WO 2009/088950PCT/US2008/088678 PCV2 ORF2 VIRUS LIKE PARTICLE WITH FOREIGN AMINO
ACID INSERTION RELATED APPLICATION This application claims the priority benefit of
ication 61/017,863, filed on December 31, 2007, the teaching and content of which is

provisional a g}l
hereby incorﬁ MY reterence herein. SEQUENCE LISTING  This BEpileatitrossitains a
sequence listing in computer readable format, the teachings and content of which are hereby

incorporated by reference. BACKGROUND OF THE fNVENTION Field of the Invention The
present application is concerned with. the use of a porcine circovirus type 2 (PCV2) virus-like particle
as a vectdréoreRFrEL 3B R HEE IR Ul FEsBJIIh ECREASE pYHN AL A BEERKBIANplication is
concerned with the use of such a vector for expressing immunogenic amino acid sequences of
pathogens and the subsequent use of such expressed immunogenic amino acid sequences in
immunogenic compositions. Still morePpFa[r [ Iﬁpt?l]elﬁf%gmapplicatio concerned with the use of
open readlng,Hig@e : &QI%EZ& from PCV2 as zir\%e\/rge%tor or eﬁml%ggdeswed amino_acid sequences.

Even more particulany. the presant appiieatio A é’ﬁﬁ’é’ AR SHOf o i iisifo acid

sequenges e, RE PRE2Z and-the subseque ession of the ORF2 sequence and the foreign
amino acid sequerice (lﬁ’an explgrelfiz1 ion system. %%Fr%%}se%ﬁécr%ﬁtﬁ?ﬁofﬁgd% ng%%r%%cﬁlf&%ﬁ% is
concerned with the use of such expressed sequences in immunogenic compositions.

SEQUENCE LISTING
This application contains a sequence iisting in computer readable format, the teachings and

content of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

The present application is concerned with the use of a porcine circovirus type 2 (PCV2)
virus-tike particle as a vector for expressing desired amino acid sequences. More particularly, the
present application is concerned with the use of such a vector for expressing immunogenic amino
acid sequences of pathogens and the subsequent use of such expressed immunogenic amino acid
sequences in immunogenic compositions.  Still more particularly, the present application is
concerned with the use of open reading frame 2 (ORF2) from PCV?2 as a vector for expressing
desired amino acid sequences. Even more particularly, the present application is concerned with
the msertion of foreign amino acid sequences into PCV2 ORF2 and the subsequent expression of
the ORF2 sequence and the foreign amino acid sequence in an expression system. Stll more
particularly, the present application is concerned with the use of such expressed sequences in

immunogenic compositions.



WO 2009/088950PCT/US2008/088678 History of the Prior Art The Porcine Circovirus 2 (PCV2)
open-reading ORF2 gene can be expressed in insect cell culture. It has also been shown that the
PCV2 ORFZ(Ygrotein likely assembles into virus-like particles (VLP). These VLP are essentially empty
PCV2 capsi Oa%%%%%%hly immunogenic. The very first description of fBSHY@%SIE%86E peptide
region to a virus-like particle may been in 1986 (Delpeyroux et al. 1986. A poliovirus neutralization
epitope expressed on hybrid hepatitis B surface antigen particles. Science. Jul 25;233(4762):472-5
(the teachings and content of which are hereby incorporated by reference)). It has been shown that
a mondUSAE AHfiBEPT3ED) directed against the CSL 30-mer has been shown to provide some
efficacy against Cct tas%(éridium infection in mice via passive iminunotherapy. The Circumsporozoite

ligand (CSL) i€"8r FERiCusrofeih SebRirshce ukan QRfin e dende-merystehis ewh ¢termined
that the onoclﬁr}lql,‘aqtjb dy 3E2 recognizes 2Di ope within the 30 amino acids of the N-terminus
from CBL e protein %%%ﬁélﬁcb'% %%});Ot_ anﬁgA GERT PO pPERNETREFAPYIEY (SEQ
ID NO. 1).. Rtide for thi 1. 30-mer. can be ge ed by chemical synthesis, and then used in
plt ag&é%g“tp% S mnefigf%%rgfﬁ % R wees C%XI& élég aﬁ‘?n%@]@s‘%@%ﬁ’@generate

a vaccine prep n to induce an a response in a’'vaccinated an |
an antnislcA0 merdmmpnGT eenalse PrImmuizalian Wit chemicall ynihesiped I, peptide hat

has been conibined with adjuvant. However, the‘costs of sing chemically s@fﬁf esized CSL |5leptide in

a CoOMMELEIAbVREEIBE-ALE A QBiIINE oo RlUEN AR NIHRES SR AiVIdEA Jnie 3%&%’3 ffRighated A,
B and C. Influenza types A and B are responsible for epidemics of respiratory iliness that occur almost
every wintedcansiase nienasseraediwits mcreasedsedes for hospitalization,and death {gflyenza type
A viruses are divided into subtypes based on differences in two viral proteins called hemagglutinin
(HA) ahekeWWh2098/088950E6R44520081088678 neuraminidase (NA). The influenza virus matrix 1,
otherwise known as MI, is a critical protein required for assembly and budding. HA and NA interact
with influenzdtvirssbistl; khaasshaiatesudtiohdl viaisdytepmsais:tadl anshtiansrosmbrane damain. The
M2 protein is critical in the replication cycle of influenza viruses and is also an essential component of
the virdicemviblope begaoseofsitmabiliigdoy feliiashighiysetectiie, phifeegelate dpproton-gapdusting
channel. The M2 channel allows protons to enter the virus' interior, and acidification weakens the
interactiMBItREr MY protsif Withininendboitubkead d618L) is Thanmfluepzacd\zemioteiqisradetfameric,
type Il transmembrane protein that is abundant on virus-infected cells. The M2e is the external
domaifBith&SiuSHZam ME-Brstensn Hstcruimmsnthef tem ZoreNRtlser e a3 origo28ites2h amino
acids long, and has remained nearly unchanged throughout the occurrence of numerous epidemics
and twiHERDMEEHHER Y 2BH190te A8 1ph Sbig R iR e iFRMInFSe n ZEha Iep isins praia entérged in recent
years, the M2e region of swine Influenza A viruses has also remained relatively unchanged. Because
Of the SBRLSIBH MALFE GF thE RI24 FAGIOR HAF CF ERAE in i AsE A ICIS&G, fhetoe is
considereq){t:o bee';L&{pei(\i/ebrsaI;‘1 anti gn fo inﬂuenésrvaccin s. One geferred amino acid sequence of the

24-mer M2¢ rEgion target Seguence s MebL TRIRNEW G CHERDRESH RS Th Ner S ialso

referre, ' I peplide for this influenz AMze re ian{Z_-_ er can be generated by
R e B e R R

. 1
chemical synthesis, and then used in a vaccine preparation 1o induce an an

vaccingled ARIRAl LIS PAFRIDIGIR ORRGHaY %911%&%“%@3@3%@%%%%@9 éren”?:%%] AR by

immunization with chemically synthesized M2¢& peptide t een combined with adjuvant.

Howevgr.thg costs.afwsingchgmicallysypthesiaediV2e.nertids ipa commersialvassine &/s
prohibitive. It has not been suggested to use the virus-like particle properties of PCV2 ORF2 as a
systenvmaghipaiyitaiexpress amino acid sequences or proteins, much less amino acid sequences

or
Influenza viruses are divided into three types, designated A, B and C. Influenza types A

and B are responsible for epidemics of respiratory illness that occur almost every winter and are
often associated with increased rates for hospitalization and death. Influenza type A viruses arc

divided info subtypes based on differences in two viral proteins called hemagglutinin (HA) and
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proteins unrelated or foreign to PCV2 ORF2. Accordingly, has also not been suggested to use the
virus-like particle properties of PCV2 ORF2 as a vector for producing an immunologically relevant
peptide, including the representative examples of a 30-mer CSL peptide or a 24-mer influenza A M2e
peptide, and"sPBLEYEEMY using such peptides in an immunogenic compBERBR2M%EEETRE.
SUMMARY OF THE INVENTION In a first aspect, there is provided an immunogenic composition
comprising: an amino acid segment from PCV2; and a foreign amino acid segment attached to said
PCV2 amino acid segment, said foreign amino acid segment being from an organism other than
PCV2. neuripinidaro i spebe, Barenid pisvidetitan bxphession vertor soMprising:rieetopDNA; and
DNA derived from a first organism species; and DNA derived from a second organism species,
whereiFF$8IF4Tar 438O dpddiag aFe oitdrit fréTH oneidnhesmand inirevEntors triasrganism
species from which the vector DNA was derived. In a third aspect, there is provided a method of
produc‘f‘ﬁlbga%ﬁgﬁ S8 rRpRBIAY e eyl ST BIATAY IR AR oot g VEhipF ey BnaitREP EVREDNA to
producge za[igagtmginec] D iHsert; and, expr%ssinﬁ said combined DNA insert in an expression system.
In a folHh aspect” there i& provided the U o Al Bnt SR EX Nt SCBE M Th & TriB SO FINE Fd aspect
in the pr |en of & vaccige or an immunogenic compositjon. In a fifth aspect, there is provided
I i e R R ORI M
composition.il I ect re. i Vi the use of PCV2 ORFE2 as g virus-like particle.
The prgﬁgﬁc%n%grﬁb%ﬁrﬁiﬁéég%e%ﬁ% islf;1 g%é%’b lti-:‘ﬁtcil %glef%agoﬁlwﬁ%gﬁ I—gﬁeééjtga\ﬁrﬁg- |I£e%il Barticle
that inaludgs seoments.thessin ek atiached thereto that are foreign to native PCV2 ORF2, but that still
retain their immunogenicity or antigenicity. Specifically, examples demonstrating such use are

provided hereine i mrafesrse iprnss nueleicagict seguenteseoments.iysignio RE Y2 SRG2.fan be

attached to or integrated in the ORF2 sequence and expressed in an expression system.

Advantageouslyfdhedexpresseroharsiiaiacidisegnienis FI AR REI YN UNOIOGILALRIOPRL iRS,9f
antigenicity. In preferred forms, both the PCV2 ORF2 and the foreign a no ac d sequence retain their

immuniibgical propariesuthe: foreign Seguihesicanfidsataghedi ot integratayithibaRey2 ORF2
sequence at the amino or carboxyl terminus or end, or any position therebetween. The expressed
foreigriimiglovacitissecpueroes of epreferabiyiddaitength wiatigast8nanmorepreferabhyhetween 8
and 200 amino acids in length, thereby making the inserted foreign nucleic acid segments at least 24
nucleoWdBs Saifs ndrerefe kisiy et 24 Gind 680t vaeteotidéd In lerigtnf Ranpraféneddength for
any specific nucleic or amino acid segment will be deteujnnable by those of skill in the art, but will
preferaBfySpehes pstagpaisedsid e THrshrraediddsasprishethensenind mtidessghesriRindges in an
animal after administration thereof. Preferred foreign amino acid segments will reduce the incidence of

or lessBREhEGUTRIY oEliEZt AndiBt piitiBlogiealar is considered 1o be “universal” antigen for

influenza vaccines. One preferred amino acid sequence of the 24-mer M2e region target sequence
1s MSLLTEVETPIRNEWGCRCNDSSD (SEQ 1D NO. 6) (also referred to herein as MZ2ael). The
peptide for this influenza A M2c region 24-mer can be generated by chemical synthesis, and then
used 1n a vaccine preparation to induce an antibody response in a vaccinated animal. It is possible
to generate an anti-influenza A M2e 24-mer immunc response by immunization with chemically
synthesized MZ2e peptide that has been combined with adjuvant. However, the costs of using
chemically synthesized M2e peptide in a commercial vaccine are prohibitive.

It has not been suggested to use the virus-like particle properties of PCV2 ORF2 as a system

or machinery to express amino acid sequences or proteins, much less amino acid sequences or
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WO 2009/088950PCT/1JS2008/088678 histopathological signs of infection by a pathogen against
which the segment induces an immune response. Preferably, the segment will have at least 80%,
more preferably 85%, still more preferably 90%, even more preferably 92%, 93%, 94%, 95%, 96%,
97%, ABUinanchwietstipreferalsty at T OB e daerrddnabmbIbeyaRITah ERRNTB HERICeeg HENt known
to induce an immunological response in an animal. Even more preferably, the segment will have at
least 80Ys;motiprefticblyrapYsisstitiRers RIS DOYSIEVEN RIBINHPSTETaBEIUCESYY 949,
95%, 96%, 97%, 98%, and most preferably at least 99% sequence identity with an amino acid
segmesitkmsvndndiaclidng tRimEToEREITESpEHEEMIArPArm AT SeferabiPHis 8% aag%ns’%rgment will
induce an immune response that reduces the incidence of or lessens the severity of clinical,
pathologisaiz o RIS Pt GRA P e RS AL SR TN FERTIS T O Both Bigh PERIRATRE (72 ARinG acid
segment is derived when the amino acid segment is administered to an animal in need thereof. Thus,
one aspeetof the present invention identifies amino acid segments or the nucleic acid sequences
expressing amino acid segments that reduce the incidence of or lessen the severity of clinical,
pathological, and/or histopathological signs of infection by a specific pathogen. These amino acid
segments can also be used to dequi¢ ]{F i [ERTeN expressing the amino acid segment,
which is then inserted into a vectc%rl,t ?)?Ie égryapgll? I%lg\%%dRFz,qe??pﬁqessed in an expression system,
preferably a haeufovirespestprbssian pysteind recoveredogenddinapesititinistered sa:ananimal in need
thereof In some, preferred form expressed product s left in [ ino acid
segm&ﬁ’f?@ r%t%esggrr%%%h rom héet@kpar%%esaef) sré? ueﬁjc%él,{%r? fin%)%[ e%%?e%‘%%ggéic??mgs%{?he foreign
amincranid segmenikid removed oriéXoiseghfromntheexpsegsedtseengntentT Busrgatiwcase of the
CSL sequence ?%ibed below, the foreign CSL sequence can be left as a part of the ORF2
seque‘?{ﬁgr% hé éxpression thereof and administered to an animal.in need thereof as a chimeric
sequence, VIHO200M0BE9HERCRALSROARINEEE 78 ortpre fuireigreCSL Sweprening: carrloe excised from

the ORE2 se encea d.administered separately or simult Iy 10 & mal innged thereof.
In on é“fe?géﬁd em%o&rr%'g(r{l?rﬁ% %?ér'ssgr?? aeésgglg eﬁs}é%i egzﬁgr%g#% é%p ication using the CSL
30-mejrasarexaraRie . Wike«GStaB0fime risdprenddé dhatiein dre al tbskatféotiverimmotsiogically
relevant manner by the fusing the CSL 30-mer to,th rrier protei RGVe.QRE2. This is done by
creatiffg kﬁ?ﬁb‘%éf%ﬁ%&%%ﬁ?ﬁ?fn%’%’#ﬁ% ?s%c c&%oftgﬁ\e”}éxgse(s%%n thereof results in the
CSL 30-mer heinghatasped, ithérarepasvaiihi oelibé ocfgrotytmeamtizsendnfihaPOV2 ORF2

sequence, oL is inte r.ateg in-frame, within the PCV2 | é\% ce. Ihe exa erein attaches
the CSIEBDMEPTA %’tnﬁl I(\:%\rt%ﬁ?/ LA A BEVY! %Z 2 pr%?fiﬁ, g@tr those o?s i Il%ln the art will
undergsand ithatithiadpeatiesstansbie adjpistec] A3NIESiredt asdurtkesvigdenctdby the examples of the
swine influenza amin.o acid segment whic s attached at both Q 2 é gge%é%gcvz ORF2 as
well as Withi??k?ea%nﬁﬁtlhfsg)eeﬁﬁgﬁecree.l%ﬁa%\flw g\e,%l?nlggc??caelhgnglr%e%éeﬁreé? V\ﬁ%ghe PCV2 ORF2 CSL
Baculayiths lihersspatithe enecationaf afchimeiic RPCM2IDREFRYERharaisotsantains the CSL 30-mer
as a "tail". Thjs PCV.2 ORF2 can serve as a carrier for the CSL 3/ r Th invention also

thod & BIETRRY
demonstrates'tH: ?ﬁﬁef‘ﬁet%ﬁil% Merto g@&e&%ﬁﬁ?{gsﬁﬁ?ﬁ) n%%%gijrllc?a (3)/ r((flfevant 1amd has been
reducegdde:pfacticeit o irrinenoalagitahreleganiceafphiitenc PCV2 ORF2 CSL expression in insect
cells was detected by antibodjes directed.t rds th %FZ rotein QB% I %4 antibodies
directed towaﬁhg ?Hi%%(f’éfﬁe% YeF. 1S P rlg\?%%%\?vs& %gﬁémongtggi ltllﬁlg %/%9(1) 2 protein can
be expressed in insect cell culture to very high levels with a minimal amount of downstream
processing. This application demonstrates that the CSL 30-mer can be fused as an in-frame "tail" on
the carboxyl end of the PCV2 ORF2 protein so that the PCV2 ORF2 capsid will serve as a carrier for
the CSL 30-mer. The WO 2009/088950PCT/US2008/088678



chimeric PCV2 ORF2 CSL protein is also expressed to high levels in insect cell cultures with a minimal
amount of downstream processing, which in turn can be used as antigen in cost-effective vaccine

preparations, Advamiageausly athauah e, manesional anihady3fe dhiasied agaiustina oSk

30-mer has' BESRCEHBWN 10 Brovide Some efficacy against Ctyptosporidium infection in mice via

passive immunatherapy. it is.likely that 8-nalvdlonahantbady irsagass dirasied tewardsithe, CSL
30-n‘i’eaftr1'ﬁay fRaUte 8 more robust and efficacious response against Oymosporidium infection.

Some potential,uses e, chimeric.RG Lankigen ipglude:ingiyidualkvaesiration, passive
imm§ﬁ?zq§t?gﬁgggnrg gﬁr%[}é%hlerapy. ?gﬁﬁgﬁgl%?%%%%ﬁatio% chimeq:)ic PCV% ORF2 CSL antigen is
admipjstered.to snimalinaesd thereakinordentavacinate ldidsuataninalsderithedidliction of a
protective humoral ancUor cell-mediated response against Cryptosporidium infection. For passive
immuyrization, Ghimeris RGY20RE2GS antigedRS admjnisiereddonthvedsduation oferasbust humoral
and/or cell-mediated response directed towards the CSL 30-mer that can be passively passed on to
nursingeffspipgintiliscpagsive mptesnal immonity wiltrirtty nereguibel vinprave teCry prospaddiuni
infection in the offspring. For serum therapy, Administration of chimeric PCV2 ORF2 CSL antigen for
the inguglinn:otia Tohustdnumardbmespbabettirécied ORERdsthe.C SIBDL MBINNAC CarF BEEKed in
serum therapy. Large animals (i.e. horses) can be hyperimmunized with chimeric PCV2 ORF2 CSL for
generfationipfianti-BGhi@0cmerantisera. Thedemtisesadearcbe adbaiAlseed BralyPieeEHRLAN affected
animals to reduce clinical disease caused by Cryptosporidium infection. Based on the gresent
invendierb NG RIS kil it reta FnAlnaISOF<EoRITYE A AN TG RS UGS JER SR TREE SL 30-mer
and swine influenza 24-mer could be fused with another virus-like particle carrier (i.e. PCV1,
parvovirusEs e Ve CSTAn Roth SEVHRSES %ﬂﬁ@éﬁ@%&%&%ﬁﬁ%é’éﬁ@égﬁﬁéﬁu 08l688678
structure). Additionally, the PCV2 ORF2 VLP could be used to %ac(kt e.anéjﬁgg%ggyreiigglgyA (,e.a
DNA Drséeivhiseheddii F6r & IR AAtge ol RS in MSETH GERPHhERMNY hefurther aspect of
the present invention is the use of amino acjds expressed using.the metho ‘ ent jnvention
in anf§EnEBRGHMENGERME AMBSSIHoNE sr g%eci%%ggggﬁ c%gﬁw%egsr?u%ﬁgcgr%ﬁ%%igéﬁcaﬁgd be further
combined with adjuyants, ph.aimaceutical acceptable carriers,, : ristabilizing agents.
"Adjulpasiar J&ﬁ@éﬁ%@gﬂ%&% héitrae” gﬁ%'rgﬁ”iﬁluﬁe Cya?g%é%éadgggéﬁéﬁf%ﬁnﬁ ;ﬁk?égsgﬁﬁ%g}&nms g
Quit A, QS-21 bridge Biotech Inc ngg'd - : j harasautigals, Inc.,
Birmiﬁé’%&?ﬁ? ﬂ{%%\gvpé]%e{g-%ﬁfg :bélfn“ulllslig%e%%-ln-wgtﬁ?%%%)lg %EA v%li?é%l(lr%?l{% Eﬁvag)%?%mulsion. The

emulsion can be based;in particular. anlightlinichpatalin pikEurepsarRhariaeoRatky pe)

isopréir%flé)gﬁlsucﬂ as squafane or squalene oil resulting from theoligomcrization of alkenes, in
particylar of jsqbutens, or deceit;esters,efacidasr afaleobels eontminiag aineasalkidgeaup; more
particuefglr?y plant oils, ethyl oleate, propylene glycol di(caprylate/caprate), glyceryl
tri-(camylate/caprate) or propylene glycol dioleate; esters of branched fatty acids or alcohols, in
particular isostearic acid esters. The oil is used in combination with emulsifiers to form the emulsion.
The emulsifiers are preferably nonionic surfactants, in particular esters of sorbitan, of mannidc (e.g.
anhydromannitol oleate), of glycol, of polyglycerol, of propylene glycol and of oleic, isostearic, ricinoleic
or hydroxystearic acid, which are optionally ethoxylated, and polyoxypropylene-polyoxyethylene
copolymer blocks, in particular the Pluronic products, especially L121. See Hunter et al., The Theory
and Practical Application of Adjuvants (Ed.Stewart-Tull, D. E. S.). JohnWiley and Sons, NY, pp51-94
(1995) and Todd et al., Vaccine 15:564-570 (1997). For example, it is possible to use the SPT
emulsion described on page 147 of "Vaccine WO 2009/088950PC T/US2008/088678
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Design, The Subunit and Adjuvant Approach” edited by M. Powell and M. Newman, Plenum Press,
1995, and the emulsion MF59 described on page 183 of this same book. A further instance of an
adjuvant is a compound chosen from the polymers of acrylic or methacrylic acid and the copolymers of
maleic anhySfUEEBSMWeny! derivative. Advantageous adjuvant compoulfal GrRMBESSEIY mers of
acrylic or methacrylic acid which are cross-linked, especially with polyalkcnyl ethers of sugars or
polyalcohols. These compounds are known by the [cnn carbomer (Phamcuropa Vol. 8, No. 2, June
1996). Persons skilled in the art can also refer to U. S. Patent No. 2,909.462 which describes such
acrylic HORRABIQgsas sigiketl iRfRca Bbihy ko aste asebiviosicl HuvsRgraeldugehyaroryiugroups,
preferably not more than 8, the hydrogen atoms of at least three hydroxyls being replaced by
unsatuFaRY iphBirirabtalhaoaerat Lt eamoliastoRise TR rorsirarbhadic s sl these
containing. from 4 carbon atoms, e.9, vinyls, allyls and other e hylenically unsaturated groups. The
unsatu?fa?qée&d 44 éé?%’ may thEMEE é%b&%ﬁé/ﬂ’l 90%?4%5 %%‘bgﬁt%’e Rfs°s gﬁa‘@ %e‘iﬁ%ﬁn‘?ﬁé?ﬁ%ﬂ%&s sold
under the n «Larbopol (BE Goodrich, Ohio, USA) are particularly appropriate for compositjons
containil%r(ﬁgk]3 E}s%n({:}r% gcﬁ%%}}aé%]}fgﬁ g-ekﬁg‘éfré)V gqriogé%- RS (%dzf’r? ﬂ?ﬁmscku?: gg‘e@f@%ﬁﬁ%ﬂf%@ﬁﬁr‘g%ﬁhol. The
dissolution.alJhesk AlRein i wRE!IEadade anAcidaalliion ihat WLRS BekiAlced, referaby to
physiological pH, in order to give the A JuvamJSO ution into which the immunogenic, iMMmuno %glcal or
vaccin IRAsiR | {ll Bgwin o . Sytable; adjigants.in 2l are, not
it . e R e Syem (R s e Bial Lo pomar (Cyre. Rania LAy SAEHH Chiron,
Emeryyilie: GAYcranaphesphon! irjs-feAveiria lipitkamingadiyvant heatlehile eaismign from E.
colt (recombinant or otherwise), cholera toxin, IMS 1314 or muramyl dipeptidc among many others.
WO 20088800 0RGTHLRONBIA%80M8.  PréidditRnally a8 caNPRSHRR: GRN iRsllde Pns Rl nore
pharmaceutical-acceptable carriers. As used herein, "a pharmaceutical-acceptable carrier" includes
any anctsibselvents rdispsrsion meadiaceoatings|stahilizing agents, gilugnis.PreseBLiNgs or
antibacterial and antifimgal agents, isotonic agents, adsorption delaying agents, and the like. A
"protedtahibabolss cehesing feférstion droantiymiospbidiogicahicctivesagent csdishzas dorsexaimple
Gentamycin, Merthiolate, and the like. In particular adding a protectant is most preferred for the
preparatien bt amintizddse gompositionniFleoskiant-micrdbiotegitdlcasiivelage ntscargaddé chin
concentrations effective to prevent the composition of interest from any microbiological contamination
or for iAFIBTADHGTARY MRS ageal HiewaTitHncthdconnbasitiod efarests cxveraavenithis
method can also comprise the addition of any stabilizing agent, such as for example saccharides,
trehaldd SHEHITHS!, Rackddrsbamsitaske’ & iﬁ&%é&?ﬁﬂ?ﬁ%ﬁ%ﬁiﬁ%r@éﬁ&&ﬁ%li#éiif’or PCV2
ORF2 DNA, as used herein \;1# also as used within the processes provided herein is a highly
conse&/éﬁ’@(%ﬂg’lﬁlwitfsﬁ%}ﬁ’g TEORNGY ARBErdN ST PEYY GRE? WHliseessanisadthe
sourceugéattgg{fég\ée hRF2 DNA. A preferred ORF 2 sequence is p?l;qvide_d herein as SEQ ID NO. 7.
Amino Baid SEGUSTCES JEnBratad LEHY FctHBHE BEATS Brate AP VEHISH-aY8 b dtdReBI B fical to

the nat . ral ursing, nces. "Naturally occurring sequences are the sequences found
in thei}%ﬁgt%ﬁfé:?ggt %4%%%?; 55@‘92%?[9#‘?, eﬁ{presse(?m Kl W?ﬁﬁg% pm? @Veat %CtﬁRIAnésequence

e
or example, natdtally occurring A'woll

found whea.sequstieino aduiendin Peyd OREAAGMANGEJsalaiRd MRmor dentiied flo £CV2 in a

porcine animal. However, it is understood by those o Inthe art t sequences could be

modifigeh Qi P AS BUSR:A5 0% JaReqveace RAmalaos infRmpaisen ta.dre ative seqyence and

still retain the antigenic characteristics that render them
separated from the expressed sequence, and in other preferred forms, the foreign amino acid

segment 18 removed or excised from the expressed scguence. Thus, in the case of the CSL
sequence described below, the foreign CSL sequence can be left as a part of the ORF2 sequence

after the expression thereof and administered to an animal in need thercof as a chimeric sequence,



