque reconocen este epitope
tienen una accidn neutralizadora.

Esto también es importante para insertar secuencias
extrafias que por su parte presentan superficies de
interaccidén adicionales (la unidén de terceras moléculas
puede consultarse en los ejemplos). Como la secuencia
extrafia capaz de interactuar estd unida solamente en un
lado, no se fuerza una estructura tridimensiocnal artificial
en ella; sino que, dependiendo del tipo, es flexible o puede
formar la estructura tridimensional correcta sin
interferencias. Esto facilita sustancialmente las

interacciones con los otros miembros de la interacciédn.
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La presente invencién también se relaciona con
medicamentos, en particular vacunas, que comprénden
particulas similares a cépsides basadas en el sistema de
nucleo dividido.

Los medicamentos de la invencién incluyen las
particulas similares a cépsides de 1la invencidn, vy
preferiblemente tienen wuna influencia positiva sobre el
sistema inmune. Usualmente, el sistema portador de nﬁcleé
dividido de la invencidén le presenta al sistema inmune una
secuencia de aminodcidos extrafia, contra la cual el sistema
inmune produce anticuerpos, preferiblemente anticuerpos
neutralizadores. Posteriormente, estos anticuerpos tienen
una participacidén decisiva en el control del microorgahismo
o el wvirus que ha invadido el cuerpo, o contribuyen a la
destruccidn especifica de las células tumorales indeseables.

En otra realizacidén, el sistema portador de nucleo
dividido de la invencién puede emplearse como un medio de
diagndstico vy/o analisis. En los ejemplos 12 y 13 se
ilustran estas aplicaciones con mayor detalle. Con estos
medios, es posible, por ejemplo, preparar particulas capaces
de unirse a anticuerpos accesibles, con fluorescencia
propia, que por su parte, pueden unirse a los antigenos y
tornarlos visibles merced a su fluorescencia. En otra
realizacidn, los sistemas portadores de nlcleo dividido de

la invencién pueden comprender secuencias de péptidos que se
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unen especificamente a iones metdlicos/lanténidos
determinados. Si estos péptidos se incorporan en el sistema
de nucleo dividido, se proveerdn particulas gque comprendan
miltiples A&tomos/iones sefializadores de este tipo por
particula individual, por lo que serdan mas faciles de
detectar.
Ejemplo 1
Proteina nuclear tipo salvaje con una secuencia insertada
para el reconocimiento por la proteasa del TEV

Se introdujo una secuencia de reconocimiento para la
proteasa del virus del grabado del tabaco (TEV) en el
epitope c¢/el de 1la proteina nuclear tipo salvaje 1-149
(sustitucidn de los aa P79+A80 por GGGGT-ENLYFQGT-GGGG; los
residucs de G son conectores para- asegurar el acceso de 1la
secuencia de reconocimiento a la proteasa). La proteina
expresada por medios recombinantes formé particulas. Estas
fueron incubadas con la proteasa del TEV, y el éxito de la
reaccidén de corte se verificdé por PAGE en SDS. Después, la
mezcla resultante de la digestidn por la proteasa se hizo
sedimentar en un gradiente de sacarcosa. Hubo un corte
virtualmente completoc en la posicidn esperada, ya gue se
produjeron dos fragmentos con u tamafio prédcticamente igual.
A pesar del corte, la proteina sedimentd en el gradi?nte,
aproximadamente en la misma posicidén gque la proteina nuclear

tipo salvaje 1-149 sin cortar. Se obtuvieron resultados
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comparables usando una proteina de fusidén basada en la
proteina nuclear completa 1-183.
Ejemplo 2
Variantes de proteinas nucleares con secuencias extrafias
insertadas relativamente grandes

A modo de ejemplo de una proteina de fusidén con una
insercién moderadamente grande, se insertdé la secuencia de
un péptido artificial, “ACID” (rodeada por conectores ricos
en Gly, con 65 aa en total), que puede interactuar con un
péptido complementario, “BASE”, en el epitope c/el [0O’/Shea
et al., Curr. Biol. (1993), 656-667], seguida por 1la
secuencia de reconocimiento para la proteasa del TEV
GGGGSGGGVEDGGGGSGGGGT~AQLEKELQALEKENAQLEWELQALEKELAQTG~
ENLYFQGTGGGG.

La proteina de fusidén formé CLP. Estas fueron aisladas
e incubadas con la proteasa del TEV como se describid con
anterioridad. También en este caso, hubo un corte
especifico, pero las particulas permanecieron intactaé. En
este caso, los fragmentos resultantes del corxte con la
proteasa del TEV tienen distintos tamafios, por lo que pueden
ser distinguidos directamente en el gel de SDS. A pesar del
corte, los fragmentos co-sedimentan en las fracciones del
gradiente especificas para CLP.

Con este ejemplo se demuestra que las CLP compuestas

por una proteina nuclear, con la insercidén de un péptido de
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65 aa (conector + ACID + sitio de corte para la proteasa del
TEV), también pueden ser cortadas de manera especifica, pero
retienen la estructura particulada.

Ejemplo 3

Otro ejemplo detallado es un experimento
correspondiente donde se usa una proteina nuclear que
contiene la secuencia de aa 18-273 de la proteina OspA de
Borrelia burgdorferi. La proteina correspondiente sin el
sitio de corte para la proteasa del TEV se describe en
Nassal et al., 2005; solamente una fraccidén de ella formd
particulas regulares, y estos resultados fueron evidentes en
una amplia distribucidén en el gradiente de sacarosa. Por 1lo
tanto, la vacuna sin cortar solamente puede usarse en una
extensidén limitada. MAs aun, esta vacuna sin cortar no
podria aplicarse en seres humanos/con fines médicos, ya que
serian necesarias secuencias conectoras adicionales, muy
largas, con un potencial antigénico intrinseco indeseable,
para obtener al menos una pequefla proporcién de 1la
preparacidén en forma de CLP.

Después de introducir un sitic de corte para la
proteasa del TEV, la proteina de fusidén se tratd con la
proteasa del TEV, al igual que en el ejemplo 2, y luego se
hizo sedimentar en el gradiente de sacarosa. También en este
caso, hubo un corte especifico, pero éste no fue completo

(presumiblemente, debido a un impedimento estérico provocado
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por OspA, v a que el sitio de corte para la proteasa del TEV
se hallaba menos accesible); y se clasificaron los
fragmentos por medio de anticuerpos monoclonales que
reconocian especificamente la porcidén del extremo N o el
extremo C del ntcleo, lo que resultd en la reaccidén del
anticuerpo a-coreN con la proteina de fusidn sin cortar.y el
fragmento obtenido con el corte en el extremo N. Aun asi, el
material parcialmente cortado presentd un comportamiento
migratorio tipico de una particula. Estos datos permiten
concluir que la formacidén de particulas se vio marcadamente
mejorada por la apertura de cualquiera de las dos conexiones
entre la proteina extrafia insertada y el portador nuclear.
Con este ejemplo, se comprueba que una proteina nuclear
de fusidén con la insercidén de una proteina extrafia grande
(OspA de 255 aa + conector + sitio de corte para la proteasa
del TEV) puede ser cortada de manera especifica (aunque con
menor eficiencia). Si bien la proteina de fusidén nuclear
continua OspA descripta con anterioridad estd distribuida
ampliamente a lo largo del gradiente (Nassal et al., 2005),
la proteina de fusidédn (parcialmente) cortada se halla
concentrada de manera distinguible en las fracciones del
gradiente tipicas de las particulas. Esta es una indicaciédn
de gue la eficiencia de la formacidn de las particulas esté

siendo mejorada por el corte.
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En otro experimento, se demostrdé que la proteasa del
TEV coexpresada (a partir de un plésmido compatible) corta
las proteinas nucleares de fusidén que contienen sitios de
corte para la proteasa del TEV, algunas veces con mayor
eficiencia que la que podria cbservarse en el corte in vitro
subsiguiente. También se detectd la formacidén de particulas
por medio de un gradiente de sedimentacidén de sacarosa para
las proteinas que ya habian sido cortadas en las bacterias.

En los ejemplos 1 a 3, se demostrd que las CLP formadas

con antelacidén permanecen intactas después del corte en la

regién del epitope c¢/el. Esto puede ser explicado en
términos estructurales, por el hecho de que el rizo conéctor
entre las hélices formadoras de prolongacioneg no tiene una
funcidén estructural per se, pero se trata de algo gue no
podria haberse previsto de este modo. Esto resultd en la
realizacidén mas preferida, donde, en lugar del <corte
subsiguiente de la cadena proteica continua, 1las partes
coreN vy coreC se expresan directamente como fragmentos
proteicocs separados, proceso durante el cual obviamente
entran en contacto de manera espontdnea y forman particulas.
Este abordaje tiene al menos tres ventajas sustancialesg
(1) simplificacién; el paso de corte adicional con la
proteasa del TEV (o una proteasa diferente) ya no es

necesario;
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(ii) no se necesita una secuencia peptidica adicional en

la proteina de fusidn para que haya un
reconocimiento especifico por parte de la proteasa;

(111i) para que se formen particulas, aun si esto sucede

solamente de manera parcial, con una proteina

extrafia desfavorable desde el punto de vista
estérico, tal como OsplA, se necesitan secuencias
conectoras muy largas; este problema podria
solucionarse si se evitaran los impedimentos
estéricos, yva que no se necesitaria la unidn a ambos
lados con la proteina nuclear portadora.

Los puntos (ii) y (iii) son particularmente importantes
para las aplicaciones en vacunas, ya que cualguier secuencia
adicional puede resultar en consecuencias inmunoldgicas
impredecibles (nuevos epitopes debido a secuencias
adicionales, posiblemente reacciones cruzadas con epitopes
enddégenos) .

Ejemplo 4
Construcciones de expresidén para obtener una expresidén
aproximadamente equimolar de los fragmentos coreN y coreC

La cadena peptidica continua inevitablemente contiene
cantidades equimolares de los productos de corte finales.
Con una expresidén separada, las dos partes también deberian
ser producidas en cantidades aproximadamente equimolares

para obtener un ensamblaje eficiente. En el primer
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experimento, se emplearon dos plésmidos compatibles
separados para expresar las dos partes de las proteinas
portadoras, pero esto solamente tuvo un éxito moderado.

En una realizacidén preferida, se emplean vectores
bicistrdénicos, que tienen la ventaja adicional de que
permiten evitar la seleccidn con otro antibidtico (para
retener ‘el segundo pléasmido, gque seria necesario en la
primera alternativa).

Las construcciones tipo 1 incluyen, detrds de un
promotor compartido (en este caso, el promotor de la ARN
polimerasa del fago T7), dos cassettes de expresidn, cada
uno con un sitioc de unidén a ribosomas (RBS; secuencia Shine-
Dalgarno). En los vectores gue se proveen en este caso, la
traduccidén del fragmento coreN es detenida por un coddn de
detencidn artificial después del aa prolina 79 (P79), y un
codén de inicio artificial antes del aa serina 81 (S81)
permite que comience la traduccidén del segundo fragmento.
Una estructura de operdn de este tipo puede hallarse con
frecuencia en bacterias (“ARNm policistrdnicos”; los
ribosomas pueden unirse a cada RBS en el ARNm de manera
relativamente independiente para iniciar la traduccidén del
gen localizado hacia el extremo 3'). En las construcciones
que se proveen, el segundo RBS es una copia exacta del
primer RBS, que deriva de 1los vectores DpET originales;

también son posibles otras secuencias RBS. El1 coddén de

q7
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inicio ATG del segundo cistrdédn es parte de un sitio de corte

para Nde. (CATATG), que facilita la clonacidén de secuencias
extrafias.
Las construcciones tipo 2 (*detencidn/inicio”;

“stop/start”) no contienen un segundo RBS separado, sino que

hay un segundo coddn de inicio para el gen hacia el extremo

3’ (NNA TGA) superpuesto con el coddén de detencidn del gen

hacia el extremo 5’ (NNN TGA), en un marco de lectura con

una desviacidén de 1. En este caso, los ribosomas pueden leer
el primer gen, y luego pueden recomenzar directamente en el
coddén ATG del segundo gen; esta disposicidén permite la co-
expresidén de dos genes; es posible hallar disposiciones de
detencidén-inicio similares en algunos fagos que aféctan
bacterias. Dicha disposicidn también estd implementada en
algunos retrotransposones eucariotas distintos de LTR (unidn
ORF1/0ORF2). Sobre la base de las secuencias conocidas, por
ejemplo, en el operdén Trp de E. coli, podrian ser igualmente
apropiadas otras combinaciones de codones de
detencidén/inicio adyacentes o superpuestos (por ejemplo, TAA
TG, TGA TG, etcétera).

Los vectores de expresidn preferidos se ilustran en un
diagrama en la fig. 3.

Parte superior: Construcciones tipc 1. Un promotor, por
ejemplo, para la ARN polimerasa T7, resulta en la

transcripcidén de un ARNm bicistrdnico (puede insertarse una

““
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secuencia terminadora hacia el extremo 3', para obtener una
terminacidén eficiente). El primer cistrén codifica la

secuencia de los aa 1-79 de la proteina nuclear del HBV. Un

sitio de unidén a ribosomas hacia el extremo 5’ (RBS1)

permite que comience la traduccidén (las subunidades

ribosomales pequefia y grande estdn representadas como
évalos). Hay un coddn de detencién localizado mas alld del
extremo 3’ del coddén para P79. Hay otro RBS (RBS2), para
iniciar la traduccién del fragmento coreC, localizado en el
extreme 5’ del segundo cistrdén. Ademds, este fragmento posee
su propio coddén de inicio (ATG). En el ejemplo ilustrado, la
secuencia coreC comienza con Ala80 y puede extenderse hasté
la posicidn de aa 140, o mejor 149, o hasta el extremo
auténtico, en la posicidén 183. La secuencia de aa desde la
posicidén 140, o mejor 149, en adelante también puede ser
reemplazada por secuencias extrafias.

Parte inferior: Construcciones tipo 2. Estas solamente
contienen un RBS antes del primer cistrdén. La traduccidn del
fragmento coreC se realiza por reinicio, y el coddén de
inicio artificial de coreC (ATG) estd superpuesto con el
coddén de detencidn de coreN (TGA), como se ilustra. En el
ejemplo, la secuencia coreC comienza con Ser8l.

Los aa 77, 78 y 79 de la proteina nuclear son glutamato
(E; codones: GAA, GAG), aspartato (D; codones: GAC o GAT) vy

79 prolina (P; codones: CCN). En las construcciones tipo 1
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provistas, se selecciond la secuencia de nucledtidos GAG GAT
CCN para obtener la secuencia de aa EDP, que genera un sitio
de corte para BamHI (GGATCC); este sitio de corte uUnico para
BamHI posibilita la clonacidén simple de distintos fragmentos
de ADN que codifican coreN y coreC. El nucledétido N en el
codén de prolina CCN no estd definido; el coddn de detencidn
puede ser TAA, TAG o TGA.

La secuencia hasta el final del primer gen en las
construcciones tipo 2 es G GAT CCa TGA. Esta secuencia
también contiene un sitio de corte para BamHI (subrayado),
para clonar distintos fragmentos de ADN que codifican coreN
o coreC. P79 en las construcciones tipo 2 provistas debe
tener el coddén CCa, y el coddén de detencidn debe ser TGA (>
CCa TGa), para permitir que haya un coddén de inicio ATG
superpuesto para generar el segundo gen. El coddén para el
primer aa del segundo gen después del coddén de inicio ATG
debe comenzar con A. Otras secuencias de nucledtidos de
detencidén/inicio serian TGA TG o TAA TG, como es el caso del
operdén Trp de E. coli, entre TrpE y TrpD, o bien TrpB y TrpaA
[Das vy Yanofsky (1989), Nucl. Acids Res., pp. 9333-9340;
Oppenheim y Yanofsky (1960), Genetics, pp. 785-795]. |

El esqueleto de los vectores provistos (pET28a2-xxx) se
basa en el vector comercial pET-28, donde, sin embargo, el
gen de resistencia a kanamicina ha sido reemplazado por el

gen de resistencia a ampicilina. Sin embargo, ciertamente
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también es poéible aplicar otros esqueletos de vectores
(distintos origenes de replicacidén, distintos genes de
resistencia, distintos promotores, distintos RBS). La
disposicidén bicistrdnica de los genes para coreN y coreC,
por medio de dos RBS separados o mediante una disposicidén de
detencidén/inicio, es esencial. En los experiméntos
realizados, fue posible expresar varias proteinas de ntcleo
dividide a partir de construcciones tipo 1 y tipo 2, aungue
la cantidad de construcciones tipo 2 (detencidén/inicio)
donde este fue el caso fue menor. Ademds, hay una menor
variabilidad de secuencia posible en las construcciones tipo

2 (véase la descripcidén anterior). Por consiguiente, las
construcciones tipo 1 tienen una aplicacidén mas amplia.

El aa seleccionado para el extremo C de la porciédn
coreN fue P79, vyva que la prolina es particularmente
resistente a las proteasas, por lo gque permite minimizar la
degradacidn del fragmento. Debido a la estructura
tridimensional conocida vy las variantes de supresidn
descriptas en esta regidn central, puede asumirse que
(1) el extremo del fragmento coreN podria estar localizado

en la regidén que abarca los aa aproximadamente entre

las posiciones 72 y 74, particularmente Gly73,
(ii) el comienzo del fragmento coreC podria estar localizado
en la regidn que abarca los aa aproximadamente entre

las posiciones 78 y 86, posiblemente hasta Gly94, sin
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que se obtuvieran resultados sustancialmente diferentes

de los que se obtendrian usando los limites

seleccionados en este caso (extremo de coreN en P79,
comienzo de coreC en 881, con un coddén de inicio ATG

hacia el extremo 5').

Debido a los distintos mecanismos de transcripcidn y
traduccidn, las construcciones descriptas no pueden
aplicarse de esta manera para expresarlas en células
eucariotas: es necesario usar un promotor eucariota en lugar
de un promotor procariota (por ejemplo, CMV-ES DECIR, vy
muchos otros), v debe introducirse una sefial de
poliadenilacidén (por ejemplo, del virus SV40, o muchos
otros) mas alld del extremo 3’ de los marcos abiertos de
lectura.

En eucariotas, es posible obtener una expresidn
aproximadamente igual de coreN y coreC de las siguientes
maneras:

(i) mediante la co-transfeccidén de dos pléasmidos (uno para
coreN, uno para coreC);

(ii) mediante la transfeccidén de un plésmido con dos
cassettes de expresidén independientes;

(iii) mediante la transfeccién de un plésmido con ARNm
funcionalmente bicistrdénico; por ejemplo, el segundo
gen podria ser expresado a partir de un sito de ingreso

a ribosomas interno hacia el extremo 5’ (IRES);

N
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(iv) una disposicidén de detenciédn/inicio similar al vector
tipo 2 también podria ser funcional en eucariotas.

Ejemplo 5

La expresién separada de fragmentos coreN y coreC tipo

salvaje produce CLP intactas

Se expresdé la proteina nuclear tipo salvaje por medio
de vectores de expresidn basados en el tipo 1 (figura 3) en
células de E. coli BL21, en un caso, sobre la base de los aa
1-149, v en el otro, sobre la base de los aa 1-183. Ambos
fragmentos esperados fueron producidos y ensamblados para
obtener CLP intactas. Estas fueron detectadas usando
gradientes de sacarosa y electroforesis en gel de agarosa
nativa. La formacidén de las CLP se detectd directamente,
realizando una comparacién por microscopia electrdnica
(coloracidédn negativa) de particulas compuestas por una
cadena continua de los aa 1-183, con una marca de His6 en el
extremo C, con particulas compuestas por el sistema dé
nucleo dividido correspondiente. No se detectaron
diferencias con esta resolucién.

Las CLP del HBV tipo salvaje son muy robustas vy
resistentes a concentraciones molares de urea; las CLP
compuestas por la proteina nuclear 1-149, con un corte en el
extremo C, pueden disociarse en dimeros con urea 3-5 M, y
pueden reasociarse nuevamente para formar CLP in vitro,

mediante el cambio de las condiciones de amortiguacidn
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(remocidén de la wurea, pH neutro, concentracidén de sal
incrementada). En un estudio comparativo de la estabilidad
de las CLP compuestas por nucleos divididos, se demostrd una
estabilidad similarmente elevada de las CLP de nucleo
dividido. Esto indica que la afinidad mutua entre las
porciones coreN y coreC es elevada e importante para el uso
de dichas porciones como un sistema portador de moléculas
extrarias.

Ejemplo 6

La expresién separada de fragmentos coreN fusionados a
proteinas extrafias y fragmentos coreC tipo salvaje, v
viceversa, permite producir CLP intactas

Se usdé GFP fusionada a coreN o coreC como modelo para
demostrar que el sistema de nicleo dividido era apropiado en
principio para la formacién de CLP y la presentacidn de
proteinas extrafias. Se empled un vector tipo 1 (segundo RBS)
o tipo 2 (detencidén/inicioc) para la construccidn coreN.
Tecdas las construcciones resultaron en la expresidén de
proteinas fluorescentes verdes que formaron particulas, de
acuerdo con la sedimentacidén en gradientes de sacarosa.

Con el fin de comprobar también la asociacidén fisica
entre los fragmentos coreN vy <coreC particulares, se
sometieron alicuctas de 1las fracciones del gradiente a
electroforesis en geles de agarosa nativa. En este caso, las

particulas permanecieron intactas, al igual que el crombéforo



20

43

de la GFP. Las fracciones de GFP en coreN y GFP en coreC

producen una banda fluorescente verde distinguible; la

proteina de fusidén de GFP no ensamblada permanecidé en las
fracciones superiores del gradiente, y presentd un
comportamiento migratorio diferente y una distribucidén més
difusa (difusidn més rapida en el gel debido a su estructura
sustancialmente mAs pequefia, en comparacién con las
particulas compuestas por 180 & 240 subunidades). CoreC
también fue detectado con el anticuerpo a-coreC en la banda
flucrescente verde (es decir, que contenia GFP), lo cual fe
valido para GFP en coreN y GFP en coreC.

Con este ejemplo, se demuestran dos items:

(1) En el sistema de nucleoc dividido, puede fusionarse una
proteina extrafia de aproximadamente 240 aa, en este
caso, GFP, ;anto con coreN como con coreC, sin que esto
interfiera con la formacidén de las CLP.

(ii1) Los vectores de nicleo dividido tipo 1 y tipo 2 son
apropiados para la co-expresidén de coreN y coreC con
secuencias extrafilas unidas por fusidn.

Ejemplo 7

Presentacién de proteinas extrafias de relevancia médica con

CLP en el sistema de nucleo dividido, lo que por medios

convencionales, resulta imposible o es posible en una

extensién muy limitada

OspA de Borrelia burgdorferi
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Como se explicd inicialmente, la unidén de la proteina
extrafia insertada a ambos lados con la proteina portadora,
que era necesaria en el sistema precedente, resulta en
restricciones topoldgicas de importancia. En contraste con
la GFP, OspA no tiene un “ajuste” natural. Por consiguiente,
se usd OspA como precedente para una proteina extrafia con
una estructura desfavorable en el gsistema de nlcleo
dividido, y se la fusiond con coreN o coreC. En contraste
con la construccidn continua anterior [descripta por Nassal
et al., 2005}, que presentaba una distribucidén amplia en el
gradiente, ambas proteinas de fusidén se acumularon de manera
distintiva en las fracciones tipicas de las particulas. Con
un andlisis de microscopia electrénica, se demostré una
eficiencia drésticamente mejorada para la formacidén de CLP,
tanto para la fusidn de OspA con coreN como para la fusidn
de OspA con coreC, en comparacién con la construccidn
continua anterior.

Con este ejemplo, se demuestra que
(i) el sistema de nicleo dividido permite presentar como

CLP proteinas extrafias cuya estructura interfiere con

la formacién de CLP en el sistema de nucleo continuo

convencional;
(ii) el sistema de nucleo dividido permite formar CLP de
manera eficiente, mediante la fusién de la proteina

extrafia a coreN y coreC.
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De manera similar, también fue posible presentar OspC
de Borrelia burgdorferi de manera exitosa en el sistema de
nucleo dividido de la invencién.

Ejemplo 8
Proteina del circumsporozoito del patdédgeno causante de 1la
malaria, Plasmodium falciparum

Otra proteina patogénica de gran relevancia para las
vacunas es la proteina del circumsporozoito (CSP) del
patdégeno causante de la malaria, Plasmodium falciparum. La
CSP (la forma usada en este caso tenia una longitud total de
319 aa) contiene una repeticidén de aproximadamente 110 aa
del motivo tetrapeptidico NANP/NVDP. La estructura de la CSP
es desconocida; el dominio del extremo C(C, gque tiene
aproximadamente 50 aa y 4 residuos de Cys, probablemente
(sobre la base de la homologia de secuencia) se pliega de
manera similar a las repeticiones de la trombospondina tipo
1. Aungue la repeticidén eg inmunogénica, las otras regiones
de la CsSP posiblemente también contengan epitopes
importantes. No ha sido posible preparar una CSP completa en
forma de CLP usando el sistema de nucleo continuo
convencional, pero esto fue ficilmente posible usando el
sistema de nucleo dividido. Actualmente, hay datos no
ambiguos disponibles para la fusidén de CSP con coreN; la co-

expresidédn con coreC (como las construcciones 1-149 y 1-183)



-0

Y

resulta en la produccidn eficiente de estructuras
particuladas.

Se prepard una serie de construcciones (basadas en los
nicleos 1-149 y 1-183) gue solamente contenian la secuencia
repetida o la CSP truncada sin el dominio rico en Cys, en
cada caso, en el sistema de nicleo continuo o el sistema de
nicleo; vy adicionalmente, se preparé una CSP completa
fusionada a coreN. Las preparaciones de CLP se usaron en un
estudio comparativo de inmunogenicidad en ratones, que aun
no ha sido completado. Los datos hasta el momento permiten
concluir que la vacuna preparada en el sistema de nucleo
dividido tiene propiedades superiores. Esto puede atribﬁirse
al hecho de que la CSP completa solamente puede formar CLP
cuando se aplica el sistema portador de la invencidén. En
contraste, con otros sistemas, no se producen CLP. Como
resultado, las vacunas de CSP preparadas con la ayuda del
sistema portador de la invencidén deberian presentar una
inmunogenicidad superior e inducir particularmente
neutralizadores anticuerpos.

Ejemplo 9

Las CLP de nicleo dividido como portadores para proteinas
extrafias mejbran la respuesta de las células B a las
proteinas extrafias

En un estudio de inmunogenicidad en ratones, se

comparan 5 construcciones que comprenden el niucleo-OspA en
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el sistema de nucleo divididoA con OspA modificada con
lipidos (LipOspA) que no ha sido fusionada a un nucleo; las
vacunas Lymerix comerciales estédn basadas en ella, y son las
vacunas mas avanzadas de uso actual en la enfermedad de
Lyme. La porcién de 1lipido en LipOspA (tris-palmitoil-
cisteina (Pam3-Cys)) es esencial para esta inmunogenicidad
relativamente alta, yva que OspA no modificada con lipidos
solamente presenta una inmunogenicidad muy débil (véase
Nassal et al., 2005). Tres de las construcciones que
comprenden el nucleo-OspA contienen OspA completa (aa 18-
273), y otras dos contienen OspA truncada (que comienza en
el aa 185 y se extiende hasta el aa 273).

Para este propdsito, se inmunizaron 6 grupos, cada uno
con 5 ratones BALB/c, en 4 ocasiones, en cada caso con 10 ug
de antigeno (dias 0, 14, 29, 49):

Grupo 1: LipOspA

Grupo 2: OspA completa (aa 18-273) en coreN, coreC
comprende los aa del nucleo 81 a 183

Grupo 3: OspA completa (aa 18-273) en coreN, coreC
comprende los aa del nucleo 81 a 149

Grupo 4: OspA truncada (aa 185-273) en coreN, coreC
comprende los aa del nucleoc 81 a 183

Grupo 5: OspA truncada (aa 185-273) en coreN, coreC

comprende los aa del nucleo 81 to 149
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Grupo 6: OspA completa (aa 18-273) en coreC hasta el aa del
nicleo 183, coreN entre los aa 1 y 79.

Los anticuerpos inducidos fueron determinados tomando
muestras de sangre el dia -1 (= 1 dia antes de la primera
inmunizacidn, es decir, suero preinmune) y los dias 8, 26,
36 y 57. Los siguientes parédmetros fueron determinados por
medio de un ELISA: la cinética de la produccidén de
anticuerpos especificos contra OspA; la proporcién
particular de anticuerpos eguivalentes a LA2, donde LA2 es
un anticuerpo monoclonal conocido como neutralizador,. que
reconoce un epitope de conformacidén complejo de secuencias
de aa discontinuas hacia el extremo C del aa 185 de OspA.

Los resultados de este experimento se ilustran en
detalle en la fig. 4.

En la fig. 4A se ilustra la cinética de la induccidn de
anticuerpos anti-0OspA totales {(en ug de anticuerpo
especifico por ml de suero). Los sueros de los ratones
inmunizados con las construcciones de nucleo dividido con
OspA completa contienen titulaciones detectables de anti-
OspA, aun después de la segunda inmunizacidén, que son
comparables a las que provoca LipOspA. Después de las 32 vy
42 inmunizaciones, las titulaciones de anti-OspA en los
ratones inmunizados con OspA completa de nucleo dividido
excedieron marcadamente las de los ratones inmunizados con

LipOspA; las titulaciones son particularmente elevadas

o
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después de la inmunizacidén con OspAl8-273 en coreC (grupo
6). OspA truncada 185-273 en el contexto de coreldd (grupo
5) y corel83 (grupc 4) solamente provoca una respuesta
especifica contra OspA sustancialmente menor.

En la fig. 4B se comparan directamente las titulaciones
de anticuerpos anti-OspA totales con las de anticuerpos
dirigidos contra el epitope neutralizador conocido LA2 en la
regién C-terminal de OspA. OspA completa en coreN, en el
contexto de coreldsS v corel83 (grupos 2 v 3,
respectivamente), induce titulaciones de anticuerpos
equivalentes a anti-LA2 més elevadas que LipOspA, Yy OspA
completa en coreC produce titulaciones marcadamente menores.
En la actualidad, se continta con el estudio del contenido

de anticuerpos neutralizadores particulares (proteccidn

contra el ataque del patdégeno B. burgdorferi).

Con este ejemplo, se demuestra que las CLP de nucleo
dividide inducen anticuerpos especificos contra la proteina
extrafia OspA completa presentada, y las titulaciones son
mayorés gque con la vacuna establecida LipOspA, donde 1la
porcidén lipidica es esencial para la inmunogenicidad. La
proporcidén diferente de anticuerpos equivalentes a LA2
después de la inmunizacidn con OspA en coreN
(aproximadamente 30%) versus OspA en coreC (< 5%) permite
demostrar que el tipo de unidn afecta el tipo de anticuerpos

producidos; véase el ejemplo 10.
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Ejemplo 10

Induccién especifica de anticuerpos con especificidad de
regién contra una proteina extrafia por medio de una fusién
alternativa con coreN o coreC

Con proteinas cuyos extremos N y C no se hallan
inmediatamente adyacentes, tal como en GFP, la fusidén con
coreN resulta en una orientacidén diferente con relacidn a la
superficie de la particula que la fusidén con coreC (coreN:
extremo C de la proteina extrafia “out”; coreC: extremc N de
la proteina extrafia “out”). Cuando se las use como vacunas
para células B, es de esperar que las unidades proteicas que
se extiendan en mayor medida hacia el solvente provoquen una
respuesta de anticuerpos mds fuerte. Entonces, es posible
inducir distintos anticuerpos con especificidad de regidn
fusionando la proteina extrafia con coreN (extremo C de la
proteina extrafia “out”) o coreC (extremo N de la proteina
extrafia “out”).

En el diagrama de la figura 5 se ilustra una manera
posible para determinar qué parte de la molécula se extiende
mds alld de 1la superficie de una CLP formada con una
proteina extrafia que tiene una estructura elongada, tal como
OspA en la presente, mediante la fusidén con coreN o coreC.
Un epitope bien mapeado en OspA es LA2, que se halla en la
regién C-terminal vy es reconocido por el anticuerpo

monoclonal neutralizador LA2. Como era de esperarse, las CLP
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de nucleo dividido con OspA en coreN (preparadas de manera
que el extremo C de OspA quedara expuesto) indujeron una
fuerte respuesta equivalente a LA2, y las CLP con OspA en
coreC solamente indujeron una débil respuesta equivalente a
LA2. Por el contrario, la respuesta a otras regiones de OspA
se vio mejorada.

Se esperaba que una fusién de OspA como proteina
extrafia con coreN proveyera un buen acceso al epitope LA2 en
la regidén C-terminal de OspA, y por otro lado, se esperaba
gque una fusién con coreC proveyera un buen acceso a la
regién N-terminal de OspA, gue no habia sido Dbien
caracterizada desdé el punto de vista inmunoldgico hasta el
momento. Con los datos mencionados con anterioridad, fue
posible confirmar este concepto de manera destacable (se
obtuvieron titulaciones anti-OspA totales muy altas, pero
las titulacilones de anticuerpos equivalentes a LA2 para OspA
en coreC fueron bajas).

Por ende, el sistema de nlUcleo dividido tieneA una
actividad potenciadora de la respuesta inmune elevada con la
fusién de la proteina extrafia con coreN y la fusidén de la
proteina extrafia con coreC.

La especificidad de tipo/regidén de 1los anticuerpos
inducidos puede controlarse seleccionando el sitio de unidn
(coreN wversus coreC). Para obtener resultados oéptimos en la

vacunacién, pueden emplearse mezclas de vacunas de nucleo

ot
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dividido, donde una parte de la secuencia de aminoacidos
extrafia heterdloga se fusione con la porcidén y la otra parte
se fusione con la porcidén coreC, de manera de obtener una
presentacidn éptima de diversos epitopes.
Ejemplo 11
Fusiones con significacién mas allid de las aplicaciones en
vacunas

Aparte de la significacidén directa como portadores
particulados potenciadores deb la respuesta inmune para
péptidos, y en particular, como vacunas antigénicas
proteicas, pueden concebirse diversas aplicaciones para esta
plataforma portadora. En cada caso, se colocan varias
moléculas presentadas (180 & 240) muy prodximas, de manera
siﬁétrica. Si dichas moléculas son moléculas extrafias
capaces de interactuar (las vacunas son un caso especial:
interactian con anticuerpos), la particula que tiene
mialtiples copias de 1la molécula extrafia presenta una
actividad dréasticamente incrementada en comparacidén con la
molécula extrafia monomérica (véanse los pardmetros de las
IgM naturales, y también los tetrdmeros del MHC en el
inmunodiagnéstico). Estas moléculas extrafias capaces de
interactuar deben hallarse accesibles en la superficie de la
CLP para que puedan reaccionar con los otros miembros de la

interaccidén. El sistema de nicleo dividido facilita esto de
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manera sustancial, en comparacidén con el sistema conﬁinuo
convencional.

Se expresd una cantidad de secuencias extrafias modelo
en el sistema de nlcleo dividido, y todas las inserciones
evaluadas formaron CLP. Las capacidades de interaccién de
algunas de ellas fueron detectadas directamente.

La disposicidén dividida permite que haya nuevos
extremos accesibles en la superficie de la CLP, los cuales
podrédn ser sometidos a una derivatizacidén adicional. En la
figura 5 se ilustra un dimero de nlcleo dividido con un
péptido  ACID fusionado a coreN, péptido que puede
interactuar con el péptido complementario BASE. Una molécula
X, con 1la cual se ha fusionado dicho péptido BASE, se
fusiona a las CLP con ACID. La disposicién dividida le
confiere flexibilidad a ACID; ACID insertado en el sistema
de nucleo continuo interactua con el péptido BASE, pero como
los péptidos ACID y BASE forman una hélice doble en forma de
espiral enrollada [0O’Shea et al., 1993], la estructura del
nucleo portador se torna inestable vy las CLP se desintegran.
Sin embargo, en la disposicidén dividida, las CLP deberian
permanecer estables. Esta unidén puede generalizarse: una
molécula capaz de interactuar, A, distinta del péptido ACID,
puede fusionarse con coreN o coreC. Luego, las CLP
correspondientes pueden interactuar con B, un miembro de

interaccidén especifico para A. Estos pares de miembros de
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interaccién son His6-Ni-NTa, el péptido aceptor de bioctina-
estreptavidina; Z33-inmunoglobulina.

A continuacidén, se explican con mayor detalle otras
uniones posibles.

a) Marca de Hisé6

Fusionada con coreN a través de un conector Gly2, forma
particulas que se unen a Ni2'NTA agarosa. La marca de His se
halla 1libremente accesible, en contraste con el sistema
continuo. Un inserto comparable (His7) en c/el en el sistema
de nucleo continuo no produce cantidades significativas de
proteina, ya que el residuo de la marca de His6 no se halla
accesible desde en este sitio debido a impedimentos
estéricos.

b) Péptido aceptor de biotina (BA)

El aceptor de biotina (BA23) es un péptido artificial
de 13 aa (GLNDIFEAQKIEWH) que es biotinilado por la biotina
ligasa de E. coli, BirA. Para que haya una biotinilacién
eficiente, es necesario que haya un acceso libre, lo gque se
da el sistema de nuclec dividide, pero no en el sistema de
nicleo continuo - v si se sucede, es solamente en una medida
limitada. La proteina de fusidn de niucleo dividido-BA forma
CLP y es biotinilada en. E. coli. La avidina/estreptavidina o
sus conjugados pueden unirse a la biotina presentada por las

CLP.
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c) Dominio 733 de la proteina A

La proteina A de S. aureus se une a las
inmunoglobulinas con gran afinidad (“proteina A sefarosa”
para la inmunoprecipitacidén). La proteina A consiste en 5
dominios de wunién a Ig con estructuras similares. 233
constituye unoc solo de estos dominios, y tlene una secuencia
de aa modificada con una longitud total de 33 aa. 233 aun
presenta una afinidad elevada por las Ig (con una Kd de 40
nm). Para que se dé la unidén a las distintas Ig, es
necesario gque haya flexibilidad estructural, y més auln,
acceso. La secuencia de 733 se fusiond con coreN a través de
una secuencia conectora larga:
GGGGSGGGVEDGGGGSGGGGT-FNMQQORRFYEALHDPNLNEEQRNAKIKSIREDP.

Se formaron CLP en el sistema de nicleo dividido.
Después de agregar una inmunoglobulina marcada con FITC y
realizar otra precipitacidén, se detectd una proporcidn de 1la
fluorescencia en las fracciones tipicas para particulas en
el gradiente. Este no fue el caso cuando se usaron CLP
basadas en proteinas nucleares tipo salvaje en lugar de la
fusidn z33.

a) Inserto del péptido ACID

El péptido ACID insertado en el sistema de nucleo
continuo interactia con el péptido complementario BASE
(“Welcro peptidico”) mediante 1la formacidén de espirales

enrolladas entre los péptidos [0’'Shea et al., 1993], lo gue
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resulta en modificaciones masivas en la estructura nuclear,
hasta su desintegracién. Esto es provocado por el péptido
ACID propiamente dicho, que adopta una estructura flexible
que no afecta la estructura del nucleo. La adicidén del
péptido BASE resulta en la interaccién con la secuencia
ACID, como resultado de lo cual, ambas secuencias peptidicas
adoptan una conformacién de hélice en espiral enrollada
rigida. Surge tensidén debido a la unidén a ambos lados. Un
péptido ACID fijado solamente a un lado deberia poder
interactuar sin tensidén con el péptido BASE agregado o el
péptido BASE fusionado a otros miembros. En cualquier caso,
la estructura de particula de la proteina de fusidén ACID en
el sistema de nucleo continuo convencional permaneceria
intacta después del corte de la conexidn C-terminal con el
portador nuclear por medio de la proteasa del TEV.

Los sistemas de nucleo dividido con una secuencia ACID
expuesta pueden cargarse con proteinas extrafias, con las
cuales se une el péptido complementario BASE. Esta es una de
las alternativas posibles para cargar posteriormente laé CLP
de nucleo dividido con las moléculas extrafilas seleccionadas.

Con los mecanismos de unién detallados con
anterioridad, es posible proveer CLP gue actlen como parte
de la asociacién. La proteina fusionada a la otra parte de
la asociacidén puede unirse con facilidad a dichas CLP. De

esta manera, es posible, por ejemplo, presentarle al sistema
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inmune estructuras no peptidicas.
e) Fusién simulténea de distintas proteinas extraflas con
coreN y coreC

En cada uno.de los ejemplos anteriores, se fusiond una
secuencia extrafia con coreN o coreC. En principio, también
es posiblé fusionar dos moléculas extrafias diferentes con
coreN y coreC de manera simultdnea. Un ejemplo posible de
esta situacidén es la fuéién de dos subunidades de una
proteina extrafia heterodimérica. El modelo utilizado fue una
GFP de dos partes, cuyo primer segmento, gue contiene las
primeras 10 de las 11 cadenas 3 de GFP, se fusiondé con
coreN, y el segundo segmento, que contiene la 112 cadena f3
de GFP, se fusiond con coreC. La co-expresidén a partir de un
vector tipo 1 resultd en CLP con fluorescencia verde. Por
consiguiente, los dominios coreN y coreC se combinaron. para
obtener una estructura de CLP capaz de ensamblarse, y las
dos partes de GFP se complementaron para producir una
estructura tridimensional correcta, lo que resultd en la
formacién del cromdbéforo de GFP.

Con este ejemplo, se demuestra que es posible realizar
la fusidén simultdnea de distintas secuencias extrafias con
coreN y coreC, para formar estructuras funcionales con el
portador de nucleo dividido y las dos secuencias extrafias
diferentes fusionadas con coreN y coreC.

Ejemplo 12



0

58

CLP de nucleo dividido que presentan el dominio GBl de la
proteina G en la superficie

Otro ejemplo especifico comprendidé la introduccién del
dominio “GBl” de 1la proteina capaz de unirse a la
inmunoglobulina de Streptococcus spp., la “proteina G”, que
estd relacionada desde el punto de vista funcional con la
proteina A, en el sistema de nucleo dividido del HBV. De la
misma manera, la proteina G consiste en miltiples dominios
similares. Como la proteina A, la proteina G se une a las
inmunoglobulinas, pero presenta especificidades diferentes
con relacidén al origen y los subtipos de las especies de
IgG. Debido a esta complementariedad entre la proteina G y
la proteina A, ambas se hallan disponibles comercialmente
como reactivos para ensayos de deteccidén inmunoldgica
basados en la unidén a distintas inmunoglobulinas. Como la
proteina A, la proteina G y el dominio GBl derivado de ella
también se unen a la parte constante (Fc) del anticuefpo, de
modo gque la parte variable del anticuerpo, capaz de
reconocer el antigeno, permanece accesible para unirse al
antigeno. Por lo tanto, es posible realizar la unién con una
variedad de anticuerpos diferentes.

En este ejemplo, se introdujo el dominio GBl en el
sistema de nucleo dividido, y se demostrdé que (i) se
formaban CLP, y (ii) que estas CLP, pero no las CLP control

sin GBl, eran capaces de unirse a distintos anticuerpos.
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De una manera similar a los ejemplos mencionados con
anterioridad, el dominio GBl1 se fusioné por manipulacién
genética a coreN o coreC, y fue co-expresado con los
fragmentos faltantes de coreC y coreN respectivos.

La secuencia de aa especifica corresponde a los aé 229
a 284 de la proteina precursora de la proteina G (acceso
Swiss Prot P06654); la estructura tridimensional es conocida
(acceso PDB: 1PGA; Ref: Gallagher T, Alexander P, Bryan P,
Gililand GL (1994) Two crystal structures of the Bl
inmunoglobulin-binding domain of streptococcal protein G and
comparison with NMR Biochemistry 33: 4721-4729):
coreD78~-GGGGSGGGGTQO-
YKLILNGKTLKGETTTEAVDAATAEKVFKQYANDNGVDGEWTYDDATKTFTVTEQP.

La unién con coreN se realizdé a través de un conector
G45G4TQ; él penultimo aa, K, fue reemplazado por D (en
minuscula en la secuencia); el residuo E hacia el extremo C
es el Ultimo aa wvisible en la estructura de rayos X; la
sustitucién K por D permite introducir un sitio de corte
para BamHI a nivel de los nucledtidos (Gag gat cct TAG); por
lo que esta Ultima posicidén es homdbloga a las construcciones
descriptas con anterioridad.

Al igual que en los otros ejemplos, se formaron
particulas de manera eficiente, lo cual fue detectado por

sedimentacién en un gradiente de sacarosa, analizando el
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comportamiento migratorio en un gel de agarosa nativa y por
microscopia electrdnica.

La capacidad de interaccidén de los dominios GBl en las
CLP se detectd incubando las particulas con
inmunoglobulinas, y luego haciéndolas sedimentar nuevamente
en un gradiente de sacarosa. En el proceso, los anticuerpos
co-sedimentaron claramente con las particulas. También se
detecté la unidn con IgG por el hecho de que el fragmento
coreN-GBl reaccioné directamente con los conjugados de
anticuerpos secundarios en Western Blot, después de realizar
una electroforesis en gel con SDS. Por ende, aun en el
contexto de la fusidn con coreN, el domino GBl modificado
fue capaz de realizar una renaturalizacidén eficiente vy
unirse a su ligando, IgG.

Para demostrar que GB1 unido a las particulas es capaz
de unirse efectivamente a la inmunoglobulina, se incubd una
alicuota de 1la fraccidén correspondiente del gradiente de
sacarosa con un anticuerpo de 5 nm marcado con oro. EI
anticuerpo no unido se elimind con una nueva sedimentacidn
en un gradiente de sacarcsa, y la fraccidén de particulas se
analizé por microscopia electrdénica. Las particulas de oro
con alta densidad electrdnica sirvieron como indicacidén de
la unidén del anticuerpo a las CLP intactas.

Ejemplo 13
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GFP con fluorescencia propia y variantes de GFP que
contienen CLP de nitcleo dividido que presentan moléculas
extrafias capaces de interactuar

En el ejemplo 11 e) se ilustran fusiones que tienen una
significacidén més alld de las aplicaciones en vacunas, dque
comprenden una molécula de GFP en dos partes (GFP [B1-10 y
GFP B1l1) que se asocian cuando GFPB1-10 se fusiona con coreN
y GFPB1ll se fusiona con coreC, para producir la estructura
nativa de GFP (con fluorescencia verde) y formar CLP.

En este ejemplo, se fusionaron secuencias extrafias
adicionales a GFPBll, a saber, el dominio GBl de la proteina
G y los dominios preS de las proteinas superficiales del HBV
humano, el HBV de patc y el HBV garza. Esto solamente es
posible porque la disposicidén dividida produce un nuevo
extremo N en GFPBll, que ademds, sobresale de la superficie
de la CLP, debido a la orientacidén especifica de las CLP de
nicleo dividido. Los plasmidos particulares empleados para
la construccidén se construyeron de manera similar a los
métodos que se describieron con anterioridad, en vectores de
nicleo dividido que codificaban fragmentos coreN y coreC
separados, en este caso, ya unidos por GFPB1l-10 a coreN y
por GFPBll a coreC.

Sobre la base de los datos previos, se esperaba que el
extremo N del segmento GFPB1l sobresaliera y quedara

separado de la superficie de la CLP, por lo gue la presencia
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de otro doﬁinio extrafio no interferiria en principio con la
capacidad de 1las porciones coreN y coreC de formar la
estructura de una particula, ni con la capacidad de 1las
porciones GFPB1-10 y GFPBll de formar la estructura nativa
de GFP. El resultado de este ejemplo se ilustra en el
diagrama de la fig. 7. En las partes A-D de esta figura se
ilustran los siguientes detalles:
A, La estructura basica de las dos partes de la proteina
de fusién. GFPP1l-10 estd fusionado con coreN, GFPBll esté
fusionado con coreC. Como GFPBll provee un nuevo extremo N,
con é1l puede fusionarse otro dominio, GBl en este caso.
B. Se producen CLP con fluorescencia propia mediante la
interaccién de coreN con coreC (formacién de CLP) y la
interaccién de GFPB1-10 con GFPPll (formacidén del cromdforo
de GFP), como se demostrd con anterioridad. Sin embargo,
también presentan GBl1 en una forma accesible en su
superficie.
C. Es posible unir distintos anticuerpos con los dominios
GBl a través de su parte Fc.
D. Por su parte, los anticuerpos pueden interactuar con
sus antigenos especificos a través de sus partes variables
diferentes.

Por consiguiente, las CLP de nucleo dividido GFP-GB1
pueden usarse en reemplazo del anticuerpo secundario usual,

marcado con fluorescencia, en los estudios de
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inmunofluorescencia indirecta. En la fig. 7 se ilustra una
aplicacién en la marca fluorescente de vtubulina en dos
células diferentes. De manera similar, son factibles otras
aplicaciones basadas en anticuerpos que se unen a antigenos.

En efecto, fue posible co-expresar los fragmentos
sometidos a modificaciones adicionales de manera eficiente
en E. coli, donde formaron CLP, de acuerdo con la
sedimentacidn en un gradiente de sacarosa y el
comportamiento migratorio en un gel de agarosa nativa.
Ademds, estas CLP presentaron la fluorescencia tipica de la
GFP, lo que significa que las porciones de la GFP también se
ensamblaron de manera correcta. Con este ejemplo, se
demuestra que las porcicnes GBl también se unieron
correctamente y estuvieron accesibles en la superficie de la
CLP.

La capacidad de las CLP con fluorescencia propia que
presentan GBl de unirse a anticuerpos unidos a antigenos se
detectd permeabilizando células HelLa (humanas) o LMH (de
pollo), que luego fueron incubadas con un anticuerpo
primario de ratdédn contra tubulina. En un caso, las células
se incubaron de manera convencional con un anticuerpo
secundario (de cabra anti-ratén) marcado con fluorescencia
por medios gquimicos (Cy2), o como alternativa, con las CLP

de nltcleo dividido con fluorescencia propia presentadoras de
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GBl, vy luego se lavaron. Finalmente, 1las células se
observaron por microscopia de fluorescencia.

En ambos casos, se obtuvieron imdgenes de fluorescencia
comparables (como era de esperarse, la coloracidén se
localizé en el citoplasma, excluyendo el ntcleo). Por
consiguiente, los dominios GBl deben haber sido capaces de
unirse a los anticuerpos primarios anti-tubulina unidos a la
tubulina.

Por 1lo tanto, las CLP de nucleco dividido con
fluorescencia propia que presentan GBl pueden emplearse como
una alternativa a los conjugados de anticuerpos secundarios
marcados con fluorescencia usados comunmente para detectar
un anticuerpo primarioc unido a un antigeno.

Esto permite comprobar que los dominios GBl aun son
capaces de interactuar con la IgG, y Que en consecuencia,
deben estar plegados correctamente. Mas aun, permite
comprobar que las CLP con fluorescencia propia presentadoras
de GBl pueden emplearse como un reactivo de deteccidn
general ({(comparable a un anticuerpo secundario marcado con
fluorescencia).

Se obtuvieron construcciones similares con variantes de
color de GFP introduciendo, en la construccidén de GFP
anterior, mutaciones conocidas, que permiten alterar los
espectros de absorbancia y emisidn, por mutagénesis

dirigida. Especificamente, se prepararon variantes con la

QY
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proteina fluorescente amarilla (YFP) y la proteina
fluorescente cian (CFP). Ambas variantes formaron CLP, que

en cada caso, presentaron los espectros de absorbancia
tipicos. Por lo tanto, es posible generar CLP de nﬁcléé
dividido que presentan GBl con GFP con distintas propiedades
cromofdricas, que son apropiadas para aplicaciones de multi-
inmunofluorescencia.

El sistema de nucleo dividido permite preparar CLP con
fluorescencia propia gque presentan una molécula exﬁraﬁa
adicional, capaz de interactuar en su superficie. Si es GB1,
esta molécula extrafia aun es capaz de interactuar
especificamente con las inmunoglobulinas, incluso cuando
éstas estdn unidas a su antigeno blanco. Como resultado, hay
una nueva aplicacién posible que va mas alld de las
aplicaciones en vacunas: la deteccidn directa de distintos
antigenos por fluorescencia mediante el uso de CLP con
fluorescencia propia. Estas CLP de ntcleo dividido que
presentan fluorescencia propia y son capaces de interactuar
son particularmente apropiadas para aplicaciones de
diagndstico vy andlisis.

CLP de niGcleo dividido con fluorescencia propia que
presentan dominios de proteina G extraifios, distintos de GBl

A partir de los resultados anteriores, puede concluirse
gque es posible presentar otro dominio extrafio, GBl, en una

forma funcional, es decir, capaz de interactuar con su
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ligando especifico, IgG, en CLP de nucleo dividido‘ que
adicionalmente contienen una GFP de dos partes. Sin embargo,
GBl, con menos de 60 aa, es un dominio relativamente
pequefic. Con el fin de proveer una mayor capacidad de
generalizacidn, se prepararon construcciones homélogas donde
se reemplazd GBl por los dominios preS de las proteinas de
la capsula mayores de los HBV humano (HBV), de pato (DHBV) y
garza (HHBV). Estos dominios median en la unidén especifica
del virus respectivo a sus células blanco naturales, es
decir, los hepatocitos de la especie huésped
correspondiente. Con 108 aa en el HBV v aproximadamenté 160
aa en el DHBV y el HHBV, los dominios preS son marcadamente
mds grandes gque GBl, y mAds aun, sus sSecuencias son
diferentes de la de GB1l, pero también difieren entre si.

Los tres dominios fueron insertados en las proteinas de
fusidén de nucleo dividido con GFP, de manera similar a GBl

(véase la fig. 7, pero reempldcese GBl por los dominios preS

correspondientes) . Los tres formaron CLP de manera
eficiente, lo cual fue detectado por sedimentacidén en
gradiente de sacarosa, a partir de su comportamiento

migratorio, por electroforesis gel de agarosa nativa vy
microscopia electrdnica. Las CLP presentaron la
fluorescencia tipica de la GFP (es decir, las porciones de
la GFP se habian asociado para proveer la estructura

tridimensional correcta de la GFP). Mas aun, las CLP con
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HBV-preS v DHBV-preS reaccionaron con anticuerpos
monoclonales contra HBV-preS y DHBV-preS; en la actualidad,
no hay disponible un anticuerpo correspondiente contra el
dominio preS del wvirus de garza.

Otra aplicacién comprende identificar los receptores
celulares para el virus particular. Debido a 1la gran
cantidad (240) de dominios preS por particula, puede
asumirse que las CLP tienen una avidez mucho mayor por sus
receptores, lo que permite unir estos Ultimos de manera
estable, y también identificarlos de este modo. Las células
que presentaran receptores serian identificadas a partir de
la fluorescencia de GFP emitida por las CLP por microscopia
de fluorescencia o FACS. Se incubarian moléculas receptoras
solubilizadas de estas células con las CLP, las cuales
posteriormente deberian acumularse en las fracciones tipicas
de las particulas en sedimentaciones en gradientes de
sacarosa subsiguientes.

Ejemplo 14
Las CLP de nucleo dividido con OspA en coreN generan mayores

titulaciones de anticuerpos protectores anti-OspA que

LipOspA, 1las CLP de nicleo dividido con OspA en coreC
generan titulaciones menores

Como se ilustra en la figura 5, la orientacidén de una
proteina extrafia presentada puede modificarse de manera

deliberada al unirla a coreN o coreC. En el caso de OspA,
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esto resulta en una exposicidén particularmente buena del
epitope C-terminal del anticuerpo monoclonal LA-2, del que
se sabe que es neutralizador (fusidén con coreN), o la regidn
N-terminal de OspA, que no contiene epitopes neutralizadores
conocidos (fusidén con coreC). Como se ilustra en la figura
4, las CLP de nicleo dividido con OspA {(grupo 2 para la
fusién con coreN y grupo 6 para la fusidén con coreC)
produjeron titulaciones de anticuerpos totales, pero la
proporcidn de anticuerpos equivalentes a LA-2 es
sustancialmente mayor con la fusidn con coreN, lo que era de
esperar teniendo en cuenta la estructura.

Sin embargo, en este caso, los datos son datos in
vitro. Con el fin de determinar directamente el potencial
protector de los anticuerpos inducidos in vivo, se registrd
la capacidad del suero inmune particular de neutralizar una
infeccidén de B. burgdorferi inducida por medios artificiales
en un modelo establecido en ratdén (véase Nassal et al.,
European. J. Inmunol. 2005; pp. 655-665). Se sometieron
ratones SCID a una inoculacidén i.p. con el suero inmune
apropiado, a lo que siguié un ataque s.c. con‘ 10°
espiroquetas por ratdédn 2 horas mas tarde. Usualmente, esto
resulta en una infeccidén en log ratones no protegidos,
infeccidn que se manifiesta con sintomas similares a los de
la artritis, que pueden registrarse de manera

semicuantitativa en las articulaciones tibiotarsales

b
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izquierda y derecha. Como control negativo, se usd un grupo
de 3 ratones que solamente habian recibido suero normal de
ratén. Como control positivo, se formaron grupos de 6
ratones, cada uno de 1los cuales recibidé el anticuerpo
monoclonal LA2 purificado, del que se sabe que es
neutralizador, o anticuerpos inducidos por LipOspA. Los
grupos de prueba (también de 6 animales cada uno) recibieron
un suero inmune que habia sido producido con un sistema de
nucleo dividido de OspA en coreN o un sistema de nucleo
dividido de OspA en coreC. Con el objeto de registrar las
diferencias cuantitativas, se realizdé una inmunizaciédn
pasiva, primero con 5 ug y luego con 1 ug de La2, con
volumenes de LA2 de suero inmune de animales vacunados con
LipOspA equivalentes a las cantidades anteriores, o con el
sistema de nucleo dividido de OspA en coreN. Los resultados
se ilustran en la fig. 8.

Debido a la proporcidn de anticuerpos equivalentes a
LA2 en el suero inmune producido con el sistema de nucleo
dividido con OspA en coreC, se usaron vollmenes equivalentes
del sistema de nucleo dividide <con OspA en coreN,
independientemente de la titulacidén equivalente de LA2. Se
establecieron las calificaciones de la artritis los dias 13,
17, 21, 28, 35, 45 y 52. Los resultados del dia 52. se

resumen en la figura 8.
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Como era de esperarse, todos los animales inoculados
con suero de ratdén normal desarrollaron artritis. La
proteccién debida al anticuerpo monoclonal LA-2 se redujo
desde 4/6 hasta 1/6 animales, la reduccidén de la dosis fue
desde 5 hasta 1 ug, y 5/6 animales fueron protegidos por el
suero i1nmune LipOspA. La inmunizacidén pasiva con suero
inmune obtenido con el sistema de ntcleo dividido con OspA
en coreN protegidé a todos los animales (6/6) de 1la
infeccidén, ain con una dosificacidén baja. OspA en coreC tuvo
una actividad de proteccidén marcadamente inferior (4/6
animales como maximo, 1/6 animales con la dosificacidn més
baja) .

Las CLP de nucleo dividido con OspA en coreN producen
titulaciones elevadas de anticuerpos equivalentes a LA2 dgue
confieren proteccidédn in vivo. El potencial de proteccidn
excede el de los anticuerpos inducidos por LipOspA. Las CLP
de nucleo dividido con OspA en coreC inducen titulaciones
totales elevadas de anticuerpos anti-OspA; solamente una
pequefia proporcidén de éstas son equivalentes a las de LA-2,
y presentan un potencial de neutralizacidén inferior. Por
ende, la fusidn de un antigeno extrafio con coreN provoca una
respuesta inmune dque es cuantitativamente diferente de 1la

que produce la fusidn con coreC.



71

Ejemplo 15
Proteina del circumsporozoito (CSP) del patdégeno causante de
la malaria, Plasmodium falciparum

La CSP completa en el sistema de nucleo dividido induce
una respuesta inmune gque es mas fuerte y mds amplia que la
que induce la secuencia repetida de la CSP inmunodominante
en el sistema de nucleo continuo convencional.

Con anterioridad, se habia demostrado que 1la CSP
completa, con una longitud de 319 aa, solamente podia ser
expresada en el sistema de nucleo dividido para formar CLP.
Esto no era posible en el sistema continuoc convencional.
Aunque fue posible preparar una versidn truncada sin el
dominio C-terminal rico en cisteina (de aqui en adelante:
CSPshort), también en el sistema continuo convencional, la
proteina presentdé una tendencia pronunciada a precipitar
después de unos pocos dias, lo que no ocurrid en el sistema
de nucleo dividido, lo cual es evidencia de propiedades
proteico-gquimicas superiores.

Una variante especial de CSP comprende una repeticidén
miltiple de los motivos tetrapeptidicos NANP y NVDP (24
motivos NANP vy 3 motivos NVDP en la versién completa
utilizada en la presente), donde dichos motivos son
inmundégenos conocidos, Yy se ha descripto una vécuna
experimental basada en el sistema de nlcleo continuo

convencional. Entonces, un estudio comparativo de

™
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inmunogenicidad comprendid la preparacidn de una
construccidn convencional correspondiente, donde la

secuencia repetida NANPNVDP (NANP):;NVDP se localizd entre los
aa del nucleo D78 y S8l1, y que formé CLP, como era de
esperarse, yva que el inserto es pequefio. Dicha construccién
se usé en un estudio de inmunogenicidad, a modo de
comparacioén coﬁ la CSP completa y CSPshort, con el corte C-
terminal. En cada caso, se inmunizaron ratones con las
mismas cantidades de las CLP particulares (20 ug/ratén), se
determinaron las cantidades de anticuerpos producidos por
ELISA después de 2, 4, 6 y 8 semanas, luego se realizd una
inmunizacidén de refuerzo (similar a la primera), y se
determinaron las titulaciones nuevamente, 2, 4 y 6 semanas
después del refuerzo. Como antigenos, se usbé CSP
recombinante (como proteina de fusidén de E. c¢oli), los
péptidos NANP y NVDP, y HBcAg recombinante, con el fin de
determinar la respuesta de las células B al portador. Los
antigenos se inmovilizaron en placas de ELISA, y luego se
los evaludé usando diluciones al medio en serie del suero
inmune. La mayor dilucidn posible que resultd en una sefial
superior al fondo se indica en la figura 9.

Se arribé a las conclusiones que se indican a

continuacién.

a) Respuesta de las células B a CSP recombinante
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Los tres inmundégenos resultaron en una respuesta
extremadamente fuerte a la CSP. Sin embargo, la respuesta a
la CSP completa atn es 4 veces mayor (titulacidén: 1:12 x 10°
versus 1:3 x 10° para la repeticién y 1la CSP truncada,
respectivamente), lo que significa gque el suero inmune
sometido a una dilucidén al 12 millonésimo (!) aun puede
reconocer la proteina CSP.

b) Respuesta de las células B a los péptidos repetidos
NANP y NVDP

Las respuestas al péptido NANP son similares para todas
las construcciones, como era de esperarse. Las respuestas al
péptido NVDP, gue es menos comin en la repeticidn, son
similares, pero son distintivamente mayores para la

construccidén de CSP completa, aun después de la primera

inmunizacién (sin refuerzo) (titulacidén: 1:2,5 x 10? versus
1:5 x 10%).
c) Respuesta de las células B a secuencias de CSP gque no

estan presentes en la repeticidn

Solamente CSPshort y la CSP completa inducen una
respuesta a los péptidos CSP1l2 (EEPSDKHIEQYLKKIQNSLS; pos.
246-264 en la construccidén de nucleo dividido completa) y
CSP8 (GNGIQVRIKPGSANKPKDELD; pos. 274-294 en la construccidn
de nucleo dividido completa). La ausencia de respuestas
correspondientes después de la inmunizacidén con el péptido

repetitivo en el sistema de niucleo continuo es esperable, vya
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que las secuencias CSP8 y CSP1l2 no estén presentes. El
resultado es importante ya que indica que solamente es
posible producir especificamente la CSP completa en el
sistema de nucleo dividido. Por consiguiente, al usar el
sistema de nucleo dividido, es posible afectar epitopes
adicionales, que pueden contribuir a la accidn protectora de
la vacunacién.
4a) Respuesta de las células B al portador nuclear

Tanto CSPshort como la CSP completa en el sistema de
nucleo dividido resultan en una respuesta aproximadamente 25
més débil al portador nuclear que el péptido repetido en el
sistema continuo (titulacién: 1:1,25 x 10° versus 3 x 10°%).
Como la reépuesta deseada a la proteina extrafia es al menos
tan alta (CSPshort) o aun mads alta (CSP completa) que con el
uso del péptido repetido en el sistema de nucleo continuo,
la inmunogenicidad especifica con relacidén a la secuencia
extrafia insertada se ve sustancialmente mejorada cuando se
usa la CSP truncada, y en particular, la CSP completa en el
sistema de nucleo dividido. Ademds, una respuesta fuerte al
portador nuclear complica el diagndstico diferencial de las
personas positivas para anti-HBsAg (infeccidn versus anti-
HBsAg por vacunacidén), por lo que resulta deseable una
respuesta baja contra el portador nuclear.
e) La CSP completa en el sistema de nicleo dividido aétiva

las células T
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Se detectd la induccidén de la respuesta en las células
T estimulando células de bazo de ratones inmunizados
especifiéamente con HBcAg .recombinante, con un péptido
conocido de las c¢élulas T (HBc 120-140), o <con CSP
recombinante o los péptidos de CSP NANP y CSP8, vy luego
midiendo la produccidén de IL-2. Todas las construcciones
provocaron la aparicién de células T que pudieron ser
activadas por HBcAg, HBcl20-140, CSP recombinante y NANP.
Sin embargo, la produccidén de IL-2 solamente pudo ser
estimulada con el péptido CSP8 en las células de bazo de los
ratones inmunizados con la CSP completa en el sistema de
nucleo dividido.

Entonces, la construccidn con la CSP completa resulta
en una respuesta mds amplia que la construccidn continua que
solamente contiene la repeticidn, también a nivel de las

células T.

B
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REIVINDICACIONES

1. Un sistema portador de ndcleo dividido que, como
polipéptidos separados, tiene el dominio nuclear N y el
dominio nuclear C de la proteina nuclear de un virus de la
hepatitis B, y al menos una molécula extrafia contra la cual
ha de provocarse una respuesta inmune, donde dicha molécula
extrafia estd fusionada al extremo C del dominio nuclear N o
el extremo N del dominio nuclear C, donde 1la proteina
nuclear es capaz de unirse para formar particulas similares
a capsides, y donde la molécula extrafia estd fusionada a un
aminocdcido de la proteina nuclear que estd localizado entre
las posiciones 73 y 94 de la proteina nuclear.

2. El sistema portador de nucleo dividido reivindicado en
la reivindicacidn 1, caracterizado porque el virus de la
hepatitis B es especifico para mamiferos.

3. El sistema portador de nucleo dividido reivindicado en
la reivindicacidén 2, caracterizado porque la proteina

nuclear tiene la secuencia de un virus de la hepatitis B

humano.
4. El sistema portador de nucleo dividido reivindicado en
la reivindicacién 2, caracterizado porque la proteina

nuclear tiene la secuencia de aminocacidos del WHV.
5. El sistema portador de nucleo dividido de acuerdo con
cualquiera de las reivindicaciones 1 a 4, caracterizado

porque la molécula extrafia es la secuencia de aminoacidos de
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una proteina de una bacteria patogénica.

6. El sistema portador de nucleo dividido de acuerdo con
cualquiera de 1las reivindicaciones 1 a 4, caracterizado
porque la molécula extrafia es la secuencia de aminodcidos de
una proteina de un eucariota patogénico, en particular, el
patdégeno causante de la malaria, Plasmodium falciparum.

7. El sistema portador de nucleo dividido de acuerdo con
cualquiera de 1las reivindicaciones 1 a 4, caracterizado
porgque la molécula extrafia es la secuencia de aminodcidos de
una proteina de un virus.

8. El sistema portador de niucleo dividido de acuerdo con
cualquiera de las reivindicaciones 1 a 4, caracterizado
porque la molécula extrafia es la secuencia de aminodcidos de

una proteina que tiene su propio potencial basado en

patogenicidad, en particular, una proteina marcadora
tumoral.
9. El sistema portador de nucleo dividido de acuerdo con

cualquiera de las reivindicaciones 1 a 4, caracterizado
porque la molécula extrafia se selecciona del grupo que

consiste en

a) la secuencia del péptido aceptor de biotina
b) la secuencia del péptido ACID
c) la secuencia del dominio 733 derivado de la proteina A

d) la secuencia del dominio GBl de la proteina G.
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10. Un método para preparar un portador para moléculas
extrafias, en particular, proteinas extrafias, contra las
cuales ha de inducirse una respuesta inmune, donde el
portador, primero, tiene la secuencia proteica del antigeno
nuclear de un virus de la hepatitis B, y segundo, tiene una
molécula extrafia, en particular, una secuencia proteica
heterdloga,

donde la molécula extrafia, en particular, la secuencia
proteica heterdloga, estd fusionada con el dominio nuclear N
o el dominio nuclear C, después de la posicidn 73 o antes de
la posicidn 94 de la regidn nuclear de la hepatitis B, y
donde la cadena polipeptidica del portador estd interrumpida
después del dominio nuclear N o antes del dominio nuclear C,
caracterizado porgue comprende

expresar el dominio nuclear N y la molécula extrafia, en
particular, la secuencia proteica heterdloga, o el dominio
nuclear C y la molécula extrafia, en particular, la secuencia
proteica heterdloga, como proteinas de fusidn por separado,
0 insertar una secuencia de reconocimiento para una proteasa
entre el nucleo N y la molécula extrafla, en particular, la
secuencia proteica heterdloga, o entre la molécula extrafia,
en particular, la secuencia proteica heterdloga, y el nucleo
C, v cortar la vacuna de nucleo dividido con una proteasa,
para obtener dos polipéptidos, después de la expresidn pero

antes de su uso, Vv

)
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formar particulas similares a céapsides.

11. El1 método reivindicado en la reivindicacidén 10,
caracterizado porque la secuencia proteica heterdloga se une
por fusidén después del aminodcido 74 o antes del aminocacido
85 del antigeno nuclear de la hepatitis B.

12. El1 método de acuerdo con cualquiera de las
reivindicaciones 10-11, caracterizado porque la secuencia de
la proteina extrafia heterdloga tiene al menos 40 aminocdcidos
de longitud.

13. El1 método reivindicado en la reivindicacidén 10,
caracterizado porque la secuencia de la proteina extrafia
heterdéloga tiene al menos 120 aminodcidos de longitud.

14. E1 método de acuerdo con cualquiera de las
reivindicaciones 9-12, caracterizado porque se expresan dos
polipéptidos separados con la ayuda de un  vector
bicistrdénico, donde el primer polipéptido comprende el
dominio nuclear N y el segundo polipéptido comprende el
dominio nuclear C, y donde la secuencia proteica heterdloga
estd fusionada al extremo C del dominio nuclear N o el
extremo N del dominio nuclear C.

15. Un medicamento que tiene particulas similares a
cipsides, caracterizado porque dichas particulas tienen un
sistema portador de nucleo dividido de acuerdo con

cualquiera de las reivindicaciones 1 a 8.
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16. El1 medicamento reivindicado en la reivindicaciédn 14;
caracterizado porgue es una vacuna.

17. Un agente de diagndéstico que tiene particulas similares
a cépsides, caracterizado porque dichas particulas tienen un
sistema portador de nucleo dividido de acuerdo con

cualquiera de las reivindicaciones 1 a 8.

@
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1. Dieser Bescheid enthalt Angaben zu folgenden Punkten:

B FeldNr.1  Grundlage des Bescheids

O FeldNr. il Prioritat

O Feld Nr.Ill  Keine Erstellung eines Gutachtens Gber Neuheit, erfinderische Tatigkeit und gewerbliche
Anwendbarkeit

O Feld Nr. IV Mangelnde Einheitlichkeit der Erfindung

B Feld Nr.V  Begriindete Feststellung nach Regel 43bis.1 a) i} hinsichtlich der Neuheit, der erfinderischen

Tatigkeit und der gewerblichen Anwendbarkeit; Unterlagen und Erklarungen zur Stitzung
dieser Feststellung

O FeldNr. VI Bestimmte angefiihrte Unterlagen
[0 Feld Nr. VIl Bestimmte Mangel der internationalen Anmeldung
O Feld Nr. VIIl Bestimmte Bemerkungen zur internationalen Anmeldung

2. WEITERES VORGEHEN

Wird ein Antrag auf internationale vorlaufige Priifung gestellt, so gilt dieser Bescheid als schriftlicher Bescheid der
mit der internationalen vorlaufigen Prifung beauftragten Behorde ("IPEA”); dies trifft nicht zu, wenn der Anmelder
eine andere Behdrde als diese als IPEA wahlt und die gewahite IPEA dem Internationale Blro nach Regel 66.1bis b)
mitgeteilt hat, dass schriftiche Bescheide dieser Internationalen Recherchenbehorde nicht anerkannt werden.

Wenn dieser Bescheid wie oben vorgesehen als schriftlicher Bescheid der IPEA gilt, so ist der Anmelder
aufgefordert, bei der IPEA vor Ablauf von 3 Monaten ab dem Tag, an dem das Formblatt PCTASA/220 abgesandt
wurde oder vor Ablauf von 22 Monaten ab dem Prioritatsdatum, je nachdem, welche Frist spater ablauft, eine
schrifliche Stellungnahme und, wo dies angebracht ist, Anderungen einzureichen.

Weitere Optionen siehe Formblatt PCTASA220.

3. Nahere Einzelheiten siehe die Anmerkungen zu Formblatt PCTASA/Z220.

Name und Postanschrift der Datum der Fertigstellung | Bevolimachtigier Bediensteter
Internationalen Recherchenbehdrde dieses Bescheids 0,,«“‘"""’"*:.(
3 KN
Eurcpaisches Patentamt ; . . By 3
,0)) D B0098 Minchan ;‘g’}j&;‘;‘ga’ Schneider, Patrick H .0)» ;
Tel. +49 89 2399 - 0 Tx: 523656 epmu d %, &
Fax: +49 89 2399 - 4465 Tel. +49 89 2399-7487 Horry "

Formblatt (PCTASAR37) (Deckblatt) (April 2005)
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SCHRIFTLICHER BESCHEID DER 3 Internationales Aktenzeichen
INTERNATIONALEN RECHERCHEBEHORDE PCT/EP2007006190

Feld Nr.1 Grundlage des Bescheids

. Hinsichtlich der Sprache beruht der Bescheid auf

X der internationalen Anmeldung in der Sprache, in der sie eingereicht wurde

O einer Ubersetzung der internationalen Anmeldung in die folgende Sprache , bei der es sich um die
Sprache der Ubersetzung handett, die fiir die Zwecke der internationalen Recherche eingereicht worden ist
(Regeln 12.3 a) und 23.1 b)).

. Hinsichtlich der Nucleotid- und/oder Aminosauresequenz, die in der internationalen Anmeldung offenbart

wurde und fiir die beanspruchte Erfindung erforderlich ist, ist der Bescheid auf folgender Grundlage erstellt
worden:

a. Art des Materials:
1 Sequenzprotokoli
[J Tabelle(n) zum Sequenzprotokoll
b. Form des Materials:
O in Papierform
{1 in elektronischer Form
c. Zeitpunkt der Einreichung:
O in der eingereichten internationalen Anmeldung enthalten
0 zusammen mit der internationalen Anmeldung in elektronischer Form eingereicht

0 bei der Behdrde nachtraglich fir die Zwecke der Recherche eingereicht

3. O Wurden mehr ais eine Version oder Kopie eines Sequenzprotokolls undioder einer dazugehérigen Tabelle

.eingereicht, so sind zusatzlich die erforderlichen Erklarungen, dass die Information in den nachgereichten
oder zusétzlichen Kopien mit der Information in der Anmeldung in der eingereichten Fassung (ibereinstimmt
bzw. nicht Uiber sie hinausgeht, vorgelegt worden.

4. Zusatzliche Bemerkungen:

Formblatt PCTASA/ 237 (April 2005)
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' SCHRIFTLICHER BESCHEID DER . Internationales Aktenzeichen
INTERNATIONALEN RECHERCHEBEHORDE PCT/EP2007006190

Feld Nr.V  Begriindete Feststellung nach Regel 43bis.1 a) i) hinsichtlich der Neuheit, der
erfinderischen Tatigkeit und der gewerblichen Anwendbarkeit; Unterlagen und Erklarungen zur
Statzung dieser Feststellung :

1. Feststellung

Neuheit Ja: Anspruche 1-17
Nein: Anspriiche

Erfinderische Tatigkeit Ja:  Anspriche 1-17
Nein: Ansprache

Gewerbliche Anwendbarkeit Ja. Anspruche: 1-17

Nein: Anspriiche:

2. Unterlagen und Erklarungen:

siehe Beiblatt

20

Formblatt PCTASA/ 237 (April 2005)
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SCHRIFTLICHER BESCHEID Internationales Aktenzeichen

DER INTERNATIONALEN
RECHERCHEBEHORDE (BEIBLATT) PCT/EP2007/006190
Zu Punkt V

Begriindete Feststellung hinsichtlich der Neuheit, der erfinderischen Tatigkeit und
der gewerblichen Anwendbarkeit; Unterlagen und Erklarungen zur Stiitzung dieser
Feststellung

1 Neuheit, Erfinderischer Schritt (Art. 33(2) und (3) PCT)

Der Gegenstand der vorliegenden Anmeldung ein Tragersystem flr Antigene Polypeptide
basierend auf dem Hepatitis B Core-Protein, bei dem das Core-Protein in zwei Teile geteilt
wird, wobei an eines oder beide Teile das antigene Fremdmolekul angehangt wird. Die
beiden Teile des Core-Proteins sind weiterhin in der Lage, sich zu capsid-like-particles
(CLP) zusammenzufinden, was fiir die Immunantwort gegen das Antigen essentiell ist.

Ein derartiges Konzept der physischen Teilung des Core-Proteins zur vereinfachten
Anlagerung eines Antigens ist im Stand der Technik weder beschrieben noch angedeutet
noch nahegelegt worden, so dass der Gegenstand der vorliegenden Anmeldung neu und
erfinderisch im Sinne der Art. 33(2) und (3) PCT ist.

2 Klarheit, Stiitzung, Offenbarung (Art. 5, 6 PCT)

Jeder Anspruch, der "Fremdmolekdlle" aufweist, ist unklar nach Art. 6 PCT, da in der
Anmeldung lediglich Polypeptide als "Fremdmolekile” beschrieben. Der Begriff
"Fremdmolekiile" ist jedoch wesentlich breiteren Umfangs, wobei dem Fachmann jedoch
nicht klar ist, was darunter fallt und wie dies technisch zu bewerkstelligen ist.

In diesem Zusammenhang sei darauf hingewiesen, dass Begriffe wie "insbesondere”
keinen limitierenden Effekt haben und das nachstehende als rein optional zu betrachten
ist.

Der gleiche Klarheitseinwand gilt fir den Gegenstand des Anspruchs 8 in Bezug auf den
Ausdruck "Protein mit eigenem Pathogenitats-bezogenem Potential".

Formblatt PCT/ISA/237 (Beiblatt) (Blatt 1) (EPA-April 2005)



TRATADO DE COOPERACION INTERNACIONAL

EN MATERIA DE PATENTES

Remite: EL ORGANISMO DE BUSQUEDA PCT
INTERNACIONAL

NOTIFICACION DE ENVIO DEL INFORME DE

A BUSQUEDA INTERNACIONAL Y DEL INFORME
LEDERER & KELLER ESCRITO DEL ORGANISMO DE BUSQUEDA
2.H. Keller, Gunter INTERNACIONAL O DE LA DECLARACION
Prinzergentenstrasse 16
80538 Munich (regla PCT N° 44.1)
ALEMANIA
Fecha de envio (dia/mes/afio)
26.10.2007
Referencia del Solicitante o Agente PROCEDER
Ver abajo, puntos 1y 4
ZEE20060628
Referencia Internacional Fecha de Presentacion Internacional (dia/mes/afio)
PCT/EP 2007/006190 12.07.2007
Solicitante

UNIVERSITATSKLINIKUM FREIBURG

1. Se notifica al solicitante de la confeccion del Informe de Busqueda Intemacional y de la opinién escrita
del organismo de blsqueda internacional y de que se los envia adjunto a la presente.

Presentacion de modificaciones y una declaracion, segin articulo 19:
El solicitante puede modificar por su propia voluntad las reivindicaciones de la solicitud internacional
(ver regla 46):

¢Hasta cuando se pueden presentar las modificaciones?
El plazo para la presentacion de tales modificaciones es usualmente de dos meses a partir del envio
del Informe de Bulsqueda Internacional; otros detalles se pueden obtener de las instrucciones de la
hoja adjunta.

;Donde se deben presentar las modificaciones?
Directamente en la Oficina Internacional de la WIPO, 34, CHEMIN des Colombettes, CH-1211
Ginebra 20. Suiza, Telefax N°: (41-22) 740.14.35

Instrucciones mas detalladas se pueden obtener en las instrucciones de la hoja adjunta.

2. 3  Se notifica al solicitante de que no se confecciona un Informe de Busqueda Internacional y de que, segin
el articulo 17(2)a, se adjunta la declaracion a la presente.

3. [0  Acerca de la objecion contra el pago de una tasa adicional (tasas adicionales) segun la regla 40.2, se
notifica al solicitante que
| la objecion y la resolucién han sido enviadas desde aqui a la Oficina Internacional, junto con su
solicitud de envio del texto, asi como el requerimiento del solicitante a los organismos designados de
impulsar la objecion y la resolucion,.
O No existe todavia ninguna resolucion acerca de la objecion; el solicitante sera informado en cuanto se
tome una resolucion.
4. Recordatorios:

Brevemente tras el trascurso de 18 meses a partir de la fecha de prioridad la Oficina Internacional publicara la

solicitud internacional. Si el solicitante quiere impedir o postergar la publicacion, debe presentar en la Oficina

Internacional, seguin la regla 90"%.1 a 90”3, antes de concluir las preparaciones técnicas para la publicacién

internacional, una declaracion acerca del desistimiento de la solicitud internacional o de la reivindicacion de

prioridad.

El solicitante puede presentar en la Oficina Internacional una posicion informal acerca del informe escrito del

Organismo de Blsqueda Internacional. La Oficina Internacional remite una copia de esta posicion a todos los

organismos designados en tanto no esté o recién hubiera sido confeccionado un Examen Preliminar

Internacional. Tal posicion también se haria publica, pero solo después de transcurrir 30 meses a partir de la

fecha de prioridad.

Cuando el solicitante desea postergar en hasta 30 meses (en algunos organismos hasta més) a partir de la fecha

de prioridad el ingreso en la fase nacional, debe presentar una solicitud de Examen Preliminar Internacional

dentro de los 19 meses a partir de la fecha de prioridad; de otra manera, para ingresar en la etapa de la fase

nacional, el solicitante debe llevar a cabo, dentro de los 20 meses a partir de la fecha de prioridad, las gestiones

prescriptas por estos organismos.

En otros organismos designados también es valido el plazo de 30 meses (o algun plazo mas largo) cuando no se

presenta tal solicitud en el plazo de 19 meses.

Ver anexo del formulario PCT/1B/301. Indicaciones precisas de los plazos validos en los organismos individuales

se exhiben en PCT Applicants Guide, Volumen |1, capitulo nacional, asi como el sitio de internet de WIPO.

P

Nombre y Direccion Postal del Organismo de Blsqueda Funcionario Apoderado
Internacional
Oficina de Patentes Europea, P.B. 5818 Patentlaan 2 ;
NL - 2280 HV Rijswijk Katarina Faux
Te!. (+31-70) 340-2040
Fax: (+31-70) 340-3016

Formulario PCT/ISA/220 (octubre 2005) (Ver instrucciones en hoja adjunta)
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INSTRUCCIONES PARA EL FORMULARIO PCT/ISA/220

Estas instrucciones son indicaciones basicas para la presentacién de modificaciones segln el articulo 19. Estas
observaciones se basan sobre los requisitos del Tratado de Cooperacion Internacional en Materia de Patentes (PCT),
del reglamento de aplicacion y de las normas administrativas del mismo. Ante diferencias entre estas observaciones y
los textos mencionados anteriormente son decisivos los tltimos. Otros detalles se pueden obtener en el Manual PCT
para solicitantes, una publicacion de la WIPO.

Las expresiones “articulo”, “regla” y “paragrafo” empleados en estas instrucciones se refieren siempre a las
disposiciones del Tratado PCT, at reglamento de aplicacién PCT o a las normas administrativas PCT.

INSTRUCCIONES PARA MODIFICACIONES SEGUN ARTICULO 19

Luego de recibir el Informe de Busqueda Internacional, el solicitante tiene la posibilidad de modificar una vez las
reivindicaciones de !a solicitud internacional. Sin embargo, se debe hacer notar que, dado que todas las partes de la
solicitud internacional (reivindicaciones, descripcion y figuras) pueden ser modificados durante el Examen Preliminar
Internacional, no existe usualmente la necesidad de presentar modificaciones de las reivindicaciones segun el articulo
19, excepto cuando el solicitante desea la publicacion de estas reivindicaciones o presenta aigun otro motivo para la
modificacion de las reivindicaciones de su publicacién internacional, por ejemplo, a los fines de una proteccion
provisoria. También se debe tomar en consideracion que una proteccion provisoria se puede obtener solo en algunos
estados .(ver PCT Applicants Guide, Anexos Ay B)

Se hace notar al solicitante del hecho de que no estan permitidas enmiendas de las reivindicaciones segan el articulo
19 cuando el Organismo de Busqueda Internacional ha declarado, segun el articulo 17(2), que no se confecciond
ning(in Informe de Bisqueda Internacional (ver PCT Applicants Guide, Volumen I/A, parrafo 296).
¢ Que partes de una solicitud internacional pueden ser modificadas?
En el marco del articulo 19 solo pueden ser modificadas las reivindicaciones.
En la fase internacional, segin el articulo 34, las reivindicaciones también pueden ser modificadas (o
nuevamente modificadas) ante el organismo encargado del examen preliminar internacional. Segun ef articulo 34,
la descripcion y las figuras solo pueden ser modificadas ante el organismo encargado del Examen Preliminar
Internacional.

Al ingresar en la fase nacional, segin el articulo 28 o, en casos dados, el articulo 41, pueden ser modificadas
todas las partes de la solicitud intemacional.

¢Hasta cuando se pueden presentar modificaciones?
Dentro de los dos meses a partir del envio del informe de busqueda internacional o dentro de dieciséis meses a
partir de la fecha de prioridad, segiin el plazo que venza mas tarde. No obstante, las modificaciones son
consideradas como validas cuando son enviadas a la Oficina Internacional luego del plazo establecido pero antes
de la conclusion de las preparaciones técnicas para la publicacion internacional (regla 46.1).

:.Dénde no se deben presentar las modificaciones?

Las modificaciones solo pueden ser presentadas ante la Oficina Internacional y no en la Oficina de Ingreso o en
el organismo de busquedas internacionales (regla 46.2).

En caso de presentarse o haber presentado una solicitud de Examen Preliminar Internacional, ver abajo.

¢En que forma pueden ser llevadas a cabo modificaciones?
Una modificacion puede proceder en la version presentada mediante la eliminacion de una o varias
reivindicaciones, mediante el agregado de una o varias reivindicaciones nuevas o mediante modificaciones del

texto de una o varias reivindicaciones.

Se debe presentar una hoja de reemplazo por cada hoja de reivindicaciones que, como consecuencia de una o
varias modificaciones, se diferencia de la presentada originalmente.

Todas las reivindicaciones que aparecen una hoja de reemplazo deben estar numeradas con cifras arabigas. Asi,
cuando se elimina una reivindicacion, las demas no deben ser numeradas nuevamente. En el caso de una nueva
numeracion, las reivindicaciones deben ser numeradas en forma sucesiva (normas administrativas, item 205b)).
Las modificaciones deben estar redactadas en el idioma en que fue publicada la solicitud internacional.

¢ Qué documentos deben acompaiiar a las modificaciones?
Escrito adjunto (item 205b)):

Las modificaciones se deben presentar con un escrito adjunto.

El escrito adjunto no se publica junto con la solicitud internacional y las reivindicaciones modificadas. No se debe
confundir con “declaracion segun articulo 19(1)” (Ver abajo, “declaracion segln articulo 19(1)").

El escrito adjunto puede estar redactado, a eleccion del solicitante, en idioma inglés o francés. En
solicitaciones internacionales vertidas en idioma inglés, el escrito adjunto debe estar redactado
asimismo en idioma inglés y en las solicitudes internacionales redactadas en idioma francés en idioma
francés.

Instrucciones para PCT/ISA/220 (hoja 1) (octubre 2005)
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TRATADO DE COOPERACION INTERNACIONAL
EN MATERIA DE PATENTES

PCT

Informe de Busqueda Internacional

(Articulo PCT 18, asi como reglas PCT 43 y 44)

Reterencia del solici 1
eferencia del solicitante o del agente PROCEDER Ver notificacién formulario PCT/ISA/220, asi como, en tanto
ZEE20060628 corresponda, el punto 5.abajo
Referencia Internacional Fecha de presentacion Internacional Fecha de prioridad (la mas antigua)
(dia/mes/afio) (dia/mes/afio)
PCT/EP 2007/006190 12.07.2007 08.09.2006
Solicitante

UNIVERSITATSKLINIKUM FREIBURG

Este Informe de Busqueda internacional fue elaborado por el Organismo de BUsqueda Internacionat y, de acuerdo con
el articulo 18, es enviado al solicitante. Se envia una copia a la Oficina Internacional.

Este informe de bisqueda Internacional comprende, en total, _4 hojas.

Ademas se adjunta una copia de cada uno de los antecedentes del estado de la técnica
mencionados en este informe

1. Fundamentos del Informe

a.  Con respecto al idioma, la busqueda internacional fue Hlevada a cabo sobre la base de:
la solicitud internacional en el idioma en que fue presentada
0  una traduccion de fa solicitud internacional al , que es el idioma de una traduccién
suministrada a los fines de la busqueda internacional (regla 23.1 (b)).

b. [0 Conrespecto a los nucleétidos y/o aminoacidos revelados en la solicitud internacional, ver campo

Ne 1
2. O Determinadas reivindicaciones no eran investigables (ver campo I1).
3. 0 Lainvencion carece de unidad (ver campo lIl).

4.  Con respecto al titulo,
se aprueba el texto presentado por el solicitante.

[J el texto fue establecido por el organismo como sigue:

5. Con respecto al resumen,
se aprueba el texto presentado por ef solicitante.

[0 el texto fue establecido por el organismo, de acuerdo con la regla 38.2 b), en la version indicada en el
campo V. El solicitante puede presentar una posicion ante el organismo durante el transcurso de un
mes a partir de la fecha de envio de este Informe de Busqueda Internacional.

6. Con respecto a las ilustraciones

a. Con el resumen se debe publicar la siguiente figura de Las ilustraciones: figura N° 2.
sugerida por el solicitante.
0 seleccionada por el organismo, dado que el mismo solicitante no sugiere ninguna figura.
[J seleccionada por el organismo, dado que esta figura caracteriza mejor la invencion.

b. O  con el resumen no se publica ninguna de las ilustraciones

Formulario PCT/ISA/210 (hoja 1) (abril 2005)
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Referencia Internacional

INFORME DE BUSQUEDA INTERNACIONAL
PCT/EP 2007/006190

A. CLASIFICACION DEL OBJETO DE LA SOLICITUD

INV. CO7K14/02 C12N15/62
ADD.  A61K39/00 C12N7/04

Segun la clasificacion internacional de patentes (IPC) o las clasificaciones nacional e [PC

B. AMBITOS INVESTIGADOS

Material minimo investigado (Sistema de clasificacion y simbolos de clasificacion)

CO7K  C12N

Publicaciones investigadas pero no pertenecientes al material minimo investigado, en tanto pertenezcan al ambito
investigado

Banco electronico de datos consultado durante la blsqueda internacional (nombre del banco de datos y expresiones
de busqueda eventualmente empleadas)

EPOQ-internal, WPI Data, EMBASE, BIOSIS

C. ANTECEDENTES CONSIDERADOS RELEVANTES

Categoria Denominacion de la publicacion, asi como, de ser requerido, Referente a la
indicacion de los pasajes relevantes reivindicacion N°
A VOGEL MAREN ET AL: "Quaternary structure is critical for protein display on capsid-

like particles (CLPs): Efficient generation of hepatitis B virus CLPs presenting
monomeéric but not dimeric and tetrameric fluorescent proteins”

PROTEIN SUTRUCTURE FUNCTION AND BIOINFORMATICS,

vol. 58, N° 2, 1 de febrero de 2005 (2005.02.01), pp. 478-488,

XP009078277

todo el documento

— Il

Otras publicaciones estan listadas en la Ver familia de patentes en el anexo
continuacion del campo C

Categorias particulares indicadas en publicaciones  “T"  publicaciones posteriores a las difundidas en la

“A"  publicacién que define el estado general de la fecha de presentacion internacional o de la fecha
técnica pero no considerada como particularmente de prioridad y que no colisionan con la solicitud,
importante sino que solo estan indicadas para mayor

“B” documento anterior pero publicado recién o después entendimiento del - principio fundamental de la
de la de la fecha de presentacion internacional invencion o de la teoria sobre la cual se basa

“L"  publicacion adecuada para hacer aparecer como “X’ publicacion de particular importancia: la invencién
dudosa una reivindicacion de prioridad, o mediante reivindicada no puede ser considerada, solo como
la cual debe ser considerada la fecha de divulgacion consecuencia de esta publicacion, como novedosa
de otra publicacion mencionada en el informe de 0 apoyarse en una actividad inventiva
busqueda o que es indicada por otra razon particular “Y”  publicacion de particular importancia: la invencion
(como realizada) reivindicada no puede ser considerada como

“O" publicacion que se refiere a una revelacion oral, a apoyada en una actividad inventiva cuando puede
una utilizacion, a una exposicion o a ofras ser relacionada con una o varias oftras
disposiciones publicaciones de esta categoria y tal relacién es

“P"  publicacion realizada antes de la fecha de notoria para un especialista

presentacion internacional pero luego de la fecha de “&” publicacién que es miembro de la misma familia
prioridad reivindicada

Fecha de finalizacion de la busqueda internacional Fecha de envio del Informe de BUsqueda Internacional
8 de octubre 2007 26.10.2007
Nombre y Cédigo Postal de ISA Funcionario Apoderado
European Patent Office — P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk Schneider, Patrick
Tel.: (+31-70) 340-2040; Tx: 31 651 epo nl
Fax: (+31-70) 340-3016

Formulario PCT/ISA/210 (hoja 2) (abril 2005) Hoja 1 de2
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INFORME DE BUSQUEDA INTERNACIONAL

Referencia Internacional

PCT/EP 2007/006190

C. (continuacién) ANTECEDENTES CONSIDERADOS RELEVANTES

Categoria

Denominacion de la publicacién, asi como, de ser requerido,
indicacion de los pasajes relevantes

Referente a la
reivindicacion N°

VOGEL ET AL: “In vitro assembly of mosaic hepatitis B virus capsid-like particles
(CLPs): Rescue into CLPs of assembly-deficient core protein fusions and FRET-suited
CLPs”

FEBS LETTERS, ELSEVIER, AMSTERDAM, NL

vol. 579, N° 23, 26 de septiembre de 2005 (2005.09.26), pp. 5211-5216,

XP006390469

ISSN: 0014-5793

todo el documento

SKAMEL CLAUDIA ET AL: "Hepatitis B virus capsid-like particles can display the
complete, dimeric outer surface protein C and stimulate production of protective
antibody reponses against Borrelia burgdorferi infection”

JOURNAL OF BIOLOGICAL CHEMISTRY

Vol. 281, N° 25, junio 2006 (2006.06), pp. 17474-17481,

XP009078268 '

ISSN: 0021-9258

mencionado en la solicitud

todo el documento

O'SHEA E K ET AL:"PEPTIDE ‘VELCRO* DESIGN OF A HETERODIMERIC COILED
coiL”

CURRENT BIOLOGY, CURRENT SCIENCE, GB,
vol. 3, N° 10, 1993, pp. 658-667

XP000653001

ISSN:.0960-9822

mencionado en la solicitud

todo el documento

US 2003/175863 A1 (BIRKETT ASHLEY J [US])
18 de septiembre de 2003 (2003.09.18)

todo el documento

Formulario PCT/ISA/210 (continuacién de hoja 2) (abril 2005)

Hoja 2 de 2
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INFORME DE BUSQUEDA INTERNACIONAL

Referencia Internacional

Detalle de publicaciones que pertenecen a la misma familia de patentes PCT/EP 2007/006190
Documentos de Patente Miembros de la
citados en el Fecha de la publicacion familia de patentes Fecha de la publicacion
informe de Blsqueda
US 2003175863 At 18.09.2003 US 2003185858 A1 02.10.2003

Formulario PCT/ISA/210 (Anexo familia de patentes) (abril 2005)

hid



VERTRAG UBER DIE INTERNATIONALE ZU
AUF DEM GEBIET DES PATENTW,

Absender: INTERNATIONALE RECHERCHENBEHORDE

(Regel 44.1 PCT)

An :

LEDERER & KELLER MITTEILUN ﬂBER-D;E_uBEBMLULu_NG DES. . .
- INTERNATIONALEN RECHERCHENBERICHTS |

zH. Keller, Ginter ' : UND DES SCHRIFTLICHEN BESCHEIDS DER

Prinzregentenstrasse 16 INTERNATIONALEN RECHERCHENBEHORDE

80538 Miinchen ODER DER ERKLARUNG

ALLEMAGNE

Absendedatum
(Tag/Monat/Jahr) 26/10/2007

Aktenzeichen des Anmelders oder Anwalts

ZEE20060628 , WEITERES VORGEHEN siehe Punkte 1 und 4 unten
Internationales Aktenzeichen : . internationales Anmeldedatum

PCT/EP2007/006190 1 g-(Tag””""awah’) 12/07/2007

Anmelder '

UNIVERSITATSKLINIKUM FREIBURG

1. E] Dem Anmelder wird mitgeteilt, daB der intemationale Recherchenbericht und der schriftiiche Bescheid der Internationalen
Recharchenbehérde erstellt wurden und ihm hiermit dbermittelt werden.

Einreichung von Anderungen und einer Erkiarung nach Artikel 19:
Der Anmelder kann auf eigenan Wunsch die Anspriiche der Internationalen Anmeldung &ndern (siehe Regel 46):

Bis wann sind Anderungen einzureichen?

Die Frist zur Einreichung solcher Anderungen betrégt (iblicherweise zwel Monate ab dsr Ubsrmittlung des
internationalen Recherchenberichts.

Wo sind Anderungen einzureichen? _
Unmittelbar beim Internationalen Biiro der WIPO, 34, chemin des Colombettes, CH-1211 Genf 20,Telefaxnr.: (41-22) 338.82.70
Nahere Hinweise sind den Anmerkungen auf dem Belblatt zu entnehmen.

2. Dem Anmelder wird mitgeteiit, daB kein internationaier Recherchenbericht erstellt wird und daf ihm hiermit die Erki&rung nach
Artikel 17 (2) a) sowie der schriftliche Bescheld der internationalen Recherchenbehdrde (ibermittelt werden.

dem Anmelder mitgeteilt, daB

|:| der Widerspruch und die Entscheidung hierliber zusammsn mit seinem Antrag auf Ubermittiung des Wortlauts sowohl des
Widerspruchs als auch der Entscheidung hlerUber an die Bestimmungsémter dem Internationalen Biiro Ubermitteit worden
sind.

D noch keine Entscheidung lber den Widerspruch vorliegt; der Anmelder wird benachrichtigt, sobald eine Entscheidung
getroffen wurde.

4. Zur Erinnerung:

Kurz nach Ablauf von 18 Monaten seit dem Prioritatsdatum wird die internationale Anmsldung vom Internationalen Biro verdf—
fentticht. Will der Anmelder die Verdffentlichung verhindsm oder auf elnen spéteren Zeitpunkt verschieben, so muB gemés Re-
gel 90,1 bzw. 90753 vor Abschiuf3 der technischen Vorbereitungen fur die internatlonale Verffentlichung eine Erkldrung Gber
die Zuriicknahme der Internationalen Anmeldung oder des Prioritatsanspruchs beim Internationalen Biiro eingshen.

Der Anmelder kann beim Internationaien Biro eine informelie Stellungnahme zum schriftlichen Bescheld der internationalen
Recherchenbehérde sinreichen. Das Internationale Biiro sendet allen Bestimmungsamtern eine Kopie dieser Stellungnahme,
sofern nicht ein internationaler vortéufiger Priifungsbericht erstelit worden ist bzw. gerade erstellt wird. Eine solche Stellungnahme
wiirde auch der Offentlichkeit zuganglich gemacht, allerdings erst nach Ablauf von 30 Monaten seit dem Priorit4tsdatum.

In bezug auf einige Bestimmungsémter ist innerhalb von 19 Monaten seit dem Prioritdtsdatum ein Antrag auf internationaie
vorlaufige Prifung einzureichen, wenn der Anmelder den Eintritt In die nationale Phase verschieben und erst 30 Monaten nach
dem Priorititsdatum (in manchen Amtern sogar noch spéter) vornehmen mdchte; ansonsten muB der Anmelder innerhaib von

20 Monaten seit dem Prloritatsdatum die fiir den Eintritt in die nationale Phase vor diesen Bestimmungsémtern vorgeschriebenen
Handiungen vornehmen.

Bel anderen Bestimmungsémtern gilt die Frist von 30 Monaten (oder eine stwaige l&ngere Frist) auch dann, wenn innerhalb von
19 Monaten kein solcher Antrag seingersicht wird.

Siehe Anhang zu Formblatt PCT/IB/301. Genaue Angaben zu den jewells geltenden Fristen in den einzeinen Amtern enthélt der
PCT-Leitfaden fir Anmeider, Band il, Nationale Kapite! sowie die Website der WIPO.

3. D Hinsichtlich des Widerspruchs gegsn die Entrichtung einer zus&tzlichen Gebiihr (zus&tzlicher Geblhren) nach Regel 40.2 wird

Name und Postanschrift der internationalen Recherchenbehdrde Bevoliméchtigter Bediensteter
T <\ Europdisches Patentamt, P.B. 5818 Patentlaan 2 \
NL~2280 HV Rijswijk ) Katarina Faux
Tel. (+31-70) 340-2040
¥ Fax: (+31-70) 340-3016

" Formbiatt PCT/ISA/220 (Oktober 2005) (Siehe Anmerkungen auf Beiblatt)



ANMERKUNGEN ZU FORMBLATT PCT/ISA/220

Diese Anmerkungen soilen grundlegende Hinweise zur Einreichung von Anderungen gemas Artikel 19 geben. Diesen Anmerkungen
liegen die Erfordernisse des Vertrags iber die internationale Zusammanarbeit auf dem Gebiet des Patentwesens (PCT), der Ausfiihrungs—
ordnung und der Verwaltungsvorschriften zu diesem Vertrag zugrunde. Bel Abweichungen zwischen diesen Anmerkungen und
obengenannten Texten sind letztere maiBgebend. Nahere Einzelheiten sind dem PCT-Leitfaden fir Anmelder, einer Versffentlichung der

WIPQ, zu entnehmen.

Die in diesen Anmerkungen verwendeten Begriffe "Artikel", "Regel” und "Abschnitt" beziehen sich jeweils auf die Bestimmunger des
PCT-Vertrags, der PCT-Ausfihrungsordnung bzw. der PCT-Verwaltungsvorschriften.

HINWEISE ZU ANDERUNGEN GEMASS ARTIKEL 19

Nach Erhalt des internationalen Recherchenberichts und des schriftlichen Beschelids der Internationalen Recherchenbehtrde hat der
Anmelder die M&glichkeit, einmal die Anspriiche der internationalen Anmeldung zu &ndem. Es ist jedoch zu betonen, daB, da alle Telle

der internationalen Anmeldung (Anspriiche, Beschrelbung und Zeichnungen) wahrend des internationalen voriéufigen Priifungsverfahrens |
gesindert werden kénnen, normalerweise keine Notwendigkeit besteht, Anderungen der Anspriiche nach Artikel 19 elnzureichen, auf3er
wenn der Anmelder z. B. zum Zwecke eines vori4ufigen Schutzes die Verdffentichung dieser Ansprilche wiinscht oder ein anderer Grund
flir eine Anderung der Anspriiche vor ihrer internationalen Verdffentlichung vorfiegt. Weiterhin ist zu beachten, daB ein voridufiger

Schutz nur in einigen Staaten erhéitlich ist (siehe PCT~Leitfaden fir Anmeider, Band I/B, Anfagen B 1 und B 2).

Der Anmelder wird darauf hingewiesen, da Anderungen nach Artikel 19 nicht zuldssig sind, wenn die Internationale Recherchenbehdrde
nach Artikel 17 (2) erki&irt hat, daB ksin internationaler Recherchenbericht erstelit wird (siehe PCT-Leiffaden filr Anmelder, Band /A,
Ziffer 296).
Welche Teile der Internationalen Anmeldung kénnen geandert werden?
Im Rahmen von Artike! 19 kénnen nur die Anspriiche gedndart werden.
iR der internationalen Phase kénnen die Anspriiche auch nach Artikel 34 vor der mit der internationalen vorldufigen Prifung beauf-
tragten Behérde gedndert (oder nochmals gedndert) werden. Die Beschrelbung und die Zeichnungen kénnen nur nach Artikel 34
vor der mit der internationalen vorl4ufigen Prilfung beauftragten Behdrde ge&ndert werden. : .
Belm Eintritt in die nationale Phase knnen alle Telle der internationalen Anmeldung nach Artike! 28 oder gegebenenfalls Artike!
41 geandert werden.

Bis wann sind Anderungen einzureichen?
Innerhalb von zwel Monaten ab der Ubermittiung des internationalen Recherchenberichts oder innerhaib von sechzehn Monaten ab
dem Priorititsdatum, je nachdem, welche Frist spéter abidutt. Dis Anderungen gelten jedoch als rechtzeitig eingereicht, wenn sie
dem Internationaten Biiro nach Ablauf der maBgebenden Frist, aber noch vor Abschiuf3 der technischen Vorbereitungen fir die
internationale Verdffentlichung (Regel 46.1) zugehen.

Wo sind Anderungen nicht einzureichen? .
Die Anderungen kénnen nur beim Internationalen Biiro, nicht aber beim Anmeldeamt oder der internationalen Recherchenbehdrde
eingereicht werden (Regel 46.2).
Falis ein Antrag auf internationale vorl&ufige Priifung eingereicht wurdefwird, siehe unten.

In welcher Form kénnen Anderungen erfolgen?
Eine Anderung kann erfolgen durch Streichung eines oder mehrerer ganzer Anspriiche, durch Hinzufigung eines oder mehrerer
neusr Anspriiche odsr durch Anderung des Wortlauts eines oder mehrerer Anspriiche in der eingereichten Fassung.
Flir jedes Anspruchsbiatt, das sich aufgrund einer oder mehrerer Anderungen von dem urspriinglich eingereichten Blatt
unterscheidet, ist ein Ersatzblatt einzureichen.
Alle Anspriiche, dig auf einem Ersatzblatt erschelnen, sind mit arabischen Ziffern zu numerieren. Wird ein Anspruch gestrichen, so
brauchen die anderen Anspriiche nicht neu numeriert zu werden. Im Fall einer Neunumerierung sind die Anspriiche fortlaufend zu
numerieren (Verwaltungsvorschriften, Abschnitt 205 b}).
Die Anderungen sind in der Sprache abzufassen, in der die internationale Anmeldung veréffentlicht wird.

Waelche Unterlagen sind den Anderungen beizufligen?
Begleitschreiben (Abschnitt 205 b)):

Die Anderungen sind mit ginem Begleitschreiben einzureichen.

Das Begleltschreiben wird nicht zusammen mit der internationalen Anmeldung und den geénderten Anspriichen vertffentlicht. Es
ist nicht zu verwechseln mit der "Erklarung nach Artikel 19{1)" (siehe unten, "Erklérung nach Artike! 19 (1)"). .

Das Begleitschreiben ist nach Wahl des Anmelders in englischer oder franzésischer Sprache abzufassen. Bei englischspra-
chigen internationalen Anmeldungen ist das Begleitschreiben aber ebenfalls in englischer, bei franzdsischsprachigen inter-
nationalen Anmeldungen in franzésischer Sprache abzufassen.

Anmerkungen zu Formblatt PCT/ISA/220 (Blatt 1) (Oktober 2005)



PATENT COOPERATION TREATY

PCT

INTERNATIONALER RECHERCHENBERICHT

(Artikel 18 sowie Regeln 43 und 44 PCT)

Aktenzeichen des Anmeld_ers oder Anwaits WEITERES siehe Formblatt PCT/ISA/220 sowie, soweit
ZEE20060628 VORGEHEN zutreffend, nachstehendar Punkt 5
Internationales Aktenzeichen internationales Anmelidedatum (Frihestes) Prioritatsdatum

: (Tag/Monat/Jahr) (Tag/Monat/Jahr)
PCT/EP2007/006190 12/07/2007 08/09/2006
Anmelder ;

UNIVERSITATSKLINIKUM FREIBURG

Dieser internationale Recherchenbericht wurde von der Internationalen Recherchenbehdrde erstelit und wird dem Anmelder gemés
Artikel 18 Ubermittelt. Eine Kopie wird dem Internationalen Buro (ibermittelt.

Dieser internationale Recherchenbericht umfaBt insgesamt 4 Blatter.
Dariiber hinaus lisgt ihm jewells eine Kopie der in diesem Bericht genannten Unterlagen zum Stand der Technik bel.

t. Grundlage des Berichts
a. Hinsichtlich der Sprache beruht dle internationale Recherche auf
der internationalen Anmeidung in der Sprache, in der sie eingereicht wurde

|_—_] einer Ubersetzung der internationalen Anmeldung in die folgende Sprache , bel der es sich um
die Sprache der Ubersstzung handelt, die fiir die Zwecke der internationalen Recherche eingereicht worden ist
(Regein 12.3 a) und 23.1 b)).

b. D Hinsichtiich der in der internationalen Anmeidung offenbarten Nucleotid- und/oder Aminosauresequenz sishe Feld Nr. [.
2. D Bestimmte Anspriiche haben sich als nicht recherchierbar erwlesen (siehe Feld Nr. II).

3. Mangeinde Einheitlichkeit der Erfindung (siehe Feld Nr. Ill).
4, Hinsichtlich der Bezeichnung der Erfindung

wird der vom Anmelder eingsreichte Wortlaut ganehmigt.

D wurde der Wortlaut von der Behdrde wie foigt festgesetzt:

5. Hinsichtlich der Zusammenfassung
wird der vom Anmelder eingereichte Wortltaut genehmigt.
D wurde der Wortlaut nach Regel 38.2b) in der in Feld Nr. IV angegebenen Fassung von der Behorde festgessetzt.
Der Anmelder kann der Behtrde innerhalb sines Monats nach dem Datum der Absendung dieses internationalen
Recherchenberichts eine Stellungnahme vorlegen.
6. Hinsichtlich der Zeichnungen
a. ist foigende Abbildung der Zeichnungen mit der Zusammenfassung zu verdffentlichen: Abb. Nr. 2
wie vom Anmelder vorgeschlagen
[:] wie von der Behtrde ausgewahit, well der Anmelder selbst keine Abbildung vorgeschlagen hat.
D wie von der Behtrde ausgewdahit, weit diese Abbildung die Erfindung besser kennzelchnet.
b. D wird keine der Abbildungen mit der Zusammenfassung verdffentlicht.

Formblatt PCT/ISA/210 (Blatt 1) (April 2005)
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INTERNATIONALER RECHERCHENBERICHT

internationales Aktenzeichen

PCT/EP2007/006190

ES ANMELDUNGSGEGENSTANDES

C12N15/62
C12N7/04

A. KLASSIFIZIERUNG
INV. CO07K14/02

ADD. A61K39/00

Nach der Internationalen Patentklassifikation (IPC) oder nach der nationalen Klassifikation und der IPC

B, RECHERCHIERTE GEBIETE

C07Kk CIi2n ’

Recherchienter Mindestprifstoff (Klassifikationssystem und Klasslfikationssymbole )

Recherchiene, aber nicht zum Mindastprifstoff gehdrende Verbifentlichungen, soweit diese unter die recherchierten Gebiete fallen

EPO-Internal, WPI Data, EMBASE, BIOSIS

Wahrend der internationaien Recherche konsultierte elektronische Datenbank {(Name der Datenbank und evil. verwendele Suchbegriffe)

C. ALS WESENTLICH ANGESEHENE UNTERLAGEN

Kalegorie*

Bezeichnung der Verdffentlichung, soweit erfordertich unter Angabe der in Betracht kommenden Teile

Betr. Anspruch Nr.

A VOGEL MAREN ET AL:

tetrameric fluorescent proteins”
PROTEINS STRUCTURE FUNCTION AND
BIOINFORMATICS, '
Bd. 58, Nr. 2,

478-488, XP009078277
das ganze Dokument

"Quaternary structure
is critical for protein display on
capsid-like particles (CLPs): Efficient
generation of hepatitis B virus CLPs
presenting monomeric but not dimeric and

1. Februar 2005 (2005-02-01), Seiten

Waeitere Verdffentlichungen sind der Fortsetzung von Feld C zu entnehmenm Siehe Anhang Patentfamilie

* Besondere Kategorien von angegebenen Verdffentiichungen

*A* Verdffentlichung, die den allgemeinen Stand der Technik definiert,
aber nicht als besonders bedeutsam anzusehen ist

‘E* &HReres Dokument, das jedoch erst am oder nach dem inlernationalen
Anmeldedatum veroffentlicht worden Ist

‘L' Veréffentlichung, die geeignet ist, einen Prioritatsanspruch zweifelhatt er—
scheinen zu lassen, oder durch die das Verdffentlichungsdatum einer
anderen Im Recherchenbericht genanaten Verdffentiichung belegt werden
soll oder die aus einem anderen besonderen Grund angegeben ist (wie
ausgefiihrt)

*O" Verbdffentlichung, die sich auf eine mindliche Offenbarung,
eine Benutzung, eine Ausstellung oder andere MaBnahmen bazieht

*P* Verdffentlichung, die vor dem internationalen Anmeldedatum, aber nach
dem beanspruchten Priorititsdatum verdffentlicht worden ist

*T* Spétere Verbffentlichung, die nach dem internationalen Anmeidedatum
oder dem Proritétsdatum verdffentlicht worden ist und mit der
Anmeldung nicht kollldiert, sondern nur zum Verstindnis des der
Erfindung zugrundeliegenden Prinzips oder der ihr zugrundeliegenden
Theorie angegeben ist

"X* Verdffentlichung von besonderer Bedeutung; die beanspruchte Erfindung
kann allein aufgrund dieser Vertffentlichung nichi als neu oder auf
erfinderischer Tétigkelt beruhend betrachtet werden

*Y* Verdffentlichung von besonderer Bedeutung; tie beanspruchte Erfindung
kann nicht als auf erfinderischer Tatigkeit beruhend betrachtet
werden, wenn die Verdffentlichung mit einer oder mehreren anderen
Verdffentlichungen dieser Katégorie in Verbindung gebracht wird und
diese Verbindung fir einen Fachmann naheliegend ist

*&* Versffentlichung, die Mitglied derselben Patentfamilie Ist

Datum des Abschlusses der internationalen Recherche

8. Oktober 2007

Absendedatum des internationalen Recherchenberichis

26/10/2007

Name und Postanschrift der Internationalen Recherchenbehorde
Europdisches Patentamt, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Bevollméchtigter Bediensteter

Schneider, Patrick

Formblatt PCT/ISA/210 (Blatt 2) (Aprli 2008)

Caita 1 van 2
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INTERNATIONALER RECHERCHENBERICHT

Internationales Aktenzeichen

18. September 2003 (2003-09-18)
das ganze Dokument

— -

PCT/EP2007/006190
C. (Fortsetzung) ALS WESENTLICH ANGESEHENE UNTERLAGEN
Kategorie* | Bezeichnung der Veréffentlichung, sowelt erforderlich unter Angabe der in Betracht kommenden Telle Betr. Anspruch Nr.
A VOGEL ET AL: "In vitro assembly of mosaic
hepatitis B virus capsid-like particles
(CLPs): Rescue into CLPs of
assembly-deficient core protein fusions
and FRET-suited CLPs"
FEBS LETTERS, ELSEVIER, AMSTERDAM, NL,
Bd. 579, Nr. 23,
26. September 2005 (2005-09-26), Seiten
5211-5216, XP005390469
ISSN: 0014-5793
das ganze Dokument
A SKAMEL CLAUDIA ET AL: "Hepatitis B virus
capsid-1ike particles can display the
complete, dimeric outer surface protein C
and stimulate production of protective
antibody responses against Borrelia
burgdorferi infection"”
JOURNAL OF BIOLOGICAL CHEMISTRY,
Bd. 281, Nr. 25, Juni 2006 (2006-06),
Seiten 17474-17481, XP009078268
ISSN: 0021-9258
in der Anmeldung erwahnt
das ganze Dokument
A O’SHEA E K ET AL: "PEPTIDE ’VELCRO*’:
DESIGN OF A HETERODIMERIC COILED COIL"
CURRENT BIOLOGY, CURRENT SCIENCE,, GB,
Bd. 3, Nr. 10, 1993, Seiten 658-667,
XP000653001
ISSN: 0960-9822
in der Anmeldung erwdhnt
das ganze Dokument
A US 2003/175863 A1l (BIRKETT ASHLEY J [US])

Fomblatt PCT/ISA/210 (Fortsetzung von Blalt 2) (April 2005)

Casta D vnn O



INTERNATIONALER RECHERCHENBERICHT

Angaben zu Verdffentlichungen, die zur selben Patentfamilie gehdren

Intemationales Aktenzeichen

PCT/EP2007/006190

im Recherchenbericht Datum der
angefithrtes Patentdokument Verbffentlichung

Mitglied(er) der
Patentfamilie

Datum der
Verbffentiichung

US 2003175863 Al 18-09-2003 US

2003185858 Al 02-10-2003

Fomblatt PCT/ISA/210 {Anhang Patentfamilie} (April 2005)



VERTRAG UBER DIE INTERNATIONALE ZUSAMMENARBEIT AUF DEM (\
GEBIET DES PATENTWESENS

Absender: INTERNATIONALE RECHERCHENBEHORDE

An: : PCT

SCHRIFTLICHER BESCHEID DER

siehe Formular PCTASAR20 INTERNATIONALEN
RECHERCHENBEHORDE
(Regel 43bis.1 PCT)

Absendedatum .
(TagMonatiJahr) siehe Formular PCTASA/
210 (Blatt 2)

Aktenzeichen des Anmelders oder Anwalts WEITERES VORGEHEN

siehe Formular PCTASAR220 ' siehe Punkt 2 unten

Internationales Aktenzeichen Internationales Anmeldedatum (TagMonatiahr) | Prioritétsdatum (TagMonait/ahr)

PCTEP2007/06190 12.07.2007 08.09.2006

infernationale Patentkiassifikation (IPC) oder nationale Klassifikation und IPC

INV. C07K14/02 C12N1562
ADD. A61K39/00 C12N7/04

Anmelder

UNIVERSITATSKLINIKUM FREIBURG

1. | Dieser Bescheid enthalt Angaben zu folgenden Punkien:

X Feld Nr. | Grundlage des Bescheids
Feld Nr. I} Prioritat
Feld Nr. Il Keine Erstellung eines Gutachtens (iber Neuheit, erfinderische Tétigkeit und gewerbliche:
Anwendbarkeit

Feld Nr. IV Mangeinde Einheitlichkeit der Erfindung

Feld Nr.V  Begriindete Feststeliung nach Regel 43bis.1 a) i) hinsichtlich der Neuheit, der erfinderischen
Tatigkeit und der gewerblichen Anwendbarkeit; Unterlagen und Erklarungen zur Stitzung
dieser Feststeliung

[J Feld Nr. VI  Bestimmte angefiihrte Unteriagen
[J Feld Nr. Vil  Bestimmte Mangel der internationalen Anmeldung
00 Feld Nr. VIli Bestimmte Bemerkungen zur internationalen Anmeldung -

XO OO0

.> 2. WEITERES VORGEHEN
. Wird ein Antrag auf internationale vorldufige Priifung gestellt, so gilt dieser Bescheid als schriftlicher Bescheid der
mit der internationalen vorldufigen Prifung beauftragten Behdrde ("IPEA"); dies trifft nicht zu, wenn der Anmelder

eine andere Behdrde als diese als IPEA wahlt und die gewihlte IPEA dem Internationale Biiro nach Regel 66.1bis b)
mitgeteilt hat, dass schriftliche Bescheide dieser Internationalen Recherchenbehdrde nicht anerkannt werden.