WO 2009/088950PCT/US2008/088678 useful in immunogenic compositions. Of course, it is preferable
that the variation be ess than 15%, still more preferably as little as 6-10%, and even more preferably
less than 5%, still more preferably less than 4%, even more preferably less than 3%, still more
preferably Ie\gg ﬁ%&?{oﬁ%?aand most preferably less than 1% in comparisor? fgﬁ%wgﬁ%ﬁ%%quence. The
antigenic characteristics of an immunological composition can be estimated by conventional methods
known in the art. Moreover, the antigenic characteristic of a modified antigen is still retained, when the
modified antigen confers at least 70%, preferably 80%, more preferably 90% of the protective
immunfify & fgaﬁ%*a%&tﬁ?ﬂﬁafﬁﬁﬁ@%ﬁ%ﬁﬁ@%ﬁ&tmrhﬁé%&%w%@apﬁﬁ&#&ﬁﬁ%%%rﬁé)ﬁ?%fébﬁve
immunity will generally result in g decrease or reduction in the incidence of or severity of clinical,
pathol8 ?651”13‘?‘“?%#5 i§?03[5]a?ﬁ]6’i’81’185’|e§ H’§r8?fnfection by a pathogen. "Decrease” or "reduction in the
incidence of r severit%/ of glinigg{lﬁﬁathojgegical atnd/or histo atllaoloagical '?rns" shall mean mat clinical

. 11 ONe.Dreierred Cm et “presént imvention proviges hecitis applica usin <
signs are reducedﬁlﬁ Icidence or severi IH animals receiving an acﬁlﬁlnls a%n (0] (fﬁe ex%ressed

amino agl sgayencs in comparison with a “gontral group” of animals when both have n in.fected
with thg%gthogeﬁpfr%mrgvlgh ich %geéxg\rﬂeﬁgesegggm é%%%%d %e E%E%%?@ é%rll%eg aﬁdlgv%ﬁe@r%‘lgr% %ée control

group hasnaliseeived A0 adninisiation gf theexpiessad seauence, IntNisGontext.fedels

"decrease" or "reduction” means a reduction of at least 10%, preferably 25%, even more preferably

50%, gt preferably giduare &P&@%@%@%Qﬁm@é@ Hhenenigl aoupasdelingd akove An
"iImmunogenic composition” as used herein, means an amino acid sequence or protein which elicits an
"immupglpgical espenssildhe Mestywithoaseliaandmeami pady-madiaiad dnmsbarespanse to
such protein or amino acid. Preferably, this immunogenic composition is capable of conferring
protectivgrimiiity againstinfenion againsi-a selectacpatbodartand therglinieal BIgUs aseptiated
therewith. In some fort s immunogenic portions of the native amino acid sequences or protein are used
as the satigertic Therysongit ivrscittecmptisilitiis 3 (MEr 2009/ IEBSSRECTHUISATRSIEB8B TR Fhe
te"immunogenic portion" as used herein refers to truncated and/or substituted forms, or fragments of
the nativeiprotaihtherd/of polynutiectide tespectivalythRraferbishyicsush tranrdatsddandlonsdbstituted
forms, or fragments will comprise at least 8 contiguous amino acids from the full-length polypeptide.
More prafbeasiydenect bichtetr oralsb sitthedraislopiragmemswd shavenambust 1o, #iovecpreferably
at least 15, and still more preferably at least 19 contiguous amino acids from the full-length naturally
occurrfd pBIfsetnbe, seisof thn e indersidsd it surihisdheREeE trayBEa parsoPRFYEIfFAgments
or truncated forms. "Sequence ldentity” as it is known in the art refers to a relationship between

two or Tt ol5ER e Eeliencds Gr BRSPS B Sefuadion i Amtdtence

seque nd a.gi sequence to be ¢ red with the referenge s nece..sequence identity is
determrfi)?i%?b @Bgm%iﬁ%%ﬁ%%l élﬁdlsné(’qtﬁg%p@ 0 hnéeFeaPe?ertl%ﬁe sgghd%ll??& gféglfﬁec%jea%%%g have
been o%timalgraﬂi}gr&%(i%p&oduce the highest degree of sequence similarity, as determined by the

[ 0

10T [vi ) . . . . .
match between s rngs such sequences. Upon such alignment, sequence identity is ascertained on

a position-byRRgition asis, &t RS AHANCES A iARNlcalsat aparicyiar ROsEon ihatat position,

the nucleotides of amino acid residues are identical. The total number of such position identities is

then diyiglech by dha iotalipumber Pihaualegiides oL asiduesiln the fETRIRNGR REAUBRCRIMEIVEY0

sequence identity. Sequence identity can be readily calculated by known methods, including but not
limiteddanthesedesaiked insCampLiatianaliMeleculrrBiolaay.be sk, Aqbbard ¢ixfarddaiuersity
Press, New York (1988), Biocomputing: Informatics and Genome Projects, Smith, D.W., ed., Academic
Press, therCYaroRI993&omputes bnalysisiofsFaquence-RataiRarsl, Griffin, AM., and Griffin, H. G.,
eds., Humana Press, New Jersey (1994); Sequence Analysis in Molecular Biology, von Heinge, G.,
Academic Pré&ssv(i@8¥)rbaquenceAnalysis 2rinar; GRiskomidh andideveresed Iy edsct MElIStockton
Press, New York (1991); and Carillo, H., and Lipman, D., WO 2009/088950PCT/US2008/088678
SIAM 3ujuppliedvitathigh 8evidy 81¢h98athentd cchimgs of deivioktaeenipcocpoiated Feseippibyataference.
Preferred methods to determine the sequence identity are designed to give the largest match between
the seqdoensesatesiddt Methbls torautenuibe Teeglener iddming ateiCouifidd rpablithravdithble
computer\pro rams which determine sequence identity between given sequences. Examples of such
prograhisVinéhide Batcatehbelithrd§ 10 TG camstdgkate Yatkage ioeveibeikS): 8taer Nt€leic Acids
Research, 12(1):387 (1984)), BLASTP, BLASTN and FASTA (Altschul, S. F. et al., J. Molec. Biol.,
215:403-410 (1990). The BLASTX program is publicly available from NCBI and other sources (BLAST
Manual, Altschul, S. et al., NCVI NLM NIH Bethesda, MD 20894, Altschul, S. F. et al., J. Molec. Biol..,
215:403-410 (1990), the teachings of which are incorporated herein by reference). These programs
optimally align sequences using default gap weighits in order to produce the highest level of sequence
identity between the given and reference sequences. As an illustration, by a polynucleotide having a
nucleotide sequence having at least, for example, 85%, preferably 90%, even more preferably 95%
-sequence identity" to a reference nucleotide sequence, it is intended that the nucleotide sequence of

the given polynucleotide is identical to the reference sequence except that the given polynucleotide
caniience mav inchiide 11in to 15 nreafarablvz 1in t0 10 even more nrefarabhlhv 1in to0 B noint miitatinne nar



WO 2009/088950PCT/US2008/088678 or anywhere between those terminal positions, interspersed
either individually among nucleotides in the reference sequence or in one or more contiguous groups
within the reference sequence. Analogously, by a polypeptide having a given amino acid sequence
having at led%P t81°%€%4Mible, 85%, preferably 90%, even more preferably MEDAISAEHsasidentity to a
reference amino acid sequence, it is intended that the given amino acid sequence of the polypeptide is
identical to the reference sequence except that the given polypcptide sequence may include up to 15,
preferably up to 10, oven more preferably up to 5 amino acid alterations per each 100 amino acids of
the reféPEMEERRTNG X e MERicin Brate\gsrEsses hikizh dgyitlennpmsasesededareendt kaving at
least 85%, pr?ferably 90%, even more preferably 95% sequence identity with a reference amino acid
sequelBBTIR R84 G reSrITIATLS Lo e VEHCH B SRR ABIVGH 16 FYBsshtHecantipideadis residues

in the reference squ%enceégfnga}é be deleted orosu stituted with another amino acid, or a number of
r

amino Adids up 8B BRAER 1 1B0AC MR A BracaRs Bk Ao B4 b Hid tsrirtidhiber of
amino acid tesidues in the reference sequence may be inserted into the reference sequence. These
i o? the *sequendE may S¥ES egﬁ%ﬁ@’f am&o@ﬁ%”éﬁ%%té‘? fHAPPBHIGhs of the

alterations € reference sequence may occura in
reference AIOING g aRONENce o AMUEIR:Petuen Nase RARInALpasions Inersparsed either
individually among residues in'the reference sequerice or in the one 6f more contiguous gr ucps within

the referenad squencRfrelERhbRRIA BRALARIMYSI Al NRtAentcal diflar v cnservative

amino acid substitutions. However, conservative substitutions are not In as a match when

determining segHencadaentities forSBRUEAREREMAIRBY ‘oRE HSedhersin.felars in ameaihd of

determining the relatedness of two sequences. To determine sequence homology, two or more
sequerees:aieoaphmally alignet.and gapsAre tadyced fNECRSSAMERWENCEL IR SRNTasHo
"sequence identity", conservative amino acid substitutions are counted as a match when determining
sequeriziHioG kilogyt srroth exd vl 2009/Q8 5P G ISR BRBHB8H tRimordSyie-nhiaimai prlypeptide or
polynucleotide having 95% sequence homology with a reference sequence, 85%, preferably 90%,
even monagisefierabhy 9b8hoidhediminpracidresidussal nucleetidds-in:thasefecenns seguance must
match or comprise a conservative substitution with another amino acid or nucleotide, or a number of
amino avifs srnigéeotioestion to HBYpaprefeiablyuieadol0 % mysn ROVE phEfetabiyiupo:Eoiof the
total amino acid residues or nucleotides, not including conservative substitutions, in the reference
sequerEBRsl5d fRsEitaadnts R eTaferiitd vaqubnnd opreterapliptierhmmuiogoesstrende
comprises at least a stretch of 50, even more preferably 100, even more preferably 250, even more
preferdbiy St Alidssibaiscan ba rasHeel At S BstRUEERInERIFEEthe Sulspastion ofemaino acid
residue or nucleotjde with angther amino acid residue or nucleotide having similar characteristics or
properﬁ’é@%&%d‘(@ G 28T S h B RERY Sl & e e e B RSHIN flih o AERT BBe I AbSeREhge
signifi%gntl\é.g solated" means alteredé;% h(@%g%d man’ from its natural state i.e., if it occurs in
As’ ront its origi

nature, It h bfée%llcglﬁ;érfliélg?i SF BT Lo RS &M B BRARC S Bkanmidish

polynucleoti ' polypeptide naturally present ip. a living organism is not "isolated,” but the same
polynﬁgg% ergérg)gfiézg%%ﬂ%és@pﬁfé%ﬁ?n?gﬂth%E.:%%Ix:%%%ﬁgrr_}lateerl}%tg O itS R F‘ﬁﬁtg _ "880lated",
as the Jeiis GMRAIBYEY NP y,oHiaaE Plaklin p?n%r}iw_ BRI 6 Shat Composiionse

described herein may mcorporatey[znown, Injecta yS|o(iog|ca ly acceptable, sterile solutions. For

brepariag.a seashv-iar e RluieR farRareRiRal INRRoNAK UGB eV Aalanicapliligns. such

as e.g. saline or corresponding plasma protein solutions are readily available. In addition,

immuneger @1@{@1\/@@@5@@&gg&g@i@pﬁt&w)@dmﬁ%ﬁt&m@mion can include diluents, isotonic agents,
stabilizers, or adjuvants. Diluents can include water, saline, dextrose, ethanol, glycerol, and the like.

Isotonic WORR0DIBBI50RGT/ W G2008/A88R 7§ agants anineiudgssadivmchlonde dexrase.
mannitol, sorbitol, and lactose, among others. Stabilizers include albumin and alkali salts of

ethylendinmittetracetichadi$Labiang athess: Guitdhleadinvanrtscaig thosedesarihgdahoves-

like particle carrier (i.e. PCVI, parvoviruses, enteroviruses, and other viruses with capsid



The immunogenic compositions can further include one or more otherunomodulatory agents such as,
e. g., interleukins, interferons, or other cytokines. The immunogenic compositions can also include
Gentamicin and Merthiolatc. A further aspect relates to a container comprising at least one dose of
an immunogBMHiE&¥tion of protein as provided herewith. Said contaffeF/EsH#sifisi&e from 1 to
250 doses of the immunogenic composition, preferably it contains 1, 10, 25, 50, 100, 150, 200, or 250
doses of the immunogenic composition of desired protein or amino acid sequence. A further
aspect relates to a kit, comprising any of the containers, described above, and an instruction manual,
includif & hforatismaby i %&%i@ﬂﬁﬁoﬁ@ aPWBSE oneddespedfabre dndnsamp dervigediposition of
protein into an animal.in need thereof. Moreover, according to a further aspect, said instruction manual
comprifes oM RGHIYetRtRiY S¥cbricsr TR aRTRT dh Btfo(8745T HETamek one dose of the
immunogenicﬁgon}go ition of t??% mino acid or protein. Preferably, said instruction manual also
includes the iNfOrmMAation, 8 SaifSter SRIMAGRRC Lk dartse AR Siftamreasd sspndein,
means&&xoadgeor}t L c%rS}pIgslition that.can trigl%gr a gfgneral immune response, preferably without

Sihamiihé TEEhSe FOTBISEPIe TRERSNHGRR FESp6HEE ag At a

initiating or Increasing a specific iImmune response,
specific patiogen. 15 rigf geegd %i\ﬁsditbig gug}p_er instructed to administer the immune stimulant in a
suitable%%ltzse. Moreover, ﬁwe kit may also cgrgnﬁ?%élgcgo\ﬁgk}n%é%ﬁac %’di%a%ﬁéa‘gfc EYEREDF the

Immung,sHRUIaRt.ctantl QNEYELAUT NGV Understood, that antigens produced using the methods of
the present invention refer to any composition of matter that comprises at least one antigen that can

induce, WO 20@R/088950PGT4UR2008/Q88AZR SIMUIAIE.OF SORARGR t%‘@ﬁ%ﬂﬁﬁrﬁegl?é’%% ,against
infection associated with said antigen, when administered to an animal in need thereof The terms
"immuRagenit RIPIED INNTMNOYqUISRHYPe YR AT IRMUNAARNICARINY /@il saiHensRyAg used
herein refer to any amino acid sequence which elicits an immune or immunological response in a host
againsPhepatiogenispmprisiagaaiskimmunogenic profefnimmyNeganic RAVRERtYs ok ipmynogenic
amino acid sequence. An "immunogenic protein”, "immunogenic polypeptide" or"immunogenic amino
acid segueneveteascusatdneréin; icolusies thve: fil-leagih Sequencs.of anyligroteingdapalows thareof, or
immunogenic fragments thereof By "immunogenic fragment” is meant a fragment of a protein which
includd&wnecor Mbramssitppesany thugeidisiheinmunsiogioal respprémagdinsitinieRyant
pathogen. In one preferred embodiment of the present invention, immunogenic fragments of protein
based Rafteersraigicreakentie Beopitpderotite DREDsdguencesThesbagidiain dagechalstigens
are preferably at least 8 amino acids in length, and more preferably between 8 and 200 amino acids in
length SSUERRAGMIERTE Evb& RIghtHEE USIH HAT N Bl P bt cpitdpel srisppiiag tshnidises, divell known
he art. See, e.g,, Epitape Mapping Protocols in Methods in Molecular Biology, Vol. 66 (Glenn E.
Morris,(féa%‘?%%%%vﬁ&%%:w - FRBURS KBTS ey oRYP R IFTE it epsitspes braphsd

determined by.e.q., concurrently synthesizing large.numbers of peptides on solid supports, the
peptiggag%o??g%gponaﬁﬁ% ?gspg}t%dﬁts?e&i%és%ﬁtg?g’iﬁg?ﬁbge??ﬁ?& Bttty HhepepBhEERh Hftibodies

while tt ide ill.attached ta.the supports, Such techniques are known in the art and
describ g B el i b ) PR oNHE hEndh S0
81:39 02; 3) Mole |..23:709-715. Similarly, conformational epitopes
are re%%ﬁ%gidgeﬁnﬁ%%g(jﬁ %ﬁ; ?gg}%%%?g J;é:b%tigfﬂ(l:on (ﬁ%@] o Cﬁ%ﬁ}hg i(girfgsc %lUc(ﬁo s(%')% ’96??@(-?6{;/

crystalipgiarhy 3Rt APRYRNAIAUEIEAL TRANGLE (BRNANCESER .6 FRIRRSMIRRING,rotocels,

supra. Synthetic antigens are also included within the definition, for W

2009/038950R4T 44S 20RBFEGH 3-0x301pls BOIYRRIRBS ANk BRIIANESH ANG: Qfep feGMbinant or
synthetically derived antigens. See, e.g., Bergmann et at (1993) Eur. J. Immunol. 23:2777-2781,;

Bergmantvetsak{£206); 1.1imnealiuhbr 3242-384 S rosyrhigr M9 Appmuasioh rang; GalBiol.
75:402-408; Gardner et al., (1998) 12th World AIDS Conference, Geneva, Switzerland, June 28-July

3, 199¢Ed Stewart-Tull, D. E. 8.). JohnWiley and Sons, NY, pp51-94 (1995) and Todd et al., Vaccine

15:564-370 (1997).

For example, 1t is possible to use the SPT emulsion described on page 147 of "Vaccine



An "immunological or immune response" to a composition or vaccine is the development in the host of
a cellular and/ or antibody-mediated immune response to the composition or vaccine of interest.
Usually, an "immune response” includes but is not limited to one or more of the following effects: the
production of AVHIERGt antibodies, B cells, helper T cells, suppressor FCEIS2M8EA5F By totoxic T
cells and/or yd T cells, directed specifically to an antigen or antigens included in the composition or
vaccine of interest. Preferably, the host will display either a therapeutic or protective immunological
response such that resistance to new infection will be enhanced and/or the clinical severity of the
diseasPFEalcEle SURURHASEATHR Rl bRPESRIOritsdy B S ard ddciisH weth & lrmigdiiessof or
severity of up to and including a complete lack of the symptoms (clinical, pathological, and
histopi?%ﬁo%f8556§&%§1‘8Mi? FRSEORtOBHRAE %1%30‘5%??0%‘8“8 8%.  An "immunological active

component" ﬁ%ﬁ?&drhﬁg in means a component that inﬂc;i#c s or stimulates the immune response in an
animal to which SR cARSTeRt i SGHTHES SRR fjﬁf’c?eél FRR P BSH REAE YA Pimmune

respo is directed 1o said component or.to a micraorganism comprising said component, According
ol Teha Lo et G R S T e
MICTOOIIRNIAI TN MRAie i Ml 2 SIS IGO0 RN ST O A4E 286 binkea.

immunological active part of a microorganism. "Immunological active part ofa microorganism" as
used hesein Meansh 3 PRALRINY ISUAAL «ARELARAY CRINISIRSONRRING factianof & Misrgorganism that

comprises at least on antigen that induces or stimulates the immune response in an animal to which
said capmponeRiisadministespd VWG 2009/1088250RET /bLS2P08IAB867BACERING e dpefsrred
embodiment, said immune response is directed to said immunological active part of a microorganism
or to amicsooPgRASINEOMPOSHED SaidimMinaiogicalaktivier-paet. polyhAddiiQathe dmmunogenic and
vaccine compositions of the present invention can include one or more veterinary-acceptable carriers.
As usegbhyéseinxidaueteningry:ac depiable: dassrlinsliidesianyand gt salvents: dispersion meadia,
coatings, adjuvants, stabilizing agents, diluents, preservatives, antibacterial and antifungal agents,
isotonibysgessis dadsopptio teake dyirg adentds andghepikexd by Tiretoonedoditibatiacedkdingioitize
invention may be applied intradermally, intratrachcally, or n avaginally. The composition preferably
may bétdpistiedcpbeiniieasldmy ordfrranasdityisaranhesiantiodyg iffoan2proveativantageosg.to apply
the pharmaceutical compositions as described above via an intravenous injection or by direct injection
into targBY fisatids andodyasideappiicamsa e A eaverodacinmspastd andintamasdtarsdhwanasaf,
intraarterial, intraperitoncal, oral, or intrathecal routes are preferred. A more local application can be
effectetP LBt R SHER AR d&tRtafty, T uthRe duefFarusaldrundty, hrrambal @?ﬁ%ﬁ%é@ﬁ llarly,
intrapu ogarlillyé)r.dirg%%/%in or near g’]ﬁ tissue ta be {reated (connect v bone-, muscle-, nerve-,
epithelA &L “B&p G S B HEL P BPAIREDS MRS OB AR ¢ Suth et TAYS--
compositions according to the invention may be administered once or eral.times, als
et S SLANEE B oy AL S Aoy TSI el 3 B it

d “Eoreign” i "foreign” DNA segments.shall refer to such ts that
S s R e

are derived from different species. For example,
foreign, {0, the: RBCHIYIRS adfRIRC JSAMIAUSL T RRIPRY LGRS, ShA! _@mmg Aning end.gr carboxy|
end, respectively. In the context of amino acids, any foreign amino aci segmeﬁt attached to the amino
composition itself will be incorporated.
Further suitable adjuvants include, but are not limited to, the RIBI adjuvant system (Ribi
Inc.), Block co-polymer (CytRx, Atlanta GA), SAF-M (Chiron, Emeryville CA), monophosphoryl

lipid A, Avridine lipid-amine adjuvant, heat-labile enterotoxin from E. coli (recombinant or

otherwise), cholera toxin, IMS 1314 or muramy! dipeptide among many others.



WO 2009/088950PCT/US2008/088678 or carboxyl end shall be at prior to the first or after the last
amino acid of the non-foreign sequence. For example, if the M2ael segment is attached to the amino
end of PCV2 ORF2, the M2ael segment shall appear prior to the first amino acid of PCV2 ORF2, as
shown in th@’&%@%‘@gﬁiﬂng figures.  When a segment is "derived fronh“SPSIE&HEEEY with” a
known pathogen, this shall refer to the origin of the segment. For example, the CSL 30 mer is derived
from" or "associated with" Oyptosporidium parvum and the M2ael is "derived from" or "associated with"
swine influenza. "Induces” or "eljcits" shall mean causes. For example, administration of the CSL

30 mer "induct&hnelliciibe SATHPIITNG FRBIBHEES Aither dRHtaPRETBI G @nascantaRimpaTsiFation.
"Clinical" signs_shall refer 1o signs of infection from a pathogen that are directly observable from a live
anime:lli%sué’f%le S tohnlt Eﬁ@%?@%té‘fﬁg?ﬁf@pé% [5%‘%%”’%‘3}5@?%38% #d piiebERtselies Bt can
include things such as nasal discharge, lethargy, coughing, elevated fever, weight gain or loss,
el %Iﬁizrlfég Ig%?eﬁés(!zl,uglﬁt(g’tﬁéeﬁ g es*P“ﬁiﬁ%‘ffiﬁﬁfé%}l"a ﬁgtéﬁgﬁaﬂeféﬁ%ssigns of

dehydraﬁon’, %artrlﬁ%%, Sst\?‘ve

infectiqgo{gﬁtc%%&gsa ‘S\@f'!%éﬁ%% i %%%%‘Fg%!ﬁ dc%g]g(lee.cular level, through biochemical testing, or with

the naked eye Upon necropsy. - ological” signs shall refer to signs of tissue changes resulting

from infections -prckiisn©NR aReekARMeRYENNaN BERVIHRR B KIBHNAGRNIG LRMRRSIiRn GpmPrising

an amino acid segment from PCV2 and a foreign amino acid segment attached to the P amino

acid segment wharginthe fakeigeaminiasidiaeamephisciemam.QraaniRo At ar AR RGN & One

preferred PCV2 amino acid segment includes open reading frame 2, or an immunogenic portion

thereofointerpresked:torers, thetPlM2amineiasid BRgnam -hasahisasi80%asequensahamplogy with
SEQ ID NO. 7. Preferably, the foreign amino acid segment is derived from a pathogen that produces

clinicalippathotegietinandfosthistepaphaiagicat signgefidectionaliesadminisiratian iebano e
2009/088950PCT/US2008/088678
contamination or for inhibition of any microbiological growth within the composition of interest.

Moreover, this method can also comprise the addition of any stabilizing agent, such as for
example saccharides, trehalose, mannitol, saccharose and the like, o increase and/or maintain
product shelf-life.

PCV2 ORF2 DNA, as used herein and also as used within the processes provided herein is a
highly conserved domain within PCV?2 isolates and thercby, any PCV2 ORF2 would be effective as
the source of the PCV ORF2 DNA. A preferred ORF 2 sequence is provided herein as SEQ ID
NO. 7.

Amino acid sequences generated using methods of the present invention are preferably
identical to the native or “naturally occurring” sequences. “Naturally occurring sequences are the
sequences found in their natural state. For example, naturally occurring PCV2 ORF2 DNA would
be the DNA sequence found when sequencing a full length PCV2 ORF2 sequence isolated from or
identified from PCV2 in a porcine animal. However, it is understood by those of skill in the art

that such sequences could be modified or vary by as much as 20% in sequence homology in

comparison to the native sequence and still retain the antigenic characteristics that render them

10



animal. Even more preferably, the foreign amino acid sequence is an antigen associated with or
derived from a known pathogen. Advantageously, the foreign amino acid segment is detectable
separately from said PCV2 amino acid segment, meaning that detection systems, assays, monoclonal
antibodies, i ¥iAYBIETE?™4nd the like are able to identify the presence of tRE THr&loH$/a3%i® acid
segment in the presence of the PCV2 amino acid segment as well as discern, or differentiate between
the PCV2 amino acid segment and the foreign amino acid segment. Preferably, the foreign amino acid
segment is detectable by an assay or test specific for the foreign amino acid segment. One preferred
assay HFBLIRSRHPHRRESHOPBRINHI ARstIDE aRssspis il dir thie fbrein eariptiombidlssgment Rreferably,
the foreign amino acid segment retains at least 800/0 of its immunological properties in comparison to
the sarfic aifid BESEFEbhmentitis: i fol Uttachddts thame ekl des seymint. THE womposition
is charactfri‘ %d f'”lh t it js capable of inducing an immunological response in an animal receiving an
admini8if: ?‘ﬁﬁ%ﬁ thérd ?“rﬁéaiﬂﬁﬁh%%éiﬁ%?ﬁ%ﬁgﬁéﬁé@éaﬁ%e Lpbmre @y thsaiirdign damRGeasd

segmeg{t Qrp’g% cQEchfé/sg %mlrlg/ac:ld segment, or both Preferably, the immunological response is

sufficient to Teduce the Theldencs BrorESL e S TR SHuGHSal, DReHOBETRR ChpdriFristics

histop ical signs of infection. As evidenced by the examples herein, the attachment of the
foreigr?}gr%lﬁ%&%%ﬁogg lﬁéncc%n%“ot#éolg(?% s%a’%?é“ﬁ%%{hgﬁ B AFHHE fﬂ%%ﬂéé%%%l TS of the
PCV2 SRR It HER. Ot ARRRIN PEWERALNG, ARINC A0 e SRROXYIdSIILS o e PCV2
amino acid segment. Preferred foreign amino acid segmerits are derived from an organism selected
from the\gsenR:eRSISHNG QfMt @JQQ!BWQ%@%VMB? WIRe. i za,-and.combinations thereof In
preferred éorms, the foreign ami'r?éﬁ%cid segment ret%%s thg gg%%?fﬁ%ﬁ%%?ﬁ!gﬁés %’ﬁ’ﬁg native

sequencmpiddasiat laanl-RA%0iECMRACS MIMAIPINMIRASRIHENEE SEIECIRH Mo e HreHp

consisting of SEQ ID NOS. 1 and 6. Such a composition will reduce the incidence of or severity of

infectionibygtheratigarisin fian whightbeoMei2009/ 088AR0RGTHHS 2008088648 forgign amino acid
segments are derived or associated with. For example, for SEQ ID NOS. | and 6, these foreign amino
acid segmhelns ateadlivadsinpatinlassdaiatedoviitCrpptespopidivp-parimrand swingmiiusnza,
respectively and will reduce the incidence of or lessen thc severity of Cryptosporidiwn parvum or swine
influenzathdepeiddiag ohowkickrBEG tHnNG, shdingnisterad/to histamithabAdvasitage ouslymthe
incidence of or severity of PCV2 will also be decreased when the composition comprising the foreign
amino Aelcieigrhsienast tivdrahz meilvocscit segntent anevelt intedtingraceddministenedfafter the
foreign segment is excised from the PCV2 segment. In some preferred forms, the composition will
furtherCBHRPES RN thafEufefit Gk SR IIR HibuD contRttigngur aefuvimes; pharrhatelrical
acceptable carriers, protectants, stabilizing agents, and combinations thereof In another aspect of
the pre¥&ht THSERHOR B riNsibegIh Voo e miBRsHEF et PN 25 HIATGeriveksich adirst
organi%\m S 1ec;{'ers an(tjr IIfNA degygd from a second organism species, wherein :[he first and second
organiem Speciss Qg RAR: TSN BAESANGthar ARRMBILIERT POAPEHE BigarisIgpRsedfiBih which
the ve;g%uceg)(y?jw%%ie@éed. | som%egreferrgd forms th% ‘é% Tpres ion vector is from a baculovirus. One

embodiment ‘of the presér(l:{ei%‘?/gejn[t)lzon mofudds PEYS 44§ ?P& Brghnifaih LPeciBeifimbh PGv2 is the

first organj Ci pre DNA segment theref is PCV2 ORF2. In preferred forms, the
PCV2 %%Héga[l)% A%{%%@%ﬁ ea/éi gé%%é%ﬁ%f e h%?ﬁ%fgar)ﬁvéi kgl}géqﬁa) ’f‘t?%rﬂ-.t%ﬁ}ﬁ cﬁjngﬁ%e%r%?ﬂﬁédiment of
the pregeqtinyertonthe RN, fam (Ne SEEANG-oTANS SREPiSs.cNcodes an aming acid segment
that induces an immunological response in an animal recelving an administration h‘e(r]eo?ﬁny
organisrpithatisipatiegenia \.animalssan beysre-for pineses.ahiheLresentinention, preferably,
the organism will have an amino acid segment that induces an immunological response w én
administeieddoiammanimakipfiredihareohRiilimere preferakly, the aming.acidiseguanes.baing
expressed is an antigen associated with a WO 2009/088950PCT/US2008/088678 known pathogen. In
prefercechferiiesthie tmubisoidgicalsesponarsivbesiiactiveatiadusingihe ipsidence gfgsseverity of
clinical, pathological, or histopathological signs of infection from the first organism species, the second
organisathepecies, ths velicabshoth spediesdsimuitarieoliskyrin tneembadinent ofthepiasant invention
the DNA from the second species is selected from the group consisting of Cryptosporidiurn parvum E.
coil, an@vsrAbinaticis thrrcts Specificrepresedtative exapplesofithecBNA selymentsdimsa second
species encode an amino acid segment having at least 80% sequence homology with and retaining
the antigenic characteri sties of a native sequence selected from the group consisting of SEQ ID NOS.
| and 6. Another aspect of the present invention provides a method of producing antigen.
Preferably, the method comprises the steps of combining DNA encoding the antigen with PCV2 DNA
to produce a combined DNA insert and expressing the combined DNA insert in an expression system.
In preferred thous, the antigen has a length of about 8 - 200 amino acids. Preferably, the
antigen-encoding DNA that is combined with the PCV2 DNA is derived from an organism species
different from PCV2. Any organism species can be used but preferably, the amino acid sequence

being expressed is an antigen associated with a known pathogen. Representative examples include
nraoanicem ohneaciac calected from the arorin concictina of Crintoenoriditim narviitm owine infliienza and



Another aspect of the present invention provides for the use of an antigen expressed by the
above-described method in a vaccine or an immunogenic composition. Preferably, the antigen is
associated with a known pathogen. Such an immunogenic composition or vaccine could further

comprise an g Ea{EHE Lk ected from the group consisting of adjuvants, SREEREERRsATSicceptable
carriers, protecta ts, stabilizing agents, and combinations thereof A still further aspect of the
present invention provides for the use of PCV2 ORF2 as a virus-like particle. Description of the
Drawing Figures; Figure la is a photograph of SF cells infected with ORF2-CSL baculovirus stained
with rafB?t CERIYEIRERRIC POEigNIh4S &q%éﬁ%ﬁf@éﬁ @t%@W&Q&WﬁHW@@S‘E%%UIovirus
Daculo Bt WiFAGR 0 AFETRABILE TR0 K SDEHAE abEh SR vertig BRBrESEion o
O SRR et Sl P T s e s g,
A M S e PRSP hla

at least 10, more preferably at least 13, and still more preferably at least 19 contiguous amino acids

from the full-length naturally occuwrring polypeptide. 1t is further understood that such sequences

may be a part of larger fragments or truncated forms.

“Sequence Identity™ as it is known in the art refers to a relationship between two or more

polypeptide sequences or two or more polynucleotide sequences, namely a reference sequence and

a given sequence to be compared with the reference sequence. Sequence identity is determined by

comparing the given sequence to the reference sequence affer the sequences have been optimally

aligned to produce the highest degree of sequence similarity, as determined by the match between

strings of such sequences. Upon such alignment, sequence identity is ascertained on a position-by-

position basis, e.g., the sequences are “identical” at a particular position if at that position, the

nucleotides or amino acid residues are identical. The total number of such position identities is

then divided by the total number of nucleotides or residues in the reference sequence to give %

sequence identity. Sequence identity can be readily calculated by known methods, including but

not limited to, those described in Computational Molecular Biology, Lesk, A. N., ed., Oxford

University Press, New York (1988), Biocomputing: Informatics and Genome Projects, Smith,

DW., ed., Academic Press, New York (1993); Computer Analysis of Sequence Data, Part I,

Griffin, A M., and Griffin, H. G., eds., Humana Press, New Jersey (1994); Sequence Analysis in

Molecular Biology, von Heinge, G., Academic Press (1987); Sequence Analysis Primer, Gribskov,

M. and Devereux, J., eds., M. Stockton Press, New York (1991); and Caritlo, H., and Lipman, D.,



WO 2009/088950PCT/US2008/088678 Fig. 5 is a comparison of the PCV2 ORF2 sequence with
and without the internal Ascl restriction site; Fig. 6 is a comparison of the PCV2 ORF2 sequence
with and without the internal M2aei amino acid sequence; and Fig. 7 is a comparison of the PCV2
ORF2 sequéﬁ%@%ﬁfﬁsgﬁ& without the amino M2ael amino acid sequencel;)%s,&? E*HESCRIPTION
OF THE PREFERRED EMBODIMENTS The following examples set forth preferred materials and
procedures in accordance with the present invention. It is to be understood, however, that these
examples are provided gg way of illustration onﬁl})]/_, and nothing therein should be deemed a limitation

upon the‘bVerall$055e datie ifvehtion (EXAMBIE FactaReriaé SficatroasorpesticdobmieinréVerse

' ' l[dsequenceoftheCSL30-merpeptideis , ,
transla;% .Qre-rl;pce.amg}gggclidmc&oﬁs to determine the seque:nrc)e qgentlty are designed to give the largest

match between the sequences tested. Methods to determine sequence identity are codified in
publicly available computer programs which determine sequence identity between given sequences.
Examples of such programs include, but are not limited to, the GCG program package (Devereux,
J., et al., Nucleic Acids Research, 12(1):387 (1984, BLASTP, BLASTN and FASTA (Altschul, S.
F. et al, J. Molec. Biol., 215:403-410 (1990). The BLASTX program is publicly available from
NCBI and other sources (BLAST Manual, Altschul, S. et al,, NCVI NLM NIH Bethesda, MD
20894, Altschul, S. F. et al,, J. Molec. Biol,, 215:403-410 (1990), the teachings of which are
mcorporated herein by reference). These programs optimally align sequences using default gap
welghts i order to produce the highest level of sequence identity between the given and reference
sequences. ASs an iliustration, by a polynucleotide having a nucleotide sequence having at least, for
example, 85%, preferably 90%, even more preferably 95% “sequence identity” to a reference
nucleotide sequence, it is intended that the nucleotide sequence of the given polynucleotide is
identical to the reference sequence except that the given polynucleotide sequence may includes up fo
15, preferably up to 10, even more preferably up to 5 point mutations per each 100 nucleotides of
the reference nucleotide sequence. In other words, in a polynucleotide having a nucleotide
sequence having at least 85%, preferably 90%, even more preferably 95% identity relative to the
reference nucleotide sequence, up to 15%, preferably 10%, even more preferably 5% of the
nucieotides in the reference sequence may be deleted or substituted with another nucleotide, or a
number of nucleotides up to 15%, preferably 10%, even mare preferably 5% of the total nucleotides
in the reference sequence may be inserted into the reference sequence. These mutations of the

reference sequence may occur at the 5' or 3' terminal positions of the reference nucleotide sequence



AINIGGGATLPQICLYLTPNYLTAGFAPYIGN (SEQ ID NO. D. This 30-mer amino acid sequence was
reverse translated into nucleotide sequence using the optimal codon usage for Drosophila. A
complementary primer sequence matching the 3' end of the ORF2 gene plus the nucleotide sequence
for the CSL%Y?‘IHJ@H%%?é“synthesized. WO 2009/088950PCT/US2008/0886 78 PHHEFaESign
PCV2-5-HA primer (SEQ ID NO.2) 5-TGGATCCGCCATGACGTATCC-3' (PCV2 ORF2 ATG start site
is underlined) L-PCV2CSL primer (SEQ ID NO.3) 5,- AGA TC TAC ACGCCGAT
GTAGGGGGCGAAGCCGGCGGTCAGCA CGTTGGGGGTCAGGT ACA ,
GCTTETEEAEE AT ESE TR CE ECE FHERFENCEE P CAKEY CBEBEBERTHTT AA-3

PCR of PCV2 ORF2 with C-terminal CSL tail : o
m the reference sequence or in one or more contiguous groups within the reference sequence.

Analogously, by a polypeptide having a given amino acid sequence having at least, for example,
85%, preferably 90%, even more preferably 95% sequence identity to a reference amino acid
sequence, it is intended that the given amino acid sequence of the polypeptide 18 identical to the
reference sequence except that the given polypeptide sequence may inciude up to 15, preferably up
to 10, even more preferably up to 5 amino acid alterations per cach 100 amino acids of the
reference amino acid sequence. In other words, to obtain a given polypeptide sequence having at
least 85%, preferably 90%, even more preferably 95% sequence identity with a reference amino
acid sequence, up to 15%, preferably up to 10%, even more preferably up to 5% of the amino acid
residues in the reference sequence may be deleted or substituted with another amino acid, or a
number of amino acids up to 15%, preferably up to 10%, even more preferably up to 5% of the total
number of amino acid residues in the reference sequence may be inserfed into the reference
sequence. These alterations of the reference sequence may occur at the amino or the carboxyl
terminal positions of the reference amino acid sequence or anywhere between those terminal
positions, interspersed either individually among residues in the reference sequence or in the one or
more contiguous groups within the reference sequence. Preferably, residue positions which are not
identical differ by conservative amino acid substitutions. However, conservative substitutions are
not included as a match when determining sequence 1dentity.

“Sequence homology”, as used herein, refers to a method of determining the relatedness of
two sequences. To determine sequence homology, two or more sequences are optimally aligned,
and gaps are introduccd if necessary. However, in confrast to “sequence identity”, conservative

amino acid substifutions are counted as a match when determining sequence homology. In other



The PCV2 ORF2 gene that had been previously cloned in the pGEM-T Easy plasmid (Promega)
served as the template for the PCR reaction, and was mixed with Amplitaq Gold (Applied Biosystems)
and the PCV2-5-HA and L-PCV2CSL primers. The PCR reaction was heated to 94C for 10 minutes.
The PCR re‘g&i%)(}?%%wsd}roceeded through 40 cycles of 94C for 30 secorﬁfé?%%%?@@@econds, and
72C for 1 minute. The PCR cycle was completed following a final cycle of 72C for 10 minutes. The
PCV2 ORF2 CSL PCR product was visualized by agarose gel electrophoresis. The PCR product was
purified from the gel and ligated into the pGEM-T Easy cloning vector, transformed into DH5 a E. coli

competértedfi A 8RR A PRIEHSRLISBREAE Pransrories SRR WErR HEdar8Shoculate
3 ml of LB broth with ampicillin a rown overnight at 37C. A 1.5 ml aliquot of the overpight culture
was hAFRUSHEG by Lan TG S G N R SRR B3 17 ra g ricE aF A kit The
purifieg L%I%g%dSDN@l\eNa then verified by dideoxgc%ucleotide sequencing}at. TthF?CVZ ORF2 CSL

gene was excised from lfﬁéerf)%fﬁl\s/ﬁqluﬁl%y% gépnl? yoaiﬁcéglt?(r)}h%weftﬁ({%sé: restriction g%u%?r%é‘? amHl|

and N d |i '-% Viru; sfe , 93. .\ _ 0 .
000/ B e Rt SIS A e R0 195 Pes i purifea
using he Qiggan Mini-Rep | @@% lg!% subsqoenbEse R irrnsiecions. GeneIaliomol regombinant
baculovirus containing the PCV2 ORF2 CSL gene The PCV2 ORF2 CDL/pVL1393 plasmid and
the DigmaansiBack.ingarized paciynEusDNA(RIgMa) Wris cotansfected-aia.Rd JHnseet&els using

the ESCORT transfection reagent (Sigma) for 5 hours at 27C. The transfcction medium was removed

and thectianstectedrealis, wateHhabigenily svashed, daplenished with medidsiand Bicubatedat7C. Five

days later, the cell supernatant containing the generated recombinant baculovirus was harvested and
storedatitftatiiha 6eroainingitansfaatdd 319 celtsmetepfofechMith Gcaiokretimathanol and used in
immunofluoreseence assay (WA) with swine anti-PCV2 antiserum to verify expression of PCV2 ORF2
in the transfeétet caltsvativeT hebbiantested PEY 200RE 208t wgeconbirantbasulavitussdpermatant was
plaque purified on Sf9 cells prior to generation of virus stocks. Visualization and immunological
detectivitlgptite chitheicoPCV 2rORF 2@ S EefRCY 2O RE2:gefe fusetwittnthe CSLa80rsErsasra
C-terminal tail) IFA was perfoned on transfected 519 cells for detection of PCV2 ORF2, H51-1A or
H7HA ReRgaiss Matudiag siraashionpliei g.wish shele tahihe araratldyiztionidite egsticpichatanti-H7,
goat-chicken FITC, goat a-chicken FITC, rabbit a-swine FITC, 1xPBS, and glycerol (50:50). Sf9 cells
were fi&e iy @ ®%well plate and rinsed with 1xPBS. Two ml of PBS was left on each well. Twenty
microliters of swine anti-PCV2 was added to untransfec\t\%éd 519 cell wells, the PCV2 ORF2-HA

transfected WA HEBTYSEREY CELWARSESEH WM THe KB P! Serifnit occurs in

nature, it has been changed or removed from its original environment, or both, For example, 2
polynucleotide or polypeptide naturally present m a Hving organism is not “isolated,” but the same
polynucleotide or polypeptide separated from the coexisting matertals of its natural state is
“isolated”, as the term is empioyed herein,

Those of skill in the art will understand that compositions described herein may incorporate
known, injectable, physioiogically acceptable, sterile solutions. For preparing a ready-to-use
solution for parenteral imjection or infusion, aqueous isotonic solutions, such as ¢.g. saline or
corresponding plasma protein solutions are readily available. In addition, the immunogenic and
vaceine compositions of the present invention can include diluents, isotonic agents, stabilizers, or

adjuvants. Diluents can include water, saline, dextrose, ethanol, glycerol, and the like. Isotonic



WO 2009/088950PCT/US2008/088678 was at a 1:100 dilution. The plate was swirled to mix. A 1:100
dilution of chicken a-H5 and a-I-17 was added to the untransfected Sf9 cell well, the H7HA transfected
well, the H71-1A transfccted well, and the H5HA transfected well, as above. The plate was again
swirled to mix > TAE SIS Was incubated at 37 Celsius for one hour. The gHMERAARISEER} solution was
removed. Next, the well was washed three times with PBS and removed for the final wash. Two ml's of
PBS was added to each well. Next, twenty ml's of rabbit a-swine was added to the wells with primary
PCV2 antiscra, and mixed together. Next, twenty ml's of goat a-chicken FITC was added to the wells

and treSEHSWitR pREtRES SAFEREN GioEdn ARG TRENE e ihitthad Bewre dRRREGSHe hour.
The FITC solution removed they were washed three times with PBS. The final wash was
remové[&balezﬁ,s 6791(2/% 8?’“ '”&I%a(g%f;)&a%%o??eﬂa]‘t\gﬁé’ﬁmﬁ%ﬁ5%%0&@&@‘%8@’%%\9&5’lﬁy a flick

of the Wrist, Etach V\/tggsyc\/%s th n doggserved for specific fluorescence. The results indicate that HSHA

recombinant baculovints vc\:/%(fglgener%‘fce'd, as was the PCV2 ORF2-HA and CSL recombinant.

EXAMPLE 2 Eapiesaith aARLERRLOBER G iom pacylovs eeled SF cols (Sample 070
Materials and Methods: Samples (E)ellet and supernatant ol bacu 0 Us-infected SF+ cells were

collected.at96.120, and 144 hawrs faranalysis of 6?1%'?%T%%né%(?%@Sﬁﬁ&%{%@'@x‘%ﬁiﬂﬁ%ﬁg SF*

cells. The following procedure was applied to each sample: The SF+ cell samples we awed and

the supginataMt WNas RRYEdn A8 Rellgtyyas resuspended in 200 pi of 100mM NaHCO:;, pH 8.3, and
pipetted up and down to mix. The sample was then allowed to sit for 30 min at room temperature

(about 25-30Q) filie:sagpaie wasthencenirifugeddopdsmindtasat 3008 IARtACGnHI MR
2009/088950PCT/Il S2008/088678 supernatant and bicarbonate lysate of pellet were separate and the
entire sampleitvasostpredionsigeoatdboutdGih. Sdbhedicarbonatedygate: afchelpslietaneither
supernatant samples were then subjected to SDS Polyacrylamide Cell Electrophoresis (SDS-PAGE)
analystbaomb@MoBisid dergetsimidd QPSchuiffer: tonthofsdadly pElletthitarbosateoysate #ndo2& pf of each
supernatant sample werc loaded onto the gel in their respective assigned lanes. Lane 1 contained the
10 kD&hharikendgzmec 2eonvsined ahéebiak GOy satendfpeliétshprentize 96 hr sample. Lane 3
contained the NaHCO3 lysate of pellet from the 120 hr sample. Lane 4 contained the NaHCO3 lysate
of pellet fromAh@rier pinsahiplics Bne lgtcepiainsaghasapamataifom dasdehrbampadizane 6
contained the supernatant from the 120 hr sample. Lane 7 contained the supernatant from the 144 hr
samplé! AR RNBa E im0t b BfUiRaliere P ORE 24Buait s tRerE ShtleSTRRS réawitetidithe gel

are dePicted in Fig. 2. Results: o : : ,
mmunogeniC composition of protein into an animal in need thereof. Moreover, according to a

further aspect, said instruction manual comprises information regarding second or further
administration(s) of at least one dose of the immunogenic composition of the amino acid or protein.
Preferably, said instruction manual alse includes the information, to administer an immune
stmulant. “Immune stimulant” as used herein, means any agent or composition that can trigger a
general immune response, preferably without initiating or increasing a specific immune response,
for example the immune response against a specific pathogen. In preferred kits, it is further
mstructed to administer the immune stimulant in a suitable dose. Moreover, the kit may also
comprise a container, including at least one dose of the immune stimulant.