Wenn dieser Bescheid wie oben vorgesehen als schriftlicher Bescheid der IPEA gilt, so ist der Anmelder
aufgefordert, bei der IPEA vor Ablauf von 3 Monaten ab dem Tag, an dem das Formblatt PCTASA220 abgesandt
wurde oder vor Ablauf von 22 Monaten ab dem Prioritatsdatum, je nachdem, welche Frist spéter ablauft, eine
schriftliche Steliungnahme und, wo dies angebracht ist, Anderungen einzureichen.

Weitere Optionen siehe Formblatt PCTASAR220.
3. Nahere Einzelheiten siehe die Anmerkungen zu Formblatt PCTASA/220.

Name und Postanschrift der Datum der Fertigstellung | Bevoliméchtigter Bediensteter .
Internationalen Recherchenbehdrde dieses Bescheids p@\v"“' ""‘%,%
Europaisches Patentamt ; . R : » ”%s
Q) D-80298 Minchen gg’.}jgzg‘:g‘ar Schneider, Patrick i‘ 0) g
Tel. +49 89 2399 - 0 Tx: 523656 epmu d "z,' °\§
Fax: +49 89 2399 - 4465 Tel. +49 89 2399-7487 oy oy

Formblatt (PCTASAR237) (Deckblatt) (April 2005)
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SCHRIFTLICHER BESCHEID DER . Internationales Aktenzeichen
INTERNATIONALEN RECHERCHEBEHORDE PCT/EP2007/006130

Feld Nr.1 Grundlage des Bescheids

. Hinsichtlich der Sprache beruht der Bescheid auf

X der internationalen Anmeldung in der Sprache, in der sie eingereicht wurde

O einer Ubersetzung der internationalen Anmeldung in die folgende Sprache , bei der es sich um die
Sprache der Ubersetzung handelt, die fiir die Zwecke der internationalen Recherche eingereicht worden ist
(Regeln 12.3 a) und 23.1 b)).

. Hinsichtlich der Nucleotid- und/oder Aminosauresequenz, die in der internationalen Anmeldung offenbart

wurde und fiir die beanspruchte Erfindung erforderlich ist, ist der Bescheid auf folgender Grundlage ersteilt
worden:

a. Art des Materials:
O Sequenzprotokoll
[0 Tabelle(n) zum Sequelnzprotokoll
b. Form des Materials:
O in Papierform
{1 in elektronischer Form
¢. Zeitpunkt der Einreichung:
O in der eingereichten internationalen Anmeldung enthalten
I;I zusammen mit der internationalen Anmeldung in elektronischer Form eingereicht

3 bei der Behorde nachtraglich fir die Zwecke der Recherche eingereicht

3. 0 Wurden mehr als eine Version oder Kopie eines Sequenzprotokolls undioder einer dazugehérigen Tabelle

eingereicht, so sind zusétzlich die erforderlichen Erklarungen, dass die Information in den nachgereichten
oder zusétzlichen Kopien mit der Information in der Anmeldung in der eingereichten Fassung Gbereinstimmt
bzw. nicht tber sie hinausgeht, vorgelegt worden.

‘ 4. Zusétzliche Bemerkungen:

Formblatt PCTASA/ 237 (April 2005)
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SCHRIFTLICHER BESCHEID DER . Internationales Aktenzeichen
INTERNATIONALEN RECHERCHEBEHORDE PCT/EP2007/006190

Feld Nr.V  Begriindete Feststellung nach Regel 43bis.1 a) i) hinsichtlich der Neuheit, der
erfinderischen Tétigkeit und der gewerblichen Anwendbarkeit; Unterlagen und Erklarungen zur
Stiitzung dieser Feststellung

1. Feststellung

Neuheit Ja: Anspriiche 1-17
Nein: Anspriche

Erfinderische Tatigkeit Ja:  Anspriiche 1:17
: Nein: Anspriiche

Gewerbliche Anwendbarkeit Ja:  Anspriche: 1-17
Nein: Anspriche:

2. Unterlagen und Erklarungen:

siehe Beiblatt

Formblatt PCTASA/ 237 (April 2005)



SCHRIFTLICHER BESCHEID Internationales Aktenzeichen
DER INTERNATIONALEN

RECHERCHEBEHORDE (BEIBLATT) ' PCT/EP2007/006190
Zu Punkt V

Begriindete Feststellung hinsichtlich der Neuheit, der erfinderischen Tatigkeit und
der gewerblichen Anwendbarkeit; Unterlagen und Erkldrungen zur Stiitzung dieser
Feststellung

1 Neuheit, Erfinderischer Schritt (Art. 33(2) und (3) PCT)

Der Gegenstand der vorliegenden Anmeldung ein Tragersystem fir Antigene Polypeptide
basierend auf dem Hepatitis B Core-Protein, bei dem das Core-Protein in zwei Teile geteilt
wird, wobei an eines oder beide Teile das antigene Fremdmolekiil angehéngt wird. Die
beiden Teile des Core-Proteins sind weiterhin in der Lage, sich zu capsid-like-particles
(CLP) zusammenzufinden, was fur die immunantwort gegen das Antigen essentiell ist.

Ein derartiges Konzept der physischen Teilung des Core-Proteins zur vereinfachten
Anlagerung eines Antigens ist im Stand der Technik weder beschrieben noch angedeutet
noch nahegelegt worden, so dass der Gegenstand der vorliegenden Anmeldung neu und
erfinderisch im Sinne der Art. 33(2) und (3) PCT ist.

2 Klarheit, Stiitzung, Offenbarung (Art. 5, 6 PCT)

Jeder Anspruch, der "Fremdmolekule" aufweist, ist unklar nach Art. 6 PCT, da in der
Anmeldung lediglich Polypeptide als "Fremdmolekiile" beschrieben. Der Begriff
"Fremdmolekile" ist jedoch wesentlich breiteren Umfangs, wobei dem Fachmann jedoch
nicht klar ist, was darunter fallt und wie dies technisch zu bewerkstelligen ist.

in diesem Zusammenhang sei darauf hingewiesen, dass Begriffe wie "msbesondere
keinen limitierenden Effekt haben und das nachstehende als rein optional zu betrachten
ist.

Der gleiche Klarheitseinwand gilt fir den Gegenstand des Ansprijchs 8 in Bezug auf den
Ausdruck "Protein mit eigenem Pathogenitats-bezogenem Potential".

Formbiatt PCT/ISA/237 (Beiblatl) (Blatt 1) (EPA-April 2005)
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Quaternary Structure Is Critical for Protein Display on
Capsid-Like Particles (CLPs): Efficient Generation of
Hepatitis B Virus CLPs Presenting Monomeric but not
Dimeric and Tetrameric Fluorescent Proteins

Maren Vogel, Jolanta Vorreiter, and Michael Nassal®

University Huspital Freiburg, Department of Internal Medicine II/Molecular Biology, Freiburg, Germany

ABSTRACT  Self-organizing assemblies such as
viral capsids may be used as symmetrical molecular
platforms for the display of heterologous sequences,
with applications ranging from vaccines to struc-
tural studies. The 183-amino-acid hepatitis B virus
(HBV) core protein assembles spontaneously into

osahedral capsid-like particles (CLPs). The most

Jiposed, and most immunogenic, substructure on
Rhe CLPs is a small loop that connects two long
antiparallel a-helices which act as dimerization in-
terface. Ninety (90) or 120 dimers multimerize into
the capsid; the four-helix bundles formed by the
dimers protrude as spikes from the surface. We
recently demonstrated that the entire enhanced
green fluorescent protein (eGFP) can be inserted
into this loop, yielding CLPs that natively displayed
eGFP on their surface. The central location of the
insertion site requires that any insert be fixed to the
carrier via both termini, with corresponding restric-
tions regarding insert size and structure. eGFP
obviously satisfied these criteria but, surprisingly,
all attempts to produce CLPs with the isostructural
red fluorescent proteins DsRed1, DsRed2, and HcRed
failed. Suspecting their oligomerization tendency to
be responsible, we generated fusions containing
.steud monomeric yellow, cyan, and red fluores-
cent proteins (mYFP, mCFP and mRFP1). This
@i ongly increased the yields of YFP and CFP-CLPs,
d it allowed for the first time to efficiently gener-
ate red fluorescent CLPs. Hence insert quaternary
structure is a highly critical factor for CLP assem-
bly. These data have important implications for the
rational désign of self-assembling fusion proteins.
Proteins 2005:58:478-488. © 2004 Wil ey-Liss, Inc.

ey words: GFP; hepatitis B virus core protein; par-
ticle vaccine; virus-like particle; VLP

INTRODUCTION

The icosahedral nucleocapsids of hepatitis B virus {HBV),
serologically defined as HBcAg, consist of 180 (triangula-
tion number T = 3) or 240 subunits (T = 4) of a single
183-amino-acid, (aa) core protein. The first 140 aa are
sufficient for particle assembly,*~2 the dispensable C termi-
nal region is rich in Arg residues and binds to nucleic
acids.»*® Capsid-like particles (CLPs) form spontaneously

© 2004 WILEY-LISS, INC,
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upon expression of the core protein in a variety of systems,
including Escherichia coli. The structure of recombinant
CLPs lacking the nucleic acid binding domain [see Fig
1(A)] has been solved by X-ray crystallography,® confirm-
ing an earlier model derived from biochemical and high
resolution electron cryomicroscopy.”*® The core protein
fold is largely helical, with two long central a-helices from
one monomer interacting with the corresponding helices
from a second subunit to form a stable dimer. The result-
ing four-helix bundles protrude as 90 or 120 respec-
tively, spikes from the particle surface. The tip of these
spikes harbors the immunodominant B cell epitope of
HBcAg;'"*? as it overlaps with one of two epitopes
present on a second, nonassembling secreted form of the
core protein, called HBeAg, it is usually referred to as
c/el epitope.® .

HBcAg is exceptionally immunogenic, largely because of
its particulate nature that leads the major epitope to be
repetitively displayed on the particle surface.!*® These
immune enhancing properties can be transferred to for-
eign sequences, provided their fusion to the core protein
carrier does not compromise assembly competence (re-
viewed in Refs.”®7). The small loop connecting the central
helices overlapping the ¢/el epitope has been identified as
a superior site for insertion of heterologous sequences;
however, this requires the insert to be fixed via both of its
termini to the core protein. While various short peptide
inserts were tolerated, attempts to insert larger peptides
frequently abolished CLP formation, suggesting the loop

Abbreviations: DsRed, Discosoma spec. red fluorescent protein;
eBFP, enhanced biue emitting FP; eCFP, enhanced cyan emitting FP;
eYFP, enhanced yellow emitting FP; eGFP, enhanced GFP; FP,
fluorescent protein; GFP, Aequorea victoria green fluorescent protein;
HBcAg, hepatitis B core antigen; HBV, hepatitis B virus; HeRed,
Heteractis crispe derived red FP; mCFP, monomeric ¢eCFP [A206K]:
mRFP1, menomeric red FP; mYFP, monomeric eYFP [A206K]; SDS-
PAGE, sodium dodecylsulphate polyacrylamide gel electrophoresis
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Structural aspects of HBcAg-based fluorescent CLPs. A: Molecular structures of the HBV care protein and GFP. The fold of the core protein

monomer (aa 1 to 143) is shawn on the upper left. N and C refer to the amino- and carboxy-terminus. Pro80 which, together with Ala79 Is replaced by the
insert protein plus flanking linkers, is depicted as CFK modet. The bottom Is a side-view of the core protein dimer; the location of the surface-exposed
c/e1 epitope is indicated. The upper right is representation of the B-can structure of GFP that is typical for all FPs used in this study. B; Scheme of
wild-type HBV core protein assembly. Each monomer is trivalent; dimerization through the A interfaces, largely formed by the long central helices
(symbolized as circles within the rectangular box), generates a tetravalent dimer. Monomer folding may precede-dimerization, or may be linked to
dimerization. The two multimerization interfaces of each dimer (B, B'), located in the C terminal part.of the assembly domains, interact to form the
icasahedral CLP. Only two of the five dimers per each of the twelve five-fold symmetty axes (indicated.as 5) per CLP are shown, 2 and /3 indicate the
positions of two-fold and a local three-fold axis as present in a 120 dimer T = 4 CLP. C: Schematic representation of the fusion protein constructs used,
The boxes represent the N terminal (core-N} and C terminal (core-C) parts with the'bordering aa positions; L-Nand L-C the flanking linkers, and GFP the
inserted FP (eCFP, mCFP, eYFP, mYFP, DeRedt, DsRed2, HcRed, mRAFP1);8a 238 refers to the C terminal aa of GFP; some of the other FPs are of
slightly different length. (His) indicates the ocation of the His-tag presentin most constructs.

$

has a naturally limited insertion capacity.*®*” However,
we have demonstrated that the entire 238-aa green fluores-
cent protein (eGFP, ie., F64L, S65T), when inserted
between aa 78 and 80 of the core protein and flanked by
Gly-rich linkers of about 10 aa on either side, allows for the
formation of green fluorescent particles.'® Because GFP
fluorescence depends on a correct three-dimensional struc-
ture, this also indicated native folding of at least about half
the GFP subunits. By electron cryomicroscopy and image
reconstruction these CLPs appeared as two-shelled par-
ticles, with the inner shell nearly identical to wild-type
HBcAg and the outer electron density originating from the
GFP domains.

At present, eGFP is the only complete foreign protein for
which native surface display on HBcAg CLPs has unam-
biguously been demonstrated. Given various previous
failures with other proteins it is essential for a broader
application of the HBcAg platform to understand the
factors that determine whether or not a corresponding
fusion protein can assemble into CLPs. For wild-type
HBcAg, assembly proceeds through dimerization of two
monomers, largely via interactions between the long cen-
tral helices, and multimerization of the dimers via interac-
tions between the C terminal parts of the assembly
domains;®1%20 for symmetry reasons, each monomer per
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dimer has to interact with two neighboring dimers {Fig.
1(B)]. For a corresponding fusion protein.it is essential
that all three domains of the fusion protein, that is, the N
terminal (core-N) and C terminal (core-C) subdomains and
the insert, must not interfere with folding and assembly of
one another: hence sterical clashes between the two insert
domains per dimer, and between the 180 or 240 inserts per
CLP must be avoided. Obvicusly, eGFP satisfied all these
criteria, plausibly because its compact 11-stranded p-bar-
rel structure [B-can; see Fig. 1(A)] from which both termini
protrude, in close proximity, from the same side??2 does
not interfere with folding of the core protein parts and
easily accommodates into the predetermined geometry of
the insertion site. ’
Surprisingly, however, a core protein fusion containing
the enhanced yellow fluorescent protein (eYFP) instead of
eGFP formed CLPs also less efficiently although eYFP,
except for a few point mutations, is practically identical to
eGFP in sequence and structure. More dramatically, all
attempts to generate CLPs presenting any of the commer-
cially available red FPs DsRedl, DsRed2, and HcRed
failed completely, despite extensive variation of the cul-
ture conditions and work-up procedures. These reef-coral
derived red FPs,2® though highly divergent in primary
sequence, fold into the GFP-typical B-can structure {re-
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cently reviewed in Verkhusha and Lukyanov®*). Hence
some other property than mere 3D structure was also
important.

A fundamental difference to the GFP-derived FPs is the
obligate tetrameric quaternary structure of the reef-coral
proteins. This was first noted for DsRed 1257 which, in
addition, tends to aggregate and displays very slow chro-
mophore formation kinetics. These limitations, but not
tetramerization, were overcome by additional mutations,
that is, in DsRed2%® and DsRed.T1,%® now commercially
available (Clontech) as DsRed-Express. HeRed1, an engi-
neered variant- originally described as HcRed2A,*" still
forms dimers. This led us to suspect that an incompatible
quaternary structure of the insert protein could cause the
failure to form soluble CLPs. In particular, on the as-
sembled CLPs, or multimeric assembly intermediates, the
local concentration of the inserted proteins would be
exceptionally high; hence even a relatively weak homoaffin-
ity might cause them to undergo inter-FP interactions that

wpete with the HBcAg subunit interactions required for
hper particle assembly. If so, CLP formation should be
izened if truly monomeric FPs were used in the fusion

" constructs,

Because inter-FP interactions are detrimental to a
variety of FP applications® Tsien and coworkers recently
developed variants of eYFP and eCFP with an essentially
aholished dimerization ability (monomeric YFP and CFP,
termed mYFP and mC¥FP); for instance, the Kd for dimer-
dzation of eYFP was increased from 0.11 mM to an
gstimated 74 mM by a single mutation converting A206 at
the crystallographic dimer interface into K. 32 By a more
ﬂcomplex procedure;. involving 33 mutations, 2 monomeric

variant of DsRed, called mRFP1%* was developed.

These well-characterized monomeric FPs therefore pro-
vided an ideal set of related but distinetly different pro-
teins to test for the influence of insert quaternary struc-
ture on CLP assembly. Below we show that using mYFP
and mCFP instead of eYFP and eCFP markedly enhanced

yield of fluorescent, soluble HBcAg CLPs, and that

rmation of red fluorescent CLPs was exclusively, and

Qlently, possible with mRFP1. These data define, in an

structural context, the propensity of an ingerted protein

to undergo homomeric interactions as a factor as eritical
for CLP assembly as three-dimensional structure per se.

MATERIALS AND METHODS
Plasmid Constructs

The expression vector used throughout, pET28a2, is a
derivative of pET28-a conferring ampicillin instead of
kanamyein resistance. The gene encoding the original core
eGFP fusion protein contained an enhanced version of
GFP (eGFP, F64L + S65T;**), flanked by linkers L-N =
G,SG,T and L-C = G,SG,, inserted between aa 78 and 80
of a C-terminally truncated HBV core protein gene (encod-
ing aa 1-149). It was transferred into pET28a2, yielding
plasmid pET28a2-c149eGFP which served as acceptor for
the subsequent constructs encoding the various FPs. The
genes encoding eYFP, eCFP, DsRed1, DsRed2, and HcRed1
were amplified from the corresponding commercially avail-
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able vectors (Clontech). Genes for monomeric mYFP and
mCFP were obtained by PCR-mediated mutagenesis, intro-
ducing the A206K mutation.®? A plasmid encoding mono-
meric RFPl (mRFP1) was kindly provided by Dr._R.
Tsien.®® In some constructs, a C terminal His6-tag was .
added, again via PCR mutagenesis. Plasmids were ampli-
fied in E. coli Top10 cells (Invitrogen) which do not express
T7 RNA polymerase. All constructs were verified by DNA
sequencing. For expression, the characterized plasmids
were transformed into . coli BL21 Codonplus cells (Strat-
agene) which carry a compatible chloramphenicol resis-
tance conferring plasmid-encoding tRNAs that are rare in
E. coli.

Expression and Enrichment of the Fusion Proteins

Single colonies of the BL21 transformants were grown at
87°C in LB medium containing 34 pg/ml of chlorampheni-
col and 50 p.g/ml of ampicillin until an optical density at
600 nm of between 0.7 and 1.0 was reached. At this time,
IPTG was added to a final concentration of 1 mM, and the
flasks were further incubated on a shaking platform. The
standard conditions used in most experiments were 14 to
16 h at room temperature (20° to 22°C) unless indicated
otherwise. Bacteria were harvested by centrifugation, and
the cell pellets were washed using TN buffer (25 mM
Tris/HCl, pH 7.5; 50 mM NaCl). The pellets were kept
frozen at —20°C until further use: For lysis, the frozen
cells were suspended in TN buffer (4 to 5 ml for the cells
from a 250 ml culture), incubated with lysozyme and
benzonase, and sonicated.?® Cellular debris and insoluble
proteins were separated by centrifugation (SS 34 rotor;
10,000 rpm, 10 min at 4°C). The previously used ammao-
nium sulphate precipitation step!® was omitted to avoid
any effects of high ionic strength. Instead, the cleared
supernatants (2 m! per tube) were directly subjected to
sedimentation in 10% to 60% (wtfvol) sucrose step gradi-
ents (2-ml each of 10%, 20%, 30%, 40%, 50%, and 60%
sucrose) as described, using a TST41.14 (Kontron) rotor
(41,000 rpm, 2 h, 20°C; average RCF 200,000 g). Under
these conditions, recombinant wild-type HBV capsids and
regular fusion protein CLPs are typically recovered in the
center of the gradient, that is, in fractions 7 to 9 or 10 from
a total of 14 fractions. Fluorescent material was detected
by visual inspection of the gradient tubes upon irradiation
from a transilluminator or a hand-held UV lamp emitting
light of 312 nm or 365 nm. Gradient fractions were
analyzed by separating aliquots by denaturing polyacryl-
amide gel electrophoresis (SDS-PAGE) using 12.5% acryl-
amide and 0.1% SDS in the Laemmli buffer system.
Proteins were stained by Coomassie blue, or detected by
Western blotting, using HBcAg-specific or FP specific
antibodies followed by an appropriate secondary antibody
conjugated to alkaline phosphatase (AP) or horse-radish
peroxidase (PO). AP was detected using CDP-star reagent
(Roche), PO using ECL plus (Amersham), either on X-ray
film or on a Fuji LAS 3000 imager (Raytest). Fusion
proteins contained in the insoluble fraction of the bacterial
lysates were recovered by sequential extraction with in-
creasing concentrations of urea (1 M, 2 M, 4 M, and 8 M).
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ns by sedimentation In sucrose gradients. A: core_sGFP. The aa sequence of this

protein is identical o the previously described coreGFP protein® except that expression is controlled by a T7 RNA polymerase promoter. Cleared
pacterial lysate was sedimented on a 10% to 60% (w/v) sucrose step gradient. The gradient tube was photographed with UV (365 nm) fhlumination (top

anel); the four zones indicated on the top typically contaln: A, nonparticulate fusion protein plus the bulk of bacterial proteins; B, ordered,
honaggregated CLPs; C, aggregated CLPs and probably complexes with ramnants of the bacterial cell wall; D, insoluble aggregates. Aliquots from the
14 fractions were analyzed by SDS-PAGE and Coomassie blue staining (center panel), and by Wastern blotting using a core-specific antibody (bottom
B panel). The black arrow indicates the position of the fusion protein. The positions of marker proteins with their molecular masses in kDa are Indicated on

the left. B: core_eGFP_H6. The corresponding construct is identical to that in A, except it encodes a C-lerminal His6 iag. Note that much less

nanparticulate fusian protein is present in zone A, and more in zone B.
.

Approximate CLP yields were determined by densitomet-
ric scanning (AIDA software; Raytest) of the fusion protein
band contained in the CLP fraction of the sucrose gradi-
ents (zone B, usually fractions 7 to 9) after SDS-PAGE and
Coomassie blue staining, using a dilution series of bovine
serum. albumin of known concentration as standard; in
independent repeat determinations, a variation of at most
10% was observed. For normalization, the total amount of
soluble protein present in the cleared bacterial lysates was
measured by the Bradford assay; relative CLP yields were
then e+ assed as the fraction of specific product per 100
mg of i. . =nluble protein.

. Native .- :rose Gel Electrophoresis

Aliqus s from the gradient fractions were subjected to
electrophioresis in 1% agarose gels in 12 X TBE buffer
containing 0.5 pg/ml of ethidium bromide as previously
described.’®? FPs were detected by illumination with UV
light (312 nm, or 365 nm) and by staining the agarose gels
with Coomassie blue. Alternatively, the fusion-protein
specific bands were detected by immunoblotting as de-
scribed.*?

UV/VIS Spectroscopy

Chromophore formation was assessed by measuring the
absorbance spectra from 320 to 700 nm (Ultrospec 3000,
Pharmacia) of the material contained in the center of the
CLP fraction (usually fraction 8). The approximate concen-
tration of fusion protein in these fractions was determined
densitometrically as described above, so as to exclude
contributions to the total protein content from contaminat-
ing E. coli proteins. The molar extinction coefficients
obtained in this way were related to the published extine-
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tion coefficients of the non-fused FPs for an approximate
estimate of the fraction of natively folded FP domains on
the CLPs.

Electron Microscopy

Electron micrographs were obtained on a Zeiss EM 902
at 80 kV with a nominal magnification of 140,000-fold.
Samples from the sucrose gradients were directly applied
to the carbon grids, washed three times with 50 mM
Tris/Cl~ buffer, pH 7.9, and stained with 2% methylamine
tungstate, pH 7.0. g

RESULTS
Experimental Design

Sinee our original report on core_eGFP CLPs'® we have
introduced several modifications in the expression system,
including the use of a T7 promoter controlled IPTG
inducible pET vector in E coli BL21(DE3) cells instead of
the pL promoter vector in GI 698 cells.*” The T7 system
turned out to be more robust but it did not significantly
affect the properties of the fusion protein as such, as shown
below. The major expected products were the unassembled
subunits, complete CLPs, plus possibly assembly interme-
diates and misfolded and/or mis-assembled aggregated
forms. Sedimentation is an established means of separat-
ing these different forms. Because sedimentation in 10% to
60% sucrose step gradients'® was the basic assay in all
subsequent experiments, a representative separatfon, us-
ing the same core_eGFP fusion as previously deseribed but
expressed from the T7 system, is shown in Figure 2.

After centrifugation four zones containing fluorescent
material were routinely distinguished which, according to
SDS-PAGE and Western blotting of aliquots from gradient
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TABLE 1. Summary of the Experimental Characteristics of the Core_FP Fusions Analyzed in this Study
' Experimental
. Total CLP  ClLPyield® Extinction extinction

soluble  yield (% of coefficient of coefficientof  Chromophore
Inserted  His6 protein®  total”  soluble parental FP? CLP' [M™! yield in CLD
P tag®  LN° L-C¢ [mg] [mgl _ protein] M *em™] cm”’] [%]
eGFP NO G,SG,T G,SG, 125 091 0.73 55,000 (489 nm) 29,400 53.5
eGFP + 4 G, 154 101 0.66 55,000 (489 nm) 47,950 89.0
eYFP + GSG,T G, 120 0.24 0.20 84,000 (514 nm) 90,800 108
mYFP  + G,SGT G, 122 2.72 2.23 79,000 (514 nm) 77,700 984
mYFP NO GSGT Gy 123 2.56 2.07 79,000 (614 nm) 85,000 107.6
eCFP + GSG.T Gy 91 1.31 144 26,000 (434 nm) 26,000 100
mCFP -~ + GSG T G, 94 6.57 6.99 26,000 (434 nm) 21,450 825
mCFP  NO  G,SGT G, 116 143 123 26,000 (434 nm) 31,700 1219~
DsRedl  + GSG,T  G,SG, 91 nd. nd. 52,000 (558 nm) n.d. nd.
DsRed?2 + G, T G, 124 nd. nd. 43,800 (661 nm) nd. nd.
HcRedl + G,T Gy 81 nd. nd. 80,000 (590 nm) nd. nd.
mRFP1  + G,SG,T G, 96 221 2.30 44,000 (583 nnm) 36,640 833

"All FPs were inserted between aa D78 and S81 of the HBV core protein.

"His6 tag fused to core protein aa 149.
sequence of the N terminal linker {one-letter-code; of. Fig. 1(C)).
W scquence of the C terminal linker.

bunds upon SDS-PAGE.
YApproximate relative CLP yield normahzed to total soluble pratein.

:ptal protein content in cleared bacterial lysates from 200 ml cultures as determined by the Bradford assay.
wa-pproximale tetal amount of fusion protein present in gradient fractions 7 t0 9, i.e., zone B, as determined by densitometry of the fuszon protein

YPublished molar exlinetion coefficients at the maximal absorbance wavelengtlx for the parental FPa.
iCaleuluted from the absorbance in gradient fraction 8 at the maximum absorbance wavelength relative to the specific prutem concentration

determined by densitometry.

100.
n.d. = not detectable.

fractions, contained the fusion protein (Fig. 2; an un-
cropped version showing the entire molecular weight
range covered by the SDS-PAGE is available as Supplemen-
tary Fig. 1). As with the previous pL promoter construct,'®
about one half of the fusion protein remained in the top
fractions together with the bulk of soluble E. coli proteins
(fractions 1 to 6, subsequently termed zone A), therefore
apresenting nonparticulate forms. A second portion sedi-
nted into fractions 7 to 9 (zone B) which is typical for
2oular CLPs; during native agarose gel electrophoresis
oy migrate as distinct bands (see below). In the experi-
ments described below, the amount of fusion protein in
zone B was therefore considered as the critical indicator
for the efficiency of CLP formation. Some of the protein
accumulated in fraction 11 (zone C), together with mostly
nonproteinaceous material likely originating from the
bacterial cell wall; zone C, recognizable by a slight turbid-
ity, also appeared when lysate from nontransformed bacte-
ria was sedimented under these conditions. Finally, small
amounts of fusion protein were present at the bottom of
the centrifuge tube (zone D), indicating they represent
insoluble, macromolecular aggregates.

Intending to facilitate isolation of the nonassembled
fusion protein from zone A, we generated a core_eGFP
fusion with a His6-tag at the C terminal aa V149 (core_
eGFP_H6). Unexpectedly, this modification led to a marked
reduction in the amounts of nonparticulate forms, and the
fluorescence intensity in the CLP-typical zone B increased
{(Fig. 2(B)]. The total yield of fusion protein in zone B was
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iRativ of experimentally determined molar extinction coefficients in CLP preparation versus published extinction coefficients of non-['used FP X

similar for the nontagged and the tagged version (0.73 g
vs. 0.66 mg per 100 ing of total soluble protein; see Table I);
however, the molar extinction coefficient at 488 nm, the
absorbance maximum of GFP, was much closer to the
published value for eGFP (55,000 M™'em™") with the
tagged (47,950 M~em™*) than with the untagged protein
(29,400 M~ 'em %), suggesting about 90% vs. only 50% of
the GFP domains being properly folded (see Table I). This
suggested that addition of a His6-tag would improve CLP
formation also with other core protein fusions. Most of the
fusion constructs with different FPs described below there-
fore contained this tag, and for those able to form CLPs,
very little if any nonparticulate material was found in zone
A. By contrast, for control constructs with eYFP, eCFP,
and eBFP lacking the His-tag about half (core-eCFP) or
most of the fusion proteins remained in zone A (Supplemen-
tary Fig. 2).

Regarding the flanking linkers (termed L-N for the N
terminal, and L-C for the C terminal linker in Table I),
their systematic shortening in the context of the core_
eGFP fusion had shown that all combinations including a
single glycine on each side were tolerated; however, cryo
EM analysis of the latter construct revealed substantial
distortions in the structure of the HBcAg derived CLP part
(M. Vogel, M. Ploss, B. Béttcher and M. Nassal, unpub-
lished data). Hence all constructs used below contained
the L-N/L-C combinations G,SG,T/G,, or G,S/G, (see
Table I for a summary).
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core_eCFP_HB by monomeric mYFP and mCFP greatly increases

PO iormation of saluble, fluorescent CLPs. Cleared lysates from bacteria

) transformed with pET vectors encoding the indicated fusion proteins and

| induced for 14 h at room temperature were separated by sucrose gradient

centrifugation and analyzed as described in the legend 10 Figure 2. Note

the increased fluorescence in zone B of the monomeric FP samples and

the concomitantly increased intensities of the Ccomassie blue-stained
and immuno-stained bands representing the fusion proteins.

l : Fig. 3. Replacement of the FP moieties in core_eYFP_H6 and

Finally, preliminary experiments had indicated that for
all FP fusions expression at room temperature was supe-
rior with respect to chromophore formation over expres-
sion at 37°C [see Fig. 5(B) for an example]. Hence the
bacterial cultures were induced at room temperature for
14 to 15 h unless specifically indicated otherwise. To
exclude variations from nonidentical culture conditions,
that is, in oxygen tension or the exact composition of the
LB media, all comparative experiments were performed in
parallel.

A Single aa Exchange in eCFP and eYFP that
Prevents Dimerization Strongly Enhances
Formation of Fluorescent Core_CFP and
Core_YFP CLPs

eYFP and eCFP are point mutants of eGFP with shifted
spectral characteristics but essentially identical three-
dimensional structure. However, the core_eYFP_H6 con-
struct produced less fluorescent fusion protein in the
particle-typical zone B (0.2 mg/100 mg of total soluble
protein) than the eGFP_HG6 construct although essentially
no nonparticulate fraction was seen [Fig. 3(A)]. The calcu-
lated molar extinction coefficient (B, = 90,800 M~ 'em ™!
vs. a published value of 84,000 for non-fused eYFP)
indicated that most if not all eYFP domains were properly
folded. The corresponding ¢CFP_H6 fusion formed CLPs
somewhat more efficiently [1.44 mg per 100 mg total
soluble protein in zone B; Fig. 3(C)]. The calculated molar
extinction coefficient (B 5, = 26,000 M~'em ™ vs. 26,000
M~*cm™* for the non-fused eCFP protein) indicated again
efficient folding.

e e e e o e -
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Based on the failure to obtain CLPs with the red FPs’
(next paragraph), and on the low but detectable dimeriza-
tion potential of eYFP and eCFP and its practical elimina-
tion by a single A206K mutation®® we next replaced eYFP
and eCFP in the constructs by their monomeric variants
mYFP and mCFP. This modification drastically increased
the yields of fusion protein, and fluorescence, in zone B of
the gradients for both FPs [Fig. 3(B,D)]. Quantitation
showed an approximately 11-fold higher CLP yield for the
mYFP_H6 vs eYFP_H6 construct (2.72 mg CLPs per 100
mg of total soluble protein), and an approximately five-fold
increase for the mCFP_H6 vs. eCFP_H6 construct (6.99
mg CLPs per 100 mg of total soluble protein). The molar
extinction coefficients, being approximately 83% and 98%
of the published values for the non-fused FPs, again
indicated efficient folding.

We also analyzed the corresponding mYFP and mCFP
constructs without a His-tag. The CLP yield of the mYFP
construct was similar, that of the mCFP construct lower
than that of the tagged version (see Table I); because these
two experiments were performed separately, the absolute
amounts may nat be directly comparable. However, inspec-
tion of the gradient fractions by SDS-PAGE, and particu-
larly by Western blotting (Supplementary Fig. 3), revealed
that about half of each fusion protein had remained in zone
A, in accord with the data obtained with the other non-
tagged fusions. Hence, the monomeric FPs themselves did
not. detectably affect the- ratio of nonassembled versus
assembled forms. -

‘Together these data demonstrated that abolishing the
dimerization potential of YFP and CFP by a single point
mutation drastically increased the yields of CLPs without

* compromising proper folding and chromophore formation.

Red-Reef-Coral-Derived FPs: Efficient Fluorescent
CLP Formation Exclusively From a Monomeric
Red FP

Both DsRed1 and DsRed?2 are obligate tetramers, HcRed
is an engineered dimer.?® The corresponding fusion con-
structs core_DsRedl_H6, core-DsRed2_H6, and core_
HcRed1_H6 were expressed as described above for the
GFP-derived proteins. Bacterial colonies, and the crude
lysates of induced cultures, showed the typical red fluores-
cence, indicating successful expression and chromophore
formation. However, in all three cases the colored material
was exclusively visible in the insoluble fraction (Supple-
mentary Fig. 4). To test for the potential presence in the
cleared lysates of small amounts of fusion proteins, or
molecules lacking a mature chromophore (see below), the
lysates were analyzed by sucrose gradient sedimentation
and SDS-PAGE and Western blotting. No prominent bands
at the expected positions around 46 kDa were visible by
Coomassie blue staining, and only trace amounts were
detectable on Western blots after very long exposure (Fig.
4). The DsRed1 fusion was confined to the upper part of the
gradient (zone A); the DsRed2 fusion was mainly present
in zone A, with a small proportion extending into zone B;
the HeRed1 construct showed some material in zone A plus
some accumulation at the lower edge of zone B, possibly
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Fig. 4. Fallure of core fusion proteins containing DsRed1, DsRed2, and HcRed1 to form soluble fluorescent CLPs. A: Sucrose-gradient separation of
the cleared bacterial lysates. Bacterial cultures were induced and worked-up as described for the YFP and CFP derivatives. No bands that could be
clearly assigned 1o the red FP fusion proteins were visivle by Ccomassie blue staining. On the Western blots, trace amounts of the fusion proteins
became detectable after very long exposure. B: Urea extraction of the insoluble lysate fractions. The colored pellets remaining after clearing the bacterial
lysates (see Supplementary Fig. 4) were sequentially extracted with buffer containing increasing concentrations of urea, as indicated. All pellets
contained significant amounts of the corresponding fusion proteins. The band indicated by an asterisk corresponds to £. coli outer membrane protein C

{OmpC), a major constituent of the insoluble lysate fraction.

hdicating a tiny amount of particles (signal in fraction 10).

o estimate the overall amount of fusion protein produced,
the insoluble lysate fraction was sequentially extracted
with buffer containing increasing concentrations of urea.
Substantial amounts of each fusion protein were solubi-
lized starting at 4-M urea (Fig. 4, lower panels) with the
highest concentrations found in the 6-M urea fraction.
Quantitation of the band intensities after Coomassie blue
sstaining showed that all three fusion proteins had heen
produced in amounts of more than 2 mg per 200 ml

- bacterial culture, that is, at a level comparable to that seen
swith the other constructs. Though we did not determine
the specific extinction coefficients of the insoluble lysate
fractions, their vivid red colors (Supplementary Fig. 4)
indicated that a significant fraction of all three fusions had
formed the typical chromophores. Apparently, therefore,
CLP assembly rather than folding of the red FP domains
zer se was compromised.

To explicitly test for a detrimental effect of the quater-
nary structures of the red FPs, we next generated a core

%tein fusion (core_mRFP1_H6) carrying the monomeric
mRFP1.%3 When expressed at room temperature under the
same conditions as the other constructs, the soluble frac-
tion of the bacterial lysate displayed a strong red color.
Upon sedimentation, most of the red color, and of the red
fluorescence, was concentrated in zone B [Fig. 5(A)], witha
smaller fraction accumulating in zone C. Western blotting
confirmed the presence of intact fusion protein. The CLP
yield was about 2.3 mg per 100 mg of total soluble protein,
with a calculated molar extinction coefficient close to that
reported for free mRFP1 (Egg, = 36,650 M~ lem™! vs.
Exgs = 44,000 M~ em ™),

For comparison, a second aliquot of the same bacterial
preculture was induced at 37°C for 3 h; under these
conditions, nearly no color developed. Nonetheless, substan-
tial amounts of the fusion protein were present in the
soluble fraction fraction (2.68 mg per 100 mg of total
souble protein). However, the bulk of the protein sedi-
mented clearly faster, that is into fractions 10 and 11

9078277A_ 1>

[compare Fig. 5 (A and B)]. We were unable to detect any
fusion-protein-related material in the gradient that mi-
grated as a distinct band upon native agarose gel electro-
phoresis (see next paragraph). Hence, most if not all the
core-mRFP1_H6 protein expressed at 37°C was unable to
form ordered CLPs, suggesting lacking chromophore forma-
tion in the FP domain correlated with aggregate formation
of the fusion protein,

Together, these data demonstrated that exclusively a
monomeric red FP but neither tetrameric not dimeri¢ vari-
ants can natively be presented on HBcAg derived CLPs."

Direct Evidence for Ordered CLP Formation by the |
Differently Colored FP Fusions

The sedimentation analyses were strongly suggestive of
successful ordered CLP by several of the fusion proteins.
However, the relatively broad distribution of some of the
fusion proteins, and the presence in fraction 7 to 9 of part
of the 37°C expressed nonfluorescent mRFP1_H6 fusion
[Fig. 5(B)], indicated some overlap in the sedimentation
behavior of ordered CLPs versus less regular or disordered
structures, We therefore used fraction 8, that is, the center
of the CLP-typical zone B, from the above described
preparations for a more direct analysis. Native agarose gel
electrophoresis is able to separate single particles from
other forms of the constituent protein(s) that differ in size,
shape, multimerization state or surface charge. In addi-
tion, compared to nonassembled subunits, CLPs have a
much lower diffusion coefficient such that they produce
relatively sharp-edged bands.3® All preparations for which
sedimentation had suggested the presence of CLPs did
indeed produce the expected bands [Fig. 6(A)]. These were
fluorescent, and the same bands contained the bulk of
protein as shown by Coomassie blue staining of the same
gel. The presence of the specific fusion protein in the same
bands was corroborated by Western blotting using two
different core-protein-specific antibodies.

Finally, fraction-8 aliquots from all fusions with mono-
meric FPs were subjected to EM analysis by negative
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A. core. mRFP1 H6/rt.

B. core mRFP1_H6/37°C
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Fig. 5. Efficient formation of red fluorescent CLPs by core_
mRFP1_HB6. A culture of bacteria transformed with a pET construct
encoding core_mRFP_H6 was split, and one half was induced at room
temperature for 15 h (A), the other half for 3h at 37°C (B). Onthe top of A,
a composite picture of the gradiant tube chserved at dayiight, or under
illumination by 365 nm UV light is shown; no color or fluorescence was
detectable for the 37°C expressed preparation yet substantial amounts of
the fusion protein were found by Coomassie blue staining and Western
blotting of the gradient fractions. Note that the bulk of this material is

. shifted downwards, almost completely averlapping with zone C.

. Fig. 6. Independent evidence for fluorescent CLP formation. A: Native

agarose ge! electrophoresis. Aliquots from fractions 8 of the gradients
shown in the previous figures were run side-by-side with a DNA size
marker, and a sample of CLPs derived from wild-type core protein 1149
with a C terminal Hisg tag (c1-149_H6; lane 7). To the latter samples
ethidium bromide was added to visualize the DNA, and the bacterial RNA
present, in small amounts, in recombinant HBcAg lacking the C terminal
basic region;' from the others ethidium bromide was omitted to not
obscure the FP-specific fiuorescence. To llustrate the different mobiiities
of assembled versus nonassembled forms, fraction 2 from the core_
eGFP gradient (Fig. 2) was also loaded on the gel (lane 1); aliquots from
fraction 8 of the core_mRFP1_H6 and eGFP_H6 gradients were incu-
bated in 6§ M urea for 15 min to dissociate the CLPs (lanes 8, 10} prior to
loading. The gel was illuminated on a 365 nm transilluminator and
photographed through & 515-nm long pass filter. The fuzzy stain near the

top of lane 7 originates from unincorporated ethidium bromide, the weakly

fluorescent band (asterisk) comigrated exactly with the Coomassie blue
stained band of ¢1-149_HB capsids (asterisk) and therefore represents
encapsidated RNA. The colored fusion-protein bands migrated with the
bulk of protein (CB, Coomassie blue stain; middle panet) which was also
recognized by core-specific antibodies (WB; lower panel); the bottom panel
shows a longer exposure to reveal the nonassembled core_eGFP protein in
lane 1. B: Electron microscopy. Samples from fractions 8 of the indicated
gradients were analyzed by negative staining. The bar cotresponds to 50 nm.
Two independent fialds from each preparation are shown.
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staining. The micrographs revealed abundant regular
particles [Fig. 6(B)]. By contrast, no regular structures
were seen upon inspection of gradient fractions 10 and 11
from the core_mRFP1_HG preparation obtained after induc-
tion at 37°C although the fusion protein as such was
present at similar concentration (not shown).
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DISCUSSION

Viral capsids may be considered as naturally occurring
nanoparticles formed by one or a few different protein
species. This simple composition and their often highly
symmaetric architecture provides distinct advantages for
structural studies; in fact, the BV core protein was the
first polypeptide whose fold was determined, at about 75A
resolution, by electron eryomicroscopy and image recon-
struction of CLPs 210 Forcing heterologous, non-selfassem-
bling proteins into a symmefrical arrangement by fixation
to such CLPs may thus be exploited for structural investi-
gations.'® A more applied aspect is the presentation of
proteins as antigens on CLPs or virus-like particles (VLPs)
because multiple presentation on a particle can drastically
increase immunogenicity.3® HBV CLPs are considered an
especially promising carrier whose immune enhancing
properties have been documented for several small pep-
tides and a few intermediately sized protein frag-
ents. 16174041 Txtending this approach to complete and
tively folded protein antigens offers obvious advantages
ver single peptide epitopes, which may adopt many
K-relevant conformations if fused via one end to the carrier

and, if inserted via both ends, may be forced into nonau-

thentic structures. Thus far, however, eGFP was the only
complete protein for which native surface presentation on

HBcAg CLPs has unambiguously been demonstrated.'®

Though this proved that insert structure rather than mere

-sequence length is important, other factors affecting CLP
sformation, and therefore crucial for the rational design of

HBcAg CLP-based fusion proteins, are largely unexplored.
_Dur results prove insert quaternary structure as an addi-

+tional critical factor; importantly, they also demonstrate
how this potential limitation can be overcome.

Homomeric Insert Interactions Affect CLP
Assembly

Rach of the steps eventually yielding the icosahedral
@ BeAg CLP, i.e., folding of the monomeric subunits, dimeriza-
fon, and multimerization, is potentially influenced by the
inserted extra domain, Interactions between insert and core
Q"otein parts may lead to global misfolding of the monomer.
f all authentic secondary structure elements form properly,
a bulky insert could still prevent the central helices of the
core protein to come into close juxtaposition; conversely,
successful intra-core protein interactions could prevent na-
tive folding of the insert such that either the insert, or the
core protein parts, but not the entire fusion protein chain
adopts the correct structure. Additional constraints are im-
posed by the spatial proximity of the insertion sites in the
core protein dimer, and by the high density of foreign
domains on the CLP structure (see Fig. 1). Hence any foreign
domain that is too bulky, or has an otherwise unsuitable
structure, would be detrimental to CLP assembly; con-
versely, given that eGFP met all requirements for successful
CLP formation, it was surprising that isostructural inserts
should be incompatible with particle assembly. Reducing, or
abolishing, inter-insert interactions entirely alleviated this
obstacle, strongly suggesting that insert quaternary struc-
ture is as critical as three-dimensional structure itself.
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Fig. 7. Model for the influence of insert quaternary structure on CLP
assembly. As in Figure 1(B), a schematic madel of the core protein
monomer with its A, B, and B’ interfaces Is shown except that it contains
an inserted protein symbolized by the rectangle over the dimer interface.
A highly schematic three-dimensional view is shown below with the cubic
object representing the insert, If the insert contains no Interaction sites on
its own, (lower pathway) assembly to CLPs can proceed as with wild-type
core protein dimers, given the sterical requirements for folding, dimeriza-
tion and multimerization are met, If, in contrast, the Insert contains
inter-insert interaction sites (symbolized by C, C’, and C"') these may,
depending on their number, strength, and specific location relative to the
neighboring inserts, compete with the interactions mediating CLP forma-
tion. Note that an antiparalle| inter—insert interaction, as is likely to occur
with the nonmonomeric GFP derivatives, as weli as tetramerization, as
with the DsRed proteins, is Incompatible with HBcAg CLP assembly.
Conversely, a strategically positioned interaction facilitator such as the C
terminal His-tag used in this study provides an additional interface (D) that
promotes, rather than compstes with, CLP formation. N

A model illustrating this point is shown in Figure 7. In
the wild-type core protein, dimerization saturates the
intra-dimer interface (termed A), and only the multimeriza-
tion interfaces (termed B and B") are left for further
interactions, that is, particle assembly. An inert foreign
insert does not alter this setting, as long as its structure is
compatible with dimerization and multimerization of the
core protein parts. However, if an insert, by itself, provides
one or more additional interaction sites (termed C, C’, C")
CLP assembly is no longer the only route by which the free
valencies can be saturated: instead competing pathways
become accessible which may lead to various regular, or
irregular aggregates of fusion protein subunits. Though
simplistic this model accounts for all the experimental
results from this study. One prediction is that the stronger
the inter-insert interaction, the more likely it is to affect
CLP assembly. A quantitative treatment is currently
impossible but the published homo-affinities of several of
the FPs used in this study clearly confirm this trend. GFP
has been reported to be weakly dimerizing (approximate
K, 0.1 mM*%), and 2 similar value (0.11 mM) has been
determined for eYFP.32 The estimated dimerization K, of
74 mM for the 30 kDa mYFP translates into a concentra-
tion of 2.2 g/ml; the protein molecules in 1 L of a 33-mM
solution would occupy 1 L. This emphasizes the practically
monomeric character of mYFP and, most likely, mCFP.
Even though the homoaffinities of unmodified eYFP and
eCFP are weak, their replacement by the monomeric
versions strongly enhanced soluble CLP formation. We
ascribe this to the very high local concentration of the FP
domains when present on a core protein dimer, or as-



;
4

j

|

FLUORESCENT HBcAg CLPs

sembled CLP, where diffusion is totally restricted. A
further prediction is that the yields of eGFP CLPs should
also be increased by introducing the monomerizing A206K
mutation;3? corresponding experiments are underway.

An exact value for the homoaffinity of HeRed1 has not been
published, however the protein behaved as a dimer during
gel filtration under all concentration conditions tested;* for
DsRed1 the K, for oligomerization is below 10~° M.2” Plausi-
bly such strong homomeric interactions compete effectively
with the core-protein interactions required for assembly.
Notably, although the core-protein dimer appears highly
stable, the interdimer interactions in the capsid are only
weak.?? Whereas a tetrameric insert structure is incompat-
ible with the clustered dimer arrangement of subunits in the
HBcAg shell, dimerization per se is not, as is obvious from
the dimeric nature of the core protein itself (Fig. 1). However,
to fit onto the two parallel monomers, the subunits of a
dimeric insert would have to adopt a parallel, or near
parallel, orientation. The DsRed tetramer consists of two
antiparallel, skewed dimers, that is, the four monomenrs point
alternately up and down.?2 Tetrameric HcRed is likely to
adopt a similar arrangement, and the antiparallel orienta-
tion is most likely preserved in the engineered dimeric
HcRed1; furthermore, in various crystals, GFP and its direct
homologs also adopt antiparallel orientations.*® Hence not
dimerization per se, but rather the unfavorable ortentiation
of the subunits in the dimer is the major reason that the red
FPs, except mRFP1, are incompatible with HBeAg dimeriza-
tion and CLP formation. Conversely, a dimeric insert with
parallel subunits might be able to support assembly. An
example is the outer surface protein C (OspC) from Borrelia
burgdorferi. This protein is an obligate dimer, but the two
monomers have a parallel orientation and, in addition, all
four termini of the dimer protrude from one side.*445 Indeed,
we have generated core OspC fusions that efficiently as-
semble into CLPs (C. Skamel, T. Stehle, M.M. Simon, M.
Nassal; manuscript in preparation).

Implications for CL'P Design

Successful generation of CLPs that present foreign epitopes
has relied to a large extent on trial and error. The structure

> elucidation of various self-assembling moieties, such as HB-

cAg and other virus capsids defined the fundamental steric
requirements on the carrier side. Knowing the structure of
the foreign protein will significantly increase the reliability of
predictions on whether or not this protein will support CLP
assembly. Even then, however, most stable insert quater-
nary structures are likely to interfere with particle forma-
tion. Therefore, testing for higher order structures of a
candidate insert, e.g., by gel filtration, is worthwhile. This
also holds for the mass of protein antigens for which no high
resolution structure is available but which appear attractive
on the basis of their immunological properties. With whole
pathogen genomes now being explored as a source for detect-
ing the most potent antigens*® this may soon become a
standard situation. Even though reducing the oligomeriza-
tion potential by point mutations will rarely be feasible,
removing known and/or predictable interaction domains
should be highly beneficial.
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A fortuitous finding was that, in the setting of the HBcAg
carrier system, the addition of a C texminal His6 tag substan-
tially increased the proportion of assembled versus nonpar-
ticulate forms. The exact mechanism remains to be estab-
lished but structural studies suggest some clues. Fused to
aa-149 of the core protein, the tag must reside at, or close {o,
the multimerization interfaces in the C terminal region of the
assembly domain.® A cysteine residue added to aa-149 was
explicitely shown to reside in the particle interior close to the
interdimer contacts.*” In line, CLPs from wild-type core
protein with a His-tag fused to aa-149 do not bind to a matrix
carrying immobilized Ni** ions unless they are dissociated
into dimers (M. Vogel and M. Nagsal, unpublished data).
Conceivably, a tag that can interact, for example, by metal
coordination, with a similar tag on a different dimer will
promote assembly by providing an additional valency (D in
Fig. 7) that now favors, rather than competes with, proper
assembly. Adding an appropriately designed and strategi-
cally placed interaction facilitator should therefore be a
general way of enhancing particle assembly also with other
carrier systems.

Applications of Fluorescent CLPs

“The main purpose of using GFP and its variants in this
study was to exploit their dependence or proper folding for
chromophore formation as an indicator for native folding.
In addition, the new fluorescent CLPs may also be of
immediate use. One is the generation of FP-specific antibod-
ies, as with core_eGFP.*® Another is the definition of FPs
that are suitable as reporters to monitor intracellular
trafficking and assembly of the wild-type HBV core protein
by fluorescence microscopy.*® Evidently, the use of DsRed
or HeRed fused to the core protein would lead to com-
pletely misleading results because they are unable to
support capsid assembly but still mature to fluorescent
species in the fusion-protein context; the monomeric deriva-
tives, by contrast, would be well suited. Furthermore, the
successful generation of fluorescent CLPs carrying FPs
that are established fluorescence resonance energy trans-
fer (FRET) pairs, such as CFP and YFP or improved
versions,*>*® opens the way to analyze, by FRET and
related techniques, capsid assembly as well as its inhibi-
tion by compounds targeting the core protein. Such com-
pounds are beginning to explored both as basic tools®® and
as potential novel drugs against chronic hepatitis B.5?
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Abstract Hepatitis B virus core protein self-assembles into ico-
sahedral, highly immunogenic capsid-like particles (CLPs) that
can serve as molecular platforms for heterologous proteins.
Insertion into the centrally located clel epitope leads to surface
display, fusion to the C terminus te internal disposition of the
foreign domains. However, symmetry-defined space restrictions
on the surface and particularly inside the CLPs limit the size
of usable heterologous fusion partmers. Further, CLPs carrying
differing foreign domains are desirable for applications such as
multivalent vaccines, and for structure probing by distance sensi-
tive interactions like fluorescence resonance energy transfer
(FRET). Here, we report an in vitro co-assembly system for such
mosaic-CLPs allowing successful CLP formation with a per se
assembly-deficient fusion protein, and of CLPs from two differ-
ent fluoroprotein-carrying fusions that exert FRET in an assem-
bly-status dependent way.

© 2005 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.

Keywords: Capsid-like particles; Capsid structure;
Fluorescence resonance energy transfer; Hepatitis B virus;
Hepatitis B virus capsid protein

1. Introduction

The 183 amino acid core protein forms the protein shell of
the icosahedral hepatitis B virus (HBV) nucleocapsid (core
particle). Heterologously expressed core protein self-assembles
into morphologically similar capsid-like particles (CLPs). The
first about 140 amino acids form the assembly domain, i.e.,
they are sufficient for assembly {1,2}; the basic C terminus, in
CLPs mostly located in the particle lumen [3,4], acts as a nu-
cleic acid binding domain [5,6]. Due to its exceptional immu-
nogenicity the core particle, serologically defined as hepatitis

"Corresponding author. Fax: +49 761 270 3507.

E-mail address: nassal2@ukl.uni-freiburg.de (M. Nassal).

Abbreviations: CLP, capsid-like particles; eGFP, enhanced green flu-
orescent protein; FP, fluorescent protein; FRET, fluorescence reso-
nance energy transfer; HBV, hepatitis B virus; mCFP, monomeric cyan
FP; mYFP, monomeric yellow FP; NTA, nitrilotriacetic acid; SDS-
PAGE, sodium dodecylsulphate polyacrylamide gel electrophoresis

B core antigen (HBcAg), is of major interest as a particulate
vaccine carrier for heterologous sequences {7,8]. The predomi-
nant particle form (triangulation number of T'=4) is com-
posed of 120 and a minor form (7= 3) of 90 core protecin
dimers [3,9-11]. The most surface-exposed part is a short loop
around amino acid 80 [12], overlapping with the immunodom-
inant c/el B cell epitope {13], that connects two long helices
forming the core protein’s dimer interface {14,15]. As exempli-
fied by the green fluorescent protein (GFP), even whole protein
domains of at least 238 amino acids can be inserted into this
loop without compromising particle formation [16]. However,
specific properties of the inserted protein, such as an unfavor-
able molecular shape [17] or the propensity to homo-oligomer-
ize [18], can severely restrain particle assembly. A universal
restriction is the limited space, defined by the particle symme-
try, on the surface and in particular inside the CLP. CLPs with
internally disposed heterologous domains can be obtained by
their fusion to the C terminus of the assembly domain
[19,20]. According to X-ray data of recombinant HBcAg CLPs
ending with amino acid 149 [15] the available inner volume in a
T =4 CLP is about 9000 nm’, leaving roughly 38 nm® for each
of the 240 added foreign domains. Indeed, a core fusion pro-
tein with the 17 kDa Staphylococcus aureus nuclease, with an
approximate volume of 36 nm?, fused to aa 155 formed rather
unstable particles {19]. Hence larger heterologous proteins are
expected to prevent assembly (Fig. 1A).

Both surface and internal crowding should be reduced if,
in one particle, some of the fusion protein subunits are re-
placed by sterically less demanding subunits, e.g., non-fused
wild-type protein. Thus far, this mosaic-CLP concept has
been addressed by co-expression of the two different protein
subunits, either from two compatible plasmids [19] or by
limited translational read-through [21]. However, these
in vivo approaches offer only limited controllability of the
CLP composition, and little flexibility regarding the nature
and number of the assembly partners. Here, we present an
alternative in vitro co-assembly approach largely overcoming
these limitations. We demonstrate its principal feasibility by
co-assembly of wild-type core protein subunits with an
assembly-competent and an assembly-deficient core-GFP fu-
sion (enhanced green fluorescent protein, eGFP inserted into
c/el, and fused to aa 148, respectively), and by mosaic-CLP
formation from two core fusions with different GFP deriva-
tives that are suitable for fluorescence resonance cnergy
transfer (FRET).

0014-5793/$30.00 © 2005 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.
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2. Materials_and methods

2.1. Plasmid constructs

The T7 promoter containing expression plasmids encoding C termi-
nally Hiss-tagged proteins HBc1-149_H6 (wild-type core protein from
aa 1 to 149) and HBcl-149¢/e1eGFP/mCFP/mYFP_H6 (carrying
either eGFP, or monomeric CFP, or monomeric YFP [22] inserted be-
tween aa 78 and 80) have previously been described {18]. pET28a2-
HBc148-ctGFP_H6 encodes core protein 1-148 with eGFP, plus a
C-terminal Hisg-tag, fused to amino acid 148 via a linker with the se-
quence A(GiS):G4T. A schematic representation of the proteins is
shown in Fig. 1B.