However it is herewith understood, that antigens produced using the methods of the present

invention refer to any composition of matter that comprises at least one antigen that can induce,

16



Lanes, 2, 3, and 4, which contained the bicarbonate lysate of pellets from the 96, 120 and 144 hour
samples respectively, clearly demonstrated the expression of ORF2-CSL. The results suggest that
ORF2-CSL is indeed expressed from the new baculovirus construct. ORF2-CSL is estimated to be
about 3 kDAY GEPHERPDRF2, and the molecular weight observed, is coRSEAERPUWIE At estimation.
Additionally, ORF2-CSL was observed to be present in Lanes 6, and 7, which contained the supe
atant of the 120hr and 144hr samples, with the presence being much stronger in the 144 hr sample.
The fact that ORF2-CSL was observed emerging over time in the supernatant suggests that the
virus-liREIBAFCRY @PhRYsSet RGO AP TS S HATERS ERfSATLR: 29O B0 BB TIGPEEes 20068/088678
Materials and Methods:  This example demonstrates Spot Blot analysis of ORF2, ORF2-CSL, and
CSL péptfaitH pfe-Arith e iR BRIt sERTNCERY SRIRENGRTRIS OB SR run I PRSP ein
samples were .ysed in this example: Standard ORF2 protein, Cglﬁ‘ eptide. and ORF2-CSL bicarbonate
lysatc BeHEER, 'Ei{ﬁ baculGVittE et%&éﬁ‘@ﬁ#*@ Iéeﬂﬁﬁ!ﬁ%po St ifec (%16. % Bk S pioeEs Saﬁi'aple was
spotted onto a pi cizeno&nigocellulose in a row, and eac:hl ?‘pot was labeled. This. rocess was repeated
It a C,

sequence “which | S an mmmine or anhiunclogical Tesponse i a %ost agans athogc
three tlm%s, resulting in three |denﬂ}:§ﬁy spotted pieces of ni rocelllloSe conta%nlng on spcﬁ from each

protei. SAmALG (e shatsiolal ach spon bishasalanadin i, nditerugs ineubalegfor

least 1 hr in about 50 ml TTBS + 2% dry mi embranes were then incubated with the

primary anthodigs. %%ﬂﬁ%@@ﬂ{@E@A'ﬂélﬁﬁ,e“mﬁﬁﬁnwgélw GdpaisdifRlotied) Wit SYiRe antisb G serum
diluted 1:100 in TTBS 2% dry milk for 1 hour. The second nitroeeflulose piece was incubated (blotted)
with raphjtdpe-iniung serum dHutemLiROGIN TIRS s Ak domilisforddiourbhe thid-aitragellulose
piece was incubated (blotted) with rabbit post-immune serum diluted 1:200 in TTBS 2% dry milk for 1
hour.  imrinaeldiot kasnaashecibres fimanrdeidyainmyeswith TIBS (LriBepls Q.8ad%hween20,
prepared fresh). The TES wash was formulated by adding 200 ml 1 M Ti-is, pH 8 to 292.2g NacCl, the
pH wasvadjustethtias? chwith H6it, thzopelutioh tras Biioiig i dohariaiad veltuhecehdnts by adeingewater
(gs), and the filter was sterilized. After washing, the membranes were then incubated with secondary
antibodiés:dfhpafirsgaitrbreliclpsécpiat embadimeubsied withagoatentismestiRPodidnte drdz 060 in TTBS
+ 2% dry milk for 1 hour. The second nitrocellulose piece was incubated with goat anti-rabbit-HRP
dilutedof HROTNHaFTBS R9%ndmE wilchof hdgrsctienttiref tir SER osausiee Wassinvabsatadwith goat
anti-rabbit-HRP diluted 1:1000 in TTBS + 2% dry milk for 1 hour. Each blot was then washed two times
for twodiAtReSTRItHETTES] ahlbthich apver 2005/0889B0P CTHUSZO08768YEY Sotastied ené Wfle for two
minutes with PBS (10x PBS IL). The PBS wash was formulated by adding 0.96 g NaH2PO4
(monoBRYTE) 4ty JERHE: 131F Yy Reamsp® aaitsakier sy urbis Biangrbey Nseictemping was
dissolved in water, and the pH was adjusted to 7.4 with HCL, the solution was gs to 1 L. and the filter

was stSHTZERSS V16 MPSFopt strdte WASRRANRAEES T0BEER Bof sl develop for
BT M SR I P ESR LRGeS oo
linear epitopes may be determined by e.g., concurrently synthesizing large numbers of peptides on
solid supports, the peptides corresponding to portions of the protein meolecule, and reacting the
peptides with antibodies while the peptides are still attached to the supports. Such techniques are
known in the art and described in, e.g., U.S. Patent No. 4,708,871; Geysen et al, (1984) Proc. Natl.
Acad. Sci. USA 81:3998-4002; Geysen et al. (1986) Molec. Immunol. 23:709-715. Similarly,
conformational epitopes are readily identified by determining spatial conformation of amino acids

such as by, e.g., x-ray crystallography and 2-dimensional nuclear magnetic resonance. See, e.g.,

Epitope Mapping Protocols, supra. Synthetic antigens are also included within the definition, for



Both ORF2 and ORF2-CSL reacted with swine anti-PCV2 serum, on the first nitrocellulose piece,
indicating that the ORF2 portion of ORF2-CSL is structurally intact. The results from the second
nitrocellulose p ecc indicate that ORF2-CLS also reacts with rabbit pre-immune scrum. The results
from the thir&’fﬁ?ﬁ’@&’@ﬁ’fﬂ&e also suggest that the CSL portion of ORF2-CRITHRMse88 e d
(structurally intact) because it reacts with rabbit post-immune serum. The reactivity with CSL peptide
by rabbit post-immune serum and not pre-immune serum or anti-PCV2 serum also confirms the
specificity of the CSL reactivity in the post-immune scrum. Taken together, these results strongly
indicat8*tHBR th @ TSPtk ig KBl BRsfe 4 §ThY FeRISTOIPBRORIMWiS ORF B XM PILEMS Western
Blot Materials and Methods: This Example demonstrates Western Blot analysis of ORF2 and

ORF2-0381 et ARG At ridtdn? front Wacutboiieshieéied SR bl Sranepb &t inke St ith rabbit
teir WOQ_2009/088950PCT/U52008/088678 . The protei | bjected t
S5 PREE Mals -5 1008 AT Gol h A B EReF b | DRt S CHSOER fom on the

1 contai K _Lane 2 contajned apre-staj ker. Lane 3 contained
R DA R e T R SRy e Tobctod SFo cells. Lane 4

contained OREa:Gigl, SUpeITAAIONhe same semple, Lans, 5 coniained standar OREP protein
sample. After SDS-PAGE, the proteins were transférred electrophoreticaily { constant for more

than a@%asﬂm)cémmﬁcg%'rmb%@}mmu%%nmﬁﬁ%q%%{fﬁyB '%QJ@S@PJ&H&J%@V%%WG?'N

Module (Novex; San Diego, CA). After transblotting, the sample lanes were incubated at least | hour in

about 50k TBSa112 % dnnmille RosoRIRt was iaenful o iwe-reRliGale il OM&: foliowin
wasincubated/blotted with the primary antibody, rabbit post-immune serum diluted 1:200 in T%'BS + 2%

dry milkffe¢congchpbduainsh theothenyas drigshand stainrdieshon:totalppateisoprofiles. Reguts for the

second blot can be seen in Fig. 4B The first blot was then washed three times for 2 minutes with
TTBS @xdiBScpluscl 08 drwaen20iirepated freshhicaledlot wasthen incubatadavidadhe gecondary
antibody, goat antirabbit-HRP diluted 1:1000 in TTBS + 2% dry milk for 1 hour. After incubation, the
blot waswastigeh two timesdopfwoteminutesuith[ITRS (hoJfB&iplussplOb%ithweenREapeapared fresh)
and one time for two minutes with PBS. The blot was then visualized using 10 ml Opti-4CN substrate,
allowingyaresthliotitodeedlapfbrdessishanchbibat Bysiauteso Tiee bideatias rinkdst wifmucatertd/stop the
process and analyzed. Results for this blot can be seen in Fig. 4A. EXAMPLE 5 This example

generéffé‘s Fipen/ aORIER MfLibadisearr incfened iPudrtivatofis arihbadiisoosthecintiperitameae
reglon'reduction in the incidence of or severity of up to and including a compiete lack of the symptoms
{clinical, pathological, and histopathological) associated with host infections as described above.
An “immunological active component” as used herein means a component that induces or
stimulates the immune response in an animal to which said component is administered. According
to a preferred embodiment, said immunc response is directed to said component or to a
microorganism comprising said component. According to a further preferred embodiment, the
mmmunological active component is an attenuated microorganism, including modified live virus
(MLV}, a killed-microorganism or at least an immunociogical active part of a microorganism.
“Immunoiogical active part of a microorganism” as used herein means a protein-, sugar-,

and or glycoprotein containing fraction of a microorganism that comprises at least one antigen that

induces or stimulates the immune response in an animal to which said component is administered.
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WO 2009/088950PCT/ITS2008/088678 Materials and Methods: M2ael 24-mer with Ascl The
amino acid sequence of the M2acl 24-mer is MSLLTEVETPIRNEWGCRCNDSSD (SEQ ID NO. 6).
The M2ael 24 amino acid sequence was reverse translated into its nucleotide sequence using the
optimal cod8PUSAYE ¥ 'Drosophila. PCR was performed to add flankingPAJéY $8E#8887F enzyme sites
to the M2acl coding region. Introduction of Ascl restriction site into PCV2 ORF2 coding region

Using site-directed mutagenesis, the Ascl restriction enzyme site was introduced into the coding region
of PCV2 ORF2 (SEQ ID NO. 7) (refer to Figure 5). As shown in Figure 5, the introduction of the Ascl
site intfSEOEEEZVO BRI IS¢ ERANGES intel hEMEYR ISREPT A HEFESioR, SYReTIYRbRE8 o
Tryptophan at ammo acid position 36, replacing a neutral polar amino acid with another neutral polar
amino HUYS BHEWSBKTERRBI6HR AR O ARSI SRLTH AR pe S rnurelosici g4 YebFal polar
amino acid wijth g peutral non-polar amino acid) (SEQ ID NO. 8), Insertion of M2ael into, the PCV2
ORF2 coding'é 01%%}smv&%ﬁaw%df&caw&m@%&?&ﬁ O HHePRTSEHiBN OF Bl RI2REMSyion into
PCV2 ORF2 (SEQ ID NO. 9). Bri Efélg/k, usi%stan ard mé)lﬁcular lqiolo(%rmethods, 1;[21& 1M2ael-Ascl

ri ! pl) .
region Was“tloned i\ﬁ?toe?ﬁ%%g%‘f?ﬁ of the PCV2'OREY geﬁrglllﬁ tHe BacuiowriCtiansfer¥eor,

PVL1Sg3, The 85459 PCY2 ORGR loternal Mazelioy|, 1393 (desinatad as A-34) plasiid yas then
purified using tﬁg(slagen ?\/Ilnl-Prep asmid Kit for su sgquerﬂt USC 1h transfcction,
2009/ %9&9:51@&5{%%&%@9&8&%8%&%%&% agents, isotonic agents, adsorption delaying agents, and

the like.

The composition according to the invention may be applied intradermally, intratracheally,
or intravaginally. The composition preferably may be applied intramuscularly or intranasaliy. In an
animal body, it can prove advantageous to apply the pharmaceutical compositions as described
above via an intravenous injection or by direct injection into target tissues. For systemic
application, the intravenous, intravascular, intramuscular, intranasal, intraarterial, intraperitoneal,
oral, or intrathecal routes are preferred. A more local application can be effected subcutancously,
intradermally, intracutaneously, intracardially, intraiobally, intramedullarly, intrapulmonarily or
directly m or near the tissue io be treated (connective-, bone-, muscle-, nerve-, epithelial tissuc).
Depending on the desired duration and effectiveness of the treatment, the compositions according
to the invention may be administered once or several times, also intermittently, for instance on a
daily basis for several days, weeks or months, and in different dosages.

“Foreign™ amino acid segments or “foreign” DNA segments shall refer to such segments
that are derived from different species. For example, the CSL 30 mer is “foreign” to the PCV2
ORF2 and foreign to the baculovirus.

“Amino ferminus” or “carboxyl terminus” shall mean the amino end or carboxyl end,
y ¥

respectively. In the context of amino acids, any foreign amino acid segment attached to the amino



Generation of recombinant baculovints containing the PCV2 OR_F2 with internal M2acl ~ The A-34
PCV2 ORF2 internal M2ael/pV1_,1393 plasmid and thc DiamondBac(r) linearized baculov s DNA

(Sigma) were cotransfected into Sf9 insect cells using the ESCORT transfection reel}}%ent (Sigma) for 5
hours at 28 FHEXMRE ction medium as removed and the transfected ESKHEIEATEN Yently
washed, replenished with media, and incubated at 27C. Five days later, the cell supematant containing

the generated recombinant baculovirus was harvested and stored at 4C. The remaining transfected
Sf9 cells were fixed with acetone:methanol and used in immunofluorescence assay (WA) with the

anti-InAEEHPA R KRG ShaT ARt B s e At et aalioraddioh tBe e e isgismFansiected

Sf9cells. The sequence of the expressed chimeric protein comprising PCV2 012 _1'2 and the internal
M2acl SEgFRERVIE pholc HEleIEBE HPRIS 1910 “PHEhHCdE X3P B chORES P2

Baculovirus DB, sypernatant was subseguently purifi imiting dilution on $f9 cells prior.to
goreraTB RO SBE ST ol T BTGB Bl SIS SA ShF o3 DS (A rGARap e

Verific%' &gf MZ2ael expression n A-34 M2ael ORF2 PCV2 Baculovirus DB- nfected Sf9 cells was
previously confilined by IFA. However,as a means to further confirm the expression of M2ael along

with PCV2 OR/rg,, an impunablat.on. @X&’Oﬁz?%&%iméﬂruﬁﬂhw@ﬁ% %‘%‘E&g&sﬂﬁféﬁ'ﬂéﬁf&#&mm

baculovirus-infected inSect cell cultures was performed. Briefly, harvested supernatant from

baculoyjrys-ifested dnsecheslt celty @%ﬁgﬁ@, bitiegt oo RVRFMEMPrARes and dheipiesehge of PCV2

ORF2 and/or M2ael antigens were tested in an immunoblot. The primary antibodies used for

immunohleldeseetion afPeVe OREFRINeNe{he AR GV QRFZmonegional aptiRognf&a4:2-4A3-5D10
and purified swine anti-PCV2 ORF2 1gG. WO 2009/088950PCT/US2008/088678 The primary

antibodies usaddareimaiundbiot datectieantdMaae Faerartht:anti-Mdsmenaconn axibagykdC?2
(Santa Cruz Biotechnology, Inc.) and swine anti-M2acC5 scrum The respective secondary antibodies
used ifithiedminuneblotsverenkiRiRe abpled goahaatimmd vse coanjugate: andngoatramnsiswine conjugate.
Opti-4CN substrate (BioRad) was used for colorimetric detection on the immunoblots. The
immunoblots ‘felemidd tigaspriedbrede ¢f thenPGVZORFEZanda\2heantigens: Jinstinatedalsband
methods used for this example are described in greater detail below: Materials and Methods:
from a live animal such as symptoms. Representative exampies will depend on the pathogen
selected but can include things such as nasal discharge, lethargy, coughing, clevated fever, weight
gain or oss, dehydration, diarrhea, swelling, lameness, and the like.
“Pathological” signs shall refer to signs of infection that are observable at the microscopic
or molecular level, through biochemical testing, or with the naked eye upon necropsy.
“Histopathological” signs shali refer to signs of tissue changes resulting from infection.
Thus, one aspect of the invention provides an immunogenic composition comprising an
aming acid segment from PCV2 and a foreign amino acid segment attached to the PCV2 amino
acid segment wherein the foreign amino acid segment is from an organism other than PCV2. One
preferred PCV2 amino acid segment includes open reading frame 2, or an immunogenic portion
thereof: In preferred forms, the PCV2 amino acid segment has at least 80% sequence homology

with SEQ 1D NO. 7, Preferably, the foreign amino acid segment is derived from a pathogen that

produces clinical, pathological, and/or histopathological signs of infection after administration to an
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For plasmid purification, the QIAprep Spin MiniPrep (QIAGEN. (iaithersburg, MD) was used and
manufacturer's protocol was followed. Briefly, 1.5ml of culture was pelleted for 1 minute at 14,000 rpm.
The supernatant was discarded before repeating the pelleting procedure and discarding the
supernatant ¥§AH PR Pellet was reconstituted in 250ul of buffer PI andPAdde 458886 of buffer P2,
which was then mixed by inversion. Next, 350ul of buffer N3 was added and mixed by inversion
before being spun at 14,000rpm for 10 minutes. The supernatant was transferred to the QIAprep spin
column in a collection tube, spun at 14,000 rpm for 60 seconds, the flow through was discarded and
the col@fifdleaBEemBrIa I%ebinothe SMBHcHPEGSY SaeaPemt SpUMtEEsI4ee0iftidonigeconds, the
flow through was discarded and the column reassembled. The column was spun at 14,000 rpm for 1
minutedsFder 8 dhROERAP e tHe ASltitRReraanatcloadsm HRNATIS FRERME IEHRAN2B0)11 of
H20 was added, incubated at r&om temperature for 1 minute and then_spun at 14,000 rpm for 1 minute
before %ﬂ%%rﬁi;‘gi’ﬁ fié cBi %C = FBEG:, iRinyc HRe g APSAHAIVISRE | SRRt SESHEBictSAYdigestion

was perfoimed using.New England Biolabs (Ipswich, MA) product and procedure. Briefly, 6 ill of New
Englan%oé‘%ﬁ%ané%ﬂ%}é? ?%é‘ﬁ%‘f@ﬁﬁsa%‘iﬁ%ﬁv& &5 G0k t&&éat@gﬁ%g}eﬁ?‘g%ﬁétgﬁfgmge tube.
The tube .\WQ 2009/ )S0PCT/US2008/08867, s incubated at 37C for 1 hour before adding 3 ul
of 6X Ioaé%{ré{g g%/% %%g%%%% %%btgeaﬁlg *‘sﬁ?&&w‘i’%%%%n. hé reactions were then ﬁ%a“degd ad’ngési?g%eé:garose

gel thalies e AhauLL00.pka o G0 NS Refots: Pl ograming o seaning.e gl The

desired band was excised from the get and placed in a 1.5 ml centrifuge tu efore a 10 ul of

Membrage-Binging.seletianpenl omo.ofdelsliceJdisiwas yorexedand neubated a1 5Q:8p¢ until the

gel was completely dissolved. The mini column was inserted into a collection tube and the prepared
DNA wasitianstereeentadhetofnmnrasambly: HRicyasinculsied sl JoamismpeRive for daminute
and centrifuged at 14,000 rpm for 1 minute before discarding the flow through. The washing step
consistiet:ninadding A0sRafmePaans washfseigiom iseniiilging &t 240R0.rpeastard minute,
discarding the flow-through, adding 500 pl of the membrane wash solution, centrifuging at 14,000 for 5
minutesnulisezanging theflowthinoginsaindntihe theeaenrtrifuigin goiarsspinute tatld, ARG rpenavith the lid
open to dry the membrane. The elution step consisted of transferring thc mini column to a 1.5 ml
centrifd§eViubeiaelding BT nlivteasepfretor 20 chhcubating at tbank tsmgeisdtusé fatutiminnte,
centrifuging for 1 minute at 14,000 rpm,discarding the column, and storing at -20C for future use.

The Ligatiomesuiers i {monsss perforhvedl bipdsiing an pinithe ORFhasel PVhis398wwotogjlbit of the
M2ael insert, 1 pl of the 10X Ligation buffer, and | ul of T-4 DNA Ligasc in a 0.5 ml microfuge tube.
This WESPRIEGSARRF SVt td W kersiraratno acid fremanisirndioRoY MzaispAsi-ompepar1 393
(transfgrmation l) and religation of the M2ael segment was performed using conventional protocols.
Briefly "Rifx EREBRMh e s Wﬂfﬁ\ﬂé@‘dﬁ%@ erresoths H@%@&&Rﬁ?ﬁ\fl&ﬁ%ﬁ@ferred to

17 x 100 mm pp Falcon tuhes. The extra cells were refrozen in an EtOH/dry ice bath. Next, 2til of the
RO, £ R B8 s EO TR AT o S0 SR B M ki the

ligation reacti
cells at exactly 42C. for. exactly 45 seconds. The tubes were returned tg ic Cfr 2 minutes before adding
050 p1 00 HD0 e B D St L ad e batig AL ECTof PRBL R PaBout 225
rpm shaking, Then, 50 and.200.n:1 §|M§%{&Q 8 3 rggd on LB anq CIX which were inverted and
incubated overnight at 37Cy?)verr%"'|lgﬁt. The ngaﬁgn régctisgﬁq?fflt’oorre?itg%% five! fggf%ﬁgc
perfoiingg By, MiXingcl ok 2 thaiARch PYL 1383 veciar. 70l oL the coprantiated M2nelinsert 4 p-1 of
the 10X Ligation buffer, and Ip.I of T-4 DNA Ligasc in a 0.5 ml microfuge tube. This was incubated
overnighatftCare derived from an organism selected from the group consisting of Cryptosporidium

parvum, swine influenza, and combinations thereof. In preferred forms, the foreign amino acid

segment retaing the antigenic characteristics of the native sequence and has at least 80% sequence

homology with a sequence selected from the group consisting of SEQ ID NOS. 1 and 6. Such a

composition will reduce the incidence of or severity of infection by the organism from which the



To transform the concentrated M2aellAscl-ORF2-PVL1393 into the cells, transformation reaction (2)
was performed using conventional methods. Briefly, Max Effc Competent DHSx Cells were thawed on
ice and 50 pi per reaction was transferred to 17 x 100 mm pp Falcon tubes. The extra cells were
refrozen in ah EXOEUR78e bath. Next, 2111 of the ligation reaction 2 was S4GEAH M Ells and
incubated on ice for 30 minutes before heat shocking the cells at exactly 42C for exactly 45 seconds.
The tubes were returned to ice for 2 minutes before adding 950 p.1 SOC and incubating at 37C for 1
hour with about 225 rpm shaking. Then, 50 and 200 p,1 aliquots were spread on LB and CIX which
were ifQERBHAEHAREIbRET BRI GRERES Tt RSty Ith- ey enaRlmEESIBRIER f5Pthd dbdired

clone, a PCR reaction was set up using the follown _parameters and reagents: 1 cycle at 95C for 5
inute; BE46, CEERATHRO 157 S SREBRES SSTERIO R SOR T HESBRB AR S ENIEL T 3 or 60

ds,.1 cycle at.72C for 5 minut 1 le at 4C for infjnity; 12.5 f 2X litag Gold
e SRS B e R Y e e TS AT O (ot oo eier BefoboraL
dth ted .col . Th h(s). df 48 % -gel | tt
e D S G R S e
and 1%-%%&@@&!%%@4@&3@% {oading.dye,was added f%izhm%s&?s& gxe% T&gfﬁgﬂgﬁ&&uﬂon was

pressed until the display read "EG." Slide onto the E-Gél Mother base (a steady re iluminates

when ie%ﬁs&m&%ﬁ%@&&%&&&ﬁmﬂ?wat&@ i the kgl o Iqresn 1o Jndigate the
get is running). The gel was allowed WO 2009/088950PCT/US2008/088678 to run for about 20

minuteselested arloniesyeradhen arauw fRpMiniRien Bvinacatiaed vl ofdRhroth andsb ul CAR
stock with a loopful of the selected colonies. This was then incubated overnight at 37C with shaking at
about 225dpea. formEhenplasjdsivias them putifiedeusipgstheQiypeeR S pia ddiniPrep kik ageerging to
manufacturer's instructions and as described above. To start overnight cultures of
M2ael/piEentiheasndpteatad poloniesdiocaplastopdaplerification ansteeqieneebiiahysis;satoaptul of the
selected colonies were then grown for MiniPrep by inoculating 3 ml of LB broth and 6 pl CAR stock
with theosalecteehsdherdes. This was then incubated overnight at 37C with shaking at about 225 rpm
These were purified as described above for the QlAprep Spin MiniPrep. To excise the M2ael
fragment, a rés@iEiber digedtiviiwascaundnaeeorting BN EriglindcBiotbeonventinalgbcedure.
Briefly, 5 ttl of New England Biolabs Buffer 4, 25 til of DNA, 5 pl of Ascl, and 15 ttl of H20 was mixed
togethé ¥ a0e00ce! Baminie Qe ThesisBE WA iRCUb et af 7 erseasarBerbraatRifigss 1,11 of
6X loading dye to each tube and mixing well. The reactions were then loaded on a 1.5% agarose gel
that waEFiR at ot AHSGOMS! (st Wbt b e isHotoGPaprRig R e A englom thivext, the
M2ael fragment was gel purified according to the QTAEX Ti Agarosc Gel Extraction protocol

(OIAGE R S T B D607 SR GAGH S UL 19055 H5AaBM ARSI GIPTARY, to
ligatc the M2ae.1 into PVI 1393, 2. itt of the PVL1 vector, 6 al of the I c trated M2ael
ineert, Lo S TN LG B, S PER D s A L S R S Otet i 6%

micToRae e ARGIOCUDARLOUPIIN B e ol AHENSIANR e SchMERRIPKLAS93 et into

DHSx cells, Max 'Effc Competent DHSx Cells were thawed on ice an pl per reaction was

transfefgddgnl £pk8@ TR 2P Eﬁ‘lﬁ&%ﬂ]&?%ms, the PCV2 ORF2Z DNA has at least 80% sequence
homology with SEQ ID NO. 7. In another embodiment of the present invention, the DNA from the
second organism species encodes an amino acid segment that induces an immunological response
in an animal receiving an administration thereof. Any organism that is pathogenic to animals can
be used for purposes of the present invention. Preferably, the organism will have an amino acid
segment that induces an immunological response when administered to an animal in need thereof.

Still more preferably. the amino acid sequence being expressed is an antigen associated with a



WO 2009/088950PCT/US2008/088678 The extra cells were refrozen in an EtOH/dry ice bath. Next,
2ul of the ligation reaction 2 was added to the cells and incubated on ice for 30 minutes before heat
shocking the cells at exactly 42C for exactly 45 seconds. The tubes were returned to ice for 2 minutes
before addiﬁ’&(bg’@%‘]%‘t and incubating at 37C for 1 hour with about ngwﬁzgﬂ%%ﬁﬂsThen, 50 and
200 | aliquots were spread on LB and CIX which were inverted and incubated overnight at 37C
overnight. To restriction cut the ORF2-Ascl-PVL1393 with Ascl, 2 tit of New England Biolabs Buffer
4, 2.5 ul of DNA, 2 wl of Ascl, and 12.5 uil of H20 was mixed together in @ 600 41 centrifuge tube. The
tube wERPIHBABHIRE B &7 B b1t h SUFBeRs HBERA S GPestoRith § oy E S arh EBE nlmixing

well. The reactions were then loaded.on a 1.5% agarqse gel that was run at ut 100_volts for 60

it ULROIE FhBIoGANY o Sea N USE G O NG R BEe A G AR Cs G e

depho%%}oralation reaction,and angther ligation reaction wer B&rformed The, Gel pnglrific[ation followed
. o g

the StepS O(Fﬁ%g%igﬁiﬁ]ﬁb CeC'O& orga IS8, 88 Weil.as igpecws.mmultta 60% Y.

ea -uﬁ.rrg’ﬁ)eeﬁy, the mini ColumrmWas insened into 4 colféction tube

and the prepared Qf\!ﬁb‘%{?eigﬁﬁ?ﬂﬁf%ﬁ%g, 5&5&%@'{4@9 ﬁ%%%gf&%yﬁﬁg&ggggggﬁg%%%%%ﬁhgoom

temperature for I minute and centrifuged at 14,000 rpm for Iscarding t e How through.

The washing st eansisted of aRding.00cLof B DiaRe ek SN sheniEuaing.atdd000 rom

for 1 minute, discarding the flow-through, adding 500 ul of the membrane wash solution, centrifuging at

14,000:fampedinktes, disaaseing-thedlow thuah.saaddhencreeentrifuainader Jpniopte atidg HOO0 rpm
with the lid open to dry the membrane. The elution step consisted of transferring the mini column to a
1.5 ml gestriugedshacadeingay wiof aicleasarian-LdiQoheuhatiogaliaam demperaturerder 1
minute, centrifuging for 1 minute at 14,000 rpm, discarding the column, and storing at -20C for future
use. Thedephbsphbealatipnesiepitgnopriad MINi0g.2 uhofcl 0X SAP buffer to 16 tul of gel purified
plasmid, then adding 2 til of SAP before incubating at 37C for 15 minutes and then inactivating WO
2009/088950REBiTHEIS2638/088618 thesSAPiat&hiCfopbSittnutes:cling ligatimodeaationnasithen
performed by mixing 4 p.1 of the Ascl-ORF2-PVL1393 vector, 12 gl of the Ascl cut M2acl insert, 2 ttl of
the 10Rredepatibn thaffaetzdoaripussh-hOMepd ifasenheiegiet togedher theaadtfen| wikrBfilge tube
and incubated overnight at 4C. To transform the ligated vector and insert it into competent DHSx's
fopr proPayABIPEHE AT BEEPRNGIMEX T DISHpEtestDRSRd A AveretHawe d*oFefsmand 50 pA
per reaction was transferred to 17 x 100 mm pp Falcon tubes. The extra cells were refrozen in an
EtoH/dR iR bSprRexe RSt the G0 e ACHBH DN ARHE S el e b s dhd TEGHREd B ice for

30 minutes before heat shocking the cells at exactly 42C for exactly 45 seconds. The tubes were

returné 8RS 1o 2 ¥nmlited Befd (@bt 950 B SOT AR intulsaNNg SP37E FPRBLI R about
2251p f§_hal§ir%% TI@%O and 200 p.1 aliquots were spread ong_B a}r)d 1:9?( which were inverted and
incuba éd%?/nernlglﬁt a O e?ﬁ%ﬁ{g.m SPFEE e the (tir H@ﬁ?r%%lﬁ?s faF ﬁwr%"b(?eag &t desired

0 screen

insert,an. Aniplitaq. Gold PCR. reaction.wa rformed using the fqjlowin rameters and reagents: 1
i STk R AT I G i R

cycles @1, TG 101, 20-5e60015 By ale ALLTRCARLS MIRYIER AYD YIS ALAGIOLAINKYGAZAP-L of 2X

Amplitaq Gold Mastennix, 11.5 pl. of Rhasc/Dnase free wa 5 p.1 of primer pvl-U, 0.5 p,1 of primer

ad | scls, @RchtheisaleHed.20lqYen h%grgmﬁmﬁé%m%ﬁ from A el 2% agaroseik-gel
Cassette (Invitrogen). Exactly 7.5 p.1 of DEPC H20 EMD was loaded into each well and 10 p.1 of DNA

markebandidd Bh&fisApRIRcaNt@inHgLX |eadiag:dyaivasadded 4o ihe desiredwslis.Thepower
button was pressed until the display read "EG." Slide onto the E-Gel Mother base (a steady red light
illuminatesavbemvinseariedcerietily) amnd prasstbepawesbuitan sgaimithelightawill tum:targigen to
indicate the gel is running). The gel was allowed to run for about 20 minutes. Selected WO
2009/088950MCd7 FE200B/088678 calbrtieshusbertideACEVavwadordvliniRie pilyt e chkating 3 il of LB
broth and 6 p1 CAR stock with a loopful of the selected colonies from the M2ael-Ascl/PV-1,1393
transfarmativer, THIOWEs Men Insubatedwovernighiran 878 withsshakidgat @bstit225 tfemadopurify the
plasmids for sequence analysis, the QIAprep Spin MiniPrep was used according to manufacturer's
instructRaMenNBriafly, TSR af lcattuPe was peteteicopDevinvits £EQ, GOONPm7 Thesupesfrateht was
discarded before repeating the pelleting procedure and discarding the supernatant again. The pellet
was reCoRSHiG Y HEPSIMPHFHUFB A QXY SRIFERF PR SOUAof buffer P2, which was then mixed by
inversion. Next, 35041 of buffer N3 was added and mixed by inversion before being spun at
14,000rpm for 10 minutes. The supernatant was transferred to the QIAprep spin column in a collection
tube, spun at 14,000 rpm for 60 seconds, the flow through was discarded and the column
reassembled. Next, 750n1 of buffer PE was added and spun at 14,000 for 60 seconds, the flow
through was discarded and the column reassemtsed The column was spun at 14,000 rpm for | minute
in order to dry it, and then the column was transferred to a new 1.5 ml tube. Finally, 50g1 of H20 was
added, incubated at room temperature for 1 minute and then spun at 14,000 rpm for 1 minute before
discarding the column.



To transfect sf9 insect cells with Baculovirus DNA, 96.4 pA Excel Medium, 1 gl DiamondBac Cur Virus
DNA (I tig/ul), and 3.6 p.1 of the recombinant transfer plasmid in pVL1393 (1 pig) were assembled in
a sterile 6 ml polystyrene tube. A mastermix of ESCORT and Excell 1:20 and add 100 gl to each
polystyrene %3}{8%?%8%3%cubating at room temp for 15 min to make the t‘?gﬁélfé%fﬁ’ém?ﬁgﬁure (475 ul
Excel', 25 gl ESCORT). The monolayers of a 6 well plate of Sf9 cells were washed with a volume of 2
ml of Excel" twice leaving the media on the cells after the second wash. After aspirating the wash"
media. 0.8 ml of Excell was added to each well of the 6 well plate before adding 0.2 ml of the
transfection MRARE HREGHAT BrREwHansRien prvdsdones sepofcagysercrssablrosses7s
incubated at SCQ}[]or 5 hqurs and then the transfection mixture was aspirated. The cells were washed
once a?fn?%ﬂ]ﬁ‘ 1y F%fnﬁgﬁffﬁﬁ WASHHUEH U NENBaIRY PP8estirn 2B amNgufEe atig iarvest the

transfections .and fix cells for 1FA, the sypernatant from transfected. Sf9 cells was aseptical
i e I S e RUB U AP BB SeSHTAg SR Op Eefd

asspcl WIL D3
harvested in a biosafety hood'an
AcetongMsioenel (a0l QNG PRANRG R, celipindhe ell, IR s ncubaled atroam,
temperature for inutes, the Tixative was removed and the dlate wak alfowed 1o air r?/ in the fume

hood beforg staringhe Rlalisiat A4C.06eoldeT IOnEYeRMAlEA, s  To test for expression of M2acl in

the 5f9 transfected cells, an indirectimmunofluorescent assay (IFA) was performed. The plate was
washed briefly igif? Bio- repydratenthefixadicellsangd.hebdhe RBS as irMoveAhaxt S0Q ul of the
primary antibody, aM2ac |, was added to the well and incubated for 1 hour at 37C. The primary
antibodikmastrgsoved and the well washed three times with PBS with the final wash being removed.
Next, 500 jfl of the secondary antibody, a rabbit FITC 1:500 in PBS, was added to the well and
incubated for 1 hour at 37C before removing the secondary antibody and washing the well three times
with PBS and removing the final wash. Next, the well was coated with about 0.5 ml of Glycerol:Water
(50:50) and the excess Glycerol:Water was removed so that the cell layer could be observed with an
inverted UV light microscope. To find a clone of baculovirus-infected Sf9 cells, a limiting dilution of
baculovirus was performed on paBsagepsiondbtbecBiswBrieRizut0stold dilutions of baculovirus material
into TNMFH was performed. Just before perfouning the dilution, the baculovirus material was vortexed
briefly to enskigutevhd iniketiaiesrariyAlySH selinitiasded vd i IRF R4S bertontadsyspipetingtld 1 ml of
the baculovirus into 0.9 ml of TNM-FH and vortexing briefly to mix. The 10-2 dilution was performed by
mpettifgPBih2itoF k8 ¥4 diluted baculovirus into 0.9 ml of TNM-FH and WO
2009/088950PCT/1J52008/088678 vortex ng briefly to mix. The 10-3 dilution was perfoLtned by
pipetting 1 mFe#thR 1§ PAngtaR v cliselt et e witbPRUAASE PagHPVErESHECH etk o Rsix. The
1014 and.%%c‘p subsequent dilution (up to 10i7) was performed by sequentially pipetting 1 ml of the 10
-3 dilutaéndlbacu?o%%%l’into 9 ml of TNIM-FH and vortexing briefly to mix. The diluted baculovirus
material was added to as many wells.of the 96.well, plate %'ilal . The plates were stacked and
placed into a%‘i?ggczﬁ?o?l @érq%%d \rl}:{dp ﬁ%%t?% édné?c;g Vﬁ h%ﬁagér)'k. u%'{il::crl%rl?gf’al1~ Eséar%]‘fé%ﬁa%ae{sted
from the wells after -7 days. To fix the cells and stain the 1VI2ae 1 ORF2 plates for viewing under
UV light, the supernatant was aseptically transferred into a new 96 well plate using a multi-channel
pipettor and gigyile iglgegﬁw@@amg%%%@mg kPR SHRELRYRALCANANING PIAISS; fANRe Apred at
4C for short term storage or at -70C for long-term storage. The remaining Sf9 cells in the well had 200
ul of cqldifcetone:Methanol (50:50) added thereto and this was incubated at room temperature for 10
minutes. The fixative was removed and the plate was air dried in the fume hood before washing the
plate briefly iFigBSiiatehysirale: thauftxas: cells2 ThsIPRpwastheoremeoediand 1080 of infliyenza A
M2 (14C2) (Santa Cruz Biotech) was added to the well and incubated for 1 hour at 37C. The primary
antibogyewasithenldethexeach sad thsbivelb wasmashes treertimes with PBS with the final wash being
removed. Next, 100 id of the secondary antibody, goat mouse FITC, was added to the well and
incubated forFighdanst B cFingh ¢ edWdscyrdnitibadywvadsithéRiieiNe drandhithe well was washed
three times with PBS with the final wash being removed. The well was coated with about 0.5 ml of
Glycerol:WatEig5h 503 beforesiesravidg hiclexcans@yderoll WRES-ERY plaseinsing the cell layer with an
inverted UV microscope.
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A single M2ael ORF2 PCV2 baculovirus was isolated by limiting dilution of passage 1 on 96 well Sf9
plates, passage 52. Briefly, 10 fold dilutions of the baculovirus material into TNM-FI-1 WO
2009/088950PCT/US2008/088678 was performed. Just before perfouning the dilution, the baculovirus
material Wa?FQO%’f%%é%%gﬁﬁefly to ensure it was mixed thoroughly. The initi (Slo e il TS performed
by pipetting 0.1 ml of the baculovirus into 0.9 ml of TNM-FH and vortexing briefly to mix. The 1012
dilution was performed by pipetting 0.1 ml of the 10 -1 diluted baculovirus into 0.9 ml of TNM-FH and
vortexing briefly to mix. The 1013 dilution was performed by pipetting 0.1 ml of the 10 -2 diluted
baculovinis ift&ohif & IR 28 Tsriking DREHyseRReCTHEN o2 anidhestrhs s issrtlettdilution
(up to 1016) was performed by sequentially pipetting 0.1 ml of the preceeding (e.g. 10 -3 for the 104
dilutioA§ Hilt88 Beulovirus into 0.9 ml of TNM-FFI and vortexing briefly to mix. The 10- 7 dilution was

performed by, pipetting 1 ml of the 10.dil Ee\g b virus into 9. ml of TNM-FH, and vor riefly to
. The 10 BB ASEHEI el by G Lere 1 HTGF e BB B o

TNM-EH and vartexing briefly to mix. Next, 0.1 ml of the 10 -7 and 10 -8 diluted baculovirus material
was a&%lg%o%cégs‘ﬁ%ﬁl%%é%gﬁ the 96 well plate as possible. The plates were stacked and placed into
a large zip-lofgoAnd.nguhatad abe4 1pdhe dirks upRmAIants are LeANESII ibe wels
after 4-7 days. To perform IFA on the i07 and 10 -8 limiting dilutions. the Sf9 cells were fixed and
staineq iprdelgglthgdresence of M2ael ORF2 PC V2 transfected cells. Briefly, the supernatant was
aseptically transferred i.nto a new 96 well plate using a multi-channel pipettor and sterile filter tips in a
biosafety hood. The supernatant-containing plates can be stored at 4C for short term storage or at
-70C for long-term storage. The remaining Sf9 cells in the well had 200 RI of cold Acetone:Methanol
(50:50) added therptorandimswas Rieahated atmasrrREMPRFE e XoRGOMIAMES. The fixative was
removed and the plate was air dried in the fume hood before washing the plate briefly in PBS to
rchydratc theTixedgelisiglhaRBS wasdhie preémnededaanch 1 Q0 Rirofdhe@rimanoatitibodyiHnflenza A
M2 (14C2) (Santa Cruz Biotech), was added to the well and WO 2009/088950PCT/US2008/088678
incubapecfor hhvotirat 37 6. THe: priduasipanhtibody washthehesempyediend thewelbivhs waghéd three
times with PBS with the final wash being removed. Next, 100 pl of the secondary antibody, goat
mouselftEtigagriddad uythiavdirandsineibaeedersret BIimBMB7OIThehsersidhppanstivody was
then removed and the well was washed three times with PBS with the final wash being removed. The
well Wit/ e¥dt_d with about 0.5 ml of Glycerol:Water (50:50) before remo the excess Glycerol: Water
and observing the cell layer with an inverted UV microscope. The results were positive. To amplify
the M2ael ORF2 PCV2 from the limiting dilutions above, supernatant was used. Briefly, the
methodology added 100 pl of the respective yj ) %tiingle well of a 6 well plate of Sf9 cells before
placing the plate at 28C in the dark. The suﬂé&ﬁ%ﬁ[{ uld be harvested and cell layer fixed 4-7 days
later. Selected M2ael internal PCV2 ORF2 baculovirus were then subjected to limiting dilution
amplification harvest and 519 cell fixation. Briefly, supernatant from transfected Sf9 cells was
aseptiqally harvested.in g biosafety hood and transferred into a 2.0 ml cryovial before adding 1 ml of
cold Acetone:Methanol (50:50) to the remaining SP) cells in the well, This was incubated at room
temperaiyregfar.10.minutes, fhgfixative was removed and the plate was allowed to air dry in the fume
hood before storing the plate at 4C or colder for eventual IFA.

The amino acid sequence of  the CSL 30-mer peptide is

AINGGGATLPQKLYLTPNVLTAGFAPYIGY (SEQ ID NO. 1). This 30-mer amino acid sequence was
reverse translated into nucleotide sequence using the optimal codon usage for Drosophila. A
complementary primer sequence matching the 3° end of the ORF2 gene plus the nucleotide

sequence for the CSL 30-mer was synthesized.



Results The presence of the M2ael fragment was confirmed and its immunogenicity or
antigenicity detectable using the above-referenced methods. WO 2009/088950PCT/US2008/088678
EXAMPLE 6 This example demonstrates that the Influenza A M2ael region can be inserted as an
amino tail to tREBERFPBRF2 VLP. M2ael 24-mer with 3'- Kpnl The affinG 3G g% (&nce of the
M2ael 24-mer is MSLLTEVETPIRNEWGCRCNDSSD (SEQ ID NO. 6). The M2ael 24 amino acid
sequence was reverse translated into nucleotide sequence using the optimal codon usage for
Drosophlla Usmg specific oligonucleotide primers, PCR was performed to add a 3'-Kpnl restriction

enzy -M2ael coding reglon Introduction of Kpnl restriction site onto the 5'-end of the
PCV2 OREZ2 coding.regig _ g specific oligonucleotide primers, PCR was performed to add a
Kpnl réstrie

PO 8 BYG PRF 508 L51SLR gy - Joining of amino

L-PCV2CSL primer (SEQ 1D NO.3)

5
AGATCTACACGCCGATGTAGGGGGCCGAAGCCGGCGGTCAGCACGTTGGGGGTCAGGT
ACA

GCTTCTGGGGCAGGGTGGCGCCOGLCGCC GTTGATGGCGGGTTCAAC TGOGGGGGTCTTT
AA-3

PCR of PCV2 ORF2 with C-terminal CSL tail

The PCV2 ORF2 gene that had been previously cloned in the pGEM-T Easy plasmid
(Promega) served as the template for the PCR reaction, and was mixed with Amplitag Gold
(Applied Biosystems) and the PCV2-5-HA and L-PCV2CSL primers. The PCR reaction was
heated to 94°C for 10 minutes, The PCR reaction then proceeded through 40 cycles of 94°C for 30
seconds, 40°C for 30 seconds, and 72°C for 1 minute. The PCR cycle was compieted foliowing a
finai cycle of 72°C for 10 munutes. The PCV2 ORF2 CSL PCR product was visualized by agarose
gel efectrophoresis. The PCR product was purified from the gel and ligated into the pGEM-T Easy
cloning vector, transformed into DHS o £ coli competent cells, and screened for ampiciliin
resistance.  Transformed colonies were used to inoculate 3 ml of LB broth with ampicillin and
grown overnight at 37°C. A 1.5 ml aliquot of the overnight culture was harvested by centrifugation
and plasmid DNA extracted by the Qiagen Mini-Prep plasmud kit. The purified plasmid DNA was

| then verified by dideoxynucleotide sequencing.

The PCV2 ORF2 CSL gene was excised from the pGEM-T Easy plasmid by digestion with

the restriction enzymes BamH]I and Notl and ligated into the baculovirus transfer vector, pVL 1393,

26



Using standard molecular biology methods, the M2ael-Kpnl region was cloned into the 5'- end Kpnl
site of the PCV2 ORF2 gene (SEQ ID NO. 12). The Amino M2ael PCV2 012172 region was then
cloned into the baculovirus transfer vector, pV1,1393. The resulting Amino M2ac1PCV2 ORF2
IpVL1393 plE A UBE Men purified using the Qiagen Mini-Prep plasmid R{EFGPEUSLEETENt use in
transfection. Generation of recombinant baculovirus containing the PCV2 ORF2 with M2ael tail

The Amino M2aelPCV2 ORF2 /pVL1393 plasmid and the DiamondBact linearized baculovirus DNA
(Sigma) were cotransfccted into Sf9 insect cells using the ESCORT transfection WO
2009/088ETRIENITE2G08RIBBE T e X G A T Signm rspstheu reafiogesimhthe Aiager ddidseium was
removed and the transfected cells were then gently washed, replenished with media, and incubated at
27C. FREHAY KR8 S e PP SUS i taREebMaining the generated recombinant baculovirus was
harvested and stored at 4C. The remaining transfected Sf9 cells were fixed with acetone:methanol and
used in immunofluorescence assay (IFA) with the anti-Influenza A M2 monoclonal antibody 14C2 to
verity the expisseion ol ine Maael eaion lianstecten SIPCelisy ey JUP hafvested PCV2 ORF2 amino
M2ael Bacutovirus DB supernatant was used for generatiom ot virt K material. Immunological
detection of PYSERE RMNHAAR 1305 VIR ARG %?%ﬁ&;/éf@@%&%@%&/ FaiRh2-gmino

M2aelBaculovirus DB-infected Sf9 cells was previously confirme owever, as'a means to

further senfing; the, pxREessignRfM2achalons Wil P CYR RRf zﬁ”ﬂ%ﬂ“ﬁ@%&&ﬁ%ﬂ%@éﬁﬁ amino

M2ael harvested supernatant from baculovirus-infected insect cell cultures was performe Briefly,

harvestegd:supesnatant-from paculevirusrinfaciadinggast sell culres wasHhlotied.onto R¥DF.

membranes and the presence of PCV2 ORF2 and/or M2ael antigens were tested in an immunoblot.

The pritaryzantibedies useditoidmmunoblat deteglionafREY 20RR2 weke the, anieC VR @RF2
monoclonal antibody 6C4-2-4A3-5D10 and purified swine anti-PCV2 ORF2 IgG. The primary
antibodigmsea fesimmupeiiokdeiastion-ohMiagwrigshe antizMarmenacenabantinofly Ide2 (Santa
Cruz Biotechnology, Inc.) and swine anti-M2aeC5 serum. The respective secondary antibodies used in
the immumohiet werdiRPSiBheledvgeatast-wouse ©apjugaieansd: g eatbntirawing tanjtigaie: Opti-4(N
substrate (BioRad) was used for cobo etric detection on the immunoblots. The immunoblots revealed
the presemc8ioh DRESwnd M2aR( V2 antiserum to verify expression of PCV2 ORF2 in the transfected

cells.
The harvested PCV2 ORF2 CSL recombinant baculovirus supernatant was plague purified

on Sf9 cells prior to generation of virus stocks.

Visualization and inmunological detection of the chimeric PCV2 ORF2 CSL (PCV2 ORF2 gene

fused with the CSL 30-mer as a C-terminal tail}),

IFA was performed on transfected S cells for detection of PCV2 ORF2, HSHA or HTHA
antigen. Materials included a fixed 6-well plate, swine anti-PCV2, chicken anti-H3 and anti-H7,
goat-chicken FITC, goat o-chicken FITC, rabbit a-swine FITC, 1xPBS, and glycerol (50:50). Sf9
cells were fixed in a 6-well plate and rinsed with 1xPBS. Two ml of PBS was left on cach well.
Twenty microliters of swine anti-PCV2 was added to untransfected S9 cell wells, the PCV2

ORF2-HA transfected well, and the PCV2 ORF2 CSL transfected well, The alpha PCV2 serum



WO 2009/088950PCIMS2008/088678 We claim: 1.An immunogenic composition comprising: an
amino acid segment from PCV2; and a foreign amino acid segment attached to said PCV2 amino acid

segment, said foreign amino acid segment being from an organism other than PCV2. The composition
of claim 1, s%if Eﬁ%sg?ﬁino acid segment comprising open reading framt& 3V 8% Sosition of
claim 2, said PCV2 amino acid segment having at least 80% sequence homology with SEQ ID NO. 10.
4. The composition of claim 1, said foreign ammo acid segment being derived from a pathogen that
produces clinical, ﬁ]atholvogical, and/or histopathological si?ns of infection after administration to an

animal™a5. # fid <8 %%ﬁ]f?é}n ORERlHS ﬂaééiﬂif&%f@%ﬁo ad8 %‘é‘ﬁ?ﬁ%ﬁ‘tf Eéiﬂﬁf"aét&?t&ﬁféasgﬁarately
g AR By i Ay SPBUM 67 L T Bgh A R Soantive TR CBFABGSifon of
claim Qv(fe ﬁign Stﬁgsﬁggm%lasnls 12 quc LO zgsaeltb%qf'tei:poﬁlig giate was again swirled to mix. The plate was

incubated at 37° Celsius for one hour. The primary antibody solution was removed. Next, the well

was washed three times with PBS and removed for the final wash. Two ml’s of PBS was added to

cach well. Next, twenty ml’s of rabbit a-swine was added to the wells with primary PCV2 antisera,

and mixed together. Next, twenty ml’s of goat e~chicken FITC was added to the wells and treated

with primary chicken sera and mixed. These were incubated at 37° Celsius for one hour. The FITC

solution was removed and they were washed three times with PBS. The final wash was removed.

Next, one ml of the glycerol was added to cach well and the excess was removed by a flick of the

wrist. Each well was then observed for specific fluorescence. The results indicate that HSHA

recombinant baculovirus was generated, as was the PCV2 ORF2-HA and CSL recombinant.

EXAMPLE 2
Expression analysis of ORF2Z-CSL from baculovirus-infected SF+ cells (sample 070).

Materials and Methods:

Samples (pellet and supernatant) of baculovirus-infected SF+ cells were collected at 96,
120, and 144 hours for analysis of ORF2-CSL from these baculovirus-infected SF+ cells. The
following procedure was applied to each sample: The SF+ cell samples were thawed and the
supernatant was removed. The pellet was resuspended in 200 pl of 100mM NaHCOs, pH 8.3, and
pipetted up and down to mix. The sample was then allowed to sit for 30 min at room temperature

(about 25-30°C). The sample was then centrifuged for 2 minutes at 20,000xg at 4°C. The
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WO 2009/088950PCT/US2008/088678 8. The composition of claim 1, said foreign amino acid
segment retaining at least 80% of its immunological properties in comparison to the same amino acid
segment that is not attached to PCV2. 9. The composition of claim 1, said composition inducing an
immunologi&?r’é’gffgﬁgéoin an animal receiving an administration thereofpﬂj‘:ﬁ%%%%mégtion of claim
9, said immunological response being specific to said foreign amino acid segment. 1. The composition
of claim 9, said immunological response being sufficient to reduce the incidence of or lessen the
severity of clinical, pathological, and/or histopathological signs of infection. 12. The composition of

claim PUBSHRALATAERAEFATBRIAY Sateclmrlet SreearsRRitanh e SUiEammple was stored on'ice at
about 4°C.

The bicarbonate lysate of the pellet and the supernatant samples were then subjected to SDS
Polyacrylamide Cell Electrophoresis (SDS-PAGE) analysis on 10% Bis-Tris gel in MOPS buffer.
15 pl of each pellet bicarbonate lysate and 20 ul of cach supernatant sample were loaded onto the
gel in their respective assigned lanes. Lane 1 contained the 10 kDa marker. Lane 2 contained the
NaHCO;5 lysate of pellet from the 96 hr sample. Lanc 3 contained the NaHCO; lysate of pellet
from the 120 hr sample. Lane 4 contained the NaHCO; lysate of pellet from the 144 hr sample.
Lane 5 contained the supernatant from the 96 hr sample. Lane 6 contained the supernatant from the
120 hr sample. Lane 7 contained the supernatant from the 144 hr sample. And Lane 8 contained 20

wl of unaltered ORF2 to act as the control. The results for the gel are depicted in Fig. 2.