2.2, Expression and enrichment of core proteins variants

All proteins were expressed using FEscherichia coli BL21(DE3)
Codonptlus RIL cells (Stratagene). Cell lysis and core protein enrich-
ment by sucrose gradient centrifugation were performed as previously
described [18]. Protein HBcl-148ctGFP_H6, not forming regular
CLPs, was purified by immobilized metal ion affinity chromatography
(IMAC) on Ni**-nitrilotriacetic acid (NTA) agarose (Qiagen) under
native conditions as suggested by the manufacturer. Proteins were ana-
lyzed by sodium dodecylsulphate polyacrylamide gel electrophoresis
(SDS-PAGE) using 15% acrylamide and 0.1% SDS in the Laemmli
buffer system. For immunoblotting, HBV core protein specific mono-
clonal antibodies mc312, mcl158 or me275 {23,24], or a monoclonal
antibody mixture against GFP (Roche) were used. Detection was per-
formed using secondary antibody-peroxidase conjugates and a chemi-
luminescent substrate (ECL+, Amersham). Gradient or IMAC
fractions containing the desired proteins were combined, dialyzed
against TN-300 buffer (25 mM Tris/HCI, pH 7.5, 300 mM NaCl) and
concentrated by ultra filtration (Amicon Ultra devices, 30 kDa cut-
off; Millipore). Protein concentrations were determined using the Brad-
ford assay (Bio-Rad).

2.3. In vitro co-assembly

Pre-purified core protein derivatives, at about 1-2 mg/ml, were ad-
justed to dissociation buffer (6 M urea, 10 mM imidazole, 50 mM so-
dium phosphate buffer, pH 8.0, and 50 mM NaCl), and incubated at
room temperature for 15 min, followed by another 15 min at 37 °C;
all subsequent steps were performed at room temperature. The solu-
tions were mixed at the desired molar ratios, and bound to a Ni*
NTA column pre-equilibrated in dissociation buffer (usually 1 ”ml
protein solution for a 2 ml gel bed column). The urea concentration
was decreased by washing with 2 ml each of washing buffer (20 mM
imidazole, 50 mM sodium phosphate, pH 8.0, and 50 mM NaCl) con-
taining 5, 4, 3, 2, 1 and 0.5 M urea, followed by pure washing buffer,
then washing buffer containing 300 mM NaCl. Finally, twice the gel
bed volume of efution buffer (250 mM imidazole, 50 mM sodium phos-
phate buffer, pH 8.0, and 300 mM NaCl) was added and, after. a
30 min incubation, the proteins were eluted by gravity flow. To sepa-
rate CLPs from non-assembled forms, dialyzed and concentrated sam-
ples were subjected to sedimentation in 10-60% (wt/vol) sucrose step
gradients. Fluorescent mosaic CLPs were detected by visual inspection
upon irradiation with a UV lamp emitting light of 312 or 365 nm.

2.4. Native agarose gel electrophoresis

Aliquots from individual gradient fractions were subjected to elec-
trophoresis in 1% agarose gels in TAE buffer (40 mM Tris-acetate,
0.1 mM EDTA, pH 8.0) containing 0.5 pg/ml of ethidium bromide
as previously described [18}, and detected directly via their fluorescence
or immunologically after blotting to PYDF membranes.

2.5. Electron microscopy

Electron micrographs were obtained on a Zeiss EM 902 at 80 kV
with nominal magnification of 85000-140000-fold. Samples from
appropriate sucrose gradient fractions were stained with 2% methyl-
amine tungstate, pH 7.0, as previously described [18].

o
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2.6. Fluorescence spectroscopy

Fluorescence measurements were performed at 20 °C using a Per-
kin-Elmer LS 45 spectrometer in quartz cuvettes (5 mm light path,
Suprasil; Hellma). All spectra were corrected for lamp intensity and
detector sensifivity. Proteins were used at concentrations of 0.18-
0.9 g/l in 25mM Tris/HCl, pH 7.5, 150 mM NaCl. Data were
recorded with an integration time of 1000 ms. Emission spectra were
recorded at 410 nm as excitation maximum for monomeric cyan FP
(mCFP) fusion proteins and FRET samples, and at 483 nm for mono-
meric yellow FP (mYFP) fusion proteins. The spectra were normalized
to their maxima.

3. Results

3.1. Experimentul design

Due to the highly stable fold of the core protein and its dimer
the inter-dimer contacts in HBcAg CLPs can be dissociated,
without denaturation of the subunits, by partially denaturing
conditions {1,25], for instance, depending on the protein con-
centration and the ionic strength of the solution [25], by 2-
6 M urca. This property can be exploited to expose a C terminal
His-tag fused to aa 149, which is buried inside intact CLPs, and
to immobilize the dimers on a NiZ*-NTA matrix. As outlined
in Fig. 1C, the first step of our method consists in this urea-
assisted immobilization of the two proteins at a preselected
ratio on the same Ni?*-matrix. Non-assembling His-tagged fu-
sion protcins may directly be immobilized on the matrix. In the
sccond step, similar to on-column refolding of denatured pro-
teins (for revicw, see {26)), the bufler composition is gradually

" altered towards assembly-promoting conditions via decreasing

the urea and increasing the salt concentration; finally the pro-

- teins arc cluted by increasing the imidazol concentration. This

general scheme was applied to the different protein mixtures re-
ported below. To detect mosaic-CLP formation, the eluates
were dialyzed against high salt buffer, concentrated, and ana-
lyzed by sedimentation in sucrose gradients, by native agarose
gel clectrophoresis and Western blotting, and by electron
microscopy (EM).

3.2. Mosaic-CLPs from wild-type core protein 1-149 and an
assembly-competent coreGFP fusion

For proof of concept, His-tagged wild-type core protein
HBcl-149_H6 and the assemby-competent coreGFP fusion
HBc!-149_c/e1GFP_H6 [18] were bound, at an approximate
1:1 molar ratio, to Ni**~NTA beads in the presence of urea;
without urca, essentially no binding occurred, consistent with
the C terminal His-tag being inaccessible in intact CLPs.
Employing the above described reassembly procedure the
two proteins co-eluted from the column at 250 mM imidazole
concentration. Upon sedimentation in 10-60% sucrose gradi-
ents approximately one third of the fusion protein, and two
thirds of the wild-type accumulated in the particle-typical cen-
tral fractions [18]; the remainder stayed in the top fractions
(Fig. 2A), suggesting the wild-type protein assembles some-
what more efficiently than the fusion protein. To distinguish
true mosaic-CLPs from a mixture of two separate CLP popu-
lations, an aliquot from gradient fraction 7 was subjected to
native agarose gel electrophoresis, in parallel with pure
HBc1-149_H6 and HBc!-149_c/el GFP_H6 CLPs. After blot-
ting, the membrane was probed with anti-core and anti-GFP
antibodies (Fig. 2B). The unmodified CLPs migrated substan-
tially faster than the pure coreGFP CLPs whereas, as expected
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for mosaic-CLPs, the co-assembled particles produced a band
of intermediate mobility which was detected by both antibod-
ies; the HBc1-149_H6 CLPs, by contrast, were recognized only
by the anti-core antibody. These data attested to the successful
formation of mosaic-CLPs.

3.3. Rescue of an assembly-deficient core fusion protein by
in vitro co-assembly with wild-type core protein
As a more stringent test for the potential of the method we

. next addressed in vitro co-assembly of the HBc1-149_H6 pro-

tein with a per se assembly-deficient core protein fusion. In this
protein, HBc1-148ctGFP_H6, ¢GFP was fused to core protein
aa 148 (Fig. 1B). This should lead to a luminal disposition of
the GFP domains but the larger volume of GFP (about
47 nn®) was expected to interfere with particle formation.
The protein was well expressed and showed strong green fluo-
rescence, indicating the GFP part was natively folded. How-
ever, on sucrose gradients it displayed a broad distribution
from the top region to the center (Fig. 3A, top panel). This
suggested the presence of at most a small fraction of regular
CLPs and, congruently, mostly irregularly shaped aggregates
were detected by negative staining EM (Fig. 3C). In addition,
the protein bound well to Ni**-NTA beads in the absence
of urea, indicating the C terminal His tags were solvent
accessible.

Next the fusion protein was mixed with HBc1-149_H6 at mo-
lar ratios of 5:1, 1:1, and 1:5, then the three samples were sub-
jected to the protocol described above. In all cases, both
proteins co-cluted at 250 mM imidazole. After sucrose gradient
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sedimentation, SDS-PAGE analysis revealed that with the fu-
sion protein in excess, the distribution of the fusion protein was
similar as in the absence of wild-type protein; notably, even the
wild-type protein was shifted towards the top of the gradient
(Fig. 3A, 5:1), suggesting a negative effect on assembly by the
fusion protein. By contrast, at a 1:1 ratio a distinct peak for
both proteins was seen in fractions 5-7; about one half of the
fusion protein remained in the top fractions (Fig: 3A, 1:1). With
excess wild-type protein finally, both proteins were confined to
fractions 5-7 (Fig. 3A, 1:5). To confirm the presence of mosaic-
" CLPs, gradient fractions 5-7 from the three assembly reactions
were analyzed by native agarose gel electrophoresis and subse-
quent immuno-blotting with anti-core and anti-GFP antibodes;
pure HBcl1-149_H6 CLPs and HBcl-149c¢tGFP_H6 proteins
served as references. The fusion protein itself, recognized by
both anti-core and anti-GFP antibodies, migrated as a rela-
tively broad band with distinctly lower mobility than pure
HBcl-149_H6 CLPs (Fig. 3B). With increasing proportion of
wild-type protein in the assembly reaction, the mobility in-
creased to nearly that of pure wild-type CLPs, as expected for
internally disposed heterologous domains. Consistently, nega-
tive staining EM confirmed a decreased proportion of irregular
particles and a concomitant incrcase of regular CLPs with
approximately wild-type CLP diameters of, on average, less
than 30 nm (Fig. 3C). Hence in vitro co-assembly with the
wild-type core protein rescued an assembly-deficient fusion
protein into regular CLPs.

3.4. Formation of mosaic CLPs from two different fusion
proteins and proof of their mosaic nature by FRET
A further application for co-assembly would be the genera-
tion of mosaic-CLPs from two or more different fusion pro-

teins. An attractive model combination are two different -

GFP derivatives whose spectral properties allow for FRET.
Because FRET depends on spatial proximity between donor
and acceptor, mosaic-CLPs, but not a mixture of two separate
CLP populations, should give rise to FRET. The cyan (CFP)
and yellow (YFP) fluorescent proteins are an established
FRET donor-acceptor pair {27], and their monomeric vari-
ants, mCFP and mYFP {22], can individually be inserted into
the core clel epitope yielding fluorescent CLPs {18]. The dis-
tance between two neighboring spikes on wild-type CLPs is
about 5 nm [15], close to the Foerster radius (distance at which
energy transfer efficiency is 50 %) for CFP-YFP and hence ide-
ally suited for FRET. Therefore, HBc1-149-c/el-mCFP-H6
and HBcl-149-c/el-mYFP-H6, at an equimolar ratio, were
subjected to the in vitro co-assembly procedure. Both proteins
co-eluted from the Ni>*-NTA column, and about half of both
proteins co-sedimented into the particle-typical gradient frac-
tions. Native agarose gel electrophoresis showed a distinct
band with nearly the same mobility as that of the pure mCFP-
and mYFP-containing CLPs (Fig. 4A). The similar mobilities
and the lack of antibodies specifically recognizing mCFP but
not mYFP or vice versa prevented a conventional assessment
of mosaic-CLP formation. Instead, the CLPs were analyzed

@
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by fluorescence spectroscopy. The excitation and emission
spectra of the individual CLPs were very similar to those of
the unfused fluorescent proteins, with emission maxima at
474 nm (plus a sideband around 500 nm) for the mCFP- and

bled " mYFE

_ 501 _ -assembled “and” the . mix
inclibated with trea; and the emission spectra: wete recorded:a
Conipared: to- the co-assembled ‘sample prior to urea treatme i
red line with shadéd. aréa underneath), thie 530'im .peak was Strongly
reduced whereas the-474.6m emission increased (thick black line): The
signal -from the mixed CLPs remained essentially unchanged (thick
green line). : i T e T
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at 530 nm for the mYFP-containing CLPs (Fig. 4B, dashed
biue and orange lines). When irradiated at 410 nm for specific
excitation of mCFP with minimal mYFP excitation, the emis-
sion spectrum of a 1:1 mixture of preformed CLPs (green line)
was very similar to that of pure mCFP-containing CLPs. By
contrast, the co-assembled CLPs (red line) yielded a strong
peak at the 530 nm mYFP emission maximum while the mCFP
emission at 474 nm was reduced, exactly as expected for effi-
cient FRET. To prove that dynamic changes in the capsid sta-
tus can be monitored, the co-assembled CLPs were incubated
with 6 M urea. Upon this treatment, the emission spectrum
showed a strong reduction in the 530 nm peak, and a simuita-
neous fluorescence increase at the 474 nm mCFP peak
{Fig. 4C, black line), fully consistent with urea-induced disso-
ciation of the mosaic-CLPs. The spectra of the individual flu-
oroprotein-presenting CLPs and their mixture (Fig. 4C, green
line) remained unaffected, confirming the fluorophores them-
selves were stable under these conditions.

4. Discussion

The here described in vitro co-assembly method overcomes
several of the limitations of previous in vivo co-expression ap-
proaches for mosaic-CLP generation: the procedure is straight-
forward; using prepurified components, the input amounts of
each subunit are easily controlled, allowing, to a much larger
extent, the proportion of the individual subunits per particle
to be adjusted; most likely, more than two different subunits
could be co-assembled in this way; not the least, the method
allowed for the first time to monitor HBY CLP formation,
and disassembly, by the sensitive FRET technique.

Several lines of evidence support the formation of true mo-
saic-CLPs. Co-assembly of HBc1-149_H6 with the assembly-
competent HBcl-149c/el-eGFP_H6 gave rise to particles .
which displayed an intermediate electrophoretic mobility on
native agarose gels. A fusion of eGFP to the C terminus of
the core protein assembly domain formed essentially no sta-
ble CLPs on its own but did so upon co-assembly with
HBc1-149_H6, fully consistent with reduced luminal crowd-
ing. Hence the co-assembly approach with wild-type core
protein enables particle formation for fusions that are too
bulky to assemble into closed shells on their own, and heter-
ologous proteins considerably larger than the 238 aa GFP
should be amenable to presentation on, or packaging into,
HBV CLPs.

The co-assembly data for fusions with mCFP and mYFP
demonstrate the feasibility of generating CLPs containing
two, and probably more, different heterologous domains per
particle. In particular, they provide a novel means for spectro-
scopic analyses of HBV capsid assembly and disassembly. Our
data clearly confirm mosaic CLP formation by the unique
FRET signal observed for co-assembled but not mixed CLPs,
Moreover, the intensity of the FRET signal strongly suggests
a mCFP to mYFP distance close to the Foerster radius for this
FRET pair, congruent with a random distribution of the differ-
ently labeled subunits on the particles. Mosaic CLPs containing
these, or other suitable chromophores, should therefore become
valuable tools to quantitatively assess HBV nucleocapsid assem-
bly and disassembly but also to screen for capsid-targeting
antivirals such as the recently described heteroarylpyrimidines
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[28]. Finally, using core proteins containing the arginine-rich C
terminal domain the approach may be adapted for the in-vitro
encapsidation of selected nucleic acids.
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Hepatitis B virus capsid-like particles (CLPs), icosahedral assem-
blies formed by 90 or 120 core protein dimers, hold promise as
immune-enhancing vaccine carriers for heterologous antigens.
Insertions into the immunodominant c/el B cell epitope, a surface-
exposed loop, are especially immunogenic. However, display of

- whole proteins, desirable to induce multispecific and possibly neu-
tralizing antibody responses, can be restrained by an unsuitable
structure of the foreign protein and by its propensity to undergo
homomeric interactions. Here we analyzed CLP formation by core
fusions with two distinct variants of the dimeric outer surface
lipoprotein C (OspC) of the Lyme disease agent Borrelia burgdor-
feri. Although the topology of the termini in the OspC dimer does
not match that of the insertion sites in the carrier dimer, both
fusions, coreOspC, and coreOspC,, efficiently formed stahle CLPs.
Electron cryomicroscopy clearly revealed the surface disposition of
the OspC domains, possibly with OspC dimerization occurring
across different core protein dimers. In mice, both CLP prepara-
tions induced high-titered antibody responses against the homolo-
gous OspC variant, but with substantial cross-reactivity against the
other variant. Importantly, both conferred protection to mice chal-
lenged with B. burgdorferi. These data show the principal applica-
bility of hepatitis B virus CLPs for the display of dimeric proteins,
demonstrate the presence in OspC of hitherto uncharacterized
epitopes, and suggest that OspC, despite its genetic variability, may
be a valid vaccine candidate.

The icosahedral nucleocapsid of hepatitis B virus (HBV)? is formed by
multiple dimeric copies of the 183-residue core protein. The particle,
serologically termed hepatitis B core antigen (HBcAg), is exceptionally
immunogenic and can act as a T cell-dependent and as a T cell-inde-
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pendent antigen (1), most likely due to the repetitive presentation of the
epitopes on its surface (2). This property, shared by some other viral
particles (3), has been exploited to design recombinant HBV capsid-like
particles (CLPs) as an immune-enhancing carrier for heterologous pep-
tides (reviewed in-Refs. 4, 5) and recently for whole chain polypeptides
(6-9). Fusions into the most exposed region on the capsid surface (10—
12), encompassing the immunodominant c/el B cell epitope of HBcAg
(13), are particularly immunogenic for B cells. However, the need to
conserve the particulate structure for high immunogenicity together
with the central location in the primary sequence of the c/el epitope
imposes restraints on the nature of the heterologous sequence that can
be inserted.

The core protein consists of an N-terminal assembly domain encom-
passing the first ~140 aa (14, 15) and an Arg-rich C-terminal nucleic
acid binding domain (16, 17). The structure of HBV CLPs is known from
electron cryomicroscopy (10, 18-21) and x-ray crystallography (22).
The capsids occur in two size classes (triangulation numbers T 3and T
4) consisting of 90 and 120, respectively, core protein dimers (Fig. 14).
Dimerization involves a four-helix bundle to which each monomer con-
tributes two long antiparallel a-helices (a3 and «4) (22); these bundles
protrude as spikes from the capsid surface, with the c/el epitope at their
tips (11, 12, 23).

Thec/el loop lends itself as an insertion site; however, both the Nand
C termini of an insert must fit to the geometry of the core acceptor sites
(Fig. 1B), a requirement not easily be met by many natively folded pro-
teins. In the green fluorescent protein (GFP), the first complete protein
displayed on HBcAg CLPs (6), the N and C termini are closely juxta-
posed (24). By contrast, the termini of the outer surface protein A
(OspA) of the Lyme disease agent Borrelia burgdorferi (see below) are at
opposite ends of the elongated structure (25), such that generation of a
multimerization-competent fusion required very long connecting link-
ers (9). Less obvious but equally critical is the propensity of a candidate
insert to undergo homormeric interactions. Dimerizing and tetrameriz-
ing color variants of GFP, though isostructural to GFP, failed to form
CLPs; the key role of insert quaternary structure was demonstrated by
successful CLP formation when engineered monomeric variants were
used instead (8). However, monomerization may involve the exchange
of many amino acids (e.g 33 in the case of the monomeric red fluores-
cent protein) (26) and thus not be suited for a protein to be used as a
vaccine. Here we explored the possibility of generating HBcAg CLPs
displaying a naturally dimeric whole protein antigen.

The outer surface protein C (OspC) of B. burgdorferi appeared as an
ideal model insert. OspCs are ~210 aa in length, including an 18-aa

Suppiemental Material can be found at:
http /A j ! ‘cgi‘content/ful/M513571200/
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) FIGURE 1.Structural aspects. A, three-dimensional structures of OspC and core protein. Both proteins dimerize through formation of four-helix bundles; the involved helices (a1 and
{Q a5 inOspCand a3 and 4 in the core protein) are shown as ribbons, the remaining sequences as a backbone trace. Upward pointing helices are drawn in green, downward pointing
\\%S helices in red. Residues differing between OspC, and OspC,, are highlighted in the OspC monomer (top left) by space-filled representations. B-D, schematic representation of the
& topology of the termini of the OspC dimer and the acceptor sites in the core protein dimer. Helix a3 of the core protein must be fused to a1 of OspC and a5 of OspC to a4 of the core
‘§ protein. B, the helices of the four-helix bundles are represented by straight cylinders with their directions indicated by arrows. C and D, close-ups of the connection sites. If arranged
N as in panel C, the termini of OspC dimer subunits a and b do not match to those of core dimer subunits a’ and b. D, the ends of OspC subunit afit to those of core subunit b, but OspC
“\\\\ subunit bwould be dislodged. Possible outcomes include that (i) OspC dimerization prevents core dimerization and particle assembly, (ii) core dimerizes and assembles but prevents
\S\\: OspC dimerization, (iii) both proteins dimerize. This would require massive distortion of the connecting sequences such that in panel D OspC subunit b would fit to core subunit a.
‘§\\\~ Alternatively, OspC subunit b could be contributed by a neighboring fusion protein dimer in the particle.
N
N signal peptide, cleavage of which exposes an N-terminal Cys residue for  capacity of a given vaccine formulation to induce neutralizing antibod-

subsequent lipidation. The solved structures of three OspC variants (27,  ies, which play the major role in clearing infection (39). For instance, a

&\:
§ 28) revealed, for the aa’sequence encompassing ~positions 40-200,a  recombinant glutathione S-transferase, OspC fusion protein (recGST-
N common mushroom-shaped dimeric structure with each monomer  OspC), but not the same OspC protein after removal of the GST part

X contributing half the stalk and half the head (Fig. 14) and with all four  (rec-OspC), induced antibodies with prophylactic, and upon passive
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termini protruding from the foot of the stalk at the start and the end,
respectively, of long helices (a1 and «5). Though reminiscent of the four
acceptor sites in the core protein dimer, the topology of the termini in
the two dimers is different (Fig. 1, B and C). Hence, within one fusion
'pmtein dimer either the core parts or the OspC parts, but not both,
could interact as in the unfused proteins. Successful CLP formation
ould therefore require substantial flexibility in either the carrier or the
“=insert or not be possible at all.

Second, OspC is of medical interest as a major surface antigen of
Lyme disease-causing Borreliae. Lyme borreliosis, the most common
vector-borne disease in Eutope and the United States (for reviews see
Refs. 29 -31), is a progressive inflammatory disorder with dermal, car-
diac, musculoskeletal, and neurological manifestations. It is transmitted
to humans by Ixodes ticks from animals, mostly rodents, infected with
various strains.of three species of Borrelia, in the U.S. mainly by B.
burgdorferi sensu stricto and in Europe by B. afzelii and B. garinii as well.
Of the various outer surface proteins, OspA probably mediates coloni-
zation of the tick gut (32), whereas OspC is crucial for infection of the
mammalian host (33). Hence, despite the substantial inter-strain and
intra-strain variability of OspC (34 ~36), which has questioned its use-
fulness as a vaccine, the different OspC variants might have common
interaction partners, eg. the immunosuppressive Salp15 protein from
tick saliva (37, 38), and consequently shared epitopes. Importantly,
mouse models of Lyme disease are established that allow us to assess the
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transfer but notactive immunization, also therapeutic potential (40, 41).

Here we generated fusions of the HBV core protein with two variants
of OspC, termed OspC, and OspC, that according to molecular mod-
eling form the typical mushroom-like dimer structures but differ at 15
surface-exposed aa positions (Figs. 14 and 2B). We addressed their
ability to form CLPs, looked into the structural consequences of the
nonmatching dimeric insert structure by electron microscopy and
image reconstruction, and monitored their immunogenicity and pro-
tective potential in the mouse model.

EXPERIMENTAL PROCEDURES

Plasmids—The parental expression vector pET28a2-HBc149_Hé
encodes the HBV core protein from aa 1 to 149 with a C-terminal His,
tag; in the context of similar fusions with color variants of GFP the tag
increased the assembly efficiency (8). The genes for OspC, and OspC,,
were isolated from a single B. burgdorferi ZS7-infected tick and cloned
into the pGEX vector.® The GST fusion protein encoded by pGEX-
OspC,, tecGST-OspC,, served as control antigen in the immunization
experiments; recombinant OspC,, without the GST part was obtained
by thrombin cleavage (41). Using PCR primers OspC(+) GGAGCTC-
GAG.GAT gga.ggg.gat.ggtacc GGA.AAAGAT.GGGAAT.GCA and

3 R. Wallich, T. Stehle, C. Brenner, A, Siebers, L. Gern, and M. Simon, unpublished data.
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OspC(—), complementary to GTG.GCA.GAAAGT.CCA. AAA.AAA.-
CCT.ggt.ggc. TCT.AGA.GTGTG (codons separated by dots, Xhol and
Xbal cloning sites in underlined italics; linker codons Gly,-Thr, and
Gly, in lowercase), the genes for OspC, and OspC,,, starting with codon
Gly-23 and ending with the authentic C-terminal codon for Pro-211 (Gly-5
to Pro-193 in the mature protein) were amplified from the pGEX vectors
and cloned into the parental HBcAg vector such that Pro-79 and Ala-80
were replaced (Fig. 2A4). The new vectors were termed pET28a2-
c149_OspC, H6 and pET28a2-c149_OspC,, Hé.

Fusion Protein Expression and Purification—The pET vectors were
transformed into Escherichia coli BL21<DE> Codonplus RIL cells
(Stratagene). Fusion protein expression was induced by isopropyl-1-
thio-B-D-galactopyranoside addition, and after shaking for 10 h at room
temperature the cultures were harvested and cleared lysates were pre-
pared as previously described (8). To enrich for particles, the lysates
were sedimented through 10 —60% sucrose step gradients (8). Aliquots
from the gradient fractions were analyzed by SDS-PAGE using the Lae-
mmli buffer system. Proteins were stained by Coomassie Blue, or the
fusion proteins'were detected by Western blotting using a monoclonal
antibody (mAb) against HBcAg (mAb158, recognizing a linear epitope
around aa 130 of the core protein) (42) or a mAb against OspC (LA97.1)
(43). According to densitometric scanning of the Coomassie Blue-
stained gel lanes, the fusion proteins in the center gradient fractions
amounted to more than 90% of the total protein present, which was
sufficiently pure for electron microscopy. For immunizations, the prep-
arations were dialyzed (Slide-a-lyzer cassettes, 30-kDa molecular mass
cutoff; Pierce), concéntrated (Amicon Ultra devices, 30-kDa cutoff; Mil-
... lipore), and subjected to a second round of sucrose gradient sedimen-

.~ lation. The center gradient fractions were pooled, dialyzed against
"~ phosphate-buffered saline (PBS), and concentrated to ~0.75 mg/ml;
purity as estimated by densitometric scanning was ~949%.
_ Electron Cryomicroscopy and Image Reconstruction—Samples were
. trozen as described (44). Micrographs were taken under low dose con-
" " ditionsata nominal magnification of 52,000 at a Philips CM 120 Biotwin
operating at 100 kV and equipped with a LaB6 filament. For cryomicros-
copy a Gatan cryoholder maintaining a temperature of 94 K was used.
Micrographs were recorded on Kodak SO 163 film and scanned with a
Zeiss Scai scanner with a step size of 21 wm/pixel corresponding to 4 A
at specimen level. From 5 micrographs a total of 407 small particle
images were selected. Image processing was done with the IMAGIC 5
'software package (45, 46). For two-dimensional reconstructions, single
particle images were normalized in their gray value distribution,
wverted in contrast, and centered by translational alignment to a rota-
~*. tionally averaged sum of all particles. Each particle was rotated by incre-
ments of 45° (0—-315°}, and the rotated particles were added to the data
set enabling comparison. For accessing the local organization of OspCa
segment of the outer rim of the particles (140 by 150 A, including the
edge of the HBc core shell and the peripheral density of the OspC layer)
was analyzed where OspC is seen in side view projection and, due to the
curvature, overlaps only a little with other features. The variation in
density distribution in this segment was analyzed by multivariate statis-
tical analysis, and particles were grouped according to their similarity.
Particles in the same group were averaged, showing side view projec-
tions of OspC bound to the spikes. A three-dimensional icosahedral
reconstruction approach is described in the supplemental material.
Immunization of Mice—For generation of immune sera (IS), four
adult female BALB/c mice (H-2d; bred under specific pathogen-free
conditions at the Max-Planck-Institut fiir Immunbiologie, Freiburg,
Germany) per construct were repeatedly immunized into the base of the
tail with initially 30 ug and subsequently 10 g of the respective recom-
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binant proteins (coreQOspC,, coreOspy, and recGST-OspC,) in the pres-
ence of 100 pl of MPL-TDM adjuvant (composed of moiiophosphoryl
Lipid A and synthetic trehalose dicorynomycolate; Sigma) and bled on
the indicated days post-immunization. As control, IS was generated
against wild-type core protein 1-149 following the same protocol. Prior
to further analyses, the IS from each group of animals immunized with
the same construct were pooled. OspC- and core protein-specific Ab in
IS were quantified by a solid-phase ELISA as described (43) using 1
wg/ml of either recombinant OspC,, or wild-type core protein 1-149
CLPs as substrate and mAb 97.1 or the core-specific mAb 312 (42) as
reference antibodies. Western blot analysis using recGST-OspC,, as
antigen (250 ng/lane) was done as described (47). Pooled preimmune
sera from the same animals served as negative controls.

Disease Model and Protection Experiments—Pools of IS to be used in
protection experiments were collected from immunized BALB/c mice
(groups of 3—4 mice) every 7—10 days for up to 93 days post-immuni-
zation starting after the third challenge. For passive immunization,
three C.B-17 SCID mice (bred under specific pathogen-free conditions)
were injected intraperitoneally with IS containing the equivalent of 10
pg of antibody specific for the individual recombinant protein or with
the OspA-specific mAb LA-2 (5 pg/mouse) (43) and challenged exper-
imentally (subcutaneously) with 10° spirochetes (strain ZS7>) /mouse 2 h
later. Control mice received either anti-wild-type core IS (30 ug of spe-
cific antibody), normal mouse serum, or PBS (300 ul each). Develop-
ment of clinical arthritis in the tibiotarsal joints was monitored in the
right and left tibiotarsal joint and scored under double-blind conditions
(40). Testing for the outgrowth of viable spirochetes from cultured ear
biopsies was done on day 42 post inoculation as described (41).

RESULTS

Generation of and Efficient CLP Formation by CoreOspC, and
CoreQOspC,, Fusion Proteins—As carrier we used a HBV core protein
truncated after aa 149 with a C-terminal Hisq tag that efficiently forms
CLPs in E. coli (48). The inserts (Fig. 2) encompassed the nearly full-
length mature proteins from aa residues 23 to 211 of OspC, and OspC,..
In the OspC crystal structures, residues preceding aa 40 and following
aa 204 were not resolved (27, 28), suggesting these sequences are flexi-
ble; therefore, only short flanking linkers were added (G, T and G,).

Both the OspC, and the OspC, fusions were well expressed and
largely soluble. Upon sedimentation in sucrose gradients of the cleared
bacterial lysates, both proteins formed a sharp peak in the center of the
gradient (shown in Fig. 3A for coreOspC,), as is typical for ordered
HBcAg CLPs (8). A band of identical mobility was detected by immuno-
blotting using an anti-HBcAg mAb (Fig. 34) as well as an anti-OspC mAb
(not shown). Direct confirmation of efficient CLP formation was obtained
by negative staining electron microscopy (EM) that revealed abundant par-
ticles exhibiting, compared with wild-type CLPs, a rough surface that on
some particles appeared to consist of distinct spikes (Fig. 3B).

Structural Analysis of CoreOspC,, CLPs—For a more detailed analy-
sis, the coreOspC, sample was subjected to electron cryomicroscopy
(cryo-EM) and image processing. Cryoelectron micrographs confirmed
the presence of abundant spherical, though sometimes distorted, shells
of different size classes (Fig. 44). Compared with CLPs from unmodified
His-tagged core protein 1-149, the fraction of small particles was sub-
stantially increased, as was also found for other, including smaller, c/el
insertions (49). All showed distinct, large, outward protruding spikes,
indicating that the OspC domains are indeed surface exposed.

For an approximate comparison of the size of the outer spikes with
the expected dimensions of OspC, a two-dimensional image-processing
approach was used. Particle images were centered, and then segments of
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the coreOspC fusion proteins. The carrier part,
HBc1-149_H6, encompasses the assembly domain
of the core protein, with the C-terminal basic r
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domain (clusters of Arg residues symbolized by +
signs) replaced by aHis, tag. Amino acids Pro-79and

Ala-80 were replaced by OspC, or OspGC,, starting

with aa Gly-23 and ending with Pro-211 (Gly-5 and

Pro-193 in the mature protein), flanked by G, T and -
G, linkers. B, sequence compatison between OspC,
and OspC,, The 18-aa signal peptide is omitted.
Numbering starts with the lipidated cysteine Cys-19.
The complete sequence is that of OspC,; residues
exchanged in OspC,, are indicated in the fine below.
The known three-dimensional structures (27, 28)
encompass residues Pro-40to Pro-202. Helices a1 to
a5 are indicated by bars; the bracketed region
denoted foop 5 contains recently identified type-
specific linear epitopes (36).
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the outer rim showing the outer densities in side view were compared.
Particles with similar peripheral density distributions were grouped,
and those within one group were averaged. The corresponding projec-
tions from several such groups are shown in Fig. 4B. All displayed reg-
ularly arranged densities at the positions expected for the core dimers
constituting the inner shell, plus elongated and slightly kinked outward
reaching protrusions. The largest of these protrusions were on average
~6.5 nm long and ~4 nm wide, in good agreement with the dimensions
of an OspC dimer (~6.2 by 4.2 nm when viewed from the broadside);
others had a similar length but appeared narrower. This would be com-
patible with edgewise-viewed OspC dimers or with monomers(Fig. 4C).

Obtaining three-dimensional icosahedral reconstructions was ham-
pered by the variability in the arrangement of the OspC layer between
individual particles and by difficulty in accurately assigning particle ori-
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\\ \’ FIGURE 3. Expression of and CLP formation by the coreOspC fusion proteins. A, sucrose gradient sedimentation. Aliquots from fractions (top, fraction 1; bottom, fraction 14) of a

§ gl sucrose gradient loaded with cleared bacterial lysate containing the coreOspC, fusion protein were analyzed by SDS-PAGE. The fusion protein (arrow) accumulated in fractions 7-10;

N separate gel was used for immunoblotting with a mAb against the core protein (bottom panel). For immunization, the pooled fractions 7 to 10 were concentrated and resubjected

‘5 gradient sedimentation. 10 and 3 ul of this material were analyzed by SDS-PAGE (right panel). B, electron microscopy. Negative staining EM of coreOspC, (top) and coreOspC,,

(bottom) as obtained from the first sucrose gradient revealed abundant particles with a much more elaborate surface structure than seen with CLPs from the unmodified carrier
protein HBc1-149H6 (imiddle). Arrows point to CLPs with well visible surface protrusions.

entations. Nonetheless, a plausible model could be derived by combin-
ing a reconstruction based on a known reference map of wild-type T 3
particles that emphasizes the inner core shell with a single particle-
based reconstruction emphasizing the outer OspC shell (see supple-
mental Fig. S1 and legend). Although little detail of the core dimer spikes
was visible, indicating that the model is of limited accuracy, it strongly
suggests that the packing of the core dimers and the location of the spikes in
the inner shell are comparable with wild-type CLPs. Furthermore, because
the OspC densities were not centered above the core dimer spikes (supple-
mental Fig. 52), OspC dimerization is unlikely to occur between the two
OspC moieties present on one core dimer. The data are, however, compat-
ible with dimerization between OspCs present on neighboring core dimers.
Irrespective of how the OspC moieties are arranged in detail, these data
provide strong evidence for the ability of the HBcAg carrier to accommo-
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FIGURE 4. Cryo-EM analysis of coreOspC, CLPs. A, cryoelectron micrographs. A sample of the gradient-enriched coreOspC, CLPs was visualized under near-native conditions in

| vitrified ice. Note the corona of extended spikes around each particle that is absent from the wild-type HBc1-149H6 CLPs shown below. B, two-dimensional image reconstructions.

Images from individual CLPs were centered and grouped according to congruent peripheral density features. Averaged projections from representative groups are shown. Light
shading comesponds to high electron density. C, correlation of density features with atomic models of the OspC and core dimer. In the projection from the lower right section in pane/
B, distinct density features in the inner and outer shell are outlined. The models in the upper panel are depicted at approximately the same scale. The dimers are shown once viewed
versus their narrow and once versus their broad side together with their approximate dimensions.

date the insertion of a dimerization-competent whole protein antigen and
to present it on an intact CLP surface.
Immunological Characterization of CoreOspC,, and CoreOspC, CLPs—
'Next, coreOspC, and coreQOspCb,, were compatred with recGST-OspC, in
. their potential to induce specific antibodies (Ab) in BALB/c mice. When

“tested at day 7 after the first immunization, 1S from recipients immunized

. with coreQspC, and coreQOspC,, but not with recGST-OspC,, contained

..specific Ab as revealed by Western blot analysis using recGST-OspC,, as

target (Fig. 5A4). Atday 15 following the second challenge with antigen, all
three IS contained specific Ab (Fig. 54). For semiquantitation of OspC-
and core-specific Ab, IS were taken at different time points following
repeated immunization and analyzed by ELISA using either rec-OspC,,
(lacking the GST part) or wild-type HBcAg as target protein (Fig. 5B).
ELISA readings were related to those obtained with known amounts of
mAbs against OspC and core. Assuming the same average affinity for
the polyclonal antibody pools in the IS and the mAbs, IS to coreOspC,,
contained high titers (up to 450 ug/ml) of OspC-specific antibodies,
~hich peaked after three immunizations and then declined but again

= increased after a further antigen challenge. Similar kinetics of OspC Ab

were seen with IS to coreOspC, and recGST-OspC,, though at ~5-fold
lower levels. Yet the Ab levels in IS to coreOspC, were still as high as
those in [S to recGST-OspC,, although the test antigen was OspC,, As
expected, Ab to HBcAg were seen only in IS of mice immunized with the
core fusions, however at titers much lower compared with OspC Ab
(Fig. 5B).

For a more detailed analysis of the respective IS, 2-fold serial dilutions
obtained after the fourth immunization were tested by ELISA using
either coreQspC,, coreQspC,, or rec-OspC, as targets (Fig. 5C). All
three antigen preparations were recognized by the OspC-specific mAb
LA97.1 (43), confirming the expression of authentic epitopes in the two
coreQspC fusion proteins. When comparing IS to coreQOspC, and
coreQspC,,, higher Ab titers (~4~15-fold) were always found when
tested on the homologous OspC antigen, yet the response to the other
OspC type was still substantial, indicating the existence of both distinct
and common epitopes. In addition, titers of OspC Abin IS to coreQspC,,
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exceeded those in IS to recGST-OspC, by up to 8-fold when tested on
either of the three antigen preparations;demonstrating a prominent
adjuvant activity of the CLP carrier. _

Passive Immunization with CoreOspC, and CoreQspC, Immune Sera
Protects against Challenge with B. burgdorferi—In light of the previous
findings that recGST-OspC,, can confer active and passive protection
against the homologous B. burgdorferi strain in both immunocompe-
tent and immunodeficient mice (40, 41) IS to coreOspC,, coreOspC,,,
and recGST-OspC,, were analyzed for neutralizing Ab in vivo. Accord-
ingly, IS were passively transferred to C.B-17 SCID mice, known to
develop chronic B. burgdorferi infection and disease, including arthritis
and carditis (50), and the course of infection and disease (clinical arthri-
tis) was monitored following challenge with the pathogen. The estab-
lished neutralizing anti-OspA mAb LA-2 served as positive control (51),
while IS to the core protein only, normal mouse serum, and PBS were
used as negative controls. As shown in Table 1, transfer of IS to either
coreQspC,, coreOspC,, or recGST-OspCy, into C.B-17 SCID mice (3 mice/
group) 2 h prior to challenge led to complete protection against infection, as
monitored by reculturing of spirochetes from ear biopsies, and disease
(development of clinical arthritis) except in one coreOspC,, IS-treated ani-
mal. In comparison, 3/3 mice pretreated with LA-2 but none of the mice
pretreated with either IS to the core protein only, normal mouse serum, or
PBS was protected against infection and disease.

DISCUSSION

The immune-enhancing property of HBV CLPs presenting short het-
erologous peptides or other small molecules is well established (4, 5,52).
Surface display of whole protein antigens, desirable for a vaccine
addressing multiple epitopes and therefore less vulnerable to genetic
variability, is structurally much more demanding, and as yet only few
protein-chemical and immunological data are available (69, 48). The
present study demonstrates that two distinct variants of a complex
dimeric lipoprotein of B. burgdorferi, OspC, and OspC,, can success-
fully be presented on such CLPs; that the OspC polypeptide chains are
exposed on the particle surface, possibly in a patchwork of OspC dimers
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4 coreOspt

FIGURE 5. Immunological characterization of
immune sera induced by coreOspC, and
coreOspC, CLPs. A, immunoblot. The ability of IS
induced by the coreOspC preparations, or the
recGST-OspC,, fusion, to recognize recGST-OspC,,
was tested on day 7 after the first and on day 4
after the second immunization; the OspC-specific
mAb LA 97.1 served as positive control. No signal
was observed with preimmune sera (strip labeled
pre-immune). B, kinetics of OspC- and core-specific
antibody induction. ELISA plates were coated with
either rec-OspC,, (top) or wild-type core protein
(bottom) and incubated with the indicated IS.
ELISA readings were normalized using known
amounts of OspC- (mAb LA97.1) or core-specific
(mAb 312} antibody. Assuming comparable affin-
ities, values from the IS samples are given as
wg/ml of OspC- or core-specific antibody. Note
the different scales for the OspC- versus the core-
specific response. C, specificity and cross-reactiv-
ity of IS against the homologous and heterolo-
gous OspC antigens. ELISA plates were coated
with the indicated antigen, and binding of the dif-

piimi Ospl spocific Ab .

ferent 1S and mAb LA97.1 was monitored using
2-fold difution series; the first dilution was 10-fold
for the IS and 70-fold for LA97.1 (100 ng/well). The
y-axis shows the absorbance at 405 nm. In panels A
and C, OspC, and OspC,, are abbreviated as OC,,
and OC,,

ugiss cors specific Ab

o coreOsply

days post 1st imnunization

across different carrier dimers; that these CLPs are highly immunogenic
in mice, inducing IS that are specific for their cognate OspC but cross-
reactive with the other; and that both IS are able to passively protect
mice from experimental challenge with B. burgdorferi.

Structural Implications—Both the HBV core protein dimer (22) and
the OspC dimer (27, 28, 53) are stabilized through large, mostly hydro-

~ phobic interfaces, keeping the constituent monomers in a defined

arrangement. Because of the non-matching topology of the termini to
be joined in the fusion protein (Fig. 1, B and C), it was possible that the
dimerization tendency of one of the partners overrides that of the other,
such that no regular particles would form. However, both coreQspC
{usions efliciently formed particles, as demonstrated by the absence of
non-assembled fusion protein in the gradients and by the abundant
presence of particles upon EM inspection (Fig. 3). Furthermore, the
solubitity of the fusion proteins argues for proper OspC folding and
dimerization because solvent exposure of the hydrophobic dimer inter-
face would probably lead to aggregation. It is likely therefore that both
partners, despite the non-matching topology, were able to dimerize.
Surface exposure of the OspC chains was clearly corroborated by
cryoelectron microscopy (Fig. 44) showing the CLPs as spheres of wild-
type-like appearance but surrounded by a corona of prominent out-
ward-pointing spikes. Two-dimensional image reconstructions (Fig,
4B) showed that the protrusions had approximately the length of 6.5 nm

JUNE 23, 2006+ VOLUME 281+NUMBER 25
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expected for OspC; the width varied between ~3 and 4 nm, with the
latter corresponding to that of an OspC dimer viewed toward its broad-
side. The smaller values are compatible with both an edgewise-viewed
dimer or a monomer. The original micrographs and the two-dimen-
sional reconstructions indicated that the OspC domains are not rigidly
fixed at topologically equivalent positions, similar to what was seen with
CLPs displaying GFP flanked by long connecting linkers (6) or a 120-aa
segment of a hantavirus nucleocapsid protein (7). The terminal OspC
sequences flanking the structured part would provide forsufficient flex-
ibility such that each OspC domain can occupy alternative positions at
the CLP surface. The partial disorder in the OspC layer and possible
deviations from strict icosahedral symmetry plus the difficult assign-
ment of the exact particle orientations complicated a three-dimensional
icosahedral image reconstruction. By combining an inner shell-biased
reconstruction with another one based on a single particle approach
emphasizing the outer OspC densities, we arrived at a model that
allowed us to locate the approximate positions of the core dimer spikes
of the inner shell (supplemental Fig. S1). Notably, except for weak den-
sities above the 2-fold axes, no evidence for an accumulation of OspC
densities directly above the core dimer spikes was seen as would be
expected if the corresponding two OspC chains had dimerized. Instead,
~300 rather than 180 OspC-related densities (60 dimer-like densities
each around the 5-fold and 3-fold axes, plus two OspC monomet-like
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Prophylactic effect of different immune sera specific for OspC on B.burgdorferi ZS7 infection in C.B-17 SCID mice

Clinical arthritis®

18 specifity” Mouse Recultivation®
8 15 22 28 46 69 81
Number days p.i.
mAb LA2 1 - - - - - - - -
2 —_ — - _— _ —_ —_ -
recGST-OspC, 1 - - - - - - - -
2 - - — . _ - —_ -
3 — —_ —_ — — — -— —
CoreOspC, 1 - - - - - - - -
2 — - - — —_ — —_ —
3 —_ — - — - - — —
CoreQOspC,, 1 - - - - - - - -
2 - — - - - - - -
3 - (=)= +/+ ++/+ +H/++ +4/++ ++/++ +
Wild-type core 1 - (B)(x) +/* ++/+ ++/++ ++/++ ++/++ ND“
2 - */x ++/+ +4+/++ +4/++ ++/ + 4+ + ND
3 - (=M (x) +/+ ++/++ ++/++ +t+/++ ++/++ ND
Normal serum 1 - (£)(x) +/+ ++/4+ +4+/++ ++/++ 44+ + +
2 - () ++/+ ++/+ ++/++ +4/++ ++/++ +
3 - */(:x) ++/+ +4/++ +4+/++ ++/++ ++/+4 +
PBS 1 - x/- *x +/+ +4+/++ +A/++ ++/++ ND
2 - * /(%) +/+ ++/+ ++/++ ++/++ ++/++ ND
3 - (2)(*) ++ {4+ +4+/++ + A ++ /4t + A4+ ND

“ Mice were given either 5 pg of mAb LA2 or the equivalent of 10 pg of recOspC,-, coreOspC,-, coreOspCy,- or 25 ug of wild-type core-specific antibodies or 300 pl of BALB/c
normal mouse serum or 300 pl of PBS, intraperitoneally, 2 h before B. hurgdorferi ZS7 infection (10* spirochetes/mouse).

b Scoring of arthritis symptoms for left and right tibiotarsal joint:—, none; (£), reddening without swelling; *, mild; -+, moderately severe; + +, severe swelling,

¢ Recultivation of B. burgdorferi ZS7 from ear biopsy was done on day 42 post inoculation.

4 ND, not done.

densities per each of the 30 2-fold axes) were observed, with approxi-

_ mately half the density as that in the inner shell. Hence these densities

likely reflect averaged probability volumes for OspC; in an individual
real particle only about half of the densities would be occupied (supple-
mental Fig. S2).

A plausible model compatible with all the data, including the solubil-
ity of the CLPs that likely would be compromised by a significant pot-
tion of monomeric OspC moieties, is that OspC dimerization occurs
‘between OspC chains from different, neighboring core dimers. The N
atom of Pro-79 of the core protein is roughly at the center of the OspC
insertion site. The distance to the Pro-79 N atom within the same core
dimer is 10.9 A, and that to the closer of the two Pro-79 N atoms in a
neighboring core dimer is 43.7 A. Assuming that in an extended con-
formation each aa residue contributes close to 3 A in length, spanning
that distance requires ~15 residues total. The N-terminal connector
sequence between core and OspC consists of 5 linker aa plus 19 OspC
residues not ordered in the x-ray structure; at the C-terminal junction,
there are 16 non-ordered OspC residues plus 2 extra glycines. Hence

- two OspC chains could well meet halfway between neighboring core

dimers. The presence of two closest neighbors for each of the 90 core
protein dimers per T 3 particle allows for an enormous number of pos-
sible inter-core-dimer QspC dimers, such that each single CLP could
have a unique OspC-dimer pattern. Regardless of how exactly the OspC
chains are arranged, the important conclusion for the use of HBcAg as
carrier for foreign protein antigens is that even a dimerization-compe-
tent protein with non-matching topology of its termini can successfully
be presented on HBcAg CLPs.

Enhanced OspC Type-specific yet Cross-reactive Immunogenicity of

CoreOspC CLPs—Previous studies demonstrated that CLPs displaying
truncated or full-length protein antigens, including a Hantavirus N pro-
tein segment (7) and B. burgdorferi OspA (9), are highly immunogenic
and readily induce Ab to the foreign polypeptide chains. In line with
these results, both coreOspC, and coreQspC, CLPs induced strong
OspC-specific antibody responses in mice and in rabbits (not shown).
The Ab titers obtained with the two CLP preparations signiﬁcan-tly
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exceeded those obtained with recGST-OspC, (Fig. 5 and Refs. 40, 41),
further substantiating the adjuvant potential of the HBV capsid. Fur-
thermore, the Ab levels against the HBcAg carrier were at least one log
lower compared with the QspC-specific responses, a desived feature for
the use of CLPs as vaccine candidates {54, 55) and probably a conse-
quence of breaking up the immunodominant authentic ¢/el epitope by
the insertions.

The anti-coreOspC responses were specific for OspC, and OspCy, in
that the highest antibody titers were always evoked against the homol-
ogous OspC. Hence, whereas nearly all previous work focused on
epitopes in the conserved stalk region (56, 57), this demonstrates the
presence of immunogenic epitopes in the more variable head region of
OspC. These data are fully in line with a very recent study that defined
linear type-specific epitopes in a surface-exposed loop preceding helix
a5 (“loop 57) (36), exactly where OspC, and OspC,, differ most in
sequence (Fig. 2B). According to the typing system used there, the cor-
responding region in OspC, belongs to type B and that in OspC,, to type
Q. However, the anti-coreOspC IS also displayed substantial cross-re-
activity, indicating that the CLP preparations were able to induce a
multispecific response directed against different, namely conserved and
variant, parts of the two displayed antigens, illustrating the distinct
advantage of CL.Ps displaying a whole foreign protein rather than a small
peptide segment.

Most remarkably, both coreOspC-CLP preparations iiiduced protec-
tive Ab that, upon passive transfer, prevented experimental infection
and disease in B. burgdorferi-challenged C.B-17 mice. Given that a dena-
tured OspC, though not of identical sequence and in a different mouse
strain, induced OspC-specific yet non-protective antibodies (58, 59),
the coreQspC CLPs are highly likely to express authentic native OspC
epitopes, a prerequisite for the induction of protective immunity, on
their surface.

The exact nature of the protective OspC epitopes is not clear. The
stalk has been suggested to contain a dominant neutralizing epi&)pe
(60). It is presently unclear how this region, containing the lipid anchor
attaching OspC to the spirochete membrane, induces and is targeted by
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antibodies; similarly, this particular region is buried in the CLPs
between the outer OspC and inner HBcAg shell. One interpretation is
that, despite these steric constraints, antibodies against the conserved
stalk part are formed that are neutralizing, similar to the mAb B5
directed against a conformational epitope in this region (57). However,
it is equally likely that other, more accessible regions on the coreOspC
CLPs contribute to the neutralizing activity.

At any rate, HBV CLPs displaying two OspC variants, which with
respect to their loop 5 epitopes (36) belong to distant OspC types, both
induced protective immunity. This may give rise to cautious optimism
that a coreOspC-based vaccine encompassing a confined number of
OspC variants could protect from infection by more than one strain of
B. burgdorferi.

Acknowledgments—We thank Jolanta Vorreiter, Ida Wingert, and Simone
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Peptide ‘Velcro*: design of a heterodimeric coiled coil

Erin K. O’Shea?, Kevin ). Lumb! and Peter S. Kim{

Howard Hughes Medical Institute, Whitehead Institute for Biomedical Research, tDepartment of Chemistry and Department
of Biology, Massachusetts Institute of Technology, Nine Cambridge Center, Cambridge. Massachusetts 02142, USA.

Background: The leucine zipper is a protein struc-
tural motif involved in the dimerizaion of a number
of transcription factors. We have previoush: shown that
peptides corresponding to the leucine-zipper region
of the Fos and Jun oncoproteins preferentially form
heterodimeric coiled coils, and that simple principles
involving electrostatic interactions are likely to determine
the pairing specificity of coiled coils. A critical test of
these principles is to use them as guidelines to design
peptides with desired properties.

Results: Based on studies of the Fos, Jun and GCN4
leucine zippers, we have designed two peptides that
are predominandy unfolded in isolation but which,
when mixed, associate preferentially to form a stable,
parallel, coiled-coil heterodimer. To favor heterodimer
formation, we chose peptide sequences that would
be predicted to give destabilizing electrostatic interac-
tions in the homodimers that would be relieved in

Current Biology 1993, 3:658-667

Background

Structural and energetic studies of leucine-zipper pep-
tides [1—4] and analyses of coiled-coil sequences [5-8]
.§uggest that simple principles may deterniine the speci-
“fcity of pairing for coiled coils. A critical test of these

2o rinciples is to use them as guidelines in the design of

eptides with desired properties.

One strategy to promote preferential pairing between
wo peptides is to design their sequences so that the
heterodimer has specific stabilizing interactions. For
example, sequences could be designed to pack prefer-
entially at the hydrophobic interface in a heterodimer.
However, attempts to design heterodimeric coiled coils
with leucine-alanine interactions at the dimer interface
did not result in heterodimers that are more stable than
both corresponding homodimers [9].

Sequences that result in favorable electrostatic interac-
tions between the helices in a heterodimer could also
be designed. Circular dichroism (CD) studies of the
leucine zipper of the yeast transcription factor GCN4,

the heterodimer. The peptides have at least a 105-fold
preference for heterodimer formation. and the dissocia-..
tion constant of the heterodimer in phosphate-buffered
saline is approximately 30nM at pH” and 20°C. Stud-
ies of the pH and ionic strength dependence of sua-
bility confirm that heterodimer formation is favored
largely as a result of electrostatic desubilization of the
homodimers.

Conclusions: Our successful design strategy supports
previous conclusions about the mechanism of interac-
tion between the Fos and Jun oncoproteins. These re-
sults have implications for protein design. as they show
that it is possible to design peptides with simple se-
quences that have a very high preference to pair with
one another. Finally, these sequences with Velcro™-like
properties may have practical applications, including use
as an affinity reagent, in lieu of an epitope tag, or as a
way of bringing together two molecules in a cell.

however, suggest that it may be difficult to stabilize a
leucine zipper with interhelical ionic interactions. Stud-
ies of the GCN4 leucine zipper have shown its ther-
mal suability does not depend strongly on pH or jonic
strength (the melting temerature, T, in solution in
PBS is 51°C, 57 °C and 49 °C at pH2,7 and 11, respec:
tively, and the T, is 57°C + 2°C from 15mM to 15M
NaCl at pH7). This suggests that ion paits observed
in the crystal structure of this peptide [3] may not be
significanty stabilizing.

A less obvious strategy to promote heterodimer
formation is illustrated by the Fos/jun leucine-zipper
heterodimer, in which preferential pairing of the Fos
and Jun peptides is driven primarily by the destabi-
lization of the Fos homodimer (1,4]. Unfavorable in-
terhelical electrostatic interactions substantially destabi:
lize the Fos homodimer, thereby favoring heterodimer
formation. We chose to design a heterodimeric coiled
coil consisting of two peptides that would have many
unfavorable interhelical electrostatic interactions in the
homodimeric states.

“Velcro' is a registered trademark of Velcro USA Inc., Mancheste

r. New Hampshire, USA. T Present address: school of Medicin€

Department of Biochemistry and Biophysics, Box 0448, University of California, San francisco, California 94143, USA.
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Results and discussion

Peptide design ,

The coiled-coil structure consists of two right-handed
a-helices wrapped around one another with a slight
left-handed superhelical twist [10~12]). This structural
motif is found in many proteins, including tropo-
myosin, keratn, bacterial surface proteins, leucine-
zipper proteins and mor suppressor gene products
(12-16]. The sequences of coiled-coil proteins con-
sist of heptad repeats, where positions of the hep-
tad are labeled with the letters a~g (5,17]. Analysis
of these sequences has shown that coiled-coil pro-
teins have a characteristic 4-3 hydrophobic repeat,
with hvdrophobic amino acids spaced every four and
then every three residues [5,17]. The hydrophobic
residues occur at positions a and d of the heptad
repeat, whereas residues at positions e and g are
predominantly charged (Fig, 1a).

These sequence preferences were rationalized by
Mclachlan and Stewant [5] with a three-dimensional
model for the coiled coil. Experimental support for this
model is provided by the X-ray structure of the GCN4
leucine-zipper homodimer (3], a two-stranded, paral:
lel coiled coil. The structure of the coiled coil can be
represented as a ladder, in which the helix backbones
are the sides of the ladder and the rungs are comprised
of residues at the dimer interface (Fig. 1a). There are
wo types of rung, each containing four residues, which
alternate along the superhelical axis. One type of rung
consists of residues from positons a, a’, g, g', and the
second type of rung has residues from positions d, d’,
€, €’. Residues at positions e and g can also participate
in interhelical ionic interactions (Fig. 1a).

The stability of homodimers containing residues of like
charge at positions e and g is strongly pH-dependent
[1,4], which can be explained by reference to the crys-
tal structure of the GCN4 leucine zipper [3]. Side-chain
methylene groups of residues at positions e and g
pack against the predominantly hydrophobic residues
ar positions a and d, completing the dimer interface
(Fig. 1b) and bringing together charged groups of side
qhains from opposing subunits (Fig. 1a). Thus, if posi-
tons e and g are occupied bv residues of like charge,
destabilization of the dimer is expected to result from
electrostatic repulsion as well as loss of hydrophobic
contacts.

The two peptides that we have designed differ only
at positions e and g (Fig. 2). Glutamic acid was cho-
sen for these positions in one peptide, designated
5CID~p1, whereus lysine was chosen in a second pep-
tde, designated BASE-pl. The ACID-pl and BASE-pl
homodimers are expected to be destabilized at neutral
PH by unfavorable electrostatic interactions. Leucine
was chosen for positions a and d because it is the
most common amino acid at these positions in coiled-
<oil proteins (6-8] and because Hodges (18,19] and
DeGrado [20] have placed leucine at these positions

(a)

(b)

Fig. 1. Schematic representations of the coiled-coil structure
illustrating the interactions between residues at the dimer inter-
face. (a) The coiled-coil structure can be thought of as a lad-
der with sides formed by the helix backbones and alternating
rungs composed of four residues. A side view of a coiled coil
is shown: the positions of the heptad of one subunit are labeled
with the letters a-g; residues a’~g’ are on the other subunit. One
set of rungs (red) consists of side chains from positions a, 2’, g,
g'. whereas the second set (blue) consists of side chains from po-
sitions d, d'. e, e’ (only a, g', d and €’ are marked). Residues at
positions e and g pack against positions a and d. as well as par-
ticipating in interhelical electrostatic interactions, which are indi-
cated with bridges. For simplicity, the supercoiling of the helices
is not depicted. (b) Schematic cross section through the dimer,
illustrating the interactions between four residues in a rung. The
large circles represent the helical backbone and line segments
represent bonds between carbon atoms. As an example, a rung
consisting of leucine at position d and glutamate at position e
is shown. Residues at positions d and d’ make side-to-side inter-
actions, as in a handshake. Additionally, methylene groups from
residues at the charged positions e and e’ make contacts with the
hydrophobic residues at positions d and d'. These types of inter-
action are also seen in the other type of rung, in which methylene
groups from residues at positions g and g make contacts with
residues at positions a and a’. '

in simple designed homomeric coiled coils. A single
asparagine residue was placed at position a in the sec-
ond hepriad to favor the parallel orientation of helices.
Replacing a hydrophobic residue (at position a) with
an asparagine in a leucine zipper that has little intrinsic
preference for helix orientation results in 1 marked
preference for the parallel orientation (R Rutkowski,
EKO and PSK, unpublished observations).