Results:

Lanes, 2, 3, and 4, which contained the bicarbonate iysate of pellets from the 96, 120 and
144 hour samples respectively, clearly demonstrated the expression of ORF2-CSL. The results
suggest that ORF2-CSL 15 indeed expressed from the new baculovirus construct. ORF2-CSL is
estimated to be about 3 kDa larger than ORF2, and the molecular weight observed, is consistent
with that estimation. Additionally, ORF2-CSL was observed to be present in Lanes 6, and 7, which
contained the supernatant of the 120hr and 144hr samples, with the presence being much stronger
in the 144 hr sample. The fact that ORF2-CSL was observed emerging over time in the supernatant

suggests that the virus-like-particie (VLP) structure of ORF2 is still iargely intact.

EXAMPLE 3



PCV2 amino acid segment. 13. The composition of claim |, said attachment being at a point between
the amino and the carboxyl tellinns of the PCV2 amino acid segment. WO
2009/088950PCT/US2008/088678 14.The composition of claim 1, said foreign amino acid segment
being deriveld f3MP4R%STEanism selected from the group consisting of CriStbEFEAEFRSHaNtum, swine
influenza, and combinations thereof 15,The composition of claim 14, said foreign amino acid segment
having at least 80% sequence homology with a sequence selected from the group consisting of SEQ
ID NOS. 1 and 6. 16. The composition of claim 14, said composition reducing the incidence of or
severit%ﬁﬁ%i&%%ﬂ@%osporidium parvum swine influenza, and combinations thereof

This example demonstrates Spot Blot analysis of ORF2, ORF2-CSL, and CSL peptide with
pre- and post-immune rabbit serum, and swine anti-PCV2 serum. Three protein samples were used
in this example: Standard ORF2 protein, CSL peptide and ORF2-CSL bicarbonate lysate pellet
from baculovirus-infected SF+ cells 144hr post infection. 5 pl of each protein sample was spotted
onto a piece of nitrocellulose in a row, and each spot was labeled. This process was repeated three
times, resulting in three identically spottcd.pieces of nitrocellulose containing one spot from each
protein sample (three spots total). Each spot blot was allowed to dry, and then was incubated for at
least I hr in about 50 ml TTBS + 2% dry milk (w/v). The membranes were then incubated with the
primary antibodies. The first nitrocellulose piece was incubated (blotted) with swine anti-PCV2
serum diluted 1:100 in TTBS + 2% dry milk for 1 hour. The second nitrocellulose piece was
incubated (blotted) with rabbit pre-immunc scrum diluted 1:200 in TTBS + 2% dry milk for | hour.
The third nitrocellulose piece was incubated (blotted) with rabbit post-immune serum diluted 1:200
in TTBS + 2% dry milk for 1 hour.

Each biot was washed three times for two minutes with TTBS (ix TBS plus 0.03%
Tween20, prepared fresh). The TBS wash was formulated by adding 200 ml 1 M Tris, pH & to
292.2g NaCl, the pH was adjusted to 7.4 with HCI, the solution was brought to a total volume of 1
L by adding water (gs), and the filter was sterilized. After washing, the membranes were then
incubated with secondary antibodies. The first nitrocellulose picce was incubated with goat anti-
swine-HRP diluted 1:1000 in TTBS + 2% dry milk for 1 hour. The second nitrocellulose piece was
incubated with goat anti-rabbit-HRP diluted 1:1000 in TTBS + 2% dry milk for 1 hour. The third
nitrocellulose picce was incubated with goat anti-rabbit-HRP diluted 1:1000 in TTBS + 2% dry

milk for 1 hour. Each blot was then washed two times for two minutes with TTBS, and then
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17. The composition of claim 1, said foreign amino acid segment having a length of about 8 to about
200 amino acids. 18. The composition of claim 1, further comprising an ingredient selected from the
group consisting of adéuvants, pharmaceutical acceptable carriers, protectants, stabilizinég agents, and
combination‘g[(txr?@lgé)’gl8 ¥ An expression vector comprising: vector DNA,; EhHORIAPGERREd from a first
organism species; and DNA derived from a second organism species, wherein said first and second
species are different from one another and different from the organism species from which the vector

DNA was derived. ' WO_2009/088950PCT/1JS2008/088678 20. The expression vector of claim 19,
said vé’&%ﬁqeﬁlﬁﬂcb@ﬂb h v BuRYRsVIER PBS (10x PBS 11). The PBS wash was formulated by

adding 0.96 g Nakl;PO, (monobasic) anhydrous to 13.1 g NaH,PO, (dibasic) anhydrous and 87.7 g
NaCl, the mixture was dissolved in water, and the pH was adjusted to 7.4 with HCL, the solution
was s to 1 L, and the filter was sterilized.

10 ml of Opt-2CN substrate was then added to each blot, and allowed to develop for less
than about 5 minutes. The blots were each rinsed with water to stop the process, and analyzed.

Results for the Spot Blot can be seen in Fig, 3.

Results:

Both ORF2 and ORF2-CSL reacted with swine anti-PCV?2 serum, on the first nitrocellulose
piece, indicating that the ORF2 portion of ORF2-CSL is structurally intact. The results from the
sccond nitrocellulose piece indicate that ORF2-CLS also reacts with rabbit pre-immunc serum. The
results from the third nitroceliulose also suggest that the CSL portion of ORF2-CSL is as expected
(structurally intact) because it reacts with rabbit post-immune serum. The reactivity with CSL
peptide by rabbit post-immune serum and not pre-immune serum or anti-PCV2 serum also
confirms the specificity of the CSL reactivity in the post-immune serum. Taken together, these

results strongly indicate that the CSL peptide is being expressed as a fusion protein with ORF2.

EXAMPLE 4
Western Blot

Materials and Methods:

This Example demonstrates Western Blot analysis of ORF2 and ORF2-CSL pellet and

supernatant from baculovirus-infected SF+ cells 144hr post infection with rabbit post-immune



21. The expression vector of claim 19, said first organism species being PCV2. 22. The expression
vector of claim 19, said DNA derived from a first organism species being from PCV2 ORF2. 23. The
expression vector of claim 20, said PCV2 ORF2 DNA having at least 80% sequence homology with
SEQ TD NOV?. B¥/4%i&&xpression vector of claim 21, said DNA from a $ECEHPURESEH species
encoding an amino acid segment that induces an immunological response in an animal receiving an
administration thereof. 25. The expression vector of claim 24, said immunological response reducing
the incidence of or severity of clinical, pathological, or histopathological signs of infection from said first
organiSATEhedits PEURIPSEEB B oYgEnTehicsise de S DanB G R Biahtiohenti Bre bt sShisTerd ExHeBSion
vector of claim 19, said DNA from a second species being selected from the group consisting of

CryptalPBrdilCoRIfAE ERs, SR ESmBIRtbAY HiERs ot G226 0o AIBEIRSPETHDS 25087088678

Lane 2 contained a pre-stained marker. Lane 3 contained ORF2-CSL bicarbonate lysate pellet from
144hr post infection baculovirus infected SE+ celis. Lane 4 contained ORF2-CSL supernatant from
the same sample. Lane 5 contained standard ORF2 protein sample. After SDS-PAGE, the proteins
were transferred electrophoretically (30 V constant for more than about 1 hour) from the gel to a
Polyvinylidene Difluoride (PVDF) membrane in a Novex Blot Module (Novex; San Diego, CA).
After fransblotting, the sample lanes were incubated at least 1 hour in about 50 ml TTBS + 2% dry
milk. The blot was then cut into two replicate blots. One was incubated/biotted with the primary
antibody, rabbit post-mnmune serum diluted 1:200 in TTBS + 2% dry milk for one hour, and the
other was dried and stained to show total protein profiles. Results for the second blot can be seen
in Fig. 4B.

The first blot was then washed three times for 2 minutes with TTBS (1x TBS plus 0.05%
Tween20, prepared fresh). The blot was then mcubated with the secondary antibody, goat anti-
rabbit-HRP diluted 1:1000 in TTBS + 2% dry milk for ! hour. After incubation, the blot was
washed two times for two minutes with TTBS (1x TBS plus 0.05% Tween20, prepared fresh) and
one time for two minutes with PBS. The blot was then visualized using 10 ml Opti-4CN substrate,
atlowing the blot to develop for less than about 5 minutes. The blot was rinsed with water to stop

the process and analyzed. Results for this blot can be seen in Fig. 4A.

EXAMPLE 35
This example generates a PCV2 ORF2 VLP with an in-frame insertion of 24 amino acids of

the Influenza M2ae region.

G
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27. The expression vector of claim 26, said DNA from a second species encoding an amino acid
segment selected from the group consisting of SEQ ID NOS. 1 and 6. 28. A method of producing
antigen co ﬁrlsm@ the steps of: combining DNA encoding said antigen with PCV2 DNA to produce a
combined D 84, expressing said combined DNA insert in an %Tgssgl@ﬁ Wém 29. The
method of claim 28, sald antigen having a length of about 8- 200 amino acids. 30. The method of
claim 28, said antigen being derived from an organism species different. from PCV2. 31. The method
of claim 30, said organism species being selected from the group consisting o Cyptosporidium pannim,
swine ﬁ%é%%ﬂﬂ%%@ﬁﬂ&natlons thereof 32. The method of claim 28, said antigen having an amino

acid sequence having at least 80% sequence homology with a sequence selected from the group
conssW&Wf@@% and 2. 33. The method of claim 28, said P0.72 DNA being ORF2. 34.

The method of i 33, sgid QRE2 DNA IR0 31 east BOXSIHRDESIRRARBAHIERSEGHD NO- 7

(SEQ 1D NO. 6). The M2ael 24 amino acid sequence was reverse translated into its nucleotide
sequence using the optimal codon usage for Drosophila. PCR was performed to add flanking Ascl

restriction enzyme sites to the M2ael coding region.

Introduction of Ascl resiriction site into PCV2 ORF?2 coding region

Using site-directed mutagenesis, the Ascl restriction enzyme site was introduced into the
coding region of PCV2 ORF2 (SEQ ID NO. 7) (refer to Figure 5). As shown in Figure 5, the
mtroduction of the Ascl site introduced two amino acid changes inte the PCV2 ORF2 coding
region, Y36W (Tyrosine to Tryptophan at amino acid position 36, replacing a neutral polar amino
acid with another neutral polar amino acid) and W38A (Tryptophan o Alanine at amino acid
position 38, replacing a neutral polar amino acid with a neutral non-polar amino acid) (SEQ 1D NO.

8).

Insertion of M2ael into the PCV2 ORF2 coding region

Refer to Figure 6 for a representation of the insertion of the MZael region into PCV2 ORF2
(SEQ ID NO. 9). Briefly, using standard molecular biology methods, the M2ael—A5§i region was
cloned nto the Ascl site of the PCV2 ORF2 gene in the baculovirus transfer vector, pV1.1393. The
resulting PCV2 ORF2 internal M2ael/pVL1393 (designated as A-34) plasmid was then purified

using the Qiagen Mini-Prep plasmid kit for subsequent use in transfection.

L
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35. The method of claim 28, said expression system comprising a Baculovirus expression system.
36. Use of an antigen expressed by the method of claim 28 in the preparation of a vaccine or an
immunogenic composition. 37. An antigen expressed by the method of claim 28 for use in a
vaccine or aW%%@H%&%‘hic composition. 38.The use of PCV2 ORF2 as %qi%%z-'ﬂ[wéﬁﬁ‘zﬁ?ﬁcle.
10-079_5T25 SEQUENCE LISTING <110> Boehringer Ingelheim Vetmedica, Inc. Vaughn, Eric
.Schaeffer, Merrill <120> PCV2 ORF2 VIRUS LIKE PARTICLE WITH FOREIGN AMINO ACID

INSERTION <130> 10-0079 <150> US 61/017,863 . o -
Generation of recombinant baculovirus containing the PCV2 ORF?2 with internal MQag:I

The A-34 PCV2 ORF2 internal M2acl/pVI1.1393 plasmid and the DiamondBac® linearized
baculovirus DNA (Sigma) were cotransfected into Sf9 insect cells using the ESCORT transfection
reagent (Sigma) for 5 hours at 28°C. The transfection medium was removed and the transfected
cells were then gently washed, replenished with media, and incubated at 27°C. Five days later, the
cell supernatant containing the generated recombinant baculovirus was harvested and stored at 4°C.
The remaining transfected Sf9 celis were fixed with acetone:methano! and used in
immunofiuorescence assay (IFA) with the anti-Influenza A M2 monoclonal antibody 14C2 1o
verify the expression of the M2ael region transfected Sf9cells. The sequence of the expressed
chimeric protein comprising PCV2 ORF2 and the internal M2ael segment is provided herein as
SEQ ID NO. 11.

The harvested A-34 M2aeci ORF2 PCV2 Baculovirus DB supernatant was subsequently

purified by limiting difution on S£9 cells prior to generation of virus stock material.

Immunelogical detection of PCV2 ORF2 with internal M2ae]

Verification of M2ael expression in A-34 M2ael ORF2 PCV2 Baculovirus DB-infected
Sf9 cells was previously confirmed by IFA. However, as a means to further confirm the expression
of M2ael along with PCV2 ORF2, an immunoblot on PCV2 ORF2 intemal M2ael harvested
supernatant from baculovirus-infected insect cell cultures was performed.

Briefly, harvested supernatant from baculovirus-infected insect cell cultures was blotted
onto PVDF membranes and the presence of PCV2 ORF2 and/or M2ael antigens were tested in an
immunoblot. The primary antibodies used for immunoblot detection of PCV2 ORF2 werc the anti-

PCV2 ORF2 monoclonal antibody 6C4-2-4A3-5D10 and purified swine anti-PCV2 ORF2 IgG.



<151> 2007-12-31 <160> 13 <170> Patentln version 3.5 <210> 1 <211> 30 <212> PRT <213>
Cryptosporidium parvum <400> 1 Ala lle Asn Gly Gly Gly Ala Thr Leu Pro Gin Lys Leu Tyr Leu Thr

151015 Pro Asn Val Leu Thr Ala Gly Phe Ala Pro Tyr lle Gly Val
WO 2009/088950 PCT/US2008/088678

The primary aﬁtibodies used for iﬁununob]ot detection of M2aelwere the anti-M2 monoclonal
antibody 14C2 (Santa Cruz Biotechnology, Inc.) and swine anti-M2aeC5 serum. The respective
secondary antibodies used in the immunoblot were HRP-labeled goat anti-mouse conjugate and
goat-anti-swine conjugate. Opti-4CN substrate (BioRad) was used for colorimetric detection on the
immunoblots. The immunoblots revealed the presence of the PCV2 ORF2 and M2ac] antigens.

This materials and methods used for this example are described in greater detail below:

Materials and Methods:

For plasmid purification, the QlAprep Spin MiniPrep (QIAGEN, Gaithersburg, MD) was
used and manufacturer’s protocol was followed. Briefly, 1.5ml of culture was pelleted for 1 minute
at 14,000 rpm. The supernatant was discarded before repeating the pelleting procedure and
discarding the supernatant again. The pellet was reconstituted in 250pl of buffer P1 and added to
250pl of buffer P2, which was then mixed by inversion. Next, 350ul of buffer N3 was added and
mixed by inversion before being spun at 14,000rpm for 10 minutes. The supernatant was
transferred to the QIAprep spin column in a collection tube, spun at 14,000 rpm for 60 seconds, the
flow through was discarded and the column reassembled. Next, 750ul of buffer PE was added and
spun at 14,000 for 60 seconds, the flow through was discarded and the column recassembled. The
coiumn was spun at 14,000 rpm for | minute in order to dry it, and then the column was transferred
to a new 1.5 ml tube. Finally, 50ul of HoO was added, incubated at room temperature for [ minute
and then spun at 14,000 rpm for 1 minute before discarding the column.

To cut, purify, and ligate the M2ae! fragment, a restriction digestion was performed using
New England Biolabs (Ipswich, MA) product and procedure, Bricfly, 6 ul of New England Biolabs

Buffer 4, 49 ul of DNA, and § ul of Ascl was mixed together in a 600 pl centrifuge tube. The tube



202530 <210> 2 <211> 21 <212> DNA <213> Porcine circovirus <220> <221> misc_feature <223>
Primer <400> 2 tggatccgcc atgacgtatc c21 <210> 3 <211> 120 <212> DNA <213> Artificial Sequence

WO 2009/088950 PCT/US2008/688678

was incubated at 37°C for 1 hour.before addiﬁg 3 ul of 6X loading dyc to each tube and shaking
well. The reactions were then loaded on a 1.5% agarose gel that was run at about 100 volts for 60
minutes before photographing or scanning the gel. The desired band was excised from the gel and
placed i a 1.5 mi centrifuge tube before adding 10 ul of Membrane Binding solution per 10mg of
gel slice. This was vortexed and incubated at 50-65°C until the gel was compietely dissolved. The
mini column was inserted into a collection tube and the prepared DNA was transferred to the
columm assembly. This was incubated at room temperature for 1 minutc and centrifuged at 14,000
rpm for 1 minute before discarding the flow through. The washing step consisted of adding 700 pl
of membrane wash solution, centrifuging at 14,000 rpm for 1 minute, discarding the flow-through,
adding 500 ul of the membrane wash solution, centrifuging at 14,000 for 5 minutes, discarding the
flow through, and then recentrifuging for 1 minute at 14,000 rpm with the lid open to dry the
membrane. The elution step consisted of transferring the mini column to a 1.5 ml centrifuge tubc,
adding 50 ul of nuclease-free H,O, incubating at room temperature for 1 minute, centrifuging for 1
minute at 14,000 rpm, discarding the column, and storing at -20°C for future use.

The Ligation reaction (1) was performed by mixing 1 pl of the ORF2-Ascl PVL1393
vector, 7 ul of the M2ael insert, 1 ul of the 10X Ligation buffer, and 1ul of T-4 DNA Ligasc in a
0.5 mi microfuge tube. This was incubated over the weekend at 4°C.

The transformation of M2ael/Ascl-Orf2-PVL1393 (transformation 1) and religation of the
MZael segment was performed using conventional protocols. Briefly, Max Effc Competent DHSx
Cells were thawed on 1ce and 50 pl per reaction was transferred to 17 x 100 mm pp Falcon tubes.
The extra cells were refrozen in an EtOH/dry ice bath. Next, 2ul of the ligation reaction 1 was
added to the celis and incubated on ice for 30 minutes before heat shocking the cells at exactly

42°C for exactly 45 seconds. The tubes were returned to ice for 2 minutes before adding 950 ul



<220> <223> Primer <400> 3 agatctacac gccgatgtag ggggcgaagc cggcggtcag cacgttgggg
gtcaggtaca60 gcttctgggg cagggtggceg ccgecgecgt tgatggeggg ttcaagtggg gggtctttaal20 <210> 4 <211>

806 <212> DNA <213> Artificial Sequence <220>
WO 2009/088950 PCT/US2008/088678

- SOC and incubating at 37°C for 1 hour with about 225 rpm shaking. Then, 50 and 200 pl aliquots
were spread on LB and CIX which were inverted and incubated overnight at 37°C overnight.

The Ligation reaction (2) to religate the M2ael was performed by mixing 1 ul of the Ascl
PVL1393 vector, 7 ul of the concentrated M2ael insert, 1 ul of the 10X Ligation buffer, and 1ul of
T-4 DNA Ligase m a 0.5 ml microfuge tube. This was incubated overnight at 4°C,

To transform the concentrated M2ael/Ascl-ORF2-PVL1393 into the cells, transformation
reaction (2) was performed using conventional methods. Briefly, Max Effc Competent DHSx Cells
were thawed on ice and 50 pl per reaction was transferred to 17 x 100 mm pp Falcon tubes. The
extra cells were refrozen in an EtOH/dry ice bath. Next, 2ul of the ligation reaction 2 was added to
the cells and incubated on ice for 30 minutes before heat shocking the cells at exactly 42°C for
exactly 45 seconds. The tubes were returned to ice for 2 minutes before adding 950 ul SOC and
incubating at 37°C for 1 hour with about 225 rpm shaking. Then, 50 and 200 ul aliquots were
spread on LB and CIX which were inverted and incubated overnight at 37°C overnight.

To check the colonies for the desired clone, a PCR reaction was set up using the following
parameters and reagents: [ cycle at 95°C for 5 minutes, 35 cycles at 95°C for 15 seconds, 35 cycles
at 50°C for 15 seconds, 35 cyeles at 72°C for 60 seconds, 1 cycle at 72°C for 5 minutes and [ cycle
at 4°C for infinity; 12.5 pl of 2X Amplitaq Gold Mastermix, 11.5 pl of Rnase/Dnase free water, 0.5
pl of primer pvl-U, 0.5 ul of primer gel-scrnL., and the selected colony. The comb(s) were removed
from a 48 well 2% agarose E-gel Cassette (Invitrogen). Exactly 10 ul of DEPC H,0 EMD was
loaded into each well and 10 pl of DNA marker and 10 pl of sample containing 6X loading dye
was added to the desired wells. The power button was pressed until the display read “EG.” Slide
onto the E-Gel Mother basc (a steady red light illuminates when inserted correctly) and press the

power button again (the light will turn to green to indicate the get is running). The gel was allowed



<223> PCV2 ORF2 with cryptospori <400> 4 tggatccgcc atgacgtatc caaggaggcg ccatcttgge cagatcctcc
gccgecgcecc ttggagaagg aaaaatggca tcttcaacac caaggctacc acagtcacaa cgccctcctg cgactttgtt
cccecgggag gggggaccaa aataagaaag gttaaggttg aattctggec agtgggctcc actgctgtta ttctagatga
ctatgaccca tHitaYeEHetcctcecyg cteccegttac ttcacaccea aacctgttct taacaa®add e Ag8ttSygctgaggct
cctcggcact gegttcgaaa acagtaaata gtatgtacaa ttcagagaat ttaatcttaa cggcggcgcec accctgcccc agaagctgta
cgccccctac atcggegtgt agatct <210>5 <211> 266 <212> PRT <213> Atrtificial Sequence <220> <223>

Translation of PCV2 ORE? with CSL tail <400> 5 Gly Ser Ala Met Thr Tyr Pro Arg Arg Arg Tyr Arg Arg
Arg Arp g for about 20 minutes. Selected colonies were then grown for MiniPrep by inoculating 3 m!

of LB broth and 6 ul CAR stock with a loopful of the selected colonies. This was then incubated
overnight at 37°C with shaking at about 225 rpm,

The plasmid was then purified using the QIAp'rep Spin MiniPrep kit according to
manufacturer’s instructions and as described above.

To start overnight cultu.re.é of M2ael/pGemT-casy sclected colonies for plasmid purification
and sequence analysis, a loopful of the selected colonies were then grown for MiniPrep by
inoculating 3 ml of LB broth and 6 ul CAR stock with the selected colonies. This was then
incubated overnight at 37°C with shaking at about 225 rpm. These were purified as described
above for the QIAprep Spin MiniPrep,

To excise the M2ael fragment, a restriction digestion was done according to New England
Biolabs conventional procedure. Briefly, 5 ul of New England Biolabs Buffer 4, 25 u! of DNA, 5
ul of Ascl, and 15 ul of H,O was mixed together in a 600 pl centrifuge tube. The tube was
incubated at 37°C for 1 hour before adding 3 pl of 6X loading dye to each tube and mixing well.
The reactions were then Joaded on a 1.5% agarose gel that was run at about 100 voits for 60
minutes before photographing or scanning the gel.

Next, the M2ael fragment was gel purified according to the QIAEX II Agarosc Gel
Extraction protocol (QIAGEN, QIAEX 1l Handbook 02/99) and ligated into PVI.1393 by ligation
reaction (3). Briefly, to ligate the M2ael into PVL1393, 2 ul of the PVL1393 vector, 6 ul of the
Ascl concentrated M2ael insert, 1 pl of the 10X Ligation buffer, and 1l of T-4 DNA Ligase were
mixed together in a (.5 ml microfuge tube and incubated overmight at 4°C.

To transform Jf.he Ascl-M2acl/PVI.1393 insert into DHSx cells, Max Effc Competent DHSx

Cells were thawed on ice and 50 ul per reaction was transferred to 17 x 100 mm pp Falcon tubes.



151015 Arg Pro Arg ser His Leu Gly GIn lle Leu Arg Arg Arg Pro Trp Leu 202530 val His Pro Arg His
Arg Tyr Arg Trp Arg Arg Lys Asn Gly lle Phe 354045 Asn Thr Arg Leu Ser Arg Thr Phe Gly Tyr Thr Val

Lys Ala Thr Thr 505560 Val Thr Thr Pro Ser Trp Ala Val Asp Met Met Arg Phe Asn lle Asp 65707580
Page 2 WO 2009/088950 PCT/US2008/088678

The extra cells were refrozen in an EtOH/dry ice bath. Next, 2ul of the ligation reaction 2 was
added to the cells and incubated on ice for 30 minutes before heat shocking the cells at exactly
42°C for exacﬂ.y 45 seconds. The tubes were reh;.med to ice for 2 minutes before adding 950 pf
SOC and iﬁcubatin.g at 37°C for | hour with about 225 rpm shaking, Then, 50 and 200 pl aliquots
were spread on LB and CIX which were inverted and incubated overnight at 37°C overnight,

To restriction cut the ORF2-Ascl-PVL1393 with Ascl, 2 ul of New England Biolabs Buffer
4,2.5 ul of DNA, 2 ul of Ascl, and 12.5 p! of H;O was mixed together in a 600 ul centrifuge tube.
The tube was incubated at 37°C for 1 hour before adding 3 ul of 6X loading dye to each tube and
mixing well. The reactions were then loaded on a 1.5% agarose gel that was run at about 100 volts
for 60 minutes before photographing or scanning the gel.