A polar residue is often found at an a position in the
sequences of leucine-zipper proteins, including GCN+
[21]. In the crystal structure of the GCN+ leucine
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Fig. 2. Helical wheel representation [5,17} of the ACID-p1/BASE-p1
heterodimer. ACID-p1 differs from BASE-p1 only at positions e
nd g where ACID-p1 contains glutamate and BASE-p1 con-
tains lysine. The homodimers of these peptides are expected 10
be destabilized by unfavorable intrahelical and interhelical elec-
trostatic interactions arising from residues at positions e and
g. This destabilization is expected to be relieved in the het-
erodimer. The view shown is from the amino termini, look-
ing down the superhelical axis. The peptide sequences begin
at position b and end at position c¢. The sequence of peptide
ACID-p1 is: Ac-AQLEKELQALEKENAQLEWELQALEKELAQ-NH;;
the sequence of BASE-p1 is Ac—AQLKKKLQALKKKNAQLKWK-
LQALKKKLAQ-NH,.

zipper, in which the helices have a parallel orientation,
an asparagine is part of the dimer interface and forms
a buried hydrogen bond with the corresponding as-
paragine from the opposing subunit [3]. An asparagine
at position a is expected to disfavor an antiparallel ori-
entation of helices, because each asparagine (at posi-
tion a) would be paired with a leucine (position d)
from the opposing subunit. Based on similar reasoning,
an asparagine at position a is expected also to favor
an unstaggered arrangement of the helices [3].

he peptides contain alternating alanine and glutamine
“esxdues at positions b and ¢. Uncharged residues were

QWPesired at these positions in order to avoid substan-

tal electrostatic interactions with adjacent residues at
positions e and g (Fig. 2). In addition, alanine and
glutamine residues promote helix formation [20,22,23]
and the polar glutamine side chain is expected to
increase solubility (24]. Lysine was chosen for the
residues on the outside of the dimer at position f to
increase the solubility of the peptides and to discour-
age aggregation. One residue at position f was chosen
to be a tryptophan in order to facilitate concentration-
determination by absorbance [25}.

The ACID-p1/BASE-p1 heterodimer is helical and stable

CD spectra indicate that the individual ACID-pl and
BASE-p1 peptides are predominantly unfolded at 37°C
and pH 7 in phosphate-buffered saline (PBS) (Fig. 3a).
In contrast, the CD spectrum of an equimolar mixture
of ACID-p1 and BASE-p1 indicates that the mixture is
highly helical (Fig. 3a). This helical structure is stable:
ata heterodimer concentration of S uM, the T, is 65°C

(a) 5r
~ or
~ s
g 10 | :
= R : s ACID-p1
= -20 Y o & BASE-pl
= I s ACID-pl + BASE-p1
251 NS
_30 ” PR B PR | i i PN U S S
200 220 240 260 280 300
nm
(b) 0 N s & a
( . & o o o o £
T e © .
-: -10
E .
& .15 |
-~ . o ACID-p!
'z -0 . a BASE-p
= 5 . o ACID-p1 + BASE-pl
- L]
-30 ) 1 A 4 A L 1 1 —
0 1 2 3 4 5 6 7 8 9
[Urea] (M)

Fig- 3. The ACID-p1 and BASE-p1 peptides show little evidence
of structure in isolation, but when mixed form a stable, hefical
structure. (a) The ACID-p1 and BASE-p1 peptides are predomi-
nantly unfolded in PBS {pH7.0, 37 °C), but a mixture of the pep-
tides forms a highly helical structure characterized by CD min-
ima at 222 nm and 208 nm. (b) The structure of the ACID-p1 plus
BASE-pT1 mixture is stable and undergoes a cooperative unfold-
ing transition with a midpoint at approximately 4.5M urea (PBS,
pH7.0, 37 °C). In contrast, isolated ACID-p? and BASE-p1 peptides
show no evidence for significant folding.

in PBS at pH7. In addition, whereas a urea-induced
unfolding transition is observed for the heterodimer,
the isolated peptides show no evidence for cooperative
unfolding (Fig. 3b). Sedimentation equilibrium stud-
ies of an ACID-p1 plus BASE-pl mixture at 20°C in
PBS, pH 7 indicate definitively that it has the molecular
weight expected for the heterodimer: the observed
molecular weight is 7200D (the expected molecular
weight is 7123 D). Thus, the ACID-p1 and BASE-pl pep-
tides associate preferentiatly and fold as a stable, helical
heterodimer.

The amide proton exchange behavior of the
ACID-p1/BASE-pl heterodimer was characterized by
nuclear magnetic resonance (NMR) spectroscopy. A
coiled-coil dimer with a well-packed hydrophobic core
is expected to have some protons protected from ex-
change by factors approaching the equilibdum con:
stant for folding of the molecule. For example, several
amide protons in a GCN4 leucine-zipper peptide have
protection factors of 105-106, comparable to the equi-
librium constant for folding {26]. In contrast, slowly
exchanging protons in the designed four-helix bundle
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Fig. 4. Several amide protons are protected from exchange by
a 1gctor of at least 104, suggesting that the interface between
hefices in the ACID-p1/BASE-p1 heterodimer has a well-defined
structure. A region of the one-dimensional 'H-NMR spectrum
containing resonances arising from the amide and aromatic pro-
tons is shown. The top spectrum is taken in H,O (0 hours) and
the bottom spectrum is taken 70 hours after the sample was dis-
solved in D,0O (pH4.7, 20°C). The dissociation constant meas-
ured by urea denaturation {see later, Fig. 8a) indicates that a
1M solution of peptide would have a free energy of unfolding
at 20°C, pH7.0 of —10.1kcalmol—*. The concentration depen-
dence of stability is given by AG? = AG + RTIn(c), where AG® is
the standard state free energy and ¢ is the concentration of pep-
tide. Thus, a 3mM peptide solution at 20°C, pH7.0 is expected
to have a free energy of unfolding of —6.7 kcal mol ~1. Because
the stability of the ACID-p1/BASE-p1 heterodimer is independent
of pH from pH7 to pH4.5 (Fig. 5al, the free energy of unfold-
ing under the exchange conditions (pH 4.7, PBS) is estimated to
be —6.7 kcalmol 1, corresponding to an equilibrium constant of
105: At pH 4.7, 20°C the half-time for exchange of an unprotected
amide proton is approximately 0.4 minutes (43]; thus, protons that
2ie half-exchanged after 70 hours have protection factors of 104,

a4 are protected from exchange by factors of only
1034105, compared to the maximum of 1016 expected
from the global stability of the molecule [27,28). These
NMR data and the results of other experiments suggest
that «4-contains fluctuating tertiary structure [28,29].

The global subility of the ACID-p1/BASE-pl het-
ciodimer, under the conditions in which hydrogen ex-
change was studied, is —6.7kcal mol=!t. Thus, the
maximum degree of protection from exchange is ex-
pected to be about 105, At a time when protons that
are protected by a factor of approximately 104 are ex-
pected to be halt-exchanged, twelve amide proton res-
Onances are present in the spectrum (Fig. 4). This sug-
gests strongly that the interfuce betwveen the ACID-pl
and BASE-p1 helices is well-packed {28,29].

Characterization of the disulfide-bonded heterodimer

and homodimers
Our design predicts that the ACID and BASE pep-

tides will fold as parallel, helical dimers but, at practi-
cal peptide concentrations, the ACID-pl and BASE-p1
homodimers are too unstable to study. One way to
stabilize dimeric coiled-coil peptides is to join the pep-
tides with a disulfide-bond linker [1,2,19,30,31]. There-
fore, versions of the ACID and BASE peptides con-
tining an amino-terminal cysteine followed by two
glycines, designated ACID-pIN and BASE-pIN, were
made and studied. The glvcines allow disullide-bond
formation without distortion of the coiled-coil structure
[2]. CD studies demonstrate that the disulfide-bonded
heterodimer and homodimers are greater than 80%
helical at 0°C and that a cooperative thermal unfold-
ing transition is observed for each dimer, indicating
that the ACID and BASE homodimers can fold when
stabilized with a disulfide-bond linker.

To determine if the orientaton of the helices is paral-
lel, the concentration dependence of stability was stud-
ied for each of the disulfide-bonded peptide dimers
[1,2]. A dimer in which the helices are joined in the
preferred orientation is expected to have stability and
structure that is independent of peptide concentration.
Alternatively, a dimer in which the helices are covalentls
linked in the unfavorable odentation is expected to
have concentration-dependent stbiline and structure,
arising from the intermolecular association of dimers.

When the ACID-p1N and BASE-pIN peptides are joined
with a disulfide bond (thar is, with a parallel orienta-
tion), the Ty, of the heterodimer and each homodimer
was found 1o be independent of peptide concentration
from approximately 2.5 to 170 pM (see Fig. 5 legend).
In contrast, when the heterodimer is disulfide-bonded
in the antiparallel orientation (by joining the peptide
ACID-pIN to a BASE peptide that has a carboxy-ter-
minal sequence Gly-Gly—Cys), the CD signal is depen-
dent on peptide concentration, indicating that higher-
order oligomers are formed. In PBS, pH 7.0 containing
2.25 MGUHC! at 0 °C, the [8]55, values of the antiparal-
lel heterodimer change from — 11 100 degem?dmol ~ 1
at 9 pM to —25300degem?dmol ~ ! at 25 uM. Collec-
tively, these results indicate that the folded conforma-
tions of the ACID and BASE heterodimer and homod-
imers are parallel.

Mechanism of specificity
Our design strategy sought to drive heterodimer for-

mation by electrostatic repulsion in the homodimers.
Nonetheless, because the ACID and BASE ‘peptides
contain oppositely charged residues at the e and g
positions of the coiled-coil repeat, it is very plausible
instead that electrostatic attraction between these pep:
tides provides a major driving force for heterodimer
formation.
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fig. 5. The pH-dependence of stability indicates that the ACID
and BASE homodimers are destabilized by unfavorable electro-
static interactions, whereas the net electrostatic contribution
to the stability of the heterodimer is minimal. (a) The stabil-
ity of the heterodimer, measured in the absence of a disul-
fide bond, is relatively independent of pH. (b) in contrast, the
T of the disulfide-bonded ACID-pIN homodimer increases at
low pH and the T, of the disulfide-bonded BASE-pIN homod-
imer increases at high pH. (c) The stability of the disulfide-
bonded ACID-pIN/BASE-pIN heterodimer in 3M GuHCl in-
creases at low pH, suggesting that the heterodimer is some-
what destabilized by acidic residues at neutral pH. in PBS
and at pH7, the T,, values of the disulfide-bonded ACID-pIN/
ACID-pIN, BASE-pTIN/BASE-pIN, and ACID-p1/BASE-p1 dimers
are 212 1°C, 66 + 1°C and > 100°C, respectively, over the
concentration range 2.5-170 pM. Because the disulfide-bonded
ACID-pIN/BASE-pN heterodimer is too stable to denature ther-
mally, the T, of a 2.5 M solution of heterodimer was measured
in PBS containing 3M GuHCl and determined to be 62 = 1°C.

Assuming that one of these mechanisms predominates,
some simple predictions can be made about the pH.
and ionic strength-dependence of stability. If electro-
static destabilization of homodimers is dominant, then
the homodimers will be more stable when the charges

are removed by titration at extremes of pH or when the

ionic strength is increased. In contrast, if electrostatic
attraction between the ACID and BASE peptides in
the heterodimer provides the dominant driving force
for preferential heterodimer formation, then the het-
erodimer will be less stable as charges are removed by
titration at pH extremes (that is. a bell-shaped curve for
the pH dependence of suability would result) and the
stability of the heterodimer should decrease at higher
jonic strength.

The stability of both homodimers in the more sta-
ble disulfide-bonded species is highly dependent on
both pH and ionic strength (Figs 5 and 6). The T
of the ACID-p1N/ACID-p1N homodimer is more than
80 °C higher at acidic pH than at pH7, indicating clearly
that it is destabilized by negatvely charged residues
at neutral pH (Fig. 5b). Similardy, the BASE-p1N/
BASE-pIN homodimer is approximately 20 °C more sta-
ble at basic pH than at pH 7, indicating that it is destabi-
lized at neutral pH by positively charged basic residues.
Both homodimers are stabilized substantially by in-
creasing ionic strength at neutral pH (Fig. 6b), indicat-
ing that they are destabilized by repulsive electrostatic
interactions.

Al neutral pH, the BASE-pIN'BASE-pIN homodimer
is substantially more stable than the ACID-pIN/
ACID-pIN homodimer (Fig. 5b). It is likely that past
of the reason for this difference in stability is the dif-
ference in the length of the side chains of residues
at positions € and g. Whereas ACID-pIN has gluta-
mate, containing two methylene groups, at positions
e and g, BASE-pIN has lysine, which contains four
methylene groups. The longer lysine side chain allows
for more flexibility and better solvation of the termi-
nal charged group. This is supported by studies of
BASE peptides containing the non-natural amino acids
ornithine (ORN-p1; three methvlene groups) or dia-
minobutyric acid (DAB-p1; o methylene groups) at
positions e and g. Unlike BASE-pIN, disulfide-bonded
homodimers containing these non-natural amino acids
do not show evidence for structure at 0°C, nor for
a cooperative thermal unfolding transition. Additon-
ally, the stability of the corresponding ACID/BASE
heterodimer decreases with decreasing side chain
length: in PBS at pH 7, the disulfide-bonded ACID-pIN/
DAB-pIN and ACID-pIN/ORN-pIN heterodimers have
T,, values of approximately 63°C and 80°C, respec
tively (the ACID-pIN/BASE-pIN heterodimer has 2 Tm
over 100°C). )

Because the disulfide-bonded ACID-p1N/BASE-pIN
heterodimer is exceedingly stable, the pH and ionic
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amino-terminal disulfide-bonded ACID-p1N/BASE-pIN
heterodimer remains dimeric at pH2: the observed
molecular weight was 7200D at pH2 and 7700D at
pH 7 (the expected value is 7556 D). Thus, the neg-
atively charged glutamate residues have a net destabi-
lizing effect in the heterodimer.

)

{NaCl} (M)

Fig. 6. The ionic strength-dependence of stability indicates that
the ACID-and BASE homodimers are destabilized by unfavorable
electrostatic interactions, whereas the net electrostatic contribu-
tion to the stability of the heterodimer is minimal. (a) The stability
of the heterodimer, measured in the absence of a disulfide bond,
is relatively independent of ionic strength. th) In contrast, the sta-
bility of the disulfide-bonded homodimers increases at high ienic
strength.

strength-dependence of stability for the heterodimer
was studied in the absence of a disulfide bond. At pH 7,
the stability of the ACID-p1/BASE-p1 heterodimer is
relatively independent of ionic strength (Fig. 6a). In
addition, there is little change in the stability of the het-
-erodimer between pH 4.5 and pH 9 (Fig. Sa). It is, how-
ever, difficult to assess the stability of the heterodimer

gl extremes of pH (< 3.5 and > 10.5) because at these

H extremes the thermal denaturation curves contain
evidence for more than one transition, suggesting that
other species, such as homodimers, are formed or tha
folding is not two-state.

To evaluate the stability of the heterodimer at extremes
of pH, the pH-dependence was also studied in the
presence of the disulfide bond but in 3M GuHCI to
destabilize the heterodimer (Fig. 5¢). A comparable
concentration of NaCl has little effect on the stability of
the heterodimer (Fig, 6a). The striking result is that the
stability of the disulfide-bonded heterodimer increases
by approximately 25°C at low pH (Fig. 5¢). Sedimen-
Qtion equilibrium studies show definitively that the

)
@ 1gs r AcGluOMe -

184
183 4
182 -

181 i’

Chemical shift (ppm)

180 rop -¢-¢

179

b) 184
183 |

182 |

Chemical shift (ppm)

181 B

180

Fig. 7. 13C-NMR spectroscopy indicates that the pK, values for the
glutamic acid side chains in the heterodimer are close to normal.
or slightly increased, in PBS at 20 °C. {a) The changes in chemical
shift with pH of the carboxylate 13C resonances of AcCluOMe
indicate that the pK, of the carboxylic acid group of AcGluOMe
is 4.5. (b} The changes in chemical shift with pH of the carboxylate
13C resonance of disulfide-bonded ACID-p1N/BASE-pIN indicates
that the pK, values of the glutamic acid residues are either close
to normal (pK, = 44, M, and pK, = 4.9, A} or slightly increased
(pk, = 5.2-53, O}

The measurements described above do not, however,
rule out extremely large pK, shifts for some ionizable
groups in the heterodimer, which can result from sta-
ble salt bridge formation (for example, see [32]). The
pK, values for the glutamic acid residues in the het-
erodimer were therefore measured directly by natural-
abundance 13C NMR. The disulfide-bonded form of the
heterodimer was studied to prevent formation of alter-
nate species such as the ACID homodimer atlow pH. In
contrast to the decrease in pK, expected if the glutamic
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acid residues were involved in stabilizing salt bridges,
the observed pK, values for all glutamic acid residues
in the heterodimer are close to or higher than the pK,
for blocked glutamic acid measured under the same
conditions (Fig. 7).

The finding that some of the glutamic acid residues
have increased pK, values is consistent with the ob-
servation that the heterodimer is more suble at low
pH (Fig. 5¢). The most likely explanation for the in-
creased stability at low pH is that electrostatic repulsion
between the glutamic acid residues in the individual
ACID helix is destabilizing, even in the heterodimer.
Similarly, the Fos/Jun leucine-zipper heterodimer (1,4]
and previously designed coiled coils that contain acidic
residues at positions b and e [18,19] are more stable
1 low pH than at neutral pH, suggesting that there
s substantial electrostatic repulsion within the helices
‘ f these coiled coils at neutral pH [1,4]. In general,

““however, intrahelical destabilization can be minimized
in designed coiled coils by utilizing a 14-residue repeat
in which residues at a particular position in the heptad
repeat are different.

"It is puzzling that these studies do not indicate that
interhelical salt bridges substantially stabilize the het-
erodimer, given that the heterodimer has charged side

© chains that might be expected to form salt bridges

of the same tvpe seen in the crvstal structure of the

. GCN4 leucine zipper [3]. Itis possible that salt bridges

do not form in the heterodimer. Alternatively, the salt

bridges may form but not be significantly stabilizing,
as appears to be the case for the GCN4 leucine-
zipper peptide. Finally, the stabilizing effect of salt
bridges could be offset by destabilizing factors. For ex-
ample, the protonated form of a glutamic acid residue
has a higher helix propensity than the ionized form
33, 34] and, as discussed above, electrostatic repulsion

etween residues of like charge within the ACID pep-

‘i}e helix is destabilizing even within the heterodimer.

Even if swbilizing salt bridges are present in the
heterodimer, these results indicate that the net
electrostatic contribution to specificity from the het-
erodimer per se is either minimal or unfavorable. In
contrast, both homodimers have stabilities that are de-
pendent strongly on pH and ionic strength, in a man-
ner that would be expected if the homodimers have
substantial net destabilizing electrostatic interactions at
neutral pH. We conclude that our design strategy was
successful: preferental heterodimer formation is driven
primarily by destabilization of the homodimers.

Quantitation of specificity

Because the preference for heterodimer formation in
a mixture of the ACID and BASE peptides is so large,
the ratio of heterodimer to homodimer cannot be
measured readily from an equilibrium mixture of the
two peptides: However, the degree of specificity can
be estimated because Kgpe, the equilibium constant

(@) 5 -8
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z
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€ a0 F /'
¥
- 15 /
=
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=
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B 5 || @K, BASEpI ~ 1 mM .
235 - 1-5 J_.; 1 1
10 10 10 0.001 0.01
{Peptide] (M}

fig. 8. Estimation of the dissociation constant for the
ACID-p1/BASE-p1 heterodimer and homodimers. (a} The disso-
ciation constant for the ACID-p1/BASE-p1 heterodimer is esti-
mated to be 3x 10~ 8M from a curve fit of the urea dependence
of the CD signal (the line from this fit is shown). {b) The disso-
ciation constants for the homodimers of ACID-pT and BASE-p1,
estimated from plots of the CD signal at 222nm as a function of
peptide concentration, are greater than 5x10~3M and approx-
imately 1x 1073 M respectively.

describing the ratio of heterodimer to homodimers,
can be expressed in terms of the dissociation constants
for each dimer [4]. Assuming a two-state model for
monomer-dimer equilibrium,

KSPCC = Kd (AB)//[Kd (AA) l:'z X }\’d (BB) l'..z ]
where K4 (AB), Ky (AA) and Ky (BB) are the dissoci-
ation constants of the ACID-p1/BASE-pl heterodimer,
the ACID-p1 homodimer and the BASE-p1 homodimer,
respectively.

The dissociation constant for each dimer was deter-
mined so that the degree of specificity, AGypec. given
by —RTInK e could be estimated. A dissociation
constant of 3x 10~8M for the ACID-p1/BASE-p1 het:
erodimer was determined by fitting the CD signal as 8
function of urea concentration to a monomer—dimer
equilibrium (Fig. 8a). An estimate of the dissociation
constant for each homodimer was obtained from meas:

urements of the helical CD signal as a function of
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peptide concentration. The dissociation constant for
the BASE-pl homodimer is approximately 1x10~3M
and that for the ACID-pl1 homodimer is greater than
sx10~3M (Fig 8b). These dissociation constants
place a lower limit on the degree of preference for
heterodimer, AGgpec, Of —6.5kcalmol =1 (> 105-fold
preference for heterodimer).

A different, albeit less reliable, estimate of specificity
can be made by measuring the difference between
the T, of the heterodimer and the average of the
Ty values for the homodimers {4]. This difference
(AT,,) has been measured for other disulfide-bonded
leucine-zipper peptides and has been shown to be
related 10 AGg,.. by a proportionality constant of
74°C/kcalmol~ 1 [4). AT, for the amino-terminally
disulfide-bonded ACID-pIN and BASE-pIN peptides is
greater than 56°C (see Fig. 5 legend). If the same pro-
portional relationship between AT, and AGgpec €Xists
with the ACID and BASE peptides, this lower limit for
AT, implies that AG,p,. is at least —7.5kcalmol~!
{greater than 105-6-fol(f preference for heterodimer).

Thus, the heterodimer is preferred over the ACID-pl
and BASE-p1 homodimers by at least 103-fold. This de-
gree of specificity is much greater than that observed
for the Fos and Jun peptides, which show only a 102-
fold preference for heterodimer formation [4]. The in-
creased specificity of the ACID/BASE heterodimer is
likely to result from the increased number of repulsive
interactions in the designed homodimers.

Conclusions

Our results indicate that the designed ACID and BASE
peptides fold as parallel, helical dimers that have a
very high preference for the heterodimeric state. As
the ACID and BASE peptides were designed using
principles learned from the study of preferential het-
erodimer formation in the Fos and Jun peptide sys-
tem, our results support previous conclusions about
the basis and mechanism of Fos/Jun specificity [1,4]. In
both cases, unfavorable electrostatic interactions in the
homodimers contribute more to dimerization speci-
ficity than favorable electrostatic interactions in the
heterodimer.

Our results have implications for protein design, be-
cause they demonstrate that it is possible to design sim-
ple helical sequences that pair with substantial speci-
ficity. The design of simple molecules consisting of
two secondary structural elements may lead to stepwise
strategies for the design of larger proteins. In contrast
to many other designed peptides, the ACID/BASE het-
erodimer does not contain fluctuating tertiary structure,
as judged by amide proton exchange studies, possi-
bly because a polar group was introduced into the
otherwise hydrophobic interface [3,29,35,36].

Finally, the ACID-pl and BASE-pl peptides can be
thought of as peptide ‘Velcro™: the individual peptides
have little self-affinity under physiological conditions of
temperature, pH and ionic strength, but the wo pep-
tides have high affinity for each other. It may be pos-
sible to use these properties for practical applications,
including use in affinity reagents, in place of an epitope
tag or as a way to bring together two molecules in a
cell.

Materials and methods

Peptide synthesis

Peptides were synthesized using small-scale FMOC HBTU
reaction cycles and acetic anhydride capping on an Applied
Biosystems Model 4314 peptide synthesizer {37]. Peptides were
cleaved from the resin with trifluoroacetic acid (TFA) using stan-
dard cleavage methods and were desalted on a Sephadex G-10
column in 5% acetic acid. Final purification was by reverse-
phase high performance liquid chromatography (HPLC) with a
Vydac preparative C18 column (2.2 x25cm) at 25 °C using linear
acetonitrile/H,O gradients in the presence of 0.1 % TFA. Peptide
purity was greater than 90 %, as judged by analvtical HPLC. The
identity of each peptide was confirmed by laser desorption mass
spectrometry on a Finnegan Lasermat and each was found to be
within 2D of the expected mass. All peptides are acetylated at
the amino terminus and amidated at the carboxyl terminus.

CD spectroscopy

CD swdies were performed on an Aviv Model 60DS or
62DS CD spectrophotometer equipped with a thermoelectric
controller. Peptide concentrations were determined by ab-
sorbance at 280nm in 6M GuHCl (25] and samples were
prepared in PBS (150mM NaCl, 10mM sodium phosphate).
CD spectra (Fig. 3a) were measured at 37°C, pH7.0 us.
ing a peptide concentration of 10uM ACID-pl, 10 M BASE-
pl, or 5uM ACID-pl plus 5uM BASE-pl. Urea denatura-
tion curves shown in Figure 3b were determined ai 37°C,
pH 7.0 using a peptide concentraion of 20 uM ACID-p1, 20 uM
BASE-pl, or 10uM ACID-p1 plus 10 uM BASE-p!. Thermal melt-
ing curves were determined by monitoring the CD signal at
222 nm as a function of temperature. For studies of the pH-de-
pendence of stability (Fig. 5), melting curves were recorded with
5 M homodimer or 5uM heterodimer in PBS with the pH ad-
justed 1o the desired value. For studies of the ionic strength-de-
pendence (Fig. 6), melting curves were recarded at pH 7.0 with
5 pM heterodimer or with 2.5 pM homodimer in 10 mM sodium
phosphate in the presence of the indicated concenteation of
NaCl. The T, values were estimated by taking the first derivative
of the CD signal with respect to temperature ~! and finding the
minimum of this function [38]. All thermal melts performed at
pH values below pH 8 are reversible; more than 90% of the CD
signal at 0°C was recovered after the melt. The urea denatura-
tion curve shown in Figure 8a was determined at 20°C, pH7.0
with 10 pM ACID-p1 plus 10 uM BASE-pl. A two-state mode! for
unfolding was assumed and the urea denawration curve for the
heterodimer was fit with a non-linear least-squares fitting pro-
gram (KaleidaGraph, Synergy Software) to the following equa-
tion that describes the urea dependence of the CD signal for 2
monomer-dimer equilibrium: ]

0= 8y + (8, — lexp((AG" +m[urea] );RT)/4C o+
lexp((AG® + m{urea] YRT)#/16C?] +

lexp((AG® + m{urea] )/RT)/2C11?]

where 8 = CD signal at 222nm; 6, and 8, are linear equa-
tions describing the urea dependence of the CD signal of
the dimer and unfolded monomer respectvely; AG® = free
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energy of folding under standard conditions of 20°C and 1M
concentration of peptide chains; m = the dependence of the
free energy of folding on denaturant concentration; R = gas
constant; T = temperature in K; Cp = towl concentration of
peptide chains in M. Measurements of the CD signal at 222 nm as
a function of peptide concentration for the ACID-p] and BASE-
p1 homodimers were performed at 20°C, pH 7.0 (Fig. 8b).

Analytical centrifugation

Sedimenuation equilibrium was performed at 20°C using a
Beckman XL:A ultracentrifuge at rotor speeds between 30 and
40 krpm. Three samples at a heterodimer concentration of
22uM, 44 uM and 66 p)l in PBS were analyzed. Samples were
dialysed (> 12hours) against the reference buffer (PBS). Daa
were fit to an ideal model plot of radial distance squared ver-
sus log(concentration). The residuals were analvzed to reveal
the presence of species other than the dimer; in no case were
systematic deviations of the residuals observed. Partal molar
volumes and solvent densities were calculated as described by
Lave er al. [39].

NMR spectroscopy

One-dimensional 1H-NAR spectra were recorded on a Bruker
AMX 500 spectrometer operating at 500.1 MHz for 1H at 20°C
with a sweep width of 6024.1Hz and a delay of 1.2seconds.
The sample was approximately 3 mM ACID-p1/BASE-pl in PBS,
pH 4.7 and internally referenced with trimethylsiblpropionic acid
[40]. 8192 points were collected and water was suppressed by
continuous irradiation. The pH values were uncorrecied for the
isotope effect [41]. Data were processed with the FTNMR soft-
ware package (Hare Research Inc.) and spectra were apodized
with a Gaussian window.

One-dimensional 13C-NMR spectra were recorded at natural
abundance on a ‘Bruker AMX 500 spectrometer operaing at
125.8 MHz for 13C at 20°C with a spectral width of 2631579 Hz
and a recycle delay of 3seconds. Samples were prepared in
deuterated PBS and were either 38 mM in AcGluOMe {Bachem
Feichemikalien AG, Bubendorf, Switzerland) or approximately
2mM in disulfide-bonded ACID-p1N/BASE-pIN. TH were decou-
pled using WALTZ-16 broadband decoupling [42]. Data sets
consisting of 4096 to 23000 transients defined by 4096 points
were collected and zero-filled twice before Fourier transforma-
tion. The pH values were uncorrected for the isotope effect {41].

Y Acknowledgments: We thank T. Alber, ]. Weissman, Z. Peng, ). Sta-
ley, D. Lockhan and B. Tidor for helpful discussions; M. Mithollen
and R. Rutkowski for expert peptide synthesis and mass spectrometry;
T. Laue, D. Lyons, H. Schachman and Y. Yang for sedimentation equi-
librium analysis; 2. Peng. ]. Staley, D. Lockhart and L Mclntosh for
advice concerning NMR experiments; and J. Hu for Figure 1a. EKO
was an Howuard Hughes Medical Instirute Predoctoral Fellow. PSK is a
Pew Scholar in the Biomedical Sciences. This research was supported
by the Howard Hughes Medical Institute.

References

1. O'SHEA EK, RUTKOWSKI R, STAFFORD WF, Kim PS: Preferential
heterodimer formation by isolated leucine zippers from Fos
and Jun. Science 1989, 245:646-6:8.

O'SHEA EK, RUTKOWSKI R, Kim PS: Evidence that the leuwcine

zipper is a coiled coil. Science 1989, 243:538-542.

3. O'Shea EK, Kiesmm JD, Kunt PS, ALBER TA: X-ray structure of
the GCN{ leucine zipper, a two-stranded, parallel coiled
coil. Science 1991, 254:539-544.

4. O'sHEA EK, RuTKOwsKI R, Kim PS: Mechanism of specificity in
the Fos-Jun oncoprotein heterodimer. Cell 1992, 66:699-708.

5. MCLACHWAN AD, STEwarT M: Tropomyosin coiled-coil inter-
actions: Evidence for an unstaggered structure. J Mol Biof
1975, 98:293-304.

~

4

30.

3L

Parry DAD: Coiled-coils in o-helix-containing proteins:
analysis of the residue types within the heptad repeat and
the use of these data in the prediction of coiled-cuils in
other proteins. Biosci Rep 1982, 2:1017-1024.

CoNway JF, PaRRY DAD: Structural features in the heptad sub.
structure and longer range repeats of rwo-stranded a-fibrous
proteins. fut j Biol Macromol 1990, 12:326-334.

LuPAS L, VAN DYKE M, STOCK J: Predicting coiled coils from
protein sequences. Science 1991, 252:1162-116+.

ZHUG B, ZHOU NE, SEMCHUK PD. Kay CM, HODGES RS:
Design, synthesis and  structural  characterization of model
heterodimeric coiled-coil proteins. /nt J Pept Protein Res 1992,
40:171-179.

Crick FHC: Is a-keratin a coiled coil?
170:882-883. .

Crick FHC: The packing of alpha-helices: Simple coiled coils.
Acta Crystallogr 1953, 6:689—697.

COHEN C, Pagry DAD: a-helical coiled coils and bundles:
how to design an a-helical protein. Profeins 1990, 7:1-15.
FISCHETT! VA: Streptoccal M protein. Sci Anm 1991, 264:56-65.
MARTIN-ZANCA D, HUGHES SH, BaRBACID M: A human oncogene
formed by the fusion of truncated tropomyosin and protein
tyrosine kinasc sequences. Naiure 1986, 319:743-748.
Bournt HR: Consider' the coiled coil.  Nature
351:188-190.

Kinzier KW, NILBERT MC. SU LK. VOGELSTEIN B, BRYAN TM.
LEVY DB £T AL: Identification of FAP locus genes from chro-
mosome 5q21. Science 1991, 253:661-665.

HODGES RS, SODEK J, SMUUE LB, JUrasEk L Tropomyosin:
Amino acid sequence and coiled-coil structure. Cold Spring
Harb Symp Quant Biol 1972, 37:299-310.

LAt SYM. TANEJA AK, HODGEs RS: Synthesis of a model
protein of defined secondary and quaternary structure.
Effect of chain length on the stabilization and formation
of two-stranded o-helical coiled coils. J Biol Chem 1984,
259:13253-13261. N

HODGES RS, ZHOU NE, KAY CM. SEMCHUK PD: Synthetic model
proteins: contribution of hydrophobic residues and disul-
phide bonds fo protein stability. Pepr Res 1990, 3123137
O'NEL KT, DEGRADO WF: A thermodynamic scale for the
helix-forming tendencies of the commonly occurring amino
acids. Science 1990, 250:646-651.

KeRPPOUA TK, CURRAN T: Transcription factor interactions:
basics on zippers. Curr Opin Struct Biol 1991, 1:71-79.
PADMANABHAN S, MARQUSEE S, RIDGEWAY T, Lace  TM.
BapwiN RL: Relative helix-forming tendencies of non-polar
amino acids. Nature 1990, 344:268-270.

LyU PC, LiFF MI, MARKY LA, KALLENBACH NR: Side chain con-
tributions to the stability of a-helical structure in peptides.
Science 1990, 250:669-673.

SCHOLTZ JM, YORK EJ, STEWART JM, BaDwIN RL: A neu-
tral, water-soluble, a-helical peptide: the effect of ionic
strength on the helix-coil equilibrium. J Am Chem Soc 199L
113:5102-5104.

EDELHOCH H: Spectroscopic determination of tryprophan and
tyrosine in proteins. Biochemistry 1067, 6:1948-1954.
GOoODMAN EM. KiM PS: Periodicity of amide exchange rates
in a coiled-coil leucine zipper peptide. Biochemistry 1991,
30:11615-11620.

REGAN L, DEGRADO WF: Characterization of a helical protein
designed from first principles. Science 1988, 241:976-978.
DEGRADO WF, RALEIGH DP, HaxDEL T: De nrovo protein design:
what are we learning? Curr Opin Shruct Biol 1991, 1:984~993.
HANDEL TM, WiLLLAMS SA, DEGRADO WF: Metal ion-dependent
modulation of the dvnamics of a designed protein. Science
1993, 261:879-885.

LEHRER SS: Effect of an inter-chain disulfide bond onf
tropomyosin structure, intrinsic fluorsecence and circular
dichroism studies. J Mol Biol 1978, 118:209-226.

ENGEL M, Wilams RW, EmicksoN BW: Designed coiled-
proteins: synthesis and spectroscopy of Two 78 residu¢
a-helical dimers. Brochemistry 1991, 30:3161-3169.
ANDERSON DE, BECKTEL WJ, DAHLQUIST FW" pH-induced de:
naturation of proteins: a single salt bridge contributes 3~

Nature 1932,

1991,

coil



e

peptide ‘Velcro”: design of a heterodimeric coiled coil O’Shea, Lumb and Kim

RESEARCH PAPER

33.

35.
36.

37.

38

39.

kcal/mol to the free energy of folding of T4 lysozyme.
Biochemistry 1990, 29:2403~2408.

SCHERAGA HA: Use of random copolymers to determine the
helix—coil stability constants of the naturally occuring amino
acids. Pure Appl Chem 1978, 50:315-324.

SCHOLTZ JM, QIan H, RoBBINS VH, BALDWIN RL: The energetics
of ion-pair and hydrogen-bonding interactions in a helical
peptide. Biochemistry 1993, in press.

CHOTHIA C: The nature of the accessible and buried surfaces
in proteins. / Mol Biol 1976, 105:1-14.

HARBURY PB, ZHANG T, KiM PS, AIBER T: A switch berween
two-, three- and four-stranded coiled coils revealed by mu-
tants of the GCN4 leucine zipper. Science 1993, in press.
FELDs GB, Noste RL: Solid phase peptide synthesis utilizing
9.-fluorenylmethoxycacbony! amino acids. Int | Pept Protein
Res 1990, 35:161-214.

CaNTOR CR, SCHIMMEL PR. Biophysical Chemistry, New York:
WH Freeman; 1980.

LAUE TM, SHAH BD, RIDGEWAY TM, PELLEI'IER SL: Computer-

aided interpretation of analytical sedimentation data for

40.

41.

42,

43.

proteins. In Analytical Ultracentrifugation in Biochemistry and
Polymer Science. Edited by Harding SE, Rowe AJ, Horton JC.
Cambridge: The Royal Society of Chemistry; 1992:96-125.
DeMARCO A: pH dependence of internal references. J Magn
Reson 1977, 26:527-528.

BUNDI A, WOTHRICH K: 1H-NMR parameters of the com-
mon amino-acid residues measured in aqucous solu-
tions of the linear tetrapeptides H-Gly-Gly-X-L-Ala~OH.
Bigpolymers 1979, 18:285-297.

SHAKA AJ, KEELER J, FREEMAN R: Evaluation of a new broad-
band decoupling sequence: WALTZ-16. J Magn Reson 1983,
53:313-340.

ENGIANDER SW, DOWNER NW, TETEWBAUM H: Hydrogen
exchange. Annu Rev Biochem 1972, 41:903-924.

Received: 16 August 1993; revised: 9 Seplember 1993.
Accepted: 10 September 1993.

P

v



US 20030175863A1

12 Patent Application Publication o Pub. No.: US 2003/0175863 Al

a9 United States

Birkett

(43) Pub. Date: Sep. 18, 2003

(54) INFLUENZA IMMUNOGEN AND VACCINE

(76) Inventor: Ashley J. Birkett, Escondido, CA (US)

Correspondence Address:
WELSH & KATZ, LTD
120 S RIVERSIDE PLAZA
22ND FLOOR

CHICAGO, IL 60606 (US)

(21) Appl. No:  10/080,299

(22) Filed: Feb. 21, 2002
Related U.S. Application Data

(63) Continuation-in-part of application No. 09/930,915,
filed on Aug. 15, 2001.

oy ’;‘: 4 2

. le‘ﬁli

L <
‘

¢
LY
3
£/ 5

5t
.(.s é

Publication Classification

(51) Int. CL7 i, C12P 21/06; C12P 19/34,
A61K 39/12; A61K 39/29
(52) US.Clh . 435/69.1; 424/225.1; 424/227.1,

424/204.1; 435/91.33; 435/91.1

(57) ABSTRACT

A chimeric, carboxy-terminal truncated hepatitis B virus
nucleocapsid protein (HBc) is disclosed that contains an
immunogen for inducing the production of antibodies to the
influenza M2 protein. An immunogenic influenza epitope is
preferably expressed at or near the N-terminus or in the HBe
immunogenic loop sequence. The chimer preferably con-
tains an influenza-specific T cell epitope and is preferably
engineered for both enhanced stability of self-assembled
particles and enhanced yield of those chimeric particles.
Methods of making and using the chimers are also disclosed.

Xee v




Sep. 18,2003 Sheet 1 of 7 US 2003/0175863 Al

Patent Application Publication

ADD]JUSSWM
basjtussum
edpaTulbam
edpsTuubam
edpbrTuubam
edpaTunbam

29ATeRRIPA
osATRlRIPA
pIA1eEeRlpT]

2IATeSRIPT

21ATeSe3pl
9IATesSelp]

ATTIITS=MD
BTTHIT=IPMD
JeTIwTpbmo
JerT3wTabmd
JeTiwuTsbmd
JeTiwuT=bMmD

TeutpdiIpt
TeuTpd3iIpT
IpaasdiyIps
1pxasd3IIps
1paasdigps
1paasdiips

pmImBToTYS ebajdodaoe JaTOoTYITAW

ATebITRIUY
ATebaTRIUY
TTebateayy
TTebateayy
TTebateayy
TTebaTeayy

dizurbAss
dizut1bAss
dizsiTo/23®
dizsti®oA3®
diisiT=A3®

digsirsale

YT °"DId

dsoysabats
dsoyaabats
dsoyadsate
dsoyadsate
dsoyadsate
dsoyadsaTte

vy

B3axAdpTpw
BiaxAdpipu
BysxAdp1pu
BioxAdptpuw
bisxAdptpu
ByexAdptpu

T

2xx1nbg punoxn
JONYDPOOM

MAAQY ©dH

cMavy OdH

Mav OdH

MAY OdH

Hmnuﬁ3@m_ﬁzﬂonw

JoNYDOPOOM
MAQY ©°dH
cMavy odH

Mavy ©OgH
MAY ©OdH

Isaxxinbs punoxn



Sep. 18,2003 Sheet 2 of 7 US 2003/0175863 A1l

Patent Application Publication

dsaeeasbbx
saseiebbix
1axxaxdsabxx
Txdsabapax
zxdsabapax
axxxdsabax

saT3Iabaqub
ATISbA3ubb
ATA3TA3DID
ATASTA3RID
ATASTA3RID
ATASTAY2ID

ousedsb sixixdsbsx
obs a1axxxdsbsax

obs sasbsxxxad

obsax sbsaxxadsb
Obssx sbsaxxadsb

obs sasbsxaxad
xx1A3yadr3 sttdeuddxi
xta3yadras 11deuddaid
xan332dr3as 11deuddale
Ianl39dT13s 11deuddxie
Ian332dr3s 1rdeuddalie
Iana33adi3s 1rdeuddaie
B3atosTuim 13baay1bma
JITOSTUYIMT sbaayTbmap
33ToSTUIMT TDagxThaul
337osTUYIMT ThatTbAU]
Jatostyugmt ThatyTbuul
J3TOSTUIMT TDazx1buul

g1 " DId

e

axxdsdaxax I3xxtnbs punocis
axdsdqxxad JONYOPOOM
sbsaxxxxdsd MXQV¥ O9gH
sdxxxdsdax ZMa¥ o9H
sxxxaxdsdax MOY OgH
sbsxaxxxdsd MAY O9H
9T
dedaxtmabz I2a1xInbs punoxd
edijatmabis FONYIPOOM
ddyximabis MAQY O€H
ddaxtmabis ZMav OgH
ddaxztmabis MY ogH
ddaxTtmab3s MAY OgH
2T
UUAUPATTII T3xxInbs punois
UAJUATTIIA YONYOPOOM
UAASAATDIS MXQY O9H
UARUAATPIS ZMd¥ OdH
UAAUAATDIS MY 2O9H
UAASAATPIS MAY OgH
i8

o®



Patent Application Publication Sep. 18,2003 Sheet 3 of 7 US 2003/0175863 A1

FIG. 2
| HindIII
pKK223-3
TTCACACAGGAAACAGAATTCCCGGGGATCCCTCGACCTGCAGCCAAGCTT

SEQ ID NO:180)

pKK223-3N TTCACATAAGGAGGAAARAAACCaAtggGATCCG-----~~-~
----AAGCTT

e NcolI

SEQ ID NO:181|
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Fig. 3
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Fig. 7
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INFLUENZA IMMUNOGEN AND VACCINE
DESCRIPTION

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This is a conlinuation-in-part of application Serial

No. 09/930,915, filed Aug. 15, 2001, whose disclosures are
incorporated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates to the intersection of
the fields of immunology and protein engineering, and
particularly to an immunogen and vaccine useful in preven-
tion of influenza infection by influenza A virus.

BACKGROUND OF THE INVENTION

[0003] The family hepadnaviridae are enveloped DNA-
containing animal viruses that can cause hepatitis B in
humans (HBV). The hepadnavirus family includes hepatitis
B viruses of other mammals, ¢.g., woodchuck (WHYV), and
ground squirrel (GSHV), and aviao viruses found in ducks
(DHV) and herons (HeHV). Hepatitis B virus (HBV) used
herein refers (o a member of the family hepadnaviridae that
infects mammals, as compared to a virus that infects an
avian host, unless the discussion refers to a specific example
of a non-mammalian virus.

[0004] . The nucleocapsid or core of the mammalian hepa-
titis B virus (HBV or hepadnavirus) contains a sequence of
183 or 185 amino acid residues, depending on viral subtype,
whereas the duck virus capsid contains 262 amino acid
residues. Hepatitis B core protein monomers of the several
hepadnaviridae self-assemble in infected cells into stable
aggregates known as hepatitis B core protein particles (HBc
particles). Two three-dimensional structures are reported for
C-terminally truncated HBc particles. A first that comprises
a minor population contains 90 copies of the HBc subunit
protein as dimers or 180 individual monomeric proteins, and
a second, major population that contains 120 copies of the
HBc subunit protein as dimers or 240 individual monomeric
protcins. These particles are referred to as T=4 or T=3
particles, respectively, wherein *“T” is the triangulation num-
ber. These HBc particles of the human-infecting virus
(human virus) are about are about 30 or 34 nm in diameter,
respeclively. Pumpens et al. (1995) Intervirology, 38:63-74;
and Metzger et al. (1998) J. Gen. Viol., 79:587-590.

[0005] Conway et al., (1997) Naiure, 386:91-94, describe
the structure of human HBc particles at 9 Angstrom reso-
lution, as determined from cryo-electron micrographs. Bot-
tcher et al. (1997), Nature, 386:88-91, describe the polypep-
tide folding for the human HBc monomers, and provide an
approximate numbering scheme for the amino acid residues
at which alpha-helical regions and their linking loop regions
form. Zheng el al,, (1992) J. Biol. Chem., 267(13):9422-
9429 report that core pariicle formation is not dependent
upon the arginine-rich C-terminal domain, the binding of
nucleic acids or the formation of disulfide bonds based on
their study of mutant proteins lacking one or more cysteines
and others’ work with C-terminal-truncated proteins [Birn-
baum et al., (1990) J. Virol 64, 3319-3330]. The low
resolution structure of HBc particles reported by Conway et
al., (1997) and Boticher et al., (1997) has been confirmed by
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a 33 A resolution crystal structure of the T=4 particles
reporied by Wynne at al., (1999) Mol. Cell, 3(6):70-80.

[6006] The hepatitis B nucleocapsid or viral core protein
(HBc) has been disclosed as an immunogenic carrier moiety
that stimulates the T cell response of an immunized host
animal. See, for example, U.S. Pats. No. 4,818,527, U.S. Pat.
No. 4,882,145 and U.S. Pat. No. 5,143,726. A particularly
useful application of this carrier is its ability to present
foreign or heterologous B cell epitopes at the site of the
immunodominant loop that is present at about residue posi-
tions 70-90, and more usually recited as about positions 75
through 85 from the amino-terminus (N-terminus) of the
protein. Clarke et al. (1991) F. Brown et al. eds., Vaccines
91, Cold Spring Harbor Laboratory, Cold Spring Harbor,
N.Y,, pp.313-318.

[0007] During viral replication, HBV pucleocapsids asso-
ciate with the viral RNA pre-genome, the viral reverse
transcriptase (Pol), and the terminal protein (derived from
Pol) to form replication competent cores. The association
between the nucleocapsid and the viral RNA pre-genome is
mediated by an arginine-rich domain at the carboxyl-termi-
nus (C-terminus). When expressed in heterologous expres-
sion systems, such as E. coli where viral RNA pre-genome
is absent, the protamine-like C-terminus; i.e., residues at
positions 150 through 183, can bind £. coli RNA. Zhang et
al. (1992) JBC, 267(13) 9422-29.

[0008] HBcAg is a particulate protein derived from the
hepalitis B virus that has been proposed as a carrier for
heterologous epitopes. The relative immunogenicity of
HBsAg (HBs) has been compared with HBeAg (HBc), and
the ability of each to evoke immune responses in different
genetic backgrounds [Milich et al., Science, (1986)
234(4782): p. 1398-1401). These data emphasize the higher
immunogenicity of HBc relative to HBs, and the universal
responsiveness to HBc, irrespective of genetic background.

[0009] For ¢xample, HBc is more than 300 times more
immunogenic than HBs in BALB/c mice; and, although both
B10.S and B10.M mice are non-responders to HBs, every
strain tested is responsive 1o HBc. These results re-cmpha-
size the suitability of HBc as a vaccine carrier and specifi-
cally, its superiority over HBs, hence the selection of HBc as
opposed to HBs to carry heterologous epitopes. These facets
of HBc are thought to be important in influenza vaccine
development, because they address issues of genetic restric-
tion and inadequate antibody titers.

[6010] Another advantage of the HBc carrier is the fact
that it does not require complex adjuvants for efficacy. This
is due to the high inherent immunogenicity of the particle.
A comparison of the immunogenicity of HBc-P. berghei
particles showed that alum, which is approved for human
use, was more effective than either IFA or CFA [Schodel et
al., J. Exp. Med., (1994) 180(3): p. 1037-46]. The impor-
tance of this observation is highlighted by toxicity problems
assaciated with newer, more complex adjuvants as was
recently noted in clinical trials of SKB’s candidate malaria
vaccine [Stoute et al., N. Engl. J. Med., [1997] 336(2): p.
86-91].

[0011] In an application as a vaccine carrier moiety, it may
be preferable that the HBV nucleocapsids not bind nucleic
acid derived from the host. Birnbaum et al. (1990)J. Virol.,
64:3319-3330 showed that the protamine-like C-terminal
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domain of HBV nucleocapsids could be deleted without
interfering with the protein’s ability to assemble into virus-
like particles. It is thus reported that proteins truncated to
about position 144; i.e., containing the HBc sequence from
position one through about 144, can self-assemble, whereas
deletions beyond residue 139 abrogate capsid assembly [F.
Birnbaum & M. Nassal (1990) J. Virl, 64: 3319-30]{Seifer
et al., (1995) Intervirology, 38:47-62).

[0012] Zlotnick et al., (1997) Proc. Natl. Acad. Sci., USA,
94:9556-9561 studied the assembly of full length and trun-
cated HBc proteins in to particles. In addition to discussing
full length molecules, those authors reported the preparation
of a truncated protein that contained the HBc sequence from
position 1 through 149 in which the cysteines at positions
48, 61 and 107 were each replaced by alanines and in which
a cysleine residue was added at the C-terminus (position
150). That C-terminal mercaptan was used for linkage 1o a
gold atom cluster for labeling in electron microscopy.

[0013] More recently, Metzger et al. (1998)J. Gen. Viol.,
79:587-590 reported that the proline at position 138 (Pro-
138 or P138) of the human viral sequence is required for
particle formation. Those authors also reported that assem-
bly capability of particles truncated at the carboxy-terminus
to lengths of 142 and 140 residues was affected, with
assembly capability being completely lost with truncations
resulting in lengths of 139 and 137 residues.

[0014] Several groups have shown that truncated particles
exhibit reduced stability relative to standard hepatitis B core
particles {Gallina et al. (1989) J. Virol, 63:4645-4652;
Inada, et al. (1989) Virus Res., 14:27-48), evident by vari-
ability in particle sizes and the presence of particle frag-
ments in purified preparations [Maassen et al., (1994) Arch.
Virol,, 135:131-142). Thus, prior to the report of Metzger et
al., above, Pumpens et al,, (1995) Intervirology, 38:63-74
summarized the literature reports by stating that the car-
boxy-terminal border for HBc sequences required for self-
assembly was located between amino acid residues 139 and
144, and that the first two or three amino-terminal residues
could be replaced by other sequences, but elimination of
four or eleven amino-terminal residues resulted in the com-
plete disappearance of chimeric protein in transformed F.
coli cells.

[0015] Recombinantly-produced hybrid HBc particles
bearing internal insertions (referred to in the art as HBc
chimeric particles or HBc chimers) containing various
inserted polypeptide sequences have been prepared by het-
erologous expression in a wide variety of organisms, includ-
ing E. coli, B. subtilis, Vaccinia, Salmonella typhinwrium,
Saccharomyces cerevisiae. See, for example Pumpens et al.
(1995) Intervirology, 38:63-74, and the citations therein that
nole the work of several research groups. Native HBc
particles have also been produced in plants (Tsuda et al.,
1998) Vox Sang, 74(3):148-155.

[0016] Such HBc chimers often appear to have a less
ordered structure, when analyzed by electron microscopy,
compared to particles that lack heterologous epitopes
[Schodel et al., (1994) J. Exp. Med., 180:1037-1046]. In
some cases the insertion of heterologous epitopes into
C-terminally truncated HBc particles has such a dramatic
destabilizing affect that hybrid particles cannot be recovered
following heterologous expression [Schodel et al. (1994)
Infect. nmunol., 62:1669-1676]. Thus, many chimeric HBc

Sep. 18, 2003

particles are so unstable that they fall apart during purifica-
tion to such an extent that they are unrecoverable or they
show very poor stability characteristics, making them prob-
lematic for vaccine development.

[0017] The above Pumpens et al. (1995) Intervirology,
38:63-74 report lists particle-forming chimers in which the
inserted polypeptide sequence is at the N-terminus, (he
C-terminus and between the termini. Insert lengths reported
in that article are 24 1o 50 residues at the N-terminus, 7 to
43 residues internally, and 11 to 741 residues at the C-fer-
minus.

[0018] Kratz et al., (1999) Proc. Natl. Acad. Sci., USA.,
96:1915-1920 recently described the E. coli expression of
chimeric HBc particles comprised of a truncated HBc
sequence internally fused to the 238-residue green fluores-
cent protein (GFP). This chimer contained the inserted GFP
sequence flanked by a pair of glycine-rich flexible linker
amms replacing amino acid residues 79 and 80 of HBu. Those
particles were said to effectively elicit antibodics against
native GFP in rabbits as host animals.

[0019] US. Pat. No. 5,990,085 describes two fusion pro-
teins formed from an antigenic bovine inhibin peptide fused
into (i) the immunogenic loop between residues 78 and 79
and (ii) after residue 144 of carboxy-terminal truncated HBc.
Expressed fusion proteins were said to induce the production
of anti-inhibin antibodies when administered in a host
animal. The titers thirty days after immunization reported in
that patent are relatively low, being 1:3000-15,000 for the
fusion protein with the loop insertion and 1:100-125 for the
insertion after residue 144.

[0020] U.S. Pat. No. 6,231,864 teaches the preparation and
use of a strategically modified hepatitis B core protein that
is linked to a hapten. The modified core protein contains an
insert of one to about 40 residues in length that contains a
chemically-reactive amino acid residue to which the hapten
is pendently linked.

"[0021] Recently published WO 01/27281 teaches that the

immune response to HBc can be changed from a Thl
response to a Th2 response by the presence or absence,
respectively, of the C-terminal cysteine-containing sequence
of the native molecule. That disclosure also opines that
disulfide formation by C-terminal cysteines could help to
stabilize the particles. The presence of several residues the
native HBc sequence immediately upstream of the C-termi-
nal cysteine was said to be preferred, but not required. One
such alternative that might be used to replace a truncated
C-terminal HBc¢ sequence was said 10 include a C-terminal
cysteine and an optional sequence that defines an epitope
from other than HBc.

[0022] Published PCT application WO 01/98333 teaches
the deletion of one or more of the four arginine repeats
present at the C-terminus of native HBc, while maintaining
the C-terminal cysteine residue. That application also
(eaches that the deleted region can be replaced by an epitope
from a protein other than HBc so that the HBc portion of the
molecule so formed acts as a carrier for the added epitope.

[0023] Published PCT applications corresponding to PCT/
US01/25625 and PCT/US01/41759 of the present inventor
teach that stabilization of C-terminally truncated HBc par-
ticles can be achieved through the use of one or more added
cysteine residues in the chimer proteins from which the

=
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particles are assembled. Those added cysteine residues are
taught to be at or near the C-terminus of the chimeric
protein.

[0024] A structural feature whereby the stability of full-
lengih HBc particles could be retained, while abrogating the
nucleic acid binding ability of full-length HBc particles,
would be highly beneficial in vaccine development using the
hepadnaviral nucleocapsid delivery system. Indeed, Ulrich
¢t al. in their recent review of the use of HBc chimers as
carriers for foreign epitopes [Adyv: Virus Res., 50: 141-182
(1998) Academic Press] note three potential problems to be
solved for use of those chimers in human vaccines. A first
potential problem is the inadvertent transfer of nucleic acids
in a chimer vaccine 1o an immunized host. A second poten-
lial problem is interference from preexisting immunity to
HBc. A third possible problem relates to the requirement of
reproducible preparation of intact chimer particles that can
also withstand long-term storage.

[0025] The above four published PCT applications appear
to contain teachings that can be used to overcome over come
the potential problems disclosed by Ulrich et al. As disclosed
hereinafter, the present invention provides another HBc
chimer that provides unexpectedly high titers of antibodies
against influenza, and in one aspect also provides a solution
to the problems of HBc chimer stability as well as the
substantial absence of nucleic acid binding ability of the
construct. In addition, a contemplated recombinant chimer
exhibits reducedantigenicity toward preexisting anti-HBc
antibodies.

[0026] The above particle instability findings related to
N-terminal truncated HBc chimer molecules notwithstand-
ing, Neirynck el al, (October 1999) Nature Med.,
5(10):1157-1163 reported that particle formation occurred
on E. coli expression of a HBc chimer that contained the
N-terminal 24-residue portion of the influenza M2 protein
fused at residue 5 to full length HBc.

[0027] The previously discussed use of hybrid HBc pro-
teins with truncated C-termini for vaccine applications offers
several advantages over their full-length counterparts,
including enhanced expression levels and lack of bound E.
coli RNA. However, C-terminally truncated particles engi-
neered to display heterologous epitopes are often unstable,
resulting in particles that either fail to associate into stable
particulate structures following expression, or that readily
dissociate into non-particulate structures during and/or fol-
lowing purification. Such a lack of stability is exhibited by
particles comprised of chimeric HBc molecules that are
C-terminally truncated to HBc position 149 and also contain
the above residues 1-24 of the influenza A M2 protein.

[6028] Others have reported that in wild type hepadnaviral
core antigens a cysteine residue upstream of the HBcAg start
cadon is directly involved in the prevention of particle
formation [Schodel et al. (Jan. 15, 1993) J. Biol. Chem.,
268(2):1332-1337; Wasenauer et al. (March 1993) J. Virol,,
67(3):1315-1322; and Nassal et al. (July 1993) J. Virol,
67(7):4307-4315]. All three groups reporied that in wild
type HBeAg, the cysteine residue at position -7 of the
pre-core sequence, which is present when the core gene is
translated from an upstream initiator methionine at position
=30, is responsible for preventing particle formation and
therefore facilitating the transition from particulate HBcAg
to secreted, non-particulate HBeAg.
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[0029] Based upon the above three publications, one
would expect the inclusion of one or more cysteine residues
at a position prior lo the initiator methionine of HBc; i.e., at
a residue position of less than one relative to the N-terminus
of the sequence of SEQ ID NO: 1, to actually destabilize
hybrid particles rather than stabilize them. As will be seen
from the discussion that follows, the present invention
provides results that are contrary to those expectations.

BRIEF SUMMARY OF THE INVENTION

[0030] The present invention contemplates an immunogen
for inducing antibodies to influenza A, and an inoculum and
a vaccine comprising that immunogen dispersed in a physi-
ologically tolerable diluent. A contemplated immunogen is a
self-assembled particle comprised of recombinant hepatitis
B virus core (HBc) chimer protein molecules. Each of those
molecules has a length of about 150 to about 325 amino acid
residues and contains four peptide-linked amino acid residue
sequence domains from the N-terminus that are denomi-
nated Domains I, 1f, IIT and IV.

[0031] The first domain, Domain I, comprises about 75 to
about 110 amino acid residues. The sequence of this Domain
includes at least the sequence of the residues of position 4
through position 75 of HBc. One to three cysteine residues
are also present at a position in the chimer molecule of about
one to about -20 relative to the N-terminus of HBc of SEQ
ID NO: 247 [N-terminal cyslteine residue(s)]. The one or
more N-terminal cysteine residues are present within a
sequence other than that of thc pre-core sequence of HBc.
Domain I can further include a sequence of about 6 {o about
24 residues of an influenza A M2 polypeptide
XXX X X5 X X, X TPIRNE X, X16X17X,6X10Xa0"
X1 X2,X3X 5, of SEQ ID NO: 9 that are peptide-bonded 1o
or within about 15 residues of the N-terminus of the HBc
sequence, and whose subscripted X residues are defined
hereinafter, as well as one or more or HBc residues 1-4.

[0032] The second domain, Domain 1I, comprises about
10 to about 60 amino acid residues peptide-bonded to
residue 75 of Domain 1 of which (i) zero to all residues in
the sequence of HBc positions 76 through 85 are present
peptide-bonded fo (ii) an optional sequence of about 6 to
about 48 residues that constitute one or more repeats of the
above influenza A M2 polypeptide of SEQ ID NO: 9.

[0033] The third domain, Domain IIL, is an HBc sequence
from position 86 through position 135 peptide-bonded to
residue 85.

[0034] The fourth domain, Domain IV, comprises (i) the
residucs of positions 136-140 plus up to nine residues of an
HBc amino acid residue sequence from position 141 through
149 peptide-bonded to the residue of position 135 of
Domain I, (ii) zero to three cysteine residues, (iii) fewer
than three arginine or lysine residues, or mixtures thereof
adjacent to each other, and (iv) up to about 100 amino acid
residues in a sequence heterologous to HBc from position
164 to the C-terminus.

{0035] A contemplated chimer molecule (i) contains no
more than 10 percent conservatively substituted amino acid
residues in the HBc sequence, (ii) self-assembles into par-
ticles that are substantially free of binding to nucleic acids
on expression in a host cell, and those particles are more
stable on formation than are parlicles formed from an
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otherwise identical HBc chimer that lacks said N-terminal
cysteine residue(s) or in which an N-terminal cysteine
residue present in ‘the chimer molecule is replaced by
another residue.

[0036] It is preferred that the HBc sequence of Domain I
include the residues of position 4 through position 75 along
plus at least an N-terminal cysteine residue. It is further
preferred that a contemplated immunogen contain one cys-
teine residue within Domain IV alone or in an amino acid
residue sequence heferologous to that of HBc¢ from position
164 to the C-terminus. it is particularly preferred that that
heterologous sequence comprise a T cell epitope of influenza
A.

[0037] Another embodiment comprises an inoculum or
vaccine that comprises an above HBc chimer particle that is
dissolved or dispersed in a pharmaceutically acceptable
diluent composition that typically also contains water. When
administered in an immunogenic effective amount 1o an
animal such as a2 mammal or bird, an inoculum induces
antibodies that immunoreact specifically with the chimer
particle. The antibodies so induced also immunoreact spe-
cifically with (bind t0) the N-terminal portion of the M2
protein.

[0038] 'The present invention has several benefits and
advantages.

[0039] A particular benefit of the invention is that its use
as a vaccine provides extraordinary antibody titers against
influenza A.

[0040] An advantage of the invention is that those very
high antibody titers have been produced with the aid of an
adjuvanl approved for use in humans.

[0041] Another benefit of the invention is that the recom-
binant immunogen can be prepared easily and in large
quantities using well-known cellculturetechniques to grow
transformed host cells.

[0042] Another advantage of the invention is that the
immunogen is easily prepared using well-known recombi-
nant techniques.

[0043] Yet another benefit of the invention is that a pre-
ferred immunogen exhibits greater stability at elevated tem-
peratures than to other HBc chimers.

[0044] Yet another advantage of the invention is that a
conlemplated immunogen is substantially free of nucleic
acids.

[0045] Still further benefits and advantages will be appar-
ent to the worker of ordinary skill from the disclosure that
follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] In the drawings forming a portion of this disclo-
sure:

[0647] FIG. 1, shown in two panels as FIG. 1A and FIG.
1B, provides an alignment of six published sequences for
mammalian HBc¢ proteins trom six viruses. The first (SEQ
ID NO: 1), human viral sequence is of the ayw subtype and
was published in Galibert et al. (1983) Nature, 281:646-650;
the second human viral sequence (SEQ ID NO: 2), of the
adw subtype, was published by Ono et al. (1983) Nucleic
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Acids Res., 11(6). 1747-1757; the third human viral
sequence (SEQ ID NO: 3), is of the adw2 subtype and was
published by Valenzuela et al., Animal Virus Genetics, Field
et al. eds., Academic Press, New York (1980)pages 57-70;
the fourth human viral sequence (SEQ ID NO: 4), is of the
adyw subtype that was published by Pasek et al. (1979)
Nature, 282:575-579; the fifth sequence (SEQ ID NO: §), is
that of the woodchuck virus that was published by Galibert
et al. (1982) J. Virol,, 41:51-65; and the sixth mammalian
sequence, (SEQ ID NO: 6), is that of the ground squirrel that
was published by Seeger et al. (1984) J. Virol.,51:367-375.

[0048] FIG. 2 shows the modifications made to commer-
cial plasmid vector pKK223-3 in the preparation of plasmid
vector pKK223-3N used herein for preparation of recombi-
nant HBc chimers. The modified sequence (SEQ ID NO: 7)
is shown below the sequence of the commercially available
vector (SEQ ID NO: 8). The bases of the added Ncol site are
shown in lower case letters and the added bases are shown
with double undeslines, whercas the deleted bases are shown
as dashes. The two restriction sites present in this segment
of the sequence {(Ncol and HindlIl) are indicated.

[0049] FIG. 3 is an analytical size exclusion chromatog-
raphy elution profile for ICC-1603 particles in which absor-
bance at 280 nm is shown on the ordinate and time in
seconds is shown on the abscissa.

[0050] FIG. 4 is an analytical size exclusion chromatog-
raphy elution profile for ICC-1590 particles as discussed for
FIG. 3.

[0051] FIG. 5 is an analytical size exclusion chromatog-
raphy elution profile for ICC-1560 particles as discussed for
FIG. 3.

[0052] FIG. 6 is an analytical size exclusion chromatog-
raphy elution profile for ICC-1605 particles as discussed for
FIG. 3.

[0053] FIG. 7 is an analytical size exclusion chromatog-
raphy clution profile for ICC-1604 particles as discussed for
FIG. 3.

[0054]) FIG. 8 is an analytical size exclusion chromatog-
raphy elution profile for ICC-1438 particles as discussed for
FIG. 3.

[0055]) FIG. 9 is an analytical size exclusion chromatog-
raphy elution profile for ICC-1492 particles as discussed for
FIG. 3.

[0056] FIG. 16 is a photograph of an SDS-PAGE analysis
under reducing conditions following particle preparation
that shows the ICC-1438 monomer construct was unstable
afier aging (Lane 2) as compared to the ICC-1492 construct
(Lane 3), with HBc¢-149 (Lane 1), ICC-1475 (Lane 4) and
ICC-1473 (Lane 5) serving as additional molecular weight
controls.

DEFINITIONS

{0057] Numerals utilized in conjunction with HBc chim-
ers indicate the position in the HBc ayw amino acid residue
sequence of SEQ ID NO: 1 at which one or more residues
has been added to or deleted from the sequence, regardiess
of whether additions or deletions to the amino acid residue
sequence are present. Thus, HBcl49 indicates that the
chimer ends at residue 149, whereas HBc149+C150 indi-
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cates that that same chimer contains a cysleine residue at
HBc position 150 relative to the sequence numbers of SEQ
ID NO: 1.

(0058] The term “antibody” refers to a molecule that is a
member of a family of glycosylated proteins called immu-
noglobulins, which can specifically bind to an antigen.

[0059] The word “antigen™ has been used historically to
designale an entily that is bound by an antibody or receptor,
and also to designate the entity that induces the production
of the antibody. More current usage limits the meaning of
antigen to that entity bound by an antibody or receptor,
whereas the word “immunogen” is used for the entity that
induces antibody production or binds to the receptor. Where
an entity discussed herein is both immunogenic and anti-
genic, reference to it as either an immunogen or antigen is
typically made according to its intended utility.

[0060] *Antigenic determinant” refers to the actual struc-
tural portion of the antigen that is immunologically bound
by an antibody combining site or T-cell receptor. The term
is also used interchangeably with “epitope”.

[0061] The word “conjugate” as used herein refers to a
hapicn operatively linked to a carrier prolein, as through an
amino acid residue side chain.

[0062] The term “conservative substitution” as used
herein denotes that one amino acid residue has been replaced
by another, biologically similar residue. Examples of con-
seevalive substitutions include the substitution of one hydro-
phobic residue such as isoleucine, valine, leucine or
mcthionine for another, or the substitution of one polar
residue for another such as between arginine and lysine,
between glutamic and aspartic acids or between glutamine
. and asparagine and the like.

[0063] The term “corresponds™ in its various grammatical
lforms as used in relation fo peptide sequences means the
peptide sequence described plus or minus up to three amino
acid residucs at either or both of the amino- and carboxy-
termini and containing only conservative substitutions in
particular amino acid residues along the polypeptide
sequence.

[(M64] The term “Domain” is used herein to mean a
portion of a recombinant HBc chimer molecule that is
identified by (i) residue position numbering relative to the
posilion numbers of HBcAg subtype ayw as reported by
Galibert et al., (1979) Narure, 281:646-650 (SEQ ID NO: 1).
The polypeptide portions of at least chimer Domains 1, II
and III are believed to exist in a similar tertiary form to the
corresponding sequences of naturally occurring HBcAg,.

[0065] As used herein, the term “fusion protein” desig-
nales a polypeptide that contains at least iwo amino acid
residue sequences not normally found linked together in
nature that are operatively linked together end-to-end (head-
to-tail) by a peptide bond between their respective carboxy-
and amino-terminal amino acid residues. The fusion proteins
of the present invention are HBc chimer molecules that
induce the production of antibodies that immunoreact with
a polypeptide that corresponds in amino acid residue
sequence o the polypeptide portion of the fusion protein.

[0066] The phrase “hepatitis B” as used here refers in its
broadest context to any member of the family of mammalian
hepadnaviridae, as discussed before.

Sep. 18, 2003

[6067] The words “polypeptide” and “peptide” are used
interchangeably throughout the specification and designate a
linear series of amino acid residues connected one to the
other by peptide bonds between the alpha-amino and car-
boxy groups of adjacent amino acids. Polypeptides can be a
variety of lengths, either in their neutral (uncharged) forms
or in forms that are salts. It is well understood in the art that
amino acid residue sequences contain acidic and basic
groups, and that the particular ionization state exhibited by
the peptide is dependent on the pH value of the surrounding
medium when the peptide is in solution, or that of the
medium from which it was obtained if the peptide is in solid
form. Thus, “polypeptide” or its equivalent terms is intended
to include the appropriate amino acid residue sequence
referenced. A peptide or polypeptide is always shown herein
from left to right and in the direction from amino-terminus
(N-terminus) to carboxy-terminus (C-terminus).

[0068] The term “residue” is used interchangeably with
the phrase amino acid residue. All amino acid residues
identified herein are in the natural or L-configuration. In
keeping with standard polypeptide nomenclature, [J. Biol.
Chem., 243, 3557-59 (1969)], abbreviations for amino acid
residues are as shown in the following Table of Correspon-
dence.

TABLE OF CORRESPONDENCE

1-Letter 3-Letter AMINO ACID

Y Tyr L-tyrosine

G Gly glycine

F Phe L-phenylalanine

M Met L-methionine

A Ala L-alanine

S Ser L-serine

I Ile L-isoleucine

L Leu L-leucine

T Thr L-threonine

v Val L-valine

P Pro L-proline

K Lys L-lysine

H His L-histidine

Q Gin L-glutamine

E Glu L-glutamic acid

A Gix L-glutamic acid
or
L-glutamine

w Trp L-tryptophan

R Arg L-arginine

D Asp L-aspartic acid

N Asn L-asparagine

B Asx L-aspartic acid
or
L-asparagine

C Cys L-cysteine

DETAILED DESCRIPTION OF THE
INVENTION

[0069] The present inveation contemplates an immunogen
and a vaccine or inoculum comprising that immunogen
against the influenza A virus. A contemplated immunogen is
a particle comprised of recombinant hepatitis B virus core
(HBc) protein chimer molecules with a length of about 150
to about 325 and preferably about 155 to 225 amino acid
residues that contains four peptide-linked amino acid residue
sequence domains from the N-terminus that are depomi-
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nated Domains I, II, III and IV. At least one polypeptide
containing 6 to about 24 residues of the influenza A M2
polypeptide of SEQ ID NO: 9, as defined hereinbelow, is
present peptide-bonded to the chimer molecule.

[0070] (a) Domain I comprises about 71 to about 110
aming acid residues whose sequence includes at least the
sequence of the residues of position 5 through position 75 of
HBc. One to three cysteine residues is(are) also preseni at a
position in the chimer molecule of about one to about -20
relative to the N-terminus of HBc of SEQ ID NO: 247
[N-terminal cysteine residue(s)]. The one or more N-termi-
nal cysteine residues is(are) present within a sequence other
than that of the pre-core sequence of HBc.

[0071] Domain I can, and preferably does, further include
a (i) sequence of 6 to about 24 residues of an above-noted
influenza A M2 polypeptide X, X, X X, X XXXy
TPIRNEX, ;X ¢X 17X 15X 10X20X2: X212 X553Xa, of SEQ ID
NO: 9 that are peptide-bonded to or within about 15 residues
of the N-terminus of the HBc sequence, as well as (ii) one
or more or HBc residues 1-4. [n that influenza A M2
polypeplide sequence,

[0072] residues X, through X are absent or present,
and when present are the residues naturally present
in the M2 protein sequence thal are methionine,
serine, leucine, leucine, threonine, glutamic acid,
valine, and glutamic acid, respectively, with the
proviso that when one subscripted X residue is
present, any remaining subscripted X with a higher
subscript number up to 8 is also present,

[0073] residues X, and X, are present or absenl,
and when present are tryptophan and glycine, respec-
tively,

[0074] residues X, and X, are present or absent,
and when present are independently cysteine, serine,
or alanine,

[0075] residue X, is present or absent, and when
present is arginine, and

[0076] residues X,, through X., are present or
absent, and when present are the residues naturally
present in the M2 protein sequence that are aspar-
agine, aspartic acid, serine, serine and aspartic acid
respectively, with the proviso that when one sub-
scripted X residue is present, any remaining sub-
scripted X residue with a lower subscript number
down to 15 is also present.

[0077] (b) Domain II comprises about 10 to about 60
amino acid residues peptide-bonded to residue 75. This
sequence includes (i) zero to all of the residues of a sequence
of HBc from HBc position 76 through 85 peptide-bonded to
(ii) an optional sequence of about 6 to about 48 residues that
constitute one or more repeats of the above influenza A M2
polypeptide of SEQ ID NO: 9.

[0078] (c¢) Domain M1 is an HBc sequence from position
86 through position 135 that is peptide-bonded to residue 85.

[(0079] d) Domain IV comprises (i) the residues of posi-
tions 136-140 plus up to nine residues of an HBc amino acid
residue sequence from position 141 through 149 peptide-
bonded to the residue of position 135 of Domain III, (ii) zero
to three cysteine residues, (iii) fewer than three arginine or
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lysine residues, or mixtures thereof adjacent to each other,
and (iv) up to about 100 amino acid residues in a sequence
heterologous to HBc¢ from position 164 to the C-terminus.
Thus, Domain IV contains at least the 5 residues of positions
136-140.

[0080] A contemplated chimer molecule (i) contains up to
about 10 percent conservatively substituted amino acid
residues in the HBc sequence, (ii) self-assembles into par-
ticles that are substantially free of binding 1o nucleic acids
on expression in a host cell, and those particles are more
stable on formation than are particles formed from an
otherwise identical HBc chimer that lacks said N-terminal
cysteine residue(s) or in which an N-terminal cysteine
residue present in the chimer molecule is replaced by
another residue.

[0081] In examining the length of a contemplated HBc
chimer, such a recombinant protein can have a length of
about 150 to about 325 amino acid residues. Preferably, that
length is about 155 to about 225 residues. More preferably,
the length is about 155 to about 170 residues. These differ-
ences in length arise from changes in the length of Domains
1, II and TV.

[0082] HBc chimers having a Domain I that contains more
than a deletion of the first three amino-terminal (N-termipal)
residues have been reported to result in the complete dis-
appearance of HBc chimer protein in E. coli cells. Pumpens
et al., (1995) Intervirology, 38:63-74. On the other hand, a
recent study in which an immunogenic 23-mer polypeptide
from the influenza M2 protein was fused to the HBc N-ter-
minal sequence reported that the resultant fusion protein
formed particles when residues 1-4 of the native HBc
sequence were replaced. Neirynck et al. (October 1999)
Nature Med., 5(10):1157-1163. Thus, the art teaches that
particles can form when an added amino acid sequence is
present peptide-bonded the one of residues 1-5 of HBe,
whereas particles do not form if no additional sequence is
present and more than residues 1-3 are deleted from the
N-terminus of HBc.

[0083] An N-terminal sequence peptide-bonded to one of
the first five N-terminal residues of HBc can conlain a
sequence of up to about 40 residues that are heterologous to
HBc; i.e., a portion of a pre-core sequence can be present in
a contemplated chimer molecule. Exemplary sequences
include an influenza A B cell or T cell epitope such as are
discussed hereinafler, a sequence of another (hetcrologous)
protein such as f-galactosidase as can occur in fusion
proteins as a result of the expression system used, or another
hepatitis B-related sequence such as that from the Pre-S1 or
Pre-S2 regions or the major HbsAg immunogenic sequence.

[0084] Domain I preferably has the sequence of residues
of positions 2-, 3- or 4- through 75 of HBc. Domain I also
contains one to three, preferably one, added cysteine resi-
due(s) and also preferably includes about 6 to about 24
residues of the sequence of the extracellular region of the
influenza A M2 protein peptide-bonded at the amino-termi-
nus as discussed herein below. Domain [ therefore contains
a deletion of at least the methionine residue of position 1 of
HBc and can include deletions of the residues at positions 2,
3 and 4.

[0085] The one or more cysteine residues present in
Domain I is(are) located at a position in the chimer molecule
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of about one to about =20 relative to the N-terminus of HBe
of SEQ ID NO: 1 [N-terminal cysteine residue(s)]. Thus,
using the scquence of SEQ ID NO: 1 as a reference point,
the N-terminal cysteine residue(s) is located in the chimer
molecule at a position that corresponds to the methionine at
position 1 of SEQ ID NO: 1 (FIG. 1), or at a position up to
about 20 residues downstream from that position. More
preferably, an N-terminal cysteine is located at a position of
about one to about minus 14 relative to position 1 of SEQ ID
NO: 1.

[0086] The one or more N-terminal cysteine residues are
present within a sequence other than that of the pre-core
sequence of HBc. As was noted previously, the HBeAg
molecule contains the pre-core sequence that includes a
cysteine residue. That molecule does not form particles,
whereas particles are desired herein. Thus, although an
N-terminal cysteine residue can be adjacent to a pre-core
sequence, such a residue is not present within a pre-core
sequence or a contemplated chimer molecule.

{0087] Domain I can have a length of about 110 residues.
Preferably, Domain I has a length of about 95 to about 100
amino acid residues, and includes an influenza A M2
polypeptide epitope sequence of SEQ ID NO: 9, that pref-
erably includes the C-terminal 23 residues.

[0088] Domain I1, which is peptide-bonded (o residue 75,
contains about 10 to about 60 amino acid residues. This
Domain includes zero through all of the sequence of HBc
residues of positions 76 through 85. Domain II also option-
ally includes a sequence of about 6 to about 48 residues that
constilute one or morc repeats of the before-mentioned
influenza A M2 polypeptide of SEQ ID NO: 9. The influenza
A M2 polypeptide sequence, when present, is preferably
peptide-bonded between HBc residues 78 and 79, and all of
the HBc sequence from position 76 through 85 is present.

[0089] Preferred influenza A M2 polypeplide sequences
for insertion into Domains I or II, or both, of a contemplated
recombinant HBc chimer are enunierated in Table A, below.
A scquence beginning with a methionine residue (M) is
designed to be N-terminal sequence for insertion into the
N-terminus of Domain I, whereas a sequence free of an
N-terminal M residue is designed for insertion into Domain
I1. :

TABLE A

Influenza A M2 Protein B Cell Epitopes

Sequence SEQ ID NO
SLLTEVETPIRNEWGCRCNGSSD 10
SLLTEVETPIRNEWGCRCNDSSD 11
SLLTEVETPIRNEWGARANDSSD 12
SLLTEVETPIRNEWGSRSNDSSD 13
SLLTEVETPIRNEWGSRCNDSSD 14
SLLTEVETPIRNEWGCRSNDSSD 15
SLLTEVETPIRNEWGCRANDSSD 16
SLLTEVETPIRNEWGARCNDSSD 17
MSLLTEVETPIRNEWGCRCNDSSD 18
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TABLE A-continued

Influenza A M2 Protein B Cell Epitopes

Sequence SEQ ID NO
MSLLTEVETPIRNEWGSRSNDSSD 19
MGISLLTEVETPIRNEWGCRCNDSSDELLGWLWGI 20
MSLLTEVETPIRNEWGARANDSSD 21
MSLLTEVETPIRNEWGCRANDSSD 22
MSLLTEVETPIRNEWGARCNDSSD 23
MSLLTEVETPIRNEWGCRSNDSSD 24
MSLLTEVETPIRNEWGSRCNDSSD 25
X1 XXX XXX XgTPIRNEX, 5X 16X, 7% 0%, 90X 20~

XZIXZZXZSXZQ 9
Influenza B Protein
NNATFNYTNVNPISHIR 83

[6090] In the polypeptide of SEQ ID NO: 9, X, through X,
are absent or present, and when present are the residues
naturally present in the reported M2 protein sequence; i.c.,
methionine, serine, leucine, leucine, threonine, glutamic
acid, valine, and glutamic acid, respectively, with the pro-
viso that when one subscripted X is present, any remaining
subscripted X residue with a higher subscript number up to
8 is also present. Thus, when X, is present, each of X,
through X, is also present. Similarly, when X, is present,
each of X, through X, is also present, and the like. On the
other hand, X, can be present without any other of the
remaining X residues having a lower valued subscript num-
ber being present. The residucs X5 and X, are present or
absent, and when present are tryptophan and glycine, respec-
tively. Residues X ; and X, are present or absent, and when
present are independently cysteine, serine, or alanine. It is
preferred that one of X, and X,, be cysteine, particularly

when an M2 polypeptide epitope is present at the N-termi-

nus of the chimer molecule. Residue X4 is present or absent,
and when present is arginine. Residues X, through X, are
present or absent, and when present are the residues natu-
rally present in the reported M2 protein sequence; ie.,
asparagine, asparlic acid, serine, serine and aspartic acid
respectively, with the proviso that when one subscripted X
is present, any remaining X residue with a lower subscript
number through 15 is also present. Thus, for example, when
X. is present, so are each of residues X, through X,..

[0091] Domain III contains the sequence of HBc position
86 through position 135 peptide-bonded at its N-terminus to
residue 85.

[0092] The fourth domain, Domain IV, comprises (i) the
residues of positions 136 through 140 plus up fo nine
residues of an HBc amino acid residue sequence from
position 141 through 149 peptide-bonded to the residue of
position 135 of Domain II, (i) zero to three cysteine
residues, and preferably one cysteine residue, (iii) fewer
than three arginine or lysine residues, or mixtures thercof
adjacent to each other, and (iv) up to about 100 amino acid
residues, preferably up to 50 amino acid residues, and more

[0l
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preferably up to about 25 residues, in a sequence heterolo-
gous to HBc from position 164 to the C-terminus.

[0093] 1t is preferred that Domain IV contain up to four-
teen residues of an HBc sequence from position 136 through
position 149 peptide-bonded 1o residue 135; i.e., an HBc
sequence that begins with the residue of position 136 that
can continue through position 149. Thus, if the residue of
position 148 is present, so is the sequence of residues of
positions 136 through 147, or if residue 141 is present, so is
the sequence of residues of positions 136 through 140.

[0094] Domain IV can also contain zero to three cysleine
residues and those Cys residues are present within about 30
residues of the carboxy-terminus (C-terminus) of the chimer
molecule. Preferably, one cysteine (Cys) residue is present,
and that Cys is preferably present as the carboxy-terminal
(C-terminal) residue, unless an influenza T cell epitope is
present as part of Domain I'V. When such a T cell epitope is
present, the preferred Cys is preferably within the C-termi-
nal last five residues of the HBc chimer.

[0095] The presence of the above-discussed N-termioal
cysteine residue(s) provides an unexpected enhancement of
the ability of the chimer molecules to form stable immuno-
penic particles (discussed hereinafter). Thus, a contemplated
H13¢ chimer immunogen tends to form particles that stay
together upon collection and initial purification as measured
by analytical size exclusion chromatography, whose details
arc discussed hereinafter.

[0096] The contemplated particles can also be more stable
lo decomposition at 37° C. after aging than are similar
chimer particles lacking that cysteine residue. This latter
type of enhanced stability can be measured using 15%
SDS-PAGE gels with particles dispersed in sample buffer
(reducing). Gels are stained using Coomassie Blue, and then
analyzed. This type of stability is believed to be exhibited
against hydrolysis, whereas the stability determined by size
¢xclusion chromatography is that of initial particle forma-
tton.

[M97] Particles that additionally contain one or more
C-terminal cysteine residues exhibit enhanced stability in
formation and also toward decomposition on aging, with
some particles containing both N- and C-terminal cysieines
usually exhibiting greater stability in either measure than
those particles having only an added cysteine at either the N-
ar C-terminus.

[0098]) Domain IV contains fewer than three arginine or
lysine residues, or mixtures thercof adjacent to each other.
Arginine and lysines are present in the C-terminal region of
HBc that extends from position 164 through the C-terminus
of the native molecule. That region is sometimes referred to
as the “protamine” or “arginine-rich” region of the molecule
and binds nucleic acids. A contemplated HBc¢ chimer mol-
ecule and particle are substantially free of bound nucleic
acids.

[0099] The substantial freedom of nucleic acid binding
can be readily determined by a comparison of the absor-
bance of the particles in aqueous solution measurcd al both
280 and 260 nm; ie., a 280/260 absorbance ratio. The
contemplated particles do not bind substantially to nucleic
acids that are oligomeric and/or polymeric DNA and RNA
species originally present in the cells of the organism used
to express the protein. Such nucleic acids exhibit an absor-
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bance at 260 nm and relatively less absorbance at 280 nm,
whereas a protein such as a contemplated chimer absorbs
relatively less at 260 nm and has a greater absorbance at 280
nm.

[0100] Thus, recombinantly expressed HBc particles or
chimeric HBc particles that conlain the arginine-rich
sequence at residue positions 150-183 (or 150-185) exhibit
a ratio of absorbance at 280 nm to absorbance at 260 nm
(280:260 absorbance ratio) of about 0.8, whereas particles
free of the arginine-rich nucleic acid binding region of
naturally occurring HBc such as those that contain fewer
than three arginine or lysine residues or mixtures thereof
adjacent to each other, or those having a native or chimeric
sequence that ends at about HBc residue position 140 to
position 149, exhibit a 280:260 absorbance ratio of about 1.2
to about 1.6.

[0101] Chimeric HBc particles of the present invention are
substantially free of nucleic acid binding and exhibit a
280:260 absorbance ratio of about 1.2 to about 1.6, and more
typically, about 1.4 to about 1.6. This range is due in large
part to the number of aromatic amino acid residues present
in Domains I and IV of a given chimeric HBc particle. That
range is also in part due to the presence of the Cys in Domain
IV of a contemplated chimer, whose presence can diminish
the observed ratio by about 0.1 for a reason that is presently
unknown.

[0102] The contemplated chimer HBc¢ particles are more
stable in aqueous buffer at 37° C. over a time period of about
two weeks to about one month than are particles formed
from a HBc chimer containing the same peptide-linked
Domain 11, III and IV sequences and an otherwise same
Domain I sequence in which the one to three cysteine
residues [N-terminal cysteine residue(s)] are absent or a
single N-terminal residue present is replaced by another
residue such as an alanine residue.

[0103] Thus, for example, particles containing an influ-
enza A M2 polypeptide in Domain I [e.g. ICC-1590. par-
ticles] that include two cysteine residues is more stable than
otherwise identical particles [ICC-1603 particles] assembled
from chimer molecules whose N-terminal M2 variant
sequence contains serine residues in place of the cysteines.
Similarly, particles containing the above influenza B cell
epitope in Domain I and a single cysteine at the C-terminus
[ICC-1605 particles] are more stable than are otherwise
identical particles in which that cysteine is absent, but are
less stable than are the particles containing the two N-ter-
minal cysteines, ICC-1590 particles or those particles that
contained both N-terminal and C-terminal cysteines [ICC-
1604 particles].

[0104) A contemplated particle containing a N-terminal
cysteine residue is also typically prepared in greater yield
than is a particle assembled from a chimer molecule lacking
a N-terminal cysteine. This increase in yield can be seen
from the mass of particles obtained or from integration of
traces from analytical gel filtration analysis using Super-
ose® 6 HR as discussed hereinafter.

[0105] Although the T cell help afforded by HBc is highly
effective in enhancing antibody responses (i.e. B cell-medi-
ated) to *carried’ epitopes following vaccination, HBc does
not activate influenza-specific T cells, except in restricted
individuals for whom the B cell epitope is also a T cell
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epitope. To help ensure universal priming of influenza-
specific T helper cells, in addition to B cells, one or more
influenza-specific T helper epitopes is preferably incorpo-
rated into a contemplated immunogen and is located in
Domain IV of the immunogen.

[0106] A plurality of the above or another T cell epitopes
can be present in Domain IV or another B cell epitope can
be present. In preferred practice, Domain IV has up to about
50 residues in a sequence heterologous to HBc. More
preferably, that sequence is up to about 25 residues and
includes a T cell epitope.

{0107] A contemplated recombinant HBc chimer molecule
is typically present and is used in an immunogen or vaccine
as a self-assembled particle. These particles are comprised
of 180 to 240 chimer molecules that separate into protein
molecules in the presence of disuifide reducing agents such
as 2-mercaptoethanol, and the individual molecules are
therefore thought to be bound together into the particle
primarily by disulfide bonds. These particles are similar to
the particles observed in patients infected with HBV, but
these particles are non-infectious. Upon expression in vari-
ous prokaryotic and eukaryotic hosts, the individual recom-
binant HB¢ chimer molecules assemble in the host into
particles that can be readily harvested from the host cells.

[0108] In addition to the before-discussed N- and C-trun-
cations and insertion of influenza M2 polypeptide epitopes,
a contemplated chimer molecule can also contain conserva-

. tive substitutions in the amino acid residues that constitute

HBc Domains I, I1, HI and V. Conservative substitutions are
as defined before.

[0109] More rarely, a “nonconservative” change, e.g.,

- replacement of a glycine with a tryptophan is contemplated.
"~ Analogous minor variations can also include amino acid

deletions or insertions, or both. Guidance in determining
which amino acid residues can be substituted, inserted, or
deleted without abolishing biological activity can be found
using computer programs well known in the art, for example
LASERGENE software (DNASTAR Inc., Madison, Wis.)

[0110] The HBc portion of a chimer molecule of the
present invention [the portion having the HBc sequence that
has other than a sequence of an added epitope, or heterolo-
gous residue(s) that are a restriction enzyme artifact] most
preferably has the amino acid residue sequence at positions
2 through 149 of subtype ayw that is shown in FIG. 1 (SEQ
ID NO: 1), when present. Somewhal less preferred are the
corresponding amino acid residue sequences of subtypes
adw, adw2 and adyw that are also shown in FIG. 1 (SEQ ID
NOS: 2,3 and 4). Less preferred still arc the sequences of
woodchuck and ground squirrel at aligned positions 2
through 149 that are the last two sequences of FIG. 1 (SEQ
ID NOS: 5 and 6). As noted elsewhere, portions of different
sequences from different mammalian HBc proteins can be
used together in a single chimer.

[0111] When the HBc portion of a chimer molecule of the
present invention has other than a sequence of a mammalian
HBc¢ molecule at positions 2 through 149, when present,
because one or more conservative substitutions has been
made, it is preferred that no more than 10 percent, and more
preferably no more than S percent, and most preferably no
more than 3 percent of the amino acid residues are substi-
tuted as compared to SEQ ID NO: 1 from position 2 through
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149. A contemplated chimer of 149 HBc residues can
therefore contain up to about 15 residues that are different
from those of SEQ ID NO: 1 at positions 2 through 149, and
preferably about 7 or 8 residues. More preferably, up 1o
about 5 residues are different from the ayw sequence (SEQ
ID NO: 1) at residue positions 2-149. Where an HBc
sequence is truncated further at one or both termini, the
number of substituted residues is proportionally different.
Deletions elsewhere in the molecule are considered conser-
vative substitutions for purposes of calculation.

[0112] Chimer Preparation

[0113] A contemplated chimeric immunogen is prepared
using the well-known techniques of recombinant DNA tech-
nology. Thus, sequences of nucleic acid that encode particu-
lar polypeptide sequences are added and deleted from the
precursor sequence that encodes HBV.

[0114] A contemplated chimeric immunogen typically uti-
lizes a cysteine residue present in the M2 sequence as the
N-terminal cysteine. Primers for the preparation of such
chimer molecules by in vitro mutagenesis of a polynucle-
otide encoding an HBc molecule are discussed hereinafter.
When a cysteine-containing M2 polypeptide epilope is not
present at the N-terminus, the N-terminal cysteine can be
provided by in vitro mutagenesis using a primer that encodes
just a cysteine-containing portion of the M2 polypeptide or
a simple N-terminal start sequence such as Met-Cys- or
Met-Gly-Cys-.

[0115] As was noted previously, the HBc immunodomi-
nant loop is usually recited as being located at about
positions 75 through 85 from the amino-terminus (N-termi-
nus) of the intact protein. The influenza A M2 B cell
epitope-containing sequence can be placed into that immu-
nodominant loop sequence of Domain II. That placement
substantially eliminates the HBc immunogenicily and anti-
genicity of the HBc loop sequence, while presenting the
influenza A M2 B cell epitope in an extremely immunogenic
position in the assembled chimer particles.

[0116] One of two well-known strategies is particularly
useful for placing the influenza A M2 B cell sequence into
the loop sequence at a desired location such as between
residues 78 and 79. A first, less successful strategy is referred
to as replacement in which DNA that codes for a portion of
the loop is excised and replaced with DNA that encodes an
influenza A M2 B cell sequence. The second strategy is
referred to as insertion in which an influenza A M2 B cell
sequence is inserted between adjacent residues in the loop.

[0117] Site-directed mutagenesis using the polymerase
chain reaction (PCR) is used in one exemplary replacement
approach to provide a chimeric HBc DNA sequence that
encodes a pair of different restriction sites, e.g. EcoR1 and
Sacl, one near each end of the immunodominant loop-
encoding DNA. Exemplary residues replaced are 76 through
81. The loop-encoding section is excised, an influenza AM2
B cell epitope-encoding sequence flanked on each side by
appropriaie HBc sequence residues is ligated into the restric-
tion sites and the resulting DNA is used to express the HBe
chimer. See, for example, Table 2 of Pumpens et al., (1995)
Intervirology, 38:63-74 for exemplary uses of a similar
technique.

. [0118] Alternatively, a single resfriction site or two sites

can be encoded into the region, the DNA cut with a
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restriction enzyme(s) to provide “‘sticky” or ends, and an
appropriate sticky- or blunt-ended heterologous DNA seg-
ment ligated into the cut region. Examples of this type of
sequence replacement into HBc can be found in the work
reported in Schode!l et al., (1991) FE. Brown et al. eds.,
Vaccines 91, Cold Spring Harbor Laboratory, Cold Spring
Harbor, N.Y,, pp.319-325, Schodel et al., Behring Inst. Min.,
1997(98): p. 114-119 and Schodel et al.,J. Exp. Med., (1994)
180(3): p. 1037-4, the latter two papers discussing the
preparation of vaccines against malarial pathogens P. yoelii
and P berghei, respectively. A replacement strategy that
results in a net removal of residues from the immunodomi-
nant loop is usually not used herein.

[0119] Insertion is preferred. In an illustrative example of
the insertion strategy, site-directed mutagenesis is used to
create two restriction sites adjacent to each other and
between codons encoding adjacent amino acid residues,
such as those at residue positions 78 and 79. This technique
adds twelve base pairs hat encode four amino acid residues
(two for each restriction site) between formerly adjacent
residues in the HBc loop.

[0120] Upon cleavage with the restriction enzymes, liga-
tion of the DNA coding for the influenza A M2 sequence and
expression of the DNA to form HBc chimers, the HBc loop
amino acid sequence is seen to be interrupted on its N-ter-
minal side by the two residues encoded by the 5' restriction
site, followed toward the C-terminus by the influenza A M2
B-cell epitope sequence, followed by two more heterolo-
gous, non-loop residues encoded by the 3' restriction site and
then the rest of the loop sequence. This same strategy is also
preferably used for insertion into Domain IV of a T cell
epitope or one or more cysteine residues that are not a part
of a T cell epitope. A similar strategy using an insertion
between residues 82 and 83 is reported in Schoedel et al.,
(1990) F. Brown et al. eds., Vaccines 90, Cold Spring Harbor
Laboratory, Cold Spring Harbor, N.Y., pp.193-198.

[0121] For example, a DNA sequence that encodes a
C-terminal truncated HBc sequence (HBc149) is engineered
to contain adjacent EcoRI and Sacl sites between residues
78 and 79. Cleavage of that DNA with both enzymes
provides one fragment that encodes HBc positions 1-78
3'-terminated with an EcoRI sticky end, whereas the other
fragment has a 5'-terminal Sacl sticky end and encodes
residues of positions 79-149. Ligation of a synthetic nucleic
acid having a 5' AATT overhang followed by a sequence that
encodes a desired influenza A M2 B cell epitope and a
AGCT 3' overhang provides a HBc chimer sequence that
encodes that B cell epitope flanked on each side by two
heterologous residues (Gl and EL, respectively) between
residues 78 and 79, while destroying the EcoRI site and
preserving the Sacl site.

[0122] A similar strategy can be used for insertion of a
C-terminal cysteine-containing sequence. Here, EcoRI and
HindIIl restriction sites are engineered in to the HBe DNA
sequence after amino acid residue position 149. After diges-
tion with EcoRI and HindIll, a synthetic DNA having the
above AATT 5' overhang followed by a T cell epitope-
encoding sequence, a stop codon and a 3' AGCT overhang
were ligated into the digested sequence to form a sequence
that encoded HBc residues 1-149 followed by two heterolo-
gous residues (GI), the stop codon and the HindIl! site.

[0123] PCR amplification using a forward primer having a
Sacl restriction site followed by a sequence encoding HBc
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beginning at residue position 79, followed by digestion with
Sacl and HindIII provided a sequence encoding HBc posi-
tions 79-149 plus the two added residues and the T cell
epitope at the C-terminus. Digestion of that construct with
Sacl and ligation provides the complete gene encoding a
desired recombinant HBc chimer immunogen having the
sequence, from the N-terminus, of HBc positions 1-78, two
added residues, the influenza A M2 B cell epitope, two added
residues, HBc positions 79-149, two added residues, and the
T cell epitope.

[0124] it is noted that the preferred use of two heterolo-
gous residues on either side of (flanking) a B cell or T cell
epitope is a matter of convenience. As a consequence, one
can also use zero to three or more added residues that are not
part of the HBc sequence on either or both sides of an
inserted sequence. One or both ends of the insert and HBc
nucleic acid can be “chewed back” with an appropriate
nuclease (e.g. S1 nuclease) to provide blunt ends that can be
ligated together. Added heterologous residues that are nei-
ther part of the inserted B cell or T cell epitopes nor a part
of the HBc sequence are not counted in the number of
residues present in a recited Domain.

[0125] It is also noted that one can also synthesize all or
a part of a desired recombinant HBc chimer nucleic acid
using well-known synthetic methods as is discussed and
illustrated in U.S. Pat. No.5,656,472 for the synthesis of the
177 base pair DNA that encodes the 59 residue ribulose
bis-phosphate carboxylase-oxygenase signal peptide of Nic-
otiana tabacum. For example, one can synthesize Domains
1 and II with a blunt or “sticky” end that can be ligated to
Domains III and IV to provide a construct that expresses a
contemplated HBc chimer that contains zero added residues
to the N-terminal side of the B cell epitope and zero to three
added residues on the C-terminal side or at the Domain 11/111
junction or at some other desired location.

[0126] A nucleic acid sequence (segment) that encodes a

~ previously described HBc chimer molecule or a complement

of that coding sequence is also contemplated herein. Such a
nucleic acid segment is present in isolated and purified form
in some preferred embodiments.

[0127] In living organisms, the amino acid residue
sequence of a protein or polypeptide is directly related via
the genetic code to the deoxyribonucleic acid (DNA)
sequence of the gene that codes for the protein. Thus,
through the well-known degeneracy of the genetic code
additional DNAs and corresponding RNA sequences
(nucleic acids) can be prepared as desired that encode the
same chimer amino acid residue sequences, but are suffi-
ciently different from a before-discussed gene sequence that
the two sequences do not hybridize at high stringency, but do
hybridize at moderate stringency.

[0128] High stringency conditions can be defined as com-
prising hybridization at a temperature of about 50°-55° C. in
6xSSC and a final wash at a temperature of 68° C. in
1-3xSSC. Moderale stringency conditions comprise hybrid-
ization at a temperature of about 50° C. 1o about 65° C. in
0.2 to 0.3 M Na(l, followed by washing at about 50° C. to
about 55° C. in" 0.2xSSC, 0.1% SDS (sodium dodecyl
sulfate).

[0129] A nucleic sequence (DNA sequence or an RNA
sequence) that (1) itself encodes, or its complement encodes,
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a chimer molecule whose HBc portion from residue position
1 through 136, when present, is that of SEQ ID NOS: 1, 2,
3, 4, 5 or 6 and (2) hybridizes with a DNA sequence of SEQ
ID NOS: 77, 78, 79, 80, 81 or 82 at least at moderate
stringency (discussed above); and (3) whose HBc sequence
shares at least 80 percent, and more preferably at least 90
percent, and even more preferably at least 95 percent, and
most preferably 100 percent identity with a DNA sequence
of SEQ ID NOS: 77, 78, 79, 80, 81 and 82, is defined as a
DNA variant sequence. As is well-known, a nucleic acid
sequence such as a contemplated nucleic acid sequence is
expressed when operatively linked to an appropriate pro-
moter in an appropriate expression system as discussed
elsewhere herein.

[0130] An analog or analogous nucleic acid (DNA or
RNA) sequence that encodes a contemplated chimer mol-
ecule is also contemplated as part of this invention. A chimer
analog nucleic acid sequence or its complementary nucleic
acid sequence encodes a HBc amino acid residue sequence
that is at Icast 80 percent, and more preferably at least 90
percent, and most preferably is at least 95 percent identical
to the HBc sequence portion from residue position 1 through
residue position 136 shown in SEQID NOS: 1,2,3,4,5 and
6. This DNA or RNA is referred to herein as an “analog of”
or “analogous 10” a sequence of a nucleic acid of SEQ ID
NOS: 77, 78, 79, 80, 81 and 82, and hybridizes with the
nucleic acid sequence of SEQ ID NOS: 77, 78, 79, 80, 81
and 82 or their complements herein under moderale strin-
gency hybridization conditions. A nucleic acid that encodes
an analogous sequence, upon suitable transfection and
expression, also produces a contemplated chimer.

[0131] Different hosts oflen have preferences for a par-
ticular cadon to be used for encoding a particular amino acid
residue. Such codon preferences are well known and a DNA
sequence encoding a desired chimer sequence can be aliered,
using in vitro mutagenesis for example, so that hosl-pre-
ferred codons are utilized for a particular host in which the
enzyme is to be expressed. In addition, one can also use the
degeneracy of the genetic code to encode the HBe portion of
a sequence of SEQ ID NOS: 1, 2, 3, 4, 5 or 6 that avoids
substantial identity with a DNA of SEQ ID NOS: 77, 78, 79,
&0, 81 or 82 or their complements. Thus, a useful analogous
DNA sequence need not hybridize with the nucleotide
sequences of SEQ ID NOS: 77, 78, 79, 80, 81 or 82 or a
complement under conditions of moderate stringency, but
can still provide a contemplated chimer molecule.

[0132] A recombinant nucleic acid molecule such as a
DNA molecule, comprising a vector operatively linked 10 an
exogenous nucleic acid segment (e.g., a DNA segment or
sequence) that defines a gene that encodes a contemplated
chimer, as discussed above, and a promoter suitable for
driving the expression of the gene in a compatible host
organism, is also contemplated in this invention. More
particularly, also contemplated is a recombinant DNA mol-
ecule that comprises a vector comprising a promoter for
driving the expression of the chimer in host organism cells
operatively linked to 2 DNA segment that defines a gene for
the HBc portion of a chimer or a DNA variant that has at
least 90 percent identity to the chimer gene of SEQ ID NOS:
77,78, 79, 80, 81 or 82 and hybridizes with that gene under
moderate stringency conditions.

{0133] Further contemplated is a recombinant DNA mol-
ecule that comprises a vector containing a promoter for
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driving the expression of a chimer in host organism cells
operatively linked to a DNA segment that is an analog
nucleic acid sequence thatl encodes an amino acid residue
sequence of a HBc chimer portion that is at least.80 percent
identical, morc preferably 90 percent identical, and most
preferably 95 percent identical to the HBc portion of a
sequence of SEQ ID NOS: 1, 2, 3, 4, 5 or 6. That recom-
binant DNA molecule, upon suitable transfection and
expression in a host cell, provides a contemplated chimer
molecule.

[0134] Itis noted that because of the 30 amino acid residue
N-terminal sequence of ground squirrel HBc does not align
with any of the other HBc sequences, that sequence and its
encoding nucleic acid sequences and their complements are
not included in the above percentages of identity, nor are the
portions of nucleic acid that encode that 30-residue sequence
or its complement used in hybridization determinations.
Similarly, sequences that are truncated at either or both of
the HBc N- and C-termini are not included in identity
calculations, nor are those sequences in which residues of
the immunodominant loop are removed for insertion of a
heterologous epitope. Thus, only those HBc-encoding bases
or HBc sequence residues that are present in a chimer
molecule are included and compared to an aligned nucleic
acid or amino acid residue sequence in the identity percent-
age calculations.

[0135] Inasmuch as the coding sequences for the gene
disclosed herein is illustrated in SEQ ID NOS: 77, 78, 79,
80, 81 and 82, isolated nucleic acid segments, preferably
DNA sequences, variants and analogs thereot can be pre-
pared by in vitro mutagenesis, as is well known in the art and
discussed in Current Protocols In Molecular Biology, Ausa-
bel et al. eds., John Wiley & Sons (New York: 1987) p.
8.1.1-8.1.6, that begin at the initial ATG codon for a gene
and end at or just downstream of the stop codon for each
gene. Thus, a desired restriction site can be engineered at or
upstream of the initiation codon, and at or downstream of the
stop codon so that other genes can be prepared, excised and
isolated.

[0136] As is well known in the art, so long as the required
nucleic acid, illustratively DNA sequence, is present,
(including start and stop signals), additional base pairs can
usually be present at either end of the segment and that
segment can still be utilized to express the protein. This, of
course, presumes the absence in the segment of an opera-
tively linked DNA sequence that represses expression,
expresses a further product that consumes the enzyme
desired to be expressed, expresses a product that consumes
a wanted reaction product produced by that desired enzyme,
or otherwise interferes with expression of the gene of the
DNA segment.

[0137] Thus, so long as the DNA segment is free of such
interfering DNA sequences, a DNA segment of the invention
can be about 500 to about 15,000 base pairs in length. The
maximum size of a recombinant DNA molecule, particularly
an expression veclor, is governed mostly by convenience
and the vector size that can be accommodated by a host cell,
once all of the minimal DNA sequences required for repli-
cation and expression, when desired, are present. Minimal
vector sizes are well known. Such long DNA segments are
not preferred, but can be used.

[0138] DNA segments that encode the before-described
chimer can be synthesized by chemical techniques, for
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example, the phosphotriester method of Matteucci et al.
(1981) J. Am. Chem. Soc., 103:3185. Of course, by chemi-
cally synthesizing the coding sequence, any desired modi-
fications can be made simply by substituting the appropriate
bases for those encoding the native amino acid residue
sequence. However, DNA segments including sequences
discussed previously are preferred.

[0139] A coniemplated HBc chimer can be produced
(expressed) in a number of transformed bost systems, typi-
cally host cells although expression in acellular, in vitro,
systems is also contemplated. These host cellular systems
include, but arc not limited to, microorganisms such as
bacteria transformed with recombinant bacteriophage, plas-
mid, or cosmid DNA expression vectors; yeast transformed
with -yeast expression vectors; insect cell systems infected
with virus expression vectors (e.g. baculovirus); plant cell
systems transformed with virus expression vectors (e.g.
cauliflower mosaic virus; tobacco mosaic virus) or with
bacterial expression vectors (e.g., Ti plasmid); or appropri-
ately transformed animal cell systems such as CHO or COS
cells. The invention is not limited by the host cell employed.

[0140] DNA segments containing a gene encoding the
HBc chimer are preferably obtained from recombinant DNA
molecules (plasmid vectors) containing that gene. Vectors
capable of directing the expression of a chimer gene into the
protein of a HBc chimer is referred to herein as an “‘expres-
sion vector”.

-[0141] An expression vector contains expression comntrol

elements including the promoter. The chimer-coding gene is
operatively linked to the expression vector to permit the
promoter sequence to direct RNA polymerase binding and
expression of the chimer-encoding gene. Useful in express-
ing the polypeptide coding gene are promoters that are
inducible, viral, synthelic, constitutive as described by Posz-
kowski et al. (1989) EMBOJ., 3:2719 and Odell et al. (1985)
Nature, 313:810, as well as lemporally regulated, spatially
regulated, and spatiolemporally regulated as given in Chua
et al. (1989) Science, 244:174-181.

[0142] One preferred promoter for use in prokaryotic cells
such as E. coli is the Rec 7 promoter that is inducible by
exogenously supplied nalidixic acid. A more preferred pro-
mofer is present in plasmid vector JHEX25 (available from
Promega) that is inducible by exogenously supplied isopro-
pyi-B-D-thiogalacto-pyranoside (IPTG). A still more pre-
ferred promoter, the fac promoter, is present in plasmid
vector pKK223-3 and is also inducible by exogenously
supplied IPTG. The pKK?223-3 plasmid can be successfully
expressed in a number of E. coli strains, such as XL-1, TB1,
BL21 and BLR, using about 25 to about 100 uM IPTG for
induction. Surprisingly, concentrations of about 25 to about
50 #M IPTG have been found to provide optimal results in
2 L shaker flasks and fermentors.

[0143] Several strains of Salmonella such as S. ryphi and
S. typhimurium and S. typhimurium-E. coli hybrids have
been used to express immunogenic transgenes including
prior HBc chimer particles both as sources of the particles
for use as immunogens and as live, attenuated whole cell
vaccines and inocula, and those cxpression and vaccination
systems can be used herein. See, U.S. Pat. No. 6,024,961
U.S. Pat. No. 5,888,799; U.S. Pat. No. 5,387,744; U.S. Pat.
No. 5,297,441; Ulrich et al., (1998) Adv. Virus Res., 50:141-
182; Tacket et al, (August 1997) Infect. Immun.,
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65(8):3381-3385; Schodel et al., (February 1997) Beliring
Inst. Mint.,, 98:114-119; Nardelli-Hacfliger et al., (December
1996) Infect. Immun., 64(12):5219-5224; Londono et al,,
(April 1996) Vaccine, 14(6):545-552, and the citations
therein.

[0144] Expression vectors compatible with eukaryotic
cells, such as those compatible with yeast cells or those
compalible with cells of higher plants or mammals, are also
contemplated herein. Such expression veclors can also be
used to form the recombinant DNA molecules of the present
invention. Vectors for use in yeasts such as S. cerivisiae or
Piclia pastoris can be episomal or integrating, as is well
known. Eukaryotic cell expression vectors are well known
in the art and are available from several commercial sources.
Normally, such vectors contain one or more convenienl
restriction sites for insertion of the desired DNA segment
and promoter sequences. Optionally, such vectors contain a
selectable marker specific for use in eukaryotic cells. Exem-
plary promoters for use in S. cerevisiae include the S.
cerevisiae phosphoglyceric acid kinase (PGK) promoter and
the divergent promoters GAL 10 and GAL 1, whereas the
alcohol oxidase gene (AOX1) is a useful promoter for
Pichia pastoris.

[0145] For example, to produce chimers in the methy-
lotrophic yeast, P. pastoris, a gene that encodes a desired
chimer is placed under the control of regulatory sequences
that direct expression of structural genes in Pichia. The
resultant expression-competent forms of those genes are
introduced into Pichia cells.

[0146] More specifically, the transformation and expres-
sion system described by Cregg et al. (1987) Biorechnology,
5:479-485; (1987) Molecular and Cellular Biology,
12:3376-3385 can be used. A gene for a chimer V12.Pf3.1is
placed downstream from the alcohol oxidase gene (AOX1)
promoter and upstream from the transcription terminator
sequence of the same AOX1 gene. The gene and its flanking
regulatory regions are then introduced into a plasmid that
carries both the P. pastoris HIS4 gene and a P. pastoris ARS
scquence (Autonomously Replicating Sequence), which per-
mit plasmid replication within P, pastoris cells [Cregg et al.
(1987) Molecular and Cellular Biology, 12:3376-3385].

[0147] The vector also contains appropriate portions of a
plasmid such as pBR322 to permit growth of the plasmid in
E. coli cells. The resultant plasmid carrying a chimer gene,
as well as the various additional elements described above,
is illustratively transformed into a his4 mutant of P. pastoris;
i.e. cells of a strain lacking a functional histidinol dehydro-~
genase gene.

[0148] After selecting transformant colonies on media
lacking histidine, cells are grown on media lacking histidine,
but containing methanol as described Cregg et al. (1987)
Molecular and Cellular Biology, 12:3376-3385, to induce
the AOX1 promoters. The induced AOX1 promoters cause
expression of the chimer protein and the production of
chimer particles in P. pastoris.

[0149] A contemplated chimer gene can also be introduced
by integrative transformation, which does not require the use
of an ARS sequence, as described by Cregg et al. (1987)
Molecular and Cellular Biology, 12:3376-3385.

[0150] Production of chimer particles by recombinant
DNA expression in mammalian cells is illustratively carried
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out"ising a recombinant DNA vector capable of expressing
the chimer gene in Chinese hamster ovary (CHO) cells. This
is accomplished using procedures that are well known in the
art and are described in more detail in Sambrook et al.,
Molecular Cloning: A Laboratory Manual, 2™ ed., Cold
Spring Harbor Laboratories (1989).

(0151] In one illustrative example, the simian virus
(SV40) based expression vector, pKSV-10 (Pharmacia Fine
Chemicals, Piscataway, N.J.), is subjected to restriction
endonuclease digestion by Ncol and HindHI. A Ncol/Hin-
dIII sequence fragment that encodes the desired HBc chimer
preparcd as described in Example 1 is ligated into the
expression plasmid, which results in the formation of a
circular recombinant expression plasmid denominated pSV-
Pf.

[0152] The expression plasmid pSV-Pf contains an intact
E. coli ampicillin resistance gene. E. coli RR101 (Bethesda
Research Laboratories, Gaithersburg, Md.), when trans-
formed with pSV-Pf, can thus be selected on the basis of
ampicillin resistance for those bacteria containing the plas-
mid. Plasmid-containing bacteria are then cloned and the
clones are subsequently screened for the proper orientation
of the inserted coding gene into the expression vector.

[0153] The above obtained plasmid, pSV-Pf, containing
the gene that encodes a desired HBc chimer is propagated by
culturing E. coli containing the plasmid. The plasmid DNA
is isolated from E. coli cultures as described in Sambrook et

- al., above.

[0154] Expression of a chimer is accomplished by the
introduction of pSV-Pf into the mammalian cell line, ¢.g.,
CHO cells, using the calcium phosphate-mediated transfec-

 tion method of Graham et al.(1973) Virol, 52:456, or a
~ similar technique.

[0155] To help ensure maximal efficiency in the introduc-
tion of pSV-Pf into CHO cells in culture, the transfection is
carried out in the presence of a second plasmid, pSV2NEO
(ATCC #37149) and the cytotoxic drug G418 (GIBCO
Laboratories, Grand Island, N.Y.) as described by Southern
et al. (1982) J. Mol. Appl. Genet., 1:327. Those CHO cells
that are resistant to G418 are cultured, have acquired both
plasmids, pSV2NEO and pSV-Pf, and are designated CHO/
pSV-Pt cells. By virtue of the genetic architecture of the
pSV-PI expression vector, a chimer is expressed in the
resulting CHO/pSV-Pf cells and can be detected in and
purified from the cytoplasm of these cells. The resulting
composition containing cellular protein is separated on a
column as discussed elsewhere herein.

[0156] The choice of which cxpression vector and ulti-
mately 1o which promoter a chimer-encoding gene is opera-
tively linked depends directly on the functional properties
desired, e.g. the location and timing of prolein expression,
and the host cell to be transformed. These are well known
limitations inherent in the art of constructing recombinant
DNA molecules. However, a vector useful in practicing the
present invention can direct the replication, and preferably
also the expression (for an expression vector) of the chimer
gene included in the DNA segment to which it is operatively
linked.

[0157] In one preferred embodiment, the host that
expresses the chimer is the prokaryote, E. coli, and a
preferred vector includes a prokaryotic replicon; i.e., a DNA
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sequence having the ability to direct autonomous replication
and maintenance of the recombinant DNA molecule extra-
chromosomally in a prokaryotic host cell transformed there-
with. Such replicons are well known in the art.

[0158] Those vectors that include a prokaryotic replicon
can also include a prokaryotic promoter region capable of
directing the expression of a contemplated HBc chimer gene
in a host cell, such as E. coli transformed therewith.
Promoter sequences compatible with bacterial hosts are
typically provided in plasmid vectors containing one or
more convenient restriction sites for insertion of a contem-
plated DNA segment. Typical of such vector plasmids are
pUCS, pUCY, and pBR329 available from Biorad Labora-
tories, (Richmond, Calif.) and pPL and pKK223-3 available
from Pharmacia, Piscataway, N.J.

[0159] Typical vectors useful for expression of genes in
cells from higher plants and mammals are well known in the
art and include plant vectors derived trom the tumor-induc-
ing (Ti) plasmid of Agrobacterium tumefaciens described by
Rogers et al. (1987) Meth. in Enzymol., 153:253-277 and
mammalian expression vectors pKSV-10, above, and pCl-
neo (Promega Corp., #E1841, Madison, Wis.). However,
several other expression vector systems are known to func-
tion in plants including pCaMVCN transfer control vector
described by Fromm et al. (1985) Proc. Natl. Acad. Sci.
USA, 82:58-24. Plasmid pCaMVCN (available from Phar-
macia, Piscataway, N.J.) includes the cauliflower mosaic
virus CaMV 35S promoter.

[0160] The above plant expression systems typically pro-
vide syslemic or constitutive expression of an inserted
transgene. Systemic expression can be useful where mosi or
all of a plant is used as the source to a contemplated chimer
molecule or resultant particles or where a large part of the
plant is used to provide an oral vaccine. However, it can be
more efficacious to express a chimer molecule or particles in
a plant storage organ such as a root, seed or fruit from which
the particles can be more readily isolated or ingested.