Next, the gel was purified, and a dephosphoralation reaction and another ligation reaction
were performed. The Gel purification followed the steps of the WIZARD SV Gel Clean-up.
Briefly, the mini column was inserted into a collection tube and the prepared DNA was transferred
to the column assembly. This was incubated at room temperature for 1 minute and centrifuged at
14,000 rpm for | minute before discarding the flow through. The washing step consisted of adding
700 pl of membrane wash solution, centrifuging at 14,000 rpm for 1 minute, discarding the flow-
through, adding 500 pl of the membrane wash solution, cenirifuging at 14,000 for 5 minutes,
discarding the flow through, and then recentrifuging for 1 minute at 14,000 rpm with the lid open to
dry the membrane. The elution step consisted of transferring the mini column to a 1.5 ml
centrifuge tube, adding 50 u! of nuclease-free H,Q, incubating at room temperature for 1 minute,
centrifuging for 1 minute at 14,000 rpm, discarding the column, and storing at -20°C for future use.
The dephosphoralation step comprised adding 2 pl of 10X SAP buffer to 16 pl of gel purified

plasmid, then adding 2 pl of SAP before incubating at 37°C for 15 minutes and then inactivating
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10-079_ST25 Asp Phe Val Pro Pro Gly Gly Gly Thr Asn Lys lle Ser lle Pro Phe 859095 Glu Tyr Tyr
Arg lle Arg Lys Val Lys Val Glu Phe Trp Pro Cys Ser 100105110 Pro lle Thr Gin Gly Asp Arg Gly Val
Gly Ser Thr Ala Val lle Leu 115120125 Asp Asp Asn Phe Val Thr Lys Ala Thr Ala Leu Thr Tyr Asp Pro
Tyr 13013548 X%/%& Y yr Ser Ser Arg His Thr lle Pro Gin Pro Phe Ser B§F/ERM¥8%68% 55160

the SAP at 65°C for 15 minutes. The ligation reaction was then performed by mixing 4 pl of the
Ascl-ORF2-PVLI393 vector, 12 ul of the Ascl cut M2ael insert, 2 p! of the 10X Ligation buffer,
and 2 pl of T-4 DNA Ligase were mixed together in a 0.5 ml microfuge tube and incubated
overnight at 4°C.

To transform the ligated vector and insert it into corﬁpetent DHSx’s fopr propagation and
future screening, Max Effc Competent DHSx Cells were thawed on ice and 50 ul per reaction was
transferred to 17 x 100 mm pp Falcon tubes. The extra cells were refrozen in an EtOH/dry ice bath.
Next, 2ul of the ligation reaction 2 was added to the cells and incubated on ice for 30 minutes
before heat shocking the cells at exactly 42°C for exactly 45 seconds. The tubes were returned to
ice for 2 minutes before adding 950 ul SOC and incubating at 37°C for 1 hour with about 225 rpm
shaking. Then, 50 and 200 ul aliquots were spread on LB and CIX which were inverted and
mcubated overnight at 37°C overnight.

To screen the fransformants for the presence of the desired insert, an Amplitag Gold PCR
reaction was performed using the following parameters and reagents: 1 cyele at 95°C for 5 minutes,
35 cycles at 95°C for 20 seconds, 35 cycles at 50°C for 20 seconds, 35 cycles at 72°C for 20
seconds, 1 cycle at 72°C for 5 minutes and 1 cycle at 4°C for infinity; 12.5 ul of 2X Amplitag Gold
Mastermix, 11.5 pl of Rnase/Dnase free water, 0.5 ul of primer pvl-U, 0.5 ul of primer acl scrnl,
and the selected colony. The comb(s) were removed from a 48 well 2% agarose E-gel Cassette
(Invitrogen). Exactly 7.5 ul of DEPC H;O EMD was loaded into each weli and 10 pl of DNA
marker and 10 pl of sample containing 6X loading dye was added to the desired wells. The power
button was pressed until the display read “EG.” Slide onto the E-Gel Mother base (a steady red
light illuminates when inserted correctly) and press the power button again (the light will tumn to

green to indicate the gel is running). The gel was allowed to run for about 20 minutes. Selected
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Ser Arg Tyr Phe Thr Pro Lys Pro val Leu Asp Ser Thr lle Asp Tyr 165170175 Phe Gin Pro Asn Asn
Lys Arg Asn Gin Leu Trp Leu Arg Leu Gin Thr 180185190 Ser Arg Asn Val Asp His Val Gly Leu Gly
Thr Ala Phe Glu Asn Ser 195200205 Lys Tyr Asp Gin Asp Tyr Asn lle Arg Val Thr Met Tyr val Gin Phe
210215220 XRYN{¥BH&Asn Leu Lys Asp Pro Pro Leu Glu Pro Ala lle A BRS2989%385240 Gly Gly
Ala Thr Leu Pro Gin Lys Leu Tyr Leu Thr Pro Asn val Leu

colonies were then grown for MiniPrep by inoculating 3 ml of LB broth and 6 ul CAR stock with a
loopful of the selecied colonics from the M2ael-Ascl/PVI1.1393 transformation. This was then
incubated overnight at 37°C with shaking at about 225 rpm. To purify the plasmids for sequence
analysis, the QlAprep Spin MiniPrep was used according to manufacturer’s instructions. Briefly,
1.5ml of culture was pelleted for 1 minute at 14,000 rpm. The supernatant was discarded before
repeating the pelleting procedure and discarding the supernatant again. The pellet was
reconstituted in 250ul of buffer P1 and added to 250ul of buffer P2, which was then mixed by
inversion. Next, 350ul of buffer N3 was added and mixed by inversion before being spun at
14,000rpm for 10 minutes. The supernatant was transferred to the QIAprep spin column in a
collection tube, spun at 14,000 rpm for 60 seconds, the {low through was discarded and the column
reassemblied. Next, 750ul of buffer PE was added and spun at 14,000 for 60 seconds, the flow
through was discarded and the column reassembled. The columm was spun at 14,000 rpm for 1
minute in order to dry it, and then the column was transferred to a new 1.5 ml tube. Finally, 50ul
of H,O was added, incubated at room temperature for 1 minute and then spun at 14,000 rpm for 1
minute before discarding the column.

To transfect sf9 insect cells with Baculovirus DNA, 964 u! FExcel Medium, 1 ul
DiamondBac Cur Virus DNA (1 pug/ul), and 3.6 ul of the recombinant transfer plasmid in pVI1.1393
(1 pg) were assembled in a sterile 6 m! polystyrene tube. A mastermix of ESCORT and Excell
1:20 and add 100 pl to each polystyrene tube before incubating at room temp for 15 min to make
the transfection mixture (475 pl Excell, 25 pl ESCORT). The monolayers of a 6 well plate of Sf9
cells were washed with a volume of 2 ml of Excell twice leaving the media on the cells after the
second wash. Afier aspirating the wash media, 0.8 mi of Excell was added to cach well of the 6

well plate before adding 0.2 mi of the transfection mixture to a well of the 6 well plate. This was
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245250255 Thr Ala Gly Phe Ala Pro Tyr lle Gly Val 260265 <210> 6 <211> 24 <212> PRT <213>
swine influenza virus <400> 6 Met Ser Leu Leu Thr Glu Val Glu Thr Pro lle Arg Asn G u Trp Gly

151015 Cys Arg Cys Asn Asp Ser Ser Asp 20
WO 2609/088950 PCT/US2008/088678

mcubated at 28°C for 5 hours and then the transfection mixture was aspirated. The cells were
washed once and then 2 ml of TNM-FH was added and incubated at 28°C for 120-144 hours.

To harvest the transfections and fix cells for IFA, the supernatant from transfected S9 cells
was aseptically harvested in a biosafety kood and transferred into a 2.0 ml cryovial before adding 1
ml of cold Acetone:Methanol (50:50) to the remaining Sf9 cells in the well. This was mcubated at
room temperature for 10 minutes, the fixative was removed and the plate was allowed to air dry in
the fume hood before storing the plate at 4°C or coider for eventual IFA.

To test for expression of M2acl in the S9 transfected celis, an indirect immunofluorescent
assay (IFA) was performed. The plate was washed briefly in PBS to rehydrate the fixed cells and
then the PBS was removed. Next, 500 pl of the primary antibody, tM2ael, was added to the well
and incubated for 1 hour at 37°C. The primary antibody was removed and the well washed three
times with PBS with the final wash being removed. Next, 500 ul of the secondary antibody, o
rabbit FITC 1:500 in PBS, was added to the well and incubated for 1 hour at 37°C before removing
the secondary antibody and washing the well three times with PBS and removing the final wash.
Next, the well was coated with about 0.5 ml of Glycerol:Water (50:50) and the excess
Glycerol:Water was removed so that the cell layver could be observed with an inverted UV light
microscope.

To find a clone of baculovirus-infected Sf9 celis, a limiting dilution of baculovirus was
performed on passage 50 of Sf9 cells. Briefly, 10 fold dilutions of baculovirus material into TNM-
FH was performed. Just before performing the dilution, the baculovirus material was vortexed
briefly to ensure it was mixed thoroughly. The initial 10 ' dilution was performed by pipetting 0.1
ml of the baculovirus into 0.9 ml of TNM-FH and vortexing briefly to mix. The 107 dilution was

performed by pipetting 0.1 ml of the 10 7 diluted baculovirus into 0.9 mi of TNM-FH and
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10-079_5i-25 <210> 7 <211> 702 <212> DNA <213> Porcine circovirus <400> 7 atgacgtatc
cagatcctcc aaaaatggca acagtcacaa cccccgggag gttaaggttg actgetgtta tatgtaaact ttcacaccca aatcagcttt
gcgttcgaaa ttcagagaat caaggaggcg gecgecgecc tettcaacac cgecctectg gggggaccaa aattctggec
ttctagatga alYCLHEYEFES Ctgtict ggctgaggct acagtaaata ttaatcttaa ttaccgddJaAlEapgesgedsccgcectetce
ggcggtggac caaaatctct ctgctcccce taactttgta ccatacaatc tgactccact acaaacctct cgaccaggac agacccccca

vortexing briefly to mix. The 107 dilution was performed by pipetting 1 ml of the 10  diluted

baculovirus into 9 mi of TNM-FH and vortexing briefly to mix. The 10 and cach subsequent

dilution (up to 107) was performed by sequentially pipetting 1 ml of the 10 ~ diluted baculovirus

into 9 mi of TNM-FH and vortexing briefly to mix. The diluted baculovirus material was added to

as many wells of the 96 well plate as possible. The plates were stacked and placed info a large zip-

loc bag and incubated at 28°C in the dark. Supernatants are then harvested from the wells after 4-7

days.

To fix the cells and stain the M2ael ORF2 plates for viewing under UV light, the
supernatant was aseptically transferred into a new 96 well plate using a multi-channel pipettor and
sterile filter tips in a biosafety hood. The supernatant-containing plates can be stored at 4°C for
short term storage or at -70°C for long-term storage. The remaining S5 cells in the well had 200 ul
of cold Acetone:Methanol (50:50) added thereto and this was incubated at room temperature for 10
minutes. The fixative was removed and the plate was air dried in the fume hood before washing the
plate briefly in PBS to rehydrate the fixed cells. The PBS was then removed and 100 ul of
Influenza A M2 (14C2) (Santa Cruz Biotech) was added to the well and incubated for 1 hour at
37°C. The primary antibody was then removed and the well was washed three times with PBS with
the final wash being removed. Next, 100 ul of the secondary antibody, goat + mouse FITC, was
added to the well and incubated for 1 hour at 37°C. The secondary antibody was then removed and
the well was washed three times with PBS with the final wash being removed. The well was
coated with about 0.5 m! of Glycerol:Water (50:50) before removing the excess Glycerol: Water
and observing the cell layer with an inverted UV microscope.

A single M2ael ORF2 PCV2 baculovirus was isolated by Hmiting dilution of passage 1 on

96 well S19 plates, passage 52. Bricfly, 10 fold dilutions of the baculovirus material into TNM-FH
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agaagacacc cacccccgece cgeaccticg atgatgagat ataccctttg atcacccagg acaaaggceca ccccaaccct
attgattact agaaatgtgg tacaatatcc cttgaaccct gcccccgeag accgetaceg gatatactgt ttaatattga aatactacag
gtgatagggg cagccctaac tetcctacea tccaaccaaa accacgtagg gtgtaaccat aa ccatcttgge ttggagaagg
caaggctacc SfactitytEsRtaagaaag agtgggctee ctatgaccea cteecgttac taac@538GF e &ct gtatgtacaa
<210> 8 <211> 702 <212> DNA <213> Artificial sequence Asci restriction enzyme site ttaccgcaga
agaagacacc gccccegeag ctggetegte caccceegee accgetggeg

was performed. Just before performing the dilution, the baculovirus material was vortexed briefly
to ensure it was mixed thoroughly. The initial 10~ dilution was performed by pipetting 0.1 ml of
the baculovirus info 0.9 m! of TNM-FH and vortexing bricfly to mix. The 107 dilution was
performed by pipetting 0.1 ml of the 10 ! diluted baculovirus into 0.9 ml of TNM-FH and
vortexing briefly to mix., The 107 dilution was performed by pipetting 0.1 ml of the 10 * diluted
baculovirus into 9 ml of TNM-FH and vortexing briefly to mix. The 10™ and cach subsequent
dilution (up to 10"} was performed by sequentially pipetting 0.1 ml of the preceeding (e.g. 10 for
the 10™ dilution) diluted baculovirus into 0.9 ml of TNM-FH and vortexing briefly to mix. The 10"
7 dilution was performed by pipetting 1 ml of the 10~ diluted baculovirus into 9 ml of TNM-FH
and vortexing bricfly to mix. The 10 dilution was performed by pipetting 1 mi of the 1077 diluted
baculovirus into 9 ml of TNM-FH and vortexing briefly to mix. Next, 0.1 ml of the 10 7 and 107
diluted baculovirus material was added to as many wells of the 96 well plate as possible. The
plates were stacked and placed into a large zip-loc bag and incubated at 28°C in the dark.
Supernatants are then harvested from the wells after 4-7 days.

To perform IFA on the 1077 and 10 ~® limiting dilutions, the Sf9 cells were fixed and stained
to detect the presence of M2ael ORF2 PCV2 transfected cells. Briefly, the supernatant was
aseptically transferred into a new 96 well plate using a multi-channel! pipettor and steriie filter tips
in a biosafety hood. The supernatant-containing plates can be stored at 4°C for short term storage
or at -70°C for long-term storage. The remaining 3f9 cells in the well had 200 pl of cold
Acetone:Methanol (50:50) added thereto and this was incubated at room temperature for 10
minutes, The fixative was removed and the plate was air dried in the fume hood before washing the
plate briefly in PBS to rehydrate the fixed cells. The PBS was then removed and 100 ul of the

primary antibody, Influenza A M2 (14C2) (Santa Cruz Biotech), was added to the well and
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ccgectetee cgeaccttcg gatatactgt ggcggtggac atgatgagat ttaatattga caaaatctct ataccctitg aatactacag
ctgctccece atcacccagg gtgatagggg taactttgta acaaaggeca cagecctaac ccatacaate ccccaaccct
tctcctacca tggctccact at'ggattact tccaaccaaa acaaacctct agaaatgtgg accac;}%?&? cgacca%%ac tacaatatcc
gtgtaaccat PRGEU BP9 5725 tticagagaat ttaatcttaa agaccceeca cttga aAP89%89%0> 9 <211>
783 <212> DNA <213> Artificial Sequence <220> <223> PCV2 ORF2 and swine influenza M2ael
<400> 9

incubated for 1 hour at 37°C. The primary antibody was then removed and the well was washed
three times with PBS with the final wash being removed. Next, 100 ul of the secondary antibody,
goat + mouse FITC, was added to the well and incubated for I hour at 37°C. The secondary
antibody was then removed and the well was washed three times with PBS with the final wash
being removed. The well was coated with about 0.5 ml of Glycerol:Water (50:50) before removing
the excess Glycerol:Water and observing the cell layer with an inverted UV microscope. The
results were positive.

To amplify the M2ael ORF2 PCV2 from the limiting dilutions above, supernatant was
used. Briefly, the methodology added 100 ! of the respective virus to a singie well of a 6 well
plate of SI9 cells before placing the plate at 28°C in the dark. The supernatant could be harvested
and cell layer fixed 4-7 days later.

Selected M2ael internal PCV2 ORF2 baculovirus were then subjected to Hmiting dilution
amplification harvest and Sf9 cell fixation. Briefly, supernatant from transfected Sf9 cells was
aseptically harvested in a biosafety hood and transferred into a 2.0 ml cryovial before adding 1 ml
of cold Acetone:Methanol (50:50) to the remaining Sf9 cells in the well. This was incubated at
room temperature for 10 minutes, the fixative was removed and the plate was allowed to air dry in

the fume hood before storing the plate at 4°C or colder for eventual IFA
Results

The presence of the M2ael fragment was confirmed and its immunogenicity or

antigenicity detectabie using the above-referenced methods.
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atgacgtatc caaggaggcg ttaccgcaga agaagacacc gcccccgcag ccatcttggc60 cagatcctce gecgecgecce
ctggctcgtc cacccccgcec accgetggeg cgecatgagcel20 ctgetgaccg aggtggagac ccccatccge aacgagtggg
gctgccgcetg caacgatagcl80 agcgatcggce gcgeccgaag gaaaaatggc atcttcaaca cccgcectcte ccgcaccttc240
ggatatactg t%@‘@j’é’f&%‘gwcagtcaca acgccctcct gggcggtgga catgatgaga30@ ftdatattg/ efsgactttgt
tcccccggga ggggggacca acaaaatcte tatacccttt360 gaatactaca gaataagaaa ggttaaggtt gaattctggce
cctgcteccc catcacccag420 ggtgataggg gagtgggcte cactgcetgtt attctagatg ataactttgt aacaaaggcec480
acagccctaa cctatgaccc atatgtaaac tactcctccc gecatacaat cccccaaccc540 ttetcctacc actcecgtta
cttcacaccc aaacctgttc ttgactccac tattgattac6d0Xitcd@adcha ataacaaaag gaatcagcett tggctgagge

tacaaacctc ta%aaatgtgGGO
s example demonstrates that the Influenza A M2ael region can be inserted as an amino

tail to the- PCV2 ORF2 VLP,

M2ael 24-mer with 3’-Kpni

The amino acid sequence of the M2ael 24-mer is MSLLTEVETPIRNEWGCRCNDSSD
(SEQ ID NO. 6). The M2ael 24 amino acid sequence was reverse translated into nucleotide
sequence using the optimal codon usage for Drosophila. Using specific oligonucieotide primers,

PCR was performed to add a 3°-Kpnl restriction enzyme site to the M2ac coding region.

Introduyction of Kpnl restriction site onto the 5’-end of the PCV2 ORF2 codine region

Using specific oligonucleotide primers, PCR was performed to add a Kpnl restriction

enzyme site to the 3’°-end of the PCV2 ORF2 gene (refer to Figure 7).

Joining of amino M2ael onto the 5’-end of PCV2 ORF2

Using standard molecular biology methods, the M2ae1-Kpnl region was cloned into the 5°-
end Kpnl site of the PCV2 ORF2 gene (SEQ ID NO. 12). The Amino M2acl PCV2 ORF2 region
was then cloned into the baculovirus transfer vector, pVL 1393, The resulting Amino M2ae1PCV?2
ORF2 /pVL1393 plasmid was then purified using the Qiagen Mini-Prep plasmid kit for subsequent

use mn transfection.

Generation of recombinant baculovirus containing the PCV2 ORF2 with M2ae] tail

The Amino M2aelPCV2 ORF2 /pVI1.1393 plasmid and the DiamondBac® linearized

baculovirus DNA (Sigma) were cotransfected into Sf9 insect cells using the ESCORT transfection
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gaccacgtag gcctcggcac tgcgttcgaa aacagtaaat acgaccagga ctacaatatc720 cgtgtaacca tgtatgtaca
attcagagaa tttaatctta aagacccccc acttgaaccc780 taa783 <210> 10 <211> 233 <212> PRT <213>
Porcine circovirus <400> 10 Met Thr Tyr Pro Arg Arg Arg Tyr Arg Arg Arg Arg His Arg Pro Arg 151015
Ser His Leu'Eh 8 ¥%u Arg Arg Arg Pro Trp Leu Val His Pro 202530 AR USRBH1E3FYE Arg Trp Arg
Arg Lys Asn Gly lle Phe Asn Thr Arg 354045

reagent (Sigma) for 5 hours at 28°C. The transfection medium was removed and the transfected
cells were then gently washed, replenished with media, and incubated at 27°C. Five days later, the
cell supematant containing the generated recombinant baculovirus was harvested and stored at 4°C,
The remaming transfected Sf9 cells were fixed with acetone:methanol and used m
mmunofluorescence assay (IFA) with the anti-Influenza A M2 monoclonal antibody 14C2 fo
verify the expression of the M2ae! region transfected Sfcells.

The harvested PCV2 ORF2 amino M2ael Baculovirus DB supernatant was used for
generation of virus stock material.

Jmmunological detection of PCV2 ORF2 amino M2ael

Verification of M2ael expression in PCV2 ORF2 amino M2aelBaculovirus DB-infected
SE9 cells was previously confirmed by IFA. However, as a means to further confirm the expression
of MZacl along with PCV2 ORF2, an immunoblot on PCV2 ORF2 amino M2acl harvested
supernatant from baculovirus-infected insect cell cultures was performed.

Briefly, harvested supernatant from baculovirus-infected insect cell cultures was biotted
onto PVDF membranes and the presence of PCV2 ORF2 and/or M2ael antigens were tested in an
immunoblot. The primary antibodies used for immunoblot detection of PCV2 ORF2 were the anti-
PCVZ ORF2 monoclonal antibody 6C4-2-4A3-5D10 and purified swine anti-PCV2 ORF2 IgG.
The primary antibodies used for immunoblot detection of M2aelwere the anti-M2 monoclonal
antibody 14C2 (Santa Cruz Biotechnology, Inc.) and swine anti-M2aeC5 serum. The respective
secondary antibodies used in the immunoblot were HRP-labeled goat anti-mouse conjugate and
goat-anti-swine conjugate. Opti-4CN substrate {BioRad) was used for colorimetric detection on the

mmmunoblots. The immunoblots revealed the presence of ORF2 and M2ael,
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Leu Ser Arg Thr Phe Gly Tyr Thr Val Lys Ala Thr Thr Val Thr Thr 505560 Page 5 10-079_ST25 Pro
Ser Trp Ala Val Asp Met Met Arg Phe Asn lle Asp Asp Phe Val 65707580 Pro Pro Gly Gly Gly Thr Asn
Lys lle Ser lle Pro Phe Glu Tyr Tyr 859095 Arg lle Arg Lys Val Lys Val Glu Phe Trp Pro Cys Ser Pro
lle Thr 1001541 3¢yo/088950 PCT/US2008/088678

We claim:
1. An immunogenic composition comprising:
an amino acid segment from PCV2; and
a foreign amino acid segment attached to said PCV2 amino acid segment, said foreign

amino acid segment being from an organism other than PCV?2.

2. The composition of claim 1, said PCV2 amino acid scgment comprising open reading frame
2.
3. The composition of claim 2, said PCV2 amino acid segment having at least 80% sequence

homology with SEQ ID NO. 10.
4, The composition of claim 1, said foreign amino acid segment being derived from a
pathogen that produces clinical, pathological, and/or histopathological signs of infection after

admintstration to an animal.

5. The composition of claim 1, said foreign amino acid segment being detectable separately

from said PCV2 amino acid segment.

6. The composition of claim 5, said foreign amino acid segment being detectable by an assay

specific for said foreign amino acid segment.

7. The composition of claim 6, said assay comprising monocional antibodies.

48



Gin Gly Asp Arg Gly Val Gly Ser Thr Ala Val lle Leu Asp Asp Asn 115120125 Phe Val Thr Lys Ala Thr
Ala Leu Thr Tyr Asp Pro Tyr val Asn Tyr 130135140 Ser Ser Arg His Thr lle Pro Gin Pro Phg Ser Tyr
His ser Arg Tyr 145150155160 Phe Thr Pro Lys Pro Val Leu Asp Ser Thr lle Asp Tyr Phe Gin Pro
165170175 Xh IR 18¢5Arg Asn Gin Leu Trp Leu Arg Leu Gin Thr ser Ar§OR&ES1861085790 Val Asp
His Val Gly Leu Gly Thr Ala Phe Glu Asn Ser Lys Tyr Asp

8. The composition of claim 1, said foreign amino acid segment retaining at least 80% of its
immunological properties in comparison o the same amino acid segment that is not attached to

PCV2.

9. The composition of claim 1, said composition inducing an immunological response in an

animal receiving an administration thereof.

10. The composition of claim 9, said immunological response being specific to said foreign

amino acid segment,
11. The composition of claim 9, said immunological response being sufficient to reduce the
ncidence of or lessen the severity of clinical, pathological, and/or histopathological signs of

infection,

12, The composition of claim 1, said attachment being at the amino or carboxyl terminus of said

PCV2 amino acid segment.

13, The composition of claim 1, said attachment being at a point between the amino and the

carboxyl terminus of the PCV2 amino acid segment.
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195200205 Gin Asp Tyr Asn lie Arg val Thr Met Tyr val Gin Phe Arg Glu Phe 210215220 Asn Leu Lys
Asp Pro Pro Leu Glu Pro 225230 <210> 11 <211> 260 <212> PRT <213> Artificial Sequence <220>
<223> PCV2 ORF2 and internal swine influenza M2ael <400> 11 Met Thr Tyr Pro Arg Arg Arg Tyr Arg

Arg Arg Arg MISZAR*BH G Nrg 151015 PCT/US2008/088678

14. The composition of claim 1, said foreign amino acid segment being derived from an
organism sclected from the group consisting of Cryptasporidium parvum, swine influenza, and

C(_)mbiﬁations thereof,

15. The composition of claim 14, said foreign amino acid segment having at least 80%

sequence homology with a sequence selected from the group consisting of SEQ TD NOS. 1 and 6.

16.  The composition of claim 14, said composition reducing the incidence of or severity of

infection by Cryptosporidium parvum, swine influenza, and combinations thereof.

17. The composition of claim 1, said foreign amino acid segment having a length of about § to

about 200 amino acids.

18, The composition of claim 1, further comprising an ingredient sclected from the group
conssting of adjuvants, pharmaceutical acceptable carriers, protectants, stabilizing agents, and

combinations thereof.

I9.  An expression vector comprising:
vector DNA; and
DNA derived from a first organism species; and
DNA derived from a second organism species, wherein said first and second species are
different from one another and different from the organism specics from which the vector

DNA was derived.



Ser His Leu Gly Gin lle Leu Arg Arg Arg Pro Trp Leu val His Pro 202530 10-079_ST25 Arg His Arg
Trp Arg Ala Met Ser Leu Leu Thr Glu val Glu Thr Pro 354045 lle Arg Asn Glu Trp Gly Cys Arg Cys Asn
Asp Ser Ser Asp Arg Arg 505560 Ala Arg Arg Lys Asn Gly lle Phe Asn Thr Arg Leu Ser Arg Thr Phe
65707580 GROBAYHIBIE Lys Ala Thr Thr val Thr Thr Pro Ser Trp Ala valPCT/US2008/088678

20. The expression vector of claim 19, said vector DNA being from a baculovirus.
21 The expression vector of claim 19, said first organism species being PCV2.
22. The expression vector of claim 19, said DNA derived from a first organism species being

from PCV2 ORF2.

23, The expression vector of claim 20, said PCV2 ORF2 DNA having at [east 80% sequence

homology with SEQ ID NO. 7.

24, The expression vector of claim 21, said DNA from  second organism species encoding an
amino acid segment that induces an immunological response in an animal receiving an

administration thereof,

25. The expression vector of claim 24, said immunological response reducing the incidence of
or severity of clinical, pathological, or histopathological signs of infection from said first

organism specics, said second organism species, and combinations thereof.

26.  The expression vector of claim 19, said DNA from a second species being selected from the

group consisting of Cryprosporidivm parvum, E. coli, and combinations thereof,

Ln
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859095 Asp Met met Arg Phe Asn lle Asp Asp Phe val Pro Pro Gly Gly Gly 100105110 Thr Asn Lys lle
Ser lle Pro Phe Glu Tyr Tyr Arg lle Arg Lys Val 115120125 Lys Val Glu Phe Trp Pro Cys Ser Pro lle
Thr Gin Gly Asp Arg Gly 130135140 Val 'fly Ser Thr Ala val lle Leu Asp Asp Asn Phe Val Thr Lys Ala
145150155188 T4 %ﬁ%‘bu Thr Tyr Asp Pro Tyr Val Asn Tyr ser Ser Arg PA3/FRI0GESEITRL 75

27. The expression vector of claim 26, said DNA from 2 second species encoding an amino acid

scgment selected from the group consisting of SEQ ID NOS. 1 and 6.

28. A method of producing antigen comprising the steps of:
combining DNA encoding said antigen with PCV2 DNA to produce a combined DNA
insert; and,

expressing said combined DNA insert in an expression system.

29, The method of claim 28, said antigen having a length of about 8 — 200 amino acids.

30.  The method of claim 28§, said antigen being derived from an organism specics different from
PCV2,
31, The method of claim 30, said organism species being selected from the group consisting of

Cryptosporidium parvum, swine influenza, and combinations thereof,

32, The method of claim 28§, said antigen having an amino acid sequence having at least 80%

sequence homology with a sequence selected from the group consisting of SEQ ID NOS. 1 and 2.

33 The method of claim 28, said PCV2 DNA being ORF2,

34. The method of claim 33, said ORF2 DNA having at least 80% sequence homology with

SEQ ID NO. 7.



lle Pro GIn Pro Phe Ser Tyr His Ser Arg Tyr Phe Thr Pro Lys Pro 180185190 val Leu Asp Ser Thr lle
Asp Tyr Phe Gin Pro Asn Asn Lys Arg Asn 195200205 Gin Lea Trp Leu Arg Leu Gin Thr Ser Arg Asn
Val Asp His val Gly 210215220 Leu Gly Thr Ala Phe Glu Asn Ser Lys Tyr Asp Gin Asp Tyr Asn lle
225230235240 Arg $al ThiTheaehdijivd/al GimPiBesdiheGitefRRhe AsrheahyssiemPro 245250255 Pro

Lea Glu Pro Baculovirus expression system.

36.  Use of an antigen expressed by the method of claim 28 in the

preparation of a vaccine or an immunogenic composition.

37.  Anantigen expressed by the method of claim 28 for use in a vaccine or

an immunogenic composition,

38.  The use of PCV2 OR¥?2 as a virus-like particle.
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260 <210> 12 <211> 774 10-079_ST25 <212> DNA <213> Avrtificial Sequence <220> <223> PCV2
ORF2 and amino swine influenza M2ael <400> 12 atgagtctgc tgactgaagt agaaacacca atacgcaatg
agtggggctg ccgctgcaac60

<110>

<120>
<130>

<150>
<151>

<160>
<170>
<210>
<211>
<212>
<213>

<400>

1

Pro Asn val Leu Thr Ala Gly Phe ;éxga Pro Tyr Ile Gly val

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

<220>
<221>
<223>

<400>

10-0798..8725
SEQUENCE LISTING

Boehringer Ingelheim Vetmedica, Inc.

vaughn, Eric )

schaeffer, Merrill

PCV2 ORFZ2 VIRUS LIKE PARTICLE WITH FOREIGN AMINO ACID INSERTION
10-0079

us 61/017,863
2007-12-31

13

PatentIn version 3.5

1

30

PRT

Cryptosporidium parvum

1

Ala Ile Asn Gly Gly Gly Ala Thr teu Pro GIn Lys Leu Tyr Leu Thr
5 10 15

30

2

21

DNA

porcine circovirus

misc.feature
Primer

2

tggatccgcec atgacgtatc ¢ 21

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

<220>
<223>

<400>

3

120

DNA

Artificial Sequence

Primer

3

agatctacac gccgatgtag ggggcgaage cggcggtcag cacgttgggg gtcaggtaca 60

gcttctgggg cagggtggog cogecgecygt tgatggeggg ttcaagtggg gggterttaa 120

<210>
<211>
<212>

4
806
DNA
Page 1



gactcttctg atggtaccta tccaaggagg cgttaccgca gaagaagaca ccgcccccgcl20 agccatcttg gccagatcct
ccgcecegcecgce cectggcteg tccaccececg ccaccgcetacl80 cgttggagaa ggaaaaatgg catcttcaac acccgcctct
cccgcacctt cggatatact240 gtcaaggcta ccacagtcac aacgccctcc tgggcggtgg acatgatgag atttaatatt300
gacgactttg ttcccccggg aggggggacc aacaaaatgt-gtataceett tgaatactac360 agaataagaa aggttaaggt
tgagdictyg actigdtetel ceamirissa gggtgatagg420 ggagtggget ccactgetgt tattctagat gataactttg
taagagaggc cacagcccta480 acctatgacc catatgtaaa ctactcctce cgecatacaa tcccccaacc cttetcctacs40
caelrzrygtt aciiragace wasacotgttrcitgaciciatatigaita Titgeadceatl00 aataacaaaa ggaatcagct
ttgggigagg ctacaaacct ctagaaatgt ggaccacgta660 ggcctcggca ctgcgttcga aaacagtaaa tacgaccagg

actafpaiat & 9t8ae6¥2 caaggaggeg ttaccgcaga agaagacacc goccccgeag 60
ccatcttgge cagatcctcc gecgecgece ctggetegte cacccccgoe accgetaccy 120
ttggagaagy aaaaatggca tcttcaacac ccgectctcC cgcaccttcg gatatactgt 180
caaggctacc acagtcacaa cgccctocty ggeggtggac atgatgagat ttaatattga 240
cgactttgtt cccccgggag gggggaccaa caaaatctct ataccctttg aatactacag 360
aataagaaag gttaaggttg aattctggce ctgcetccccc atcacccagg gtgatagggg 360
agtgggctce actgetgtta ttetagatga taactttgta acaaaggcca cagccctaac 420
ctatgaccca tatgtaaact actcctcccg ccatacaatc ccccaaccet totectaccea 480
ctccegttac ttcacaccca aacctgttct tgactccact attgattact tccaaccaaa 540
taacaaaagg aatcagcttt ggctgaggcet acasacctct agaaatgtgg accacgtagy 600
cctecggeact gcgticgaaa acagtaaata cgaccaggac tacaatatcc gtgtaaccat 660
gtatgtacaa ttcagagaat ttaatcttaa agacccccca cttgaacccg ccatcaacgg 720
cggecggegec acectgeece agaagetgta cctgacccce aacgtgcotga ccgocggett 780
cgccccctac atcggegtgt agatct 806
<210> 5
211> 266
<212> PRT
<213> Artificial sequence
<220> i
<223> Translation of PCv2 ORF2 with CsSL tail
<400> 5
Gly Ser Ala Met Thr Tyr Pro Arg Arg Arg Tyr Arg Arg Arg Arg His
1 5 10 15
Arg Pro Arg Ser His Leu Gly GIn Ile Leu Arg Arg Arg Pro Trp Leu

20 25 30
val His Pro Arg His Arg Tyr Arg Trp Arg Arg Lys Asn Gly Ile phe
35 40 45
Asn Thr Arg Leu Ser Arg Thr Phe Gly Tyr Thr val Lys Ala Thr Thr
50 55 60
val Thr Thr Pro Ser Trp Ala val Asp Met Met Arg Phe Asn Ile Asp

65 70 75 80
Page 2



atgtatgtac aattcagaga atttaatctt aaagaccccc cacttgaacc ctaa774 <210> 13 <211> 257 <212> PRT
<213> Atrtificial Sequence <220> <223> PCV2 ORF2 and amino swine influenza M2ael <400> 13 Met
Ser Leu Leu Thr Glu Val Glu Thr Pro lle Arg Asn Glu Trp Gly 151015 Cys Arg Cys Asn Asp Ser Ser
Asp Gly Thr Tyr Pro Arg Arg Arg Tyr 10-079_ST25

Asp Phe val Pro Pro Gly Gly Gly Thr Asn Lys Ile Ser Ile Pro Phe
85 90 95

Glu Tyr Tyr Arg Ile Arg Lys val Lys val Glu Phe Trp Pro Cys Ser
100 105 ' 110

Ppro ITe Thr Gln Gly Asp Arg Gly val Gly Ser Thr Ala val Ile Leu
115 120 125

Asp Asp Asn Phe val Thr Lys Ala Thr Ala Leu Thr Tvr Asp Pro Tyr
130 135 140

val Asn Tyr Ser Ser Arg His Thr Ile Pro GIn Pro Phe Ser Tyr His
145 150 155 160

Ser Arg Tyr Phe Thr Pro Lys Pro vVal Leu Asp Ser Thr Ile Asp Tyr
165 170 175

Phe GIn Pro Asn Asn Lys Arg Asn GlIn Leu Trp Leu Arg Leu GIn Thr
180 185 190

ser Arg Asn val Asp His val Gly Leu Gly Thr Ala Phe G?u Asn Ser
195 _ 200 205

Lys Tyr Asp GlIn Asp Tyr Asn Ile Arg val Thr Met Tyr val GIn phe
210 215 220

Arg Glu Phe Asn Leu Lys Asp Pro Pro Leu Glu Pro Ala Ile Asn Gly
225 230 235 240

Gly Gly Ala Thr Leu Pro GIn Lys Leu Tyr Leu Thr Pro Asn val Leu

245 250 255

Thr ATa Gly Phe Ala Pro Tyr Ile Gly val

260 265
210> 6
<211> 24
<212> PRT
<213> swine influenza virus
<400> 6

Met Ser Leu teu Thr Glu val Glu Thr Pro Ile Arg Asn Glu Trp Gly
1 5 10 “15

Cys Arg Cys Asn Asp Ser Ser Asp

Page 3



202530 Arg Arg Arg Arg His Arg Pro Arg Ser His Leu Gly Gin lle LeU Arg 354045 Arg Arg Pro Trp Leu
Val His Pro Arg His Arg Tyr Arg Trp Arg Arg 505560 Lys Asn Gly lle Phe Asn Thr Arg Leu Ser Arg Thr
Phe Gly Tyr Thr 65707580 10-079_ST25 val Lys Ala Thr Thr val Thr Thr Pro Ser Trp Ala Val Asp met

Met 859095 10-079_5T25
<21Q> 7
<211> 702
<Z212> DNA
<213> Porcine circovirus
<400> 7
atgacgtalic caaggaggcg tltaccgcaga agaagacace geccocgeag ccatcrtgge 60
€agatcCctce gecgeegoee ctggetegtc cacccocgec accgetaccyg ttggagaagy 120
aaaaatggca tcttcaacac ccgectcteo cgeaccttcg gatatactgt caaggetacc 180
acagtcacaa cgccctecty ggcggtggac atgatgagat ttaatattga cgacttigtt 240
cccccgggag gggggaccaa caaaatctct ataccctttg aatactacag aataagaaag 300
gttaaggttg aattctggee ctgeteccce atcacccagg gtgatagggg agtgggetce 360
actgctgtta ttctagatga taactttgta acaaaggcca cagecctaac ctatgaccca 420
tatgtaaact actcctccecyg ccatacaate ccccaaccct tetcctacca ctcccgttac 480
ttcacaccca aacctgttct tgactccact attgattact tecaaccaaa taacaaaagg 540
aatcagcttt ggctgagget acaaaccict agaaatgtgg accacgtagg cctcggcact 600
gcgttcgaaa acagtaaata cgaccaggac tacaatatcc gtgtaaccat gtatgtacaa 660
ttcagagaat ttaatcttaa agacccccca ctitgaaccct aa 702
<210> 8
<211> 702
<212> DNA
<213> Artificial Sequence
<220> _ )
<223> PCV2 ORF2 with AscI restriction enzyme site
<400> 8
atgacgtatc caaggaggcg ttaccgeaga agaagacace goeccccgeag ccatottgge 60
cagatcctcc gecgecgece ctyggetegte cacccccgol accgetyggcyg cgeccgaagy 120
aaaaatggca tcttcaacac ccgcctctce cgcacctteg gatatactgt caaggetacc 180
acagtcacaa cgocctcctyg ggeggtggac atgatgagat ttaatattga cgacttigtt 240
cccceggyay gggggaccaa caaaatctct ataccctttg aatactacag aataagaaag 300
gttaaggttg aattctggcece ctgetcccce atcacccagg gigatagggg agtgggetec 360
actgctgtta ttctagatga taactttgta acaaaggeca cagccctaac ctatgaccca 420
tatgtaaact actccteccyg ccatacaatc ccccaaccet tctectacca ctocccgitac 480
ttcacacceca aacctgttct tgactccact attgattact tccaaccaaa taacaaaagy 540
aatcagcttt ggctgaggcet acaaacctet agaaatgtgg accacgtagg cctcggeact 600
gcgttecgaaa acagtaaata cgaccaggac tacaatatce gtgtaaccat gtatgtacaa 660
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Arg Phe Asn lle Asp Asp Phe Val Pro Pro Gly Gly Gly Thr Asn Lys 100105110 lle Ser lle Pro Phe Glu
Tyr Tyr Arg lle Arg Lys Val Lys Val Glu 115120125 Phe Trp Pro Cys Ser Pro lle Thr GIn Gly Asp Arg
Gly val Gly Ser 130135140 Thr Ala val'lle Leu Asp Asp Asn Phe Val Thr Lys Ala Thr Ala Leu
145150155160 Thr Tyr Asp Pro Tyr Val Asnityipsersses Arg His Thr lle Pro Gin 165170175 Pro Phe
Ser Té;rggis ser Arg Té/r Phe Thr Pro Lys Pro Val Leu Asp

<400> 10

Met Thr Tyr Pro Arg Arg Arg Tyr Arg Arg Arg
1 5 10

ser His Leu Gly GIn Ile Leu Arg %gg Arg Pro

20

Arg His érg Tyr Arg Trp Arg Arg Lys Asn Gly
5 40

L.eu ser Arg Thr Phe Gly Tyr Thr val Lys Ala

50

55

page

Arg His Arg Pro Arg
15

Trp Leu val His Pro
30

ITe Phe Asn Thr Arg

45

Thr Thr val Thr Thr

60
5

tt gaat ttdatlttaa agacccccca cttgaaccct aa 702

<210> 9

<211> 783

<212> DNA

<213> Artificial sequence

<220>

<223> PCV2 ORF2 and swine influenza M2ael

<400> 9

atgacgtatc caaggaggcg ttaccgcaga agaagacacce goecccgeag ccatcttgge 60

cagatcctce gecgecgece ctggetogtc €acceceegee accgetggeg cgeccatgage 120

ctgctgaccyg aggtggagac ccccatccgc aacgagtogy gotgcocgetg caacgatage 180

agcgatcgge gcgeccgaag gaaaaatgge atcttcaaca cccgectote cegcaccttce 240

ggatatactg tcaaggctac cacagtcaca acgecctcct gggcggtgga catgatgaga 300

titaatattg acgactiigt tcccccggga ggggggacca acaaaatctc tatacccttt 360

gaatactaca gaataagaaa ggttaaggii gaattCtggc cctgctcccce catcacccag 420

ggtgataggy gagtgggetce cactgctgtit attctagatg ataactttgt aacaaaggcec 480

acagccctaa cotatgacce atatgtaaac tactecteoe gecatacaat cccocaacce 540

ttctcctace actcccgtta cttcacaccc aaacctgttc ttgactccac tattgattac 600
_ ttecaaccaa ataacaaaag gaatcageti tggetgagoc tacaaacctc tagaaatgtyg 660

gaccacgtag gcctcggeac tgcgttcgas aacagtaaat acgaccagga ctacaatatc 720

cgrtgtaacca tgtatgtaca attcagagaa tttaatctta aagaccccce acttgaaccc 780

taa 783

<210> 10

<211> 233

<212> PRT

<213> Porcine circovirus



180185190 Ser Thr lle Asp Tyr Phe Gin Pro Asn Asn Lys Arg Asn Gin Leu Trp 195200205 Leu Arg
Leu Gin Thr Ser Arg Asn Val Asp His val Gly Leu Gly Thr 210215220 Ala Phe Glu Asn Ser Lys Tyr
Asp Gin Asp Tyr Asn lle Arg val Thr 225230235240 met Tyr Val Gin Phe Arg Glu Phe ASrl Leu Lys
Asp Pro Pro Leu Glu 245250255 Pro 10-079_ST25

Pro Ser Trp Ala val Asp Met Met Arg Phe Asn Ile Asp Asp Phe val
65 70 75 80

Pro Pro Gly Gly Gly Thr Asn Lys Ile Sgr Ile pro Phe Glu Tyr Tyr
85 85

Arg Ile Arg Lys val Lys val Glu Phe Trp Pro Cys Ser Pro Ile Thr
100 105 110

GIn Gly Asp Arg Gly val Gly Ser Thr Ala val Ile Leu Asp Asp Asn
115 120 125

Phe val Thr Lys Ala Thr Ala Leu Thr Tyr Asp Pro Tyr val Asn Tyr
130 135 140

Ser Ser Arg His Thr Ile Pro GlIn Pro Phe Ser Tyr His Ser Arg Tyr
145 150 155 160

Phe Thr Pro Lys Pro val Leu Asp Ser Thr Ile Asp Tyr Phe Gln Pro
165 170 175

Asn Asn Lys Arg Asn Gln Leu Trp Leu Arg Leu Gin Thr Ser Arg Asn
180 185 190

val Asp His val Gly Leu Gly Thr Ala Phe Glu Asn Ser Lys Tyr Asp
195 200 205

Gln Asp Tyr Asn Ile Arg val Thr Met Tyr val GIn Phe Arg Glu Phe
210 215 220

Asn Leu Lys Asp Pro Pro Leu Glu Pro
225 230

<210> 11

<211> 260

<212> PRT

<213> Artificial Seqguence

<220>
<223> PCV2 ORF2 and internal swine influenza MZael

<400> 11
Met Thr Tyr Pro érg Arg Arg Tyr Arg Arg Arg Arg His Arg Pro Arg
1 10 15

Ser His Leu Gly GIn Ile Leu Arg Arg Arg Pro Trp Leu gai His Pro
20 25 0
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10-079.5725

Arg His Arg Trp Arg Ala Met Ser Leu iteu Thr GTu val Glu Thr Pro
35 40 45

Ile ?59 Asn GTu Trp Gly ggs Arg Cys Asn Asp Ser Ser Asp Arg Arg
60

Ala Arg Arg Lys Asn Gly Ile Phe Asn Thr Arg Leu Ser Arg Thr Phe
65 70 75 80

Gly Tyr Thr val Lys Ala Thr thr val Thr Thr Pro Ser Trp Ala val
85 90 95

Asp Met Met Arg Phe Asn Ile Asp Asp Phe val Pro Pro Gly Gly Gly
100 105 110

Thr Asn Lys Ile Ser Ile Pro Phe Glu Tyr Tyr Arg Ile Arg Lys val
115 120 125

Lys val Glu Phe Trp Pro Cys Ser Pro Ile Thr GlIn Gly Asp Arg Gly
130 135 140

val Gly Ser Thr Ala val Ile Leu Asp Asp Asn Phe val Thr Lys Ala
145 150 155 160

Thr Ala Leu Thr Tyr Asp Pro Tyr val Asn Tyr Ser Ser Arg His Thr
165 170 175

ITe Pro GIn Pro Phe Ser Tyr His Ser Arg Tyr Phe Thr Pro Lys Pro
180 185 190

val Leu Asp Ser Thr Ile Asp Tyr Phe Gln Pro Asn Asn LyS Arg Asn
195 200 205

GIn Leu Trp Leu Arg Leu GlIn Thr Ser Arg Asn val Asp His val Gly
210 215 220

Leu Gly Thr Ala Phe Glu Asn Ser Lys Tyr Asp GIn Asp Tyr Asn Ile
225 230 235 240

Arg val Thr Met Tyr val Glin Phe Arg Glu Phe Asn Leu Lys Asp Pro
245 250 255

Pro Leu Glu Pro
260

<210> 12
<211> 774
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<212>
<213>

DNA
<220
<223>

<400> 12
atgagtctyc

gactcttctg
agccatcttg
cgtrggagaa
gtcaaggcta
gacgactttg
agaataagaa
ggagtgggct
acctatgacc
cactccegtts
aataacaaaa
ggceteggea
atgtatgtac
<210> 13

<211> 257
<212> PRT
<213>

<220
<223>

<400> 13

‘Met Ser Leu

1

Cys Arg Cys

Arg Arg Arg
35

Arg Arg Pro
50

Lys Asn Gly
63

tgactgaagt
atggtaccta
gccagatect
ggaaaaatgg
ccacagtcac
ttccceceggy
aggttaaggt
ccactgetgt
catatgtaaa
acttcacacc
ggaatcagct
ctgegttega

aattcagaga

Leu Thr Glu val Glu Thr Pro Ile Arg
10

5

Asn Asp Ser Ser Asp Gly Thr Tyr Pro

20 25

Arg His Arg Pro Arg Ser His Leu Gly
40

Trp Leu val His Pro Arg His Arg Tyr

Ile Phe Asn Tht Arg Leu Ser Arg Thr
70 75

Artificial Sequence

PCVZ2 ORFZ and amino swine

agaaacacca
tccaaggagy
ccgeegeege
catcttcaac
aacgcectece
aggggggacc
Tgaattctgg
tattctagat
ctactcctec
caaacctgtt
ttggctgagg
aaacagtaaa

atttaatctt

Artificial Sequence

PCV2 ORF2 and amino swine

55

10-079_5T25

influenza M2ael

atacgcaatg
cgttaccgca
cccrggetcg
acccgectcet
tgggcgytyy
aacaaaatct
ccctgetece
gataactttg
cgccatacaa
cttgactcca
ctacaaacct
tacgaccagg

aaagaccccc

agtggggctg
gaagaagaca
tccacceccy
cccgeacctt
acatgatgag
ctataccctt
ccatcaccca
taacaaaggc
tcccccaacc
ctattgatta
ctagaaatgt
actacaatat

cacttgaacc

influenza MZael

Page

Asn

Arg
30

Gln
45

Arg
60

Phe

8

Giu

Arg

Ile

Trp

Gly

ccgetgeaac
ccgeeceege
ccaccgctac
cggatatact
atttaatatt
tgaatactac
gggtgatagg
cacagcccta
cttctcctac
cttccaacca
ggaccacgta
ccgrgraace

ctaa

Trp Gly

15

Arg Tyr

Leu Arg

Arg Arg

Tyr Thr
80

120
180
240
300
360
420
48Q
540
600
660
720
774



10-079_S7125
val Lys Ala Thr g?r val Thr Thr Pro SSP Trp Ala val Asp get Met
9 5

Arg Phe Asn Ile Asp Asp Phe val Pro Pro Gly Gly Gly Thr Asn Lys
100 105 110

Ile Ser Ile Pro Phe Glu Tyr Tyr Arg ITe Arg Lys val Lys val Glu
115 120 125

Phe Trp Pro Cys Ser Pro Ile Thr Gin Gly Asp Arg Gly val Gly Ser
130 135 140

Thr Ala val Ile Leu Asp Asp Asn Phe val Thr Lys Ala Thr Ala Leu
145 150 155 ‘ 160

Thr Tyr Asp Pro Tyr val Asn Tyr Ser Ser Arg His Thr Ile Pro Gln
165 170 175

Pro Phe Ser Tyr His Ser Arg Tyr Phe Thr Pro Lys Pro val Leu Asp
180 185 190

Ser Thr Ile Asp Tyr Phe GIn Pro Asn Asn LyS Arg Asn Gln Leu Trp
195 200 205

Leu Arg Leu Gin Thr Ser Arg Asn val Asp His val Gly Ley G?y Thr
210 215 220

Ala Phe Glu Asn Ser Lys Tyr Asp Gln Asp Tyr Asn Ile Arg val Thr
225 230 235 240

Met Tyr val GIn Phe Arg Glu Phe Asn Leu Lys Asp Pro Pro Leu Glu
245 250 255

Pro
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