[0161] One manner of achieving storage organ expression
is to use a promoter that expresses its controlled gene in one
or more preselected or predetermined non-photosynthetic
plant organs. Expression in one or more preselected storage
organs with little or no expression in other organs such as
roots, seed or fruit versus leaves or stems is referred to
herein as enhanced or preferential expression. An exemplary
promoter that directs expression in one or more preselected
organs as compared to another organ at a ratio of at least 5:1
is defined herein as an organ-enhanced promoter. Expression
in substantially only one storage organ and substantially no
expression in other storage organs is referred 1o as organ-
specific expression; i.e., a ratio of expression products in a
storage organ relative to another of about 100:1 or greater
indicates organ specificity. Storage organ-specific promoters
are thus members of the class of storage organ-enhanced
promoters.

[0162] Exemplary plant storage organs include the roots of
carrots, taro or manioc, potato tubers, and the meat of fruit
such as red guava, passion fruit, mango, papaya, tomalo,
avocado, cherry, tangerine, mandarin, palm, melons such
cantaloupe and watermelons and other fleshy fruits such as
squash, cucumbers, mangos, apricots, peaches, as well as the
seeds of maize (corn), soybeans, rice, oil seed rape and the
like. '
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[0163] The CaMV 35S promoter is normally deemed to be
a constitutive promoter. However, recent research has shown
that a 21-bp region of the CaMV 35S promoter, when
operatively linked into another, heterologous usual green
tissue promoter, the rbcS-3A promoter, can cause the resuli-
ing chimeric promoter to become a root-enhanced promoter.
That 21-bp sequence is disclosed in U.S. Pat. No. 5,023,179.
The chimeric rbeS-3A promoter containing the 21-bp insert
of U.S. Pai. No. 5,023,179 is a useful root-enhanced pro-
moter herein.

[0164] Asimilar root-enhanced promoter, that includes the
above 21-bp segment is the =90 to +8 region of the CAMV
35S promoter itself. U.S. Pat. No. 5,110,732 discloses that
that“truncated CaMV 35S promoter provides enhanced
expression in roots and the radical of seed, a tissue destined
to become a root. That promoter is also useful herein.

[0165] Another useful root-enhanced promoter is the
-1616 to -1 promoter of the oil seed rape (Brassica napus
L) gene disclosed in PCT/GB92/00416 (WO 91/13922
published Sep. 19, 1991). E. coli DHS5.alpha. harboring
plasmid pRlambdaS4 and bacteriophage lambda.beta.] that
contain this promoter were deposited at the National Col-
lection of Industrial and Marine Bacteria, Aberdeen, GB on
Mar. &, 1990 and have accession numbers NCIMB40265
and NCIMB40266. A useful portion of this promoter can be
obtained as a 1.0 kb fragment by cleavage of the plasmid
with Haelll.

[0166] A preferred root-enhanced promoter is the man-
nopine synthase (mas) promoter present in plasmid pKan2
described by DiRita and Gelvin (1987) Mol. Gen. Genet,
207:233-241. This promoter is removable from its plasmid
pKan2 as a Xbal-Xball fragment.

{0167] The preferred mannopine synthase root-enhanced

promoter is comprised of the core mannopine synthase
(mas) promoter region up to position -138 and the man-
nopine synthase activator from -318 to -213, and is collec-
tively referred to as AmasPmas. This promoter has been
found to increase production in tobacco roots about 10- to
about 100-told compared to leaf expression levels.

[0168] Another root specific promoter is the about 500 bp
5' flanking sequence accompanying the hydroxyproline-rich
glycopeprotein gene, HRGPnt3, expressed during lateral
root initiation and reported by Keller et al. (1989) Genes
Dev, 3:1639-1646. Another preferred root-specific promoter
is present in the about —636 to -1 5' flanking region of the
tobacco root-specific gene ToRBF reported by Yamamoto et
al. (1991) Plant Cell, 3:371-381. The cis-acting elements
regulating cxpression are more specifically located by those
authors in the region from about —636 to about -299 5' from
the transcription initiation site. Yamamoto et al. reported
steady state mRNA production from the ToRBF gene in
roots, but not in leaves, shoot meristems or stems.

[0169] Still another useful storage organ-specific promolter
are the 5' and 3' flanking regions of the fruit-ripening gene
E8 of the tomato, Lycopersicon esculentum. These regions
and their cDNA sequences are illustrated and discussed in
Deikman et al. (1988) EMBO J., 7(11):3315-3320 and
(1992) Plant Physiol., 100:2013-2017.

[0170] Three regions are located in the 2181 bp of the 5'
flanking sequence of the gene and a 522 bp sequence 3' to
the poly (A) addition site appeared to control expression of
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the E8 gene. One region from -2181 to 1088 is required for
activation of E8 gene transcription in unripe fruit by ethyi-
enc and also contributes to transcription during ripening.
Two further regions, ~1088 to —863 and -409 to -263, are
unable to confer ethylene responsiveness in unripe fruit but
are sufficient for E8 gene expression during ripening.

[0171] The maize sucrose synthase-1 (Sh) promoter that in
corn expresses its controlled enzyme at high levels in
endosperm, at much reduced levels in roots and not in green
tissues or pollen has been reported to express a chimeric
reporter gene, [-glucuronidase (GUS), specifically in
tobacco phloem cells that are abundant in stems and roots.
Yang et al. (1990) Proc. Natl. Acad. Sci., USA., 87:4144-
4148. This promoter is thus useful for plant organs such as
fleshy fruits like melons, e.g. cantaloupe, or seeds that
contain endosperm and for roots that have high levels of
phloem cells. ’

[0172] Another exemplary tissue-specific promoter is the
lectin promoter, which is specific for seed tissue. The lectin
protein in soybean seeds is encoded by a single gene (Lel)
that is only expressed during seed maturation and accounts
for about 2 to about 5 percent of total seed mRNA. The
lectin gene and seed-specific promoter have been fully
characterized and used to direct seed specific expression in
transgenic tobacco plants. See, e.g., Vodkin et al. (1983)
Cell, 34:1023 and Lindstrom et al. (1990) Developmental
Genelics, 11:160.

[0173] A particularly preferred tuber-specific expression
promoter is the 5' flanking region of the potato patatin gene.
Use of this promoter is described in Twell et al. (1987) Plant
Mol. Biol., 9:365-375. This promoter is present in an about
406 bp fragment of bacteriophage LPOTI. The LPOTI
promoter has regions of over 90 percent homology with four
other patatin promolers and about 95 percent homology over
all 400 bases with patatin promoter PGTS. Each of these
promoters is useful herein. See, also, Wenzler et al. (1989)
Plant Mol. Biol, 12:41-50.

[0174] Still further organ-enhanced and organ-specific
promoter are disclosed in Bentey et al. (1988) Science,
244:174-181.

[0175] Each of the promoter sequences utilized is substan-
tially unaffected by the amount of chimer molecule or
particles in the cell. As used herein, the term “substantially
unaffected” means that the promoter is not responsive to
direct feedback control (inhibition) by the chimer molecules
or particles accumulated in transformed cells or transgenic
plant.

[0176] Transfection of plant cells using Agrobacterium
tumefaciens is typically best carried out on dicotyledonous
plants. Monocots are usually most readily transformed by
so-called direct gene (ranster of protoplasts. Direct gene
transfer is usually carried out by clectroportation, by poly-
ethyleneglycol-mediated transfer or bombardment of cells
by microprojectiles carrying the needed DNA. These meth-
ods of transfection are well-known in the art and need not be
further discussed herein. Methods of regenerating whole
plants from transfected cells and protoplasts are also well-
known, as are techniques for obtaining a desired protein
from plant tissues. See, also, U.S. Pal. No. 5,618,988 and
5,679,880 and the citations therein.

[0177] A transgenic plant formed using Agrobacterium
transformation, electroportation or other methods typically
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conlains a single gene on one chromosome. Such transgenic
plants can be referred 1o as being heterozygous for the added
gene. However, inasmuch as use of the word “heterozygous”
usually implies the presence of a complementary genc at the
same locus of the second chromosome of a pair of chromo-
somes, and there is no such gene in a plant containing one
added gene as here, it is believed that a more accurate name
for such a plant is an independent segregant, because the
added, exogenous chimer molecule-encoding gene segre-
gates independently during mitosis and meiosis. A trans-
genic plant containing an organ-enhanced promoter driving
a single structural gene that encodes a contemplated HBc
chimeric molecule; i.e., an independent segregant, is a
preferred transgenic plant.

[0178] More preferred is a transgenic plant that is
homozygous for the added structural gene; ie., a transgenic
plant that contains two added genes, one gene at the same
locus on each chromosome of a chromosome pair. A
homozygous transgenic plant can be obtained by sexually
mating (selfing) an independent segregant transgenic plant
that contains a single added gene, germinating some of the
seed produced and analyzing the resulting plants produced
for enhanced chimer particle accumulation relative to a
control (native, non-transgenic) or an independent segregant
transgenic plant. A homozygous transgenic plant exhibits
enhanced chimer particle accumulation as compared to both
a native, non-transgenic plant and an independent segregant
transgenic plant.

[0179] Itis to be understood that two different transgenic
plants can also be mated to produce offspring that contain
two independéntly segregating added, exogenous (helterolo-
gous) genes. Selfing of appropriate progeny can produce
plants that are homozygous for both added, exogenous genes
that encode a chimeric HBc molecule. Back-crossing to a
parental plant and out-crossing with a non-transgenic plant
are also contemplated.

[0180] A transgenic plant of this invention thus has a
heterologous structural gene that encodes a contemplated
chimeric HBc molecule. A preferred transgenic plant is an
independent segregant for the added heterologous chimeric
HBc structural gene and can transmit that gene to ils
progeny. A more preferred transgenic plant is homozygous
for the helerologous gene, and transmits that gene to all of
its offspring on sexual mating.

[0181] Inasmuch as a gene that encodes a chimeric HBc
molecule does not occur naturally in plants, a contemplated
transgenic plant accumulates chimeric HBc molecule par-
ticles in a greater amount than does a non-transformed plant
of the same type or strain when both plants are grown under
the same conditions.

[0182] The phrase “same type” or “same strain” is used
herein to mean a plant of the same cross as or a clone of the
untransformed plant. Where alleic variations among siblings
of a cross are small, as with exiensively inbred plant,
comparisons between siblings can be used or an average
arrived at using several siblings. Otherwise, clones are
preferred for the comparison.

[0183] Seed from a transgenic plant is grown in the field
greenhouse, window sill or the like, and resulting sexually
malure transgenic plants are self-pollinated to generate true
breeding plants. The progeny from these plants become true
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breeding lines that are evaluated for chimeric HBc molecule
particle accumulation, preferably in the field, under a range
of environmental conditions.

[0184] A transgenic plant homozygous for chimeric HBc
molecule particle accumulation is crossed with a parent
plant having other desired traits. The progeny, which are
heterozygous or independently segregatable for chimeric
HBc molecule particle accumulation, are backcrossed with
one or the other parent to obtain transgenic plants that
exhibit chimeric HBc molecule particle accumulation and
the other desired traits. The backcrossing of progeny with
the parent may have to be repeated more than once to obtain
a transgenic plant thai possesses a number of desirable traits.

[0185] An insect cell system can also be used to express a
HBc chimer, For example, in onc such system Aurographa
californica nuclear polyhedrosis virus (AcNPV) or bacu-
lovirus is used as a vector to express foreign genes in
Spodoptera frugiperda cells or in Trichoplusia larvae.

[0186] The sequences encoding a chimer can be cloned
into a non-essential region of the virus, such as the polyhe-
drin gene, and placed under control of the polyhedrin
promoter. Successtul insertion of chimer sequence renders
the polyhedrin gene inactive and produces recombinant
virus lacking coat protein. The recombinant viruses can then
be used to infect, for example, S. Frugiperda cells or
Trichoplusia larvae in which the HBc chimer can be
expressed. E. Engelhard et al. (1994) Proc. Narl. Acad. Sci.,
USA, 91:3224-3227; and V. Luckow, Insect Cell Expression
Technology, pp. 183-218, in Protein Engineering: Prin-
ciples and Practice, ]. L. Cleland et al. eds., Wiley-Liss, Inc,
1996). Heterologous genes placed under the control of the
polyhedrin promoter of the Autographa californica nuclear
polyhedrosis virus (AcNPV) are often expressed at high
levels during the late stages of infection.

[0187] Recombinant baculoviruses containing the chi-
meric gene are constructed using the baculovirus shuitle
vector system (Luckow et al. (1993) J. Virol, 67:4566-
4579}, sold commercially as the Bac-To-Bac™ baculovirus
expression system (Life Technologies). Stocks of recombi-
nant viruses are prepared and expression of the recombinant
protein is monitored by standard protocols (O’Reilly et al.,
Baculovirus Expression Vectors: A Laboratory Manual, W.
H. Freeman and Company, New York, 1992; and King et al.,
The Baculovirus Expression System: A Laboratory Guide,
Chapman & Hall, London, 1992).

[0188] A varicty of methods have been developed (o
operatively link DNA to vectors via complementary cohe-
sive termini or blunt ¢nds. For instance, complementary
homopolymer tracts can be added to the DNA segment to be
inserted into the vector DNA. The vector and DNA segment
are then joined by hydrogen bonding between the comple-
mentary homopolymeric tails to form recombinant DNA
molecules.

[0189] Alternatively, synthetic linkers containing one or
more restriction endonuclease sites can be used to join the
DNA segment to the expression vector, as noted before. The
synthetic linkers are attached to blunt-ended DNA segments
by incubating the blunt-ended DNA segments with a large
excess of synthetic linker molecules in the presence of an
enzyme that is able to catalyze the ligation of blunt-ended
DNA molecules, such as bacteriophage T4 DNA ligase.
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[0190] Thus, the products of the reaction are DNA seg-
menis carrying synthetic linker sequences at their ends.
These DNA segments are then cleaved with the appropriate
restriction endonuclease and ligated into an expression vec-
tor that has been cleaved with an enzyme that produces
termini compatible with those of the synthetic linker. Syn-
thetic linkers containing a variely of restriction endonu-
cleasc sites are commercially available from a number of
sources including New England BioLabs, Beverly, Mass. A
desired DNA segment can also be obtained using PCR
technology in which the forward and reverse primers contain
desired restriction sites that can be cut after amplification so
that the gene can be inserted into the vector. Alternatively
PCR products can be directly cloned into vectors containing
‘T-overhangs (Promega Corp., A3600, Madison, Wis.) as is
well known in the art.

[0191] The expressed chimeric protein self-assembles into
particles within the host cells, whether in single cells or in
cells within a multicelled host. The particle-containing cells
are harvested using standard proccdures, and the cells are
lysed'using a French pressure cell, lysozyme, sonicator, bead
beater or a microfluidizer (Microfluidics International Corp.,
Newlon Mass.). After clarification of the lysate, particles are
precipitated with 45% ammonium sulfate, resuspended in 20
mM sodium phosphate, pH 6.8 and dialyzed against the
same buffer. The dialyzed material is clacified by brief
centrifugation and the supernatant subjected to gel filtration
chromatography using Sepharose® CL-4B. Particle-con-
taining fractions are identified, subjected to hydroxyapatite
chromatography, and reprecipitated with ammonium sulfate
prior to resuspension, dialysis and sterile filtration and
storage at =70° C.

[0192] Inocula and Vaccines

[0193] A before-described recombinant HBc  chimer
immunogen preferably in particulate form is dissolved or
dispersed in an immunogenic effective amount in a phar-
maceutically acceptable vehicle composition that is prefer-
ably aqueous to form an inoculum or vaccine. When admin-
istered to a host animal in need of immunization or in which
antibodies are desired to be induced such as a mammal (e.g.,
a mouse, dog, goat, sheep, horse, bovine, monkey, ape, or
human) or bird (e.g., a chicken, turkey, duck or goose), an
inoculum induces antibodies that immunoreact with the
influenza A M2 B cell epitope present in the immunogen. In
a vaccine, those induced antibodies also believed o immu-
noreact in vivo with (bind to) the virus or virally-infected
cells and protect the host from influenza infection. A com-
position that is a vaccine in one animal can be an inoculum
an inoculum for another host, as where the antibodies are
induced in a second host that is not infected by influenza A.

[0194] The amount of recombinant HBc chimer immuno-
gen utilized in each immunization is referred to as an
immunogenic effective amount and can vary widely,
depending inter alia, upon the recombinant HBc chimer
immunogen, animal host immunized, and the presence of an
adjuvant in'the vaccine, as discussed below. Immunogenic
effective amounts for a vaccine and an inoculum provide the
protection or antibody activity, respectively, discussed here-
inbefore.

[0195] Vaccines or inocula typically contain a recombi-
nant HBc chimer immunogen concentration of about 1
microgram to about 1 milligram per inoculation (unit dose),
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and preferably about 10 micrograms to about 50 micrograms
per unit dose. Immunizations in mice typically conlain 10 or
20 pg of chimer particles.

[0196] The term *unit dose” as it pertains to a vaccine or
inoculum of the present invention refers to a physically
discrete unit suitable as an unitary dosage for animals, each
unit containing a predetermined quantity of active material
calculated to individually or collectively produce the desired
immunogenic effect in association with the required diluent;
i.e., carrier, or vehicle. A single unit dose or a plurality of
unit doses can be used to provide an immunogenic effective
amount of recombinant HBc chimer immunogen particles.

[0197] Vaccines or inocula are typically prepared from a
recovered recombinant HBc chimer immunogen particles by
dispersing the particles in a physiologically tolerable
(acceptable) diluent vehicle such as water, saline phosphate-
buffered saline (PBS), acetate-buffered saline (ABS), Ring-
er’s solution or the like to form an aqueous composition. The
diluent vehicle can also include oleaginous materials such as
peanut oil, squalane or squalenc as is discussed hereinafter.

[0198] The immunogenic active ingredient is often mixed
with excipients that are pharmaceutically acceptable and
compatible with the active ingredient. Suitable excipients
are, for example, water, saline, dextrose, glycerol, ethanol,
or the like and combinations thereof. In addition, if desired,
an inoculum or vaccine can contain minor amounts of
auxiliary substances such as wetting or emulsifying agents,
pH buffering agents that enhance the immunogenic effec-
tiveness of the composition.

[0199] A contemplated vaccine or inoculum advanta-
geously also includes an adjuvant. Suitable adjuvants for
vaccines and inocula of the present invention comprise those
adjuvants that are capable of enhancing the antibody
responses against B cell epitopes of the chimer, as well as
adjuvants capable of enhancing cell mediated responses
towards T cell epitopes contained in the chimer, if present.
Adjuvants are well known in the art (see, for example,
Vaccine Design—The Subunit and Adjuvant Approach,
1995, Pharmaceutical Biotechnology, Volume 6, Eds. Pow-
ell, M. F., and Newman, M. J., Plenum Press, New York and
London, ISBN 0-306-44867-X).

[0200] Exemplary adjuvants include complete Freund's
adjuvant (CFA) that is not used in humans, incomplete
Freund’s adjuvant (IFA), squalene, squalane and alum [e.g.,
Alhydrogel™ (Superfos, Denmark)], which are materials
well known in the art, and are available commercially from
several sources.

[0201] Preferred adjuvants for use with immunogens of
the present invention include aluminum or calcium salts (for
example hydroxide or phosphate salts). A particularly pre-
ferred adjuvant for use herein is an aluminum hydroxide gel
such as Alhydrogel™. For aluminum hydroxide gels (alum),
the chimer protein is admixed with the adjuvant so that about
50 to about 800 micrograms of aluminum are present per
dose, and preferably about 400 to about 600 micrograms are
present.

[0202] Another particularly preferred adjuvant for use
with an immunogen of the present invention is an emulsion.
A contemplated emulsion can be an oil-in-water emulsion or
a water-in-oil emulsion. In addition to the immunogenic
chimer protein particles, such emulsions comprise an oil



L X

US 2003/0175863 Al

phase of squalene, squalane, peanut oil or the like as are
well-known, and a dispersing agent. Non-ionic dispersing
agents are preferred and such materials include mono- and
di-C,,-C,,-fatty acid esters of sorbitan and mannide such as
sorbilan mono-siearate, sorbitan mono-oleate and mannide
mono-oleate. An immunogen-containing emulsion is admin-
istered as an emulsion.

[6203] Preferably, such emulsions are water-in-oil emul-
sions that comprise squalene and mannide mono-oleate
(Arlacel™ A), optionally with squalane, emulsified with the
chimer protein particles in an aqueous phase. Well-known
examples of such emulsions include Montanide™ ISA-720,
and Montanide™ ISA 703 (Seppic, Castres, France), cach of
which is understood to contain both squalene and squalane,
with squalene predominating in each, but 1o a lesser extent
in Montanide™ ISA 703. Most preferably, Montanide™
ISA-720 is used, and a ratio of oil-lo-water of 7:3 (w/w) is
used. Other preferred oil-in-water emulsion adjuvants
include those disclosed in WO 95/17210 and EP 0 399 843.

[0204] The use of small molecule adjuvants is also con-
tfemplated herein. One type of small molecule adjuvant
uscful herein is a 7-substituted-8-oxo- or 8-sulfo-guanosine
derivative described in U S. Pats. No. 4,539,205, U.S. Pat.
No. 4,643,992, U.S. Pat. No. 5,011,828 and U.S. Pat. No.
5,093,318, whose disclosures are incorporated by reference.
Ol these malerials, 7-allyl-8-oxoguanosine (loxoribine) is
particularly preferred. That molecule has been shown to be
particularly effective in inducing an antigen- (immunogen-)
specilic response.

[0205]  Still further useful adjuvants include monophos-
phoryl lipid A (MPL) available from Corixa Corp. (see, U.S.
Pal. No. 4,987,237), CPG available from Coley Pharmaceu-

tical Group, QS21 available from Aquila Biopharmaceuti-

cals, Inc., SBAS2 available from SKB, the so-called
muramyl dipeptide analogues described in U.S. Pat. No.
4 767,842, and MF59 available from Chiron Corp. (see, U.S.
Pats. No. 5,709,879 and U.S. Pat. No. 6,086,901).

[0206] More particularly, immunologically active saponin
[ractions having adjuvant activity derived from the bark of
the South American tree Quillaja Saponaria Molina (e.g.
Quil™ A) are also useful. Derivatives of Quil™ A, for
cxample QS21 (an HPLC purified fraction derivative of
Quil™ A), and the method of its production is disclosed in
US. Pat. No. 5,057,540. In addition to QS21 (known as
QAZ21), other fractions such as QA17 are also disclosed.

[0207] 3-De-O-acylated monophosphoryl lipid A is a well-
known adjuvant manufactured by Ribi Immunochem,
Hamilton, Mont. The adjuvant contains three components
extracled from bacteria: monophosphory! lipid (MPL) A,
trehalose dimycolate (TDM) and cell wall skeleton (CWS)

~ (MPL+TDM+CWS) in a 2% squalene/Tween® 80 emul-

sion. This adjuvant can be prepared by the methods taught
m GB 2122204B. A preferred form of 3-de-O-acylated
monophosphoryl lipid A is in the form of an emulsion having
a small particle size less than 0.2 um in diameter (EP 0 689
454 B1).

[0208] The muramyl dipeptide adjuvants include
N-acetyl-muramyl-L-threonyl-D-isoglutamine(thur-MDP),
N-acetyl-nor-muramyl-L-alanyl-D-isoglutamine [cGp
11637, referred to as nor-MDP}, and N-acetylmuramyl-L-
alanyl-D-isoglutaminyl-L-alanine-2-(1'-2'-dipalmityol-sn-
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glycero-3-hydroxyphosphoryloxy)-ethylamin [(CGP) .

1983A, referred to as MTP-PE].

[0209] Preferred adjuvant mixtures include combinations
of 3D-MPL and QS21 (EP 0 671 948 B1), oil-in-water
emulsions comprising 3D-MPL and QS21 (WO 95/17210,
PCT/EP98/05714), 3D-MPL formulated with other carriers
(EP 0 689 454 B1), QS21 formulated in cholesterol-con-
taining liposomes (WO 96/33739), or immunostimulatory
oligonucleotides (WO 96/02555). Alternative adjuvants
include those described in WO 99/52549 and non-particulate
suspensions of polyoxyethylene ether (UK Patent Applica-
tion No. 9807805.8).

[0210] Adjuvants arc utilized in an adjuvant amount,
which can vary with the adjuvant, host animal and recom-
binant HBc chimer immunogen. Typical amounts can vary
from about 1 ug to about 1 mg per immunization. Those
skilled in the art know that appropnate concentrations or
amounts can be readily determined. | |

{0211] Inocula and vaccines are C(‘nventlonally adminis-
tered parenterally, by injection, for example either subcu-
taneously or intramuscularly. Addm(\nal formulations that
are suitable for other modes of admiristration include sup-
positories and, in some cases, oral to'mulanon or by nasal
spray. For suppositories, traditional bmders and carriers can
include, for example, polyalkalene gl} «cols or (riglycerides;
such suppositories may be formed from mixtures containing
the active ingredient in the range of 0.5% to 10%, preferably
1-2%. Oral formulations include such‘normally employed
excipients as, for example, pharmaccuncal grades of man-
nitol, lactose, starch, magnesxum stearite, sodium saccha-
rine, cellulose, magnesium carbonate aud the like,

[0212] An inoculum or vaccine coril\position takes the
form of a solution, suspension, tablet, pill, capsule, sustained
release formulation or powder, and coritains an immuno-
genic effective amount of HBc chimer,]‘preferably as par-
ticles, as active ingredient. In a (yplcal composition, an
immunogenic effective amount of prefcrred HBc chimer
particles is about 1 g to about 1 mg of ac 1ve ingredient per
dose, and more preferably about 5 ug tc about 50 gg per

dose, as noted before. ‘

[0213] A vaccine or inoculum is typically formulated for
parenteral administration. Exemplary immunizations are
carried out sub-cutaneously (SC) intra- nuscularly (IM),
intravenusly (IV), intraperitoneally (IP) c[r intra-dermally

(ID). \‘

[0214] The HBc chimer particles and HBc chimer particle
conjugates can be formulated into the vaccine as neutral or
salt forms. Pharmaceutically acceptable salts include the
acid addition salts (formed with the free ammo groups of the
protein or hapten) and are formed with i 1norgm1c acids such
as, for example, hydrochloric or phosphonc acids, or such
organic acids as acetic, oxalic, tarlaric, mandehc, and the
like. Salts formed with the free carboxyl grovps can also be
derived form i morgamc bases such as, for example sodium,
polassium, ammonium, calcium, or ferric hydrox1des and
such organic bases as isopropylamine, trimethylamine,
2-ethylamino ethanol, histidine, procaine, anc[ the like.

[0215] The inocula or vaccines are qclmnnslered in a
manner compatible with the dosage formulanon and in such
amount as are therapeutically effective and 1'nmunogcmc
(an antibody-inducing amount or protective amount, as is
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desired). The quantity to be administered depends on the
subject to be treated, capacity of the subject’s immune
system 1o synthesize antibodies, and degree of protection
desired. Precise amounts of active ingredient required to be
administered depend on the judgment of the practitioner and
are peculiar to each individual. However, suitable dosage
ranges are of the order of several hundred micrograms active
ingredient per individual. Suitable regimes for initial admin-
istration and booster shots are also variable, but are typified
by an initial administration followed in intervals (weeks or
months) by a subsequent injection or other administration.

[0216] Once immunized, the host animal is maintained for
a period of time sufficient for the recombinant HBe chimer
immunogen to induce the production of a sufficient titer of
antibodies that bind to the M2 protein. The maintenance
time, for the production of anti-M2 antibodies typically lasts
for a period of about three to about twelve weeks, and can
include a booster, second immunizing administration of the
vaccine, A third immunization is also contemplated, if
desired, at a time 24 weeks (o five years after the first
immunization. It is particularly contemplated that once a
protective level titer of antibodies 1§ attained, the vaccinated
host animal is preferably maintained at or near that antibody
titer by periodic booster immunizations administered at
intervals of about 1 to about 5 years.

pKK223-3/433-452-F GGTGCATGCAAGGAGATG

pKK223-NcoI-mod-R GCGAAGCTTCGGATngg_ggTTTTTTCCTCCTTATGTGAAATTCTTATCCG-

CTC

[0217] The production of antibodies is readily ascertained
by obtaining a plasma or serum sample from the immunized
host and assaying the antibodies therein for their ability to
bind to a synthetic M2 polypeptide antigen in an ELISA
assay as described hereinafter or by another immunoassay
such as a Western blot as is well known in the art.

[0218] It is noted that the before-described antibodies so
induced can be isolated from the blood of the host using
well-known techniques, and then reconstituted into a second
vaccine for passive immunization as is also well known.
Similar techniques are used for gamma-globulin immuniza-
tions of humans. For example, antiserum from one or a
number of immunized hosts can be precipitated in aqueous
ammonium sulfate (typically at 40-50 percent of saturation),
and the precipitated antibodies purified chromatographically
as by use of affinity chromatography in which an M2
polypeptide is utilized as the antigen immobilized on the
chromatographic column.

[0219] Inocula are preparations that are substantially iden-
tical to vaccines, but are used in a host animal in which
antibodies to influenza are desired to be induced, but in
which protection from influenza is not desired.

[0220] Without further elaboration, it is believed that one
skilled in the art can, using the preceding description and the
detailed examples below, utilize the present invention to its
fullest extent. The following preferred specific embodiments
are, therefore, to be construed as merely illustrative, and not
limiting of the remainder of the disclosure in any way
whatsocver.
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EXAMPLE 1

B Cell Epitope-Containing Chimer Preparation -

[0221] A. Preparation of plasmid vector pKK223-3N, a
Modified Form of pKK223-3

[0222] Plasmid vector pKK223- S (Pharmacia) was modi-
fied by the establishment of a uniq lie Ncol restriction site to
enable insertion of HBc genes as' Ncol-HindlIl restriction
fragments and subsequent expressmn in E. coli host cells. To
modify the pKK223-3 plasmxd vector, a new Sphl-HindIIl
fragment was prepared using the PCR primers pKK223-3/
433-452-F and pKK223-Ncol-mod-R, and pKK223-3 as the
template.

[0223] This PCR fragment was cut with the restriction
enzymes Sphl and HindllI to provlde a 467 bp fragment that
was then ligated with a 4106 bp fragment of the pKK223-3
veclor, replacing the original 480 bp Sphi-HindIII fragment.
The resultant plasmid (pKK223- 3N 4573 bp) is therefore 13
bp shorter than the parent plasmld and contains modified
nucleotide sequence upstream of the introduced Ncol site
(see FIG. 2, in which the dashes indicate the absent bases)
Restriction sites in plasmid pKK.”’% -3N are indicated in
FIG. 2 and nucleotide change' made to the pKK223-3
parent plasmid are indicated by an underline as shown
below. |

SEQ ID NO:26

SEQ ID NO:27

[0224] B. Preparation of V1, "/2 and V8 Cloning Vectors

[0225] Moditied HBc149 (V1 and V2) or HBc183 (V8)
genes, able to accept the directional insertion of symhenc
dsDNA fragments into the iminunodominant loop region,
were consiructed using PCR. (The plasmid accepting inserts
between amino acids E77 and D78 and truncated to V149
was named V1, the plasmid aciepting inserts between D78
and P79 and truncated to V149 was named V2, and the
plasmld accepting inserts betw',en D78 and P79 and termi-
nating at C183, was called V8). The HBc149 and HBc183
genes were amplified in two halves usmg two PCR primer
pairs, one of which amplifies tlie amino terminus, the other
amplifies the carboxyl terminus. For V1, the products of the
PCR reactions (N- and C- lemhnus) are both 246 bp frag-
ments; for V2, the products arv a 249 bp (N-terminus) and
a 243 bp fragment (C-tecminus); for V8, the products are a
249 bp (N-terminus) and a bp fragment (C-terminus).

[0226] The N-terminal fragnenls prepared were digested
with Ncol and EcoRl, and th: C-terminal fragments were
digested with EcoRI and HindlIL. The V1, V2 and V8
fragment pairs were then ligited together at the common
EcoRI overhangs. The resullant Ncol-Hindlll fragments
were then ligated into the th.ﬂ3 -3N vector, which had
been prepared by digestion w1lh Ncol and HindIIl.

[0227] To insert B cell epllapes into the V1, V2 and V8
plasmids, the appropriate pla‘mld was digested with EcoRI
and Sacl restriction enzymes: Synthetic dsDNA fragments
containing 5' EcoRl and 3| Sacl overhangs were then
inserted. In all cases, V1, V2, and V8, glycme-lsoleucmc
(EcoRI) and glutamic acid- leucine (Sacl) amino acid paxrs,
flank the inserted B cell epitopes. The inserted restrlclmn
sites are underlined in the primers below.

/b”é{(,
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[0228] V1

Vi
HBc149/NcoI-F
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5 ' -GGGCCATGGACATCGACCCTTA SEQ ID NO:28

HBc-E77/EcoRI-R

5 ' ~GCGGAATTCCTTCCAAATTAACACCCACC SEQ ID NO:29

HBc-D78/EcORI-SacI-F
5 ' ~CGCGAATTCAAARAGAGCTCGATCCAGCGTCTAGAGAC
HBc149/HindIII-R

SEQ ID NO:30

5 ' ~CGCAAGCTTAAACAACAGTAGTCTCCGGAAG SEQ ID NO:31

v2
HBc149/Ncol -F

5 ' =TTGGGCCATGGACATCGACCCTTA SEQ ID NO:32

HBc-D78/EcoRI -R
5 ' -GCGGAATTCCATCTTCCAAATTAACACCCAC

HBc-P79/EcoRI -SacI-F

SEQ ID NO:33

5 ' -CGCGAATTCARAAAGAGCTCCCAGCGTCTAGAGACCTAG SEQ ID NO:34

HBc149/HindIII-R

5 ' ~CGCAAGCTTAAACAACAGTAGTCTCCGGARG SEQ ID NO:31

ve
HBcd49/NcoI-F

5 ' ~GGGCCATGGACATCGACCCTTA SEQ ID NO:28

HBc-D78/EcoRI-R

5 ' ~GCGGAATTCCATCTTCCAAATTARCACCCAC SEQ ID NO:29

" HBc-P79/EcoRI-SacI-F
. 5'~ CGCGAATTCAAAAAGAGCTCCCAGCGTCTAGAGACCTAG SEQ ID NO:35

HBc183/HindIII~-R

5 "' ~GGAAAGCTTACTAACATTGAGATTCCCG SEQ ID NO:36

‘V34/V55

pKK-BamiHI-F

5 ' ~GCGGGATCCGGAGCTTATCGA SEQ ID NO:

HBc~NcoI/EcoRI1/SacI-R

37

5 ' «GCGGAGCTCTTTTTGAATTCCCATG~ SEQ ID NO:38

GTTTTTTCCTCCTTAT

PreC-SacI-HBc-F

5 ' -GCGGAGCTCCTTGCGTG- SEQ ID NO:39

GCTTTGGGGCATTGACATCGACCCTTATARAG

V34
HBc149/HindIII-R

5 ' -CGCAAGCTTAAACAACAGTAGTCTCCGGAAG SEQ ID NO:31

V55«
HBC149+4C/HindIII-R
5'~ CGCAAGCTTACTAGCAAACAACAGTAGTCTCCGGAAG

[0229] C. Preparation of V34 and V55 Cloning Veclors

[0230] Modified HBc149 genes, able to accept the direc-
tional insertion of synthetic dsDNA fragments into the
N-terminal region, 5' to the pre-core sequence LGWLWG,
were constructed using PCR. (The plasmid that encoded an
HBc sequence terminating at V149 was named V34,
whereas the plasmid that encoded an HBc sequence harbor-
ing an additional cysteine, C-terminal to V149, was named
V55.) The HBc149 gene was amplified in two halves using
two PCR primer pairs, one of which amplifies the amino
terminus (for which V1 was used as a template), the other
amplifies the carboxyl terminus. For V34, the products of the
PCR reactions were a 293 bp (N-terminus) fragment and a

SEQ ID NO:40

484 bp (C-terminus) fragment; jfor V55, the same N-terminal
fragment was used and a 490 bp C-terminal fragment was
prepared. J

[0231] The N-terminal fragment prepared by PCR was
digested with Ncol and Sacl, and the C-terminal fragments
were digested with Sacl and Hindlll. The V34 and V55
fragment pairs were then ligited together at the common
Sacl overhangs. The resultant Ncol-Hindlll fragments were
then ligated 1nto the pKX223-3N vector, which had been
prepared by digestion with Ncol and HindIII.

[0232] B cell epitope insey_ltion was accomplished by a
procedure identical to that outlined above for the V1 cloning
vector. Restriction sites are underlined in the oligonucle-
otides primers below.

b
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V34/V55

pKX~BamHI-F
5 ' ~GCGGGATCCGGAGCTTATCGA

HBc-NcoI/EcoRI/SacI-R
5' -GCGGAGCTCCTTTTTGAATTCCCATGGTTTTTTCCTCCTTAT

PreC-SacI-HBc~F
S ' ~GCGGAGCTCCTTGGGTGGCTTTGGGGCATTGACATCGACCCTTATAAAG

V34

HBc149/HindIII-R
5 ' -CGCAAGCTTAAACAACAGTAGTCTCCGGAAG

VS5

HBcl49 + C/HindIII-R
5 ' ~CGCAAGCTTACTAGCAAACAACAGTAGTCTCCGGAAG

[0233] D. Preparation of V47, V48 and V54 Cloning

Veetors

[0234] Modified HBc149 and HBc183 genes, able to
accept the directional insertion of synthetic dsDNA frag-
ments into the N-terminal region between amino acid resi-
ducs 13 and D4 were constructed using PCR. (The plasmid
cncoding an HBc chimer terminating at V149 was named
V47, the plasmid encoding an HBc chimer harboring an
additional cysteine, C-terminal to V149, was named V54,
and the plasmid encoding an HB¢ chimer terminating at
C183 was named V48). For V47, V48 and V54, a PCR
primer pairs was used to amplify the amino terminus, from
the template V1, including sequence preceeding the HBe
gene. The resultant PCR fragment of 190 bp for the C-ter-
minus of V47, the HBc gene was amplified using 2 PCR
primer pair resulting in a 469 bp fragment; for V54, the
C-terminal fragment is 475 bp. For the C-terminus of V48,

Sep. 18, 2003

20

SEQ ID NO:37
SEQ ID NO:38

SEQ ID NO:39
SEQ ID NO:31

SEQ ID NO:40 ‘
|
the HBc183 gene was amplified iusing a PCR primer pair,
resulting in a 574 bp fragment. 1

[0235] The cloning procedure \used from this point was
identical to that outlined for the ;lomng vector V1.

[0236] To inscrt epitopes 1nto the V47, V48 and V54
plasmids, the plasmids were ﬁr‘l digested with Ncol and
Sacl restriction enzymes. Synlhetlc dsDNA fragments con-
taining 5' Afilll and 3' Sacl overhangs were then inserted
(note, restriction enzymes AfllII and Ncol leave compatible
overhangs). In all cases, V47, V48 and V54, HBc residues
D2 and I3 were deleted so that the sequence of the epitope
directly follows residue M1; the blutamic acid-leucine (EL)
amino acid pairs, coded for by the Sacl restriction site,
follows the inserted epitope. The mserled restriction sites are
underlined in the ollgonuc]eondF, primers below.

v47/v48/V54
PKK(167-150)-F

5t

~GCATAATTCGTGTCGCTC

SEQ ID NO:41

HBe=I3/EcoRI-R
5'-GCGQAAIEQCGATGTCCATGGTTTTTTCCT SEQ ID NO:42

HBc-EcoRI/SacI/D4-F

5'- GCGGAATTCAAAAA SEQ ID NO:43
GAGCTCGACCCTTATAAAGAATTTGGA

V47

¥ HBc149/HindIII-R

5"

vSs4

-CGCAAGC!IAAACAACAGTAGTCTCCGGARG SEQ ID NO:31
. 1

HBc149+C/HindIII-R
5 ' ~CGCAAGCTTACTAGCAAACAACAGTAGTC TCCGGRAG SEQ ID NO:40

v4s

KBc183/HindIII-R
|
S ' -GGAAAGCTTACTAACATTGAGATTCCCG ; SEQ ID NO:36
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EXAMPLE 2

Preparation of Chimers Containing Influenza A M2
Polypeptide Sequences

[0237] A. Insertion of Influenza A M2 N-terminal Domain
into V34, V47, V48, V54, and V55 Cloning Vectors

V47
M2 (1-24/Cl7s)
MSLLTEVETPIRNEWGSR SEQ ID NO:44

CATGTCTCTGCTGACCGAAGTTGAAACCCCTATCAGAARCGAATGGGGGTCTAGA SEQ ID NO:45
AGAGACGACTGGCTTCAACTTTGGGGATAGTCTTTGCTTACCCCCAGATCT SEQ ID NO:46

CNDSSDEL

TGTAACGATTCAAGTGATGAGCT

ACATTGCTAAGTTCACTAC

M2 (1-24/C198)
MSLLTEVETPIRNEWGCR SEQ ID NO:47
CATGTCTCTGCTGACCGAAGTTGARACCCCTATCAGAAACGAATGGGGGTGCAGA SEQ ID NO:48
AGAGACGACTGGCTTCAACTITTGGGGATAGTCTTTGCTTACCCCCACGTCT SEQ ID NO:49

't SNDSSDEL
TCGAACGATTCAAGTGATGAGCT
AGCTTGCTAAGTTCACTAC

[0238] B. Insertion of a mutated Influenza A M2 (M2(2-
24/C17A,C19A)into V2, V8 and V16 Expression Vectors

v2, v8, V1s
M2 (2-24/C17R,C19R)

ISLLTEVETPIRNEWGAR SEQ ID NO:50
ATTTCTCTGTTAACCGAAGTGGAGACGCCGATTCGTAACGAATGGGGTGCGCGC  SEQ ID NO:51

AGAGACAATTGGCTTCACCTCTGCGGCTAAGCATTGCTTACCCCACGCGCG SEQ ID NO:52

ANDSSDETL
GCCAATGATAGCTCTGACGAGCT
CGGTTACTATCGAGACTGC

[0239] C. Insertion of Influenza A M2 N-terminal Domain sites. Synthetic dsDNA fragments were prepared by mixing
into Vectors V34, V47, V54, and V55 complementary single strandec! DNA oligonucleotides at

[02'40] For V34 and V55 constructs, synthetic dsDNA equimolar concentrations, heatijng to 95° C. for 5 minutes,
fragments coding for the M2 epitope (residues 1-24 of the ~ and then cooling to room tempe rature at a rate of ~1° C. per
influenza A M2 protein; SEQ ID NO: 9) were inserted into minute. This annealing reaction was performed in TE buffer.

. EcoRI/Sacl restriction siles, whereas for V47 and V54 The double-stranded DNAs are shown below with the
constructs, the same were inserted into Ncol/Sacl restriction encoded epitope sequence shOV{n above.

v34/Vs5
M2 (2-24)
ISLLTEVETPIRNEWGC CR SEQ ID NO:53
BAATTAGCCTGTTAACCGAAGTGGAGACGCCGATCCGTAACGAATGC-GGCTGCCG  SEQ ID NO:54
TCGGACAATTGGCTTCACCTCTGCGGCTAGGCATTGCTTACdCCGACGGC SEQ ID NO:55
CNDSSDEL
CTGTAATGATTCTTCCGACGAGCT
GACATTACTAAGAAGGCTGC

v47/v54
M2 (1-24) ‘
MSLLTEVETPIRNEWGCR ; SEQ ID NO:S56
CATGTCTCTGCTGACCGAAGTTGAAACCCCTATCAGARACGAATGI 3GGGCTGCAGA SEQ ID NO:S57
AGAGACGACTGGCTTCAACTTTGGGGATAGTCTTTGCTTACCCCCACGTCT SEQ ID NO:58
. CNDSSDEL ‘
TGTAACGATTCAAGTGATGAGCT
ACATTGCTAAGTTCACTAC
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-continued

M2 (1-24/C178,C198)
MSLLTEVETPIRNEWGS SR
CATGTCTCTGCTGACCGAAGTTGAAACCCCTATCAGAAACGAATGGGGGTCTAGA
AGAGACGACTGGCTTCAACTTTGGGGATAGTCTTTIGCTTACCCCCAGATCT
SNDSSDEL
TCGARCGATTCAAGTGATGAGCT
AGCTTGCTAAGTTCACTAC

[0241] D. Construction of Truncated Version of Native
M2-HBc

[0242] The original M2-HBc construct [Neirynck et al.,
(Octaber 1999) Nature Med., 5(10):1157-1163: WO
99/07839] that contained the 183-residue, full length HBc
sequence was truncated to V149, and the entire gene was
moved into the pKK223-3 expression vector. To achieve
this, the plasmid 3453, which was provided by the Univer-
sity of Gent, was used as a template for a PCR reaction that
yielded a product of 523 bp. This product was digested with
restriction enzymes Afll1l and HindlIl, and then ligated into
the pKK223-3N vector, which had been prepared by diges-
tion with Ncol and HindlII.

AfITII~-M2-F
5 ' ~CGCGACATGTCTCTGCTGACCG SEQ ID NO:62

HBc-HindIII-R
5 ' ~CGCAAGCTTAAACAACAGTAGTCTCCGGAAG SEQ ID NO:31

EXAMPLE 3

Vectors to Express Chimers Displaying Both
N-terminal- and Loop-Inserted Influenza M2
Sequences, Stabilized at the N-Terminus, or both
N- and C-Termini

[0243] A. Vector to Express Hybrid Particles with both an
N-terminal Fusion and a Loop Insertion, Stabilized at the
N-terminus

[0244] To construct a vector containing two copies of the
intluenza M2 sequence, a copy of native M2 (1-24) at the
N-terminus and a mutated version of M2 [M2(2-24/C17A,
C19A)]in the immunodominant loop, the vector V47.M2(1-
24)/V2.M2(2-24/C17A,C19A) was constructed. This vector
was constructed by digesting vector V47.M2(1-24) with the
restriction enzymes Bgll] and HindIl], isolating the digested
vector, and inserting a 449 bp Bglll-HindIll fragment from
V2.M2(2-24/C17A,C19A).

[0245] B. Vector to Express Hybrid Particles with both an
N-terminal Fusion and a Loop Insertion, stabilized at both
the N- and C-termini

[0246] To construct a vector containing two copies of the
influenza M2 sequence, a copy of native M2 (1-24) at the
N-terminus, a mutated version of M2 [M2(2-24/C17A,
C19A)] in the immunodominant loop, and a C-terminal
cysteine, the vector V47.M2(1-24)/V16.M2(2-24/C17A,
C19A) was constructed. This vector was constructed by
digesting vector V47.M2(1-24) with the restriction enzymes
Bglll and HindIll, isolating the digested vector, and insert-
ing a 452 bp BgllI-HindIIl fragment from V16.M2(2-24/
C17A,C19A).
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SEQ ID NO:5%
SEQ ID NO:60
SEQ ID NO:61

EXAMPLE 4

Assay Procedures
[0247] A. Antigenicity
[0248] 1. Particle ELISA

[0249] Purified particles were di uted to a concentration of
10 yeg/mL in coating buffer (50 mM sadium bicarbonate, pH
9.6) and coated onto the wells of ELISA strips (50 uLAvell).
The ELISA strips were mcubaled at room temperature
overnight (about 18 hours). Nexlv morning, the wells were
washed with ELISA wash buffer | phosphate buftered saline
(PBS) pH 7.4, 0.05% Tween®- ’0] and blocked with 3%
BSA in PBS for 1 hour (75 ,uL/wcll) ELISA strips were
stored, dry, at ~20° C. until needed

[0250] To determine the antigenicity of particles, antisera
were diluted using 1% BSA in PE S and 50 pl/well added to
antigen-coated ELISA wells. Scra were incubated for 1 hour,
washed with ELISA wash bufter (above) and probed using

- an -anti-mouse. (IgG)-HRP (The! IBmdmg Site, San Diego,

Calif.; HRP=horseradish peromdase) conjugate (50 gL fwell)
or other appropriate antibody tor 30 minutes. After washing
with ELISA wash bufter the rcac ttion was visualized by the
addition of TM blue substrate (‘)0 pL/well). After 10 min-
ules, the reaction was stopped b}” the addition of 1N H.SO,
(100 pL/well) and read on an El ISA plate reader set at 450

nm. i

[0251] 2. Synthetic Peptide ELISA

[0252] A 24 amino acid residiie synthetic peptide M2 is
diluted to a concentration of 2 sig/mL in coating buffer (50
mM sodium bicarbonate, pH 9.¢)) and coated onto the wells

of ELISA strips (50 zL/well). Peptides are dried onto the
wells by incubating overnight (about 18 hours), in a hood
with the exhaust on. Next mornmg, the wells are washed
with ELISA wash buffer (phosp; aate butfered saline, pH 7.4,
0.05% Tween®-20) and blocl\e«.l with 3% BSA in PBS (75
pLfwell) for 1 hour. ELISA smps are stored, dry, at =20° C.
until needed.

[0253] To determine antibody antigenicity of particles,
antisera (monoclonal or polycional) are diluted using 1%
BSAin PBS, and 50 il /well adided to antigen-coated ELISA
wells. Sera are incubated for i hour, washed with ELISA
wash buffer, and probed using an anti-mouse(IgG)-HRP
conjugate or other antibody (as;above at 50 ul/well) for 30
minutes, washed again with ELISA wash buffer, and then
visualized by the addition of TM blue substrate (50 uL/well).
After 10 minutes, the reaction is stopped by the addition of
1N H.SO, (100 uL/well) and réad on an ELISA plate reader
set at 450 nm.
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[0254] B. Immunogenicity of Particles

[0255] To assay the immunogenicity of particles, mice are
immunized, 1P, with 20 ug of particles in Freund’s complete
adjuvant, and then boosted at 4 weeks with 10 ug in Freund’s
incomplete adjuvant. Mice were bled at 2, 4, 6, and 8 weeks.

EXAMPLE 5

Determination of 280:260 Absorbance Ratios

[0256] To determine the 280:260 absorbance ratio of puri-
fied particles, the particles were diluted to a concentration of
approximately 0.2 mg/mL in 20 mM sodium phosphate
buffer, pH 6.8, and absorbance values determined at wave-
lengths of 260 and 280 nm. The absorbance measured at 28(
nm was divided by the value at 260 nm to determine the
280:260 ratio. The ratios were obtained for several samples,
including native particles (HBc183), HBc particles truncated
after residue position 149 (HBc149), and several HBc chim-
crs that are identified elsewhere herein, are shown below in
Table 1. Full length particles ICC-1559 are a preparation of
the particles first reported in Neirynck et al., (October 1999)
Nature Med., 5(10):1157-1163, whereas tull length particles
1CC-1607 are similar particles in which the M2 polypeptide
cysteines al polypeptide positions 17 and 19, (X, and X,
of SEQ ID NO: 9) were mutated to serine residues.

TABLE 1
Full Length, (F)
or 280/260
Particle C-Terminal Absorbance
Number Truncated, (T) Ralio
HBc183 F 0.84
HBc149 T 1.59
1438 T 1.587
1473 T 1.64
. 1475 T 104
1492 T 1.33
1559 F 0.68
1560 T 1.36
1590 T 1.51
16032 T 1.68
1604 T 1.40
160S T 1.26
1607 F 0.73
EXAMPLE 6

Thermal Stability Protocol

[0257] Purified particles were diluted to a concentration of
1 mg/mL using 50 mM NaPO,, pH 6.8 and sodium azide
was added to a final concentration of 0.02% to prevent
bacterial growth. Samples were mixed with SDS-PAGE
sample buffer (reducing) and run on 15% SDS-PAGE gels.
Gels were stained using Coomassie Blue, and then analyzed.

EXAMPLE 7

Analytical Gel Filtration Analysis of Hybnd
Parlicles

[0258] Analytical gel filtration analysis of purified hybrid
HBc particles was performed using a 25 mL Superose ® 6
HR 10/30 chromatographic column (Amersham Pharmacia
# 17-0537-01) and a BioCAD™ SPRINT Perfusion Chro-
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matography System. The UV detcctor was set to monitor a
wavelength of 280 nm. The column was equilibrated with 3
column volumes (CV; about 75 mL) of buffer (50 mM
NaPO,, pH 6.8) at a flow rate of;O.75 mL/minute.

[0259] The particles to be anilyzed were diluted to a
concentration of 1 mg/mL using 50 mM NaPO,, pH 6.8. 200
Microliters (uL) of the sample wvre then loaded onto a 200
#L loop and injected onto the »olumn The sample was
eluted from the column with 50 mM NaPO,, pH 6.8 at a flow
rate of 0.75 mL/minute. 1

[0260] Particles containing N-lerminal cysteine residues
or similar particles free of such cysteines were analyzed
using the above procedure Integration of the 280 nm trace
was carried out usmg BioCAD™ sot(warc (PerSepllve“’) to
provide the results in

|
EXAMPLE 8
|

Influenza M2 (‘onslructs

[0261] Recently, Neirynck et .11 (October 1999) Nature
Med., 5(10):1157-1163 and WO 99/07839 reported the
tusion of the 24 amino acid ext) acellular domain of M2 to
the N-terminus of full-length HE ¢ particles (HBc183), lack-
ing amino acid residues 1-4. A« .chemdlxc representation of
that construct referred to herein as IM2HBc is shown below
in which the 24-mer is linked t the N-terminus of HBc.

IM2HBc

MSLLTEVETPIRNEWGCRCNDSSD-HBc! (5—183) SEQ ID NO:63
I

[0262] In one illustrative preparation, the M2 epitope was
inserted into the 1mmunodommam loop of hepatitis B core
and particles referred to as 1CC-1475 were successfully
expressed and purified using lechmqucs discussed previ-
ously for such insertions and purlﬁcallons A mutated ver-
sion of the M2 epitope, in Wthh two cysteine residues at M2
native positions 17 and 19 wcre substituted by alanine
residues, was also expressed ir' the immunodominant loop
(ICC-1473 particles) and the resultmg particles purified.
These two particles are 1l]uslraJed schematically below.

ICC-1475
HBc (1-78)-GI~SLLTEVETPIRNEWGCRCNDSSD- SEQ ID NO: 64
EL-HBc (79-149)

1CC-1473 i
HBc(1-78)~GI- SLLTEVETPIRNETAGARANDSSD- SEQ ID NO: 65
EL-HBc (79-149)-C

[0263] The ICC-1473 parllc]e construct yielded approxi-
mately 7-fold more purified purllc]cs when compared with
the native sequence (ICC- 1475) It remains to be determined
if the mutation of the cysleme residues alters protective
potential of the particles. However, epitopes delivered on the
immunodominant loops of HBc are usually significantly
more lmmunogemc as compared to when they are fused to
other regions (including the.|N-terminus), and resulting
particles exhibit reduced anti-‘f—IBc immunogenicity.

[0264] Particles have also be en prepared in which the M2
N-terminal 24-mer epitope W(.S fused to the N-terminus of
C-terminal truncated hepatitis' B core particles. That con-
struct (ICC-1438) also contained the N-terminal pre-core
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sequence (SEQ ID NO: 66). A similar construct was pre-
pared thal contained a single cysteine residue at the end of
the hybrid protein (ICC-1492), in this case immediately after
Val-149 of the HBc gene. These constructs are shown
schematically below.

ICC-1438 SEQ ID NO:66
MGISLLTEVETPIRNEWGCRCNDSSDELLGWLWGI-HBc (2-149)

ICC-1492 SEQ ID NO:67
MGISLLTEVETP IRNEWGCRCNDSSDELLGWLWGI~-HBc (2-149)-C

Sep. 18, 2003
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otldes M2(17-24/C17S)-Ncol-F an(l HBcl49/lldell R are
used to amplify the hybrid HBc ge Ine from vector V2.Pf1.
The resultant 546 bp fragment is cleavcd with Ncol and
HindIll and inserted into pKK- 2!3 3N, which has been
cleaved with the same two enzyme: is.

[0270] To make V2.PEL(N-M2([7- 24/C19S), the oligo-
nucleotides M2(17-24/C19S)- Ncn[ F and HBc149/Hin-
dIII-R are used to amplify the hy brid HBe gene in vector
V2.Pf1. The resultant 540 bp tragmem is cleaved with Ncol
and HindIll and inserted into pKK :223-3N, which had been
cleaved with the same two enzym‘es

M2 (17-24/C17S)-NcoI~F |
M G S RCNDSSDTIDTEPE Y K'E F GSEQ IDNO:68
GGCGCCATGGGGTCTAGATGTAACGAT TCARGTGACATCGACCCTTATARASAATTICG SEQ ID NO:69

M2 (17-24/C198)-Ncol-F

|
i
! M G ¢ N DS s DI DUPYKETF G

GCGCCATGGGGTGTAACGATTCAAGTGACATCGACCCTTATARRGAATTIGG

[0265] 1t should be noted that to guard agains! translation
initiation from the natural HBc¢ initiator methionine, the
codon for that residue was mutated to code for an isoleucine
residue. Residues contributed by EcoRI (GI) and Sacl (EL)
restriction sites are underlined. The pre-core sequence is
recited between the underlined EL residues and **-HBc(2-
149)".

[0266] Analysis by SDS-PAGE as discussed elscwhere
herein, showed that upon preparation, the ICC-1438 mono-
mer construct was unstable (Lane 2) as compared to the
1CC-1492 (Lane 3), with HBc-149 (Lane 1), ICC-1475
(Lane 4) and ICC-1473 (Lane 5) serving as additional
molecular weight controls on the SDS-PAGE gel in FIG. 10.
The instability of the ICC-1438 monomers was not evident
using analytical gel filtration of particles.

[0267] Both ICC-1475 (FIG. 10, lane 4) and ICC-1473
(FIG. 10, lane 5) were expected to have slightly lower
molecular weights than ICC-1438 and ICC-1492, because
the former two contain the M2 epitope inserted directly into
the immunodominant loop and therefore lack the pre-core
sequence (SEQ ID NO: 66) present in ICC-1438 and ICC-
1498. As expecied, [CC-1492 was larger than ICC-1475 and
I1CC-1473; however, ICC-1438, which is identical to I1CC-
1492 save the C-terminal cysteine residue, is clearly not
larger than 1CC-1475 and 1CC-1473 due to an apparent
cleavage.

[0268] A construct containing a M2 N-terminal extracel-
lular sequence as discussed above linked to the HBc N-ter-
minus (Domain I) or loop (Domain II) and also containing
a M2 protein C-terminal sequence such as that of SEQ ID
NO: 11 (see Table A) linked the loop (Domain II) or at the
C-terminus (Domain IV) of HBc is also contemplated. Such
a contemplated construct also contains at least one stabiliz-
ing C-terminal cysteine residue as discussed elsewhere
herein.

[0269] To modify the amino-terminus of hybrid HBc
particles containing immunodominant loop fusions to incor-
porate a cysteine residue, and minimal M?2-derived
sequence, a series of synthetic oligonucleotides are synthe-
sized. To make V2.Pf1(N-M2(17-24/C178S), the oligonucle-

SEQ ID NO:70
SEQ ID NO:71

EXAMPLZ 9

HBc Chimer Molecules With, and Without Both N-
and C-Terminal Cys!emc Residues

[0271] A series of HBc chime: molecule-conlammg par-
ticles was prepared that contained residues 1-24 of the
influenza A, M2 protein peptije-bonded at or near the
N-terminus of HBc whose C-termmus was truncated at
residue 149. The component c11mer1c protein molccules
contained different N-terminal |equences that included an
M2 sequence or variant, and some contained a C-terminal
cysteine residue.

[0272] All purified parllcles h(‘.led in Table 2, below, were
analyzed by analytical size exvlusmn chromatography to
assess the retention of p‘lrllcula;e structure following puri-
fication. Particles designated 1€°C-1603, which contain no
N-terminal cysteine residues, dlisplayed evidence of disas-
sembly back to sub-partlculalo structures (FIG. 3) because
the protein eluted in the 1500 <ec0nd range (particles elute
at approximately 1000 secon(ls)

[0273] Similar analysis of pamcles 1CC-1590, which are
similar to ICC-1603 ICC-parllcnes except for the mutation of
two serine residues to cystcmt residues in the N-terminal
M2 sequence, revealed that tha! construct remained particu-
late following punﬁcallon, wuh elution occurring at around
1000 seconds, which is typical 10r a hybrid particle (FIG. 4).
There was no evidence of dlsmsscmbly for 1CC-1590 par-
ticles.

[0274] Analysis of ICC-156(! particles, whose chimer pro-
tein also has two N-terminal cyisteine residues, revealed that
it too was particulate following purification, although it did
exhibit some degree of disas: >cmbly (FIG. 5), suggeslmg
that the stabilization was not quue as robust as it was for
ICC-1590 particles. Comparisbn of the N-terminal configu-
rations of ICC-1590 and ICC-1560 particles (Table 2, here-
inafter), shows thal the relallve posmon of the two cysleme
residues in ICC-1560 particlis is shifled by 3 amino acid
residues relative to ICC-159() particles via the deletion of
three amino acid residues (DEL) indicating that the cysteine
residues may be required to be a minimal distance from the
start of the core gene to enallle optimal cross-linking.
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EXAMPLE 10

Particles With an M2 or M2 Variant Sequence and
A C-Terminal Cysteine Residue

[0275] 1CC-1603 particles were shown in FIG. 3 to rap-
idly disassemble following purification. The HBc chimer
molecules that comprise ICC-1605 particles are similar to
those of 1CC-1603 particles, except that the ICC-1605
component chimer molecules have a single C-lerminal sta-
bilizing cysteine. A plasmid was made to direct the expres-
sion of ICC-1605 particles to investigate if the addition of a
C-terminal cysteine residue to ICC-1603 particles could
impart greater stability on the particle. Following purifica-
tion, ICC-1605 particles were analyzed using analytical size
exclusion chromatography (FIG. 6).

[0276] The results of this study demonstrated that particle
stabilizalion was more complete than for the ICC-1603
particles, but incomplete compared to 1CC-1590 particles,
which contains two amino-terminal cysteine residues and no
C-terminal stabilizing cysteine. Although a significant
amount of ICC-1605 remained particulate, there was evi-
dence of a heterogeneous mixture of sub-particulate struc-
tures that eluted over a broad range. These observations
suggest that for this hybrid particle (ICC-1603), C-terminal
stabilization as found in ICC-1605 particles was less com-
plete than for the N-terminal stabilization found in ICC-
1590 particles.

[0277] To investigate the compatibility of combined
amino and carboxyl-terminal cysteine stabilization of hybrid

Sep. 18, 2003

cation (FIG. 7), indicating that the two stabilizing methods
are complementary and can be uscd in concert with each
other. i

[0278] Alternative linker sequenlces between the N-termi-
nus of HBc and the N- lermmal cysteine residues were
investigated using particles ICC- {438 and ICC-1492. Both
of these particles contain the ammo acid sequence ELLG-
WLWGIDI (SEQ ID NO: 72) belwcen the M2 fusion and
amino acid D4 of HBc. Amino acid residues LGWLWGIDI
are derived from amino acids -6 “of pre-core to amino acid
13 of HBc, with the initiator cocion of HBc mutated to an
isoleucine to prevent translation 1mna110n trom this position,
which would compromise the : study The HB pre-core
sequence includes a cysteine at position -7.

[0279] These particles dlﬂere(; only in the fact that the
ICC-1438 component chimer molecule terminated at posi-
tion 149 of HBc, whereas the IC C 1492 component chimer
molecule terminated at 149 of HBc and contained a terminal
cysteine at position 150 relative lo the HBc of SEQ ID NO:
1. When analyzed by analylic”al gel filtration, using an
alternative but similar method|to that discussed before,
whereby particles clute at appmxxmalcly 10 minutes, both
constructs were shown to be pa; lticulate following purifica-
tion (ICC-1438 in FIG. 8 and 1CC-1492 in FIG. 10). This
study demonstrated the compahbl]uy of amino- and car-
boxyl-terminal cysteine slablllzallon of truncated particles,
and the tolerance of substantial ‘Vanablhly in the amino acid
sequence and distance betwee,n the N-terminal cysteine
residues and start of the HBc gene

TABLE 2

i
Residucs li Bound  C-terin

Between M2 C-term  Nucleic  Cysteine

|
Construct Name  N-terminal Fusion HBc N-term Start and HBc! End Acid Stab.

ICC-1560 M2 (1-24) D4 None “' 149 No No
ICC-1602 M2 (1-24) D4 EL | 149 No No
(2C > 25) J
ICC-1590 M2 (1-24) D4 EL ‘ 149 No No
ICC-1604 M2 (1-24) D4 EL | 149 No Yes
} (C150)
[CC-1605 M2 (1-24) D4 EL | 149 No Yes
(2C > 28) J (C150)
ICC-1438 M2 (1-24) D32 ELLGWLNGI 149 No No
[CC-1492 M2 (1-24) D2 ELLGWL‘_‘NGI 149 No Yes

j (C150)

L

particles, an expression plasmid was constructed to direct
the expression of ICC-1604 particles. The component
chimer molecules of ICC-1604 particles contain both the
two amino-terminal stabilizing cysteine residucs present in
a native M2 polypeplide sequence (as in ICC-1590) as well
as a C-terminal stabilizing cysteine (as in ICC-1605 par-
ticles). Analysis of 1CC-1604 particles showed that they
retained a homogencous particulate state following purifi-

[0280] Table 3, below, shov‘}rs an alignment that illustrates
the configuration of the N-tel‘jmini of HBeAg, and particles
designated ICC-1590, ICC-l.“SGO, 1CC-1603, ICC-1604 and
ICC-1605. Sequences are aligned according to amino acid
residue position 4 from the M-terminus of HBc of SEQ ID
NO:1 that is shared by all constructs. N-lerminal cysteine

residues, when present, are tinderlined.
!
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TABLE 3
Construct Name Sequence SEQ ID RO
HBeAg SKLCLGWLWGMDID 73
1CC-1590/ICC-1604 MSLLTEVETPIRNEWGCRCNDSSDELD 74 ‘
ICC-1560 MSLLTEVETPIRNEWGCRCNDSSD 18
ICC-1603/ICC-1605 MSLLTEVETPIRNEWGSRSNDSSDELD 75
ICC-1438/ICC~1492 MGISLLTEVETPIRNEWGCRCNDSSDELLGWLWGIDID 76 ‘

s

[0281] Table 4, below, provides a tabulation of the resuits
in which stability was assessed for particles containing an
N-terminal influenza A M2 sequence or variant contem-
plated herein. As is seen, stable particles have been prepared
from HBc¢ chimer molecules that contain an N-terminal
cysteine residue at a position of minus 14 (-14) relative to
the N-terminus of the HBc sequence of SEQ ID NO: 1 to
about the N-terminus itself.

TABLE 4
Amino Acids Between
HBc D4 and N-terminal C-terminal Stable
Construct Cysteine Residues Cysteine Particle
Name Cys 1 Cys 2 Stabilization Formed
HBeAg —_ 9 No No
ICC-1602 —_ — No No
ICC-1605 — — Yes Yes/No
[CC-1590 9 7 No Yes
[CC-1604 9 7 Yes Yes
ICC-1560 6 4 No Yes

TABLE 4-conlinued
|
I
Amino Acids Between

HBc D4 and N-terminal | C-terminal Stable
Construct Cysleine Residues | Cysteine Particle
i
Name Cys 1 Cys 2 Stabilization Formed
|
ICC-1438 18 16 | No Yes
1CC-1492 18 16 Yes Yes

{0282] Each of the patents antl articles cited herein is
incorporated by reference. The use of the article “a” or “an”

P . I
is intended 1o include one or mare.

[0283] The foregoing descript"on and the examples are
intended as illustrative and are rot to be taken as limiting.
Still other variations within !hci‘& spirit and scope of this
invention are possible and will readily present themselves to

those skilled in the art. | .

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 83
<210> SEQ ID NO 1

<211> LENGTH: 183

<212> TYPE: PRT

<213> ORGANISM: Hepatitis B virus
<400> SEQUENCE: 1

Met Asp Ile Asp Pro Tyr Lys Glu Phe Gly Ala Thr Val
1 5 10

Ser Phe Leu Pro Ser Asp Phe Phe Pro Ser Val Arg Asp

Thr Ala Ser Ala Leu Tyr Arg Glu Ala Leu Glu Ser Pro
35 40 45

Ser Pro His His Thr Ala Leu Arg Gln Ala Ile Leu Cys
50 55 60

Leu Met Thr Leu Ala Thr Trp Val Gly Val Asn Leu Glu
65 70 75

Ser Arg Asp Leu Val Val Ser Tyr Val Asn Thr Asn Met

Glu Leu Leu
15

Leu Leu Asp
30

Glu His Cys
Trp Gly Glu i
Asp .Pro Ala

80

Gly Leu Lys
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~continued

85 90 95

Phe Arg Gln Leu Leu Trp Phe His Ile Ser Cys Leu Thr Phe Gly Arg
100 105 110

Glu Thr Val Ile Glu Tyr Leu Val Ser Phe Gly Val Trp Ile Arg Thr
115 120 125

Pro Pro Ala Tyr Arg Pro Pro Asn Ala Pro Ile Leu Ser Thr Leu Pro
130 135 140

Glu Thr Thr Val Val Arg Arg Arg Gly Arg Ser Pro Arg Arg Arg Thr
145 150 155 160

Pro Ser Pro Arg Arg Arg Arg Ser Gln Ser Pro Arg Arg Arg Arg Ser
165 170 175

Gln Ser Arg Glu Ser Gln Cys
180

<210> SEQ ID NO 2

<211> LENGTH: 185

<212> TYPE: PRT

<213> ORGANISM: Hepatitis B virus
<400> SEQUENCE: 2

Met Asp Ile Asp Pro Tyr Lys Glu Phe Gly Ala Thr Val Glu Leu Leu
1 -5 10 15

Ser Phe Leu Pro Ser Asp Phe Phe Pro Ser Val Arg Asp Leu Leu Asp
20 25 30

Thr Ala Ser Ala Leu Tyr Arg Glu Ala Leu Glu Ser Pro Glu His Cys
Ser Pro His His Thr Ala Leu Arg Gln Ala Ile Leu Cys Trp Gly Glu
Leu Met Thr Leu Ala Thr Trp Val Gly Asn Asn Leu Gln Asp Pro Ala
65 70 75 80

Ser Arg Asp Leu Val Val Asn Tyr Val Asn Thr Asn Met Gly Leu Lys
Ile Arg Gln Leu Leu Trp Phe His Ile Ser Cys Leu Thr Phe Gly Arg

100 105 110

Glu'Thr vVal Leu Glu Tyr Leu Val Ser Phe Gly Val Trp Ile Arg Thr
115 120 125

Pro Pro Ala Tyr Arg Pro Pro Asn Ala Pro Ile Leu Ser Thr Leu Pro
130 135 140

Glu Thr Thr val val Arg Arg Arg Asp Arg Gly Arg Ser Pro Arg Arg
145 150 155 160

Arg Thr Pro Ser Pro Arg Arg Arg Arg Ser Gln Ser Pro Arg Arg Arg
165 170 175

Arg Ser Gln Ser Arg Glu Ser Gln Cys
180 185

<210> SEQ ID NO 3

<211> LENGTH: 185

<212> TYPE: PRT

<213> ORGANISM: Hepatitis B virus

<400> SEQUENCE: 3

Met.Asp Ile Asp Pro Tyr Lys Glu Phe Gly Ala Thr Val Glu Leu Leu
1 5 10 15

Ser Phe Leu Pro Ser Asp Phe Phe Pro Ser Val Arg Asp Leu Leu Asp
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~-continued

20 25 30

Thr Ala Ser Ala Leu Tyr Arg Glu Ala Leu Glu Ser Pro Glu His Cys
35 40 45

Ser Pro His His Thr Ala Leu Arg Gln Ala Ile Leu Cys Trp Gly Glu
50 55 60

Leu Met Thr Leu Ala Thr Trp Val Gly Asn Asn Leu Glu Asp Pro Ala
Ser Arg Asp Leu Val Val Asn Tyr Val Asn Thr Asn Val Gly Leu Lys
85 90 95

Ile Arg Gln Leu Leu Trp Phe His Ile Ser Cys Leu Thr Phe Gly Arg
100 105 110

Glu Thr Val Leu Glu Tyr Leu Val Ser Phe Gly Val Trp Ile Arg Thr
115 120 125

Pro Pro Ala Tyr Arg Pro Pro Asn Ala Pro Ile Leu Ser Thr Leu Pro
130 135 140

Glu Thr Thr Val Val Arg Arg Arg Asp Arqg Gly Arg Ser Pro Arg Arg
145 : 150 155 160

Arg Thr Pro Ser Pro Arg Arg Arg Pro Ser Gln Ser Pro Arg Arg Arg
165 170 175

Arg Ser Gln Ser Arg Glu Ser Gln Cys
180 185

<210> SEQ ID NO 4

<211> LENGTH: 183

<212> TYPE: PRT

<213> ORGANISM: Hepatitis B virus

<400> SEQUENCE: 4

Met Rsp Ile Asp Pro Tyr Lys Glu Phe Gly Ala Thr Val Glu Leu Leu
1 5 10 15

Ser Phe Leu Pro Ser Asp Phe Phe Pro Ser Val Arg Asp Leu Leu Asp
20 25 30

Thr Ala Ala Ala Leu Tyr Arg Asp Ala Leu Glu Ser Pro Glu His Cys
Ser Pro His His Thr Ala Leu Arg Gln Ala Ile Leu Cys Trp Gly Asp
50 55 60

Leu Met Thr Leu Ala Thr Trp Val Gly Thr Asn Leu Glu Asp Pro Ala
65 70 75 80

Ser Arg Asp Leu Val Val Ser Tyr Val Asn Thr Asn Val Gly Leu Lys
85 90 95

Phe Arg Gln Leu Leu Trp Phe His Ile Ser Cys Leu Thr Phe Gly Arg
100 105 110

Glu Thr Val Leu Glu Tyr Leu Val Ser Phe Gly Val Trp lle Arg Thr
115 120 125

Pro Pro Ala Tyr Arg Pro Pro Asn Ala Pro Ile Leu Ser Thr Leu Pro
130 135 140

Glu Thr Thr Val Val Arg Arg Arg Gly Arg Ser Pro Arg Arg Arg Thr
145 150 155 160

Pro Ser Pro Arg Arg Arg Arg Ser Gln Ser Pro Arg Arg Arg Arg Ser
165 170 175

Gln Ser Arg Glu Ser Gln Cys
180
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<210> SEQ ID NO

5

<211> LENGTH: 183

<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Met Asp Ile Asp
1

Asn Phe Leu Pro
20

Thr Ala Thr Ala
35

Ser Pro His His
50

Leu Thr Lys Leu
65

Val Arg Thr Ile
Val Arg Gln Ser
100

His Thr val Gln
115

Pro Ala Pro Tyr
130

Glu His Thr val
145

Pro Arg Arg Arg

Arg Arg Arg Arg
180

<210> SEQ ID NO

Marmota

5

Pro

Leu

Leu

Thr

Ile

Ile

85

Leu

Glu

Arg

Ile

Thr

165

Ser

6

<211> LENGTH: 217

<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Met Tyr Leu Phe
1

Thr Val Gln Ala
20
Ile Asp Pro Tyr
Leu Pro Leu Asp
Ala Ala Leu Tyr

His His Thr Ala

Arg Leu Ile Thr
100

Ile Ile Val Asp
115

Tyr

Asp

Tyr

Ala

Ala

70

val

Trp

Phe

Pro

Arg

150

Pro

Gln

monax

Lys

Phe

Glu

Ile

55

Trp

Asn

Phe

Leu

Pro

135

Arg

Ser

Cys

Glu

Phe

Glu

40

Arg

Met

His

His

val

120

Asn

Arg

Pro

Phe

Pro

25

Glu

Gln

Ser

Val

Leun

105

Ser

Ala

Gly

Arg

Gly

10

Asp

Leu

Ala

Ser

Asn

90

Ser

Phe

Pro

Gly

Arg
170

Spermophilus variegatus

6

His

Ser

Lys

Phe

Glu

Ile

85

Trp

His

Leu

Lys

Glu

Phe

Glu

70

Arg

Met

Val

Cys

Leu

Phe

Pro

55

Glu

Gln

Ser

Asn

Leu

Cys

Gly

40

Asp

Leu

Ala

Glu

Asn
120

val

Leu

25

Ser

Leu

Thr

Leu

Asn

105

Thr

Phe

Gly

Ser

Asn

Gly

val

90

Thr

Trp

Ser

Leu

Thr

Leu

Asn

Asp

Cys

Gly

Ile

Ala

155

Arg

Ala

Trp

Tyr

Ala

Arg

75

Cys

Thr

Gly

Ser

Asn

Gly

Val

60

Ile

Thr

Leu

Val

Leu

140

Arg

Arg

Cys

Leu

Gln

Leu

60

Glu

Trp

Glu

Leu

Tyr

Ala

Arg

Cys

Thr

Trp

Thr

Trp

125

Ser

Ala

Ser

Val

Trp

Leu

45

Val

His

Glu

Glu

Lys
125

Gln

Leu

30

Glu

Trp

Ser

Gly

Phe

110

Ile

Thr

Ser

Gln

Pro

Asp

Leu

Asp

Cys

Glu

val

110

Val

Leu

15

val

His

Asp

Glu

Leu

95

Gly

Leu

Arg

Ser
175

Cys
15

Met
Asn
Thr
Ser
Leu
95

Arg

Arg

Leu

Asp

Cys

Glu

Gln

80

Lys

Gln

Thr

Pro

Ser

160

Pro

Pro

Asp

Phe

Ala

Pro

80

Thr

Arg

Gln




N

US 2003/0175863 Al

30

-continued

Sep. 18, 2003

Thr Leu Trp Phe His Leu Ser Cys Leu Thr Phe Gly Gly His Thr val
130 135 140

Gln Glu Phe Leu Val Ser Phe Gly Val Trp Ile Arg Thr Pro Ala Pro

145

150 155 160

Tyr Arg Pro Pro Asn Ala Pro Ile Leu Ser Thr Leu Pro Glu His Thr

165 170 175

Val Ile Arg Arg Arg Gly Gly Ser Arg Ala Ala Arg Ser Pro Arg Arg

180 185 19¢

Arg Thr Pro Ser Pro Arg Arg Arg Arg Ser Gln Ser Pro Arg Arg Arg

195 _ 200 205

Arg Ser Gln Ser Pro Ala Ser Asn Cys
210 215

<210>
<211>
<212>
<213>
<2205
<223>

<400>

SEQ ID NO 7

LENGTH: 51

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: plasmid pkk223

SEQUENCE: 7

ttcacacagg aaacagaatt cccggggatc cgtcgacctg cagccaagct t

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 8

LENGTH: 38

TYPE: DNA

ORGANISM: artificial Sequence
FEATURE:

OTHER INFORMATION: plasmid pkk223

SEQUENCE: 8

ttcacataag gaggaaaaaa ccatgggatc cgaagctt

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<221>
<222>
<223>

<221>
<222>
<223>

<221>
<222>
<223>

<221>
<222>
<223>

<221>
<222>
<223>

<221>
<222>
<223>

SEQ ID NO 9

LENGTH: 24

TYPE: PRT

ORGANISM: Hepatitis B virus

FEATURE:

NAME/KEY: MISC_FEATURE

LOCATION: (1)..(1)

OTHER INFORMATION: Xaa at position 1 is methionine or absent.
methionine then Xa a in positions 2 through 8 are not absent
NAME/KEY: MISC_FEATURE

LOCATION: (2)..(2)

OTHER INFORMATION: Xaa at position 2 is serine or absent.

If serine then Xaa in positions 3 through 8 are not absent.
NAME/XEY: MISC_FEATURE

LOCATION: (3)..(3)

OTHER INFORMATION: Xaa at position 3 is leucine or absent.
If leucine then Xaa in positions 4 through 8 are not absent.
NAME/KEY: MISC_FEATURE

LOCATION: (4)..(4)

OTHER INFORMATION: Xaa at position 4 is leucine or absent.
If leucine then Xaa in positions 5 through 8 are not absent.
NAME/KEY: MISC_FEATURE

LOCATION: (5)..(5)

OTHER INFORMATION: Xaa at position 5 is threonine or absent.
If threonine than Xaa in positions 6 through 8 are not absent.
NAME/KEY: MISC_FEATURE

LOCATION: (6)..(6)

51

38

If

OTHER INFORMATION: Xaa at position 6 is glutamic acid or absent.
If glutamic acid then Xaa in positions 7 through 8 are not absent.

NAME/KEY: MISC_FEATURE

LOCATION: (7)..(7)

OTHER INFORMATION: Xaa at position 7 is valine or absent.
If valine then Xaa in position 8 is not absent.
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<221>
<222>
<223>
<221>
<222>
<2233
<221>
<222>
<223>

<221>
<222>
<223>

<221>
<222>
<223>

<221>
<222>
<223>

<221>
<222>
<223>

<221>
<222>
<223>

<221>
<222>
<223>

<221>
<222>
<223>

<221>
<222>
<223>

<400>

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

<400>

NAME/KEY: MISC_FEATURE

LOCATION: (8)..(8)

OTHER INFORMATION: Xaa at position 8 is glutamic acid or absent.

NAME/KEY: MISC_FEATURE

LOCATION: (15)..(15)

OTHER INFORMATION: Xaa at position 15 is tryptophan or absent.

NAME/KEY: MISC_FEATURE

LOCATION: (16)..(16)

OTHER INFORMATION: Xaa at position 16 is glycine or absent.

If glycine then Xaa in position 15 is not absent.

NAME/XEY: MISC_FEATURE

LOCATION: (17)..(17)

OTHER INFORMATION: Xaa at position 17 is absent or present, if

present Xaa in position 17 is cysteine, serine or alanine.

If Xaa in position 17 is present then positions 15 through 16

are not absent.

NAME/KEY: MISC_FEATURE

LOCATION: (18)..(18)

OTHER INFORMATION: Xaa at position 18 is arginine or absent.

If arginine then Xaa in positions 15 through 17 are not absent.

NAME/KEY: MISC_FEATURE

LOCATION: (19)..(19)

OTHER INFORMATION: Xaa at position 19 is absent or present, if
present Xaa in position 19 is cysteine, serine or alanine.

If Xaa in position 19 is present then positions 15 through 18
are not absent.

NAME/KEY: MISC_FEATURE

LOCATION: (20)..(20)

OTHER INFORMATION: Xaa at position 20 is asparagine or absent.
If asparagine then Xaa in positions 15 through 19 are not absent.
NAME/KEY: MISC_FEATURE

LOCATION: (21)..(21)

OTHER INFORMATION: Xaa at position 21 is aspartic acid or absent.
If aspartic acid then Xaa in positions 15 through 20 are not
absent .

NAME/KEY: MISC_FEATURE

LOCATION: (22)..(22)

OTHER INFORMATION: Xaa at position 22 is serine or absent.

If serine then Xaa in positions 15 through 21 are not absent.
NAME/KEY: MISC_FEATURE

LOCATION: (23)..(23)

OTHER INFORMATION: Xaa at position 23 is serine or absent.

If serine then Xaa in positions 15 through 22 are not absent.
NAME/KEY: MISC_FEATURE

LOCATION: (24)..(24)

OTHER INFORMATION: Xaa at position 24 is aspartic acid or absent.
If aspartic acid then Xaa in positions 15 through 23 are not
absent.

SEQUENCE: 9

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Thr Pro Ile Arg Asn Glu Xaa Xaa
1 5 10 15
Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa

20

SEQ ID NO 10

LENGTH: 23

TYPE: PRT

ORGANISM: Influenza A virus

SEQUENCE: 10

Ser Leu Leu Thr Glu Val Glu Thr Pro Ile Arg Asn Glu Trp Gly Cys

1

5 10 15

Arg Cys Asn Gly Ser Ser Asp

<210>
<211>
<212>»
<213>

20

SEQ ID NO 11

LENGTH: 23

TYPE: PRT

ORGANISM: Influenza A virus

G
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<400> SEQUENCE: 11

Ser Leu Leu Thr Glu Val Glu Thr Pro Ile Arg Asn Glu Trp Gly Cys
1 5 10 15

Arg Cys Asn Asp Ser Ser Asp
20

<210> SEQ ID NO 12 i
<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 12

Ser Leu Leu Thr Glu Val Glu Thr Pro Ile Arg Asn Glu Trp Gly Ala
1 5 10 15

Arg Ala Asn Asp Ser Ser Asp
20

<210> SEQ ID NO 13

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 13

Ser Leu Leu Thr Glu Val Glu Thr Pro Ile Arg Asn Glu Trp Gly Ser
1 5 10 15

Arg Ser Asn Asp Ser Ser Asp
20

<210> SEQ ID NO 14

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 14

Ser Leu Leu Thr Glu Val Glu Thr Pro Ile Arg Asn Glu Trp Gly Ser
1 5 10 15

Arg Cys Asn Asp Ser Ser Asp
20

<210> SEQ ID NO 15

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 15

Ser Leu Leu Thr Glu Val Glu Thr Pro Ile Arg Asn Glu Trp Gly Cys
1 5 10 15

Arg Ser Asn Asp Ser Ser Asp
20

<210> SEQ ID NO 16

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 16

Ser Leu Leu Thr Glu Val Glu Thr Pro Ile Arg Asn Glu Trp Gly Cys
1 5 10 15

Arg Ala Asn Asp Ser Ser Asp
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<210> SEQ ID NO 17

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 17

Ser Leu Leu Thr Glu Val Glu Thr Pro Ile Arg Asn Glu Trp Gly Ala
1 5 10 15

Arg Cys Asn Asp Ser Ser Asp
20

<210> SEQ ID NO 18

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 18

Met Ser Leu Leu Thr Glu Val Glu Thr Pro Ile Arg Asn Glu Trp Gly
1 5 16 15

Cys Arg Cys Asn Asp Ser Ser Asp
20

<210> SEQ ID NO 19

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 19

Met Ser Leu Leu Thr Glu Val Glu Thr Pro Ile Arg Asn Glu Trp Gly
1 5 10 15

Ser Arg Ser Asn Asp Ser Ser Asp
20

<210> SEQ ID NO 20

<211> LENGTH: 35

<212> TYPE: PRT

<213> CRGANISM: Influenza A virus

<400> SEQUENCE: 20

Met Gly Ile Ser Leu Leu Thr Glu Val Glu Thr Pro Ile Arg Asn Glu
1 5 10 15

Trp Gly Cys Arg Cys Asn Asp Ser Ser Asp Glu Leu Leu Gly Trp Leu
20 25 30

Trp Gly Ile
35

<210> SEQ ID NO 21

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 21

Met Ser Leu Leu Thr Glu Val Glu Thr Pro Ile Arg Asn Glu Trp Gly
1 5 10 15

Ala Arg Ala Asn Asp Ser Ser Asp
20

¢
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<210> SEQ ID NO 22

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 22

Met ‘Ser Leu Leu Thr Glu Val Glu Thr Pro Ile Arg Asn Glu Trp Gly
1 5 10 15

Cys Arg Ala Asn Asp Ser Ser Asp
20

<210> SEQ ID NO 23

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 23

Met Ser Leu Leu Thr Glu Val Glu Thr Pro Ile Arg Asn Glu Trp Gly
1 5 10 15

Ala Arg Cys Asn Asp Ser Ser Asp
20

<210> SEQ ID NO 24

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 24

Met Ser Leu Leu Thr Glu Val Glu Thr Pro Ile Arg Asn Glu Trp Gly
1 5 10 15

Cys Arg Ser Asn Asp Ser Ser Asp
20

<210> SEQ ID NO 25

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 25

Met Ser Leu Leu Thr Glu Val Glu Thr Pro Ile Arg Asn Glu Trp Gly
1 5 10 15

Ser Arg Cys Asn Asp Ser Ser Asp
20

<210> SEQ ID NO 26

<21l> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence
<220> FEATURE:

<223> OTHER INFORMATION: plasmis pkk223

<400> SEQUENCE: 26

ggtgcatgca aggagatg

<210> SEQ ID NO 27

<211> LENGTH: 55

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: plasmid pkk223

<400> SEQUENCE: 27

18



-
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gcgaagctte ggatcccatg gttttttcct ccttatgtga aattgttatc cgete 55

<210> SEQ ID NO 28

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Hepatitis B virus

<400> SEQUENCE: 28

gggccatgga catcgaccet ta 22
<210> SEQ ID NO 29

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Hepatitis B virus

<400> SEQUENCE: 29

gcggaattcc ttccaaatta acacccacc 29
<210> SEQ ID NO 30

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Hepatitis B virus

<400> SEQUENCE: 30

cgcgaattca aaaagagctc gatccagegt ctagagac 38
<210> SEQ ID NO 31

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Hepatitis B virus

<400> SEQUENCE: 31

cgcaagctta aacaacagta gtcteccggaa g 31
<210> SEQ ID NO 32

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Hepatitis B virus

<400> SEQUENCE: 32

ttgggccatg gacatcgacc ctta 24
<210> SEQ 1D NO 33

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Hepatitis B virus

<400> SEQUENCE: 33

gcggaattcc atcttccaaa ttaacaccca c© 31
<210> SEQ ID NO 34

<211> LENGTH: 39

<212> TYPE: DRA

<213> ORGANISM: Hepatitis B virus

<400> SEQUENCE: 34

cgcgaattca aaazagagcte ccagcgtcta gagacctag 39

<210> SEQ ID NO 35
<211> LENGTH: 39
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<212> TYPE: DNA
<213> ORGANISM: Hepatitis B virus

<400> SEQUENCE: 35

cgcgaattca aaaagagctc ccagcgtcta gagacctag 39

<210> SEQ ID NO 36

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Hepatitis B virus

<400> SEQUENCE: 36 i

ggaaagctta ctaacattga gattcccg 28

<210> SEQ ID NO 37

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: plasimd pkk223

SEQUENCE: 37

gcgggatccg gagcttatcg a 21

<210> SEQ ID NO 38

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Hepatitis B virus

<400> SEQUENCE: 38

gcggagctct ttttgaattc ccatggtttt ttcctectta t 41

<210> SEQ ID NO 39

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Hepatitis B virus

<400> SEQUENCE: 39

gcggagcectec ttgggtggcet ttggggecatt gacatcgacc cttataaag 49

<210> SEQ ID NO 40

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Hepatitis B virus

<400> SEQUENCE: 40

cgcaagctta ctagcaaaca acagtagtct ccggaag 37

<210> SEQ ID NO 41

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: plasmid pkk223

<400> SEQUENCE: 41

gcataattcg tgtcgcetc 18
<210> SEQ ID NO 42

<211> LENGTH: 30

<212> TYPE: DNA
«<213> ORGANISM: Hepatitis B virus
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<400> SEQUENCE: 42

gcggaattec gatgtccatg gttttttcet
<210> SEQ ID NO 43

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Hepatitis B virus
<400> SEQUENCE: 43

gcggaattca aaaagagctc gacccttata aagaatttgg a
<210> SEQ ID NO 44

<211> LENGTH: 26

<212> TYPE: PRT

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 44

Met Ser Leu Leu Thr Glu Val Glu Thr Pro Ile Arg Asn Glu Trp Gly
1 5 10 15

Ser Arg Cys Asn Asp Ser Ser Asp Glu Leu
20 25

<210> SEQ ID NO 45

<211> LENGTH: 78

<212> TYPE: DNA

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 45

catgtctctg ctgaccgaag ttgasacccc tatcagaaac gaatgggggt ctagatgtaa
cgattcaagt gatgagct

<210> SEQ ID NO 46

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 46

catcacttga atcgttacat ctagaccccc attcgtttct gataggggtt tcaacttcgg
tcagcagaga

<210> SEQ ID NO 47

<211> LENGTH: 26

<212> TYPE: PRT

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 47

Met Ser Leu Leu Thr Glu Val Glu Thr Pro Ile Arg Asn Glu Trp Gly
1 5 10 15

Cys Arg Ser Asn Asp Ser Ser Asp Glu Leu
20 25

<210> SEQ ID NO 48

<211> LENGTH: 78

<212> TYPE: DNA

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 48

catgtctetg ctgaccgaag ttgaaaccce tatcagaaac gaatgggggt gcagatcgaa

30

41

60

78

60

70

60
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cgattcaagt gatgagct

<210> SEQ ID NO 49

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Influenza A virus
<400> SEQUENCE: 49

catcacttga atcgttcgat ctgcaccccc attcgtttet gataggggtt tcaacttegg
tcagcagaga

<210> SEQ ID NO 50

<211> LENGTH: 26

<212> TYPE: PRT

<213> ORGANISM: Influenza A virus
<400> SEQUENCE: 50

Ile Ser Leu Leu Thr Glu Val Glu Thr Pro Ile Arg Asn Glu Trp Gly
1 5 10 15

Ala Arg Ala Asn Asp Ser Ser Asp Glu Leu
20 25

<210> SEQ ID NO 51

<211> LENGTH: 78

<212> TYPE: DNA

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 51

aatttctctg ttaaccgaag tggagacgcec gattcgtaac gaatggggtg cgcgcgccaa
tgatagctct gacgagct

<210> SEQ ID NO 52

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 52

cgtcagagct atcattggceg cgcgcaccecc attecgttacg aatcggcgtce tccacttegg
ttaacaqgaga

<210> SEQ ID NO 53

<211> LENGTH: 26

<212> TYPE: PRT

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 53

Ile Ser Leu Leu Thr Glu Val Glu Thr Pro Ile Arg Asn Glu Trp Gly
1 5 10 15

Cys Arg Cys Asn Asp Ser Ser Asp Glu Leu
20 25

<210> SEQ ID NO 54

<211> LENGTH: 78

<212> TYPE: DNA

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 54

aattagcctg ttaaccgaag tggagacgcc gatccgtaac gaatgggget gcegetgtaa

78

60

70

60

78

60

70

60
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tgattcttcc gacgagct 78

<210> SEQ ID NO 55

<211> LENGTH: 70

«<212> TYPE: DNA

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 55

cgtcggaaga atcattacag cggcagceccc attcgttacg gatcggegtc tccacttegg 60
ttaacaggct 70
<210> SEQ ID NO 56

<211> LENGTH: 26

<212> TYPE: PRT

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 56

Met Ser Leu Leu Thr Glu Val Glu Thr Pro Ile Arg Asn Glu Trp Gly
1 5 10 15

Cys Arg Cys Asn Asp Ser Ser Asp Glu Leu
20 25

<210> SEQ ID NO 57

<211> LENGTH: 78

<212> TYPE: DNA

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 57

. catgtctetg ctgaccgaag ttgaaacccc tatcagaaac gaatgggggt gcagatgtaa 60

cgattcaagt gatgagct 78

<210> SEQ ID NO 58

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 58

catcacttga atcgttacat ctgcacccce attegtttct gataggggtt tcaacttcgg 60
tcagcagaga 70
<210> SEQ ID NO 59

<211> LENGTH: 26

<212> TYPE: PRT

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 59

Met Ser Leu Leu Thr Glu Val Glu Thr Pro Ile Arg Asn Glu Trp Gly
1 5 10 15

Ser Arg Ser Asn Asp Ser Ser Asp Glu Leu
20 25

<210> SEQ ID NO 60

<211> LENGTH: 78

<212> TYPE: DNA

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 60

catgtctctg ctgaccgaag ttgaaacccc tatcagaaac gaatgggggt ctagatcgaa 60
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cgattcaagt gatgagct

<210> SEQ ID NO 61
<211> LENGTH: 70
<212> TYPE: DNA

78

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 61

catcacttga atcgttcgat ctagaccccc attgctttct gataggggtt tcaacttcgg 60

tcagcagaga

<210> SEQ ID NO 62

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Hepatitis B

<400> SEQUENCE: 62

cgcgacatgt ctctgctgac cg

<210> SEQ ID NO 63

<211> LENGTH: 24

<212> TYPE: PRT

<213> ORGANISM: Hepatitis B

<400> SEQUENCE: 63

Met Ser Leu Leu Thr Glu Val
1 s

Cys Arg Cys Asn Asp Ser Ser
: 20

<210> SEQ ID NO 64

<211> LENGTH: 27

<212> TYPE: PRT

<213> ORGANISM: Hepatitis B

<400> SEQUENCE: 64

Gly Ile Ser Leu Leu Thr Glu
1 5

Gly Cys Arg Cys Asn Asp Ser
20

<210> SEQ ID NO 65

<211l> LENGTH: 27

<212> TYPE: PRT

<213> ORGANISM: Hepatitis B

<400> SEQUENCE: 65

Gly Ile Ser Leu Leu Thr Glu
1 5

Gly Ala Arg Ala Asn Asp Ser
20

<210> SEQ ID NO 66

<211> LENGTH: 35

<212> TYPE: PRT

<213> ORGANISM: Hepatitis B

<400> SEQUENCE: 66

Met Gly Ile Ser Leu Leu Thr

70

virus

22

virus

Glu Thr Pro Ile Arg Asn Glu Trp Gly
10 15

Asp

virus

Val Glu Thr Pro Ile Arg Asn Glu Trp

10 15
Ser Asp Glu Leu
25
virus

Val Glu Thr Pro Ile Arg Asn Glu Trp
10 15

Ser Asp Glu Leu
25

virus

Glu Val Glu Thr Pro Ile Arg Asn Glu
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1 5 10 15

Trp Gly Cys Arg Cys Asn Asp Ser Ser Asp Glu Leu Leu Gly Trp Leu
20 25 30

Trp Gly Ile
35

<210> SEQ ID NO 67

<211> LENGTH: 35

<212> TYPE: PRT

<213> ORGANISM: Hepatitis B virus

<400> SEQUENCE: 6?

Met Gly Ile Ser Leu Leu Thr Glu Val Glu Thr Pro Ile Arg Asn Glu
1 5 10 15

Trp Gly Cys Arg Cys Asn Asp Ser Ser Asp Glu Leu Leu Gly Trp Leu
: 20 25 30

Trp Gly Ile
35

<210> SEQ ID NO 68

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 68

Met Gly Ser Arg Cys Asn Asp Ser Ser Asp Ile Asp Pro Tyr Lys Glu
1 5 10 15

Phe Gly

<210> SEQ ID NO 69

<211> LENGTH: 59

<212> TYPE: DNA

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 69

ggcgccatgg ggtctagatg taacgattca agtgacatcg acccttataa agaatttcg

<210> SEQ ID NO 70

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 70
Met Gly Cys Asn Asp Ser Ser Asp Ile Asp Pro Tyr Lys Glu Phe Gly
1 S 10 15

<210> SEQ ID NO 71

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Influenza A virus

<400> SEQUENCE: 71

gcgccatggg gtgtaacgat tcaagtgaca tcgaccctta taaagaattt gg
<210> SEQ ID NO 72

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Hepatitis B virus

<400> SEQUENCE: 72

59

52
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Glu Leu Leu Gly Trp Leu Trp
1 5

<210> SEQ ID NO 73

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Hepatitis B

<400> SEQUENCE: 73

Ser Lys Leu Cys Leu Gly Trp
1 5

<210> SEQ ID NO 74

<211> LENGTH: 27

<212> TYPE: PRT

<213> ORGANISM: Hepatitis B

<400> SEQUERCE: 74

Met Ser Leu Leu Thr Glu Val
1 5

Cys Arg Cys Asn Asp Ser Ser
20

<210> SEQ ID NO 75

<211> LENGTH: 27

<212> TYPE: PRT

<213> ORGANISM: Hepatitis B

<400> SEQUENCE: 75

Met Ser Leu Leu Thr Glu Val
1 5

Ser Arg Ser Asn Asp Ser Ser
20

<210> SEQ ID NO 76

<211> LENGTH: 38

<212> TYPE: PRT

<213> ORGANISM: Hepatitis B

<400> SEQUENCE: 76

Met Gly Ile Ser Leu Leu Thr
1 5

Trp Gly Cys Arg Cys Asn Asp
20

Trp Gly Ile Asp Ile Asp
: 35

<210> SEQ ID NO 77

<211> LENGTH: 549

<212> TYPE: DNA

<213> ORGANISM: Hepatitis B

<400> SEQUENCE: 77

Gly Ile Asp Ile
10

virus

Leu Trp Gly Met Asp Ile Asp
10

virus

Glu Thr Pro Ile Arg Asn Glu Trp Gly
10 15 |

Asp Glu Leu Asp
25

virus

Glu Thr Pro Ile Arg Asn Glu Trp Gly
10 15

Asp Glu Leu Asp
25

virus

Glu Val Glu Thr Pro Ile Arg Asn Glu
10 15

Ser Ser Asp Glu Leu Leu Gly Trp Leu
25 30

virus

atggacatcg acccttataa agaatttgga gctactgtgg agttactctc gtttttgccet 60

tctgacttct ttccttcagt acgagatctt ctagataceg cctcagetct gtatcgggaa 120

gccttagagt ctcctgagca ttgttcacct caccatactg cactcaggca agcaattctt 180

tgctggggygg aactaatgac tctagetacc tgggtgggtg ttaatttgga agatccageg 240
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tctagagacc tagtagtcag ttatgtcaac actaatatgg gectaaagtt caggcaactce 300 '
ttgtggtttc acatttcttg tctcactttt ggaagagaaa cagttataga gtatttggtg 360
tctttcggag tgtggattcg cactcctcca gecttatagac caccaaatgc ccctatccta 420
tcaacacttc cggagactac tgttgttaga cgacgaggca ggtcccctag aagaagaact 480
ccetegecte gcagacgaag gtctcaatcg ccgcegtcgca gaagatctca atctegggaa 540
tctcaatgt 549
<210> SEQ ID NO 78
<211l> LENGTH: 555
<212> TYPE: DNA
<213> ORGANISM: Hepatitis B virus
<400> SEQUENCE: 78
atggacattg acccttataa agaatttgga gctactgtgg agttactctc gtttttgcct 60 i
tectgacttct ttcettecgt acgagatctc ctagacaccg cctcagetct gtatcgagaa 120
gccttagagt ctectgagca ttgctcacct caccatactg cactcaggca agccattctce 180
tgctgggggg aattgatgac tctagctacc tgggtgggta ataatttgca agatccagea 240
tccagagatc tagtagtcaa ttatgttaat actaacatgg gtttaaagat caggcaacta 300 :
ttgtggtttc atatatcttg ccttactttt ggaagagaga ctgtacttga atatttggtc 360
tcttteggag tgtggattcg cactecteca gectatagac caccaaatge ccctatctta 420
tcaacacttc cggaaactac tgttgttaga cgacgggacc gaggcaggtc ccctagaaga 480
agaactccct cgectcgcag acgcagatct caatcgececge gtcgcagaag atctcaatct 540
cgggaatctc aatgt 555
<210> SEQ ID NO 79
<211> LENGTH: 555
<212> TYPE: DNA
<213> ORGANISM: Hepatitis B virus
<400> SEQUENCE: 79
atggacattg acccttataa agaatttgga gctactgtgg agttactctc gtttttgect 60
tctgacttct ttccocttecgt cagagatcte ctagacaccg cctcagetct gtatcgagaa 120
gccttagagt ctcctgageca ttgctcacct caccatactg cactcaggca agccattctce 180
tgctgggggg aattgatgac tctagctacc tgggtgggta ataatttgga agatccagca 240
tctagggatc ttgtagtaaa ttatgttaat actaacgtgg gtttaaagat caggcaacta 300
ttgtggtttc atatatcttg ccttactttt ggaagagaga ctgtacttga atatttggtc 360
tcttteggag tgtggattcg cactcctcca gocctatagac caccaaatgc ccctatctta 420
tcaacacttc cggaaactac tgttgttaga cgacgggacc gaggcaggtc ccctagaaga 480
agaactccct cgectegeag acgcagatct ccatcgecege gtcgcagaag atctcaatet 540
cgggaatctc aatgt 555

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

<400>

SEQ ID NO 80

LENGTH: 549

TYPE: DNA

ORGANISM: Hepatitis B virus

SEQUENCE: 80
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atggacattg acccttataa agaatttgga gctactgtgg agttactctc gtttttgect 60
tctgacttet ttecctteegt acgagatctt ctagataccg ccgcagetct gtatcgggat 120
gccttagagt ctcctgagca ttgttcacct caccatactg cactcaggca agcaattctt 180
tgctggggag acttaatgac tctagctacc tgggtgggta ctaatttaga agatccagcea 2490
tctagggacc tagtagtcag ttatgtcaac actaatgtgg gcctaaagtt cagacaatta 300
ttgtggtttc acatttcttg tctcactttt ggaagagaaa cggttctaga gtatttggtg 360
tcttttggag tgtggattcg cactcctcca gettatagac caccaaatgc ccctatecta 420 |
tcaacgcttc cggagactac tgttgttaga cgacgaggca ggtcccctag aagaagaact 480 1
ccctcgecte gcagacqgaag atctcaatcg ccgecgtcgca gaagatctca atctegggaa 540
tctcaatgt 549
<210> SEQ ID NO 81
<211> LENGTH: 549
<212> TYPE: DNA
<213> ORGANISM: Marmota monax
<400> SEQUENCE: 81 :
atggcetttgg ggcatggaca tagatcctta taaagaattt ggttcatctt atcagttgtt 60
gaattttctt cctttggact tctttéctga tcttaatget ttggtggaca ctgctactge 120
cttgtatgaa gaagaactaa caggtaggga acattgctct ccgcaccata cagctattag 180
acaagcttta gtatgctggg atgaattaac taaattgata gcttggatga gctctaacat 240
aacttctgaa caagtaagaa caatcattgt aaatcatgtc aatgatacct ggggacttaa 300
ggtgagacaa agtttatggt ttcatttgtc atgtctcact ttcggacaac atacagttca 360
agaattttta gtaagttttg gagtatggat caggactcca gctccatata gacctcctaa 420
tgcacccatt ctctegactec tteccggaaca tacagtcatt aggagaagag gaggtgcaag 480
agcttctagg tcccccagaa gacgcactce ctctcetecge aggagaagat ctcaatcacce 540
gcgtcgeag 549
<210> SEQ ID NO 82
<211> LENGTH: 651
<212> TYPE: DNA
<213> ORGANISM:. Spermophilus variegatus
<400> SEQUENCE: 82
atgtatcttt ttcacctgtg ccttgttttt gectgtgttc catgtcctac tgttcaagee 60
tccaagctgt gccttggatg gctttgggac atggacatag atccctataa agaatttggt 120
tcttcttatc agttgttgaa ttttcttcct ttggactttt ttecctgatct caatgcattg 180
gtggacactg ctgctgctct ttatgaagaa gaattaacag gtagggagca ttgttctcect 240
catcatactg ctattagaca ggccttagtg tgttgggaag aattaactag attaattaca 300
tggatgagtg aaaatacaac egaagaagtt agaagaatta ttgttgatca tgtcaataat 360
acttggggac ttaaagtaag acagacttta tggtttcatt tatcatgtct tacttttgga 420
caacacacag ttcaagaatt tttggttagt tttggagtat ggattagaac tccagctcct 480
tatagaccac ctaatgcacc cattttatca actcttccgg aacatacagt cattaggaga 540
agaggaggtt caagagctgc taggtccccc cgaagacgca ctccctctec tcgcaggaga 600
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aggtctcaat caccgcgtcg cagacgctct caatctccag cttecaactg ¢ 651

<210> SEQ ID NO 83

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Influenza B virus

<400> SEQUENCE: 83

Asn Asn Ala Thr Phe Asn Tyr Thr Asn Val Asn Pro Ile Ser His Ile

1 S 10

Arg

15 |

What is claimed:

1. A recombinant hepatitis B virus core (HBc) protein
chimer molecule with a leagth of about 150 to about 325
amino acid residues that contains four peptide-linked amino
acid residue sequence domains from the N-terminus that are
denominated Domains I, II, HII and I'V, and includes at least
one peptide-bonded polypeptide of about 6 to about 24
residues of the influenza A M2 polypeptide of SEQ ID NO:
9 wherein

(2) Domain I comprises (i) about 75 to about 110 amino
acid residues whose sequence includes at least the
sequence of the residues of position 4 through position
75 of HBc, (ii) one to three cysteine residues present at

* a position in the chimer molecule of about one to about
-20 relative to the N-terminus of HBc of SEQ ID NO:
1 [N-terminal cysteine residue(s)], said one or more
N-terminal cysteine residues being present within a
sequence other than that of the pre-core sequence of
HBc, and optionally includes said sequence of about 6
to about 24 residues of the influenza A M2 polypeptide
ot SEQ ID NO: 9 that, when present, is peptide-bonded
to or within about 15 residues of the N-terminus of the
HBc sequence,

(b) Domain IT comprises about 10 to about 60 amino acid
residues peptide-bonded to residue 75 of which (i) zero
to all of the sequence of HBc is present from position
76 through 85 and (ii) an optional sequence of 6 to
about 48 residues that constitute one or more repeats of
the influenza A M2 polypeptide of SEQ ID NO: 9;

(c) Domain Il is an HBc sequence from position 86
through position 135 peptide-bonded to residue 85; and

d) Domain IV comprises (i) the residues of positions
136-140 plus up to nine residues of an HBc amino acid
" residue sequence from position 141 through 149 pep-
tide-bonded to the residue of position 135 of Domain
1M1, (ii) zero to three cysteine residues, and (iii) up to
about 100 amino acid residues in a sequence heterolo-
gous to HBc from position 164 1o the HBc C-terminus;

said chimer molecule (i) containing no more than 10
percent conservatively substituled amino acid residues
in the HBc sequence, (i) self-assembling into particles
that are substantially free of binding to nucleic acids on
expression in a host cell, and said particles being more
stable on formation than are particles formed from an
otherwise identical HBc chimer that lacks said N-ter-

|
minal cysteine residue(s) o‘r in which an N-terminal
cysleine residue present ir} the chimer molecule is
replaced by another resxdue'

2. The recombinant HBc chimcir protein molecule accord-
ing to claim 1 wherein one of said residues X7 and X, of
said M2 polypeptide of SEQ ID! NO 9 is cysteine.

3. The recombinant HBc chimer protein molecule accord-
ing to claim 1 wherein said M2 polypeptxdc of SEQ ID NO:
9 includes residues X, through >. 24-

4. The recombinant HBc chlmar protein molecule accord-
ing to claim 1 wherein M2 polyp: ,pllde of SEQID NO: 9is
present in Domain 1.

5. The recombinant HBc chimer protein molecule accord-
ing to claim 1 wherein M2 polypu*pude of SEQID NO: 9is
present in Domain I1. ‘

6. The recombinant HBc chimer protein molecule accord-
ing to claim 1 wherein Domain l]con51sls egsentially of the
HBc sequence from position 2 ttirough position 75.

7. The recombinant HBc chimelr protein molecule accord-
ing to claim 1 wherein Domain IV contains zero cysteine
residues. I

8. The recombinant HBc chxmer protem molecule accord-
ing o claim 1 wherein Domain IV is free of said sequence
heterologous to HBc at position . 164 to the C-terminus.

9. A recombinant hepatitis B ]v1rus core (HBc) protein
chimer molecule with a sequence 'of about 155 to about 225
amino acid residues that conlalns four peptide-linked
domains from the N-terminus lhat are denominated Domains
1, 1L, III and IV, and includes at ileasl one peptide-bonded
polypeptide of about 6 to about 24 residues of the influenza
A M2 polypeptide of SEQ ID N(l) 9 wherein

(a) Domain I comprises (i) abcml 95 to about 100 amino
acid residues whose scquence includes at least the
sequence of the residues of Losmon 4 through position
75 of HBc, (ii) one to three cystcme residues present at
a position in the chimer mo]ecule of about onc to about
~14 relative to the N-termints of HBc of SEQ ID NO:
1 [N-terminal cysteine resulue(s)] said one or more
N-terminal cysieine r651due> being present within a
sequence other than that of!| the pre-core sequence of
HBc, and optionally mclude‘ said sequence of about 6
to about 24 residues of the mﬂuenza A M2 polypeptide
of SEQ ID NO: 9 that, when ?rescm is peptide-bonded
to or within about 15 residues of the N-terminus of the
HBc sequence,

(b) Domain Il comprises about 10 to about 60 amino acid
residues peptide-bonded to residue 75 of which (i) zero

\
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to all of the sequence of HBc is present from position
76 through 85 and (ii) an optional sequence of 6 to
about 48 residues that constitute one or more repeats of
the influenza A M2 polypeptide of SEQ ID NO: 9;

(c} Domain III consists essentially of the HBc sequence
from position 86 through position 135; and

d) Domain 1V comprises (i) the residues of positions
136-140 plus up to nine residues of an HBc amino acid
residue sequence from position 141 through 149 pep-
tide-bonded to the residue of position 135 of Domain
I, (ii) zero or one cysteine residue, and (iii) up to
about 50 amino acid residues in a sequence heterolo-
gous to HBc from position 164 to the HBc C-terminus;

said chimer molecule (i) containing no more than 5
percent conservaltively substituted amino acid residues
in the HBe sequence, (ii) self-assembling into particles
that are substantially free of binding to nucleic acids on
expression in a host cell, and said particles being more
stable on formation than are particles formed from an
otherwise identical HBc chimer that lacks said N-ter-
minal cysteine residue(s) or in which an N-terminal
cysteine residue present in the chimer molecule is
replaced by another residue.

10. The recombinant HBc¢ chimer protein molecule
according to claim 9 wherein Domain IV includes a
sequence of about nine amino acid residues of the HBc
sequence from residue position 141 through about position
149 peplide-bonded to residue 140.

1. The recombinant HBc¢ chimer protein molecule
according@@ claim 9 wherein Domain 1 includes one N-ter-
minal cysteine residue.

12. The recombinant HBc chimer protein molecule
according to claim 9 wherein Domain IV includes one
C-lerminal cysteine residue.

13. The recombinant HBc chimer protein molecule
according (o claim 9 wherein Domain I includes one N-ter-
minal cysteine residue and Domain IV includes one C-ter-
minal cysteine residue.

14. The recombinant HBc chimer protein molecule
according to claim 9 wherein one of said residues X, , and
X, of said M2 polypeptide of SEQ ID NO: 9 is cysteine.

15. The recombinant HBc chimer protein molecule
according to claim 9 wherein said M2 polypeptide of SEQ
ID NO: 9 includes residues X, through X,,.

16. The recombinant HBc chimer protein molecule
according to claim 9 wherein Domain II comprises the
amino acid residues of the sequence of HBc from position 76
through 85.

17. The rccombinant HBc chimer protein molecule
according to claim 9 wherein Domain II comprises the
amino acid resicues of the sequence of HBc¢ from position 76
through 85 that further includes 6 (o about 23 residues of the
influenza A M2 polypeptide of SEQ ID NO: 9.

18. The recombinant HBc chimer protein molecule
according to claim 9 wherein Domain I includes 6 to about
23 residues ol the influenza A M2 polypeptide of SEQ ID
NO: 9.
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19. The recombinant HBc v‘hlmer protein molecule
according to claim 9 that has a le 1gth of about 155 to about
170 residues.

20. Particles comprised of recomblnanl hepatitis B virus

core (HBc) protein chimer molec‘:ﬂes according to claim 1.
21. Particles comprised of recombmanl hepatitis B virus

core (HBc) protein chimer molec: lles according to claim 20
that includc the C-terminal 23 residues of the influenza AM2
polypeptide of SEQ ID NO: 9.

22. Particles comprised of reccimbinant hepatitis B virus

core (HBc) protein chimer mole(f;llles according to claim 9.
23. Particles comprised of recclmbmant hepatitis B virus

core (HBc) protein chimer molecules according to claim 22
that include the C-terminal 23 resnjues of the influenza AM2
polypeptide of SEQ ID NO: 9..

24. A vaccine or inoculum corlnpnsmg an immunogenic
effective amount immueogenic Pz, rticles according to claim
1 dissolved or dispersed in a ph: irmaceuncally acceptable
diluent.

25. A vaccine or inoculum conprlsmg an immunogenic
effective amount 1mmunogemc pamcles according to claim
9 dissolved or dispersed in a phirmaceutically acceptable
diluent.

26. A nucleic acid that encodes a recombinant HBc
protein molecule according to clalm 1, or a variant, analog
or complement thereof.

27. A nucleic acid that encodes a recombinant HBc
protein molecule according to clalm 9, or a variant, analog
or complement thereof.

28. A recombinant nucleic acid molecule that comprises a
vector operatively linked to a DHC]IEIC acid segment defining
a gene that encodes a recombinant HBc protein molecule
according to claim 1, or a varien"t analog or complemem
thereof, and a promoter suitable fo;. dnvmg the expression of
the gene in a compatible host orgamsm

29. A recombinant nucleic acid molecule that comprises a
veclor operatively linked to a nucl,lc acid segment defining
a gene that encodes a recombina; pl HBc protein molecule
according to claim 9, or a vancnl analog or complemcnt
thereof, and a promoter suitable fondnvmg the expression of
the gene in a compatible host org Iamsm

30. A host cell transformed with a recombinant nucleic
acid molecule according to claim 28.

31. The transformed host cell according to claim 30
wherein said host cell is selected from the group consisting
of E. cofi, S. typhi, S. typhimuriuni and a S. typhimurium-E.
coli hybrid.

32. A host cell transformed wilh a recombinant nucleic
acid molecule according to claim 29.

33. The transformed host cellL according to claim 32
wherein said host cell is selected from the group consisting
of E. coli, S. typhi, S. ryplzumuumz‘and a S. ryphimurium-E.
coli hybrid.
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Doctor (a)
RAISBECK J. IAN

REFERENCIA Radicacidén No. 9 35922
Solicitud internacional PCT/EP2007/006190
Fecha inicio fase nacional 08/04/2009
Tramite 11
Evento 379
Actuacidn 430

Oficio No. »5134

Como resultado del examen de forma, realizado con fundamento en el articulo 38 de
la Decisidén 486 de la Comisidn de la Comunidad Andina, articulo 27 del Tratado de
Cooperacidén en Materia de Patentes (PCT), regla 51 bis del Reglamento y Circular
Unica de la Superintendencia de Industria y Comercio, se le comunica que:

1. La solicitud no contiene el poder debidamente otorgado, con el lleno de los
requisitos exigidos por los articulos 63 y subsiguientes del Cédigo de
Procedimiento Civil. Adicionalmente, deberd presentar el documento que acredita la
existencia vy representacidén legal de la sociedad solicitante, cuando ésta fuere
persona juridica.

2. El1 golicitante debe aclarar si la solicitud corresponde al capitulo I o II del
PCT por gque la indicacidén en el petitorio no corresponde a los documentos del
expediente, en caso necesario adjuntar los documentos que corresponden.

3. La solicitud no contiene 1la copia del documento en que consta la cesidn del
derecho a la patente del inventor al solicitante o a su causante, conforme a lo
establecido por el articulo 26 literal k) de la Decisién 486 de la Comigidn de la
Comunidad Andina. Cuando se trate de documentos otorgados en el extranjero, estos
deberan legalizarse de conformidad con lo dispuesto por los articulos 259 y 260 del
Cédigo de Procedimiento Civil. Cuando se trate de las declaraciones a gue hace
referencia la Regla 4.17 1ii) del Tratado de Cooperacidn en Materia de Patentes
PCT., el alcance de las tales declaraciones se determinard seglin indigquen
claramente una cesién de derechos del inventor al solicitante o su causante, de
conformidad con lo dispuesto en el numeral 5.2.15 del Capitulo Quinto, Titulo X de
la Circular Unica de Superintendencia de Industria y Comercio.

En cumplimiento de lo dispuesto por el articulo 39 de la Decisidn 486, se le
requiere para gque dentro del término de dos meses siguientes a la fecha de
notificacidén del presente oficio, complete los requisitos anteriormente enunciados.
En caso de no dar cumplimiento al presente reguerimiento, la solicitud se
consideraré abandonada y perderd su prelacidn.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal
e), del capitulo quinto del titulo primero de la Circular Unica No.1l0 de 2001.

Continua en la pagina siguiente...
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